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While in vitro results at clinically relevant concentrations do not predict abacavir (1592U89) interactions
with drugs highly metabolized by cytochrome P450, the potential does exist for a pharmacokinetic interaction
between abacavir and ethanol, as both are metabolized by alcohol dehydrogenase. Twenty-five subjects were
enrolled in an open-label, randomized, three-way-crossover, phase I study of human immunodeficiency virus-
infected male subjects. The three treatments were administration of (i) 600 mg of abacavir, (ii) 0.7 g of ethanol
per kg of body weight, and (iii) 600 mg of abacavir and 0.7 g of ethanol per kg. Twenty-four subjects completed
the study with no unexpected adverse events reported. Ethanol pharmacokinetic parameters were unchanged
with abacavir coadministration. The geometric least squares mean area under the concentration curve extrap-
olated to infinite time for abacavir increased 41% (from 11.07 to 15.62 mg z h/ml), and the half-life increased
26% (from 1.42 to 1.79 h) in the presence of ethanol (mean ethanol maximum concentration in plasma of 498
mg/ml). The percentages of abacavir dose recovered in urine as abacavir and its two major metabolites were
each altered in the presence of ethanol, but there was no change in the total percentage ('50%) of administered
dose recovered in the 12-h collection interval. In conclusion, while a single 600-mg dose of abacavir does not
alter blood ethanol concentration, ethanol does increase plasma abacavir concentrations.

Abacavir (1592U89) is a nucleoside analogue recently ap-
proved as an antiretroviral drug for treatment of human im-
munodeficiency virus type 1 infection. Studies with human cell
lines have shown that abacavir is phosphorylated by a unique
metabolic pathway to produce the bioactive form, carbocyclic
GTP (1144U88 triphosphate), which is a potent reverse tran-
scriptase inhibitor (5). Metabolic interactions between clini-
cally relevant concentrations of abacavir and other drugs that
undergo metabolism mainly by cytochrome P450 isozymes are
not predicted since the major metabolic pathways are through
cytosolic alcohol dehydrogenase (ADH) and UDP glucuronyl
transferase (UDP-GT) (Glaxo Wellcome, Inc., data on file;
J. R. Ravitch, B. J. Bryant, M. J. Reese, C. C. Boehlert, J. S.
Walsh, J. P. McDowell, and B. M. Sadler, Abstr. 5th Conf.
Retroviruses Opportunistic Infect., abstr. 634, 1998). Abacavir
has a carboxylate and a glucuronide as its two major metabo-
lites: cytosolic ADH catalyzes the formation of the carboxylate
2269W93, and UDP-GT catalyzes the formation of the gluc-
uronide 361W94 (8). Ethanol metabolism also requires ADH,
and there is evidence that ethanol interacts with other com-
pounds through the glucuronidation pathway (11). Hence, it is
reasonable to assume that there could be a pharmacokinetic
interaction between abacavir and ethanol in either of the two
major metabolic pathways for abacavir. The potential for eth-
anol to alter abacavir metabolism was studied in vitro with
human liver slices (n 5 2) (J. S. Walsh, M. J. Reese, J. Ravitch,
J. A. McDowell, and K. Edwards, Abstr. 5th Int. ISSX Meet.,
abstr. 193, 1998). Ethanol markedly inhibited formation of

abacavir carboxylate with a trend toward both increased aba-
cavir glucuronide formation and reduced abacavir metabolism.

A drug interaction which alters the pharmacokinetic param-
eters of ethanol may have important social, medical, and legal
implications. Interactions between abacavir and ethanol at the
acetaldehyde stage of ethanol metabolism might produce a
disulfiram-type adverse effect (9). Interactions between aba-
cavir and ethanol interaction could alter abacavir pharmaco-
kinetics, changing plasma abacavir concentration and creating
potential effects on safety and efficacy. Thus, the objective of
this study (Glaxo Wellcome protocol CNAA1010) was to de-
termine the extent of pharmacokinetic interactions in vivo be-
tween abacavir and ethanol.

MATERIALS AND METHODS

Study population. Subjects were eligible for the study if they met the following
criteria: male; aged 18 to 50 years; weight, 55 to 95 kg inclusive; human immu-
nodeficiency virus type 1 seropositive; CD41 cell count of $200 cells/ml within 14
days prior to initial treatment; regular consumption of alcohol with no recent
changes in pattern of alcohol consumption; and agreement to use a barrier
method of contraception while enrolled in the study and for a minimum of 1
month after the last dose of study drug. In addition, subjects were required to
have adequate hematology and chemistry profiles at screening (hemoglobin,
$10.0 g/dl; neutrophil count, $1,000 cells/ml; platelet count, $75,000/ml; aspar-
tate aminotransferase and alanine aminotransferase levels, #2.5 times the upper
limit of normal; serum amylase, #1.5 times the upper limit of normal; estimated
creatinine clearance, .50 ml/min). Exclusion criteria included the following:
regular weekly consumption of greater than 21 U of alcohol (1 U of alcohol is
equivalent to 1/2 pint of beer, 1 glass of wine, or 1 oz of liquor); documented
history of alcoholism; positive breath alcohol test upon arrival at the study center
prior to treatment; history of clinically relevant hepatitis or pancreatitis within
the previous 6 months; a malabsorption syndrome or other gastrointestinal
dysfunction which may have interfered with drug absorption; an active diagnosis
of AIDS (other than nonvisceral Kaposi’s sarcoma); abnormal laboratory values
considered clinically significant by the investigator; treatment with immuno-
modulating agents, cytotoxic chemotherapeutic agents, or radiation therapy
within the previous 6 weeks; participation in a research study within the previous
month; history of hypersensitivity or idiosyncratic reaction to nucleoside ana-
logues; and use of concurrent medications which could not be withheld for a time
from 48 h (24 h for antiretrovirals) prior to study drug administration until 12 h
after study drug administration on each dosing day.

Based on published results from a similar pharmacokinetic ethanol interaction
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study (14), a sample size of 24 would provide 80% power to detect a difference
of 20% in Cmax and .80% power to detect a 20% difference in area under the
concentration curve (AUC). Data from another study (17) evaluating the inter-
action among zidovudine, lamivudine, and abacavir indicated that a sample size
of 24 would provide at least 80% power to detect a 20% difference in Cmax and
AUC. Only males were eligible to participate in this study; women were excluded
because they may have lower gastric ADH activity and a smaller ethanol volume
of distribution than men (7, 13). These differences would result in the same
ethanol dose causing higher blood ethanol concentrations for female subjects,
potentially increasing intersubject variability.

Study design. This phase I study was conducted at a single center from January
through May 1997. The study was approved by the Institutional Review Board
affiliated with the study center prior to study initiation. All subjects provided
written informed consent prior to enrolling in the study.

The study employed an open-label, balanced, three-way-crossover design in
which each subject received abacavir (treatment 1), ethanol (treatment 2), and
abacavir plus ethanol (treatment 3). Following initial screening evaluations,
eligible subjects were randomized to receive the first treatment within 14 days of
screening. The sequence of treatments for each subject was determined using a
three-by-three Williams’ square design, with four patients randomly assigned to
each of the following treatment regimens: 123, 132, 213, 231, 312, and 321.
Subjects were administered a single treatment on each of three dosing days, with
a washout period of at least 7 days between treatments. A follow-up evaluation
was performed 7 to 10 days after the final treatment.

Subjects arrived at the treatment facility on the evening before the treatment
day and were given a breath alcohol test; a positive test result would disqualify
the subject from further participation in the study. Subjects fasted after midnight
and the following morning received a standardized high-fat breakfast, consisting
of 2 slices of toasted white bread with butter, 2 eggs fried in butter, 2 slices of
bacon, 2 ounces of hash-browned potatoes, and 8 oz of whole milk. This standard
breakfast provided approximately 970 kcal, with 67 g of fat, 33 g of protein, and
58 g of carbohydrate. Subjects were asked to consume the entire breakfast within
30 min. Five minutes prior to dosing, predose urine samples were collected (if
possible) and predose blood samples were drawn, as described below. Dosing
occurred 30 min after breakfast was served, and subjects were allowed 5 min to
ingest the abacavir and/or ethanol. Water was withheld for a period from 4 h
prior to dosing until 4 h postdosing, although subjects were given 200 ml of water
2 h after ethanol ingestion to minimize dehydration. On treatment days, foods
and beverages containing methyl xanthine, such as coffee, tea, and chocolate,
were prohibited until 6 h postdosing, and tobacco was prohibited from 4 h
predosing until 4 h postdosing. Standard lunch and dinner were provided 4 and
10 h postdosing, respectively. Subjects remained in the facility overnight and
were discharged the following morning once postdosing assessments were com-
pleted, provided that the subjects were well and had a negative breath alcohol
test.

Study medication. Abacavir was administered as six 100-mg caplets provided
by Glaxo Wellcome, Research Triangle Park, N.C. Ethanol was administered as
95% grain alcohol (Everclear brand) diluted in orange juice to 20% (vol/vol).
The dose of ethanol was 0.7 g/kg of body weight, which is equivalent to approx-
imately 4.7 U of alcohol. When subjects received only abacavir (treatment 1),
they also consumed a quantity of orange juice equivalent to the quantity provided
with the ethanol treatments.

Clinical and laboratory assessments. Screening evaluation included physical
examination, comprehensive medical history, electrocardiogram (ECG), review
of concurrent medical conditions and use of concomitant medications, routine
hematology and clinical chemistry, dipstick urinalysis for blood and protein, and
assessment of total lymphocytes including percentage and absolute CD4 and
CD8 counts. On arrival at the study center on the evening prior to each dosing
day, subjects were given an alcohol breath test and a urine screen for illicit drug
use. Assessments performed on each dosing day and at the follow-up evaluation
included routine hematology and clinical chemistry, dipstick urinalysis for blood
and protein, and adverse event monitoring. Vital signs were monitored at the
screening and follow-up visits and on each dosing day at 15 min prior to dosing
and thereafter at 1, 2, 3, 4, 6, 8, 12, and 24 h postdosing. Physical examination and
ECG were performed during the follow-up evaluation scheduled to occur 7 to 10
days after the final dosing day.

Sample collections. Serial blood samples were drawn by venipuncture or
peripheral venous catheter over a 12-h period following administration of each
treatment. To establish plasma concentration-time profiles for abacavir in treat-
ments 1 (abacavir) and 3 (abacavir and ethanol), 3-ml blood samples were
collected 5 min prior to dosing and thereafter at 10, 20, 30, 40, 50, 60, 75, 90, 105,
120, 150, 180, 240, 300, 360, 420, 480, 600, and 720 min postdosing. For analysis
of ethanol concentrations, 5-ml blood samples were collected at the same time
intervals during treatments 2 (ethanol) and 3 (abacavir and ethanol). The 3-ml
blood samples for analysis of abacavir concentrations were drawn into a laven-
der-stoppered Vacutainer tube (containing dipotassium EDTA), gently inverted
8 to 10 times, stored on ice or refrigerated, and centrifuged within 30 min of
collection to separate plasma. Plasma was transferred into a polypropylene tube,
and the samples were stored at 220°C or lower until shipment on dry ice to
Glaxo Wellcome for analysis. After collection, the 5-ml blood samples for anal-
ysis of ethanol concentrations were transferred to 15-ml polypropylene tubes
containing sodium fluoride, sodium nitrite, and potassium oxalate. The tubes

were gently inverted 8 to 10 times to ensure thorough mixing, and the samples
were frozen immediately at 220°C or lower until shipment on dry ice to Cedra
Corporation (Austin, Tex.) for analysis.

Urine samples were collected predosing (if possible) and at 0 to 6 h and 6 to
12 h postdosing for analysis of abacavir concentrations. Urine samples compris-
ing each collection interval were mixed thoroughly, and a 10-ml aliquot was
transferred to a 13-ml polypropylene tube and stored at 220°C or lower until
shipment on dry ice to Glaxo Wellcome for analysis.

Analytical methods. Ethanol concentrations in blood were determined using
headspace gas chromatography with flame ionization detection (12) by Cedra
Corporation, Pflugerville, Tex. The internal standard was n-propanol. Using
sodium nitrite, ethanol and n-propanol were partitioned from blood into the
headspace. The headspace sample was analyzed, with quality control (QC) sam-
ples and standards included in the analytical run. The assay procedure was linear
over the 1- to 400-mg/ml range. Standards were assayed in duplicate, and study
samples were assayed singly. Three or four concentrations of QC samples were
assayed in duplicate, interspersed among study samples. For each QC concen-
tration, the mean coefficient of variation never exceeded 6.1%, with the absolute
deviation from the nominal concentration never exceeding 3.2%.

Plasma abacavir concentrations were determined using a validated reversed
high-pressure liquid chromatography (HPLC) assay with UV detection at 284 nm
over a quantifiable range of 25 to 5,000 ng/ml (10). Briefly, 0.1 ml of 10%
trichloroacetic acid was added to 0.2 ml of plasma samples, which was then mixed
by vortexing and centrifuged at 8,800 3 g for 10 min. Supernatant (0.1 ml) was
then injected onto a Rainin (4.6- by 250-mm) C18 Microsorb MV column (Var-
ian, Walnut Creek, Calif.). The mobile phase consisted of 40% methanol in
phosphate-triethylamine at a flow rate of 1.0 ml/min. The approximate retention
time for abacavir was 9 min under these conditions. Bias ranged from 25% at
low abacavir concentrations (50 ng/ml) to 22% at high abacavir concentrations
(4,000 ng/ml), with coefficients of variation at these concentrations ranging from
8 to 2%, respectively.

Analysis of abacavir and its major metabolites in urine was conducted by
HPLC using an octodecyl reversed-phase HPLC column with UV detection.
Samples were centrifuged to remove particulates, and aliquots of the superna-
tants were diluted 1:10 with HPLC mobile phase and injected onto the HPLC
system, along with calibration standards and QC samples. Approximately 20% of
the diluted urine samples had analyte concentrations exceeding the upper limit
of the calibration curve; aliquots of these diluted samples were further diluted 1:5
and injected onto the HPLC system with appropriate calibration samples and QC
samples. For abacavir, 2269W93, and 361W94, the QC samples were accurate
within 5.1, 7.0, and 3.0%, respectively. The corresponding coefficients of varia-
tion were within 5.13, 4.12, and 4.88% for the QC samples for abacavir,
2269W93, and 361W94, respectively.

Pharmacokinetic analysis. WinNonlin version 1.2 (Scientific Consulting, Inc.,
Cary, N.C.) was used for calculation of the noncompartmental pharmacokinetic
parameters. Parameters calculated were AUC from zero to the last quantifiable
concentration in plasma (AUClast), AUC extrapolated to infinite time (AUC`),
percentage of AUC` that is extrapolated, Cmax, sample time associated with
Cmax, terminal elimination rate constant in plasma (lz), plasma abacavir terminal
half-life (t1/2), apparent total clearance from plasma, and apparent volume of
distribution. The linear trapezoidal rule was used to calculate AUC estimates for
both abacavir and ethanol. The abacavir t1/2 was calculated as ln(2)/lz. Urine
samples were assayed for the concentrations of abacavir and its two major
metabolites, 2269W93 and 361W94. Excreted amounts of these three analytes
were calculated for each urine sample from the volume of urine and the con-
centration of each analyte. Amounts of the two metabolites were converted to
abacavir equivalents for data analysis.

Statistical analysis. Statistical analysis of data was performed using SAS soft-
ware, version 6.12 (SAS Institute, Inc., Cary, N.C.). Descriptive statistics (geo-
metric least squares mean and 95% confidence interval [CI]) were used to
summarize pharmacokinetic parameters. For comparisons of treatments of aba-
cavir alone or ethanol alone with abacavir-ethanol treatment, analysis of variance
(ANOVA) was calculated using log-transformed parameters. In the mixed
model, fixed effects included sequence, period, and treatment, while the random
effect was subject within sequence. The Wilcoxon signed-rank test was used to
compare plasma sample time associated with Cmax parameters, and the esti-
mated median difference and 90% CI were calculated.

The Wilcoxon signed-rank test was used to compare urinary excretion data
from the abacavir treatment (treatment 1) with urinary excretion data from the
abacavir-ethanol treatment (treatment 3). The estimated median difference and
90% CI were calculated.

RESULTS

Baseline characteristics. Twenty-five subjects enrolled in
this study, and 24 subjects completed the study. One subject
chose to withdraw after the first treatment period and was
replaced by another subject who completed all three treat-
ments. The mean demographic characteristics of the 25 sub-
jects were 34.2 years in age (range, 25 to 46 years), 75.3 kg in

VOL. 44, 2000 PHARMACOKINETIC INTERACTION OF ABACAVIR AND ETHANOL 1687



weight (range, 54.5 to 96.8 kg), and 463 CD41 cells/mm3

(range, 265 to 964 cells/mm3). Nineteen of the subjects were
white, five were black, and one subject was categorized as being
of other ethnic origin. Twenty-two of the subjects (including
the subject who withdrew) were classified as class A (asymp-
tomatic), and the remaining three subjects were classified as
class B (symptomatic and non-AIDS) (3).

Pharmacokinetics. While three subjects experienced vomit-
ing on this trial (one from each treatment), this had no effect
on the pharmacokinetic calculations since the vomiting oc-
curred 4, 6, and 7 days after dose administration, well after the
last pharmacokinetic sample was taken.

No statistically significant differences in blood ethanol phar-
macokinetic parameters were seen in the comparison of the
presence with the absence of abacavir (Table 1). Analysis was
based on AUClast rather than AUC`: blood levels of ethanol
were undetectable in this study by 10 h postdosing. It was
inappropriate to extrapolate AUC since ethanol follows zero-
order elimination kinetics. Blood ethanol median profiles from
the two treatments were essentially superimposable, as shown
in Fig. 1, indicating that a single 600-mg abacavir dose has no
effect on blood ethanol concentrations.

Abacavir pharmacokinetic parameters showed statistically
significant differences in the presence of ethanol, as shown in
Table 2. Based on geometric least squares mean ratios, con-
current administration of ethanol produced a 15% increase in
Cmax (from 3.60 to 4.13 mg/ml), a 41% increase in AUC` (from

11.07 to 15.62 mg z h/ml), a 21% reduction in lz (from 0.49 to
0.39 liter/h), and a 26% increase in t1/2 (from 1.42 to 1.79 h).
Plasma abacavir profiles from the two treatments are shown in
Fig. 2.

Urinary excretion data from the two abacavir treatments
indicated statistically significant differences in the amounts of
abacavir and its metabolites excreted but not in the total per-
centages of abacavir equivalents excreted (Table 3). Compar-
ing treatment with abacavir alone to treatment with abacavir
and ethanol, the median difference in urinary excretion re-
covery increased by 1.38% for abacavir, decreased by 17% for
2269W93, and increased by 11% for 361W94 (P , 0.05 for all
comparisons). Urinary excretion ratios of metabolite to parent
drug decreased for 2269W93 from 10.54 for abacavir alone to
2.59 for abacavir in the presence of ethanol. The ratios for
361W94 were essentially unchanged: 9.66 in the absence of
ethanol and 9.14 in the presence of ethanol.

Safety. A total of 161 adverse events were reported by 25
subjects. The most common adverse events were headache
(68% of subjects), dizziness (44%), nausea (32%), drowsiness
(24%), dyspepsia (16%), and fatigue (16%). Unsteady gait,
abrasion, and ecchymosis of arm(s) were each reported by
three subjects (12%). The most common abacavir treatment
adverse events were headache (28% of subjects), nausea (16%),
dyspepsia (12%), and fatigue (12%). The most common ad-
verse events from the ethanol treatment were headache (42%),
dizziness (25%), and nausea (13%). The combination ethanol-
abacavir treatment had headache (58%), nausea (25%), dizzi-
ness (21%), drowsiness (17%), and unsteady gait (13%) as the
most common adverse events.

The majority of adverse events experienced with ethanol
treatment or the ethanol-abacavir treatment were consistent
with the known side effects of ethanol consumption: neurolog-
ical (e.g., headache, dizziness, drowsiness, and unsteady gait)
and gastrointestinal (e.g., nausea, dyspepsia, and vomiting).
Neurological events were reported for both ethanol-containing
groups for over twice the number of subjects for which they
were reported for the abacavir-alone group.

With three exceptions, all adverse events were assessed as
mild or moderate in intensity or as grade 1 or 2 in severity.
Following coadministration of abacavir and ethanol, two sub-

FIG. 1. Comparative linear plots of the median concentration-time profiles of ethanol in blood following administration of ethanol with and without abacavir.

TABLE 1. Ethanol pharmacokinetic parameters for ethanol alone
and ethanol coadministered with abacavir

Pharmaco-
kinetic

parameter

Ethanola

(n 5 24)

Ethanol-
abacavira

(n 5 24)

Ratio of
parametersb

AUClast
(mg z h/ml)

1,736 (1,494, 2,016) 1,776 (1,529, 2,063) 1.02 (0.93, 1.13)

Cmax (mg/ml) 502 (441, 571) 498 (437, 567) 0.99 (0.90, 1.10)

a Geometric least squares mean and 95% CI values (in parentheses) for each
treatment group.

b Geometric least squares mean ratio and 90% CI values (in parentheses) of
treatment comparison based on ANOVA.
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jects reported unsteady gait (categorized as grade 3 in severi-
ty), and one subject reported diarrhea (categorized as grade 3
in severity). The three subjects reporting unsteady gait had sim-
ilar ethanol concentrations in both ethanol-containing treat-
ments. The ethanol AUC ratios (ethanol-abacavir treatment
AUC divided by ethanol treatment AUC) were 89.2, 93.0, and
104.5% while the Cmax ratios were 89.0, 97.3, and 99.1%. Of
the 161 total adverse events, there were 100 events which were
considered to be possibly related to study treatment. All ad-
verse events related to the study drug had resolved at the time
of the follow-up evaluation.

There were no clinically significant changes in median he-
matology, clinical chemistry, or urinalysis parameters for any
of the subjects during the course of the study. The physical
examinations at screening did not reveal any clinically sig-
nificant abnormalities, and there were no clinically significant
changes from baseline in any subjects. The ECG abnormalities
noted at screening were not considered clinically significant,
and there were no clinically significant changes in ECG in any
subjects during the course of the study. No clinically significant
changes in mean vital signs were attributable to abacavir.
Changes in vital signs in the ethanol treatment groups were
similar and consistent with known vasodilatory effects of eth-
anol.

DISCUSSION

This study did not demonstrate any alteration in the phar-
macokinetic parameters of ethanol by abacavir coadministra-
tion; blood ethanol median profiles following ethanol admin-
istration in the presence and absence of abacavir were
essentially superimposable. There was no evidence that coad-
ministration of abacavir interferes with ethanol metabolism.
There were no disulfiram-type reactions in any subject who
received coadministration of abacavir and ethanol.

No new adverse events were reported with abacavir, and
adverse events reported following ethanol administration were
consistent with known side effects of ethanol. Three subjects
reporting unsteady gait while taking ethanol had similar etha-
nol concentrations with and without abacavir cotherapy. None
of the adverse events reported raised new safety concerns,
either for administration of abacavir alone or for coadminis-
tration of abacavir and ethanol.

Ethanol altered the pharmacokinetic parameters of aba-
cavir. The 41% increase in AUC`, the 15% increase in Cmax of
abacavir, and the 26% increase in abacavir half-life are con-
sistent with competition between abacavir and ethanol for me-
tabolism. While these changes in abacavir pharmacokinetics
were statistically significant, they are not considered clinically
significant. The safety of abacavir has been evaluated in clinical
trials with doses up to 1,800 mg per day given for periods up to
12 weeks (15) and with 1,200 mg per day given for over a year
(S. Staszewski, C. Katlama, T. Harrer, P. Massip, P. Yeni, A.
Cutrell, and H. M. Steel, Abstr. 12th Int. Conf. AIDS, abstr.
12212, 1998). The increased plasma abacavir concentrations
observed in this study remained well within the range seen in
previous studies where no additional safety concerns were
demonstrated.

The 600-mg abacavir single dose used in this study is twice
the single dose for the clinically approved 300-mg twice-daily
abacavir therapy. The clinically approved abacavir dose had
not been determined at the time of this study, and the highest
abacavir dose being considered was the 600-mg twice-daily
therapy. The choice of the 600-mg abacavir single dose for this
study was chosen to test the abacavir-ethanol interaction at the

FIG. 2. Comparative linear plots of the median concentration-time profiles of abacavir in plasma following administration of abacavir with and without ethanol.

TABLE 2. Abacavir pharmacokinetic parameters for abacavir alone
and abacavir coadministered with ethanol

Pharmaco-
kinetic

parameter

Abacavira

(n 5 25)

Abacavir-
ethanola

(n 5 24)

Ratio of
parametersb

AUC`

(mg z h/ml)
11.07 (10.05, 12.20) 15.62 (14.17, 17.22) 1.41 (1.35, 1.48)

Cmax (mg/ml) 3.60 (3.16, 4.09) 4.13 (3.63, 4.69) 1.15 (1.03, 1.28)
lz (liter/h) 0.49 (0.45, 0.53) 0.39 (0.36, 0.42) 0.79 (0.74, 0.85)
t1/2 (h) 1.42 (1.32, 1.53) 1.79 (1.67, 1.93) 1.26 (1.17, 1.36)

a Geometric least squares mean and 95% CI values (in parentheses) for each
treatment group.

b Geometric least squares mean ratio and 90% CI values (in parentheses) of
treatment comparison based on ANOVA.
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highest abacavir dose being considered to ensure that an in-
teraction was not missed.

Drug-ethanol interaction study designs have varied in food
intake, ethanol dose, and subject number, reflecting either so-
cial drinking situations or the testing of a scientific hypothesis.
The design of this study, where the ethanol dose was admin-
istered following a standard high-fat breakfast, was thought to
provide a maximal drug-ethanol effect, if one existed (6, 7, 16).
The high-fat meal administered in this study also served to
reduce the incidence of gastritis following ethanol consump-
tion at a mean exposure of ;500 mg/ml.

Our results indicate that coadministration of abacavir and
ethanol resulted in a clear decrease in the urinary excretion
ratio of 2269W93 (formed via ADH) to parent drug but essen-
tially no change in the urinary excretion ratio of 361W94
(formed via UDP-GT) to parent drug and no change in the
total percentage recovered as abacavir and the two metabo-
lites. These results indicate competition between ethanol and
abacavir for metabolism by ADH. The decreased formation of
2269W93 reflects less carboxylation due to the presence of
ethanol and appears to be partially compensated for by an
increase in glucuronidation. The switch to the glucuronidation
pathway is consistent with minimal inhibition of net abacavir
clearance observed in this study. These observations are also
consistent with the results of an in vitro study examining the
relationship of abacavir and ethanol (Walsh et al., 5th Int.
ISSX Meet.).

In conclusion, this study demonstrated that abacavir does
not affect blood ethanol concentrations but that ethanol does
statistically increase exposure to abacavir. The increase in aba-
cavir exposure due to the presence of ethanol is not considered
clinically significant because the increased exposure remained
well within the range seen in previous studies.
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TABLE 3. Treatment effect on urinary excretion profile of abacavir, 2269W93, and 361W94, as percentage of administered dose

Drug and parameter Abacavir treatment (n 5 25) Abacavir-ethanol treatment (n 5 24) Median difference in % excreteda

Abacavirb

GLSM (95% CI)c 2.54 (2.15, 2.94) 3.91 (3.37, 4.44)
Median (range) 2.51 (0.98, 5.60) 3.80 (1.69, 7.24) 1.38* (0.73, 1.91)

2269W93b

GLSM (95% CI) 26.88 (24.39, 29.36) 10.14 (8.34, 11.95)
Median (range) 26.78 (16.04, 40.55) 9.00 (5.11, 22.56) 217* (217.70, 213.04)

361W94b

GLSM (95% CI) 24.54 (22.50, 26.57) 35.72 (31.00, 40.43)
Median (range) 23.51 (17.01, 36.40) 36.60 (7.34, 63.39) 11.0* (7.28, 14.11)

Totalb

GLSM (95% CI) 53.96 (50.10, 57.82) 49.77 (44.25, 55.29)
Median (range) 51.08 (37.44, 71.58) 53.81 (18.80, 71.35) 24.0 (28.11, 1.58)

a Data for 2269W93 and 361W94 are expressed as abacavir equivalents. p, P # 0.05.
b Treatment difference represents median percentage change from treatment 1 (abacavir) to treatment 2 (abacavir plus ethanol) with 90% CI.
c Geometric least squares means (GLSMs) with 95% CIs are presented as percentages of administered doses excreted within the 12-h postdosing collection interval.
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