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2-Mercaptobenzothiazole

1 Summary and assessment 

On oral administration, 2-mercaptobenzothiazole is rapidly and completely 
absorbed from the gastrointestinal tract. When 2-mercaptobenzothiazole is 
applied to the skin under occlusive cover for 96 h, about 16.1 to 17.5% is 
absorbed by the rat and about 33.4% by the guinea pig. On semi-occlusive 
application to the skin, absorption rates of about 9% for intact skin and 
about 37% for scarified skin are reported for guinea pigs. There are no stu-
dies available on absorption via the respiratory tract. On absorption, 2-mer-
captobenzothiazole is distributed throughout the entire body. In guinea 
pigs, the total activity in the internal organs was highest 15 min after subcu-
taneous administration and then fell rapidly. The highest tissue concentra-
tions at this time were found in the kidney, liver and lung. Excretion is large-
ly independent of the route of administration, frequency of administration, 
species and sex and takes place predominantly in the urine in the meta-
bolised form. Free 2-mercaptobenzothiazole does not appear in the urine, 
or occurs only in very small quantities. Metabolic transformation of 2-mer-
captobenzothiazole takes place exclusively at the SH-group of the mo-
lecule. A glucuronide, a glutathione conjugate and the mercapturic acid for-
med from this as well as a sulphate have been detected as metabolites. 
Following repeated oral administration to rats of unlabelled 2-mercaptoben-
zothiazole followed by a single administration of radioactively labelled com-
pound, half-lives of elimination from the plasma have been calculated to be 
4.7–8.56 h and 5780–6000 h for the alpha and beta phases, respectively, 
and half-lives of elimination from whole blood have been found to be 
3.73–4.13 h and 79.6–312 h for the alpha and beta phases, respectively. 
About 71–92% of the administered dose is excreted in the urine within 24 h 
after the last administration. Within 96 h, about 91–101% in total is found in 
the urine and 5–10% in the faeces. At this time, 1.57–1.95% of the admini-
stered radioactivity was detectable in the body with the highest levels in the 
blood and thyroid. In guinea pigs, 48 h after a single subcutaneous admin-
istration (at which time 94% of the administered dose had been excreted in 
the urine), the residual activity in the body was 0.19% of the administered 
dose and again the highest levels were observed in the blood and thyroid. 
A more precise analysis of the radioactivity in the blood of the rat after re-
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peated oral administration has shown that 2-mercaptobenzothiazole and/or 
its metabolites are bound covalently to the cell membranes of the erythro-
cytes and are non-extractable. The relatively long half-life of the beta phase 
elimination of 2-mercaptobenzothiazole from plasma and whole blood may 
be explained by this binding, which the authors suggest is protein binding 
via the SH-group of 2-mercaptobenzothiazole. No significant binding to the 
DNA of the liver, kidneys, pituitary, pancreas or bone marrow has been 
found in the rat.  

In the majority of the studies available, 2-mercaptobenzothiazole was found 
to have low toxicity on acute oral, dermal and inhalation administration 
(LD50 rat oral 2830–11804 mg/kg body weight, LD50 rabbit dermal > 7940 
mg/kg body weight, LC50 rat 4 h > 1270 mg/m3 and 7 h > 715 mg/m3 (pre-
sumably maximum technically achievable concentrations at 50°C and 
40°C)). In two isolated studies, LD50 values for rats have been found ac-
cording to which 2-mercaptobenzothiazole is harmful on oral administration 
(1800 and 1680 mg/kg body weight). For mice and rabbits, oral LD50 values 
have been reported to range from 1490 to 5000 and from 7500 to 8750 
mg/kg body weight, respectively.  

2-Mercaptobenzothiazole does not have an irritant effect on the skin of the 
rabbit either on 24 h semi-occlusive application to intact or scarified skin or 
on 24 h occlusive application to intact skin. Instillation of 2-mercaptobenzo-
thiazole into the rabbit eye leads to a reversible irritant effect with dischar-
ge, conjunctivitis and iritis. In the majority of studies on rabbit eyes, 2-mer-
captobenzothiazole was characterised as being slightly irritant by the au-
thors, and in one study each it was described as non-irritant and irritant to 
the rabbit eye.  

2-Mercaptobenzothiazole produces skin sensitisation in guinea pigs in the 
maximisation test and in the optimisation test as well as in most patch 
tests. In the sensitisation tests according to OECD or EC guidelines, the 
chemical is used as a positive control for mild to moderately sensitising 
substances. 2-Mercaptobenzothiazole also shows sensitising potential in 
the lymph node test in the mouse.  

In a 90-day oral gavage study in F344/N rats, a delay in body weight gain 
was seen in the females at dose levels of and above 750 mg/kg body 
weight per day and in the males after administration of 1500 mg/kg body 
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weight per day. Over the entire dose range tested from 187.5 to 1500 
mg/kg body weight, the animals showed a dose-dependent increase in liver 
weight without any histopathological correlate. Gross pathology and histo-
pathology did not reveal any changes in the rat after 90 days’ administra-
tion of up to 1500 mg/kg body weight. In B6C3F1 mice, mortality was in-
creased, and liver weight was increased without histopathological correlate, 
at the highest test dose of 1500 mg/kg body weight per day administered 
by gavage for 90 days. Clinical symptoms (tear flow, salivation and clonic 
seizures) were seen at dose levels of and above 375 mg/kg body weight. 
As in the rat, gross pathology and histopathology revealed no changes af-
ter 90 days’ administration of up to 1500 mg/kg body weight. No clinical 
chemistry and/or haematology tests were performed in these preliminary 
studies for carcinogenicity. In S1c.ddY mice, mortality was slightly in-
creased in both males and females on 20-month administration of 2-mer-
captobenzothiazole in feed at the highest test dose of 1920 ppm in feed 
(about 270 mg/kg body weight per day). Furthermore, starting at 480 ppm 
in feed (about 60 mg/kg body weight per day), impairment of body weight 
gain and unspecified interstitial cell infiltration in the kidneys were found on-
ly in the males. Of the haematological parameters, only the haematocrit 
was reduced in the males of the top dose group. The clinical chemistry re-
sults were equivalent to those of the controls in all dose groups. In females 
and males, 480 ppm (approx. 60 mg/kg body weight per day) and about 
120 ppm (approx. 14 mg/kg body weight per day), respectively, were with-
out any findings.  

2-Mercaptobenzothiazole displays no mutagenic activity in the Salmonel-
la/microsome test carried out as standard plate incorporation tests or pre-
incubation tests with the Salmonella typhimurium strains TA 98, TA 100, TA 
102, TA 1535, TA 1537 or TA 1538 either with or without metabolic activa-
tion. The results obtained for the gene mutagenic action of 2-mercaptoben-
zothiazole in mammalian cells by means of the HPRT test on lung fibro-
blasts and Chinese hamster ovary cells (V79 and CHO cells) were negative 
both with and without metabolic activation. In a total of 3 tests on mouse 
lymphoma cells (L5178Y/TK test), which were all carried out both with and 
without metabolic activation, 2-mercaptobenzothiazole was evaluated as 
negative, as weakly mutagenic at highly toxic concentrations, and as nega-
tive in the absence but positive in the presence of metabolic activation. A 
chromosome-damaging effect of 2-mercaptobenzothiazole was seen in 
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vitro in the chromosome aberration test in Chinese hamster ovary cells 
(CHO) with metabolic activation. Without metabolic activation, the test was 
negative. In the DNA repair test in Escherichia coli, 2-mercaptobenzothia-
zole did not show any DNA-damaging activity. In studies carried out as part 
of the “National Toxicology Program” (NTP), 2-mercaptobenzothiazole was 
assessed by the authors as being positive in the SCE test in Chinese ham-
ster ovary cells. Closer examination of the individual values presented in 
the tables shows, however, that in the SCE tests, which were performed in 
two independent laboratories, the results are doubtful and contradictory. In 
one study in Saccharomyces cerevisiae D4, 2-mercaptobenzothiazole did 
not induce mitotic gene conversion (induction of tryptophan-independent 
mutants) either with or without metabolic activation. The in vivo results of 
the micronucleus test in rats and mice carried out according to valid guideli-
nes, the dominant-lethal test in rats and DNA-binding studies in rats do not 
provide any indication of genotoxic potential of 2-mercaptobenzothiazole. A 
positive result from an embryotoxicity/dominant-lethal study, which is of 
doubtful validity because of poor experimental conduct and documentation, 
has been disproved by the clear negative results of a dominant-lethal test 
performed according to valid test guidelines as mentioned above. The re-
levance of a mutagenicity test in Drosophila melanogaster, in which oral 
administration of 20–40 mg 2-mercaptobenzothiazole/ml feed over 8 to 10 
days was reported to give a mutation rate of 2.5 ± 0.49%, cannot be pro-
perly assessed as the documentation of the study as a whole is unsatisfac-
tory and, in particular, data for controls are missing. Thus, overall there are 
no findings which would indicate a relevant genotoxic potential of 2-mer-
captobenzothiazole.  

In a carcinogenicity test by the NTP, female rats were treated with 0, 188 or 
375 mg 2-mercaptobenzothiazole/kg body weight daily, and male rats and 
male and female mice received 0, 375 and 750 mg body weight daily by 
oral gavage on 5 days a week for 103 weeks. Maize germ oil (corn oil) was 
used as the vehicle. 2-Mercaptobenzothiazole led to a statistically signifi-
cant reduction in survival time in the male rats of both dose groups (375 
and 750 mg/kg body weight), while in the female mice treatment-related re-
duction in survival time resulted only in the high dose group (750 mg/kg bo-
dy weight), so that in this case the maximum tolerated dose was exceeded. 
In the male rats, a significant increase in the incidence of monocyte leukae-
mia, pituitary adenomas and pancreatic cell adenomas was described only 
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in the low-dose group, while in both dose groups, but more pronouncedly in 
the low-dose group, there was a significant increase in total benign and 
malignant phaeochromocytomas of the adrenal glands and in total preputial 
adenomas and carcinomas, compared with study controls. In comparison 
with historical control data, however, the incidences were not increased. No 
dose-dependency of the findings was seen for any of the 4 types of tumour. 
Furthermore, it is known that the administration of maize germ oil by ga-
vage increases the incidence of pancreatic cell adenomas. In the female 
rats, increase in benign adrenal phaeochromocytomas and pituitary ade-
nomas was statistically significant in the top dose group and exhibited a 
significant dose-dependent trend in comparison with study controls. Here, 
too, the incidence of these tumours does not, however, exceed the values 
for historical controls.  In the female mice, the incidence of the sum of liver 
adenomas and liver carcinomas was increased only in the low-dose group 
and, hence, was clearly not dose-dependent. In comparison with historical 
controls, however, this incidence was also within the normal range. The tu-
mour incidences in the male mice did not differ from those of the simulta-
neous controls. In summary it can be said that in the study described abo-
ve, the male and female rats and the female mice showed only non-dose-
dependent changes in tumour incidences of individual organs. The two 
species were affected by types of tumour which are known to occur sponta-
neously and their incidence in the exposed animals was within the range of 
historical control data. Moreover, systemic toxicity was observed with both 
of the administered doses in male rats and with the high dose in female mi-
ce, i. e. the maximum tolerated dose was exceeded. In a carcinogenicity 
study in S1c.ddY mice with administration of up to 1920 ppm in feed (corre-
sponding to about 290 mg/kg body weight per day in the males and about 
250 mg/kg body weight per day for the females) over a period of 20 
months, no results were obtained that would indicate a carcinogenic poten-
tial for 2-mercaptobenzothiazole. Similarly, in older exploratory carcinogeni-
city studies in the (C57BL/6xC3H/ANF)F1 mouse and the (C57BL/6xAKR)F1 
mouse, oral administration of 100 mg 2-mercaptobenzothiazole/kg body 
weight per day by gavage for 21 days and subsequently 323 ppm in the 
feed for 17 months (about 50 mg/kg body weight) or a single subcutaneous 
administration of 215 or 1000 mg/kg body weight and an 18-month obser-
vation period showed no increased incidence of tumours and no dose-de-
pendently increased tumour incidence, respectively. Overall, careful eva-
luation of the available carcinogenicity studies yields no findings which 
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could be regarded as indicative of a carcinogenic potential of 2-mercapto-
benzothiazole.  

The findings in the cell transformation test in the mouse were doubtful in 
one study and negative in a second study.  

In the context of the U.S. Toxic Substances Control Act, the reproductive 
toxicity potential of 2-mercaptobenzothiazole was comprehensively investi-
gated in accordance with the U.S. Environmental Protection Agency’s te-
sting guidelines in teratogenicity/embryotoxicity studies in the rat and the 
rabbit, in a two-generation study in the rat as well as in a dominant-lethal 
test in the rat. None of the studies produced any evidence of reproductive 
toxicity due to 2-mercaptobenzothiazole. Only in one older study in the ICR 
mouse with administration of a maternally toxic dose of 1000 mg/kg body 
weight per day during gestation were foetal effects seen in the form of in-
creased foetal mortality, reduced birthweight and delayed ossification. The 
incidences of external, skeletal and visceral malformations as well as post-
natal development of the pups up to the 21st day of life were not affected 
by the treatment. Thus, 2-mercaptobenzothiazole has no reproductive toxi-
city potential at maternally nontoxic doses.  

In extensive acute and subchronic neurotoxicity studies in the Sprague-
Dawley rat, there were no indications of neurotoxic potential of 2-mercapto-
benzothiazole from a functional observational battery, motor activity tests or 
neurohistopathological examination.  

Older studies report that the activity of dopamine-β-hydroxylase and thus 
the conversion of dopamine to noradrenaline was inhibited both in vitro and 
in vivo by 2-mercaptobenzothiazole.  

In humans, 2-mercaptobenzothiazole has a skin-sensitising effect. A skin-
irritant effect has not been found in the patch test with repeated occlusive 
application. In an epidemiological study, an increased incidence of malig-
nant bladder tumour disease was found in workers exposed to 2-mercapto-
benzothiazole in a factory producing chemicals for the rubber industry. It 
cannot be ruled out, however, that these workers were also exposed to 
p-aminobiphenyl, which has been demonstrated to cause bladder tumours 
in humans (production of 2-mercaptobenzothiazole and p-aminobiphenyl 
since 1934 and 1935, respectively). In the study subcohort that was verifia-
bly not exposed to p-aminobiphenyl as the workers were not employed until 
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after 1955 after production of the chemical had been stopped, there were 
no deaths from bladder cancer. The absence of urinary bladder tumours in 
this subcohort suggests that 2-mercaptobenzothiazole lacks urinary blad-
der carcinogenicity; nevertheless, based on statistical considerations (only 
0.2 expected cases on the closing date of the study, 31.12.1996), it cannot 
be stated with certainty that 2-mercaptobenzothiazole is not a bladder car-
cinogen. In a second epidemiological study of workers in another factory for 
rubber chemicals in which 2-mercaptobenzothiazole and 2-
mercaptobenzothiazole derivatives had been produced since 1932, the first 
vital status assessment at the closing date of the study on 31.12.1986 gave 
no indication of increased tumour-induced mortality due to 2-
mercaptobenzothiazole exposure. A second investigation of the cohort, for 
which the closing date of the study was 31.12.1996, showed the incidence 
of urinary bladder tumour to be significantly increased in individuals ex-
posed to 2-mercaptobenzothiazole, phenyl-β-naphthylamine, o-toluidine 
and/or aniline. When individual cumulative duration of employment and in-
dividual cumulative exposure (to 2-mercaptobenzothiazole only) were taken 
into account, it was shown that with increasing duration of employment in 
phenyl-β-naphthylamine production, where there was also exposure to the 
known bladder carcinogen β-naphthylamine, the relative risk of developing 
a bladder tumour increased markedly. Such a dose-response relationship 
was also established for workers employed in o-toluidine production, but 
not for workers employed in the production of aniline or 2-mercap-
tobenzothiazole. Therefore, the investigators suspected that the bladder 
tumour-inducing noxious agent was to be found not in the context of 
2-mercaptobenzothiazole or aniline production, but in phenyl-β-naphthyl-
amine or o-toluidine production. 

The German Commission for the Investigation of Health Hazards of Chemi-
cal Compounds in the Work Area (“MAK-Kommission”) has assigned 
2-mercaptobenzothiazole to category 3 of carcinogenic working substan-
ces, i.e. the category of “substances that cause concern that they could be 
carcinogenic for man but cannot be assessed conclusively because of lack 
of data”, and to pregnancy risk group C, i.e. substances for which “there is 
no reason to fear a risk of damage to the embryo or foetus when MAK and 
BAT values are observed”. The Commission has set the MAK value (maxi-
mum workplace concentration) at 4 mg/m³ I (i. e. measured as the inhalab-
le fraction of the aerosol) and designated the substance with “Sh” on ac-
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count of its sensitising potential. The toxicology advisory council (“Berater-
kreis Toxikologie”) to the hazardous substances committee (“Ausschuss für 
Gefahrstoffe” (AGS)) has not assigned 2-mercaptobenzothiazole to any of 
the three carcinogenicity categories. Following adoption by the AGS of the 
toxicology advisory council’s proposal for classification (expected in 2001), 
2-mercaptobenzothiazole would not be legally classified in the Federal Re-
public of Germany. 

2 Name of substance 

2.1 Usual name 2-Mercaptobenzothiazole 

2.2 IUPAC name 2-Mercaptobenzothiazole 

2.3 CAS No. 149-30-4 

2.4 EINECS No. 205-736-8 

3 Synonyms, common and trade names 

Accel M 
Accelerator M 
2-Benzothiazolethiol 
Benzothiazol-2-thiol 
2-Benzothiazole-2-thione 
2(3H)-Benzothiazolethione 
2-Benzothiazolinethione 
2(3H)-Benzothiazolinethione 
Benzothiazoline-2-thione 
Benzothiazol-2 Mercaptan 
2-Benzothiazolyl mercaptan 
Captax 
Dermacid 
Ekagom G 
Kaptaks 
Kaptax 
MBT 
MBT WTR 23 
Mebetizole 
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Mebithizol 
Mercaptobenzenethiazole 
2-Mercaptobenzothiazol 
2-Mercaptobenzothiazole (ACN) 
2-Mercaptobenzthiazole 
Mertax 
Nokuseller M 
Nuodeb 84 
Pennac MBT Powder 
Pneumax MBT 
Rotax 
Royal MBT 
Sulfadene 
Soxinol M 
Thiotax 
Vulkacit M 
Vulkacit Mercapto 
Vulkacit Mercapto/C 
Vulkacit Merkapto 
Vulkacit Merkapto/C 
Vulkacit Merkapto/MG 
Vulkacit Merkapto/MGC 

4 Structural and molecular formulae 

4.1 Structural formula  

 

 

4.2 Molecular formula C7H5NS2 

5 Physical and chemical properties 
5.1 Molecular mass, g/mol 167.25 

N

S
SH
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5.2 Melting point, °C 177–181 (Eastman Kodak, 1981) 
180.2–181.7 (EC, 1996 a) 
180.2 (Farr and Kirwin, 1994) 
170.0–175.0 (technical grade product) 
 (Windholz et al., 1983) 
174–184 (Bayer, 1995 a, b, c, d) 
181 (Lide and Frederikse, 1996) 

5.3 Boiling point, °C Decomposition at temperatures > 260 (at 
1013 hPa) (EC, 1996 a) 

5.4 Vapour pressure, hPa < 0.000003 (at 25 °C) (EC, 1996 a) 

5.5 Density, g/cm³ 1.42 (at 20 °C) (Farr and Kirwin, 1994; 
 Lide and Frederikse, 1996; EC, 1996 a) 
1.42–1.5 (at 25 °C) (EC, 1996 a) 

5.6 Solubility in water < 0.1% (Eastman Kodak, 1981) 
0.032 g/100 ml (at 25 °C) 
 (Monsanto, 1987) 
150 mg/l (EC, 1996 a) 
51 mg/l (at pH 5) 
118 mg/l (at pH 7 and 25 °C) 
900 mg/l (at pH 9) (EC, 1996 a) 

5.7 Solubility in organic 
solvents 

Acetone and DMSO ≥ 10% 
Octanol ≥ 1% (Eastman Kodak, 1981) 
Acetone (10 g/100 ml) 
Ether (1 g/100 ml) 
Alcohol (2 g/100 ml) 
Benzene (1 g/100 ml) 
Tetrachloromethane (< 0.2 g/100 ml) 
Naphtha (< 0.5 g/100 ml) 
Glacial acetic acid (moderately soluble) 
(at 25 °C) (Windholz et al., 1983) 

5.8 Solubility in fat Corn oil ≥ 0.1% (Eastman Kodak, 1981) 
Partition coefficient log Pow: 2.34–2.34 
(measured) (EC, 1996 a) 

5.9 pH value 7 (at 118 mg/l and 25 °C) (EC, 1996 a) 

5.10 Conversion factor 1 ml/m³ (ppm) ≙ 6.85 mg/m³ 
1 mg/m³ ≙ 0.15 ml/m³ (ppm) 
(at 1013 hPa and 25 °C) 
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6 Uses 
2-Mercaptobenzothiazole is used as a vulcanisation accelerator in the rub-
ber industry in the manufacture of tyres and technical rubber items, such as 
seals, tubing, footwear, rubber soles, EPDM rubber and rubber threads. It 
is also used in small amounts as a stabiliser in photographic emulsions 
(BUA, 1992). 

7 Experimental results 

7.1 Toxicokinetics and metabolism 

The toxicokinetics and metabolism of 2-mercaptobenzothiazole have been 
investigated within the framework of the United States Toxic Substances 
Control Act in accordance with the U.S. Environmental Protection Agency’s 
(EPA) testing guidelines (EPA, 1985 b) by conducting a series of individual 
oral, intravenous and dermal studies in male and female Fischer-344 rats 
and dermal exposure studies in female Hartley guinea pigs. As a rule, 
groups of 4 animals were treated per dose, sex and, where appropriate, ti-
me point of assessment and species. Administered by oral gavage as a so-
lution in corn oil, 14C-2-mercaptobenzothiazole was given as single doses 
of 55.5 mg (0.0497 mCi)/kg body weight or 0.592 mg (0.0590 mCi)/kg body 
weight, while in repeated oral dosing, unlabelled 2-mercaptobenzothiazole 
was given daily at 0.509 mg/kg body weight for 14 days followed by a cor-
responding dose (0.503 mg (0.0586 mCi)/kg body weight) of the radiolabel-
led substance on day 15. A single occlusive dermal application of 
14C-2-mercaptobenzothiazole to the depilated dorsal skin of the rat and the 
guinea pig was carried out with a tetrahydrofuran solution containing 36.1 
µg (5.01 µCi)/animal for 96 hours, whereas a single intravenous injection of 
radiolabelled 2-mercaptobenzothiazole, formulated in Emulphor, tetrahy-
drofuran and water, was given at 0.602 mg (63.3 µCi)/kg body weight, so-
me animals receiving only 0.519 mg (64 µCi)/kg body weight. The studies 
were carried out with unlabelled 2-mercaptobenzothiazole (97.6 to 100% 
pure) and ring-labelled 14C-2-mercaptobenzothiazole with a specific activity 
of 29 mCi/mmol and a radiochemical purity of 95.5 to 98.6% (81 to 100% in 
the intravenous study). The administered 2-mercaptobenzothiazole, parti-
cularly in the intravenous study, contained different amounts of 2-mercapto-
benzothiazole disulphide (MBTS, an oxidised form of 2-mercaptobenzothia-
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zole), varying from < 1 to 19%. MBTS, as discussed by the investigators, is 
an interconversion product of 2-mercaptobenzothiazole, the formation of 
which is facilitated by peroxides which are always present in tetrahydro-
furan, the vehicle employed. As parallel studies demonstrated that the to-
xicokinetics and metabolism of MBTS and 2-mercaptobenzothiazole were 
almost identical, the interconversion does not affect the outcome of the stu-
dies, according to the investigators’ discussion of their results. Following 
oral and dermal administration, the amounts of radioactivity in urine, fae-
ces, plasma and whole blood were measured at intervals, beginning 8 
hours after administration, for a total period of 96 hours. Elimination in the 
exhaled air was not investigated. Distribution in the body following repeated 
oral administration was monitored over a period of 96 hours after the last 
dose. A more accurate qualitative analysis of the metabolites excreted in 
urine after repeated oral administration was carried out by HPLC subse-
quent to hydrolysis or enzyme treatment with β-glucuronidase and aryl sul-
phate sulphatase. The faeces were not analysed for metabolites. Table 1 in 
the appendix gives a comparative summary of the toxicokinetic data thus 
obtained. The urinary excretion data suggest rapid and complete absorp-
tion of 2-mercaptobenzothiazole from the gastrointestinal tract. When 
2-mercaptobenzothiazole was applied to the skin under occlusive cover for 
96 hours, approx. 16.1 to 17.5% was absorbed by the rat and approx. 
33.4% by the guinea pig. The investigators suggested that the higher ab-
sorption rate found in the guinea pig was due to species-related factors, but 
they also pointed out that the area of application was larger in the guinea 
pigs (5 cm² compared with 2 cm² in the rats), the dose/animal being the 
same. In the region of the application areas, recovery of the applied radio-
activity was between 51.6 and 61.5% in the rat, whereas it was 15.8% in 
the guinea pig. On absorption, 2-mercaptobenzothiazole was distributed 
throughout the entire body. Following repeated oral administration, the 
highest tissue concentrations were found in the kidney, thyroid gland, liver, 
plasma and whole blood at 8 hours after the last dose (the first time point of 
assessment), the male rats exhibiting slightly higher values than the female 
rats. The levels found in the whole blood of males after single and repeated 
administration of corresponding doses did not differ significantly. The 
females were found to have slightly lower levels in the whole blood after 
repeated doses than they had after a single dose, an observation which 
was interpreted by the investigators as possibly being indicative of slight 
enzyme induction after repeated dosing. The half-lives for whole blood, 
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which were calculated using an open two-compartment model (CSTRIP-
NONLIN), exhibited no sex-specific differences or differences related to the 
duration of treatment. For repeated oral dosing, respective half-lives of eli-
mination from the plasma were calculated for males and females as being 
4.7 and 8.56 hours for the alpha phase and 6000 and 5780 hours for the 
beta phase, while the corresponding values for whole blood were 4.13 and 
3.73 hours for the alpha phase and 312 and 79.6 hours for the beta phase. 
Excretion was largely independent of the route of administration, frequency 
of administration, species and sex and takes place predominantly in the uri-
ne in the metabolised form. On repeated oral dosing, as much as approx. 
71% (males) and approx. 92% (females) of the administered radioactivity 
was excreted in urine within 24 hours, the corresponding fractions found 
after 96 hours being approx. 91% (males) and 101% (females). Faecal 
excretion, which reached a maximum between 8 and 48 hours after admi-
nistration, was observed to be approx. 10 and approx. 5% of the radioacti-
vity administered to males and females, respectively, at 96 hours after do-
sing. After 96 hours, fractions of 1.95% (males) and 1.57% (females) of the 
administered radioactivity were still detectable in the body, the highest con-
centrations being found in whole blood (7.35 and 9.52 nCi/ml; 1.2 and 
1.53% of the administered dose (for males and females, respectively)) and 
in the thyroid gland (6.49 and 7.26 nCi/g; 0.001% of the administered dose 
(for males and females, respectively)). A more precise analysis of the ra-
dioactivity present in the blood at 24 hours after repeated oral administra-
tion showed that the predominant portion of the activity was covalently 
bound to the cell membranes of the erythrocytes and was non-extractable. 
The relatively long half-life of the beta phase elimination of 2-mercaptoben-
zothiazole from plasma and whole blood may be explained by this binding, 
which, as the investigators suggest, consists in protein binding via the SH 
group of 2-mercaptobenzothiazole. Metabolites identified by means of ex-
ploratory qualitative analysis of the urine collected from one animal/sex af-
ter single oral, topical and intravenous dosing revealed 2 major metabolites 
and small amounts of 2 to 5 additional metabolites. Following intravenous 
and single oral administration of the lower dose, in both cases the data 
from one female indicated excretion of unchanged 2-mercaptobenzothiazo-
le. Upon repeated oral dosing, when the metabolites excreted in urine were 
analysed more closely, only 2 compounds were identified. One of the two 
metabolites was identified as the thioglucuronide. The second metabolite 
could not be clearly identified. It showed resistance to acid, β-glucuronida-
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se and aryl sulphate sulphatase, was methylated by diazomethane and had 
UV spectral characteristics which indicated modification of the SH group, 
leading the investigators to conclude that the metabolite was oxidised at 
the SH group. The two metabolites were not quantified. No unchanged 2-
mercaptobenzothiazole was detected in urine upon repeated oral admi-
nistration. The investigators pointed out that they were not able to detect a 
sulphate metabolite such as that described by Nagamatsu et al. (1979; see 
below; El Dareer et al., 1989; SoRI, 1986 a, b, c, 1987 a, b).  

The male guinea pig was used to study the absorption into, and the distri-
bution within, the body following dermal application of 14C-2-mercaptoben-
zothiazole (99% pure) to the intact and abraded skin as well as the distribu-
tion and metabolism following subcutaneous administration of the radiola-
belled chemical. Groups of 6 animals had an area of 16 cm² of depilated in-
tact or abraded skin treated semi-occlusively with approx. 11 mg/kg body 
weight 14C-labelled 2-mercaptobenzothiazole. Within 48 hours, the respec-
tive fractions absorbed via the intact skin and the abraded skin were 
approx. 9% and approx. 37% (amounts of radioactivity excreted in urine 
and faeces together), while approx. 12 and 7%, respectively, of the radio-
activity was detectable in the skin at the site of application and approx. 61 
and 38%, respectively, of the administered activity was recovered in the 
material used for covering and in the skin wash (total recovery approx. 
82%). Excretion took place almost entirely via the urinary route. Maximum 
urine concentrations were observed 3 to 6 hours after dosing. The blood, 
internal organs and gastrointestinal tract were found to contain respective 
fractions of approx. 0.12 and approx. 0.26% of the administered dose after 
48 hours. The highest specific radioactivity observed at 48 hours after do-
sing was in the thyroid gland, followed by the blood, kidney and lung. Sub-
cutaneous treatment of 21 male guinea pigs was carried out with a single 
dose of 2-14C-labelled 2-mercaptobenzothiazole at 5 mg/kg body weight. At 
15, 30, 60 minutes and 3, 6 and 48 hours after administration, the distribu-
tion of radioactivity in the body was measured in groups of 3 animals. Total 
activity peaked in the internal organs after 15 minutes and then dropped ra-
pidly. Autoradiography of one guinea pig after 15 minutes showed the 
highest activity levels to be in the kidney, urinary bladder, gall bladder and 
lacrimal gland. Quantitative analysis revealed that at 15 minutes after admi-
nistration the highest tissue concentrations were found in the kidney, liver 
and lung, whereas at 30 minutes and one hour they were seen in the kid-
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ney, thyroid gland and liver and at 3 and 6 hours in the kidney, thyroid 
gland and blood. After 48 hours, the blood and the internal organs still con-
tained 0.11% and 0.08% of the administered radioactivity, respectively, with 
the highest levels being detected in the thyroid gland, the liver and the kid-
ney. Urinary excretion of administered radioactivity within 1, 6 and 48 hours 
was approx. 65%, approx. 93% and approx. 94%, respectively. Urinary 
metabolites identified after enzyme treatment with β-glucuronidase and aryl 
sulphate sulphatase included a glucuronide and a sulphate, which ac-
counted for approx. 90% of the excreted radioactivity, in addition to 7.6% 
unchanged 2-mercaptobenzothiazole (Nagamatsu et al., 1979).  

In the context of basic research work on the development of tumour see-
kers, whole-body autoradiography was used to study C57/Bl mice with sub-
cutaneously implanted B16 melanoma cells at 6 hours to 4 days after intra-
peritoneal administration of 14C-mercaptobenzothiazole (8 kBq (0.22 µCi)/g 
body weight). When the distribution of radioactivity was studied 6 hours af-
ter administration, the activity was preferentially seen in the liver, blood, 
kidney and intestinal content. Relatively high activities were also noted in 
the lung and in the brown fat, while activities were found to be low in the 
salivary glands, the thymus gland and the implanted melanomas. By 24 
hours following administration, the detectable radioactivity had already de-
creased substantially. The distribution pattern was essentially the same as 
that seen after 6 hours, except that now the relative amounts of radioactivi-
ty in the bronchi, the thyroid gland and the implanted melanoma cells were 
much higher. At the longest survival time of 4 days after administration, a 
further marked decline in radioactivity was observed, though the trend to-
wards relative accumulation in the thyroid gland and the bronchi continued. 
High levels were also still seen in the melanoma cells, the red pulp of the 
spleen, and the kidneys at 2 and 4 days after administration (Mårs and 
Larsson, 1995).  

The 72-hour urine from 2 male Wistar rats which was collected after single 
oral administration of 35S-2-mercaptobenzothiazole at 50 mg/animal was 
found to contain unchanged 35S-2-mercaptobenzothiazole, 35S-2-mercapto-
benzothiazole sulphate, 35S-2-mercaptobenzothiazole glucuronide and pre-
dominantly unlabelled benzothiazyl 2-mercapturic acid. No quantitative 
analysis of metabolites was carried out. The overall recovery of radioactivi-
ty in the urine and faeces was 79.4 and 1.4%, respectively. In the discus-
sion of their results, the investigators suggested that the S atom in the SH 
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group of 2-mercaptobenzothiazole was replaced by endogenous sulphur 
from the L-cysteine pool by way of conversion of the intermediate glutathio-
ne conjugate to the corresponding cysteine conjugate, the C-S bond of 
which can be cleaved by cysteine conjugate β-lyase. In a later study in 
which 3 or 5 male Wistar rats received a single oral 2-14C-mercaptobenzo-
thiazole dose of 250 mg/kg body weight, the investigators confirmed most 
of their previous findings. Within 72 hours after dosing, the rats excreted 
97.9% of the administered radioactivity in the urine, 1.7% in the faeces and 
less than 1.9% in the exhaled air. Again, the metabolites found included the 
sulphate, glucuronic acid and mercapturic acid derivatives, in-vitro studies 
in rat liver and rat kidney homogenates confirming the formation of the sul-
phate and glucuronide (Fukuoka and Tanaka, 1987; Fukuoka et al., 1995).  

Enzymatic cleavage of the S atoms in the SH group of 2-mercaptobenzo-
thiazole had already been suspected earlier on by Colucci and Buyske 
(1965), who demonstrated that the urine (collected for up to 14 days) of 
male rats given a single intraperitoneal injection of 35S-2-mercaptobenzo-
thiazole at 50 mg/kg body weight contained unchanged 35S-2-mercapto-
benzothiazole, 35S-2-mercaptobenzothiazole glucuronide of slightly lower 
activity than the parent compound, 35S-2-mercaptobenzothiazole sulphate 
and unlabelled benzothiazyl 2-mercapturic acid. The metabolites were not 
quantified (Colucci and Buyske, 1965).  

Bakke et al. (1989), after finding increased methanesulphinic acid excretion 
in the 24-hour urine of male Sprague-Dawley rats given a single oral dose 
of 35S-2-mercaptobenzothiazole of 5 mg/animal, postulated that the SH 
group of 2-mercaptobenzothiazole underwent methylation. The next sugge-
sted step after methylation and subsequent oxidation consists in the displa-
cement of unstable CH3SO-, which in turn decomposes or is metabolised to 
carbon dioxide and the sulphate anion or oxidised to the methanesulphina-
te ion (CH3SO2-). The investigators further suggested that the remaining 
benzothiazole molecule forms a conjugate with glutathione which could in 
turn yield the initial 2-mercaptobenzothiazole. As with the metabolic path-
way proposed by Fukuoka and Tanaka (1987), this type of conversion 
would result in the sulphur atom of the SH group of 2-mercaptobenzothia-
zole being exchanged for endogenous sulphur (Bakke et al., 1989).  

The toxicokinetics of 2-mercaptobenzothiazole in rats after single oral ad-
ministration of 10 to 50% of the LD50 (LD50 given as 11804 mg/kg body 
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weight) or single 4-hour exposure to 2-mercaptobenzothiazole concentra-
tions of 90 to 530 mg/m³ was also investigated in the former Soviet Union. 
These studies also demonstrated rapid absorption, distribution and renal 
excretion (Datsenko and Korneychuk, 1991, 1993). However, the investiga-
tors started from the false premise that 2-mercaptobenzothiazole is not me-
tabolised in the body (though in fact almost complete metabolisation takes 
place at the SH group, see above), and it remains unclear whether the ana-
lytical method they employed (polarographic determination with a dropping 
mercury electrode after conversion to the nitro derivative) detected both un-
changed 2-mercaptobenzothiazole and its metabolites. Therefore, the to-
xicokinetic parameters calculated by these investigators is not given here.  

In vitro, methylation of the SH group of 2-mercaptobenzothiazole by thiol-S-
methyltransferase, isolated from various tissues of the rat, was demonstra-
ted in earlier studies (Kloog et al., 1982; Weisiger and Jackoby, 1979).  

2-Mercaptobenzothiazole was not found to bind significantly to DNA in ma-
le and female Fischer-344 rats. Eight hours after a single administration by 
oral gavage of 2-mercaptobenzothiazole (2-mercapto[2-14C]benzothiazole, 
specific activity 56 mCi/mmol, radiochemical purity 99.7%, and unlabelled 
2-mercaptobenzothiazole > 98% pure) at 375 mg/kg body weight (approx. 
15 mCi/kg body weight), DNA was extracted from the liver, adrenal glands, 
pituitary gland, pancreas and bone marrow and the covalent binding indi-
ces (CBI) were determined (a CBI of 1 = 1 DNA adduct per 106 nucleotides 
after administration of 1 mmol/kg body weight). The liver contained 0.51% 
(males) and 0.36% (females) of the administered activity at 8 hours after 
dosing, while the pancreas, adrenal glands, pituitary gland and bone mar-
row together contained a maximum of 0.03%. The CBI values for liver DNA 
ranged from 1.15 to 3.11 (males) and 0.89 to 2.02 (females; ranges were 
obtained with three purification methods used in parallel: exhaustive sol-
vent extraction, caesium chloride ultracentrifugation and hydroxyapatite 
chromatography). Bone marrow DNA was found to have CBI values of 0.77 
(males) and 0.16 (females) whilst DNA binding in the adrenal glands, pitui-
tary gland and pancreas were below the detection limit. For comparison, 
the liver CBI values for 2-mercaptobenzothiazole were stated to be similar 
to those obtained for 3-methylcholanthrene, aniline, oestrone and diethyl-
stilboestrol while the CBI values for potent hepatocarcinogens, such as di-
methylnitrosamine and aflatoxin, were given as ranging from 6000 to 
> 20000 (Brewster et al., 1989 a, b; Monsanto, 1989). 
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7.2 Acute and subacute toxicity 

Acute toxicity 

The results of the studies investigating the acute toxicity of 2-mercaptoben-
zothiazole following oral, dermal and intraperitoneal administration and in-
halation exposure are compiled in Table 2 in the appendix.  

According to most studies conducted in the rat, 2-mercaptobenzothiazole 
was of low acute toxicity when administered orally (LD50 rat oral 2830 to 
11804 mg/kg body weight, see Table 2). Two of the numerous studies re-
port LD50 values for the rat, based on which 2-mercaptobenzothiazole is 
harmful upon oral administration (LD50 rat oral 1800 and 1680 mg/kg body 
weight, depending on the source of information; Uniroyal, 1975; Kowalski 
and Bassendowska, 1965). For mice and rabbits, oral LD50 values have 
been reported to range from 1490 to 5000 and from 7500 to 8750 mg/kg 
body weight, respectively (see Table 2). In acute dermal toxicity studies in 
rabbits and acute inhalation toxicity studies in the rat, 2-mercaptobenzo-
thiazole was of low toxicity (LD50 rabbit dermal > 7940 mg/kg body weight; 
LC50 rat, > 1270 mg/m³ and > 715 mg/m³ at 4 and 7 hours, respectively 
(presumably representing maximum concentrations technically attainable at 
50 and 40 °C); Younger Laboratories, 1974, 1975; Industrial Bio-Test, 1977 
b; Dow, 1961). On intraperitoneal administration, LD50 values determined in 
rats were 150 to 400 mg/kg body weight, while in mice they were 200 to 
669 mg/kg body weight. Reduced food consumption, humpback behaviour, 
peripheral vasodilation, lacrimation and salivation, rough coat, weakness, 
reduced activity, lying on the abdomen, collapse, ataxia, altered breathing 
(irregular breathing, increased respiratory rate, dyspnoea), convulsions and 
tremors, inter alia, were reported as the clinical signs of intoxication. 
Necropsy upon oral administration of lethal doses was without findings or 
revealed hyperaemia and haemorrhage of the lung, hyperaemia of the liver, 
pale livers with discoloured areas, kidney changes which were not further 
characterised, swollen small intestine and gastrointestinal inflammation. 
Terminal necropsy of the survivors was, as a rule, without findings (see 
Table 2) or, following 7-hour inhalation exposure to approx. 715 mg/m³, 
revealed liver and kidney changes which were not further characterised 
(Dow, 1961).  
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Subacute toxicity 

The studies on the subacute toxicity of 2-mercaptobenzothiazole are sum-
marised in Table 3 in the appendix.  

The only finding from a 4-week study in which 2-mercaptobenzothiazole 
was administered orally in the feed of Sprague-Dawley rats consisted in re-
tardation of body weight gain in association with reduced food consump-
tion. The administered doses ranged from 5000 to 25000 ppm in the feed 
(approx. 357 to 1768 mg/kg body weight/day). Retardation of body weight 
gain was observed in males and females in the dose ranges ≥ 15000 ppm 
(approx. 1071 mg/kg body weight/day) and ≥ 20000 ppm (approx. 1429 
mg/kg body weight/day), respectively (Monsanto, year not given). The 
exact scope of investigation is unknown, as the study is accessible only as 
a citation in the secondary literature (EC, 1996 a).  

In preliminary studies (12 oral doses given by gavage over a period of 16 
days) to a carcinogenicity study carried out in F344/N rats and B6C3F1 mi-
ce as part of the U.S. National Toxicology Program (NTP), the rats only 
showed depressed body weight gain at the highest test dose of 2500 
mg/kg body weight. In the mouse study, the 750 mg/kg body weight dose 
was without remarkable findings. Starting at the next higher dose level of 
1500 mg/kg body weight, the animals exhibited lethargy and prostration. 
Following administration of 1500 mg/kg body weight, 4 out of 5 females 
died, while at the highest test dose of 3000 mg/kg body weight all females 
and 4 out of 5 males died. Macroscopic examination of both rats and mice 
from all dose groups was without findings. No histology, clinical chemistry 
or haematology tests were carried out (NTP, 1988).  

In rats, dust inhalation of 2-mercaptobenzothiazole at 350 to 400 mg/m³ air 
for 2 hours/day over a period of 15 days reportedly caused reduction in bo-
dy weight in addition to thickening of the interalveolar septa which the inve-
stigators considered insignificant. Oxygen consumption was not increased, 
and the neurophysiological measurements (rheobase and chronaxy of the 
extensors of the hind legs) gave no indications of changes in the nervous 
system (no further details; Vorob’eva and Mezentseva, 1962).  

In the mouse, an older study with 1-week intraperitoneal administration of 
2-mercaptobenzothiazole at 110 mg/kg body weight/day describes prolon-
gation of hexobarbital sleeping time and histopathological changes in the 
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kidney and liver, but not in the lung, heart, thyroid gland or testis. Admini-
stration of 55 mg/kg body weight/day was without findings (no further de-
tails; Guess and O’Leary, 1969). 

7.3 Skin and mucous membrane effects 

The skin irritancy studies carried out with 2-mercaptobenzothiazole are 
summarised in Table 4 in the appendix. 2-Mercaptobenzothiazole was not 
observed to cause skin irritation in the rabbit, neither after 24-hour semi-oc-
clusive application to the intact or scarified skin nor after 24-hour occlusive 
application to the intact skin (Arthur D. Little Inc., 1977; Randall and 
Bannister, 1990; Younger Laboratories, 1974, 1975). Repeated application 
and intradermal injection have been reported to cause mild reversible irrita-
tion in the rabbit (Dow, 1961; Guess and O’Leary, 1969). Application of 
2-mercaptobenzothiazole to the injured skin of rabbits had no inhibitory ef-
fect on healing (Guess and O’Leary, 1969). In the guinea pig, application of 
a watery paste was without findings (Du Pont, 1948). Application of a 10-
percent formulation in acetone and corn oil, occlusive application and re-
peated application resulted in mild irritation in the guinea pig (Eastman 
Kodak, 1956, 1979, 1980).  

Instillation of 2-mercaptobenzothiazole into the rabbit eye led to reversible 
irritant effects with discharge, conjunctivitis and iritis in the majority of stu-
dies conducted (see Table 5 in the appendix). Only one study reported re-
versible corneal alterations, and these were only seen in 1 out of 3 animals 
(Industrial Bio-Test, 1977 d). In one study, the investigators evaluated 
2-mercaptobenzothiazole as not irritating in accordance with the Federal 
Hazardous Substances Act, 21 CFR, § 191.12 (1964; irritation index 
1.3/110; Younger Laboratories, 1974). In a later study from the same labo-
ratory, the chemical was evaluated as practically nonirritating or, applying 
the afore-mentioned regulation, as slightly irritating (irritation index 3.2/110; 
Younger Laboratories, 1975; Randall and Bannister, 1990). Evaluation as a 
mild eye irritant also resulted from further studies, one of which ascertained 
a further irritation index (18.3/110; Industrial Bio-Test, 1977 d; Dow, 1961; 
Eastman Kodak, 1979, 1980). In one study describing that 2-mercaptoben-
zothiazole instillation caused reversible iritis in 4 out of 4 rabbits and con-
junctivitis that was reversible in 2 out of 4 animals during the 7-day obser-
vation period but was not reversible in the other 2 (score 1 according to 
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Draize), the investigators evaluated 2-mercaptobenzothiazole as irritating 
to the eye (Arthur D. Little Inc., 1977). 

7.4 Sensitisation 

The numerous animal studies on the skin-sensitising potential of 2-mercap-
tobenzothiazole are summarised in Table 6 in the appendix. 2-Mercapto-
benzothiazole produced skin sensitisation in the guinea pig in both the 
Magnusson and Kligman maximisation test, the optimisation test and most 
patch tests. In test systems which employ only one single intradermal in-
duction step with or without simultaneous injection of Freund’s adjuvant 
(Single Injection Adjuvant Test, modified Draize test), 2-mercaptobenzo-
thiazole displayed no skin-sensitising effect (Goodwin et al., 1981). The re-
sults obtained in the Landsteiner-Draize test with repeated intradermal in-
duction in the absence of Freund’s adjuvant are contradictory (Cannon La-
boratories, 1977; Magnusson and Kligman, 1969). Positive sensitisation re-
sults were also obtained in lymph node assays in the mouse (local lymph 
node assay and popliteal lymph node assay; see Table 6). OECD guideline 
No. 406 and EC Directive 96/54/EC mention 2-mercaptobenzothiazole as a 
mild-to-moderately sensitising positive control substance for sensitisation 
studies in the guinea pig (EC, 1996 b; OECD, 1992).  

Based on in-vitro studies, the hypothesis has been proposed that the bio-
chemical basis for the sensitising potential of 2-mercaptobenzothiazole is 
the reaction of the molecule’s SH group with free COOH, NH2 and SH 
groups of amino acids or proteins (Wang and Tabor, 1984, 1988). 

7.5 Subchronic and chronic toxicity 

In a dose-finding study for a carcinogenicity study carried out as part of the 
U.S. NTP (see Section 7.7), groups of 10 F344/N rats and 10 B6C3F1 mi-
ce/dose and sex were given 2-mercaptobenzothiazole (as the commercial 
product Captax, 96.3% pure) orally at dose levels of 0, 187.5, 375, 750 and 
1500 mg/kg body weight (rats) and 0, 94, 188, 375, 750 and 1500 mg/kg 
body weight (mice) on 5 days/week for 13 weeks. 2-Mercaptobenzothiazole 
was administered by oral gavage as a formulation in corn oil, the mice and 
rats being dosed with volumes of 10 and 5 ml/kg body weight, respectively. 
All animals were examined macroscopically. Histopathological examination 
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was performed in all animals of the control groups and the two top dose 
groups and in a few animals of the lower dose groups. No clinical chemistry 
or haematology studies were carried out. In the rats, mortality and clinical 
picture were comparable with the control at all dose levels; a total of 3 ma-
les and 3 females from different dose groups, however, died due to gavage 
errors. Markedly depressed body weight gain as compared with the con-
trols was observed in the females of the two highest dose groups and the 
males of the top dose group. The relative liver weights in all dose groups 
were dose-dependently increased without any histopathological correlate, 
as were the absolute liver weights in the females of all dose groups and the 
males of the two highest dose groups. Macroscopic and histopathological 
examinations were without substance-related findings at all dose levels. 
The mice exhibited markedly increased mortality at the highest dose level. 
In the course of the study, 5 out of 10 males and 7 out of 10 females from 
this dose group died, one of the females succumbing to gavage error. At 
the 750 mg dose level, 2 out of 10 females died, one of them due to dosa-
ge error. Body weight development in all dose groups corresponded to the 
development seen in the controls. Dose-dependent clinical symptoms were 
observed in the form of lethargy, lacrimation, salivation and clonic seizures 
at dose levels of and above 375 mg/kg body weight. In the absence of a hi-
stopathological correlate, relative liver weights were significantly increased 
in the males and females of the top dose group receiving 1500 mg/kg body 
weight. As in the rats, macroscopic and histological examination revealed 
no compound-related findings in the mice at any dose level. Note: An origi-
nal rat study in which 2-mercaptobenzothiazole was administered at dose 
levels of 0, 187.5, 375, 750, 1500 and 3000 mg/kg body weight, formulated 
in corn oil, dose volume 10 ml/kg body weight, was discontinued after 
approx. 8 weeks without statement of reasons. The animals of the 3000 
mg/kg dose group all died on the second day of the study. Macroscopic 
and histopathological examination of these animals revealed necrotic le-
sions of the distal renal tubules. Epithelial changes (sloughing) in the semi-
nal vesicles seen in the males were evaluated by the investigators as que-
stionably treatment-related, as it was not possible to preclude that the le-
sions were artefacts of autolytic change (NTP, 1988; Physiological Re-
search Laboratories, 1981).  
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Carcinogenicity studies, including non-neoplastic changes, in rats and mice 
receiving chronic 2-mercaptobenzothiazole treatment are extensively dis-
cussed in Section 7.7.  

When rabbits were given 2-mercaptobenzothiazole at 20 mg/kg body 
weight orally every other day for a period of 2 months and then daily for 1.5 
months, histological examination revealed liver alterations in the form of 
granular changes of the cytoplasm, round cell infiltration and indistinct he-
patocellular borders. In order to assess liver function, the protein composi-
tion of the blood was analysed by means of a procedure described by the 
investigators as the thymol turbidity and copper acetate tests in addition to 
determining the aldolase and bilirubin levels in blood serum. The results of 
these investigations were negative, as were the haematology and macro-
scopic findings (no further details; Vorob’eva and Mezentseva, 1962). In-
sufficient documentation of the conduct and the results of the study renders 
it unsuitable for the assessment of the systemic toxicity of 2-mercaptoben-
zothiazole following repeated oral administration. 

7.6 Genotoxicity 

7.6.1 In vitro 

The available data on the in-vitro genotoxicity of 2-mercaptobenzothiazole 
are summarised in Table 7 in the appendix.  

Tests for mutagenic activity 

The mutagenic effects of 2-mercaptobenzothiazole on procaryotes was stu-
died in numerous Salmonella/microsome assays, which were carried out as 
standard plate incorporation or preincubation tests. Results are available 
for Salmonella typhimurium strains TA 98, TA 100, TA 102, TA 1535, TA 
1537 and TA 1538 (see Table 7 in the appendix). 2-Mercaptobenzothiazole 
was mutagenic neither in the presence nor in the absence of metabolic ac-
tivation. Only one study report gave an equivocal result inasmuch as a test 
on strain TA 98 was negative in the presence of metabolic activation in one 
of two laboratories, while in the second laboratory two sets of 3 separate 
trials, one set performed with rat liver S9 mix, the other with hamster liver 
S9 mix, each produced one weakly positive, one equivocal and one negati-
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ve result (NTP, 1988; Zeiger et al., 1987, 1990; Zeiger, 1990). One assay 
without metabolic activation that was carried out in Escherichia coli 
SD-4-73 to test for induction of streptomycin-independent revertants was 
negative (Szybalski, 1958).  

When the mutagenic potential of 2-mercaptobenzothiazole was studied in 
mammalian cells by means of the HPRT test on lung fibroblasts and Chine-
se hamster ovary cells (V79 and CHO cells), the results were negative both 
with and without metabolic activation (Donner et al., 1983; Pharmakon Re-
search, 1984 b). Assays on mouse lymphoma cells (L5178Y), all of which 
were performed both with and without metabolic activation, gave no consi-
stent findings. A study in L5178Y cells showed a slight increase in mutant 
frequency by a factor of maximum 3.1 at some very toxic concentrations; 
however, this result was not reproducible in any of the 4 separate assays. 
Overall, 2-mercaptobenzothiazole was evaluated as nonmutagenic in the 
L5178Y/TK assay (Litton Bionetics, 1979). 2-Mercaptobenzothiazole was 
evaluated as a weak mutagen at highly toxic concentration levels in a fur-
ther L5178Y/TK assay, in which mutant frequencies were higher than con-
trols by factors ranging from 1.8 to 8.7 in concentration ranges with relative 
growth rates of < 10% in the absence of metabolic activation, and by fac-
tors of 1.7 to 2.7 in concentration ranges with relative growth rates between 
7 and 20% in the presence of metabolic activation (Litton Bionetics, 1985). 
An L5178Y/TK assay which was carried out as part of the U.S. NTP was 
negative in the absence of metabolic activation but evaluated as positive in 
the presence of metabolic activation, with mutant frequency in the presence 
of metabolic activation showing moderately reproducible and dose-depen-
dent 1.6-fold to maximum 3-fold increases over controls at concentration 
levels with relative growth rates between 12 and 85% (Myhr et al., 1990; 
NTP, 1988; Zeiger et al., 1990; see Table 7).  

Tests for chromosome-damaging activity 

A chromosome-damaging effect of 2-mercaptobenzothiazole was seen in 
vitro in the chromosome aberration test in Chinese hamster ovary (CHO) 
cells with metabolic activation. Without metabolic activation, the test was 
negative (Anderson et al., 1990; NTP, 1988; Zeiger et al., 1990).  



TOXICOLOGICAL EVALUATION No. 70 2-Mercaptobenzothiazole 11/2000, BG Chemie 25 

Tests for DNA-damaging activity and activity in indicator tests 

In the DNA repair test in Escherichia coli, 2-mercaptobenzothiazole was not 
observed to have any DNA-damaging activity (Ebringer et al., 1985).  

In the context of the U.S. NTP, 2-mercaptobenzothiazole was tested at two 
independent laboratories for its effects on SCE in CHO cells. Overall, the 
investigators evaluated the chemical as positive in this test system. On clo-
ser inspection, however, the two laboratories’ individual results, presented 
in tabular format, appear to be contradictory and equivocal (Anderson et 
al., 1990; NTP, 1988; Zeiger et al., 1990; see Table 7). The SCE rates 
upon which the investigators based their positive evaluation were only 21 to 
35% higher than controls, these increases being observed in cytotoxic con-
centration ranges and/or under experimental conditions capable of causing 
substance-unrelated induction of higher SCE rates (longer harvest time and 
hence longer bromodeoxyuridine exposure). Moreover, the increases in 
SCE rates evaluated as significant were neither clearly dose-dependent nor 
reproducible in the majority of individual tests (see Table 7). Recent 
suggestions regarding the evaluation of SCE tests advocate using an SCE 
rate increase by a factor of at least 2 over controls, the existence of a con-
centration-activity relationship and reproducibility of the results as criteria 
for determination of unequivocally positive findings (cf. Speit, 1993).  

Other tests 

In one study in Saccharomyces cerevisiae D4, 2-mercaptobenzothiazole 
did not induce mitotic gene conversion (induction of tryptophan-indepen-
dent mutants; Litton Bionetics, 1976) either with or without metabolic acti-
vation. One study on the genotoxic effect of 2-mercaptobenzothiazole on 
Euglena gracilis was negative (Ebringer et al., 1985). 

7.6.2 In vivo 

The in-vivo genotoxicity tests – micronucleus tests in rats and mice, the do-
minant-lethal test in the rat and a DNA binding study in the rat – described 
in the following gave no indications that 2-mercaptobenzothiazole has a ge-
notoxic potential.  
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In a micronucleus test conducted in the CD-1 mouse, 2-mercaptobenzo-
thiazole was not mutagenic. Groups of 4 males and 4 females received 
2-mercaptobenzothiazole (98.1% pure) at 300 mg/kg body weight by intra-
peritoneal injection as a single dose or two doses at an interval of 24 hours. 
The positive control was treated with triethylenemelamine, while the ne-
gative control received the vehicle, corn oil. Preparation of the bone mar-
row was carried out 30 and 48 hours after the single dose, and 24 and 48 
hours after the second dose. At none of the time points of investigation was 
the frequency of micronuclei increased. The administered dose was based 
on the results of a preliminary study in which administration of 500 mg/kg 
body weight was lethal. In the main study, the animals exhibited prostra-
tion, hypoactivity, ptosis, tremor and loss of righting reflex even after a sing-
le dose of 300 mg/kg body weight (Pharmakon Research, 1984 c).  

When micronucleus tests were carried out with 3 intraperitoneal doses of 
up to 2500 mg/kg body weight in the male B6C3F1 mouse and the male 
Fischer-344 rat as part of the U.S. NTP, 2-mercaptobenzothiazole was de-
void of mutagenicity (no further details; NTP, 1995, 1998).  

A dominant-lethal test which was carried out in the rat according to valid 
guidelines also gave no indication that 2-mercaptobenzothiazole possesses 
chromosome-damaging potential (see Section 7.8; Rodwell et al., 1991; 
Springborn Laboratories, 1989 e).  

A positive result from an embryotoxicity/dominant-lethal study, which is of 
doubtful validity because of poor experimental conduct and documentation 
(Aleksandrov, 1982), has been disproved by the clear negative results of a 
dominant-lethal test performed according to valid test guidelines as mentio-
ned above.  

No significant binding of 2-mercaptobenzothiazole to the DNA of the liver, 
adrenal glands, pituitary gland, pancreas or bone marrow was found in the 
rat (see Section 7.1; Brewster et al., 1989 a, b; Monsanto, 1989).  

In a mutagenicity test on Drosophila melanogaster, 2-mercaptobenzothia-
zole was administered in the feed at concentration levels of 20 to 40 mg/ml 
for 8 to 10 days. The mutation frequency was reported as 2.5 ± 0.49%, and 
the chemical was evaluated as a moderate mutagen (Revazova, 1968). As 
the documentation of the study is, all in all, unsatisfactory and, in particular, 



TOXICOLOGICAL EVALUATION No. 70 2-Mercaptobenzothiazole 11/2000, BG Chemie 27 

data for the controls are lacking, the relevance of this finding can not be 
properly assessed. 

7.7 Carcinogenicity 

Long-term carcinogenicity studies 

In a carcinogenicity study which was conducted as part of the U.S. NTP, 
groups of 50 male and 50 female F344/N rats and 50 male and 50 female 
B6C3F1 mice were given 2-mercaptobenzothiazole (as the commercial 
product Captax, 96 to 97% pure), formulated in corn oil, by oral gavage on 
5 days/week for 103 weeks. The female rats were treated at dose levels of 
0, 188 and 375 mg/kg body weight/day, while the male rats and the male 
and female mice were given 0, 375 or 750 mg/kg body weight/day. End-
points of investigation included clinical signs, survival rates, body weight 
and macroscopic and histopathological findings. No haematology or clinical 
chemistry studies were carried out. The tumour incidences were analysed 
with the aid of different statistical methods (Life Table Analysis, Incidental 
Tumour Analysis, Cochran-Armitage linear trend test and Fisher exact 
test). A treatment-related, significant (p < 0.001) reduction was seen in the 
survival rates of the male rats at both nonzero dose levels starting at study 
weeks 85 and 83 in the low and high dose groups, respectively (mortality 
was seen in the control, low and high dose groups from study weeks 92, 78 
and 58, respectively). Mortality among female rats did not differ significantly 
from the controls. Body weight gain of male rats treated with 2-mercapto-
benzothiazole was comparable with controls or was higher than controls to-
wards the end of the study. The female rats of both treatment groups sho-
wed consistently increased mean body weights relative to controls from 
approx. study week 7 (with a maximum of 11% seen in the top dose group 
at the end of the study). Following administration, the rats repeatedly exhi-
bited lethargy and prostration. Non-neoplastic macroscopic and histopatho-
logical changes found in rats, including controls, were present in all male 
rats and 76 to 84% of female rats and consisted in nephropathy, characteri-
sed by tubular degeneration and regeneration, the severity of the nephro-
pathies being evaluated as mild to moderate in the male controls and as 
moderate to severe in the male rats treated with 2-mercaptobenzothiazole. 
The biological significance of these findings was later evaluated as questio-
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nable, as the severity of nephropathy was not dose-related (TSCA,  
1991–93). Additional non-neoplastic changes observed in some female rats 
and, at a higher incidence, in the male rats of all dose groups included ul-
ceration and irritation of the forestomach with epithelial hyperplasia and hy-
perkeratosis, which later were interpreted as being treatment-related (bolus 
effect), but not compound-related (TSCA, 1991–93). The numbers of ani-
mals with neoplastic changes, total numbers of tumours and tumour latent 
periods are given in Table 8, below. The number of animals that developed 
tumours was not, or not in a dose-related manner, affected by the ad-
ministration of 2-mercaptobenzothiazole. This was also observed for the to-
tal number of tumours. While the female rats showed a dose-related increa-
se in tumour latent period, in male rats both benign and malignant tumours 
dose-relatedly occurred earlier than in the control group. According to the 
investigators’ summary of the tumour findings, the incidences of mono-
nuclear cell leukaemia, pituitary gland adenomas and pancreatic acinar cell 
adenomas in male rats were found to be significantly increased (p < 0.01) 
only in the low dose group, and thus clearly were not dose-related. In the 
male rats of the low and high dose groups, significantly increased inci-
dences were additionally found for benign as well as total benign or malig-
nant (combined) adrenal gland phaeochromocytomas and total benign or 
malignant preputial gland adenomas or carcinomas (combined), though this 
was more pronounced in the low dose group than in the high dose group, 
and so there was no dose-relatedness. In the female rats of the high dose 
group, incidences of pituitary gland adenomas and benign adrenal gland 
phaeochromocytomas were significantly increased relative to vehicle con-
trols (p ≤ 0.05) with a significant dose-related trend (p < 0.05). All tumour 
incidences were within the range of the historical control data (ranges are 
given in Table 8) and the changes in tumour incidences were not dose-re-
lated, except for a trend which was discernible in the benign pituitary gland 
adenomas and the adrenal gland phaeochromocytomas in female rats. 
Furthermore, it is known that the administration of plain corn oil by gavage 
can increase the incidence of pancreatic acinar cell adenomas (Haseman 
et al., 1990; NTP, 1994).  
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Beginning of Table 8 
Table 8. Mortality and tumour incidences relative to the number of 

F344/N rats examined following administration of 2-mercaptobenzo-
thiazole by oral gavage on 5 days/week for 103 weeks 

(based on NTP, 1988) 
  Study 

control 
(corn oil) 

188 mg/kg 
b.w./day 

375 mg/kg 
b.w./day 

750 mg/kg 
b.w./day 

Historical 
controls 
(corn oil, 
mean value) 

Historical 
controls 
(corn oil, 
range) 

Mortality ♂
♀ 

8/50 
22/50* 

– 
19/50* 

28/50 
25/50 

30/50* 
– 

no data 
no data 

no data 
no data 

Mononuclear cell 
leukaemia 

♂
♀ 

7/50 (14%) 
6/50 (12%) 

– 
14/50 (28%) 

16/50 (32%) 
9/50 (18%) 

3/50 (6%) 
– 

14 ± 8% 
19 ± 9% 

2–28%1) 
4–42% 

Pancreatic acinar 
cell adenomas 

♂
♀ 

2/50 (4%) 
no data 

–  
no data 

13/50 (26%) 
no data 

6/49 (12%) 
– 

6 ± 8% 
no data 

0–28% 
no data 

Pituitary gland 
adenomas 

♂
♀ 

14/50 (28%) 
15/49 (31%) 

– 
24/50 (48%) 

21/50 (42%) 
25/50 (50%) 

12/48 (25%) 
– 

24 ± 8% 
37 ± 8% 

10–38%2) 
18–55% 

Pituitary gland 
adenocarcinomas 

♂
♀ 

no data 
1/49 (2%) 

– 
0/50 (0%) 

no data 
0/50 (0%) 

no data 
– 

2 ± 2% 
3 ± 3% 

0–9% 
0–11% 

Pituitary gland 
adenomas or ade-
nocarcinomas, 
combined 

♂
♀ 

no data 
16/49 (33%) 

– 
24/50 (48%) 

no data 
25/50 (50%) 

no data 
– 

26 ± 8% 
40 ± 8% 

12–44% 
22–61% 

Benign phaeo-
chromocytomas of 
the adrenal gland 

♂
♀ 

18/50 (36%) 
1/50 (2%) 

– 
5/50 (10%) 

25/50 (50%) 
6/50 (12%) 

22/49 (45%) 
– 

23 ± 9% 
6 ± 4% 

4–41% 
0–14% 

Malignant phaeo-
chromocytomas of 
the adrenal gland 

♂
♀ 

0/50 (0%) 
no data 

– 
no data 

2/50 (4%) 
no data 

2/49 (4%) 
– 

1 ± 1% 
0 ± 1% 

0–4% 
0–2% 

Benign or 
malignant phaeo-
chromocytomas of 
the adrenal gland, 
combined 

♂
♀ 

18/50 (36%) 
no data 

– 
no data 

27/50 (54%) 
no data 

24/49 (49%) 
– 

24 ± 9% 
6 ± 4% 

4–41%3) 
2–16% 

Preputial gland 
adenomas 

♂ 0/50 (0%) – 4/50 (8%) 4/50 (8%) 2 ± 3% 0–14% 

Preputial gland 
carcinomas 

♂ 1/50 (2%) – 2/50 (4%) 1/50 (2%) 2 ± 3% 0–10% 

Preputial gland 
adenomas or carci-
nomas, combined 

♂ 1/50 (2%) – 6/50 (12%) 5/50 (10%) 4 ± 4% 0–18% 

Total number of animals with (total numbers of): 
Benign tumours ♂

♀ 
49/50 (100) 
31/50 (55) 

– 
41/50 (78) 

50/50 (131) 
36/50 (64) 

48/50 (107) 
– 

no data 
no data 

no data 
no data 

Malignant tumours ♂
♀ 

19/50 (20) 
14/50 (17) 

– 
21/50 (26) 

27/50 (35) 
13/50 (15) 

15/50 (16) 
– 

no data 
no data 

no data 
no data 

Benign or malig-
nant tumours, 
combined 

♂
♀ 

49/50 
37/50 

– 
46/50 

50/50 
40/50 

48/50 
– 

no data 
no data 

no data 
no data 

Tumour latent period (weeks): 
Benign tumours ♂ 90  77 56   
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Table 8. Mortality and tumour incidences relative to the number of 
F344/N rats examined following administration of 2-mercaptobenzo-

thiazole by oral gavage on 5 days/week for 103 weeks 
(based on NTP, 1988) 

  Study 
control 
(corn oil) 

188 mg/kg 
b.w./day 

375 mg/kg 
b.w./day 

750 mg/kg 
b.w./day 

Historical 
controls 
(corn oil, 
mean value) 

Historical 
controls 
(corn oil, 
range) 

♀ 62 66 63 
Malignant tumours ♂

♀ 
90 
50 

 
56 

77 
78 

56   

Benign or malig-
nant tumours, 
combined 

♂
♀ 

90 
50 

 
56 

77 
63 

56   

b.w. body weight 
– dose not tested 
*  one accidental death (probably due to gavage error) 
1), 2) and 3) for more up-to-date figures from NTP carcinogenicity studies conducted between 1977 and 

1987, see Haseman et al. (1990) 
 1): 2–44% 
 2): 10–54% 
 3): 4–66% 

End of Table 8 

Survival rate in high dose female mice was significantly reduced from study 
week 27 onwards, compared with controls. Mortality in the two treatment 
groups of male mice and in low dose female mice was comparable with 
controls. Male mice of both treatment groups were observed to have redu-
ced body weight gain between study weeks 3 and 64, with recovery there-
after. Mean body weight in the high dose female mice dropped below that 
seen in the controls by at most 6% during the study but was back in the 
control range at the end of the study. At the low dose level, mean body 
weights observed during the study were comparable with controls or were 
repeatedly found to be higher than these, particularly at the end of the stu-
dy. As seen in rats, mice repeatedly exhibited lethargy and prostration after 
dosing. Mice showed no significant, non-neoplastic pathological or histopa-
thological lesions. Incidences of neoplastic changes are given in Table 9, 
below. Only in the low dose female mice was the incidence of total hepato-
cellular adenomas or carcinomas (combined) significant (p = 0.028) relative 
to controls, and hence this finding was clearly not dose-related. Moreover, 
the incidence was in the range of the historical control data (cf. Table 9). In 
the discussion of their results, the investigators suggested that possibly the 
development of hepatocellular adenomas and carcinomas in the high dose 
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group of female mice was prevented by reduced survival rate seen in that 
group, since hepatocellular neoplasms are late-appearing tumour types in 
mice. Significant and dose-related reductions were observed in the inciden-
ces of pituitary gland adenomas, of total benign or malignant pituitary gland 
tumours (combined) and of malignant lymphomas. The tumour incidences 
in male mice treated with 2-mercaptobenzothiazole did not differ significant-
ly from those in the controls. 

Table 9. Mortality and tumour incidences relative to the number of 
B6C3F1 mice examined following administration of 2-

mercaptobenzothiazole by oral gavage on 5 days/week for 103 weeks  
(based on NTP, 1988) 

  Study control 
(corn oil) 

375 mg/kg 
b.w./day 

750 mg/kg 
b.w./day 

Historical 
controls 
(corn oil, 
mean value) 

Historical 
controls 
(corn oil, 
range) 

Mortality ♂
♀ 

11/50 
13/50 

17/50 
10/50 

20/50* 
28/50* 

no data 
no data 

no data 
no data 

Hepatocellular adenomas ♂
♀ 

no data 
3/50 (6%) 

no data 
7/49 (14%) 

no data 
4/50 (8%) 

no data 
5 ± 4% 

no data 
0–18% 

Hepatocellular carcinomas ♂
♀ 

no data 
1/50 (2%) 

no data 
5/49 (10%) 

no data 
0/50 (0%) 

no data 
3 ± 3% 

no data 
0–10% 

Hepatocellular adenomas or 
carcinomas, combined 

♂
♀ 

16/49 (33%) 
4/50 (8%) 

21/50 (42%) 
12/49 (24%) 

14/50 (28%) 
4/50 (8%) 

no data 
8 ± 6% 

no data 
0–28% 

Number of animals with: 
Benign tumours ♂

♀ 
20/49 
25/50 

24/50 
21/49 

16/50 
11/50 

no data 
no data 

no data 
no data 

Malignant tumours ♂
♀ 

20/49 
27/50 

21/50 
18/49 

14/50 
9/50 

no data 
no data 

no data 
no data 

Benign or malignant tumours, 
combined 

♂
♀ 

31/49 
38/50 

39/50 
33/49 

25/50 
15/50 

no data 
no data 

no data 
no data 

b.w. body weight 
* of the high dose mice, 6 males and 4 females died in study week 13 due to gavage error and were 

not included in the statistical analysis of survival rates 

 

On the basis of the tumour incidences in male and female rats given above, 
the investigators concluded that there was some evidence of carcinogenic 
activity of 2-mercaptobenzothiazole, while for male and female mice they 
considered that there was no evidence and equivocal evidence, respec-
tively (NTP, 1988). In summary it can be said that in the study described 
above, male and female rats and female mice showed only non-dose-re-
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lated changes in some tumour incidences. Moreover, the tumour types in 
question occur spontaneously and their incidences were all in the range of 
the historical control data. Moreover, systemic toxicity was observed with 
both administered doses in male rats and with the high dose in female mice. 

In a further long-term carcinogenicity study in Slc:ddY mice, no results were 
obtained which would have indicated a carcinogenic potential for 2-mercap-
tobenzothiazole. The commercial product Nokuseller M (technical grade, 
no precise details of purity given), was administered in feed to groups of 30 
males and 30 females at concentration levels of 30, 120, 480 and 1920 
ppm for 20 months. Based on feed consumption, this corresponded to a 
daily 2-mercaptobenzothiazole intake of 3.60, 14.69, 57.90 and 289.40 
mg/kg body in males and 3.61, 13.52, 58.87 and 247.98 mg/kg body weight 
in females. Groups of 60 animals/sex served as controls. After 6 and 12 
months, interim necropsies were performed on 5 animals from each dose 
group and 10 animals from the control group. At the interim necropsies and 
at study termination, comprehensive haematology and clinical chemistry 
studies were carried out in addition to macroscopic examination and weight 
determination of the brain, heart, lung, liver, kidney, spleen and testis as 
well as macroscopic examination without weight determination of the pitui-
tary gland, thyroid gland, maxillary gland, stomach, small intestine, pan-
creas, ovaries, uterus, epididymis, seminal vesicle, urinary bladder, 
muscles, sciatic nerve, sternum, femoral bone and spinal cord. Histological 
studies were performed on the lung, liver, kidney and haematopoietic sy-
stem at all time points of investigation, as were macroscopic examinations 
for organ and tissue lesions. Animals which died during the study were exa-
mined for neoplastic changes. No treatment-related clinical signs of toxicity 
were observed. Body weight gain was retarded in the males of the top dose 
group from the very beginning of the study while in the males treated with 
30 or 480 ppm the phenomenon occurred from study week 65 onwards. 
The females of the 120 ppm dose group exhibited an increase in body 
weight relative to controls starting at study week 35. At the 1920 ppm dose 
level, the males showed a temporary increase in food consumption from 
study weeks 28 to 50. Mortality was slightly higher in the males and fe-
males of the top dose group and the females of the lowest dose group than 
it was in the controls. As regards the haematological parameters, the males 
treated with 1920 ppm had reduced haematocrit values at the end of the 
study whereas the females receiving 480 ppm had reduced mean cell vo-
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lume and haematocrit values from study month 6 but significantly increased 
mean cell haemoglobin concentration at study termination. In all dose 
groups and at all time points of investigation, the clinical chemistry results, 
organ weights and macroscopic findings were comparable with those ob-
served in the controls. A non-neoplastic histopathological finding reported 
in males of the 480 and 1920 ppm dose groups consisted in interstitial cell 
infiltration in the kidney (no further details). Up to the highest test concen-
tration of 1920 ppm in the feed (equivalent to approx. 290 and approx. 250 
mg/kg body weight/day for males and females, respectively), no increase in 
the incidence of tumour-like changes was noted in males or females 
(Ogawa et al., 1989 a, b).  

In range-finding carcinogenicity studies, (C57BL/6xC3H/ANF)F1 mice and 
(C57BL/6xAKR)F1 mice were treated by oral gavage with daily 100 mg/kg 
body weight doses of 2-mercaptobenzothiazole (as the commercial product 
Captax, purity not specified), formulated in 0.5-percent gelatine solution, at 
the age of 7 to 28 days and subsequently received 323 ppm 2-mercapto-
benzothiazole mixed in feed (approx. 50 mg/kg body weight/day) for 17 
months. Eighteen mice were studied per strain and sex. The dose corres-
ponded to the maximum tolerated oral dose identified for dietary admini-
stration in a preliminary 19-day study. The animals which died during the 
administration phase and those sacrificed at the end of the study were exa-
mined macroscopically. Haematology was investigated only in animals with 
enlarged spleens or livers and/or lymphadenopathy. Histopathological exa-
mination of the liver, spleen, kidney, adrenal gland, stomach, intestine and 
genital organs was performed at the end of the study. The prematurely de-
ceased animals were histopathologically examined on a case-to-case basis 
(no further details). The incidences of hepatomas, pulmonary tumours and 
lymphomas and the total number of tumour-bearing animals were statisti-
cally analysed in comparison with the pooled untreated and vehicle-treated 
controls. Tumour incidences were not significantly increased in either strain 
(Bionetics Research, 1968 a; Innes et al., 1969).  

In a study conducted in parallel, groups of 18 male and 18 female 
(C57BL/6xC3H/ANF)F1 mice and (C57BL/6xAKR)F1 mice aged 28 days 
were given, into the nape of neck, a single subcutaneous injection of 
2-mercaptobenzothiazole (as the commercial product Captax, in 0.5-per-
cent gelatine solution) at 215 mg/kg body weight or (as the commercial pro-
duct Rotax, formulated in dimethyl sulfoxide) at 1000 mg/kg body weight 
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and were subsequently placed under observation for 18 months. No details 
were given regarding the purity of the two commercial products investiga-
ted. Examination and statistical analysis of the findings were performed as 
in the oral study described above. Following administration of 215 mg/kg 
body weight, male (C57BL/6xC3H/ANF)F1 mice exhibited an increased in-
cidence of lymphomas (reticulum cell sarcoma) which was not dose-rela-
ted, while the total number of tumour-bearing animals and the incidences of 
hepatomas and pulmonary tumours were not higher than in the controls. 
Tumour incidences in female (C57BL/6xC3H/ANF)F1 mice treated with 215 
mg/kg body weight as well as male and female (C57BL/6xAKR)F1 mice 
and mice receiving 1000 mg/kg body weight were in the range of the con-
trols (Bionetics Research, 1968 a).  

Cell transformation tests  

The cell-transforming potential of 2-mercaptobenzothiazole was investiga-
ted in mouse fibroblasts (BALB/c-3T3 cells) according to a standard proto-
col for the cell transformation assay in three independent trials conducted 
in the absence of an exogenous metabolic activation system. The first as-
say, which was carried out with concentrations ranging from 0.074 to 0.294 
mM, gave a limited negative test result. Cell transformation rate was not 
significantly increased at any of the concentrations tested; however, signifi-
cant transformation was not even observed with the positive control chemi-
cal, benzo(a)pyrene, in this experiment. The second and third trials, which 
were carried out with comparable concentrations ranging from 0.066 to 
0.265 mM and 0.0530 to 0.212 mM, respectively, both yielded equivocally 
positive results. The results were evaluated by the investigators as indi-
cating limited activity, since in each case the cell transformation rate was 
significantly increased only at one concentration level (0.132 mM and 0.159 
mM in the second and the third assay, respectively). In standard clonal 
survival assays and co-culture clonal survival assays performed in parallel, 
cell survival rates from trials 1 to 3 ranged from 49.0 to 0.0% and 84.5 to 
0.275%, respectively, the survival rates for the concentration levels with 
significantly increased transformation rates being 7.55 to 19.3% and 23.8 to 
19.9%, respectively. The LC50 for BALB/c-3T3 cells in the co-culture clonal 
survival assay was given as 0.13 mM. The overall test result was evaluated 
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as equivocal by the investigators, who recommended further tests 
(Matthews et al., 1993).  

In an earlier cell transformation assay in BALB/3T3 cells, the 5 2-mercapto-
benzothiazole (purity not specified) concentrations of 10.5, 21, 31.5, 42 and 
63 µg/ml with respective cell survival rates of approx. 100, 70, 38, 20 and 
0% induced neither significant nor concentration-dependent increases in 
the frequency of transformed cell foci. The negative and positive controls 
included in the study (culture medium and 3-methylcholanthrene, respecti-
vely) yielded the expected results (Litton Bionetics, 1982). 

7.8 Reproductive toxicity 

In the context of the U.S. Toxic Substances Control Act, the reproductive 
toxicity potential of 2-mercaptobenzothiazole was comprehensively investi-
gated in accordance with the U.S. Environmental Protection Agency’s te-
sting guidelines in teratogenicity/embryotoxicity studies in the rat and the 
rabbit, in a two-generation study in the rat as well as in a dominant-lethal 
test in the rat. None of the studies produced any evidence of reproductive 
toxicity due to 2-mercaptobenzothiazole. Oral doses from 300 to 2200 
mg/kg body weight and from 50 to 1500 mg/kg body weight were admini-
stered to rats and rabbits by gavage in the teratogenicity/embryotoxicity 
studies, and doses from 2500 to 15000 ppm were mixed into feed in the 
two-generation study and the dominant-lethal test in the rat. Dose ranges in 
each study also included maternally toxic doses, which in the rat resulted in 
reduced body weight gain and clinical signs of toxicity (≥ 600 mg/kg body 
weight and 2500 ppm in feed) and in the rabbit led to reduced body weight 
gain and increased liver weight, and at higher dose levels also increased 
mortality (≥ 150, lethal from 600 mg/kg body weight; Springborn Laborato-
ries, 1989 a, b, c, d, 1990; Mercieca et al., 1991; Rodwell et al., 1990, 
1991; see Table 10 in the appendix).  

Even in earlier exploratory embryotoxicity/teratogenicity studies with intra-
peritoneal administration of the maximum tolerated dose to Sprague-
Dawley rats and in an oral three-generation rat study with 5000 ppm 2-mer-
captobenzothiazole mixed into feed the results were also negative as far as 
the chemical’s reproductive toxicity was concerned (Hardin et al., 1981; 
FMC, 1957; see Table 10). In an embryotoxicity/teratogenicity study which 
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included monitoring of postnatal development in the ICR mouse following 
oral administration of 2-mercaptobenzothiazole at 1000 or 40 mg/kg body 
weight throughout gestation, the high dose group showed maternal toxicity 
(marked reduction in maternal body weight gain), an increase in the num-
ber of dead foetuses at an early stage (no precise details), reduced birth 
weights in the live pups and delayed ossification in the pups. Treatment 
had no effect on the incidences of external, skeletal or visceral anomalies 
or the pups’ postnatal development up to 21 days after birth. The second 
dose group, treated with just 40 mg/kg body weight/day, showed no adver-
se treatment-related effects in either the dams or their offspring (Morita et 
al., 1979; see Table 10 in the appendix).  

The relevance of an exploratory embryotoxicity/teratogenicity study which 
lacked consistent findings in different mouse strains was evaluated as equi-
vocal even by the authors of the study. Following subcutaneous admini-
stration of a dose producing mild maternal toxicity (liver weight changes 
and retardation of body weight), findings in strain C3H were positive (inte-
stinal displacement, wavy ribs, club foot, reduced foetal weight and redu-
ced foetal crown-rump length), whilst in strain BL6 an initial study was also 
positive (alterations of the tongue, microphthalmia), but the findings were 
not reproducible in a second study performed in the same strain under 
identical experimental conditions, strain AKR giving negative results 
(Bionetics Research, 1968 b; see also Table 10 in the appendix).  

A positive result from an embryotoxicity/dominant-lethal study, which is of 
doubtful validity because of poor experimental conduct and documentation 
(Aleksandrov, 1982), has been disproved by the clear negative results of a 
dominant-lethal test performed according to valid test guidelines as men-
tioned above (see Rodwell et al., 1991; Springborn Laboratories, 1989 e).  

In an exploratory study on the reproductive toxicity of 2-mercaptobenzothia-
zole in embryonic chickens, doses in the range of 0.1 to 2.0 µmol/egg, for-
mulated in acetone, were injected into the air chamber of eggs, onto the 
hearts of 3-day-old embryos (9 to 40 eggs/dose). A dose-independent in-
crease in early embryo mortality (lethal 1 to 2 days after administration) 
was observed from 1.0 µmol/egg. At study termination on day 14 of incuba-
tion, dose-related malformations (of the eyes, wings, legs and neck, and 
open coelomic cavity) occurred in 11 to 30% of the surviving embryos at 
and above 0.1 µmol/egg (Korhonen et al., 1982, 1983). It is not possible to 
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extrapolate these findings to mammalian systems, however, because such 
comparison would fail to take into account the absorption barriers and deto-
xification mechanisms which exist in mammals. Furthermore, this test sy-
stem is excessively sensitive and does not permit the distinction between 
teratogenic and embryolethal effects (Skofitsch, 1988; Neubert et al., 1992; 
Neubert, 1993; Heinrich-Hirsch, 1992). 

7.9 Effects on the immune system 

No information available. 

7.10 Neurotoxicity 

The neurotoxicity of 2-mercaptobenzothiazole was investigated in an acute 
study and a subchronic study in the Sprague-Dawley rat conducted in ac-
cordance with the U.S. Environmental Protection Agency's testing guideli-
nes (EPA, 1985 a, 1987) as part of the U.S. Toxic Substances Control Act. 
No neurotoxicity was observed for 2-mercaptobenzothiazole in these stu-
dies. In the acute trial, single oral doses of 2-mercaptobenzothiazole, for-
mulated in corn oil, were given by gavage at 0 (controls), 500, 1250 and 
2750 mg/kg body weight, while in the subchronic study, doses of 0 (con-
trols), 5000, 15000 and 25000 ppm (approx. 333, 1000 and 1667 mg/kg 
body weight/day, respectively) were administered in the feed for 13 weeks. 
Groups of 12 animals/dose level and sex underwent tests using a functio-
nal observational battery (FOB) and were examined for disturbances of mo-
tor activity (activity in the figure eight maze), and in the subchronic study, 
comprehensive neurohistological examinations were carried out. In the 
acute study, one female died after administration of the top dose, 2750 
mg/kg body weight, and in both one male and one female, significant 
weight loss was noted relative to the control group one day after admini-
stration. Macroscopic examination at the end of the study, 14 days after ad-
ministration, was without remarkable findings. During the FOB examina-
tions, transient changes were noted up to 24 hours after administration (in-
creased salivation after one hour in the top dose males and in the females 
of all dose groups, reduced vocalisation in the top and the mid dose males 
after 1 to 6 hours and urinary staining in the top dose females 24 hours af-
ter dosing). All other FOB results, particularly those for the quantitatively 
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assessable parameters, grip strength and hindlimb splay after a drop from 
30 cm, were comparable with controls at all time points of examination (up 
to 14 days after dosing). Motor activity was reduced in both sexes in the top 
dose group and in the mid dose females 12 hours after dosing. Discussing 
their findings, the investigators considered the study results to be attribu-
table to generalised toxicity rather than specific neurotoxicity. In the sub-
chronic study, the two top dose groups, receiving 15000 and 25000 ppm 
2-mercaptobenzothiazole in the feed, showed treatment-related depression 
of body weight gain in association with reduced food intake. Neither the 
FOB assessments for CNS disorders, altered muscle tone, equilibrium and 
sensory function, the motor activity tests nor histopathological examination 
of nerve tissue showed any evidence of a neurotoxic potential of 2-mercap-
tobenzothiazole (Bio-Research, 1989 a, b, 1990; Bannister et al., 1991).  

The clinical signs of toxicity seen upon acute oral or intraperitoneal admini-
stration to mice (marked peripheral vasodilation, extensive salivation, lacri-
mation and tonic-clonic convulsions) led the investigators of an older study 
to conclude that 2-mercaptobenzothiazole had an effect on the central ner-
vous system. Another finding which, according to the investigators’ discus-
sion, suggested activity in the central nervous system was that pretreat-
ment with phenobarbital totally blocked the convulsions and salivation while 
reducing the severity of the peripheral vasodilation. As pretreatment with 
atropine sulphate failed to block the salivation and caused only a slight re-
duction of the peripheral vasodilation, the investigators discussed the pos-
sible cholinergic activity of 2-mercaptobenzothiazole (see also Table 2 in 
the appendix; Guess and O’Leary, 1969).  

In-vitro and in-vivo studies were carried out to investigate the effect of 
2-mercaptobenzothiazole on the catecholamines and the chemical’s inhibi-
tory action on dopamine β-hydroxylase activity. Male CF1 mice had altered 
brain catecholamine levels at 1 and 2 hours following intraperitoneal admi-
nistration of 2-mercaptobenzothiazole at 300 mg/kg body weight (a drop in 
noradrenaline levels to approx. 60% and rises in dopamine levels to 110 
and 123%, respectively, were seen relative to controls). Shortly after admi-
nistration, the animals exhibited extreme depression, accompanied by pto-
sis extended after 2 hours. Both the clinical picture and the noradrenaline 
and dopamine concentrations in brain were comparable with controls again 
after 4 hours. In a parallel study, male mice also received 2-mercaptoben-
zothiazole at 300 mg/kg body weight by intraperitoneal injection and, star-
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ting 10 minutes after dosing, had their motor activity assessed at 30-minute 
intervals for a total period of 4 hours. The methylcellulose-treated vehicle 
controls initially displayed very marked motor activity but this fell rapidly in 
the first hour after dosing, the mice remaining relatively inactive for the re-
mainder of the experiment. In the animals treated with 2-mercaptobenzo-
thiazole the initially high activity was absent. After about 2 hours, however, 
spontaneous activity in these animals increased, the increase coinciding 
with the normalisation of noradrenaline levels described above. Male Spra-
gue-Dawley rats (weighing 180 to 190 g) were treated with metaraminol (5 
mg/kg given intraperitoneally as the bitartrate) in order to deplete heart nor-
adrenaline stores by approx. 80%. After 18 hours, the animals were injec-
ted intraperitoneally with 300 mg 2-mercaptobenzothiazole/kg body weight, 
and after another 30 minutes they were given 35 mg dopamine/kg body 
weight. Controls were treated with either the plain vehicle, metaraminol or 
metaraminol and dopamine. After 3 hours, the myocardial noradrenaline 
concentration measured in the animals treated with metaraminol and dopa-
mine recovered to 60% of the vehicle control level, whilst the noradrenaline 
levels found in animals treated with metaraminol alone, metaraminol and 
2-mercaptobenzothiazole or metaraminol, 2-mercaptobenzothiazole and 
dopamine showed no significant differences and were only approx. 17 to 
20% of the vehicle control. Administration of 2-mercaptobenzothiazole thus 
blocked conversion of dopamine to noradrenaline. In vitro, the activity of 
dopamine β-hydroxylase isolated from bovine adrenal medulla was non-
competitively inhibited by 2-mercaptobenzothiazole concentrations of 10-5 
and 5 x 10-6 mol/l by 72 and 47%, respectively. The mechanism discussed 
by the investigators to explain the effect of 2-mercaptobenzothiazole on ca-
techolamine metabolism involves chelation of copper by 2-mercaptobenzo-
thiazole, thus reducing the activity of the copper-containing enzyme dopa-
mine β-hydroxylase, and hence inhibiting oxidation of dopamine to noradre-
naline (Johnson et al., 1970). 

7.11 Other effects 

Under the name Mebethisol, pharmaceuticals containing 2-mercaptobenzo-
thiazole as their active ingredient were developed in the former Soviet 
Union for treatment of mycotic infections and hepatobiliary system disor-
ders. According to the investigators, Mebethisol reportedly possesses 
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broad antimycotic and antibacterial activity, causes practically no adverse 
effects and even acts as a hepatoprotectant (Gladyshev et al., 1991; 
Golovkin et al., 1989; Koryakovskij et al., 1992; Litvinchuk et al., 1977). In 
the dog and the Wistar rat, single and chronic intravaginal administration of 
Mebethisol in the form of vaginal tablets (single dose of 2400 mg/kg body 
weight or treatment with 50, 400 or 1000 mg/kg body weight for 1, 2 or 3 
months, content of active substance probably 20%, no clear details) did not 
result in any changes in general condition, electrocardiogram, haematologi-
cal parameters, hepatic function, renal function, morphology or histology 
(Gladyshev et al., 1991). In cats and guinea pigs which were experimental-
ly infected with Microsporum canis, treatment with 5-percent solutions of 
Mebethisol (two daily oral doses of 3 and 1 ml, respectively) reportedly 
completely cured the infection within 12 days without adverse effects of 
treatment (clinical picture, blood count, liver function tests, ECG; 
Koryakovskij et al., 1992). No binding of Mebethisol to serum proteins isola-
ted from human blood was found by equilibrium analysis in vitro 
(Gladyshev et al., 1988). On the whole, the Mebethisol studies discussed 
above are mostly very poorly documented and not suitable for evaluation of 
the toxicological and pharmacological potential of 2-mercaptobenzothiazole.  

When 2-mercaptobenzothiazole was administered as a single dose of 2500 
mg/kg body weight (as the commercial product Kaptax, purity not specified, 
probably given intraperitoneally), SVA mice reportedly showed altered acti-
vity of antigen-specific T suppressors (no further details), increased prolife-
ration potential of haematopoietic stem cells and a shift in their differentia-
tion towards erythropoiesis (Istamov et al., 1990 a, b).  

In-vitro cytotoxicity tests were carried out by applying 2-mercaptobenzothia-
zole (purified commercial product Rotax) as a dry powder, a suspension in 
cottonseed oil (1.5 to 12 mg/ml) or a saturated aqueous saline solution (0.5 
mg/ml) to monolayers of the mouse fibroblast cell line L-929 and cultures of 
10-day chicken embryo cells. The cells were stained with a vital dye, the 
release of which was considered a sign of cytolethality. 2-Mercapto-
benzothiazole, as a powder, had a lethal effect on L-929 cells, while the oil 
suspension was lethal to L-929 and chicken embryo cells at concentration 
levels ≥ 3 and ≥ 6 mg/ml, respectively. No lethal effect was observed with 
the saturated aqueous saline solution. In a further study on L-929 cells, 6-
hour incubation with 2-mercaptobenzothiazole (at 0.25 mg/ml culture 
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medium) was observed to cause marked vacuolisation, and at 14 hours cell 
lysis was noted (Guess and O’Leary, 1969).  

For V79 cells of the Chinese hamster, the IC50 (concentration which is toxic 
to 50% of the cells when incubated for 7 days) was determined as 49 µg/ml 
(Nakamura et al., 1990).  

At a concentration of 1 mM (3-day incubation period), 2-mercaptobenzo-
thiazole was highly cytotoxic to Ehrlich ascites tumour cells, whereas at 10 
µM it did not affect cell survival rate (Takamura et al., 1989). 

8 Experience in humans 
Peak 2-mercaptobenzothiazole levels were found in the urine of patients 8 
hours after administration of Mebethisol (a drug containing 2-mercaptoben-
zothiazole, see Section 7.11), as was the case in parallel studies carried 
out in rats and rabbits which received single oral Mebethisol doses of 250 
mg/kg body weight by gavage (no further details; Litvinchuk et al., 1977).  

Skin irritation 

2-Mercaptobenzothiazole is not irritating to the human skin. A 50-percent 
formulation of the commercial product Thiotax (purity not specified, in dime-
thyl phthalate), was applied occlusively to the skin of 50 human volunteers 
3 times/week in a series of fifteen 24-hour exposures. None of the subjects 
developed skin irritation from this treatment (Product Investigations, 1976).  

Skin sensitisation 

2-Mercaptobenzothiazole has a skin-sensitising effect in humans and has 
been assigned to category A, important contact allergens, by the Bundesin-
stitut für gesundheitlichen Verbraucherschutz und Veterinärmedizin (BgVV; 
Federal Institute for Consumers’ Health Protection and Veterinary Medici-
ne) in the Federal Republic of Germany (Kayser and Schlede, 1995; 
Klaschka and Voßmann, 1995). The contact-allergic skin reaction to 2-mer-
captobenzothiazole is characterised by eczematous contact dermatitis 
which is limited to the contact area, occurs with delay after exposure and, 
as far as is known from studies, is not associated with elevated IgE levels 
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(type-IV allergy). Skin lesions of this type have been reported after contact 
with rubber and latex products that contained 2-mercaptobenzothiazole, 
such as gloves, shoes, finger cots, clothing and medical prostheses. As 
2-mercaptobenzothiazole is listed in what is known as the rubber allergen 
series and in international standard series of patch tests (e. g. the Interna-
tional Contact Dermatitis Research Group (ICDRG) standard series), nu-
merous case reports and results from large cohorts exist on patch test 
reactions to 2-mercaptobenzothiazole (see Table 11 in the appendix). In 
patch test series conducted in workers at rubber processing plants, 11 out 
of 1088 individuals (1%) had positive reactions to 2-mercaptobenzothiazole 
(Ziegler and Süß, 1974/75). In routine tests carried out at dermatology cen-
tres irrespective of whether or not contact allergy to rubber products was 
suspected, approx. 0.3 to 2.9% of patients had a positive reaction to 2-mer-
captobenzothiazole. Of the patients found to have positive patch test reac-
tions to rubber products and/or rubber chemicals, approx. 1.8 to 30% sho-
wed positive reactions to 2-mercaptobenzothiazole (see Table 11). In addi-
tion, patients who had positive reactions to 2-mercaptobenzothiazole in the 
standard patch test mostly also reacted to other so-called rubber chemi-
cals, such as thiurams, carbamates, phenylenediamines (Edman, 1991; 
Foussereau and Cavelier, 1977; von Hintzenstern et al., 1991), and as re-
gards latex products, they also reacted to natural latex from the rubber tree 
(Hevea brasiliensis; Groß, 1990; Guimaraens et al., 1992). The majority of 
patients also showed positive reactions to mercapto mix and derivatives of 
2-mercaptobenzothiazole, where tested (see e. g. Foussereau et al., 1983; 
Fregert, 1969; Lynde et al., 1982 a, b, c; Mitchell et al., 1976). Reactions of 
the immediate type, characterised by anaphylactic reactions such as skin 
lesions occurring directly on contact, allergic rhinitis, signs and symptoms 
of asthma, circulatory alterations to the point of allergic shock and, where 
studied, IgE elevations (type-I allergy) such as have been reported after 
contact with latex products containing 2-mercaptobenzothiazole (surgical 
gloves, condoms, etc.), are attributable to natural-rubber latex rather than 
2-mercaptobenzothiazole (see e. g. Axelsson et al., 1987; Carrillo et al., 
1986; Ehl et al., 1988; Frosch et al., 1986; Groß, 1990; Guimaraens et al., 
1992; Kleinhans, 1984 a; Seifert et al., 1987). In order to be certain to elicit 
positive patch test reactions in individuals with known sensitivity to 2-mer-
captobenzothiazole, it was necessary to apply the chemical at concentra-
tions of 0.316% in petrolatum, equivalent to 145 µg/cm² skin. In some pa-
tients, positive reactions were obtained even with 0.1% (45 µg/cm² skin; 
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Emmett et al., 1994). In dermatologically healthy subjects, 2-mercaptoben-
zothiazole caused moderate sensitisation in the maximisation test, while 
there was no sensitisation in the patch test with repeated application 
(Kligman, 1966; Magnusson and Kligman, 1970; Monsanto, 1987; Product 
Investigations, 1976; see also Table 11). A recommendable review article 
on the skin-sensitising potential of 2-mercaptobenzothiazole in humans 
was published by Feinman (1987).  

Epidemiological carcinogenicity studies 

A total of 1059 workers at a rubber chemicals plant in Nitro, West Virginia 
(USA), were examined in an epidemiological study to find whether they had 
increased mortality from cancer associated with exposure to 2-mercapto-
benzothiazole and/or derivatives of 2-mercaptobenzothiazole (sodium 
2-mercaptobenzothiazole, N-cyclohexyl-2-benzothiazole sulphenamide, 
benzothiazyl disulphide, N-tertiary-butyl-2-benzothiazole sulphenamide, 
2-(morpholinothio) benzothiazole, 2-(2,6-dimethylmorpholinothio) benzo-
thiazole, 2-(hexamethyleneiminothio) benzothiazole and 1,3-bis-(2-benzo-
thiazolylmercaptomethyl) urea). There were indications of a possible con-
nection between malignant tumours of the urinary bladder and the exposu-
re to 2-mercaptobenzothiazole and/or its derivatives. However, in addition 
to 2-mercaptobenzothiazole and its derivatives, the production of which 
started at the plant in 1934 and still continued at the time of the study, 
p-aminobiphenyl was also used between 1935 and 1955. p-Aminobiphenyl 
is a compound which the investigators discussed as reportedly being a 
possible potent bladder carcinogen after short-term exposure. The study 
cohort included white male production workers who were hired at some 
point after the plant had been established and who were active at the plant 
between 1955 and 1977 for one day or more. Exposure to derivatives of 
2-mercaptobenzothiazole was assumed to be equivalent to 2-mercaptoben-
zothiazole exposure. A total of 600 workers had exposure to 2-mercapto-
benzothiazole and/or its derivatives. For these individuals, cumulative ex-
posure indices were calculated on the basis of documented work histories, 
workplace sampling data from 1977 and 1989 and the respective durations 
of occupation. Exposure to 2-mercaptobenzothiazole and/or its derivatives 
was highest during the period between 1943 and 1954, being > 2 < 3 
mg/m³ on average. As shown in a graphical representation, it was ≤ 1 
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mg/m³ in other years and dropped to less than 0.25 mg/m³ after 1970 (see 
Collins et al., 1999, below). Because of concern about the potential con-
founding effect of exposure to p-aminobiphenyl with regard to tumour fin-
dings, workers with p-aminobiphenyl exposure were identified separately. 
Those employees whose work covered all parts of the plant, such as yard 
labour, maintenance, or general production jobs, were not considered ex-
posed to p-aminobiphenyl. As discussed by the investigators in a later sec-
tion, however, the possibility could not be precluded with certainty that the-
re was some, if only short-term, exposure to p-aminobiphenyl in these ca-
ses. Standardised mortality ratios (SMRs) were calculated for the period 
from 1 January 1955 to 31 December 1987. The white male populations of 
the counties located within a 20-mile radius of the plant and the United Sta-
tes as a whole served as reference cohorts. Compared with the local refe-
rence cohort, mortality from all causes was reduced in the 600 workers with 
2-mercaptobenzothiazole exposure, but mortality from all cancers and mor-
tality from lung, prostate and bladder cancers was raised. The subcohort of 
workers exposed to 2-mercaptobenzothiazole and p-aminobiphenyl (89 
workers) also showed increased mortality from all cancers and increased 
mortality from lung cancer (10 deaths observed, 3.4 expected cases) and 
particularly from bladder cancer (7 deaths observed, 0.22 expected), while 
there were no deaths from prostate cancer in this subgroup. The subcohort 
of workers exposed to 2-mercaptobenzothiazole but not to p-aminobiphenyl 
(511 workers) showed reduced mortality from all cancers and lung cancer 
but again mortality from bladder cancer (3 deaths observed, 0.66 expected) 
was increased, as was mortality from prostate cancer (4 deaths observed, 
1.99 expected). Workers who were hired only after 1955, when 
p-aminobiphenyl production was stopped (270 of the 600 workers exposed 
to 2-mercaptobenzothiazole), had a lower mortality from all cancers than 
the local reference cohort, none of the 8 deaths occurring in total in this 
group being attributable to bladder cancer or other cancers (0.03 and 4.26 
expected deaths, respectively). In regard of cumulative exposure to 2-mer-
captobenzothiazole, there were no associations between the prostate can-
cer incidences and exposure categories, and unexposed workers were 
found to have comparable prostate cancer incidences. Therefore the inve-
stigators suggested that these tumours were caused by an unknown extra-
neous factor, which was affecting all workers equally and thus was inde-
pendent of 2-mercaptobenzothiazole. The investigators critically reviewed 3 
deaths from bladder cancer in the cohort exposed to 2-mercaptobenzothia-
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zole but not to p-aminobiphenyl. As indicated by the cumulative exposure 
indices, the 3 workers had been in the two highest categories of cumulative 
exposure to 2-mercaptobenzothiazole. There was no strong trend to 
indicate dose-dependency of the disease. However, the investigators dis-
cussed the fact that in principle it was not possible to establish a meaning-
ful, statistically significant dose-dependent trend based on only 3 cases. The 
3 cases of cancer all occurred at least 20 years after the first exposure, and 
all 3 workers were employed at the plant even before 1956, that is at a time 
when p-aminobiphenyl was still being used. Although the 3 workers were 
categorised as not having had exposure to p-aminobiphenyl, ultimately, 
due to their respective jobs in yard labour, general production work and 
maintenance, the possibility cannot be precluded with certainty that they 
may have had at least short-term exposure to p-aminobiphenyl. The inve-
stigators recommended further follow-up of the cohort (Strauss et al., 1993).  

As recommended, the cohort from Nitro, West Virginia (USA; Strauss et al., 
1993, see above), was followed up. From the results of the study update, 
which added 9 years of additional follow-up to the original observation pe-
riod, it seems that 2-mercaptobenzothiazole did not increase the rates of 
cancers, including cancer of the prostate and lung. The study does not al-
low any definite conclusion with regard to the potential of 2-mercaptoben-
zothiazole to cause bladder cancer because of the possibility that there 
was additional exposure to the potent bladder carcinogen p-aminobiphenyl, 
and due to statistical considerations. The standardised mortality ratios 
(SMRs) calculated for the 600 workers with exposure to 2-mercaptobenzo-
thiazole and/or derivatives of the chemical during the period from 1 January 
1955 until 31 December 1996, in contrast to the earlier examination of the 
cohort, no longer indicated any increased mortality from all cancers or from 
lung or prostate cancer (mortality from all cancers: SMR 1.0 (95% con-
fidence interval 0.8 to 1.3), 63 deaths observed, 63.9 expected (earlier stu-
dy: 46 deaths observed, 38.81 expected); from lung cancer: SMR 1.0 (95% 
confidence interval 0.7 to 1.5), 27 deaths observed, 26.1 expected (earlier 
study: 21 deaths observed, 15.92 expected); from prostate cancer: SMR 
0.9 (95% confidence interval 0.2 to 2.3), 4 deaths observed, 4.4 expected 
(earlier study: 4 deaths observed, 1.9 expected)). As in the earlier study, 
mortality from urinary bladder cancer was markedly increased (SMR 8.9 
(95% confidence 4.7 to 15.2), 13 deaths observed, 1.5 expected (earlier 
study: 10 deaths observed, 0.88 expected)). This increase in mortality from 



46 TOXICOLOGICAL EVALUATION No. 70 2-Mercaptobenzothiazole 11/2000, BG Chemie 

bladder cancer was noted both in the subcohort of 89 workers with expo-
sure to p-aminobiphenyl (SMR 27.1 (95% confidence interval 11.7 to 53.4), 
8 deaths observed, 0.3 expected (earlier study: 7 deaths observed, 0.22 
expected)) as well as the in the subcohort of 511 workers classed as not 
having been exposed to p-aminobiphenyl (SMR 4.3 (95% confidence in-
terval 1.4 to 10.0), 5 deaths observed, 1.2 expected (earlier study: 3 deaths 
observed, 0.66 expected)). However, the fact that the subcohort of 511 
workers was classed as not exposed to p-aminobiphenyl was critically re-
viewed by the investigators of the follow-up study, as a number of the wor-
kers must be considered to have had potential exposure to p-aminobiphe-
nyl (yard labourer, plantwide production worker, maintenance worker). As 
elaborated by the authors in the discussion section, the unknown degree of 
exposure to the known bladder carcinogen p-aminobiphenyl, makes it 
impossible to estimate the risk of bladder cancer due to 2-mercaptoben-
zothiazole exposure in this subcohort. All 5 workers from this subcohort 
who died of bladder cancer had held plantwide jobs for 1, 5, 8 or 20 months 
and 10 years, and thus it cannot be precluded that their responsibilities 
may have involved exposure to p-aminobiphenyl. Among the 270 workers 
with exposure to 2-mercaptobenzothiazole and/or its derivatives but de-
finitely without exposure to p-aminobiphenyl as they were not hired until af-
ter 1955 – after p-aminobiphenyl use at the plant was discontinued – there 
were no deaths from bladder cancer (SMR 0.0 (95% confidence interval 0.0 
to 24.70), 0 deaths observed, 0.2 expected). The absence of urinary blad-
der tumours in this subcohort suggests that 2-mercaptobenzothiazole lacks 
urinary bladder carcinogenicity; nevertheless, based on statistical consi-
derations (only 0.2 expected deaths), it cannot be stated with certainty that 
2-mercaptobenzothiazole is not a bladder carcinogen (Collins et al., 1999). 

In an epidemiological study conducted in parallel in a total of 2410 workers 
at a plant producing rubber chemicals (vulcanisation inhibitors and accele-
rators, antioxidants and other chemicals) in Wales, there was no indication 
of increased tumour-induced mortality due to exposure to 2-mercaptoben-
zothiazole. The plant first produced 2-mercaptobenzothiazole in 1932, ope-
rations also involving sodium 2-mercaptobenzothiazole and zinc 2-mercap-
tobenzothiazole, while production of the 2-mercaptobenzothiazole derivati-
ves, dibenzothiazyl disulphide, N-oxydiethylene-2-benzothiazolsulphenami-
de and N-cyclohexyl-2-benzothiazolsulphenamide began in 1939. Apart 
from exposures to 2-mercaptobenzothiazole and/or 2-mercaptobenzothia-
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zole derivatives (360 workers), exposure to polymerised 2,2,4-trimethyl-1,2-
dihydroquinoline (213 workers), N-cyclohexylthiophthalamide, phenyl-β-
naphthylamine (94 workers) and aniline or o-toluidine (409 workers) was 
examined more closely. Standardised mortality ratios (SMRs) were calcula-
ted for the period from 1 January 1955 to 31 December 1986. All workers 
were included who had at least 6 months’ exposure and were already in 
employment on 1 January 1955 (1549 men, 86 women) or were hired by 31 
December 1984 (611 men, 164 women). On the basis of individual job hi-
stories and classifications of the various job and department titles as zero 
exposure, very low (0 to 1 mg/m³), low (1 to 2.5 mg/m³), medium (2.5 to 6 
mg/m³) and high (6 to 20 mg/m³) exposure, each worker’s individual total 
exposure to 2-mercaptobenzothiazole and/or its derivatives was determi-
ned. Monitoring measurements were carried out from 1977 onwards. The 
population of England and Wales as a whole and the population of 
Denbighshire, the county in which the plant was situated, served as refe-
rence cohorts. The overall mortality from all causes and the overall mortali-
ty from neoplasms were calculated under the aspect of the beginning of ex-
posure and corresponded to, or were lower than, the expected mortalities 
(referred to as the healthy worker effect). Analysis of the mortality data by 
site of cancer revealed no statistically significant differences from the refe-
rence cohorts. In addition, there was no statistically significant increase in 
mortality from bladder cancer, a finding which is in contrast to the epide-
miological study discussed above which was conducted in parallel at an 
American plant (Strauss et al., 1993). Of the total of 360 workers with expo-
sure to 2-mercaptobenzothiazole and/or its derivatives, 119 died in the pe-
riod on which the calculations were based, 3 of whom died of bladder can-
cer (1.1 expected deaths), of whom 2, in turn, also had exposure to aniline 
and/or o-toluidine. In the discussion of their findings, the investigators ad-
dressed the fact, however, that analysis by site of cancer provided little in-
formation for confident interpretation due to the small numbers of site-spe-
cific deaths (Monsanto, 1992; Sorahan and Pope, 1993). Note: The two 
available documents on this study contain slight differences in data. Almost 
all of the data presented above were taken from the publication by Sorahan 
and Pope (1993). 

The cohort of 2160 male workers investigated in the study by Monsanto 
(1992) and Sorahan and Pope (1992) was re-examined 10 years later. In 
the follow-up study, the mortality and cancer morbidity among the workers 
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was calculated for the 1955–1996 and 1971–1992 periods, respectively, in 
relation to the total study cohort but also in relation to the subcohorts with 
exposure to 2-mercaptobenzothiazole and its derivatives (357 workers), 
aniline (385 workers), phenyl-β-naphthylamine (94 workers) and/or o-tolui-
dine (53 workers). 

The subcohort encompassing all 4 chemicals consisted of only 605 wor-
kers, from which it follows that numerous workers had exposure to more 
than one of the above-mentioned chemicals and were allocated to several 
single-chemical subcohorts. For 2-mercaptobenzothiazole, it was possible 
to estimate individual cumulative overall exposure (Monsanto, 1992; 
Sorahan and Pope, 1992, see above), whilst for the other chemicals it was 
only possible to ascertain individual total duration of employment in the re-
spective production departments without obtaining an estimate of exposure 
level. As in the first study, the cancer site-specific mortalities found for the 
total study cohort of 2160 workers were in the range of expected values, or 
lower. In contrast to the first study, however, there was no significant in-
crease in the number of deaths from bladder cancer (SMR 141, 17 deaths 
observed, 12.1 expected). In the subcohort of workers with exposure to 
2-mercaptobenzothiazole, phenyl-β-naphthylamine, o-toluidine and/or anili-
ne, bladder cancer mortality and malignant bladder cancer morbidity were 
significantly increased (SMR 277 (95% confidence interval 127 to 526), 9 
deaths observed, 3.25 expected; SMR for malignant bladder diseases 208 
(95% confidence interval 104 to 371), 11 deaths observed, 5.3 expected). 
In the single-chemical subcohorts, mortality from bladder cancer was signi-
ficantly increased in the subcohorts with exposure to 2-mercaptobenzothia-
zole (SMR 408, 7 deaths observed, 1.72 expected), phenyl-β-naphthylami-
ne (SMR 641, 4 deaths observed, 0.62 expected) and o-toluidine (SMR 
1589, 3 deaths observed, 0.19 expected) while it was nonsignificantly in-
creased in the subcohort with aniline exposure (SMR 200, 4 deaths obser-
ved, 2.00 expected), though there was multiple allocation of some deaths. 
The majority of workers who died of bladder tumours had already had ex-
posure before 1955 and died > 20 years after first exposure. The increased 
mortality from cancer of the large intestine (7 deaths observed, 2.73 expec-
ted) in the subcohort exposed to 2-mercaptobenzothiazole was suggested 
by the investigators to be a chance finding or a consequence of nonoccu-
pational factors. In order to identify more precisely the noxious agent ac-
tually causing bladder cancer, the investigators calculated the relative risk 
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of bladder cancer in relation to cumulative overall exposure (for 2-mercap-
tobenzothiazole) and duration of employment in the various production de-
partments (for the other 3 chemicals). The relative risk of dying of bladder 
cancer or developing malignant and/or benign bladder neoplasms showed 
a significant positive trend and rose with the duration of employment in the 
phenyl-β-naphthylamine and o-toluidine production departments. In the ca-
se of 2-mercaptobenzothiazole and aniline, relative risk was not found to be 
dependent upon cumulative overall exposure or duration of employment. 
The investigators interpreted the study results as indications that the in-
creased incidence of bladder cancer in the workers employed in the 
2-mercaptobenzothiazole, aniline, o-toluidine and/or phenyl-β-naphthylami-
ne production departments is probably related to occupation, though the 
agent actually causing bladder cancer could not be identified with certainty. 
They suspected that phenyl-β-naphthylamine was the most likely actual 
cause of increased bladder cancer, or that cancer was caused by a compo-
nent used in the course of phenyl-β-naphthylamine production, which also 
involves the known bladder carcinogen β-naphthylamine, or possibly also 
by a component used in o-toluidine production. The presence of a bladder 
carcinogen in the 2-mercaptobenzothiazole production process was consi-
dered unlikely by the investigators as the relative risk of developing bladder 
cancer did not depend on cumulative overall exposure to the chemical 
(Sorahan et al., 2000). 

9 Classifications and threshold limit values 
The German Commission for the Investigation of Health Hazards of Chemi-
cal Compounds in the Work Area (“MAK-Kommission”) has assigned 
2-mercaptobenzothiazole to category 3 of carcinogenic working substan-
ces, i.e. the category of “substances that cause concern that they could be 
carcinogenic for man but cannot be assessed conclusively because of lack 
of data”, and to pregnancy risk group C, i.e. substances for which “there is 
no reason to fear a risk of damage to the embryo or foetus when MAK and 
BAT values are observed”. The Commission has set the MAK value (maxi-
mum workplace concentration) at 4 mg/m³ I (i. e. measured as the inhalab-
le fraction of the aerosol) and designated the substance with “Sh” on ac-
count of its sensitising potential (DFG, 2000; Greim, 2000).  
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The toxicology advisory council (“Beraterkreis Toxikologie”) to the hazar-
dous substances committee (“Ausschuss für Gefahrstoffe” (AGS)) has not 
assigned 2-mercaptobenzothiazole to any of the three carcinogenicity cate-
gories. Following adoption by the AGS of the toxicology advisory council’s 
proposal for classification (expected in 2001), 2-mercaptobenzothiazole 
would not be legally classified in the Federal Republic of Germany. 
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Appendix 
Table 1 Comparative studies on the toxicokinetics and metabolism of 

2-mercaptobenzothiazole in accordance with the EPA Test 
Rule (EPA, 1985 b; El Dareer et al., 1989; SoRI, 1986 a, b, c, 
1987 a, b) 

Table 2 Acute toxicity of 2-mercaptobenzothiazole 
Table 3 Subacute toxicity of 2-mercaptobenzothiazole 
Table 4 Skin irritancy of 2-mercaptobenzothiazole 
Table 5 Mucous membrane effects of 2-mercaptobenzothiazole 
Table 6 Sensitising potential of 2-mercaptobenzothiazole in animal stu-

dies 
Table 7 In-vitro genotoxicity tests with 2-mercaptobenzothiazole 
Table 10 Reproductive toxicity of 2-mercaptobenzothiazole 
Table 11 Sensitising potential of 2-mercaptobenzothiazole in humans 
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Beginning of Table 1 
Table 1. Comparative studies on the toxicokinetics and metabolism of 2-mercaptobenzothiazole in 

accordance with the EPA Test Rule (EPA, 1985 b; El Dareer et al., 1989; SoRI, 1986 a, b, c, 1987 a, b) 
a) Single and repeated oral administration and single intravenous administration in the Fischer-344 rat 
 0.592 mg/kg b.w. 55.5 mg/kg b.w. approx. 0.5 mg/kg b.w. 0.602 mg/kg b.w. 

single oral dose single oral dose repeated oral dose single i.v. dose 
  (15 days)  

males females males females males females males females 
Excreted in urine within 8 hours 53–63 16–64 43–85 20–69 15–52 49–59 47–95 69–101 
 8–24 hours 13–25 1–14 18–35 15–32 15–59 31–48 7–30 4–16 
 24–48 hours 0.2–4.9 1.7–4.8 1.8–6.4 3.2–5.9 4.1–8.2 3.8–5.1 0.7–6.5 0.7–2.7 
 48–72 hours 0.2–1.3 0.3–4.0 0.3 –1.9 0.7–2.0 2.6–5.8 1.1–1.6 0.4–1.5 0.6–1.4 
 72–96 hours 0.05–0.17 0.15–0.29 0.17–0.54 0.78–1.70 1.08–3.21 0.55–0.87 n.a. n.a. 
Total excretion at 96 hours  in urine 93 ± 6.9 72.1 ± 17.8 106 ± 14 103 ± 23 90.7 ± 8.9 101 ± 4 90.9 ± 9.2 96.1 ± 8.1 
 in faeces 9.2 ± 2.36 5.9 ± 2.4 5.56 ± 0.88 4.03 ± 

1.59 
9.99 ± 1.75 5.22 ± 0.46 15.1 ± 11.4 3.79 ± 2.17 

(% of administered radioactivity, rounded values in some ca-
ses, total value for urine plus cage rinses) 

      (within 72 hours) 

Half-lives (hours) for the α and β phases of elimination         
from whole blood α 4.53 6.45 2.96 2.16 4.7 8.56 0.8 0.74 
 β 439 559 76600 105 6000 57801) 2320 129 
from plasma α 4.01 4.01 3.03 3.2 4.131) 3.73 1.06 1.06 
 β 87.4 66 72.9 95 312 79.6 22.1 54.9 
Tissue activity after 8 hours in the  body2) n.a. n.a. n.a. n.a. 8.181 4.486 n.a. n.a. 
 whole blood 2.27 2.37 1.39 1.25 3.29 1.93 9.19 8.03 
 plasma 1.08 0.939 0.799 0.636 2.05 0.924 8.39 5.46 
(% of radioactivity administered)       (after 1 hour) 
Residual activity at study termination, in the  body3) n.a. n.a. n.a. n.a. 1.918 1.546 n.a. n.a. 
 whole blood 1.29 1.35 0.42 0.51 1.53 1.2 1.74 1.52 
 plasma 0.033 0.055 0.009 0.012 0.036 0.028 0.045 0.055 
(% of radioactivity administered) (after 96 hours) (after 96 hours) (after 96 hours) (after 72 hours) 
Total recovery 103 ± 7 79.3 ± 18.8 112 ± 14 108 ± 24 n.a. n.a. 108 ± 10 102 ± 7 
(% of radioactivity administered)         
Metabolites a total of 7 possible me-

tabolites, 2 of which we-
re major metabolites, tra-
ces of MBT and MBTS 
(identified only in one 
animal/sex) 

 2 metabolites (one thio-
glucuronide and a meta-
bolite which was presu-
mably oxidised at the SH 
group, no MBT or MBTS) 

a total of 4 metabolites, 2 
of which were major me-
tabolites, traces of MBT 
(identified only in one ani-
mal/sex) 
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Table 1. Comparative studies on the toxicokinetics and metabolism of 2-mercaptobenzothiazole in 
accordance with the EPA Test Rule (EPA, 1985 b; El Dareer et al., 1989; SoRI, 1986 a, b, c, 1987 a, b) 

b) Single dermal application in the Fischer-344 rat and the Hartley guinea pig 
 24.7 µg/animal,  

48 hours4) 
24.7 µg/animal,  

48 hours4) 
36.1 µg/animal,  

96 hours 
36.1 µg/animal,  
96 hours 

occlusive, rat occlusive, guinea pig occlusive, rat occlusive, guinea pig 
2 males 2 females 2 females males females females 

Absorption 24.57 14.16 20.35 16.1 17.5 33.4 
(% of radioactivity administered) (combined urinary and faecal excretion) ± 2.8 ± 1.9 ± 8.2 
    (combined urinary and faecal excretion and content 

in whole blood (blood mass 9% of body mass)) 
Total excretion  in urine 22.2–24.1 13.1–14.5 16.6–23.5 14.7 16.5 32.6 
 in faeces 1.26–1.57 0.112–0.608 0.037–0.558 0.98 0.64 0.369 
(% of administered radioactivity, total value for urine plus cage 
rinses) 

(each within 48 hours) (within 48 hours) (each within 96 hours) (within 96 hours) 

Residual activity after 96 hours, in the  body n.a. n.a. n.a. n.a. n.a. n.a. 
 whole blood n.a. n.a. n.a. 0.367 0.362 0.332 
 plasma n.a. n.a. n.a. 0.029 0.028 0.040 
 bound at the site of application4) n.a. n.a. n.a. 61.5 51.6 15.8 
 removable from the application site by washing4) n.a. n.a. n.a. 9.12 12.8 47.3 
 detectable at the application site 69.6–76.2 81.4–88.7 62.9 (1 animal) – – – 
(% of radioactivity administered) (unwashed skin plus covering material)    
Total recovery 95–99.9 96.5–102 79.5 (1 animal) 86.6 81.9 94.41) 
(% of radioactivity administered)    ± 6.0 ± 10.3 ± 5.2 
1) There are minor differences between the various publications; the data given above were taken from the respective original study reports (SoRI, 1986 b, 1987 a, 
b). 
2) including blood concentrations; at the first time point of assessment (8 hours), the concentrations (nCi/ml or g, as the case may be) found in the examined organs 

and tissues were in the following order: males: kidney > thyroid gland > liver > plasma > blood > lung > bone marrow > heart > spleen > fat > gonads > muscle 
> brain > bone; females: thyroid gland > kidney > blood > plasma > liver > bone marrow > lung > gonads > heart > spleen > fat > muscle > brain > bone.  

3) including blood concentrations; the highest organ and tissue concentrations were the respective levels of 6.49 and 7.26 nCi/g found in the thyroid gland, represen-
ting 0.001% of the administered radioactivity. 

4) preliminary studies with cleansing of the application site (rat 2 cm², guinea pig 5 cm²) at the end of the exposure period (48 hours); it was demonstrated in 2 other 
animals/sex that thorough cleansing (soapy water (1% detergent), ethanol, brush) 10 minutes after application was still able to remove approx. 70% (rat) or approx. 
77% (guinea pig) of the applied radioactivity. 

n.a. not assayed 
MBT 2-mercaptobenzothiazole 
MBTS 2-mercaptobenzothiazole disulphide 
b.w. body weight 

End of Table 1 
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Beginning of Table 2 
Table 2. Acute toxicity of 2-mercaptobenzothiazole 

Species, strain,  
sexa) 

Route Dose (mg/kg 
body weight or 
mg/m³) 

Purity Effect Observa-
tion period 

Reference 

Rat, Sprague-Dawley, 
male, female 

oral 23000* no data LD50; drowsiness and collapse; necropsy of deceased animals: 
lung congestion, swollen intestinal walls and pale liver with dis-
coloured areas 

no data Scientific Associates, 
1956 

* The dose was administered as a 25% aqueous solution, given in 2 or 3 portions within one day. The investigators state that administration of an emulsion was observed 
to increase toxicity (LD50 8000 to 10000 mg/kg body weight (no precise details)). 
Rat, albino oral 11804 no data* LD50 no data Datsenko and 

Korneychuk, 1993 
* Test substance was the commercial product Captax. 
Rat, Wistar, male oral 7300–9400* no data* LD50; humpback behaviour, rough coats; terminal necropsy was 

without findings 
14 days CIVO TNO, 1977 

* Test substances were 5 different batches of 2-mercaptobenzothiazole, formulated in propylene glycol (no further details), the resulting LD50 values being 7300, 8400, 
8600, 9300 and 9400 mg/kg body weight. 
Rat, albino oral 6000–7000 no data lethal within 2 days 7 days Litvinchuk, 1963 
Rat, Sprague-Dawley, 
male, female 

oral ca. 5000 no data* LD50; ataxia, piloerection, reduced activity, breathing difficulties 
(irregular breathing, dyspnoea); necropsy of the animals which 
died and those which survived to the end of the study was with-
out findings 

14 days Sumitomo, 1977 

* Test substance was the commercial product Soxinol M, formulated in corn oil. 
Rat, male oral > 3980 no data* LD50; mortality 0/2 at 3980 mg/kg body weight; terminal necropsy 

findings included kidney changes from 252 mg/kg body weight 
and liver changes from 500 mg/kg body weight (no precise de-
tails) 

14 days Dow, 1961 

* Test substance was the commercial product Captax, formulated in corn oil. 
Rat, Sprague-Dawley, 
male, female 

oral 3800 97.4%* LD50; reduced food consumption and hypoactivity, weakness, 
collapse; necropsy of deceased animals: hyperaemia of the lung, 
liver discoloration, acute gastrointestinal inflammation; terminal 
necropsy was without findings 

14 days Younger Laborato-
ries, 1975; Randall 
and Bannister, 1990 

* Test substance was the commercial product Thiotax Powder, formulated in corn oil. 
Rat oral 3000 no data LD50 no data Vanderbilt, 1975 
Rat oral 3200 no data* lethal; breathing difficulties, spasms, tremors no data Eastman Kodak, 1956 
* Propylene glycol served as the vehicle. 
Rat, Sprague-Dawley, 
male, female 

oral 2830 no data* LD50; reduced food consumption and hypoactivity, weakness, 
collapse; necropsy of deceased animals: haemorrhage of the 
lungs, hyperaemia of the liver, acute gastrointestinal inflamma-
tion; terminal necropsy was without findings 

14 days Younger Laborato-
ries, 1974 

* Test substance was the commercial product Thiotax, formulated in corn oil. 
Rat oral 1800 no data LD50 no data Uniroyal, 1975 
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Table 2. Acute toxicity of 2-mercaptobenzothiazole 
Species, strain,  
sexa) 

Route Dose (mg/kg 
body weight or 
mg/m³) 

Purity Effect Observa-
tion period 

Reference 

Rat oral 1680 no data* LD50 no data Kowalski and 
Bassendowska, 1965 

* Oil served as the vehicle. 
Rat, male oral > 1600 no data LD50; weakness, prostration, tremors no data Eastman Kodak, 

1979, 1980 
Rat, Sprague-Dawley, 
female 

oral 30, 100, 300, 
1000, 3000 and 
10000 

no data* mortality 0/1 up to and including 3000 mg, 1/1 at 10000 mg, the 
latter being the only dose at which weakness, prostration, tre-
mors, convulsions, rapid breathing and salivation occurred and 
necropsy revealed red lungs 

14 days Industrial Bio-Test, 
1977 a 

* Corn oil served as the vehicle. 
Rat, albino oral 1000–5500 no data not lethal; dose-dependent impairment of locomotion, accelera-

ted breathing from 5000 mg  
7 days Litvinchuk, 1963 

Rat, domestic Norway oral 500 no data mortality: 0/2 4 to 7 days Dieke et al., 1947 
Rat, wild Norway oral 100 no data mortality: 0/3 4 to 7 days Dieke et al., 1947 
Mouse, Swiss albino oral 5000 no data referred to by the investigators as LD50; mortality: 1/5 at the 

highest test dose of 5120 mg/kg body weight, 0/5 at the lower 
dose levels of 3560 and 1280 mg/kg body weight; terminal 
necropsy was without findings 

7 days Arthur D. Little Inc., 
1977 

Mouse, albino oral 3153 technical 
grade 

LD50; convulsions no data Litvinchuk, 1963 

Mouse, Slc:ddY, male oral 3140 technical 
grade* 

LD50; prone position, lacrimation and salivation, tremors, convul-
sions; necropsy of the animals which died and those which survi-
ved to the end of the study was without findings 

7 days Hasegawa et al., 
1989; Ogawa et al., 
1989 a, b 

* Test substance was the commercial product Nokuseller M, formulated in olive oil. 
Mouse, albino oral 3110 chemicall

y pure 
LD50; convulsions no data Litvinchuk, 1963 

Mouse, ddY, female oral 3080 no data* LD50; hypoactivity, convulsions; necropsy of the animals which 
died and those which survived to the end of the study was 
without findings 

14 days Hasegawa et al., 
1989 

* Olive oil served as the vehicle. 
Mouse, male oral 2000 purified* LD50; peripheral vasodilation, salivation, convulsions 7 days Guess and O’Leary, 

1969 
* Test substance was the purified commercial product Rotax, formulated in carboxymethylcellulose and physiological saline solution. 
Mouse oral 1851 no data LD50 no data Vanderbilt, 1975 
Mouse oral 1800 no data* LD50; restlessness, impaired motor co-ordination, convulsions, 

liver alterations 
no data Vorob’eva and 

Mezentseva, 1962 
* Sunflower oil served as the vehicle. 
Mouse, male oral > 1600 no data LD50; weakness, prostration, tremors no data Eastman Kodak, 

1979, 1980 
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Table 2. Acute toxicity of 2-mercaptobenzothiazole 
Species, strain,  
sexa) 

Route Dose (mg/kg 
body weight or 
mg/m³) 

Purity Effect Observa-
tion period 

Reference 

Mouse oral 1600 no data* lethal; breathing difficulties, spasms, tremors no data Eastman Kodak, 1956 
* Propylene glycol served as the vehicle. 
Mouse, Slc:ddY, male oral 1558 technical 

grade* 
LD50; prone position, lacrimation and salivation, tremors, convul-
sions 

7 days Ogawa et al.,  
1989 a, b 

* Test substance was the commercial product Nokuseller M, formulated in gum arabic. 
Mouse, Slc:ddY, female oral 1490 technical 

grade* 
LD50; prone position, lacrimation and salivation, tremors, convul-
sions 

7 days Ogawa et al.,  
1989 a, b 

* Test substance was the commercial product Nokuseller M, formulated in gum arabic. 
Mouse, male oral 931 purified* maximum tolerated dose 7 days Guess and O’Leary, 

1969 
* Test substance was the purified commercial product Rotax, formulated in carboxymethylcellulose and physiological saline solution. 
Rabbit oral 5000–10000* no data mortality was 0/1 after administration of 5000, 6250 and 7500 mg 

and 1/1 after administration of 8750 and 10000 mg 
7 days Scientific Associates, 

1956 
* Split into 2 doses given on 2 consecutive days. 
Rabbit oral 7500–8750 no data LD50 no data Scientific Associates, 

1974 
Rabbit oral 2000 once or 

200 daily for 6 
days 

no data no findings (mortality, clinical signs, haematology) 14 days Litvinchuk, 1963 

Rabbit, New Zealand, 
male, female 

dermal > 7940 (24-
hour semi-oc-
clusive exposu-
re of the depila-
ted skin) 

97.4%* LD50; mortality: 0/2; temporary reductions in food consumption 
and activity; terminal necropsy was without findings 

14 days Younger 
Laboratories, 1974, 
1975; Randall and 
Bannister, 1990 

* Test substances were the commercial products Thiotax and Thiotax Powder, both formulated in corn oil. The purity was taken from the publication by Randall and 
Bannister (1990) and presumably refers only to Thiotax Powder, as does the oral LD50 they reported for the rat. 
Rabbit, New Zealand, 
male 

dermal 300, 1000 or 
3000 (aqueous 
slurry, 24-hour 
occlusive expo-
sure of the de-
pilated dorsal 
skin) 

no data mortality was 0/1 at all levels; at 1000 and 3000 mg there was 
mild erythema and oedema formation, slight desquamation after 
7 and 14 days; terminal necropsy was without remarkable fin-
dings 

14 days Industrial Bio-Test, 
1977 c 

Guinea pig dermal > 1000 no data LD50; no signs of absorption through the skin no data Eastman Kodak, 
1979, 1980 

Rat, Charles River, 
male, female 

inhalation 
(4 hours) 

> 1270* no data LC50; mortality: 0/10; short-lasting ptosis and hypoactivity; termi-
nal necropsy was without findings 

14 days Industrial Bio-Test, 
1977 b 

* Heated to 50 °C, fractions of airborne particles < 5 and 10 µm were 78.2 and 10.4%, respectively; presumably represents maximum attainable concentration at 50 °C. 
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Table 2. Acute toxicity of 2-mercaptobenzothiazole 
Species, strain,  
sexa) 

Route Dose (mg/kg 
body weight or 
mg/m³) 

Purity Effect Observa-
tion period 

Reference 

Rat, male inhalation 
(7 hours) 

> ca. 715* 
(104.4 ppm) 

no data* LC50; mortality: 0/5; no clinical signs of toxicity; terminal 
necropsy: liver and kidney changes (no precise details) 

14 days Dow, 1961 

* Test substance was the commercial product Captax, heated to 40 °C. According to the investigators, the animals were exposed to saturated atmosphere. 
Rat intrape-

ritoneal 
400 no data lethal; breathing difficulties, spasms, tremors no data Eastman Kodak, 1956 

Rat intrape-
ritoneal 

300 no data* LD50 no data Kowalski and 
Bassendowska, 1965 

* Oil served as the vehicle. 
Rat intrape-

ritoneal 
200–400 no data LD50 no data Eastman Kodak, 1980 

Mouse, ddY, male intrape-
ritoneal 

334.5–669  
(2–4 mmol) 

no data LD50 no data Shinoda et al., 1974 

Mouse, male intrape-
ritoneal 

437 purified* LD50; peripheral vasodilation, salivation, convulsions 7 days Guess and O’Leary, 
1969 

* Test substance was the purified commercial product Rotax, formulated in cottonseed oil. 
Mouse intrape-

ritoneal 
400 no data lethal; breathing difficulties, spasms, tremors no data Eastman Kodak, 1956 

Mouse intrape-
ritoneal 

200–400 no data LD50 no data Eastman Kodak, 1980 

Mouse, male intrape-
ritoneal 

305 purified* maximum tolerated dose 7 days Guess and O’Leary, 
1969 

* Test substance was the commercial product Rotax, formulated in cottonseed oil. 
Mouse, Carworth Farms, 
male 

intrape-
ritoneal 

> 300 no data* LD50 7 days USAF, 1962 

* Carboxymethylcellulose served as the vehicle. 
Mouse, Carworth Farms, 
male 

intrape-
ritoneal 

150–200 no data* LD50 7 days USAF, 1962 

* Water and sodium hydroxide served as the vehicle. 
Mouse, CD1, 2 males, 2 
females/dose 

intrape-
ritoneal 

16.6–1666.6 
(given twice at 
an interval of 
24 hours) 

98.1% 16.6: without findings; 50.0: reduced muscle tone; 166.6: redu-
ced muscle tone; 500.0: females: mortality 2/2 within 4 hours af-
ter the first administration, males: reduced muscle tone, reduced 
activity and ptosis; 1666.6: mortality 4/4 immediately after the 
first administration 

2 days Pharmakon 
Research, 1984 c 

Dose-finding study for a micronucleus test, see Section 7.6.2. 
a) where specified 

End of Table 2 
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Beginning of Table 3 
Table 3. Subacute toxicity of 2-mercaptobenzothiazole 

Species, 
number/group,  
regimen 

Dose  
(mg/kg b.w.) 

Mortality Clinical signs Pathological/histopathological 
changes 

Clinical chemistry/haemato-
logy findings 

References 

Sprague-Dawley 
rat, male, female, 
daily oral dietary 
administration for 
4 weeks 

no information on 
any controls which 
may have been in-
cluded 
ca. 357 
ca. 714 
ca. 1071 
 
ca. 1429 
 
ca. 1786 

 
 
 
 
no effects 
no effects 
no effects 
 
no effects 
 
no effects 

 
 
 
 
no effects 
no effects 
reduced body weight gain and feed 
consumption (males) 
reduced body weight gain and feed 
consumption 
reduced body weight gain and feed 
consumption 

 
 
 
 
no details of such studies gi-
ven* 

 
 
 
 
no details of such studies gi-
ven* 

Monsanto, 
year not 
given 

* The study is accessible only as a citation in the secondary literature (EC, 1996 a) which gives no details of the study design or the parameters investigated. Dose levels of 
5000, 10000, 15000, 20000 and 25000 ppm were administered in the feed. 
F344/N rat, 5 ma-
les and 5 fema-
les/dose, dosed by 
oral gavage, 12 
doses in 16 days 

control (corn oil) 
156 
313 
625 
1250 
2500 

 
0/10 
1/10* 
2/10* 
0/10 
0/10 

 
no effects 
no effects 
no effects 
no effects 
reduced body weight gain 

 
no macroscopic findings 
no macroscopic findings 
no macroscopic findings 
no macroscopic findings 
no macroscopic findings 

 
not studied 
not studied 
not studied 
not studied 
not studied 

NTP, 1988 

* gavage error 
The test substance was administered as the commercial product Captax, 96% pure, in a dose-finding study for a carcinogenicity study carried out as part of the U.S. NTP; 
histological examination was performed only on the control and top dose groups.  
Rat, 5 animals/do-
se, oral admini-
stration in the feed 
for 11 days 

Controls 
91 
866 

 
0/5 
0/5 

 
no effects 
reduced body weight and feed con-
sumption 

 
no effects 
increased relative and absolu-
te liver weights without patho-
logical or histopathological 
correlates 

 
no effects 
no effects 

Eastman 
Kodak, 
1979, 1980 

Concentrations of 1.5 and 1% were administered in the feed. The conversion to mg/kg body weight is in accordance with the data given by the investigators. Haematology 
and clinical chemistry parameters studied included haemoglobin, haematocrit, leukocyte and differential blood counts, the activity levels of alanine and aspartate amino-
transferase, lactate dehydrogenase and alkaline phosphatase, and blood urea nitrogen and glucose levels; organ weights were determined only for the liver and kidney. 
The purity of the 2-mercaptobenzothiazole used was not specified. 
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Table 3. Subacute toxicity of 2-mercaptobenzothiazole 
Species, 
number/group,  
regimen 

Dose  
(mg/kg b.w.) 

Mortality Clinical signs Pathological/histopathological 
changes 

Clinical chemistry/haemato-
logy findings 

References 

B6C3F1 mouse,  
5 males and 5 fe-
males/dose, do-
sed by oral gava-
ge, 12 doses in 16 
days 

control (corn oil) 
188 
375 
750 
1500 
3000 

 
0/10 
0/10 
0/10 
0/5 M, 4/5 F 
4/5 M, 5/5 F 

 
no effects 
no effects 
no effects 
lethargy, prostration 
lethargy, prostration 

 
no macroscopic findings 
no macroscopic findings 
no macroscopic findings 
no macroscopic findings 
no macroscopic findings 

 
not studied 
not studied 
not studied 
not studied 
not studied 

NTP, 1988 

The test substance was administered as the commercial product Captax, 96% pure, in a dose-finding study for a carcinogenicity study carried out as part of the U.S. NTP; 
no histology. The study represents a repeat study of a dose-finding study with dose levels of 156, 313, 625, 1250 and 2500 mg/kg b.w., which was not evaluated due to a 
very large number of gavage errors. No reasons were given why the doses administered in the repeat study were different from those used in the first study. 
Albino rat, 10 ani-
mals, inhalation 
exposure, 2 hours 
daily for 15 days 

Controls 
350–400 mg/m³ 

  
reduced body weight gain, distur-
bances of balance, no increase in 
oxygen consumption, no evidence 
of changes in the nervous system 

 
no macroscopic findings; hi-
stology revealed thickening of 
the interalveolar septa 

 
not studied 

Vorob’eva 
and 
Mezentseva, 
1962 

(no further details) 
Mouse, 10 ma-
les/dose, intraperi-
toneal injection, 
daily for 1 week 

Controls (cotton-
seed oil or physio-
logical saline) 
55 
 
110 

 
 
 
no effects 
 
no effects 

 
 
 
no effects 
 
prolongation of hexobarbital slee-
ping time* 

 
 
 
no macroscopic findings; no 
histology was performed 
liver: necrosis, cloudy swel-
ling, fatty degeneration, chan-
ges in the cell nuclei, inflam-
mation; kidney: cloudy swel-
ling of the renal tubules; the 
lungs, heart, thyroid gland 
and testes were without fin-
dings 

 
 
 
not studied 
 
not studied 

Guess and 
O’Leary, 
1969 

* The groups dosed with 2-mercaptobenzothiazole in physiological saline solution were given a single 75 mg/kg b.w. dose of sodium hexobarbital to determine hexobarbital 
sleeping time. The test substance used was the purified commercial product Rotax.  
M males 
F females 
b.w. body weight 

End of Table 3 
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Beginning of Table 4 
Table 4. Skin irritancy of 2-mercaptobenzothiazole 

Species Guideline and/or dose, mode, durationa) Findings Reversibility Evaluation (by the 
investigators) 

Reference 

Rabbit 500 mg made into an aqueous slurry, 24-
hour semi-occlusive application to the de-
pilated intact and scarified skin 

no findings (4 hours to 7 days after appli-
cation) 

– not irritating (irrita-
tion index 0.0/8.0)* 

Younger 
Laboratories, 1974, 
1975; Randall and 
Bannister, 1990 

* In accordance with the Federal Hazardous Substances Act, 21 CFR, § 191.11 (1964). Test substances were the commercial products Thiotax and Thiotax Powder, 97.4% 
pure (Randall and Bannister (1990)), but this detail probably only refers to Thiotax Powder, as does the mucous membrane irritation reported by those investigators. 
Rabbit 500 mg mixed with 0.5 ml water, 24-hour 

occlusive application to the intact depila-
ted dorsal skin 

no findings (24 and 72 hours after appli-
cation) 

– not irritating Arthur D. Little Inc., 
1977 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Rabbit undiluted chemical was applied 10 times 

to the intact and 3 times to the abraded 
abdominal skin; a 10% solution in 
Dowanol DPM was applied 10 times to 
the intact skin of the ear and the intact 
abdominal skin and 3 times to the abra-
ded abdominal skin 

slight irritation, largely independent of the 
mode of administration, was associated 
with slight hyperaemia and slight exfolia-
tion 

all findings were 
reversible within 21 
days 

mildly irritating Dow, 1961 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Rabbit intradermal irritation mild irritation no data mildly irritating Guess and O’Leary, 

1969 
Carboxymethylcellulose-saline suspensions and cottonseed suspensions containing 0.5, 1, 2 or 4% 2-mercaptobenzothiazole (as the purified commercial product Rotax, 
purity not specified) were intradermally injected at 4 sites each into the dorsal skin of 4 animals. Visualisation of the area and evaluation of the intensity of irritation was ac-
complished within 30 minutes with the aid of a 1% trypan blue suspension administered via the marginal ear vein at 1 ml/kg. At 24 hours after intradermal administration, 
the degree of irritation (erythema, oedema, necrosis) was evaluated. At 48 hours after treatment, the animals were sacrificed, and tissue sections were taken from the 
injection sites for microscopic examination. 2-Mercaptobenzothiazole caused irritation only when given as a 4% oil suspension. The irritation was classed as mild and 
transitory and was less than that shown by a 20% ethanol solution (positive control). Histologically, mild inflammation was noted at 24 hours after injection of the 4% 
suspension in oil. Histological examination at 48 hours after administration was without findings.  
Rabbit Effect on the healing of scarified skin no findings – – Guess and O’Leary, 

1969 
The shaven backs of 4 New Zealand rabbits were swabbed with 70% alcohol, and 4 superficial incisions per animal were made with a scalpel (1 cm long, 2 mm deep and 
0.5 cm apart). To the entire area of about 1 cm x 2 cm² oil or aqueous suspensions of 2-mercaptobenzothiazole (the purified commercial product Rotax, purity not specified) 
were applied at concentrations of 0.5, 1, 2 and 4%. The application sites were observed daily for rate of erythema, healing, scar formation and other adverse effects. 2-Mer-
captobenzothiazole was not observed to affect the normal healing of the incisions. Hair growth and total healing time were comparable with the control in all cases.  
Rabbit 2–10% aqueous suspensions injected 

subcutaneously 
no findings – no data Litvinchuk, 1963 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Guinea pig watery paste no findings (24 hours after application) – no data Du Pont, 1948 
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Table 4. Skin irritancy of 2-mercaptobenzothiazole 
Species Guideline and/or dose, mode, durationa) Findings Reversibility Evaluation (by the 

investigators) 
Reference 

Guinea pig 10% formulation in acetone and corn oil, 
24-hour dermal exposure 

mild irritation no data no data Eastman Kodak, 
1956 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Guinea pig occlusive exposure mild irritation no data mildly irritating Eastman Kodak, 

1979, 1980 
The purity of the 2-mercaptobenzothiazole used was not specified. 
Guinea pig open, repeated skin application for 10 

days 
showed exacerbation of irritation in 2/5 
animals (probably in response to single 
occlusive application, see above) 

no data no data Eastman Kodak, 
1979, 1980 

The purity of the 2-mercaptobenzothiazole used was not specified. 
a) where specified 

End of Table 4 
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Table 5. Mucous membrane effects of 2-mercaptobenzothiazole 
Species Guideline and/or dose, mode, durationa) Findings Reversibility Evaluation (by the 

investigators) 
Reference 

Rabbit 100 mg mixed with 0.1 ml water, eyes 
unwashed 

iritis and conjunctivitis in 4/4 eyes asses-
sed, normal cornea 

iritis reversible 
within 7 days, con-
junctivitis (score 1 
according to 
Draize) persisting 
in 2/4 animals 

irritating Arthur D. Little Inc., 
1977 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Rabbit 100 mg as a powder, eyes probably rin-

sed after 24 hours 
mild irritation with discharge and erythe-
ma of the conjunctivae 

reversible within 48 
hours 

not irritating (irrita-
tion index 1.3/110)* 

Younger 
Laboratories, 1974 

* In accordance with the Federal Hazardous Substances Act, 21 CFR, § 191.12 (1964). Test substance was the commercial product Thiotax Powder, purity not specified. 
Rabbit 100 mg as a powder, eyes probably rin-

sed after 24 hours 
mild to moderate irritation with discharge 
and erythema of the conjunctivae 

reversible within 72 
hours 

mildly irritating (irri-
tation index 
3.2/110)* 

Younger 
Laboratories, 1975; 
Randall and 
Bannister, 1990 

* In accordance with the Federal Hazardous Substances Act, 21 CFR, § 191.12 (1964). Randall and Bannister (1990) evaluated the effect as practically not irritating. Test 
substance was the commercial product Thiotax Powder, 97.4% pure. 
Rabbit 100 mg undiluted, eyes unwashed, sco-

red according to the Draize method 
iritis and conjunctivitis in 3/3 animals, cor-
neal alterations in 1/3 animals 

reversible within 72 
hours 

mildly irritating (irri-
tation index 
18.3/110) 

Industrial Bio-Test, 
1977 d 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Rabbit undiluted chemical and a 10% suspen-

sion in propylene glycol, eyes washed 
and unwashed 

slight irritation with slight to moderate 
pain reaction and slight conjunctivitis 

reversible within 24 
and 48 hours (un-
diluted and diluted 
chemical, respecti-
vely) 

very slightly irrita-
ting 

Dow, 1961 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Rabbit 2–10% aqueous suspensions no findings no findings not irritating Litvinchuk, 1963 
Rabbit no information slight irritation in 3/3 animals, no altera-

tions of the adnexa or cornea 
no information mildly irritating Eastman Kodak, 

1979, 1980 
The purity of the 2-mercaptobenzothiazole used was not specified. 
a)  where specified 
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Beginning of Table 6 
Table 6. Sensitising potential of 2-mercaptobenzothiazole in animal studies 

Species, 
type of study 

Induction Adjuvant Challenge Animals with positive 
reactions 

Evaluation by 
the investigators 

Reference 

Guinea pig, 
Magnusson and 
Kligman maximisa-
tion test 

0.4% as a single intradermal 
injection and 10% applied der-
mally, 48-hour occlusive expo-
sure 7 days after dermal in-
duction (both concentrations 
moderately irritating) 

Freund’s adjuvant to-
gether with intradermal 
induction 

10% (maximum non-irritant 
concentration) applied der-
mally, 24-hour occlusive ex-
posure 14 days after dermal 
induction, repeated 3 times 
(once weekly) 

6/10 (time of assess-
ment not specified) 

moderately 
sensitising 

Goodwin et al., 
1981 

When the test was repeated with intradermal induction concentrations of 0.4, 0.2 and 0.1% but otherwise using identical testing procedures, the response depended on 
the induction concentration employed, with positive reactions to the challenge treatment being shown by 6/10, 1/10 (equivocal) and 0/10 animals, respectively. The purity 
of the 2-mercaptobenzothiazole used was not specified. 
Dunkin-Hartley gui-
nea pig, Magnusson 
and Kligman maxi-
misation test 

0.4% as a single intradermal 
injection and 10% applied der-
mally, 48-hour occlusive expo-
sure 6 to 8 days after intrader-
mal induction 

Freund’s adjuvant to-
gether with intradermal 
induction 

10% applied dermally (maxi-
mum non-irritant concentra-
tion), 24-hour occlusive expo-
sure 12 to 14 days after der-
mal induction 

80 and 100% (at 24 
and 48 hours, respecti-
vely, after challenge) 

strongly sensiti-
sing 

Basketter and 
Scholes, 1992; 
Basketter et al., 
1993; Scholes 
et al., 1992 

2-Mercaptobenzothiazole, 98% pure, was formulated in acetone/polyethylene glycol 400 (70:30 (v/v), dermal application) or acetone/polyethylene glycol 400/physiological 
saline solution (6:20:74 (v/v), intradermal injection) and administered in the shoulder region (induction) or on the flank (challenge). The test was carried out in parallel stu-
dies at two laboratories. 
Mixed-breed gui-
nea pig, Magnusson 
and Kligman maxi-
misation test 

single intradermal injection, 
sodium lauryl sulphate applied 
dermally (8 days after intrader-
mal induction), dermal induc-
tion, 48 hours, 9 days after in-
tradermal induction 

Freund’s adjuvant to-
gether with intradermal 
induction 

patch application 14 days af-
ter dermal induction 

5/12 (24 to 144 hours 
after challenge) 

sensitising Ziegler et al., 
1972 

The purity of the 2-mercaptobenzothiazole used and the concentrations administered were not specified. 
Hartley guinea pig, 
Magnusson and 
Kligman maximisa-
tion test 

1% as a single intradermal in-
jection, sodium lauryl sulphate 
applied dermally (6 days after 
intradermal induction), 5% ap-
plied dermally, 48-hour occlusi-
ve exposure 7 days after intra-
dermal induction 

Freund’s adjuvant to-
gether with intradermal 
induction 

0.1% applied dermally, 24-
hour occlusive exposure 14 
days after dermal induction 

5/5 (1 and 24 hours 
after challenge) 

sensitising Kaniwa et al., 
1990 a, 1992 

No data were given on the purity of 2-mercaptobenzothiazole, which was formulated in olive oil, petrolatum and acetone for intradermal induction, dermal induction and 
challenge, respectively. Further studies by the same investigators demonstrated that the number of animals showing a positive response depended on the concentrations 
of 2-mercaptobenzothiazole used for induction and those used for challenge (Nakamura et al., 1994). 
Hartley guinea pig, 
Magnusson and 
Kligman maximisa-
tion test 

no information no information no information 97% (24 and 48 hours 
after challenge) 

sensitising Trimmer and 
Freeman, 1988 

The purity of the 2-mercaptobenzothiazole used was not specified. 
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Table 6. Sensitising potential of 2-mercaptobenzothiazole in animal studies 
Species, 
type of study 

Induction Adjuvant Challenge Animals with positive 
reactions 

Evaluation by 
the investigators 

Reference 

Hartley guinea pig, 
Magnusson and 
Kligman maximisa-
tion test 

1% as a single intradermal in-
jection and 25% applied der-
mally, 48-hour occlusive expo-
sure one week after intrader-
mal induction 

Freund’s adjuvant to-
gether with intradermal 
induction 

15% applied dermally, 48-
hour occlusive exposure 14 
days after dermal induction 

8/20 (24 hours after 
challenge) 

moderately 
sensitising 

Magnusson and 
Kligman, 1969, 
1970 

The purity of the 2-mercaptobenzothiazole used was not specified. When two groups of 20 animals underwent 2-mercaptobenzothiazole induction, one intradermally (1%) 
and the other dermally (25%), only one animal/group showed a positive response to the challenge treatment. 
Albino guinea pig, 
Magnusson and 
Kligman maximisa-
tion test 

test group 1: 3% applied to the 
skin daily for 3 weeks; test 
groups 2: single intradermal 
heparin injection, followed by 
5% applied dermally 8 times in 
3 weeks; test group 3: 1000 µg 
as a single intradermal injec-
tion into the ear; test group 4: 
3% applied to the skin daily for 
3 weeks and 100 µg injected 
into the skin daily for 3 weeks 

Freund’s adjuvant to-
gether with the intra-
dermal inductions 

750 µg applied dermally 11 to 
14 days after induction 

6/36, 6/40, 4/40 and 
18/42 in the 4 respecti-
ve test groups 

sensitising Barlogova and 
Stolcova, 1984 

No data were given on the purity of the technical-grade 2-mercaptobenzothiazole, which was used as a formulation in acetone. An additional experiment was able to de-
monstrate cross reactions to 2-mercaptobenzimidazole. 
Guinea pig, modi-
fied Draize test 

0.75% as a single intradermal 
injection 

without adjuvant 0.3% as an intradermal injec-
tion (marginally irritant con-
centration) and 10% applied 
dermally (maximum non-irri-
tant concentration) on opposi-
te flanks 14 days after induc-
tion 

0/10 (24 hours after 
challenge) 

not sensitising Goodwin et al., 
1981 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Guinea pig, Single 
Injection Adjuvant 
Test (SIAT) 

0.4% as a single intradermal 
injection (moderately irritant 
concentration) 

Freund’s adjuvant was 
used as the vehicle for 
induction 

10% applied dermally (maxi-
mum non-irritant concentra-
tion), 6-hour occlusive exposu-
re 12 to 14 days after induction, 
repeated 3 times (once weekly) 

0/10 (18 and 42 hours 
after challenge) 

not sensitising Goodwin et al., 
1981 

When the test was repeated using additional patch induction (10%) but otherwise identical testing procedures, 1/10 test animals showed equivocally positive responses to 
the challenge treatment. The purity of the 2-mercaptobenzothiazole used was not specified. 
Hartley guinea pig, 
Landsteiner-Draize 
test 

0.1% repeated intradermal in-
jections (10 in 3 weeks) 

without adjuvant 0.1% as an intradermal injec-
tion, 14 days after the last in-
duction 

6/6 (24 hours after 
challenge) 

sensitising Cannon 
Laboratories, 
1977 

No data were given on the purity of the 2-mercaptobenzothiazole, which was formulated in physiological saline solution. 
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Table 6. Sensitising potential of 2-mercaptobenzothiazole in animal studies 
Species, 
type of study 

Induction Adjuvant Challenge Animals with positive 
reactions 

Evaluation by 
the investigators 

Reference 

Hartley guinea pig, 
Landsteiner-Draize 
test 

0.1% repeated intradermal in-
jections (10 in 3 weeks) 

without adjuvant 0.1% as an intradermal injec-
tion, 14 days after the last in-
duction 

0/20 not sensitising Magnusson and 
Kligman, 1969, 
1970 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Pirbright White gui-
nea pig, optimisa-
tion test 

0.1% repeated intradermal in-
jections (9 in 3 weeks) 

Freund’s adjuvant in 
the 2nd and 3rd weeks 
of induction 

0.1% as an intradermal injec-
tion 14 days after the last in-
duction, 5% applied dermally 
(maximum non-irritant concen-
tration), 24-hour occlusive ex-
posure 14 days after the last in-
tradermal challenge  

19/20 (intradermal and 
dermal challenge, 24 
hours after the respec-
tive challenge) 

strongly sensiti-
sing 

Maurer et al., 
1979 

2-Mercaptobenzothiazole p.a. was administered as a formulation in 30% aqueous propylene glycol or Freund’s adjuvant. 
Guinea pig, Brulos 
patch test 

0.5 g applied dermally, 48-
hour occlusive exposure, 10 
applications in 4 weeks 

Freund’s adjuvant ad-
ministered once in the 
1st and the 2nd week 
of induction 

1% in petrolatum, one week 
after the last induction 

50% (1 to 72 hours af-
ter challenge) 

moderately 
sensitising 

Bourrinet et al., 
1979 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Hartley guinea pig, 
Buehler patch test 

no information no information no information 29 and 53% at the 1st 
and 2nd challenge (24 
or 48 hours after the 
respective challenge) 

sensitising Trimmer and 
Freeman, 1988 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Dunkin-Hartley gui-
nea pig, Buehler 
patch test 

20% applied dermally (slightly 
irritating concentration), 6-hour 
occlusive exposure, once 
weekly for 3 weeks 

no information 10% applied dermally (maxi-
mum non-irritant concentra-
tion), 6-hour occlusive expo-
sure 12 to 14 days after der-
mal induction 

20 and 55% (at 24 and 
48 hours, respectively, 
after challenge) 

sensitising Basketter et al., 
1993 

2-Mercaptobenzothiazole, 98% pure, was formulated in acetone/polyethylene glycol 400 (70:30 (v/v)) and applied to the depilated skin of the shoulder (induction) or flank 
(challenge). The test was carried out in parallel studies at two laboratories. 
Hartley guinea pig, 
Buehler patch test 

5% applied dermally (concen-
tration causing minimal irrita-
tion), 24-hour occlusive expo-
sure, 3 times weekly for 2 
weeks 

no information 0.1, 0.5 and 2% applied der-
mally (2% constituting the ma-
ximum non-irritant concentra-
tion), 24-hour occlusive expo-
sure 14 days after induction 

7/10, 2/10 and 0/10 in 
the 2, 0.5 and 0.1% 
groups, respectively 
(24 hours after chal-
lenge) 

sensitising Wang and 
Suskind, 1984, 
1986, 1988 

The purity of the 2-mercaptobenzothiazole used was not specified. White petrolatum was used as the vehicle. In a cross-sensitisation study in the 2% dose group, when 
inspected 7 days after the challenge with 2-mercaptobenzothiazole, 3 of the 7 of the animals with a positive response to 2-mercaptobenzothiazole also showed a positive 
reaction to the 2% formulation of morpholinylmercaptobenzothiazole, and all animals sensitised by morpholinylmercaptobenzothiazole also responded to 2-mercaptoben-
zothiazole. Cross-sensitisation to morpholine and 4,4’-dithiodimorpholine was not noted. 
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Table 6. Sensitising potential of 2-mercaptobenzothiazole in animal studies 
Species, 
type of study 

Induction Adjuvant Challenge Animals with positive 
reactions 

Evaluation by 
the investigators 

Reference 

Guinea pig, patch 
test 

0.5 M applied occlusively to 
the skin 

no information 0.5 and 0.05 M 0/12 not sensitising Kantoh et al., 
1985 

The publication, essentially written in Japanese, provides no further details. 
Guinea pig, skin 
sensitisation test 

no information no information no information no findings not sensitising Eastman 
Kodak, 1956 

No further details. 
Guinea pig, skin 
sensitisation test 

no information no information no information 0/5 not sensitising Eastman 
Kodak, 1979, 
1980 

No further details. 
CBA/Ca mouse, lo-
cal lymph node as-
say 

25 µl of a 10, 25 or 50% for-
mulation in dimethylformamide 
was applied dermally once daily 
for 3 days; 4 to 5 days after the 
first treatment 20 µCi 3HTdR 
was given i.v.; 5 hours later the 
animals were sacrificed and pro-
liferation of the auricular lymph 
node cells was determined by 
measuring 3HTdR incorporation 

without adjuvant not applicable dose-dependently in-
creased proliferation of 
lymph node cells relati-
ve to control 

strongly 
sensitising 

Basketter and 
Scholes, 1992; 
Basketter et al., 
1993, 1994; 
Scholes et al., 
1992 

Parallel studies in 4 independent laboratories. The purity of the 2-mercaptobenzothiazole used was not specified. 
CBA/Ca mouse, lo-
cal lymph node as-
say 

a 10, 25 or 50% formulation in 
dimethylformamide was applied 
dermally once daily for 3 days; 5 
days after the first treatment 20 
µCi 3HTdR was given i.v.; 5 
hours later the animals were 
sacrificed and proliferation of the 
auricular lymph node cells was 
determined by measuring 
3HTdR incorporation 

without adjuvant not applicable increased proliferation 
of lymph node cells re-
lative to control 

strongly sensiti-
sing 

Corning 
Hazleton, 1996 

The 2-mercaptobenzothiazole used was 98% pure. 
BALB/c mouse, lo-
cal lymph node as-
say 

25 µl of a 2.5, 5 or 10% formu-
lation was applied dermally for 
3 days; the animals were sac-
rificed one day later and proli-
feration of the auricular lymph 
node cells was determined by 
measuring 3HTdR incorpora-
tion in vitro 

without adjuvant not applicable dose-dependently in-
creased proliferation of 
lymph node cells relati-
ve to control 

sensitising Ikarashi et al., 
1993 a, b 
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Table 6. Sensitising potential of 2-mercaptobenzothiazole in animal studies 
Species, 
type of study 

Induction Adjuvant Challenge Animals with positive 
reactions 

Evaluation by 
the investigators 

Reference 

No data were given on the purity of the technical-grade 2-mercaptobenzothiazole, which was formulated in acetone-olive oil (4:1) and applied to the skin of the ear. 
BALB/c mouse, op-
timised local lymph 
node assay 

25 µl of a 0.2 or 2% formula-
tion was given as a single in-
tradermal injection into the ab-
dominal skin; after 5 days a 
10% formulation was applied 
dermally for 3 days; the ani-
mals were sacrificed one day 
after the final dermal induction, 
and proliferation of the auricular 
lymph node cells was determi-
ned by measuring 3HTdR incor-
poration in vitro 

Freund’s adjuvant was 
used as the vehicle for 
intradermal induction 

not applicable depending on the con-
centration of the for-
mulation used for intra-
dermal induction there 
was increased prolife-
ration of lymph node 
cells relative to the 
control and the above-
mentioned test 
(Ikarashi et al., 1993 a, 
b) without Freund’s ad-
juvant 

sensitising Ikarashi et al., 
1993 b 
1993 b 

No data were given on the purity of the 2-mercaptobenzothiazole, which was formulated in acetone-olive oil (4:1) and applied to the skin of the ear for dermal induction. 
C57BL/10 or DBA/2 
mouse, popliteal 
lymph node assay 

1 mg/animal was injected into 
the right hind footpad; animals 
were sacrificed after 7 days 
and the popliteal lymph nodes 
weighed 

without adjuvant not applicable lymph node weights of 
the treated right hind 
legs were increased 
relative to the untrea-
ted left hind legs and 
the untreated controls 
in C57BL/10 mice, 
whilst in DBA/2 mice 
lymph node weights 
were increased only 
relative to the untrea-
ted legs 

equivocal* Kammüller et 
al., 1989 

* According to the description given in the text the findings suggest a sensitising effect. However, in the tabular presentation the results were nonsignificant. No data were 
given on the purity of the 2-mercaptobenzothiazole, which was formulated in DMSO. 
a) where specified 

3HTdR [3H]-methyl thymidine 
End of Table 6 
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Beginning of Table 7 
Table 7. In-vitro genotoxicity tests with 2-mercaptobenzothiazole 

Test system Concentration range 
tested (µg/ml) 

Metabolic activation Results Reference 
without metabolic 
activation 

with metabolic 
activation 

1. Gene mutation 
Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100, TA 1535, TA 
1537, TA 1538, standard plate incorporation 
test with an independent repeat study (only 
TA 98 and TA 1538 + S9 mix) 

3–300 µg/ml (–S9), 3–600 
µg/ml (+S9) 

S9 mix from Aroclor 1254-
induced rat liver 

negative negative Pharmakon 
Research, 1984 a 

The 2-mercaptobenzothiazole used was 98.1% pure. 
Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100, TA 1535, TA 
1537, TA 1538, standard plate incorporation 
test 

0.1–500 µg/plate, toxicity te-
sted  

S9 mix from Aroclor 1254-
induced rat liver 

negative negative Litton Bionetics, 
1976 

Test substance was the product Bio-76-177 CP 1975 Thiotax, purity not specified. 
Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100, TA 1535, TA 
1537, standard plate incorporation test, 3 
parallel assays with an independent repeat 

8–200 µg/plate, top concen-
tration toxic 

S9 mix from Aroclor 1254-
induced rat liver 

negative negative Crebelli et al., 1984 
b, 1985 

The 2-mercaptobenzothiazole used was 94% pure (no details of impurities). 
Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100, TA 1535, TA 
1537, TA 1538, standard plate incorporation 
test 

not specified, toxicity tested S9 mix from Aroclor 1254-
induced rat liver 

negative negative Rannug et al., 
1984 

Tests were carried out with technical-grade 2-mercaptobenzothiazole (no details of impurities). 
Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100, TA 1535, TA 
1537, standard plate incorporation test 

0.1–100, no data on toxicity S9 mix from Aroclor 1254-
induced rat liver 

negative negative Goodyear, 1980 

Tests were carried out with technical-grade 2-mercaptobenzothiazole (Captax; purity not specified). 
Salmonella/microsome test, Salmonella ty-
phimurium TA 97, TA 98, TA 100, TA 102, 
standard plate incorporation test 

1–5000 µg/plate, toxic from 
1000 µg 

S9 mix (no further details) negative negative BFG, 1984 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100, standard plate in-
corporation test 

not specified, not tested in 
the toxic range 

S9 mix from Aroclor 1254-
induced rat liver 

negative negative Hedenstedt et al., 
1981 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Salmonella/microsome test, Salmonella ty-
phimurium TA 97, TA 98, TA 100, TA 102, 
preincubation test 

1–1000 µg/plate, toxicity te-
sted 

S9 mix (no further details) negative negative BFG, 1984 

The purity of the 2-mercaptobenzothiazole used was not specified. 
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Table 7. In-vitro genotoxicity tests with 2-mercaptobenzothiazole 
Test system Concentration range 

tested (µg/ml) 
Metabolic activation Results Reference 

without metabolic 
activation 

with metabolic 
activation 

Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100, preincubation 
test with an independent repeat 

8–200 µg/plate, toxicity te-
sted 

S9 mix from Aroclor 1254-
induced rat liver 

negative negative Crebelli et al.,  
1984 a 

The 2-mercaptobenzothiazole used was 94% pure (no details of impurities). 
Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100, TA 1535, TA 
1537, preincubation test, parallel studies 
with one or two independent repeats perfor-
med at two laboratories  

0–10000 µg/plate, toxicity te-
sted 

S9 mix from Aroclor 1254-
induced rat and hamster li-
ver 

negative negative, TA 98 
equivocal* 

NTP, 1988 
Zeiger et al., 1987, 
1990; Zeiger, 1990 

The 2-mercaptobenzothiazole used was 96.3% pure (no details of impurities). 
* For strain TA 98, results were negative in the presence of metabolic activation in one of the two laboratories, while in the second laboratory two sets of 3 separate trials, 
one set performed with rat liver S9 mix, the other with hamster liver S9 mix, each produced one weakly positive, one equivocal and one negative result. 
Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100 

0–100 µg/plate, toxicity te-
sted 

S9 mix negative negative Yamaguchi et al., 
1991 

The publication, written in Japanese, provides no further details. 
Salmonella/microsome test, Salmonella ty-
phimurium TA 98, TA 100 

1–100 µg/plate S9 mix negative negative Ebringer et al., 
1985 

The publication, written in Czech, provides no further details. 
Escherichia coli Sd-4-73, induction of strep-
tomycin-independent revertants 

no precise details not tested negative not tested Szybalski, 1958 

The purity of the 2-mercaptobenzothiazole used was not specified. 
V79/HPRT test, 6-thioguanine resistance, 
Chinese hamster lung fibroblasts (V79)  

0–300, toxicity tested not tested negative not tested Donner et al., 1983 

The purity of the 2-mercaptobenzothiazole used was not specified. 
CHO/HPRT test, 6-thioguanine resistance, 
Chinese hamster ovary cells, (CHO-K1-
BH4), 2 parallel studies 

1–50 µg/ml (–S9), 10–300 
µg/ml (+S9), higher concen-
trations too toxic 

S9 mix from Aroclor 1254-
induced rat liver 

negative negative Pharmakon 
Research, 1984 b 

The 2-mercaptobenzothiazole used was 98.1% pure. 
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Table 7. In-vitro genotoxicity tests with 2-mercaptobenzothiazole 
Test system Concentration range 

tested (µg/ml) 
Metabolic activation Results Reference 

without metabolic 
activation 

with metabolic 
activation 

L5178Y/TK assay, trifluorothymidine resi-
stance, mouse lymphoma cells (L5178Y/TK), 
each sample assayed in triplicate with one 
(–S9) and two (+S9) independent repeat as-
says 

30–150 (–S9), 1.25–20 
(+S9), top concentration toxic 

S9 mix from Aroclor 1254-
induced rat liver 

negative positive or weakly 
positive* 

Myhr et al., 1990; 
NTP, 1988; Zeiger 
et al., 1990 

The 2-mercaptobenzothiazole used was 96.3% pure (no details of impurities; see Zeiger et al., 1990). 
* The results from two trials, one with concentration levels ranging from 5 to 16 µg/ml and the other testing levels of 4 to 20 µg/ml, are reported practically identically in the 
two detailed publications (Myhr et al., 1990; NTP, 1988). Mutant frequencies (MF) showed a more or less concentration-dependent rise in the first of these trials from 
approx. 35 in the solvent control (ethanol) to a maximum of 104 at 10 µg/ml (approx. 3-fold increase), while in the second trial increases were seen from 39 in solvent 
control to maximum frequencies of approx. 75 and 72 at the second highest and highest concentration levels of 16 and 20 µg/ml (approx. 1.9- and approx. 1.8-fold 
increases), respectively. In addition, the NTP (1988) publication contains a table with the raw data from a further trial of concentration levels ranging from 1.25 to 15 
µg/ml, in which only the top concentration showed a statistically significant increase in mutant frequency to 130 (approx. 1.6-fold), relative to a value of 79 obtained for the 
solvent control, whilst Myhr et al. (1990) present the raw data table from a trial, in which test concentrations of 5 to 16 µg/ml were not found to be associated with a 
statistically significant increase in mutant frequency relative to the solvent control (mutant frequency 45). In summary, given the relatively small increase (1.6- to maximum 
3-fold) in mutant frequency relative to controls and only moderate reproducibility and dose-dependency, the outcome of this study was weakly positive rather than 
positive. 
L5178Y/TK assay, trifluorothymidine or bro-
modeoxyuridine resistance, mouse lympho-
ma cells (L5178Y/TK), test with three inde-
pendent repeat assays 

1.56–100, top concentrations 
severely toxic 

S9 mix from Aroclor 1254-
induced rat liver 

negative* negative* Litton Bionetics, 
1979 

Test substance was the product Thiotax BO-78-240, purity not specified. 
* Small increases in mutant frequencies (maximum 3.1-fold) at some highly toxic concentrations in a total of 4 assays were not reproducible. 
L5178Y/TK assay, mouse lymphoma cells 
(L5178Y/TK), assay with one (–S9) and two 
(+S9) independent repeat assays 

3.75–150 (–S9), 3.75–120 
(+S9), concentration-depen-
dent toxicity 

S9 mix from rat liver (no 
further details) 

weakly positive* weakly positive* Litton Bionetics, 
1985 

The purity of the 2-mercaptobenzothiazole used was not specified. 
* The positive results were only seen in highly toxic concentration ranges (–S9: 1.8- to 8.7-fold increase in mutant frequencies in concentration ranges with relative growth 
≤ 10%; + S9: 1.7- to 2.7-fold increase in mutant frequencies in concentration ranges with relative growth between 7 and 20%). The investigators evaluated 2-mercapto-
benzothiazole as weakly mutagenic at highly toxic concentration levels, both in the absence and in the presence of S9 mix. 
2. Chromosome damage 
Chromosome aberration, Chinese hamster 
ovary (CHO) cells, 25 to 100 metaphases 
examined per concentration 

10–30.1 (–S9), 351.8–500.5 
and 373.5–450 (+S9), none 
of the top concentrations we-
re evaluable due to cytotoxi-
city 

S9 mix from Aroclor 1254-
induced rat liver 

negative positive Anderson et al., 
1990; NTP, 1988; 
Zeiger et al., 1990 

The 2-mercaptobenzothiazole tested was 96.3% pure (no details of impurities; see Zeiger et al., 1990). As all concentrations caused cell cycle delay, the incubation time 
as per standard protocol was lengthened.  
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Table 7. In-vitro genotoxicity tests with 2-mercaptobenzothiazole 
Test system Concentration range 

tested (µg/ml) 
Metabolic activation Results Reference 

without metabolic 
activation 

with metabolic 
activation 

3. DNA damage 
DNA repair test, Escherichia coli WP2, WP2 
uvrA 

1–100 µg/plate no information negative Ebringer et al., 
1985 

The publication, written in Czech, provides no further details. 
Saccharomyces cerevisiae D4, induction of 
tryptophan-independent mutants (mitotic ge-
ne conversion), standard plate incorporation 
test 

0.1–500 µg/plate, toxicity te-
sted  

S9 mix from Aroclor 1254-
induced rat liver 

negative negative Litton Bionetics, 
1976 

Test substance was the product Bio-76-177 CP 1975 Thiotax, purity not specified. 
SCE test, Chinese hamster ovary (CHO) 
cells, 50 metaphases examined per concen-
tration 

12.5–24.8 (–S9), 99.2–750 
and 351.6–502.3 (+S9), toxi-
city tested, none of the top 
concentrations were evaluab-
le as cytotoxicity was too 
high 

S9 mix from Aroclor 1254-
induced rat liver 

negative positive or equivo-
cal* 

NTP, 1988 

The 2-mercaptobenzothiazole used was 96.3 or 96.8% pure (no details of impurities). 
* Without metabolic activation, 2-mercaptobenzothiazole was negative (only one trial carried out). With metabolic activation, 2-mercaptobenzothiazole was evaluated as 
positive by the investigators. In the presence of metabolic activation, the first trial showed a concentration-dependent increase in relative sister chromatid exchanges/cell 
(SCE rate) by approx. 12, 13 and 35% compared with the control. An increase in SCE rate by more than 20% which the investigators evaluated as significant was only 
observed at the highest test concentration of 501.5 µg/ml in association with cell cycle delay. The cytotoxicity from the comparable concentration of 502.3 µg/ml used in 
the second trial was too high to permit evaluation. Therefore, the results of the first trial cannot serve as a criterion of activity in this concentration range, not least 
because the observed cell cycle delay also indicates that the concentrations tested were cytotoxic. If, however, the result for the highest concentration in the first trial is 
excluded, there is no longer a significant increase in SCE rate, and hence the outcome of the trial must be evaluated as negative. In the second trial, the 3 evaluable 
concentration levels from 351.6 to 445.3 µg/ml showed concentration-independent increases in SCE rate by approx. 23, 37 and 30% in association with cell cycle delay. 
Hence, this trial also gave no clearly positive result, because a concentration-dependent increase in SCE rate was a criterion for evaluating the outcome as positive. 
Another criticisable aspect of data evaluation in this test is that the minimum increase in SCE of 20% over controls, predetermined by the investigators as representing a 
significant increase, was a very low limit. More recent suggestions regarding the evaluation of SCE tests advocate that the criterion for a clearly positive result must be an 
at least 2-fold increase in SCE rate (cf. Speit, 1993). Moreover, it can not be precluded that owing to cell cycle delay (harvest time > 34 hours), longer exposure to 
bromodeoxyuridine contributed to the increase in SCE rate (cf. Anderson et al., 1990). In conclusion, the evaluation of the test results by the investigators must be 
questioned, and hence, this study should be regarded as not relevant to the assessment of the genotoxic potential of 2-mercaptobenzothiazole. 
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Table 7. In-vitro genotoxicity tests with 2-mercaptobenzothiazole 
Test system Concentration range 

tested (µg/ml) 
Metabolic activation Results Reference 

without metabolic 
activation 

with metabolic 
activation 

SCE test, Chinese hamster ovary (CHO) 
cells, 50 metaphases examined per concen-
tration 

0.5–16 (–S9), 5–160 (+S9), 
toxicity tested 

S9 mix from Aroclor 1254-
induced rat liver 

positive or equivo-
cal* 

weakly positive or 
equivocal* 

Anderson et al., 
1990; Zeiger et al., 
1990 

The 2-mercaptobenzothiazole used was 96.3% pure (no details of impurities; see Zeiger et al., 1990). 
* The test was carried out as part of the U.S. NTP, using standard incubation periods (harvest time 25 to 29 hours), because the above-mentioned test that was evaluated 
as positive by the investigators was obtained in a study with cell cycle delay (harvest time > 34 hours; NTP, 1988). Discussing their results, the investigators conceded 
that prolonged exposure to bromodeoxyuridine owing to cell cycle delay could not be excluded and may have contributed to the increases in SCE rates. In the absence of 
metabolic activation, 2-mercaptobenzothiazole was evaluated as positive in one of two trials, as the intermediate concentrations of 1.6 and 5 µg/ml caused concentration-
dependent increases in SCE rates by approx. 21 and approx. 24%, respectively, relative to the controls. The second trial, without metabolic activation, failed to reproduce 
the increases in SCE rates evaluated as significant in the first trial. The test result of the second trial, without metabolic activation, was evaluated as equivocal, given that 
relative to the control the SCE rate was increased by approx. 24% at the lowest concentration level of 0.5 µg/ml. No comparable increase was noted in the first trial. In the 
presence of metabolic activation, the result was evaluated as weakly positive, since with the second highest concentration of 50 µg/ml a concentration-independent in-
crease in SCE rate by approx. 24% was observed, relative to the control (only one trial carried out). For this test, too, it must be pointed out that the minimum increase in 
SCE of 20% over controls, predetermined by the investigators as representing a significant increase, was a very low limit. More recent suggestions regarding the evalua-
tion of SCE tests advocate that the criterion for a clearly positive result must be an at least 2-fold increase in SCE rate, concentration-dependency of the increases in SEC 
rates and reproducibility of the results (cf. Speit, 1993). In conclusion, the evaluation of the test results by the investigators must be questioned, and hence, this study 
should also be regarded as not relevant to the assessment of the genotoxic potential of 2-mercaptobenzothiazole. 
4. Other tests 
Genotoxicity test in bacteria, no further de-
tails 

no information no information negative JETOC, 1985 

Genotoxicity test in Euglena gracilis 100 and 200 no information negative Ebringer et al., 
1985 

The publication, written in Czech, provides no further details. 
End of Table 7 
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Beginning of Table 10 
Table 10. Reproductive toxicity of 2-mercaptobenzothiazole 

Type of study, test system Dose (mg/kg 
body weight/day 
or mg/m³) 

Parental toxicity Embryotoxicity/foeto-
toxicity 

Teratogenicity Development of 
offspring 

Reference 

Teratogenicity/embryotoxi-
city study, Sprague-Daw-
ley rat, 26 rats/dose, ad-
ministration by oral 
gavage on days 6–15 of 
gestation, sacrifice on day 
20 of gestation 

control (corn oil) 
  300 
1200 
 
 
1800 

 
no findings 
salivation, urine-stained 
coat, dark material around 
the mouth 
body weight loss, reduced 
food consumption, saliva-
tion, urine-stained coat, 
dark material around the 
mouth, decreased activity 

 
no findings* 
no findings* 
 
 
no findings* 

 
no findings 
no findings 
 
 
no findings 

 
not studied 
not studied 
 
 
not studied 

Springborn 
Laboratories, 
1989 b; 
Rodwell et 
al., 1990 

* Slight, statistically significant increases in postimplantation loss (early resorptions) were seen at the high and low doses but not in the intermediate dose group. They 
were deemed toxicologically equivocal (top dose) and biologically insignificant (low dose) by the investigators, as the increases lacked dose-dependence and were in the 
range of historical controls or controls reported in the literature, the values for the control group were unusually low and no corresponding effect was observed in the 
range-finding study (see below). 
Study in accordance with the TSCA guideline (EPA, 1985 a, 1987, 1988). The 2-mercaptobenzothiazole used was 98.5 and 98.1% pure (as analysed before and after the 
study, respectively). 
Teratogenicity/embryotoxi-
city study, range-finding 
study, Sprague-Dawley 
rat, 6 rats/dose, admini-
stration by oral gavage on 
days 6–15 of gestation, 
sacrifice on day 20 of ge-
station 

control (corn oil) 
  300 
  600 
1000 
1500 
 
2200 

 
no findings 
salivation 
salivation 
body weight loss, saliva-
tion, urine staining 
mortality 2/6, body weight 
loss, salivation, urine stai-
ning, dark material around 
the mouth 

 
no findings 
no findings 
no findings 
no findings 
 
no findings 

 
no findings 
no findings 
no findings 
no findings 
 
no findings 

 
not studied 
not studied 
not studied 
not studied 
 
not studied 

Springborn 
Laboratories, 
1989 a 

Study in accordance with the TSCA guideline (EPA, 1985 a, 1987, 1988). The 2-mercaptobenzothiazole used was 98.5 and 98.1% pure (as analysed before and after the 
study, respectively). 
Teratogenicity/embryotoxi-
city study, New Zealand 
guinea pig, 20 guinea 
pigs/dose, administration 
by oral gavage on days  
6–18 of gestation, sacrifi-
ce on day 29 of gestation 

control 
(methylcellulose) 
  50 
150 
300 

 
 
no findings 
no findings 
increase in relative and 
absolute liver weights, 
slight but not significant 
body weight loss 

 
 
no findings 
no findings 
no findings 

 
 
no findings 
no findings 
no findings 

 
 
not studied 
not studied 
not studied 

Springborn 
Laboratories, 
1989 d; 
Rodwell et 
al., 1990 

Study in accordance with the TSCA guideline (EPA, 1985 a, 1987, 1988). The 2-mercaptobenzothiazole used was 98.5 and 98.1% pure (as analysed before and after the 
study, respectively). 
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Table 10. Reproductive toxicity of 2-mercaptobenzothiazole 
Type of study, test system Dose (mg/kg 

body weight/day 
or mg/m³) 

Parental toxicity Embryotoxicity/foeto-
toxicity 

Teratogenicity Development of 
offspring 

Reference 

Teratogenicity/embryotoxi-
city range-finding study, 
New Zealand guinea pig, 
5 guinea pigs/dose, admi-
nistration by oral gavage 
on days 6–18 of gestation, 
sacrifice on day 29 of ge-
station 

control 
(methylcellulose) 
  150 
 
  300 
 
  600 
 
 
1000 
1500 

 
 
depressed body weight 
gain 
depressed body weight 
gain 
mortality 1/6*, 1 female 
aborted, body weight loss 
 
mortality 3/6*, 1 female 
aborted 
mortality 5/6*, laboured 
breathing 

 
 
reduced foetal weight 
 
reduced foetal weight 
 
reduced foetal weight, 
increase in postimplanta-
tion losses 
–* 
–* 

 
 
no findings 
 
no findings 
 
no findings 
 
 
–* 
–* 

 
 
not studied 
 
not studied 
 
not studied 
 
 
not studied 
not studied 

Springborn 
Laboratories, 
1989 c 

* The animals which died or aborted were found to have morphopathological changes of the stomach, lung and kidney. In the two highest dose groups, no foetuses were 
available for examination due to high maternal toxicity. 
Study in accordance with the TSCA guideline (EPA, 1985 a, 1987, 1988). The 2-mercaptobenzothiazole used was 98.5 and 98.1% pure (as analysed before and after the 
study, respectively). 
Teratogenicity/embryotoxi-
city study, Sprague-Daw-
ley rat, 10–15 rats/group, 
intraperitoneal administra-
tion on days 1–15 of ge-
station, sacrifice on day 
21 of gestation 

control (corn oil) 
200 (MTD)* 

 
no findings* 

 
no findings 

 
no findings 

 
not studied 

Hardin et al., 
1981 

* The administered dose was that which had been identified as the MTD in initial studies. The MTD was defined as the maximum dose (administered daily for 15 days) at 
which the animals showed no increased mortality, no marked clinical signs of toxicity and less than a 10% reduction in body weight gain relative to controls during the 
administration period and the 14-day observation period. 
Teratogenicity/embryotoxi-
city study with monitoring 
of postnatal development 
for 21 days postpartum, 
ICR mouse, 26–37 mi-
ce/group, of which 15–18 
were pregnant, oral admi-
nistration during gestation 

control (aqueous 
gum arabic solu-
tion) 
     40 
1000 

 
 
 
no findings 
depressed body weight 
gain 

 
 
 
no findings 
increased number of 
dead foetuses (early 
stage, no precise de-
tails), reduced birth 
weight of live pups, de-
layed ossification 

 
 
 
no findings 
no findings 

 
 
 
no findings 
no findings 

Morita et al., 
1979 

* The purity of the 2-mercaptobenzothiazole used was not specified in the English parts of the publication (abstract, tables), which was written in Japanese. 
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Table 10. Reproductive toxicity of 2-mercaptobenzothiazole 
Type of study, test system Dose (mg/kg 

body weight/day 
or mg/m³) 

Parental toxicity Embryotoxicity/foeto-
toxicity 

Teratogenicity Development of 
offspring 

Reference 

Teratogenicity/embryotoxi-
city studies, BL6 mouse, 
AKR mouse, C3H mouse, 
6–13 mice/group, 
subcutaneous 
administration on days 6–
14 or 15 of gestation, 
sacrifice on day 18. or 19 
of gestation; test sub-
stance was the commer-
cial product Captax (purity 
not specified) 

control (DMSO) 
300 (C3H mouse) 
 
464 (C3H mouse) 
 
 
 
 
 
 
 
 
 
 
464 (BL6 mouse, 
1st study) 
 
 
 
 
 
 
464 (BL6 mouse, 
2nd study) 
464 (AKR mouse) 

 
increased relative liver 
weight 
depressed body weight 
gain, increased relative 
placental weight 
 
 
 
 
 
 
 
 
increases in relative liver 
and placental weights 
 
 
 
 
 
 
increased relative liver 
weight 
increased relative liver 
weight 

 
no findings 
 
reduced foetal weight 
and crown-rump length, 
increased number of 
foetuses with morpholo-
gical changes (intestinal 
displacement, wavy 
ribs, club foot; no 
distinction between 
embryotoxic/foetotoxic 
effects and teratogenic 
changes) 
increased number of 
foetuses with morpho-
logical changes (tongue 
lesions, microphthalmia; 
no distinction between 
embryotoxic/foetotoxic 
effects and teratogenic 
changes) 
no findings 
 
no findings 

 
no findings 
 
reduced foetal weight 
and crown-rump length, 
increased number of 
foetuses with morpholo-
gical changes (intestinal 
displacement, wavy 
ribs, club foot; no 
distinction between 
embryotoxic/foetotoxic 
effects and teratogenic 
changes) 
increased number of 
foetuses with morpholo-
gical changes (tongue 
lesions, microphthalmia; 
no distinction between 
embryotoxic/foetotoxic 
effects and teratogenic 
changes) 
no findings 
 
no findings 

 
not studied 
 
not studied 
 
 
 
 
 
 
 
 
 
 
not studied 
 
 
 
 
 
 
 
not studied 
 
not studied 

Bionetics 
Research, 
1968 b 

The investigators discussed the problem that the relevance of these inconsistent findings was unclear. 
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Table 10. Reproductive toxicity of 2-mercaptobenzothiazole 
Type of study, test system Dose (mg/kg 

body weight/day 
or mg/m³) 

Parental toxicity Embryotoxicity/foeto-
toxicity 

Teratogenicity Development of 
offspring 

Reference 

Two-generation study, 
Sprague-Dawley rat, 8 
males and 8 females/do-
se, oral administration in 
feed from 70 days prior to 
mating of the F0 rats until 
scheduled sacrifice of the 
F0, F1 and F2 rats after 
weaning and weaning of 
the offspring at age 28 
days; F1 rats received 
2-mercaptobenzothiazole 
in the feed for a minimum 
of 88 days prior to mating 

control (basal diet) 
2500 ppm in feed 
 
8750 ppm in feed 
 
15000 ppm in 
feed 

 
see below* 
 
see below* 
 
see below* 

 
no findings 
 
no findings 
 
no findings 

 
no findings 
 
no findings 
 
no findings 

 
no relevant reproductive 
toxicity findings* 
no relevant reproductive 
toxicity findings* 
no relevant reproductive 
toxicity findings* 

Mercieca et 
al., 1991; 
Springborn 
Laboratories, 
1990 

* Dose-dependent depression of body weight gain, which in some cases was only of short duration, was seen in all generations at all dose levels in association with at 
least temporary reduction in food consumption in the mid and top dose groups. Body weight gain was depressed in the mid and top dose F1 animals from lactation day 7 
and in the F2 animals of all dose groups from lactation day 14. Histopathological kidney changes were observed in the parental F0 and F1 animals of the mid and top do-
se groups in the form of brown pigment in the lumen and the epithelial cells of the proximal convoluted tubules (more frequent in males than in females). In all dose 
groups, only the males had cortical tubular basophilia and α2µ-globulin inclusions, which in the mid and top dose groups correlated with an increase in relative and absolu-
te kidney weights. Histopathological liver changes occurred in the form of parenchymal hepatocyte hypertrophy in the parental F1 males and females of the mid and top 
dose groups in association with increased absolute liver weights in the males of the mid and top dose groups and the top dose females, and increased relative liver 
weights in the males of all dose groups and the females of the mid and top dose groups. All parameters related to reproductive toxicity (mating behaviour, fertility, gesta-
tion length, litter size and viability, pup weight at birth, macroscopic appearance of the reproductive organs of all adults and the histopathology of the reproductive organs 
of the adults treated with 15000 ppm) were normal. According to the summarising evaluation of the study by the investigators, the F0, F1 and F2 groups were observed to 
have minimal to mild signs of 2-mercaptobenzothiazole toxicity, without there being any indications of a reproductive toxicity potential.  
Study in accordance with the TSCA guideline (EPA, 1985 a, 1987, 1988). The 2-mercaptobenzothiazole used was 98.2 and 98.5% pure. Intake of 2-mercaptobenzothia-
zole in the 15000 ppm dose group corresponded to the following doses in mg/kg body weight/day: approx. 778 to 1328 and 779 to 2633 in F0 males and parental F1 ma-
les, respectively, and 745 to 1760 and 980 to 1770 in F0 females and parental F1 females (the females’ last lactation weeks were not taken into account as the offspring 
were also already exposed to 2-mercaptobenzothiazole in the feed). 
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Table 10. Reproductive toxicity of 2-mercaptobenzothiazole 
Type of study, test system Dose (mg/kg 

body weight/day 
or mg/m³) 

Parental toxicity Embryotoxicity/foeto-
toxicity 

Teratogenicity Development of 
offspring 

Reference 

Preliminary study to the 
above-mentioned two-ge-
neration study, Sprague-
Dawley rat, 10 fema-
les/group, oral administra-
tion in the F0 females’ 
feed from day 0 of gesta-
tion to day 21 of lactation 
and in the F1 rats’ feed up 
to age 35 days 

control (basal diet) 
15000 ppm in 
feed 
 
 
 
 
15000 ppm in 
feed initially until 
day 7 of lactation, 
then 10000 ppm 
until day 14 of 
lactation and 
subsequently 
5000 ppm until 
the F1 animals 
were 35 days old 

 
reduced body weight gain 
and feed consumption 
 
 
 
 
reduced body weight gain 
and feed consumption, in-
creased body weight gain 
relative to control upon 
dose reduction 

 
no findings 
 
 
 
 
 
no findings 

 
no findings (only exter-
nally visible changes 
were noted) 
 
 
 
no findings (only exter-
nally visible changes 
were noted) 

 
reduced body weight 
gain during lactation 
and after weaning in as-
sociation with reduced 
food consumption after 
weaning 
reduced body weight 
gain during lactation 
and after weaning in as-
sociation with reduced 
food consumption after 
weaning, and a tenden-
cy towards reversibility 
upon dose reduction 

Springborn 
Laboratories, 
1989 f 

There were no remarkable findings for gestation length, litter size and viability, sex ratio, survival rate at 35 days postpartum and macroscopic appearance of the repro-
ductive organs. Administration of 15000 ppm in feed for the entire duration of the study corresponded to a daily 2-mercaptobenzothiazole intake levels of approx. 1100 
mg/kg body weight during gestation, 1545 to 2895 mg/kg body weight during lactation and 2000 mg/kg body weight in F1 animals aged 21 to 35 days. In the second study 
group, intake levels were also approx. 1100 mg/kg body weight/day during gestation and initially approx. 1725 mg/kg body weight/day during lactation but approx. 1055 
mg/kg body weight/day upon reduction of the 2-mercaptobenzothiazole concentration, and the F1 animals of this group had an intake of approx. 700 mg/kg body 
weight/day at age 21 to 35 days.  
Study in accordance with the TSCA guideline (EPA, 1985 a, 1987, 1988). The 2-mercaptobenzothiazole used was 98.5 and 98.1% pure (see the above-mentioned 
studies conducted by Springborn Laboratories). 
Three-generation study, 
rat  
(no further details) 

5000 ppm in feed no indication of any effects on reproduction or lactation FMC, 1957 
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Table 10. Reproductive toxicity of 2-mercaptobenzothiazole 
Type of study, test system Dose (mg/kg 

body weight/day 
or mg/m³) 

Parental toxicity Embryotoxicity/foeto-
toxicity 

Teratogenicity Development of 
offspring 

Reference 

Dominant-lethal test, 
Sprague-Dawley rat, 28 
males and 56 females/do-
se, oral administration in 
the males’ feed from 70 
days prior to and during 
mating with 2 untreated 
females per male, exami-
nation on day 13 of gesta-
tion 

control (cytoxan 
as a positive con-
trol and basal diet 
as the negative 
control) 
ca. 95–238 
(*2500 ppm in 
feed) 
ca. 341–769 
(*8750 ppm in 
feed) 
ca. 585–1335 
(*15000 ppm in 
feed) 

 
 
 
 
 
short depression of body 
weight gain* 
 
reduced body weight gain 
and feed consumption 
(males)* 
reduced body weight gain 
and feed consumption 
(males)* 

 
 
 
 
 
no findings* 
 
 
no findings* 
 
 
no findings* 

 
 
 
 
 
not studied 
 
 
not studied 
 
 
not studied 

 
 
 
 
 
not studied 
 
 
not studied 
 
 
not studied 

Rodwell et 
al., 1991; 
Springborn 
Laboratories, 
1989 e 

* No effect on male fertility or the number of pre- or postimplantation losses. 
Study in accordance with the TSCA guideline (EPA, 1985 a, 1987). The 2-mercaptobenzothiazole used was 98.1% pure. 
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Table 10. Reproductive toxicity of 2-mercaptobenzothiazole 
Type of study, test system Dose (mg/kg 

body weight/day 
or mg/m³) 

Parental toxicity Embryotoxicity/foeto-
toxicity 

Teratogenicity Development of 
offspring 

Reference 

Embryotoxicity study and 
dominant-lethal test, albi-
no rat, 11–25 rats/group; 
1st group: oral administra-
tion to females on days 1 
and 3 of oestrus, mating 
with males which had 
been dosed twice with 
2-mercaptobenzothiazole 
at an interval of 3 days (no 
precise details); 2nd 
group: oral administration 
to females on days 4 and 
11 of gestation, mating 
with untreated males, sac-
rifice on day 19 of gesta-
tion (test substance was 
the commercial product 
Captax, purity not speci-
fied) 

control  
(sunflower oil) 
200 (1st group) 
 
 
 
200 (2nd group) 

 
 
increased length of oestrus 
cycle 
 
 
no information 

 
 
reduced foetal weight, 
increased total and 
postimplantation em-
bryonic mortality 
reduced foetal weight, 
increased total embryo-
nic mortality 

 
 
not studied 
 
 
 
not studied 

 
 
not studied 
 
 
 
not studied 

Aleksandrov, 
1982 

The investigator discussed the problem that it was impossible on the basis of the study findings to judge by what mechanism (dominant-lethal mutations or toxicity during 
pregnancy) embryonic mortality was increased. Inadequate conduct and documentation render the study unsuitable for evaluation of 2-mercaptobenzothiazole with re-
spect to reproductive toxicity and mutagenicity (only one dose was tested; females mated with treated males were also given 2-mercaptobenzothiazole (making it impos-
sible to distinguish whether the observed embryonic mortality was induced by dominant-lethal mutations or toxicity during pregnancy); no information was given on the 
treatment administered to males; statistical analysis was not performed and/or not documented). 

End of Table 10 
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Beginning of Table 11 
Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 

Type of study Induction Challenge Incidence of positive findings Evaluation by the investigators Reference 
1. Tests in dermatologically healthy subjects 
Maximisation 
test, 25 male 
subjects 

25% applied dermally, 48-hour 
occlusive exposure, 5 times, 
upon pretreatment with 5% so-
dium lauryl sulphate (24-hour 
occlusive exposure to induce 
moderate irritation) 

10% applied dermally, 48-hour 
occlusive exposure, 48 hours 
after pretreatment with 10% so-
dium lauryl sulphate (1-hour oc-
clusive exposure to induce sub-
clinical irritation) 

9/24 moderately sensitising Kligman, 1966; 
Magnusson 
and Kligman, 
1970 

The purity of the 2-mercaptobenzothiazole used was not specified. 
Patch test, 50 
subjects 

50% applied dermally, 24-hour 
occlusive exposure, 3 ti-
mes/week, 15 exposures in total 

patch application after 10 to 14 
days 

0/50 not sensitising Monsanto, 
1987; Product 
Investigations, 
1976 

Test substance was the commercial product Thiotax, formulated in dimethyl phthalate, purity not specified. 
 

Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

2. Studies in groups of individuals with occupational exposure to 2-mercaptobenzothiazole or rubber products 
2.1 Employees working in the rubber-manufacturing and processing industry 
Patch test workers at a rubber-processing plant in Nokia, Finland; January 

1976 to December 1980 (annual average of 1798 employees); 
during this period covered by the report there were 21 cases of oc-
cupational allergic contact dermatitis in which compensation was 
paid by the insurance company 

rubber chemicals (MBT, MBT 
mix, MMBT) 

+ 1 compensated case (positive 
reaction to MBT, MBT mix and 
MMBT) 

Kilpikari, 1982 

Patch test workers at 5 shoe factories in the Emilia-Romagna region of Italy; 
1992 to 1994 (246 in total, 201 females, 45 males; 16/246 (6.5%) 
with allergic contact dermatitis particularly of the hands and arms) 

ECDRG test series (MBT: 1%, 
MBT mix: 2% in petrolatum) 

+ 3/246 (1.2%) reacted to MBT, 
+ 1/246 (0.4%) reacted to MBT 
mix 

Mancuso et al., 
1996 

Patch test workers at plants where, inter alia, 2-mercaptobenzothiazole was 
used; 1971 (1088) 

rubber chemicals (MBT: 2% in 
petrolatum) 

+ 11/1088 (1%) Ziegler and 
Süß, 1974/75 

Patch test patients with positive patch test reactions to rubber chemicals; 1953 
to 1958 (63, 16 of whom worked in the rubber industry) 

rubber chemicals (MBT) + 34/63 (54%); 10/16 (62.5%) of 
those patients working in the 
rubber industry 

Herrmann and 
Schulz, 1960 

Patch test patients with occupational exposure to leather or shoes who were 
treated at centres belonging to the Informationsverbund Dermatolo-
gischer Kliniken (Information Network of Departments of Dermatolo-
gy for the surveillance and scientific evaluation of contact allergies 
in Germany), January 1990 to December 1994 (61) 

DKG standard test series (MBT: 
2% in petrolatum) 

+ 3/61 (4.9%) Koch et al., 
1996 

Patch test workers at a rubber tyre factory, 1983 to 1985 (204) standard series (MBT mix) – 0/204 (0%) reacted to MBT mix Zina et al., 1987 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test workers with skin disorders employed at a plant producing decorati-
ve equipment built of paper impregnated with phenol-formaldehyde 
resins; December 1985 to September 1986 (89, controls: 89 pa-
tients from a dermatology department) 

expanded ICDRG standard test 
series (MBT mix) 

– 0/89 (0%) reacted to MBT 
mix; control: + 3/89 (3.4%) 
reacted to MBT mix 

Bruze and 
Almgren, 1988 

2.1.1 Employees working in the rubber-manufacturing and processing industry, case reports 
Patch test a worker (52 years old) employed in polyurethane production had 

erythema of the hands, forearms, nape and face 
chemicals used in polyurethane 
production 

– reaction to MBT, positive reac-
tions to the monobenzyl ether of 
hydroquinone, 2-mercaptobenz-
imidazole, 2,5-di-tert.-butylhydro-
quinone 

Higashi and 
Matsumura, 
1987 

2.2  Employees in the metal-working industry 
Patch test metalworkers with suspected allergic contact dermatitis caused by 

cutting oils containing 2-mercaptobenzothiazole (12) 
cutting oils and cutting oil ingre-
dients (MBT: 1% in petrolatum) 

+ 7/12 (58.3%) Fregert and 
Skog, 1962 

Patch test metalworkers with suspected allergic contact dermatitis (100) standard series and rubber che-
micals (MBT: 2% in petrolatum) 

+ 15/100 (15%) Conde-Salazar 
and Urcuyo, 
1976 

Patch test metalworkers with dermatitis of the hands and/or forearms (40, 8 of 
them with established contact sensitisation) 

ICDRG test series, chemicals 
encountered in the working en-
vironment (MBT: 1% in petrola-
tum, MBT mix: 2% in petrolatum) 

+ 1/40 (2.5%) reacted to MBT 
mix 

de Boer et al., 
1989 

Patch test metalworkers with suspected allergic contact dermatitis due to cut-
ting oils were tested at 2 centres in the United Kingdom; 1986 to 
1987 (174, 157 males, 17 females, 43% with at least one positive 
patch test reaction) 

ICDRG test series, cutting oil in-
gredients (MBT mix) 

+ 2/174 (1.2%) reacted to MBT 
mix 

Grattan et al., 
1989 

Patch test Singapore metalworkers with dermatitis; January 1986 to December 
1990 (274, 180 males, 94 females, 57 (65.7%) with at least one po-
sitive patch test reaction) 

ICDRG standard test series 
(MBT: 1% in petrolatum) 

– 0/274 (0%) Goh and Yuen, 
1994 

2.3  Employees working in photographic film production or processing 
Patch test employees at a film developing laboratory in Stockholm, Sweden; 

1983 to 1986 (65, 13 (20%) with at least one positive patch test 
reaction) 

film chemicals (MBT: 2% in 
petrolatum) 

– 0/65 (0%) Lidén, 1989 

Patch test female employee (45 years old) at a film production plant developed 
dermatitis of both hands upon handling film emulsions  

no precise details (MBT) + 1/1 Rudzki et al., 
1981 

2.4 Hospital staff with occupational contact with products containing 2-mercaptobenzothiazole, particularly gloves 
Patch test surgeons with allergic contact dermatitis of the hands due to surgi-

cal gloves (11) 
NACDG test series (MBT: 
0.333% CBS, MBTS and MMBT 
in petrolatum) 

+ 7/11 (63.6%) reacted to MBT 
mix 

Fisher, 1975, 
1985 

Patch test staff member at a hospital in Perugia, Italy, with work-related aller-
gic contact dermatitis; 1992 to 1993 (14) 

GIRDCA test series (MBT: 1%) + 2/14 (14.3%) Stingeni et al., 
1995 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test staff at a hospital in Turku, Finland, with dermatitis of the hand; 
1970 to 1979 (102) 

ICDRG test series (MBT mix) + 3/102 (2.9%) reacted to MBT 
mix 

Lammintausta 
et al., 1982 a 

Patch test health service workers at a hospital in Warsaw, Poland, with 
suspected occupational allergic contact dermatitis (152) 

hospital’s own test series (MBT) + 1/152 (0.7%) Rudzki, 1979 

Patch test staff (kitchen personnel, cleaners, assistant nurses, operating thea-
tre nurses) at a hospital in Turku, Finland, frequently doing so-
called wet work (536 and 586 (the data given in the two publications 
differs), 115 (21.5 and 19.6%, respectively) with at least one 
positive patch test reaction) 

expanded ICDRG test series 
(MBT mix) 

+ 1/536 or 586 (ca. 0.2%) reac-
ted to MBT mix 

Lammintausta, 
1983; 
Lammintausta 
et al., 1982 b 

Patch test staff at a hospital in Groningen, the Netherlands, with suspected al-
lergic contact dermatitis due to rubber chemicals (12) 

rubber chemicals (MBT mix: 
MBT, MBTS, CBS and MMBT in 
petrolatum, each 0.25%) 

– 0/12 (0%) reacted to MBT mix Nater, 1975 

Patch test health personnel at a hospital in Tampere, Finland (512, 23 of 
whom had a positive scratch test reaction to latex gloves) 

ICDRG test series (MBT mix) – 0/23 (0%) reacted to MBT mix Turjanmaa, 
1987 

2.5  Occupational contact dermatitis in the working population in general 
Patch test Swedish post office employees with contact eczema from wearing 

rubber bank-note counters (24); controls: post office employees 
without contact eczema after wearing rubber bank-note counters 
(20), dermatological patients hospitalised for other reasons (10) 

rubber chemicals and products 
(MBT: 1% in petrolatum) 

+ 15/24 (62.5%) 
– 0/30 (0%; controls) 

Eriksson and 
Östlund, 1968 

Patch test patients with allergic contact dermatitis of the hands from work-rela-
ted wearing of protective gloves (5) 

rubber chemicals and glove ma-
terial (MBT: 1% in petrolatum) 

+ 1/5 (20%) (MBT chemically not 
detectable in the glove material) 

Kaniwa et al., 
1994 b 

Patch test miners with suspected allergic contact dermatitis of the feet from 
wearing rubber shoes (25), 17 of whom had positive patch test 
reactions to rubber chemicals 

rubber chemicals, known aller-
gens (MBT: 1% in Eucerin) 

+ 11/25 (44%) Götz and 
Istvanovic, 
1963 

Patch test workers with occupational contact dermatitis of the feet from wea-
ring safety shoes (13) 

materials and chemicals used in 
the shoe industry (MBT: 1% in 
petrolatum) 

+ 2/13 (15.4%) Foussereau et 
al., 1986 

Patch test patients with occupational contact dermatitis at a hospital in Eng-
land; 1968 to 1977 (292) 

European standard series (MBT 
and MBT mix) 

+ 12/292 (4.1%) reacted to MBT 
and/or MBT mix 

Wilkinson et al., 
1980 

Patch test patients with suspected occupational allergic contact dermatitis at a 
hospital in Lodz, Poland; January 1989 to March 1994 (334, 46 
(13.8%) with at least one positive patch test reaction) 

hospital’s own test series (MBT: 
2% in petrolatum) 

+ 11/334 (3.3%) or 11/46 
(23.9%) of patients, depending 
on reference group, had positive 
patch test reactions 

Kiec-
Swierczynska, 
1995 

Patch test Danish post office employees with contact eczema from wearing 
rubber fingerstalls (51) 

rubber chemicals and products 
(MBT: 2% in petrolatum) 

+ 1/51 (2%) Roed-Petersen 
et al., 1977 

Patch test patients with suspected occupational allergic contact dermatitis of 
the hands at a hospital in Brussels, Belgium; (400, 225 males, 175 
females, 197 (49.3%) with at least one positive patch test reaction) 

expanded ICDRG test series 
(MBT mix: 2% in petrolatum) 

+ 7/400 (1.75%) reacted to MBT 
mix (1.7% of men and 1.8% of 
women) 

Lachapelle and 
Tennstedt, 
1979 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test Workers with suspected allergic contact dermatitis at a paper mill 
and a dairy in Sweden (63) and a control group consisting of wor-
kers without skin lesions (15) 

standard series, materials found 
in the working environment 
(MBT: 1% in petrolatum) 

+ 1/63 (1.6%) of workers with 
skin lesions and 0/15 in the con-
trol group 

Meding et al., 
1993 

Patch test cattle farm workers and milkers with dermatoses of the hands in the 
Netherlands (32, 15 (47%) with at least one positive patch test 
reaction) 

rubber chemicals, known aller-
gens (MBT mix: MBT, MBTS, 
CBS and MMBT in paraffin, 
0.25% each; MBT: 1% in paraf-
fin (only tested in 6 subjects)) 

– 0/32 (0%) reacted to MBT mix 
+ 1/6 (17%) reacted to MBT mix 

te Lintum and 
Nater, 1973; 
Nater, 1975 

Patch test hairdressers with suspected occupational allergic contact 
dermatitis; 1981 (24) 

work-related chemicals (MBT: 
2%) 

– 0/24 (0%) Warshawshki et 
al., 1981 

Patch test workers with inflammatory lesions of the lips after wearing gas 
masks at a copper-smelting plant (57) 

no information + 22 positive to rubber chemi-
cals (Captax, Altax, Thiurad 
and/or Neozon D) 

Antoniev and 
Gerasimenko, 
1976 

2.5.1 Occupational contact dermatitis in the working population in general, case reports 
Patch test worker (male, 53 years old, fitter) with pustulosis palmaris upon oc-

cupational contact with black rubber mats 
ICDRG standard test series 
(MBT: 2% in petrolatum) 

+ reaction to MBT, MMBT, thiu-
rams and carbamates 

Schoel and 
Frosch, 1990 

Patch test rubber tyre factory worker (37 years old) with forearm and facial ec-
zema 

European standard series, rub-
ber chemicals and MBT mix) 

+ reaction to MMBT Azenha and 
Basto, 1990 

Patch test miner with allergic contact dermatitis (no further details in the Eng-
lish abstract of the publication written in Czech) 

no precise details + reaction to MBT and MBTS Hegyi, 1990 

Patch test potter (57 years old) with chronic eczema of the hand after working 
with an oil which contained 1% MBT 

European standard series 
(MBT) 

+ reaction to MBT and neomy-
cin 

Wilkinson et al., 
1990, 1991 

Patch test female patient (58 years old) with dermatitis of the hands upon 
handling industrial greases 

ICDRG test series and rubber 
chemicals (MBT) 

– reaction to MBT Kalimo et al., 
1989 

3. Studies in patient populations 
3.1 Studies in patients with confirmed or suspected allergic contact dermatitis from rubber chemicals 
Patch test patients with contact eczema from wearing or handling rubber 

products; 1934 to 1941 (74) 
rubber chemicals and products 
(MBT: 2% in oil) 

+ 53/74 (71.6%) Bonnevie and 
Marcussen, 
1945 

Patch test patients with contact eczema from wearing or handling rubber pro-
ducts; 1955 to 1967 (102) 

rubber chemicals (MBT) + 46/102 (45.1%) Wilson, 1969 

Patch test patients with dermatitis of the hands from wearing rubber gloves (42) rubber chemicals (MBT) + 15/42 (35.7%) Wilson, 1960 
Patch test patients with allergic contact dermatitis from rubber products in Po-

land; 1962 to 1981 (335) 
standard test series (MBT: 2% 
in petrolatum) 

+ 30% Rudzki et al., 
1982 

Patch test patients with allergic eczematous contact dermatitis at a hospital; 
1968 to 1970 (540 patients not specifically suspected to have been 
sensitised to rubber chemicals and an additional 229 patients speci-
fically suspected to have been sensitised to rubber chemicals 
and/or shoes) 

hospital’s own test series (MBT: 
1% in petrolatum) 

+ 7.8% of the general cohort 
and 18.8% of the patients with 
suspected allergies to rubber 
and/or shoes 

Baer et al., 
1973 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test patients with contact dermatitis at two Belgian hospitals (810, 55 of 
whom had positive patch test reactions to rubber chemicals) 

standard test series (MBT mix: 
MBT, MBTS, CBS and MMBT, 
each 1% in petrolatum) 

+ 10/810 (1.2%) of all patients 
or 10/55 (18.2%) of patients 
reacting to rubber chemicals had 
positive reactions to MBT mix 

Song et al., 
1979 

Patch test, 
RAST and 
scratch test 

patients with contact urticaria caused by rubber products (7) NACDG test series (MBT: 1% in 
petrolatum) 

+ (1/7, patch test and scratch 
test), RAST test negative 

Belsito, 1990 

Patch test rubber eczema patients (8) hospital’s own test series com-
prising rubber chemicals and 
known allergens (MBT and MBT 
derivatives: 1% in “Eucerin an-
hydric.”) 

+ 1/8 (12.5%) reacted to MBT 
and MBT derivatives 

Bandmann, 
1956 

Patch test patients with suspected allergic contact dermatitis at a Spanish 
hospital; 1978 to 1988 (4680 (3264 males, 1416 females), of whom 
2526 had positive patch test reactions, 686 of whom, in turn, had 
positive reactions to rubber chemicals) 

GEIDC test series, rubber che-
micals (MBT mix: CBS, MBTS 
and MMBT, each 0.5% in pe-
trolatum, and MBT: test concen-
tration not specified) 

+ 83/4680 (1.8%) of all patients 
or 83/2526 (3.3%) of patients 
with positive patch test reac-
tions or 83/686 (12%) of pa-
tients with positive reactions to 
rubber chemicals reacted to 
MBT; + 111/4680 (2.4%) of all 
patients or 111/2526 (4.4%) of 
patients with positive patch test 
reactions or 111/686 (16.2%) of 
patients with positive reactions 
to rubber chemicals reacted to 
MBT mix 

Conde-Salazar 
et al., 1993 

Patch test patients at a hospital in Erlangen-Nuremberg, Germany; January 
1985 to March 1990 (3851, 1617 males and 2234 females, of whom 
145 had positive patch test results to at least one rubber chemical) 

hospital’s own test series, pa-
tient-specific chemicals (MBT, 
MBT mix, MBTS, CBS and 
MMBT, each 0.5%) 

+ 5/3851 (0.1%) of all patients 
or 5/145 (3.4%) of patients reac-
ting to rubber chemicals had po-
sitive reactions to MBT; 
+ 15/3851 (0.4%) of all patients 
or 15/145 (10%) of patients reac-
ting to rubber chemicals had 
positive reactions to MBT mix 

von 
Hintzenstern et 
al., 1991 

Patch test patients with allergic contact dermatitis caused by rubber or plastic 
gloves (63) 

ICDRG standard test series 
(MBT: 2% in petrolatum) 

+ 3/63 (4.8%) Estlander et al., 
1986 

Patch test patients with allergic contact dermatitis caused by rubber gloves, 
surgical gloves and/or vinyl gloves; 1969 to 1984 (21) 

ECDRG test series, hospital’s 
own test series comprising rub-
ber chemicals (MBT: 2% in pe-
trolatum) 

+ 1/21 (4.7%) Frosch et al., 
1987 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test patients with contact dermatitis (369), 52 of whom had positive 
patch test reactions to rubber chemicals 

no details (MBT) + 15/369 (4.1%) of all patients or 
15/52 (28.8%) of patients with 
positive reactions to rubber che-
micals 

Vincze and 
Korossy, 1979 

Patch test patients with suspected allergic contact dermatitis caused by rubber 
chemicals at a hospital in Toronto, Canada; 1981 to 1988 (316 
(22%) with at least one positive patch test reaction) 

rubber chemicals (MBT: 1%, 
MBT mix: 1 and 2%) 

+ 11/316 (3.5%) reacted to 
MBT; + 9 and 10/316 (2.8 and 
3.3%) reacted to 1 and 2% MBT 
mix, respectively 

Holness and 
Nethercott, 
1997 

Patch test patients with suspected allergic contact dermatitis from rubber che-
micals (2075) 

hospital’s own test series (MBT: 
2% in paraffin) 

+ 3.25%; 2.46% of male and 
4.05% of female patients 

Rudzki and 
Grzywa, 1975; 
Rudzki et al., 
1976 

Patch test patients with suspected allergic contact dermatitis from rubber 
chemicals at a hospital in Rostock, Germany; 1991 to 1995 (135, 31 
of whom had allergic and 30 had irritating contact dermatitis) 

standard test series (MBT: 1%, 
MBT mix: 2%) 

+ 2/135* (1.48%) reacted to 
MBT; + 2/135 reacted to MBT 
mix (1/135) 

Heise et al., 
1997 

* An additional 1/135 reacted positive with regard to allergic contact dermatitis from MBT. 
Patch test patients with suspected allergic contact dermatitis from rubber 

chemicals at a hospital in Dortmund, Germany; January 1990 to 
October 1991 (198; 98 males and 100 females) 

ICDRG test series, rubber 
chemicals (MBT: 2% in 
petrolatum) 

+ 6/198 (3%) Geier et al., 
1994 

Patch test patients with suspected allergic contact dermatitis from rubber che-
micals at a hospital in Turku, Finland; 1980 to 1982 (3332; 995 ma-
les and 2337 females, 158 (4.7%) with at least one positive patch 
test reaction) 

ICDRG test series, rubber che-
micals (MBT mix: MBT, MBTS, 
CBS and MMBT, 0.5% each) 

+ 19/3332 (0.6%) reacted to 
MBT mix, 0.8% of men and 
0.5% of women) 

Lammintausta 
and Kalimo, 
1985 

3.1.1 Studies in patients with confirmed or suspected allergic contact dermatitis from rubber chemicals, case reports 
Patch test female patient (68 years old) with dermatitis of the eyelids after ta-

king eyedrops supplied in a bottle with a rubber stopper; history of 
rubber-glove dermatitis 

eyedrop components, standard 
series (MBT and MBT mix: 2% 
in petrolatum) 

+ reaction to MBT and mercapto 
mix 

Calnan and 
Cronin, 1981 

Patch test Patient (male, 56 years old, dermatologist) with an immediate reac-
tion after wearing a diving mask 

rubber chemicals (MBT: 1%) – reaction to MBT Tuyp and 
Mitchell, 1989 

3.2  Studies in patients with confirmed or suspected allergic contact dermatitis in general 
Patch test children (2 to 14 years old) with dermatoses (190, 67 of whom with 

positive patch tests) 
GEIDC test series (MBT: 2% in 
petrolatum) 

+ 8/67 (12%) De la Cuadra 
Oyanguren et 
al., 1989 

Patch test patients with positive patch test reactions at a hospital in 
Vancouver, Canada (35) 

NACDG test series (MBT and 
MBT mix) 

+ 4/35 (11.4%) reacted to MBT; 
+ 6/35 (17.1%) reacted to MBT 
mix 

Mitchell, 1977 

Patch test contact dermatitis patients at a hospital (779) MBT 49/779 (6.3%) Bourrinet et al., 
1979 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test patients at a hospital; September 1963 to September 1966 (376) hospital’s own test series (MBT: 
1% in petrolatum) 

+ 22/376 (5.9%) Epstein et al., 
1968 

Patch test patients at a hospital in Warsaw, Poland; September 1967 to Ja-
nuary 1970 (1205, 50.4% with at least one positive patch test reac-
tion) 

hospital’s own test series (MBT: 
2% in paraffin) 

+ 59/1205 (4.9%); 4.5% of male 
and 5.1% of female patients 

Rudzki and 
Kleniewska, 
1970 

Patch test patients from 10 North American hospitals; January 1971 to June 
1972 (1200) 

NACDG test series (MBT: 2%*) + 58/1200 (4.8%) Rudner et al., 
1973; Rudner, 
1977 

* Rudner (1977) states that MBT mix was tested. 
Patch test patients with suspected allergic contact dermatitis at a hospital in 

Salvador, Brazil; 1976 (536) 
hospital’s own test series (MBT: 
5%) 

+ 25/536 (4.7%); 5.2% of male 
and 4.2% of female patients 

Moriearty et al., 
1978 

Patch test patients from North American hospitals; 1974 to 1975 (1900) NACDG test series (MBT: 1%, 
MBT mix: 1%) 

+ 4.1% reacted to MBT, + 3.3% 
reacted to MBT mix 

Rudner, 1977 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Toronto, Canada (200, 47% with at least one positive patch test 
reaction) 

standard test series (MBT: 2%, 
MBT mix: 1% in petrolatum) 

+ 8/200 (4%) reacted to MBT, 
+ 2/200 (1%) reacted to MBT 
mix 

Nethercott, 
1982 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Glasgow, Scotland; April 1970 to December 1973 (1312; 603 
males, 709 females; 716 (54.6%) with a positive patch test reaction) 

ICDRG test series (MBT: 1%) + 60/1312 (4.6%); 19/603 
(3.2%) of male and 41/709 
(5.8%) of female patients 

Husain, 1977 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Taipei, Taiwan; 1978 to 1979 (76) 

hospital’s own test series (MBT: 
1% in petrolatum) 

+ 3/76 (3.9%) Sun, 1980 

Patch test patients (children) at a hospital in Philadelphia, PA, USA; 1971 to 
1976 (653, 98 (15%) with at least one positive patch test reaction) 

NACDG test series (MBT) + 23/653 (3.5%) Leyden and 
Kligman, 1979 

Patch test patients from Poland, Bulgaria, Hungary and the former GDR and 
CSSR who had at least one positive patch test reaction; 1979 
(2231; 953 males, 1278 females) 

standard test series (MBT: 2% 
in petrolatum) 

+ 71/2231 (3.2%) Schubert et al., 
1982 

Patch test patients from 6 North American hospitals; 1977 to 1981 (2297) no precise details (MBT: 1%, 
MBT mix: MBTS, CBS and 
MMBT, each 0.25% in petrola-
tum) 

+ 73/2297 (3.2%) reacted to 
MBT and/or MBT mix 

Lynde et al., 
1982 a 

Patch test patients from North American hospitals; 1975 to 1976 (900 to 2000) NACDG test series (MBT: 1%, 
MBT mix: 1%) 

+ 3.1% reacted to MBT, + 2.4% 
reacted to MBT mix 

Rudner, 1977 

Patch test patients from North American hospitals; July 1972 to June 1974 
(3125 (Rudner (1977) gives 3000 individuals as the cohort size for 
the 1972–1974 period)) 

NACDG test series (MBT mix: 
1%) 

+ 3% reacted to MBT mix Rudner et al., 
1975; Rudner, 
1977 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Brussels, Belgium; 1967 to 1968 (300; 184 males, 116 females) 

ICDRG standard test series 
(MBT: 2% in petrolatum) 

+ 9/300 (3%); 2.2% of male and 
4.3% of female patients 

Oleffe et al., 
1972 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test patients with suspected allergic contact dermatitis from 10 North 
American hospitals; January 1984 to May 1985 (1132 and 1141) 

expanded NACDG test series 
(MBT: 1% and MBT mix: 1% in 
petrolatum) 

+ 33/1141 (2.9%) and + 30/1132 
(2.7%) reacted to MBT and 
MBT mix, respectively 

Storrs et al., 
1989 

Patch test patients from 6 European and North American hospitals; 1971 to 
1974 (5947) 

no details (MBT: 1%, MBT mix: 
MBT, MBTS, CBS and MMBT, 
each 0.25% in petrolatum) 

+ 171/5947 (2.9%) reacted to 
MBT and/or MBT mix 

Lynde et al., 
1982 a; Mitchell 
et al., 1976 

Patch test patients at a hospital; 1954 to 1956 (401) rubber chemicals (MBT: 1% in 
petrolatum) 

+ 11/401 (2.7%) Gaul, 1957 

Patch test patients with eczema at a hospital in Vancouver, Canada; 1972 to 
1981 (4190; 1492 males, 2698 females) 

hospital’s own test series (MBT: 
1%, MBT mix: MBT, MBTS, 
CBS and MMBT, each 0.25%, 
or MBTS, CBS, MMBT, each 
0.33%, in petrolatum) 

+ 109/4190 (2.6%); 2.4% of ma-
le and 3.0% of female patients 
reacted to MBT and/or MBT mix 

Lynde et al., 
1982 b 

Patch test patients at a hospital in Melbourne, Australia; 1976 to 1978 (486) standard test series (MBT: 1% 
in paraffin, MBT mix) 

+ 12/486 (2.5%) reacted to MBT 
and/or MBT mix 

Nurse, 1979 

Patch test patients from 8 Hungarian hospitals (2847) hospital’s own test series (MBT) + 71/2847 (2.5%) Korossy, 1979 
Patch test patients with suspected allergic contact dermatitis at a hospital in 

Singapore; 1978 (844) 
hospital’s own test series (MBT: 
1% in petrolatum) 

+ 20/844 (2.4%) Rajan and 
Khoo, 1980 

Patch test patients at a hospital in Liverpool, Great Britain (403) ICDRG test series (MBT and 
MBT mix) 

+ 9/403 (2.2%) reacted to MBT, 
+ 10/403 (2.5%) reacted to MBT 
mix 

Macfarlane et 
al., 1989 

Patch test patients at a hospital in Wycombe, England; 1974 to 1976 (992) European standard series (MBT 
and MBT mix) 

+ 22/992 (2.2%) reacted to MBT 
and/or MBT mix 

Wilkinson et al., 
1980 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Edinburgh, Scotland; October 1970 to May 1985 (496; 193 males 
and 303 females; 339 (68.3%) with at least one positive patch test 
reaction) 

ICDRG test series (MBT: 2%, 
MBT mix: 2%) 

+ 11/496 (2.2%) reacted to 
MBT, + 16/496 (3.2%) reacted 
to MBT mix 

Vestey et al., 
1986 

Patch test patients (children, mean age 9.2 years) with suspected allergic 
contact dermatitis at a hospital in Glasgow, Scotland; 1979 to 1993 
(92) 

European standard series 
(MBT, MBT mix) 

+ 2/92 (2.2%) reacted to MBT, 
+ 2/92 (2.2%) reacted to MBT 
mix 

Stables et al., 
1996 

Patch test patients from 14 North American hospitals; August 1985 to July 
1989 (3968 and 3979); the publication by Holness et al. (1995) 
gives the size of the study cohort as 4055 individuals 

NACDG test series (MBT: 1%, 
MBT mix: MBTS, CBS and 
MMBT, each 0.33% in petrola-
tum) 

+ 2.1% reacted to MBT, + 2.5% 
reacted to MBT mix 

Nethercott et 
al., 1991; 
Holness et al., 
1995 

Patch test patients with atopic dermatitis at a hospital in Poland (93) hospital’s own test series (MBT: 
2% in petrolatum) 

+ 2/93 (2.1%) Rudzki and 
Grzywa, 1975 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test dermatitis patients from 8 European hospitals; March 1967 to July 
1968 (4825; 2039 males, 2786 females, 45% with at least one posi-
tive patch test reaction), by participating centres:  
Copenhagen, Denmark (800; 300 males, 500 females) 
Gothenburg, Sweden (800; 262 males, 538 females) 
London, UK (800; 358 males, 442 females) 
Lund, Sweden (800; 320 males, 480 females) 
Munich, Germany (800; 377 males, 423 females) 
Wycombe, UK (132; 53 males, 79 females) 
Bari, Italy (315; 202 males, 113 females) 
Nijmegen, the Netherlands (378; 166 males, 212 females) 

ICDRG standard test series 
(MBT: 2% in petrolatum) 

+ 98/4825 (2.0%; 1.7% males, 
2.3% females) 
 
+ 22/800 (2.75%) 
+   8/800 (1%) 
+ 38/800 (4.75%) 
+ 10/800 (1.25%) 
+   9/800 (1.13%) 
+   7/132 (5.3%) 
+   2/315 (0.6%) 
+   2/378 (0.5%) 

Bandmann et 
al., 1972; 
Fregert et al., 
1969; Gabler-
Sandberger, 
1975 

Patch test patients with suspected allergic contact dermatitis at a Chinese 
hospital; March 1988 to March 1989 (204; 69 males, 135 females; 
119 with a positive patch test reaction) 

European standard test series 
(MBT and MBT mix: test con-
centrations not specified) 

+ 4/204 (2%) and + 6/204 
(2.7%) reacted to MBT and 
MBT mix, respectively 

Fan and Zhao, 
1990 

Patch test patients from 6 Scandinavian hospitals (Bergen, Helsinki, 
Copenhagen, Lund, Gothenburg, Stockholm); 1964 to 1965 (1629; 
756 males and 873 females; 551 (33.8%) with at least one positive 
patch test reaction) 

test series comprising 10 chemi-
cals (MBT: 2% in petrolatum) 

+ 2% (probably 15/756) of male 
patients and 1% (probably 
9/873) of female patients  

Magnusson et 
al., 1966 

Patch test patients (children) with suspected allergic contact dermatitis in 
Aalborg, Denmark; 1975 to 1980 (168, 77 (45.8%) of whom had at 
least one positive patch test reaction) 

ICDRG test series (MBT mix) + 3/168 (1.8%) reacted to MBT 
mix 

Veien et al., 
1982 

Patch test patients with suspected allergic contact dermatitis from 2 Hungarian 
hospitals; October 1965 to July 1968 (1284) 

hospital’s own test series (MBT: 
2% in petrolatum) 

+ 22/1284 (1.7%) Korossy et al., 
1969 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Saskatoon, Canada; January 1983 to June 1987 (468) 

standard test series (MBT mix) + 1.6% (1.8% of male patients 
and 1.5% of female patients) 
reacted to MBT mix 

Hogan et al., 
1988 

Patch test patients from 8 hospitals in western Slovakia (5266; 1675 males, 
3591 females) 

hospital’s own test series (MBT: 
2% in petrolatum) 

+ 81/5266 (1.54%; 1.61% of 
male patients and 1.5% of 
female patients) 

Hegyi et al., 
1994 

Patch test patients at a hospital in Manchester, Great Britain (4721 or 4722 
(equivocal data)) 

ICDRG test series (MBT mix) + 73/4722 (1.5%) or 77/4721 
(1.6%) (equivocal data) reacted 
to MBT mix 

Shehade et al., 
1991 

Patch test patients at a hospital in Lagos, Nigeria; 1979 to 1983 (453) standard test series (MBT mix) + 7/453 (1.5%) reacted to MBT 
mix 

Olumide, 1985 

Patch test hospital patients; 1985 to 1988 (1244, 45% of whom had positive 
patch test results) 

ICDRG test series (MBT mix) + 16/1244 (1.3%) reacted to 
MBT mix 

Caperan et al., 
1990 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test patients with suspected allergic contact dermatitis from 6 Danish 
hospitals; September 1985 to February 1986 (2166; 696 males, 
1470 females) 

European standard test series 
(MBT mix: 2% in petrolatum) 

+ 26/2166 (1.2%); 10/696 
(1.4%) of male patients and 
16/1470 (1.1%) of female pa-
tients reacted to MBT mix 

Christophersen 
et al., 1989 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Nagoya, Japan; 1976 to 1979 (256) 

ICDRG test series (MBT mix: 
2%) 

+ 3/256 (1.2%) reacted to MBT 
mix 

Hirano and 
Yoshikawa, 
1982 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Utrecht, the Netherlands; 1974 (250) 

known allergens (MBT mix: 1%) + 3/250 (1.2%) reacted to MBT 
mix 

Young and 
Houwing, 1987 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Utrecht, the Netherlands; 1984 (614) 

known allergens (MBT mix: 1%) + 7/614 (1.1%) reacted to MBT 
mix 

Young and 
Houwing, 1987 

Patch test patients at a hospital in Munich, Germany; 1971 to 1972 (3067; 
1339 males, 1728 females) 

probably the ICDRG test series + 1.1% of male patients and 
0.9% of female patients 

Gabler-
Sandberger, 
1975 

Patch test patients (children) with suspected allergic contact dermatitis at a 
hospital in Strasbourg, France; 1969 to 1978 (87) 

ICDRG test series (MBT) + 1/87 (1.1%) Levy et al., 
1980 

Patch test patients with suspected allergic contact dermatitis at 12 Italian 
hospitals; January 1984 to December 1988 (23541, 60% of whom 
had at least one positive patch test reaction) 

GIRDCA test series (MBT: 1%, 
MBT mix) 

incidences by test year as % of 
positive patch test results 
+ 0.8–1.1% (MBT), 
+ 0.9–1.1% (MBT mix) 

Gola et al., 
1992 

Patch test patients at a hospital in Prague, former CSSR; 1982 to 1984 (807; 
372 (46%) with at least one positive patch test reaction) 

hospital’s own test series (MBT: 
2% in petrolatum) 

+ 8/807 (1%) Machácková, 
1986 

Patch test patients at centres belonging to the Informationsverbund Dermatologi-
scher Kliniken (Information Network of Departments of Dermatology for 
the surveillance and scientific evaluation of contact allergies in Germa-
ny); January 1990 to December 1994 (20067) 

DKG standard test series + 180/20067 (0.9%) Koch et al., 
1996 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Toronto, Canada; 1981 to 1988 (1353) 

ECDRG or NACDG test series 
(MBT: 1%, MBT mix: 1 and 2%) 

+ 12/1353 (0.9%) reacted to 
MBT; + 12 and 19/1353 (0.9 
and 1.4%) reacted to MBT mix 
(1 and 2%, respectively) 

Holness and 
Nethercott, 
1997 

Patch test patients at a hospital in Odense, Denmark; 1973 to 1977 (3225; 
1451 males, 1774 females; 1038 (38%) with at least one positive 
patch test reaction) 

ICDRG test series (MBT mix) + 30/3225 (0.9%) of all patients 
or 30/1038 (2.9%) of patients 
with a positive patch test reac-
ted to MBT mix 

Hammershoy, 
1980 

Patch test contact dermatitis patients from Italian hospitals; 1984 to 1987 
(18497) 

GIRDCA test series (MBT: 1%, 
MBT mix) 

+ 146/18497 (0.8%) and 
+ 178/16783 (1%) reacted to 
MBT and MBT mix, respectively 

Sertoli et al., 
1989 

Patch test eczema and dermatitis patients at a hospital in Beijing, China, 1989 
(124) 

European standard series (MBT 
mix: 2%) 

+ 1/124 (0.8%) reacted to MBT 
mix 

Zhang et al., 
1991 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test individuals with suspected allergic contact dermatitis of the hands in 
a group of 20000 randomly selected inhabitants (20 to 65 years old) 
of Gothenburg, Sweden (1081; 355 males, 726 females) 

standard test series (MBT mix: 
2%) 

+ 0.7% reacted to MBT mix 
(1.1% of men and 0.6% of wo-
men) 

Meding and 
Swanbeck, 
1990 

Patch test patients with suspected allergic contact dermatitis of the hands, in 
particular; October 1968 to January 1969 (140; 71 males and 69 fe-
males; 49 (35%) with at least one positive patch test reaction) 

hospital’s own test series (MBT: 
1% in petrolatum) 

+ 1/140 (0.7%) Agrup et al., 
1970 

Patch test patients at a hospital in Munich, Germany; 1977 to 1983 (12026; 
4775 males, 7202 females, 49 of unspecified sex; 4494 (37.4%) 
with at least one positive patch test reaction (Gollhausen et al. 
(1988) give the size of the cohort as 11962)) 

standard test series (MBT mix: 
MBT, CBS, MBTS and MMBT, 
each 0.25% in petrolatum) 

+ 68/12026 (0.6%; 0.7% of men 
and 0.5% of women) reacted to 
MBT mix 

Enders et al., 
1988;Gollhause
n et al., 1988 

Patch test patients at a hospital in Hamburg, Germany; January 1976 to De-
cember 1980 (5348; 2071 males, 3277 females; 1320 (24.7%) with 
at least one positive patch test reaction) 

ICDRG standard test series 
(MBT: 1% in petrolatum) 

+ 34/5348 (0.6%)* Kuhlwein and 
Hausen, 1982 

* The publication gives an incidence of 1.4% for the 34 out of 5348 patients with a positive reaction to MBT, which seems implausible. 
Patch test patients with suspected allergic contact dermatitis at a hospital in 

Nagoya, Japan; 1976 1977, 1979, 1980 (178) 
NACDRG test series (MBT: 1%, 
MBT mix: 1%) 

+ 1/178 (0.6%) reacted to MBT, 
– 0/178 (0%) reacted to MBT 
mix 

Hirano and 
Yoshikawa, 
1982 

Patch test patients from 8 German hospitals; 1990 to 1991 (4160; 40% males, 
60% females; 47% with at least one positive patch test reaction) 

DKG test series (MBT) + 0.5% (0.7% of men and 0.4% 
of women) 

Schnuch et al., 
1993 

Patch test patients of 21 dermatologists practising in Northern Germany; 1987 
to 1989 (5766) 

expanded ECDRG test series 
(MBT mix: 2% in petrolatum) 

+ 18/5766 (0.3%) reacted to 
MBT mix 

Scheuer et al., 
1992 

Patch test patients at a Swedish hospital; 1969 to 1979 (8933) ICDRG test series (MBT mix: 
test concentration not specified) 

+ 0.3% (incidence of positive 
patch test reactions to MBT mix 
expected for 1980 on the basis 
of the analysis of the 1969–
1979 data; actually found: 1.1%) 

Edman and 
Möller, 1982 

Patch test patients at a hospital in Prague, former CSSR; 1979 to 1984 (888; 
380 (42.3%) with at least one positive patch test reaction) 

hospital’s own test series (MBT: 
2% in petrolatum) 

+ 2/888 (0.2%) Novák and 
Kvicalová, 1985 

Patch test patients with suspected allergic contact dermatitis at a hospital in 
Marseilles, France (500) 

standard test series and patient-
specific chemicals (MBT: 2% in 
petrolatum) 

+ 1/500 (0.2%) Calas et al., 
1978 

Patch test children with atopic dermatitis; 1970 to 1975 (270; 0 to 12 years old; 
154 boys, 116 girls; 25 children with positive patch tests) 

hospital’s own test series (MBT 
mix: 2% in petrolatum) 

– 0/270 (0%) reacted to MBT 
and MBT mix 

Angelini and 
Meneghini, 
1977 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

3.3  Studies in patients with confirmed or suspected allergic contact dermatitis caused by shoes 
Patch test patients with allergic contact dermatitis of the feet which according 

to patch-testing was attributable to shoe chemicals or materials; re-
sults from 8 European and American hospitals; 1953 to 1981, by 
participating hospitals: 
Vancouver, Canada; 1977 to 1981 (119; 32 with positive patch test 
reactions) 
Bari, Italy; 1974 to 1979 (165; 108 with positive patch test reactions) 
Richmond, VA, USA; 1972 (25) 
San Francisco, CA, USA; 1969 (43) 
Athens, Greece; 1974 (25) 
London, UK; 1953 to 1959 (102) 
London, UK; 1966 to 1959 (213) 

chemicals and materials used in 
the shoe industry 
 
 
(MBT: 2% in petrolatum) 
 
(MBT: 1% in petrolatum)  
(MBT) 
(MBT: 1% in petrolatum) 
(MBT: 1% in petrolatum) 
(MBT: 1% in petrolatum) 
(MBT: 1% in petrolatum) 

% patients with positive 
reactions to shoe chemicals or 
materials 
 
+ 9/32 (28.1%) 
 
+ 5/108 (4.8%) 
+ 9/25 (36%) 
+ 5/43 (11.6%) 
+ 6/25 (24%) 
+ 27/102 (26.4%) 
+ 82/213 (38.4%) 

Lynde et al., 
1982 c 

Patch test patients (children) with suspected allergic contact dermatitis of the 
feet at a hospital in Bordeaux, France; January 1990 to September 
1995 (8) 

ECDRG test series (MBT mix: 
2% in petrolatum) 

+ 5/8 (62.5%) reacted to MBT, 
+ 4/8 (50%) reacted to MBT mix 

Roul et al., 
1996 

Patch test patients with contact dermatitis of the feet; 1982 to 1983 (6) ICDRG test series (MBT) + 3/6 (50%) Zaitz et al., 
1987 

Patch test patients with contact dermatitis of the feet; 1968 to 1971 (35) chemicals used in the shoe 
industry (MBT: 2% in petrolatum) 

+ 15/35 (42.9%) Adams, 1972 

Patch test patients with suspected allergic contact dermatitis of the feet (24, 12 
of whom had positive patch tests) 

chemicals used in the shoe in-
dustry (MBT and MBT mix: test 
concentrations not specified) 

+ 5/12 (41.7%) reacted to MBT, 
+ 7/12 (58.3%) reacted to MBT 
mix 

Freeman, 1983 

Patch test patients with suspected allergic contact dermatitis of the feet (25, 21 
of whom had positive patch tests) 

chemicals used in the shoe 
industry (MBT) 

+ 9/25 (36%) Jordan, 1972 

Patch test patients with suspected allergic contact dermatitis of the feet (59, 42 
of whom had positive patch tests) 

chemicals used in the shoe in-
dustry (MBT: 1% in petrolatum) 

+ 13/42 (30.9%) Dahl, 1975 

Patch test patients at a hospital in Sydney, Australia, with allergic contact 
dermatitis of the feet which upon patch-testing was attributable to 
shoe chemicals or materials; 1987 to 1997 (55) 

ECDRG test series (MBT and 
MBT mix: 2%) 

+ 20/55 (36%) reacted to MBT, 
+ 22/55 (40%) reacted to MBT 
mix 

Freeman, 1997 

Patch test patients with dermatitis, especially of the feet, upon contact with 
rubber products, particularly shoes (30) 

MBT and MBT derivatives 
(CBS, MBTS, MMBT), rubber 
chemicals (MBT and MBT 
derivatives: each 1% in 
petrolatum)  

+ 9/30 (30%) reacted to MBT, in 
most cases also to the MBT 
derivatives* 

Kaniwa et al., 
1987, 1990 a, 
b, 1992, 1994 
a; Kantoh et al., 
1984 

* Chemical analysis demonstrated the presence of the compounds in shoe material, and skin sensitisation was shown in the guinea pig maximisation test (only carried out 
for a few patients and samples). 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test patients with contact dermatitis of the feet (24) chemicals used in the rubber 
industry (MBT and MBT 
derivatives: 1% in petrolatum) 

+ 6/24 (25%) reacted to MBT, 
+ 8/24 (33.3%) reacted to MBT 
derivatives 

Blank and 
Miller, 1952 

Patch test female patients with contact dermatitis of the feet (25) chemicals used in the shoe in-
dustry (MBT: 1% in petrolatum) 

6/25 (24%) Varelzides et 
al., 1974 

Patch test patients with allergic eczema of the feet; 1961 (9) rubber chemicals and chemicals 
used in the shoe industry 

+ 2/9 (22%) reacted to benzo-
thiazole compounds 

de Vries, 1964 

Patch test patients in Lisbon, Portugal, with contact dermatitis of the feet; 1974 
to 1985 (539) 

hospital’s own test series consi-
sting of 12 chemicals, and the 
European standard test series 
(MBT: 2% in petrolatum and 
MBT mix: test concentrations 
not specified) 

+ 109/539 (20.2%) reacted to 
mercapto mix 

Correia and 
Brandao, 1986 

Patch test patients with contact dermatitis of the feet; 1962 to 1966 (17) chemicals used in the shoe in-
dustry (benzothiazole com-
pounds: 1%) 

+ 3/17 (17.6%) Suurmond and 
Verspijck 
Mijnssen, 1967 

Patch test children with suspected allergic contact dermatitis of the feet (34) NACDG test series (MBT and 
MBT mix: 1%) 

+ 4/34 (11.8%) reacted to MBT 
and MBT mix 

Weston et al., 
1983 

Patch test patients with contact dermatitis of the feet due to wearing rubber 
boots; April 1992 to June 1995 (9) 

rubber chemicals (MBT: 1% in 
petrolatum) 

+ 1/9 (11.1%) Nishioka et al., 
1996 

Patch test patients with suspected allergic contact dermatitis from rubber 
products (31; probably some of the patients also belonged to the 
cohort studied by Kaniwa (see above)) 

rubber chemicals (MBT: 1%) + 3/31 (9.7%) Kantoh et al., 
1985 

Patch test patients with suspected allergic contact dermatitis of the feet (74, 43 
of whom had positive patch tests) 

chemicals used in the shoe in-
dustry (MBT: 1% in petrolatum) 

+ 4/43 (9.3%) Epstein, 1969 

Patch test patients with contact dermatitis of the feet (19) chemicals used in the shoe in-
dustry (MBT: 1% in paraffin) 

+ 1/19 (5.3%) Ross and Obst, 
1969 

Patch test patients with eczematous contact dermatitis of the feet; 1975 to 
1980 (165; 98 males, 67 females; 108 (65.4%) with at least one 
positive patch test reaction) 

chemicals used in the shoe in-
dustry and known contact aller-
gens (MBT: 1% in petrolatum) 

+ 8/165 (4.8%) Angelini et al., 
1980 

Patch test patients with dermatitis of the feet (103, 46 (44.7%) with at least 
one positive patch test reaction) 

test series consisting of known 
contact allergens and chemicals 
used in the shoe industry (MBT) 

+ (incidence not given) Liu et al., 1993 

3.3.1  Studies in patients with confirmed or suspected allergic contact dermatitis caused by shoes, case reports 
Patch test patient (male, 46 years old) with foot dermatitis no information + reaction to MBT Rietschel, 1984 
Patch test female patient (49 years old) with dermatitis on the soles of her feet ICDRG test series (MBT and 

MBT mix) 
+ reaction to MBT, MBT mix, 
CBS and MMBT 

Pecegueiro and 
Brandao, 1984 

Patch test girl (8 years old) with dermatitis of the lips after inflating a rubber 
balloon, and foot dermatitis after wearing tennis shoes 

no information + reaction to MBT, thiuram and 
a perfume mix 

Rudzki and 
Rebandel, 1995 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test boy (13 years old) with foot dermatitis GEIDC test series (MBT and 
MBT mix) 

+ reaction to MBT and MBT mix Romaguera et 
al., 1989 

Patch test boy (8 years old) with foot dermatitis after wearing tennis shoes shoe materials and chemicals 
used in the shoe industry, ex-
tracts prepared from the shoes 
(MBT, MBTS) 

+ reaction to MBT and MBTS* Jung, 1991; 
Jung et al., 
1988 

* The compounds were detected in the shoe material by chemical analysis. 
3.4 Studies in patients with confirmed or suspected allergic contact dermatitis caused by garments containing spandex (a polyurethane elastomer 

fibre; spandex materials sold commercially under the brand names, Lycra, Vyrene, Numa and Blue “C”, contained no 2-mercaptobenzothiazole 
(Fisher 1967 a, b; Lockey, 1974)) 

Patch test female patients with contact dermatitis after wearing brassieres 
containing spandex; 1966 (11) 

fabric and chemicals (MBT: 1% 
in petrolatum) 

+ 11/11 (100%) Allenby et al., 
1966 

Patch test female patients with contact dermatitis after wearing brassieres ma-
de of fabrics containing polyurethane (spandex, Lycra; 5) 

fabric and chemicals (MBT: 1% 
in petrolatum) 

+ 5/5 (100%) Porter and 
Sommer, 1967 

Patch test female patients with contact dermatitis after wearing brassieres 
made of fabrics containing polyurethane (spandex, Wonderlastic; 3) 

standard series and rubber che-
micals (MBT: 2% in petrolatum) 

+ 2/3 (66%) van Dijk, 1968 

Patch test female patients with contact dermatitis after wearing brassieres or 
girdles made of fabrics containing polyurethane (spandex; 10) 

fabric and chemicals (MBT: 1% 
in petrolatum) 

+ 6/10 (60%) Joseph and 
Maibach, 1967 

Patch test female patients with contact dermatitis after wearing brassieres or 
girdles made of fabrics containing polyurethane (spandex, Lycra; 9) 

fabric and chemicals, known al-
lergens (MBT: 1% in petrolatum) 

– 0/9 (0%) Carr, 1967 

3.4.1 Studies in patients with confirmed or suspected allergic contact dermatitis caused by garments containing spandex (a polyurethane elastomer 
fibre; spandex materials sold commercially under the brand names, Lycra, Vyrene, Numa and Blue “C”, contained no 2-mercaptobenzothiazole 
(Fisher 1967 a, b)), case reports 

Patch test female patient (44 years old) with contact dermatitis after wearing a 
brassiere made of polyurethane-containing fabric (spandex) 

fabric and rubber chemicals + 1/1 Munro-
Ashman, 1966 

Patch test female patient (27 years old) with contact dermatitis after wearing a 
brassiere made of polyurethane-containing fabric (spandex) 

fabric and MBT (1%) + 1/1 Tanenbaum, 
1967 

3.5  Studies in patients with confirmed or suspected allergic contact dermatitis caused by medical prostheses 
Patch test spinal injury patients who developed signs of allergic contact 

dermatitis of the penis after wearing rubber condom urinals (50) 
rubber chemicals of the ICDRG 
test series, condom material 
(MBT mix) 

+ 11/50 (22%) reacted to MBT 
mix 

Bransbury, 
1979 

Patch test patients with dermatitis caused by wearing lower limb prostheses 
(6) or orthopaedic corsets (2) 

GIRDCA standard series and 
chemicals used in the plastics 
industry 

+ 1/8 (12.5%) reacted to MBT 
and MBT mix 

Balato et al., 
1995 

3.5.1 Studies in patients with confirmed or suspected allergic contact dermatitis caused by medical prostheses, case reports 
Patch test patient (male, 77 years old) with dermatitis due to Foley catheters 

(Silastic® Foley catheter, Dow Corning Corp. Medical Products; 
indwelling catheter following resection of the penis) 

ICDRG test series (MBT and 
MMBT: 1%, MBT mix: 0.5% in 
petrolatum) 

+ reaction to MBT, MBT mix 
and MMBT 

Ancona et al., 
1985 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

Patch test patient (male, 39 years old) with contact dermatitis caused by 
wearing a suction socket lower-limb prosthesis 

GEIDC test series (MBT and 
MBT derivatives: 1% in petrola-
tum, MBT mix: 2% in petrola-
tum) 

+ reaction to MBT, MBT deriva-
tives and MBT mix  

Conde-Salazar 
et al., 1989 

Patch test male patient with foot dermatitis and dermatitis caused by wearing a 
leg prosthesis 

GEIDC test series (MBT mix) + reaction to MBT mix Correcher and 
Perez, 1981 

3.6 Studies in patients with immediate-type reactions, particularly to latex products 
Patch test, 
prick test 

patients with dermatitis caused by rubber gloves (7, 4 of whom 
showed immediate-type reactions (urticaria)) 

rubber chemicals, latex (MBT: 
1%) 

– 0/7 (4/7 had positive reactions 
to latex in the prick test) 

Köpman and 
Hannuksela, 
1983 

Patch test patients with anaphylactic reactions to rubber gloves made of 
natural latex (5) 

rubber chemicals, natural latex + 1/5 reacted to MBT mix, an-
other female patient had a posi-
tive patch test to rubber chemi-
cals, immediate-type reactions 
to natural latex 

Kleinhans, 
1984 a, b; 
Galinsky and 
Kleinhans, 
1982 

Patch test, 
RAST test 

patients with anaphylactic reactions to rubber gloves made of latex 
(3) 

rubber chemicals, latex (MBT: 
1%) 

– 0/3 reacted to MBT, positive 
patch test with immediate-type 
reactions to latex, positive 
RAST test with latex, elevated 
latex-specific IgE 

Seifert et al., 
1987 

3.6.1 Studies in patients with immediate-type reactions, particularly to latex products, case reports 
Patch test, 
RAST 

operating theatre nurse (female, 34 years old) with anaphylactic 
reactions to rubber gloves made of latex (3) 

rubber chemicals, latex – reaction to MBT and other 
rubber chemicals, positive patch 
test with immediate-type reac-
tions to natural latex, positive 
RAST with natural latex, ele-
vated latex-specific IgE 

Spaner et al., 
1989 

Patch test operating theatre nurse (female, 25 years old) with anaphylactic 
reactions to rubber gloves made of latex (3) 

no information + reaction to MBT, latex-specific 
IgE (RAST class 3.1) 

Groß, 1990 

Patch test patient with a Foley catheter (male, 71 years old) had anaphylactic 
reactions to the catheter and a history of allergic contact dermatitis 
due to rubber chemicals (thiurams, carbamates, MBT) 

no information + reaction to MBT, thiurams and 
carbamates; latex-specific IgE 
(RAST class 3) 

Guimaraens et 
al., 1992 

No test patients with anaphylactic reactions following intravenous admini-
stration of contrast agents, one case involving a disposable syringe 
with latex rubber components and the other an ampoule with a latex 
rubber seal (2) 

no tests were carried out; the author suspected that the MBT de-
tected in the latex rubber products in question was the cause of 
the anaphylactic reactions 

Hamilton, 1987, 
1990 
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Table 11. Sensitising potential of 2-mercaptobenzothiazole in humans 
Type of study Group (n) Test series (for MBT: test con-

centrations and vehicle, where 
specified) 

Positive findings (incidence)a) Reference 

3.7 Patients with photoallergic reactions to 2-mercaptobenzothiazole 
Patch test patient (male, 54 years old; the English abstract of the publication 

written in Japanese provides no further details) 
rubber chemicals (MBT, wave-
length of light: 350 nm) 

+ patch test reaction intensified 
by light irradiation 

Hara et al., 
1981 

a) Incidences are given only for positive reactions to MBT and MBT mix; positive reactions to other chemicals studied in the various test series are not listed. 
MBT 2-mercaptobenzothiazole 
MBT mix mixture of various MBT derivatives, as a rule N-cyclohexyl-2-benzothiazylsulphenamide (CBS), dibenzothiazyl disulphide (MBTS) and morpholinyl 

mercaptobenzothiazole (MMBT), and in some cases also 2-mercaptobenzothiazole 
ECDRG European Contact Dermatitis Research Group 
DKG Deutsche Kontaktallergie Gruppe 
ICDRG International Contact Dermatitis Research Group 
NACDG North American Contact Dermatitis Group 
RAST radioallergosorbent test for quantitative determination of antigen-specific IgE levels in serum 
GEIDC Spanish Group for Research of Contact Dermatitis 
GIRDCA Gruppo Italiano Ricerca Dermatiti da Contatto e Ambientali 

End of Table 11 
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