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Aims To examine the influence of cisapride on the pharmacokinetics of ethanol and
the impact of gastric emptying monitored by the paracetamol absorption test.
Methods Ten healthy male volunteers took part in a cross-over design experiment.
They drank a moderate dose of ethanol 0.30 g kgf1 body weight exactly 1 h after
eating breakfast either without any prior drug treatment or after taking cisapride
(10 mg three times daily) for 4 consecutive days. In a separate study, the same dose
of ethanol was ingested on an empty stomach (overnight fast). Paracetamol (1.5 g)
was administered before consumption of ethanol to monitor gastric emptying.
Venous blood was obtained at 5-10 min intervals for determination of ethanol by
headspace gas chromatography and paracetamol was analysed in serum by high
performance liquid chromatography (h.p.l.c.).

Results The maximum blood-ethanol concentration (C,,,,) increased from 3.8+ 1.7
to 5.642.3 mmoll™ ' (+s.d.) after treatment with cisapride (95% confidence
interval CI on mean difference 0.28—3.28 mmollil). The area under the blood-
ethanol curve (AUC) increased from 6.3+3.5 to 7.9 £ 2.6 mmol 17! h after cisapride
(95% CI —0.74-3.9 mmol 1! h). The mean blood ethanol curves in the cisapride
and no-drug sessions converged at &2 h after the start of drinking. Both C,,,, and
AUC were highest when the ethanol was ingested on an empty stomach (C.
9.54+1.7 mmol 1~ " and AUC 14.6+1.9 mmol 1~ ' h), compared with drinking 1 h
after a meal and regardless of pretreatment with cisapride.

Conclusions A small but statistically significant increase in C,,, occurred after
treatment with cisapride owing to faster gastric emptying rate as shown by the
paracetamol absorption test. However, the rate of absorption of ethanol, as reflected
in C,., and AUC, was greatest after drinking the alcohol on an empty stomach.
The cisapride—ethanol interaction probably lacks any clinical or forensic significance.
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Introduction

Cisapride is widely used in the treatment of various
gastrointestinal disorders especially gastroesophageal reflux
disease (for review see [1]). This prokinetic drug promotes
gastric emptying of solid and liquid meals in healthy
subjects and in those suffering from various gastrointestinal
disorders [2, 3]. Cisapride stimulates gastrointestinal motor
activity by indirectly facilitating cholinergic transmission
in the myenteric plexus [4].

We were interested to know whether cisapride
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influenced the absorption kinetics of ethanol because
gastric emptying is an important determinant of the peak
blood-alcohol concentration reached after drinking [5].
In forensic investigations, factors influencing a person’s
Ciax such as any concomitant drug treatment are often
discussed and debated in litigation [6]. The impact of
cisapride on the absorption kinetics of ethanol has not
been studied under conditions when this medication is
normally used, that is, just before meals [7].

In this study, healthy volunteers were pretreated with
cisapride for 4 consecutive days before they ingested
ethanol 0.30 gkgf1 exactly 1h after a meal. The
pharmacokinetic profiles of ethanol were compared with
a no-drug control treatment and in a separate study, the
same dose of ethanol was consumed after an overnight
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fast. In each of the drinking experiments, gastric emptying
was monitored by the paracetamol absorption test.

Methods
Subjects

Ten healthy male volunteers all nonsmokers and not
taking any medication participated in this study. Their
ages ranged from 21 to 28 years (mean 26.0 years) and
their body weights ranged from 65 to 97 kg (mean
81.9 kg). The subjects were in good health as shown by
clinical examination and laboratory tests and urea-breath
tests were negative, thus confirming the absence of
Helicobacter pylori. The test protocol was approved by the
ethics committee of the Faculty of Health Sciences in
Linkodping, and all volunteers gave their informed consent
in writing.

Procedure

At about 08.00 h after an overnight (10 h) fast, the dose
of ethanol (0.30 g kgil) was ingested either on an empty
stomach, 1h after a meal without any prior drug
treatment or 1h after a meal following treatment with
10 mg cisapride (Prepulsid, Janssen-Cilag, Belgium) three
times daily before meals for 4 consecutive days. The last
tablet of cisapride was taken 15 min before eating a
standardized breakfast. The breakfast consisted of 300 ml
nonsweetened coffee, 400 ml low-fat milk, one boiled
egg, 100 g white bread, 8 g low-fat margarine, 40 g ham,
40 g low-fat hard cheese and 20g paste
(3188 kJ energy) and was eaten in 15 min. The alcoholic
drink was prepared from ethanol solvent (96% v/v),
which was diluted with pure orange juice to give a
20% v/v cocktail. The control (fasting) phase of the study
started with the subjects taking 1.5g paracetamol
(Alvedon tablets (0.5 g), Astra, Sweden) dissolved in
150 ml water before the dose of ethanol was consumed.
In the phases of the study when alcohol was given after
breakfast, the paracetamol tablets were taken 1 h before
the dose of ethanol, which was consumed within 5 min.

caviar

Blood sampling and analysis of ethanol and paracetamol

Venous blood was obtained through an indwelling
catheter which was flushed with a few drops of heparin-
saline solution to prevent coagulation between obtaining
consecutive specimens. The specimens for ethanol analysis
were drawn into 5 ml Vacutainer tubes containing NaF
(20 mg) and heparin (143 units) at 0, 10, 20, 30, 40, 50,
60, 90, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 210, 220, 230 and 240 min after start of drinking.
The concentration of ethanol was determined by head-
space gas chromatography according to a well established
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method used in forensic toxicology [8]. An ethanol
concentration of 0.2 mmol 1~ ' was easily measurable and
the precision, expressed as the coeflicient of variation, of
a single determination was 1% at a mean blood-ethanol
concentration of 4.3 mmol 1™ .

Vacutainer tubes (5 ml) without any preservatives were
filled with blood at 0, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 110, 120, 140, 150, and 170 min after ingestion of
paracetamol and the concentrations were determined in
serum by h.p.l.c. as described in detail elsewhere [9].

Pharmacokinetic analysis

Blood-ethanol and serum-paracetamol profiles were plot-
ted for each subject and the peak concentration (C,,,)
and the time of reaching the peak concentration (f,.y)
were noted. The areas under the blood-ethanol curves
were calculated from the beginning of ethanol adminis-
tration and up to 240 min postdrinking by the linear
trapezoidal method. The AUC for paracetamol was
measured up to 170 min after administration. Treatment
effects for blood-ethanol and serum paracetamol data
were evaluated based on intraindividual differences and
95% confidence limits on the mean difference were
calculated.

Results

Figure 1 shows blood-ethanol profiles for the 10 subjects
in the three drinking phases of the study. Although there
were large interindividual variations in the shapes of these
blood alcohol concentration (BAC) profiles, it was
obvious that drinking on an empty stomach resulted in
higher C,,,, and AUC compared with 1 h after eating a
meal. This held despite pretreatment with cisapride. The
concentration-time profiles of ethanol showed a rising
phase corresponding to the absorption of ethanol before
a peak BAC was reached and then a postabsorptive
pseudolinear phase followed by a curvilinear disappearance
phase until alcohol was no longer measurable.

Figure 2 (upper plot) shows the average BAC profiles.
The mean+s.d. C,., was 9.5+1.7 mmol1~ ' when
ethanol was taken on an empty stomach compared with
Chax of 3.8+1.7 mmol 17" when the same dose of
alcohol was consumed 1 h after food (95% CI on mean
difference  4.39-6.99 mmol 1~ ') The corresponding
AUCs were 14.6+1.9 mmol 1" h and 6.3 4+ 3.5 mmol
1" h (95% CI 6.1-10.6 mmol 1! h). Pretreatment with
cisapride resulted in a higher C,,, 5.6+2.3 mmol 1"
compared with no-drug treatment 3.8+ 1.7 mmol 1!
(95% C.I. 0.28=3.28 mmoll~ ") and AUC was also
higher 7.9+ 2.6 mmol 1""'h compared with the no-drug
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Figure 1 Individual blood-ethanol profiles for 10 healthy men after they drank 0.3 g kg “!onan empty stomach (@), 1 h after a eating
breakfast either without cisapride (O) or after administration of 10 mg cisapride three times daily 15 min before meals for 4 days (V).

control session 6.3+3.5mmoll 'h (95% CI —0.74-
3.9 mmol 1" h).

The mean curves for cisapride and no-drug treatment
differed only during the first 2 h after drinking, that is,
during the absorption phase of ethanol kinetics. Thereafter
the curves overlapped until all the alcohol was cleared
from the bloodstream. By contrast, after drinking on an
empty stomach the BAC profile remained above the
cisapride and no-drug curves for the 4 h sampling period.

Figure 2 (lower plot) shows the mean serum-
paracetamol profiles for the three drinking experiments.
In the fasting state, C,,, (137.74+26.7 umol 171) and
AUC (244.84+30.9 pmol 17" h) were significantly greater
than Cp. (85.4415.5 umol 17') and AUC (179.9+
35.6 umol 17" h) for the cisapride plus food condition;
the mean difference in C,,,, was 52.3 pmol 1! (95% CI
33.0-71.5 pmol 17") and for AUC 64.8 ymol 17" h
(95% CI 47.5—82.2 pmol 1! h). No significant difference
in Cp,, was noted for alcohol plus food with and with-
out cisapride; mean difference 6.3 p.molli1 (95% CI
—4.4-17.1 pmol 171). However, AUCs under these
conditions did differ significantly; mean difference
18.7 umol 17" h (95% CI 4.1-33.4 ymol 1" h). The

relative position of the serum-paracetamol curves in terms
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of AUC and C,,, agreed well with the BAC curves,
namely fasting > cisapride + food > no-drug + food.

Discussion

Previous studies have shown that drugs that promote
gastric emptying (metoclopramide [10], erythromycin [11]
and ranitidine [12]) increase the bioavailability of ethanol
whereas anticholinergic agents [10], low-dose aspirin [13]
and smoking [14] delay gastric emptying resulting in a
lower peak BAC and AUC. However, the rate of
absorption of ethanol cannot be used as an indicator of
gastric emptying because part of the dose becomes absorbed
already from the stomach [15]. Accordingly, we used the
serum paracetamol profiles (Figure 2, lower plot) to judge
the impact of cisapride on stomach emptying and rate of
absorption of alcohol because paracetamol is not absorbed
from the stomach at all [16].

After treatment with cisapride a 43% increase in blood-
ethanol C,., was noted compared with the no-drug
control phase of the study. This relatively large percentage
change (43%) should be considered in relation to the
modest mean difference in BAC observed experimentally
(1.8 mmol 171). The C,,.« for blood-ethanol was higher
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Figure 2 (upper plot) Mean blood-ethanol profiles (+s.e. mean)
in 10 healthy men after oral administration of ethanol 0.3 g kg71
body weight on an empty stomach (@), 1 h after breakfast either
without any prior drug treatment (O) or after 10 mg cisapride
was given three times daily 15 min before meals for 4 days (V).
The lower plot shows the serum paracetamol curves (mean +s.e.
mean) after a dose of 1.5 g was taken mixed with water before

drinking the dose of alcohol.

by 143% when the dose of alcohol was consumed on an
empty stomach compared with 1h after eating a meal.
The mean increase in C,,,, was 5.7 mmol 1.

Dziekan et al. [7] recently reported that treatment with
cisapride increased C,.. when subjects drank alcohol
(0.50 ¢ kgfl) on an empty stomach but not when taken
together with food. However, the study design involved
drinking and eating at the same time and not drinking
1 h after finishing the meal as in our study. According to
Dziekan et al. the C,,,, for plasma-ethanol was increased
by 2.3 mmol 1~ or 14% of the control level when red
wine was consumed in three portions over 25 min. We
extend this finding and report here a modest but
statistically significant increase in peak BAC after pretreat-
ment with cisapride even when the dose of alcohol was
ingested 1 h after a meal.
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The higher C,,,, and AUC observed after pretreatment
with cisapride can be explained by a more rapid emptying
of the stomach and thereby a swifter absorption of
ethanol, as suggested by the paracetamol concentration-
time profiles [16]. The mean BAC curve after cisapride
treatment coincided with the no-drug control BAC curve
after about 2 h postdrinking. This suggests that the
primary influence of the drug treatment was on the
absorption kinetics of ethanol and not on the rate of
clearance because the time required to reach zero BAC
was about the same for the two test conditions (see
Figure 2). The differences observed between the mean
blood-ethanol curves under fasting and food conditions is
somewhat more difficult to explain because the concen-
tration-time profiles do not overlap at all. The bioavail-
ability of ethanol as reflected in AUC is evidently
diminished when alcohol is consumed 1h after a meal
presumably because a presystemic metabolism of part of
the dose occurs. This might be explained by the nonlinear
saturation kinetics of ethanol so that with rapid absorption,
e.g. after drinking on an empty stomach, the metabolising
enzymes in the liver are saturated with substrate more
quickly and for a longer time leading to a higher AUC
[17]. When the absorption of ethanol is slow and more
prolonged, e.g. after eating a meal before drinking, the
peripheral BAC remains low and there is more scope for
hepatic first pass metabolism (FPM) to occur [18].

The difference between fasting and fed BAC profiles
could also be explained if part of the dose of ethanol was
retained in the stomach for a prolonged period of time,
such as, by binding to constituents of the meal and
therefore not reaching the portal vein and liver for several
hours [18—20]. If at this time peripheral BAC is below
the 17, of hepatic ADH the part of the dose of alcohol
bound to food particles in the stomach can be cleared
from the blood during its first passage through the liver
as a consequence of Michaelis-Menten elimination kin-
etics [18]. Among other possibilities, the ethanol meta-
bolising enzymes in the fed state might be inherently
more effective compared with after food-deprivation for
10 h [21]. Hepatic blood-flow is also enhanced after
eating a meal and this might help to facilitate a more
rapid clearance of ethanol. Although ethanol is not
normally considered a flow limited high extraction drug,
the blood flow to the liver might be an important
determinant of AUC when small amounts of alcohol are
ingested and especially when the absorption rate is slow
and highly variable as occurs when drinking after a
meal [22].

After drinking on an empty stomach the dose of
ethanol was absorbed so fast in some subjects that the
peak BAC was higher than expected for the dose
administered (0.3 g kgil) and the volume of distribution
of ethanol (0.7 1 kgfl). The overshooting BAC saturates
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the hepatic ADH enzymes and this prevents any significant
FPM under these conditions [19].

In conclusion, our study demonstrates that taking the
drug cisapride causes a small increase in both C,,, and
AUC when ethanol (0.30 g kgfl) was ingested 1 h after
eating a meal. The mechanism appears to be an accelerated
gastric emptying and more rapid saturation of metabolising
enzymes and thus a diminished first-pass metabolism. The
increases in peak BAC and AUC after cisapride treatment
were not remarkable and was less than that observed
when ethanol was consumed on an empty stomach. This
example of a drug—alcohol interaction probably lacks
clinical or forensic significance and the ethanol-induced
performance decrement will be more pronounced when
alcohol is consumed on an empty stomach.
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