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Abstract

Pharmacokinetic Interaction between

Losartan and Ticlopidine in Rats

Hyung-ki Kim
Advisor: Prof. Jun-Shik Choi, Ph.D.
Department of Pharmacy,

Graduate School Chosun University

The present study was to investigate the effect of ticlopidine and its
metabolited(EXP-3174), antiplatelet drug, on the pharmacokinetics of losartan,
substrates of CYP3A4, 2C9 and P-gp, in rats. Pharmacokinetic parameters of
losartan and EXP-3174 in rats were determined after an oral administration of
losartan (9 mg/kg) in the presence or absence of ticlopidine (4 and 10 mg/kg). The
pharmacokinetic parameters of losartan were significantly altered by the presence of
ticlopidine compared with the control group (given losartan alone). Presence of
ticlopidine significantly (p < 0.05 4mg/kg; p < 0.01, 10 mg/kg) increased the area
under the plasma concentration—time curve (AUC) of losartan by 30.7-73.1% and
peak plasma concentration (Cy.y) of losartan by 17.3—40.0%, while total plasma
clearance (CL/F) of losartan was decreased by 23.5-42.3%. However there were no
significant changes in the volume of distribution(Vdss), Tm.x and terminal half
life(t;,) of losartan in the presence of ticlopidine. Consequently, the absolute

bioavailability (AB) of losartan in the presence of ticlopidine was 20.6-27.3%,

1



which was enhanced significantly (p < 0.05 4mg/kg; p < 0.01, 10 mg/kg) compared
with the control group (15.8%). The relative bioavailability (RB) of losartan
increased by 1.30 to 1.72 fold in the presence of ticlopidine. Presence of ticlopidine
(10 mg/kg) significantly increased the AUC (41.4%) of EXP-3174 compared with
the control group. The metabolite-parent AUC ratio (MR) was significantly
(P<0.05) decreased by 10.1-18.2% in the presence of ticlopidine (4 and 10mg/kg)
compared to the control group. However there were no significant changes in the
volume of distribution(Vdss), Tu.x and terminal half life(t;,) of EXP-3174 in the
presence of ticlopidine. Ticlopidine significantly enhanced bioavailabiliy of losartan
in rats. The increased bioavailability was due to inhibition of the CYP3A4 and
CYP2C9-mediated metabolism of losartan in the small intestine or in the liver, and
further, due to decreased total body clearance(CL/F) of losartan. However, P-gp
activating was not altered in ticlopidine-treated MCF-7/ADR cells. In conclusion,
the presence of ticlopidine significantly enhanced the bioavailability of losartan. So,
concurrent use of ticlopidine with losartan should require close monitoring for
potential drug interactions in clinics.

Key words: Losartan, EXP-3174, Ticlopidine, Pharmacokinetics, CYP, P-gp, Rat.
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1. Introduction

Losartan potassium (DuP 753 or MK-954), an angiotensin Il receptor antagonist,
is the first of a new class of agents to be introduced for the treatment of
hypertension [1, 2]. Two angiotensin receptor subtypes, angiotensin receptor-1
(AT),) and angiotensin receptor-2 (AT:), have been proposed on the basis of ligand-
binding studies [3]. Studies confirm that losartan is an orally active, long-lasting
selective antagonist of AT, receptors. Losartan is nearly completely absorbed and
extensively metabolized to the active metabolite, EXP-3174 [4]. After oral losartan,
about 5% of the dose is excreted unchanged in the urine and about 8% of the dose
is excreted in the urine as EXP-3174. The remainder of the drug is excreted in urine
and feces as inactive metabolites (oxidative metabolites or glucuronide conjugates).
Rare (< 1%) individuals have been identified in whom the amount of losartan
transformed to EXP-3174 appears to be less than 1% [5]. Andrea et al. suggested
that losartan should be a substrate of both cytochrome P450 (CYP)3A and P-
glycoprotein (P-gp) [6]. In vitro [7-9] and in vivo [10-12] studies demonstrated that
losartan is metabolized by the CYP3A4. Considering that P-gp is co-localized with
CYP3A4 in small intestine, P-gp and CYP3A4 may act synergistically for the
presystemic drug metabolism and lead to the prolonged exposure of P-gp substrates
to CYP3 A4, resulting in the limited absorption of drugs [13-17].

Ticlopidine is a potent inhibitor of platelet aggregation induced by adenosine



diphosphate(ADP), whereas its ability to inhibit aggregation caused by thrombin,
collagen, arachidonicacid, adrenalin, and platelet-activating factor is variable [18]. It
has been tried in a variety of platelet-dependent disease states [19-21]. Several
recent reviews recommend ticlopidine as a valuable alternative when patients cannot
tolerate aspirin [22-27].

Clinically losartan and ticlopidine could be prescribed for treatment of
cardiovascular disease therapy. However, little information is available on the in
vivo effects of these drugs on the pharmacokinetics of the drug.

Given that the bioavailability of losartan is mainly affected by CYP3A4, CYP2C9
and P-gp during the first-pass metabolism, ticlopidine as a dual inhibitor of CYP3A4
and CYP2C9 may provide a therapeutic benefit to improve the pharmacokinetics of
losartan in the combination therapy. Therefore, the present study aims to investigate
the effect of ticlopidine on the pharmacokinetics of losartan and its active metabolite,

EXP-3174, in rats.



2. Materials and methods

2.1. Chemicals

Losartan, EXP-3174 and L-158.809 (internal standard) were obtained from the
Merck Co. (Darmstadt, Germany). Ticlopidine were purchased from the Sigma-
Aldrich Co. (St. Louis, MO, USA). Acetonitrile, methanol, tert-butylmethylether
were purchased from Merck Co. (Darmstadt, Germany). All other chemicals were

reagent grade and all solvents were HPLC grade.

2.2. Drug administration

The protocols of the animal studies were approved by the Animal Care
Committee of Chosun University (Gwangju, Republic of Korea). Male Sprague—
Dawley rats (7-8 weeks of age is weighing 270 to 300 g) were purchased from
the Dae Han Laboratory Animal Research Co. (Eumsung, Republic of Korea),
and were given access to a normal standard chow diet (No. 322-7-1) purchased
from the Superfeed Co. (Wonju, Republic of Korea) and tap water ad libitum.
Throughout the experiment, the animals were housed, four or five per cage, in
laminar flow cages maintained at 22 + 2°C, and 50-60% relative humidity, under
a 12:12 h light-dark cycle throughout the experiment.

The rats were randomly divided into three groups (rn = 6, each): oral

administration of losartan at a dose of 9 mg/kg without or with oral administration



of ticlopidine at a dose of 4 or 10 mg/kg. IV dose was 3mg/kg for absolute
bioavilability. The rats were fasted for at least 24 h prior to beginning of the
experiments. Each animal was anaesthetized with ether and the right femoral artery
(for blood sampling) was cannulated with a polyethylene tube (SP45, I.D. 0.58 mm,
0.D. 0.96 mm; Natsume Seisakusho Co. Ltd, Tokyo, Japan).

The losartan solution was diluted in distilled water to make a 1 mg/kg. The
ticlopidine was suspended in distilled water. Blood samples (0.5 ml) were collected
into heparinized tubes via the femoral artery at 0 (to serve as a control), 0.01(IV),
0.25, 0.5, 0.75(oral), 1, 2, 4, 8, 12 and 24 h after the oral administration of losartan.
Blood samples were centrifuged (13,000 rpm, 5 min), and the plasma sample was

stored at —40C until use for the HPLC analysis of losartan and EXP-3174.

2.3. Method and assay

2.3.1 HPLC Assay

The plasma concentrations of losartan were determined by the HPLC assay modified
from Zarghi et al. [26]. Briefly, a 50 ul aliquot of L-158.809 (5 pg/ml dissolved in
methanol; an internal standard) and a 0.5 ml aliquot of acetonitril were added to a
0.2 ml aliquot of the plasma sample in a 2.0 ml polypropylene microtube. The
mixture was then stirred for 5 min and centrifuged (130,000 rpm, 10 min). A 0.5 ml
aliquot of the organic layer was transferred to a clean test tube and evaporated
under a gentle stream of nitrogen gas at 35 °C. The residue was reconstituted in a
150 pl aliquot of the mobile phase and centrifuged (13,000 rpm, 5 min). A 70 ul

aliquot of the water layer was injected into the HPLC system. The apparatus used in
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this study was a high-performance liquid chromatograph equipped with a Waters
1515 isocratic HPLC Pump, a Waters 717 plus autosampler and a Waters™ 474
scanning fluorescence detector (Waters Co., Milford, MA, USA), an HPLC column
temperature controller (Phenomenex Inc., CA, USA), a Bransonic® ultrasonic
cleaner (Branson Ultrasonic Co., Danbury, CT, USA), A vortex-mixer (Scientific
Industries Co., NY, USA), and a high-speed microcentrifuge (Hitachi Co., Tokyo,
Japan). The UV detector was set to 215 nm. The stationary phase was a
phenomenex C;g column (5 um, 250 x 4.6 mm, Phenomenex co. California, USA)
and the mobile phase was acetonitrile: 0.01 M phosphate buffer (41: 59 v/v, pH 2.5,
adjusted with phosphoric acid). The retention times at a flow rate of 0.8 ml/min are
as follows: internal standard at 6.265 min, losartan at 11.4.12 min and EXP-3174 at
17.828 min. The lower limit of quantification for losartan and EXP-3174 in the rat
plasma was 10 ng/ml and 5 ng/ml, respectively. The coefficients of the variation of

losartan and EXP-3174 were <13.9% and <15.9%, respectively.

2.3.2 CYP inhibition assay

The inhibition assays on the human CYP3A4 and 2C9 enzyme activity were
performed in a multiwell plate using the CYP inhibition assay kit (GENTEST,
Woburn, MA) as described previously [28]. Briefly, human CYP enzymes were
obtained from baculovirus-infected insect cells. CYP substrates (7-BFC and 7-MFC
for CYP3A4 and 2C9, respectively) were incubated with or without test compounds
in a reaction mix containing 1 pmol of P450 enzyme and the NADPH generating
system (1.3 mM NADP, 3.54mM glucose 6-phosphate, 0.4 U/ml glucose 6-

phosphate dehydrogenase and 3.3 mM MgCl,) in potassium phosphate buffer (pH



7.4). Reactions were terminated by adding stop solution after 45 min. Metabolite
concentrations were measured with a spectrofluorometer (Molecular Device,
Sunnyvale, CA) set at an excitation wavelength of 409 nm and an emission
wavelength of 530 nm. Positive controls (I uM ketoconazole and 2 uM
sulfaphenazole for CYP3A4 and 2C9, respectively) were run on the same plate and
produced 99% inhibition. All experiments were performed in duplicate, and results

are expressed as the percent of inhibition.

2.3.3 Rhodamine-123 retention assay

MCF-7/ADR cells were seeded on 24-well plates. At 80% confluence, the cells
were incubated in FBS-free DMEM for 18 h. The culture medium was changed to
Hanks’ balanced salt solution and the cells were incubated at 37 °C for 30 min.
After incubation of the cells with 20 pM rhodamine-123 in the presense of
ticlopidine (1, 3, 10 and 30uM) for 90 min, the medium was completely removed.
The cells were then washed three times with ice-cold phosphate buftfer (pH 7.0) and
lysed in lysis buffer. The rhodamine-123 fluorescence in the cell lysates was
measured using excitation and emission wavelengths of 480 and 540 nm,
respectively. Fluorescence values were normalized to the total protein content of

each sample and presented as the ratio to control values.

2.4. Pharmacokinetic analysis

The following pharmacokinetic data were analyzed using the non-compartmental

method (WinNonlin software version 4.1; Pharsight Corporation, Mountain View,
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CA, USA). The half-life (t,,) was calculated by 0.693/K.;. The peak concentration
(Cimax) and the time to reach peak concentration (t.x) of losartan or EXP-3174 were
directly read from the experimental data. The area under the plasma concentration
time-curve (AUC,,) from time zero to the time of last measured concentration
(Chst) was calculated by the linear trapezoidal rule. The AUC zero to infinite
(AUCy.,) was obtained by the addition of AUC, and the extrapolated area
determined by C,s/K.. The relative bioavailability (RB) was estimated by
/AUC

AUC X 100. The absolute bioavailability (AB) was estimated by

coadmin control

AUC__/AUC, x Dosey/Doseya * 100. The metabolite-parent ratio (MR) was

oral

estimated by AUC,,, ,,,,/AUC

losartan

2.5. Statistical analysis

Statistical analysis was conducted using a one-way analysis of variance (ANOVA)
followed by a posteriori testing with Dunnett’s correction using the means for the
unpaired data. Differences were deemed be significant at a level of p < 0.05. All data

were expressed in terms of the mean = S.D.
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3. Results and Discussion

The calibration curves of losartan (Figure 2) and EXP-3174 (Figure 3) were
linear within the concentration ranges from 10-200 ng/ml, respectively. The
detection limits for losartan and EXP-3174 were 10 ng/ml and 5 ng/ml. The
coefficients of the variation of losartan and EXP-3174 were less than 13.9% and
15.9%, respectively (Figure 2 and Figure 3). Figure 5 shows ticlopidine couldn’t
inhibit p-glycoprotein activitiy.

Figure 6 shows the mean plasma concentration—time profiles of losartan after oral
administration (9 mg/kg) with or without of ticlopidine (4 and 10 mg/kg), and
intravenous losartan (3mg/kg) without ticlopidine. Table 3 lists the relevant
pharmacokinetic parameters of losartan after oral administration. Ticlopidine
significantly (4 mg/kg, P < 0.05; 10 mg/kg, P <0.01) increased the area under the
plasma concentration—time curve (AUC) of losartan and Ticlopidine significantly (P
< 0.05) increased the peak plasma concentration (Cy,yx) of losartan. Total plasma
clearance (CL/F) of losartan was decreased significantly (4 mg/kg, P < 0.05; 10
mg/kg, P <0.01). Consequently, the relative bioavailability (RB) of losartan
increased by 1.30— to 1.72 fold in the presence of ticlopidine. However, there was
no significant change T, volume of distribution (Vdss) and terminal half-life (t;,)
of losartan in the presence of ticlopidine.

CYP3A4 and CYP2C9Y, key enzymes for the metabolism of losartan is mainly
located in liver, and in small intestine [7]. The pharmacokinetic studies indicated

that losartan is metabolized by cytochrome P450 (CYP) isoenzymes, mainly by
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CYP3A4 and CYP2C9 to several active and inactive metabolites [7]. The enhanced
bioavailability of losartan by ticlopidine might be due to the inhibition of CYP3A4
and CYP2C9, and decrease of total plasma clearance(CL/F). This result appeared to
be consistent with previous studies reported by Piao et al. and Choi et al. [31, 32]; a
single oral administration of morin and naringin significantly increased the AUC and
Cmax of nicardipine and diltiazem in rats, respectively. These results were due to
inhibition of CYP3A4 and P-gp in the intestine and/or liver.

Figure 7 depicts the mean plasma concentration—time profiles of EXP-3174 after
oral administration of losartan (9 mg/kg) with or without ticlopidine (4 and 10
mg/kg). As listed in Table 4, presence of ticlopidine (10 mg/kg) significantly
increased the AUC (41.3%) of EXP-3174 compared with the control group.
Metabolite-parent AUC ratio(MR) in the presence of ticlopidine (10 mg/kg)
significantly (p < 0.05) decreased by 18.2 % compared to the control group,
implying that coadministration of ticlopidine could be effective to inhibit the
cytochrome P450 (CYP)3A4-and 2C9-mediated metabolism. Presence of ticlopidine
did not change the T.xandthe volume of distribution (Vdss) of EXP-3174. CYPs
in enterocytes contribute significantly to the “first-pass” metabolism and oral
bioavailability of many drugs and chemicals. The “first pass” metabolism of
compounds in the intestine limits absorption of toxic xenobiotics and may ameliorate
adverse effects. Moreover, induction or inhibition of intestinal CYPs may be
responsible for significant drug/drug interactions when one agent decreases or
increases the F and K, or biotransformation of a concurrently administered drug
[32]. The increased bioavailability of losartan by ticlopidine suggests that CYP3A4

and 2C9 could be inhibited by ticlopidine, which resulted in reducing first-pass
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metabolism of losartan in the intestine and/or liver. Furthermore, another reason for
increased bioavailability of losartan is the decrease of total body clearance (CL/F) of
losartan by ticlopidine. We investigated a cell-based P-gp activity using rhodamne-
123, because losartan is the substrate of P-gp, and the result showed that ticlopidine
did not affect P-gp activity.

Therefore, concomitant use of ticlopidine with losartan will require close
monitoring to potential drug interactions for the safe therapy of cardiovascular
diseases. Clinical importance of these finding should be further investigated in

clinical trials.
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4. Conclusion

Presence of ticlopidine significantly enhanced the bioavailability in rats. The
increased bioavailability was due to inhibition of the CYP3A4- and CYP2C9-
mediated metabolism of losartan in the small intestine or in the liver, and
furthermore, due to decreased total body clearance of losartan. If the results are
further confirmed in the clinical trial, dose adjustment of losartan should be taken
into consideration when losartan is administered concomitantly with ticlopidine to

the patients.
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Figure 1. HPLC chromatograms of the rat’s blank plasma (A}, and the plasma spiked with losartan
(11412 miny, EXP-3174 (17.828 min), and L-158.80% (mternal standard; 6265 min} (B}

Figure 1. HPLC chromatograms of the rat’s blank plasma (A), and the plasma
spiked with losartan (11.412 min), EXP-3174 (17.828 min), and L-158.809 (internal

standard; 6.265 min) (B).

21



1:Z

1.0 ¢

Ratic

0.6

04 r

0.0
0 100 200

Concentration of losartan (ng/ml)

Figure 2. A calibration curve of losartan when spiked into the rat’s blank plasma.

22



Ratic

0.2

0.0

0 100 200
Concentration of EXP-3174 (ng/ml)

Figure 3. A calibration curve of EXP-3174 when spiked into the rat’s blank plasma.

23



100 100
80 1 80
p 3
& 3
> ] > ]
5 60 8 60
G Gy
(=] =]
= =
2 .8
3 40 £ 40
= =
X X
20 4 20
0-r T T 0-r T T T 1
1000 100 10 1 1000 100 10 1 0.1
Log concentration of ticlopidine (M) Log concentration of ticlopidine (uM)

Fig. 4. Inhibitory effect of ticlopidine on CYP3A4 (A) and 2C9 (B) activity. All
experiments were performed in duplicate, and results are expressed as the percent of
inhibition. (ICso: CYP3A4; 32.3uM, CYP2C9; 26.0uM)



7000 -

6000 -
5000 -
4000 -
3000 A
2000 A
1000 -

: 1 /3

MCF-7 0 1 3 10 30 (Ticlopidine, uM)

Relative cellular uptake (Arbitrary unit)

MCF-7/ADR

Fig. 5. Rhodamine-123 retention. MCF-7/ADR cells were incubated with ticlopidine
for 24h. After incubation of MCF-7/ADR cells with 20 uM R-123 for 90 min, the
R-123 fluorescence values in cell lysates were measured using excitation and
emission wavelengths of 480 and 540 nm, respectively. The values were divided by
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Figure 6. Mean arterial plasma concentration—time profiles of losartan after oral
administration of losartan (9 mg/kg) without (e) or with 4 mg/kg (o) or 10 mg/kg
(v) and intravenous of losartan (3 mg/kg) without ticlopidine (V) to rats

(mean+SD, n = 6)
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administration of losartan (9 mg/kg) without (e) or with 4 mg/kg (o) or 10 mg/kg
(V) of ticlopidine to rats (mean+SD, n = 6)
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Table 1. Mean (£ S.D.) plasma concentrations of losartan after oral administration

of losartan (9 mg/kg) without or with ticlopidine to rats (n = 6, each).

Losartan + Ticlopidine Losartan
Time ) ()
4 mg/kg 10 mg/kg v
0 0 0 0 181.4432.65
0.1 5.2+1.04 6.6+1.25 8.2+1.48 104.8+18.86
0.25 9.2+1.84 11+£2.09 13.242.38  68.9+12.40
0.5 12.6+£2.52 14.3+£2.72 16.6+2.99 41+7.38
1 15+3.00 17.6+3.34 21+43.78 27.244.90
2 10.2+£2.04 13.3+£2.53 17+3.06 20.6+3.71
4 7+1.40 9.3+1.77 12£2.16 13.8+2.48
8 5.2+1.04 6.7+1.27 8.6+1.55 9.7+1.75
12 4+0.80 5+0.95 6.2+1.12 7.1£1.28
24 2.1+£0.42 2.8+0.53 3.840.68 4.0£0.72
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Table 2. Mean (£ S.D.) plasma concentrations of EXP-3174 after oral

administration of losartan (9 mg/kg) with or without of ticlopidine to rats (n = 6,

each).
Losartan + Ticlopidine
Time (h) Control
(EXP-3174)
4 mg/kg 10 mg/kg
0 0 0 0
0.1 0.8+0.16 0.8+0.15 0.8+0.14
0.25 0.9+0.18 1.1£0.21 1.2+0.22
0.5 4.4+0.88 5.1+£0.97 6.3+1.13
1 10.242.04 12.342.34 14.94+2.68
2 17.34£3.46 19.543.71 22.844.10
4 14.6+2.92 16+3.04 17.9+£3.22
8 10£2.01 11.242.13 13+£2.34
12 6.9+1.38 7.7+1.46 8.9+1.60
24 3.2+0.64 4+0.76 4.9+0.88
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Table 3. Mean (£ S.D.) pharmacokinetic parameters of losartan after oral
administration(9 mg/kg) and intravenous administration(3 mg/kg) of losartan with

or without of ticlopidine to rats (n = 6, each).

Losartan + Ticlopidine Losartan

Parameter Control
4 mg/kg 10 mg/kg v

AUC (ng-h/ml) 156+28.08 204+36.72* 270+48.57** 330+59.41

Cinax (ng/ml) 15+3.25 17.6+3.64 21+4.16* -
Trnax (h) 1 1 1 -
ty» (h) 12.4+2.48 13.0+2.54 14.2+2.56* 11.4+1.60
Kel(h™) 0.058+0.0116  0.059+0.0118  0.060+0.0119  0.061+0.0201

CL/F(mL/min/kg) 962.6+186.64 736.3£155.17* 555.9+124.50*  149.1+39.35

Vdss(L/min/kg) ~ 13.5+4.18 11.0+3.68 9.5+3.50 -
AB (%) 15.843.05 20.6+3.68%  27.3+4.55%* 100
RB (%) 100 130 172 -

*P <0.05, **P <0.01 compared to control.

AUC: area under the plasma concentration—time curve from 0 h to infinity.
Crax: peak plasma concentration.

Tmax: time to reach the peak plasma concentration.

tio: terminal half-life.

Kel: elimination rate constant.

CL/F: total plasma clearance.

Vdss: volume of distribution at the steady state.

AB: absolute bioavailability.

RB: relative bioavailability.
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Table 4. Mean (£ S.D.) Pharmacokinetic parameters of EXP-3174 after oral

administration of losartan (9mg/kg) with or without of ticlopidine to rats (n = 6,

each).
Losartan + Ticlopidine
Parameter Control
4 mg/kg 10 mg/kg
AUC (ng-h/ml) 232+39.44 272+46.24 328+55.76*
Cnax (ng/ml) 17.3+£2.81 19.5+3.35 22.84+3.74
Tonax (h) 2 2 2
t12 (h) 9.02+1.77 9.69+1.83 10.9+2.01
Kel(h™) 0.081+0.0155 0.073+0.0142 0.058+0.0121
CL/F(mL/min/kg)  647.8+121.46 552.54£99.45%* 457.7491.29*
Vdss(L/min/kg) 7.9£1.61 7.2+1.41 6.5+1.31
M.R(%) 148+26 133424 121+£21%*

*P <0.05, **P <0.01 compared to control.

AUC: area under the plasma concentration—time curve from 0 h to infinity.

Crax: peak plasma concentration.

Tmax: time to reach the peak plasma concentration.

tio: terminal half-life.

Kel: elimination rate constant.

CL/F: total plasma clearance.

Vdss: volume of distribution at the steady state.

M.R: metabolite-parent ratio.
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