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Gender Differences in Ondansetron Pharmacokinetics in Rats
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ABSTRACT: It has been reported that ondansetron is primarily metabolized via hepatic CYP2D
and 3A1/2 in male Sprague–Dawley rats, and CYP2D1 and 3A2 are male dominant and male
specific isozymes, respectively, in rats. Thus, it could be expected that the pharmacokinetics of
ondansetron would be changed in male rats compared with those in female rats. Thus, gender-
different ondansetron pharmacokinetics were evaluated after its intravenous or oral administration
at a dose of 8 mg/kg to male and female Sprague–Dawley rats. After intravenous administration of
ondansetron to male rats, the AUC and time-averaged non-renal clearance (Clnr) of the drug were
significantly smaller (22.6% decrease) and faster (27.3% increase), respectively, than those in female
rats. This probably could be due to faster hepatic blood flow rate in male rats. After oral
administration of ondansetron to male rats, the AUC of the drug was also significantly smaller
(58.8% decrease) than that in female rats, and this could have been due mainly to increased
intestinal metabolism of ondansetron in addition to increased hepatic metabolism of the drug in
male rats. Copyright # 2008 John Wiley & Sons, Ltd.

Key words: gender difference; ondansetron; pharmacokinetics; CYP2D and 3A1/2; rat

Introduction

Since gender differences in the pharmacokinetics
of drugs have been reviewed [1,2], reports in
humans and animals are increasing [3,4]. Gender
differences in the pharmacokinetics of drugs
could have been due to the differences in the
following factors; gastric emptying rate, intest-
inal transit time, gut enzyme, body water space,
muscle mass, organ blood flow rate, organ
function, body fat and hepatic metabolism
between men and women [2]. Among the factors,
differences in hepatic microsomal cytochrome
P450 (CYP) systems play a significant role in the
gender differences [2].

Ondansetron, a potent and selective 5-HT3 (5-
hydroxytryptamine) receptor antagonist, has

been used in the treatment of chemotherapy-
and/or radiotherapy-induced nausea and em-
esis. In rats, ondansetron was rapidly and
extensively absorbed from the gastrointestinal
tract and the extent of absolute oral bioavail-
ability (F) was less than 10% as a result of the
first-pass metabolism [5]. Yang et al. [6] reported
that after intravenous, oral, intraportal, intragas-
tric and intraduodenal administration of ondan-
setron at a dose of 8 mg/kg to male Sprague–
Dawley rats, the unabsorbed fraction for up to
24 h is 1.58% of the oral dose, the F value is
4.07%, and the hepatic and intestinal first-pass
effects are 64.8% and 34.2%, respectively, of the
oral dose. Yang et al. [7] also reported that
ondansetron is primarily metabolized via hepatic
CYP2D and 3A1/2 (not via CYP1A1/2, 2B1/2,
2E1 and 2C11) in male Sprague–Dawley rats; the
time-averaged non-renal clearance (Clnr) of on-
dansetron (the Clnr of ondansetron could repre-
sent the metabolic clearance of the drug in rats)
was significantly slower in rats pretreated with
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quinine hydrochloride (48.9% decrease; a main
inhibitor of CYP2D in rats) and troleandomycin
(13.2% decrease; a main inhibitor of CYP3A1/2 in
rats), but was significantly faster (18.2% increase)
with dexamethasone (a main inducer of
CYP3A1/2 in rats). Hepatic CYP2D1 and 3A2
are male dominant and male specific isozymes,
respectively, in rats [8]. Thus, it could be expected
that the pharmacokinetics of ondansetron would
change in male rats compared with those in
female rats. Differences in the pharmacokinetics
of ondansetron between men and women have
also been reported [9,10]. For example, Pritchard
et al. [9] reported that after single intravenous
(0.15 mg/kg) or oral (8 mg) administration of
ondansetron to three different age groups of
healthy male or nonpregnant female nonsmo-
kers, such as young (21–38 years old), elderly
(61–74 years old), and aged (75–82 years old)
groups, men cleared ondansetron faster than
women, resulting in a lower F in men. Addition-
ally, Jann et al. [10] also reported that men have a
consistently smaller total area under the plasma
concentration–time curve from time zero to time
infinity (AUC) of ondansetron for all the for-
mulations (two extemporaneous 16 mg supposi-
tories and 8 mg commercially available oral
tablet) than that in women. However, the lower
F [9] and smaller AUC [10] of ondansetron in
men were not fully explained.

The aim of this study was to report signifi-
cantly smaller AUC and significantly faster
clearance of intravenous or oral ondansetron in
male rats than those in female rats.

Materials and Methods

Chemicals

Ondansetron hydrochloride dihydrate was sup-
plied from Dong-A Pharmaceutical Company
(Yongin, Republic of Korea). Propranolol [inter-
nal standard for the high-performance liquid
chromatographic (HPLC) analysis of ondanse-
tron] and the reduced form of b-nicotinamide
adenine dinucleotide phosphate (NADPH; as a
tetrasodium salt) were purchased from Sigma–
Aldrich Corporation (St Louis, MO). Other
chemicals were of reagent grade or HPLC grade.

Rats

Protocols for the animal studies were approved
by the Institute of Laboratory Animal Resources
of Seoul National University, Seoul, Republic of
Korea. Male (weighing 235–340 g) and female
(weighing 220–240 g) Sprague–Dawley rats, 8–10
weeks old, were purchased from the Samtako Bio
Korea (Osan, Republic of Korea). Rats were
maintained in a clean-room (Animal Center for
Pharmaceutical Research, College of Pharmacy,
Seoul National University) at a temperature of
23� 28C with 12 h light (07:00–19:00) and dark
(19:00–07:00) cycles, and a relative humidity of
55� 5%. The rats were housed in metabolic
cages (Tecniplast, Varese, Italy) under filtered,
pathogen-free air, with food (Sam Yang Com-
pany, Pyeongtaek, Republic of Korea) and water
available ad libitum.

Measurement of Vmax, Km, and Clint for the
disappearance of ondansetron in hepatic and
intestinal microsomal fractions

The procedures used for the preparation of
hepatic [11] and intestinal [12] microsomal frac-
tions were similar to reported methods. Micro-
somal protein content was measured using a
reported method [13].

The Vmax (the maximum velocity) and Km (the
apparent Michaelis–Menten constant; the con-
centration at which the rate is one-half of the
Vmax) for the disappearance of ondansetron were
determined after incubating the above microso-
mal fractions (equivalent to 0.5 and 1.0 mg
protein for the hepatic and intestinal microsomes,
respectively), a 5 ml aliquot of distilled water
containing ondansetron hydrochloride dihydrate
having the final ondansetron base concentrations
of 0.05, 0.1, 0.2, 0.5, 1, 2 or 5 mm (for both hepatic
and intestinal microsomes), and a 50 ml aliquot of
0.1m phosphate buffer (pH 7.4) containing 1 mm

NADPH in a final volume of 0.5 ml by adding
0.1m phosphate buffer (pH 7.4) in a water-bath
shaker [378C, 50 oscillations per min (opm)]. All
of the above microsomal incubation conditions
were linear. The reaction was terminated by the
addition of 0.5 ml of dichloromethane after 5 min
incubation for both hepatic and intestinal micro-
somes.
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The kinetic constants (Km and Vmax) for the
disappearance of ondansetron were calculated
using a non-linear regression method [14]. The
intrinsic clearance (Clint) for the disappearance of
ondansetron was calculated by dividing the Vmax

by the Km.

Measurement of rat plasma protein binding of
ondansetron using equilibrium dialysis

Protein binding values of ondansetron to fresh
plasma from male and female rats (n=5, each)
were measured using equilibrium dialysis [6].
Plasma (1 ml) was dialysed against 1 ml of
isotonic S�rensen phosphate buffer (pH 7.4)
containing 3% (w/v) dextran (‘the buffer’) in a
1 ml dialysis cell (Spectrum Medical Industries,
Los Angeles, CA) using a Spectra/Por 4 mem-
brane (mol. wt cutoff of 12–14 KDa; Spectrum
Medical Industries). After 4 h incubation, two
50 ml aliquots were collected from each compart-
ment and stored at �708C until used for the
HPLC analysis of ondansetron. The binding
value of ondansetron to 4% human serum
albumin was constant, 73.1� 2.30%, at ondanse-
tron concentrations ranging from 0.2 to 5 mg/ml.
Thus, an ondansetron concentration of 0.5 mg/ml
was arbitrarily chosen for these plasma protein
binding studies.

Pretreatment of rats for intravenous or oral study

Early in the morning, the jugular vein (for drug
administration in the intravenous study) and the
carotid artery (for blood sampling) of each rat
were cannulated with a polyethylene tube (Clay
Adams, Parsippany, NJ) while each rat was
under light ether anesthesia [15]. Both cannulae
were exteriorized to the dorsal side of the neck,
where each cannula was terminated with a long
silastic tube (Dow Corning, Midland, MI). Both
silastic tubes were inserted into a wire sheath to
allow free movement of the rat. Then, each rat
was housed individually in a rat metabolic
cage (Daejong Scientific Company, Seoul, Repub-
lic of Korea) and allowed to recover from the
anesthesia for 4–5 h before beginning the experi-
ment. Thus, the rats were not restrained in the
present study.

Intravenous study

Ondansetron hydrochloride dihydrate (dissolved
in distilled water) at a dose of 8 mg (2 ml)/kg as
ondansetron base was infused over 1 min via the
jugular vein of male (n=7) and female (n=8) rats.
A blood sample (approximately 0.22 ml) was
collected via the carotid artery at 0 (control), 1
(at the end of the infusion), 3, 7, 15, 30, 45, 60, 75,
90, 120, 150 and 180 min after the start of the
intravenous infusion of ondansetron. A hepar-
inized 0.9% NaCl-injectable solution (20 units/
ml; 0.3 ml) was used to flush the cannula
immediately after each blood sampling to pre-
vent blood clotting. Blood samples were imme-
diately centrifuged and a 100 ml aliquot of each
plasma sample was stored at �708C until used
for the HPLC analysis of ondansetron [16,17]. At
the end of 24 h, each metabolic cage was rinsed
with 5 ml of distilled water and the rinsings were
combined with the 24 h urine sample. After
measuring the exact volume of the combined
urine sample, two 100 ml aliquots of the combined
urine sample were stored at �708C until used for
the HPLC analysis of ondansetron. At 24 h, each
rat was exsanguinated and killed by cervical
dislocation.

Oral study

Ondansetron hydrochloride dihydrate (the same
solution used in the intravenous study) at a dose
of 8 mg (5 ml)/kg as ondansetron base was
administered orally using a feeding tube to male
(n=6) and female (n=5) rats. Blood sampling time
schedules were 0, 3, 5, 10, 20, 30, 40, 50, 60 and
90 min after oral administration of ondansetron.
Other procedures were similar to those for the
intravenous study.

HPLC analysis of ondansetron

Concentrations of ondansetron in the samples
were determined using a slight modification of
reported HPLC methods [16,17]. Briefly, a 50 ml
aliquot of pH 9 buffer solution and a 20 ml aliquot
of distilled water containing 50 mg/ml of propra-
nolol (internal standard) were added to a 100 ml
aliquot of sample. Then, the mixture was
extracted with 0.5 ml of dichloromethane. After
vortex-mixing for 30 s and centrifugation
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(15000� g, 10 min), the upper aqueous layer was
discarded. The organic layer was transferred into
a new tube and evaporated (Dry Thermo Bath
MG-2100; Eyela, Tokyo, Japan) under a gentle
stream of nitrogen gas at room temperature. The
residue was reconstituted in a 100 ml aliquot of
the mobile phase and a 75 ml aliquot was directly
injected onto a reversed-phase (C18; Symmetry1;
100 mm, ‘.� 4.6 mm, i.d.; particle size, 3.5 mm;
Waters, Milford, MA) HPLC column. The mobile
phase, 0.02 m sodium phosphate monobasic
solution: acetonitrile [70:30 (v/v); adjusted pH
to 4.0 with 85% phosphoric acid], was run at a
flow rate of 1.0 ml/min, and the column eluent
was monitored using an ultraviolet detector at
305 nm at room temperature. The retention times
of ondansetron and propranolol (internal stan-
dard) were approximately 2.2 and 3.6 min,
respectively. The detection limit of ondansetron
in rat plasma and urine samples were all 0.02 mg/
ml. The coefficients of variation (intra- and inter-
day) were below 5.39%.

Pharmacokinetic analysis

The AUC was calculated using the trapezoidal
rule}extrapolation method [18]. The area from
the last datum point to time infinity
was estimated by dividing the last measured
plasma concentration by the terminal-phase rate
constant.

Standard methods [19] were used to calculate
the following pharmacokinetic parameters using
a non-compartment analysis (WinNonlin1; pro-
fessional edition version 2.1; Pharsight, Mountain
View, CA); the time-averaged total body, renal
and non-renal clearances (Cl, Clr and Clnr,
respectively), the terminal half-life, the first

moment of AUC (AUMC), the mean residence
time (MRT), the apparent volume of distribution
at steady states (Vss), and the F [15]. The peak
plasma concentration (Cmax) and the time to
reach Cmax (Tmax) were directly read from the
experimental data.

Statistical analysis

A value of p50.05 was deemed to be statistically
significant using an unpaired t-test. All data are
expressed as mean� standard deviation, except
for as a median (ranges) for Tmax.

Results

Protein binding of ondansetron to plasma from
male and female rats

Protein binding values of ondansetron to fresh
plasma from male and female rats (n=5, each)
were 74.3� 7.09% and 73.9� 9.64%, respec-
tively; they were not significantly different.

Vmax, Km and Clint for the disappearance of
ondansetron in hepatic and intestinal microsomes
of male and female rats

The Vmax, Km and Clint for the disappearance of
ondansetron in hepatic microsomes of male and
female rats are listed in Table 1. The Vmax and the
Km values were comparable between male and
female rats, suggesting that the maximum velo-
city for the disappearance of ondansetron (pri-
marily metabolism) and the affinity of the
enzyme(s) for the ondansetron were not signifi-
cantly different between male and female rats.
However, the Clint in male rats was significantly

Table 1. Mean (� SD) Vmax, Km and Clint for the disappearance of ondansetron in the hepatic and intestinal microsomes of male
and female rats

Parameter Hepatic microsomes Intestinal microsomes

Male (n=5) Female (n=5) Male (n=5) Female (n=4)

Vmax (nmol/min/mg protein) 3.14� 1.02 2.26� 0.961 0.0505� 0.0446 0.0381� 0.0119
Km (mm) 33.0� 10.3 28.7� 12.9 2.92� 2.43 2.70� 0.965
Clint (ml /min/mg protein) 0.0947� 0.00372 0.0796� 0.00329a 0.0169� 0.00252 0.0144� 0.00161
Total protein (mg/whole liver) 127� 20.3 88.9� 13.4a 6.41� 2.17 5.43� 1.46

a Significantly different (p50.05) from male rats.
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faster (19.0% increase) than that in female rats,
suggesting that the formation of metabolite(s) of
ondansetron was increased in male rats com-
pared with that in the female rats. The total
protein in male rats was significantly greater
(42.9% increase) than that in female rats.

The Vmax, Km and Clint for the disappearance of
ondansetron in intestinal microsomes of male
and female rats are also listed in Table 1. The
Vmax and the Km values were also comparable
between male and female rats. The Clint in male
rats was faster (17.4% increase; p=0.123) than that
in female rats. The total protein in male rats was
greater (18.0% increase; p=0.306) than that in
female rats.

Pharmacokinetics of ondansetron after intrave-
nous administration

For the intravenous administration of ondanse-
tron to male and female rats, the mean arterial
plasma concentration–time profiles of the
drug are shown in Figure 1(a), and the relevant
pharmacokinetic parameters are listed in Table 2.
Compared with female rats, the AUC was
significantly smaller (22.6% decrease), and the
Cl and the Clnr were significantly faster (26.8%
and 27.3% increase, respectively) in male rats.

Pharmacokinetics of ondansetron after oral ad-
ministration

For the oral administration of ondansetron to
male and female rats, the mean arterial plasma
concentration–time profiles of the drug are
shown in Figure 1(b), and the relevant pharma-
cokinetic parameters are also listed in Table 2.
Compared with female rats, the AUC was
significantly smaller (58.8% decrease), the term-
inal half-life was significantly shorter (18.2%
decrease) and the percentage of the dose excreted
in the 24 h urine as unchanged ondansetron
(Ae0–24 h) was significantly smaller (62.3% de-
crease) in male rats.

Discussion

After intravenous (at doses of 1–20 mg/kg) and
oral (at doses of 4–20 mg/kg) administration of

ondansetron to male Sprague–Dawley rats, the
AUC values of ondansetron were dose-propor-
tional [6]. Thus, an ondansetron dose of 8 mg/kg
was arbitrarily chosen for the present study.

After intravenous administration of ondanse-
tron, the contribution of the gastrointestinal
(including the biliary) excretion of the unchanged
ondansetron to the Clnr of ondansetron was
almost negligible; the percentages of the intrave-
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Figure 1. Mean arterial plasma concentration–time profiles of
ondansetron after its intravenous infusion at a dose of 8 mg/
kg to male (*; n=7) and female (*; n=8) rats (a), and its oral
administration at a dose of 8 mg/kg to male (*; n=6) and
female (*; n=5) rats (b). Bars represent standard deviation
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nous doses of ondansetron (1–20 mg/kg) recov-
ered from the gastrointestinal tract (including its
contents and feces) at 24 h (GI24 h) were almost
negligible, less than 0.422% of the dose [6].
Moreover, the 24 h biliary excretion of unchanged
ondansetron was less than 0.231% of the intra-
venous dose (8 mg/kg) in five male Sprague–
Dawley rats with bile duct cannulation [6]. Thus,
the Clnr of ondansetron listed in Table 2 could
represent the metabolic clearance of the drug.
Additionally, changes in the Clnr of ondansetron
could represent changes in the metabolism of the
drug in rats.

After intravenous administration of ondanse-
tron to male rats, the Clnr of the drug was
significantly faster than that in female rats (Table
2). It has been reported that the hepatic first-pass
effects of ondansetron after absorption into the
portal vein is 68.4% after intravenous and
intraportal administration of the drug at a dose
of 8 mg/kg to male Sprague–Dawley rats [6].
Because, ondansetron is close to a high hepatic
extraction ratio drug (hepatic extraction ratio of
570%) in rats, its hepatic clearance depends
more on the hepatic blood flow rate and the free
(unbound to plasma proteins) fraction of the
drug in plasma rather than on the Clint for the

disappearance of ondansetron in rats [20].
Although gender difference in the hepatic blood
flow rate in rats does not seem to have been
published, it has been reported [21] that the liver
weight in male rats was significantly heavier
than that in female rats. For example, in 8 week
old male rats, the liver weight was significantly
heavier (15.6% increase) than that in female rats.
In mouse, rat, rabbit, monkey, dog and human,
the hepatic blood flow rate was approximately
1 ml/g liver/min [22]. The plasma protein bind-
ing values of ondansetron were comparable
between male and female rats as mentioned
earlier. Thus, the significantly faster (smaller) Clnr

(AUC) of ondansetron in male rats (Table 2) could
possibly be due to the faster hepatic blood flow
rate than that in female rats. Although it has been
reported that hepatic CYP2D1 and 3A2 are male
dominant and male specific isozymes, respec-
tively, in rats [8], and the Clint for the disappear-
ance of ondansetron in hepatic metabolism of
male rats are significantly faster than that in
female rats (Table 1), the contribution of these
factors to the significantly faster (smaller) Clnr

(AUC) of intravenous ondansetron in male rats
(Table 2) did not seem to be considerable.

After oral administration of ondansetron to
male rats, the AUC of the drug was also
significantly smaller than that in female rats
(Table 2). This could be due to increased
intestinal metabolism of ondansetron in addition
to increased hepatic metabolism of ondansetron
in rats. It has been reported that the intestinal
first-pass effect of ondansetron is 34.2% in male
Sprague–Dawley rats after intraportal and in-
traduodenal administration of the drug at a dose
of 8 mg/kg [6]. Because, ondansetron is close to a
low intestinal clearance drug (intestinal extrac-
tion ratio of 530%), its intestinal clearance
depends more on the Clint for the disappearance
of ondansetron in the intestine rather than on
the intestinal blood flow rate, if the hepatic
clearance concept [20] could also be applied to
the intestinal clearance. The smaller AUC of oral
ondansetron in male rats could be supported by
the faster Clint in the intestinal microsomes of
male rats (Table 1). Although the Clint in male rats
was not significantly faster (p=0.123) than that in
female rats (Table 1), the value could be
considerably faster considering the large intest-

Table 2. Mean (� SD) pharmacokinetic parameters of on-
dansetron after its intravenous or oral administration at a
dose of 8 mg/kg to rats

Parameter Female Male

Intravenous (n=8) (n=7)
AUC (mg min/ml) 257� 47.4 199� 21.1a

Terminal half-life (min) 38.0� 5.28 33.2� 3.68
MRT (min) 19.4� 5.95 15.5� 2.98
Cl (ml/min/kg) 32.1� 5.97 40.7� 4.36a

Clr (ml/min/kg) 0.543� 0.270 0.618� 0.133
Clnr (ml/min/kg) 31.5� 5.90 40.1� 4.38a

Vss (ml/kg) 634� 262 632� 164
Ae0–24 h (% of dose) 1.72� 0.746 1.54� 0.370

Oral (n=5) (n=6)
AUC (mg min/ml) 47.6� 15.6 19.6� 8.46a

Terminal half-life (min) 34.0� 3.18 27.8� 4.46a

Cmax (mg/ml) 1.62� 0.705 0.878� 0.600
Tmax (min) 10.0 (5.00–10.0) 5.00 (5.00–10.0)
Ae0–24 h (% of dose) 0.642� 0.312 0.242� 0.156a

F (%) 18.5 9.85

a Significantly different (p50.05) from female rats.

GENDER-DIFFERENT ONDANSETRON PHARMACOKINETICS 411

Copyright # 2008 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 29: 406–413 (2008)
DOI: 10.1002/bdd



inal surface area. It has been reported that
CYP3A is most expressed [23], but CYP2D is
little expressed [24] in the rat intestine. Aiba et al.
[25] reported that protein expression of intestinal
CYP3A1/23 and 3A9 did not differ in male and
female rats and intestinal CYP3A2 was not
detected in male and female rats. Although the
Clint for the disappearance of ondansetron in the
intestinal microsomes of male rats was consider-
ably faster than that in female rats (Table 1), the
exact reason is not clear.

Pritchard et al. [9] also reported that the
clearance of intravenous ondansetron was faster
in men than that in women. Although the hepatic
first-pass effect of ondansetron in humans does
not seem to have been published, the effect was
‘indirectly’ estimated by dividing the hepatic
clearance of the drug by the hepatic blood flow
rate [26]. The effect was estimated based on the
hepatic blood flow rate of 1450 ml/70 kg/min
and the hematocrit of 0.45 in humans [22], and
the intravenous ondansetron clearance of 702 ml/
min and 95% of the ondansetron dose was
cleared in the liver in humans [27]. The hepatic
first-pass effect of ondansetron thus estimated
was 85.2%. Because ondansetron is a high hepatic
extraction ratio drug in humans, its hepatic
clearance depends more on the hepatic blood
flow rate and free fraction of the drug in plasma
rather than on the Clint [20]. It has been reported
[28] that the hepatic blood flow rate was faster in
men than that in women. Thus, the slower
clearance and smaller AUC of ondansetron after
intravenous administration of the drug to men
[9] could be due possibly to the faster hepatic
blood flow rate than that in women [28]. Gender-
different plasma protein binding of ondansetron
in humans does not seem to have been pub-
lished. It has been reported that in humans,
hepatic CYP1A1/2 plays the most important role,
whereas CYP2D6 plays a relatively minor role,
and involvement of CYP3A seems important
only at relatively high concentrations of ondan-
setron for the metabolism of ondansetron [28].
Although it has been reported that the activity of
CYP1A2 was higher in men [25,29], the contribu-
tion of this factor to the faster clearance of
intravenous ondansetron [9] does not seem to
have been considerable. However, George et al.
[30] reported no gender difference in the protein

expression of hepatic CYP1A2, 2C, 2E1, and 3A
in humans.

In conclusion, the significantly faster (smaller)
Clnr (AUC) of ondansetron after intravenous
administration of the drug to male rats (Table 2)
could be possibly due to faster hepatic blood
flow rate in male rats. The significantly smaller
AUC of ondansetron after oral administration of
the drug to male rats (Table 2) could be due to
increased intestinal metabolism of ondansetron
(faster Clint for the disappearance of ondanse-
tron), in addition to increased hepatic metabo-
lism of ondansetron in male rats.
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