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o-PHENYLENEDIAMINE

CAS number: 95-54-5

Synonyms: 1,2-Benzenediamine; o-Diaminobenzene; Diolene; Orthamine

Molecular formula: CgHgN2

Structural formula: @:N
N

TLV-TWA, 0.1 mg/m®

A3 — Confirmed Animal Carcinogen with Unknown Relevance to Humans

Summary

ATLV-TWA of 0.1 mg‘"fn3 is recommended for
occupational exposure to o-phenylenediamine to
minimize the potential for possible blood dyscrasia,
e.g., reduction of red blood cells, as well as eye and
skin irritation. Rat and mouse bicassays for the
carcinogenic potential of o-phenylenediamine
demonstrated the production of hepatocellular
carcinomas and hepatomas. Accordingly, an A3,
Confirmed Animal Carcinogen with Unknown Rele-
vance to Humans, notation is assigned. Although no
SEN notation is recommended for any of the phenyl-
enediamine Isomers, limited data indicate the para-
isomer may be a strong sensitizer of both skin and
respiratory tract and that the meta- isomer may also
be a skin allergen. Sufficient data were not available
to recommend a Skin notation or a TLV-STEL.
Because of their chemical and toxicological similar-
ities, current TLV Documentations for m-
Phenylenedi-amine and, especially, p-
Phenylenediamine should also be reviewed,

Chemical and Physical Properties

o-Phenylenediamine forms brownish leaflets or
tablets. Chemical and physical properties include: v

Molecular weight: 108.15

Metlting point: 102° to 103°C

Boiling point: 256° fo 258°C

Solubility: slightly scluble in water; soluble in
benzene; freely soluble in alcohol,
chioroform, ether

Major Uses

o-Phenylenediamine has been used in the
production of a variely of dyes and pigments and as
a chemical intermediate for the production of
fungicides. It has also been used as an oxidative
base dye for furs, in hair-dye formulations, as a
photographic developing agent, and as a reagent in

2001 © ACGIH

laboratory syntheses.

Animal Studies
Acute

The aral LDgq valuss for ophenylenadiamine in
rats ranged from 660 to 1284 mglkg[ with females
being more sensitive than males in mice, 331
mglkg to 450 mglkg, * in guinea pigs, 360 mg!kg “
and in male cats, between 50 mgllkg (no mortality)
and 250 mg/kg (100% moriality).
intraperitoneal LDso of o—pheny]ened:amlne in rats -
was 516 mg:’kg‘3 and that of the hydrochloride, 290
mg/kg. © \When injected subcutaneously in cats and
rabbits, the fatal dose was greater than 1000

mgikg. ™ The percutanecus LD (2?01 (24 hours) in rats

was greater than 5000 ma/kg.™ in rabbits,
percutaneous application (24 hours) of o-
phenylenediamine caused death at 5000 mgfkg. @
The LCsp values (whale-body exposure for 1 and 4
hours} in ma[e rats and male mice were greater than
56 mglm (1 hour) or greater than 91 mg!m 4
hours). !

The signs of acute poisoning from o-

- phenylenediamine in animals included a poor

general condition, disturbances in respiration,
tremor, conivulsions, excess salivation, and
increased excitability. At autopsy, yellowish livers
with spots, pale spleens, and kidneys were
observed. In rats, ophenylenediamine caused
irritation of the stomach after oral intubation or slight
irritation of the nose after inhalation. A single
intraperitoneal injection of 100 pmol o-
phenylenediamine (suspended in propylene
glycol)/kg body weight (10.814 mglkg) to male rats
induced 10.8% methemoglobin. S cats,
methemoglobin formation was weak with nonlethal
oral doses {25-50 mg/kg), but high circulating
concentrauons occurred with lethal oral doses (250-
500 mg!kg)

o-Phenylenediamine - 1




Intravenous injection of 100 to 200 mg o-
phenylenediamine/kg or more in rabbits, cats, and
dogs caused a moderate circulatory depression.
This was partly due to direct cardiac depression but
was attributed primarily to direct relaxation of
vascutar smooth muscle.

In rabbits, ophenylenediamine caused only
slight irritation of the skin (500 mg, 8 and 24 hours)
and moderate irritation of the eye (100 pL, 7-day
observation period).

Subchronic

o-Phenylenediamine, administered daily at 0.8
mgfkg body weight to rats for 8 weeks {route, sex,
number, and animal strain not cited), decreased the
number of erythrocytes and increased the serum
activities of the alkaline phosphatase, aldolase, and
alanine and aspartate aminotransferase. ¢

Chronic/Carcinogenicity

Groups of Wistar-King rats (five per group, sex
not specified) were freated with ophenyienediamine
at 45 malkg or 80 ma/kg body weight. The com-
pound was dissolved in 0.5 ml water and injecied
subcutanecusly on alternate days for 5 months in
the high-dose group and for 11 months in the low-
dose group. Two control groups, each consisting of
five rats, were freated subcutaneously with 0.5 ml
distilled water for either 5 months or 11 months. No
tumors were found in any of the animals treated with
o-phenylenediamine or in the control animals.®

In an 18-month dietary experiment, o-
phenylenediamine dihydrochleride was fed to 25
male CD rats and to 25 male and 25 female albino
CD-1 mice (derived from HaM/ICR mice), The:
dietary levels for the rats were 2000 ppm (low dose)
and 4000 ppm (high dose). The mice were treated
for 5 months with 4000 ppm (low dose) and 8000
ppm (high dose); afterwards, the low dose was
increased to 8000 ppm and the high dose to 16,000
ppm, and the animals were treated for an additional
13-month period. An untreated dietary control group
consisted of 25 male rats and 25 male and 25

female mice. Pooled control groups consisted of 111

male CD rats and 99 male and 102 female CD-1
HaWICR mice. o-Phenylenediamine ingestion was
associated with hepatocellular carcinomas in male
rats at the high dose {516 versus 0/18 in the
concurrent control group), while in male mice, the
incidence was increased at the low dose (5117
versus 0/14 in the concurrent control graup). In
female mice, hepatomas were increased at both
levels (low dose, 6/18; high dose, 6/15, as compared
with 1/15 in the concurrent control).

Reproductive/Developmental

A commercially available hair-dye preparation,
containing 1% o-phenylenediamine among other
constituents, was studied for teratogenic potential
using a group of 20 pregnant CD rats. The hair dye

2 - o-Phenylenediamine

was applied topically to a shaved site in the
dorsascapular region at 2 mifkg on days 1, 4, 7, 10,
13, 16, and 19 of gestation; just prior to use, it was
mixed with an equal volume of 6% hydrogen
peroxide. The dams were sacrificed on day 20 of
gestation. No evidence of embryotoxicity or
teratogenicity was found.

In rats {number and strain not cited), treated
orally with ophenylenediamine at 0.8 mg/kg,
evidence for its embryotoxicity was found (no further
information was available).m

Genotoxicity Studies

o-Phenylenediamine has been tested in
numerous in vitro assays. In Salmonella typhimurium
without metabolic activation, most of the resulis were
negative; however, with metabolic activation, nearly
all tests revealed positive results. 1% |t was
demonstrated that enzymatic activation occurred via
cytochrome P-448 metabolism. " o-
Phenylenediamine was also p05|t|ve when tested in
the 52 actlvated L5178Y mouse lymphoma forward
assay. ©% Chromosomal aberration tests that were
performed in Chinese hamster lung cells®'** and in
peripheral human lg.rmpht:vcytes(2 3 were both positive
with metabolic activation. The unscheduled DNA
synthesig test in primary rat hepatocytes was
positive. % o-Phenylenediamine reacted when
tested for DNA clastogenesm in cultured rat fetal
lung cells and Hela cells.®*

An in vivo dominant lethal assay, in which o
phenylenediarnine was administered
intraperitoneally to male rats 3 times/week for 8
weeks at a single dose level of 20 mg/kg, was
negative.™ An increase of white ventral spots was
observed in the mouse spot test (1 x 96 mglkg
intraperitoneally); however, the authors stated that
there was no clear increase of relevant syots caused
by o-phenylenediamine administration. ¢
Micronucleus tests were all positive in mice (2 x 27
mg/kg to 2 x 324 mg/kg intraperitoneally and 2 x 108
mgfkg to 2 x 324 mg/kg orally), Chinese hamsters (2
x 54 mg/kg to 2 x 324 mg/kg intraperitoneally), and
guinea pigs (2 x 108 mg/kg to 2 x 324 mgikg
|ntrapentoneally) -Phenylenediamlne was a
more potent agent in preduction of chromosomal -
aberrations in mice by intraperitoneal injection than
by oral administration.® In male mice {treated orally
at 200 mg/kay}, testicular DNA-synthesis was
depressed; " o-phenylenediamine also increased
the portion of dipleid sperm in mice that were treated
intraperitoneally with 200 or 400 mg/kg. ©®

TLV Recommendation

The dose range at which o-phenylenediamine
produced toxic effects was comparable to that for
the para congener (see current TLV Documentation
for p-Phenylenediamine). o-Phenylenediamine has a
relatively low acute toxicity and a slight-to- moderate
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irritating effect on the skin and eyes of rabbits. In
contrast to p- and m-phenylenediamine, o-
phenylenediamine was mutagenic in vitro and in vivo
(see current TLV Documentations for m-
Phenylenediamine and p-Phenylenediaming). The
potential reproductive toxicity of o-phenylenediamine
could not be evaluated from the studies available. A
TLV-TWA, of 0.1 mgfm3 is recommended fo protect
workers against blood dyscrasia. In limited studies,
o-phenylenediamine showed carcinogenic effects,
producing liver tumors in male rats and male and
female mice.® Based on these data, an A3,
Confirmed Animal Carcinogen with Unknown
Relevance to Humans, notation is assigned fo o-
phenylenediamine.

Sufficient data were not available to recommend
Skin or SEN notations or a TLV-STEL. The reader is
expected to be familiar with the section on Excursion
Limits in the "Introduction to the Chemical
Substance TLVs" of the cumrent edition of the
Documentation of the TLVs and BEIs for the guidance
and control of excursions above the TLV-TWA,

even when the 8hour TWA is within the
recommended limit.

Historical TLVs

1989: Proposed: TLV-TWA, 0.1 mg/m> A2, Suspected
Human Carcinegen

1991~1995; TLV-TWA, 0.1 mg/m® A2

1995: Proposed: A3, Confirmed Animal Carcinogen with
Unknown Relevance to Humans

1996-present: TLV-TWA, 0.1 mg/m® A3
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