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REPRODUCTIVE DYSFUNCTION IN RHESUS MONKLYS
EXPOSED TO LOW LEVELS OF POLYCHLORINATED
BIPHENYLS (AROCLOR 1248)

D. A. Barsorri, R. J. Martagr and J. R, ALuis

Depariment of Pathology, Unicersity of Wisconsin Medical School, Department of Food Microbivlugy wnd Toxicolegy.

and Reyional Primate Research Center, University of Wisconsin, Madizon, Wisconsn 53706, (S A
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Abstract- - Eighteen female and four male adult rhesus monkeys were fed the polychlorinated biphenyt
{PCB) Aroclor 1248 at fevels of cither 25 or 50 ppm in the dicr. These devels are equal to. and 507,
of. the concentration allowed in certain foods destined for human consumption. After consumuing these
dicts for 2 months. some of the females developed acne. alopeeia, erythema and swelling of the vyelyls,
and by ¢ months all females exhibtited these changes to some degree. Modifications in serum (i

developed gradually, with a trend towards hypocholesterolyermis. hypolipidaemia and decreased serum

trighyvgepides. In addition there was a shift in the plusma albumin ¢lobulin ratio and an increase m

serum glutamic-pyrusic transaminase activity. Analysts of subcutancous fat showed an accumulation
of the PCB isomers in the adipose tissue. The concentrutions in this tissue reached a platean, after
which onls slight vartations were obeerved. Within 4 months. menstrual cyeles were altered: menostanis
and menorrhagia occurred frequently and at times amenorrhocy was apparent. The ability of the
animals 1o mantain pregnancy was impaired. as indicated by frequent _rexorptions and aborctions.
When infants were born they were small, and the transplacental” movement of PCBs was evident
from analyses of skin bropsics of neonates and of autopsy tissue from one stillhorn. Morcover, additional
accumulation of PCHs occurred in infants during breast feeding. All males fed 50 ppm PCB exhibuted
only stight periorbit! ocdema and erythema after 14 months on the dict and showed no alterations
n their breeding capacities. The data presented indicate that fong-term, Jowdevel exposure of female

v

non-human primates to PCBs can affect many important hiological parameters

INTRODUCTION

Polychiorinated biphenyls (PCBs) are some of the
more widespread and injurious environmental con-
taminants. These industrially produced compounds
have been used extensively, because of their heat re-
sistance. diclectric propertics and extreme stability.
The propertics that ensure their usefulness to industry
also make them very resistant (0 biodegradation. The
main routes of environmentid contanunation by these
compounds include open burning. vaporization, acci-
dental spillage and waste disposal in sewage. In addi-
tion to acne, which is a fairly constant complication
in most mammalan specics eaposed to PCBs. these
compounds have caused reproductive failure in mink
of the Great Lakes region {Aulerich, Ringer & Iwa-
moto, 1973: Ringer. Aulerich & Zabik. 1972), in sca
lions on the Pacific Coast (Delong. Gilmartin &
Simpson, 1973). in birds in many arcas of the world
(Riscbrough, Ricche. Peakall. Herman &  Kirven,
1968) and in man foliowing the industrial contami-
nation of rice oil in Japan (Kuratsune, Yoshimura,
Matsuzaha & Yamaguchi, 1972) In the Jupunese inci-
dent, the occurrence of abortions, stiltbirths and un-
dersized infunts was attributed to the transplacental
movement of the PCBy. Subsequent research (Allen,
Carstens & Barsotti, 1974a; Curley. Burse, Grim. Jen-
nings & Linder. 1971 has shown that the PCBs dJo.
in fact. pass across the plicental barnier and are
excreted in the mulk of Lictating mothers (Milker &
Fox, 1973, Musial, Haanger, Zitho & Crocher,
19747

Although the utilization of PCBs has been limited
1o closed systems. the level of contamination. particu-
larly in bodics of water adjacent to densels populated
areas, is not declining and in many instances appears
to be increasing. Thus. the PCBs renuun a major en-
vironmental contaminant of significince to health, In
the present report some of the possible ramifications
of low-level, long-term cxposure o PCBs are pre-
sented. Even at the lescls currently permitted in foods
destined for humin consumption. the PCBs are cap-
able of producing widespread harnnful effects i
femule primates.

EXPERIMENTAL

Animals and dicts. Thirty female and ten nude adult
rhesus monkeys were housed ia a controlled environ-
ment simulating the heht, humidity and temperature
conditions of the brecding season for these feral ani-
mals in India. During the 6 months prior to the
administration of the experimental dicts, the men-
stroal cyeles. sperm counts and morphologicl fea-
tures of the spernuitozoa were exaduatad in these ani-
nuls. The monkeys were subsequentdy placed i tuee
groups. a control group of 12 femades and sy nuales
given i commercnd dict (Rabton-Purina Co. St
Lowis. Moo a second group of nine females receivang
a sunilar dict o which 23 ppm PCB \rocdor 1248,
Monsinte Co, e, Se Lowis, Mo was addad, and
atlind group ol nine fenubes and ooy nades reoenang
a sular dict continme SO0 poan PO e e
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imental dicts were prepared by adding the appeo-
priate levels of PCB to a finely powdered meal and
suhsequently pelleting the mivture into 05 x 1-25 in,
cylindrical pelicts. Periodically, samples were ana-
lvsed by gas lguid chromatography to confirm the
PCR level The females on the experimiental and con-
trol dicts eeceived 200 g daily, while all males received
300 ¢ of their respective diets daily. All diets were
supplemented  with fresh fruit and  the animals
received water wd lib, The food left in the feeder was
removed and weighed daily for calculation of intake.

Breeding snedyv. After 7 months on the experimental
dicts, the cight surviving fenudes from the 2.S-ppm
group. cight females rom the S-ppm group and the
12 control females were allowed (o breed. Ovulation
was predicted from observation of menses and pre-
vious meastrual cycle length (Valerio. 19691 In gen-
eral, the experimental females were housed waith con-
trol mules for 5 days during the appropriate time of
ovulation. and the experimental males were housed
with control femiales for a similar period. Pregnancy
tests on females were performed according to Wilson,
Fradkmn & Hardman (1972). The findings were con-
firmed by rectd palpation of the uterus at 40 days
of gestation.

Observations and analyses. Throughout the exper-
iment. animals were observed daily for any physical
change and were weighed monthly. Serum triglycer-
ides. cholesterol. scrum  glutamic pyruvic transa-
minase (SGPT). albumin globulin ratios. total lipid
and hacmograms were determined monthly in all
animals (Allen. Norback & Hsa. 1974b). In addition.
every 3 months an inguinal subcutancous fut biopsy
taken from selected animals in cach group (Allen ot
al. 1974a) was cextracted and cvaluated for PCBs
according to a modification of the procedure ori-
ginally presented by Curley et al. {1972). For chroma.
tographic analysis, fat samples were homogenized in
hexane (500 mg 20 ml) and subscquently evaporated
under dry nitrogen in a 40°C waterbuth, Clean-up
of the extriacted material prior to analysis was carried
out in a disposuble pipette microcolumn containing
silica gel 60 (005 -2 mm) by elution with a benzene -
hexane (1:1, v, v) mixture. Levels of PCBs were esti-
mated in a Healeti-Packard 7620A chromatograph
employing 2 **Ni clectron-capture detector. A pyrex
column packed with Gaschrom Q (80 100 mesh)
coated with 2, SE-30 was operated at 170°C with
argon-methane (95:5) as the carricr gas and at a flow
rate of 30 ml min.
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Table 1. Chunges in the body weight of female monkeys
receiving o dict containing 25 or SO ppoy Aroclor (243

Mean body weight (ky)

Time on dict Control Experimental
{months) group group
0 450 + 068 557 4 055
i 489 + 060 547 + 058
2 486 + 041 528 + 055
1 500 + 055 538 + 060
4 500 + 051 538 + 060
5 501 + 059 484 + 048

Values are means + standard deviation for groups of (2
control or 18 PCB-fud (2.5 or S ppm) animals.

RESULTS

During the first 6 months that the females received
PCBs in their diets. the intiake was relatively constant,
with the amimals ingesting an average of 90 and
180 mg PCB on the 25 and 50 ppm dicts. respect-
ively. Despite normal food consumption. both exper-
imental groups lost an average of 15:1°, of their initial
body weight (Table 1). Within 2 months of the start
of the experiment and when 30-60 mg PCB had been
consumed. individual animals begun to show the typi-
cal signs of PCB intoxication. including loss of hair.
acne of the face and neck. and erythema and swelling
of the eyelids. At 6 months all females exhibited these
signs to some degree. Skin biopsies revealed affected
hair follicles with prominent keratinization. The hae-
matological changes developed more gradually. Hae-
mograms remained relatively normal throughout the
periad. but the concentrations of serum triglyceride,
cholesterol and total lipids decreased progressively
(Table 2). although only the decrcase in total lipids
was statistically significant. There was also a shift in
the albumin’globulin ratio and a progressive increase
in SGPT acuvity (Table 2).

The data obtained from the fat biopsics on the
female animals (Table 3} showed an accumulation of
PCB isomers in the adipose tissuc. After 2 6-month
exposure period, the PCB level in the adipose tissue
of the animals receiving 5 ppm attained a plateau,
subscquent values varymg little with continued con-
samption of the diet. A similar level was atined in
| yr by the group given 2-S ppm PCH

After 4 months on the experimental dicts and con-
sumption of a total of 60-120mg PCB. menstrual

Table 2. Modificanons in the serwon chomistry of fomule monkeys given a dict containing 2-5 or St ppme droclor 1234

Scrum levels (mg 100 mi)

Time on Albumin/ SGPT
drt Total globulin activity
{months) Trighycerides Cholesterol hpids ratio tRFLY
0 75 ¢ 18 166 + 2% 582 £ 9 1-20 + 019 14+
bl 9l + 4 152 + 2% 5713 + 98 123 £ 020 447
3 15+ 24 159 + 24 581 + 97 130 + 02t M
4 S+ 20 146 = 26 A5+ M4 1123 3 016 I+9

S 6l = 20 I3 = 22 170 + » 108 £ 019* RIIE il

SGIT - Sorum plutime-pyronic tnananun g REL = Ratmuan-Frankel unns
et e b e e gt I s el poeen 2 S ppmand aght SO ppme PCBE an,
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Effccts of PCBs on reproduction in primates 101
Table Y. Yol intuke and odipose-tissue levels of PCBs in female monkeys conswminyg u Jict contuining 2§ or $0 ppm
Aroclor 124%
Yalues after administration of PCB diets® for
I month 6 months
Dictury
level Totul Tissue content Total Tissue content
{ppm) No. of PCB intake of PCBs PCB intake of PCBs
of PCB animals {mg) {ugg) (mg) {ng g
25 41 1563 + 263 506 + 3-50 85:29 + BO7 3269 + 1507
50 3 3095 + 106 16:39 + 449 17536 + 424 7130 £ 31-36
*Data have not been included on the PCB levels of fat obained from the control animals because in all instanecs
the minor peuks recorded in the gus-chromatographic analysis could not be stated to be PCBs. Furthermore the
amount they represented was infinitesimally small.
tOnc animal 1n this group showed lesions carly in the experiment and gas-chromatography of its adispose tissue
tevealed that the PCB concentrations were closer to those of the animals fud 30 ppm despite the lower imtake
of PCB This animal was not included in the culeulations.
Values are means + standard deviation for the numbers of animals showan.
cycles were decidedly altered, particularly in the  the typicul signs and tissuc alterations of PCB intovi-
group receiving the S-ppm dict. There were increases  cation. The major gross tindings «t autopsy included
in the duration of menses and in menstrual bleeding.  generalized alopecia, subcutaneous ocdema and acne.
Menses were S 7 days longer in the experimental  Microscopically, in addition to hyperpias of the fol-
group than in the controls. Several of the experimen-  licular epithelium and inflammation of the surround-
tal animals exhibited occasional absence of menstrual  ing tissue, hair follicles were filled with keratn,
blecding. ' Throughout the liver there were focal areas of nee-
Conception rates for the control animals and for rosis. Hepatocytes were enlarged and contained
those fed 2-5 ppm PCB were essentially the same. but.  numerous small lipid droplets. Large lipid droplets
the conception rate in the animals receiving Sppm prevailed in the cytoplasm of the Kupltler cells. In
was decreased. As shown in Table 4, eight animals  addition. both ammals developed termipally a severe
on the 2-S-ppm diet became pregnant, as determined  enteritis from which Shigella flexneri type 1V was 1so-
by the level of chorionic gonadotropin in mouse lated. This orgamism 15 known to be a common
bioassiays. but shortly afterwards three of these ani- pathogen of primates. but is generally sensitive to
mals resorbed their embryvos. In these animals, im-  treatment. Even following treatment. the animals in
plantation bleeding, which usvally occurs 17 days this study experienced shigellosis on numerous occa-
after conception, was repluced by profuse uterine hae-  sions. a finding consistent with previous observations
morrhage. In the 5-0-ppm group, six of the animals  that PCBaintoxicated animals appear to be more sus-
were impregnated. The remaining two animals were  ceptible to this opportune pathoyen,
bred five tmes without success. Of the animals that The distribution of PCBs in the tissues of the two
conceived in this group, there were abortions at 46, females that died. as well as in those of the dead
67 and 107 days of gestation, one resorption. one still-  infunt born to a mother on the 30-ppm diet, is shown
born and onc uncomplicated birth. Viable infants in Table 5. The affinity of PCB for lipid-containing
born to the experimental animals were small (1 2 tissue is readily apparent and a transplacental move-
standard deviations from the normal established by  ment of PCBs is indicated by the high concentration
Kerr, Schetller & Waismun, 1969). but were otherwise  in the Ussucs of the stillborn infant. Furthermore
normal. These observitions are in contrast to those  the levels of PCBs in the other infants continued
in the control animals, all of which conceived and  to increase after birth as a result of the high
gave birth to normal infunts (Table 4). concentrations  in the mulk  of the mothers
One adult femade on the 2 S-ppm dict and one on {2750 121§ ng’g milk) The level of PCB in the
the $-0-ppm dict died alter i73 and 310 days of feed-  skin obtained by biopsy on the day of birth from
g, respectively. At autopsy, these animals showed  infants born to the mothers on the 2-S-ppm PCB dict
Table 4 Modiftcation in eeproduction in princates cxposed 1o Aroclor 1245 an e dict
No. recorded in groups
fed dicts containing PCB levels (ppmb of
Reproduction 0 28 §0
paramuter Na. of animals ‘group.. 12 ] X
Total mpregnated 12 8 6 DSW
Resorptions of abortions 0 3 K]
0

Sullhogn

0 1

032541
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Table & PCB content of tissues obtained ar auropsy from mwo udult fomalc mond, cvs
amd a stilthorn wfant

PCB content (g g in tissues from

Adults fed dictary levels (ppm) ol

Sullborn

Tissue 25 50t infant}
Pancreas 016 53-89 6385
Liver s6l 21438 247
Adrenal 309 4018 2483
Kidney o6) 5277 247
Spleen 155 RIS 12:52
Small intestine o7 322 15:00
Stonuach 268 4745 1896
Brain 1-58 2141 034
Lung 320 869 99-36
Muscle 019 1766 448
Skin 098 1303 0001
*Aroclor 1248 mtake: 733 myg over 173 days.
tAroclor 1245 intake: 2834 56 mg over 310 days.
tAroclor 1248 mtake. by mother: 3943 mg over 401 Jivs on $0-ppm diet

was 28 + 14 pg ¢ tissuc. This value had increased
10 111-6 + 290 52 u shin after breast-feeding had con-
unued for 3 mosths.

One of the male animals given 50 ppm PCB eahi-
bited a slight periorbitaf ocdema and ery thema of the
eves after 6 months itotal PCB intake. 300 mgt Only
the consumption of approximately 670mg PCB over
14 months resulted in the development of shght to
moderate periorhital oederpa and congestion in all
of the exposed males. Levels of PCB continued 10
increase in the adipose tissue of the males with time.
In spite of these rises there was no alteration in their
gross brecding capabilities (sperm count or breeding
success), control fumitles conceived at the same rate
whether bred 1o evperimental or control males.

‘
‘

DISCLSSION

The fevels of PCB that were incorporated in the
diets of experimental animils were sclected to rep-
resent concentriations equal to or half as great as
those permitted in certain foods destined for human
consumption. Previous cxperiments teported  from
this kiborators hase shown that PCB concentrations
as low as 25 ppm in the diet of non-humin primates
mity produce morbidity and mortality after 2 months
of cxposure (Allen et al. 1974a).

Skin changes appeared in animals receiving 2-5 or
50 ppm PCB as rapidly as in the unimals fed larger
doses (Allen o of. 1974a; Allen & Norhack, 1973),
In fact. these skin changes were recorded in some
animals after a total of only 30 50mg PCB had been
ingested These data supgest that only shorf g i
hy perplasi, blockage of the sehaceous ducts and ker-
atimizabon of the hor follicles. The varly heavy locali-
zation of PCB n the shin of affected animals (Yoshi-
murd & Oshuna. 19717 s wndoubtedly responsible for
such tsae Changes,

The vadues for SGEEL albumin globulin ratios and
total lipads were wznticantly diffveent from the con-

BRI oAl ek there wore indicationms

b diets before chinges in the serum trigliceride and
cholesterol concentrutions were statistically  signili-
cant. These observations substantiate the sindings of
Allen et al. {19744) who recorded similur changes in
the serum chemustry of monkess fed 23 ppar PCB for
2 months.

Male monkeys fed a diet containing S0 ppm PCB
invarably ate more foed and attiined higher Jevels
of PCB in the adipose tissue than thew female
counterparts. However, the femole monkeys devel-
oped signs of PCB inmtovication within 2 months
whereas only minoc skin altesations developed in
males alter [ yr. One evplanation for this difference
in PCB response between the two seves may be
related to the total resersoir of fa tissue, Sinee the
males were much farger than the females. they had
a greater quantity of adiposc tissue in which the in-
gested PCB could be sequestered. Plitonow & Kar-
stad (1973) described similar differences in the toxic
response of mink to PCB. noting thit male mink at
all treatment levels were fess severely afficted. sur-
vived longer and produced ahundant. viable sperma-
tozoa throughout the cvpenment. Gish & Chura
(1970) observed that heavier quint survired longer
than lighter ones when treated with DDT.

One of the most scrous cesults of PCB exposure
in the adult female monkey was the effeet on repro-
duction Even with Tow dictary lfevels of PCBs. the
menstrual cycles were irregular and there was gxees-

sive_and prolonged menstrudl bleeding. In addition,

anmmals that coneencd showed a higher ancidence of
resorptiog and varly abortion even when compared

with the t07, uborttioas and stltbsrths recorded cach
year in the breeding colony. A likely esplinaten for
these changes (s related to an oostrogen-progedderone
imbalance i these aminials, these hoomones being re-
sponsible for meastrual flow and the mantenance of
pregoancy. Prehiminary observations from this Libor-
atory supooestan endocnine disturhance cosuttmg from
POB stonvication in females When femaldes are ol
PCB O theie dicts they ivarably have much lugher
levels of wrmary ketosterods than control monkess

A e g s
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Effects of PCBs on ceproduction in primates 103

Another interesting obaervation was the reduced
size of the infants born at term to PCB-fed monkeys.

ese hindings are in agreement with reports from
Japan, where the children born to exposed mothers
were reduced in size (Kuritsune of all 1972). Even
though the infant monkeys had shorter long bones,
smaller head circumference and reduced crown-to-
rump lengths, the osseus developawent as viewed
radiographicilly was similar to that in the control
infants {unpublished observations).  Histologically,
there was also normal development of the tissues in
day-old infants born to PCB-fed mothers {Allen e
al. 1974a).

Recently it has been shown that at least & portion
of the PCBs are mctabolized through an arene oxide
intermediate (Hsu, Van Miller & Allen, 1975). There
is a distinct possibility that many of the effects that
have been recorded in this experiment may be related
to an interaction of these epoxides with cellular mac-
romolecules. These findings also suggest that PCB
exposure may have long-range effects in primate spe-
cies, since.epoxides ure known to be capable of pro-
ducing necrogenic, carcinogenic  and  mutagenic
changes in mammalian tissucs.

It is unlikely that man will be exposed to levels
of 2-5 or 5N ppm PCBs on a continuous basis in his
diet. However, there may be instances when the in-
take of PCBs may ewceed these concentrations for
short periods or when exposure over a prolonged
period may give nise o tONiC concentrations in the
tissues. Whether human exposure to the PCBs is sutli-
ciently great to produce scrous effects such as repro-
ductive insufliciency or modifications in the functional
capacitics of certain cellular macromolecules has not
been determined. However, the dats presented in this
report suggest that present levels of PCB contami-
nation may be sutlicient to cause such eflects.
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