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Abstract-A daily intake of ethanol ranging from 10 to 12 g/kg for I month in either high-fat adequate 
protein (HFAP) or low-fat high protern (LFHP) liauid diets resulted in significant increases in liver 
weight. microsomal protein aid ‘microsomal mktadolism of aminopyrinc. ;oxazolaminc. aniline and 
meprobamatc, when related to 100 g body weight. Morphine metabolism was increased only after 
the HFAP diet; pentobarhital metabolism was studied only after HFAP diet. and was increased. The 
incrcasc ill vifro was highest with aminopyrine and lowest with pentoharhital. The analysis of variance 
showed highly significant differences among the various drugs. There were significant interaction effects 
of drugs x ethanol and drugs x fat content. but no significant interaction between ethanol x fat or 
drugs x ethanol x fat except in the case of morphine. The marked between-drug variability in induction 
of metabolism in vitro by ethanol is also reflected in vice among the various drugs examined. The 
increase in uiuo was greatest with meprohamate. intermediate with aniline and roxarolamine. low with 
aminopyrine and absent with pentobarbital. Moreover. there was variability in inductive effect of ethanol 
io rim as compared to in vitro. It is. therefore. concluded that chronic ethanol administration does 
increase the metabolism of drugs in vitro and itz rim but the diversity of cffccts on different drugs 
cannot he explained by a single mechanism based on an increase in the amount of cytochrome P-450 
or other component of the mixed function oxidase system. 

In a previous study [l] we reported that cross-toler- 
ance to pentobarbital in alcohol-treated rats resulted 
primarily from reduced sensitivity of the central ner- 
vous system, and that changes in barbiturate metabo- 
lism or distribution do not play an important role. 
Similar findings have also been recently reported by 
Hatfield Tut al. [2]. On the other hand, it has also 
been reported that chronic administration of ethanol 
causes proliferation of the smooth endoplasmic reti- 
culum [3-51 resulting in an increased ability of the 
microsomes to metabolize a variety of drugs such as 
pentobarbital. aniline. benzpyrene. nitrobenzoic acid 
and aminopyrine [4. &12]. 

However, it has not been established whether the 
inductive action of ethanol on metabolism in citro 
is comparable to that on metabolism in vice. In fact, 
only two studies [ 12. 131 are available which compare 
the effect of chronic alcohol on rates of microsomal 
enzyme activity in vitro and of drug disappearance 
in cico. In one of these studies 1121, the clearance 
of meprobamate was studied in both rats and humans 
and pentobarbital disappearance was examined only 
in humans. In the other study 1131, warfarin. zoxazo- 
lamine and hexobarbital metabolism in vitro (by mic- 

rosomes) and in cico (clearance from blood) was stud- 
ied in rats 17 hr after a single dose (4-71 g/kg) of 
ethanol and after regular administration for 7-11 
days. No changes were observed with either treatment 
in metabolism of warfarin in t’itro or in vice. However. 

the authors found marked increases in metabolism 
of the other two drugs in vitro and in vice after even 
a single dose of ethanol. Surprisingly enough. a single 
dose, which causes no hypertrophy of the smooth en- 
doplasmic reticulum (SER), produced the maximum 
increase in drug metabolism, and chronic ethanol in- 

take did not result in further increase. This report 
appears to conflict with the work of Kato and Chie- 
Sara [14], who found no effect of a single dose of 
ethanol (4 g/kg) on pentobarbital metabolism in civo 

or irk vitro 48 hr later. Since a single dose of cortico- 
sterone has been reported to increase the rate of meta- 
bolism of hexobarbital and ethylmorphine [15,16], 
the apparent discrepancy may be related to the du- 
ration of a stress response after a single large dose 
of ethanol. The report of Mallov and Baesl [13] also 
appears to disagree with the finding of increased war- 
farin metabolism in human alcoholics [17]. 

The finding of increased activity of microsomal 
enzymes after chronic administration of ethanol has 
also been questioned recently. Nakanishi et rrl. 1181 
reported identical metabolism in citro of hexobarbital, 
aminopyrinc and aniline in ethanol-treated and con- 
trol rats, when ethanol was replaced by tap water 
24 hr prior to sacrifice. They did. however. report 
an increase in aniline hydroxylase activity in rats con- 
tinuing to drink ethanol ad lib. up to the time of sac- 
rifice. Ramsey and Fallon [19] also found increased 
cytochrome P-450 and aniline hydroxylase, but re- 
ported a decrease in aminopyrine and benzphetamine 
demethylation in both male and female rats chronically 
treated with ethanol. Ioannides and Parke [20] reported 
no change in the half-life of plasma pentobarbital 
after chronic ingestion of 10% ethanol by rats. 

Dietary composition is also known to have a 
marked effect on hepatic drug metabolism [21-241 
and its inducibility [25,26]. Moreover. the level of 
fat in the diet has been reported to influence markedly 
the degree of SER proliferation and increased micro- 
somal drug-metabolizing activity caused by chronic 
ingestion of ethanol [27.28]. 
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Because of the limited number of studies available 
on the influence of chronic ethanol administration on 
drug metabolism in rice. and the apparently conflict- 
ing findings on microsomal induction, we have com- 
pared the effects of chronic ethanol ingestion on the 
metabolism both in citro and in ~iuo of a variety of 
drugs involving different enzymatic activities; the 
effects on metabolism in vitro were further compared 
in rats fed diets of different composition. 

MATERIALS AND METHODS 

Animals. Male Wistar Rats. weighing 10@150 g. 
obtained from High Oak Ranch. Goodwood. 
Ontario. were used in all experiments. 

Chronic ethanol treatment. Ethanol was adminis- 
tered in a liquid diet, modified from that devised by 
Lieber et a[. [29], as described previously [30]. Two 
types of diets were used. In the first (high-fat, ade- 
quate protein). ethanol provided 35% of the total 
calories, fat 41%. protein hydrolysate 19% and suc- 
rose 5%. In the second (low-fat, high-protein diet) eth- 
anol provided 35”/, of the total calories, fat loo/ pro- 
tein hydrolysate 252, and sucrose 30%. In the corre- 
sponding control diets, ethanol was replaced with 
equicaloric concentrations of sucrose. The amount of 
liquid diet consumed by each rat in the ethanol group 
was measured daily, and an equal amount of the suc- 
rose liquid diet was given to its pair-fed control. 
These diets were administered for 4 weeks and the 
daily intake of ethanol’ ranged from 10 to 12 g/kg 
throughout the experimental period. The diets were 
replaced by tap water in both ethanol and control 
groups 16hr prior to the studies in vitro and in vice 
described below. 

Preparation ofn~icrosonzrs. The rats were killed by 
decapitation and livers were removed, weighed and 
homogenized with 2 vol. of l.lSo/, KC1 in a glass Pot- 
ter_Elvehjem homogenizer with a motor-driven Tef- 
lon pestle. The homogenates were centrifuged at 9,ooO 
g for 20 min in the SM head of a Servall RC-2B. 
The supernatants were decanted and recentrifuged for 
an additional 20 min. The supernatants were again 
decanted and then centrifuged at 105.000 g in the A 
147 head of a model B-60 International preparation 
ultracentrifuge for 1 hr at 4’. The resulting supcrna- 
tant was then poured off and the pellet suspended 
in 1.15% KC1 solution. Microsomal protein content 
was determined by the biuret reaction [31]. 

Druy metaholisn~ in vitro. For all the drugs men- 
tioned below, preliminary experiments were carried 
out to determine the limits within which the rate of 
metabolism was linearly related to time and to the 
amount of microsomal preparation. These parameters 
were then kept well within the determined limits in 
all subsequent experiments. 

The rate of demethylation of aminopyrine was mea- 
sured in a system containing 300 pmoles phosphate 
buffer. pH 7.4; NADP, 6 pmoles; glucose 6-phos- 
phate, 60 pmoles; nicotinamide. 50 pmoles; semicar- 
bazide HCl. 50 pmoles; MgCl,, 50 pmoles; glucose 
6-phosphate dehydrogenase. 5 units; and aminopyr- 
ine, 10 pmoles, in a final volume of 4.2 ml. The reac- 
tion mixture was preincubated for 5 min at 37^ in 
air in a Dubnoff shaker and the reaction was started 
by adding 0% ml microsome suspension (equivalent 

to 0.4 g liver). Samples were incubated for 20 min 
and the reaction was stopped by adding 2ml of 
ZnSO, (3’:;)) solution. After 3 min of shaking. 2 ml 
saturated Ba(OH), solution was added with mixing 
and the flasks were shaken for another 5 min. The 
content of the flask was then transferred to a centri- 
fuge tube and centrifuged at 12,000 g for 10 min. For- 
maldehyde formed was measured in the supernatant 
by the procedure of Nash [32]. Appropriate microso- 
ma1 and reagent blanks were run with each exper- 
iment. In all experiments, each sample was run in 
duplicate. 

Morphine demethylation was measured with the 
same incubation system as used for aminopyrine; 25 
pmoles morphine sulfate was used in each incubation 
flask. 

Zoxazolamine hydroxylation by microsomes was 
studied under the conditions described by Mallov and 
Baesl [ 131 and zoxazolamine was estimated by the 
method of Burns et ul. 1331. The selected parameters 
were: microsomes equivalent to 0.12 g liver. 0.59 
pmole zoxazolamine and 20 min of incubation in a 
total volume of 3 ml. 

Aniline hydroxylase activity was determined by 
measuring the formation of p-aminophenol as 
described by Schenkman et ul. [34]. Incubation 
parameters were:microsomes equivalent to 0.15 g liver, 
25 Hmoles aniline and 20 min of incubation in a 
final volume of 3 ml. 

For studies on mcprobamate hydroxylation, each 
flack contained 150 pmoles phosphate buffer, pH 7.4; 
liver microsomes equivalent to 0.5 g liver: nicotina- 
mide. 20 Atmoles; MgCI,. 6 HzO. 50 pmoles; glucose 
6-phosphate, 50 pmoles; NADP. 8 pmoles; and glu- 
cose 6-phosphate dehydrogenase, 5 units, in a final 
volume of 4 ml. After a 5-min preincubation period 
at 37’ in a Dubnoff shaker bath. the reaction was 
started by adding 1 ml [‘4C]meprobamate (final con- 
centration 0.3 mM). Incubation was stopped at 15 
min by immersing the flasks in ice water. Each liver 
preparation was tested in duplicate. accompanied by 
appropriate standards and blanks. Residual un- 
changed meprobamate was extracted by the method 
of Hoffman and Ludwig 13571. and measured by scin- 
tillation counting with a Nuclear Chicago, model 725, 
liquid scintillation counter. 

The incubation mixture and procedure for studies 
on pentobarbital metabolism have been described 
recently [36]. 

Pmtoharhital and rneprohamate disapprarancr in 
vivo. The method used for measuring the rate of 
[‘4C]pentobarbital disappearance from the blood 
after intravenous injection has been described else- 
where 1361. The same procedure was used for study- 
ing [14C]meprobamate disappearance. A dose of 30 
mg/kg of [‘4C]meprobamate (sp. act., 0.24 &i/mg; 
Mallinkrodt Nuclear. St Louis. MO.) was dissolved 
in saline. in a volume of 0.25 ml/100 g body weight, 
for intravenous in.jection. Blood samples (100 ~1) were 
taken from the cut tip of the tail at various intervals 
up to 180 min after injection, for drug assay. Unmeta- 
bolized meprobamate was extracted by the method 
of Hoffman and Ludwig 1351; the method for pento- 
barbital has been described [36]. 

Who/c body rnetuholism ofdrdrzrys. The disappearance 
of drugs from the whole body was studied in ethanol- 



Effect of chronic ethanol treatment on drug metabolism 331 

Table 1. Effect of chronic ethanol treatment (with high- and low-fat diets) on body weight. liver weight and microsomal 
protein* 

Body wt 
Liver wt/body wt 

k/l00 n) 
Microsomal protein 

(mg/g liver) 
Microsomal protein 

(in total wt of fresh 
liver/l00 g body wt) 

High-fat diet Low-fat diet 
(n = 6) (n = 6) 

Control Ethanol P Control Ethanol P 

278 k I1 275 k 11 NS 311 * 12 314 * 10 NS 
3.52 f 0.06 4.70 k 0.08 < 0.001 3.74 * 0.10 4.17 f 0.12 < 0.01 

35.9 * 1.3 45.5 * 7.4 NS 30.1 * 1.4 41.5 _t 3 < 0.05 

126.1 f 3.7 211.7 &- 31 4 0.05 112.3 k 3.8 173.4 * 14.7 < 0.02 

* Values shown are mean * S. E. M. P refers to the significance of difference between chronic ethanol group and 
the pair-fed controls as estimated by the c-test for paired data. NS = not significant (P > 0.05). 

treated and pair-fed rats after intraperitoneal injection 
of the drug in question. The rats were killed by a 
blow on the head, immediately dropped into a pre- 
cooled industrial Waring blender and homogenized. 
The homogenate was filtered through several layers 
of gauze and the amount of the drug remaining in 
an aliquot of the homogenate was determined. The 
dose of the drug and time of killing are described 
in Table 4. Aminopyrine, zoxazolamine and aniline 
were determined by the methods of Brodie and Axel- 
rod [37], Burns et al. [33] and Brodie and Axelrod 
[38] respectively. 

RESULTS 

Effkt of chronic ethanol treatment on body weight. 
liver weight and microsomal protein. Table 1 shows 
the body weights, liver weights and microsomal pro- 
tein content of the control and alcohol-treated groups 
on high-fat and low-fat diets. With either diet, there 
was no significant difference in body weight between 
the ethanol-treated and pair-fed controls. However. 
the total gain, as reflected by the final body weight. 
was greater in the alcohol groups fed the low-fat diet 
than in those on the high-fat diet ( < 0.05). The differ- 

Table 2. Effect of chronic ethanol treatment (with high-fat diets) on drug metabolism in vitro by microsomes* 

No. of o/ 

Drug pairs Control Ethanol ChGge P 

Aminopyrinet 
Activity/mg protein 
Activity/g liver 
Activity/100 g body wt 

Morphinet 
Activity/mg protein 
Activity/g liver 
Activity/100 g body wt 

Zoxazolaminef 
Activityimg protein 
Activity/g liver 
Activity/l00 g body wt 

Anilinea 
Activity/mg protein 
Activity/g liver 
Activity/100 g body wt 

Meprobamate )I 
Activity,/mg protein 
Activity/g liver 
Activity/100 g body wt 

Pentobarbitaly 
Activity/g liver 
Activity/100 g body wt 

6 
0.102 f 0009 
3.68 k 0.39 

12.90 + 1.25 
6 

DO64 k 0,003 
2.28 k 0,123 
8.01 * 0.30 

6 
0.052 + 0.002 
1.87 k 0.10 
6.56 k 0.30 

6 
0028 + DO01 
1Gl f 0.04 
3.56 f 0.15 

10 
0.0144 * 0.0012 
0,410 k 0.023 
1.33 k 0.08 

7 
0.751 + 0.026 
3.07 * 0.12 

0.117 + 0013 
496 + 0.57 

23.3 k 2.6 

0,059 * 0,005 
2.51 + 0.20 

11.8 + 0.81 

0.049 * oGO4 
2.08 k 017 
9.75 * 0.71 

0.027 k 0.003 
1.13 k 008 
5.29 k 0.37 

0.0134 * 0~0007 
0,458 + OG41 
2.20 f 0.22 

0.769 f 0,034 
3.84 k 0.14 

+15 
+35 
f81 

NS 
< 0.005 
< 0.001 

-19 
+ 10 
+47 

NS 
NS 

< 0.01 

-6 NS 
+11 NS 
+49 < 0.01 

-4 
+13 
+49 

NS 
NS 

< 0.005 

- 6.9 
+ Il.7 
f65 

NS 
NS 

< 0,005 

+ 2.4 
+25 

NS 
< 0.005 

* Values shown are mean f S. E. M. P refers to the significance of difference between chronic ethanol group and 
the pair-fed controls as estimated by the t-test for paired data. NS = not significant (P > 0.05). 

+ Expressed as pmoles HCHO produced/20 min of incubation. 
1 Expressed as pmoles zoxazolamine metabolized/20 min of incubation. 
4 Expressed as pmoles of para-aminophenol formed/20 min of incubation. 
i1 Expressed as pmoles meprobamate metabolized/l5 min of incubation. 

7 Expressed as pmoles pentobarbital metabolized in 20 min using the 9,000 9 supernatant. 
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Table 3. Effect of chrome ethanol treatment (with low-fat diets) on drug metabolism in citro by microsomes* 

Drug 
No. of 
pairs Control Ethanol 

‘%, 
Change P 

Aminopyrinc 
Activity:mg, protein 
Activity;g hver 
Activity/l00 g body wt 

Morphine 
Activitj:mg protein 
Activity.‘g liver 
Activity/100 g body wt 

Zoxazolaminc 
Activity.‘mg protein 
Activitj:g liver 
Activity.!100 g body wt 

Aniline 
Activity.mg protein 
Activityig liver 
Activity:100 g body wt 

Meprobamatc 
Activity/mg protein 
Activity/g livcl 
Activity;100 g body wt 

Pentobarbital 
Activity/g liver 
Activity,/100 g body wt’ 

6 
0.097 + 0.010 
2.83 * 0.23 

IO.61 f 097 
6 

0.080 * 0,003 
2.42 k 0.09 
9.04 * 0.35 

6 
0.048 * 0,003 
I.46 kO.11 
5.41 + 0.29 

6 
0.026 + 0.002 
0,784 k 0.07 
2.91 2 0.51 

II 
0.0143 f 0~0005 
0.40x f 0.014 
1.15 f 0.04 

0.084 k 0.016 
4.05 * 0.45 

16.9 * 1.95 

0.06 i_ 0,003 
2.5 k 0.18 

IO.27 i 0.70 

0.046 + 0.004 
1.84 f 0.06 
7.64 i7 0.26 

0.023 k 0.001 
0.93 k 0.06 
3.89 k 0.26 

0.0 137 * 0~0005 
0,526 + 0.021 
2.07 i 0.10 

ND 
ND 

-13 
+43 
f59 

NS 
< 0.05 
< 002 

-25 NS 
f3 NS 
f14 NS 

-4 
f26 
f41 

NS 
< 0,025 
< 0005 

- 12 
+ 19 
+34 

NS 
NS 

< 0.02 

-4.2 
+ 28.9 
+37.1 

NS 
< 0~001 
< 0~001 

* Enzvme activities and statistical comnarisons as defined in Table 2 
ND g not determined. 

ence for the corresponding controls fell just short of 

statistical significance. 

In comparison with the control rats, the ethanol- 
treated groups on both diets showed significant in- 
creases in liver weight and microsomal protein when 
related to body weight. The increase of liver weight 
and microsomal protein after ethanol was. howcvcr. 
more pronounced with a high-fat diet than with a low- 
fat diet. 

The effects of chronic ethanol treatment on meta- 
bolism iri cirro of various drugs by microsomes are 
shown in Tables 2 and 3. With both types of diet. 
metabolism of aminopyrine. morphine. zoxazolamine. 
aniline and meprobamate by microsomes from the 
ethanol-treated animals was not significantly different 
from their pair-fed controls when the drug-metaboliz- 
ing activity was calculated per mg of microsomal pro- 
tein. When expressed per g of liver, significant in- 
creases wcrc obtained with aminopyrine. meproba- 
mate and zoxazolamine after the alcohol low-fat diet. 
and only with aminopyrine after the alcohol high-fat 
diet, No such differences in activity were seen with 
respect to other drugs examined. When related to 100 
g body weight. significant increases in drug metabo- 
lism wcrc obtained with all the drugs studied (except 
morphine on a low-fat diet). The increase was highest 
with aminopyrine (81 per cent) and lowest with pento- 
barbital (25 per cent). 

Metabolism of the first four drugs listed in Tables 
2 and 3 was studied in parallel with each individual 
liver preparation. It was. therefore, possible to carry 
out an analysis of variance for the separate effects 
of ethanol and of dietary fat level across all four 
drugs. The analysis confirmed the highly significant 
differences among the various drugs. when the respec- 
tivc activities were expressed in terms of total liver 
per 100 g body weight (F, 602.75: df 3, 30; P < 0~001). 

The activities were consistently increased by ethanol 
(F, 100.37; df 1, 10; P < OGOI) and by a high-fat diet 
(F, 6.160; df 1. 10; P < 0.05). Each of these factors 
affected the metabolism of the various drugs to differ- 
ent degrees. as shown by significant interaction effects 
of drugs x ethanol (F. 8.258; df 3, 30; P < OGJl) and 
drugs x fat content (F. 4.087: df 3. 30; P < 0.05). But 
there was no significant interaction between ethanol 
and fat content. or drugs x ethanol x fat content, 
except in the case of morphine. Essentially the same 
results were obtained when the analysis of variance 
was applied to the activities per g of liver. A separate 
comparison for meprobamate metabolism, which was 
studied in different animals. confirmed that the in- 
crease produced by ethanol on the high-fat diet did 
not differ significantly from that produced on the low- 
fat diet. 

[‘4C+rtrtoharhita/ &UXUKV in vivo. Figure 1 shows 
the disappearance from blood of [i4C]pentobarbital, 
injected intravenously. in ethanol-treated and pair-fed 
controls on a high-fat diet. The apparent volumes of 
distribution of pentobarbital in the two groups are 
the same. since the extrapolated disappearance curves 
have identical vertical intercepts. There is also no dif- 
ference between the two groups with respect to the 
disappearance of pentobarbital as the calculated 
slopes (ethanol, -0+X)69 + OGOO4; controls, 
-0.0066 i OGOO2) are not significantly different. 

[ 14C]mrpuoharnutr disappearancr in vivo. The 
results on meprobamate disappearance are shown in 
Fig. 2. The mean half-life of meprobamate blood dis- 
appearance in chronically ethanol-treated rats was 
44.67 f 2.77 min. as compared to 61.56 f 3.66 in the 
controls. The difference is statistically significant 
(P < OGO1). Again. comparison of the meprobamate 
levels at zero time in the ethanol-treated and pair-fed 
controls showed no significant difference; this indi- 
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20 40 60 80 100 120 140 160 180 
TlME AFTER PENTOBARBITAL INJECTION 

lmin] 

Fig. 1. Disappearance of [14C]pentobarbital from blood 
in ethanol-treated (t--e) and pair-fed controls 
(s-0); n = 9 pairs. Vertical bars represent S. E. M. 
Regression lines were calculated by the method of least 

mean squares. 

cated that the differences in half-life were not due 
to changes in distribution. 

Whole body metabolism. The results on whole body 
metabolism are summarized in Table 4. Comparison 
of chronic ethanol-treated vs controls showed a sig- 
nificant increase in metabolism with the three drugs 
examined. In this experiment, in contrast to that cor- 
responding to Table 1, the body weights of the con- 
trols were significantly greater than those of the alco- 
hol-treated animals. 

DISCL’SSION 

The absence of any significant effect of chronic eth- 
anol treatment on the rate of disappearance of pento- 
barbital from the blood (Fig.1) is in agreement with 
our earlier finding [l]. The present work. involving 
larger numbers of animals. more sampling times, and 

a more accurate measurement technique (radioacti- 
vity counting vs gas-liquid chromatography) for the 
range of drug concentrations used, lends greater 
weight to the negative finding. 

The present results also confirm a variability, noted 
in previous work by ourselves [39] and others, in 
the ability of ethanol-containing diets to sustain 
growth equal to that of the pair-fed controls. In the 
earlier study 1391, less growth than in controls was 
found in animals receiving ethanol in high-fat diet, 
while equal growth was noted when the ethanol was 
in a high-protein, low-fat diet. In the present study, 
however. the same two diets both supported growth 

30 60 90 120 150 180 
TlME AFTER MEPROBAMATE INJECTION 

(min) 

Fig. 2. Disappearance of [‘4C]meprobamate from blood in 
ethanol-treated (t ~0) and pair-fed controls (~-0); 
n = 8 pairs. Vertical bars represent S. E. M. Regression 
lines were calculated by the method of least mean squares. 

Table 4. Whole body metabolism of aniline. zoxazolamine and aminopyrine in ethanol-treated animals and pair-fed 
controls 

(High-fat diet) 

Drug No. of 
rats 

Body wt* 

(8) 

Dose 

(mgkg) 

Time of 
sacrifice 

(min) 
Metabolism 

(mg/lOO g body wt) 
% 

Increase 

Aniline 
Controls 
Ethanol-treated 
P 

Zoxazolamine 
Controls 
Ethanol-treated 
P 

Aminopyrine 
Controls 
Ethanol-treated 
P 

9 227 + I 30 30 I.68 * 0.05 
9 2OOf 11 30 30 2.33 + 0.11 38 

< 00Jl 

7 242 + 6 75 60 3.46 i 019 
7 213 + 6 15 60 444 + 0.35 32 

< 0.01 

5 205 k 5 100 60 6.70 5 0.50 
5 186 * 12 100 60 1.19 k 0.60 16 

< 0.025 

* Since there was a single pool of ethanol-treated animals and a single pool of controls from which the individual 
subjects for the three drug studies were drawn. body weight comparison was made between the two pools. The controls 
were significantly heavier than alcohol-treated animals (P < 0.001). 
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rates equal to those in the corresponding controls in 
one experiment (Table 1). while less growth was again 
found in the alcohol high-fat group in another exper- 
iment (Table 4). No explanation is yet available for 
this variability, but it is obvious that some factor 
other than known dietary composition and alcohol 
must be involved. 

With respect to the effects of chronic ethanol inges- 
tion and diet on drug metabolism. the analysis of 
variance showed clearly that the various drugs do not 
respond in the same manner. In citvo, there was no 
increase in specific activity of metabolism of any of 
the drugs (per mg of protein) with either diet. This 
finding differs from those of Idio rt a[. [lo] and 
Tobon and Mezey [40], as well as from our own 
findings in other experiments. This point is discussed 
in the accompanying paper [41]. The activity per g 
of liver was increased for aminopyrine on both diets, 
and for zoxazolamine and meprobamate only on the 
low-fat diet. The total activity in relation to body 
weight was increased for morphine only on high-fat 
diet, but for the other drugs on both diets. This 
between-drug variability in induction is also reflected 
among the three drugs in Table 4, and the difference 
in treatment effects shown in Figs. 1 and 2. If induc- 
tion of drug metabolism by ethanol were explainable 
entirely on the basis of the demonstrated increases 
in activity of NADPH-cytochrome P-450 reductase 
1421, or in the concentration of cytochrome P-450 
17.8, 12. 131, the effects on metabolism of the various 
drugs by the mixed function oxidase system would 
be expected to be proportionately the same. The 
observed differences suggest that some other factor 
is involved. 

One obvious possibility is the influence of diet. 
However, though dietary fat content was found to 
have a significant influence of its own on the drug- 
metabolizing activities in vitro. it did not significantly 
modify the effects of ethanol. It is not even certain 
that the influence of diet was directly attributable to 
the fat level, since the low-fat diet was also a high- 
sucrose diet. Conceivably, the difference in activities 
found with the two diets may be due to an inhibitory 
effect of sucrose rather than a stimulatory effect of 
fat. Nevertheless, the significant drugs x diet interac- 
tion, like that of drugs x ethanol. raises the possibi- 
lity that other constituents of the diet, as yet unrecog- 
nized. may play a role. In addition, the effect appears 
to be exerted through some mechanism distinct from 
a simple increase in the amount of the constituents 
of the drug hydroxylation system. 

The latter statement is supported by the observa- 
tion that metabolism of the different drugs by the 
same microsomal preparations shows different 
degrees of increase after chronic treatment with eth- 
anol (Tables 2 and 3) or with phenobarbital [41]. 
Since the work in &l-o was done at substrate con- 
centrations within the ranges required for zero-order 
kinetics. the differences among drugs must be due to 
corresponding differences in drug binding to the 
cytochromc P-450. or in the catalytic activity of the 
latter with respect to the various drug substrates. Dif- 
ferential degrees of induction by ethanol would be 
compatible with conformational changes resulting in 
different degrees of alteration of binding affinity or 
catalytic activity with respect to the various drugs. 

This would be consistent with the observation that 
phenobarbital induction alters the K, and K, (spec- 
tral dissociation constant) differently for hexobarbital 
and aniline [26]. Similarly, steroid hormones affected 
the cytochrome P-450 binding of hexobarbital differ- 
ently from that of ethylmorphine [43]. 

A further point of considerable importance for extra- 
polations in uiuo is the highly variable relationship 
between metabolism of the same drug in vitro and 
in viuo. For example, the rate of metabolism in Ditro 
of aminopyrine per 100 g body weight in the control 
animals (12.9 pmoles/20 min, Table 2) is approxi- 
mately the same as the rate in L~VO (6.70 mg/hr. Table 
4; equivalent to 10.3 ,umoles/20 min). The same is 
true for zoxazolamine. In contrast, the rate for aniline 
in uiuo is about four times as high as the rate in vitro. 
This is probably most readily explained by the fact 
that the studies in vitro dealt only with the production 
of p-aminophenol, while in uiuo there are other impor- 
tant routes of aniline metabolism, including formation 
of N-conjugation products [44]. Since these involve 
other enzyme systems with different K, values and 
turnover rates, the relative proportions of products 
formed in GL’O would be strongly dependent on the 
drug concentration in the body. This principle has 
been well established with other drugs, such as the 
salicylates [45]. The same consideration may, there- 
fore, apply to the variability in inductive effect of eth- 
anol in uiuo as compared to in vitro, as seen in the 
percentage increases in Tables 2 and 4. Another poss- 
ible factor is hepatic blood flow, which directly in- 
fluences the access of drug to the liver. Depending 
on the initial rates of hepatic clearance, increased 
hepatic blood flow may have different effects on the 
rates of metabolism of different drugs [46]. Ethanol 
has been reported to have variable effects on hepatic 
blood flow, depending on the dose [47]. However, 
these findings were all obtained in acute studies and the 
circulatory effects of chronic ethanol administration 
are not adequately explored. 

The present results, therefore, confirm the findings 
of various other groups, that chronic ethanol inges- 
tion does increase the rate of metabolism of various 
drugs. But the diversity of effects on different drugs 
does not support the idea of a single common me- 
chanism based on increase in the amount of cyto- 
chrome P-450 or other components of the mixed 
function oxidase system. This may explain the discre- 
pancy in results obtained by different investigators, 
with respect to the effect of ethanol on metabolism 
of pentobarbital and other drugs. 
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