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Abstract
The German Senate Commission for the Investigation of Health Hazards of Chemical 
Compounds in the Work Area (MAK Commission) summarized and re-evaluated the 
data on the genotoxicity and carcinogenicity of antimony [7440-36-0] and its inorganic 
compounds except for stibine. The critical effects of antimony and its inorganic com-
pounds are the carcinogenic effects on the lung after inhalation exposure in rats and 
mice; similar effects may be induced in humans. Overall, the available epidemiological 
studies indicate that antimony and its inorganic compounds have carcinogenic effects 
on the human lung. However, because the persons examined were exposed to mixtures 
of substances and no data for concentrations are available, the classification cannot 
be made on the basis of these studies alone. A recent 2-year carcinogenicity study in 
male and female rats and mice showed that exposure to antimony trioxide particles 
causes lung neoplasms. Mice reacted more sensitively than rats, developing neoplastic 
lesions beginning at the lowest antimony trioxide concentration of 3 mg/m3 (2.5 mg Sb/
m3). As a NOAEC for lung tumours and lung effects cannot be derived from the ani-
mal or human data and a NOAEC cannot be determined for possible mechanisms of 
action, no maximum concentration at the workplace (MAK value) can be established, 
thereby confirming the classification of antimony and its inorganic compounds in 
Carcinogen Category 2. The clastogenicity of inorganic antimony compounds in vitro 
is well established. In a recent study, exposure to antimony trioxide by inhalation 
for 12 months increased the number of micronucleated erythrocytes and DNA strand 
breaks in lung cells in male and female mice, but not in male or female rats. The lowest 
effective concentration was 3 mg/m3 and led to increased DNA strand breaks in lung 
tissue in male mice. Thus, trivalent antimony was shown to induce genotoxic effects in 
soma cells after inhalation. This, together with evidence that the substance reaches the 
testes and ovaries, led to the classification of antimony and its inorganic compounds 
in Germ Cell Mutagenicity Category 3 A. There are still no reliable positive data for 
sensitizing effects in humans and no positive results from animal experiments or in 
vitro investigations. Therefore, antimony and its inorganic compounds continue not to 
be designated with the “Sh” or “Sa” notation.
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MAK value –

Peak limitation –

Absorption through the skin –

Sensitization –

Carcinogenicity (2005) Category 2

Prenatal toxicity –

Germ cell mutagenicity (2020) Category 3 A

BAR value (2019) 0.2 µg antimony/l urinea)

CAS number 7440-36-0
a) including stibine

Documentation for antimony and its inorganic compounds (inhalable fraction) was published in 2006 (Greim 2007).

Antimony trioxide is used as a flame retardant for products such as paper, wall coverings, textiles and furniture and 
as a catalyst in the production of polyethylene terephthalate (PET) (NTP 2017).

New data for genotoxicity and carcinogenicity have become available since the last documentation was published; 
these have been used to re-evaluate these 2 end points.

Toxic Effects and Mode of Action
Antimony compounds are absorbed slowly after oral exposure and accumulate in the lungs after inhalation expos-
ure. The findings in humans suggest an increase in lung cancer mortality after exposure to antimony trioxide and 
antimony ore dust.

A new carcinogenicity study in rats and mice found that antimony trioxide induces carcinogenic effects in the lungs. In 
mice, carcinomas in the lungs were already detected at the lowest antimony trioxide concentration tested of 3 mg/m3, 
which is equivalent to an antimony concentration of 2.5 mg/m3. At this concentration, chronic active inflammation 
in the lungs was observed in addition to other effects in the respiratory tract in 96% to 100% of the rats and mice.

The new in vivo genotoxicity studies found that trivalent and pentavalent antimony compounds have a weak clasto-
genic potency in the lungs and peripheral blood leukocytes of mice, but not in those of rats.

No evidence was found that antimony and its inorganic compounds cause sensitizing effects.

Mechanism of Action
The documentation “Antimony and its inorganic compounds (inhalable fraction)” (Greim 2007) evaluated metallic 
antimony and antimony compounds in the oxidation states + 3 and + 5. Of all antimony compounds, those in the 
oxidation states + 3 and + 5 represent the most stable species. The toxic potential of the compounds depends on their 
oxidation state and their solubility in the body. Both the trivalent and the pentavalent compounds are taken up by 
mammals. In vivo, the pentavalent form is reduced to the trivalent form. All of the available data indicate that triva-
lent antimony is the stable form of antimony under physiological/cellular conditions; this form has a high affinity for 
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sulfur. Trivalent antimony reacts with thiol groups, particularly vicinal dithiols, thereby inhibiting enzyme activity. 
The reaction between trivalent antimony and glutathione leads to reduced glutathione levels in the liver, which may 
in turn decrease the conjugation of xenobiotics by glutathione (Greim 2007).

The lungs are the target organ after inhalation exposure. Whole-body exposure of Wistar Han [Crl:WI (Han)] rats and 
B6C3F1/N mice to antimony trioxide for 2 years at concentrations of 3 mg/m3 (equivalent to an antimony concentration 
of 2.5 mg/m3) and above induced alveolar and bronchiolar lung adenomas and carcinomas (NTP 2017).

Inorganic antimony compounds do not induce mutagenic effects in vitro, but clastogenic effects. In the documentation 
from 2006 (Greim 2007), this lack of mutagenic effects led to the conclusion that antimony does not directly react with 
the DNA. Impaired DNA replication and repair are discussed as relevant mechanisms (AGS 2018; Grosskopf et al. 2010; 
Hartwig 2013; Koch et al. 2017). Findings that antimony, like arsenic, inhibits the repair of DNA damage were already 
included in the documentation from 2006 (Greim 2007). The treatment of A549 human lung carcinoma cells with 
antimony trichloride at concentrations of 250 µM and above disrupted the nucleotide excision repair of cyclobutane 
pyrimidine dimers induced by irradiation with UVC. Possible sites of activity are the proteins xeroderma pigmentosum 
(XP) group A (XPA) and group E (XPE), which are involved in nucleotide excision repair. Antimony was found to inter
act with the XPA zinc finger domain, which is essential for the protein’s function (Grosskopf et al. 2010). In HeLa S3 
cells, antimony trichloride interfered with the repair of double-strand breaks induced by γ-irradiation and blocked the 
activation of checkpoint kinase Chk1 at concentrations of 50 µM and above. The findings suggest interference with 
both processes involved in the repair of DNA double-strand breaks, homologous recombination and non-homologous 
recombination (non-homologous end-joining) (Koch et al. 2017).

Another possible mechanism for the induction of carcinogenic effects is the formation of reactive oxygen species 
(ROS). Antimony trioxide induced ROS and apoptosis in NB4, PLB-985 and HeLa cells at concentrations of 1 μM and 
above. The data suggest that this is mediated by the SEK1/JNK signalling pathway (Mann et al. 2006). This is further 
supported by the findings of a genomics analysis in human HepG2 cells, which showed that bis[(+)-tartrato]dianti-
monate(III) dipotassium trihydrate (200 μM) alters the expression of genes in a manner similar to that of substances 
known to have a mechanism of action involving the formation of ROS (Kawata et al. 2007). According to the authors, 
a mechanism involving ROS is plausible because of the decrease in the reductive potential of the cell through the 
reaction of trivalent (but not pentavalent) antimony with glutathione (AGS 2018). The trivalent forms of antimony 
and arsenic have an affinity for SH groups, but antimony has a higher affinity than arsenic because of its stronger 
metallic character (Greim 2007).

It has also been proposed that reduced clearance, resulting in particle deposition in the lungs, may contribute to the 
mechanism of carcinogenesis. It is assumed that genotoxic effects in the lungs probably occur only at levels of exposure 
that overload lung clearance. However, no data are available that support this proposed mechanism. Data from in vitro 
and in vivo studies suggest the existence of an effect threshold and the ability to induce effects at higher concentra-
tions (AGS 2018). The carcinogenicity study did not find that lung clearance was overloaded at the low concentration 
(NTP 2017). For this reason, the proposed mechanism of hypoxia is not regarded as relevant.

Alveolar or bronchiolar tumours in rats treated with antimony trioxide preferentially harboured egfr (epidermal 
growth factor receptor) mutations, while in mice, these tumours contained roughly equal numbers of kras (Kirsten 
rat sarcoma) and egfr mutations. Mutations in KRAS and EGFR are commonly observed in human non-small-cell lung 
cancer and occur in a mutually exclusive manner. KRAS and EGFR are major components of the mitogen-activated 
protein kinase signalling pathway. This association suggests that altered EGFR signalling may play an important 
role in the carcinogenesis of lung tumours in both rats and mice following exposure to antimony trioxide (NTP 2017).

Overall, the available data suggest the existence of a threshold mechanism for carcinogenic effects (AGS 2018; 
International Antimony Association 2017).
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Toxicokinetics and Metabolism
There are no new studies available. In the documentation from 2006, antimony was found to be absorbed slowly after 
oral administration and after accumulation in the lungs depending upon particle size. Excretion largely occurs via 
the kidneys (Greim 2007).

Effects in Humans

Repeated exposure
In an occupational medical study of 60 workers who had been employed for at least 2 years from 1972 to 2017 in 1 of 2 
production facilities for antimony trioxide, no substance-related findings were observed in lung function tests (forced 
vital capacity: FVC, forced expiratory volume in 1 second: FEV1, Tiffeneau index: FEV1/FVC) depending upon the 
mean antimony concentration in urine or in X-rays of the thorax. After the cohort was divided into a low dose group 
with antimony concentrations of less than 35 µg/g creatinine and a high dose group with antimony concentrations 
of at least 35 µg/g creatinine, the Tiffeneau index and the FEV1 were found to be decreased in the high dose group, 
but without statistical significance. After adjusting for pentavalent antimony, an antimony concentration of 35 μg/g 
creatinine was calculated to be equivalent to a concentration in air of about 0.5 mg/m3. The study is not suitable for 
the derivation of a quantitative limit value because of the small group size, the lack of a control group, the relatively 
young age of the tested persons and the lack of exposure data, particularly as the parameters investigated are not 
very sensitive (AGS 2018).

Allergenic effects
The few clinical observations in humans do not provide evidence of noteworthy contact allergenic potential (Greim 
2007). No new findings have become available.

Genotoxicity
An indicator test carried out in the DNA from a whole blood sample taken after inhalation exposure to antimony 
trioxide at the workplace revealed a statistically significant increase in formamidopyrimidine-DNA glycosylase-sen-
sitive oxidative DNA base damage. Organic antimony compounds that release trivalent antimony such as meglumine 
antimonate (N-methylglucamine antimonate) caused an up to 9-fold increase in the frequency of micronuclei in human 
peripheral lymphocytes (Greim 2007).

The studies published since the last documentation are described below.

A study was carried out in Egypt in 25 male factory workers (aged 25 to 56) who were exposed to antimony trioxide 
while working in the polymerization process for polyester for periods ranging from 3 to 30 years. The control group 
was made up of 25 workers who were in the same age group, but not exposed. The workers had urinary antimony 
concentrations of 13 ± 4 μg/l (range: 10 to 19 μg/l); the levels in the control persons were below the limit of detection 
(10 μg/l). DNA damage was assessed by determining apurinic sites in DNA isolated from whole blood. These were 
increased in exposed workers and correlated with the urinary antimony concentration (r = 0.873, p < 0.001). By contrast, 
no correlation was found between the number of apurinic sites and the total oxidative capacity (determined by means 
of the plasma peroxide concentration). The authors concluded that the DNA damage was not caused by oxidative 
stress (El Shanawany et al. 2017). However, the number of examined workers was far too small and the scope of the 
examination too limited to draw conclusions about possible genotoxic effects induced by antimony.

A study population in the United States (n = 2307) consisting of participants who were older than 20 years and had 
been recruited to participate in the “National Health and Nutrition Examination Survey” (NHANES) between 1999 and 
2002 was used to investigate whether there was a relationship between antimony exposure and leukocyte telomere 
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length. Multivariate linear regression was used to analyse the relationship between the antimony concentration in the 
urine and telomere length. The antimony concentration in the urine had a geometric mean of 0.12 ng/ml (geometric 
standard error: 0.003). The participants were divided into quartiles according to the antimony concentration in the 
urine: less than 0.08, 0.09 to 0.12, 0.13 to 0.18 and higher than 0.18 ng/ml. After adjustment for potential confounders 
(age, education, ethnicity, alcohol consumption, self-reported smoking status, cotinine in serum, body weight, urin
ary lead concentration) individuals in the 3rd and 4th quartiles were found to have shorter leukocyte telomeres in 
comparison with those of the 1st quartile (= referent quartile) (3rd quartile: −4.78%; 95% confidence interval (CI): −8.42 
to 0.90, 4th quartile: −6.11%, 95% CI: −11.04 to −1.00). There was evidence of a dose–response relationship (p-value for 
trend: 0.03). The shorter telomeres associated with exposure to antimony were derived mainly from data from the 
groups of 40 to 59 and 60 to 85-year-olds. The authors consider a relationship between shorter telomeres and antimony 
concentrations in the urine to be biologically plausible as antimony is known to lead to oxidative stress and apoptosis, 
and both effects are associated with reduced telomere lengths (Scinicariello and Buser 2016).

Carcinogenicity
Overall, the available epidemiological studies suggest that antimony induces carcinogenic effects in the lungs in 
humans. However, because of exposure to a mixture of substances and a lack of concentration data, these studies 
cannot be included in the evaluation (Greim 2007).

In the workers of a British tin smelter, the weighted cumulative exposure to antimony was found to be correlated 
with increased lung cancer mortality. However, the workers were concurrently exposed to arsenic and lead. For this 
reason, the study cannot be used to evaluate the carcinogenic effects of antimony. A United States National Health and 
Nutrition Examination Survey carried out with 7800 participants over a 6-year period did not establish a relationship 
between the urinary concentration of antimony and the cancer incidence and mortality (AGS 2018).

Animal Experiments and in vitro Studies

Subacute, subchronic and chronic toxicity

Inhalation
A large number of studies are reviewed in the documentation from 2006. After repeated inhalation exposure (whole-
body) of rats to antimony trioxide, damage to the lungs and eyes, an increase in aspartate aminotransferase activity 
and the urea concentration in serum, and changes in the blood count were observed. After exposure to antimony 
trioxide, lung damage was induced also in rabbits and miniature pigs. After repeated inhalation exposure (whole-body) 
to antimony trisulfide, changes in the electrocardiogram, and thus cardiac damage, were observed in rats, rabbits and 
dogs. In another study in rabbits, the lungs, kidneys, liver and heart were the target organs for toxicity. Antimony ore 
likewise induced lung and spleen damage in addition to effects on the eyes in rats after repeated inhalation exposure 
(whole-body) (Greim 2007).

The lungs are considered the only relevant target organ after inhalation exposure to antimony trioxide and anti-
mony ore. The other target sites may possibly be applicable only for a specific species or sex (AGS 2018; International 
Antimony Association 2017).

A new inhalation study has been published by the NTP (2017) since the publication of the documentation in 2006. 
Wistar Han [Crl:WI (Han)] rats and B6C3F1/N mice were exposed to antimony trioxide for either 2 weeks or 2 years. 
The findings and incidences are shown in Tables 1 and 2. In the 2-year study, both species were exposed to antimony 
trioxide aerosol at concentration levels of 0, 3, 10, 30 mg/m3. A high incidence of effects on the lungs was found at the 
lowest antimony trioxide concentration tested of 3 mg/m3 (equivalent to an antimony concentration of 2.5 mg/m3) and 
above. For example, chronic active inflammation was found in 96% to 100% of the rats and mice. In the 2-year study, 
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the maximum tolerated dose (MTD) was already reached in female rats at the low antimony trioxide concentration 
of 3 mg/m3 and in male rats at 30 mg/m3; this was manifest as a marked reduction in body weight by at least 10%. In 
male mice, this effect was observed at antimony trioxide concentrations of 10 mg/m3 and above and in female mice 
at 30 mg/m3 (NTP 2017).

Tab. 1	 New data for effects after repeated inhalation exposure to antimony trioxide

Species, strain, 
number per group

Exposure Findings References

rat, 
Wistar Han 
[Crl:WI (Han)], 
5 ♂, 5 ♀

2 weeks, 
0, 3.75, 7.5, 15, 30, 60 mg Sb2O3/m3, 
6 hours/day, 5 days/week, 
whole-body exposure, 
purity 99.9% a), 
aerosol, 
MMAD = 1.3–1.5 µm; GSD 1.9

15 mg/m3: NOAEC; 
30 mg/m3 and above: inflammation in the lungs ↑, absolute and 
relative lung weights ↑ (♀); 
60 mg/m3: absolute and relative lung weights ↑ (♂); 
clearance half-life: 73–122 days

NTP 2017

rat, 
Wistar Han 
[Crl:WI (Han)], 
60 ♂, 60 ♀

2 years, 
0, 3, 10, 30 mg Sb2O3/m3, 
6 hours/day, 5 days/week, 
whole-body exposure, 
purity 99.9% a), 
aerosol, 
MMAD = 0.9–1.5 µm; GSD 
1.7 – 2.2

for the incidences of non-neoplastic findings, see Table 2; 
no NOAEC; 
3 mg/m3 and above: LOAEC; dose-dependent: abnormal 
breathing, cyanosis, thinness, absolute and relative lung weights ↑, 
♀: 10% decrease in body weights; 
10 mg/m3: 
♀: mortality increased as a result of lung proteinosis, 20% decrease 
in body weights, 
♂: mortality trend increased as a result of pneumonia and lung 
proteinosis; 
30 mg/m3: body weights decreased: ♂ 20% and ♀ 28%

NTP 2017

mouse, 
B6C3F1/N, 
5 ♂, 5 ♀

2 weeks, 
0, 3.75, 7.5, 15, 30, 60 mg Sb2O3/m3, 
6 hours/day, 5 days/week, 
whole-body exposure, 
purity 99.9% a), 
aerosol, 
MMAD = 1.3–1.5 µm; GSD 1.9

7.5 mg/m3: NOAEC; 
15 mg/m3 and above: absolute and relative lung weights ↑ (♀); 
30 mg/m3 and above: squamous metaplasia of the epiglottis ↑; 
60 mg/m3: absolute and relative lung weights ↑ (♂); 
clearance half-life: 47–62 days

NTP 2017

mouse, 
B6C3F1/N, 
60 ♂, 60 ♀

2 years, 
0, 3, 10, 30 mg Sb2O3/m3, 
6 hours/day, 5 days/week, 
whole-body exposure, 
purity 99.9% a), 
aerosol, 
MMAD = 0.9–1.5 µm; GSD 1.7–2.2

for the incidences of non-neoplastic findings, see Tables 2, 4 
no NOAEC; 
3 mg/m3 and above: LOAEC; dose-dependent: abnormal 
breathing, cyanosis, thinness, absolute and relative lung weights ↑; 
10 mg/m3: body weights decreased: ♂ 10%; 
30 mg/m3: body weights decreased: ♂ 25% and ♀ 11%

NTP 2017

a)	 arsenic about 0.019%, lead about 0.016%; GSD: geometric standard deviation; LOAEC: lowest observed adverse effect concentration; MMAD: 
mass median aerodynamic diameter; NOAEC: no observed adverse effect concentration

Tab. 2	 Incidences of non-neoplastic findings in the 2-year inhalation study of antimony trioxide in rats and mice (NTP 2017)

Exposure concentration (mg Sb2O3/m3)

0 3 10 30

rat

surviving animals ♂ 30/50 (60%) 30/50 (60%) 28/50 (56%) 18/50 (36%)
♀ 39/50 (78%) 38/50 (76%) 28/50 (56%) 20/50 (40%)

lungs:

 foreign body deposition ♂  1/50  (2%) 50/50 (100%) 50/50 (100%) 50/50 (100%)
♀  0/50  (0%) 50/50 (100%) 50/50 (100%) 50/50 (100%)

 chronic active inflammation ♂ 18/50 (36%) 50/50 (100%) 50/50 (100%) 50/50 (100%)
♀ 21/50 (42%) 50/50 (100%) 50/50 (100%) 50/50 (100%)
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Exposure concentration (mg Sb2O3/m3)

0 3 10 30

 suppurative alveolar inflammation ♂  0/50  (0%) 12/50  (24%) 24/50  (48%) 28/50  (56%)
♀  0/50  (0%)  5/50  (10%)  6/50  (12%)  5/50  (10%)

perivascular cellular infiltration of 
lymphocytes

♂  3/50  (6%) 25/50  (50%) 19/50  (38%)  9/50  (18%)
♀  0/50  (0%) 18/50  (36%) 11/50  (22%)  8/50  (16%)

 proteinosis ♂  0/50  (0%) 47/50  (94%) 50/50 (100%) 50/50 (100%)
♀  0/50  (0%) 50/50 (100%) 50/50 (100%) 50/50 (100%)

 alveolar epithelial hyperplasia ♂  4/50  (8%) 50/50 (100%) 48/50  (96%) 49/50  (98%)
♀  5/50 (10%) 50/50 (100%) 49/50  (98%) 50/50 (100%)

 bronchial epithelial hyperplasia ♂  3/50  (6%) 34/50  (68%) 36/50  (72%) 33/50  (66%)
♀  6/50 (12%) 26/50  (52%) 25/50  (50%) 27/50  (54%)

 fibrosis ♂  2/50  (4%) 50/50 (100%) 49/50  (98%) 49/50  (98%)
♀  1/50  (2%) 50/50 (100%) 50/50 (100%) 49/50  (98%)

chronic active arterial inflammation ♂  0/50  (0%)  0/50   (0%)  1/50   (2%)  1/50   (2%)
♀  0/50  (0%)  0/50   (0%)  1/50   (2%)  2/50   (4%)

nose:

 foreign body deposition ♂  0/50  (0%)  0/49   (0%) 17/50  (34%) 40/50  (80%)
♀  0/50  (0%)  5/50  (10%) 26/50  (52%) 45/50  (90%)

 respiratory epithelial hyperplasia ♂  6/50 (12%) 15/49  (30%) 13/50  (26%) 25/50  (50%)
♀  4/50  (8%)  6/50  (12%)  7/50  (14%) 16/50  (32%)

squamous metaplasia of the respiratory 
epithelium

♂  0/50  (0%)  0/49   (0%)  2/50   (4%)  6/50  (12%)
♀  0/50  (0%)  2/50   (4%)  3/50   (6%)  5/50  (10%)

larynx:

 foreign body deposition ♂  0/50  (0%) 50/50 (100%) 50/50 (100%) 50/50 (100%)
♀  0/50  (0%) 50/50 (100%) 50/50 (100%) 50/50 (100%)

 chronic active inflammation ♂  0/50  (0%)  0/50   (0%)  0/50   (0%)  0/50   (0%)
♀  0/50  (0%)  8/50  (16%)  0/50   (0%)  3/50   (6%)

trachea:

 foreign body deposition ♂  0/50  (0%) 28/50  (56%) 43/50  (86%) 48/50  (96%)
♀  0/50  (0%) 39/50  (78%) 47/50  (94%) 49/50  (98%)

bone marrow:

 hyperplasia ♂  0/50  (0%)  3/50   (6%)  4/50   (8%)  8/50  (16%)
♀  8/50 (16%)  5/50  (10%) 11/50  (22%) 20/50  (40%)

lymph nodes:
 bronchial

 foreign body deposition ♂  0/41  (0%) 35/40  (87%) 45/48  (94%) 42/47  (89%)
♀  0/35  (0%) 35/36  (97%) 23/28  (82%) 36/41  (88%)

 lymphoid hyperplasia ♂  0/41  (0%) 21/40  (52%) 29/48  (60%) 26/47  (55%)
♀  0/35  (0%) 21/36  (58%)  9/28  (32%) 11/41  (27%)

 pigmentation ♂  1/41  (2%)  4/40  (10%)  5/48  (10%) 10/47  (21%)
♀ 14/35 (40%) 12/36  (33%)  8/28  (29%) 18/41  (44%)

 mediastinal

 foreign body deposition ♂  0/42  (0%) 41/45  (91%) 41/49  (84%) 43/49  (88%)
♀  0/46  (0%) 27/46  (59%) 32/46  (69%) 33/46  (72%)

 lymphoid hyperplasia ♂  1/42  (2%) 24/45  (53%) 30/49  (61%) 26/49  (53%)
♀  0/46  (0%) 14/46  (30%) 10/46  (22%) 15/46  (33%)

Tab. 2	 (continued)
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Exposure concentration (mg Sb2O3/m3)

0 3 10 30

pancreas:
chronic active arterial inflammation ♂  1/50  (2%)  0/50   (0%)  2/50   (4%)  8/50  (10%)

♀  0/50  (0%)  0/50   (0%)  3/50   (6%)  8/50  (16%)

 arterial necrosis ♂ n. i. n. i.  1/50   (2%)  4/50   (8%)
♀  0/50  (0%)  0/50   (0%)  0/50   (0%)  4/50   (8%)

mesentery:
chronic active arterial inflammation ♂  0/50  (0%)  0/50   (0%)  0/50   (0%)  6/50  (12%)

♀  0/50  (0%)  0/50   (0%)  0/50   (0%)  6/50  (12%)

kidneys:
accumulation of hyaline droplets in the 
tubules

♂  0/50  (0%)  1/50   (2%)  3/50   (6%) 14/50  (28%)
♀  0/50  (0%)  0/50   (0%)  5/50  (10%) 11/50  (22%)

chronic active arterial inflammation ♂  0/50  (0%)  0/50   (0%)  1/50   (2%)  4/50   (8%)
♀  0/50  (0%)  0/50   (0%)  0/50   (0%)  2/50   (4%)

 nephropathy ♂ 41/50 (82%) 41/50  (82%) 40/50  (80%) 38/50  (76%)
♀ 16/50 (32%) 15/50  (30%) 20/50  (40%) 24/50  (48%)

arteries:
chronic inflammation in all tissues 
combined

♂  1/50  (2%)  1/50   (2%)  5/50  (10%) 16/50  (32%)
♀  0/50  (0%)  0/50   (0%)  5/50  (10%) 15/50  (30%)

eyes:
acute inflammation of the ciliary body ♂  0/49  (0%)  0/49   (0%)  1/50   (2%)  6/49  (12%)

♀  0/49  (0%)  0/50   (0%)  1/49   (2%)  6/49  (12%)

 retinal atrophy ♂  8/49 (16%) 11/49  (22%)  9/49  (18%)  6/50  (12%)
♀  6/49 (12%) 21/50  (42%) 18/49  (37%) 19/49  (39%)

mouse

surviving animals ♂ 38/50 (76%) 30/50  (60%) 27/50  (54%) 17/50  (34%)
♀ 36/50 (72%) 31/50  (62%) 26/50  (52%) 15/50  (30%)

lungs:

 cellular infiltration by lymphocytes ♂ 13/50 (26%) 47/50  (94%) 48/50  (96%) 45/50  (90%)
♀  7/50 (14%) 37/50  (74%) 37/50  (74%) 26/50  (52%)

 foreign body ♂  0/50  (0%) 50/50 (100%) 50/50 (100%) 50/50 (100%)
♀  0/50  (0%) 50/50 (100%) 50/50 (100%) 50/50 (100%)

 chronic active inflammation ♂  0/50  (0%) 48/50  (96%) 50/50 (100%) 50/50 (100%)
♀  1/50  (2%) 50/50 (100%) 50/50 (100%) 50/50 (100%)

 alveolar fibrosis ♂  0/50  (0%) 12/50  (24%) 30/50  (60%) 37/50  (74%)
♀  0/50  (0%) 13/50  (26%) 30/50  (60%) 38/50  (76%)

 pleural inflammation ♂  1/50  (2%) 50/50 (100%) 50/50 (100%) 50/50 (100%)
♀  1/50  (2%) 40/50  (80%) 47/50  (94%) 48/50  (96%)

nose:

 foreign body ♂  0/50  (0%) 48/49  (98%) 48/49  (98%) 49/50  (98%)
♀  1/50  (2%) 44/49  (88%) 45/50  (90%) 48/50  (96%)

 chronic epithelial inflammation ♂  3/50  (6%)  9/49  (18%)  9/49  (18%)  6/50  (12%)
squamous metaplasia of the respiratory 
epithelium

♀  0/50  (0%)  3/49   (6%)  2/50   (4%)  4/50   (8%)

thymus:

 cellular depletion ♂ 15/41 (37%) 14/38  (37%) 32/43  (74%) 32/39  (82%)
♀  9/47 (19%) 18/49  (37%) 23/49  (47%) 29/49  (59%)

Tab. 2	 (continued)
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Exposure concentration (mg Sb2O3/m3)

0 3 10 30

bone marrow:

 hyperplasia ♂ 10/49 (20%) 19/50  (38%) 27/48  (56%) 33/50  (66%)
♀  3/50  (6%)  5/50  (10%) 15/50  (30%) 28/50  (56%)

spleen:

 haematopoietic cell proliferation ♂ 13/49 (27%) 10/50  (20%) 10/50  (20%) 13/50  (26%)
♀ 17/50 (34%) 19/50  (38%) 20/50  (40%) 35/50  (70%)

larynx:

 foreign body deposition ♂  0/50  (0%) 15/50  (30%) 29/50  (58%) 44/50  (88%)
♀  0/50  (0%) 25/50  (50%) 39/50  (78%) 48/50  (96%)

 respiratory epithelial hyperplasia ♂  1/50  (2%)  3/50   (6%) 15/50  (30%) 30/50  (60%)
♀  2/50  (4%)  0/50   (0%) 14/50  (28%) 18/50  (36%)

squamous metaplasia of the respiratory 
epithelium

♂  0/50  (0%)  0/50   (0%)  8/50  (16%) 18/50  (36%)
♀  1/50  (2%)  0/50   (0%)  5/50  (10%) 24/50  (48%)

 squamous epithelial hyperplasia ♂  2/50  (4%)  0/50   (0%)  4/50   (8%) 13/50  (26%)
♀  4/50  (8%)  1/50   (2%)  1/50   (2%) 12/50  (24%)

trachea:

 foreign body deposition ♂  0/49  (0%)  3/50   (6%)  1/50   (2%) 20/50  (40%)
♀  0/50  (0%)  7/50  (14%) 14/50  (28%) 20/50  (40%)

 epithelial hyperplasia ♂  0/49  (0%)  0/50   (0%)  2/50   (4%)  5/50  (10%)

lymph nodes:
 bronchial

 lymphoid hyperplasia ♂  2/30  (7%) 21/43  (49%) 26/47  (55%) 13/41  (32%)
♀  2/41  (5%) 15/47  (32%) 17/48  (35%) 11/49  (22%)

 foreign body deposition ♂  0/30  (0%) 34/43  (79%) 47/47 (100%) 38/41  (93%)
♀  0/41  (0%) 34/47  (72%) 46/48  (96%) 43/49  (88%)

 cellular histiocytic infiltration ♂  0/30  (0%)  2/43   (5%)  4/47   (9%)  6/41  (15%)
♀  0/41  (0%)  2/47   (4%)  7/48  (15%)  7/49  (14%)

 mediastinal

 lymphoid hyperplasia ♂  2/37  (5%)  8/45  (18%) 17/48  (35%) 34/49  (69%)
♀  0/46  (0%)  3/48   (6%) 16/49  (33%) 18/50  (36%)

 foreign body deposition ♂  0/37  (0%) 32/45  (71%) 42/48  (87%) 48/49  (98%)
♀  0/46  (0%) 28/48  (58%) 45/49  (92%) 44/50  (88%)

 cellular histiocytic infiltration ♂  0/37  (0%)  4/45   (9%) 13/48  (27%) 34/49  (69%)
♀  0/46  (0%)  6/48  (12%) 11/49  (22%) 16/50  (32%)

heart:
chronic active inflammation of the 
epicardium

♂  0/50  (0%)  2/50   (4%)  7/50  (14%) 16/50  (32%)
♀  0/50  (0%)  2/50   (4%)  7/50  (14%)  7/50  (14%)

forestomach:

 chronic active inflammation ♂  2/50  (4%)  4/50   (8%)  4/49   (8%)  7/50  (14%)
♀ n. i.  1/50   (2%) n. i.  3/50   (6%)

n. i.: not investigated

Allergenic effects
Animals studies that investigated sensitization did not find evidence of a noteworthy contact allergenic potential; 
however, these studies were of limited validity (Greim 2007).

Tab. 2	 (continued)
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In a maximization test in guinea pigs carried out according to OECD Test Guideline 406 in 2005, antimony trioxide 
was not found to induce sensitizing effects. The intradermal and the topical induction treatment were carried out 
with a 10% and a 50% suspension of antimony trioxide in water, respectively. Prior to the topical induction treatment, 
the animals were treated for 24 hours with 10% sodium lauryl sulfate in petrolatum. A 50% suspension was used for 
the 24-hour challenge treatment. A reaction was not obtained in any of the 20 female Dunkin Hartley guinea pigs at 
the readings after 48 and 72 hours (ECHA 2020).

Genotoxicity

In vitro
Direct mutagenic effects were not induced in most of the tests carried out with bacteria strains incubated with tri-
valent or pentavalent antimony compounds. Trivalent antimony compounds likewise did not induce gene mutations 
(mouse lymphoma test) in mammalian cells. However, trivalent antimony compounds were found to induce clasto-
genic effects in human lymphocytes (DNA strand breaks, chromosomal aberrations, micronuclei), human leukocytes 
(chromosomal aberrations), human bronchial epithelial cells and fibroblasts (micronuclei), in V79 cells (DNA strand 
breaks, micronuclei) and CHO-K1 cells (micronuclei) (Beyersmann and Hartwig 2008; Greim 2007).

In vitro genotoxicity studies that were published since the last documentation are shown in Table 3.

In the Salmonella typhimurium strain TA1537, metallic antimony led to an around 2-fold increase in the number of 
revertants at just below cytotoxic concentrations and in the absence of a metabolic activation system. In the Salmonella 
typhimurium strains TA98, TA100 and TA1535 as well as in Escherichia coli WP2uvrA/pKM101, metallic antimony 
did not cause mutagenic effects either in the presence or in the absence of a metabolic activation system (Asakura et 
al. 2009).

In CHO-9 cells, trimethylantimony(V) dichloride did not lead to an increase in sister chromatid exchange up to a 
concentration of 1000 μM. Uptake in the cells was 0.05% (Dopp et al. 2006).

Treatment of the human cell lines HepG2 and LS-174T with antimony trichloride increased the phosphorylation of the 
histone H2AX (γH2AX) at concentrations of 100 μM and above (HepG2) and 250 μM and above (LS-174T), respectively 
(Kopp et al. 2018). H2AX is phosphorylated at sites of DNA repair. The phosphorylation of H2AX is typically induced 
by DNA double-strand breaks, but may be initiated also if the DNA is damaged during proliferation or apoptosis. In 
order to establish with certainty that DNA double-strand breaks are involved, evidence of colocalization with a second 
protein (for example 53BP1) is required (Rothkamm et al. 2015). As this was not established in the present case, γH2AX 
quantification yielded evidence of increased DNA damage, but without further specification of the type of damage.

In a test for DNA strand breaks (comet assay) in human lymphocytes, N-methylglucamine antimonate, which contains 
pentavalent antimony, was not found to be clastogenic up to an antimony concentration of 4250 μg/ml (Lima et al. 2010).

Metallic antimony induced chromosomal aberrations, primarily chromatid breaks and exchange, and increased 
the percentage of endoreduplication in CHL cells at concentrations of 25 μg/ml and above (Asakura et al. 2009). 
Trimethylantimony(V) dichloride, however, did not induce these types of effects in CHO-9 cells up to a concentration 
of 1000 μg/ml. The uptake in the cells was 0.05% (Dopp et al. 2006). This pentavalent antimony compound did not 
induce an increase in micronuclei in CHO-9 cells up to a concentration of 1000 μM with a maximum uptake of 0.05% 
(Dopp et al. 2006).



MAK Value Documentations – Antimony and its inorganic compounds except for stibine

The MAK Collection for Occupational Health and Safety 2024, Vol 9, No 1� 11

Ta
b.

 3
	

In
 v

itr
o 

st
ud

ie
s 

of
 th

e 
ge

no
to

xi
ci

ty
 in

du
ce

d 
by

 a
nt

im
on

y 
co

m
po

un
ds

 c
ar

rie
d 

ou
t a

fte
r 2

00
6

En
d 

po
in

t
Te

st
 s

ys
te

m
Su

bs
ta

nc
e

C
on

ce
nt

ra
ti

on
Eff

ec
ti

ve
 

co
nc

en
tr

at
io

n
C

yt
ot

ox
ic

it
y

R
es

ul
ts

C
om

m
en

ts
R

ef
er

en
ce

s

–m
. a

.
+m

. a
.

ge
ne

 m
ut

at
io

n 
(p

re
in

cu
ba

tio
n)

Sa
lm

on
el

la
 

ty
ph

im
ur

iu
m

 
TA

15
37

m
et

al
lic

 
an

tim
on

y,
 

10
 μ

m

–m
. a

.: 
0,

 5
00

, 7
50

, 
12

50
, 1

50
0,

 1
75

0,
 2

00
0,

 
22

50
 μ

g/
pl

at
e,

 
+m

. a
.: 

0,
 1

56
, 3

13
, 6

25
, 

12
50

, 2
50

0,
 5

00
0 

μg
/

pl
at

e,
 

so
lv

en
t: 

D
M

SO
, 

pu
ri

ty
: 9

9%

75
0 

μg
/p

la
te

–m
. a

.: 
≥ 1

50
0 

μg
/p

la
te

, 
+m

. a
.: 

≥ 2
50

0 
μg

/p
la

te
 

+
–

nu
m

be
r o

f r
ev

er
ta

nt
s: 

2-
fo

ld
A

sa
ku

ra
 e

t 
al

. 2
00

9

Sa
lm

on
el

la
 

ty
ph

im
ur

iu
m

 
TA

98
, T

A
10

0,
 

TA
15

35
, 

Es
ch

er
ic

hi
a 

co
li 

W
P2

uv
rA

/
pK

M
10

1

m
et

al
lic

 
an

tim
on

y,
 

10
 μ

m

0,
 3

9.1
–5

00
0 

or
 3

13
–

12
50

 μ
g/

pl
at

e,
 

so
lv

en
t: 

D
M

SO
, 

pu
ri

ty
: 9

9%

–
–m

. a
.: 

TA
98

: ≥
 12

50
 μ

g/
pl

at
e,

 
TA

10
0:

 ≥
 25

00
 μ

g/
pl

at
e,

 
TA

15
35

: ≥
 52

5 
μg

/p
la

te
, 

W
P2

uv
rA

/p
K

M
10

1:
 –

, 
+m

. a
.: 

TA
98

: 5
00

0 
μg

/p
la

te
, 

TA
10

0:
 ≥

 12
50

 μ
g/

pl
at

e,
 

TA
15

35
: ≥

 12
50

 μ
g/

pl
at

e,
 

W
P2

uv
rA

/p
K

M
10

1:
 –

–
–

SC
E

CH
O

-9
 c

el
ls

tr
im

et
hy

la
nt

i
m

on
y(

V
) 

di
ch

lo
ri

de

0,
 1

0,
 1

00
, 1

00
0 

μM
, 

so
lv

en
t: 

D
M

SO
, 

pu
ri

ty
: a

na
ly

tic
al

 
gr

ad
e

–
su

rv
iv

in
g 

ce
lls

 a
t 5

00
 μ

M
: 

ab
ou

t 8
0%

 a
fte

r 2
4 

ho
ur

s
–

no
t 

pe
rf

or
m

ed
up

ta
ke

 in
 c

el
ls

: 0
.0

5%
D

op
p 

et
 a

l. 
20

06

ph
os

ph
or

yl
at

io
n 

of
 th

e 
hi

st
on

e 
H

2A
X

 (γ
H

2A
X

)

hu
m

an
 c

el
l 

lin
es

 H
ep

G
2 

an
d 

LS
-1

74
T 

(r
ep

re
se

nt
in

g 
th

e 
ta

rg
et

 
or

ga
ns

 li
ve

r 
an

d 
co

lo
n)

Sb
Cl

3
0,

 1
0,

 5
0,

 1
00

, 2
50

, 
50

0 
μM

, 
so

lv
en

t: 
D

M
SO

, 
pu

ri
ty

: >
 95

%

H
ep

G
2:

 
≥ 1

00
 μ

M
, 

LS
-1

74
T:

 2
50

 μ
M

+ 
≥ 2

50
 μ

M
 

+
no

t 
pe

rf
or

m
ed

in
du

ct
io

n 
of

 γ
H

2A
X

: 
H

ep
G

2 
at

 1
00

 μ
M

: 1
.3

-fo
ld

, 
LS

-1
74

T 
at

 2
50

 μ
M

: 1
.6

-fo
ld

Ko
pp

 e
t a

l. 
20

18

D
N

A
 st

ra
nd

 
br

ea
ks

 (c
om

et
 

as
sa

y)

hu
m

an
 

ly
m

ph
oc

yt
es

N
-m

et
hy

lg
lu


ca

m
in

e 
an

tim
on

at
e

0,
 1

06
0,

 2
12

0,
 

42
50

 μ
g S

b(
V

)/m
l, 

so
lv

en
t: 

w
at

er

–
–

–
no

t 
pe

rf
or

m
ed

Li
m

a 
et

 a
l. 

20
10

CA
CH

L 
ce

lls
m

et
al

lic
 

an
tim

on
y,

 
10

 μ
m

–m
. a

.: 
0,

 1
2.

5,
 2

5,
 5

0,
 

10
0,

 2
00

 μ
g/

m
l, 

+m
. a

.: 
0,

 6
.2

5,
 1

2.
5,

 
25

, 5
0,

 1
00

, 2
00

 μ
g/

m
l, 

so
lv

en
t: 

D
M

SO
, 

pu
ri

ty
: 9

9%

≥ 2
5 

μg
/m

l 
–m

. a
.: 

20
0 

μg
/m

l, 
+m

. a
.: 

≥ 1
00

 μ
g/

m
l 

+
+

m
ai

nl
y 

ch
ro

m
at

id
 b

re
ak

s a
nd

 
ex

ch
an

ge
 in

 a
dd

iti
on

 to
 

in
cr

ea
se

d 
pe

rc
en

ta
ge

 o
f 

en
do

re
du

pl
ic

at
io

n,
 

ga
ps

 a
na

ly
se

d 
in

di
vi

du
al

ly

A
sa

ku
ra

 e
t 

al
. 2

00
9



MAK Value Documentations – Antimony and its inorganic compounds except for stibine

The MAK Collection for Occupational Health and Safety 2024, Vol 9, No 1� 12

En
d 

po
in

t
Te

st
 s

ys
te

m
Su

bs
ta

nc
e

C
on

ce
nt

ra
ti

on
Eff

ec
ti

ve
 

co
nc

en
tr

at
io

n
C

yt
ot

ox
ic

it
y

R
es

ul
ts

C
om

m
en

ts
R

ef
er

en
ce

s

–m
. a

.
+m

. a
.

CA
CH

O
-9

 c
el

ls
tr

im
et

hy
la

nt
i

m
on

y(
V

) 
di

ch
lo

ri
de

0,
 1

0,
 1

00
, 1

00
0 

μM
, 

so
lv

en
t: 

D
M

SO
, 

pu
ri

ty
: a

na
ly

tic
al

 
gr

ad
e

–
su

rv
iv

in
g 

ce
lls

 a
t 5

00
 μ

M
: 

ab
ou

t 8
0%

 a
fte

r 2
4 

ho
ur

s
–

no
t 

pe
rf

or
m

ed
up

ta
ke

 in
 c

el
ls

: 0
.0

5%
D

op
p 

et
 a

l. 
20

06

M
N

CH
O

-9
 c

el
ls

tr
im

et
hy

la
nt

i
m

on
y(

V
) 

di
ch

lo
ri

de

0,
 2

50
, 5

00
, 7

50
, 

10
00

 μ
M

, 
so

lv
en

t: 
D

M
SO

, 
pu

ri
ty

: a
na

ly
tic

al
 

gr
ad

e

–
su

rv
iv

in
g 

ce
lls

 a
t 5

00
 μ

M
: 

ab
ou

t 8
0%

 a
fte

r 2
4 

ho
ur

s
–

no
t 

pe
rf

or
m

ed
up

ta
ke

 in
 c

el
ls

: 0
.0

5%
; 

el
ec

tr
op

or
at

io
n 

(m
et

ho
d 

us
ed

 
to

 te
m

po
ra

ri
ly

 in
cr

ea
se

 th
e 

pe
rm

ea
bi

lit
y 

of
 th

e 
ce

ll 
m

em
br

an
e)

 in
 h

yp
o-

os
m

ot
ic

 
bu

ffe
r: 

50
0 

μM
: i

nd
uc

tio
n 

of
 

m
ic

ro
nu

cl
ei

 a
nd

 2
-fo

ld
 

in
tr

ac
el

lu
la

r a
nt

im
on

y 
co

nc
en

tr
at

io
n;

 s
ur

vi
vi

ng
 c

el
ls

 
> 

90
%

D
op

p 
et

 a
l. 

20
06

CA
: c

hr
om

os
om

al
 a

be
rr

at
io

ns
; D

M
SO

: d
im

et
hy

l s
ul

fo
xi

de
; m

. a
.: 

m
et

ab
ol

ic
 a

ct
iv

at
io

n 
sy

st
em

; M
N

: m
ic

ro
nu

cl
ei

; S
CE

: s
is

te
r c

hr
om

at
id

 e
xc

ha
ng

e

Ta
b.

 3
	

(c
on

tin
ue

d)



MAK Value Documentations – Antimony and its inorganic compounds except for stibine

The MAK Collection for Occupational Health and Safety 2024, Vol 9, No 1� 13

In vivo
The valid in vivo genotoxicity studies of antimony trichloride and antimony trioxide that were evaluated in 2006 
(chromosomal aberrations, micronuclei) yielded only negative results. Antimony trichloride induced an increased 
number of DNA strand breaks in the spleen of Swiss mice only at highly toxic doses far above the LD50. The findings 
of chromosomal aberrations in the bone marrow cells induced by antimony trichloride and antimony trioxide are 
questionable because of methodological shortcomings and the presence of impurities. Like inorganic antimony com-
pounds, the organic antimony compounds and their salts release trivalent antimony and are therefore included in the 
evaluation of genotoxicity. Oral exposure to the organic compound antimony tris(isooctyl thioglycolate) did not lead to 
the formation of micronuclei in the bone marrow cells of mice or chromosomal aberrations in the bone marrow cells 
of rats. However, antimony potassium tartrate and antimony piperazine tartrate given by intraperitoneal injection 
induced chromosomal aberrations in the bone marrow of rats. Overall, the data suggest that the substances have a 
clastogenic potential in vivo (Greim 2007).

The in vivo studies of genotoxicity that have become available since the documentation was published in 2006 are 
listed in Table 4. The study of Kirkland et al. (2007) is the same study as that referred to as IAOIA 2005 by Greim (2007).

In an extensive study carried out by the NTP with inhalation exposure of rats and mice to antimony trioxide for 1 year, 
DNA strand breaks were determined in the peripheral blood leukocytes and in the lungs by comet assay. The study 
found that the fraction of tail DNA in the lungs was 30% to 50% higher in male mice at concentrations of 3 mg/m3 
and above and in female mice at 30 mg/m3. However, this effect was not seen in the leukocytes of mice and in both 
organs/tissues of rats up to the high concentration (NTP 2017). The lungs are the target organ for inhalation exposure; 
however, after a certain period of time antimony is detected also in the erythrocytes (Greim et al. 2009).

N-Methylglucamine antimonate, which contains pentavalent antimony, did not induce clastogenic effects in human 
lymphocytes in vitro (see above; Lima et al. 2010). In Swiss mice, the compound induced DNA strand breaks in the 
peripheral blood leukocytes and peritoneal exudate macrophages in addition to micronuclei in the bone marrow cells 
after a single intraperitoneal injection of pentavalent antimony doses of 213 mg/kg body weight and above. In a pair-
wise comparison of the groups, the findings for these 2 parameters did not reach statistical significance; the authors 
therefore concluded that the effects were not dose-dependent. The authors suggested that the genotoxic effects are 
caused by the reduction of pentavalent to trivalent antimony (Lima et al. 2010).

The NTP study investigated the occurrence of micronuclei in the peripheral blood leukocytes after inhalation expos-
ure of rats and mice for 1 year. The study found that the fraction of peripheral blood leukocytes with micronuclei was 
increased 1.3-fold in male and female mice at a concentration of 30 mg/m3. By contrast, this effect was not noticeable 
in rats up to the high concentration and the percentage of reticulocytes in the peripheral blood remained unchanged 
by treatment (NTP 2017). In mice, erythropoiesis was stimulated and findings of hyperplasia in the bone marrow 
were obtained by histological examination. This is a sign of rapid cell division, which may lead to an increase in the 
incidence of errors and suggests indirect micronuclei formation. According to a group of experts, if the in vitro results 
are negative, then the induction of micronuclei after increased erythropoiesis is to be interpreted as a false positive 
result (Tweats et al. 2007). However, antimony compounds have been found to be clastogenic in vitro and therefore the 
induction of micronuclei in mice reported by the NTP study is to be regarded as a substance-induced effect.
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Tab. 4	 In vivo studies of the genotoxicity of inorganic antimony compounds

Test system, 
organ

Species, 
strain, 
number, sex

Substance Dose/concentration, 
administration

Exposure, 
sampling

Results Comments References

DNA strand 
breaks (comet 
assay), 
peripheral 
blood 
leukocytes, 
lung

rat, 
Wistar Han 
[Crl:WI (Han)], 
10 ♂, 10 ♀,

Sb2O3 0, 3, 10, 30 mg/m3, 
aerosol, 
whole-body exposure, 
purity: > 99.9%

12 months, 
6 hours/day, 
5 days/week

– NTP 2017

DNA strand 
breaks (comet 
assay), 
peripheral 
blood 
leukocytes, 
lung

mouse, 
B6C3F1/N, 
10 ♂, 10 ♀

Sb2O3 0, 3, 10, 30 mg/m3, 
aerosol, 
whole-body exposure, 
purity: > 99.9%

12 months, 
6 hours/day, 
5 days/week

lungs: + 
leukocytes: –

lungs: 
percent tail DNA ↑: ♂: 
≥ 3 mg/m3 (3 mg/m3: 
1.3-fold, 10 mg/m3: 
1.3-fold, 30 mg/m3: 
1.5-fold), 
♀: 30 mg/m3: 1.4-fold

NTP 2017

DNA strand 
breaks (comet 
assay), 
peripheral 
blood 
leukocytes, 
peritoneal 
exudate 
macrophages

mouse, 
Swiss, 
5 ♂, 5 ♀

N-methylgluc
amine 
antimonate

0, 213, 425, 
850 mg Sb(V)/kg body 
weight, 
intraperitoneal, 
vehicle: water

single dose, 
sampling: 
3 hours 
(macrophages) 
and 24 hours 
(leukocytes) 
after 
administration

+ ≥ 213 mg/kg body 
weight, 
leukocytes: DNA 
damage score: 
2.8-fold at 213 mg/kg 
body weight; 
2.9-fold at 425 mg/kg 
body weight; 
3.1-fold at 850 mg/kg 
body weight; 
no effects with 
statistical 
significance found by 
a pairwise 
comparison of the 
groups; based on this, 
the authors concluded 
that there was no 
dose dependency

Lima et al. 
2010

CA, 
bone marrow

rat, 
SD, 
6 ♂, 6 ♀

SbCl3 0, 250, 500, 1000 mg/
kg body weight and 
day, 
gavage, 
vehicle: HPMC/
polysorbate, 
purity: 99.93%

21 days, 
sampling: 
24 hours after 
last dose

– body weights 
decreased by at least 
10%

IAOIA 2005 
in Greim 
2007; 
Kirkland et 
al. 2007

MN, 
peripheral 
blood 
leukocytes

rat, 
Wistar Han 
[Crl:WI (Han)], 
10 ♂, 10 ♀

Sb2O3 0, 3, 10, 30 mg/m3, 
aerosol, 
whole-body exposure, 
purity: > 99.9%

12 months, 
6 hours/day, 
5 days/week

– percentage of 
reticulocytes in the 
peripheral blood 
unchanged

NTP 2017

MN, 
peripheral 
blood 
leukocytes

mouse, 
B6C3F1/N, 
10 ♂, 10 ♀

Sb2O3 0, 3, 10, 30 mg/m3, 
aerosol, 
whole-body exposure, 
purity: > 99.9%

12 months, 
6 hours/day, 
5 days/week

+ ♂ and ♀: 30 mg/m3 
(ratio of NCE with 
MN/NCE: 1.3 times as 
high)

NTP 2017

MN, 
bone marrow

rat, 
SD, 
6 ♂, 6 ♀

SbCl3 0, 250, 500, 1000 mg/
kg body weight and 
day, 
gavage, 
vehicle: HPMC/
polysorbate, 
purity: 99.93%

21 days, 
sampling: 
24 hours after 
last dose

– body weight gains 
decreased by at least 
10%

IAOIA 2005 
in Greim 
2007; 
Kirkland et 
al. 2007
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Test system, 
organ

Species, 
strain, 
number, sex

Substance Dose/concentration, 
administration

Exposure, 
sampling

Results Comments References

MN, 
bone marrow

mouse, 
Swiss, 
5 ♂, 5 ♀

N-methylgluc
amine 
antimonate

0, 213, 425, 850 mg 
Sb(V)/kg body 
weight, 
intraperitoneal, 
vehicle: water

single dose, 
sampling: 
24 hours after 
administration

+ ≥ 213 mg/kg body 
weight, 
fraction of 
polychromatic 
erythrocytes with 
micronuclei: 
1.8-fold at 213 mg/kg 
body weight; 
2.2-fold at 425 mg/kg 
body weight; 
2.6-fold at 850 mg/kg 
body weight; 
no effects with 
statistical 
significance found by 
a pairwise 
comparison of the 
groups; based on this, 
the authors concluded 
that there was no 
dose dependency, 
PCE/NCE ratio 
unchanged

Lima et al. 
2010

CA: chromosomal aberrations; HPMC: hydroxypropyl methylcellulose; MN: micronuclei; NCE: normochromatic erythrocytes; PCE: polychro-
matic erythrocytes; SD: Sprague Dawley

Summary
There is strong evidence that antimony compounds induce clastogenic effects. The new in vivo studies demonstrate 
that antimony compounds have a weak clastogenic potency in mice, but not in rats (Lima et al. 2010; NTP 2017). In the 
study carried out by the NTP with inhalation exposure of mice for 12 months, the fraction of tail DNA in the lungs 
was increased by 30% to 50% in male mice at concentrations of 3 mg/m3 and above and in female mice at 30 mg/m3; an 
increase was not observed in the leukocytes. In addition, the fraction of peripheral blood leukocytes with micronuclei 
was increased 1.3-fold in male and female mice at a concentration of 30 mg/m3 (NTP 2017).

Carcinogenicity
The documentation published in 2006 includes a detailed review of several studies. These studies found that expos-
ure to antimony trioxide and antimony ore dust led to the development of lung tumours in female rats. In 2 carcino-
genicity studies, the incidence of lung tumours in rats was increased with statistical significance after exposure to 
antimony trioxide for 1 year at concentrations of 4.2 mg/m3 and 45 to 46 mg/m3, respectively. In addition, antimony 
ore dust (46% antimony, predominantly in the form of antimony trisulfide) increased the incidence of lung cancer in 
rats with statistical significance. Another study did not determine an increased tumour incidence in female rats after 
exposure to antimony trioxide at a concentration of 4.5 mg/m3 for 1 year and an observation period of 1 year. This was 
explained by the fact that the period of exposure and also the survival time of the animals was shorter and the lung 
burden of antimony was not as extensive. Overall, the findings suggest that long-term exposure to antimony trioxide 
by inhalation at concentrations ranging from 5 to 50 mg/m3 may induce lung tumours in female rats (Greim 2007).

A new carcinogenicity study has become available since the documentation was published in 2006. In this inhalation 
study with exposure of Wistar Han [Crl:WI (Han)] rats and B6C3F1/N mice to antimony trioxide (see Table 5), the com-
bined incidence of alveolar/bronchiolar adenomas and carcinomas in mice was increased in a concentration-dependent 
manner at the lowest antimony trioxide concentration investigated of 3 mg/m3 (equivalent to 2.5 mg Sb/m3) and above. 

Tab. 4	 (continued)
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A positive trend was observed in male rats; however, this was not statistically significant. In female rats, only lung 
adenomas were observed. In comparison with rats, mice were found to have a greater sensitivity for carcinogenic 
effects in the lungs. In mice, the incidence of alveolar/bronchiolar carcinomas was increased at the low concentration 
and above. In rats, the incidences of hyperplasia of the adrenal medulla and of both benign and malignant phaeo-
chromocytomas in the adrenal glands were increased. In male mice, histiocytosis or fibrosarcomas were observed in 
the skin and the combined incidence of malignant lymphomas in all organs was increased (NTP 2017). The findings 
in the adrenal glands of rats are not considered relevant for humans (AGS 2018; Greim et al. 2009; Laube et al. 2019).

Tab. 5	 Studies of the carcinogenicity induced by antimony trioxide

Author: NTP 2017

Substance: antimony trioxide, purity: 99.9%

Species: rat, Wistar Han [Crl:WI (Han)], 50 ♂, 50 ♀

Administration route: inhalation

Concentration: 0, 3, 10, 30 mg antimony trioxide/m3 (0, 2.5, 8.4, 25 mg Sb/m3)

Duration: 2 years, 5 days/week, 6 hours/day

Toxicity: 3 mg/m3 and above (see Table 1)

Exposure concentration (mg/m3)

0 3 10 30

surviving animals ♂ 30/50 (60%) 30/50 (60%) 28/50 (56%) 18/50 (36%)
♀ 39/50 (78%) 38/50 (76%) 28/50 (56%) 20/50 (40%)

tumours and preneoplasms

lungs:

 alveolar squamous cell metaplasia ♂  0/50  (0%)  0/50  (0%)  0/50  (0%)  0/50  (0%)
♀  0/50  (0%)  5/50 (10%)  3/50  (6%)  1/50  (2%)

 alveolar/bronchiolar adenomas ♂  3/50  (6%) a)  4/50  (8%)  6/50 (12%)  8/50 (16%)
♀  0/50  (0%)  2/50  (4%)  6/50 (12%)*  5/50 (10%)*

 alveolar/bronchiolar carcinomas ♂  0/50  (0%)  0/50  (0%)  2/50  (4%)  0/50  (0%)
alveolar/bronchiolar adenomas or 
carcinomas

♂  3/50  (6%)  4/50  (8%)  8/50 (16%)  8/50 (16%)

cystic keratinizing epitheliomas or 
squamous cell carcinomas

♀  0/50  (0%) b)  0/50  (0%)  0/50  (0%)  3/50  (6%)

adrenal medulla:

 hyperplasia ♂  1/49  (2%)  2/50  (4%)  4/49  (8%)  8/50 (16%)*
♀  0/49  (0%)  0/49  (0%)  3/49  (6%)  5/50 (10%)*

 benign phaeochromocytomas ♂  1/49  (2%)  0/50  (0%)  2/49  (4%)  7/50 (14%)*
♀  0/49  (0%)  2/49  (4%)  2/49  (4%)  6/50 (12%)**

benign or malignant phaeochromocytomas ♀  0/49  (0%)  2/49  (4%)  2/49  (4%)  7/50 (14%)**
*p ≤ 0.05, **p ≤ 0.01
a) historical controls: inhalation studies 4/150, 2.7% ± 3.1%, 0%–6%; all routes of administration 4/299, 1.3% ± 2.4%, 0%–6%
b) historical controls: inhalation studies 0/150; all routes of administration 0/300

Author: NTP 2017

Substance: antimony trioxide, purity: 99.9%

Species: mouse, B6C3F1/N, 50 ♂, 50 ♀

Administration route: inhalation

Concentration: 0, 3, 10, 30 mg antimony trioxide/m3 (0, 2.5, 8.4, 25 mg Sb/m3)

Duration: 2 years, 5 days/week, 6 hours/day

Toxicity: 3 mg/m3 and above (see Table 1)
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Exposure concentration (mg/m3)

0 3 10 30

surviving animals ♂ 38/50 (76%) 30/50 (60%) 27/50 (54%) 17/50 (34%)
♀ 36/50 (72%) 31/50 (62%) 26/50 (52%) 15/50 (30%)

tumours and preneoplasms

lungs:

 alveolar epithelial hyperplasia ♂  6/50 (12%) 39/50 (78%)** 45/50 (90%)** 49/50 (98%)**
♀  1/50  (2%) 36/50 (72%)** 49/50 (98%)** 48/50 (96%)**

 bronchiolar epithelial hyperplasia ♂  0/50  (0%) 32/50 (64%)** 44/50 (88%)** 44/50 (88%)**
♀  1/50  (2%) 34/50 (68%)** 48/50 (96%)** 45/50 (90%)**

 alveolar/bronchiolar adenomas ♂ 10/50 (20%) a) 14/50 (28%)  9/50 (18%) 14/50 (28%)
♀  1/50  (2%) d) 10/50 (20%)** 19/50 (38%)**  8/50 (16%)**

 alveolar/bronchiolar carcinomas ♂  4/50  (8%) b) 18/50 (36%)** 20/50 (40%)** 27/50 (54%)**
♀  2/50  (4%) e) 14/50 (28%)** 11/50 (22%)** 11/50 (22%)**

alveolar/bronchiolar adenomas or 
carcinomas

♂ 13/50 (26%) c) 29/50 (58%)** 28/50 (56%)** 34/50 (68%)**
♀  3/50  (6%) f) 22/50 (44%)** 27/50 (54%)** 18/50 (36%)**

skin:

 fibrous histiocytosis ♂  0/50  (0%)  1/50  (2%)  1/50  (2%)  4/50  (8%)

 fibrous histiocytosis or fibrosarcomas ♂  0/50  (0%)  1/50  (2%)  3/50  (6%)  4/50  (8%)

 squamous cell carcinomas ♀  0/50  (0%)  0/50  (0%)  0/50  (0%)  2/50  (4%)

all organs: malignant lymphomas ♀  7/50 (14%) 17/50 (34%) 20/50 (40%) 27/50 (54%)

*p ≤ 0.05, **p ≤ 0.01
a) historical controls: inhalation studies 35/250, 14% ± 3.7%, 10%–20%; all routes of administration 83/550, 15.1% ± 5.9%, 8%–26%
b) historical controls: inhalation studies 42/250, 16.8% ± 5.4%, 8%–22%; all routes of administration 75/550, 27.6% ± 2.6%, 26%–32%
c) historical controls: inhalation studies 69/250, 27.6% ± 2.6%, 26%–32%; all routes of administration 147/550, 26.7% ± 6.5%, 16%–38%
d) historical controls: inhalation studies 12/249, 4.8% ± 2.7%, 2%–8%; all routes of administration 27/549, 4.9% ± 3.5%, 0%–10%
e) historical controls: inhalation studies 17/249, 6.8% ± 3.7%, 2%–10%; all routes of administration 24/549, 4.4% ± 3.5%, 0%–10%
f) historical controls: inhalation studies 28/249, 11.3% ± 5.5%, 6%–18%; all routes of administration 50/549, 9.1% ± 5.2%, 2%–18%

Manifesto (MAK value/classification)
The critical effects of antimony and its inorganic compounds are the effects on the lungs after inhalation exposure, 
which lead to the development of lung tumours in rats and mice. Similar effects may be induced in humans.

Carcinogenicity. The findings suggest that lung cancer mortality in humans may be increased after exposure 
to antimony trioxide and antimony ore dust. However, because of exposure to a mixture of substances and a lack 
of data for the concentrations, the epidemiological studies cannot be used for classification (Greim 2007). A new 
carcinogenicity study in rats and mice demonstrated carcinogenic effects in the lungs after inhalation of antimony 
trioxide, primarily in mice, to a lesser degree in male rats and hardly in female rats. Mice exhibited a much higher 
sensitivity than rats (NTP 2017). The animal studies that were previously described had found mainly lung tumours in 
female rats (Greim 2007). As a NOAEC (no observed adverse effect concentration) cannot be derived for lung tumours 
in mice and for effects on the lungs of humans or in animal studies and a NOAEC can also not be determined for 
possible mechanisms of action, antimony and its inorganic compounds remain classified in Carcinogen Category 2.

Germ cell mutagenicity. Substantial evidence is available that antimony compounds cause clastogenic effects in 
vitro. The new in vivo studies found that antimony compounds have a weak clastogenic potency in mice, but not in 
rats (Lima et al. 2010; NTP 2017). In the NTP inhalation study, exposure for a period of 12 months led to a 30% to 50% 
increase in the fraction of tail DNA in the lungs, but not in the leukocytes, at concentrations of 3 mg/m3 and above in 
male mice and at 30 mg/m3 in female mice. In addition, the fraction of peripheral blood leukocytes with micronuclei 

Tab. 5	 (continued)
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was 1.3 times as high in male and female mice at a concentration of 30 mg/m3 (NTP 2017). Even though antimony 
compounds do not demonstrate a marked clastogenic potency in vivo, inhalation as the main route of absorption at 
the workplace is especially important. Trivalent antimony has been found to induce genotoxic effects in soma cells 
after exposure by inhalation. In addition, the evidence shows that antimony reaches the testes and the ovaries (Greim 
2007). On the basis of these findings, antimony and its inorganic compounds have been reclassified in Category 3 A 
for germ cell mutagens. This classification is supported by the likewise classification of arsenic and its inorganic 
compounds in Category 3 A for germ cell mutagens. Both metals have a similar effect profile, but that of antimony 
is less pronounced. This is because trivalent antimony compounds have a more highly metallic character and thus a 
higher affinity for SH groups than trivalent arsenic compounds.

MAK value, peak limitation and developmental toxicity. In the 2-year inhalation study in rats and mice, chronic 
inflammation and other findings such as foreign body deposition, lymphocyte infiltration, hyperplasia and fibrosis 
in the lungs were observed in 96% to 100% of the animals of both species at the lowest Sb2O3 concentration tested of 
3 mg/m3, which is equivalent to an antimony concentration of 2.5 mg/m3 (NTP 2017). As antimony remains classified 
in Carcinogen Category 2, the derivation of a MAK value, the peak limitation and the assignment to a pregnancy risk 
group are omitted.

Sensitization. There are no reliable positive findings for sensitizing effects in humans and no positive results from 
animal studies or in vitro studies. Therefore, antimony and its inorganic compounds do not require either the “Sh” or 
“Sa” designation (for substances which cause sensitization of the skin or airways).
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