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Abstract---Reproduction. pathology and acut<: toxicll~ wen.: studt..:d in Sherman rats exposed to 
the polychlorinated biphenyls. Aroclor 1254 md Aroclor 1260. Rats exposed to Aroclor 1254 at 
dietary kvds of 20 ppm or more had fewer pups per litter than the controls in the F 1 o and F: 
generatwns. The 100 ppm exposure level of Aroclor 1254 increased mortality in the F1h otfspring 
and markedly decreaseu mating performance ·)f the F 1 b adults. The 500 ppm dietary level of A roc­
lor 1260 reduced litter size and decreased survival in the F 1 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-da:r-old F 1 male wcanlings at the 1 ppm level of A roc! or 
1254 and in eithc::r sex ofF 1 and F" weanling~. at 5 ppm or highc::r levels of both Aroclor 1254 and 
1 ::nO. Hi'itologJcal changes in the liver and mcreased liver \\~1ghts v.cre ohsc::neu rn adult rats 
opos~d to the htghcr kvds. Pn:gnant rats gtven Amclor 1254 at the rat~ of 100 mg,kg day on 
days 7- I 5 of gc::sta tion produced grossly nor mal lllters. but only 30·1·' n of the pups survived to 
weaning. Reproductton and pup survival w!re not affected at dosage rates of 50 mg. Arodor 
1254!kgiday or 100 mg Aroclor I ~60ikg, day. Oral LD 50 values in 3 -4-wk-old male rats were 1295 
and 1315 mg;kg for Aroclors 1254 and 1260. respectively. The iv LD 50 for Aroclor 1254 in adult 
females was 358 mg, kg. 

INTR ::>DUCTION 

Reproductive defects due to commercid mixtures of polychlorinated biphenyls (PCBs) 
kt \e been reported in experimental birds (Dahlgren. Linder & Carlson. 1972) and mam~ 
nub !Ringer. Aulerich & Zabik. 1972). Porphyria (Vos & Koeman. 1970). microsomal~ 
L"nz~me induction (Street Urry. Wagstaf & Blat!. 1969) and liver damage (Kimbrough. 
Linder & Gaines. 1972; Miller. 1944) have also been reported in experimental animals 
~,.·,rosed to PCB mixtures. 

The present investigation was initiated in !970 to study the effects on reproduction and 
:•.ttlwlogy produced by two American-made PCB mixtures sold under the trade-names 
-\roclor 1254® and Aroclor l26Q®. Aroclor 1254 contains 54'\ (w;w) chlorine and is com­
rosed of 11°·~ tetra-. 49°·;, penta-. 34~ 0 he,.a- and 6~{> heptachlorobiphenyls; Aroclor 1260 
has 60° 0 (w'w) chlorine, with a composi::ion of 12'\ pcnta-. 38°~ hexa-, 41~~ septa-. 8° 0 

octa- and 1 ~~ nonochlorobiphenyls (Thruston. 1971 ). An almost complete identification 
nf isomers in Aroclor 1254 and Aroclor 260 has been obtained (Sissons & Welti. 1971}. 
Since 1970. the Monsanto Co .. the only U:5 manufacturer of PCBs, has voluntarily reduced 
...;tics of Aroclor mixtures and has taken ;;teps to limit their use to closed systems (Mon­
-...mto Co., 1971). 

The present communication is an accoLnt of reproduction studies in rats. Also included 
ar~ acute toxicity values from preliminary studies and comments on pathology and haema­
tlllt)g~ in animals from the reproduction el(periments. A detailed account of the liver path­
''lu~n ,,f the F0 rats given 20 ppm and 1igher dietary levels has been published (Kim­
hrouc:. 1 al. 1972). 
• p, : l,_ .. r · ·• 1 ,-., • 
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Animals and nwtaiul\. All animals used i:1 the studies were Sherman-strain r~t h prt'­
duced under specitic-pathogen-rrec conditions. Arnclnr 1254 tto"fAK:.JS) "Ji1d ,~r~,-Jl,r 
126() tlot AK-3) were ~upplicd by Monsanto Industrial Chemicals Comp~in~. St. Ll•llh. 

Mo. 

Experi111cntul dni~;n and conduct 

lilY~~] The S!..!JUk-do::ie L'ral LD~" \\as detcrmmcJ for .\wclor 125~ and 126il in 

~~li~g .. r.t~~~k~~~-~:.~-' ~ ~~__0~). The iv LD~ 0 was lktcr~~ks ~~.\t'l 
12>-f. Between .. ti_\~ari"i.'R!ght groups. ~~cre u:;cd tl' t)htam caa11:D,, ~.~tlu~..·. 
~rroce(TLI~-c Lksc-rih~d h;. Gaines t jl.)(S<r)-~':~~T11TZ1\,~C"lr!0ror~tl Lh,mg: Art,clt'r t ~5-+ l'r 

A roc lor 12 6() 1.\ as di~~?~"-e~t !Q_pe.an ut_<,_ily_n_c!_tl},£ soiL_It_I_OI}_~~l s_ aq mil) I stcr(·d h\ l'l'd u~~~-t~b;t­
tion at the rate of) !11Lkg. For iv dosing. Aroclor 125-+ 1.1.as hrst JissolvcJ 111 J'l..'-lllllt l•il 
o~~__l?_~i!..~L0~J_:; __ ~oluu_gn-~as ackkQ. .!2 _!:!i~e._ pans 2L~ kc_~_rhin -~Sli~~i~J; .. ~nd 
~~zed. This formulation was administered in a singk injection vta the t.1il \Cin at 
the rate of):"_!::_lj_J_g. A control group of five rats re~ive~!_Q~mut oil in lecithin-salme 
in the same volume. Survivors \vere obscrvecl for 10-14 da\s. · 

Tli'o-oener(ufon reprodU<:ti~;·:~u~die.~: For.the~~-~tl~~ rats \\ere f~d either untrc<ttcJ 
gro_y,lJ.d-labor.i!JQI.Y-~_bSJ~~ (control) or ground chow fortified ~.ith .. AJQ.S:lQLJ:!J.:L.Qr ,~.rqdor 
1260. The Aroclors were""'diSSOl. ved in. ether and mix~d ~"ith cornstarch. The ether \Vas 
aHoW:ed to evaporate and the Aroclor--cornstarch mixture was mixed into increasing 
amounts of ground chow. Aroclor 1)54 wa~ fed at .di.~t~r..LJ~v~l~ Qf.QJc.o.n.troJJ ... L .. 5. 20 
af!~_lQQ_.Qp.m. while~()clor 1260 was f.ed at levds_ 9_f 0. 5. 20 <~nd I 00 ppm. Becaus~ expt1"\ 
sure -;cheduks had to be staggered:- a specitic con trof -groL!~) ,,~its-·a-llikJ each time l)lle lH. 

more treated groups were started on a diewry regimen. Tbe fo rats wen.:._s...tiHl~d on _the 
die._!~ at 3:~~;;t_Q_<!_g1e F 1 b rats at weaning. Exposure was continuous through mat­
ing. gestation and lactation ~re killed. Ten males and 20 fef!}aks were fed 

' ----- .,~~ _, -··-~--

at each dietary level in both the F0 and F 1b generations:llii.l4.J1l<Jlt:~-~~L~a_ch. dietary 
le\el and half of the females were caged individually. Other Fl) females and all the F 1 h 

rats wer~. caged in groups except during the reproduction C)cle. Bod~--wcights \\ere 
recorded weekly on F0 rats. except during t~e reproduction phase. and food consumption 
was measurd du..ring-~2-a.nd 5. the week before each mating and the week after \\caning 
of the F 1, litters. F 1b rats were weighed when started on the diet. during the \\Cek befnre 
mating and at sacrifice. 

The f 0 rats were pair- rna ted when 3 and 7 months old to produce the F 1.. and F 1 h gene­
rations. respectively. Breeding-stock F 1 h rats were selected at weaning from all available 
litters and pair-mated when 3 months old tc produce the F2_, generation. F10 rats on diet­
ary l~vels of 0. 20 and 1 ()() ppm Aroclor 12:54 were mated a second time \Vhen ~ months 
old to produce the F 2b generation. Viabilit:1 counts o_( Q[SQt,iQg_~ere made at f?irth. day 
3, qa_y} and day 21 (weaning). Litters were-lnsp~cfe"d.daily for condition a£1_d ~h~ presence 
o-f dead pups. After lbe F1b offspri~g had bet~n weaned, ten adult F 0 rats of each sex were 
kilredand their fivers were weighed and fixed for histologica_!examination. Following the 
weaning of the F Zb generation. for Aroclor 1254, and the F :!a generation, for Aroclor 1260. 
haematological 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 l ()() 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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\t Iowa Ji~tar~ ll'\ds. hacmatology \\.as not done and onh the livers were v.ci!!hcd. At 
di.:tan level-. of 5 ppm or less of both Aroclors. one nak a~d one female weanlin~r fmm 
~-; 1 ch ,~f ten litters from each generation were kilkd at 21 days of age and the liver~-; \\ere 
,, ,·ighcd. F 2,, wean lings at dietary levels of 0. 20 and I 00 rrm .'\roclor 125-L and F 1 hand 
f · "e~tnling:s at levels of 0. 20 and !00 ppm Aroclor 12()0 v.erc kilk·d in the same manner 
.r n ~~ the li \ c rs were fixed ft)r further stud:-. 

()n,·-</L'Ilerarion reproduction .\tlulie>i. Preliminary stt dies were conducted on both Aroc­
,r,;~t dietary kvds ofO. 100 and 500 rrm. The experimental design \\aS the same as th~lt 

"--rrh:d f,n thc t\\o-gcneration studies. ~-c_:_l_l!JJw.tonll.t~.~1Jl:m~ll_~~::~~r-~ L,tscd This -.,tud) 
, , tl't mma ted after the F 1 h offsrring had been weaned. Rat-., fed 500 ppm A roc! or 12.:"-l­

• ,· i· -:d ,,n!y once. Haem~ltL)Iogy values and l1rgan \'cighh \h'rc dctcrmmcd and tis:-;u'-'s 
_: .. · ~·\Jl111Ih:J microscoprc<~ll:> on the F11 rats. 
1'·"1-iili'f'id!l[(/fion l'\)JOSlii'L' \llldies. Stock rats j()(} d.t:'i old \\CJ"(' rair-mat~?d. lnscnmu­

: •'!l ''"s \Crificd by micros~.:opic inspecti"cm o(,i daih vagmal silie~tr.Counting the da: 
,q IIh:mination as day 0. the femaks wer~.dosed bv oral intubation on da1s 7-15 of 
·'l·,ution ~a total of nine doses). To maintain a constant dose volume on a·b~d\-\v:e"iiiht 
~-''I'- -\roclor L~54 or 1260-w~{s dissolved in peanut oil at appropriate concentrations ~;nd 
1;1,>L' ft1rmulations were administered at the rate of 5 ml kg body weight. based on da: 
7 ,,f rrcgnancy. Aroclor 1.254 was given at dosage !eves of 0 (peanut oil onl: l. 10. 50 and 
-.~~ rlh! k2: dav. Aroclor 1260 was given at dosage Je,·els of 0 and !(X) mg k!! dav. The 
. _._.I - .... "-'-' ~ 

:,·:11.!lcs v;ere allowed to deliver and the litters were observed through weaning. 
fi ''II~' fll"t'/)£/ration. Tissues were fixed in buffered 4" o formaldehyde solution and stained 

,, 1th hJematoxylin and eosin for microscopic cxamin<ttion. An Oil Red 0 stain on fixed 
. 1-.:11 ~cctions \\as used on occasionalli\t:rs to demor strate lipids. 

\:.i!!.,fics ond calcularions 

LD~u.-Yalues.~ere calculated by the method of Litchfield~ Wilcoxon ( 1949). A t test 
\1,1,---,!~ed for comparing the litter sizes, organ weights. body weights and h~lcrnatoiOg!C-~il 
p.tr}metets o_f the treated groups with those of the co.ntrorgroi.Ips. Survival percenrages 
, •! ;m·.,rri~g were compared by tfie Mann-·Whitney L test ~~--EfO..P<?_sed by Wei! ( !97tll. 
f , ,,,·J(t.m2~~~ption vafues Were arrived at by a~ erilgirlg' th.e CO!]_S_Lif1.1f:!tl"9!i]l[})oth maks 
_:·~JTC!ii"a.ks o~·erthe n\·e-periods in which food \\as mt:asi.ircd.- -

RESL"LTS 

!.!> 'tudin 011 .~roc/or 1254 and I 2n0 

Th~· slngle-doo;eoral LD~n for Awclor 1254 in weanling male rats was f~95--;;illwith 
1 .~ (,1ntidcnce limits9LUJ&::T~76 ing,k~. The lowest lethal dose tested was 1.200 mg kg . 
."u1J 1000 'mg. kg prod~ced mild diarrhoea. Signs of toxicity at lethal levels were diarrhoea. 
,krre_ssion and salivation, with death occurring in l-3 days. . ..... ._ 

~''r Aroclor 1260, the single-dose oral LD 50 in weanling males wasU315 _mg~!S) with 
,~ . Lvntidence limits of 1174--1473 mg/kg. The lowest lethal dose ksted was 1000 mg,kg. 
'' ~ 1 mg kg produced no signs of toxicity. Rats given lethal doses developed diarrhoea and 
~.;'rl·,..;ilm. with death occurring in 1-7 days. 

l nJer the same test conditions the estimated oral l 0 50 for Aroclor 1254 and 12()0 in 
"lult rats wa~' +-: lO g,ikg:( Kimbrough etal. 197'!). . ./ 

fh.: single-dose-·iv LD 50 for Aroclor 1254 in adult female rats was jss mg1 kg with 95_'~ 
\# .. ~~··"----... ----·---..-....--

.,..,.. _____ ·-----~- ·------- .... 



cont1denct: limits of .12:-< 390 mg kg. Th.: lowest lethal dose tt>kd was .~00 mg kg: 250 
mg kg prnduced J;.spnuca. dcpress1on. diarrhtlt:a and sali\:lti(\11 sonn after d~..lsing \1o...,t 
rats died \\ithin 25 llO min. hut at the highest dose (400 mg kgl. death occurred as ..;oon 
as 5 min after dosing in snme animals. Rats that survived appeared normal after 4:-; hr. 
In the control gruup. which received the formulation vehicle on!:.. one rat developed mild 
diarrhoea. 

Pr,·luninurr Olll'-(/t'l1l'nl1ion I'L'fll'oducrion :;tudin <)/J -troclor I :5..J und I :6u 

fhe reproductitltl SLI111111ar;. r\)r the .\I \Kior !254 feeding studies i~ prc..;cnteJ in Table 
I. [\posure fnr h- da:.s !at the trme d parr-mallngl to 501i ppm ArdL·l,•r 1:::~4 1.~- 1 1 

mg kg dayl resulkd in l't.:\\Cr litters. sm~llkr l1tll'r SI?Cs and !IHI'',, mnrtalit~ hy d~~~ ' in 
the F 1,, pups. The ~urvival of otf-;pnng 1lf the rah fed !00 ppm,- 2 mg kg da;.) f,)r f>" and 
1 D6 days before mating was reduced. only X5·9 and 6X·1 ')"of the pups surviving to w caning 
in the F 1 • and F1 h generations. respectiv~ly. Litter sizes from both matings were smaller. 
but the diflcrence was not statistically si.§ niticant. The mean body weight of the I on ppm 
pups at weaning was 7·8 and 10 g less than that of the controls for the F 1a and F 1h gene­
rations. respectively. This difference wa~ ::1robably 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 1.260 fed at a dietary level of 500 ppm (35-4 mg, kg day) for 67 and 186 days 
prior to mating markedly reduced live-litter size and survival-to-weaning in the F 1a and 
F 1 h generati,ms !Tahk 21. 'Jo dkct on ·eproductit)n wa:; ob-;aved in rats fed 100 ppm 
(6·9 mg, kg.dayl 111 either the F~., or F 10 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 organ affected. As reported 
in the previous paper, the livers in male rats receiving either Aroclor 1254 or 1260 at diet­
ary levels of I 00 and 500 ppm were heavier than in controls: this was also observed in 
females fed Arodor 1254 at level-; of I 00 md 500 ppm or Aroclor 1260 at 500 ppm (Kim­
brough et a/. 1972). The testes-to-body weight ratios of F0 rats fed Aroclor 1254 or I 260 
at the 500 ppm level were greater than tho~e of the controls \P < 0·025). The ditTerence 
in actual weight of the testes. however. was not significant. This observation may reflect 
the reduced body-weight gain observed in all F0 rats fed the ~00 ppm level of both Aroc­
lors. No difference in other organ weighn was found. 

After 8 months exposure. h:rminal haematological values in F 0 rats indicated a reduc­
tion in haemoglobin and haematncrit (P < 0·00~) in both sexes fed 500 ppm Aroclor 1.254 
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 leucocyte 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 in 
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 < 0·00 I) in total leucocytes was observed in the 500 ppm females. 

Two-generation reproduction studit's 011 Aroclor 1254 

F0 rats fed 100 ppm Aroclor 1254 (7·6 ng/kg,day) for 62 or 188 days before mating pro­
duced smaller litters than the controls in both the F 1• and F 1 b generations (Table 1). Sur­
vival-to-weaning was not affected in the F Ia offspring. Only 73·6~~~ of the 100 ppm F tb pups 
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-;uni\ed tn \\l"~tning. hut this \\as lh)t -;ta i~tically significant 1? = (}05,'\1. Because uf the 
poor CtHH.lition tlf a numher of the I 00 ppm F1 h pups. a!! were hdd for 30-da~s pnst-\\ean­
ing oh..;crvation. Fifkcn of these pups divd within 30 da~s of weaning. The mean hl)dy 
weighh of the 100 ppm F 1 generation pups from either nwting was ahout 6 g kss than 
the controls at \V<.:aning. This is prohahly significant. since the treakd litters conwined 
k\\cr pups. A reduction in litter sile \\<IS .tho ohsened in the Fl h gen\.'r~ltion :tt .20 ppm 
(1·5 mg kg Jay). 

F 1 h rats bred after e\posure for !.29 or 27~ days (conception to mating) to 20 or J()() 

ppm h~td smaller litter-; than the \.:()J1trols 1 F.c., and F~h generations). A marked decrc~ISL' 
111 mating performance \\as uhsL'ned in tht 100 ppm group. in \\i1id1 only ,c\L'Il ~~~~J flHir 
litters were horn in th~.? F~., and F_c 1, gelll'ra:itln'i. resp~..·cti\cly. In each case I\\\) litter.; cnn­
tamed no \Jcthlc ntl-;prr:1g \\hen lir~t \lh,enL'd. Th~..' llat~t ah,) -,ugg:e-.t ,t decrea-.;e in nl~tlill~ 

perform~tr1l'e at ~P ppm. at which k'elunl_\ 12 F 2 ~> litt<.:rs \\ere produced. Sur\t\al-l,)-'.\~'<tll­
ing \\d:-. reJucL·d in the Ill!) ppm F 2 ,lllbprin~ .. \ll !f)() ppm F~, othpnng suni\~d 11) \\._\til­

ing. but this is of little significance since Lllllj snen rur,s were found aliH~. :"-.:,, dkct l)J1 

reproduction was ohserved in rats fed 5 ppm !(L\2 mg. kg day) or I ppm (0·06 mg kg Ja}) 
through two generations. 

Although reproduction \vas not atft:cted at lower dietary levels of PCBs. an incrt.::<he in 
liver weight in 21-day-old weanlings was fo Jnd at all levels tested ITabk 2). At .5 ppm t)r 
higher. the li\er-to-body weight ratilh ,,f \\eanlings were increased in both ..;e\e~ in Dllth 

Tahk 2. .\f,·anlirer "·,·u;hrs ol::l-dar-o/1 rats fi·om {'arellf.l tt·d :-!roc/or I :l54 nr 1 ::no 

Ltver weight 
-· -- -.- -- --~----~--.. - -·----- -

\Ldc·, F c'ill~tk' 
D1~tar_, 

k\d ··,of bod_v ·•., tlf buJ~ 
Arodor Genera twn fppmJ g wetght g weight 

!25~ F1. 0 l ~0 .1·69 !·38 lS3 
l I 81 * ~·01 * 1·63 J·9! 
5 1 n• 4·34* 1·86* 4·43* 

F,h () I 5)\ 3<W I 5.~ ·'X~ 
I I 54 ·' <)4• 149 3-l)~ 

5 I "77 4 (1_1* l 7~ 4·7'* 
!- :. () l -' ~ _,·,\I I 2X Y-7-+ 

~() 2 26* 5 -'\* ~ ..:.~ * (>·OS* 

100 2·63* (1'}7* 2 67* 7 )()* 

F :, IJ 1 &) Y7K I 42 _).(JJ 

I I ~9 3·74 I· \6 \·6'} 

5 I \(1 ..J-2.~* I _;:-: 409* 
1211!) l 

J 
() 1 q ~66 I -\"7 3·Y2 
5 I 4· [ ~"" I -o 4·.''1* 

F'" I) I i9 ' -' l :'5 _; ')_i _,.,._, 
20 2·06* 5·04* 2·14* 5·18* 
100 2-:i9* 6·33* 2·59* 6·..JX* 

F,h 0 1<15 3·59 1·29 3·70 
5 l·:;s ~·01* 1·52* 4·07* 

F. -· 0 1·(,) 3-82 [64 4·02 
20 2{16* 5·2!. 1·9~ 5·06* 
tOO 2·:0* 6·12* 2·~9* 6·X5* 

F. -· IJ !·~I J i<5 I 36 HO 
5 l·f6* 4·21 * !·60* 4·25* 

Values marked with .111 astensk dilfer srgnitkant1) from the control value: • P < 0·05. 
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rile F, and F 2 gt:nL·rations. hut at I ppm the li>er enlargement was L)bsened on!;. m the 
f-1 , and F,r. male \\eanlings. \'L) liH:r-weight increase was found in citha se.x of the I ppm 
F ~., \\ ca nJ i ngs. 

In I 0-llltJnth-Llld f- 1 h rah. an increase in lin:·- to-body \\t:tght ratios was observed in 
;loth Sl'\l'S at 100 ppm. OUt at 20 ppm it \LI~ Sl'l~ll only in th<..! males tTabk 3t. :\.t 5 ppm 
,H· k·ss no increase in Jl\cr weight \\as found m 6-month-old F1 b rats or in F0 rats exposed 
(,1r 10 months. Both st.:\cs of F,l rats fed ~0 rrm or more Arodor 1254 for S months had 
,!lLtrgL'd lt\L'rs fKimhrough l'f ul. lll-:'2). The tl:s:es-to-htJd! \\eight ratios \H~re mcrea-.;ed 
1 P < I H)() I l tn !I!U ppm F 1 r. aJul t maks. Body-\\ ~~tgh t gatn s of :tdul ts in all the test groups 

,·rc cnmp:tr~thk to tht1sc of the control-; L'\u:r't in the t-·,h female-:; at 100 ppm. \\hich 
_ :"'-·,i ~c..,, \h'i!.!ht th:1n till· ~._tlt1lr,>l..; IT:thk ~~- RcduL·L·d h:t•:m~J~k,hin tP < rl-()fl~l ,tnd luc-- ~ ~ 

.Ll·'..:rit rf> < fl·l 1 ~51 \\..:t\: ,.h,~.·nl·d in fl.·mak f-' 1" ~1dulh ,It 10() prm. \\hlk F 1 " male:-. at 
:'''" k\cl had reduced fP < l)·()~J llaL'llwg1tJhin on y. Haematolugical \;.dues at lu\\er k\cb 
.l(l'L' normal. :\o dose-r~..·latcd -;igns of toxicity wen: ohsened in adult F, 1 or F 1 r, rats fed 
! rlO ppm or kss. 

1 \',ti-tfl''lt'ration rqJroduction .\!ltd_\' on .-lroclor 1.!60 

\:o dkct on reproduction was observed in rats fed Aroclor 1260 at k\els of I 00. 20 or 
~ppm 1 7·4. 1·5 and O·W mg kg da;. l through two generations (Table ·H The liver-to-body 
\\eight ratios of 21-day-old pups \Vt.:re increased at all dietary levels (Table 2). This effect 
,\.tS obsened 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 F1 b males 
''-'t\\l'L'n 5 and 7 months old. hut only at 100 ppm in the F 10 females (Table 3L After R 
::it'lllhs <.:\pn-;urc. an l!lLTca-.c 111 li\er weight\\ as observed at ~0 and 1 ()()ppm in F(j maks 
hut not in females (Kimhrough f!f a/. 1972). No effect on liver we1ght was found in either 
~e\ of F0 rats fed 5 ppm for~ months. The teste~-to-body weight ratios of the 100 ppm 
F1;, males were increased (P < 0·05}; at 20 ppm the increase was not significant. Body­
\\cight gain in all test groups was comparable :o the control groups. Haematological 
1 :II u~s were norma I i 11 the 20 ppm F 0 adults and in F 1 b adults at I 00 ppm or less. No 
'J::!th of to\icity \\ere tlb~cr\eJ in any of the test ~11imals. 

f;,nf-iiiiJ'Idnfulion ('\"{'0\1/I't' ~rudies on .-.1roclor I :!5~ and I ]60 

The data on reproduction and survival of offspring from females dosed during organo­
'"l'ncsis is summarized in Tabk 5. :--.;ine oral doses of Arodor 1254 (100 mg kg day) given 
:1n da:s 7 15 of gt:station resulted In a decre;.\se-1;~ th~ sl"irvlval of the pups.- . .\t. this dose 
•:ll\ .~0·1 ",of the otTsprin~ tlf the treated group survived to weaning. compared with 98·2"" 
1 the cnntr()( group. and the mean body weight C>f the test pups was 7·1 g kss tlnn that 

of the controls at weaning. No etfect was observed in the groups receiving 50 mg/kg.: day 
elf less. 

:.io effect on reproduction or survival was observed with Aroclor 1260 given at a rate 
llf 100 mg. kg day. 

Sumnwn o(patlwlooy atier treatment with Aroclor 1254 and 1260 

.-\detailed account of the liver pathology in the F0 rats fed Aroclor 1254 or 1260 at 20 
rrm or higher dietary levels has been published (Kimbrough eta/. 1972). Of the rats consi­
JL'red in the current report. similar changes were observed in the liver of adult rats. particu­
lar! y in the F 1 h generations at the higher dictar:r levels. The incidence of the various 
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Tahk 5. Rt'produdion and sw-r1ral of f'llf''./ rtJIII Jams tlo.,,-d or,,// 1· 11 111! ·I roc/or I :5.J or I :no "'' ,f,,!, ., I','' ,,,,.,JIIil>ll·\ 

Tntal pups group 

No. of N!l. nf Inters Llll.:r sizet Born (founJI Ali11.";1t 
Dose females 

Sun·ival (mglkg day) tr.:at.:J Born W..:aned At birrh At weaning lh:aJ Ali11.' Da.1 J \\'c·.olllll_c: 1".,1 
- -- ----·-- ·----- --- ----· -- --

Arodor 1254 
0 9 9 9 123 12·1 0 Ill Ill) lll'J ')~ ~ 100 9 7 :'i l l·<J 3-ti X 11.1 6-1 _..,..;; HI·/* () 10 10 10 l I ·'! IIX 0 I I') 119 II s •)•)·/ 10 1.} 9 l) 12 I 120 () Ill'! Jtll) Ill~ ')')·/ 50 10 10 lo 1.\.-1 12·7 () Jq 1.11 I , ; 'J-1 ~ 

Aroclor 12611 
0 12 12 12 I ~·0 II ·:'i -1 14-1 1-10 1 ;s ').; .;-; 
100 12 12 II II 7 I 0· .\ 10 1-10 I \:i i -~~ C\,'oi'() 

----~- -----------
--~------

i· No. of live offspring, litter horn. 

Th~: value mark..:d with an asterisk ditll:r., 'll!llllicantl:- fit• Ill tL, ,,JJtrol value:* P <. !Hllll 

------· -----

1\h·an 
ht>d\ \\L'lght 

at 11 L";!IJJilg 

(gl 
------ - ·- -· - ---
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~-·' h ~1\l'll Ill -L,hk; } nLtr~enwnt.,l tilL· ltiL·r -.·dl~. rn'''hlfl~ pnrn.trlh .rn ll1LTC~t~c 
~·:.t<'~·Lt-m ~urrdundJng thL· nudt.:Lh. \\;h th: rn•ht (11thi~ll·nt tinJmg .tnJ \\;t'\ \)L·.,·.t­

·'h'l'~\._·J .tt the~ .tnd I rpm dk·t.trl klt.:k lndLhl•llh \\ 1tllrn the(\ l•'f'Lt-;m. \\hiLl; 
.• "' hL't.'!1 r~·: .. :rr..?d 111 1,~ '''llh.' .IUlih't" 1H ... ·11Ih.'tL Dr:n~ .. :r ,\: \\,trrcn. i'J.'\>-: .\lr!l..:r. 

· .. :::::,• ~"<'<.!!,''· \\L'! .' < 1 h~<..'/ IL'd llJ<l/,' JfL'l,ll\.'f1!!\ /~1 t!Jl• i~];!k'' th.t~] il] :ll: (Lil1.::,·, 

··· ... ,,__,,,,.,Ltli··. :;.q:.,,d .11 till·;.,\\,·;· .ir,·t.,::- l,··.cl' \~' :·hi; l'i'lll th,· ,:_.· ·­
~.:·:·. l:·<r '-·.:]!, \\,h \,tl'll<'i.ttc-d •'r 1•':1<11' \~.-..:,,r..Jrng r,, r!,,· ... :uci _., rl·r,,rr-;d ;':.·-

f-.:m:': ·•u;h, r t~i. ]'1-21. !IlL''._' cil.trl,_:,·, \\._T,· tn,IIL.t\1\t.: ,,; :ii'tJ .tv, ,i1Jul.tll•'rl [ r .. , 
. ·~l·'r.' ['f<'~l1t'llrlt.:,·d .tt thL' htgh ... -r Jtl't.H\ k1,·h ••I 2•' .1nd jtJ(r l'f'll1 \dL·n 1•r;hr,,,,, _ 
_ ;. \\,l.;,d.;P Jc-..<.:f!Ot.:J 111 the prt.:\IUlh paper.\\ t-. l1h-.L'f\L'J l)lll~ at thl' j()(l ppm Jtd.tf\ 

i • ..• !JJ!l!11r1aJ tinJlllg._, maJL• 1!1 adUJ ( t 1 h f,l'-; h.tJ n11t ht.:t.:n 1.1h-;en L'J pre\ 1\Hl'-!~ l:l 

:.t[,. One \\~t:-. th ... · ~ll'Ghll)ll,tl •lc..:urr..:n..:c ,,f ~.rranJ, ,,f tihr,lLh th-,u<.: \\ hrch tLncr, ... ·J 
!:1 .tJJJllllJ]. lh.'r;!(l\ . .' llilJLik' !lh:~l,llflllg ur t\l II~ (!11 Ill d!,!!1ll'tl.'f \\'-.'r~· ,1h,L'f\',.:j 

~--t'J'ln,t!!J\Lr'>L)fF 1 h,tdulhfl:d liiOppm .-\wclnr 12~4,)r 12oll.ln .tddltil'n.l,fthc s<..:\en 
, ,rud!...:dfrLlll1 F:..,Jdulhkd 2!l ppm :\r,1dur 12~4. thrcL' ,llll\\eJ ~)ne ur l11l'fl' hcpatrc 

, · .d'-'' The hepa ti\.' Jh)duks L"l'llSISt...:J of enlarged !ncr L"clls. \\ hich (,1rmcd \\..:!!-organized 
··~ _:,,rc!' The c:t·~rLt,m ,,f man1 ,,f the'-: l11er c,·!l, \\h: ... ·h ,,ftu1 -,rained "''nll'\\hat 

: ,.,;·~ ::·,· 'urr,,~.nJ111::: I i._'r th,li<..'. L'llllL•llled ''"1..' ,); in,•r ... · lill..lu,l,1th. Th ... · tHll:f,:i ,.: 
''-'-'r cdh \\ rthtn the hl'pdlll' Jll'Juks appean.·d nl'rmalr Fig. I 1. 

\:";lrt fn1m the tindtng-; m the 11\l'f'i.occaslonal rats Llfthccnntrol as v.dl as the exposed 
'·li'' .;h .... meJ miiJ-tn-mL)d<..Tate chron1c r_\Ck)n:phrius. The incidence m the exposed 
.1p l!!d n~.lt Jdkr from that of the con trots. One and two female rats feJ 20 and l 00 
· \:,,d,,r 1211n. r'-'"P'-'l'll\cl:. and t\\L) nuk rab fL·d Jnn rrm Ar,,cll•r 12.5-f -;ho\\Cd h:­
.. ,J,r ,,( ihl' !ll\rtlld. H~pcrrLt~ta l,f thL· rh:wid \\a..; n•>t nh..,..:neJ in th ... · <.:•'ntr~.)l-.. but 
,; >!],tJJ: It dllL'" 1l<..'1..'llf "r'llll (,tlleLllh\_\ in llllf Lt h. \\'hdhcr thiS ]l)\\ lllCIJL'IlCC Of h} per­
.. •! rile th~r,Jrd 1' fL'LltL·d I•' rhl' ~.·lm-.umpti,,n ,,f \r,)<..'lt)r canrl\11 h.: esuhl!sh..:J \\ith 

.:.lit\ l~t'm thi~ stuJ:-. :'\l1 oth...:r murpht1lug1..:~tl dMn~c.., \\ere t)h..,.:ned .nan: l,f the 
. :· ,,r:;.in". mdudin.:; the k'>tl's 

' _ l;·.cr' ,,( F:h \\l..'anl1ng ... fr,,m th...: gr•'LIP gt'l'll the 20 ppm k·\cl of \rod,)r 12~4 
·. ,,1 'i1s!: t enbrge!llL'Il t ,)j thL' !1 \ cr cell-; hut 1111 l' thcr nwrplwll)gi,.:al chan~~.'s. The li\ers 

f • ,,._·.tnllllg r.tt' at thL· It H l pplll k~L·I tll \r .. ..:l•1r I 2~-f sill)\\ eJ m.trl-..el; ..:nLHgen1L·nt 
·:'.\.' l1\cr (c\\s. \\hiCh had either klamy. L)r \acucbtcd cytoplasm. At 2U ppm. the li\ers 

· ·en maks and ten female F, weanlm2: rats sho~A ed 11:reatlv enlar2:ed liver cells. and the -.J ._ ._... .. ... 

· :"Lt-.rn \\Js \acuolated in most instances. Oil Red 0 stain on a few of these livers 
-'-c J that \acuolizatlon v.as due to lrpid accumulation. Similar findings were made in 
• m~dc ,md four female F ~-· v.eanlings at the I no ppm level of Aroclor 12.54. 
I nl·lr1er-; of ten mak and ten female F1h w..:anlmg otfspnng from dams fed 20 ppm Aroc-

)•iJ h<td l1l'rmallners lll1 mi..:rost:optc e\ammauon. \\hlle those at ll)() ppm showed 
::~._·J .tnd \acuolah:d hL·patl)c:te~. The ltvers nf ten of 20 F 2• ~Aeanlmgs at the 20 ppm 
,; ,,f \r,Klor 12fl0 and 17 of 19 lners of F 2• W.!anlmgs at the 100 ppm k\el showed 
. -~..:J Ldl-; and \acuolatcd cytoplasm. 

\ i ihc lov. er dietar: levels of both Aroclor 12.54 a 1d 1.2f'>O t 5 ppm or less). livers of wean­
,: -.th \\~re on!: ,,~..L"a-;ionally. examined in the differL·nr generations. The only mtcro-
:· 1c .:hangc ohsn. ,·J consisted of slightly enlargll! hepatocytes in some of the 
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Etfects of PCBs on rat reproduct10n 75 

l!uc tLl PCB ~xposure via the mothers' milk. Curley et a/. ( 1973) also observed a livcr­
,_1 :ight increase in wean lings from dams dosed only during gestation. When Aroclor 1254 
.•. _1, ~ 1 ven during pn:gnanc)' to rabbits. maternal liver w~;·ight was increased but not foetal 
·:h·r-\\~ight on day 29 of gestation (Villeneuve £'t a/. 1971 ). thus eliminating the possibility 
:h.d placental transkr of PCB was the cause of the liver-,veight uH.:rease seen in vvcanlings. 
\\ h~..·n adult rats of the F 1 b generation were killed after dietary exposure for 5-6 months. 

,c 11-.:ights at the lower dietary levels were comparable to those in the controls except 
,11,1ic:' gi,cn 5 ppm Aroclor 1260. Presumably once nposure via the milk ceased. the 
.. r..:turned to normal in spite of a continued low di;:tary intake of PCB. At a dietary 

·! l':,m \roclor !25-l. onl:- the mak weanlmgs of the F 1,, and F 1 h genaations had 
. : .. :c.:d lt '- :c>. The absence of this dkct 111 the F :., \\can lings is mcnno;isten t. One ex plana­
. ~:,)uld be the credibility of the l ppm formulation. Problems inherent in consistently 

.. :•r,,Jucing: a I ppm formulation. as well as contamination of the bao;al diet v.ith PCBs. 
.·-· r~1'iSibk sources of error. Over the last 18 month~ this laborator~ has analysed the 

, ,: did for PCB contamination at 6-wk intervals. Most values have been less than O·l 
...: 11 . ~ut occasionally values of up to 0·5 ppm have been found. The latter level of con tam-
. , .. ,,n \\Ould introduce a SO'\ error in a l ppm formulation. It is likely that l ppm in 
_ :·.,~:nt~tl d1ct is very ncar a threshold effect level for the observed liver-weight increase 
,, ~·.tnling rats. 
\: the lower dietary levels. adverse effects were not observed in weanling rats. which 

, .r1t-.:d only an increase in liver weight. However. Aroclor 1254 fed to 1-month-old rats 
: •1n rrm dietary level (approximately 7-9 mg/kg/day) increased cytochrome P-450 

: .. ·.-:r \\Cight after~ da:-s and microsomal protein after 3 days. while a single oral dose 
, mg kg: increased cytochrome P-450 after 24 hr (Goldstein. Hickman & Jue. 1973 ). 

\ .:, , -(1''" increase in nitroreductase activity was observed with Aroclor 1254 and !260 
: ,,, rats at a dietary level of 0·5 ppm for 4 wk (Litterst, Farber, Baker & Van Loon, 

. -21. In YJ•.:w of these reports it is very probable that offspring in the reproduction studies, 
r:ll),( involving the lowest levels of PCBs. were sJbject to inductive effects. 

"' ·~r' - W <:wiSh to thank Mr. R. L. \loore for assistan.;e With the animal tests. Mrs. Estelle C. Gray 
. n,1h .;is and 'vtrs. Linda W. Anderson and Mrs. Anni~ R. Alford for preparation of tissues. 
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{tl\ ~o..'t 1 '.t'~h.:J: ... :ud!l'' l:":'.·'i".J!l~ fL"rr~.)JLh.:tlt'l1. k':·.i .. ~!;•.:lh.'"-1" ,q· ....:.Jr...:l!lt):;~n'l.'"d"- Fd ( r•. ~:t s. 

L'effet des biphen~les pol~dtlorures sur Ia reproduction du rat 

Rt-o;um{> ( Jr; .I ,"_.Jic' l.r r.:rr,>Judl<>ll. l;l r.rlh<li•>:,!ic' .-: ~c, :ncl!c,'' J'rllltl\!c'.l:i,'ll ,11~'-'' ,h,·, J,·, 
f,lt...,,J 1\<.r.;;,_' ',,r: .~...::ntfll"-fr,ill ~·un I)U l",lLJ!r·.: L~l'-, hJrhr,.'rl_l.il,.''\ r'o.d_\1...·!:)\trl!!"\...'' \;tll.lt)r l~:'-i. ,.'J \:·,,~o..·:,'r 
1 ~h(l (_.._·, r !-. ... J·. -·,:LL'\ ti>..'n[ I' \!"11(\t 1f ~ :'...:. .\ r.tl,t'l~~ ~L: ~f) rr'r~1 ,ll) ; .. I ....... ~' r~'.:'''::~· ~-. l"l'f~~ 

n ~l. th.: ... :-. T.' :·h n~ ··1~ ""~r. .. ·u. ,\,.,, L.jtn.· k·..., .1 nJnl.t:J' ! ... :lllPln.., ,t,:' ;·~nl'r ,It i1 1n, t· ~ ~: t l _, , ·, ....... ... i,.: I dt ~ pr· 
u. -\r,,<:ic•r i ~.'i~ J :art augnh:ntcr !.t rn<>rialrt.: tlans !a g~n,·r.rtJtJn 1- th cl f.rH n.:llcnlL nt ,lrmmu.:r k' 
rcrfo.>rm.tnc·.:~ J',t((t>UpJ.:ment Jco; ,JJultcs Jt: <t~IIC gcna.lliLln -\Jmmhlfl' J r.tiS<'Il Jc )0() rpm Ju 
rcg1mt:. 1'.-\rL>Lf<.>r 12nn d faH Jrmmucr r1mp<>r an.:.: Jo;, ntcht:c~ 0.:1 k (~IU\ Jt: 'llr\lc Jcs lliCht'C' f-: 

Des lall\ dt: 'rrm J' \rr>d<>r 12~~ L'l J.: Ill() rrm J'-\r<>clt>r I :nn -.>nt rt:,(t:S ,.~n, dl..:t 'ur !a 
r.:pn>Ju<.:li<>n Jt'\ rJh "'llilll' ,1 (C\ rq!lmt:s rnJanl Jc·ux g.:nc'f.l{ll>n, Lc r•'tds du (,,,,:a .ll!gm<.'nlc 
chCI lc~ m.Jks f- 1 .J!!c's do: 21 J<>urs au rcglmt' J 1 ppm d'.-\r<JCk>r 12:'~ ct .:het ks m~·tl.:'i ct f.:mdk' 
F' t:l F: 'it: He'S Jl') ~r·>ur.:, .r ~ rrm (lll rJu, J' \n>d,>r 12'~ ''ll J..:hll (X, mt>dltic\lil<'ll'> hlstc>l.•gl· 
<.juc-; Ju !(>rc Cl Jc•, .lugmcnt,JIIOils du r1>1ds d: Ct'l <1 rgant: <>lit l'tC <1 1>-it:f\CCl .:ho k-; r~lh JJuftc·, 
'-JUI fO.:lC\Jil'lll ~~:, rlth t,,n~, d<.hC,. Dc'i 1\:mclks ,>!Ll\ Jdcs ljlll ,1\,llt:nt fc'I,:U IlK) mg r.f-\n> ... -l,>r 
I 2~~ kg de r•''J" \If Cl r;rr Jt)Uf du ~em.: ,Ill I 'em.: Jc1Uf de gcstall<'Tl <.>nt mrs has dt"i Tl!Chcc' .! 

PL'U pre' n•>rm.!l.:,. ma1s -,cukmcnt JO.J''., Jc ,·co; rcun.:s <>nl sun.:t·u .ru scHag.c L.1 rcrroduct~<'n 

l't k tau' de sun rc Je~ lt:Unt"i n'c'nl pao; ~tc milLen.:.:'> p.rr l..:s dno;e, de 50 mg. d' -\r<.>.:l,>r I ~-q kg. i<>ur 
.:t de rnomg. tf-\rnclor 12nO kg rour. L..:o; 1al:ur-. DL,,, orales ..:hu Jc-; rJts mi1ks C!g.:' de _1 ~ 

o;~mame'> et,llent tk l 2'-l~ mg kg ,J.-\r .. ,dnr J 2''·l ..:t Jc I i 1 ~ mg ~g J' -\nlli<lf I ~(1(1 L1 L D "' mtr a­
lc·rn..:u,c: d. -\ro.:f .. ,r J25~ ct.rJt de .15X !Ill! kg .:h,l [~o; kmdks ..tdultcs. 
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