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INDUCTION OF MICROSOMAL LIVER ENZYMES AFTER POLYCHLORINATED BIPHENYLS (PCB) AND
FOLLOWING STRESS : -
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" ABSTRACT .

One i.p. injection of PCB induces a high stimulation of rat
liver microsomal drug oxidizing enzymes; eguimolar doses of
tetrachlorobiphenyls are distinctly more effective than
dichlorobiphenyls. The effect can still be demonstrated
,distinctly'four weeks after appiication. During thiec time

j the liver concentration of tetrachlorobiphenyls decreased
io Tug/g tissue whereas the concentration of adipose tissue
vYose to 252 uele. Rv strace tetrachlorobiphenyls are mobd-
lized along with fat, causing an increase of liver concen-
tragion to 32 palg. Simultaneously, a new stimulation of
microsomal activity can be seen, nearly equal to the maximum
stimulation 4 days after i.p. application of 500 mg/kg b.w.
Parallel to microsomal stimulation there is ah increase of

relative liver weight

Stress induced activation of microsomal activity caused by
PCB redistribution is importarnt for the evaluation of PCB

in environmental toxicology, in view of rising PCB comncentra-

tions in ‘human adipose tissue.

Besides DDT and its metabolites, polychlorinated biphenyls (PCB’s) in an increasing

extent are found in marine food chains, in feeds, birds, in human adipose tissue,
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and in human milk (Koemann et al., 1969; Holmes et al.,v1967; Risebrough et al.,
1969; Biros et al., 1970). As far as the few qualitative analyses show, it is

a matter of higher chlorinated PCB’s (penta- to hepta-chlorobiphenyls) (Duke et al.,
1971; Bagley et al., 1970). Experiments on animals with these compounds showed
that a strong induction of microsoﬁal enzymes could bz induced (Risebrough et al.,
1969). Since at present attempts have been made to replace the higher chlorinated
PCB'# by lower chlorinated compounds, the toxicological proéerties'of these sub-‘
stances (di- to tetrachlorobiphenyls) are of a partiéular interest. In doing this,
two expésure formsAshould be distingﬁished: the chronical absorption in the organism
via a- generél envirommental pollution with these compounds and an-: accute resorp-
tion of relatively large quantities through the commercial application of PCB'S,

among others as ':: insulation, heat exchange, and hydraulic fluids.

, R
Having described the distribution of the commercial PCB mixture Pydraul A 200
(Monsanto) in the organisms of rats (Benthe et al., 1972) and having established
an acute microsomal enzyme induction (Nissen, 19T0), now we should investigate

| S

thi frausienl duraition ol {ue cucyue induciion and the possiple mopilization of

« oR '
tetrachlorobiphenyl Aroclor 1248 (Monsanto) deposited in the adipose tissue.

METHODS

Male Wistarvrats (200 to 230 g) obtained a singie intraperitoneal injection of
tetrachlorobiphenyl (Aroclor 1248) and equimolar doses of dichlorobiphenyl
(Aroclor 1232), respectively, (in the following abbreviated as TCB and DCB,
respectively), in 1 + 1 mixture with olive 0il, and until their killing obtained
food (Altromin-R) and water in unlimited quantities. Rats of the same strain
rwﬁich obtained intraperiﬁoneal injections of'61ive oil>§niy serve as controls.

The test animals were killed after the indicated periods of time (between 3 PM and

6 PM) by a blow in the neck and decapitation.

The conditions of .. stress consisted 0§‘withdrawal of food and " of a surrounding

temperature of 3°C.
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Microsome Preparation

Immediately after killing the animals, the livers were removed and f;eed from blood
in an ice-cold 0.1 m phosphate buffer of pH 7.k, were weighed, were chbpped into
small pieces in the ice-cold phosphate buffer of pH 7.k, - were rinsed, aﬁd then
were homogenized (Potter-Elvehjem) in 8 volumes of the fresh buffef. The homo-
genate was centrifuged for 10 minutes at 3000 xg and 20 minutes at 17,000 xg,

the clear supernatant was siphoned off and was centrifuged 60 minutes at 105,000

Xg (ﬁétor 30, Spinco L2). The deposited microsomes, after decanting .. the
supernatant and after rinsing i the loosely packed upper layers with a fresh ¥
phosphate buffer while leaving the glycogen sediment, were rehomogenized and
centrifuged again during 60 minutes at 105,000 xg. The microsomes washed in this

manner were taken up in- the fresh buffer in such a way that about 40 mg protein/ml

were suspended.

Tﬁe oxidative O-demethylation of p-nitroanisole, measured according to fhe Netter
(1963) method, served as a méasure of the activity of the microsomal enzymes.

In these tests, 2 ml incubation batch containéd 200 pmol phosphate buffer of pH 7.k,
5.5 ol glucose-6—pﬁosphate (Boehringar), 12.5>umoi nicotinic acid amide, 30 pmol
MgCls+6 Ho0, 0.3 pmol p-nitroanisole, 2 mg microsomal protein, 800 mU glucose-6-
phosphate dehydrogenase. The incubation Eatch was saturated with 05 and was filled

into a 1 cm cell.

After about 3 minutes preincubation at 37°C, the reaction was started ﬁith the addition
-of 0.02 ymol NADP. The formation of p-nitrophenol was registered by the extinction
increase at 420 nm in spectrophotometer PM Qo (Zeiss) against a reference cell

(without NADP) in the time intervals of 1 minute over a ﬁeriod of 15 minutes. The
reaction proceeded to about the 10th minute with a constant rate. For the microsomes
of the untreated normal éniﬁals the p-nitroanisole:conversion amounted to 6.72 rmol/mg
microsomal prdtein/lo min. at 37°C. This value was verified in each series by means

of 2 control animals, was set 100%, and the enzyme activity of the rats treated with

tetrachlorodiphenyl was referred to it. _ DSW 346249
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Analysis

The determination of the protein conﬁents of the microsome preparations was carried
out by the biuret reaction ﬁith bovine albumin as a standard substance. To deter-
mine the fCB contents in the liver, 1 g of the tissue was ground with;anhydrous
rNa2504 to a dry powder, the powder was extracted twice with L0 ml CHCl,4 (analytical
'grade), the combined CHCl; extracts vere evaporated in a rotary .» evaporator to
dryness, and the residue (in the following designated as total lipide) was deter-
mined g?avimetrically. The'eXtracﬁioﬁ of PCB from the total 1ipide was éarried out
according to Grant et al. (1971),.and the quantitative determination was accomplished

according to Benthe et al. (1972). By this method, the yield amounted to 85 + 5.1%.

All the chemicals were of ! :"analytical grade, hexane and heptane were spectrally
pure (Uvasol, Merck), G-6-P, G-6-PDH, NADP were obtained from Bohringer Co., p-nitro-
anisole, analytical grade, from Schuchardt. The donation of tetrachlorodiphenyl

R : R .
Aroclor 1248 and of dichlorobiphenyl Aroclor 1232 by Monsanto is acknowledgad.

RESULTS

To find a suitable dose, PCB was administered to the rats in increasing quantities;
" and the microsomal activity increase was measured after 2 and 4 days, respectively

(Table 1).
According to these tests the threshold dose is about 5 mg TCB/kg,while that for DCB
1s considerably higher. In further studies of TCB, to expect a definite microsomal

activity increase, a dose of 5CO mg TCB/kg was chosen. As Table 1 shows, an-

equimolar dose of DCB has a considerably weaker effect.
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Table 1. Increase of the Oxidative Demethylation as a Function of Equimolar

: +
Quantities of TCB and DCB; Average Values from 4 Animals — s

Micrbsomal

p-Nitroanisole _ -

Days After ' Demethylation
ng PCB/kg Injection : % of Control
Control 2 T 100a + L.6
Control L 100 + k.6

5 TCB 2 16 + 65.0

5 TCB o b 108 +31.2
25 TCB L 146 + 35.8
50 TCB I . 208 + 20.0
5C0 TCB L . 488 + 1k.0
38.2 DCB 4 146 + 25.0
382 DCB : 2 315 + 3h.h
382 DCB . I 266 + 52.7

alOOZ = 6.72 + 0.31 rmol p-nitrophenol/mg microsomal protein/10 min.

o ;
s :
§ .
z !
© i
£ 1
s i
Q ;
3 i
5 T,
o :
a® lv
‘. 1 [ [ 1!

0o 1 7 14 pil 28 -

Tage

—

Figure 1. Demethylation of p-nitroanisole in percent of the control (1C0% = 6.72 tmol
+ 0.31 nmol p-nitrophenol/mg microsomal protein/10 min) as a function of
time after a single i.p. injection of 500 mg TCB (upper curve) and 382 mg
pCB/kg KG (lower curve), respectively. Average values from 5 rats I s.

A test of the transient course of the induction effect shows that the maximum is
reached 3 to I days after 500 mg TCB/kg, up to the Tth day a rapid decrease of the
" activity takes place, and after that it hardly decreases and consequently, even 28
days after the TCB application, the microsomal activity exceeds the control value by

more than two-fold. Individual measurements 8 and 13 weeks after application still
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alwvays gave increased values. On the other hand, relative to TCB, the extent of
activation after an equimolar dose of DCB is coﬁsiderably lower, and the maximum
seens to be reached after 2 days. However, the effect is still clearly detectable
after 14 days (Figure 1).
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Figure 2. The relative liver weight (g/lOO g body weight) in percent of the control
as a function of time after a single i.p. injection of 500 mg TCB/kg body

weight. Average values from 6 rats (the value after 35 days from I rats)
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Figure 3. The TCB concentration of the liver and ‘the microsomal p-nitroanisole
demethylation (in % of the control) as a function of time after a single
dose of 500 mg TCB/kg body weight (see Figure 1) and afterthe 28th day
of the stress duration. For every 6 control animals 100% = 6.72 + 1.5
(28th day), 13.2 + 2.15 (31lst day), 10.2 + 1.2 (3%th day) nmol p-nitro-
phenol/mg micresomal protein/10 min. ' -
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An increcase of the liver weight is parallel to the activity increase (Figure 2).
A steep weight increase within the first 5 days is followed by a slow decrease,

and only after I weeks the liver weight approaches that of the controls.
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Figure 4. The TCB accumulation in the liver under stress conditions. The upper
curve: TCB concentration at the beginning and after 3 and 6 days stress
plotted against the corresponding liver weights. The lower curve: con-

" version of the TCB concentration at the stress start (28 days after the
TCB application) to the decreasing liver ~weights.

Figure 5. The TCB quantity (ug'TCB) in the total retrdperitoneal adipose tissue
(shaded column) and the TCB concentration (ug/g adipose tissue) after.
a single injection of 500 mg TCB/kg body weight and after the following
the 3 day long stress. Average values from 6 rats + sx.

For the PCB concentration in the liver (Figure 3) a maximum value (150 pg TCB/g) is

measured 24 hours after the application which then decreases within 7 days in about

exponential course to a value of 22 ug/g, after which it still decreases only

slightly.

A comparison of the TCB contents with the microsomal stimulation shows that the stimu-

lation proceeds parallel to the PCB content in the liver with a time phase shift of

2 to 3 days.
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It is known from previous distribution studies (Benthe et al., 1972) that PCB is
redistributed in the adipose tissue. In the present investigation the PCB concen-
tration amopnted to.252 nglg édipose tissue 28 days after application. Now the
question arises whether under stress conditions the PCB stored in the adipose tissue
is mobilized and triggers a renewed increase of the enzyme activity inrthe liver.
For this purpose, 28 daygfgﬁg PCB applicaFion the rats were exposed to a surrounding

temperature of 3°C and they were deprived of food.
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Figure 6. The course of the relative liver weight (g/100 g body weight) of the
TCB treated rats (upper curve) and of the untreated control animals
under the stress conditions. The starting value four weeks after a
single i.p. injection of 500 mg TCB/kg body weight.

Fortyoanimal groups after 3 and 6 days the following v&lues vere detefmined:
O-demethylation, TCB concentration of the liver and of the adipose tissue and the
relative liver weight. As a control, we used under the same cﬁnditidns the control
animals of the same rat group which were treated with ol¥ve oil. As Figure % shows,
the TCB concentration in the liver increased more than two-fold after 3 days stress
(frsm 7.0 to 18.2 ng/g), and to 32 pg/g after 6 days stress. This concenpratiﬁn
increase cannot be explained by the decrease in the absolute liver weight. When we
plot the PCB starting concentration as a function of thé liver weight, we obtain the

lower curve of Fipure L. The actually measured concentrations correspond to the
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ﬁpper curve and show an extremely steep increase. This increase is based on a
mobilization of PCB from the adipose tissue. Figure 5 shows that under stress the
TCB quantity in the entire adipose tissue decreases, but the TCB concentration
(ug/g fat) remains constant due to iipolysis. After 6 days of stress, the entire
retroperitoneal adipose tissue dissipated _ 50 ;Pat no measurement could be

carried out anymore.

With the increase of the TCB concentration in the liver, a renewed microsomal stimu-
lation takes place, which after 6 days of stress amounts to 434% and, therewith,

reaches again algbstﬁthe maximum of the initial stimulation after 500 mg TCB/kg.

The weight increase of the liver found at the beginning is measurable again under
the stress conditions (Figure 6): while the relative liver weight of the control
group abruptly decreases in the first 3 days, it shows a clear tendency toward

an increase in the animals treated with TCB.

DISCUSSION

In the investigations published to date on the induction of microsomal liver enzymes
in rabbits (Villeneuve, 1971), rats (street, cited from Peakall and Lincer, 1970)
and falcons (Lincer and Peakall, 1970) with higher chlorinated biphenyls.(penta— to
hepta-chlorobiphenyls) singular observations were always made at the end of thé

chronical feeding tests. Nissen (1970) was, however, able to show that even a single,

—

short-lasting exposure caused this induction.

— e e T
As Table 1 and Figure 1 show, low chlorinated biphenyls after a single application
lead also to a microsomal stimulation. Now it was of interest to ask how rapidly
TCB is eliminated from the liver and how long, in relation to it, the increased
actiQity of-microsomél enzymes remains., While from the classical inducer pheno-
barbital, for example, the microsomal aminopyrine-demethylase is again found normal

i days after the last injection (Orrenius and Ernster, 1964) the increased enzyme
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‘activity after DDT lasts for several weeks (Ghazal et al., 196#); Consequently,

the activity of TCB can be very well compared with that of DDT: I weeks after the
TCB administration, the activity of p-nitroanisole demethyiase is decreased to W7%
of the maximum value and still remainsexacﬁly as high as after 2 weeks. Individual
‘measurements after & to 13 weeks sfill did not give a normal value. The TCB con-
tents of the liver decreases Fapidly within the first % to 5-days, but af;er thatﬂ;
only véry slowly. After 4 weeks there are‘stillnﬁl of the initial value present

in the liver (?igure 3). This finding is in good agreement with the analyses of
Grant et al. (1971), who 3 weeks after administration of 500 mg pentachlorobiphenyl

(aroclor 1254)/kg still found 13% of the concentration of the 2nd day. Likewise,

the increase of the relativé liver weight by Aroclor 125% is also valid for TCB
(Aroclér 1248). The transient course (Figure 2) is parallel with the microsomal
activity and reaches?ma#imum)the double weight of the control,with 6.75% (of the
body weight). Besides, it is questionable whether this enornmous increase can

be explained only by the increase of the endoplasmic reticulum.

When we compare the transient course of the TCB contents of the liver with that of
the adipose tissue, it becomes clear that a large part of TCB is redistributed
from the liver into the adipose tissue, as we were also able to detect after the

PCB application as aerosol (Benthe et al., 1972).

Now we raise the question: is the TCB deposited in the adipose tissue mobilizable
when the adipose tissue is diSsipatedunder 1ipolyticrconditions? For DDT this
redistribution from the adipose tissue was reported many times (Dale et al., 1962;
Brown, 1970; Findlay and Freitag, 1971). Moreover, when 7 ug TCB/g liver are

still sufficient for maintaining the microsomal activity on a higher level, then

in the case of a redistribution a repeated increase of the induction could be
expected under the condition that the TCB can act sufficiently loag on the liver.
Figures 4 and 5 show a confirmation of our hypothesis that during dissipation of the

adipose tissue TCB is mobilized and the liver concentration increases again.
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The attained concentration with 32 ugl/g liver tissue corresbonds to about the
7 day value after an i.p. injection. The increase of the O-demethylation after
3 days stress with nearly 300% corresponds to.the 7 day value and after 6 days
reaches again almost the maximum value. The increases refef to the untreated
control animals of the same colony which were exposed to thé same conditions.
This is also therefore important since the conditions of fasting alone lead to an
increase in the activity of tﬁé microsomalvqnzymes (Figure 3), as was already
shown by Kato (1967) and Gram et al. .(1970). The increase of the relative liver
weigﬁt also'agrées with these findings. In addition, it should be noted that the
i

decrease of the absolute body weight in the groups showed no significant differences.

Therewith, it can be'coﬁsidered as rEbroved that under the lipolysis conditions

a concentration of 260 ﬁngCB/g adipose tissue is sufficient for inducing micro-
somal enzymes of the rat liver. Although this concentration is 40 times higher
than in the adipose tissue of a normal pgrsoﬁ (6 ppm) (Quentin, 19?2), but in view
of the long retention in the adipose tissue in an occupational exposure,it can

easily lead to an accumulation up to these concentration ranges.

6251
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