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Final Report on the Safety Assessment of Basic Blue 991

Basic Blue 99 is a direct, nonoxidative hair colorant used in
temporary and semipermanent hair dyes. According to current re-
ported usage data, Basic Blue 99 is used at concentrations from
0.004% to 2% and the most often reported use is in hair tints. Hair
dyes containing Basic Blue 99, as “coal tar” hair dye products,
are exempt from the principal adulteration provision and from the
color additive provision of the Federal Food, Drug, and Cosmetic
Act of 1938 when the label bears a caution statement and “patch
test” instructions for determining whether the product causes skin
irritation. Preliminary testing on or by individuals should be done
using an open patch test that is evaluated at 48 h after application of
the test material. Users, therefore, would be able to determine their
individual reactions to hair dye products containing Basic Blue 99.
Basic Blue 99 dye is approximately 60% to 63% dye, whereas the
remainder of the mixture is composed of sugar (∼25.7%), volatile
matter/water crystallization (∼1.8%), and inorganic salts (bring-
ing the mixture to 100%). The dermal absorption of Basic Blue 99
is low in both rats and humans. The LD50 values of Basic Blue 99 in
mice and rats were 2.7 g/kg and between 1.0 g/kg and greater than
2.0 g/kg, respectively. Mice and rats orally administered Basic Blue
99 for 90 days did not show any indications of cumulative toxicity.
Discoloration of organs involved in the elimination of Basic Blue 99
from the animals was noted in both test species. In rabbits, Basic
Blue 99 did not cause ocular irritation, but some discoloration was
noted. Basic Blue 99 caused minimal dermal irritation in rabbits.
Sensitization occurred in animals exposed to Basic Blue 99 in a
DMSO vehicle, but not in a water vehicle in guinea pigs and mice.
Basic Blue 99 administered by gavage did not cause developmen-
tal toxicity in rats. Basic Blue 99 was a weak mutagen with and
without metabolic activation in the Ames test, producing both re-
verse and frameshift mutations, but did not induce mutations in
Escherichia coli or in any mammalian cells tested. In a modified
repeated-insult patch test (RIPT), no volunteers had any reaction
to Basic Blue 99 after a 1-h occlusive challenge. Case reports have
documented positive patch test results to 1% Basic Blue 99 in three
patients. A current review of the hair dye epidemiology literature
identified that use of direct hair dyes, although not the focus in all
investigations, appears to have little evidence of an association with
cancer or other adverse events. The Panel recognizes that hair dye
epidemiology studies do not address the safety of individual hair
dyes. Based on the available safety test data on Basic Blue 99, how-
ever, the Panel determined that this ingredient would not likely
have carcinogenic potential as used in hair dyes. The Cosmetic In-
gredient Review Expert Panel concluded that Basic Blue 99 is safe
as a hair dye ingredient in the practice of use and concentration as
described in this safety assessment.
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INTRODUCTION
Basic Blue 99 is a direct, nonoxidative hair colorant used in

temporary and semipermanent hair dyes. This review presents
information relevant to the safety of Basic Blue 99 as a direct
hair dye cosmetic ingredient as considered by the Cosmetic In-
gredient Review (CIR) Expert Panel.

CHEMISTRY

Definition and Structure
As described in the International Cosmetic Ingredient Dic-

tionary and Handbook (Gottschalck and McEwen 2004) Basic
Blue 99 (CAS no. 68123-13-7) is the naphthoquinoneimine color
that conforms to the empirical formula: C19H20BrN4O2·Cl and
the structural formula shown in Figure 1.

As reported by Steiling (2002), Basic Blue 99 is a commonly
used hair dye that consists of a mixture of about 70% chro-
mophores, about 20% sucrose, about 7% inorganic salts (ZnCl2
and NaCl), and about 4% water. The chromosphore compo-
nent is predominantly (approximately two-thirds) three isomers
of bromo-4,8-diamino-6-(3-trimethylamino)-phenylamino-1,5-
naphthochinon, in which the position of the bromo group occu-
pies the 2, 3, 6, or 7 position.

In another description, de Groot and Weyland (1990) stated
that Basic Blue 99 is a mixture of two quaternary ammonium
compounds that differ in the number of bromine atoms and the
position of the trimethylanilinium group.

Physical and Chemical Properties
Table 1 presents the available physical and chemical proper-

ties of Basic Blue 99, along with a list of synonyms and trade
names.

Analytical Methods
Basic Blue 99 may be identified by its absorption spectra in

the ultraviolet (UV) and infrared (IR) regions. The UV spectrum
of Basic Blue 99 is depicted in Figure 2, with peaks at 270, 577,
and 619 nm (Henkel 1992).

Figure 3 gives the IR spectra of Basic Blue 99 (Keystone
Aniline Corporation 1999).

Impurities
According to the Keystone Aniline Corporation (1999), Basic

Blue 99 must be at least 63% pure Basic Blue 99 in the color
mixture and have no more than 100 ppm of iron.
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FIGURE 1
Structure for the naphthoquinoneimine color Basic Blue 99 (Gottschalck and

McEwen 2004).

Another supplier of Basic Blue 99 (Henkel 1992) has a speci-
fication of 60.7% dye content, 25.7% sugar content, 11.8% inor-
ganic salts, and 1.8 % volatile matter/water crystallization. The
majority of the additional contents of hair dye are understood as
being part of the color and not undesirable chemical impurities.

USE

Cosmetic
Basic Blue 99 is used as a color additive in the following

product categories: hair-coloring preparations (miscellaneous),

hair dyes and colors [all types requiring statements and patch
tests (as discussed below)], hair shampoos (coloring), and hair
tints (Gottschalck and McEwen 2004).

Basic Blue 99 has been in production since 1979 and with a
yearly production of about 3800 kg worldwide. It is an aminoke-
tone dye that is used in products for dyeing hair, including setting
and tonic lotions, and in shampoos. Basic Blue 99 is a semiper-
manent dye and should last for four to five washes as it penetrates
into the cuticle and partially in the cortex of the hair (Wigger-
Alberti et al. 1996).

Basic Blue 99 has reported use in five product categories (see
Table 2) (FDA 2002). Concentration of use values are no longer
reported to the Food and Drug Administration (FDA) by the
cosmetic industry (FDA 1992), but industry has reported that
current use concentrations range from 0.004% to 2% (CTFA
2002).

The Keystone Aniline Corporation (1999) reported that
JarocolColorTM Premixes for formulation in coloring shampoos
contain 0.45% to 7.5% Basic Blue 99 (used as a temporary hair
dye) and that the actual concentration of Basic Blue 99 in the
final cosmetic product would be 0.01% to 0.375%.

Hair dyes containing Basic Blue 99, as “coal tar” hair dye
products, are exempt from the principal adulteration provision
and from the color additive provision in sections 601 and 706
of the Federal Food, Drug, and Cosmetic Act of 1938 when

TABLE 1
Basic Blue 99: Physical/chemical properties and synonyms

Molecular formula C19H20BrN4O2·Cl Gottschalck and McEwen 2004; US EPA 2002
Synonyms Benzenaminium, 3-[(4-amino-6-bromo-5,8-dihydro-

1-hydroxy-8-imino-5-oxo-2-naphthalenyl)amino]-
N , N , N -trimethyl-, chloride;
3-[(4-amino-6-bromo-5,8-dihydro-1-hydroxy-8-
imino-5-oxo-2-naphthalenyl)amino]-N , N , N -
trimethylbenzenaminium chloride; CI
56069

Gottschalck and McEwen 2004; ChemIDplus
2002

Trade names JarocolTM Steel Blue Gottschalck and McEwen 2004; Keystone
Aniline Corporation 1999

Arianor Steel Blue Henkel 1992
Molecular weight 451.75 US Environmental Protection Agency (EPA)

2002
451.73 Keystone Aniline Corporation 1999

Solubility Soluble in water at 25◦C and 60◦C Slightly soluble in
isopropyl alcohol at 60◦C Insoluble in isopropyl
alcohol at 25◦C

Keystone Aniline Corporation 1999

Soluble in ethanol Henkel 1992
Description Blue powder Keystone Aniline Corporation 1999

Dark blue powder Henkel 1992
Odor Odorless Henkel 1992
Melting point 300–320◦C Henkel 1992
UV max. 270, 577, 619 nm Henkel 1992
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FIGURE 2
Ultraviolet radiation spectrum for Basic Blue 99 (Henkel 1992).

the label bears a caution statement and “patch test” instructions
for determining whether the product causes skin irritation (FDA
1979). In order to be exempt, the following caution statement
must be displayed on all coal tar hair dye products:

Caution—this product contains ingredients which may cause skin
irritation on certain individuals and a preliminary test according to
accompanying directions should be made. This product must not
be used for dyeing the eyelashes or eyebrows; to do so may cause
blindness.

At its February 11, 1992, meeting, the Cosmetic Ingredient
Review (CIR) Expert Panel issued the following policy state-
ment on coal tar hair dye product labeling:

The CIR Expert Panel has reviewed the cosmetic industry’s cur-
rent coal tar hair dye product labeling, which recommends that an
open patch test be applied and evaluated by the beautician and/or con-
sumer for sensitization 24 hours after application of the test material
and prior to the use of a hair dye formulation.

Since the recommendation on the industry’s adopted labeling
establishes a procedure for individual user safety testing, it is most
important that the recommended procedure be consistent with current
medical practice.

There is a general consensus among dermatologists that screen-
ing of patients for sensitization (allergic contact dermatitis) should be
conducted by the procedures used by the North American Contact
Dermatitis Group and the International Contact Dermatitis Group
(North American Contact Dermatitis Group 1980; Eiermann et al.

1982; Adams et al. 1985). Basically, these procedures state that the
test material should be applied at an acceptable concentration to the
patient, covered with an appropriate occlusive patch, and evaluated
for sensitization at 48 and 72 hours after application. The CIR Expert
Panel has cited the results of studies conducted by both the North
American Contact Dermatitis Group and the International Contact
Dermatitis Group in its safety evaluation reports on cosmetic ingre-
dients (Elder 1985). During the August 26–27, 1991, public meeting
of the CIR Expert Panel, all members agreed that the cosmetics in-
dustry should change its recommendation for the evaluation of the
open patch test from 24 hours to 48 hours after application of the test
material.

The industry was advised of this recommendation and asked to
provide any compelling reasons why this recommendation should
not be made by the Expert Panel and adopted by the cosmetics in-
dustry. No opposition to this recommendation was received. At the
February 11, 1992, public meeting of the CIR Expert Panel, this
policy statement was adopted.

Accordingly, preliminary testing on or by individuals should
be done using an open patch test that is evaluated at 48 h after
application of the test material.

Basic Blue 99 is listed in section 1 of the “First Update of
the Inventory of Ingredients Employed in Cosmetic Products”
with a stated function as a hair dyeing ingredient with no listed
restrictions (European Union On-Line 2000).

GENERAL BIOLOGY

Absorption, Distribution, Metabolism, and Excretion
Wolfram (1984) studied the skin permeation of Basic Blue

99 in test animals and human volunteers. Three Sprague-Dawley
rats were treated topically with 200 μl of an aqueous Basic Blue
99 (14C labeled) hair setting solution to assess its skin permeation
potential. Approximately 31.3 μg Basic Blue 99/cm2 skin was
applied at a volume of 0.2 ml over a 1.5 × 1.5-cm area on intact,
clipped dorsal aspect of the thorax. One hour later each rat was
fitted with a collar to prevent licking the area of application.
Urine and feces were analyzed 24 h after application. Levels of
14C were low in the urine (< 0.02%) and feces (<0.07%) of
two rats. The third rat excreted more than 5.05 % of 14C dose
in urine, but only 0.12% in feces. The study concluded there is

FIGURE 3
IR absorption spectrum for Jarocol brand of Basic Blue 99 (Keystone Aniline Corporation 1999).



54 COSMETIC INGREDIENT REVIEW

TABLE 2
Basic Blue 99: Product categories and concentration of use

Product category
(Total number of products in Ingredient uses Use concentrations
each category) (FDA 2002) (FDA 2002) (CTFA 2002) (%)

Hair-coloring products
Dyes and colors (1690) 18 0.3–0.4
Tints (49) 25 2
Rinses (20) — 0.2–1
Shampoos (32) 8 0.125%a

Other hair-coloring preparations (55) — 0.004–0.4
Total 51 0.004–2

aNoveon, Inc. 1999.

very low percutaneous absorption of Basic Blue 99 in rats.
Two female volunteers were treated topically with a hair set-

ting solution containing Basic Blue 99. 14C-labeled Basic Blue
99 was added to a setting lotion (40% aqueous solution contain-
ing 0.1% of other Arianor dyes) and applied with rollers to the
hair of the volunteers. The hair was dried for 10 min under a
hair dryer, the rollers were removed and the hair was combed
out. The volunteers shampooed their hair 36 h later. The percu-
taneous absorption was measured in urine over the next 8 days.
Levels of 14C in the urine were low in both volunteers (0.037%
and 0.027%). The authors concluded that the penetration would
be less than 0.1% of the applied dose (Wolfram 1984).

Parish (1988) conducted studies of Basic Blue 99 skin pen-
etration as a function of the cosmetic vehicle. Six Wistar rats
(three males, three females) were treated topically with 100 μl
of an aqueous 1% Basic Blue 99 (14C labeled) solution. Appli-
cation was made over 10 cm2 of intact, clipped dorsal skin and
was occluded for 48 h. Most of the recovered 14C label was as-
sociated with the treated area of the skin or the patch; moreover,
levels of 14C were barely detectable in the urine, expired air,
feces, blood, and carcasses. The total amount of material that
penetrated the skin was 0.14% and 0.06% in male and female
rats, respectively. The vehicle did have a small effect on the
skin penetration of Basic Blue 99; the highest absorption was
seen in the anionic shampoo, then in the cationic and nonionic
bases, and with the lowest penetration seen with the aqueous so-
lution. However, even the highest absorption was very low and
the author deemed it insignificant.

This author also treated four female Wistar rats topically with
100 μl of an aqueous 1% Basic Blue 99(14C labeled) solution
in a 50% aqueous anionic shampoo base. The chemical applica-
tion was over 10 cm2 on intact, clipped dorsal skin. In one group
an occlusive patch was applied for 48 h, and in the other group
the treatment was rinsed with distilled water after 5 min and
a nonocclusive patch was applied. In both groups most of the
recovered 14C label was on the skin or the patch. Small amounts
of 14C were detected in the urine (1.16%), feces (0.53%), and
carcass (0.03%). Only 1.72% of the applied dye penetrated the

skin under occlusive conditions. Penetration was reduced in an-
imals that were rinsed after application; 14C was detected in the
urine and feces (0.02%), blood and carcass (<0.001%), and only
2.9% of the applied material remained on the skin surface at 48 h
after treatment.

This author also treated four female Wistar rats topically with
100 μl of an aqueous 1% Basic Blue 99 (14C labeled) solution
in a 25% aqueous cationic hair conditioner. Prior to applica-
tion, the treated area of skin was prewashed with an anionic
shampoo to simulate consumer use. Application was as above.
In both groups most of the recovered 14C label was on the skin
or the patch. Small amounts of 14C were detected in the urine,
feces, and carcass (0.47%), with <0.001% in blood. Penetration
was reduced in animals that were rinsed after application; 14C
was detected in the urine and feces (0.04%), blood and carcass
(<0.001%), and 11.1% of the applied material remained on the
skin surface at 48 h after treatment. Most of the radioactivity
was recovered in the rinsing (74%) and 3.8% was on the patch.

This author also treated four female Wistar rats topically with
100 mg of 0.5% Basic Blue 99(14C labeled) in nonionic/cationic
shampoo base. Application was as given above. In both groups
most of the recovered 14C label was on the skin or the patch.
Small amounts of 14C were detected in the urine, feces, and car-
cass (0.5%) with <0.001% in blood. Penetration was reduced in
animals that were rinsed after application; 14C was detected in
the urine (0.01%), feces (0.02%), blood and carcass (<0.001%),
and 1.68% of the applied material remained on the skin surface
at 48 h after treatment. Most of the radioactivity was recov-
ered in the rinsing (99%) and 1.3% was on the patch (Parish
1988).

In an oral study, Parish (1988) gave six Wistar rats (three
males, three females) a single oral dosage of 14C-labeled Basic
Blue 99 (1.0 ml of an aqueous 0.1% solution). The amount of
radioactivity was determined in urine, feces, expired air, and in
the carcass at the end of the 48-h observation period. Most of the
14C was recovered in the feces within the first 24 h. The urine
contained 0.68% and 0.5% of the dose from male and female
rats, respectively. Levels of 14C were barely detectable in expired
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air and were very low in the blood and carcass (<0.001%).
The study concluded Basic Blue 99 is poorly absorbed from the
intestinal tract.

Wolfram (1984) gave two male Sprague-Dawley rats a single
intraperitoneal dose (1 ml) of 14C-labeled Basic Blue 99 in water
(0.912 μCi/ml). Another two rats were administered Basic Blue
99 orally. The amount of radioactivity was determined in urine
and feces until the end of the 48-h observation period. Most of
the 14C was recovered in the feces in both study groups within
the first 24 h. The urine contained 10.1% or 3.3% of the dose
after intraperitoneal administration and 2.8% or 3.1% after oral
administration. The author concluded Basic Blue 99 is poorly
absorbed.

Antimicrobial Activity
Basic Blue 99 (0.1%) killed Streptococcus sanguis bacteria

(creating a growth-free zone) after exposure to a He/Ne laser for
10 and 60 s. Basic Blue 99 (0.01%) did not produce a growth-
free zone after exposure to a He/Ne laser for 10 and 60 s (Dobson
and Wilson 1992).

ANIMAL TOXICOLOGY

Acute Oral Toxicity
Kynoch and Lloyd (1977) studied the acute oral toxicity of

Basic Blue 99 using groups CFY rats. Basic Blue 99 was pre-
pared as a 10% w/v suspension in aqueous methylcellulose (1%)
and administered via oral intubation at a dosage volume of 1.0
to 40 ml/kg body weight. Groups of four rats (two males, two
females weighing 84 to107 g) were administered 0.1 to 4.0 g/kg
body weight. Controls received vehicle alone. Animals were
observed for 14 days. Immediately following Basic Blue 99 ad-
ministration, piloerection and hunched posture were observed
in all rats. These signs were accompanied by lethargy, pallor of
the extremities and ptosis in female rats at 1.0 g/kg and all rats
at 2.0 and 4.0 g/kg, by increased salivation in rats at 2.0 g/kg,
and by diuresis and fine body tremors in rats at 4.0 g/kg. Blue
staining of the urine and saliva was noted in rats of the 2.0 and
4.0 g/kg groups. There were no deaths of male rats after a single
oral dose of Basic Blue 99 up to 1.0 g/kg, but one female died
at this dose. One rat of each sex died in the 2.0 g/kg group and
all rats in the 4.0 g/kg died within 1 week of dosing. Necropsy
revealed slight injection of the blood vessels of the abdominal
viscera, pallor of the spleen and liver, and discoloration of the
kidneys. The LD50 was reported to be between 1.0 and 2.0 g/kg.

Kynoch (1986) conducted a follow-up acute oral toxicity
study of Basic Blue 99 using groups of 10 Sprague-Dawley
rats (5 per sex; 134 to 152 g). Basic Blue 99 was prepared as
a 20% suspension in distilled water (w/v) and administered at
a dosage volume of 10 ml/kg body weight. Rats were given a
single oral dose of 2.0 g/kg body weight Basic Blue 99 using
a syringe and a plastic catheter. Animals were observed for 14
days and killed on day 15. Immediately following Basic Blue

99 administration, piloerection, hunched posture, abnormal gait,
and increased salivation were observed in all rats, but recovery
was complete by day 3. There were no deaths. The LD50 was
stated as >2.0 g/kg.

Henkel (1990a) assessed the acute oral toxicity of Basic Blue
99 using groups of 10 male CF1 mice (20 to 22 g). Basic Blue 99
was applied once by gavage at six dosages between 1.58 and 5.01
g/kg body weight at a dosage volume of 20 ml/kg body weight.
Animals were observed for 7 days. Immediately following Basic
Blue 99 administration decreased activity, increased breathing,
and tremors were noted at doses of 1.58 g/kg and greater. There
were no deaths at the lowest dose of 1.58 g/kg. The LD50 was
reported to be 2.70 g/kg.

Subchronic Oral Toxicity
Wella Aktiengesellschaft (1978) investigated the effects of

Basic Blue 99 on CF1 female mice (average 21 g) in a 90-day
oral toxicity study. Ten female mice per group were fed Basic
Blue 99 daily in the diet at 125, 250, and 500 mg/kg. Twenty
control mice received only diet.

All mice survived the duration of the study. There were no
indications of cumulative toxicity in hematological, biochemi-
cal, and urological interim and final examinations. Stained urine
was observed in all dosed mice. No differences in behavior or
organ weight were found between dosed and control mice. No
direct correlation was found between the applied dose and body
weight gain; however, at the end of the study the mean body
weight of treated groups was generally lower than the control
group. Discoloration of stomach and intestines were observed
grossly. Histologically, histiocytic cell infiltration, presence of
fat, and hemosiderosis were found in the liver of the dosed an-
imals, but not in control animals. Hemosiderosis in the spleens
of the treated animals was comparable to the control animals.
The findings were not considered dose related. The authors con-
cluded that none of the Basic Blue 99 doses tested led to cumu-
lative toxic effects (Wella Aktiengesellschaft 1978).

Henkel (1986) investigated the effects of Basic Blue 99 on
Sprague-Dawley rats (males 64 to 80 g; females 62 to 79 g) in
a 90-day oral toxicity study. Male and female rats (10 animals
per sex in each dose group) received 0 (control), 20, 60, and 180
mg/kg Basic Blue 99 daily by oral gavage. The highest dose was
increased to 360 mg/kg after 8 weeks. The controls were treated
simultaneously with the aqueous vehicle at volumes of 10 ml/kg
body weight.

All rats survived the treatment period without signs of intox-
ication. Body weight gain was comparable to controls except
in high-dose males, which showed decreased body weight gain;
however, the difference was not statistically significant. Urine
was stained at all doses. There was no indication of cumula-
tive toxicity in hematological, biochemical, and urological in-
terim and final examinations. Discoloration of the stomach and
adrenals were observed grossly at the highest dose, and discol-
oration of the forestomach was observed at the middle dose.
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Histologically, singular foreign pigment granula were observed
in the villi of the small intestine at all doses. As these pigmen-
tations were found only in organs involved in the elimination of
Basic Blue 99, these findings were not considered relevant as a
possible induction of toxic effects. The study concluded none of
the doses led to cumulative toxicity and that the no effect level
for Basic Blue 99 was between 180 to 360 mg/kg body weight
daily (Henkel 1986).

Ocular Irritation
Leuschner (1967a) evaluated the acute eye irritation of Basic

Blue 99 using three albino New Zealand rabbits. A solution of
0.5% Basic Blue 99 (0.1 ml) was instilled into the conjunctinal
sac of the left eye and the right eye received 0.1 ml of vehicle
alone (saline). Eye irritation was read at 30 and 60 min and 1
and 2 days post instillation. The conjunctivae of the Basic Blue
99 treated eye were discolored, but no effects on the cornea or
iris were observed in any animal. The study concluded that the
mucous membrane injury threshold concentration for the rabbit
eye is greater than 0.5% Basic Blue 99.

Dermal Irritation
Leuschner (1967b) assessed the dermal irritation potential

of Basic Blue 99 using six albino New Zealand rabbits. Basic
Blue 99 (0.5 g per square inch) was applied undiluted to either
the shorn intact (three animals per sex) or abraded skin (three
animals per sex) on the back of animals. The patch was affixed
for 24 h. No observable reactions to Basic Blue 99 were noted
over the 14-day observation period.

Kynoch and Liggett (1977) assessed the dermal irritation po-
tential of Basic Blue 99 using six albino rabbits. Basic Blue 99
(0.5 g) was dampened with 0.5 ml distilled water to a 1-square-
inch area on either the shorn intact or abraded skin on the back
of animals. The patch was affixed for 24 h. Very slight erythema
and edema were observed in the intact and abraded sites of one
animal at the 24-h reading only. The primary irritation index was
calculated to be 0.2 and Basic Blue 99 was considered “mildly
irritating” to rabbit skin.

Dermal Sensitization
Kynoch and Elliott (1977) conducted a guinea pig maximiza-

tion test using 10 female albino Hartley/Dunkin guinea pigs to
assess the sensitization potential of Basic Blue 99. For induction,
a 4 × 6-cm area of dorsal skin on the scapular region was clipped
free of hair and three pairs of injections were made simultane-
ously: (1) Freund’s complete adjuvant (FCA) mixed 50:50 in
water (v/v); (2) Basic Blue 99 as a 0.1% (w/v) solution in wa-
ter; (3) Basic Blue 99 as above in water mixed 50:50 with FCA
(v/v). One week after the injections, a volume of 0.40 ml of
75% Basic Blue 99 solution was applied onto a 3 × 6-cm patch
and held in place for 48 h. Two weeks after the induction period,
animals were challenged topically with 0.1 ml of 25% Basic
Blue 99 applied to a patch and held in place on the flank of each

animal for 24 h. Skin reactions were read at 24, 48, and 72 h
after challenging. Basic Blue 99 did not produce any evidence
of delayed contact hypersensitivity.

RCC Ltd. (2001a) performed a local lymph node assay
(LLNA) to assess the contact allergenic potential of Basic Blue
99 when administered to the dorsum of both ear lobes of CBA/J
female mice. There were three treated groups (four mice per
group) receiving 1%, 5%, or 25% Basic Blue 99 in bidistilled
water for 3 consecutive days. A control group of four mice re-
ceived the vehicle only and the positive control group received
either 5%, 10%, or 25% α-hexylcinnamaldehyde. Five days after
the first topical application, the mice were injected intravenously
with 3H-thymidine. Five hours later, mice were killed and the au-
ricular lymph nodes were removed. The lymph node cells were
incubated with trichloroacetic acid overnight and the incorpo-
ration of 3H-thymidine was determined using a β-scintillation
counter. A response was considered positive in the LLNA as-
say if the exposure resulted in a threefold or greater increase
in incorporation of 3H-thymidine as compared to the solvent
control.

All treated animals survived the study period and no clinical
signs were observed that related to Basic Blue 99 exposure. Mice
exposed to 1%, 5%, and 25% Basic Blue 99 showed an increased
incorporation of 3H-thymidine at 0.7-, 1.1-, and 1.1-fold, respec-
tively as compared to the solvent control. The positive-control
mice exposed to 5%, 10%, and 25% α-hexylcinnamaldehyde
had an increased incorporation of 3H-thymidine at 2.4-, 3.7-, and
7.0-fold, respectively as compared to the solvent control. Basic
Blue 99 was considered a nonsensitizer in this study (RCC Ltd.
2001a).

Calvert Preclinical Services, Inc. (2002) reported a LLNA
study of Basic Blue 99. CBA/J female mice (five per dose group)
were treated on the dorsal surface of both ears once daily for 3
days with 0.25%, 0.50%, 1.0%, or 2.0% (w/v) of Basic Blue
99 at a volume of 25 μl/ear. Positive control mice received p-
phenylenediamine (PPD) and negative-control mice received the
vehicle, DMSO. Irritation and body weights were recorded. On
day 6, mice were injected intravenously with 20 μCi of 3H-
thymidine. Five hours later, mice were killed and the auricular
lymph nodes were removed. The lymph node cells were pre-
cipitated with 5% trichloroacetic acid and the incorporation of
3H-thymidine was determined using a β-scintillation counter.

No irritation was noted in any mice as a result of Basic Blue
99 treatment. The positive control (PPD) resulted in test/control
ratios of greater than 3 at 0.25%, 0.50%, 1.0%, and 2.0% (4.53,
10.06, 9.99, and 15.74, respectively), indicating a positive re-
sponse. Basic Blue 99 at 0.5%, 1.0%, and 2.0% gave responses
statistically significantly greater than the vehicle control, but not
test/control ratios greater than 3. A positive response was also
observed in the 0.25% group, but the difference was not statis-
tically significant as compared to the vehicle control. The mean
body weights and mean changes in body weight of treated mice
were not significantly different than those of vehicle-control
mice. The authors concluded that the assay results indicated
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Basic Blue 99 may induce a hypersensitivity response (Calvert
Preclinical Services, Inc. 2002).

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
Henkel (1990b) evaluated the effects of Basic Blue 99 (50 mg/

kg/day) administered by gavage to 29 Pregnant Sprague-Dawley
CD rats on the 6th to the 15th gestation days. Controls animals
were dosed with distilled water vehicle. On day 20 the rats were
killed and cesarean sections were performed. The number of
implantation sites, resorptions, living fetuses, and the number
of corpora lutea were counted in each dam. The weight of the
placenta, uterus, fetuses, dams, body weight gain, and sex of the
fetuses were recorded. One-third of the litter was examined for
soft tissue anomalies and the remaining fetuses were examined
for skeletal anomalies.

No dams died or showed cumulative toxicity effect from the
applied dose of 50 mg/kg Basic Blue 99. Test animals had no
differences in mean body weight gain in the course of gesta-
tion as compared to controls. There were no treatment related
effects. The authors concluded that Basic Blue 99 at 50 mg/kg
did not cause embryotoxic or teratogenic effects under the test
conditions (Henkel 1990b).

GENOTOXICITY

Bacterial Assays
The Battelle Institut (1975) determined the mutagenic po-

tential of Basic Blue 99 using Escherichia coli strain 343/113
without metabolic activation. Basic Blue 99 was tested at the
concentrations of 1, 10, and 100 μg/ml and a volume of 0.1 ml in
a dark place at 37◦C for 2 h. Cells were spread over four selected
media and incubated for 20 to 72 h. Cells were counted and an-
alyzed for reverse mutations of arg− to arg+ and nad− to nad+,
forward mutations of 5-methyl-dl-trytophan-sensitivity to MT
resistance, and forward and reverse mutations of gal Rs

18 to gal+.
The mutant colonies were counted and compared with controls.
Basic Blue 99 was not mutagenic at the concentrations tested.

Hossack et al. (1977) assessed the mutagenicity of Basic Blue
99 (1 to 1000 μg/plate) in the Ames test using Salmonella ty-
phimurium strains TA1535, TA1537, and TA1538 with and with-
out metabolic activation. β-Naphthylamine, neutral red, and 2-
acetylaminofluorene were used as positive controls. Basic Blue
99 induced reverse mutations in the absence of S9 in strain
TA1537 and in the presence of S9 in strain TA1538. Basic Blue
99 did not induce mutagenic activity in strain TA1535.

Wallat (1985) studied Basic Blue 99 (4 to 2500 μg/plate)
in the Ames test using Salmonella typhimurium strains
TA98, TA100, TA1535, TA1537, and TA1538 with and with-
out metabolic activation. Sodium azide (TA100, TA1535),
9-aminoacridine (TA1537), and 4-nitro-o-phenylenediamine
(TA1538, TA98) were used as positive controls with and without
metabolic activation. 2-Aminoanthracene was used as a positive
control for all strains. Basic Blue 99 induced reverse mutations
in the absence of S9 in strain TA100 and in the presence of S9

in strains TA98, TA100, TA1537, and TA1538. Basic Blue 99
was not mutagenic in strain TA1535.

Cytotest Cell Research GMBH (2000) investigated the mu-
tagenicity of Basic Blue 99 using S. typhimurium with and with-
out metabolic activation (S9). S. typhimurium strains TA98 and
TA100 were only tested without metabolic activation at 3, 10,
33, 100, 333, and 1000 μg/plate. S. typhimurium strains TA1535,
TA1537, and TA102 were tested at 3, 10, 33, 100, 333, and 666
μg/plate without metabolic activation and at 33, 100, 333, 666,
1000, and 2500 μg/plate with metabolic activation. Concurrent
untreated and solvent controls were performed. The positive con-
trols without metabolic activation were sodium azide, 4-nitro-o-
phenylenediamine, and methyl methane sulfonate. The positive
control with metabolic activation was 2-aminoanthracene.

Irregular background growth was observed at 2500 μg Ba-
sic Blue 99/plate in strains TA1537 and TA100 with S9 and at
333 μg/plate in strains TA98 and TA100 and at 666 μg/plate
in strains 1535 without S9 and TA1537 with and without S9.
There was an increase in revertant colony numbers after treat-
ment with Basic Blue 99 in strains TA102 and TA100 with
metabolic activation and in strains TA1537 and TA98 with and
without metabolic activation. Positive controls showed the ex-
pected increase in revertant colonies. The authors concluded that
Basic Blue 99 induced gene mutations by base pair changes in
TA100 and TA102 with metabolic activation and frameshift mu-
tations in strains TA1537 and TA98 with and without metabolic
activation (Cytotest Cell Research GMBH 2000).

Mammalian Cell Assays
Banduhn (1987) assessed the mutagenicity of Basic Blue 99

in a micronucleus assay in bone marrow cells from male and fe-
male CFW 1 mice (21 to 33 g). Basic Blue 99 (in aqueous 0.9%
NaCl solution) was administered by gavage to 12 mice (6 mice
per sex per test group) at a dose of 1500 mg/kg body weight.
Endoxan was the positive control and the vehicle was the nega-
tive control. The incidence of micronucleated erythrocytes was
evaluated at 24, 48, and 72 h by preparing bone marrow smears
from both femurs from each animal. Of the treated mice, three
of six and four of six male mice died in the 24- and 72-h obser-
vation groups. The remaining animals from the 72-h group were
combined with the 24-h group, and the 72-h group was aban-
doned. There was no indication of mutagenic activity of Basic
Blue 99 as determined by bone marrow examination of the re-
maining groups and no indication of a delayed cell proliferation.
No additional tests were performed to determine the micronu-
cleus rate in male mice in the 72-h group. The study concluded
Basic Blue 99 did not show any evidence of mutagenic potential
under these test conditions.

Timm (1988) evaluated the ability of Basic Blue 99 to in-
duce DNA repair in rat hepatocytes using an unscheduled DNA
synthesis (UDS) assay. In two replicate studies, Basic Blue 99
was tested at 1.00, 3.33, 10.00, 33.33, and 100.00 μg/ml and
incubated for 3 h. UDS was determined using liquid scintillation
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counting. The positive control, 2-acetylaminofluorene, produced
significant repair synthesis. A reduction in the incorporation of
radioactivity occurred at 33.33 and 100.00 μg/ml in experiment
I, which indicated weak toxicity. Concentrations higher than
100.00 μg/ml were very toxic. The incorporation of thymidine
into rat hepatocytes was not dose related in either experiment.
The study concluded that, due to an insignificant difference in
UDS between Basic Blue 99 and negative controls, Basic Blue
99 did not induce DNA repair synthesis.

Michalke (1991) assessed the potential for Basic Blue 99 to
induce structural chromosome aberrations in V79 cells of the
male Chinese hamster in vitro with and without metabolic acti-
vation. V79 cells were exposed to Basic Blue 99 (in dimethyl-
sulfoxide vehicle) for 24 hours at 0, 0.1, 0.3, 0.5, 1.0, 2.5, 3.0,
5.0, or 10.0 μg/ml without S9 and for 2 h at 3, 10, 25, 30, 50,
100, 125, 150, or 250 μg/ml with S9. Negative, solvent, and
positive controls were used. With and without S9 Basic Blue 99
did not induce an increase of thioguanine-resistant clone growth
in cultured V79 Chinese hamster cells in vitro.

Cytotest Cell Research GMBH (2001) assessed the potential
for Basic Blue 99 to induce structural chromosome aberrations
in Chinese hamster V79 cells in vitro. V79 cells were exposed
to Basic Blue 99 (in deionized water vehicle) for 4 h at 0, 0.5,
0.8, and 1.5 μg/ml without S9 and 15.0, 30.0, and 45.0 μg/ml
with S9. The chromosomes were prepared 18 h after the start
of treatment with Basic Blue 99. Negative, solvent, and positive
controls were used.

At the highest concentration, with and without metabolic ac-
tivation, there were reduced cell numbers after 4 h of treatment.
Without metabolic activation, there were significant increases in
the number of cells with structural chromosomal aberrations af-
ter treatment with 0.5, 0.8, and 1.5 μg/ml Basic Blue 99 (with in-
creases of 4.0%, 14.5%, and 9.5%, respectively). With metabolic
activation, there were a significant increase in the number of cells
with structural chromosomal aberrations after treatment with 45
μg/ml Basic Blue 99 (with an increase of 12.0%). No increase
in the frequencies of polyploid metaphases were found after
treatment as compared to controls. Appropriate positive con-
trols induced a statistically significant increase in chromosomal
aberrations, whereas negative and solvent controls did not induce
a statistically significant increase in chromosomal aberrations.
Basic Blue 99 was considered to be clastogenic with or without
metabolic activation (Cytotest Cell Research GMBH 2001) .

Animal Assays
RCC Ltd. (2001b) assessed the mutagenicity of Basic Blue

99 in a micronucleus assay in bone marrow cells of the mouse.
Basic Blue 99 was administered intraperitoneally to mice at
a volume of 10 ml/kg body weight (bw). Basic Blue 99 was
administered at 0.2, 1.0, and 5.0 mg/kg bw and bone marrow
cells were collected for analysis 24 hours post-administration;
and at 5.0 mg/kg bw, with bone marrow cells collected for 48
h post administration. Ten animals (5 males, 5 females) per test

group were evaluated for the occurrence of micronuclei. The
ratio between polychromatic and normochromatic erythrocytes
(NCEs) was also determined. A 40 mg/kg cyclophosphamide
dose was used as a positive control.

One male in the highest dose group died in the 48-h prepa-
ration. Basic Blue 99 did not substantially increase the number
of NCEs as compared to the mean values of NCEs of the ve-
hicle controls. In comparison to the corresponding vehicle con-
trols, there was no statistically significant or biologically rele-
vant increase in the frequency of detected micronuclei at any
preparation interval or dose level as a result of Basic Blue 99
administration. The positive control significantly increased the
frequency of induced micronuclei (RCC Ltd. 2001b).

Notox Ltd. (2002) evaluated the ability of Basic Blue 99 to
induce DNA repair in male Wistar rat hepatocytes using a UDS
assay. Rats were orally dosed with Basic Blue 99 at 250, 500, or
1000 mg/kg body weight at a dosing volume of 10 mg/kg. After
2 to 4 h or 12 to 16 h the hepatocytes were isolated and labeled
for approximately 4 h with tritiated thymidine and cultured for
14 to 19 h. Corresponding vehicle controls (saline) served as
negative controls, whereas cells treated with single oral doses of
dimethylnitrosamine (10 mg/kg bw) or 2-acetylaminofluorene
(50 mg/kg) were harvested 2 to 4 h or 12 to 16 h after dosing,
respectively.

The results of the negative and positive controls were as
expected. At the 2- to 4-h sampling time, there was no positive
response to Basic Blue 99 at any dose tested. At the 12- to 16-h
sampling time, there was no positive response to Basic Blue 99
at 250 or 1000 mg/kg. However, following oral dosing of male
rats with 500 mg/kg Basic Blue 99, the mean net nuclear grain
count was increased (2.2 ± 3.3) in one of the three animals. The
group average (1.0 ± 1.2) at this dose level was within the range
of historical control data. The group average of the percentage
of cells in repair was 13.7% ± 15.7% (30% and 11% in repair in
two animals; the results from the third animal was comparable
to the negative control). Since the net nuclear grain count of the
group average was still within the range of control data and the
number of cells in repair was not higher than or equal to 20%,
this increase was considered a chance finding and not biologi-
cally significant. The study concluded male Wistar rats showed
no induction of DNA repair in hepatocytes isolated 2 to 4 h or
12 to 16 h after dosing with Basic Blue 99 at doses up to 1000
mg/kg and Basic Blue 99 is not genotoxic (Notox Ltd. 2002).

CARCINOGENICITY
No data on the carcinogenicity of Basic Blue 99 were

available.

CLINICAL ASSESSMENT OF SAFETY

Dermal Sensitization
A repeated-insult patch test (RIPT) was done to assess

the sensitization potential of Basic Blue 99 applied topically.
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Fifty-four volunteers (9 males, 45 females, aged 25 to 74 years)
completed the study. Modified RIPT methodology was used;
there were nine 1-h occlusive induction applications of Basic
Blue 99 (0.2 g). Ten to 15 days later, volunteers received a 1-h
occlusive challenge application Basic Blue 99 (0.2 g). No re-
actions were noted in any volunteer tested with Basic Blue 99
(TKL Research, Inc. 2001).

Case Reports
de Groot and Weyland (1990) reported that a 46-year-old

woman had applied a colored foam product weekly for 6 months
without any side effects, but that 8 h after applying a liquid ver-
sion of the product unintentionally to the scalp, the patient no-
ticed burning and itching of the scalp and forehead, with redness
and swelling of the forehead and upper eyelids. An exudative
eruption on the scalp was seen. After 4 days, the patient had
significant hair loss. She was first treated 7 weeks post exposure
and had thinner hair with localized seborrhoeic-like dermatitis.
Five months later most of the hair had regrown.

The patient was patch tested with the European standard se-
ries, a cosmetic series, and a hairdressers’ series, with negative
results. An open test with the product in the elbow fissure re-
sulted in papular dermatitis after 2 days. Later the 37 ingredients
(including fragrances) were patch tested. A positive reaction (48
h, ?+; 96 h, ++) was noted to 1% Basic Blue 99 in petrolatum.
Seven months later the patient was patch tested using Basic Blue
99 at concentrations of 0.1% in petrolatum (−;+), 1% in petro-
latum (?+;++), 0.1% aqueous (?+;+ + +), and 1% aqueous
(?+;+++). Twenty-five controls did not react to 1% Basic Blue
99 aqueous and 1% Basic Blue 99 in petrolatum (de Groot and
Weyland 1990).

Jagtman (1996) reported that a 71-year-old woman experi-
enced severe itching of the scalp 3 days after application of a
hair-setting lotion containing a hair dye. Wheals developed on
her trunk and limbs and disappeared after 1 week. After a second
application of the lotion, the patient had itching of the scalp and
widespread urticaria, which cleared over several weeks (sup-
pressed by an oral antihistamine). The patient was patch tested
with the European standard series, a hairdressers’ series, and the
ingredients in the hair-setting lotion (containing 1% aqueous Ba-
sic Blue 99). All tests were negative after 2 and 3 days. Patch
tests were performed again and several wheals were present on
skin treated with 1% aqueous Basic Blue 99 and the hair-setting
lotion hair dye. Scratch tests were performed and reading af-
ter 20 min showed +2 reactions to the hair-lotion dye and 1%
aqueous Basic Blue 99. No other ingredients produced positive
results. Scratch tests were negative in house dust mite, grass
pollen, and tree pollen. Scratch tests were negative in 25 pa-
tients to 1% aqueous Basic Blue 99. The author concluded the
widespread urticaria was suggestive of systemic absorption of
Basic Blue 99.

Wigger-Alberti et al. (1996) reported that Basic Blue 99
caused an immediate type allergy in a 67-year-old male hair-

dresser. Basic Blue 99 is a component of the hair dye “IXI-
anthrazit.” The patient developed the following symptoms: rhini-
tis, conjunctivitis, mild coughing, and swelling of the eyelids
when the patient came in contact with dyed hair. The skin-prick
test was performed with common allergens, cosmetics, “IXI-
anthrazit” (undiluted), and the hair dye’s components (undi-
luted). Patch tests were conducted on the back of the patient
using several series of materials including 30% “IXI-anthrazit”
dissolved in water; test patches were removed after 48 h and
the reaction was assessed 24 h later. All skin prick tests were
negative, except to IXI-anthrazit, which was positive, and to Ba-
sic Blue 99, which was strongly positive. Four people serving
as controls were negative to all chemicals in skin-prick tests.
No positive patch test reactions were noted in the patient or
controls.

HAIR DYE EPIDEMIOLOGY
Hair dyes may be broadly grouped into oxidative (permanent)

and direct (semipermanent) hair dyes. The oxidative dyes consist
of precursors mixed with developers to produce color, whereas
direct hair dyes are a preformed color. Basic Blue 99 is a direct
hair dye.

Although the safety of individual hair dye ingredients are not
addressed in epidemiology 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 colourants
cannot be evaluated as to its carcinogenicity” and that “oc-
cupation as a hairdresser or barber entails exposures that are
probably carcinogenic” (IARC 1993). The IARC report did not
distinguish 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.

In 2003, an updated review of the available epidemiology lit-
erature was prepared (Helzlsouer et al. 2003). This review con-
sidered 83 literature citations available since the IARC review.
The authors found that hair dye exposure 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 develop-
ment of bladder cancer, non-Hodgkin’s lymphoma, and multi-
ple myeloma. These findings, however, were not consistently
observed across studies.

The CIR Expert Panel did specifically note reports from a
case-control study (Gago-Dominguez et al. 2001, 2003), which
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did suggest a possible genetically susceptible subgroup, which
detoxifies arylamines to a lower degree than the general popula-
tion. The study authors hypothesized that this subgroup may be
at greater risk of bladder cancer from hair dye exposure. Helzl-
souer et al. (2003) noted that these results were based on small
sample sizes.

Several studies published since the Helzlsouer et al. (2003)
review also have been considered. Discussion of the available
hair dye epidemiology data is also available at http://www.cir-
safety.org/findings.shtml.

Bladder Cancer. Andrew et al. (2004) reported a case-control
study of New Hampshire residents whose bladder cancers were
entered into a state registry from 1994 to 1998. A follow-up
study by Kelsey et al. (2005) examined the links between those
bladder cancer cases with an inactivated tumor suppressor gene
(TP53) and various exposures. Huncharek and Kupelnick (2005)
performed a meta-analysis of six case-control studies and one
cohort study. Takkouche et al. (2005) performed a meta-analysis
of the Andrew et al. (2004) study and nine other personal use
case-control or cohort studies. Ji et al. (2005) reported a cohort
occupational study not included in the above meta-analyses. Lin
et al. (2006) presented a case-control study of personal perma-
nent hair dye use. Serretta et al. (2006) reported preliminary
results from a multicentric study.
Lymphoma and Leukemia. Rauscher et al. (2004) reported a
U.S./Canadian case-contol study of adult acute leukemia. Zhang
et al. (2004) and Zheng et al. (2004) examined the relationship
of hair dye use or diet with non-Hodgkin’s lymphoma in a case-
control study in Connecticut. Takkouche et al. (2005) reported
a meta-analysis of reports of hematopoietic cancers, including
those by Rauscher et al. (2004) and Zhang et al. (2004) and
17 other studies. Mester et al. (2005) reviewed 10 epidemi-
ology studies regarding the relationship between occupational
exposure in hairdressers and diseases of the malignant lym-
phoma group. A case-control study in Spain by Benavente et
al. (2005) examined the association between lifetime hair dye
exposure with various lymphomas, including chronic lympho-
cytic leukemia.
Other Cancers. Takkouche et al. (2005) included breast cancer
and childhood cancers in their meta-analysis. Efird et al. (2005)
studied the association between the use of hair-coloring agents
the month before or during pregnancy with childhood brain tu-
mors in 1218 cases between 1976 and 1994. Heineman et al.
(2005) studied 112 women in Nebraska newly diagnosed with
brain cancer (glioma). McCall et al. (2005) reported on the rela-
tionship between childhood neuroblastomas and maternal hair
dye use in 538 children born between 1992 and 1994 in the U.S.
and Canada.
Other Diseases. Park et al. (2005) reported an occupational
case-control study of neurodegenerative diseases, including
Alzheimer’s disease, presenile dementia, and motor neuron
disease.

In considering this information, the CIR Expert Panel agreed
that the available epidemiology studies are insufficient to con-
clude there is a causal relationship between hair dye use and
cancer and other end points described in the Helzlsouer et al.
(2003) review.

The Panel stated that use of direct hair dyes, although not
the focus in all investigations, appear to have little evidence of
an association with adverse events as reported in epidemiology
studies. However, direct hair dyes are a diverse group of chem-
icals and the determination of safety may hinge on other safety
test data.

The Panel recognizes that hair dye epidemiology studies do
not address the safety of individual hair dyes, but is concerned
that studies have demonstrated an association between use of
oxidative/permanent hair dyes and some cancer end points. The
Panel, therefore, strongly supports the need to replicate these
studies, along with further studies, to examine the possibility of
susceptible subpopulations. Additional studies examining blad-
der cancer, non-Hodgkin’s lymphoma, and multiple myeloma
and hair dye use are underway and it is the intent of the CIR Ex-
pert Panel to periodically review hair dye epidemiology studies
and update this section.

SUMMARY
Basic Blue 99 is a direct, nonoxidative hair colorant used in

temporary and semipermanent hair dyes. According to current
reported usage data, Basic Blue 99 is used at concentrations from
0.004% to 2% and the most often reported use is in hair tints.
Approximately 60% to 63% of the mixture is the Basic Blue
99 dye, whereas the remainder of the mixture is composed of
sugar (∼25.7%), volatile matter/water crystallization (∼1.8%),
and inorganic salts (bringing the mixture to 100%).

Hair dyes containing Basic Blue 99, as “coal tar” hair dye
products, are exempt from the principal adulteration provision
and from the color additive provision of the Federal Food, Drug,
and Cosmetic Act of 1938 when the label bears a caution state-
ment and “patch test” instructions for determining whether the
product causes skin irritation. Preliminary testing on or by indi-
viduals should be done using an open patch test that is evaluated
at 48 h after application of the test material. Users, therefore,
would be able to determine their individual reactions to hair dye
products containing Basic Blue 99.

The data indicated that dermal absorption of Basic Blue 99
is very low (<0.1%) in both rats and humans.

The LD50 values of Basic Blue 99 in mice and rats were 2.7
g/kg and between 1.0 g/kg and greater than 2.0 g/kg, respectively.
Mice orally administered Basic Blue 99 up to 500 mg/kg/day
and rats orally administered up to 360 mg/kg/day for 90 days
did not give any indications of cumulative toxicity and no deaths
occurred. Discoloration of organs involved in the elimination of
Basic Blue 99 from the animals was noted in both test species.

In rabbits, Basic Blue 99 (0.5%) did not cause ocular ir-
ritation, but some discoloration was noted. Basic Blue 99
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(0.5 g) caused minimal dermal irritation in rabbits. Sensitization
occurred in animals exposed to Basic Blue 99 only in a DMSO
vehicle. Basic Blue 99 in a water vehicle did not cause dermal
sensitization in either species tested (guinea pigs and mice).

Basic Blue 99 (50 mg/kg/day) administered by gavage did
not cause developmental toxicity in rats.

Basic Blue 99 is mutagenic with and without metabolic acti-
vation in the Ames test, producing both reverse and frameshift
mutations. However, Basic Blue 99 did not induce mutations
using Escherichia coli or show any mutagenic activity in any
mammalian cells tested.

Using a modified RIPT test, no volunteers had any reaction
to Basic Blue 99 after a 1-h occlusive challenge. Case reports
have documented positive patch test results to 1% Basic Blue
99 in three patients.

While the safety of individual hair dye ingredients are not
addressed in epidemiology studies that seek to determine links,
if any, between hair dye use and disease, such studies do pro-
vide broad information and some 78 studies were considered
in 1993 by an International Agency for Research on Cancer
(IARC) working group. They concluded that “personal use of
hair colourants cannot be evaluated as to its carcinogenicity”
and that “occupation as a hairdresser or barber entails expo-
sures that are probably carcinogenic.” The IARC report did not
distinguish between personal use of oxidative/permanent versus
direct hair dyes, or distinguish among the multiple chemical ex-
posures in addition to hair dyes to which a hairdresser or barber
might be exposed. In 2003, an updated review of the available
epidemiology literature was prepared. This review considered
83 literature citations available since the IARC review and con-
cluded that the available epidemiology studies are insufficient
to conclude there is a causal relationship between hair dye use
and cancer and other end points described.

Use of direct hair dyes, although not the focus in all investi-
gations, appears to have little evidence of any association with
adverse events as reported in epidemiology studies.

DISCUSSION
The CIR Expert Panel was initially concerned with evidence

of dermal sensitization. The Panel accounted for the differing re-
sults in two LLNA studies as an effect of the type of vehicle used
(DMSO or bidistilled water). Moreover, an RIPT study using 54
volunteers in an exaggerated exposure (nine 1-h induction expo-
sures followed by a 1-h rechallenge up to 15 days later) did not
cause adverse responses. These data, coupled with the negative
results in guinea pigs, led the Panel to conclude that there was
not a significant risk of skin sensitization. The Panel expects that
individuals will perform the preliminary testing on or by indi-
viduals, as described in product labeling, using an open patch
test that is evaluated at 48 h after application of the test mate-
rial, as advised in product labeling. Users, therefore, would be
able to determine their individual reactions to hair dye products
containing Basic Blue 99.

The Panel stated that use of direct hair dyes, although not the
focus in all epidemiology studies, appear to have little evidence
of an association with cancer and other adverse events. The low
dermal absorption of Basic Blue 99, the weak results in the Ames
assays, and the negative mammalian genotoxicity led the Panel
to conclude that there was little carcinogenic risk of this direct
hair dye.

CONCLUSION
The CIR Expert Panel concluded that Basic Blue 99 is safe

as a hair dye ingredient in the practices of use and concentration
as described in this safety assessment.
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