
TOXICOLOGY AND APPLIED PHARMACOLOGY47, l-14(1979) 

Short-Term Toxicity and Reproduction Studies in Rats with 
Hexachloro-( 1,3)-butadiene 

JOHANNES H. HARLEMAN’ AND WILLEM SEINEN* 

Working Group Pathology-Toxicology, Departments of Pathology and Pharmacology-Toxicology, 
Faculty of Veterinary Sciences, University of Utrecht, Bilstraat 172, Utrecht, The Netherlands 

Received September 28, 1977; accepted July 5, 1978 

Short-Term Toxicity and Reproduction Studies in Rats with Hexachloro-(1,3)-buta- 
diene. HARLEMAN, J. H., AND SEINEN, W. (1979). Toxieol. Appl. Pharmacol. 47, 1-14. 
In rats given daily doses of 0. 0.4, 1.0, 2.5, 6.3, and 15.6 mg of hexachloro-(1,3)-buta- 
diene (HCBD)/kg by gavage for 13 weeks, no effect levels of 1 .O and 2.5 mg/kg were estab- 
lished for females and males, respectively. Inhibition of growth occurred in both sexes at 
the two highest doses and degeneration of proximal renal tubules occurred at doses of 2.5 
and 6.3 mg/kg or more in females and males, respectively. Urine-concentrating ability was 
significantly reduced in females at doses of 2.5 mg/kg or more and in males at 15 mg/kg. 
Relative kidney weights were increased at the two highest doses in both sexes. Increased 
cytoplasmic basophilia of hepatocytes occurred in males at the two highest doses, asso- 
ciated with an increase in liver weight. In females, liver weights were increased only at the 
15.6 mg/kg dose. In other studies, nephrotoxicity was noted after 2 weeks of administra- 
tion of 150 and 450 ppm in the diet, characterized by epithelial hyperplasia of the proximal 
renal tubules. Ataxia associated with demyelination and fragmentation of femoral nerve 
fibers also occurred at a aietary level of 1500 ppm. Except for decreased body weights at 
birth and weaning, no effects on fertility or progeny were found. No porphyrinogenic 
effects were noted. 

Hexachloro-(1,3)-butadiene (HCBD) is a 
widely distributed environmental contami- 
nant; however, information about its toxicity 
is limited. Most of the studies reported to date 
have dealt with acute toxicity (Leeuwangh 
et al., 1975; McConnell et al., 1975; Laska et 
al., 1976; Goldbach et al., 1976). Murzakaev 
(1963) determined the intraventricular LD50 
values of 87, 350, and 90 mg/kg of HCBD in 
mice, rats, and guinea pigs, respectively. 
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61801. 

‘Address correspondence to W. Seinen, Depart- 
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The Netherlands. 

Gradisky et al. (1975) reported LD50 values 
of 80 and 65 (oral) and 105 and 76 (ip) mg/kg 
in mice, whereas in rats, values of 250 and 
270 (oral) and 216 and 175 (ip), for males and 
females, respectively, were reported. Mur- 
zakaev (1967a,b) also reported that sublethal 
doses of HCBD had weak cumulative 
effects. Degenerative changes were found in 
the liver, kidneys, and myocardium, a de- 
crease in serum SH concentration was noted, 
and the animals died with signs of central 
nervous system intoxication. Gradisky et al. 
(1975) found a marked allergic skin reaction 
to HCBD in guinea pigs. In subacute jn- 
halation toxicity studies in rats, Cage (1970) 
found respiratory effects and degeneration of 
proximal renal tubules and adrenal cortex at 
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2 HARLEMAN AND SEINEN 

doses of 250, 100, and 25 ppm. Females were 
more affected than males. 

Poteryaeva (1966) reported the death of 
newborn rats from mothers given a single 
SC dose of 20 mg of HCBD/kg 3 months pre- 
viously. However, in Japanese quail (Cotur- 
nix coturnix japanicu), no effect of HCBD on 
reproduction could be established (Schwetz 
et al., 1974). 

Kociba et al. (1977) recently reported renal 
adenomas and adenocarcinomas in rats given 
doses of 20 mg/kg/day for 2 years; renal 
toxicity was noted at doses of 2 mg/kg or 
more. 

The purpose of this report is to describe the 
results of range-finding, reproduction, and 
subacute (13-week) toxicity experiments with 
HCBD. 

METHODS 

Hexachloro-( 1 ,3)-butadiene3 was thoroughly mixed 
with a commercial ration’ and fed at various levels or 
dissolved in arachid oil and given by gavage as 1 ml 
of oil solution/kg. 

Specific pathogen-free Wistar-derived (Cpb 
WU/WI) rats5 were distributed among groups of six 
or 10 per group in plastic or wire-mesh cages, res- 
pectively, and housed at 23&2”C room temperature, 
approximately 55% relative humidity, and a light 
cycle of 07 : 00-18 : 00. Food and tap water were 
provided ad libitum. 

Range-finding study. Groups of 24 male and female 
weanling rats each were randomly distributed among 
four groups and fed diets containingo, 50,150, and 450 
ppm of HCBD for 2 weeks. Food samples were 
assayed for HCBD by gas chromatography on Days 0, 
7, and 14 (Table 1). 

The rats were weighed on Day 0 and terminally on 
Day 14. Food consumption was recorded during the 
experiment. At necropsy, the liver and kidneys were 
weighed, fixed in neutral buffered 10 % formalin, em- 
bedded in Paraplast,6 sectioned at 5 ym, and stained 

3 Obtained from Fluka, Buchs, Switzerland. 
Purity > 95 %. 

4 Muracon 1, Trouw & Co., Putten, The Nether- 
lands. 

5 Obtained from the Central Institute for Breeding 
of Laboratory Animals, TNO, Zeist, The Nether- 
lands. 

6 Paraplast plus, Sherwood Medical Industries, St. 
Louis, Missouri, U.S.A. 

TABLE 1 

DIETARY CONCENTRATION OF HCBD IMMEDIATELY 
AFTER PREPARATION AND AFTER STORAGE IN CLOSED 

CONTAINERS AT 4°C FOR 1 AND 2 WEEKS 

Dietary level of HCBD (ppm) 

Day of 
analysis 

Initial concentration 

0 50 150 450 

0 0 73 182 447 
7 0 54 175 423 
0 14 55 148 306 

with hematoxylin and eosin. Kidney sections were 
also stained with PAS. 

Reproduction study. Eighteen females and six male 
rats 10 weeks of age were used. The females were 
randomly distributed among three groups and fed 
diets containing 0, 150, or 1500 ppm of HCBD. At 
weekly intervals, new diets were prepared and stored 
in closed containers at 4°C. At the beginning of the 
fourth week, two untreated male rats were placed 
with the females for 3 weeks, after which the females 
were individually housed. Upon parturition, the 
litters were weighed, and the number of pups was 
counted and randomly reduced to eight per litter. 
The number and weight of offspring were recorded on 
Days 10 and 20 after birth. 

At Week 18, the rats were killed by decapitationand 
a necropsy was performed. The weights of heart, liver, 
kidneys, spleen, brain, adrenals, thymus and thyroids 
were recorded. Samples of these organs and lung, 
pancreas, digestive tract (six levels), urinary bladder, 
axillary and mesenteric lymph nodes, trachea, spinal 
cord, and femoral nerve were processed for histo- 
pathological examination. Sections were stained with 
hematoxylin and eosin, and kidney sections were also 
stained with PAS. The femoral nerve was fixed in 
formalin for 48 hr, treated for 30 min with osmium 
tetroxide, and teased in single fibers. The uterus was 
treated with a 10% ammonium sulfate solution in 
water for staining of the implantation sites. 

Examinations for porphyrins were made by gross 
examination under ultraviolet light and by fluores- 
cence microscopy’ of unstained cryostat sections of 
liver and kidneys. 

Srrbacute srudy. Sixty male and 60 female weanling 
rats were randomly distributed among six groups and 
given 0,0.4, 1, 2.5, 6.3, and 15.6 mg of HCBD/kg/day 
by gavage for 18 weeks. Individual body weights and 
food consumption were recorded twice weekly. 

7 Carl Zeiss, Oberkochen, Germany. Exciting 
filters, BG 38/25 and BG 12/4; barrier filters, 53 and 
33; Osram pressure lamp HBO, 200 W. 
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Blood samples were collected after 8 weeks and 
terminally from six animals per group. Of the former, 
hemoglobin, hematocrit, erythrocyte, and total and 
differential leukocyte counts were determined. Of the 
latter, total protein, albumin, a-$-,y-globulin, blood 
urea nitrogen, glutamic-oxaloacetic transaminase 
(GOT), alkaline phosphatase (AP), and y-glutamyl- 
transpeptidase (y-GT) were determined, all by con- 
ventional methods. 

After 10 weeks, urine samples were collected from 
six animals of each group during the 2nd-6th and 
7th-Zlst hour deprivation period of food and water, 
and tests were made for glucose, protein, hemo- 
globin, ketones, and pH. To test the concentration 
ability of the kidneys, the total urine production of 
each rat, as we11 as the osmofarity of individual urine 
samples, were determined with an osmometer.* 

After 13 weeks, the animals wese killed by decapi- 
tation, and a necropsy was performed. The weights of 
heart, liver, kidneys, spleen, brain, adrenals, thymus, 
thyroids, and gonads were recorded. Samples of 
organs listed in the reproduction section above, as well 
as the prostate, skeletal muscle, aorta, Harder’s 
gland, skin, and sternum with bone marrow were 
fixed in formalin. These tissues from the control and 
highest dose groups were processed for histopatho- 
logical examination, along with selected organs of all 
intermediate groups. 

Gross chromatographic residue analyses were per- 
formed on kidney samples from females at all doses 
and on fat and liver samples from females at the 
highest dose. The tissues were homogenized, dried 
with anhydrous sodium sulfate, and extracted with 
acetone. HCBD was partitioned into hexane and deter- 
mined on a Tracer 5509 gas chromatograph equipped 
with a 63Ni electron capture detector. A Pyrex 1.80-m 
column packed with 10% Bentone 34 on Anakrom 
ABS (90/100) was kept at 130°C; N, gas flowrate, 60 
ml/min; injector temperature, 300°C. The recoveries 
of added HCBD were 51.8 o/0 for kidney tissue, 
30.5 % for liver tissue, and 40.1 y0 for fat tissue. 

Sraristics. Data from the range-finding and repro- 
duction study were analyzed for significance of 
differences by Student’s t test (de Jonge, 1960). For the 
13-week data, a one-factor variance analysis test 
according to Scheffe (1967) was applied. 

RESULTS 

Range-Finding Study 

Both male and female rats fed HCBD diets 
for 14 days showed significant inhibition of 
growth which was generally dose-related 

’ Halbmicro osmometer, Knauer & Co., Berlin, 
Germany. 

9 Tracer Inc., Austin, Texas. 

(Table 2). The decrease in weight gain was 
associated with a dose-related decrease in 
food conversion efficiency (gram of growth/ 
gram of food). Although total food con- 
sumed by HCBD-fed animals was decreased, 
when expressed per gram of body weight, 
food consumption was decreased only at the 
highest dose. 

Relative kidney weights (Table 2) were in- 
creased in both males and females at the 
two highest doses. Histopathologic changes 
were found in the kidneys of all animals fed 
HCBD, characterized by degeneration of 
tubular epitheliat cells which occurred in a 
dose-related manner, especially in the straight 
limbs of the proximal tubules located in the 
outer zone of the medulla. No changes were 
found in other organs examined. 

Reproduction Study 

The fertility, number, and weights of litters 
born and raised, and the resorption quotient 
(number of implantation sites per number of 
pups), are given in Table 3. Apparently no 
conception occurred in the 1500-ppm dosage 
group. The animals lost weight progressively 
and displayed weakness of the hind legs and 
unsteady gait. Incoordination developing 
into ataxia without paralysis was seen during 
Week 6. After Week 8, the condition of the 
animals rapidly deteriorated. At the 150-ppm 
dose level, five of six females were fertile, and 
although one animal delivered only three 
pups, the mean litter size of this group was 
comparable to that of the control group. 
However, birth weights of the pups were 
significantly lower than those of controls 
(p <0.05). Growth was retarded, and conse- 
quently, significant differences in body weights 
were found at weaning age. In both the 
control and 150-ppm groups, the resorption 
quotient was low. Grossly observable mal- 
formations were not seen. 

Since conception apparently did not occur 
in the 1500-ppm group, and considering the 
condition of the animals, necropsies were 
performed during Week 10. Grossly, these 
animals displayed large pale kidneys, and 
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6 HARLEMAN AND SEINEN 

histologically, extensive tubular degeneration 
was found. In the liver, slight proliferation of 
bile duct epithelial cells was apparent. 
Teased femoral nerves showed fragmentation 
and demyelinization of single fibers (Fig. l), 
which may explain the motor disturbances 
noted in rats. Brain lesions were not apparent, 
little follicular activity was observed in the 
ovaries, and no implantation sites were 
found in the uterus. 

Animals of the 150-ppm of HCBD and 
control group were killed during Week 18. 
Body weights were significantly lower in the 
150-ppm group (controls, 231+ 24 g; 150- 
ppm group, 196 k 23 g; p < 0.05). Relative 
kidney weights were markedly increased 
(controls, 652 + 62 mg/lOO g body weight; 
150 ppm group, 798 f 55 mg/lOO g body 
weight; p < 0.01). Other organ weights were 
not affected. At the 150-ppm level, histo- 
pathological changes attributed to treatment 
were observed only in the kidney which in- 
cluded hypercellularity of epithelial lining 
cells and hydropic degeneration and necrosis 

of individual cells in the straight limbs of the 
proximal tubules. Porphyria was not ob- 
served. 

Thirteen- Week Study 

Except for a dose-related decrease in body 
weights of animals given 6.3 and 15.6 mg of 
HCBD/kg/day (Fig. 2), general health of the 
rats remained unaffected. At the highest dose, 
weight gain of animals of both sexes was less 
than 60% of the controls (Table 4). At the 
6.3-mg/kg dose, growth retardation was more 
pronounced in females than in males (i.e., 30 
and 13 %, respectively), and was associated 
with a dose-related decrease in food con- 
sumption (Table 4). Food efficiency was also 
reduced in both sexes at the highest dose and 
in females during the first three weeks at the 
6.3-mg/kg dose. 

Clinical Chemistry 

Blood analysis data were similar for all 
groups. 

During a 21-hr deprivation period, females 

FIG. 1. Teased femoral nerve fibers. Osmium- tetroxide. x 250. Note the disintegration of myelin sheaths; 
note fractionated globules of various sizes (arrow A) and normal myelin sheaths (arrow B). 
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a50- males 

300 - 
- mimle 9 Pc0.05 
---- 0.4mgHCBDlkglday *** Pc0.001 

.._......., 6.3 ,, 
- 15.6 ,, 

FIG. 2. Body weights of male and female rats given 0, 0.4, 1, 2.5, 6.3, and 15.6 mg of HCBD/kg/day by oral 
gavage for 12 weeks. 

at the two highest doses produced signifi- 
cantly more urine than did females of the 
control group (Table 5). Urine osmolarity, a 
more sensitive criterion of impaired kidney 
concentration ability, was decreased in both 
sexes at the highest dose. In females, con- 
centration ability was decreased in a dose- 
related fashion from the 2.5-mg/kg level. 
Otherwise, urine analysis data were similar 
for the various groups. 

Organ Weights 

Body weights and relative organ weights 
are given in Table 6. The relative kidney 
weights were dose-related and significantly 
(p <O.OOl) increased in both sexes at the 
6.3- and 15.6-mg/kg doses. At lower doses, 
relative kidney weights were slightly in- 
creased, although not always significantly 
higher than the control values. Relative liver 
weights in the two highest dose groups of the 
male rats were markedly increased p < O.OOl), 
whereas in females a slight increase of relative 
liver weight was found only at the 15.6-mg/kg 
dose (p < 0.05). Relative spleen weights were 
significantly increased in males given 15.6 mg/ 
kg (~~0.05) and in females at the 6.3- 
(~~0.05) and 15.6-mg/kg (p<O.Ol) dose 
levels. Relative brain and testicle weights 
showed an inverse relationship with body 

weight which is known to be a common 
recurrence. Other relative organ weight data 
were similar for the various groups. 

Pathological Changes 

Gross organ changes were not observed at 
necropsy. Microscopically, treatment-related 
pathological changes were noted in the 
kidneys and liver. 

In females at the highest dose, kidney 
changes were observed both in the con- 
voluted and straight limbs of the proximal 
tubules. Epithelial cells of the proximal 
tubules showed large hyperchromatic nuclei. 
Hypercellularity of the epithelial lining was 
the most prominant feature in the straight 
segment of the proximal tubules (Fig. 3). 
In comparison with the controls (Fig. 2), 
these epithelial cells were small, more baso- 
philic, and finely vacuolated, especially at the 
base (Fig. 3). The nuclei were relatively large, 
often hyperchromatic with prominent nucle- 
oli. Focally, necrotic cells were observed, and 
nuclear detritus was found in the lumen (Fig. 
3). The brush border of the epithelial lining 
was somewhat thinner or absent. In two 
animals of this group, calcified casts were 
found in Henle’s loops and collecting 
ductules. Comparable renal changes were 
found in females at the 6.3-mg/kg dose 
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TABLE 5 

TOTAL PRODUCTION AND OSMOLARITY OF RAT 
URINE COLLECTED DURING A 21-~~ PERIOD OF Foot 

AND WATER DEPRIVATION’ 

Dose Urine osmolarity Total urine 
(mg of (mosmol)* production (ml) 
HCBD/ 
kg/day) Females Males Females Males 

0 2100+383 1776+292 4.2kl.l 5.9kl.7 
0.4 1808+435 16972302 4.2k1.6 6.lkl.l 
1 2171+329 1672+ 136 3.2kO.8 5.6kO.7 
2.5 1448+247’ 1891+261 5.8kl.8 5.5zf:l.0 
6.3 1215k169d 1659k231 6.3+0.9c 5.2kO.7 

15.6 1207k300’ 1102+220’ 5.9&1.0’ 6.9k2.9 

’ Mean values + SD; six animals per group. 
* The osmolarity data are given for the 7- and 21-hr 

urine samples, since in this period the osmolarity war 
more reduced by HCBD than in the 2- and 6-hr 
collection periods. 

‘p<O.Ol. 
“p<O.OOl. 
cp<o.05. 

group; however, they were present to a lesser 
degree and restricted to the straight parts of 
the proximal tubules. Increased cellularity 

of epithelial lining cells was also noted. 
These cells stained more basophilic, were 
finely vacuolated, and contained relatively 
large nuclei. However, the brush border was 
mostly unchanged or only focally thinner, 
and only a few necrotic cells were present in 
the lumens. Only minor pathological changes 
were found in females of the 2.5-mg/kg 
group, although epithelial cells of the straight 
parts of the proximal tubules contained en- 
larged hyperchromatic nuclei. 

In males, kidney changes were less pro- 
nounced than in females. At the highest dose, 
the alterations were comparable with females 
at 6.3 mg/kg (Figs. 4 and 5); changes in 
males at 6.3 mg/kg were the same as those in 
females at 2.5 mg/kg. 

Liver changes occurred only in males, 
characterized by increased basophilic, blocky 
granulation, which was most prominent in 
zone I of the liver acinus (Rappaport et al., 
1954), and was found in the highest dose 
group and in two males at 6.3 mg/kg. These 
changes gave rise to a striated lobular pattern 
at low magnification. 

FIG. 3. Kidney. Outer zone of the medulla of a control animal. PAS staining. x 100. 



TA
BL

E 
6 

BO
DY

 
W

EI
G

HT
S 

AN
D 

RE
LA

TI
VE

 
OR

GA
N 

W
EI

G
HT

S 
OF

 
RA

TS
 

GI
VE

N 
HC

BD
 

FO
R 

I3
 

W
EE

KS
 

Do
se

 
Bo

dy
 

hd
kg

/da
y) 

we
igh

t 
(g

) 
Liv

er
 

Re
lat

ive
 

or
ga

n 
we

igh
t 

(m
g 

of
 

or
ga

n/
10

0 
g 

bo
dy

 
we

igh
t) 

Ki
dn

ey
s 

Br
ai

n 
Sp

le
en

 
Go

na
ds

 

M
ale

s 
0 0.

4 1 2.
5 6.
3 

15
.6

 

Fe
m

ale
s 0 0.

4 1 2.
5 6.
3 

15
.6

 

34
5 

f 
30

 
35

4O
k 

21
2 

70
3 

f 
38

 
55

3*
 

43
 

15
3f

32
 

94
9 

rt 
72

 
33

3f
 

16
 

35
65

 
+_

26
7 

75
5f

5g
b 

51
4+

 
35

 
15

6+
_2

3 
94

1+
_9

4 
34

0+
22

 
38

17
*2

10
b 

76
8 

f 
3g

b 
56

9+
 

31
 

15
1f

l3
 

98
4 

17
5 

33
0+

 
16

 
37

31
 

f2
66

 
76

2 
i- 

57
b 

57
5+

 
37

 
17

7,
21

 
97

3 
+ 

80
 

31
02

 
32

b 
38

61
+ 

10
3*

 
80

4 
k 

49
’ 

60
4k

 
65

 
18

3f
44

 
10

63
 

+ 
73

d 
22

5 
f 

26
” 

43
84

 
f 

42
0c

 
92

3 
+ 

44
’ 

80
4+

 
10

2’
 

18
2+

18
b 

13
29

+ 
11

9’
 

20
4+

 
14

 
33

94
 

+_
 29

5 
77

7+
_4

9 
85

9+
 

58
 

17
9+

27
 

65
+2

4 
20

02
 

17
 

34
07

+ 
17

1 
81

9+
49

 
88

Ok
 

66
 

19
7k

23
 

59
+1

1 
19

4+
 

15
 

34
66

k 
18

0 
80

4 
+ 

68
 

90
5+

 
61

 
19

2+
17

 
76

+2
5 

19
4+

 
19

 
33

25
+ 

19
6 

81
31

tr4
9 

88
7+

 
70

 
19

5f
21

 
65

+1
0 

16
3k

 
12

’ 
34

63
 

f 
30

4 
92

7 
+ 

48
’ 

10
43

+ 
73

’ 
20

5 
+-

 2
0’

 
53

*1
3 

15
7+

22
= 

37
62

 
f 

33
0b

 
10

27
 

rf:
 9

0’
 

11
07

+ 
15

5’
 

21
71

29
d 

76
&2

3 

’ 
M

ea
n 

va
lue

s 
*S

D;
 

10
 

an
im

al
s 

pe
r 

gr
ou

p.
 

bP
C0

.0
5.

 
‘p<

O.
OO

l. 
dp

c0
.0

1 



HEXACHLORO-(l,+BUTADIENE TOXICITY 11 

FIG. 4. Kidney. Outer zone of medulla of a female rat given 15.6 mg/kg. PAS staining. x 100. Note 
cellula rity of the straight part of the proximal tubules and swollen, hyperchromatic nuclei (arrow A), I 
cells (a arrow B), and diminished brush borders (arrow C). 

: hy ‘per- 
lea -0tic 

FIG. 5. Kidney. Outer zone of the medulla of a male rat given 15.6 mgjkg. PAS staining. x 100 
swollen 1 hyperchromatic nuclei (arrow A), necrotic cells (arrow B), and the thin or absent brush borders 
C)oft he rectal part of the proximal tubules. 
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TABLE 7 

RESIDUES OF HCBD IN LIVER, ADIPOSE TISSUE, AND 

KIDNEY OF FEMALE RATS GIVEN HCBD FOR 13 
WEEKS’ 

Adipose 
Dose Liver tissue Kidney 

bw&/day) (ppm) hv-4 (m-M 

0 nab na 0.21 kO.11 
0.4 na na 0.34+0.07 
1 na na 0.40+0.05 
2.5 na na 0.79*0.30 
6.3 na na 0.96+0.14 

15.6 0.51 +0.17 100.6k 16.8 2.03+0.58 

’ Mean values + SD. 
b na = not analyzed. 

The results of gas chromatographicanalyses 
are given in Table 7. HCBD did not appear to 
accumulate in the liver or kidneys, although a 
slight accumulation was found in adipose 
tissue. 

DISCUSSION 

In the present study, body weights were 
decreased after only 2 weeks at 150 or 
450 ppm, not all of which could be attri- 
buted to reduced palatability of the diet, 
since growth retardation also occurred in 
animals given 6.3 and 15.6 mg of HCBD/kg 
by gavage. 

The most prominent toxicological feature of 
HCBD was nephrotoxicity. Decreased urine 
concentrating ability was found in females at 
low dosages (2.5 mg/kg) without histologic 
evidence of renal injury. At higher doses, ex- 
tensive tubular degeneration was noted in 
animals of both sexes, especially in the straight 
segments of proximal tubules. Degeneration 
and necrosis of individual epithelial cells 
occurred, along with increased cellularity of 
the epithelial lining. This alteration resembled 
regenerating epithelium, such as that re- 
ported in the proximal tubules 7-10 days 
after a single ip injection of 1.5 mg of 
HgClJkg (Cuppage and Tate, 1967), and is, 
therefore, considered a simple repair process. 

Increased proliferation of tubular epi- 
thelial cells occurred in rat kidneys after a 
single injection of 40 mg of lead acetate/kg, 
but without morphologically discernible cell 
damage (Choie and Richter, 1972a). After 
long-term lead exposure, focal tubular hyper- 
plasia occurs (Choie and Richter, 1972b) 
and renal tumors develop (Boyland et al., 
1962; Van Esch et al., 1962; Van Esch and 
Kroes, 1969). In the case of HCBD, tubular 
hyperplasia seems related to an exuberant 
regenerative activity; however, it probably 
should be considered a preneoplastic change, 
since Kociba et al. (1977) recently reported 
the occurrence of renal adenomas and adeno- 
carcinomas in rats maintained for 2 years 
on diets supplying 20 mg/kg/day of HCBD. 

Kidney lesions were more pronounced in 
females than in males and occurred at doses 
as low as 2.5 and 6.3 mg/kg, respectively. 
Also, the inability to concentrate urine was 
more apparent in females, whereas liver 
changes were more marked in males. At the 
two high doses, liver weights were markedly 
increased in males, whereas in females, the 
liver was slightly enlarged only at the highest 
dose. Morphologically, liver enlargement in 
the males was associated with a flocky 
basophilic granulation of the cytoplasm, 
suggesting an increase of granular endo- 
plasmic reticulum. Evidence for an obvious 
increase of smooth endoplasmic reticulum 
was not observed. 

Since HCBD is readily absorbed from the 
intestinal tract (Gradisky et al., 1975) and 
accumulates only marginally in adipose 
tissue, it should be readily cleared from the 
body. It is probably metabolized to a gluta- 
thione conjugate, although direct evidence is 
lacking. Murzakaev (1967a) found a de- 
creased serum SH-group concentration in 
guinea pigs and rats fed 7 mg/kg for 6 
months. Moreover, the acute toxicity of 
HCBD was 40-60x less in animals simulta- 
neously dosed with 100 mg/kg of unithiol 
(Murzakaev, 1976b). If glutathione conjuga- 
tion is a major pathway of HCBD detoxifica- 
tion, the differences observed may be related to 
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sex differences in glutathione S-transferases as 
described by Kaplowitz et al. (1975) and 
Clifton et al. (1975) in hepatic and kidney cyto- 
sol of rats after treatment with phenobarbital, 
3-methylcholanthene, and 3,4-benzopyrene. 

Neurotoxicity of HCBD was observed only 
at high doses. Animals fed 1500 ppm showed 
incoordination. Microscopically, demyelina- 
tion and fragmentation of femoral nerve 
fibers were observed. In acute experiments, 
Murzakaev (1967a) and Gradisky et al. 
(1975) also noted incoordination and paraly- 
sis. 

Effects on reproduction observed at the 
1500-ppm level are considered an indirect 
effect of HCBD, probably related to the poor 
physical condition of the animals. At 150 
ppm, reproduction was not affected, except 
for a decrease in litter weight. In Japanese 
quail, Schwetz et al. (1974) did not find any 
reproduction disturbancies. These results are 
at variance with those of Poteryaeva (1966) 
who reported death of offspring from 
mothers given a single SC dose of 20 mg/kg. 

The carcinogenicity of HCBD makes this 
generally distributed substance a risky en- 
vironmental contaminant. As HCBD is 
formed during perchloroethylene production, 
industrial exposure will need further con- 
sideration. Research is also needed to deter- 
mine whether HCBD on its own, or its 
metabolites, is responsible for the tissue 
lesions and carcinogenicity as reported for 
other chlorinated aliphatic hydrocarbons 
(Bonse and Henschler, 1976). 

From this study, it is concluded that the 
main toxic action of HCBD in the rat is on 
the kidneys. It also induces hepatic changes 
and neurotoxicity at high levels. No effect 
IeveIs in a 13-week study in rats was 1 mg/kg/ 
day in females and 2.5 mg/kg/day in males. 
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