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EXECUTIVE SUMMARY

The nomination by Drs. Gold, Ames, and Slone, University of California, Berkeley, of
pyrogallol for testing is based on its frequent occurrence in natural and manufactured
products, including hair dyes, and the apparent lack of carcinogenicity data.

Pyrogallol (1,2,3-trihydroxybenzene) for commercial use is available from a number of
U.S. producers, although information on production and import volumes was not located. It
1s primarily used as a modifier in oxidation dyes, including hair dyes and colors. Pyrogallol is
also used as a developer in photography and holography; a mordant for dying wool; a
chemical reagent for antimony and bismuth; and as an active reducer for gold, silver, and
mercury salts. It is used for process engraving and for making colloidal solutions of metals.
Additionally, pyrogallol is used in the manufacture of pharmaceuticals and pesticides and
has been used for medicinal purposes as a topical antipsoriatic.

Workers in the dye and chemical industries, as well as those involved in textile and fur
dying operations, may be potentially exposed to pyrogallol in the workplace. Photographers
and holographers are potentially exposed during the developing process. Human exposure
also occurs from the use of products containing pyrogallol as an ingredient. Hair coloring
formulations containing pyrogallol may be applied to or come in contact with skin
(particularly the scalp) and eyes. Pyrogallol may be ingested during the consumption of tea,
water, smoked fish, or meat products containing pyrogallol. Inhalation of pyrogallol occurs
from smoking tobacco products.

Pyrogallol may be released into the environment during its manufacture, transport,
disposal, and industrial use. Pyrogallol is a byproduct of the decomposition of humic
substances, and may be present in the water supply of geographic regions rich in organic
matter, such as coals and shales. As a degradation product of quinic acid, pyrogallol is
present in the wastes generated by the instant coffee making process.

U.S. Food and Drug Administration (FDA) regulations allow for the use of pyrogallol
as a color additive. Pyrogallol may also be used in combination with ferric ammonium citrate
for coloring catgut sutures for use in general and ophthalmic surgery.

In humans, ingestion of pyrogallol may cause gastrointestinal tract irritation,
hemolysis, methemoglobinemia, renal injury, uremia, and death. One case of poisoning and
death was reported from percutaneous absorption of an estimated 10 g (79 mmol) of
pyrogallol (a dose of 143 mg/kg [1.13 mmol/kg] based on a 70-kg body weight). Chronic
application of a topical cream containing pyrogallol resulted in the formation of ulcerated
lesions on the hands of one psoriatic individual. In studies of contact sensitization using
dermal occlusive patches, sensitization to pyrogallol was uncommon.

After dosing rats with pyrogallol by gavage or intraperitoneal (i.p.) injection,
unchanged pyrogallol, 2-O-methylpyrogallol, and resorcinol (1,3-dihydroxybenzene) were
detected in the urine. In mice treated 1.p., pyrogallol concentrations peaked in the brain
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within ten minutes and cleared within 15 minutes. In rats, intraventricular administration of
pyrogallol resulted in the formation in the brain of three esters of pyrogallol.

Due to its activity as a catechol-O-methyltransferase (COMT) inhibitor, the effects of
pyrogallol on the metabolism of catecholamines were investigated in mice, rats, and rabbits.
Pyrogallol induced a transient rise followed by a fall in brain catecholamines; this response
was caused by an initial inhibition of COMT followed by a feedback inhibition in
catecholamine synthesis.

The acute oral LDy, for pyrogallol is 738 to 1800 mg/kg (5.85-14.3 mmol/kg) for rats,
1600 mg/kg (13 mmol/kg) for rabbits, 25 mg/kg (0.20 mmol/kg) for dogs, and 75 mg/kg (0.595
mmol/kg) for redwing blackbirds. The subcutaneous (s.c.) LDs, for pyrogallol is 700 mg/kg
(5.6 mmol/kg) for rats.

When mice were treated acutely with pyrogallol by 1.p. injection, only near lethal doses
caused convulsions, which were accompanied by distinct cyanosis and occurred only after a
sustained period of central nervous system depression; another study found that pyrogallol
induced somnolence in mice. In rats, pyrogallol induced the Shwartzman reaction when given
s.c. before bacterial endotoxin. The Shwartzman reaction is characterized by widespread
hemorrhages, bilateral cortical necrosis of the kidneys, and a marked fall in leukocyte and
platelet counts. Similarly, some rabbits treated orally with large doses of pyrogallol exhibited
one or more of the following effects: congestion of the lung and liver, congestion and
enlargement of the kidneys and spleen, and gastritis with hemorrhages and/or ulcers. In
shrews, 1.p. dosing with pyrogallol induced vomiting. Dermal application to the shaven skin
of guinea pigs and rabbits was found to be slightly irritating, and ocular application was
irritating to the eyes of rabbits. An analgesic action was noted upon intravenous (i.v.)
administration of pyrogallol to rabbits.

One of two short-term dermal studies found that repeated pyrogallol treatment
sensitized the skin of guinea pigs. In rabbits, however, dermal application of a hair dye
formulation containing pyrogallol for 13 weeks did not induce toxic symptoms or gross or
microscopic anomalies. Administration of pyrogallol in the diet in combination with sodium
nitrite in drinking water for 4 weeks induced cell proliferation of the forestomach in rats.
Feeding pyrogallol in the diet for 20 weeks induced mild hyperplasia of the forestomach in
hamsters. The repeated oral LDs,, based on a 10-day study, for pyrogallol was 700 mg/kg/day
for rabbits; symptoms were essentially the same as those experienced by rabbits administered
acute oral doses. In cattle, oral administration of pyrogallol to three animals for up to six days
induced symptoms of poisoning in all treated animals; one of these animals subsequently
died.

Lifetime dermal exposure of mice and rabbits to low doses of pyrogallol did not induce
toxic effects.

Pyrogallol induced few adverse reproductive effects in rats. An oral dose of
pyrogallol on days 6 through 15 of gestation induced a decrease in fetal body weights and an
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increase in the number of resorptions, but gross, visceral, or skeletal anomalies were not
induced. Two dermal studies did not identify adverse effects from treatment of pregnant rats.

Lifetime dermal exposure of mice to pyrogallol was not carcinogenic. Similarly, oral
administration of pyrogallol for 22 weeks did not induce bladder papillomas in rats. However,
58-week exposure of rats to pyrogallol by s.c. injection resulted in histiocytomas at the
injection sites, and lifetime exposure to pyrogallol applied to the interior of the ear induced
uterine tumors in 1 out of 5 treated rabbits at the highest dose tested.

In a dermal study, pyrogallol acted as a potent cocarcinogen by significantly
increasing benzo[a]pyrene (BaP)-induced squamous cell carcinomas in mice. In a study
using rats, however, pyrogallol did not act as a promotor of forestomach papillomas;
pyrogallol was administered in the diet for 22 weeks after feeding N-butyl-N-(4-
hydroxybutyl)nitrosamine (BBN) for two weeks.

Pyrogallol did not significantly inhibit B-propiolactone (BPL)-induced neoplasia of the
forestomach in mice.

In vitro, pyrogallol induced double strand breaks in purified | phage DNA and in
pBR322 plasmid DNA. In calf thymus DNA, pyrogallol induced DNA breakage in the
presence, but not in the absence, of Cu*". In many studies, pyrogallol was reported to be
mutagenic in Salmonella typhimurium strains TA97, TA98, TA100, TA104, and TA1537 in
the presence and absence of metabolic activation; and TA102 in the absence, but not the
presence, of metabolic activation. However, pyrogallol was also reported to be
nonmutagenic in S. typhimurium strains TA98, TA100, and TA1537 in the presence or
absence of metabolic activation. Pyrogallol was not mutagenic in S. typhimurium strains
TA1535 and TA1538 in the presence or absence of metabolic activation. Pyrogallol induced
colicin E2 in S. typhimurium strain REN and expression of the umu gene in S. typhimurium
strain 1535/pSK1002. In Saccharomyces cerevisiae strain D7, pyrogallol induced gene
conversion when tested at pH 10, but not at pH 7. Pyrogallol induced sex-linked recessive
lethal mutations in Drosophila melanogaster strains Berlin K and Basc.

Pyrogallol was shown to induce chromosome aberrations in Chinese hamster ovary
(CHO) cells in the presence and absence of metabolic activation. Also in CHO cells,
pyrogallol induced chromosome aberrations in the presence of Mn”", but not in the presence
of Cu”* (information on the presence/absence of metabolic activation not provided).
Pyrogallol also induced chromosome aberrations in cultured human lymphocytes;
micronuclei and sister chromatid exchanges (SCEs) in Chinese hamster V79 cells; and
mutations in L5178Y mouse lymphoma cells. In in vivo mammalian systems, pyrogallol
induced an increase in the frequency of micronucleated polychromatic erythrocytes (MN-
PCE) and chromatid breaks in bone marrow cells of mice treated i.p.

When pBR322 plasmid DNA was incubated with pyrogallol in combination with a
nitric oxide-releasing compound, a synergistic increase in DNA single strand breaks was
induced. In S. cerevisiae, low concentrations of pyrogallol enhanced the mutagenic and
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recombinogenic effect of triethylene melamine (TEM); at high concentrations, pyrogallol was
still comutagenic but antirecombinogenic.

Pyrogallol inhibited BaP-induced mutagenicity in S. typhimurium strain TA98 in two
studies; in one of the studies, the toxicity of pyrogallol to cells was not evaluated, but in the
second study, pyrogallol inhibited BaP-induced mutagenicity at non-toxic doses. Pyrogallol
was antigenotoxic in three experiments using mammalian systems in Vvitro; it inhibited BaP-
induced mutagenicity in Chinese hamster V70 [sic] somatic cells, bovine papillomavirus-
induced chromosome instability in C127 mouse mammary epithelial cells, and mitomycin C-
induced chromosomal aberrations in CHO cells. In vivo, pyrogallol inhibited BaP-induced
MN-PCE in the bone marrow of treated mice.

In two studies, pyrogallol was immunotoxic; it inhibited carrageenin-induced edema in
rats in vivo and exhibited an immunosuppressive effect in mouse lymphocytes in vitro.
Pyrogallol did not inhibit 1-fluoro-2,4-dinitrobenzene-induced contact hypersensitivity.

Pyrogallol inhibited formation of mutagenic nitrosation products of secondary amines
and amides in vitro. Pyrogallol induced c-fos and c-jun protooncogene expression in human
hepatoma HepG?2 cells. Additionally, pyrogallol inhibited several enzymes, including COMT,
rat liver aldehyde dehydrogenase, human melanoma tyrosinase, ribonucleotide reductase,
hog thyroid peroxidase, and human splenic protein tyrosine kinase. Pyrogallol exhibited co-
oxidase activity when tested with human liver lipoxygenase in vitro.

The order of clastogenic potential of hydroxylated phenols is trihydroxylated phenols
(including pyrogallol) > dihydroxylated phenols > monohydroxylated phenols. The presence
of a methyl ether derivative reduced the clastogenic capability of hydroxylated phenols. The
inhibition of BaP-induced mutagenicity by polyhydric phenols follows the same potency
pattern. One study found a correlation between the presence of a pyrogallol moiety in some
naturally occurring compounds and their ability to inhibit UV-induced mutations in E. coli,
but the mechanism of action was not determined.
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TOXICOLOGICAL SUMMARY FOR PYROGALLOL [87-66-1]

1.0 BASIS FOR NOMINATION

Pyrogallol was nominated for testing by Drs. Gold, Ames, and Slone, University of

California, Berkeley, based on its frequent occurrence in natural and manufactured products,

including hair dyes, and the apparent lack of carcinogenicity data.

2.0 INTRODUCTION
Pyrogallol
[87-66-1]
OH

OH OH

2.1  Chemical Identification
Pyrogallol (CsHgO3; mol. wt. = 126.11) is also called:

1,2,3-benzenetriol
pyrogallic acid
1,2,3-trihydroxybenzene

2.2 Physical-Chemical Properties

Property Information Reference
Odor odorless Budavari (1996)
Physical State white crystals; grayish on Budavari (1996)
exposure to air and light
Melting Point (°C) 131-133 Budavari (1996)
Boiling Point (°C) 309 Budavari (1996)
Density 1.45 Budavari (1996)
Soluble in: water, alcohol, ether Budavari (1996)
Slightly Soluble in: benzene, chloroform, carbon Budavari (1996)
disulfide
Specific Gravity at 25°C 1.45-1.50 CTFA (year not provided; cited
by CIR, 1991)
Vapor Pressure 10 mm at 167.7°C Sax (1979; cited by CIR, 1991)
Conversion Factors 1 mg/L = 194 ppm Clayton and Clayton (1981; cited

1 ppm (in air) = 5.15 mg/m’

by HSDB, 1996)

4/98
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TOXICOLOGICAL SUMMARY FOR PYROGALLOL [87-66-1] 4/98

Iron and heavy metal impurities have been detected in pyrogallol (CTFA, year not

provided; cited by CIR, 1991).

2.3  Commercial Availability
In the U.S., pyrogallol is commercially available from Aldrich Chemical Co., Eastman
Organic Chemicals, Harshaw Chemical Co., Mallinckrodt, Inc. (HSDB, 1996), Penta

Manufacturing Co., and Spectrum Bulk Chemicals (Rodnan, 1997).

3.0 PRODUCTION PROCESSES AND ANALYSES

For commercial purposes, pyrogallol is prepared from crude gallic acid, which is extracted
from nutgalls or tara powder (Grayson, 1985). Pyrogallol may also be prepared by chlorinating
cyclohexanol to form tetrachlorocyclohexanone, followed by hydrolysis (CTFA, year not

provided; cited by CIR, 1991.

40 PRODUCTION AND IMPORT VOLUMES
Pyrogallol is produced in the U.S. by AgrEvo USA Co. and Mallinckrodt Baker, Inc. (SRI
Int., 1997). However, information on production and import volumes for pyrogallol were not

found.

50 USES

Pyrogallol was the first synthetic organic dye used on human hair; the color created by
pyrogallol application was not provided (CIR, 1991). Currently, pyrogallol is used as a modifier
in oxidation dyes (CTFA, year not provided; cited by CIR, 1991). Pyrogallol is present in 42
hair dyes and colors (FDA, 1989; cited by CIR, 1991) and the pyrogallol concentration in the
dyes and colors typically ranges from 0.25 to 0.38% by weight (Clayton and Clayton, 1981;
cited by CIR, 1991).

Pyrogallol is also used for dying fur and wool, staining leather, and manufacturing various

dyes (Budavari, 1996). Pyrogallol is used in combination with ferric ammonium citrate to color
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TOXICOLOGICAL SUMMARY FOR PYROGALLOL [87-66-1] 4/98

catgut sutures used in general and ophthalmic surgery (21 CFR 73.1375).

Pyrogallol is used as a developer in photography (Budavari, 1996) and holography
(McCann, 1992); a chemical reagent for antimony and bismuth; and as an active reducer for gold,
silver, and mercury salts (Budavari, 1996). It is used for making colloidal solutions of metals,
process engraving (Nor-Am Chemical Co., 1985; cited by CIR, 1991), and in the manufacture of
pharmaceuticals and pesticides (Grayson, 1985). Due to its antioxidant properties, pyrogallol is
used as a corrosion inhibitor (i.e., oxygen scavenger) in boilers (Zupanovich et al., 1985; Rossi
and Burgmayer, 1991). Additionally, pyrogallol is used as “an oxygen scrubbing solution” for
producing high purity nitrogen used in the Monier-Williams Procedure for determining sulfites in
food (21 CFR 101.108).

Medically, pyrogallol has been used as a topical antipsoriatic (Budavari, 1996). It was
typically applied in an ointment containing 2 to 10% pyrogallol (Stecher, 1968). In Australia,
pyrogallol has been used as a topical therapy for chronic plaque psoriasis since the beginning of
the century (Pweny, 1925; cited by Willsteed and Regan, 1985), but usage has declined since the
1960s (Willsteed and Regan, 1985). In Europe in the 1970s, pyrogallol was used in conjunction
with ultraviolet B for the treatment of resistant psoriasis (Siage, 1976; Meftert, 1970; cited by
Willsteed and Regan, 1985).

6.0 ENVIRONMENTAL OCCURRENCE AND PERSISTENCE

In nature, pyrogallol is incorporated in tannins, anthocyanins, flavones, and alkaloids
(Grayson, 1985).

Pyrogallol may be released into the environment during its manufacture, transport,
disposal, and industrial use. Pyrogallol is a byproduct of the decomposition of humic
substances, and may be present in the water supply of geographic regions rich in organic matter
such as coals and shales (Cooksey et al., 1985). Resorcinol (1,3-benzenediol; a metabolite of
pyrogallol in rats) and other phenolic compounds are abundant thermal breakdown products in
wastewater effluents of coal-conversion processes (Jahnig and Bertrand, 1976; Pitt et al., 1979;

Klibanov et al., 1983; all cited by Cooksey et al., 1985).
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As a degradation product of quinic acid (1R-(1a,3a,40,5R)]-1,3,4,5-tetrahydroxycyclo-
hexanecarboxylic acid), pyrogallol is present in the wastes generated by the instant coffee making
process (Azhar and Stuckey, 1994). Only 54% of the pyrogallol formed was degraded by

anaerobic digestion.

7.0 HUMAN EXPOSURE

Workers in the dye (particularly hair dyes) and chemical industries, as well as those
working in dying operations in the textile and fur industries, may potentially be occupationally
exposed to pyrogallol. Photographers (Miller and Blair, 1983) and holographers are potentially
exposed to pyrogallol in the developing process (McCann, 1992).

Hair coloring formulations containing pyrogallol are applied to or may come in contact
with hair, skin (particularly the scalp), eyes, and nails (CIR, 1991). These formulations may be
used on a weekly basis.

Ingestion of pyrogallol occurs from consumption of tea (Aeschbacher, 1991) and water
derived from aquifers and/or wells in regions containing high quantities of coal and shale
(Cooksey et al., 1985). Pyrogallol exposure also occurs from the ingestion of smoke condensates
present in smoked fish and meat products (Ohshima et al., 1989). Inhalation of pyrogallol

occurs from smoking tobacco products (Pettersson et al., 1982).

8.0 REGULATORY STATUS

Under 21 CFR 73.1375, the Food and Drug Administration (FDA) listed pyrogallol as
exempt from certification as a color additive. 21 CFR 73.1025 states that “ferric ammonium
citrate may be safely used in combination with pyrogallol for coloring plain and chromic catgut

sutures for use in general and ophthalmic surgery.”

9.0 TOXICOLOGICAL DATA

Summary: In humans, ingestion of pyrogallol may cause gastrointestinal tract
irritation, hemolysis, methemoglobinemia, renal injury, uremia, and death. One case of
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poisoning and death was reported from percutaneous absorption of an estimated 10 g
(79 mmol) of pyrogallol (a dose of 143 mg/kg [1.13 mmol/kg] based on a 70-kg body
weight). Chronic application of a topical cream containing pyrogallol resulted in the
formation of ulcerated lesions on the hands of one psoriatic individual. In studies of
contact sensitization using dermal occlusive patches, sensitization to pyrogallol was
uncommon.

After dosing rats with pyrogallol by gavage or i.p. injection, unchanged
pyrogallol, 2-O-methylpyrogallol, and resorcinol (1,3-dihydroxybenzene) were detected
in the urine. In mice treated i.p., pyrogallol concentrations peaked in the brain within
ten minutes and cleared within 15 minutes. In rats, intraventricular administration of
pyrogallol resulted in the formation of three esters of pyrogallol in the brain.

Due to its activity as a COMT inhibitor, the effects of pyrogallol on the
metabolism of catecholamines were investigated in mice, rats, and rabbits. Pyrogallol
induced a transient rise followed by a fall in brain catecholamines; this response was
caused by an initial inhibition of COMT followed by a feedback inhibition in
catecholamine synthesis.

The acute oral LDs, for pyrogallol is 738 to 1800 mg/kg (5.85-14.3 mmol/kg) for
rats, 1600 mg/kg (13 mmol/kg) for rabbits, 25 mg/kg (0.20 mmol/kg) for dogs, and 75
mg/kg (0.595 mmol/kg) for redwing blackbirds. The s.c. LDs, for pyrogallol is 700 mg/kg
(5.6 mmol/kg) for rats.

When mice were treated acutely with pyrogallol by i.p. injection, only near lethal
doses caused convulsions, which were accompanied by distinct cyanosis and occurred
only after a sustained period of central nervous system depression. Another study
found that pyrogallol induced somnolence in mice. In rats, pyrogallol induced the
Shwartzman reaction when given s.c. before bacterial endotoxin. Similarly, some rabbits
treated orally with large doses of pyrogallol exhibited one or more of the following
effects: congestion of the lungs and liver, congestion and enlargement of the kidneys
and spleen, and gastritis with hemorrhages and/or ulcers. In shrews, 1.p. dosing with
pyrogallol induced vomiting. Dermal application to the shaven skin of guinea pigs and
rabbits was found to be slightly irritating, and ocular application was irritating to the
eyes of rabbits. An analgesic action was noted upon i.v. administration of pyrogallol to
rabbits.

One of two short-term dermal studies found that repeated pyrogallol treatment
sensitized the skin of guinea pigs. In rabbits, however, dermal application of a hair dye
formulation containing pyrogallol for 13 weeks did not induce toxic symptoms or gross
or microscopic anomalies. Administration of pyrogallol in the diet in combination with
sodium nitrite in the drinking water for 4 weeks induced cell proliferation of the
forestomach in rats, while feeding pyrogallol in the diet for 20 weeks induced mild
hyperplasia of the forestomach in hamsters. The repeated oral LDs,, based on a 10-day
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study, for pyrogallol was 700 mg/kg/day for rabbits; symptoms were essentially the
same as those experienced by rabbits administered acute oral doses. In cattle, oral
administration of pyrogallol to three animals for up to six days induced symptoms of
poisoning in all treated animals; one of these animals subsequently died.

Lifetime dermal exposure of mice and rabbits to low doses of pyrogallol did not
induce toxic effects.

Pyrogallol induced few adverse reproductive effects in rats. An oral dose of
pyrogallol on days 6 through 15 of gestation induced a decrease in fetal body weights
and an increase in the number of resorptions, but gross, visceral, or skeletal anomalies
were not induced. Two dermal studies did not identify adverse effects from treatment of
pregnant rats.

Lifetime dermal exposure of mice to pyrogallol was not carcinogenic. Similarly,
oral administration of pyrogallol for 22 weeks did not induce bladder papillomas in rats.
However, 58-week exposure of rats to pyrogallol by s.c. injection resulted in
histiocytomas at the injection sites, and lifetime exposure to pyrogallol applied to the
interior of the ear induced uterine tumors in 1 out of 5 treated rabbits at the highest dose
tested.

In a dermal study, pyrogallol acted as a potent cocarcinogen by significantly
increasing the incidence of BaP-induced squamous cell carcinomas in mice. In a study
using rats, however, pyrogallol did not act as a promotor of forestomach papillomas;
pyrogallol was administered in the diet for 22 weeks after feeding BBN for two weeks.

Pyrogallol did not significantly inhibit BPL-induced neoplasia of the forestomach
in mice.

In vitro, pyrogallol induced double strand breaks in purified | phage DNA and in
pBR322 plasmid DNA. In calf thymus DNA, pyrogallol induced DNA breakage in the
presence, but not in the absence, of Cu®". In many studies, pyrogallol was reported to
be mutagenic in Salmonella typhimurium strains TA97, TA98, TA100, TA104, and
TA1537 in the presence and absence of metabolic activation; and TA102 in the
absence, but not the presence, of metabolic activation. However, pyrogallol was
reported to be nonmutagenic in S. typhimurium strains TA98, TA100, and TA1537 in
the presence or absence of metabolic activation. Pyrogallol was not mutagenic in S.
typhimurium strains TA1535 and TA1538 in the presence or absence of metabolic
activation. Additionally, pyrogallol induced colicin E2 in S. typhimurium strain REN
and expression of the umu gene in S. typhimurium strain 1535/pSK1002. In
Saccharomyces cerevisiae strain D7, pyrogallol induced gene conversion when tested
at pH 10, but not at pH 7. Pyrogallol induced sex-linked recessive lethal mutations in
Drosophila melanogaster strains Berlin K and Basc.

Pyrogallol was shown to induce chromosome aberrations in CHO cells in the
presence and absence of metabolic activation. Also in CHO cells, pyrogallol induced
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chromosome aberrations in the presence of Mn’’, but not in the presence of Cu*’
(information on the presence/absence of metabolic activation not provided). Pyrogallol
also induced chromosome aberrations in cultured human lymphocytes; micronuclei and
SCEs in Chinese hamster V79 cells; and mutations in L5178Y mouse lymphoma cells. In
In vivo mammalian systems, pyrogallol induced an increase in the frequency of MN-PCE
and chromatid breaks in bone marrow cells of mice treated i.p.

When pBR322 plasmid DNA was incubated with pyrogallol in combination with a
nitric oxide-releasing compound, a synergistic increase in DNA single strand breaks
was induced. In S. cerevisiae, low concentrations of pyrogallol enhanced the
mutagenic and recombinogenic effect of TEM; at high concentrations, pyrogallol was
still comutagenic but antirecombinogenic.

Pyrogallol inhibited BaP-induced mutagenicity in S. typhimurium strain TA98 in
two studies; in one of the studies, the toxicity of pyrogallol to cells was not evaluated,
but in the second study, pyrogallol inhibited BaP-induced mutagenicity at non-toxic
doses. Pyrogallol was antigenotoxic in three experiments using mammalian systems in
vitro; it inhibited BaP-induced mutagenicity in Chinese hamster V70 [sic] somatic cells,
bovine papillomavirus-induced chromosome instability in C127 mouse mammary
epithelial cells, and mitomycin C-induced chromosomal aberrations in CHO cells. In
Vvivo, pyrogallol inhibited BaP-induced MN-PCE in the bone marrow of treated mice.

In two studies, pyrogallol was immunotoxic; it inhibited carrageenin-induced
edema in rats in vivo and exhibited an immunosuppressive effect in mouse lymphocytes
in vitro. Pyrogallol did not inhibit 1-fluoro-2,4-dinitrobenzene-induced contact
hypersensitivity.

Pyrogallol inhibited the formation of mutagenic nitrosation products of
secondary amines and amides in vitro. Pyrogallol induced c-fos and c-jun
protooncogene expression in human hepatoma HepG2 cells. Additionally, pyrogallol
inhibited several enzymes, including COMT, rat liver aldehyde dehydrogenase, human
melanoma tyrosinase, ribonucleotide reductase, hog thyroid peroxidase, and human
splenic protein tyrosine kinase. Pyrogallol exhibited co-oxidase activity when tested
with human liver lipoxygenase in vitro.

The order of clastogenic potential of hydroxylated phenols is trihydroxylated
phenols (including pyrogallol) > dihydroxylated phenols > monohydroxylated phenols.
The presence of a methyl ether derivative reduced the clastogenic capability of
hydroxylated phenols. The inhibition of BaP-induced mutagenicity by polyhydric
phenols follows the same potency pattern. One study found a correlation between the
presence of a pyrogallol moiety in some naturally occurring compounds and their ability
to inhibit UV-induced mutations in E. coli, but the mechanism of action was not
determined.
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9.1 General Toxicology
9.1.1 Human Data

Ingestion of pyrogallol (dose not provided) may cause gastrointestinal tract irritation,
hemolysis, methemoglobinemia, renal injury, uremia, and ultimately death (Gosselin et al., 1981).
Poisoning and death have also occurred from percutaneous absorption. Pyrogallol is mildly

caustic to skin and mucous membranes.

9.1.1.1 Experimental Studies

Pyrogallol was tested for sensitization in eight individuals found to be sensitive to
resorcinol (a metabolite of pyrogallol) in eyedrops, creams, or other medicinal preparations (Keil,
1962). Five of those individuals were mildly sensitized by treatment with 2% (159 mM)
pyrogallol in alcohol by occlusive patch. The length of pyrogallol exposure was not provided.

In a 15-year study of various cosmetic ingredients, 8230 patients with allergic contact
dermatitis were treated with 1% (79 mM) pyrogallol by occlusive patch (Angelini et al., 1985;
cited by CIR, 1991). No positive skin reactions to pyrogallol were reported.

When 25 patients with leg ulcers that had persisted for 12 months or more were treated
with pyrogallol (dose not provided) by occlusive patch, skin sensitization reactions to pyrogallol
were observed in 3 patients (12%) (Kokelj and Cantarutti, 1986).

Three studies investigated the ability of pyrogallol to induce skin sensitization in
hairdressers and their customers who had contact dermatitis. The volunteers were administered
1% (79 mM) pyrogallol in petrolatum by occlusive patch for two to three days. In one study of
302 hairdressers, 1.3% (4 individuals) had positive skin sensitization to the treatment (Guerra et
al., 1992a). In another study of 261 customers of hairdressers, 2.6% (6 individuals) experienced
sensitization reactions (Guerra et al., 1992b). In a third study of 781 hairdressers, 0.76% (6

individuals) experienced positive sensitization reactions (Frosch et al., 1993).

9.1.1.2 Case Reports

A psoriatic patient who covered two-thirds of his body with an ointment containing
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pyrogallol collapsed within 5 minutes postapplication and died in a coma 24 hours later
(Gosselin et al., 1981). The man absorbed an estimated 10 g (79 mmol) of pyrogallol, which
corresponds to a 143 mg/kg (1.13 mmol/kg) dose based on a 70-kg body weight.

To treat psoriasis, one Australian man applied an aqueous cream containing 10% (793
mM) pyrogallol to his hands nearly every morning for 40 years (Willsteed and Regan, 1985).
After applying the cream, the man wore white gloves for the remainder of the day. At the age of
77, the man presented himself to the hospital with 3 ulcerated lesions on the dorsa of his hand;
the lesions had been slowly enlarging over the previous 18 months. The authors stated that these
cutaneous malignancies were “almost certainly related to the prolonged topical exposure to
[pyrogallol].” The patient indicated no history of exposure to other substances and the gloves
provided 40 years of protection from solar radiation. The patient did not have cutaneous

neoplasms on other parts of his body.

9.1.2 Chemical Disposition, Metabolism, and Toxicokinetics
9.1.2.1 Absorption, Distribution, Metabolism, and Excretion

When pyrogallol was administered by gavage or i.p. injection to albino rats (sex not
provided) at 100 mg/kg (0.79 mmol/kg), unchanged pyrogallol, 2-O-methylpyrogallol, and traces
of resorcinol were detected in the urine (Scheline, 1966; cited by CIR, 1991). In vitro, intestinal
microflora of these rats metabolized pyrogallol to resorcinol by dehydroxylation (Scheline, 1966;
cited by CIR, 1991; Scheline, 1968).

When pyrogallol at 100 mg /kg (0.79 mmol/kg) was administered to male albino rats by
gavage, 6.2% of the dose was excreted in the urine as 2-O-methyl-pyrogallol 48 hours after
dosing (Bakke, 1970).

The maximum concentration of pyrogallol in the brains of male mice (strain not provided)
administered 120 mg pyrogallol/kg (0.951 mmol/kg) 1.p. was observed 10 minutes after the
injection (Rogers et al., 1968). These results were confirmed by i.p. administration of 60 mg
pyrogallol/kg (0.48 mmol/kg) to female mice (strain not provided) (Angel et al., 1969; cited by

CIR, 1991); within 15 minutes postinjection, the brain concentration of pyrogallol was near zero.
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A 2 mg (0.02 mmol) intraventricular dose of pyrogallol administered to male Wistar rats
resulted in the formation in the brain of three unidentified esters of pyrogallol (Eccleston and

Ritchie, 1973).

9.1.2.2 Effects on the Metabolism of Catecholamines

A 10 mg/kg (0.079 mmol/kg) dose of pyrogallol increased catecholamines in various
regions of the brain in mice and rats (sex and strain not provided) within 20 to 40 minutes after a
single i.p. injection (Izquierdo et al., 1964; cited by Guldberg and Marsden, 1975). It increased
the levels of catecholamines in the brain of a rabbit within one hour after intracisternal injection
(Matsouka et al., 1962; cited by Guldberg and Marsden, 1975).

However, pyrogallol did not elevate the level of catecholamines in the brain of rats (sex
and strain not provided) after repeated 1.p. dosing with 50 mg/kg (0.40 mmol/kg) every 30
minutes for 18 hours (Crout et al., 1961; cited by Guldberg and Marsden, 1975) or after daily
administration (dose not provided) for several weeks (Maitre, 1966; cited by Guldberg and
Marsden, 1975). Treatment with pyrogallol (12 or 50 mg/kg [0.095 or 0.40 mmol/kg] every 30
minutes) induced a significant decrease in brain norepinephrine (Crout et al., 1961; cited by
Guldberg and Marsden, 1975). Guldberg and Marsden (1975) explained the transient rise
followed by a fall in brain catecholamines after pyrogallol treatment as being caused by an initial

inhibition of COMT followed by a feedback inhibition in catecholamine synthesis.

9.1.3 Acute Exposure
Acute toxicity values are presented in Table 1. Acute exposure studies discussed in this

section are presented in detail in Table 2.
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Table 1.  Acute Toxicity Values for Pyrogallol
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Species (sex and Route LDsg Reference
strain)
rat (male, Sprague- oral 1800 mg/kg (14.3 mmol/kg) Clairol (1981; cited by CIR, 1991)
Dawley)
1255 mg/kg (9.95 mmol/kg) Sharp and Saunders (1984a; cited by CIR,
1991)
1171 mg/kg (9.29 mmol/kg)
rat (female, Sprague- oral 838 mg/kg (6.64 mmol/kg) Sharp and Saunders (1984a; cited by CIR,
Dawley) 1991)
738 mg/kg (5.85 mmol/kg)
rat (sex and strain n.p.) | s.c. 700 mg/kg (5.6 mmol/kg) Stecher (1968)
rabbit (sex and strain oral 1600 mg/kg (13 mmol/kg) Dollahite et al. (1962)
n.p.)
dog (sex and strain oral 25 mg/kg (0.20 mmol/kg) Stecher (1968)
n.p.)
redwing blackbird (sex | oral 75.0 mg/kg (0.595 mmol/kg) Schafer et al. (1983)

and strain n.p.)

Abbreviations: s.c. = subcutaneous injection; n.p. = not provided

9.1.3.1 Mice

Several studies investigated the effects of i.p. administration of pyrogallol to mice.

Although pyrogallol is an inhibitor of COMT, a 120 mg/kg (0.95 mmol/kg) dose of pyrogallol did

not alter motor activity and did not change the levels of norepinephrine, dopamine, or 5-

hydroxytryptamine in the mouse brain (Rogers et al., 1968). Based on the findings of Angel and

Rogers (1968), Rogers et al. (1968) stated that only near-lethal doses (lethal dose not provided)

induced convulsions in mice; the dose inducing convulsions in 50% of the animals (CDs,) was

720 mg/kg (5.71 mmol/kg) (Angel and Rogers, 1968). Convulsions were accompanied by distinct

cyanosis and occurred only after a sustained period of central nervous system depression. The

authors attributed the convulsions to anoxia rather than COMT inhibition. A later study by

Angel and Rogers (1972) found that pyrogallol treatment induced somnolence instead of

convulsions; the administered doses were not provided.
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Table 2. Acute Exposure to Pyrogallol
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age n.p.)

observation
period n.p.

5.71 mmol/kg (720 mg/kg). Convulsions were accompanied by
distinct cyanosis and occurred only after a sustained period of
central nervous system depression. The authors stated that the
convulsions may have been anoxic in origin and that the CNS
effects of pyrogallol are unrelated to its inhibition of COMT.

Species, Strain, Number and Chemical Form and Dose Exposure/ Results/fComments Reference
and Age Sex of Purity Observation
Animals Period
9.1.3.1 Mice
mice (inbred, age 10M pyrogallol, purity n.p. 120 mg/kg (0.951 mmol/kg) single exposure; Treatment did not alter motor activity and did not change the levels Rogers et al.
n.p.) ip. observed for 30 of norepinephrine, dopamine, or 5-hydroxytryptamine in the brain. (1968)
min.
mice (inbred strain, | 10 F per dose pyrogallol, purity n.p. varying i.p. doses (n.p.) single exposure; The dose inducing convulsions in 50% of the animals (CDs,) was Angel and Rogers

(1968)

mice (Sheffield

6 per dose (sex

pyrogallol, purity n.p.

varying i.p. doses (n.p.)

single exposure;

Pyrogallol treatment induced somnolence instead of convulsions.

Angel and Rogers

albino, age n.p.) n.p.) administered as a single observation Pyrogallol also diminished the excitatory effect of d-amphetamine (1972)

compound or with d- period n.p. on locomotor activity.

amphetamine
mice (Swiss- 2M pyrogallol, purity n.p. 400 mg/kg (3.17 mmol/kg) i.p. | single exposure; Body and lung weights were not affected by treatment. Malkinson (1979)
Webster, 6-10 wk- observed 4 days
old) later
rats (albino, 5-6 5M pyrogallol , 100 mg/kg (0.793 mmol/kg) single exposure; No symptoms of motor disturbances were observed. Bakke (1970)
mo-old) chromatographically by gavage 48-hour

pure observation
period

9.1.3.2 Rats

Abbreviations: CNS = central nervous system; COMT = catechol-O-methyl transferase; F = female; HD = high dose; 5-HT = 5-hydroxytryptamines; i.p. = intraperitoneal; i.v. = intravenous;
LD = low dose; M = male; MD = mid-dose; n.p. = not provided; s.c. = subcutaneous; Suncus murinus = house musk shrew
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Table 2. Acute Exposure to Pyrogallol
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Species, Strain, Number and Chemical Form and Dose Exposure/ Results/fComments Reference
and Age Sex of Purity Observation
Animals Period
rats (Holtzmann, 17M pyrogallol and bacterial 300 or 500 mg pyrogallol/kg single exposure; The Boivin-type endotoxin from Salmonella typhosa strain 0901 was | Latour and
age n.p.) endotoxin, purity n.p. (2.38 or 3.96 mmol/kg) s.c. observation used. Léger-Gauthier
followed in 15 min. by 1 mg period n.p. . . . (1978)
endotoxin/kg Treatment induced the genqrahzed Shwartzmgn reaction. ‘
Pyrogallol enhanced the action of the endotoxin on the coagulation
system, as was measured by increased consumption of the
proconvertin (a coagulation factor), fibrinogen, and platelets. The
authors concluded that interference with the degradation of
circulating catecholamines results in sensitization to the generalized
Shwartzman reaction.
The generalized Shwartzman reaction is characterized by
widespread hemorrhages, bilateral cortical necrosis of the kidneys,
and a marked fall in leukocyte and platelet counts (Dorland’s
Illustrated Medical Dictionary, 1984). The reaction usually results
in death of the animal.
rats (Sprague- 34 M pyrogallol, purity n.p. 250 mg/kg (1.98 mmol/kg) i.p. | single exposure; Pyrogallol dramatically increased acetaldehyde blood levels within Collins et al.

Dawley, age n.p.) 1, 3.5, or 6 hours before 5-hour 20 min. after ethanol administration. (1974)
ethanol observation
period
Table 2. Acute Exposure to Pyrogallol (continued)
Species, Strain, Number and Chemical Form and Dose Exposure/ Results/Comments Reference
and Age Sex of Purity Observation
Animals Period

9.1.3.3 Shrews

Suncus murinus
(strain and age

n.p.)

1 at the LD and
5 and the MD
and HD (sex
n.p.)

pyrogallol, purity n.p.

32, 64, or 128 mg/kg i.p. (0.25,
0.51, or 1.01 mmol/kg)

single exposure;
observed for 90
min.

Treatment-induced vomiting was dose-dependent (0/1, LD; 1/5, MD,
and 5/5 HD). The authors stated that the generation of free radicals
by pyrogallol administration causes the release of peripheral 5-HT,
which stimulates vagal afferent sensory nerves to cause emesis.

Torii et al. (1994)

9.1.3.4 Guinea Pigs

Abbreviations: CNS = central nervous system; COMT = catechol-O-methyl transferase; F = female; HD = high dose; 5-HT = 5-hydroxytryptamines; i.p. = intraperitoneal; i.v. = intravenous;
LD = low dose; M = male; MD = mid-dose; n.p. = not provided; s.c. = subcutaneous; Suncus murinus = house musk shrew
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Table 2. Acute Exposure to Pyrogallol (continued)
Species, Strain, Number and Chemical Form and Dose Exposure/ Results/Comments Reference
and Age Sex of Purity Observation
Animals Period
guinea pigs 6F pyrogallol (technical 25 mg in solution applied to 2 exposure sites Very slight erythema observed at 1 site (2 guinea pigs). Sharp and
(Dunkin Hartley, synthetic, 92.2% pure, sites on the back via patches covered for 24 . . . Saunders (1984b;
age n.p.) wiw) hours; observed 1, 4 to.8 days after .patch removal, dryness and th{ckenmg leading to cited by CIR,
Calculated pyrogallol dose: 4.24.48. and 72 flaking of the skin was observed at all treated sites except one. 1991)
23.1 mg/site (0.18 I/sit e aft
me/site ( mmol/site) hours after patch Technical synthetic pyrogallol classified as slightly irritating.
removal
guinea pigs 6F pyrogallol (technical 25 mg in solution applied to 2 exposure sites Very slight erythema observed at 1 site (3 guinea pigs). Sharp and
(Dunkin Hartley, natural, 98.8% pure, sites on the back via patches covered for 24 . . . Saunders (1984b;
age n.p.) W/w) hours; observed 1, 4 to.S days after patch removal, dryness and thlpkemng leading to cited by CIR,
Calculated pyrogallol dose: 4.24.48. and 72 flaking of the skin was observed at all treated sites except one. 1991)
24.7 mgfsite (0.20 Usit ours aft
me/site ( mmolsite) hours after patch Technical natural pyrogallol classified as slightly irritating.
removal
9.1.3.5 Rabbits
rabbits (strain and 6 (sex n.p.) pyrogallol, reagent 750-2000 mg/kg (5.9-15.9 single exposure; The following symptoms were observed in some treated rabbits: Dollahite et al.
age n.p.) grade mmol/kg) by gavage observation congestion of the lung; congestion of the liver, with prominent (1962)
period n.p. lobules (alternate light and congested areas were observed);
congestion and swelling of the kidneys; congestion and enlargement
of the spleen; and gastritis, usually with hemorrhages and/or ulcers.
The doses which caused these effects and the number of animals
affected were n.p.
rabbits (albino, age | 6 (sex n.p.) pyrogallol, powder 500 mg (3.96 mmol) applied to | exposure sites A primary irritation index of 0.5 was reported. The irritation index Clairol (1979;
n.p.) form, purity n.p. abraded and intact skin covered for 24 scoring range was n.p. cited by CIR,
hours; observed 1991)
24 and 72 hours
after treatment
rabbits (white New 6M pyrogallol, powder 100 mg (0.793 mmol) instilled single exposure; Ocular irritation was induced. Clairol (1979;
Zealand, age n.p.) form, purity n.p. in the conjunctival sac of the observation cited by CIR,
eye period n.p. 1991)
pyrogallol, 1.0% 0.1 mL instilled in the eye No ocular irritation was observed.
solution in propylene
glycol calculated pyrogallol dose: 1
mg (8 pmol))
rabbits (strain n.p., n.p. pyrogallol, purity n.p. 3 or 12 mg/kg (0.02 or 0.10 single exposure; Using the rabbit tooth pulp assay, all doses significantly increased the | Gardella et al.

adult)

mmol/kg) i.v.

observed for 45
min.

nociceptive threshold (i.e., acted as an analgesic).

(1970)

Abbreviations: CNS = central nervous system; COMT = catechol-O-methyl transferase; F = female; HD = high dose; 5-HT = 5-hydroxytryptamines; i.p. = intraperitoneal; i.v. = intravenous;
LD = low dose; M = male; MD = mid-dose; n.p. = not provided; s.c. = subcutaneous; Suncus murinus = house musk shrew
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Table 2. Acute Exposure to Pyrogallol (continued)
Species, Strain, Number and Chemical Form and Dose Exposure/ Results/Comments Reference
and Age Sex of Purity Observation
Animals Period

0.1 or 0.2 mg/kg (0.0008 or
0.002 mmol/kg) by
intraventricular injection

Abbreviations: CNS = central nervous system; COMT = catechol-O-methyl transferase; F = female; HD = high dose; 5-HT = 5-hydroxytryptamines; i.p. = intraperitoneal; i.v. = intravenous;

LD = low dose; M = male; MD = mid-dose; n.p. = not provided; s.c. = subcutaneous; Suncus murinus = house musk shrew
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A 400 mg/kg dose of pyrogallol administered i.p. did not affect the body and lung weights
of mice (Malkinson, 1979).

9.1.3.2 Rats

Effects of pyrogallol on COMT inhibition were investigated in rats. A single p.o.
pyrogallol dose of 100 mg/kg (0.793 mmol/kg) did not elicit symptoms of motor disturbances
(Bakke, 1970). However, when pyrogallol (300 or 500 mg/kg; 2.38 or 3.96 mmol/kg) was given
s.c. to rats 15 minutes before an i.v. injection of bacterial endotoxin, pyrogallol enhanced the
action of the endotoxin on the coagulation system, thus inducing the generalized Shwartzman
reaction (Latour and Léger-Gauthier, 1978). As a COMT inhibitor, pyrogallol interfered with the
degradation of circulating catecholamines.

A 250 mg/kg (2 mmol/kg) 1.p. injection of pyrogallol at 1, 3.5, or 6 hours before
administering ethanol to rats dramatically increased the blood levels of acetaldehyde compared
with alcohol administration alone (Collins et al., 1974). Because other COMT inhibitors did not
induce the same response, the authors stated that a mechanism involving inhibition of COMT
and subsequent competitive inhibition of aldehyde dehyrogenase was precluded. Stimulation of
ethanol oxidation is presumably involved in the mechanism, since pyrogallol is suspected to be a

potent H,O,-generating agent in aqueous solution.

9.1.3.3 Shrews

In Suncus murinus, i.p. pyrogallol (32, 64, or 128 mg/kg; 0.25, 0.51, or 1.01 mmol/kg)
treatment induced vomiting in a dose-dependent manner (Torii et al., 1994). The authors stated
that the generation of free radicals by pyrogallol causes the release of peripheral 5-

hydroxytryptamines, which stimulated vagal afferent sensory nerves to cause emesis.
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9.1.3.4 Guinea Pigs
Pyrogallol (23.1 or 24.7 mg/site; 0.18 or 0.20 mmol/site) was classified as slightly
irritating to the skin based on a study using occlusive dermal patches applied to the backs of

guinea pigs for 24 hours (Sharp and Saunders, 1984b; cited by CIR, 1991).

9.1.3.5 Rabbits

In a study designed to determine the oral LDs, dose for pyrogallol, rabbits were
administered pyrogallol by gavage at 750 to 2000 mg/kg (5.9-15.9 mmol/kg) (Dollahite et al.,
1962). Symptoms observed in some animals (number and dose level not provided) included
congestion of the lungs, liver, kidneys, and spleen. The latter two organs were also enlarged.
Gastritis with hemorrhages and/or ulcers were induced in some animals.

When pyrogallol was administered at 500 mg (3.96 mmol) by occlusive patch to either the
abraded or intact skin of rabbits, a primary irritation index of 0.5 was reported (Clairol, 1979a;
cited by CIR, 1991). The irritation index scoring range was not provided.

Pyrogallol, at 100 mg (0.793 mmol), induced ocular irritation in rabbits, but 1 mg (8 pmol)
pyrogallol had no effect (Clairol, 1979a; cited by CIR, 1991).

Pyrogallol, administered by i.v. (3 or 12 mg/kg; 0.02 or 0.10 mmol/kg) or intraventricular
injection (0.1 or 0.2 mg/kg; 0.0008 or 0.002 mmol/kg) significantly increased the nociceptive
threshold when tested using the rabbit tooth pulp assay (Gardella et al., 1970). This analgesic
response may be related to inhibition of COMT by pyrogallol, which allows for an increase in

brain catecholamine concentrations.

9.1.4 Short-Term and Subchronic Exposure

The details of these studies are presented in Table 3.

9.1.4.1 Rats
In one study, 2% pyrogallol was administered to rats in the diet with 1% sodium

ascorbate and/or sodium nitrite for 4 weeks (Yoshida et al., 1994). Pyrogallol with sodium nitrite
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or with both sodium ascorbate in the diet and sodium nitrite in the drinking water statistically
increased cell proliferation in the forestomach mucosa, but treatment with pyrogallol alone or in
combination with sodium ascorbate had no effect (nitrosating agent was absent). The authors
stated that the degree of such hyperplasia is well correlated with tumor promotion or
tumorigenicity (correlation factor not provided) and that chronic treatment with pyrogallol plus

sodium nitrite may induce forestomach tumors.

9.1.4.2 Hamsters
Feeding pyrogallol as 1% of the diet for 20 weeks induced mild hyperplasia of the

forestomach in hamsters (Hirose et al., 1986).

9.1.4.3 Guinea Pigs

Mixed results were obtained from two studies investigating the skin sensitization
potential of pyrogallol. In one study, treatment included injection of 0.05 mL of a 1% (80 mM)
pyrogallol solution intradermally followed in one week by an application of a 25% (2 M)
pyrogallol solution using a 48-hour occlusive patch (Clairol, 1979b; cited by CIR, 1991). No
treatment was given for two weeks, and then a second application of a 25% pyrogallol was

applied topically by occlusive patch. This treatment resulted in no skin sensitization.
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Table 3. Short-Term and Subchronic Exposure to Pyrogallol
Species, Strain, Number and Sex Chemical Dose Exposure/ Results/fComments Reference
and Age of Animals Form and Observation
Purity Period
9.1.4.1 Rats
rats (F344, 6-wk- 5 M per dose pyrogallol, 2% in the diet 4-week Pyrogallol treatment did not induce cell proliferation in forestomach Yoshida et al.
old) purity n.p. exposure; mucosa. (1994)
sacrificed at the
end of exposure
2% pyrogallol in the diet plus Pyrogallol administration with NaNO, with or without sodium ascorbate
1% sodium ascorbate in the diet significantly increased the thickness of the forestomach mucosa (i.e.,
and/or 0.3% NaNO, in the induced cell proliferation). Treatment with pyrogallol plus sodium
drinking water ascorbate without NaNO, or NaNO, alone had no effect.
The authors stated that induced hyperplasia is well correlated with tumor
promotion or tumorigenicity (correlation factor n.p.) and that combined
treatment with pyrogallol and NaNO, may result in forestomach tumors
in the long term.
9.1.4.2 Hamsters
hamsters (Syrian 15M pyrogallol, 1% in the diet 20-week Treatment induced mild hyperplasia of the forestomach in all dosed Hirose et al. (1986)
golden, 7-wk-old) >98% pure . . exposure; hamsters, but the labeling index in the forestomach, glandular stomach,
3 ammal}s were also given sacrificed at the and urinary bladder epithelium was not statistically increased in the
[methyl-"H]thymidine i.p. one end of exposure | hamsters given [methyl->H]thymidine i.p.
hour before sacrifice iod
perio
9.1.4.3 Guinea Pigs
guinea pigs 10F pyrogallol, 0.05 mL of a 1% (80 mM) see dose for No skin sensitization was observed. Clairol (1979b;
(Hartley albino, purity n.p. solution injected intradermally; exposure period; cited by CIR, 1991)

age n.p.)

1 week later a 25% (2 M)
solution was applied topically
under occlusion for 48 hours;
after 2 weeks of nontreatment,
a 2™ dose of 25% solution was

applied topically

observation
period n.p.

Abbreviations: F = female; M = male; NaNO; = sodium nitrite; n.p. = not provided; s.c. = subcutaneous
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Table 3. Short-Term and Subchronic Exposure to Pyrogallol

4/98

h. - .
week, a 4" injection near the
neck was administered.

The challenge treatment 4 wk
after initial injection was either
as™s.c. injection (21 animals)
or a sealed cloth application (8
animals)

Of those animals receiving the challenge treatment as sealed cloth
applications, 3 and 6 animals had sensitization reactions to 0.01 M and
0.05 M pyrogallol, respectively. Please note: The discrepancy between
the number of animals reported to have sensitization reactions and the
number of animals treated was present in the source paper.

Species, Strain, Number and Sex Chemical Dose Exposure/ Results/fComments Reference
and Age of Animals Form and Observation
Purity Period
guinea pigs 29F pyrogallol 0.1 mL of 100 or 500 mM see dose for Of those animals receiving the s.c. challenge treatment, 7 and 14 Masamoto and
(Hartley, age n.p.) (unrefined, solution (0.01 or 0.05 mmol exposure period; | animals had sensitization reactions to 0.01 M and 0.05 M pyrogallol, Takase (1983;
purity n.p.) pyrogallol) s.c. on 3 consecutive | observation respectively. cited by CIR, 1991)
days into the feet; in the same period n.p.

Table 3. Short-Term and Subchronic Exposure to Pyrogallol (continued)

Abbreviations: F = female; M = male; NaNO; = sodium nitrite; n.p. = not provided; s.c. = subcutaneous

congestion of the lung; congestion of the liver, with prominent lobules
(alternate light and congested areas were observed); congestion and
swelling of the kidneys; congestion and enlargement of the spleen; and
gastritis, usually with hemorrhages and/or ulcers. A smooth white
exudate was induced on the gastric mucosa and there was a varying
degree of enteritis in the duodenum and cecum. The doses which
caused these effects and the number of animals affected were n.p.

Species, Strain, Number and Sex Chemical Dose Exposure/ Results/Comments Reference
and Age of Animals Form and Observation
Purity Period
9.1.4.4 Rabbits
rabbits (strain and 6 (sex n.p.) pyrogallol, 500-1000 mg/kg (4.0-7.93 10-day exposure; | A repeated-dose LDs, of 700 mg/kg/day was determined. Dollahite et al.
age n.p.) reagent mmol/kg) per day by gavage observation . . . (1962)
grade period n.p. The following symptoms were observed in some treated rabbits:
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Table 3. Short-Term and Subchronic Exposure to Pyrogallol (continued)
Species, Strain, Number and Sex Chemical Dose Exposure/ Results/fComments Reference
and Age of Animals Form and Observation
Purity Period
rabbits (New 6F,6 M hair dye 1 mL/kg of an equal (v/v) 13-week No evidence of compound-induced toxicity was observed. The skin Burnett et al.
Zealand, adult) formulation mixture of the hair dye with exposure; was thickened at the application sites, but this was expected by the (1976)
containing 6.0% hydrogen peroxide sacrificed at the authors due to the frequency of dye application. There were
0.4% applied to the dorsolateral end of exposure statistically significant differences in clinical chemistry and
pyrogallol aspects of the shaven thoracic- period hematological values, although these were not considered to be
lumbar area twice/week (areas toxicologically significant.
were shampooed, rinsed, and
dried 1 hour after application) No gross abnormalities or microscopic lesions were induced.
Calculated pyrogallol dose = 2 Application sites were abraded once/week on half of the rabbits.
mg/kg; 16 pmol/kg) twice/week
9.1.4.5 Cattle
cattle (breed and 3 (sex n.p.) pyrogallol, 400 mg/kg (3 mmol/kg) by see Results/ 1 animal experienced poisoning symptoms (n.p.) on day 2, which rapidly | Zhicheng (1992)
age n.p.) purity n.p. gavage once per day Comments for worsened, leading to death on day 4. The second animal developed

exposure;
observation
period n.p.

poisoning symptoms like those of oak leaf poisoning on day 2. A third
animal experienced poisoning symptoms on day 6.

Abbreviations: F = female; M = male; NaNO; = sodium nitrite; n.p. = not provided; s.c. = subcutaneous
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In the second study, guinea pigs were administered 0.1 mL of either a 100 or 500 mM solution
(0.04 or 0.05 mmol pyrogallol) s.c. on three consecutive days into the feet, followed in the same
week by another injection of the same dose near the neck (Masamoto and Takase, 1983; cited by
CIR, 1991). As a challenge treatment four weeks later, either a fifth s.c. injection or a sealed-
cloth application was administered. Both challenge treatments resulted in sensitization, which

was dependent on the molar concentration of pyrogallol.

9.1.4.4 Rabbits

In a study designed to determine the repeated-dose oral LDs, for pyrogallol, rabbits were
administered pyrogallol by gavage at 500 to 1000 mg/kg/day (4.0-7.93 mmol/kg/day) for ten days
(Dollahite et al., 1962). The repeated-dose oral LDsy, was 700 mg/kg/day (5.5 mmol/kg/day).
Symptoms were similar to those found from acute dosing; in some animals, the lungs and liver
were congested and the kidneys and spleen were congested and enlarged. Additionally,
pyrogallol induced a smooth white exudate on the gastric mucosa and there were varying degrees
of enteritis in the duodenum and cecum of some animals. The doses eliciting these responses
were not provided.

In a 13-week study testing the toxicity of a hair dye formulation containing 0.4%
pyrogallol, application of the formulation to the shaven and abraded skin of rabbits twice per
week did not induce toxic symptoms or gross or microscopic anomalies (Burnett et al., 1976).

The calculated pyrogallol dose was 2 mg/kg (16 pmol/kg) for each application.

9.1.4.5 Cattle
A 400 mg/kg/day (3.2 mmol/kg/day) oral dose of pyrogallol for up to 6 days induced
symptoms of poisoning in 3 cattle; one of these animals subsequently died, and another exhibited

symptoms similar to those of oak leaf poisoning (Zhicheng, 1992).

9.1.5 Chronic Exposure

The details of these studies are presented in Table 4.

23
I LS Integrated Laboratory Systems



TOXICOLOGICAL SUMMARY FOR PYROGALLOL [87-66-1] 4/98

9.1.5.1 Mice

Lifetime exposure to a 0.001, 0.005, or 0.01 mg (7.9, 40, or 79 nmol) pyrogallol in acetone
applied to the skin of mice twice per week did not induce significant changes in the skin or
shorten lifespan (Stenback and Shubik, 1974). Similarly, application of an oxidative hair dye
containing 0.49% pyrogallol to the shaven skin of mice once per week for 9 or 20 months did not

affect average body weight gain or survival; chronic inflammation of the skin was observed in

both
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Table 4. Chronic Exposure to Pyrogallol

4/98

Species, Strain, Number and Sex Chemical Dose Exposure/ Results/Comments Reference
and Age of Animals Form and Observation
Purity Period
9.1.5.1 Mice
mice (Swiss, 7-wk- 50 F per dose pyrogallol, 0.02 mL of 5, 25, or 50% lifetime exposure No significant changes in the skin were observed at any dose level. Stenbéack and
old) purity n.p. pyrogallol (0.001, 0.005, or 0.01 (i.e.,up to 27.5 Hyperplasia, ulceration, or inflammation did not occur. Shubik (1974)
mg; 7.9, 40, or 79 nmol) in months) . .
acetone applied to the shaved 137/150 mice died by week 100 and all were dead by week 110.
dorsal skin between the flanks,
twice per week
mice (random-bred | 60 F, 60 M per dose | oxidative hair | 0.05 mL of an equal mixture of 20-month Average body weight gain and survival were not adversely affected Jacobs et al.
Swiss Webster, 8- dye the hair dye and 6% H,O, once exposure for 50 F by treatment. Hematological and urinary values did not indicate (1984)
wk-old) formulation per week to the shaven and 50 M; 9- toxicity. Chronic inflammation of the skin was observed in both
containing interscapular region month exposure treatment and control groups, but the authors stated that this finding
0.49% ) for 10 F and 10 was of little significance since the frequency and method of
pyrogallol cal(.:ulated pyrogallol dose: 0.12 M; sacrificed at application results in substantial exaggerations of human exposure.
mg; 0.97 pmol) end of exposure
period
9.1.5.2 Rabbits
rabbits (New 5 per dose (sex pyrogallol, 0.02 mL of 5, 25, or 50% lifetime exposure All animals died before the 180™ week of treatment. Treatment did not | Stenbéck (1977)
Zealand, 8-wk-old) | n.p.) purity n.p. pyrogallol (0.001, 0.005, or 0.01 (i.e., up to 45 decrease survival rates or induce toxic responses at the application
mg; 7.9, 40, or 79 nmol) in months) sites.
acetone or methanol applied to
the interior left ear, twice per
week
Abbreviations: F = female; M = male; n.p. = not provided
25
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treatment and control groups, and was not considered to be significant (Jacobs et al., 1984). The

calculated pyrogallol dose was 0.12 mg twice/week (0.97 umol twice/week).

9.1.5.2 Rabbits

As was observed with mice, lifetime dermal exposure to rabbits did not decrease survival
rates or induce toxic responses at the application sites (Stenbéck, 1977). Pyrogallol was applied
topically to the left ear twice per week for the life of the animals (i.e., ~ 180 weeks) at doses of

0.001, 0.005, or 0.01 mg (7.9, 40, or 79 nmol).

9.2 Reproductive and Teratogenic Effects

The details of these studies are presented in Table 5.

Pyrogallol induced few adverse reproductive effects in rats. A 300 mg/kg/day (2.38
mmol/kg/day) oral dose of pyrogallol to pregnant rats on days 6 to 15 of gestation induced a
decrease in fetal body weights and an increase in the number of resorptions, whereas doses of 100
or 200 mg/kg/day (0.793 or 1.59 mmol/kg/day) induced no such effects (Picciano et al., 1982;
1983). Gross, visceral, or skeletal anomalies were not induced at any dose. In two dermal
studies in which hair dye formulations containing 0.4% pyrogallol were applied to the skin of
pregnant rats, no adverse effects were noted in maternal or fetal rats. In one study, the calculated
pyrogallol dose was 8 mg/kg/day (63 umol/kg/day) applied to the shaven skin of pregnant rats on
days 1, 4, 7, 10, 13, 16, and 19 of gestation (Burnett et al., 1976). In the other study, by the
International Research and Development Corporation (1977; cited by CIR, 1991), 1 mg (7.9
umol) of pyrogallol was applied to rats twice per week throughout mating, gestation, and from

lactation to weaning for 3 generations.

9.3  Carcinogenicity

The details of these studies are presented in Table 6.
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9.3.1 Mice

Pyrogallol, when applied to the shaven skin of mice, was not carcinogenic in three dermal
studies. In the first study, 0.02 mL of 5%, 25%, or 50% pyrogallol (0.001, 0.005, or 0.01 mg;
7.9, 40, or 79 nmol) was applied in acetone twice per week for the life of the animals (i.e., up to
110 weeks) (Stenbdck and Shubik, 1974), while in the second study, 5 mg (0.05 mmol) pyrogallol
was applied three times per week for 440 days (Van Duuren and Goldshmidt, 1976). In the third
study, 0.05 mL of an equal mixture of an oxidative hair dye formulation containing 0.49%
pyrogallol and 6% H,0, was applied once per week for 9 or 20 months; the calculated pyrogallol
dose in the hair dye and H,O, mixture was 0.12 mg/week (0.97 pmol/week) (Jacobs et al., 1984).
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Table 5. Reproductive and Teratogenic Effects of Pyrogallol
Species, Strain, Number and Sex Chemical Dose Exposure/ Results/fComments Reference
and Age of Animals Form and Observation
Purity Period
rats (Sprague- 5 (lowest dose) or 6 | pyrogallol, 100, 200, or 300 mg/kg/day exposed on Maternal lethality was not observed. Maternal rats receiving the high Picciano et al.
Dawley, mature) (2 higher doses) F purity n.p. (0.793, 1.59, or 2.38 mmol/kg) days 6-15 of dose had significantly decreased mean body weight gain. (1982; 1983)
per group by gavage gestation; . . . .
sacrificed on The high dose induced a decrease in fetal body weights and an
day 20 of increased number of resorptions. No significant differences in gross,
gestation visceral, or skeletal anomalies were observed at any dose.
rats (Charles River 20F hair dye 2 mL/kg/day hair dye with an exposed on Maternal toxicity was not observed. Burnett et al.
CD, mature) formulation equal volume of H,O, applied to | days 1,4, 7, 10, L . . . . (1976)
containing shaved skin on the 13, 16, and 19 No significant differences in the number of corpora lutea, implantation
0.4% dorsoscapular area of gestation; sites, live fetuses, resorptions, or fetal soft tissue or skeletal anomalies
pyrogallol . sacrificed on were induced.
calculated pyrogallol dose: 8 day 20 of
mg/kg/day; 63 pmol/kg/day) gestation
rats (Charles River 40F,40 M hair dye 0.5 mL of an equal mixture (v/v) | exposed There were no treatment-related changes in general behavior and International
CD, mature) formulation with 6% hydrogen peroxide throughout appearance, body weight, or survival in parents or offspring. Research and
containing applied to the skin twice/week mating, . . . . . Development
0.4% gestation, and Mild skin reactions were noted intermittently throughout the study. Corporation (1977;
lculated llol dose: 1 - ; ’
pyrogallol fr?g?l;ginf(z/lr)ot%jicz /wgzli from lac_tatlon No effects on fertility, gestation, or viability were observed; gross or cited by CIR,
’ to weaning for | icroscopic lesions were not induced. 1991)
3 generations
Table 6. Carcinogenicity of Pyrogallol
Species, Strain, Number and Sex Chemical Dose Exposure/ Results/Comments Reference
and Age of Animals Form and Observation
Purity Period
9.3.1 Mice
mice (Swiss, 7-wk- | 50 F per dose pyrogallol, 0.02 mL of 5, 25, or 50% lifetime The number of neoplasms induced (i.e., lymphomas, pulmonary Stenback and
old) purity n.p. pyrogallol (0.001, 0.005, or 0.01 exposure (i.e., adenomas, and hepatic hemangiomas) was not statistically different Shubik (1974)
mg; 7.9, 40, or 79 nmol) in up to 27.5 from that of the control group.
acetone applied to the shaved months)

dorsal skin between the flanks,
twice per week

137/150 mice died by week 100 and all were dead by week 110.

Abbreviations: BBN = N-butyl-N-(4-hydroxybutyl)nitrosamine; DMSO = dimethyl sulfoxide; F = female; i.p. = intraperitoneal injection; M = male; n.p. = not provided; s.c. = subcutaneous
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Table 6. Carcinogenicity of Pyrogallol (continued)

4/98

Species, Strain, Number and Sex Chemical Dose Exposure/ Results/Comments Reference
and Age of Animals Form and Observation
Purity Period
mice (ICR/Ha 50 F pyrogallol, 5 mg (0.04 mmol) pyrogallol in 440-day Treatment did not induce neoplasms. Van Duuren and
Swiss, 6 to 8-wk- purity n.p. acetone applied to the clipped exposure; Goldschmidt
old) dorsal skin 3 times per week sacrificed 2 (1976)
months after
clinical
classification of
tumors or when
the animals
became
moribund
mice (random-bred | 60 F, 60 M oxidative hair 0.05 mL of an equal mixture of 20-month The incidences of tumors (i.e., lung adenomas, liver hemanigomas, and Jacobs et al.
Swiss Webster, 8- dye the hair dye and 6% H,0O, once exposure for 50 | malignant lymphomas) were not statistically different from those of the (1984)
wk-old) formulation per week to the shaven F and 50 M; 9- controls.
containing interscapular region month exposure
0.49% for 10 F and 10
pyrogallol calculated pyrogallol dose: 0.12 M: sacrificed at
mg; 0.97 umol) end of
exposure
period
9.3.2 Rats
rats (F344, 6-wk- I5M pyrogallol, 0.5% in the diet 22-week On day 22, the left ureter of all animals was ligated. Miyata et al.
old) purity n.p. exposure; . o . o . (1985)
sacrificed at Treatment did not significantly increase the incidences of papillar or
the end of nodular hyperplasia or papillomas of the urinary bladder.
exposure
rats (Fischer, 2- 10F,9M pyrogallol 100 mg/kg/day (0.79 58-week 3/9 M and 1/10 F rats had histiocytomas at the injection sites, while none Wang and
wk-old) purity n.p. mmol/kg/day) s.c. in a 50% exposure; of the control rats developed tumors. Klemencic (1979)
DMSO solution for 8 weeks observation
followed by 14 mg/rat/day (0.11 period n.p.
mmol/rat) for 50 weeks
9.3.3 Rabbits

Abbreviations: BBN = N-butyl-N-(4-hydroxybutyl)nitrosamine; DMSO = dimethyl sulfoxide; F = female; i.p. = intraperitoneal injection; M = male; n.p. = not provided; s.c. = subcutaneous
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Table 6. Carcinogenicity of Pyrogallol (continued)

4/98

the interior left ear, twice per
week

Species, Strain, Number and Sex Chemical Dose Exposure/ Results/fComments Reference
and Age of Animals Form and Observation
Purity Period
rabbits (New 5 per dose (sex pyrogallol, 2 mL of 5, 25, or 50% pyrogallol | lifetime The only evidence of tumor formation was a uterine tumor in 1 rabbit Stenbick (1977)
Zealand, 8-wk-old) | n.p.) purity n.p. solutions (0.001, 0.005, or 0.01 exposure (i.e., treated with 50% pyrogallol.
mg; 7.9, 40, or 79 nmol) in up to 45
acetone or methanol applied to months)

Abbreviations: BBN = N-butyl-N-(4-hydroxybutyl)nitrosamine; DMSO = dimethyl sulfoxide; F = female; i.p. = intraperitoneal injection; M = male; n.p. = not provided; s.c. = subcutaneous
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9.3.2 Rats

Feeding pyrogallol at 0.5% in the diet for 22 weeks did not induce hyperplasia or
papillomas of the urinary bladder in rats (Miyata et al., 1985). However, injecting rats s.c. with
100 mg pyrogallol/kg/day (0.79 mmol/kg/day) for 8 weeks followed by 14 mg/rat/day (0.11
mmol/rat) for 50 weeks induced histiocytomas at the injection sites of 3/9 males and 1/10

females; none of the control rats developed tumors (Wang and Klemencic, 1979).

9.3.3 Rabbits

Lifetime exposure to 0.02 mL of a 50% pyrogallol solution (0.01 mg pyrogallol; 79 nmol)
applied to the interior left ear twice per week induced a uterine tumor in 1 of 5 rabbits; 5% or
25% pyrogallol solutions (0.001 or 0.005 mg pyrogallol; 7.9 or 40 nmol) applied similarly

induced no carcinogenic effects (Stenbéck, 1977).

94 Initiation/Promotion and Cocarcinogenicity

The details of these studies are presented in Table 7.

Pyrogallol acted as a potent cocarcinogen in one study, but was not a promoter in an
initiation/promotion study. When 5 mg (0.04 mmol) pyrogallol and 0.005 mg BaP were
simultaneously applied to the clipped dorsal skin of mice 3 times per week for 440 days, a
significant number of squamous cell carcinomas (33/50) was observed; the authors characterized
pyrogallol as a potent cocarcinogen (Van Duuren and Goldschmidt, 1976). In an
initiation/promotion study, pyrogallol did not significantly promote hyperplasia or papillomas of
the urinary bladder in rats given 0.05% BBN in the diet for two weeks followed by 0.5%
pyrogallol in the diet for 22 weeks (Miyata et al., 1985).

31
I LS Integrated Laboratory Systems



TOXICOLOGICAL SUMMARY FOR PYROGALLOL [87-66-1] 4/98

9.5  Anticarcinogenicity

The details of this study are presented in Table 8.

BPL-induced neoplasia of the forestomach was not inhibited when pyrogallol (dose not
provided) was administered by gavage to mice 4 hours prior to administration of 2 mg BPL by

gavage twice per week for 12 weeks (Wattenberg et al., 1983).

9.6  Genotoxicity

The details of the these studies are presented in Table 9.
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Table 7. Initiation/Promotion and Cocarcinogenicity Studies of Pyrogallol

4/98

Species, Strain, Number and Sex Chemical Dose Exposure/ Results/fComments Reference
and Age of Animals Form and Observation
Purity Period
mice (ICR/Ha S0F pyrogallol and 5 mg (0.04 mmol) pyrogallol and | 440 day 12/50 of the control mice treated with only BaP developed squamous Van Duuren and
Swiss, 6-8 wk-old) BaP, pure 0.005 mg BaP (both in acetone) exposure; carcinomas, whereas 33/50 of the mice treated with BaP and pyrogallol Goldschmidt
applied simultaneously to the sacrificed 2 developed tumors. (1976)
clipped dorsal skin 3 times per months after ) )
week clinical The authors concluded that pyrogallol was a potent cocarcinogen since
classification of | it nearly tripled the incidence of tumors induced by BaP alone.
tumors or when
the animals
became
moribund
rats (F344, 6-wk- 14M pyrogallol and 0.05 % BBN (an initiator) in the see dose for On day 22, the left ureter of all animals was ligated. Miyata et al.
old) BBN, purities diet for 2 weeks followed by exposure . o . o . (1985)
np. 0.5% pyrogallol in the diet for period; Treatment did not significantly increase the incidences of papillar or
22 weeks sacriﬁ,ced at nodular hyperplasia or papillomas of the urinary bladder.
the end of
exposure
Table 8. Anticarcinogenicity of Pyrogallol
Species, Strain, Number and Sex Chemical Dose Exposure/ Results/Comments Reference
and Age of Animals Form and Observation
Purity Period
mice (ICR/Ha, 9- 20F pyrogallol, pyrogallol (dose n.p.) followed 12 week Pyrogallol did not significantly inhibit BPL-induced neoplasia of the Wattenberg et al.
wk-old) >97% pure, in 4 hours by 2 mg BPL, exposure; forestomach. Neither the number of mice bearing forestomach tumors (1983)
and BPL, administered by gavage twice sacrificed at nor the number of tumors per mouse was reduced.
purity n.p. per week the end of
exposure
period

Abbreviations: BaP = benzo[a]pyrene; BBN = N-butyl-N-(4-hydroxybutyl)nitrosamine; BPL = 3-propiolactone; F = female; M = male; n.p. = not provided
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Table 9. Genotoxicity of Pyrogallol

4/98

Test System or Biological Endpoint S9 Metabolic Chemical Dose Endpoint Response Comments Reference
Species, Strain, and Activation Form, Purity
Age
9.6.1 Acellular Systems
DNA extracted from | DNA double strand n.p. pyrogallol, 250 uM positive Reaction mixtures (i.e., DNA Yamada et al.
| phage breaks purity n.p. CuSO0;, pyrogallol, and sodium (1985)
phosphate buffer [pH 6.7])
were incubated at 37°C for 6
hours.
pBR322 plasmid DNA double strand n.p. pyrogallol, 1 mM positive in the presence and The reaction mixture was Lee et al.
DNA breaks in the purity n.p. absence of Fe** incubated at 37°C for 30 min. (1995)
presence and
absence of Fe*
calf thymus DNA DNA damage in the n.p. pyrogallol, 0.18 mM negative in the absence of Cu>* | DNA was incubated at 37°C for | Hayakawa et
presence and purity n.p. L 2 1 hour with pyrogallol and al. (1997)
absence of Cu®* positive in the presence of Cu CuSO0; in sodium phosphate
buffer under aerobic conditions
9.6.2 Prokaryotic Systems
S. typhimurium his gene mutations +/- pyrogallol, 5-200 mg/plate positive ( TA100 and TA1537) The plate test was used. Ben- Ben-Gurion
strains TA98, TA100, purity n.p. (0.04-1.6 . Gurion et al. (1979; 1981) stated | (1979; 1981)
and TA1537 mmol/plate) negative (TA98) that reduced mutagenicity in the
presence of S9 was probably a
result of an interaction with the
mixture which reduced its
activity toward the bacteria.
S. typhimurium his gene mutations +/- pyrogallol, 3.0 mmol/plate positive (TA98 and TA100) Spot test was used. A repeat test | Florin et al.
strains TA98, TA100, purity n.p. was conducted with TA98 and (1980)

TA1535, and
TA1537

negative (TA1535 and TA1537)

TA100 at 0.03-3.0 mmol/plate in
the presence and absence of
metabolic activation. In the test,
a weakly positive response
(TA98) and a negative response
(TA100) were obtained.

Florin et al. (1980) concluded
that the mutagenicity to strains
TA98 and TA100 was
questionable.

Abbreviations: F = female; i.p. = intraperitoneal; NA = not applicable; n.p. = not provided; p.o. = by mouth; SCE = sister chromatid exchange
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Table 9. Genotoxicity of Pyrogallol
Test System or Biological Endpoint S9 Metabolic Chemical Dose Endpoint Response Comments Reference
Species, Strain, and Activation Form, Purity
Age
Table 9. Genotoxicity of Pyrogallol (continued)
Test System or Biological Endpoint S9 Metabolic Chemical Dose Endpoint Response Comments Reference
Species, Strain, and Activation Form, Purity
Age
S. typhimurium his gene mutations +/- pyrogallol, up to 3600 positive (TA98 and TA100 with | The plate incorporation assay Gocke et al.
strains TA98, TA100, purity n.p. me/plate (28.5 and without S9; TA1537 without | was used. (1981)
TA1535, TA1537, mmol/plate) S9)
and TA1538 .
negative (TA1535 and TA1538
with and without S9; TA1537
with S9)
S. typhimurium strain | his gene mutations +/- pyrogallol, 100 nme/plate positive The plate incorporation assay Yamaguchi
TA100 purity n.p. (0.79 was used. In the absence of S9, | (1981)
mmol/plate) pyrogallol was moderately
mutagenic. In the presence of
S9, it was strongly mutagenic.
S. typhimurium his gene mutations +/- pyrogallol, 20-1000 positive (TA98 without S9) The plate incorporation assay Picciano et al.
strains TA98 and TA purity n.p. me/plate (0.16- . . was used. Pyrogallol was (1983)
1538 7.9 mmol/plate) | negative (TA1538 with and weakly mutagenic to TA98
without S9; TA98 with S9) without S9, but there was not a
dose-response.
S. typhimurium his gene mutations +/- pyrogallol, 50-5000 positive (TA100 and TA1537) The plate incorporation assay Richold et al.
strains TA98, TA100, >98% pure me/plate (0.40- . was used. (1984; cited
TA1535, TA1537, (wiw) 39.6 negative (TA98, TA1535, and by CIR, 1991)
and TA1538 mmol/plate) TAL538)
pyrogallol, 90- 15-5000 positive (TA100 and TA1537)

96% pure
(w/w)

me/plate (0.12-
39.6
mmol/plate)

negative (TA98, TA1535, and
TA1538)

Abbreviations: F = female; i.p. = intraperitoneal; NA = not applicable; n.p. = not provided; p.o.

= by mouth; SCE = sister chromatid exchange
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Table 9. Genotoxicity of Pyrogallol (continued)
Test System or Biological Endpoint S9 Metabolic Chemical Dose Endpoint Response Comments Reference
Species, Strain, and Activation Form, Purity
Age
S. typhimurium his gene mutations - pyrogallol, 6.25-200 positive (TA97, TA100, TA102, | The plate incorporation assay Glatt et al.
strains TA97, TA9S, purity n.p. ng/plate TA104) was used. The positive results (1989)
TA100, TA102, (0.0500-1.59 . were obtained at the highest
TA104, and TA1535 pmol/plate) negative (TA98, TA1535) dose only.
None of the doses tested were
toxic to cells.
+ 1.25-500 positive (TA97, TA100, TA104) | The positive results were
ng/plate . obtained at the highest dose
(000991-396 negatlve (TA98, TA]OZ, Ol’lly.
umol/plate) TAI535) .
400 pg/plate was toxic to cells.
S. typhimurium strain | induction of colicin - pyrogallol, 5-600 pg/plate positive The colicin-induction plate test Ben-Gurion
REN E2 purity n.p. (0.040-4.8 was used. Strain REN is a (1979)
umol/plate) colicinogenic derivative of
strain TA1537.
S. typhimurium strain | induction of umu +/- pyrogallol, 100-3200 positive The umu gene expression Sakagami et
TA1535/pSK1002 gene expression purity n.p. png/mL (793- induced by pyrogallol at al. (1988)
25,375 uM) concentrations 3 2000 pg/mL
(15,859 uM) was 6-fold the
background level.
9.6.3 In Vitro Lower Eukaryotic Systems
Saccharomyces mitotic gene n.p. pyrogallol, 300 mg/mL positive at pH 10 Rosin (1984)
cerevisiae strain D7 conversion purity n.p. (2380 mM) .
negative at pH 7
9.6.4 In Vivo Lower Eukaryotic Systems
Drosophila sex-linked recessive NA pyrogallol, 125 mM in feed | positive in the 1st of 3 broods The dose tested was close to the | Gocke et al.
melanogaster (Berlin | lethal mutations purity n.p. tested LDs, value. (1981)

K [wild type] and

Basc, adult)

9.6.5 In Vitro Mamma

lian Systems

Abbreviations: F = female; i.p. = intraperitoneal; NA = not applicable; n.p. = not provided; p.o. = by mouth; SCE = sister chromatid exchange
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Table 9. Genotoxicity of Pyrogallol (continued)

4/98

Test System or Biological Endpoint S9 Metabolic Chemical Dose Endpoint Response Comments Reference
Species, Strain, and Activation Form, Purity
Age
Chinese hamster chromosomal +/- pyrogallol, 100 mg/mL positive Stich et al.
ovary (CHO) cells aberrations and SCEs purity n.p. (793 mM) (1981)
chromosome n.p. 10 mg/mL (79 ne%ative (no metals or with
aberrations in the mvl) Cu)
presence or absence . . -
of Cu®™ or Mn** positive (with Mn™")
CHO K1 cells chomosomal n.p. pyrogallol, 2.5,5.0,0r 10 negative 10 pg/mL was toxic to cells. Nakamura et
aberrations purity n.p. pg/mL (20, 40, al. (1997)
or 79 uM)
Chinese hamster V79 | induction of n.p. pyrogallol, up to 50 uM for | positive Higher concentrations were Glatt et al.
cells micronuclei purity n.p. 24 hours tested, but the frequency of (1989)
micronucleated cells declined at
concentrations above 50 uM;
this phenomenon was attributed
to the inhibition of cell
proliferation.
Chinese hamster V79 | induction of SCEs n.p. pyrogallol, up to 25 uM positive Pyrogallol was tested up to its Glatt et al.
cells purity n.p. toxic limit (varied with the (1989)
endpoint).
L5178Y mouse mutagenicity +/- pyrogallol, 4.0-80.0 mg/mL | positive Riach and
lymphoma cells purity n.p. (32-634 mM) McGregor
(1984; cited
by CIR, 1991)
human lymphocytes chromosomal - pyrogallol, 50, 75,0r 100 positive Information on the mitogen used | Allen et al.
aberrations purity, n.p. mg/mL (400, to stimulate the cells to (1984; cited
600, or 793 proliferate and the exposure by CIR, 1991)
mvl) protocol was n.p.
+ 100, 500 or positive
1000 mg/mL
(793, 3965, or
7930 mM)

Abbreviations: F = female; i.p. = intraperitoneal; NA = not applicable; n.p. = not provided; p.o.

= by mouth; SCE = sister chromatid exchange
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Table 9. Genotoxicity of Pyrogallol (continued)
Test System or Biological Endpoint S9 Metabolic Chemical Dose Endpoint Response Comments Reference
Species, Strain, and Activation Form, Purity
Age
9.6.6 In Vivo Mammalian Systems
mice (NMRI, age micronucleated NA pyrogallol, two i.p. doses positive Bone marrow was sampled 30 Gocke et al.
n.p.) polychromatic purity n.p. of 252 mg/kg hours after treatment. (1981)
erythrocytes (MN- (2.0 mmol/kg)
PCE) administered 24
hours apart
mice (strain n.p., 3 to chromosomal NA pyrogallol, single i.p. dose positive The positive response was Clairol (1981;
4-mo-old) aberrations purity n.p. of 10, 20, or 30 observed in bone marrow cells cited by CIR,
mM from mice treated with the 2 1991)
higher doses
mice (CBA x MN-PCE NA pyrogallol single i.p. dose negative Bone marrow was sampled 24, Paschin et al.
CS7BL/6J)F,, 60 to purity n.p. of 75 mg/kg 48, 72, and 96 hours after (1986a)
75-day-old (0.59 mmol/ kg) treatment.

Abbreviations: F = female; i.p. = intraperitoneal; NA = not applicable; n.p. = not provided; p.o. = by mouth; SCE = sister chromatid exchange
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9.6.1 Acellular Systems

Pyrogallol, at 250 uM (32 pg/mL), induced double strand breaks in purified A phage DNA
(Yamada et al., 1985). At 1 mM (126 pg/mL), pyrogallol induced double strand breaks in
pBR322 plasmid DNA, in the presence and absence of Fe?" (Lee et al., 1995).

Pyrogallol, at 0.18 mM (23 pg/mL), induced DNA breakage in calf thymus DNA in the

presence, but not in the absence, of Cu”" (Hayakawa et al., 1997).

9.6.2 Prokaryotic Systems

A number of studies were conducted that investigated the ability of pyrogallol to induce
his gene mutations in Salmonella typhimurium strains TA97, TA98, TA100, TA102, TA104,
TA1535, TA1537, and TA1538.

In S. typhimurium strain TA97, pyrogallol was mutagenic in the presence and the absence
of metabolic activation, when tested at concentrations of 3.96 umol/plate (500 pg/plate) or 1.59
umol/plate (200 pg/plate), respectively (Glatt et al., 1989).

Both positive and negative results were found when pyrogallol was tested for
mutagenicity in S. typhimurium strain TA98. At concentrations ranging from 0.03 to 28.5
umol/plate (4-3600 ug/plate), pyrogallol was found to be mutagenic in the presence of metabolic
activation (Florin et al., 1980; Gocke et al., 1981) and in the absence of metabolic activation
(Florin et al., 1980; Gocke et al., 1981; Picciano et al., 1983). In contrast, pyrogallolwas reported
not to be mutagenic in strain TA98 in the presence of metabolic activation at concentrations
ranging from 0.00991 to 39.6 umol/plate (1.25-5000 pg/plate) (Ben-Gurion; 1979; Picciano et al.,
1983; Glatt et al., 1984; Richold et al., 1984; cited by CIR, 1991) or, at concentrations ranging
from 0.04 to 39.6 umol/plate (5-5000 pg/plate), in the absence of metabolic activation (Ben-
Gurion; 1979; 1981; Richold et al., 1984; cited by CIR, 1991; Glatt et al., 1989).

The majority of tests using S. typhimurium strain TA100 showed that pyrogallol was
mutagenic at concentrations ranging from 0.4 to 39.6 umol/plate (5-5000 pg/plate), both in the
presence and the absence of metabolic activation (Ben-Gurion, 1979; 1981; Gocke et al., 1981;

Yamaguchi; 1981; Richold et al., 1984; cited by CIR, 1991; Glatt et al., 1989). In contrast, Florin
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et al (1980) reported that pyrogallol, at concentrations ranging from 0.03 to 3 umol/plate (4-378
pg/plate), was not mutagenic in TA100 in a spot test, in the presence or absence of metabolic
activation.

Pyrogallol, at 1.59 umol/plate (200 ug/plate), was mutagenic in S. typhimurium strain
TA102 in the absence of metabolic activation. In the presence of metabolic activation, no
mutagenicity was seen in TA102 after exposure to 0.00991 to 3.96 pmol/plate (1.25-500
ug/plate) (Glatt et al., 1989).

Pyrogallol, at concentrations of 3.96 or 1.59 pmol/plate (500 or 200 pg/plate), was
mutagenic in S. typhimurium strain TA104 in the presence and absence of metabolic activation,
respectively (Glatt et al., 1989).

Pyrogallol was not mutagenic when tested in S. typhimurium strain TA1535 in the
presence or absence of metabolic activation (Florin et al., 1980; Gocke et al., 1981; Richold et al.,
1984; cited by CIR, 1991; Glatt et al., 1989). Pyrogallol was tested at concentrations ranging
from 0.00991 to 39.6 umol/plate (1.25-5000 pg/plate) in the presence of metabolic activation,
and from 0.05 to 39.6 pmol/plate (6.25-5000 pg/plate) in the absence of metabolic activation.

Most tests showed that pyrogallol was mutagenic in S. typhimurium TA1537.
Pyrogallol, at concentrations ranging from 0.12 to 39.6 umol/plate (15-5000 ug/plate), was
mutagenic in the presence (Ben-Gurion, 1979; Richold et al., 1984; cited by CIR, 1991) and
absence (Ben-Gurion; 1979; 1981; Gocke et al., 1981; Richold et al., 1984; cited by CIR, 1991) of
metabolic activation. In two tests, however, pyrogallol, at concentrations ranging between 3.0
and 28.5 umol/plate (378-3600 pg/plate), was not mutagenic in the presence of metabolic
activation (Florin et al., 1980; Gocke et al. 1981), and Florin et al. (1980) reported that
pyrogallol, at 3 pmol/plate (378 pg/plate), was not mutagenic in the absence of metabolic
activation.

Pyrogallol, at concentrations ranging from 0.12 to 39.6 umol/plate (15-5000 pg/plate),
was not mutagenic in S. typhimurium strain TA1538 in the presence or absence of metabolic
activation (Gocke et al., 1981; Picciano et al., 1983; Richold et al., 1984; cited by CIR, 1991).

When pyrogallol, at concentrations of 0.040 to 4.8 umol/plate (5-600 pg/plate), was
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tested for its ability to induce colicin E2 in S. typhimurium strain REN, positive results were
obtained (Ben-Gurion, 1979). Pyrogallol, at concentrations of 15,859 to 25,375 uM (100-3200
pg/mL), induced the expression of the umu gene in S. typhimurium strain TA1535/pSK1002;

lower concentrations had no effect (Sakagami et al., 1988).

9.6.3 In Vitro Lower Eukaryotic Systems
Pyrogallol, at 2379 uM (300 pg/mL), when tested at pH 10 but not when tested at pH 7,

induced gene conversion in Saccharomyces cerevisiae strain D7 (Rosin, 1984).

9.6.4 In Vivo Lower Eukaryotic Systems
When pyrogallol was administered orally at 125 mM (16 mg/mL) to Drosophila
melanogaster strains Berlin K and Basc, sex-linked recessive lethal mutations were induced in the

first of three broods (Gocke et al., 1981).

9.6.5 In Vitro Mammalian Systems

In CHO cells, pyrogallol at 793 uM (100 pug/mL) induced chromosomal aberrations and
SCEs in the presence and absence of metabolic activation (Stich et al., 1981), but lower
concentrations, ranging from 20 to 79 uM (2.5-10 pg/mL), had no such effect (Nakamura et al.,
1997). At 79 uM (10 pg/mL), pyrogallol induced chromosome aberrations in CHO cells in the
presence of Mn?*, but not in the presence of Cu?*; information on the presence or absence of
metabolic activation was not provided (Stich et al., 1981).

In Chinese hamster V79 cells, pyrogallol, at concentrations up to 50 uM (6.3 pg/mL),
induced micronuclei, and at concentrations up to 25 uM (3.2 pg/mL), it induced SCEs (Glatt et
al., 1989).

At concentrations ranging from 32 to 634 pM (4-80 nug/mL), pyrogallol was mutagenic in
L5178Y mouse lymphoma cells in the presence and absence of metabolic activation (Riach and

McGregor, 1984; cited by CIR, 1991).
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Pyrogallol induced chromosomal aberrations in human lymphocytes in the presence and
absence of metabolic activation (Allen et al., 1984; cited by CIR, 1991). Pyrogallol was tested at
concentrations ranging from 396 to 793 uM (50-100 pg/mL) in the absence of metabolic
activation and at concentrations ranging from 793 to 7930 uM (100-1000 pg/mL) in the presence
of metabolic activation. Information on the mitogen used to stimulate the cells to proliferate and

the treatment protocol was not provided.

9.6.6 InVivo Mammalian Systems

Pyrogallol increased the frequency of MN-PCE in mouse bone marrow when
administered 1.p. at 2 mmol/kg (252 mg/kg) (Gocke et al., 1981), but not at 0.59 mmol/kg (75
mg/kg) (Paschin et al., 1986a). Pyrogallol also induced chromosomal aberrations in mouse bone
marrow cells when administered i.p. at 20 or 30 mM (2.5 or 3.8 mg/mL), but not when

administered at 10 mM (1.3 mg/mL) (Clairol, 1981; cited by CIR, 1991).

9.7  Cogenotoxicity

The details of these studies are presented in Table 10.

When pBR322 plasmid DNA was incubated with 0.1 mM pyrogallol plus a nitric oxide-
releasing compound (diethylamine compound with 1,1-diethyl-2-hydroxy-2-nitrosohydrazine,
spermine compound with 1,1-diethyl-2-hydroxy-2-nitrosohydrazine, or sodium nitroprusside),
DNA single strand breaks were induced (Yoshie and Ohshima, 1997). Treatment with pyrogallol
or a nitric oxide-releasing compound alone did not induce a significant amount of breakage. In
another test using pPBR322 plasmid DNA, the strand breakage induced by nitric oxide-releasing

compounds was prevented by excess superoxide dismutase; 1 H-imidazol-1-yloxy,2-(4-
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Table 10. Cogenotoxicity of Pyrogallol

4/98

Test System Biological Endpoint S9 Metabolic Chemical Dose Endpoint Comments Reference
Activation Form, Purity Response
pBR322 plasmid DNA single strand n.p. pyrogallol, and | 0.1 mM positive Incubated at 37°C for 1 hour. Yoshie and
DNA breaks NO-releasing pyrogallol plus . Ohshima
compounds 0.1 mM DEA- Pyrogallol and each oftht? NO—r‘eleasmg o (1997)
(DEA-NO, NO, SPER-NO, compounds tested alone did not induce a significant
SPER-NO, and | or SNP amount of breakage.
SNP), purity In another test, the strand breakage induced by
n.p- NO-releasing compounds with pyrogallol was
prevented by excess superoxide dismutase,
carboxy-PTIO (an NO-trapping agent) or
antioxidants (urate or ascorbate)
Saccharomyces enhancement of n.p. pyrogallol, up to 100 mM positive At low concentrations (n.p.), pyrogallol enhanced Fahrig (1984)
cerevisiae strain MP1 | TEM-induced ultra pure, and | pyrogallol plus the mutagenic as well as the recombinogenic
mutagenicity and TEM, purity 24.5 uM TEM effect of TEM. At higher concentrations (n.p.),
recombinogenicity n.p. for 24 hours pyrogallol was comutagenic and

antirecombinogenic.

Abbreviations: carboxy-PTIO = 1H-imidazol-1-yloxy, 2-(4-carboxyphenyl)-4,5-dihydro-4,4,5,5-tetramethyl-, 3-oxide, potassium salt; DEA-NO = diethylamine compound with 1,1-diethyl-2-
hydroxy-2-nitrosohydrazine; NO = nitric oxide; n.p. = not provided; SNP = sodium nitroprusside; SPER-NO = spermine compound with 1,1-diethyl-2-hydroxy-2-nitrosohydrazine; TEM = triethylene

melamine
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carboxyphenyl-4,5-dihydro-4,4,5,5-tetramethyl-, 3-oxide, potassium salt (a nitric oxide-trapping
agent); or antioxidants (urate or ascorbate) (Yoshi and Ohshima, 1997). When S. cerevisiae strain
MP1 was treated with pyrogallol (at concentrations up to 100 mM) and triethylene melamine
(TEM), Fahrig (1984) stated that the lower concentrations (not provided) of pyrogallol enhanced
the mutagenic as well as the recombinogenic effect of TEM; at the higher concentrations (not

provided), pyrogallol was comutagenic and antirecombinogenic.

9.8  Antigenotoxicity

The details of these studies are presented in Table 11.

9.8.1 Prokaryotic Systems

In two plate tests, pyrogallol inhibited BaP-induced mutagenicity in S. typhimurium strain
TA9S. In the first test, 100 pM (12.6 pg/mL) pyrogallol inhibited BaP-induced mutagenicity in the
presence of S9, but not in the absence of S9 (Rahimtula et al., 1977). In the other test, pyrogallol, at
82 or 410 nmol/plate (10 or 52 pg/plate), inhibited BaP-induced mutagenicity when tested in the
presence of metabolic activation; however inhibition at the high dose was simply due to toxicity
(Calle and Sullivan, 1982). Based on an experiment in which pyrogallol inhibited rat liver
microsomal mixed-function-oxidase-catalyzed hydroxylation of BaP in vitro, Rahimtula et al. (1977)

concluded that pyrogallol inhibited this hydroxylation by a direct effect on cytochrome-P450.

9.8.2 Mammalian Systems In Vitro

Pyrogallol was tested for antigenotoxicity in three experiments using in vitro mammalian
systems. In Chinese hamster V-70 [sic] somatic cells, pyrogallol, at concentrations up to 396 uM
(50 pg/mL), inhibited BaP-induced mutagenicity (Pashin et al., 1986b). In C127 mouse mammary
epithelial cells, pyrogallol (56 uM; 7.1 pg/mL) inhibited bovine papillomavirus-induced
chromosome instability (Stich et al., 1990). In CHO cells, induction of chromosomal aberrations by
mitomycin C was inhibited by pyrogallol at concentrations of 20 or 40 uM (2.5 or 5 pg/mL), but

not at lower concentrations (Nakamura et al., 1997).
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9.8.3 Mammalian Systems In Vivo

Pyrogallol, administered at 0.15 mmol/kg (18.8 mg/kg) i.p. to mice simultaneously with BaP,
inhibited induction of MN-PCE by BaP in bone marrow (Paschin et al., 1986a). When pyrogallol
(0.075 mmol/kg; 9.4 mg/kg) was administered concomitantly with dibunol (2,6-di-tert-butyl-4-
methylphenol) and BaP, an even greater reduction in the number of MN-PCE induced by BaP was

observed.

9.9 Immunotoxicity

The details of these studies are presented in Table 12.
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Table 11. Antigenotoxicity of Pyrogallol
Test System or Biological Endpoint S9 Metabolic Chemical Dose Endpoint Response Comments Reference
Species, Strain, and Activation Form, Purity
Age
9.8.1 Prokaryotic Systems
Salmonella inhibition of BaP- +/- pyrogallol and 100 pM positive in the presence of S9 The plate test was used. Rahimtula et
typhimurium strain induced mutagenicity BaP, purity n.p. | pyrogallol plus 5 | and NADPH al. (1977)
TA9S ug BaP/plate The authors suggested that
negative in the absence of S9 pyrogallol, as an antioxidant,
exerts its protective effect
against cancer by inhibiting the
formation of carcinogenic
metabolites.
S. typhimurium strain | inhibition of BaP- + pyrogallol and 82 or 410 nmol positive at both doses The plate test was used. Calle and
TA98 induced mutagenicity BaP, purity n.p. | pyrogallol/ plate . Sullivan
plus 8.2 nmol The positive response at the (1982)
BaP/plate high dose was due to toxicity.
9.8.2 Mammalian Systems In Vitro
Chinese hamster V70 | inhibition of BaP- n.p. pyrogallol and up to 50 pg/mL positive for inhibition A 1:1 BaP-pyrogallol ratio Pashin et al.
somatic cells Please induced direct gene BaP, purity n.p. | (396 uM) inhibited BaP-induced (1986b)
note: This study was | mutations at the pyrogallol, BaP mutagenicity by 50%. A 1:2.5
translated from HPRT locus concentration ratio reduced induced
Russian and V70 n.p. mutations to a level close to the
somatic cells’ may be control value.
a translation error.
C127 mouse Inhibition of BPV- NA pyrogallol, 56 uM for 3 positive for inhibition The BPV-transformed cells Stich et al.
mammary epithelial induced chromosome purity n.p. days showed a persistently high (1990)
cells (strains BF3 instability incidence of mitotic
and BS5) irregularities detectable at
anaphase and telophase, an
elevated frequency of cells
with micronuclei, and a broad
spectrum of nuclear sizes.
The response induced by
pyrogallol was classified as a
small inhibitory effect.
Chinese hamster inhibition of MMC- NA pyrogallol and 0.625,1.25,2.5, positive for inhibition The authors concluded that the | Nakamura et
ovary K1 cells induced MMC, purity or5.0 ug inhibition was not due to cell al. (1997)
chromosomal n.p. pyrogallol/ mL cycle delay caused by
(4.96,9.91, 20,

Abbreviations: BaP = benzo[a]pyrene; BPV = bovine papillomavirus; dibunol = 2,6-di-tert-butyl-4-methylphenol; HPRT = hypoxanthine-guanine phosphoribosyl
transferase; i.p. = intraperitoneal injection; MMC = mitomycin C; NA = not applicable; n.p. = not provided; PCE = polychromatic erythrocytes
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Table 11. Antigenotoxicity of Pyrogallol
Test System or Biological Endpoint S9 Metabolic Chemical Dose Endpoint Response Comments Reference
Species, Strain, and Activation Form, Purity
Age
aberrations or 40 uM) plus cytotoxicity.
0.85 pg/mL
MMC
Table 11. Antigenotoxicity of Pyrogallol (continued)
Test System or Biological Endpoint S9 Metabolic Chemical Dose Endpoint Response Comments Reference
Species, Strain, and Activation Form, Purity
Age
9.8.3 Mammalian Systems In Vivo
mice (CBA x inhibition of BaP- NA pyrogallol and 37.5 mg BaP plus | positive for inhibition Bone marrow was sampled 24, | Paschin et al.
CS7BL/6J)F,, 60 to induced MN-PCE in BaP, purity n.p. | 18.8 mg 48, 72, and 96 hours after a (1986a)
75-day-old bone marrow pyrogallol/kg single treatment.
(0.15 mmol/ kg),
ip. At 48 hours after treatment
(time of peak MN-PCE
induction by BaP alone),
pyrogallol reduced BaP-
induced micronuclei formation
by less than 50%.
pyrogallol, BaP, | 37.5 mg BaP plus 48 hours after treatment, there
and dibunol, 9.4 mg was an 80% reduction in BaP-
purity n.p. pyrogallol/kg induced MN-PCE.
(0.075 mmol/ kg)
and 9.4 mg
dibunol/kg, i.p.
Table 12. Immunotoxicity of Pyrogallol
Test System or Species, Chemical Dose Endpoint Response Comments Reference
Strain, and Age of Animal Form, Purity
rats (albino, adult) pyrogallol and 25 mg/kg (0.20 Pyrogallol significantly inhibited carrageenin-induced Bhalla et al.
carrageenin, mmol/kg) edema. (1970)

Abbreviations: BaP = benzo[a]pyrene; BPV = bovine papillomavirus; dibunol = 2,6-di-tert-butyl-4-methylphenol; HPRT = hypoxanthine-guanine phosphoribosyl
transferase; i.p. = intraperitoneal injection; MMC = mitomycin C; NA = not applicable; n.p. = not provided; PCE = polychromatic erythrocytes
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Table 12. Immunotoxicity of Pyrogallol
Test System or Species, Chemical Dose Endpoint Response Comments Reference
Strain, and Age of Animal Form, Purity
purity n.p. pyrogallol i.p. 30

min. before

carrageenin

(0.05 mL of a

1% suspension)

injection
lymphocyte cultures from pyrogallol, 5 mg/culture Treatment suppressed plaque formation by >90%. The Mishell-Dutton system was used. Archer
dissociated mouse splenic purity n.p. (0.04 . . (1978)
cells incubated with sheep red mmol/culture) The author stated that the immunosuppressive

blood cells for 4-5 days

effect was not due to overt toxicity.

Abbreviations: BaP = benzo[a]pyrene; BPV = bovine papillomavirus; dibunol = 2,6-di-tert-butyl-4-methylphenol; HPRT = hypoxanthine-guanine phosphoribosyl
transferase; i.p. = intraperitoneal injection; MMC = mitomycin C; NA = not applicable; n.p. = not provided; PCE = polychromatic erythrocytes
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Pyrogallol, when administrated i.p. to rats at 0.20 mmol/kg (25 mg/kg), significantly inhibited
carrageenin-induced edema (Bhalla et al., 1970). At 0.04 umol/culture (5 pg/culture), pyrogallol
exhibited an immunosuppressive effect by suppressing plaque (zone of lysis) formation in
lymphocyte cultures from dissociated mouse splenic cells incubated with sheep red blood cells

(Archer, 1978).

9.10 Anti-Immunotoxicity

The details of this study are presented in Table 13.

When mice were treated topically with solutions containing pyrogallol at concentrations
up to 20%, significant reductions of Langerhans cell ATPase (a target of all forms of
dermatological therapy) were observed with ointments containing 3 5% pyrogallol (other contents
of the ointments not provided) (Gruner et al., 1992). No inhibition of 1-fluoro-2,4-
dinitrobenzene-induced contact hypersensitivity was seen at any of the tested pyrogallol

concentrations.

9.11 Other Data
9.11.1 Inhibition of the Nitrosation Reaction In Vitro

Pyrogallol suppressed the formation of mutagenic nitrosation products of secondary
amines and amides in vitro (Yamada et al., 1978; Stich et al., 1982). The secondary chemicals
used include dimethylamine, diethylamine, pyrrolidine, and piperidine (Nakamura and Kawabata,
1981), and methylurea (Yamamoto et al., 1988). Since many N-nitrosamines (IARC, 1978) and
N-nitrosamides (Magee and Barnes, 1967; Montesano and Bartsch, 1976; both cited by
Yamamoto et al., 1988) are direct mutagens and potent carcinogens in target organs of animals,
their formation in the environment or in the human body is an important consideration in the

study of carcinogenesis (Yamamoto et al., 1988).

9.11.2 Protooncogene Expression
Pyrogallol (200 uM; 25 ng/mL) induced c-fos and c-jun protooncogene expression in

quiescent human hepatoma HepG2 cells (Choi and Moore, 1993).
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9.11.3 Enzyme Effects

It is well documented that pyrogallol inhibits COMT activity (Booth et al., 1959; Archer
et al., 1960; Daly et al., 1960; all cited by Guldberg and Marsden, 1975; Crout et al., 1961; Ross
and Haljasmaa, 1964; both cited by Rogers et al., 1968; Glavas et al., 1967; Angel and Rogers,
1968; Baldessarini and Greiner, 1973; Caillard et al., 1973; Rubenstein et al., 1975; Latour and
Léger-Gauthier, 1978; Petersen and Hjelle, 1982; Smit et al., 1994). Pyrogallol not only
competitively inhibits COMT, but also acts as a substrate for the enzyme (Axelrod, 1966; cited
by Glavas et al., 1967). As a COMT inhibitor, pyrogallol prolongs the action of epinephrine and

the response to sympathetic nerve stimulation (Bacq et al., 1959; cited by Glavas et al., 1967).
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Table 13. Anti-Immunotoxicity of Pyrogallol
Species, Strain, and Age Chemical Dose Endpoint Response Comments Reference
Form, Purity
mice (Balb/c, age n.p.) pyrogallol, up to 20% Pyrogallol concentrations 3 5% significantly reduced Langerhans cell ATPase is a target of all forms | Gruner et al.
purity n.p. pyrogallol Langerhans cell ATPase. Treatment did not inhibit of dermatological therapy. (1992)
applied topically | DNFB-induced contact hypersensitivity

Abbreviations: DNFB = [-fluoro-2,4-dinitrobenzene; i.p. = intraperitoneal injection; n.p. = not provided
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Pyrogallol has also been found to inhibit the activities of rat liver aldehyde dehyrogenase
(Rubenstein et al., 1975), human melanoma tyrosinase (Chen and Chavin, 1978), ribonucleotide
reductase in intact Ehrlich ascites tumor cells (Liermann et al., 1990), hog thyroid peroxidase
(Cooksey et al., 1985), and human splenic protein tyrosine kinase (Léazaro et al., 1995).

Pyrogallol exhibited co-oxidase activity when tested in vitro with human liver

lipoxygenase (Roy and Kulkarni, 1996).

10.0 STRUCTURE-ACTIVITY RELATIONSHIPS

Based on a relatively small study of the clastogenic activity of substituted phenols,
monohydroxylated phenols (e.g., p-hydroxybenzoic acid, salicylic acid, and p-coumaric acid)
seem to lack clastogenic activity, whereas dihydroxylated phenolics (e.g., catechol, 4-methyl
catechol, resorcinol, protocatechuic acid, and caffeic acid) and trihydroxylated phenolics
(phloroglucinol, pyrogallol, and gallic acid) exhibit relatively strong chromosome-damaging
potential (Stich et al., 1981). The introduction of an O-methyl group seemed to reduce the
clastogenic capability of hydroxylated phenols.

The inhibition of BaP-induced mutagenicity by polyhydric phenols is related to the
presence of reactive hydrogen atoms that inhibit free-radical self-oxidation reactions of the
chemical mutagen (Pashin et al., 1986b). The number of reactive hydrogen atoms in a series of
polyhydric phenols (i.e., phenol, resorcinol, and pyrogallol) increased with an increase in the
number of hydroxyl groups and was responsible for the antimutagenic properties of these simple
polyhydric phenols.

In a study of naturally occurring compounds found in plants, those that contained a
pyrogallol moiety (i.e., gallic acid, (-)-epicatechin gallate, (-)-epigallocatechin, and (-)-
epigallocatechin gallate) inhibited UV-induced mutations in E. coli, while compounds without the
pyrogallol moiety (i.e., caffeic acid, chlorogenic acid, and quercetin) had no such effect (Shimoi et
al., 1986). The authors stated that the compounds with a pyrogallol moiety may stimulate the

removal of photo products, but the mechanism of action was not determined.
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11.0 ONLINE DATABASES AND SECONDARY REFERENCES
11.1 Online Databases

Chemical Information System Files

SANSS
TSCATS (Toxic Substances Control Act Test Submissions)

DIALOG Files

Kirk-Othmer Encyclopedia of Chemical Technology

National Library of Medicine Databases

EMIC and EMICBACK (Environmental Mutagen Information Center)

STN International Files

AGRICOLA CHEMLIST MEDLINE
BIOSIS EMBASE Registry
CANCERLIT HSDB RTECS
CAPLUS LIFESCI TOXLINE

TOXLINE includes the following subfiles:

Toxicity Bibliography TOXBIB
International Labor Office CIS
Hazardous Materials Technical Center HMTC
Environmental Mutagen Information Center File EMIC

Environmental Teratology Information Center File (continued after 1989 | ETIC
by DART)

Toxicology Document and Data Depository NTIS
Toxicological Research Projects CRISP
NIOSHTIC7 NIOSH
Pesticides Abstracts PESTAB
Poisonous Plants Bibliography PPBIB
Aneuploidy ANEUPL
Epidemiology Information System EPIDEM
Toxic Substances Control Act Test Submissions TSCATS
Toxicological Aspects of Environmental Health BIOSIS
International Pharmaceutical Abstracts IPA

4/98
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Federal Research in Progress FEDRIP ||

Developmental and Reproductive Toxicology DART ||

Databases Available on the Internet

Phytochemeco Database (Agricultural Research Service)

In-House Databases

Current Contents on Diskette ©
The Merck Index, 1996, on CD-ROM
11.2  Secondary References

The Merck Index, 12" ed., Budavari, S. Ed. Merck & Co., Inc., Whitehall, NJ. Listed in Section
12 as Budavari (1996).
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