FINAL REPORT ON THE SAFETY ASSESSMENT
OF IODOPROPYNYL BUTYLCARBAMATE (IPBC)!

Iodopropynyl Butylcarbamate (IPBC) functions as a preservative in a wide va-
riety of cosmetic formulations. Although concentrations as high as 0.1% have
been reported, most applications appear to require this preservative at less than
0.0125%. IPBC readily penetrates through the skin. The average acute oral LD 5,
in rats is 1.47 g/kg. Rats fed IPBC for 4 weeks had increased liver weights and
decreased plasma cholinesterase activity, and rats fed IPBC for 13 weeks had
transient behavior alteration, increased liver weights, hepatocyte enlargement,
stomach lesions, and decreased weight gain. Rats administered IPBC as dusts
and liquid aerosols had labored breathing—lung edema, emphysema, and red-
dened lungs were observed after exposure. Dermal irritation, but no evidence
of skin sensitization, was seen in animal studies. At concentrations of 0.5%,
IPBC caused iritis and conjunctival irritation in rabbit eyes, but exposure to
concentrations up to 0.015% produced only slight conjunctival redness. IPBC
was not genotoxic, with or without metabolic activation. No evidence of car-
cinogenic potential was found in a 104-week chronic oral toxicity study using
rats. Reductions in weight gain were observed, along with inflammation of the
nonglandular stomach and lesions in the submaxillary salivary gland. In re-
productive and developmental toxicity studies using rats and mice, IPBC had
no significant effect on fertility, reproductive performance, or on the incidence of
fetal malformations. IPBC was found to be mildly irritating, but not sensitizing
in clinical testing. At concentrations up to 0.1%, IPBC was not comedogenic in
clinical tests. Given the acute inhalation toxicity observed in animals, the po-
tential for mild irritation, and the absence of any data on comedogenicity at
concentrations higher than 0.1% in clinical tests, the Expert Panel concluded
that IPBC is safe as a cosmetic ingredient at concentrations <0.1%, but that it
should not be used in products intended to be aerosolized.

Iodopropynyl Butylcarbamate (IPBC) functions as a preservative in cos-
metic formulations. The following report reviews the published safety
data available on IPBC.
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o)
I
}=——C=C—CHy— O~ C— NH(CHy)3CH3

Figure 1. Chemical formula for Iodopropyl Butylcarbamate (IPBC).

CHEMISTRY
Definition and Structure

IPBC (CAS No. 55406-53-6) conforms to the formula shown in Figure 1
(Wenninger and McEwen 1993). Other technical names for IPBC in-
clude: Butyl-3-Iodo-2-Propynylcarbamate; Carbamic Acid, Butyl-3-
Iodo-Propynyl Ester (Wenninger and McEwen 1993); 3-Iodo-2-Propynyl
Butylcarbamate (Hansen 1984; Registry of Toxic Effects of Chemical
Substances, 1995); Butyl-carbamic acid 3-Iodo-Prop-2-ynyl Ester (Scien-
tific and Technical Information Network 1980a); 3-Iodo-2-Propynyl-N-
Butyl-carbamate; and IPBC (Scientific and Technical Information Net-
work 1980b). IPBC has several commercial names, including Glycacil
(Wenninger and McEwen 1993) and Troysan Polyphase (Scientific and
Technical Information Network 1980b).

Physical and Chemical Properties

IPBC is a white or slightly off-white crystalline powder of molecular
weight 281, density 1.575 g/cm?3, and vapor pressure 2 x 10~% mm Hg at
26°C. IPBC melts at 65-66°C (Hansen 1984; Henderson 1992) and de-
composes at 100°C (Hansen 1984) to form carbon monoxide, carbon diox-
ide, nitrogen dioxide, dinitrogen oxide, and hydrogen iodide (Henderson
1992). At 54°C, the compound is stable (Henderson 1992). IPBC is only
moderately soluble in water, but is highly soluble in acetone and benzyl
alcohol, as well as other aromatic and polar solvents (Hansen 1984;
Henderson 1992). The compound has low solubility in aliphatic sol-
vents and hydrocarbon resins, and medium solubility in alkyd resins
(Hansen 1984). IPBC (99.6% pure) in pH 5 buffered solution (at 25°C)
is hydrolytically stable and does not degrade. At pH 7, the half-life of
IPBC is 139 days, and the chemical is deiodinated to propargylbutyl-
carbamate, the only decomposition product detected (see Figure 2). IPBC
at pH 9 has a half-life of less than one day (EPL Bio-Analytical Services,

o
I

HC==C — CHz— 0 — C—— NH—(CHyp) —CHz

Figure 2. Propargyl butyl carbamate, the only decomposition product detected
in the slow hydrolytic degradation of IPBC.
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Table 1. Physical and chemical properties of Iodopropynyl Butylcarbamate

Reference

Molecular formula CsH12INO Hansen 1984;

Wenninger and
McEwen 1993

Physical White or off-white Hansen 1984;
properties crystalline solid Henderson 1992
Molecular weight 281 Hansen 1984
Melting point 65-66°C Hansen 1984;
Henderson 1992;
Horn and
Marutzky 1994
Boiling point Decomposes at 100°C Hansen 1984
Density 1.575 g/em?® Henderson 1992
Octanol/Water 646 Henderson 1992
Vapor pressure 2 x10~% mm Hg (26°C) Hansen 1984;
’ Henderson 1992
Solubility Soluble in water; low Hansen 1984
solubility in aliphatic

solvents and

hydrocarbon resins; medium
solubility in alkyd resins;
high solubility in aromatic
and polar solvents

Water: 188 ppm at 25°C Hansen 1984

156 mg/L at 20-30°C Henderson 1992

0.016 g/100 g G + G International
Inc. 1995

Mineral oil: 3.5 g/100g
Isopropanol: 19.2 g/100g

PEG monolaurate: 20.1 g/100g
Dipropylene glycol: 20.5 g/100g
Propylene glycol: 25.2 g/100g
Ethanol: 34.5 g/100g
Methanol: 65.5 g/100g

Inc. 1990; Henderson 1992). The physical and chemical characteristics
of IPBC are summarized in Table 1.

Photoreactivity

When exposed to ultraviolet (UV) light (290-400 nm) at room tempera-
ture and 65% relative humidity (intensity not given), ~25% of 400 ppm
IPBC in ethanol (to give a 1% w/w concentration) decomposed, even after
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400 hours of exposure. At 108 hours, the decomposition product peak
appeared, and this product disappeared after 400 hours of irradiation.
A secondary decomposition product became present at 270 hours (Lee,
Tsunoda, and Takahashi 1991a). When irradiated, the carbon-iodine
bond of IPBC is thought to be photolytically cleaved to release the
iodine homolytically from the primary decomposition product and
the iodine was then substituted for by hydrogen (Lee, Tsunoda, and
Takahashi 1991b).

Method of Manufacture

IPBC is prepared by the iodination of terminal acetylenes (1-iodoalky-
nes). Commercially, IPBC is primarily manufactured using elemental
iodine in a cold, aqueous hydroxide solution or by adding sodium hypo-
chlorite to an alkali iodide solution. Refinements in the process give
yields of 90-96% and make it possible to reach purities well above 98%
(Rao and Periasamy 1995; G + G International, Inc. 1996).

Analytical Methods

IPBC can be determined by gas chromatography (GC) (Lee, Tsunoda,
and Takahashi 1991a), GC/mass spectrometry (Lee, Tsunoda, and
Takahashi 1991b; Horn and Marutzky 1994; G + G International, Inc.
1996), infrared spectrometry (G + G International, Inc. 1996), thin-layer
chromatography (TLC), and electron capture GC (Gabriele and Iannucci
1984). IPBC in effluents and sediments can be extracted with methylene
chloride, filtered, and dried. The residue is then dissolved in methanol
and analyzed by high performance liquid chromatography (HPLC).
HPLC has also been used to determine IPBC in water samples
(Henderson 1992). IPBC in samples of wood preservative mixtures can
be measured after combustion in a Parr oxygen bomb. An alkaline hydra-
zine solution converts any iodate present to iodide, the solution is titra-
ted, and total iodine and chlorine can then be determined (Henderson
1992). Neutron activation analysis based on the specific radiations emit-
ted by iodine atoms has been used to analyze wood samples for IPBC
(Henderson 1992). IPBC has also been analyzed by an updated neu-
tron activation and beta spectroscopy method using the 1-128 isotope
(Kennedy and Dai 1994; G + G International, Inc. 1996).

Ultraviolet Absorbance

The UV absorbance maximum of IPBC is below 350 nm (Gabriele and
Iannuecci 1984). The maximum absorbance for IPBC in 1:1 acetonitrile
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and water solvent is 190 nm, with extinction coefficients of 6570 L/mol-
cm (pH 5) and approximately 6000 L/mol-cm (pHs 7 and 9). A smaller
peak occurs at 227 nm (500 L/mol-cm at pHs 5, 7, and 9). No other
wavelength maxima were observed between 190 and 800 nm (Ricerca,
Inc. 1994). UV spectroanalysis of IPBC in methanol had two peaks: one
smaller peak was located at 230.5 nm and a larger shoulder at 200 nm
with a valley at 218.5 nm. A peak at approximately 195 nm was identified
as being solvent related (G + G International, Inc. 1996).

Impurities

Technical grade IPBC is 97-99% pure (Henderson 1992; G + G Interna-
tional 1995). Primary impurities are sodium chloride (0.9% maximum)
and triiodoallylbutylcarbamate (<0.1%) (Henderson 1992).

USE
Cosmetic

IPBC is used as a preservative in cosmetic formulations (Wenninger
and McEwen 1992). It was reported to be used in 122 formulations as
of January 1996 [Food and Drug Administration (FDA) 1996] in a wide
range of products, as detailed in Table 2. Concentrations of use are no
longer reported to the FDA by the cosmetic industry (FDA 1992) and no
concentration data were available for IPBC prior to 1984.

Data submitted by G + G International, Inc. (1995) stated that 0.025-
0.1% IPBC is typically used in cosmetic formulations. Product use data
were submitted by the Cosmetic, Toiletry, and Fragrance Association
(CTFA) in 1995. IPBC was used at 0.005-0.0125% (w/v) in facial moistu-
rizers, 0.01-0.0125% in sunscreen and sunless tanning formula-
tions, 0.0125% in facial cleansers, and 0.005-0.01% in after shave
formulations.

International

Use of IPBC as a preservative in cosmetics within the European Com-
munities was provisionally approved for use until June 30, 1996, at
concentrations no higher than 0.1% (Dupuis 1994); the ingredient has
since been approved and given the EU/COLIPA chemical code number
P 91 (G+ G International, Inc. 1995). IPBC is also on the German of-
ficial “Blue List” (code P 245) as being approved for use in cosmetics
(Ippen 1993). IPBC is not listed in the CTFA List of Japanese Ingredi-
ents (Rempe and Santucci 1992).
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Table 2. Cosmetic formulation data on Iodopropynyl Butylcarbamate
(FDA 1996)

Total no. of formu-
Total no. formula- lations containing

Product category tions in category ingredient
Other fragrance preparations 195 2
Hair conditioners (noncoloring) 715 14
Shampoos (noncoloring) 972 47
Tonics, dressings, and other hair
grooming aids 604 8
Other hair preparations 395 4
(noncoloring)
Hair dyes and colors 1612 8
Hair shampoos (coloring) 29 2
Other manicuring preparations 83 1
Aftershave lotion 268 8
Other shaving preparation 63 4
products
Cleansing preparations 820 2

Face and neck
preparations (excluding

shaving preparations) 300 2
Body and hand preparations

(excluding shaving preparations) 1012 2
Moisturizing preparations 942 5
Night preparations 226 2
Paste masks (mud packs) 300 1
Other skin care preparations 810 3
Suntan gels, creams, and liquids 196 1
Indoor tanning preparations 67 5
Other suntan preparations 68 1
1996 total 122
Noncosmetic

The main noncosmetic uses of IPBC rely upon its antifungal activity.
In October 1988, IPBC was petitioned for use as an antifungal preser-
vative in foods (FDA 1988; Rothschild 1990). IPBC is registered as an
antimicrobial with the U.S. Environmental Protection Agency and the
Canadian Environmental Protection Division, which set an Acceptable
Daily Intake by humans of 2.80 mg/day for a 70-kg person based on
intake by rats (Henderson 1992). IPBC has been used as a consumer
and industrial fungicide in the production of paints (Machemer 1979;
Hansen 1984; Henderson 1992), vinyl wallpapers, wallpaper adhesives
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(Machemer 1979; Henderson 1992), metalworking fluids, canvas, and
cordage (Henderson 1992). IPBC applied to wood or timber with brush
treatment at 0.75% (w/w) or by vacuum/soak impregnation protects
against the fungi Coriolus versicolor, Tyromyces palustris, and Serpula
lacrymans (Lee, Tsunoda, and Takahashi 1990a, 1992). IPBC had a syn-
ergistic effect when a surface-active agent was also applied to the wood,
and protected against every wood-decaying fungus tested (Hansen 1984;
Lee, Tsunoda, and Takahashi 1990b). Approximately 50 ppm (0.005%)
IPBC controlled fungal growth and 250-1000 ppm provided bacterici-
dal protection (G + G International, Inc. 1995). Bacteria controlled by
IPBC included Bacillus subtilis, Escherichia coli, Staphylococcus au-
reus, Klebsiella pneumonitae, and Pseudomonas aeroginosa. The mini-
mum inhibitory concentrations (MIC) of IPBC (agar inhibition tests) for
a variety of microorganisms were submitted by industry. The MICs of
IPBC for common molds, mildews, yeasts, and fungi ranged from 0.6 ppm
(Aspergillus niger) to 10 ppm (Trichoderma viride). For algae, the MICs
were below 50 ppm (G + G International, Inc. 1996).

GENERAL BIOLOGY
Absorption, Distribution, Metabolism, and Excretion

In rats, 1*C-IPBC was quickly absorbed from the intestinal tract to the
bloodstream when administered orally as a suspension in 0.5% carboxy-
methylcellulose. The compound was then rapidly eliminated. Peak plas-
ma concentrations occurred at 2 hours postdose, and 23-36% of the
parent dose was bound to plasma proteins. Radioactivity in the liver and
kidney decreased steadily up to 240 hours postdose, but in skeletal mus-
cle, lungs, and heart, the decrease was slower. From 12 to 240 hours after
administration, radioactivity in fat tissue and skin remained relatively
constant. At 1 hour after intravenous administration (dissolved in 1:1
ethanol : water), very little IPBC was detected in the plasma (Henderson
1992).

In TLC analysis of plasma and urine, 3-4 and 4-5 metabolic peaks were
found, respectively. The urine profile also included 2-3, so-called “plasma-
type” metabolites, but none of the metabolic products were identified
(Henderson 1992).

Plasma radioactivity, excretion, retention, and protein-binding stud-
ies were performed on 150 to 250-g Sprague-Dawley CD rats. 1“C-IPBC
was administered either orally (20 and 125 mg/kg) or intravenously
(0.5 mg/kg). Radioactivity was quickly eliminated from plasma, and
IPBC was possibly absorbed in the gastrointestinal tract. 14C in the
body decreased in most tissues after dosing, but a significant amount of
radioactivity was retained by fat tissue and a smaller amount by skin
and skeletal muscle. IPBC was metabolized to 1#CO, rapidly, as well as
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other unidentified polar compounds; 32.3-50.9% of the parent dose of
IPBC was excreted in urine and 38.2-56.7% in the exhaled air. Small
amounts were also eliminated in the feces and/or retained in the body
(Hazleton Laboratories, Deutschland 1987; Henderson 1992).

3-Todo-2-[1*C]-propynyl- N-[1-1*C]-butylcarbamate-treated human
skin samples (400-800 um diameter, epidermis and papillary dermis)
were evaluated to determine the potential for systemic exposure from
IPBC. A dose of 5 ul of 0.1% radioactive IPBC in acetone was applied
to six previously frozen skin samples (epidermis and papillary dermis),
400-800 pm thick, from each of four cadavers. Each skin sample was
exposed to a dose of 6 ug/em? so that approximately 0.5 nCi was ap-
plied to each. The contact area size was 0.8 cm?2. At 1, 2, 3, 4, 6, 8, 10,
12, 16, 20, and 24 hours after treatment, the amount of radioactivity
in the receptor fluid was measured. At the time of the last measure-
ment (24 hours), excess radioactivity on the epidermal skin surface was
removed and the amount remaining in the epidermis and dermis mea-
sured. Also, the evaporating radioactivity was trapped as it escaped the
epidermal surface, and was quantitated. Skin penetration, a sum of the
total radioactivity in the receptor fluid and dermis, was recorded as a
percent of the applied dose. In this study, 53 &+ 14% of the applied ra-
dioactivity penetrated the skin within 24 hours, and the peak penetra-
tion occurred within 8 hours of the application of IPBC. About 14 + 5%
evaporated from the skin surface during the course of the study. Approxi-
mately 87 &+ 10% of the applied radioactivity was recovered during the
test (Reifenrath Consulting and Research 1995).

Pharmacologic Effects

Carbamate compounds other than IPBC have been implicated in the in-
hibition of blood acetylcholinesterase activities. This inhibition results
in the accumulation of the neurotransmitter acetylcholineg, so that the
nerves are overstimulated. Adverse effects can then occur in the cen-
tral and autonomic nervous systems and at neuromuscular junctions
(Henderson 1992).

In order to determine the potential effects of IPBC on the blood plasma
enzyme, a cholinesterase inhibition study was performed using Sprague-
Dawley rats. Ten rats per sex per dose made up each group in the study.
Male (176—-190 g) and female (163—-196 g) rats received 0, 2, 4, 10, or
16 mg/kg IPBC in polyethylene glycol in water via the lateral tail vein.
Blood samples were drawn at 15 and 30 minutes, 1, 2, and 5 hours post-
dose and analyzed for erythrocyte cholinesterase. A variation in erythro-
cyte activity was detected between individual rats, but no changes in
cholinesterase activity occurred as a result of treatment with up to 16
mg/kg IPBC (Inveresk Research International, Ltd. 1988a).
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ANIMAL TOXICOLOGY
Acute Toxicity
Oral

Technical grade (in this case, 97% pure) IPBC has an average acute oral
LDsp of 1470 mg/kg in rats (Hazleton Laboratories America, Inc. 1984;
Henderson 1992). The LDs5g after a 14-day observation period was 1056
mg/kg and 1795 mg/kg in female and male rats, respectively (Hazleton
Laboratories America, Inc. 1984; Henderson 1992), to give a toxicity
rating of 3 (moderately toxic) to the compound. Another source reported
that technical grade IPBC has an acute oral LDs5g of 1580 mg/kg in rats,
but no experimental details were given (Hansen 1984).

Adult albino Sprague-Dawley rats weighing 200-250 g each were al-
lotted into groups of five males and five females per sex, per dose. Each
rat received a 10 ml/kg suspension of IPBC in Duke’s pure corn oil
by gavage. Doses were 250, 500, 1000, 1500, or 2000 mg/kg. Rats in all
groups had rough coats. All groups except for the 1000 mg/kg dose group
were observed to have soft feces and urine stains, as well as slight de-
pression. The rats that were administered 1500 mg/kg had red stains
on the nose and/or eyes (Hazleton Laboratories America, Inc. 1984).

Male and female Sprague-Dawley rats received by gavage single doses
of undiluted cosmetic formulations containing various concentrations of
IPBC from 0.0100-0.0150% w/v and were killed for necropsy on day 7
or 8 of the studies, summarized below.

Moisturizing gel, sunscreen lotion, moisturizing cream, and moisturi-
zing gel containing 0.01% IPBC each caused no unscheduled mortality
or changes in body weight in 10 rats tested per preparation. The acute
oral LD5q of each formulation was >10,000 mg/kg with 95% confidence
(Springborn Laboratories, Inc. 1992a, 1993a, 1993b). Administration of
the moisturizing gel resulted in dark material around the facial area
in 2/10 rats, ocular discharge in 1/10 rats, and enlarged cervical lymph
nodes in 3/10 dosed rats (Springborn Laboratories, Inc. 1993a). Dosing
with sunscreen lotion resulted in dark material around the nose (2/10)
and fecal stains (1/10) (Springborn Laboratories, Inc. 1993b). No clinical
abnormalities were observed when the other formulations were admini-
stered (Springborn Laboratories, Inc. 1992a).

Sunscreen lotion and cream each containing 0.0125% IPBC had an
acute oral LDsg >10,000 mg/kg, with no mortality or changes in body
weight gain when a 10 g/kg dose of each formulation was administered
to three rats per sex (Springborn Laboratories, Inc. 1991a, 1991b). Sun-
screen lotion and cream (0.0150% IPBC), administered as 2 g/kg doses
to three rats per sex, each had an LD5g >2 g/kg. One male that received
sunscreen lotion had soft stool from 2% to 4 hours postdosing, but no
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other clinical signs were reported (International Research and Develop-
ment Corp. 1990a).

Dermal

Adult male New Zealand white rabbits, each weighing 2.3—-3.0 kg, were
divided into two groups of five rabbits each. The first group had abraded
skin, and the second nonabraded skin. IPBC at 2 g/kg was moistened
with physiologic saline prior to dermal application. All rabbits were obs-
erved for 14 days after the 24-hour exposure period. No deaths were
reported in either group during the study. Erythema and edema were
observed at the treatment sites in all rabbits during the 24-hour expo-
sure period (Bioassay Systems Corp. 1984a). The LD5, was greater than
2000 mg/kg in male rabbits (Hansen 1984; Bioassay Systems Corp.
1984a; Henderson 1992) to give a corresponding toxicity rating of 3
(Henderson 1992).

Inhalation

Various concentrations of IPBC were administered as dusts and liquid
aerosols to seven groups of five Sprague-Dawley rats per sex per group,
each rat weighing 199-322 g. The first four groups inhaled IPBC as a
dust (average mass median aerodynamic diameter of 4.3 um; average ge-
ometric standard deviation of 2.9; average of 82% of particles <10 um),
receiving gravimetric concentrations of 1.7, 0.38, or 0.72 mg/L, respec-
tively. The remaining four groups received 3.4, 1.8, 0.45, or 0.75 mg/L,
respectively, as a liquid aerosol (average mass median aerodynamic dia-
meter of 2.4 um; average geometric standard deviation of 2.7; average of
94% of particles <10 um). All groups that inhaled IPBC had decreased
activity, eye closure, and excessive lacrimation. When removed from the
test chamber, signs in the survivors (number not given) included labored
breathing, gasping, and secretory discharges during the first week after
exposure. These signs of toxicity generally diminished in the survivors
after that time. Edema, emphysema, and reddened lungs were observed
during post mortem examinations. The LCsq for IPBC as a dust was
670 mg/m? for both male and female rats (680 mg/m? average). As a lig-
uid aerosol, the LCsq was 630 mg/m?3 for male and 990 mg/m? for fem-ale
rats (780 mg/m? average) (Biodynamics, Inc. 1990).

Short-Term Toxicity

Rats were fed 60, 125, or 250 mg/kg/day IPBC for 4 weeks (method
and other details were not specified). Rats in the high-dose group had
decreased weight gain and feed intake, and the females had decreased
plasma cholinesterase activity and increased liver weights. Similar
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effects occurred in rats fed 125 mg/kg/day. In the low dose group, only
a slight increase in relative liver weight was observed (Henderson
1992).

In a range-finding reproduction study, mated female rats that received
80 mg/kg/day IPBC by gavage for 20 days of gestation had no lesion at
necropsy. In a related study, males fed 700 ppm IPBC for 28 days had
no signs of toxicity (Henderson 1992).

Subchronic Toxicity

Sprague-Dawley rats (number not given) received 20, 50, or 125 mg/kg
IPBC in corn oil five times per week as part of a 13-week feeding study.
Rats administered 125 mg/kg had transient behavior alteration, in-
creased liver weights, and hepatocyte enlargement. Males of this dose
group had decreased weight gain and gastric lesions. Transient behav-
ioral alterations and increased relative and absolute liver weights also
were recorded in both sexes at 50 mg/kg. The no-observed-adverse-
effect level INOAEL) was 20 mg/kg. After a 4-week recovery period, no
treatment-related pathologic changes were observed, indicating that the
lesions were reversible. IPBC and/or the test vehicle were only slightly
irritating to the rat when administered orally (Henderson 1992).

Groups of 28-day-old Sprague-Dawley rats were administered IPBC
in corn oil by gavage for 13 weeks in a 90-day subchronic oral toxicity
test. Ten males and 10 females, weighing 217-280 g and 140-191 g at
initiation, respectively, made up each of five groups. IPBC (0, 4, 10, or
25 mg/ml) in corn oil, with a dose volume of 5 ml/kg, were tested. Doses
of 20, 50, and 125 mg/kg were administered five times per week for 13
weeks. No deaths were reported during the study. No toxic effects were
seen in females administered 125 mg/kg or males given 50 mg/kg. No
changes in either hematology or clinical chemistry parameters (biochem-
istry and urinalysis) or gross lesions were observed. Male rats given 125
mg/kg had depressed body weight gain, hepatocyte enlargement, and
increased liver weights (Bioassay Systems Corp. 1984b).

Undiluted sunscreen lotion containing 0.0125% IPBC was applied
dermally to the shaved backs of New Zealand white rabbits. A dose
of 2 ml/kg/day applied 5 days per week for 13 weeks caused no signs of
systemic toxicity, but did induce slight dermal irritation. Control rabbits
had distilled water applied to the test sites. At the start of the study, all
rabbits were 3—4 months of age and each group contained five males
and five females. Detailed observations were made once daily, whereas
clinical condition (mortality, moribundity, and overt toxicity) and der-
mal irritation were scored twice daily. Body weights were determined
prior to the first treatment, and then once a week for the duration of the
study. At the end of week 13, the rabbits were killed for necropsy. No
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unscheduled deaths occurred, and no differences in mean body weight
and body weight gain were found between test and control groups. Rab-
bits (5/10) had slight to moderate erythema that appeared initially at
day 6 and cleared by day 48. One rabbit had sporadic erythema through-
out the study. Rabbits (2/10) had slight to moderate edema that cleared
by day 52. In a few rabbits, desquamation, fissuring, and red raised
areas were occasionally observed. No differences in hematologic values
were present. At necropsy, 2/10 rabbits had mild erythema or red dis-
coloration of the application site. Neither gross lesions nor organ weight
differences were noted. Microscopic changes that were attributable to
the application of the test material were acanthosis and hyperkeratosis
of the epidermis and chronic inflammation of the dermis (International
Research and Development Corp. 1994a).

In a similar study, moisturizer containing either 0.0125% or 0.6250%
IPBC in an oil/water emulsion caused no signs of systemic toxicity when
applied to 10 New Zealand white rabbits (International Research and
Development Corp. 1994b).

Chronic Toxicity

Male and female 4-week-old Sprague-Dawley rats, 200 of each, were
used in a 104-week chronic oral toxicity study. Fifty rats of each sex were
in each group, including the control. At study initiation, males weighed
approximately 85 4+ 5 g and females 60 + 5 g. IPBC was administered
in the diet, which was offered ad libitum, at 20, 40, or 80 mg/kg/day.
IPBC concentration was adjusted weekly for the first 13 weeks of the
study, then once every 4 weeks to ensure that the dose was constant for
the duration of the experiment. All rats were necropsied at the end of
the study. Deaths included 22 males and 17 females in the untreated
group; 20 males and 21 females of Group 2 (20 mg/kg); 24 males and
10 females of Group 3 (40 mg/kg); and 14 rats of each sex of Group 4
(80 mg/kg). No evidence of carcinogenic potential was found, and the
NOAEL was 20 mg/kg/day for both sexes. No significant differences oc-
curred between groups, and no clinical signs were observed due to the
dietary addition of IPBC. Body weight gain decreased in the dosed males,
from a slight reduction in the 20 mg/kg dose group, to a marked reduction
in the 80 mg/kg group. Females administered 40 mg/kg and 80 mg/kg
had moderate and marked reductions in body weight gain respectively.
The 80 mg/kg-dosed males had slightly lower feed consumption, but no
differences were observed in water consumption between groups. Differ-
ential blood counts and organ weights did not differ between the control
and dose groups. The 40 mg/kg males and 80 mg/kg males and females
had increased incidences of gastric lesions. Rats of both sexes given 40
and 80 mg/kg/day also had lobular degeneration of the submaxillary
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salivary gland, submucosal edema, and inflammation (in the nonglan-
dular portion) of the stomach. Acanthosis, hyperkeratosis, ulceration,
basal cell proliferation, and lesions associated with ulcers were also
observed in the nonglandular stomach in those two groups (Inveresk
Research International 1989a).

Dermal Irritation

Primary skin irritation and corrosion tests were performed on six male
New Zealand white rabbits weighing between 2.0 and 3.5 kg. A dose of
0.5 ml IPBC was applied to two 1”7 x 1” sites, one abraded and one una-
braded for a 4-hour exposure time. Skin sites (under occlusive patches)
were observed and rated at 4, 24, 48, and 72 hours after administration.
At the end of the 4-hour period, slight erythema and severe edema were
observed, but recovery was complete by 48 hours. The primary irritation
index was 0.50 and IPBC was noncorrosive (Bioassay Systems Corp.
1981a).

In a similar study, slight to moderate erythema and slight edema were
noted in two rabbits (total number not given) that had been exposed to
IPBC (concentration not given) under a semiocclusive patch for 4 hours.
The reactions occurred at 24 hours after patch removal. Slight erythema
persisted until the 72-hour assessment in one of the affected rabbits.
Investigators concluded that IPBC is slightly irritating to rabbit skin
(Inveresk Research International, Ltd. 1989b).

Dermal Sensitization

Henderson (1992) reported that IPBC (concentration not given) pro-
duced slight irritation when applied to the skin of rabbits and that the
compound was not a dermal sensitizer in guinea pigs. Hansen (1984)
stated that a 40% solution of IPBC was not a skin sensitizer. No other
details were given.

Female albino Dunkin-Hartley guinea pigs were used in a Magnusson-
Kligman Maximization Test to determine the potential for development
of contact hypersensitivity following intradermal and topical (occlusive
patch) application of IPBC. Twenty guinea pigs served as controls. The
test group of 40 guinea pigs received three pairs of intradermal injection:
the first was Freund’s complete adjuvant diluted 1:1 with water; the
second was 10% (w/w) IPBC in propylene glycol, and the third was 20%
IPBC in Freund’s complete adjuvant (1:1). Seven days after admini-
stration of the injections, 0.45 ml of 50% (w/w) IPBC in petrolatum was
applied topically for 48 hours. Three weeks after induction, a topical
challenge of 0.1 g of 0.01% (w/w) IPBC in petrolatum was administered
to the guinea pigs. No evidence of delayed contact hypersensitivity was
observed (Scantox Biological Laboratory, Inc. 1989).
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Ocular Irritation

The potential for IPBC to produce ocular irritation in young adult New
Zealand white rabbits was determined by testing 0.5% IPBC in corn oil
and 0.5% in a typical baby shampoo formulation. Twelve rabbits were
divided into two groups of three males and three females each. Group 1
received 0.1 ml IPBC in corn oil (right eye) and corn oil (left eye). The
second group was administered IPBC in baby shampoo (right) and baby
shampoo alone (left). The eyes of all rabbits were rinsed 24 hours after
application and were evaluated at 1, 24, 48, and 72 hours, 4 and 7 days.
IPBC in corn ¢il and corn oil alone produced no eye irritation. Iritis and
conjunctival irritation were produced in rabbits administered IPBC in
baby shampoo and baby shampoo alone. This irritation cleared within
7 days after exposure. No apparent differences between responses were
observed in Group 2 rabbits for shampoo plus 0.5% IPBC and shampoo
alone (Hill Top Biolabs 1991).

In another study, nine male New Zealand white rabbits weighing
2.0-3.5 kg were treated with 0.1 g IPBC, six rabbits without irrigation,
and three with irrigation. The test substance was applied to one eye
of each rabbit, and the other eye served as control. Severe hyperemia,
chemosis, discharge, and corneal opacity were observed in unrinsed eyes.
In five of six rabbits, the iris appeared congested and unreactive to light.
In rinsed eyes, discharge was slight in two of three rabbits. Except for
one rabbit, which still had corneal opacity, effects subsided by day 21
after exposure in rabbits with unrinsed eyes. In the other group, the
effects were no longer observed after 2 days (Bioassay Systems Corp.
1981b).

A dose of 0.055 g (0.1 ml) IPBC was instilled into the conjunctival sac
of each of nine New Zealand white rabbits. The contralateral eye served
as the untreated control. At 30 seconds postinstillation, the eyes of three
rabbits were rinsed with 50 ml of physiologic saline. All eyes were ex-
amined for up to 21 days after dosing. Substantial injury occurred in
the unrinsed group; 6/6 eyes had corneal opacity by the 24-hour scor-
ing interval. The corneal injury was associated with corneal epithelial
sloughing, and was confirmed by positive fluorescein dye retention. Nor-
mal background retention (stippling) was observed in 3/6 test eyes, but
was not considered significant. Opacity persisted until the last test day,
and was accompanied by corneal vascularization. Iritis was observed in
6/6 of the test eyes at 1 hour postdose and resolved by day 21. Conjunc-
tivitis (6/6) was observed at 1 hour as well, diminished throughout the
test period, and persisted until day 21. Two-thirds of the rinsed eyes at
1 hour had iritis that resolved by 48 hours. Conjunctival irritation (2/3)
occurred at the same time and resolved by day 7. In the remaining rab-
bit’s rinsed eye, responses resembled those of the rabbits with unrinsed
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eyes, but all reactions had resolved by day 21. As a result of this study,
investigators reported that IPBC was a severe irritant to the eyes of
rabbits (Springborn Laboratories, Inc. 1990).

Undiluted sunscreen lotion, moisturizing cream, and moisturizing lot-
ion were each instilled directly onto the cornea of the right eyes of three
New Zealand white rabbits. A 10 ul dose of each formulation did not
produce corneal opacity, iritis, or conjunctivitis as evaluated at 24 hours
after dosing (Springborn Laboratories, Inc. 1992b, 1993¢).

In similar studies, 10-ul doses of undiluted facial cleaner, sunscreen
lotion, and sunscreen cream, each containing 0.0125% IPBC, were in-
stilled into conjunctival sacs of New Zealand white rabbits (Springborn
Laboratories, Inc. 1991¢, 1991d, 1991e, 1993d, 1994a). In one study, the
facial cleaner did not cause ocular irritation (Springborn Laboratories,
Inc. 1993d), but in another, 2/3 tested eyes had conjunctivitis at 24 hours
after dosing, which cleared at 72 hours (Springborn Laboratories, Inc.
1994b). Sunscreen lotion produced conjunctival redness in 3/3 test eyes,
which resolved by 48 hours (Springborn Laboratories, Inc. 1994a), but in
an earlier study it did not result in ocular irritation (Springborn Labo-
ratories, Inc. 1991¢). In a third study, 1/3 eyes had conjunctival redness
(Springborn Laboratories, Inc. 1991d). Sunscreen cream did not produce
ocular irritation (Springborn Laboratories, Inc. 1991d, 1991e).

Instillation of 10-ul doses of sunscreen lotion and cream (0.0150%
IPBC) resulted in slight conjunctival redness in 1/3—2/3 eyes (Interna-
tional Research and Development Corp. 1990b). No ocular irritation was
observed in a similar study (International Research and Development
Corp. 1990c).

Photosensitization

Male and female 300-500 g Hartley guinea pigs (37 of each) were chal-
lenged with 5% IPBC to determine delayed contact hypersensitivity
and/or photosensitization potential. Test groups were 22 males and
22 females, and 30 guinea pigs served as controls, with 3,3,4,5-tetra-
chlorosalicylanide as the positive control material. In the test group,
seven guinea pigs per sex were tested for primary irritation, five per
sex for induction, primary challenge, and rechallenge; five untreated
guinea pigs per sex for primary challenge, and five untreated per sex for
rechallenge. For induction, a site adjacent to the one used for primary
challenge and rechallenge was used. The period between primary chal-
lenge and rechallenge was seven days. In an adaptation of the Buehler
method, 5% IPBC in polyethylene glycol 400 (0.3 ml per 25 mm ap-
plication site) was applied topically to the dorsal surface of the guinea
pigs and the sites covered with occlusive patches for 4 hours after ad-
ministration of the test chemical. IPBC was reapplied three times per
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week (Monday, Wednesday, and Friday) for three consecutive weeks. At
30 minutes after removal of the occlusive dressing, 20-watt black light
bulbs were used to irradiate the guinea pigs with UVA and UVB light
for 2 hours each time. Exposure intensity peaked at 365 nm for UVB and
310 nm for UVA. Application sites were observed and evaluated at 24
and 48 hours after the removal of the occlusive dressings for signs of irri-
tation. Photosensitization was not produced by 5% IPBC. Three guinea
pigs in the induced group had grade 1 (slight) irritation, whereas guinea
pigs in the untreated group had grades of + after primary challenge. Due
to these questionable findings, a rechallenge was performed. Maximum
skin reaction grades of + were observed in both induced and noninduced
primary challenge groups, establishing that photosensitization did not
occur (Hill Top Biolabs 1994).

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY

IPBC was administered to Sprague-Dawley rats by diet to determine its
effects on the P and F; generations, as well as their offspring, F;, and
F1p. Each of four groups included 50 rats, 25 male and 25 female. P males
and females weighed 175-235 g and 140-85 g, respectively. Rats were
fed diet containing 120, 300, or 750 ppm IPBC for 293 days. Test and con-
trol diets were available to the rats ad libitum. At the conclusion of the
dosing period, the rats were Kkilled for necropsy. No treatment-related
effects were observed in clinical condition, necropsy findings, fertility,
mating performance, postnatal viability, or postnatal growth. Physical
and functional development were similar to controls. The mean feed con-
sumption of 750 ppm-dosed P and F; males decreased slightly during
the rats’ premating period. During the same period, P males at 300 and
750 ppm and F; males at 750 ppm had reduced body weight gains. No
effects were observed in either males or females administered 120 ppm
IPBC (Inveresk Research International, Ltd. 1987). Mated female mice,
eight in each group, received oral doses of 20, 50, or 125 mg/kg IPBC
in corn oil, and eight control mice received the vehicle alone, from days
6-15 post coitum. No signs of maternal toxicity, embryotoxicity, or devel-
opmental toxicity were observed in the mice fed 20 and 50 mg/kg. A dose
of 125 mg/kg IPBC caused slight maternal toxicity (reduced weight gain
from days 10-15), but there was no evidence of embryotoxic or terato-
genic effects. The NOAEL was set at 50 mg/kg/day (Henderson 1992).
Mated female Sprague-Dawley rats that received IPBC by gavage
were also examined for reproductive effects. Groups of 28, 33, and
30 rats were given 20, 50, and 125 mg/kg/day from days 6—15 of gesta-
tion, respectively, then were necropsied. No intergroup differences were
observed, either in clinical condition or in necropsy findings. Slight ma-
ternal toxicity (reduced body weight) occurred at the high dose at days
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6-10, but no other effects were noted. Doses of 20 and 50 mg/kg did not
cause reproductive toxicity (Henderson 1992).

Dietary administration of 120, 300, and 750 ppm IPBC to groups of
25 male and female rats per generation (P and F;) had no effect on fer-
tility or general reproductive performance in either generation. After
a 14-week premating treatment period, the parental rats were mated
and the offspring kept until weaned. Slight toxicity was observed in
P males in the intermediate and high-dose groups, which had reduced
body weight gain and reduced feed consumption before mating. ¥{ males
given 750 ppm also had similar signs during the premating period. No
evidence of toxicity was observed in rats fed 120 ppm. Postnatal devel-
opment of offspring was not affected during the lactation period, but the
live birth index was slightly lower in both generations at the highest
dose (Henderson 1992).

Groups of 35 pregnant Crl:NMRI Br mice were administered 20, 50,
or 125 mg/kg doses of IPBC by gavage. Mice were dosed once daily with
2.0, 5.0, or 12.5 mg/kg IPBC in corn oil on days 6—15 of gestation to
give a dose volume of 10 ml/kg/day. There was no positive control. On
day 18 of gestation, all mice were killed for necropsy. The results of
maternal and fetal examinations are summarized in Table 3. No sig-
nificant differences were noted between the negative control (0 mg/kg)
and the other groups. No treatment-related effects on clinical condition
and necropsy findings were observed. IPBC dosing also had no effects on
maternal body weight gain or feed consumption, incidence of pregnancy,
pre- or postimplantation loss, or the number, weight, or sex distribution
of fetuses. Additionally, the incidence of malformations did not change
as a result of the study (Hazleton Laboratories, Deutschland 1988a;
Henderson 1992).

Pregnant Sprague-Dawley rats were tested in a similar study. Group 1
(28 rats) received 20 mg/kg IPBC in corn oil, Group 2 (33 rats) was

Table 3. Reproductive and developmental toxicity results—mice

Dose level 0 mg/kg 20 mg/kg 50 mg/kg 125 mg/kg
Maternal parameters
No. of corpora lutea 303 346 354 348
No. of implantations 291 305 311 295
No. of resorptions 43 22 15 28
No. aborting 0 0 0 0
Fetal parameters
No. of live fetuses 248 82 297 268
No. of dead or resorbed fetuses 43 23 15 29

No. of fetal anomalies 3 3 5 3
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Table 4. Reproductive and developmental toxicity results—rats

Dose level 0 mg/kg 20 mg/kg 50 mg/kg 125 mg/kg
Maternal parameters
No. of corpora lutea 313 331 309 294
No. of implantations 240 276 240 269
No. of resorptions 8 14 6 12
Nc¢ aborting 0 0 0 0
Fetal parameters
No. of live fetuses 232 261 232 256
No. of dead or resorbed fetuses 8 15 8 13
No. of fetal anomalies 1 0 1 2

administered 50 mg/kg, and Group 3 (30 rats) 124 mg/kg. The three
groups received 2.0, 5.0, or 12.5 mg/ml, respectively, and all were given
a dose volume of 10 mg/ml/day. All rats were administered one dose per
day on days 6-15 of gestation, then sacrificed at day 20 for necropsy.
Table 4 is a summary of the results of the maternal and fetal exami-
nations. Incidence of malformations and skeletal variations in both the
negative control and dosed groups were observed to be comparable. Rats
that received the 125 mg/kg dose had a higher incidence of incompletely
ossified cranial bones, but this was thought to be temporary or caused
by maternal effects (Hazleton Laboratories, Deutschland 1986).

Groups of eight mated female NMRI mice received daily doses of
20, 50, or 125 mg/kg IPBC by gavage from gestational days (gd) 6-15
and were killed for necropsy on gd 18. No treatment-related changes
were noted in maternal clinical condition or in necropsy findings. From
gd 10-15, body weight gain was slightly reduced at the high dose. There
were no effects of IPBC treatment on pregnancy incidence, implantation,
postimplantation loss, or the number, weight, and sex distribution of the
fetuses. No external malformations were observed in the treated groups.
The low and intermediate doses did not induce maternal toxicity, em-
bryotoxicity, or teratogenicity. The high dose produced slight maternal
toxicity (reduced weight gain), but was not embryotoxic or teratogenic
(Hazleton Laboratories, Deutschland 1988b).

MUTAGENICITY

The Salmonella typhimurium/mammalian microsome plate incorpora-
tion assay demonstrated that IPBC was not mutagenic with or without
metabolic activation. A significant increase in the number of revertant
colonies of strains TA1535, TA1537, TA1538, TA100, and TA98 did
not occur when 6.3, 18.6, 55.6, 166.7, and 500 ng/plate concentrations
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of IPBC were tested when compared to five different positive controls
[dimethylsulfoxide (DMSO), methylnitronitrosoguanidine, 9-amino-
acridine, 2-nitrofluorene, and 2-aminoanthracene]. The two highest con-
centrations of IPBC were toxic (Hazleton Biotechnologies Corp. 1984a;
Henderson 1992).

In a second study, a micronucleus test was performed in Charles River
CD-1 mice. Groups of 15 males and 15 females received a dose of 200,
660, or 2000 mg/kg IPBC in corn oil by oral gavage to give a 10 ml/kg
dose quantity. The positive control was cyclophosphamide. Mice were
sacrificed at 30, 48, or 72 hours. Doses of 660 and 2000 mg/kg doses
proved toxic. No significant increases in the frequency of micronuclei in
polychromatic erythrocyte cells were observed; therefore, IPBC was non-
clastogenic (Hazleton Biotechnologies Corp. 1984b; Henderson 1992).

A third study utilizing an unscheduled DNA synthesis assay inves-
tigated IPBC’s genotoxic potential on primary cultures of hepatocytes
from adult male Fischer 344 rats. Michler’s ketone in ethanol served
as the positive control and DMSO the vehicle control. DNA synthesis
was determined by silver grain counts in photographic emulsions formed
by the cellular uptake of [6-3H]-thymidine. Doses of 3, 4.5, 6, 7.5, 9, 10.5,
12, and 13.5 pg/ml of IPBC did not induce unscheduled DNA synthesis,
but treated cultures had decreased viability as the concentration of IPBC
was increased (Inveresk Research International, Ltd. 1988b; Henderson
1992). Hepatocytes treated with the highest dose had signs of toxicity,
but none of the cultures were positive for genotoxicity (Henderson 1992).

CARCINOGENICITY

In one study on the carcinogenicity of IPBC, groups of 50 male and 50 fe-
male Sprague-Dawley rats were given different doses of IPBC in their
diet for 104 weeks. The feed, offered ad libitum, was formulated with
20, 40, or 80 mg/kg/day. Blood was drawn and blood counts performed at
weeks 53/54, 79, and 104 on control and high-dose rats. Blood samples
from 10 rats of each sex and group were also collected. At the end of
the 100-week period, all rats were killed for necropsy. Tissues of control
and high dose rats, and of the interim deaths in the remaining groups
were examined microscopically. Between groups, no significant differ-
ences were observed in water consumption, differential blood count, or
mortality. Males in all dose groups had a dose response reduction in body
weight gain, whereas those that received 80 mg/kg/day dose had slightly
lower feed consumption. Females in the 40 and 80 mg/kg/day groups
had moderate and marked reductions in body weight gain, respectively.
All intermediate and high-dose rats had increased incidences of de-
pressed and raised foci in the stomach, and lesions of the nonglandu-
lar stomach and submaxillary salivary gland. No statistical intergroup
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differences were found in organ weights. No evidence of carcinogenic
potential was detected, and the NOAEL (major structural effects) was
set at 20 mg/kg/day for both sexes (Henderson 1992).

CLINICAL ASSESSMENT OF SAFETY

Ippen (1993) classified IPBC as having the lowest possible risk in an
allergy test series (nonexistent or extremely rare reactions) that inclu-
ded human sensitization, eczematic skin reactions, contact eczematic
potential, cross allergy, and a statistical market evaluation (Ippen 1993;
G + G International, Inc. 1995). However, IPBC when moist can cause
“moderate skin irritation, primarily to areas of soft, sensitive skin”
(G + G International, Inc. 1995).

Primary Skin Irritation

A 4% concentration of a facial cleanser that contained 0.0125% IPBC
was tested for the potential to cause skin irritation. Of the 111 panelists,
each received an occlusive patch with 0.2 ml of the test material on the
volar forearm for 24 hours. Test sites were evaluated 28 and 72 hours
after patch application. The observed responses (erythema with or with-
out edema), all of which cleared by 72 hours, were suggestive of mild
irritation with some occurrences of moderate irritation. Most subjects,
however, did not experience any adverse reactions (Hill Top Research,
Inc. 1994e).

5-Day Cumulative Irritation

Undiluted sunscreen lotion containing 0.0125% IPBC applied as an
occlusive patch to the upper back of each of 26 subjects for 5 days
did not produce significant irritation relative to that caused by a 0.2%
sodium lauryl sulfate positive control. Some subjects had positive reac-
tions (minimal to definite erythema), but these reactions were not con-
sidered significant (TKL Research, Inc. 1991c). The same formulation
did not produce significant irritation when applied in similar manner to
the upper backs of 28 children between the ages of 6-12 years old (TKL
Research, Inc. 19914).

21-Day Cumulative Irritation

The cumulative irritation potential of various cosmetic formulations
containing IPBC was investigated in the following studies. A dose of
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0.2 ml of the test material was applied daily under an occlusive patch
applied to the infrascapular region of each subjects’ back unless oth-
erwise noted. Patches applied on Friday were not replaced until the
following Monday. The positive control in each case was a 0.2% sodium
lauryl sulfate. Moisturizing lotion containing 0.0050% (TKL Research,
Inc. 1993c), 0.0100% (Ivy Laboratories 1992), or 0.0125% IPBC (TKL
Research, Inc. 1993d) had no significant irritation relative to the con-
trol when tested on 26, 49, and 26 subjects, respectively. In the case of
the 0.0125% lotion, minimal or doubtful erythema or definite erythema
were observed in a few cases, sometimes with a papular or papulovesic-
ular response and/or dryness (TKL Research, Inc. 1993d). Moisturizing
cream containing 0.0100% IPBC produced insignificant or negligible pri-
mary irritation when 0.1 ml was applied to the volar forearm under an
occlusive patch. Additionally, the test product was applied twice daily
to the entire face (including the forehead and excluding the immedi-
ate periorbital areas) of the same volunteers to assess tolerance to the
formulation. No adverse reactions were reported, including erythema
and scaling. Three subjects, however, experienced the development of
new acne lesions (inflammatory papules). Upon examination, it was de-
termined that the outbreak could not be attributed to the test product
(Ivy Laboratories 1992). Sunscreen lotion (0.0125% IPBC) did not cause
significant irritation relative to a 0.1% sodium lauryl sulfate positive
control when applied to the infrascapular region of 27 subjects (TKL
Research, Inc. 1994h, 1994i), but one subject had definite erythema (+)
throughout the first 16 readings that was accompanied by a papular or
papulovesicular response and/or dryness from applications 11-15. On
the following application, the subject also had severe damage to the epi-
dermis (oozing, crusting, superficial erosions), and treatment was dis-
continued. One other subject had definite erythema (+) on applications
12-21 (TKL Research, Inc. 1994i). In similar studies, no significant irri-
tation resulted from the application of the lotion to the forearms of 25
subjects (Ivy Laboratories 1991a), and low irritation potential was de-
termined after application of the lotion to the backs of 28 subjects (TKL
Research, Inc. 1994j, 1994k). A facial cleanser (0.0125% IPBC) also did
not produce significant irritation when applied as semiocclusive patches
to 28 subjects (TKIL Research, Inc. 1993e).

4-Week Skin Irritation in Children

When 155 children (3—12 years old) used a full-face, full-body sunscreen
(SPF 25) containing 0.0125% IPBC for four consecutive weeks, no ad-
verse effects were observed other than mild sunburn in 34 subjects at
the end of the first week (32 on face, 12 on shoulders, 4 on chest, 7 on
back, 10 on arms, and 2 on legs) and by four children at the end of the
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study (3 on face, 3 on shoulders, 1 on chest, 1 on back, and 1 on arms).
The cumulative score for irritation was 82 for week 1 and 9 for week 4.
One child reported small, white, pinhead-sized spots on the arms and
legs and was diagnosed as having hereditary glandular hyperplasia. In
a product experience questionnaire completed by the parents at the end
of the 4-week trial, nine subjects reported irritation experiences as burn-
ing, stinging, itching, peeling, redness, and/or skin conditions. When ex-
amined by a dermatologist, however, these findings were not supported
or were diagnosed as being unrelated to the product. Researchers con-
cluded that, because the dermal irritation noted and scored was sun-
burn erythema and not product related, the sunscreen was safe for its
intended use in children (Hazleton Florida 1991).

Human Repeated Insult Patch Test

In a human repeated insult patch test that was an adaptation of the
Shelanski and Shelanski method, 170 volunteers aged 18-72 years were
treated with a concentration of IPBC determined by the results of two
human skin irritation screens. During the first screen, 1.0% and 3.0%
IPBC in corn oil produced slight to moderate concentration-dependent
irritation after a 24-hour occlusion period. In the second screen, 0.5%
to 1.0% solutions of the test substance failed to cause irritation after
three repeated applications over 5 days, when each application was fol-
lowed by 24 hours of a semiocclusive patch (Hill Top Research, Inc.
1994a; Consumer Product Testing Co., Inc. 1995a, 1995b). In the in-
duction test, 0.2 ml of 1.0% IPBC in corn oil was administered three
times a week (Monday, Wednesday, and Friday) for three consecutive
weeks, then once on the Monday of the 4th week. The challenge concen-
tration and amount applied were the same, but were only administered
once. The application site was a 17 x 1” nonabraded area on the upper
back between the scapulae, and was covered by a semiocclusive patch.
The induction test was evaluated 24 or 48 hours after patch removal
for Monday and Wednesday or Friday applications, respectively. Follow-
ing challenge, sites were examined 24 and 48 hours after application of
IPBC. No signs of skin sensitization were detected in any of the test pan-
elists (Hill Top Research, Inc. 1994a; Consumer Product Testing Co., Inc.
1995a, 1995b).

The testing details of 32 human repeated insult patch tests on
concentrations of 0.01-0.125% IPBC in facial cleaner, sunscreen lotion,
sunscreen cream, moisturizing lotion, and moisturizing cream are sum-
marized in Table 5; no evidence of contact sensitization was observed
when 0.2 ml was patch tested on the upper arm or infrascapular region
of the back. During the induction phase, occlusive patches were applied
for 24 hours and the test sites evaluated 48 hours after their application.
Following the ninth consecutive application, all subjects were dismissed
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Table 5. Human repeated insult patch tests (All tests gave negative results)

No. of
Formulation subjects Test site References
0.0100% IPBC
Sunscreen lotion 106 Infrascapular Hill Top Research,
Inc. 1994b
Sunscreen lotion 106 Infrascapular Hill Top Research,
Inc. 1994c
Moisturizing cream 106 Infrascapular TKL Research, Inc. 1992a
Moisturizing cream 95 Upper arm Hill Top Research,
Inc. 19944
Moisturizing cream 100 Infrascapular TKL Research, Inc. 1992b
Moisturizing lotion 106 Infrascapular TKL Research, Inc. 1992a
Moisturizing lotion 96 Upper arm Harrison Research
Laboratories, Inc. 1994
0.0120% IPBC
Moisturizing lotion 109 Infrascapular TKL Research, Inc. 1994b
Moisturizing lotion 109 Infrascapular TKL Research, Inc. 1994c¢
0.0125% IPBC
Facial cleanser 231 Upper arm Harrison Research
Laboratories, Inc. 1993
Moisturizing cream 100 Infrascapular TKL Research, Inc. 1992b
Moisturizing lotion 105 Infrascapular TKL Research, Inc. 1990a
Moisturizing lotion 101 Infrascapular TKL Research, Inc. 1993a
Sunscreen cream 95 Infrascapular TKL Research, Inc. 1991a
Sunscreen cream 107 Infrascapular TKL Research, Inc. 1991b
Sunscreen cream 102 Infrascapular TKL Research, Inc. 1994d
Sunscreen cream 102 Infrascapular TKL Research, Inc. 1994e
Sunscreen cream 102 Infrascapular TKL Research, Inc. 1994f
Sunscreen lotion 95 Infrascapular TKL Research, Inc. 1991a
Sunscreen lotion 107 Infrascapular TKL Research, Inc. 1991b
Sunscreen lotion 99 Infrascapular TKL Research, Inc. 1993b
Sunscreen lotion 201 Upper arm TKL Research, Inc. 1994a
Sunscreen lotion 208 Infrascapular TKL Research, Inc. 1994¢g
0.0150% IPBC
Sunscreen cream 97 Upper arm Harris Laboratories, Inc.
1990c¢
Sunscreen cream 105 Infrascapular TKL Research, Inc. 1990a
Sunscreen cream 95 Upper arm Hill Top Research,
Inc. 1991a
Sunscreen lotion 97 Upper arm Harris Laboratories, Inc.

1990a

(Continued on next page)
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Table 5. Human repeated insult patch tests (All tests gave negative
results) (Continued.)

No. of
Formulation subjects Test site References
Sunscreen lotion 105 Infrascapular  TKL Research, Inc. 1990a
0.0375% IPBC
Moisturizing lotion 99 Infrascapular  TKL Research, Inc. 1990b
0.0200% IPBC
Moisturizer 97 Upper arm Harris Laboratories, Inc.
(oil/water emulsion) 1990b
Moisturizer 95 Upper arm Hill Top Research,
(oil/water emulsion) Inc. 1991a
0.1250% IPBC
Moisturizing lotion 104 Infrascapular  TKL Research, Inc. 1990c

for a 14-day nontreatment period. Challenge applications were begun
during the 6th week of the study, and the test sites were evaluated at
24, 48, 72, and 96 hours (patches were again removed after 24 hours).
With each test formulation, a few panelists had erythema, edema, and/or
a papular response, but overall, the results were negative.

Human Cross Sensitization

Human subjects (numbering 10 in all) with demonstrated skin sensi-
tivity to Thiuram Mix, a skin contact skin sensitization test formula-
tion containing structurally related dithiocarbamate compounds, were
tested with a topical application of 0.2 ml of 0.1% IPBC in soft yellow
petrolatum for 24 hours to the upper back (nonabraded skin). The 2 em x
2 cm test sites were secured with occlusive tape. Application sites were
examined at 48 and 96 hours postapplication and compared to a vehi-
cle control patch containing 0.2 ml petrolatum alone. Evaluations of the
test areas found no irritation or signs of a cross-sensitization reaction
(Inveresk Research International, Ltd. 1995).

Comedogenicity

A 0.1% concentration of IPBC in white (GMS) cream, an aqueous emul-
gion containing 25% nonionic surfactants and emulsifiers, was tested
for comedogenic potential using 12 human subjects between the ages of
18 and 55 who had a history of acne. Application was made to a 4 cm x
4 cm area of nonabraded skin on the upper back, the site was covered by
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an occlusive patch, and IPBC was administered three times a week for
4 weeks. The positive control was acetulan. At the end of the exposure
period, a follicular biopsy sample was taken and examined. Comedone
density was determined stereomicroscopically. A dose of 0.1% IPBC in
GMS cream was noncomedogenic in humans under the conditions of
this study. Signs of irritation observed were itching or mild to moder-
ately severe erythema. No edema, blistering, discoloration, or scarring
were observed (Hill Top Research, Inc. 1995).

Occlusive patches containing 0.2 ml of an undiluted cosmetic for-
mulation were applied three times per week for 4 weeks to the backs
of panelists who had been previously screened for their propensity to
form microcomedones. The 4-cm? patches (test, positive control, nega-
tive control) were kept on the application sites for 48 hours, except for
those applied on Friday, which remained in place for 72 hours. After
a 4-week period, a cyanoacrylate follicular biopsy sample was obtained
from each test site and evaluated for microcomedone density. Moisturing
gel (Hill Top Research, Inc. 1993a), sunscreen lotion (Hill Top Research,
Inc. 1994f), moisturizing cream and lotion (Hill Top Research, Inc. 1992)
containing 0.0100% IPBC were all noncomedogenic when tested on 12,
9, and 12 subjects, respectively. In the study testing the moisturizing
gel, panelists reported mild to moderately severe itching and mild to
moderate erythema (Hill Top Research, Inc. 1993a).

Facial cleanser (Hill Top Research, Inc. 1993b), sunscreen lotion (Hill
Top Research, Inc. 1990a, 1994f), moisturizing lotion (Hill Top Research,
Inc. 1993¢), and sunscreen cream (Hill Top Research, Inc. 1990a) con-
taining 0.0125% IPBC were also noncomedogenic when tested on nine
or 11 subjects each. One subject tested with sunscreen lotion experi-
enced mild to moderate erythema (Hill Top Research, Inc. 1993b), and
slight increases in microcomedone density were observed in panelists
tested with moisturing lotion (Hill Top Research, Inc. 1993c¢). In a simi-
lar study, sunscreen cream (0.00150% IPBC) was noncomedogenic when
tested using 12 subjects (Hill Top Research, Inc. 1990b).

Photocontact Allergenicity

In the following studies, the minimal erythema dose (MED) for each
subject was determined during a pretesting phase by exposing one side
of the midback to a series of exposures to a xenon arc solar simula-
tor in 25% increments. The MED is the time of exposure necessary
to produce a minimally visible erythema at 20-24 hours after expo-
sure. Occlusive patches containing 0.2 ml (unless otherwise noted) of
the undiluted test formulation were applied to the lower back of each
subject for 24 hours (induction phase). Once the patches were removed,
the test sites were exposed to three MEDs. This sequence was repeated
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twice weekly for 3 weeks, with a 48-hour respite between exposures. Ten
days after the last induction exposure, subjects underwent the challenge
phase. Patches were applied to untreated skin to the opposite side of the
lower back for 24 hours, removed, and the sites irradiated with 4 J/cm?
UVA. A duplicate set of patches served as an unexposed treated con-
trol (Ivy Laboratories 1993a). Sunscreen lotion (Ivy Laboratories 1993b),
moisturizing cream, and moisturizing lotion (TKL Research, Inc. 1992¢)
containing 0.0100% IPBC possessed no photocontact allergenic poten-
tial when each was tested on 26 subjects.

The following formulations containing 0.0125% IPBC, moisturizing
lotion (Ivy Laboratories 1993a), tested on 25 and 26 subjects each; sun-
screen cream (Ivy Laboratories 1991b, 1994a) tested on 25 and 26 sub-
jects; and sunscreen lotion tested on 26 and 27 subjects (Ivy Laboratories
1991b, 1994b), did not possess detectable photocontact allergenic poten-
tial. When a dose of 10 ul/cm? of moisturizing lotion (Ivy Laboratories
1990a), sunscreen cream, or sunscreen lotion (Ivy Laboratories 1991b)
containing 0.0125% IPBC was applied to 26 subjects, the same results
were observed. Similarly, when 25 subjects each were tested with sun-
screen lotion (Ivy Laboratories 1990b) or sunscreen cream (Ivy Laborato-
ries 1990c) containing 0.0150% IPBC, or moisturizing lotion containing
0.1250% IPBC (Ivy Laboratories 1990d), no evidence of photocontact
allergenicity was found.

Phototoxicity

Undiluted moisturizing lotion (containing IPBC at a concentration of
0.0125%) was applied (0.2 ml of test material under occlusive patch) to
the lower midback regions of previously screened subjects. None had a
medical or dermatologic illness or were sensitive to either sunlight or
topical preparations and cosmetics. The irradiated control was a United
States Pharmacopeia hydrophilic ointment. Twenty-four hours after ap-
plication of the patches, the test sites were uncovered and exposed to 20
J/em? of UVA (320—-400 nm with a peak of 350 nm). Unirradiated controls
were uncovered after exposure to UVA. Test sites were evaluated for pho-
totoxic reactions at the end of exposure and at 24 and 48 hours after irra-
diation; no evidence of phototoxicity was found (Ivy Laboratories 1993c¢).

Sunscreen lotion containing 0.001, 0.0125, or 0.0150% IPBC did not
possess a detectable phototoxicity potential when doses of 0.2 ml or 50 ul1
were tested on 10 adult subjects (Ivy Laboratories 1990e, 1991¢, 1993d,
1994c). When sunscreen lotion (0.0125% IPBC) was similarly tested on
11 children between the ages of 6—12 years, no phototoxic potential was
found (TKL Research, Inc. 1991e).

Moisturizing cream and lotion containing 0.0100, 0.0125, or 0.1250%
IPBC did not possess a detectable phototoxic potential when tested on
10-12 adult subjects at the same doses as above (Ivy Laboratories 1990g,
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11990h, 1991d, 1993c). Sunscreen creams (0.0125-0.0150% IPBC) had
the same results (Ivy Laboratories 1990f, 1991¢c, 1994d).

SUMMARY

Iodopropynylbutylcarbamate functions as a preservative in cosmetic for-
mulations. In 1996, it was reported to the Food and Drug Administration
that IPBC was used in 122 cosmetic formulations. It is approved for use
in the European Union.

14 C-IPBC was quickly absorbed from the intestinal tract to the blood-
stream when administered orally to rats. 14C was detected in the liver,
kidneys, skeletal muscle, lungs, heart, skin, and fat tissues after treat-
ment; radioactivity was rapidly eliminated in the urine and exhaled air,
and was also detected in the feces. In skin penetration studies using hu-
man cadaver skin, 53 4+ 14% of applied *C-IPBC (0.1%) penetrated the
epidermis and papillary dermis and 14 + 5% evaporated from the skin
surface.

The average acute LDsg of IPBC in rats is 1470 mg/kg and researchers
assigned a toxicity rating of 3 (moderately toxic) to the compound. In
another study, Sprague-Dawley rats given 1000-1500 mg/kg IPBC had
soft feces, urine stains, rough coats, and/or slight depression and red
stains on the nose and eye areas. Cosmetic formulations containing
0.01-0.0125% IPBC each had an acute oral LD5o > 10,000 mg/kg in rats;
0.0150% IPBC had an acute oral LDsg > 20,000 mg/kg. In 24-hour der-
mal application studies, IPBC caused erythema and edema of treatment
sites in New Zealand white rabbits; the LD5y was >2000 mg/kg.

Sprague-Dawley rats administered IPBC as dusts and liquid aerosols
had decreased activity, eye closure, and excessive lacrimation. Survivors
had labored breathing, gasping, and secretory discharges after expo-
sure. At necropsy, edema, emphysema, and reddened lungs were ob-
served. The average LCso of IPBC was 680 mg/m? (dust) or 780 mg/m?
(liquid aerosol). In a short-term toxicity study, rats fed IPBC for four
weeks had decreased weight gain and feed intake; females had increased
liver weights and decreased plasma cholinesterase activities. Sprague-
Dawley rats used in a 13-week feeding study had transient behavior
alteration, increased liver weights, hepatocyte enlargement, stomach
lesions, and decreased weight gain following treatment with IPBC. The
NOAEL was 20 mg/kg/day.

Other carbamate compounds have inhibited blood acetylcholinest-
erase activity, resulting in an accumulation of the neurotransmitter,
acetylcholine. In a cholinesterase inhibition study, Sprague-Dawley rats
were injected with IPBC at doses up to 16 mg/kg. No change in cholinest-
erase activity was observed.
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Several investigators reported that IPBC produces slight dermal ir-
ritation in rabbits. IBPC, however, was not a skin sensitizer in guinea
pigs. Photosensitization also did not occur in guinea pigs treated with
5% IPBC.

Cosmetic formulations containing 0.5% IPBC caused iritis and con-
junctival irritation in the eyes of rabbits. Treatment with 0.1 g IPBC
resulted in severe hyperemia, chemosis, discharge, corneal opacity, and
conjunctivitis. The iris appeared congested and unreactive to light.
When 0.055 g IPBC was instilled, corneal opacity associated with epithe-
lial sloughing, iritis, and conjunctivitis were observed. Cosmetic formu-
lations containing 0.1-0.015% IPBC produced only slight conjunctival
redness.

In reproductive and developmental toxicity studies using rats and
mice, IPBC had no significant effect on fertility, reproductive perfor-
mance, or incidence of fetal malformations. Slight maternal toxicity
(reduced weight gain) was observed at the highest dose level in one
study using Sprague- Dawley rats. In another study also using Sprague-
Dawley rats, a higher incidence of incompletely ossified cranial bones
was noted in fetuses in the highest dose level group, but was considered
related to maternal effects. Reduced maternal weight gain was also ob-
served in studies using mice, but no embryotoxic or teratogenic effects
were seen. The NOAEL was 50 mg/kg/day in mice.

IPBC was not mutagenic with or without metabolic activation in the
Salmonella typhimurium/mammalian microsome plate incorporation
assay. A micronucleus test using Charles River CD-1 mice proved IPBC
to be nonclastogenic. IPBC also did not induce unscheduled DNA synthe-
sis when primary cultures of Fischer 344 rat hepatocytes were treated.
No evidence of carcinogenic potential was found in a 104-week chronic
oral toxicity study using Sprague-Dawley rats. The NOAEL of IPBC was
20 mg/kg/day. Dose-related reductions in weight gain were observed,
however, along with inflammation of the nonglandular stomach and
lesions in the submaxillary salivary gland.

In humans, a 4% cosmetic formulation containing 0.0125% IPBC was
mildly irritating when applied under occlusive patches for 24 hours in a
primary irritation study. Erythema without edema was observed. Signi-
ficant irritation was not reported in 5- and 21-day cumulative irritation
studies that tested 0.01-0.0125% IPBC in formulation. Concentrations
of IPBC ranging from 0.01-0.125% in cosmetic formulations produced no
significant irritation or sensitization reactions in human repeated insult
patch tests and no evidence of photocontact allergenicity or phototoxicity
was found. In other studies, 0.1% IPBC did not cause cross-sensitization
reactions in patients with demonstrated sensitivity to related dithiocar-
bamate compounds.
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Cosmetic formulations containing IPBC at concentrations ranging
from 0.0015% to 0.1% were tested on human subjects and were non-
comedogenic. No data, however, were available on the comedogenicity
of higher IPBC concentrations.

DISCUSSION

The Cosmetic Ingredient Review (CIR) Expert Panel was concerned
about the acute inhalation toxicity observed in animal studies with
Iodopropynyl Butylcarbamate. The Panel thereby concluded that IPBC
should not be included in cosmetic products meant to be aerosolized.

The Panel stated that skin penetration studies using viable skin are
preferable to those using cadaver skin. Studies using cadaver skin mea-
sure penetration of unmodified compounds only, and do not provide in-
formation on the influence of other factors such as skin metabolism.
Therefore, studies using viable skin are more useful in assessing the
safety of cosmetic ingredients.

The Panel noted that dose-related reductions in body weight gain were
observed in a long-term carcinogenicity study using Sprague-Dawley
rats, although no evidence of carcinogenic potential was found. Although
noting the low degree of sensitization observed in animal studies and
in human repeated insult patch tests, the Panel acknowledged the mild
dermal irritation potential of this ingredient. Because the highest con-
centration tested for comedogenicity was 0.1%, the Panel considered
that concentration to be the highest for which the available data would
support safety.

CONCLUSION

On the basis of the data presented in this report, the CIR Expert Panel
concludes that iodopropynylbutylcarbamate is safe as a cosmetic ingre-
dient at concentrations <0.1%. IPBC should not be used in products
intended to be aerosolized.
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