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Abstract—Benzo[a]pyrene, 6-hydroxymethylbenzo[a]pyrene, 6-methylbenzola]pyrene,
benzo[a]pyrene-6-carboxaldehyde, benzo[a]pyrene-6-carbonamide, benzo[alpyrene-6-
carbonitrile and 6-bromobenzo[alpyrene all produced a fall in the liver glycogen level in
mice for 2 days after injection. No effect on liver wet weight could be observed over a
9-day period. The first four compounds were also found to be without effect upon liver
RNA, DNA and protein content and did not alter the histological appearance of the
livers. The fali in glycogen, which appears to be a general response to inducers of micro-
somal drug metabolizing enzymes, was discussed. It does not appear to be associated
either with depressed production of adrenal corticosteroids or with increased release of
adrenaline. Measurement of hepatic glycogen levels did not appear to be a good method of
investigating induction of drug metabolizing enzymes.

A NUMBER of inhibitors of microsomal drug metabolizing enzymes, particularly SKF
525-A, have been shown! to produce a fall in hepatic glycogen levels. Adrenaline
lowered hepatic glycogen levels and microsomal metabolism of hexobarbital and
chlorpromazine? whilst noradrenaline inhibited hexobarbital, aminopyrine and aniline
metabolism and lowered hepatic glycogen concentration.® Kato and Gillette* con-
firmed the effect of adrenaline on the metabolism of hexobarbital and aminopyrine
in male rats, which had been used in all previous studies, but found that the effect did
not occur in the female rat. These observations, the facts that new-born animals have
low levels of hepatic glycogen® and of drug metabolizing enzymes,® and observations
on alloxan diabetic animals,*7-® animals with rapidly regenerating hepatic tissues®:1°
and on starving animals!! lead to the belief that low microsomal drug metabolizing
activity was linked with low glycogen levels in liver. In studies on animals treated
with phenobarbitone, which increases drug metabolizing enzyme activity, instead of
an increase in hepatic glycogen, a fall in lead-staining granules, believed to be glycogen,
was observed in electron micrographs.!? A fall in chemically determined glycogen
to about 60 per cent of the control level was also observed.!3 Due to the high standard
deviations involved this fall was not statistically significant however. SKF 525-A has
a biphasic action on drug metabolism in mice,'# initially acting as an inhibitor but
later producing increased metabolism. Wooles and McPhillips showed that the action
of SKF 525-A in inhibiting drug metabolism appeared to be independent of the
lowering of glycogen levels. This implies that the fall in glycogen may be associated
with induction of drug metabolizing enzyme activity.

It is well established that adrenal corticosteroids can raise liver glycogen levels!®
and this forms the basis of a biological assay for glucocorticoids.!” In previous studies
on the biological properties of 6-substituted benzo[a]pyrene derivatives!® we observed
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stimulation of drug metabolizing enzyme activity by a range of compounds one of
which showed evidence of causing release of adrenal hydrocortisone. In view of this
and the previous studies on drug metabolizing enzyme activity and liver glycogen
levels, we investigated the effect of these benzo[a]pyrene derivatives upon glycogen
levels. To provide a firmer basis for the comparison of changes, in the chemical com-
position of liver, DNA and RNA content and total liver protein were determined
and livers subjected to histological examination in the case of some of the compounds.

MATERIALS AND METHODS

The 6-substituted benzo[a]pyrene derivatives were synthesized as described by
Dewhurst and Kitchen.!® Female Schofield mice weighing 20-25 g were injected
intraperitoneally with 0-5 ml of arachis oil solution. Controls received arachis oil
only whilst experimental animals received 1 mg of test compound, except for the
6-hydroxymethyl and 6-carboxaldehyde compounds which were given in 0-5 mg
doses. Animals were always injected and killed at the same time each day to eliminate
diurnal variation. Normally two experimental groups were run with each control
group. Animals were killed by cervical dislocation, taking four at a time from each
group. The livers were rapidly removed, blotted dry, weighed, individually homo-
genized in ice-cold distilled water and each homogenate made up to a final volume
of 20 ml.

The glycogen content was determined by the anthrone method of Roe and
Dailey?® using glucose for the standard curve. Protein was determined by the
method of Itzhaki and Gill*! using bovine serum albumin as a standard. The DNA
was extracted from the homogenate by a modification of the Schmidt-Thannhauser
procedure,?? and determined by the method of Byvoet?? using salmon sperm DNA
(Sigma Chemical Co.) as standard. RNA content was measured by the method of
Byvoet?? correcting for the DNA content and using highly polymerized yeast RNA
(British Drug Houses Ltd.) as standard. Groups of 5 mice per compound were killed
after 1, 3 and 9 days, the livers removed, placed in Bouins fixative, embedded in
paraffin wax and sections cut and stained with eosin and haematoxylin.

RESULTS

The DNA, RNA and protein content of the livers showed no consistent changes for
up to 9 days after treatment with benzo[alpyrene, benzo[a]pyrene-6-carboxaldehyde,
6-methylbenzo[a]pyrene and 6-hydroxymethylbenzofa]pyrene. Table 1 gives the
results obtained with the first two of these compounds and similar results were
obtained with the other two. Histological examination revealed no obvious morpho-
logical differences between control and experimental sections. In view of the lack of
any significant observable effect on DNA, RNA, protein content and histological
appearance these parameters were not examined with 6-bromobenzo{a]pyrene, benzo-
[a]pyrene-6-carbonitrile and benzo[a]pyrene-6-carbonamide. None of the compounds
produced any change in liver wet weight and typical results are included in Table 1.
All the compounds produced a fall in liver glycogen content for the first 2 days after
treatment. The levels returned to normal by day 3 and were still normal after day 9.
Typical results are shown in Figs. 1, 2 and 3. The depression in the liver glycogen
level was statistically significant, P > 0-05, in every case except with 6-methylbenzo{a]-
pyrene and with 6-hydroxymethylbenzo[a]pyrene on the first day. The statistical
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F16. 1. Liver glycogen --S.E.M. after treatment with, (1) 6-methylbenzo{a]pyrene and, (1) 6-hydroxy-
methylbenzo[a]pyrene. Control values = C.
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FiG. 2. Liver glycogen +S.E.M. after treatment with, (II) 6-bromobenzola]pyrene, (IV) benzofal-
pyrene-6-carbonitrile and, (V) benzo[alpyrene-6-carbonamide. Control values = C.

significance of the results was determined using Student’s f-test. The statistically
non-significant falls were of the same order as the significant but the standard errors
were larger. It is thus reasonable to state that all the compounds reduced liver glycogen
levels for 2 full days after injection.

DISCUSSION
It is well established that phenobarbitone, a potent inducer of microsomal drug
metabolizing enzymes, produces considerable increases in liver weight, protein, DNA
and RNA content?# but the same authors found the polycyclic aromatic hydrocarbon
3-methylcholanthrene produces only small increases, if any. These effects reach their
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Fic. 3. Liver glycogen --S.E.M. after treatment with, (VI) benzo[a]pyrene and, (VII) benzo[a]pyrene-
6-carboxyaldehde. Control values = C.

maximum in 5~10 days. In our study all the polycyclic aromatic hydrocarbon deriva-
tives failed to produce a statistically significant change in these parameters. It is
clear that whilst both phenobarbitone and polycyclic aromatics induce drug metabo-
lizing enzymes there are profound differences in response to these compounds. It is
of interest that Mycek?> has shown that phenobarbitone inhibits liver microsomal
ribonuclease, but 3-methylcholanthrene was without effect.

The fact that induction of liver drug metabolizing enzyme activity was accompanied
in every case with a fall in liver glycogen fits in with the observations previously
reported for phenobarbitone and for SKF 525-A. It is interesting that foetal glycogen
levels in mice are high and that birth is associated with a sharp and massive fall
followed by a small rise and then another fall between a week and a fortnight after
birth.1¢ It is about the time of this second fall that liver drug metabolizing enzyme
activities start to rise. It appears that increased synthesis of microsomal drug metabo-
lizing enzymes is associated with a fall in liver glycogen. The control of liver glycogen
levels is complex and the fall produced by inducers cannot, as a consequence, be used
as a test for enzyme induction. The high standard deviations on liver glycogen deter-
minations is a further drawback to the use of glycogen measurements in the study of
enzyme induction.

The fact that 6-hydroxymethylbenzo[a]pyrene produces a fall in liver glycogen
demands comment in view of the evidence that this compound causes release of
adrenal corticosteroids. The tendency for liver glycogen to fall during enzyme induc-
tion appears to be stronger than the power of hydrocortisone to cause increased
synthesis of liver glycogen. The mechanism for the depression of liver glycogen is not
clear but in view of the effects of adrenaline etc. in depressing microsomal drug
metabolizing enzyme activity?>—* the explanation clearly does not lie in the release of
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such compounds in response to the hydrocarbons. The observations on the 6-hydroxy-
methyl compound also indicate that a depression in adrenal corticosteroid production
is not the explanation either.
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