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Chronic Toxic Effects of Polyphenyl Mixtures
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@ At a daily dietary intake of 350 mg/kg or more, Santowax OM, a mixture of

terphenyls used as a coolant, causes severe and to some extent irreversible
chemical nephrosis and interstitial nephritis in rats following prolonged ingestion. i
At a daily dietary intake of 33 mg/kg or more, an O.M.R.E. High Boiler sample,
consisting of terphenyl and radiolytic and pyrolytic products thereof, induces a
marked reticuloendothelial hyperplasia in rats following lengthy oral administration.
This process is most marked in the liver and leads to an irreversible monolobular
= cirrhosis.
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e oral and inhalation toxicity of

phenyl mixture used as a moderator and
coolant in the Organic Moderator Reactor
Experiment (O.M.R.E.) reactor at the Na-
tional Reactor Testing Station (N.R.T.S.),
Idaho Falls, Idaho and had been withdrawn
from the reactor on October 9, 1961 having
been irradiated for 152.7 megawatt days.
The radioactive components were Co®?,
Mn®, and Cs'® in a concentration of less
than 10" uci/gm of the sample. In mixing
the High Boiler sample with rat chow, a
dilution factor of 20 or greater was intro-
duced. The concentrations of the isotopes
in the made-up diets were therefore at least
several orders of magnitude below the maxi-
mum permissible concentrations in water,
(MPC),, given for these radionuclides in
Table I of ICRP Publication 2.5 Chemically
this sample was composed almost completely
of polyphenyls, triphenylenes and phenan-
threnes together with alkylation, phenylation
and hydrogenation products of these three
types of aromatic compounds.” The com-
positions of the mixtures used in this study
are detailed in Table I.

Two month old black hooded rats were
used in the experiment and were fed on
Purina rat chow. The rats were divided into
eight groups, each containing nine male and
nine female rats with the exception of the

first group (Group A) which was composed
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of five male and six fernale rats. Groups A
and B were control groups. Group A was
fed chow pellets only and Group B was
fed chow pellets and corn oil, equivalent to
that consumed by the remaining groups.
The composition of the diets together with
the daily amount of polyphenyl ingested by
the rats are outlined in Table II. Groups
C, D and E were fed the diet B with the
addition of 0.01, 0.1 and 1.09% by weight of
Santowax OM, respectively. Groups F, G
and H were fed diet B with the addition of
0.1, 1.0, and 5.0% by weight of O.M.RE.
sample, respectively. Three rats of each sex
from the test groups were sacrificed on the
130th, 188th and 235th days, with the ex-
ception that the last three males and three
females on diet E were put back on diet A
from the 189th day until their sacrifice on
the 235th day. This was done in order to
assess the degree of reversibility, if any, of
the renal lesions already discovered in the
test groups previously sacrificed. The brain,
stomach, gastro-intestinal tract, mesentery,
liver, spleen, heart, lung, kidney, urinary
bladder, testis or ovary, and bone marrow
were obtained for microscopic examination.

Results
Santowax OM

In general, Santowax OM inhibits weight
gain and leads to anemia, and these findings
together with the results of a paired feed-
ing experiment have already been published
by Petkau and Hoogstraten.® Other morpho-
logical changes involved the kidneys and
livers of test groups. Renal disease was

TasLe II
Composition of Control and Polyphenyl Test Diets

" Group D) led to the accumulation of
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TABLE I*
Composition of the Polyphenyl Mixtures

Nonirradiated Weight Irradiated  Wei

Mixture % Mixture
Santbwai OM: Biphenyl 4.7 OMRE High Boilers:
- High Boilers >
_} o-Terphenyl  64.1 Biphenyl <
m-Terphenyl 25.1 o-Terphenyl <
p-Terphenyl 6.1 m-Terphenyl <
p-Terphenyl <0
Inorganic <

*From: Chronic Toxicity of Polyphenyl Mixtures, A. |
kau, and J. Hoogstraten, Amer. Ind. Hyg. Assoc. J. 26:
(July-August 1965). i

present in animals on diets D and E wh
gross hepatic disease was present in a
mals on diets F, G, and H. In the prese
study, the renal and hepatic lesions are d
scribed in more detail.

The ingestion of 3 mg/kg/day for a peri
of 235 days (Test Group C) produced j
micropathological changes in any of the ¢
sues examined. '

A mean ingestion of 31 mg/kg/day (

Ficure 1. K
mg Santowax/kg
dilatation of tul

yellow-brown granules in the cytoplasm
epithelial cells of the renal convoluted tub
and loops of Henle, but no other pathol
This aggregation of granules was appare]
in a small proportion of the epithelial
and was seen in animals sacrificed at
days. Those animals sacrificed at 188 aj
235 days showed a progressive increase
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Mean Amount of

Group Polyphenyl Ingested
Control Test M)—
Diet Diet Diet Description Male Female
B Pellets of Purina rat chow 0 0
A Powdered Purina rat chow mixed with 0 0
corn oil in the ratio of 2/1 (w/w) : ;
o] Diet B with 0.01 wt.9, Santowax OM 3.0 3.5
D Diet B with 0.1 wt.9% Santowax OM 31 37 o N
E Diet B with 1.0 wt.9% Santowax OM 350 409
F Diet B with 0.1 wt.95 OMRE High Boilers 33 I;g Frcure 2. K
G Diet B with 1.0 wt.9y OMRE High Boilers 331 3 me Santowax/l
H Diet B with 5.0 wt.9% OMRE High Boilers 1832 2140 g /

marked cystic d




]anuary-Feb(‘u’ary, 1 ustrial Hygiene Association Journal

TasLE I* i
Composition of the Polyphenyl Mixtures

Nonirradiated Weight Irradiated
Mixture % Mixture

wax OM: Biphenyl 4.7 OMRE High Boilers:
High Boilers

o-Terphenyl  64.1 Biphenyl

m-Terphenyl 25.1 o-Terphenyl

p-Terphenyl 6.1 m-Terphenyl
p-Terphenyl
Inorganic

com: Chronic Toxicity of Polyphenyl Mixtures, A. I
and J. Hoogstraten, Amer. Ind. Hyg. Assoc. J. 26:
-August 1965). 3

sent in animals on diets D and E wh

s on diets F, G, and H. In the prese
ly, the renal and hepatic lesions are
bed in more detail.

“he ingestion of 3 mg/kg/day for a peri
235 days (Test Group C) produced
:ropathological changes in any of the
s examined.

\ mean ingestion of 31 mg/kg/day (T
>up D) led to the accumulation of fi
ow-brown granules in the cytoplasm
thelial cells of the renal convoluted tuby|
1 loops of Henle, but no other pathol
is aggregation of granules was appare
a small proportion of the epithelial cg
1 was seen in animals sacrificed at
/5. Those animals sacrificed at 188
) days showed a progressive increase:
: number of cells so involved (Figure 1
The mean ingestion of 350 mg/kg/d
‘est Group E) led to a pronounced {
se of renal diseasé. Although t

Figure 1. Kidney from animal on diet E (350
mg Santowax/kg/day) for 130 days showing cystic
dilatation of tubules. X 15 H & E
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Ficure 3. Kidney from animal on diet E (350
mg Santowax/kg/day) for 188 days then control
diet A for 47 days. There has been regression of
the cystic change although this is not complete, and
considerable scarring is apparent in the cortico-

collecting

medullary zone and pyramids. X 15 H & E

weight did not differ appreciably from the
weight of controls, the kidneys of the test
animals had a finely granular cortical sur-
face, an adherent capsule and a firm con-
sistency. The cortex was diminished in depth,
and small cysts in the region of the cortico-
medullary junction could be seen by the
naked eye. These changes increased with con-
tinued ingestion of this concentration of
Santowax OM to 188 days. In these kidneys,
areas of cystic dilatation were seen extending
through the full thickness of the organ from
the subcapsular region to the apices of the
pyramids. Dilatation was maximal in the
region of the boundary zone. (Figures 1, 2
and 3.)

The lumen of the distal convoluted tub-
ules, loops of Henle, and collecting tubules
contained an amorphous eosinophilic ma-
terial often possessing a yellow tinge. Histio-
cytes or effete remnants of neutrophil leuko-
cytes were often embedded within the intra-
tubular amorphous material which contained
occasional colourless acicular crystals. (Fig-

granular
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ures 4 and 5.)
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Ficure 4. Kidney from animals on diet E (350
mg Santowax OM/kg/day) for 130 days. The
dilated convoluted tubules, loops of Henle and
collecting tubules contain masses of amorphous
granular debris with remnants of histiocytes and
polymorphonuclear leucocytes. X 100 H & E
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Figure 6. Diet E (350 mg Santowax OM/kg/
day) for 188 days. The epithelium of the collect-
ing tubules shows squamous metaplasia. Kidney

X 290

histiocytes were intensely fuchsinophilic with
the periodic acid Schiff (PAS) stain. This
affinity was abolished by prior acetylation
and restored f{ollowing deacetylation. The
pigment did not stain with Sudan IV in
frozen sections and no hemosiderin was dem-
onstrable,

Similar but more severe histopathological
changes were apparent after the ingestion
of 350 mg/kg/day over a period of 188 days.
The animals of Group E who reccived San-
towax OM 350 mg/kg/day for 188 days
“and then were fed diet A until their sacri-
fice on the 235th day, established that the
renal histopathology was to some extent
reversible. Relatively few tubules exhibited
cystic dilatation after the test animals had
been returned to the Control Diet for 47
days. However, the renal parenchyma ex-
hibited a considerable degree of scarring
and the interstitial tissue was heavily in-
filtrated with lymphocytes and histiocytes
containing the PAS positive pigment gran-
ules. (Figures 7, 8, 9 and 10.)

A benzené extract of an homogenate was
made of a sample of kidney from this last
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Ficure 7. Diet E (490 mg Santowax OM/k
day) for 188 days—then control diet A for ‘%4
days. The interstitium of the kidney shows scar-
ring and inflammation.
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Ficure 9. Diet E (409 mg Santowax OM/kg/
day) for 188 days—then control diet A for 47
days. Accumulations of large histiocytes in the
scarred renal interstitium. X 400 H & E
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Ficure 11. Diet F (33 mg O:M.R.E. High
Boilers/kg/day) for 235 days. Liver X 100 P.A.S.

Liver retains a normal achitectural pattern. Large
histiocytes are present in the sinusoids.

15

histiocytes at the margins of the transecting
bands to form spindle-shaped cells resembling
fibrocytes. (Figures 13 and 16.) Reticulin
stain demonstrated delicate reticulin fibres
laid down in the long axis of the plump
fusiform cells.

Morphologically similar histiocytes were
found in the spleens and bone marrows of
all animals exposed to the O.M.R.E. High
Boiler sample. The cells presented mainly
in the lymphoid aggregates associated with
the Malpighian corpuscles. The cells seen
in the bone marrow tended to appear singly
and to occur less frequently than those seen
in the liver and the spleen.

The mucosa of the stomach, small bowel
and colon, the intestinal lymphoid tissue and
the sinuses of the adrenal cortex were devoid
of these histiocytes.

In contrast to Santowax OM, the High
Boiler sample produced no renal changes
other than the accumulations of golden-yel-
low granules in the cytoplasm of the epithe-
lial cells lining the convoluted tubules and
loops of Henle. The cytoplasm of the anom-
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Ficure 12. Diet G (331 mg O.M.R.E. High
Boilers/kg/day) for 235 days. Liver P. A. 8. X
100. Although the general lobular appearance is
preserved, the lobules are transected by broad
bands of histiocytes to form small pseudolobules.

¥

Ficure 13. Liver P. A. 8. X 100. Diet H

. (1832 mg O.M.R.E. High Boilers/kg/day) for 235

days. There is disruption of the normal lobular
pattern, The small pseudolobules are delineated by
broad bands of histiocytes.
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in the interstitium. The cystic dilatation of
tubules was reversible and regressed when
Santowax OM was eliminated from the diet,
but scarring and inflammatory infiltration of
the interstitium of the kidney persisted. The
marked alterations in the renal tubules and
interstitium were not accompanied by micro-
pathological changes in the glomeruli or renal
vasculature.

The histology of this lesion suggests that
it is essentially a “chemical” nephrosis and
interstitial nephritis induced by the accumu-
lation of irritant material and' debris within
renal tubules leading to cystic dilatation
and with associated inflammatory reaction
and scarring of the interstitial tissue. The fact
that dilatation of the tubules and accumu-
lation of intratubular material regressed after
ingestion of Santowax was discontinued fa-
vours the assumption that the dilatation
of tubules is to a large extent the conse-
quence of mechanical obstruction. Dilatation
may possibly be accentuated by diminished
tubular absorption of glomerular filtrate.

The exact nature of the contents of the
obstructed tubules was not determined with
any certainty, although one might speculate
that some proportion of the contents con-
sist of terphenyl, metabolic products of ter-
phenyl, or conjugates of terphenyl.

There is at present no available method
for the histochemical demonstration of these
substances, but small amounts of terphenyl
in the urine obtained directly from the blad-
der were detected by thin-layer chroma-
tography.®

When an homogenate of the kidney of
an animal given the highest dosage of* San-
towax OM was submitted to gas chroma-
tography, ortho- and meta-terphenyl were
found to be present, the latter in trace quan-
tities only. Recent work has also demon-
strated that unmetabolized terphenyl and in-
creased amounts of glucuronic and galac-
turonic acids are excreted in the urine of
rats exposed to orally administered Santo-
wax OM.®

Some of the amorphous material within
the lumen of tubules and within the cyto-
plasm of epithelial cells and histiocytes was
intensely PAS positive. This staining quality
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Ficure 14. Diet F (33 mg O.M.R.E. High
Boilers/kg/day) for 235 days. Liver P.A.S. Liver
retains a normal architectural pattern. Large his-
tiocytes with fuchsinophilic cytoplasm are present
in the sinusoids.

fope

Ficure 16. Liver P. A. S. Diet H (1832 mg
O.M.R.E. High Boilers/kg/day) for 235 days.
There is accentuation of the features seen in Figure
15. At the margins of the linear aggregates of
histiocytes, spindle-shaped cells are seen.

was abolished by prior acetylation, but was
restored by de-acetylation. Moreover, these
reactions were evident in paraffin sections.
It is therefore most likely that the PAS posi-
tive characteristic of this material is due to
its carbohydrate content rather than an un-
saturated lipid. It is tempting to suggest that
this accumulated material may be a glycu-
ronide or galacturonide of terphenyl, par-
ticularly in the light of investigations on the
metabolism of biphenyls and terphenyl?%*®
but this material may equally represent a
carbohydrate-protein complex.

The renal lesions induced by oral admin-
istration of Santowax OM were accompan-
ied by slight haematuria, glucosuria and
polyuria. While the prolonged ingestion of
Santowax OM in sufficient concentration led
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in histiocytes produces lesions analogous
the storage reticuloses with prominent h

ingestion of 31 mg"_ of
/kg/day for a similar peri
accumulation of an unidenti
low pigment in the cytc
e renal tubular cells,* but
ctable changes. '
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“these products of High Boiler
be absorbed by the gastro-
no storage of anomalous ma-
red within histiocytes in the
ymphoid aggregates or with-
The brunt of the histiocytic
orne by the liver and spleen.
the dense accumulations of
sected and distorted the hepa-
in time were either trans-
ed by fibrocytes, leading to
-Hepatic parenchymal cells
omitant hypertrophy but

sure 15. Diet G (331 mg OMRE. H
rs/kg/day) for 235 days. Liver P. A. S.
cells are large and show anisonucleosis.
ophages are often multinucleated and con
cytoplasmic P. A. S. positive material.

osis was not preceded or
perceptible cellular necrosis
arphosis,

ngestion at a dosage of 33
35 days led to progressive
storage histiocytes but no
ion of hepatic architecture,
ion of storage histiocytes
nd accumulative, it is not
nger perod of ingestion of
ve led to the same cirrho-
ieved by the higher daily

GURE 17. Kidney H & E. Diet E (350
owax OM/kg/day) for 188 days. Yell
m, translucent pigment granules are presenf
tubular epithelial cells. :

1 of 3 mg of Santowax OM/
5 days produced no demon-

marked renal disease changes, no hi logy in rats.

10logical changes were observed in
r or other viscera. Ingestion of O.M.
h Boiler produced marked hepatic pa
1y but no renal pathology other than
osition of an unidentified yellow pig
ilar to that observed with Santowax
ninistration. :

on of 31 mg of Santowax
for a similar period led to
tion of an unidentified gold-
gment in the cytoplasm of
ubular cells, but no other

1ients of the High Boiler sample after be
orbed by the gastro-intestinal tract, -
aulate within the cytoplasm of histiocy
do not pass the glomerular filter, he
y do not cause pathological chang
kidney. :
“"he accumulation of these products wi
histiocytes produces lesions analogous,
storage reticuloses with prominent

mitotic or proliferative ac-

3.
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The ingestion of 350 mg of Santowax
OM/kg/day caused pathological changes
in the kidney consisting of tubular ob-
struction by precipitated products of San-
towax OM and an irreversible interstitial
nephritis with scarring.

In contrast to Santowax OM, the in-
gestion of 33 mg O.M.R.E, High Boiler
sample/kg/day led to an histiocytic stor-

~age disease with minimal or insignificant

renal pathology. The sequence of events
in the rat I'ver indicates that the trans.
formation or replacement of accumulated
histiocytes in the liver by fibrocytes leads
to a florid monolobular cirrhosis con-
sisting of “false” lobules. The cirrhosis
was not preceded or accompanied by per-
ceptible cellular necrosis or fatty meta-
morphosis.
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