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Abstract—Cytochrome P-450 and aryl hydrocarbon (benzo(a)pyrene) hydroxylase levels were increased in
mice which received 1 or 10 per cent v/v absolute ethanol in their drinking water for periods of 24 or 32
weeks. These increases corresponded to a consistent rise in microsomal protein values throughout the
experiment. The binding of benzo(a)pyrene to DNA was significantly increased during 1 per cent ethanol
treatment, but had returned to the control level after 20 weeks. In the mice receiving 10 per cent ethanol, the
binding of benzo(a)pyrene was consistently decreased. achieving the control level only after 32 weeks.
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Reported epidemiological associations between exces-
sive alcohol intake and the incidence of certain types of
cancer | 1--3] have stimulated the necessity to elucidate
the interaction between alcohol and the carcinogen-
metabolising enzymes [4]. Recent reviews imply that
contradictory results have been obtained previously
because the metabolic effects of alcohol differ accord-
ing to the amount administered, duration of exposure,
and the dosing regimen. With long term ethanol inges-
tion, however, it seems probable that the cytochrome
P-450-linked microsomal ethanol oxidising system
(MEOS) is responsible for the greater part of the
observed adaptive increase in ethanol oxidation [ 5, 6].
In many instances the increases in the MEOS have been
paralleled by an increase in the activity of other mixed
function oxidase enzymes responsible for drug metabo-
lism [6—8]. In this experiment the effect on the hepatic
microsomes of mice of prolonged exposure to ethanol
at a sub-chronic and chronic level are investigated and
changes in some of the parameters associated with

MATERIALS AND METHODS

Chemicals. 2.51 portions of absolute ethanol were
redistilled at 78° discarding the first and last 250 ml
portions of each distillate. [G*H| Benzo(a)pyrene,
which was 98 per cent pure and further purified by t.l.c.
to a constant specific activity of 27.5 Ci/m-mole, was
purchased from the Radiochemical Centre, Amersham,
Bucks. Instagel® was purchased from Packard Inc..
Caversham, Bucks. All other chemicals were of the
purest grade available and obtained from either Sigma
or BDH, both of Poole. Dorset.

Animals and dosage. Male albino TO (Theiller-
Original) mice of body weight 25 + 2 g were obtained
from Tuck and Son. Battlebridge. Essex and maintained
on PRM diet purchased from Dixons. Ware. Herts. The
drinking water of the mice, which was renewed daily.
contained either 1 or 10 per cent (v/v) redistilled
alcohol. Each group of mice consumed. on average, a
constant 80—100 ml of the aqueous alcohol solution

“carcinogen-activation” monitored. per day throughout the experiment. The groups of 20

Table 1. The effect of oral intake of ethanol (1% v/v) on the livers of mice

Duration Average Aryl hydrocarbon DNA binding of
of body Liver Microsomal Cytochrome hydroxylase benzo(a)pyrene

treatment weight weight protein P-450

(weeks) (g) (&) mg/g (a) (b) © (@) (e)
2 323+0.37 2110052 209+044 1.5+0.04 0.24+0.010 4.9 2.6+0.2 46
4 35.2+0.53 22+0.068 20.3+0.58 1.6+0.09 0.32+0.008 6.5 7.3+ 1.0 130
6 363 +0.62 2.1+0.050 19.2+0.60 1.6+0.06 0.47+0.032 9.0 13.5+0.5 240
8 39.4+ 046 2.1+0.041 244+0.72 1.8+0.06 0.40+0.022 9.7 9.7+ 1.3 172
12 40.3 + 0.59 2.5+0.058 21.8+0.78 1.8+0.08 0.34+0.014 7.3 12.5 + 1.1 222
16 424+0.62 23+0059 266+0.60 1.3+0.03 0.28+0.008 7.4 7.5 £ 0.7 133
20 429 +0.69 24+0.050 27.3+0.82 1.4+005 0.36+0.006 9.8 5.6 £ 0.6 99
24 44.9+0.64 2410060 302+ 1.11 13+0.04 0.23+0.022 7.0 4.4+09 79
Control* 36.2 + 6.8 2.3 +0.05 23.0+2.13 1.3+0.09 0.24+0.13 5.5 5.6 +0.6 100

* Control values are the means and S.D. of results obtained with groups of 5 animals sacrificed at each of the intervals
indicated in Table 2.
(a) Expressed as nmoles/mg of microsomal protein. (b) Expressed as nmoles/mg of microsomal protein/min. (¢) Expressed as
nmoles/g liver. (d) Expressed as d.p.m. x 1000 [*H Ibenzo(a)pyrene bound per mg DNA. (¢) Expressed as a percentage of the
control value.
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Table 2. The effect of oral intake of ethanol (10% v/v) on the livers of mice

Duration Average Aryl hydrocarbon DNA binding of
of body Liver Microsomal Cytochrome hydroxylase benzo(a)pyrene
treatment weight weight protein P-450
(weeks) (8) & (mg/g) (a) (b) (c) ) (e)
4 37.6 £ 0.74 242 +0.044 19.4+0.54 1.7+0.06 0.11+0.013 2.1 3.0+0.5 53
8 41.0+0.82 2.58+0.056 23.3+0.63 14+008 0.11+0.028 2.6 1.6 + 0.4 29
12 40.8 + 0.69 2.47+0.058 20.0+0.44 1.5+0.05 0.15+0.030 3.0 3.6 £ 0.3 64
16 41.4+0.89 2.56+0.076 29.3+224 13+005 0.14+0.056 4.1 4.9 + 0.7 87
20 41.4 +0.62 2.38+0.048 33.3+265 1.2+005 0.19+0.017 6.3 44 +0.1 78
24 41.1+0.75 2.54+0.074 325+ 188 14+0.08 0.14+0.003 4.7 4.0+ 0.4 72
28 41.8+0.51 23540074 374+0.65 13+0.08 0.22+0.002 8.3 4.7+0.5 84
32 40.6 +0.70 2.11+0.053 37.5+2.12 13+0.06 0.27+0.005 9.3 5.8+04 103
Control* 36.2 + 6.8 2.3 +0.05 23.0+ 213 13+£0.07 0.24+0.13 5.5 5.6+ 0.6 100

* Control values are the means and S.D. of results obtained with groups of 5 animals sacrificed at each of the intervals

indicated above.

(a) Expressed as nmoles/mg microsomal protein. (b) Expressed as nmoles/mg microsomal protein/min. (c) Expressed as
nmoles/g liver. (d) Expressed as d.p.m. x 1000 [*H Jbenzo(a)pyrene bound per mg DNA. (e) Expressed as a percentage of the

control value.

ethanol-treated mice and 5 control animals (maintained
on ethanol-free water) were sacrificed by cervical dislo-
cation at the time intervals indicated in Tables 1 and 2
and their livers excised and chilled on ice.

Incubations and assays. The livers were homogen-
ised in sucrose containing Tris pH 7.4 buffer and the
microsomes sedimented by centrifugation. The micro-
somes were washed and then the protein determined by
the method of Lowry ef al. [91, cytochrome P-450 by
the method of Omura and Sato [ 10] and aryl hydrocar-
bon (benzo(a)pyrene) hydroxylase by a radiometric
technique [ 111.

To determine the DNA binding of benzo(a)pyrene
each incubate contained: 20 mM sodium citrate pH 7.4
buffer (4.06 ml), 3.0 mg of calf thymus DNA in buffer
(1.0 ml), 4.0 mg of microsomal suspension in 1.15 per
cent KCI (0.5 ml). a NADPH-generating system com-
prising 14.1 mg of glucose 6-phosphate, 4.6 mg NADP
and 2 units of glucose 6-phosphate dehydrogenase all in
buffer (0.3 ml) and 0.1 M MgC]}, solution (0.1 ml). To
this incubation mixture was added 40u1 of a solution
containing 2.5 mCi/mg/mi of benzo(a)pyrene in ace-
tone. The mixture was incubated for 30 min at 37°,
after which time the DNA was isolated and estimated.
The amount of bound radioactivity was determined
essentially as described by Grover and Sims [12].

Radiochemical analyses. Duplicate analyses were
performed on each sample which was esimated in Insta-
gel® Samples were counted for 2 cycles. each of 10 min
duration. in a Packard 4250 liquid scintillation spec-
trometer. Counting efficiency was determined by exter-
nal standardisation.

RESULTS

The effect of prolonged intake of ethanol at 1 and 10
per cent on the livers of mice is given in Tables 1 and 2
respectively. With control animals there was no signifi-
cant change in the levels of either the microsomal
protein, c¢ytochrome P-450, aryl hydrocarbon
(benzolalpyrene) hydroxylase or DNA binding of
benzo(a)pyrene during 24 weeks. Following both 1and
10 per cent ethanol intake the microsomal protein level
increased progressively to approximately 1/3 higher

than that of the the control value at 24 weeks, and to 2/3
higher than the controls after 34 weeks ingestion of 10
per cent ethanol.

Alcohol intake increased the cytochrome P-450
level to a maximum of 140 per cent of the control value,
the level appearing normal after 16 weeks, but the total
liver content was elevated as a result of the increase in
microsomal protein. Similarly. after 1 per cent ethanol
ingestion, the aryl hydrocarbon (benzolalpyrene) hy-
droxylase level was increased initially, and the increase
in microsomal protein resulted in an average increase of
50 per cent in the liver enzyme content. With the 10 per
cent ethanol treated animals. there was a decrease in
aryl hydrocarbon (benzolalpyrene) hydroxylase activ-
ity during the first 16 weeks of intake, the level “re-
covering” after 4 weeks to achieve a maximum of 170
per cent of the control value after 32 weeks.

The DNA binding of benzo(a)pyrene was increased
2-fold during the period 6—12 weeks of 1 per cent
ethanol ingestion, but had fallen below the control value
before the termination of the experiment. The carcino-
gen binding level of the 10 per cent treated animals was
apparently lowered and achieved the control level only
after 32 weeks.

DISCUSSION

Except for correlations between ethanol abuse and
oral cancer [ 1-4], much of the epidemiological evi-
dence linking alcohol with cancer is equivocal and the
subject remains controversial [ 13]. The primary organ
concerned with ethanol metabolism is the liver and the
effect of alcohol abuse on hepatic metabolism is also
controversial. A “hypermetabolic state™ induced by
ethano! has been postulated [ 14] but it is likely that the
adaptive increase in the hepatic capacity to metabolise
the drug is largely a result of the enhancement of the
MEQS system and not due to increases in the mito-
chondrial alcohol dehydrogenase or catalase enzyme
system [ 5. 6, 15]. This increase in MEOS activity could
be paralleled by increases in other general mixed func-
tion oxidase enzymes. including those concerned with
carcinogen metabolism. and there are conflicting re-
ports of the effect of alcohol on microsomal en-
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zymes | 16—18]. Generally, any dose level of alcohol
above 5 per cent v/v in water is regarded as producing
liver damage { 19]. It has been suggested by Cinti et
al. [201 that low doses of ethanol stimulate. and higher
doses inhibit microsomal enzymes, but little data on
prolonged ethanol intake is available. It has also been
demonstrated that the diet and dosing regimen are
crucial to the effect of alcohol on microsomal en-
zymes [ 8, 19]. A higher dietary lipid content stimulates
the enhancing effect of alcohol on microsomal enzyme
activity [ 19, 21].

In the present experiment. ethanol increased the
microsomal capacity to oxidise benzo(a)pyrene for the
first few months of 1 per cent ingestion by increasing
aryl hydrocarbon (benzolalpyrene) hydroxylase activ-
ity. Higher doses and longer duration ethanol intake
resulted in an increase in microsomal protein content
and presumably increased synthesis of aryl hydrocar-
bon (benzolalpyrene) hydroxylase. This is in agree-
ment with reports that ethanol ingestion for shorter
periods of time increases microsomal protein [ 17] and
causes proliferation of the smooth endoplasmic reticu-
lum[6, 221, It is concluded that the level of aryl
hydrocarbon (benzolalpyrene) hydroxylase is in-
creased following intake of high as well as lower con-
centrations of ethanol but that the adaptive metabolic
response to higher alcohol concentrations was slower.
Thus, the degree to which alcohol stimulates or inhibits
this microsomal enzyme varies not only with the
amount but with the duration of exposure.

Determination of the binding of carcinogens to
DNA has been reported to be the most reliable estimate
of carcinogenicity [23]. The observed increase in the
ary! hydrocarbon (benzolalpyrene) hydroxylase levels
in the livers of male mice might be expected to increase
DNA binding of this carcinogen. The binding of
benzo(a)pyrene was indeed significantly raised when
the hydroxylase activity was increased. as in the case of
the 1 per cent treated animals, although with the higher
doses of alcohol the binding was reduced. Recent
reports implicate the aryl hydrocarbon hydroxylase
located in the nuclear envelope as being responsible for
the activation of benzo(a)pyrene to its proximate car-
cinogen [ 24] and presumably this enzyme would not be
induced during the adaptive increase of the MEOS.

It is difficult to predict the in vivo effect of an alcohol
induced MEOS adaptation in man from increases in
murine cytochrome P-450 and aryl hydrocarbon
(benzolalpyrene) hydroxylase. It has been shown that
there is more than one species of cytochrome P-
450 [25]. Recent reports implicate a distinct type of
cytochrome in rats which is induced as part of the
adaptive increase of the MEOS to alcohol intake [26].
Presumably this species of P-450 would not catalyze
the P-448-mediated carcinogen activation reactions.
Similarly, the presence of more than one aryl hydrocar-
bon hydroxylase enzyme has been demonstrated in the
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livers of rats, the relative content of each varying with
age and sex [27].

This experiment demonstrated that an enzyme in-
volved in carcinogen activation can be increased as a
consequence of the adaption of the hepatic MEOS to
prolonged ethanol ingestion. The relative importance of
this increase must be measured against the actions of
the other inducing agents, e.g. smoking [ 28], before its
bearing on the adverse epidemiological observations
can be assessed.
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