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Polychlorinated Biphenyl- and Triphenyl-Induced

Gastric hMucosal Hyperplasia in Primates

Abstract. Polychlorinated biphenyl or triphenyl ingestion by subluunan primates
Jor 3 months produced hyperplasia and dysplasia of the gastric n.ucosa. The con-
centration of the biplienyl within the experimental diet was less than an order
of magnitude greater than that occurring in random food samples sold in the
United States and less than levels which have occurred in food prodicts as a result
of indusirial accidents. The incrcased cellularity, abnorinal dysplastic growth
patiern, and invasion of the adjacent tissuc region indicate cony romised gastric
Junction and are suggestive of an eventual ncoplastic transformation.

Polychlorinated  biphenyls  (PCB)
have been widely used in industry for
over 40 ycears as scalants, heat transfer
agents, plasticizers, adhesives, and dielee-
tric fluids in capacitors and transform-
ers. Global environmental contamina-
tion (/) and their presence within the
food chain have cccurred through in-
dustrial accidents and improper dis-
posal and misuses of the compounds
(2, 3). Polychlarinated biphenyls were
reported in the United States in coho
salmon in 1969 and then in milk fat
(28 putts per million), poultry and cpes
(4.2 ppm), fish (35 ppm), and cervals
{less than 1 ppm) (2). The Food and
Drup Administration is presently re-
movina from the market known con-
tamipated food samples which execeed
S ppm, However, as a result of occult
envitonmental  and  food exposwie,
significant fevels of PCR's (over 1 ppm
in adipose tissue) are present in over 30
pereent of randon samples taken from
the general population of this country
(). 'Ywo scparate, well-documented in-
dustrial accidents resutied in high con-
centrations of PCBs in 1ice oi] (2000 to
3000 ppm), which was suhsequently
consumed by oser 1000 people (5),
and in fish meal (14 to 30 ppm) used
for poultry feed (2). The cffects of
PCI's on humans include acnefarm
shin cruptions, pigmentation of nails
and skin,  eye discharge, gencralized
swelling, weakness, vomiting, diarrhea,
weight Toss, and fetal toxicity (5). Addi-
tional effccts observed in experimental
animaly fed the compounds include
hepatic porphyria in chickens and rab-
bits (6), proliferation of hepatic smoath
endoplasmic reticulum in rats (7). mice,
and mookeys (8), increase in cortain
hepatic enzyme activities in rats (7)
and kestiels (93, nourepathy a1t
(203, lymphopenia and immunosappros-
vion i 1abbits and guinea pigs (5), and
estragenic activity in the rat uteirus
(17). In the study reperted here deys
matologic  aliciations  including  2lo-

498

pceia, edema, and acneform lesions
and hepatic alterations including organ
hypertrophy and proliferation of the
endoplasmic reticulum were observed in
the subhuman primate. In addition, a
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previously unrepotted  lesion, hy- .,

plasia and dysplasia of the :;x\".[‘_,
mucosa, occurred in all animaly (hy
were fed diets containing the chiarin.
ated biphenyls and tnphensts (PCT o

Male rhesus monkeys ranzing in ave
from 1% to 2 ycars and having an
average weight of 2.9 kg were used in
this study. Six animal. vere fod a diet
containing 300 parts of PCB (Areclar
1248) per million and Lix were ¢iven
5000 parts of PCT (Araclor 5460) per
million in the dict, fer 3 months. The
remaining thiee animals served 25 con-
trols. During the courss of the evperi-
ment the animals were given zccess 1o
400 g of the experimenia) dict daily,
The animals continued 1o ext through.
out the experimental period, aithoueh
there was a decreave in Body weipht of
approximately 15 percent in both of the
cxperimental rroups. Within 1 menth,
all of the PCB-fed animials, and within
6 weeks, the PCT-fed avimals, had hair
loss from the head. neck. and back. A
progressive. pencialized, subcutancous
cdema, particularly of the foce, was
manifested as swollen eyelid, amd dips,
A purulent discharee carded from tie
¢yes, and isolated  acocform lesions
were present on skin arcas develd af
hair, Liver hypettiophy (2.0 percent of
the bady weight i controls: 1.5 per
cent in the 'CB poup: 5.6 poarceat in
the PCT grovp) was attributed mainiv
to a proliferation of the smoeth endo-
plasmiic  reticulum observed  clectron
micjoscopically. Ddematous thichening
of the stomach wall and marked hypee-
trephy of the pyloric and fundic gastiic
mucosa occurred.

The hypertiophic pastric mucosi was
several times thicker than the control
mucosa and was -compesed of greutly
clongated hyperplastic glands contain-
ing mucus-cecreting cells (Pig, 1) Thhe
cells  containing  basdar  positiened
nuclei, abundant  slightly acidophitic
cytoplasm, large vacuaoles, and a nitcro-
villous border abutted on a bosal lurmins,
Pievention of dntharge of the socre-
tion owing to the depth and appatition

Fig. 1. (A) Normal pyloric ehands of (he

Tpastric mucosa (M) are scpurated fien

the submtcosa {$) by the muse nhvu
mucosac {(m). (1) )ol]m'mv ptm(l‘w.
nated biphopyl incestion the hyya
mucosal ghinds peacirate the mmssvings
mocosac 10 form o mucus iad Oty ol ey
submncosy, Cells linipg oyst simiiar 1o
arca tndivated by airow (-0} are psrpnis
fied in kip. 2. (x40 scale represents 00
#m).

SCILNCE. VoL 1

STLCOPCB4013992



— —— — e

of the glands predisposcd to the devel-
opment of large mucous cysts. Glands
of the fundic arca which normally con-
tain a varicly of secrctory cell types
consisted primarily of mucus-sccreting
cells.

Widcespread penetration of the mus-
cularis mucosac and invasion of the
submucosa by the mucosal cpithelium
(Fig. 1) was observed in thr stomach
of cach expcrimental animal. Large
cystic arcas filled with mucus and
Jined with clongated mucus-sccreting
epithelial cells predominated in the sub-
mucosa. Other cells assumed a glandu-
lar pattern. Sctial scctions of the sub-
mucosal cysls demonstrated stratified
arrangements of proliferating epithelial
cclls which penctriied the basal Jamina
and invaded the surrounding connective
tissuc 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 epithelial
cells lining the cysts. Occasionally, ir-
regular hyperchiomic nuclei and pleo-
morphic celis with mitotic figuics were
present in the cells of the stratified
arcas. The presence of inflammatory
cells in the submucosa in proximity to
the glandulas snd cyslic changes was
common,

The increased  ccllularity of the
mucous glands with invasion of the
musculatis mucosae and accompanying
inflammation noled zbove is histologi-
cally described as a  hypertrophic
gastiitis. The exfension of the mucosal
epithelial cells into the submucosa and
the presence of irregular stratificd ar-
rangemenis of epithelial cells within the
submucosy are distinetly dysplastic pat-
terns. The cxperimental concentration
of biphenyls (300 ppm) within the diet
which was suflicient to produce these
conditions in subhuman primates in 3
months is aboutl ten times the levels
that have occurred in samples of milk
(28 ppm) and of fish (35 ppm) re-
poited by the U.S. Food and Drug
Administration (2). ‘this concentration
is much Jess than the levels that have
occurred in food products due to in-
dustrial accidents (2000 1o 3000 pprn)
).

The magnitude of the chronic cf-
fects which could be produced by 1'CB-
induced hypertiophic gastritis is s yet
undctermined. The nausea and vomiting
following human consumption of PCR's
are possibly a result of the gastric irrita-
tions, Weight lows by the experimental
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lxr 2. Glandular epithelial cclls that have extended from the mucosa into the sub
mucosa encompass large cysts (C). In some areas (=) the epithclial cells are
stratificd and peoctrate into the connective tissue of the submucosa, The cell nuclei
of the stratified arca is similar in size and appearance to that of the simple columpar
cpithelium thit lines the semainder of the cyst (sce inset). Scrial sections of the tissue

confirmed the stratified arrangement of the cpnhclml cells (X250, insct X 640; scale

represents 50 um).

monkeys and human patients exposed
to the PCI¥’s may be rclated to gastri-
tis. Replacement of the parictal cells by
the mucus-secreting  cells which oc-
curied in the fundic glands of the
more scverely affected animals may se-
sult in  achlorhydria  and eventual
pcrnicious ancmia owing to the lack
of intrinsic faclor necessary {of vitamin
B, absorption. Invasion of the muscu-
laris mucosae and submucosa by the
cpithelial clements may lecad 1o loss of
integrity of the gastric wall with cven-
tual crosion, ulccration, and hemor-
rhage, as was the case in monkeys fed
chlorinated biphenyl dioxing (12),
Because inferest in these environ-
mental contaminants is only recent, in-
vestigative cfforts have not yet deter-
mined the long-term carcinogenic poten-
tinl of PCB's and PCT's. The associa-

“tion of chionic irritation with cancer,
particularly of the stomach, cervix, oral

mucosa, and bronchial cpithclium, is
well documented. These dysplastic cel-
tular abnormalities of the hypertrophic
gastric mucosa are likely due to chronic
irritation but arc at present short of
neaplastic transformation, I he develop-
ment of hypertrophy, hyperplasia, and
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dysplasia of the gastric mucosa of sub-
human primales necessitates clarifica-
tion of the carcinogenic poteniials of
these compounds.
; J. R, AtieN
D. 11. Norpack
Department of Pathology, Medical
School, and Regional Primate Rescarch,
Center, University of Wisconsin,
Madison 53706
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