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Abstract
Hydroquinone is an aromatic compound that functions in cosmetics as an antioxidant, fragrance, reducing agent, or
polymerization inhibitor. Hydroquinone is also used as a skin bleaching agent. Safety and toxicity information indicate that
hydroquinone is dermally absorbed in humans from both aqueous and alcoholic formulations and is excreted mainly as the
glucuronide or sulfate conjugates. Hydroquinone is associated with altered immune function in vitro and in vivo in animals
and an increased incidence of renal tubule cell tumors and leukemia in F344 rats, but the relevance to humans is uncertain.
Quantitatively, however, the use of hydroquinone in cosmetics is unlikely to result in renal neoplasia through this mode of
action. Thus, hydroquinone is safe at concentrations of �1% in hair dyes and is safe for use in nail adhesives. Hydroquinone
should not be used in other leave-on cosmetics.
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Introduction

The Cosmetic Ingredient Review (CIR) Expert Panel

first assessed the safety of hydroquinone (HQ) as a cosmetic

ingredient in 19861 and concluded that HQ was found to be

safe for use at limited concentrations for certain formulations

(primarily hair dyes) A subsequent review was conducted fol-

lowing the completion of the National Toxicology Program

(NTP) report on HQ. That amended safety assessment,2 of

HQ dealt with the use of HQ in cosmetic leave-on preparations

and was published in 1994 with the conclusion from the CIR

Expert Panel that HQ ‘‘ . . . is safe at concentrations of �1%
for aqueous cosmetic formulations designed for discontinu-

ous, brief use followed by rinsing from the skin and hair.

Hydroquinone should not be used in leave-on, nondrug cos-

metic products.’’2 This amended safety assessment will

address the current uses of HQ in cosmetic products and assess

information on the safety of HQ in cosmetic products that

have become available since the last (1994) published report.

Chemistry

Definition and Structure

Hydroquinone (CAS No 123-31-9) is the aromatic compound

that can function as an antioxidant, a fragrance ingredient, a

hair colorant, a reducing agent, and a skin bleaching agent.3

The structure of HQ is presented in Figure 1. Technical names

for this ingredient are presented in Table 1.3

Physical and Chemical Properties

In its pure form, HQ is a colorless crystalline solid. Commercial

preparations of HQ are usually white to off-white crystalline

materials. The physical and chemical properties of HQ are pre-

sented in Table 2.4

Manufacture and Production

There are 5 grades of HQ: photographic, technical, US pharma-

copeia (USP), inhibitor, and polyester. Photographic and tech-

nical grades are produced in the highest volume, most

commonly through either hydroperoxidation of p-diisopropyl-

benzene, hydroxylation of phenol, or oxidation of aniline.4
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Impurities

Resorcinol (1,3-benzenediol) and catechol can be present in

HQ preparations depending on the method of manufacture.4

In addition, impurities that impart a yellow color to the crystals

are often present in technical-grade HQ but can be removed

through specialized sublimation processes to produce more

refined grades of HQ.

Analytical Methods

Hydroquinone can be analyzed by a number of techniques,

including spectroscopic, chromatographic, titrimetric, and

electrochemical methods.4

Reactions

In solution, HQ is rapidly converted to p-benzoquinone via an

oxidation reaction upon exposure to air. The rate of this

oxidation is increased in alkaline solution.4 Hydroquinone,

which acts as a regulating agent allowing some control of the

color-forming coupling reactions, is a ‘‘consumable’’ in the hair

dyeing procedure, with its actual concentration decreasing as the

color-forming reaction proceeds.5

Use

Cosmetic

Hydroquinone is an aromatic compound that is used in cos-

metic formulations as an antioxidant, fragrance ingredient, hair

colorant, and a reducing agent. Hydroquinone is present in the

liquid component of artificial nail systems where it functions to

inhibit the polymerization of the methacrylate monomers.6

According to information supplied to the US Food and Drug

Administration (FDA) as part of the Voluntary Cosmetic Reg-

istration Program (VCRP), the use of HQ has decreased from

206 uses in 1993 to 151 uses in 2007 to 32 reported uses in

2009 (Table 3).7,8 A survey of current use concentrations con-

ducted by the Personal Care Products Council reported a use of

0.5% for HQ in other nail care products.9

Hydroquinone is added to the methacrylate monomers at a

concentration of 0.02% or less than 200 ppm to inhibit their

polymerization during transport and storage. In a study to

determine the concentration of HQ that remains following the

polymerization process, methacrylate polymer was analyzed

using the titration method with UV detection (limit of detection

[LOD] ¼ 10 ppm) and the concentration of HQ in the finished

product was below the LOD.11

In 2008, the European Union (EU) banned the use of HQ in

hair dyes due to a lack of safety information. They have stated

that there is no evidence that HQ as found in hair dye products

is safe for human health.12 Hydroquinone is approved for use in

the EU in artificial nail systems, for professional use only, up to

a maximum concentration of 0.02% after mixing.13

Noncosmetic
Medical. Hydroquinone is used in topical formulations as a

skin bleaching and depigmenting agent and is used in the treat-

ment of melasma (chloasma), freckles, senile lentigines, and

postinflammatory hyperpigmentation. This use of HQ is con-

sidered a drug use that falls under the purview of the FDA.

Hydroquinone is available via a prescription and over-the-

counter (OTC) products that range in concentration from

0.4% to 5% HQ.14 These OTC products are used to lighten the

skin and are applied all over the face and body with varying use

patterns among consumers. It is recommended that exposure to

sunlight be avoided when using these products.

The FDA has issued a Federal Register notice on their intent

to designate OTC skin bleaching products as no longer gener-

ally recognized as safe and effective (GRASE). Any products

currently on the market would be considered new drugs that

require an approved new drug application (NDA) for continued

marketing.14

Table 2. Physical and Chemical Properties of Hydroquinone4

Property Value

CAS No 123-31-9
Molecular weight 110.11
Color, form Colorless, crystals
Melting point (�C) 172
Boiling point (�C) 285-287 @760 mm Hg
Vapor pressure @ 25 �C, Pa 2.34 � 10�3

LogPow 0.50-0.61
Solubility, g per 100 g solvent (30�C)

Solvent Value
Ethanol 46.4
Acetone 28.4
Water 8.3

Figure 1. The structure of hydroquinone.

Table 1. Technical Names for Hydroquinone3

Ingredient Name Other Technical Names

Hydroquinone 1,4-Benzenediol
1,4-Dihydroxybenzene
p-Dihydroxybenzene
4-Hydroxyphenol
p-Hydroxyphenol
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The EU banned the use of HQ in OTC skin lightening prod-

ucts in 2001.15,16

Industrial. Hydroquinone is used in the development of black

and white film, as an inhibitor of polymerization, as a stabilizer

in paints, varnishes, motor fuels and oils, and as an antioxidant

for fats and oils.17

General Biology

Inhibition of Tyrosinase

The ability of HQ to decrease melanogenesis when applied

topically has made this a useful agent for decreasing skin

pigmentation. Hydroquinone has been shown to be a weak sub-

strate for the enzyme tyrosinase in kinetic studies but is able to

compete with the endogenous substrate, tyrosine in vivo and

inhibit the conversion of tyrosine to dopa and dopa to dopaqui-

none, thus decreasing melanin formation.18,19

Absorption, Distribution, Metabolism, and Excretion

Hydroquinone is rapidly absorbed and excreted in urine in rats

following oral administration.2 Absorption from an alcohol

vehicle is greater than from an aqueous solution. Hydroquinone

in an aqueous solution was absorbed through human skin at a

rate of 0.55 + 0.13mg/cm2 per h

Proposed pathways for the metabolism of HQ in rats and

humans are presented in Figure 2. The principal products

observed from the metabolic process are the sulfate and glucur-

onide conjugates. Oxidation to 1,4-benzoquinone results in a

reactive metabolite that forms mono- or polyglutathione conju-

gates.17 The glutathione conjugates are believed to be the cau-

sal agents in rodent nephrotoxicity and renal carcinogenesis.

In vitro. Human skin (500 mm thick) from 6 donors was used

to examine the permeation of a 2% [14C]hydroquinone cream

alone and following pretreatment with 2% sodium azide.20

No difference was observed in the permeation of HQ between

sodium azide treated (42.7%) and untreated (43.3%) skin. A lag

time of 8 hours was noted and believed to be attributed to the

time it takes for the HQ cream to penetrate through the skin and

into the receiving fluid. Using this model system, 100% of the

dose was accounted for.

Metabolism was also examined in this system, with no sig-

nificant difference in HQ recovery with (28.1% + 18.4%) and

without (28.5% + 12.9%) sodium azide treatment. The amount

of benzoquinone recovered was significantly decreased, how-

ever, from 10.8% + 5.7% without sodium azide pretreatment

to 4.1% + 2.0% with sodium azide pretreatment.20

The metabolic rate constants for the conversion of HQ to the

monoglutathione conjugate (HQ-SG) and subsequently to the

mercapturic acid (HQ-Cys) in hepatocyte cultures isolated

from F344 rats and humans were measured.21 The substrate

was added to the culture system and the disappearance and sub-

sequent appearance of downstream metabolites were followed

using sequential sampling (from 5 to 75 minutes) and high-

performance liquid chromatography (HPLC) analysis. In this

model system, glucuronidation was the initial favored step in

both rat and human hepatocytes, with human hepatocytes hav-

ing a higher Vmax and intrinsic clearance (Vmax/Km) than rat

hepatocytes (15.2 vs 3.85 nmol/min per 106 cells, respec-

tively). The human hepatocytes also demonstrated a higher

capacity for metabolism of the HQ-SG to HQ-Cys than the rat

hepatocytes. Acetylation was favored over deacetylation in

both species. Overall, the authors concluded that the capacity

for the metabolism of HQ and HQ-SG is greater in humans

than in rats, suggesting a greater capacity for the detoxifica-

tion of the glutathione conjugates. These metabolic constants

were incorporated into an existing physiologically based

pharmacokinetic (PBPK) model, which subsequently pre-

dicted that the body burden of these metabolites would be

much higher in rats than in humans.21

Table 3. Historical and Current Cosmetic Product Uses and Concentrations for Hydroquinone7-10

Product Category (FDA 2008)
1993 Uses

(FDA 1993)
2007 Uses

(FDA 2007)
2009 Uses

(FDA 2009)
2009 Concentrations

(%; Council 2009)

Hair coloring products
Dyes and colors 185 (1112) 139 (2481) 13 (2481) –

Makeup
Lipstick 2 (937) 1 (1912) – –

Nail care products
Othera – � (124) � (124) 0.5

Skin care products
Cleansing creams, lotions, liquids, and pads – 1 (1368) 1 (1368) –
Face and neck creams, lotions, etc – � (1195) 2 (1195) –
Moisturizers – 1 (2039) 2 (2039) –
Fresheners 1 ( 246) � (285) 2 (285) –
Other 18 (848) 9 (1244) 12 (1244) –

Total uses/ranges for hydroquinone 206 151 32 0.5

Abbreviations: FDA, US Food and Drug Administration.
a Nail adhesive.
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In vivo. Male F344 rats (number not specified) were given

either a single dose of 1.8 mmol/kg [14C]HQ in corn oil or

14 daily doses of HQ (1.8 mmol/kg in corn oil) followed by

a single dose of 1.8 mmol/kg [14C]HQ on day 15 by gavage.22

Urine was collected for 72 hours and analyzed for total radio-

activity. Following a single gavage dose, 21% of the dose was

recovered in the 0- to 5-hour urine sample with an additional

35% excreted in the next 19 hours. The major metabolites iden-

tified, via HPLC-UVEC, in the 0- to 24-hour urine samples

were HQ glucuronide (21%), HQ sulfate (15%), and HQ mer-

capturate (13%). Following subchronic administration, 46%
of the radioactivity was recovered in the 0- to 5-hour urine

sample and 31% excreted in the next 19 hours. Subchronic

treatment changed the metabolic profile, with an increase in

the amount of radioactivity excreted as the glucuronide conju-

gate (2 fold) and the glutathione conjugate (1.4 fold), while

the percentage of the dose that was excreted as the sulfate

remained the same. The authors state that these findings lend

support to their hypothesis that subchronic administration of

HQ increases the rate and extent of HQ metabolism to nephro-

toxic glutathione conjugates.23

Hydroquinone occurs as the glucose conjugate, 4-hydroxy-

phenyl-b-D-glucopyranoside (arbutin), in the leaves of several

plants, including cranberries, blueberries, and some varieties of

pear. Arbutin is easily hydrolyzed to D-glucose and HQ in hot,

dilute acid.4 To determine the contribution of the diet to total

HQ levels in the body, Deisinger et al (1996) measured the con-

centration of arbutin and HQ in foods and in human plasma and

urine samples, respectively, using gas chromatography with an

electron capture detector (GC-ECD).24 They found certain

foods to be high in arbutin as shown in Table 4. The researchers

measured the concentration of HQ in 2 groups of human volun-

teers (2/gender per group) who consumed a high- or low-HQ

breakfast. Blood samples were collected at 30, 50, and

120 minutes after completion of the meal and urine was col-

lected every 2 hours for 7 to 8 hours after the morning meal.

A meal low in HQ was provided for lunch for both the high-

and low-HQ breakfast groups. Hydroquinone and phenol con-

centrations were determined in acid hydrolyzed samples and

HQ concentrations were statistically significantly elevated at

the 1- and 2-hour time points (exact values not given) in blood

plasma, as compared to background concentration. Mean

plasma total phenol concentrations did not change with time.

A similar pattern was observed for HQ in the urine samples. The

concentration of HQ was statistically significantly increased at

2 to 3 hours after the high-HQ meal and decreased slowly

after 3 hours. Urinary total phenol excretion rates averaged

*800 mg/h and showed high interparticipant variability but

little mean variability over time. Selected, unhydrolyzed blood

and urine samples were analyzed and very little free HQ or

phenol was found in these samples. It was determined from this

that HQ absorbed from these exposures is rapidly conjugated

and is not detectable as free HQ or phenol. Plasma and urine

levels of HQ and phenol in the low-HQ breakfast group showed

a decline (not statistically significant) in their levels over time.

The in vivo bioavailability of HQ was examined in 3

different experiments using a total of 14 healthy males (age

Figure 2. Proposed metabolism of hydroquinone.17

Table 4. Concentrations of Arbutin in Foods Used in the Human Diet
Experiments24

Food Product Arbutin Concentration (mg/g)

Tea 0.14 + 0.02
Coffee 0.31 + 0.04
Pear (Bosc) 3.84 + 0.74
Pear (d’Anjou) 15.09 + 11.69
Wheat cereal 1.04 + 0.09
Wheat germ 10.65 + 3.61
Whole wheat bread 2.04 + 0.35
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18-80) following dermal application without occlusion, as the

product is normally applied.20 In group A (n ¼ 6), 25 uCi of
14C-hydroquinone cream (containing 2.5 mg HQ) was applied

to a 25 cm2 area of skin on the forehead. The next day, the area

was washed by cotton balls with a 50% soap solution and rinsed

with deionized water. The cotton balls were collected and ana-

lyzed for radioactivity. Four-day urine samples were collected

by the volunteers and submitted to the researchers for analysis.

Table 5 provides the results of this study. A total of 45.3% +
11.2% of the dose was recovered in the urine. 5.2% + 3.2%
was recovered from the cotton ball wash. Thin layer chromato-

graphy was used to identify the metabolites in urine and the

majority of the recovered dose was excreted as the glucuronide

conjugate with lesser amounts of the sulfated conjugate and the

parent compound identified.

In group B (n ¼ 4), 5 skin sites (1 cm2 each) on the ventral

forearm were treated with 1 uCi of 14C-hydroquinone cream

(containing 0.1 mg HQ). The treated surfaces were washed

5 times and tape stripped 10 times with cellophane tape at

time intervals of 0, 1, 3, 6, and 24 hours. The tape strips

were analyzed for radioactivity. Table 6 provides the results

of this study. The researchers concluded that while HQ can

be removed from the skin through washing early after expo-

sure, absorption over time will decrease the amount that can

be removed.

In group C (n¼ 4), 25 uCi of 14C-hydroquinone cream (con-

taining 2.5 mg HQ) was applied to a 25 cm2 area of skin on

the left forearm. Catheters were placed in the vein draining the

treated area on the left forearm, the ipsilateral site, and in the

same area on the right forearm, the contralateral site. Blood

samples (10 mL) were taken from both sites at 0 hour (prior

to dosing) and at 0.5, 1, 4, and 8 hours after dosing. The treated

skin site was washed by cotton balls with a 50% soap solution

and rinsed with deionized water. The cotton balls were not ana-

lyzed for radioactivity in this substudy. Urine samples were

collected at 24, 48, 72, and 96 hours after dosing, by the volun-

teers and submitted to the researchers for analysis. The

researchers found that initially, the concentration on the ipsilat-

eral side was higher than on the contralateral side; but by 4

hours, the concentration was the same on both sides. The peak

plasma concentration of 0.04 ug-Eq/mL occurred at the 4-hour

time point. The researchers calculated that 8.0% + 4.1% of the

dose was excreted in the urine for the 8-hour dosing period and

that 45.3% of the dose was absorbed. The researchers assumed

100% excretion in making these determinations.

Immunological Effects

Hydroquinone inhibited IL-2-dependent T cell proliferation in

primary human T lymphoblasts (HTLs) in vitro.25 Exposure of

HTLs to 50 mmol/L HQ decreased interleukin 2 (IL-2)-depen-

dent proliferation by >90%. Cell viability was not affected by

this concentration. Hydroquinone reversibly inhibited DNA

synthesis in these cells, but this effect could be reversed up

to 6 hours after treatment by removing HQ. No effect on glu-

tathione levels was observed with up to 24 hours of treatment.

Hydroquinone did not block binding of 125I-IL-2 to the cells

but interfered with the IL-2-dependent progression of the HTLs

through S phase of the cell cycle.

Macrophage-mediated immune responses were also inhib-

ited by HQ treatment.26 Tumor necrosis factor-a (TNF-a) pro-

duction was inhibited by a 6-hour treatment with 100 mmol/L

HQ in mouse RAW264.7 cells. Hydroquinone treatment

decreased lipopolysaccharide (LPS)-mediated nitric oxide

(NO) production, but HQ alone up to 100 mmol/L had no

effect on NO levels. Human U937 cells (a macrophage cell

line) and platelets showed a decrease in cell adhesion mole-

cules in response to HQ treatment. The authors believe these

effects occur through inhibition of the PI3K/Akt signaling

pathway because inhibition of this pathway produced similar

effects to those seen with HQ and a synergistic effect was

observed with HQ and inhibitors of this pathway.

Animal Toxicology

Oral administration of HQ to rats resulted in dose-dependent

mortality, lethargy, tremors, and increased liver and kidney

weights.2 Hydroquinone was found to be cytotoxic to rat hepa-

toma cells in culture and nephrotoxic in male rats dosed orally

by gavage.

Acute Toxicity
Oral. Hydroquinone was found to induce indicators of

nephrotoxicity in male and female F344 rats but not in male

Table 5. Radioactivity Recovery Following Topical Application of 25
mCi of [14C]Hydroquinone to Human Forehead Skin for 24 Hours20

Time (h)

Percentage Administered Dosea

Urine Skin Surface Wash

24 37.0 + 9.8 5.2 + 3.2b

48 7.1 + 2.1
72 0.9 + 0.6
96 0.4 +0.2
Total 45.3 + 11.2 5.2 + 3.2

a Values are mean + SD (n ¼ 6).
b Dosed skin site washed with soap and water after 24-hour dosing period.

Table 6. Radioactivity Recovered Via Tape Stripping, Following
Topical Application of 1 mCi of [14C]Hydroquinone to Human
Forearm Skin20

Time (h)

Percentage Administered Dosea

Skin Wash Recovery Skin Tape Strips

0 82.3 + 8.1 1.2 + 0.4
1 67.5 + 25.3 5.4 +2.5
3 54.8 + 18.0 8.6 +4.5
6 53.6 + 17.3 15.8 + 4.2
24 15.0 + 4.5 6.6 + 2.1

a Values are mean + SD (n ¼ 4).
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or female Sprague-Dawley (SD) rats or B6C3F1 mice.27 Rats

(4-6/group) were gavage dosed with 0, 200, or 400 mg/kg

HQ in water. Mice (number not specified) were gavage dosed

with 0 or 350 mg/kg HQ in water. Urine and blood samples

were collected from all animals. For rats, samples were col-

lected at 0 (prior to dosing), 8, and 24 hours, at 24-hour inter-

vals up to 96 hours after dosing. For mice, urine was

collected 16 hours prior to dosing and at 12, 24, and 48

hours after dosing. The samples were examined for markers

of kidney toxicity. Female F344 rats were the most sensitive

to the indicators examined with statistically significant

increases in the urinary activities of the enzymes, alanine ami-

nopeptidase (ALP), alkaline phosphatase (AAP), g-glutamyl

transpeptidase (g-GT), and N-acetyl glucosaminidase (NAG)

at the 400 mg/kg dose level 8 hours after dosing. Creatinine

(8 hours) and glucose (24 hours) were also statistically signi-

ficantly increased at the 400 mg/kg dose. Blood urea nitrogen

(BUN) was statistically significantly increased at the 400 mg/

kg dose at the 48-hour time point. While many of these same

parameters were increased in the 200 mg/kg dose group, only

the increase in NAG was statistically significant at this dose

level.

Male F344 rats had a similar pattern with statistically sig-

nificant differences at the 400 mg/kg dose, but the change was

of a smaller magnitude than that observed with the female

F344 rats. At the 8-hour time point, AAP, NAG, and g-GT

activities were statistically significantly increased. Urinary

creatinine and BUN were not changed by HQ treatment in

male F344 rats. No significant differences were observed at

the 200 mg/kg dose level.

Blood urea nitrogen was decreased in female SD rats at the

400 mg/kg dose level. No other changes were observed in the

other parameters in male or female SD rats.

Blood urea nitrogen was statistically significantly increased

in male and female B6C3F1 mice at the only dose tested

(350 mg/kg). The urinary enzyme activities were also increased,

but the differences were not statistically significant.

Urinary osmolality was decreased in all groups of rats dosed

at the 400 mg/kg level, with statistically significant changes

observed in the male and female F344 rats and the female

SD rats. Statistically significant changes in diuresis were

observed only in female F344 rats at both dose levels. No sta-

tistically significant changes in red or white blood cell counts in

the urine were observed in any of the treated animals.

Histopathologically, F344 rats of both genders exhibited

changes such as cell regeneration, slight mineralization, slight

focal necrosis, and the presence of granular casts in the kidneys.

The authors described any histopathological changes observed in

male SD rats as minimal at either dose level. The kidneys from

female SD rats and from mice were not examined.

A range-finding study was conducted in 7 female SD rats

(age 10-13 weeks, 1 animal/group) using a single gavage dose

of 500, 400, 375, 350, 300, 200, or 100 mg HQ/kg body weight

(bw).28 Table 7 provides the results of this study. Mortality

occurred in the 500 and 400 mg/kg bw dose groups. Based

on these results, an acute oral study was designed using 7 male

Table 7. Functional Observational Battery (FOB) of Sprague-Dawley Rats Treated With 0, 20, 64, or 200 mg/kg per d Hydroquinone 5 d/week
for 13 weeks: Statistically Significant Differences28

Observation Change N Dose Group FOB Observation Period

Differences attributed to hydroquinone exposure
Home-cage activity Decreased 6/10 200 mg/kg males 6 h
Behavior while

removing from cage
Decreased 10/10 200 mg/kg females 1 h

Tremors Increased 10/10 200 mg/kg females 1 h
Locomotor activity Decreased 9/10 200 mg/kg males 6 h
Urine stains Urine discolored papers

under home cages brown
when left to stand overnight

10/10
10/10
10/10
10/10

200 mg/kg males
64 mg/kg males
20 mg/kg males
20, 64, and 200 mg/kg females

1 and 6 h, days 1, 30, and 60
Days 1, 30, and 60
Days 1 and 60
Days 30 and 60

Differences not attributed to hydroquinone exposure
Urination Increased – 200 mg/kg males

20 mg/kg males
1 h
1 h

Defecation Increased
Decreased

– 20 mg/kg males
200 mg/kg males

1 h
1 h

Spontaneous vocalizations Increased – 200 mg/kg females Day 91
Approach response Increased – 64 mg/kg females Day 30
Auditory orientation Increased

Decreased
– 200 mg/kg males

20 and 200 mg/kg females
64 mg/kg females

Day 60
Day 91
Days 30 and 60

Olfactory orientation Increased – 64 mg/kg males Day 7
Visual orientation Increased – 64 mg/kg males Days 30, 60, and 91
Pinna touch response Decreased – 200 mg/kg males Day 14
Tail pinch response Increased – 200 mg/kg Day 30
Grip strength quantitative Decreased – 64 mg/kg females Pre-exposure
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SD rats (age 9 weeks) and 5 female SD rats (age 14-15 weeks).

The animals received a single gavage dose at concentrations of

3.75%, 3.45%, 3.15%, and 2.85% in degassed water, which

correspond to dose groups of 375, 345, 315, and 285 mg/kg,

respectively. Animals were observed 3 times on the day of

dosing and once per day on days 1 to 14. Body weight was mea-

sured on days 0 (prior to dosing), 7, and 14.

Mortality occurred within 1 hour of dosing in both male

(1 of 5) and female (3 of 5) rats at 375 mg/kg and in female rats

at 345 (1 of 5) and 285 (1 of 5) mg/kg. The researchers

observed mild-to-moderate tremors in all animals after dosing

and noted minor convulsions in 1 of 5 males and 3 of 5 females

at 375 mg/kg, 1 of 5 males and 1 of 5 females at 345 mg/kg and

for 2 of 5 females at 285 mg/kg. With the exception of the male

at 345 mg/kg, the animals that convulsed died prior to the 1-hour

observation. No signs of tremors or convulsion were observed at

the 4-hour observation. Brown discolored urine stains were pres-

ent in the cages of all surviving animals between day 0 and day

2. From day 3 to the end of the study, all surviving animals

appeared to be clinically normal. At necropsy, the researchers

noted minor-to-moderate thymus hemorrhage for some of the

animals that died on the day of dosing (details not provided) and

minor hydronephrosis of the right kidney for a single 345 mg/kg

male rat that survived to the end of the study. The hydronephro-

sis was not considered treatment related, however, as the animal

was not in the highest dose group.

Dermal. New Zealand White SPF rabbits (5/gender) were

shaved to expose the dorsal skin and a 2000 mg/kg bw limit

dose of HQ was applied to the skin, covered and wrapped to

secure the treatment in place for 24 hours.28 The residual HQ

was removed with running water after 24 hours. Animals were

observed once daily from days 1 to 14 and body weights were

measured on days 0 (prior to treatment) 7, and 14.

The researchers observed brown discolored urine stains in

the cages of all animals on day 2. There were no adverse der-

matological effects at the site of application, no adverse neu-

robehavioral effects, no changes in weight gain, and no

mortalities during the study. No treatment-related findings

were observed at necropsy. The dermal LD50 was reported

as >2000 mg/kg.

Subchronic Toxicity
Dermal. Dermal exposure to a HQ cream did not produce

renal toxicity in a subchronic study.29 F344 rats (20/gender/

group) were shaved and treated dermally with 0%, 2%, 3.5%,

and 5% HQ in an oil-in-water emulsion cream (1.6 mL/kg

bw on a 4 � 6 cm area on the back, with occlusion) 5 days/

week for 13 weeks. Body weights and feed and water consump-

tion were monitored and the animals were observed for clinical

signs of toxicity and dermal irritation. Urine was collected from

all animals to look for markers of cell damage, including NAG,

g-GT, ALP activities, and creatinine concentrations. The

authors implanted 5 animals/gender/group with osmotic

pumps loaded with 20 mg/mL BrdU (delivery rate 10 mL/h).

Animals were then treated dermally with HQ cream as

described above and killed 3 days later during the 3rd, 6th,

and 13th weeks of treatment to look at renal cell proliferation.

No clinical signs of toxicity were observed in any of the

treated animals. Erythema was observed in male and female

treated animals with increasing concentrations producing

increased severity. This finding abated when exposure

stopped. In addition, brown discoloration of the skin and scaly

skin were observed with higher incidences occurring in the

higher treatment groups although no clear dose-related trend

was evident. A minimal to minor epidermal hyperplasia was

observed at the site of application. No evidence of exogenous

ochronosis was observed in this study.

No significant differences in absolute or relative organ

weights were observed. Serum levels of protein and alanine

aminotransferase (ALT) and sorbitol dehydrogenase (SDH)

activities were statistically significantly increased as compared

to controls in the 5% HQ-treated male rats, but the authors did

not feel this represented an adverse effect of HQ treatment

because the magnitude seen was not clinically relevant. At

13 weeks, there were no differences in the urine parameters

examined in male rats and only the osmolality value was statis-

tically significantly decreased at the highest concentration

tested. No histopathological changes and no changes in cell

proliferation were observed in males after 13 weeks of treat-

ment. In females, the BrdU labeling index in the 3.5% and

5% treated groups was slightly increased for cells in the

outer/inner stripe of the distal tubules. No histopathological

changes were observed.

Dermal Irritation and Sensitization

In rats, dermal application produced slight-to-severe irrita-

tion.30 In a guinea pig maximization test, induction with 2%
HQ injected intradermally, followed by challenge with 0.5%
HQ, showed extreme sensitization. Hydroquinone was classi-

fied as an extreme sensitizer in a guinea pig maximization test.

Briefly, albino Dunkin-Hartley guinea pigs were given a series

of 6 intradermal injections of 2.0% HQ in 0.9% saline in the

shoulder region to induce sensitization. After 6 to 8 days, a

48-hour occlusive patch of 1.0% HQ in an acetone�polyethylene

glycol 400 vehicle was placed over the injection site. The animals

were challenged on a previously untreated area of the flank

using a 24-hour occlusive patch of 0.5% HQ, which was the

maximum nonirritating concentration. After 14 and/or 48 hours,

100% of the animals had a positive response.

Reproductive/Developmental Toxicity

The literature on Reproductive and Developmental Toxicity of

HQ was reviewed in a previous safety assessment and was sum-

marized as follows:

Oral administration of Hydroquinone did not produce

embryotoxic, fetotoxic, or teratogenic effects in rats, nor did

it produce significant adverse reproductive effects in a
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two-generation study. Using rabbits, various teratogenic/

reproductive treatment-related effects were observed at doses

of 200-500 mg/kg. All dams dosed with 300-500 mg/kg

Hydroquinone died. Some maternal toxicity was observed at

a number of dose concentrations.2

Growth retardation of offspring was reported at concentrations

that also caused maternal toxicity.1 The overall literature in this

area has not shown reproductive or developmental effects even

following high-dose HQ exposures.23

Genotoxicity

Hydroquinone has been found to be mostly negative for muta-

genicity in bacterial assays but positive in many mammalian

cell assays in vitro and in vivo including micronuclei forma-

tion, sister chromatid exchange (SCE), and chromosomal

aberrations.2

In Vitro

Blood samples were collected from healthy male volunteers

(aged 20-40 years) and used to produce whole blood cultures

and isolated lymphocytes for a series of experiments examining

the genotoxicity of HQ.31 Cultures were treated with HQ

(0.5-50 mg/mL) for 90 minutes at 37�C. Methylmethanesulfo-

nate (MMS) and hydrogen peroxide (H2O2) were used as pos-

itive controls. Samples were assayed for DNA damage using

the Comet assay. Hydroquinone treatment resulted in dose-

dependent increases in tail moment values in isolated leuko-

cytes but had no effect on whole blood samples. Methylmetha-

nesulfonate produced an increase in DNA damage in both types

of samples, while H2O2 produced damage in only the isolated

leukocytes. To investigate whether peroxides may play a role

in HQ-induced DNA damage, isolated lymphocytes were

treated with HQ in the presence or absence of catalase

(250 U/mL). The effects of HQ were almost completely sup-

pressed in the presence of catalase, suggesting that the damage

could be due in part to an HQ-generated peroxide or other

catalase substrate. Cellular metabolism was not required to

generate the causative agent, as treatment of lysed cells also

produced the previously observed DNA damage. Finally, the

isolated lymphocytes were treated with HQ at 5, 10, and

50 mg/mL and the sample split into 2. One half of the sample

was immediately tested in the Comet assay, while the other

half was cultured for 66 hours and stimulated by phytohemag-

glutinin (PHA) to look for micronuclei. The DNA damage

previously observed was detected in the freshly analyzed sam-

ple, but no significant increase in micronuclei was observed in

the cultured cells. These experiments suggest that there are

proteins and/or enzymes in whole blood samples that can

block the actions of HQ, and it is likely that a self-generated

peroxide product is the DNA damaging agent in this system.

The ability of HQ to induce chromosomal aberrations in

V79 cells was examined in the presence and absence of S9 mix

and antioxidant enzymes.32 Hydroquinone was found to

generate hydroxyl radicals in a time- and pH-dependent man-

ner in the presence of Fe3þ/EDTA with more alkaline pH pro-

ducing higher levels of thiobarbituric acid (TBA) reactive

products. The addition of catalase to this system decreased the

concentration of TBA-reactive products, suggesting that H2O2

is the specific agent generated. The presence of chromosomal

aberrations was increased in the presence of 80 mmol/L HQ at

pH 7.4 and 8.0, but the increase was not significant as compared

to each other, despite the earlier finding that more hydroxyl radi-

cals are produced at pH 8.0. This is believed to be due to a con-

comitant increase in cytotoxicity as measured by the mitotic

index. The addition of S9 mix, superoxide dismutase (SOD), and

SOD þ catalase all significantly decreased the percentage of

cells with chromosomal damage, but catalase alone did not have

an effect. The authors suggest that while H2O2 generation

appears to play a role in the clastogenic activity of HQ, the addi-

tion of S9, SOD, or SOD þ catalase did not completely abolish

the chromosomal aberrations; therefore, other reactive metabo-

lites, such as the semi-quinone radical or the quinone, may play

a role.

A total of 27 nonsmoking healthy young caucasian volun-

teers were enrolled in a study to determine the effect of poly-

morphisms for the glutathione S-transferases (GSTs) on

HQ-induced genotoxicity to lymphocytes.33 Blood samples

were collected and genotyped and lymphocytes isolated from

the samples were tested for micronuclei induction and SCE in

the presence of HQ. For the micronuclei induction experi-

ments, lymphocytes were PHA stimulated and treated with

HQ (0, 40, and 80 mmol/L) for 3 hours. Mitomycin C ([MMC]

1.5 mmol/L) was used as a positive control and performed as

expected. The number of micronucleated cells was signifi-

cantly increased at 40 and 80 mmol/L, which were also signif-

icantly different from each other. A strong correlation was

also observed between the GST phenotype and the frequency

of HQ-induced micronuclei, with GSTM1 null lymphocytes

exhibiting a significantly higher level with both 40 and

80 mmol/L HQ.

Lymphocyte cultures from these same participants were also

PHA stimulated and treated with 0 or 80 mmol/L HQ for 3

hours to test for SCE. The 80 mmol/L HQ treatment induced

a significant increase in SCE as compared to controls. No rela-

tionship was observed between HQ-induced SCE and the GST

polymorphisms examined.

Hydroquinone was tested for induction of DNA damage in

HepG2 cells and found to be positive.34 Cells were exposed

to 0, 6.25, 12.5, 25, and 50 mmol/L HQ for 1 hour at 37�C. DNA

strand breaks were significantly increased in cells treated with

6.25 up to 25 mmol/L HQ. Cells treated with 50 mmol/L HQ

showed a significant increase in DNA strand breaks as com-

pared to controls but were not increased above the 25 mmol/L

HQ-treated group. Cell viability was not affected by HQ treat-

ment and no apoptosis was observed (data not shown). The

presence of DNA protein cross-links was investigated using a

proteinase K posttreatment. Posttreatment with proteinase

K did not affect DNA migration in cells exposed to 6.25 to

25 mmol/L HQ; however, cells exposed to 50 mmol/L HQ did
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show an increase in DNA migration, suggesting that DNA pro-

tein cross-links were present in these cells.

The induction of micronuclei was also examined in

HepG2 cells.34 Cells were treated with 0, 6.25, 12.5, 25, and

50 mmol/L HQ for 24 hours and evaluated for the frequency

of micronuclei. Cyclophosphamide (800 mmol/L) was used as

a positive control and performed as expected. A dose-

dependent increase in micronuclei formation was observed in

cells treated with 12.5 to 50 mmol/L HQ. The researchers did

further work to look at indicators of oxidative stress. They

found that 8-hydroxydeoxyguanosine (8-OHdG) was dose

dependently increased in cells treated with 12.5 to 50 mmol/L

HQ, reactive oxygen species (ROS) were statistically signifi-

cantly increased in the 2 highest concentrations, and all treated

cells showed statistically significant decreases in glutathione

(GSH) content.

In Vivo

Hydroquinone increased the incidence of micronuclei in the

bone marrow cells of male Swiss albino mice.35 Animals were

given 1 intraperitoneal (ip) injection of HQ and killed 12, 24,

and 36 hours after treatment. The mice (5/dose per time period)

were dosed at 0, 0.78, 1.56, 3.125, 6.25, 12.5, 25, 50, 75, and

100 mg/kg body weight. The frequency of micronucleated

polychromatic erythrocytes (MPCE) was highest at 24 hours

after treatment and was statistically significant as compared

to controls at 6.25 mg/kg body weight up to 100 mg/kg body

weight for all 3 time points. The frequency of micronucleated

normochromatic erythrocytes (MNCE) followed a similar pat-

tern and was highest at 24 hours after treatment and was statis-

tically significantly increased at 6.25 mg/kg body weight up to

100 mg/kg body weight for all 3 time points. The frequency of

MNCE reached a plateau at the 75 mg/kg dose. The PCE/NCE

ratio decreased in a dose-dependent manner and suggests that

HQ treatment resulted in a dose-dependent inhibition of

erythropoiesis.

Male Swiss albino mice (4/dose) were given a single dose of

HQ (0, 0.5, 1, 2, 4, and 8 mg/kg body weight; ip) per day for

6 days and killed 24 hours after the last treatment.36 Spleno-

cytes were isolated from these animals, cultured for 72 hours

and examined for micronuclei formation. No signs of HQ-

induced toxicity were observed over the treatment period.

A statistically significant, dose-dependent increase in the num-

ber of micronucleated binucleate splenocytes (MNBNS) was

observed. The 3 highest doses of HQ also produced increases

in the number of BNS.

Carcinogenicity

Hydroquinone administered to rats orally by gavage 5 times/

week for up to 103 weeks at doses of 25 or 50 mg/kg resulted

in a significant increase of renal adenomas in males at the 50

mg/kg dose and of mononuclear cell leukemia in females with

both doses.37 At doses of 50 or 100 mg/kg on the same sched-

ule, there was a significant increase in hepatocellular adenomas

in both male and female mice.37 Other previously reviewed

studies of HQ showed no significant difference in tumors

between control and exposed groups, and marginal to no activ-

ity as a tumor promoter.1

Chronic

Hydroquinone is metabolized to several glutathione conjugates

including 2,3,5-tris(glutathione-S-yl)HQ (TGHQ), and this

compound was tested for its ability to induce renal cancer in

Eker rats.38 Eker rats are susceptible to renal tumor develop-

ment because they carry a germline mutation in the tuberous

sclerosis 2 (Tsc-2) tumor suppressor gene. Eker rats have 1

mutated copy and 1 wild-type copy and loss of function of the

wild-type copy is the rate limiting step for the development of

preneoplastic and ultimately neoplastic lesions.

Two groups of male Eker rats (40/group) were given either

0 or 2.5 mmol/kg TGHQ 5 d/week ip in 0.5 mL of saline for

4 months and then 0 or 3.5 mmol/kg TGHQ for an additional

6 months. (These doses represent *600-800 nmol/rat and are

0.6%-0.8% of the dose of HQ used in the NTP (1989) study.37

After 4 months, 10 animals/group were killed and examined for

cell proliferation in the kidneys.

2,3,5-tris(glutathione-S-yl)HQ treatment for 4 months sig-

nificantly increased the labeling index of cells in the kidney,

as measured by BrdU incorporation, compared with saline

controls (133.4 + 30.9 vs 9.0 + 1.9 cells/250 mm2, P ¼ .016).

Preneoplastic lesions were also observed at this time point, char-

acterized by a peritubular fibrosis surrounding a dilated tubule.

Kidney tumors were not observed at this time point.

Following 10 months of treatment, statistically significant

increases in basophilic dysplasias, adenomas, and renal cell

carcinomas were observed. Most of the renal cell tumors were

in the region of TGHQ-induced acute renal injury and using

HPLC-based DNA fragment analysis and laser capture micro-

dissection, the researchers found that there was a loss of the

wild type Tsc-2 gene within the preneoplastic lesions.

Renal Tubule Cell Tumor Mode of Action

Hydroquinone treatment has been associated with an increased

incidence of renal tubule cell tumors in male F344 rats but not

in female F344 rats or B6C3F1 mice. A mode of action (MOA)

has been proposed for the HQ-induced renal tubule cell tumors

in male F344 rats. This MOA involves HQ or a metabolite

interacting with the rat kidney to exacerbate chronic progres-

sive nephropathy (CPN). The combination of CPN, along with

HQ-induced cell proliferation in the kidney, promotes neo-

plasm formation.39

Hydroquinone is metabolized in rats to the glucuronide, sul-

fate, and glutathione conjugates, with increasing levels of the

glucuronide and the mercapturic acid measured in the urine

following either increasing treatment time or dose.22,40 Intrave-

nous injection of the glutathione metabolite 2,3,5-(triGSyl)HQ

shows that the kidney is a target of this compound, and it pro-

duces an increase in cytotoxicity and oxidative DNA damage
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as measured by markers of kidney damage in the blood and 8-

OHdG in the kidney, respectively.22 Subchronic treatment (6

weeks) of male F344 rats with 25 and 50 mg/kg HQ (via

gavage) produced increased cell proliferation in the kidneys,

and dose-dependent and statistically significant increases in the

incidence of degenerative and regenerative foci in the

tubules.41 This same treatment regimen using 2.5 mg/kg HQ

did not produce these effects in male F344 rats and none of the

tested doses (2.5, 25 or 50 mg/kg) produced these effects in

female F344 rats or in male SD rats. Glutathione metabolites

can be reabsorbed in the proximal tubules of the kidney and

metabolized by g-glutamyl transferase (also g-GT) where the

released compound could generate ROS or covalently bond

to cellular targets (ie, proteins or DNA). DNA adducts were not

observed in F344 rat kidney following HQ treatment using
32P-postlabeling, suggesting that this is not the target macro-

molecule.42 Protein adducts have been identified following

gavage and ip treatment with HQ.43,44

The localization of a reactive molecule to the kidney along

with increased cell proliferation in the kidney seems to also

coincide with the occurrence of CPN in these animals.39,45

Chronic progressive nephropathy is a spontaneous lesion of the

kidneys that occurs with age in certain strains of rats, includ-

ing F344 and SD rats. Male rats are usually more affected than

females and the incidence and severity of CPN has been

shown to be affected by castration, hormonal status, and calo-

ric intake, with protein overnutrition thought to be a causal

factor.46,47 These lesions are characterized by an increase in

basophilic tubules with a thickened basement membrane in

the cortex that begin as small discrete areas that expand as the

disease progresses. These foci gradually merge into areas of

tubule alteration and eventually become areas of frank glo-

merular pathology with infiltration of inflammatory cells.48

The impact of CPN on HQ-induced carcinogenicity is

unclear, but there does appear to be an association between

the severity of CPN and the increased tumor response.47 The

increased proliferation associated with nephrotoxic glu-

tathione conjugates of HQ could leave cells more susceptible

to oxidative DNA damage, with subsequent initiation and pro-

motion of neoplasm formation.

The relevance of this process to humans has been ques-

tioned on the basis of a proposed lack of a correlative process

in humans to the CPN observed in rats. While there does not

appear to be a specific human disease that shares all of the fea-

tures of rodent CPN, humans do experience a glomerular

sclerosis of 10% to 30% of nephrons as they age.46,49,50 In

addition, the authors of the NTP analysis cautioned that the

presence and severity of CPN in rats did not fully explain the

renal tubule cell tumors observed even though a positive

correlation between CPN and RTCNs was observed. Their

analysis also found that there were many animals with severe

CPN that did not develop renal tubule cell neoplasms.47 Thus,

qualitatively, the MOA proposed in animals may have some

relevance to humans. Quantitatively, the use of HQ contain-

ing hair dyes or nail adhesives is unlikely to result in renal

neoplasia through this MOA.

Role of HQ in Benzene Toxicity

Because HQ is a metabolite of benzene, its possible synergistic

effect in benzene toxicity has been studied. Possible mechan-

isms of benzene toxicity have included the consideration of the

role of benzene’s metabolites in the resulting myelotoxicity.

Benzene is a known human carcinogen, inducing leukemia and

aplastic anemia. Human bone marrow is a known target, and

numerous studies have been conducted to try to determine the

mechanism for this effect and the responsible agents. In addi-

tion to HQ, benzene metabolites catechol and phenol have also

been studied for their effects, both alone and in combination. In

the models examined, a synergistic effect does appear to occur

depending on the end point under study.51-55 In examining

HQ alone however, there does not appear to be a great deal

of similarity in the toxicities observed with the individual com-

pounds.17,56 Whereas benzene produces leukemia and aplastic

anemia in humans, no carcinogenic response has been identi-

fied in HQ exposed occupational populations.17,23 The cancer

profiles of the 2 compounds are also different in animals. In

NTP studies conducted by the same route of exposure and in

the same species of animals, benzene produced neoplasms at

multiple sites in all 4 gender-species studies, while HQ induced

neoplasia in 1 site in each with the exception of male mice; and

all were at different sites.56 Therefore, it is not clear what role,

if any, HQ plays in benzene carcinogenesis. The experimental

data suggest that HQ produced at the site of action and in com-

bination with other benzene metabolites probably contributes

to the overall toxic profile of benzene, but there are definite dif-

ferences between species in sensitivity and in the capacity for

activating and detoxifying processes that should be considered.

Clinical Assessment of Safety

Exogenous Ochronosis

Use of creams containing at least 1% to 2% HQ has been asso-

ciated with exogenous ochronosis in people of Asian, Latin

American, and African descent.37,57-59 Ochronosis is the bluish

black discoloration of tissues and has been observed in people

exposed to several substances in addition to HQ including phe-

nol, trinitrophenol, resorcinol, mercury, picric acid, benzene,

and antimalarials. This form of ochronosis has been named

exogenous because it does not share any of the systemic com-

plications or the urinary abnormalities observed with the auto-

somal recessive metabolic disorder alkaptonuric ochronosis

even though histologically, the hyperpigmentation in the skin

is the same. This condition is associated with prolonged use

(>6 months) of HQ containing skin-lightening products and

while the mechanism is not understood may involve HQ’s

effects on tyrosinase, or on homogentistic acid oxidase and

resulting deposition of pigment.

Dermal Sensitization

In 80 patients known to be sensitive to aromatic compounds,

0.5% HQ elicited no reactions.1 Hydroquinone (1%) did not
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produce a positive reaction in a cross-reactivity study.60

Twenty-two volunteers who were classified as sensitized to

p-phenylenediamine ([PPD] 9 male; 13 female, 19-72 years

old) were patch tested to a serial dilution of benzoquinone

(0.1%, 0.2%, 0.5%, and 1.0%) and with other compounds that

could be metabolized to benzoquinone including HQ.30 The

control population (n¼ 8 male and 12 female, 18-77 years old)

was tested with the same compounds and concentrations and

were selected for no known previous allergy to PPD or other

para-benzene derivatives. Among the PPD-sensitized partici-

pants, only 1 had reactions to all of the benzoquinone dilutions,

while 4 reacted to either 0.2% or 1.0% benzoquinone. Of these

participants, 3 presented with erythema, swelling, and papules.

In the fourth participant, vesicles were also present

Hair Dye Epidemiology

Hair dyes may be broadly grouped into oxidative (permanent)

and direct (semipermanent) hair dyes. The oxidative dyes con-

sist of precursors mixed with developers to produce color,

while direct hair dyes are a preformed color. Hydroquinone

functions as a coupler in the hair dye reaction and is a ‘‘con-

sumable’’ in the hair dyeing procedure. While the safety of

individual hair dye ingredients are not addressed in epidemiol-

ogy studies that seek to determine links, if any, between hair

dye use and disease, such studies do provide broad information

and have been considered by the CIR Expert Panel.

In 1993, an International Agency for Research on Cancer

(IARC) working group evaluated 78 epidemiology literature

citations and concluded that ‘‘personal use of hair colorants

cannot be evaluated as to its carcinogenicity’’ and that ‘‘occu-

pation as a hairdresser or barber entails exposures that are

probably carcinogenic.’’61 The IARC report did not distin-

guish between personal use of oxidative/permanent versus

direct hair dyes, or distinguish among the multiple chemical

exposures in addition to hair dyes to which a hairdresser or

barber might be exposed.

Rollison et al (2006) reviewed the available epidemiology lit-

erature published from1992 through February 2005, which

includes over 80 citations on personal hair dye use published

since the IARC review.62 The authors found that hair dye expo-

sure assessment ranged from ever/never use to information on

type, color, duration, and frequency of use. The authors found

insufficient evidence to support a causal association between

personal hair dye use and a variety of tumors and cancers. The

review highlighted well-designed studies with an exposure

assessment that included hair dye type, color, and frequency or

duration of use, which found associations between personal hair

dye use and development of acute leukemia, bladder cancer,

multiple myeloma, and non-Hodgkin lymphoma. These find-

ings, however, were not consistently observed across studies.

Several studies addressing the possible link between hair

dye use and bladder cancer, lymphoma and leukemia, other

cancers, reproductive and developmental outcomes, and other

end points published since the above review also have been

considered.

In February 2008, an IARC Working Group re-evaluated the

epidemiology literature including studies considered in the

1993 evaluation as well as all studies subsequently published.

For personal use of hair colorants, the Working Group consid-

ered the epidemiological evidence inadequate and concluded

that personal use of hair colorants is ‘‘not classifiable as to its

carcinogenicity to humans.’’ The Working Group considered

the studies of occupational exposures in hairdressers and

barbers as providing limited evidence of carcinogenicity and

reaffirmed the previous conclusion made in 1993 regarding

occupation as a hairdresser or barber.63

A summary of the available hair dye epidemiology data is

available at http://www.cir-safety.org/findings.shtml.

Summary

Hydroquinone is reportedly used in hair dye preparations, skin

care products, nail products, and as recently as 2007 in lipstick.

Information provided to the FDA through the VCRP indicates

that the use of HQ has decreased from 206 uses in 1993 to 151

uses in 2007 to 32 reported uses in 2009. Hydroquinone is a

component of artificial nail products because it is added to all

types of acrylic monomers to prevent the polymerization of

these materials. Upon polymerization of the acrylic monomers,

HQ is oxidized and is no longer detectable in the final polymer

using analytical techniques for identifying trace amounts in a

solid matrix. Any residual HQ is trapped in the polymer and

is therefore unavailable and not likely to be absorbed.

While an earlier in vitro study suggested that HQ would be

considered a ‘‘slow permeant,’’ a more recent in vivo study

demonstrated that HQ is in fact rapidly absorbed through the

skin from an aqueous preparation. Hydroquinone is metabo-

lized to the sulfate and glucuronide conjugates, with oxidation

to 1,4-benzoquinone, resulting in a reactive metabolite that

forms mono- or polyglutathione conjugates. The glutathione

conjugates are believed to be responsible for the nephrotoxicity

observed in rats. In addition to nephrotoxicity, HQ has some

immunotoxic effects and has been positive in many mamma-

lian cell assays in vitro and in vivo including micronuclei for-

mation, SCE, and chromosomal aberrations despite being

mostly negative in in vitro bacterial mutagenicity assays. The

induction of renal cell tubule tumors in male F344 rats has

raised concern regarding the nephrocarcinogenicity of HQ and

has led to several mechanistic studies which suggest that the

male F344 rat is more susceptible to the glutathione conjugates

of HQ due to the spontaneous occurrence of CPN which nearly

all rats develop as they age. There is no human disease that

shares all of the features of rodent CPN, however, there are his-

topathological similarities between human chronic renal dis-

ease and CPN that do not allow the proposed MOA to be

ruled out entirely on a qualitative basis. Quantitatively, the use

of HQ containing hair dyes or nail adhesives is unlikely to

result in renal neoplasia through this MOA.

Hydroquinone has been reported to cause exogenous ochro-

nosis in several ethnic populations following prolonged use

(>6 months) of at least a 1% to 2% cream. These effects along
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with the NTP cancer study findings have led the FDA to recon-

sider the GRASE label for HQ in leave-on drug products.

The most recent comprehensive review of available epide-

miology studies concluded that there is insufficient evidence

to support a causal association between personal hair dye use

and a variety of tumors and cancers. A summary of the avail-

able hair dye epidemiology data is available at http://

www.cir-safety.org/findings.shtml.

Discussion

The 1994 conclusion of the CIR Expert Panel included the term

‘‘aqueous’’ in discussing the safety of HQ as a cosmetic ingre-

dient. This term was added following discussions of the absorp-

tion of HQ from what was termed an alcoholic vehicle (ie,

*70% ethanol), which resulted in estimated HQ absorption

of up to 66%. The only other data at the time was an in vitro

study that used the stratum corneum of human abdominal skin

to examine HQ absorption. The preparation used in that study

was described as a 5% aqueous solution of HQ, and the authors

calculated a permeability constant of 9.3 � 10�6 which sug-

gested that HQ was a slow permeant with respect to human

skin. Since that study, commercial preparations of HQ (com-

mercial cream containing 2.5 mg of HQ) have been shown to

be readily absorbed when applied to forehead skin; that is,

assuming 100% excretion, 45% of the dose was absorbed. The

in vivo studies taken together demonstrate that absorption of

HQ will occur if the skin is exposed, and that this absorption

occurs from both aqueous and alcohol-based products.

Concerning the use of HQ in hair dye formulations, the

question remains regarding the percentage of alcohol in these

products. Information provided to the CIR Expert Panel in

1993 suggests that hair dye formulations at the time did contain

alcohols but the percentage in the formulation was not pro-

vided. Hydroquinone is considered a consumable in the hair

dye reaction process and its concentration decreases consider-

ably over time. Therefore, the amount of HQ that may be

absorbed during the hair dyeing process is limited by both

the decreasing concentration available and by the length of

time the hair dye is applied before being rinsed off.

The use of HQ in artificial nail products is considered a safe

use because HQ is added to all types of acrylic monomers to

prevent the polymerization of these materials. Upon their use,

the HQ is oxidized and is no longer present in the preparation

and minimal dermal exposure and absorption is expected to

occur from this application. Absorption of HQ from other

leave-on cosmetic products could be appreciable, and the CIR

Expert Panel reiterates that HQ should not be used in these

leave-on cosmetics.

The CIR Expert Panel examined the association between

oral HQ treatment and the development of renal tubule cell

tumors in rats and determined that, while the qualitative rele-

vance of the MOA in humans could not be ruled out, quantita-

tively, the use of HQ containing hair dyes or nail adhesives is

unlikely to result in renal neoplasia through this MOA.

In considering hair dye epidemiology data, the CIR Expert

Panel concluded that the available epidemiology studies are

insufficient to conclude there is a causal relationship between

hair dye use and cancer and other end points, based on lack

of strength of the associations and inconsistency of findings.

Amended Conclusion

The CIR Expert Panel concluded that HQ is safe at concentra-

tions of�1% for cosmetic formulations designed for discontin-

uous, brief use followed by rinsing from the skin and hair.

Hydroquinone is safe for use in nail adhesives in the practices

of use and concentration described in this safety assessment.

Hydroquinone should not be used in other leave-on cosmetic

products.
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