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What is already known about this subject
• Severe hypoglycaemia has been reported after

concomitant use of clarithromycin and glibenclamide.
• Glibenclamide is a substrate for the transporters

P-glycoprotein and OATP2B1.
• Clarithromycin inhibits P-glycoprotein and grapefruit juice

inhibits OATP2B1.

What this study adds
• Clarithromycin increases the plasma concentration of

glibenclamide.
• A pharmacokinetic interaction may explain reported

hypoglycaemia during simultaneous administration of
clarithromycin and glibenclamide.

• Grapefruit juice has no effect on the pharmacokinetics of
glibenclamide.
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Aims
Case reports suggest that clarithromycin can increase the glucose-lowering effect of
glibenclamide which is metabolized mainly by CYP2C9 and is a substrate for
P-glycoprotein and OATP2B1. Our objective was to evaluate whether the
P-glycoprotein inhibitor, clarithromycin, increases and the putative OATP2B1 inhibitor,
grapefruit juice, decreases plasma concentrations of glibenclamide.

Methods
In a randomized three-phase crossover study, 12 subjects ingested 250 mg
clarithromycin or placebo twice daily or 200 ml grapefruit juice three times daily for 2
days. On day 3, they ingested 0.875 mg glibenclamide with sugar water or grapefruit
juice. Concentrations of glibenclamide and clarithromycin in plasma, glucose in blood,
and excretion of hydroxyglibenclamide into urine were measured up to 12 h.

Results
Clarithromycin increased the peak concentration (Cmax) of glibenclamide to 1.25-fold
(95% confidence interval (CI) 1.12, 1.40; P < 0.01) and the area under the plasma
concentration-time curve to 1.35-fold (95% CI 1.21, 1.50; P < 0.01) compared with
the placebo phase. The time to Cmax, the half-life of glibenclamide, and the amount of
hydroxyglibenclamide excreted into urine remained unaltered. Grapefruit juice did not
change the pharmacokinetics of glibenclamide. Clarithromycin concentrations implied
a good compliance. Blood glucose did not deviate between the phases.

Conclusions
Clarithromycin increased plasma concentrations of glibenclamide, possibly by
inhibiting P-glycoprotein in the intestinal wall. Although not seen with the present
study design, clarithromycin may enhance the effect of glibenclamide by increasing
plasma glibenclamide concentrations, which warrants close monitoring of blood
glucose during their co-administration. Grapefruit juice had no effect on glibenclamide
pharmacokinetics.
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Introduction
The bioavailability of the oral sulphonylurea antidiabetic
glibenclamide is high (over 90%) when used as a
micronized formulation, whereas the bioavailability of
the nonmicronized formulation is greatly dependent on
gastric pH [1, 2]. Glibenclamide is extensively bound to
plasma proteins (99%) and metabolized mainly by
CYP2C9 [2–4]. Accordingly, inhibitors and inducers of
CYP2C9 can change the pharmacokinetics and pharma-
codynamics of glibenclamide [5, 6]. In a recent in vitro
study, glibenclamide was identified as a substrate for an
uptake transporter, organic anion transporting polypep-
tide OATP2B1 (OATP-B) [7], which is expressed, for
example, in the intestine and the liver [8]. In addition,
glibenclamide is a substrate for the efflux transporter
P-glycoprotein [9]. In the intestinal wall, both of these
transporters are expressed in the brush border of epithe-
lial cells, but they have opposite roles there. OATP2B1
facilitates and P-glycoprotein limits the absorption of
substrate drugs.

Grapefruit juice increases plasma concentrations of
several CYP3A4 substrate drugs [10–15], most likely by
inhibiting intestinal CYP3A4 [16]. Recently, grapefruit
juice has been reported to reduce considerably plasma
concentrations of fexofenadine, celiprolol, and talinolol
[17–19]. The decreased bioavailability of fexofenadine
during concomitant grapefruit juice consumption may
be a consequence of inhibition of OATP1A2 (previously
known OATP-A), in the intestinal wall [17, 20]. As
grapefruit juice is also thought to be an inhibitor of
OATP2B1 [7], an inhibition of intestinal OATP2B1 by
grapefruit juice could reduce the absorption of glib-
enclamide.

The macrolide clarithromycin, a potent inhibitor of
CYP3A4 and P-glycoprotein, increases the plasma con-
centrations of several P-glycoprotein substrate drugs.
For instance, increased bioavailability of oral digoxin by
clarithromycin can be explained by inhibition of
P-glycoprotein [21]. Severe hypoglycaemia has been
reported after concomitant administration of clarithro-
mycin with glibenclamide [22, 23]. Clarithromycin
could increase the plasma concentrations of glibencla-
mide by inhibiting P-glycoprotein and increase the
glucose-lowering effect of this sulphonylurea. The
present study was conducted to investigate possible
effects of clarithromycin and grapefruit juice on the
pharmacokinetics of glibenclamide in healthy subjects.

Methods
Subjects
Twelve healthy volunteers (10 men and two women, age
range 20–27 years and weight range 51–98 kg) partici-

pated in the study. Each subject was ascertained to be
healthy by means of a medical history, clinical exami-
nation, and routine laboratory tests including blood
glucose before they were enrolled in the study. A nega-
tive pregnancy test was required of the female partici-
pants. The subjects were not using any continuous
medication, e.g. oral contraceptives, and all of them
were nonsmokers. Use of grapefruit, orange, or apple
products was forbidden during the study and from 3 days
before the first study day. The study protocol was
approved by the Ethics Committee for Studies in
Healthy Subjects of the Hospital District of Helsinki and
Uusimaa and by the National Agency for Medicines.
Subjects gave their written informed consent before
entering the study.

Study design
A randomized crossover study design with three phases
was used with a washout period of 2 weeks. In the
placebo phase, the volunteers ingested placebo (placebo
for clarithromycin), at 07.00 h and 18.00 h on days 1 and
2, and at 08.00 h on day 3. In the clarithromycin phase,
the volunteers ingested 250 mg clarithromycin (one
Klacid 250 mg tablet, Abbot Scandinavia AB, Solna,
Sweden) at 07.00 h and 18.00 h on days 1 and 2, and at
08.00 h on day 3. In addition, on day 3 of the placebo
and clarithromycin phases, the volunteers ingested
200 ml 8% sugar water (8 g sucrose per 100 ml tap water
to balance the carbohydrate content of grapefruit juice)
at 08.00 h, 09.00 h, and 11.00 h (Figure 1). In the grape-
fruit juice phase, the volunteers ingested 200 ml normal-
strength grapefruit juice (Valio täysmehu, Valio,
Helsinki, Finland) at 07.00 h, 12.00 h, and 20.00 h for 2
days. On day 3, they ingested 200 ml grapefruit juice at
08.00 h, 09.00 h, and 11.00 h. In addition, on day 3 of
each of the three phases, the volunteers ingested 100 ml
sugar water at 10.00 h. In each phase, the subjects
received 0.875 mg (one half of a Semi Euglucon
1.75 mg tablet, Roche Diagnostics GmbH, Mannheim,
Germany) orally at 09.00 h (with 200 ml sugar water in
the placebo and clarithromycin phases, and with 200 ml
grapefruit juice in the grapefruit juice phase) on day 3.
The percentage deviation of the weight of halved glib-
enclamide tablets did not exceed 2%. The volunteers
fasted overnight before the administration of glibencla-
mide. After ingestion of the drug, they were seated for
the first 3 h. A standardized breakfast was served pre-
cisely 15 min, and a standardized snack rich in carbohy-
drates was served precisely 1 h and 2 h after the
administration of glibenclamide. A standardized warm
meal was served after 3 h, and a standard light meal was
served after 7 h. The breakfast was eaten within 10 min
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and contained approximately 370 kcal energy, 70 g car-
bohydrates, 8 g protein, and 6 g fat. Food intake was
identical during each day of glibenclamide administra-
tion. The subjects were under direct medical supervision
during the days of administration of glibenclamide.
Drinks and food rich in carbohydrates, glucose for intra-
venous use, and glucagon for intramuscular use were
available.

Sampling and determination of blood glucose
On the days of administration of glibenclamide, a
forearm vein of each subject was cannulated and kept
patent with an obturator. Timed blood samples were
drawn into tubes that contained ethylenediaminetet-
raacetic acid (EDTA) 1 h before and 0.5, 1, 1.5, 2, 2.5, 3,
4, 5, 7, 9, and 12 h after administration of glibenclamide.
Blood glucose was determined immediately after each
blood sampling by the glucose oxidase method with the
Precision G Blood Glucose Testing System (Medisense,
Bedford, Mass., USA). Additional blood glucose mea-
surements were performed when necessary. Plasma was
separated after the determination of blood glucose and
stored at -70°C until analysis of drug concentrations.

The urine was collected cumulatively from 0–12 h,
the volume was measured, and an aliquot was stored at
-70°C until analyzed.

Determination of drug concentrations in plasma and
urine
The internal standard glimepiride (Hoechst Marion
Roussel, Frankfurt, Germany) was added to each sam-

ple (1.0 ml), followed by 1.0 ml 0.1 m hydrochloric
acid-potassium chloride buffer. Glibenclamide (Orion
Pharma, Espoo, Finland) and hydroxyglibenclamide
were extracted with diethyl ether as previously described
[24]. The organic phase was evaporated to dryness under
a stream of nitrogen at 30°C and the residue was dis-
solved in acetonitrile (57%) : 10 mmol l-1 ammonium
formate solution (pH 3.5, 43%). Concentrations of glib-
enclamide and hydroxyglibenclamide were quantified
by liquid chromatography-tandem mass spectrometry
with a Perkin-Elmer SCIEX API 2000 LC/MS/MS
System (Sciex Division of MDS Inc, Toronto, Ontario,
Canada) [25]. Chromatography was performed on a
Hypersil BDS-C18 reversed phase column (100 ¥ 4 mm
internal diameter, 3 mm particle size; Agilent, Wald-
bronn, Germany) protected by a Hypersil BDS-C18

guard column (4 ¥ 4 mm internal diameter, 5 mm par-
ticle size; Agilent). Liquid chromatographic separation
was isocratic and the mobile phase consisted of
10 mmol l-1 ammonium formate (pH 3.5; 43%) and
acetonitrile (57%). An aliquot of 10 ml was injected at
the mobile phase flow rate of 0.5 ml min-1. The mass
spectrometer was operated in the positive atmospheric
pressure chemical ionization mode and the samples were
analysed via multiple reaction monitoring employing
precursor ion to product ion. The ion transitions were
m /z 494 to m /z 369 for glibenclamide, m /z 510 to m /z
369 for hydroxyglibenclamide, and m /z 491 to m /z 352
for glimepiride. The limit of quantification for plasma
glibenclamide, defined as the lowest concentration
with signal-to-noise ratio greater than 10, was
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Carbohydrate intake and meals in relation to administration of glibenclamide 0.875 mg (GFJ = grapefruit juice, SW = sugar water, GLIB = glibenclamide)
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0.25 ng ml-1. The interday coefficient of variation (CV)
for plasma glibenclamide was 7.2% at 0.5 ng ml-1

(n = 19), 2.9% at 5.0 ng ml-1 (n = 19), 2.7% at
50 ng ml-1 (n = 18), and 3.9% at 150 ng ml-1 (n = 18). A
signal to noise ratio of 10 : 1 was used as the limit of
detection for hydroxyglibenclamide, and its concentra-
tion in urine is given in arbitrary units (U) relative to the
ratio of its peak height and that of the internal standard
(glimepiride). The interday CV for urine hydroxyglib-
enclamide was 6.5% (n = 10).

For determination of clarithromycin (I.D.C. Abbott
Laboratories LTD., Queensborough, England) [26],
saturated sodium carbonate solution (0.4 ml) and the
internal standard roxithromycin (Roussel Uclaf, Paris,
France) were added to plasma (0.5 ml). The samples
were vortexed with 2.5 ml tertiary-butyl methyl ether.
After centrifugation, the organic phase was transferred
and evaporated to dryness under a stream of nitrogen at
35°C. The residue was dissolved with acetonitrile
(32%) : methanol (10%) : 5 mmol l-1 ammonium ac-
etate (58%, pH 5) solution. Clarithromycin concentra-
tions were quantified by liquid chromatography-tandem
mass spectrometry with the SCIEX API 2000
LC/MS/MS System [27]. An aliquot of 3 ml was injected
at a mobile phase flow rate of 0.2 ml min-1. Separation
was performed on SunFire C18 column (100 ¥ 2.1 mm
internal diameter, 3.5 mm particle size, Waters Corpora-
tion, Milford, MA, United States). The mass spectrom-
eter was operated in the positive electrospray ionization
mode and the samples were analyzed via multiple reac-
tion monitoring mode. The ion transitions were m/z
748.4 to m/z 158 for clarithromycin and m/z 837.5 to m/z
158 for roxithromycin. The quantification limit was
0.2 ng ml-1 and the interday CV was 6.9% at 20 ng ml-1

(n = 6), 2.5% at 500 ng ml-1 (n = 8), and 6.8% at
4000 ng ml-1 (n = 8).

Pharmacokinetic calculations
The peak concentration in plasma (Cmax) and time to Cmax

(tmax) were obtained directly from the original data. The
terminal log-linear phase of the plasma glibenclamide
concentration-time curve was identified visually for
each subject. The elimination rate constant (lz) was
determined by a linear regression analysis of the log-
linear part of the plasma concentration-time curve. The
area under the glibenclamide concentration-time curve
from time 0 to infinity (AUC(0,•)) was calculated with
extrapolation to infinity by dividing the last measured
concentration by lz. On average, 2.3% (5.6% maximum)
of the AUC(0, •) was extrapolated. The elimination
half-life (t1/2) was calculated by the equation:

t1 2 2= ln λz

The pharmacokinetics of clarithromycin were char-
acterized by Cmax and AUC(0,13 h), that is, the AUC
from 1 h before up to 12 h after the administration of
glibenclamide.

Pharmacodynamic response
The decremental area (the net area below the baseline)
under the blood glucose concentration-time curve was
used to characterize the pharmacodynamic response to
the administration of glibenclamide. It was calculated by
the linear trapezoidal rule from time 0–3 h and 0–7 h.
The maximum increase and the maximum decrease
compared with the baseline blood glucose concentration
(before the administration of glibenclamide) were also
calculated for the time period 0–3 h.

Statistical methods
The data are expressed in the text and Table 1 as mean
values � SD, except for tmax, which is expressed as
median with range. For clarity, in Figure 2, the glib-
enclamide and clarithromycin concentration data are
expressed as mean � SEM and blood glucose changes
as mean values. The pharmacokinetic variables and the
glucose response data after the three treatments (phar-
macokinetic variables of glibenclamide after log-
transformation) were compared by use of repeated
measures analysis of variance (anova) and a posteriori
testing with the paired t-test with the Bonferroni correc-
tion. For all pharmacokinetic variables except tmax, 95%
confidence intervals (CI) were calculated on the geomet-
ric mean ratio between the clarithromycin and placebo
(control) phases and between the grapefruit juice and
control phases. For all pharmacodynamic variables, 95%
CIs were calculated on the mean difference between
phases. The tmax values were analyzed by Friedman’s
two-way anova and the Wilcoxon signed-rank test. The
statistical program Systat for Windows, version 6.0.1
(SPSS Inc, Chicago, Ill) was used for the analysis. Dif-
ferences were considered statistically significant when
P < 0.05.

Results
Pharmacokinetics of glibenclamide
The mean plasma concentrations of glibenclamide were
higher in the clarithromycin phase than in the placebo
and grapefruit juice phases (Figure 2). During the
clarithromycin phase, the mean AUC(0,•) of glibencla-
mide was 1.35-fold (P < 0.01) and the Cmax was 1.25-
fold (P < 0.01) compared with the respective values
during the placebo phase (Table 1), but the tmax and t1/2
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were not altered. Grapefruit juice did not significantly
change the pharmacokinetics of glibenclamide. There
were no significant differences in the amount of hydrox-
yglibenclamide excreted into urine between the three
phases.

Clarithromycin concentrations
Plasma concentrations of clarithromycin indicated a
good compliance with its ingestion (Figure 2), and the
concentrations were about 30-fold higher than those of
glibenclamide. The mean Cmax and AUC(0,13 h) of
clarithromycin were 1123 ng ml-1 (range 596–1710 ng
ml-1) and 4750 ng ml-1 h (range 2710–7090 ng ml-1 h),
respectively. The median tmax was 2 h (range 2–3 h).

Blood glucose concentrations
There were no statistically significant differences in the
blood glucose concentrations between the clarithromy-
cin, grapefruit juice, and placebo phases (Table 2, Fig-
ure 2). No subject experienced severe hypoglycaemia.

Discussion
The present study was conducted to investigate the
effects of clarithromycin and grapefruit juice on the
pharmacokinetics of glibenclamide. Clarithromycin
moderately increased the AUC and Cmax of glibencla-
mide, but grapefruit juice had no significant effect on its
pharmacokinetics. During the clarithromycin phase, the
increase in glibenclamide AUC caused by clarithromy-

cin varied from 10% to 68%. There were no significant
differences in the pharmacodynamics of glibenclamide
between the phases, probably partly due to the repeated
food intake (for safety reasons) during the study days,
which probably contributed to the increased variation in
the blood glucose concentrations.

Glibenclamide is metabolized by CYP2C9 mainly
to two hydroxylated metabolites (4-hydroxy and
3-hydroxy) that are excreted into bile and urine [2, 4,
28]. The hydroxyglibenclamide measured in the
present study probably is the major metabolite,
4-hydroxyglibenclamide, which represents about 80%
of glibeclamide metabolites excreted into urine. How-
ever, no attempt was made to identify the position of the
hydroxyl group in the metabolite, i.e. to verify the speci-
ficity of analysis of hydroxyglibenclamide. Glibencla-
mide is both a substrate and inhibitor of P-glycoprotein
in vitro [9]. In previous in vivo studies rifampicin has
reduced and verapamil increased the plasma concentra-
tions of glibenclamide [6, 29]. A recent study with
human embryonic kidney cells, stably expressing
OATP2B1, suggested that glibenclamide was also a sub-
strate for this transporter expressed, for example, in the
intestine and liver [7].

The increased Cmax and AUC(0,•) and an unaltered
elimination t1/2 of glibenclamide during the clarithro-
mycin phase suggest that clarithromycin affected
the pharmacokinetics of glibenclamide mainly during
its absorption. Because clarithromycin inhibits P-
glycoprotein, the present findings can be explained by

Table 1
Pharmacokinetic variables of 0.875 mg glibenclamide in 12 healthy volunteers after 3 days of pretreatment with clarithromycin
(250 mg twice daily), placebo (control), or grapefruit juice (200 ml thrice daily)

Variable Placebo (control) phase Clarithromycin phase Grapefruit juice phase

Cmax (ng ml-1) 43.6 � 9.24 54.0 � 8.21* 46.6 � 9.81
Geometric mean ratio (95% CI) 1 1.25 (1.12, 1.40) 1.07 (0.93, 1.23)
tmax (h) 1.25 (1–1.5) 1.5 (1–2) 1.5 (1–1.5)
t1/2 (h) 2.4 � 0.32 2.3 � 0.31 2.3 � 0.32
Geometric mean ratio (95% CI) 1 0.96 (0.91, 1.02) 0.98 (0.90, 1.07)
AUC(0,•) (ng ml-1 h) 133 � 40.4 177 � 46.4* 139 � 33.7
Geometric mean ratio (95% CI) 1 1.35 (1.21, 1.50) 1.07 (0.99, 1.15)
Metabolite excreted (0–12 h) (U) 6230 � 2210 7690 � 1850 7160 � 1640
Geometric mean ratio (95% CI) 1 1.26 (0.88, 1.82) 1.19 (0.84, 1.67)

Data are mean values � SD unless otherwise shown; tmax data are given as median with range. Geometric ratio is clarithromycin
or grapefruit juice phase compared with placebo phase. Cmax, peak plasma concentration; tmax, time to reach Cmax; t1/2, half-life;
AUC(0,•), area under the plasma concentration-time curve from time 0 to infinity. *P < 0.01 vs. placebo and grapefruit juice
phases.
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a reduced activity of this efflux transporter in the
intestinal wall. Furthermore, P-glycoprotein is also
expressed in the biliary tract [30], and therefore, the
clarithromycin-glibenclamide interaction may occur
both in the intestinal wall and liver. However, it seems
unlikely that clarithromycin would affect transport of
glibenclamide or its metabolite in the kidney, because
there were no significant changes in the t1/2 of glib-
enclamide or in the renal excretion of its metabolite.
Because glibenclamide is metabolized mainly by
CYP2C9 and clarithromycin does not inhibit CYP2C9
significantly in vivo [31], inhibition of CYP2C9 by
clarithromycin seems an unlikely explanation for the

observed interaction. However, CYP3A4 may play a
minor role in the metabolism of glibenclamide [28]
and therefore, inhibition of CYP3A4 could partly con-
tribute to the present findings. For comparison, the
same dose of 250 mg clarithromycin twice a day as
used in the present study increased the AUC value of
the CYP3A4 substrate midazolam by about three-fold
[32].

Some in vitro studies suggest that grapefruit juice
can inhibit P-glycoprotein, in addition to CYP3A4 [33,
34]. In one in vivo study grapefruit juice increased only
slightly plasma concentrations of the P-glycoprotein
substrate digoxin [35]. On the other hand, grapefruit
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juice, and also orange juice, can considerably reduce
plasma concentrations of fexofenadine and celiprolol
[17, 18, 36]; both of these drugs are P-glycoprotein
substrates with negligible metabolism. The effect of
fruit juices on fexofenadine has been explained by
inhibition of the intestinal OATP1A2 resulting in a
reduced absorption [15]. In the present study, grape-
fruit juice had no significant effect on the pharmaco-
kinetics of the P-glycoprotein substrate glibenclamide,
and a substrate for another uptake transporter,
OATP2B1, which is ubiquitously expressed, for
example, in the intestine [8]. To our knowledge this is
the first study to evaluate the effect of grapefruit juice
on the activity of OATP2B1 in vivo. The finding that
grapefruit juice did not decrease the plasma concentra-
tions of glibenclamide, suggests that either OATP2B1
plays only a minor role in the intestinal absorption of
this sulphonylurea or that grapefruit juice is not a sig-
nificant inhibitor of OATP2B1 in vivo.

In the present study, clarithromycin 250 mg twice
daily did not significantly change the blood glucose-
lowering effect of glibenclamide in healthy volunteers.
Considering the elimination half-life of 3.3–4.9 h of
clarithromycin, its plasma concentrations were at
steady state by day 3 of its administration. In case
reports, co-administration of clarithromycin 1000 mg
day-1 with glibenclamide has caused severe hypo-
glycaemia in some patients [22, 23]. Although no con-
trolled in vivo studies on the relationship between the
clarithromycin dose and P-glycoprotein inhibition are
available, it is possible that the ingestion of 1000 mg
clarithromycin with glibenclamide results in a pharma-
cokinetic interaction, the magnitude of which is greater

than that observed in this study [32, 37]. Furthermore,
during repeated co-administration of clarithromycin
and glibenclamide, the risk of hypoglycaemia caused
by elevated glibenclamide concentrations will increase.
Thus, an increase in glibenclamide concentrations
caused by clarithromycin is the likely explanation for
the reported severe hypoglycaemia. However, unlike
under our controlled study conditions, the increased
drug exposure is not necessarily counterbalanced by
additional carbohydrate loading in patient drug use.
Patients using a high dose of glibenclamide might
be particularly susceptible to the clarithromycin-
glibenclamide interaction with its clinical consequen-
cies. Furthermore, in many diabetics and elderly
patients, compromised renal function may impair the
excretion of glibenclamide and its metabolites and
increase the risk of hypoglycaemia.

In conclusion, clarithromycin moderately increased
plasma concentrations of glibenclamide, but grapefruit
juice did not have any significant effect on its pharma-
cokinetics. The mechanism of the clarithromycin-
glibenclamide interaction may be inhibition of
P-glycoprotein in the intestinal wall, with the possible
contribution of inhibition of CYP3A4. This interaction
could be of clinical significance, because elevated glib-
enclamide concentrations may increase the risk of
hypoglycaemia. Concomitant use of clarithromycin with
glibenclamide warrants close monitoring of blood
glucose.

This study was supported by grants from the Helsinki
University Central Hospital Research Fund and the
Sigrid Juselius Foundation.

Table 2
The blood glucose response to 0.875 mg oral glibenclamide in 12 healthy volunteers after 3 days of pretreatment with
clarithromycin (250 mg twice daily), placebo (control), or grapefruit juice (200 ml thrice daily)

Blood glucose variable Placebo (control) phase Clarithromycin phase Grapefruit juice phase

Decremental AUC(0,3 h) (mmol l-1 h) 3.11 � 1.57 2.41 � 1.47 2.08 � 1.57
Mean difference from control phase (95% CI) -0.70 (-2.31, 0.92) -1.03 (-2.78, 0.73)
Decremental AUC(0,7 h) (mmol l-1 h) 5.28 � 3.25 3.79 � 2.32 3.38 � 4.07
Mean difference from control phase (95% CI) -1.48 (-4.72, 1.76) -1.89 (-6.33, 2.54)
Maximum increase (mmol l-1) 0.80 � 0.70 1.29 � 0.89 1.07 � 0.75
Mean difference from control phase (95% CI) 0.49 (-0.41, 1.39) 0.27 (-0.47, 1.00)
Maximum decrease (mmol l-1) 2.47 � 0.70 2.49 � 0.47 2.18 � 0.71
Mean difference from control phase (95% CI) 0.03 (-0.76, 0.81) -0.28 (-1.18, 0.61)

Data are mean values � SD unless otherwise shown. AUC(0,3 h), area under curve from time zero to 3 h; AUC(0,7 h), area
under curve from time zero to 7 h.
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