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ABSTRACT — The chemical structure of 2-mercaptobenzimidazole (2-MBI), which is widely used as
a rubber antioxidant, is partially similar to those of thiourea (TU) and ethylenethicurea (ETU), both
potent thyrotoxic compounds, In order to determine the oral toxicity of 2-MBI, 2 28-day repeated dose
toxicity study in Wistar rats féllowed by observation over a 14-day recovery period was conducted at
dose levels of 2, 10 and 50 mg/kg 2-MBI administered by gavage. No toxic deaths occurred due to 2-
MET treatment. Decreases of body weight gain and food consumption in the 50 mg/kg dose group were
observed during the second half of the treatment period. In addition, hematological examination and
serum biochemical tests revealed decreased white blood cells and hemoglobin and increased serum urea
aitrogen, cholesterol, phospholipid, y-giutamyl transpeptidase and the Na* /K* ratio in the 50 mg/kg.
dose group. Marked thyroid enlargement (toi0 fold the control weight), histopathologically associated
with diffuse hyperplasia of follicles with decreased colloid and thickening of the fibrous capsule, was
found, Reduction in thymus weight was also observed in a dose-dependent manner without significant
histopathological alteration,

The non-observed effect level (NOEL) of 2-MBI in this gavage study was found (o be less than 2
mg/kg/day based on the significant decrease in thymus weight in the 2 mg/kg 2-MBI treatment group.

In an ancillary stndy, measurement of serum levels of Ty, Ty and TSH, and thyroid weight after
gavage treatment with 0.15 add 0.3 mmolkg of three antithyroid compounds for 14 days revealed a
R more potent antithyroid effect for 2-MBI than for TU or ETU. .
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circxilaling thyroxin (T<) (Janssen et af.,1981) . A dose

INTRODUCTION \
of 7.5 mg/kg inhibits odine uptake into the thyroid by

2-Mercaptobenzimidazole (2-MBI), widely used
as a rubber accelerator and/or antioxidant, is struftural-
Ty similar 1o ecthylenethiourea, a carcinogen/terstogen,
and methimazole, a hyperthyroid drug (IARC]1574;
Paynter ef &l ,1988). Antithyroid effects of 2-MBI have
been demonstrated with oral administration of 8.3 mg/ kg
to rats causing thyroid enlargement and a decrease in

_ Correspandence : Mitsuhiro TSUDA at the above add}%s.

|

95% (Seatle at al., 1950). 2-MBI has been also used to
assess the effects of decreased thyroid function in car-
cinogenesis in rats (Kellen, 1972) |t is thought to block
the biosynthesis of thyroxin by inhibiting thyroid per-

_oxidase (Deorge, 1986; Taurog,1976). This thioureylene

compound has also been shown to be a potent inhibitor
of deiodinase which catalyses the conversion of 3,3',3-
triiodothyronine (Tx) to 3,3-diiodothyronine (Visser ef
al.,1979). Administration of 2-MBI to rats has been
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shown - to result ia reproductive toxicity
(Barilyak,1974) and chromosomal aberrations in rat
fetal cells (Barilyak and Melnik,1979). Recently,
Yamano ez al. (1995} investigated the adverse effects of
2-MBI on pregnant rats and their fetnses and observed
major fetal malformations but oaly at a dose lethal to
most treated dams. They concluded that matemal toxic-
ity preceded fetal toxjcity.

In a 13-week inhalation toxicity study of 2-MBI in
F344 rats, Gaworski et al. (1991) encountered thymic
atrophy and adrenal cortex necrosis in addition to a
potent antithyroid effect. Exposure to 2-MBI via other
routes has also been demonstrated due to use of rubber
products processed with this antioxidant and vuleaniza-
tion accelerator (Airaudo et al;, 1990). Thus Airaudo ef
al.(1990) demonstrated some anesthetic drugs to be
contaminated with 2-MBI in the range of 2.8 - 11.8
ppm, the contamination sources being rubber plunger-
seals of syringes and for drug packing containers.
Recently, we have also detected 11.5- 67.7 ppm of 2-
MBI in commercial farming rubber boots, a possible -
source of human exposure to 2-MBI (Isama ef al., sub-

.mitted). 2-MBI is known to be a metabolite of the

immunomodulator, 3-(p-chlorophenyl)-2,3-dihydro-3-
hydroxythiazolo[3,2a]benzimidazole-2-acetic acid
(Janssen et al., 1981). oo

The present 28-day repeated dose oral toxicity
study of 2-MBI followed by 2-week recovery examina-
tion in Wistar rats was conducted to evaluate adverse
effects and their reversibility, and the non-observed-
effect level (NOEL). Considering its potential as an
environmental endocrine disrupter, toxicological inves-
tigations of 2-MBI with various exposure routes appear
to be important. In an ancillary 14-day repeated dose
oral toxicity study, the antithyroid potency of 2-MRI
was compared with those of thiourea (TU) and ethyl-
enethiourea (ETU), both thyroid toxic and tumorigenic
compounds (Paynter et af, 1988), employing circulat-
ing thyroid hormone and TSH levels as parameters.
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Fig. L. Chemical structure of 2-mercaptobenzimidazole
(2-MBI),
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MATERIALS AND METHODS

Chemicals

2-MBI (MW:150.20, CAS No. 583-39-1, RTECS
No. DE1050000) was obtained from Ouchi Shinke
Chemical Ind., Ltd.(Osaka, Japan) as a slight yellow
powder, saluble in methanol, ethano! and acetone and
practically insoluble in water and chloroform, and was
used without further purification. Reagents employed
for hematological and biochemical analyses were pur-
chased from Wako Pure Chemicals Industries {Osaka,
Japan), Boeringer Mannheim-Yamanouchi (Tokyo,
Japan), Shinotest Labaratory {Tokyo, Japan) and
Midorijuji Co. Ltd. (Kobe, Japan). Com oil was pur-
chased from Sigma { MO, USA). Thiourea and ethyl-
enethiourea were obtained from Wako Pure Chemical
Industries, Ltd (Osaka, Japan).

Experimental animals and diets

Specific pathogen-free Wistar male and female
rats {4 weeks old) were purchased from SLC Co.
(Shizuoka, Japan)} and acelimated for one week prior to -
the initiation of the study.The basal pellet diet (F-2)
was purchased from Funabashi Farm ( Funabashi,
Japan).  Food and tap water were available ad libitum
throughout except in the acute toxieity study.

Housing Conditions .

The animal room was maintained at 24+1°C and
55+5% humidity with a 12 br light/dark cycle. Rats were
housed in aluminum hanging cages (3 rats/cape) for the
acute toxicity study and in plastic cages (3 rats fcage)
using chip bedding for the subacute toxicity study.

Expertmental design

2-MBI was dissolved or suspended in 'corn oil and
administered to rats by the i.g. route using disposable
gavage tube (Fuchigami Kiki, Tokyo, Japan).

Acute oral toxicity study; The acute oral toxicity
study of 2-MBI in male and female rats was conducted
according to the method reported by Lorke (1983). 2-
MBI was administered by gavage in 1 ml per 100 g
body weight under fasted conditions. In the fifst stage
test, 3 rats per group (mean bedy weights: males, 92 g,
females, 80 g, fasied for 16 hr before administration)
were treated with 10, 100 and 1000 mg/kg of 2-MBI .
Clinical signs and mortality were monitored for 10 hr
on the day of administration and then twice a day up to
day {4 when the test was terminated. Based on the
results of the mortality in the Ist stage test, the acute
toxicity of 140, 225, 370 and 600 mg/kg of 2-MBI was
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. examined using 2 rats of each sex / dose group as a 2nd

stage test (Lorke,1983) in which clinical signs and

mortality were again monitored for 14 days.
Twenty-cight-day repeated dose oral toxicity
study: For the dose-determining study, male and
femnale rats (5 rats/group) were orally administered 80
g (approximately 1/4 dose of the oral LDsw), 40 ,20,
10 and S mg/ka of 2-MBI for 2 consecutive two weeks,
Taking into account the observed reduction in  body
weight gzin in groups receiving more than 40 mg/kg
and the 2 weeks longer treatment period for the 28-day
repeated oral toxicity study, doses of O (control, corn
oil alone), 2, 10 and 50 mg/kg of 2-MBI were adminis-
tered by gavage to groups of 10 male and 10 fernale
rats for 28 consecutive days. Half the rats in each
‘gronp (5 males and 3 females) were used for blood
" clotting time tests. Additional sub-groups of 10 rats
each of both sexes receiving 0 and 50 mg/kg were
maintained withont treatment for 14 days subsequent to
termination of 2-MBI administration in order 1o assess
recovery and /or appearance of delayed adverse effects.
' In the ancillary [4-day repeated dose Gral foxicity
study, 5 male rats were treated with either 25 mg (0,15
mmol) or 50 mg (0.3 mmolYkg of 2-MBI by gavage
for 2 weeks to examine the effect of 2-MBI on circulat-
ing thyroid hormone and TSH levels. For comparison,
TU and ETU, both well characterized antithyroid
agents, were also adraipistered to rats following the
same protocol. - :

Clinical signs were monitored throughout the
study. The male and female animals were weighed and
randomly allocated to 12 groups (n=5) three days prior
to the initiation of the treatment. On the first day of
treatment, and then twice weekly throughout the study,
body weights were measured and the most recently
obtained body weight values were used for the calenla-

tion of administration doses per kg body weight. Food

consumption was measured once a week, |

Stability test of 2-BBI in corn oil

The stability of 2-MBI in comn oil(2%) was exam-
ined by HPLC after extracting the test compound with
methanol. The HPLC conditicns applied were as fol-
lows: a Shimadzu LC-6A liguid chromategraph

(Shimadzu Co. Ltd., Kyoto, Japan) attached to a -

Shimadzu SPD-M6A photodiode army UV-VIS detec-
tor (Kyoto, Japan) with a Wako Wakosil-Il 5C18 HG
Prep (4.6 mm i.d. X250 mm) colurnn were used with a
mobile phase of 0.1% phosphoric acid/methanol
(50450, v/¥). The flow rale and the deteciion wave-
length were Iml/min and 304 nm, respectively.

2-MBI in corn oil (2%) was confirmed o be stable
for at least one week at room temperature, Thus, test
samples for gavage administration were prepared once
a week. The purity of 2.MBI used was >95%.

Clinical parameters

In the 28-day repeated oral dose toxicity study,
blood was collected fraom the orbital plexus vnder sth-
ylether anesthesia, and the hematological parameters,
red blood celis (RBC), hemoglobin (Hb), hematocrit
(HCT), mean corpuscular volume (MCV), mean hemo-
globin concentratior! (MHC), mean corpuscular hemo-
globin concentration (MCHC), platelets (PLT) and
white blood cells (WBC) were assessed with a Sysmex
M-2000 System (Toa Medical Electronics Co., Kobe,

" Japan). Differential white blood cell counts were pet-

formed using a Microx (Tateishi Electric Co., Japan).

Serum biochemical analyses were conducted for
24 items; total protein (TP), albumin (ALB}, blood urea
nitrogen (BUN), ¢reatinine (CRN), glucose (GLC),
non-esterified fatty acid (INEFA), phospholipid (PL),
triglyceride {TG), total cholesterol (T-CHQ), free cho-
lesterol (F-CHOQ), alkatine phosphatase (ALP), amylase
(AMY), cholinesterase (CHE), aspartate aminotrans-
ferase (AST), alanine aminotransferase {(ALT), y -glu-
tamy] {ranspeptidase ( y ~GTP), leucine aminopeptidase
(LAP}, lactate dehydrogenase (LDH), calcium (Ca*),
magnesium (Mg?*), inorganic posphorus (Pi), sodium
(Na*), potassiurn (K*), and chlorine {C1™) using an
Austo Clinical Analyzer, Hitachi Model 7150 (Hitachi
Ltd., Tokyo, Japan) . T>/T4 and TSH levels in serurm
were measured by RIA using analytical Kits.

At auopsy, the weights of the brain, heart, lungs,

' liver, kidneys, spleen, adrenals, testes, ovaries, pitu-

itary, thymus, submaxillary glands and thyroid glands
of each animal were measured. These organs and the
esophagus, stomach, small and large intestine, pan-
creas, ischiatic nerve, urinary bladder, seminal vesicles,
uterus, prostate.and, meseateric lymph nodes as wel as
samples of spinal cord, skeletal muscle, and bone mar-
row (femur and sternum) were fGxed in 10% buffered -
formalin solution for routine histological processing.
Paraffin sections were stained with hematoxylin-and
eosin for histopathological examination.

Statistical analysis . :
All quantitative data, except for the histopatholog-
ical findings, were statistically analyzed by one-way

-analysis of variance (ANOVA) techniques with

Dunnett's or Scheff's multiple comparison procedures.
Significance was established at the p<0.05 level.”
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Fig. 3. Body weight and food consumption curves for female rats treated with 2-Metcaptobenzimidazole.
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Table 6. Histopathological findings for rats after 28 days of treatment with 2-mercaptobenzimidazole and a 2-week recavery period. -

. Treafment . ~ Recovery
Sex ‘ Male Female Male Female
Groups(Dose mg/kg) 0 - 16 50 a 2 10 80 0 80 o 50
No. of animals examined 5 & § & § & &5 B 5 5 &5 5
Heart '
Intramyocardial cell infiltration = 4 o 2 0 o 4] H 0 0 1 i 0
Flbrosls S R R B 1 o ©°¢ 0 o 1 0
Myocardial calcificatlon = 9 0 "0 0 0 ¢ g 6 0 0
Lung :
; Alveolar wall thickaning = 0 2 1 o 1 0 1 1] 1 i 0 i
i Pervascutar cell Infiltration = 0o 1 6. 0 o o 9 a 0. 0 o 0
Parivascular edoma £ 0 1 i 0 1 1 0 2 o 1 2 1
interstitial cell infiltratien = 1 0 o 0 1 1} 1 0 1 Q o 4
Liver -
Micragranuloma formation « 0 1 | 3 1] 2 1 bl 1 1 ]
Intesstitial eell Infiitration : 0 0 0 ‘3 1 o 6 1 1 0
Kidney
Eoslnephilic bodies % 5 5 s 5 0 o ] 0 5 & 0 a
Calcification of colleclinglubuless = o9 ¢ p 1 o o o A R o o
Testis ) :
fnterstitial edoma = {1 0 2 2 - - - - 1. 0 =
Spleen ‘
]
: Hamasiderin deposition = 0 0 o0 0 ¢ 0 0o ¢ L i o
' Pancreas
Acinar cell vacuglation .« 0 0 0 o® e o 1 8 10 o 0
‘Acinar cell necrodic degeneration . g 0o .0 O 6 o 90 9 LI o 1 I
Thyreid gl.
Difuse hypercplasia of folllcles = 1} 1) 1 [1] 0 o 1 0 0 0 0 0
+ 0 0 4 ¢ o o 4 0 o o o 0
+ ¢ 0 0 s 6 0 0 5 0 5 o 5
i
Decrease of collold =, 0 0 2 0 0 o 3 (i 0 0 o 0
: + 0 o 3 0 o 0 1 0 9 0 e o
++ 0 0 0 5 o0 o s ¢ 0 0 ¢
Fibraus capsule thickening s 0 9 g 0 0 0 0 [ 9 [i) o}
! + 0 0 0 0O o 0 e o 0 0 o 1
+4 0 0 0 5 e o 0o 5 9 ¢ (i}
! Pituitary gl. J
I - Increase of thyraldectomized cells + 0 0 o ¢ 9 ¢ 2 o 0 o .
- + 0 0 1 90 ] ] 0 0 6 3 0o 0
: + 0 0 s 0 a 0 0 0 2 o o
Adrenal cortex ™
Hyperplasia of ipld-fadencsfls = 8 o 3 0 ¢ o ¢ o 0¢ o o
+ 0 0 0 i c o ¢ 2 0o 0 8 0
+ 0 0 0 4 o o o 3 o o [ 3
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Potent thyroid toxicity of 2-Mercaptobenzimidazole in ras.

- RESULTS

Acnte oral toxicity study

First stage tréatment (n=3): Treatrment with 10
mg/kg of 2-MBT did not induce any acute toxic signs.
At 100 mgfkg, decreases in spontanecus movement,
ataxic gait, eyelid closure, and lacrimation were
observed within 1 hr of treatment. The rats then yecov-
ered within 24 hr and all survived. Treatment with 1000
mgfkg of 2-ME! immediately caused paralytic gait,
prone position with corna, lacrimation and hypother-
mia, and 2 male rats and all 3 female rats died within
32 hr. The remaining one male rat died within 72 br.

Second stage treatinent (140-600 mg/kg, n=2):
Depending on the dose administered, loss of sponta-
neous activity, ataxic gait, eyelid closure, lacrimation,
paralylic gait, prone position and coma were observed.
Rats treated with doses less than 225 mg/kg recovered
within 24 hr but all rats treated with 370 and 600 mg/ks
died within Z days.

LDsp (Oral): According to the calculatipn method
propesed by Lorke (1983) using the numbers of rats
that died doring the 14 days, the LDso values for 2-MRBI
in this experiment were determined to be 300 mg/kg
for both male and ferale rats.

Autopsy findings in the acute toxicity study:
Slight congestion in lung, congestion in glandular
stomach mucosa, and retention of administered oil in
the stornach through to the colon were found in animals
which died within 3 days of dosing, Rats that survived
* for 14 days exhibiled no abnormalities,

Twenty eight-day repeated dose oral toxicity siudy
Clinical signs

No mortality due to 2-MBI treatment oceurred for
either male or female rats. No clinical signs related to
2-MBI administration were observed except for
decrease in body weight gain and food consumption.
The rats of both sexes receiving 50 mg/kg showed
emaciation and severe suppression in body weight gain
along with decreased food consumption one week after
treatment started, as showt in Figs 2 & 3. No signifi-
cant differences in both body weight gain or food con-
sumption were observed in the groups that received 10
mg/kg 2-MBI or less.
Hematology

At the termination of treatment, significant
.decreases in WBC in ihe 10 and 50 mg/kg female rats
and in PLT in 50 mg/ke male rats were observed.
Significant WBC decrease in male rats was still noted
as observed 2-weeks after termination of 2-MBTY treat-

ment, At the end of the recovery period, RBC, Hb and
HCT were significantly decreased in both the male and
female 50 mg/kg groups showing delayed onset of ane-
mia (Table 1). '

Increased active partial thromboplastin time (APTT,
blood cloiting time) was ¢bserved for both the males

. and females receiving SO mg/kg.

Clinical biochemisiry

At the termination of the 2-MBT administration,
serum levels of TF, BUN, PL, T-CHO, F-CHO, CHE
and y ~GTP were significantly increased in bath males
and females given 50 mg/kg. ALP, K* aund Pi were
decreased significantly in male cats receiving more
than 10 mg /kg, and Na* was increased significantly in
the 50 mglkg treated animals. CHO and PL levels
remained siggificantly high 2 weeks after tcrmination
of 2-MB{ administration (Table 2 & 3). Serum levels of
Ts, T4 and TSH measured 2 weeks after repeated dose
treatment with 2-MBJ or the antithyrcid agents, TU and
ETU, are shown i Fig 4.
Organ Weight

At the terminztion of 2-MBI administration, dose
related increases in absolute and relative weights of
thyroid, liver and Kidney were observed. At 10 mg/ke,

the mean absolute and relative thyroid weights in both

sexes were approximately 3 times those of the respee.
tive. control rats, and in the 50 mg/kg dose group the
increase in relative thyroid weight was more than 10-
fold, Even after the 2-week recovery period, relative

" thyroid weights were approximately 6 {imes the control

values. Dose-telated decreases in absolute and relative
thymus weights in all treatment groups of male and
ferrale rats and a decrease in refative spleen weight in
both males and females receiving 50 mg/fkg were also
observed. Significant increases in brain, lung, adrenal
and pituitary gland weights and decreages in heart and
sabmaxillary glands of relative organ weights were also
obsetrved with 50 mg/kg. Some of these organ weight
changes may have been due to the severe reduction in
body weight gain as shown in Fig 2 & 3 and Tubles 4
& 5.
Histopathology

As gross findings, marked enlargement of thyroid

- glands-and thymus involution were evident in treated

rats. Diffuse hyperplasia of tall and columnar epithelial
cells of follicles, and decrease in colloid and thiekening
of fibrous capsule appeared dose-dependently(Photo,
1). In association with the thyroid changes, hyper-
trophic cells in the anterior pituitary glands were found,

the so-called thyroideciomy cells. Calcification of the

collecting tubules in kidney and fatty changes in adren-
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al cortex were also observed. These histopathological
changes mostly disappeared after the 2-week recovery
period, as shown in Table 6. Despite the thymus weight
being decreased dose-dependently, thére were no obvi-
ous changes in its architecture,

DISCUSSION
The present subacute toxicity study of 2-MBI by

gavage administration for 28 consecutive days followed
by 2-week recovery period in Wistar rats demonstrated

marked thyroid enlargement associated with characteris-

tic diffuse hyperplasia in both male and female rats
receiving a dose of 10 mg/kg 2-MBI or above. This thy-
roid toxicily was accompanied by significant decreases
in circulating thyroid hormone (T1&T3) levels and a
marked increase in the seram TSH level in the ancillary
14-day gavage administration study, the changes being
more pronouced than with TU and ETU (Paynter et al.,
1988).The antithyroid effects in the present gavage study
are consistent with the results observed in the inhalation
sidy of Gaworski et al. (1991).The possibility of tmeor
promotion potential therefore arises (Onodera et al.,
1994). Hypertrophic cells increased in the anterior pitu-
itary glands of male rats treated with more than 10
mg/ke 2-MBI, suggesting stimulated TSH generation
due to the decrease in thyroid hormeone levels by nega-
tive feedback regulation (Haynes, 1990). ‘The pituitary
and thyroid lesions induced by 2-MBI treatment were
identical to those reported after thyroidectomy (Norford
etal., 1993).
Tt is well documented that thyroid kormones stimu-
late metabolism of cholesterol to bile acid and that
" hypercholesterclemia is characteristic of hypathyroid
states {Haynes, 1990). In the present study, a 2-3 fold
increase in sernm cholesterol was observed in the 50
myg/kg weated rats and full return to the control leve] was
not evident after the 2-week recovery period. Serum lev-
els of phospholipid were also increased significantly
upon 2-MBI administration, although the free fatty acids
which were significantly decreased in the inhalation
study (Gaworskd et al., 1991) did not appear to be affect-
ed by gavage administration.
Thyroid hormones are also known to participate

regulation of e balance of intracellviar and intercellular’

Na* and K* levels by active trapsport {Asano, 1982). The
serurn Na¥/K* ratios in this study were markedly altered
from 26.4(control) to 40.6(50 mg/kg) for males and from
30.7 to 46.1 for females, respectively. This may be due

to the severe hypothyroid state induced by 2-MBI

administration. Tt is also well known clinically that

Vol. 23 No. 1

serum levels of Ca®, Pi and ALP are altered by a
parathyroid hormone imbalance which affects bone
metabolism (Fujita,1987), In the present rat study,

. serum levels of ALP and Pi were significantly decreased

, b Ca® was not changed by 2-MBI treatment. In con-
trast, Gaworski ef 4/.(1991) observed an increased serum
level of ALP, so this alteration may not be directly relat-
edtoa hypothyroid state. _
Anemia has been associated with hypothyroidism
(Haynes and Murad, 1985) and was observed at terming-
tion in the 13-week inhalation study conducted by
Gaworski et al. (1991). Clinical symptoms of ancmia
{decreases in RBC, Hb and HCT) were also detected 2
weeks after the termination of high'dose 2-MBI adminis-
tration in the present study, This delayed change may be
partially due to the long retentios of 2-MB1 by hemoglo-
bin (El Dareer ef al., 1984) and the long half-life of
REC. oo '
2-MBE s known 10 be 2 metabolite of the immimonod-
lator, 3-(p-chlorophenyl)-2,3-dihydro-3-hydroxythiazo-
10[3,2a)benzimidazole-2-acetic acid (Janssen ef al.,
1981}. In the present 28-day gavage study in rats, a clear

dose-related involution of the thymus was observed in-

all treatment groups. Severe decrease of body weight
gain affects the thymus weight (Levin ef ol., 1993) but
the thymus change was observed even at doses which
had no effects on body weight. Althongh manifest mor-
phological alterations were not found in either the thy-
mus or the spleen, 2-MBI might thus have potential
immunofoxicity. A significant decrease in WBCs
occurred in female rats at doses higher than 10 mglkg
and a decrease in the relative spleen weight in 50 mg/kg
dose rats was alsd demonstrated. In the 13-wesck inhala-
tion study (Gaworski ef al., 1991), a similar significant
decrease 1n thymus weight associated with atrophy and
decreased WBC counts due to Iower numbers of circu-
lating lymphocytes in male rats were also observed.
Malmfors (1976) reported thymic involution even after 2
single dose of 2-MBI in rats but not in mice, guinea pigs
or rabbits. Such thymic involution in rats was not
‘observed after thyroidectomy (Malmfors, 1976). In our
14-day anciliary study (data not shown), TU and ETU
also induced significant thymus involution without
notable decrease in body weight gain. These facts sug-
gest antithyroid function-linked thymus invclution in
rats. Fuorther immunotoxicological investigation is
required to clarify this prominent effect of 2-MBI and
other antithyroid agents on the thymus. ‘

A significant increase in refative liver weight was
chserved in the 10 and 50 mg/kg dose groups of both
sexes, which is in agreement with the results of the
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inhalation study (Gaworski,1991) In’ which liver injury
associated with hepatic byperirophy and granulomatous
inflammation was found. Increased blood clotting fime
" (APTT) also suggests an adverse effect on liver func-
tions. However, in the preseat gavage study, no overi
hepatocyte injury was apparent, which is consistent with
00 increases in seram AST and ALT levels. In addition,
the relative liver weight increase in 50 mg/kg dose rats
returned to the control level within the 2-week recovery
petiod. Therefore, the observed liver changes appeared
to be an adaptive response.

Slight, but statistically. s1gmﬁcant increases of BUN
Tevel in mnales, and of CRN level in females associated
with a slight increase in relative kidney weight were
observed in the higher 2-MBI dose groups. In considera-
tion of the previous report demonstrating renal toxicity
(Gaworski,1991), the. present finding of calcification in

the collecting tubules in one animal of each sex may be

significant,
The non-ohserved-effect level (NOEL) of 2-MRB} in

1ats in the pregent gavage study was evaluated to be less
than 2 mg/kg based on the significant decreases in
absolute and relative thymus weights of the lowest treat-

ment dose group. Obviously, prudence must be taken in -

extrapolating animal data to the human situation. In safe-
ty evaluation of chemicals, an uncertainty factor of
"100x" is usually adopted. If the available NOEL is
based on a subacute study like that conducted here, an
additional uncertainty factor of "5x ™ should be consid-
ered {to give 500x). Based on this safety evaluation,
4,z gfkg/day might be acceptable for the human expo-
sure level of 2-MBL However, the contamination level
of2-MBI in drugs must be reduced as far as pogsible or
should be replaced by a less toxic rubber antioxidant.
This might be particularly important in the case of drugs
administered over long periods such as insulin.
Furthermore, 2-MBI is a fatty soluble compound, and
thus its accumulation in the body may occur with repeat-
ed administration. Toxicokinetic studies of 2-MBI and
related compounds such as methylated derlvatwes are
Row under way. :
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