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Summary The effect of the selective serotonin reuptake inhibitor (SSRI) sertraline
200 mg/day on the metabolism of intravenously administered tolbutamide was
examined in a randomised nornblinded parallel-group study in 25 healthy male
volunteers. There was a small but statistically significant decrease (16%) in the
clearance of tolbutamide in patients receiving the maximum recommended dos-
age of sertraline. The terminal elimination rate constant was also significantly
reduced, corresponding to the increase in the terminal elimination half-life (from
6.9 to 8.6 hours). The decrease in clearance was not associated with any signifi-
cant changes in plasma protein binding or in the apparent volume of distribution
of tolbutamide. This suggests that the change in tolbutamide clearance may be
due to a slight inhibition of the cytochrome P450 (CYP) isoenzyme CYP2C9/10

i when sertraline was administered in its maximum recommended dosage. How-

j ever, the small changes in the volume of distribution and plasma binding of

tolbutamide after sertraline treatment indicate that there is a minimal interaction

between sertraline and tolbutamide. ‘

Tolbutamide is a sulphonylurea antihypergly-  phenelzine are known to inhibit CYP2C9/10, and
caemic drug used in the treatment of non—insulin-  coadministration of these agents with tolbutamide
dependent diabetes mellitus. Metabolised by asin-  can result in severe adverse effects, including ex-
gle hepatic cytochrome P450 (CYP) isoenzyme  cessive hypoglycaemia.l3]
designated CYP2C9/10, which mediates the hy- Hypoglycaemia has also been reported after
droxylation of the parent drug,!!) tolbutamide can  the ingestion of certain selective serotonin
serve as a model drug to examine the effects of  reuptake inhibitors (SSRIs) by patients taking
concomitantly prescribed drugs on CYP2C9/10  insulin or oral antihyperglycaemic agents.[*! For
function. Medications that inhibit the CYP2C9/10  example, fluoxetine may affect glycaemic control
isoenzyme, such as phenylbutazone, nifedipine,  in patients receiving insulin or oral antihyper-
verapamil and cimetidine, can therefore potentiate glycaemic agents, requiring dosage adjustment of
the pharmacological effects of tolbutamide and  the antihyperglycaemic agent,’’) and paroxetine
other drugs also metabolised by this isoenzyme,  potentially increases adverse effects when co-
such as warfarin and phenytoin.[?] administered with oral antihyperglycaemic

Some monoamine oxidase inhibitors such as agents.3! Thus, it is clear that other SSRIs have
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Table 1. Dosage schedule for 30-day study. All participants were male, a

ged 18 to 40 (mean 26) years, and within 10% of ideal bodyweigh

for age and height
Day Drug administered Dose of drug per day (mg)
1 Tolbutamide 1000 (IV)

2-8 No drug No drug

9-29 Sertraline or placebo 50-200
9-11 Sertraline or placebo 50
12-14 Sertraline or placebo 100
15-17 Sertraline or placebo 150
18-29 Sertraline or placebo 200

30 Sertraline or placebo + tolbutamide 200, 1000 (IV)

demonstrated pharmacodynamic drug interactions
with oral antihyperglycaemic agents, although it is
unknown whether a pharmacokinetic effect is ex-
erted by these drugs.[5!

This study was designed to examine the pharma-
cokinetic effect of sertraline on CYP2C9/10, using
tolbutamide as the model drug in healthy
volunteers.

1. Materials and Methods

1.1 Study Participants

Individuals considered for inclusion in this
randomised nonblinded parallel-group study were
men aged 18 to 40 years who had no evidence of
clinical disease and were within 10% of the ideal
bodyweight for age and height. Smokers and indi-
viduals with a condition that might affect drug ab-
sorption, known drug or alcohol dependence,
known drug allergies, or organic disease of any
type were ineligible for enrolment. Individuals
who had participated in any other investigational
study within the 4 weeks prior to this trial were also
excluded. Individuals who met these criteria were
asked to abstain from taking any drugs for at least
2 weeks before the study. Written informed consent
was obtained from all study participants.

1.2 Study Design and Medications

Individuals were assigned according to com-
puter-generated random permutations to either the
sertraline or placebo treatment group. The assigned
medication was given orally once daily in the
morning with breakfast for 22 days from day 9 of
the study. Sertraline was started at a dosage of
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50 mg/day and increased to the maximum recom
mended dosage, 200 mg/day, in 50mg increment:
every 3 days. The 200 mg/day dosage was then
maintained for the remainder of the study (table I).
Each individual received a single 5-minute intra
venous infusion of tolbutamide 1000mg on 2 occa:
sions. The first infusion was given at the start of
the study (day 1), before administration of eithe
sertraline or placebo. There was a washout perioc
of at least 1 week after the first infusion before
administration of sertraline or placebo (day 9). The
second infusion was given at least 3 hours after the
last dose of sertraline or placebo on day 30 (table I).

1.3 Laboratory Evaluations

To monitor the pharmacokinetics of tolbuta-
mide in the presence and absence of sertraline on
placebo, 8ml of blood from each individual was
collected in a heparinised tube at the following;
times: baseline, i.e. before administration of tolbu-
tamide (t = 0), and 0.08, 0.16, 0.25, 0.5, 1, 2, 6, 8,
12, 18, 24, and 32 hours after the initiation of each
infusion. Plasma tolbutamide concentrations were:
measured by high-performance liquid chromatog-
raphy according to the method of Nation et al.[6]

For testing purposes, 10ml of blood was ob--
tained for the measurement of tolbutamide protein
binding just before each infusion of tolbutamide..
The plasma protein binding of tolbutamide was de-
termined by equilibrium dialysis, at a fortified con--
centration of 50 mg/L, with [*H]tolbutamide.[”

To ensure compliance with the sertraline dosage:
regimen, blood was collected into a heparinised.
tube and used to measure plasma sertraline concen-
trations before the start of sertraline or placebo
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administration and at the end of the 22 days of drug
administration (day 30). All plasma samples were
separated from the whole blood in a refrigerated
centrifuge and stored at —20°C until analysis.
These samples were then assayed for sertraline by
gas chromatography-electron capture.! This tech-
nique had a lower limit of detection of 1.0 pg/L,
with an upper limit of quantification of 60 ug/L.
Samples with drug concentrations above 60 pg/L
were diluted prior to re-assay.

1.4 Pharmacokinetic Parameters and
Statistical Analysis

The clearance of tolbutamide and the percent-
age of unbound tolbutamide in plasma were com-
puted for each tolbutamide infusion. The apparent
volume of distribution (Vd) of tolbutamide, the ter-
minal elimination rate constant (k;), and the termi-
nal elimination half-life (t,3) were also computed
for each dose. The ke was calculated by the least
squares regression of the data points over the linear
portion of the log plasma concentration versus time
curve. The mean ti,g was calculated from the mean
k. (i.e. In2/mean k). The difference between the
baseline value (day 1) and the final infusion (day
30) was computed, and 2-sample t-tests between
the 2 groups (sertraline + tolbutamide vs placebo +
tolbutamide) were performed.

The area under the plasma concentration-time
curve (AUC) for tolbutamide from time O to the
last time point (‘t’) that tolbutamide could be mea-
sured in the plasma (AUC,) was estimated by linear
trapezoidal approximation. The AUC from time ‘t’
to infinity (AUC:...) was estimated as C/ke), where C,
represents the tolbutamide concentration at time ‘t’.
The total AUC (i.e. AUC..) was estimated from the
sum of these two AUC values. The volume of dis-
tribution at steady-state (Vdss) was calculated as
clearance (CL) x MRT, where MRT was the mean
residence time [(AUMC/AUC) — 1/2], 1 is the in-
fusion duration (5 minutes), and AUMC represents
the area under the first moment curve from time 0
to infinity. Clearance of tolbutamide was calcu-
lated as dose/AUC...
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2. Results

A total of 25 men (mean age 26 years; weight
61 to 88kg) were admitted to the study and
randomised to receive either placebo (n = 13) or
sertraline (n = 12).

One individual assigned to receive placebo was
withdrawn from the study after the first dose of
tolbutamide, because of laboratory abnormalities
unrelated to the treatment. One sertraline-treated
individual did not reach the anticipated plasma
concentration of tolbutamide within the expected
time range after the first infusion (0.17 to 0.25
hour; this person’s plasma concentration was 10
mg/L at 0.25 hour, compared with the group mean
+ SD of 135 = 14 mg/L), although the expected
tolbutamide concentration was reached after the
second infusion. It was concluded that the initial
infusion rate of the drug had been too low, and data
related to this individual were therefore excluded
from statistical analyses.

500 @ Sertraline group — day 1
A Placebo group - day 1
O Sertraline group — day 30
200 A Placebo group — day 30

Plasma tolbutamide concentration (mg/L)

T T T T T T T T T H T T

0 2 4 6 8 1012 14 16 18 20 22 24
Time (h)

Fig. 1. Mean plasma tolbutamide concentrations after intra-

venous infusion of tolbutamide 1000mg before and after 22
days of treatment with sertraline or placebo.
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Table iI. Mean values (+ SD) for pharmacokinetic parameters and
22 days of treatment with sertraline or placebo (day 30)

plasma protein binding of tolbutamide at baseline (day 1) and after

Parameter Sertraline group (n=11) Placebo group (n = 12) p value?
day 1 day 30 day 1 day 30

Vdss (L) 102+1.0 108115 105+ 1.4 10.7+1.2 0.191

ket (h7") 0.100 £ 0.020 0.081 +0.018 0.113+0.018 0.112+0.016 0.020

CL (ml/min) 17.7+£3.8 149133 21.0+54 21.0+4.0 0.006

Plasma binding (% unbound) 24102 25+0.3 24103 2503 0.348

tyep (h)P 6.9 8.6 6.2 6.2

a Two-sample t-test was carried out on the changes from day 1 between the 2 groups.

b Harmonic mean only, therefore no SD.

Abbreviations: CL = total body clearance from the plasma; kel = terminal elimination rate constant; tiep = terminal elimination half-life;

Vdss = apparent volume of distribution at steady-state.

Plasma tolbutamide concentrations during the
24-hour period after each infusion are shown in
figure 1. Pharmacokinetic and tolbutamide protein
binding data are shown in table II.

There was a reduction in tolbutamide clearance
from a mean of 17.7 ml/min at baseline to 14.9
ml/min on day 30 in patients receiving sertraline.
This decrease of 16% was small but statistically
significant. Sertraline administration was also
associated with a statistically significant 19%

(decrease in the kg for tolbutamide, which corre-

sponded to a 1.7-hour increase in typ. Vdgs and
plasma protein binding did not change signifi-
cantly, despite administration of sertraline at the
maximum recommended dosage. No changes in
pharmacokinetic parameters or protein binding
were apparent in the placebo group.

Trough plasmasertraline concentrations (24
hours after the last day of treatment) ranged from
40 to 130 pg/L in sertraline-treated individuals,
which is consistent with the plasma drug concen-
tration range expected at steady-state on sertraline
200 mg/day.I! It was concluded that individuals
had complied with the prescribed regimen.

No clinical symptoms of hypoglycaemia were
noted in either the sertraline or the placebo groups.

3. Discussion

This study was designed to test whether sertral-
ine could affect drugs that are metabolised by the
CYP2C9/10 isoenzyme. Tolbutamide was selected
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as amodel drug. Although most depressed patients
are effectively treated with sertraline 50 mg/day, 10!
this study employed the highest recommended
dosage (200 mg/day) in order to assess the effect
of the maximal sertraline dosage on tolbutamide
pharmacokinetics. Sertraline was administered for
a sufficient period to ensure that steady-state
plasma concentrations were attained. Sertraline has
dose-linear pharmacokinetics over the recommended
dosage range of 50 to 200 mg/day; thus, higher
doses of sertraline would be expected to produce
the greater effects on the CYP2C9/10 isoenzyme
and consequently on tolbutamide pharmacokinet-
ics unless the enzyme was completely inhibited. At
200 mg/day, sertraline produced a small but statis-
tically significant decrease in the clearance of tol-
butamide (16%). There was also a parallel decrease
in the tolbutamide ke corresponding to an in-
crease in ty,g from 6.9 to 8.6 hours. The observed
changes in tolbutamide pharmacokinetics did not
result in the development of any hypoglycaemic
episodes in participating volunteers. ,

Tolbutamide clearance in man is predominantly
by biotransformation of hydroxy-tolbutamide!!2!
and mediated by the hepatic CYP2C9/10 iso-
enzyme.l!) Several sulphonamides, including
sulfaphenazole and phenylbutazone potently and
selectively inhibit CYP2C9/10 in vitro.[213] Other
studies have examined the pharmacokinetics of
tolbutamide in humans with the co-administration
of sulfaphenazole, phenylbutazone, oxyphenbutazone

i
{
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and sulfinpyrazone,!!417) with similar baseline CL
and half-life values for tolbutamide as observed in
this study. When administered at therapeutic doses,
these drugs caused up to an 80% decrease in tolbu-
tamide clearance and increases in half-life from
180% to 430%: Therefore, potent inhibitors of
CYP2C9/10 can cause marked effects on tolbuta-
mide clearance and half-life.

The use of tolbutamide as a model substrate for
the CYP2C9/10 isoenzyme in this study may per-
mit these results to be extrapolated to other drugs
also metabolised by this enzyme. In fact, sertraline
200 mg/day has also been shown to have no effect
on phenytoin, another CYP2C9/10 substrate.[18]
Thus, sertraline, on the basis of its minimal effect
on tolbutamide and phenytoin, may be unlikely to
cause a significant pharmacokinetic drug inter-
action with an agent metabolised by CYP2C9/10.

Sertraline at its maximum recommended dos-
age also did not alter the protein binding or the Vdg
of tolbutamide. Even though sertraline, in common
with other SSRIs, is highly protein bound, dis-
placement of bound drugs is rarely the sole caus-
ative factor in clinically significant pharmacoki-
netic interactions. Sertraline has no significant
effect on the protein binding of diazepam!* and
warfarin{!119 (both highly protein-bound drugs),
although there are minor variations in the protein
binding of these agents in the presence of sertraline.

There are several reasons to be cautious when
using fluoxetine or paroxetine with tolbutamide.
Although fluoxetine is the only other SSRI studied
with regard to its effect on tolbutamide and did not
produce any change in tolbutamide pharmacoki-
netics, the fluoxetine study did not accurately re-
produce actual steady-state clinical conditions.[2%!
Both fluoxetine and paroxetine have been associ-
ated with hypoglycaemia in patients receiving oral
antihyperglycaemic agents in addition to insulin.[*!
In this study, no significant episodes of hypo-
glycaemia were observed, despite the steady-state
sertraline plasma concentrations being attained.

When tolbutamide is contraindicated, patients
with non-insulin-dependent diabetes may be treated
with other oral antihyperglycaemic agents, €.g.
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glibenclamide (glyburide). In a study undertaken
in healthy volunteers, sertraline 200 mg/day was not
associated with any significant changes in gliben-
clamide pharmacokinetics or glucose levels.2!1
More studies are needed to confirm the fre-
quency and nature of adverse drug interactions as-
sociated with the use of SSRIs. The interactions
may be pharmacodynamic (such as episodes of
hypoglycaemia) or pharmacokinetic (such as iso-
enzyme CYP2C9/10 interactions associated with
increased plasma drug concentrations). Studies in-
vestigating the effects of paroxetine, fluvoxamine or
citalopram on the pharmacokinetics or pharmaco-
dynamics of tolbutamide are also lacking.

4. Conclusions

Sertraline, at a dosage 4 times higher than the
usually effective dose for the treatment of depres-
sion, decreased the CL, and increased the tyg, of
tolbutamide; however, the Vd and protein binding
were unaffected. These results indicate that sertral-
ine has a small effect on the hepatic isoenzyme
CYP2C9/10 and thus would not be expected to
produce significant pharmacokinetic interactions
with other drugs dependent on this enzyme for
their clearance. However, clinicians should care-
fully monitor therapy when sertraline is added
to a regimen involving drugs metabolised by
CYP2C9/10, to ensure that there are no effects
associated with increased drug concentrations.
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