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Absirzet—-Reproduction, ;‘\melo;y and aculo toxicity were studicd fn Sherman r2ts expozed 10

tse polychlorinated biphenyls, Aroclor 1254 aud Aroclor 1260. Raty expoezed to Aroctor 1254 at
dietary levels of 20 ppm or more bad. fewer pups per litter thau the controls in tbe Fy, and Fy
generations. The 100 pprn exporuce level of Ateclor 1254 incressed mortlity in the F,, oypeing

and markedly dertased mating performance of the F,, adults The 500 ppr dictary leve! of Arce-

lor 1260 reduced litter size and decressed sucvival in the F, Litters. Dietary levels of $ ppma Areclor

1254 and 100 ppm Aroctor 1260 had no effcet oo reproduction in rats exposed through o gene-
rations. Liver weights wers increased in 21-day-old Fy mals weanlings at the § ppm level of Aroclor

§254 and in either sex of F, and F, weanlings at 3 ppm or higher levels of both Arocicr 1254 and

1260. Histological changes in the liver and incvenced liver weights wese observed in adult rats /
exposed (o the higher levels, Pregnant rats given Aroclor 1254 at the rate of 100 mg/kg/day oo

days 7-13 of gestzton produced grossly normal Litters, but only 30:1% of the pups suzvived o
weaning. Reproduction and pup survival were not aflected at dosage rates of S0 mg. Aroclor
1254/kp/day or 100 mg Aroclor £260/kg/day. Oral LDy values in 3-4-wk-old male rats were 1295

sad 1315 mg/kg for Acoclors 1254 and 3260, respectively, The iv LDy, for Avosior 1254 in adult
females was 353 mp/kg. 4 "

INTRODUCTION
Reproductive defects due to commeércial mixtures of polychlorinated bipkenyls (PCBs)
. have been reported in experi 1 birds (Dahigren, Linder & Carlson, 1972) and mam.
mals (Ringer, Aulerich & Zabik, 1972) Porphyria (Vos & Kocman, 1970), microsomal-
cnzyme induction (Street, Urry, Wagstafl & Blau, 1969) and liver damage (Kimbrough,
_Linder & Gaines, 1972; Miller, 1944) have also been reported in experimentai nmmals
exposed to PCB mixtures,

The present investigation was initiated in 1970 to study the eficcts on reproduction and
pathology produced by two American-made PCB mixtures sold under the trade-names
Aroclor 1254%® and Aroclor 12602, Aroclor 1254 contains 54% (w/w) chlorine and is com-
posed of 11% tetre-, 49% penta-, 34% hexa- and 6% heptacliovobiphenyls; Aroclor 1260
has 60% (w/w) chlorine, with a composition of 12% penta., 38% hexa-, 41% septa-, 8%
octa- and 1% nonochlorobiphenyls (Thruston, 1971). An ahnost complete identification
of isomers in Aroclor 1254 and Aroclor 1260 has been obtained (Sissons & Weld, 1971)
Since 1970, the Monsanto Co., the onty US manufacturer of PCBs, has voluntarily reduced
sales of Aroclor mixturcs and has taken steps to limit their use 1o closed systems (Mon-
santo Co,, 1971).

The present ication is an of repr ion studics in rats. Also included
arc acute toxicity values from prelimi diesand ts on pathology and haema-
tology in animals from the rcproducuon c&penmenls. A detailed account of the liver path-
ology of the Fy rats given 20 ppm and higher dietary levels has been published (Kinw
brough et al. 1972).

*Present address: United States Enviconnental Protection Agency, Nationst Envir ) R h Center,

Research Triangle Park, North Carolina 27711,
®Registered trademark of the M Company.
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EXPERIMENTAL
Animals and materials. All animals used in the studics were Sherman:suain 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.

E‘tprrimenlal design and conduct

LDy, siudizs. The single-dose oral LD, was dctermmcd for Aroclor 1254 and 1260 in
weanling male rats (34 wk old) The ivLDs, was determined in adult females for Aroclor
1254. Between five and cight groups, each of ten rats, were used to obtain each LDjq value,
The procedure described by Gaines (1969) was followed for oral dosing; Arcclor 1254 or
Aroclor 1260 was dissolved in pcanut oil and the solution was administered by oral intuba-
ticn at the rate of § ml/kg. For iv dosing, Aroclor 1254 was first dissolved in peanut oil.
Onc part of this solution was added to nine parts of a 1%; lecithin-saline suspension and

genized. This formulation was ad ed in a single injection via the tail vein at
the rate of 5 mi/kg. A control group of five rats received 109 peanut oil in lecithin-saline
in the same volume. Survivors were observed for 10-14 days,

Two-generation feproduction studies. Fot these studies the rats were fed cither untreated

ground laboratory chow (control) or ground chow fortified with Arocior 1254 or Aroclor
1260. The Aroclors were dissolved in ether and mixed with cornstarch. The cther was
allowed to evaporate and the Aroclor-comstarch mixture ivas mixed into increasing .
amounts of ground chow. Aroclor 1254 was fed at dietary levels of 0 (control), 1, §, 20
and 100 ppm, while Aroclor 1260 was fed at levels of 0, 5, 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 dictary regimen. The. Fy rats were started on the
diets at 3-4 wk of age and the Fy, rats at weaning. Exposure was continuous through mat-
ing, gestation and lactation until the rats were killed. Ten males and 20 females were fed
at cach dictary levet in both the Fy and F,, generations. The F, males at each dietary
level and half of the females wore caged individually. Other Fg females and all the F,,
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 2and 5, the week before cach 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. Breeding-stock F,, rats were selected at weaning from all available
litters and pair-mated when 3 months old to produce the F,, generatior. F,,, rats on dict-
ary levels of 0, 20 and 100 ppm Aroclor 1254 were mated a second vime when 8 months
old to produce the F, 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 F,, offspring had becn weancd. ten adult Fy rats of cach sex were
killed and their livers were weighed and fixed for histological exawmination. Following the
weaning of the F,, peneration, for Aroclor 1254, and the F,, generation, for Aroclor 1260,
haematological values (10tal leucocyte count, haematocrit, huemoglobin and differential
leucocyte count) were determined oa ten adult Fy, rats of cach sex at the dictary levels
of 0, 20 and 100 ppm. Thesc rats were then killed and weights of the spleen, heart, tungs,
brain, kidneys, testes and liver were recorded. Tissues were fixed for microscopic study.
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At lower dictary levels, hacmatology was not done and only the livers were weighed. At
dictary levels of 5 ppm or less of both Aroclors, one male and onc female weaaling lrom
each of ten litters from cach generation were killed at 2) days of age and-the livers were
weighed. F,, weanlings at dietary 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 li\'ers')vere fixed for further study.

One-generation reproduction studies. Preliminary $tudics were conducted on both Aroc-
lorsat dietary Jevels of 0, 100 and 500 ppm. The experimentad dosign 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 Ted 500 ppm Aroclor 1254
were bred only once. Haematology values and organ weights were determined and tissucs
were examined microscopically on the F, rats

Post-implantation exposure studics. Stock rats 100 days old were pair-mated. Insemina-
don was verificd by micioscopic inspection of & 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 tow! of ninc doses) To maintain a constant dose volume on a body-weight
basis, Aroclor 1254 or 1260 was dissolved in peanut oil at appropriate concentrations and
these formulations were administered at the rate of 5§ mifkg body weight, based on day
7 of pregnancy. Aroclor 1254 was given at dosage levels of O (peanut oil only), 10, 50 and.
100 mg/kg/day. Arocloc 1260 was given at dosage levels of O and 100 mg/i:g/day. The
females were allowed to deliver and the litters were observed through weaaing,

Tissue preparation. Tissues were fixed in buffered 4% formaldehyde solution and stained
with hacmatoxylin and eosin for microscopic examination. An Oil Ked O stain on fixed
frozen sections was used on ional livers to d te lipids.

Statistics and calculations

LD, values were calculated by the method of Litchfield & Wilcoxon (1949). A 1 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 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

LDy, studies on Aroclor 1254 and 1260

‘The single-dose oral LD,q for Aroclor 1254 in wcanhng male rats was 1295 mg/kg with
95% confidence limits of 1136~1476 mg/kg. The lowest lcthal dose tested was 1200 mg/kg,
and 1000 mg/kg produced mild diarrhoea. Slgns of toxicity at lcthal levels were diarthoea,
depression and salivation, with death occurring in [-3 days.

For Aroclor 1260, the single- -dose oral LDy, in weanling males was 1315 mg/hg with
95% confidence limits of 1174-1473 mg/kg. The lowest lethal dose tested was 1000 mg/kg,
800 my/kg produced no signs of toxicity. Rats given lethal doses developed diarrhoea and
depression, with death occurring in 1-7 days.

Under the same test conditions the estimated oral LD;, for Aroclor 1254 and 1260 in
adult rats was 4-10 g/kg (Kimbrouvgh ¢s al. 1972).

The single-dose iv LD, for Aroclor 1254 in adult female 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 dyspnoca, depression, diarrhoea and salivation scon alter dosing. Most
rats died within 25-110 min, but at the highest dose (400 mng/kg), death occurred as soon
&3 $ min after dosing in some animals. Rats that survived appcarcd normal alter 48 hr.
In the control group, which received the formulation vehicle only, onc rat developed mild
diarrhoca. .

Preli 'y one-gencration reproduction studizs on Aroclor 1254 and 1260

The reproduction summary for the Aroclor 1254 [eeding studies is presented in Table
1. Exposute for 67 days (at the time of pair-mating) to 500 ppm Arcclor 1254 (370
mg/kg/day) resulted in fewer litters, smalier litter sizes and 1007, meriality by day 3 in
the F,, pups. The survival of offspring of the rats fed 100 ppm (7-2 mz/kz/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,, gencrations, respectively. Litter sizes from both matinzs were smaller,
but the difference was not statstically significant. The mean body weight of the 100 ppm
pups al weaning was 78 and 10 g less than that of the controls fer the Fy, and F,, gence
rations, respectively. This difference was probably dose-related, as the treated Litters were
smalicr, but a statistical evaluation was not donc. In general the pups appeared small, but
otherwise were normal at weaning.

Aroclor 1260 fed at a dictary level of 500 ppm (354 mg/kg/day) for 67 and 186 days
prior to mating markedly reduced live-litter size and survival- to-wnnhz in the Fy, -and
F,, generations (Table 2) No effect on reproduction was observed in rats fed 100 ppm
(69 mg/kg/day) in cither the Fy, or F;, generations.

‘The F, rats in the one-generation studies were sacrificed after exposure for & months
Organ-weight analysis indicated that the liver was the primary organ afiected. As reported
' in the previous paper, the livers in male rats rcceiving either Aroclor 1254 or 1260 2t dizt-
ary levels of 100 and 500 ppm were heavier than in controls; this wa2s ales observed in
females fed Aroclor 1254 at levels of 100 and 500 ppm or Aroclor 1269 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 < 0025} The difference
in actual weight of the testes, however, was not significant. This observation may reflect
the reduced body-weight gain obsetved in all F, rats fed the 500 ppm level of both Aroc-
N Jors. No difference in other organ weights was found.

: After 8 months exposure, terminal haematological values in Fy rats mdncatpd a reduc-
tion in haemoglobin and haematocrit (P < 0-005) in both sexes led S00 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 leucocyte count was normal in
rats fed Aroclor 1260, but there was a shilt in the diffcrential count. The numter of lym-
phocytes was increased in females (P < 0-005) fed 100 and 500 ppn Aroclor 1260 and in
males(P < 0-05) fed 500 ppm. A corresponding decrease (P < 005) in-polymorphonuclear *
leucocyles was observed. Dilferential values for rats fed Aroclor 1254 wers normal, but
an increase (P < 0:001) in total leucocytes was observed in the 500 ppm females.

Two-generation reproduction studics on Aroclor 1254

Fo rats fed 100 ppm Aroclor 1254 (7-6 mg/kg/day) for 62 or (88 days before mating pro-
duced smaller litters than the controls in both the F,, and F,, generaticas (Table 1) Sur-
vival-to-weaning was not aflected in the Fy, offspring. Only 73-6%, of the 100 ppm F,, pups
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survived 1o weaning, but this wus not statistically signiticant (P = 0-058) Breavse o! e
- poor conditivn of 4 number of the 100 ppm Fy, pups. afl were held for 30-days post-wean- -
ing observation. Fifteen of these pups dicd within 30 days of weunisig. The mean body
" weighis of the 100 ppm Fy gencration pups from cither mating was about 6 g fess than
the controls at weaning. This is prvh.lblv sigoificant, sinee the treated litters contained.
fewer pups A reduction in Jiller size was also ohsu\uj in the Fy, geacration at 20 ppm
05 mpkp'dayy .

Fon fitts bred after exposure for 129 ul"’74 days (conception 10 mating) to 20 or 100
ppm had smdler litters than the controls (Fy, und F,, geacrations) A marked decreass
in mating performance was observed i the 100 ppm group, in which enfy seven and fouc -
Titters were borm in the Fy, and F,, generations. respectively. In each case two litiers con-
ained nio viable olfspring when lirst observed. The dati also sugyest a decseass i in m.xur;’
. performance it 20 pp, at which fevel only 12 Fay, litters werc produced. Survival. !o-\\c.m-
*. ing was reduced in the 100 ppm F, on'sprmg. All 100 ppma F,), offspring survived to wean— -
ing. but this is of little significunce since only seven pups were faund alive. No effect op
~reproduction was obscrved in rats fcd 5 rpm (03’ mg,’kg/d.xy) orl pp'h 0 06 m,jigld.xy)'

. through two geperations. - NN
" Although nproductmn was not am:cu:.\ at lowcr dscmy l'-vels of PCB\. an increasé m~,,
liver weight in 21-day-old weanfings was found at alt levels tested (Table 2} At S ppm or

) hu,hcr .the liver-t o-body wclgh! muos of wwnlmbs were mcrcascd in bolh scxes m bcm, :
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Effects of PCBs on rat reproduction . €9

the F, and F, gencrations, but at 1 ppm the liver enlargement was observed only in the
F,,and ¥, male weanlings. No liver-weight increase was found in either sex of the 1 ppm
F,, weanlings. ,

In 10-month-old F,, fats, an increase in liver-to-body weight ratios was observed in
both sexes at 100 ppm, but at 20 ppm it was scen only in the males (Table 3} At 5 ppm
or less no increase in liver weight was found in 6-month-old Fy,sats or in F, rats exposed
for 10 months. Both sexes of FF,, rats fed 20 ppm or more Aroclor 1254 for 8 months had
enlarged livers (Kimbrough ct al. 1972). The testes- (o-body weight ratios were increased
(P < 0-001)in 100 ppm F,, adult males Body-\»exghl gains of adults in all the test groups
were comparable to those of the controls except iu the F,, females at 100 ppm, which
gained less weight than the controls (Table 3). Reduced haemoglobin (P < 0:005) and hae-
matocrit (P < 0:025) werc observed in female F,,, aduits at 100 ppm, while F,, males at
this leve! had reduced (P < 005) haemoglobin only. Haematological valucs at lower levels
were normal. No dosc-rclalcd signs of toxicity were observed in adult Fy or F,, tats fed
100 ppm or less. .

T'wo-gencration reproduction study on Aroclor 1260

No effect on reproduction was observed in rats fed Aroclor 1260 at levels of 100, 20 or
5 ppm (74, 1-5 and 0-39 mg/kg/day) through twe generations (Table 4). The liver-io-body
weight ratios of 21-day-old pups wero increased at all dietary levels (Table 2). This effect
was observed at the lowest levei tested (S ppr) in all generations.

An increase in liver-to-body weight ratios was observed at all dietary levels 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 F, males
but not in females (Kimbrough et al. 1972). No e¢ffect on liver weight was found in either
sex of Fo tats fed 5 ppm for 8 months The tesies-to- -body weight ratios of the 100 ppm
F), males were increased (P < 005); at 20 ppm the increase was not significant, Body-
weight gnin in ali test groups was parable to the H tologi
values were normal in- the 20 ppm F, adults and in F,, adults at 100 ppm or less. No
aigns of loxicity were observed in any of the test animals.

Post-lmplantation zxpo.wre ‘studies on Aroclor 1254 and 1260

The data on reproduction and survival of offspring from females dosed during organo-
genesis is summarized in Table 5. Nine oral doses of Aroclor 1254 (100 rug/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 ofTspring of the treated group survived to weaning, compared with 9829
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 effcct was observed in the groups receiving 50 mg/kg/day
or less.

No effect on reproduction or survwal was observed with Aroclor 1260 given at a rafe
of 100 mg/kp/day.

S y of pathalogy after treat with Araclor 12354 and 1260
A detailed account of the liver pathology in the Iy rats fed Aroclor 1254 or 1260 at 20

ppm or higher dictary levels has been published (Kimbrough et al. 1972). Of the rats consi-

dered in the current report, similar changes were observed in the liver of adult rats, particu-
larly in the F,, generations at the higher dietdry Jevels. The incidence of the various

MONS

083848



Table 1. Body wright, Soer weight and loer paziology of Fy and Fiy adult ratsfod Aroclor 1254 or 1260 .

SNOW

6%8€80

Liver weight .
Termizal Lives pathology (no. ef livers aflected) ~
body Yof Neol +
Exposure  level weight body  livers Enlarged Foamy Fibrous
Genention Sex  (days}  (ppm) ® 13 weight iced hep Inclusi ytop! Pigment strands  Adenofibrosis  Nodules
Aroclor 1154
Fo M 30 ] 6t 1522 283 10 [} [ [4 0 0 0 -0
1 602 1588 260 10 ] ] [} 0 [} Q0 o
3 614 1537 251 10 Qe 0 t 2 [} 1) L]
F 3 [} 370 1034 280 0 [] [} [} 1 [ [} 0
] 358 1014 284 10 1 [} [ 4 0 [ 0
. 3 362 1066 294 10 4 1 [} 3 9 [ 0
Fi M 328 [ 588 451 247 . 10 [} .0 [} (] (1] Q [
0 602 1611*  2671* ] ] 3 7 i 0 ] [
100 554 (943*  354¢ 10 10 3 7 ¢ 2 3 3
F [} 349 992 238 10 [ [} [ [} [ > 0 0
20 340 94 27 1 7 2 $ 7 [} [} 3
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s 99 892 298 10 ot 0 [} ] PN ] 0
Aroclor 1260
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1 Necrosis ia twe Evers.
Yalues marked with an asteritk &Ser significaady from control group: * P < G025

i Table 4. Reproduction end pup sureival in groups of rats fed Aroclor 1260

: Toal pups/group
. Litier steet - Mean
Dicury Parental No. of No. of titters Bora (found) Alive st . body weight
lewel exposure females At At - Survival  at weaning
Genention {ppm) (daysyt mated Bom Weaned birth weaning Dead Allve  Day3 Wezhing (VA N (=)
Fy, 05 67 10 9 9 123 122 1 11 131 11 991 370
. 100§ 67 10 4 ] 116 116 0 93 B3 93 1000 356
500§ 67 3 3 3 §:3% 33 10 6 55 26 nr 353 4
) P © 19 .o 12 2 2 B w 955 w09 g
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0 7 2 19 19 117 ii4 ] us n6 3 333 g
) b) /] x 18 18 121 113 I piv) A3 22 977 385 &
Fn 0§ 136 10 9 8 ¢3) 103 ) 1% % 93 353 409 g H
100§ 136 9 b 3 110 108 ° S5 34 b 982 362 F '
500§ 136 3 § 2 &1 23 1 40 38 4 350 407 =
] 187 20 17 i7 11t uo 6 139 159 187 98-9 408 K4
o) 187 N 16 16 119 114 1 191 191 18 958 a1 3
1% i87 20 5] 13 104 101 s 135 13 m g 32 g'
Q 183 N n 16 103 92 10 175 160 156 898 361 I3
. s 188 19 16 15 112 106 2, 1 17 170 950 »3 El
Fi, ° 128 X 18 18 109 103 i 197 187 185 939 403
: b- ] 128 2 19 19 13 1t 1 215 W - m 921 387
: 100 123 20 20 20 104 99 i 21 200 197 980 386
0 127 20 3 13 18 116 1 153 152 [51 987 48
] 121 2 18 13 118 116 0 213 212 209 981 IS

t Conception to mating for pareats of the F, generation.

$ Nambers of live ofspring/live litter bom, .

§ One-gencration study. ‘
Values marked with asterisks differ significantly from the control value: *P < 0:025; **P < 000L
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Table 5. Reproduction and nurvival of pups from dams dosed orally with Aroclor 1254 or 1260 on days 7-15 of pregnancy

Total pups/group

- Mean
No.of No. of listery Litter sizet Born (found) Alive st body weight
Dose females Survival at weaning
{mp/ug/day) treated Born Weaned Atbirth  Atweaning Dead Alive Day3 Waning [04) [13]
Aroclor 1254
[ 9 9 9 123 121 0 Hi 1o 109 982 379
100 9 ? s 13 36 ] 8 64 25 ot 30¢
0 10 10 10 s 18 0 19 119 1s 99-1 406
10 9 9 124 120 0 R4 109 108 991 376
S0 10 10 10 134 127 0 134 5} 127 948 305
Arocler 1260
0 12 12 12 120 11-$ t4 14 140 138 958 39
100 12 12 1 147 103 10 140 138 124 %6 339

1 No. of live offspring/litter born.

The value marked with 2n asterisk differs significantly from the control value: *P < 0001.
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Fig. 1. Sxxtion of retliver, showing s hepaticnodule measnring 0-2 om in diamater surroundsd
by norraal fiver calls (arrow at mmargin of hepatic noduls). The hepatceytes within ths nodule

are lerges than those of the surrounding tissus and stain less well. Hacmatoxylin and eosin
% 100.
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The. n.\ulls oT our :luzlu.s confirm un. cupithility of some commercial PCD mixtures lo

“alter reproductive processes in mammals. Our dala are in genera) agreement with those

of Keplinger, Fancher & Calandra (1971), who observed effects on mating performance
undjor pup survival in rats fed 100 ppm Aroclor 1242 or 1254, but found no effect at the
xame dictary fevel of Aroclor 1260, In our study, 20 ppm Aroclor 1254 affected litter size
and probubly decreased mating performance in the sccond mating of the Fy, rats. The
trend sugpested the possibility that even lower levels might affect reproduction in sub-
sequent gencrations, but M. L. Keplinger (personal communication 1973} found no effect
through three gencrations in rats fed 10 ppm Aroclor 1254, Reproductive failure in mink

exposed to PCBs has also been reported (Ringer et «l. 1972). Although actual FCB con- -

sumption on a mg/kg basis was not reported, the mink is appareatly more sensitive to
PCB exposure than the rag, since levels of 1 and 5 ppm Aroclor 1254 aflected reproduction

- after only 4 months® exposure. In the présent study in.rats, fewer pups per litter were

"~ observed at dietary levels of 500 ppm Aroclor. §260 and of 20 ppm or more of Aroclor
' 1254. Reported litter sizes are baszd on the pups found, but since it is common for the
dam to eat dead or defective offspring, the reducced litter size probably reﬂects dwens.d_

_ fertility and/or increascd pcnnntal and foetal mortality.

Aroclor 1254 (§00 img/kg/day) given (o pregnunt rats during gestation produccd ne eﬂa:t

" on the viability or morphology of foetuses examined on day 22 of gestation (Villeneuve,
Grant, Khera, Clegg, Bacr & 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 survivad {8 weacing. Since:. .
PCBs are excreted in milk (Curley, Burse & Grim, .1973; Frics, 1972), it is postible that ..

PCB ingestion via the milk contributed to the increased mortality of pups observed in both
the post-implanlxuon and dictary-exposurc studics. The milk of rats 11 days after the Jast

of nine daily doses of Aroclor 1254 (50 mg/kg/day) contdined 66 ppm of PCB-darived
material (Curley et al. 1973). Kimbrough et al. (1972) estimated the orul LD,, for Aroclor.

1254 and 1260 at 4-10 g/kg in adult ruts. From the oral LD;, values in weanlings in the
present study (about 1300 mg/kg), it is evident that the Aroclor mixturcs tested are con-'
siderably more toxic to immature rats than to adults. Although we have no acute toxicity
data for PCBs in nconatces, nor ﬁgurcs on their milk consumption, it is possible that lacteat

exposurc could approact a toxic level in suckling rats ut the higher exposure levels. - -

In both the dictary and post-implantation studies, direct PCB exposure occurred in

. wutero, since PCBs have been shown to cross the placenta (Curley et al. 1973; Grant, Vil- .
-7, leneuve, McCully & Phillips, 1971). PCBs have been reported in eggs (Peakall, 1971) and
‘. embryonic mortality hus been observed in birds treated experimentally with commercial

PCB mixtures (Duhlgren et al. 1972; Peakall, Lincer & Bloom, 1972). Dahigren et af.
(1972) atso reported a decrense in survival and a depression of weight gain in 6-wk-old

_ pheasant chicks from hens treated with Aroclor 1254. In the present studics, similar eflects
were observed in young rats at the higher cxposure levels of Aroclor 1254, Besides a reduc- -

tion in observed litter size, there was additional evidence of late foctal mortality in the

group given 100 ppm Aroclor 1254, no live offspring being found in four of the F, litiers,

Thus it is apparent that some PCB mixtures affect the embryo in both mammalian and
avian systems, although the hanism of this ellect remains undelined.

Although the suckling rats ate sonwe of the Asoclor-treated dict for 4.5 days before
wenning, it is probable that the observed increase in liver weight in 2i-day-old sais was
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» Efets of PCBs on rat reproduction

due to PCB exposure via the mothers’ milk. Curlcy et al. (1973) also observed a Jiver-
weight increase in weanlings from dams doscd only during gestation. When Aroclor 1254
was given during pregnancy to rabbits, matcrnal liver weight was increased but not foetal
liver weight on day 29 of gestation {Villencuve et al, 1971), thus eliminating the possibility
that placental wransfer of PCB was the cause of the liver-weight increase seen in weanlings.
When adult rats of the F,, gencration were killed after dictary exposure for 5-6 months,
liver weights at the lower dietary levels were comparable to thos in the controls except
in males given 5 ppm Aroclor 1260. Presumably once exposure via the milk ccased, the
livers returned to normal in spitc of a continucd low dictary intake of PCB. At 2 dietary
level of 1 ppm Aroclor 1254, only the male weanlings of the F,, and F|, gencrations had
enlarged livers. The absence of this effcct in the F,, weanlingsis inconsistent One explana-
tion could be the credibility of the | ppm formulation. Problems icherent in consiztendy
reproducing a 1 ppm formulation, as well as contamination of the basal dict with PCBs,
arc possible sources of crror. Over the last 18 months this laboratory has analysed the
basai diet for PCB contamination at 6-wk intervals. Most values have been less than 01
ppm, but occasionally values of up to 05 ppm have been found. The latter level of contam-
ination would introduce a 50% error in a 1 ppm formulation. It is likely that | ppm in

the parental dict is very ncar a threshold effect Jevel for the observed liver-weight increase

in weanling rats.

At the lower dietary levels, adverse effects were not observed in weanling rats, which
exhibitcd only an increase in liver weight. However, Aroclor 1254 fed to 1-month-old rats
at the 100 ppm dietary Jevel {approximaiely 79 mg/kg/day) increased cytochrome P-450
and liver weight after 2 days and microsomal protein after 3 days, while a singlc oral dose
of 10 mg/kg increased cytochrome P-450 after 24 hr (Goldstein, Hickman & Jue, 1973).
A 50-70% increase in nitrorcductase activity was observed with Aroclor 1254 and 1260
fed to rats at a dictary level of 0-5 ppm for 4 wk (Litterst, Farber, Baker & Van Loon,
1972} In view of these reports it is very probable that offspring in the reproduction studies,
cven those involving the lowest levels of PCBs, were subject to inductive effects.

Acknowledgements—We wish (0 thank Mr. R. L. Moore for astistance with the animal tests, Mrs. Estelle C. Gray
for statistical analysis and Mrs. Linda W. Anderson and Mrs. Annie R. Alford for preparation of tissues.
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L'effet dcs biphényles polychlorurés sur la vep'roduclion durat

Rémené—On a dtudié Ia reproduction, I pathologie ¢t les indices d'intoxication aigué chez des
rats auxquels on administrait F'un ou Iautre des biphényles polvchiorurés Aroclor 1254 et Aroclor
1260. Les rats quj recevaiens I'Arocior 1254 4 raison de 20ppin ou plus du régime avaient des
nichées indins b que les ani témoins aux g ions F,, et F,. La dose de 100 ppm
d'Aroclor 1254 a {ait augmenter ls mortalité dans 1a pénération F, et fait imil Jes
peiformances d'accouplement des adultes de cette génération. Administré & raison de 500 ppm du
régime, YAsoclor 1260 a fait diminuer 'imporiance des nichées et le taux de survie des nichées F.

Des taux de S ppm d'Aroclor 1254 et de 100 ppm d'Aroclor 1260 sont resiés sans effet sur la
seproduction des cats soumis & ccs régimes pendant deux générations. L poids du foie a augmenté
chez les mviles F | hgés de 21 jours au régime & § ppm d'Aroclor 1254 et chez les miles et femelles
F, ¢t F, sevrés des groupes & 5 ppm ou plus d'Aroclor 1254 ou 1260. Des modifications histologi-
ques du foic et des augmnentations du poids de cet organe ont ¢té obszevées chez les rats adulles
qui reccvaient les plus fortes doses. Des femelles gravides qui avaicot requ 100mg d"Aroslor
1254/kg de poids vif &1 por jour du Jéme au 18me jour de gestation ont mis bas des nichées &
peu prés normales, mais seulesnent 30.1%; de ees jeuncs ont susvicy au sevrage. La reproduction
et le taux de survie des jeunes n'ont pas é1¢ influencés par les doses de 50 mg d'Aroclor 1254/kgfour
¢t de 100 g d'Aroclor 1260/kg/jour. Les valeurs DLy, orales chex fes rate mifes bgés de 34
semaines étaient de 1295 mg/kg d'Aroclor 1254 ¢t de 131S mp kg d'Arnclor 1260, La LD, intra-
veineuse d'Atocior 1234 ¢uit de 338 mpekg chex les femelles adultes.
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Adenofibrosis in the Rat Liver

With Persistence of Polychlorinated Biphenyls in Adipose Tissue

Renate D. Kimbrough, MD; Ralph E. Linder; Virlyn W. Burse; Ralph W. Jennings, Chamblee, Ga

Fitty mate Sharman strain rats were fed
800 ppm of a polychiorinated biphenyl
{PCB) (Arocior 1254) for six months, Five
wsach were kilied zer0, ona, two, three, four,
six, sighl, and ten months after exposure to
Aracior had ceasod. The livers of these rats
wore ined by light and el mi-

n a previously reported study'
Sherman strain rats were fed poly-
chlorinated  biphenyls  (PCBs)
(Aroclor 1254 and Aroclor 1260). The
rats developed characteristic mor-
pholomcal changes in the liver. These

croscopy. Aiver lesions persisted at h
axposure to PCOs ceased.

Ten months aller exposurs ceasad,
4,182 ppm PCBs wore still present in the
rats’ adiposs tissue and 22,65 ppm in tho
rat livers,

Aracior patterns found in the tissues by
electron capture gas chromatography dif-
fered from petterns of dictary Aroclors.
Mass spoctral analysis of livor 2nd adipose
tissue revenled three major Arotior compo-
nants with masses of 324, 358, and 392.
These contained isotopic clusiers indica-
tive of tho presence of Ct,, Ct,, and Ci,,
respectively.

isted of hyportrophy of
the liver cells, 8 brown pigment in
Kupffer cells, lipid accumulation in
the cytoplasm of hepatocyles and, at
the higher dietary levels, adenofi-
brosis. Because of the wide distribu-
tion of PCBs in the environment? and

Submitted for publication Aarch &, 1973; ac-
cepled April 19,

From the Environmental Protection Agency,
Bio-Effects Branch, Chamblece, Ca.

Roprint requests to 165 Avery Dr NE, Atianta
30309 (Dr. Kimbrough).

their persistence, the hepatic lesion
was studied further. The present
study was undertaken (o sce whether,
once exposure to PCBs was stopped,
the morphological changes produced
in the liver might disappear.

Materials and Mcthods

A'otal of 50 male weauling, specific.
pathogen-fice, random-bied  Shorman
strain rats were tagged individually and
group-tnged, ten rats per cage. They were
given Aroclor 1254 in their diet for six
months. The dose of 500 ppm, which is
equivaient th an average daily intake of
36.4 mg/kg hody weight,' way chosen be-
causc in the provious study all tew exponed
male rats developed adenofibrosia within a
period of eight months. The Aroclor way
mixed into ground Inboratory chow as pro-
viouely described.! After six months of

Fig 1.~Ares ol adenofibosis in Ilvcv section consisting primarily 71
by kit

Fig 2.~ Rat liver section showing cluster of smalf columnar ceils resem.

ducts by tlattened
fibrosis i in, origina)

Ducts are
x1

f
K
v
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Exhibit 5, 7

ing lesion are

bling pancreatit tissue ldpcuul to blood vessol, Hepatocyles nmmmd

x 175).
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Use of the present method produces
an nvernpre slope nround 3. For nick-
el, the slope chunges from 0.222 in
acid, o 0.666 in this organic base.

Since copper and zinc concentra-
tions arc determined after dilution,
and therefore subject to a certain
amount of dilution error, a Nationnl
Bureau of Standurds sample (No.
1577) of bovine hiver was subjected to
the same procedure and analyzed.
Tho copper recovery wns 113% = 5.0%,
and rzinc, 112% = 6% in threc scpa-
rate analyses.

Tho precision of the method in re-
peated analyses of control and ex-
posed luny tissue is presented in Ta-
ble 2. All lungs were divided into
approximately five equal portions
and cach portion analyzed for cad-
mium, nickel, and zinc. The slandard
devlations (or each lung varied from a
Jow of 0.02 ppm to 1.56 ppm, depend-
ing somewhat on the exporure to the
jnhaled etal. Within measured
ranges of cadmiuvm and nickel cou-
centrations, 200 to 300 mg of wet tis.
sug from an exposed animal are nec-
easary for precision. If the animal is
unexposed, 300 to 400 mg are re-
quired for the cadmium analysis.

1. Frilerg J., Piseator M, Nordberg G: Prob-
tems of nnnlyais, in Cadmium in the Environ-
mMI Clevelnnd, Chemical Rubber Co, 1971, p

! Christian G, Feldinan F: Alonue Abmrp

Although one would not expect any
difference in the nickel concentration
before or afler exposure to cadinium,
the nicke! concentration wus bhelow
the fevel of dutection in the control
aninuils. Samnple weights can be re-

* duced by as much as 90% to 95% for

the analysis of zinc and copper.”
Using the data given in Table 3,
the total amount of cadmium re-
covered from the lung was caleulated
and compnred with the total amount
of cadmium present in the inhalation
chamber during that period, as well
as with the estimated amount of
cadmium inhaled by the rats. It can
be scen that the percent retained (6%
16 20%) of that “inhaled,” is larger by
a factor of 50 than the amount re-
tained from the total exposure. These
figures are somewhat comparable lo
those reported in the literature,”
which for short acute exposures var-
ied from 6% to 13% for rais, nnd un-
der chronic conditions, lasting eight
months, are estimated at 2% for rab-
bits. Both of these studies were per-
formed at higher exposure levels than

relatively small particle size, (89%
are Juss Lhan 0.53um in diamctery’®
which for cadmium oxide would be
relatively soluble. The unimals were
killed 16 hours afler removal from
the chamber, and the total exposures
were not large. Experiments per-
formed in these laborateries afler
five- to six-weck exposure periods, to
be reported in the future, do not show
much incrensc in lung retention.
Under the conditions of these experi-
menta then, it would appear that of
the cadmium oxide acrosol absorbed,
a substantial poition r in the
lung.

In summary, datla have been pre-
sented to illustrate a fast and rela-
tively precise method for the analysis

-of cadmium and nickel in animal tis-

sues.”* The technique has been used
to measure cadmium concentrations
in the rat lung after exposure to cad-
mium oxide aernsols.

This inveatigation was supported by the Na.
tiona! fustitute of Occupational Safoty and
Health grant 5-R01-01{.00347-02.

Ennl Pfitzer, PhD, sasisted in the construction
experiments.

those in the p experiments.
Under the conditions of the present
study, all animals are exposcd to a

References
6. MucGeo J: Characterizativn of mammalinn
tissucs and microorganisms by gus-tiquid chro-
mnlﬁurnplw J Gox Chromatagr 6:1672.1673,
1974
7 Jnhm\ A, Mu-hul LM, Schumacher {J:

tivn Speetroscopy. New York, Wiley-l
Publishers, 1070,

3. Aualytival Methods for Atomic Absorption
Spectrophotamutry. Norwnlk, Conn, Perkin
Elmer Co, 1971,

4. Pulido P, Fuwa K, Valice B: Determination
of exdmivin in biolngical mnieriala Ly atowne
abworption spectraphotanwtry. Anal Biochem 14
383.400, 1008,

8. Pockard Twhnical Bullctin, publication
60518, Downers Grove, 111, Packard Instrument
Co, 1970.

Atch Environ Health/Vol 27, Dec 1973

for atomic absorp-
lian Anal Chem 44:1064-1065, 1972.
8. Mustafn MG, Croas DG: Pulmonary alveo-
lar mncrophage. Biochemisiry 10:4176-418%,
197),

William Barkley ron tha inhslation chambera.
Tony Horstman, PhD), performed the particle six-
ing.

20:75-77,1973.
n. Sundeumn F\V Mrnwnmcnl- of nickel
n b

tomic
specirometry. Am J Clm Pulhal 44:181- 188,
1065,

12. Fribory L, Piscutor M, Nordbery G: Me-
toboliswn, in Cadmium in the Environment.
Cleveland, Chemical Rubber Co, 1971, pp 27.68.

13. Murthy L, et ol: Atomic nbsorption deter-
minntion of zlnc. mpper. sadniium and leod in

9. Bingham F, et al: Alveolar h
Reduced number in roin after pimlonged inhaln-
tion of lend sesquiaxide. Science 162:1297-1299,
1968,

10. lorstman 8, et al: Acrusols of lead, nickel,
and endmium: A method of generating saluble
and insoluble compounds. Arch

thsucs by aqueous lom-
lmolxl\lm hydruxide. Annl DBiochem, o be pub-
hed

Direct Determination/Kaplan et al 389

MONS 083857




D SRS

R, S

—c o

C .k

W7 bt s o e i i
fig 3. ~Section of hepatic tissue in latter part of recovery 9hue iitustrating numerous small lipid vacuoies (LV) {lead citrate-uranyt acotate, origina)
magnification x 51,300).
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Fig 4.~ Postion of hepatocyte with tubules of
citrate-urany! acetale, original magnification x 20,235).
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fll 5. ..noum of area of adenofibrosis in liver. Note round clusters of dark granules intermixed with web.like clus\evs ot vuuoies Thvse iun\wms
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Hiustrate ppearance of brown pigient (BP), C represeants coilagen; LC, liver coll (fead cilrate-uranyt acetaie, oripinat magnification x 20,235).

receiving the exporimontal dict, the rats
received no more Aroclor and were fed
plain laboratory chow. At thia time five
rats were killed. Additional killings of five
randomly selected rats were made ono,
two, three, four, six, eight, and ten months
after oxporure to PCB had been discontin-
ucd. At autopsy the livers were removed, -
weighed, sud the tissue fixed in phos-
phate-buftercd 5% glutnraldehyde  for
three hours for electron microscopic exam.
ination, post-fixed in 1% osmium lelrox-

residual Jevel ten months alter dietary in-
take hud ceased, adipose and hepatic com-
posiles weru annlyzed by gas chromatog-
raphy-mass spectrometry. The conditions
for mass spoctral nnalysis were as follows:
the mass spectrometer was interfaced with
a gow chromatograph and equipped with
& mass marker accurate within =0.3 mass
units. The gas chromatographic rolumn
temperature was 220 C; flash heater, 235
C; glass-coiled colunin, 3.05 m1x 0.64 cm;
1.5% OV-17/1.95% QF-1 on 60/80 inesh

ide, embedded in
with a glass knife, and l!nmcd with lead
citrate and uranyl acetate. Tissuo for the
light microscope was fixed in 4% buffered
formaldehyde solution and staincd with
hematoxylin and cosin. Froven tissue of
solected formalin-fixed hepatic tinoue was
cut on the crvosint and atained with oil red
0 to demanntrate Jipids. At the time of the
Tost wncrifice, ten months alter exposure to
PCB-containing dicts had been discontin-
ued, adipnae thwue and liver from seven
previously exposed rate and the adipose
tissue and liver (rom two rats of the sante
age that had been fod only plain chiow
were analyzd for the presence of PCBs by
electron capture (FCY gas chronmuatagraphy
according to methods deseribed by Cur
ctal?

In order to determine which Aroclor
tonstituentx we al stabitis
ty that they remained at nmeasurable

Fuch eh
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washed, dimethyldichlorosilane treated),
holium pressure; 0.84 kg/sq cm; flow rate
(rotameler setting 31, 46 mi/min, scpara-
tor temperature, 225 C; source energy, 70
ev; accelerating voltage 3.5 kvs trap cur-
rent 60pnmp; box current 50pamp, and
lenk current Buamp.

Results

During the course of the experi-
ment three rats died. The liversof the
rats that were killed at the time expo-
sure to Aroclor 1254 was discontin-
ued were enlarged, with average
weights of 6.32% of the body weight.
When the experimental divts had
been discontinued for four months,
the liver made up only 3.6% of
the body weight, and alfter cight

. months revovery the averupge weighd

b “"W" (high performance, acid

amounted to 3.34% of the avevage
body weight. The fraction of the body
weight for the liver in control adult
male rats ranges from 2.44% to

2.59%.

Forty livers werce studied micros-
copically. The hepatocyles weve en-
lacged in 33 livers and all 40 livers
showed either vacuolated or foamy
cytoplasm because of increased Jipid

ion. Cytopl inclu-
sions similar to those described
previously’ were observed in the live
ers of 24 rats. Adenofibrosis, which in
many instances was very extensive,
was present in 36 of the 40 livers, and
a brown pigment was noted in the
Kupfler cells and other mnerophnges
in 25 livers. Of the four rats that did
not devclop adenofibrosis, one each
was Killed two and six months afler
the poisoned.diets weve discontinued,
The other two rats without adenofi-
brosis were killed ten munths nfter
onsct of exposure. The adenofibrosis
ranged in s om grayish white le-
sions measuring 0.5 10 1 cm to areas
of 6 em with o pitted s face, Quite
often the lesion was multicentrie. The
adenofibrosis® is illustrated in Fig 1
and 2. In this study the appraranee of
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Fig 6.~ Gas chromatographic traces of Aroctor

1254 stanciatd (A), hopalic tissue extract (B), and
d with 100% = 1.01nwv.

extract of adipose tissuo (C).

the lesion, partictilarly when it was
extensive, varied a great deal. Siiall
losions consisted predominantly of
glandular  pale-staining  epithelial
colls that formed ducts and were sur-
vounded by very little filwvosis. The
larger levions had extensive fibrosis
and contained collagen, and often the
ducts which were formed by the epi-
thelinl  pale-staining  colls  were

Arch Environ Health/Vo! 27, Dec 1973

markedly dilated. The dilated ducts
contnined mucus or neerotic debuis,
and at times formed small cysts mea-
suring up to 0.5 om in dinmeter.
Smail dilated ducts were lined by co-
lumnar epithelium, and larger ones
by Nattened epitheliuny g 1),

In aceas of extensive fibrosis, and
also udjncent to bluod vesscls in avens
of normal hepatic parenchymaFig®y,

clusters of smiull glandular cellis
were seen in 15 of the livers which
resembled the epithelium observed
norinally in the pancrens. These
small clusters of pancrentic-like tissua
have not previously been deseribed in
the livers of rats or of other species.
Special stains for esterase, esterase
with sodium taurocholate, and tryp-
tophan showed & positive reaction
indicative of salivary gland tissue.
The significance of these colls is pres-
ently not understood. Novmally tis-
suc of a pancreatie type is not ob-
served in the livers of our rats. Clus-
ters of small columinar epithelial cells
resembling pancreatic tiscue also
occurred in portal trinds without be-
ing surrounded by typical adenofi-
brosis. In the present study, one to
two rats at each killing showed these
small columnar cells with highly aci-
dophilic cytoplasm and a small, round
nucleus.

In the oldey animals, tho fibrosis
was quite extensive in some instances
and the glandular proliferation was
present mainly at the periphery of
the lesion. Signs of regression of the
lesion were not noted, except for the

_ disappearance of epithelial cells from

the center of the lesion. Furthevmore
the lipid accumulation and the hyper-
trophy of the hepatic cells remained
constant throughout the study. Ex-
tensive arens of necrosis were ob-
served in three of the 40 livers.

In addition to the change described
previously! electron  microscopic
examinations of sections of liver tis-
sue showed numerous small lipid
vacuoles in the cytoplasm of many
hepntocytes, particularly in the Iatter
part of the recovery phase (Fig 3). The
smooth and rough endoplasmic retic-
ulum was arranged in a disorderly
fashion (Fig 4). Many of the mito-
chondria were atypiatl and surround-
ed by double membranes.

The electron microscopic appear-
ance of the brown pigment present in
the macrophages and Kupfer cells is
illustrated in Fig 5. Large clusters of
divk granular material, intermixed
with lipid vacuoles, were absevved, az
well as round clusters of gronutar
material about the size of mitochim-
dria. Tn vur previous studies it was
found that at least some of this pig-
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ment contained iron' but in addition
high coneentrations of uroporphyrin
(75%. 8-carboxyprophyring and 25%
T-curboxyprophyring) were found in
the livers? which could account for
some of the pigment. In addition to
these findings, oil red O stain demon-
strated granules of red-staining lipid
material in the area of the brown
pigment.

Since the morphological changes in
the liver did not disappear, the re-
maining seven rats were killed after,
aten-month recovery phasc ond their
adipose tissue and livers analyzed for
Aroclor. In adipose tissuc, the concen-
trations of PCBs ranged from 924
ppm to 1,688 ppm, with an arithmetic
mean of 1,192 ppm. The concentra-
tions in the liver ranged from 17.30
ppm t026.24 ppm, with an arithmetic
moan of 22,65 ppm. The PCB levolr in
conlrol adipose and liver tissues were
<1.0ppm. .

The gas chromatogram obtained
from the EC analysis of adipose tissue
did not difter from that of liver, but
was significantly different from
standard Aroclor 1264. An avernge of
seven peaks was observed as & resi-
due in the tissucs. Undey- there gay
chromatographic conditions, at least
.18 poaks have becn obgerved in the
standard material (Fig 6). The differ-
ence is gae chromatographic patterns
between stored and ingested Aroclor
has been obzcrved before in this labo-
ratory and by other researchers in the
feld.?

The total jon curreut (TIC) chro-
matogram for the liver tissue com-
positu is shown in Fig 7. Mass spec-
tral analysis revealed the presence of
only three major Aroclor cotponeats
with musses of 324, 358, and 392.
These comp ined isotopi
clusters indicative of the presence of
C1,, C1,, and C1,, vespectively. Adi-
pone tissue analysis by mass spec-
trometry vevealed the same patlerns.
Although only three different mo-
lecular components  were  present,
examinntion of the EC. and TIC
chromatograms coupled with mea-
sured intenxities from multiple seune
ning of cluting peaks indicates that
sterenisonmers of these three mole-
culer are obviously present. Peaks 1
to 3 (Fig T did not contain any
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percentages, with 100% = 10.0 mv.

chlorinated moicties, while' other’
penks observed in the liver 11C con-
tained the following molecular ions:
peok 4 (324); peaks 5 to 7 (392 and
358 und peaks 8 to 9 (3921

Comment

The adenofibrosis of the liver pro-
duced in thiz study and the one pre-
viously reported’ ia the result of Aro-
clor consumption. Whether the Aro-
clor itself, or a contaminant such as a
chlorinuated dibenzofuran, is vesponsi-
ble still needs to be resolved.

A study of the lesion shows that

o e— e PRI

epithclial proliferation occurs in the
periphery, while the central portion
of the lérions containg primarily
fibrous tissue. The present study dovs
not complaotely resolve the quuestion of
reversibility of this lesion sinee the
storage levels of PCBs in adiposc tis-
sue and liver may have been sufli-
ciently high to stimulate continued
growth of the alteved hepatic tissue.
- The levels in the liver sugpest that a
constant low-level turnover of PCHa
tukes place in the rats. In a previous
study, Curley et al' found levels of
10,000 ppin Avaclor 1254 in adipose
tissue of rats thit had been fed SR
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ppm of the mixture in their dict for

eight munths, This finding indicates
that a great deal of the Aroclors had
been mobilized from the adipose tis-
suc and excreted in the present study.
The storage levels found ten months
after onsct of reeovery are in the
same range of those of rats fed 100
ppm PCBs in their dict for cight
months.® The dictary level of 100 ppm
producesta much lower incidence of
adenofibrosis,’ and it is possible that

alvo observed in the carlicr study.!
Electron microscopic examination of
the pigment shows that particularly
the large clusters of it resemble very
cloxely illustrations of ccroid pig-
ment.? Experimentally ceroid pig-
ment can be produced by hemorrhage
into fatly tissues rich in unsaturated
fatly ocids, particularly in the ab-
sence of an antioxidant (vilamin E
deficicncy). Ceroid pigment is com-
monly referred to as lipofuscin. These
Lpid pig s arg at times associated

adenofitnusis represents a per

with in and may conlain

Jenion, particularly since the p
of body weight of the livers had de-
crenacd.

The Aroclors found in the tissues
differed from those fed in the diet.
Metabolism of lower chlorinated bi-

iron-positive granules as in the pres-
ent case.! Ceroid granules were also
described by Edwards and White in
the livers of rats fed butier yellow.
Bermut et al also obscrved a brown

t in rats fed a mixture of

phenyls is idered as a possibl
explanation for the differences ob-
sorved analytically between con-
sumed and stored PCB. Earlier work
of Block and Cornish has shown that
biphenyls and chlorobiphenyls can be
hydroxylated and excrcted in the
urince of rabbits. A more recent study
by Hutzinger et al’ indicates that the
rat js capable of hydroxylating mono-,
di-, and tetrachlorobiphenyls, but not
hexachlorobiphenyls. Since Aroclor
1254 averages five chlorines per mol-
ceule, it is conceivable that the heuv-
ier chlorinated moieties could remain
asaresidue.

P.dimethylaminonzobenzene  also
produces adenofibrosis. Fdwards and
Whito" and Bennett ot al'' described
the lesion in rats when a mixture of
chlorinated naphthalenes and chiori-
nated diphenyls were fed. Unfortu-
nately, the finding was not well de-
scribed in Bennett et al's veport, but
Edwards and White mentioned Ben-
nctt et al's finding as another exam-
ple of the induction of adenofibrosis
by chemicals in an excellent descvip-
tion of the lesion. A criticn) review of
the hirtopathogencsis of this lesion
wis made by Stewart and Snell's.

The presence of the brown pigment
in Kupfier collz and macvophages iz of
interest and was to a Jesser extent

Arch Environ Health/Vol 27, Dee 1973

chlor inated naphthalenes and chlori-
nated biphenyls. These authors
claimed that it failed to stain in a
manner characteristic of either hemo-
siderin or hemofuscin. The porphy-
rins demonsirated in the livers of our
rats fed Aroclor may also contribute
to the overall pigment deposits. Cer
oid pigment increases in purople with
age and has therefore been called
“Abnutzungspigment” by the Ger-
mans. Attempts have been made to
relate it to senility. It has been associ-
ated with ncuronal ceroid-lipofusci-
nosis (Batten discase) in man. In
minks, a discase called yellow fat
discase'! is associated with the accu-
mulation of excessive amounts of cor-
oid in adipose tissue. The accumula-
tion of ceroid in mink can be prevent-
ed by addition of vitamin E to the
diet. 1t occurs when the food rations
contain high percentages of fish
scrap. However, Gorham et al suggest
that other factors may also be in-
volved, since high dictary percent.
ages of fish scrap did not promote
growth as well as the stock ration,
evon when vitamin E was added to
the diet. These observations raise the
question whether high doses of vita-
min E, and possibly the addition of
choline to the diet, could prevent or

minimize the observed effects of PCHs
on the liver of our rats.

Richnrd J. Moore assinied with {lw snimal
1ests.
Lm " \V And«uun n;l-lrd wnl\ Preparntion

Annlr ll Allord peeforawd the tinewe wq’nrm
tions,

L Stewart, MD, and the tiasuc Inberatory
of tha National Cannr Tantitute, Bethendu, Md,
performed evaluations of Hver slides.
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