
Impact of long-term ethanol consumption
on CYPIA2 activity

Ethanol is a well-known inducer ofCYP2El; whether or not it is an inducer ofother cytochromes has not
been investigated systematically. The aim ofour study was to evaluate the impact ofethanol consumption
on the activity of CYPIA2, which has been shown to be influenced by drugs (inhibited or induced). We
evaluated CYPIA2 activity by the ratio of the molar urinary concentrations of the three end products of
paraxanthine demethylation of caffeine to the molar concentration of a paraxanthine 8-hydroxylation
product. This urinary metabolite ratio has previously been shown to correlate with caffeine clearance. The
caffeine metabolites were measured in urine collected during the 3 hours after oral administration of 200
mg caffeine. The caffeine test was performed in 12 smokers (>25 cigarettes/day) and 12 nonsmokers, all
ofwhom were alcoholic inpatients (daily intake >100 gm absolute ethanol), within the first 3 days oftheir
hospital stay and after 14 days of abstinence from ethanol. In alcoholic patients who were smokers the
molar urinary concentration ratio was 3.14 ± 0.97 before withdrawal and 4.01 ± 0.92 after 14 days of
abstinence from ethanol. In contrast, in alcoholic patients who were nonsmokers it was 2.62 ± 0.95 and
2.18 ± 0.96 before and after withdrawal, respectively. In volunteers who were smokers the molar urinary
concentration ratio was 5.02 ± 1.51, whereas in volunteers who were nonsmokers itwas 3.22 ± 1.46. Our
results confirm the well-known induction of CYPIA2 activity by tobacco smoking and show that this
induction is masked by long-term ethanol consumption. (Clin Pharmacol Ther 1997;62:505-9.)
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Environmental and physiologic factors play an
important role in the regulation of activity of cyto
chrome P450 isozymes. Ethanol is a well-known
inducer of CYP2E1,1-3 whether or not it is an in
ducer of other cytochromes has not yet been inves
tigated systematically. For instance, the impact of
ethanol consumption on the activity of CYP1A2,
which is responsible for biotransformation of several
therapeutic drugs, has not been evaluated. It has
been established that caffeine metabolism and, in
particular, 3-demethylation are catalyzed by cyto
chrome P4501A2 in humans.4-6 The rate of caffeine
metabolism can be measured in a single urine sam
ple by the ratio of the molar urinary concentrations
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of the three end products of the paraxanthine de
methylation of caffeine to the molar concentration
of a paraxanthine 8-hydroxylation product. This uri
nary metabolite ratio has previously been shown to
correlate with caffeine clearance7 and CYP1A2 ac
tivity.4,8

The purpose of this study was to evaluate the
influence of long-term alcohol consumption on the
activity of CYP1A2 with use of the caffeine molar
urinary concentration ratio. To this end we mea
sured CYP1A2 activity in a group of 24 patients with
alcoholism; 22 volunteers (non-alcohol dependent)
were studied as a control group.

MATERIAL AND METHODS
Subjects. The study was conducted in 24 alcoholic

inpatients (daily intake>100 gm absolute ethanol):
12 were nonsmokers and 12 were smokers. The
criterion for inclusion in this study was their decision
to abstain from alcohol.

The control group consisted of 22 healthy volun
teers (12 nonsmokers and 10 smokers). Their bio
logical parameters were within the normal range
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and their ethanol consumption was below 100 gm
per week.

Study design. The caffeine test was performed in
each patient within the first 3 days of their hospital
stay (after a null blood alcohol concentration had
been checked) and after 14 days of abstinence from
ethanol.

Each subject was given 200 mg caffeine in the
form of two 100 mg caffeine monohydrate capsules
(Cooperative Pharmaceutique Franc;aise, Melun,
France). Urine was collected during the 3 hours
after administration.

Patients and volunteers were told to eat a normal
diet but to avoid broccoli, white cabbage, charcoal
broiled meat, and heavy physical exercise during the
entire study because these factors have previously
been shown to alter CYP1A2 activity.9,IO Except
during the 3 hours of each caffeine test when it was
strictly forbidden, subjects were allowed to consume
caffeine-containing food and beverages moderately.

Chemicals. 1-Methyluric acid (lU), 1-methyl
xanthine (IX) and 1,7-dimethyluric acid (1,7U) were
obtained from Sigma Chemical Co. (St. Louis, Mo.).
We used an analytical sample of 5-acetyl-amino-6
formylamino-3-methyluracil (AFMU) supplied by Dr.
Galteau (Centre du Medicament, Nancy, France).

Methanol and isopropyl alcohol (Farmitalia Carlo
Erba, Milano, Italy) were HPLC grade. Reagent
grade chloroform was obtained from Prolabo (Paris,
France). All other chemicals were of reagent grade
from Sigma Chemical Co.

Methods of analysis. Urine was collected and 20
ml aliquots were acidified to pH 3 and stored at
-200 C until analysis. Under these conditions
AFMU is stable and quantitative determination
by HPLC can be performed.ll Levels of the caf
feine metabolites AFMU, IX, 1U, and 17U were
measured with use of an HPLC method described
previouslyY In brief, 500 /-11 of 50% diluted urine
was added to a tube containing 100 /-11 internal
standard solution (240 mg/L N-acetyl-p-amino
phenyl). After addition of 120 mg ammonium sul
fate, metabolites were extracted in 2 X 8 ml chlo
roform/isopropyl alcohol (80:20, vol/vol) by vor
texing for 2 minutes. Phases were separated by
centrifugation at 3000g for 10 minutes. The or
ganic phase was transferred and dried under a
nitrogen stream at 45 0 C. The dry extracts were
dissolved in 500/-11 of 0.05% acetic acid, and 20 /-11
was injected into a CIS column (Ultrasphere ODS
Beckman, 5 /-1m, 150 X 4.6 mm). The mobile
phase was 0.05% acetic acid/methanol (92:8; vol/
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vol) with a constant flow of 0.8 mllmin. Metabo
lites were detected by absorbance at 280 nm and
quantitated by comparison with blank urine,
spiked with pure standards. Recovery was 67%,
65%,92%, and 95% for AFMU, 1U, IX, and 17U,
respectively. The quantitation limit was 1 mg/L
for AFMU and 1U and 2 mg/L for IX and 17U.
The interassay coefficients of variation were 9.6%
(2 mg/L), 5.0% (5 mg/L), and 5.0% (10 mg/L)
for AFMU; 3.3% (5 mg/L), 7.7% (10 mg/L), and
7.6% (25 mg/L) for 1U; 9.9% (5 mg/L), 1.4% (20
mg/L), and 4.0% (50 mg/L) for IX; and 5.2% (5
mg/L), 3.8% (20 mg/L), and 6.7% (50 mg/L) for
17U. Biases were less than 10% for each com
pound.

Determination ofP4501A2 activity. CYP1A2 activ
ity was evaluated by the caffeine urinary metabolite
ratio (molar urinary concentration ratio), calculated
by dividing the sum of the molar urinary concentra
tions of the three end products of the paraxanthine
demethylation (AFMU+1U+IX) by the molar con
centration of the paraxanthine 8-hydroxylation
product (17U) (i.e., AFMU+1U+ lX117U).

Statistical analysis. The impact of long-term etha
nol consumption on CYP1A2 activity was evaluated
by comparison of the molar urinary concentration
ratios on day 15 with those on day 1 by use of a test
based on pairwise differences-the nonparametric
Wilcoxon paired test. In addition, the nonparamet
ric Mann-Whitney test was used to compare
P4501A2 activity between inpatients with alcoholism
and healthy volunteers. Significance was set at p <
0.05.

RESULTS

Subjects. Twenty-four alcoholic inpatients par
ticipated in this study: 12 nonsmokers (six men
and six women) and 12 smokers (10 men and two
women; mean smoking status, 36 ± 21 cigarettes/
day). Demographic and biological parameters in
both smoking and nonsmoking alcoholic inpa
tients were determined on the day of admission in
hospital (Table I). Characteristics of the 22
healthy volunteers (eight men and 14 women)
were as follows: mean age ± SD, 32 ± 7 years and
27 ± 4 years; body weight, 61.5 ± 10 kg and
60.6 ± 8.5 kg; height, 167 ± 6 cm and 163 ± 8 cm
for smokers (mean smoking status, 25 ± 9.4 cig
arettes/day) and nonsmokers, respectively. All
subjects completed the study, and none reported
adverse events or subjective discomfort after the
caffeine intake.



CLINICAL PHARMACOLOGY & THERAPEUTICS
VOLUME 62, NUMBER 5 Rizzo et at. 507

ALT, Alanine aminotransferase; AST, aspartate aminotransferase;
MCV, mean cellular volume; CLcR' creatinine clearance.

Table I. Demographic and biological parameters
in 12 alcoholic smokers and 12 alcoholic
nonsmokers inpatients at admission
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(mean ± SD) (mean ± SD)
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170 ± 9
64±13
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1.15 ± 1.24
183 ± 205
96 ± 64
80 ± 66

94.6 ± 5.5
99 ± 2

122 ± 42

Age (yr)
Height (em)
Weight (kg)
Alcohol consumption

(gm absolute ethanoVday)
Blood alcohol (gm/L)
'Y-Glutamyl transferase (lUlL)
ALT (lUlL)
AST (lUlL)
MCV (fl)
Thrombotest (%)
CLcR (mllmin)
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Fig. 1. Individual values of the urinary caffeine metabo
lite ratio before withdrawal of alcohol (day 1) and on the
fourteenth day of abstinence from ethanol (day 15) in 12
inpatients with alcoholism who were smokers.

results show an increased activity of CYP1A2 in smok
ers, confirming the well-known induction of cyto
chrome P4501A2 activity by tobacco smoking.

Interestingly, the mean molar urinary concentration
ratio in volunteers who did not smoke (3.22 ± 1.46)
was close to that in patients with alcoholism who did
smoke, before withdrawal of alcohol (3.14 ± 0.97).

DISCUSSION
In this study we evaluated the influence of ethanol

consumption on the activity of CYP1A2. The induc
tion or inhibition potency was measured as the mo
lar urinary concentration ratio; that is, the molar
ratio of the three urinary end products of caffeine
demethylation (AFMU+1U +1X) to the 8
hydroxylation product (17U). Our results showed
that in alcoholic inpatients who were smokers the
metabolism of caffeine was significantly modified by
abstention from alcohol. Furthermore, the expected
induction of CYP1A2 by tobacco smoking was not
found in alcoholic patients who were smokers be-

DAY 15DAY 1

P450lA2 activity: molar urinary concentration ratio.
On day 0, before admission of patients to a rehabil
itation program, their mean alcohol consumption
was 197 ± 87 gm absolute ethanol per day (range,
100 to 350 gm). On day 1, their P4501A2 activity was
considered to be influenced by alcohol. At day 15,
after 2 weeks of abstinence, the P4501A2 activity
was considered to be the reference activity (Le., not
influenced by alcohol).

Individual molar urinary concentration ratios on
day 1 and on the fourteenth day of abstinence (day
15) are shown in Figs. 1 and 2 for smoking and
nonsmoking patients with alcoholism, respectively.
Mean ± SD values of the molar urinary concentra
tion ratio in alcoholic inpatients and healthy volun
teers are given in Table II.

In patients with alcoholism who were smokers, the
molar urinary concentration ratio was significantly
higher (p = 0.015) after 14 days of abstinence (4.01 ±
0.92) than before withdrawal of alcohol (3.14 ± 0.97),
whereas the difference was not significant in patients
with alcoholism who did not smoke (2.62 ± 0.95 and
2.18 ± 0.96, respectively). Therefore ethanol con
sumption significantly decreased the molar urinary
concentration ratio values in patients with alcoholism
who smoked. In contrast, there was no significant dif
ference between molar urinary concentration ratios
before and after withdrawal of alcohol in patients with
alcoholism who did not smoke.

In volunteers who smoked, the molar urinary con
centration ratio was 5.02 ± 1.51, whereas it was 3.22 ±
1.46 in volunteers who did not smoke (Table II). These
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P4501A2 activity*

*AFMU+1U+1X/17U molar ratio.
tn = 12.
:j:p = 0.015.
§Not significant.
lin = 10.

2.62 ± 0.95t§
2.18 ± 0.96t§

3.22 ± 1.46t

Smokers Nonsmokers

3.14 ± 0.97t:j:
4.01 ± 0.92t:j:

5.02 ± 1.5111

Alcoholic patients
Day 1
Day 15

Volunteers

Tabl~ II. Mean values ± SD of the urinary
caffeme metabolite ratio representing
cytochrome P4501A2 activity in alcoholic patients
and volunteers
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Fig. 2. Individual values of the urinary caffeine metabo
lite ratio before withdrawal of alcohol (day 1) and on the
fourteenth day of abstinence from ethanol (day 15) in 12
inpatients with alcoholism who were nonsmokers.

cause their molar urinary concentration ratios on
day 1 were much lower than those in volunteers who
smoked (3.14 ± 0.97 versus 5.02 ± 1.51;p = 0.021).
These results confirm the findings of George et aL,13
who showed a strong inhibitory effect of alcohol
consumption on caffeine kinetics. George et aL13

reported that alcohol consumption significantly pro
longed caffeine half-life and reduced caffeine clear
ance. In the present study no significant difference
was found between P4501A2 activity before and
after alcohol withdrawal in alcoholic inpatients who
were nonsmokers. This contrast between our smok
ing and nonsmoking alcoholic groups might be ex
plained by the fact that chronic ethanol consump
tion could mask the inducing potency of tobacco
smoking.

It has been established that smoking induces caf
feine elimination and thus reduces its half-life and
increases its clearance in smokers.14

-17 Our data in
the volunteers group showed an increased CYPIA2
activity in smokers, thus confirming the inducing
potency of tobacco smoking and the validity of the

DAY 1 DAY 15

molar urinary concentration ratio as a useful probe
for the in vivo evaluation of CYP1A2 activity. Sev
eral procedures for monitoring CYP1A2 activity in
vivo by means of caffeine have been proposed and
extensivelyAliscussed7,8,18,19 and the urinary caffeine
metabolic ratio is referred to as the CYPIA2 index?
Campbell et aL7 reported a correlation between
caffeine clearance and the molar urinary concentra
tion ratio based on the molar recovery of paraxan
thine 7-demethylation products relative to a para
xanthine 8-hydroxylation product in 15 volunteers
(r = 0.91; P < 0.001). In addition, Rost et aL20

recently found almost the same close correlation
between caffeine clearance and the molar urinary
concentration ratio (r = 0.872;p < 0.001; n = 131).
Furthermore, this molar urinary concentration ratio
correctly indicates increased CYPIA2 activity in
children21 and in subjects who eat broccoli. lO In
addition, the molar urinary concentration ratio is
66% to 70% higher in male and female subjects who
smoke 10 cigarettes per day or more than in the
corresponding nonsmoking groups, showing the ex
pected induction of CYPIA2 by tobacco,lO which
correlates with the number of cigarettes smoked per
day and with the urinary cotinine levels.22 These
observations are in agreement with the recent study
of Catteau11 in 245 healthy subjects: in smokers (n =
164) the molar urinary concentration ratio was
6.96 ± 3.41, whereas in nonsmoking volunteers it
was 4.07 ± 1.79. Similarly, in our study comparison
of smoking and nonsmoking groups in both volun
teers and patients with alcoholism showed the in
ducing effect of tobacco on CYPIA2 activity.

In conclusion, our results show that the inducing
potency of smoking on CYPIA2 activity is masked
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by long-term ethanol consumption and confirm that
the caffeine molar urinary concentration ratio cor
rectly indicates the increased activity of CYPIA2 in
subjects who smoke. These results should prompt
investigators who use caffeine as a probe for the in
vivo evaluation of CYPIA2 status to take into ac
count consumption of both alcohol and tobacco.
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