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Rats fed diets containing 0.1 percent of three polychlorlmccd bipheny!s (PCBs)
(Arochlor 1248, Arochlor 1254, Arochlor 1262) for six weeks show 8 progressive
enlargemant of the llver Thh livu hypertrophy is attributed to proﬂfenhon of the

smooth end , of large
arrays, and i in lipid dropl within the ytopl of the affected liver ceils,
Liver homogsnates lhow lnaeucd levels of protein and RNA and reduced concen-
trati of DNA. have i d lovels of protein and
hospholipids, and reduced leveis of chol 1. Also, there are modifications in
the ucdvity of certain hepatic microsomal enzymes. By the sixth week, the animals
have p d from a y effect on the liver by lhe PCBs to s stage where
Ty ssive hepatic ch are ing, such asa d d activity of microsomal
ymes, fon of 1 b arrays, vesiculation of the endopl
iculum, and lation of lipid droplets within the cytopissm of the affected
cells.

Intcrest was manifested in the polychlorinated biphenyls (PCBs) as early as (881
(Schmidt and Schuliz 1881) and they found widespread commercial use by 1930 (Penning
1930). Workers responsible for the f: of these and closely related compounds
periodically developed acneform lesions primarily of the face (Jones and Alden 1936,
Good and Pensky 1943). Also, there have been isolated reports of hepatic dysfunction
following contact with PCBs (Drinker ef al. 1937, Flinn and Jarvik 1939). In 1968,
over 1,000 p d rice oil i wnh PCBs (Katsuki 1969). In addi-

tion (o acne, the exposed persons d ped hyperpig ion of the skin and subcutane-
ous edema. There was a decided increase in serum trigiycerides and proliferation of
the smooth endoplasmic reticulum (ER) of the liver hepatocytes. Experimental animals
given PCBs also experienced liver hypertrophy primarily as the result of proliferation
of the hepatic ER (Vos 1972). Also, there have been isolated reports of modifications
in various hepatic microsomal enzyme activities following exposure to PCBs (Norback
and Allen 1970, Fujita er al. 1971, Allen and Abrahamson 1972).

The study reported here shows that the symptoms and lesions in rats produced by
three of the more common PCB mixtures are quite similar. The decided increase in
liver size of these animals is atiributed to a proliferation of the smooth ER, formation
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266 3. R. Allen and L. J. Abrahamson

of lasge cytoplasmic concentric membrane arrays (CMAs), and the accumulation of
lipids within the hepatic cells. In addition to an increase in number and a change in
the position of the brane, there are modifications in the activity of certain
microsomal enzymes that persist throughout the period of examination.

Materials and methods

Male, Sprague-Dawley rats, having an average weight of 100 grams, were fed
ad libitum on a ground commercial diet (Rockland Mouse/Rat Diet, Tekland, inc.,
Nlinois) ining 0.1 percent of one of three PCBs (Arochlor 1248,
Arochlor 1254, and Arochlor 1262) (Monsanto Company, St. Louis, Missouri). After
having been deprived of food for 24 hours, four rats from the three experimental groups
and the one control group were weighed and killed on the Ist, 3rd, 7th, 14th, 2|st,
and 28th day and at the end of the sixth week. The rats were sacrificed by exsanguination.
Blood collected at this time was analyzed for total white blood cell count, hemoglobin,
hemllocm dlrferemul white count, total serum protein, and blood urea nitrogen. For
small ions of the tissues werse placed in 10 percent neutral
formnlln for 24 hours. They were subscquently dehydraied, embedded in psnﬂ' n, sec-
tioned at five microns, and stained with hematoxylin and cosin. For electron microscopic
studies the hepatic tissue was cut into small cubes fixed in osmium tetroxide and buffered
with veronal scetate (Caulfield 1957) for 13 , hours. Subsequently, they were dchy-
drated through a graded series of ethanol and embedded in an epoxy resin mixture (Mol-
lenhauer 1964). Sections of the tissues were cut on an ul , placed on
copper grids, stained with vranyl acetate, and ined with an el
The remaining portion of the liver was chopped into small pieces and homogemzed
in two volumes of KCI solution (1.15% W/V) at 0°C using a Potter homogenizing tube
and ¢ teflon pestie. Levels of protein (Lowry ef al. 1951), and RNA and DNA (Munro
and Fleck 1966, Ceriotti 1952) were determined on the h 8! Ap
drial sup was obtained by centrifugation at 10,000 x g for 20 mmules The
pelict was recentrifuged under the same conditions after one wash with KCI solution.
The two supernatants were combined and spun at 105,000 x g.,, for 85 minutes to
peller the microsomes. The pellets were washed in KCl solution and repelieted for
80 minutes. The resulting pellets were nsuspended in a volume of KC! solution equai
to three volumes of liver and stored at ~-70°C, Acnvilm of aromatic hydroxylase,
nitroreductase, N-demethylase, nitrophenyl , and chol 1 were
d d from the mi as previously descnbed by Norback and Allen (1972).

Results

Throughout the course of the experiment, all of the rats atc well. However, those
that are given PCBs in the diet do not gain weight as rapidly as do the controls; the
Asochlor 1248-fed rats are most severely retarded followed by the Arochlor 1254-and,
lastly, the Arochlor 1262-fed rats. Other than being reduced in size, there are no
gross abnormalities as a result of ingesting PCBs. Hemog! of the animals display
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Table 1. Hematological Changes in Rats Fed Various Polychlorinated Biphenyis

Blood Hematological value® after feeding listed PCB for stated period
ly Arochlor 1248 Arochior 1284 Arochlor 1262

(unit)® 1 day 4wk 6 wk 1 day 4 wk 6 wk 1 day 4 wk 6 wk
Ho(wivk) | 139+ 6]18.1215/209=15[166= 8l1ns=11]179: 6{138= 5{163% 4[1792 12
HCT (%) 410214543 255/648259[43.42=201498239|53.52 24(406= 91459+ 1.3|49.1x 25
WBC (x10) 68 6{122=234| 93=1.7]63220(108 % 1.9/106x 26]66=1.1| 6.6=23| 82= 26
Npi (%) 83 +25[185x6.1[528x32] 80 1.2[153%50{425=10.1]63= .5| 9.0=87{204=x145
Let (%) 918 £25(81.5+6.1/47.0=24)920= 121843+ 57|59.0% 929382 .5/90.5=84|79.6=145
*Mcan £ standard deviation.
bHb = hemoglobin; HCT = h it; WBC = total white blood cells; Npl = hiles; Let = lymphocytes,
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268 J. R. Allen and L. J, Abrahamson

Table Il. Six-Week Organ Weights of Rats Fed Polychlorinated Biphenyls

Weight*of organ, % of total body weight, after feeding listed PCB

Organ Controls Arochlor 1248 | Arochlor 1254 | Arochlor 1262
Lungs 058+ .04 R7E 3811 1.03 £ .30 J2+ .10
Heart 038 = .02 57 +.05 046 + .03 43 06
Liver 277 1.0 8.88 x 08 9.30 = .94 9.85 = 1.18
Kidney 087 .03 1.4 =+ .08 113 £ .09 98+ .11
Spleen 0.21 = .0t .26 £ .03 022 + 04 20 02
Thymus 0222 .02 .09 = .08 0,09 + .03 AS 04
Tesies L2+ .2 1.51 = .39 1.80 % .16 179+ 17
Brain 058+ .05 1.14 = O3 1.02 = .12 85+ .15

* Data from four rats, mean * standard deviation.

a gradual increase in lcvels of hemoglobin and hematocrits (Table 1). No major changes
are found in the total white cell count. However, a decided relative neutrophilia occurs
in the Arochlor 1248-fed animals and, to a lessor extent, in the Arochior 1254.
and Arochlor 1262-fed groups. The levels of blood urea nitrogen and total serum
protein do not change appreciably during the PCB-ingestion period.

The reduction in body weight of the Arochior fed-rats is further exempiified when
pared (o organ weights that were obtained at necropsy (Table II). The organs from
the experimental animals comprise a greater percentage of the total body weight, when
compared to those of the control animals, primarily as a result of the slower growth
rate and reduced amount of body fat. The increase in liver size is obvious within one
day and becomes larger as the experiment progresses. At the same time, there is hyper-
wophy of the liver, thymic regression occurrs in the Arochlor 1248~ and Arochlor
1254-fed animals. )

Within two to three weeks, small cystic spaces develop throughout the hepatic tissue
of animals fed Arochlor 1248 and Arochlor 1254, and, to a [esser extent, in the Arochior

1262-fed animals (Fig. 1). In thess focal areas, the hepatocytes first late large
numbers of small fat droplets. The coal of the fat droplets is followed by a
breakdown of the cell membranes and disruption of the cell. As groups of closely
iated cells disintegs the cysts b pp R ts of the cell brane,
proteinaceous material, and a few infl, y cells are obvious in many of the cystic
spaces.
In addition to the cystic areas, relatively large, wellci bed areas of
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Changes in Livers of Rats Fed PCBs 269

are present along the capsular surface, pasticulady in the livers of the Arochlor 1262-fed
mats (Fig. 2). Instead of the cells becoming enlarged and filled with lucent droplets,
as is the case in the genesis of the cysts, the hepauc parenchymnl cells become shrunken,
markedly eosinophilic, and their nuclei p acute inf} y cells
are dispersed among the dead cells. As the lesnom became older, lymphocytes and
monocytes predominate.

Fig. 1. Varisble sized cyslic spaces occur in the liver section of & rat that had received PCB in the
dies for six weeks. The fenestrated structures(~) within some of these cysts represent the remnants
of cell membranes. Hematoxylin and eosin stain; X 165,

The hepatic celis not involved in the focal is contain abund lasm that
is filled with heavily stained acidophilic material and numerous small clear droplets.
Sections of the ep bedded tissuo cleardy d the p of

small fat vacuoles, proliferated ER, and large concentric membnne arrays (CMAs)
throughout the hepatic tissue. This increase in smooth ER becomes apparent within
one day and progressively greater throughout the course of the experiment. Small CMAs
are observed in Asochlor 1248- and Arochlor 1254-fed rats within one day and within
one week in the Arochlor 1262-fed animals. The fine structure of the hepatocytes
exhibits an increase in smooth ER which is readily apparent in the livers of ali animals
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270 J. R. Allen and L_ 3. Abrahamson

Fig. 2. Liver section of a rat fed PCB showing well-ci ibed areas of pre-
dominantly adjacent to the capsule, particularly in those ingesting Archlor 1262, The
Jesion depicted is from a rat that had been fed the PCB for six waekl‘ Note the more

chronic nature of the lesion as ch ized by the develop tive tissue

around the periphery () and a pred of ch infl, y cells
within the enclosure. Adj-oont hepatic cells 2 appear relatively normal. H ylin and
cosin stain; X 165.

ingesting PCBs (Fig. 3) but not so apparent in the livers of control animals (Fig. 4).
Particularly in the tissues taken during the second and third weeks, the large CMAs
occupy a good portion of the cytoplasm of the hepatic cells (Fig. 5). These elaborate
membranes are similar in structure to, and continuous with, the rough and smooth

ER. Encircling of lipid droplets and other cytoplasmic organetles by the CMAs is a
constant observation. There also appears to be a moderate increase in lysosomes which
age filled with a variety of cell debris. Other organelles, including the ! are

normal in appearance.

By the sixth week the hepatocytes of the expenmenm animals contained fewer CMAs,
and lipid droplets, ty and avtophag were more prevalent. In numerous
cells the smooth ER appeared as fine tubular aggregates and the rough ER became

iculated. The latter changes were more in the livers of animals fed Arochlor

1248,
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Changes in Livers of Rats Fed PCBs mn

Fig. 3.Liver section of a rat showing decided proliferation of the smooth endoplasmic reticutum
which occurs within 24 hours following the ingestion of PCBs, Uranyl acetate stain; X 5900,

Biochemical data obtained on the liver homogenates clearly indicate their hypertrophic
state (Table 111). As a result of membrane proliferation and more numerous ribosomes,
there is an increase in levels of protein and RNA of the affected livers. Indications
are that the primary effect on the livers involves the cytoplasm of the affected hepatic
cells. The apparent decrease in DNA, when expressed in relation to liver weight, further
signifies the proliferated state of the cytoplasmic components. Generaily speaking, mod-
ifications in the protein, RNA, and DNA of the liver homogenates taken from Arochlor
1248- and Arochlor 1254-fed animals attain theit maximum level by the second week
of the experiment and tend to level off or decrease from the fourth to the sixth week.
H , in the homog of livers from animals fed Arochlor 1262, maximum
differences are attained by the fourth week and level off or decrease thereafter.

There are compositional changes in the microsomes of all test animals (Table 1V).
An increase in the protein content of the microsomes is apparent soon after the compound
is ingested and persists throughout the period of PCB feeding. Also, levels of
phospholipids are moderately increased. However, there is a decided decrease in choles-
tero) and RNA in all of the liver microsomes from PCB-fed animals. As is the case
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2712 J. R, Allen and L. J, Abrahamson

Fig. 4. Hepawcyle from the liver of a rat on a conuol diet. The abundant rough endoplasmic
reticulum (RER) assumes a lamellar array. Isolsted membranes of the smooth endopiasmic
reticulum (<) are dispersed among the other organclles. Uranyl acetate stain; X 10,000,

in the liver homogenstes, the modifications in composition occur ealier in the Arochlor
1248- and Arochlor 1254-fed groups than in the Arochlor 1262-fed animals, However,
these modifications persist at a higher level for & longer period in the hepatic microsomes
from Arochlor 1262-fed animals.

1 . ™

An increase in activity of the develops during
the first week in liver microsomes from snimals led Arochlor 1248 and Arochlor 1254
and the activity returns to near normal values by the second week (Tables V, VI, VII).
Subsequently, the activity of nitroreductase continues to decrease through the sixth week
of the PCB feeding. A much greater increase in enzyme activity of* nitroreductase is

jenced in the mi of the Arochlor 1262-fed animals. This increase occurs
duﬁn; the first week and persists throughout the period of examination. Increased activity
of N-demethylase develops in all of the experimental microsomes soon after rats are
placed on the diet and persists throughout the six-week feeding period, although toward
the end of the period there is a gradual decline in activity. Aromatic hydroxylase,
glucose 6-phosphat and activity begin to d almost immedistely

MUNS 085642




Changes in Livers of Rats Fed PCBs 273

Fig. 5. Liver section of a rat showing the large i b arrays (CMA) which
become prominent in the livers of all the PCB-fed rats within 2 weeks. There is continuation
of Iheu suuctures with the rough and smooth endoplasmic teticulum{~). Lipid droplets (L) are
P ly promi within the confines of the CMAs. Uranyl acetate stain; X 6600.

following the administration of the compounds and i to decline throughout the
period of feeding in the Arochlor 1248- and Asochlor 1254.fed lnimall. Similar
changes are also observed in the glucose-6-phosph and hydroxy
sctivities of the Arochlor 1262.fed animals. Howevet, a slight increase in esterase
occurs by the first week, drops to near normal values by the second week, and levels
of!f thercafter.

The aforementioned data on enzymatic activity is exp d in relation to mi 1
protein. However, when these data are expressed in relation to the total liver, a decided
increase occurs in the activity of all the enzymes assayed.

Discussion

There is iderable variation in the resp of animals to the PCBs. In man
(Jones and Alden 1936, Good and Pensky 1943) and in the subhuman primate (Allen
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Table UL Changes in the Liver of Rais Fed Various Polychlorinated Biphenyls

Ratio® of indlcnted liver

% of respeclive control value, nfier fecding listed PCB for given periods

PCB Protein/DNA RNA/DNA DNAAliver wi,
2 wk 4wk 6 wk 2wk 4 wk 6wk 2 wk 4wk 6wk
Arochior 1248 | 132+ 6 |38 7 182 9 137% 3} 1132 3 {121+ 4623 223|685+ 4.2/604 =060
Arochlor 1254 | 164 £ 10 [ 104 = 7 {4122 13| 1642 4| 130+ 2 {117+ 6(51.72 —6).624.1{7242 50
Arochlor 1262 [ 1702 13 | 174 =31 [ 197 £ 25} ¥72 10| 2122 10 {141 = 8 533 2 3.0142.3 = 1.6(56.5 = 4.4

*Data from four rats, mean = standard deviation.

Table 1V, Compositional Changes in Hepatic Microsomes of Rats Fed Various Polychlorinated Biphenyis

Indicated ratio’, % of respective contrul value, afier feeding listed PCU for given period

PCB Protein/Unit of liver wi Phospholipid/Protein Cholesterol/Protein
2wk 4 wk 6 wk 2wk e wk 6 wk 2wk 4 wk 6wk
Atochlor 1248 | 156 = 13 } 110 = 1S 8128 M7+ 8} 124x8 154 = 131 672.02 3.5]71.1x 72110 %14
Arochlor 1254 | 138 £ 10 [ 160 = 13 | 12523 | 104 £ 12 | 1396 | 141 £ 20]49.1% 3.4{69.9+10.0| 888 12,9
Arochlor 1262 [218 % (2 | 2464 £20 {23129 | 13228 ( 1277 [ 127 4] 71.6%1).7|57.0%13.6{ 6923 7.4

"Data from four rais, mean * standard deviation.
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Table V. Enzymatic Changes in Hepatic Microsomes of Kats Fed Arochior 1248

Enzyme assays, % of control level,

E At indicated feeding period
(unlt) 2wk 4wk 6 wk

Aromatic Hydroxylase

(nmot p-aminophenal/30 min)} 2491 1.1 290x 50 144 27
N-demethylas

(nmol formaldeltyde/30 min) 136 %11 153 = 8 150 =12
Nitroreductass

{nmol p-aminobenzoats/hour) 104 £35 52.0 = 14.0
m‘:m,, po':'?:',',::;r 549140 %62 60 | 403 %191
E.(:,md p-nitrophenol/min) 6842116 284 S 369+ 2.2

*Represents data from fous rats, mean % standard deviation.

Table V1. Enxymatic Changes in Hepatic Microsomes of Rats Fed Arochlor 1254

Enzyme assay*
at

» % of control level,

Enzyme d feeding period
(unit) 2wk 4wk 6wk

Aromatic Hydroxylase

(nmol p—aminophenol/30 min) 209 % 4.2 299 4.5 320% 14
N-—demethylase

(amol formaldehyde/30 min) 169 =10 116 $13 158 = 2
Nitroreductase

(nmel p—aminobenzoawhour) 101 =z=18 8421235 938 =193
Glucoso—~-6-—phosphatase

(umol PO, 15 min) 299= 1.5 363t 6.0 320+ 6.0
Eserase

(smol p—nitrophenol/min) 584z 3.5 43581 2.4 380 68

*Represents data from four rats, mean  standard devistion.
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276 J. R, Allen and L., J, Abrahamson

Table VIL. Enzymatic Changes in Hepatic Microsomes of Rats Fed Arochlor 1262

Enzyme assay’, % of control,
Enzyme at indicated feeding period
(unit) 2 wk 4wk 6 wk

Aromatic Hydroxylase

(nmol p-aminophenol/30 min) 359+ 65 416+ 4.0 378+ 8.0
N-demethylase

(nmol formaldehyde/30 min) 151 =38 168 = 16 131 + 6
Nitroreductase

(nmol p-aminobenzoate/hour) 394 =153 302 =27 359 247
oo Sy gt B0t 54 | R3x 27| 273+ 5
la.(:::‘;:l.y-nln'ophcml/min) 89.7 = 49.1 104 = 7 86.5 = 17.5

“Represents daia from four rats, mean = standard deviation.

et al. 1972), acneform lesions of the skin are characteristic of PCB intoxication while
in the rat these skin changes are absent. Lymphopenia, atrophy of the cortex of the
thymus, and regression of lymphoid germinal centers of the spleen and lymph nodes
are found in rabbits (Vos 1971). Splenic hypoplasia is present in chickens (Flick et
al. 1965) and a decrease in antibody-forming cells is observed in the lymph nodes
of guinea pigs fed PCBs (Vos 1972). In the rat and infant monkey (Allen and Abrahamson
1972, Abrahamson and Allen 1972), there is segression of the cortex of the thymus;
however, the spleen and lymph nodes appear normal. The effect of the PCBs on the
lymphopoietic system of man appears to be of a minor nature (Kuratsume 1972). The
development of neutrophilia takes place in all animals that experience lengthy exposure
to PCBs (Kuratsume 1972, Allen er al. 1972) as is the case in the rats of the presently
reported experiment. The reason for the i in circul hils is not obvious,
It seems unlikely that the isolated focal areas of necrosis that are present in the livers
of animals fed PCBs is sufficient to elicit an increase in neutrophils. Also, it is of
interest that hemog of PCB-i icated animals retum rapidly to normal values
when the PCBs are removed from the diet.

Liver hypertrophy is a constant finding in all animals exposed to the PCBs (Vos
1972, Allen er al. 1972, Kuratsume 1972). This increase in liver size of the rats is
a result of hypenrophy of lhe hepanc parenchymal cells As viewed electron microscopi-
cally and sub ically, the cytopl of the hepatic cells
experience the greatest modification. Aimost immediately followmg exposure to the
PCBs, there is proliferation of the smooth ER and, within three to seven days, large
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Changes in Livers of Rats Fed PCBs 277

concentric membrane arrays (CMAs) develop as extensions of the rough and smooth ER.
As 2 result of the proliferative state of the ER, there is an increase in protein and

RNA of the liver h 8! and, more speci y, of the microsomal fractions
obtained from the affected livers.

The increase in ER is associated with modifications in microsomal enzyme activity.
Although there is increased activity of all of the enzymes usayed when expnssed
in relation to the total liver, some enzymes, such as Nd and nit
are more active then glucose-6-phosph and ic hydroxylase. Also, thua
are modorate varistions ln the nimulnory effocts produced by the PCBs tested, As
an example, nitroreductase activity of the mi from the Arochlor 1262-fed
rats increases more rapidly to a greater degree of activity for a longer period than do
those of the Arochlor 1248- and Arochlor 1254-fed rate,

Litterst ef al. (1972) have also evaluated the activity of hepatic microsomal enzymes
obtained from rats given PCBs at levels ranging from 0.5 to SO0 parts per million
in the diet for a period of four weeks. The highest level used in their study is approx-
imately haif that employed in the presently mponcd experiments. They, too, find an
increase in activity of Nd ) and and a d in glucose-
6-phosphatase (per gram of microsomal protein). In addition, they also report
an increase in phenobarbital hydroxylation with all of the four PCBs that were tested.
In the present experiments, increased activity of aniline hydroxylase is found only for
the Arochlor 1262-fed animals. This difference can be related to the particular substrates
employed in the two laboratories.

Liver hypertrophy, proliferation of the ER, and increase in microsomal enzyme activ-
ity is greater in rats than in primates exposed 10 the PCBs (Allen er al.
1972). Instead of a fourfold increase in liver size, as found with rats, the monkey
livers increase twofold in size. The proliferation of the ER is limited primarily to an
increase in smooth ER. Only lsolalnd CMAs are present in the monkey hepatocytes

[ pared to the elab y that occupy approximately 15 percent
of the cytoplasmic profile of nt hopamcytel Although Increased activity of the mi-
crosomal enzymes N aniline hydroxylase, and

glucose-6-phosphatase occurs in the liver microsomes of the monkeys (when expressed
as activity in total liver), it is not as great as that found for rats.

Functional significance can be placed on the morphological and biochemical modifi
tions in the ER, particularly in the CMAs. These elaborate membranes are invariably
associated with lipid droplets. Since the chlorinated hydrocarbons are lipid soluble, it
soems reasonable that the CMAs possibly serve as means by which the PCBs present
in the lipid droplets are bolized. In addition, the i in membrane phospholipids
could enhance the capacities of the membranes to sequester the PCBs. The reduced
levels of membrane cholesterol possibly are related to a less stable structure, thereby
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278 J. R, Allen and L. J. Abrahamson

making regions available for insertion of exogenous compounds among the fatty acids
and phospholipids (Norback and Allen 1972). It sccms likely that the enzymatic and
compositional alterations present in these newly formed membranes would make them
well suited for sequestration of the PCBs, or their bolites, for sub

9

The stimulatory effect on the liver by the PCBs, as previously described, is followed
by what can possibly be termed a regressive penod The llner period is characterized

by & decrease in activity of the hepatic mi dissolution of CMAs,
iculation of the ER, fo ion of tubnllr aggregates of the smooth ER, and accumula-
tion of lipid droplets th the A Such ch are followed

by a gradunl dninuzulion of the neverely -!Teeled hepatic cells. The time required
to progress from the proliferative to the regressive stage depends, to s large extent,
upon the PCBs that are employed in the study. The compounds with the lower percentage
of chlorine are conducive to more more rapid progression of the toxicity, cven though
greater liver hypertrophy is experienced with the higher chlorine PCBs. In addition,
the species of animais that are exposed to the PCBs also influences the rate with which
the lesions develop. Rats and dogs appear to tolerate larger doses for longer periods
than do subhuman primates (Keplinger er al. 1971, Allen er al. 1972). This po-ibly
is also related to the means by which the ipounds arc bolized and

by different species. Age of the animals exposed to the PCBs can also influence their
response. Indications are that infant monkeys are able to tolerate the PCBs better than
adults (Abrahamson and Allen 1972). This, too, possibly is related to the metabolism
and excretion of the compounds.
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