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Abs(!'IICl-Reproducoon, pathology and acute toxicity were studied in Sherman rats exposed to 
tbe polychlorinated biphenyls. Aroclor 1254 and Aro~:lor 1260. Rats exposed to Arodor 1:254 at 
dietary levels of lO ppm or more: had fewer pups per litter than the controls in· the F 1 b and F 2 
generations. The 100 ppm exposure level of Aroclor 1254 increased mortality in the l"1b offspring 
and markedly decreased mating performance of the F1b adults. The 500 ppm dietary level of Aroc
lor I 260 reduced litter size and decrea~d survival in lhe F1 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 iJJcrt::ased in 21-d.ay-old F 1 male wcanlings at the I ppm J~vel of Aroclor 
1254·aod in either sex of }"1 and F 2 weanlings at 5 ppm o< higher levels of both Aroclor 1254 and 
1260. Histological changes in the liver and increased liver weights we<C observed in adult n~.ts 
ex.posed to the higher levels. Pregnant nus given Aroclor 1254 at the rate of 100 mg/kg/day 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 rate~ of 50 mg. Aroclor 
1254/kgiday or 100 mg Aroclor 1260/kg/day. Oral LD50 values in 3--4-wk-old ro.ale rats were l.295 
and !315 mg/kg for Aroclon 1254 and 1260, respectively. The iv LD$0 for Aroclor 1254 in adult 
females was 358 mgjkg. 

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), nricrosomal
enzyme induction (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 initiated in 1970 to study the effects on reproduction and 
pathology produced by two Ameril:an-made PCB mixtures sold under the trade-names 
Aroclor 1254® and Aroclor 126()®. Aroclor 1254 contains 54~~~ {w/w) chlorine and is corn
posed of 11 ~·~tetra·. 49~~ penta-, 34% hexa- and 6% heptachlorobiphenyls; Aroclor 1260 
has 60n·~ (w:w) chlorine, with a composition of 12% penta-, 38~; hexa-. 41% septa-, 8~~ 
octa- and 1°0 nonochlorobiphenyls (Thruston, 1971 ). An almost complete identification 
of isomers in Aroclor 1254 and Aroclor 1260 has been obtained (Sissons & Welti, 1971). 
Since 1970. the Monsanto Co., the only US manufacturer ofPCBs, has voluntarily reduced 
sales of Aroclor mixtures and has taken steps to linrit their use to closed systems (Mon
:Stlnto Co., 1971~ 
'~:~~present communication is an account of reproduction studies in rats. Also included 
are acute toxicity values from preliminary studies and comments on pathology and haema· 
tology in animals from the reproduction experiments. A detailed account of the liver path· 
ology of the F0 rats given 20 ppm and higher dietary levels has been published (Kim
brough et al. 1972). 
*Present address: United States Environmental Protection Agency, National Enviroomental Research Center, · :·Research Ttiangle Park, Nortl'l Carolina 27711. 
eResjsteted trademark of the Monsanto 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 conduct 
LD50 studies. The single-dose oral LD 50 was determined for Aroclor 1254 and 1260 in weanling male rats (3-4 wk old). The iv LD50 was determined in adult females for Aroclor 1254. Between five and eight groups, each often rats, were used to obtain each LD~o value. The procedure described by Gaines (1969) was followed for oral dosing: Aroclor 1254 or Arodor 1260 was dissolved in peanut oil and the solution was adm}nistered by oral intubation at the rate of 5 ml/k.g. For iv dosing, Aroclor !254 was first dissolved in peanut oil. One part of this solution was added to nine parts of a 1° u kcithin-salin~ suspension and homogenized. This formulation was administered in a single injection via the tail vein at the rate of 5 ml/kg. A control group of five rats received lO?Io peanut oil in lecithin-saline in the same volume. Survivors were observed for 10-14 days. Two-gl!neracion reproduction studies. For these studies the rats were fed either untreated ground laboratory chow (control) or ground chow fortified with Aroclor 1254 or Aroclor 1260. The Aroclors were dissolved in ether and mixed with cornstarch. The ether was allowed to evaporate and the Aroclor-1;omstarch mixture was mixed into increasing amounts of ground chow. Aroclor 1254 was fed at dietary levels of 0 (control), L 5, 20 and 100 ppm, while Aroc1or 1260 was fed at levels ofO, 5. 20 and 100 ppm. Because exposure schedules had to be staggered, a specific control group was added each tirne one or more treated groups were started on a dietary regimen. The F0 rats were started on the diets atJ-4 wk of age and the F 1b rats at weaning. Exposure was continuous through mating, gestation and lactation until the rats were killed. Ten males and 20 females were fed at each dietary level in both the F0 and F111 generations. The F0 males at each dietary level and half of the females were caged individually. Othel" F 0 females and all the F 1 b rats were caged in groups e~cept during the reproduction cycle. Body weights were recorded weekly on F0 ~:ats, 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~o litters. F 1 b rats were weighed when started on the diet, during the week before mating and at sacrifice. 

The F0 rats were pair-mated when 3 and 7 months old to produce the F 1• and F 1b generations, tespectively. Breeding-stock F1b rats were selected at weaning from a11 available litters and pair-mated when 3 months old to produce the F22 generation. ftb rats on dietary levels of 0, 20 and 100 ppm Aroclor 1254 were mated a second time when 8 months old to produce the F 2b generation. Viability counts of offspring were made at birth, day 3, day 7 and day 21 (weaning~ Litters were inspected daily for condition and the presence of dead pups. After the F1b offspring had been weaned. ten adult F 0 rats of each sex were killed and their livers were weighed and til(ed for histological examination. Following rhe weaning of the F 2b generation, for Aroclol" 1254, and the F2 ... generation, for Aroclor 1260,. haernatological values (total leucocyte count, haematocrit, haemoglobin and differential leucocyte count) were determined on ten adult F1b 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. lungs. brain, kidneys, testes and liver were recorded. Tissues were fixed for microscopic study. 
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At lower dietary levels, 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 hom 
each of ten litters from each generation were killed at 21 days of age and the livers were 
weighed. F 28 weanlings at dietary levels ofO. 20 and 100 ppm Aroclor 1254. and F 1b and 
F 2a weanlingsat levels ofO, 20 and JOO 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 levels ofO, !00 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 Fib offspring had been weaned. Rats fed 500 ppm Aroclor 1254 
were bred only once. Haematology values and organ weights were determined and tissues 
were examined microscopically on the F0 rats. 

Post-implantation exposure studr:es. 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 total of nine doses~ To maintain a constant dose volume on a body-weight 
ba$is, 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 mgjkg/day. Aroclor 1260 was given at dosage levels of 0 and 100 mg/kg/day. The 
females were allowed to deliver and the litte~:s were observed through weaning. 

Tissue p1·eparation. Tissues were fixed in buffered 4% formaldehyde solution and stained 
with haemato;,;;ylin and eosin for microscopic examination. An Oil Red 0 stain on fixed 
frozen sections was used on occasional livers to demonstrate lipids. 

Statistics and ,a/cu.lazions 
LD$0 values were calculated by the method of Litchfield & Wilcoxon (1949). A c 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~ Whitney U test as proposed by Wei! (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 

LD50 studies on Aroclor 1254 and I 260 
The single-dose oral LD~ 0 for Aroclor 1254 in weanling male rats was 1295 mg,ikg with 

95% confidence lixmts 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 lethal levels were diarrhoea, 
d.epre.ssion and salivation, with death occw-ring in 1-3 days . 

.... ,,.,.,". 1260, the single-dose oral LD50 in weanling males was 1315 mg,/kg with 
R'cX>n'lide:n<;e limits of-1174-1473 mg/kg. Th~ lowest lethal dose tt:sted was 1000 mg/kg, 

mg/kg produced no signs of toJ~:icity. Rats given lethal doses developed diarrhoea and 
depression. with death occurring in 1-7 days . 
.. Under the same test conditions the estimated oral LD50 for Aroclor 1254 and 1260 in 

rats was 4-10 g(kg (Kimbrough et al. 1972). 
single-dose iv LD,0 for Aroclor 1254 in adult female rats was 358 mg/".g with 950.~ 
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confidence limits of 328-390 mgjkg. The lowest lethal dose tested was 300 mglkg; 250 
mgjkg 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 gro.up, which received the formulation vehicle only, one rat developed mild 
diarrhoea. 

Preliminary one-generation reproduction studies on Aroclor 1254 and 1260 
The reproduction summary for the Aroclor 1254 feeding studies is presented in Table 

1. Exposure for 67 days (at the time of pair-mating) to 500 ppm Aroclor 1254 (37·0 
mgjkg/day) resulted in fewer litters, smaller litter sizes and 100% mortality by day 3 in 
the F~a pups. The survival of offspring of the rats fed 100 ppm (7·2 mgjkgjday) for 67 and 
186 days before mating was reduced. only 85·9 and 68·1 ~~of the pups surviving to weaning 
in the F~a and Flb generations, respectively. Litter sizes from both matings were smaller, 
but the difference was not statistically significant. The mean body weight of t.~e 100 ppm 
pups at weaning was 7·8 and 10 g less than that of the controls for the Ft. and F 1b gene
rations, respectively. This difference was probably dose-related, 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 (35·4 mgjkgjday) for 67 and 186 days 
prior to mating markedly reduced live~litter size and survival-to-weaning in the F~a and 
F 1b generations (Table 2). No effect on reproduction was observed in rats fed 100 ppm 
(6·9 mg/kgjday) in either the F h or F lb generations. 

The F 0 rats in the one-generation studies were sacrificed after exposure for 8 months. 
Organ-weight analysis indicated that the liver was the primary or:gan affected. As reported 
in the previous paper, the livers in male rats l,'eceiving either Aroclor l254 or 1260 at diet
ary levels of 100 and 500 ppm were heavier: than in controls; th.is was also observed in 
females fed Aroclor 1254 at levels of 100 and 500 ppm or Aroclor 1260 at 500 ppm (Kim
brough et al. 1972). The testes-to-body weight ratios ofF 0 rats fed Arodor 1254 or 1260 
at the 500 ppm level were greater than those of the controls (P < Q-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 0 rats fed the 500 ppm level of both Aroc
lors. No difference in other organ weights was found 

After 8 months exposure, terminal haematological values in F 0 rats indicated a reduc
tion in haemoglobin and haematocrit (P < (}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 value.s wer:e normal in this group. The total leucocyte count was normal in 
rats fed Arodor 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 in 
males (P < 0·05) fed 500 ppm. A corresponding decrease (P < (}05) in polymorphonuclear 
leucocytes was observed. Differential values for rats fed Aroclor 1254 were normal, but 
an inc;rease (P < 0·00 1) in total leucocytes was observed in the 500 ppm females. 

Two-generation reproduction studies on Aroclor 1254 
F 0 rats fed 100 ppm Aroclor 1254 (7·6 mg/kg/day) for 62 Ol' 188 days before ma tiog pro

duced smaller litters than the controb in both the F 1• and F tb generations (Table 1). Sur
vival~to-weaning was not affected in the F la offspring. Only 73·6% of the 100 ppm F 1 ll pups 
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Tabk I. R f'producrirm and fl'IIP .vur:viool in .rvoups of rats fod A roc/or 1 Z 54 

Total pupil/group Liller size.sji --- - ----- --- - --. -·~ -- . ·-Dielary Parental No. of No. of liHerg --~-·-- ----- llorn (found) Alive at lel'd e~posure females ·-- At At --·-·---- . ·~ .. - - .. Geoeratio11 (ppm) (<lays}t ma[ed Bornt Weaned birtft weaning Dead Alive DayJ Weaning 
F~o ou fJ7 I{} 8 7 11-1 W·6 3 !!f,J 86 &5 1000 67 10 9 8 9·4 8·1 6 85 78 73 soon 67 lO 4 (2J 0 4-(}• - 5 8 {) {} 0 62 2{} 17 17 12-4 11-8 0 211 205 2{}1 20 62 20 19 19 11·7 11·5 3 222 220 219 100 62 20 J9 19 10·7• JO·J lQ 2()4 199 196 0 67 20 18 18 ll·2 IH 2 202 200 200 J 67 10 16 1.5 9·2 9·1 3 J47 145 145 5 67 20 17 17 10·8 108 I I84 184 18] Fa oy I86 L(} 7 7 ll-6 ll-6 1 8l Sl 8 I 10011 186 10 8 6 JL·8 8-o 0 94 74 64 0 188 20 17 17 IB IJ-1 2 2{)9 194 189 :ro 188 20 l8 18 !(}4* f0·1 1 188 187 181 JOO 188 20 :ro 19 ~5 .. 7·0 6 18'9 IM IJ9 (} 201 20 18 18 JH 1 1·0 ti 222 211 198 1 201 20 !8 17 11·1 9·8 J 200 194 I 76 s 2{}] 20 2{) 19 fl-1 1()-2 2 222 211! 20J F2, 0 129 20 18 lll 12·5 12·2 Q 225 221 220 20 129 20 17 f7 10·6· lO·I 5 181 174 17l lOO I29 20 7{2) 4 7·2·· 5·6 7 36 29 28 0 125 2i} 19 19 11·7 11·5 3 223 22il 218 1 125 20 15 15 I 1·7 lt·5 0 175 174 173 5 125 19 17 n 12-1 11·7 1 205 199 l98 F2., 0 274 20 l1 16 [2·7 ll·3 4 216 201 191 20 274 2iJ 12 12 9·6·· 8·5 {i 115 103 102 100 274 20 4 {2) 2 l5'* ]5 7 7 7 7 t Conception to mating for the par eo ts of the F 2• and F 2 b generations. t Numbers in parentheiiCS indicate numbers or litters in which no live (}ffspring were foUIId. ~ Number of Ji Ye (}ffilpring/li ve li Iter born. 

~ One-generattorl study. 
Values marked with. uterisks differ significantly from tbe contro[ va.lLJe: ~ P < (}{}5; •• P < 0·005. 
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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 1 b pups, all were held for 30-da ys post-wean
ing observation. Fifteen of these pups died within 30 days of weaning. The mean body 
weights of the !00 ppm F 1 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 Htter size was also observed in the F 1b generation at 20 ppm 
(1·5 mgfkgjday~ 

F t 11 rats bred after exposure for 129 or 274 days (conception to mating) to 20 o< 100 
ppm had smaller litters than the controls (F la and F 2 b generations). A marked decrease 
in mating performance was observed in the 100 ppm group. in which only seven and four 
litters wen: born in the: F23 and F2b generations, respectively. 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 1h litters were produced. Survival-to-wean
ing was reduced in the 100 ppm F zu offspring. All l 00 ppm F Zb otispl'ing :>urvi ved to wean
ing, but this is of little 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 m.g/kglday) 
through two generations. 

Although reproduction was not affected at lower dietary levels of PCBs, an increase in 
liver 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 were increased in both seJ~:es in both 

Table 1. M~lll! liver weights of21.-dv.y-uld rat.~ from parel'lts fed Arodm· I J54 or 1260 

Liver weight 

Males Females 
Pic tau -----

level ·~ ot body ·-~of l:>ody 
Aroclor Generation (ppm) g weight g weight 

1254 fz. 0 1-40 3·69 1·38 3-83 
1 1·81* 4{)1* 1·63 3-91 
5 1·92* 4-34* 1·86* 4'43" 

f1~ 0 1·58 3-69 1·58 3·84 
I !·54 3,94* 1·49 3-9;:! 
5 1·77 4·63* 1,72 4·75• 

F2, 0 1·37 3-81 1·28 3-74 
20 2·26* 5·18* 2-23* 6·os• 
100 2·63* 6·97* 2-67* 7·to• 

F"• 0 1·63 3-78 1·42 3·63 
1 1·49 3·74 1·36 3-69 
~ 1·56 4·23* 1·38 4·09* 

1260 fi, 0 1·54 3-66 !·57 H~ 
5 I 73 4·18* 1·70 4·39• 

fl~ 0 1·59 3-73 1·55 3-93 
20 2·06* 5·04* 2·14* 5-18* 
100 .2·59* 6·33 • 1·59* 6·48* 

fib 0 1·35 3,59 1·29 3·70 
5 I 5~ 4·01~ t·""'• .l·O'• 

fc. 0 1·65 3-82 1·64 4·02 
20 2·06* 5·21* 1'94 5'06• 
100 2·50* 6·t2* 2-49* 6·85• 

f.!:l 0 1·41 3-85 1-36 3-87 
5 1·66* 4·21* !·60* 4·15* 

Values marked with an asterisk diller significantly ftolll the control valoe: • P <. G-05. 
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the F 1 and F 2 generations, but at 1 ppm the liver enlargement was observed only in the F hand F 1 b male weanlings. No liver~weigh t increase was found in either sex of the 1 ppm f 2a weanlings. 
In lO~month-old Flb 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 no increase in liver weight was found in 6-month-old F 1 brats or in F 0 rats exposed for I 0 months. Both sexes of F 0 rats fed 20 ppm or more Aroclor 1254 for 8 months had enlarged livers (Kimbrough t·t ul. 1972). The testes-to-body weight ratios were increased (P <: 0·001) in 100 ppm F, b adult males. Body-weight gains of adults in all the test groups were comparable to those of the controls except in the Fib females at 100 ppm, which gained less weight than the controls (Table 3). Reduced haemoglobin (P <: 0·005) and haematocrit IP < 0·0251 were observed in female F 1b adults at 100 ppm. while F1b males at this level had reduced (P < 0·05) haemoglobin only. Haematological values at lower levels were normal. No dose-related signs of tox:icity were observed in adult F 0 or F1 brats fed 100 ppm or Jess. 

Two~generation reproduction study 011 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-d.ay.old pups were increased at all dietary levels (Table 2). This effect was observed at the lowest level tested (5 ppm) in all generations. 
An increase in liver-to-body weight ratios was observed at all dietary levels in F 1b males between 5 and 7 months old, but only at JOO ppm in the Fib females (Table 3). After 8 months exposure. an increase in liver weight was observed at 20 and 100 ppm in F 0 males but not in females (Kimbrough et al. 1972). No effect on liver weight was found in either sex ofF 0 rats fed 5 ppm for 8 months. The testesAto-body weight ratios of the 100 ppm F 1b males were increased (P < 0·05); at 20 ppm the increase was not significant. Bodyweight gain in all test groups was comparable to the control groups. Haematological values were normal in the 20 ppm F 0 adults and in F 1b adults at 100 ppm or less. No signs of toxicity were observed in any of the test animals. 

Post-implantation exposure studies on Aroclor 1254 and 1260 
The data on reproduction and survival of offspring from females dosed during organogenesis is summarized in Table 5. Nine oral doses of Aroclor 1254 (100 :mg/kgjday) 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 ot!'spring of the treated group survived to weaning, compared with 98· 2~~ in the control 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 less. 
No effect on reproduction or survival was observed with Aroclor 1260 given at a rate of 100 mg/kgiday. 

~m,....,,., of pathology after tr~atment with Aroclor 1254 a'ld 1260 ... . 
· ~iJed account of the liver pathology in the F 0 rats fed Aroclor 1254 or 1260 at 20 or higher dietary levels has been published (Kimbrough et al. l972). Of the rats considered in the current report, similar changes were observed in the liver of adult rats, particularly in the F 1 b generations at the higher dietary levels. The incidence of the various 
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Table 3. Bod_y wdyl;r, li~'to·r wei~Jht uPJd Iiiler pashologp "J Fa and f1 ~ udUil -• ·.•• .. _.\r.-.,cJm . [ ]!\0 

Liver wei.gl\1 
..., 
0 

Terminal . -·-~ Liver pathology (no. of livers allectl:d) 
D1elary budy ~~~of No. of - -- -··- --- -- ·-·- ·- -- ... - ········---- . --·-·--·. -· .. - -- ----· 

··--~---

E~pusuro: level weight body livers Enlarged Foamy Fibrous 
C.Jenerdtion Se~ [days} (ppm) (g} g weigh l examined hepa toe ytes Inclusions cytoplasm Pigment strands Aden{Jfib.msis Nodules 

Aroclor 1254 
Fo M 3l0 () 601 15·22 2-5] w 0 {} 0 0 0 0 0 

l 602 1 S·88 2·60 10 0 0 0 0 {) () 0 
5 6l4 15·37 2·.51 10 0 {} I 2 0 0 0 

F JIJ Q 370 10-34 2·80 10 0 (J 0 1 0 0 0 
I 358 10·14 2·84 10 I Q 0 4 0 0 Q ?II 
s 362 10·66 H4 10 4 I 0 3 0 0 Q ;.r1 

Flb M )28 Q 588 14·51 2-47 10 0 0 0 !) 0 0 0 t"' 
20 602 [6·11· 2-67• 8 8 J 7 I () 0 0 z 
lOO 554 194J• 3-54• 10 10 5 7 4 2 3· 1 ~ F 328 0 349 9·92 2-85 10 0 0 (} 0 {} 0 () :-l 20 340 9-41 2·78 1 7 2 5 7 j} 0 3 l:ll 100 JOO• [().53 3-6!}'0 lOt 10 2 8 9 3 s 7 Cl 

Flb M 190 0 475 lH3 B4 10 (I 0 0 0 0 (} (} ;)> 

I 453 lH4 2·44 10 0 0 0 (} I 0 0 '2! 
el j 495 12·19 2-46 10 2 0 2 0 1 0 0 I» F 190 0 287 8·27 2-87 JO {} 0 0 (} 0 0 0 =-~ 

1 294 8·44 2·&6 lO I 1 0 () 4 0 0 ?II 
5 299 8·92 2·98 lO ! 0 0 (} 1 0 0 ~ 

Arodor 12.60 ~ 

Fo M 250 (} 56) 14·45 2·57 10 1 () 0 l) 0 0 (} 5 
" 5 567 15{)6 2·65 10 3 {) 2 0 0 0 0 0 e F 250 () 322 10·09 3·13 10 0 Q {) 0 0 () {} 0 
:c 5 331 10·!10 )·25 1{} 1 0 0 (J 0 () 0 

F;b M 179 0 472 12·68 2·6& 10 0 0 0 0 0 {) 0 20 494 14·72· 1-9'}" 1{} 8 5 4 i) 0 0 0 100 509 lti·6J• 1-27" ](I HJ [() J (j 0 0 I F 179 Q 297 1}-66 J-27 1(} 0 0 0 (J () (} 0 20 304 10·30 )·40 10 6 0 0 !J I} 0 0 tOO 304 ll·14• )·70" 10 9 0 J ') 2 1 2 F,b M 2l7 {} 492 11·97 NJ w 0 0 0 (] 0 0 0 5 .50.5 13·16 H>O" [{} 1 2 2 I 0 0 0 F 2l7 L} 279 7-YJ Nl4 10 () 0 () () {) 0 0 5 21!6 8·49 1·96 10 2 0 0 () () 0 (} 

t N<X:rosis in 1 wo livers. 
V~lues marked with an. asterisk differ significantly from control group: • P < (}025. 
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Table 4_ Reprod~Jctwn and (1Up .<UrPival in groupsofrul.vfed Arrn:-lor /160 

Total rups{group 
Litter sizef -·-·--------~------··--·-Dietary Parental No. of No. of litters Born (found) Alive at level ellposure females At At -----~ --··----Genelll tio11 (ppm) (days)t mated Born Weaned birth weaning Dead Alive Day] Weaning 

f,. 0§ 67 10 g 9 12-:l 12-2 2 Ill 111 ll() 100§ 67 10 8 H ll·fi ll·6 {} 93 93 9} 500§ 67 8 8 :1 8·S•~ B I(} 68 55 26 0 68 20 19 19 11·7 fl·2 2 223 211 2D 2{J 68 2(} [7 17 ll-8 lH 0 201 [9] 191 100 68 20 17 17 11'6 11·2 1 ISH 192 J9J 0 71 20 19 19 117 11·4 0 222 218 216 5 71 20 18 18 l2·1 11·8 I 217 213 212 Ffb 0§ !86 10 9 8 12-l l0·3 [ 109 96 93 100§ 186 9 5 s 11·0 10·8 0 55 54 54 500§ 186 8 6 2 6·7~• 2-3 I 40 38 14 0 187 2() 17 17 IH JHI 6 189 189 187 2{J 187 2{} 16 16 11·9 LJ-4 1 19! 191 183 100 187 2{} 13 n 1!}-4 HH 5 135 1}1 lJl 0 18R 20 17 Hi JO.J 9-2 10 175 160 !56 5 !88 19 16 IS 1 1·2 HJ-6 2 179 171 170 f,, 0 !2B 20 18 18 10·9 10·3 I 197 IX7 185 21} 12B 20 19 l9 11·3 ll·t I 215 21] 2ll 100 128 w 20 2(} [()-[ 9·9 J 201 200 197 Q 117 20 L3 13 IHl ll-6 1 153 152 15! 5 127 20 18 IR IH\ L 1-6 () 21J 212 209 
t CQnceptitln to mating for parents of the F1• generatio:m . .t Numbers of live offspTing,()ive litter born. 
§One-generation study. 
Va[ues marked with asterisks dilfer significantly from the control value:,. P < (}025; "* P < 0·001. 

Mean 
body weight 

Survival at weaning 
(,J (g} 

99·1 :n-<~ 
100·0 35-6 
18·2~ 36·3 
95·5 40·9 
95·0 39-8 
97·0 38·0 
97-3 33-8 
97-7 38·5 
liB 40·9 
98·2 36·2 
JS·O 4(}7 
98·9 4~8 
9H 41·0 
97-{} ]9·2 
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T~ble S. Reprodaw!itm und sun•i~~al r>fpr.rp~frorn dnms doled orafl;• wirh A.rodor 1254 "' !260 em day,, 7 15 of prey11ancJ' 

Tolal pups/group 
-------------No. of ND. ofliHers Li tteuizct &rn{found) Alil•e at Dose female,; __ .. 

-----· --- . ----- . ------- --·- --~-----·------ --··- ·---- . ·- ·- -··· Survival (mg{kg{day) U'l:ah.:J Born Weaned At oirlb At weMning Dead Alive Day] Weaning fi~) 

Arodor 1154 Q 9 9 9 12-J 12-! 0 Ill 110 109 911·2 100 9 7 5 11·9 J·6 8 R~ 64 25 30·1* 0 lO 10 10 Ll-9 Jl-& 0 Jl9 119 LJ& 9'1-1 10 9 9 9 12·1 12·0 0 109 109 11}8 99·1 50 ]() Hl !0 13-4 12·7 0 134 l3L 127 94·8 
Arodor 1100 0 12 12 J 2 12·0 11·5 4 144 [qQ 13& 95·8 100 12 ll lL 11·7 1{)-3 10 140 135 124 !!ll-6 

t No. of live olfspringflitter hom. 
Th~ value mar k<ld wi tb an !lslerisk differ-!; significantly from lbe co11Lrol value: "P <: 0·00 1. 
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changes is given in Table 3. Enlargement of the liver cells, involving primarily an increase of the cytoplasm surrounding the nucleus, was the most consistent finding and was occasionally observed at the 5 and 1 ppm dietary levels. 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 I ppm the cyto· plasm of many liver cells was vacuolated or foamy. According to the studies reported previously (Kimbrough et 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 Flb rats had not been observed previously in the F 0 rats. ()ne was the occa.sional occurrence of strands of fibrous tissue which traversed the liver. In addition, hepatic nodules measuring up to 0·5 em in diameter were observed in occasional livers ofF1b adults fed lOOppm Aroclor 1254 or 1260. In addition, of the seven livers studied from F 1b adults fed 20 ppm Aroclor 1254, three showed one or more hepatic nodules. The hepatic nodules consisted of enlarged liver cells, which formed well-organized hepatic cords. The cyt~lasm of many of these liver cells, which often stained somewhat lighter than the surrounding liver tissue, contained one or more inclusions. The nuclei of the liver cells within the hepatic nodules appeared normal (Fig. 1) . 

.; Apart from the findings in the livers, occasional rats of the control a~. well as the exposed groups showed mild-to-moderate chronic pyelonephritis. The incidence in the exposed group did not 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 hyperplasia of the thyroid. Hyperplasia of the thyroid was not observed in the controls, but oocasionally it does occur spontaneously in our .rats. Whether this low incidence of hyperplasia of the thyroid is related to the consumption of Aroclor cannot be established with certainty from this study. No other morphological changes were obs<~ved in any of the other organs, including the testes. 
· The livers of F 1 1> weanlings from the group given the 20 pprn le1 ;I of Aroclor 1254 !!bowed slight enlargement of the liver cells but no other morphologica; ·I"Janges. The livers often F1b weanling rats at tbe 100 ppm level of Aroclor J 254 showed ,. ~arked enlargement of the liver cells, which had either foamy or vacuolated cytoplasm. A, 20 ppm. the livers of ten males and ten female F 2• weanling rats showed greatly enlarged liver cells, and the c)'toplasm was·vacuolated in most instances. Oil Red 0 stain on <! few of these livers showed that vacuolization was due to lipid accumulation. Similar fi1 11n~s were made in four male and four female F~. weanlings at the lOO ppm level of Aror. ,~,•r 1254. The livers often male and ten female F1b weanling offspring from dams fed 20 ppm ArocIor 1260 bad normal livers on microscopic examination, while thos'- at 100 ppm showed enlarged and vacuolated hepatocytes. The livers of ten of 20 F 2,. We<~nlings at the 20 ppm level of Aroclor 1260 and 17 of 19 livers ofF~. weanlings at the 100 pp.m level showed enlarged cells and vacuolated cytoplasm. 

t· :~ ·:. ··:·;: 

.·~~{A~·~:~· 

At. the lower dietary levels of both Aroclor 12S4 and 1260 (5 ppm or less). livers of wean.· . $ts were only occasionally examinod in the different generations. The only micro-. change observed consisted of slightly enlarged hepatocytes in some of the 
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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 
of Keplinger, Fancher & Calandra (1971), who observed effects on mating performance 
and/or pup survival in ra~ fed 100 ppm Aroelor 124.2 or 1254, but found no e&ct at the 
same dietary level of Aroclor 1260. ln our study, 20 ppm Aroclor 1254 atfected litter size 
and probably decreased mating performance in the second mating of the F1b rats. The 
trend suggested the possibi.l.. y that even lower levels 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 be ·n reported (Ringer era!. 1972). Although actual PCB con
sumption on a mgjkg basis was not reported, the mink is apparently more sensitive to 
PCB ex.posure than the rat,~; ce levels of I and 5 ppm Aroclor 1254 affected ('eproduction 
after only 4 rnonths' expo~" :. 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 defet:tiv,... offspring, the reduced litter size probably reflects decreased 
fertility and/or increased per natal and foetal mortality. 

Aroclor 12.54 (100 mgtkg, :•.y) given to pregnant rats during gestation produced no effect 
on the viability or morpho! gy of foetuses examined on day 22 of gestation (Villeneuve, 
Grant, Khera, Oegg, Baer : Phillips, 1971~ In the present study under a similar dosing 
regimen, dams dosed orally Juring gestation with Aroclor 1254(100 mgjkgjday) gave birth 
to litters that were grossly normal, but only 30·1% of the pups survived to weaning. Since 
PCBs are excreted in milk (Curley, Burse & Grim, 1973; Fries, 1972~ it is possible that 
PCB ingestion via the milk contributed to the increased mortality of pups observed in both 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/da.y) contained 66 ppm of PCB-derived 
material (Curley eta/. 1973). Kimbrough et al. (1972) estimated the oral LD,0 for Aroclor 
1254 and 1260 at 4-10 g/kg in adult rats. From the oral LDso values in weanlings in the 
present study (about 1300 mg/kg), it is evident that the Aroclot mixtures tested are con
siderably more toxic to immature rats than to adults. Although we have no acute toxicity 
data for PCBs in neonates, nor figures on their milk consumption, it is possible that lacteal 
exposure could approach a to;~~:ic level in suckling rats at the higher eAposure levels. 

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 ai. 1972; Peakall, Lincer & Bloom, 1972). Dahlgren et ai. 
(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, similar 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 foetal mortality in the 
group given 100 ppm Aroclor 1254, no live offspring being found in four of the Fl litters. 
Thus )t is apparent that sornc 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 tha.t the observed increase in liver weight in 21-day·old rats was 
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Fig. 1. Section of rat Jiver,showingahepa.tic nodule mea~ ,Jring0·2 em in diamt:tcr surrounded 
by normal liver cells (arrow at margin of hepatic nodu" fhe hepatocytes within the nodule 
are larger than those of the surrounding tissue and sta! Jess 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 wcanlings from dams dosed only during gestation. When Aroclor 1254 
was given during pregnancy to rabbits, maternal liver weight was increa$ed but not foetal 
liver weight <;'ll day 29 of gestation (Villeneuve er al. 1971 ), thus eliminating the possibility 
that placental transfer ofPC.B was the cause of the liver-weight increase seen in weanlings. 
When adult rats of the F 1 b generation were killed after dietary e~posure for 5--() 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 e11:posure 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 F1o and Flb generations had 
enlarged livers. The absence of this effect in the :F 2 , 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 sou:rce5 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 <H 
ppm, but occasionally values of up to 0·5 ppm have been found. The latter level of cohtam· 
ination would introduce a 50"/o error in a 1 ppm formulation. It is likely that 1 ppm in 
the paren~l diet is very near a threshold effect level for the observed liver-weight increase 
in weanling rats. 

At the lower dietary levels, adverse effects were not observed in weanling rat5, which 
exhibited only an increase in liver weight. However, Aroclor 1254 fed to 1-month-old rats 
at the 100 ppm dietary level (approximately 7·9 mg/kg/d.ay) 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 inc~eased cytochrome P-450 after 24 hr (Goldstein, Hickman & Jue, 1973). 
A 5Q-70% increase in nitroreductase activity was observed with Aroclor 1254 and 1260 
fed to rats at a dietary level of 0·5 ppm for 4 \vk (Litterst, Farber, Baker & Van Loon, 
1972). In view of these reports it is very probable ,;at offspring in the reproduction studies, 
even those involving the lowest levels of PClJs, · .'ere subject to inductive effects. 

Ackllowledgernents--We wish to thank M{.lt L. Moore: for .. ssistance with the animal tests, Mrs. Estelle C. Gray 
for statistical analysis and Mrs. Linda W, Anderson and r.: . Annie R. Alford for preparation of tissues. 
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L'elfet des biphenyle:5 polychlotures sur Ia reproduction du rat 
Resume--On a etudit! Ia reproduction, Ia pathologic et le~ indices d'imoxication aiguc chez des rats auxqui!]S on administrait l'un ou !'autre des biphenyles polychlorures Aroclor 1254 ct A.roclor 1260. Les rats qui rccevaient I'Aroclor 1254 a raison de 20ppm ou plus du regime avaient des ni~hees mains nombrcuses que les animaux temoins aux generations F lb et F~- La dOSe de 100 ppm d'Aroclor l254 a fait augmentc:r la mortalite dans la generation f lb et fait nettement diminuer les performaiJces d'accoupJement des adultc:s de cettc generation. Admlnistre a raison de 500 ppm du regime. l'Aroclor 1260 a fait diminuer l'importance des nichees et le tau~ de survie des nich~es F 1• Des tau_, de 5 ppm d' A roc! or 1254 et de I 00 ppm d'Aroclor ! 260 sont restes sans effet 'ur !a reproduction des rats soumis aces regimes pendant deux gC:ner~tions. Le poids du foie a liUg:mcntc chez les m~Jes F 1 ages de 21 jours au regime a I ppm d'A.rodor !254 et chez les males et femelles F, et F • sevres des groupes a 5 ppm ou plus d'Aroc:lor 1 ZS4 ou 1200. Des moditkations histologi· ques du foie et des augmentations du poids de cet organe ont ete observees chez les rats adultes qui recevaient (es plus fortes doses. Des fcmc:lles gravides qui avaient r~u IOOmg d'Aroclor ! :!~4/kg de poids vif et par jt)\lf du 7hte au I semc: jour de ge~tation ()Ut mis bas des nichees ;i pc:u pres normales. mais seulemc:nt 30,1 ~--~ de ces jeuncs one survecu au sevrage. La reproduction et Ie tau" de survie desjeunes n'ont pas ,)te influences par les doses de 50 mg d'Aroc\or 1254/kg/jour et de !00 mg d'Aroclor 1260/kg;jour. Les valeurs DL,0 or.ales chez les rats males ages de J--4 sem.aines etaient de 1295 mg/lcg d'Arodor 1254 et de !3!5 mg/kg d'Aroclor 1260. 1-a LD,0 intraveineuse d'A.roc!or 1254 eta it de 358 mg)kg chez les femelles adultcs. 

t . 

' . . 

--~ 

• I ... 




