Polychlorinated Biphenyl- and Triphenyl-Induced
Gastric Mucosal Hyperplasia in Primates

Abstract. Polychiorinated biphenyl or sriphenyl ingestion by sobhuman primates
for 3 months produced hyperplusia and dysplasia of the gastric n.wcosa. The con-
centration of the biphenyl within the experimental diet was l:ss than an order
of magnitude greater than that occurring in random food sariples sold in the
United States and less than levels which have occurred in food products as a result
of industrial accidenss. The increased cellularity, abnormal (ysplastic growth
pattern, and invasion of the adjacent tissue region indicate cory-romised gastric
Junciion and are sugg.suve of an eventual neoplastic transforme tion.

Polychlorinated  biphenyls (PCB's)
have been widely used in industry for
over 40 years as sealanis, heat transfer
agents, plasticizers, adhesives, and diclec-
tric fluids in capacitors and transform-
ers. Global cnvironmental conlamina-
tien (/) und ihcic presence within the
food chain have occurred through in.
dustrial accidents and improper dis-
posal and miisuses of the compounds
{2, ). Polychlorinated biphenyls were
reported in the United States in coho
sabmon in 1969 and then in milk fat
(28 paris per million), poultry and cggs
(4.2 ppm), fish (35 ppn), and cereals
(less than 1 ppav} (2). The Food and
Drug Administration is presently re-
moving from the market knowa con-
laminated food samples which exceed
S ppan. Bowever, as a teswlt of occult
envitonmental  and  food exposure,
significant levels of PCB's (over 1 ppm
in adipose tissue) are present in over 30
petcent of random samples taken from
the general population of this country
(9). Two separate, well-documented in-
dustrial nccideats resuited in high con-
centrations of PCB's in rice oil (2000 to
3000 ppm), which was subsequently
consumecd by over 1000 people (5.
and in fish weal (14 to 30 ppm) used
for poultry feed (2). The effects of
PCB's on humans include acneform
skin cruplions, pigmentation of nails
and skin, . cye discharge, generalized
swelling, weakness, vomiting, diarrhea,
weight loss, and fetal toxicity (5). Addi-
tional eficets ohwonved in experimental
awanals fed the compounds include
hepatic porphyria in chickens and rab-
bits (6). proliferation of hepatic smaoth
endoplasmic reticulum in rats (7), mice,
and monkeys (8), increase in certain
Bepatic eazyme activities in rats (7)
and Kkestrels (9). neuropathy in  ritts
(10), lymphopeniy and immunosuppres-
sion in rubbits and guinea pigs (9). and
cstrogenic astivity v the 1at uierus
(/1) In the study reperted here der-
matologic  ahciations including  alo-

ass

pecia, edema, and concform  lesions

and hepatic alterations including organ
hypertrophy and prolifcration of the
endoplasmic reticwlum were observed in
the subhuman primate. In addition, a
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previously unreported lesion, hypor.
plasia and dysplasia of the gasteie
mucosa, occurred in all animals thyy
were fed diets containing the chiorin.
ated biphenyls and triphenyls (PCTs).

Male shesus monkeys ranging in age
from 14 to 2 years and having an
average weight of 2.9 kg were used in
this study. Six animals v ere fed a dieg
containing 300 parts of PCB {Aroclor
1248) per million atel »ix were given
5000 parts of PCT (Arcclor $460) per
million in the diet, for 3 momhs, The
remaining three animals served as con.
teols. During the course of the expeti-
ment the animals were given azeess to
300 g of the cxperimental dict daity,
The animals comtinued 10 e through.
out the cxperimental period, aithough
there was a decrease in bedy weight of
approximatcly 15 percent in both of the
cxperimental groups. Within | month,
ali of the PCB-fed animals, and within
6 weeks, the PCT-fed animah, had hawe
loss from the head. neck, and bhack, A
progressive, generatized, subcutancous
edema, particularly of the face, was
manifested as swollen eyelid, asd lips.
A purulent discharpe exuded from (he
and isolated  acneform  Jesions
were present on skin arcas deveid of
hair. Liver hypertrophy *2.V peicent of
the body weight in controls: 4.5 per-
cent in the PCB group: 5.6 peicent in
the PCT group) was attnbuted mainly
to a proliferation of the smocth endo-
placmic reliculum  obscrved electran
microscopically. Edematous thickening
of the stomach wall and maiked hyper-
ttophy of the pyloric and fundic astrie
mucosa occurred.

The bypestsophic gastric mucosa was
several times thicker that the control
mucosa and was compesed of grealy
clongated hyperplastic glands contain-

ing mucus-secrvting cetls (B 1) TThe
cells  containing  basttar  posiioncd
nuclei, abundant stightly acidephilic

cytoplasm, large vacuoles. and a micros
villous bordes abutied an a basad lanunp,
Prevention of discharge of the scere-
ion owing 10 the depth amd apposition

Fig. 1. (A} Normal pylotic glands of thz
phic mucosa (M) are scparmed fram
the submucosa ($) by the mussularis
mucosae {m). () Jollowing pobchicit
nated biphonyl ingestion the hyperpl
mticosal elands penctrate the nvre
muvosie o form mususfilled ¢ysts of
submucosa. Cells Jining cyst simitar
arca indicated by arrow (=0} are
ficd in Big. 20 (% 40: scale represems §
um),
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* of the glands predisposed 1o the devel-

opment of Iarge mucous cysts. Glands
of the fundic area which normally con-
tain a varicty of sccretory cell types
consisted primarily of mucus-secreting
cells.

Widespread penetration o( the mus-
cularis mucosac and invasion of the
submucosa by the mucosal epithelium
(Fig. 1) was observed in the stomach
of cach experimental animal, Large
cystic areas filled with mucus and
Fined with clongated mucus-secreting
epithelinl cells predominated in the sub-
mucosa, Other cells assumed a glandu-
Iar pattern, Scrial scctions of the sub-

| cysts d d stratified
arrangenuents of proliferating epithelial
cells which penetrated the basal lamina
and invaded the surrounding conncctive
tissue of the submucosa (Fig. 2). Epithe-
Lial origin of the stratified cells was
determined by the presence of nucleoli
and similarity of the nuclei in size and
shape to the nuclei of the cpithelial
cclls lining the cysts. Occasionally, ir-
segular hyperchromic nuclei and pleo-

morphic cells with mitotic figurcs were

present in the colls of the stratified
arcas. The presence of inflammatory
cells in the submucosa in proximity to
the glandular aad cystic ¢l was
common.

The increased cellularity of the
mucous glands with invasion of the

l’lg 2 Glandular epithelial cells that have extended from (he mucosa into the mb

mucosa encompass large cysts (C).

In some areas (—+) lhe cpithelial cells ac

siratified and pene(uxc into the connective tissue of the submucosa. The cell nuclei
of the siratified arca is similar in size and appearance 10 1hat of the simple colurnar
epithelium that lines the remaiader of the cyst (see insel). Serial sections of the tissue
confirmed the siratified arrangement of the cpithelinl cells (x250, inset x640; scale

represents S0 um).

monkeys and human paticnts cxposcd
1o the PCB's may be related to gastri-

of the parictal cclls by

muscularis and panying  lis. Repl,
inflammation noted above is histologi
cally described as a h)pcrlrop)uc

The ¢ of the
cpuhclml cells into the submucosa and
the presence of irrcgular stratificd ar-
rangements of epithelial cells within the
submucosa are distincily dysplastic pat-
terns, ‘The experimental concentration
of biphenyls (300 ppm) within the diet
which was sufticient to produce these
conditions in subhuman primates in 3
months is about fen times the levels
that have occurred in samples of milk
(28 ppm) and of fish (35 ppea) re-
posted by the U.S. Food and Drug
Administration (2). This concentration
fs much less than the levels that have
occurted in food products duc o in-
dustrial accidents (2000 to 3000 ppm)
).

The magnitude of the chronic ef-
feets which could be produced by I'CB-
induced hypertrophic pastritis is as yet
undctermined. The nausea and vomiling
following human consumption of 'CB’s
ase possibly a result of the gastric irvita.
tions, Weight loss by the experimental

2 FEDRUARY 197

the ting cells which oc-
cursed in the fundic glands of tho
more severely affected animals may re-
sult in  achlorhydria and cventual
pernicious ancmia owing to the lack
of intrinsic factor necessary for vitamin
B,, absorption. Invasion of the muscu-
laris mucosae and submucosa by the
epithelial clements mnay lead 1o loss of
integrity of the gastric wall with cven-
tual crosion, ulceration, and hemor-
rhage, as was the case in monkeys fed
chlorinated biphenyl dioxins (12).
Decause interest in these environ-
mental contaminants is only recent, in-
vestigative cfforts have nol yet deter-
mined the long-term carcinogenic poten-
tial of PCB's and PCT's. The associa-

‘tion of chronic irritation with cancer,

particularly of the stomach, cervix, oral
mucosa, and bronchial cpitheliom, is
well documented. These dysplastic cel-
lular abnormalitics of the hypertrophic
gastric mucosa nrc Jikely duc to chronic
irritation but arc at present short of
neoplastic transformation. The develop-
ment of hypertrophy, hyperplasia, and

dysplasia of the gastric mucosas of sub-
human primates necessitates clarifica-
tion of the carcinogenic potentials of
these compounds.
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