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Abstract
The Expert Panel for Cosmetic Ingredient Safety (Panel) assessed the safety of 21 parabens as preservatives in cosmetic products. All
of these ingredients are reported to function in cosmetics as preservatives; however, 5 are reported to also function as fragrance
ingredients. The Panel reviewed relevant data relating to the safety of these ingredients under the reported conditions of use in
cosmetic formulations. The Panel concluded that 20 of the 21 parabens included in this report are safe in cosmetics in the present
practices of use and concentration described in this safety assessment when the sum of the total parabens in any given formulation
does not exceed 0.8%. However, the available data are insufficient to support a conclusion of safety for benzylparaben in cosmetics.
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Introduction

This is a rereview of the safety of parabens as used in cos-

metics; included are the available scientific literature and

unpublished data relevant to reassessing the safety of the pre-

viously reviewed ingredients and assessing other ingredients

for the first time. According to the web-based Cosmetic Ingre-

dient Dictionary and Handbook (wINCI; Dictionary), the

ingredients in this group are primarily reported to function in

cosmetics as preservatives, and 5 are reported to also function

as fragrance ingredients (Table 1).1

In 2017, the Expert Panel for Cosmetic Ingredient Safety

(Panel) agreed to reopen the parabens report that was published

in 20082 and to include the paraben salts and 4-Hydroxybenzoic

Acid. The conclusions of all previous Panel safety assessments of

parabens are summarized in Table 2. The 21 ingredients in this

current assessment thus comprise the following:

Benzylparaben*

Butylparaben*

Calcium Paraben

Ethylparaben*

Isobutylparaben*

Isopropylparaben*

Methylparaben*

Potassium Butylparaben

Potassium Ethylparaben

Potassium Methylparaben

Potassium Paraben

Potassium Propylparaben

Propylparaben*

Sodium Butylparaben

Sodium Ethylparaben

Sodium Isobutylparaben

Sodium Isopropylparaben

Sodium Methylparaben

Sodium Paraben

Sodium Propylparaben

4-Hydroxybenzoic Acid

*These ingredients were included in the 2008 safety assess-

ment; at that time, the Panel concluded that these ingredients

are safe in the present practices of use and concentration.2

This rereview was initiated because some of the ingredients

being reviewed for the first time had high frequencies of use

(eg, Sodium Methylparaben was reported to be used in 436

cosmetic formulations at the time of prioritization). In addition,

the Panel was concerned that new data from a developmental

and reproductive toxicity (DART) study indicated reduced

sperm counts and reduced expression of a specific enzyme and

a reduction in a specific cell marker in the testes of offspring of

female rats orally dosed with 10 mg/kg/d Butylparaben during

gestation and lactation periods.3 Reductions in anogenital dis-

tance (AGD) and other effects were reported at 100 mg/kg/d in

this study. In comparison, the previous Panel safety assessment

of parabens included the calculation of margin of safety (MOS)

values for adults and infants, assuming a no observed adverse

effect level (NOAEL) of 1,000 mg/kg/d from an older DART

study.2 After careful consideration of all the new data regarding

endocrine activity and DART studies, the Panel determined an

adequate NOAEL value of 160 mg/kg/d for Butylparaben. An

MOS was recalculated accordingly, considering the different
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Table 1. Definitions, Structures, and Functions of Parabens in This Safety Assessment.1; CIR Staff

Ingredient CAS No. Definition and Structure Function

Parabens and Paraben Salts

Methylparaben:
99-76-3

Methylparaben is the ester of methyl alcohol and 4-Hydoxybenzoic Acid. It conforms to
the formula:

Fragrance ingredient,
preservative

Potassium Methylparaben:
26112-07-2

Potassium Methylparaben is the potassium salt of Methylparaben that conforms to the
formula:

Preservative

Sodium Methylparaben:
5026-62-0

Sodium Methylparaben is the sodium salt of Methylparaben that conforms to the
formula:

Preservative

Ethylparaben:
120-47-8

Ethylparaben is the ester of ethyl alcohol and 4-Hydoxybenzoic Acid. It conforms to the
formula:

Fragrance ingredient,
preservative

Potassium Ethylparaben:
36457-19-9

Potassium Ethylparaben is the potassium salt of Ethylparaben that conforms to the
formula:

Preservative

Sodium Ethylparaben:
35285-68-8

Sodium Ethylparaben is the sodium salt of Ethylparaben that conforms to the formula: Preservative

(continued)
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Table 1. (continued)

Ingredient CAS No. Definition and Structure Function

Isopropylparaben:
4191-73-5

Isopropylparaben is the ester of Isopropyl Alcohol and 4-Hydoxybenzoic Acid.
It conforms to the formula:

Preservative

Sodium Isopropylparaben Sodium Isopropylparaben is the sodium salt of Isopropylparaben: Preservative

Propylparaben:
94-13-3

Propylparaben is the ester of n-propyl alcohol and 4-Hydoxybenzoic Acid. It conforms to
the formula:

Fragrance ingredient,
preservative

Potassium Propylparaben:
84930-16-5

Potassium Propylparaben is the potassium salt of Propylparaben that conforms to the
formula:

Preservative

Sodium Propylparaben:
35285-69-9

Sodium Propylparaben is the sodium salt of Propylparaben that conforms to the formula: Preservative

Isobutylparaben:
4247-02-3

Isobutylparaben is the ester of isobutyl alcohol and 4-Hydoxybenzoic Acid. It conforms
to the formula:

Preservative

Sodium Isobutylparaben:
84930-15-4

Sodium Isobutylparaben is the sodium salt of Isobutylparaben: Preservative

(continued)
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Table 1. (continued)

Ingredient CAS No. Definition and Structure Function

Butylparaben:
94-26-8

Butylparaben is the ester of butyl alcohol and 4-Hydoxybenzoic Acid. It conforms to the
formula:

Fragrance ingredient,
preservative

Potassium Butylparaben:
38566-94-8

Potassium Butylparaben is the potassium salt of Butylparaben that conforms to the
formula:

Preservative

Sodium Butylparaben:
36457-20-2

Sodium Butylparaben is the sodium salt of Butylparaben that conforms to the formula: Preservative

Benzylparaben:
94-18-8

Benzylparaben is the ester of benzyl alcohol and 4-Hydoxybenzoic Acid. It conforms to
the formula:

Preservative

Paraben carboxylic salts and free acid (nonesters)

4-Hydroxybenzoic Acid:
99-96-7

4-Hydroxybenzoic Acid is the aromatic acid that a conforms to the formula: Fragrance ingredient;
preservative

Calcium Paraben:
69959-44-0

Calcium Paraben is organic salt that conforms to the formula: Preservative

Potassium Paraben:
16782-08-4

Potassium Paraben is the organic salt that conforms to the formula: Preservative

(continued)
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use concentrations and exposures of Butylparaben in various

cosmetic product categories.

An exhaustive search of the world’s literature was con-

ducted for new data on the safety of parabens, as well as on

4-Hydroxybenzoic Acid (a metabolite common to each of the

esters herein), in preparation of this report. A few short-term

toxicity studies, but no new acute, subchronic or chronic toxi-

city studies, were discovered. This safety assessment includes

relevant published and unpublished data that are available for

each end point that is evaluated. A listing of the search

engines and websites that are used and the sources that are

typically explored, as well as the end points that Panel typi-

cally evaluates, is provided on the Cosmetic Ingredient

Review (CIR) website (https://www.cir-safety.org/supplemen

taldoc/preliminary-search-engines-and-websites; https://

www.cir-safety.org/supplementaldoc/cir-report-format-out

line). Unpublished data were provided by the cosmetics

industry.

Pertinent data were discovered in the European Chemicals

Agency database.4-12 Data were also discovered in reports by

the Joint FAO/WHO Expert Committee on Food Additives

(JECFA)13 and the European Union’s (EU) Scientific Commit-

tee on Consumer Safety (SCCS).14-20

Dermal penetration, toxicokinetic, short-term toxicity,

DART, endocrine activity, genotoxicity, biomonitoring, and

epidemiology studies are briefly summarized in the body of

the report, and in most cases, details are provided in tables.

Toxicity studies conducted in animals exposed to individual

parabens by subcutaneous injection are also briefly tabulated

in the report; however, these studies lack relevance in assessing

human exposure to parabens in cosmetics when dermal meta-

bolism is bypassed (ie, the protective barrier of the skin is

bypassed injection). In addition, toxicity tests in animals

exposed to mixtures of parabens with other compounds (eg,

phthalates) were not included due to their lack of relevance.

Chemistry

Definition and Structure

The ingredients in this safety assessment are paraben phenolic

acids, phenolic salts, the free carboxylic acid (4-

Hydroxybenzoic Acid, a known metabolite of all of the other

ingredients in this report), and its salts. The basic paraben

structure is provided in Figure 1, and an example of a specific

paraben (Butylparaben) is provided in Figure 2.

The salts of these phenolic acids have been included in this

review of parabens. The phenolic proton is the most acidic in

those parabens with an ester functional group, and the salt forms

of these parabens share this same core structure (Figure 3). An

Figure 1. Paraben phenolic acids: a generic structure wherein R is an
alkyl group from 1 to 4 carbons long or is benzyl.

Figure 2. Paraben phenolic acids: an example, Butylparaben (wherein
R from the generic structure in Figure 1 is an alkyl group 4 carbons
long).

Table 2. Previous Panel Safety Assessments of Parabens.

Parabens Conclusion Reference

Methylparaben, Ethylparaben, Propylparaben, and Butylparaben Safe as cosmetic ingredients in the present practices of use 198446

Benzylparaben Available data are insufficient to support the safety 198647

Isobutylparaben and Isopropylparaben Safe as cosmetic ingredients in the present practices of use 199548

Methylparaben, Ethylparaben, Propylparaben, Butylparaben,
Benzylparaben, Isopropylparaben, and Isobutylparaben

Safe in the present practices and concentrations 20082

Table 1. (continued)

Ingredient CAS No. Definition and Structure Function

Sodium Paraben:
114-63-685080-04-2

Sodium Paraben is the organic salt that conforms to the formula: Preservative
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example of a specific paraben salt (Potassium Butylparaben) is

provided in Figure 4.

Also included in this rereview are the free paraben car-

boxylic acid and its salts (ie, not esters). The carboxylic proton

(of 4-Hydoxybenzoic Acid) is the most acidic in those parabens

without an ester functional group, and the salt forms of these

parabens share this same core structure (Figure 5). An example

of a specific paraben carboxylic salt (Calcium Paraben) is pro-

vided in Figure 6.

Physical and Chemical Properties

Physical and chemical properties of parabens are presented in

Table 3. Parabens form small colorless crystals or white crys-

talline powders with practically no odor or taste.2 Parabens are

soluble in alcohol, ether, glycerin, and propylene glycol and

slightly soluble or almost insoluble in water. As the alkyl chain

length increases, water solubility decreases. Parabens are

hygroscopic and have a high oil/water partition coefficient.

Parabens are relatively stable against hydrolysis during

autoclaving and resist saponification.21 The particle size distri-

bution of some of the parabens included in the safety assess-

ment is provided in Table 4.4-7,9,10,12,22-24

Method of Manufacture

Paraben phenolic acids (and salts) are prepared by esterifying

4-Hydroxybenzoic Acid with the corresponding alcohol (eg,

butanol to synthesize Butylparaben) in the presence of an acid

catalyst, such as sulfuric acid, and an excess of the specific

alcohol.2 The acid is then neutralized with caustic soda, and

the product is crystallized by cooling, isolated by centrifuga-

tion, washed, dried under vacuum, milled, and blended. Ben-

zylparaben can also be prepared by reacting benzyl chloride

with sodium 4-Hydroxybenzoic Acid. Paraben carboxylate

salts may be prepared by deprotonating 4-Hydroxybenzoic

Acid with an appropriate alkaline salt (eg, sodium hydroxide

could be used to prepare Sodium Paraben).25

Use

Cosmetic

The safety of the cosmetic ingredients included in this assess-

ment is evaluated based on data received from the US Food and

Drug Administration (FDA) and the cosmetic industry on the

expected use of these ingredients in cosmetics. Use frequencies

of individual ingredients in cosmetics are collected from man-

ufacturers and reported by cosmetic product category in FDA’s

Voluntary Cosmetic Registration Program (VCRP) database.

Use concentration data are submitted by the cosmetic industry

in response to surveys, conducted by the Personal Care Prod-

ucts Council (Council), of maximum reported use concentra-

tion by product category.

According to VCRP survey data received in 2019, Methyl-

paraben was reported to be used in 11,739 formulations (9,347

of which are leave-on formulations); this is an increase from

the 8,786 uses reported in 2006.2,26,27 Propylparaben had the

next highest number of reported uses at 9,034 (7,520 of which

are leave-on formulations); this was an increase from 7,118

uses reported in 2006. All of the other previously reviewed

parabens in this safety assessment increased in the number of

reported uses since 2006 with the exception of Benzylparaben,

which dropped from 1 reported use to none.

Figure 3. Paraben phenolic salts: generic structure wherein R is an
alkyl group from 1 to 4 carbons long and M is sodium or potassium.

Figure 4. Paraben phenolic salts: an example, Potassium Butylparaben
(wherein R, from the generic structure in Figure 3, is an alkyl group 4
carbons long and M is potassium).

Figure 5. Paraben carboxylic salts: a generic structure wherein M is
sodium, potassium, or calcium.

Figure 6. Paraben carboxylic salts: an example, Calcium Paraben
(wherein M, from the generic structure in Figure 5, is calcium and n is 2).
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Table 3. Chemical and Physical Properties of Parabens.

Property Value Reference

Benzylparaben
Physical form Solid, crystalline 8

Color White 8

Odor Odorless 8

Molecular weight, g/mol 228.25 2

Density g/cm3 at 20 �C 1.224 + 0.06 estimated 167

Vapor density, mm Hg 0 est. 8

Melting point, �C 110-112 2

Boiling point, �C 389.8+17.0 est. 167

Water solubility, g/L at 25 �C 1.08
10

8

2

Other solubility, g/L,
propylene glycol

130 2

log Pow 3.97 8

Disassociation constants
(pKa, pKb), pKa

8.18 + 0.15 estimated 167

Butylparaben
Physical form Crystals or powder 168

Color White 168

Odor Odorless 168

Molecular weight, g/mol 194.23 168

Vapor pressure, mm Hg at
25 �C

1.86 � 10�4 168

Melting point, �C 68-69;
68-72

2

2

Boiling point, �C 309.2+15.0 167

Water solubility, g/L at 20 �C 0.0027 � 102

Insoluble

168

2

Other solubility, g/L
Alcohol
Ether
Glycerin

Soluble
Soluble
Slightly soluble

2

2

2

Disassociation constants
(pKa, pKb)
pKa

8.37
8.47

2

168

Ethylparaben
Physical form Crystals or powder 169

Color Colorless or white 169

Molecular weight, g/mol 166.18 2

Density at 20� C 1.291 5

Vapor pressure, mm Hg at 25
�C

9.29 � 10�5 169

Melting point, �C 116-118
115-118

2

2

Boiling point, �C 297-298 2

Water solubility g/L at 25 �C 0.885 169

Other solubility
Alcohol
Ether
Glycerin

Very soluble
Very soluble
Slightly soluble

2

2

2

log Kow 2.47
2.27

5,169

41

Disassociation constants
(pKa, pKb)
pKa

8.22
8.34

2

169

Isobutylparaben
Physical form Solid, powder 23

Color White 23

(continued)

Table 3. (continued)

Property Value Reference

Molecular weight, g/mol 194.25 2

Density g/cm3 at 20 �C 1.105+0.06 167

Vapor pressure, mm Hg at
25 �C

0.000381 23

Melting point, �C 72.95 est. 23

Boiling point, �C 302.3+15.0 167

Water solubility, g/L at 25 �C 2.24 23

log Pow 3.04 23

Isopropylparaben
Molecular weight, g/mol 180.22 2

Melting point, �C 96-97 170

Boiling point, �C 294 171

Methylparaben
Physical form Powder

Liquid

21

21

Color White or colorless 21

Odor Characteristic 21

Molecular weight, g/mol 152.16 2

Density g/cm3 at 137.2 �C at
20 �C

1.1208
1.209+0.06 est.

172

167

Vapor pressure, mm Hg at
25 �C

2.37x10-4 21

Melting point, �C 131
125-128

2

2

Boiling point, �C 270-280
265
140-141

2

171

173

Water solubility, g/L at 25 �C 2.50 � 103

Slightly soluble

21

2

Other solubility
Alcohol
Benzene
Ether
Glycerin

Very soluble
Slightly soluble
Very soluble
Slightly soluble

2

2

2

2

log Kow 1.93 41

Disassociation constants
(pKa, pKb), pKa

8.17 2

Propylparaben
Physical form Crystal or powder 174

Color Colorless or white 174

Odor Odorless or faint 174

Molecular weight, g/mol 180.21 2

Density 1.0630
1.28

2

174

Vapor pressure, mm Hg at
25 �C

5.55 � 10�4 estimated 174

Melting point, �C 96.2-98
95-98

2

2

Boiling point, �C 294
271

171

174

Water solubility, g/L 0.0500
Insoluble

174

2

Other solubility
Alcohol
Ether

Soluble
Soluble

2

2

log Kow 2.34
2.81

6

41

8.35 2

(continued)
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The results of the concentration of use survey conducted

by the Council in 2016 indicate Methylparaben had the highest

reported maximum concentration of use; it is used at up to 0.9%
in shampoos.2,26 The highest maximum concentration of use

reported for products resulting in leave-on exposure is 0.8%
Methylparaben in a mascara and for leave-on dermal exposure

is 0.65% Ethylparaben in eye shadows. In 2006, Methylpara-

ben had the highest reported maximum concentration of use at

1% in lipsticks. The maximum concentrations of use of the

previously reviewed parabens have remained under 1% and the

patterns of use are similar to those reported in the previous

safety assessment.

Frequency and concentration of use data for all ingredients

reported to be in use are provided in Tables 5 and 6. The

ingredients not in use, according to the VCRP and industry

survey, are listed in Table 7.

Several of the parabens are reported to be used in products

that can be incidentally ingested, used near the eye, come in

contact with mucous membranes, or in baby products.26,27 For

example, Methylparaben is used at concentrations up to 0.35%
in lipstick; 0.8% in mascara; 0.5% in bath oils, tablets, and

salts; and 0.4% in baby lotions, oils, and creams.

Some of the parabens were reported to be used in cosmetic

sprays (including hair sprays, hair color sprays, skin care prod-

ucts, moisturizing products, suntan products, deodorants, and

other propellant and pump spray products)26,27 and could pos-

sibly be inhaled. For instance, the maximum use concentration

of Methylparaben in a fragrance product reported in the Coun-

cil’s survey is 0.41%. Although there are reported mean dia-

meters as small as 37.8 mm (Sodium Propylparaben) for some

of these materials, as pure, raw substances, those diameters are

not indicative of particle sizes in final formulations.7 Accord-

ingly, those raw material mean particle diameters are not rel-

evant to cosmetic safety. In practice, 95% to 99% of the

droplets/particles released from cosmetic sprays have aerody-

namic equivalent diameters >10 mm with propellant sprays

yielding a greater fraction of droplets/particles below 10 mm

compared with pump sprays.28-30 Therefore, most droplets/par-

ticles incidentally inhaled from cosmetic sprays would be

deposited in the nasopharyngeal and bronchial regions and

would not be respirable (ie, they would not enter the lungs)

to any appreciable amount.28,30 There is some evidence indi-

cating that deodorant spray products can release substantially

larger fractions of particulates having aerodynamic equivalent

diameters in the range considered to be respirable.28 The max-

imum concentration of use recorded for deodorant sprays was

0.00012% (Methylparaben). However, the information is not

sufficient to determine whether significantly greater lung expo-

sures result from the use of deodorant sprays, compared to other

cosmetic sprays. Some of the parabens were reported to be used

in dusting powders and face powders (eg, Ethylparaben in face

powders at up to 0.5%) and could possibly be inhaled. Conser-

vative estimates of inhalation exposures to respirable particles

during the use of loose powder cosmetic products are 400-fold to

1,000-fold less than protective regulatory and guidance limits for

inert airborne respirable particles in the workplace.31-33

Table 3. (continued)

Property Value Reference

Disassociation constants
(pKa, pKb), pKa

Calcium Paraben
Formula weight, g/mol 314.306 175

Potassium Butylparaben
Formula weight, g/mol 232.32 176

Potassium Ethylparaben
Formula weight, g/mol 204.266 177

Potassium Methylparaben
Formula weight, g/mol 190.239 178

Potassium Paraben
Formula weight, g/mol 176.212 179

Potassium Propylparaben
Formula weight, g/mol 218.293 180

Sodium Butylparaben
Formula weight, g/mol 216.212 181

Sodium Ethylparaben
Physical form Solid, powder 24

Color White 24

Formula weight, g/mol 188.157 36

Density, g/cm3 at 20 �C 1.34 24

Melting point, �C 268 24

Water solubility, g/L at 23 �C
and pH 10.4

>1,000 24

log Kow �0.14 24

Sodium Isobutylparaben
Formula weight, g/mol 216.212 182

Sodium Methylparaben
Physical form Crystalline solid 4

Color White 4

Formula weight, g/mol 174.131 183

Density, g/mL at 20 �C 1.42 4

Melting point, �C 313 4

Water solubility, g/L at 20 �C
and pH 11.4

>10.0 4

log Pow �0.63 4

Disassociation constants, pKa
at 23 �C

8.4 4

Sodium Paraben
Formula weight, g/mol 160.104 184

Sodium Propylparaben
Physical form Solid, powder 7

Color White 7

Formula weight, g/mol 202.185 185

Density at 20 �C
at 25 �C

1.24
1.24

7

7

Vapor pressure, mm Hg
at 20 �C

<0.001 7

Melting point, �C 302 7

Boiling point, �C 310 (decomposes on
melting)

7

Water solubility, g/L at 23 �C >100 7

log Pow 0.27 7

4-Hydroxybenzoic Acid
Molecular weight, g/mol 138.12 186

Melting point, �C 214.5 187

Boiling point, �C 336.2 estimated 186

log Kow 1.39 estimated 188

Disassociation constants
(pKa, pKb), pKa

4.57 + 0.10 estimated 189
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The SCCS of the EU has published several opinions on

parabens over the last few years (Table 8).14-20 The current

SCCS opinion (updated on May 2013) is:

The use of Butylparaben and Propylparaben as preservatives in

finished cosmetic products are safe to the consumer, as long as the

sum of their individual concentrations does not exceed

0.19% . . . With regard to Methylparaben and Ethylparaben, the

previous opinion, stating that the use at the maximum authorized

concentrations can be considered safe, remains unchanged . . . Lim-

ited to no information was submitted for the safety evaluation of

isopropyl-, isobutyl-, phenyl-, benzyl- and pentylparaben. There-

fore, for these compounds, the human risk cannot be evaluated.

The same is true for benzylparaben . . . 18,20

Based on SCCS opinions, the use of the different parabens is

regulated by the EU Cosmetic Regulation, which has banned the

use of Isopropylparaben, Isobutylparaben, phenylparaben, Ben-

zylparaben, and pentylparaben as preservatives in cosmetic prod-

ucts34 and has established maximum concentration limits of 0.4%
for Methylparaben or Ethylparaben ([as acid] single esters and

their salts), 0.14% for Propylparaben or Butylparaben ([as acid]

single esters and their salts), and 0.8% for mixtures of the these 4

parabens, wherein the sum of the individual concentration of

Butylparaben and Propylparaben and their salts does not exceed

0.14% (as acid).34,35 In addition, “ . . . Butylparaben and Propyl-

paraben are prohibited in leave-on cosmetic products designed for

application on the nappy area of children under 3 years of age . . . ”

In Australia’s National Industrial Chemicals Notification

and Assessment Scheme’s (NICNAS) Human Health Tier II

Assessment for parabens, it was found that no critical health

effects associated with these chemicals have been estab-

lished; the chemicals have been shown to have weak estro-

genic activity; however, there are no established adverse

outcome pathways for this effect.36 The available data do

not indicate any risks associated with exposure to the che-

micals in this group.

Noncosmetic

2008. The US FDA considers Methylparaben and Propylparaben

to be generally recognized as safe (GRAS) as antimicrobial agents

in food [21CFR184.1490; 21CFR184.1670]. Butylparaben,

Ethylparaben, and Propylparaben are approved for direct addition

to food for human consumption as synthetic flavoring substances

and adjuvants [21CFR172.515]. Ethylparaben may be used as an

indirect food additive as a component of adhesives and coatings

[21CFR175.105]. Methylparaben and Propylparaben are prior

sanctioned food ingredients when used as antimycotics

[21CFR181.23]. Methylparaben and Propylparaben have been

used in diaper rash products, but there are inadequate data to

establish general recognition of the safety and effectiveness

[21CFR310.545]. Methylparaben is GRAS as a chemical preser-

vative in animal drugs, feeds, and related products at levels not to

exceed 0.1% [21CFR582.3490]. Residual Methylparaben and

Propylparaben are not to exceed 0.1% when used as preservatives

in pesticides for food [40CFR180.930].

In many pharmaceuticals, parabens are used as excipients

(inactive ingredients). In the US FDA database of inactive

ingredients, Methylparaben has been approved at a maximum

potency of 1.8 mg in a tablet formulation and 2.6 mg/mL in an

oral solution. Ethylparaben has been approved at a maximum

potency of 0.6 mg in a granule formulation and 0.6 mg/mL in

an oral solution. Propylparaben has been approved for use at a

maximum potency of 0.2 mg in a tablet formulation and 0.2

mg/mL in an oral solution. Butylparaben has been approved for

use at a maximum potency of 0.04 mg in a sustained action

tablet formulation and 0.08 mg/mL in an oral solution.37

An evaluation by the JECFA determined that the acceptable

daily intake (ADI) of the sum of the Ethylparaben and Methylpar-

aben is up to 0 to 10 mg/kg.38 In view of the adverse effects in male

rats, Propylparaben was excluded from the ADI for use in food.18

The NICNAS published a conclusion in 2016, indicating that

“current risk management measures are considered adequate to

protect public and workers’ health and safety, provided that all

Table 4. Particle Size Distribution of Paraben Raw Materials (ie, Prior to Formulation) in This Safety Assessment.

Ingredient D10 (mm)a D50 (mm)a D90/D100 (mm)a
Fraction <10 mm
diameter (vol %) Reference

Butylparaben 28.5 + 0.9 114.8 + 2.4 332.9 + 16.4 2.1 + 0.2 10

Isobutylparaben 3.1 + 0.2 25.4 + 1.5 80.5 + 4.1 – 23

Isopropylparaben – 150 (6.82%)
106 (35.38%)
75 (27.51%)
53 (3.15%)

– – 22

Methylparaben 22.0 + 0.9 141.7 + 18.4 426.7 + 82.6 3.7 + 0.2 9

Sodium Methylparaben 7.9 + 3 117.1 + 17.5 693.5 + 96.8 11.6 + 2.2 4

Ethylparaben 50 + 4.3 307.5 + 21.9 770.6 3.0 + 0.2 5

Propylparaben 2.6 + 0.1 16.2 + 0.7 113 + 5 37.8 + 1.0 6

Sodium Ethylparaben 6.5 + 0.3 49.5 + 6.4 147.1 + 28.3 – 24

Sodium Propylparaben 6.7 + 0.3 37.8 + 4.9 164.5 + 36.7 – 7

4-Hydroxtbenzoic Acid – �59.5 to <85.5 – No detection 12

aD10 is the size below which 10% of the material is contained. Likewise, D50, D90, and D100 are the sizes at which 50%, 90%, and 100%, respectively, of the material
is contained.
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requirements are met under workplace health and safety, and

poisons legislation as adopted by the relevant state or territory.”36

Toxicokinetic Studies

Dermal Penetration

2008. Parabens in cosmetic formulations applied to skin pene-

trate the stratum corneum (SC) in inverse relation to the ester

chain length.2 Carboxylesterases present in keratinocytes and

hydrolyze parabens in the skin. The extent of the breakdown to

4-Hydroxybenzoic Acid is different between rodent and human

skin. In vitro studies also indicate a difference in the extent of

hydrolysis to 4-Hydroxybenzoic Acid, depending on whether

viable whole skin or dermatomed human skin is used, with the

former having a larger extent of hydrolysis. Chemicals that

disrupt the SC may increase the skin penetration of Methylpar-

aben and possibly Ethylparaben but do not affect the penetra-

tion of parabens with longer ester chains.

Table 6. Frequency (2019)27 and Concentration (2016)26 of Use According to Duration and Exposure of Parabens.

# of uses Max conc of use (%) # of uses Max conc of use (%) # of uses Max conc of use (%)

Sodium Butylparaben Sodium Ethylparaben Sodium Isobutylparaben

Totalsa 2 NR 27 0.000012-0.062 2 NR
Duration of use

Leave-on 2 NR 25 0.000012-0.062 2 NR
Rinse-off NR NR 2 0.0036 NR NR
Diluted for (bath) use NR NR NR NR NR NR

Exposure type
Eye area NR NR 10 0.0036 NR NR
Incidental ingestion NR NR NR NR NR NR
Incidental inhalation: Spray 2b NR 5b; 4c NR 2b NR
Incidental inhalation: Powder NR NR 4c 0.0036d NR NR
Dermal contact 2 NR 24 0.0036-0.062 2 NR
Deodorant (underarm) NR NR NR NR NR NR
Hair: Noncoloring NR NR NR 0.0036 NR NR
Hair: Coloring NR NR NR NR NR NR
Nail NR NR NR 0.000012 NR NR
Mucous membrane NR NR 2 NR NR NR
Baby products NR NR NR NR NR NR

Sodium Methylparaben Sodium Paraben Sodium Propylparaben

Totalsa 414 0.000005-0.4 NR 0.008 134 0.000015-0.28
Duration of use

Leave-on 216 0.00001-0.4 NR 0.008 100 0.000017-0.28
Rinse-0ff 189 0.000005-0.4 NR NR 30 0.000015-0.1
Diluted for (bath) use 9 NR NR NR 4 NR

Exposure type
Eye area 46 0.000012-0.4 NR NR 18 0.004-0.28
Incidental ingestion NR NR NR NR NR 0.1
Incidental inhalation: Spray 2; 46b; 79c 0.00002; 0.00022-0.3c NR NR 15b; 16c NR
Incidental inhalation: Powder 79c 0.00013; 0.00016-0.3d NR NR 16c 0.0051d

Dermal contact 257 0.000005-0.4 NR 0.008 124 0.0004-0.28
Deodorant (underarm) NR NR NR NR NR NR
Hair: Noncoloring 72 0.00002-0.4 NR NR 3 0.000015
Hair: Coloring 75 0.3-0.4 NR NR 1 0.0051
Nail NR 0.000046 NR NR NR 0.000017
Mucous membrane 23 0.25 NR NR 10 0.1
Baby products NR NR NR NR 1 NR

Abbreviation: NR, not reported.
aTotals ¼ Rinse-off þ Leave-on þ Diluted for bath product uses. Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all
exposure types may not equal the sum of total uses.

bIt is possible these products may be sprays, but it is not specified whether the reported uses are sprays.
cNot specified whether a powder or a spray, so this information is captured for both categories of incidental inhalation.
dIt is possible these products may be powders, but it is not specified whether the reported uses are powders.

Table 7. Parabens With no Current Reported Use According to
VCRP Data (2019) and the Council Survey (2016).2,26,27

Benzylparaben Potassium Paraben
Calcium Paraben Potassium Propylparaben
Potassium Butylparaben Sodium Isopropylparaben
Potassium Ethylparaben 4-Hydroxybenzoic Acid
Potassium Methylparaben

16S International Journal of Toxicology 39(Supplement 1)



In Vitro

In vitro dermal penetration studies are presented in Table 9. In

Franz-type diffusion cells, 2.3% to 3.3% of the applied dose of

Methylparaben (0.1% in 9 different vehicles) penetrated por-

cine skin (intact stored frozen) in 4 hours.39 The receptor fluid

consisted of phosphate-buffered saline (PBS; pH 7.4) and

0.01% of gentamicin sulfate. In 24 hours, 2.0% to 5.8% and

2.9% to 7.6% of unmetabolized Methylparaben penetrated pre-

viously frozen intact and tape-stripped skin, respectively. In

full-thickness porcine skin stored frozen, permeability coeffi-

cients ranged from 31.3+ 1.6 cm/h� 10�4 to 214.8+ 40 cm/h

� 10�4, decreasing (Methylparaben > Ethylparaben > Propyl-

paraben > Butylparaben) with increasing chain length.40

Increasing the ethanol concentration in the vehicle or the expo-

sure duration increased the retention of the parabens in the der-

mis relative to the epidermis. Binary combinations of the

parabens reduced their permeation rates, which was attributed

by the authors to high retention in the epidermis and dermis.

In a different study, the penetration of parabens from 3

commercial facial cream formulations through rabbit ear skin

ranged from 20% to 60%, after 8 hours in Franz-type diffusion

cells, increasing with the water solubility of the paraben (Pro-

pylparaben < Ethylparaben < Methylparaben), regardless of

the formulation tested.41 Retention varied widely in the epider-

mis and dermis depending on the formulation.

Permeability coefficients estimated for Methylparaben,

Propylparaben, and Butylparaben in human cadaver skin

(0.37-0.91 cm/h � 10�4) and mouse skin (1.17-1.76 cm/h �
10�4) were similar regardless of concentration tested (0.1%-

2%).42 Residual quantities of parabens remaining in the skin

increased as the test concentration increased, with greater

amounts in the human epidermis than in mouse skin.

Human abdominal skin samples were used to determine the

dermal penetration of 0.1% Methylparaben, 0.08% Ethylpara-

ben, 0.2% Propylparaben, and 0.15% Butylparaben.43 Previ-

ously frozen skin samples were thawed and mounted on

Table 8. SCCS/SCCP (Scientific Committee on Consumer Products, Predecessor of SCCS) Opinions on Parabens.

Year Conclusion Reference

2005 It is the opinion of the SCCP that, viewing the current knowledge, there is no evidence of demonstrable risk for the
development of breast cancer caused by the use of underarm cosmetics containing parabens.

14

2005 Methylparaben and Ethylparaben can be safely used up to the maximum authorized concentration as actually established
(0.4%).
The available data do not enable a decisive response to the question of whether Propyl, Butyl, and Isobutyl Paraben can be

safely used in cosmetic products at individual concentrations up to 0.4%.
More information is needed in order to formulate a final statement on the maximum concentration of Propyl, Isopropyl,

Butyl, and Isobutyl Paraben allowed in cosmetic products.

15

2006 The conclusion of opinion SCCP/0873/05 (ie, Scientific Committee on Consumer Products16) remains unchanged. 16

2008 As already concluded in earlier opinions, Methyl Paraben and Ethyl Paraben are not subject of concern.
The SCCP is of the opinion that, based upon the available data, the safety assessment of Propylparaben and Butylparaben

cannot be finalized yet.

16,17

2011 The use of Butylparaben and Propylparaben as preservatives in finished cosmetic products as safe to the consumer as long as
the sum of their individual concentrations does not exceed 0.19%.

With regard to Methylparaben and Ethylparaben, the previous opinion, stating that the use at the maximum authorized
concentrations can be considered safe, remains unchanged.

Limited to no information was submitted for the safety evaluation of Isopropyl and Isobutyl Paraben. Therefore, for these
compounds, the human risk cannot be evaluated. The same is true for Benzylparaben.

18

2011 For general cosmetic products containing parabens, excluding specific products for the nappy area, the SCCS considers that
there is no safety concern in children (any age group) as the MOS was based on conservative assumptions, both with regard to
toxicity and exposure.
In the case of children below the age of 6 months, and with respect to parabens present in leave-on cosmetic products

designed for application on the nappy area, a risk cannot be excluded in the light of both the immature metabolism and the
possibly damaged skin in this area. Based on a worst-case assumption of exposure, safety concerns might be raised. Given
the presently available data, it is not possible to perform a realistic quantitative risk assessment for children in the pertinent
age group as information on internal exposure in children is lacking.

With regard to pregnant women, the unborn fetus will be better protected than the neonate/newborn or early infant
exposed dermally to parabens by the more efficient systemic parabens inactivation by the mother.

19

2013 The concerns of the SCCP/SCCS expressed previously and reiterated in recent opinions remain unchanged and reinforced
after the evaluation of both the reproductive toxicity and the toxicokinetic studies on Propylparaben recently submitted to
the SCCS. The same data were extrapolated for the evaluation of the risk by Butylparaben exposure.

The additional submitted data does not remove the concern expressed in the previous opinions on the relevance of the rat
model for the risk assessment of parabens. Although much toxicological data on parabens in rodents exists, adequate
evidence has not been provided for the safe use of Propylparaben or Butylparaben in cosmetics. For these reasons, the 22
SCCS reiterates its previous conclusions and requests regarding an improvement of the data, in particular (a) on the
exposure of humans including children to Propylparaben and Butylparaben in cosmetic products and (b) the toxicokinetics
of Propylparaben and Butylparaben in humans.

19,20

Cherian et al 17S



T
a
b

le
9
.

In
V

it
ro

D
er

m
al

P
en

et
ra

ti
o
n

St
u
d
ie

s
o
f
P
ar

ab
en

s.

T
es

t
su

b
st

an
ce

(s
)

Sp
ec

ie
s/

st
ra

in

Sa
m

p
le

ty
p
e/

te
st

p
o
p
u
la

ti
o
n
:
se

x

C
o
n
ce

n
tr

at
io

n
/

d
o
sa

ge
(v

eh
ic

le
)

E
x
p
o
su

re
ro

u
te

P
ro

ce
d
u
re

R
es

u
lt
s

R
ef

er
en

ce

M
et

h
yl

p
ar

ab
en

P
ig

Sk
in

fr
o
m

th
e

u
p
p
er

h
al

f
o
f

th
e

ea
rs

o
f
6
-

m
o
n
th

-o
ld

p
ig

s

0
.1

%
in

aq
u
eo

u
s,

o
r

h
yd

ro
ge

l
o
r

em
u
ls

io
n

o
il-

in
-

w
at

er
fo

rm
u
la

ti
o
n
s

w
it
h

an
d

w
it
h
o
u
t

a

p
en

et
ra

ti
o
n

en
h
an

ce
r

(u
re

a,

T
ra

n
sc

u
to

l,
o
r

p
ro

p
yl

en
e

gl
yc

o
l)

P
o
rc

in
e

sk
in

u
se

d

fr
es

h
o
r

af
te

r

st
o
ra

ge
at

4
� C

fo
r

1
8

h
o
u
rs

o
r

fr
o
ze

n
,

cl
am

p
ed

b
et

w
ee

n

d
o
n
o
r

an
d

re
ce

p
to

r

ch
am

b
er

s
o
f
Fr

an
z-

ty
p
e

d
iff

u
si

o
n

ce
lls

R
ec

ep
to

r
flu

id
(p

h
o
sp

h
at

e-
b
u
ff
er

ed
sa

lin
e

an
d

0
.0

1
%

o
f
ge

n
ta

m
ic

in
su

lfa
te

)
an

d
sk

in
sa

m
p
le

s
(*

3
.3

cm
2

d
is

cs
,
in

ta
ct

o
r

ta
p
e-

st
ri

p
p
ed

2
0

ti
m

es
;
d
iff

u
si

o
n

ar
ea

2
cm

2
)

m
ai

n
ta

in
ed

at
3
2
� C

;
9

fo
rm

u
la

ti
o
n
s,

re
p
re

se
n
ti
n
g

th
e

m
o
st

fr
eq

u
en

tl
y

ty
p
es

o
f
M

P
-

co
n
ta

in
in

g
to

p
ic

al
le

av
e-

o
n

p
ro

d
u
ct

s,
w

er
e

p
re

p
ar

ed
w

it
h

a
co

m
b
in

at
io

n
o
f
d
iff

er
en

t

co
n
ce

n
tr

at
io

n
s

o
f
th

e
fo

llo
w

in
g

ch
em

ic
al

s:
aq

u
a,

u
re

a,
et

h
o
x
yd

ig
ly

co
l,

p
ro

p
yl

en
e

gl
yc

o
l,

o
le

a

eu
ro

p
ae

a
o
il,

gl
yc

er
yl

st
ea

ra
te

,
C

1
2
-1

4
P
ar

et
h
-3

,

ce
ty

l
al

co
h
o
l,

ca
rb

o
m

er
,
so

d
iu

m
h
yd

ro
x
id

e,
an

d

la
ct

ic
ac

id
;
2
0
mL

aq
u
eo

u
s

so
lu

ti
o
n

w
as

ad
d
ed

to

th
e

d
o
n
o
r

ch
am

b
er

o
r
*

2
0

m
g

o
f
h
yd

ro
ge

l
o
r

em
u
ls

io
n

w
as

ap
p
lie

d
to

th
e

sk
in

sa
m

p
le

at
t
¼

0
;

5
0
mL

sa
m

p
le

s
re

m
o
ve

d
fr

o
m

th
e

re
ce

p
to

r

ch
am

b
er

at
in

te
rv

al
s

fo
r

u
p

to
4

o
r

2
4

h
o
u
rs

(d
ep

en
d
in

g
o
n

th
e

ex
p
er

im
en

t)
fo

r
an

al
ys

is
b
y

H
P
LC

an
d

re
p
la

ce
d

b
y

fr
es

h
re

ce
p
to

r
m

ed
iu

m

Fo
r

fr
es

h
ly

ex
ci

se
d

in
ta

ct
sk

in
an

d
p
re

vi
o
u
sl

y
fr

o
ze

n

in
ta

ct
sk

in
,

co
n
ce

n
tr

at
io

n
s

o
f

u
n
m

e
ta

b
o

li
ze

d

M
et

h
yl

p
ar

ab
en

in
re

ce
p
to

r
flu

id
<

LO
D

-2
.3

%
an

d

2
.3

%
-3

.3
%

o
f

ap
p
lie

d
d
o
se

,
re

sp
ec

ti
ve

ly
,

af
te

r
4
-

h
o
u
r

ex
p
o
su

re
;

fo
r

p
re

vi
o
u
sl

y
fr

o
ze

n
in

ta
ct

an
d

ta
p
e-

st
ri

p
p
ed

sk
in

,
co

n
ce

n
tr

at
io

n
s

o
f

u
n
m

et
ab

o
-

liz
ed

M
et

h
yl

p
ar

ab
en

in
re

ce
p
to

r
flu

id
w

er
e

2
.0

%
-

5
.8

%
an

d
2
.9

%
-7

.6
%

,
re

sp
ec

ti
ve

ly
,

af
te

r
2
4
-h

o
u
r

ex
p
o
su

re
;
ab

so
rp

ti
o
n

ra
te

w
as

h
ig

h
er

fr
o
m

em
u
l-

si
o
n
s

vs
h
yd

ro
ge

ls
,

en
h
an

ce
r-

co
n
ta

in
in

g
fo

rm
u
la

-

ti
o

n
s

vs
en

h
an

ce
r-

fr
ee

fo
rm

u
la

ti
o

n
s,

an
d

w
h
e
n

sk
in

w
as

ta
p
e

st
ri

p
p
ed

3
9

M
et

h
yl

p
ar

ab
en

;

E
th

yl
p
ar

ab
en

;

P
ro

p
yl

p
ar

ab
en

;

B
u
ty

lp
ar

ab
en

P
ig

E
ar

s
(*

1
m

m

th
ic

k)

co
lle

ct
ed

fr
o
m

yo
u
n
g

an
im

al
s

0
.1

%
in

2
0
%

(v
o
l/
vo

l)

o
r

5
0
%

(v
o
l/
vo

l)

et
h
an

o
l/
P
B
S

Fu
ll-

th
ic

kn
es

s
p
o
rc

in
e

sk
in

,
st

o
re

d
fr

o
ze

n
,

th
aw

ed
an

d

m
o
u
n
te

d
o
n

Fr
an

z

d
iff

u
si

o
n

ce
lls

R
ec

ep
to

r
flu

id
(2

0
%

o
r

5
0
%

et
h
an

o
l/
P
B
S)

an
d

sk
in

sa
m

p
le

s
(d

iff
u
si

o
n

ar
ea

1
.7

7
cm

2
);

sy
st

em

m
ai

n
ta

in
ed

at
3
7
� C

;
2

m
L

so
lu

ti
o
n

ad
d
ed

to
th

e

d
o
n
o
r

ch
am

b
er

at
t
¼

0
;4

0
0
mL

sa
m

p
le

s
re

m
o
ve

d

fr
o
m

th
e

re
ce

p
to

r
ch

am
b
er

at
in

te
rv

al
s

fo
r

u
p

to
6

o
r

7
.5

h
o
u
rs

(d
ep

en
d
in

g
o
n

th
e

ex
p
er

im
en

t)
fo

r

an
al

ys
is

b
y

ca
p
ill

ar
y

el
ec

tr
o
p
h
o
re

si
s

(C
E
)

an
d

re
p
la

ce
d

b
y

fr
es

h
re

ce
p
to

r
m

ed
iu

m

P
er

m
ea

b
ili

ty
co

ef
fic

ie
n
ts

(c
m

/h
�

1
0
�

4
)

in

d
es

ce
n
d
in

g
o
rd

er
:
M

et
h
yl

p
ar

ab
en

,
2
1
4
.8

+
4
0
,

E
th

yl
p
ar

ab
en

,
1
9
7
.5

+
1
0
;

P
ro

p
yl

p
ar

ab
en

,
1
0
1
.9

+
1
5
;
B
u
ty

lp
ar

ab
en

,
3
1
.3

+
1
.6

;
sk

in
p
en

et
ra

ti
o
n

w
as

in
ve

rs
el

y
p
ro

p
o
rt

io
n
al

to
lip

o
p
h
ili

ci
ty

;
in

cr
ea

si
n
g

et
h
an

o
l
co

n
ce

n
tr

at
io

n

in
th

e
ve

h
ic

le
an

d
ex

p
o
su

re
d
u
ra

ti
o
n

in
cr

ea
se

d

p
ar

ab
en

s
re

te
n
ti
o
n

in
d
er

m
is

co
m

p
ar

ed

ep
id

er
m

is
;
b
in

ar
y

co
m

b
in

at
io

n
s

o
f
th

e
p
ar

ab
en

s

re
d
u
ce

d
th

ei
r

p
er

m
ea

ti
o
n

ra
te

s,
at

tr
ib

u
te

d
b
y

th
e

au
th

o
rs

to
h
ig

h
re

te
n
ti
o
n

in
th

e
ep

id
er

m
is

an
d

d
er

m
is

4
0

M
et

h
yl

p
ar

ab
en

;

E
th

yl
p
ar

ab
en

;

P
ro

p
yl

p
ar

ab
en

R
ab

b
it

(m
ix

ed

b
re

ed
)

Sk
in

ex
ci

se
d

fr
o
m

ea
rs

o
f
6
-

m
o
n
th

-o
ld

an
im

al
s

3
co

m
m

er
ci

al
fa

ci
al

m
o
is

tu
ri

zi
n
g

cr
ea

m
s

co
n
ta

in
in

g

0
.2

3
%

-0
.3

2
%

(w
t/

w
t)

;

M
et

h
yl

p
ar

ab
en

,0
%

-

0
.1

%
;
E
th

yl
p
ar

ab
en

,

0
.0

4
%

-0
.1

9
%

;

P
ro

p
yl

p
ar

ab
en

Fu
ll-

th
ic

kn
es

s
sk

in
,

st
o
re

d
fr

o
ze

n
,

th
aw

ed
an

d

m
o
u
n
te

d
o
n

Fr
an

z-

ty
p
e

d
iff

u
si

o
n

ce
lls

R
ec

ep
to

r
flu

id
(s

al
in

e)
an

d
sk

in
sa

m
p
le

s
(d

iff
u
si

o
n

ar
ea

0
.6

cm
2
);

d
o
n
o
r

ch
am

b
er

fil
le

d
w

it
h

2
m

g/
cm

2

cr
ea

m
at

t
¼

0
;3

0
0
mL

sa
m

p
le

s
re

m
o
ve

d
fr

o
m

th
e

re
ce

p
to

r
ch

am
b
er

at
in

te
rv

al
s

fo
r

u
p

to
8

h
o
u
rs

fo
r

an
al

ys
is

b
y

H
P
LC

an
d

re
p
la

ce
d

b
y

fr
es

h

re
ce

p
to

r
m

ed
iu

m

P
er

ce
n
ta

ge
o
f
ap

p
lie

d
d
o
se

in
re

ce
p
to

r
flu

id
af

te
r

8
-

h
o
u
r

ex
p
o
su

re
,
in

d
es

ce
n
d
in

g
o
rd

er
:

M
et

h
yl

p
ar

ab
en

,
6
0
%

;
E
th

yl
p
ar

ab
en

,
4
0
%

;

P
ro

p
yl

p
ar

ab
en

,
2
0
%

o
f
P
P
—

p
en

et
ra

ti
o
n

d
ec

re
as

ed
w

it
h

d
ec

re
as

in
g

w
at

er
so

lu
b
ili

ty
,

re
ga

rd
le

ss
o
f
th

e
fo

rm
u
la

ti
o
n

te
st

ed
;
re

te
n
ti
o
n

va
ri

ed
w

id
el

y
in

th
e

ep
id

er
m

is
(1

4
.0

-2
5
3
.0

mg
/g

)

an
d

d
er

m
is

(0
-1

9
.3

mg
/g

)
d
ep

en
d
in

g
o
n

th
e

fo
rm

u
la

ti
o
n

4
1

(c
on

tin
ue

d)

18S



T
a
b

le
9
.

(c
o
n
ti
n
u
ed

)

T
es

t
su

b
st

an
ce

(s
)

Sp
ec

ie
s/

st
ra

in

Sa
m

p
le

ty
p
e/

te
st

p
o
p
u
la

ti
o
n
:
se

x

C
o
n
ce

n
tr

at
io

n
/

d
o
sa

ge
(v

eh
ic

le
)

E
x
p
o
su

re
ro

u
te

P
ro

ce
d
u
re

R
es

u
lt
s

R
ef

er
en

ce

M
et

h
yl

p
ar

ab
en

;

P
ro

p
yl

p
ar

ab
en

;

B
u
ty

lp
ar

ab
en

H
u
m

an
;

m
o
u
se

(h
ai

rl
es

s)

H
u
m

an
ca

d
av

er

ep
id

er
m

is

(c
o
m

m
er

ci
al

ly

av
ai

la
b
le

)

Sk
in

fr
o
m

8
-

w
ee

k-
o
ld

m
al

e
m

ic
e

0
.1

%
,
0
.4

%
,
an

d
2
%

in

a
ge

n
er

al
o
il-

in
-

w
at

er
cr

ea
m

fo
rm

u
la

ti
o
n

H
u
m

an
ep

id
er

m
is

(*
0
.0

3
m

m
th

ic
k)

an
d

m
o
u
se

sk
in

(*
0
.2

5
m

m
th

ic
k)

,

st
o
re

d
fr

o
ze

n
,

th
aw

ed
an

d

m
o
u
n
te

d
o
n

Fr
an

z

d
iff

u
si

o
n

ce
lls

R
ec

ep
to

r
flu

id
(1

:1
et

h
an

o
l/
w

at
er

,
vo

l/
vo

l)
an

d
sk

in

sa
m

p
le

s
(d

iff
u
si

o
n

ar
ea

0
.7

8
5

cm
2
)

m
ai

n
ta

in
ed

at

3
2
� C

;1
0

m
g

cr
ea

m
ap

p
lie

d
to

th
e

sk
in

su
rf

ac
e

at
t

¼
0
;
1

m
L

sa
m

p
le

s
re

m
o
ve

d
fr

o
m

th
e

re
ce

p
to

r

ch
am

b
er

at
in

te
rv

al
s

fo
r

u
p

to
2
4

h
o
u
rs

fo
r

an
al

ys
is

b
y

LC
-M

S/
M

S
an

d
re

p
la

ce
d

b
y

fr
es

h
re

ce
p
to

r

m
ed

iu
m

P
er

m
ea

b
ili

ty
co

ef
fic

ie
n
ts

(K
p
s;

cm
/h
�

1
0
�

4
)

w
er

e

si
m

ila
r

re
ga

rd
le

ss
o
f
co

n
ce

n
tr

at
io

n
te

st
ed

;
K

p
s

w
er

e
d
ir

ec
tl
y

re
la

te
d

to
p
ar

ab
en

co
n
ce

n
tr

at
io

n
;

K
p
s

fo
r

h
u
m

an
sk

in
ra

n
ge

d
fr

o
m

0
.7

4
+

0
.1

9
to

0
.9

1
+

0
.4

4
fo

r
M

et
h
yl

p
ar

ab
en

,
0
.5

4
+

0
.1

4
to

0
.9

1
+

0
.2

2
fo

r
P
ro

p
yl

p
ar

ab
en

,
an

d
0
.3

7
+

0
.1

5

to
0
.5

6
+

0
.3

2
fo

r
B
u
ty

lp
ar

ab
en

;
K

p
s

fo
r

m
o
u
se

sk
in

ra
n
ge

d
fr

o
m

1
.4

1
+

0
.1

2
to

1
.6

6
+

0
.2

1
fo

r

M
et

h
yl

p
ar

ab
en

,
1
.5

2
+

0
.1

3
to

1
.7

6
+

0
.3

9
fo

r

P
ro

p
yl

p
ar

ab
en

,
an

d
1
.1

7
+

0
.1

5
to

1
.2

7
+

0
.2

0

fo
r

B
u
ty

lp
ar

ab
en

;
re

si
d
u
al

q
u
an

ti
ti
es

o
f
p
ar

ab
en

s

re
m

ai
n
in

g
in

sk
in

in
cr

ea
se

d
w

it
h

in
cr

ea
si

n
g

co
n
ce

n
tr

at
io

n
te

st
ed

,
w

it
h

gr
ea

te
r

am
o
u
n
ts

in

h
u
m

an
ep

id
er

m
is

th
an

in
m

o
u
se

sk
in

;
re

si
d
u
al

q
u
an

ti
ti
es

in
h
u
m

an
ep

id
er

m
is

(m
g/

m
L
�

1
0
�

4
):

M
et

h
yl

p
ar

ab
en

,
2
3
5
+

1
3
2

to
7
,1

9
8
+

4
,6

6
2
;

P
ro

p
yl

p
ar

ab
en

,
3
7
5
+

2
1
2

to
4
,1

2
0
+

2
,3

4
4
;

B
u
ty

l
P
ar

ab
en

,
4
3
6
+

2
2
6

to
5
,4

8
0
+

2
,5

9
3
;

re
si

d
u
al

q
u
an

ti
ti
es

in
m

o
u
se

sk
in

:
M

et
h
yl

p
ar

ab
en

,

1
4
+

5
to

2
8
6
+

1
0
4
;
P
ro

p
yl

p
ar

ab
en

,
2
1
+

9
to

4
1
0
+

1
1
2
;B

u
ty

lP
ar

ab
en

,1
5
+

2
to

3
5
8
+

1
1
8
;

A
u
th

o
rs

st
at

e
re

su
lt
s

sh
o
w

th
at

p
ar

ab
en

s
m

ay
b
e

cl
as

si
fie

d
as

m
o
d
er

at
e

p
en

et
ra

n
ts

4
2

M
et

h
yl

p
ar

ab
en

;

E
th

yl
p
ar

ab
en

;

P
ro

p
yl

p
ar

ab
en

;

B
u
ty

lp
ar

ab
en

H
u
m

an
A

b
d
o
m

in
al

sk
in

sa
m

p
le

s

co
lle

ct
ed

d
u
ri

n
g

su
rg

er
y

fr
o
m

8
w

o
m

en

C
o
m

m
er

ci
al

b
o
d
y

lo
ti
o
n

co
n
ta

in
in

g

0
.1

%
(w

t/
w

t)
;

M
et

h
yl

p
ar

ab
en

,

0
.0

8
%

;

E
th

yl
p
ar

ab
en

,
0
.2

%
;

P
ro

p
yl

p
ar

ab
en

0
.1

5
%

;

B
u
ty

lp
ar

ab
en

H
u
m

an
sk

in
sa

m
p
le

s,

st
o
re

d
fr

o
ze

n
,

th
aw

ed
an

d

m
o
u
n
te

d
o
n

Fr
an

z

d
iff

u
si

o
n

ce
lls

R
ec

ep
to

r
flu

id
(3

%
b
o
vi

n
e

se
ru

m
al

b
u
m

in
in

is
o
to

n
ic

sa
lin

e
so

lu
ti
o
n
)

an
d

sk
in

sa
m

p
le

s
(d

iff
u
si

o
n

ar
ea

3
.1

4
cm

2
)

m
ai

n
ta

in
ed

at
3
2
� C

;
si

n
gl

e
1
0
0
mL

(4
5

m
g)

lo
ti
o
n

ap
p
lie

d
to

sk
in

su
rf

ac
e

at
t
¼

0
,
w

h
ic

h

w
as

re
p
ea

te
d

fo
r

so
m

e
sk

in
sa

m
p
le

s
at

t
¼

1
2

h
o
u
rs

an
d

t
¼

2
4

h
o
u
rs

;
flu

id
w

as
re

m
o
ve

d
fr

o
m

th
e

re
ce

p
to

r
ch

am
b
er

at
in

te
rv

al
s

fo
r

u
p

to
3
6

h
o
u
rs

fo
r

an
al

ys
is

b
y

H
P
LC

an
d

re
p
la

ce
d

b
y

fr
es

h

re
ce

p
to

r
m

ed
iu

m

P
en

et
ra

ti
o
n

w
as

in
ve

rs
el

y
p
ro

p
o
rt

io
n
al

to

lip
o
p
h
ili

ci
ty

o
f
p
ar

ab
en

s
te

st
ed

an
d

in
cr

ea
se

d
w

it
h

re
p
ea

te
d

ap
p
lic

at
io

n
s;

p
en

et
ra

ti
o
n

3
6

h
o
u
rs

af
te

r

si
n
gl

e
ap

p
lic

at
io

n
(p

er
ce

n
ta

ge
o
f
ap

p
lie

d
d
o
se

):

M
et

h
yl

p
ar

ab
en

,
0
.0

5
7
%
+

0
.0

3
;
E
th

yl
p
ar

ab
en

,

0
.0

4
5
%
+

0
.0

1
;
P
ro

p
yl

p
ar

ab
en

,
0
.0

2
8
%
+

0
.0

1
;

B
u
ty

lp
ar

ab
en

,
0
.0

0
7
%
+

0
.0

0
3
;
p
en

et
ra

ti
o
n

1
2

h
o
u
rs

af
te

r
la

st
o
f
3

re
p
ea

te
d

ap
p
lic

at
io

n
s:

M
et

h
yl

p
ar

ab
en

,
0
.6

%
+

0
.1

%
;
E
th

yl
p
ar

ab
en

,
0
.3

%

+
0
.1

;P
ro

p
yl

p
ar

ab
en

,0
.2

%
+

0
.0

5
;B

u
ty

lp
ar

ab
en

,

0
.0

4
%
+

0
.0

1

4
3

A
b
b
re

vi
at

io
n
s:

C
E
,
ca

p
ill

ar
y

el
ec

tr
o
p
h
o
re

si
s;

H
P
LC

,
h
ig

h
-p

er
fo

rm
an

ce
liq

u
id

ch
ro

m
at

o
gr

ap
h
y;

LO
D

,
le

ve
l
o
f
d
et

ec
ti
o
n
;
P
B
S,

p
h
o
sp

h
at

e-
b
u
ff
er

ed
sa

lin
e.

19S



Franz diffusion cells. A dose of 100 mL of lotion containing the

test substance was applied to the skin once at t ¼ 0 or multiple

times at t¼ 0, t¼ 12, and t¼ 24. Thirty-six hours after a single

application, penetration ranged from 0.007% + 0.003%
(Butylparaben) to 0.057% + 0.03% (Methylparaben). Penetra-

tion 12 hours after the t ¼ 24 dosing ranged from 0.04% +
0.01% (Butylparaben) to 0.6% + 0.1% (Methylparaben).

Human
Butylparaben. Dermal penetration was studied in 26 healthy

Caucasian male volunteers aged 21 to 36 years old, after appli-

cation of 2% (wt/wt) Butylparaben in a basic cream formula-

tion which also contained 2% diethyl phthalate and 2% dibutyl

phthalate.44 Daily whole-body topical application of 2 mg/cm2

of the cream formulation without the test substances for 1 week

(control week) was followed by daily application of the cream

with the test substances for 1 week. Butylparaben serum con-

centrations in the blood were undetectable in most samples

during the control week, with maximum concentrations not

exceeding 1.0 mg/L. Butylparaben concentrations increased

rapidly (mean peak concentration¼ 135 + 11 mg/L in 3 hours)

after the first application of cream containing the 3 test com-

pounds. Twenty-four hours after the first application, but

before the following application, the mean serum concentration

was 18 + 3 mg/L. Butylparaben could be detected in most

serum samples collected throughout the second week of this

study.

Penetration Enhancement

In vitro
Methylparaben. Skin samples were collected within 24 hours

postmortem from the back of a 77-year-old woman and leg of a

73-year-old man and stored frozen.45 Split thickness (*350

mm) samples were thawed and mounted in vertical-flow Neo-

flon diffusion cells and exposed to a saturated aqueous solution

of Methylparaben, with (saturated) and without 4-cyanophenol

(CP). Receptor fluid (PBS) and skin samples (diffusion area

0.64 cm2) were maintained at 32 �C. Solutions containing one

or both compounds were added to the donor chamber at t ¼ 0,

and the receptor fluid was sampled hourly for 18 hours for

analysis by high-performance liquid chromatography. Com-

pared with the single-solute solutions, the steady-state flux was

more than 5-fold larger for Methylparaben and 2.6-fold larger

for CP in the binary solution (ie, Methylparaben plus CP). The

authors noted that the 5-fold increase in Methylparaben flux

was consistent with a 6.4-fold increase in uptake of Methylpar-

aben in the SC, which occurred primarily in the nonlipid

regions of the SC. However, the 1.6-fold increase in CP uptake

was too small to explain the 2.6-fold increase in the CP flux.

The authors concluded that the results above suggested CP

enhanced skin permeation of Methylparaben primarily by

increasing the solubility of Methylparaben in the SC (espe-

cially in the nonlipid regions), and Methylparaben increased

skin permeation of CP by enhancing both the solubility and

diffusivity of CP in the SC.

Absorption, Distribution, Metabolism, and Excretion

1984. Parabens are quickly absorbed from the blood and gastro-

intestinal tract, hydrolyzed to 4-Hydoxybenzoic Acid, conju-

gated, and the conjugate excreted in the urine.46 Data obtained

from chronic administration studies indicate that parabens do

not accumulate in the body. Serum concentrations of parabens,

even after intravenous administration, quickly decline and

remain low. Varying amounts of parabens are passed in the feces

depending upon which paraben is administered and the size of

the dose. Little or no unchanged paraben is excreted in the urine.

Most of an administered dose can be recovered within 5 to 72

hours as 4-Hydoxybenzoic Acid or its conjugates. Parabens

appear to be rapidly absorbed through intact skin.

1986. Metabolism of Benzylparaben is by sulfate conjugation

of the parent compound.47 Excretion is in the urine. Small

amounts of the ester are excreted unmetabolized or hydrolyzed

to the benzyl alcohol and 4-Hydoxybenzoic Acid.

1995. When male rabbits were administered either 800 or 400

mg/kg of Isobutylparaben via a stomach tube, 77% to 85% of

the ingredient was recovered as a form of 4-Hydoxybenzoic

Acid; 20% was not recovered.48

2008. Ingested parabens are quickly absorbed from the gastro-

intestinal tract, hydrolyzed to 4-Hydoxybenzoic Acid, conju-

gated, and the conjugate excreted in the urine.2 Data obtained

from chronic administration studies indicate that parabens do

not accumulate in the body. Serum concentrations of parabens,

even after intravenous administration, quickly decline and

remain low. Varying amounts of parabens are passed in the

feces depending upon which paraben is administered and the

size of the dose. Little or no unchanged paraben is excreted in

the urine. The Absorption, Distribution, Metabolism, and

Excretion studies summarized below are presented in Table 10.

In Vitro

Methylparaben, Ethylparaben, and Propylparaben did not exhi-

bit binding affinity for a-fetoprotein (AFP).49 On the other

hand, the 50% inhibitory concentration (IC50) of Benzylpara-

ben was 0.012 mM. Butylparaben was de-esterified to 4-

Hydoxybenzoic Acid in the S9 fraction of skin obtained from

5-week-old male rats, with a maximum rate at saturating con-

centration (Vmax) of 8.8 nmol/min/mg protein.50

Methylparaben and Ethylparaben were stable in human

plasma, but Propylparaben, Butylparaben, and Benzylparaben

concentrations decreased by 50% within 24 hours.51 All para-

bens tested were rapidly hydrolyzed when incubated with

human liver microsomes (HLMs), with rates depending on the

alkyl chain length. Parabens, but not 4-Hydroxybenzoic Acid,

were actively glucuronidated by liver microsomes and human

recombinant uridine-50-diphospho-glucuronosyltransferases

(UGTs).

Methylparaben, Ethylparaben, Propylparaben, and Butyl-

paraben were hydrolyzed by rat liver microsomes (RLMs) and
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HLM in in vitro tests.52 Butylparaben was most effectively

hydrolyzed by the RLM, which showed relatively low hydro-

lytic activity toward parabens with shorter and longer alkyl side

chains. In contrast to RLM, HLM showed the highest hydro-

lytic activity toward Methylparaben, with activity decreasing

with increasing side chain length of the paraben tested. Rat

small intestinal microsomes exhibited relatively higher activity

toward longer side-chain parabens. Human small intestinal

microsomes showed a specificity pattern similar to that of rat

small intestinal microsomes.

Metabolism rates of Methylparaben, Ethylparaben, Propyl-

paraben, and Butylparaben by HLM were inversely proportional

to chain length (overall rate dominated by esterase-catalyzed

hydrolysis, where the longer the alcohol moiety, the slower the

hydrolysis).53 This trend was also observed for human skin

microsomes (HSMs), but at much lower rates. Paraben metabo-

lism in HLMs was 300- to 500-fold faster than in HSM, depend-

ing on the paraben. In contrast to human tissue fractions, the rat

tissue fractions tested, including skin and liver fractions, hydro-

lyzed the parabens at rates that increased as the ester chain length

increased. Rat skin displayed 3 to 4 orders of magnitude faster

hydrolysis rates than human skin.

Butylparaben was rapidly cleared in hepatocytes from rats

and was cleared more slowly in hepatocytes from humans, with

little or no sex difference.54 Butylparaben was extensively

hydrolyzed to 4-Hydroxybenzoic Acid as the major metabolite

for both sexes and species. The other metabolite observed in

the human hepatocytes was 4-hydroxyhippuric acid, which is

the glycine conjugate (ie, a phase II metabolite) of 4-

Hydroxybenzoic Acid.

Animal

Dermal. Nine rats were given a single dermal dose of 100 mg/kg

bw 4-hydroxy [ring-U-14C]-labeled Methylparaben, Propylpar-

aben, or Butylparaben in 60% aqueous ethanol vehicle. Cmax

(�693 and �614 ng Eq/g in males and females, respectively)

occurred within 8 hours postapplication, and blood concentra-

tions decreased until the last quantifiable concentration within

24 hours.55 Most of the dosage (�46.4%) was not absorbed,

and less than 25.8% was found in the urine. About 52% and 8%
of a single 10 or 100 mg/kg bw dosage, respectively, of [14C]-

Butylparaben was absorbed 72 hours following application to

the skin in rats.54 Urine was the primary route of elimination.

Tissues contained about 4.3% of the 10 mg/kg dosage. The

kidneys contained about twice the concentration of residues

found in the liver.

Oral. In rats exposed to a single oral dosage of 100 mg/kg bw

[ring-U-14C]-labeled Methylparaben, Propylparaben, or Butyl-

paraben, Cmax (�11,432 and �21,040 ng Eq/g in males and

female, respectively) occurred within 1 hour postgavage, and

blood concentrations decreased until the last quantifiable con-

centration at 12 hours.55 Radioactivity was eliminated rapidly,

with averages�69.6% recovered in the urine during the first 24

hours. Radioactivity was excreted predominantly in urine in

rats orally exposed to a single 10, 100, or 1,000 mg/kg bw/d

dosage of [14C]-Butylparaben.54 The rate of urinary excretion

was similar across all dosages, with �66% recovered in the

first 24 hours in males. Female rats excreted more Butylpara-

ben in urine in the first 4 hours after exposure, but there was no

sex difference in the total dose excreted within 24 hours.

Time-mated female SD rats were orally administered 0,

1,500, 5,000, or 15,000 ppm Butylparaben via NIH-07 feed,

ad libitum, from gestation day (GD) 6 to postnatal day (PND)

28.56 Dam plasma, amniotic fluid, and fetuses were collected

on GD 18 and plasma from both the pup and dam were col-

lected on PNDs 4, 10, 14, 21, and 28 and analyzed for free

(unconjugated) and total (unconjugated and conjugated) Butyl-

paraben. Free Butylparaben was below the limit of quantitation

in fetuses (LOQ 1.91 ng Butylparaben/g fetus) and amniotic

fluid (LOQ 0.17 ng Butylparaben/mL amniotic fluid) at 1,500

ppm. Analyte levels in amniotic fluid were less than 1% of

maternal plasma, suggesting limited placental transfer. The

total Butylparaben in PND 4 pup plasma was less than 5% of

dam plasma in all exposure groups, suggesting low lactational

transfer. However, at nearly all time points and exposure

groups, there were higher levels of free Butylparaben in pup

versus dam plasma, suggesting limited conjugation in pups.

Pup conjugation of Butylparaben was age-dependent, not

reaching the percentage conjugation in dams (>99%) until

PNDs 21 to 28. These data illustrate low placental and lacta-

tional transfer of dietary Butylparaben and that poor conjuga-

tion in pups during early lactation results in higher exposure to

free Butylparaben in pups compared to dams.

Human

Dermal. All 26 male volunteers showed increased excretion of

Butylparaben following daily whole-body topical application

of a cream formulation containing 2% (wt/wt) Butylparaben,

2% diethyl phthalate, and 2% dibutyl phthalate.57 Mean total

Butylparaben excreted in urine during exposure was 2.6 + 0.1

mg/24 hours. The concentrations peaked in the urine 8 to 12

hours after application.

Oral. Free and conjugated parabens and their major, nonspecific

metabolites (4-Hydroxybenzoic Acid and p-hydroxyhippuric

acid) were detected in the urine samples of 3 subjects 24 hours

after an oral dose of deuterated Methylparaben, Butylparaben,

and Isobutylparaben.58 Minor metabolites discovered had

hydroxy groups on the alkyl side chain or oxidative modifica-

tions on the aromatic ring.

Physiologically Based Pharmacokinetic Modeling

In one study, a physiologically based pharmacokinetic (PBPK)

model was developed and used to estimate the plasma free

paraben concentration in adults consistent with 95th percentile

urine concentration reported in US National Health and Nutri-

tion Examination Survey (NHANES) program (2009-2010 col-

lection period).59 For the 2009 to 2010 sampling period, the

Cherian et al 25S



predicted plasma free concentration of Methylparaben, Propyl-

paraben, and Butylparaben in a 70-kg male was 0.73, 0.21, and

0.052 mg/L, respectively; the predicted plasma free concentra-

tion of Methylparaben, Propylparaben, and Butylparaben in a

60-kg female was 1.19, 0.54, and 0.58 mg/L, respectively. An in

vitro-based cumulative MOS was calculated by comparing the

effective concentrations from an in vitro assay of estrogenicity

to the predicted free plasma paraben concentrations (Methyl-

paraben þ Ethylparaben þ Butylparaben). The calculated

cumulative MOS for adult females was 108, whereas the cumu-

lative MOS for males was 444.

Toxicological Studies

Acute Dose Toxicity

No new published oral or dermal acute toxicity studies were

discovered in the published literature, and no unpublished data

were submitted. Acute subcutaneous studies are summarized in

Table 11.

1984. Acute toxicity studies in animals indicate that parabens

are practically nontoxic by various routes of administration.46

1986. Benzylparaben was not considered an acute toxic agent

to mice or rats. Intravenous injections of Benzylparaben to

dogs and cats caused no variation in blood sugar, circulation,

and respiration.47

1995. Isobutylparaben had a subcutaneous LD50 of 2,600 mg/kg

in mice.48

Short-Term Toxicity Studies

1995. No significant histological changes were observed in

mice dosed with 0.6% Isobutylparaben in the feed for 6 weeks.

Mice dosed with 1.25% had atrophy of the spleen, thymus, and

lymph nodes as well as multifocal degeneration and necrosis of

the hepatic parenchyma. Mice dosed with 5% and 10% Isobu-

tylparaben died within the first 2 weeks of the study.48

2008. Ethylparaben, Propylparaben, and Butylparaben in the

diet produced cell proliferation in the forestomach of rats, with

the activity directly related to chain length of the alkyl chain.2

Fischer 344 male rats were treated by Methylparaben, Ethyl-

paraben, Propylparaben, and Butylparaben at 4% for 9 to 27

days in the dry diet, and the magnitude of the proliferative

effect in the prefundic area of the forestomach epithelium ele-

vated as the alkyl chain length increases. The short-term

toxicity studies that are summarized below are presented in

Table 12.

Dermal. There were no significant changes in body and

organ weights in any group when rats were dermally exposed

to up to 600 mg/kg bw/d Isopropylparaben or Isobutylparaben

for 28 days.60 Macroscopic and microscopic examinations

revealed mild to moderate skin damage in female rats treated

by Isobutylparaben or Isopropylparaben at doses higher than

600 or 50 mg/kg bw/d, respectively. The weights of testes were

significantly increased in male rats given a 1:1 mixture of Iso-

butylparaben and Isopropylparaben at doses of 600 or 1,200

mg/kg bw/d. Follicle-stimulating hormone (FSH) concentra-

tion was dose dependently decreased in males treated with a

mixture of Isobutylparaben and Isopropylparaben at a dose of

100 mg/kg bw/d or higher. The NOAELs for Isobutylparaben

and Isopropylparaben for female skin damage were 600 and 50

mg/kg bw/d, respectively.

Oral. At 100 and 300 mg/kg bw/d Propylparaben adminis-

tered orally for 4 weeks, adult rats exhibited statistically sig-

nificant increases in relative liver weights, serum alanine

aminotransferase (ALT), aspartate aminotransferase (AST),

alkaline phosphatase (ALP), and lactate dehydrogenase (LDH)

activities, serum urea concentrations, lipid peroxidation and

nitric oxide (NO) generation, and 17b-estradiol (E2)

Table 11. Acute Subcutaneous Studies.

Ingredient Animals/group Dose/procedure Results Reference

Acute studies
Isobutylparaben Mice (# of animals

not stated)
NR LD50 was reported to be 2.6 g/kg 190

Methylparaben C57BL/6 mice
(8/group)

125 mg/kg
Methylparaben
in tricaprylin

Injection sites in the majority of animals developed
small, ill-defined soft cysts and small ulcerations that
later healed

191

Methylparaben Mice (# of animals
not stated)

Up to 333 mg/kg Doses greater than 165 mg/kg temporarily induced
exhaustion, ataxia, and respiratory distress. The
acute lethal subcutaneous dose was reported to be
greater than 333 mg/kg

192

Methylparaben Fischer rats
(20/group)

Up to 500 mg/kg No deaths occurred. LD50 was reported to be greater
than 500 mg/kg

193

Methylparaben, Ethylparaben,
Propylparaben, and
Butylparaben

Mice (5/group) NR The reported LD50 values were 1.2, 1.65, 1.65, and 2.5
g/kg, respectively

194

Abbreviations: GD, gestation day; NR, not reported.
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concentrations.61 Statistically significant decreases in total

serum protein and albumin, glutathione (GSH), catalase

(CAT), and superoxide dismutase (SOD) activities, serum tes-

tosterone (T) concentrations, and T/E2 ratios were also

reported. Livers of affected rats exhibited dilated congested

central and portal veins, highly proliferated bile ducts with

fibrotic reactions, and multifocal areas of necrotic hepatocytes,

and testes exhibited evidence of severe spermatogenic arrest,

among other effects. Elevations of serum markers of lipid per-

oxidase (ie, malondialdehyde) and hydroxyl radical production

were statistically significant in rats exposed to 250 mg/kg bw/d

Methylparaben.62 Malondialdehyde levels were elevated in the

liver in a statistically significant, dose-dependent manner,

among other effects, in mice orally exposed to 1.33 to 40

mg/kg bw/d Butylparaben for 30 days.63

Subchronic Toxicity Studies

No new published subchronic toxicity studies were discovered

in the published literature, and no unpublished data were

submitted.

1984. Subchronic oral studies indicate that parabens are prac-

tically nontoxic.46 A subchronic oral toxicity study in humans

indicated that Methylparaben was practically nontoxic at doses

up to 2 g/kg/d.

Chronic Toxicity Studies

No new published chronic toxicity studies were discovered in

the published literature, and no unpublished data were

submitted.

1984. Chronic oral studies indicate that parabens are practically

nontoxic.46 A 60:40 mixture of the sodium salts of Propylpar-

aben and Ethylparaben did not induce significant pathologic

changes in rats treated at 1.4 g/kg bw/d for 18 months. At 2% of

the diet, Methylparaben and Propylparaben exerted no toxic

effect in rats after 96 weeks’ exposure. Weanling dogs treated

by Methylparaben or Propylparaben at 1 g/kg bw/d for 378 to

422 days were in excellent condition throughout the

experiment.

1995. Mice were orally dosed with 0.15, 0.3, and 0.6% Isobu-

tylparaben in the feed for 102 weeks.48 Upon necropsy, the

only effect noted was amyloidosis in 58% of dosed males and

33% of dosed females surviving past 78 weeks, as compared

with 25% of control males and 10% of control females.

Developmental and Reproductive Toxicity
Studies

1984

Methylparaben was nonteratogenic in rabbits, rats, mice, and

hamsters, and Ethylparaben was nonteratogenic in rats.46 Preg-

nant animals were given orally 5.0 to 550 mg/kg bw/d (rats,

mice) or 3.0 to 300 mg/kg bw/d (hamsters) Methylparaben

from day 6 of gestation to day 10 (hamsters) or 15 (rats,

mice). Pregnant rabbits were orally administered 3.0 to 300

mg/kg bw/d Methylparaben daily from day 6 of gestation to

day 18. Pregnant rats were dosed in diet of Ethylparaben at

concentrations of 0.1, 1, or 10% between GDs 8 and 15. On

day 21 of pregnancy, rats were killed, and the number of

fetal implantations, status of maternal visceral organs, fetal

body weights, and numbers of skeletal, visceral, and exter-

nal defects in fetuses were recorded. No apparent teratogen-

esis or toxicity was observed in 363 fetuses from rats fed up

to10% Ethylparaben.

At the 10% level, cerebral hemorrhages, abnormal enlarge-

ment in the ventricles of the brain, and, in some, hydronephro-

sis and hypo-osteogenesis were observed in fetuses. Some

fetuses at 1% Ethylparaben had no blood in the cardiac ven-

tricle; some had intraperitoneal hemorrhages. Fetuses of rats of

the 0.1% group had no significant visceral or skeletal defects.

2008

Methylparaben was nonteratogenic in rabbits, rats, mice, and

hamsters, and Ethylparaben was nonteratogenic in rats.2 Para-

bens, even at levels that produce maternal toxicity, do not

produce terata in animal studies. One study examined the

developmental toxicity of Butylparaben in rats and reported

no effect on development up to an oral dose of 1,000 mg/kg

bw/d, even with some maternal toxicity at that dose. The mater-

nal toxicity NOAEL dose was 1,000 mg/kg bw/d.

Parabens have been extensively studied to evaluate male

reproductive toxicity. In one in vitro study, sperm viability was

eliminated by concentrations as low as 6 mg/mL Methylpara-

ben, 8 mg/mL Ethylparaben, 3 mg/mL Propylparaben, or 1 mg/

mL Butylparaben, but an in vivo study of 0.1% or 1.0%
Methylparaben or Ethylparaben in the diet of mice for 8 weeks

reported no spermatotoxic effects. Propylparaben did affect

sperm counts at all levels from 0.01% to 1.0% (approximately

10 and 1,000 mg/kg bw/d, respectively). Epididymis and semi-

nal vesicle weight decreases were reported in rats given a 1%
oral Butylparaben dose, and decreased sperm number and

motile activity in F1 offspring of rats maternally exposed to

100 mg/kg bw/d were reported. Decreased sperm numbers and

activity were reported in F1 offspring of female rats exposed to

Butylparaben subcutaneously at 100 or 200 mg/kg bw/d, but

there were no abnormalities in the reproductive organs. The

total treatment period was from GD 6 to PD 20, with a 2-day

interruption at parturition.

Methylparaben was studied using male rats at levels in the

diet up to 10,000 ppm (estimated mean dose of 1,141.1 mg/kg/

d) with no adverse effects. Butylparaben was studied using rats

at levels in the diet up to 10,000 ppm (estimated mean dose of

1,087.6 mg/kg/d) in a repeat of the study noted above, but using

a larger number of animals and a staging analysis of testicular

effects. Rats received Butylparaben in the diet for a minimum

of 56 days. No adverse reproductive effects were found.
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Butylparaben, administered subcutaneously at 2 mg/kg bw/

d in male rats on PDs 2 to 18, produced only minor effects on

epithelial cell height. No effect of Butylparaben on the expres-

sion of the water channel protein aquaphorin-1 (APQ-1), effer-

ent duct distension, or rete testis morphology was seen.

Dermal. No new published dermal DART studies were discov-

ered and no unpublished data were submitted.

Oral. The oral DART studies summarized below are described

in Table 13. Time-mated rats were orally exposed to 10, 100, or

500 mg/kg bw/d of Butylparaben from GD 7 to PND 22.3 The

AGD of newborn male and female offspring was significantly

reduced at 100 or 500 mg/kg bw/d. The reduced expression of

the Sertoli/Leydig cell marker Nr5a1 in adult male offspring

was statistically significant at 10 mg/kg bw/d or above. In male

offspring, epididymal sperm count decreased 76% to 78% com-

pared to controls at all doses from 10 to 500 mg/kg bw/d. The

reduction in epididymal sperm count showed the same effect at

all doses (ie, no dose–response effect was observed). Adult

prostate weight reductions were statistically significant at 500

mg/kg bw/d. In prepubertal females, ovary weight reduction

was statistically significant and mammary gland outgrowth was

increased at 100 and 500 mg/kg bw/d. No clear effect was seen

on mammary glands of adult female offspring.

Pregnant rats were orally exposed to 64, 160, 400, or 1,000

mg/kg bw/d of Butylparaben from GD 7 to PND 21.64 In the

400 and 1,000 mg/kg bw/d groups of male offspring, reduced

AGD and delayed preputial separation (PPS) were observed;

the weights of the testes were significantly reduced and serum

T was reduced in a dose–response manner from PND 21 to

PND 90. On PND 90, the number of the caudal epididymal

sperm was significantly decreased by approximately 36% at

400 and 1,000 mg/kg bw/d, and daily sperm production values

were significantly decreased. In contrast, weights of the testes,

epididymal cauda sperm counts, serum T and luteinizing hor-

mone (LH) levels, and daily sperm production in male off-

spring did not change at doses of 64 and 160 mg/kg bw/d.

Estradiol level was significantly elevated in weanling male

rats orally exposed to Butylparaben at 50 mg/kg for 8 consec-

utive weeks, whereas serum levels of the hormones T, LH, and

FSH, as well as ratios of T/E2 and T/LH were decreased, com-

pared to control groups.65 Butylparaben treatment elevated

markers of testicular DNA damage in a comet assay, such as

the increase in the tail DNA%, tail length of DNA, and tail

moment. In addition, the testicular malondialdehyde level was

significantly elevated, along with a significant decrease in CAT

enzyme activity. Histopathological examination showed a

reduction in Leydig cells population along with pathological

alternations of dilated congested subcapsular blood vessels and

the dilation and congestion of interstitial vasculature.

The increase in CYP19 and estrogen receptor (ER) a expres-

sion; the reduction in steroidogenic acute regulatory protein

(StAR), cytochrome cholesterol side-chain cleavage enzyme

(P450scc), estrogen sulfotransferase (SULT1E1), and testes

androgen receptor (AR) expression; and the reduced

methylation rate of the ERa promoter, were statistically signif-

icant in male offspring of female rats exposed to 400 or 1,000

mg/kg bw/d Butylparaben from GD 7 to GD 21.66 Vimentin

filaments showed shorter projections, concentration near the

basal region, and disappearance of the apical extensions toward

the lumen of the seminiferous tubules in 3-week-old rats 6

hours after a single 1,000 mg/kg bw oral dosage of Butylpar-

aben.67 Spermatogenic cells were detached from Sertoli cells

and sloughed into the lumen 24 hours after treatment.

Prepubertal female rats were exposed orally to Methylpar-

aben, Ethylparaben, Propylparaben, Isopropylparaben, Butyl-

paraben, or Isobutylparaben in a dose-dependent manner (62.5,

250, and 1,000 mg/kg bw/d) on PND 21 to PND 40. Rats

treated with 1,000 mg/kg bw/d Methylparaben or 250 mg/kg

bw/d Isopropylparaben exhibited statistically significant delays

in vaginal opening.68 In the 1,000 mg/kg bw/d groups, there

were statistically significant decreases in the weights of the

ovaries (Methylparaben or Isopropylparaben) and kidneys

(Ethylparaben or Isopropylparaben) and increases in the

weights of the adrenal glands (Methylparaben, Ethylparaben,

or Propylparaben) and thyroid glands (Methylparaben). Liver

weights increased at all dosage rates of Butylparaben. Morpho-

logical studies of the uterus revealed myometrial hypertrophy

after exposure to 1,000 mg/kg bw/d Propylparaben or Isopro-

pylparaben and in animals of all dose groups of Butylparaben

and Isobutylparaben. Among the statistically significant effects

on serum hormone concentrations, E2 concentrations were

reduced (Ethylparaben or Isopropylparaben) and prolactin con-

centrations were increased (Methylparaben) in the 1,000 mg/kg

bw/d groups. Reduced plasma leptin concentrations were

observed in male and female offspring of young adult female

rats exposed orally to 100 mg/kg bw/d Butylparaben.69

F2 pups exhibited a statistically significant greater mortality

at PND 7 and thereafter, compared with controls, in a DART

study in which F0 females and their F1 offspring were exposed

to 0.105 mg/kg bw/d Methylparaben by gavage.70 During lac-

tation, treated “parous” F1 females exhibited mammary

alveoli, which were not always milk-filled, collapsed alveolar

and duct structures with residual secretory content, and marked

decrease in the size of the lobular structures.

There was no evidence of an effect on the weight of the male

reproductive organs, epididymal sperm parameters, hormone

concentrations, or histopathology in juvenile male rats exposed

via gavage receiving up to 1,000 mg/kg bw/d Propylparaben

for 8 weeks.71

Methylparaben was associated with a statistically signifi-

cant higher incidence of abnormal sperm in rats exposed to

1,000 ppm or 10,000 ppm in the diet for 8 weeks, mostly sperm

with no head in 4% to 5% of sperm, compared with 2.3% in 100

ppm and control groups.50 Measurements of hormone concen-

trations were generally not altered, except that T and FSH

concentrations were higher in the 10,000 ppm Butylparaben-

treated group, compared with the control group. The authors

concluded that the no observed adverse effect concentration

was the highest concentration tested (10,000 ppm),
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corresponding to a NOAEL of about 1,140 and 1,100 mg/kg/d

for Methylparaben and Butylparaben, respectively.

Histopathologic examination revealed progressive detach-

ment and sloughing of spermatogenic cells into the lumen of

the seminiferous tubules and reduction and/or disappearance of

tubular lumen 3 hours after a single 1,000 mg/kg oral dosage of

Butylparaben in rats.72 Terminal deoxynucleotidyl transferase–

mediated fluorescein-dUTP nick end labeling (TUNEL) assays

revealed a substantial increase in the number of apoptotic sper-

matogenic cells in the treated rats; the effect was maximal at

6 hours.

Subcutaneous. Subcutaneous DART studies are also summar-

ized in Table 13.

Aquatic. Zebrafish embryos were exposed to sublethal concen-

trations of Methylparaben: 0.1, 1, 10, and 100 ppb. A signifi-

cant inhibition in the acetylcholinesterase activity, as well as an

increase in cortisol levels, was observed in the exposed

groups.73 Alterations in developmental landmarks such as heart

rate and hatching percentage were observed in embryos

exposed to 10 ppb and 100 ppb of Methylparaben. Anxiety-

like behavior was induced in larvae exposed to 0.1 and 1 ppb

of Methylparaben.

Exposure of zebrafish embryos to Methylparaben at 200,

400, 800, and 1,000 mM for 96 hours postfertilization (hpf)

resulted in decreased heart rate and hatching rate and develop-

mental abnormalities, including pericardial edema blood cell

accumulation and bent spine.74 The 96 hpf LC50 of Methylpar-

aben was 428 mM (0.065 mg/L) and expression of vitellogenin

was significantly upregulated compared to the control group in

larval zebrafish exposed to 100 mM (0.015mg/L) of Methylpar-

aben till 96 hpf.

Genotoxicity Studies

1984

Numerous mutagenicity studies, including the Ames test,

dominant lethal assay, host-mediated assay, and cytogenic

assays, indicate that the Methylparaben, Ethylparaben, and

Propylparaben are nonmutagenic.46

1995

Chinese hamster fibroblast cell lines treated with 0.03% Iso-

butylparaben had no chromosomal aberrations after 48 hours.48

At a concentration of 1 mg/plate, Isobutylparaben and Isopro-

pylparaben had negative Ames tests in Salmonella typhimur-

ium. After 48 hours, cells treated with 0.125 mg/mL

Isopropylparaben or 0.6 mg/mL Isobutylparaben in ethanol had

2.0% and 3.0% polyploid cells, respectively. Both had a 1%
incidence of structural chromosomal aberrations.

2008

A number of genotoxicity studies suggest the Methylparaben,

Propylparaben, Isopropylparaben, and Butylparaben are gener-

ally nonmutagenic.2 Ethylparaben, Propylparaben, and Butylpar-

aben induced 1% to 3% increases in polyploid cell production in

an in vitro assay using Chinese hamster ovary (CHO) cells; Ethyl-

paraben and Methylparaben were judged to induce significant

chromosomal aberrations (11.0% and 15.0% increases, respec-

tively) in the same study.

In Vitro

Methylparaben. Human spermatozoa were exposed to 13 mM

Methylparaben for 2 or 5 hours.75 Methylparaben had no sig-

nificant effect on DNA fragmentation as measured by the

TUNEL and the sperm chromatin dispersion assays in human

spermatozoa. A statistically significant decrease in spermatozoa

motility was observed after 2 and 5 hours. After 5 hours of

exposure, a significant increase in the following parameters was

observed in a time-dependent manner: Annexin V and fluores-

cently labeled inhibitor of caspase assay signals, mitochondrial

and total superoxide generation, and 8-hydroxy-20-deoxyguano-

sine (8OHdG) production. In contrast, Methylparaben at a con-

centration of 2.5 mM did not induce any significant changes to

the motility, vitality, mitochondrial reactive oxygen species

(ROS) production, and 8OHdG formation over the 5-hour time

exposure period.

Propylparaben. Vero cells (derived from African green monkey

kidney) were grown and incubated for 24 hours with 0, 50, 200,

300, 400, or 500 mM Propylparaben at 37 �C in Dulbecco’s

modified Eagle medium (DMEM) supplemented with 5% fetal

calf serum (FCS), 100 U/mL penicillin, 100 mg/mL streptomy-

cin, and 2 mM L-glutamine.76 A statistically significant, dose-

dependent decrease in percentage of mitotic cells was observed

across the concentrations tested (4-fold decrease at 500 mM,

compared with control). Flow cytometric analysis of DNA

content revealed that the decline was attributable mainly to cell

cycle arrest at the G0/G1 phase. Immunodetection techniques

revealed statistically significant induction of DNA DSBs

(2-fold compared to control) verified by 8OHdG staining at all

concentrations tested (maximum intensity at 500 mM).

The CHO cells were grown and incubated for 1 or 3 hours

with 0, 0.5, 1, 1.5, 2, or 2.5 mM Propylparaben.77 Sister chro-

matid exchange (SCE), chromosome aberration (CA), and

DNA strand break (comet) assays were performed. Statistically

significantly elevated SCEs/cell and CAs/cell were observed in

cells incubated with Propylparaben (�1.5 mM) and Propylpar-

aben (�1.0 mM) for 3 hours, respectively.

Human spermatozoa were exposed to 2.5 mM Propylpara-

ben for 2 or 5 hours.75 A statistically significant reduction in

sperm motility and stimulation of mitochondrial ROS were

observed at both time points. After 2 hours, Propylparaben

exposure resulted in a significant loss of mitochondrial mem-

brane potential.
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Butylparaben. The CHO cells were incubated for 1 or 3 hours

with 0, 0.2, 0.4, 0.6, 0.8, or 1.0 mM or 0, 0.1, 0.25, 0.5, or 0.75

mM, respectively Butylparaben.77 Sister chromatid exchange,

CA, and DNA strand break (comet) assays were performed.

Statistically significantly elevated indices of DNA fragmenta-

tion were observed in cells incubated for 1 hours with�0.4 mM

Butylparaben. Comparatively high incidences of fragmentation

were observed. Statistically significant, elevated SCEs/cell and

CAs/cell were observed in cells incubated with 0.75 mM Butyl-

paraben for 3 hours.

Methylparaben, Ethylparaben, Propylparaben, and Butylparaben.
Human spermatozoa were exposed to a paraben mixture con-

taining equal concentrations of Methylparaben, Ethylparaben,

Propylparaben, and Butylparaben for 24 hours.75 Significantly

reduced motility was observed immediately after the treatment

and was further exacerbated after 24 hours at concentrations of

1, 2, and 4 mM (ie, a mixture containing 250, 500, and 1,000

mM of each paraben). After 24 hours, spermatozoa that had

been treated with 0.2 and 1 mM of the paraben mixture exhib-

ited a significant increase in the generation of mitochondrial

ROS, which then declined in concert with the loss of cell via-

bility. An acute total superoxide response was also observed

with dihydroethidium shortly after exposure of parabens,

which became statistically significant at 2 and 4 mM. Caspase

activation was observed following exposure to concentrations

of parabens above 1 mM and increased still further after

24 hours.

In Vivo

No published in vivo genotoxicity studies were discovered in

the published literature, and no unpublished data were

submitted.

Carcinogenicity Studies

No new published dermal, oral, or inhalation carcinogenicity

studies were discovered in the published literature, and no

unpublished data were submitted since the 2008 CIR report.

1984

Methylparaben was noncarcinogenic when administered intra-

vaginally in rats and was not co-carcinogenic when injected

with dibenzo[a, i]pyrene subcutaneously in mice.46 Propylpar-

aben was noncarcinogenic in a study of transplacental

carcinogenesis.

1995

No changes in either neoplasm incidence or time to neoplasm

development were observed in mice dosed with 0.15, 0.3, or

0.6% Isobutylparaben in the feed for 102 weeks as compared

with controls.48

2008

Isobutylparaben and Butylparaben were noncarcinogenic when

given to mice in diet at levels of 0.15%, 0.3%, and 0.6% for 102

weeks, respectively.2

Other Relevant Studies

Endocrine Activity

2008. Butylparaben binds to ERs in isolated rat uteri, with an

affinity orders of magnitude less than natural E2.2 The estro-

genic effect of parabens has been estimated by their competi-

tive binding to the human ERs a and b. With diethylstilbestrol

binding affinity set at 100, the relative binding affinity of the

parabens increased as a function of chain length from not

detectable for Methylparaben to 0.267 + 0.027 for human

ER-a and 0.340 + 0.031 for human ER-b for Isobutylparaben.

In a study of AR binding, Propylparaben exhibited weak com-

petitive binding, but Methylparaben had no binding effect at

all.

Methylparaben failed to produce any effect in uterotrophic

assays in 2 laboratories but did produce an effect in other

studies from another laboratory. The potency of Methylparaben

was 1,000 to 20,000 less when compared to natural E2. The

same pattern was reported for Ethylparaben, Propylparaben,

and Butylparaben when potency was compared to natural E2;

in positive studies, the potency of Ethylparaben was 346 to

25,000 less, the potency of Propylparaben was 1,612 to

20,000 less, and the potency of Butylparaben was 436 to

16,666 less. In 2 studies, Isobutylparaben did produce an estro-

genic response in the uterotrophic assay, but the potency was

240,000 to 4,000,000 less than E2. In 1 study, Benzylparaben

produced an estrogenic response in the uterotrophic assay, but

the potency was 330,000 to 3,300,000 less than E2.

Estrogenic activity of parabens and 4-Hydroxybenzoic Acid

was increased in human breast cancer cells in vitro, but the

increases were around 4 orders of magnitude less than that of

E2. Several overviews of the endocrine disruption (estrogenic

and androgenic effects) generally note that any effect of para-

bens is weak.

Another assessment of the endocrine disrupting/estrogenic

potential of parabens noted that parabens do not have geno-

toxic, carcinogenic, or teratogenic potential and are rapidly

hydrolyzed to 4-Hydroxybenzoic Acid and excreted. This

assessment noted that parabens are able to bind estrogen and

ARs, activate estrogen-responsive genes, stimulate cellular

proliferation, and increase levels of ER protein. To place the

in vitro data in context, the assessment cited the comparisons of

parabens activity with E2 and diethylstilbestrol (2 to 5 orders of

magnitude lower) and phytoestrogens, including isoflavones

(comparable or less). This assessment acknowledged increases

or decreases in testes, epididymides, or prostate weights in

male animals exposed to Butylparaben and Propylparaben and

lower sperm counts in rats and mice exposed to Butylparaben

and in rats exposed to Propylparaben, but discounted these

36S International Journal of Toxicology 39(Supplement 1)



T
a
b

le
1
4
.

E
n
d
o
cr

in
e

A
ct

iv
it
y.

T
es

t
su

b
st

an
ce

(s
)

Sp
ec

ie
s/

st
ra

in
Sa

m
p
le

ty
p
e/

te
st

p
o
p
u
la

ti
o
n
/s

ex
C

o
n
ce

n
tr

at
io

n
/d

o
sa

ge
(v

eh
ic

le
)

P
ro

ce
d
u
re

R
es

u
lt
s

R
ef

er
en

ce

In
vi

tr
o

B
u
ty

lp
ar

ab
en

M
o
u
se

(s
tr

ai
n

n
o
t

sp
ec

ifi
ed

)

M
u
ri

n
e

N
IH

-3
T

3
-L

1
fib

ro
b
la

st
s

0
,
1
,
3
,
1
0
,
3
0
,
an

d
1
0
0
mM

in
D

M
SO

(<
0
.3

%
)

Fo
r

th
e

m
P
P
A

R
a/
g

tr
an

sa
ct

iv
at

io
n

as
sa

y,
ce

lls
w

er
e

tr
an

sf
ec

te
d

w
it
h

th
e

lu
ci

fe
ra

se
re

p
o
rt

er
p
la

sm
id

4
x
U

A
S-

T
K

an
d

ei
th

er
ga

l4
-

D
B

D
_
m

P
P
A

R
aL

B
D

o
r

ga
l4

-D
B

D
_
m

P
P
A

R
cL

B
D

ex
p
re

ss
io

n
ve

ct
o
rs

;
m

ed
ia

co
n
ta

in
in

g
B

u
ty

lp
ar

ab
en

w
as

ad
d
ed

an
d

ce
lls

in
cu

b
at

ed
fo

r
2
2

h
o
u
rs

at
3
7
� C

Fo
r

an
al

ys
is

o
f
th

e
h
u
m

an
P
P
A

R
,
ce

lls
w

er
e

tr
an

sf
ec

te
d

w
it
h

ex
p
re

ss
io

n
p
la

sm
id

fo
r

th
e

lig
an

d
b
in

d
in

g
d
o
m

ai
n

o
f
th

e
h
P
P
A

R
a

o
r

h
P
P
A

R
g

co
u
p
le

d
to

G
al

4
an

d
a

p
la

sm
id

co
n
ta

in
in

g
an

U
A

S
lin

ke
d

lu
ci

fe
ra

se
re

p
o
rt

er
ge

n
e

(U
A

S-
T

K
-l
u
c)

Fo
r

th
e

ad
ip

o
cy

te
d
iff

er
en

ti
at

io
n

as
sa

y,
co

n
flu

en
t

ce
lls

w
er

e
ex

p
o
se

d
to

in
d
u
ct

io
n

co
ck

ta
il

fo
r

3
d
ay

s,
th

e
m

ed
iu

m
w

as
th

en
re

p
la

ce
d

w
it
h

d
iff

er
en

ti
at

io
n

m
ed

iu
m

w
it
h

0
.1

%
D

M
SO

(v
eh

ic
le

)
o
r

B
u
ty

lp
ar

ab
en

an
d

th
e

m
ed

iu
m

ch
an

ge
d

ev
er

y
2

d
ay

s
u
n
ti
l
d
ay

6
,

w
h
en

th
e

p
la

te
s

w
er

e
st

ai
n
ed

w
it
h

O
R

O
;r

o
si

gl
it
az

o
n
e

se
rv

ed
as

a
p
o
si

ti
ve

co
n
tr

o
l
co

m
p
o
u
n
d

C
yt

o
to

x
ic

it
y

w
as

ev
al

u
at

ed
in

p
ar

al
le

l
ex

p
er

im
en

ts
n
o
t

u
se

d
fo

r
O

il
R

ed
st

ai
n
in

g,
w

it
h

re
sa

zu
ri

n
fo

r
3

h
o
u
rs

fo
llo

w
ed

b
y

m
ea

su
ri

n
g

flu
o
re

sc
en

ce
T

o
q
u
an

ti
fy

th
e

co
n
ce

n
tr

at
io

n
s

o
f
re

si
st

in
,
le

p
ti
n
,
an

d
ad

ip
o
n
ec

ti
n

in
th

e
su

p
er

n
at

an
t

fr
o
m

th
e

ad
ip

o
cy

te
d
iff

er
en

ti
at

io
n

as
sa

y
u
si

n
g

co
m

m
er

ci
al

ly
-a

va
ila

b
le

as
sa

y
ki

ts

W
ea

k
ac

ti
va

ti
o
n

o
f
m

P
P
A

R
a

w
as

se
en

w
it
h

th
e

h
ig

h
es

t
co

n
ce

n
tr

at
io

n
s

o
f
B

u
ty

lp
ar

ab
en

B
u
ty

lp
ar

ab
en

ac
ti
va

te
d

m
P
P
A

R
g

w
it
h

an
LO

E
C

o
f
3
0
mM

an
d

a
m

ax
im

al
4
-f

o
ld

in
d
u
ct

io
n

at
1
0
0
mM

T
h
e

h
u
m

an
d
at

a
fo

r
B

u
ty

lp
ar

ab
en

(h
P
P
A

R
a

an
d

h
P
P
A

R
g)

w
er

e
co

m
p
ar

ab
le

to
th

o
se

o
b
ta

in
ed

w
it
h

m
P
P
A

R
a

an
d

m
P
P
A

R
g

B
u
ty

lp
ar

ab
en

sh
o
w

ed
in

d
u
ct

io
n

o
f
lip

id
ac

cu
m

u
la

ti
o
n

at
2
0
mM

,
an

d
in

cr
ea

se
d

le
p
ti
n
,
re

si
st

in
,
an

d
ad

ip
o
n
ec

ti
n

re
le

as
e

7
8

M
et

h
yl

p
ar

ab
en

E
th

yl
p
ar

ab
en

P
ro

p
yl

p
ar

ab
en

B
u
ty

lp
ar

ab
en

Is
o
b
u
ty

lp
ar

ab
en

C
h
in

es
e

h
am

st
er

C
H

O
ce

lls
,
A

R
-

tr
an

sf
ec

te
d

0
,1

2
co

n
ce

n
tr

at
io

n
s

w
it
h
in

th
e

ra
n
ge

o
f
0
.0

2
5
-5

0
mM

C
el

ls
w

er
e

tr
an

sf
ec

te
d

w
it
h

th
e

ex
p
re

ss
io

n
ve

ct
o
r

p
SV

A
R

0
an

d
th

e
M

M
T

V
LU

C
re

p
o
rt

er
p
la

sm
id

;t
es

t
co

m
p
o
u
n
d
s

w
er

e
ad

d
ed

to
th

e
ce

lls
w

it
h

o
r

w
it
h
o
u
t

0
.0

1
n
M

o
f
th

e
A

R
ag

o
n
is

t
R

1
8
8
1

T
h
e

p
ri

n
ci

p
le

o
f
co

n
ce

n
tr

at
io

n
ad

d
it
io

n
w

as
ap

p
lie

d
to

p
re

d
ic

t
th

e
ef

fe
ct

s
ca

u
se

d
b
y

an
eq

u
im

o
la

r
(1

:1
:1

:1
:1

)
o
f
th

e
p
ar

ab
en

s;
co

n
ce

n
tr

at
io

n
–
re

sp
o
n
se

re
la

ti
o
n
sh

ip
fo

r
th

e
m

ix
tu

re
w

as
ca

lc
u
la

te
d

u
si

n
g

d
at

a
fit

te
d

fr
o
m

th
e

co
n
ce

n
tr

at
io

n
–
re

sp
o
n
se

cu
rv

es
o
f
th

e
in

d
iv

id
u
al

co
m

p
o
u
n
d
s

O
n
ly

Is
o
b
u
ty

lp
ar

ab
en

an
ta

go
n
iz

ed
th

e
A

R
;t

h
e

ef
fe

ct
w

as
st

at
is

ti
ca

lly
si

gn
ifi

ca
n
t

at
�

2
5
mM

B
u
ty

lp
ar

ab
en

an
d

P
ro

p
yl

p
ar

ab
en

in
h
ib

it
ed

th
e

R
1
8
8
1
-i
n
d
u
ce

d
re

sp
o
n
se

,
b
u
t

o
n
ly

at
cy

to
to

x
ic

co
n
ce

n
tr

at
io

n
s

T
h
e

m
ix

tu
re

w
as

p
re

d
ic

te
d

to
an

ta
go

n
iz

e
th

e
A

R
at

co
n
ce

n
tr

at
io

n
s

�
2
mM

7
9

B
u
ty

lp
ar

ab
en

H
u
m

an
M

D
A

-k
b
2

h
u
m

an
b
re

as
t

ca
rc

in
o
m

a
ce

lls
0
-2

0
0
mM

(s
to

ck
an

d
w

o
rk

in
g

so
lu

ti
o
n
s

in
D

M
SO

)
C

el
ls

w
er

e
in

cu
b
at

ed
fo

r
2
4

h
o
u
rs

,w
it
h

o
r

w
it
h
o
u
t

D
H

T
(1

,0
0
0

p
M

)
in

p
h
en

o
l
re

d
-f

re
e

cu
lt
u
re

m
ed

iu
m

at
3
7
� C

B
u
ty

lp
ar

ab
en

,
te

st
ed

in
d
iv

id
u
al

ly
,
h
ad

n
o

st
at

is
ti
ca

lly
si

gn
ifi

ca
n
t

an
d
ro

ge
n

ag
o
n
is

ti
c

ac
ti
vi

ty
b
u
t

ex
h
ib

it
ed

co
n
ce

n
tr

at
io

n
-

d
ep

en
d
en

t
an

ti
an

d
ro

ge
n
ic

ac
ti
vi

ty
at
>

1
0
mM

1
9
6

P
ro

p
yl

p
ar

ab
en

B
u
ty

lp
ar

ab
en

H
u
m

an
M

D
A

-k
b
2

h
u
m

an
b
re

as
t

ca
rc

in
o
m

a
ce

lls
0
,1

0
mM

,e
th

an
o
lv

eh
ic

le
(0

.1
%

fin
al

co
n
ce

n
tr

at
io

n
)

B
T

-4
7
4

ce
lls

ar
e

H
E
R

2
n
eg

at
iv

e
an

d
E
R
a

p
o
si

ti
ve

;
M

C
F-

7
ce

lls
ar

e
E
R
a

p
o
si

ti
ve

an
d

H
E
R

2
n
eg

at
iv

e;
SK

B
R

3
ce

lls
ar

e
H

E
R

2
p
o
si

ti
ve

an
d

E
R
a

n
eg

at
iv

e
A

ll
ce

lls
w

er
e

gr
o
w

n
in

p
h
en

o
l
re

d
-f

re
e

cu
lt
u
re

m
ed

iu
m

an
d

in
cu

b
at

ed
fo

r
2

h
o
u
rs

(f
o
r

R
T

-P
C

R
an

d
W

es
te

rn
b
lo

t
an

al
ys

is
)

o
r

fr
o
m

1
to

3
h
o
u
rs

(f
o
r

ch
ro

m
at

in
im

m
u
n
o
p
re

ci
p
it
at

io
n

an
al

ys
is

),
w

it
h

an
d

w
it
h
o
u
t

B
u
ty

lp
ar

ab
en

,
w

it
h

an
d

w
it
h
o
u
t

th
e

H
E
R

2
H

R
G

at
2
7
� C

P
ro

p
yl

p
ar

ab
en

an
d

B
u
ty

lp
ar

ab
en

st
at

is
ti
ca

lly
si

gn
ifi

ca
n
tl
y,

sy
n
er

gi
st

ic
al

ly
,
el

ev
at

ed
c-

M
yc

m
R

N
A

ex
p
re

ss
io

n
in

B
T

-4
7
4

ce
lls

in
th

e
p
re

se
n
ce

o
f
H

R
G

;
B

u
ty

lp
ar

ab
en

w
as

se
le

ct
ed

fo
r

fu
rt

h
er

st
u
d
y

b
ec

au
se

it
w

as
m

o
st

ef
fe

ct
iv

e
In

B
T

-4
7
4

ce
lls

,
n
o

in
cr

ea
se

in
c-

M
yc

p
ro

te
in

co
n
ce

n
tr

at
io

n
s

w
as

o
b
se

rv
ed

w
it
h

B
u
ty

lp
ar

ab
en

o
r

H
R

G
al

o
n
e;

in
th

e
p
re

se
n
ce

o
f

H
R

G
w

it
h

1
mM

an
d

1
0
mM

B
u
ty

lp
ar

ab
en

,
th

e
in

cr
ea

se
in

c-
M

yc
p
ro

te
in

co
n
ce

n
tr

at
io

n
s

w
as

si
m

ila
r

to
th

at
in

d
u
ce

d
b
y

0
.0

1
mM

E
2

p
lu

s
H

R
G

;t
h
e

in
cr

ea
se

w
as

b
lo

ck
ed

b
y

E
R

an
ta

go
n
is

ts
IC

I1
8
2
,7

8
0
,

ra
lo

x
ife

n
e,

an
d

ta
m

o
x
ife

n
;
M

C
F-

7
ce

lls
-t

re
at

ed
B

u
ty

lp
ar

ab
en

ex
h
ib

it
ed

a
si

m
ila

r
en

h
an

ce
m

en
t

o
f
H

R
G

-i
n
d
u
ce

d
c-

M
yc

p
ro

te
in

ex
p
re

ss
io

n
;
n
o

sy
n
er

gi
st

ic
in

cr
ea

se
in

c-
M

yc
p
ro

te
in

co
n
ce

n
tr

at
io

n
s

w
as

o
b
se

rv
ed

in
SK

B
R

3
ce

lls
B

u
ty

lp
ar

ab
en

in
cr

ea
se

d
th

e
n
u
m

b
er

o
fB

T
-4

7
4

ce
lls

en
te

ri
n
g

S-
p
h
as

e
(E

C
5
0
¼

0
.5

5
1
mM

);
th

e
ef

fe
ct

w
as

en
h
an

ce
d

in
th

e
p
re

se
n
ce

o
f

H
R

G
(E

C
5
0
¼

0
.0

2
4
mM

)
A

ft
er

1
-h

o
u
r

tr
ea

tm
en

t
w

it
h

H
R

G
an

d
B

u
ty

lp
ar

ab
en

to
ge

th
er

,
m

ax
im

al
8
-f

o
ld

en
h
an

ce
m

en
t

o
f
E
R
a

b
in

d
in

g
to

c-
M

yc
en

h
an

ce
r

se
q
u
en

ce
w

as
o
b
se

rv
ed

in
B

T
-4

7
4

ce
lls

;
B

u
ty

lp
ar

ab
en

en
h
an

ce
d

b
in

d
in

g
ab

o
u
t

4
-f

o
ld

an
d

H
R

G
<

2
-f

o
ld

b
y

co
m

p
ar

is
o
n

8
0

(c
on

tin
ue

d)

37S



T
a
b

le
1
4
.

(c
o
n
ti
n
u
ed

)

T
es

t
su

b
st

an
ce

(s
)

Sp
ec

ie
s/

st
ra

in
Sa

m
p
le

ty
p
e/

te
st

p
o
p
u
la

ti
o
n
/s

ex
C

o
n
ce

n
tr

at
io

n
/d

o
sa

ge
(v

eh
ic

le
)

P
ro

ce
d
u
re

R
es

u
lt
s

R
ef

er
en

ce

P
ro

p
yl

p
ar

ab
en

B
u
ty

lp
ar

ab
en

H
u
m

an
M

D
A

-k
b
2

h
u
m

an
b
re

as
t

ca
rc

in
o
m

a
ce

lls
0
,1

0
n
m

,a
n
d

1
mM

,d
is

so
lv

ed
in

D
M

SO
(v

eh
ic

le
)

C
el

ls
,

st
ab

ly
tr

an
sf

o
rm

ed
w

it
h

M
M

T
V

-l
u
ci

fe
ra

se
,

w
er

e
cu

lt
u
re

d
in

Le
ib

o
vi

tz
’s

L-
1
5

m
ed

iu
m

w
it

h
1
0
%

FB
S,

1
0
0

U
/m

L
p
en

ic
ill

in
,

1
0
0

m
g/

m
L

st
re

p
to

m
yc

in
,

an
d

p
re

tr
ea

te
d

w
it
h

an
d
ro

ge
n

an
ta

go
n
is

t
flu

-
ta

m
id

e
(5

mM
)

at
3
7
� C

;
ce

lls
th

en
in

cu
b
at

e
d

2
4

h
o
u
rs

w
it
h

an
d

w
it
h
o
u
t

te
st

co
m

p
o
u
n
d
,
an

d
ev

al
u
at

ed
b
y

m
ea

n
s

o
f
a

ce
ll

p
ro

lif
er

a-
ti
o
n

as
sa

y
an

d
an

as
sa

y
fo

r
gl

u
co

co
rt

ic
o
id

ac
ti
vi

ty
(l
u
ci

fe
ra

se
re

p
o
rt

er
ge

n
e)

E
C

5
0

fo
r

gl
u
co

co
rt

ic
o
id

-l
ik

e
ac

ti
vi

ty
w

as
1
.7

5
m

M
fo

r
B

u
ty

lp
ar

ab
en

an
d

1
3
.0

1
m

M
fo

r
P
ro

p
yl

p
ar

ab
en

;
B

u
ty

lp
ar

ab
en

an
d

P
ro

p
yl

p
ar

ab
en

te
st

ed
se

p
ar

at
el

y
in

d
u
ce

d
gl

u
co

co
rt

ic
o
id

-l
ik

e
ac

ti
vi

ty
at

1
mM

,
b
u
t

o
n
ly

B
u
ty

lp
ar

ab
en

in
d
u
ce

d
ac

ti
vi

ty
(4

4
%

h
ig

h
er

th
an

co
n
tr

o
l)

at
1
0

n
M

8
1

M
et

h
yl

p
ar

ab
en

E
th

yl
p
ar

ab
en

P
ro

p
yl

p
ar

ab
en

B
u
ty

lp
ar

ab
en

H
u
m

an
M

D
A

-k
b
2

h
u
m

an
b
re

as
t

ca
rc

in
o
m

a
ce

lls
0

an
d

2
5
mM

in
D

M
SO

(v
eh

ic
le

)
M

D
A

-k
b
2

ce
lls

ar
e

st
ab

ly
tr

an
sf

o
rm

ed
w

it
h

th
e

M
M

T
V

lu
ci

fe
ra

se
n
eo

re
p
o

rt
er

ge
n
e

co
n
st

ru
ct

an
d

e
x
p
re

ss
h
ig

h
le

ve
ls

o
f

fu
n
ct

io
n
al

en
d
o
ge

n
o
u
s

A
R

an
d

G
R

,
w

h
ic

h
ca

n
b
o
th

ac
t

th
ro

u
gh

th
e

M
M

T
V

p
ro

m
o
te

r;
ce

lls
w

er
e

cu
lt
u
re

d
an

d
th

en
in

cu
b
at

ed
fo

r
2
4

h
o
u
rs

,i
n

th
e

p
re

se
n
ce

o
r

ab
se

n
ce

o
f

p
ar

ab
en

,
w

it
h

an
d

w
it
h
o
u
t

th
e

A
R

an
ta

go
n
is

t
flu

ta
m

id
e

(5
mM

),
in

Le
ib

o
vi

tz
’s

L-
1
5

m
ed

iu
m

su
p
p
le

-
m

en
te

d
w

it
h

1
0
%

FB
S,

w
it
h

1
0
0

U
/m

L
p
en

ic
ill

in
an

d
1
0
0
mg

/m
L

st
re

p
to

m
yc

in
at

3
7
� C

B
u
ty

lp
ar

ab
en

st
at

is
ti
ca

lly
si

gn
ifi

ca
n
tl
y

en
h
an

ce
d

th
e

h
yd

ro
co

rt
is

o
n
e-

in
d
u
ce

d
G

R
si

gn
al

b
y

8
5
%

;
M

et
h
yl

p
ar

ab
en

,
E
th

yl
p
ar

ab
en

,
an

d
P
ro

p
yl

p
ar

ab
en

d
id

n
o
t

W
it
h
o
u
t

h
yd

ro
co

rt
is

o
n
e

b
u
t

w
it
h

flu
ta

m
id

e,
E
th

yl
p
ar

ab
en

,
P
ro

p
yl

p
ar

ab
en

,
an

d
B

u
ty

lp
ar

ab
en

in
cr

ea
se

d
G

R
ac

ti
vi

ty
b
y

m
o
re

th
an

5
0
%

,
an

d
M

et
h
yl

p
ar

ab
en

b
y

m
o
re

th
an

2
0
%

8
2

B
u
ty

lp
ar

ab
en

H
u
m

an
T

4
7
D

-K
B

lu
c

h
u
m

an
b
re

as
t

ca
rc

in
o
m

a
ce

lls
(E

R
a

an
d

E
R
b

p
o
si

ti
ve

)

0
,
3
,
1
0
,
3
0
,
6
0
,
an

d
1
0
0
mM

in
D

M
SO

ve
h
ic

le
C

el
ls

w
er

e
in

cu
b
at

ed
in

p
h
en

o
lr

ed
-f

re
e

D
u
lb

ec
co

’s
M

o
d
ifi

ed
E
ag

le
’s

F-
1
2

co
n
ta

in
in

g
1
0
%

ch
ar

co
al

st
ri

p
p
ed

FB
S,

w
it
h

an
d

w
it
h
o
u
t

B
u
ty

lp
ar

ab
en

,
in

th
e

p
re

se
n
ce

o
r

ab
se

n
ce

o
f
E

2
(2

0
p
M

),
fo

r
2
4

h
o
u
rs

at
3
7
� C

B
u
ty

lp
ar

ab
en

ex
h
ib

it
ed

es
tr

o
ge

n
ag

o
n
is

m
at

al
l
co

n
ce

n
tr

at
io

n
s

te
st

ed
;
m

ax
im

u
m

ef
fe

ct
(2

4
%

gr
ea

te
r

th
an

th
at

o
f
E

2
)

w
as

o
b
se

rv
ed

at
1
0
mM

B
u
ty

lp
ar

ab
en

ex
h
ib

it
ed

es
tr

o
ge

n
an

ta
go

n
is

m
at

al
l
co

n
ce

n
tr

at
io

n
s

te
st

ed
in

th
e

p
re

se
n
ce

o
f
3
0

p
M

E
2
;m

ax
im

u
m

ef
fe

ct
s

at
1
0

an
d

3
0

mM
;
ca

lc
u
la

te
d

IC
5
0
¼

5
9
.8

2
mM

8
3

M
et

h
yl

p
ar

ab
en

E
th

yl
p
ar

ab
en

P
ro

p
yl

p
ar

ab
en

B
u
ty

lp
ar

ab
en

Is
o
b
u
ty

lp
ar

ab
en

H
u
m

an
M

C
F-

7
h
u
m

an
b
re

as
t

ad
en

o
ca

rc
in

o
m

a
ce

lls
R

an
ge

o
fc

o
n
ce

n
tr

at
io

n
s

te
st

ed
w

as
n
o
t

sp
ec

ifi
ed

,
et

h
an

o
l

ve
h
ic

le

C
el

ls
p
re

p
ar

ed
as

m
o
n
o
la

ye
r

cu
lt
u
re

s
in

D
u
lb

ec
co

’s
m

o
d
ifi

ed
E
ag

le
’s

m
ed

iu
m

su
p
p
le

m
en

te
d

w
it
h

5
%

(v
o
l/
vo

l)
FC

S,
1
0

m
g/

m
L

in
su

lin
,

an
d

1
0
-8

M
E

2
at

3
7
� C

;
in

cu
b
at

ed
w

it
h

o
r

w
it
h
o
u
t

p
ar

ab
en

o
r

E
2

fo
r

7
o
r

1
4

d
ay

s;
ce

llu
la

r
p
ro

lif
er

at
io

n
w

as
m

ea
su

re
d

u
si

n
g

a
C

o
u
lt
er

co
u
n
te

r
E
C

1
0
0
,
E
C

5
0
,
LO

E
C

,
an

d
lo

w
es

t
co

n
ce

n
tr

at
io

n
w

h
ic

h
ga

ve
an

in
cr

ea
se

in
ce

ll
n
u
m

b
er

st
at

is
ti
ca

lly
d
iff

er
en

t
(P
<

0
.0

5
)

fr
o
m

th
e

LO
E
C

w
er

e
re

p
o
rt

ed

A
ft

er
1
4

d
ay

s
o
f
ex

p
o
su

re
,t

h
e

E
C

5
0

fo
r

ce
llu

la
r

p
ro

lif
er

at
io

n
ra

n
ge

d
fr

o
m

0
.4

to
4
0
mM

,
LO

E
C

s
fr

o
m

0
.1

to
2
0
mM

,
an

d
N

O
E
C

s
fr

o
m

0
.0

5
to

8
mM

fo
r

th
e

p
ar

ab
en

s;
th

e
p
ar

ab
en

s,
in

d
es

ce
n
d
in

g
o
rd

er
o
f
th

es
e

va
lu

es
,
w

er
e

Is
o
b
u
ty

lp
ar

ab
en
>

B
u
ty

lp
ar

ab
en
>

P
ro

p
yl

p
ar

ab
en
>

E
th

yl
p
ar

ab
en
>

M
et

h
yl

p
ar

ab
en

In
co

m
p
ar

is
o
n
,
co

rr
es

p
o
n
d
in

g
va

lu
es

fo
r

E
2

w
er

e
E
C

5
0
¼

2
�

1
0
�

6

mM
,
LO

E
C
¼

1
0
�

6
mM

,
an

d
1
�

1
0
�

7
mM

A
m

ix
tu

re
o
f
al

l
5

p
ar

ab
en

s,
ea

ch
at

it
s

7
-d

ay
N

O
E
C

,
in

cr
ea

se
d

th
e

n
u
m

b
er

o
f
ce

ll
d
o
u
b
lin

gs
ab

o
ve

th
at

w
it
h

an
y

o
f
th

e
p
ar

ab
en

s
te

st
ed

in
d
iv

id
u
al

ly
,
b
u
t

lo
w

er
th

an
w

it
h

E
2

8
4

P
ro

p
yl

p
ar

ab
en

H
u
m

an
M

C
F-

1
2
A

an
d

M
C

F-
1
0
A

n
o
n
tr

an
sf

o
rm

ed
,

im
m

o
rt

al
iz

ed
b
re

as
t

ep
it
h
el

ia
l
ce

lls
(3

D
cu

lt
u
re

s)

1
0
mM

in
D

M
SO

ve
h
ic

le
A

n
in

vi
tr

o
3
D

m
o
d
el

fo
r

b
re

as
t

gl
an

d
u
la

r
st

ru
ct

u
re

d
ev

el
o
p
m

en
t,

u
si

n
g

b
re

as
t

ep
it
h
el

ia
l
M

C
F-

1
2
A

ce
lls

cu
lt
u
re

d
in

a
re

co
n
st

it
u
te

d
b
as

em
en

t
m

em
b
ra

n
e

m
at

ri
x

(M
at

ri
ge

l)
;
th

e
ce

lls
ar

e
es

tr
o
ge

n
-

re
ce

p
to

r
(E

R
a

an
d

E
R
b)

an
d

G
P
E
R

co
m

p
et

en
t;

ce
lls

w
er

e
cu

lt
u
re

d
,w

it
h

o
r

w
it
h
o
u
t
P
ro

p
yl

p
ar

ab
en

,f
o
r

1
6

d
ay

s
in

M
at

ri
ge

la
t

3
7
� C

E
R
a

an
d

E
R
b

w
er

e
ex

p
re

ss
ed

at
re

la
ti
ve

ly
h
ig

h
le

ve
ls

in
M

C
F-

1
2
A

ce
lls

;M
C

F-
1
0
A

ce
lls

ex
p
re

ss
n
o

m
ea

su
ra

b
le

le
ve

ls
o
fE

R
a

an
d

ve
ry

lo
w

le
ve

ls
o
f
E
R
b;

b
o
th

ce
ll

lin
es

ex
p
re

ss
ed

th
e

tr
an

sm
em

b
ra

n
e

G
P
E
R

M
C

F-
1
2
A

ce
lls

fo
rm

ed
o
rg

an
iz

ed
ac

in
i,

w
it
h

d
ep

o
si

ti
o
n

o
f
b
as

em
en

t
m

em
b
ra

n
e

an
d

h
o
llo

w
lu

m
en

;t
re

at
m

en
t
w

it
h

E
2

o
r

P
ro

p
yl

p
ar

ab
en

re
su

lt
ed

in
d
ef

o
rm

ed
ac

in
i
an

d
fil

lin
g

o
f
th

e
ac

in
ar

lu
m

en
;
th

e
E
R

-
in

h
ib

it
o
r

(I
C

I1
8
2
,7

8
0
)
an

d
/o

r
G

P
E
R

-i
n
h
ib

it
o
r

(G
-1

5
)
in

h
ib

it
ed

th
e

P
ro

p
yl

p
ar

ab
en

-i
n
d
u
ce

d
ef

fe
ct

s
o
n

ac
in

i

8
5

M
et

h
yl

p
ar

ab
en

H
u
m

an
M

o
u
se

(F
V

B
)

M
C

F-
7

an
d

M
D

A
-M

B
-

2
3
1

h
u
m

an
b
re

as
t

ad
en

o
ca

rc
in

o
m

a
ce

lls
H

C
I-

7
-L

u
c2

E
R
þ

P
D

X
h
u
m

an
b
re

as
t

tu
m

o
r

ce
lls

N
o
rm

al
ce

lls
fr

o
m

m
u
ri

n
e

m
am

m
ar

y
gl

an
d
s

o
f
8
-w

ee
k-

o
ld

FV
B

m
ic

e

1
0

n
M

in
et

h
an

o
l
(v

eh
ic

le
co

n
tr

o
l,

0
.1

%
)

C
el

ls
w

er
e

gr
o
w

n
in

ac
co

rd
an

ce
w

it
h

st
an

d
ar

d
p
ro

to
co

ls
;
m

am
m

o
-

sp
h
er

es
w

er
e

es
ta

b
lis

h
ed

,
tr

ea
te

d
w

it
h

0
.1

%
et

h
an

o
l,

1
0

n
M

E 2
,
1
0

n
M

M
et

h
yl

p
ar

ab
en

,1
mM

ta
m

o
x
ife

n
,o

r
1
0
0

n
M

fu
lv

es
tr

an
t

o
n

d
ay

s
4

an
d

7
,
an

d
im

ag
ed

o
n

d
ay

1
0

1
0

n
M

E
2

ex
p
o
su

re
st

im
u
la

te
d

th
e

p
ro

lif
er

at
io

n
o
fM

C
F-

7
ce

lls
7
-f

o
ld

af
te

r
1

w
ee

k
o
f
ex

p
o
su

re
;1

0
n
M

M
et

h
yl

p
ar

ab
en

d
id

n
o
t

h
av

e
th

is
ef

fe
ct

an
d

al
so

fa
ile

d
to

in
cr

ea
se

ex
p
re

ss
io

n
(m

R
N

A
)
o
fp

5
2

(T
FF

1
)

o
r

p
ro

ge
st

er
o
n
e

re
ce

p
to

r
(c

an
o
n
ic

al
es

tr
o
ge

n
-r

es
p
o
n
si

ve
ge

n
es

)
M

C
F-

7
m

am
m

o
sp

h
er

es
tr

ea
te

d
w

it
h

M
et

h
yl

p
ar

ab
en

ex
h
ib

it
ed

in
cr

ea
se

d
ex

p
re

ss
io

n
o
f
A

LD
H

1
(m

ar
ke

r
o
f
h
u
m

an
m

am
m

ar
y

st
em

ce
lls

)
an

d
w

er
e

la
rg

er
th

an
co

n
tr

o
l
an

d
E

2
-t

re
at

ed
m

am
m

o
sp

h
er

es
;
H

C
I-

7
-L

u
c2

an
d

n
o
rm

al
m

u
ri

n
e

m
am

m
o
sp

h
er

es
tr

ea
te

d
w

it
h

1
0

n
M

M
et

h
yl

p
ar

ab
en

w
er

e
al

so
la

rg
er

th
an

co
n
tr

o
ls

M
et

h
yl

p
ar

ab
en

st
at

is
ti
ca

lly
-s

ig
n
ifi

ca
n
tl
y

in
cr

ea
se

d
N

A
N

O
G

,
O

C
T

4
,

an
d

A
LD

H
1

(a
ll

o
f
w

h
ic

h
ar

e
st

em
ce

ll
m

ar
ke

rs
)

m
R

N
A

ex
p
re

ss
io

n
in

b
o
th

M
C

F-
7

an
d

H
C

I-
7
-L

u
c2

m
am

m
o
sp

h
er

es
;

M
et

h
yl

p
ar

ab
en

al
so

u
p
re

gu
la

te
d

N
A

N
O

G
p
ro

te
in

ex
p
re

ss
io

n
in

M
C

F-
7

m
am

m
o
sp

h
er

es
;n

o
n
e

o
f
th

es
e

ef
fe

ct
s

w
er

e
se

en
in

M
D

A
-

M
B

-2
3
1

m
am

m
o
sp

h
er

es
N

ei
th

er
ta

m
o
x
ife

n
n
o
r

fu
lv

es
tr

an
t

in
h
ib

it
ed

ef
fe

ct
s

o
fM

et
h
yl

p
ar

ab
en

o
n

M
C

F-
7

m
am

m
o
sp

h
er

es

8
6

(c
on

tin
ue

d)

38S



T
a
b

le
1
4
.

(c
o
n
ti
n
u
ed

)

T
es

t
su

b
st

an
ce

(s
)

Sp
ec

ie
s/

st
ra

in
Sa

m
p
le

ty
p
e/

te
st

p
o
p
u
la

ti
o
n
/s

ex
C

o
n
ce

n
tr

at
io

n
/d

o
sa

ge
(v

eh
ic

le
)

P
ro

ce
d
u
re

R
es

u
lt
s

R
ef

er
en

ce

M
et

h
yl

p
ar

ab
en

E
th

yl
p
ar

ab
en

P
ro

p
yl

p
ar

ab
en

B
u
ty

lp
ar

ab
en

B
en

zy
lp

ar
ab

en
4
-H

yd
ro

x
yb

en
zo

ic
A

ci
d

M
o
u
se

(s
tr

ai
n

n
o
t

sp
ec

ifi
ed

)
H

u
m

an

M
u
ri

n
e

3
T

3
-L

1
fib

ro
b
la

st
s

D
iff

er
en

ti
at

ed
h
A

D
SC

s

0
,
1
,
1
0
,
1
0
0
mM

in
D

M
SO

ve
h
ic

le
M

u
ri

n
e

3
T

3
-L

1
ce

lls
w

er
e

gr
o
w

n
in

D
M

E
M

co
n
ta

in
in

g
1
0
%

ca
lf

se
ru

m
at

3
7
� C

u
n
ti
lt

h
ey

re
ac

h
ed

co
n
flu

en
ce

;h
A

D
SC

s
w

er
e

gr
o
w

n
an

d
d
iff

er
en

ti
at

ed
ac

co
rd

in
g

to
th

e
su

p
p
lie

r’
s

in
st

ru
ct

io
n
s

Fo
r

th
e

d
et

ec
ti
o
n

o
f
ea

rl
y

ta
rg

et
ge

n
es

,B
u
ty

lp
ar

ab
en

o
r

D
M

SO
w

as
ad

d
ed

to
th

e
m

ed
ia

w
it
h

o
r

w
it
h
o
u
t

d
ex

am
et

h
as

o
n
e

o
r

th
e

d
iff

er
en

ti
at

io
n

co
ck

ta
ils

(c
o
rt

is
o
n
e,

m
et

h
yl

is
o
b
u
ty

x
an

th
in

e,
an

d
in

su
lin

)
Fo

r
th

e
st

u
d
ie

s
o
f
th

e
an

ta
go

n
is

ts
o
f
G

R
o
r

P
P
A

R
g,

ce
lls

w
er

e
p
re

tr
ea

te
d

w
it
h

th
e

an
ta

go
n
is

ts
o
fP

P
A

R
g

(G
W

9
6
6
2

an
d

B
A

D
G

E
)

o
r

G
R

(R
U

-4
8
6
)

o
r

D
M

SO
fo

r
1

h
o
u
r

b
ef

o
re

th
e

ce
lls

w
er

e
tr

ea
te

d
w

it
h

B
u
ty

lp
ar

ab
en

o
r

D
M

SO
in

th
e

p
re

se
n
ce

o
f
th

e
an

ta
go

n
is

t

B
u
ty

lp
ar

ab
en

in
th

e
p
re

se
n
ce

o
f
d
iff

er
en

ti
at

io
n

co
ck

ta
il

en
h
an

ce
d

3
T

3
-L

1
ce

ll
d
iff

er
en

ti
at

io
n
,
as

re
ve

al
ed

b
y

O
R

O
-s

ta
in

ed
lip

id
ac

cu
m

u
la

ti
o
n
,
ad

ip
o
cy

te
m

o
rp

h
o
lo

gi
es

,
an

d
O

R
O

ab
so

rb
an

ce
P
ar

ab
en

s
en

h
an

ce
d

d
iff

er
en

ti
at

io
n

w
it
h

p
o
te

n
ci

es
th

at
in

cr
ea

se
d

w
it
h

th
e

le
n
gt

h
o
ft

h
e

lin
ea

r
al

ky
lc

h
ai

n
(M

et
h
yl

p
ar

ab
en
<

E
th

yl
p
ar

ab
en

<
P
ro

p
yl

p
ar

ab
en
<

B
u
ty

lp
ar

ab
en

),
an

d
th

e
ex

te
n
si

o
n

o
ft

h
e

lin
ea

r
al

ky
l
ch

ai
n

w
it
h

an
ar

o
m

at
ic

ri
n
g

in
B

en
zy

lp
ar

ab
en

fu
rt

h
er

au
gm

en
te

d
ad

ip
o
ge

n
ic

it
y;

4
-H

yd
ro

x
yb

en
zo

ic
A

ci
d

o
r

b
en

zo
ic

ac
id

d
id

n
o
t

h
av

e
th

es
e

ef
fe

ct
s

In
3
T

3
-L

1
ce

lls
,
th

e
p
ar

ab
en

s
al

so
in

d
u
ce

d
m

R
N

A
ex

p
re

ss
io

n
o
f

ad
ip

o
cy

te
m

ar
ke

r
ge

n
es

as
w

el
l
as

ad
ip

o
n
ec

ti
n

an
d

le
p
ti
n

m
R

N
A

,
in

a
co

n
ce

n
tr

at
io

n
-r

el
at

ed
m

an
n
er

,
an

d
ac

ti
va

te
d

G
R

an
d
/o

r
P
P
A

R
g;

n
o

d
ir

ec
t

b
in

d
in

g
to

,
o
r

m
o
d
u
la

ti
o
n

o
f,

th
e

lig
an

d
b
in

d
in

g
d
o
m

ai
n

o
f
G

R
w

as
d
et

ec
te

d
in

co
m

p
et

it
o
r

as
sa

ys
;

5
0
mM

B
u
ty

lp
ar

ab
en

o
r

B
en

zy
lp

ar
ab

en
,
in

th
e

p
re

se
n
ce

o
f

d
iff

er
en

ti
at

io
n

m
ed

ia
,
p
ro

m
o
te

d
lip

id
ac

cu
m

u
la

ti
o
n

in
h
A

D
SC

s
as

ea
rl

y
as

d
ay

3
an

d
th

ro
u
gh

o
u
t

th
e

d
iff

er
en

ti
at

io
n

p
ro

ce
ss

;
o
n

d
ay

1
4
,
B

en
zy

lp
ar

ab
en

sh
o
w

ed
th

e
m

o
st

p
o
te

n
t

ad
ip

o
ge

n
ic

ef
fe

ct
s

(u
p
re

gu
la

ti
o
n

o
f
m

R
N

A
ex

p
re

ss
io

n
o
f
ad

ip
o
cy

te
m

ar
ke

r
ge

n
e

an
d

lip
id

-f
ill

ed
ad

ip
o
cy

te
m

o
rp

h
o
lo

gy
);

1
mM

B
u
ty

lp
ar

ab
en

h
ad

th
e

st
ro

n
ge

st
ad

ip
o
ge

n
ic

ef
fe

ct
s

o
f
th

e
p
ar

ab
en

s
te

st
ed

,
w

h
er

ea
s

E
th

yl
p
ar

ab
en

,P
ro

p
yl

p
ar

ab
en

,a
n
d

B
en

zy
lp

ar
ab

en
h
ad

n
o

ef
fe

ct
at

1
o
r

1
0
mM

)

8
7

B
u
ty

lp
ar

ab
en

M
o
u
se

(F
1

h
yb

ri
d

(C
5
7
B

L/
6
j �
C

B
A

/
C

aj
)

H
u
m

an

O
va

ri
es

fr
o
m

im
m

at
u
re

1
3
-d

ay
-o

ld
fe

m
al

e
m

ic
e

w
er

e
u
se

d
fo

r
fo

lli
cl

e
is

o
la

ti
o
n

H
u
m

an
gr

an
u
lo

sa
ce

ll
(h

G
C

)
w

er
e

is
o
la

te
d

fr
o
m

b
lo

o
d

ce
lls

an
d

fo
lli

cu
la

r
flu

id

1
0

n
M

,
1
0
0

n
M

,
1
mM

,
an

d
1
0

mM
(1

.9
n
g/

m
L

to
1
.9
mg

/m
L)

in
D

M
SO

ve
h
ic

le

A
ft

er
2
4

h
o
u
rs

o
f
in

cu
b
at

io
n

to
al

lo
w

ce
ll

at
ta

ch
m

en
t,

th
e

m
ed

iu
m

w
as

re
p
la

ce
d

b
y

fr
es

h
eq

u
ili

b
ra

te
d

m
ed

iu
m

co
n
ta

in
in

g
d
iff

er
en

t
co

n
ce

n
tr

at
io

n
s

o
f
B

u
ty

lp
ar

ab
en

,
D

E
H

P
,
o
r

a
m

ix
tu

re
o
f
b
o
th

T
h
e

ce
lls

w
er

e
tr

ea
te

d
w

it
h

B
u
ty

lp
ar

ab
en

at
d
iff

er
en

t
co

n
ce

n
tr

at
io

n
s

fo
r

2
4
,
4
8
,
7
2
,
o
r

9
6

h
o
u
rs

T
w

o
co

n
tr

o
l
gr

o
u
p
s

(c
o
n
tr

o
l
an

d
D

M
SO

)
w

er
e

in
cl

u
d
ed

in
ea

ch
ex

p
er

im
en

t
w

h
ic

h
co

n
si

st
ed

o
f
3

in
d
ep

en
d
en

t
cu

lt
u
re

s
P
ro

ge
st

er
o
n
e

o
u
tp

u
t

w
as

m
ea

su
re

d
u
si

n
g

co
m

m
er

ci
al

p
ro

ge
st

er
o
n
e

en
zy

m
e

im
m

u
n
o
as

sa
y

ki
t

In
fo

lli
cl

e
cu

lt
u
re

,D
E
H

P
an

d
B

u
ty

lp
ar

ab
en

at
te

n
u
at

e
es

tr
ad

io
lo

u
tp

u
t

b
u
t

o
n
ly

w
h
en

p
re

se
n
t

to
ge

th
er

B
u
ty

lp
ar

ab
en

at
te

n
u
at

ed
D

E
H

P
-i
n
d
u
ce

d
re

d
u
ct

io
n

in
p
ro

ge
st

er
o
n
e

co
n
ce

n
tr

at
io

n
s

in
th

e
sp

en
t

m
ed

ia
o
f
h
G

C
cu

lt
u
re

s
N

o
ef

fe
ct

s
o
n

fo
lli

cu
la

r
d
ev

el
o
p
m

en
t

o
r

su
rv

iv
al

w
er

e
n
o
te

d
in

th
e

cu
lt
u
re

sy
st

em
s

D
E
H

P
an

d
B

u
ty

lp
ar

ab
en

ad
ve

rs
el

y
af

fe
ct

st
er

o
id

o
ge

n
es

is
fr

o
m

th
e

p
re

an
tr

al
st

ag
e

o
n
w

ar
d

an
d

th
e

ef
fe

ct
s

o
ft

h
es

e
ch

em
ic

al
s

ar
e

b
o
th

st
ag

e-
d
ep

en
d
en

t
an

d
m

o
d
ifi

ed
b
y

co
ex

p
o
su

re

9
0

B
u
ty

lp
ar

ab
en

Is
o
b
u
ty

lp
ar

ab
en

H
u
m

an
M

C
F-

7
an

d
T

4
7
D

H
u
m

an
b
re

as
t

ca
n
ce

r
ce

lls

1
0
mM

in
et

h
an

o
l
o
r

D
M

SO
ve

h
ic

le
M

C
F-

7
an

d
T

4
7
D

ce
lls

w
er

e
tr

ea
te

d
at

1
0
mM

w
it
h

B
u
ty

lp
ar

ab
en

,
Is

o
b
u
ty

lp
ar

ab
en

,
3
-h

yd
ro

x
y

n
-b

u
ty

l
4
-h

yd
ro

x
yb

en
zo

at
e

(3
O

H
),

an
d

2
-h

yd
ro

x
y

is
o

-b
u
ty

l
4
-h

yd
ro

x
yb

en
zo

at
e

(2
O

H
)

fo
r

2
,

4
,

6
,

o
r

1
8

h
o
u
rs

C
el

l
vi

ab
ili

ty
w

as
m

ea
su

re
d

b
y

P
re

st
o
B

lu
e

as
sa

y
G

R
E
B

1
ex

p
re

ss
io

n
w

as
ev

al
u
at

ed
b
y

re
al

-t
im

e
P
C

R
E
R

E
–
lu

ci
fe

ra
se

re
p
o
rt

er
as

sa
y

w
as

p
er

fo
rm

ed
to

d
et

er
m

in
e

w
h
et

h
er

th
e

es
tr

o
ge

n
ic

ac
ti
vi

ty
o
f
th

e
p
ar

ab
en

m
et

ab
o
lit

es
is

m
ed

ia
te

d
b
y

cl
as

si
ca

l
es

tr
o
ge

n
re

ce
p
to

r
m

ed
ia

te
d

si
gn

al
in

g
C

o
m

p
u
ta

ti
o
n
al

d
o
ck

in
g

st
u
d
ie

s
w

er
e

co
n
d
u
ct

ed
to

ex
am

in
e

th
e

lig
an

d
-b

in
d
in

g
d
o
m

ai
n

in
te

ra
ct

io
n
s

b
et

w
ee

n
p
ar

ab
en

co
m

p
o
u
n
d
s

an
d

h
u
m

an
E
R
a

T
h
e

3
O

H
m

et
ab

o
lit

e
in

d
u
ce

d
ce

llu
la

r
p
ro

lif
er

at
io

n
w

it
h

E
C

5
0

o
f
8
.2

mM
in

M
C

F-
7

ce
lls

T
h
e

E
C

5
0

fo
r

3
O

H
in

T
4
7
D

ce
lls

co
u
ld

n
o
t

b
e

re
ac

h
ed

T
h
e

2
O

H
m

et
ab

o
lit

e
in

d
u
ce

d
p
ro

lif
er

at
io

n
w

it
h

E
C

5
0

o
f
2
.2
mM

an
d

4
3
.0

mM
in

M
C

F-
7

an
d

T
4
7
D

ce
lls

,
re

sp
ec

ti
ve

ly
T

h
e

E
C

5
0

fo
r

th
e

p
ar

en
ta

l
Is

o
b
u
ty

lp
ar

ab
en

an
d

B
u
ty

lp
ar

ab
en

w
as

0
.3

0
an

d
1
.2

mM
in

M
C

F-
7

ce
lls

,
re

sp
ec

ti
ve

ly
T

h
e

ex
p
re

ss
io

n
o
f
G

R
E
B

1
w

as
in

d
u
ce

d
b
y

th
es

e
co

m
p
o
u
n
d
s

an
d

b
lo

ck
ed

b
y

co
ad

m
in

is
tr

at
io

n
o
f
an

E
R

an
ta

go
n
is

t
(I

C
I
1
8
2
,
7
8
0
),

co
n
fir

m
in

g
th

e
E
R

-d
ep

en
d
en

ce
o
f
th

es
e

ef
fe

ct
s

T
h
e

m
et

ab
o
lit

es
p
ro

m
o
te

d
si

gn
ifi

ca
n
t

E
R

-d
ep

en
d
en

t
tr

an
sc

ri
p
ti
o
n
al

ac
ti
vi

ty
o
f
an

E
R

E
-l
u
ci

fe
ra

se
re

p
o
rt

er
co

n
st

ru
ct

at
1
0

an
d

2
0
mM

fo
r

2
O

H
an

d
1
0
mM

fo
r

3
O

H
T

h
e

ex
p
re

ss
io

n
o
f
G

R
E
B

1
w

as
si

gn
ifi

ca
n
tl
y

in
d
u
ce

d
in

M
C

F-
7

ce
lls

tr
ea

te
d

b
y

1
0
mM

B
u
ty

lp
ar

ab
en

,
Is

o
b
u
ty

lp
ar

ab
en

,
3
O

H
,
an

d
2
O

H
fo

r
2
,
4
,
an

d
6

h
o
u
rs

M
o
le

cu
la

r
d
o
ck

in
g

p
re

d
ic

ti
o
n

st
u
d
ie

s
sh

o
w

ed
th

at
th

e
p
ar

ab
en

co
m

p
o
u
n
d
s

ex
h
ib

it
ed

th
e

p
o
te

n
ti
al

fo
r

fa
vo

ra
b
le

lig
an

d
-b

in
d
in

g
d
o
m

ai
n

in
te

ra
ct

io
n
s

w
it
h

h
u
m

an
E
R
a

in
a

m
an

n
er

si
m

ila
r

to
kn

o
w

n
X

-r
ay

cr
ys

ta
l
st

ru
ct

u
re

s
o
f
E

2
in

co
m

p
le

x
w

it
h

E
R
a

8
9

(c
on

tin
ue

d)

39S



T
a
b

le
1
4
.

(c
o
n
ti
n
u
ed

)

T
es

t
su

b
st

an
ce

(s
)

Sp
ec

ie
s/

st
ra

in
Sa

m
p
le

ty
p
e/

te
st

p
o
p
u
la

ti
o
n
/s

ex
C

o
n
ce

n
tr

at
io

n
/d

o
sa

ge
(v

eh
ic

le
)

P
ro

ce
d
u
re

R
es

u
lt
s

R
ef

er
en

ce

In
vi

vo
M

et
h
yl

p
ar

ab
en

Z
eb

ra
fis

h
E
m

b
ry

o
s,

n
¼

1
0
/w

el
l

0
.1

,
1
,
1
0
,a

n
d

1
0
0

p
p
b

in
eg

g
w

at
er

T
h
e

co
lle

ct
ed

em
b
ry

o
s

w
er

e
se

gr
eg

at
ed

fo
r

ea
ch

ex
p
o
su

re
gr

o
u
p

in
6
-w

el
l
p
la

te
s

E
x
p
o
su

re
gr

o
u
p
s

w
er

e
m

ai
n
ta

in
ed

in
eg

g
w

at
er

w
it
h

va
ry

in
g

co
n
ce

n
tr

at
io

n
s

o
f
M

et
h
yl

p
ar

ab
en

,
fo

llo
w

in
g

th
e

gu
id

el
in

es
o
f

O
E
C

D
fis

h
em

b
ry

o
ac

u
te

to
x
ic

it
y

as
sa

y
T

h
e

h
at

ch
in

g
an

d
h
ea

rt
ra

te
w

er
e

o
b
se

rv
ed

at
4
8

h
p
f
u
si

n
g

a
m

ic
ro

sc
o
p
e:

p
er

ce
n
ta

ge
o
f
h
at

ch
ed

em
b
ry

o
s

w
as

ca
lc

u
la

te
d

as
n
u
m

b
er

o
f
em

b
ry

o
s

h
at

ch
ed

d
iv

id
ed

b
y

th
e

n
u
m

b
er

o
f
in

cu
b
at

ed
em

b
ry

o
s;

h
ea

rt
ra

te
w

as
re

co
rd

ed
fo

r
3
0

se
co

n
d
s

in
th

e
em

b
ry

o
s

at
4
8

h
p
f

N
o
ve

l
ta

n
k

d
iv

in
g

an
d

lig
h
t–

d
ar

k
p
re

fe
re

n
ce

te
st

:
n
o
ve

l
ta

n
k

d
iv

in
g

w
as

th
en

as
sa

ye
d

in
6
-d

ay
-o

ld
la

rv
ae

u
si

n
g

a
tr

ap
ez

o
id

ta
n
k;

b
eh

av
io

ra
lp

ar
am

et
er

s
o
b
se

rv
ed

,i
n
cl

u
d
in

g
la

te
n
cy

to
re

ac
h

u
p
p
er

h
al

fo
ft

h
e

ta
n
k,

to
ta

ln
u
m

b
er

o
ft

ra
n
si

ti
o
n
s

to
th

e
u
p
p
er

h
al

f,
to

ta
l

ti
m

e
sp

en
t

in
th

e
u
p
p
er

h
al

f,
to

ta
l
er

ra
ti
c

m
o
ve

m
en

ts
an

d
to

ta
l

fr
ee

zi
n
g

b
o
u
ts

,a
n
d

n
at

u
ra

lp
re

fe
re

n
ce

o
f
ze

b
ra

fis
h

to
lig

h
t

o
r

d
ar

k
co

m
p
ar

tm
en

t
C

o
rt

is
o
l
as

sa
y:

a
se

t
o
f
2
0

la
rv

ae
p
er

gr
o
u
p

w
er

e
ta

ke
n

at
6

d
p
f;

th
e

sa
m

p
le

s
w

er
e

h
o
m

o
ge

n
iz

ed
an

d
co

rt
is

o
l
w

as
es

ti
m

at
ed

u
si

n
g

co
m

m
er

ci
al

ly
av

ai
la

b
le

E
LI

SA
ki

t

A
lt
er

at
io

n
s

in
h
ea

rt
ra

te
an

d
h
at

ch
in

g
p
er

ce
n
ta

ge
w

er
e

o
b
se

rv
ed

in
em

b
ry

o
s

ex
p
o
se

d
to

1
0

an
d

1
0
0

p
p
b

o
f
M

et
h
yl

p
ar

ab
en

N
o
ve

lt
an

k
d
iv

in
g

te
st

in
d
ic

at
ed

th
at

an
x
ie

ty
-l
ik

e
b
eh

av
io

r
is

in
d
u
ce

d
in

la
rv

ae
ex

p
o
se

d
to

0
.1

an
d

1
p
p
b

o
f
M

et
h
yl

p
ar

ab
en

M
et

h
yl

p
ar

ab
en

ex
p
o
su

re
in

ze
b
ra

fis
h

at
su

b
le

th
al

co
n
ce

n
tr

at
io

n
in

h
ib

it
ed

A
C

h
E

ac
ti
vi

ty
an

d
in

cr
ea

se
d

co
rt

is
o
l
le

ve
ls

7
3

M
et

h
yl

p
ar

ab
en

Z
eb

ra
fis

h
E
m

b
ry

o
s,

n
¼

3
0
-5

0
/

gr
o
u
p

1
0
0
,
2
0
0
,
4
0
0
,
8
0
0
,
an

d
1
,0

0
0

mM
in

fis
h

w
at

er
M

al
fo

rm
at

io
n
s

su
ch

as
co

ag
u
la

ti
o
n

o
f
em

b
ry

o
,
la

ck
o
f
so

m
it
e

fo
rm

at
io

n
,t

ai
ld

et
ac

h
m

en
t,

an
d

h
ea

rt
b
ea

t
w

er
e

m
o
n
it
o
re

d
at

2
4
,

4
8
,
7
2
,
an

d
9
6

h
p
f

E
m

b
ry

o
to

x
ic

it
y

as
sa

y
w

er
e

ca
rr

ie
d

o
u
t

in
tr

ip
lic

at
es

:
in

a
2
4
-w

el
l

p
la

te
,
3
0

em
b
ry

o
s

w
er

e
ex

p
o
se

d
to

M
et

h
yl

p
ar

ab
en

fo
r

8
h
p
f

N
o
n
le

th
al

m
al

fo
rm

at
io

n
s

lik
e

h
ea

rt
b
ea

t,
h
at

ch
in

g
ra

te
,
p
er

ic
ar

d
ia

l
ed

em
a,

an
d

b
en

t
sp

in
e

w
er

e
o
b
se

rv
ed

u
n
d
er

th
e

m
ic

ro
sc

o
p
e

an
d

vi
te

llo
ge

n
in

I
ge

n
e

ex
p
re

ss
io

n
w

as
an

al
yz

ed
b
y

q
R

T
-P

C
R

W
it
h

in
cr

ea
si

n
g

co
n
ce

n
tr

at
io

n
s

o
f
M

et
h
yl

p
ar

ab
en

2
0
0
mM

,
4
0
0
mM

,
an

d
8
0
0
mM

,t
h
e

h
ea

rt
ra

te
d
ec

re
as

ed
to

3
6
,3

3
,a

n
d

2
2

b
ea

ts
p
er

2
0

se
co

n
d
s

re
sp

ec
ti
ve

ly
,
w

h
ile

co
n
tr

o
l
la

rv
ae

sh
o
w

ed
an

av
er

ag
e

h
ea

rt
ra

te
o
f
4
2

b
ea

ts
A

d
ec

el
er

at
io

n
in

th
e

h
at

ch
in

g
ra

te
w

as
o
b
se

rv
ed

w
it
h

in
cr

ea
si

n
g

co
n
ce

n
tr

at
io

n
o
fM

et
h
yl

p
ar

ab
en

,w
it
h

8
0
%

o
fe

m
b
ry

o
s

h
at

ch
in

g
in

1
0
0
mM

,
5
5
%

in
2
0
0
mM

,
4
0
%

in
4
0
0
mM

,
an

d
1
0
%

in
8
0
0
mM

D
ef

ec
ts

in
cl

u
d
in

g
p
er

ic
ar

d
ia

le
d
em

a
b
lo

o
d

ce
ll

ac
cu

m
u
la

ti
o
n

an
d

b
en

t
sp

in
e

w
er

e
o
b
se

rv
ed

in
al

l
th

e
tr

ea
te

d
co

n
ce

n
tr

at
io

n
,
ex

ce
p
t

at
1
0
0
mM

T
h
e

9
6

h
p
f
LC

5
0

o
f
M

et
h
yl

p
ar

ab
en

w
as

ca
lc

u
la

te
d

to
b
e

4
2
8
mM

(0
.0

6
5

m
g/

L)
In

la
rv

al
ze

b
ra

fis
h

ex
p
o
se

d
to

1
0
0
mM

(0
.0

1
5

m
g/

L)
fo

r
9
6

h
p
f,

ex
p
re

ss
io

n
o
f
vi

te
llo

ge
n
in

I
w

as
si

gn
ifi

ca
n
tl
y

u
p
re

gu
la

te
d

7
4

A
n
im

al
O

ra
l

B
en

zy
lp

ar
ab

en
R

at (S
p
ra

gu
e

D
aw

le
y

an
d

W
is

ta
r)

Im
m

at
u
re

fe
m

al
es

,
n
¼

1
3
-1

4
/g

ro
u
p

0
,
0
.0

0
6
4
,
0
.0

3
2
,
0
.1

6
,
0
.8

,
4
,

an
d

2
0

m
g/

kg
b
w

/d
b
y

ga
va

ge
,i

n
p
ea

n
u
t
o
il

(v
eh

ic
le

)

R
at

s
w

er
e

ex
p
o
se

d
to

B
en

zy
lp

ar
ab

en
fo

r
3

d
ay

s,
b
eg

in
n
in

g
o
n

P
N

D
2
1
;
o
n

P
N

D
2
4
,
th

e
ra

ts
w

er
e

w
ei

gh
ed

an
d

ki
lle

d
,
an

d
u
te

ri
d
is

se
ct

ed
an

d
w

ei
gh

ed

R
el

at
iv

e
u
te

ri
n
e

w
ei

gh
ts

(r
at

io
s

o
f
u
te

ri
n
e

w
ei

gh
ts

to
fin

al
b
o
d
y

w
ei

gh
ts

)
o
f
Sp

ra
gu

e
D

aw
le

y
ra

ts
in

cr
ea

se
d

af
te

r
tr

ea
tm

en
t

w
it
h

�
5
mg

/k
g

b
w

/d
E

2
,
b
u
t

W
is

ta
r

ra
ts

gi
ve

n
u
p

to
1
0
0
mg

/k
g

b
w

/d
E

2

sh
o
w

ed
n
o

o
b
vi

o
u
s

ef
fe

ct
;
4
0
0
mg

/k
g

b
w

/d
E

2
in

cr
ea

se
d

re
la

ti
ve

u
te

ri
n
e

w
ei

gh
t

in
Sp

ra
gu

e
D

aw
le

y
ra

ts
b
y

2
8
1
%

an
d

in
W

is
ta

r
ra

ts
b
y

8
3
%

R
el

at
iv

e
u
te

ri
n
e

w
ei

gh
ts

w
er

e
el

ev
at

ed
in

Sp
ra

gu
e

D
aw

le
y

ra
ts

af
te

r
tr

ea
tm

en
t

w
it
h
�

0
.1

6
m

g/
kg

b
w

/d
(P
<

0
.0

5
)

in
a

d
o
se

-d
ep

en
d
en

t
m

an
n
er

;
re

la
ti
ve

u
te

ri
n
e

w
ei

gh
ts

in
cr

ea
se

d
b
y

3
%

,
7
%

,
1
9
%

,
2
4
%

,
2
7
%

,3
1
%

,a
n
d

3
6
%

in
th

e
0
.0

0
6
4
,0

.0
3
2
,0

.1
6
,0

.8
,4

,2
0

an
d

m
g/

kg
b
w

/d
gr

o
u
p
s,

re
sp

ec
ti
ve

ly
T

h
e

W
is

ta
r

ra
ts

w
er

e
n
o
t

te
st

ed
fo

r
se

n
si

ti
vi

ty
to

B
en

zy
lp

ar
ab

en
in

th
is

st
u
d
y

9
4

(c
on

tin
ue

d)

40S



T
a
b

le
1
4
.

(c
o
n
ti
n
u
ed

)

T
es

t
su

b
st

an
ce

(s
)

Sp
ec

ie
s/

st
ra

in
Sa

m
p
le

ty
p
e/

te
st

p
o
p
u
la

ti
o
n
/s

ex
C

o
n
ce

n
tr

at
io

n
/d

o
sa

ge
(v

eh
ic

le
)

P
ro

ce
d
u
re

R
es

u
lt
s

R
ef

er
en

ce

M
et

h
yl

p
ar

ab
en

E
th

yl
p
ar

ab
en

R
at (S

p
ra

gu
e

D
aw

le
y)

Im
m

at
u
re

fe
m

al
es

(P
N

D
2
0
);

n
¼

6
-9

/g
ro

u
p

(n
¼

1
7

in
o
n
e

o
f
th

e
co

n
tr

o
l
gr

o
u
p
s)

0
,0

.8
,4

,a
n
d

2
0

m
g/

kg
b
w

/d
(2

0
m

g/
kg

b
w

/d
w

h
en

te
st

ed
w

it
h

1
0

m
g/

kg
b
w

/d
fu

lv
es

tr
an

t)
in

p
ea

n
u
t

o
il,

b
y

ga
va

ge

R
at

s
w

er
e

ex
p
o
se

d
to

a
p
ar

ab
en

fo
r

3
d
ay

s,
b
eg

in
n
in

g
o
n

P
N

D
2
1
;

ra
ts

w
e
re

th
e
n

w
e
ig

h
e
d

an
d

sa
cr

if
ic

e
d
,

an
d

u
te

ri
d
is

se
ct

e
d

an
d

w
ei

gh
ed

,a
n
d

re
la

ti
ve

u
te

ri
n
e

w
ei

gh
ts

ca
lc

u
la

te
d
,
ex

ce
p
t

fo
r

1
gr

o
u
p

th
at

w
as

tr
an

sf
er

re
d

o
n

P
N

D
2
3

to
in

d
iv

id
u
al

m
et

ab
o
lic

ca
ge

s
in

w
h
ic

h
o
n
ly

p
u
re

w
at

er
w

as
av

ai
la

b
le

,a
d

lib
it
u
m

,a
n
d

fr
o
m

w
h
ic

h
u
ri

n
e

w
as

co
lle

ct
e
d

fo
r

2
4

h
o

u
rs

an
d

an
al

yz
ed

fo
r

M
e
th

yl
p
ar

ab
e
n

an
d

E
th

yl
p
ar

ab
en

co
n
ce

n
tr

at
io

n
s

R
el

at
iv

e
ex

p
re

ss
io

n
s

o
f
es

tr
o
ge

n
-r

es
p
o
n
si

ve
ge

n
es

in
th

e
u
te

ri
w

er
e

ev
al

u
at

ed
b
y

q
u
an

ti
ta

ti
ve

re
al

-t
im

e
R

T
-P

C
R

LO
E
Ls

fo
r

in
cr

ea
se

d
re

la
ti
ve

u
te

ri
n
e

w
ei

gh
t

af
te

r
tr

ea
tm

en
t

w
it
h

M
et

h
yl

p
ar

ab
en

an
d

E
th

yl
p
ar

ab
en

w
er

e
2
0

an
d

4
m

g/
kg

b
w

/d
,

re
sp

ec
ti
ve

ly
;
N

O
E
Ls

fo
r

M
et

h
yl

p
ar

ab
en

an
d

E
th

yl
p
ar

ab
en

w
er

e
4

an
d

0
.8

m
g/

kg
b
w

/d
,
re

sp
ec

ti
ve

ly
T

h
e

u
te

ro
tr

o
p
h
ic

ef
fe

ct
s

o
f
2
5
mg

/k
g

b
w

/d
E

2
o
r

2
0

m
g/

kg
b
w

/d
M

et
h
yl

p
ar

ab
en

o
r

E
th

yl
p
ar

ab
en

w
er

e
an

ta
go

n
iz

ed
b
y

1
0

m
g/

kg
b
w

/d
fu

lv
es

tr
an

t
E
x
p
re

ss
io

n
o
f
ic

ab
p
,
it
m

ap
1
,
C

aB
P
-9

k,
an

d
/o

r
P
gr

b
io

m
ar

ke
r

ge
n
es

w
er

e
el

ev
at

ed
in

a
co

n
ce

n
tr

at
io

n
-d

ep
en

d
en

t
m

an
n
er

af
te

r
tr

ea
tm

en
t

w
it
h

4
o
r

2
0

m
g/

kg
b
w

/d
M

et
h
yl

p
ar

ab
en

o
r

E
th

yl
p
ar

ab
en

M
ea

n
u
ri

n
ar

y
co

n
ce

n
tr

at
io

n
s

o
ft

h
e

M
et

h
yl

p
ar

ab
en

an
d

E
th

yl
p
ar

ab
en

in
cr

ea
se

d
in

a
d
o
se

-d
ep

en
d
en

t
m

an
n
er

,f
ro

m
4
9
1

to
1
7
,6

3
5

n
g/

m
L

fo
r

M
et

h
yl

p
ar

ab
en

an
d

3
7
6

to
1
1
,9

0
6

n
g/

m
L

fo
r

E
th

yl
p
ar

ab
en

in
ra

ts
th

at
re

ce
iv

ed
0
.8

to
2
0

m
g/

kg
/d

M
et

h
yl

p
ar

ab
en

o
r

E
th

yl
p
ar

ab
en

9
5

E
th

yl
p
ar

ab
en

P
ro

p
yl

p
ar

ab
en

M
o
u
se

(C
5
7
B

L/
6

J)

O
va

ri
ec

to
m

iz
ed

fe
m

al
es

,
8

w
ee

ks
o
f
ag

e,
n
¼

6
/

gr
o
u
p
,
1
1

gr
o
u
p
s

0
,1

,0
0
0

m
g/

kg
b
w

/d
in

co
rn

o
il,

b
y

ga
va

ge
St

u
d
y

w
as

p
er

fo
rm

ed
in

co
m

p
lia

n
ce

w
it
h

O
E
C

D
T

G
4
4
0

(u
te

ro
tr

o
p
h
ic

b
io

as
sa

y
in

ro
d
en

ts
);

m
ic

e
w

er
e

d
o
se

d
d
ai

ly
fo

r
7

co
n
se

cu
ti
ve

d
ay

s;
6
mg

/k
g

b
w

/d
E

2
w

as
gi

ve
n

o
ra

lly
as

th
e

p
o
si

ti
ve

co
n
tr

o
l
in

th
e

te
st

fo
r

ag
o
n
is

m
an

d
su

b
cu

ta
n
eo

u
sl

y
1
5

m
in

u
te

s
af

te
r

ad
m

in
is

tr
at

io
n

o
f
th

e
te

st
co

m
p
o
u
n
d

in
th

e
te

st
fo

r
an

ta
go

n
is

m
;
2
4

h
o
u
rs

af
te

r
th

e
la

st
tr

ea
tm

en
t,

th
e

an
im

al
s

w
er

e
ki

lle
d
,
an

d
u
te

ri
w

er
e

ex
ci

se
d

an
d

w
ei

gh
ed

E
th

yl
p
ar

ab
en

an
d

P
ro

p
yl

p
ar

ab
en

w
er

e
n
eg

at
iv

e
fo

r
es

tr
o
ge

n
ag

o
n
is

m
an

d
an

ta
go

n
is

m

9
6

B
u
ty

lp
ar

ab
en

R
at (S

p
ra

gu
e

D
aw

le
y)

3
-w

ee
k-

o
ld

m
al

es
,
n
¼

8
0
,
1
,0

0
0

m
g/

kg
,
si

n
gl

e
o
ra

l
d
o
sa

ge
in

5
%

et
h
an

o
l/
9
5
%

co
rn

o
il

ve
h
ic

le

R
at

s
w

er
e

ki
lle

d
3
,
6
,
o
r

2
4

h
o
u
rs

af
te

r
ad

m
in

is
tr

at
io

n
o
f

B
u
ty

lp
ar

ab
en

;
te

st
es

w
er

e
co

lle
ct

ed
fo

r
h
is

to
p
at

h
o
lo

gi
ca

l
ex

am
in

at
io

n
,
in

si
tu

te
rm

in
al

d
eo

x
yn

u
cl

eo
ti
d
yl

tr
an

sf
er

as
e-

m
ed

ia
te

d
T

U
N

E
L

as
sa

y,
an

d
an

al
ys

is
u
si

n
g

tr
an

sm
is

si
o
n

el
ec

tr
o
n

m
ic

ro
sc

o
p
y

H
is

to
p
at

h
o
lo

gi
c

ex
am

in
at

io
n

re
ve

al
ed

p
ro

gr
es

si
ve

d
et

ac
h
m

en
t

an
d

sl
o
u
gh

in
g

o
f
sp

er
m

at
o
ge

n
ic

ce
lls

in
to

th
e

lu
m

en
o
f
th

e
se

m
in

ife
ro

u
s

tu
b
u
le

s
an

d
re

d
u
ct

io
n

an
d
/o

r
d
is

ap
p
ea

ra
n
ce

o
f

tu
b
u
la

r
lu

m
en

3
h
o
u
rs

af
te

r
B

u
ty

lp
ar

ab
en

tr
ea

tm
en

t;
Se

rt
o
li

ce
lls

an
d

sp
er

m
at

o
go

n
ia

w
it
h

fe
w

sp
er

m
at

o
cy

te
s

re
m

ai
n
ed

w
it
h
in

th
e

se
m

in
ife

ro
u
s

tu
b
u
le

s
w

er
e

o
b
se

rv
ed

at
6

h
o
u
rs

;t
h
in

se
m

in
ife

ro
u
s

ep
it
h
el

ia
an

d
w

id
e

tu
b
u
la

r
lu

m
en

w
er

e
fo

u
n
d

at
2
4

h
o
u
rs

T
U

N
E
L

as
sa

ys
re

ve
al

ed
a

su
b
st

an
ti
al

in
cr

ea
se

in
th

e
n
u
m

b
er

o
f

ap
o
p
to

ti
c

sp
er

m
at

o
ge

n
ic

ce
lls

in
th

e
tr

ea
te

d
ra

ts
;
th

e
ef

fe
ct

w
as

m
ax

im
al

at
6

h
o
u
rs

,
an

d
d
ec

lin
ed

at
2
4

h
o
u
rs

,
th

o
u
gh

st
ill

su
b
st

an
ti
al

ly
gr

ea
te

r
th

an
in

th
e

co
n
tr

o
ls

A
p
o
p
to

ti
c

sp
er

m
at

o
ge

n
ic

ce
lls

w
er

e
fo

u
n
d

in
se

m
i-
th

in
se

ct
io

n
s

o
f

th
e

te
st

es
to

b
e

m
o
re

fr
eq

u
en

tl
y

in
tr

ea
te

d
ra

ts
,
co

m
p
ar

ed
w

it
h

co
n
tr

o
ls

;
ap

o
p
to

ti
c

ce
lls

w
er

e
ro

u
n
d
ed

u
p

an
d

su
rr

o
u
n
d
ed

b
y

em
p
ty

sp
ac

e,
so

m
et

im
es

ap
p
ea

ri
n
g

to
b
e

se
p
ar

at
e

fr
o
m

n
ei

gh
b
o
ri

n
g

ce
lls

;
tr

an
sm

is
si

o
n

el
ec

tr
o
n

m
ic

ro
sc

o
p
y

re
ve

al
ed

co
n
d
en

se
d

ch
ro

m
at

in
an

d
sh

ri
n
ka

ge
o
f
cy

to
p
la

sm
an

d
n
u
cl

eu
s

o
f

ap
o
p
to

ti
c

sp
er

m
at

o
cy

te
s

7
2

M
et

h
yl

p
ar

ab
en

P
ro

p
yl

p
ar

ab
en

B
u
ty

lp
ar

ab
en

R
at (S

p
ra

gu
e

D
aw

le
y)

Fe
m

al
e

ra
ts

(8
-w

ee
k

o
ld

),
n
¼

6
/g

ro
u
p
,
8

gr
o
u
p
s

1
0
0

m
g/

kg
/d

in
th

e
d
ie

t
R

at
s

w
er

e
o
ra

lly
ex

p
o
se

d
to

1
0
0

m
g/

kg
b
w

/d
fo

r
5

w
ee

ks
;
o
va

ri
an

fo
lli

cl
e

d
ev

el
o
p
m

en
t

an
d

st
er

o
id

sy
n
th

es
is

w
er

e
in

ve
st

ig
at

ed
th

ro
u
gh

re
al

-t
im

e
P
C

R
an

d
h
is

to
lo

gi
ca

l
an

al
ys

es
;
a

d
is

ru
p
to

r
o
f

o
va

ri
an

sm
al

l
p
re

an
tr

al
fo

lli
cl

e
4
-v

in
yl

cy
cl

o
h
ex

en
e

d
ie

p
o
x
id

e
(V

C
D

,
4
0

m
g/

kg
b
w

/d
)

w
as

u
se

d
to

in
d
u
ce

p
re

m
at

u
re

o
va

ri
an

fa
ilu

re
(P

O
F)

P
ro

p
yl

p
ar

ab
en

an
d

B
u
ty

lp
ar

ab
en

tr
ea

tm
en

t
p
ro

lo
n
ge

d
d
ie

st
ru

s
p
h
as

es
an

d
sh

o
rt

en
ed

th
e

in
te

rv
al

o
f
th

e
es

tr
o
u
s

cy
cl

e,
w

h
er

ea
s

M
et

h
yl

p
ar

ab
en

tr
ea

tm
en

t
d
id

n
o
t

N
o

ef
fe

ct
o
n

n
u
m

b
er

o
f
p
ri

m
ar

y
fo

lli
cl

es
,
an

d
se

co
n
d
ar

y
fo

lli
cl

es
sh

o
w

ed
a

d
ec

re
as

e
in

to
ta

l
n
u
m

b
er

in
al

l
tr

ea
te

d
gr

o
u
p
s;

P
ro

p
yl

p
ar

ab
en

an
d

B
u
ty

lp
ar

ab
en

d
ec

re
as

ed
m

R
N

A
le

ve
l
o
f

fo
lli

cu
lo

ge
n
es

is
-r

el
at

ed
ge

n
es

(F
ox

l2
,
K

itl
,
an

d
A
m

h)
A

ll
3

P
ar

ab
en

s
in

d
u
ce

d
an

in
cr

ea
se

in
FS

H
le

ve
ls

in
se

ru
m

,
w

h
ic

h
im

p
lie

d
im

p
ai

rm
en

t
o
f
o
va

ri
an

fu
n
ct

io
n

9
1

(c
on

tin
ue

d)

41S



T
a
b

le
1
4
.

(c
o
n
ti
n
u
ed

)

T
es

t
su

b
st

an
ce

(s
)

Sp
ec

ie
s/

st
ra

in
Sa

m
p
le

ty
p
e/

te
st

p
o
p
u
la

ti
o
n
/s

ex
C

o
n
ce

n
tr

at
io

n
/d

o
sa

ge
(v

eh
ic

le
)

P
ro

ce
d
u
re

R
es

u
lt
s

R
ef

er
en

ce

M
et

h
yl

p
ar

ab
en

R
at (S

p
ra

gu
e

D
aw

le
y)

Fe
m

al
e

ra
ts

(n
¼

3
-1

0
/

gr
o
u
p
,
1
2

gr
o
u
p
s)

0
.1

0
5

m
g/

kg
/d

,
b
y

ga
va

ge
R

at
s

w
er

e
o
ra

lly
ex

p
o
se

d
ac

ro
ss

se
ve

ra
l
ke

y
d
ev

el
o
p
m

en
ta

l
st

ag
es

in
cl

u
d
in

g
p
er

in
at

al
(G

D
1
-G

D
2
0
,
n
¼

1
0

o
r

P
N

D
1
-P

N
D

2
1
,
n
¼

1
0
),

p
re

p
u
b
er

ta
l
(P

N
D

2
1
-P

N
D

4
2
,
n
¼

5
),

an
d

p
u
b
er

ta
l
(P

N
D

4
2
-

P
N

D
6
3
,
n
¼

5
)

w
in

d
o
w

s
as

w
el

l
as

lo
n
g-

te
rm

ex
p
o
su

re
s

fr
o
m

b
ir

th
to

la
ct

at
io

n
(P

N
D

1
-P

N
D

1
4
6
,
n
¼

3
)

P
er

in
at

al
M

et
h
yl

p
ar

ab
en

ex
p
o
su

re
d
ec

re
as

ed
am

o
u
n
ts

o
f
ad

ip
o
se

ti
ss

u
e

an
d

in
cr

ea
se

d
ex

p
an

si
o
n

o
ft

h
e

d
u
ct

al
tr

ee
w

it
h
in

th
e

fa
t
p
ad

P
u
b
er

ta
lM

et
h
yl

p
ar

ab
en

ex
p
o
su

re
el

ev
at

ed
th

e
am

o
u
n
ts

o
f
gl

an
d
u
la

r
ti
ss

u
e,

vi
si

b
le

as
a

h
ig

h
er

d
eg

re
e

o
f
b
ra

n
ch

in
g

re
la

ti
ve

to
th

e
to

ta
l

gl
an

d
ar

ea
Lo

n
g-

te
rm

M
et

h
yl

p
ar

ab
en

tr
ea

tm
en

t
fr

o
m

b
ir

th
to

la
ct

at
io

n
d
id

n
o
t

re
su

lt
in

si
gn

ifi
ca

n
t

h
is

to
lo

gi
ca

l
ch

an
ge

s
In

th
e

p
u
b
er

ta
lw

in
d
o
w

,e
x
p
re

ss
io

n
al

te
ra

ti
o
n
s

in
9
9
3

ge
n
es

en
ri

ch
ed

in
p
at

h
w

ay
s

in
cl

u
d
in

g
ch

o
le

st
er

o
ls

yn
th

es
is

an
d

ad
ip

o
ge

n
es

is
w

er
e

o
b
se

rv
ed

9
2

M
et

h
yl

p
ar

ab
en

G
er

b
ils

M
al

e
an

d
fe

m
al

e
ad

u
lt
s

(3
-m

o
n
th

-o
ld

)
n
¼

1
6
/g

ro
u
p
,
4

gr
o
u
p
s

5
0
0

m
g/

kg
/d

in
0
.2

m
L

o
f
1
%

h
yd

ro
x
ye

th
yl

-c
el

lu
lo

se
,

o
ra

lly

8
co

n
tr

o
lm

al
es

an
d

8
co

n
tr

o
lf

em
al

es
re

ce
iv

ed
d
ai

ly
o
ra

ld
o
se

s
o
f1

%
h
yd

ro
x
ye

th
yl

ce
llu

lo
se

fo
r

2
1

d
ay

s
2
4

m
al

es
an

d
2
4

fe
m

al
es

w
er

e
ra

n
d
o
m

ly
d
is

tr
ib

u
te

d
in

3
gr

o
u
p
s

th
at

re
ce

iv
ed

d
ai

ly
o
ra

ld
o
se

s
o
fM

et
h
yl

p
ar

ab
en

at
5
0
0

m
g/

kg
(i
n

0
.2

m
L

o
f1

%
h
yd

ro
x
ye

th
yl

ce
llu

lo
se

)
fo

r
3
,7

,a
n
d

2
1

d
ay

s;
af

te
r

tr
ea

tm
en

t,
th

e
b
o
d
y,

o
va

ry
,
te

st
is

,
an

d
p
ro

st
at

ic
co

m
p
le

x
(u

re
th

ra
l
se

gm
en

t,
ve

n
tr

al
,
d
o
rs

o
la

te
ra

l,
an

d
d
o
rs

al
p
ro

st
at

e
lo

b
es

in
m

al
es

,
an

d
u
re

th
ra

l
se

gm
en

t
p
lu

s
p
ro

st
at

ic
ti
ss

u
e

in
fe

m
al

es
)

w
er

e
w

ei
gh

ed
V

ar
io

u
s

b
io

m
et

ri
ca

l,
m

o
rp

h
o
lo

gi
ca

l,
an

d
im

m
u
n
o
h
is

to
ch

em
ic

al
an

al
ys

es
w

er
e

p
er

fo
rm

ed

M
et

h
yl

p
ar

ab
en

ca
u
se

d
m

o
rp

h
o
lo

gi
ca

l
ch

an
ge

s
in

ge
rb

il
p
ro

st
at

es
in

al
l
ex

p
er

im
en

ta
l
gr

o
u
p
s

A
n
im

al
s

d
is

p
la

ye
d

si
m

ila
r

al
te

ra
ti
o
n
s

su
ch

as
p
ro

st
at

e
ep

it
h
el

ia
l

h
yp

er
p
la

si
a,

in
cr

ea
se

d
ce

ll
p
ro

lif
er

at
io

n
,a

n
d

a
h
ig

h
er

fr
eq

u
en

cy
o
f

A
R

-p
o
si

ti
ve

ce
lls

T
h
e

Sk
en

e’
s

p
ar

au
re

th
ra

l
gl

an
d
s

o
f
th

e
fe

m
al

e
ge

rb
il

sh
o
w

ed
ad

d
it
io

n
al

ch
an

ge
s

su
ch

as
st

ro
m

al
in

fla
m

m
at

o
ry

in
fil

tr
at

io
n
,

in
tr

ae
p
it
h
el

ia
l
n
eo

p
la

si
a

fo
ci

,
an

d
an

in
cr

ea
se

in
A

R
-p

o
si

ti
ve

fr
eq

u
en

cy

9
3

H
u
m

an
D

er
m

al
B

u
ty

lp
ar

ab
en

H
u
m

an
H

ea
lt
h
y

C
au

ca
si

an
m

al
e

vo
lu

n
te

er
s,

2
1

to
3
6

ye
ar

s
o
ld

(m
ea

n
¼

2
6

ye
ar

s
o
ld

),
n
¼

2
6

2
%

(w
t/

w
t)

B
u
ty

lp
ar

ab
en

in
cr

ea
m

,
w

h
ic

h
al

so
co

n
ta

in
ed

2
%

d
ie

th
yl

p
h
th

al
at

e
an

d
2
%

d
ib

u
ty

l
p
h
th

al
at

e

D
ai

ly
w

h
o
le

-b
o
d
y

to
p
ic

al
ap

p
lic

at
io

n
o
f
2

m
g/

cm
2

o
f
th

e
cr

ea
m

fo
rm

u
la

ti
o
n

w
it
h
o
u
t

th
e

te
st

su
b
st

an
ce

s
fo

r
1

w
ee

k,
fo

llo
w

ed
b
y

d
ai

ly
ap

p
lic

at
io

n
o
f
cr

ea
m

w
it
h

te
st

su
b
st

an
ce

s
fo

r
1

w
ee

k;
co

n
ce

n
tr

at
io

n
s

o
f
th

e
fo

llo
w

in
g

h
o
rm

o
n
es

w
er

e
m

ea
su

re
d

in
b
lo

o
d

se
ru

m
(a

s
w

el
l
as

th
e

se
ru

m
co

n
ce

n
tr

at
io

n
s

o
f

B
u
ty

lp
ar

ab
en

):
FS

H
,
LH

,T
,e

st
ra

d
io

l,
in

h
ib

in
B

,
T

SH
,F

T
4
,T

3
,a

n
d

T
4
;
ap

p
lic

at
io

n
o
f
cr

ea
m

an
d

b
lo

o
d

sa
m

p
lin

g
w

er
e

d
o
n
e

at
sa

m
e

ti
m

e
ev

er
y

d
ay

at
0
,
2
4
,
9
6

an
d

1
2
0

h
o
u
rs

M
in

o
r

d
iff

er
en

ce
s

in
se

ru
m

in
h
ib

in
B

,
LH

,
E

2
,
T

4
,
FT

4
,
an

d
T

SH
co

n
ce

n
tr

at
io

n
s

w
er

e
o
b
se

rv
ed

d
u
ri

n
g

th
e

tr
ea

tm
en

t
w

ee
k,

co
m

p
ar

ed
w

it
h

th
e

co
n
tr

o
l
w

ee
k;

th
e

d
iff

er
en

ce
s

co
u
ld

n
o
t

b
e

at
tr

ib
u
te

d
to

th
e

tr
ea

tm
en

t
b
ec

au
se

th
ey

w
er

e
al

so
se

en
at

t
¼

0
,

w
h
en

tr
ea

tm
en

t
h
ad

n
o
t

ye
t

st
ar

te
d

4
4

A
b
b
re

vi
at

io
n
s:

A
R

,a
n
d
ro

ge
n

re
ce

p
to

r;
C

H
O

,C
h
in

es
e

h
am

st
er

o
va

ry
;D

E
H

P
,d

i-
(2

-e
th

yl
h
ex

yl
)

p
h
th

al
at

e;
D

H
T

,5
a-

d
ih

yd
ro

te
st

o
st

er
o
n
e;

D
M

E
M

,D
u
lb

ec
co

’s
m

o
d
ifi

ed
E
ag

le
’s

m
ed

iu
m

;D
M

SO
,d

im
et

h
yl

su
lfo

x
id

e;
E

2
,1

7
b-

es
tr

ad
io

l;
E
C

1
0
0
,l

o
w

es
t

co
n
ce

n
tr

at
io

n
fr

o
m

m
ax

im
al

st
im

u
la

ti
o
n

o
f
p
ro

lif
er

at
io

n
;
E
C

5
0
,
co

n
ce

n
tr

at
io

n
fo

r
h
al

f-
m

ax
im

al
st

im
u
la

ti
o
n

o
f
p
ro

lif
er

at
io

n
;
E

2
:
es

tr
ad

io
l;

E
R

,
es

tr
o
ge

n
re

ce
p
to

r;
E
R

E
,
es

tr
o
ge

n
re

sp
o
n
se

el
em

en
t;

FB
S,

fe
ta

l
b
o
vi

n
e

se
ru

m
;
FC

S,
fe

ta
l
ca

lf
se

ru
m

;
FS

H
,
fo

lli
cl

e-
st

im
u
la

ti
n
g

h
o
rm

o
n
e;

FT
4
,
fr

ee
th

yr
o
x
in

e;
G

D
,
ge

st
at

io
n

d
ay

;
G

P
E
R

,
G

-p
ro

te
in

-c
o
u
p
le

d
es

tr
o
ge

n
re

ce
p
to

r
1
;
G

R
,
gl

u
co

co
rt

ic
o
id

re
ce

p
to

r;
G

R
E
B
1
,
es

tr
o
ge

n
-

in
d
u
ci

b
le

ge
n
e;

h
A

D
SC

,
h
u
m

an
ad

ip
o
se

-d
er

iv
ed

st
em

ce
lls

;
H

E
R

2
,
h
u
m

an
ep

id
er

m
al

gr
o
w

th
fa

ct
o
r

re
ce

p
to

r;
h
G

C
,
h
u
m

an
gr

an
u
lo

sa
ce

ll;
h
p
f,

p
o
st

fe
rt

ili
za

ti
o
n
;
H

R
G

,
lig

an
d

h
er

eg
u
lin

;
LH

,
lu

te
in

iz
in

g
h
o
rm

o
n
e;

LN
O

E
C

,
lo

w
es

t
n
o

o
b
se

rv
ed

ef
fe

ct
s

co
n
ce

n
tr

at
io

n
;L

O
E
C

,l
o
w

es
t

o
b
se

rv
ed

ef
fe

ct
co

n
ce

n
tr

at
io

n
;M

M
T

V
,m

u
ri

n
e

m
am

m
al

ia
n

tu
m

o
r

vi
ru

s;
m

P
P
A

R
,m

u
ri

n
e

p
er

o
x
is

o
m

e
p
ro

lif
er

at
o
r-

ac
ti
va

te
d

re
ce

p
to

r;
N

O
E
L,

n
o

o
b
se

rv
ed

ef
fe

ct
s

le
ve

l;
O

E
C

D
T

G
,O

rg
an

is
at

io
n

fo
r

E
co

n
o
m

ic
C

o
-o

p
er

at
io

n
an

d
D

ev
el

o
p
m

en
t

T
es

t
G

u
id

el
in

es
;O

R
O

,O
il

re
d

O
;P

D
X

,p
at

ie
n
t-

d
er

iv
ed

x
en

o
gr

af
t;

P
N

D
,p

o
st

n
at

al
d
ay

;P
P
A

R
,p

er
o
x
is

o
m

e
p
ro

lif
er

at
o
r-

ac
ti
va

te
d

re
ce

p
to

r;
P
O

F,
p
re

m
at

u
re

o
va

ri
an

fa
ilu

re
;
R

T
-P

C
R

,
re

al
-t

im
e

p
o
ly

m
er

as
e

ch
ai

n
re

ac
ti
o
n
;
T

,
te

st
o
st

er
o
n
e;

T
3
,
to

ta
l
tr

iio
d
o
th

yr
o
x
in

e;
T

4
,
to

ta
l
th

yr
o
x
in

e;
T

SH
,
th

yr
o
id

-s
ti
m

u
la

ti
n
g

h
o
rm

o
n
e;

T
U

N
E
L,

tr
an

sf
er

as
e

u
ri

d
yl

n
ic

k
en

d
la

b
el

in
g.

42S



effects as without pattern or dose–response. The endocrine

activity studies summarized below are described in Table 14.

In vitro. Weak activation of murine peroxisome proliferator-

activated receptor (mPPAR) a was seen in murine NIH-3T3-L1

cells at the highest concentrations of Butylparaben tested (100

mM).78 Butylparaben activated mPPARg with a lowest

observed effect concentration (LOEC) of 30 mM and a maximal

(4-fold) induction at 100 mM. The human data for Butylparaben

(hPPARa and hPPARg) were comparable to those obtained

with mPPARa and mPPARg, indicating a similar

responsiveness.

Isobutylparaben antagonized the AR in CHO cells. The

effect was statistically significant at �25 mM.79 Butylparaben

increased the number of BT-474 cells entering S-phase (con-

centration for half maximal stimulation of proliferation [EC50]

¼ 0.551 mM); the effect was enhanced in the presence of ligand

heregulin (HRG; EC50 ¼ 0.024 mM).80 The EC50 for

glucocorticoid-like activity in MDA-kb2 cells was 1.75 mM

for Butylparaben and 13.01 mM for Propylparaben.81 Butylpar-

aben at 25 mM statistically significantly enhanced the

hydrocortisone-induced glucocorticoid receptor (GR) signal

by 85%; Methylparaben, Ethylparaben, and Propylparaben did

not have this effect.82

Butylparaben exhibited estrogen agonism at all concentra-

tions tested in T47D-KBluc cells.83 The maximum effect was

observed at 10 mM.

The EC50 for stimulating proliferation of MCF-7 cells ran-

ged from 0.4 to 40 mM, LOECs from 0.1 to 20 mM, and no

observed effects levels from 0.05 to 8 mM for the parabens

tested.84 The parabens tested, in descending order of these

values, were Isobutylparaben > Butylparaben > Propylpara-

ben > Ethylparaben > Methylparaben. In comparison, corre-

sponding values for E2 were EC50 ¼ 2 � 10�6 mM, LOEC ¼
10�6 mM, and 1 � 10�7 mM. Propylparaben at 10 mM resulted

in deformed acini and filling of the acinar lumen in nontrans-

formed MCF-12A and MCF-10A cells.85 MCF-7 and HCI-7-

Luc2 mammospheres treated with Methylparaben exhibited

increased expression of ALDH1 (marker of human mammary

stem cells) and were larger than control and E2-treated mam-

mospheres.86 Neither tamoxifen nor fulvestrant inhibited

effects of Methylparaben on MCF-7 mammospheres.

Parabens enhanced differentiation of murine 3T3-L1 cells

with potencies that increased with the length of the linear alkyl

chain (Methylparaben < Ethylparaben < Propylparaben <
Butylparaben), and the extension of the linear alkyl chain with

an aromatic ring in Benzylparaben further augmented adipo-

genicity.87 In the presence of differentiation media, 50 mM

Butylparaben or Benzylparaben promoted lipid accumulation

in human adipose-derived stem cells (hADSCs) as early as day

3 and throughout the differentiation process. Butylparaben had

the strongest adipogenic effects of the parabens tested, whereas

other parabens had no effect at 1 or 10 mM.

The US Environmental Protection Agency (EPA) Endocrine

Disruptor Screening Program (EDSP) program conducted a

series of in vitro assays to examine the estrogenic properties

of parabens.88 There are 15, 14, 11, 5, and 2 positive results out

of total 18 arrays for Butylparaben, Propylparaben, Ethylpar-

aben, Methylparaben, and 4-Hydroxybenzoic Acid, respec-

tively, while in vitro antiandrogen studies showed negative

results.

Metabolites of Butylparaben and Isobutylparaben,

3-hydroxy n-butyl 4-hydroxybenzoate (3OH) and 2-hydroxy

isobutyl 4-hydroxybenzoate (2OH), exhibited estrogenic prop-

erties in MCF-7 and T47D human breast cancer cells.89 The

expression of estrogen-inducible gene (GREB1) was induced

by Butylparaben, Isobutylparaben, 3OH, and 2OH at 10 mM

and blocked by coadministration of an ER antagonist (ICI 182,

780). The expression of the proliferative, estrogen-inducible

gene GREB1 was significantly induced in MCF-7 cells treated

by 10 mM Butylparaben, Isobutylparaben, 3OH, and 2OH for 2,

4, and 6 hours. Computational docking studies showed that the

paraben compounds exhibited the potential for favorable

ligand-binding domain interactions with human ERa in a man-

ner similar to known X-ray crystal structures of E2 in complex

with ERa.

In isolated mouse preantral follicle and human granulosa

cell (hGC) cultures, Butylparaben adversely affected steroido-

genesis at concentrations relevant to human exposure (100

nM), but no effects on follicular development or survival were

noted in the culture systems.90 Butylparaben attenuated di-(2-

ethylhexyl) phthalate (DEHP)-induced reduction of progester-

one concentrations in the spent media of hGC cultures. When

present together, Butylparaben and DEHP decreased E2

production.

Animal. Longer diestrus phases and a shortened interval of

the estrous cycle were observed in 8-week old rats exposed to

Propylparaben or Butylparaben at a dose of 100 mg/kg/d orally

for 5 weeks.91 No effect on the number of primary follicles was

observed, while secondary follicles showed a decrease in the

total number in all groups treated with Methylparaben, Propyl-

paraben, or Butylparaben. Propylparaben and Butylparaben

decreased messenger RNA (mRNA) level of folliculogenesis-

related genes (Foxl2, Kitl, and Amh). An increase in FSH levels

in serum was observed, indicating an impairment of ovarian

function.

Perinatal Methylparaben exposure in rats via gavage at

doses mimicking human exposure (0.105 mg/kg/d) decreased

amounts of adipose tissue and increased expansion of the ductal

tree within the mammary fat pad.92 Perinatal Methylparaben

treatment was associated with a significant reduction in adipose

tissue and more abundant glandular tissue. Long-term Methyl-

paraben treatment from birth to lactation did not result in sig-

nificant histological changes. In the pubertal window,

expression alterations in 993 genes enriched in pathways

including cholesterol synthesis and adipogenesis were

observed.

Oral exposure to Methylparaben at 500 mg/kg/d caused

morphological changes in gerbil prostates.93 After 3, 7, and

21 days of treatment, male and female gerbils displayed similar

alterations such as prostate/Skene’s paraurethral gland
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epithelial hyperplasia, increased cell proliferation, and a higher

frequency of AR binding activity.

Relative uterine weights were elevated in immature Sprague

Dawley rats after treatment with �0.16 mg/kg bw/d Benzyl-

paraben via gavage on PNDs 21 to 23.94 Lowest observed

effect levels for increased relative uterine weight after treat-

ment of immature female rats with Methylparaben or Ethylpar-

aben on PNDs 21 to 23 were 20 and 4 mg/kg bw/d,

respectively.95 No observed effect levels (NOELs) for Methyl-

paraben and Ethylparaben were 4 and 0.8 mg/kg bw/d, respec-

tively. Ethylparaben and Propylparaben were negative for

estrogen agonism and antagonism in ovariectomized female

mice exposed to 1,000 mg/kg bw/d by gavage for 7 days.96

Histopathologic examination revealed progressive detach-

ment and sloughing of spermatogenic cells into the lumen of

the seminiferous tubules and reduction and/or disappearance of

tubular lumen 3 hours after a single 1,000 mg/kg oral dosage of

Butylparaben in rats.72 The TUNEL assays revealed a substan-

tial increase in the number of apoptotic spermatogenic cells in

the treated rats; the effect was maximal at 6 hours.

Human. In 26 healthy Caucasian males, minor differences in

inhibin B, LH, E2, total thyroxine (T4), free thyroxine (FT4),

and TSH concentrations were observed after daily whole-body

topical application of a cream formulation containing 2% (wt/

wt) Butylparaben as well as 2% diethyl phthalate and 2% dibu-

tyl phthalate, compared to the concentrations measured before

the treatment.44 The differences could not be attributed to the

treatment.

Effects on Human Breast Cells

MCF-10A nontransformed, immortalized human breast epithe-

lial cells were exposed to 500 mM Methylparaben, 10 mM Pro-

pylparaben or Butylparaben in semisolid 2% methylcellulose

suspension culture, or 1 mM Methylparaben or 0.1 mM Propyl-

paraben or Butylparaben in monolayer culture.97 Ethanol

served as the vehicle. The cells were grown in suspension

culture (nonadherent conditions) to assess colony growth after

a 17-day incubation period. Cells were grown in monolayer

culture (adherent conditions) to assess cellular proliferation

after a 7-day incubation period. In suspension culture, MCF-

10A cells produced very few colonies and only of a small size.

The presence of 500 mM Methylparaben or 10 mM Propylpar-

aben or Butylparaben resulted in greater numbers of colonies

per dish (P < 0.05) and greater average colony sizes (P <
0.001) compared with controls. Average colony sizes of cells

grown with a paraben were comparable to those of cells grown

with E2 (70 nM). Concentration–response experiments showed

that maximal numbers of colonies were formed at 100 mM

Methylparaben or 1 mM Propylparaben or Butylparaben. Con-

trol experiments showed that the parabens did not influence the

growth of MCF-10A cells under adherent conditions (ie, mono-

layer cultures).

Human high-risk donor breast epithelial cells (HRBECs)

were collected from the unaffected contralateral breasts of

women undergoing breast surgery with a personal or family

history of breast cancer, atypical neoplastic histopathology,

and/or high mammographic density.98 The cells were incu-

bated for 7 days with 10 nM to 1 mM (vehicle not specified)

Methylparaben in phenol red-free medium supplemented with

0.2% charcoal-stripped fetal bovine serum (FBS).98 Some cells

were exposed to 10 mM 4 hydroxy tamoxifen (OHT) or 1, 10, or

100 nM rapamycin for 24 hours before functional analysis.

Methylparaben substantially reduced the fraction of OHT-

induced apoptotic cells in a concentration-dependent manner

(P ¼ 0.001) at all 3 concentrations: 57.82% + 6.77% at 1 mM,

55.93% + 10.54% at 100 nM, and 28.14% + 11.3% at 10 nM.

Methylparaben induced a detectable decline in endogenously

accumulated ROS in all cell cultures. In early-passage

HRBECs, average reduction in ROS by Methylparaben treat-

ment was 38% (P < 0.02), without an evident concentration–

response relationship. Prior exposure to Methylparaben

resulted in a concentration-dependent, complete to partial eva-

sion from the G1-phase arrest induced by OHT and concurrent

increase in the S-phase fraction. In contrast, the growth inhibi-

tory effects of OHT were not reversed by a combination of

luteal phase serum concentrations of E2 and progesterone. The

maintenance of S-phase in OHT-treated cells, like apoptosis

evasion, was correlated with increasing concentrations of

Methylparaben (P < 0.001).

Effects on Human Trophoblast Cells

Butylparaben. Human trophoblast cells, HTR8/SVneo, were

exposed to Butylparaben at 50, 100, 200, and 400 mM.99 Butyl-

paraben inhibited cell proliferation and induced both apoptosis

and endoplasmic reticulum stress at all concentrations. Butyl-

paraben promoted the production of intracellular ROS,

increased Ca2þ concentration, and induced mitochondrial

membrane depolarization. Butylparaben also inhibited the acti-

vation of PI3K/AKT pathways including AKT, ribosomal pro-

tein S6, P70 S6 kinase, and glycogen synthase kinase 3b. In

addition, ERK1/2 activity was involved in Butylparaben-

mediated signal transduction in HTR8/SVneo cells. The study

author claimed that exposing human trophoblast cells to Butyl-

paraben diminished normal physiological activity, leading to

apoptosis and problems with early placental development.

Biomonitoring

The biomonitoring studies summarized below are described in

Table 15. Biomonitoring is the direct measurement of human

exposure by measuring the parabens or their metabolites in

human biological fluids (eg, urine, blood), which account for

both oral intake (eg, from foods and medicinal products with

paraben preservatives) and dermal application of products with

parabens. However, the presence of a substance in the blood or

urine does not mean that it will cause effects or disease.100

Chemical toxicity is related to its dose or concentration, in

addition to a person’s individual susceptibility. Small amounts
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rè

m
e

ri
n
se

,
h
ai

rs
p
ra

y/
h
ai

r
ge

l,
co

m
b
in

ed
o
th

er
h
ai

r
ca

re
p
ro

d
u
ct

s
(i
n
cl

u
d
in

g
m

o
u
ss

e,
h
ai

r
b
le

ac
h
,
re

la
x
er

,
p
er

m
,
an

d
st

ra
ig

h
te

n
er

),
sh

av
in

g

T
h
e

E
A

R
T

H
st

u
d
y

ex
am

in
ed

th
e

as
so

ci
at

io
n

b
et

w
ee

n
P
C

P
u
se

an
d

u
ri

n
ar

y
co

n
ce

n
tr

at
io

n
s

o
f
p
ar

ab
en

s
in

m
en

T
h
e

la
rg

es
t

p
er

ce
n
t

in
cr

ea
se

fo
r

p
ar

ab
en

s
w

as
as

so
ci

at
ed

w
it
h

th
e

u
se

o
f

su
n
ta

n
/s

u
n
b
lo

ck
lo

ti
o
n

(6
6
%

-1
5
6
%

)
an

d
h
an

d
/b

o
d
y

lo
ti
o
n

(7
9
%

-1
4
7
%

)
A

su
b
se

t
o
f
1
0

P
C

P
s

th
at

w
er

e
u
se

d
w

it
h
in

6
h
o
u
rs

o
f
u
ri

n
e

co
lle

ct
io

n
co

n
tr

ib
u
te

d
to

at
le

as
t

7
0
%

o
f
th

e
w

ei
gh

te
d

sc
o
re

an
d

p
re

d
ic

te
d

el
ev

at
ed

u
ri

n
ar

y
co

n
ce

n
tr

at
io

n
s

o
f
M

et
h
yl

p
ar

ab
en

,
P
ro

p
yl

p
ar

ab
en

,
an

d
B

u
ty

lp
ar

ab
en

(7
8
8
%

,
1
,3

3
3
%

,
an

d
2
5
4
%

h
ig

h
er

,
re

sp
ec

ti
ve

ly
)

1
1
3
,1

1
4

(c
on

tin
ue

d)

48S



T
a
b

le
1
5
.

(c
o
n
ti
n
u
ed

)

T
es

t
su

b
st

an
ce

(s
)

Sp
ec

ie
s/

st
ra

in
Sa

m
p
le

ty
p
e/

te
st

p
o
p
u
la

ti
o
n
:
se

x
C

o
n
ce

n
tr

at
io

n
/d

o
sa

ge
(v

eh
ic

le
)

P
ro

ce
d
u
re

R
es

u
lt
s

R
ef

er
en

ce

cr
ea

m
,
af

te
rs

h
av

e,
co

lo
gn

e/
p
er

fu
m

e,
m

o
u
th

w
as

h
,
b
ar

so
ap

,
liq

u
id

so
ap

/b
o
d
y

w
as

h
,
h
an

d
sa

n
it
iz

er
,
h
an

d
/b

o
d
y

lo
ti
o
n
,
an

d
su

n
ta

n
/

su
n
b
lo

ck
lo

ti
o
n

U
ri

n
e

sa
m

p
le

s
w

er
e

co
lle

ct
ed

at
ea

ch
m

en
’s

vi
si

t.
T

h
e

an
al

yt
ic

al
te

ch
n
iq

u
e

fo
r

q
u
an

ti
fic

at
io

n
o
f
th

e
u
ri

n
ar

y
b
io

m
ar

ke
rs

in
vo

lv
ed

en
zy

m
at

ic
d
ec

o
n
ju

ga
ti
o
n

o
f
th

e
u
ri

n
ar

y
m

et
ab

o
lit

es
,
fo

llo
w

ed
b
y

so
lid

-p
h
as

e
ex

tr
ac

ti
o
n

an
d

H
P
LC

-M
S/

M
S

an
al

ys
is

G
M

co
n
ce

n
tr

at
io

n
s

o
f
M

et
h
yl

p
ar

ab
en

,
P
ro

p
yl

p
ar

ab
en

,
an

d
B

u
ty

lp
ar

ab
en

in
u
ri

n
e

w
er

e
2
8
,
2
.8

6
,
an

d
0
.2

6
mg

/L
,
re

sp
ec

ti
ve

ly
;
in

co
m

p
ar

is
o
n
,
th

e
co

n
ce

n
tr

at
io

n
s

o
f
M

et
h
yl

p
ar

ab
en

an
d

P
ro

p
yl

p
ar

ab
en

,
in

u
ri

n
e

re
p
o
rt

ed
in

U
S

N
H

A
N

E
S

p
ro

gr
am

(2
0
1
1
-2

0
1
2

co
lle

ct
io

n
p
er

io
d
)

w
er

e
2
3
.2

an
d

2
.4

4
mg

/L
,
re

sp
ec

ti
ve

ly
(B

u
ty

lp
ar

ab
en
<

LO
D

o
f
0
.1

mg
/L

)
Se

lf-
re

p
o
rt

ed
P
C

P
u
se

am
o
n
g

m
en

w
as

as
so

ci
at

ed
w

it
h

h
ig

h
er

u
ri

n
ar

y
co

n
ce

n
tr

at
io

n
s

o
f
3

p
ar

ab
en

s
(M

et
h
yl

p
ar

ab
en

,
P
ro

p
yl

p
ar

ab
en

,
an

d
B

u
ty

lp
ar

ab
en

)
M

et
h
yl

p
ar

ab
en

E
th

yl
p
ar

ab
en

P
ro

p
yl

p
ar

ab
en

B
u
ty

lp
ar

ab
en

B
en

zy
lp

ar
ab

en
4
-H

yd
ro

x
yb

en
zo

ic
A

ci
d

H
ep

ty
lp

ar
ab

en

H
u
m

an
1
4
3

h
ea

lt
h
y,

p
re

m
en

o
p
au

sa
l
w

o
m

en
(a

ge
d

1
8
-4

4
)

A
gg

re
ga

te
ex

p
o
su

re
s

(u
n
d
ef

in
ed

so
u
rc

es
)

P
ar

ti
ci

p
an

ts
w

er
e

fr
ee

o
f
kn

o
w

n
ch

ro
n
ic

h
ea

lt
h

co
n
d
it
io

n
s,

an
d

n
o
t

u
si

n
g

h
o
rm

o
n
al

co
n
tr

ac
ep

ti
o
n

w
h
o

w
er

e
re

cr
u
it
ed

at
th

e
U

n
iv

er
si

ty
at

B
u
ff
al

o
re

se
ar

ch
ce

n
te

r
fr

o
m

2
0
0
5

to
2
0
0
7

P
ar

ti
ci

p
an

ts
at

te
n
d
ed

u
p

to
8

cl
in

ic
vi

si
ts

fo
r

u
p

to
2

m
en

st
ru

al
cy

cl
es

o
f
st

u
d
y;

u
ri

n
e

sa
m

p
le

s
w

er
e

se
le

ct
ed

at
ke

y
m

en
st

ru
al

cy
cl

e
p
h
as

es
R

ep
ro

d
u
ct

iv
e

h
o
rm

o
n
es

le
ve

ls
ti
m

ed
to

ke
y

p
er

io
d
s

o
f
va

ri
ab

ili
ty

ac
ro

ss
th

e
m

en
st

ru
al

cy
cl

e
w

er
e

m
ea

su
re

d
,
in

cl
u
d
in

g
E

2
,

p
ro

ge
st

er
o
n
e,

LH
an

d
FS

H
U

ri
n
e

sa
m

p
le

s
w

er
e

sp
ik

ed
w

it
h

1
3
C

-l
ab

el
ed

an
d

an
al

yz
ed

b
y

H
P
LC

-
M

S/
M

S;
th

e
LO

D
w

as
1

m
g/

d
L

U
si

n
g

th
e

h
ie

ra
rc

h
ic

al
p
ri

n
ci

p
al

co
m

p
o
n
en

t
an

al
ys

is
ap

p
ro

ac
h
,

p
ar

ab
en

fa
ct

o
r

co
n
si

st
s

o
f
M

et
h
yl

p
ar

ab
en

,
E
th

yl
p
ar

ab
en

,
P
ro

p
yl

p
ar

ab
en

,
an

d
B

u
ty

lp
ar

ab
en

A
ll

in
d
iv

id
u
al

s
h
ad

le
ve

ls
o
fM

et
h
yl

p
ar

ab
en

an
d

4
-H

yd
ro

x
yb

en
zo

ic
A

ci
d

ab
o
ve

th
e

LO
D

B
en

zy
lp

ar
ab

en
an

d
h
ep

ty
lp

ar
ab

en
w

er
e

b
el

o
w

th
e

LO
D

fo
r
>

4
5
%

an
d

w
er

e
ex

cl
u
d
ed

in
th

e
an

al
ys

es
In

a
si

n
gl

e-
ch

em
ic

al
m

o
d
el

,
4
-H

yd
ro

x
yb

en
zo

ic
A

ci
d

w
as

as
so

ci
at

ed
w

it
h

in
cr

ea
se

d
FS

H
0
.0

7
(9

5
%

C
I:

0
.0

1
-0

.1
3
);

p
ar

ab
en

s
w

er
e

n
o
t
as

so
ci

at
ed

w
it
h

LH
T

h
e

p
ar

ab
en

fa
ct

o
r

w
as

si
gn

ifi
ca

n
tl
y

as
so

ci
at

ed
w

it
h

in
cr

ea
se

d
E

2
0
.2

1
(9

5
%

C
I:

0
.1

5
-0

.2
8
)

as
w

el
l
as

in
cr

ea
se

d
p
ro

ge
st

er
o
n
e

0
.3

2
(9

5
%

C
I:

0
.2

3
-0

.4
1
)

1
1
5

M
et

h
yl

p
ar

ab
en

E
th

yl
p
ar

ab
en

P
ro

p
yl

p
ar

ab
en

B
u
ty

lp
ar

ab
en

H
u
m

an
1
,0

0
3

p
re

gn
an

t
w

o
m

en
(a

ge
d

1
8
-4

0
)

A
gg

re
ga

te
ex

p
o
su

re
s

P
ar

ti
ci

p
an

ts
en

ro
lle

d
in

th
e

P
R

O
T

E
C

T
p
ro

je
ct

w
er

e
re

cr
u
it
ed

at
7

p
re

n
at

al
cl

in
ic

s
an

d
h
o
sp

it
al

s
th

ro
u
gh

o
u
t

N
o
rt

h
er

n
P
u
er

to
R

ic
o

d
u
ri

n
g

2
0
1
0
-2

0
1
6

(1
4
+

2
w

ee
ks

o
f
ge

st
at

io
n
)

T
h
e

q
u
es

ti
o
n
n
ai

re
w

as
ad

m
in

is
te

re
d

at
ea

ch
u
ri

n
e

sa
m

p
le

co
lle

ct
io

n
to

ga
th

er
d
at

a
o
n

se
lf-

re
p
o
rt

ed
p
ro

d
u
ct

u
se

:
b
ar

so
ap

,
co

lo
gn

e/
p
er

fu
m

e,
co

lo
re

d
co

sm
et

ic
s,

co
n
d
it
io

n
er

,
d
eo

d
o
ra

n
t,

fin
ge

rn
ai

l
p
o
lis

h
,h

ai
r

cr
ea

m
,h

ai
rs

p
ra

y/
h
ai

r
ge

l,
la

u
n
d
ry

p
ro

d
u
ct

s,
liq

u
id

so
ap

,
lo

ti
o
n
,
m

o
u
th

w
as

h
,
o
th

er
h
ai

r
p
ro

d
u
ct

s,
sh

am
p
o
o
,
an

d
sh

av
in

g
cr

ea
m

T
h
e

q
u
es

ti
o
n
n
ai

re
co

n
ta

in
ed

ye
s/

n
o

q
u
es

ti
o
n
s

ab
o
u
t

th
e

u
se

o
f

d
iff

er
en

t
p
ro

d
u
ct

s
in

th
e

4
8
-h

o
u
r

p
re

ce
d
in

g
u
ri

n
e

sa
m

p
le

co
lle

ct
io

n
,i

n
ad

d
it
io

n
to

q
u
es

ti
o
n
s

o
n

th
e

u
su

al
fr

eq
u
en

cy
(n

o
t

at
al

l,
<

o
n
ce

/m
o
n
th

,
1
-3

ti
m

es
/m

o
n
th

,
o
n
ce

/w
ee

k,
fe

w
ti
m

es
/w

ee
k,

ev
er

y
d
ay

)
T

h
e

p
ar

ti
ci

p
an

ts
w

er
e

al
so

as
ke

d
to

re
p
o
rt

th
e

sp
ec

ifi
c

b
ra

n
d

o
f
th

e
p
ro

d
u
ct

U
ri

n
e

sa
m

p
le

s
w

er
e

an
al

yz
ed

b
y

so
lid

-p
h
as

e
ex

tr
ac

ti
o
n

H
P
LC

-M
S/

M
S;

T
h
e

LO
D

s
w

er
e

1
.0

mg
/L

fo
r

M
et

h
yl

p
ar

ab
en

,
an

d
0
.1

mg
/L

fo
r

P
ro

p
yl

p
ar

ab
en

an
d

B
u
ty

lp
ar

ab
en

;a
ll

p
ar

ab
en

co
n
ce

n
tr

at
io

n
s

w
er

e
ad

ju
st

ed
fo

r
SG

D
et

ec
ta

b
le

p
ar

ab
en

co
n
ce

n
tr

at
io

n
s

am
o
n
g

p
re

gn
an

t
w

o
m

en
w

er
e

p
re

va
le

n
t;

m
ed

ia
n

co
n
ce

n
tr

at
io

n
s

o
f
B

u
ty

lp
ar

ab
en

am
o
n
g

P
u
er

to
R

ic
an

w
o
m

en
w

er
e

2
-

fo
ld

gr
ea

te
r

th
an

w
o
m

en
in

U
S

N
H

A
N

E
S

p
ro

gr
am

,
w

h
ile

M
et

h
yl

p
ar

ab
en

,
E
th

yl
p
ar

ab
en

,
an

d
P
ro

p
yl

p
ar

ab
en

w
er

e
lo

w
er

T
h
er

e
w

as
co

rr
el

at
io

n
b
et

w
ee

n
th

e
4

p
ar

ab
en

s,
p
ar

ti
cu

la
rl

y
b
et

w
ee

n
M

et
h
yl

p
ar

ab
en

an
d

P
ro

p
yl

p
ar

ab
en

(S
p
ea

rm
an

r
¼

0
.7

8
)

T
re

n
d
s

w
er

e
o
b
se

rv
ed

fo
r

in
cr

ea
si

n
g

co
n
ce

n
tr

at
io

n
o
f
4

p
ar

ab
en

s
w

it
h

in
cr

ea
si

n
g

ag
e

ca
te

go
ri

es
D

ec
re

as
in

g
te

m
p
o
ra

l
tr

en
d
s

w
er

e
o
b
se

rv
ed

fo
r

al
l
p
ar

ab
en

s
in

th
e

st
u
d
y

p
o
p
u
la

ti
o
n

fr
o
m

2
0
1
1

to
2
0
1
6

E
x
p
o
su

re
to

p
ar

ab
en

s
va

ri
ed

b
y

lo
ca

ti
o
n
,
se

x
,
ag

e,
ra

ce
,
an

d
et

h
n
ic

it
y

G
M

co
n
ce

n
tr

at
io

n
at

fir
st

vi
si

t
fo

r
B

u
ty

lp
ar

ab
en

w
as

st
at

is
ti
ca

lly
h
ig

h
er

th
an

la
te

r
vi

si
ts

in
th

e
st

u
d
y

H
ig

h
er

p
ar

ab
en

co
n
ce

n
tr

at
io

n
s

w
er

e
fo

u
n
d

am
o
n
g

w
o
m

en
w

h
o

re
p
o
rt

ed
u
si

n
g

co
sm

et
ic

s
an

d
lo

ti
o
n

1
1
6

C
D

C
,

C
en

te
rs

fo
r

D
is

ea
se

C
o
n
tr

o
l

an
d

P
re

ve
n
ti
o
n
;

C
R

H
,

co
rt

ic
o
tr

o
p
in

-r
el

ea
si

n
g

h
o
rm

o
n
e;

E
A

R
T

H
,

E
n
vi

ro
n
m

en
t

an
d

R
ep

ro
d
u
ct

iv
e

H
ea

lt
h
;

E
2
,

1
7
b-

es
tr

ad
io

l;
E
C

,
ef

fe
ct

iv
e

co
n
ce

n
tr

at
io

n
;

FS
H

,
fo

lli
cl

e-
st

im
u
la

ti
n
g

h
o
rm

o
n
e;

FT
4
,
fr

ee
th

yr
o
x
in

e;
G

M
,
ge

o
m

et
ri

c
m

ea
n
;
H

P
LC

-M
S/

M
S,

h
ig

h
-p

er
fo

rm
an

ce
liq

u
id

ch
ro

m
at

o
gr

ap
h
y

ta
n
d
em

m
as

s
sp

ec
tr

o
m

et
ry

;
IV

IV
E
,
in

vi
tr

o
to

in
vi

vo
ex

tr
ap

o
la

ti
o
n
;
LH

,
lu

te
in

iz
in

g
h
o
rm

o
n
e;

LO
D

,
lim

it
o
f

d
et

ec
ti
o
n
;

M
A

SE
,

m
ic

ro
w

av
e-

as
si

st
ed

so
lv

en
t

ex
tr

ac
ti
o
n
;

N
H

A
N

E
S,

N
at

io
n
al

H
ea

lt
h

an
d

N
u
tr

it
io

n
E
x
am

in
at

io
n

Su
rv

ey
;

P
B
P
K

,
p
h
ys

io
lo

gi
ca

lly
b
as

ed
p
h
ar

m
ac

o
ki

n
et

ic
;

P
R

O
T

E
C

T
,

P
u
er

to
R

ic
o

T
es

ts
it
e

fo
r

E
x
p
lo

ri
n
g

C
o
n
ta

m
in

at
io

n
T

h
re

at
s;

Q
SA

R
,

q
u
an

ti
ta

ti
ve

st
ru

ct
u
re

–
ac

ti
vi

ty
re

la
ti
o
n
sh

ip
;

SH
B
G

,
se

x
h
o
rm

o
n
e-

b
in

d
in

g
gl

o
b
u
lin

;
SP

E
,

so
lid

-p
h
as

e
ex

tr
ac

ti
o
n
;

T
3
,
to

ta
l

tr
iio

d
o
th

yr
o
n
in

e;
T

4
,
to

ta
l

th
yr

o
x
in

e;
T

SH
,

th
yr

o
id

-s
ti
m

u
la

ti
n
g

h
o
rm

o
n
e.

49S



may be of no health consequence, whereas larger amounts may

cause adverse health effects.

The US NHANES program (the Fourth National Report)

provides a large data set for human spot urine levels of para-

bens, collected from 2005 to 2014, with 2013 to 2014 being the

most recent collection period.100 A total of 2,686 urine speci-

mens from a representative sample of persons �6 years of age

in the US general population was analyzed for the exposure

level to Methylparaben, Ethylparaben, Propylparaben, and

Butylparaben. For the 2013 to 2014 sampling period, the med-

ian concentration of Methylparaben in urine was 48.1 mg/L

(95th percentile: 819 mg/L), and Propylparaben in urine was

5.74 mg/L (95th percentile: 224 mg/L). For Butylparaben, the

median concentration in urine was below the limit of detection

(LOD, 0.1 mg/L) for all groups (age, gender, and race/ethnicity)

in the 2011 to 2014 reporting period. In females, the median

concentration of Ethylparaben in the 2013 to 2014 reporting

period was 1.6 mg/L (95th percentile: 145 mg/L), while concen-

trations in males were below the LOD (1 mg/L).

Data from the US NHANES program were also used to ana-

lyze the exposure to parabens through oral hygiene products and

sunscreen use.101 Compared to individuals who reported “never”

using mouthwash, individuals who reported daily use had sig-

nificantly elevated urinary concentrations of Methylparaben and

Propylparaben (30% and 39% higher, respectively). Individuals

who reported “always” using sunscreen had significantly higher

urinary concentrations of Methylparaben, Ethylparaben, and

Propylparaben (92, 102, and 151% higher, respectively) com-

pared to “never” users of sunscreen. Associations between expo-

sure biomarkers and sunscreen use were stronger in women

compared to men, and associations with mouthwash use were

generally stronger in men compared to women.

A community-based intervention study indicated that using

personal care products (PCPs) that are labeled to be free of

parabens, for 3 days, lowered urinary concentrations of

Methylparaben and Propylparaben in 100 girls: Methylparaben

and Propylparaben concentrations decreased by 43.9% (95%
CI: �61.3 to �18.8) and 45.4% (95% CI: �63.7 to �17.9),

respectively.102 The geometric mean (GM) concentration of

Methylparaben decreased from 77.4 to 43.2 mg/L and Propyl-

paraben decreased from 22.6 to 12.3 mg/L. In contrast, the GM

concentration of Ethylparaben increased from 2.9 to 4.2 mg/mL

and Butylparaben increased from 0.8 to 1.7 mg/mL. Concentra-

tions of both Ethylparaben and Butylparaben were low overall

and not detected in almost half the samples. In the same study

population of 100 adolescent girls, participants who reported

using “makeup” every day versus rarely/never had higher urin-

ary concentrations of Methylparaben (120.5 vs 13.4 ng/mL,

P < 0.01) and Propylparaben (60.4 vs 2.9 ng/mL, P <
0.01).103 However, ingredients (including Methylparaben and

Propylparaben) in “makeup” products used by the girls were

not disclosed. Other sources of parabens (food, pharmaceuti-

cals, etc) were not considered.

A statistically significant difference was observed between

serum parabens in 18 women who used lipstick containing

Methylparaben and Propylparaben for 5 days compared with

those not using this cosmetic (P ¼ 0.0005 and 0.0016, respec-

tively), and a strong association was observed between serum

parabens and lipstick use (Spearman correlation ¼ 0.7202).104

One study reported the free and total paraben concentrations

in 16 human serum samples in the United States.105 The mean

total paraben concentrations in serum are 42.6 and 7.4 mg/L for

Methylparaben and Propylparaben, respectively, whereas the

free concentration of Methylparaben and Propylparaben in the

serum is 2.2 and 0.5 mg/L, respectively, indicating that para-

bens that are not hydrolyzed to 4-Hydroxybenzoic Acid are

rapidly conjugated.

One or more of 5 parabens (Methylparaben, Ethylparaben,

Propylparaben, Butylparaben, Isobutylparaben) was detected

in 99% of breast tissue samples collected from women with

breast cancer, and all 5 were detected in 60% of the samples.106

Median concentrations were highest for Propylparaben (16.8

ng/g tissue) and Methylparaben (16.6 ng/g tissue). Propylpar-

aben concentrations were statistically significantly higher in

samples excised from the axilla, compared with those from the

mid or medial regions of the breasts.

Ethylparaben, Butylparaben, and Benzylparaben were

detected in all placenta samples collected from healthy moth-

ers.107 The highest measured concentration was 11.77 ng

Methylparaben/g tissue. The amount of Butylparaben, Ethyl-

paraben, Methylparaben, and Propylparaben was studied in

human ovarian tumor samples.108 The tissue mass fractions

of the 4 parabens in the malignant tissues were at least twice

as much as those present in the benign tissues. The tissue mass

fractions of Methylparaben and Ethylparaben were higher than

Propylparaben and Butylparaben.

Thirty-one pregnant women who provided multiple spot

urine samples (n ¼ 542) collected over two 24-hour periods

had their samples analyzed for Methylparaben, Propylparaben,

Ethylparaben, Butylparaben, Isobutylparaben, and Benzylpar-

aben.109 These parabens were also measured in breast milk

samples collected at approximately 3 months postpartum (n

¼ 56 women). Women who used body and face lotions in the

past 24 hours had significantly higher GM paraben concentra-

tions (80%-110%) in their urine than women who reported no

use in the past 24 hours. There was 100%, 72%, 96%, and 90%
detection of Methylparaben, Butylparaben, Propylparaben, and

Ethylparaben in urine, respectively. Lower detection rates were

seen for Isobutylparaben (39%) and Benzylparaben (41%).

Breast milk samples had 82%, 66%, and 57% detection for

Methylparaben, Propylparaben, and Ethylparaben,

respectively.

The conjugated or free species of 6 parabens (Methylparaben,

Ethylparaben, Propylparaben, Butylparaben, Benzylparaben,

and heptylparaben), or their metabolite, 4-Hydroxybenzoic

Acid, were measured in human adipose fat samples collected

from 20 donors who underwent liposuction surgery.110 Ethylpar-

aben and Propylparaben were more frequently detected than the

other parabens at a detection frequency of 60% and 50% and a

GM concentration of 0.90 and 0.49 ng/g, respectively. The GM

concentrations of other parabens were not calculated due to their

detection of lower than 50%. The GM concentration of the sum
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of 6 parabens and 4-Hydroxybenzoic Acid (CSparabens) in adi-

pose fat was 3,420 ng/g. While a positive correlation between

donor’s age and CSparabens (75th percentile of adipose concen-

trations; n ¼ 15) was observed, no significant difference in

concentrations of CSparabens between the 2 age groups was found

(18-33 years and 34-58 years). However, the authors noted that

total paraben measurements may have been compromised by

alkaline hydrolysis in the tissue due to the use of alkali in the

liposuction procedure.

The conjugated or free species of 6 parabens (Methylpara-

ben, Ethylparaben, Propylparaben, Butylparaben, Benzylpara-

ben, and heptylparaben [not a cosmetic ingredient]), or their

metabolite, 4-Hydroxybenzoic Acid, were measured in urine

samples collected from 40 US children, 70 Chinese children,

and 26 Chinese adults.111 Parabens were present predominantly

(>90%) as conjugated species in urine. Among the 6 parabens

analyzed, Methylparaben and Propylparaben were the predo-

minant compounds, which accounted for 57% to 98% and 1.4%
to 12%, respectively, of the total concentrations. The median

concentrations of Methylparaben and Propylparaben in US

adults were 43.9 and 9.1 ng/mL, respectively. The median

concentration of the sum of 6 parabens in urine from US

children was 54.6 ng/mL. The GM concentrations of 4-

Hydroxybenzoic Acid in urine from US children were 752

ng/mL for girls and 628 ng/mL for boys, which were 2 to 3

times lower than the concentrations determined for Chinese

children.

One or more of 7 parabens (Methylparaben, Ethylparaben,

Propylparaben, Isopropylparaben, Butylparaben, Isobutylpara-

ben, and Benzylparaben) were measured in 144 human adipose

tissue samples collected from patients>16 years old, who were

undergoing non-cancer-related surgery, and presented no evi-

dence of diagnosed hormone-related disease or cancer.112

Detection frequencies and median concentrations were Methyl-

paraben (100.0%, 0.40 ng/g tissue), Ethylparaben (20.1%,

<LOD), Propylparaben (54.2%, 0.06 ng/g tissue), Butylpara-

ben (5.6%, <LOD), and Isobutylparaben (2.1%, <LOD). Iso-

propylparaben and Benzylparaben were not detected in any of

the samples, while Butylparaben and Isobutylparaben concen-

trations above LOD were only recorded in 8 and 3 of the 144

samples. Methylparaben, Ethylparaben, and Propylparaben

levels were significantly and positively correlated. No statisti-

cally significant relationship between age and paraben concen-

trations in human adipose tissue was identified. Of the 7

parabens measured, only a positive association between age

and Methylparaben concentrations was found (close to, but not

statistically significant, P ¼ 0.06).

The Environment and Reproductive Health (EARTH) study

examined the association between the use of 14 PCPs and the

urinary concentrations of parabens in 400 men (18-55 year of

age).113 The largest percentage increase for parabens was asso-

ciated with the use of suntan/sunblock lotion (66%-156%) and

hand/body lotion (79%-147%). A subset of 10 PCPs that were

used within 6 hours of urine collection contributed to at least

70% of the weighted score and predicted elevated urinary con-

centrations of Methylparaben, Propylparaben, and

Butylparaben (788%, 1,333%, and 254% higher, respectively).

The GM concentrations of Methylparaben, Propylparaben, and

Butylparaben in urine were 28, 2.86, and 0.26 mg/L,

respectively.

The EARTH study also showed that, among 346 infants, none

of the maternal preconception paraben concentrations were asso-

ciated with birth weight.114 Maternal preconception Methylpar-

aben concentration was associated with a decreased head

circumference of 0.27 cm (95% CI: �0.54 to 0), while no asso-

ciations were observed between Ethylparaben, Propylparaben,

and Butylparaben concentrations and head circumference.

Six parabens (Methylparaben, Ethylparaben, Propylpara-

ben, Butylparaben, Benzylparaben, and heptylparaben) and

4-Hydroxybenzoic Acid were measured in 143 urine samples

from healthy, premenopausal women.115 4-Hydroxybenzoic

Acid was associated with increased FSH 0.07 (95% CI: 0.01-

0.13) and paraben concentrations were associated with

increased E2 0.21 (95% CI: 0.15-0.28) and increased proges-

terone 0.32 (95% CI: 0.23-0.41).

Among 1,003 pregnant women, median concentrations of

Butylparaben were 2-fold greater than US women from the

NHANES program, while concentrations of Methylparaben,

Ethylparaben, and Propylparaben were lower.116 There was

correlation between the 4 parabens, particularly between

Methylparaben and Propylparaben (Spearman r ¼ 0.78). In

addition, the study authors observed that increasing concentra-

tions of parabens were present as the age of the subjects

increased.

Effects on Adhesin Genes in Candida glabrata

Culture of Candida glabrata (a yeast pathogen) in synthetic

complete (SC) medium containing 1.5 mM Methylparaben and

165 mM Propylparaben induced expression of EPA6 adhesin

gene, leading to increased adherence to cultured human Lec2

epithelial cells as well as primary human vaginal epithelial

cells.112 Culture of C glabrata in a variety of over-the-

counter (OTC) vaginal products (concentrations of OTC prod-

ucts ranged from 15% to 25%) also induced expression of

EPA6.117

Dermal Irritation and Sensitization Studies

1984

Methylparaben (10% and 100%), Propylparaben (10%), and

Ethylparaben (10% and 100%) were, at most, mildly irritating

when applied to rabbit skin.46

Parabens are practically nonirritating in the [human] popu-

lation with normal skin. Skin irritation and sensitization tests

on product formulations containing from 0.1% to 0.8% of 1 or 2

of the parabens, including Methylparaben, Ethylparaben, Pro-

pylparaben, and Butylparaben, showed no evidence of signifi-

cant irritation or sensitization potential for these ingredients.
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Parabens are practically nonsensitizing in the [human] pop-

ulation with normal skin. Practically all animal sensitization

tests indicate that the parabens are nonsensitizing.

1986

Benzylparaben was not a skin irritant when tested in rabbits.47

Sensitization to Benzylparaben has been observed in eczema-

tous patients. A 3% mixture of Benzylparaben, Methylparaben,

Ethylparaben, Propylparaben, and Butylparaben produced pos-

itive reactions ranging from 1% to 3.7%. The cross-

sensitization potential of paraben esters was demonstrated in

patients previously sensitized to a paraben mixture. Two-thirds

of the patients sensitive to one paraben ester also reacted to one

or more of the other esters.

2008

Benzylparaben applied directly (0.5 g) to rabbit skin produced

no significant irritation.2 Parabens are practically nonirritating

in the population with normal skin. Skin irritation tests on

product formulations containing from 0.1% to 0.8% of one or

two of the parabens showed no evidence of significant irritation

for these ingredients.

In Vitro. The parabens were tested individually for irritancy and

sensitization potential in cocultured human keratinocytes and

peripheral blood mononuclear cells (PBMCs).118 The keratino-

cytes were isolated from skin received as residual material

from plastic surgery; PBMCs were enriched from buffy coats

by density centrifugation. The cells were cocultured in serum-

free keratinocyte growth medium 2 on 12-well cell culture

plates. The coculture was incubated for 48 hours with or with-

out a paraben. The concentrations tested were not specified, but

likely ranged around 1 to 1,000 mM, in dimethyl sulfoxide

(vehicle). Fluorescence-activated cells sorting was used to

identify and characterize dendritic cell-related cells. Categor-

ization of compounds as potential irritants and sensitizers was

based on EC50 calculated from concentration–response data for

cell death (irritancy) and CD86 expression (sensitization) com-

pared with vehicle controls. Substances with EC50 for cell

death of �50 mM were considered to be irritating, with EC50

ranging from 50 to 1,000 mM were considered weakly irritat-

ing, and substances that did not reach the 50% threshold for

cytotoxicity, or for which EC50 >1,000 mM, were considered

nonirritating. Substances with an EC50 for CD86 expression of

�12.5 mM were categorized as extreme sensitizers, >12.5 mM

to <50 mM as strong sensitizers, >50 mM to <100 mM as

moderate sensitizers, and >100 EC50 as nonsensitizers.

Methylparaben and Ethylparaben showed no potential for irri-

tation in this test. Propylparaben, Isopropylparaben, Butylpar-

aben, Isobutylparaben, and Benzylparaben appeared to be weak

irritants. The sensitization potential of the parabens tested was

correlated with side-chain length: Methylparaben, Ethylpara-

ben, Propylparaben, and Isopropylparaben were classified as

weak sensitizers, and Butylparaben, Isobutylparaben, and Ben-

zylparaben were strong sensitizers in this study.

Photosensitization/Phototoxicity

1984. Photocontact sensitization and phototoxicity tests on

product formulations containing 0.1% to 0.8% Methylparaben,

Propylparaben, and/or Butylparaben gave no evidence for sig-

nificant photoreactivity.46

In vitro
Methylparaben. Normal human keratinocytes (HaCaT cells)

were exposed to 0%, 0.003%, 0.03%, and 0.3% (0, 0.197, 1.97,

and 19.7 mM, respectively) Methylparaben in an ethanol vehi-

cle.119 The cells were grown and incubated, with or without

Methylparaben, for 6 or 24 hours in DMEM supplemented with

5% FBS, 2 mM glutamine, and 100 U/mL penicillin/strepto-

mycin at 37 �C. Methylparaben-treated and Methylparaben-

untreated cells were exposed to medium-wavelength ultraviolet

light (UVB; 15 or 30 mJ/cm2) after replacing the culture

medium with PBS. The UVB source was a bank of 6 fluores-

cent sunlamps with an emission spectrum of 275 to 375 nm,

mainly in the UVB range, peaking at 305 nm, and including a

small amount of long-wavelength ultraviolet light (UVA) and

short-wavelength ultraviolet light (UVC). After irradiation, the

cells were incubated in culture medium without Methylparaben

for various durations. Methylparaben reduced cell viability in a

statistically significant manner within 6 hours at 0.3% and

within 24 hours at 0.03%. Concurrent observation of fluores-

cent microscopy images and use of a fluorescent microplate

reader revealed little evidence of ROS or NO production after

Methylparaben exposure. UVB irradiation at 30 mJ/cm2 (but

not at 15 mJ/cm2) induced small amounts of late apoptosis and

necrosis. Methylparaben induced statistically significant eleva-

tion of (P < 0.5) UVB-induced cell death (P < 0.5), as eval-

uated by immunocytochemistry and flow cytometry; the

propidium iodide index increased 3- and 7-fold after treatment

with 0.003% and 0.03% Methylparaben, respectively, at 15 mJ/

cm2, and 2- and 3-fold after treatment with 0.003% and 0.03%
Methylparaben, respectively, at 30 mJ/cm2. Methylparaben at

both concentrations elevated (P < 0.05) measurements of ROS

and NO production and lipid peroxidation and activated

nuclear factor (NF) kB and AP-1 in UVB-irradiated cells.

Ocular Irritation Studies

1984

Methylparaben and Ethylparaben at 100% concentration were

slightly irritating when instilled into the eyes of rabbits.46 A

primary eye irritation study in humans showed Methylparaben

to be nonirritating at concentrations up to 0.3%.

1986

Benzylparaben was neither an eye nor skin irritant when tested

in rabbits.47
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2008

A number of rabbit eye irritation studies have been conducted

on products containing Methylparaben, Ethylparaben, Propyl-

paraben, and/or Butylparaben at concentrations of 0.1% to

0.8%. Most products produced no signs of eye irritation. Other

products produced slight or minimal eye irritation, with scores

of 1.0 to 3.3 of 110.2

In vitro
Methylparaben. Wong-Kilbourne-derived human conjuncti-

val epithelial cells (WCCs) and immortalized human corneal

epithelial cells (HCEs) were exposed to 0, 0.001%, 0.0025%,

0.005%, 0.0075%, 0.01%, 0.025%, 0.05%, 0.075%, and 0.1%
Methylparaben.120 The cells were cultured under standard con-

ditions in Hank’s balanced salt solution supplemented with

10% FCS, 1% L-glutamine, and 1% penicillin–streptomycin.

Human corneal epithelial cells were cultured under standard

conditions in keratinocyte serum-free medium supplemented

with 0.05 mg/mL bovine pituitary extract, 5 ng/mL epidermal

growth factor, 0.005 mg/mL human insulin, and 500 ng/mL

hydrocortisone. When the cells reached 75% to 80% of con-

fluency, the medium was replaced with testing solutions and

incubation continued for 1 hour; after which the solutions were

replaced with an MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-

diphenyl tetrazolium bromide) solution, incubation continued

for 4 hours, and the MTT solution was replaced with MTT

solubilization solution (10% Triton X-10) that was spectropho-

tometrically analyzed. Metabolic activity/number of viable

cells, measured via the MTT assay, was reduced in both cell

lines in a concentration-dependent manner after exposure to

Methylparaben; 0.001% Methylparaben (the lowest concentra-

tion tested) reduced activity/viability by 36.41% + 33.95% in

HCEs and by 24.48% + 23.24% in WCCs. The highest con-

centration tested (0.1%) reduced activity/viability by 77.3% +
33.8% in HCEs and by 73.92% + 26.25% in WCCs.

Clinical Studies

Adverse Event Reports

1984. Industry complaint experience data showed low to mod-

erate numbers of safety-related complaints with the incidence

depending on the product.46 Paraben sensitization has

occurred, especially when paraben-containing medicaments

have been applied to damaged or broken skin. Even when

applied to patients with chronic dermatitis, parabens generally

induce sensitization in less than 3% of such individuals. Of

27,230 patients with chronic skin problems, 2.2% were sensi-

tized by preparations of parabens at concentrations of 1% to

30%. Many patients sensitized to paraben-containing medica-

tions can wear cosmetics containing these ingredients with no

adverse effects.

Parabens were designated “nonallergen” of the year (2019)

by the American Contact Dermatitis Society.121,122 Monitoring

for paraben allergy followed with studies reporting paraben

testing in standard screening fashion since 1940. The frequency

of allergic contact sensitization to parabens has remained low

and remarkably stable for many decades despite wide use.

Parabens have been considered relatively nonirritating at levels

used in current formulations, as verified in extensive experi-

ence with the mix at current applied patch test concentrations.

Retrospective and multicenter studies. In 1 retrospective anal-

ysis, 1,363 cumulative irritation test studies in more than

45,000 subjects, who use-tested 151 different paraben-

containing formulations (along with other ingredients), did not

demonstrate parabens to be irritating in typical in-use condi-

tions and irritation scores did not correlate with preservative

concentrations.123

Allergic contact dermatitis caused by paraben mixture was

analyzed on the basis of data collected by the European Sur-

veillance System on Contact Allergies (ESSCA) network

between 2009 and 2012 from 12 European countries (Table

16).124 Of the 52,586 tests during the study period, parabens

yielded less than 1% positive reactions. Of the results obtained

from 2,362 TRUE-Test, the paraben mixture yielded only 0.4%
positive reactions. The allergic contact dermatitis data are sum-

marized in Table 16.

Epidemiological Studies

The epidemiological studies summarized below are described

in Table 17.

Prospective Studies

In vitro fertilization (IVF) outcomes were not associated with

urinary Methylparaben, Propylparaben, or Butylparaben con-

centrations of women undergoing treatments for infertility.125

No significant associations were observed between current

exposure levels of Methylparaben, Ethylparaben, and Propyl-

paraben in Chinese pregnant women and size of infants at

Table 16. Contact Dermatitis Studies on Paraben Mixture (Data Collected by ESSCA Between 2009 and 2012 From 12 European
Countries).124

Allergen Dose (mg/cm2) Test no. % (þ) % (þþ/þþþ) % (doubtful/irritant) % (pos.) % (pos.std.)a 95% CI

Paraben mix (overall) 16 52,586 0.47 0.26 1.78 0.7 0.7 (0.63-0.77)
Paraben mix (TRUE-Test) 1 2,362 0.21 0.17 0.27 0.38 0.35 (0.12-0.59)

a% (pos.std.), proportion of positives, directly age- and sex-standardized; reactions designated as either þ, þþ, or þþþ were classified as positive (allergic);
TRUE-Test®, combined with an additional set of allergens using investigator-loaded chambers and petrolatum- or water-based allergens to achieve a better
coverage of the desired range of allergens and concordance with the European baseline series (EBS).
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birth.126 One study examined 420 women undergoing IVF

treatment.125 Urinary concentrations of parabens (Methylpara-

ben and Propylparaben) were not associated with any IVF out-

come, such as endometriosis, diminished ovarian reserve,

tubal, or ovulatory disorders.

Urinary Methylparaben and Propylparaben concentrations

were associated with an increase in gestational age in northern

Puerto Rico.127 Methylparaben, Butylparaben, and Propylpar-

aben were associated with a 34% to 50% decrease in the odds

of small for gestational age (SGA).

Among 501 male partners of couples planning to become

pregnant, urinary concentrations of Methylparaben, Ethylpar-

aben, and Butylparaben were associated with diminished sperm

count and several sperm motility parameters.128 In contrast,

hydroxylated paraben metabolites (methyl-protocatechuic acid

and ethyl-protocatechuic acid) were positively associated with

select semen quality parameters. The median urinary concen-

trations of Methylparaben, Ethylparaben, Propylparaben,

Butylparaben, and Benzylparaben among 419 participants who

provided both urine and semen samples are 6.51, 0.36, 1.39,

0.03, and 0.02 ng/mL, respectively. In the same study popula-

tion, no associations were observed between paraben concen-

tration in seminal plasma and 35 semen quality parameters

among 339 male partners after false discovery rate adjust-

ment.129 In addition, seminal plasma concentrations of Ethyl-

paraben and Benzylparaben were associated with an increased

percentage of sperm motility.

Among 936 men of couples seeking infertility treatment,

urinary concentrations of Methylparaben and Propylparaben

remained stable over the study period between 2000 and

2017.130 The downward trends in sperm concentration and nor-

mal morphology were not affected when including urinary

paraben concentrations in linear regression models, that is,

parabens did not substantially change the downward trends in

semen parameters (volume, sperm concentration, count, moti-

lity, and morphology).

Among 482 pregnant women, an interquartile range increase

in urinary Ethylparaben (10.4 ng/mL) was associated with a

7.7% decrease in pro-inflammatory marker interleukin (IL)

1b (95% CI: �14.1 to �0.86).131 However, the association

between Ethylparaben and IL-1b differed across pregnancy,

becoming positive at the end of the study.

In Latino girls, at age 9, earlier thelarche, pubarche, and

menarche were associated with urinary Methylparaben concen-

trations, and earlier pubarche was associated with urinary Pro-

pylparaben concentrations.132 In boys, no prenatal parabens

were associated with pubertal timing, while one association

of earlier gonadarche with urinary Propylparaben concentra-

tions was observed. However, associations of peripubertal

measurements with parabens may reflect reverse causality:

Children going through puberty early may be more likely to

use products that expose them to parabens.

Urinary paraben concentrations (Methylparaben, Propylpar-

aben, and Butylparaben) and pregnancy blood glucose levels

during the first and/or second trimester were measured in 241

women.133 Investigating parabens individually did not provide

any significant results. However, when investigating these

parabens as a mixture, positive associations of Butylparaben

(eg, comparing the 4th and 1st quartiles) with glucose levels

were observed for both the first trimester (adjusted difference

¼ 12.5 mg/dL; 95% CI: 0.9-24.2) and second trimester

(adjusted difference ¼ 11.2 mg/dL; 95% CI: 0.2-22.3) and a

negative association between first trimester Propylparaben and

glucose (adjusted difference ¼ �22.3 mg/dL; 95% CI: �43.2

to �1.4).

Among 1,087 pregnant women in China, 5 parabens

(Methylparaben, Ethylparaben, Propylparaben, Butylparaben,

and Benzylparaben) concentrations were measured in spot

urine samples collected between 8 and 16 gestational weeks.134

A total of 103 (9.5%) women were diagnosed with gestational

diabetes mellitus (GDM). Urinary Ethylparaben was associated

with GDM. The relative risks (RRs) ¼ 1.12 (95% CI: 0.63-

2.01) for the second quartile, RRs ¼ 1.11 (95% CI: 0.64-1.93)

for the third quartile, and RRs ¼ 1.70 (95% CI: 1.02-2.82) for

the highest quartile, compared with the lowest quartile. In con-

trast, there was no evidence of associations between urinary

Methylparaben or Propylparaben and GDM.

Maternal urinary paraben levels of Methylparaben, Ethyl-

paraben, Propylparaben, Butylparaben, and Benzylparaben

were measured in 850 mother–infant pairs.135 In all infants,

each doubling increase in average Ethylparaben concentration

was associated with �2.82% (95% CI: �5.11% to �0.53%)

decrease in weight z score (SD scores) at birth. In addition, age-

specific association of Ethylparaben with �3.96% (95% CI:

�7.03% to �0.89%) and �3.38% (95% CI: 6.72% to

�0.03%) reduction in weight z scores were observed at 1 and

2 years in males, respectively. Third-trimester Ethylparaben

was negatively associated with weight z scores at birth, 1, and

2 years in males.

Among 473 pregnant women in France, 4 parabens (Methyl-

paraben, Ethylparaben, Propylparaben, and Butylparaben)

were measured in spot urine samples collected between weeks

23 and 29 of gestation.136 A positive association between the

sum of parabens and placental weight was identified (b¼ 7.12,

P ¼ 0.04). There was no association between parabens and

placental weights when placental weights were adjusted for

birth weights.

Urine concentrations of 4 parabens (Methylparaben, Ethyl-

paraben, Propylparaben, and Butylparaben) were measured in

199 pregnant Taiwanese women during their third trimester.137

The GMs of Methylparaben, Ethylparaben, Propylparaben, and

Butylparaben were 51.79, 1.26, 4.21, and 1.25 mg/g creatinine,

respectively. Sex-specific associations between maternal

Methylparaben levels and birth outcomes were observed.

Five parabens (Methylparaben, Ethylparaben, Propylpara-

ben, Butylparaben, and Benzylparaben) were measured in 3

spot urine samples (in the first, second, and third trimesters)

of 478 pregnant women in China.138 Each 2-fold increase in

average prenatal paraben concentration was associated with

lower mental development index (MDI) scores among girls

(b ¼ �1.08, 95% CI: �2.10 to �0.06) and (b ¼ �1.51, 95%
CI: �2.69 to �0.32) for Methylparaben and sum of combined
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parabens (Sparabens), respectively, but the association was not

statistically significant among boys.

Among 392 women, Methylparaben, Propylparaben, and

Butylparaben were measured in 2 spot urine samples collected

during pregnancy.103 T helper 1 (Th1) and T helper 2 (Th2)

cells were measured in offspring blood samples at ages 2, 5,

and 7; probable asthma and aeroallergies were assessed at age

7. Methylparaben was associated with lower Th1% (RR:

�3.35, 95% CI: �6.58 to �0.02) and Th2% at borderline sig-

nificance (RR: �4.45, 95% CI: �8.77 to 0.08). Propylparaben

was associated with decreased odds of probable asthma (odds

ratio [OR]: 0.86, 95% CI: 0.74-0.99).

Among 480 pregnant women, 130 cases of preterm birth

(PTB) were identified, including 75 cases of spontaneous PTB

and 37 cases of placental PTB.131 Regression analyses indi-

cated Ethylparaben was associated with increased risk for pla-

cental PTB, OR ¼ 1.47 (95% CI: 1.14-1.91).

Of 252 adolescents participating in a new Bedford cohort

(NBC) study, urine concentrations of parabens were not asso-

ciated with any maladaptive behavior, for example, internaliz-

ing and externalizing behavior, Behavioral Symptoms Index,

adaptive skills, and Developmental Social Disorders.139

Among 152 pregnant women, a significant decrease in dia-

stolic blood pressure was associated with exposure to parabens,

including Methylparaben, Ethylparaben, and Butylparaben, in

the second trimester (b ¼ �0.62 mm Hg; 95% CI: �1.16 to

�0.08 per doubling of Methylparaben concentrations).140

The associations between maternal urinary parabens

(Methylparaben, Ethylparaben, Propylparaben, and Butylpara-

ben) and plasma inflammatory markers across pregnancy were

examined in 130 PTB cases and 352 controls.131 An interquar-

tile range increase in Methylparaben (359 ng/mL) was posi-

tively associated with a 6.69% increase in IL-6 (95% CI: 0.02-

13.8), while an increase in Ethylparaben (10.4 ng/mL) was

associated with a 7.7% decrease in IL-1b (95% CI: �14.1 to

�0.86). However, the authors stated that it is difficult to make

conclusions about the magnitude by which parabens contribute

toward inflammatory processes during pregnancy due to the

complexity of receptor signaling in immune cells.

Urinary paraben concentration and reproductive and thyroid

hormones were measured in 602 pregnant women in Puerto

Rico.141 Butylparaben, Methylparaben, and Propylparaben

were associated with decreases in the sex hormone-binding

globulin (SHBG) by 5.27% (95% CI: �9.4 to �1.14), 3.53%
(95% CI: �7.37 to 0.31), and 3.74% (95% CI: �7.76 to 0.27),

respectively. Methylparaben was associated with decreases in

reproductive hormones, including an 8% decrease (95% CI:

�15.4 to 0.61) in estriol, a suggestive 3% increase (95% CI:

�2.95 to 9.61) in the progesterone/estriol ratio and a suggestive

6.7% decrease (95% CI:�13.13 to 0.29) in T at 16 to 20 weeks.

Retrospective Studies

Preterm birth was associated with umbilical cord blood con-

centrations of Butylparaben (OR ¼ 60.77; 95% CI ¼ 2.60-

1,419.93) and Benzylparaben (OR ¼ 0.03, 95% CI ¼ 0.01-

0.44).142 The authors stated that the OR of 0.03 for Benzylpar-

aben indicated a “protective effect” of Benzylparaben for PTB.

Linear regression analysis indicated an association between

maternal urinary concentrations and decreased gestational age

and body length in newborns. No statistically significant asso-

ciations were observed between Methylparaben or Ethylpara-

ben concentrations and the outcomes evaluated (ie, body

length, gestational age at birth, birth weight, head circumfer-

ence). No statistically significant associations were found

between prenatal or postnatal growth of male newborns and

maternal urinary paraben concentrations of Methylparaben,

Ethylparaben, Propylparaben, or Butylparaben.143

The incidence of cryptorchidism and/or hypospadias, com-

bined, was associated with placental concentrations of Methyl-

paraben �1.96 ng/g (OR ¼ 3.18; 95% CI ¼ 0.88-11.48) and

Propylparaben concentrations �1.16 ng/g (OR ¼ 4.72; 95% CI

¼ 1.08-20.65).144 Of 436 children at 3 years of age, the median

values of estimated daily intake of Methylparaben, Ethylpara-

ben, Propylparaben, Butylparaben, and Benzylparaben were

12.10, 5.68, 4.50, 0.06, and 0.17 mg/kg bw/d, respectively.145

Urinary Ethylparaben concentrations of boys were positively

associated with weight z scores (b ¼ 0.16, 95% CI: 0.04-0.29,

P ¼ 0.01) and height z scores (b ¼ 0.15, 95% CI: 0.03-0.27; P

¼ 0.01). Positive associations were found between the sum of

molar concentrations of all 5 parabens and height z scores

among all children (b ¼ 0.24, 95% CI: 0.04-0.45; P ¼ .02).

All regression coefficients calculated for girls and all other

coefficients for boys were not statistically significant.

Mean percentage change (MPC) and the results of statistical

tests for trends were not statistically significant in a study of

urinary concentrations of Methylparaben, Propylparaben, and

Butylparaben in women undergoing infertility evaluation and

ovarian volume (OV) or antral follicle count (AFC)

measurements.146

No statistically significant associations were found between

the urinary concentrations of Methylparaben, Propylparaben,

or Butylparaben and serum hormone concentrations, semen

quality parameters, and motion characteristics or all but one

indicator of sperm damage in a comet assay.147 The exception

was a trend for increased tail% in comet assays of sperm DNA

with increasing Butylparaben concentrations.

Cross-Sectional Studies

Among 315 men under 45 years of age who attended an infer-

tility clinic for diagnostic purposes in Poland, urinary concen-

trations of Ethylparaben and Butylparaben were associated

with an increase in the percentage of sperm with abnormal

morphology.148 Urinary Isobutylparaben concentrations were

significantly associated with an increase in the percentage of

sperm with high DNA stainability. Urinary concentrations of

parabens (Methylparaben, Ethylparaben, Propylparaben,

Butylparaben, and Isobutylparaben) were not associated with

the level of reproductive hormones, including FSH, T, and E2.

In addition, urinary concentrations of Methylparaben and Pro-

pylparaben were not related to any of the examined semen
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quality parameters, sperm DNA damage, or the level of repro-

ductive hormones. The unadjusted GM urinary concentrations

of Methylparaben, Ethylparaben, Propylparaben, Butylpara-

ben, and Isobutylparaben were 14.7, 1, 4.3, 0.3, and 0.4 mg/L,

respectively.

In cord plasma of 27 healthy pregnant women (37th week of

pregnancy), Methylparaben, Propylparaben, and the sum of all

measured parabens (Methylparaben þ Ethylparaben þ Propyl-

paraben þ Butylparaben) were inversely associated with T

levels.149

Urinary paraben concentrations of Methylparaben, Ethyl-

paraben, Propylparaben, and Butylparaben were measured in

215 young healthy men (18-23 years old), 94% of whom had

detectable urinary concentrations of parabens.150 Urinary con-

centrations of parabens were not significantly associated with

any semen parameters or any of the reproductive hormone

levels, including FSH, LH, T, inhibin B, and E2. The unad-

justed GM urinary concentrations of Methylparaben, Ethylpar-

aben, and Propylparaben were 11.2, 1.1, and 0.64 ng/mL,

respectively.

Among 42 male partners (36.8 + 5.4 years old) of couples

who visited a gynecology clinic in Tokyo for infertility con-

sultation, no significant association was found between semen

parameters (sperm volume, concentration and motility) and

urinary paraben concentrations in regression analyses.151 The

GM urinary concentrations of Methylparaben, Ethylparaben,

Propylparaben, and Butylparaben were 48.2, 1.88, 1.13, and

0.184 ng/mL, respectively.

Linear regression analyses of data from the US NHANES

program indicated an association between reduced serum

thyroxine (T4) concentrations and urinary concentrations

of Methylparaben, Ethylparaben, Propylparaben, and

Butylparaben.152

Analysis of data from the NHANES program indicated an

association between aeroallergen and food sensitization, com-

bined, and urinary concentrations of Methylparaben (OR ¼
1.74; CI ¼ 1.02-3.22), Propylparaben (OR ¼ 2.04; CI ¼
1.12-3.74), and Butylparaben (OR ¼ 1.55; CI ¼ 1.02-

2.33).153 The results also indicated an association between

urinary concentrations of Methylparaben and nonatopic asthma

(OR ¼ 0.025; CI ¼ 0.07-0.90) and nonatopic wheeze (OR ¼
0.23; CI ¼ 0.05-0.99).

One study examined the association between parabens and

asthma morbidity among 450 children with asthma and with

asthma prevalence among 4,023 children participating in the

US NHANES program (2005-2014).154 An increased preva-

lence of reporting emergency department visits were observed

for every 10-fold increase in Methylparaben and Propylparaben

concentrations among boys with asthma (prevalence OR ¼
2.61, 95% CI: 1.40-4.85 and OR ¼ 2.18, 95% CI: 1.22-3.89,

respectively). Among children in the general population, no

overall associations with current asthma were observed,

although there was a positive trend with Propylparaben and a

current asthma diagnosis.

Urine samples were collected from 696 pregnant women in

China.155 The detection rates for the 5 parabens in the urine

samples were 97.70% (Methylparaben), 71.26% (Ethylpara-

ben), 96.55% (Propylparaben), 15.80% (Butylparaben), and

2.73% (Benzylparaben). No significant association was found

between parabens and GDM among the overall population.

However, significant nonlinear associations of Propylparaben

and the summed estrogenic activity of parabens with GDM

were found in the stratified analysis by prepregnancy body

mass index (BMI) in the overweight/obese population, with

adjusted ORs of 3.47 (95% CI: 1.28-9.42) and 2.87 (95% CI:

1.07-7.73) for GDM in the second tertile of urinary Propylpar-

aben and the summed estrogen activity, respectively, when

compared to the first tertile.

Among 1,693 black women aged 23 to 34 years, morbid

obesity (BMI� 35 kg/m2) was inversely associated with Butyl-

paraben and Methylparaben concentrations.156 Methylparaben

concentrations were 30.7% lower for BMI �35 versus <25 kg/

m2 (95% CI: �48.0% to �7.7%), and Butylparaben concentra-

tions were 30.6% lower for BMI �35 versus <25 kg/m2 (95%
CI: �49.6% to �4.6%).

Among 156 men under 45 years of age who attended the

infertility clinic for diagnostic purposes with normal semen

concentration, a positive association was found between urin-

ary level of Butylparaben and XY18 disomy (P ¼ 0.045) and

Propylparaben and disomy of chromosome 13 (P ¼ 0.007).148

The association between urinary phenol biomarkers and

breast cancer incidence was studied in 711 women with breast

cancer and 598 women without breast cancer.157 Among all

women, the highest (vs lowest) quintiles of urinary Methylpar-

aben, Propylparaben, and sum of parabens were associated

with breast cancer ORs of 1.50 (95% CI ¼ 1.03-2.18), 1.31

(95% CI ¼ 0.90-1.90), and 1.35 (95% CI ¼ 0.93-1.97), respec-

tively. In the age-adjusted model, the highest quintile of urinary

Methylparaben was associated with a breast cancer OR of 1.21

(95% CI¼ 0.86-1.72). Associations for breast cancer incidence

were more pronounced among women with a BMI <25 kg/m2;

however, associations for mortality were more pronounced

among women with a BMI greater �25 kg/m2.

Risk Assessment

Margin of Safety

For the purpose of this risk assessment, the Panel determined an

adequate NOAEL value of 160 mg/kg/d for Butylparaben in

consideration of the new data in the category of endocrine

activity and from DART studies.3,64,70,71,158-160 Specifically,

the NOAEL has been derived from a study where pregnant rats

were orally exposed to Butylparaben by gavage from GD 7

through PD 21.64 Above a dose of 160 mg/kg/d, Butylparaben

exerted adverse effects on the reproductive system in male

offspring, including delayed PPS, reduced reproductive organ

weights at several ages, reduced LH level, and elevated E2 and

progesterone levels in serum from prepubertal male rats.

Importantly, Butylparaben exposure in utero and during lacta-

tion significantly reduced epididymal cauda sperm counts,
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daily sperm production, and serum T in a dose-dependent

manner.

In comparison, the SCCS chose an NOEL of 2 mg/kg bw/d

for the calculation of the MOS of Butylparaben. The NOEL

was derived from a study in which 3 neonatal male rats were

exposed subcutaneously to 2 mg/kg bw/d Butylparaben from

PND 2 to PND 18 (Table 13).158 No effects on any of the

measured reproductive parameters were documented, com-

pared with the control group. The DART parameters examined

in this study included testis weight, distension of the rete testis

and efferent ducts, epithelial cell height in the efferent ducts,

and immunoexpression of the APQ-1. However, the Panel con-

sidered that such study suffers from several critical limitations:

it involves a route of subcutaneous exposure, it is not an Orga-

nisation for Economic Co-operation and Development Test

Guidelines (OECD TG) study, only 1 postpartum dose was

tested, and it did not examine the intergeneration toxicity and

typical DART end points, such as AGD, weight of the epidi-

dymis/seminal vesicle, sperm counts, and reproductive hor-

mone levels.

For the purposes of an MOS calculation, the Panel consid-

ered a scenario wherein a consumer would use a set of cosmetic

products containing Butylparaben; aggregate exposure to 17

cosmetic products is calculated to be 17.4 g/d based on addition

of deterministic values for a range of products (Table 18).161

These 17 cosmetic products are divided into 4 main cate-

gories162: (1) oral products, (2) eye products, (3) non rinse-

off products, and (4) rinse-off product; the global daily expo-

sure of products for each category was estimated using the data

summarized in Table 18.

The Panel also considered the different use concentrations

and exposures of Butylparaben in each main cosmetic product

category. For purposes of worst-case assumption, the maxi-

mum use concentration of Butylparaben was set to represent

the concentrations of use across the products in that category.

The Council’s concentration of use survey indicates that the

maximum use concentration of Butylparaben in the category of

(1) oral products, (2) eye products, (3) leave-on products, and

(4) rinse-off product is 0.2%, 0.5%, 0.24%, and 0.33%, respec-

tively26 (Table 18).

The Panel noted that the measured extent of dermal pene-

tration of parabens is variable, ranging from 1% to 75%; the

wide range is likely due to differences in animal species used,

matrix effects, and other experimental conditions.162,163 How-

ever, methodologies used in dermal penetration studies, such as

radiolabeling, may lead to false presumptions about the rate of

dermal penetration of whole, unmetabolized parabens.

Depending on the specific location of a radiolabel, high levels

of detection of radioactivity are more likely the result of

detected metabolites (eg, radiolabeled 4-Hydroxybenzoic

Acid), rather than the detection of actual parabens. For pur-

poses of calculating an MOS, the systemic availability of

unmetabolized Butylparaben after topical application to

human skin is of the primary concern. A human toxicokinetic

study has been conducted in 26 young adult males with der-

mal repeated exposure to Butylparaben at a daily dose of 10

mg/kg bw/d for 5 days.44,57 No effects of Butylparaben on

serum hormonal levels were observed during the exposure

time of 5 days, and about 2.1% unmetabolized Butylparaben

was detected in the urine of the participants. Note that Butyl-

paraben was applied to the whole body in this human study

(10 mg/kg bw/d), while a conservative estimation indicates

that daily exposure of consumers to Butylparaben is much

lower (0.66 mg/kg bw/d, as shown in Table 18). In addition,

Table 18. Global Exposure Estimates for Parabens Illustrated Using the Survey Data for Butylparaben.26,161,162

Type of
exposure162 Product161

Daily use161

(g/d)

Cumulative
eposure

(g/d)

Maximum use
concentration

of Butylparaben26

Maximum exposure
estimate of

Butylparaben (g/d)

Butylparaben exposure
(mg/kg/d) assuming

60 kg person

Oral Toothpaste 0.14 0.2% (lipstick) 0.0047 0.079
Mouthwash 2.16 2.36
Lipstick 0.06

Eye products Eye makeup 0.02 0.5% (mascara) 0.00025 0.0042
Mascara 0.025 0.05
Eyeliner 0.005

Non rinse-off
products

Face cream 1.54 0.24%
(moisturizing
products)

0.0334 0.54
Hand cream 2.16
Liquid Foundation 0.51
Body lotion 7.82 13.93
Deodorant 1.50
Hair styling products 0.40

Rinse-off
products

Make-up remover 0.50 0.33% (skin
cleansing)

0.0034 0.04
Hand wash soap 0.20
Shower gel 0.19 1.04
Shampoo 0.11
Conditioner 0.04

Total 17.4 0.042 0.6632
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the available in vitro percutaneous absorption studies using

human split- or full-thickness skin suggest a conservative

assumption of human dermal penetration of unmetabolized

Butylparaben at 3.7% (which was used by SCCS to calculate

the MOS of Butylparaben and then to derive the recom-

mended maximum use concentration of Butylparaben in the

EU).16,18 Taking into account that dermal absorption of lower

molecular weight parabens is higher, the Panel selected an

estimate of a 50% dermal absorption of unmetabolized para-

bens in the calculation of the MOS, which thereof represents a

conservative assumption.

For adults (60 kg body weight), the relevant calculations

are:

Global daily exposure (GDE, Butylparaben) ¼ (2.36 g/d

of oral products � 0.2% maximum use concentration)

þ (0.05 g/d of eye products � 0.5% maximum use

concentration) þ (13.93 g/d of non-rinse-off products

� 0.24% maximum use concentration) þ (1.04 g/d of

rinse-off products � 0.33% maximum use concentra-

tion) ¼ 0.042 g/d.

Systemic exposure dose (SED, Butylparaben) ¼ GDE/60

kg body weight� 50% dermal absorption� 1,000 mg/

g conversion factor ¼ 0.35 mg/kg/d.

MOS (adult, Butylparaben) ¼ NOAEL/SED ¼ 160 mg/

kg/d/0.35 mg/kg/d ¼ 457.

Since alkyl parabens undergo the similar enzymatic hydro-

lysis to form 4-Hydroxybenzoic Acid, a conservative MOS of

Butylparaben for adults could be applied to other individual

alkyl parabens.

The Panel considered exposures to cosmetic products con-

taining multiple parabens. A protective MOS level of 100 was

used to calculate a maximum safe use concentration for com-

bined paraben use in a single formulation.

NOAEL/MOS (adult, multiple paraben) ¼ SED ¼ 160

mg/kg/d/100 ¼ 1.6 mg/kg/d (SED � body weight)/

(dermal absorption � conversion factor � GDE) ¼
(1.6 mg/kg/d � 60 kg)/(50% � 1,000 mg/g � 17.4

g/d ) ¼ maximum use concentration ¼ 1.1%.

Accordingly, the Panel determined that the commonly used

limitation of 0.8% for Sparabens is conservative and is safe

for human health when parabens are used in combination in

cosmetic products.

Estimate and Refinement of Aggregate Exposure

Estimate of aggregate exposure. In addition to cosmetic and

PCPs, parabens are also widely used in drugs and foods.

According to one study, considering aggregate exposure to

parabens from various sources, the total combined exposure

was 76 mg/d, with cosmetics and PCPs accounting for 50

mg/d; drugs, 25 mg/d; and foods, 1 mg/d.164

The Dutch National Institute for Public Health and the Envi-

ronment (RIVM) conducted an exposure assessment in

consideration of the aggregated exposure to parabens via 3

major sources: PCPs, foods, and medicinal products.163 For

Methylparaben, adding exposures results in an aggregate expo-

sure estimate of 3.0 mg/kg/d for both adults and children. The

estimate for medicinal products contributes 70% to 74% of this

value, while the contribution of food is less than 1%. For Pro-

pylparaben, adding the exposures results in an aggregate expo-

sure estimate of 1.2 mg/kg/d for both children and adults; 64%
to 72% of the exposure is from medicinal products and less than

1% from food. For Ethylparaben, due to the lack of use infor-

mation on medicinal products, the summation of exposure via

PCPs and exposure via foods will result in an aggregate expo-

sure of 0.2 mg/kg/d for adults and children and, as with Methyl-

paraben and Propylparaben, the contribution of foods is less

than 1%. However, the authors noted that such an aggregation

estimate was based on a series of studies with varying levels of

information and uncertainties.

Refinement of aggregate exposure. In current risk assessments,

aggregate exposure of parabens is commonly estimated by

using a simplistic approach of summing the exposures from all

the individual product types in which parabens are used. How-

ever, this summation will result in an unrealistic estimation

because (1) the use frequency of products and the amount of

product applied are overestimated, (2) parabens may not be

used in all products of a given type (eg, all make-up products),

(3) the extent of use factors for parabens in products is not

considered, (4) individuals in the population vary in their pat-

terns of product use including co-use and nonuse, and (5) the

extent to which parabens are absorbed from the skin into the

internal system warrants further studies. Use of multiple expo-

sure models help provide realistic estimates in comparison with

observational biomonitoring data.165 A recent study indicated

that approximately 60% to 90% of the model predictions from

5 implemented models were within a factor of 10 of the

observed paraben exposures, while 30% to 40% of the predic-

tions were within a factor of 3 (ie, a factor of 3 or 10, above or

below the minimum observed absorbed doses). These models

included 3 of the screening models (ie, RIVM ConsExpo,

SCCS notes of guidance algorithms, and the Risk Assessment

Identification and Ranking–Indoor and Consumer Exposure)

and 2 higher tier probabilistic models (US EPA’s Stochastic

Human Exposure and Dose Simulation–High Throughput and

Creme Care & Cosmetics). A number of uncertainties affect

interpretation of the modeled versus measured exposures, such

as parabens in preservative product concentrations, dermal

absorption parameters, and degree of metabolism following

dermal absorption.

An approach has been developed to refine the aggregate

exposure estimates using 4 of the more commonly used para-

bens (ie, Methylparaben, Ethylparaben, Propylparaben, and

Butylparaben).162 The relative refinement allowed co-use and

nonuse data, as well as the extent of parabens use data, to be

developed for 9 cosmetic and skin care products, including

body lotion, body cream, facial mask, hand lotion, founda-

tion/liquid make-up, facial moisturizer, lip color, night cream,
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and facial cleanser. Simple summed aggregate exposure from

these 9 cosmetic and skin care products was 1.61, 0.80, 1.70,

and 0.016 mg/kg/d for Methylparaben, Propylparaben, Ethyl-

paraben, and Butylparaben, respectively. When the refining

factors were applied, and a conservative dermal penetration

rate of 80% was chosen, the aggregate exposure compared to

the simple addition approach was reduced by 51%, 58%, 90%,

and 92% for Methylparaben, Propylparaben, Butylparaben, and

Ethylparaben, respectively. In comparison, estimated internal

exposure based on the 95th percentile values of parabens con-

centration in human urine was 19.9, 8.2, 1.39, and 0.86 mg/kg/d

for Methylparaben, Propylparaben, Ethylparaben, and Butyl-

paraben, respectively. This means that in all cases the aggre-

gate exposure estimates are significantly greater than the

exposures derived from the biomonitoring data.162 If exposure

via food was included, the aggregate exposure for Methylpar-

aben and Propylparaben, which are used extensively in foods,

would only increase by 1% and 4%, respectively. That is, esti-

mates for exposure to Methylparaben and Propylparaben via

food are at least 25-fold lower than the estimates for aggregate

exposure resulting from dermal exposure to cosmetic

products.162,164

Another study takes population variability of individual

characteristics and behavior within the female US population

into account.166 Daily paraben intake was estimated based on

skin permeation coefficient models, product use characteris-

tics, and multipathway exposure model, that is, aqueous dermal

uptake, gaseous dermal uptake, inhalation intake, and environ-

mentally mediated intake due to disposal after use of parabens.

The mean (2.5th-97.5th percentiles) modeled population

intakes were 0.2 (0.003-0.8), 0.03 (0-0.2), 0.06 (0-0.3), and

0.02 (0-0.1) mg/kg/d for Methylparaben, Ethylparaben, Propyl-

paraben, and Butylparaben, respectively. This intake estimate

represents a consumer who uses the following 11 PCPs which

all contain parabens: shampoo, conditioner, body lotion, facial

cream, night cream, facial cleanser, deodorant, body wash,

foundation, eye shadow, and lipstick. The environmentally

mediated paraben intake from disposal stage was 3 to 4 orders

of magnitude lower than use stage.166

Summary

This is a safety assessment of the available scientific literature

and concentration of use data relevant to assessing the safety of

20 parabens and 4-Hydroxybenzoic Acid as used in cosmetics.

According to the Dictionary, parabens primarily function in

cosmetics as preservatives, although 5 of the ingredients also

are reported to function as fragrance ingredients.

According to VCRP survey data received in 2019, Methyl-

paraben was reported to be used in 11,739 formulations; this is

an increase from 8,786 uses reported in 2006. Propylparaben

had the next highest number of reported uses at 9,034; this was

an increase from 7,118 uses reported in 2006. All of the other

previously reviewed parabens in this safety assessment

increased in the number of reported uses since 2006 with the

exception of Benzylparaben, which dropped from 1 reported

use to 0.

The results of the concentration of use survey conducted by

the Council in 2016 indicate Methylparaben had the highest

reported maximum concentration of use, up to 0.9% in sham-

poos. The highest maximum concentration of use reported for

products resulting in leave-on dermal exposure is Ethylparaben

in eye shadows at 0.65%. In 2006, Methylparaben had the

highest reported maximum concentration of use at 1% in lip-

sticks. The maximum concentrations of use of the previously

reviewed parabens have remained under 1%, and the patterns

of use are similar to those reported in the previous safety

assessment.

The US FDA considers Methylparaben and Propylparaben

to be GRAS as antimicrobial agents in food. Parabens may be

classified as moderate penetrants. Penetration was inversely

proportional to the lipophilicity of the parabens tested (Methyl-

paraben > Ethylparaben > Propylparaben > Butylparaben).

Residual quantities of parabens remaining in the skin increased

as the test concentration increased, with greater amounts in the

human epidermis than in mouse skin.

After application of 2% (wt/wt) Butylparaben in cream (also

contains 2% diethyl phthalate and 2% dibutyl phthalate) in 26

healthy Caucasian men, Butylparaben was detected in the serum,

with maximum concentrations not exceeding 1.0 mg/L. Butyl-

paraben concentrations increased rapidly within 3 hours after the

first application of cream containing the 3 test compounds and

could be detected in most serum samples collected throughout

the second week of this study.

In in vitro tests, Methylparaben, Ethylparaben, and Propyl-

paraben did not exhibit binding affinity for AFP. Conversely,

the IC50 of Benzylparaben was 0.012 mM. Butylparaben was

metabolized to 4-Hydoxybenzoic Acid with maximum rate at

saturating concentration (Vmax) of 8.8 nmol/min/mg protein.

The CP enhances skin permeation of Methylparaben primarily

by increasing the solubility of Methylparaben in the SC (espe-

cially in the nonlipid regions).

Methylparaben and Ethylparaben were stable in human

plasma, but Propylparaben, Butylparaben, and Benzylparaben

concentrations decreased by 50% within 24 hours. All parabens

tested were rapidly hydrolyzed when incubated with HLM

depending on the alkyl chain length. Parabens, but not 4-

Hydroxybenzoic Acid, were actively glucuronidated by liver

microsomes and human recombinant UGTs.

Butylparaben was rapidly cleared in hepatocytes from rats

and was cleared more slowly in hepatocytes from humans, with

little or no sex difference. Butylparaben was extensively hydro-

lyzed to 4-Hydroxybenzoic Acid as the major metabolite for

both sexes and species. Methylparaben, Ethylparaben, Propyl-

paraben, and Butylparaben were hydrolyzed by RLM and HLM

in in vitro tests. In contrast to RLM, HLM showed the highest

hydrolytic activity toward Methylparaben, with activity

decreasing with increasing side-chain length of the paraben

tested. Rat small intestinal microsomes exhibited relatively

higher activity toward longer side-chain parabens. Human
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small intestinal microsomes showed a specificity pattern sim-

ilar to that of rat small intestinal microsomes.

Metabolism rates of Methylparaben, Ethylparaben, Propyl-

paraben, and Butylparaben by HLM and HSM were inversely

proportional to chain length. Paraben metabolism in HLM was

300- to 500-fold faster than in HSM, depending on the paraben.

In contrast to human tissue fractions, all rat tissue fractions

tested hydrolyzed the parabens at rates that increased as the

ester chain length increased. Rat skin displayed 3 to 4 orders of

magnitude faster hydrolysis rates than human skin.

Nine rats were given a single dermal dose of 100 mg/kg bw

[ring-U-14C]-labeled Methylparaben, Propylparaben, or Butyl-

paraben. Cmax (�693 and �614 ng Eq/g in males and females,

respectively) occurred within 8 hours postapplication, and

blood concentrations decreased until the last quantifiable con-

centration within 24 hours. Most of the dosage (�46.4%) was

not absorbed, and less than 25.8% was found in the urine. Urine

was the primary route of elimination. Tissues contained about

4.3% of the 10 mg/kg dosage. The kidneys contained about

twice the concentration of residues found in liver.

In rats exposed to a single oral dosage of up to 100 mg/kg

bw [ring-U-14C]-labeled Methylparaben, Propylparaben, or

Butylparaben, Cmax (�11,432 and �21,040 ng Eq/g in males

and female, respectively) occurred within 1 hour postgavage,

and blood concentrations decreased until the last quantifiable

concentration at 12 hours. Radioactivity was eliminated rap-

idly, with averages �69.6% recovered in the urine during the

first 24 hours. When rats were given a single oral dose of up to

1,000 mg/kg bw Butylparaben, the rate of urinary excretion

was similar across all dosages, with �66% recovered in the

first 24 hours in males.

Time-mated female SD rats were orally administered 0,

1,500, 5,000, or 15,000 ppm Butylparaben via NIH-07 feed,

ad libitum, from GD 6 to PND 28. Low placental and lacta-

tional transfer of dietary Butylparaben were observed. Poor

conjugation in pups during early lactation results in higher

exposure to free Butylparaben in pups compared to dams.

All 26 male volunteers showed increased excretion of Butyl-

paraben following daily whole-body topical application of a

cream formulation containing 2% (wt/wt) Butylparaben. Mean

total Butylparaben excreted in urine during exposure was 2.6

+ 0.1 mg/24 hours. The concentrations peaked in the urine 8 to

12 hours after application. Free and conjugated parabens and

their major, nonspecific metabolites (4-Hydroxybenzoic Acid

and p hydroxyhippuric acid) were detected in the urine samples

of 3 subjects 24 hours after an oral dose of deuterated Methyl-

paraben, Butylparaben, and Isobutylparaben.

There were no significant changes in body and organ

weights in any group when rats were dermally exposed to up

to 600 mg/kg bw/d Isopropylparaben or Isobutylparaben for 28

days. Macroscopic and microscopic examinations revealed

mild-to-moderate skin damage in female rats. No observed

adverse effect levels for Isobutylparaben and Isopropylparaben

were 600 and 50 mg/kg bw/d, respectively.

At 100 and 300 mg/kg bw/d Propylparaben administered

orally, rats exhibited statistically significant increases in

relative liver weights, serum ALT, AST, ALP, and LDH activ-

ities. Significant decreases in total serum protein and albumin,

GSH, CAT and SOD activities, serum T concentrations, and T/

E2 ratios were also reported. Livers of affected rats exhibited

dilated congested central and portal veins, highly proliferated

bile ducts with fibrotic reactions, and multifocal areas of necro-

tic hepatocytes, and testes exhibited evidence of severe sper-

matogenic arrest.

Elevations of serum markers of lipid peroxidase (ie, mal-

ondialdehyde) and hydroxyl radical production were statisti-

cally significant in rats exposed to 250 mg/kg bw/d

Methylparaben. Malondialdehyde levels were elevated in the

liver in a statistically significant, dose-dependent manner,

among other effects, in mice orally exposed to 1.33 to 40

mg/kg bw/d Butylparaben for 30 days.

Time-mated rats were orally exposed to 10, 100, or 500 mg/

kg bw/d of Butylparaben from GD7 to PND22. The AGD of

newborn male and female offspring was significantly reduced

at 100 or 500 mg/kg bw/d. The expression of the Sertoli/Leydig

cell marker Nr5a1 in adult male offspring was statistically

significantly reduced at 10 mg/kg bw/d or above. In male off-

spring, epididymal sperm count decreased from 76% to 78%
compared to controls at all doses from 10 to 500 mg/kg bw/d.

The reduction in epididymal sperm count showed the same

effect at all doses. In prepubertal females, ovary weight reduc-

tion was statistically significant and mammary gland out-

growth was increased at 100 and 500 mg/kg bw/d.

Statistically significant, dose-dependent reductions in AGD

and ovary weights were observed in offspring of female rats

exposed orally to 100 or 500 mg/kg bw/d Butylparaben from

GD7 to GD21.

The E2 level was elevated in male rats orally exposed to

Butylparaben at 50 mg/kg for 8 weeks, whereas serum levels of

the hormones T, LH, and FSH were decreased. Testicular DNA

damage and a reduction in Leydig cells population were

recorded in Butylparaben-treated groups.

The expression of CYP19 and ERa was significantly

increased, and the expression of StAR, P450scc, SULT1E1,

and AR in the testes and methylation rate of the ERa promoter

were significantly reduced in male offspring of female rats

exposed to 400 or 1,000 mg/kg bw/d Butylparaben from GD7

to GD21.

Weights of the testes, epididymal cauda sperm counts, and

daily sperm production in male offspring were significantly

reduced in the 400 and 1,000 mg/kg bw/d groups of rats orally

exposed to Butylparaben on GD7 to PND21. Vimentin fila-

ments showed shorter projections, concentration near the basal

region, and disappearance of the apical extensions toward the

lumen of the seminiferous tubules in 3-week-old rats 6 hours

after a single 1,000 mg/kg bw oral dosage of Butylparaben.

Prepubertal female rats exposed orally to 1,000 mg/kg bw/d

Methylparaben or 250 mg/kg bw/d Isopropylparaben on

PND21 to PND40 exhibited statistically significant delays in

vaginal opening. Decreases in the weights of the ovaries,

increases in the weights of the adrenal glands, thyroid glands,

and liver, as well as myometrial hypertrophy were observed in
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the 1,000 mg/kg bw/d groups. Reduced plasma leptin concen-

trations were observed in male and female offspring of young

adult female rats exposed orally to 100 mg/kg bw/d

Butylparaben.

F2 pups exhibited statistically significantly greater mortality

at PND7 when F0 females and their F1 offspring were exposed

to 0.105 mg/kg bw/d Methylparaben by gavage. During lacta-

tion, treated “parous” F1 females exhibited mammary alveoli

that were not always milk-filled, collapsed alveolar and duct

structures with residual secretory content and marked decrease

in the size of the lobular structures. There was no evidence of

an effect on the weight of the male reproductive organs, epidi-

dymal sperm parameters, hormone concentrations, or histo-

pathology in juvenile male rats exposed via lactation from

maternal rats receiving up to 1,000 mg/kg bw/d Propylparaben

for 8 weeks.

Methylparaben was associated with a statistically signifi-

cantly higher incidence of abnormal sperm in rats exposed to

1,000 or 10,000 ppm in the diet for 8 weeks, mostly sperm with

no head in 4% to 5% of sperm, compared with 2.3% in 100 ppm

and control groups. Measurements of hormone concentrations

were generally not altered, except that T and FSH concentra-

tions were higher in the 10,000 ppm Butylparaben-treated

group, compared with the control group.

Zebrafish embryos exposure to Methylparaben at 10ppb and

100 ppb caused alterations in developmental landmarks such as

heart rate and hatching percentage. Anxiety-like behavior was

induced in larvae exposed to 0.1 and 1 ppb of Methylparaben.

Exposure of zebrafish embryos to Methylparaben at 200,

400, 800, and 1,000 mM for 96 hpf resulted in decreased heart

rate and hatching rate and developmental abnormalities.

Expression of vitellogenin I was significantly upregulated in

larval zebrafish exposed to 100mM of Methylparaben for 96

hpf.

Three neonatal male rats were exposed subcutaneously to 2

mg/kg bw/d Butylparaben on PND 2 to PND 18. No effects on

any of the measured reproductive parameters were detected.

Human spermatozoa were exposed to 13 mM Methylpara-

ben for 2 or 5 hours. Methylparaben had no significant effect on

DNA fragmentation, while a statistically significant decrease in

spermatozoa motility was observed. Methylparaben at a con-

centration of 2.5 mM did not induce any significant changes to

the motility, vitality, mitochondrial ROS production, or

8OHdG formation.

A dose-dependent decrease in the percentage of mitotic cells

was observed in Vero cells exposed to Propylparaben. Induc-

tion of DNA DSBs was also observed. Statistically significant

elevations in SCEs/cell and CAs/cell were observed in cells

incubated with Propylparaben (�1.5 mM) and Propylparaben

(�1.0 mM) for 3 hours, respectively.

Statistically significant, elevated indices of DNA fragmen-

tation were observed in CHO cells incubated for 1 hour with

�0.4 mM Butylparaben. Elevated SCEs/cell and CAs/cell were

observed in CHO cells incubated with 0.75 mM Butylparaben

for 3 hours.

Human spermatozoa were exposed to a paraben mixture

containing equal concentrations of Methylparaben, Ethylpara-

ben, Propylparaben, and Butylparaben. Significantly reduced

motility was observed immediately after the treatment and was

further exacerbated after 24 hours at doses of 1, 2 and 4 mM.

Caspase activation was observed following exposure to para-

bens concentrations above 1 mM and increased still further

after 24 hours.

Weak activation of PPARa and PPARg was observed in

NIH-3T3-L1 cells exposed to Butylparaben. Isobutylparaben

antagonized the AR in CHO cells. Butylparaben increased the

number of BT-474 cells entering S-phase; the effect was

enhanced in the presence of ligand HRG. Butylparaben signif-

icantly enhanced the GR signal, while Methylparaben, Ethyl-

paraben, and Propylparaben did not have this effect.

Butylparaben exhibited estrogen agonism in T47D-KBluc

cells. MCF-7 and HCI-7-Luc2 mammospheres treated with

Methylparaben exhibited increased expression of ALDH1.

Parabens enhanced differentiation of murine 3T3-L1 cells with

potencies that increased with the length chain. Butylparaben

and Benzylparaben promoted lipid accumulation in hADSCs.

The EPA’s EDSP program conducted a series of in vitro

assays to examine the estrogenic properties of parabens com-

pounds. There were 15, 14, 11, 5, and 2 positive results out of

total 18 arrays for Butylparaben, Propylparaben, Ethylparaben,

Methylparaben, and 4-Hydroxybenzoic Acid, respectively,

while in vitro antiandrogen studies showed negative results.

Metabolites of Butylparaben and Isobutylparaben, 3OH and

2OH, exhibited estrogenic properties in MCF-7 and T47D

human breast cancer cells. The expression of GREB1 was

induced by 3OH and 2OH metabolites and blocked by coadmi-

nistration of an ER. The estrogenic activity of the 3OH and

2OH metabolites is mediated by classical ER-mediated signal-

ing. 3OH and 2OH metabolites showed the potential for favor-

able ligand-binding domain interactions with human ERa.

Longer diestrus phases and reduced intervals of the estrous

cycle were observed in rats orally exposed to Propylparaben or

Butylparaben at a concentration of 100 mg/kg/d for 5 weeks.

Propylparaben and Butylparaben decreased mRNA level of

folliculogenesis-related genes (Foxl2, Kitl, and Amh). An

increase in FSH levels in serum was observed, indicating an

impairment of ovarian function.

Perinatal Methylparaben exposure in rats at doses mimick-

ing human exposure (0.105 mg/kg/d) decreased amounts of

adipose tissue and increased expansion of the ductal tree within

the fat pad. Prepubertal Methylparaben treatment in rats was

associated with a significant reduction in adipose tissue and

more abundant glandular tissue. Long-term Methylparaben

treatment from birth to lactation did not result in significant

histological changes.

Oral exposure to Methylparaben at 500 mg/kg/d caused

morphological changes in gerbil prostates. Male and female

gerbils displayed similar alterations such as prostate epithelial

hyperplasia, increased cell proliferation, and a higher fre-

quency of AR binding activity.
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In isolated mouse preantral follicle and hGC cultures, Butyl-

paraben adversely affected steroidogenesis at concentrations

relevant to human exposure (100 nM), but no effects on folli-

cular development or survival were noted in the culture sys-

tems. Butylparaben attenuated DEHP-induced reduction in

progesterone concentrations in the spent media of hGC

cultures.

The presence of 500 mM Methylparaben or 10 mM Propylpar-

aben or Butylparaben in MCF-10A nontransformed cells

resulted in significant increase in colony numbers and sizes

compared with control. Concentration–response experiments

showed that maximal numbers of colonies were formed at 100

mM Methylparaben or 1 mM Propylparaben or Butylparaben.

Methylparaben induced a detectable decline in endogen-

ously accumulated ROS in HRBEC cells. Methylparaben sub-

stantially reduced the fraction of OHT-induced apoptotic cells

in a concentration-dependent manner. The maintenance of S-

phase in OHT-treated cells, like apoptosis evasion, was corre-

lated with increasing concentrations of Methylparaben.

Butylparaben inhibited human HTR8/SVneo cell prolifera-

tion and induced both apoptosis and endoplasmic reticulum

stress at 50, 100, 200, and 400 mM. Data from the NHANES

program showed that, for the 2013 to 2014 sampling period of a

representative sample of the US general population, the median

concentration of Methylparaben in urine was 48.1 mg/L (95th

percentile: 819 mg/L), and Propylparaben in urine was 5.74 mg/

L (95th percentile: 224 mg/L). For Butylparaben, the median

concentration in urine was below the LOD (0.1 mg/L). In

females, the median concentration of Ethylparaben was 1.6

mg/L (95th percentile: 145 mg/L), while in males were below

the LOD (1 mg/L).

Analysis of data from the NHANES program showed that

compared to individuals who reported “never” using

mouthwash, individuals who reported daily use had signifi-

cantly elevated urinary concentrations of Methylparaben and

Propylparaben (30% and 39% higher, respectively). Individu-

als who reported “always” using sunscreen had significantly

higher urinary concentrations of Methylparaben, Ethylparaben,

and Propylparaben (92%, 102%, and 151% higher, respec-

tively) compared to “never” users of sunscreen.

Women who used body and face lotions in the past 24 hours

had significantly higher paraben concentrations (80%-110%) in

their urine than women who reported no use. There was 100%,

72%, 96%, and 90% detection of Methylparaben, Butylpara-

ben, Propylparaben, and Ethylparaben in urine, respectively.

Breast milk samples had 82%, 66%, and 57% detection for

Methylparaben, Propylparaben, and Ethylparaben,

respectively.

A community-based intervention study indicated that using

PCPs that are labeled to be free of parabens for 3 days lowered

some parabens urinary concentrations in 100 adolescent girls:

Methylparaben and Propylparaben concentrations decreased by

43.9% and 45.4%, respectively. Girls who reported using spe-

cific makeup (eg, foundation, blush, and mascara) every day

versus rarely/never had higher urinary concentrations of

Methylparaben (120.5 vs 13.4 ng/mL, P < 0.01) and Propyl-

paraben (60.4 vs 2.9 ng/mL, P < 0.01).

A statistically significant difference was observed between

serum parabens in 18 women who used lipstick containing

Methylparaben and Propylparaben for 5 days compared with

those not using this cosmetic (P ¼ 0.0005 and 0.0016, respec-

tively), and a strong association was observed between serum

parabens and lipstick use (Spearman correlation ¼ 0.7202).

The mean concentrations of Methylparaben and Propylpar-

aben measured in serum of 16 human are 42.6 and 7.4 mg/L,

respectively, whereas the free concentrations of Methylparaben

and Propylparaben in the serum are 2.2 and 0.5 mg/L,

respectively.

One or more of 5 parabens (Methylparaben, Ethylparaben,

Propylparaben, Butylparaben, Isobutylparaben) was detected

in 99% of breast tissue samples collected from women with

breast cancer, and all 5 were detected in 60% of the samples.

Median concentrations were highest for Propylparaben (16.8

ng/g tissue) and Methylparaben (16.6 ng/g tissue). Propylpar-

aben concentrations were higher in samples excised from the

axilla, compared with those from the mid or medial regions of

the breasts.

Methylparaben, Butylparaben, and Benzylparaben were

detected in all placenta samples collected from healthy moth-

ers. The highest measured concentration was 11.77 ng Methyl-

paraben/g tissue.

The amounts of Butylparaben, Ethylparaben, Methylparaben,

and Propylparaben were studied in human ovarian tumor sam-

ples. The tissue mass fractions of the 4 parabens in malignant

tissues were at least twice as much as those present in the benign

tissues. The tissue mass fractions of Methylparaben and Ethyl-

paraben were higher than Propylparaben and Butylparaben.

One or more of 6 parabens (Methylparaben, Ethylparaben,

Propylparaben, Butylparaben, Benzylparaben, heptylparaben

[not a cosmetic ingredient]) as well as 4-Hydroxybenzoic Acid

were detected in 20 human adipose fat samples. Ethylparaben

and Propylparaben were more frequently detected than the

other parabens, at a detection frequency of 60% and 50% and

a GM concentration of 0.90 and 0.49 ng/g, respectively. Para-

ben concentrations in adipose fat samples of Caucasian volun-

teers were higher than those of African Americans.

One or more of 6 parabens (Methylparaben, Ethylparaben,

Propylparaben, Butylparaben, Benzylparaben, and heptylpara-

ben [not a cosmetic ingredient]) as well as 4-Hydroxybenzoic

Acid, were measured in urine samples collected from 40 US

children, 70 Chinese children, and 26 Chinese adults. Parabens

were present predominantly (>90%) as conjugated species in

urine. The median concentrations of Methylparaben and Pro-

pylparaben in US adults were 43.9 and 9.1 ng/mL, respectively.

The GM concentrations of 4-Hydroxybenzoic Acid in urine

from US children were 752 ng/mL for girls and 628 ng/mL for

boys, which were 2 to 3 times lower than the concentrations

determined for Chinese children.

One or more of 7 parabens (Methylparaben, Ethylparaben,

Propylparaben, Isopropylparaben, Butylparaben, Isobutylpara-

ben, and Benzylparaben) were detected in 144 human adipose
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tissue samples. Detection frequencies and median concentra-

tions were Methylparaben (100.0%, 0.40 ng/g tissue), Ethyl-

paraben (20.1%, <LOD), Propylparaben (54.2%, 0.06 ng/g

tissue), Butylparaben (5.6%, <LOD), and Isobutylparaben

(2.1%, <LOD). Isopropylparaben and Benzylparaben were not

detected in any of the samples.

The EARTH study indicated the largest percentage increase

for parabens was associated with the use of suntan/sunblock

lotion (66%-156%) and hand/body lotion (79%-147%). The

GM concentrations of Methylparaben, Propylparaben, and

Butylparaben in urine were 28, 2.86, and 0.26 mg/L, respec-

tively. Among 346 infants, none of the maternal preconception

parabens concentrations were associated with birth weight.

Maternal preconception Methylparaben concentration was

associated with a decreased head circumference of 0.27 cm

(95% CI: �0.54 to 0).

Six parabens (Methylparaben, Ethylparaben, Propylpara-

ben, Butylparaben, Benzylparaben, and heptylparaben) and 4-

Hydroxybenzoic Acid were measured in 143 urine samples

from healthy, premenopausal women. 4-Hydroxybenzoic Acid

was associated with increased FSH, 0.07 (95% CI: 0.01-0.13),

and paraben concentrations were associated with increased E2,

0.21 (95% CI: 0.15-0.28) and increased progesterone, 0.32

(95% CI: 0.23-0.41).

Among 1,003 Puerto Rican pregnant women, median con-

centrations of Butylparaben were 2-fold greater than US

women from the NHANES program, while concentrations of

Methylparaben, Ethylparaben, and Propylparaben were lower.

Positive correlation was identified between Methylparaben and

Propylparaben (Spearman r¼ 0.78). And trends were observed

for increasing concentration of 4 parabens with increasing age

categories.

Among 420 women undergoing IVF treatment, urinary con-

centrations of Methylparaben and Propylparaben were not

associated with IVF outcomes. Of 252 adolescents participat-

ing in NBC cohort study, urine concentrations of parabens were

not associated with any maladaptive behavior.

Among 152 pregnant women, a significant decrease in dia-

stolic blood pressure was associated with exposure to parabens

including Methylparaben, Ethylparaben, and Butylparaben in

the second trimester (b ¼ �0.62 mm Hg; 95% CI: �1.16 to

�0.08 per doubling of Methylparaben concentrations).

Culture of C glabrata in SC medium containing 1.5 mM

Methylparaben and 165 mM Propylparaben induced expression

of EPA6 adhesin gene, leading to increased adherence to cul-

tured human Lec2 epithelial cells as well as primary human

vaginal epithelial cells.

In in vitro assay, Propylparaben, Isopropylparaben, Butyl-

paraben, Isobutylparaben, and Benzylparaben appeared to be

weak irritants. The sensitization potential of the parabens tested

was correlated with side-chain length: Methylparaben, Ethyl-

paraben, Propylparaben, and Isopropylparaben were classified

as weak sensitizers, and Butylparaben, Isobutylparaben, and

Benzylparaben were strong sensitizers in this study.

Methylparaben elevated UVB-induced cell death in a statis-

tically significant manner. Methylparaben elevated

measurements of ROS and NO production and lipid peroxida-

tion and activated NFkB and AP-1 in UVB-irradiated cells.

Metabolic activity/number of viable cells was reduced in

WCCs and HCEs in a concentration-dependent manner after

exposure to Methylparaben.

Data collected by the ESSCA network between 2009 and

2012 indicated that parabens yielded less than 1% positive

actions of allergic contact dermatitis in the 52,586 tests. In

prospective studies, IVF outcomes were not associated with

urinary Methylparaben, Propylparaben, or Butylparaben con-

centrations of women undergoing treatments for infertility. No

significant associations were observed of the current exposure

levels of Methylparaben, Ethylparaben, and Propylparaben in

Chinese pregnant women with size of infants at birth. Urinary

Methylparaben and Propylparaben concentrations were associ-

ated with an increase in gestational age, and Methylparaben,

Butylparaben, and Propylparaben were all associated with a

34% to 50% decrease in the odds of SGA.

The associations between maternal urinary parabens

(Methylparaben, Ethylparaben, Propylparaben, and Butylpara-

ben) and plasma inflammatory markers across pregnancy were

examined in 130 PTB cases and 352 controls. An interquartile

range increase in Methylparaben (359 ng/mL) was positively

associated with a 6.69% increase in IL-6 (95% CI: 0.02-13.8),

while increase in Ethylparaben (10.4 ng/mL) was associated

with a 7.7% decrease in IL-1b (95% CI: �14.1 to �0.86).

Among 602 pregnant women in Puerto Rico, urinary Butyl-

paraben, Methylparaben, and Propylparaben were associated

with decreases in SHBG by 5.27% (95% CI: �9.4 to �1.14),

3.53% (95% CI: �7.37 to 0.31), and 3.74% (95% CI: �7.76 to

0.27), respectively. Methylparaben was associated with

decreases in reproductive hormones, including an 8% decrease

(95% CI: -15.4, 0.61) in estriol, a suggestive 3% increase (95%
CI: �2.95 to 9.61) in the progesterone/estriol ratio, and a sug-

gestive 6.7% decrease (95% CI: �13.13 to 0.29) in T at 16 to

20 weeks.

Among 501 male partners of couples planning to become

pregnant, urinary concentrations of Methylparaben, Ethylpar-

aben, and Butylparaben were associated with diminished sperm

count and several sperm motility parameters. However, semi-

nal plasma concentrations of Ethylparaben and Benzylparaben

in 339 males were associated with an increased percentage of

sperm motility.

A urinary concentration increase of parabens was associated

with the use of suntan/sunblock lotion (66%-156%) and hand/

body lotion (79%-147%) in 400 men who reported the use of 14

PCPs. The GM concentrations of Methylparaben, Propylpara-

ben, and Butylparaben in urine were 28, 2.86, and 0.26 mg/L,

respectively.

Among 346 infants, none of the maternal preconception

paraben concentrations were associated with birth weight.114

Maternal preconception Methylparaben concentration was

associated with a decreased head circumference of 0.27 cm

(95% CI: �0.54 to 0).

The downward trends in sperm concentration and normal

morphology among 936 men who sought infertility treatment
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were not affected when including urinary paraben concentra-

tions in linear regression models, indicating that parabens

exposure was not associated with the downward trends in

semen parameters.

An interquartile range increase in urinary Ethylparaben

(10.4 ng/mL) was associated with a 7.7% decrease in pro-

inflammatory marker IL-1b (95% CI: �14.1 to �0.86). In

Latino children, peripubertal urinary Methylparaben or Propyl-

paraben concentrations were associated with altered pubertal

timing; however, the causality could not be determined.

In retrospective studies, the incidence of cryptorchidism

and/or hypospadias, combined, was associated with placental

concentrations of Methylparaben�1.96 ng/g (OR¼ 3.18; CI¼
0.88-11.48) and Propylparaben concentrations �1.16 ng/g (OR

¼ 4.72; CI ¼ 1.08-20.65). Linear regression analyses indicated

an association between urinary Ethylparaben concentrations in

3-year-old boys and their body weights and heights.

Among 241 pregnant women, urinary concentrations of

Butylparaben were positively associated with blood glucose

levels for both the first trimester (adjusted difference ¼ 12.5

mg/dL; 95% CI: 0.9-24.2) and second trimester (adjusted dif-

ference ¼ 11.2 mg/dL; 95% CI: 0.2-22.3), when assessed as a

mixture with 2 other parabens, Methylparaben and Propylpar-

aben. In contrast, a negative association was found between

first trimester Propylparaben and glucose (adjusted difference

¼ �22.3 mg/dL; 95% CI: �43.2 to �1.4).

Maternal urinary paraben levels of Methylparaben, Ethyl-

paraben, Propylparaben, Butylparaben, and Benzylparaben

were measured in 850 mother–infant pairs. In all infants, each

doubling increase in average Ethylparaben was associated with

�2.82% (95% CI: �5.11% to �0.53%) decrease in weight z

score (SD scores) at birth. In addition, age-specific association

of Ethylparaben with �3.96% (95% CI: �7.03% to �0.89%)

and�3.38% (95% CI: 6.72% to�0.03%) reduction in weight z

scores were observed at 1 and 2 years in males, respectively.

Third-trimester Ethylparaben was negatively associated with

weight z scores at birth, 1, and 2 years in males.

Among 473 pregnant women, 4 parabens (Methylparaben,

Ethylparaben, Propylparaben, and Butylparaben) were mea-

sured in spot urine samples collected between weeks 23 and

29 of gestation. A positive association between the sum of

parabens and placental weight has been identified (b ¼ 7.12,

P ¼ 0.04). In a different study, sex-specific associations

between maternal Methylparaben levels and birth outcomes

were observed when urinary samples were measured in 199

pregnant Taiwanese women.

Among 1,087 pregnant women in China, a total of 103

(9.5%) women were diagnosed with GDM. Urinary Ethylpar-

aben was associated with GDM. The RRs ¼ 1.12 (95% CI:

0.63-2.01) for the second quartile, RRs ¼ 1.11 (95% CI:

0.64-1.93) for the third quartile, and RRs ¼ 1.70 (95% CI:

1.02-2.82) for the highest quartile, compared with the lowest

quartile.

Five parabens (Methylparaben, Ethylparaben, Propylpara-

ben, Butylparaben, and Benzylparaben) were measured in 3

spot urine samples of 478 pregnant women in China. Each 2-

fold increase in average prenatal paraben concentration was

associated with lower MDI scores among girls, b ¼ �1.08

(95% CI: �2.10 to �0.06) and b ¼ �1.51 (95% CI: �2.69

to �0.32) for Methylparaben and Sparabens, respectively.

Methylparaben was associated with lower Th1% (RR:

�3.35, 95% CI: �6.58 to �0.02) and Th2% at borderline sig-

nificance (RR:�4.45, 95% CI:�8.77 to 0.08) in their children.

Propylparaben was associated with decreased odds of probable

asthma (OR: 0.86, 95% CI: 0.74-0.99).

Among 480 pregnant women, 130 cases of PTB were iden-

tified. Regression analyses indicated Ethylparaben was associ-

ated with increased risk for placental PTB, OR¼ 1.47 (95% CI:

1.14-1.91). Urinary concentrations of Methylparaben and Pro-

pylparaben were not associated with any IVF outcomes in 420

women undergoing IVF. In a different study, urine concentra-

tions of parabens were not associated with any maladaptive

behaviors. A significant decrease in diastolic blood pressure

was associated with exposure to parabens in 152 pregnant

women in their second trimester.

Preterm birth was associated with umbilical cord blood con-

centrations of Butylparaben (OR¼ 60.77; CI¼ 2.60-1,419.93)

and Benzylparaben (OR ¼ 0.03, CI ¼ 0.01-0.44). The authors

stated that the OR of 0.03 for Benzylparaben indicated a

“protective effect” of Benzylparaben for PTB. Linear regres-

sion analysis indicated an association between maternal urinary

concentrations and decreased gestational age and body length

in newborns.

No statistically significant associations were observed

between Methylparaben or Ethylparaben concentrations and

the outcomes evaluated (ie, body length, gestational age at

birth, birth weight, head circumference). No statistically sig-

nificant associations were found between prenatal or postnatal

growth of male newborns and maternal urinary paraben con-

centrations of Methylparaben, Ethylparaben, Propylparaben, or

Butylparaben.

Linear regression analyses of data from the US NHANES

program indicated an association between reduced serum T4

concentrations and urinary concentrations of Methylparaben,

Ethylparaben, Propylparaben, and Butylparaben. The MPC and

the results of statistical tests for trends were not statistically

significant in a study of urinary concentrations of Methylpar-

aben, Propylparaben, and Butylparaben in women undergoing

infertility evaluation and OV or AFC measurements.

Analysis of data from the US NHANES program indicated

an association between aeroallergen and food sensitization,

combined, and urinary concentrations of Methylparaben (OR

¼ 1.74; CI ¼ 1.02-3.22), Propylparaben (OR ¼ 2.04; CI ¼
1.12-3.74), and Butylparaben (OR ¼ 1.55; CI ¼ 1.02-2.33).

The results also indicated associations between urinary concen-

trations of Methylparaben and nonatopic asthma (OR ¼ 0.025;

CI¼ 0.07-0.90) and nonatopic wheeze (OR¼ 0.23; CI¼ 0.05-

0.99).

Urine samples were collected from 696 pregnant women in

China. No significant association was found between parabens

and GDM among the overall population. However, significant

nonlinear associations of Propylparaben and the summed
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estrogenic activity of parabens with GDM were found in the

stratified analysis by prepregnancy BMI in the overweight/

obese population, with adjusted ORs of 3.47 (95% CI: 1.28-

9.42) and 2.87 (95% CI: 1.07-7.73) for GDM in the second

tertile of urinary Propylparaben and the summed estrogen

activity, respectively, when compared to the first tertile.

One study examined the association between parabens and

asthma morbidity among 450 children with asthma and with

asthma prevalence among 4,023 children participating in the

US NHANES program (2005-2014). An increased prevalence

odds of reporting emergency department visits were observed

for every 10-fold increase in Methylparaben and Propylparaben

concentrations among boys with asthma (prevalence OR ¼
2.61, 95% CI: 1.40-4.85 and OR ¼ 2.18, 95% CI: 1.22-3.89,

respectively). Among children in the general population, no

overall associations with current asthma were observed,

although there was a positive trend with Propylparaben and a

current asthma diagnosis.

Among 1,693 black women aged 23 to 34 years, Methylpar-

aben and Butylparaben concentrations were 30% lower for

BMI �35 vs <25 kg/m2 (95% CI: �48.0% to �7.7% for

Methylparaben and 95% CI: �49.6% to �4.6% for Butylpar-

aben, respectively).

Of 156 men under 45 years of age who attended the inferti-

lity clinic for diagnostic purposes with normal semen concen-

tration, a positive association was found between urinary level

of Butylparaben and XY18 disomy (P ¼ 0.045) and Propylpar-

aben and disomy of chromosome 13 (P ¼ 0.007).

The highest (vs lowest) quintiles of urinary Methylparaben,

Propylparaben, and sum of parabens were associated with

breast cancer, ORs of 1.50 (95% CI ¼ 1.03-2.18), 1.31 (95%
CI ¼ 0.90-1.90), and 1.35 (95% CI ¼ 0.93-1.97), respectively,

among 711 women with breast cancer and 598 women without

breast cancer.

No statistically significant associations were found

between the urinary concentrations of Methylparaben, Pro-

pylparaben, or Butylparaben and serum hormone concentra-

tions, semen quality parameters, and motion characteristics

(for all but one indicator). The exception was a trend for

increased tail% in comet assays of sperm DNA with increas-

ing Butylparaben concentrations.

Urinary levels of Ethylparaben and Butylparaben were asso-

ciated with an increase in the percentage of sperm with abnor-

mal morphology. Urinary Isobutylparaben concentrations were

significantly associated with an increase in the percentage of

sperm, with level of Isobutylparaben increased high DNA

stainability. Neither categories of urinary concentrations of

parabens nor continuous concentrations of parabens were asso-

ciated with the level of reproductive hormones. Urinary con-

centrations of Methylparaben and Propylparaben were not

related to any of the examined semen quality parameters, sperm

DNA damage, or the level of reproductive hormones.

Urinary paraben concentrations of Methylparaben, Ethyl-

paraben, Propylparaben, and Butylparaben were measured in

215 young healthy men, 94% of whom had detectable urinary

concentrations of parabens. Urinary concentrations of parabens

were not significantly associated with any semen parameters or

any of the reproductive hormone levels.

Among 42 partners of couples who visited a gynecology

clinic for infertility consultation, no significant association was

found between semen parameters (sperm volume, concentra-

tion, and motility) and urinary paraben concentrations in

regression analyses.

In cord plasma of 27 healthy pregnant women, Methylpar-

aben, Propylparaben, and the sum of all measured parabens

(Methylparaben þ Ethylparaben þ Propylparaben þ Butylpar-

aben) were inversely associated with T levels.

A conservative risk assessment was performed. Therein, an

NOAEL value of 160 mg/kg/d for Butylparaben was deter-

mined to be adequate in consideration of the new data in the

category of endocrine activity and from DART studies. For the

purposes of an MOS calculation, the Panel considered a sce-

nario wherein a consumer would use a set of cosmetic products

containing Butylparaben. Therein, an aggregate exposure to 4

main categories of products was considered: (1) oral products,

(2) eye products, (3) leave-on products, and (4) rinse-off prod-

uct; the global daily exposure of products for each category was

estimated using the maximum use concentration of Butylpar-

aben in each category, 0.2%, 0.5%, 0.24%, and 0.33%, respec-

tively. The Panel noted that the available in vitro percutaneous

absorption studies using human split- or full-thickness skin

suggest a conservative assumption of human dermal penetra-

tion of unmetabolized Butylparaben at 3.7%, though this could

vary due to differences in animal species used, matrix effects,

and other experimental conditions. Considering the variables,

and taking into account that dermal absorption of lower mole-

cular weight parabens is higher, the Panel selected a 50%
dermal absorption rate of unmetabolized parabens as ade-

quately conservative for the calculation of the MOS. The

MOS for adults was 457 for Butylparaben. Since alkyl para-

bens undergo the similar enzymatic hydrolysis to form

4-Hydroxybenzoic Acid, such a conservative MOS of Butyl-

paraben for adults could then be inferred to other single alkyl

parabens.

Since multiple parabens are commonly combined for use in

a single formulation, and no use data are available for such

combinations, the Panel used the above parameters to calculate

a maximum combined parabens (Sparabens) use concentration,

starting from an MOS of 100. Utilizing this protective MOS for

Sparabens, the maximum use concentration was calculated to

be 1.1%.

A human paraben PBPK model developed to predict the

plasma-free paraben concentration based on 95th percentile

parabens concentration in urine reported in US NHANES pro-

gram (2009-2010 collection period). An in vitro-based cumu-

lative MOS was calculated by comparing the effective

concentrations from an in vitro assay of estrogenicity to the

predicted free plasma paraben concentrations (Methylparaben

þ Ethylparaben þ Butylparaben). The calculated cumulative

MOS for adult females was 108, whereas the cumulative MOS

for males was 444.
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Considering aggregate exposure from various sources, for

example, cosmetics, food, and pharmaceutical use, the total

combined exposure to parabens was estimated. Refinement

techniques were applied in comparison with simply summed

exposures from all multiple cosmetic product types. Approxi-

mately 60% to 90% of the model predictions from 5 implemen-

ted models were within a factor of 10 of the observed paraben

exposures, while 30% to 40% of the predictions were within a

factor of 3. More importantly though, in all cases, aggregate

exposure estimates were significantly greater than the expo-

sures derived from experimental biomonitoring data.

Discussion

The Panel discussed the issue of incidental inhalation exposure

to parabens. The Panel noted that some of the parabens were

reported to be used in cosmetic powder and sprays, at very low

concentrations, which may result in incidental inhalation expo-

sure; for example, Ethylparaben is used in face powders at up to

0.5%. The Panel noted that in aerosol products that are widely

applied, for example, hair sprays, 95% to 99% of droplets/

particles would not be respirable to any appreciable amount.

The Panel also noted that, while particle/droplet size is an

important parameter, the physicochemical properties of ingre-

dients in a spray formulation and the realistic exposure factors

under in-use conditions also play significant roles in inhalation

safety of parabens as spray formulation. Furthermore, droplets/

particles deposited in the nasopharyngeal or bronchial regions

of the respiratory tract present no toxicological concerns based

on the chemical and biological properties of these ingredients.

Coupled with the small actual exposure in the breathing zone

and the concentrations at which the ingredients are used, the

available information indicates that incidental inhalation would

not be a significant route of exposure that might lead to local

respiratory or systemic effects. A detailed discussion and sum-

mary of the Panel’s approach to evaluating incidental inhala-

tion exposures to ingredients in cosmetic products is available

at https://www.cir-safety.org/cir-findings.

The Panel noted that the EU Cosmetic Regulation has

banned the use of Isopropylparaben, Isobutylparaben, phenyl-

paraben, Benzylparaben, and pentylparaben as preservatives in

cosmetic products. It is the opinion of the Panel that the scien-

tific rationale for restricting these ingredients warrants further

justification.

The Panel noted that both in vitro and in vivo studies indi-

cate a rapid and effective metabolism of parabens by carbox-

ylesterases after oral or dermal exposure. Parabens are further

metabolized by conjugation with glucuronide, sulfate, or gly-

cine prior to excretion. When applied to human skin, parabens

are metabolized to 4-Hydroxybenzoic Acid. Whereas older

studies suggested that unmetabolized parabens are not

excreted, recent studies with more sensitive analytical methods

have measured unmetabolized parabens and their metabolites

following dermal exposures. Because each of these alkyl para-

bens (ie, excluding Benzylparaben) undergo extensive metabo-

lism in a similar way, the Panel felt that safety data for one of

these alkyl parabens could be used to support the safety of the

other alkyl parabens.

The Panel discussed concerns about the relevance of the oral

animal studies to human risk assessment in that the rapid and

effective metabolism of parabens observed in rodents does not

occur in humans. Species differences in the esterase affinities

and activities must be carefully taken into account for deriving

a safe level of exposure in humans. The Panel noted that uncer-

tainties relate to data gaps on dermal absorption of unmetabo-

lized parabens by human skin in vivo and in vitro. One human

toxicokinetic study indicates after repeated dermal exposure to

Butylparaben at a daily dose of 10 mg/kg bw/d for 5 days,

about 2.1% unmetabolized Butylparaben was detected in the

urine of the participants. However, the Panel noted that a con-

servative estimation shows that daily exposure of consumers to

Butylparaben is much lower (0.66 mg/kg bw/d). While the

SCCS derived the value of 3.7%, based on in vitro studies using

human split- or full-thickness skin, as a worst-case assumption

for the dermal absorption of unmetabolized Butylparaben,

absorption may be variable due to differences in animal species

used, matrix effects, other experimental conditions, and dermal

absorption of lower molecular weight parabens (which is likely

to be higher). In light of these facts, the Panel estimated a 50%
dermal absorption rate of unmetabolized parabens in the calcu-

lation of an MOS, which represents a conservative assumption.

The Panel expressed concern about new data from DART

studies that indicated lower NOAEL values than the one used

in the previous Panel safety assessment of the parabens. One of

these studies indicated reduced sperm counts and reduced

expression of testicular CYP19a1 and a reduction in the Ser-

toli/Leydig cell marker Nr5a1 in the testes of offspring of

female rats orally dosed with 10 mg/kg bw/d Butylparaben

during the gestation and lactation periods. The Panel noted that

the reduction in epididymal sperm count has shown the same

effect across all doses from 10 to 500 mg/kg bw/d in this study,

decreasing 76% to 78% compared to controls, whereas a dose–

response relationship is expected between ER agonists expo-

sure and sperm count decrease. The Panel also noted that wide

variation exists in measuring epididymal sperm count between

different laboratories and/or different experimental techni-

cians; thus, the decline in sperm counts in this study warrants

further validation by making comparisons to historical sperm

count control databases. In addition, the Panel noted that the

data for the DART end points of AGD, epididymal sperm

count, and histological examinations did not show consistency

at doses ranging from 10 to 100 mg/kg bw/d when compared to

other DART studies that followed similar Butylparaben expo-

sure scenarios. In contrast, data are more consistent at doses

ranging from 160 to 1,000 mg/kg bw/d.

The Panel also discussed the conflicting data from other

DART studies and agreed that many of these reports (1) are

irrelevant to the routes of exposure associated with intended

cosmetic use or otherwise did not account for the extensive

metabolism of parabens (to metabolites with no known DART

activity), (2) are the result of poorly designed studies, and (3)

were not verified by other methods. Recent studies have shown
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that the window of greatest susceptibility is the early postnatal

period. In these studies, higher free concentrations of Butylpar-

aben were measured in the plasma of rat pups during early

lactation, compared to Butylparaben levels in dams and fetuses.

This attributed to poor conjugation in pups, resulting in higher

exposure to free Butylparaben. Thus, after careful consider-

ation of all the new data, the Panel determined an NOAEL of

160 mg/kg bw/d for Butylparaben. The Panel determined the

different use concentrations and exposures of Butylparaben in

various cosmetic product category should be considered when

estimating the systemic exposure levels for the MOS

calculation.

The Panel recognized that the study chosen by the SCCS for

the calculation of the MOS of Butylparaben examined DART

end points in male rats and involved subcutaneous instead of

oral administration of Butylparaben during the lactation period.

The SCCS acknowledged an NOEL of 2 mg/kg bw/d, instead

of an NOAEL, for deriving the MOS of Butylparaben. In order

to obtain an acceptable MOS �100, the SCCS recommended

the maximum use concentration of Butylparaben in the finished

cosmetic products be set to 0.19% (0.14% as acid). The calcu-

lation is based on the assumptions that the maximum exposure

to cosmetics by an adult (60 kg body weight) is 17.4 g/d, and

the human dermal penetration rate of unmetabolized Butylpar-

aben is 3.7%.

However, the Panel considered that the study with an

NOEL of 2 mg/kg bw/d suffers from several critical limita-

tions: (1) this study involves a subcutaneous route of expo-

sure, which may result in chemicals circumventing the

physiological barriers and bypassing the portal of entry meta-

bolism and is therefore not considered suitable for quantita-

tive risk assessment in the context of cosmetic usage; (2) this

study is not an OECD TG study (eg, the Butylparaben-treated

group contained only 3 rats and the control group contained

only 5 rats); (3) only 1 postpartum dose at 2 mg/kg bw/d was

tested; (4) male rats were exposed to Butylparaben postna-

tally, which did not examine the generation toxicity (eg, a

more robust study design should involve gestational exposure

of paraben to pregnant rats while examining toxicity in the

male offspring); and (5) typical DART end points were not

covered, such as AGD, PPS, weight of the epididymis and

seminal vesicle, sperm counts, reproductive hormone levels,

and so on.

The Panel also recognized that these ingredients can

enhance the penetration of other ingredients through the skin.

The Panel cautioned that care should be taken in formulating

cosmetic products that may contain these ingredients in com-

bination with any ingredients whose safety was based on their

lack of dermal absorption data or when dermal absorption was

otherwise a concern.

The Panel discussed the bioaccumulation potential of para-

bens. The Panel noted that, as lipid-soluble chemicals, para-

bens may distribute to tissues despite metabolism. Recent

studies have demonstrated the presence of parabens in various

human tissues. However, the data are equivocal regarding

cumulative storage in such tissues.

The Panel noted that paraben exposures are attributed to

cosmetic products, foods, medicines, and other sources.

Refined aggregate exposure models suggest that cosmetic

product use is a major source of dermal exposure to para-

bens. However, the vast quantity of biomonitoring data indi-

cates that systemic exposure resulting from the cosmetic use

of these ingredients is low. The Panel noted that measure-

ments of total parabens in human adipose tissue warrant

further investigation with larger sample sizes and unbiased

analytical methods. In one study, total paraben measure-

ments (the sum concentration of free and conjugated para-

bens and their metabolite 4-Hydroxybenzoic Acid) were

compromised by alkaline hydrolysis in the tissue due to the

use of alkali in the liposuction procedure, that is, high con-

centrations of 4-Hydroxybenzoic Acid could be an artifact

from the reaction of paraben esters with sodium bicarbonate

solution used in liposuction procedures. In another study,

while a positive, though not statistically significant, associ-

ation between age and Methylparaben concentrations in

human adipose tissue was observed, a positive association

with age might also be a consequence of the commonly

lower metabolic activity in older individuals (which may

delay the metabolism and clearance of chemicals).

The Panel also reviewed data from a kinetic-based study

which expands the use of human biomonitoring data in this

safety assessment. As biomonitoring data integrate all routes

(inhalation, dermal, and oral) and sources (cosmetics, foods,

drugs, etc) of exposure, it provides valuable perspective to

help evaluate aggregate exposure to parabens. The human

paraben PBPK model was used to estimate the plasma-free

paraben concentration in adults consistent with 95th percen-

tile urine concentration reported in US NHANES program

(2009-2010 collection period). Based on the model, the cal-

culated cumulative MOS for adult females was 108 and for

males was 444. Both cumulative MOS derived from human

epidemiological survey are sufficient to ensure human

safety.

The Panel also discussed the safety of parabens as used in

vaginally applied cosmetic products. One published reference

was submitted to the Panel, along with the assertion that these

ingredients cause irreparable damage to sperm and may pre-

clude fertilization in users. However, of the multiple end points

asserted in the reference, each was either constructed around an

improperly chosen/designed assay to make such assertions

unequivocally and/or resulted in no significant effects. Another

published reference asserted these ingredients may increase the

chances of developing a vaginal yeast infection. However, the

cell culture studies performed therein tested extremely high

concentrations as compared to cosmetic use (ie, 15%-25% pre-

servative in these studies vs a maximum use concentration of

parabens in cosmetics of 0.8%). The Panel classified these

studies as illustrations of potential, general hazards, which fail

to demonstrate risks relevant to cosmetic safety in the context

of concentration of use.

The Panel noted that recent epidemiology studies suggested

paraben exposure association with different types of health
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outcomes, such as a lower mental developmental index in girls,

adverse impacts on fetal and childhood growth, decreased dia-

stolic blood pressure during pregnancy, increased risk for pla-

cental PTB, disturbance of reproductive hormone levels, and

altered frequency of sperm disomy; however, these were not

confirmed by subsequent or previous epidemiologic investiga-

tions. Sources of parabens exposure in these studies are broadly

environmental and not specified. More importantly, paraben

exposures by the study population are always coupled with

other preservatives and active ingredients that are used in a

wide variety of consumer products, including phthalates,

bisphenol A, triclosan, and so on. Therefore, the currently

available scientific evidence lacks clarity regarding any

cause-and-effect relationship between parabens and human

health outcomes. It remains to be determined whether the cost-

imulatory effects require multiple exposures. Further studies in

larger populations and with more repeated measures across

pregnancy would be useful to confirm these findings and to

better understand if the hormone changes may affect down-

stream maternal and infant health outcomes. The Panel also

noted that several studies suggested urinary paraben concentra-

tions were associated with glucose levels in women at high risk

of GDM; however, a causal relationship cannot be established.

In one study, a positive association (with Propylparaben) was

identified among overweight/obese pregnant women, but not in

the overall population, and importantly, evidence available in

other studies indicates either no association or negative asso-

ciation between urinary Propylparaben concentration and

GDM.

A conservative risk assessment was performed. Therein,

an aggregate exposure to 4 main categories of products was

considered: (1) oral products, (2) eye products, (3) leave-on

products and (4) rinse-off product; the global daily exposure

of products for each category was estimated using the max-

imum use concentration of Butylparaben in each category,

that is, 0.2%, 0.5%, 0.24%, and 0.33%, respectively. The

MOS for adults was 457 for Butylparaben. Since alkyl para-

bens undergo the similar enzymatic hydrolysis to form

4-Hydroxybenzoic Acid, such a conservative MOS of Butyl-

paraben for adults could then be inferred to other single

alkyl paraben uses.

Because multiple parabens are commonly used in any

given cosmetic product, a maximum safe use concentration

for combined paraben (Sparabens) use in a single formulation

was calculated using a protective MOS level of 100. The

maximum use concentration was calculated to be 1.1%.

Accordingly, the Panel determined that the commonly used

(eg, in the EU) limitation of 0.8% is conservative and is safe

for human health when parabens are used in combination in a

cosmetic product.

The Panel considered the potential for exposure to these

ingredients to cause irritation or induce skin sensitization. The

Panel noted that skin tests on product formulations containing

from 0.1% to 0.8% of one, or a combination of two, of the

parabens showed no evidence of significant irritation or sensi-

tization potential for these ingredients. All animal sensitization

tests indicated that the parabens are nonsensitizing. These data

further support the safe combined use of parabens in a single

cosmetic formulation at up to 0.8%.

However, the Panel concluded that the available data are

insufficient to determine the safety of Benzylparaben. The data

needed to determine the safety of this ingredient comprise an

NOAEL derived from DART studies. The Panel noted that this

ingredient is not reported to be in current use.

Conclusion

The Expert Panel for Cosmetic Ingredient Safety concluded

that the following 20 parabens are safe in cosmetics in the

present practices of use and concentration described in the

safety assessment when the sum of the combined concentra-

tion of parabens in any given formulation does not exceed

0.8%.

Butylparaben

Calcium Paraben*

Ethylparaben

Isobutylparaben

Isopropylparaben

Methylparaben

Potassium Butylparaben*

Potassium Ethylparaben*

Potassium Methylparaben*

Potassium Paraben*

Potassium Propylparaben*

Propylparaben

Sodium Butylparaben

Sodium Ethylparaben

Sodium Isobutylparaben

Sodium Isopropylparaben*

Sodium Paraben*

Sodium Methylparaben

Sodium Propylparaben

4-Hydroxybenzoic Acid*

*Not reported to be in current use. Were ingredients in this

group not in current use to be used in the future, the expecta-

tion is that each would be used in product categories and at

concentrations comparable to others in this group.

The Expert Panel for Cosmetic Ingredient Safety also con-

cluded that the available data are insufficient to support a con-

clusion of safety for Benzylparaben in cosmetics. (This

ingredient is not reported to be in current use.)
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