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Final Report on the Safety Assessment of
Glycyrrhiza Glabra (Licorice) Rhizome/root, Glycyrr hiza Glabra (Licorice) Leaf Extract,
Glycyrrhiza Glabra (Licorice) Root, Glycyrrhiza Gla bra (Licorice) Root Extract,
Glycyrrhiza Glabra (Licorice) Root Juice, Glycyrrhi za Glabra (Licorice) Root Powder,
Glycyrrhiza Glabra (Licorice) Root Water, Glycyrrhi za Inflata Root Extract, and
Glycyrrhiza Uralensis (Licorice) Root Extract

ABSTRACT: Glycyrrhiza Glabra (Licorice) Rhizome/Root, Glydyiza Glabra (Licorice) Leaf Extract, Glycyrrhizée®ra (Licorice)
Root, Glycyrrhiza Glabra (Licorice) Root Extractly@rrhiza Glabra (Licorice) Root Juice, Glycyrrhitlabra (Licorice) Root
Powder, Glycyrrhiza Glabra (Licorice) Root Wately€&yrrhiza Inflata Root Extract, and Glycyrrhizadlensis (Licorice) Root Extract
are cosmetic ingredients derived fr@tycyrrhiza glabra, G. inflatagr G. uralensigplants. These ingredients perform a wide range
of functions in cosmetics, including flavoring afrdgrance, skin conditioning, antioxidant, and iagent, and are used at low
concentrations, generally in the range of 0.000d865%. Not all of these licorice-derived ingrattieare currently used in cosmetics.
Any future use of currently unused ingredients $thbe at levels comparable to current use. Extaetprepared in a single step using
water or in multiple steps using water, ammonihaeol, ethyl acetate, and/or acetone. The coniposraries as a function of
extraction method and other factors, including dghowonditions of the plant, but little informatigs available regarding specific
composition of any given preparation. The avadaldta on the general composition, however, demaiastthat the range of different
compounds found in licorice was remarkably simélaross species. Licorice extracts are used asritayagents and are generally
recognized as safe by the U.S. Food and Drug Adin@ition. Impurities in licorice extracts may indé heavy metals and pesticide
residues. Limited data were available on the depmaetration of these ingredients or their coustits. Licochalcone A penetrated
the horny layer, epidermis and dermis of pig skibribne was detected in the receptor fluid, suggttat it remained bound to the
skin. These ingredients were not significantlyi¢ar acute, subchronic, and chronic animal toyisiidies. For example, an acute
intraperitoneal LI, of > 5 g/kg was reported in rats, and ingestiofiaufrice extracts produced both memory enhancerapdt
cognitive deficits in mice. These ingredients weo¢ ocular or dermal irritants, or dermal sensi8zar photosensitizers in animals
studies. Glycyrrhiza Glabra (Licorice) Root Extra@s not a reproductive toxicant at oral dosetoup g/kg/d in Sprague-Dawley
rats. Licorice extracts did not have estrogenapprties. In Ames testing, the water and metharthcts ofG. uralensiswere
negative and other genotoxicity tests demonstitatedicorice extracts can reduce the mutagenacetf other agents. In vitro studies
suggested possible cancer chemoprotective effélitonce extracts, but rats fed Licorice Extragtto 3.0% of the diet had no such
effects. In multiple clinical assessments of safetal administration of Licorice Extract resultedvarious levels of hypokalemia;
sodium retention; edema of the face, hands anceankkadaches; lethargy; electrolyte imbalancee&sed urinary unconjugated
cortisol; reduced plasma renin activity; increaptasma atrial natriuretic peptide concentratiord hgipertension. All symptoms
resolved after termination of exposure to licokséract. These licorice-derived ingredients wayedermal irritants, sensitizers, or
photosensitizers in clinical tests. There areynsaecific chemicals that have been identifiecomstituents of licorice plants, principal
among which are Glycyrrhizic Acid and Glycyrrhetificid and their derivatives. In a separate sadegessment, Glycyrrhizic Acid
and Glycyrrhetinic Acid and their derivatives wéoand to be safe for use in cosmetics. An appeindiudes many other chemicals
that have beenisolated from licorice plants andistl primarily for their medicinal properties. 83 individual chemical constituents
vary in their dermal penetration and intestinalapson, but once absorbed are metabolized andiyvitistributed. For example,
while licochalcone A was not dermally absorbedjiliigenin, davidigenin, liquiritin, and liquiriti apioside were dermally absorbed.
Most of the licochalcone A injected into rats metiied into 4'-phenolic glucuronides in the plasana urine. Oral absorption and
oral bioavialability were low and dose-dependenglabridin. Glabridin, licochalcone A, and licsoiflavan A decreased the effects
of induced nephritis in mice. Hepatic protections haeen reported for Glycyrrhizic Acid, glabridinsoliquiritigenin,
licopyranocoumarin, liquiritin, liquritin and glyeshizin. Deglycyrrhizinized licorice had gastraistinal protective effects from ulcers
in rats and dogs as did isoliquiritigenin in rakduscular contraction was reported for glycycoumanihile inhibition of contraction
was reported for isoliquiritigenin and davidigenamd liquiritin, liquirtitin apioside, and isoliquin were inactive. Isoliquiritigenin
reduced platelet aggregation in human and rat bi@aderal flavonoids, including glabridin, werhilitors of cAMP. Licochalcone
A and E were not cytotoxic to human lung, ovariaglanoma, and colon cell lines. Isoliquiritigennhibited histamine mediated
signals and is a selective antagonist in U937 et inhibited monocyte adhesion in a dose-depdndanner. Licochalcone A
reduced cytokine production in human skin cella slose-dependent manner. Anti-inflammatory effeetise found with glabridin,
Glycyrrhizic Acid, licochalcone A and B, and var®ather licorice constituents. Antioxidant effestsre found for licochalcone A
and B, glabridin, hispaglabridin A and B, formontinghemileiocarpin, glycycoumarin paratocarpiraBd 4'O-methylglabridin, but
not for licocoumarone. Anti-parasitic and anti-nolgial activity varied as a function of the compduested, with some effective and
some not. Glabridin was not phototoxic to guinégs pvith UVB exposure. Gancaonis R, glabrene, \glylc gismoidin B and
liquiritigenin, prunetin, daidzein, formononetirgtéscetin, fisetin, and isoliquiritigenin had wesdtrogen receptor binding affinties.
Glabridin stimulated the growth of human breasteacells at concentrations up to 10 uM, but irteibbcell growth at concentrations



>15 uM. Uterine weights were increased afterwesti®e injected with glabridin, but not as much asaelol. Glabradin and glabrene
demonstrated estrogen activity when incubatedhwithan female bone cells from pre- and post menapagsnen. In an Ames tests,
glabrene was antimutagenic against spontaneousthylinethanesulfonate-induced mutations up to §/@lgte; it was toxic at 10
pg/plate. Glabrol, fromononet, glabridin, and Higlabridin A were not antimutagenic. The flavorgsncaonin O and P and
glyasperin A, were more cytotoxic to oral tumordséhan normal cells. Isoliquiritigenin has tung@mesis inhibiting properties in in
vitro and in vivo assays for several types of cawedls. Licochalcone A was not cytotoxic to P@+8state cancer cells but caused
growth inhibition and decreased both the numbersirel of DMBA-induced tumors in mice. The CIR Exgeanel recognized the
available data do not address all licorice-deriiregtedients. The available data on the constitieftlicorice, however, were
consistent across species, demonstrating thabthpasition of the plants were similar enough tbaidity data orG. glabraextracts
could be extrapolated to the others, and vice veiidae Panel also recognized different constitueatsd be present in a licorice
extract depending on the method of extractionthimregard, the Panel considered the availabke alaia wide range of individual
chemical constituents to consistently demonstratatesence of significant toxicity, with many stuglieporting protective effects.
These data on chemical constituents also are ¢ensigith the safety test data for the individudtacts in the main body of the report.
The Panel concluded the variation in constitueiitts afferent extraction solvents did not preseiffedent toxicity issues. The Panel
recognized that glabridin can have depigmentatiopgrties, but would be presentin cosmetic formnutes at such a low concentration
that it should not have any dipigmentation activiBosmetic formulators should only use licorice@ots in products in a manner that
does not cause depigmentation. The Expert Papetesed concern regarding pesticide residues awy heetals that may be present
in botanical ingredients and stressed that the ebssindustry should continue to use the necegsanedures to limit these impurities
in the ingredient before blending into cosmetieriatation. Likewise, the cosmetic industry shourdti mycotoxins before blending
into cosmetic ingredients. The Panel believeslibatice-derived ingredients should be methanal affatoxin free; withx 20 ppb
corresponding to a “negative” aflatoxin contefhe CIR Expert Panel noted the weak estrogen recaptivity of some low-level
constituents. Because licorice-derived ingredidiotsiot significantly penetrate the skin, have levels of use, the constituents in
guestion exist only at low levels in the ingredjeignificant estrogenic activity is precluded.the absence of inhalation toxicity data,
the Panel determined that these ingredients carsée safely in hair sprays, because the ingredgantile size is not respirable.
Overall, the available data supported the safethiede ingredients. Accordingly, these licoricehds ingredients were considered
safe as cosmetic ingredients in the practices®fus concentration described.

INTRODUCTION

This report reviews the available data relevanth® safety of
Glycyrrhiza Glabra (Licorice) Leaf Extract, Glychiiza Glabra
(Licorice) Rhizome/Root, Glycyrrhiza Glabra (Licoe) Root,
Glycyrrhiza Glabra (Licorice) Root Extract, Glychiza Glabra
(Licorice) Root Juice, Glycyrrhiza Glabra (Licorjcéroot
Powder, Glycyrrhiza Glabra (Licorice) Root Wately&yrrhiza
Inflata Root Extract, and Glycyrrhiza Uralensisgdiice) Root
Extract as used in cosmetic products. These aratiational
Nomenclature Cosmetic Ingredient (INCI) names foorice-

as well as cosmetic ingredients in their own rigtiR 2005). It
should be expected that these chemicals are prassome level
in any licorice-derived substance, except for deghhizinated
licorice extract. The relevant information fromettsafety
assessment on Glycyrrhizic Acid and its metab@l§eyrrhetinic
Acid are summarized in Part Il under the relevasdings.
Overall, the CIR Expert Panel concluded that Glytuyic Acid

and its derivatives “...are safe for use in coserfetimulations in
the practices of use and concentration as describihis safety
assessment” (CIR 2005).

derived cosmetic ingredients as given in thmernational
Cosmetic Ingredient Dictionary and Handbq@ottschalck and
Bailey 2008).

Part | of this safety assessment presents data on thediegts
listed above.

Since the ingredients included in this safety asmest are
derived from plant material, they may contain malifjerent
constituents depending on the method of preparation

Part Il of this safety assessment includes informatiospatific

constituents (e.g., glabridin, lichochalcone A,.et@here are
large amounts of data on some constituents whitg ke or

none on others.

The Cosmetic Ingredient Review (CIR) previouslyiegied the
safety of Glycyrrhizic Acid and Glycyrrhetinic Acidnd their
derivatives, which are constituents of licoriceided ingredients

Unpublished data provided through the Personal @anducts
Counsel (Council) formerly the Cosmetic Toiletrgdd-ragrance
Association (CTFA) are cited according to the naofiethe
organization when submitted.

Alist of acronyms and abbreviations used in thgort is located
at the end of the document for readers’ convenience

PART | - Licorice-derived Ingredients

CHEMISTRY
Definition and Origin

The term “licorice” generally refers to certain @enial herbs or
subshrubs with horizontal underground stems. Tastplstand 1
to 2 meters high, witlslycyrrhiza uralensideing the smallest
among those reviewed here (Leung and Foster 1998)e



licorice plants are native to the Mediterraneamegnd parts of
Asia and are cultivated worldwide (Wren et al. 1988amazaki
et al. (1994) found th&. glabraandG. uralensisvere found to
have a genetic similarity coefficient (GS) of 0.6daking them
more closely related to each other than they wereGt

pallidiflora (GS = 0.42 and 0.35, respectively) gddechinata
(GS = 0.41 and 0.45, respectively). The plantthefspecies

Glycyrrhiza Inflata Root Extract (no CAS No.) is extract of
the roots ofG. inflata Its chemical class is biological product.
Polyol Soluble Licorice Extrace P-U is listed asrade name
(Gottschalck and Bailey 2008).

Glycyrrhiza Uralensis (Licorice) Root Extract (n@\E No.) is
defined as an extract of the roots@®f uralensis Its chemical
class is biological product. Its technical namsted as Licorice

Glycyrrhiza glabraare also known as Spanish licorice, Persiaﬂoot Extract (Gottschalck and Bailey 2008)

licorice, and Russian licorice (Leung and Foste36)9

As given in the International Cosmetic Ingrediemttidnary and
Handbook (Gottschalck and Bailey 2008), Glycyrrhiziabra
(Licorice) Rhizome/Root (CAS No. 68916-91-6), fonigénown
as Glycyrrhiza Glabra (Licorice), is a plant maéderived from
the dried rhizomes and roots @f glabra Its chemical class is
biological products. Other names for Glycyrrhizdalisa
(Licorice) Rhizome/Root include Glycyrrhiza, Kanz@lapan),
Licorice, Licorice Extract (Glycyrrhiza spp.), Lidoe Extract
Powder (Glycyrrhiza glabra L.), Licorice Root, Liate Root
Extract (Glycyrrhiza glabraL.), Licorice Root (@lyrrhiza glabra
L.) and Powdered Glycyrrhiza.

Herbasol® Extract PG is listed as a trade namedsy@tochem
(2004a,b).

Glycyrrhiza Glabra (Licorice) Leaf Extract (no CA$0.) is
defined as an extract of the leave&ofjlabra Its chemical class
is biological products. Itis also called Licoriceaf Extract and
supplied under the trade name ABS Licorice ExtRaatvder
(Gottschalck and Bailey 2008).

Glycyrrhiza Glabra (Licorice) Root (no CAS No.)dsfined as

the root ofG. glabra Its chemical class is biological products.

AEC Liquorice Root Whole and Licorice GLS are ltstes a trade
names (Gottschalck and Bailey 2008).

Glycyrrhiza Glabra (Licorice) Root Extract (CAS N&#775-66-
6) is the extract of the rods. glabra Its chemical class is
biological products. Synonyms for Glycyrrhiza GlalLicorice)
Root Extract include Glycyrrhiza Extract, GlycymzhiExtracted
Powder, Glycyrrhiza Flavonoids, Glycyrrhiza GlaliEatract,
Kanzou Ekisu (Japan), and Kanzou Furabonoido (Jagahas
many trade names and trade name mixtures (Gottéclaald
Bailey 2008).

Glycyrrhiza Glabra (Licorice) Root Juice (no CAS.Ne defined
as the juice expressed from the root&oflabra Its chemical
class is biological products (Gottschalck and Ba2608).

Glycyrrhiza Glabra (Licorice) Root Powder (no CA®.Nis
defined as the powder obtained from the dried, guooots ofG.
glabra. Its chemical class is biological product. AEiQuorice
Root Powdered and Mukti Yastimadhu listed as aetnagme
(Gottschalck and Bailey 2008).

Glycyrrhiza Glabra (Licorice) Root Water (no CAS .Nas
defined as an aqueous solution of the steam distibbbtained

The licorice root of5. glabrais also referred to @lycyyrrhizae
radix (Chin et al. 2007).

Physical and Chemical Properties

Cosmetochem (2004a,b) provided data sheets on @&z

Glabra (Licorice) Root Extract under the trade namigture

Herbasol® Extract PG. The product also containgemva
propylene glycol, sorbitol, phenoxyethanol, metlayhben,

butylparaben, ethylparaben, propylparaben and tgtgaraben.
The chemical and physical properties of this prodoe given in
Table 1.

Table 1. Chemical and physical properties of Glycyrrhizali3a
(Licorice) Root Extract (trade name mixture Herbd@sBxtract PG)
(Cosmetochem 2004a,b)

Property Description/Value
Appearance dark brown liquid
Odor characteristic
Density 20C 1.045 - 1.058 g/cin

Index of refraction 20C
(Na 589.3 nm)

pH - value 25C

Dry matter (IR; Halogen)
Identification test amino acids
Melting point/melting range
Boiling point/boiling range

Flash point
Self-inflammability

Danger of explosion
Solubility (10%) in water
Solubility (10%) IPA

Total plate count (media Eugon LT 100;

Agar B)

Yeasts (media Eugon LT 100; Agar C)
Mold (media Eugon LT 100; Agar C)

Gram - germs
(media Eugon LT 100; Agar H)

1.376 - 1.386 n

5.0-6.3
55-75
positive
not determined
95 - 18%
>101°C
product not self-
igniting
not explosive
clear; fully miscible
sedimentation

max. 100 cfu/g

max. 20 cfu/g

max. 20 cfu/g

negative

from the roots of5. glabra Its chemical class is essential oils! h€ ultraviolet (UV) absorbances of Glycyrrhizalgta(Licorice)

and waters. Glycyrrhiza Glabra Extract is listschdrade name
(Gottschalck and Bailey 2008).

Root Extract and Glycyrrhiza Inflata Root Extraot ahown in
Table 2 (CTFA 2004e,f).



Table 2. UV absorbance maxima of Glycyrrhiza Glabra (Liceji
Root Extracts and a Glycyrrhiza Inflata Root Extriacethanol by
trade name (CTFA 2004e,f).

Trade Name (ingredient name or  Max Eiem Marker

source) (nm) 1% compound
(%)

Oil soluble licorice extract P-T(40) 240.5 117.2 Glabridin

(Glycyrrhiza Glabra (Licorice) 282.0 364.7 (40%)

Root Extract)

2275 775.5
Oil soluble licorice extract P-Th 282.0 371.0 Glabridin
(Glycyrrhiza Glabra (Licorice) (20%)
Root Extract)
Oil soluble licorice extract P-T 282.0 331.5 Glabridin
(Glycyrrhiza Glabra (Licorice) (20%)

Root Extract)
Polyol soluble licorice extract P-U 347.0 235.2 Licochalcone

(Glycyrrhiza Inflata Root Extract) A (0.6% -
289.5 291.3 1.6%)

Polyol soluble licorice extract 282.0 3.5 Glabridin

BG100 (Glycyrrhiza Glabra (0.4%)

(Licorice) Root Extract mixture) 227.0 7.5

Wojcikowski et al. (2007) sequentially extrac®dglabraroot
with ethyl acetate, methanol, and aqueous meth@ndj v:v).
The authors report that the oxygen radical absadaapacities
were 196.44 + 7.48, 416.93 + 41.72, and 416.08 .29 imol
TE/g dw, respectively

Method of Manufacture

According to the Food and Drug Administration (FD283a), in
the process of manufacturing licorice for foods, ¢ltract is that
portion of the licorice root that is, after macéyat extracted by
boiling water. The extract can be further purifigdiltration and
by treatment with acids and ethyl alcohol. Liceréxtractis sold
as a liquid, paste (“block”), or spray-dried powmd

According to Leung and Foster (1996), licorice agts are
commonly prepared by hot water extraction followby
evaporating off the water and drying the extrazfeotm sticks or
blocks.

Data sheets on Glycyrrhiza Inflata Root Extracttestthat
production is by extraction o6. inflata root with ethanol,
concentration of the filtrate, extraction of resdwith ethyl
acetate, and then drying of filtrate to yield tbenxtnercial product
(CTFA 2004a,b).

The Committee of Experts on Cosmetic Products (200

summarizes the manufacturing process for Licoriggdet as

follows: 1) digestion with hot water (9Q) and concentration
under vacuum to dryness; 2) precipitation of ageguhase or
extract with solution of mineral acids and separabtf the solid

phase obtained; the solid is dissolved in dilurad@ania solution,

filtered, and the filtered solution is concentrabeder vacuum to
dryness; 3) purification of ammoniated glycyrrhizamd 4) acid

hydrolysis of ammoniated glycyrrhizin or glycyrriizacid and

purification.

Mae et al. (2003) conducted several extractionS.airalensis
root using ethanol, ethyl acetate, acetone, andrwdthe yields
of these extracts were 14.8, 8.2, 11.0, and 21100y G.
uralensis root, respectively.

Majima et al. (2004) reported that licorice progegsnay include
roasting.

Composition

While this section describes the chemical congtikithat may be
found in different licorice-derived ingredients, diibnal
discussion of chemical constituents and safetydatt may be
found inPart II.

Molhuysen et al. (1950) described a “watery extratthe roots

of G. glabra as containing 15% protein substance, 15%
Glycyrrhizic Acid, 40% “extractable” substances, Stgar, and
5% insoluble substance.

Duke (1985) stated that an analysis of licorice sbmwed 20%
moisture, 12% to 16% glycyrrhizin, 8% reducing 39g8% non-
reducing sugars, 30% starch and gums, 5% ash, 2utal 17%
undetermined.

Zava et al. (1997) found that a 2 g capsule ofitecontained
the equivalent of 4 ug estradiol.

Because they are plant-derived materials, thesedinents are a
mixture of many constituents. Informatics Inc.72pand Leung
and Foster (1996) reported findings of Glycyrrhi&imd (1% to
24 % in the root); glucuronic acid; sapogenin; momid-, and
polysaccharides; fat; L-asparagine; and “bitter goomds” with
minute amounts of essential oil, tannin, and mstiidylate.

Han and Chung (1990) reported that alkaloids ated@und in
licorice plant extracts and Han et al. (1990) itda5,6,7,8-
tetrahydro-2,4-dimethylquinoline and 5,6,7,8-teyidto-4-
methylquinoline fronmG. uralensis

Shimizu et al. (1991) isolated glycyrrhizan GA (&hinose, d-
galactose, I-rhamnose, d-galacturonic acid, d-ghutia acid in
the ratio of 22:10:1:2:1) from the hot water extracthe stolon
of G. glabralL. var. glandulifera through a multistep fractianat
procedure.

Zhang and Wang (1997) stated that naringenin ix@ide
constituent.

Nomura and Fukai (1998) stated that the main plsesfdicorice
are glycosides of liquiritigenin (4',7-dihydroxy$lanone) and
isoliquiritigenin (2',4,4'-trihydroxychalcone) suds liquiritin,
isoliquiritin, liquiritin apioside, and licuraside.

%hibata (2000) stated that sweet-tasting saponimiaverage, 4
to 5% of the dried root and the total content af/éinoid in the
rootis 1 to 2%. There are about 50 aglyconespbsins found
in G. glabra, G. uralensiandG. inflataroots. G. glabraroot
contains about 70 phenolic compour@syralensisbout 60 and
G. inflataabout 60. The dried roots of licorice plants ¢iglto
2% phenolic compounds; the content of licochalodirethe root
of G. inflatais approximately 0.8%.



Piersen (2003) stated that the triterpenoids ioribe are Agricultural Research Service (ARS 2004, 2007)etsmany
sometimes classified as phytoestrogens but metitened strict
structural nor a rigorous functional definition.

constituents and their concentrations foun@ ilglabrain Table

4in alphabetical order.

Table 4. Alphabetical list of substances foundGn glabrafor which the concentration was measured (ARS 2004

Chemical Plant part CO”(C[%%&‘“O” Chemical Plant part CO”(C[%%&‘“O”
7-acetoxy-2-methylisoflavone root 4 &17 formononetin otro 33-66
plant 25 furfural root 2
acetic-acid root 2 gamma-nonalactone root 6
alpha-terpineol rhizome essent. ol 75,000 glabranin oosh 3,100
alpha-terpinolene root 0.1 glabrene rhizome 129
aluminum root 182 root 80 - 800
anethole root 1 glabridin rhizome 1,433
apioglycyrrhizin root 157 root 400 - 4,000
araboglycyrrhizin root 75 glabrol root 129 - 440
ascorbic-acid root 626 root 12
ash root 100,000 - 107,00qd  glucose root 30,000 - 42,300
asparagine root 20,000 - 40,004 glycocoumarin root 1210
benzaldehyde rhizome essent. ail 75,000 glycyrin root 0 10
beta-carotene seed 5 18-alpha-glycyrrhetinic-acid root ,30Q.- 5,200
root trace 18-beta-glycyrrhizinic acid root 16,800 ;38
beta-sitosterol root 500 glycyrrhetinic acid root 6,00r2,400
2-butyl-2-octenal root 2 ?Aﬁ%ﬁg?jémgn?g? root 6,000 - 22,400
butanoic-acid root 2 glycyrrhizic acid plant 100,000402000
calcium root 8,780 glycyrrhizin root 16,000 - 152,000
carbohydrates root 773,000 heneicosane root 01-7
cellulose plant 300,000 root 4 -38
chromium root 17 heptadecane root 7
cobalt root 101 heptanoic acid root 12
cumic-alcohol root 4 hexacosane root 5-40
decanoic-acid root 1 root 0.8
;gr;tc:eenn)jg_t::?2;1?3;}2::2%23' root 01-6 Hexadecanoic acid root 16
?Jt:;/rc]i(r)cr)]f,5-dimethy|-2(3H)- root 2 hexadecyl acetate root trace
2,3-dihydro-4-methyl-furan root 2 hexanoic acid root 148
docosane root 0.1-25 2-hexanal root 2
eicosane root 19 hexanol root 8
essential oils root 400 - 590 hexyl formate root 4
estragole root 1 hispaglabridin A root 126
2-ethyl-1,4-dimethyl-benzene root 1 hispaglabridin B otro 119
eugenol root 1 hispaglabrin A rhizome 127
fat root 8,000 - 10,000 hispaglabrin B rhizome 119
fiber root 84,000 glabrene rhizome 129
fluoride root 4.2 root 80 - 800
glabridin rhizome 1,433
root 400 - 4,000




Table 4 (continued).Alphabetical list of substances foundGn glabrafor which the concentration was measured (ARS 2004

Chemical Plant part Conf&;]rgrrsition Chemical Plant part Conf&;]rgrrsition
glabrol root 129 - 440 magnesium root 9,650
root 12 manganese root 47
glucose root 30,000 - 42,300 2-methalyl-phenol root 1
glycocoumarin root 110 - 710 3'-methoxyglabridin root 711
glycyrin root 100 i;g}g;he?()gr;g"somowl' root 2
18-alpha-glycyrrhetinic-acid root 1,300 - 5,200 6-hyt3,5-heptadien-2-one root 2
18-beta-glycyrrhizinic acid root 16,800 - 95,200 nyttiexadecanoate root 1
glycyrrhetinic acid root 6,000 - 22,400 methyl hexaeoa root trace
glycyrrhetinic a_lcid root 6,000 - 22,400 4-methyl-isopropyl-3- root 6
monoglucuronide cyclohexen-1-ol
glycyrrhizic acid plant 100,000 - 240,00 g:gﬁlethyl—ﬁ—methylene—7—octen— root 1
glycyrrhizin root 16,000 - 152,000f  3-methyl-2-methybpane root 2
heneicosane root 01-7 5-methyl-2-undecene root 2
root 4 -38 9-methyl-3-undecene root 2
heptadecane root 7 myrtenal root trace
heptanoic acid root 12 N-methyl-2-pyrrolidone root 5
hexacosane root 5-40 N-tetradecane root trace
root 0.8 nicotinic acid leaf 100 - 1,000
Hexadecanoic acid root 16 nonadecane root 0.1-2
hexadecyl acetate root trace O-acetyl-salicylic aced ot ro 1,500 -1,636
hexanoic acid root 148 O-cresol root trace
2-hexanal root 4'-O-methylglabridin root 169
hexanol root O-tolunitrile root 1
hexyl formate root octacosane root 4-34
hispaglabridin A root 126 octadecanal root 15
hispaglabridin B root 119 octadecane root trace
hispaglabrin A rhizome 127 octanoic acid rhizonz)ﬁ essent. 114,000
hispaglabrin B rhizome 119 root 7
3-hydroxy-glabrol rhizome 23.3 ononin root 320
ﬁ::]yzc:;(()j?gj(;r:ethyl- root 1 paeonol rh|zon2)ﬁ essent. 89,000
indole root 2 pectin shoot 58,000
iron root 880 pentacosane root 0.1-41
isobutyl adipate root 1 pentadecane root trace
isoglycycoumarin root 50 pentadecanoic acid root trace
isoglycyrol rhizome 80 1-pentadecanol root 1
isoliquiritigenin rhizome 160 pentanoic acid root 4
root 9,610 2-pentyl-furan root 2
isoliquiritin rhizome 470 - 920 5-pentylpyran-2-one too 1
root 470 - 920 phaseollinisoflanan root 27
licoflavanone leaf 4,900 phenethyl alcohol root 1
lignin root 100,000 phenyl acetaldehyde root trace
linalol root 2 phosphorus root 790
ligcoumarin root 23 pinocembrin shoot 9,500 - 9,700
liquiritigenin root 140 potassium plant 11,4000




Table 4 (continued).Alphabetical list of substances foundGn glabrafor which the concentration was measured (ARS 2004

Chemical Plant part Conf&;]rgrrsition Chemical Plant part Conf&;]rgrrsition
protein root 110,000 tetradecanoic acid root trace
pseudoionone root 1 thiamin root 2.1
salicylic acid root 567 tin root 24
silicon root 158 tricosane root 0.1-34
sodium root 8,180 tridecane root trace
starch root 50,000 - 200,000 tridecanoic acid root trace
shoot 15,000 undecane root trace
sucrose root 24,000 - 91,700 undecanoic acid root trace
sugar root 30,000 - 140,000 uralenic acid shoot 15,000
terpinen-4-ol rhizome essent. oil 72,000 uralozidel aci shoot 15,000
tetracosane root 0.1-39 zinc root 3

Table 5 presents these same substances four@l iglabra for
which the concentration was measured (ARS 2004f),abua
function of plant part.

Dibenzoylmethane (DBM) is a minor component of fice
(Frazier et al. 2004).

Di Mambro and Fonseca (2005) reported tBatjlabracontains
115.7 + 2.4 pg protein/mg plant extract, 7.42 +80.4ug
polyphenol/mg plant extract, and 0.88 + 0.015 jagdhoid/mg
plant extract.

Table 5. Substances found f@. glabrafor which the concentration was measured sortepldnyt part (ARS 2004).

; Concentration ; Concentration ; Concentration
Plant Part/Chemical (ppm) Plant Part/Chemical (ppm) Plant Part/Chemical (ppm)
Leaf Seed Root (continued)
licoflavanone 4,900 beta-carotene 5 1,7-demethy|-7(4-methyl-3- 0.1-6
pentenyl)-tricycloheptane
nicotinic acid 100-1,000 | Shoot lg'a'pha'g'ycy”he;';'g' 1,300 - 5,200
Rhizome Essential Oil glabranin 3,100 18-beta-glycyrrhizinic acid 16,800;ZD00
alpha-terpineol 75,000 pectin 58,000 2-butyl-2-octenal 2
benzaldehyde 75,000 pinocembrin 9,500 - 9,70 z'ethy"l""dgmemy" 1
enzene
octanoic acid 114,000 starch 15,000 2-hexanal 2
paeonol 89,000 uralenic acid 15,000 2-hydroxy-4-methyl- 1
benzaldehyde
terpinen-4-ol 72,000 uralozide acid 15,000 2-methahgsml 1
Rhizome Plant 2-methyl-6-methylene-7- 1
octen-2-ol
7-acetoxy-2-
3-hydroxy-glabrol 23.3 methylisoflavone 25 2-pentyl-furan 2
glabrene 129 cellulose 300,000 2,3-dihydro-4-methydufur 2
glabridin 1,433 glycyrrhizic acid 100,000 - 240,040 n&thoxyglabridin 117
hispaglabrin A 127 potassium 11,4000 3-methyl-2-metitgbane 2
hispaglabrin B 119 Root 4'-O-methylglabridin 169
isoglycyrol 80 1-methoxy-4-isopropyl- 2 4-methyl-isopropyl-3- 6
cyclohexane cyclohexen-1-ol
isoliquiritigenin 160 1-pentadecanol 1 5-methyl-2-unetee 2
isoliquiritin 470 - 920 5-pentylpyran-2-one 1




Table 5 (continued).Substances found f&. glabrafor which the concentration was measured sortepldoyt part (ARS 2004).

Plant Part/Chemical Conﬁ;eg%ation Plant Part/Chemical Conﬁ;eg%ation Plant Part/Chemical Con(cg;rg)ation
Root (continued) Root (continued) Root (continued)
6-methyl-3,5-heptadien- 2 heneicosane 01-7 pentanoic acid 4
2-one
metrzy;ﬁscgftlz)\(/)c/)fé 4 &17 heptacosane 4-38 phaseollinisoflanan 27
9-methyl-3-undecene 2 heptadecane 7 phenethyl alcohol 1
acetic-acid 2 heptanoic acid 12 phenyl acetaldehyde etrac
alpha-terpinolene 0.1 hexacosane 5-40 phosphorus 790
aluminum 182 hexadecane 0.8 protein 110,000
anethole 1 Hexadecanoic acid 16 pseudoionone 1
apioglycyrrhizin 157 hexadecyl acetate trace salicyti 567
araboglycyrrhizin 75 hexanoic acid 148 silicon 158
ascorbic-acid 626 hexanol 8 sodium 8,180
ash 100,000 - 107,00 hexyl formate 4 starch 50,00@;000
asparagine 20,000 - 40,000 hispaglabridin A 126 sucrose 24,000 - 91,700
beta-carotene trace hispaglabridin B 119 sugar 30,060,000
beta-sitosterol 500 indole 2 tetracosane 0.1-39
butanoic-acid 2 iron 880 tetradecanoic acid trace
calcium 8,780 isobutyl adipate 1 thiamin 2.1
carbohydrates 773,000 isoglycycoumarin 50 tin 24
cobalt 101 isoliquiritigenin 9,610 tricosane 0.1-34
cumic-alcohol 4 isoliquiritin 470 - 920 tridecane trace
decanoic-acid 1 lignin 100,000 tridecanoic acid trace
dihydr;)(—?@:?&r:;tgzg 2 linalol 2 undecane trace
docosane 0.1-25 ligcoumarin 23 undecanoic acid trace
eicosane 19 liquiritigenin 140 zinc 3
essential oils 400 - 590 magnese 47
estragole 1 magnesium 9,650
eugenol 1 methyl hexanoate trace
fat 8,000 - 10,000 methyl hexadecanoate 1
fiber 84,000 myrtenal trace
fluoride 4.2 N-methyl-2-pyrrolidone 5
formononetin 33-66 N-tetradecane trace
furfural 2 nonadecane 0.1-2
gamma-nonalactone 6 O-acetyl-salicylic aced 1,50084L,6
glabrene 80 - 800 O-cresol trace
glabridin 400 - 4,000 O-tolunitrile 1
glabrol 129 - 440 octacosane 4-34
glabrone 12 octadecanal 15
glucose 30,000 - 42,300 octadecane trace
glycocoumarin 110 - 710 octanoic acid 7
glycyrin 100 ononin 320
glycyrrhetinic acid ¢ 55 400 pentacosane 0.1-41
monoglucuronide
glycyrrhetinic acid 6,000 - 22,400 pentadecane trace
glycyrrhizin 16,000 - 152,000 pentadecanoic acid trace




G. uralensisconstituents are given ifiable 6 in alphabetical
order and inrable 7as a function of plant part. Constituents f0199.0% pure.
which the concentrations were not given were nolutfed in

these tables.

Impurities

Liquiritin extracted from licorice root had purigpproaching
99% as the recrystallized product (Cong and Lin7200

Yu et al. (2008) reported that glabridin obtainedChina was >

Variation of Composition

A 10-fold difference in Glycyrrhizic Acid values duwsolely to
different assay methods of the same samples harerbported.
The number of constituents and their relative cotregions in
plant-derived ingredients vary with the source agrdwth
conditions (Leung and Foster 1996).

Table 6. Alphabetical list of substances foundGn uralensisfor which the concentration was measured (ARS 2007

Chemical Plant part Conc. (ppm) Chemical Plant part Conc (ppm)
4'-O-(beta-D-Apio-D-furanosyl- root 120,000 Glycyrrhizin root 11,200 - 84,000
(1,2)-beta-D-glucopyranosyl)-

liquiritigenin

Apioglycyrrhizin root 100 Glycyrrhizin rhizome 2,000 1870
Araboglycyrrhizin root 600 p-Hydroxy-benzoic-acid sptaeedling 0.5
Arsenic root 0.3 Iron root 180 - 280
Astragalin leaf 16 Isobavachalcone sprout seedling 0.8
Calcium root 6,850 - 23,500 Isoglycycoumarin rhizome 180
Clycosin sprout seedling 0.5 Isoglycyrol root 200
Copper root 13-14 Isoglycyrol rhizome 270
4',7-Dihydroxyflavone root 240 Isolicoflavonol rhizome 01

EO root 50 Isoliliquiritigenin rhizome 60 - 20,000
Formononetin sprout seedling 25 Isoliquiritigenin root 00X 1,050
Formononetin shoot Isoliquiritin rhizome 800 - 23,280
Gancaonin-A shoot 3 Isoliquiritin root 120 - 4,000
Gancaonin-B shoot 20 Isoliquiritin-apioside root 20630
Gancaonin-C shoot 3 isoquercitrin leaf 21
Gancaonin-D shoot 0.3 Kanzonol-F root 2
Gancaonin-E shoot 8 Kanzonol-G root 4
Gancaonin-L shoot 7 Kanzonol-H root 1
Gancaonin-M shoot 6 Kanzonol-I root 4
Gancaonin-N shoot 1 Kanzonol-J root 2
Gancaonin-O shoot 5 Kanzonol-K rhizome 0.04
Gancaonin-P shoot 6 Kanzonol-L rhizome 0.1
Gancaonin-P3'-methyl-ether root 1 Kanzonol-M root 0.6
Gancaonin-Q shoot 15 Kanzonol-N root 0.4
Gancaonin-R shoot 14 Kanzonol-O root 0.4
Gancaonin-S shoot 3 Kanzonol-P root 0.8
Gancaonin-T shoot 1 Licocoumarone rhizome 19 - 400
Gancaonin-U shoot 12 Licocoumarone root 900
Glyasperin-D root 0.4 Liconeolignan root 15
Glycycoumarin rhizome 10-1,380 Licopyranocoumarin troo 500
Glycycoumarin root 1,600 - 1,750 Licorice-saponin-A-3 hizome 290
18-Alpha-Glycyrrhizin root 200 Licorice-saponin-A-3 1Moo 5.8 -1,000
Glycyrin root 400 Licorice-saponin-B-2 rhizome 40
Glycyrol root 800 Licorice-saponin-B-2 root 0.8
Glycyrol rhizome 440 Licorice-saponin-C-2 rhizome 50




Table 6 (continued).Alphabetical list of substances foundGn uralensigfor which the concentration was measured (ARS 2007

Chemical Plant part Conc. (ppm) Chemical Plant part Conc (ppm)
Licorice-saponin-C-2 root 1 Magnesium root 3,690 - 5,070
Licorice-saponin-D-3 rhizome 70 Manganese root 13-26
Licorice-saponin-D-3 root 1 1-Methoxy-Ficifolinol root 8
Licorice-saponin-E-2 rhizome 120 Narcissin leaf 16
Licorice-saponin-E-2 root 2.4 -700 Neoisoliquiritin oto 200
Licorice-saponin-F-3 root 0.4 nicotiflorin leaf 32
Licorice-saponin-G-2 root 0.6 - 1,000 Ononin root 2@@)0600
Licorice-saponin-H-2 root 1.4-2,100 Potassium root 02,563,140
Licorice-saponin-J-2 root 0.4 8-C-Prenyl-eriodictyol oto 13
Licorice-saponin-K-2 root 0.4 Quercetin leaf 7
Licorice-saponin-L-3 root 300 Quercetin-3,3'-dimethiykr leaf 48
Licoricidin root 11 Rutin leaf 53
Licorisoflavan-A root 16 Saponins root 60,000 - 140,000
Licraside root 600 Scoponetin shoot 2
Liquiritigenin rhizome 30-1,210 Signoidin-B shoot 7
Liquiritigenin root 70,000 Sodium root 323-1,340
Liquiritigenin-4',7-diglucoside root 20 Uralene leaf 26
Liquiritin rhizome 7,900 - 36,490 Zinc root 11-13
Liquiritin root 120 - 300,000

Liquiritin-apioside root 120 - 9,000

Lupiwighteone shoot 6

Origin Variation been isolated G. uralensishas had about 100 kinds of isolated

G. glabrais native to the Mediterranean region and certnal phenols in which ~.7O .compou_nds are |sopren0|d-ﬁum
southwest Asia, and it is extensively cultivateRussia, southern phenols. The main |sopren0|.d—sgps.tltuted “flavononise
Europe, the Middle East, India, and in the Unitetht& isoflavans with 2 prenyl groups, licoricidin anddrisoflavan A.
(D’Amelio 1999; Kowalchik and Hylton 1998). Kimuet al.

(1999) found that the agueous extract of licoram collected in  G. inflata has had about 40 flavonoids isolated including 20
autumn in China had a Ca+ content of 0.39% and 2#\Mgntent isoprenoid-substituted flavonoids, the main one ndei
of 0.69%. licochalcone A (Nomura et al. 2002).

G. glabralL. var. typica is native to Spain and Italy. Galga L. Hayashi et al. (2003a) reported that the major feafonol
var. violacea is native to Turkey and Iran. G.bghal. var. glycoside ofG. glabracollected in Turkey, Italy and Spain was
gladulifera is native to China, Russia and cenisia. G. isoquercitrin. However, it was was rutin in Kazatdn.
uralensis is native to northeastern China anddat Bussia. G. Glabridin is species specific f@. glabralL., glycycoumarin for
inflata is native to the Xinjiang province of Chi(@hibata 2000). G. uralensigrish. and lichochalcone A f@. inflataBat.

Nomura et al. (2002) reported ti@at glabrahas about 90 kinds Hayashi et al. (2003b) reported in a review artitiat the
of phenolic compounds isolated from the plants; G- &e glycyrrhizin content varied from 4.76% to 6.13%doy weight in
substituted with isoprenoid groups(s) (i.e., 3-npkthbutenyl the roots and from 3.33% to 5.98% of dry weighhim stolons of
(prenyl) group; 2,2-dimethylpyran ring). In Spdnand Russian G. glabracollected in Uzbekistan. The authors statedttieste
G. glabra the main isoprenoid-substituted flavonoid is thealues are higher than that collected in SpairfXd 4.4%) and
pyranoisoflavan, glabridin; and other flavonoidsatthare Italy (0.07% to 0.27%). The glabridin content@f glabrain

unsubstituted in the 5-position (i.e., glabreneabgbl, 3- Uzbekistan varied from 0.08% to 0.35% and was simid the
hydroxyglavrol). content of plants collected in Spain (0.21% to @3@&nd Italy

In ChineseG. glabrg both 5-unsubstituted flavonoids and 5-(0'07% t0 0.27%).

oxygenated flavonoids (i.e., 3',8-diprenylated dadjioidin) have
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Table 7. Substances found f&. uralensidor which the concentration was measured sortepldoyt part (ARS 2007).

Plant Part/Chemical Confﬁﬁﬁﬁ?ﬁon Plant Part/Chemical Confﬁﬁﬁﬁ?ﬁon Plant Part/Chemical Co”fﬁé‘%ﬁ?ﬂon
Leaf Shoot - continued Root - continued
Astragalin 16 Lupiwighteone 6 Licorice-saponin-A-3 5.8,000
isoquercitrin 21 Scoponetin 2 Licorice-saponin-B-2 0.8
Narcissin 16 Signoidin-B 7 Licopyranocoumarin 500
nicotiflorin 32 Sprout Seedling Licorice-saponin-C-2 1
Quercetin 7 Clycosin 0.5 Licorice-saponin-D-3 1
Quercetin-3,3'- 48 Formononetin 25 Licorice-saponin-E-2 2.4-700
dimethylether
Rutin 53 Isobavachalcone 0.8 Licorice-saponin-F-3 0.4
Uralene 26 p-Hydroxy-benzoic-acid 0.5 Licorice-sapo@i?- 0.6 - 1,000
Rhizome Root Licorice-saponin-H-2 1.4-2,100
Glycycoumarin 10 - 1,380 1-Methoxy-Ficifolinol 3.4 Lidoe-saponin-J-2 0.4
Glycyrol 440 18-Alpha-Glycyrrhizin 200 Licorice-saponi:2 0.4
Glycyrrhizin 2,000 - 81,670 4'-O-(beta-D-Apio-D- 120,000 Licorice-saponin-L-3 300
furanosyl-(1,2)-beta-D-
glucopyranosyl)-
liquiritigenin
Isoglycycoumarin 180 4',7-Dihydroxyflavone 240 Licodai 11
Isoglycyrol 270 8-C-Prenyl-eriodictyol 13 LicorisoflawaA 16
Isolicoflavonol 10 Apioglycyrrhizin 100 Licraside 600
Isoliliquiritigenin 60 - 20,000 Araboglycyrrhizin 600 iduiritigenin 70,000
Isoliquiritin 800 - 23,280 Arsenic 0.3 Liquiritigenin’4- 20
diglucoside
Kanzonol-K 0.04 Calcium 6,850 - 23,500 Liquiritin 126060,000
Kanzonol-L 0.1 Copper 13-14 Liquiritin-apioside 120,000
Licocoumarone 19 - 400 EO 50 Magnesium 3,690 - 5,070
Licorice-saponin-A-3 290 Gancaonin-P3'-methyl-ether 1 arniganese 13- 26
Licorice-saponin-B-2 40 Glyasperin-D 0.4 Neoisoliquirit 200
Licorice-saponin-C-2 50 Glycycoumarin 1,600 - 1,750 aino 200 - 6,000
Licorice-saponin-D-3 70 Glycyrin 400 Potassium 2,500148
Licorice-saponin-E-2 120 Glycyrol 800 Saponins 60,00@0,000
Liquiritigenin 30-1,210 Glycyrrhizin 11,200 - 84,000 Sodium 323-1,340
Liquiritin 7,900 - 36,490 Iron 180 - 280 Zinc 11-13
Shoot Isoglycyrol 200
Formononetin 3 Isoliquiritigenin 100 - 1,050
Gancaonin-A Isoliquiritin 120 - 4,000
Gancaonin-B 20 Isoliquiritin-apioside 20 - 1,650
Gancaonin-C 3 Kanzonol-F 2
Gancaonin-D 0.3 Kanzonol-G 4
Gancaonin-E 8 Kanzonol-H 1
Gancaonin-L 7 Kanzonol-1 4
Gancaonin-M 6 Kanzonol-J 2
Gancaonin-N 1 Kanzonol-M 0.6
Gancaonin-O 5 Kanzonol-N 0.4
Gancaonin-P 6 Kanzonol-O 0.4
Gancaonin-Q 15 Kanzonol-P 0.8
Gancaonin-R 14 Licocoumarone 900
Gancaonin-S 3 Liconeolignan 15
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Statti et al. (2004) evaluated 9 specimen& ofjlabracollected
in different parts of Calabria, Italy. After prepay methanol
extracts from each specimen, it was found thatyik&ls of
extract ranged from 9.79% to 18.81%. The GlycyichAcid

content ranged from 0.425 + 0.001% to 2.080 + (%0@3d the
isoliquiritigenin content ranged from 0.138 + 0.80% 0.316 *
0.005%.

Rauchensteiner et al. (2005) reported that Chionesemercial
licorice preparations were, on average, higher liycgrhizic
Acid than European commercial licorice and licorograction
performed in the laboratory.

Nagai et al. (2006) reported that the amount ofyglgumarin
(~0.10%) was similar in 4- and 5-year-old cultich®. uralensis
roots and wild plants of the same species fromriiM@ngolia.

Species Variation

Kondo et al. (2007) compared the constituentsaafrice root
extracts (80% methanol) fro® glabra(n = 17),G. uralensis(n
= 87) andG. inflata (n = 8) as well as hybrids betwe&h
uralensisand G. glabraor G. inflata(n = 5). There were no
differences among the 3 species for the contergdyoyrrhizin,
liquiritin apioside, and isoliquiritin apioside.h& content of the
6 main constituents db. glabraand G. inflata (glycyrrhizin,
liquiritin apioside, isoliquiritin apioside, ligutin, isoliquiritin,
and apioside) were similiar. I6. glabrg 15 samples had
glabridin, 1 had no species-specific constitueimss. inflata 7
had licochalcone A and 1 did not, andinuralensis83 samples
had glycycoumarin and 4 had no species-specifistdornt.

Table 8 presents the concentrations of each constituenthe
hybrids betweenG. uralensis and G. glabra 40% had
glycyroumarin and 60% had licochalcone A.

Structures of constituents of licorice are includethe Part I1.
Processing/manufacturing Variation of Composition

Sovak et al. (2002) tested an herbal mixture, PESSRised for
the management of hormone-responsive and hormdraetery
prostate cancer), for consistency of composition.

PC-SPES ha&. glabralisted as one of its ingredients, which
contains licochalcone A, an antitumor phytoestrogéh Bcl-2
protein-modulating properties. The authors exathi@dots of
this substance produced from 1996 to 2001 using®RH and
13C{1H}NMR and GC/MS. The average licochalconechtent
varied with a low of 3.8 pug/g (2.8 to 4.8 png/g)1i@99 and the
high of 289.2 pg/g (276.6 to 301.4 pg/g) in 200&vEk et al.
2002) .

Majima et al. (2004) found that the content of glyhizin,
isoliquiritin, and isoliquiritin apioside were silar in extracts of
G. uralensiswvhether roasted or unroasted.

Sung and Li (2004) used capillary electrophoresisxplore the
changing composition of drigd. glabraroot as it is roasted, as
it is sometimes processed in herbal medicine. diied root
powder was roasted at 180 for 30 and 60 min; 20@ for 15
and 30 min; and 25@ for 30 min. The root powder (1 g) was
also mixed with 1 ml honey and roasted for 30 mi2Q®°C and
250°C. In raw licorice powder, glycyrrhizin is clean dhe
electropherograms while isoliquirtigenin is notywelear except
with “spiking”, and 188 glycyrrhetinic acid was not evident.

When dry roasted at 20Q for 30 min, there is an 18-
glycyrrhetinic acid peak; it is more prominent whaoney
roasted. This is accompanied by a decrease iryrghjzin.
Increasing the temperature to 280resulted in a further increase
in 184 glycyrrhetinic acid and a still higher amount whemey
roasted. The amount of glycyrrhizin again decreaae250C,
none is detected (Sung and Li 2004).

In a data sheet, lichocalcone A was used as tlagy asarker for
the presence of Glycyrrhiza Inflata Root Extract F@ 2004a).
The specific minimum was 15%; it was noted thattpecific
minimum was typically ~25%. In another safety dateeet,
licorice extract containing 5% by weight Glycyrrailnflata Root
Extract, had a specific minimum of 0.6%; it is tygily ~1.1%
(CTFA 2004b). A compound containing 1% Glycyrrhinflata
Root Extract was 0.012% lichochalcone A (CTFA 2004nd
another compound containing 0.05% Glycyrrhiza taflaxtract
contained 0.019% lichochalcone A (CTFA 2004d).

Table 8. The concentration (%) of the main constituent&ofiralensisG. glabra G. inflata(Kondo et al. 2007).

Constituent G. uralensis G. glabra G. inflata
Glycyrrhizin 3.37+1.57 3.54+1.57 3.27+1.53
Liquiritin apioside 1.27£0.73 1.60 £ 0.67 1.47 £9.6
Isoliquiritinin apioside 0.40£0.26 0.53+0.24 050.25
Liquiritigenin 0.11 £0.12 0.02 +0.02 0.02 £ 0.03
Liquiritin 1.68 +£1.06 0.17 +0.15 0.27+0.12
Isoliquiritin 0.32+0.22 0.02 +0.02 0.04 +0.02
Glycycoumarin 0.09 +0.05 fid nd
Glabridin nd 0.14+0.12 nd
Licochalcone A nd nd 0.74 £ 0.53*

3p < .001 vsG.uralensig’ nd = none detected
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Seasonal Variation

Hayashi et al. (1998) collectésl. glabraseed in Turkey, raised
them in pots in Japan starting in April, and anati/the roots for
glycyrrhizin and isoliquiritigenin glycoside contewhen the
plants were young (first year) and mature (thirdrye In the first
year, the glycyrrhizin content in the main rootsrgased from <
0.1% of dry weight in August to ~0.5% in Novembada-0.4%
in December. Isoliquiritigenin glycoside conterdsa~0.1% of
dry weight in August and increased to ~0.3% fordDet through
December. In year 3, the glycyrrhizin content @ased from
~0.5% of dry weight of the main roots in January-105% in
September through December. Isoliquiritigenin gbide content
increased from <0.25% in January to ~0.5% in Auglustugh
December. Glycyrrhizin content increased duringeseence of
the aerial parts as well as during the early stafyesshoot
elongation. Isoliquiritigenin glycosides increadeaim June to
July in the mature plants where as the glycyrrhificthnot. The
authors stated that this indicates that the bib®gis of these 2
compounds are differently regulated in the plant.

Growth Condition Variation
Afreen et al. (2006) reported that the melantormintent inG.

licorice powder from 1999 and 2000 was found toehedO pg/g
of both methanol and ethanol.

Carbonell-Barrachina et al. (2003), in a study afl@orice-
containing hard and soft candy and throat peaslsmd that the
higher the Glycyrrhizic Acid concentration in thancly the higher
the arsenic content (R2 = 0.9357). The amounts&frac ranged
from trace levels (0.01 to 0.02 ug/g) in some saftdies that did
not contain licorice (according to the labels) tb3l+ 0.06 pg/g
in licorice throat pearls with menthol flavor. Thean level of
arsenic was 0.20 pg/g and the median was 0.05 ughe
maximum allowable level of arsenic in Spain is|@dlg; 5 of the
candies had levels in the range of 0.1 to 1.0 amdl 2 candies
had concentrations of > 1.0 ug/l. The Glycyrrhiawd levels
ranged from < 0.1 to 65.5 + 1.3 mg/g.

In an analysis of Glycyrrhiza Glabra (Licorice) Rdextract,
containing 35% to 40% glabridin, it was found topmsitive for
flavones, have a specific value of <100 cfu/g anchmalytical
value of <10 cfu/g for total bacteria, a specifadue of <20 ppm
and an analytical value of <4.0 ppm for lead, asgexific value
of <2 and an analytical value of <1.0 for arsei8bgngai OLI
Enterprises Co., LTD. 2006).

uralensisis higher in the root (~34.0 pg/g) than the seemt (nArifio et al. (2007) tested several licorice produgturchased

detectable), leaf (~0.28 pg/g) or stem (not debdejatissues.
The melantonin content increased with increasedsxe to red
light to ~ 85 pg/g. The concentration of melantowas highest
in the root when the plant was exposed toUV-B témfisfor 3 d
followed by low intensity UV-B.

Marker Chemicals

Access Business Group (2007) analyzed 9 samplieso€e root
extract, used as cosmetic ingredients, from diffecemmercial
sources, for chemicals that are characteristicapferies or type
of extract. Glabridin (0.02 mg/ml detection limitas detected in
4 oil extracted samples at levels that ranged 8% to 51.9%.
Glycyrrhizin (0.1 mg/ml detection limit) was detedtin only 1
sample at 5.4%. Lichochalcone (0.04 mg/ml detediiit) was
detected in 2 water extracted samples at 16.0% 8utd6. None
of the marker chemicals were detected in 2 of #mepdes. The
authors note that the chromatographs for glabridimd
lichochalcone were clean therefore free of exciggiemd other
phytochemicals of related molecular structure. Theomato-
grams for Glycyrrhizic Acid showed a variety of gea
demonstrating various excipients and other phytoiteds of
related molecular structure.

Impurities

Uematsu et al. (2002) reported that methanol in rernial
licorice extract (to be used as a food additiveleexied 50 png/g
in 6 of 9 samples collected in 1999 from a Japames&et using
large volume head-space GC. The highest concentraias
12,000 pg/g. Methanol exceeding 50 pg/g was faoritlof 9
samples collected in 2000; the highest concentratias 270
pHg/g. In these same samples, ethanol exceedingghpdwas
found in all 9 samples from 1999; the highest cotregion was
27,000 pg/g. Seven of the 9 samples from 200@exed 50
pg/g; the highest concentration was 17,000 pgige €ample of
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from public sources, for ochratoxin A, a secondagtabolite of
several species of fungus. It is a mycotoxin wiincinogenic,
nephrotoxic, teratogenic, and immunotoxic propertieDry
licorice root (n = 15) was found to have a mea®®b + 20.8
ng/g (range 1.4 to 252.8 ng/g), fresh licorice oot 8) 9.2 + 1.3
ng/g (3.3 to 14.7 ng/qg), licorice sweets (n = 481.9 ng/g (0.5
to 8.2 ng/qg), licorice extract (liquid) (n = 2) D&t 1.4 ng/g (14.6
to 17.3), and licorice block (solid) (n = 1) 39.&/g.

The authors reported that ochratoxin A contet@.iiglabraroot

extract was stable to heat treatment at°Cofr 60 min. The
ochratoxin A concentration was unaffected by sgrtinwashing
but was reduced by peeling (53.2%) compared toadrypowder.
Levels were reduced by the production of licorixeact (78.6%)
and block licorice (91.8%).

USE
Cosmetics

Current uses of cosmetic ingredients as a funatioproduct
category are provided by industry to the U.S. Faad Drug
Administration (FDA) under the Voluntary Cosmetigtedient
Registration Program (VCRP). An industry survegdacted by
the Personal Care Products Council (Council) predidata on
current use concentrations. These data for tloeidie extracts
currently in use are presentedTiable 9.

Glycyrrhiza Glabra (Licorice) Rhizome/Rgads given in the
International Cosmetic Ingredient Dictionary and htfbook
functions as a flavoring agent and fragrance ingrédn cosmetic
products (Gottschalck and Bailey 2008).

According to information supplied to the FDA by uredry as part
ofthe VCRP, Glycyrrhiza Glabra (Licorice) RhizomRebt (listed
as Glycyrriza Glabra (Licorice) Root Extract andy@&ftrhiza
Glabra (Licorice) Extract) is used in 141 cosmptimducts (FDA




2007). In a survey of use concentrations in trdustry, the
Personal Care Products Council (Council 2008) tepothat
Glycyrrhiza Glabra (Licorice) Rhizome/Root is useat
concentrations ranging from 0.0001% to 0.4% in c&fn
products.

Glycyrrhiza Glabra (Licorice) Leaf Extraftinctions in cosmetics
as a skin-conditioning agent - miscellaneous (@bttkk and
Bailey 2008). FDA (2007) reports that this ingesdiis used in
5 products. There are no reported concentratidnshis
ingredient by the Council (2008).

There are no reported uses of Glycyrrhiza Glabieofice) Root
Powder in the VCRP (FDA 2007) and concentrations# data
were not reported to the Council (2008).

Glycyrrhiza Glabra (Licorice) Root Watemctions in cosmetics
as an antioxidant, cosmetic astringent, and a ahmitioning
agent - emollient (Gottschalck and Bailey 2008hei® are no
reported uses of this ingredient in the VCRP (FO)®2) and
concentration of use data were not reported t€thencil (2008).

The Council (2008) reported use concentrationsfaaaion of
product type for a polyol-soluble Glycyrrhiza Glal{iicorice)

Glycyrrhiza Glabra (Licorice) Rodtunctions in cosmetics as a Root Extract, which contains a higher concentratibglabridin,

skin-conditioning agent - miscellaneous (Gottsdkaled Bailey
2008). There are no reported uses of this ingnédieghe VCRP
(FDA 2007) and concentrations of use data wereejurted to
the Council (2008).

Glycyrrhiza Glabra (Licorice) Root Extrefanctions in cosmetics
as an antioxidant, skin conditioning agent-miseedtzus, and skin
conditioning agent-humectant (Gottschalck and Baé08).

There are no reported uses of this ingredienter@RP (FDA

2007) and concentrations of use data were not tegpdo the

Council (2008).

Glycyrrhiza Glabra (Licorice) Root Juidenctions in cosmetics
as a skin-conditioning agent - miscellaneous (Gb#kk and

Bailey 2008). There are no reported uses of tigigeidient in the
VCRP (FDA 2007) and concentration of use data west

reported to the Council (2008).

Glycyrrhiza Glabra (Licorice) Root Powdefunctions in
cosmetics as a skin-conditioning agent - miscetase
(Gottschalck and Bailey 2008).

and is used at concentrations of 0.0001% to 0.06¥%ese data
are shown imable 10.

Glycyrrhiza Inflata Root Extradtinctions in cosmetics as a skin-
conditioning agent - miscellaneous (Gottschalck #ailey
2008). There are no reported uses (FDA 2007) ncemtrations
of use (Council 2008) for this ingredient.

The Council (2008) reported the use of a polyoltstd extract of
Glycyrrhiza Inflata Root Extract, which contains ghi
concentrations of licochalcone A) in the range @001% to
0.05%, as shown imable 11.

Glycyrrhiza Uralensis (Licorice) Root Extradunctions in
cosmetics as a skin-conditioning agent-miscellaseou
(Gottschalck and Bailey 2008). There are no reqbuses of this
ingredient in the VCRP (FDA 2007) and concentratibuse data
were not reported to the Personal Care Council§200

Table 9. Frequency of use and concentration of Glycyrri@izbra (Licorice) Root Extract, Glycyrrhiza Glalftacorice) and Glycyrrhiza
Glabra (Licorice) Leaf Extract.

Product Category (Total number of products in each
category (FDA 2008))

Frequency of use
(FDA 2007)

Concentration of use (%)
(Council 2008)

Glycyrrhiza Glabra (Licorice) Rhizome/Root?

Bath products

Soaps and detergents (594)
Eye makeup
Eye lotions (177)
Mascara (463)
Other (288)
Fragrance products
Colognes and toilet waters (1288)
Other (399)
Noncoloring hair care products

Conditioners (1249)
Sprays/aerosol fixatives (371)
Straighteners (144)
Permanent waves (141)
Shampoos (1403)
Tonics, dressings, etc. (1097)
Other (716)

- 0.002
3 0.001-0.05
- 0.1

4 R

- 0.06
4 R

2 -

1 -

2 0.004
- 0.0001
3 -

3 0.0005
3 -
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Table 9 (continued). Frequency of use and concentration of Glycyrri@fabra (Licorice) Root Extract,
Glycyrrhiza Glabra (Licorice) and Glycyrrhiza GlahLicorice) Leaf Extract.

Product Category (Total number of products in each Frequency of use
category (FDA 2008)) (FDA 2007)

Concentration of use (%)
(Council 2008)

Glycyrrhiza Glabra (Licorice) Rhizome/Root? (continued)

Hair coloring products

Dyes and colors (2481) - 0.01
Shampoos (48) 1 -
Makeup
Face powders (613) - 0.002
Foundations (635) 4 0.001-0.01
Lipsticks (1912) 2 -
Other (406) - 0.02
Nail care products
Other (124) 2 -
Oral hygiene products
Mouthwashes and breath fresheners (85) - 0.01-0.07
Other (48) 2 -
Personal hygiene products
Other (514) 2 -
Shaving products
Aftershave lotions (395) 4 -
Skin care products
Skin cleansing creams, lotions, liquids, and pa368) 9 0.002-0.04
Face and neck creams, lotions, powder and sptagb) 29 0.05-0%
Body and hand creams, lotions, powder and spré&k3{)1 9 0.0005-0.2
Foot powders and sprays (48) 1 -
Moisturizers (2039) 20 0.008-0.4
Night creams, lotions, powder and sprays (343) 3 0.05
Paste masks/mud packs (418) 0.001
Skin fresheners (285) 0.02
Other (1244) 16 0.003-0.008
Suntan products
Suntan gels, creams, liquids and sprays (156) 3 -
Total uses/ranges for 141 0.0001-0.4

Glycyrrhiza Glabra (Licorice) Root Extract

Glycyrrhiza Glabra (Licorice) Leaf Extract

Makeup
Lipsticks (1912) 1 -
Shaving products
Aftershave lotions (395) 1 -
Skin care products
Moisturizers (2039) 2 -
Night creams, lotions, powder and sprays (343) 1 -
Total uses/ranges for Glycyrrhiza Glabra (Licorice) Leaf 5 -

Extract
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Table 9 (continued). Frequency of use and concentration of Glycyrri@fabra (Licorice) Root Extract,
Glycyrrhiza Glabra (Licorice) and Glycyrrhiza GlahLicorice) Leaf Extract.

Product Category (Total number of products in each
category (FDA 2008))

Frequency of use
(FDA 2007)

Concentration of use (%)
(Council 2008)

Oral hygene products

Glycyrrhiza Glabra (Licorice)®

Dentifrices (59) 1 -
Skin care products

Skin fresheners (285) 1 -

Other (1244) 1 -

Totaluses/ranges for Glycyrrhiza Glabra (Licorice) Extract 3 -

2 Listed as Glycyrrhiza Glabra (Licorice) Root Extrand Glycyrrhiza Glabra (Licorice) Extract by FI§2007).

©0.1% in a spray concealer.
€0.01% in face and neck sprays.

dListed in the FDA database as Glycyrrhiza Glabieofice). There was no matching name inltiternational Cosmetic Ingredient Dictionary

and HandbooKGottschalck and Bailey 2008).

Table 10. Concentration of use of a polyol-soluble GlycyzehGlabra (Licorice) Root Extract containing higleencentrations of glabridin.

Product Category

Concentration of use
(%) (Council 2008)

Concentration of glabridin in
extract (%) (Council 2008)

Bath products

Soaps and detergents 0.0001 40
Eye makeup
Eye lotions 0.0003-0.004 36-42
Makeup

Foundations 0.0005-0.004 17-27, 36-42

Makeup bases 0.001 40

Other 0.0003 40

Skin care products

Skin cleansing creams, lotions, liquids, and pads .00@3-0.001 20, 35

Face and neck creams, lotions, powder and sprays .001@.05 24, 35-42

Body and hand creams, lotions, powder and sprays 00160.05 35-40

Moisturizers 0.001-0.05 35-40

Night creams, lotions, powder and sprays 0.001-0.004 36-42

Paste masks/mud packs 0.001 40

Other 0.001-0.02 17-27, 40

Suntan products

Suntan gels, creams, liquids and sprays 0.06 35

Concentration ranges for Polyol-Soluble GlycyrrhizaGlabra (Licorice) 0.0001-0.06 17-42

Root Extract and concentration of glabradin in theextract

#0.02% (17%-27% glabridin) in a skin brightener.

Cosmetic Aerosol Use

Glycyrrhiza Glabra (Licorice) Root/Rhyzome is used a

spray/aerosol fixative.

Jensen and O'Brien (1993) reviewed the potentiabest effects

of inhaled aerosols, which depend on the specifiemical

species, the concentration, the duration of thesuge, and the

site of deposition within the respiratory system.
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The aerosol properties associated with the locatiaeposition

in the respiratory system are particle size andsithen The

parameter most closely associated with this redjae@osition is
the aerodynamic diameter, da, defined as the de&roéa sphere
of unit density possessing the same terminal gpttiocity as the
particle in question. These authors reported awraeeodynamic
diameter of 4.25 + 1.pm for respirable particles that could result
in lung exposure (Jensen and O'Brien 1993).



Table 11. Concentration of use of a polyol-soluble Glycyzehinflata Root Extract containing higher concatitms of licochalcone A.

Product Category

Concentration of licochalcone A in
extract (%) (Council 2008)

Concentration of use
(%) (Council 2008)

Noncoloring hair care products

Conditioners 0.0001 15
Shampoos 0.0001 15
Other 0.0002 15
Skin care products
Skin cleansing creams, lotions, liquids, and pads 0.03 0.14
Face and neck creams, lotions, powder and sprays 0.05 0.008
Total uses/ranges for Glycyrrhiza Inflata (Licorice) Root Extract 0.0001-0.05 0.008-15

#0.0001% in a hair/scalp treatment, leave-in coodér and hair gel.

Bower (1999), reported diameters of anhydrous Isairay

Isoliquiritigenin from G. uralensis has strong imhory effects on

particles of 60 - 8Qum and pump hair sprays with particletyrosinase activity (Nerya et al. 2003), whichieln to be a key

diameters o£80 um.
particle diameter is around 3&n in a typical aerosol spray. In
practice, he stated that aerosols should haveast B9% of
particle diameters in the 10 - 1fh range.

The Ministry of Health, Labor and Welfare (MHLW 200of
Japan listed Licorice Extract and Glycyrrhetinic idhcas
acceptable medicinal ingredients to be used in etism

Non-cosmetic Use
Medicinal Uses

Licorice Extract was used as a treatment for gastders during
World War Il (Molhuysen et al. 1950). According @&bson
(1978), licorice has been used as a medicine §saa2100 B.C.
Throughout history, there are recorded uses ofy@iliza herbal
remedies for stomach and mouth ulcers, thirst, titeacabies,
renal dysfunction, wounds, cough, inflammation, @ostipation,
among others.

Oil soluble Licorice (Glycyrrhiza) Extract (0.05%)on the list
of active ingredients that help lighten the skiattare exempted

(KFDA no date b) from the required safety testing o

cosmeceuticals in Korea (KFDA 2007a,b).

Licorice also has been studied for its anticariffsce (Edgar
1978), antimicrobial effect (Fukai et al. 1988)n#@ne oxidase
effect, monoamine oxidase inhibitor effect (Hatahal. 1989),
antimutgenic activity (Zani et al. 1993), antitumsromoting
activity (Kelloff et al. 1994; Wang and Nixon 200lanti-

angiogenic effects (Kobayashi et al. 1995), antlart effects
(Konovalova et al. 2000), and anti-inflammatory idties

(Shibata 2000).G. glabra makes up 5.9% of a popaidir

asthmatic Chinese herbal medicine consisting ofoidl herbs
(Homma et al. 1994).

The German Federal Institute for Drugs and Medidavices
(1998) stated that G. glabra is used as a medipiaat. The
World Health Organization (1999) indicated thatrbGt glabra
and G. uralensis are used as medicinal plants.

Kumar et al. (2002) reported that G. glabra is ussda
complementary/integrative nutritional therapy bpeer patients.
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Johnsen (2004) reported that the meagnzyme in melanin biosynthesis. Licorice is repdtio be used

as a depigmentation agent (Halder and Richards)2004
Non-medicinal Uses

The FDA (1983a) determined that licorice, as Ghdaand other
species of Glycyrrhiza, is generally recognizesids (GRAS) as
a spice and other natural seasoning and flavordgitionally,
the FDA (1983b) included G. glabra and other spe@é
Glycyrrhizain alist of essential oils, oleoredisslvent-free), and
natural extractives (including distillates) thag &RAS. Licorice
is GRAS as an ingredient in animal feed.

While licorice and licorice derivatives are GRA®etFDA
(1983a) has established the following maximum iet&ins on the
levels of Glycyrrhizic Acid in certain types of fds: 0.05% in
baked goods; 0.1% in alcoholic beverages; 0.15%falcoholic
beverages; 1.1% in chewing gum; 16.0% in hard cahd$% in
herbs and seasonings and in plant protein prod8ci%6 in soft
candy; 0.5% in vitamins and dietary supplementd;&ah% in all
other food except sugar substitutes. GlycyrrbAgicd may not be
used as a non-nutritive sweetener in sugar sutestitu

Olukoga and Donaldson (2000) summarized some meach
non-medical products containing licoriceTinble 12.

Licorice extracts are used to flavor tobacco, cingwgums and
candies (Nerya et al. 2003). Licorice extract® @ee used as
sweetening agents (Nerya et al. 2003; Choi 2005).

Licorice Root Extract has been used in beers agltalprovide
surfactant properties and to take the edge offethéter-tasting
beverages as well as to alleviate bitter afteretash some
saccharine-containing products and pharmaceutieplgpations
(Isbrucker and Burdock 2006).

GENERAL BIOLOGY
Absorption, Distribution, Metabolism, and Excretion
Glycyrrhiza Uralensis (Licorice) Root Extract

Yamamoto et al. (2003) fasted rats (strain notifpéc n = 5)
overnight then orally administered Glycyrrhiza \éradis




Table 12. Preparations/products containing licorice
(Olukoga and Donaldson 2000).

Health products
Herbal cough mixtures

Licorice flavored cough mixtures

Laxatives (including Cascara, Compound licopoavder)
Licorice tea

Throat pearls

Liquirizia naturale

Antibron tablets

Licorice flavored diet gum

Confectionery

Licorice sticks, toffee, bars, cakes, brickdds, balls, Catherin
wheels, pastilles, pipes, allsorts

Pomfret (Pontefract) cakes
Blackcurrant

Torpedos

Sorbits chewing gum
Stimorol chewing gum
Servez vous

B

Alcoholic drinks

Belgian beers

Pastis brands

Anisettes - raki, ouzo, Pernod
Chewing Tobacco

(Licorice) Root Extract, either from a cultivatedusce (756
mg/10 ml/kg) or a wild source from China (452 mgridkg).

Each preparation was determined to have 45 mg/igy@hetic
Acid.

Blood samples were collected from the tail veifi,&t, 2, 4, 6, 9,
and 12 h then analyzed for Glycyrrhetic Acid by HRLThe

detected amounts of Glycyrrhetic Acid in the blsadples were
similar between the 2 sources.

The peak concentration was at 9 h (1.90 £ 0.40 ufgmthe
cultivated source and 1.51 + 0.91 pg/ml for thevgtmlrce).
There was no Glycyrrhetic Acid detected at 24 hnfgmoto et
al. 2003).

Majima et al. (2004) orally administered G. uralensxtract
(roasted and unroasted; containing 45 mg/kg gl}izim) to male
Wistar rats after overnight fasting.

Blood samples (0.3 ml) were collected from the tedlin

periodically for 24 h. The plasma Glycyrrhetic Adevels and
the area under the mean concentration vs time danvg4 h

(AUCO0-24 h) was determined. Glycyrrhetic Acid (bobt

glycyrrhizin) was detected in plasma and peakédraafter oral
administration of both extracts. There was noedéhce in
Glycyrrhetic Acid levels in the plasma between tbasted and
unroasted licorice extracts. The AUCs0-24 h wardlar for the

roasted and unroasted licorice (14.2 + 9.0 pghfal®.5 + 4.9
pgh/ml, respectively) as were the maximum concéotia of

1.48 £0.86 pg/ml, 1.47 + 0.63 pg/ml, respectidhajima et al.

2004).

Systemic Hormone Effects
Licorice Extract

Al-Qarawi et al. (2002) tested the effect of a watetract of G.
glabra on the pituitary-adrenal-renal axis of achdte Wistar rats
(120 to 150 g). The rats were allowed food ancewadl libitum
and divided into 4 groups (n = 7). The licoriceragt was
administered by oral gavage in distilled water ,at@, 250, or
500 mg/kg for 15 consecutive days. The rats wetighed at the
beginning and end of treatment. The rats weredi#4 h after
the last dose and blood collected, centrifuged, amalyzed.
Plasma concentrations of cortisol, adrenocortigdtirohormone
(ACTH), renin, and aldosterone were measured
radioimmunoassay and sodium and potassium contiensavere
measured by flame photometer. As showhable 13 there was
a dose-dependent decrease in the concentrationomisad,
ACTH, aldosterone and postassium; there was a degendent
increase in the concentration of renin and sodium.

Table 13. The effect of the water extract @f glabraon the concentration of ACTH, cortisol, aldosterprenin, sodium,
and potassium in rat plasma (Al-Qarawi et al. 2002)

Treatment ACTH (pg/ml) Cortisol (pg/ml) Aldesterone Renin (ng/ml/h) Sodium (mEg/l) Potassium (mEqg/l)
(pg/ml)

Control 297.3+123 1.4 +£0.00% 470+19.8 6.0+1.2 1314+24 4.36 +0.19

100 mg/kg 215.8 + 157 1.3+0.00% 425.9 +20.1 6.2 £0.09 1495+ 4.2 3.52+0.0%

250 mg/kg 194.3 +13°%6 0.5 +0.00% 415.3+20.2 6.7+0.10 160.1 +3.0 2.90 £ 0.26

500 mg/kg 98.1+8% 0.2 +£0.00 380.1+£17.9 7.3+0.08 171.2+1.8 2.24+0.28

2 For each variable values with different superssrgre significantly different from each othepg < .05;° p < .001¢ p < .005 compared to control
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Hepatic Effects
Licorice Extract

Mirsalis et al. (1993) administered feed contain@®g, 0.8%,
2.5%, 8.0%, or 25% licorice root extract to B6C3fite for 30
or 90 d. At the end of the respective dosing pksjidhe mice
were killed, and liver enzyme activities were ewadda. Licorice
root extract at the 8 and 25% levels induced 7>gttmumarin O-
deethylase activity after both 30 and 90 d. LicefRoot Extract
dose-dependently induced uridine diphosphate (UghiRjurony!
transferase activity and inhibited glutathione-&1tferase (GST)
activity, but the degree of these effects were statistically
significant. Benzo[a]pyrene (B[a]P) hydroxylasel aaperoxide
dismutase (SOD) were not affected by treatmentieQesults of
this study are described in the Animal Toxicologgt®n of this
report.

Paolini et al. (1998) studied the effects of liceriextract and
glycyrrhizate on the cytochrome P450 (CYP) monoexase
activities in Swiss albino CD1 mice. The mice wgiheen daily
oral doses of 3138 or 6276 mg/kg licorice extrac240 or 480
mg/kg Glycyrrhizic Acid for 1, 4, or 10 d. Controfeceived
vehicle (saline) only. Animals were fasted for 16fter the last
dose and then killed. The livers were rapidly regwwand
prepared for enzymatic assays, electrophoresis, taifes
immunoblot, RNA isolation, and Northern hybridizati

The single dose of licorice extract or Glycyrrhi#cid did not
induce any enzymes. However, hepatic CYP3A-, 2Bdd, 1A2-
dependent microsomal monooxygenase were inducedibiple
doses of licorice extract and/or Glycyrrhizic Acithe following
testosterone hydroxylase (TH) enzymes in the livere also
induced by multiple doses of the 2 test mater&flsTH, 20-TH,

60-TH, 70-TH, and 16-TH. The authors suggested that thes

results indicate that the induction of CYP-dependetivities by

the prolonged intake of licorice extract or Glydymic Acid at

high doses may cause accelerated metabolism afromnestered
drugs, and that the adverse effects associatedGiEh changes
may also have clinical consequences (Paolini €to$18).

Paolini et al. (1999) tested the effects of aquéduglabraroot
extract on rat livers. Male and female Sprague-bgvats (150
to 170 g) were fed rodent chow and allowed watelitd@tim.
The rats were administered a single dose of lieogiktract in
saline (3138 or 6276 mg/kg) orally or the same diused
consecutive days (n = 6). The rats were killedh 24ter the last
treatment after 16 h of fasting. The livers wenekly removed
and S9 prepared. The post-mitochondrial superhatas
centrifuged, resuspended, washed, and centrifugath.a The
pellet was homogenized and fractions frozen inidiquitrogen.
Enzymatic analyses were performed within a week.

Using male rats, the lower dose administered overirduced
CYP content (p < .01) and tiNedemethylation of aminopyrine
(~2-fold increase). The CYP1Al-associatedleethylation of
ethoxyresorufin was induced by licorice extract (ap2-fold,
higher dose). A 3.7-fold increase in tkedealkylation of
pentoxyresorufin (supported by CYP2B1) was achieatethe
higher dose. The authors stated that male rate Wahly
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responsive to licorice extract as shown by the dygred activity
of the various hydroxylases as showTable 14.

Results using female rats were similar in the sotdoidity to
CYP3AL1/2 induction; aminopyrinBl-demethylase activity was
enhanced at the lower dose (p <.01). A markeddtion in the
methoxyresorufi®-demethylase activity activity (CYP1A2) was
obtained by licorice extract (2.3- and 2.7-foldrizese for the
lower and higher dose, respectively). Anincreaske “mixed”
ethoxycoumariN-deethylase activity (p < .01) was recorded.

Results using female rats were similar in the sutdoidity to
CYP3A1/2 induction; aminopyrine N-demethylase dtfiwas
enhanced at the lower dose (p < .01). A markeddtian in the
methoxyresorufin O-demethylase activity activity/(€1LA2) was
obtained by licorice extract (2.3- and 2.7-fold rie&se for the
lower and higher dose, respectively). An increasethe
ethoxycoumarin N-deethylase activity (p < .01) vexorded only
in the lower dose.

There was no difference between control and sithge rats with
regards to the CYP-linked mono-oxygenases in eitheolute or
relative liver weight (Paolini et al 1999).

Tsukamoto et al. (2005) reported that the mettgdladl extract
of G. uralensishad CYP3A4 inhibitory activity with an Ig of
0.022 mg/ml.

Glycyrrhizia Uralensis (Licorice) Root Extract

Leung et al. (2003) tested the effects of aquemasi¢e root
extract (G. uralensis Fisch) on the gene expresdsiaat liver
cells. Rat liver cells (Clone 9) were exposeddoenus licorice
extract (3 mg/ml) for 24 h then 50 pg total RNA wsslated
using Trizol reagent. A control was treated withdinen only.
The mRNA of both samples was purified and usegmthesize
[a-*P]dATP-labeled cDNA. The hybridized signals prihten
the X-ray film were measured by densitometer. Threshold
value was based on background signal; the levelgené up-
regulation (cut-off at 2-fold) and down-regulatifcut-off at >
50%) were calculated by the ratio of signal of thabhe in the
control and the licorice extract treated gene.

In the control, 84 genes were detected and 89 dedexted in the
treatment group. Five genes were differentiallgressed. Six
genes were up-regulated and 4 genes were dowratedu}) as
shown inTable 15.

The authors then seeded the cells (3 % 0100 mm culture
dishes, allowed them to attach for 48 h, and tcktite cells with
licorice extract in phosphate-buffered saline (PBIf)ted to
various concentrations (0.25, 0.5, 1, 2, and 3 mgirith
Dulbecco Modified Eagle Medium (DMEM). The cellemg
harvested at 8, 16, 24, and 48 h. Total RNA wasaeted with
Trizol reagent. A parallel experiment was run viitedium only
for the control. From the total RNA, the 5 diffatially expressed
genes identified in the first part of the experi{@&@6T-pi, UPAR,
PAI-1, fosl-1, and DT-diaphorase) were subjectedNtsthern
blot analysis.



Table 14.Drug metabolizing enzyme activities and testosteroydroxylase in liver microsomes from licoricerext treated rats (Paolini et al.

1999).
Control Licorice Extract (3138 mg/kg) Licorice Exttg6276 mg/kg)
Induced Enzyme Activity (units) M F M F M F
CYP (nmol/mg) 0.45 +0.07 0.43 +£0.06 0.68 + 0.05 0.67 £0.04 0.38 +0.04 0.36 £ 0.02
AminopyrineN-demethylase 5.06 + 0.52 4.62 +£0.23 9.84 + 051 9.59 +0.43 6.38 £ 0.15 6.42 +0.23
(nmol/mg/min)
p-Nitrophenol hydroxylase 1.18+0.11 0.81+0.05 1.05+0.04 0.73 +0.04 0.97a6 0.75 +0.06
(nmol/mg/min)
EthoxyresorufinO-deethylase 38.48 +2.58 29.11 2.75 59.69 + 5345 4541 +3.39 74.58 + 2.47 56.58 +2.7%
(pmol/mg/min)
PentoxyresorufitD-dealkylase 26.51 +2.45 31.53+4.76 25.47 +2.39 31.34+4.01 22& 3.59 36.32 +3.04
(pmol/mg/min)
MetoxyresorufinO-demethylase 39.65 +2.86 38.96 +1.24 37.97+2.13 103.48 +6.87 36.67 +2.21 90.94 +3.81
(pmol/mg/min)
EthoxydoumarirD-deethylase 0.41 +£0.02 0.32+0.01 0.68 + 003 0.61 +0.02 0.47 £0.02 0.44 +£0.04
(nmol/mg/min)
Testosterone hydroxylase activity
6a-Hydroxy-testosterone  24.02 + 2.62 35.18 +1.48 23.13+1.08 33.69 + 1.58 92%2.23 34.66 +2.21
(pmol/mg/min)
Ta-Hydroxy-testoterone  52.53 + 1.86 51.33+4.72 149.00 £ 4287 109.77 +6.33 73.42 + 3.57 85.03+3.74
(pmol/mg/min)
6p-Hydroxy-testoterone  76.22 + 9.56 83.25+7.68 890.92 £ 29114 373.85+15.10 725.65+22.65 270.16 £22.71
(nmol/mg/min)
160-Hydroxy-testosterone  73.22 + 7.51 45.27 £ 4.91 428.25 +3749 4757 +2.03 155.33+£8.80 21.99+2.18
(pmol/mg/min)
16B-Hydroxy-testosterone  22.90 + 4.11 2712221 24.87 +1.08 39.75+1.26 27.29+1.3% 35.94 +3.85
(pmol/mg/min)
20-Hydroxy-testosterone  15.27 +8.01 13.56 +1.13 256.68 + 31273 17.35+0.54 173.21+18.21 12.04 +1.60
(pmol/mg/min)
23-Hydroxy-testosterone  33.33 £ 2.28 25.30+2.80 57.27+2389 18.66 £2.10 63.98 + 4.89 21.55+1.14
(pmol/mg/min)
Androst-4-ene-3,17-dione  420.35 +9.09 395.02 £17.95 874.67 £28.90 521.06 +24.25 583.79 £+18.66 476.39 +25.45

(nmol/mg/min)

ap<.01Pp<.05

The expression of GST-pi was both concentration tme
dependent with regard to its exposure to licoriget rextract;
maximum level was reached after 16 h of treatmétht 3vmg/ml
licorice extract. The expression of uPAR was iasexl 5-fold
after 24 h in 3 mg/ml licorice root extract. Pnodeed treatment
(48 h) resulted in diminished effectiveness.

Licorice extract exposure could not prevent degiaddut only
induce UPAR expression. PAI-1 increased expresgido 8 h;
prolonged exposure could not sustain the high lefekpression.
Fosl-1 was almost undetectable in the control; esgion was
induced at 8 h of incubation at 2 mg/ml licoriceragt.

Treatment with 3 mg/ml licorice extract exponemyigiromoted
expression of fosl-1; prolonged exposure resultedirinished
expression.

DT-diaphorase was the most abundant gene to ireea@session
after exposure to licorice root extract at >6-folfhe Northern
blot at 500 pg/ml and a short incubation time bf&tivated DT-
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diaphorase transcription. The authors suggestitwatce root
extract is an effective inducer in the treatmenCtifne 9 cells;
licorice root extract was able to up-regulate tla@gcription of
genes which are associated with phase Il enzymdscah
mobility thus this ingredient has hepatoprotectp®perties
(Leung et al. 2003).

Anti-hepatotoxic Activity
Glycyrrhiza Uralensis (Licorice) Root Extract

Shen et al. (2006) tested aquedBs uralensisextract for
protection properties against hepatotoxicity by niaaid.

Hepatocytes from female Sprague-Dawley rats wexegd in a
monolayer culture (2 x 105 cells/well) for 4 h.otéazid (1.1
mM) was added with or without licorice extract (H)gor

Glycyrrhizic Acid (0.05 g/l). The medium was chadgevery 48
h.  Viability, intracellular glutathione levels, @nalbumin
secretion were measured.



Table 15.Summary of rat cDNA expression after exposure to
Glycyrrhiza Uralensis (Licorice) Root Extract (Lepat al. 2003).

Genes Ratid*
c-Met oncogene; hepatocyte growth factor receptor A41-2
Insulin-like growth factor binding protein 2 (IGF- -4.13
binding protein 2; IGFBP2; IBP2); BRL-BP

RL.IF-1 3.46
Extracellular signal-regulated kinase 3 (ERK3); 2.10
mitogen-activated protein kinase 3 (MAP kinase 3;

MAPK3); p55-MARK

Gluathione S-transferase P subunit 7 pi (GST7-7) 949
Uronkinase receptor; urokinase plasminogen activato 491
surface receptor (GPl-anchored from; uPAR); CD87

Na, K-ATPase beta 3 subunit 2.32
Tissue inhibitor of metalloproteinase 3 (TIMP-3) 04.
Type | procollagen C proteinase enhancer protein 81-2.
Plasminogen activator inhibitor-1 (PAI-1) 3.77

2the ratio of signal of that gene in the contral &me licorice extract treated gene

The addition of licorice extract and Glycyrrhizicid increased
the viability of the cells for up to 72 h (p < .Odpen added to
isoniazid. Intracellular glutathione levels wellsoagreater in
both cases (p < .01), but not as high as the uettemntrol (p <
.01); albumin secretion was also increased comgarisoniazid

alone (p < .05) but lower than the untreated cdr{fyo< .01)

(Shen et al. 2006).

Licorice Root Powder

Rajesh and Latha (2004) tested for the preventivpgaties ofs.
glabra root powder against the effects of carbon tetradddo
(CCl4)-induced oxidative damage in rats. Threaigsof albino
Sprague-Dawley rats (n = 6) were fed either adndsard pellet
diet (control), 2) a standard pellet diet with @yddose of 0.3 ml
CCl4 in liquid paraffin, or 3) a standard diet, @lg dose of 0.3
ml CCl4 in liquid paraffin, and 1000 mg/kg licoriceot powder
for 2 months. Atthe end of the experimental p&rtbe rats were
killed and the liver and kidney removed. Liver akidney
homogenate was prepared using tris-HCI buffer. id.ip
peroxidation was assessed in terms of thiobarbitwid reactive
substances (TBARS; an index of lipid peroxidatiod axidative
stress) and conjugated dienes (CD). Changes iarttiexidant
status were determined by estimating the activitiesatalase,
SOD, GST, glutathione (GSH), and glutathione pefase (GSH-
Px) in the liver and kidney.

There was an increase in the concentrations of TBARd CD
during CCl4 treatment compared to control. Adntnaison of G.

glabra root powder resulted in a decrease of TBARSCD in

liver and kidney compared to group 2 (p < .05).e Bbtivities of
SOD, catalase, GST, and GSH-Px in the tissues demeased
in the CCl4-treated group compared with controls<(p05).

There was a decrease in the content of GSH in 2dpp< .05).

Administration of G. glabra with CCl4 restored thativities of

these parameters to near normal levels.
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Histopathological studies demonstrated fatty charaed
ballooning degeneration of hepatocytes induced GJAC The
liver also had distorted architecture with nodutenfation, a
distorted central vein, and fibrous expansion i plortal triad
with moderate fibrosis and moderate inflammation.
Administration of G. glabra root powder exhibitetbigctive
activity to livers and kidneys or rats exposed @4(Rajesh and
Latha 2004).

Gastrointestinal Protective Effects
Licorice Extract

Dehpour et al. (1994) tested how well licorice agtrfrom the
roots and underground stem@f glabraand simple derivatives
thereof protect the stomach from ulcer formation aspirin.
Aspirin powder was coated with licorice, Glycyrrimiz Acid,
deglycyrrhized licorice, high glycyrrhized licoric€15%
Glycyrrhizinic Acid added to licorice extract), t@noxolone or
enoxolone by a wet granulation. The granules wespended in
0.9% saline (equivalent to 26.6 mg/ml aspirin) addinistered
by oral gavage (266 mg/kg). The rats were killed later and
their stomachs excised immediately. Mucosal damage
assessed macroscopically. Licorice and its deviestreduced
the size and number of ulcers in gastric mucosAkpirin
absorption was not affected by licorice or its datives.

Khayyal et al. (2001) used male Wistar rats to thst anti-
ulcerogenic activity ofs. glabraroot alcohol extract. The rats,
weighing 120 to 150 g, were kept individually iarstation cages
for 36 h with no feed but access to water. Wat@s withdrawn
and the rats were dosed with 2.5, 5, or 10 ml/kgater (n = 10).
One h later, the rats were orally dosed with 10 kang/
indomethacin to induce stomach ulcers. Five I léte rats were
killed and the stomachs removed. The stomachs exemined
for ulcers and evaluated using a scale of O tor4hfe extent of
the ulceration: 0 indicating a normal mucosa withufters and 1
to 4 indicating the presence of lesions varyingemerity from
minor to severe with bloody erosion of the gastniecosa. The
effects were assessed by adding the percent iregderanimals
with ulcers, mean severity (scale 0 to 4), and nmaanber of
ulcers per stomach. The protective anti-ulcerageffect of G.
glabra extract was defined as the percentage charige ulcer
index as compared to the indomethacin/alcohol dreated
group.

The reduction in the ulcer index of ti glabraroot extract-
treated groups was found to be >40%, >60%, and >@0%.5,
5, and 10 ml/kg, respectively. The rats tolerdtesltreatment
well and had no evidence of sedation or hyperagtitaat could
be associated with th@. glabraextract.

In an additional experiment, male Wistar rats wadividually

placed into starvation cages for 48 h. The G.rgla&xtract was
orally administered at the same doses as abovel(h).= One
more group was administered water. One h laterrdls were
lightly anesthetized with ether and a pyloric ligatperformed.
After cleaning and closing the incision, indomethaeas injected
intraperitoneally (10 mg/kg) to all animals excéptone group
that served as the negative control. The postorgrol group



was dosed with indomethacin with no previous tremttm The ulcers/group increased as the dose of DGL increaBeelauthors
rats were allowed to recover for 4 h in their cagis no food or noted this “all or none” response and repeateesitheriment with
water. The rats were anesthetized again and tutl@placed at doses of 37.5, 62.5, and 87.5 mg. The authorsrdeted that the
the oesophageal-cardiac junction. The stomachevasved and number of rats without ulcers increased with insiegidose and

the animals killed. Stomachs from 3 rats in eaatug were
washed in saline and placed in 10% formalin fotdhigical

examination. The stomachs from the other 8 rate wpened
along the greater curvature and the gastric contdnained and
centrifuged and free acidity, mucin concentratigrepsin

concentration, and prostaglandin and
determined. The stomachs were laid open and theosa
scrubbed off and weighed.

Indomethacin increased the free acidity from < &Bgrhin the
control rats to 200 mEg/l and increased the aciduidrom 16.2
to 71.2 mEqg/h. G. glabra root extract reduced dffect of
indomethacin on free acidity to < 130 mEg/l (p §).@nd acid
output to < 30 mEqg/h (p < .05). Mucin content weduced by
indomethacin from ~2 mg hexose/ml to ~ 1 mg hexokelG.
glabra root extract increased the mucin contenttd mg
hexose/ml (p < .05) in indomethacin-treated r&spsin content
was not affected by indomethacin or G. glabra rextract.
Indomethacin reduced gastric mucosal prostaglaraditent from
696 ng/g to 47.8 ng/g. G. glabra root extractbitbd the effect
of indomethacin by increasing prostaglandin cortier200 ng/g
(p>.05). Indomethacinincreased leukotrienesararirom ~200
ng/g to ~1800 ng/g. G. glabra root extract de@édise effect to
~ 400 ng/g. The authors concluded that the alcektohct of G.
glabra root has anti-ulcerogenic acitivty (Khaygthl. 2001).

Aly et al. (2004) tested the anti-ulcer propertasaqueous
licorice extract (species not provided). Albintsrén = 6) were
fasted then intragastrically administered famotdih 14 mg/kg),
2) licorice extract (100 mg/kg), 3) licorice (100gfkg) and

famotidine (0.57 mg/kg), or 4) saline as the cdntidter 30 min,

indomethacin (20 mg/kg) was administered intragzedty. The

rats were killed 4 h later and the stomach remaretithe lesion
area quantified. The lesion area for the rats aidtaired licorice
extract (4.9 + 0.26 mm2) and licorice extract vimotidine (2.0
+0.06 mm2) was reduced compared to control (2.8 mm2;
p < .05).

Deglycyrrhizinated Licorice Extract

Aarsen (1973) tested the effects of deglycyrrhizadi licorice
(DGL; licorice processed to remove glycyrrhizin)trext on
naturally occurring ulcers of male Cpb Wistar rakfe rats (150
to 180 g) were fasted for ~48 h with free accessater. Under
anesthesia, the pylorus was ligated. Before cipdD6GL (12.5,
25, 50, or 100 mg) in 2 ml distilled water was oifd into the
abdominal cavity. The control group was adminetef ml
saline. About 17 h later, the animals were kill&the stomachs
with the ligation intact were removed and weigh&He stomachs
were opened and the contents were titrated wittNON&OH to
pH 7. The stomachs were stretched out and ulcersted under
microscopy.

The control rats had an average of 33.8 ulcersatbnb of 10
had perforated stomachs. The number of animalb wi
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leukotrienerewe

concluded that DGL has anti-ulcer properties (Aarke73).

Hakanson et al. (1973) tested the effects of DGigastric acid
secretion using Wistar rats (150 to 250 g). Eigit$ that had
chronic gastric fistulas were fasted for 24 h armehtrestrained.
The fistulas were opened and the stomachs rinséd 9%
saline until clear. Saline (10 ml) was administiesebcutaneously
(s.c.) to replace fluid loss. After the fistuladhlbeen draining
freely for 1 h, basal acid secretion was collefbe@ 1-h periods.
DGL, (200 mg/kg) suspended in 0.9% saline (40 mg/mas
administered interperitoneal (i.p.) and acid ca#telc Four further
1-h portions were collected. Acid output was deteed by
titration with 0.02 N NaOH. The procedure was epd with the
same animals except with the same volume of sdtindhe
control.

DGL reduced the acid output in gastric fistula.rathe inhibition
was apparent during the first hour after the ingecfp < .05) and
lasted for at least 4 h (hour 2 and 3, .01 < p04;Gour 4, p <
.001).

To determine histidine decarboxylase activity (H24y gastrin
in serum, 12 normal and 8 anterectomized rats fasted for 48
h. The rats were then administered 200 mg/kg D@L, they

were dosed again 3 h later. Seven more fastedwate

administered the same amount of saline. All ragsewightly

anesthetized with ether 3 h later, their abdomerened, and
blood drawn from the caval vein. The blood waswdd to clot

and the serum was freeze-dried. The concentratibn
immunoreactive gastrin was determined. The ratsewe
exsanguinated and the stomach was removed, cutadmeg the
greater curvature, and rinsed in cold saline. mieosa of the
oxyntic gland area was scraped off and homogeiiggitosphate
buffer (pH 6.9) to a final concentration of 100 met weight/ml.

The mucosa was then centrifuged. HDA in the sugtam was
determined by incubation with 14C-carboxyl-labetestidine.

The HDA and serum gastrin level were increasecimal, but
not in anterectomized rats (HDA: control, 5.2 8;2normal
DGL, 18.4 + 3.8; anterectomy DGL, 4.6 + 1.2 pmdl€32/mg/h;
gastrin: control, 37 +3; normal DGL, 122 + 30; aetgtomy, 27
* 6 pg E synthetic human gastrin I/ml) (Hakansoale1973).

Morris et al. (1974) instilled Heidenhain pouched idogs to test
the effectiveness of DGL protection of gastric mescagainst the
damaging effect of bile. There were 4 parts tchean of the
experiment: 1) the pouch was perfused for 1 h vibBL
preparation (312 mg DGL ; < 3% glycyrrhizinic acid)25 ml
acid solution; 2) the pouch was perfused with 3®hthe acid
solution containing known amounts of H+, Na+, aet B) a 10
mM solution of sodium taurocholate solution (10 nsdium
taurocholate, 15mM sodium chloride and mannitoimaolsirity
314 mOsm/l; HCl added to pH 2 as a bile mimic); 4pd repeat
of part 2.



The volume and ionic composition of the standaiid aolution

were determined at the beginning and end of paré@ 4;

differences between net flux of H+ and Na+ acrbssmucosa
during parts 2 and 4 were a measure of the effdauoocholate
on the gastric mucosal barrier. An increasedddsst or gain of

Na+ in the acid solution in part 4 compared to gandicated an
increase in permeability of the mucosal barrighefpouch. The
control was the acid solution in part 1 and NaGhwhannitol

(300 mOsm/l) in part 3.

The dogs were fasted for 24 h before each expetirard
administered an s.c. injection of atropine (0.042ky) 1 h before
experiments to suppress acid secretion. Each iexpetr was
repeated 3 times on each dog over 2 months.

In the controls, taurocholate increased the peritiyadf gastric
mucosa to both hydrogen and sodium ions. Licaedeced the
effect of bile acids on the mucosal permeabilitiydrogen ions
(Morris et al. 1974).

Rees etal. (1979) tested DGL for protection fr@stgc mucosal
damage by aspirin on male Wistar rats. The rats feested for
24 h with free access to water and administereah@@spirin in
1% tragacanth either alone or with 100, 300, or B@ODGL.
After 4 h the rats were killed and the stomachsonead, cut open,
rinsed, and examined blind for mucosal damage (in&\corpus
was affected). There was less mucosal damagesfspirin when
administered with DGL (p < .02 to .01).

Bennett et al. (1980) administered aspirin (60 atg/in 2 ml
tragacanth at 1%) by stomach tube to male Wister after
fasting. The rats were then administered sodidoricle (0.5 ml;
0.15 M) i.p. (n = 28); cimetidine (5 mg/kg; in 0.0MbNaCl) i.p.
(n = 28); deglycyrrhizinated licorice (50 mg) mixedth the
aspirin and NaCl (0.15 M) i.p. (n = 20); or deglytyzinated
licorice (50 mg) by stomach tube and cimetidine {rp= 27).
The rats were killed 4 h later and gastric mucadamage
assessed. Protection against damage was greaterthve
combination of deglycyrrhizinated licorice and ctidae (p =
.00014) than with either cimetidine (p =
deglycyrrhizinated licorice extract (p = .0253)ra@0 The authors
suggest that low doses of cimetidine and degly@imated

licorice extract together may reduce problems afdoxicity.

Van Marle et al. (1981) tested the effects of D@Ltle renewal
of male Cpb:WU(WI) rat stomachs. Twelve rats wasted with
access to water for 48 h and then the pylorusigateld to induce
peptic ulcers. DGL (0.85 mg/g) was injected i iaf these rats
immediately after ligation. All 12 of the rats wesdministered
1 uCi/g [3H]thymidine. Another 12 fasted rats wesigam
operated. Six of these also received 0.85 mg/g DaiL12
received 1 uCi/g [3H]thymidine. All 24 rats werenied food
and water after the operation. Nine rats with &dtess to food

glandular part of the stomach was assessed

microautogradiographs.

None of the pylorus-ligated rats survived for mthran 40 h, so
36 h was used as the longest time period. Theme we
differences observed macroscopically in the stomatHtifferent
times of necropsy. There were small black dotsthe
forestomach in the pylorus-ligated rats necropate2¥4 h; these
dots were smaller in the animals that received DGhe 2 rats
not receiving DGL had died at 26 h; the rats raoghDGL
survived to 36 h.

Ulcers were observed in the forestomach and igldredular part
of the stomach in all groups. The labeled cellthanfasted rats
had less proliferation in the forestomach thamihe-fasted rats.

When DGL was administered to fasted rats, proliferebecame
equal to that in non-fasted rats at 24 h. Comptrélde 2 fasted
rats not administered DGL, the proliferation of #pthelium of
the forestomach was accelerated with DGL. Pyldigetion
reduced proliferation to almost none, observedady as the 1 h
mark. DGL administration to pylorus-ligated ra¢sulted in a
proliferation comparable to the proliferation ins&asted without
DGL treatment; at 1, 24, and 36 h, comparable atsmfitabeled
cells were present in the 3 compartments of baths.

In the glandular part of the stomachs, cellulafifexation was
similar in fasted and non-fasted normal rats rezted with DGL
at 1, 24, and 36 h. Pylorus ligation had no eftecproliferation
compared to fasted rats at 1 h, but at 24 h, ribduproliferation
had taken place.

After staining with alcian blue-PAS-haematoxylindifferences
could be observed between mucus cells from thaseadnd the
pits of the fundus glands in the various goups, 41 and 36 h.
When combined with autoradiography, labeled fuiffedentiated

mucus cells occurred in the pit, isthmus, and refdke fundus
glands as soon as 1 h. The authors concludeB@laincreased
mucosal secretion giving protection against pepliers (Van

.049) oMarle et al. 1981).

Morgan et al. (1983) administered DGL before, dyirior after
the administration of stomach damaging dose of riaspi
(acetylsalicylic acid) in fasted male Sprague-Dawkis. Four
groups of rats were administered 1) water at tinaa@ aspirin
(128 mg/kg) at 30 min (n = 24); 2) DGL (2000 mgikgvater) at
time 0 and aspirin at 30 min (n = 24); 3) nothindiame 0 and
aspirin at 30 min (n = 23); or 4) nothing at timar@ aspirin and
DGL at 30 min (n = 24). Four h later, the rats evkilled and
their stomachs removed, opened, examined, and dsdore
hemorrhagic lesions. Previous administration ofLD@s not
effective in preventing lesions; co-administratiohDGL and
aspirin (group 4) decreased the number of lesionspared to

and water were sham operated and administered 1gpc§ontrol (group 3; p <.0005).

[3H]thymidine. At 1, 24, and 36 h, 2 or 3 rats &illed and the
stomach excised, opened along the major curvattredched and
fixed for 48 h in alcohol:100% formal (2:1). Themachs were
embedded in paraffin or methacrylate and sectiofed

autoradiography. Cell proliferation in the forestch and in the
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In a second experiment, the authors again usedupgrof rats to
test for the effects of DGL on the administratidraspirin plus
bile acid (taurodeoxycholic acid [TDC]). The ratgere
administered 1) aspirin (64 mg/kg; n = 22); 2) d@spand TDC
(5mmol/l; n = 22); 3) aspirin and DGL (2000 mg/kgs 21) or

in



4) aspirin, TDC, and DGL (n = 22). The rats weitke# and the
stomachs processed as above. TDC and aspirin ccarse
increase in the number of lesions compared to otsnfp < .05);
this was not observed with the co-administratioDGfL. DGL
decreased the number of lesions caused by the patidm of
aspirin and TDC (P < .0002) and by aspirin alone (p005).

In a third experiment, aspirin (128 mg/kg) was adstered by
intubation with or without DGL (2000 mg/kg; n = 7Y he rats
were then anesthetized and blood samples were &k&d 40,
60, and 80 min. Total serum salicylates were ntreaisuNone of
the rats survived after 80 min. Absorption of aspivas delayed
by the DGL at the 20 min sample (0.9 vs 1.2 mmelA; .05).

There were no other differences found at the atieasurements.
The authors concluded that combining aspirin and. Diight

lessen gastric mucosal injury without compromise biliary

reflux and impairment of aspirin absorption (Morgaial. 1983).

Russell et al. (1984) tested the protective effeEBGL against
aspirin- and TDC (5 mmol/l) induced gastric mucakahage. In
the first experiment, 4 groups of male Sprague-Egwéhts (150
to 200g; n = 22) were fasted for 16 h with freeesscto water.
The rats were intubated and administered at 0 &nchi: 1)

water then aspirin (64 mg/kg); 2) DGL in water (RO@g/kg)

then aspirin; 3) nothing then aspirin; and 4) naghthen aspirin
and DGL. The rats were killed 4 h later and themsichs

removed. The stomachs were examined for bleedisigns.

Hemorrhagic lesions measuring <1, 1 to 2, 2 ta $3omm were
scored 1, 2, 3, or 4 points, respectively. Theiaredcores were
calculated.

Exposure to DGL before aspirin by the gastric macdisl not
affect the degree of aspirin-induced damage. Tdmbined
administration of DGL and aspirin reduced the nundféesions
compared to only aspirin (p < .0005). Lesion ss@& given in
Table 16.

In a second experiment, the rats (n = 21 or 22¢w&posed once
to 1) aspirin (64 mg/kg, the amount that causeddngmgic
lesions in 50% of the rats in the first experimgBj)aspirin and
TDC (5 mmol/l); 3) aspirin and DGL (2000 mg/kg)4raspirin,
DGL, and TDC. The addition of TDC increased theda score
(p < .05) over that of aspirin alone. DGL decrelasde lesion
score compared to aspirin (p < .0005) and aspitis pDC (p <
.0002).

The effect of i.p. DGL (500 mg/kg) on gastric mualodamage
induced by aspirin (125 mg/kg) was also studiedraperitoneal
DGL given together with aspirin reduced lesion ssdrom 14 to
7 (p <.03).

To study the effects of DGL on the gastric absorpdf aspirin,
2 groups of rats (n = 7) were administered aspird8 mg/kg) or
aspirin and DGL (2000 mg/kg).

The rats were immediately anesthetized and tatdlsamples
were taken at 20, 40, 60, and 80 min. Total sesafitylate
levels were measured. DGL delayed absorptionpfiasat 20
min (0.9 mmol/l vs 1.2 mmol/l; p <.05). No effeatrere found
at the other times.
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Table 16. Effect of DGL on hemorrhagic lesions induced byidsp
(Russell et al. 1984).

Treatment group

Time 1 2 3 L

0 Water DGL - -

30 Aspirin  Aspirin  Aspirin Aspirin
and DGL

Median lesion score 11 15 17 8

21 vs

2NS
® 3 vs 4 significant at p < .0005

The authors concluded that a combination of aspind DGL
could have a therapeutic role in diminishing injdue to aspirin
and the increased damage occurring when aspirirbdadare
present together without affecting aspirin absorp(Russell et
al. 1984).

Bennett et al. (1985) administered deglycyrrhizearice (1 g/kg

in aqueous suspension in 1% gum arabic) to rats 28) by

gastric intubation. Controls received vehicle algm=14). The
dosing was repeated 22 h later. The rats weredkdlh after that
and the stomachs removed and analyzed for prosi&ndihere
was little or no effect by the deglycyrrhized lima on the
prostanoids in the stomachs of rats. The authmmsladed that
deglcyrrhized licorice may exert its anti-ulcer eff by

mechanisms other than prostaglandin.

Cerebral and Memory Effects
Licorice Extract

Parle et al. (2004) tested the effects of G. glalo@eous extract
on the memories and step-down (transfer latenclp@tameters)
of male Swiss albino mice (3 mo old; 25 g) using etevated
plus-maze with 2 open arms and 2 closed arms. niibe had
free access to feed consisting of wheat flour aatemwwith a
small amount of vegetable oil and salt. The voluhall doses
of licorice extract (oral and intraperitoneal [J)pvere 1 mi/100
g.

Group | (n = 6) was the control and was administdrenl/100 g
distiled water for 7 d. Groups Il and Il (n Syere
administered 150 or 300 mg licorice extract/kgpessively,
orally for 3 d. Groups IV, V, and VI (n = 5) weagiministered
75, 150, or 300 mg licorice extract/kg, respectiverally for 7
d. TL was recorded at 90 min and 24 h after ldstinistration
for groups | through VI. Groups VII and VIII (n 5) were
administered scopolamine hydrobromide (0.4 mg/ky dp
diazepam (1 mg/kg ip), respectively, before tragninTL was
recorded 45 min and 24 h after injection. GroughX= 5) was
administered scopolamine hydrobromide (0.4 mg/Rgaifer
training on day 2. TL was recorded 45 min aftgedtion.

Groups X and Xl (n = 5) were administered 150 mgikg os
(p.0.) licorice extract for 7 d. Scopolamine hyahamide (0.4
mg/kg) or diazepam (1 mg/kg ip), respectively, wiefected 90
min after the final licorice injection. TL was m@cled 45 min and
24 h after last injection. Group XII (n = 5) wadnainistered 150



mg licorice extract/kg for 7 d. TL was recorded®@tmin after
last administration. Scopolamine hydrobromide (0g¥kg ip)
was administered 45 min prior to recording TL oy 8a Group
XIII (n = 5) was administered ethanol (1 g/kg igftre training.
TL was recorded at 30 min and 24 h.

Group XIV (n = 5) was administered ethanol (1 gifap after
training on day 2. TL was recorded at 30 min. @prXV (n =5)
was administered 150 mg licorice extract/kg posfak. Ethanol
(1 g/kg ip) was administered at 90 min after lasbrice
administration. TL was recorded at 30 min and 2Ghoup XVI
(n = 5) was administered 150 mg licorice extractkgfor 7 d.
TL was recorded at 90 min after last administrati@thanol (1
g/kg ip) was administered 30 min prior to recordirigon day 8.

Administration of 150 mg licorice extract/kg fodtlecreased TL
on the first day and the second day (p < .05). ikdstration of
300 mg licorice extract/kg for 7 d increased TLtiaining,
indicating impairment in learning. Scopolamine tofstomide,
diazepam, or ethanol injected before training imgzhiearning
(increased TL, p <.05), whereas, scopolaminetaretl injected
after training impaired memory (p < .05). Licoriegtract (150
mg/kg) administered orally for 7 d protected thecenfrom
learning impairment and memory loss by scopolandiazepam
and ethanol (p < .05).

The authors performed a passive avoidance paraskgeriment
to test long-term memory effects of G. glabra aggesxtract. A
box (27 x 27 x 27 cm) with 3 wooden walls, one &ass wall
and a floor of stainless steel rods with a woodatfgrm in the
middle (10 x 7 cm) was constructed. The mice yéaeed on the
wooden platform and timed for how long to placetdtet on the
steel rods. The mice were shocked with 20 V ACLfssec when
all 4 feet touched the rods. Step-down latencyl(SEhe time
taken by the mouse to step down from the woodqulaifvith all
paws on the grid, was recorded. Animals with ah $f2 to 15
sec were used for the experiment. They were ext& min later
and removed if they did not step down after 60 s€be mice
were tested again at 24 h with no shock with a mari time of
300 sec.

Group XVII (n = 6) was the control and administefechl/100 g
distilled water orally for 7 d. At 90 min aftersieadministration,
SDL was recorded during both sessions of trainiRgtention
was examined at 24 h. Group XVIII, XIX, and XX#£rb) were
administered 75, 150, and 300 mg licorice extragotftally for 7
d. SDL was recorded at 90 min and 24 h afteddstinistration.
Group XXI (n = 5) was administered scopolamine bydomide
(0.4 mg/kg ip) after training on day 2; SDL wasaeted at 45
min. Group XXII (n = 5) was administered licoriegtract (150
mg) for 7 d.
administration. Scopolamine hydrobromide (0.4 gd/g.) was
administered 45 min prior to recording SDL on day @roup
XXIII (n = 5) was administered ethanol (1 g/kg gfjer training
on day 2; SDL was recorded at 30 min. Group XXi\£(5) was
administered 150 mg licorice extract/kg for 7 d.DLSwas
recorded at 90 min after last administration. Bthd1 g/kg ip)
was administered 30 min prior to recording SDL aay 8.
Groups XXV and XXVI (n = 5) were administered 15@ m
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licorice extract/kg po for 7 d and locomotor functiwas studied
using a photoactometer.

G. glabraaqueous extract (75 and 300 mg/kg) did not have an
effect on SDL compared to negative controls. @b aqueous
extract (150 mg/kg) for 7 d increased SDL compdoecontrol
group on the second day (p < .05), indicating inapcbmemory.
Scopolamine hydrobromide and ethanol decreased @Dthe
second day after training (p < .05), indicating roem
impairment. G. glabra aqueous extract (150 mgiligjinistered
orally for 7 d reversed amnesia induced by scopiblam
hydrobromide or ethanol (p < .05).

The authors stated th& glabraaqueous extract had memory
enhancing capabilities, but did not affect locomdtmction or
have any other adverse effects on the mice upQar8f)d (Parle
et al. 2004).

Ahn et al. (2006) tested the inhibition effectstb& aqueous
extract of G. uralensison the cognitive deficits caused By
amyloid peptide 25-35 (thought to cause oxidativess in the
brain of Alzheimer’s patients) in mice. The makR mice (n =
10) were divided into 4 groups and allowed freeesasdo water
and fed a standard diet for 6 wk; 2 of these grcgs diets
augmented with the licorice extract (0.5% or 1%\t the
beginning of weeks 5 and 6, the mice in the augeterfieed
groups and one of the un-augmented feed groups were
administered3-amyloid peptide 25-35 (10 pug/10 pl/mouse in
phosphate buffer solution [PBS]) by intracerebrdrienlar
injection; the fourth group was administered PB&e day after
the first injection, the mice were trained on a-tma passive
avoidance box (half light and open; half closedkgdaith electric
shock). The next day the mice were placed battkeight side
of the box and the time it took them to move to daek side
measure up to 240 s. On the day of the seconttimje(week 6)
the mice were placed in a water-maze performarste te

In the passive avoidance test, treatment with ilieorextract
inhibited the effects ofi-amyloid peptide 25-35 in a dose-
dependent manner. The mice in the groups fed @B&61%
licorice extract went into the other side of th&t teox sooner than
the control group fed no licorice extract and radrmaistereds-
amyloid peptide 25-35 (p < .05 compared to contrdhe group
of mice fed 1% licorice extract waited 81.3% asglas the
control group to enter the other side of the box (p5 compared
to groups fed 0 and 0.5% licorice). In the waterzm
performance test, treatment with licorice extrattibited the
effects off-amyloid peptide 25-35 in a dose-dependent manner.
The mice fed no licorice extract took twice as lasghe control
group to find the platform (p < .05) and the mied 1% licorice

SDL was recorded at 90 min after lagtxtract took the same amount of time to find trefptm as the

control group.

After the behavioral tests, the mice were killed Hre antioxidant
activity was measured in the serum and brain as thaes
acetylcholinesterase activity in the brain. Liceréxtract reduced
the increase in lipid peroxidation in the braimidose-dependent
manner; there was no effect with regard to thersertihere was
no effect of licorice extract on SOD and GSH-Pxha mouse



brain. The catalase activity was decreased inl#belicorice

extract group compared to controls (p < .05). €heas no
difference in acetylcholinesterase activity in fgeum and brain
among the control, 0, and 0.5% licorice groupse frtice in the
1% licorice extract group had decreased acetylobsterase
activity in both the serum (p < .05) and the bi@ir< .01). The
authors conclude that licorice extract in the febalice improves
cognitive deficits induced byB-amyloid peptide 25-35 by
decreasing oxidative stress; licorice extract mdgo abe

scavenging reactive oxygen species (Ahn et al. R006

Dhingra et al. (2006) compared the effect of age€duglabra

extract on cholinesterase-inhibiting activity witketrifonate, a
standard acetylcholinesterase-inhibiting drug. evi&abiss albino
mice (3 months old; n = 5) were adminisitered matate (50
mg/kg) by a single i.p. injection, normal salin® (thl) by i.p.

injection for 3 consecutive days, G. glabra rootramt (150
mg/kg) orally for 7 consecutive days, or distilledter (10 ml)
orally for 7 consecutive days. The mice were Hilltheir brains
extracted, homogenized, and analyzed for acetyilobsterase
activity. Metrifonate inhibited cholinesteraseiaity by 20%

compared to its control and G. glabra aqueous extna25.4%
compared to its control.

Other Effects - Absorption of Iron
Licorice Extract

El-Shobaki et al. (1990) tested the effect of licerbeverage
extracts on intestinal iron absorption in male gemdale Sprague-
Dawley rats (95 to 140 g). The beverage was pegpasing 5 g
licorice drink powder/100 ml distilled water infudsdor 3 h.
Twenty cm segments of intestine, comprising boghdihodenum
and the front part of the jejunum, were tied ofAfter an
overnight fast, the iron/licorice dose, consistirid. ml licorice
beverage and 1 ml iron solution containing 500 nR@labelled

monophenols to o-diphenols and the oxidation obtidiphenols
to o-quinones. Quinones are highly reactive comgsewand can
polymerize spontaneously to form high-molecularghei
compounds or brown pigments (melanins) or readt aihino
acids and proteins that enhance the brown colodymed.
Mcllvaine buffer (1.0 ml) solution, 1.0 ml distitle water
containing 0.3 mg/ml I-tyrosine, and 0.9 ml licariextract were
combined in a test tube. After mixing and preiratign for 10
min, 0.1 ml of 480 units/ml of tyrosinase (from Agrs biporus)
was added and incubated for another 10 min. Sodzide (0.1
ml of 1 M) was added to stop the reaction. Absodeawas
measured at 475 nm and the results compared taotont
Methanol extract of G. glabra (50%) inhibited tyrase by
92.1%, acetone extract by 94.7%, and water extnadi8.6%.

Neuromuscular Effects
Licorice Extract
Ambawade et al. (2002) tested the effect of annetlimextract

of G. glabraroots and stolons on several convulsive endpoints

using male albino Swiss mice (22 to 25 g) and raldmo Wistar
rats (125 to 150 g). The animals had free acaes$sad and
water until 8 h before and during the experimertiiemfood was
withdrawn. The mice (n = 6) were injected i.p.hatihe licorice
extract in water at 10 to 500 mg/kg 30 min prioapplication of
electric shock (42 mA, 0.2 sec) using corneal etglgs. The
controls were injected with the vehicle. The diaratof tonic

hind leg extension was measured. Doses of 10,(8%0),and 500
mg/kg did not reduce the time of the hind leg esiem.

The authors injected i.p. the licorice extractatying doses (10
to 100 mg/kg) to the mice (n = 6) 30 min prior toet
subcutaneous (s.c.) injection of pentylenetetrg®ilZz) (80
mg/kg). The controls were injected with just thehicle and
another group was injected with diazepam (2.0 n)g/khe mice

with active iron {Fe), was injected into the tied off segmentvere observed for onset of myoclonic spasm and iclon

under anesthesia. One h later, blood was drawenintkstinal
section was removed and washed, the liver was redy@and the
59Fe content was determined. The absorption indes
calculated as®Fe in blood + liver + bodyPFe injected x 100.

Licorice drink extract injected directly into thatéstine was
found to enhance the absorption of iron in thesime; the
absorption index was 20.3 compared to 14.1 for aome (El-
Shobaki et al. 1990).

Effects on Tyrosinase
Glycyrrhiza Glabra (Licorice) Root Extract

Lee et al. (1997) assayed tyrosinase inhibitionnigthanol

Glycyrrhiza Glabra (Licorice) Root Extract (0, 2u3d 333 pg/ml)
using mushroom tyrosinase. The inhibition was 26f68% for

3.3 and 333 pug/ml, respectively. The authorsdtidiat G.glabra
has high inhibitory activity compared to the otB8iplant extracts
tested.

Khanom et al. (2000) tested tyrosinase inhibitocyivity of
methanol, acetone, and aqueous extracts of G.gy(aking the
“trunk” part of the plant). Tyrosinase catalyzesdBtinct
reactions involving molecular oxygen: the hydroxiga of
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convulsions for up to 30 min.

In the mice treated with just the vehicle, cloreoeulsions began
140.3 £ 13.8 sec after PTZ injection and all mi@ddafter the
seizures. The licorice extract dose-dependenthbited the

onset and occurrence of seizures as showWilite 17.

At 10 mg/kg, only 66.6% of the mice had seizuresahthe mice
that had seizures died. No mortality occurrechen30 and 100
mg/kg groups for 24 h. No mice in the diazepanugrbad
seizures.

Five groups of rats (n = 6) were injected i.p. vithium sulfate

(3 mEg/kg). After 23.5 h, they were injected inith G. glabra
extract (10, 30, or 100 mg/kg), diazepam (1.0 mgdgust the
vehicle. Twenty-four h after the lithium sulfatgdction, the rats
were injected i.p. with pilocarpine (30 mg/kg). eTseverity of
status epilepticus was observed every 15 min fom@® then

every 30 min for another 90 min. The convulsiomsenscored:
0 - no response to the drugs; 1 - fictive scratghn tremors; 3 -
head nodding; 4 - forelimb clonus; and 5 - reamgl falling

back.



Table 17. Effect of ethanolic extract @&. glabraon PTZ-induced
seizures in mice (Ambawade et al. 2002).

Treatment Onset of clonic Incidence of
convulsions (sec)  convulsions (%)

Vehicle 140.0 £13.8 100

G. glabraextract 664.5 £ 93.0 66.6

(10 mg/kg)

G. glabraextract 780.0 16.6

(30 mg/kg)

G. glabraextract No convulsions 0

(200 mg/kg)

Diazepam No convulsions 0

2p <.001

All the control rats had stage 4 seizures by 75 maifiter
pilocarpine injections. Thé&. glabraextract diminished the
intensity of seizures and none of the animals atddbstage 4
seizures; all exhibited normal behavior by 180 niiime authors
stated that the ethanolic extract®fglabrainhibits convulsions
caused by PTZ and lithium-pilocarpine but not maxim
electroshock seizures (Ambawade et al. 2002).

Enzyme Effects
Glycyrrhiza Glabra (Licorice) Root

Oganesyan (2002) tested the antioxidant effed® gfabraroot
on stressed chinchilla rabbits in a vibration stresst. Fifteen
rabbits (2.5 to 3 kg) were divided into 4 group$ie animals had
free access to feed and water; licorice root wasiged in the
feed (150 mg/100 g). Blood was collected fromrtieginal ear
vein before the experiment and every fifth day refatment.
Group 1 was exposed to vibration for 30 d; growps2 exposed
to vibration for 30 d and received licorice roatpgp 3 received
licorice root and no vibration; and group 4 was asqd to
vibration for 30 d after 30 d pretreatment witholice root.
Catalase activity was measured using hydrogen midki,O,)
degradation.

In group 1, vibration increased catalase activigypup 2
(vibration and licorice root) had decreased enzwtitvity to
below normal at all times (p < .001). Group 3 luetreased
catalase activity to below normal on days 5, 10, Hx(p < .001);
enzyme activity increased from these levels on d&ythrough
30, but stayed below normal (p < .001). Group #nais had
catalase activity lower than groups 1 and 2 througththe
experiment. The authors concluded that G. gladwtdecreased
catalase activity in the peripheral blood and iasesl resistance
to vibration stress (Oganesyan 2002).

Clot Lysing Effects
Glycyrrhiza Glabra (Licorice) Root Extract

Prasad et al. (2007) tested the ability of GlycgahGlabra
(Licorice) Root Extract (multiple solvent extractiof methanol:
isopropyl alcohol: acetone) to break up blood clots

27

Whole human blood (4 ml) from 20 volunteers wadritigted
into 8 preweighed sterile microcentrifuge tubesiacdbated for
45 min to form a clot. Serum was removed and thmeg
weighed. The extract (100 pl) was added to theduyb = 20)
and incubated for 90 min. Released fluid was resdoand the
tubes weighed again. Water served as the negaiivieol and
streptokinase served as the positive control. ihiza Glaba
(Licorice) Root Extract caused negligible clot &/¢17.8%).

Cholesterol Effects
Glycyrrhiza Glabra (Licorice) Root Powder

Sitohy et al. (1991) fed 60 albino rats (60 d &6,to 110 g)
either a basal diet (n = 15) or basal diet suppiegetewith 2%
cholesterol and 0.5% cholic acid (replacing startth)nduce

hypercholesterolemia for 4 wk. Rats receivingshpplemented
diet were either continued on the same diet (n)ot8sontinued
on the same diet supplemented further with 5% &t liborice

powder at the expense of starch (n = 15 eachji, Atand 10 wk
from the start of treatment, 5 rats were killedhydd samples
collected, and the organs separated and chilletal Tipids, total

cholesterol, triglycerides, and phospholipids vekreermined and
serum glutamate-oxaloacetate transaminase (GO T atiatnate-
pyruvate transaminase (GPT) activities assayed.

There was no difference between the 2 doses afdE@owder
with regards to the cholesterol and total lipidtaglyceride
contents in the kidneys. After 10 wk, both treagedups had
total lipids, cholesterol, and triglycerides thareslower than the
positive control (p <.01) and phospholipids thatevhigher than
the positive control (p < .01) as shownTiable 18.

In the liver, total lipids, cholesterol, phosphdadip, and

triglycerides were reduced compared to controlbdii licorice

extract treatments. No difference between the&mnent levels
were observed.

The untreated hypercholesterlemic rat group hadhilgbest
serum content of total lipids, triglycerides, ahdlesterol and the
lowest phospholipid content compared to rats withdame diet
plus 5% or 10% licorice powder as shownTible 19 Total
lipids, tryglyceride, and cholesterol content ie #erum of this
group increased gradually with time and the phokpids
decreased with time. The level of serum cholekt@nd total
lipids or triglycerides was directly proportiondite proportion
between cholesterol and phospholipids was inversely
proportional.

The hypercholesterolemic rats receiving licoriceeigtter dose
gradually responded; all enzyme activities dimiatshwith time
and returned to normal values after 10 wk of dadgrice as
shown inTable 20.

The GOT/GPT ratio was reduced by licorice ingestompared

to hypercholesterolemic level, thus, the level @TGwas more

reduced than the level of GPT by licorice treatm@rite authors
state that this is a sign of improved heart funcsimce the heart
is the organ most affected by cholesterol predipita



Table 18.Accumulation of lipid fraction in the kidneys ofjercholesterolemic rats fed 2 levels of dietaryglabrapowder (Sitohy et al. 1991).

Total lipids (g/100 g) Cholesterol (mg/100 g) Phosplipids (mg/100 g) Triglyceride (mg/100 g)

Time (weeks)

Treatment 4 7 10 4 7 10 4 7 10 4 7 10
Negative control 7.85% 8.02 7.64 450.2+ 4625+ 496. + 1108 + 1098 + 1162 + 5.08 £ 510+ 510
0.45 0.56 0.56 41.5 40.6 38.6 95.4 86.4 96.1 0.49 0.50 0.49*
Positive control 9.40 + 9.90 + 10.50 + 930 + 942.0 £ 1077.5 1108 + 956.4+  840.2+ 6.42 + 6.65 + 715+
0.91 0.92 0.89 86.4 64.3 +91.6 99.4 86.4 51.6 0.62 0.63 0.58
Low level 5% 8.92 + 8.50 + 7.86 815.6 + 682 + 595 + 1080 + 1102 + 1150 + 6.15 + 5.60 £ 537+
0.98 0.74 0.64 715 62.4 48.2 74.5 82.6 95.6 0.60% 0.36 0.43*
High level 10% 8.84 + 8.40 7.95% 8184+ 6614+ 5720 + 1074% 11125 1138 + 610 + 552+ 520 %
0.68 0.56 0.46 80.6 35.6 39.4 76.4 +86.4 90.4 0.41 0.36 0.50*

2p < .01 when compared to positive control

Table 19.Serum lipid fractions of hypercholesterolemic r@gsfed 2 levels of dietay. glabrapowder (Sitohy et al. 1991)

Total lipids (mg/dI) Cholesterol (mg/dl) Phospholipids (mg/dl) Triglyceride (mg/dl)

Time (weeks)

Treatment 4 7 10 4 7 10 4 7 10 4 7 10
Negative control 4216+ 456.2+ 542 + 136.2+ 1574+ 1645+ 1326+ 1305+ 1395% 62.4 70.4 78.4 +
30.6 25.8 43.5 8.9 12.68 9.4 10.4 11.4 10.6 3.2 6.2 5.6a
Positive control 7846+ 896.4+ 1042.5 2975+ 3206+ 3624+ 1026z 76.5 + 38.6 + 1826+ 2426+ 285.4
61.5 735 +52.4 185 30.4 28.4 9.4 6.8 2.9 16.4 21.2 22.4
Low level 5% 7646+ 7214+ 6246+ 2846+ 2504+ 1824+ 1046 1062+ 1105+ 176.2+ 1384+ 104.2 £
46.4 61.5 51.8 21.6 20.5 14.5 8.6 6.4 .4 15.6 10.6 8.4
High level 10% 776.6+ 6924+ 5985+ 2886+ 2364+ 1806+ 1065+ 1086+ 1145+ 1846 1306+ 92.6 +
43.2 36.2 41.9 25.4 20.2 16.3 9.2 8.1 6.3 10.4 1.8 9.2

2p <.01 when compared to positive control

Table 20.Phosphatase and transaminase activities in thensefrhypercholesterolemic rats as fed 2 levels
of dietaryG. glabrapowder (Sitohy et al. 1991).

Treatment Acid phosphatase (1U/l) Alkaline phosphatae GOT (U/ml) GPT (U/ml) GOT/GPT
((82D)
Time (weeks)
4 7 10 4 7 10 4 7 10 4 7 10 4 7 10
Negative 6.24 £ 6.56 6.38+ 324+ 318+ 326+ 48.51 48.56 49.62 19.82 + 206+ 20.8 245+ 236+ 238+
control 0.54 0.62 0.36 28.8 26.4 35 + + + 1.85 2.0 + 0.18 0.18 0.21
3.68 4.18 4.36 1.64
Positive 1025 + 1042 + 11.64 405+ 436+ 466+ 716 76.4 81.62 272 + 316+ 345+ 263+ 242+ 237+
control 0.64 0.84 +1.04 2.92 2.84 3.15 +426 £6.52 £7.45 221 291 2.84 0.15 0.21 0.21
Low dose 5% 1024 + 886 + 7.24+ 402+ 401+ 364+ 685+ 567+ 516+ 284+ 274+ 246+ 241+ 207+ 210+
0.92 0.74 0.6 3.2 2.84 2.68 7.45 5.24 3.62 1.64 2.12 1.92 0.20 0.20 0.20
High dose 1020 + 842+ 710+ 406+ 385+ 354+ 695+ 585+ 502+ 2724+ 265+ 255+ 262+ 221+ 196+
10% 0.92 0.46 0.38 3.62 3.72 2.42 4.56 4.24 5.00 1.248 241 2.3%8 0.16 0.21 0.16

2p < .01 when compared to positive control
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Hypercholesterolemic rats receiving either doskcofice root
powder had lower serum glucose levels comparedchteated
rats but higher levels compared to the negativerobn The
authors state that this is evidence of improvesf fiunction which
involves blood glucose regulation. The hypercheledemic rats
contained higher levels of serum creatinine congace the
negative control.

The authors concluded that cholesterol precipitatio the
kidneys of hypercholesterolemic rats might haveimapairing
effect on renal function because the rat admirestéicorice root
powder showed diminished values, especially inttivel stage.
The authors also suggested that licorice root cioytdove renal
function due to reduction of blood and kidney clitdeol levels
(Sitohy et al. 1991).

Visavadiya and Narasimhacharya (2006) tested tfextebf
Glycyrrhiza Glabra (Licorice) Root Powder on malleirzo rats
with and without hypercholesterolemia induced tat.dirhe root
powder was extracted in petroleum ether to remawe fThe
normal rats (n = 8; 3.5 month old) were fed a bdstl a basal
diet incorporated with root powder (5 g%), or a dagiet
incorporated with root powder (10 g%) for 4 wk. €Th
hypercholestrolemic rats (n = 8) were fed the sase normal
rats. At the end of the experiment, blood and deoere
analyzed. The rats were killed and the liver exeui

There were no differences among the groups witarcegto body
weight and feed intake. The body weights of therad rats fed
both doses of root powder were lower than the ocbir< .01);
all the hypercholestolemic rats had similar bodyghts to the
controls. All groups had similar liver weights ept for an
increase in the hypercholestolemic group fed treabaiet (p <
.0001).

Plasma analysis of the normal rats revealed a dependent
decrease in cholesterol, triglycerides, low den8jipprotein
(LDL), very low density lipoprotein (VLDL), and aghogenic
index (p < .05) and a rise in high density lipopit(HDL; p <
.05).
responses in the decrease in total lipids, totallesterol,
triglycerides, LDL, VLDL, and atherogenic index<p05) and an
increase in HDL (p < .05). Both normal rat groupsd no
variation in hepatic lipid profiles compared to ttantrols; both
the hypercholestolemic rat groups had declinesjatic total
lipids, total cholesterol, and triglycerides (p0%). The hepatic
3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductas@s not
affected in the normal rats but rose in the hypeliedtolemic rat
groups (p < .05).

Fecal cholesterol, neutral sterol, and bile aciteot were similar
between the normal rats and the controls; all Eewelre increased
in the hypercholestolemic rat groups (p < .05).e Tibrmal rats
had decreased hepatic lipid peroxidation (p <adf)an increase
in ascorbic acid (p < .05) compared to controls.heT
hypercholestolemic rats groups had decreasedggidxidation
(p < .05) and an increase in catalase (p < .05 §0< .05) and
ascorbic acid (p < .05) compared to controls.

29

The authors suggested that the hypolipidemic and
hypocholesterolemic effect of Glycyrrhiza Glabré&(rice) Root
Powder is mediated through an increased choledteraver via
higher fecal sterol excretion and that the incrdakepatic
antioxidant activities indicated a decreased oxigat
susceptibility in rats (Visavadiya and Narasimhagh£006).

Cytotoxicity and Cellular Effects
Licorice Extract

Budzinski et al. (2000) tested serial dilutionstbé ethanol
extract ofG. glabrafor in vitro inhibitory effect on CYP 3A4
using a fluorometric microtitre plate assay. Thinaaol
concentration for the stock solution of the extnaats 55% and
was serially diluted with ethanol (100% of the &golution to
1.56%). The control was 55% ethanol and buffentsmh. Test
wells (n 3) were extract and nicotinamide ademmsi
dinucleotide phosphate (NADPH) solution. The tdahk was
extract and buffer solution. Enzyme solution wedea to all
wells. Incubation was for 1 h at 3Z. Florescence was measured
at 530 nm (35 nm bandwidth). The median inhibition
concentration (1¢) of G. glabra ethanol extract was found to be
1.83% of the original extract.

Anti-inflammation and Immunity Effects
Licorice Extract

Matsushima and Baba (1992) tested the antigranutaraaffects
of aqueous extract of licorice root. Normal hunfidmoblasts
were incubated in culture well plates with DMEM-FEB8fter
washing the culture, medium was replaced with 2%40).1%, or
5% licorice extract for 24 h. The fibroblasts wesshed and the
medium replaced, without licorice extract, and beted for 16
h. The supernatant was extracted. Normal humamooybes
were incubated for 6 h on a culture slide with p06f one of the
supernatant from the fibroblasts and 50 pl of tttevating factor
of sarcoidosis serum (n = 5) and the spread ahitieocytes was
measured by counting the monocytes after staining.

The hypercholestolemic group had dose-deg@nd The control monocytes spread increased by ~65%.spread of

the monocytes exposed to 0.2%, 1%, and 5% licarideact
increased by ~42%, ~28%, and ~25%, respectively.

The authors then tested licorice extract on fibastd in the
suppression of granuloma formation. Pulmonary giamas

were induced in female Hartley albino guinea pigshe 0.1 ml

intratracheal injection of Sephadex beads suspenifed
Delbecco’s PBS at 1.5 x 105/ml. Licorice extraztnil) was

intraperitoneally injected daily for 3 d. Contrahimals were
injected with saline. The guinea pigs were kiltadl at least 5
histological sections were made from each excised land

stained with hematoxylin and eosin.

The control animals had large granuloma formatidime
inflammatory infiltrate surrounding the bead was inha
composed of epithelioid macrophages and multinbetegiant
cells with a mixture of lymphocytes and scatteredtrophils.
There was no marked granuloma formation in anyeftteated
guinea pigs (Matsushima and Baba 1992).



Kobayashi et al. (1995) investigated the effect&bfcyrrhiza
Uralensis [Licorice] Root Extract, glycyrrhizin, g@lyrrhitinic
Acid and the flavonoids isoliquiritin, isoliquiriti apioside,
isoliquiritigenin, and liquiritigenin on granulonaagiogenesis by
measuring carmine content in newly formed bloodgls Male
ddY mice (6 to 7 wk old) were injected with 3 mt aic. into the
dorsum under anesthesia to produce a regular allipr sac.
Freund’'s complete adjuvant (FCA) emulsion (with%.troton
oil and 2 mg heat-killed Mycobacterium tuberculp8i® ml) was
injected into the air pouch under anesthesia 2dtdr.]| Two h
later, isoliquiritin (n = 22), glycyrrhizin (n = 2®r licorice extract
(n = 21) was injected i.p. daily for 4 d.

The mice were injected with 10% carmine solutiontaming 5%
gelatin into the tail vein on day 5 then killed.hel'weights of
granuloma tissues and pouch fluid isolated frompitiech were
measured. Optical density was used to determiaednmine
content, an index of newly formed blood vesselshim pouch
granuloma.

Glycyrrhiza Uralensis (Licorice) Root Extract (1203100 mg/kg)
inhibited carmine content in a dose-dependent marinalso
reduced carmine content to up to ~45% of contiie extract
inhibited granuloma weight by <50% of controls arfdbited the
weight of pouch fluid by up to ~20%. The contr@lwes for
carmine content, granuloma weight, and pouch fkedjht were
0.256 = 0.017 mg, 353 + 15 mg, and 144 + 26 m@aetvely.

To test the effect of licorice constituents on aggiisis by
measuring tube formation, the authors also clonédrem the
thoracic aorta of male Wistar rats in DMEM suppleted with
10% heat-inactivated FBS, benzyl penicillin potassiand
streptomycin sulfate. Two to 11 wk after confluei(sth to 14th
passage) the cells were washed and replated (24 cells/well).
The DMEM was supplemented with various concentratiof
Glycyrrhiza Uralensis (Licorice) Root Extract extéy controls.
The cells were cultured for 4 d with the mediumraded every
other day. Tube formation was measured and toba tength
was quantified. The experiment was repeated 3stime

The extract (0.01 to 1 mg/ml) inhibited tube formatin a
concentration-dependent manner; the,l@as 0.518 mg/ml
(0.352 to 0.764). The results for isoliquiritincathe other

constituents are presented in the ANTI-INFLAMMATION.0001).

EFFECTS section of the Appendix (Kobayashi et 885).

Tokiwa et al. (2004) found that the aqueous extfemh G.
glabraslightly inhibited the growth (~20%) of rmeatoid arthritis
cellswithan MTT (3-(4,5-dimethyl-2-thiazolyl)-2diphenyl-2H-
tetrazolium bromide) assay.

Aly et al. (2005) tested the anti-inflammatory eteof aqueous
licorice extract (species unknown). Albino rats{r6) were
injected i.m. with 1) sesame oil (0.2 ml; negatoantrol), 2)
diclofenac sodium (10 mg/kg; positive control)li8drice extract
(250 mg/kg), or 4) licorice extract (250 mg/kg) agidlofenac
sodium (10 mg/kg). After 30 min, carrageenan (@I11% in
saline) was injected into the plantar surface efright hind paw.
The left hind paw was administered saline. The awere
removed after 5 h and weighed. Aqueous licoriceraek
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decreased edema by 66.8% compared to the control.@p).
The extract in combination with diclofenac sodiuecckased
edema 76.1% compared to control (p < .05).

Kim et al. (2006) tested the anti-inflammatory effeof aqueous
and ethanol extracts of raw and roas@&dinflata root using

RAW264.7 murine macrophages. To test viabilitg, ¢klls were
plated (2 x 104/well) and incubated with each liceextract (0,

10, 30, or 100 pg/ml) for 24 h. The viable celeravcounted by
assay kit. There were no signs of cytotoxicitytoB0 pg/ml.

Cell viability was decreased with both ethanolaets, but not the
water extracts, at 100 pg/ml (p < .001) comparecbtdrols.

The amount of nitrite and prostaglandins (PGE2dpoed by
RAW?264.7 cells exposed to each type of licoriceramtt was
measured. The cells were plated (5 x 105 cell§/fezl12 h then
treated with each licorice extract (10 pg/ml)
lipopolysaccharides (LPS; 1 pg/ml) for 18 h. Thdtwe
supernatant was analyzed by enzyme linked immueosassay
(ELISA) for PGE2 production and by the Griess redgystem
for nitrite production. Both roasted and raw ethlaextracts
inhibited nitrite production (9.51 + 0.1 and 19.81# pM,
respectively) compared to controls (~32 puM; p <1)OOPGE2
production was inhibited by 76% and 69%, respebtiyp <
.001). The authors stated that these results sugghanol
extracts of roasted and raw licorice root exertediaflammatory
effects.

in

Immunoblotting analysis was performed to measweatiility of
these extracts to induce nitric oxide synthase @NGnd
cyclooxygenase-2 (COX-2) activity in RAW264.7 cellhe cells
were plated and incubated in each extract (30 pgmiPS (1
pg/ml) for 18 h. iINOS and COX-2 levels were redliae the
ethanol extract of roasted and slightly reducedhi ethanol
extract of raw licorice. The water extracts dict have any
inhibitory effects.

Cytokine assays (ELISA) were performed to meahweamount
of tumor necrosis factar{TNF-0) and interleukin-6 (IL-6; pro-
inflammatory cytokines) in the supernatant of RAW2i6cells (5

x 105 cells/well) incubated in both ethanol extsgdO pg/ml) in
LPS (1 pg/ml) for 24 h. Ethanol extract of roastexbrice
inhibited TNFe production (p <.0001) and IL-6 production (p <
Ethanol extract of raw licorice only iniéa IL-6
production (p < .001).

A fluorescence-activated cell sorting analysis waformed to
detect accessory molecules on RAW264.7 cells (50% 1
cells/well) exposed to the ethanol extracts of texhsand raw
licorice root (0, 10 or 30 pug/ml) with LPS (1 pgymiCD14 and
CD86 cell surface molecules were expressed in langebers on
the LPS-simulated RAW264.7 cells; TLR4 expressias down-
regulated on LPS-stimulated cells. The ethanobexbf roasted
licorice decreased the expression of CD14 by ~20%.01) and
~35% (p < .001) at 10 and 30 pg/ml; ethanol extcdctaw
licorice decreased expression by ~20% (p < .0Bither extract
affected the expression of CD86 or TLR4.

The effect of exposure of ethanol extract of rodditorice root
(30 pg/ml) on transcription nuclear factds- (NF-«<B; a major



transcription factor involved in the release oftpnos that mediate
the inflammatory response) activation in RAW?264IIxexposed
to LPS (1 pg/ml) was observed by immunoblottingrc20 min.
LPS-induced DNA binding of NikB was inhibited in LPS-
stimulated RAW?264.7 cells exposed to ethanol ektvhmasted
licorice root (p < .001).

In an in vivo study, female ICR mice (8 wk old; n18) were
orally administered ethanol extract of either redsbr raw
licorice root (10 mg/kg) 24 and 2 h before an ifjection of
LPS (15 mg/kg). The mice were observed for 5 dsfawival.
The 3-day survival rate for LPS-exposed mice withany
licorice treatment was 30%, 90% with treatmentbéaol extract
of roasted licorice, and ~50% with ethanol extcdeaw licorice.
The survival rates were maintained until day 5.

An ethanol extract of roasted or raw licorice r@id mg/kg) was
orally administered to another set of mice (n =35sets of
experiments) 24 and 2 h before an i.p. injectiorLBf (200
pa/kg). Blood samples were collected 6 h later BNE-a, IL-6,
and IL-10 (which has a strong anti-inflammatoryeetj were
measured. The ethanol extract of roasted licodoedecreased
the TNFa level (p < .0001) and the IL-6 level (p < .000thga
increased the IL-10 level (p < .001) compared totds. The
ethanol extract of raw licorice root decreasedltN&-o level (p
<.001) and IL-6 level (p < .001) and increasedith#0 level (p
< .0001). The authors stated that ethanol extwéabasted
licorice root exerts anti-inflammatory effects asthbin vitro cell
cultures and animal models (Kim et al. 2006).

Liao et al. (2007) tested the antioxidative acyivif aqueous
Glycyrrhiza Uralensis (Licorice) Root Extract usitig oxygen
radical absorbance capacity (ORAC) assay. Thae{t2.5, 25,
50, or 100 mg/l; 20 ul;) was compared to Troloxh{@hoxy-

2,5,7,8-tetramethyl-2-caroxylic acid; a water-sddubnalog of
vitamin E). The extract had a similar antioxidaativity (AUC;

1184 + 87 umol Trolox equivalence/g) than vitamin(1262

pumol Trolox equivalence/g). Inhibition of INOS &ty by the

extract was determined in a nitric oxide assaygQuRAW 264.7
macrophages and compared to unstimulated and L8lated

assays. Unstimulated macrophages produced 015.\0nitrite.

LPS-stimulated macrophages produced 38.9 + 2.3 [tien

Glycyrrhiza Uralensis (Licorice) Root Extract at&@d 500 mg/l
stimulated macrophages to produce 28.8 + 8.3 (2th@bition

effect) and 31.0 + 7.4 uM (20.3 inhibition effeatjtrite,

respectively.

Rakova et al. (2007) investigated the mechanism efahti-
inflammatory effects of Glycyrrhiza Glabra (Licoeic Root
Extract. The extract (0.001 to 0.06 mg/ml) wasesising the

mg/ml). In a chemiluminescence assay using freshem blood,
the extract showed a high inhibitory activity wiitbth phorbol-
12-myristate-13-acetate (receptor-bypassing stjityi=0.0049
+0.0017%) and opsonized zymosan (receptor opgratimuli;
ICg, = 0.058 + 0.019%) stimulation. The authors codetlithat
Glycyrrhiza Glabra (Licorice) Root Extract has bigsial effects
on neutrophil functions.

Anti-diabetic Effects
Licorice Extract

Yun-ping and Jia-ging (1989) examined the effectiarice
extract on diabetes. Male Sprague-Dawley rats wweaele
diabetic by a single injection of streptozotocimZ570 mg/kg,
i.p.) following an overnight fast. The animals wdound to be
hyperglycemic at 48 h. The rats were kept on neufeed and
water without treatment for 2 wk. At 2 wk, 7.5 kg/d of licorice
was given orally by gavage for 1 week. Blood sa&sphere
taken before treatment, on the last day of treatmed 1 week
after treatment. There was no change in bloodogleidevels at
the end of treatment. However, 1 week after treatnblood
glucose levels rose (p < .01). Since this alsauoed in the
group without any treatment, it was attributed e gradual
deterioration of the function of the pancreatietis| The sorbitol
levels in the red blood cells (RBC) of the treatats before
treatment were greater than the control rats (12@&.1 nmol/g
hemoglobinvs. 61.9 + 15.4 nmol/g hemoglobin).eAfreatment
with licorice extract, the sorbitol levels decrehge < .05). The
sorbitol levels were restored to their untreateelieafter 1 week
without treatment. The authors concluded that twehe
reduction of RBCs sorbitol levels, possibly throughibition of
aldose reductase, licorice extract may be usefiilércontrol of
clinical complications of diabetes.

Swanston-Flatt et al. (1990) tested the use of@agicorice root
extract (from G. glabrg as a preventive measure in the
development of diabetes in adult male mice. Lmm®rtioot was
incorporated into the feed pellets of the mice fite 7) at 6.25%
by weight supplied ad libitum. Licorice root exttavas also
supplied to another group of mice in drinking watapplied ad
libitum. The treatment water was prepared by agldlig licorice
root extract to 400 ml cold water which was bofled5 min and
infused for 15 min. On day 12 of treatment, theenivere
injected with 200 mg/kg i.p. STZ in 0.5 mol/l citeabuffer.
Blood samples were obtained on days -4, 3, 1024730, and
40. Blood glucose was assayed and plasma insuis w
determined.

Licorice root extract did not alter any of the pagders measured
(body weight, food and fluid intake, basal plastuegse, insulin)

ﬁ_,Z;dipher:jyl-ll-picr_yl_hydrazz/l (DPPT) assay. /Thleract had q during the 12 d before induction of diabetes. Lim®root extract
igh antiradical activity (E; = 0.130 + 0.006 mg/ml) compare did not affect basal plasma glucose and insulirceotrations in

to Trolox, a standard antioxidant (concentratioodaicing 50%

contraction relaxation (Eg) = 0.0028 + 0.00005 mg/ml). A test hyperphagia (~2

using unilamellar 1-alpha-dioleylphosphatidyl cheli(DOPC)
liposomes (0.8 mM) was used to evaluate antioxidativity of
Glycyrrhiza Glabra (Licorice) Root Extract. Thehibition of
lipid peroxidation was potent with the extract /& 0.009 +
0.0025 mg/ml) but lower than for Trolox (& 0.0182 + 0.0049
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STZ diabetic mice. Licorice root extract decreashe
0%) and polydipsia (~45%) comparéth w
controls but did not alter the hyperglycemia ordipgulinemia.
The authors suggested that licorice root extractlévoot retard
the development of STZ diabetes in mice (Swanstati-Et al.
1990).



Kuroda et al. (2003) tested the ethyl acetate eitod G. Blood glucose levels were measured before and dfter
uralensisroot for peroxisome proliferator-activated receptotreatment period. After the treatment period ytiee were killed

(PPAR)«y ligand-binding activity. PPAR-agonistic activity is to collect blood and periuterine, perirenal, andemteric adipose
useful for the prevention and improvement of typ@é@-insulin  tissues. The tissues were pooled to calculatéivelaeight to

dependent) diabetes. body weight.

PPAR4y ligand binding activity was accomplished with alGA&  Dose levels of the extract were calculated to b2 48d 285
PPAR« chimera assay system using CV-1 monkey kidneg.cellng/kg/d at intake levels of 0.1 and 0.2 g/100 gpeetively,
The cells were incubated for 24 h, washed, andteated with corresponding to an intake of 25 and 48 mg/kg efttial of the
pM-hPPARy and p4xUASg-tk-luc. A mock control used pM-4 active compounds found to be in the extract (glgamarin,

hPPARy and p4xUASg-tk-luc tranfected into CV-1 cells. teéxf
24 h of transfection, the medium was changed to DMind

various concentrations of the extract and the e&le incubated
for an additional 24 h. The cells were washed @igR+ and
Mg2+ containing PBS with a luminescent signal. efrsity of

emitted luminescence, measuring ligand-bindingvigti was

determined.

The relative luminescence intensity was 2.8 at mpsa
concentration of 30 pg/ml, which was approximatsyivalent
to 1.0 uM (0.44 pg/ml) troglitazone, a potent sytithPPARy
agonist. The ethyl acetate extract of G. uralehaid stronger
PPAR« ligand-binding activity than 70 other spice andbhe

glycyrin, dehydroglyasperin C, and dehydroglyasp&). The
inclusion of ethanol extracted licorice did noteaff body weight
or food intake. The blood glucose level in thetooinvas 8.2 +
0.5 mmol/l before feeding and 28.0 + 1.5 mmol/ea# wk of
treatment, indicating the mice were becoming hylyeagmic.

The blood glucose levels for both treatment growyese

decreased (p < .001) indicating suppression ofinbeease in
blood glucose levels. No ill effects were reportedhe mice.
Serum insulin levels in the treatment groups wergel than
controls (p < .05) and the relative weight of irtitedominal
adipose tissue was lower in the 0.2 g/100 g lietieatment
group when compared to the control (p < .05).

extracts tested. The extract was fractioned sliog gel column A third experiment was similar to the second. Tgn-week-old
chromatography and the fractions were tested. c&mpounds female KK-Ag mice were fed a powdered standard diehat
were found to have PPARagonist activity: an unnamed pale-diet containing ethanol extracted licorice at 0.0.8 g/100 g diet
yellow gum with a molecular formula of C22H2405yagperin ad libitum for 4 wk (n = 6). The same measuremastshe

D, glyasperin B, glycyrin, dehydroglyasperin C,
glycycoumarin, in descending order. The aqueotrmeixwas
also tested and exhibited no activity compareatdrol (Kuroda
et al 2003).

Mae et al. (2003) tested the effects of licoricgamts (ethanol,
ethyl acetate, acetone, and water) on diabetes serias of
experiments. In the first experiment, PPAR-g lididninding
activity was assayed in a GAL4-PPAR-g chimera asyatem.
CV-1 monkey kidney cells were grown in supplemeridtEM

andsecond experiment were performed. Body weight gathfeed

consumption did not differ between the groups.otie extract
intake was 110 and 322 mg/kg/d for the 0.1 andy@30 g diets,
respectively, and the licorice extract intake cspanded to 18
and 54 mg/kg/d, respectively, of the total of theadtive
compounds (glycycoumarin, glycyrin, dehydroglyagp€r, and
dehydroglyasperin D). The blood glucose levethatreatment
groups were lower than the control after treatn{pnk .05).
There was no difference in serum insulin or reiativeight of

and 2 plasmids, pM-hPPAR-g and p4xUASg-tk-luc, Wer@tra—abdominal adipose tissue.

transfected into the cells. Controls were trartsféavith pM and
p4xUASg-tk-luc. After 24 h of transfection, the dngm was
changed to DMEM supplemented with 100 ml/I char¢oedted
FBS and the licorice extract at 10 and 30 mg/l imedhyl
sulfoxide (DMSO). The cells were washed with PBS&taining
Ca2+ and Mg2+ and luciferase activities were meabun a
TopCount plate-reader. Relative luciferase agtwis calculated
as a ratio of mean luciferase activity (n = 4) witiat of the
controls.

Of 70 edible plants such as spices and herbs taseedicorice
extracts had the highest PPAR-g ligand-bindingvigtiexcept
for the aqueous extract. The aqueous extract wadifierent
from controls whereas the other extracts increasslity 2- to
4-fold (p < .05).

In a second experiment, the prevention and améitboraof
diabetes by the ethanol licorice root extract veasetd using KK-
Ag mice. Three groups of 6-week-old mice (n = ®Brevfed
purified powdered diet or diet plus 0.1 or 0.2 @Xplicorice
extract for 4 wk. Food and water were availablelibum.
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In a fourth experiment, the authors fed a highdfat to 8-week-
old male C57BL mice for 8 wk to induce obesity.eTrhice then
were divided into 3 groups (n = 7). The contrauypr was fed
powdered commercial diet and the other 2 group® et the
same diet containing licorice ethanol extract ahd 0.2 g/100g
ad libitum for 4 wk. The mice were killed and penal,

periuterine, and mesenteric adipose tissues wdlected and
relative weights were calculated.

The total adipose tissue weights for mice fed & fféd diet for 8
wk were approximately twice that of mice on a ndrdiat (data
not shown by authors). In this experiment, bodighiegain and
feed consumption did not differ between the 3 gsouRelative
weighs of periuterine and perirenal adipose tissfifee mice fed
licorice extract were lower than controls (p < .@&it relative
weights of mesenteric adipose tissue were notrdiffe Relative
weight of intra-abdominal adipose tissue of theriice extract fed
mice was lower than controls (p < .05).

In a final experiment, the authors divided male Std&® into 3
groups (n = 8) and orally administered ethanolaet&d licorice



suspended in propylene glycol (300 mg/kg/d), prepglglycol
only (3 ml/kg/d), or enalapril maleate in methyllglmse (20
mg/kg/d; positive control) for 3 wk. Systolic bidpressure (BP)
was measured weekly.

Body weight gain did not differ between the groufpse control
group’s BP increased over the 3 wk of treatment (p01). The
BP of the positive control group was lower thanabetrol group
(p <.01). The treatment group was not differbahtthe negative
control for the first 2 wk but was lower at the eofdthe third
week (p < .01). No ill effects to the rats werpaded. The
authors concluded that ethanolic licorice extrawtvpnts and
ameliorates diabetes and associated abdominal tpbasd
hypertension so it may be effective in preventingd/ar
ameliorating the metabolic syndrome (Mae et al.3300

Nakagawa et al. (2004) found that licorice flavahail (prepared
by further extracting licorice ethanolic extractiwinedium-chain
triglycerides) placed in the food of female geredtictype 2

diabetic KK-Ay/Ta mice at 2% resulted in lower wieig of

abdominal adipose tissues (p < .05). The licoileeonoid oil

suppressed the body weight gain and abdominat€atraulation
induced by a high-fat diet. No ill effects of theorice extract
were noted.

Ko et al. (2007) tested the anti-diabetic effec(eghanol, 70%)
Glycyrrhiza Uralensis (Licorice) Root Extract andasted
Glcycyrrhiza Uralensis (Licorice) Root Extract oaleC57BL6J
mice. The splenic portion of the pancreas was veahérom each
mouse (8 wk old) to induce diabetic signs. Theenfit = 10)
were administered cellulose (orally; control); edierd (150
pmol/kg s.c.; positive control); the extract (oyall mg/kg in

DMSO); or roasted extract (orally; 1 mg/kg in DMS@3ily for

8 wk. At 3-week intervals the mice were administean oral
glucose tolerance test.

There were no differences in body weights betwéengtroups.
The 2 extract groups had decreased fasting semucogg levels,
similar to that of the exendin-4 group and lowentlthe cellulose
control group (p < .05). The same was true fort4poandial

serum glucose (p < .05). There was no differermeeng the
groups for fasting seruminsulin. The control &melGlycyrrhiza
Uralensis (Licorice) Root Extract had similar veduer post-
prandial serum insulin; both roasted extract anghdin-4 had
similar values, higher than the other 2 groups (p%.

When 3T3-L1 fibroblast were pretreated with variou
concentrations of Glycyrrhiza Uralensis (Licorié®)ot Extract
(roasted and unroasted) for 8 h, followed by statiah with
insulin (0.2 nm) for 30 min, insulin-stimulated ghse uptake was
increased by both extracts in a dose-dependenteangor: .05).

Without the licorice extract.

the unroasted. The authors suggest that botho&stad and
unroasted Glycyrrhiza Uralensis (Licorice) Rootragts improve
impaired glucose tolerance, possibly by enhancingulin
sensitivity. Because of the greater reaction &f iglets, the
roasted extract has the better anti-diabetic a¢Koret al. 2007).

Antioxidant Effects
Licorice Extract

Shetty et al. (2002) exposed plasmid pBR322 DNA #2@5
png/ml) and rat liver microsomal membranes (400 @0 §ig
microsomal protein/ml) in 0.1 M sodium phosphatéfdru(pH
7.0) to 60Co-gamma rays at 9.6 Gy/min in the presés to 100
png/ml) and absence of G. glabra root methanol eixtiehere was
dose-dependent protection from gamma rays by twide
extract; there was almost complete protection fupnto 500 Gy
at 100 pg/l. Lower concentrations of the root&xtti(10 pg/ml)
offered complete protection against radiation dasméy the
membranes. Protection to DNA in vitro was doseetheient, as
well. There was a reduction of 40% of supercoiiledn of
plasmid DNA (band 2) by 500 Gy of gamma radiationd éhe
presence of the root extract (20 ug/l) resulteglimost complete
(99%) protection.

Naik et al. (2003) measured the potential of Gbiigaaqueous
extract as an antioxidant. Male albino Wistar (480 to 200 g)
were killed and the livers removed, washed, anddgsnized.
Mitochondria were isolated by centrifugation, washand
centrifuged again. The mitochondria were washedsaspended
in 10 mM phosphate buffer at pH 7.4 at 2 mg prameiin glass
vials. All procedures were carried out at O t€4 Protein was
estimated by the Lowry method. Lipid peroxidassaggLPO)
was carried out by-radiolysis of rat liver microsomes with or
without licorice extract. The lipid peroxidatiorasestimated in
terms of TBARS.

In the controls, LPO increased with increasing dso dose. In
the presence of licorice extract there was a deereaTBARS,

which the authors interpreted as indicating theaettprotected
the microsomes from the radiation induced LPO (jvanot

provided). The extract protected in a dose-depgmdanner and
the effect was greater at lower doses of radiaipto 60 pg/ml
extract.

To examine licorice extract’s effect on antioxid&8®D, the
mitochondria were exposed to a total dose of 570MBy and
The change in absode was
monitored at 320 nm for 6 min against the blanDSunits/mg
protein was computed from the difference betweembsorbance
of standard and the sample.

Triglcyceride accumulation of 3T3-L1 fibroblasts rihg ~With all samples, irradiation with-radiation initially lead to
differentiation to adipocytes when treated with éxgracts was increased SOD generation to combat oxidative stbeggurther
increased (p < .05). Isolated pancreatic isletsfthe mice were irradiation caused a decrease in the enzyme dtsstwn damage
incubated in high (2 mm) or low (20 mm) glucose faetien by the radiation.

treated with Glcycrrhiza Uralensis (Licorice) RoBixtract A 2 2'-diphenyl-1-picrylhydrazyl (DPPH) assay toatiate the

(roasted and unroasted). There was no effeceifoti glucose  antioxidant activity of licorice extract was condert using 500
treatment. In the high glucose treatment, botheess increased |, DPPH in methanol mixed with equal volume of fice

glucose-stimulated insulin secretion, the roastéwhet more than  extract and kept in the dark for 20 min or withtje®PH as a
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control. The absorbance at 517 nm was monitoré&ddifferent
concentrations of the extract. The amount of ek@mawhich the
absorbance at 517 nm decreased to half its inidhle was
determined to be the g The IG,was reported to be >70 pg/ml.
(Naik et al. 2003).

Di Mambro and Fonseca (2005) evaluated the freécahd
scavenging activity of various concentration§&ofjlabraextract
using changes of chemiluminescence intensity of Hh®,-
luminol-horseradish peroxidase (HRP) system. Hgednodonor
ability was evaluated by measuring absorbance ansi using
an ethanol solution of DPRH
malondialdehyde (MDA) using mitochondria as thédlipource.
No controls were presented.

It was found tha6. glabraextract showed great antioxidant an
free radical scavenging activities. The JCfor the
chemiluminescence assay was 0.09 + 0.004 pl/miCagd +
0.007 pl/ml for stable free radical scavenging\atgti The
DPPH assay showed an ~20% inhibition of hydrogen don

mg/100 g body weight), or the vitamin preparation dicorice
root powder by gastric tube (n = 6 to 8). Contats were
administered 0.5 ml water (n = 8).

The rats were killed and the liver perfused andhisart washed
with isotonic potassium chloride. The organs wegeled and
homogenized in buffer (pH 5.9). The homogenatesewe
incubated with 0.5 mM ascorbate with constant sigkand
aerobic conditions. The medium was sampled eveaoySLmin
and content of secondary products of lipid peratiheestimated
by reaction with thiobarbituric acid. Optic degsif the original

LPO was assayed asmedium and the samples were measured at 532 nlquadis$ of

liver homogenate (0.5 ml) were extracted with aoobfiorm-
methanol mixture (2:1) and the chloroform evapat@teszacuum

0and dried under argon flow to constant weight.id_gontent was

measured gravimetrically.

G. glabraroot powder administered for 30 d inhibited aseteb
dependent oxidation of endogenous polyenic lipidai liver and
aonyocardium. The lag phase in rat liver increasethf321 + 77

activity. The IG, for the lipid peroxidation assay was 0.07 #sec in controls to 878 + 209 sec in those treai#dliworice root

0.002 pl/ml (Di Mambro and Fonseca 2005).

Yadav and Bhatnagar (2007) tested the lipid peatiod effects
of water:ethanol (1:1) Glycyrrhiza Glabra (Licorj¢®oot Extract
on Wistar rat liver homogenate. The supernatarthefliver
homogenate was incubated with iron chloride (F&84M); iron
(50 uM) and ascorbic acid (50 puM); iron (50 uMx@bic acid
(50 uM), and hydrogen peroxide (50 uM), or nothwith or
without the extract at various concentrations fér. 1LPO by all
oxidants was inhibited Glycyrrhiza Glabra (Lico)i&oot Extract
compared to the control (p < .05 and .001).

Various concentrations of Glycyrrhiza Glabra (Lice) Root
Extract were incubated with the supernatant abawk ieon
chloride. The IG,for the inhibition of iron chloride-induced LPO
was 28.0 £ 2.0 ug.

The effect of Glcyrrhiza Glabra (Licorice) Root Eadt on the
initiation and propagation phases of oxidationipidk in liver

homogenate was measured in the presence of iroriadl LPO
was measured at 1 to 6 h in the presence or abs#nicen

chloride (50 uM). The extract inhibited the inittan phase only,
not the propagation phase.

The authors used ferric ions to measure the redymwer of the
extract as an indicator of potential antioxidanihéty. There was
concentration-dependent reduction by the extrddte authors
measured the superoxide anion scavenging actif/ttyecextract
using phenazine methoxulphate-nicotinamide adeni
dinucleotide (NADH). Glycyrrhiza Glabra (LicoriceRoot
Extract had 30% inhibition of superoxide radicahwenging
activity at 200 pg. The polyphenol content of théract was
found to be 0.46 = 0.01 mg/ml (Yadav and Bhatn&§#7).

Licorice Root Powder

Konovalova et al. (2000) compared the antioxidadiffects ofG.
glabraroot powder to other antioxidants. Male Wistas r@t80
+ 20 g) were administered a 0.5 ml water suspensiarvitamin

powder (p <.05). This was similar to the effeft@rinat (960
161 sec, p < .05). There were no oxidation prauctthe
myocardium medium of rats treated with licorice pgewafter 3
h. Livers from rats treated with licorice root paisv had
decreased lipid peroxide content (p < .05) by 25%he
antioxidant effects of licorice root powder weravgarable to
those of-catotene (Konovalova et al. 2000).

Immune Effects
Licorice Extract

Nose et al. (1998) tested the effects of the waxénacts of the
shoots and roots @. glabraand the hairy roots dd. uralensis
on the nitrous oxide production of murine peritdnea
macrophages. The macrophages were obtained fr&miiCe
that were lavaged with 8.0 ml cold RPMI-1640 4 @rihjection
of 2.0 ml 3.0% thioglycolate broth. The cells wptated in 96-
well cluster plates at 2 x 106 cells/ml. After 2non-adherent
cells were washed away. The medium was replactd new
medium containing various concentrations of thesets and the
cells incubated for 20 h. The cell culture suptantwas
extracted (100 pl) and combined with the same atafu@riess
reagent and incubated at room temperature for h@mai 96-well
microplate. Absorbance was read at 577 nm. Soditrite was
diluted in the medium and used as a standard.nifftais oxide
production increased in a dose-dependent manmarfigq.M for
r{ge control to ~6 pM nitrous oxide for 200 pg extfanl.

Antiviral Effects
Licorice Extract

Badam (1997) tested the anti-viral activities oblice root on the
Japanese encephalitis virus (JEV). Stable pofddreey cells in
culture were infected with JEV strains Nakayam&0r78, or
821564 XY48. One hour after infection, the cellsevexposed to
various concentrations of licorice root for 96 hmuinfected
control cells received no treatment. The cellsentben stained

preparation (2 m@-carotene/100 g), licorice root powder (200with Amido black, rinsed, dried, and the plagueseasounted.
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The experiment was repeated 3 times. Licorice080Lg/ml
completely inhibited plaque formation in all straitNo signs of
cytotoxicty were observed at these concentrations.

Kapadia et al. (2002) tested the ethanol extra@&.aflabraroot
on the inhibition of TPA-promoted Epstein-Barr \arearly
antigen (EBV-EA) activation. The Epstein-Barr \@ractivation
was assayed using the EBV genome carrying lympbktdithRaji
cells. The cells were incubated for 48 h in 1 mintedium
containing butyric acid, TPA, and various amourftextract.
The EBV-EA inhibitory activity of the ethanol exttzof licorice
was compared with a positive control experimen0fap. At 100
png/ml, inhibition EBV-EA activation was 7.4 + 0.6&6th 70%
viability; at 10 pg/ml, inhibition was 52.9 + 1.3%ith 100%
viability; and at 1 pg/ml, inhibition was 94.0 1206 with 100%
viability.

Anti-parasitic Effects

Licorice Extract

Rhee et al. (1982) tested licorice extract as amigde on

Clonorchis sinensjs a Chinese river fluke that transmits

clonorchiasis to humans, dogs, and c&suralensig75 g) was
dried then boiled in 500 ml water for 1.5 to 2 The reduction
was filtered and boiled again in ~200 ml waterluretiuced to 20
ml. One ml of the stock solution was diluted with ml normal
saline and placed in convex dishes. Twenty metacier, 20
cercaria, or 10 adults were placed in each distoardrved under
a stereomicroscope. The metacercaria had persistemal
movement for 10 min, first death at 15 min, andaadte dead at
20 min. The cercaria had tails separating frormbibay at 2 min
and all were dead at 5 min. The adults had pergistormal
movement for 25 min, first death at 45 min, andrate dead at
50 min.

Antimicrobial Effects
Licorice Extract

Motsei et al. (2003) tested the antifungal effeftsvater and
solvent extracts db. glabraon Candida albicangbtained from
clinical isolates from a 5-month-old baby and anlad A
standard strain (ATCC 10231) also was used. Tizemes ofG.
glabra (1 g) were extracted with 10 ml water, ethanohyket
acetate, or hexane for 1.5 h.

Using water with the water extract and DMSO for tither
extracts, the extracts were dissolved to the cdraiion of 100
mg/ml. The extracts were tested using a brothauitution test
with serial dilutions.

The minimum inhibitory concentration (MIC) for eagktract are
shown inTable 21

To test the stability of the stored extracts, & tvas repeated
while the extracts were being stored at 4, 23,38%¢ over 7 d.
All the extracts lost activity after only 1 d ofosage at all
temperatures and the MIC had increased to >25 nig/rdhy 3
(Motsei et al. 2003).

Nam et al. (2003) tested the effects of the ex&@L glabraon
the anti-chemotactic effect on polymorphonucleantrophils
(PMNSs) byPropionibacerium acnesG. glabra(part of the plant
not specified) was minced and boiled twice in ethdor 2 h. It
was then filtered and evaporated. P. acnes (ATE@D®pBwas
anaerobically cultured on brain-heart infusion (B&dyar for 5 d.
A 2 ml aliquot of bacterial suspension in PBS wasdferred to
a culture flask containing 300 ml fresh BHI mediuithe flask
was anaerobically incubated for 72 h. The celleeve®oled and
centrifuged. The pellet was washed in PBS andspenuded in
PBS to make a 1.0R. acnessuspension. PMNs were isolated
from rat arterial blood by centrifuge. Red blooells were
removed by washing with saline. The PMNs were wdshith
PBS. Neutrophil chemotactic activity was measuwrsithg the
microchemotaxis assay using 30 pl of the licorideaet and 30
pl of the PMN suspension for 1 h. The methanotaettof G.
glabra inhibited the chemotactic effecthfacneon PMNs (p <
05).

The antibacterial activity against P. acnes (s&r#iCC 6919
and 11827) was tested by the medium dilution methddhe

bacteria were plated at 1 x 106 colony forming simt in BHI
medium.

G. glabraextract had an MIC of 200 pg/ml for ATCC 6919 and
100 pg/mlfor ATCC 11827. Neither strain of P.esdeveloped
resistance (Nam et al. 2003).

Hwang et al. (2004) reported that methanol extrafc@. glabra
exhibited antibacterial activity again§treptococcus mutans
ATCC 25175.

Table 21. MIC of extracts of G. glabra rhizomes againsalBicans clinical isolates from a 5-month-old balmgl an adult, and a standard of the
strain ATCC 10231 (Motsei et al. 2003).

MIC (mg/ml)
Rhizome extracted with: 5-month old baby adult Atcc 10231
Water 1.56 12.5 12.5
Ethanol 0.52 2.09 2.09
Ethyl acetate 2.09 1.03 2.09
Hexane >8.35 >8.35 >8.35
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Statti et al. (2004) collecte@. glabrafrom various locations
around Calabria, Italy and tested each specimen itfor
antimicrobial and antifungal properties. The licerextract was
obtained through methanol extraction process ahtemperature
by maceration. Antibacterial activity was deteredrby the MIC
method on various bacteria. The effective concéotra ranged
from 50 pg/ml to > 400 pg/ml. The antifungal aitjiwas

determined by the disc diffusion assay. The inbiieffects
ranged from 1 + 0.01% to 6.7 + 0.9% fdwichophyton

AAP-sulfate was decreased by 63%. The pretreatoidnhot
affect the blood concentrations of any of the AARjogates.

The methanol extract of G. glabra root and glyaginincreased
the specific activity of UGT1A by 111% (p < .01)ca86% (p <
.05), respectively, over controls. 3-MC increaieglactivity by
416% over controls (p < .01). UDP-glucuronic acid
concentrations increased by 257% and 484%, respécti

A single band of ~2.3 kilobases was detected ilaaéls of RNAs

mentagrophyteat 100 pg/ml and 15 + 0.3% to 23.3 +1.8% at 50tested indicating thatthe UGT1A1 gene is transctin rat livers.

pg/ml. For the inhibition of growth d@?hytlum ultimunat 100
pg/ml the range was 8.3 + 1.2% to 34.5 + 1.4% dnd 8.0% to
66.2 £ 1.0%. Control was 0.3% DMSO. The authddsrot
clarify which samples came from which part of Calab The
authors concluded that the samples differed renbéyrkan
chemical composition and biological activity.

Gupta et al. (2008) incubat®tycobacterium tuberculosi$37Rv
(Atcc 27294) andM. tuberculosidH37Ra (ATCC 25177) in the

The mRNAs for the enzyme were induced by 3-MC inesit;
neither the methanol extract of G. glabra nor gigluyin

influenced the enzyme. The authors conclude kHaattivation
of UGT1A by G. glabra root extract was not duehi® induction
of MRNAs for the enzyme (Moon and Kim 1996).

Miller (1998) stated that the immunostimulatingeets of licorice
may offset the immunosuppressive effects of cydasge as well
as the aldosterone antagonist and diuretic effecofs

ethanol extract oB. glabraroot using the BACTEC assay. Thespironolactone. The author speculated that lieariay adversely

MICs were 500 + 0.0 for both strains tested.

Drug Interactions

Licorice Extract

Moon and Kim (1996) tested the effects of the mavhaxtract

interact with monoamine oxidase inhibitors, anctcsificorice
contains phytoestrogens, it may function similaestradiol and
may lead to symptoms of excess estrogen in womdargoing
estrogen therapy.

Fugh-Berman (2000) stated in a review article licarice may

of G. glabraroots on the metabolism of acetaminophen witpotentiate the action of corticosteroids.

regards to the uridine diphosphoglucuronosyltraaste (UGT)
enzymatic activity. UGT1A accommodates flat, pleswbstrates
such as acetaminophen and p-nitrophenol and ic@ttby 3-
methylcholanthrene (3-MC). Male Sprague-Dawleg (220 to
240 g) were provided food and water ad libitum. ey lwere
treated with the licorice root extract (1 g/kg par. glycyrrhizin
(23 mg/kg p.o.) for 6 d. 3-MC (20 mg/kg in corth i) for 4 d
was the positive control.

Acetaminophen (150 mg/kg in saline containing 10&&nitol)
was injected into the saphenous vein. The coragots of
acetaminophen and its metabolites in bile, urimgj &lood

samples, collected for 2 h, were determined by HPLC
its metabolites were eluted Witﬁ‘0

Acetaminophen and
water/methanol/acetic acid (900:80:8 v/v) and nweil by
absorbance at 254 nm. The rats were then killedelogpitation
without anesthetic and the liver excised, rinsethvgaline,
blotted, and frozen. The UGT1A activity was measuin

hepatic microsomes that had been isolated by &egdtion with

p-nitrophenol as a substrate. Total RNA was igol&tom the rat
liver by the acid guanidinium thiocyanate-phendbcbform

extraction method then processed by Northern lalyais with
3-MC inducible UGT1A1 cDNA probe.

Pretreatment with the methanol extract of G. glaboaincreased
the biliary excretion rate of acetaminophen (AAR)egronide
over 2 h (76.2 £ 5.9 vs 119.0 + 10.9 umol/kg; p05).while
decreasing that of AAP-sulfate (7.3 £ 0.8 vs 4@3umol/kg; p
<.05) compared to controls. AAP-glutathione wasaffected.
The pretreatmentincreased the biliary (156%) aiméuoy (132%)
excretion of AAP-glucuronide conjugate; the bili@xcretion of
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Heck et al. (2002) stated that licorice root cateract with
warfarin increasing the potential risk of bleeding.

Kumar et al. (2002) stated tha. glabrg taken as an
complementary/integrative nutritional therapy bypaar patients
may impair the action of drugs that cause potaskismand may
enhance the action of corticosteroids. These asitladso

suggested th&. Glabralt may also counteract the effectiveness
of drugs used to treat hypertension.

ANIMAL TOXICOLOGY
Acute Oral Toxicity

nsumer Product Testing Co. (1994) found Glycyaltlabra
icorice) Root Extract in corn oil not to be ogatbxic to albino

rats (n = 10) up to 5 g/kg. All rats survived opl¥ day after a
single oral administration.

Licorice Root Extract is listed as having an orBl}.of 14,200
mg/kg for rats (Lewis 1996).

Maruzen Parmaceuticals Co., LTD. (1999) orally adstéred a
single dose of Glycyrrhiza Glabra (Licorice) Rootiact (40%
glabridin) in olive oil to Crj:CD-1(ICR) mice at 3P to 5250
mg/kg with no mortality after 7 d. No abnormalitievere
observed at necropsy.

In a safety data sheet submitted by CTFA (2004);y@&hiza

Glabra (Licorice) Root Extract, under the trade ad@i Soluble
Licorice Extact P-TH (Polyol Soluble Licorice ExttéP-TH), is

listed as having a Ligof > 5000 mg/kg in rats (p.0.). The LP
was > 2000 mg/kg in mice (p.o.) for the Glycyrrhi@dabra
(Licorice) Leaf Extract.



Acute Parenteral Toxicity

Informatics, Inc. (1972) gave the Lfvalues of Licorice Extract
in mice via i.v. and i.p. routes are 251 and 641/kaqg
respectivelySax’s Dangerous Properties of Industrial Material
lists Licorice Root Extract as having a parenté&ifal, of 1420
mg/kg for rats and 1500 mg/kg for mice (Lewis 1996)

Ambawade et al. (2002) i.p. administered ethareticact of G.
glabra root (600 to 1000 mg/kg) to groups of météna Swiss
mice (n = 10; 22 to 25 g) and observed them fdn.2Zhere was
no mortality to the mice up to 1000 mg/kg i.p.

Acute Subcutaneous Toxicity

Sax’s Dangerous Properties of Industrial Materiig$s Licorice
Root Extract as having a subcutaneousg,ldd 4200 mg/kg for
rats and 4000 mg/kg for mice (Lewis 1996).

Short-term Oral Toxicity
Licorice Extract

Webb et al. (1992) fed male F344 rats (~ 50 d plalvdered
diets containing 0.38%, 1.5% or 3% (wt/wt) licorexdract (from
Chinese and Russian licorice) ad libitum for 1 rhant3 months
(n = 24). The rats were killed. Blood was coksttfor

hematological, clinical, and phytochemical analysiBuring

necropsy, the liver and intestine were removedpmaderved in
formalin for histopathology. Aliquots of liver amctestine were
processed for biochemical analyses. A secondatligfieach
organ was frozen and used to determine adensqgbieclic

monophosphate (CAMP), guanosine 3',5'-cyclic monsphate
(cGMP), and protein kinase C. Specimens of alansgwere
fixed in formalin, embedded, sectioned, and mouateslides for
review.

Feed consumption in the 0.38% and 1.5% groups \waksto

controls; it was reduced by 8% in the 3.0% groupqt 0.22 vs
16.2 + 0.30 g/week). Weight gain of the treatngnotups were
5% to 15% greater than controls. Water consumptiothe
treatment groups was similar to controls.

Phytochemical analysis by HPLC was performed orraiefed
3% licorice extract in their food for 1 month. TFhiead 5.84 +
0.43 pg/l Glycyrrhetinic Acid in the serum.

No diet additive-related anatomic lesions were tbatnecropsy
in any of the animals at 1 or 3 months. Liveray, and adrenal
weights in test animals were similar to controlsept for the

mean liver weight of rats in the 3% group (10.62@.43 g; p
value not provided). All hemotological measurersentere

within normal ranges. Liver GST activity increa$esim 4.0% to

42.5% at 1 month and from 0 to 22.8% at 3 monthes basal

values as the licorice extract was increased to(3% .001).

There was no effect on the level of GST in thegtital mucosa.
None of the treatment groups were different froendbntrol at 1
or 3 months for liver catalase or protein kinase C.

For ornithine decarboxylase, the activity in thetiin the 0.38%
group was decreased by 46% compared to controdidtinty in
the intestine in the 1.5% group was decreased By &355%.
The results were not dose- or time-dependent.
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There were no differences observed in protein kifd=of the
liver, xanthine oxidase, glutathione reductase,cage-6-
phosphate dehydrogenase, bilirubin, 4-nitrophenoDPU

Sglucuronosyl transferases, SOD, and GSH-Px. Nogdhavas

observed in cAMP and cGMP levels in the liver ar thitestine.
The authors stated that the effects of 3% licoroze extract on
the activities of the 4 enzymes, without unfavoeattanges in
clinical parameters, may partially account for
chemopreventive effects (Webb et al 1992).

Mirsalis et al. (1993) administered B6C3F1 micedfeentaining

0, 0.8, 2.5, 8.0, or 25% licorice root extract3@and 90 d (n =
5). Mice in all groups except the 0.8% group hadrpveight

gain that coincided with low food consumption. @ad signs in

the 8 and 25% groups included thinness, hunched@es lump

near the prepuce, alopecia, swollen irritation @atthess around
the anus and tail, rough fur, lethargy/depressamal, weakness.
Three mice in the 8% group and 3 mice in the 256ugrdied

during the treatment period. At the 30- and 90+tkegropsies, all
treated mice had decreased body weights. Absldretenveights

were not affected by Licorice Root Extract treattdmut the

relative liver weights (ratio of liver weight to &g weight) were

significantly increased in the 8% and 25% group30atl and in

the 2.5% and 25% groups at 90 d.

At 30 and 90 d, mice of the 8% and 25% groupslasbmultiple
lesions on the kidneys, small thymuses, enlargdelesp, and
mottled livers. These observations were also niotedce of the
2.5% group at 90 d. The daily consumption rates, (ing/kg/d)
of licorice root extract were not calculated. The observed
effect level for licorice root extract in this syudvas 0.8%
(Mirsalis et al. 1993).

Gaworski et al. (1994) orally administered fooddgrdicorice
extract (species andextraction solvent unknown12500, or
5000 mg/kg in water; 10 mg/kg) to female CD-1 nfice 30) for
5d. The control group was administered watem dfehe mice
in each group were used for a plague-forming celhg where 5
mice were injected ip with cyclophosphamide (80 kgy/24 h
prior to the assay, serving as a positive immunpsagsion
control group. The mice were observed daily fgnsiof toxicity
and necropsied. The remaining 20 were used fosterhsistance
assay. Following the third day of dosing, the miege injected
with Listeria monocytogenes saline. The mice were observed
daily for signs of toxicity for 10 d.

The mice were then injected with sheep red blodid ¢eom a
single sheep; 2 x 108) at the end of the 5-day suygoperiod.
The positive control mice received an injection of
cyclophosphamide (80 mg/kg) and the naive groupived
saline. The mice were killed and the spleens remoand
weighed. Single spleen cell suspensions were prdpand
viability assessed.

There was no difference in mortality between tleatied groups
and control in the host resistance assay. Thesewalifference
in the viability or activity of spleen cells betwe¢he treated
groups and the control. The authors concluddittmatce extract

the



did not aversely modulate the immune response (Gkivet al.
1994).

Licorice Root Powder

Girerd et al. (1958) compared the effects of Glyipa Glabra
(Licorice) Root Powder to ammoniated glycyrrhzin dan
dichloroacetate (DCA). Male Sprague-Dawley ratsreve
implanted with 3 DCA pellets (25 mg) in the inteapalar area (n
=19). The rest of the rats had sham implantatiéMihin these
groups, the rats were administered daily dosedaunfrice Root
Powder (10 g/kg/d dissolved in boiling water; n 4),1
ammoniated glycyrrhizin (1 g/kg/d in boiling waterz= 13), or a
daily sham gastric catherization (n = 10) for 50All rats had
free access to saline (0.87% NaCl). Daily obsé&wuatwere
made and BP and weights were measured periodicahg. rats
were killed on day 50 and necropsied.

Survival was 10/10 of the control group, 12/1%af DCA group;
5/14 of the licorice root powder group, and 10/1f3 tloe
Glycyrrhizin group. The control rats had a modeBP rise to
120 mm Hg by the end of treatment. The BP of therogroups
rose to hypertensive levels {78 mm Hg; p < .001). Saline
intake was similar in the glycycrrhizin and the tohgroups.
Saline intake of the DCA and the licorice root pewdroups
were similar and greater than the control group (01) and the
glycycrrhizin group (p < .01). The glycyrrhizin ércontrol
groups were similar with regards to growth. TheAdgtoup and
the licorice root powder group were similar durihg first week.
After that, the growth leveled off then the ratgde to lose
weight from day 20. At the end of the experiméoth treatment
groups were lower in weight than controls (p < Joafd the
glycyrrhizin group (p < .001).

Kidney weights in the licorice root powder grouprevsimilar to
controls and greater in the DCA (p < .001) andGhgeyrrhizin

group (p < .05). All 3 had greater relative kidnvegights (p <
.001). Heart weights were similar to controldha Licorice Root
Powder and Glycyrrhizin groups and higher in theAOQfEoup (p
<.05). All groups had greater relative heart \Wwesgp < .001),
greater absolute (p < .05 and .01), and relativersd weights (p
< .02 and .001) compared to controls. All the grdiad lower
absolute (p < .01 and .001) but not relative mnyitveights. The
DCA and Licorice Root Powder groups had lower &steights
(p < .001 and .01) but only the licorice root powdeoup had
greater relative testes weights compared to can{k .001).
There were no differences between the Glycyrrhérid control
testes weights.

Microscopic examination revealed marked arterioarosis and
hyalinization, especially in the kidneys, heart testes of all the
treated animals. The kidneys were the most seveahaged
organs with intense glomerular hyalinization, taudlilations

with atrophy of the tubular cells, hyaline casts] @roliferation

of the interstitial tissue surrounding the glomeanld tubules. All
lesions were severe in the DCA and licorice grouds.lesions
were found in controls. The authors suggestedttiea¢ffects of
the 3 tested substances are similar and had aatocerticoid-

like effect (Girerd et al.1958).
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Ocular Irritation
Licorice Extract

Consumer Product Testing Co. (1994) instilled Gtyfaiga
Glabra (Licorice) Root Extract (0.15% in corn @1 ml) in one
eye of New Zealand white rabbits (n = 6). The aewssained
unwashed for 24 h. The untreated eye was the alontr
Observations were made at 24, 48 and 72 h. Thartéde was
found to be non-irritating to rabbits and not amlacirritant.

Cosmepar Conseil & Expérimentation (1997) instilled
Glycyrrhiza Glabra (Licorice) Root Extract (1% itycyerine
product; 0.1 ml) in the fornix of the left conjuedi of albino New
Zealand rabbits (n = 3) with no rinsing. The rabbivere
observed for 7 d unless there were no effects gr8da he right
eye was the control. Slight lacrimation to lacriima with moist
eyelids and fur around the eyelids at 1 h was vesbby day 1.
Slight chemosis and enanthema observed at 1 hleased by
day 2. Slight ocular opacity in all animals wasetved at 1 h
was completely cleared by day 1. The authorsdthte the test
substance provokes slight irritant lesions of thalar mucosa
under these conditions and determined the substaibesa slight
ocular irritant.

Biolnnovation Laboratories, Inc. (2004) used a eatrmodel
system consisting of normal, human-derived keratites that
have been cultured to form a stratified, squamaqitheium
similar to a cornea to test Glycyrrhiza Glabra @rice) Root
Extract (10%) for ocular irritation. The cells werxposed to the
test material (100 pl) for various times. The astiwas rated as
a non-irritant, equivalent to a Draize score of 0.

In a safety data sheet issued by Cosmetochem (20dd4hborice
Herbasol Extract PG was said to have no irritafieicébn the eye.
No further information was provided.

Dermal Irritation and Sensitization
Licorice Extract

Consumer Product Testing Co. (1994) applied GlysyarGlabra
(Licorice) Root Extract (20% glabridin; 0.15% irroail; 0.5 ml)
to the intact and abraded skin of New Zealand wiaitdits (n =
6). The sites were occluded for 24 h and obseat@dl and 72
h after application. The primary irritation inders 1.60 and the
test substance was not a primary dermal irritant.

In a local lymph node assay (LLNA), RCC (2002b)atezl 3
groups of 4 female mice with licorice extract (sémip 7272;
25% licochalcone A) at concentrations of 1%, 2.58d 40%
(w/v) in acetone:olive oil, 4:1 (v/v) by topical glgcation to the
dorsum of each ear lobe (left and right) on 3 couiee d. A
control group of 4 mice was treated with the vehicl
(acetone:olive oil, 4:1(v/v)) only. Five d aftdretfirst topical
application, the mice were injected i.v. into & ¥ain with radio-
labeled thymidine (3H-methyl thymidine). Approxitaly 5 h
after intravenous injection, the mice were killedi dhe draining
auricular lymph nodes were excised and pooled ey Single
cell suspensions of lymph node cells were prepfoed pooled
lymph nodes which were washed subsequently antated with
trichloroacetic acid overnight. The proliferatieapacity of



pooled lymph node cells was determined by incorpamaf 3H-
methyl thymidine measured infascintillation counter. A test
item is regarded as a sensitizer in the LLNA if éixposure to at
least one concentration of the test item resulted an
incorporation of 3H-methyl thymidine at least 3efar greater
than that recorded in control mice, as indicatethkystimulation
index (SI).

No signs of local toxicity were observed at thesexithe animals
and no systemic findings were observed during tilndysperiod.
All treated animals survived the scheduled studiople A dose-
response relation was observed as showalie 22, but none of
the SI's exceeded the criteria for being a semsitiZ hese authors
concluded that licorice extract was a non-sensititeen tested up
to 10% (RCC 2002b).

In a safety data sheet by Cosmetochem (2004b),okicg
Herbasol Extract PG was said to have no irritafieicebn the skin
nor any known sensitization effect.

In a safety data sheet submitted by CTFA (2004edrice, under

the trade name oil soluble licorice extract P-Ujdgirhza Inflata

(Licorice) Root Extract was not a primary irritaitL% in rabbits
and not a sensitizer at 1% in guinea pigs. Undetriade name
Glycyrrhiza Glabra (Licorice) Leaf Extract, Licoecs not a

primary irritant at 10% in rabbits (primary skimifation test and
repeated skin irritation test) and is not a skimsgiezer at 100% in
guinea pigs. No further details were provided.

Shanghai Institute of Pharmaceutical Industry (20@®nducted
a guinea pig maximization test on Glycyrrhiza Géafiricorice)
Root Extract, containing 35% to 40% glabridin. Tést solution
(0.2 ml; 2%) was applied to the shaved skin of /gitinea pigs
(n = 40) and covered with gauze and cellophanes petich was
removed 6 h later. This was repeated on days Z4nd®n day
28 the test solution was applied to a shaved, nsiteeon the
guinea pig and covered for 6 h. The challengeveiie observed
at 24, 48, and 72 h. Distilled water and dinitdlocbbenzene
were the controls. There were no signs of seasidia at any
observation period for Glycyrrhiza Glabra (Licodic®oot
Extract.

Shanghai Institute of Pharmaceutical Industry (2)@®nducted
an irritation test of Glycyrrhiza Glabra (LicoricBpot Extract,

containing 35% to 40% glabridin, on guinea pigs @#). The test
substance (2%) was applied to the guinea pigs &=il¥3 day.

The guinea pigs were observed for signs of irdtatin days 3, 7,
and 14. There were no signs of irritation at algeyvation

period.

Table 22.LLNA Stimulation index in mice as a function ofdirice
extract concentration (RCC 2002b).

Licorice Extract Concentration # Stimulation Index
1 1.2
25 2.0
10 2.2

2 concentration % (w/v)
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Anti-allergenicity
Licorice Extract

Yamamoto et al. (2003) performed an anti-allergimlyg of the
water extract of Glycyrrhiza Uralensis (Licoricedd® Extract on
BALB/c mice. This experiment also compared theefffeness
of cultivated and wild collected (from Nei-meng-GQhina)
licorice extract. The mice (n = 5) were administeran i.v.
injection of anti-dinitrophenol (DNP) monoclonal ténody
immunoglobulin E (IgE) mAB-containing fluid 24 h foee the
dinitrofluorobenzene challenge. Two h before thallenge, the
mice were orally administered Glycyrrhiza Uraler(igorice)
Root Extract (50, 100, or 200 mg/kg) either from tlultivated or
wild source. For the challenge, dinitrofluorobemz¢DNFB; 10
pl 0.1% in ethanol) was applied to each side ohe=ar of the
sensitized mice. Ear swelling was measured atlldhand 7 d.
It is not made clear, but it appears that the obid not receive
Glycyrrhiza Uralensis (Licorice) Root Extract bedorthe
challenge. The treatment with Glycyrrhiza Uralsr{iicorice)
Root Extract reduced ear swelling in both the eated and wild
collected groups at all dose levels at all 3 measents (p < .05).
There was no difference between the 2 licoricecgnor among
the doses.

Majima et al. (2004) compared the inhibitory poten€roasted
and unroasted. uralensisroot on IgE-mediated triphasic ear
swelling in female BALB/c mice. The mice were iclied (i.v.)
with 1 ml anti-DNP monoclonal antibody (mAb) IgE A
containing fluid 24 h prior to DNFB challenge. DBIF10 pl,
0.1%) in ethanol was applied to each side of eachoeelicit ear
swelling. The licorice extracts (50, 100, or 200/kg) in water
(1 ml) were administered orally 2 h before and B b after the
challenge. Prednisolone-21 (10 mg/kg) was thetipestontrol
administered 2 h before and 4 to 6 d after chalendgear
thickness was measured with a dial thickness gatgeh, 24 h,
and 6 d after DNFB challenge.

Roasted licorice extract (100 and 200 mg/kg) irtkeibilgE-
mediated triphasic ear swelling in a dose-depenuenner for 1
h and 24 h after challenge (p < .05). Roasteditieextract (50
and 200 mg/kg) also exhibited inhibitory activity & after
challenge (p < .05). Unroasted licorice extrad0(ang/kg)
exhibited inhibitory activity 1 h and 1 d after dieage (p < .05).
Unroasted licorice extract (50, 100, and 200 mgkkd)ibited
inhibitory activity 6 d after challenge in a dosepgndent manner
(p < .05). The authors suggest that roasted Gearay increase
the anti-allergic properties of licorice extractgjiina et al. 2004).

Phototoxicity and Photosensitization
Licorice Extract

CTFA (2001a) submitted data on a Licorice Extrassalved in
Earle’s buffered salt solution (EBSS). The extreas tested with
the 3T3 Neutral Red Uptake Phototoxicity Test up ao
concentration of 1,000 mg/l. Balb/c 3T3 cells wen#ured and
seeded into 96-well-microtiter plates (1 x 104 weikll,
incubation at 37C with 7.5% carbon dioxide and 10% newborn
calf serum in DMEM). Twenty-four hours post seegiwo 96-
well plates per test chemical dissolved in EBS Swpeeincubated



with 8 different concentrations of licorice extrdot 1 h. One
plate was then exposed to a dose of 5 J/cm2 UV-ikee other
plate was kept in the dark. The treatment mediies then
replaced by culture medium and after 24 h theability was
determined by NRU during 3 h and compared to cémtrdhe
amount taken up was determined photometricallys $&mple of
Licorice Extract caused no cytotoxic effects (NRSQ000 mg/l),
but photocytotoxic effects (NR50 = 13.2 mg/l) welserved in
this in vitro test. The calculated photo irritatiéactor (PIF)
[NR50 (-UV)/NR50 (+UV)] was > 76. According to thieport,
a substance was considered to have probable pkintptatential
if the PIF>5.

CTFA (2001b) submitted data on a licorice extraor f
phototoxicity using the EpiDermTM Phototoxicity Tegach of
4 EpiDermTM tissues were preincubated with 5 défer
concentrations of licorice extract (up to 1%) far2 Two tissues
per concentration were then exposed to a doselfing2 UV-A
while the other tissues were kept in the dark.e A1 h the cell
viability was determined by the MTT cytotoxicity steand
compared to controls. This sample of Licorice &gty dissolved
in water, caused no cytotoxic or photocytotoxieef$ in this in
vitro test.

CTFA (2001c) submitted data on a licorice extraor f
phototoxicity using the red blood cell phototoxjctest (RBC
PT). Bovine erythrocytes were seeded in 4 24-wédlrotiter
plates together with different concentrations @pi®,000 mg/l)
of licorice extract dissolved in PBS. Two platese for the
hemolysis test and one for hemoglobin oxidatiorn,enexposed
to a dose of 15 J/cm2 UVA and approximately 1 J/dgvB
while the other 2 plates were kept in the darkteAfrradiation,
a post incubation period of 30 min in the darkdeléd. For the
hemolysis test, both plates, irradiated and nadiated, were
centrifuged and the supernatants were transfentedcuvettes.
The degree of hemolysis was determined by measuhiag
released hemoglobin spectrophotometrically at 52%. n
Absorbance data obtained for each test concentratias
compared with that of 100% controls (lysed by 1%0frX-100)
and the percent hemolysis was calculated.

This sample of licorice extract caused no hemolygisther or
not it was irradiated. Total met-hemoglobin watedmined by
absorbance (630 nm) of the lysed cells after thk ish@ubation
above and by subtracting the absorbance of theadted
sample from that of the irradiated sample. Met-bglwbin
formation was determined to be, at the highestc@stentration
of 10,000 mg/l, 0.075% (CTFA 2001c).

RCC (2002a) tested for photosensitization in allgjnmea pigs
using licorice extract (Sample ID 7272). Thereev2d test and
10 control animals. For the induction, licoricdraxt at 10% in
PEG 300 was applied epicutaneously to a huchalsskia of 6 to
8 cm2 (marked previously with 4 intradermal injeat of
FCA/physiological saline [1:1]). The test sitegathen exposed
to 10 J/cm2 UV-A irradiation and 1.8 J/cm2 UV-B. hi§
procedure was repeated 4 times within 2 wk of tiduction
phase. Control animals were intradermally treatsith
FCA/physiological saline only. Three weeks after beginning
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of the induction, a challenge was performed by tingathe

animals epicutaneously on both flanks with the tesh at the
concentrations of 2.5%, 0.5%, 0.1% and 0.02% (dihstin PEG
300). Treated sites were then either exposed thci2 UV-A

irradiation (left flank) or remained unirradiatedgft flank).

Cutaneous reactions, i.e., erythema and edema tiomeawere
evaluated at 24, 48 and 72 hours after the challexgosure.
There were no positive reactions to any of the expes to
licorice extract with or without irradiation.

A safety data sheet submitted by CTFA (2004e) dtabet
licorice (Glycyrrhiza Glabra (Licorice) Leaf Extievas neither
phototoxic to guinea pigs at 10% and 100%, noratqdentizer
at 20% in guinea pigs. No further details werevjited.

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
Embryonic and Fetal Development
Licorice Extract

Shin et al. (2005) tested the effects of licoriodract on
development of fetuses. Sprague-Dawley rats wesdlyo
administered Glycyrrhiza Glabra (Licorice) Root axt (0, 500,
1,000, or 2,000 mg/kg/d in water; 10 ml) for 9 wdre mating,
starting at 6 wk old, for males and 2 wk beforeingtstarting at
8 wk old, for females. The rats were paired fotinggfor 1 week
(n = 30 pairs/group). The females continued treatrantil day
19 of gestation. The females were killed, blootlected, and
necropsies performed. Fetuses were delivered l®satimn
section and corpora lutea, implantations, livedes) resorptions,
and deaths were counted. The fetuses were exafoinexternal
abnormalities. Half of the fetuses in each Iittere examined for
visceral abnormalities and the other half for sledle
abnormalities.

No clinical signs were observed during treatmameight gain

and food and water consumption were similar amormgis.

Glycyrrhiza Glabra (Licorice) Root Extract did nbave any
effect on estrous cycles or copulation rates. & aare no effects
observed with regard to organ weights. There wereffects

observed with regard to placenta weights; numbémsopora

lutea, implantations, or pups/litter; fetal mortgllive fetsuses, or
male and female pup weights. There was an incilgaeseentage
of visceral abnormalities for the low- (9.8%), m{@&:7%), and
high-dose (1.6%) groups compared to controls (4.6%ince

dose-dependency was not shown, the authors ditbnstder the
differences significant. With regard to skelethharmalities,

malformation and variation were observed at 1.9&018h3% for

the low-dose group, 0.7% and 8.6% for the mid-dpsep, and
0.0% and 20.2% for the high-dose group, respegtiv&lose-

dependency or significance were not observed. dauthors

concluded that Glycyrrhiza Glabra (Licorice) Roatriact did not

demonstrate reproductive or developmental toxi(@tyin et al.

2005).

Male Reproductive Effects
Glycyrrhiza Uralensis (Licorice) Root Extract

Shin et al. (2008) tested the effects of aqueougy@ihiza
Uralensis (Licorice) Root Extract on the male refurctive system



of rats. Sprague-Dawley rats (n = 15; 6 wk oldyeverally
administered the extract (500, 1000, or 2000 mdjkipr 9 wk.
The controls were administered the water vehiBledy weights
and feed intake were monitored. At the end oftteatment
period, blood was sampled then the rats were Kibed
necropsied.

There were no clinical signs during the treatmertqu. There
were no differences in body weights nor feed comqtion. There
were no differences in organ weights, includingréygroductive
system. The weight of the prostates in the higkedgroup was
slightly decreased, but not to significance. Thenmher of

testicular sperm was slightly reduced in the higsedgroup, but
not to significance. There were no effects tonheber of or
daily production of sperm. There was no dose-dégeinchange
in epididymal sperm counts. There were no effentsotility or

morphology of the sperm. Serum testosterone ledetseased
over the 9 wk (28.6% in the high-dose group) but tw

significance. There were no remarkable findingsdeun
histopathological examination. The authors conetlithat the no
observed effects level (NOEL) was > 2000 mg/kgfd#bs (Shin
et al. 2008).

Hormonal Effects
Licorice Extract

Zava et al. (1998) tested the estrogen and prageistactivity of
a 50% ethanol/distilled water licoric&( glabrg extract. The
extract (2 puL) was combined with 1 ml 5% charcoaited FBS
in growth medium. Estrogen receptor (ER)/progestereceptor
(PR) positive (MCF7 and T47D) and ER/PR negativBA¥68)
breast carcinoma cell lines were cultured then esgéal 96-well
tissue culture plates (2,000 to 5,000 cells in @§0 One to 2 d
later, the media was replaced with 250 pl/well 5Barcoal-
treated FBS in growth media with insulin with orthaut the
licorice extract. Media was changed on days 37,5and 9.
Growth was quantified by total DNA content by prdipim iodide
staining and/or total protein by sulforhodamingdrsng. Inthe
ER(+) T47D cells, the licorice extract had ~ 3 tintke amount
of protein than the control (p < .05). The liceriextract had
similar effects on ER-binding of ER(-) breast camuals as the
control.

To determine if licorice extract has progestin agoproperties,
T47D cells were incubated in the extract (1/50Qitaih) and
alkaline phosphatase activity was monitored. Pstegene, over
a physiological concentration, with and without 6 molar
excess of RU486 (a down regulator inhibitor of mstin
regulated ERs) were the controls. There was noe@se in
alkaline phosphatase activity, so licorice extrsicategorized as
either neutral or an antagonist. The effects amg@sterone
induction of alkaline phosphatase was measureazbrice extract
demonstrated progestin antagonist properties byiafgr or
totally blocking enzyme induction by progesterodeva et al.
1998).

Liu et al. (2001b) found that licorice extra€.(glabral.) was
not active when testing for Efbinding, ER binding, or alkaline
phosphatase induction with Ishikawa cells (up tqu2nl). PR
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expression with Ishikawa cells exposed to licoram# extract had
a ratio of intensity (net intensity of PR band/igensity ofp-
actin band) of 0.04; median effective dose {ffo Ishikawa
cells was >20 pg/ml. pS2 expression with S-30 streancer
cells had a ratio of intensity (net intensity of2p8and/net
intensity ofp-actin band) of 0.28; toxicity to S-30 cells wa<0>2

pg/mil.

Amato et al. (2002) used a transient gene tranisfesystem to
assess the estrogenic activity of the alcohol ekié licorice.
Human ER and ER expression plasmids were transfected into
HelLa cells with 750 ng ERE-E1b-luciferase plasriting of the
CMV-B-galactosidase internal control plasmid and 50frejther
the hERwor hERB plasmid. After 6 h of incubation the media was
changed and the cells were incubated wifhdstradiol (10-9 M)

or licorice extract (1:500 dilution). The cont(al= 3) was cells
incubated in charcoal-stripped, phenol red-free DMHmith
0.001% ethanol. After 24 h, the cells were haeesand
luciferase activity measured. B-Galactosidase activity was
measured to correct for variations in transfectifficiencies.
There was slight activation by both hicRnd hER with the
alcohol extract of licorice but it failed to reaglevel of statistical
significance.

To further explore estrogenic activity of the alobkxtract of
licorice, an uterotrophic assay was used. The oasith
administered 500 pl/d alcohol extract of licorigedavage for 4
d to ovariectomized CD-1 mice (18 to 20 g) starthgk after
ovariectomy (n =4). Untreated mice and mice aistened 1B-
estradiol (100 pg/kg s.c. for 4 d) served as cdsitron day 5 the
mice were killed and weighed. The uteri were reetband
weighed. There was no difference between theneatt group
and the negative control group (Amato et al. 2002).

In a review article, Piersen (2003) summarized oggmic
activities of licorice as shown ifable 23.

Table 23. Estrogenic activities of licorice (Piersen 2003).

Estrogenic Activity Present (+) or
absent (-) in

licorice

Competitive estrogen receptor (ER) binding
ER«
ERP
Proliferation of ER + breast cancer cells
Stimulation in absence of estrogen
Inhibition in presence of estrogen
Induction of estrogen-dependent proteins
Alkaline phosphatase
Up-regulation of estrogen-dependent genes
Presenelin 2 (pS2)
Progesterone receptor (PR)
Uterotrophic effects (animal)
Changes in human testosterone in males




Klein et al. (2006) reported that the ether extod@. glabraroot
had the estradiol equivalent of 73.4 £ 11.0 (privplg licorice
root by a recombinant cell bioassay; the poteneypared with
estradiol was 1/1650.

Dong et al. (2007) examined the effects of the weaxtract of
Glycyrrhiza Glabra (Licorice) Root Extract on MCFREman
breast cancer cells. In a sulforhodamine B ade&3f7 cells
were exposed to 10 nM of E2 then extract (0.1 @ [1§/ml) or
glycyrrhizin (0.1 to 100 uM) for 3 d. Glycyrrhiz&labra
(Licorice) Root Extract stimulated cell growth atage of 0.1 to
10 pg/ml (p < .01 compared to control), the uppaitlequal to
that of 10 nM E2. Glycyrrhizin did not show angrmificant
growth promoting activity.

The levels of the phosphorylated forms and totatgins were
determined after the treatment of MCF7 cells widlugy/ml of the
extract and then compared with the treatment witimi¥ E2 or
10 pM/ml glycyrrhizin. Phosphorylation of Erk1l/sdaAkt was
detected in response to all materials. Howeversphorylation
of Erk1.2 and Adt induced by the extract were iitkit by the
pretreatment with estrogen antagonists (IC1182,%80 4-
hydroxytamoxifen); phosphorylation of Erk1/2 and Aktivation
by glycyrrhizin was not inhibited by the antagosisThe authors
suggest that the signaling pathways were very airhiétween E2
and the extract but glycyrrhizin contributed to mtidctly
different pathway.

PC-12 cells were transfected with and=@pression vector or an
empty vector then treated with the extract in ttespnce of nerve
growth factor. A larger portion of the lERransfected cells had
newly sprouting neurites after the treatment whig éxtract and
E2 compared to those treated with glycyrrhizin. iting the
vector-transfected cells treated with the extraor &ERu-
transfected cells without treatment exhibited eckdnneurite
outgrowth. The authors suggested that the effabecextract on
neurite outgrowth was similar to that of E2.

A set of 120 genes with greater statistical stabiliere used for
expression profiles when treated with E2, the exfrar
glycyrrhizin. Similar expression profiles were aioied between
the cells treated with E2 and the extract but mgtygrhizin. A
correlation was observed between the extract andoE220
genes (R = .47, P < .0001); the authors suggestiridicates
estrogenic activity in the extract. There was asmorrelation
between the extract and glycyrrhizin (R = .27, B0¥) but no
correlation between E2 and glycyrrhizin. The arglsnuggest that
glycyrrhizin modulated the expression of these geaad
contributed to the correlation between the extractd
glycyrrhizin, but different from that of E2.

When the genes were categorized (enzymes,
proliferation, transcription, transport, and otheisorrelations
were observed between the extract and E2 for signand
proliferation. There was no correlation between &xd
glycyrrhizin. A correlation was observed betwdeméxtract and
glycyrrhizin for signaling genes. The authors sgigthat
glycyrrhizin and the licorice extract share the coon signaling
pathways (Dong et al. 2007).
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Lee et al. (2007b) examined the effects of the arahextract of
G. glabraor G. uralenisroots (1 mg/ml) and its n-hexane, ethyl
acetate, butanol, and aqueous fractions (20 pgimthe release
of growth hormone using pituitary cells isolatednfr Sprague-
Dawley (SD) rats (4 to 5 wk old). The cells (n ¥ Were
incubated with rat growth hormone releasing horn{one.1, 0.3,
0.5, and 1.0 uM).

Rat growth hormone was released after the additioat growth

hormone releasing hormone (0.1, 0.3, 0.5, and Mpat 1.12,

1.55, 2.97 and 7.41 times the control (p < .0XBpeetively. The
addition of the methanol extract, n-hexane fragtiamd ethyl
acetate fraction increased growth hormone relegse 1039,

~4.60, and 1.86 times (p < .01), respectively. Bh&nol and
aqueous fractions had no effect. ACTH releaseim@sased by
~5.13, 11.66, 8.53, 11.48, and 11.35 times asdmsghe control
(0.14 £ 0.03 nM; n = 12) by the addition of the haatol extract,
and the n-hexane, ethyl acetate, butanol, and Vratetions (p <
.01). The extract and the fractions had no effecteutinizing

hormone release.

In an in vivo experiment, male SD rats (n = 7) wenesthetized
and injected i.v. with rat growth hormone releadiogmone (10
png/kg) and the methanol extract (corresponding togldried

herb/kg) or the n-hexane or ethyl acetate fracti@ts ug/kg).

Blood samples were taken at 0, 12, 20, 30, 45960and 120
min and analyzed for rat growth hormone. The manxinrat

growth hormone concentration of 4.02 + 0.52 nM aB8%0 min

and returned to basal levels at 90 min for therobh = 7). The
maximum rat growth hormone concentration of 0.7&@2 nM

was at 30 min for rats (n = 11) injected with thetihanol extract.
The maximum rat growth hormone concentration 02 4.53

nM was at 10 min, 7.17 times as high as the corffret .01).

There was no effect observed from the ethyl acefaiep. The
authors concluded that the n-hexane fraction isthst active
regarding rat growth hormone release, but thatthehanism for
the increase in growth hormone and ACTH by the aath
extract, the n-hexane fraction and glycyrhizin waknown (Lee
et al. 2007b).

GENOTOXICITY
Licorice Extract

Morimoto et al. (1982) performed an Ames test uSiafinonella
typhimurium TA98 and TA100 on the water and methanol
extracts ofG. uralensig5, 10, 20, 50, and 100 mg/ml) with and
without S9 and the rec-assay with sporeBanfillus subtilig100
mg/ml). The Ames test was negative for all cowdisi for the
water extract. The Ames test was negative foc@ilditions for
the methanol extract; however, TA98 without S98Ad00, with

signalirrgnd without S9, bacteria were killed. The rec-psgas positive

for both extracts.

Mitscher et al. (1986) tested the mutagenicity thfaaol (95%)
Glycyrrhiza Glabra (Licorice) Root Extract. In ecrassay test
using ethyl methanesulfonate (EMS; 4 ul/plate)hasnutagen,
the extract (100 pg/plate) decreased the zoneshilfiion from
15to 17 mm to 3 to 5 mm when co-treated with thiagen and
3 to 4 mm when pretreated B subtilisM45 Rec- (deficient in



genetic recombination), but it had no effect on it/ Rec+
strain.

The authors repeated the experiment using 9-amiittiae and
acriflavine HCI (frameshift mutagens) a@dtyphimuriunT A100
and TA1535. There was >2-fold decrease in reverfsamuency.

The authors also pre-incubatBdcherichia coliK-12 AB1157
and GW5352 in the extract and added EMS. The #@ahof
AB1157 was enhanced but not of GW5352.

In the modified Ames Salmonella test, the extradticed TA100
revertants by a half to a third at concentratioh8.8 to 125
ug/plate. At 250 pg/plate, the extract was tokigcher et al.
1986).

Maruzen Pharmaceuticals Co., LTD. (2003) conduatesl/erse
mutation test on Glycyrrhiza Glabra (Licorice) R&otract orfS.

desmutagenic or antimutagenic activity against MNNDGhere

was desmutagenic activity against ribose-lysinaded mutations
in a dose-dependent manner. Ethanolic licoriceaekshowed

antimutagenic activity against ribose-lysine. aléhors suggest
that compounds inG. glabra extract may be effective
chemopreventive agents (Zani et al. 1993).

Ikken et al. (1999) tested the antimutagenic effe€the ethanol
extract of G. glabra against N-nitrosodimethylamine, N-
nitrosopyrrolidine, N-nitrosodibutylamine, and N-
nitrosopiperidine using the Ames test. T@e glabra extract
showed an inhibitory effect against mutagenicity af N-
nitrosamines tested. The mutagenicity of N-nitchseethylamine
was inhibited 45% by a concentration 050 pg/plate, of N-
nitrosopyrrolidine 29% to 39% at 500 to 1000 ugi#plaf N-
nitrosodibutylamine 25% to 46% at concentrations500

typhimurium(TA98, TA100, TA1535, and TA1537) and E. colitg/plate, and of N-nitrosopiperidine 56% to 72% by

(WP2uvrA) with and without activation. 2-(2-Furg}(5-nitro-2-
furyl) acrylamide, sodium azide, 2-aminoanthraceaed 9-
aminoacridine were used as positive controls. t&€sesubstance
was found to be non-mutagenic up to 250 pg/platé and
without activation.

In a safety data sheet submitted by CTFA (200#=)ite, under
the trade name oil soluble licorice extract P-T(483s not a
mutagen using the Umu test method. Under the tadees oil
soluble licorice extract P-TH and oil soluble limar extract P-U,
licorice was not a mutagen per the Ames test.heudetails were
not provided.

Glycyrrhiza Glabra (Licorice) Leaf Extract was reoimutagen
using the Ames test or in cultured hamster fibrstslaNo further
information was provided on these tests (CTFA 2004e

Anti-mutagenicity

Tanaka et al. (1987a) used a modified Ames tegeso for
inhibition of mutagenicity of Glycyrrhiza extractGlycyrrhiza
extract (200 pl) was applied at various conceranatito S.

concentrations of 50 pg/plate.
CARCINOGENICITY

Cell Proliferation

Licorice Extract

Amato et al. (2002) tested the effect of the al¢ahdract of

licorice root on the proliferation of MCF-7 cellsyman breast
cancer cell line). The cells were plated in DME©Mglemented
with 10% FBS and antibiotics in 96-well plates at 503 for 24

h. The cells were then washed in PBS, the mediagdd to 10%
charcoal-stripped serumin phenol red-free DMEM,ianubated
for another 12 h. The cells were treated withrimm extract in

ethanol and medium (1:500 to 1:5,000 dilution) @p-gstradiol

(10-9 M) and incubated for 48 h. An untreated grotas the
control. Cell growth was quantified by ELISA. bidce root

extract did not promote the growth of MCF-7 cells.

Jo et al. (2004) tested licorice extracts for tedfiects on MCF-7
human breast cancer cells. Fresh root&ofuralensiswere
extracted with chloroform, ethyl acetate, hexanend a

typhimuriumTA98 and TA100 while being exposed to variousnethanol:water (70:30). MCF-7 cells were cultuire®-media

mutagens. Glycyrrhiza extract inhibited the mutagjéy of each
mutagen. Glycyrrhiza extract at 75 mg/plate desgdathe
frequency of His+ revertants induced by 3-amino-diethyl-5

H-pyrido[4,3-b]indole (Trp-P-1) and 3-amino-1-metdy H-

pyrido-[4,3-b]indole (Trp-p-2) to levels equivalerib the
frequency of spontaneous His+ revertants. A deeréa the
surviving colonies was not observed at each ddges authors
conclude that the effects of Glycyrrhiza extractrevdue to a
decrease in the generation of His+ revertant cekni

Zani et al. (1993) used a modified version of timee4 test to test
for desmutagenic activity by ethanolic extracGofglabraonS.
typhimuriumTAL100 . EMS (3 ul/plate), N-methyl-N’-nitro-N-
nitrosoguanidine (MNNG; 1 pg/plate), and ribosadggRL; 25
ul/plate) were used as mutagens (n = 3). DMSO whbk
ul/plate.

There was no desmutagenic activity for EMS by lim@extract;
licorice extract at 25 and 50 pl/plate was antirgetac, however,
at 50 pl/plate this was in part due to toxicity.hefe was no
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supplemented with 10% FBS and antibiotics and raaiet at
exponential growth in 5% CO2 at 32. Stock solutions of
licorice root (100 mg/ml) were dissolved in etharahd
experimental concentrations were prepared in tisalbmaedium
with a final ethanol concentration of 1%. To detere the effects
on cell proliferation, the cells were plated in avéll culture
plates (2 ml/well) in triplicate and allowed toaath for 24 h then
washed. The medium was removed and replaced taypézium
and incubated for 3 d with the media being charaezk. The
cells were washed with PBS and lysed with 1 ml.af€bdium
hydroxide and centrifuged. The DNA content wasedained
(method not described). The optical density (OD26pvalue of
the clear lysate was measured with a spectrophdéom@eill
measurements were performed in duplicate.

Trichloromethane and ethyl acetate extracts ofribeo root
inhibited the proliferation of MCF-7 cells in a @esand time-
dependent manner. After 72 h, 50 pg/ml of trichfoethane
extract caused a 63% inhibition and 50 pg/ml caus&8%
inhibition of cell growth compared to controls. &0%



methanol and hexane extracts inhibited cell gralgh in a dose- Cancer Inhibition and Tumor Suppression
and time-dependent manner. After 72 h, there wé2% and Licorice Extracts

almost 80% inhibition, respectively. i
h ic off fth | | Rafi et al. (2002) tested the effects of waterylethetate, DMSO,
The apoptotic effect of the extracts was analyzeutitlear DNA and ethanol extracts @&. glabraroot on T47D (breast cancer),

staining and DNA fragmentation assay using cetisifthe first MCF-7 (breast cancer), and HL-60 (leukemia) cell§o

expefrimenltd trr]egted_ for gsf go Qells wehred fixeq 49{;’ determine the effect of the extracts on proteinresgion, the
para ?]rmgsze g € in TBI > for St min, was Semimsﬂtlalm extracts were tested on Bcl-2 (a 26-kDa protein tacks cell
Hoechst S8atlpg miin PBS for 15 min. S WEre - geath by inhibiting cytochrome c release from tliahondria)
washed and observed with a fluorescent microscéfie¢he test by Western block analysis All the extracts indiice
compound§ induced chromatin condensation and rucl osphorylation of Bcl-2 as demonstrated by slom@grating
fragmentation. The cells shrank, turned around hed a smaller bands in contrast to the control (ethanol) excét water
volume than controls. extraction

MCEF-7 cells in the exponential phase of growth viezated with Cell cycle analysis was also performed on MCF-Tscesing
the extracts (50 pg/ml) for 24 to 72 h. The cekse washed and quantitative flow cytometry with a minimum of 10@@ells

fixgd. Data from_l0,000 cells/sample were colldeted analyzed incubated in the extracts. The licorice extrantsiced G2/M cell
using FACS Calibur. The samples from all the estgahowed cycle arrest similar to paclitaxel (Rafi et al. 200

that cells accumulated in the sub G1 phase gradirath 24 to o .
72 h. The number of cells in G1 phase decreaséaeisame 10 test the effects licorice extracts have on tupromotion due
manner. to angiogenesis, Sheela et al. (2006) colleGedlabraroots

from the western ghats of India. Dried roots we@deinto a
powder and extracted with 50% ethanol, solvents initreasing
polarity (methanol, petroleum ether, hexane, beezantivity-

o ) . guided fractionation), or water. Ehrlich ascitesor cells (5 x
licorice extract (50 ug/ml) for various “m‘?s- Tbell; were 106) were injected intraperitoneally into Swissirdbmice and
washed and lysed. The lysates were sonicatedjaaéid, and o.,th was recorded from day 1 to 12. Approxima§€l0 g of
st_ored at -20C. Pro_teln concentratl_ons were determm_ed by thesch solvent extract or 600 Lg of aqueous extrastimjected
Bio-Rad DC protein assay. Antibody-bound protewsre iy aneritoneally from day 6 to 12. No injectionere made for

detected by western blotting analysis. The meth&oorice the control group. Growth was recorded from day Weighing
extract induced PARP degradation fragments in MGtells. the mice.

The authors concluded that the licorice root exsraeduced ) ]
apoptosis. Atthe end of day 12, the Ehrlich ascites tumolscgére counted

. by trypan blue dye exclusion method and the volafascites
The extracts caused transcription factor Bel-2vage and an a5 ghtained from controls and treated animalse filte were
increase in the Bax protein level in the MCF-7<elThe authors  jissected to observe effects Gf glabra root extract or its

stated that this may be a cause of induced_apsptiﬁbie authors .o -tions on peritoneal angiogenesis and microvessesity.

concluded that the root of G. uralensis might begad There was a nearly 45% increase in body weighb@f&hrlich

chemopreventive for human breast cancer (Jo 208#). ascites tumor cell injected mice in the controlrgleum ether,
Glycyrrhiza Glabra (Licorice) Powder hexane and benzene on day 12. The total volurasaites was
4.5 ml. The controls grew a total number of 7.9208 Ehrlich

ascites tumor cells in vivo.

To test for effects on poly ADP ribose polymeraBARP) and
cleavage, MCF-7 cells were grown in a dish. WHasn dells
reached 80% to 90% confluence, the cells wereddeatth the

Hawthorne and Gallagher (2008) conducted a celifpration
assay using the MTT method. Human prostate caoeks
(LNCaP, PC3, and DU145) were incubated in Glycyal@labra Treatment witlG. glabracrude root extract or with methanolic or
(Licorice) Powder (0.1 pg/ml to 20 mg/ml; dissolvad70% water extract resulted in a 90% inhibition of grbvef Ehrlich
ethanol ) for 48 h. LNCaP growth was inhibited (B 10.3 ascites tumor cells and formation of Ehrlich ascitenor mass
mg/ml). Glycyrrhiza Glabra (Licorice) Powder hanl effect on fluid. Petroleum ether, hexane, and benzene éxtreatment
the PC3 and CU145 cell lines. resulted in inhibition to lesser extents. The elis®n revealed

A prostate-specific antigen ELISA kit was used tmuify the that the control had 47 + 2 microvessels presetgperitoneum

amount of the antigen secreted by LNCaP cellsteBlzells were of Ehrlich ascites tumor treated mice while theglabracrude
incubated with Glycyrrhiza Glabra (Licorice) Powd&6 or 20 root extract treated mice showed only 4 i 5 micesess. The
mg/ml) for 24 h. Normal excretion rate of prostapecific results of the other extracts were not provided.

antigen is ~27 ng/ml; the powder down-regulatedsteetion of To verify the in vivo effect ofG. glabra root extract on
the antigen by 59.3% and 81.1%, respectively. @hthors proliferation of Ehrlich ascites tumor cells, tredls were cultured
concluded that G. glabra may have a role in theuiagidn of in vitro in NCTC 135 medium supplemented with 10&SFand
androgen-dependent prostate cancer growth viaitidnilof cell 1 mg/ml penicillin/streptomycin in 10% CO2 atmosghat 37C

proliferation and down-regulation of prostrate-sfieantigen for 2 d. 3[H] Thymidine (1pCi/ml of medium) was agttiprior to
production (Hawthorne and Gallagher 2008). the addition of curcumin (1 mM) @. glabraprotein (60 or 120

ung). After 2 d, the cells were processed for ligscintillation
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counting. The water extract, 60 or 120 pg, inkithiproliferation

The authors suggested that even though oral adnaithis of

by 59% and 44%, respectively, when compared to 100H6orice extract inhibited growth in the tumors amald a potent

proliferation of Ehrlich ascites tumor cells inraiiin the absence
of G. glabraproteins.

The authors performed a chorioallantoic membrareMCassay
for 12 d. There was inhibition of growth of nevebtl vessels by
G. glabraroot extract in chick chorioallantoic membranes.

The authors tested for the levels of vascular drediail growth

factor (VEGF) secreted by Ehrlich ascites tumorscéhto

peritoneal ascites by ELISA. In the control, teedl was found
to be 1750 ng and in the mice treated with crGdglabraroot

extract the level was 200 ng.

The authors stated that root extracts frémglabramay be a
supplemental source for cancer therapy (Sheela 20@6).

Lee et al. (2007a) tested the effects of the ethaxtoact ofG.
inflata as an anticancer and chemopreventive agent
combination with cispatin. Male BALB/c mice (n 3 @ere
orally administered PBS; CT-25 cell inoculate (s.€T-26 cell
inoculate with licorice extract (0.5, 1, or 2 mg/k@T-26 cell
inoculate with cisplatin (5 mg/kg in PBS; i.p.); 6T-26 cell
inoculate with licorice (0.5, 1, or 2 mg/kg) plusmatin (5
mg/kg). The CT-26 cells (2 x 106 cells in 0.1 nBS) were
injected subcutaneously into the right flank ofthiee. Twenty-
four hours later, the mice were dosed with licogg&act in PBS
by oral gavage. Two hours later cisplatin wasdtgd i.p. The
licorice extract and cisplatin were administeredydfor 15 d.
The control group received PBS. The tumor volumas w
measured biweekly. Sixteen h after final dosihg, mice were
killed, weighed, blood sampled and the liver ambhkiys removed
and examined.

All the mice survived treatmen(. inflataethanol extract (0.5,
1, and 2 mg/kg) inhibited tumor growth by 38%, 5&td 71%,
respectively. Cisplatin inhibited tumor growth 92%ombined
treatment resulted in decreased threapeutic efficbaisplatin at
the lower doses, but treatment with 2.0 mg/kg extras similar
to cisplatin alone.

The protective effects 06. inflata ethanol extract against
nephrotoxic effects was measured by kidney weigbod urea
nitrogen (BUN) levels, and serum creatinine. Tiberice extract
plus cisplatin reversed dose-dependently the disgileduced
decrease in kidney weight and increase in serum BloN
creatinine levels. The protective effects®f inflata ethanol
extract against hepatotoxic effects was measurditdryweight
and the xenograft model. The licorice extract ptisplatin
reversed dose-dependently the cisplatin-inducededse in
kidney weight and serum alanine aminotransferaderjAand
aspartate aminotransferase (AST) levels. Theatispinediated
increaes in the serum nitric oxide and tissue ndiddehyde
(MDA) levels were prevented by the treatment with G. inflata
extract. The decrease in tissue GSH levels bylatispwas
almost to control levelsG. inflataextract administration blocked
the cisplatin-induced reduction in the activity@G®H-Px (p < .05,
.005), SOD (p < .05, .005), and catalse (p < .085) in the
kidney and liver tissues.
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protective activity against the cisplatin-inducexlitity, patients
on cisplatin therapy should avoid licorice-contagifood and
supplements due to its interference of the thertapetiicacy of
cisplatin (Lee et al. 2007a).

CLINICAL ASSESSMENT OF SAFETY
Oral
Licorice Extract

Licorice Extract was found to be an effective tneat for gastric
ulcers during World War I, but edema occurredbinet 20% of
the patients given this treatment. To investigatesible causes of
this edema, Molhuysen et al. (1950) administereldcarice
Extract (succus liquiritize) containing 15% glycymih to 7
patients who had persistent gastric ulcers andgati&nts who
@hd not. Subjects were given 20 to 45 g of the timm Extract,
administered in 8 equal parts (3-hour intervalg)tlghout the day
and night (duration of treatment was not specifird,seemed to
vary with each patient). Urine was collected ahedmse interval.
Subjects were on a strictly controlled diet duting experiment.

Urine output volume was decreased within the fBst of
treatment, as was chloride (Cl)- excretion. Exoretf urea plus
ammonia was not affected, nor was urea clearari@yeTwas no
albumin or abnormal urinary sediment detected i thine.
Blood hemoglobin level decreased with dosing. Venblood
pressure, pulse pressure, and systolic pressurenakased.
Patients also gained several kilograms in body htedye to
edema. The authors attributed this combination fdces to
“stimulation of the renal tubules to an excesseabsorption of
water and chlorides, and probably also of sodiumfiother
patient was given an unspecified amount of pharotészd
Ammonium Glycyrrhizate, and the effects were simitathose
given the Licorice Extract (Molhuysen et al. 1950).

Epstein et al. (1977a) tested the effects of cditfeery licorice
on electrolyte status and the renin-angiotensinsaetone (RAA)
axis of 14 healthy volunteers. The volunteers wargood
health, normotensive, and had not taken any medicatral
contraceptives or licorice in the preceding monthhey all
continued to eat their usual diets. Five men awdehen ate 100
g licorice/day (in the form of 2 confectionary ttgsand 5 women
ate 200 g/d for 1 to 4 wk. The subjects were erahbefore the
study, each week of the study, and 1 and 2 wk #festudy (n
=13 and 11, respectively). The examination inetlidying and
standing blood pressure; body weight; blood testieasurement
of plasma aldosterone, plasma renin activity (PR#iasma
angiotensin Il and plasma electrolytes; and a 24irre test for
aldosterone, sodium and potassium concentrations.

Eight subjects completed the 4 wk. Licorice wathhéld from

6 women because of either hypokalemia (4 subjeots)
uncomfortable edema of the face, hands and anklssljjects).
Four other subjects (1 man, 3 women) developed, tnddsient,
generalized edema. Other side effects were headacl8

subjects and lethargy in 4. Blood pressure didrizat in any
subject. Mean weight gain was 1.5 £ 0.7 kg. Teogbe gained



> 1 kg and the 2 with the most pronounced edemzeda?.3 kg
in 1 week and 4 kg in 3 wk. Weights returned tomal 1 week
after termination of licorice consumption.

Most of the subjects had electrolyte imbalancasib potassium
fell by as much as 1.5 mmol/l in 11 subjects; ewagyreturned to
normal after the treatment period. One man whdestawith
suppressed RAA axis values later showed normaksgadiespite
licorice consumption. In the remaining subject#ARaxis
suppression continued during licorice consumptithoagh signs
of recovery were observed in some subjects. PRasnm
angiotensin Il, and urinary aldosterone concemtnatiremained
subnormal in 5, 2 and 7 subjects, respectively, ekkwvafter
licorice was withdrawn. Urinary aldosterone corcations were
the slowest to recover and remained subnormasibjects 2 wk
after treatment terminated.

The authors concluded that potentially serious buwdia effects

water. Plasma was collected regularly for 120 anid urine at O,
60, and 120 min.

The group of 7 volunteers had significant sodiutamgon by day
4 (urinary sodium 90.4 mmol/24 h vs 121.4 mmol/Zhithe day
before treatment; p < 0.05). By days 8 to 10, thefvolunteers
appeared to be in mineral corticoid escape. Afjetts had a
pronounced kaliuresis producing negative potasdiatance.
Plasma potassium fell in all subjects (mean frofil4t 0.2

mmol/l to 3.69 + 0.1 mmol/l on day 11; p = 0.06)here was
suppression of the RAA system by day 6 of treatmBRA when

supine fell from 1.57 ng/ml/g on the day beforatneent to 0.51
ng/ml/g on day 6 (p < 0.05). Urinary aldosteroekffom 40.1

+4.7 nmol/24 hto 25.9 £ 2.9 nmol/24 h (p < 0.5here was no
change in weight or BP during treatment.

Urinary free cortisol rose in all subject duringedtment,
achieving significance on days 2 (p < 0.05) ang & (0.01).

may occur in some humans who consume small amafnts Plasma cortisol was unchanged during the studye ratio of

licorice in a short period of time (Epstein etE3.77a).

Epstein et al. (1978) tested the effects of liamiitgestion (100
or 200 g/d) for 1 to 4 wk on normal, healthy volkms.
Volunteers were examined at weekly intervals stgrtoefore
treatment and until 1 week after treatment. Twdoty h urine
collections were taken weekly. Plasma cortisol AGdH were
measured 4 times (0800, 1000, 1200, and 1600 lahéefore
and on the last day of licorice ingestion.

Urinary unconjugated cortisol increased by mora thdold in 10

of 13 subjects, 8 of these in the first week ohtingent (11 to 82
Mg unconjugated cortisol/24 h increased to 120 8 g

unconjugated cortisol/24 h); mean levels for thg&egroup were
elevated (p < .01) for the treatment period and theeek
followup. Results were not dose-dependent. Ekengh there
was no effect on plasma ACTH or plasma cortis@r¢hwas an
effect on steroid metabolite excretion observeds(&p et al.
1978).

Stewart et al. (1987) explored the mineralocortcattivity of
licorice by feeding 7 healthy male volunteers 20@/day of
confectionery licorice (containing 580 mg Glycymigi Acid) for
10 d. The volunteers had a run-in period (5 tg @ldere their
caloric intake was fixed and their sodium and psitas intake
were set at 130 mmol and 80 mmol, respectivelyertyfour h
urine collections were analyzed for sodium, potasscreatinine,
aldosterone, and urinary free cortisol. The ddpieetreatment
began and on days 4 and 10, the principal urinartisol and
cortisone metabolites were measured by capillatynao gas
liquid chromatography. On the day before treatrnagot days 3,
5, 7 and 11, 3 BP measurements were taken afterlhateer
laid down for 0.5 h. Blood was then sampled fernieasurement
of sodium, potassium, PRA, and cortisol. Plasmathetinic
Acid was measured the day before treatment beghoraday 11,
10 h after the ingestion of licorice.

Three volunteers were used to study the metabalfsinitiated
1le-cortisol the day before treatment and 7 d afteattnent.
They fasted over night then drank 500 ml water8®0h. Then
0.7 mg [11b-H3]-cortisol was given intravenously in 15 ml sier
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allo-tetrahydrocortisol plus tetrahydrocortisol to
tetrahydrocortisone increased in all subjects. i&tie of allo-
tetrahydrocortisol to tetrahydrocortisol also irased during
treatment but did not reach a significant diffelnd@ he plasma
half-life of [11a-H3]-cortisol was doubled during treatment. The
percentage of total tritium excreted in the urise8-H20 fell

from 27.7% to 12.3 % after day 7.

The authors concluded that this study confirms
mineralocorticoid effect of licorice, sodium retemt and
kaliuresis with suppression of the RAA axis (Stevearl. 1987).

Forslund et al. (1989) tested the effects of lcemgrt licorice

ingestion in healthy subjects on plasma atrialingtic pepetide
(ANP) concentration, RAA, antidiuretic hormone (ARQHand

blood pressure. Fifteen normotensive (BR.25/80 mm Hg)
voluteers (13 females, 2 males) aged 21 to 46 years used.
The females entered the study during the secon#t aktheir

menstrual cycle. No one was taking any medications
contraception. The week prior to treatment narlaecontaining
food was allowed; there were no other dietary i@8&ins.

the

BP and heart rates were measured twice during ¢ed Wwefore
treatment and weekly during the next 10 wk. BP massured
after 15 min of lying down. Body weight was measlbefore
treatment and at weeks 4 and 8. Clinical and stikgsigns of
fluid retention were recorded. For treatmentstligects ingested
100 g licorice (corresponding to 0.7 g Glycyrrhicid) daily.
Blood was sampled (after 0.5 h lying down) the defore
treatment began after weeks 4 and 8. Urine wakeatetl
between 20.00 and 0.80 hours before treatmentftardreeks 4
and 8.

Three females dropped out of the study for reasoheelated to
the study. Mild to moderate edema occurred in lgests, 4
severe cases during weeks 3 to 8. All symptomapgisared
within 2 wk of discontinuing licorice ingestion. oBy weights
increased from 0.5 kg to 7 kg (mean 1.6 kg). Wisigkturned to
normal after 3 wk of discontinuing licorice ingesti Plasma
ANP concentration increased during treatment (pG1)0 No
correlation was observed between the increasednplasNP



concentration and change in systolic or diastolie. BPRA
decreased during the first 4 wk and rebounded étrgatment
levels at week 8.

There was a negative correlation between the changlasma
atrial ANP concentration and PRA after 8 wk (p&01). Plasma
aldosterone concentration and urine aldosteroneretan

decreased as did the plasma ADH concentrationgltnéatment.
The urine cortisol excretion increased, more seesk 4 than at
week 8. No change in plasma cortisol concentrati@as

observed. Mean BP measurements increased buirednaithin

normal limits in all but 2 subjects. These 2 depeld mild

hypertension (140/95 mm Hg and 170/95 mm Hg) whéttrned

to normal at week 10. There was a decrease imsgotassium
concentration (p < 0.005 at week 4; p < 0.01 atv@e Serum
sodium concentration increased at week 4 (p < 0.G0m@l

returned to normal at week 8. There was no chamgerum

calcium and phosphorus as well as excretion ofusndand

potassium.

The authors suggested that the elevation of plagiNg
concentration during ingestion of licorice may lghgsiological
response to prevent fluid retention and hypertendtorsiund et
al. 1989).

Pratesi et al. (1991) tested the effect of a “pdeeivate of
licorice” on male volunteers (n = 6) to explore tleasons for
pseudohyperaldosteronism from licorice. The vaend were
administered 7.5 g licorice/d for 7 d. Before tmeant began,
before treatment on day 4 and day 7, and 5 d a&féatment
ended, blood samples were drawn in an uprightiposénd urine
was collected for the measurement of free corteldipsterone,
electrolytes, tetrahydrocortisone (THE), tetrahymisol (THF),
and allotetrahydrocortisol (ATHF).

Body weight increased from day 0 to day 7 in allesa(75.8 £
10.0to 77.0 £ 10.3 kg; p < .05). There were deses in serum
potassium (4.2 £ 0.3 to 3.9 + 0.3 mmol/l; p < .ABY aldosterone
(405 = 99.8 to 108 + 41.6 pmol/l; p > .05) and PRAreased
(4.8+1.5t011 £1.1 ng/ml per 3 h; p > .05). day 4, the ratios
THE:THF and (ATHF + THF):THE were increased as shaw

Murakami and Uchikawa (1993) tested the use ofilieoextract
for treatment of aldosterone deficiency, in pasesith diabetes
mellitis (n = 8). Baseline serum measurements vaken before
treatment, after 4 to 6 months of treatment witlgday calcium
polystyrene sulfonate (CPS; a potassium-bindingnyeshen

every 2 wk for the 6 months the patients were @kib0 mg

glycyrrhizin/day (one patient took 75 mg/day).

CPS was continued until it was confirmed that sepatassium
concentrations were maintained in the normal ranfjie other
therapies for diabetes mellitis were continued mtyrithe
experiment.

The serum potassium concentrations measured during
administration of licorice extract were lower th#nose taken
prior to administration of CPS in 7/8 patients. midistration of
licorice extract did not produce any change insiagim levels of
sodium or chloride. The average of the mean piotass
concentration of all subjects taking licorice extnaas lower than
the average of the mean potassium concentratiofisrebe
administration of CPS. The average fasting plagimeose and
hemoglobin Alc was not different. The researcloersluded
that low-dose licorice extract is effective in naliming the
elevated serum potassium in patients with hypoaddorism
(Murakami and Uchikawa 1993).

Bernardi et al. (1994) tested for the effects algnged intake of
“pure licorice”. Four groups of 6 healthy volunte¢3 males, 3
females) were administered dried, aqueous extféicboice root
containing 108, 217, 380, and 814 mg glycyrrhinind wk in the
form of pills. Before the experiment and at we&k8, and 4 the
following parameters were measured: body weightstwand
ankle circumference, triceps skin fold and midarmsaobe
circumference, heart rate, arterial pressure, gtolaefiltration
rate, daily diuresis, daily renal excretion of sodiand potassium,
urine sodium/potassium ratio, sodium and potassium
concentrations, PRA, and plasma aldosterone caratiemt.
Fasting blood samples were taken and analyzeceliBasesults
did not differ among groups.

During treatment, one woman in the 380 mg groupeggpced

Table 24. On day 7 the ratio was increased in only 3 casds acontinuous headaches at the end of week 2. Oneawamthe

returned to pretreatment values in the other 3 (@5% Values
ranged widely after treatment ended. The authmmsladed that
the variation in response is probably due to irtiiai variations
in the metabolism and excretion of licorice (Pragtsl. 1991).

Table 24. Urinary metabolites of cortisol and cortisoneidgr
licorice ingestion of 7.5 g/d for 7 d (Pratesi btl®91).

Metabolite Day 0 Day 4 Day 7 4 d After
treatment
THE (umol/24 h) 9.2+22 8.0+27 7.2+3.6 8.0+3.3
THF (umol/24 h) 6.9+1.9 83+19 72+16 6.9+3.6
THF.THE 0.7+£0.1 1.0+£0.% 1.1+04 0.8+0.3
(Allo-THF + 09+0.1 1.2+0.2 1.2+0.6 1.0+04
THF):THE
2p<.05
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814 mg group complained of headache, increased wedht,
and peripheral edema; she also had borderline iarter
hypertension (144/91 mm Hg) and hypokalaemia (2ntofti).
She was taking an estro-progestinic drug at thedane. A man
inthe 814 mg group developed arterial hyperten@@d/107 mm
Hg); he had a family history of high blood pressurll side
effects resolved within 24 to 48 h after suspensidhe protocol.

There were no differences in measured parametetisd 08 or
217 mg groups for the length of the study. Bodigiveincreased
in week 2 for the 814 mg group then returned t@les by week
4. Natriuresis (excretion of sodium in the uring higher in the
814 mg group at week 4 (p = .045). Both the 380 &4 mg
groups had a depression in PRA (p =.025; p = @&pectively).
Plasma aldosterone concentrations declined int4en& group
(p = .04). Kalemia (excess potassium in the bloeah lower at



week 1 than baseline for the 814 mg group, thearmed to
baseline levels. There were no other differentsgved.

The authors concluded that the effects of licona# extract were
dose-dependent and more frequent in females whiah Ine

increased by disease or conditions favoring sodaiention such
as premenstrual period or contraceptive use (Bdratal. 1994).

Sigurjonsdottir et al. (1995) studied the effedtadrice on BP by
feeding licorice to 30 healthy, normotensive, vodans (19
women, 11 men). After 2 wk of baseline measuremefnBP,

24-h urinary sodium, and sodium intake, the volardewere
administered 100 g licorice (270 mg Glycyrrhizicidcdaily for

4 wk. The volunteers were followed for an additibs wk after
termination of licorice consumption. BP was meaduBx/week.
Plasma potassium was measured twice at baseliive turing
licorice administration, and twice after withdraw&ortisol and
cortisone metabolites were measured from 24-h yrisamples
collected from 20 of the volunteers. The hormoretaiolites
THE, THF, and ATHF were measured by ion exchangarsgion

Table 25. Mean systolic BP before (period 1), during congtiom of
100 g licorice/d (periods 2 and 3), and after licemwithdrawal
(periods 4 and 5) (Sigurjonsdottir et al. 1995).

Systolic BP (95% CI)

Total group Women (mm Men (mm Hg)
Period (mm Hg) Hg)
1 115.0 (4.55) 111.6 (2.90) 120.9 (3.99)
2 118.5 (1.35} 115.3 (1.74% 124.1 (2.10¥
3 121.5 (1.78} 119.2 (2.41% 125.7 (2.17%
4 119.0 (2.21} 116.6 (3.185 123.2 (2.29)
5 117.3 (2.18) 114.7 (2.97¥ 121.8 (2.74F

2p <.001°p<.003Fp<.0028p <.04°p<.05

The authors suggested that licorice-induced hypside may be
more common than appreciated and should be coesider

and GC-MS. The metabolite ratio THF + ATHF/THE WaJreatment (Sigurjonsdottir et al. 1995)

calculated to determine if the degradation of soitio cortisone
had changed after licorice consumption. A subgro@ii3

women repeated the study after a 2 week recovety %@ g/d

licorice consumption.

The mean systolic BP for the total group at 2 amdk 4f licorice
consumption increased by 3.5 mm Hg (p < .001) ahdrin Hg
(p <.001), respectively. The mean systolic BPeased at 2 and
4 wk for women, 3.7 mm Hg (p < .001) and 7.5 mm (g
.001), respectively, and for men, 3.2 mm Hg (p83)Cand 4.8
mm Hg (p < .001), respectively. The increase Bidic BP was
>10 mm Hg in 15 of 19 women and 6 of 11 men; theatgst
increase was 19 mm Hg. As shownTiable 25 the difference
between the increase in BP between men and womsmata
significant.

During licorice consumption, plasma potassium desed by 0.24
mmol/l in the total group (p <.001) and 0.3 mmai/ivomen (p

<.001); plasma potassium decreased by >0.4 mmdl8 of 19

women and 2 of 11 men. Systolic BP rose by 2.5Hhgrfor each
0.1 mmol/l decrease in plasma potassium.

Nineteen volunteers complained of edema, headartiesome
gastrointestinal symptoms (mainly dyspepsia) dutingrice

consumption. Fourteen of 19 women gained an aeesfg.59
kg (p < .01; one gained 6.8 kg) during licorice amption.

Edema developed at the same time as BP rose. li§y#orose
0.35 mm Hg for each kg gain in body weight. Theame
cortisol/cortisone metabolite ratio in urine incged (1.39 £ 0.45
vs 2.15 £ 0.9; p <.001).

The authors conducted a second experiment with d®em
consuming 50 g licorice/d for 4 wk. Baseline meaments were
collected for 2 wk prior to treatment.

The mean increase in systolic BP was 5.6 mm Hg.(0%) and
3.4 mm Hg in diastolic BP (p =.002). There waswsight gain
in this group and there were no physiological caims.
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Armanini et al. (1996) tested for the effects ofolice

consumption on 6 male volunteers (age 22 to 24Wme subjects
consumed 7 g of an extra-pure commercial licorigerahe

course of each day for 7 d. HPLC showed thatitimgite has a
7.6% Glycyrrhizic Acid content. The subjects werdghed, BP
was taken, and blood samples were taken and pextes®r to

licorice administration and on days 4, 7, and 11.

Systolic BP increased in all cases on day 4 (120 t0 133 + 6
mm Hg; p < .05); diastolic pressure did not chaoger the

treatment period. Compared to baseline (4.2 #1{Eg/l), serum
potassium levels in the treatment group measurethgr8 were
decreased (3.9 £ 0.3 mEq/l; p <.05). Compardxhseline (75.8
+ 10.0 kg), body weight increased on day 8 (1.44ky; p <

.01). Urinary sodium/potassium ratio decreasedays 4 and 8
(p < .05) and was beginning to recover on day Cémpared to
baseline (68 * 25 nmol/d), urinary-tetrahydroaldoshe

decreased on day 4 (29 + 11 nmol/d; p < .01), d§y08+ 19

nmol/d; p <.01) and day 11 (16 + 9 nmol/d; p <).0The ratio

of the 2 hormones, THF and THE, did not changenduthe

experiment. Compared to baseline (4.8 + 1.5; m)/3&nin

activity was reduced on day 4 (2.1 + 1.2; p < .0xiJ on day 8
(1.1 £ 1.1 ng ml/3h; p <.001). Renin activity was$ returned to
normal by day 11 in all but one case.

The authors suggested that the pseudohyperaldosterdrom
licorice consumption was initially related to adweduction of
118-hydroxysteroid dehydrogenase and then a direecefif
licorice derivatives on mineralocorticoid receptorgy take
place. In other cases, the effect on the enzynsrelated to
individual variation (Armanini et al. 1996).

Armanini et al. (1999) administered 7 g commergiallepared
licorice tablets (0.5 g Glycyrrhizic Acid by GC-M&) 7 men (22
to 24 years) for 7 d. Serum testosterone, andrediene, and
17-hydroxyprogesterone were measured by radioimassay
before administration, after days 4 and 7, and#ftat the last day
of administration. Data are shownTable 26.



Table 26. Serum hormone concentrations (ng/dl) in 7 meniaidtered licorice for 7 d (Armanini et al. 1999)

Hormone Day 0 Day 4 Day 7 4d After discontinuation
Testosterone 740 = 216 414 43 484 + 19% 704 £ 42
Androstenedione 159 + 35 140 £ 29 177 + 30 170+ 20
17-Hydroxyprogestrone 189 + 36 216 + 31 229 + 36 155+

2p <.001 compared to day O

Testosterone concentrations decreased and the séiism
hydroxyprogesterone concentration increase wasigoificant.

The authors suggested that men with libido or otbexual

complaints should be questioned about licorice aomion when

examined.

Sigurjénsdattir et al. (2001) demonstrated a lirdzsme-response
relationship between Glycyrrhizic Acid and increase BP.
Thirty healthy Swedish and Icelandic volunteersdag@ to 37
years ingested licorice amounting to 75, 270, d@ &%/ day
Glycyrrhizic Acid for 2 to 4 wk (n = 24, 30, or H¥se group,
respectively). After 2 wk of dosing, mean systdie rose 3.1,
5.2, and 14.4 mm Hg for the low, middle, and higlselgroups,
respectively, compared to BP measured prior tdrtreat (p <
0.03 to 0.000). Increases in blood pressure wersiraflar
magnitude after 4 wk of dosing. The authors conmtuthat a
dose-response relationship was demonstrated, kua mione-
response, and there did not seem to be a speci@gtaphic
group that was especially sensitive to the hypeiteneffect of
licorice or Glycyrrhizic Acid.

Fuhrman et al. (2002b) tested the effect of thareshextract of
G. glabra on aspects of atherosclerosis. Theatx@enount not
specified) was placed into gel capsules and adtaneid blind to
12 hypercholestolemic patients (45 to 55 yearswith) plasma
cholesterol levels of 220 to 260 mg/dl and LDL @spérol levels
of 120 to 170 for 1 month followed by 1 month ohtbo
(control). The patients were instructed to cordgimith their
regular eating habits. The patients were otherivesdthy and
nonsmokers. Body mass index (BMI) was 25 + 1.7i&ynd did
not change during the study. Blood samples aftdr @f fasting
were drawn before, at 1 month, and at the endeotirdy.

The blood was tested for serum paraoxinase acGtpliggma lipid
peroxidation; LDL levels; LDL oxidation; LDL aggration and
LDL retention (chondroitin sulfate (CS) binding ki) after

incubation with CS for 30 min by spectrophotomeasgsy after
precipitation with phosphotungstic acid and magmesihloride.

There were no changes in markers of liver, kidrad heart
functions as shown by blood chemistry analysiseofisn BUN,

creatinine, ALT, AST, bilirubin, and creatine phbsginase after
either the treatment month or the placebo montherur@

electrolytes (including potassium and sodium) adrs alkaline
phosphatase did not change during treatment orelptac
Compared to baseline, there was a 7% reducticrimsglucose
(90 £ 3.0 mg/dl to 83 £ 1.0 mg/dl; p < .01) and®4d reduction
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in serum amylase concentrations (82 + 8.0 U/l t&840 U/l; p
< .01) after licorice consumption; the levels ratd to baseline
after the placebo. Serum cholesterol levels wedeced by 5%
(244 £ 8 mg/dl to 232 + 9 mg/dl; p < .01) and LDasweduced
by 9% (156 + 8 mg/dl to 142 + 9 mg/dl;p < .01);gbeeductions
were not sustained after 1 month of placebo.
triacylglycerol concentrations decreased by 1394 @23 mg/d|
to 155 + 18 mg/dl; p <.01) and VLDL levels redudsd14% (p
< .01) with licorice but returned to baseline affgacebo.
Systolic BP decreased by 10% (p < .01); there washange in
the diastolic BP.

Serum paraoxonase (PON1) was not affected by dieori
consumption. After 1 month of licorice consumptigasma
showed a 19% decreased susceptibility to the AARtdéed
lipid peroxidation (p < .01) as measured in TBARBfation (37
+1 mM to 30 £ 1 mM TBARS/I plasma); this was nastined
during the placebo period. The susceptibility ddLL after
consumption of licorice to copper ion-induced oxidia was
reduced; the prolonged lag time of 55% was requfoedthe
initiation of LDL oxidation in comparison with thHag time of
LDL isolated before licorice consumption (p < .0T)his effect
was partially sustained after placebo with an 18&dment in the
lag time (p < .01). LDL aggregation was reduced®B%o (p <
.01) after 1 month of licorice consumption and ne¢d toward
baseline after placebo. LDL CS binding ability dessed by 25%
(p < .01) after licorice consumption and this eff@as partially
sustained after placebo (p < .01).

The authors concluded that licorice root consunmptimy
hypercholesterolemic patients may be therapeutiainay
cardiovascular disease (Fuhrman et al. 2002b).

Armanini et al. (2003a) tested the effect of liceriextract on
serum testosterone using 17 healthy male voluni@&do 24
years). The menwere administered 7 g licoriceaek{7.6% w/w
Glycyrrhizic Acid) in the form of tablets daily fard. On days 0,
4, and 8 serum or plasma hormonal parameters itzitey
hormone [LH], PRA, aldosterone, cortisol, total afree
testosterone, androstenedione, 17-hydroxyprogesterfd.7-
OHP]) were measured as well as urine cortisol antisone. The
same parameters were measured in 11 of the maft& dhe last
dose. In 6 other cases, the treatment was coutiionel more d,
and at the 1st and 3rd d, 2000 IU pfhuman chronic
gonadotrophin fHCG) were injected, and total and free
testosterone, androstenedione, and 17-OHP were unegas
following each injection.

Serum



There was a 25% reduction in serum testosteroriegllirorice
consumption (p <.05) at both days 4 and 8 as sliWable 27.
There was a 39% increase in 17-OHP at day 8 (bx .BPRA
and aldosterone were suppressed by licorice (plxafd the
cortisol/cortisone ratio in urine was increase@7(: 0.42 to 1.44
+0.71).

Serum androstenedione was not changed by the gaat®erum
LH increased at day 8 (p <.05). Inthe 11 cadeswere tested
3 d after treatment terminated, mean serum free tatal
testosterone returned to pretreatment levels (tesibsterone:
pretreatment, 21.2 + 7.9; after withdrawal, 208 *nmol/l; free
testosterone: pretreatment, 17.4 *+ 6.0; after watvdl, 16.5 +
6.2). Plasma aldosterone remained reduced (0(B6 to 0.1+
0.07 nmol/l; p < .001).

In the men who receive@HCG stimulation, serum total
testosterone decreased on day 8 (mean decreas®25%0)5).
The increase of total free testosterone was ~25%(p) in both
licorice- and placebo-treated groups (total testaste in licorice
group: 90% after first and 107% after second iimgeof pHCG;
control group: 82% and 105%; free testosterondécurice
treated group: 70% and 70%; control group: 102% E09%,
respectively). The values of 17-OPH affiCG injection
increased by 59% and 37% in the licorice grouplan@6% and
44% in placebo group (p < .05). Serum androst@medivas not

Before and after treatment, measurements of BP,, plR&ma
aldosterone, cortisol urinary cortisol, cortisometer and fat
distribution, and skin fold thickness were takenSerum
cholesterol, tryglycerides, and leptin were alsoasueed in
females.

The males had reduced BFM measured by measurimdoséts
(12 £2.1% to 10.8 + 2.9%; p < .05) and bioeleefrimpedance
analysis (BIA; 12 £ 2.3% to 11 + 2.8%; p < .02)xt& cellular
water (ECW), predicted by BIA, increased from 41.8.0% to
47.0 + 2.3% of total body weight in males (p < .0The mean
reduction of fat, calculated from the reductiogiams of % body
weight, was ~ 800 g in 2 months. PRA and aldosiemnwere
decreased; there was no change in serum potassinBB. The
urine cortisol/cortisone ratio increased from 0.8.2 to 1.25 +
0.4 (p < .01). There was a relationship betweete &M
measured by BIA and by skinfold thickness (p <.01)

BMI was unchanged in the female volunteers befoet after

licorice consumption and after 1 month recoverie Teduction
of BFM was 24.9 + 5.1% to 22.1 + 5.4% body weight(.01).

BFM was 24.7 £ 4.9% after 1 month recovery. EC\Wéased
from 48.2 + 1.5% to 49.3 + 2.1% body water (p <).8td was
47.5 + 4.4% after 1 month recovery. The meanosst bof fat was
1.5 kg. Serum cholesterol, HDL cholesterol, trggisides, and
leptin did not change due to treatment. The velerd reported

affected byBHCG. None of the volunteers had values of totadn increased number of evacuations and reducecehduging

and free testosterone lower than normal rangesgluhierapy
and none complained of unwanted sexual effects.

BP was not affected. The authors concluded tbatitie extract
did not affect the response of testosterone an®HP- to
stimulation withBHCG in men (Armanini et al. 2003a).

Armanini et al. (2003b) determined the effects mbiice
consumption on the reduction of body fat mass (BFMgalthy
volunteers (7 male; 8 female; 22 to 26 yr old) witrmal BMI
(males, 24.3 £ 2.1; females, 20.2 + 2.0) were atht@red 3.5 g
licorice/d in the form of tablets (no sugar or atadditives) made
from the extract of licorice plant roots for 2 miesit

The equivalent amount of Glycyrrhizic Acid was 085 The
volunteers were requested to not change theirgehtibits; none
were consuming any licorice products.

treatment. The authors suggest that licorice egiuge fat by
inhibiting 11B-hydroxysteroid dehydrogenase at the level of fat
cells (Armanini et al. 2003b).

Sigurjonsdotir et al. (2003) tested the effects ligbrice
consumption on BP and compared its effects on waanemmen
as well as normotensive (NT) and hypertensive (klifjects.
The subjects were 25 volunteers, 13 men and 12 wdage 22
to 43 yr, mean 31.2 yr). The HT group was beirgted for
hypertension and had systolic BP below 140 mm Hihastolic
BP below 90 mm Hg and had stable BPs for 3 months.

For the gender comparison, all volunteers of epmider were
grouped. One NT woman was taking thyroxin for
hypothyroidism; 9 of the HT group were takifigreceptor
inhibitors and a Ca2+-antagonist. NoO one repogrcessive
alcohol use, tobacco use, or taking homones (iivodud
contraception).

Table 27. Serum homone concentration in 17 men before anidgllicorice consumption (7 g licorice/d) (Armanget al. 2003a).

Day O Day 4 Day 8
Total Testosterone (nmol/l) 21.0+7.0 15.9 £ 511 15.8+5.7°
Free testosterone (pmol/l) 17.6£6.1 16.4+7.0 #6658
Androstenedione (nmol/l) 50+1.75 43+1.1 498&1.
170H-P (nmol/l) 28+1.2 3.2+20 3921
LH (1U/1) 31+1.1 33+13 40+08b
Plasma aldosterone (nmol/l) 0.38 £0.09 0.14 £ 0.04 09@0.022
Urinary F/IE 0.97 £0.42 - 1.44+0.71

3p < .01 compared to day Bp < .05 compared to day 0

50



The experiment was 1 week of
measurements were taken, 4 wk of licorice consuomptiO0
g/day equal to 150 mg Glycyrrhetinic Acid), thefreveek wash-
out period. Women started licorice consumptioday1 through
4 of their menstrual cycle. BP, heart rate and Bidie measured
3 times the week before licorice consumption bégabaseline
values. The 24-h ambulatory BP and heart rate wer@sured
twice in this same time period. These measurememsi®
repeated at 2 wk and 4 wk of licorice consumptimentafter 2
and 4 wk of the 4-week wash out period. Blood dasand 24-h
urine samples were taken at baseline, after liearansumption,
and after the wash-out period.

Thirteen volunteers reported headaches and 9 expedema. A
few reported diarrhea, increased abdominal gagtdfizziness,
or joint pain in the fingers and wrists with nofdience between
the genders. Complaints were more pronouncedentmen
since more of the women (5 NT and 1 HT; no menpptal the
treatment (p = .0008) before 4 wk. One HT womad ha
extreme rise in BP (+35.7 systolic and 22.2 mm kigtdlic)
after 14 d with no other symptoms. Two women st&abp
treatment for headache and edema after 9 and L#ekause of
edema, shortness of breath, and tiredness aftrilBecause of
headache after 14 d; and 1 because of irregulastnuet cycle.
These women still participated in physical and b&nical
examinations throughout the study.

After 4 wk of licorice consumption, systolic BP eody an
average of 3.5 mm Hg (p < .06 compared to baseiintie NT
group and 1.53 mm Hg (p < .003 compared to bagetirthe HT
group. The systolic BP and (p < .02) diastolic (& .04) rose
more in the HT group than in the NT group. Themravno
differences found between the genders at any teneg.

After 4 wk of licorice consumption, the mean ris@#-h systolic
BP in the NT group was lower than the HT group (@081).
After the wash-out period there was no differeneeveen the
baseline and current systolic BP in both groups.

In comparing genders, the mean rise in systolif@Rvomen

was 6.2 mm Hg (p = .003 compared to baseline) ahdnén Hg

in men (p = .0004); there was no difference betwbergroups
for systolic or diastolic BP and heart rate. BRRwat affected by
age.

BMI increase by 0.38 + 0.42 for the group with theximum

increase at 2 wk of licorice consumption. Therereveo

differences between the NT and HT or male and fergadups.
There was no correlation between BP and BMI. Weighieased
in both groups (p =.002); men (+1.4 + 1.2 kg) mibwea women
(+1.0+ 1.5 kg, p=.01). There was no differebetveen the NT
and HT groups. There was a correlation betweerhhage in
systolic BP and weight increase (p = .04) afterkdoivlicorice

consumption.

Serum sodium did not change with licorice consuarptbut
serum potassium decreased for the entire group@pG4) which
correlated inversely with the increase in systBR(r = -.036, p
=.03). Serum creatinine decreased with licormesamption (p
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run-in - when baseline .004) and the change correlated inversely wighiticrease in

diastolic BP (r =-0.39, p + .02).

The HT group had lower baseline PRA (0.46 + 0.44nhg) than
the NT group (0.96 £ 0.78 ng/ml/h, p =.03). PR&kased with
licorice consumption (p =.02) which correlatedersely with the
increase in systolic BP (r = -0.44; p < .01) anastblic BP (r =
-0.42; p = .01) for the entire group. There weoedifferences
found between the NT and HT groups or between gsnalii¢h

regards to serum potassium, creatinine, or PRA.

Serum cortisol did not change in any group. Therease in
urinary cortisol metabolites (p < .0001) inversedyrelated with
the change in daytime systolic BP (p =.02) andideydiastolic
BP (p =.01). No differences were found betweerNm and HT
groups or the genders concerning change in uricartisol
metabolites. The urinary free cortisol/free camis ratio
increased in all groups (p < .001) without differes between the
groups. This ratio correlated with the changesiush creatinine
(r=-0.588, p=.0002), PRA (r =-0.35, p < .(dd 24-h systolic
BP (r=0.40, p =.02). The increase in systolicddRelated with
the cortisol ratio (r = 0.50, p = .007) in the Nfiogp but not in
the HT group.

The authors concluded that hypertensive people naoee
sensitive to 1f-hydroxysteroid dehydrogenase inhibition by
licorice than normotensive people and this inhilnittauses more
clinical symptoms in women than men (Sigurjonsdagti al.
2003).

Armanini et al. (2004) orally administered a comoier
preparation of pure licorice (3.5 g/d; 7.6% w.wy&irrhizic
Acid) in the form of tablets to healthy women (=22 to 26
years old) for 2 menstrual cycles. Blood sampleseveollected
and BP measured at baseline and during the lukeeepof the
cycles. There was no change in diastolic or sigsiP. Total
serum testosterone decreased from 27.8 £ 8.2 tmjid®.0 + 9.4
ng/dl after the first cycle (p < .05) and to 17.6.4 ng/dl after the
second cycle (p < .05). Testosterone levels retiita baseline
ranges after discontinuation of the licorice. Seru
androstenedione, serum LH, and 170H-P were unchangee
RAA system was depressed; PRA decreased from 3112+
ng/ml/g at baseline to 1.1 £ 0.7 ng/ml/h after 2leg; p < .001.
Baseline plasma aldosterone decreased from 14.5 agéd| to
5.6 + 3.5 ng/dl (p < .001) after 2 cycles. Thehaus suggested
that licorice can reduce serum testosterone prglzhi to the
block of 17-hydroxysteroid dehydrogenase and 17My23e;
licorice could be a therapy for hirsutism and pgstc ovary
syndrome.

Armanini et al. (2007) tested the effectivenesthefaddition of
licorice extract to spironolactone (treatment ofypgstic ovary
syndrome) in alleviating side effects (gynecomastietrorrhagia
and menstrual abnormalities). Two groups of heasubmen ( 21
to 28 years old; n = 16) with similar BMI, Ferrim&allwey
score, and age were administered either spirormiacf{100
mg/d) or sprionolactone (100 mg/d) plus 3.5 extrapu
commercially prepared aqueous licorice extract (26§
Glycyrrhetinic Acid).  Serum potassium, total andeef



testosterone, androstenediol glucuronide (a didtgdtosterone
metabolite), PRA, aldosterone, cortisol, and seriome binding

protein were measured before treatment and on4&ys30, and
60. Before and at the end of treatment, 24-h usiag collected
from 7 members of each group to measure THF, AEHE,THE

(an indirect index of licorice effect on f-ODHSD type 2). BP
was measured before and during treatment.

With just spironolactone, systolic BP was reducedays 30 and
60. There was no change in the combination treztmeup.
Diastolic BP and serum postassium did not changeithrer
group. The group treated with spironolactone hattonrhagia
in 50% of the group; the combination treatment grdwad
metrorrhagia in 12.5% of the group (p <.05). $pigonolactone
group had symptoms of fatigue, orthostatic symptoarsd
polyuria more frequently in the first 2 wk of tre@nt which
improved by day 60.

These side effects were not reported by the cortibmaxeatment
group. BMI decreased in the spirolactone grougegs 30 and
60 but not in the combination treatment group (p5). Plasma
aldosterone and PRA increased over the treatmeiaidpie both
treatment groups beginning on day 4 (p < .0001;itlcreases
were reduced in the combination treatment groupalht
measurements (p < .05, .01, .001). Serum testowewas
increased on day 4 compared to baseline (p < .00%he
spironolactone group; there were no differencesifoaseline at
any other measurementin either group. Plasmésobiricreased
after days 30 and 60 in both groups (p < .05);theromeasured
parameters changed (Armanini et al. 2007).

Zwickey et al. (2007) tested the effects of theavaixtract of G.
glabra dried root on CD25 expression. Subjects $hingested
7.5 ml of the extract twice daily for 7 d. Peripdleblood was
sampled at baseline, 24 h, and 7 d. After waslireghlood cells
were resuspended in FBS with fluorescently labalgibodies.
G. glabra increased the mean CD25 expression lat(g4< 0.4)
but not at 7 d.

Deglycyrrhizinated Licorice Extract

Larkworthy and Holgate (1975) administered deglyuiginized
licorice in the form of tablets (380 mg; 2 tabl&gjmes/day) to
chronic duodental ulcer patients (n = 32 men) oneapty
stomach. Progress of the ulcers were periodiealgluated by
endoscopy. Healing of the ulceration was obseirvad, varying
from normal mucosa (n = 19) to mild duodenitis (&3) at 24
wk. There was residual scarring noted in 14 pgidmt no
evidence of duodenal stenosis. One patient hadwanence of
symptoms after 5 months which subsided after resgmi
treatment. No adverse effects were noted.

Bardhan et al. (1978) tested the effectiveness

deglycyrrhizinized licorice for the treatment ofsgréc ulcers. In
a double blind study, volunteers were administes8@ mg

deglycyrrhizinized licorice (n = 48) or 200 mg sose (n = 48)
daily for 4 wk. Before and at the end of the studylunteers
were subjected to blood testing, gastroscopy, amaifm meal.
There was no difference between the groups inrityegutions of
healed or improved ulcers. One volunteer in thattnent group
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became edematous and developed hypokalemia wiigatgain
of 0.3 kg.

D’'Imperio et al. (1978) tested the effectiveness of
deglycyrrhizinized licorice for the treatment ofadlenal and
benign gastric ulcers. The volunteers (11 maldspsles; age
31 to 73 years) were administered 5 tablets congin
deglycyrrhizinized licorice (380 mg/tablet) per daxye after each
meal and 2 at bedtime; n = 15) or cimetidine (2@Qm= 15). At

2 wk, 43% of the cimetidine volunteers had healéckrs
compared to 31% receiving the licorice treatmend; ak, 93%
and 64%, respectively, were healed.

All volunteers were placed on cimetidine until kbl The
groups were then put on maintenance doses of tlkcation,
400 mg cimetidine at bedtime or 3 tablets with gegirhzinized
licorice daily. At 2 and 4 months, 1 of 11 voluete on
cimetidine and 3 of 8 on licorice had a relapse.

The trial was repeated with 14 more volunteers2 Ak, 1 of 7

volunteers on cimetidine and 4 of 7 on deglycyiiriizzed licorice

were healed. At 4 wk, 4 of 7 in both groups weealdd. All

unhealed volunteers were placed on cimetidine aselintil

healed then maintenance doses were administeredl: nap
cimetidine or 150 mg carbenoxolone (a glycyrrhdiracid

derivative) daily. After 2 months, 3 volunteersaametidine and
4 on carbenoxolone were still ulcer free. Thereew® reports
of adverse effects for either treatment (D’Impeial. 1978).

Hollanders et al. (1978) tested deglycyrrhizindieatice for use
as a prophylactic drug for recurring ulcers. Vohars were
administered 5 capsules/d deglycyrrhizinated lm®(#50 mg; n
=11) or placebo (n = 22) and were followed fdeast 2 yr. The
patients were examined monthly for recurrence offgpms;
gastroscopy and barium-meal examinations were pae at 6-
month intervals or as symptoms presented. Thpseleates were
59% and 45%, respectively, for placebo and treatgraups, but
the difference was not significant. No ill effeéitsm the licorice
were reported.

Rees et al. (1979) tested the protective effects o
deglycyrrhizinated licorice on gastric mucosal dgeby aspirin
in 9 healthy male volunteers (24 to 64 yrs) in ale-blind cross
over study. Aspirin tablets (325 mg) and
aspirin/deglycyrrhizinated licorice tablets (325 aspirin and 175
mg DGL) appeared identical. Gastrointestinal bldags was
assessed by labeling erythrocytes from 15 ml bigitidl 70 uCi
51Cr, reinjecting the blood, and measuring the ttyarof
radioactive label excreted in the stool each d&y.ensure daily
stool samples, the volunteers were administered 3
methylcellulose daily. Any nausea, flatulence, miyssia, or
igastric pain were noted. The protocol was: ratrob period
?é)ays 4 and 5 after blood labeling), a treatmenibpgdays 6 to
10), a stool collecting period (day 8 to 11), aosteollection
period for the second control (days 17 and 18pe&treatment
period (days 20 to 24), stool collection periody&22 to 25), and
stool collection for a final control (days 32 arg).3

Both aspirin preparations increased daily blood,lt35.3 £ 0.5
ml/d for aspirin alone over baseline (p < .001) &md.2 = 0.5
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ml/d for aspirin and DGL (p < .005). The blooddasas ~20%
less with the aspirin and deglycyrrhizinated licerpreparation
(p < .05). There was no difference in upper gastestinal

symptoms between the 2 treatment periods (RedsII%D).

Fuhrman et al. (1997) administered 0.1 g/d alcahttact of

licorice (Glycyrrhizinic Acid-free) to 10 healthyate volunteers
aged 20 to 35 years in softgel capsules for 2 viasma
cholesterol concentration and LDL-cholesterol conicgion did

not change during the study for the treatment grdup changes
in blood count, coagulation tests or renal andrlfuaction tests
were observed. Mean body mass did not changead\Verse
effects to the treatment group were reported.

Licorice Extract Mixture

Acharya et al. (1993) tested the use of licorideaex, in the form
of Stronger Neo-Minophagen-C (SNMC), for the treztinof

subacute hepatic failure. SNMC is an aqueousitiecextract
that contains 0.2% glycyrrhizin, 0.1% cysteined ar0% glycine
amino acids in saline solution (Arase et al. 19%ighteen
patients with subacute hepatic failure from viraphtitis were
intravenously administered 40 ml SNMC daily for@fllowed

by 40 ml 3x/week for 8 wk. For some the dose wasdased to
100 ml. Before, after, and every 2 wk during tneatt, blood
was drawn to measure bilirubin, ALT, serum albunaind

prothrombin time. If the patient died, these measents were
taken at time of death. Liver biopsies were penfed before and
after the treatment period. Postmortem liver biepsvere also
performed. The results were compared to the licstiotata of 98
patients. Patients with complications such as gmalepathy,
renal failure, sepsis and gatro-intestinal hemayehavere
excluded.

Thirteen of 18 (72.2%) of the treated patients ise compared
to 31 of 98 (31.7%) of the historical patients (p0d). Two
patients who died had shown biochemical recovAlyT levels,
prothrombin time, and serum albumin in the sundvbecame
normal after an average of 7.5, 5, and 8 wk of apgr
respectively. Serum bilirubin levels also becamemal in all the
survivors except in 4 patients at the end of treatmThese same
patients reduced their serum bilirubin by 50% to%90
Improvement in ascites was achieved in 3 to 8 wki@ge of 4
wk). No adverse effects of the licorice extracravebserved
(Acharya et al 1993).

Dermal Irritation and Sensitization

Glycyrrhiza Glabra (Licorice) Root Extract

Laboratoires Phybiotex (1996) applied 0.02 ml ¢ést article
(containing ~900 ppm Glycyrrhiza Glabra (Licoric®oot
Extract) onto 50 mm2 of the back of 9 healthy feanadlunteers.
The test article was placed on a disc of filtergragnd held in
place with an occlusive patch. After 48 h the patcwere
removed and the skin scored 30 min later. A vigihterythema
was observed in 3 of the 9 volunteers.

Thomas J. Stephens & Associates, Inc. (2004atéstproducts
containing Glycyrrhiza Glabra (Licorice) Root Extt#0.0001%;
licochalcone was the marker) for contact sensitimabn the
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healthy skin of Japanese subjects (n = 106). Neratformation

on the composition of the products were providéde products
were occlusively patched 9 times at ~48- to 72-erirals.

Patches were removed after 48 h or 2 h prior ta pexch

application. After a 12-to 24-day rest, new pagtvere applied
to naive locations for ~48 h. Sites were gradetB-and 96 h
after application. There were no signs of irrdgatbr sensitivity
except for 1 subject who showed signs of delayedtamd

hypersensitivity to 1 product. The test was repeéadn this
subject after a rest period. The subjects score® vagain
indicative of delayed contact hypersensitivity.

Thomas J. Stephens & Associates, Inc. (2004b)d&speoducts
containing Glycyrrhiza Glabra (Licorice) Root Exit0.0001%;

licochalcone was the marker) for safety. The stweg carried

out at 2 sites, one in the United States with a@hi€aucasian,
Vietnamese, Korean, and Chinese female subjects2@) and

the other in Japan with only Japanese female sisb{ec= 30).

All subjects had self-perceived sensitive skine Ehbjects were
instructed to continue their usual skin care. Fday 1 to 14, the
subjects added the first product by applying itrdafie entire face
nightly. From day 15 to 28, the subjects in thé&thStates were
given the second product to apply and the subjectapan were
given the third product to apply. Clinical gradings done at
baseline, day 14 and day 28. There were no inesea®bjective
or subjective irritation scores. Two subjectshia United States
experienced noteworthy irritation from both product

In a second study on Japanese women (n = 68) €8 pthducts
containing Glycyrrhiza Glabra (Licorice) Root Extt#0.0001%;
licochalcone was the marker) were tested for safetgm day 1
to 4, the subjects applied the first product to @ye area
twice/day and applied the second product to thero#lye area
once/day. From day 5 to 18, subjects appliediteedroduct to
the entire face twice/day. From day 19 to 32, sciisjapplied the
first product and the third product to the entaed morning and
evening. Clinical evaluations were performed aeliae and
days 2, 3, 4, 18, and 32; at baseline and on daysd12, an
ophthalmological examination with a slit lamp wasfprmed on
both eyes.

The ophthalmological examination showed only veriidm
changes that were not judged to be clinically digant. There

was tarsal hyperemia. One product produced masmband

tarsal hyperemia on day 1 and more tarsal hyperemiday 2

(product not specified). There was reported ireesan burning
and stinging on the facial skin at 2 wk (28/68 sghg, 41%).

When the additional product was added, 5 subj@étg (eported
mild sensations. The authors conclude that otleegbroducts is
likely to produce mild subjective sensations orftioe when used
as directed. Individuals with sensitive or atopkin may

experience moderate to severe sensations. There m@

objective irritation reported (Thomas J. Stephen&s&ociates,
Inc. 2004b).

Stephens and Associates, Inc. (2005a) tested 2ugiod
containing Glycyrrhiza Glabra (Licorice) Root Extt#0.001%;
licochalcone was the marker) for safety aroundetye area on
Japanese women (n = 60; 47% wore contact lens#&shas self-



perceived sensitive skin). Group 1 (n = 30) agpliee first
product to the upper areas of both eyes and tlathyh-line area
on both sides of the mouth each evening for 2 Whe subjects
then discontinued application to the mouth areadashged the
area near the eye. Each application was left pd%amin then
massaged into the skin. Group 2 (n = 30) applied game
product to the upper areas of both eyes each ayé@nthe same
manner as above. The subjects also applied tlee ptbduct to
the crow’s feet area, upper eyelid, and under yeeoéboth eyes
each morning and after the application of the firsduct. Visual
acuity was evaluated at baseline and week 4.
ophthalmalogical examination with a slit lamp wasfprmed at
baseline and week 4 (also at 30 min if subject ntegoeye
irritation after first application). Clinical granh of irritation was
performed at baseline and weeks 2 and 4. Subgettitation
guestionnaires were filled out at baseline, 1530hahin post first
application, and weeks 2 and 4.

Ophthalmological examination showed decreased (xgment)
in tasal conjuctival hyperemia at week 4 for gr@ipClinical

patches were removed by the investigators andtihesaluated
before a new patch was applied. After a 1- todprest period,
a new patch on a naive site was applied for 4&hesaluated 24
h after removal. There was a rechallenge if tivegee signs of
possible sensitization. The authors concludedttieae was no
evidence of sensitization or irritation.

TKL Research, Inc. (2005b) conducted a repeatedtipatch test
of a product containing Glycyrrhiza Glabra (Lica@jcRoot
Extract (0.8%) and 5 other botanicals in a cas@ution. The
test substance was applied to the subjects (n 3 bh@6an

Atﬂ:clusive Finn Chamber Monday, Wednesday, and ¥ifma3

wk. After a rest period of 10 to 15 d, the tedbstance was
applied to a naive site. The site was observedh4&fter
application and 24 h after removal by a dermataiogihere was
no evidence of sensitization or irritation by thieduct.

Licorice Extract

Saeedi et al. (2003) tested the effectivenesscofitie gel (1%
and 2%) made from a methanol extract of G. glabratopic

examination found no objective irritation but a dese in facial dermatitis. Eczema patients (90), 16 to 53 yetaks35 male and
scaling/dryness at week 2 in group 1. Group lnteddncreases 55 female, with a duration of eczema ranging fro@10to 25
in facial burning/stinging, itching, and tightnessnediately and Years were tested. The study was a randomizedleiblind,

15 min after the product was removed (~37%).
burning/stinging and itching persisted to week 417%%).
Subjects in group 2 reported facial burning/stiggind tightness
(but not itching) after the product was removesdu6jects, 20%).
With the application of the second product, theras vstill
burning/stinging and tightness (2 subjects, 6.7%)is persisted
to week 4. Sensations in both groups lasted framirito 1 h;
most were mild with the exception of 1 subject cay dl.
Irritation decreased as the study progressed (Btepht
Associates, Inc. 2005a).

Stephens & Associates, Inc. (2005b) tested thetysafad
effectiveness of a facial spot treatment contair@igcyrrhiza
Glabra (Licorice) Root Extract (0.8%). Female sakg (n = 36;
15 with sensitive skin, 7 with melasma, 14 with égp
pigmentation) applied the test substance to pigeteateas on the
face. The control group (n = 14; 5 with sensitbkén, 2 with
melasma, 7 with hyperpigmentation) applied a siralapearing
product (composition not provided). Clinical evations were
performed at baseline and weeks 4, 8, and 12. eTlere no
differences at any observation period for erythearad
scaling/dryness between baseline or the contraigroThere
were no increases in objective or subjective tidta There were
no adverse effects reported. There were improvesietite skin
(i.e., pigmentation, skin tone, clarity) for thesfi8 wk but not at
12 wk. The authors proposed that this was duedtotictions to
avoid sunlight and use sunscreen and the decredsimgtensity
from August to November.

TKL Research, Inc. (2005a) tested a product coimgin
Glycyrrhiza Glabra (Licorice) Root Extract (0.000,1%
lichochalcone was the marker) for dermal sensitpain healthy
subjects (n = 104) with no dermatological disordesing a
repeated insult patch test. Patches containingribduct (20 ul)
were applied Monday, Wednesday, and Friday for 2 Wike
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Therospective, placebo-controlled trial. Severitgdéma, itching,

erythema, and scaling were scored on a four-poalesabsent =
0, mild = 1, moderate = 2, and severe = 3. Thac#bp
preparations (1%, 2%, and placebo; n = 30) wengrsdtered 3
times/d for 2 wk. Patients were followed up fovR

Treatment with 1% and 2% licorice gel resultededuction in

the scores for erythema after 2 wk (p < .05) butine first week.

The 2% gel reduced the erythema scores more teattigel (p

<.05). The licorice extract treatment improvedrss for edema
and itching after 1 week (p < .05) and 2 wk (p¥.(QLicorice gel

at 2% was more effective than 1% a the end of tfst &nd

second week (p < .05). Both licorice gels were areffective

than placebo for edema and itching after 1 and Zpwk .01).

The reduction of erythema scores was 35.02% foliddfice gel
and 60.76% for 2% licorice gel. The reduction déma scores
was 56.64% for 1% licorice gel and 83.76% for 2é6iice gel
after 2 wk. The reduction in itching scores wasl%4 and
72.53% for 1% and 2% licorice gel, respectiveljhefie were no
ill effects to the patients reported (Saeedi e2@03).

In a safety data sheet submitted by CTFA (200#=);ite, under
the trade name oil soluble licorice extract P-T(483s not a
human skin irritant at 1% (n = 12) and not a slénsitizer at
0.5% (n = 10). Under the trade name oil solulwerlce extract
P-TH, licorice was not a skin irritant at 1% (n 2)1 Under this
trade name Glycyrrrhiza Glabra (Licorice) Leaf Extr, licorice
was not a skin irritant at 10% (n = 41).

Thomas J. Stephens & Associates, Inc. (2006) tés¢ad itation,
acnegenicity, and comedogenicity potential of a skire regimen
that includes an “essence” that contains Glycyarh@labra
(Licorice) Root Extract (0.105%; glabridin was thmarker) on
women (n = 58; age 18 to 40; 22 with self-perceiaede-prone
skin). The regimen used different products dependn the self-
perception of oily or dry skin. Both regimens umbtd the same



essence. The regimen was cleanser, toner, esgmngaining
licorice), moisturizer, then creme was followeddevdaily for 6
wk. There were no increases in facial acne couirttere were no
facial irritation changes except for a decreasdrymess/scaling.
There was a increase in burning/stinging duringfifse 2 wk
reported rated as “a slight increase”. The autlstated that a
“slight” stinging/burning is expected for this ctasf product
under these circumstances. The regimen was juidgled non-
acnegenic and non-comedogenic and found to betelefated.

TKL Research Inc. (2006) performed a repeat ingatth on
human subjects (n = 105) of an “essence” contaiaihgoluble
Glycyrrhiza Glabra (Licorice) Root Extract (0.105¢#abridin
was the marker). The test substance was applieiéruan
occlusive patch Mondays, Wednesdays, and Fridays9fo
applications. Patches remained in place until a@gication.
After a 10 to 15 day rest, a challenge patch watiepto a naive
site for 48 h. The challenge site was gradedtahpamoval and
24 h after removal. The authors reported no ewveéeaf
sensitization or significant irritation.

CTFA (2007a) submitted a closed patch test of Glytga Inflata
(Licorice) Root Extract (1% in 80% butylene glycafplied for
24 h to the upper arms of 44 healthy males and le&emaAll
readings were negative 30 min after removal.

Thomas J. Stephens & Associates, Inc. (2007) téis¢etdlerance
of a cleanser and an “essence” which containedsdalilble
Glycyrrhiza Glabra (Licorice) Root Extract (0.105¢#abridin
was the marker) on women (n = 35; age 22 to 55yi22 self-
perceived sensitive skin). Twice per day, the rdea was
lathered with water, applied to the face and massaben rinsed
with water. The cleanser was followed by the &japion of the
essence which was not washed off. The test |dsted wk.
There was improvement observed in cheek and wtexe f
erythema (p < .05). The subjects reported no ahamdacial
discomforts. There were no increases in objeaiiveubjective
irritation compared to baseline. The authors amedl that the
test material were considered to be well tolerdigahis test
group, including subjects with sensitive skin.

Ulcer Treatment
Licorice Extract

Martin et al. (2008) tested the effectiveness efaueous extract
of glycyrrhiza (species not specified) for the tment of
recurrent aphthous ulcers. Patients (n = 23habhset of an
ulcer, were given a patch with aqueous extractyafygrhiza or
a placebo with powdered star anise (having a sirtdlste). A
third, non-treatment group was also recruited beeatar anise
has mild antibiotic effects and was consideredaiveplacebo.
The patches were worn for 16 h/d and the ulcers wramined
ondays 1, 3, 4,and 8. The non-treatment groupexasined on
day 10. The treatment group had a 90% reductiafcar size by
day 8 and the placebo group had a 68.5% reductisizeé. The
treatment group had less prestimulus by day 4 astspmulus
pain than the active control group by day 8 butya significant
level. There was no difference in recovery timéween the
treatment group and the active control group. tieese effects
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were reported. The authors concluded that thentesa with
aqueous extract of glycyrrhiza is beneficial in treatment of
recurrent aphthous ulcers.

Deglycyrrhizinated Licorice Extract

Das et al. (1989) tested the effects of deglycymiated licorice
on aphthous ulcers. Twenty patients with aphtubeers gargled
with 200 mg deglycyrrhizinated licorice powder dis®d in 200
ml warm water daily. Fifteen patients had 50% 3&c/relief of
pain within 24 h. There was complete healing oéts after 3 d.
One patient had a recurrence which healed withid »f
retreatment. Of 4 patients who did not return ffowup
examinations, 2 were said to have stopped thenezdtfor lack
of improvement. None of the patients experiencey side
effects.

Phototoxicity and Photosensitization
Glycyrrhiza Glabra (Licorice) Root Extract

In a safety data sheet submitted by CTFA (20048)c\@&rhiza
Glabra (Licorice) Root Extract, under the trade aanit soluble
licorice extract P-TH, was not a human photosez®sitat 5% in
32 subjects.

Drug Interaction
Deglycyrrhizinated Licorice

Dalta et al. (1981) found that there was no diffiesein the
excretion of nitrofurantoin (treatment for urinamection) in the
urine when administered with deglycyrrhizinatedotice to
healthy volunteers (n = 7). There is a decrea#iesiexcretion of
nitrofurantoin in the urine when administered tdigrats with
urinary tract infections when administered withlgegrrhizinated
licorice (41.95 + 7.52 vs 36.98 + 3.4 mg; n = 65 (01). Three
of 6 patients experienced nausea in the deglyamdiied licorice
group; 5 of 6 patients experienced nausea in theD®L group.

Case Reports

The case reports summarized below are represantstihose
available in the open literature. Presenting spmgstare most
often muscle weakness, but include dizzyness Uatigeadache,
heart palpitations, hypertension, and pain.

Oral

Conn et al. (1968) reported a case of a 58-yeamald who was
admitted to the hospital with complaints of severascular
weakness. Tests revealed that the patient hadrteygen,
hypokalemia, alkalosis, suppressed renin activignd
aldosteronopenia.  Chlorothiozide (0.5 g twice yjaiand
chlorothidone (100 mg/day) failed to correct thpdrgension. A
careful history revealed that he had ingested 72318 g of
licorice candy daily for 6 to 7 years. The candyianufacturer
indicated that amount to contain about 0.5 g/daymamium
Glycyrrhizate. The patient was put on a striobice-free diet
with controlled sodium and supplements to replasggdotassium.

After recovery, the patient agreed to participat@ni investigation
to reproduce the clinical effects of Ammonium Glgityzate.
The patient was given 0.5 g Ammonium Glycyrrhizewery 12



hours for 2 d, followed by 1 g every 12 hours fat,&nd then 2
g every 12 hours for 5 d. There was a prompt amzdn body
weight. Serum sodium and blood pressure increasetserum
potassium steadily declined. Aldosterone excrefédiirom 5.1

pg/day before dosing to 1.7 pg/day by day 4 afid3qg/day by
day 9. The data supported the investigators’ simps that
Ammonium Glycyrrhizate in the licorice candy thhetpatient
had eaten for years caused a pseudoaldosterorisootiiributed
to electrolyte imbalance and hypertension. (Corad.e1968).

Chamberlain (1970) described a case of heart @ailaind
pseudoaldosteronism in a 53-year-old man who hadwuoed
700 grams of licorice candy over a period of 9Tdhe day after
finishing the licorice candy, the patient sufferslaibrtness of
breath, ankle edema, increased abdominal girthghtiegain,
headache, and weakness. No medications were givesodium
and potassium were administered, and licorice vithéeld. Over
the next 4 d, the patent lost 12 Ibs through disrethe EKG
showed normal T- and U-waves, blood pressure returo
128/80 mm Hg, and all other symptoms returned tonah The
patient was discharged on the fourth day.

Robinson et al. (1971) reported a 73-yr-old man whesented
with sudden onset palpatations and dyspnea durindenate
exertion along with pallor, diaphoresis, and fdoabntinence.
The patient had been consuming ~124 g/d licoriceéhfe past 3
months to help him quit smoking. He was treatét potassium
chloride iv. Regular sinus rhythm returned. Tlaignt was
removed from potassium supplementation on the tdathas
symptoms abated. The patient had been abstaiginyglicorice.

Bannister et al. (1977) reported on a 58-year-alchan who had
noticed tiredness and weakness in her limbs feaa.yShe began
taking a bottle of tonic wine daily. After a midtack of diarrhea,
the weakness increased and she was found on tiraufiable to
move. Her only other medication at the time wastiy
injections of B12. She was treated with 420 mmig@atassium
chloride intravenously and 24 mmol of magnesiunpisate
intramuscularly over the next 24 h. She was absatéd with 115
mmol effervescent potassium chloride orally for .2 Bluscle
strength returned within 12 h. She revealed thattead been
eating about 1.8 kg of licorice sweets per weekre€ months
after stopping licorice consumption she remainegbiod health.

Epstein et al. (1977b) studied the recovery ofrddie patients,
aged 38 to 55 years, who were admitted to mediaed for
chronic licorice intoxication after 6 months to ®ays of
consuming 25 to 200 g licorice daily. Upon adnussithe
patients were withdrawn from licorice and put oB-day low-
sodium diet and then a normal hospital diet. PRéieontinued
to have low urinary aldosterone levels and
Angiotensin-1l and aldosterone levels in the plasvese normal
under basal diet, but were abnormally low with Isat
alterations in the diet. All patients showed ndmvadues of renin,
aldosterone, angiotensin, and electrolyte balantme 4 months
after licorice withdrawal.

Werner et al. (1979) report on a 27-year-old womeesenting
with monthly severe headache over the past 1.5yealt tests

56

were normal except prolactin, renin, and aldostelewels were
abnormal. It was discovered that she had beeruoting large
amounts of licorice for several years. After tisedntinuation of
licorice consumption, her BP returned to nornalhigit2 wk;

hormone levels were still abnormal after 1 monthrimrmal at 6
months. She no longer had headache attacks.

Blachley and Knochel (1980) reported on an 85-yddrman

with progressive and generalized weakness andlityatai rise

out of sitting position. The patient reported ayg8@r history of
chewing 8 to 12 3-0z (85.0 g) bags of chewing tebataily and
swallowing the saliva. The tobacco was 8.3% (wWthgbrice

paste with a Glycyrrhizinic Acid content of 0.15%He had
consumed between 680 and 1020 g of this produlgtelguialing

0.88 to 1.33 g Glycyrrhizinic Acid daily since higahot spit out
the saliva, just the chewed leaves. After tobawas withheld
and treatment with 500 meq potassium chloridegir@nously and
orally, for 10 d he had a BP of 140/80, body weight7.3 kg

(104 Ibs), and resolution of the muscle weakneste was
released on day 13. He was readmitted twice dwemext 2
years for the same condition which resolved wigdatment and
withholding of tobacco.

Lai et al. (1980) reported the case of a 69-yedrwbman

presenting with increasing weakness of the proximadcles over
3 months. The muscles were tender and the urinéagacolored.
BP was 110/50 mm Hg; potassium 107 mmol/l; and wsadi
chloride, and bicarbonate were normal. Potassiuas w
administered and her strength returned to normalwk. She
had been consuming an over the counter medicatidwbmen’s

problems” that contained licorice, with the redhiat she was
ingesting 1.5 g licorice/d.

Corsi et al. (1983) reported the case of a 35-pihrman
admitted to the hospital because of rapid onsetciith
qguadriparesis with areflexia and paresthesias. Acteubiopsy
performed 72 h after admission (serum potassiummEd/|) was
normal. The patient had been consuming 20 to dDligorice
daily since giving up smoking 2 years prior. Thatignt
responded to a low salt diet and high doses ofnicgaotassium
salts. On the 15th day BP was 160/105 mm Hg af®0bn the
20th day. The patient was released and had nd@Pakerum
potassium, and sodium after 1 month.

Heidermann and Kreuzfelder (1983) reported the cdse54-
year-old man who was admitted to the hospital véttute
rhabdomyolysis and myoglobinuria due to hypokalemikhe
myoglobinemialed to a glomerulopathy and tubulbpéut there
was no clinical evidence of acute renal failurehe patient had
ingested 20 to 25 g of licorice/d for the last 2rge Treatment

low PRAwith K returned the patient to normal functionshiit7 to 10 d.

The patient was advised to discontinue licoriceestipn and his
hypertensive medications were stopped. BP, selectrelytes
and muscle enzymes were normal 3 months later.

Cibelli et al. (1984) reported on a 48-year-old méduo presented
with severe progressive subacute weakness thalogpedkein the
scapulohumeral muscles and spread, together vethps, to the
whole body. Intravenous potassium was perscril@the third



day after no change, it was revealed that the matiad been
consuming 30 g/d of licorice for about 8 monthsithiv 48 h of
discontinuing this practice, muscle strength imgvand
subsequently, plasma potassium and enzymes retirnedmal.
Several months later, the patient was symptomanekeno longer
took the drugs for hypertension that he had bdénddefore the
illness.

Beretta-Piccoli et al. (1985) reported a caseGi-gear-old man,
who had been ingesting licorice for 9 years, widiturrent
abdominal pain with constipation. After licoricaswiscontinued
BP became normal, exchangable sodium decreased, \adume
and plasma electrolytes were normal in 3 wk, PRéaased
slowly, plasma aldosterone remained somewhat hgporsive,
and plasma norepinephrine decreased but remaiaedtet!.

Jamil et al. (1986) reported the case of a 46-p&himan who
presented with a 1-week history of body aches auwdirrent
episodes of muscular cramps. Three d later he lolzse
generalized weakness and stated that his legs @aven 2
occasions. This episode was timed to the last wéaknonth of
daytime fasting and the patient gave a historyofdasing thirst
and that he had been consuming approximately A&y lbf
licorice flavored soft drink over the preceding B.wHe was
treated with a total of 280 mEq of parenteral psitas chloride
over 5 d. There was a gradual and complete retfimuscle
power and reflexes. Blood pressure returned tonabon the
third day (130-85 mm Hg). The authors pointed thatt the
levels of fasting serum glucose in this patientax@msistent with
the diagnosis of type Il diabetes mellitus.

Farese et al. (1990) reported the case of a 70eldaman
presenting with a 5-year history of hypertensioile was
hospitalized and revealed he had been eating §0Qa licorice
candies daily for the past 4 to 5 years until atimite. The
Glycyrrhizic Acid content was 0.3%. He was treatsith

potassium chloride, sprionolactone, and veraparifter full

recovery, the patient was readmitted again dueit@orporation
of licorice into his diet; he was consuming 100 ¢390 mg
Glycyrrhetinic Acid/d). Licorice consumption wascdontinued
after 1 week and he was provided a constant diet.

Scali et al. (1990) reported on 3 women (21, 58,Gihyears old)
and 1 man (74 years old) who were hospitalizedhfpertension
and hypokalemia. The patients did not eat licacaedy but were
taking laxatives containing licorice for chronic nstipation
resulting in consumption of 0.5 to 8 g/d for pesadnging from
3 months to 3 yr. Three patients were using ailxéormulated
by a herbalist and the other was consuming a cowgialer
preparation. All were treated with spironolact¢2@0 mg/d) for
2 wk which resulted in normal BP. Two months afteatment
all patients had normal potassium levels and BP.

Caradonna et al. (1992) reported a clinical caseuatie myopathy
in a 45-year-old man with a history of chronic lice
intoxication. Infusion of potassium restored norrmakctrolyte,

later, and 1 month after admission. The first byjophowed
several areas of muscular necrosis with macropimdidteation.
Biochemical analysis showed absence of myoaderjésteminase
activity. Analysis of the biopsy taken 1 month aféelmission
shows that all muscle structure and enzyme actiaty returned
to normal.

Megia et al. (1993) reported the case of a 34-péhrman

presenting with edema, hypertension, and hypokalen®ne

week prior the patient had noticed edema in thet@xtremities.
He was not taking any medications. It was disced¢hat he had
been consuming licorice candies (40 g/d) for thet do 3 years
and had increased his intake to >100 g/d the wesfhrd

symptoms appeared. He stopped consuming licontevas seen
for follow-up every 2 to 6 wk. BP returned to n@inand the
edema resolved in 10 d. PRA (<0.036 to 0.13 ngjmplasma
aldosterone (<1.5 to 153 ng/dl), and urinary alelaste (<1 to 1
1g/24 h) returned to normal by day 48.

Rosseel and Schoors (1993) reported the case Biyads-old
man with atypical abdominal pain. He had a histfrghronic
neurosis, appendectomy, cholecystemectomy, andhfanior

myocardial infarction in 1987. He was advised tiit gmoking
and had started chewing gum. Further investigdtiond that his
chewing gum was flavored with licorice (24 mg Glgrtyzinic

Acid/16 g pack). After stopping chewing gum, ticetice-related
symptoms disappeared in 3 months.

van der Zwan (1993) reported the case of a 15-gkehiboy who

ate 0.5 kg licorice and developed a serious headatiusea,
vomiting, and right-sided weakness 3 h later. phgent was
treated with dextran for 3 d then 300 mg calciuetgsalicylate
for 3 wk. Aphasia resolved completely in 1 wedBP fell to

115/80 within 24 h. Full consciousness was reghiime3 d.

Physiotherapy was necessary for the hemiparesishihproved

slowly. The patient could not walk after 3 wk astidl has slight
hemiparesis after 3 months. The patient return@thtying sports
after 5 months.

Basso et al. (1994) reported the case of a patightdiabetes
presenting with dizziness and postural hypotensibime patient
was treated with commercial licorice with a caltethintake of
Glycyrrhizic Acid of 3 g/d. Symptoms rapidly anwiated.
Within 7 d BP was 150/90 mmHg and all other paransetvere
normal for a diabetic. She was able to walk. #mptoms
totally resolved in 3 months. Patient was remdvenh licorice
therapy and the symptoms returned in a few days.

Brayley and Jones (1994) reported the case of gedgold

woman admitted to the hospital with a 2-week histof

fluctuating weakness and muscle pain. She wademaiget out
of bed or dress herself. She had a history ofeat@mervosa
with bulemia and had in the past month increasedaity intake
of licorice from 300 g/d to 600 g/d and had deceedser food
and drink intake. She was administered saline otdssium
intravenously until her potassium reached 3.1 mnasid she

enzyme, and hormone pattern accompanied with cdenpleegained her strength. She ceased both her ledniake and

disappearance of clinical symptoms. Muscle biapsiere taken
from the right deltoid at the beginning of eleciteltherapy, 3 d
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forosemide.



Heikens et al. (1995) reported the case of a 48-glebfemale
admitted for a leg fracture who presented with adBR00/110
mm Hg and potassium of 2.4 mmol/l. BP continueletalifficult
to control even with oral potassium tablets, 200me&joprolol
and 3 mg prazosine daily. The patient denied ikeor
consumption, but a candy intake of 100 to 200 gtdke and
actually not taking the medication were discovetithholding
licorice returned her BP and plasma potassiumtmabin 2 wk.

Barrella et al. (1997) reported the case of a 6dkgrman
presenting with 4 d of progressive asthenic deifisiblving the
distal muscles of the upper limbs, especially tweds. This was
accompanied with worsening burning sensation irpdms and
prehension difficulties. The patient was treatéith wotassium
chloride iv. There was a slight recovery the ngay which
continured over the next 6 d. It was revealedttiapatient had
been eating licorice-based sweets every day fautabgear (~50
g licorice/d). This had discontinued upon admissto the
hospital. He completely recovered with the distartion of
licorice consumption.

Chamberlain and Abolnik (1997) reported the casgwéviously
healthy 64-yr-old man presented after 2 d of dyapmreexertion,
orthopnea, and fatigue. He had eaten ~1020 g litaorice over
the past 3 d (~3.6 g Glycyrrhizic Acid). The patievas
administered 40 mg furosemide iv, several dosesabenalapril,
potassium, and oxygen. Complete resolution of pnkny edema
was accomplished in 2 d. No pathology was fourahiexercise
thallium test. Follow-up at 2 months revealed anmatensive
patient without shortness of breath, normal potessevel (4.5
mmol/l), and a normal chest x-ray. The patientoregl
consuming no more licorice.

de Klerk et al. (1997)
mineralocorticoidism resulting from licorice-flaved chewing
gum. The first case was a 21-year-old woman ptegewith a
headache. She was consuming ~100 g of licorideg @iadl using
oral contraceptives. Her historical BP was 110f#@ Hg and
was 190/70 mm Hg at examination. She was instdutbe
discontinue contraception and licorice. Her BP mtid decline
even with treatment with a combination of atenolisinopril,
hydrochlorothiazide, and amlodipine. After a maéherough
history, it was found that she had replaced herilie intake with
2 packets of sugar free chewing gum containingré§3icorice
in each packet. Three wk after stopping chewing bar BP was
110/80 mm Hg and her plasma potassium concentra@sn.3
mmol/I.

A 35-year-old presented with hypokalemia of 2.2 fimdrhe

patient stated that she did not consume licoricehe was
hospitalized and infused with potassium chloritiee patient was
found to be using about 3 packets/day of chewing fiavored

with 160 mg licorice in each packet. After stogpithe gum
chewing and intravenous and oral potassium suppimée
patient’s clinical tests were normal after 3 wk (€lerk et al.

1997).

Kageyama et al. (1997) reported the case of a @fidywoman
presenting with hypertension with hypopotassenddter oral
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administration of potassium, serum electrolyte datficated
hypernatremia (150 mEq/l) and hypopotassemia (EA)mThe

patient revealed that she had been taking 30 tgr&fules of a
mouth freshener that contains licorice, cinnamangey, and
other spices. One granule contained 5.1 mg lieof:2 mg
Glycyrrhizic Acid); it was estimated that she wassuming 6 to
10 mg Glycyrrhizic Acid/d. With the cessation tietbreath
freshener, her BP and serum potassium normalizedr months
later all biochemical markers and BP were in themad range.

Eriksson et al. (1999) reported the case of a 44-gid woman
presenting with severe ventricular tachycardia avbades de
pointes type. She had been having episodes ofqi#ps over
the past month and faintness over the past 4 é.h8t recently
been diagnosed with anemia from iron deficiencywas on

supplements. After potassium and magnesium infiuficdocain,

and a blood transfusion, the arrhythmias ceasedafew hours.
She was then treated for hypertension. Tests folo&ine

disorders were negative. It was discovered thathad been
ingesting ~40 to 70 g licorice candy daily for ~émths prior to
hospitalization.

Lozano et al. (2000) reported the case of a 34-gkhwoman

presenting with pain for the past 6 h, coldneslippand paresia
of her right forearm and hand. The patient ha@-gdar history
of licorice consumption. A brachial chather-balltmombo-

embolectomy was performed with urokinase i.v. RBhdind

cubital pulses returned. With potassium and sptetone, her
potassium level returned to normal in 4 d and s discharged
after 9 d with mild postischemic paretic signs @r hand.

Negro et al. (2000) reported the case of a 23-grvwbman
presenting with recent onset of widespread edentarapid

reported 2 cases of hypemweight gain (9 kg over 3 wk). She also had protbueakness

during the previous 2 wk. She had been takingwsodialproate
for epilepsy until the previous year; otherwiser, history was
unremarkable. She was found to have been inge$6fgg/d
extrapure commercial licorice for the past 10 yFhis had
doubled over the past month. Licorice ingestionswa
discontinued. Over the next 2 wk urinary sodiurcreion began
to exceed sodium intake with progressive reduction
disappearance of edema and serosal effusion. atenpwas
completely recovered in 4 months.

Russo et al. (2000) reported on 2 cases of indhgpdrtension
encephalopathy. The first case was a 42-year-aldpnesenting
with a profound soporific state and 3 d of a wonsgimeadache,
nausea, and vomiting. The day before he had aitisens
neuropathy on the left side of his body for 30 mite had a 6-
month history of slight hypertension not treatedhwilrugs.
Treatment was full doses of calcium channel ant&sgon
angiotensin converting enzyme (ACE) inhibitor, éitir, andB-
blocker. His potassium remained low even with 680
potassium chloride 3 times/d. It was discovereat the was
consuming 50 g of licorice/d (100 mg Glycyrrhizicid). After
stopping licorice consumption, his BP was 120/85 Hupafter
2 wk and his plasma potassium concentration wamélh



The second case was a 46-year-old man presentifgdeep
asthenia, headaches, and somnolence. Two wk peidnad
hypokalemia (2.3 mmol/l) that remained low despit¢éassium
supplementation (1,800 mg/d). He was treated pittassium
and urapidil but his BP remained elevated evem afteglycerin
and sodium nitroprusside administration. His sy finally
began to subside with the discontinuation of liceri At
discharge, his BP was 150/80 mm Hg. At 4 monttsBPR was
normal in the absence of drug treatment (Russb 20@0).

Woywodt et al. (2000) reported on a 38-year-old womvho
presented with a worsening headache, having sdffénam
migraines for years, and decreasing appetite.aft discovered
that the patient had been consuming large amodritsaoice
candies (containing 200 mg Glycyrrhitinic Acid ardd5 g
sodium/100 g) and licorice lozenges (containing 209
Glycyrrhicinic Acid and 60 mg sodium chloride/100 ghe had
increased the amount of lozenges consumed befonéssidn.
She was administered urapidil then metoprolol. Ramand
hydrochlorothiazide were added. After some timadicorice-
free diet she became hypotensive and treatmentisesntiued.

Elinav and Chajek-Shaul (2003) reported on a 36-g&ghman

with a 4-d history of rapidly progressing limb weaks, starting
from the legs and hands, the arms, thighs, and.td#e could not
lift his hands from the bed. The patient was adsteéned

potassium orally and intravenously. Serum potassand

creatine kinase levels were normal after 3 d. patent then
admitted eating ~25 g of licorice candy daily otleg past year
and had been drinking tea sweetened with licones the past 2
wk. He was instructed to avoid licorice. He hawbamal check
up 18 months later.

which normalized his potassium levels after 3 d.e Was
discharged after 7 d with instructions to avoiatfice.

Yasue et al. (2007) report a case of a 93-yeawolthan with a
20-year history of hypertension that had been takircalcium
antagonist (amlodipine, 5 mg/d). She presenteld savere pain
and swelling in both knees, inability to walk, fevaf 38.4C
(101.7°F), and anorexia. The knees were aspirated,
dexamethasone (4 mg) was injected and pseudo-gast w
diagnosed. She was administered sodium and patasi i.v.
with oral antibiotics and anti-inflammatory drugh.was found
that the patient had been taking 2 herbal medicimegnto and
saikokeishito, prescribed by her doctor. Eachaioed licorice
and she had consumed 5 g licorice daily for 7 ye8tse denied
any previous similar episode. The herbal drugewtrpped and
she was treated with Aspara K and sprionolactoBée had
improvement within 2 wk and was normal in 3 wk.

Dermal

Nishioka and Seguchi (1999) reported the case 43-gr-old

woman with itchy reddish eruptions on the face avenonth.
She had a history of Behcet's disease with maentgtoidosis on
her back. A patch test of 15 cosmetics that slieblen using,
and 33 allergens of a cosmetic series resultedsitipe reactions
to facial cream, foundation, and essence. A funpia¢ch test of
7 ingredients present in 3 of these products reguit a positive
reaction to oil-soluble licorice extracts at 0.5%%, and 5% in
petrolatum after 2 and 3 d.

Vision Impairment

Dobbins and Saul (2000) reported 5 cases of tempeision
impairment or loss associated with licorice ingmsti

Hussain (2003) reported a case of a S6-year-old awma g2.yr-old man with a history of hypertension bat history of

presenting with flu-like symptoms over 7 d. Shel lmausea,
vomiting, and diarrhea and was generally weak éopbint of
incapacitation. She was administered potassiuorida and her
serum potassium, CK concentrations, and liver fonateturned
to normal in a few days and she regained motortimmc She had
been consuming “Pontefract cakes”, a licorice sweetnanage
her chronic constipation at doses of 200 to 400egdating to 15
g licorice/d.

Lin et al. (2003) reported a case of a 76-yeamudeh presenting
with muscular weakness that proceeded to paralyfisvas

discovered he had been drinking tea flavored witB0-g of

licorice root (~2.3 g Glycyrrhizic Acid) daily foB years.
Spironolactone was added to his treatment. W#batitinuation
of the tea his plasma potassium increased to 2.8lfninweek

later. At 2 wk, his plasma potassium and BP retdrio normal
and his body weight decreased from 78 to 74.0 kg.

Mumoli and Cei (2007) report a case of a 55-yedrimlan
presenting with mild symptoms of depression and-raohth
history of leg cramps and fatigue. It was discedehat since he
had quit smoking ~1 year earlier, he had been coimgpa packet
(25 g) of natural licorice root (2.3% Glycyrrhizicid) daily.
The patient was treated with potassium chloride énd oral)
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transient vision loss presented with of vision ©8ufar sinister,
left eye) for 3.5 h the previous day. He was &datvith
hyperbaric oxygen (90 min at 2.4 atmospheres, 106 His
visual acuity improved. The patient was founddeéconsumed
8 0z (~248 g) licorice-flavored jelly beans ovee thd prior to
symptoms. After 2 d of no licorice consumptions BP was
145/75 mm Hg and his visual acuity remained 20/ Gome
“blotchiness” and occasional episodes of “...a pieta jig-saw
puzzle missing...” were reported at the 1 month 4naonth
follow up examinations.

A 67-yr-old man with a history of benign prostatigpertrophy
and hypercholesterolemia presented with sudden tonse
scintillating peripheral scotomas; his centralaisivas minimally
affected. The patient stated he was up late rgadid consuming
~0.5 Ib licorice. He remembered having similarsepies of
shorter duration associated with consuming licoridde was
advised to stop licorice ingestion. After 9 ymefluced licorice
consumption, only 1 mild episode was reported aigmificant
coffee consumption.

A 26-yr-old woman presented with 13 d of headaehesspells
of vision loss and a “fuzzy” expanding spot in heft eye that
became moon-shaped and spread into the right Viislchl The
spells would last for 30 min to several hours. pagent reported



eating 1 to 2 Ibs (453.6 to 907 g) licorice/weed drinking ~20
cups of coffee/d and a pot of iced tea/d. Shevigdl acuity of
counting fingers OD and 20/20 OS. The patient achdsed to
cease consuming licorice and lower her caffeinaekit Her
visual field was improved after 4 d. After 7 yedias stopped all
licorice ingestion and decreased caffeine consunpgsulting
in only the occasional headache with only 2 assediaith mild
visual auras.

A 65-yr-old man presented with 4 months of intetemit left-
sided headaches that would become generalizedavitie visual
aberrations in the left eye, described as “pinvdiebht were red
and white and fluctuating. The patient reportexd te ate “a lot”
of licorice and had consumed 0.25 lbs (113 g) lcmthat night
before presenting. Verapamil HCI RS 180 mg wasgiked and
the patient was administered prochlorperazin iveatthches
resolved in 24 h. The patient was advised to cdiaseice
consumption. After 2 yr, the headaches and vist@lems had
resolved.

A 39-yr-old man presented with a history of mukiglpisodes of
binocular scintillating scotomas lasting 20 to 3l.mHe was
reported to be otherwise healthy. The patientntegdngesting
“...about half of a bag...” of licorice-flavoredrady during that
morning and afternoon. The patient was advised:dase
consuming licorice. After 13 yr of very little bicice consumption
there were no further episodes of vision problems.

The authors suggested that licorice consumptiosezhthe visual
disturbances in these cases and are the resuktiolak and
occipital vasospasm and possibly vasospasm ofleesggplying
the optic nerve (Dobbins and Saul 2000).

Epidemiology
Licorice Extract

Ibsen (1981) conducted a population study of 4715 gnd 464
boys in the Copenhagen school system (ages 6 {@)18The

majority of the children were 16 and 17 years dltie children’s

weekly consumption of licorice was determined bggtionnaire
and then their BP was measured. A third of thielobim seldom
or never ate licorice and were placed into the g&@ek group.
From the questionnaire, 358 were in the <50 g/vggrekip, 457

in the 50 g/week group, 78 in the 100 g/week gramgl, 46 in the
>100 g/week group. Only 3 (6%) had a BP highentte 95

percent level. Of the 7 girls with BP greater tlia@ mean plus
one standard deviation, 2 were using contraceptiime linear

correlation coefficient between licorice consumptamd BP was
0.05, not significant. The linear regression doafht was 0.81,
not significant. The author suggested that vamaith response to
licorice consumption may be genetically determined.

Strandberg et al. (2001) distributed questionnaice&innish

mothers after the birth of singleton healthy birthisere both
parents were of Finnish origin. Sick or preterrhiba (<32 wk;
n = 250) were not included; 1006 were included.eWelicorice

intake was used to calculate glycyrrhizin intaketesstandard.
Age of fetuses was determined by ultrasound.
consumption of licorice was reported by 46% ofttiahers; 2%
reported daily consumption. No licorice consumptiovas
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reported by 2.3% of the mothers during pregnathaw (< 250
mg/week), medium (250 to 499 mg/week 250), and figh00
mg/week) licorice consumption was found for 75%%l4nd
11% of the mothers surveyed, respectively. Regmessalysis
showed a reduction in gestational age of 0.18 wa§#l; 95% ClI
0.31, 2.24; p = .009) for every 500 mg/week incec@s
glycyrrhizin intake. The high intake group had bogestation
times than the low intake group by .036 wk (2.525#%0 CI 0.63,
4.34; p = .01). The difference remained significafter
adjustments for age, smoking, parity, BP, and eatfnsumption
and the exclusion of the 87 augmented or inducettishi The
higher consumption of licorice resulted in an odatso of 2.5
(95% Cl 1.1, 5.5; p = .03) of a delivery at < 38.wk

Strandberg et al. (2002) distributed questionnaiceginnish
prenatal mothers in 3 maternity wards to determargy
association with licorice consumption and preteintib (< 37 wk
of gestation). The questionnaires asked detailedtipns about
consumption of licorice-containing foods and wasdigo
determine glycyrrhizin intake. Preterm births a&ssted with
twins, elective Cesarean section, or induced dsefliveere
excluded. The mothers were divided into 3 groupsiborice
consumption: low (< 250 mg/week), moderate (250489
mg/week), and heavy (6500 mg/week). There were 107 controls
(mean gestation of 39.8 + 1.3 wk) and 95 pretersesdmean
gestation of 33.3 + 3.3 wk). Median glycyrrhizimakes among
the controls was 104.0 mg/week (range = 50.0 toBit@/week)
and of the preterm mothers was 150.0 mg/week (grarigh.0 to
409.0 mg/week).

Of the heavy consumers of glycyrrhizin, 19 of 99%% had
premature births whereas 11 of 107 (10.3%) of tmgrols were
heavy licorice consumers (p = .06) using the Marnimitiéy U
test. The odds ratio of having a premature biftkh 87 wk and
< 34 wk for those in the heavy consumption group 248 (95%
confidence interval 0.98, 4.86) and 2.37 (95% amrfte interval
1.00, 5.57), respectively. The authors concludet heavy
licorice exposure was associated with preterm dgliv
(Strandberg et al. 2002) .

Cuzzolin et al. (2006) performed a survey of Italleomen over
a 5-month period in the outpatient ambulatoriesanfurban
university to investigate the use of phytomedicimel any side
effects or drug interactions. Of those completitige
questionnaire (1,044), 491 (47%) reported takindeast one
herbal compound. Ofthese, 47 reported side sfféafthese 47,
13 (27%) reported cardiovascular problems suclypertension,
ischemia, and tachycardia after licorice, ginseng] green tea
(this was not teased out further in the reportgforted adverse
reactions to licorice (cardiovascular, neurologicahile also
taking non-steroidal anti-inflammatory drugs (NSADor
contraceptives.

Other Evaluations

The National Toxicology Program (1974) stated thate is no
evidence in the available information on licoriglycyrrhiza, and

Regulammoniated glycyrrhizin that demonstrates or suggeazard

to the public when they are ingested at currerglfeand manner.



However, with the data reviewed it is not possibleetermine
whether a significant increase in consumption waaldstitute a
dietary hazard. The maximum percentage reportedige of
licorice root in food was 24.400% in hard candy, ficorice

extract it was 8.020% in hard candy, for licoric#ract powder
it was 3.279% in soft candy and for ammoniated \giydzin it

was 0.228 in chewing gum.

Stgrmer et al. (1993) examined the case histornescéinical
studies in the literature and concluded that theeks observed
adverse effect level (LOAEL) for regular intakeligbrice is the
amount that would equal 100 mg Glycyrrhetic Acig/d&Jsing
a safety factor of 10, the safe dose for most hgadeople was
concluded to be 10 mg Glycyrrhizic Acid/day whiclowld be
about 5 g licorice sweets/day assuming 0.2% Glyigia Acid in
licorice extract.

SUMMARY - Part |

Glycyrrhiza Glabra (Licorice) Rhizome/Root, Glydyiza Glabra
(Licorice) Leaf Extract, Glycyrrhiza Glabra (Licod) Root,
Glycyrrhiza Glabra (Licorice) Root Extract, Glychiza Glabra
(Licorice) Root Juice, Glycyrrhiza Glabra (Licorjcéroot
Powder, Glycyrrhiza Glabra (Licorice) Root Wately&yrrhiza
Inflata Root Extract, and Glycyrrhiza Uralensisgdiice) Root
Extract are botanical cosmetic ingredients.

The extracts are prepared from various part§.o6Glabra, G.

Inflata, andG. Uralensisplants in a single step using water or in

multiple steps using water, ammonia, ethanol, etbgtate, and/or
acetone.

A wide variety of chemicals have been reported igorice
extracts. Different constituents in the final protwary with
solvent.  Glycyrrhizic Acid and its derivatives, cinding
Glycyrrhetinic Acid, were reviewed in a separatefesa
assessment and found to be safe. (See Part Isdtaty
information on constituents of licorice extracts)

Impurities in licorice extracts may include methirethanol,
arsenic, and lead.

Glycyrrhiza Glabra (Licorice) Rhizome/Root, a flavg agent
and fragrance ingredient, was used in 8 cosmetidymts; no
concentration of use was reported. Glycyrrhizeb@#dLicorice)
Leaf Extract, a skin-conditioning agent - miscedlans, was used
in 2 cosmetic products; no concentration of use reasrted.
Glycyrrhiza Glabra (Licorice) Root Extract, an axidant, skin
conditioning agent-miscellaneous, and skin conditig agent-
humectant, was used in 53 cosmetic products atecrations
ranging from. 0.0001% to 0.4%. The polyol-soluBlgcyrrhiza
Glabra (Licorice) Root Extract , which contains a&her
concentration of glabridin, was used at concemnatof 0.0001%
to 0.06%. GlycyrrhizaGlabra (Licorice) Root Extra@n
antioxidant, skin conditioning agent-miscellaneoasd skin
conditioning agent-humectant, was used in 53 cdsrpatducts
ranging from of 0.0001% to 0.4%. Glycyrrhiza InélgLicorice)
Root Extract was reported to be used at 0.000185%.

Glycyrrhiza Glabra (Licorice) Root, Glycyrrhiza ®la
(Licorice) Root Juice, Glycyrrhiza Glabra (Licorjcé&Root
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Powder, Glycyrrhiza Inflata Root Extract, and Glytyza

Uralensis (Licorice) Root Extract function in cogios as skin-
conditioning agents - miscellaneous.  Glycyrrhizdal®a

(Licorice) Root Water functions as an antioxidaowsmetic

astringent, and a skin-conditioning agent - emillieThere are
no reported uses or concentration of use for tigedients.
Poly-ol Soluble Glycyrrhiza Inflata Root Extractised at 0.001
to 0.05%.

Medical uses for Licorice Extracts include treatjagtric ulcers,
stomach and mouth ulcers, thirst, hepatitis, scabrenal
dysfunction, wounds, cough, inflammation, and cipasion.

Licorice Extracts are used as skin lighteners. -shedlical uses
of Licorice Extracts include flavoring tobacco, ahieg gums, and
candies. They are used as sweetening agéntgabraand other
species of Glycyrrhiza are generally recognizedads by the
Food and Drug Administration.

No data were available on the dermal penentratibrthe

ingredients in this report. However, there is data the
constituents of these botanicals. LicochalconesAgprated the
horny layer, epidermis and dermis of pig skin bah& was
detected in the receptor fluid. Oral administmatio rats of
licorice extracts produced elevated blood level&lytyrrhetic

Acid. The levels of Glycyrrhetic Acid in rats wenet different
as a function of roasting or not roasting the ettpaior to oral
exposure.

Ingestion of licorice extracts reportedly has a evidnge of
systemic effects. They included: reduction of AGTddrtisol,
and alderstone in rats and induction of liver oxage and
testosterone hydrolase in mice and rats (linkagptcand down-
regulation of genes).

Cerebral function and memory effects of licoricdrast were
determined using mice and maze performance (enHance
memory). Cognitive deficits in mice were reducethungestion

of licorice extract; and brain cholineserase lewedse reduced in
mice given oral doses of licorice extract for 7 d.

Some convulsions were reduced by licorice extractmjection
in mice, in a dose-dependent manner.

A wide range of anti-effects have been reporteduding: anti-
inflammatory in mice in vivo and in several in aitassays; anti-
diabetic in rats and mice in vivo and in severalilno assays;
antioxidant in rats in vivo and in several in vizesays; anti-viral

in vitro (no effect on JEV and some inhibition gbdtein-Barr
virus early antigen); anti-parasitic against Chineiser fluke;
anti-microbial against C. albicans and other fungi,
Propionibacerirum acnes, and Streptococcus mugarts;anti-
hepatotoxic effects in rats.

Licorice extract reportedly increases the metaboliof
acetaminophen, interacts with warfarin to incrdalseding, and
may reduce effectiveness of cancer therapies talgt on
potassium loss.

Glycyrrhiza Glabra (Licorice) Root Extract is notlly toxic to
rats up to 5 g/kg and to Crj:CD-1(ICR) mice at 22606250
mg/kg; an intraperitoneal Lpof > 5000 mg/kg was reported in



rats.
Glycyrrhiza Glabra (Licorice) Leaf Extract. Thespective LR,
values of Licorice Extract in mice via intravenouasd
intraperitoneal routes are 251 and 641 mg/kg. &hess no
mortality to mice up to 1 g/kg intraperitoneallynaidistered
ethanolic extract of. glabraroot. Licorice Root Extract had a

subcutaneous LRof 4200 mg/kg in rats and 4000 mg/kg in mice

The effects of Glycyrrhiza Glabra (Licorice) Roanrier were
similar to Ammoniated Glycyrrhizin and dichloroaatet in male
Sprague-Dawley rats with regards to weight, growatid organ
weights. F344 rats fed powdered diets containiBg§®, 1.5% or
3% (wt/wt) Licorice Extract ad libitum for 1 montr 3 months
showed no effects at necropsy.

B6C3F1 mice fed diets containing 0 to 25% licoricet extract
for 30 and 90 d had poor weight gain (at > 0.8%] tioincided
with low food consumption. Clinical signs in th&8nd 25%
groups included thinness, hunched posture, a lupgr the
prepuce, alopecia, swollen irritation and rednesarad the anus
and tail, rough fur, lethargy/depression, and weskn The
NOEL for Licorice Root Extract in this study wa88%. Orally
administered food grade licorice extract did nsuigin mortality
in CD-1 mice (n = 30) for 5 d. There was no difiece in
mortality between the treated groups and controthi host
resistance assay. There was no difference in ithality or
activity of spleen cells between the treated graunmsthe control.

Rats orally administered Glycyrrhiza Glabra (Lio&) Root
Powder for 50 d had a mortality rate of 9/14. Tdts lost weight,
had greater kidney weights, relative heart weiggts, absolute
and relative adrenal weights compared to contrélse rats had
lower absolute pituitary weights. The kidneys lggoimerular
hyalinization, tubular dilations, hyaline castsj @moliferation of
the interstitial tissue.

Glycyrrhiza Glabra (Licorice) Root Extract was falto be non-
irritating to rabbit eyes. Glycyrrhiza Glabra (brice) Root
Extract (1% in glycyerine product; 0.1 ml) was sl ocular

irritant in albino New Zealand rabbits. In a cahemodel system
consisting of normal, human-derived keratinocy€&lycyrrhiza

Glabra (Licorice) Root Extract (10%) was not irtiitg.

Glycyrrhiza Glabra (Licorice) Root Extract ( 0.1586corn oil;

0.5 ml) applied to the intact and abraded skin efvNZealand
white rabbits was not a primary dermal irritarm.allocal lymph
node assay Licorice Extract was a non-sensitizemvibsted up
to 10%. Licorice is not a primary irritant at 106 rabbits

(primary skin irritation test and repeated skiitation test) and
is not a skin sensitizer at 100% in guinea pigs.a guinea pig
maximization test on Glycyrrhiza Glabra (Licorié®)ot Extract,
there were no signs of sensitization. In an itiota test of
Glycyrrhiza Glabra (Licorice) Root Extract (2%) guinea pigs,
there were no signs of irritation at any observaperiod.

The oral treatment with both wild and cultivatedeveextract of
Glycyrrhiza Uralensis (Licorice) Root Extract (5000, or 200
mg/kg) of BALB/c mice reduced ear swelling afteg thice were
administered an intravenous (i.v.) injection ofiahitrophenol
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The LQ, was > 2000 mg/kg in mice (p.o.) for themonoclonal antibodyimmunoglobulin E mAB-containfiud 24

h before a dinitrofluorobenzene challenge.

Licorice Extractin a 3T3 Neutral Red (NR) UptakeBbtoxicity

Test caused no cytotoxic effects (NR50 > 1,000 yndput

photocytotoxic effects (NR50 = 13.2 mg/l) were atved in this
in vitro test with 5 J/cm2 UVA. Licorice Extracedted for
phototoxicity using the EpiDermTM Phototoxicity Tesith 6

J/icm2 UVA caused no cytotoxic and no photocytotefiects in
this in vitro test. In a photosensitization tekticorice Extract
up to 2.5% in albino guinea pigs, there were reitp@ reactions
to any of the exposures to Licorice Extract witwathout UVA

irradiation. Glycyrrhiza Glabra (Licorice) Leaf act was not
phototoxic to guinea pigs at 10% and 100%. It ala® not a
photosentizer at 20% in guinea pigs.

Glycyrrhiza Glabra (Licorice) Root Extract was nat
reproductive toxicant when orally administered asek up to
2,000 mg/kg/d for 9 wk before mating, starting atl6old, for
males and 2 wk before mating, starting at 8 wk fddfemales.

The estrogen and progestin bioactivity of a 50%mtirdistilled
water Licorice G. glabrg Extract was tested on estrogen receptor
(ER)/progesterone receptor (PR) positive (MCF784dD) and
ER/PR negative (MDA-468) breast carcinoma celldiné€The
extract had similar effects on ER-binding of ER{r¢ast cancer
cells as the control. Licorice extract that dentiaied progestin
antagonist properties by partially or totally bledkenzyme
induction by progesterone in T47D cells were indaban the
extract. Licorice Extract@. glabral.) was not active when
testing for ER binding, ER binding, or alkaline phosphatase
induction with Ishikawa cells. The results wergatéve in an
uterotrophic assay for estrogenic activity of tlmhol extract of
licorice. Water extract of Glycyrrhiza Glabra (brice) Root
Extract used to treat MCF-7 human breast canckr stéhulated
cell growth at a range of 0.1 to 10 pg/ml. Theohtd extract of
Licorice Root did not promote the proliferationdCF-7 cells.

In the Ames testing the water and methanol extraft&.
uralensiswvere negative but, the methanol extract was cyiatox
In arec-assay test using ethyl methanesulfon&ts(E pl/plate)
as the mutagen, the ethanol Glycyrrhiza Glabredfiice) Root
Extract (100 pg/plate) decreased the zones ofitigmbwhen co-
treated with the mutagen. Using 9-aminoacridirgariflavine
HCI (frameshift mutagens) in Ames tests, the extraduced the
number of revertants by a factor of 2. When F3xt4 were fed
Licorice Extract mixed in food (0.38%, 1.5%, an@%), there
were no cancer chemopreventive effects observedrelwere no
significant lesions or physiological changes relate dietary
supplementation with licorice.

The water, ethyl acetate, DMSO, and ethanol exra€tG.
glabraroot on T47D (breast cancer), MCF-7 (breast caneag
HL-60 (leukemia) cells were tested by Western atatlysis. All
the extracts induced phosphorylation of Bcl-2 analestrated by
slower migrating bands in contrast to the contethdnol) except
the water extraction. The licorice extracts indu€2/M cell
cycle arrest similar to paclitaxel.



Trichloromethane and ethyl acetate extracts ofribeo root
inhibited the proliferation of MCF-7 cells in a @esand time-
dependent manner; 70% methanol and hexane exinadiged
cell growth also in a dose- and time-dependent eranAll the
test compounds induced chromatin condensation actear
fragmentation. MCF-7 cells treated in the expoia¢phase of
growth accumulated in the sub G1 phase. MCF-% ¢edhated
with the methanol licorice extract had induced PARRBradation
fragments.

Ehrlich ascites tumor cells injected intraperitdhyemto Swiss
albino mice followed by treatment wi. glabracrude extract or
with methanolic or water extract, resulted in a 9@#sbition of
growth of Ehrlich ascites tumor cells and format@mnEhrlich
ascites tumor mass fluid. Petroleum ether, hexame benzene
extract treatment resulted in inhibition to lessetents.

BALB/c mice were orally administered ethanol extra€ G.

inflata with and without cisplatin. G. inflata ethanoledt (0.5,
1, and 2 mg/kg) inhibited tumor growth by 38%, 5%d 71%,
respectively, compared to cisplatin which inhibitechor growth
92%.

A chorioallantoic membrane (CAM) assay showed tieaite was
inhibition of growth of new blood vessels by G.lgia in chick
chorioallantoic membranes.

In multiple clinical assessments of safety, orahamistration of
Licorice Extract resulted in various levels of higptemia; sodium
retention; edema of the face, hands and anklesjaobes;
lethargy; electrolyte imbalance; increased urinargonjugated
cortisol; reduced plasma renin activity; increapésma atrial
natriuretic peptide concentration; and hypertensionAll
symptoms resolved after termination of treatmenh Wwicorice
Extract.

In men, treatment with Licorice Extract resultecireduction of
25% in serum testosterone during licorice consumnptiSerum
luteinizing hormone (LH) increased. After treatrimemminated,
mean serum free and total testosterone returnpdetoeatment
levels. Licorice Extract also reduced serum teéstose in
women.

Orally administered deglycyrrhizinized licoriceetfively treated
chronic duodental ulcers.

A very slight erythema was observed in 3 of 9 videns tested
with a product containing ~900 ppm Glycyrrhiza Ghab
(Licorice) Root Extract with an occlusive patchn d repeated
insult patch test of 16 products containing Glybiga Glabra
(Licorice) Root Extract (0.0001%) there were nonsigof
irritation or sensitivity except for 1 subject whbowed signs of
delayed contact hypersensitivity to 1 product. jScis applied 3
products containing Glycyrrhiza Glabra (Licorice)d® Extract
(0.0001%) nightly for 14 d with no increases in atjve or
subjective irritation scores from baseline. Whenitgr products
containing Glycyrrhiza Glabra (Licorice) Root Exdt§0.0001%)
were applied near the eyes of volunteers, the aphtilogical
examination showed only very mild changes that wetgudged
to be clinically significant. A product containir@lycyrrhiza
Glabra (Licorice) Root Extract (0.8%) applied te tkin for 12
wk resulted in no differences at any observationoge for
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erythema and scaling/dryness between baselineheocdntrol
group. There were no increases in objective oljestibe
irritation.  There were no adverse effects reporteda dermal
patch test of a product containing Glycyrrhiza @aflicorice)
Root Extract (0.0001%) there was no evidence dfiteation or
irritation.

Oil soluble Licorice Extract was not a human skiitant at 1%

and not a skin sensitizer at 0.5%. Oil solubleriice extract P-
TH was not a skin irritant at 1%. Glycyrrrhiza Gila (Licorice)

Leaf Extract was not a skin irritant at 10%. WHiea irritation,

acnegenic, and comedogenic potential of a skinregienen that
includes an essence that contains Glycyrrhiza @lékcorice)

Root Extract (0.105%) was tested, there was are@se in

burning/stinging during the first 2 wk. A repeasilt patch on
human subjects of an “essence” containing oil del@bycyrrhiza

Glabra (Licorice) Root Extract (0.105%) resultechinevidence
of sensitization or significant irritation. A cled patch test of
Licorice Extract (1% in 80% butylene glycol) applifor 24 h to

the upper arms of 44 healthy males and femalesegative.

Oil soluble Licorice Extract was not a human phetusitizer at
5%.

A higher consumption of licorice-(500 mg/week) by pregnant
women resulted in an odds ratio of 2.5 of a delater 38 wk for
having premature births. In clinical testing, degtrhizinated
licorice was effective in treating apthous ulcefdo link was
found between licorice consumption and BP in anoshedy.

PART Il - Constituent chemicals

Licorice Constituent Extraction

Licorice constituents are separated out of licogg&act by a
series of steps that may involve solvent extragtientrifugation,
high performance liquid chromatography (HPLC), asttier
separation procedures.

Zayed et al. (1964) fractioned crude alcoholicacttofG. glabra
root as diagrammed irigure 1.

Hatano et al. (1991) isolated glicoricone and licahone from

Chinese licorice by a multistep extraction. Thenplvas defatted
with n-hexane and then extracted with ethyl acetdtbe ethyl

acetate extract was subjected to centrifugal pamtit
chromatography and column chromatography.

Vaya et al. (1997) used a multi-step solvent apgrda extract
hispaglabridin A, hispaglabridin B, 4'-O-methylgtatin,
isoprenylchalcone, formononetin, isoliquiritigergnd glabridin
from powdered licorice root @b. glabra Acetone extraction of
the powdered root followed by solvent evaporatioodpced a
brown solid. The organic fraction was suspenddgdrochloric
acid and chloroform and further separated in mettiaexane
(90:10). The hexane fraction was further extraetéd ether to
produce isoliquiritigenin. The methanol fractiorasvfurther
extracted through several steps to produce hispadia A,
hispaglabridin B, 4"-O-methylglabradin, isoprenytdone,
fomonenetin, and glabridin.



Licochalcone A is extracted fror®. inflata by high-speed

G. glabra powdered roats (1 kg) counter-current chromatography (Wang et al. 2004).
Ethanol (95% . . .
thanol (95%) Cong and Lin (2007) used simulated moving bed teldyy to
Crude extract (150 g) extract liquiritin from licorice root.
Sodium carbonate i H P it
Acid-free fraction (122 g) Free Acids (26 g) Sun et al. (2007) extracted Glycyrrhizic Acid artilritin from

dried G. uralensisroot using microwave-assisted micellar

Potassium Hydroxide extraction with recoveries of 98.4% and 96.1%, eetipely.

Neutral Fraction: Combined acids and phenols
(1249 co, Analytical Methods
Succinic anhydrid i
Heeime an ﬁogl_jcohols 2:89) Acids (60 9 Phenols 309 \1ethods for the analysis of the constituent chelsioflicorice-
derived ingredients are listed Trable 28.
Alcohols (3.9 g) CHEMICAL STRUCTURES

Crystallization from methanol Methanolsolid residue (2.7 Hatano et al. (1991), Fukai et al. (2000), Haragathl. (2000),

ethanok-solid residue (2.7.9) Singletary and MacDonald (200), Tanaka et al. (20&1d He et

al. (2006) depicted structures for 52 chemical stiturents of

Beta-sitosterol (500 mg) . . ..
licorice extracts. These structures are shovkigare 2.

Figure 1. Fractionation procedure of crude alcoholic extract
of G. glabra root (Zayed et al. 1964).

Table 28.Methods used to analyze chemical constituentgofite-derived ingredients.

Method Purpose Reference
High-performance liquid Determine the content of Glycyrrhizic Acid in Lidee-containing confectionary and  Spinks and Fenwick 1990
chromatography (HPLC) health products
Mass and nuclear magnetic Established the structure of licochalcone A Chen et al. 1993
resonance (NMR) and by synthesis
HPLC purity Chen et al. 1993
Gas chromatography (GC), mass Purity of components extracted from licorice Vaya et al. 1997
spectra (MS) analysis, and HPLC
Low frequency electron Measure free radicals in licorice root, powder, angets in the stomach after oral Gallez et al. 2000
paramagnetic resonance (EPR) administration to mice
Semi-micro-HPLC Simultaneously detect Glycyrrhizicidy Glycyrrhetinic Acid, and glycyrrhetinic acid Okamura et al. 2001
mono-glucuronide in a combination of Licorice ramid peony root with rat feces
MS and NMR spectra Isolate and identify GlycyrrhiziAcid, Glycyrrhetinic Acid and other constituerts  Liu et al. 2001a
a licorice extract
Capillary electrophoresis Assess the quality of goumd licorice tablets Sun et al. 2003
Capillary electrophoresis with Determine the amount of liquiritigenin and isoligtigenin in G. uralensismedical Cao et al. 2004
electrochemical detection preparations, compound licorice tablets, and comgdicorice mixtures to a

detection limit of 4.7 x 10and 2.9 x 16 mol/l

Capillary electrophoresis Determine the presendglytyrrhetinic Acid, glycyrrhizin, and isoliquiigenin in Sung and Li 2004
dried, dry roasted, and honey roastedylabraroot

Capillary-zone electrophoresis (CZE)  Determinedbetent of licorice and distinguish species by@Z& peak area data of Rauchensteiner et al. 2005
glycyrrhizin, glabridin, Glycyrrhetic Acid, liquitin, and licochalcone A

HPLC Identify and quantify Glycyrrhizic Acid, glaldin, and lichochalcone in food grade  Access Business Group
and other types of licorice root estracts 2007

Liquid chromatography tandem massSimultaneously quantify multiple active licoricaybnoids (including liquritin, Li et al. 2007

spectrometry (LC-MS/MS)-based apioside, liquiritin, liquiritigenin, isoliquiritirapioside, isoliquiritin, and

method isoliquiritigenin) in plasma

LC with photodiode array detection Determinatiorglycyrrhizic acid Hennell et al. 2008

LC Content verification Korea Food & Drug
Administration (KFDA)
no date b
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Figure 2. Structures for 52 chemical constituents of licerxtracts.

1-methoxyficifolinol 1-methoxyphaseollidin

2'-0O-5'-C-diprenylglabridin 3'-hydroxy-4'- O-methylglabridin

3-hydroxyglabrol 3'-prenylkievitone
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Figure 2 (continued).Structures for 52 chemical constituents of licergxtracts.

5,5'-diprenylglabridin 6,8-diisoprenyl-5,7,4'-trihydroxyisoflane

0 o]
augustone dibenzoylmethane
OH
HO o]
HO
OCH5
o]
0 OCH,4

echinatin formononetin
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OH

Figure 2 (continued).Structures for 52 chemical constituents of licergxtracts.

gancaonin B

gancaonin E

gancaonin H

OH

OH

67

gancaonin C

gancaonin G

HO 8]

OH 8]
OH

genistein



Figure 2 (continued).Structures for 52 chemical constituents of licergxtracts.

HO o]
X

0 0

OH
o]
HO OH
glabrene glabridin
X
0 o}
PN ‘~
e Yo He” | o HyCO OCH,
glabridin diacetate glabridin dimethyl ether

o]

glabrol glabrone
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HO

Figure 2 (continued).Structures for 52 chemical constituents of licergxtracts.

o]

glicoricone glycycoumarin

P OCH; O

glycyrin glycyrol

/

glycyrrhizol A glyinflanin B
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Figure 2 (continued).Structures for 52 chemical constituents of licergxtracts.

glyinflanin C hispaglabridin A

hispaglabridin B isoglycyrol

OH Q

isoliquirtigenin kanzonol
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Figure 2 (continued).Structures for 52 chemical constituents of licergxtracts.

OH

HO

OCH,

licochalcone A

licofuranone

OH
HO
OH
OCH3
0]
licochalcone B
HO 0] 8]
OH
HO
0]

licoisoflavanone

licoisoflavone A

licoisoflavone B



Figure 2 (continued).Structures for 52 chemical constituents of licergxtracts.

HO o]

HaC o) o

O—0

o \“GHB

licoricidin licoricidin triacetate
HiCO o]
P OCH4
HO OH
licoricone licorisoflavan A
CH,0H
HO o]
HO
HO )
0
OH
o] CH,0H
HO
HO
OCHg
4]
licuraside
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Figure 2 (continued).Structures for 52 chemical constituents of licergxtracts.

HO
0
OH o}
liquiritigenin tetrahydroglabrene
o]
HO o}
OH
OCH,
HO OH
OH
tetrahydrolicoricidin vestitol

wighteone
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GENERAL BIOLOGY
Absorption, Distribution, Metabolism, and Excretion
Glycyrrhizic Acid and Derivatives

Glycyrrhizic Acid is poorly absorbed by the gastitestinal tract,
but it is hydrolyzed by an intestinal bacteria lpygwct into
Glycyrrhetinic Acid, which is absorbed and distitid through
the circulatory system. Both Glycyrrhetinic Acidnch
Glycyrrhizic Acid bind extensively to rat and humatasma
albumin, but are not absorbed well into tissue&Rk(2005).

Dermal Absorption
Licochalcone A

CTFA (2003) submitted a study on the dermal absmmpand
percutaneous penentration of licochalcone A ic@lce extract
samples (1% and 0.05% Glycyrrhiza Inflata (Licoyideoot
Extract; 0.012% and 0.019% licochalcone A) in ohauésions.
The emulsions were applied topically to excised plgn.
Analytical determination of the test substances easied out
with HPLC-mass selective detector (MSD). There 88%0
recovery of licochalcone A from the 1% sample a8%h86rom the
0.05% sample after 24 hTable 29 shows the amount and
distribution of the absorption of the recovereadicalcone A.
No licochalcone A was detected in the receptodflun a second
experiment using fine-cut pig skin for 24 h a2 there was a
50% loss of licochalcone A that the authors stated due to
metabolic degradation (CTFA 2003).

Intestinal Absorption
Glycyrrhizic Acid

Cantelli-Forti et al. (1994) and Wang et al. (19%%ch did
experiments to show that more Glycyrrhizic Acigbssorbed in
the intestine after oral administration of pure &lyhizic Acid

than after an oral administration of Licorice Extravith equal
Glycyrrhizic Acid content. The authors suggestedt thther
constituents of licorice extract inhibit the iniesi absorption of
Glycyrrhizic Acid.

Liquiritigenin, Liquiritin, Liguiritin Apioside andDavidigenin

Asano et al. (2003) used human colonic cells (C3cas a model
of human intestinal absorption in testing the apson of
liquiritigenin, liquiritin, and liquiritin apiosidextracted from G.
uralensis. Since liquiritin is converted to ligtigenin and then
to davidigenin by human intestinal flora (Zuo et2002; Chung
1998), the absorption of davidigenin was also idetliin this
experiment. Human colonic cells were grown in Eayl
minimum essential medium (E-MEM) with fetal boviserum
(FBS) and amino acids. Transepithelial electriistansce (TEER)
values across the cell monolayers were measuret avit
voltohmmeter. The membrane used for the trangxpetriments
showed TEER values over 60@n?.

Transepithelial fluxes were measured for the 4 rice
constituents (1 mM in ethanol or 50% ethanol ddui@ 50 UM
with transport medium) and 2 transport marker sabss,
[14C]mannitol (1.2 uM) and [3H]propanolol (100 uM).
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Table 29.Dermal absorption and penetration through excisgdkin
by recovered licochalcone A from 2 samples of Lim®Extract

(CTFA 2003).
Licorice Licorice
Parameter sample sample
1% 0.05%

Total dermal absorption 79% 86%
Dermally absorbed licochalcone A in the:

80%
15%
5%

a

7%
16%
7%

a

Horny layer
Epidermis
Dermis
Receptor fluid

2not detectable

The test substance was added to the apical (2@ p8solateral
(500 ul) sides of the inserts and the opposite tleaufilled with
the appropriate volume of transport medium

Incubation was for 3 h at 3€ with samples extracted from both
chambers every hour. Analysis for the flavonoids Wy HPLC.
Analysis for the paracellular transport markers &adscellular
transport marker was by measuring radioactivity.pagent
permeability coefficients (f) were calculated.

The efflux of each flavonoid for both apical andblateral sides
was linear with time for up to 3 h. Theg,Pfor the apical to
basolateral flux of liquiritigenin and davidigenmmere 16.0 +
0.727 x 10-6 cm/s and 18.3 + 1.67 x 10-6 cm/s, getiyely.
These values were higher than propranolol, 13.534 & 10 -6
cm/s (p < .01). The reverse, basolateral to apilced of
liquiritigenin and davidigenin were nearly 2-foldgher, 39.3 +
0.057 x 10 -6 cm/s and 41.4 £ 0.039 x 10-6 cm/% (©01),
respectively.

The R, for the apical to basolateral flux of liquiritind liquiritin
apioside were 0.26 £ 0.12 x 10-6 cm/s and 0.07D8%x 10-6
cm/s, respectively. The Rof liquiritin showed a tendency to rise
compared to liquiritin apioside. These values weveer than
mannitol, 0.64 + 0.04 x 10-6 cm/s (p < .01 and ,001
respectively). Higher B, values were observed for liquiritin and
liquiritin apioside in the basolateral to apicalredition in
comparison to those of the apical to basolaterakction, 2.4 +
0.047 x 10-6 cm/s (p < .001) and 0.47 + 0.26 x 1@¥#s (not
significant), respectively.

Recoveries were based on the amount of each fladvoe@overed
from both apical and basolateral chambers at Byjhiritigenin
was recovered at 42.0 £ 9.2% and 75.0 + 10.7%ectsly.
Recovery of davidigenin was 43.4 + 1.8% and 81.6.3%,
respectively. Recovery was greater for the ghdesi The
average recovery of liquiritigenin and liquiritipiaside was 97%
or greater in apical and basolateral loaded exmigin all cases
(Asano et al. 2003).



Distribution
Glabridin

Yu et al. (2007) connected adult male Sprague-Davelts (n =
8) to a perfusion system by the jugular veins. b@thn was
introduced at 0.5 ml/min up to 0.5 uM. The ratsengecapitated
and the brain removed at intervals. Cerebrospiluéd was
collected and the cerebral hemispheres and ceuebell
homogenized and assayed. This experiment wastezbeih the
additions of verapamil (100 uM), nifedipine (100 uMuinidine
(50 uM), MK-571 (100 pM) or probenecid (200 uM).her
blood-brain barrier permeability was calculated.

The uptake of glabridin into the cerebrum incredsech 0.42 +
0.09% at 1 min to 9.27 + 1.69% (ml/100g tissue3@imin and
was greater than that of sucrose at all time poihte values for
the cerebellum were 2.02 + 0.41% at 1 min and .429% at
30 min. The cerebrospinal fluid values for glabridere 1.10 +
0.23% and 3.95 + 0.86%, respectively. The effetthe drugs
increased the tissue level/plasma level ratio b§%3o 142.9%.

In another experiment, the authors orally admingsteglabridin
(5 mg/kg; 0.2% in DMSOQ) to male Sprague Dawley (ats 6).
The rats were killed at 15 and 30 min and 1, 8,48, 12 and 24
h and the plasma, brain, liver, heart, spleen,,langd kidney were
collected for glabridin analysis. This experimets repeated
with the oral administration of verapamil or quime (100
mg/kg) 2 h before glabridin administration.

Glabridin was found in the plasma and in all tissuke greatest
amount was found in the lung tissue as shovifainie 30. Both
doses of verapamil and quinidine increased the Aaid
maximum concentration in all tissues. Levels vieadter 24 h in
all tissues.

In plasma, glabridin alone peaked at 4 h at ~16hgjlabridin
with 25 mg/kg verapamil peaked at 4 h at ~14 ng/anid
glabridin with 100 mg/kg verapamil peaked at 2 k26 ng/ml.

In brain tissue, glabridin alone peaked at 3 h.&tr@/g tissue,
glabridin with 25 mg/kg verapamil peaked at 1 héhg/g tissue,
and glabridin with 100 mg/kg verapamil peaked 4t 4t ~9.5
ng/g tissue.

In liver tissue, glabridin alone peaked at 4 h &t71ng/ml,
glabridin with 25 mg/kg verapamil peaked at 2 h-22 ng/g
tissue, and glabridin with 100 mg/kg verapamil phkt 2 h at
~22 ng/g tissue.

In kidney tissue, glabridin alone peaked at 4 R%&# ng/ml,
glabridin with 25 mg/kg verapamil peaked at 4 h-22 ng/g
tissue, and glabridin with 100 mg/kg verapamil mhkt 2 h at
~33 ng/g tissue.

In spleen tissue, glabridin alone peaked at 4 h9a® ng/ml,
glabridin with 25 mg/kg verapamil peaked at 4 h-a¥ ng/g
tissue, and glabridin with 100 mg/kg verapamil phkt 2 h at
~24 ng/g tissue.

In heart tissue, glabridin alone peaked at 3 hm8 Zg/ml,
glabridin with 25 mg/kg verapamil peaked at 2 h-a0 ng/g
tissue, and glabridin with 100 mg/kg verapamil phhat 1 h at
~30 ng/g tissue.

In lung tissue, glabridin alone peaked at 3 h a#l 3&y/ml,
glabridin with 25 mg/kg verapamil peaked at 1 h-86 ng/g
tissue, and glabridin with 100 mg/kg verapamil gkt 1 h at
~36 ng/g tissue (Yu et al. 2007).

Metabolism and Excretion
Glycyrrhetinic Acid and Derivatives

Terasawa et al. (1986) measured the metabolisnhyaf/(hizic
Acid into Glycyrrhetinic Acid in healthy human sebjs. Five
healthy male subjects (aged 20 to 24 years) eadsiad 5 g of
licorice dissolved in 100 ml water. The dose watetmined by
HPLC to contain 133 mg Glycyrrhizic Acid and no elgtble
glycyrrhetinic acid. Volunteers were prohibitedrfreaonsuming
alcohol but were not otherwise restricted in normigt and
activities. Blood was collected from the cubitusnvdaily and
urine every 10 h for 7 d after administration.Glyrbygtinic Acid
and Glycyrrhizic Acid levels in the serum were meas using an
Enzyme Immuno-Antibody assay. Urinary levels weesasured
by HPLC.

Table 30. The pharmacokinetics parameters of glabridirais at 5 mg/kg administered to rats (Yu et al. 2007

Tissue/plasma
area under the

Maximum Tissue/plasma curve for 24 h

Area under the concentration Time of maximum  Elimination half- area under the corrected for
Tissue curve (ng h/ml) (ng/ml tissue) concentration life curve for 24 h blood
Plasma 97.4+34.6 15.0+4.6 3.13+1.02 3.20+0.93 1
Brain 18.3+5.9 2.8+0%8 3.09 £0.96 3.56 £1.08 0.19 0.27
Lung 216.1 £+ 657 33.4+9.9 312+1.11 3.73+1.22 2.22 2.15
Liver 155.0+48.4 18.7+5.2 411+1.24 493 +1.14 1.59 1.57
Kidney 196.2 +65.8 254 +7.7 4.06 +1.23 3.90 +1.07 2.01 1.96
Spleen 165.8 + 4977 199+58 4.08+1.2% 4.95+1.33 1.70 1.60
Heart 150.3 +474 258+8.3 3.10+1.01 2.59+0.82 1.54 1.49

2p < .05 compared to plasma
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The maximum serum Glycyrrhizic Acid occurred atahid levels
rapidly decreased afterwards. By the 96th hourc@hhizic Acid
was undetectable in the sera of all subjects. Likewurinary
Glycyrrhizic Acid peaked at the first 10-h collemti after dose
administration and rapidly decreased.

Serum glycyrrhetinic acid levels peaked at 30 nglbdut 24 h
after dosing and then declined. Four subjects load thut
detectable serum glycyrrhetinic acid at 48 h, aad 26 h.

Glycyrrhetinic acid appeared in the urine at the &@d 30-hour
time points and reduced at a rate consistent witbrs levels.
Total urinary excretion of glycyrrhetinic acid wasout 2% of the
administered dose (Terasawa et al. 1986).

Cantelli-Forti et al. (1997) studied the biliary cestion of
Glycyrrhizic Acid and glycyrrhetinic acid after d intravenous
(i.v.) administration of Licorice Extract or Glyayizic Acid.
Male Sprague-Dawley rats were given 480 mg/kg Glygyic
Acid or 6278 mg/kg Licorice Extract by oral gavage= 6 rats
per treatment group). The Glycyrrhizic Acid doses\selected to
give the same amount of Glycyrrhizic Acid foundhe Licorice
Extract dose. Six control rats were given 10 mifiggilled water.
After dosing, animals were anesthetized, and #imiomens were
opened. The common bile duct of each animal wes éind
cannulated with a polyethylene catheter, througlthvhile was
steadily collected every 120 minutes for 16 h.

Bile samples were analyzed by HPLC to detect Giyigic Acid
and glycyrrhetinic acid. After oral gavage of Glytyzic acid,
the excretion rate of Glycyrrhizic Acid via bile gdeed (18.02
ng/min/kg) at 8 h to 10 h and then decreased shafilgr oral
gavage with Licorice Extract (containing the samaoant of
Glycyrrhizic Acid), the biliary excretion rate ofy@&yrrhizic Acid
was significantly reduced compared to the i.v. dmseé peaked
(3.43pg/min/kg) at 6 to 8 h. AUC analysis showed a digant
7-fold increase in biliary excretion of GlycyrrhizAcid after oral
Glycyrrhizic Acid, compared to Licorice Extracthds excretion
of Glycyrrhizic Acid is higher after oral Glycyrrhic Acid than
oral Licorice Extract. Levels of Glycyrrhetinic ikin the bile
were below the detection limits in all bile samples

In another experiment, the authors used rats tiig anesthetized
and their bile ducts were cannulated for bile atitn. Baseline
bile was collected for 1 h and then 32.7 mg/kg Lim®Extract or
2.5 mg/kg Glycyrrhizic Acid was intravenously injed over a
period of 1 h by means of peristaltic pump. Thgd@irhizic
Acid dose was selected to give the same amountyafyfhizic
Acid found in the Licorice Extract dose. Bile sdagpwere
collected hourly for 6 h. Bile flow was increasafter licorice
extract injection, compared to Glycyrrhizic Acidantion. The
authors did not compare the biliary Glycyrrhizicidafter i.v.
injection of licorice extract and Glycyrrhizic Ac{€antelli-Forti
et al. 1997).

Glabridin

Cao et al. (2007) investigated the role of P-glyotgin in the
intestinal absorption of glabridin. The authomllyradministered
(5 or 20 mg/kg) or injected i.v. (5 mg/kg) glabridio healthy
male Sprague-Dawley rats (200 to 260 g; n = 6) afternight
fasting. Blood samples were collected over the 2dxh and
analyzed for glabridin. Oral availability of gladiin was dose-
dependent with a proportional increase. The ieggflabridin
was available faster and at a higher level thahaahainistration
and decreased linearly as showiable 31. The authors stated
that the oral absorption and oral bioavailabilifygtabridin are
low and dose-dependent.

The authors tested the in vitro metabolism of gtibrin rat
intestinal and hepatic microsomes collected fromlthg male
Sprague Dawley rats (190 to 250 g). The hepatr{ig/ml) and
intestinal (5.0 mg/ml) microsomes were incubatettiénpresence
of nicotinamide adenosine dinucleotide phosphat&{RH) or
uridine diphosphate glucuronic acid (UDPGA) forr8ih. After
cooling to stop the reaction, the cultures wererdeged and the
supernatant subjected to LC-MS and HPLC analysighe
experiment was repeated testing for the inhibitbof hepatic
glucuronidation of glabridin (at various conceritas) by various
compounds (verapamil, indomethacin, and dicofeha0@u M).

Table 31. The pharmacokinetic parameters of glabridin ajtat and intravenous adminstration to rats (Cead.€2007).

Parameter Oral adminstration at 5 mg/kg Oral adminstration at 20 mg/kg Intravenous administration at 5
mg/kg

Tax (D) 4.33+1.86 450+2.17 Not calculated

Cirx (Ng/m) 15.10 + 4.72 60.41 + 18.87 422.96 + 123.92

Ty (D) 2.38+0.70 241+0.74 1.92 +0.60

AUC, 4, (ng/ml/h) 96.49 + 32.34 387.98 + 137.28 1301.48 +.395

AUC,.. (ng/ml/h) 103.54 + 34.03 413.30 +127.72 1388.49 6.20

CL (ml/min/kg) Not calculated Not calculated 59.01

V, (I/kg) Not calculated Not calculated 2.72

Systemic Bioavailability (F) 7.45%

7.44% Not calcuthte
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No oxidative metabolites of glabridin were obseruedhe rat
intestinal and hepatic microsomes when incubatéusipresence
of NADPH. Formation of glabridin glucuronide wasserved in

rat hepatic microsomes in the presence of UDPGAhe T administration of verapamil (50 or 100 mg/kg).

formation of glabridin glucuronide was linear ups® min in 50
UM of substrate. A minimal peak of glabridin gluonide was
observed using HPLC and a weak glabridin glucuremad signal
was observed using LC-MS with rat intestinal miorogs. The
rate of formation of glabridin glucuronide in rattestinal
microsomes was ~1/15 to 1/20 of that of rat hepat@rosomes.

Diclofenac and indomethacin inhibtied the formatidglabridin
glucuronide in both microsomes by 68.5 + 15.2% #tiep and
72.3+14.3%. Verapamil did not inhibit glabridiluguronidation
in either microsome.

These authors also performed a single-pass ind¢gtarfusion
experiment using male Sprague-Dawley rats. Undesthesia
the following procedures were performed: jugulaginv
cannulation for infusion of blood collected fronetbonor rats,
isolation of an ileal segment for glabridin infusjoand
cannulation of the mesenteric vein for continuolo®t sample
collection. Glabridin (0, 0.1, 0.5, or 2.0 uM) wafused with or
without verapamil (a P-glycoprotein [PgP] inhibitd:00 uM),

probenecid (a multidrug resistance-associated jpr¢k¢RP) 1

inhibitor; 200 uM), 3-[[3-[2(7-chloroquinolin-2-yWjnyl]phenyl]-

(2-dimethylcarbamoylethylsulfanyl) methylsulfanytiropionic

acid (MK-571; an MRP1/2 inhibitor; 100 uM), or cetxib (a

MRP4 inhibitor, 100 uM). Glabridin was infusedla® ml/min

for 4 min then at 0.25 ml/min. The blood from thesenteric
vein was collected every 5 min over 60 min and yaread.

There were no oxidative metabolites formed in tedysates or
mesenteric vein blood. No glabridin glucuronideswdatected in
perfusates or mesenteric vein blood using HPLCeakvsignal
was observed using LC-MS.
glucuronidation of glabridin by rat perfused ililsagment was

minimal and gut metabolism had minor impact on thetopped and the precipitate was analyzed.

permeability coefficients of glabridin. The perrbédy of
glabridin based on luminal disappearance values ¢:&1 + 0.72
x 10-4, 8.22 £+ 0.91 x 10-4, and 11.54 + 1.31 x 1dwis for 0.1,
0.5, and 2.0 uM glabridin, respectively. The appeee of
glabridin in mesenteric vein blood increased ataticentrations
and was 6.5-to 7.0-fold lower than the lumen val{es .05).
The authors stated that the concentration-deperidergase in
lumen permeability of glabridin may be due to taktively low
to moderate intrinsic permeability of glabridin apéssible
involvement of a saturable active mechanism foriritestinal
transport.

Verapamil, probenecid, MK-571, and celecoxib did atier

lumen permeability with regard to glabridin at @oyncentration.
The appearance of glabridin in the blood at albBoentrations
was increased by verapamil (p < .05); the glabritfinthe

lumen/blood ratio decreased from a range of 7&@ao 3.0 to
3.3. The authors stated that this shows that Pg#fiated efflux
limited the absorption of glabridin across the titeal wall which

was reversed by verapamil.
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To study the plasma pharmacokinetics of glabrigi@e Sprague-
Dawley rats (n = 6) were orally administered gldbri(5 mg/kg
in water) or the same amount of glabridin 2 h aftex oral
&dowas
collected and analyzed over 24 h. Verapamil ireedathe
plasma glabridin in a dose-dependent manner (ffo:@21+ 4.59
[control] to 19.01 + 5.38 [50 mg/kg] and 25.38 £ ng/ml [100
mg/kg]; p <.05). The oral availability of glabiidncreased from
7.55% to 9.02% and 13.19%, respectively. The masim
concentration of glabridin in the blood was 4.16.27 h in the
control, which decreased to 2.25 = 0.52 and 2.16.46 h,
respectively.

The authors used FVB/NJ and mdrla gene-deficieot o
further study glabridin pharmacokinetics. The nf{ice 4) were
orally administered 5 mg/kg glabridin and killedratervals over
24 h. The plasma phamacokinetics of glabridin oirla(-/-)
mice was different than the wild-type mice. The@Wwas 3.77-
fold higher and the maximum plasma concentration2va3-fold
higher. The elimination half-life of the glabridivas longer in the
mdrla(-/-) mice compared to the wild-type mice 43151.14 vs.
2.97 + 0.89 h). The authors stated that this migie that
PgP/MDR1 had an important impact on oral bioavditgtand
elimination in vivo.

The authors concluded that glabridin has a lowtncavailability
in rats. The authors suggested that first-passimoésm also
plays an important role in low oral bioavailabilio§ glabridin
(Cao et al. 2007).

Isoliquiritigenin
Guo et al. (2008a) investigated the hepatic meisimolof
isoliquiritigenin isolated fronGs. uralensisusing pooled human

liver microsomes (0.17 nmol p450/mg protein).  live
microsomes (0.5 mg/ml microsomal protein) were bratad with

The authors stated thigbliquiritigenin (10 or 50 uM) and NADPH (1 mMNADPH

(0.1, 0.01, or 0.02 mM) was added. After 5 minrésction was
Fouromaj
(liquiritigenin, 3',4,4'-trihydroxyaurone, 2'3,4;4
tetrahydroxychalcone, (2)-6,4'-dihydroxyaurone) &hdninor
(2',4,4',5'-tetrahydroxychalcone, 2'4,4'-trihydgox
dihydrochalcone, (E)-6,4'-dihydroxyaurone) metatesli were
observed.

These authors also incubated human hepatocytegpaoiéd
human liver microsomes in isoliquiritigenin to dabéne the
secondary metabolites.  Five glucuronides were ctide
corresponding to monoglucuronides of isoliquiritige and
liquiritigenin, but no sulfate conjugates were alveel. The
glucuronides were: isoliquiritigenin 4'-O-glucurdgi (the most
abundant), liquiritigenin 4-O-glucuronide, liquigenin 4'-O-
glucuronide, isoliquiritigenin 4-O-glucuronide, and
isoliquiritigenin 2'-O-glucuronide. Liquiritigeni+-O-glucuronide
and liquiritigenin 4'-O-glucuronide could not benctusively
distinguished from each other.

When this experiment was repeated with human lkidney, and
intestine  microsomes, liquiritigenin  4-O-glucuroeid or
liquiritigenin  4'-O-glucuronide and isoliquiritigém®'-O-



glucuronide and isoliquiritigenin 4'-O-glucuronidlere detected
in allincubations. Liquiritigenin 4-O-glucuronide liquiritigenin

4'-O-glucuronide was only in the liver and intestimicrosome
incubations. Isoliquiritigenin 4-O-glucruonide wiasmed only
by liver and kidney microsome incubations (Guole2@08a).

Licochalcone A

Nadelmann et al. (1997a) injected intraperitone&livl of a 10
mg/ml solution of licochalcone A into SPF Wistarleneats of the
strain Mol:Wist. Urine samples were collected dag night and
venous blood samples were collected from the drpitxus.

Urine analyzed by HPLC contained 1% to 3% of thmiaistered
dose as the cis- and trans-isomers of 4-phenalitugbnide and
atrace of licochalcone A. None of the expectaddf4'-phenolic
glucuronide was detected. Only 2% to 3% of thaltdbse was
excreted in urine. Only licochalcone A and traRshénolic

glucuronide was detected in the plasma; as theertration of
licochalcone A decreased, the concentration ofstdaphenolic
glucuronide increased.

Nadelmann et al. (1997b) injected intraperitonedllyml of
licochalcone A (10 mg/ml) into 8 male SPF WistaisraTwo
more rats were used as controls. Urine was celligfor 3d. The
urine samples were diluted (1:1 v/v) with acetoleitrand
centrifuged. The supernatants were analyzed byG4PILhe
chromatograms of the urine samples showed thahétabolites
passed in the urine with retention times of: Zeghonide, ~10
min; E-4-glucuronide, ~11 min and E-licochalcone~23 min.

Systemic Renal Effects
Glycyrrhizic Acid and Derivatives

As reported in an earlier safety assessment (COB2®noderate
chronic or high acute exposure to licorice, Glyhiaic Acid,
Ammonium Glycyrrhizate, and their metabolites haween
demonstrated to cause several transient systertécatibns
including increased potassium excretion, sodium azder
retention, body weight gain, alkalosis, suppressibthe renin-
angiotensin-aldosterone system, hypertension, andcutar
paralysis.

Ataxia was observed after a very high acute exmodor
Glycyrrhizic Acid. These effects dissipated whempasure to
Glycyrrhizic Acid was terminated.

Ataxia also was blocked by mineralocorticoid reoephtagonists
spironolactone and eplerenone (CIR 2005).

Naringenin

Zhang and Wang (1997) isolatedpi@HSD from the kidney
cortexes of male Hartley guinea pigs. The activitghe 13-

OHSD was determined by measuring the rate of ceimerof

cortisol to cortisone. Five min prior to incubatj@concentrated
Triton DF-18 (2 pl) was added to each ml of the rosome
suspension. The suspensions were incubated anetdbgon
terminated with 3 ml methylene chloride and 10quticosterone
(144 pmol/l). The enzyme inhibition constant faringenin, a
licorice constituent, was determined by addingmg@nin (25 to
200 pmol/l) and cortisol at concentrations of 4a1&] 16 pumol/l.
The correlation coefficient (r) for naringenin wa€99. The
plotted lines of inhibition converged on the ordeandicating
that the inhibition was competitive. The kinetanstants for the
enzyme were Km = 3.30 pmol/l and Vmax = 26.21 phigl/
microsomal protein. The inhibitor constant, Kisalg.13 pmol/l,
nearly 4-fold that of cortisol. The authors comgd that
naringenin inhibited the BLOHSD in the renal cortexes at a
similar potency as Glycyrrhizic Acid.

Antinephritic Activity
Glabridin

Fukai et al. (2003a) isolated glabridin fr@nglabraextract and
tested it for antinephritic effects on male BALBhice weighing
17 to 22 g. The mice were housed in a standaridemaent and
fed under specific pathogen-free conditions. Ad tnice were
treated with rabbit-globulins (1 mg/mouse) 5 d prior to the
experiment.
nephritis was induced in mice by a single i.v. atign of rabbit
antimouse GBM serum (0.2 ml/mouse). Oral treameétiit 30
mg/kg of glabridin for 10 d started immediatelyrinary protein
excretion (UPX) was determined on days 5 and 1fer(dést
treatment) by the Coomassie Brilliant Blue dye bigdmethod.
Total cholesterol level in serum (TCL), serum cirgae level
(SCL) and BUN in serum were measured on day 1ih(a#er
last treatment) by automatic analyzer. Resultslaogn inTable
32.

Table 32.Effects of glabridin on urinary protein excreti@dPX), total serum cholesterol (TCL), serum creatrnevel (SCL),
and blood urea nitrogen (BUN) in a mouse glomerdisease model (Fukai et al. 2003a).

UPX BUN
Treatment Dose (mg/kg/d) (mg/d) TCL (mg/dl) SCL (mg/dI) (mg/dIl)
Normal mice 18+0.6 98+9 0.41 +0.02 22+3
Control (nephritis) mice 100 £ 23 357 +79 0.41+0.04 31+4
Glabridin treated mice (% inhibition vs control mjc 30 47 + 4* 209 +41* 0.41 +0.02 (0%) 23+1

(-53%) (-41%) (-26%)

*p <.05 vs. control, Student’s t-test
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UPX in mouse glomerular disease was reduced by 8% Various Compounds

glabridin treated animals. Serum TCL and BUN wdereased
by 41% and 26%, respectively, in glabridin tresatnals. The
authors concluded that SCL was not affected bytrgsatment
(Fukai et al. 2003a).

Licochalcone A, Licoricidin, and LicorisoflaviA

Fukai et al. (2003b) studied the antinephritic\attiof licoricidin
and licorisoflavan A (extracted fronG. uralensiy and
licochalcone A extracted fro@. inflataon a mouse glomerular
disease model (Masugi-nephritis). The mice (n =w&re
administered 30 mg/kg/d of 1 of the compounds pifalt 10 d.

The results are shown imable 33. Oral administration of
glabridin in this study produced the same resulta ¢he previous
study. Oral administration of licochalcone A f@&d reduced the

Tsukamoto et al. (2005) reported that licopyranocatin,
liquiritin, and liquiritin apioside, isolated fron®. uralensis,
exhibited CYP inhibitory activity at 97%, 98%, ar&l%,
respectively, at 0.25 mg/ml. The®f these compounds were
reported to be 3.6, 17, and 20 uM, respectively-(p-3
Hydroxyphenyl)propionic acid, isoliquiritigenin,i3-vestitol, 4-
hydroxyguaiacol apioglucodise, liquiritigenin 7,gidicoside, and
glucoliquiritin apioside were poor CYP3A4 inhibisor

Anti-hepatotoxic Activity
Glycyrrhizic Acid and Deriviatives

Shim et al. (2000) collected licorice extract fr@n uralensis
rhizomes with boiling water and glycyrrhizin by bog water
followed by 3 applications of ethyl acetate. Eagtraction (100

amount of UPX by approximately 35% and BUN by 26%ng/kg) was administered to male Wistar rats 30 wmiter

compared to nephritic mice (p <.05). There wasanceffect on
TCL or SCL levels. Licorisoflavan A reduced theamt of SCL
and BUN (p < .05).

Hepatic Effects
Glycyrrhizic Acid and Derivatives

Patrick (1999) stated that Glycyrrhizic Acid extext from
licorice roots has been used as a treatment fonahhepatitis in
Japan for over 20 years. This author suggestediigayrrhizic
Acid may inhibit the penetration of hepatitis viriato
hepatocytes and/or work as a free radical scavangdulating
the immune system through interferon mechanismsTacells.

Glabridin

Kent etal. (2002) found that P450 3A4 (isolateaffiEscherichia
coli), the major human drug metabolizing P450 erzymas
inactivated by alcoholic licorice root extract (025 to 6.25
png/ml) and glabridin (0.625 to 40 uM), from G. glapin a time-
and dose-dependent manner. The inactivation wab MmN
dependent and was not reversible by extensivesigy he loss
in enzymatic activity correlated with a loss in #é50-reduced
carbon monoxide (CO) spectrum and with a loss efittact
heme moiety. Incubations with glabridin and NADHH not
result in the destruction of the heme moiety asvshioy HPLC
analysis. The activity of P450 2C9 was competiyiighibited by
glabridin; P450 2D6 and 2E1 were unaffected (Kéal.2002).

inducing liver damage with 20% carbon tetrachloddeted with
olive oil (1 ml/100g). The licorice extract ancethlycyrrhizin
was administered either orally or intraperitoneétly- 6). There
was also a “normal” group of rats with no treatmemd a control
group that was administered the vehicle. Twenty-flo after
dosing, blood samples were obtained and AST, AlDHLand
triglyceride (TG) values were measured.

Both the water extract and the glycyrrhizic acidéhyl acetate
extracts) demonstrated preventive effects for ld@mage when
administered orally but not when administered ritoneally
as shown iffable 34. The same experiment was performed again
with glycyrrhizin and 18-glycyrrhetinic acid administered
intraperitoneally only.

Glycyrrhizin showed no hepatic protective effectsilev 183-

glycyrrhetinic did have protective effects as shamable 35.
The authors concluded that glycyrrhizin may betanaprodrug
with hepaptoprotective effects (Shim et al. 2000).

Glycyrrhizic acid and glycyrrhetinic acid have beslmown to
protect liver tissue from known hepatotoxins sushcarbon
tetrachloride, galactosamine, and retrosine. Ghaizic Acid
improved the viability of V79 cells also exposed 3omM
acetaldehyde or 10 uM cadmium. Glycyrrhizic Aaigh (o 200
K1M) did not prevent cadmium- induced lipid perotidain these
cells (CIR 2005).

Table 33.Effects of prenylated flavonoids on nephritic @ityi in nephritic mice (Fukai et al. 2003b).

UPX (mg/d) TCL in serum (mg/dl) SCL (mg/dl) BUN level(mg/dI)
Compound Day 5 Day 10 Day 11 Day 11 Day 11
Licochalcone A 58+% 65+ 14 269 £ 65 0.45+0.01 23 #3
Licoricidin 78+8 97 £10 510 + 130 0.43+0.03 53+18
Licorisoflavan A 61+2 129+9 608 + 58 1.04 + 0219 252
Glabridin 59+3 47+ £ 209 £ 4% 0.41+0.02 23+31

2 significantly different from controls at p < .05
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Table 34.The preventive effect db. uralensiswater extract and glycyrrhizin
on carbon tetrachloride-induced hepatotoxicityats (Shim et al. 2000).

Group CcCl, Dose (mg/kg) AST (Karmen unit) ALT (Karmen unit) LDH ( Wroblewski unit)

Normal Control 0 608.5 +19.2 608.9 + 33.5 1920.5 520

CCl, Control + 0 2306.3 £ 309.9 1294.5+261.4 4936.3 + 766.5

Water Extract + 1428.5 + 804.2 790.3+110.9 2622.8+11179
100 p.o.

Glycyrrhizin + 100 p.o. 1560.8 + 6657 738.8+£170.2 2960.7 + 1856.8

2 p <.001 from normal control dat&; p < .05 from CGldata;’ p < .01 from CCldata.

Gastrointestinal Protective Effects
FM100 Fraction

Ishii and Fujii (1982) tested the FM100 fractionliobrice root
(methanol extract fractionally precipitated withigom hydroxide
and HCI) on serum gastrin concentration in rats@dogk to test
if this may be the mechanism for the fraction’stpctive and
healing effects on chronic ulcers. Male Spraguadew rats
(CRJ:CD; n = 7 or 8) were administered 400 or 80§k
FM100 orally, anintramuscular (i.m.) injectionatfopine sulfate
(3 mg/kg), or cimetindine (50 mg/kg) after fastingernight.
After 1 h, the rats were killed and blood collectethe serum
gastrin concentration was not affected by 400 mgM4.00 but
it was increased by 800 mg/kg (p < .05). The segastrin
concentration was increased by atropine sulfate (p5) and
cimetidine (p < .01; positive controls).

In a second experiment, a small hairpin was usegparate the
antrum from the fundus (the upper and lower sestiohthe

stomach) to prevent the entry of gastric juice it® antrum in

anesthetized rats. FM100 was administered intréeiually (400

or 800 mg/kg; n = 8). The rats were killed 2 lefaind the blood
collected. The serum gastrin concentration wasedsed by
FM100 in a dose-dependent manner; 800 mg/kg of Blsllawer

than controls (p < .01).

After fasting overnight, capsules containing FMI1800 mg/kg)
were administered orally to beagles 60 min befeegling. Blood
samples were drawn from the brachial vein 10 miotgeand at
intervals after feeding. The serum gastrin corregioh was
increased upon feeding; there was no differencevdsst
treatment and controls.

In a second experiment using dogs, the antrumeyzsrated from
the fundus of anesthetized mongrel dogs and a rfietisla was
installed to the fundus to collect gastric juicghe stomach was
rinsed with saline until clean. Every 30 min, 2@Dof warmed
saline flowed though the stomach and the aciditshefoutflow
was titrated. Ten ml of 40% peptone solution wdiaistered
to the antrum 3 times at 90 min intervals. FM10@sw
administered intraduodenally 30 min before thedthdose of
peptone solution. Blood was collected from thedeahvein.

The serum gastrin concentration and acid outpué wereased
by intra-antral administration of peptone compared

pretreatment (p < .05). FM100 administration naimgd the
serum gastrin concentration and acid output atganent levels.
The authors suggested that the gastric anti-segratdion of
FM100 may be due to the inhibition of endogenowstrgarelease
(Ishii and Fujii 1982).

Table 35.The preventive effect of glycyrrhizin andt8lycyrrhetinic acid on CGlinduced hepatotoxicity in rats (Shim et al. 2000).

AST (Karmen unit) ALT (Karmen unit)

Group CCl, Dose (mg/kg)
Normal Control 0

CCl, Control + 0
Glycyrrhizin + 50 i.p.
Glycyrrhizin 100 i.p.
18B-glycyrrhetinic acid 50 i.p.
183-glycyrrhetinic acid 100 i.p.

432.0+91.2
3110.3 £ 66824
2784.6 £ 676.5
2653.2 £ 465.2

2446.4 +20.7

2155.8 £98.1

351.0 £59.2
2052.3 £4953%
1802.5 +855.1
1928.2 +1212.2
1796.8 + 231.6
1120.8 +473.8

3 p <.001 from normal control dat&; p < .05 from CCldata;’ p < .01 from CGldata.
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Glabridin

Kwon et al. (2008) tested the protective effectglabridin on
colonic inflammation using the dextran sulfate sodi(DSS)-
induced mouse colitis model. Female BALB/c mice @0; 6 wk
old) were orally administered DSS (5%; 40,000 ta080
molecular weight [MW] in the drinking water) for @ The
control mice received water. Glabridin (10 or 5@/kg; in
DMSO and PBS) or the vehicle was orally administeaiso for
7 d starting the same day as the DSS. The mice aleserved
daily for colitis development for 14 d. The micem killed at 7
and 14 d and the mid-colon extracted. The colos segtioned
and incubated in culture plates. The TilFand IL-6
concentrations in the supernatant were measurethe $f the
sections were then frozen, homogenized, and assé&yed
transcription-polymerase chain reaction for nitroosgide
synthesis. The rest of the sections were histofdigi examined.
The experiment was run 3 times.

The survival of the mice was enhanced by glabridifi.of the
controls survived for 14 d. The mice administdd& only had
a 50% survival rate. The mice administered 10 BMhang/kg
glabridin had 67% and 84% survival rates, respegtiv There
was less weight loss in the glabridin administereck (p < .05)
and a lower disease activity index for the higheseti mice (p <
.05). The colon length (colitis is associated wi¢itreased colon
length) of the glabridin-treated mice were longeday 7 for the
50 mg/kg dose and for both doses at day 14 thab8& only-
treated mice. Histological examination showed dgpi
inflammatory changes in colonic architecture (Wten, crypt
dilation, globlet cell depletion, and cell infilttan of
macrophages, lymphocytes, plasma cells, and greytels). The
glabridin-treated mice showed reduced numbers fifrating
cells, degree of mucosal injury, and edema. DSfirastration
induced increased levels of nitric oxide and PGE2.

Glabridin administration reduced the productiormoth nitrous

oxide and PGE2 in a concentration-dependent matheth day
7 and 14. Myeloperoxidase production was 4 tinigisdr in the

DSS-treated mice than the controls. This increasereduced by
glabridin at day 7 but not at day 14. The autrsuggest that
glabridin exerts anti-inflammatory effects by reshgcneutrophil

infiltration into the colonic mucosa.

iINOS and COX-2 immunoreactivity were evident throogt the
gut wall in the DSS-treated mice, particularlyhie tytoplasm of
the epithelial cells. Glabridin administration degsed the INOS-
and COX-2 producing cells. DSS increased the TiN#Rd 1L-6
levels at both days 7 and 14. The higher doseladsriglin

prevented the increase of TNFen both days 7 and 14 (p < .05).

The IL-6 increase was prevented at both dose leveloth days
7 and 14 (p <.05). Treatment with glabridin regtlithe increase
in the mRNA levels of INOS compared to the DDS-eelamice.
MRNA levels of COX-2 were unaffected by glabridieatment.
The authors concluded that colitis caused by D38 rastration
is attenuated by glabridin due to anti-inflammateffects on
inflammatory mediators, nitric oxide, PGE2, andanimatory
cytokines (Kwon et al. 2008).
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Isoliquiritigenin

Kim et al. (2006) orally administered saline, ratifte (5 mg/kg),
or isoliquiritigenin (5 and 10 mg/kg; in saline)reits (n = 6) after
fasting. After 1 h, the rats were anesthetized tedpylorus
ligated. Indomethacin (40 mg/kg) was injected tigio the
duodenum. The rats were killed and the stomaahsved and
preserved. Hemorrhagic and ulcerative lesions sewated and
measured by light microscopy. Sections were thxamined by
a pathologist. Ranitidine reduced the volume dftiga acid
production and protected against gastric mucosaione
formation. Isoliquiritigenin prevented gastric@dsiecretion (p <
.01) and gastric ulcer formation (p < .001) simttaranitidine.

Cerebral Effects
Glabridin

Cui et al. (2008) tested for the neuroprotectivéea$ of
glabridin, isolated fronG. glabrg against scopolamine using
male Kunming mice (SPF) using an elevated plus raarkethe
passive avoidance test. The mice were divided8rgooups (n
= 6) and were treated for 3 d. Control group 1 sempolamine
group 1 were administered carboxymethyl cellulasgpension
(0.3%; p.o.). Control group 2 and scopolamine gr@uwere
administered the carboxymethyl cellulose suspengipr). The
piracetam group was administered the nootropic ta¢é®0
mg/kg; i.p.). The glabridin groups were administeglabridin (1,
2, or 4 mg/kg; p.o.). On the third day, 60 mireathe last dose,
scopolamine (0.5 mg/kg; i.p.) was administeredltmie except
for the control groups. Each mouse was placedhempen arm
of the elevated maze 45 min later and the timedktfor the
mouse to go to a covered arm was timed. The mére vested
again 24 h later. There was no difference in time the mice
took to move to the closed arms between the scopoéagroups
and the scopolamine with the low-dose glabridinuggo The
mid- and high-dose glabridin groups had shorteesirthan the
scopolamine groups (p < .01) and similar to thetrabigroups.

In the passive avoidance test, 45 min after thgpadamine
injection the mice were place in a box with an &leal grid on

the floor and a wooden platform in the middle. Thiee were
timed for how long it took them to step onto theatlified grid.

The test was repeated 24 h later. There was ferelice in the
time the mice took to move off the wooden platfanmo the grid
between the scopolamine groups and the scopolanithehe

low-dose glabridin groups. The mid- and high-dgksbridin

groups had times longer than the scopolamine grups.01)

and similar to the control groups.

The low dose of glabridin had no effect on cholieesse activity
in the mice. The mid- and high-doses of glabrididuced the
brain cholinesterase activity in the mice compdacethe control
group (p < .01) by 14.53% and 19.19%, respectivelyhe

standard drug, metrifonate (50 mg/kg, i.p.) Redudedin

cholinesterase activity by 21.51% compared to @isitr The
authors concluded that the anticholinesterasejaftdimmatory,

and antioxidant effects of glabridin may be therses of the
memory-enhancing effect (Cui et al. 2008).



Yu et al. (2008) tested for the neuroprotectivet of glabridin
(5 or 25 mg/kg in 0.2% DMSO i.p.) on male SpragaaM2y rat
brains (n = 8) that had middle cerebral artery wsioln induced
surgically. The rats were treated with glabridin T week prior
to and after surgery. Group 1 had a sham operaftbout artery
occlusion and treatment with the vehicle; groupa? la sham
operation and treatment with glabridin (5 mg/kghup 3 has a
sham operation and treated with glabridin (25 mg/ggoup 4
had surgical cerebral artery occlusion and treatmeétn the
control; group 5 had surgical cerebral artery osioln and
treatment with glabridin (5 mg/kg); group 6 hadgscal cerebral
artery occlusion and treatment with glabridin (28/kg). The
occlusions were removed after 2 h to allow repéofus
Neurological functions of the rats were evaluated after
reperfusion by induced and spontaneous motor &chbiyia blind
evaluator. After 7 d, the rats were killed, thaibs immediately
removed, and the forebrains sectioned and fixedXamination.
SOD activity, MDA levels, and glutathione levels ree
determined. Blood samples were taken before andsirgery.

Treatment with glabridin did not alter blood gassbkod

pressure, hematatocrit, and blood glucose befoadter surgery
in either the treatment or sham groups. Neuro&dimctions

were unaffected by the sham operations, with drout glabridin.

Surgical cerebral occlusion with no glabridin résdlin marked
neurological deficits (circling movements, postatahormalities,
less to no spontaneous movements and severe patvoriks.

Glabridin treatment at the high dose improved therological

symptoms compared to the control; the low dos@&did Rats not
treated with glabridin with surgical cerebral ocitin had brains
with lesions present in both the lateral striaturd the overlying
cortex (246.3 £ 20.8 mm3). Glabridin (5 mg/kg) wedd the
infarct volume (238.2 + 19.5 mm3; p < .05) as ¢hd high dose
(215.3 £ 15.8 mm3; p < .05).

Apoptosis in ischemic brain section for the corgnabs 9.73 £
0.8%. The number of apoptotic cells was decresseds treated
with glabridin (p < .05) at both the low (8.16 #6@6) and high
dose (7.03 £ 0.7%). Rat brain SOD and glutathlewmels were
decreased by surgical cerebral occlusion comparedet sham
controls; MDA levels were increased. Treatmenhwiabridin

increased SOD and glutathione levels in a doserdigre manner
(p <.05). Treatment with glabridin decreased M&npared to
the vehicle controls (p < .05 and .01).

In in vitro tests, cortical neuronal cultures frawt cerebral
cortices collected on embryonic day 16 to 18 ob§pe-Dawley
rats were used. The experiments were conductedlames 7 to
9 d old. Using the MTT assay, cells were exposeglabridin

(0.1 to 100 uM) and staurosporine (0 or 35 nM)Zdrh. Co-
treatment of the neurons with glabridin for 24 hilited the
cytotoxicity induced by staurosporine in a concatidn-

dependent manner (J¢4.1 £ 0.7 uM). (2)a-Tocopherol was
less potent (I 6.9 + 1.2 puM).
staurosporine (35 nM) for 24 h were characterizeghyinkage
of the cell body, membrane blebbing, chromatin emsation,
nuclear pyknosis, and positive labeling of 3'-OHM®&hds using
the terminal deoxynucleotidyl transferase mediat&d P nick
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end labeling (TUNEL) assay. Co-treatment with gldib (0.5 to
100 pM) inhibited the apoptosis of the rat neurons.

Staurosporine (35 nM) treatment induced time-depenh®NA

laddering pattern in cell extracts prepared afemtment from 2
to 48 h. Co-incubation with glabridin (0.5 to 1aM) reduced
the DNA laddering in a concentration-dependent raann

Staurosporine (35 nM) induced an increase in Baxejm and
caspase-3 proenzyme but a decrease in bcl-2 pratenat
primary cortical neurons. Bax protein and caspapesenzyme
levels were reduced by glabridin in a concentratiependent
manner. Bcl-2 protein expression was recovereglddyridin co-
incubation. Superoxide production in cortical reg was
enhanced by staurosponine (35 nM) over 24 h, wilimum
production at 4 h, as labeled by ethidium. Co-ration with
glabrin (1 or 10 uM) inhibited superoxide produatat 0.5, 2, 4,
and 8 h but not at 24 h. The low concentratioruced the
number of ethidium-labeled cells by 38.9%, 37.6%,1%0, and
9.3%, respectively. The high concentration of gi#ib reduction
values were 50.0%, 52.1%, 68.9%, and 26.5%, reispéct The
authors concluded that glabridin exhibited neurtgartive effects
in vitro and in vivo with inhibition of oxidativetsess-induced
neuronal damage (Yu et al. 2008).

Glycyrrhetinic Acid

Seckl et al. (1991) tested the effects of licoricethe form of
glycyrrhetinic acid extracted from licorice, on thains of male
Sprague-Dawley rats (300 g). Bilateral femorak@al and

venous cannulas were implanted under light andstlaesl the
rats were allowed 3 h to recover. The rats wega thjected s.c.
with glycyrrhetinic acid (5 mg in ethanol; n = 5) ethanol

vehicle (n = 4) at time 0. At 45 min, the rats avajected again.
Immediately after the second injection, the ratsavijected s.c.
with either glucocorticoid corticosterone (500 mgethanol) or
the ethanol vehicle. Local cerebral glucose wilon was
measured using the fully-quantitative [14C]2-deduggse

autoradiographic technique. Tracer was injectetbamin and
the animals killed at 120 min. Autoradiograms wprepared
from coronal brain sections and analyzed densitocadlyy. Sixty

forebrain regions were examined.

Administration of glycyrrhetinic acid, which inhiisil13-OHSD,
led to increased metabolic activity in the hypatial preoptic
area (20%) and arcuate nuclei (26%) compared toraer(p <
.05). The additional injection of glucocorticoidrticosterone
elevated its level in the plasma to 603 + 35 nnieimpled at the
time of the tracer injection) compared to 51 + 6ofiinin the
controls. Glucocorticoid corticosterone alonemtid affect local
cerebral glucose use in any forebrain region. dijpe of
glycyrrhetinic acid in the presence of elevatedcgtorticoid
corticosterone led to increases in glucose usehénarcuate
nucleus (43%, p <.01); hypothalmic preoptic ag&#24, p <.05);

Neurons incubated inparietal cortex, layer IV (23%, p <.01); CA3 higampus (23%,

p < .01); lateral hypothalmus (19%; p < .05); paravicular

nucleus (12%; p < .05); and zona incerta (40%;.@13. There
was a decrease in glucose use in the subfornigahai9%; p <
.05). The authors concluded thaBi@HSD may play a role in



regulating the effects of corticosterone in thérbaad is inhibited
by glycyrrhetinic acid (Seckl et al. 1991).

Isoliquiritin and Liquiritin

Wang et al. (2008) tested the antidepressant sftdcdoliquiritin
and liquiritin extracted frons. uralension mice (sex and strain
not specified). Fluoxetine (20 mg/kg; positive tof), liquritin
(10, 20, or 40 mg/kg), isoliquiritin (10, 20, or 40g/kg), or
deionized water vehicle (control) was orally admsiered to the
mice 30 min before testing. The mice performeldezithe forced
swim test where they swam for 6 min in a glasshc@r and the
time of immobility was recorded by an observer thlia treatment
during the last 4 min. Other mice were suspendetthd tail for
6 min and the time of immobility was recorded.

In a third test, liquiritin, isoliquiritin, and floxetine were
administered at 20 mg/kg 30 min prior to the t&xtur mice were
placed in 4 cylinders at the same time and thd tot@motor
activity of each mouse was recorded for 5 min. tA# mice
administered 20 mg/kg of the phytochemicals, therots, and a
group that had not been treated or stressed whed kind the
brain immediately dissected.

Immobility for mice administered liquiritin in botthe forced

swim test (p < .001) and tail suspension test (fl<and .001)
was reduced compared to the control and similéineégositive

control, fluoxetine, which indicated an antidepesgdike effect.

Mice administered isoliquiritin in both the forcedim test (p <
.001) and the tail suspension test (p < .01 antl).B8d reduced
immobility compared to the control. In all castése 20 mg/kg
had the greatest effect.

There was no differences in locomotor activity oy treatment
compared to the control in the locomotor activigtt indicating
that the difference in mobility in the other testsre not due to
possible central nervous system-stimulating effects

Increases in the concentrations of the neurotratensb-HT and
NE in the mouse hippocampus, hypothalamus, anéxémm
both the forced swim test and tail suspensionadstinistered
phytochemicals was similar to the positive confiabxetine, and
greater than the control (p < .05, .01, and .001)ere were no
differences in the neurotransmitter DA in any braigion for any
treatment. There was reduced 5-HIAA in the hippamas and
cortex with both treatments. The 5-HIAA/5-HT ratiovere
reduced in all brain regions tested in rats frorthtsiress tests
except for the hippocampus region for the liquiritieatment.
The authors concluded that isoliquiritin and lidfirir produced
antidepressant-like activity (Wang et al. 2008).

Tyrosinase/Melanin Effects

Glycyrrhizic Acid

CIR (2005) reported that cellular melanin contamt grosinase
activity were dose-dependently increased with Giyrdyic Acid.

Various Compounds

Nerya et al. (2003), as part of a study of glalriand related
compounds (acetone extracts fraBh glabra root) for skin
lightening, tested the effects of these compoumdymsinase.
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Potassium phosphate buffer (0.07 ml, 50 mM) at (31 ®.03 ml
tyrosinase (333 units/ml) and 2 pl of one of tteted compounds
(licorice extract, 0 to ~30 pg/ml; glabridin, 0.68 3.5 uM;
glabrene, 0.07 to 50 puM; or isoliquiritigenin, 2 500 uM)
dissolved in absolute ethanol were inserted intaveb plates.
After a 5 min incubation at room temperature, Ol1-tyrosine (2
Mm) or 12 mM I-dihydroxyphenylalanine (DOPA) wasdad.
The authors stated that the use of I-tyrosine aD@®PA as
substrates made it possible to distinguish betvwieerbility of
the extract to inhibit the o-hydroxylation of tyies and its further
oxidation to o-diquinone. Ethanol was used as dbatrol.
Optical density at 492 nm was measured.

The extract inhibited the oxidation of tyrosinethg enzyme to

an IG, of 0.9 pg/ml. The authors stated that the maximum
inhibitory activity was higher than that expecteah its glabridin
content (~10% w/w). The extract also inhibited diéation of
[-DOPA by the enzyme to an JCof 53 pg/ml. The inhibitory
effect on the first step of oxidation was greatemt that on the
oxidation of I-DOPA. All the compounds tested beddh as
inhibitors of the monophenolase activity of tyr@se. The lag
period depended on both enzyme and substrate doatens in

the reaction medium.

Glabridin, isoliquiritigenin and glabrene inhibitednophenolase
activity with 1G,, values of 0.09, 3.5 and 8.1 uM, respectively.
The IG, values for diphenolase activity were 15 to 1008e8
higher: glabridin, 3.94 pM; isoliquriitigenin 474 glabrene,
7600 pM. All effects were dose-dependent. Hisplagdiin A
and B did not inhibit tyrosinase activity. Isopykralcone, 2'-
and 4'-O-methyl glabridin did not inhibit tyrosimeactivity. By
varying the concentration of |-tryrosine, the authshowed that
glabridin is also a noncompetitive inhibitor of thenophenolase
activity of tyrosinase, while glabrene and isoligigenin
exhibited mixed inhibition. The inhibition conste(i) values
for glabridin, isoliquiritigenin and glabrene wede38, 0.18 and
0.99 mM, respectively. Noncompetitive inhibiticor fglabridin
was Ki = 0.81 mM.

To test the effects these compounds (in DMSO) bavaelanin
content, human melanocyte (G361) cells were grawDNEM
supplemented with 2 pg/mlinsulin, 1 mM sodium pyate, 1 mM
nonessential amino acids, 4 mM glutamine, 10% fetHiserum
(FCS), and antibiotics. After 3 d in culture, thells were
collected by trypsinization and counted by meartsypian blue.
The cells were analyzed for melanin content. Mel@ontent
was determined at 405 nm. The®Of inhibited pigmentation
was compared to the cytotoxic effects of the complsias shown
in Table 36

Glabridin had an I, of ~ 2.4 pg/ml; isoliquiritigenin, 4.73 pg/ml
and glabrene, 6.68 pg/ml. The authors statedglahtene and

isoliquiritigenin exert inhibiton on tyrosinase-aggplent melanin

biosynthesis, suggesting that isoflavones and ohakmay serve
as skin-lightening agents (Nerya et al. 2003).



Table 36.Effects of glabridin, glabrene and isoliquiritigeron melanin synthesis in G361 human melanocy{esy@a et al. 2003).

Test compound (concentration) % melanin % survival

Glabridin (10 pM) 42.15+13.1 92.2+19.5
Glabrene (10 pM) 73.6 5.7 71.9+4.04
Isoliquiritigenin (10 pM) 87.9+6.8 110.2+7.9
Isoliquiritigenin (20 pM) 63.3+4.8 92.06 £ 2.6

A p >.005 compared to control

Neuromuscular Effects
Glycyrrhizic Acid and Derivatives

CIR (2005) reported that Glycyrrhetinic Acid ansl derivatives
reversibly blocked gap junction communication ahadtt 1&:-
Glycyrrhetinic Acid and 18-Glycyrrhetinic Acid mediated a
concentration-dependent inhibition of junctionahdactance by
60%. Complete blockage of the gap junction channelsndid
occur even at concentrations as high as 100 pM.

Glycyrrhetinic Acid (1250 mg/kg) administered ipniice caused
sedation, hypnosis, hypothermia, and respiratoryrestssion.
Glycyrrhetinic Acid administered ip (1250 mg/kg) ®c. (625
mg/kg) did not stimulate or depress either the stimgtic or
parasympathetic branches of the autonomic nervgsters of
mice. A cat administered 125 mg/kg GlycyrrhetiAwid ip did

not exhibit any changes in BP and had normal resgsortio
stimulation of sympathetic and parasympathetic eer(CIR

2005).

Glycycoumarin
Nagai et al. (2007) compared the ability of cultdédhand wildG.

Sato et al. (2006) used the jejunums of male ICéerto test the
antispasmodic effects of glycycoumarin extractednfthe roots
of G. uralensis The jejunum sections (10 to 15 mm) were
attached to a strain-gauge transducer and allowedre to a
steady state. Carbamylcholine chloride (1 pmopftassium
chloride (60 mmol/l), barium chloride (3 mmol/l)r 423187
(calcium ionophoe l1lI; 6 pmol/l) was added to indicsustained
contraction. Glycycoumarin (3 x 10-7 to 3 x 10-®lfly in
ethanol) was added cumulatively at 5 min intervals.

Verapamil, forskolin, 3-isobutyl-1-methylxanthinelBMX),
vinpocetine, milrinone, rilipram, and zaprinast walso tested for
comparison. cAMP or cGMP content of the jejunumswa
measured by enzyme immunoassay.

Glycycoumarin inhibited the contraction of mousgupeim
induced by carbamylcholine chloride in a concemdrat
dependent manner with ang}©f 2.93 £ 0.94 umol/l (1.08 £ 0.16
png/ml) similar to papaverine (1.64 = 0.46 umol/l5D + 0.16
pg/ml). Carbamylcholine chloride-induced contratiof the
ileum and colon were also inhibited (G 4.87 £ 1.27 pmol/l
[1.79 £ 0.47 pg/ml] and 2.44 + 1.06 pumol/l [0.9089 ug/mi],

uralensis root, due to its glycycoumarin content, to relaxespectively). Glycyoumarin showed concentratiepehdent

carbamylcholine (carbachol)-induced contractioisotated mice
jejunum. Glycycoumarin content was found to bed® for all

3 extract sources. Water extracts from 4-yearaohii5-year-old
roots from cultivated plants and the roots fromdwplants
collected in Inner Mongolia were used. The jejuwas isolated
from male ICR mice (7 to 10 wk old). Maximal caaxttion was
induced with acetylcholine (1 uM) and the jejunuraswashed
then exposed to carbachol (1 uM). After the caima came to
equilibrium, samples (in methanol) were adminisdereery 5 min
in a cumulative manner. The potency of inducedxaion was
expressed as the EC

The extracts of cultivated roots (25 to 250 pg/anyl collected
roots induced relaxation in carbachol-induced autéd jejunal
segments in a similar manner. The maximal relagfiects of the
cultivated roots (72.7 £ 3.2%) and the collectedtso(68.5 +
5.2%) were observed at 250 pg/ml. For compartb@rnaximal
relaxant effect of peppermint oil was 77.0 = 9.684@ pg/ml.
The relaxant effects by all 3 extracts was in aediespendent
manner (50 to 200 pg/ml). The E@as similar for the 4- and 5-
year-old roots and the collected roots (134 + 218 £ 10, and
134 £+ 16 pg/ml, respectively) but less than thategipermint oil
(13.4 £ 6.0 pg/ml; Nagai et al. 2006).
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inhibition of the contractions induced by potassthioride (IG,

= 2.59 + 0.58 pmol/l; 0.95 + 0.29 pg/ml), bariumaide (1C;,

4.09 £1.82 pmol/l; 1.51 £ 0.67 pg/ml), and A23187.,=7.39

+ 5.19 Umol/l; 2.72 £ 1.91 pg/ml), similar to vatudor

papaverine. Pretreatment with glycycoumarin (10iijmeduced
the contraction caused by the cumulative additiocatcium in

Ca++-free Tyrode solution (with a potency similaverapamil).
Forskolin (an adenylyl cyclast activator) inhibitethe

carbamylcholine chloride-induced contraction of feginum.

Inhibition was potentiated by pre-treatment witkicgicoumarin
(20 umol/l) or IBMX (a potent non-selective phosglesterase
inhibitor). The authors suggest that glycycoumaakerts its
relaxant action through inhibition of phosphodieste.

To test phosphodiesterase inhibition in combingtion
carbamylcholine chloride was used to contract j@nisegments
then milrinone (a selective inhibitor of phosphatézase 3) was
added. Milrinone inhibited contraction in a corkation-
dependent manner at less than 50% contraction gatnidl/I.
Inhibition was not enhanced by the addition of gbmumarin
(umol/l). However, relaxation by rolipram, a phbegiesterase
4 inhibitor was enhanced by pretreatment with gtpaymarin.
This was also the case with milrinone. Glycyroumatid not
affect the inhibition response of vinpocetine araprmast
(selective inhibitors of phosphodiesterase 1 andgpectively).



Glycycoumarin (1 and 3 pmol/l) and forskolin (OrBcal pmol/l) isoliquiritigenin, were increased. The inhibitiorof
increased the cAMP content of mouse jejunum irptiesence of carbamylcholine-induced contraction of mouse jennwith
carbamylcholine chloride (1 pmol/l) in a concentratdependent aqueous extract of licorice was increased by treatnwith
manner. cGMP was notincreased by glycycoumdtire authors nariginase, shifting the Igfrom 358 + 104 to 150 £+ 35 pg/ml

concluded that glycycoumarin, from G. uralensigspacts as a
potent antispasmodic by means of intracellular agation of
cAMP through the inhibition of phosphodiesterasespecially
isozyme 3 (Sato et al. 2006).

Isoliquiritigenin and Related Compounds

Sato et al. (2007) isolated isoliquiritigenin fraghe roots ofG.
uralensis Male ICR mice (8 wk old) were killed after ovaght
fasting and their jejunum, ileum, and rectums reeabguickly,
cleaned of connective tissues, and cut into rifidOdo 15 mm
in length. The sections were exposed to varioususnts and
the isoliquiritigenin and the muscle tension meadur
Isoliquiritigenin showed concentration-dependehitiition of the
tonic contraction of mouse jejunum induced by canlaholine
(1 pM), potassium chloride (60 mM), and barium cide (0.3

mM) with 1C, values of 4.96 + 1.97 uM, 4.03 + 1.34 pM, an

3.70 £ 0.58 uM, respectively. These values areilainto
papavarine. Pretreatment with isoliquiritigenirhibited the
contraction cause by the cumulative addition otyckoline as
strongly as papavarine and non-competitively. bitbry effect
of
Isoliquiritigenin also inhibited carbamylcholinednced
contraction of the mouse ileum and rectum with, Malues of
5.55+2.79 and 1.70 £ 0.07 uM, respectively.

The authors tested for phosphodiesterase inhibitlmn
isoliquiritigenin.  Forskolin, an adenylyl cyclasactivator,
inhibited carbamylcholine-induced contraction ofuse jejunum
in a concentration-dependent mannegC25 + 0.08 uM). The
inhibition was not accelerated by pretreatment

isoliquiritigenin (10 M) even though there wastsn the ICG,

(Sato et al. 2007).
Liu et al. (2008) tested the effects of isoliqugrgnin, extracted

from G. glabraroot, on guinea-pig tracheal smooth muscle as a

possible treatment for airway inflammation and caction.
Dunkin Hartley guinea pigs were killed and the lreas removed
and cut into spiral strips. After the strips (n 6} were
precontracted with acetylcholine (10 uM), potassitioride (40
mM), or histamine (10 uM),
isoliquiritigenin (1 to 1000 uM). The experimeraswonducted
with and without epithelium.  The -loglg values for
acetylcholine-, potassium chloride-, and histamieeted trachea
strips were 4.42 + 0.6, 4.35 + 0.59, and 4.49 4 (xéspectively,
and statistically similar. Isoliquiritigenin relea the contractions
in a concentration-dependent manner with and witbpithelium.

dThe authors stated that isoliquiritigenin-induceahzhiodialation

was likely epithelium-independent.

To examine the possible mechanisms for the relee@tts of
isoliquirtigenin, the experiment was repeated drel tracheal
strips were pretreated withaNnitro-I-arginine methyl ester (100

butylscopolammonium bromide was competitivepM; nitric oxide synthase [NOS] inhibitor), oxyhegiobin (10

MM; binds nitric oxide), or indomethacin (10 pM; chy-
oxygenase inhibitor). There were no effects torétaxations of
acetylcholine-precontracted tracheal strips elititdy
isoliquirtigenin.  The authors suggest that nitdgide and
prostaglandin were not involved in the relaxatiaused by
isoliquiritigenin.

Further experiments were conducted with pretreatmvih 1H-

witfi,2,4] oxandiazolo [4,3-a] quinoxalin-lone (10 puMsoluble

guanylyl cyclase inhibitor), 9-(terahydro-2-furajx@H-purin-6-

they were treated with

to 0.16 £ 0.08 uM. Glycycoumarin (10 uM), a knowrnamine (100 uM;adenylyl cyclase inhibitor), or KTZZ3(300 nM;
phosphodiesterase inhibitor from licorice, had@py0.11 +0.04 cGMP protein kinase inhibitor). The adenylyl cydanhibitor
UM. Theinhibition of carbamylcholine-inducedw@ctionwith  had no effect on the relaxation effects of isolitigienin.

IBMX (ICg 3.23 %
pretreatment with isoliquiritigenin (1 uM), shifgrthe IG, to
1.44 + 0.35 pM. Isoliquiritigenin did not increabe cAMP or
cGMP content in the mouse jejunum. The authoredtthat
the mouse jejunum might not be related to its phodpesterase
inhibition.

Other compounds from G. uralensis were
phosphodiesterase inhibition. Liquiritigenin wasak, liquiritin,
liquirtitin apioside, and isoliquiritin were inagg. Davidigenin
was a potent inhibitor with an JCof 5.07 + 163 pM.

The authors tested the effect of the addition afgn@ase on
contractile inhibition. HPLC analysis of aqueoigstice extract
did not show any peak of isoliquiritigenin, thudyoatrace of this
compound may be present; its glycosides, isolitijriand
isoliquiritin apioside were abundant. When theraott was
treated with nariginase, the amounts of glycosidere decreased
while those of their aglycones, such as liquiritige and
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0.72 uM) tended to decrease witlPretreatment with the soluble guanylyl cyclasehitbr and the

protein kinase inhibitor attenuated relaxation /586 and
46.6%.

An additional experiment using glibenclamide ( 1 ;ulATP

channel blocker), 4-amino-pyridine (100 pM; voltadgpendent
potassium channel blocker), apamin (1 pM; calciwtivated
potassium channel blocker), or charybdotoxin (VL pnother

tested faalcium-activated potassium channel blocker) form® prior to

treatment with isoliquiritgenin were conducted. aGlbdotoxin
inhibited the effect of isoliquiritigenin by 42.5%he other
chemicals had no effect.

In patch-clamp studies using tracheal smooth mustdle, single-
channel conductance by calcium-dependent potassiamnels
in the absence of isoliquirtigenin was not diffdrémom that
measured after the application of isoliquiritigefitD0 puM).
Average channel activity increased substantialljo(8) from
0.035 to 0.31 within 20 s of exposure to isoliggghin (100 M)
and the magnitude of unitary current remained ungéd in the



presence of isoliquritigein. The average chancigligy returned
to control level (0.037) within 60 s of washoutheTaddition of
KT5823 reduced the increased average channel tgctivithe
channel in the presence of isoliquiritigenin to40.0

Pretreatment with isoliquiritigenin prior to stination with
acetylcholine (10 uM) induced a dose-dependentatémtu of
actetylcholine-induced calcium contraction
Pretreatment with KT5823 caused a reduction ir¢sponse to
isoliquiritigenin in tracheal smooth muscle celtsrsilated by
acetylcholine.

Guinea pig tracheal smooth muscle cells were edtwvith and
without IBMX (100 uM; n = 6). The basal releasee&MP and

chloride again. Licochalcone A relaxed the tonibage
contraction induced by acetylcholine. The phasitaction was
only weakly affected and was not dose-dependeiacbchalcone
A relaxed the tonic phase contraction induced bjagsium
chloride.

The phosphodiesterase activity of licochalcone A determined

responsasing a cyclic nucleotide phosphodiesterase (PB&jyakit. The

ICgowas 22.1 £ 10.9 pM, similar to IBMX and papaver{@é.2

+7.4and 31.8 £ 2.0 uM, respectively) and glycyadm(30.3 +
8.0 uM) isolated from G. uralensis root. Isolidgiigenin had no
influence on PDE activity at > 200 uM. The authsuggested
that licochalcone A exerted its relaxant effecsomoth muscle

cGMP was 71.8 + 10.4 and 2.3 + 0.4 pmolimg proteiﬁzontractionthroughinhibitionochMP PDE (Magaid 2007).

Isoliquiritigenin (30 or 100 pM) increased both cRNB9.6 + 7.8
and 105.2 £ 100 pM, respectively; p <.05) and cGMPR5 + 2.8
and 23.7 + 3.1 pmol/mg protein; p < .05) levekoliquiritigenin
alone had no effect on cAMP but increased cGMP (6% The
authors suggest that phosphodiesterase (PDE) tiohilzictivity
of isoliquritigenin is enough to prevent the cGM@dkdown, but
has no effect on cAMP breakdown. Further testmgaed that
isoliquiritigenin and zaprinast (PDES5 inhibitor)chao effect on
cAMP whereas IBMX, milrinone, and rolipram elevatssMP.

Isoliquiritigenin’s effect on PDE activity was testusing human
platelets and U937 cells (n = 6). There were rweiased in
enzyme activity in any of the treated cells. T@gIs > 300 puM.

The authors suggested that the relaxing activityasfquirtigenin

in trachea might also attribute to accumulation aytlic

nucleotides and the resulting opening of potassinamnels and
diminution of agonists-induced calcium contracti@sponse.
Isoliquiritigenin relaxes guinea-pig trachea thr@umultiple of
intracellular actions, including soluble guanylyictase (sGC)
activation, inhibition of PDE4, and associated\aation of the
cGMP/cAMP protein kinase signaling cascade leadinghe

opening of calcium-activated potassium channels @aidium

contraction decrease through cGMP-dependent préiaase
(PKG)-dependent mechanism and thus to tracheaiatide (Liu

et al. 2008).

Licochalcone A

Nagai et al. (2007) used segments of ICR mice jgjurio
measure the relaxant effects of licochalcone Aaigal fromG.

inflataroots. The segments were contracted with acetifeh(l

pM), allowed to equilibrate, then exposed to cahioa¢l pM),

potassium chloride (60 mM), barium chloride (1 nd1A23187
(6 uM). When contraction was at steady statechatcone A
(0.3 to 30 pM) was added in a cumulative mannerygeyanin.

Licochalchone A demonstrated relaxant effects irdase-
dependent manner against all 4 stimulants. Thg, B@ainst
carbachol, potassium chloride, barium chloride,A28187 were
5.64 + 1.61, 5.12 + 1.68, 1.97 + 0.48, and 2.63.6852uM,

respectively.

The authors exposed the jejunum segments to abetile (1
KUM) or potassium chloride (60 mM). After a 45 redquilibrium
period, licochalcone A (3.0 or 6.0 uM) was addAéer 10 min,
the jejunum segments were exposed to acetylchotipetassium

86

Blood Effects
Licochalcone A

Barfod et al. (2002) investigated the effect obtibalcone A on
the activity of human peripheral blood mononuclesdt(PBMC)
proliferation and cytokine production. Heparinizgeripheral
blood was collected from volunteers and PBMCs uariated by
density centrifugation and washed. The cells wdeged in
growth media or cryopreserved in liquid nitrogeimcubation
with 25 pg/ml of licochalcone A resulted in >93%ability.
Licochalcone A showed a dose-dependent inhibitibrthe
proliferation of the lymphocytes with ~80% inhiloiti at 25.00

pg/ml.

To further investigate the effect of licochalconemlymphocyte
proliferation, staining and analysis by flow cytangewere

performed. Licochalcone A demonstrated a dose g anti-
proliferative effect with a lower percentage of lyhocytes in the
offspring generations. The proliferation indexttoe control was
decreased with 25 pg/ml licochalcone A.

To measure cytokines in the culture supernatatés ekposure
to licochalcone A, frozen PBMCs were rapidly thawad
washed and stimulated (for 22 h) with either 10md. coli LPS
or phenylmercuric acetate (PMA) and ionomycin \&itidl without
dilutions of licochalcone A (0 to 100 pg/ml). ElASvas used to
measure the concentrations of interferon (IFN)NF-a, IL-1j,
IL-6, and IL-10. Licochalcone A reduced the rek=ad all 4
cytokines in a dose-dependent manner. To invastihe effect
of licochalcone A on IFN secretion, PBMCs were stimulated
with PMA and ionomycin in the presence of the chat& [FNy
was reduced (p < .05) at 25.00 pg/ml.

To investigate the inhibitory mechanism of licoctmale A on
cytokine production, T-cells and monocytes wemnagtated with
PMA (50 ng/ml), monensin (1.5 pM) and ionomycin ()
while exposed to the chalcone. Licochalcone A reduthe
frequency of TNFe-producing monocytes after LPS stimulation
in a dose-dependent manner. The mean level of dNF-
fluorescence was reduced in a dose-dependent marimene was
no inhibitory effect on the production of TNFer fluorescence
of T-cells. The authors stated that licochalcénand some
analogues may have immunomodulatory effects arglrtiay be
candidates for anti-microbial agents and treatrfeerdgther types
of disease (Barfod et al. 2002).



Ziegler et al. (2004) investigated the effectdai¢halcone A on
the membranes of human erythrocytes. Erythroeyses treated
with 0, 0.2, 2.0, 10.0, and 25.0 pg/ml licochalcofeand
examined under light microscopy after 5, 15, andh80and then
1,2,4,24,30and 48 h. The erythrocytes hapgesHaformations
within 5 min when treated with 25.0 pg/ml. At thewer
concentrations, the deformations manifested ima-tlependent
manner; discocytic or slightly stomatocytic formsrescomplete
after 24 h. The researchers found that the reguttiembrane
loading was irreversible when cells exposed to2h® pg/ml
level were then exposed to 5 pg/ml and they didetoirn to the
echinocyte Ill shape.

Isoliquiritigenin

Tawata et al. (1992) collected blood from healtblymteers. The
blood was centrifuged and suspended, washed, rsdsg and
adjusted to 4 x 105 platelets/mm in buffer. Ten ahlthe
suspension were incubated with 1 mCi of [32P]orttogphate for
90 min. The labeled platelets were washed and sgpdo
isoliquiritigenin or aspirin (2, 5, and 20 pg/miyhe treatments
were dissolved in ethanol (final concentration tfamol was
0.1%). Platelets were exposed for 5 min. In aditamhal
experiment, thrombin was added 5 min later. Tlxetien was
terminated 2 min later with an equal amount of duffontaining
sodium dodecyl! sulfate (SDS) followed by boiling & min.
SDS-polyacrylamide gel electrophoresis and autogadphy
were employed to assess the platelet aggregation.

Isoliquiritigenin reduced the rate of platelet aggation from 82%
to 64% (2 pug/ml) or to 52% (5 pg/ml). Aspirin regd the
platelet aggregation rate from 82% to 75% (2 ugbmh4% (5
png/ml). An inhibitory effect was also observed whbhrombin
was added to the platelets, ~50% reduced to ~15886-20% for
isoliquiritigenin (5 pg/ml) and aspirin (5 pg/migspectively.

To explore the mechanism of the platelet aggregatibibition,

the researchers tested the effect of isoliquintigeon the
production of 12(S)-hydroxy-5,8,10-heptadecatriencacid

(HHT) and 12-hydroxyeicosatetraenoic acid (12-HETHS)

platelets. After exposure to isoliquiritigeningid 10 pg/ml) and
5 min exposure to thrombin (0.5 U/ml), HHT prodoctiwas
reduced to 88.3 = 1.0 and 24.7 + 10.0%, respegtizeid 12-
HETE production was reduced to 89.9 + 1.5% and $0.0.7%,

respectively.

Rats were orally administered 50 mg/kg isoliquijéin in 1%

carboxymethyl cellulose (CMC) twice daily for 3 @ontrol rats
were administered the vehicle. Three h afterdlsedose, blood
samples were collected in 3.8% sodium citrate. glasma was
centrifuged and the platelet aggregation was medsurThe

platelets from the rats administered isoliquiritigehad a lower
rate of aggregation compared to the control ratiditionally, the

amount of thrombin to achieve 50% aggregation atighéts from
treated rats was 0.617 + 0.016 U/ml; platelets foamtrol rats
required 0.504 + 0.015 U/ml (p < .05). The authsieged that
isoliquiritigenin may be an aldose reductase irtbib(Tawata et
al. 1992).
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Licorice Flavonoid Oil

Nakagawa et al. (2008b) investigated the hemorcheffiects of
licorice flavonoid oil using 5-week-old male Crj:CED) rats
(SPF) as a follow-up study of short-term oral tityi¢see below).
The rats were divided into 6 groups. Groups 1® and 5 (n=
3) were control groups fed a basal diet for 2Gdoups 2 (n =5),
3 (n=05), and 6 (n = 3) had licorice flavonoid ¢8%)
incorporated into the diet for 20 d. Group 4 (B)=had licorice
flavonoid oil incorporated into the diet for 13rebh fed the basal
diet for the remaining 7 d. The rats in group 3enedministered
2 vitamin K (70 mg/kg/d) injections i.p. on days a8d 14.
Blood samples were collected on day 11 for groupad6 and
on day 15 for groups 1 to 4. Clotting measurememtgthrombin
time and activated partial thromboplasin time waieninistered
on days 15 and 20.

Group 2 had prolongation of prothrombin time antivated
partial thromboplasin time compared to the cordgrolp. These
levels in group 3 returned to normal within 2 ceatihe vitamin
Kinjections; group 4 returned to normal within &fter cessation
of licorice flavonoid oil in the feed. Groups 5da had
prolonged prothrombin time and activated partisdbmboplasin
time. In group 2 at day 20, the activity of vitan{-dependent
coagulation factors IlI, VII, IX, and X were decreds this
decrease resolved after the vitamin K injectiorsesisation of the
test diet. The concentration of fibrinogen, a wita K-
independent factor, did not decrease, but increasée effects
of vitamin K were evident until the end of the expent. The
authors concluded that licorice flavonoid oil inibéal the
synthesis of vitamin K related coagulation factbr¥|I, IX, and
X, similar to warfarin (Nakagawa et al 2008b).

Cardiac Effects
Glycyrrhizic Acid and Derivatives

Treatment with Glycyrrhizic Acid, but not glycyrrigic acid,
reduced the size of myocardial infarcts in rabhiith a suture
tied around the left coronary artery to occludeodidow for 30
min (CIR 2005).

Cholesterol Effects
Glabridin

Rosenblat et al. (1999) examined the effect andhar@sm of
macrophage enrichment with glabridin on the cajtgiluf these
cells to oxidize LDL. Glabridin was isolated fraime acetone
extract of G. glabra roots. Upon incubation of mabages (J-
774 A.1 cell line or mouse peritoneal macrophaty23Nl)) with
glabridin (20 uM) for 20 h at 3@, cellular glabridin content
increased from 0 to 1.8 + 0.2 ug glabridin/mg petitein (n = 3).

Incubation of MPMs or J-774 A1 macrophages with LiDlthe
presence of 2 uM copper sulfide (CuS04) for 53vac€ resulted
in a 90% or 82% inhibition of LDL oxidation, respisely, by the
glabridin-enriched macrophages in comparison witghdontrol
cells (no inhibition). Extending the experiment2® h resulted
in only 65% and 48% inhibition of LDL oxidation ltlgese cells
in comparison to controls. Glabridin was not cgkit to the
cells since there was no effect on cell countsnothe release of



LDH. Cell fractionation revealed that ~60% of thabridin was
localized in the macrophage membrane and ther#dst icytosol.
Repeating the experiment and varying the glabddircentration
from 0 to 20 pM demonstrated that the effect obgtiin was
dose-dependent.

Apolipoprotein E-deficient (EO0) mice (n = 10) rewsil 20 pug/d
glabridin in their drinking water or just water férwk. Their
MPMs were harvested and tested for cell proteihe freated
mice had 1.6 + 0.3 ug glabridin/mg cell proteinfteA5 h LDL
(10 pg protein/ml) incubation with the MPMs in thiesence of
2 UM CuS04, cell-mediated oxidation of LDL by tHalgidin-
enriched macrophages (0.6 + 0.2 nmol MDA equivaleng of
LDL protein) was reduced by 88% compared to ungéetabntrols
(cells from mice that just drank water; 5.6 + Ordah MDA
equivalents/mg of LDL protein). The mice wereddlafter 6 wk
of glabridin consumption and their aortas disseciiuere was a
50% reduction in lesion area (plague accumulatompared to
controls (52 + 8 and 106 + 11 um2 x 103, respelstivénalysis
of the lesion oxysterol derivatives showed that of
hydoxycholesterol, B-hydroxycholesterolg-epoxycholesterol
and 7-ketocholesterol was reduced by 54%, 58%, Bh#h56%,
respectively (Rosenblat et al. 1999).

Glabrol

Choi et al. (2007) tested the effects of glabrartf the ethanol
extract of licorice root, species not identifiet) atherosclerosis.
Rat liver microsomal acyl-coenzyme A:cholestergltaansferase
(ACAT) activity was measured after exposure to gdhbACAT
activity was inhibited in a concentration-dependeanner with

monooxygenase; TH enzymes in the liver were alslidad.
Glycyrrhizic Acid binds to high mobility group prhs
(HMGP1/2), caused a conformational change in thems, and,
thus, inhibited the phosphorylation of HMPG1/2 bgotpin
kinases (CIR 2005).

The neutral red (NR) cell viability assay gave aR39 of 18-
glycyrrhetinic acid and IBglycyrrhetinic acid of 0.26 mM and
0.13 mM, respectively, using the neutral red assttyBALB/c
mouse 3T3 fibroblasts as indicators (CIR 2005).

Glycyrrhetinic acid administered i.p. caused apsistoin

splenocytes and thymocytes in mice. The apoptadis
splenocytes was a result of the inhibition ofpAQHSD by

glycyrrhetinic acid, which increased the levelgofticosterone.
Glycyrrhizic acid enhanced the production of IL-1252, and

interferon (CIR 2005).

Glabridin

Cao et al. ( 2007) reports that glabridin (0.1 @0 11M) was not
cytotoxic to human Caco-2, Madin-Darby canine kidfdDCK)
Il cells (control), or ultiple drug resistant (MDRIMDCKII cells
for up to 48 h in a MTT assay. There were no deide
metabolites produced by the cells as determineHPyC and
LC-MS analysis except for a minimal formation oflgtidin
glucuronides in Caco-2 cells.

The authors examined intracellular accumulation effidix of
glabridin in Caco-2, MDCKII and MDR1-MDCKII cells i
regard to time and concentration. The uptake abgdin was
linear up to 60 min; the efflux of glabridin out tfe cells was

an IG, of 24.6 UM in an enzyme assay. The positive cbntr also linear up to 20 min. The accumulation anduefiof

pheylpyropene A, had an J{f 0.8 M. The authors report that9labridin in Caco-2 cells increased in a conceiunatiependent
liquiritigenin, isoliquiritigenin, ononin, and glycoumarin, also Manner similar to the Michaelis-Menten kineticshwé one-
isolated from the same root, did not inhibit ACAGtigity up 100 binding site model as the best fit. The estimadhaelis-

HUM. The authors tested for the effect of glabrol ellular Menten constant (Km) and maximum volume of distiiu

cholesterol esterification on HepG2 cells. Theibitbn of (Vmax)were 12.35+1.41 and 4.68 + 1.03 uM with4#i7+ 0.76
cholesteryl[1-14C]oleate synthesis was concentradiependent Ng/min/mg cellular protein and 0.67 + 0.04 pg/mig/cellular

with an 1G,, of 26.0 pM with no cytotoxicity up to 250 pM. The Protein for uptake and efflux, respectively.

authors suggested that glabrol may be the source of
antiathrerosclerotic activity of licorice in hypéaesterolemic

patients. Table 37.Inhibitory activity of flavonoids on cAMP

phosphodiesterase (Kusano et al. 1991).
Effects on cAMP Phosphodiesterase

5
Glabridin and Related Compounds Sample 1Go (x 107 M)
. o o Isoliquiritigenin-4'O-apioglucoside 171
Kusano et al (1991) reported that flavanoids, iditlg glabridin, o
. . ; Isoliquiritigenin 18
isolated from the byproducts of glycyrrhizin extiiao from o
licorice root for the medical industry were inhioi of CAMP qu“frftf” _ > 500
phosphodiesterase. The inhibitory activity of lavids is given  Liquiritigenin 108
in Table 37, with glycocoumarin being the most effective. Glabridin 8.2
Cytotoxicity and Cellular Effects Licoricidin 4.9
Glycyrrhizic Acid and Derivatives Licoarylcoumarin 10
o . o . . Glycyrin > 500
Glycyrrhizic Acid inhibited the enzyme activity pfoteinase in .
. . L . Glycycoumarin 0.7
an in vitro system and was a potent inhibitor ofdative
phosphorylation coupled to succinate oxidation @t kver  Glycyrol 44
mitochondria. Glycyrrhizic acid administered tocmiinduced  Isoglycyrol >500
hepatic CYP3A-2B1 and 1A2-dependent microsomallLicoricone 2.3
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When monitoring the intracellular concentrationgtdbridin at
1.0 pM over 120 min, it appeared that the effluglabridin from
Caco-2 cells was monoexponential with a half-life@@4 min.
The authors stated that this indicated a rapidoéxgitabridin from
the cells during the first 10 min followed by awlexit requiring
several hours. When the cells were preincubatddwerapamil
or nifedipine (100 uM) for 2 h, glabridin accumidet increased
by 83.3 £ 13.3% and 116.9 + 15.2% (p < .05), retpely.
Addition of MK-571 (100 pM), celecoxib (100 pM), or
probenecid (200 uM) did not change glabridin ingtadar
accumulation. When the cells were preincubategiapamil or
nifedipine for only 30 min, glabridin efflux wascleased by 27.8
+ 3.3% and 32.5 £ 4.2% (p < .05), respectively.efEhwas no
change with the addition of the other inhibitor§he authors
stated that this indicates that glabridin is pdgsibsubstrate for
PgP/MDR1, but not for MRP1-4.

Intracellular accumulation and efflux of glabridim both
MDCKII and MDR1-MDCKII cells were linear up to 12fin.
The accumulation and efflux amounts of glabridirl (@ 50 puM)
in both cell lines increased in a concentrationeaelent manner.
The uptake of glabridin by MDCKII cells was ~3-fdidjher than
that of MDR1-MDCKII cells (p < .05). The efflux glabridin by
MDR1-MDCKII cells was 5- to 7-fold higher than tlwentrol
MDCKII cells (p < .05 and .01). The cells remaingdble for
the 120 min of incubation. The authors state thase results
suggest that PgP/MDRL1 diminished the uptake inecthay the
efflux of glabridin by MDCKII cells and that glaldlin is possibly
a substrate for PgP/MDR1.

The authors examined the transport of glabridinCiaco-2
monolayers. Glabridin (0.1 to 100 pM) was loadadhe apical
or the basolateral side and the receiving sideyaadl|with LC-
MS. There were no detectable metabolites in eifirection at
all concentrations over 60 min. Glabridin was detd on the
receiving side by 5 min. The flux rate in eithéredtion was
concentration-dependent and was linear up to 60 Miansport
from the basolateral side to the apical side (80125.63 x 10-5
cm/s) was higher than the other direction (0.85%.%6 x 10-5
cm/s; p < .05). The permeability coefficient fartb directions
decreased with increasing glabridin concentratidrise authors
state that this experiment demonstrated a pol&izat the Caco-
2 permeability toward glabridin and a predominarstyretory
rather than absorptive transport. The efflux wiith addition of
verapamil suggested to the authors that glabridis avsubstrate
for PgP with high affinity.

To investigate the nature of the polarized transpbglabridin,

transport studies were conducted using MDCKIIl anDRJ-

MDCKII monolayers. MDR1-MDCKII cells over-expresise

human PgP/MDR1. Glabridin (0.1 to 50 uM) had ~RH-greater
permeability in MDCKII monolayers in the basolaldmapical

side transport than in the other direction (p <08501). The
transport of glabridin across MDR1-MDCKII monolagewras
greater in the apical to basolateral side at alteatrations (p <
.01 and .001).

Reducing the pH from 7.4 to a range of 5.5 to Gbsed an
increase in glabridin flux by 24.5% to 56.8% at@1.0 uM in
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both directions. The authors state that lower @y reduce the
ionization of glabridin and thus increase its itited transport.
Changing the medium from sodium salts to potassaits had no
effect on transport across the cells. The rednafdemperature
from 37°C to 4°C reduced the flux of glabridin (0.1 and 1.0 uM)
from the apical to basolateral side and the bas@hto apical

side by 42.2% to 75.5% (p < .05). The absencduabge in the
medium did not affect transport from the apicah® basolateral
side but did decrease transport of glabridin (\d 20 puM) in

the basolateral to the apical side direction b$%0and 65.2% (p
<.05). The authors stated that glabridin transpotoss Caco-2
monlayers was pH-, energy-, and temperature-dep¢hdé not

sodium-dependent.

The authors tested the effects of ATP inhibitord AfP-binding

cassette (ABC) transporter inhibitors on glabri(inl and 1.0
pM) transport in Caco-2 monolayers. The additidnthe

transport buffers sodium azide (10 mM), 2,4-dirptrenol (1

mM), or verapamil (100 pM) increased the apicdbasolateral
transport (p < .05) by 52.8%, 38.6%, and 82.4%eetvely, for

the low amount of glabridin. Similar results wesported for the
higher amount. Probenecid, MK-571, and celecoidndt alter

the transport in either direction. The authorsgesg the MRPs
play a minor or negligible role in the intestinaarisport of
glabridin.

The authors tested for effects of glabridin on Pgfliated
transport of the probe digoxin in Caco-2 cellsalssidin inhibited
digoxin transport in a concentration-dependent raamvith an
ICg, 0f 2.56 + 0.04 pM. Verapamil had potent inhibjteffects
on PgP-mediated transport of digoxin, with ag, 6 2.34 £ 0.03
UM. The authors stated that this indicates thabridiin was a
potent PgP inhibitor in vitro.

The ATPase activity assay was used to assessdjlabraffinity

for PgP/MDR1. Glabridin (0.1 to 100 pM) demonstthta
concentration-dependent stimulation of vanadatsiSea

PgP/MDR1 ATPase activity with the one binding sitedel as
the best fit. Verapamil exhibited a stimulatorieef over 0.25 to
100 pM (Cao et al. 2007).

Yu et al. (2007) reported that glabridin (0.1 t®310M) was not
cytotoxic (<10%) to cryopreserved primary rat
microvascular endothelial cells incubated for upt®h in an
MTT assay. There were no detectable oxidative buditas and
conjugates observed when primary rat brain microvias
endothelial cells were incubated with glabridiri(@ 100uM) for
2to 48 h.

Rat brain microvascular endothelial cells incubateglabridin
(O to 100 pM) for 120 min demonstrated a linearakpt of
glabridin up to 30 min with a maximim uptake rafe@.5 + 1.3
ng/mg cellular protein. Uptake then gradually desd. The
uptake of glabridin was ~0.5% to 0.75% of the logdiose. The
estimated Km and Vmax were 10.87 £1.46 pM and 4.8120
ng/min/mg cellular protein. The authors concluu the uptake
best fits the one-binding site Michaelis-Mentenetios model
without a passive diffusion component. They atateshat there

brain



may be 1 predominant transporter or multiple trantgys with
similar affinity for glabridin.

The efflux of grabridin by rat brain microvasculkamdothelial
cells was linear up to 60 min then slightly dedfirte 120 min.
The efflux increased with concentration of glabwidihe Km and
Vmax were 15.48 + 2.94 uM and 1.32 + 0.08 pg/ming@iular
protein.

Intracellular concentration of glabridin in rat ranicrovascular
endothelial cells (glabridin substrate 1.0 uM o/2® min) was
bi-exponential with half-life values of 2.55 + 0.8hRd 14.62 *
1.53 min, indicating a rapid exit of the drug froie cells in the
initial 5 min followed by a relatively rapid exitThe authors
stated that this suggested multiple transportetis differential
affinities to glabridin.

Rat brain microvascular endothelial cells wereipoeibated for
2 h and co-incubated for 30 min with ATP and traomtgr

inhibitors. Sodium azide (10 mM) increased thealspt of

glabridin (0.1 and 1.0 uM) by 52.1 + 5.8% and 57 85% and
2,4-dinitrophenol (5 mM) increased uptake by 62.8.8% and
64.5 + 7.6%, respectively (p < .05). Verapamil {10M),

nifedipine (100 uM), and quinidine (50 uM) increds$iee uptake
of glabridin (0.1 uM) by 78.3 £ 8.9%, 87.2 + 9.48@d 91.4 +
11.2%, respectively (p < .05, .01). Similar reswere reported
for glabridin at 1.0 uM. MK-571 (100uM) and proleeid (200
KUM) increased glabridin uptake (p < .05). Celebd®i00 uM)

did not affect glabridin uptake. The authors cadeld that
glabridin uptake by these cells is ATP-dependent.

When testing the permeability of rat brain micrauaar

endothelial cells by glabridin, the authors repdrthat luminal
to abluminal permeability of glabridin (0.10 to 2J0®) increased
as did the abluminal to luminal permeabilty. THhetuainal to

luminal permeability was higher (p < .05, .01). eféa were no
detectable metabolites in either direction. Pebiliéaincreased
over time (60 min) in both directions; abluminalltioninal was
greater than the opposite direction (p < .05, .01).

Rat brain microvascular endothelial cells wereipoeibated in
sodiumazide (10 mM), 2,4-dinitrophenol (5 mM),aeamil (100
KUM), nifedipine (100 uM), quinidine (50 uM), prokemid (200
uM), MK-571 (100 uM) or celecoxib (100 uM) for 2 h.
Glabridin (0.1 or 1.0 uM) was then added to eitherluminal or
abluminal side and incubated for an additional 3. mll of the
ATP and transporter inhibitors, except celecoxikcrdased
luminal to abluminal permeability (p < .05, .01)daimcreased
abluminal to luminal permeability (p < .05, .01) hbth
concentration of glabridin (Yu et al. 2007).

Glycyrrhizan GA

Shimizu et al. (1991) measured the effects on phygoactivity
of glycyrrhizan GA, as well as fractions from thetraction
process, using a modified carbon clearance tdge rRale mice
(ICR-SPF) were administered glycyrrhizan GA (20 kagi'p.)
suspended in physiological saline daily for an @csfed period
of time. The positive control was zymosan (an genii that
consists of a mixture of polysaccharides, proteams] ash, of
variable concentration, derived from the cell walishe entire
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cell of yeast; 20 and 40 mg/kg). No further detaiff the

experiment were provided. The phagocytic indexeedsulated.

The values for and 5 fractions from the extracfioocess were
greater than both the control doses (p < 0.05,.011,).

Isoliquiritigenin

Kim et al. (2006) investigated the cellular -effects
isoliquiritigenin. When dimaprit (10 pM)-expose®®¥ cells
were incubated with isoliquiritigenin (10 pM), thiestamine and
cAMP induction by the dimaprit was inhibited in@centration-
dependent manner, similar to that of ranitidinée TG, was 2.3

+ 0.1 uM. The authors suggested that isoliquigteg inhibits
histamine type 2 receptors (H2R)-mediated signals.

In the next experiment, the cells were exposedrgkblin (which
directly activates adenylyl cyclase), isoproterdadlich activates
Gs protein couplefi2-adrenoceptor), and cholera toxin (which
evokes Gs protein activity). This exposure cawseihcrease in
cAMP production. The pre-incubation of the cellsthwi
isoliquiritigenin did not effect the levels of cAMPBased on
these findings, the authors suggested that th@sitdibition is

neither the adenylyl cyclase, Gs protein, or Geginecoupled
B2-adrenoceptor indicating selective inhibition @Riactivation.

When histamine-trifluoromethyl toluidide derivatiaad (R)e-
methylhistamine were used as H1R- and H3R-seleafioaists,
respectively, isoliquiritgenin (10 pM) did not affe H1IR-
mediated calcium concentration nor H3R-mediatechading.
The authors also determined the ability of isoliijigienin to
block histamine binding to H2R by testing its effecon
[3H]tiotidine binding to H2R in undifferentiated H&O cells.
Isoliquiritegenin blocked [3H]tiotidine binding aconcentration-
dependent manner. Based on these findings, theraighggested
that isoliquiritigenin is a selective H2R antagotiisit selectively
and competitively inhibited histamine binding te tH2R.

MKN-45 gastric cancer cells, which express H2Rsiaorkased
H2R expression with exposure to retinoic acid, weqgosed to
retinoic acid (5 uM). After exposure to isoligtigenin and
dimaprit, cAMP production was inhibited. Isoligtigenin did

not affect forskolin-induced adenylyl cyclase aation. Overall,
these authors suggested that isoliquiritigenin drasnhibitory
effect on H2Rs in gastric cells (Kim et al. 2006).

Kwon et al. (2007) tested several constituents.gfa®ra for their
effects on cell adhesion molecules (CAM). Weshtohanalysis
of human umbilical vein endothelial cells (HUVEQ)pesed to
isoliquiritigenin, fomononetin, Glycyrrhizic Acicyr ononin was
used to observe the effect of the licorice conetitsi on the TNF-
a-activated expression of vascular cell adhesionemdé-1
(VCAM-1), endothelial leukocyte adhesion moleculet®-
selectin), and platelet endothelial cell adhesioolecule-1
(PECAM-1).

Unexposed control cells had weak expression o8 @&lAMs;
TNF-a exposed cells prompted enhanced expression o8 the
CAMs. When treated with isoliquiritigenin, VCAM-and E-
selectin expression was inhibited; the other cturestits had no
effect.  Isoliquritigenin (1 to 50 puM) reduced VCAM

expression by TNFe+-in a dose-dependent manner (p <.05). Ina



second analysis, isoliquiritigenin- and TNFexposed cells had
inhibiton of PECM-1 expression but 8&lycyrrhetinic Acid did
not.

These authors also reported that HUVEC cells weltered and
plated at confluence. The cells were
isoliquiritigenin, formononetin, Glycyrrhizic Acidgr ononin at
>50 UM overnight and exposed to TNFactivation (10 ng.nk)
for 6 h. Cells from the human monocytic leukemidisc line

THP-1 were labeled and added to the HUVEC cellicalt After

incubation for 2 h. adhesion was measured.

Few monocytes adhered to unstimulated HUVEC freENgF-o.
There was increased adherence in the TMffone-exposed
HUVED (p < .05). Treatment with TNé&-exposed cells with
isoliquiritigenin (50 uM) inhibited monocyte adhaoe in a dose-
dependent manner. The other constituents hadfect.ef

Reverse transcriptase (RT)-PCR analysis showed GiAdl
MRNA was increased in TNé&-stimulated HUVEC. The mRNA
levels of VCAM-1 and E-selectin inisoliquiritiganireated cells
were lower; the PECAM-1 mRNA level was also dowmdated.
The authors suggest that isoliquiritigenin inhitatgpression by
directly modulating gene transcription. FurtherRTR analysis
showed that isoliquiritigenin inhibits the CAM exgssion by
blunting the degradation okB and translocation of NkB

stimulated by TNFe. The authors suggested that isoliquiritigeni

has the potential capability to prevent the eamgnts in
atherosclerosis (Kwon et al. 2007).

Licochalcones

Dieck et al. (2005) tested the effects of licocbak A (from G.
inflata) on various human skin cells. Human nepitits were
stimulated with formyl-methionyl-eucyl-phenylalapitripeptide
(fMLP) or zymosan (antibody-coated yeast) to stemell the
production of ROS while exposed to various conegians of G.
inflata extract. ROS production was reduced by66%~7 ppm
extract after exposure to fMLP and ~85% after expesto
zymosan when compared to controls. The reductioaaxctive
oxygen species (ROS) was in a dose-dependent manner

PGE2 release was measured in full-thickness epalemodels
after incubation with G. inflata extract containii® pg/mi
licochalcone A, 50 ng/ml diclofenac (a cyclooxygsaahibitor),
or no additive. Some cultures were exposed to U¥B

UV-induced and basal PGE2 production were reduoetheé
presence of the extract by ~ 10% and ~65%, reyadyti

Human dermal fibroblasts were incubated with vagiou
concentrations of licochalcone A- containing Glatd extract or

incubatedh witsynthetic licochalcone A. The cells were stimudatéth 25 ng/ml

lipopolysaccharide and PGE2 was measured after. RGIE2
production was reduced by both licochalcones in csed
dependent manner. Theg}@r the extract was 283 ng/ml and 70
ng/ml for the synthetic licochalcone A.

Human neutrophils were incubated with various catre¢ions of
G. inflata extract or licochalcone A then stimuthteith fMLP.
After 2 h, leukotriene B4 production was measur@&hth the
extract and licochalcone A had andd6f 200 ng/ml, similar to
the 1G,, for PGE2 release from LPS-stimulated fibroblasts.

In a final experiment, immature dendritic cells weéncubated
with various concentrations of G. inflata extrant sstimulated
with LPS (10 ng/ml). Both pro-inflammatory cytokis(IL-6 and
TNFo) were suppressed in a dose-dependent manneauiia's
noted that cytokine production can be reduced byetttract to
the control, or below control, level of non-stimeld dendritic
cells (Dieck et al. 2005).

Yoon et al. (2007) tested for cytotoxicity by lid@icone A and
E, extracted from G. inflata roots, using the stifmamine B
r;‘;lssay on A549 (lung), SK-OV-3 (ovarian), SK-MEL-2
(melanoma), and HCT-15 (colon) cell lines. Aftet B of
incubation, the cells were further incubated intds: materials at
various concentrations for an additional 48 h. Th#s were
fixed, stained and absorbance measured. The tonas
doxorubicin.  Licochalcone A and E exhibited modera
cytotoxicity as shown iffable 38.

To test for the mechanism of the cytotoxicity, aeay for DNA
topoisomerase | inhibition, which measured the xagian of
supercoiled DNApBR322, was performed. The reactiocture,
calf thymus DNA topoisomerase |, and various cotre¢ions of
licochalcone A and E were incubated for 30 min.e Téaction
was terminated with a dye solution and the mixtunese
subjected to electrophoresis for 1 h. The gel stamed and
visualized under UV light and photographed. DNAaxation
induced by topoisomerase | was inhibited by botihgounds in
a concentration-dependent manner at concentratf@g5, 12.5,
25, 50, and 100 pg/ml (Yoon et al. 2007).

mg/cm2).
Table 38. Antiproliferative activities (IG,) of licochalcones A and E (Yoon et al. 2007).
Cell line
Treatment
A549 SK-OV-3 SK-MEL-2 HCT-15
Licochalcone A (ug/ml) 4.83 4.56 2.68 3.43
Licochalcone E (pg/ml) 5.85 5.24 2.86 3.42
Doxorubicin (ug/ml) 0.24 0.26 0.24 0.02
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Polyphenol Compounds

Fukai et al. (2000) tested for cytotoxicity of lowolecular weight
polyphenol compounds found in licorice against ralrbuman
gingival fibroblast (HGF) cells, tumor (human squam cell
carcinoma [HSC-2]) cells, and human salivary gi@8G) tumor
cells. The cells were incubated with and witholé ttest
compounds as given ifiable 39for 4 h. The 50% cytotoxic

Anti-Inflammatory Effects
Glabridin

Kang et al. (2005) measured nitrite accumulatiar2ébh during
LPS treatment to assess the blocking effect ofrgladon nitrous
oxide (NO) production in LPS-stimulated isolatedrifpmeal
macrophages and RAW 264.7 cells (a mouse macroghage
cellline). Peritoneal macrophages were harvdstedvirus-free

concentration (Cg) was determined from the dose-responsi'eer.n(,ile BDF1 mice by sterile peritoneal lavage VA®S. The

curve.

These licorice derived compounds had higher cytotagtivity
against oral HSC-2 and HSG cell lines than agaimishal human
gingival fibroblasts HGF. Glabridin’s Ggwas < 13 pg/ml and
licochalocone A was < 20 pg/ml against HSC-2 cdfiglures 3 -
7 show the structures of the compounds testedhle 39lists all
compounds tested, their source licorice speciegifvgmovided)
and the results of the cytotoxicity tests (Fukaale2000).

In the RAW 264.7 cells, there was 33% inhibition3giM of
glabridin and 67% inhibition at 10 uM. Again, thewas no
inhibition for the lower 2 concentrations. The g@ece of
glabridin had no effect on the viability of isoldtgeritoneal
macrophages and RAW 264.7 cells. It was obserkat this
inhibition is mediated, at least in part, by inkitm of gene
expression of INOS.

Monoamine Oxidase Effects
Various Compounds

Tanaka et al. (1987b) reported that isoliquiritigesolated from
G. uralensis root inhibits rat liver mitochondrialonomine
oxidase, with an Ig of 2.09 mM and that liquiritigenin (also
isolated from G. uralensis root) inhibits rat liveitochondrial
monomine oxidase with an JCof 17.3 mM.

Hatano et al. (1991) tested the inhibitory effecfslicorice
constituents on monomine oxidase from bovine plasi@,,
ranged from >2.0 x 1OnM to 5.7 x 1¢ nM, which may be

cells were washed and plated (5 X)10RAW 264.7 cells (ATCC
TIB71) were also grown and plated (5 xX*JL0The cells were
stimulated with LPS (200 ng/ml froBalmonella typhosaiy the
presence or absence of glabridin (0.3, 1, 3 or M) as well as
grown without LPS or glabridin.

At the lower 2 concentrations of glabridin thereswa difference
in nitrite production in the peritoneal macrophagls. At3 uM
there was 34% inhibition and at 10 pM there was @W#tibition.

In the RAW 264.7 cells, there was 33% inhibition3giM of

glabridin and 67% inhibition at 10 pM. Again, thewas no
inhibition for the lower 2 concentrations. The g@ace of
glabridin had no effect on the viability of isoldtgeritoneal
macrophages and RAW 264.7 cells. It was observatithis
inhibition is mediated, at least in part, by inkitm of gene
expression of inducible nitric-oxide synthase.

More mice were exposed to LPS and glabridin i. 4). Whole
blood samples were withdrawn from the mice andplasma
concentrations of nitrite/nitrate  (NOx) and TNF-were

determined. Peritoneal macrophages were isolakealfer LPS
treatment and cultured for 24 h. Culture supemataere then
isolated and analyzed for nitrite production. Eheas inhibition
of plasma NOx at 3 and 10 mg/kg of glabridin, plasiNFo at

10 ng/ml and nitrite at 3 and 10 mg/kg of glabridgshown in
Table 41.

The authors suggested that glabridin inhibits N@pction and
iINOS (inducible nitric oxide synthase) gene expmssby

compared to 6.4 x T0for quinine sulfate. Complete results areylocking activation, in part, by inhibiting reactioxygen species

provided inTable 40.

generation. The authors also suggested that dlatisia possible
therapeutic agent in inflammatory disease (Karg.e2005).

Table 39.CGC;, of polyphenols against HSC-2, HSG and normal HEIIs ¢Fukai et al. 2000).

HSC-2 HSG HGF
Compound (source species) (ng/ml) (uM) (ng/ml) (uM) (ng/ml) (uM)
Glabrol G. glabrg 9 23 9 23 19 49
Glabridin G. glabrg 13 40 13 40 24 74
Licorisoflavan A G. uralensi¥ 18 41 15 34 29 66
Wighteone G. glabrg 20 59 13 39 43 130
Isoglycyrol G. uralensi$ 29 79 43 120 54 150
1-Methoxyficifolinol (G. uralensi} 12 4 9.5 21 50
Licochalcone B G. inflata) 18 28 210 730
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Table 40. The inhibitory effects (I¢) of licorice constituents on  The reactions were stopped, the samples were fteyetd, and the

MAO from bovine plasma (Hatano et al. 1991). supernatant analyzed for leukotriene B4 (LTB4) pitlsesis.
— : Licochalcones A and B completely inhibited A 2318tuced
Licorice constituent/control ICso (NM) leukotriene B4 biosynthesis. For licochalcone Be 1G,, of
Genistein 9.5x 19 LTB4 and LTC4 formation was 4.6 x 10-7 and 4.2 x61LM,
Glicoricone 1.4x 10 respectively. For licochalcone B, the,J@as 1.2 x 10-6 and 2.0
Glycycoumarin 520 x 10 x 10-6 M, respectively.
Glycyrrhisoflavone 9.5x 1D Human PMNSs were again incubated in various conagatrs of
Harmane hydrochloride 5.7 x 50 the test substances for 2 min to test for effectscAMP
isoliquiritigenin 52.0x 100 production. The reaction was stopped and the sample
_ ' centrifuged. The supernatant was tested for CAM&xchalcones
Licochalcone a >2.0x 10 A and B slightly increased the cAMP levels at concations
Licochalcone b >2.0x10 from 10-4 to 10-3 M.
Licocoumarone 6.0x10 Human PMNs were incubated with various concentnatiuf the
Licofuranone 8.7x10 test substances after the loading of fura 2-acetexyylester, a
Licopyranocoumarin 1.41x 10 calcium indicator, for 20 min at 3& in the presence of 1 mM
(-)-medicarpin >2.0 x 10 calcium chloride (CagG) or buffer. The samples were washed and
Quinine Sulfate 6.4 x 10 a fluorimeter was used to measure fluorescencechiacones A
and B reduced the elevation of cytosolic free caici
concentration induced by A 23187 dose-dependently.
Glycyrrhizic Acid The authors suggested that the possible mechanfstheo

inhibitory effects of licochalcones A and B on A18¥-induced
leukotriene biosynthesis may be the inhibition ef'@nflux into
the cells and Camobilization from the intracellular pools. This
and the effects on cAMP may be related to thesepoomds’
Licochalcones A and B therapeutic effects on inflammation and allergionditions

Kimura et al. (1988) tested the effects of licocbakes A and B (Kimura et al. 1988).

on leukotriene biosynthesis in human polymorphogarcl Shibata etal. (1991) tested the effects of lictmrae A, extracted
neutrophils (PMN) to explore possible inflammattogatments. from a G. inflata root, on the healing of damagédn.s
The cells were incubated in the test substancesadbus Licochalcone A was extracted from the root with EtOand

concentrations for 5 min at 3€ then for 5 min more with [1- chromatogrphy and purified with HPLC. The ear§-afeek old
14C]AA and 2 M calcium ionophore A 23187. Calciummice were either treated with various amountscobialcone A 30
ionophore A 23187 induces arachidonate metabolisiuman min before treatment with AA (2 mg/ear) or 30 mifien
PMNSs. The samples were prepared for thin-layesmiatography treatment with 12-o-tetradecanoylphorbol 13-acetdieA, 2

(TLC), GC-MS, and HPLC. Licochalcone A and B, exted g/ear). Ear thickness was determined 1 h aftetréatment and
from G. inflata, inhibited calcium ionophore A Z8%induced 5 h after TPA treatment. The control was the ehiacetone.
leukotriene B4 and C4 formation in human PMNs aticochalcone A inhibited both TPA- and AA-inducedeena in
concentration of 10-3 to 10-6. a dose dependent manner as showreinle 42

The authors also incubated human PMNs with thetespounds
at various concentrations for 5 min at°’87then for 5 more min
in2 M A 23187.

CIR (2005) reported that oral administration of&trhizic Acid
resulted in smaller ankle diameters of adrenaleid®dnrats
injected with formaldehyde to induce arthritis.

Table 41.Effect of in vivo exposure of glabridin on the ghaa levels of NQand TNF- and the nitrite production by peritoneal macrogsag
(Kang et al. 2005).

Treatment Plasma NQ, (uM) Plasma TNF-< (ng/ml) Nitrite (nmol/10° cells)
Vehicle 0.38 £0.13 0.11 £ 0.02 1.13 £0.52
LPS (200 pg/kg) 6.03 +0.66 1.60+0.39 31.87 £1.02
LPS (200 pg/kg) + glabridin (1 mg/kg) 5.69 + 1.09 3:20.44 30.25 + 3.03
LPS (200 ug/kg) + glabridin (3 mg/kg) 3.60 + 0.49* 08.+0.06 109.33 + 2.35*
LPS (200 pg/kg) + glabridin (10 mg/kg) 1.51 +0.67* 78+ 0.09* 4.37 +0.81*
*p<.05
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Table 42Inhibitory effects of licochalcone A, derived fra inflataroot, on TPA- and AA induced mouse ear edema ¢&hibt al. 1991).

Licochalcone A topical dose

Increase in ear thickness (x1®mm)

AA-induced edema

(mg/ear) TPA-induced edema
Control 36.0+04
0.1 Not tested
0.5 23.7+3.8
1.0 13.0+1.8
3.0 128+ 1.7

325+15
27.7+3.1
252+1.8
18.3+2.6
Not tested

ap < .05 p < .01F p< .001

Various Constituents

Kobayashi et al. (1995) investigated the effect&otiralensis
extract, glycyrrhizin, glycyrrhitinic acid and th#avonoids

isoliquiritin, isoliquiritin  apioside, isoliquirigenin, and
liquiritigenin on granuloma angiogenesis by meagucarmine
content in newly formed blood vessels. Male ddeni6 to 7
wk old) were injected with 3 ml air s.c. into therdum under
anesthesia to produce a regular ellipsoid air $&A emulsion
(with 0.1% croton oil and 2 mg heat-killed Mycobedim

tuberculosis; 0.5 ml) was injected into the air gownder
anesthesia 24 h later. Two h later, isoliquirifm = 22),

glycyrrhizin (n = 23) or licorice extract (n = 2d/ps injected i.p.
daily for 4 d. The mice were injected with 10%ruoare solution
containing 5% gelatin into the tail vein on dayhri killed. The
weights of granuloma tissues and pouch fluid isaldtom the
pouch were measured. Optical density was useetaydine the
carmine content; the carmine content is an indexewofly formed
blood vessels in the pouch granuloma.

Isoliquiritin (0.31 to 1.3 mg/kg) inhibited carmingontent in
granuloma tissues in a dose-dependent mannerntiigitory

Tube formation was measured and total tube lengés w
quantified. The experiment was repeated 3 times.

Isoliquiritin (1 to 100 pM) inhibited tube formatioin a
concentration-dependent manner; the, Mas 28.3 pM (20 to
40). Isoliquiritigenin (0.1 to 10 uM) and liquidgenin (0.1 to 100
pMM) inhibited tube formation in a concentration-dagent
manner; their I, values were 7.39 uM (4.78 to 11.4) and 39.2
MM (17.1t0 90.1), respectively. Isoliquiritigerdpioside had no
effect on tube formation. Glycyrrhizin and glydyetinic acid (1

to 10 pM) increased tube formation in a concergratiependent
manner; glycyrrhetinic acid was 10-fold more potehan
glycyrrhizin.

The previous experiment was repeated with isolijuirand
glycyrrhizin in various combinations. The tube rfation
promotion of glycyrrhizin (82 ug/ml) was inhibitedby
isoliquiritin (0.42 to 42 pg/ml) in a concentratidependent
manner. The resulting tube formation at a
isoliquiritin/glycyrrhizin ratio of 0.05:1 was sitair to licorice
extract alone (100 pg/ml) in which their yield ceis estimated to
be similar to their mixture. The authors concludieat the anti-

dose (IR, was 1.46 mg/kg (0.824 - 2.58 95% confidencangiogenic effect of licorice extract could beibtited to the anti-

interval). Isoliquiritin inhibited granuloma weigby <50% of
controls. Isoliquiritin inhibited the weight of poh fluid and had
an ID;, of 0.771 mg/kg (0.513 - 1.18). The control valf@s
carmine content, granuloma weight, and pouch fhetjht were
0.256 + 0.017 mg, 353 + 15 mg, and 144 + 26 mgeaetvely.
The authors stated that these results show thenpptatio of
isoliquiritin to licorice extract was greater thfnd exudation for
angiogenesis.

To test the effect of licorice constituents on aggiisis by
measuring tube formation, the authors also clormatbhelial
cells (EC) from the thoracic aorta of male Wistisiin DMEM
supplemented with 10% heat-inactivated FBS, bepeyicillin
potassium and streptomycin sulfate. Two to 11 ‘era
confluence (5th to 14th passage) the cells werehethsand
replated (2.6 x 104 cells/well). The DMEM was slgppented
with various concentrations of isoliquiritin apidsi liquiritigenin,

tube formation properties of isoliquititin (Kobayast al. 1995).

Kim et al. (2008) tested isoliquiritin and isoligtigenin,
extracted from G. uralensis, for anti-inflammateffects using
RAW 264.7 macrophages (n = 3). The macrophageg wer
preincubated in isoliquiritin or isoliquiritigenif®.4, 0.8, or 1.6
UM) or with I-N6-(1-iminoethl)lysine or NS-389 (pitise
controls) then stimulated with LPS (1pg/ml).

Isoliquiritin and isoliquiritigenin inhibited LPSiduced NO and
PGE2 production in a concentration-dependent manner
Isosquiritigenin (p < .05, .01, .01 for 0.4, 0.8dah.6 uM,
respectively) was more effective than isoliquir{jin< .05 for 1.6
UM). Treatment with isoliquiritin and isoliquirgenin at 1.6 uM
reduced LPS-induced PGE2 production by 86% and 49%,
respectively. Neither substance affected viabdityhe cells.

Further testing using Western blotting and RT-P@Rdnined

related to these compounds’ therapeutic effects dRatpreincubationwithisoliquiritigenin inhibitede upregulated

isoliquiritinigenin, or isoliquiritin except for edrols. The cells
were cultured for 4 d with the medium changed ewtingr day.
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iINOS and COX-2 proteins by LPS in a concentratiepehdent
manner. Isoliquiritigenin had no effect on the megsion of the



house-keeping gen@-actin.  Preincubation of RAW?264.7
macrophages with isoliquiritigenin reduced the piitbn of
TNF-o and IL-6 in a concentration-dependent manner; gésim

Licochalcone B and A, for example, inhibited xanthbxidase
at3.0x 16 M and at 5.6 x 1OM, respectively. Complete results
for all of the isolated constituents are giverfable 43

TNF-o and IL-6 production were similar to the observedrhe authors concluded that these licorice constituahibited

reduction in their RNA expressions.
NF-B activation, critical for the expression of INOSOX-2,

oxidative stress (Hatano et al. 1989).
Anti-diabetic Effects

TNF-0, and IL-6 by LPS, was measured with and without

exposure of nuclear extracts obtained from the sced
isoliquiritigenin using a DNA binding assay of NBB. Treatment
with LPS (1 pg/ml) increased NeB-DNA binding; pretreatment
with isliquiritigenin decreased NEB-DNA binding in a
concentration-dependent manner. RAW 264.7 cedsstently
transfected with pNkB-Luc plasmid and stimulated with LPS
(with or without pretreatment with isoliquiritigen{0.4, 0.8, or
1.6 uM) reduced LPS-induced increases indBFdependent
luciferase activity (p < .05 and .01 for 0.8 and JuM,
respectively). Pretreatment with isoliquiritigerpnior to LPS
exposure attenuated the translocation of the lefedsbunits of
NF«B, P65 and p50, nuclear fractions. LPS-induce8-d
degradation was blocked and LPS-induadgtd phosphorylation
was reduced in a concentration-dependent manner
isoliquiritigenin pretreatment.

Isoliquiritigenin reduced LPS-induced phosphorgatbf ikappa-
a/f kinases (IKK) of kB in the NF«xB signal pathway;
isoliquiritigenin did not affect the total amoura IKK-a and
IKK-B. Isoliquiritigenin suppressed the LPS-inducedvations
of IRD1/2 and p38 MAP kinases in RAW 264.7 cells déid not
affectthe phosphorylation of INK1/2. Non-phosptated ERK,
JNK, and p38 kinase expression were unaffectedRfy ar by
LPS plus isoliquiritigenin.

The authors concluded that isoliquiritigenin iritsth. PS-induced
iINOS and COX-2 protein expressions and iNOS, COXMNF-,
and IL-6 transcriptions by inhibiting the degraidat and
phosphorylation fod-a, and by blocking the activation of NéB
in RAW 264.7 macrophages. The authors suggesatthi anti-
inflammatory effects of isoliquiritigenin may betr@atment for
inflammatory diseases (Kim et al. 2008).

Anti-gout Effects
Various Compounds

Hatano et al. (1989) isolated the licorice constitis shown in
Table 43. Each constituent was tested for xantbixidase
inhibition. A solution of xanthine oxidase (fromw's milk) was
added to a solution of test compound in water/DM8Q V.v;
360 pl) and preincubated for 10 min at°87 An aqueous
solution of xanthine was added to the mixture dreresulting
solution was incubated for 30 min. The enzyme tieacvas
stopped and the absorbance was measured. The biask
prepared the same way except the solution of xaamtbkidase
was added after stopping” the reaction. Each camgaevas run
in triplicate.
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Glycyrrhizic Acid

In an earlier safety assessment (CIR 2005), Glybyzic Acid
was reported to have an anti-diabetic effect iregjeally diabetic
mice; i.e., the mice had lower blood glucose leaétkr oral doses
of glucose.

Glycyrin

Kuroda et al. (2003) tested the ameliorative effexdtglycyrin

(fractioned from the EtOAc extract @. uralensisroot) on

genetically diabetic KK-Ay mice. The mice were ked and fed
and watered ad libitum for 7 wk. At 15 wk of aglee blood
glucose levels were > 470 mg/dl. The mice weréddi into 3
groups (n = 5). The control group was fed a consiakdiet.

bie treatment groups were fed the same diet cangaih1%

glycyrin (w/w), 0.1% glycyrol (w/w; also isolatedoim G.

uralensis root), or 0.02% pioglitazone (w/w; a potgynthetic
PPAR« angonist). Diet and water were available aduimnitfor

10 d. Blood was sampled from tail veins on dayd glucose
concentrations measured. On day 10 the mice wasted
overnight and administered 0.5% CMC-Na (w/v), giyey100

mg/kg), or pioglitazone (20 mg/kg) orally. Afte® 3nin, 40%
sucrose solution was orally administered at 2 gidgod glucose
levels were measured at 30, 60, and 120 min.

It was calculated that the mice consumed ~100 mdy/flycyrin
or glycyrol for those groups and 23 mg/kg/d piagiine for the
pioglitazone group. There were no differencesdfintake or
body weight between the groups.

Table 43. Inhibitory effects of licorice phenolics on xainta oxidase,
a gout inducer (Hatano et al. 1989).

Compound ICs (M)
Licochalcone B 3.0x 10
Licochalcone A 5.6 x 10
Glycyrrhisoflavone 5.3x10
Glisoflavone >1.0x 10
Glycyrrhisoflavanone >1.0 x 10
Licopyranocoumarin >1.0x 10
Licoarylcoumarin >1.0x 10
Glycyroumarin >1.0x 16
Licocoumarone 1.3x 10
Kaempferol 39-methyl ether >1.0x 10
Allopurinol 1.6x10




After 4 d, blood glucose levels decreased in bugiglycyrin and
pioglitazone groups compared to controls, but néhé glycyrol
group. In the oral glucose tolerance test, glytyend
pioglitazone suppressed the usual increase in lghoose levels
at 30 and 60 min (p < .01); glycyrol did not (Kueoelt al. 2003).

Isoliquiritigeinin and Related Compounds

Aida et al. (1990) isolated compounds (echinatamigenin, GU-
12, licoricone, glycyrin, isoliquiritigenin) from Guralensis root
extract to test for aldose reductase inhibitioritjtes. In the first
experiment, rat lenses were homogenized and camtydf the
supernatant was used as an enzyme fraction. Assagisicted on
the isolates and {(E)-3-carboxymethyl-5-[(2E)-métByphenyl-
propenylidene]}-rhodanine (ONO-2235; an aldose otaise
inhibitor) used dl-glyceraldehyde (0.1 mM) or glseq20 mM)
as substrates to determine the increase of fluenescof NADP
in the presence of 6 N NaOH containing 10 mM imalazat an
excitation wavelength of 360 nm and an emissionalength of
460 nm. Blanks contained all reagents except estsatb.
Isoliquiritgenin was the only isolate to have anffed.
Isoliquiritigenin inhibited rat lens aldose redws#ain a
concentration dependent manner. Thg V@&s 3.2 x 10-7 M for
di-glyceraldehyde as a substrate and 1.6 x 10-6riglficose and
0.9 x 10-8 and 6.5 x 10-8, respectively, for ONCB22
According to these authors, analysis of the kineffects of
isoliquiritigenin resulted in parallel slopes omeiveaver-Burk
plots, characteristic of non-competitive inhibiti@NO-2235 had
a mixed type of uncompetitive and non-competitivahbition.

The authors then employed human RBC from healthjests to
test for the accumulation of sorbitol, which acclates in the
non-insulin dependent tissues in diabetic humaRBCs were
incubated for 60 min in Krebs-Ringer bicarbonattdy(pH 7.4)
containing 28 mM glucose with or without variougicentrations
of isoliquiritigenin or ONO-2235. The RBCs wereshad with
cold saline, treated with 6% cold perchloric aagid aentrifuged
to deproteinize. The supernatant was neutralinddtze sorbitol
content assayed enzymatically using sorbitol dedyeinase. The
ICg, of isoliquiritigenin for sorbitol accumulation w50 x 10-6
M and 6.2 x 10-6 M for ONO-2235.

In a third experiment, the authors induced diabietesle Wistar
rats (220 to 250 g) by a single ip injection of SBD mg/kg) in
sodium citrate buffer. Control rats (n = 6) wengected with
vehicle only. The animals were fed standard diet water ad
libitum. Two weeks after the injection, the ratsrezadministered
isoliquiritigenin, ONO-2235, or vehicle (salinepak by gavage
twice/d (100 mg/kg/d) for 2 wk (n = 7). The ratsre killed and
the sorbitol content of the rat RBC, sciatic neraesl lenses were
determined enzymatically.

There was no difference in body weights or bloagcgbe levels
between the treated rats and the diabetic contnaihe diabetic
control rats, the sorbitol content of the RBC (B5£5.4 nmol/g
Hb) was higher than in normal rats (75.2 £ 4.2 rghbly, p <
.01). In diabetic rats treated with isoliquiritige or ONO-2235,
accumulation of sorbitol in the RBC was inhibitgd43.3% (p <
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.01) and 54.5% (p < .01), respectively. The sothitcumulation
in the sciatic nerves increased to 0.47 nmol/mgwtétom 0.14
nmol/mg wet wt. (p < .01). ONO-2235 inhibited sitob
accumulation in diabetic sciatic nerves by 12.1% @ignificant
[ns]) and isoligiritigenin lowered the sorbitol dent by 63.6% (p
< .01). Isoliquiritigenin and ONO-2235 reduced gwrbitol
content by 13.7% and 15.6%, respectively. The aagth
concluded that isoliquiritigenin may be effectivepreventing
diabetic complications (Aida et al. 1990).

Antioxidant Effects

Various Compounds

Demizu et al. (1988) tested the antioxidant prdesrtof

glycycoumarin and licocoumarone extracted fromrio® by

dissolving a sample of each in a minimal amousetbé&nol mixed
with 18 g of lard at the concentration of 100 pgpwart placed in
a fat stability test apparatus. One g of mixed laas taken at
time intervals and mixed with saturated potassiuirie solution

to quench the peroxide formed. Generated ioding tteated

with 0.01 n sodium thiosulfate. Glycycoumarin @sd to have
some antioxidative properties while licocoumarores found to
have little to none.

Okada et al. (1989) tested for the antioxidant progs of
glabridin and glabrene from G. glabra and licocbaés A and B
from G. inflata by the active oxygen method. Blatbhchalcones
A and B exhibited potent antioxidant activity comgdale to that
of vitamin E. Glabrene showed the most antioxidacttvity
among the compounds tested, being 3 times as peerntamin
E, while glabridin exhibited no significant actiyiin spite of its
structural similarity to glabrene. The authorsadthat since the
content of glabridin, glabrene and licochalconesnd B in each
licorice plant were estimated at 9.1%, 2.8%, 18.2%d 2.7%,
respectively, by HPLC, these compounds should atctor
much of the antioxidant activities of licorice eadts.

Vaya et al. (1997) evaluated the antioxidation prtps of 7
extracted compounds of G. glabra root powder (lgjsaidin A,
4'-O-methylglabridin, glabridin, hispaglabridin
isoprenylchalcone, isoliquiritigenin, and fomonangt by
measuring the oxidation ffcarotene. The test concentrations of
linoleic acid andp-carotene were 1.4 and 5.6 x 10-3 mM,
respectively. Each of the licorice extracts artdmin E were
tested at 50 uM. Whole Licorice Extract (16 mgfjuivalent to
the molar concentration of glabridin) was also edst The
control/blank was 20 mg linoleic acid, 200 mg Tw@érand 50
ml distilled water.

B,

The highest antioxidative effect was obtained witlamin E,
which completely inhibite@-carotene oxidation. The relative
inhibition of of p-carotene oxidation after 90 min by glabridin,
hispaglabridin A and hispaglabridin B were 93%, 938d 91%,
respectively. At the same time of incubation, rice Extract
inhibited f-carotene consumption by 87%, 4'-O-methylglabridin
by 78%, and isoprenylchalcone derivative by 57%.
Isoliquiritigenin and formononetin were less effeetat 26% and



14%, respectively. Oxidation inhibition decreasaeer the
remaining time for all test compounds except vitafi

The authors used human plasma derived LDL to test t

protection of LDL against lipid peroxidation by #eelicorice
compounds. Oxidation of LDL at 3T was performed. LDL
was incubated for 2 h with 5mM of a water solulde eompound
that thermally decomposes to produce peroxyl réslied a
constant rate. The licorice compound (30 M), LicerExtract
(10 pM), and vitamin E as the control (30 uM; n i &ll cases)
were examined. LDL oxidation was determined by sneiag

TBARS (532 nm vs. water blank) and the amount pfdli
peroxides with a commercially available kit (chadgel color

reagent, CHOD iodide; 365 nm vs color reagent lalsuak).

All the licorice compounds except formononetin paiéd LDL
from oxidation (65 - 85%). Glabridin was the meffective at
85.5% by TBARS and 75.3% by measuring LPO. Theribe
extract was less active (32% and 41% inhibitiovifamin E had
no antioxidative effect in this assay.

The researchers tested the effect of glabridin bolesteryl
linoleate hydroperoxide (CLOOH) formation in LDL rihg
oxidation and on cholesteryl linoleate (CL) constiom by
HPLC.

The inhibition of CLOOH formation and CL consumptiovas
concentration dependent for glabridin. Using 516ruM of
glabridin, 62% or 75% inhibition in LDL-associat€ OOH
formation was obtained, respectively. On incregsthe
concentration of glabridin to 40 and 60 uM, CLOGHnhation
was inhibited by 90%. After the oxidation of LDLithout
glabridin, about 57% of the initial concentratioh ©L was
consumed. Using 5 or 10 uM glabridin, 64% or 78¥hition
in LDL-associated CL consumption was obtained, eetpely.
Maximum inhibition of CL consumption was obtaingd®2@ uM
glabridin (Vaya et al. 1997).

Fuhrman et al. (1997) isolated glabridin from tleohol extract
of G. glabra root. LDL (200 mg protein/l) was ifated with 1
mmol AAPH/I in the presence of 3 mg glabridin/IZ9umol/l).
There was a 100-min prolongation of the lag phaskam 87%
and 70% reduction in the formation of TBARS andidip
peroxides in LDL, respectively.

The experiment was repeated with EO mice; their i®highly
susceptible to oxidation. The mice were divided Bigroups (n
=20): group 1 received a placebo (2% alcoholaten control),
group 2 received 200 ug extract/d in 2% alcoholizater, and
group 3 received 20 pg purified glabridin/d in 2%o&olized
water. Blood was drawn and LDL isolated before after 6 wk
of treatment. The EO mice were killed and the haad entire
aorta were rapidly removed and fixed.

Licorice and glabridin treated mice had decreassdeptibility
to the LDL to copper ion-induced oxidation by 68#%d&2%,
respectively, as measured by TBARS formation. h@filacebo-
treated mice, 6 of 10 had well-defined atherostieresions
including 3 grade 2 lesions (small lesions onlygaar < 2500
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pmz2), 2 grade 3 lesions (larger, more extensiverisswith well-
defined fatty streaks and disruption of elastic ifean areas<
20,000 m2) and 1 advanced grade 4 lesion (aré&fx000 m2).
Only 2 of 10 licorice extract-treated mice had abselerotic
lesion of the aortic arch at grade 3. The remagi@mmice had
grade 1 lesions (Fuhrman et al. 1997).

Belinky et al. (1998a) tested the effects of gldinriisolated from
the acetone extract of G. glabra roots, on LDL myrits
oxidation. EO mice (4 wk old) were administeredoalalized
water (1.1% alcohol; control); glabridin (50 pg/dlayn
alcoholized water; quercetin (50 pg/d) in alcohediavater; or
catechin (50 pg/d) in alcoholized water in theinking water for
6 wk. Blood was collected after 2 and 6 wk. LD10Q pug
protein/ml) was isolated and incubated with thee fradical
initiator AAPH (5 mM) or copper ions (10uM) for 2. h
Formation of TBARS was measured.

Glabridin or quercetin consumption resulted in &o9&nd 83%
reduction in AAPH-induced oxidation, respectiveapd a 53%
and 54% reduction in copper ion reduction oxidation
respectively.

LDL (750 ug protein/ml) was incubated with glabndD to 60
pM) for 3 h at 37C in the presence of 5 mM AAPH or 10 M
CuSO4. Oxidation of LDL was determined by meagutibL
associated with TBARS, lipid peroxides, and CLOOH.

With AAPH, glabridin inhibited oxidation of LDL byall 3
parameters measured at all concentrations. Glatatd20 uM
inhibited TBARS, lipid peroxides, and CLOOH fornwatiin LDL
by 73%, 66%, and 82%, respectively. The amour@lddOH
formed by LDL oxidation with AAPH (control) was 8566 the
total lipid peroxides formed. When 10 uM glabrigias added
only 62% of the lipid peroxides produced during A&#hduced
LDL oxidation originated from CLOOH. At increasing
concentrations of glabridin (40 to 60 uM) less ClU®@as
produced, and at 60 uM, oxidation was only 24%hef total
peroxides originated from CLOOH.

The effects of licorice extract (13 pg/ml) and mita E (40 pM)
on the AAPH-induced LDL oxidation were also testaad
compared to glabridin. Licorice extract inhibitddL associated
TBARS, lipid peroxide, and CLOOH formation by 9685%,
and 92%, respectively, and vitamin E by 83%, 6186 a0%,
respectively.

Glabridin (20 uM) inhibited the formation of TBARS lipid
peroxides with copper ions by 43% and 34%, respelgtibut no
inhibition of CLOOH was observed. An increase 5% in the
formation of CLOOH over CLOOH formed by LDL oxidati in

the absence of glabridin was observed. Glabriglito(10 uM)
increased lipid peroxide formation by up to 16%;4at uM
glabridin, TBARS, lipid peroxide, and CLOOH formati were
inhibited by 85%, 92%, and 71%, respectively. Bttd 60 uM,
glabridin inhibited the formation of LDL associatdipid

hydroperoxides induced by copper ions, 4-fold lotem that
observed for AAPH-induced LDL oxidation.



When licorice extract (13 pg/ml) was added to thegrotein,
LDL was inhibited, similar to that caused by glami The
reduction of TBARS, lipid peroxides, and CLOOH fa@tion was
90%, 97%, and 68%, respectively.

To test the chelating capacity of glabridin, a soluof glabridin
(50 uM) in PBS was scanned with and without CuS©#an
sulfate (50 uM) in a diode array spectrophotometédre spectra
were compared. Glabridin’s maximum absorption 286 nm.
Adding copper or ferrous ions did not change theogtition for
up to 18 h.

The effect of glabridin on the formation of oxidizsterols during
AAPH- and copper ion-induced LDL oxidation was éet After
6 h of incubation of LDL with AAPH, the amount ajtal LDL
cholesterol decreased from 3100 nmol/mg to 2880/nmho DL
protein, and to 2200 nmol/ml after 24 h. Glabrigd® pM)

inhibited the production of 7-hydroxycholesterol,- 7

ketocholesterol, and Jyéepoxycholesterol by 55%, 80%, and

40%, respectively, and 46%, 42%, and 29% after 24
respectively. After 6 h of incubation with coppens, total LDL
cholesterol decreased to 2766 nmol/mg LDL proteid 8543
nmol/mg after 24 h. Glabridin (30 pM) inhibitecetproduction
of 7-hydroxycholesterol, 7-ketocholesterol, and 5,6
epoxycholesterol by 73%, 94%, and 52%, respectiagigt 32%,
51%, and 32% after 24 h incubation, respectively.

The authors concluded that the reduction of LDLdatibon
obtained with the exposure to glabridin may beteeldo the
absorption or binding of glabridin to the LDL paté and
subsequent protection from oxidation by inhibitthg formation
of lipid peroxides and oxysterols also by protegtihDL
associated carotenoids (Belinky et al 1998a).

Belinky et al. (1998b) isolated glabridin, hispdygidin A and B,
and 2'4'-O-dimethylglabridin from the acetone astrof G.
glabra roots and tested their effects on LDL oxatat These
compounds have similar structures and by compatiegh an
evaluation can be made of the contribution of tiffereént parts
of the isoflavan molecule to its antioxidant adtiviOxidation of
LDL (100 mg protein/l) was carried out in a shakivafer bath at
37° in the absence or presence of 1 of the 3 compo(atds
various concentrations) with copper ions (10 M)3dr. TBARS
and total lipids were measured with commercial. kits

The lag phase for the initiation of LDL oxidatioragv~90 min
and the slope of the propagation phase was 3.0abri@in
inhibited the formation of conjugated dienes, drellag phase of
LDL oxidation was retarded by ~165 min. The sladethe
propagation phase with glabridin was 1.3. Thisefivas similar
to that of vitamin E at the same concentration (®).u
Hispaglabridin A and B retarded the lag phase of loRidation
by ~ 160 and ~ 110 min, respectively. Hispaglahridinhibited
the formation of conjugated dienes in the propagaphase
(curve slope = 2.5) less than glabridin. Hispagttb B was less
active against LDL oxidation (curve slope = 2.3jnce none of
the isoflavan derivatives nor the isoflavene conmubohelated
iron or copper ions, the authors suggested thatutiiexidant
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properties of glabridin on LDL oxidation may residainly in the
2' hydroxyl group and that the hydrophobic moiefy tie

isoflavan is essential. The authors stated tleaptsition of the
hydroxyl group on the B ring affects the inhibitafficiency of
the isoflavan derivatives on LDL oxidation but timir ability to

donate an electron to DPPH (Belinky et al. 1998b).

Fuhrman et al. (2000) tested the synergistic aittaie effect of
glabridin and lycopene on LDL. The authors foumat tycopene
(5 umol/l) alone inhibited LDL oxidation, measurasl TBARS
and as lipid peroxides formation, by 5% and 9%peesvely, by
carrying out LDL oxidation in a shaking water bathy the lipid
peroxides assay. The addition of glabridin (1 Yekceeded
the calculated additive effect of inhibition by 32%he IG, of
glabridin against the copper ion-induced LDL oxidaimeasured
in TBARS formation was 1.8 umol/l; a maximal intibn of 94%
was measured with the addition of 6.75 pmol/l ftabgdin.
Lycopene (5 umol/l) alone inhibited the AAPH-inddceDL
q]xidation by 9%; the addition of glabridin (1 punipkExceeded
the expected additive inhibition by 729-Carotene (5 umol/l)
alone inhibited copper ion-induced LDL oxidation 4¥%%; the
addition of glabridin (1 umol/l) exceeded the expdcadditive
inhibition by 9%. The calculated degree of synemgin the
inhibition of LDL oxidation byp-carotene in combination with
glabridin was 1.16.

Haraguchi et al. (2000) found that isoflavans isafrom G.
glabra by alcohol extraction were potent inhibit@gainst
mitochondrial lipid peroxidation induced by Fe3+-RINADH.
The IG,, (concentration required to inhibit lipid peroxiotat by
50%) for glabridin was 23.4 uM. The JCralues for the other
isoflavans were 4.9 pM for hispaglabrindin A, 1u& for
hispaglabridin B, 22.4 pM for 4'-O-methylglabridand 0.1pM
for 3'-hydroxy-4'-O-methylglabridin. These isoftans are shown
in Figure 9.

Fuhrman et al. (2002a) tested the effects of giarisolated
from G. glabra, on cellular oxidative stress iniaige. Three
groups of 10 2-month old mice were administereagwaiontrol),
50 mg vitamin E/d or 25 ug purified glabridin/d abigh their
drinking water. The experiment lasted 2 monthsPMwere
harvested from the peritoneal fluid 4 d after ipection of 3 ml
thioglycolate into each mouse. The macrophagamiit E, or
glabridin content were determined in cell lipidrext by HPLC.

The levels of vitamin E and glabridin in the hategsMPM
increased 10- and 34-fold over the control, respelgt The
effect was accompanied by a 31% and 53% reductiothe
cellular lipid peroxide content, respectively, iongparison to
control Eo mice. In parallel, macrophage uptakexadized low-
density lipoprotein (Ox-LDL) measured as Ox-LDL dasgation
decreased by 26%, when measured by cell-association
decreased by 56% compared to control in macrophdeyeged
after vitamin E consumption. Macrophage uptak@xt.DL and
cell association was reduced by 25% and 27%, ré&sphg after
consumption of glabridin, compared to controls.e Binding of
Ox-LDL to MPM harvested from Eo mice after consuimptof
vitamin E or glabridin decreased by 36% (0.28 £2Qu@ of Ox-



LDL protein/mg from 0.44 + 0.03 pg of Ox-LDL protding for
the control) and 27% (0.32 + 0.02 pg of Ox-LDL giafmg),
respectively. The authors stated that administnatif dietary
antioxidants (vitamin E and glabridin) to EQ micssulted in
reduced cellular uptake of Ox-LDL and may be relaie the
inhibition of cellular lipid peroxide formation (FRuman et al.
2002a).

Rosenblat et al. (2002) found that male EO miceiaidtered 25
png/kg/d glabridin in their drinking water (n = 3fr 2 months
accumulated glabridin in their peritoneal macromsagnd
increased MPM GSH content by 80%. MPM lipid pedaxi
content was reduced by 60% and was accompanied@d¥a
decrease in cell-mediated oxidation of LDL.

Georgetti et al. (2003) found that glabridin (ie florm of Aqua
Licorice extract PT) showed a large chemiluminesea@nhibition

at time 0. The authors state that this result esiggthat the
extract may inhibit luminol radical formation by Renzyme

Rakova et al. (2007) tested the anti-inflammatoryifartdation
effects of glycyrrhizin extracted from G. glabran a DPPH
assay, the extract, dissolved in ethanol (0.0@1G6 mg/ml) was
added to an ethanol solution of DPPH (54 pum/l)e @bsorbance
was measured after 30 min and theg,k&alculated. The I for
the glycyrrhizin was > 0.6 mg/ml. The JCfor Trolox was
0.0028 £ 0.00005 mg/ml.

Unilamellar dioleoyl phosphatidylcholine liposonvesre used to
evaluate the antioxidant activity of glycyrrhizindaTrolox. The
ICs were > 0.6 and 0.0182 + 0.0049 mg/ml, respegtivel

In a chemilunimescence assay using human bloodewiood
was stimulated with opsonizied zymosan (0.5 mgémigceptor-
bypassing stimuli (0.5 pmol/l) was measured. Faionaof
chemiluninescence signal was initiated by additbblood (50
pl), stimulus, methanol extract of G. glabra, ahdgphate buffer.
Chemiluminescence was measured continuously. Thaseno
significant inhibition of antioxidant activity by hgryrrhizin

inhibiton, by HO, scavenging or by reducing the oxidized HRRRatkova et al. 2007).

enzyme rather than luminol. The antioxidant attivivas
confirmed by the DPPH free radical assay and inolu¢ed lipid
peroxidation.

Fukai et al. (2003a) mixed 5 mM sodium ascorbath thie same
volume of glabridin at various concentrations (@ @10 mg/ml)
in DMSO and 0.2 M Tris-HCI buffer at pH 8.0. AriarE was
used as the control. The intensity of ascorbatkcah was
measured after 1 min. Glabridin from G. glabra haeffect on
the radical intensity of sodium ascorbate.

Chin et al. (2007) tested the antioxidant actisit@Ef various
compounds extracted from G. glabra roots by moimitpthe
oxidation of non-fluorescent dihydrorhodamine 123highly
fluorescent rhodamine 123. A compound was consilenti-
oxidative if the 1G, was < 20 uM. As shown ihable 44 IC,,
values ranged from 2.3 to >20 for the extract comepds,
compared to a value of 3.1 for-penicillamine.

Table 44. Anti-oxidant activities of compounds isolatedrfré.
glabraroots (Chin et al. 2007).

Compound 1G, (mg/ml)
1,2-Dihydroparatocarpin 19.8
A

Neolignan lipid esters >20
Formononetin 12.4
Glabridin 12.9
Hemileiocarpin 19.7
Hispaglabrin B 3.2
Isoliquiritigenin 9.3
4'-O-Methylglabridin 18.5
Paratocarpin B 2.3
DL-penicillamine (control) 3.1
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Licochalcone A and Related Compounds

Haraguchi et al. (1998a) tested for the antioxidamd
superoxidant activities of licochalcone A, B, C abBdand
echinatin isolated from the roots of G. inflatdneTftests used were
a) scavening activity of free radicals based onrgbal trapping;
b) inhibitory activity on superoxide anion genevatby both the
xanthine-xanthine oxidase system and rat liver osicmes; c)
inhibitory activity on LPO in rat liver microsomeand
mitochondria; and d) protective activity of RBC rmo
peroxidation-induced hemolysis.

All 4 licochalcones and echinatin showed antioxtdamd
superoxidant activities; licochalcones B and D wiére most
effective. Licochalcones B and D strongly inhibiuperoxide
anion production in the xanthine-xanthine oxidagstesn and
exhibited potent scavenging activity on DPPH raldic80%).

Microsomal LPO induced by Fe(lll)-adenosine dipHusp
(ADP)/NADPH was inhibited almost completely by 3/pnfjof
licochalcones B and D. Mitochondrial LPO inducedHe(l1l)-
ADP/NADH was completely inhibited by all licochalees tested
(10 pg/ml), the inhibition was most sensitive mlkhalcones B
and D. Licochalcones B and D also protected RB&iret)
oxidative hemolysis (Haraguchi et al 1998a).

Fukai et al. (2003b) tested for autooxidation (catlintensity
under alkaline conditions) effect on radical inignsf sodium
ascorbate and superoxide anion radical (O2-) scgnvgactivity
using electron spin resonance (ESR) spectroscapigfwicidin

and licorisoflavan A extracted from G. uralensid Acochalcone
A extracted from G. inflata. All 3 compounds exteld a weak
scavenging activity against the superoxide anioliiced.

Antiviral Effects
Glycyrrhizic Acid

In an earlier safety assessment of GlycyrrhizicdAand its
derivatives (CIR 2005), the acid was found to hawné-viral



effects on vaccinia, herpes simplex 1, Newcassleatie, vesicular Intralesional administration at 1 and 2.5 mg/kgtilited lesion

stomatitis, JEV, and influenza virus A2. Polioayp virus was
unaffected by Glycyrrhizic Acid up to 8 mM.

Anti-parasitic Effects
Licochalcone A

Chen et al. (1993) reported that the 50% inhibitidgrowth of
logarithmic and stationary-phase promastigote ofhmania
major and L. donovaini were seen at 4 and 2.5 plgzodhalcone
A, respectively, as measured by [3H]thymidine uptakThe
growth of L. major promastigotes was totally intdoi after a 20-
h incubation with 5 pg/ml licochalcone A. A 1:2@0ution of

licochalcone A inhibited the motility of the prontigetes by more
than 85%.

Licochalcone A was found to inhibit the in vitroogvth of L.

major in human peripheral blood monocyte-derivednmphages
(MDMs) and U937 cells. No amastigotes were found
macrophages incubated with licochalcone A at 5 Hhgig/ml
and a decrease in the number of amastigotes wasvellsat 1
and 0.5 pg/ml (p < .05) compared to controls. Pheasite
growth in both human MDMs and U937 cells was desgdady
>95% with 1 ug/ml (Chen et al 1993).

Chen et al. (1994a) tested the antileishmanialviagtiof
licochalcone A in female BALB/c mice infected with major
and male golden hamsters (Mesocricetus auratesjted with L.
donovani in the footpad. On day 0, the footpadkiméss of the
left hind foot of each mouse was measured thenctieje
subcutaneously with 107 stationary-phase L. majomastigotes.
The footpads were measured again on day 7 and 8wt@fter
that. Also on day 7, the mice (n = 2) were intri¢paeally or
intralesionally injected with licochalcone A (2.650 mg/kg) or
PBS; this was continued daily. After 39 d of libatcone A
injections, the mice were killed and the livers aspleens
removed. The parasite load was measured by thighaHidine
uptake method. Impression smears of the footsudsens, and
livers were also prepared and examined by lightasimopy.

Intraperitoneal administration of licochalcone A2ab and 5
mg/kg/d completely prevented lesion developmertha mice
compared to control (p < .05).

size by ~50% compared to control (p < .05).

Parasite loads in the footpads were reduced by &0«5% by
i.p. doses of 2.5 and 5 mg/kg/day, respectivelgtralesional
administration of licochalcone A at 1 and 2.5 mgdkimhibited
lesion size by ~50% (p < .05). Licochalcone A desed the
parasite load in the footpads, spleens, and lieérhe mice
treated both intraperitoneally and interlesionally shown in
Table 45.

In the hamster experiment, licochalcone A was adtared
either intraperitoneally or orally to the hamste@n days 0 and
11 the hamsters were administered intracardiactiojes of 109
stationary-phase L. donovani promastigotes in 0.RBS. One
h later, 1 hamster was killed and the liver anésplremoved and
weighed. Impression smears were made and parasitks
_determined by light microscopy. From day 1, thmsi@rs were
ladministered 10 mg/kg licochalcone A in 0.1 ml PBS
intraperitoneally twice daily for 6 d (n = 5) oetkame volume of
PBS as control (n = 5). Another group of hamsteas orally
administered 5, 50, or 150 mg/kg licochalcone AOd ml
synthetic licochalcone A suspended in 1% CMC daityé d (n
= 5). The control group was administered 1% CM®PBS
orally. On day 8, the hamsters were killed andlibers and
spleens removed, weighed, and impression smeagrange The
slides were examined by light microscopy. Pardsitel was
determined by [3H]thymidine uptake.

Parasite load of L. donovani in the liver was dassel by 98% by
intraperitoneally administered licochalcone A atr2@/kg (p <
.05). In the spleen, the load was decreased by&398étermined
by [3H]thymidine uptake and 96% by light microsco8ynthetic
licochalcone A decreased the parasite load inplees by >70%
(p < .05) and in the liver by 65% (p < .05) (Chémle 1994a).

Chen et al. (1994b) used a [3H] hypoxanthine uptdaay to
study the effects of licochalcone A (0.1 to 10 uy/on both

chloroquine-susceptible (3D7) and chloroquine-tasits(Dd2)

strains ofPlasmodium falciparum Growth inhibition was dose-
dependent, similar in both strains, and greaten tbantrols

(infected and uninfected erythrocytes with no licalcone A; p

<.05).

Table 45. Effect of licochalcone A on the numbers of amgastiés in the footpads, spleens, and livers
of mice (n = 2) infected with. major (Chen et al. 1994a).

Parasitic load score

Footpad Spleen Liver
Buffer
Intraperitoneal 500 to 1000 100 to 500 100 to 500
Intralesional 500 to 1000 100 to 500 100 to 500
Licochalcone A
1 mg/kg, intralesional <100 <100 <100
2.5 mg/kg, intralesional <100 <100 <100
2.5 mg/kg, intraperitoneal <100 - 0
5 mg/kg, intraperitoneal <100 - 0
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In a life stage study, licochalcone A (0.1 to 10miy decreased
the number of parasites moving on to the nextdiége at each
stage (p < .05). Licochalcone A, (5, 10, and 13kgigtwice/d;
for 3 d) injected i.p. in mice, decreased the l@fglarasitemia in
mice infected witHP. yoilii YM. All of the control animals died
after 8 d of infection; most of the treated micea(l 10 mg/kg)
survived up to 3 week. Four of 5 in the 15 mg/kgup cleared
the parasites.

Orally administered licochalcone A (50, 150, an@ #%g/kg/d)

given for 6 d (starting 3 h after infection as abpwalmost
completely cleared the parasitic infection fromithiee and they
survived to day 21+. All of the untreated miceddietween days
7 and 9. The authors concluded that licochalcor®#\strong
antimalarial activity (Chen et al. 1994b).

Chen et al. (1997) reported that an analog of hietmone A, 2,4-
dimethoxy-4'-butoxychalcone, protected mice frone tbthal
effects of Plasmodium bergheand P. yoelii and rats fromP.
bergheiafter oral, i.p., and s.c. dosing. This compourfdkited
the growth of both a chloroquine-susceptible (30ahd
chloroquine-resitant (Dd2) strain oP. falciparum in a
[3H]hypoxanthine uptake assay.

Chen et al. (2001) reported that when promastigotés major
incubated in various concentrations of licochalcoke
nicotinamide adenine dinucleotide (NAD)-fumaratuetase and
succinate dehydrogenase were inhibited in a coratént-

When a mouse macrophage cell line (J774) was tigtite same
result was observed (= 1.4 and 0.94 mM, respectively). Both
cell types had much higher values than did the giica
mitochondria. Licochalcone A also had a time- emadcentration-
dependent inhibitory effect on fumarate reductalsenL. major
promastigotes were exposed to it{J& 32 uM). The authors
concluded that fumarate reductase might be theetafgr
antileishmanial drugs (Chen et al. 2001)

Other Constituents

Brggger-Christensen et al. (1994) stated that E-¥{dihydroxy-
3-(3-methyl-2-butenyl)phenyl(-3-(4-hydroxy-3-(3-nhet-2-
butenyl) phenyl]-2-propen-1-one, a chalcone exé@dtom the
roots ofG. inflata, has antileishmaial effects.

Anti-microbial Effects
Gancaonin

Fukai et al. (2004) reported that gancaonin |, drbghobic 2-
arylbenzofuran extracted fron®. uralensis had substantial
antibacterial activity against vancomycin-resistamterococci
(VRE) and vancomycin-sensitive enterococci (VSE)gian agar
dilution method. The MIC againkt faecalisIMC 7783 (VSE),
JU 1856 (VRE), JU 1782 (VRE), JU 1858 (VRE), JUZTVRE),

E. gallinarumJU 2786 Staphylococcus auressibspecies aureus
JCM 2874, an. aureug10 strains) was 3.13 pg/ml. The MIC
againstt. faeciumJCM 5804 (VSE) was 6.25 pg/ml. The MIC

dependent manner (Elp: 1.2 and 19 U'Mv respective|y)' WhenVaIUe forE. coli NIHJ HC'Z, Klebsiella pneumonia@LI 602,

licochalcone A was exposed to the crude mitochendfithe
parasite, fumarate reductase reduced
concentration-dependent manner. Succinate dihydesge
NADH dehydrogenase (NDH), succinate-cytochromeluctase,
and NADH-cytochrome c reductase in the crude midochia of
L. majorwere inhibited in a concentration-dependent mafiGes
= 593, 460, 1519, and 1985 uM, respectively). Wheaman
PBMC cells were treated with licochalcone A, suatén
cytochrome C reductase and NADH dehydrogenaseimebited
in atime- and concentration-dependent manngg€C.4 mM for
both).

Pseudomonus aerugino§&M 6119 was >25 pg/ml.

in an timed aglabridin and Related Compounds

Mitscher et al. (1980) tested glabridin and otrsmflavonoids
extracted fronG. glabrafor antimicrobial properties. As shown
in Table 46 glabridin and most of the 10 other flavonoids
exhibited antimicrobial activity againstS. aureus and
Mycobacterium smegmalig here was little effect agairst coli,

S. gallinarum K. penumonia@ndC. albicans

Table 46.In vitro MIC (ug/ml) of compounds extracted fragn glabra(Mitscher et al. 1980).

Substance S. aureus E. coli S. gallinarum Klebsiella penumoniae M. smegmalis C. albicans
Glabridin 6.25 R X X 6.25 25
Glabrol 1.56 X X X 1.56 X
Glabrene 25 X X X 25 X
3-Hydroxyglabrol 6.25 X X X 6.25 X
4'-O-methylglabrindin 6.25 X X X 3.12 X
3'-Methoxyglabridin 50 X X X X X
Formononetin X X X X X X
Phaseollinisoflavan 25 X X X 125 X
Hispaglabridin A 3.12 X X X 3.12 X
Hispaglabridin B 6.25 X X X 3.12 X
Positive control 5 5 50 25 1.25 X

(Streptomycin Sulfate)

2x = no inhibition at 100 pg/ml
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Gupta et al. (2008) reported the anti-microbialivétgt of
glabridin against various gram negative and grasitive bacteria
and compared its effectiveness to streptomycihass inTable
47.

Licochalcone a and Related Compounds

Haraguchi et al. (1998b) used the broth dilutionthod to
determine that licochalcone A through D and eclminat
retrochalcones isolated from G. inflata, inhibitéd growth of
gram-positive bacteria as showriable 48. The authors noted
that Licochalcone A and C had a small effect org&lrgrowth
and that Licohchalcone A showed the most potenbacterial
activity.

The authors also found that licochalcone A inhibitthe
incorporation of radioactive thymidine, uracil aleicine into
DNA, RNA, and protein, respectively, M. luteuscells.

The authors suggested that licochalcone A intedifeiith energy
metabolism in the same manner as several respjiriatabiting
antibiotics.

In further studies by these authors, suspensiongiring M.
luteus E. colior S. aureusvere incubated with licochalcone A.
Oxygen consumption was inhibited fiot. luteusandS. aureus
but not inE. colias shown ifrable 49. The authors suggested
that licochalcone A cannot permeate into gram-negéatcterial
cells.

Licochalcone A and C were found to be effectiveibitbrs of
bacterial NADH-oxidase as shown Trable 50. The authors
suggested this demonstrates effects on the respictiain in the
bacterial membrane (Haraguchi et al. 1998Db).

Table 47.Antibacterial activity of glabridin against granegitive and gram-negative bacterial strains (Gepta. 2008).

Bacterial strain

Streptomycin MIC (pg/ml)

Glabridin M IC (ug/ml)

S. aureugMTCC96) 12.71+2.82 3.9+0.45

Staphylococcus epidermidisI TCC435) 6.35+1.41 7.5+0.89

S. mutangMTCC890) 6.35+1.41 7.5+0.89

B. subtilis(MTCC121) 12.71+2.82 156 +1.79
Enterococcs faecali@TCC439) 0.36 +0.04 31.25+3.61
Klebsiella pneumoniaéMTCC109) 2.71+0.36 250 + 28.86
Salmonella typh{MTCC733) 2.71+0.36 125 + 14.43
Yersinia enterocoliticgMTCC861) 12.71£2.82 250 + 28.86
Enterobacter aerogen®TCC111) 2.71+0.36 250 + 28.86
E. coli (MTCC723) 1.35+0.18 250 + 28.86

Table 48.MIC (ug/ml) of licorice constituents fro®. inflata (Haraguchi et al. 1998b).

Microorganism Licochalcone A Licochalcone B LicochalecC Licochalcone D Echinatin
Bacillus subtilislFO 3060 3.13 100 12.2 50 25
Staphylococcus auredSO 3007 1.56 100 6.25 50 25
Micrococcus luteusO 3333 1.56 50 6.25 50 25
Escherichia colHUT 215 >100 >100 >100 >100 >100
Pseudomonus aeruginos&M 2776 >100 >100 >100 >100 >100
Saccharomyces cerevisi#eO 0203 >100 >100 50 >100 >100
Candida albicanSIMM 0134 >100 >100 >100 >100 >100
Mucor pusillusHUT 1185 12.5 >100 100 >100 >100
Asperigillus nigernFO 4343 >100 >100 >100 >100 >100

2no effect at 100 pg/ml
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Table 49.Effect of licorice constituents extracted fr@n inflataon respiratory activity (I§ in pM) on bacterial cells (Haraguchi et al. 1998b)

Licochalcone

Licochalcone

Licochalcone

Microorganism A B C Licochalcone D Echinatin
M. luteuslFO 3333 3.0x04 > 100 53.3+3.5 > 100 > 100
S. aureusFO 12732 22.7+1.6 > 100 58.6 +2.9 749+5.2 > 100
S. aureud 1D 671 23+2.1 >100 559+4.1 > 100 > 100
E. coli IFO 3545 > 100 > 100 > 100 > 100 > 100

Table 50.Effect of licochalcone A and C frofa. inflataon NADH oxidase (Ig in M) on bacterial membranes (Haraguchi et e98H).

Microorganism

Licochalcone A

Licochalcone C

M. luteus 6.2+05 3.0+0.2
S. aureus 8.0+0.7 23.4+2.0
P. aeruginosa 189+1.3 139+14
E. coli 9.5+0.7 7.4 +0.5

Tsukiyama et al. (2002) determined that licochadcAnisolated
from G. inflata, exhibited a concentration-dependgmbition of

B. subtilis growth. At 2 pug/ml, licochalcone A ibfited growth

for 12 h before cell growth started. At 3 pg/ndllgrowth was
completely inhibited. The authors also determitiedMICs of
licochalcone A against several food contaminantogiganisms
as shown irmable 51.

Friis-Moller et al. (2002) reported that licochaheoA, from G.
inflata, had cytotoxic effects on human pathogémycobacteria
species.M. tuberculosis, M. bovis, M. kansasii, M. xenoplii

from licorice root and tested their antimicrobiatiaity. There
was no significant antimicrobial activity by eithef the test
compounds orS. mutandFO 13922,S. aureudFO 3060,B.

subtilisIFO 3007,E. colilFO 3366,S. cerevisia¢FO 0306,C.

utilis IFO 1086, Pichia nakazawailFO 1668, Rhizopus
formosaensi$FO 4756, orA. nigerlFO 4407.

Table 51. Activity of licochalcone A against food contamiria
microorganisms (Tsukiyama et al. 2002).

marnum and 3 tuberculosis strains were inhibited by &taxone

A (MIC < 20 mg/l). All non-M. tuberculosis complex
mycobacteria, includiniyl. szulgai, M. avium/intracellulare, M.
scrofulaceum, M. malmoense, M. terrae/triviale,dvhegmatis,
M. nonchromogenicum, M. flavescens, M. fortuitiand M.
chelonae(exceptM. kansasii, M. xenophiiand M. marinum)
were resistant ta20 mg/l licochalcone A.

Nineteen strains dfl. tuberculosigMIC 5 - 10 mg/1), 8 strains of
M. bovis (MIC 10 - 20 mg/l), and 3 Bacillus of Cadtte and
Gurin tubercular strains (MIC 5 - 10 mg/l) were ilvsited by
licochalcone A. All M. avium/intracellulare strains were
inhibited by>20 mg/l licochalcone A and most were killed by >80
mg/l. The minimal bactericidal concentration @blchalcone A
against bothM. instracellulare (n = 2) and the Bacillus of
Calmette and Gurin tubercular strains (n = 3) wasw/l.

Various Compounds

Fukui et al. (1988) tested the antimicrobial effecof
cycloflavanone, pinocembrin, and licoflavanoneasedl from the
air-dried leaves ofs. glabraby the paper disk method. The
authors conclude that these compounds were minjiraalive

Microorganism MIC (pg/ml)
Escherichia colK-12 IFO 3301 >50
Pseudomonas aeruginofeO 3923 >50
Bacillus cereusFO 3514 3.0
Bacillus subtilis IFO 3007 2.0
Bacillus coagulan$FO 12583 2.0
Bacillus stearothermophilusFO 12550 2.0
Clostridium sporogenel$O 13950 8.0
Enterococcus faecalis IFO 3989 6.0
Lactobacillus acidophilusFO 13951 5.0
Lactobacillus plantaruniFO 12519 5.0
Leuconostoc mesenteroid&® 3832 15.0
Staphylococcus aure@99P IFO 12732 3.0
Streptococcus lactig=O 12546 8.0
Streptococcus mutarBO 13955 5.0
Aspergillus nigetFO 6341 >50
Saccharomyces cerevisideO 0203 >50

againstB. subtilis, S. aureysand C. albicansand not active
againste. coli.

Demizu et al. (1988) extracted glycycoumarin acddboumarone

103

2no effect at 50 pg/ml



Okada et al. (1989) tested the antimicrobial prigeof extracts
from G. glabra and G. inflata on various microbial strains.
Glabrene and glabradin was extracted fr@n glabra and
licochalcone A and B were extracted fr@ninflata MICs were
determined fofS. aureudFO 3060,B. subtilisIFO 1668 E. coli
IFO 3366,P. aeruginosalCM 2776,S. cerevisiaé-O 0306,C.
utilis IFO 1086,M. pusillusHUT 1186 andA. nigerlFO4407.
All of the compounds inhibited the growth of grawsfive
bacteria such &S. aureusandB. subtilisas shown inrable 52
but not the gram-negative strains. The authoreddhat
potencies of the antimicrobial activity of licochahe A and
glabridin were comparable to streptomycin. Glalbrakhibited
significant growth-inhibition against yeast and dumvhile the
other compounds and streptomycin were inactivee dithors
speculated that since the content of glabridinbrglae, and
licochalcones A and B in each licorice plant wesénsated at
9.1%, 2.8%, 18.2% and 2.7%, respectively, by HPtlese
compounds should account for much of the antimiatob
activities of licorice extracts.

Hatano et al. (2000) examined the antimicrobia¢& of 40
compounds isolated from G. uralensis. The compsuwaere
tested on 4 strains of methicillin-resistant Seagr(MRSA), one
strain of methicillin-sensitive S. aureus (MSSA),a@ruginosa
(PAO1), and E. coli K12. Two of these compoundgy,-
dimethylallyl)-wighteone and 3{fy-dimethylallyl)-kievitone, had
MICs of 8 pug/ml on the MRSA strains and MSSA. ldbalcone
A, gancaonin G, isoangustone A, glyasperins C argldbridin,
licoricidin, glycycoumarin, and
antibacterial effects on the MRSA strains with Mi&ues of 16
pg/ml.

Table 52.MIC (png/ml) of the anitmicrobial activi

None of the compounds demonstrated any effect @olEor P.
aeruginosa as shownTiable 53. The authors suggested that the
antibacterial properties of various licorice compds may be
useful in the treatment of diseases caused by. fanigus, at least
in the intestines.

To test if the presence of certain of these limgompounds
decreased the resistance of the MRSA strains ageiasillin, the
above experiment was repeated at concentratiores kinan each
compound’s MIC value in combination with the lowest
concentrations of oxacillin which did not causebtdity due to
bacterial proliferation.

Oxacillinin the absence of the phenolic compoustasved MICs
of 64 to 512 pg/ml for the 4 MRSA strains, whihe tMIC for
MSSA 209P was < 0.5 pg/ml. In the presence gfigénl of
glicophenone, the MICs of oxacillin for the MRSArahs
decreased to 1/2 to 1/8 of the values in the alesesfc
glicophenone. Isowightenone and isoangustone éralduced

the MICs of oxacillin. Licoricidin (8 pg/ml) decased the MICs

of oxacillin to lower than 1/128 to 1/1000 of thd®4 without
licoridicin. The growth curve of the MRSA OM48Tah after
24 h of incubation in the presence of both oxati|iO pg/ml)
and licoricidin (8 pg/ml) was ~1/100 of that in tabsence of

them (control); oxacillin alone (10 pg/ml) or lidgcidin alone (8

png/ml) did not cause such an inhibition of bactegiawth.

A mechanistic study suggested to the authors thatididin

restored the antibacterial effect of oxacillin with inhibition of

licocoumarone shalwe the formation of penicillin-binding protein 2' (PB, but affected
the enzymatic function of PBP2'. The authors rrtuggested
that licoricidin may work well in decreasing the ®16f oxacillin

(Hatano et al. 2000).

ty of coristents of licorice (Okada et al. 1989).

Microorganisms Licochalcone A Licochalcone B Galbrene lab@din Streptomycin
Gram-positive bacteria
Staphylococcus aureus 1.95 31.3 7.81 1.95 1.95
Bacillus subtilis 3.91 31.3 7.81 3.91 1.95
Gram-negative bacteria
Escherichia coli >250 >250 >250 >250 7.81
Pseudomonas aeruginosa >250 >250 >250 >250 31.3
Yeasts
Saccharomyces cerevisae >250 >250 15.6 7.81 >250
Candida utilis >250 >250 31.3 7.81 >250
Fungi
Mucro pusillus >250 >250 15.6 3.91 >250
Apergillus niger >250 >250 >250 31.3 >250

2no inhibition observed up to 250 pg/ml
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Table 53.MICs (ug/ml) ofG. uralensiphenolics for 4 strains of methicillin-resist&taureugMRSA), one strain of
methicillin-sensitiveS. aureugMSSA), Pseudomonas aerugino$dAO1), ancE. coliK12 (Hatano et al. 2000).

MRSA MRSA MRSA MRSA MSSA E. coli P. Aeruginosa
Compounds OM481 OM505 OM584 OM623 209P K12 PAO1
Flavanones
Liquiritigenin >128 >128 >128 >128 >128 >128 >128
Liquiritin >128 >128 >128 >128 >128 >128 >128
6"-O-Acetylliquiritin >128 >128 >128 >128 >128 >128 >128
Naringenin >128 >128 >128 >128 >128 >128 >128
Chalcones
Isoliquiritin apioside >128 >128 >128 >128 >128 >128 281
Isoligiritin >128 >128 >128 >128 >128 >128 >128
Tetrahydroxymethoxychalcone >128 >128 >128 >128 >128 128> >128
Echinatin 128 64 64 64 64 >128 >128
Licochalcone A 16 16 16 16 16 >128 >128
Licochalcone B 128 128 128 128 128 >128 >128
Isoliquiritigenin 128 128 128 128 128 >128 >128
Isoflavones
Glycyrrhisoflavone 64 64 32 32 32 >128 >128
Semilicoisoflavone B 64 64 64 32 32 >128 >128
Genistein >128 >128 >128 >128 >128 >128 >128
Glicoricone 64 64 64 64 64 >128 >128
Gancaonin G 16 16 16 16 16 >128 >128
8-(y,y-Dimethylallyl)-wighteone 8 8 8 8 8 >128 >128
Isowighteone 32 32 32 32 16 >128 >128
Glisoflavone 64 64 64 64 64 >128 >128
Isoangustone A 16 16 16 16 16 >128 >128
Isoflavanones
Glycyrrhisoflavanone 64 64 32 32 32 >128 >128
Glyasperin F 64 64 64 64 32 >128 >128
Licoisoflavanone 32 32 32 32 32 >128 >128
Glicoisoflavanone 64 64 32 32 32 >128 >128
3'-r,y-Dimethylallyl)-kievitone 8 8 8 8 8 >128 >128
Isoflavans
(3R)-Vestitol 128 128 128 128 128 >128 >128
Glyasperin C 16 16 16 16 16 >128 >128
Glyasperin D 16 16 16 16 16 >128 >128
Glabridin 16 16 16 16 16 >128 >128
Licoricidin 16 16 16 16 16 >128 >128
3-Arylcoumarins
Glycycoumarin 16 16 16 16 16 >128 >128
Licopyranocoumarin >128 >128 >128 >128 >128 >128 >128
Licoarylcoumarin 32 32 32 32 16 >128 >128
Glycyrin 128 128 128 128 128 >128 >128
Isolicopyranocoumarin >128 >128 >128 >128 >128 >128 812
Glycyrin permethyl ether >128 >128 >128 >128 >128 >128 >128
Others
Licocoumarone 16 16 16 16 16 >128 >128
Glicophenone 32 32 32 32 32 >128 >128
Licoriphenone 32 32 32 16 16 >128 >128
Glycyron >128 >128 >128 >128 >128 >128 >128
Isoglycyrol >128 >128 >128 >128 >128 >128 >128

2no inhibition observed up to 128 pg/ml

105



Tanaka et al. (2001) tested the antimicrobial ¢fe€chemicals The antibacterial activities of these fractionseveot as strong as
extracted fronG. uralensisincluding licoricidin, liquiritigenin, the positive control, amoxicillin (5 pg/ml) witrddameter of 37.0
liquiritin; glycyrol, glycyrin, and glycycoumarirgnd vestitol (see  mm as shown iffable 55.

Figure 10), on upper airway respiratory tract baate(S.
pyogenes, Haemophilus influen28eCC 33391), andloraxella
catarrhalis (ATCC 25238)). The MIC was measured by the 2
fold serial broth dilution method. As shownTiable 54 most of
the fractions showed antibacterial activity; andoticidin ~The compounds d. uralensisvere confirmed by TLC. The test
exhibited the highest activity with an MIC of 12 fmg for all 3 compounds were initially dissolved in DMSO and tfiert diluted
strains. in a two-fold series with DMSO before placementiom plates.
MICs were determined after 3 d of incubation at@7nder
microaerophilic conditions. MIC was defined as tbavest
concentration of the test compound inhibiting Visibacterial
growth. AntiH. pylori activity is shown inTable 56.

MICs of the extracts were determined by the adatidh method.
Four strains of H. pylori were incubated as abawdiaoculated
on plates containing the test compounds.

Fukai et al. (2002) tested fractions and isolaktseted from G.
uralensis for antHelicobacter pyloriactivity. H. pylori ATCC

43526 was incubated for 3 d then colonies wereendgd in
Brucella broth to give the turbidity equivalentdptical density
(OD)570 = 0.25. The suspensions contained ~2 xcbddny ~ The authors concluded that ahti-pylori activity compounds in
forming units (cfu)/ml. The final concentration svéd x 105 licorice are isoprenoid-substituted flavonoids, andgested that
cfu/ml. Samples were dissolved in EtOAc and diutel mg/ml  the inhibitory activity of licoisoflavone B (a pymaisoflavone)

with the solvent. Air-dried 8 mm paper disks cheatquith 50 pl  against strain GP98, which is resistant to amdsicimay be of

of the sample solution were placed on agar plaféameters of therapeutic value.

inhibition zones were determined after 3 d inculratunder

microaerophilic conditions.

Table 54.MICs (png/ml) of constituents @. uralensis
against oropharyngeal bacteria (Tanaka et al. 2001)

Constituent S. pyoenes H. influenza M catarrhalis
(Hg/ml) (Hg/ml) (Hg/ml)
Licoricidin 12 12 12
Vestitol 50 100 100
Glycyrol 50 100 >100
Glycyrin 25 25 50
Glycycoumarin 25 25 100
Liquiritigenin >100 >100 >100
Liquiritin >100 >100 >100

2no inhibition observed up to 100 pg/ml

Table 55.Anti-Helicobacter pyloriactivity (paper disk method) of
semi-purified fractions o&. uralensigFukai et al. 2002).

Diameter of inhibition zone

Fraction 10 mg/ml (mm) 1 mg/ml (mm)
Methanol 19.0 negative
Chloroform soluble 215 14.0
Chloroform insoluble 15.5 negative
Benzene 20.0 15.0

Fr A 21.5 negative
FrB 32.5 15.0
FrC 29.0 16.0
FrD 16.0 11.5
FrE 11.5 negative
FrF negative negative
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Table 56. Anti-Helicobacter pyloriactivities (MIC inOpGg/mH of the characteristicopounds of

licorice specie$s. glabrg G. uralensisan inflata (Fukai et al. 2002).
Compound (source) cfu? ATCC 43504 ATCC 43526 ZLM 1007 GP98
Glycyrrhizic acid (all species) a >100 > 100 >100 10
b > 100 > 100 > 100 >100
Glycyrrhitic acid (all species) a 50 50 50 50
b 25 25 25 25
Licorice-saponin G2 (all species) a > 100 > 100 > 100 106
b > 100 > 100 > 100 >100
Liquiritigenin (all species) a 50 50 50 50
b 50 50 50 50
Liquiritin (all species) a > 50 > 50 > 50 > 50
b >50 >50 > 50 > 50
Formononetin (all species) a >100 > 100 > 100 12.5
b 12.5 12.5 12.5 12.5
Glabridin G. glabrg a 12.5 12.5 25 12.5
b 12.5 12.5 25 12.5
Glabrene G. glabrg a 12.5 12.5 12.5 12.5
b 12.5 12.5 12.5 12.5
Licochalcone AG. inflata) a 25 25 25 25
b 25 25 12.5 12.5
Licochalcone B G. inflata) a >50 >50 >50 >50
b >50 >50 > 50 > 50
Licoricidin (G. uralensi$ a 12.5 12.5 6.25 12.5
b 12.5 12.5 6.25 6.25
Glycyrol (G. uralensi$ a >50 >50 > 50 >50
b >50 >50 > 50 > 50
Isoglycyrol G. uralensi$ a >100 > 100 >100 > 100
b > 100 > 100 > 100 >100
Licoisoflavone B G. uralensi$ a 6.25 6.25 6.25 6.25
b 6.25 6.25 6.25 3.13
Amoxicillin a 0.05 0.05 0.05 0.20
b 0.025 0.025 0.025 0.10

2a corresponds to an inoculum of 2 X £6lony forming units (cfu) and b corresponds to & cfu.

Because licoisoflavone B is a minor constituertaafrice plants (0.12%) was the positive control and the untreatsgension was
and licoricidin, with not as high inhibitory actiyj is present in the negative control.
higher concentrations in the plants, the authoggested that

Iicoric_idin may be the main ant pylori agent ofG. uralensis ug/ml; 5-O-methylglycyrol, isoglycyrol, 500 pg/nigoglycyrol,
(Fukai et al. 2002). 500 pg/ml; 6,8-diisoprenyl-5,7,4'-trihydroxyisoftae® 2 pg/ml
He et al. (2006) performed an extract procedurhemnoots of5. and gancaonin G, 125 pg/ml (He et al. 2006).
uralensis with 95% ethanol followed by solvent-solvent
partitioning. Two new pterocarpenes were iderdifgdycyrrhizol o )
A and glycyrrhizol B. These 2 compounds along wBt®-  Glycyrrhetinic Acid
methylglycyrol, isoglycyrol, 6,8-diisoprenyl-5,7;4" |nan earlier safety assessment of Glycyrrhetiniii/Aand related
trihydroxyisoflaone and gancacaonin G (also isaldtem G.  chemicals, the acid, but not the dipotassium eatanced drug
uralensis root in this process) were tested formaotobial absorption (CIR 2005). Hydrocortisone and Glycgtitic Acid
activity against S. mutans with the MIC protoc(ﬂhlorhexidine combined produced a dose_dependent increase II'E@GQ:T
blanching (vasoconstriction) where neither substahene had an

The MIC values were: glycyrrhizol A, 1 g/ml; glyehizol B, 32

Drug Interactions
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effect on the forearms of humans. Glycyrrhetiniachibited
the production of 3H-11-dehydrocorticosterone indaese-
dependent manner when applied to protein extratted the
dorsal skin of nude mice. A formulation containifgl%
Glycyrrhizic Acid produced a 10-fold increase iretHux of
diclofenac sodium across a rat skin barrier in Etgpe diffusion
cells.

Glabridin

Since glabridin has been found to be a mechanisaebiahibitor
of CYP (Kent et al. 2002; Zhou et al. 2004), Zisdwal. (2005)

vehicle (5% Tween 80 v/v and 2% ethanol), no ingectl mg/kg
glabridin or 10 mg/kg glabridin (n = 7). The injens were
made 24 and 2 h before an i.p. injection of 15 md/lesS.
Survival was noted daily for 4 d. All of the micgected with the
vehicle only survived the experiment. On days 2,t43% of the
mice injected with just LPS survived. The micestigd with the
low dose of glabridin had 57% survival while theceinjected
with the high dose of glabridin had 86% survival.

Glycyrrhetinic Acid

Glycyrrhetinic Acid injected i.m. into young ratsithes/week for

stated that glabridin may cause licorice-drug entéons as a 4 wk resulted in no tissue damage except for &tstignning of

result.

Isoliquiritigenin

Jang et al. (2008) reported that isoliquiritiget®n 10, and 20
mg/kg; p.0.), administered to adult Sprague-Dawdey 1 h prior
to an injection of cocaine inhibited cocaine-indiieatracellular
dopamine levels in the nucleus accumbens in a dependent
manner. This experiment was also conducted onyBlyiza
Glabra (Licorice) Root Extract; see the main reporThe
inhibition of dopamine release by isoliquiritigainiresulted
inattenuation of the expression of c-Fos (an imiatedy early
gene induced by cocaine). The effect of isoligigieihin was

the lipid in the zona glomerulosa of the adrenaings (CIR
2005).

Licochalcone A

Daily i.p. injections of licochalcone A dissolved DMSO in
doses up to 100 mg/kg administered to rats andnidé@g to
hamsters did not show any toxicity (Chen et al.4E)9

Subchronic Oral Toxicity
Licorice Flavanoid Oil

Nakagawa et al. (2008b) orally administered licefiavonoid oil
(consisting of licorice hydrophobic pholyphenolgiadium-chain

completely prevented by a gamma-aminobutyric acid-Biglycerides; 400, 600, 800, or 1600 mg/kg) to €ek-old, male

(GABAB)receptor antagonist. The authors conclutiest G.
glabra extract and isoliquiritigenin inhibit cocainduced
dopamine release by modulating the GABAB recepgtaygesting
that isoliquiritigenin might be effective in bloeig the reinforcing
effects of cocaine.

ANIMAL TOXICOLOGY
Acute Oral Toxicity
Glycyrrhetinic Acid

and female Crj:CD(SD) rats (SPF) (n = 10; 6 groofpsach sex)
for 90 d. Controls were the vehicle and corn oil.
Ophthalmoscopic examinations were conducted piand at the
end of treatment. Urine and blood were collecteolrto and at
the end of treatment. The rats were killed andopsied.

In the 1600 mg/kg group, 1 female and 8 males diedere
kiled due to adverse effects attributed to treatime
Hematological analyses at necropsy revealed a aeeia RBC,
hemoglobin, and hematocrit and a prolongationatficig time by

The oral L0, of Glycyrrhetinic Acid was reported to be 610prothrombin time and activated partial thromboptagime.

mg/kg in rats (CIR 2005).
Acute Parenteral Toxicity
Glycyrrhetinic Acid

There were traces of hemorrhage in several orgathgianimals
that died and the surviving males in the high-dgseip. Clinical

observations of these rats include staining ohthee, bleeding in
the oral cavity, swelling of the hindlimb, rough/and or prone

The i.p. LD, of glycyrrhetinic acid in mice was reported to bedosition. Accidental deaths occurred to 1 femakae 400, 800,

308 mg/kg (CIR 2005).
Short-term Oral Toxicity
Licochalcone A

In a preliminary experiment on the antileishmaraetivity of

licochalcone A, an unspecified number of rats veehaministered
up to 1,000 mg licochalcone A/kg in 1% CMC oralhce/day for
2 wk. The rats did not exhibit any signs of toidiChen et al.
1994a).

Short-term Parenteral Toxicity
Glabridin

Kang et al. (2005) tested glabridin for its anflammatory
effects against LPS isolated froBalmonella typhosavhen
injected into female BDF1 mice. The test injecticonsisted of,

and 1600 mg/kg treatment groups due to gavage exusid?2
males in the 800 mg/kg also died. Clinical sign®ag the
surviving rats were spontaneous formation of a skinst
occurring on the neck of 1 female in the 400 mgjiaup and on

the face of 1 male in the 800 mg/kg group. )
There were no changes in body weights except éomidles in the

1600 mg/kg group from week 9. There were no chamyéeed
consumption. The authors noted a trend towarckasad water
consumption in the female 800 mg/kg group from w&eknd in
the female 1600 mg/kg group from week 2. Thereavi@end of
increased water consumption in the males in the 800, and
1600 mg/kg groups from weeks 1 or 2. There wastatistical
analysis of the water consumption. There was &delvarine
output for females in the 800 and 1600 mg/kg groampd for
males in the 600, 800, and 1600 mg/kg groups. & ha&re no
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other changes observed in the urinalysis.

RBC decreased in the male 600 and 800 mg/kg grgugs05,

.01). Hematocrit levels decreased in the male 800, and 800
mg/kg groups (p <.05, .01). Mean corpuscular hgdotan levels
were increased in the male 800 mg/kg group (p ¥ab8 mean
corpuscular hemoglobin concentrations were incoeasbe male
600 and 800 mg/kg group (p < .01). Similar teniemevere
noted but not significant in the male 1600 mg/kguyr. The
clotting measurement prothrombin time was prolongedhe

female 1600 mg/kg group (p < .05) and the male &ad 800
mg/kg groups (p < .01). Activated partial thromlagtin time

was prolonged in the female 1600 mg/kg group (P19 and in
the male 800 mg/kg group (p < .01).

AST decreased in the female 1600 mg/kg group (bxand the
male 800 mg/kg group (p < .01). ALT was increagsedhe
female 600, 800, and 1600 mg/kg groups (p < .05,afd male
400, 600, and 800 mg/kg groups (p < .05, .01). aliie
phosphatase and total bilirubin were increaseldrg¢male 1600
mg/kg group (p < .05). Creatinine was increasdatiénmale 800
mg/kg group (p < .05). Glucose was decreaseckifetimale 600,
800, and 1600 mg/kg groups (p < .05, .01). Inoigphosphates
were elevated in the female 1600 mg/kg group (p0%)..
Magnesium was decreased in the female 1600 mgtkgpdip <
.05). Potassium was decreased in the male 608@hang/kg
group (p < .05, .01) with a similar trend in théd08ng/kg group.

Absolute spleen weight was decreased (p < .05)raladive
kidney weight was increased in the female 1600 mgfioup (p
<.01). The absolute (p < .01) and relative (©¥) weights of
abdominal fat around the uterus were decreasehleirfeimale
1600 mg/kg group. The absolute and relative wsighit
abdominal fat around the kidneys were decreaséikeifiemale
800 and 1600 mg/kg groups (p < .05, .01).

Of the animals that died, traces of hemorrhageh sgadark red
discoloration, were observed in several organs asaopically.

One surviving male in the 1600 mg/kg group had dar

discoloration of the musculature. Histopatholob@amination
revealed hemorrhage in several organs and tissumes
hematopoiesis in the bone marrow in the male 16§8grgroup
and in the female that died. Inflammatory lesicamsoptosis,
necrosis, and atrophy were also observed. Ophtspic
examinations were unremarkable.

A followup study was conducted to investigate teenbrrhagic
effects (see above). The authors concluded teaflAEL for
licorice flavonoid oil was 800 mg/kg/d for femalats and 400

Dermal Irritation and Sensitization
Glycyrrhetinic Acid

Glycyrrhetinic Acid applied to the shaved backsalbino rabbits
caused no edema or erythema on intact or abradedfsir 24 h
of exposure (CIR 2005).

Liquiritin

Sansho Seiyaku, Co., Ltd. (2004) conducted a pyinnetation
test of liquiritin, extracted fror®. glabraroot, on guinea pigs (n
=5). The test sample was a 0.15% ethanol solafidiquiritin.
The test sample was applied on the shaved badke @nimals
and the sites were covered by occlusive dressmga4 h. No

reactions, including erythema and edema, were veden any
animals at 2 and 24 h after removal of the tesipdam

In a further test, a skin sensitization study omea pigs (n = 8)
was performed using a 0.15% ethanol solution afilitin with
Freund’'s adjuvant. The test sample was applietthéoshaved
backs of the animals (animals pretreated with atjtjvwith
induction patches and then with occlusive challepg&hes.
Although mild erythema was observed in 1 of thenBrals, no
reaction was seen in the remaining animals (Sa@shaku, Co.,
Ltd. 2004).

Treatment of Immediate Hypersensitivity
Glycyrrhizic Acid and Derivatives

Shin et al. (2007) tested glycyrrhizin, ft8lycyrrhetinic acid,
isoliquiritin, and liquiritigenin, isolated fror@. glabraroots, for
antiallergic effects. In a histimine release stutgple Sprague-
Dawley rats (200 + 20 g) were killed then injecigd with 20 ml
physiological solution. The abdominal regions werassaged
and the peritoneal exudate cells collected, cemnfeifl, and
washed. The cells (5 x 104/ml) were mixed withivas
concentrations of the isolates in 0.5 ml physiatagsolution for
5 min. Compound 48/80 (0.5 ml) was added andé¢hls cooled.
he released histamine from the rat peritoneal ataidells was
then measured. This was repeated with RBL-2H3 d¢etluced
gy IgE with DNP-human serum albumin.

Liquiritigenin, the most potent compound testedhibited the
release op-hexosaminidase from RBL-2H3 cells (& 86 pM)
followed by 18-glycyrrhetinic acid. The Ig of azelastine, the
control, was 35 pM. These isolates also inhibitechpound
48/80-induced histamine release from peritoneal Iscel
Glycyrrhizin and isoliquiritin did not inhibit degnulation.

The authors also performed an IgE-dependent passtaeeous

mg/kg/d for male rats; and the NOEL was < 400 mfgfkg anaphylactic reaction assay on male ICR mice. e were

(Nakagawa et al 2008b).
Ocular Irritation
Glycyrrhetinic Acid

Glycyrrhetinic Acid (6%) in water was classified &dightly
irritating” using a chick embryo chorio-allantoicembrane in
vitro assay (CIR 2005).

intradermally injected with anti-DNP IgE in 2 shadyedorsal sites
that had been marked. The licorice isolates wdrigistered
orally or i.p. after 23 h. The mice were injected 48 h later
with 3% Evans Blue in PBS with 200 pg DNP-humaruser
albumin (200 pl). The mice were killed 30 min tatéhe skin
excised, and the pigment determined colorimetgcalhll the

isolates demonstrated inhibition, both orally apd as shown in
Table 57.
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Table 57.Effect of compounds isolated froB glabraroot on the
mouse passive cutaneous anaphylactic reaction ashaged by IgE-
antigen complex (Shin et al. 2007).

Treatment Dose Administration Inhibition
(mg/kg) route (%)
Glycyrrhizin 5 i.p. 48+ 7
10 p.o. 67 +11
50 p.o. 97 +12
Isoliquiritin 5 i.p. 63+9
10 p.o. 60 +21
50 p.o. 83 +18
Liquiritigenin 5 i.p. 54 +5
10 p.o. 80 + 16
50 p.o. 84 +15
18B-Glycyrrhetinic Acid 5 i.p. 63+5
10 p.o. 838
50 p.o. 96 +6
Azelastine 5 i.p. 87+12
10 p.o. 89+6

In a scratching behavior assay, the authors plaedd BALB/c
mice (n = 6)" in acrylic cages after orally admieitng the
isolates 1 h earlier. Compound 48/80 was injettetdermally
on the rostral part of the skin of the back whield been clipped.
The controls received saline. Scratching behavaw recorded.
Liquirititigenin and 18-glycyrrhetinic acid (both at 50 mg/kg)
inhibited scratching behavior by 51% and 52%, reSpely.
Glycyrrhizin (50 mg/kg) inhibited scratching behawby ~25%
and isoliquiritin (50 mg/kg) by ~30%.The authored8BALB/c
mice for a sensitization and antigen challenge ex@at. On day
1, the mice were injected with ovalbumin (5 mg milaluminum
hydroxide gel). The controls were administeredmalor
betamethasone. On day 10 the mice were admirtstelbeoster
injection, the same as the first injection. Theceniwere
challenged on day 17 with aerosolized ovalbumin )(3%¢
ultrasonic nebulizer for 1 h over 5 d.

The licorice isolates were orally administered bdfore the
challenge. The day after the last challenge, @ayh& mice were
killed and IgE was measured in the blood. Glyayirhand 18-
glycyrrhetinic acid inhibited the ovalbumin-indugadduction of
IgE (p < .05), but not as much as betamethasoiwuirltitgenin
and isoliquiritin did not inhibit IgE production.

The authors concluded that orally administeredrioeoextract
containing glycyrrhizin, 18-glycyrrhetinic acid, and liquiritigenin
can be use to treat IgE-induced allergic disealsim 8 al. 2007).

Phototoxicity and Photosensitization
Glabridin

Two areas of the shaved backs of 3 Hartley guiriga were
irradiated once with 150 mJ/cm2 UVB. ImmediatelieatJVB
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treatment, 0.5 % glabridin solution (ethanol:premgd
glycol:water = 6.5:2.5:1) was applied to 1 of tiradiated areas,
and the base solution without glabridin was appleethe other
irradiated site. Erythema was measured with a MénGR-100
chromameter at 6, 24, and 48 hours after UVB iatigin. The
degree of redness was reduced (p < 0.01) in tieidla-treated
sites at all 3 time points (Yokota et al. 1998).

Depigmentation
Glabridin

Yokota et al. (1998) tested glabridin for its skigpigmentation
effects under UVB. Two areas of the shaved batR$oownish
guinea pigs were irradiated with 250 mJ/cm2 UVB/dary 4
consecutive days. For 3 wk after the last UVB iia#idn, 0.5%
glabridin solution (ethanol:propylene glycol:water6.5:2.5:1)
was applied to 1 of the irradiated sites on eachegupig, while
the base solution without glabridin was applieddtier site. The
UVB-induced skin depigmentation of the treated ssiteas
measured by a Minolta CR-100 chromameter. The dabri
treated sites were significantly lighter in colprg0.05) than the
control sites; glabridin reduced UVB-induced pigtagion.

Hormonal Effects
Glabridin

Tamir et al. (2000) tested the effect of glabrighttracted fron.
glabra on 3 lines of human breast cancer cells (T-47DFVIC
and MDA-MB-468) for estrogenic effects. The cellre seeded
into 96-well tissue culture plates and incubated4® h. The
medium was replaced with fresh medium plus various
concentrations of glabridin or estradiol after 3 The medium
was changed every 3 d thereafter. Growth was meddoy
spectrometry at 450 nm.

Glabridin stimulated growth of the cancer cellsrveange of 0.1
to 10 uM, maximum stimulation was at ~ 10 uM. Gidin then

inhibited cell growth at concentrations > 15 pMheTmaximum
growth stimulation by glabridin was equal to th&estradiol at
0.1to 10 nM.

To differentiate the estrogenic agonist activitidsom
antiproliferative effects, the authors performedose-response
experiment of glabridin with ER- (MDA-MB-468) andR&
(T47D) human breast cancer cells.

The effects of glabridin was biphasic. Glabridid dot increase
cell growth in ER-cells but at 25 uM it inhibitedogvth. The
growth of the ER+ cells was above that of the aatwith ~0.1
to 10 uM glabridin and then abruptly inhibited 26~ M.

To test the effects of glabridin on colony formatio soft agar by
breast cancer cells, MCF-7 cells were plated ooficegjar plates
in the presence of various concentrations of gtiforiPlates were
fed weekly and after 3 wk, colony formation wasessgd.
Colonies > 0.15 mm in diameter were scored.

The effects were biphasic as in the cell prolifieraexperiment.
Cells formed large colonies in the presence of M0ofiglabridin
and anchorage independent growth was inhibite8d gt\2. This



experiment was repeated in the presence of estratlere was
no effect on the anchorage-independent, growth-ptimg effects
of estradiol at 10 nM; the growth inhibition of gkadin at> 25 M
was not affected by estradiol as shown in TabléTs8nir et al.
2000).

To test the estrogenic effects of glabridin and jgara them to
estradiol, Tamir et al. (2001) injected 25 W.isterided,

prepubertal female rats (25 d old, ~ 60 g) with MbEPBS

containing 2.5, 25, 200, or 250 ug glabridin ord estradiol.
After 24 h, the rats were killed, the uterus wasaeed, and the
wet weight taken. The aorta, left ventricle, diggih and
epiphysis of the femur were removed and frozetafer analysis.
Each type of organ was homogenized and centrifugétie

supernatant was tested for creatine kinase act{atknown

marker for estrogen responsive genes).

Estradiol (5 pg) stimulated creatine kinase agtigit the same
level as 2.5 g of glabridin in the diaphysis aodaand at 25 pg
in the uterus and left ventricle. Glabridin hadeaker effect on
the stimulation of creatine kinase activity in ks ventricle (1.43

+ 0.13 experimental (E)/control (C)) than estrad®iB36 + 0.7

E/C). Glabridin (200 pg) and estradiol (5 pg) ealian increase
in uterus wet weight to 78.6 £ 19 and 90.5 + 18egpectively,

compared to 57.8 £ 5 mg for the control (Tamirle2801).

Glabridin and Glabrene

Ofir et al. (2003) reported that both glabridin gtabrene inhibit
the re-uptake of radioactive 5-hydroxytryptamine-H®b)
expressed in human serotonin transporter ((SER&hwahsayed
in HEK-293 cells. Cells were incubated for 20 mith 50 uM
of glabradin or glabrene. Radioactivity was meaduin
scintillation liquid. By combining 4 experimeniswas found
that glabridin’s inhibition was 59.5 = 5.8% and lglane’s was
45.7 + 3.0%. Further experimentation showed thabrifin’s
inhibition effects were dose-dependent; the optiefédct was
found at ~50 pM. The authors suggested that tfextsf of
glabridin and glabrene on the serotonergic systewh the
inhibition of serotonin re-uptake may be benefidal mild to
moderate depression in pre- and postmenopausal mvome

Somjen et al. (20044a) tested for estrogen actofigiabridin and
glabrene in rat and human bone cells. Female bel from

pre- and post- menopausal women (from the trabesutface of
the iliac crest or long bones) were incubated @@mM estradiol-
178 (control) or 3000 nM glabridin or glabrene andatiee

kinase (CK) specific activity was measured. Amrrgase in CK
specific activity compared to controls was fountath pre- and
post-menopausal cells treated with glabridin (p.&lCor pre-
menopausal; p < 0.05 for post-menopausal).

The same finding was reported for glabrene (0.05 pie-
menopausal; p < 0.01 for post-menopausal). Thel bativity of
creatine kinase was 0.020 + 0.005 pmol/min/mg mogere-
menopausal) and 0.016 + 0.004 pmol/min/mg proteiostt
menopausal). The increase was greater in theo€gtabridin in
pre-menopausal cells but lower than glabrene ibpesnopausal
cells.
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Table 58.Effect of increasing concentrations of glabridim o
anchorage-independent growth of MCF-7 cells (Tamnal. 2000).

Treatment Colonies
Estradiol, 10 nM (control) 11+4
Galbridin, 10 pM 7+3
Galbridin, 25 uM 3x1
Galbridin, 35 pM 1+0.8
Estradiol, 10 nM + Galbridin, 10 uM 8+2
Estradiol, 10 nM + Galbridin, 25 pM 4+2
Estradiol, 10 nM + Galbridin, 35 uM 0

The experiment was repeated with the human fenwie bells
being pre-incubated with less-calcemic vitamin Rlags, CB
1093 (1 nM), and non-calcemic JK 1624 F2-2 (1 nii&)jy for

3 d and then treated for 24 h with either estra¢zdl nM),
glabridin (3000 nM) or glabrene (3000 nM). Therasw
enhancement of the stimulation of CK synthesisdtsaeiol (E2)
(p < 0.01 for both pre- and post-menopausal foh yitamins)
and glabridin (p < 0.001 for both pre- and post apzrusal for
CB 1093 and pre-menopausal for JKF; p < 0.01 fostpo
menopausal for non-calcemic JK 1624 F2-2). Thparse of
pre-menopausal cells to glabrene with CB was rtgréint from
the control; with non-calcemic JK 1624 F2-2 thepmse was
increased (p < 0.05). The response of post-mersapaells to
glabrene with CB and non-calcemic JK 1624 F2-2ina®ased,
but not as much as with glabridin (p < 0.05). Hifects of
estradiol 1p and glabridin was enhanced by pretreatment with th
vitamin D analog CB 1093.

Immature female Wistar rats (25 d old; n = 4) wadeninistered
a single injection of glabridin or glabrene, rarggfrom 3 to 300
pg/rat. The rats were killed and CK measured &4 injection.
In the immature rats, CK at both the diaphysealeband the
epiphyseal cartilage showed an increase relativettizle-treated
controls at 3 pg/rat (p < 0.05). The effects reachear plateau
between 25 and 300 pg/rat (p < 0.01). Ovariectechiemale
rats (2 wk after surgery; n = 10) were injectedhwiiDO pg
glabridin, killed 24 h after injection and assayied CK. The
specific activity of CK was stimulated in diaphyseane (p <
0.01) and epiphyseal cartilage (p < 0.01) compayexbntrols.

The authors also fed female rats (n = 6) by distmtnach tube
daily for 4 d at doses of 2.5 to 250 pg/day glabrat E2 at 0.5
to 5 pug/d. The CK specific activity in diaphysbahe (p < 0.01 -
0.001) and epiphyseal cartilage (p < 0.05) wasgtted when
compared to controls.

Ovariectomized female rats (n not given) were irgddi.p.) with
glabridin at 100 pg/rat. The specific activitie§ ©K in



diaphyseal bone (p < 0.01) and epiphyseal cartijpge 0.01)
were stimulated.

The authors concluded that glabridin is more sintdastradiol-
178 than glabrene and has greater potential, with idnowt
vitamin D, to modulate bone disorders in post-maspl women
(Somijen et al. 2004a).

Somjen et al. (2004b) tested for estrogen actofilabridin and
glabrene extracted by multiple solvents frGirglabrapowdered
root by measuring CK specific activity in the lgintrical. A
single i.p. injection of estradiol, glabradin, ¢algrene (0.3 - 300
pg) was administered to ovariectomized female Wistis 2 wk
after ovariectomization (n = 5 for each group) m2b-day-old
immature female rats (n = 5). Matched control (ats 5) were
injected with vehicle (0.05% ethanol in PBS). Efxiinjected at
5 ng for immature and 10 pg for ovariectomized fiemats. The
rats were killed 24 h after the injection and thgams removed

Daily feeding of glabridin, estradiol, or both 8d to immature
female rats stimulated CK specific activity in te# ventricle and
the aorta. The effects on the aorta were muchgémthan on the
left ventricle. When the daily feeding with 2.5/d@f E2 or 25
pg/d of glabridin or both were extended for 2 wie effects of
glabridin were the same as those of estradioldratirta and both
were additive as shown ifiable 60 The effects on the left
ventricle were lower than on the aorta. In the lefntricle,
glabridin was more effective than E2 and was ngnifcantly
different than the mixture.

The authors also incubated vascular smooth mustis(¥ SMC;
which contain both ER andp) and ECV-304 (E304) cells (an
endothelial cell line derived from a human umbilicaein
containing both ERa and B) in glabridin and glabrene at
increasing concentrations.

Twenty-two h after exposure, [3H]thymidine was adifer 2 h.

and stored at -2@. Glabridin (2.5 - 250 g/d) and estradiol (0.5 After treatment with 10% trichloroacetic acid aneshing, the

5 pg/d) were administered to additional rats (nferseach dose
level) by feeding the rats directly into the stomaaily for 4 d.

The rats were killed and the organs stored as abblve specific
activity of CK was measured in the left ventricfetee heart and
the aorta using a coupled spectrophotometric ad3eytein was
determined by Coomasie blue dye binding.

in immature female rats, stimulation of CK by gidbr and
glabrene in both organs was maximal at 300 pg. if¢rease in
activity was evident at 30 pg when compared to rodsit In
ovariectomized rats, the increase in CK activityswanificant
when compared to controls; in both organs, thecetiea single
injection of glabridin was similar to a single inj®n of estradiol.
The CK activity for glabridin is shown ifhable 59

Table 59.Maximal stimulation of CK activity (Lmols/min/mgatein)
in ovariectomized and immature female rats injegtét glabridin
and estradiol (Somjen et al. 2004b).

Aorta ? Left ventricle #
Ovariectomized female rats
Basal 0.36 £ 0.05 1.51+0.39
Control 1.00 +0.16 1.00 £ 0.22
Estradiol 2.00+£0.19 1.59+0.10
Glabridin 1.65+0.19 1.51+0.16
Immature female rats
Basal 0.73+0.07 0.65+0.29
Control 1.00 +0.06 1.00+0.11
Estradiol 1.50 +0.15 1.37+0.18
Glabridin 1.38+0.10 1.78 +0.17
Glabridin + estradiol 2.29+0.13 2.08 £0.16

2mean + SEM of ratios of the specific activitiesGK in hormone-
treated and control animals - 8 assays from 2 @xgeits

®p<0.05°p <0.001

cellular layer was dissolved in 0.3 ml of 0.3 N N&@nd
aspirated. The amount of [3H]thymidine incorpechinto the
DNA was determined as well as the CK specific dtgtiv In
VSMC, glabridin and glabrene stimulated DNA synthed low
concentrations (up to ~100 nM) but at high coneditns
glabridin had an inhibitory effect while glabrermpaared to have
none on DNA synthesis. In E304 cells, the dosesddpnt
stimulation of DNA synthesis was observed in baimpounds.
For both glabidin and glabrene, there was a dopertent
stimulation of CK specific activity in BSMC and E8@ells.

The authors suggested that the use of glabradéthegrnwithout
estradiol, may modulate vascular injury and athenegis for the
prevention of cardiovascular diseases in post-mausg women
(Somijen et al. 2004b).

Choi (2005) reported that glabridin (1 to 10 uMn @acrease cell
growth, alkaline phosphatase activity, collagenhesis and
osteocalcin secretion in osteoblastic MC3T3-E1scll vitro.
These effects were blocked by the presence of bgzimide, an
inhibitor of protein synthesis. The effects of lgidin in
increasing alkaline phosphatase activity and celtegynthesis in
osteoblastic cells were blocked by the anti-estndgenoxifen.

Table 60. Stimulation of CK specific activit{fimols/min/mg protein)
by repeated oral administration of glabridin (29, estradiol (0.5
pg), or both in immature female rats (Somjen e2@04b).

Aorta? Left Ventrical®
Basal 0.73+£0.07 0.65+0.29
Control 1.00 £0.06 1.00£0.11
E, 1.50+0.10 1.37+£0.18
Glabridin 1.38+0.10 1.78 £0.17
Glabridin + E 2.29+0.18 2.08+0.16

*mean + SEM of ratios of the specific activitiesGK in
hormone-treated and control animals - 8 assays &#om
experiments

®p<0.05°p<0.001
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Isoliquiritigenin
Maggiolini et al. (2002) tested the estrogenicamiiproliferative
effects of isoliquiritigenin in MCF7 breast canceells.

Endogenous Edrwas transfected into MCF7 cells (which contai

no ERP) with the gene reporter XETL. A plasmid that eegses

renilla luciferase enzymatically was cotransfecad used as an
internal transfection control. Isoliquiritigeninduced maximal

XETL expression at a concentration of 1 uM; 10 nMsw
sufficient to achieve 8-fold induction. The authatated that
isoliquiritigenin bound to the mrreceptor.

The authors investigated whether the levels ofBRre sensitive
to isoliquiritigenin in MCF7 cells. After 24 h efxposure to 10
nM isoliquiritigenin, the receptor protein contems down-
regulated compared with 10 nM estradiol (p < .Olhe authors
stated that this is evidence of isoliquititigeniRdautoregulation.

The authors tested whether the expression of pSRIANR

sensitive to isoliquiritigenin in MCF7 cells. TiheRNA levels
were compared with semiquantitative reverse tréptsse-
polymerase chain reaction (RT-PCR) and standardizid the
MRNA levels of the house-keeping gene 36B4. A 24gosure
to 10 nM isoliquiritigenin up-regulated the mRNA @S2
overlapping the expression induced by 10 nM E2 (@13. The
authors stated that isoliquiritigenin is an estrogagonist.

Proliferation of MCF7 and HelLa cells were treateithw
increasing concentrations of isoliquiritigenin $od then counted
and compared to untreated cells on the sixth @@ncentrations
up to 1 pM induced MCF7 cell growth and the stirtiola
observed with 10 nM was inhibited by 1 puM of théi-@strogen
hydroxytamoxifen, confirming that an estrogen reoepu-
mediated mechanism is involved in cell proliferatio The
addition of 10 uM isoliquiritigenin induced a dripcell number
due to cytotoxicity demonstrating that the effects
isoliquiritigenin is biphasic.

The authors suggested that the cytotoxic effecbisestrogen
receptor dependent (Maggiolini et al. 2002)..

Licochalcone A
"Rafi etal. (2000) tested for ER-binding activifyioochalcone A

on the yeast Saccharomyces cerevisaiae strainfihla URA3
gene under the control of the hER. In this assgstem,
trascription of URA3, which is required for the gith of the cells
on media lacking uracil, is dependent on the atitiwaof the hER
by estrogen. Cells were seeded (5,000 or 1,008t yedis) in
medium lacking uracil and treated with 50 uM licafone A.
Incubation was 72 h. The vehicle control was athan
Licochalcone A at 50 pM supported growth at bothl ce
concentrations. The positive control, estradighported growth
at 0.1 nM.

Multiple Licorice Constituents

Wang and Kurzer (1997) tested the effects of pisftogens from
licorice on estrogen-dependent (MCF-7) and estrogen
independent (MDA-MB-231) breast cancer cells. ldase-

response experiment, 1 to 1.5 x 105 cells/well veereded and
incubated for 24 h with 0.01, 0.1, 1.0, 10, 50, 28d uM of each
of the phytoestrogens, except for chrysin at 0001, 1.0, 10, 20,
and 30 pM. Cell viability was similar to controls.

All phytoestrogens tested stimulated DNA synth@siMCF-7
cells at low concentrations compared to controfs;high
concentrations (50 to 100 uM), the isoflavonoidsigein,
biochanin A and coumestrol inhibited DNA syntheas did the
flavones chrysin and apigenin, and the lignan etdetone.
Rutin stimulated DNA synthesis to 250% of controll&0 uM
and showed no inhibition effects at the tested entrations.

Most of the compounds inhibited DNA synthesis aghhi
concentrations in MDA-MB-231 cells as showriliable 61.

Table 61.Effects of isoflavonoids, flavones, rutin, andentactone on DNA synthesis in MCF-7 and MDA-MB-23lls
(Wang and Kurzer 1997).

MCF-7 MDA-MB=231
Max stimulation Concentration IC 5, (UM) Max stimulation Concentration IC ¢ (UM)

Compound (% of control) (uM) (% of control) (uM)
Isoflavonoids

Genistein 215 1.0 41.0 26.7

Daidzein 210 10 81.2

Biochanin A 235% 1.0 37.7 110 0.01 35.5

Coumestrol 185 0.1 42.5 24.4
Flavones

Chrysin 120 10 23.0 >30.0

Apigenin 170 1.0 27.7 22.5

Flavone 61.0 116 0.1 28.2
Other Flavonoid

Rutin 250 100 >100
Lignans

Enterolactone 210 10 82.0 >100

ap<.001,°p<.05
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The isoflavonoids genistein, daidzein, biochanin and
coumestrol inhibited DNA synthesis, as did the dla@s chrysin,
apigenin, and flavone and the flavonols quercetimd
kaempferol. Rutin, catechin, and enterolactoneewaeak
inhibitors. Biochanin A and flavone showed sligtimulation to
110% of control at 0.01 to 1.0 and 0.1 to 1.0 pdspectively.

For a genistein incubation and withdrawal experimérd x 105
MCF-7 cells/well were seeded, genistein added (200 uM),
and the cells incubated for 48 h with the mediuindpehanged
at 24 h. The medium was then changed to the damgdium
and the cells were incubated for another 48 h wighmedium
being changed at 24 h. DNA synsthesis was detedenery 24
h.

DNA synthesis data are shownliable 62. Incubation of MCF-7
cells at 0.01 to 10 uM genistein for 24 h stimua@NA

synthesis to 130% to 184% of control (p < .01) 4dd% to
263% of control (p < .01) at 48 h. Incubation @tts 100 uM
inhibited DNA synthesis to 39% to 55% of controk(01) at 24
h and 13% to 42% (p < .01) at 48 h.

After removal of the genistein, DNA synthesis levedturned to
control levels in 24 h for the 0.1 and 1.0 uM trmeeits; the other
elevated levels remained elevated (p < .01).

The 50 uM treatment group elevated DNA synthesis8t% of
controls (p < .01) 24 h after removal. All treatrhgroups were
elevated at 48 h (p < .01) except for the 0.1 pbugs which
inhibited DNA synthesis (p < .05) and the 1.0 greupch was
similar to the control.

To explore the long-term exposure effects of gemstand

coumestrol to MCF-7 cells, 5 to 7 x 104 cells weeeded and
exposed to one of these compounds at various ctratiens for

10 d. In this study, DNA synthesis was inhibitedg@nistein at
the higher concentrations of genistein (50 and 1BQ p < .05

and .01) for the entire 10 d with cytotoxicity odicig after day 4.
At 0.1 and 1.0 uM genistein, there was stimulatiprto >300%

control (p < .05 and .01); 0.1 uM stimulated DNA#esis to

almost 200% by day 10 (p < .05 and .01).

Results for exposure to coumestrol were similagéaistein.
DNA synthesis was inhibited by coumestrol at 50 468 pM
and was stimulated by 0.01 to 10 uM for the 1@ (.01 for all
values).

The authors suggested that the inhibition of estnedependent
and estrogen independent breast cancer cells magdaise of
mechanisms independent of the estrogen receptdrshah the

biphasic effects of the phytoestrogens need toakent into

account if using them for cancer prevention (Wand Kurzer

1997).

Nomura et al. (2002) reported that compounds iedldtom
Glycyrrhiza species have weak binding affinities50 < 1 pg/ml)
in an estrogen receptor binding assay as shovialite 63.

Hillerns et al. (2005) tested the binding abilifypbytoestrogens
from G. glabra root. The uteri from freshly kill&gprague-
Dawley rats were homogenized and centrifuged. stipernatant
containing the estrogen receptors was mixed witfeh3H]-
estradiol (4 pM to 20 uM), or a phytoestrogen (0nbbto 0.5
mM) and incubated for 4 h. Incubation was terngdatvith
dextran coated charcoal. Unbound [3H]-estradid reanoved
by centrifugation. The supernatant was mixed wiimtillation
cocktail and radioactivity was measured in a ligsithtillation
counter.

The relative binding affinity ofi7s-estradiol (E) and licorice
phytoestrogens for rat uterine estrogen receptslisted in
Table 64. Displacement of estradiol was not detected for
enterolactone and enterodiol up to 500 uM. Théastalso
assayed datiscetin, galangin, fisetin, 4',7-OCH8&kcetin,
chrysin, pinocembrin, and liquiritigenin; only ligitigenin had a
weak binding to ER.

To test for binding affinity of G. glabra root pbgstrogens, the

authors also treated human plasma with dextraredaztarcoal
to remove endogenous steroids then bound plamaplgteins.

Table 62. Timels:lc\)lurse of genistein-stimulated DNA synthésim licorice incubation and removal on

A synthesis in

MCF-7 breast cancer cells (Wang) ldarzer 1997).

— -
Genistein concentration Genistein treatment (%)

Genistein removal (%)

() 24 h 48 h 24 h 48 h

0.01 130 + 12 144 + 12 220 + 37 282 + 20
0.1 184 + 183 239 £ 17 9219 84+ 18
1.0 183 + 24 263 £ 24 110 + 14 87 + 12
5.0 154 + 14 242 + 16 192 + 19 138 + 8
10 141 +13 252 + 27 257 £ 18 127+ 9
25 89+5 123 £ 11 186 + 37 128 + 20
50 55+ 12 42 + 12 186 + 37 128 + 20
100 39+ 13 13+ 17 660 368 + 13

ap<.001;°p<.05
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Table 63.Estrogen receptor binding affinities of phenolicrpounds found in licoirce plants (Nomura et aD20

Test Compound

Relative binding affinity ®

Source(s)

Gancaonis R 0.016
Glabrene 0.0022
Glycyrol 0.0011

Sigmoidin B 0.00077
Liquiritigenin 0.00038

G. uralensis (aerial part)
G. glabra(root)
G. uralensigunderground part)
G. uralensiqaerial part)

Glycyrrhizasp. (root and aerial part)

2hinding of test compound conpared to 100 fgi-23tradiol

The plasma was centrifuged and the pellet washadtirgg in
bound sex hormone-binding globulins (SHBG). Th&&Hvas
incubated with 400 pl [3H]-&-dihydrotestosterone (DHT; 6 nM)
or [3H]-E2, DHT cold ligand, or a phytoestrogen M to
1mM) for 60 min with periodic stirring (n = 3). €tpellet was
centrifuged and washed. The pellet was mixed sdthtillation
cocktail as above and radioactivity was measured avliquid
scintillation counter.

Most of the tested compounds displaced estradiol3D times
more effectively than DHT as shown ifable 65. Some
phytoestrogens were specific for estradiol or DHE2 was
displaced with weak relative binding affinity (RBAgtween
0.02 and 0.14 by prunetin, daidzein, formononégaijritigenin,
datiscetin, fisetin, and isoliquiritigenin. Thethors concluded
that several of the phytoestrogens in G. glabragompete with
17B-estradiol for binding to SHBG (Hillerns et al. A)0

Table 64. Relative binding affinity (RBA) values af7-estradiol
(E,) and licorice phytoestrogens for rat uterine egtroreceptors
(Hillerns et al. 2005).

Compound RBA
17-Estradiol (B) 100.00
Coumestrol 4.199
Genistein 0.696
Phloretin 0.206
Daidzein 0.080
Isoliquiritigenin 0.059
NDGA 0.046
Prunetin 0.038
Apigenin 0.037
Formononetin 0.036
Biochanin A 0.026
Liquiritigenin 0.002

Lee et al. (2007) tested the effect of glycyrrhigjlycyrrhetinci

acid, liquiritic acid, glabrolide, liquiritigenirisoliquiritigenin,

and formononetin, isolated from G. glabra or Glansis, on the
release of growth hormone in rat pituitary glanliscé/Vhen the
rat pituitary cells were incubated with rat growibrmone
releasing hormone (0.1, 0.3, 0.5, or 1.0 uM), edche licorice
constituents, glycyrrhetinic acid (10 pg/ml; n = &hd

glycyrrhizin (10 pg/ml; n = 5), increased growthrimone

release by 1.42 times ( p <.05; 0.25 + 0.02 nM) &4 3 times
(p < .05; 0.26 £ 0.02 nM) the control, respectivelyhe other
constituents had no significant effect. When tbastituents
were injected into an anesthetized rat and bloogp$zs taken
attimed intervals, isoliquiritigenin, formononetiiguiritigenin,

liquiritic acid, glabrolide, glycyrrhetinic acidnd glycyrrhizin

increased adrenocorticotropic hormone release b§, 1B.2,
13.8, 13.4, 14.3, 13.0, and 14.7 times the cor{fvok .01),

respectively.

Chalcones

De Vincenzo et al. (1995) determined the effe¢hefchalcone
2'4,4,-trihnydroxychalcone on the proliferation dfoth
established and primary ovarian cancer cells espredype Il
estrogen binding sites (type Il EBS). Controldcekre treated
with the medium alone. Treatment was repeated4ah 2
intervals. After 3 d of treatment hemocytometeuarts were
performed. The Igwas 5.0 pM.

The authors also tested the ability of 2',4,4,ydroxychalcone
to displace [3H]estradiol ([3H]E2) binding to typeEBSIn
OVCA 422 cells. The concentration resulting in @%b
displacement was 3.2 uM. The authors concluded tths
chalcone demonstrated growth inhibition effects auarian
cancer cells (De Vincenzo et al. 1995).

Licorice Extract Fractions

Zayed et al. (1964) used fractionation techniqads¢ak down
1 kg dry root of G. glabra as shown in Figure 1Kok 1 of
this assessment). The resulting fractions wer¢edesor
estrogenic activity using the mouse uterotrophgags(n not
given).
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Table 65.EGC;, K, and RBA values for £ 5a-dihydrotestosterone (DHT), and phytoestrogendiioding to SHBG (Hillerns et al. 2005).

E, (SHBG} 5a-DHT (SHBG)
Compound ECs, (LM) K,x 10® + SEM RBA EG, (LM) K,x 10® + SEM RBA |
E, 0.101 9.794 2.264 100.000 - -
DHT - - - 0.017 41.933 11.540 100.00
Coumestrol 13.010 1.057 0.358 0.776 21.660 0.652 0.232 80.07
Chrysin 28.460 0.454 0.108 0.355 nd - - -
Galangin 32.650 0.394 0.138 0.309 64.770 0.216 0.135 0.026
Genistein 67.450 0.186 0.063 0.150 162.200 0.086 0.042 00.01
NDGA 71.880 0.175 0.045 0.141 43.730 0.320 0.116 0.039
Prunetin 72.780 0.172 0.106 0.139 nd - - -
Daidzein 78.230 0.160 0.087 0.129 nd - - -
Apigenin 80.190 0.156 0.038 0.126 260.400 0.053 0.031 0.006
Pinocembrin 95.560 0.131 0.037 0.106 540.600 0.026 0.009 0030.
Phloretin 106.900 0.117 0.041 0.094 249.400 0.056 0.015 070.0
Liquiritigenin 125.700 0.099 0.052 0.080 nd - - -
Formononetin 133.900 0.093 0.049 0.075 nd - - -
Enterolactone 201.900 0.061 0.015 0.050 175.000 0.080 60.03 0.010
Datiscetin 274.600 0.045 0.012 0.037 nd - - -
Biochanin A 444.100 01028 0.016 0.023 132.100 0.105 0.051 .01
Isoliquiritigenin 552.800 0.022 0.011 0.018 nd - - -
Fisetin 669.300 0.018 0.009 0.015 nd - - -
Enterodiol nd - - nd - - - -
4' ' 70CH-Quercetin nd - - nd - - - -

2 Diluted plasma 1/1@; Diluted plasma 1/20; nd = not detected

The fractions having estrogenic activity are shawmable 66.
Fractions that showed no estrogenic activity upQo pg/d were:
non-alchohols, acids, phenols, and methanol-sebdiue.

Gene Expression
Flavonoids

Aoki et al (2007a) tested the effects of incorpimgtiicorice
flavonoids into the food of mice on the expressiui fat
producing genes. The mice (8 wk old) were fedgh Fat diet for
8 wk. They were then divided into 4 groups (n 3. 1Dicorice
flavonoid oil extracted fronG. glabraroots (medium-chain
triglyceride mixture 88%; 1.2% was glabridin; soficdiction

evaluation. RNA (7 mice/group) and DNA (3 micefgpd from

the liver samples were analyzed by microarray. fdiative

expression levels of the control and 2% groups wetibrated
and all differences greater than 2-fold were categd by gene
ontology.

The body weight of the controls increased to a neé&3.1 + 2.3
g; the mean body weights of the 1% and 2% groups vezluced
(p <.01). Feed consumption was not affected byattdition of
the flavonoids. Daily licorice flavonoid oil consytion for the
0.5%, 1%, and 2% groups were 386, 804, and 164@gfy/
respectively. The weights of the mesenteric, padl and
periuterine white adipose tissue were reducededritéh and 2%

~12%) was fed to the mice at 0, 0.5%, 1.0%, or 2.0%roups (p < .05 or .01).

incorporated into their high-fat diet for an adalital 8 wk. They
were allowed food and water ad libitum, weighed kiygeand
food intake per cage calculated weekly. At the efdhe
treatment period, unfasted mice were Kkilled andodjo
mesenteric, perirenal, and periuterine white adiissues, liver,
kidney, and spleen samples were collected. Serstallected
to measure insulin, leptin, and adiponectin levelsvers and
mesenteric white adipose tissue were prepared itnostopic

There were no weight differences among the liviedney and
spleens.  Motor activity was not affected. Histpbal

examination showed reduced diameters of adipodytde 2%
group compared to controls. Lipid droplets in tepatocytes
were abundant in the control group but not the 2étug; there
were no adverse histological findings in the lieermesenteric
white adipose tissue.
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Table 66.

The estrogenic activity of different fractionstained by fractionation of drie@. glabraroot

in a mouse uterotrophic assay (Zayed et al. 1964).

Average uterine weight (mg/100 mg body

weight) _ Estrogenic_activity
- Equivalent dosage comparison

Fraction Daily Dose (ug) Control Experimental of estradiol (ug} (Standard:fraction)
Crude extract 20,000 58.2 162.5 0.0105 1:5,714,200
Free acids (semi-solid) 5,000 56.1 132.3 0.0093 1:19%0P,
Free acids (solidified) 500 59.2 70.1 0.0072 1:208,300
Acid-free fraction 600 52.1 62.9 0.0071 1:253,500
Neutral fraction 200 51.7 74.8 0.0074 1:80,000
Alcohols 125 49.1 66.7 0.0071 1:53,500
Crystallized compound 10 48.3 62.4 0.0070 1:4,200
(impure)
B-Sitosterol 1 53.1 73.1 0.0074 1:400

2 Weight of estradiol monobenzoate (standard) necgss give the same response produced by 3 dadgdiof tested fractions.

The authors suggested that the lack of differefcdbe liver,

kidney, and spleen weights suggest that the effgfctEorice

flavonoid oil were not due to toxicity. Based twe results from
an additional experiment, where the same type oémiere fed
either a normal or a high-fat diet, which resultechn 18.8%
higher weight increase in the high-fat diet micenpared to the
high-fat plus 2% licorice flavonoid oil mice groughe authors
concluded that the treatment resulted in the sgspye of the
high-fat diet-induced obesity.

TA1537) anct. coli(WP2uvr/pKM101), licorice flavonoid oil (O
to 5000 pg/plate, with and without metabolic adiwa) was
tested. The positive controls were sodium azig@;furyl)-3-(5-
nitro-2-furyl)acrylamide, 2-aminoanthracene, and]B[. Licorice
flavonoid oild did not induce more than double thenber of
revertant colonies compared to the negative cantrol

Licorice flavonoid oil was tested using the chromosl
aberration assay with Chinese hamster lung céhe cells were
incubated for 6 h (0.1 to 0.5 mg/ml), with and et activation,

There wer® up-regulated and 13 down regulated genes. The wgnd for 24 and 48 h (0.2 to 0.8 mg/ml) without @a&tion. The

regulated genes were involved in beta-oxidation and-CoA
degradation (enoyl-CoA; hydratase/3-hydroxyacyl
dehydrogenase, 2.09-fold change; acyl-CoA thiestela 2.72-
fold change). Genes for acetyl-CoA synthesis (AftRte lyase,
-2.11-fold change; acetyl-CoA synthetase 2 (-2dlf-Ehange)
were down regulated.

Pyruvate kinase in the liver and RBC (a rate-lingitienzyme
involved in glycolytic lipogenesis) was down regaldh

final slides were examined blind. In the 6-h téke results

CoAwithout activation were < 5%, the threshold forasitive test.

However, with activation, there was a structurakradtion
induction rate of 10.5% at 0.6 mg/ml, above the fféshold.

In a confirmation test, structural aberrations ictéhn rates of
11.0%, 17.0%, and 30.0% were observed at 0.6, @ut®b,0.7
mg/ml licorice flavonoid oil, respectively. Theagvth index was
62%, 48%, and 34%, respectively. In the 2 longadiss,

Polymerase chain reaction (PCR) analysis showede gegyctural chromosomal aberrations and the polggliduction

expression of hydratase/3-hydroxyacyl CoA dehydnage
increased by 2.49-fold compared to controls (pG4)0

The expression levels of ATP citrate lyase andy&€stA were

decreased by -2.51- and 2.25-fold (p .001), respEgt Serum
insulin decreased in a dose-dependent mannerhet®% group
measuring less than half that of the control grolipe authors
concluded that the change in fatty acid metaboirsthe liver is

due to the consumption of licorice flavonoid oibahe resulting
change in expression of the above mentioned gexas ét al.

2007a).

GENOTOXICITY
Licorice Flavonoid Oil

Nakagawa et al. (2008a) tested the genotoxicityliarice
flavonoid oil, extracted fron®. glabra In a reverse mutation
assay usin®. typhimuriungstrains TA98, TA100, AT1535, and
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rates were < 5% at all concentrations. The auttmmsluded that
licorice flavonoid oil induced structural chromosairaberrations
only in the presence of metabolic activation, theee it was

considered genotoxic for mammalian cells in vitro.

In a bone marrow micronucleus test using F344/Dodjrtats (n
=5), licorice flavonoid oil (625, 1250 2500, or@Dmg/kg/d for
2 d) showed no significant or dose-dependent isg®an the
frequency of micronucleated polychromatic erythtesy

In a peripheral blood and liver micronucleus teshg rats (n =
4), licorice flavonoid oil was administered ora{B500 of 5000
mg/kg/d in olive oil) twice per day on days 1, 2dab. The
controls were the vehicle or a single injectiop.fiof mitomycin
C (1 mg/kg) on day 2. Peripheral blood was codldain day 4.
On day 5, two/thirds of the liver was collected endnesthesia.
There were no increases in micronuclei inductiorither the
peripheral blood or livers of the licorice flavodaiil-treated rats



compared to the negative control. Cell divisiorhepatocytes quinone reductase (QR) proteins in the human magnmar
after partial hepatectomy was thought to be adefpatduced epithelial cell line MCF-10F. Cells (1 x 9Qvere added to T150
because micronuclei induction in the liver in tlegative control flasks containing medium and supplements. Afteerpight
group was within the historical control data. Mddrrhea was attachment and before confluence, either DBM (9886)
observed in almost all treated rats, but the asthoggested that sulforaphane (97%) were added (0.1 to 2 uM) for With
this did not have any influence on hepatic regdimra medium changes every 2 d. On day 7, the cellsveddresh
(Nakagawa et al 2008a). medium with B[a]P (0.3 uM) for 12 h or 1,6-DNP (1™) for 22
Anti-mutagenicity h. Cells were harvested and DNA isolated or th®snlic
fraction prepared.

) _ ) o Aliquots of DNA were analyzed for either B[a]P-DNgk 1,6-
Mitscher et al. (1986) fractioned Glycyrrhiza Glalfticorice) DNP adducts by 32P-postlabeling. For quantitatibadducts,
Root Extract to obtain a semipurified polar-liprddtion which  aqduct spots were removed from TLC plates and aatiiity was
demonstrated activity against spontaneous mutabiolysat near- - determined by scintillation counting. Immunoblatéstern)
toxic doses t&. typhimuriunTA100 in an Ames test. In further gnalysis was also performed using either QR angik@bbit anti-

Ames tests, glabrene was antimutagenic againstapeous and NQO1E. coli) or GSTP-1 antibody. Bands were detbdty
EMS-induced mutations up to 1.0 pg/plate; it wasct@at 10

Various Compounds

pg/plate.  Glabrol, fromononet, and glabridin wenet
antimutagenic. Glabridin was toxic at
Hispaglabridin A was not antimutagenic up to 1.0plage.

Nomura et al. (2002) evaluated the rec-assay ftectien of
bioactive compounds in phenolic compounds obtaifrech
licorice. Sixty-nine compounds in 108 Glycyrrhiphenols
showed inhibitory activity for the growth of both Bubtilis H17
and 45.
(isoliquiritigenin, semilicoisoflavone B, gancaon@(6-(E)-3-

hydroxymethyl-2-butenylgenistein), 6- and 8-pretgth
eriodictylos, licoisoflavone B, and licoisoflavon€2,3-

dihydrolicoisoflavone B)) showed positive resuttftie rec-assay.

Cancer Inhibition and Tumor Suppression
Glycyrrhizic Acid and Derivatives

In an earlier safety assessment, CIR (2005) regpdintt topical
application of glycyrrhetinic acid inhibited tumunitiation and
promotion by 7,12-dimethylbenz[a]antracene (DMBAJ& PA
in mice. Topical application of &8 or 183-glycyrrhetinic acid
inhibited the binding of radiolabeled DMBA and Bfpa]to
epidermal DNA, they also inhibited the TPA-indudecteases in
ornithine decarboxylase activity and lipoxygenag@/dy in vitro.
Glycyrrhetinic acid inhibited the tumor-promotingfiaity of TPA
and teleocidin. Glycyrrhetinic acid dose-depeniyeinhibited
the binding of TPA to the TPA receptor in mousenski

Glycyrrhizic acid (0.05%) in the drinking water wice reduced
the number of tumors in mice that were administeD&dBA
topically.  Pre-treatment or post-treatment of miadth
glycyrrhizic acid did not protect from lethal tunsphowever,
combined pre- and post-treatment delayed the 508tatitg date
from day 15 to 18-19 when Erlich ascites tumor sellere
transplanted (CIR 2005).

Dibenzoylmethane (DBM)

Singletary and MacDonald (2000) tested the intohittapacity
of DBM (Figure 12) on the formation of DNA adduétdowing
exposure to B[a]P and 1,6-dinitropyrene (1,6-DNR)d a
stimulation effects on the expression of GST andD{#)H-
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1.0 pg/plate

enhanced chemiluninescence and quatitated by dereity.

Neither DBM nor sulforaphane had toxic effects tohtae MCF-
10F cells at concentrations and periods of exposurthis
experiment. B[a]P-adduct formation increased lityeghen cells
were exposed to B[a]P for 12 h at concentratiom® .08 to 0.8
HM. The formation of B[a]P-DNA adducts was inhdaltby 63%,
62%, and 81% for cells treated with 0.1, 0.5, altd,@M DBM,
respectively, compared to controls. For compariscells

Among the active compounds, 7 compoungsposed to 1,6-DNP had increased adduct spot famahen

cells were incubated for 22 h at 5 and 10 but @oubl. Total
1,6,-DNP-DNA adduct spot formation was inhibited £§%,
61%, and 50% for samples treated with 0.1, 0.5, 20dyuM
sulforaphane, respectively, compared to controls.

DBM increased QR protein expression, compareditrobs, but
only at the 2.0 uM concentration. DBM had no efftacGSTP-1
protein levels. For comparison, sulforaphane asee QR
protein and GSTP-1 protein levels by 3- to 5-faid &- to 4-fold,
respectively, at concentrations from 0.5 to 2.0($Mgletary and
MacDonald 2000).

Lin et al. (2001) tested the DMBA-induced mammaanaer
preventive effects of DBM on female Sencar micehe Tnice
were fed a diet of laboratory chow with AIN-76 A% DBM in
AIN-76A. Two weeks into the diet, the mice wertulmated with
1 mg DMBA (0.1 ml corn oil) once/week for 5 wk. &Rkizes of
palpable mammary tumors were measured; mice witots >15
mm were killed. All mice were killed at 20 wk aftie last dose
of DMBA.

The mice in the control group (DMBA for 5 wk) desped 0.025,
0.50, 0.73, and 1.08 palpable mammary tumors/mat3e9, 13,
and 20 wk after last DMBA dose, respectively. Mioethe
treatment group (1% DBM) did not have any palpahlaors
until 18 wk. Tumor incidence in the 1% DBM treatatte was
97 to 100%.

In a second feeding experiment, female mice wetéhe control
diet (n = 21) or diet plus 1% DBM (n = 20) for 4%owk. All
mice were killed at 50 to 60 d during the estruagghof the
estrous cycle 1 h after injection with bromodeoigine (BrdU)
for DNA labeling. The mice were necropsied.



The 1% DBM diet inhibited the proliferation rate mammary
gland epithelial cells by 53% (p < .05), uterinatleglium by
23%, and uterine stoma by 77% (p < .05). Uterie¢ weight
was decreased by 43% (p < .05). Liver weight iaseel by 48%
(p < .05). There was no difference in total bodjight.

Eight groups (n = 9) of mice (5 wk old) were fedigas amounts
of DBM in AIN-76A: groups 1 and 5 were controls aed only
AIN-76A; groups 2 and 6 were fed 0.2% DBM; groupar@l 7
were fed 0.5% DBM; and groups 4 and 8 were fed 188D
Two weeks into the diet the mice were orally adstiried 1 mg
DMBA in 0.1 ml corn oil once/week for 2 wk for grps 1
through 4 and for 5 wk for groups 5 through 8. Ttiee were
killed 24 h after the last dose of DMBA and DNA adts were
determined using 32P-postlabeling.

The quantity of total adducts in the treatment geof through 4
(DMBA for 2 wk) were less than controls (p < .0%r fall

treatment levels of DBM. The quantity of total adts in

treatment groups 6 through 8 (DMBA for 5 wk) was different

from control except for group 8 (1% DBM; p < .0&)r( et al.

2001).

Jackson et al. (2002) exposed human prostate ocamnaircells
(LNCaP, DU145, and PC-3), after reaching 70% camfbe, to
various concentrations (5, 10, 25, and 50 uM in @MB = 3) of
DBM. The viable cells were determined microscolbycay

exclusion of trypan blue. This experiment was edpé using
MTT uptake to monitor growth. The cells were sek(x 103
cells/well) to flatbottomed 96-well plates and aled to grow
overnight. The culture medium was replaced withdiona

containing DBM at the above concentrations andaadtbto run
for 3 d. The growth of all cell lines was inhildtby DBM. The

had DNA ladders that were just visible 48 h afteatment.

To test the caspase activity of DBM, 6 flurogeniepfide
substrates were employed. Caspase activities mesured
following treatment of COLO 205 cells with various
concentrations of DBM for 48 h. DBM only slightigduced
caspase-3 activity but none for caspase -2, -@r-8.

Activation of caspase-3 leads to the cleavage\wrsé proteins,
one of which is PARP. The cleavage of PARP ishtdmark of
apoptosis. The authors determined the cleavageA&P in
COLO 205 cells with DBM at 24 and 48 h to be timepdndent
and weak (Pan et al. 2003).

Frazier et al. (2004) performed 2 flourescenced#f@rence gel
electrophoresis (2-D-DIGE) on human prostate carosjLNCaP
cells where the lysates were treated with 0, 15DqtM DBM for
72 h and labeled with N-hydroxy succinimidyl esterivatives of
Cy2, Cy3, an Cy5 CyDyes before placement on the gahalysis
of protein was done by computer analysis.

The 10 uM DBM-treated lysates were not differeafrircontrols.
The 25 and 50 pM treatments had greater than 2iffotdases in
protein expression compared to controls. Twenbyspf interest
were noted, 17 spots were up-regulated and 3 werend
regulated. The proteins were identified by MS wsial and
HSP70 (up-regulated by 3.71-fold by 25 uM and Z&8-by 50

pM DBM) was singled out for further testing.

The authors also performed a Western blot anatysisNCaP
cells incubated in DBM to investigate its effect biSP 70
expression. After seeding onto 100 mm plates 4adn,2he cells
were then cultured for 72 hin 0, 10, 25, or 50 PBM. After
lysis on ice, the cells were centrifuged and tloégdn content was

estimated IG, ranged from 25 to 100 pM; growth was inhibitegquantified using a modified Bradford assay. Theogbance of

in a dose-dependent manner and continued to haeéfeot for
over 3 d of exposure without retreatment.

For cell cycle analysis, flow cytometry was perfednon the
prostate cancer cells after treatment with DBMr{@ &0 pM) in
media for 72 h. Ten thousand events were recosterkd, and
analyzed by computer. The deregulation of the cgtle
correlated with the observed cytostatic effect®BM. There
was accumulation of cells in the G1 phase for theC&P and
DU145 cell lines. There was an increase of celteé S phase in
the PC-3 cell line. There was no evidence of apsiptby
morphologic assessment (Jackson et al. 2002).

Pan et al. (2003) studied apoptosis of DBM. COI05 pCCL-
222) cell line, developed from a poorly differetgid human
colon adenocarcinoma, was used in a cell vialigisy. The cells
were plated at 1 x 105 cells/ml in 24 well platesl ancubated
overnight. The cells were then pretreated withiower
concentrations of DBM for 48 h. MTT (30 ul) wasdad and the
cells incubated an additional 4 h. Cell viabilitgs measured by
ELISA at 490 nm. DBM had an Lgof 31 uM.

COLO 205 cells were incubated with various conegians of
DBM for 48 h. The genomic DNA from the cells wabected
to agarose gel electrophoresis. Cells treated 5dthM DBM

each band was quantified usin}; image analysis aoftw
There was an increase of 200% and 160% (comparashtool)

in HSP 70 and actin expression in the carcinoma trelted with
50 uM DBM. There was a lower expression of HSR(fAbe 10
and 25 (< 20-fold) uM concentrations than at the |8@
concentration of DBM (Frazier et al. 2004).

1-(2,4-Dihydroxyphenyl)-3-Hydroxy-3-(4'-Hydroxyphg1-
Propanone

Rafi et al. (2002) reported that the active compbilvat induced
apoptosis, G2/M cell cycle arrest, and Bcl-2 phasplation in
various cancer cells was 1-(2,4-dihydroxyphenyhy8roxy-3-
(4'-hydroxyphenyl)-1-propanone (aRanydroxy-DHP), isolated
from licorice extract. p-Hydroxy-DHP was isolated through
HPLC, MS, and NMR.

Flavones

Sakagami et al. (2000) tested for cytotoxicity mldumor cell
lines using various flavones including gancaonin@ P fronG.
uralensisand glyasperin A frons. glabra Human oral tumor
cells (HSC-2 and HSG) were maintained and incubattdand
without test substances in monolayers in DMEM. H@HIs were
isolated from healthy gingival biopsies of a 10ejd-female.

Cytotoxic activity was assayed by incubation of meanfluent

119



cells for 24 h with and without the test compoun@ike CG,was
determined by the dose-response curve. Flavonesfaend to
be more cytotoxic to tumor cells than to normal@HGF) as
shown inTable 67.

Apoptosis in cultured HSG cells was demonstrateddyalizing
DNA fragmentation using an in situ apoptosis deoedtit. After
exposure to 0.141 nM of gancaonin O for 6 h, this eeere fixed
and counterstained. Gancaonin O induced apopteticdeath
characterized by DNA fragmentation and caspaseaitin and
resultant degradation of cytokeatin 18 in the clgsmic
fractions.

The authors concluded that gancaonin is potentigtigtoxic to
human oral tumor cells (Sakagami et al. 2000).

Glabridin
Yokota et al. (1998) studied the ability of glalmidextracted

Lower concentrations of 3.33 or 0.388/ml glabridin had no
effect, but the positive control (superoxide disasef) was
effective. Also, 6.25ug/ml glabridin decreased cyclooxygenase
activity. The authors suggested that glabridin fayan anti-
inflammatory agent.

Finally, B16 melanoma cells were grown in cell atdtflasks and
exposed to control medium, 1u@/ml glabridin or 1.Qug/ml of
one of three glabridin derivatives: 2', 4' -O-digtjabridin, 4'-O-
ethyl glabridin, or 2'-O-ethyl glabridin. Glabridior glabridin
derivative exposure lasted 3 d before the cellevpeocessed,
and melanin contents were measured by spectropkttoat 400
nm. Treatment with glabridin, 4'-O-ethyl glabrigamd 2'-O-ethyl
glabridin each caused a decrease (p < 0.01 or thQBElanin
production, compared to control treatment, and nielaontent
in the glabridin treatment was lower (p < 0.01)tlhathe 4'-O-
ethyl glabridin and 2'-O-ethyl glabridin treatmenthe 2', 4' -O-

from G. glabra root extract, to inhibit melanogenesis andiethyl glabridin treatment did not affect melaoontent.

inflammation of the skin by inhibiting tyrosinasetigity. B16 FO
murine melanoma cells were grown in culture andsgg to 0,

0.1, 1.0, or 10.@g/ml glabridin for 72 hours. The cells were then

exposed to [3H]-tyrosine (14Ci/well) for 72 hours. The 3H20
released was measured with a liquid scintillatioarger. 3H20
release was concentration-dependently decreasethaitasing
doses of glabridin, with the lowest exposure ofi@/nl showing
reduction (p < 0.05) in 3H20 release. The authoggssted that
these data show that glabridin inhibits tyrosinastvity in B16
melanoma cells. An SDS-PAGE assay of control afdu@/ml
glabridin showed that B16 cells treated with gldiori had
significantly reduced (p < 0.01) T1 and T3 tyrosactivities,
compared to control cells.

The effect of glabridin on DNA synthesis was meaduby
assessing [3H]-thymidine incorporation by B16 melaa cells
exposedto 0, 0.1, 1.0, or 1@u@ml glabridin for 72 hours. Then
the cells were exposed to Lui/well [3H]-thymidine for 6
hours. Cells were then lysed and neutralized, adébactivity
was determined with a liquid scintillation countdBH]-
Thymidine incorporation was inhibited (p < 0.01) by ug/ml
glabridin, but not at the lower concentrations.

Glabridin at 33.3pg/ml significantly inhibited (p < 0.05)
superoxide anion production by xanthine oxidase.

The authors concluded that glabridin may inhibitlana
synthesis (Yokota et al. 1998).

Isoliquiritigenin

Shibata (1994) tested for anti-tumor-promoting \atéis of
synthesized chalcones, one of which was isoliggéttin, in vitro

by their inhibitory activities against phosphoridatpromoted by
TPA in HelLa cells at a concentration of 5 pg/ml.

Isoliquiritigenin’s inhibition was 76.8%. The auwils concluded
that isoliquiritigenin has tumorigenesis inhibitipgpperties.

Ma et al. (2001) exposed human gastric cancer MG&eglls to
various concentrations (range not specified) didgsaitigenin

during log phase growth. For microscopic obseorgtthe cells
were centrifuged, resuspended, and co-stained prdhidium
iodide (PIl) and Hoechst 33342 for 30 min. The xelere
centrifuged again to remove the supernatant. Tdiketpwas
suspended in the remaining culture medium and sdefar

fluorescence microscopy.

Cells treated with 0.1125 g/l isoliquiritigenin eltled apoptotic
features as in cell shrinkage, turned round, anallenvolume
than control cells. Some cells floated. Chrom&MNA was
condensed. The integrity of the plasma membrange med
compromised.

Table 67.Cytotoxicity to tumor and normal cells of flavodsifound in licorice plants (Sakagami et al. 2000).

Flavonoid (source plant) HSC-2 CG, (ng/ml) HSG CGC;, (ng/ml) HGF CCq, (ng/ml)
Gancaonin OG. uralensi$ 20 31 43
Gancaonin PG. uralensi¥ 14 41 45
Glyasperin A G. glabra, G. aspera <8 20 19
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Analysis of DNA ladder fragmentation (the biocheatimarker
of apoptosis) in MGC-803 cells was performed bymiaal

deoxynucleotidyl transferase biotin-dUTP nick erabdling

(TUNEL). An obvious DNA ladder was observed in @se-
dependent manner demonstrating DNA damage. Flovwtry
was used to detect apoptosis. Apoptosis was showe dose-
dependent in the range 0.1125 g/l to 0.15 g/l.

Flow cytometry was used
transmembrane potential and intracellular free igcalc
concentration. The transmembrane potential drogp®t the
intracellular free calcium concentration increasétth exposure
to isoliquiritigenin compared to controls.

The authors concluded that isoliquiritigenin isguatally useful
as an anti-cancer agent (Ma et al. 2001).

Yamazaki et al. (2002) injected murine renal catctnoma cells
(2 x 10 4 cells in 0.2 ml RPMI-1640 culture mediufrym a

BALB/c mouse into the tails of healthy mice. Stagtthe next
day, the treated mice were intraperitoneally irgdctwith

isoliquiritigenin (isolated fron®. glabrg in 100 pl 0.1% Tween
80 solution for 10 d (n = 15; 0.1, 0.5, 2, anddy/d; based on
an LD, estimated to be 3000 mg/kg body weight).
groups received only vehicle (negative controlp8rmg/kg 5-

fluorouracil (positive control). On day 21, thefis were excised
under anesthesia and stained. The metastatic emdutre

counted. The experiment was repeated.

In the first run of the experiment, the numberadules for 2 and
10 mg/d isoliquiritigenin (34.2 + 32.0 and 27.1 4.8,
respectively) were reduced compared to contro(8%17.8; p <
.001). Inthe second run of the experiment, thalver of nodules
in the lungs were decreased in the 0.1 and 0.5 grglaps (60.6
+ 39.3 and 55.5 + 31.3, respectively) comparecdhto d¢ontrol
group (102.0 + 23.9).

In a cytotoxicity experiment, the authors exposedhhurine renal

carcinoma cells (5 x 103 cells/ml) in FBS to vasou

concentrations of isoliquiritigenin in ethanol 4 h. An equal
amount of ethanol was the control. Viability wasasured with
an Alamar Blue assay kit. Isoliquiritigenin dewed cell
viability in concentrations > 12.5 pg/ml.

The authors then tested if the effect of isolidigienin on nitric

oxide production by macrophages was a possible améstin to

prevent metastasis. Mice were injected intrapeeidly with 2

mg isoliquiritigenin in 100 pl saline daily for X Control was
just saline. On day 11, the mice were killed aratrophages
collected by peritoneal lavage. Macrophages wéateg and
stimulated with LPS. The macrophages were incubfme? d

then the nitric oxide production was measured withicro plate
reader after the addition of 100 pl Griess’
Isoliquiritigenin induced no change in basal nitraxide
production but increased production (56 + 0.12 i\ .001)
compared to control (7.5 £ 0.01 pM) when macropbagere
stimulated.

To examine the effect of isoliquiritigenin on splelymphocyte

Contr

reagent

activation, cytotoxicity against leukemia RL maleglls was used
as an indicator of lymphocyte activity. Activatiohcytotoxicity
of splenic lymphocytes with isoliquiritigenin was law as 0.049
pa/ml when the ratio of splenic lymphocyte:RL maleell was
higher than 12.5:1 (p < .05 to .001).

Murine renal carcinoma cells were grown to 80% hkanfcy in
PRMI-1640 in a 12-well flat bottom plate (2 ml/wellVarious

to measure mitochondrialoncentrations of isoliquiritigenin in 20 ul ethamere added to

each well and incubated for 24 h. Control was jedticle.
VEGF secretion was measured by mouse VEGF immuapass
Isoliquiritigenin decreased the amount of VEGHim¢ell culture
medium in a dose-dependent manner, but it waslpk@liwith
the decrease in cell viability. The authors stated VEGF is
unlikely to be a mechanism of action with regard to
isoliquiritigenin.

Murine renal carcinoma cells (1 x 104 cells/0.2 wdye injected
into tail veins of mice. Isoliquiritigenin (0.1,%) 2, and 10 mg/d)
was injected intraperitoneally in 0.1 ml 0.1% Twe8A.
Additional groups received isoliquiritigenin (2 rdy/with or
without 5-fluorouracil (20 mg/kg d-1). Additionatice did not
cﬂeceive the cells but were injected with the tabstance (2 mg/d)
or vehicle. On day 11 manual leukocyte differdrd@unts were
performed.

White blood cells were affected in a dose-dependertner by
isoliquiritigenin as shown iTable68 The authors stated that
isoliquititigenin prevented severe leukocytoperdaised by 5-
fluorouracil

The authors suggested that activation of macrophagtivation
of cytotoxicity of lymphocytes, and direct cytotoiy are
possible mechanisms of metastasis suppression
isoliquiritigenin. (Yamazaki et al. 2002).

by

Table 68.The effect of isoliquiritigenin on
leukocytosis (Yamazaki et al. 2002).

Treatment White blood cell count

(mm’)
Murine renal carcinoma cells (+)
Vehicle 8546 + 1336
Isoliquiritigenin 0.1 mg/d 8800 + 2154
Isoliquiritigenin 0.5 mg/d 12,635 + 1922

Isoliquiritigenin 2 mg/d 13,407 + 3061

Isoliquiritigenin 10 mg/d 15,037 + 3283

Murine renal carcinoma cells (-)

Vehicle 7832 £ 1306
Isoliquiritigenin 2 mg/d 8841 + 945
Murine renal carcinoma cells (+)
Vehicle 7409 = 1646
5-FU 1290 + 561
5-FU + isoliquiritigenin 6183 + 933

ap <.001
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Kanazawa et al. (2003) tested for the anti-tumdivige of
isoliquiritigenin from G. glabra Human prostate cell lines

Cells were harvested at time intervals by trypsition and
centrifugation. DNA content in stained nuclei vaasilyzed with

DU145 and LNCaP were seeded in 2 cm dishes (4 x 1@4low cytometer. The percentage of cells in ezihcycle was

cells/dish) for 24 h. Isoliquiritigenin at varioaencentrations (n
= 3) were added and cells counted at 24, 48, anld 7ging a
trypan blue dye exclusion assay.

Isoliquiritigenin inhibited DU145 cell growth (50%hibition at

11 uM) and LNCaP cell growth (50% inhibition at{1B81), both

in a dose-dependent manner. The authors suggdisééd
isoliquiritigenin inhibits the cell growth of botlandrogen-
dependent and androgen-independent prostate cancer.

The authors then tested the effects of isoliqgiitin on the cell
cycle of DU145 cells. The cells were cultured (1.66) for

various periods of time with isoliquiritigenin orMNISO for the

control then subjected to fluorescence-activatelll s@rting

analysis. DNA flow cytometric analysis indicatdtht S and
G2/M phase arrest was induced dose-dependentigpaptosis
was observed. Isoliquiritigenin induced the aregst h and the
effect maintained for 24 h.

The authors tested the effect of isoliquiritigenim the mRNA
expression of cell cycle-regulating genes by intinigaDU145
cells cultured with 20 uM isoliquiritigenin or DMS€r the
control then using Atlas cDNA Expression Array. réé
upregulated (GADD153 (4.1-fold), CDC10 (2.6-fol8D, and
2 downregulated (CDK5 activator p391 (0.4-fold)danDM2-
like p53-binding protein) genes were detected lidaitigenin
had no effect on cycline-dependent kinases. Atieed RT-PCR
using LightCycler™ confirmed that GADD153 was uprizged;
the mMRNA expression was enhanced more than 8-foldl .
The other genes were not confirmed. Western hhatyais

determined by software.

Isoliquiritigenin increased the population of G2¢BlIs in a dose-
dependent manner at 24 h. The accumulation o oelG2/M
was observed at 4 h after the addition of 40 pNdsaitigenin
and the effects continued for 24 h. Pre-G1 apappapulations
were not observed in this condition.

The authors assayed the effect of isoliquiritigestirthe mRNA
expression of cell cycle regulating genes using RNA
expression array. The exposure of 15 pM isolitjgenin up-
regulated 3 genes (p21CIP1/WAF1, 4.1-fold; GADD#%-fold;
and GTPase-activating protein, 4.0-fold) and doeguiated 1
gene (MDM2-like p53-binding protein, 0.3-fold) olguritigenin
had little effect on p53 (1.5 fold) and cycline-degent kinases
cdc2 (1.5-fold), dck2 (1.3-fold), and cdk4 (0.8€fpl

The authors further analyzed the cDNA using reakti
guantitative RT-PCR. In the case of p21CIP1/WARp;
regulation by isoliquiritigenin was confirmed, obaed as early
as 4 h, and was 21-fold greater at 24 h for 40 uM.

The authors suggested that isoliquititigenin isssible agent for
chemoprevention or therapeutics against lung caficet al.
2004).

Takahashi et al. (2004) tested isoliquiritigeninifs abilities as
a suppressor of colon carcinoma cells in a sefiexgeriments
on rat and human cancer cell lines. In the ficglegiment,
RAW264.7 cells, known to express COX-2 and iNOSL&%
stimulation resulting in accumulation of prostaglans such as

showed that GADD153 in DU145 cells was low and waBGE2, were used. Measurements were performelicate.

increased by isoliquiritigenin dose-dependently atithe-
dependently. The induction was seen at 4 h ankiepleat 12 h
after treatment.

The authors concluded that isoliquiritigenin issagible agent for
the treatment of prostate cancer and GADD153 meyalole in
isoliquititgenin-induced cell cycle arrest and ggthwth inhibition
(Kanazawa et al. 2003).

li et al. (2004) tested the effects of isoliqug@nin on the human
lung cancer cell line A549. In a cell growth expent, the cells
were seeded at 4 x 104 cells/2 ml medium in 35 nshed.

Isoliquiritigenin was added at various concentraid d later.

The number of viable cells was scored using tryple dye

exclusion method on days 2, 3, and 4.

Isoliquiritigenin inhibited cell proliferation in dose- and time-
dependent manner. Three d after the addition p2@0and 30
UM isoliquiritigenin the cell growth decreased ¢4, 56%, and
89% of controls (DMSO), respectively (p < .05). eTliE;, was
calculated to be 18.5 pM.

The authors tested the effects of isoliquiritigemincell cycle by
seeding 1 x 106 A549 cells/10 ml medium in 100 nishes.
Isoliquiritigenin was added at various concentrrai@4 h later.
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Treatment with isoliquiritigenin resulted in a dease of PGE2 in
RAW264.7 cells (IG, = 1.47 uM; p <.005). Assays of NO (as
nitrite) demonstrated a clear inhibitory influencef
isoliquiritigenin on NO production (I& = 7.78 uM; p < .05).
The decreases were dose-dependent.

The remaining RAW264.7 cells from the above experitwvere
treated with solubilization buffer and lysate to bged in a
western blot and reverse transcription-polymerasénareaction
analysis. The protein concentration of each lyaeate measured
using a protein assay kit. Rabbit anti-mouse CQ¥albit anti-
mouse COX-2, rabbit anti-mouse iINOS, and rabbitactin were
used as primary antibodies. Goat anti-rabbit lg&L)-HRP was
used as the secondary antibody. Dilutions for@@iX-1, COX-
2, iINOS, and actin were 1:250, 1;2000, 1:2000, arwD00,
respectively. The dilution of the secondary ardibe was
1:100,000 in .01% Tween-PBS containing 1% bovineirse
albumin.

RT-PCR analysis of the mRNA levels of the 3 enzyntidsnot
show any alteration. The protein of COX-1 was wmged;
COX-2 and iNOS protein expression were suppressgd b
isoliquiritigenin in a dose-dependent manner catieg) with the
levels of NO. The down-regulation for COX-2 anddN in the



25 pM isoliquiritigenin treatment group were 52%da86%,
respectively. Similar results were observed fog flositive
controls, cyclosporin and genistein.

The effect of isoliquiritigenin on cell growth weessted on Colon
To test for time

26, RCN-9, and COLO-320DM cells.
dependency the cells were exposed to isoliquiriiigat 5, 25,
and 100 uM and incubated for 12, 24, and 36 h (c@® and
RCN-9 cells) or 24, 48, and 72 h (COLO-320DM cells)-
Fluorouracil (50 uM) was used as a positive conimoboth
schedules. Cell viability was determind by the MTEIl
proliferation assay based on the values of OD559;6nfor all
cases.

The concentrations of isoliquiritigenin giving 504ability were
14.6, 19.5, and 17.9 uM for Colon 26, RCN-9, andLO©
320DM cells, respectively. At 25 pM values of OD5&ere

similar at all timepoints for all cell types so thevas no time-

Jung et al. (2006) tested the effects of isoli¢jgienin on prostate
cancer cells lines MAT-LyLu (rat) and DU145 (humargoth

types of cells were plated (20,000 cells/plate) ardted with
various concentrations of isoliquiritigenin for 2hd 48 h,
respectively. The cells were fixed and stained gseamined by
fluorescence microscopy. Isoliquiritigenin (5, Add 20 mol/l)
increased apoptosis of the prostate cancer celistbflines in a
dose-dependent manner (p < .05). The test wasteghen
normal intestinal epithelial cells (ICE-6 cells)tiwno effect on
their growth. The number of apoptotic cells waalgred by flow
cytometry after staining with phycoerythrin-conjtegh annexin
V and 7-amino-actinomycin.

There were dose-dependent increases in both phghdar
conjugated annexin V positive/7-amino-actinomycagative
cells when both prostate cancer cell lines weraték with
isoliquiritigenin (p < .05).

dependency. The researchers found obvious cyw#didcts at DU145 cells were incubated with isoliquiritigenthdr 20pumol/l)

100 pM for all cell types.

Apoptosis was assessed by flow cytometric analigsigy aliquots

of 1 x 106 cells exposed to 5, 25, and 100 pMdgmtitigenin for
48 h (Colon 26 and RCN-9 cells) or 72 h (COLO-320Dalls).
Both attached and floating cells were collected eentrifuged.
DNA content in the GO/G1 phase assessed in duglicat

Caspase-3 activity was determined for Colon 26 @l O-
320DM cells.

isoliquiritigenin underwent apoptosis in a dose-atefent manner

up to 25 pM with up to 40% of the cells affectd®CN-9 cells

were resistant to apoptosis. Colon 26 cells undetapoptosis

only after 48 h of exposure to isoliquiritigeni@OLO-320DM
cells underwent apoptosis in a time-dependent matnéuction
of caspase-3 activation in Colon 26 and COLO-320&2Ms was
found after 24 h.

The final experiment was performed on 45 6-weekaudde F344

to measure caspase-9 activation in a time-relat@ther. The
cleaved form of caspase-9 was observed within @lhe cells
were stained with JC-1 and the percentages of gvesitive and
red-negative fluorescence were scored as depalacielés. The
number of cells with depolarized mitochondrial meantes
increased in a concentration-dependent manner,(Q0520
pmol/l; p < .05) (Jung et al. 2006).

Colon 26 and COLO-320DM cells exposed Chin et al. (2007) tested the chemopreventive pize of

isoliquiritigenin using female Swiss-Webster mi®enk old; n =
25 for treatment groups; n = 44 for control). Th&e were
administered 1,2-dimethylhydrazine by i.p. injenttice/week
for 8 wk. Seven d after the last injection, theenivere fed a diet
incorporated with isoliquiritigenin (0, 50, 100, 800 mg/kg).
The mice were killed after 36 wk on the diet andropsied. One
mouse in the 100 mg/kg group died before the endhef
treatment. There were no toxic effects from tiodigsiiritigenin.
All but one mouse in the 50 mg/kg group had attldaking

rats divided into 5 groups over 5 wk. All of thes except group tumor; > 97.5% of the tumors in the treatment geowere

5 were injected with the carcinogen azoxymethan®@NA 15
mg/kg) weekly for 3 wk (days 0, 7, 14). Isoligtigenin was
incorporated into their diet at 100 ppm and fedhe rats in
following protocols: Group 1 ate the augmented digtng week
1 and 2 then the unaugmented diet for 3 wk; Growyag fed
unaugmented diet for 2 wk then the augmented dieBfwk;
Group 3 was fed the augmented diet for 5 wk; Groupsd 5
were fed unaugmented food the entire 5 wk. Aftakkghe rats
were killed; the colons excised, fixed, and stajnadd the
numbers of aberrant crypts and crypt foci (ACF)eaveounted.
Body and organ weights were also measured.

Oral administration of isoliquiritigenin inhibitetie induction of

total and large X 4 crypts) ACF in all 3 treatment groups

compared with the control group (p < .01). Singlet triplet
ACF were reduced in Groups 3 and 2, respective@nly

treatment on Group 3 inhibited the yield of abetragpts; there

was no difference between Groups 4 and 1 or 2 seigfard to
aberrant crypts. Isoliquiritigenin did not haveydaxic effects

adenomas, the rest adenocarcinomas. The perceftagaors
did not vary between treatment groups (1.46 to @.9f the
tumors). All the mice had at least 1 colon tum®he high-dose
group had a reduced number of tumors (lung andh¢clompared
to the control (p < .05).

Licochalcone A

Shibata et al. (1991) shaved the backs of 7-weskeohale ICR
mice. After 2 d, a single application of 100 ugDNBA was
applied. One pg of TPA in 100 pg DMSO plus acetaas
painted twice a week on the shaved area of theaartimals (n
= 15) starting 1 week after initiation. One mdioéchalcone A,
isolated fronG. inflataroot , mixed with 1 pg of TPA in 100 pg
of DMSO plus acetone solution, was topically apgplierice a
week to the test animals (n = 15) for 20 wk. Thmher and size
of the tumors appearing on the backs of the miade determined
once a week and the body weight every 4 wk.

The first tumor appeared at week 6 in the controlig and week

demonstrated by organ or body weight differencedéhashi et 11 in the group treated with licochalcone A. Ateke?0, the

al. 2004).

percentage of mice with tumors was 73% for the rabrand
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26.7% for the treated group (p < .02). Licochakadhalso Cells were harvested daily for 3 d by trypsinizatistained with
decreased the average number of tumors/mouse, 1@an blue, and cell number and viability wereedetined by a
tumors/mouse for the control and 0.8 tumors/moaoisehe treated hemocytometer. The cells were also fixed, washeldstined to
group (p <.001). Body weight for the treated grtvad a larger be examined by light microscopy for abnormal motpbg.

increase than in the control group (p < .02) (Staile al. 1991). There was no anti-proliferative effects of licodwie A on day

Park et al. (1998) exposed human and mouse caedsrto
licochalcone A and found the compound to be cytiotag shown

in Table 69. The researchers also found that licochalcone A h

an IG, of 30.4 + 1.5 pM against PI-PkC enzyme activity. In
the cell differentiation assay licochalcone A indd@xpression
of neuron-specific enolase activity, a marker ofcrophage
(monocyte) formation (ER = 1.32 x 10-5 M) in a dose-
dependent manner. Licochalcone A did not showiagin the
nitroblue tetrazolium reduction assay, an indicafgranulocyte
formation. The authors concluded that the compm@a=ined to
be an inducer of differentiation into monocytesheat into
granulocytes.

Rafi et al. (2000) tested the effects of licochaked on cell
viability using the tetrazolium dye method. Thheenan cancer
cell lines, MCF-7, PC-3, and DUPro-1, were treatét various
concentrations of licochalcone A and incubated 7@ h.
Absorbance was measured at 570 nm.

Licochalcone A decreased viability in a dose-delest manner
in all 3 cancer cells. Total mortality was reacla¢d 00 uM for
MCEF-7 cells and 45 pM for PC-3 and DUPro-1 celtsvas also
found that the compound enhanced the effect of otiganapy
(paclitaxel and vinblastine chemotherapy) agaigstReells and
decreased bcl-2 expression in MCF-7 cells over.98 e ratio

of bcl-2 to bax decreased from 1.0 to 0.3, favotimgor cell

apoptosis (Rafi et al. 2000).

Fu et al. (2004) tested the effect that licochaécArhas on PC-3
prostate cancer cells. Human PC-3 CaP cells vesdesl at 5 x
104/ml in T25 flasks overnight. They were theruinated with
0, 12.5, or 25 uM licochalcone A.

Table 69.Effect of licochalcone A on Efgagainst human and mouse
cancer cell lines (Park et al. 1998).

Cell line EDq, (ng/ml)
Human cancer cell lines
A549 (lung cancer) 4.6 £0.46
MCF7 (breast adenocarcinoma) 9.2+1.37
HCT-15 (colon adenocarcinoma) 8.8 +2.22
SK-OV-3 (ovary adenocarcinoma) >20
Malme-3M (malignant melanoma) >20
Mouse cell lines
P388 (leukemia) 3.6 +0.36
NIH3T3 (embryo) >20

1 (p = 0.4423 for 12.5 pM; p = 0.1805 for 25 puMPn day 2
there was 65 to 80% growth inhibition (p = 0.041@ 8.0230).
n day 3 there was 55 to 83% growth inhibition (@.6242 and
.0015). Licochalcone A was not cytotoxic; thd gelbility was
greater than 90%. The authors concluded that terelittle
evidence of morphological changes in the PC-3 cells

These authors tested the growth inhibition effetteochalcone
A on the cell cycle of PC-3 cells (prostate camgdis). The cells
were treated with 0, 12.5, or 25 uM licochalconad were
harvested periodically for 3 d. The harvestedsogtire washed
with PBS and stained with 1.0 pg/ml of 4,6-diamigi®
phenylindole in a solution containing 100 mM Na@l,mM
MgCI2, and 0.1% Triton X-100. Cell cycle phasdrmimition and
the percentage of apoptotic cells were determirg@dguflow
cytometry.

Cells treated with 25 pM licochalcone A had an éased

percentage of cells in the G2/M phase at all timmts. Cells

treated with 12.5 pM had the same result only on3la The

number of apoptotic cells, based on the appea@fractsub-G1"

peak, was observed in a time- and dose-dependemenaThe

magnitude of change was relatively small in comgmarito the

observed decrease in cell proliferation. A 3-dagtiment with 25
UM licochalcone A only had a 5 to 6% increase iogptic cells.

The authors stated that this indicates that attheacentrations
of licochalcone A growth inhibitions in PC-3 celtsn be

primarily attributed to induction of G2/M block, thionly minor

contributions from the induction of apoptosis.

The researchers also treated PC-3 cells in bustep (/106 cells)
with 25 UM licochalcone A for 3 d. The cells wérarvested,
washed, and lysed by repeated freezing and thawling cells
were centrifuged and the supernatant stored.
concentrations were measured with Pierce protaayasagent
then analysis was also performed by Western bldthe
membranes were probed for the level of expresdicyain B1,
D1, E, cdc2, CDK 2, 4,6, Rb, PCNA, afiéhctin. Site-specific
phosphorylated retinoblastoma (Rb) antibodies lfaaty to DNA

polymerase 3(78FS)) were used to demonstrate specific

immunoreactivity.

There was inhibition of the level of cyclin B1 fail 3 d.
Reduction in its catalytic partner, cdc2, was tidependent and
was not evident until d 2 and 3. There was a tiilmpendent
reduction in the expression cyclin D1 and a dowgufation of
CDK 4 along with a delayed decrease in DCK6 on3la time-
dependent increase in cyclin E without commensiadéage in
CDK2 was observed.

The authors reported that the changes in D1 andeEe wn
concordance with time-dependent transition of tipopulation
fromG1to S. The licochalcone A exposure causgecacase in
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the expression of Rb (>60% inhibition), particwarthe
hyperphosphorylated form of Rb. Areduction of ghioorylation
was found in the site specific antibody S780 butT&21. The
authors suggested that licochalcone A may be aaprsventive
agent (Fu et al. 2004).

Licocoumarone

Watanabe et al. (2002) tested licocoumarone, aetldfcomG.

The authors suggested that liquiritin has antipriimyceffects by
inhibiting azoxymethane-induced colonic mucosal itbine
decarboxylase activity, silver-stained nuclear arger region
protein number, and/or polyamine levels in the nmepithelium
(Kawamori et al. 1995).

Oleanolic Acid
Kawamori et al. (1994) also tested the preventiffects of

glabra, for the inducement of apoptosis of human monaislas oleanolic acid (extracted froi®. glabrg on colorectal cancer

leukemia U937 cells. The cells were treated viithdoumarone
at various concentrations and the controls wenghated without
the test substance. After 16 h the numbers ofl&iaélls were
determined by Alamar blue assay. Proliferatiod®87 cells was
reduced to ~65% at 0.0125 mg/ml, ~45% at 0.025 1ng/25%

at 0.05%, and ~22% at 0.10 mg/ml.

Agarose gel electrophoresis of DNA extracted friwn treated
cells incubated with and without Z-Asp-Ch2-DCB (angral
caspase inhibitor; 200 uM) demonstrated that licocarone
induced DNA fragmentation in a nucleosome units tBINA
fragmentation was inhibited by Z-Asp-CH2-DCB. Tdugthors
stated that these data indicate that licoumaronsethapoptosis
in U937 cells (Watanabe et al. 2002).

Liquiritin
Kawamori et al. (1995) tested the preventive eff@dtliquiritin

(extracted fronG. glabrg on colorectal cancer using male F34

rats (5 wk old). Over the 5-week study, the ragsanreated with
1) injections of azoxymethane at wk 1, 2, and 3 f@ada basal
diet (positive control; n = 16); 2) injections afaxymethane at
weeks 1, 2, and 3 and fed the basal diet with 208 (0.02%)
liquiritin (n = 16); 3) no injections of azoxymetimand fed the
basal diet with 200 ppm liquiritin (n = 6); or 49 imjections of
azoxymethane and fed the basal diet (negative @pntAt the
end of week 5, the rats were killed and necropsied.

The mean body weight, liver weight, and relatiwveitiweight of
the rats injected with azoxymethane and fed litjniviere lower
than the those without the liquiritin (p < .0001)t Imot different
from the negative control. The number of aber@gpt foci,

number of aberrant crypts/colon, and number of raipéer
crypts/focus were similar between rats
azoxymethane and rats injected with azoxymethaaae fed
liquiritin.  Ornithine decarboxylase activity waswer in rats
injected with azoxymethane and fed liquiritin thiénose just
injected with azoxymethane (1.9 £ 1.9 vs 22.1 #1fmol
14C0O2/h/mg protein; p < .05). Liquiritin alone wsimilar to
azoxymethane alone (42.1 + 16.3 pmol 14CO2/h/mtgprp

When measuring polyamine levels, liquiritin lesseéthe effects
of the azoxymethane for the spermidine levels (24858 vs

3.11 +0.31 nmol/mg protein; p < .05) but not thendine,

spermine, or total levels; there were no differengetween the
positive and negative controls. Liquiritin had effect on the
number of cells/crypt in azoxymethane-treatedatgid lower

the number of silver-stained nuclear organizermegroteins per
nucleus (1.44 + 0.28 vs 1.01 £ 0.29; p < .05).

125

(using the same procedure above).

The mean body weight, liver weight, and relativetiweight of
the rats injected with azoxymethane and fed oléaagid were
lower than the those without the oleanolic acig (p001) but not
different from the negative control. The numbealbérrant crypt
foci were lower in oleanolic acid-treated rats (B2 30.6 vs
97.6 £11.1; p <.005). The number of aberranptsfgolon were
lower in oleanolic acid -treated rats (222.9 + 3&971.0 £ 28.2
(p < .05). The number of aberrant crypts/focusensimilar
between rats injected with azoxymethane and r@sted with
azoxymethane than fed oleanolic acid. Ornithingadgoxylase
activity was lower in rats injected with azoxymethaand fed
oleanolic acid than those just injected with azoatmne (4.3 +
3.0vs 22.1 £19.4 pmol 14C0O2/h/mg protein; p J..8Bleanolic
acid alone was similar to azoxymethane alone (913.9 pmol
14C0O2/h/mg protein).

L\Nhen measuring polyamine levels, oleanolic acidtaéffects

on the diamine, spermidine, spermine, or totall\ubere were
no differences between the positive and negativetrols.
Oleanolic acid had no effect on the number of et in
azoxymethane-treated rats but did lower the nurobesilver-
stained nuclear organizer region proteins per musql&.44 £ 0.28
vs 0.85 £ 0.25; p < .01).

The authors suggested that oleanolic acid maydaadidate for
a chemopreventive agent in colon tumorigenisis (Kaari et al.
1995).

Various Compounds

Lee et al. (2008) extracted ammonium glycyrrhiznat

o d hwi liquiritigenin, ononin, glycyrol, and cabenoxolodisodium salt
Injected hwitg,m G yralensisand pretreated HEK293T tumor cells with each

compound (10 pg/ml) for 30 min prior to treatmeittvphorbol

12-myristate 13-acetate (PMA) for 16 h. The cadntras

untreated. Glycyrol decreased NB-luciferase activity; the
other compounds had no effect. The above expetinves

repeated with the pretreatment of glycyrol (0,3®,100 nmol/l)
for 30 min then treatment with PMA (100 nmol/l) &4 h. NF-

kB activity was decreased in a concentration-deparanner.
The cells were treated with just glycyrol for 24rh= 3) using a
MTT assay.

Viability was not affected up to 20 pg/ml; conceatiobns >50
induced cytotoxicity.

The effects of these licorice compounds (10 pg/midh and
without PMA, on DNA expression was investigatechgdDNA
microarrays with HED293Tcells (n = 3). Only glyoyhad any



effect. Glycyrol highly modulated inflammation-a¢é¢d genes to Polysaccharides
inhibit inflammation, including immunity and defenselated Cheng etal. (2008) isolated the polysacchariades®. uralensis

genes, by modulating N&B-dependent pathways.
apoptosis-related genes investigated, all werehmdoin the
induction of the glycyrol-modulated apoptosis imar cells. The
authors concluded that glycyrol may be a candit@ata tumor
suppressor (Lee et al. 2008).

Nabekura et al. (2008) tested for inhibition aggprglycoprotein
and mutidrug resistance protein 1 by phytochemiicadkiding
glycyrrhizin, Glycyrrhitinic Acid, glabridin, genisin, and
isoliquiritigenin. KB-C2 cells were cultured anttubated with

daunorubicin (50 pM) in the presence or absenceaof

phytochemical for 2 h. Fluorescence in the treaadhples
compared to the control was used as a measurewoimadation
of daunorubin in the cells.

Glycyrrhetinic Acid and glabridin increased the lalkelr
accumulation of daunorubicin (p < .01), which irated
inhibition of the p-gp-mediated efflux of daunorcibi.

The above experiment was repeated on Glycyrrhithgicl and
glabridin and other phytochemicals with KB/MRP selsing the
accumulation of calcein, a fluorescent substratanaftidrug
resistance protein 1(MRP1) transfected into thedls.c

Glycyrrhitinic Acid (50 puM) increased the accumidat of
calcein in KB/MRP cells (p < .01) but glabridin didbot.
Glycyrrhitinic Acid had the strongest inhibitoryfet on the
functions of P-gp and MRP1.

The effect of Glycyrrhitinic Acid on the resistarmfeKB-C2 cells
to vinblastine and KB/MRP cells to doxorubicin wasmined.
The cells were incubated with the chemotherapeag@nts with
or without Glycyrrhitinic Acid.

Inthe presence of Glycyrrhitinic Acid, DB-C2 an&IMRP cells
were more susceptible to the cytotocitiy of vinkles (a P-gp

Of 789

and tested them for effects on nitric oxide and 8\@oduction
in peritoneal macrophages. The macrophages were fhe
peritoneal fluid of male BALB/c mice. Adherent maghages
were incubated with the polysaccharides (0, to4@fnl) and/or
LPS (2 pug/ml)/interferon-(1, 10, or 100 U/ml) for 48 h.

The polysaccharides increased nitric oxide and ilp@@8uction
at 50 to 400 pg/ml without LPS (p < .05) compaiethe control
in a concentration-dependent manner. The polysaitkts
increased nitric oxide production at 100 to 400npgind iINOS
production at 200 to 400 pg/ml with LPS (p < .05fhe
polysaccharides increased nitric oxide production &l

concentration with IFN-at all concentrations (p <.05) and INOS
production at all concentrations with IFNat all concentrations
(p < .05) in a concentration-dependent manners.

In another experiment, the macrophages were inedhaith the
polysaccharides (0 to 400 pug/ml) and monitored ByATR

analysis. Unstimulated cells had no detectable SNGRNA

whereas exposed cells induced the accumulatidd@8i mRNA

in a dose-dependent manner. The authors suggtdsiedhe

increased production of nitric acid in macrophagas mediated
by the expressionof the INOS gene. Contpehctin was
constitutively expressed and not affected by thatiment with the
polysaccharides.

The authors concluded that ti& uralensispolysaccharides
stimulated macrophages to produce nitric oxide ughothe
induction of INOS gene expression. The authorgssigd that
polysaccharides may be usefulimmunopotentiatiegeyCheng
et al. 2008).

CLINICAL ASSESSMENT OF SAFETY
Oral

substrate) and doxorubicin (an MRP1 substratepagpared to Glycyrrhizic Acid and Derivatives

chemotherapeutic agents alone (p <.01). The euttated that

this indicated the inhibition of P-gp or MRP1-medi efflux
from cells and an increase in intracellular coneditns of
anticancer agents in response to Glycyyrrhetiniid Ac

The effects of Glycyrrhitinic Acid on the basal anerapamil-
stimulated P-GP ATPase activity was examined. pamal, a
substrate of P-GP, stimulated ATPase activity G-

Glycyrrhetinic Acid alone had no effect on the BaBaGP
ATPase activity. Glycyrrhetinic Acid inhibited th&TPase
hydrolysis by verapamil stimulated P-GP ATPaseg/c@thetinic
Acid alone stimulated the basal MRP1 ATPase agtigid
further enhanced the N-ethylmaleimide-glutathiotiendlated
MRP1 ATPase activity. The authors suggested

toxic chemosensitizing agents to enhance the eifich cancer
chemotherapy (Nabekura et al 2008).

CIR (2005) reported that Glycyrrhizic Acid, admieised orally
to hemophilia HIV patients (200 to 800 mg/d) fowB, resulted
in increased lymphocyte count in all 9 patients; T@KT-cell

helper)-positive lymphocytes increased in 8 ofghéents, and
OKT4/OKT8 ratio increased in 6 patients. Four @ats with
signs of liver dysfunction had clear improvementhiepatic
function parameters (i.e., GOT and GPT). Serumtelbtes,

lipids, protein, and kidney function were not aféat by
Glycyrrhizic Acid.

Another study was described in which Glycyrrhizicid\(0, 1, 2,
4 mg/kg/d) was administered orally to 39 voluntder8 wk. The
aldosterone concentration and renin activity ingieim of the 4

thalg/kg/day gro ere significantly lower (p < 0.9€@ian control
Glycyrrhetinic Acid may be a lead to a more efficais and less At i '9nn ylower (p <0.9

after 2, 4, 6, and 8 wk of dosing. Aldosterone Isgand renin
activities in the 1 and 2 mg/kg/day groups wereilaimto

controls. The concentration of ANP was significamtécreased
(p < 0.001) in the 4 mg/kg/day group, but not ie thand 2
mg/kg/day groups. Systolic and diastolic blood sptee
measurements remained the same throughout the istildg 2
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and 4 mg/kg/day groups but decreased slightly & dbntrol
group. Thus, relative to the control group, thegtkg/day group
had significantly higher (p = 0.018) blood presstiian the
control group. Body weight was similar betweentedlatment
groups. Volunteers in the 4 mg/kg/day group hajmifccantly
lower (p < 0.01) blood potassium concentration tiese in the
control group at 2 and 4 wk into the dosing peribddaily
guestionnaires of physical conditions, volunteens the 4
mg/kg/day group described headache, nausea, vgmitiange
in defecating pattern, swollen face, and ticklinghe arms and
legs. However, the number of complaints decreasebeastudy
progressed.

The authors of this study determined that the fiecefevel of
Glycyrrhizic Acid in this study was 2 mg/kg/day. &hproposed
an acceptable daily intake of 0.2 mg/kg/day, usisgfety factor
of 10. This corresponds to 6 g of licorice per dayld be safe
for a 60 kg person, assuming that licorice contdird %

Glycyrrhizic Acid. They also noted that the Dutclithtional

Council advises a limit of 200 mg Glycyrrhizic Agr day.

A linear dose-response relationship between Glhia Acid
(75, 270, 540 mg/d) and
demonstrated in humans (CIR 2005).

FM100 Fraction

Shiratori et al. (1986) used a licorice extract dqueoed by
precipitating the methanol licorice extract witldgon hydroxide
and hydrochloric acid (Fm100) to test the effediaafrice on the
release of endogenous secretin (polypeptide hornponduced
in the small intestine, that activates the pancreasecrete
pancreatic juice) in humans. Seven volunteersré@ecage 35)
were fasted overnight. A quadruple-lumen duodéma¢ was
passed orally beyond the ligament of Treitz. Pthlylene glycol

4000, a nonabsorbable marker, was infused intostwnd
portion of the duodenum at 3 ml/min by peristaftionp. The
contents of the duodenum was aspirated continudusty the

distal end, 10 cm distal to the perfusion site.e Thbe in the
jejunum was used for intrajejunal perfusion witther Fm2100 or
0.5% CMC. The Fm100 was in the CMC at 0.2%, adpli$br

pH 6.5 with 0.1 N sodium hydroxide. Another douhlmen tube
was placed at the most dependent portion of theaasth for

aspiration of gastric juice. The aspirations tptdce for 45 min
before the test started.

The test solutions were continuously adminsterethénupper
jejunum at 10, 20, and 40 ml for 30 min with fimlses of 200,
400, and 800 mg, respectively. The control, 100KIC, was

administered over 30 min. In the 30 min betweesed®f the test
substance, CMC solution was infused at the sanee astthe
Fm100 to be infused during the following 30 min.uddenal

contents were continuously collected in iced glak®es. The
concentration of bicarbonate was determined imntelgia The

amount of protein, amylase, and polyethylene glyeete also

determined. Blood samples were taken every 10 foin
radioimunoassay of secretin.
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Intrajejunal infusion of FM100 solution resultedifcreases in
both plasma secretin concentration in a dose-degre¢mdanner;
the correlation coefficient between Fm100 dose platma
secretin concentrations was r = 0.737 (p < .001) &r
pancreatic bicarbonate outputs was r = 0.483 (dx .The mean
values of plasma secretin concentrations and paticre
bicarbonate output at 400 and 800 mg were greatan the
control and 200 mg doses (p < .03 and .01, resay}i

The authors concluded that endogenous secretiglaased in
humans treated with Fm100 and the increased paitwcrea
bicarbonate secretion is caused by the incregdasma secretion
(Shiratori et al. 1986).

Glabridin

Fuhrman et al. (1997) isolated LDL (by discontinsi@ensity
gradient ultracentrifugation) from plasma samplesnf healthy
normal volunteers before, after 1 week, and aftewk? of
ingestion of 0.1 g/d of alcoholic extraction@fglabraroot. The
extract contained 7 materials, the major one bgilalgridin (11.6
% by wt). LDL oxidations were determined by thBARS
assay. The amount of lipid peroxides was deterthine

increased blood  pressurs Wff'ontinuously with a commercial kit (cholesterol moteagent,

CHOD iodide method) by measuring absorbance andé5

Ingestion of the licorice extract inhibited the eh®f LDL
oxidation by 50 + 7 min compared to controls iroa&ldependent
manner. The licorice extract required to inhilmtrhation of
MDA equivalents and lipid peroxides in LDL by 50%{;) was
1.8 and 2.2 mg/l, respectively. The licorice estiahibited the
onset of LDL oxidation by the water-soluble radigainerator
AAPH for 260 min, at a concentration as low asriggl. AAPH-
induced LDL oxidation was inhibited in a dose-degemt
manner; the IC50s that inhibited formation of MDduévalents
and lipid peroxides were 0.3 and 1.2 mg/l, respebti

Glabridin was isolated from the extract. LDL (20§ protein/l)
was incubated with 1 mmol AAPHI/I in the presence3aing

glabridin/l (9.2 umol/l). There was a 100-min gmagjation of the
lag phase and an 87% and 70% reduction in the fawmaf

TBARS and lipid peroxides in LDL, respectively (Fafan et al.
1997).

Aoki et al. (2007b) tested the safety of licori¢avbnoid oil,

containing glabridin (1%), medium-chain triglycers{ 90% w/w)
and a solid fraction derived from licorice ethondktract (~10%
w/w). The polyphenol content is ~ 8%. The corgeftlicorice
flavonoids other than glabridin in the licoricevitmoid oil is

~0.2% glabrene, 0.2% glabrol, and 0.1% 4'-O-metabidgdin.

The glycerrhizin content is < 0.005%. The oil veasninstered
in gelatin capsules with 300 mg licorice flavonoitiand 22 mg
beeswax. The control was medium-chain tryglyceride

The first study was a single dose of licorice flagwl oil orally
administered to male subjects (n = 5) at 300, 801,200 mg
after breakfast. Blood and urine samples wereectdd at
baseline and up to 7 d after dosing. The mean tonthe
concentration peak was 4.27 h and was eliminabegitly with a



mean half life of 10.7 h. The area under the cang maximum
concentration increased linearly with dose.

The licorice flavonoid oil (300, 600, and 1200 mgciapsules)
was administered to subjects (n = 10, 5/sex) ddibr breakfast
daily for 1 week. The placebo control (n = 12,eGjswas
administered at the same time. Blood samples wafected at
baseline, at hour 4 and 24 on days 1 and 7.

The mean plasma glabridin level at each time peé#tincreased
linearly (r > .96) with the dose levels.

The accumulation ratios of glabridin were 1.35 ¢@ari.04 to
1.67). The authors suggested this finding ind&aeslight
elevation of plasma glabridin due to multiple doses

The above study was repeated for a 4-week periedlth 7/sex;
control n = 16, 9 males, 7 females). Blood samplese

collected at baseline and at weeks 2 and 4. Plgkhédin level

increased linearly (r < .99) with dose level. Raslevels of
glabridin at weeks 2 and 4 were similar at eachedesel,

indicating a steady state. There were no sexeeldifferences
in plasma glabridin levels in the second and tlsinady. The
authors stated that no clinical or noteworthy abradities were
observed in any of the studies and that all bldehustry values
remained within normal parameters in all test geo{#oki et al.

2007).

Dermal
Glycyrrhetinic and Glycyrrhizic Acid

CIR (2005) reported that in dermal sensitizationdms,
Glycyrrhetinic Acid at 0.6%, 3%, and 6% producedevalence
of irritation or sensitization in human subjects.

An eye gel containing 0.1% Glycyrrhizic Acid applit the area
around the eyes of 20 women for 21 d resulted Bul§ects
reporting discomfort sensations. Another testltedin 1 subject
out of 232 women with well-defined erythema withiptus after

the first application that reappeared at the chghte No other
treatment-related observations were reported. p&ated insult
patch test of an eye gel with 0.1% Glycyrrhizic d@n 100

humans (applied 3/week for 3 wk) resulted in 6 sabyvith mild

erythema with/without edema at the challenge 2Cter dast

application but no evidence of induced contact hygesititvity

(CIR 2005).

Licochalcone A

Weber et al. (2005) tested the tolerance and effiof4 skin care
products containing licochalcone A on female pasievith mild
to moderate erythematotelangiectanic rosacea (8)=ad red
facial skin not attributed to rosacea (n = 30) e pltients used a
cleanser, an SPF 15-day lotion, a spot conceatel,aanight
cream (all with licochalcone A; concentrationspravided) daily
for 8 wk. Clinical grading was done at baselind eeeks 4 and
8. There was improvement in the patient’s erythegwres at
weeks 4 and 8 (p < .05). Overall improvement wakea at
weeks 4 and 8 (p <.05). There were no adversetsffeported.

Licorice Flavonoid

Sansho Seiyaku Co., Ltd. (2004) applied a creantagiing
0.65% licorice flavonoid derived froi®. glabrato 20 healthy
volunteers. A 48-h closed patch test was perfornddthough a
single volunteer showed a slight erythema at Itdr afmoval of
the patch, it disappeared 24 h later. No reactiocuding
erythema and edema, was observed in the remaioingteers.

Skin Lightening Effects

Liguritinin

Amer and Metwalli (2000) examined the effects gfilritin on
melasma. Women (n = 20; 18 to 40 years old) wilhtdral
melasma on the face applied a liquiritin (2%) crdamng/d) to 1
side of the face and the vehicle control to theeptide twice
daily for 4 wk. The authors stated that an exoeltesponse was
observed in 16 women (80%); i.e., progressive éighitg of the
pigmented area and reduction in lesion size, somestiwith a
discernible outline. A good response was observ@q10%) of
the women. Mild skinirritation (erythema and binnsensation)
was observed in 2 patients (10%) treated withithérltin cream
which disappeared with continuation of treatmeAnhalysis of
blood samples taken before and after treatment wtlEn
normal values. During the follow-up period of 18, patient
showed a mild degree of pigmentation.

Phototoxicity and Photosensitization
Glycyrrhizic Acid

Glycyrrhizic Acid at 0.1% and 5% applied to humkimgin vivo)
and exposed to UV irradiation did not result in fpsensitization
or phototoxicity (CIR 2005).

Licochalcone A

Two areas of the backs of subjects (n = 12) weppsad to 1.4
minimal erythema dose of UV radiation. The areasenthen
treated with a licochalcone A-containing lotiontbe vehicle.
After 5 and 24 h, the areas were graded for eryghelarythema
was reduced at the 5-h observation (p < .05) buahthe 24-h
observation. These authors concluded that licoomal A has
topical anti-inflammatory effects (Immeyer, et2005).

Epidemiology
Glycyrrhizic Acid

An epidemiology study of 1,049 women who consumed
Glycyrrhizic Acid and birth statistics for theirfepring showed
that birth weight and maternal BP were not affedtgdnaternal
licorice consumption. Babies with heavy exposue t
Glycyrrhizic Acid (= 500 mg/week) were more likely to be born
before 38 wk (CIR 2005).

Food Use Evaluation

The European Commission’s Scientific Committee ood{SCF;
2003) released an opinion on the safety of Glydgichicid and
Ammonium Glycyrrhizate in foods. The Committee had
previously reviewed Glycyrrhizic Acid in 1991 andnzluded
that the data were inadequate to derive an acdeptally intake
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(ADI). However, they advised that regular dailyéston from all
food products should not exceed an upper use (E\#l) of 100
mg/day.

In 2003, the SCF reviewed new data on Glycyrrhigitd and

considered the safety of Ammonium Glycyrrhizata diavoring

substance. After reviewing the new data, the SCi€lcded that
there is a stronger basis for the limit of 100 rag/dut they did
not conclude that the human toxicity data wereigefit to

develop an ADI. They noted that there are subgamipeople
for whom a limit of 100 mg/day may not provide scifint

protection. These groups include people with desgéall--
OHSD activity, people with prolonged gastrointestitransit

time, and people with hypertension or electrolykzted or water
homeostasis-related medical conditions (SCF 2003).

SUMMARY - Part Il

A wide variety of chemicals may be found in licariextracts.
Individual chemical constituents vary in their datmpenetration
and intestinal absorption, but once absorbed atelokzed and
widely distributed. For example, while licochaleoA was not
dermally absorbed; liquiritigenin, davidigenin, digtin, and
liquiritin apioside were dermally absorbed. Most the
licochalcone A injected into rats metabolized idtephenolic
glucuronides in the plasma and urine.

The metabolic relationship between Glycyrrhizic dcand

Glycyrrhetinic Acid were described in an earlierfesa

assessment. Intravenously administered glabridlinats was
detected in the cerebellum and spinal fluid. @tzorption and
oral bioavialability were low and dose-dependemtdiabridin,

but it was found in all tissues with the greatasbant in the
lungs.

Glycyrrhizic Acid and its derivatives and metabeditmay cause
several transient systemic alterations includingcreased
potassium excretion, sodium and water retentionlybeeight

gain, alkalosis, suppression of renin-angioten&losterone
system, hypertension, and muscular paralysis.

Extensive information was described regarding tote effects
of these chemical constituents of licorice. Faraple, glabridin,
licochalcone A, and licorisoflavan A decreased dfiects of
induced nephritis in TCL and BUN in mice. Hepaifotection
has been reported for Glycyrrhizic Acid,
isoliquiritigenin, licopyranocoumarin, liquiritinliquritin and
glycyrrhizin.  Deglycyrrhizinized licorice had gasintestinal
protective effects from ulcers in rats and dogs did
isoliquiritigenin in rats.

Neurological effects were reported for several tarents,

Glycyrrhizic Acid and its derivatives reversiblyocked gap
junction communication. Glycyrrhetinic Acid adnstered ip to
mice caused sedation, hypnosis, hypothermia, asiretory

depression. Glycyrrhetinic Acid administered ig dot stimulate
or depress either the sympathetic or parasymatheditches of
the autonomic nervous system of mice. The relagffatts of
glycycoumarin from cultivated and wild G. uralensisre similar
in mice.

Muscular contraction was reported for glycycoumarirhile
inhibition of contraction was reported for isoligtigenin and
davidigenin inhibited induced jejunum contractiditgjiritigenin
was a weak inhibitor and liquiritin, liquirtitin #&gside, and
isoliquirtin were inactive.

Erythrocytes had shape deformations when incubated
licochalcone A. Isoliquiritigenin reduced platedefgregation in
human and rat blood.

Treatment with Glycyrrhizic Acid, but not glycyrrtigic acid,

reduced the size of myocardial infarct in rabbita suture tied
around the left coronary artery to occlude blooavil Glabridin

in drinking water reduced lesion area in mice aortlycyrrhizic
Acid combined with hydrocortisone increase the degpof
vasoconstricion in humans.

Several flavonoids, including glabridin, were inkilos of CAMP.
Glycyrrhizic Acid inhibited the enzyme activity pfoteinase and
was a potent inhibitor of oxidative phosphorylatiooupled to
succinate oxidation in rat liver mitochondria. @lyrhizic acid
administered to mice induced hepatic CYP3A-2B1 aAQ@-
dependent microsomal monooxygenase and TH enzymtés i
liver.

Glycyrrhetinic acid administered i.p. caused apsistoin

splenocytes and thymocytes in mice. Glabradinnsasytotoxic

to human, canine kidney, rat brain, or multiplegirasistant cells.
Glycyrrhizan GA enhances phagocytic activity in sooells.

Licochalcone A and E were not cytotoxic to humanrglwvarian
melanoma, and colon cell lines. Polyphenol compsuinom

licorice had higher cytotoxicity toward oral HSGx2d HSG cell
lines than against normal human gingival fibrotdast

Isoliquiritigenin inhibits histamine mediated si¢gmaand is a
selective antagonist in U937 cells. Isoliquiritifre inhibited

monocyte adhesion in a dose-dependent mannerchatmmone A
reduced induced ROS, PGE2, and cytokine produaiiboman
skin cells in a dose-dependent manner. Induced BN&kation
was inhibited by licochalcones A and E. Isoligigienin inhibited
MAO of rat livers. MAO inhibitory effects were fod in

glicoricone and licofouranone. Anti-inflammatorffeets were
found with glabridin, Glycyrrhizic Acid, licochale® A and B,
and various other licorice constituents.

glabridin,

Glycyrrhizic Acid had an anti-diabetic effect in rgically
diabetic mice; the mice had lower blood glucoseleafter oral
doses of glucose. Glycyrin suppressed blood gkiteeels in
genetically diabetic mice; glycyrol did not. Isgliritigenin may
prevent diabetic complications through aldose redhgdnhibition
in rat lenses, inhibition of sorbitol accumulatiorhuman RBCs,
and rat RBCs, sciatic nerves, and lenses.

Antioxidant effects were found for licochalcone AdaB,
glabridin, hispaglabridin A and B, formononetinphikiocarpin,
paratocarpin B, and 4'-O-methylglabridin in in viaod in vitro
assays. Glycycoumarin had antioxidative propertiesile
licocoumarone did not.
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Glycyrrhizic Acid was found to have anti-viral efs on vaccinia,
herpes simplex 1, Newcastle disease, vesicularagitisn JEV,
and influenza virus A2. Polio type 1 virus was fieeted by
Glycyrrhizic Acid up to 8 mM.

Anti-parasitic activity was demonstrated by licolclame A by the
inhibition of growth of Leishmania major and L. domini in
culture and in human peripheral blood moncyte-aativ
macrophages and U937 cells.

Anti-microbial effects towards multiple specieswtrobes were
demonstrated by many licorice constituents inclgdjancaonin,
glabridin, and licochalcone A.

Glycyrrhizic Acid increased the flux of diclofenaodium across
rat skin.

The oral L}, of Glycyrrhitinic Acid in mice is 610 mg/kg; the

the compounds inhibited DNA synthesis at high cotregions in
MDA-MB-231 cells. The isoflavonoids genistein, dzgin,
biochanin A, and coumestrol inhibited DNA syntheasdid the
flavones chrysin, apigenin, and flavone and thevoftels
quercetin, and kaempferol. Rutin, catechin, aneretactone
were weak inhibitors. Biochanin A and flavone skdvslight
stimulation.

In an Ames tests, glabrene was antimutagenic agginataneous
and EMS-induced mutations up to 1.0 pg/plate; & toxic at 10
ug/plate. Glabrol, fromononet, glabridin, and Higlabridin A

were not antimutagenic.

Glycyrrhizic Acid and its derivatives demonstratégmor
inhibition properties. Chalcones inhibited the ljfeoation of
ovarian cancer cells. Human prostate carcinoniaegbosed to
DBM had inhibited growth in a dose-dependent manriene

i.p. LDs, is 308 mg/kg. Rats orally administered 1000 m@avones gancaonin O and P and glyasperin A wergemo

licochalcone A daily for 2 wk did not exhibit anigss of toxicity.

Glycyrrhetinic Acid injected into rats 3 times/wefek 4 wk had

no tissue damage except slight thinning of thelpn the zona
glomerulosa of the adrenal glands. Daily injectionf

licochalcone A at 100 mg/kg to rats and hamsteosveld no

toxicity.

Glycyrrhetinic Acid is slightly irritating at 6% ithe chorio-
allantoic membrane assay. Glycyrrhetinic Acid waskirritating
or sensitizing to the intact or shaved skin of rdbrabbits.
Liguritin was not or mildly irritating to guineags. In an IgE-
dependent passive cutaneous anaphylactic reasgag an mice,
18B-glycyrrhetinic acid, isoliquiritinin, and liquiigenin
demonstrated inhibition both orally and i.p. asIvad by a
scratching behavior assay. In a sensitization antigen
challenge, liquirititigenin and isoliquiritin didat inhibit IgE
production. Glycyrrhizin and PB8glycyrrhetinic acid inhibited
IgE production.

Glabridin was not phototoxic to guinea pigs with B'&xposure.
Glabridin-treated (0.5%) sites on brownish guinégs pvere
lighter in color after UVB irradiation.

Gancaonis R, glabrene, glycyrol, gismoidin B amgilitigenin

have weak binding affinties in an estrogen recdpituting assay.
E2 was displaced with weak relative binding affifiy prunetin,
daidzein, formononetin, liquiritigenin, datiscetifisetin, and
isoliquiritigenin in human plasma. Glabridin stilated the
growth of human breast cancer cells up to 10 uMjrhbited

cell growth at concentrations >15 uM. Uterine visgwere
increased after rats were injected with glabriturt, not as much
as estradiol. Glabradin and glabrene demonstrastigen
activity when incubated with human female bonescetim pre-
and post menopausal women.

In estrogen-dependent (MCF-7) and estrogen-indepe (il DA-
MB-231) breast cancer cells isoflavonoids genistgimchanin A
and coumestrol inhibited DNA synthesis, as did flagones
chrysin and apigenin, and the lignan enterolactorfeutin
stimulated DNA sythesis to 250% of control at 100 @and
showed no inhibition effects at the tested conéegioms. Most of

cytotoxic to oral tumor cells than normal cellsoliquiritigenin
has tumorigenesis inhibiting properties in in viaod in vivo
assays for several types of cancer cells. Licadrd A
decreased number and size of DMBA-induced tumorsiae.
Licochalcone A was not cytotoxic to PC-3 prostadaaer cells
but caused growth inhibition. Licocoumarone causgdptosis
in U937 cells.

Glycyrrhizic Acid increased lymphocyte count in HPatients
and improved liver function. Licorice flavonoidlodrally
administered to humans daily for 1 and 4 wk resliitea slight
elevation of plasma glabridin with accumulation hotclinical
abnormalities.

Dermal application of Glycyrrhizic Acid (0.1%) shedirritation
but not sensitization in humans. Skin care praglgontaining
licochalcone A applied to the face for 8 wk resdiiteno adverse
effects.

The offspring of women with a high daily consumptiof
Glycyrrhizic Acid had normal birth weights, butrthi was more
likely to be before 38 wk gestation than for cotgro

DISCUSSION (Parts | and 1)

The CIR Expert Panel recognized that the availdhta do not
address all licorice-derived ingredients. The labdé data on the
constituents of licorice, however, were consisgambss species,
demonstrating that the composition of the plantsewsmilar
enough that toxicity data ois. glabra extracts could be
extrapolated to the others, and vice versa. TheelPalso
recognized that different constituents could be@nein a licorice
extract depending on the method of extraction.

In this regard, the Panel considered the availdata on a wide
range of individual chemical constituents to caesitly
demonstrate an absence of significant toxicityhwiany studies
reporting protective effects. These data on chalnsienstituents
also are consistent with the safety test dataHeribdividual
extracts. The Panel concluded that the variatioconstituents
with different extraction solvents did not presgifferent toxicity
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issues regarding the use of licorice-derived ingmtd in
cosmetics.

The Panel recognized that constituent glabridin ¢ave

depigmentation properties. The concentration abgtlin is <

42% in polyol-soluble Glycyrrhiza Glabra (LicoricdRoot

Extract, which has the greatest concentrationairgdiin. When

used in a formulation, such a low concentrationglaforidin

should not have any dipigmentation activity. Cosme
formulators should only use licorice extracts imdurcts in a
manner that does not cause depigmentation.

The Expert Panel expressed concern regarding jukestesidues
and heavy metals that may be present in botanigakdients,
including licorice derivatives. They stressed titet cosmetics
industry should continue to use the necessary gres to limit
these impurities in the ingredient before blendintg cosmetic
formulation.

The cosmetic industry should also use the necegsacgdures
to limit mycotoxins before blending into cosmetigiedients and
that all these ingredients should be free of mathan

The Panel believes that aflatoxin should not begarein Licorice
and botanical ingredients that are derived from giabra,
G.inflata, and G. uralensis; the Panel adopted Wg&DA

designation of« 15 ppb as corresponding to “negative” aflatoxin

content.

The CIR Expert Panel noted the estrogen receptbnaarotoxic
effects of the extracts. When applied dermaltgriice extracts
are unlikely to significantly penetrate the skimeg@uding
exposure that could present any hazard in thesedsg

The CIR Expert Panel recognizes that there are dafs
regarding use and concentration of these ingresliddbwever,
the overall information available on the typesmfqucts in which
these ingredients are used and at what concemtsatidicate a
pattern of use, which was considered by the ExPartel in
assessing safety.

In the absence of inhalation toxicity data, the dé?aletermined
that the Glycyrrhiza Glabra (Licorice) Leaf Extra@ycyrrhiza
Glabra (Licorice) Rhizome/Root, Glycyrrhiza Glalftacorice)
Root, Glycyrrhiza Glabra (Licorice) Root Extractly@yrrhiza
Glabra (Licorice) Root Juice, Glycyrrhiza Glabracgrice) Root
Powder, Glycyrrhiza Glabra (Licorice) Root Wately&yrrhiza
Inflata Root Extract, and Glycyrrhiza Uralensisqdiice) Root
Extract can be used safely in hair sprays, beciesegredients
particle size is notrespirable. The Panel reastimeat the particle

size of aerosol hair sprays38 um) and pump hair sprays (>80

um) is large compared to respirable particulatess{z&0 um).

CONCLUSION (Parts | and 1)

Based on the available information, Glycyrrhizatgséa(Licorice)
Rhizome/Root, Glycyrrhiza Glabra (Licorice) Leaf tEact,
Glycyrrhiza Glabra (Licorice) Root, Glycyrrhiza ®Gla
(Licorice) Root Extract, Glycyrrhiza Glabra (Licog) Root Juice,
Glycyrrhiza Glabra (Licorice) Root Powder, Glycyima Glabra
(Licorice) Root Water, Glycyrrhiza Inflata Root Ex¢tt, and
Glycyrrhiza Uralensis (Licorice) Root Extract asafe as
cosmetic ingredients in the practices of use amteatration
given in this safety assessmént.
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Acronyms and Abbreviations

3T3 NRU PT - 3T3 Neutral Red Uptake Phototoxicity
5-HT - 5-hydroxytrptamine

AA - arachidonic acid

AAP - acetaminophen

AAPH - 2,2'-azobis’2-amidino propane hydrochloride
ABC - ATP-binding cassette

ACE - angiotensin converting enzyme

ACAT - acyl-coenzyme A:cholesterol acyltransferase
ACF - aberrant crypt fociACTH - adrenocorticotrophiormone
ADH - antidiuretic hormone

ADI - acceptable daily intake

ADP - adenosine diphosphate

ALT - alanine aminotransferase

ANP - atrial natriuretic peptide

AOM - azoxymethane

ARS - Agricultural Research Service

ATHF - allotetrahydrocortisol

AUC - area under the curve

AST - aspartate aminotransferase

BFM - body fat mass

BHI - brain-heart infusion

BIA - bioelectrical impedance analysis
BMI - body mass index

B[a]P - benzo[a]pyrene
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BP - blood pressure
BrdU - bromodeoxyruidine
BUN - blood urea nitrogen

CaCl2 - calcium chloride

Caco-2 - colonic adenocarcinoma cells

CAM - cellular adhesion molecule

cAMP - adensoine 3',5'-cyclic monophosphate
CGC,, - 50% cytotoxic concentration

CCl4 - carbon tetrachloride

CD - conjugated dienes

cGMP - guanosine 3',5'-cyclic monophosphate
CIR - Cosmetic Ingredient Review

CK - creatine kinase

CL - cholesteryl linoleate

Cl- - chloride

CLOOH - cholesteryl linoleate hydroperoxide
CMC - carboxymethyl cellulose

CO - carbon monoxide

CO2 - carbon dioxide

Council - Personal Care Products Council
COX-2 - cyclooxygenase-2

CPS - calcium polystyrene sulfonate

CS - chondroitin sulfate

CTFA - Cosmetic, Toiletry, and Fragrance Associatio
CuSO0O4 - copper sulfide

CYP - cytochrome P450

CZE - capillary-zone electrophoresis

DBM - dibenzoylmethane

DCA - dichloroacetate

DES - diethylstilbestrol

DGL - deglycyrrhizinized licorice

DHT - 5o-dihydrotestosterone

DMBA - 7,12-dimethylbenz[a]anthracene
DMEM - Dulbecco’s Modified Eagle’s Medium
DMSO - dimethyl sulfoxide

DNFB - dinitrofluorobenzene

DNP - dinitrophenol

1,6-DNP - 1,6-dinitropyrene

DOPA - dihydroxyphenylalanine

DOPC - 1-alpha-dioleylphosphatidyl choline
DPPH - 2,2'-Diphenyl-1-picrylhydrazyl
DPPH - 1,1-diphenyl-2-picrylhydrazyl

DSS - dextran sulfate sodium

EO - apolipoprotein E-deficient

E2 - estradiol

EBSS - Earle’s buffered salt solution
EBV-EA - Epstein-Barr virus antigen

EC - endothelial cells

EC;, - 50% effective concentration

ECG - electrocardiogram

ECW - extra cellular water

EDq, - effective dose

EDTA - ethylene diamine triacetic acid

EEG - electroencephalogram

EKG - electrocardiogram

ELISA - enzyme linked immunosorbent assay
E-MEM - Eagle’s minimum essential medium
EMS - ethyl methanesulfonate

EPR - electron paramagnetic resonance

ER - estrogen receptor

E-selectin - endothelial leukocyte adhesion mokedul
ESR - electron spin resonance

EtOAc - ethyl acetate

FBS - fetal bovine serum

FCA - Freund’s complete adjuvant

FCS - fetal calf serum

FDA - U.S. Food and Drug Administration

fMLP - formyl-methionyl-leucyl-pheny-lalanine trip&ide

GABAB - gamma-aminobutyric acid-BGBM - antiglomeaibasement
membrane

GC - gas chormatography

GIHM - glycyrrhizin (licorice)-induced hypokalemioyopathy
GOT - glutamate-oxaloacetate transaminase

GPT - glutamate-pyruvate transaminase

GRAS - generally recognized as safe

GS - genetic similarity coefficient

GSH - glutathione

GSH-Px - glutathione peroxidase

GST - glutathione-S-tranferase

H2R - histamine type 2 receptors

-HCG - B-human chorionic gonadotrophin

HDA - histidine decarboxylase activity

HDL - high density lipoprotein

hER - human estrogen receptor

12-HETE - 12-hydroxyeicosatetraenoic acid

HGF - human gingival fibroblast

HHT - 12(S)-hydroxy-5,8,10-heptadecatrienoic acid
HIV - human immunodeficiency virus

HMG-COoA - 3-Hydroxy-3-Methyl-Glutaryl-CoA

H,0, - hydrogen peroxide

HPLC - high performance liquid chromatography
HRP - horseradish peroxidase

HSC - human squamous cell

hSERT - human serotonin transporter

HSG - human salivary gland

HT - hypertensive

HUVEC - human umbilical vein endothelial cells
B-hydroxy-DHP - 1-(2,4-dihydroxyphenyl)-3-hydroxy{3--
hydroxyphenyl)

IBMX - 3-isobutyl-1-methylxantine

IC5, - median inhibition concentration
ICAM-1 - intercellular adhesion molecule-1
IDg, - inhibitory dose

IFN - interferon

IgE - immunoglobulin E

IKK - ikappa-u/p kinases

IL - interleukin

i.m. - intamuscular

INCI - International Nomenclature Cosmetic Ingredie
iINOS - inducible nitric oxide synthase

i.p. - interperitoneal

i.v. - intravenous

JEV - Japanese encephalitis virus

KFDA - Korea Food & Drug Administration
Ka - association constant
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Ki - inhibition constant
Km - Michaelis-Menten constant
LC-MS/MS - liquid chromatography tandem mass speotetry

LDH - lactic acid dehydrogenase

LDL - low density lipoproteinLH - leuteinizing horone
LLNA - local lymph node assay

LOAEL - lowest observed adverse effect

LPO - lipid peroxidation

LPS - lipopolysaccharides

LTB4 - leukotriene B4

mADb - monoclonal antibody

MAO - monoamine oxidase

3-MC - 3-methylcholanthrene

MD-571 3-[[3-[2[(7-chloroquinolin-2-yl)vinyl]phenl]-(2-
dimethylcarbamoylethylsulfanyl)methylsulfanyl] piopic acid
MDA - malondialdehyde

MDCK - Madin-Darby canine kidney

MDM - monocyte-derived macrophages

MDR - multidrug resistance

MHLW - Ministry of Health, Labor and Welfare (Japan
MIC - minimum inhibitory concentration

MNNG - N-methyl-N’-nitro-N-nitrosoguanidine

MPM - mouse peritoneal macrophages

MPO - myeloperoxidase

MRP - multidrug resistance-associated protein

MRSA - methicillin-resistant S. aureus

MS - mass spectra analysis

MSD - mass selective detector

MSSA - methicillin-sensitive S. aureus

MTT - 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetzolium bromide
MW - molecular weight

NaCl - sodium chloride

NADH - nicotinamide adenine dinucleotide
NADPH - nicotinamide adenosine dinucleotide phospha
NDH - NADH dehydrogenase

NF - nuclear factor

NMR - nuclear magnetic resonance

NO - nitrous oxide

NOEL - no observed effects level

NOS - nitric oxide synthase

NR - neutral red

ns - not significant

NSAID - non-steroidal anti-inflammatory drugs
NT - normotensive

OD - optical density

17-OHP - 17-hydroxyprogesterone

118-OHSD - 1B-hydroxysteroid dehydrogenase-2
ORAC - oxygen radical absorbance capacity
Ox-LDL - oxidized low-density lipoprotein

Papp - apparent permeability coefficients

PARP - poly ADP ribose polymerase

PBMC - peripheral blood mononuclear cells

PBP2' - penicillin-binding protein 2'

PBS - phosphate-buffered saline

PCR - polymerase chain reaction

PDE - phosphodiesterase

PECAM-1 - platelet endothelial cell adhesion moleel
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PgP - P-glycoprotein

PGE2 - prostaglandin (with 2 double bonds)
P1 - propidium iodide

PIF - photo irritation factor

PKG - cGMP-dependent protein kinase
PMA - phenylmercuric acetate

PMN - polymorphonuclear neutrophil

PMS - phenylmercuric acetate

p.o. - per os

PON1 - paraoxonase

PPAR - peroxisome proliferator-activated receptor
PR - progesterone receptor

PRA - plasma renin activity

PTZ - pentylenetetrazol

QR - quinone reductase

RAA - renin-angiotensin-aldosterone

Rb - retinoblastoma

RBA - relative binding affinity

RBC - red blood cells

RBMVEC - cryopreserved primary rat brain microuaac endothelial
cells

RL - ribosine-lysine

ROS - reactive oxygen species

RT-PCR - reverse transcriptase-polymerase chaatiosa

SARS - severe acute respiratory syndrome
S.C. - subcutaneously

SCL - serum creatinine level

SDL - step-down latency

SDS - sodium dodecyl sulfate

sSGC - soluble guanylyl cyclase

SHBG - sex hormone-binding globulins
S| - stimulation index, selective index
SNMC - Stronger Neo-Minophagen-C
SOD - superoxide dismutase

STZ - streptozotocin

TBARS - thiobarbituric acid reactive substances

TCL - total cholesterol level

TDC - taurodeoxycholic acid

TEER - transepithelial electric resistance

TG - triglyceride

TH - testosterone hydroxylase

THE - tetrahydrocortisone

THF - tetrahydrocortisol

TL - transfer latency

TLC - thin-layer chromatography

TNF - tumor necrosis factor

TPA - 12-o-tetradecanoylphorbol-13 (acetate)

TRP-2-1 - 3-amino-1,4-dimethyl-5 H-pyrido[4,3-b]iole (Trp-P-1)
TRP-2-2 - 3-amino-1-methyl-5 H-pyrido-[4,3-b]indole

TUNEL - terminal deoxynucleotidyl transferase megiedUTP nick end
labeling

UDP - uridine diphosphate

UDPGA - uridine diphosphate glucuronic acid
UFE - free cortisone

UFF - free cortisol

UGT - uridine diphosphoglucuronosyltransferase
UPX - urinary protein excretion



UUL - upper use level
UV - ultraviolet

Vmax - maximum volume of distribution

VCAM-1 - vascular cell adhesion molecule-1

VCRP - Voluntary Cosmetic Ingredient Reporting Reog
VEGF - vascular endothelial growth factor

VLDL - very low density lipoprotein

VRE - vancomycin-resistant enterococci

VSE - vancomycin-sensitive enterococci

VSMC - vascular smooth muscle cells
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