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Abstract

The German Commission for the Investigation of Health Hazards of Chemical Com-
pounds in the Work Area has evaluated 4-nitrobenzoic acid [62-23-7]. Available study
reports and publications are described in detail. 4-Nitrobenzoic acid caused a statisti-
cally significantly increased incidence of adenomas and of the sum of adenomas and
carcinomas of the clitoris gland in female F344 rats in an oral, 2-year carcinogenicity
study at doses of 60 mg/kg body weight and day and above. The incidence of adenomas
and the sum of adenomas and carcinomas was above the range limit of the historical
controls of the contract laboratory. As 4-nitrobenzoic acid is a metabolite of 4-nitro-
toluene, which also induced tumours of the clitoral gland as well as tumours in other
organs, 4-nitrobenzoic acid is classified in analogy to 4-nitrotoluene in Carcinogen
Category 3 B. 4-Nitrobenzoic acid has a weak mutagenic potency in vitro. It did not
induce micronuclei in vivo or in vitro. There are no suitable data in humans to derive a
MAK value. In rats, a 15-month study and a 2-year study resulted in a NOAEL of 60 mg/
kg body weight and day for delayed body weight gain in the females. Toxicokinetic
scaling results in a concentration of 147 mg/m? in workplace air. The LOAEC for local
effects on the olfactory epithelium of rats in a 14-day study is 150 mg/m3, the NOAEC
20 mg/m>. Since 2014, the Commission uses an empirical approach to set MAK values
for substances with critical effects on the upper respiratory tract or the eyes. Based on
this approach, a MAK value of 1 mg/m? for the inhalable fraction was derived. The dose
of 60 mg/kg body weight and day which resulted in increased incidences of clitoral
gland tumours corresponds to a concentration which is about 150 times higher than
the MAK value. In view of the evaluation of carcinogenicity, this margin is considered
to be sufficiently large. As local effects are critical, the substance is assigned to Peak
Limitation Category I. The difference between NOAEC and LOAEC is large, thus an
excursion factor of 2 has been established. 4-Nitrobenzoic acid is assigned to Pregnancy
Risk Group D as the available data for prenatal toxicity are insufficient. Skin absorption
does not contribute significantly to systemic toxicity and 4-nitrobenzoic acid is not
expected to lead to contact sensitization.
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MAK value (2016)
Peak limitation (2016)

Absorption through the skin
Sensitization
Carcinogenicity (2016)
Prenatal toxicity (2016)

Germ cell mutagenicity

BAT value

Synonyms

Chemical name
CAS number

Structural formula

Molecular formula
Molar mass

Melting point

Vapour pressure
log Kow

pKa

pH at 20°C
Solubility

Stability

Production

Purity
Impurities

Uses

1 mg/m? I (inhalable fraction)

Category I, excursion factor 2

Category 3B
Pregnancy Risk Group D

1-carboxy-4-nitrobenzene
p-nitrobenzoic acid
p-nitrobenzenecarboxylic acid

4-nitrobenzoic acid

62-23-7

OZN@COOH

C;HsNO,
167.12 g/mol

238-240°C (ECHA 2015, 2016)
242°C (NLM 2014)

3.3 x 107° hPa (calc.; NCBI 2014)
1.89 (ECHA 2015; NCBI 2014)
3.44 (NCBI 2014)

3.1 (ECHA 2016)

200 mg/1 (NCBI 2014),
379 mg/1 water, pH 3.3 (ECHA 2015),
420 mg/1 (ECHA 2016)

no data

oxidation of 4-nitrotoluene with pure oxygen or
oxidation with 15% nitric acid at 175 °C (NCBI 2014);
nitration and subsequent oxidation of polystyrene (NCBI
2014)

no data
no data

organic synthesis;

manufacture of intermediates, reagent for alkaloids,
manufacture of pesticides, paints, explosives, industrial
solvents (NTP 1994)
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1 Toxic Effects and Mode of Action
4-Nitrobenzoic acid does not cause irritation of the skin in rabbits, but does cause severe irritation of the eyes.

In a 2-week inhalation study, rats showed minimal to slight necrosis in the dorsal olfactory epithelium at 4-nitroben-
zoic acid concentrations of 150 mg/m® and above.

In rats, 4-nitrobenzoic acid was completely absorbed after ingestion, and up to 63% of the administered dose was
excreted as free 4-nitrobenzoic acid mainly with the urine. In marmosets, the half-life in the blood was about 1 hour
after oral administration. During metabolism, the nitro group is reduced to form 4-hydroxyaminobenzoic acid and
4-aminobenzoic acid and its conjugates. After ingestion, the substance is broken down mainly by intestinal bacteria.

In a 15-month study and a 2-year study, the body weight gains in female rats were decreased after oral administration
of 4-nitrobenzoic acid at 125 mg/kg body weight and day. In a 13-week study, congestion and haemosiderin deposits
were observed in the spleens of rats after 4-nitrobenzoic acid doses of 160 mg/kg body weight and day and above. In a
15-month study, changes in haematological parameters, such as an increase in the number of reticulocytes, a decrease
in the erythrocyte count and decreases in the haemoglobin and haematocrit levels, were found after 4-nitrobenzoic
acid doses of 210 mg/kg body weight and day and above.

4-Nitrobenzoic acid was mutagenic in bacteria and clastogenic only in CHO cells (a cell line derived from Chinese
hamster ovary). 4-Nitrobenzoic acid was not clastogenic in the bone marrow cells of Chinese hamsters, and the inci-
dences of micronuclei were not increased in the bone marrow cells or peripheral erythrocytes of mice.

In an oral 2-year carcinogenicity study, 4-nitrobenzoic acid significantly increased the incidences of adenomas in the
clitoral gland of female F344 rats at doses of 60 mg/kg body weight and day and above; this effect was found only in
this species.

In a 13-week study in rats, testicular lesions were observed at a dose of 660 mg/kg body weight and day. After exposure
of mice to 4-nitrobenzoic acid before, during and after continuous mating of the FO generation and subsequent expo-
sure of the F1 generation, the period until pregnancy was prolonged and the number of offspring per litter or litters
per pair was reduced after doses of about 1100 mg/kg body weight and day and above.

No clinical findings or animal studies are available for sensitizing effects of 4-nitrobenzoic acid.

2 Mechanism of Action

Nitro aromatic compounds typically lead to adverse effects on the haematological system. They are characterized
by the induction of methaemoglobin formation (Greim 2005). Reduction of the nitro group leads to the oxidation of
haemoglobin, thereby forming methaemoglobin. In 9-day and 14-day studies and in 13-week and 15-month studies in
rats, methaemoglobin formation was increased after repeated ingestion of 4-nitrobenzoic acid (NTP 1994). In addition,
4-hydroxylaminobenzoic acid, which is the metabolite responsible for this reaction, was identified in liver homogen-
ates from Wistar rats (Kato et al. 1969). Erythrocytes that are highly loaded with methaemoglobin release redox-active
iron. As a catalyst of auto-oxidation reactions, redox-active iron induces the formation of oxygen radicals via Fenton
and Haber-Weiss reactions. The impairment of the redox equilibrium in erythrocytes may lead to changes in the
membranes by lipid peroxidation, disturbance of the reversible interactions between the thiol groups of haemoglobin
and glutathione, and the binding of haemoglobin to the erythrocyte membrane. Erythrocytes with reduced elasticity
and deformability have difficulties in passing or cannot pass the splenic sinuses of the red pulp. Cell debris accumu-
lates in the splenic vessels resulting in swelling, inflammatory reactions, and hyperplastic and fibrotic changes of
the splenic stroma (Hartwig 2015, available in German only). Likewise, the degradation of the erythrocytes caused
by 4-nitrobenzoic acid led to changes in the spleen such as congestion and haemosiderin deposits (see Section 5.2.2).

There are marked species differences in NADH-dependent methaemoglobin reductase activity, which is responsible
for the regeneration of the functioning haem from methaemoglobin. Reductase levels are higher in mice than in rats.
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Therefore, mice are considerably less susceptible than rats to substances that lead to haematological changes and
splenic lesions by inducing methaemoglobin formation (NTP 1994; Srivastava et al. 2002).

3 Toxicokinetics and Metabolism

3.1 Absorption, distribution, elimination

3.1.1 Absorption

When marmosets (Callithrix jacchus) were given oral doses of 4-nitrobenzoic acid labelled with “C at the acid C
atom (0.4 mmol; 67 mg/kg body weight), the highest concentration in the blood was determined after 30 to 40 minutes
(Kuzniar and James 1981).

Fluxes of 6.92, 0.66 and 0.63 pg/cm? and hour were calculated for a saturated aqueous solution using the models of
Fiserova-Bergerova et al. (1990), Guy and Potts (1993) and Wilschut et al. (1995), respectively. Assuming the exposure
of a surface area of 2000 cm? of skin for 1 hour, this would correspond to absorbed amounts of 14, 1.3 and 1.26 mg,
respectively.

3.1.2 Distribution

When Wistar rats were given intraperitoneal injections of *C-4-nitrobenzoic acid, significant amounts of the sub-
stance were detected in the caecum and colon after 4 hours; at this time, the urine contained metabolites (Gardner
and Renwick 1978).

3.1.3 Elimination

When single oral or intraperitoneal doses of 25 mg *C-4-nitrobenzoic acid (100 mg/kg body weight) were given to
female Wistar rats weighing 250 g, 94% and 83%, respectively, of the radioactivity was found in the urine and 1% to
8% was found in the faeces within 24 hours (Gardner and Renwick 1978). When marmosets were given an oral C-4-
nitrobenzoic acid dose of 0.4 mmol/kg body weight (67 mg/kg body weight), the half-life in the blood was about 1 hour.
After 48 hours, 69% to 91% of the administered dose was found in the urine and 2% to 6% was found in the faeces. After
the intraperitoneal injection of 0.4 mmol/kg body weight, about 91% of the administered dose was detected in the urine,
and 1.1% to 4.5% was detected in the faeces within a period of 48 hours (Kuzniar and James 1981).

An average amount of 298 pg 4-aminobenzoic acid per hour was excreted with the urine of female Wistar rats 2 hours
after intraperitoneal treatment with 200 mg 4-nitrobenzoic acid. Ethanol increased the 4-nitrobenzoic acid metabolism
(Tani and Kourounakis 1993).

In female ferrets given 4-nitrobenzoic acid labelled with C at the acid C atom (100 mg/kg body weight) by intraperi-
toneal injection, about 74% of the administered dose was excreted with the urine after 24 hours (Idle et al. 1978).

3.2 Metabolism

3.2.1 Invitro

In vitro studies with homogenates from rat liver and rat intestinal wall or with the contents of the caecum and colon
of rats yielded evidence of reduction at the nitro group of 4-nitrobenzoic acid (Gardner and Renwick 1978; Peters and
Fouts 1968) and identified the metabolite 4-hydroxyaminobenzoic acid (Kato et al. 1969). In microsomal preparations
from different rabbit tissues, the reduction of the nitro group of 4-nitrobenzoic acid was strongest in the liver, followed
by the renal cortex and bladder (Zenser et al. 1981). Among the various rabbit strains, the highest level of activity was
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found in New Zealand White rabbits (Cram et al. 1965). In microsomes from the liver of Swiss mice, 4-nitrobenzoic acid
was reduced to 4-aminobenzoic acid at a rate of 0.03 to 0.04 pmol/(mg protein x minute) (ECB 2000). Similar studies
with microsomes from the liver of Sprague Dawley rats found that reduction proceeded at a rate of 0.151 nmol/(mg
protein x minute) (Norred et al. 1975). It was higher in male Sprague Dawley rats than in the females and lowest during
gestation (ECB 2000; Kato et al. 1970). A comparative study yielded reductase activities in rats, guinea pigs and mice
of 2.72, 2.08 and 2.04 umol/(g protein x hour), respectively (Adamson et al. 1965).

In the microsomal fractions of the liver, intestines and kidneys of 8 to 26-week-old human foetuses, the enzyme ac-
tivities involved in 4-nitrobenzoic acid metabolism were detected in the fractions from the liver and intestines, but
not in those from the kidneys. The enzymes seem to belong to the same class of multifunctional NADPH,-dependent
oxidoreductases found in adult humans and animals (Pelkonen et al. 1971). Even the liver tissue of an 8-week-old
foetus was found to have the capacity to metabolize 4-nitrobenzoic acid or to reduce the nitro group; this foetus was
the youngest to be examined and weighed 6 to 10 g. The metabolizing activity increased with the size of the foetuses
and was consistently about 0.05 to 0.08 pmol/g tissue and hour at a body weight of 100 g and above and from an age of
about 13 weeks onwards (Pelkonen 1973).

A nitroreductase activity rate of 255 pmol/(mg protein x minute) was determined for the reduction of 4-nitrobenzoic
acid in Salmonella typhimurium TA98, whereas this kind of activity was not detected in CHO cells (ECB 2000).

In a microsomal fraction of the liver of Wistar rats, the metabolites of 4-nitrobenzoic acid were determined to be
4-hydroxyaminobenzoic acid and 4-aminobenzoic acid (Kato et al. 1969).

3.2.2 Invivo

In a study in Wistar rats, 25% of the administered dose of 4-nitrobenzoic acid was metabolized and recovered in the
urine as 4-aminobenzoic acid (Wheeler et al. 1975 b).

After a single oral dose or intraperitoneal injection of “C-labelled 4-nitrobenzoic acid, the examination of the urine of
female Wistar rats revealed that 2% and 1%, respectively, was metabolized to free 4-aminobenzoic acid, 20% and 17%,
respectively, was metabolized to a conjugated aminobenzoic acid and about 25% was metabolized to other metabolites
that were not reported. The fraction of unchanged 4-nitrobenzoic acid in the urine was 55% and 63%, respectively
(Gardner and Renwick 1978).

In marmosets, the following percentages of 4-nitrobenzoic acid were recovered in the urine 48 hours after oral admin-
istration: 22.6% to 61.2% as 4-nitrohippuric acid, 4.6% to 21.9% as 4-aminobenzoic acid, 6.2% to 24.4% as 4-acetamidoben-
zoic acid and 274% to 51.1% as unchanged substance. When oral administration and intraperitoneal injection of 4-ni-
trobenzoic acid were preceded by antibiotic treatment, the reductive metabolism was inhibited by about 81% and 73%,
respectively. This shows that the substance is reduced by intestinal bacteria after ingestion (Kuzniar and James 1981).

The metabolism of 4-nitrobenzoic acid/kg body weight was examined on the basis of the elimination products excreted
in the urine by female ferrets after intraperitoneal injection of 4-nitrobenzoic acid/kg body weight labelled with 1C
at the acid C atom. Thin layer chromatography identified 4% of the products as unchanged substance, 38% as glycine
conjugates and 29% as glucuronic acid conjugates. 4-Nitrohippuric acid (52%) was the major glycine conjugate and
4-acetamidobenzoic acid (3%) was a minor glycine conjugate. A different pattern of metabolism was found in rats. Rats
excreted 43% as unchanged acid. Likewise, glycine conjugates were detected. In addition, 52% of 4-nitrobenzoic acid
was reduced to 4-aminobenzoic acid in rats, whereas this fraction was only 3% in ferrets (Idle et al. 1978).

Two hours after intraperitoneal treatment of female Wistar rats with 200 mg 4-nitrobenzoic acid, 298 pg 4-aminoben-
zoic acid per hour was excreted on average in the urine, 255 pg per hour of this in conjugated form. The fraction in
the plasma was 5 pg 4-aminobenzoic acid per hour, 3.7 pg per hour of this as conjugates. Ethanol increased the 4-ni-
trobenzoic acid metabolism (Tani and Kourounakis 1993).
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3.3 Summary

In rats, 4-nitrobenzoic acid is completely absorbed after ingestion and up to 63% of the administered dose is excreted
as free 4-nitrobenzoic acid mainly with the urine. The half-life in the blood of marmosets is about 1 hour. During me-
tabolism, the nitro group is reduced to form 4-hydroxyaminobenzoic acid and 4-aminobenzoic acid and its conjugates.
After ingestion, the substance is reduced mainly by intestinal bacteria.

4 Effects in Humans

Urine samples from workers of a factory producing pharmaceuticals and explosives were examined for mutagenic
activity after a 4-week holiday (control samples) and at the end of the shift after several days of work (exposed samples).
The urine samples from 7 workers exposed to 4-nitrobenzoic acid concentrations of up to 5.4 mg/m? did not lead to a
statistically significant increase in the mutation frequency in Salmonella typhimurium TA98. In contrast, the urine
from 12 workers exposed to trinitrotoluene caused a statistically significant increase in mutations in this Salmonella
strain (Ahlborg et al. 1985).

5 Animal Experiments and in vitro Studies

5.1 Acute toxicity

5.1.1 Inhalation

There are no data available.

5.1.2 Oral administration

Within 24 hours after ingestion, an LDs, for 4-nitrobenzoic acid of 1960 mg/kg body weight was determined in rats
(Caujolle et al. 1966). In mice, the LDs, for 4-nitrobenzoic acid lied between 1470 mg/kg body weight (Caujolle et al. 1966)
and 3000 mg/kg body weight (Clariant GmbH 1955). The signs of toxicity were increased irritability, aggressiveness,
convulsions, paralysis of the hind limbs in some animals, exhaustion, rapid breathing or bloody purulent lacrimation.
4-Nitrobenzoic acid induced the infiltration of erythrocytes in the liver of some animals and myeloid metaplasia in
the red pulp of the spleen (Caujolle et al. 1966).

5.1.3 Dermal application

There are no data available.

5.1.4 Intraperitoneal and intravenous injection

Within 24 hours after intraperitoneal injection, the LDs, values determined for 4-nitrobenzoic acid were 1210 mg/kg
body weight in rats and 880 mg/kg body weight in mice (Caujolle et al. 1966).

Within 24 hours after intravenous injection, the LDs, value for mice was 770 mg/kg body weight (Caujolle et al. 1966).
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5.2 Subacute, subchronic and chronic toxicity

5.2.1 Inhalation

Groups of 10 male rats were exposed nose-only to 4-nitrobenzoic acid concentrations of 0, 20 (8-31), 150 (90-260) or 1000
(540-1500) mg/m? for 6 hours a day, on 5 days a week, for 2 weeks. The mass median aerodynamic diameter of the parti-
cles was about 5 pm at 20 mg/m?3, about 9 um at 150 mg/m? and about 13 pm at 1000 mg/m?®. The aerodynamic diameter
was below 10 pm in 75%, 57% and 45% of the particles per concentration. Five animals per group were examined at the
end of treatment or after a recovery period of 14 days. At 4-nitrobenzoic acid concentrations of 150 mg/m? and above,
minimal to slight necrosis was observed in the frontal to middle region of the dorsal olfactory epithelium (no other
details) immediately after the end of exposure; this had healed after 14 days. No unusual findings were obtained in the
histopathological examinations of the lungs and other organs, blood examinations or urinalysis (DuPont 1989, 2012).

5.2.2 Oral administration

The studies that investigated the toxicity of 4-nitrobenzoic acid after repeated oral administration are shown in Table 1.

In a 13-week study in F344 rats, the methaemoglobin level in the blood increased with the dose mainly in the male
animals at 40 mg/kg body weight and above. In every dose group, the methaemoglobin level was highest after 30 days
and considerably lower after 90 days (see Table 1). After administration of a 4-nitrobenzoic acid dose of 660 mg/kg
body weight and day, the methaemoglobin level reached a maximum of 4.03% (control group: 0.49%) after 30 days and
3.33% after 90 days (NTP 1994). At the highest dose of 210 mg/kg body weight and day, the methaemoglobin level was
0.28% after 15 months (NTP 1994).

Humans react more sensitively to methaemoglobin formers than rats. Therefore, it is important to know at which
dose levels 4-nitrobenzoic acid impairs the oxygen transport in humans through the formation of methaemoglobin.
In the general population, a mean background level of 0.78% was determined for methaemoglobin in the blood. Meth-
aemoglobin levels of up to 5% are regarded as safe (Leng and Bolt 2008). As no data are available for 4-nitrobenzoic
acid, aniline is used as a reference substance. The 6-hour exposure of humans to an aniline concentration of 2 ml/m3
led to an increase in methaemoglobin levels from 0.7% to 1.2% and thus an increment of 0.5% (Kafferlein et al. 2014).
In rats, 6-hour exposure to an aniline concentration of 90 mg/m? (24 ml/m?3) led to a methaemoglobin increment of
about 1.2% (Pauluhn 2004). By applying linear extrapolation, the increment determined for the methaemoglobin level
in humans at a concentration of 24 ml/m? would be 6%. Therefore, assuming linear extrapolation, the increase in the
methaemoglobin level would be 5 times as high in humans as that in rats after exposure to aniline at the same con-
centration level. In the 13-week study, the maximum increment in the methaemoglobin level induced by exposure to
4-nitrobenzoic acid at a dose level of 40 mg/kg body weight and day was 0.72% in male rats after 30 days. If the species
difference above is applied to 4-nitrobenzoic acid, the increment in humans would be 5 times as high, and thus 3.6%.
When the background level of about 0.78% is additionally taken into account, the total haemoglobin level that results
is below the critical limit of 5%. The methaemoglobin concentration in male rats given 4-nitrobenzoic acid at a dose
level of 160 mg/kg body weight and day was 1.92% after 30 days. This dose is regarded as the LOAEL (lowest observed
adverse effect level) because congestion and haemosiderin deposits in the spleen were observed. The corresponding
NOAEL (no observed adverse effect level) was 70 mg/kg body weight and day. Haematological changes characteristic
of regenerative anaemia were observed after 4-nitrobenzoic acid doses of 660 mg/kg body weight and day and above.
The changes were manifest as increased reticulocyte counts and decreased erythrocyte counts, haemoglobin levels
and haematocrit values (NTP 1994). Therefore, the NOAEL in the 13-week study was 40 mg/kg body weight and day. In
the 2-year study, the methaemoglobin level was determined only at the interim evaluation after 15 months. This was
increased only in the males of the high dose group. In the 2-year study, it was not possible to evaluate the changes in
the spleen because of the accumulation of mononuclear leukaemia cells. The accumulation of mononuclear leukaemia
cells in the spleen was found in all untreated and treated animals (NTP 1994).
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Other systemic effects that were noted in rats were decreased body weight gains. These effects were observed in female
animals in the 15-month study and in the 2-year study at 4-nitrobenzoic acid levels of 125 mg/kg body weight and day
and above. The NOAEL for these effects was 60 mg/kg body weight and day (NTP 1994).

Therefore, the chronic NOAEL in rats was 60 mg/kg body weight and day.

Other effects were induced only after 14-day exposure to very high doses: lesions in the thyroid gland were observed at
1000 mg/kg body weight and day and atrophy in the testes, ovaries, thymus and bone marrow were found at 2000 mg/
kg body weight and day (NTP 1994).

In a 13-week study, 4-nitrobenzoic acid caused a decrease in body weight gains in male mice at 170 mg/kg body weight
and day and above and in female mice at 670 mg/kg body weight and day and above. However, adverse effects on the
body weights of the males were not observed after exposure to up to 300 mg/kg body weight and day for 13 weeks. No
haematological changes or abnormalities in the spleen were observed in mice after chronic administration of 4-ni-
trobenzoic acid doses of up to 905 mg/kg body weight and day. Therefore, the chronic NOAEL in mice for reduced body
weight gains was 300 mg/kg body weight and day for males and 365 mg/kg body weight and day for females (NTP 1994).

Further data from these studies are shown in Table 1.

Tab.1 Studies that investigated the toxicity of 4-nitrobenzoic acid after repeated oral administration

Species, strain, Exposure Findings References
number per
group
rat, 9 days, 1000 mg/kg body weight: blood: 37% decrease in erythro- ECB 2000
5, 1000 mg/kg body weight and day, cyte count, 26% decrease in haemoglobin level, MetHb (no
(no other details) 7 xin 9 days, data);

examination: 2 days after administration  no unusual gross-pathological or histopathological findings
rat, 14 days, about 300 mg/kg body weight: blood: 9: MetHb 0.16% NTP 1994
F344, 0, 2500, 5000, 10000, 20000, 40000 mg/ (controls: 0.09%);
538,59 kg diet (about 0, 300, 600, 1200, 2400, about 600 mg/kg body weight: blood: 9: MetHb 0.35%, 3:

4800 mg/kg body weight and day?) reticulocyte count

about 1200 mg/kg body weight and above: 13-18% de-
crease in body weights, blood: ¢: MetHb 0.53%, haemoglobin
level, haematocrit level and erythrocyte count |, reticulo-
cyte count ], ¢ and &: number of nucleated erythrocytes 1,
spleen: relative and absolute weights 7, thyroid gland: 3:
congestion, Q: hypertrophy of the follicular epithelium;
about 2400 mg/kg body weight and above: 32-40% de-
crease in body weights, blood: 3: haemoglobin level, hae-
matocrit level and erythrocyte count |, MetHb: Q: 1.63%, 3:
3.06% (controls: 0.14%), spleen: Q: congestion, thyroid gland:
&: hypertrophy of the follicular epithelium, testes and
ovaries: atrophy, thymus: & and Q: atrophy, bone marrow:
Q: atrophy;

about 4800 mg/kg body weight: 48%-60% decrease in
body weights, blood: MetHb: ¢: 1.27%, &: 2.48%, thyroid
gland: hyperplasia of the follicular epithelium
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Tab.1 (continued)

Species, strain,
number per

group

Exposure

Findings

References

13 weeks,

0, 630, 1250, 2500, 5000, 10000 mg/kg diet
(according to the authors: &: 0, 40, 70, 160,
310, 660 mg/kg body weight and day; 9:

0, 40, 80, 170, 340, 680 mg/kg body weight
and day)

rat,
F344,
103,109

15 months,

0, 1250, 2500, 5000 mg/kg diet (according
to the authors: 38: 0, 50, 100, 210 mg/kg
body and day; Q: about 0, 60, 125, 250 mg/
kg body weight and day)

rat,
F344,
103,109

rat,
F344,
50 3,50 @

2 years,

0, 1250, 2500, 5000 mg/kg diet (according
to the authors: 8: 0, 50, 100, 210 mg/kg
body weight and day; ¢: 0, 60, 125, 250 mg/
kg body weight and day)

14 days,

0, 2500, 5000, 10000, 20000, 30000 mg/

kg diet (according to the authors: 3: 0,
410, 830, 1500, 3700, 5770 mg/kg body
weight and day; @: 0, 520, 1130, 2060, 3990,
7060 mg/kg body weight and day)

mouse,
CD1,
538,59

40 mg/kg body weight and above: blood: MetHb: 8: con-  NTP 1994;
trols: 0.49%, maximum of 1.21% after 30 days (after 90 days:
0.66%, controls: 0.79%), kidneys: 3: mild hyaline droplet
accumulation (x2u-globulin) in epithelial cells of the proxi-
mal tubules (dose-dependent), NOAEL;

160/170 mg/kg body weight and above: 3: 5% decrease

in body weights, blood: MetHb: 3: maximum of 1.92% after
30 days (after 90 days: 0.89%), spleen: 3 and @: haemosiderin
deposits in the red pulp and macrophages, 3: congestion,
kidneys: tubular epithelial cells with larger nuclei, 3: haem-
osiderin deposits;

310/340 mg/kg body weight and above: 9-11% decrease in
body weights, spleen: relative weights 7, blood: MetHb not
determined;

660/680 mg/kg body weight: 17-26% decrease in body
weights, blood: haematological parameters as in the case of
regenerative anaemia, maximum MetHDb level after 30 days:
3: 4.03% (control value: 0.49%), after 90 days: 3.33% (control
value: 0.79%), @: 3.01% (control value: 1.24%), after 90 days:
2.08% (control value: 0.78%), Heinz bodies and reticulocyte
count T, haemoglobin level, haematocrit value and erythro-
cyte count |, spleen: relative and absolute weights 1, Q: pig-
mentation, testes: congestion in the seminiferous tubules;
pigmentation (haemosiderin) is a sign of haemolytic anae-
mia;

with the exception of the values after 30 days, MetHb in-
creased in a dose and time-dependent manner, reaching a
maximum of 4%

2001

60 mg/kg body weight: NOAEL; NTP 1994;
125 mg/kg body weight: Q: about 6% decrease in body
weights;

210/250 mg/kg body weight: blood: 9: haemoglobin level,
haematocrit value and erythrocyte count | and 3: MetHb
0.28% (control value: 0.22%), spleen: Q: weights T and haem-
osiderin accumulation in macrophages, kidneys: 3: dose-
dependent severity of age-related nephropathy |;

no unusual findings in the histopathological examinations

2001

60 mg/kg body weight: ¢: NOAEL; NTP 1994;
100/125 mg/kg body weight: 9: about 8% decrease in body
weights (not specified whether statistically significant), 3:
NOAEL;

210/250 mg/kg body weight: Q: 10-16% decrease in body
weights, kidneys: 8: dose-dependent severity of age-related
nephropathy |, spleen: haemosiderin accumulation in
macrophages and extramedullary haematopoiesis difficult
to evaluate histopathologically because spleen filled with
mononuclear leukaemia cells in all 3 and many @ untreated
and treated animals;

tumour findings in Q: see Section 5.7

2001

1500/2060 mg/kg body weight and above: body weight ~ NTP 1990
gains |;
range-finding study for 33-week fertility study

Williams et al.

Williams et al.

Williams et al.
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Tab.1 (continued)

Species, strain, Exposure Findings References
number per
group
mouse, 14 days, 1000 mg/kg body weight and above: body weights 9: |;  NTP 1994
B6C3F1, 0, 2500, 5000, 10000, 20000, 40000 mg/kg 2000 mg/kg body weight and above: body weights &: |,
53,59 diet (0, 500, 1000, 2000, 4000, 8000 mg/kg  relative organ weights ¢: liver T and thymus |;
body weight and day®) 4000 mg/kg body weight and above: mortality: 3 8 and
2 @, lethargy and ataxia, body weights 3: |, relative organ
weights 3: liver | and thymus |, testes: degeneration, bone
marrow: Q: haemorrhages and atrophy
mouse, 13 weeks, 170 mg/kg body weight and above: 3: 7% decrease in NTP 1994
B6C3F1, 0, 1250, 2500, 5000, 10 000, 20000 mg/kg body weights;
103,10 @ diet (according to the authors: 3: 0, 170, 460 mg/kg body weight: ¢: NOAEL;
330, 670, 1900, 4000 mg/kg body weight 970 mg/kg body weight and above: Q: 6% decrease in
and day; Q: 0, 240, 460, 970, 2500, 4900 mg/ body weights;
kg body weight and day) no unusual findings in organ weights or in the histopatho-
logical examinations
mouse, 15 months, up to 675/905 mg/kg body weight: NTP 1994
B6C3F1, 0, 1250, 2500, 5000 mg/kg diet (according  no unusual findings in the haematological or histopatho-
103,109 to the authors: 38: 0, 150, 300, 675 mg/ logical examinations
kg body weight and day; ¢: 0, 170, 365,
905 mg/kg body weight and day)
mouse, 2 years, 300/365 mg/kg body weight: NOAEL; NTP 1994
B6C3F1, 0, 1250, 2500, 5000 mg/kg diet (according  675/905 mg/kg body weight: Q: 19% decrease in body
50 38,50 Q to the authors: 3: 0, 150, 300, 675 mg/ weights; 8: 10% decrease;

kg body weight and day; ¢: 0, 170, 365, no unusual findings in the histopathological examinations
905 mg/kg body weight and day)

% conversion factor: 0.12 according to EFSA (2012)
b conversion factor 0.2 according to EFSA (2012)
MetHb: methaemoglobin

Summary: On the basis of the 15-month study and 2-year study with 4-nitrobenzoic acid in rats, a NOAEL of 60 mg/
kg body weight and day was derived for reduced body weight gains in the female animals and a NOAEL of 100 mg/
kg body weight and day was derived for increased methaemoglobin levels and splenic changes in the male animals.
However, 4-nitrobenzoic acid doses of 60 mg/kg body weight and day and above significantly increased the incidences
of adenomas in the clitoral gland of female rats (see Section 5.7).

In the 15-month and 2-year studies with mice, the NOAEL for reduced body weight gains induced by 4-nitrobenzoic
acid was 365 mg/kg body weight and day.

5.2.3 Dermal application

Aliquots of 0.5 ml of a 10% solution of 4-nitrobenzoic acid in sesame oil were rubbed into the shaved flank skin of
5 rabbits 21 times within 28 days. Blood examinations and urinalysis were carried out at the beginning and at the end
of the treatment period. Histopathological examinations of the internal organs were carried out after an observation
period of 3 days. No unusual findings were obtained for the skin, the blood count, in the urinalysis or in the exam-
ination of the internal organs (Clariant GmbH 1955). However, this study has not been included in the evaluation of
the dermal effects because 4-nitrobenzoic acid was applied only as a 10% solution.
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5.3 Local effects on skin and mucous membranes

5.3.1 Skin

Aliquots of 0.02 ml of undiluted 4-nitrobenzoic acid or solutions of 4-nitrobenzoic acid diluted up to 1:1000 were injected
intracutaneously into the shaved skin of groups of 3 rabbits. Erythema was observed at all concentrations including
the highest dilution and persisted for 2 days (Clariant GmbH 1955).

Amounts of 500 mg 4-nitrobenzoic acid (mixed to a paste with 0.35 ml polyethylene glycol 400) were applied semi-
occlusively to the shaved skin of 3 New Zealand White rabbits for 4 hours. The skin was examined 24, 48 and 72 hours
after removal of the substance. Mean values of 0 for erythema and eschar formation as well as for oedema were calcu-
lated for all animals on the basis of the individual findings obtained after 24, 48 and 72 hours (Clariant GmbH 1989 b).

5.3.2 Eyes

In rabbits, the instillation of 0.5 ml of a 10% 4-nitrobenzoic acid solution in sesame oil in the eyes induced mild redness
within the following 24 hours (Clariant GmbH 1955).

Amounts of 100 mg 4-nitrobenzoic acid were applied to the conjunctival sac of the left eye of 3 New Zealand White
rabbits for 24 hours. Marked hyperaemia up to severe diffuse redness and very mild to marked swelling were observed
on the conjunctivae within 1 hour and up to 72 hours afterwards. The iris of 2 animals was reddened up to 24 hours
following instillation and in the 3rd animal up to 72 hours after treatment. Diffuse corneal opacity was observed in 1
animal 24 to 72 hours following instillation. The signs of irritation were accompanied by a clear colourless or white
mucous discharge. All signs of irritation had disappeared 7 days after treatment. The mean values calculated from the
individual findings after 24, 48 and 72 hours were 0.3 for corneal opacity (individual values: 0, 0 and 1), 0.4 for iritis
(individual values: 0.3, 0.3 and 0.7), 2.4 for conjunctival redness (individual values: 2.7, 2.3 and 2.3) and 1.4 for conjuncti-
vitis (1.7, 1.0 and 1.7) (Clariant GmbH 1989 a). On the basis of the findings of severe conjunctival redness, 4-nitrobenzoic
acid has been classified as severely irritating to the eyes according to the GHS criteria (ECHA 2016).

5.4 Allergenic effects

There are no data available.

5.5 Reproductive and developmental toxicity

5.5.1 Fertility

The results from the available fertility studies are shown in detail in Table 2.

In rats fed 4-nitrobenzoic acid with the diet for 13 weeks, congestion was observed in the seminiferous tubules at a
dose of 660 mg/kg body weight and day (NTP 1994).

In a feeding study in CD1 mice with exposure to 4-nitrobenzoic acid for 33 weeks before, during and after continuous
mating of the FO generation and exposure of the F1 generation, the period until pregnancy occurred was prolonged at
dose levels of 1100 mg/kg body weight and day and above. The number of offspring per litter or the number of litters
per pair was reduced. When female mice treated with a 4-nitrobenzoic acid dose of 1100 mg/kg body weight and day
were cross-mated with untreated male mice, the number of live F2 offspring was reduced by 40%. 4-Nitrobenzoic acid
prolonged the oestrus cycle and damaged the spermatogonia in the F1 generation (NTP 1990, 1994).
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Tab.2 Effects of 4-nitrobenzoic acid on fertility

Species, strain,  Exposure Findings References
number per
group
rat, 14 days, 2400 mg/kg body weight and day and above: 32-40% NTP 1994
F344, 0, 2500, 5000, 10000, 20 000, decrease in body weights, testes and ovaries: atrophy;
58,59 40000 mg/kg diet (about 0, 300, for further findings see Table 1

600, 1200, 2400, 4800 mg/kg body

weight and day)
rat, 13 weeks, 70 mg/kg body weight: NOAEL; NTP 1994
F344, 0, 630, 1250, 2500, 5000, 10000 mg/ 160 mg/kg body weight and above: 3: body weights |;
10 8,10 @ kg diet (according to the authors: 340 mg/kg body weight and above: 9: body weights |;

3: 0, 40, 70, 160, 310, 660 mg/kg 660 mg/kg body weight: testes: congestion in the

body weight and day; ¢: 0, 40, 80,  seminiferous tubules;

170, 340, 680 mg/kg body weight  for further findings see Table 1

and day)
rat, 15 months, 2 years, 60 mg/kg body weight and above: Q: in 2" year: body weight NTP 1994
F344, 0, 1250, 2500, 5000 mg/kg diet gains |;
10 8,10 @ (according to the authors: 3: 0,50, 210/250 mg/kg body weight: no unusual findings in the

100, 210 mg/kg body weight and ~ histopathological examinations of the gonads;

day; Q: 0, 60, 125, 250 mg/kg body  for further findings see Table 1

weight and day)
mouse, 14 days, 1000 mg/kg body weight and above: ¢: body weights |; NTP 1994
B6C3F1, 0, 2500, 5000, 10000, 20000, 2000 mg/kg body weight and above: : 3: body weights |;
53,59 40000 mg/kg diet (0, 500, 1000, 4000 mg/kg body weight and above: mortality: 3 3 and 2 @,

2000, 4000, 8000 mg/kg body testes: degeneration;

weight and day) for further findings see Table 1
mouse, 13 weeks, 170/240 mg/kg body weight and above: 3: body weight NTP 1994
B6C3F1, 0, 1250, 2500, 5000, 10000, gains |;
103,109 20000 mg/kg diet (according to 330/460 mg/kg body weight and above: Q: body weight

the authors: 3: 0, 170, 330, 670, gains |;

1900, 4000 mg/kg body weight no unusual findings in the weights or histopathological

and day; Q: 0, 240, 460, 970, 2500, examination of the gonads;

4900 mg/kg body weight) for further findings see Table 1
mouse, 13 weeks, 1900 mg/kg body weight and above: 3: body weight gains |; Chapin et al. 1987,
CD1, 0, 1250, 2500, 5000, 10000, 4000 mg/kg body weight: weights of testis and epididymis |, NTP 1994
103,109 20000 mg/kg diet (according to Q: body weight gains |, oestrus cycle prolonged;

the authors: d: 0, 170, 330, 670,
1900, 4000 mg/kg body weight
and day 9: 0, 240, 460, 970, 2500,
4900 mg/kg body weight)

no unusual findings in the sperm count
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Tab.2 (continued)

Species, strain, Exposure Findings References
number per
group
mouse, 33 weeks, controls: FO parental animals: litters/pair=4.9; Chapin et al. 1997
CD1, 0%, 0.35%, 0.75%, 1.5% in the diet 500 mg/kg body weight: NOAEL; a, b; NTP 1990
203,209 (according to the authors: 0, 500, 1100 mg/kg body weight and above: F0 parental animals:

1100, 2400 mg/kg body weight and @ after littering: 7-9% decrease in body weights, litters/

day); pair=4.5 — in some cases no litters 4 and 5, period until

FO0: exposure before and during littering prolonged mainly for litters 3 and 4; F1: duration of

continuous mating, continuous development in the uterus 1, birth: 22% decrease in length, 17%

exposure of all 5 litters per decrease in body weights, 10% decrease in body weight gains;

parental animal (duration: cross-mating of treated F1 @ x untreated F1 3: treated F1 9:

18 weeks); 9% decrease in body weights, 9% decrease in relative kidney

F1 left with dams up to weaning,  weights, oestrus cycle length: 5.4 days (controls: 4.9 days),

later same treatment as the substance-induced hepatitis; F2: number of live offspring/

corresponding dams, examination litter |, 40% decrease in live offspring, 25% decrease in body
of F1 from litters 1-4 on postnatal ~weights;

day 74; cross-mating of treated F1 & x untreated F1 ¢: no unusual
cross-mating: treated (only F1 findings, exception: number of spermatogonia with changes ;
of 0, 1100 mg/kg body weight 2400 mg/kg body weight: FO parental animals: Q after
groups) x untreated F1 from litter  littering: 10-15% decrease in body weights, litters/pair=3.5,
5, exposure before, during and period until littering after litter 1 T; F1: number of offspring/
after cross-mating (duration: litter |, birth: 38% decrease in length, 18% decrease in body
15 weeks); weights, 30% decrease in body weights
examination of F2 on postnatal
day 1
mouse, 15 months, 2 years, 675/905 mg/kg body weight: NTP 1994
B6C3F1, 0, 1250, 2500, 5000 mg/kg diet no unusual findings in weights or histopathological
103,10 @ (according to the authors: 3: 0, examination;

150, 300, 675 mg/kg body weight  for further findings see Table 1
and day; ¢: 0, 170, 365, 905 mg/kg
body weight and day)

Summary: A NOAEL of 310 mg/kg body weight and day was derived from a 13-week study in F344 rats based on the
occurrence of testicular lesions. The LOAEL was 660 mg/kg body weight and day (NTP 1994). After exposure of CD1
mice to 4-nitrobenzoic acid before, during and after continuous mating of the FO generation and exposure of the F1
generation, the period until pregnancy occurred was prolonged and the numbers of offspring per litter or litters per
pair were reduced at the dose level of about 1100 mg/kg body weight and day and above. The NOAEL was 500 mg/kg
body weight and day (NTP 1990, 1994).

5.5.2 Developmental toxicity

There are no studies available that allow the evaluation of developmental toxicity. In the study in mice described above
(see also Table 2) with exposure to 4-nitrobenzoic acid before, during and after continuous mating and the subsequent
cross-mating of the F1 animals, delays in the development of the F1 foetuses in the uterus and reduced numbers of
offspring per litter in the F1 generation were found at dose levels of about 1100 mg/kg body weight and day and above.
In the F1 and F2 offspring, body length and body weights were reduced after birth and body weight gains were later
delayed. In the F2 generation, 40% of the offspring died (NTP 1990, 1994).

Summary: A NOAEL of about 500 mg/kg body weight and day was derived from a generation study in mice for the
foetotoxicity and maternal toxicity of 4-nitrobenzoic acid. No studies are available for teratogenicity.
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5.6 Genotoxicity

5.6.1 Invitro

In the available Salmonella mutagenicity tests (see Table 3), 4-nitrobenzoic acid increased the incidences of frame-shift
mutations in a number of studies with Salmonella typhimurium TA98, TA1538 and TA1537 (Chiu et al. 1978; Clariant
GmbH 1987; Shimizu and Yano 1986), increased the incidences of base-pair substitutions in Salmonella typhimurium
TA100 (Clariant GmbH 1987; Kawai et al. 1987; Shimizu and Yano 1986; Sundvall et al. 1984; Zeiger et al. 1987) and did
not increase the mutation frequency in Salmonella typhimurium TA98, TA100, TA1535, TA1537 or TA1538 (Chiu et
al. 1978; Dellarco and Prival 1989; Goldman et al. 1977; Kawai et al. 1987; Shimizu and Yano 1986; Sundvall et al. 1984;
Suzuki et al. 1983; Wheeler et al. 1975 a). Overall, the mutagenic effects were weak.

Tab.3 Studies that investigated the genotoxicity of 4-nitrobenzoic acid in vitro

Strain Concentration ®  Effective Cytotoxicity Result References
concentration ¥
-m.a. +m.a.
frame-shift mutations in Salmonella typhimurium
TA98 0.1-10 umol/plate 0.1 pM 1uM + (up to 3.5-fold) not examined Chiu et al. 1978
TA98 0.3-10 pmol/plate - - - - Dellarco and
Prival 1989
TA98 no data no data no data - - Sundvall et al.
1984
TA98 100 B no data - - Suzuki et al. 1983
TA98 250-5000 - - - - Kawai et al. 1987
TA98 10-5000 100 5000 + (dose-dependent: not examined Shimizu and
2.7-4.5-fold) Yano 1986
TA98 4-5000 no data + + Clariant GmbH
1987
TA1537 10-5000 - 5000 - not examined Shimizu and
Yano 1986
TA1537 4-5000 no data + + Clariant GmbH
1987
TA1538 10-5000 500 5000 + (dose-dependent not examined Shimizu and
up to 2.9-fold) Yano 1986
TA1538 4-5000 no data 500 + + Clariant GmbH
1987
TA1538 50 - no data - - Goldman et al.
1977, Wheeler et
al. 1975 a
base-pair substitutions in Salmonella typhimurium
TA100 0.3-10 pmol/plate 3 pM - - - Dellarco and
(standard test) Prival 1989
+ pre-incubation
with FMN
TA100 100-200 100 no data + (1.35 revertants/pug) - Sundvall et al.
1984
TA100 0.1-1 umol/plate - - - not examined Chiu et al. 1978
TA100 10-5000 100 - + (dose-dependent up + (dose-dependent up Zeiger et al. 1987
to 3-fold) to 4-fold)
TA100 100 - no data - - Suzuki et al. 1983
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Tab.3 (continued)

Strain Concentration ®  Effective Cytotoxicity Result References
concentration
-m.a. +m.a.
TA100 10-5000 500 5000 + (up to 4.4-fold) not examined Shimizu and
Yano 1986
TA100 250-5000 500 - +(0.87 revertants/pg) + (0.59 revertants/ug) Kawai et al. 1987
TA 100 4-5000 no data 500 + + Clariant GmbH
1987
TA1535 10-5000 - 5000 not examined Shimizu and
Yano 1986
TA1535 4-5000 no data 500 + + Clariant GmbH
1987
TA1535 no data no data no data +(0.26 revertants/ug) not examined Sundvall et al.
1984
mutations in Escherichia coli
Escherichia 4-5000 no data 500 + + Clariant GmbH
coli WP2uvrA 1987
SCE in CHO cells
58-1750 pg/ml 498 ug/ml 1510 pg/ml + - NTP 1994
DNA repair synthesis (UDS) in rat hepatocytes
1 pmol/ml no data - not examined Probst et al. 1981
CA in CHO cells
440-1750 pg/ml 875 pg/ml - + - NTP 1994
mutations (HPRT) in V79 cells
500-2000 pg/ml - 2000 pg/ml - - Clariant GmbH
1988

) unless otherwise specified, values expressed as pg/plate
FMN: flavin mononucleotide for nitroreduction; m.a.: metabolic activation

In a UDS test with primary rat hepatocytes, DNA repair synthesis was not induced at a 4-nitrobenzoic acid concentra-
tion of 1000 nmol/ml (Probst et al. 1981). In CHO cells, 4-nitrobenzoic acid increased the incidences of sister chromatid
exchange without metabolic activation at concentrations of 498 pg/ml and above and of chromosomal aberrations at
concentrations of 875 pg/ml and above (NTP 1994). In V79 cells, 4-nitrobenzoic acid was not mutagenic up to a concen-
tration of 2000 pg/ml (Clariant GmbH 1988).

5.6.2 Invivo

A study carried out according to OECD Test Guideline 475 with Chinese hamsters did not lead to increased incidences
of chromosomal aberrations in bone marrow cells after a single oral dose of 4-nitrobenzoic acid (dissolved in sesame
oil) at the level of 5000 mg/kg body weight (Clariant GmbH 1990).

In 1990, a study was carried out in NMRI mice according to OECD Test Guideline 474. In this study, 4-nitrobenzoic
acid (dissolved in sesame oil) given as a single dose of 1500 mg/kg body weight by gavage did not induce increased
incidences of micronuclei in peripheral immature erythrocytes (ECB 2000).

When female and male B6C3F1 mice were fed a diet containing 4-nitrobenzoic acid for 13 weeks, no micronuclei were
detected in the peripheral erythrocytes of the blood at doses up to about 680 mg/kg body weight and day (NTP 1994).
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5.6.3 Summary

4-Nitrobenzoic acid caused frame-shift mutations and base-pair substitutions in Salmonella typhimurium, and sister
chromatid exchanges and chromosomal aberrations in CHO cells, but did not induce DNA repair synthesis in the
UDS test with primary rat hepatocytes or mutations in V79 cells. In vivo, the incidence of chromosomal aberrations
was not increased in the bone marrow cells of Chinese hamsters, and the formation of micronuclei in the peripheral
erythrocytes of the blood was not increased in mice after single or repeated exposures to 4-nitrobenzoic acid for up
to 13 weeks.

5.7 Carcinogenicity

In 2-year carcinogenicity studies, groups of 50 male and 50 female F344 rats were given 4-nitrobenzoic doses of 0,
1250, 2500 or 5000 mg/kg diet (according to the authors: &: 0, 50, 100 or 210 mg/kg body weight and day; @: 0, 60, 125
or 250 mg/kg body weight and day) and groups of 50 male and 50 female B6C3F1 mice were given 4-nitrobenzoic acid
doses of 0, 1250, 2500 or 5000 mg/kg diet (according to the authors: &: 0, 150, 300 or 675 mg/kg body weight and day;
Q: 0, 170, 365 or 905 mg/kg body weight and day). A significant increase in the incidence of clitoral gland adenomas
was observed only in female F344 rats at 4-nitrobenzoic acid doses of 60 mg/kg body weight and day and above (see
Table 4). When the incidences of adenomas and carcinomas were combined, the increases in all treatment groups
were statistically significant, but not dose-dependent. The incidences were above those of the mean values and upper
range of the historical controls of the contract laboratory. The incidences of hyperplasia, which is considered to be a
tumour precursor, were not increased and the mean time to the diagnosis of the tumours was not reduced. Therefore,
the result was interpreted merely as “some evidence of carcinogenicity” (NTP 1994).

Particularly in male F344 rats the spleens were packed with mononuclear leukaemia cells. The incidences were 29/50
(control group), 35/50 (60 mg/kg body weight), 26/50 (125 mg/kg body weight) and 2/50 (250 mg/kg body weight), and
in the females 17/50 (control group), 11/50 (60 mg/kg body weight), 3/50 (125 mg/kg body weight) and 0/50 (250 mg/kg
body weight) (NTP 1994).

Tab.4  Study of the carcinogenicity of 4-nitrobenzoic acid in F344 rats

Author: NTP 1994
Substance: 4-nitrobenzoic acid (purity: >99%)
Species: rat, F344/N, 50 & and 50 @
Administration route: diet
Dose: 0, 1250, 2500, 5000 mg 4-nitrobenzoic acid/kg diet
(3:0, 50, 100, 210 mg/kg body weight and day, 9: 0, 60, 125, 250 mg /kg body weight and day)
Duration: 104 weeks
Toxicity: 125 mg/kg body weight and above: body weight gains Q: 8% |;
mg/kg body weight and day
0 60 125 250
surviving animals Q0 27/50 (54%) 23/50 (46%) 21/50 (42%) 21/50 (42%)
tumours and pre-neoplasms
clitoral gland:
hyperplasias Q 10/50 6/49 6/49 7/50
adenomas Q 4/50 (8%) 12/49 (24%)* 10/49 (20%) 12/50 (24%)*
adjusted for 11.9% 42.5% 33.7% 42.1%
surviving animals
life table test p=0.034 p=0.013 p=0.030 p=0.013
logistic regression test p=0.046 p=0.013 p=0.050 p=0.023
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Tab.4 (continued)

mg/kg body weight and day

0 60 125 250
carcinomas Q 1/50 (2%) 2/49 (4%) 5/49 (10%) 4/50 (8%)
adjusted 3.7% 6.0% 19.3% 11.7%
life table test p=0.085 p=0.460 p=0.056 p=0.139
logistic regression test p=0.117 p=0.459 p=0.084 p=0.224
adenomas or Q 4/50 (8%) 14/49 (29%)** 15/49 (31%)** 15/50 (30%)**
carcinomas (combined)
adjusted 11.9% 45.9% 48.9% 47.7%
life table test p=0.008 p=0.005 p=0.001 p=0.002
logistic regression test p=0.011 p=0.004 p=0.003 p=0.004
mean time to diagnosis 699 712 672 683
[days]
historical controls of the contract laboratory up to 20.08.1992 (NTP 1994)
adenomas Q 27/367 (7.4%), 0-19%
carcinomas Q 21/367 (5.7%), 0-15%
adenomas or Q 47/367 (12.8%), 2-21%

carcinomas (combined)

*p<0.05; **p<0.01

The clitoral and preputial glands are located in the genital areas of female and male rats and mice and produce phero-
mones.

Spontaneous neoplasms of the clitoral gland occur mainly in F344 rats. They are relatively rare in Sprague Dawley or
Wistar rats and in B6C3F1 or CD1 mice (Gad 2008).

An NTP study of 4-nitrotoluene in F344 rats included a table that showed the incidences of clitoral gland neoplasms in
control animals (NTP 2002). The data are listed in Table 5. The animals of the carcinogenicity study with 4-nitrobenzoic
acid were fed NIH-07 diet. The study was carried out at the Southern Research Institute.

Tab.5 Incidences of spontaneous neoplasms in the clitoral gland of female F344 control rats in NTP studies after administration of
NIH-07 diet (NTP 2002)

Adenomas Carcinomas Adenomas or carcinomas

data of the Southern Research Institute (up to 21.12.1999)

benzyl acetate 0/50 1/50 1/50
(started in 1988)

2,2-bis(bromomethyl)-1,3-propanediol 4/48 1/48 5/48
butyl benzyl phthalate 3/50 4/50 7/50
D&C Yellow No 11 11/49 6/49 17/49
(started in 1990)

emodin 10/49 2/49 12/49
2-nitroanisole 3/45 4/45 7/45
4-nitrobenzoic acid 4/50 1/50 4/50

(started in 1988)
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Tab.5 (continued)

Adenomas Carcinomas Adenomas or carcinomas

overall incidence in all feeding studies given NIH-07 diet

total (%) 89/968 (9.2%) 30/968 (3.1%) 118/968 (12.2%)
mean + standard deviation 9.2+6.0% 3.1£3.2% 12.2+7.7%
range 0-22% 0-12% 2-35%

The historical control data of the contract laboratory for the sum of adenomas and carcinomas of the clitoral gland
covered an incidence range of 2% to 35%. The lowest spontaneous incidence (2%) was observed in a study with benzyl
acetate, which began in the same year (1988) as the study with 4-nitrobenzoic acid. The highest spontaneous incidence
was obtained in a study with D&C Yellow No 11, which was started 2 years later (1990) than the study with 4-nitroben-
zoic acid. Thus, within a period of only 2 years, the spontaneous incidences determined by the same laboratory varied
between 2% and 35%. The mean values of the spontaneous clitoral gland tumours in all feeding studies carried out by
the NTP up to 1999 (Table 5) approximately correspond to the mean values of the historical control incidences of the
contract laboratory up to 1994 (Table 4).

However, a number of publications demonstrated that clitoral gland tumours are of relevance (McConnell et al. 1986;
Reznik and Ward 1981). Spontaneous clitoral gland adenomas are rare except in F344 rats. Like adenocarcinomas, ad-
enomas originate from acinar cells (Rudmann et al. 2012). Some authors consider them to be precursors of carcinomas
(Reznik and Ward 1981). Substances that induce these tumours also cause tumours in other tissues, for example on the
skin and skin appendages, such as the sebaceous glands (Reznik and Ward 1981).

Summary: Significant, but not dose-dependent increases in the incidences of clitoral gland adenomas were observed
only in female F344 rats at 4-nitrobenzoic acid doses of 60 mg/kg body weight and day and above. In all treatment
groups the combined incidences of adenomas and carcinomas were higher than the mean value of the historical con-
trols of the contract laboratory. The incidences of the clitoral gland tumours that spontaneously occur in F344 rats are
highly variable and range from 2% to 35%. Clitoral gland tumours are rare in other rat strains.

6 Manifesto (MAK valuelclassification)

The critical effects of 4-nitrobenzoic acid are the local effects on the olfactory epithelium. Systemic effects are methae-
moglobin formation, effects on the haematopoietic system, splenic changes and reduced body weight gains. In addition,
significant increases in the incidences of clitoral gland adenomas were observed in female F344 rats.

Carcinogenicity. 4-Nitrobenzoic acid increased the incidence of clitoral gland adenomas in female F344 rats, reach-
ing statistical significance at dose levels of 60 mg/kg body weight and day and above. However, this effect was not
dose-dependent, and the increases in incidences of carcinomas were not statistically significant. When the incidences
of adenomas and carcinomas were combined, the increase was statistically significant in all treatment groups and
was higher than the incidences in the historical controls of the contract laboratory. However, the tumours were
considered to be only “some evidence of carcinogenic activity” because the increases in tumour incidences were not
dose-dependent, the mean latency period up to diagnosis was not reduced and the incidences of hyperplasia were
not increased. Similar findings were reported by an NTP study with 4-nitrotoluene, a substance that is classified in
Carcinogen Category 3B. 4-Nitrotoluene induced this type of tumour in female F344 rats given the same concentra-
tions with the diet (statistically significant increase in the incidences of adenomas; no increase in the incidences of
carcinomas). However, this substance additionally caused bronchoalveolar lung tumours (statistically significant
increase in the incidences of adenomas; no increase in the incidences of carcinomas) in male mice and subcutaneous
tumours (statistically significant increase in the incidences of fibromas; no increase in the incidences of fibrosarcomas)
in male rats. In F344 rats, 68% of 4-nitrotoluene is metabolized to 4-nitrobenzoic acid and its metabolites (see Hartwig
and MAK Commission 2016). 4-Nitrotoluene may induce additional types of tumours because the substance first has
to be metabolized to excretable products and therefore remains in the body longer than 4-nitrobenzoic acid, which
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is eliminated mainly unmetabolized and thus rapidly. However, 4-nitrotoluene likewise induced only those types of
tumours that have a high incidence of spontaneous tumours in the respective species.

As regards the clitoral gland neoplasms induced by 4-nitrobenzoic acid, the incidences of adenomas or the sum of
adenomas and carcinomas were above the range of the respective historical controls of the contract laboratory. 4-Ni-
trobenzoic acid remains a suspected carcinogen because 4-nitrotoluene likewise caused clitoral gland tumours in ad-
dition to other types of spontaneous tumours, the activity of 4-nitrobenzoic acid is similar although weaker compared
with that of 4-nitrotoluene, and mutagenicity was detected in Salmonella typhimurium. In analogy to 4-nitrotoluene,
4-nitrobenzoic acid has been classified in Carcinogen Category 3B.

Germ cell mutagenicity. 4-Nitrobenzoic acid is mutagenic in bacteria. It caused frame-shift mutations and base-
pair substitutions in Salmonella typhimurium and sister chromatid exchanges and chromosomal aberrations in CHO
cells. DNA repair synthesis was not found to occur in primary rat hepatocytes. In vivo, the incidences of chromosomal
aberrations were not increased in the bone marrow cells of mice given a single oral dose of 1500 mg/kg body weight,
and the formation of micronuclei was not increased in the peripheral erythrocytes of the blood of Chinese hamsters
following the administration of 5000 mg/kg body weight. In mice given an oral dose of 4-nitrobenzoic acid of 680 mg/
kg body weight and day for 13 weeks, the formation of micronuclei in the peripheral erythrocytes of the blood was
not increased. Therefore, classification in one of the germ cell mutagen categories is not justified on the basis of the
available data.

MAK value. There are no data for human exposure available that are suitable for the derivation of a MAK value. On
the basis of the findings of a 15-month study and a 2-year study in rats, a NOAEL of 60 mg/kg body weight and day
was derived for reduced body weight gains in female animals.

The following toxicokinetic data are used to extrapolate the NOAEL of 60 mg/kg body weight and day to a concen-
tration in workplace air: the corresponding species-specific correction value for the rat determined on the basis of
the toxicokinetic data (1:4), the assumed oral absorption (100%), the body weight (70 kg) and the respiratory volume
(10 m®) of the person, the assumed 100% absorption by inhalation, and 5 days per week exposure at the workplace (7:5).
A 4-nitrobenzoic acid concentration of 147 mg/m?® was calculated from this. According to the procedures developed by
the Commission, the MAK value derived on the basis of systemic effects, considering the extrapolation of the NOAEL
from animal studies to humans (1:2) and the preferred value approach, would be 50 mg/m?3,

In the 14-day study, a NOAEC (no observed adverse effect concentration) of 20 mg/m?® was determined for local effects
on the olfactory epithelium of rats. At this concentration, the aerodynamic diameter of 75% of the particles was <10 pm.
No conclusions can be drawn about an intensification of the effects over time because a long-term inhalation study
has yet to be carried out. After taking into consideration a possible intensification of effects after chronic exposure
(1:6) and extrapolating the effects on the olfactory epithelium to humans (1:2), a concentration of 1.7 mg/m?® I (inhalable
fraction) was derived for workplace air according to the method of Briining et al. (2014). By applying the procedures
of the Commission, a MAK value of 1 mg/m?3 1 is derived from this for the local effects on the olfactory epithelium.

At a MAK value for 4-nitrobenzoic acid of 1 mg/m3, a 150-fold margin lies between this value and the dose level of
60 mg/kg body weight and day (which corresponds to a 4-nitrobenzoic acid concentration in air of 147 mg/m?) at which
clitoral gland adenomas were observed in female F344 rats. This margin is regarded as sufficiently large in view of the
evaluation of the carcinogenicity of the substance.

Peak limitation. 4-Nitrobenzoic acid has been classified in Peak Limitation Category I because the MAK value for
this substance was derived on the basis of the local effects on the olfactory epithelium. An excursion factor of 2 has
been established for 4-nitrobenzoic acid because there is a large margin between the NOAEC and the LOAEC (lowest
observed adverse effect concentration) of 150 mg/m?3.

Prenatal toxicity. A feeding study in mice with exposure of the FO generation for 33 weeks before, during and after
continuous mating in addition to exposure of the F1 generation determined a NOAEL of 500 mg/kg body weight and
day for 4-nitrobenzoic acid based on maternal toxicity and foetotoxicity. After toxicokinetic extrapolation (see above)
and considering the species-specific correction value for the mouse (1:7), this value corresponds to a concentration of
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700 mg/m? in air and is far higher than the MAK value. No studies of teratogenicity are available. As there are not
sufficient data for a final evaluation, 4-nitrobenzoic acid has been classified in Pregnancy Risk Group D.

Absorption through the skin. Studies of dermal absorption are not available. On the basis of model calculations
(Section 3.1) and assuming a surface area of 2000 cm? of skin exposed to a saturated aqueous solution for 1 hour,
the maximum amount absorbed through the skin is estimated to be 14 mg in humans. The following toxicokinetic
data are used to extrapolate the chronic oral NOAEL of 60 mg/kg body weight derived from rats: the corresponding
species-specific correction value for the rat determined on the basis of the toxicokinetic data (1:4), the assumed oral
absorption (100%), the body weight (70 kg), 5 days per week exposure at the workplace (7:5) and the extrapolation of
the NOAEL from animal studies to humans (1:2). This results in a systemically tolerable amount of 4-nitrobenzoic
acid of 735 mg. Absorption through the skin accounts for much less than 25% of the systemically tolerable amount,
and the substance has not been designated with an “H” (for substances which can be absorbed through the skin in
toxicologically relevant amounts).

Sensitization. As clinical findings or results from experimental animal studies are not available for sensitization,
4-nitrobenzoic acid has not been designated with “Sh” or “Sa” (for substances which cause sensitization of the skin
or airways).
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