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TABLE 5 ) 4

SUBCHRONIC INHALATION STUDY OF 2-MERCAPTOBENZIMIDAZOLE: TRHODOTHYRONINE (T3) AND
THYROXINE (T,) LEVELS IN F344/N MALE RATS®

2-MBI X
target concn
Hormone (mg/m?) Preexposure 2 Weeks 4 Weeks 8 Weeks 13 Weeks . -
T; (ng/dl) 0.0 89 + 10 15+ 13 718 %17 72422 7416 -
3.1 102 + i 98 + 19 72+ 16 69 + 19 73+17
6.2 ’ b v b 68 + 14
12.5 90 + 1t ST + 9%+ 56 + 13%* 52+ 12% 64+ 14
250 5 & b b 42 + 8%
500 91 +13 39 + 6** 53 + 6** 63+8 60 + 24
T (ug/dl) 0.0 6.86 + 128 597+ 133  4.88 +0.63 5.00 +1.79 5.53 +1.35
3.1 743 +£0.94 833+ 076 5.74 + 0.96 5.96 = 1.79 6.55 = 1.95
6.2 A b . 5 b 5.08 + 1147
125 7.65 + 1.19 3.30 £ 1.23 3.03 +1.32*% 3.18 +1.18* 501+ 161
250 b b '] & d i
50.0 7.65 + 0.61 4 d d 4

2 Mean * SD. N = 8 to 20 samples/group at preexposure and 4, 8, and |13 weeks, N = 3 samples/group at 2 weeks. g |

5 Not examined by protocol. ‘
¢ Not examined due to total group mortality.
4 Below limit of detection (< 1.0 ug/dl).

* Significantly different from control group { p < 0.05) by Dunnett’s ¢ test.
** Significantly different from control group ( p < 0.01) by Dunnett’s 1 test.

amined, with the most notable being organs
of the endocrine system (Table 6). Thyroid
hyperplasia occurred at all exposure levels,
with a dose-related increase in severity. Thy-
roids of rats exposed at 25 or 50 mg/m? were
enlarged, the follicles were small, and the col-
loid was stained pale pink. There was an in-
crease in the stroma, some of which was loose
and almost myxomatous. Additionally, there
were accentuated focal areas of hyperplasia
where there was an increased density of follic-
ular cells, and the epithelium was occasionally
several layers thick. An increased number of
normal follicles was seen in the thyroids of
rats. at the lower exposure concentrations. In
these animals the stroma of the thyroid was
decreased, but the follicles tended to be less
spherical than those seen in controls. Cells of
the pituitary pars distalis became enlarged with
pale-stained cytoplasm. The ratio of acido-
philic to basophilic cells was altered to a pre-

100

&
i

dominance of basophilic cells. Adrenal cortical
necrosis occurred in rats at the highest expo-,
sure level. This same lesion occurred at the 25
mg/m? level, mixed with degeneration of the:
zona reticularis of the adrenal cortex.

Focal accumulations of large cells, inter
preted as reticuloendothelial cell hyperplasia; .
occurred in all four lymph nodes examined
This was most prevalent in the mesenteriC_;
lymph node. Thymic atrophy was noted with*
high incidence in rats exposed at 25 or 50 mg/ ;

m?. Hepatocyte hypertrophy occurred in the,
centrilobular areas of the liver, with increased:
hepatocyte size and collections of sinusoidal’
cells (granulomatous inflammation) noted i
animals exposed at 50 mg/m’>. Although min- .
eral deposits were seen in the kidneys in all
groups of females, the degree of severity was
notably increased in rats at 25 or 50 mg/m
Mineral deposits were also seen in males at ;
the higher exposure levels, with urinary calcu
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TABLE 6

SUBCHRONIC INHALATION STUDY OF 2-MERCAPTOBENZIMIDAZOLE: SUMMARY OF SIGNIFICANT

HISTOPATHOLOGICAL CHANGES

ORSERVED IN F344/N RATS®

2-Mercaptobenzimidazole target concn (mg/m’)

Males Females
Tissuc and lesion 0 34 6.2 12,5 250 50.0, o 31 6.2 12.5 25.0 50.0
. Thyroid folic. cell -
Hyperplasia 6/10  8/10 10710  10/10  10/10  10/10  0O/10 3/10  10/10 10710  10/10  10/10
Pitvitary
Cytopfasm. vacuol. 0/i0 4 b 0/10  10/10  10/10 0710 » 0/10 2/10  10/10  19/10
% Adrenal cortex .
% Necrosis 0/10  0/6 01 0/10 110 B/10  0/10 0/2 0/1 0/10 2/10 9/10
- Degeneration 0/10  0/6 07 0/10 2/10 0710 0/10 072 o/1 0710 6/10 0/10
0/10 4 b 0/10 2/10 8/10 0710 b 4 010 8/8 10/10
0/t0 b 0/10 4/10 9/10 9/9 1710 4 ° 0/10 8/8 94
Hepat. hypertrophy 0/10  0/1 4 0/10 3/10 9/10  0/10 0/1 » 0/1 0/10 7110
i+~ Gran. inflammation 0/10 07! 4 0/10 0/10 5/10. 0710 0/1 4 0/t 0/10 1/10
Kidoey
) Mineralization 0/10 » 0/10 /10 1010 9/10 9710 10710 10710  10/10 10/10  10/10
"~ Tubular regeneration  0/10 & 0/10 0/10 3/10 8/10  0/10 0710 0/10 0/10 /14 7/10
_Bone marrow
Hypocellularity 0/10 # b o/10  10/10 /10 0/10 4 i 0710 910 9/10

“Number with lesions/number of tissues examined.
_"*Not examined.

occasionally seen in the bladders of animals
exposed at 50 mg/m>. Hematopoietic hypo-
cellularity of the bone marrow was seen in both
sexes at 25 or 50 mg/m>. No readily observable
shift in the percentages of marrow hemato-
poietic constituents was noted, however.

DISCUSSION

¥;  2-MBl is a thiourea-derived compound with

_Structural similarities to ethylene thiourea, a
potent thyroid carcinogen (IARC, 1974). Such
‘analogs of methimazole may also exhibit po-
tent antithyroid goitrogenic activity. Reduced
lgdine uptake after 2-MBI exposure has pre-
‘Viously been reported by Searle e al. (1950),
% Wwith additional reports of 2-MBI-induced thy-
Toid functional changes by Kellen (1972)
....and Janssen et al. (1981). Goitrogenic sub-

stances which alter thyroid function reportedly
produce a significant increase in thyroid fol-
licular tumors (Morris, 1955; Paynter et al.,
1988).

In the present studies, histopathologic
changes were seen in several organs associated
with the endocrine system. The 14-day re-
peated dose study indicated that thyroid hy-
perplasia was produced within a relatively
short period of time (12 exposures). Thyroid
weights were markedly increased following 13
weeks of exposure to 2-MBI, as was the in-
creased incidence and severity of follicular celi
hyperplasia, with a decreased presence of col-
loid in the lumen of the thyroid. Only the low-
est 2-MBI exposure concentration demon-
strated less than a 100% incidence of these
thyroid tissue alterations. Decreased lumen
size due 1o increased endocytosis of colloid
and a more columnar shape of follicular cells
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is generally seen during sustained TSH secre-
tion (Capen, 1988).

One proposed mechanism for the toxic ac-
tion of thiourea-related compounds on thyroid
function i$ through blockage of T, synthesis
by inhibition of thyroid peroxidase which cat-
alyzes the incorporation of iodine into thy-
roxine (Taurog, 1976). Serial measurements
of thyroid hormones during the subchronic
study indicated a dose-related reduction of T,
with levels in rats exposed to 50 mg/m’ being
quickly depleted (within 2 weeks) and re-
maining below detection limits for the entire
study. Concomitant, although less dramatic,
trends were seen in the levels of T3 measured
during the study. Following the initial reduc-
‘tion of circulating T; in rats exposed to 2-MBI,
a gradual recovery was indicated. These trends
are consistant with the observed effects of WY-
13876, a 2-MBl-related thioureylene deriva-
tive (Janssen ¢t al., 1981). Thyroid histopath-
ologic alterations in rats exposed to 2-MBI
generally correlated with the changes in the
thyroid hormone levels. Reduction in T4 and
T, levels would normally be expected to pro-
duce an increase in TSH, due to the feedback
mechanism employed for thyroid hormone
regulation. Unfortunately, the results of the
TSH examinations conducted in serial blood
samples obtained in this study were highly
variable, precluding a definitive evaluation of
TSH levels in the blood. A reduced number
of acidophils in the pituitary was seen by light
microscopy at the two highest 2-MBI concen-
trations tested, but it was not clear what func-
tional properties of the pituitary gland were
altered by 2-MBI exposure.

Clinical pathology examinations conducted
following 13 weeks of exposure to 2-MBI re-
vealed a number of effects related to thyroid
toxicity, including anemia, disturbance of
normal cholesterol and free fatty acid levels,
and increased blood clotting time. Anemia has
been associated with cases of hypothyroidism
(Haynes and Murad, 1985) and altered fat
metabolism is a consequence of thyroid dys-
function (Guyton, 1971). Hypocellularity of
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the bone marrow was considered to be related
to the anemia present in exposed animals. Ac-
cumulations of reticuloendothelial cells within -
the lymph nodes suggested an increase in cells -
responsible for phagocytosis of 2-MBI parti- : %
cles. it
Liver toxicity was suggested by increased
liver weights as well as by changes seen in sev-
eral liver enzymes in the animals exposed to .
the higher 2-MBI concentrations. Histopath-

ologic examination confirmed liver injury in " §
the rats at these 2-MBI exposure concentra- .} .
tions. Exposure to 2-MBI apparently exacer- 7}

bated the severity of kidney mineralization, '
particularly in female rats. Increased BUN .
levels in rats at the higher 2-MBI exposure:
levels also indicated 2-MBl-related kidney ef-
fects. Possibly related to the mineralization was

the presence of calculi in the bladders of rats * :f

at the 50 mg/m?> exposure concentration.

2-MBI immunotoxic properties were sug-
gested by thymic atrophy, significant reduc
tions in thymus weight, and decreased WBC *
counts, with lower numbers of circulating -
lymphocytes in males. Malmfors (1976) has
previously reported thymic involution in rats,
but not in mice, guinea pigs, or rabbits, fol- -
lowing a single dose of 2-MBI. Additional im-:.
munotoxicological testing would be necessary
to establish specific 2-MBI effects. ,

In summary, this prechronic inhalation. :
toxicity study with 2-MBI demonstrated dose
related endocrine system toxicity. Addition
ally, several other target tissues were identified,
including liver, kidney, thymus, and bone .
marrow. On the basis of the presence of hy-*
perplasia of the thyroid gland and thymus
weight reductions at the lowest 2-MBI con-
centration tested, the no-observable-effect leve
was less than 3.1 mg/m*,
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The effects of oral 2-mercaptobenzimidazole (2-MBI) on preg-
nant Wistar rats were examined. In a preliminary dose-finding
study, pregnant rats treated with 2-MBI over Days 7-17 of ges-
tation showed reduction in maternal thymus weights with com-
pound-related mortality at doses >40 mg/kg. No adverse effects
on fetuses were found at doses <40 mg/kg. However, anasarca,
cleft palate, and dilated lateral ventricles were present in all fe-
tuses from the only survivor among the dams treated with 60
mg/kg of 2-MBL. In the teratology study, pregnant rats were
treated with 2-MBI at doses of 0, 3.3, 10, and 30 mg/kg during
the period of organogenesis (Gestation Days 7-17). In addition,
pregnant rats of three groups were also treated with 60 mg/kg of
2-MBI for 3 or 4 days during specific periods of organogenesis
(Days 7-10, 11-14, or 15-17 of gestation). Treatment on Ges-
tation Days 7-17 resulted in reduced maternal thymus weights
at doses of >3.3 mg/kg. In addition to reduced fetal weights,
visceral variations (kinked ureter and dilated renal pelvis) and
delayed ossification were seen in the fetuses at doses =10 mg/
kg, and skeletal variations (rudimentary lumbar ribs) were seen
at 30 mg/kg. In the fetuses from the dams treated with 60 mg/kg
of 2-MBI, rudimentary lumbar ribs were seen mainly in the
group treated on Days 7-10 of gestation, whereas kinked ureter
and dilated renal pelvis were evident mainly in the group treated
on Gestation Days 15-17. Dilated lateral ventricles and cleft
palate were present only in the group treated with 60 mg/kg on
Days 11-14 of gestation, though 5 out of 16 dams died during
the study. In conclusion, maternal toxicity preceded fetal toxic-
ity and major fetal malformations were seen only at a dose (60
mg/kg) which was lethal to many of the treated dams. o 1995
Society of Toxicology.

The compound 2-mercaptobenzimidazole (2-MBI) s
used as an accelerator and/or an antioxidant in rubber
manufacturing. The risk of 2-MBI to workers is a matter of
concern because it is structurally related to cthylene
thiourea, an antithyroid agent, which is carcinogenic in the

! To whom correspondence should be addressed.

thyroid gland (IARC, 1974), as well as a potent terétogen
especially in the nervous and urogenital system (Khera,
1973; Ruddick and Khera, 1975). Thyroid toxicity induced.
by 2-MBI, such as a decrease in iodine uptake and circulat-

ing thyroid hormones, and thyroid enlargement, has been -

recognized for a long time (Searle e al., 1950; Kellen, 1972;

Janssen et al., 1981). Recently, in addition to its thyroid .

toxicity, numerous other adverse effects of 2-MBI have

been found in rats after long-term administration by the

inhalation route, including reduced serum fatty acid levels,
increased GOT, GPT, and ALP activities, and histopatho-

logical changes in several organs other than the thyroid

{(Gaworski ef al., 1991).

2-MBI is embryotoxic in rats after intraperitoneal admin-
istration (Barilyak, 1974, 1976). Khera and Whalen (1988)
classified 2-MBI together with ethylene thiourea as terato-

genic in the nervous system by means of an in vitro assay -

using cuitured neural cells, On the other hand, Ruddick e/

al. (1976) designated 2-MBI as nonteratogenic in rats from. * :

a comparison of the teratogenicity of 16 chemicals that
were structurally related to ethylene thiourea. However,
this conclusion was based on the results derived from a
single dose administered on a single day to a small number

_(four) of animals. In order to fully explore the teratogenic

potential of 2-MBI, we undertook this study: a much larger
number of animals were used, four doses were set, and the

treatment period covered the entire period of organo- -

genesis.
METHODS

Chemicals.” 2-MBI was purchased from Ouchi Shinko Chem. Co., Lid.
(Tokyo, Japan) (>97.0% purity by HPLC).

Animals. Four-week-old SPF Wistar rats of both sexes obtained from -

CLEA Japan Inc. (Tokyo, Japan) were housed individually in stainless-
steel cages in a room with a constant photoperiod (dark period from 7:00

PM to 7:00 AM) at 23 + 2°C and 60 & 10% rclative humidity. They were - -

given fecd (NMF, Oriental Yeast Co.. Lid., Tokyo, Japan) and tap water
ad libitum and studied at 3 months of age. For the teratology study, fe-
males were individually paired overnight with 2 male of similar age. and

the day upon which sperm was found in vaginal smears was designated a8 -

Day 0 of gestation.

Dose-finding study. .
groups of five or six animals each. They were treated by gavage with 2-

Mated (pregnant) rats were assigned to seven
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TABLE 2

Visceral and Skeletal Observations of Fetuses from the Dams Treated Orally with 2-Mercaptobenzimidazole

2-MBI (mg/kg)

0 3.3 10 30 60 60 60
Days of treatment 7-17 7-17 7-17 7-17 7-10 11-14 15-17
Visceral observations?
No. of fetuses examined 148 135 135 140 122 66 107
Incidence of fetuses with malformations (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incidence of fetuses with variations (%) 3.3(5)(5) 3.3(5)(5) 20.5**27)(15) 47.6**(65](18) 8.9{11](6) 15.8[11)4) 44.6[49)(14)
Dilated lateral ventricles (%) 0.0 0.0 0.0 0.0 0.0 12.9(9K2) 0.0
Kinked ureter
Unilateral (%) 2.6[4K4) 2.1[3)(3) 8.6[12)(11) 23.4**[32}(16) 5.’7[7](5) 6.0{4}(3) 24.7[25)(12)
Bilateral (%) 0.0 0.6{13(1) 3.3(4)3) 8.8**[12)(7) 0.0 0.0 6.2[7)(6)
Total (%) 2.6{4](4) 2.6[4)4) 12.0*16}(13) 32.1%{44)(17) 5.717(5) 6.0{4](3) 31.0{32)12)
Dilated renal pelvis
Unilateral (%) 0.7113(1) Q.7(1x ) 9.8[13)(N) 28.9**{381(17) 5.7[71(4) 2.9[21(2) 20.8{23)(12)
Bilateral (%) 0.0 0.6{1%1) 1L712)) 6.5**9(7) L71212) 1L3[IKL 16.8{20)(10)
Tota} (%) 0.7(1(1) 1.312)(2) 11.4[15)(7) 35.4*4[471(17) 7.4[91(5) 4.1[3](3) 37.6[43)(13)
Skeletal observations*
No. of fetuses examined 137 137 142 137 107 62 96
Incidence of fetuses with malformations (%) 0.0 0.0 0.0 | 0.0 0.0 0.0 0.0
Incidence of fetuses with variations (%) 07011 5.8(8)(4) 7.8[11(N 23.8**[33)(12) 19312111 1) 11.8[6)(3) 8.1[7)6)
Cervical ribs :
Unilateral (%) 0.0 0.0 1.3[211) 0.8[13(1) LOf1K) 0.0 0.8[1)1)
Rudimentary lumbar ribs
Unilateral (%) 0.7[1K1) 4.6{6}(4) 4.4[6](4) 13.3**[20}(9) 8.8[9)(8) 2,001 5.0{5)(4)
Bilateral (%) 0.0 L3[2)1 2.2[31(3) 8.9%*[12)7) 4.1{5)4) 4.012K(1) 2.2(1(n
Total (%) 070X 5.8{8}4) 6.6[91(5) 22.2%+32)(11) 12.9[]4](9i 6.0{31(1) 7.3[6)(5)
Lumbar ribs :
Unilateral {%) 0.0 0.0 0.0 0.0 1.7122) 0.0 0.0
Splitting of vertebral bodies :
Lumbar (%) 0.0 0.0 0.0 0.7[1 (1) 1.8{2)(2) 4.2{2)2) 0.0
Thoracic (%) 0.0 0.0 0.0 0.0 1.8[2)(2) - LI[L)(1) 0.0
Degree of ossification’
No. of sternebrae 3.7+£024 3.7+£031 34 +£028* 3.0 £ 0.45%* 32x067 29 +£093 3.2 £D.66
No. of proximal and middle phalanges "
Fore limb 312044 3.1+£0.20 3.0£0.06 3.1 £044 322071 3.2 +£061 3.1 £046
Hind limb 4.0 4.0 £ 0.07 4.0 + 0.04 4.0 +£0.03 4.0x0.15 3.9+0.23 3.9 +0.29
No. of ossification centers of vertebrae .
Thoracic 127 £0.32 127 £0.29 12.4 £ 0.29* 11.9 £0.31* 122 £0.33 120 £0.38 123+ 0,32
Sacral and caudal 6.5 +0.23 6.7 +0.39 6.4 +0.42 5.6 = 0.70%* _ 5.8%093 5.5+ 133 5.5+1.30

“ The litter was used as a statistical unit for cale
® Nos. in brackets represent No. of fetuses with

“ Mean x SD.

ulation of fetal values. thus these values represent means of litter means within each group.
variations, Nos. in parentheses represent No, of mothers that conceived young with variations.

*** Significantly different from control group at p < 0.05 and p < 0.01, respectively, by Dunnett's multiple comparison test.
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' FIG. 1.

'survxved and had eight live fetuses, all of which had ana-

gventncles .
& Teratology study. All dams treated with 0, 3.3, 10, and
30 mg/kg of 2-MBI survived and had live fetuses. It was
Fobvious that 2-MBI was more toxic to dams than to fetuses:
'matemal thymus weight was decreased even at the lowest
‘dose of 3.3 mg/kg, whereas fetal body weights were signifi-
ijcamly decreased only in the litters of dams dosed with 10
‘mg/kg or higher of 2-MBI (Table 1). Visceral variations
consisting of unilateral or bilateral kinked ureter and/or
dilated renal pelvis were noted in 20.5% of fetuses at 10
mg/kg and in 47.6% of the fetuses at 30 mg/kg. Skeletal
variations, unilateral or bilateral rudimentary lumbar ribs,
were observed in 22.2% of the fetuses at 30 mg/kg. The
degree of ossification was significantly reduced in the litters
of dams treated with >10 mg/kg of 2-MBI (Table 2).

. Because of the severe resulting toxicity, 60 mg/kg dose
iould not be administered throughout the period of organo-
enesis (Gestation Days 7-17). Instead, the test animals
vere dosed for shorter periods of time, viz., Gestation Days
-10, 11~14, or 15-17. Even under these dosing condi-
ions, 2-MBI was severely toxic to dams, as evidenced by a
ubstantial decrease in maternal body weight gain and food
onsumption in all three groups (Figs. |C and [ D) and ma-

TERATOLOGY STUDY OF 2-MBI IN RATS

*mca and cleft palate. Th&se fetuses also had dilated lateral-
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3 Body weight gain and food consumption of pregnant rats treated orally with 2-mercaptobenzimidazole. Parentheses represent no. of rats;
4 brackets represent days of treatment. ***Significantly different from control group at p < 0.05 and p < 0.01, respectively, by Dunnett's muitiple

ternal death (5 out of 16 dams) in the group treated on Days
11-14 of gestation (Table 1). Vaginal bleeding was observed
in 10 and 2 dams in the group treated on Days 11-14 and
15-17 of gestation, respectively. All fetuses were resorbed
in the litters of each dam of these two groups.

“Split dosing” with 60 mg/kg of 2-MBI helped us deter-
mine the critical periods for the major anomalies observed
in this study. Following a treatment schedule that covered
the entire period of organogenesis (Gestation Days 7-17),
rudimentary lumbar ribs, kinked ureter, and dilated renal
pelvis were the major anomalies observed in the litters of
dams treated with 10 or 30 mg/kg of 2-MBI (Fig. 2). Only
rudimentary lumbar ribs were observed when the treatment
period (with 60 mg/kg) was shortened to Gestation Days
7-10, while kinked ureter and dilated renal pelvis were ob-
served only following treatment with 60 mg/kg on Days
15-17. Finally, dilated lateral ventricles and cleft palate
were observed only in the litters of dams treated with 60
mg/kg on Days | 1-14; these anomalies were not observed
at lower dosages of the chemical.

DISCUSSION

Under the conditions of the present study, the no-ob-
served-adverse-effect level (NOAEL) of 2-MBI for maternal
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FIG. 2. The incidence of fetuses with major anomalies in relation to
dose and treatment day. (A) Open bar, cleft palate; solid bar, dilated lateral
ventricles. (B} Open bar, kinked ureter; solid bar, dilated renal pelvis. (C)
Open bar, rudimentary lumbar ribs; solid bar, lumbar nibs.

toxicity was considered to be less than 3.3 mg/kg, because
of significant decrease in maternal thymus weights at this
dose, and that for fetal toxicity was determined to be 3.3
mg/kg. ’

Adverse fetal effects were observed only at doses which
were clearly maternotoxic. Treatment with 10 and 30 mg/
kg of 2-MBI resulted in decreased thymus weights, in-
creased thyroid weights, decreased body weight gain, and
decreased food consumption in the treated dams. These
dosages also reduced fetal body weights and increased the
incidence of certain anomalies of the urogenital system and

YAMANO ET AL.

of rudimentary lumbar ribs. It has been shown that super-
numerary lumbar ribs are secondary to maternal sires
(Beyer and Chernoff, 1986) and tend to disappear during
the postnatal period (Marr et al., 1992). Similarly, dilateq
renal pelvis has been claimed to be a reversible finding
(Woo and Hoar, 1972). Palmer (1978) has classified convo-
luted (kinked?) ureter as a normal developmental variabil-
ity and felt that these *“may represent compensatory mecha-
nisms of advantage to the individual in maintaining the
spatial relationships of tissues during growth.” None of the
fetal anomalies in the litters of dams treated with 10 or 30
mg/kg of 2-MBI should be considered to be a major malfor-
mation. In our study, the more serious fetal malformations,
cleft palate and dilatation of the lateral ventricles, were ob-
served only at 60 mg/kg, a dose which was lethal to many of
the treated dams.

Dilatation of the lateral ventricles and cleft palate, noted
by us at 60 mg/kg of 2-MBI, were also reported by Khera
(1973) in his teratology study of ethylene thiourea. How-
ever, a number of other fetal malformations (exencephaly,
hydrocephaly, micrognathia, limb and digital defects, etc.)
noted by Khera were not observed in the present study.
Thus, while 2-MBI and ethylene thiourea may be chemi-
cally similar, the two chemicals produce significantly differ-
ent spectrum of malformations.

The mechanisms of teratogenesis for 2-MBI remains to
be elucidated. However, it is clear that, at least in the rat,
maternal toxicity precedes fetal toxicity and major fetal
malformations are seen only at a dose (60 mg/kg) which is
lethal to many of the treated dams.
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Single Dose Oral Toxicity Test of 1,4-dicyanobenzene in Rats )

i
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£XPO—X, SM-15, ERRILZEIHERD ; HAERBHE
BUK D YNV BEGD) CHEICBRERELZLORE
AL

2. AU 6 L URERY

£ HAGARDCrj:CD(SD) R DSPFT v MiilEYx A&
Fr =R - U—#) L hFIT AN, IHHOBLEE
v, MALZREZRL-BWEZRBRICAW:. 8
X, mEE2343°C, BEESSHI0%, WALE10~15E]F
BIXUBBREN, BICRESRLZNI T VAT AOH
FEXBWT, 7797 v F REBREBRT —JICHS
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THEBICKRE L. .
FECEIM L h TR EH L, AEICDV TBartlett?
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FIRVY UG EBLEORBEIT o2, 28, WEE
EOREBIZOVTIY, fEBRERsH T ¥ HEENICHEL
L7z, ¥72, 70€y MERICX YLD MEFEHTE 2D o
Fotetd, FECHKIRG S BB L ZOLD L HE L7,

2% 5
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7-B1TiE, 122 TR ERI4BICIIREE L R
FCEEL..

4. RIBFHBRE

FECHOMBR TR, WEICHEOQEBERIKANTIZS
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RTF&ICB 2, HPIBEEGICHREDOEEIE, &
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RFEENT. :

HEFERITIE, SRTH B HEO—SBIRE 27500 mgkgb
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Table 1 Mortality and LD, values of rats treated orally with 1,4-dicyanobenzene in the single dose toxicity test
1,4-dicyano- Distribution of dead animals Approximate
benzene LDsg value
Sex (mg/kg) 0 1 2 3 4 5143  Mortlity ¥ (mg/kg)
Male 0 0 0 0 0 0 0 0/5
354 0 0 0 0 0 0 0/5
500 0 0 0 1 0 0 1/5
707 0 0 0 0 0 0 0/5 2000
1000 0 0 0 1 0 0 1/5
1414 0 0 1 0 0 0 1/5
2000 0 0 0 0 2 0 2/5
Female 0 0 0 0 0 0 0 0/5
354 0 0 0 0 0 0 0/5
500 0 0 0 Y 0 0 0/5
707 0 0 0 0 0 0 0/5 2000
1000 0 0 0 0 0 0 0/5
1414 0 0 0 1 0 0 1/5
2000 0 0 1 1 0 0 2/5

a: Day after administration.
b : No. of dead animals / No. of animals dosed.
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