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Abstract—Reproduction, pathology and acute toxicity were studicd in Sherman rats exposed to
the polychlorinated biphenyls Aroclor 1254 and Aroclor 1260. Rats exposed to Aroclor 1254 at
dietary ievels of 20 ppm or more had fewer pups per litter than the controls in-the F,, and F,
generations. The 100 ppm exposure level of Aroclor 1254 increaged mortality in the F,, offspring
and markedly decreased mating performance of the F,, adults. The 500 ppm dictary leve} of Aroc-
lor [260 reduced litter size and decreased survival in the F, litters. Dietary levels of 5 ppm Aroclor
1254 and 100 ppm Aroclor 1260 had no effect on reproduction in rats exposed through two gene-
rations. Liver weights were increased in 21-day-old F; male weanlings at the 1 ppm Jevel of Aroclor
1234'and jin either sex of F, and F, weanlings at 5 ppm or highes levels of both Aroclor 1254 and
1260. Histological changes in the liver and increased liver weights were observed in adult rats
exposed 1o the higher levels, Pregnent rats given Aroclor 1254 at the rate of 100 mg/kg/dzy on
days 7-15 of gestation produced grossly normal litters, but only 30-1% of the pups survived to
weaning. Reproduction and pup survival were not affected at dosage rates of 50 mg. Aroclor
1254/kg/day or 100 tg Aroclor 1260/kg/day. Oral LD, values in 3-4-wk-old male rats were 1295
and 1315 mg/kg for Aroclors 1254 and 1260, respectively. The iv LDy, for Aroclor 1254 jp adult
females was 358 mg/kg.

¥  INTRODUCTION

Reproductive defects due to commercial mixtures of polychlorinated biphenyls (PCBs)
have been reported in experimental birds (Dahlgren, Linder & Carlson, 1972) and mam-
mals (Ringer, Aulerich & Zabik, 1972). Porphyria (Vos & Koeman, 1970), microsomal-
enzyme mduction (Street, Urry, Wagstaff & Blau, 1969) and liver damage (Kimbrough,
Linder & Gaines, 1972; Miller, 1944) have also been reported in experimental animals
exposed to PCB mixtures,

The present investigation was ipitiated in 1970 to study the effects on reproduction and
pathology produced by two American-made PCB mixtures sold under the trade-names
Aroclor 1254® and Aroclor 1260®. Aroclor 1254 contains 54%, (w/w) chloripe and is com-
posed of 11°; tetra-, 49%, penta-, 34% hexa- and 6% heptachlorobiphenyls; Aroclor 1260
has 60% (w/w) chlorine, with a composition of 12 penta-, 389 hexa-, 41% septa-, 8%
octa- and 1°, nonochlorobiphenyls (Thruston, 1971). An almost complete identification
of isomers in Aroclor 1254 and Aroclor 1260 has been obtained (Sissons & Weld, 1971).
Since 1970. the Mopsanto Co., the only US manufacturer of PCBs, has voluntarily reduced
sales of Aroclor mixtures and has taken steps to limit their use to closed systems (Mon-

“séato Co., 1971),

“*4%he present communication is an account of reproduction studies in rats. Also included
are acute toxicity values from preliminary studies apd comments on pathology and haema-
tlogy in animals from the reproduction experiments. A detailed account of the liver path-
ology of the F, rats given 20 ppm and higher dictary levels has been published (Kim-
brough et al. 1972).

*Present address: United States Environmental Protection Agency, Natiopa] Environmental Research Center,
" Research Triangle Park, North Carolina 27711,

®Registered trademark of the Monsagto Company.
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EXPERIMENTAL
Animals and materials. All animals used in the studies were Sherman-strain rats pro-
duced under specific-pathogen-free conditions. Aroclor 1254 (Lot AK-38) and Aroclor
1260 (Lot AK-3) were supplied by Monsanto Industrial Chemicals Company, St. Louis,
Mo.

Experimental design and c;nduct

LD, studies. The single-dose ora} LDjs, was determined for Aroclor 1254 and 1260 in
weanling male rats (34 wk old). The iv LDy, was determined in adult females for Aroclor
1254. Between five and eight groups, each of ten rats, were used to obtain each LD, value.
The procedure described by Gaines (1969) was followed for ora) dosing: Aroclor 1254 or
Aroclor 1260 was dissolved in peanut oil and the solution was admipistered by oral intuba-
tion at the rate of $ ml/kg. For iv dosing, Aroclor 1254 was first dissolved in peanut oil.
Oue part of this solution was added to nine parts of a 1°, lecithin-saline suspension and
homogenized. This formulation was administered in a single injection via the tail vein at
the rate of 5 mi/kg. A control group of five rats received 10% peanut oil in lecithin-saline
in the same volume. Survivors were observed for 10-14 days.

Two-generation reproduction studies. For these studies the rats were fed either untreated

amounts of ground chow. Aroclor 1254 was fed at dietary levels of 0 (control), 1. 5, 20
and 100 ppm, while Aroclor 1260 was fed at levels of 0, S. 20 and 100 ppm. Because expo-
sure schedules had to be staggered, a specific control group was added each time one or
- more treated groups were started on a dietary regimen. The Fo rats were started on the
diets at 3~4 wk of age and the F 1y Fats at weaning. Exposure was continuous through mat-
ing, gestation and lactation until the rats were killed. Ten males and 20 females were fed
at each dictary level in both the Fo and F,, generations The Fo males at each dietary ,
level and half of the females were caged individually. Other F, females and all the Fyy 2
rats were caged in groups except during the reproduction cycle, Body weights were
recorded weekly on F, rats, except during the reproduction phase, and food consumption
- was measured during wk 2 and 5, the week before each mating and the week after weaning
of the F_ litters. F,, rats were weighed when started on the diet, during the week before
mating and at sacrifice.

The F, rats were pair-mated when 3 and 7 months old to produce the F,, and F\, gene-
rations, respectively. Brecding-stock F,, rats were selected at weaning from ajl avajlable
litters and pair-mated whep 3 months old to produce the F,. generation. F,, rats on diet-
ary levels of 0, 20 and 100 ppm Aroclor 1254 were mated a secopd time when 8 months
old to produce the F,, generation. Viability counts of offspring were made at birth, day

weaping of the F,,, generation, for Aroclor 1254, and the F z; generation, for Aroclor 1260, .
haematological values (total leucoeyte count, haematocrit, haemoglobin and differentia] i
leucocyte count) were determiped on ten adult Fy, rats of each sex at the dietary levels
of 0, 20 and 100 ppm. These rats were then killed and weights of the spleen, heart, Jungs,
brain, kidneys, testes and liver were recorded. Tissues were fixed for microscopic study. &
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At lower dietary Jevels, haematology was not done and only the livers were weighed At
dietary levels of 5 ppm or less of both Aroclors, one male and one female weanling from
each of ten litters from each generation were killed at 21 days of age and the livers were

. weighed. F,, weanlings at djetary levels of 0. 20 and 100 ppm Aroclor 1254, and F,, and
F ;. weanlings at levels of 0, 20 and 100 ppm Aroclor 1260 were killed in the same manner
and the livers were fixed for further study.

One-generation reproduction studies. Preliminary studies were conducted on both Aroc-
lors at dietary Jevels of 0, 100 and 500 ppm. The experimental design was the same as that
described for the two-generation studies. except that only ten females were used. This study
was terminated after the F,, offspring had been weaned. Rats fed 500 ppm Aroclor 1254
were bred only once. Haematology values and organ weights were determined and tissues
were exatmined microscopically on the F, rats.

Post-implantation exposure studies. Stock rats 100 days old were pair-mated Insemina-
tion was verified by microscopic inspection of a daily vaginal smear. Counting the day
of insemination as day 0, the females were dosed by oral intubation on days 7-15 of
gestation (a totz] of nine doses) To maintain a constant dose volume on a body-weight
bagis, Aroclor 1254 or 1260 was dissolved in peanut oil at appropriate concentrations and
these formulations were administered at the rate of 5 ml/kg body weight, based on day
7 of pregnancy. Aroclor 1254 was given at dosage levels of 0 (peanut oil only), 10, 50 and
100 mg/kg/day. Aroclor 1260 was given at dosage levels of O and 100 mg/kg/day. The
females were allowed to deliver and the litters were observed through weaning.

Tissue preparation. Tissues were fixed in buffered 4%, formaldeb yde solution and stained
with haematoxylin and eosin for microscopic examination. An Oil Red O stain on fixed
frozen sections was used on occasional livers to demonstrate lipids.

Statistics and calculations

LDy, values were calculated by the method of Litchfield & Wilcoxon (1949). A t test
was used for comparing the litter sizes, organ weights, body weights and haematological
parameters of the treated groups with those of the control groups. Survival percentages
of offspring were compared by the Mann-Whitmey U test as proposed by Weil (1970).
Food consumption values were arrived at by averaging the consumption of both males
and females over the five periods in which food was measured.

RESULTS

LD, studies on Aroclor 1254 and 1260

The single-dose oral LDy, for Aroclor 1254 in weanling male rats was 1295 mg/kg with
957 confidence limits of 1136-1476 mg/kg. The lowest lethal dose tested was 1200 mg/kg,
and 1000 mg/kg produced mild diarrhoea, Signs of toxicity at Jethal levels were diarrhoea,
depression and salivation, with death occurnng in f-3 days,
ot Aroclor 1260, the single-dose oral LD, in weanling males was 1315 mg/kg with
s confidence limits of 1174-1473 mg/kg. The lowest lethal dose tested was 1000 mg/kg,
00 mg/kg produced no signs of toxicity, Rats giver: Jethal doses developed diarrhoea and
depression, with death occurring in -7 days.

- Under the same test conditions the estimated oral LD, for Aroclor 1234 and 1260 in
‘adelt rats was 4-10 g/kg (Kimbrough et al, 1972),
e single-dose iv LDy, for Aroclor 1254 in adult fermnale rats was 358 mg/kg with 95°/
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confidence limits of 328-390 mg/kg. The lowest lethal dose tested was 300 mg/kg: 250
mg/kg produced dyspnoea, depression, diarrhoea and salivation soon after dosing. Most
rats died within 25-110 min, but at the highest dose (400 mg/kg), death occurred as soon
as 5 min after dosing in some animals. Rats that survived appeared normal after 48 hr.
In the control group, which received the formulation vehicle only, one rat developed mild
diarrhoea, L . K

Preliminary one-generation reproduction studies on Aroclor 1254 and 1260

The reproduction summary for the Aroclor 1254 feeding studies is presented in Table
I. Exposure for 67 days (at the time of pair-mating) to 500 ppm Aroclor 1254 (370
mg/kg/day) resulted in fewer litters, smaller litter sizes and 100% mortality by day 3 in
the F,, pups. The survival of offspring of the rats fed 100 ppm (7-2 mg/kg/day) for 67 and
186 days before mating was reduced. only 859 and 68-1%; of the pups surviving to weaning
in the F,, and F,, generatious, respectively. Litter sizes from both matings were smaller,
but the difference was not statistically significant. The mean body weight of the 100 ppm
pups at weaning was 7-8 and 10 g less than that of the controls for the F, . and F, gene-
Tations, respectively. This difference was probably dose-telated, as the treated litters were
smaller, but a statistical evaluation was not done. In general the pups appeared small, but
otherwise were normal at weaning.

Aroclor 1260 fed at a dietary level of 500 ppm (354 mg/kg/day) for 67 and 186 days
prior to mating markedly reduced live-litter size and survival-to-weaning in the F,, and
F 1y, generations (Tabie 2). No effect on reproduction was observed in rats fed 100 ppm

(69 mg/kg/day) in either the F,, or F,, generations.

The F, rats in the one-generation studies were sacrificed after exposure for 8 months.
Organ-weight analysis indicated that the liver was the primary organ affected. As reported
in the previous paper, the livers in male rats receiving either Aroclor 1254 or 1260 at diet-
ary levels of 100 and 500 ppm were heavier than in controls; this was also observed in
females fed Aroclor 1254 at jevels of 100 and S00 ppm or Aroclor 1260 at 500 ppm (Kim-
brough et al. 1972). The testes-to-body weight ratios of F, rats fed Aroclor 1254 or 1260
at the 500 ppm level were greater than those of the controls (P < 0-025). The difference
in actual weight of the testes, however, was not significant. This observation may reflect
the reduced body-weight gain observed in all F, rats fed the 500 ppm level of both Aroc-
lors. No differcnce in other organ weights was found.

After 8 months exposure, terminal haematological values in F, rats indicated a reduc-
tion in haemoglobin and haematocrit (P < 0-005) in both sexes fed 500 ppm Aroclor 1254
or 1260. The haematocrit was reduced in males (P < 0-05) on 100 ppm Aroclor 1260, but
haemoglobin values were normal in this group. The total Jeucocyte count was normal in
rats fed Aroclor 1260, but there was a shift in the differential count. The number of lym-
phocytes was increased in females (P < 0-005) fed 100 and 500 ppm Aroclor 1260 and n
males (P < 0-05) fed 500 ppm. A corresponding decrease (P < 0-05) in polymorphonuclear
leucocytes was observed. Differential values for rats fed Aroclor 1254 were normal, but
an increase (P < 0-:001) in total leucocytes was observed in the 500 ppm females.

T'wo-generation reproduction studies on Aroclor 1254

F, rats fed 100 ppm Aroclor 1254 (7-6 mg/kg/day) for 62 or 188 days before mating pro-
duced smaller litters than the controls in both the F,, and F,, generations (Table 1). Sur-
vival-to-weaning was not affected in the F,, offspring. Only 73-6% of the 100 ppm F,, pups
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Total pups/group

Litter sizesy§ Tt el L Mean
D]'glary Parenial No. of No. of lifters — — === Born {found) Altve at body weight 5
level expasure females - At At T e Survivald at weaning =
Generation (ppm) (days)t mated Borni  Weaned birth weaning  Dead Alive DBay3 Weaning (%) {g} 5
Fi 0 67 10 8 71 106 3 89 86 RS 955 392
1001 67 10 9 8 94 81 6 85 78 73 BS9 4
500 67 0 4 (2) 0 40 — s 8 0 ¢ 0 —
0 62 20 17 17 12-4 11-8 e 21 205 201 953 187
20 62 2 19 ig 187 1+5 3 222 220 219 986 383
100 62 20 12 19 10-7¢ 103 10 204 t99 96 961 329 m
0 67 20 8 18 2 14 2 220 20 20 994 385 5
1 &7 20 16 15 92 91 3 147 145 145 986 423 &
S 67 20 ¥4 17 10-3 108 i 184 [84 183 895 42-1 2
F,, o} 186 o 7 7 11-6 116 1 8! 3] 81 100 379 g
100 186 10 8 6 I8 §0 0 94 4 64 681 ** 279 w
4} 188 20 17 17 123 111 2 209 194 189 904 371 Q
20 88 20 18 18 1o-4* [01 1 188 187 181 96-3 390 —5,
100 188 p. )] 20 19 9-5%* 70 6 189 164 139 736 32 =
¢ 201 20 18 i 123 110 6 222 21t |98 89-2 4a0-7 .5
1 20¢ 20 8 17 1111 98 3 200 194 176 4R-0 /0 3
5 201 20 20 19 [BR 102 2 222 218 203 914 3R9 2
F,, 0 129 20 18 18 12:5 12:2 1] 235 22t 220 97-8 35-5 2.
20 129 20 17 i7 10-6* 10-1 5 181 174 171 945 36-8 g
1060 129 20 742) 4 7-2¢% 56 7 36 29 28 77-8%* 352
)] 125 20 19 19 13-7 11-5 3 223 20 218 97-8 374
1 125 20 15 15 17 1t-5 ¢ 175 174 173 9R-9 372
5 125 19 7 17 121 i17 1 205 199 198 966 357
Fa 0 274 20 17 16 [2-7 11-3 4 216 20¢ 191 384 39
20 24 P 12 12 9-6%* 85 6 1ts 103 102 887 361
100 274 20 4 {(2) 2 3.50¢ 35 7 7 7 7 1000 383

t Conoeptien to mating for the parenis of the F,, and F,, generations.

1 Numbers in parentheses indica te eumbers of lifters in which no live offspring were found.

§ Number of live offspring/live litter born.

f One-generation study,

Values marked with asterisks differ significantly from the conirol value: * P « 005;%*P < 0005,
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survived to weaning, but this was not statistically significant (P = 0:058). Because of the
poor condition of a number of the 100 ppm F,,, pups, all were held for 30-days post-wean-
ing observation, Fifteen of these pups died within 30 days of weaning. The mean body
weights of the 100 ppm F, generation pups from either mating was about 6 g less than
the controls at weaning. This is probably significant, since the treated litters contained
fewer pups. A reduction in litter size was also observed in the F,, generation at 20 ppm
(1-5 mg/kg/day).

F,, rats bred after exposure for 129 or 274 days (conception to mating) to 20 or 100
ppm had smaller litters than the controls (F,, and F,, generations). A marked decrease
in mating performance was observed in the 100 ppm group. in which only seven and four
litters were born in the F, and F,, generations, respectivelv. In each case two litters con-
tained no viable offspring when first observed. The data also suggest a decrease in mating
performance at 20 ppm. at which level only 12 F,, litters were produced. Survival-to-wean-
ing was reduced in the 100 ppm F ,, offspring. All 100 ppm F,, ofispring survived 10 wean-
ing, but this is of litde significance since only seven pups were found alive. No effect on
reproduction was observed in rats fed 5 ppm (0:32 mg/kg/day) or 1 ppm (0-06 mg/kg/day)
through two generations.

Although reproduction was not affected at Jower dietary levels of PCBs, an increase in
Jiver weight in 21-day-old weanlings was found at all levels tested (Table 2). At 5 ppm or
higher, the liver-to-body weight ratios of weanlings wete increased in both sexes in both

Table 2. Mean liver weights of 21 -day-old rats from parents fed Aroclor 1754 or [260

Liver weight

. Males Females
Dietary
level °: of body =5 of body
Aroclot Generation (pprm) g weight g weight
1254 Fi. Q 1-40 3-69 1-38 383
l 1-81* 491~ 1463 391
5 (-92* 434 {-86* 443*
Fiy Q 1-38 369 1-58 384
1 {54 3.94* 1-49 392
5 1:77 4.63* 1-72 4:-75¢
F, 0 1:37 381 128 374
20 2-26% 5-78% 2:23* 6-08*
100 2.63% 6-97* 2:67* 7-10*
Fi 0 1-63 3-78 1:42 363
1 1-49 3-74 1-36 369
5 156 423* 138 409%
260 Fi, 0 1-54 3-66 1-57 92
5 173 4-18* £-70 4397
Fi, 0 1-39 373 1-55 393
20 2-06* S04 214* 518%
100 2-50% 6-33% 2-50% 6-48*
Fiy 0 1+35 359 1-29 370
3 451 10t t-32 407>
F. 0 1-65 3-82 1-64 4-02
20 2:06* 521* 194 506"
100 2:50* 6 12* 249* 6:85+
fF. 0 1-41 385 136 387
S 1-66* 4.21* 1-60* 425%

Values marked with an asterisk differ significantly from the control value: *P < 0-05.
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the F; and F, generations, but at | ppm the liver enlargement was observed only in the
F. and F,, male weanlings. No liver-weight increase was found in either sex of the 1 ppm
F,, weanlings.

In 10-month-old F,, rats, an increase in liver-to-body weight ratios was observed in
both sexes at 100 ppm, but at 20 ppm it was seen only in the males (Table 3). At 5 ppm
or less po increase in liver weight was found in 6-month-old F,, rats or in F, rats exposed
for 10 months. Both sexes of Fo rats fed 20 ppm or more Aroclor 1254 for 8 months had
cnlarged livers (Kimbrough et . 1972). The testes-to-body weight ratios were increased
(P < 0-001) in 100 ppm F,, adult males. Body-weight gains of adults in all the test groups
were comparable to those of the controls except in the Fy, females at 100 ppm, which
gained Jess weight than the controls (Table 3). Reduced haemoglobin (P < 0-005) and hae-
matocrit (P < 0:025) were observed in female F,, adults at 100 ppm. while F,, males at
this level had reduced (P < 0-05) haemoglobin only. Haematological values at Jower levels
were normal. No dose-related signs of toxicity were observed in adult F, or F 1p 2ts fed
100 ppm or Jess,

Two-generation reproduction studv on Aroclor 1260

No effect on reproduction was observed in rats fed Aroclor 1260 at levels of 100. 20 or
5 ppm (7-4, 1-5 and 0-39 mg/kg/day) through two generations (Table 4). The liver-to-body
weight ratios of 21-day-old pups were increased at ali dietary levels (Table 2). This eflect
was observed at the lowest leve] tested (5 ppm) in all generations.

An increase in liver-to-body weight ratios was observed at all dietary Jevels in F,, males
between 5 and 7 months old, but only at 100 ppm in the F,, females (Table 3). After 8
months exposure, an increase in liver weight was observed at 20 and 100 ppm in Fy males
but pot in females (Kimbrough et al. 1972). No effect on liver weight was found in either
sex of Fy rats fed 5 ppm for 8 months. The testes-to-body weight ratios of the 100 ppm
F,, males were increased (P < 0-05); at 20 ppm the increase was not significant. Body-
weight gain in all test groups was comparable to the control groups. Haematological

. values were normal in the 20 ppm Fy adults and in F,, adults at 100 ppm or less. No
. signs of toxicity were observed in any of the test animals.

Post-implaniation exposure studies on Aroclor 1254 and 1260

The data on reproduction and survival of offspring from females dosed during organo-
. Benesis is summatized in Table 5. Nine oral doses of Aroclor 1254 (100 mg/kg/day) given
on days 7-15 of gestation resulted in a decrease in the survival of the pups. At this dose
only 30-1%, of the ofispring of the treated group survived to weaning, compared with 98-2%,
in the contro] group, and the mean body weight of the test pups was 7-1 g less than that
of the controls at weaning. No effect was observed in the groups receiving 50 mg/kg/day
or Jess.
No effect on reproduction or survival was observed with Aroclor 1260 given at a ratc
of 100 mg/kg/day.

ary of pathology after treatment with Aroclor 1254 and 1260 ‘

gert detailed account of the liver pathology in the F, rats fed Aroclor 1254 or 1260 at 20
Bpm or higher dietary Jevels has been published (Kimbrough et al. 1972). O the rats consi-
dered in the current report, similar changes were observed in the liver of adult rats, partjcu-

larly in the F,, gencrations at the higher dietary levels. The incidence of the various
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Table 3. Bedy weight, liver weiyht and fiver pathology of By and £y wcteeiz -1 < o Srzelor ~ - 12680
Liver weight 3
Terinal -~ e e Liver pathology (n0. af livers aficcled)
Diclary  budy %ol Noaf - - e e e
Exposure  lewel weight body livers Enlacged Foamy Fibrous
Generation Sex  (days)  (ppm) (g} g weigh! examined hepatocytes Imclusions  cytoplasm  Pigment steands  Adenofibrosis  Nodnles
Aroclor 1254
Fq M 3j0 0 601 1522 153 10 0 o 0 0 0 0 0
1 602 1588 260 10 0 0 0 0 0 0 0
S 614 1537 2:51 1¢ 0 ¢ 1 2 0 0 0
F 3 i 370 1034 28D 10 0 0 0 1 0 (18 0
| 358 1014 284 1¢ 1 0 0 4 0 0. ) ~
5 362 10-66 294 10 4 I ] 3 0 [3] 1) m
Fi, M 328 0 588 145t 247 10 0 i} 0 0 0 0 0 oy
20 602 t6-11*  2-67¢ 8 8 3 7 1 0 0 0 3
L00 554 1943*  3-54¢ 10 10 5 7 4 2 3- 1 E o
F 328 ] 349 992 2:85 10 0 0 0 Q 0 0 0 ~ o |
20 340 941 2R 7 7 2 5 7 Y 0 3 w »
100 300* 1053 360* 10} 10 2 B 9 3 5 7 o 3
E,, M IR 0 475 1143 2M4 10 0 0 0 0 0 ¢ 0 z T
| 453 1114 24410 0 0 0 ¢ I 0 0 -
5 495 12:19 246 10 2 0 2 [ 1 0 - 0 m
F 1% 0 287 877 287 10 ¢ 0 0 ¢ 0 0 0 a 2
1 294 844 2-86 10 E 1 0 0 4 0 1] hed =
5 299 892 298 0 t 0 0 o i 0 b o .=
Aroclor 1266 g
Fo M 250 0 563 1445 257 10 ] 0 Q 0 0 0 0 §
5 567 1506 265 10 3 0 2 0 0 0 0 &
F 250 0 322 W0 313 10 0 0 ¢ i 0 0 ¢ g
5 331 1080 125 10 1 0 ] o 0 0 0
Fis M 179 0 a72 1268 268 10 0 0 Q 0 0 0 0
20 494 14-72¢%  209* 10 8 5 4 & 0 0 0
{84] 509 1663* 327« 10 ) 1] 3 q 1] 0. |
F 179 [} 297 966 127 1¢ 4] 0 0 8] 0 ¢ 0
20 304 193¢ 340 10 6 0 0 U 0 0 0
to0 306 1114% 30 1@ 9 a I 3 2 1 2
Fip M 217 0 492 1197 243 10 0 ) 0 0 0 0 0
5 505 1316 260% 1D 7 2 2 | 0 0 0 Ry
F 21?7 1) 279 Y3 284 10 0 0 0 Q ] 0 0 (0]
5 W6 340 296 10 2 0 0 0 0 0 o m
f Necrosis in 1two livers 8

Values marked with an aslerisk differ signiticantly from coutrol group: * P < ¢:025.

LS




Table 4. Reproduction and pup survival in groups of ruty fed Aronclor 1260

Tatal pupsfgroup

BT Z0BZ/01/.iD

Litter gizet —_— — Mean
Dietary Parental No. of No. of litters ———~———  Born{found) Alive at body weight .-
level exposure fersales ~— At At — — Survival  a¢weaning '0_0'
Generation {ppm) (days)t mated Born  Weaned  birth weaning  [ead Alive Dayl Weaning (%) (g}
Fia 0% 67 10 9 9 123 122 2 1] 111 110 99 170
100§ 67 i0 8 8 116 116 0 93 93 93 1000 356
500§ 67 8 8 3 g-5¥* 33 10 68 55 26 18-2» 363 2
0 68 20 19 19 117 £1-2 2 223 217 213 955 404 ]
20 68 20 [? 17 11-8 113 o] 20t 193 191 950 39-8 p
100 68 Pl 17 17 166 112 1 197 192 191 97:0 380 o
0 7 20 19 19 17 114 o 222 218 216 973 338 0
b 7 20 18 18 1211 118 t 287 213 212 977 38 ¥z
LI 0§ {86 10 9 8 1241 103 [ 109 96 93 853 409 g
100§ 186 9 5 S Lo 108 (4] 55 54 54 982 362 e
5008 186 B 6 2 67+ 23 1 40 38 14 350 407 ol
0 187 20 (7 17 e 10 6 189 189 187 989 408 5
0 187 2 16 16 119 114 1 191 191 183 958 419 3
100 187 p.)) 13 13 114 10t 5 35 131 131 970 39-2 g‘
0 188 20 17 16 1433 92 10 175 164) 156 891 361 £
5 188 19 16 15 112 106 2 179 17l 170 950 39-3 a3
Fi. Li] [28 20 18 18 109 103 ¢ 197 187 185 939 4033
20 128 20 19 9 il3 11 1 215 213 211 98] 87
100 128 p. ] 20 20 Lol 99 i 201 200 197 980 386
0 127 20 13 13 128 116 1 153 152 k5L 987 348
5 127 20 8 I8 118 L1-6 ¢] 213 212 209 98| 385

t Conception 1o mating for parents of the F,, genecation.

I Numbers of live offspring/live litter bora.

§ One-generation stady.

Values marked with asterisks differ sigaificantly from the control value: *P < 0-025; ** P < 0001,
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Table 5. Reprodurtion and surpisal of pups from dums dosed oraflly with Aroclor 1254 or 1260 on days? [5of pregrancy

d
Total pu ps/group m
. . . T Mean oy
No. of No. of litiers Litter size} Born {found) Alive af body weight Z o
Dose fernales I e— e e e IR — T Survival at weaning a2 |
(mgskgfday) Sreadud Born Weaned Arbinh  Atwesning Dead Alive Day3 Weaning ¥4 ) - A
: s}
Aroclor 1254 , - 3
9 9 9 9 12:3 12-1 0 m 119 109 04-2 179 > T
100 9 7 5 119 36 8 83 64 25 301+# 308 z m
0 L0 10 10 11-9 11-8 0 119 119 113 9%-1 406 by |12
10 B 9 9 12-1 12:0 Q 109 109 108 93] 376 E =
50 10 10 3H] 134 127 0 134 13l 127 94-8 305 » .
Areclor 1260 o
] 12 12 12 120 H-s 4 144 140 138 95-8 339 7~
100 i2 12 11 112 103 10 - 140 135 124 886 339 E
1 No. o live offspringflitter horn, §
The value marked with an asierisk diflers si gnificuntly from the conlrol value; *P < 0001, A
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changes is given in Table 3. Enlargement of the liver cells, involving primarily an increase
of the cytoplasm surrounding the pucleus, was the most consistent finding and was occa-
sionally observed at the 5 and 1 ppm dietary Jevels. Inclusions within the cytoplasm, which
have also been referred to by some authors (Bennett, Drinker & Warren, 1938; Miller,
1944) as hyaline bodies, were observed more frequently in the males than in the females
and were only occasionally noticed at the lower dietary levels. At 5 and | ppm the cyto-
plasm of many liver cells was vacuolated or foamy. According to the studies reported pre-
viously (Kimbrough ez al. 1972). these changes were indicative of lipid accumulation. They
were more pronounced at the higher dietary levels of 20 and 100 ppm. Adenofibrosis,
which was also described in the previous paper, was observed only at the 100 ppm dietary
level.

Two additional findings made in adult F,» rats had not been observed previously in
the F, rats. One was the occasional occutrrence of strands of fibrous tissue which traversed
the liver. In addition, hepatic nodules measuring up to 0-5 cm in diameter were observed
inoceasional livers of F,, adults fed 100 ppm Aroclor 1254 or 1260. In addition, of the seven
livers studied from F,, adults fed 20 ppm Aroclor 1254, three showed one or more hepatic
nodules. The hepatic nodules consisted of enlarged liver cells, which formed well-organjzed
hepatic cords. The cytoplasm of many of these liver cells, which often stained somewhat
lighter than the surrounding liver tissue, contained one ot more inclusions. The nuclei of
the liver cells within the bepatic nodules appeared normal (Fig. 1).

s Apart from the findings in the livers, occasional rats of the control as well as the exposed
groups showed mild-to-moderate chropic pyelonephritis. The incidence in the exposed
group did pot differ from that of the controls. One and two female rats fed 20 and 100
ppm Aroclor 1260, respectively, and two male rats fed 100 ppm Aroclor 1254 showed hy-
perplasia of the thyroid. Hyperplasia of the th yroid was not observed in the controls, but
occasionally it does occur spontaneously in our rats, Whether this low incidence of hyper-
Plasia of the thyroid is related to the consumption of Aroclor cannot be established with
ceriainty from this study, No other morphological changes were obse-ved in any of the
other organs, including the testes,

- The livers of F,, weanlings from the group given the 20 ppm lev ] of Aroclor 1254
showed slight enlargement of the liver cells but no other morphologicai ‘hanges. The livers
of ten F), weanling rats at the 100 ppm level of Aroclor 1254 showed ~iarked enlargement
of the liver cells, which had eitber foamy or vacuolated cytoplasm. A. 20 ppm. the livers
of ten males and ten female F2, weanling rats showed greatly enlarged liver cells, and the
cytoplasm was vacuolated in most instances. Oil Red O stain on o few of these livers
showed that vacuolization was due to lipid accumulation. Similar fi ings were made in
iour male and four femaje F,, weanlings at the 100 ppm leve] of Aro.,or 1254,

The livers of ten male and ten female F 15 weanling offspring from dums fed 20 ppm Aroc-
lor 1260 had normal livers on microscopic examination, while thos. at 100 ppm showed
enlarged and vacuolated hepatocytes. The livers of ten of 20 F 2. weanlings at the 20 ppm
level of Aroclor 1260 and 17 of 19 livers of F,, weanlings at the 100 ppm Jevel showed
enlarged cells and vacuolated cytoplasm.

- At the lower dietary levels of both Aroclor 1254 and 1260 (5 ppm or less), livers of wean-
Rats were only occasionally examined in the different generations. The only micro-
i¢ change observed copsisted of stightly enlarged hepatocytes in some of the

livers.
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DISCUSSION

The results of our studies confirm the capability of some commercial PCB mixtures to .
alter reproductive processes in mammals. Our data are in general agreement with those i
of Keplinger, Fancher & Calandra (1971), who observed effects on mating performance
and/or pup survival in rats fed 100 ppm Aroclor 1242 or 1254, but found no cffect at the
same dietary level of Aroclor 1260. In our study, 20 ppm Aroclor 1254 affected litter size
and probably decreased mating performance in the second mating of the F,, rats. The
trend suggested the possibil..y that even lower jevels might affect reproduction in sub-
sequent generations, but M. L. Keplinger (personal communication 1973) found no effect
through three generations in rats fed 10 ppm Aroclor 1254. Reproductive failure in mink
exposed to PCBs has also ben reported (Ringer et al. 1972). Although actual PCB con-
sumption on a mg/kg basis was not reported, the mink is apparently more sensitive to
PCB exposure than the rat, & ce levels of | and 5 ppw Aroclor 1254 affected reproduction
after only 4 months’ expos 2 In the present study in rats, fewer pups per litter were
observed at dietary levels ot 500 ppm Aroclor 1260 and of 20 ppm or more of Aroclor
1254. Reported litter sizes are based on the pups found, but since it is common for the
dam to eat dead or defectiv- offspring, the reduced litter size probably reflects decreased
fertility and/or increased per natal and foetal mortality. gt

Arocjor 1254 (100 mg/kg  :y) given to pregnant rats during gestation produced no effect #
on the viability or morphol gy of foetuses examined on day 22 of gestation (Villeneuve,
Grant, Khera, Clegg, Baer : Phillips, 1971). In the present study under a similar dosing ’
regimen, dams dosed orally during gestation with Aroclor 1254 (100 mg/kg/day) gave birth .
to litters that were grossly normal, but only 30-1% of the pups survived to weaning. Since .5
PCBs are excreted in milk (Curley, Burse & Grim, 1973; Fries, 1972), it is possible that (?ﬁ |
PCB ingestion via the milk contributed to the increased mortality of pups observed in both 1
the post-implantation and dietary-exposure studies. The milk of rats 11 days after the last '
of nine daily doses of Aroclor 1254 (50 mg/kg/day) contained 66 ppm of PCB-derived
material (Curley er al. 1973). Kimbrough et al. (1972) estimated the oral LD, for Aroclor
1254 and 1260 at 4-10 g/kg in adult rats. From the oral LD, values in weanlings in the
present study (about 1300 mg/kg), it is evident that the Aroclor mixtures tested are con-
siderably more toxic to immature rats than to adults. Although we have no acute toxicity i
data for PCBs in neonates, noc figures on their milk consumption, it is possible that lacteal x
exposure could approach a toxic level in suckling rats at the higher exposure levels, g

In both the dietary and post-implantation studies, direct PCB exposure occurred in ‘
utero, since PCBs have been shown to cross the placenta (Curley et al. 1973; Grant, Vil-
leneuve, McCully & Phillips, 1971). PCBs have been reported in eggs (Peakall, 1971) and
embryonic mortality has been observed in birds treated experimentally with commercial
PCB mixtures (Dahlgren et al, 1972: Peakall, Lincer & Bloom, 1972). Dahigren et al.
(1972) also reported a decrease in survival and a depression of weight gain in 6-wk-old
pheasant chicks from hens treated with Aroclor 1254, In the present studies, sitnilar effects
were observed in young rats at the higher exposure levels of Aroclor 1254. Besides a reduc-
tion in observed litter size, there was additional evidence of late foeta] mortality in the
group given 100 ppm Aroclor 1254, no live offspring being found in four of the F 2 litters. -
Thus jt is apparent that some PCB mixtures affect the embryo in both mammalian and
avian systems, although the mechanism of this effect remains undefined,

Although the suckling rats ate some of the Aroclor-treated diet for 4—5 days before
weaning, it is probable that the observed increase in liver weight in 21-day-old rats was

.
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Fig. 1. Sectiop of ratJiver, showing a hepatic nodule mea: aring 0-2 ¢m in diameter surrounded
by normal liver cells (arrow at margin of hepatic nodu«  i'he hepatocytes within the nodule
are Jarger than those of the surrounding tissue and sta:  less well, Haematoxylin and eosin
X 100,
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due to PCB exposure via the mothers’ milk. Curley et al. (1973) also observed a liver-
weight increase in weanlings from dams dosed only during gestation. When Aroclor 1254
was given during pregnancy to rabbits, maternal liver weight was increased but not foetal
liver weight on day 29 of gestation (Villeneuve er al. 1971), thus eliminating the possibility
that placental transfer of PCB was the cause of the liver-weight increase seen in weanlings.
When adult rats of the F,,, generation were killed after dietary exposure for 5—6 months,
liver weights at the lower dietary levels were comparable to those in the controls except
in males given 5 ppm Aroclor 1260. Presumably once exposurs via the milk ceased, the
livers returned to normal in spite of a continued low dietary intake of PCB. At a dietary
level of 1 ppm Aroclor 1254, only the male weanlings of the F,, and F,, generations had
enlarged livers. The absence of this effect in the F,, weanlings is inconsistent. One explana-
tion could be the credibility of the 1 ppm formulation. Problems inherent in consistently
reproducing a 1 ppm formulation, as well as contamination of the basal diet with PCBs,
are possible sources of error. Over the last 18 months this laboratory has analysed the
basal diet for PCB contamination at 6-wk intervals. Most values have been less than 0-1
ppm, but occasionally values of up to 0-5 ppm have been found. The latter level of cohtam-
ination would introduce a 50% error in a 1 ppm formulation. It is likely that I ppm in
the parental diet is very near a threshold efiect level for the observed liver-weight increase
in weanling rats.

At the Jower dietary levels, adverse effects were not observed in weanling rats, which
exhibited only an increase in liver weight. However, Aroclor 1254 fed to 1-month-old rats
at the 100 ppm dietary level (approximately 79 mg/kg/day) increased cytochrome P-450
and liver weight after 2 days and microsomal protein after 3 days, while a single oral dose
of 10 mg/kg increased cytochrome P-450 after 24 hr (Goldstein, Hickman & Jue, 1973).
- A 50-70% increase in nitroreductase activity was observed with Aroclor 1254 and 1260
fed to rats at a dietary leve] of 0-5 ppm for 4 wk (Litterst, Farber, Baker & Van Loon,
1972), In view of these reportsitis very probable ,iat offspring in the reproduction studies,
even those involving the lowest levels of PCBs, - sere subject to inductive effects.
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L'effet des biphényles potychlorurés sur la reproduction du rat

Résumé—On a étudié la reproduction, la pathologic et les indices d'intonication aigué chez des
rats auxquefs on administrast ['un ou Pautre des biphényles polychlorurés Arocior 1254 et Aroclot
1260. Les rats qui recevaient I‘Aroclor 1254 4 raison de 20 ppm ou plus du régime avaient des
nichées moins nombreuses que les animaux témoins aux geaérations F, et F,. La dose de 100 pprm
d'Aroclor 1254 a fait augmenter {a mortalité dans la Bénération F, et fait nettement diminuer les
performances d"accouplement des adultes de cette génération. Administré & raison de S00 pptn du
régime, I'Aroclor 1260 a fait diminuer I'importance des nichées et le taux de survie des nichées F,.

Des taux de S ppm d’Arocior 1254 et de 100 ppm d'Aroclor [260 sont restés sans effet sur la
reproduction des rats soumis a ces régimes pendant deux générations. Le poids du foie a auvgmenté
chez les miles F, dgés de 21 jours au régime 4 1 ppm d'Aroclor 1254 et chez les méles et femelles
F et F; sevrés des groupes 2 5 ppm ou plus d'Aroclor 1254 ou 1260. Des modifications histologi-
ques du foic et des augmentations du poids de cet organc ont ét¢ observées chez les rats adultes
qui recevaient les plus fortes doses. Des femelles gravides qui avaient recu (00mg d’Aroclor
12547kg de poids vif et par jour du 78me au |5éme Jour de gestation ont mis bas des nichées i
peu prés normales, mais seulement 30,12; de ces jeunes ont survécu au sevrage. La reproduction
et le taux de survie des jeunes n'ont pas 5té influencés par les doses de 50 mg d"Aroclor 1254/kg/jour
et de 100 mg d’Aroclor £260/kg/jour. Les valeurs DL, orales chez les rats méles 3gés de 3-4
semaities ctaient de 1295 me/kg d'Aroclor 1254 et de 1315 mg/kg d'Aroclor 1260. La LDy, intra-
veineuse d'Arocior 1254 était de 358 mg/kg chez les fernelles adultes.






