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ABSTRACT- Purpose. Indapamide, a non-thiazide antihypertensive diuretic agent, has been widely
coadministered with other classes of antihypertensive agents to reach target systolic blood pressure.
Indapamide is extensively metabolized by cytochromes P450. Interaction of indapamide and other
antihypertensive drugs are unknown. We investigated the effects of other antihypertensive drugs on the
metabolism and pharmacokinetics of indapamide in vitro and in vivo. Methods. Indapamide metabolism
was studies in vitro using human liver microsomes pretreated with or without different concentrations of
CYP-selective inhibitors and seven major antihypertensive drugs, felodipine, nifedipine, nitrendipine,
telmisartan, irbesartan, valsartan and puerarin. Furthermore, the pharmacokinetics of indapamide was
determined by HPLC-MS/MS to evaluate the effects of felodipine coadministered on the bioavailability of
indapamide in rats in vivo. Results. The Km and Vmax of indapamide metabolism were 114.35 + 3.47 uM
and 23.13 £ 6.61 pmol/g/min. The metabolites of indapamide, hydroxyl-indapamide and
dehydrogen-indapamide, were followed. CYP3A4 and CYP2C19 were involved in indapamide
metabolism in human live microsomes. In addition, felodipine, nifedipine and nitrendipine significantly
inhibited indapamide metabolism with the maximum inhibitory rates of 82.6%, 72% and 95%, respectively.
Felodipine significantly elevated indapamide plasma concentration and prolonged its half-life.
Conclusions. Combination therapy of indapamide and felodipine might lead to the alteration of
indapamide metabolism and pharmacokinetics. The consequence of such an interaction that may include
increased effectiveness and side effect needs to be tudeis in human.

This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page.

INTRODUCTION these two drugs showed significantly reduced
risks of major vascular events in patients with
Indapamide,  3-(aminosulfonyl)-4-chloro-N-(2, type 2 diabetes mellitus (4). Though proved to be
3-dihydro-2-methyl-1H-indol-1-yl) benzamide, is the most effective means of achieving target
a non-thiazide antihypertensive diuretic agent blood pressure values by clinical trials,
which contains sulfamoyl chlorobenzamide and particularly in the large number of patients in
methylindoline groups. It has been widely used whom  monotherapy is ineffective, this
for its mild and sustained antihypertensive effect combination therapy of indapamide and other
when administered orally at low doses. antihypertensive agents probably leads to
Recently, most patients clinically require two potential drug-drug interactions which is a
or more classes of antihypertensive agents to particularly important type of adverse drug event.
reach their target systolic blood pressure and this Drug-drug interactions may occur if the
combination therapy has become standard expression levels and activities of cytochrome
practice in the contemporary management of P450 are influenced by another drug, and
hypertension (1). It has been reported that the interactions can lessen or magnify the desired
combination of a low dose (2 mg) of perindopril, therapeutic effect of a drug, or may cause
an angiotensin-converting enzyme inhibitor, and a unwanted or unexpected side effects (5).

low dose (0.625 mg) of indapamide, can result in
greater blood pressure reduction and less albumin
excretion (2, 3). A recent large Phase III clinical
trial (11, 140 patients in the advance trial in
twenty countries) of a fixed-dose combination of
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Indapamide is extensively metabolized to 19
metabolites by CYP with less than 5% found
unchanged in urine (6, 7). However, the reports
on adverse effects and drug-drug interactions of
indapamide are  mostly involved in
pharmacological activities, in which patients
administrated with recommended doses of
indapamide had severe hyponatremia, fluid and
electrolyte imbalances, glucose tolerance and
calcium excretion, et al (8-11). There are not any
study on potential pharmacodynamic action and
safety of indapamide with liver CYP-mediated
drug interactions.

In clinical application, indapamide is often
combined with one of the seven major
antihypertensive drugs, felodipine, nifedipine,
nitrendipine, telmisartan, irbesartan, valsartan and
puerarin (12-18) in therapeutic regimens of
Chinese patients with cardiovascular disease to
reduce side effects or toxicity and achieve more
blood pressure lowering than up-titration of the
monotherapy alone. In addition, these seven
antihypertensive drugs are metabolized by CYP
or alter the CYP activities (19-25). We
hypothesized that the coadministration of
indapamide and seven other antihypertensive
drugs would possibly modify the metabolism of
indapamide. Herein, we report a study of the
comparative  metabolism  kinetics and of
indapamide and its metabolites by human liver
microsomes  treated  with  or  without
CYP-selective  inhibitors and the seven
antihypertensive drugs using HPLC-UV and
HPLC-MS/MS. The pharmacokinetic interaction
of indapamide and felodipine was assessed by
concentration-time profiles and main
pharmacokinetic parameters of indapamide in rats
in vivo.

MATERIALS AND METHODS

Materials and reagents

Indapamide, a-naphthoflavone, sulfaphenazole,
ticlopidine, quinidine, 4-methylpyrazole and
ketoconazole were purchased from Sigma
Chemical Co. (St Louis, MO). Telmisartan,
felodipine, irbesartan, valsartan, puerarin,
nifedipine and nitrendipine were purchased from
National Institute for the Control of
Pharmaceutical and Biological Products of China
(Beijing, China). <Beta>-nicotinamine adenine
dinucleotide phosphate (NADPH) in reduced
form was purchased from Roche Co. (Basel,
Switzerland). Pooled human liver microsomes
were purchased from BD Biosciences (San Jose,

CA). Tris (hydroxymethyl) aminomethane (Tris,
ultra pure grade) was purchased from Angus Co.
(Illinois, USA). Methanol (HPLC grade) was
obtained from Tedia Co. (Fairfield, OH, USA).
Ammonium acetate was of analytic-grade purity
and purchased from Nanjing Chemical Reagent
Co. Ltd. (Nanjing, P.R. China). Deionized water
was purified through PL5242 Purelab Classic UV
(PALL Co. Ltd., USA) before use. All materials
were of the highest grade available.

Animals

Male Sprague-Dawley rats (220 £ 10 g) were
supplied by the Animal Central of the Chinese
Academy of Science in Shanghai (Shanghai,
China) and housed in an air-conditioned animal
quarter at a temperature of 22 £ 2° C and a
relative humidity of 50 + 10%, and kept on a 12 h
light/dark cycle with free access to food. The
animals were fasted for 12 h prior to dosing. All
animal experiments were carried out according to
Guideline for the Care and Use of Laboratory
Animals, and approved by the Animal Ethics
Committee of China Pharmaceutical University.

Equipments and chromatographic conditions
Chromatographic HPLC-UV assay of kinetic
analysis and inhibition of indapamide metabolism
by CYP-selective inhibitors and antihypertensive
agents in vitro, was performed on Shimadzu 2010
HPLC system equipped with a quaternary pump,
an autosampler and UV detector (Shimadzu,
Kyoto, Japan). The substrates were separated on
4.6 mm x 250 mm and 5 pm particle size of
AichromBond-1 C18 column (Agilent, USA) with
a mobile phase consisted of 55% methanol and
45% water (containing 0.2% ammonium acetate)
on the wavelength of 240 nm at the flow rate of
1.0 mL/min.

Thermo-Finnigan TSQ Quantum Ultra
tandem mass spectrometer equipped with an
electrospray ionization source (San Jose, CA,
USA), a Finnigan surveyor LC pump and an auto
sampler were used for the HPLC-MS/MS analysis
of identification of indapamide metabolites and
pharmacokinetics of indapamide with or without
felodipine in rats in vivo. Data acquisition was
performed with  Xcalibur 1.4  software
(Thermo-Finnigan, San Jose, CA, USA).

Chromatographic assay of identification of
indapamide metabolites was performed according
to the chromatographic condition of kinetic
analysis of indapamide metabolism. The mass
spectrometers were operated in the positive ion
detection mode with the spray voltage set at 5000
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V. The heated capillary temperature was 300° C.
The nitrogen sheath gas and the auxiliary gas
were set at 35 and 5 psi, respectively. All
parameters were optimized by infusing the
analyte in mobile phase at a flow rate of 0.1
mL/min. The fragment ions were produced by
collision-induced dissociation of the selected
precursor ions with the collision energy of 20 eV.

Chromatographic  separations assay of
pharmacokinetic of indapamide with or without
felodipine in rats in vivo, were performed on 4.6
mm X 250 mm and 5 pm particle size of
ZORBAX ODS column (Agilent, USA). The
mobile phase of methanol-water containing 0.2%
ammonium acetate (64:36, v/v) was used
isocratically eluting at the flow-rate of 1 mL/min
and the total period for one sample was about 5
min. A 5 pL sample was injected into the column
and 30% of the eluent was split into the inlet of
the mass spectrometer using an electrospray
ionization source. The column temperature was
maintained at 30° C and the autosampler was set
at 4° C. Parameters of mass spectrometer were
selected according to identification of indapamide
metabolites. Quantification was performed in the
positive ion detection mode with selected reaction
monitoring with argon at a pressure of 1.0 mTorr
for collision-induced dissociation of the following
transitions: indapamide m/z 365.8—132.1 with
the collision energy set at 20 eV, and glipizide (IS)
m/z 445.9—167.0 with collision energy set at 35
eV.

Validation Assay

Calibration standards were prepared and assayed
with indapamide concentration range of 1-1500
ng/mL in rat whole blood and 1-120 uM in human
liver microsomes. The calibration curves were
generated by plotting the peak area ratios of
indapamide to the IS versus the concentrations of
indapamide with 1/C* weighted least-squares
linear regression analysis. The acceptance
criterion of a calibration curve was a correlation
coefficient (r) of 0.99 or better, and that for each
back-calculated standard concentration must be
within +15% deviation from the spiked value
(£20% at the LLOQ).

Intra-day and inter-day validation studies for
precision and accuracy were performed at three
QC levels. The QC concentrations were set at 2,
80 and 1000 ng/mL in rat whole blood and 2, 60
and 100 pM in human liver microsomes,
respectively. To determine intra-day precision and
accuracy, the assay was carried out on QC
samples at different time points during the same

day. Inter-day precision and accuracy were
determined by assaying the QC samples over 5
consecutive days. The precision was expressed as
R.S.D. (%) and the accuracy was determined as
by percentage between the mean measured
concentrations and the spiked concentrations.

The extraction recovery of indapamide
evaluated by analyzing five replicates
concentrations at 2, 80 and 1000 ng/mL in rat
whole blood and 2, 60 and 100 uM in human liver
microsomes, respectively. The recovery was
calculated by comparing the peak areas of the
analysts in the spiked samples with those of the
equivalent amounts of the analysts in the samples
without extration.

Microsomal incubation conditions

Microsomal  incubation  conditions ~ were
established and controlled to provide a
reproducible and linear rate of indapamide
metabolism in vitro. A typical reaction mixture
contained 100 mM potassium phosphate buffer
(pH 7.4), 1.0 g/L microsomal protein and 100 pM
indapamide in the final volume of 0.5 mL. The
incubation mixture was preincubated at 37 °C for
5 min and reactions were initiated by adding 50
pL NADPH (10 mM), then incubated at 37° C for
the pre-selected intervals in a shaking water bath.
The reaction system was terminated by adding 0.5
mL ice-cold acetonitrile (26).

Incubation of indapamide with CYP-selective
inhibitors and antihypertensive drugs in
human liver microsomes in vitro

Inhibition of indapamide metabolism in human
liver microsomes was performed by incubating
indapamide with or without the different
concentration ranges of specific CYP inhibitors,
such as a-naphthoflavone (CYP1A2, 0.08-50 uM),
sulfaphenazole  (CYP2C9, 0.04-10 uM),
ticlopidine (CYP2C19, 0.04-25 pM), quinidine
(CYP2D6, 0.02-12.5 uM), 4-methylpyrazole
(CYP2E1, 0.05-5 upM) and ketoconazole
(CYP3A4, 0.1-10 pM) (27-32). The seven
antihypertensive drugs, felodipine, nifedipine,
nitrendipine, telmisartan, irbesartan, valsartan and
puerarin, were often combined with indapamide
in therapeutic regimens of Chinese patients with
cardiovascular disease (12-18). Therefore, the
drug-drug interactions of indapamide and these
seven antihypertensive drugs were investigated in
human liver microsomes in vitro. Maximum
concentrations selected of these seven drug
candidates in this study, were calculated with
reference to human oral dose coadministered with
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indapamide in clinical (12-18). Series of
concentrations were set at the different
concentration ranges of felodipine (0.13-83.33
uM), nifedipine (0.63-98.27 pM), nitrendipine
(0.14-86.56 uM), telmisartan (0.12-77.64 uM),
irbesartan (0.15-93.46 uM), valsartan (0.15-91.95
uM) and puerarin (1.54-961.54 uM). Incubation
conditions and chromatographic assay had been
described above. The CYP inhibitors and the
seven antihypertensive drugs were added in a
final volume of 0.5 mL and incubated with
indapamide (100 uM) for 30 min. The reactions
were stopped by adding 0.5 mL ice-cold
acetonitrile. The samples were vortex-mixed for
Smin and centrifugated at 12, 000 rpm for 10 min.
A 20 pL of the upper solution was analyzed by
HPLC or HPLC-MS/MS systems to assess the
effects of the CYP inhibitors and seven
antihypertensive drugs on indapamide metabolism,
and to determinate kinetic parameters as well as
identify its metabolites.

Administration of indapamide with felodipine
in rats in vivo

The rats were randomized into groups, each with
six rats. The doses of indapamide and felodipine
were selected according to the human doses and
IC50 values of rats in the previous reports (12)
and our pilot experiments. The control group was
only orally administered indapamide at the dose
of 0.25 mg/kg (suspended in edible oil). The test
group was orally administered indapamide at the
dose of 0.25 mg/kg with felodipine (dose of 0.9
mg/kg, suspended in edible oil). Blood samples
(250 pL) were collected in heparinized eppendorf
tube via the oculi chorioideae vein at 0 (pre-dose),
0.25,0.75,1.5,2.5,3.5,5,7,9 and 12 h post-dose,
and stored at -20° C until the day of analysis.

The pharmacokinetic study of indapamide
was carried out according to the procedure as
reported previously (33) with a modified
pre-treatment method. A 20 pL of glipizide
solution (internal standard, 6 pg/mL) and 3ml of
acetic ether were added to 250 pL of whole blood
sample. The sample was vortexed for 3 min and
centrifugated at 1,750 rpm for 10 min. The 2 mL
of organic layer was transferred into another tube
and the layer was evaporated to dryness at 40° C
under a stream of nitrogen. The residual was
reconstituted in 150 pL of mobile phase and a 5
pL  of this solution was injected for
HPLC-MS/MS analysis.

DATA ANALYSIS AND STATISTICS

The kinetic parameters Vmax and Km of
indapamide were calculated by nonlinear
regression analysis (Program SigmaPlot 8.0;
Enzyme Kinetics Module). Pharmacokinetic
calculations were performed on the data of each
individual experimental animal wusing the
pharmacokinetic calculation software, WinNonlin
Standard Edition Version 1.1 (Scientific
Consulting Inc., Apex, NC, USA). All the data
were expressed as mean =+ standard deviation
(S.D.). Results were analyzed using one-way
ANOVA followed by Turdey post hoc test or
Student’s t-test. Differences with P values less
than 0.05 were considered to be significant.

RESULTS

Method Validation

Typical calibration equations were
C=120A+0.0388 (r=0.9996) in rat whole blood
and C=11A+0.047 (r=0.9992) where A represents
the peak area ratios of indapamide to the IS and C
represents the sample concentrations of
indapamide. The CV of intra-and inter-day
assessments for both matrices were less than 15%
(Table 1 and 2). Mean inter-day errors in rat
whole blood and in human liver micriosomes
were less than 5% (Table 1 and 2). The present
method offered a LLOQ of 1 ng/mL with R.S.D.
of 7.9% and the accuracy of 102.2% in 250 pL rat
whole blood sample. In 0.5 mL human liver
microsomes sample, the LLOQ was 1uM with
R.S.D. of 6.4% and the accuracy of 103.4%. The
LLOQs were sufficient for the pharmacokinetic
and metabolic studies of indapamide in rats and
human liver microsomes. The average recoveries
were 89.1, 94.1 and 93.5% with 2, 80 and 1000
ng/mL  indapamide in rat whole blood,
respectively. In  human liver microsomes,
recovery was 95.6, 97.7 and 98.4 % for 2, 60 and
100 pM, respectively. The average extraction
recoveries for IS were 87.3 and 97.1% in rat
whole blood and human liver microsomes,
respectively.

Kinetics study and metabolites identification of
indapamide in human liver microsomes

The incubation conditions of indapamide
metabolism in human liver microsomes were
optimized in the previous studies (data not
shown). To calculate enzyme kinetics parameters
of indapamide metabolism, a series of substrate
concentrations of indapamide (5-200 puM, n=6)
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were incubated in human liver microsomes
(protein content of 1.0 g/L) for 30 min. The Km
and Vmax of indapamide metabolism were 114.4
+ 35 pM and 23.1 £ 6 .6 pmol/g/min,
respectively.

Furthermore, the identification of indapamide
metabolites was performed with the full scan
mode of HPLC-MS/MS. There were three peaks
M1, M2, M3) in HPLC-UV chromatogram
(Figure 1), of which the retention times and the
associated HPLC-MS/MS informations were
summarized in Table 3. The metabolite M1 with
the retention time of 4.12 min, showed a signal at
m/z 382 for [M+H]", 16 Da (m/z 382—366) more
than indapamide. Fragmental signal at m/z 148
corresponded to hydroxyl-indoline structure from
broken N-N bond of indapamide. It indicated that
the metabolite M1 might be hydroxyl-indapamide.
The compound M2 eluting at 9.3 min possessed

The metabolite M3 with the retention time of 11.7
min, exhibited a signal at m/z 364 for [M+H]", 2
Da (m/z 364—366) less than indapamide.
Fragmental signal at m/z 130 corresponded to
dehydrogen-indoline structure from broken N-N
bond of indapamide, which suggested that
metabolic transformation of M3 might be formed
by direct dehydrogenation or oxidation of
indapamide. All informations of two metabolites
of indapamide were consistent with the standards
and the previous research (34). But indapamide
epoxidation reported previously was not found in
our study (34).

Influence of CYP-selective inhibitors on
indapamide metabolism in vitro

The isoforms of CYPs involved in indapamide
metabolism in human liver microsomes was
investigated by incubating indapamide (100 uM)

the same pseudo-molecule ion, full scan MS/MS with  different  concentration ranges of
spectrum and chromatographic behavior with CYP-selective  inhibitors  (a-naphthoflavone,
indapamide. Meanwhile, this compound had two sulfaphenazole, ticlopidine, quinidine,

signals at m/z 366, 368 for [M+H]", which were
the isotopic clusters of chlorine for the molecular
ion and M+2 ion with characteristic approximate
ratios of 3:1 (M/M+2). These clusters were also
observed in signals of each metabolite. Therefore,
it was identified as indapamide without metabolic.

4-methylpyrazole and ketoconazole). As shown in
Figure 1, the formation of these indapamide
metabolites was dependent on NADPH according
to the changes of the chromatographic peak area
of indapamide in the absence or presence of
NADPH.

Table 1. Validation data for the assay of indapamide in rat whole blood. (n=5)

. . Intra-day Inter-day
Spiked concentration
(ng/mL) Mean + S.D. * (ng/mL) Mean = S.D.* R.S.D Error
(R.S.D%) (ng/mL) (%) (%)

) 1.98+£0.13 222+0.22 224+0.14 2.15+0.14 6.74 1.3
(6.57) (9.91) (6.25)
77.7+3.81 86.6 £3.52 829+243 82.4+4.47 5.43 -2.8

50 (4.90) (4.07) (2.93)

1000 1195+40.7 992 +383 987 +54.8 1058 + 118.6 11.2 -0.2
(3.40) (3.86) (5.55)

*To convert to base, multiply by 1.06.

Table 2. Validation data for the assay of indapamide in human liver microsomes. (n=5)

. . Intra-day Inter-day
Spiked concentration (uM)
Mean + S.D. * (uM) (R.S.D%) Mean£S.D.*(uM) R.S.D(%)  Error (%)

) 1.93+0.11 198+0.14 2.21+0.11 2.04+0.15 7.32 -3.8
(5.73) (7.24) (4.93)

60 61.4+543 60.7+238 622+4.19 61.4+0.73 1.19 -34
(8.85) (3.92) (6.74)

100 102+9.29 999+7.10 103+10.0 102+ 1.58 1.55 -4.1
9.11) (7.11) (9.71)

*To convert to base, multiply by 1.06.
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Figure 1. HPLC-UV chromatograms of indapamide in hunman liver microsomal incubation. (A) blank microsome;
(B) indapamide standard; (C) indapamide incubated at 37 °C for 30 min with human liver microsomes (no NADPH
added); (D) indapamide incubated at 37 °C for 30 min with microsome (NADPH added). M1: indapamide; M2:
hydroxyl-indapamide; M3: dehydrogen-indapamide.

Table 3. Identification of indapamide metabolites in human liver microsomes by HPLC/MS-MS.

No. Retention time (min) ~ [M+H]" Identification
4.12 382, 384 Hydroxyl-indapamide (M1)
2 9.32 366, 368 Indapamide (M2)
11.67 364, 366 Dehydrogen-indapamide (M3)
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Figure 2. Effects of CYP450 selective inhibitors on the metabolism of indapamide (IDP, 100 uM) in human liver
microsomes. The time of incubation was 30 min. (A) CYP2C19 inhibitor ticlopidine (TPD); (B) CYP3A inhibitor
ketoconazole (KCZ); (C) CYP1A2 inhibitor a-naphthoflavone (ANF); (D) CYP2C9 inhibitor sulfaphenazole (SPZ);
(E) CYP2D inhibitor quinidine (QUIN); (F) CYP2E!1 inhibitor 4-methylpyrazole (4-MPZ). Symbols represent the
disappear rates of indapamide incubated with different CYP inhibitors compared with that of indapamide alone
expressed as the percentage of control values (100%). Data are expressed as mean+ S.D. (n=3). **P < 0.01

compared to indapamide alone.

To determine which isoform of CYPs could be
responsible for indapamide metabolism , the
effects of six selective-CYP inhibitors on
indapamide metabolism were investigated and the
results were shown in Figure 2. The increased
concentrations of two inhibitors, CYP2C19

inhibitor ticlopidine and CYP3A4 inhibitor
ketoconazole, resulted in a significant decrease of
indapamide disappearance rates with the
maximum inhibitory effects of 83.4% and 89.1%
(P < 0.01), respectively. CYPIA2 inhibitor
a-naphthoflavone, CYP2C9 inhibitor
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sulfaphenazole, CYP2D6 inhibitor quinidine and
CYP2E1 inhibitor 4-methylpyrazole had little
inhibitory effects (P > 0.05) on indapamide
metabolism. It suggested that CYP3A4 and
CYP2C19 played major roles in indapamide
metabolism.

Effects of seven antihypertensive drugs on
indapamide metabolism in vitro

Combination therapy of antihypertensive agents
is frequently needed for optimal control of blood
pressure. To investigate the interaction of the
seven antihypertensive drugs and indapamide in
human liver microsomes, different ranges of
felodipine, nifedipine, nitrendipine, telmisartan,
irbesartan, valsartan and puerarin were incubated
with a single concentration (100 pM) of
indapamide, respectively. As shown in Figure 3,
similar tendencies were observed for the effects
of felodipine, nifedipine and nitrendipine on
indapamide metabolism with the maximum
inhibitory rates of 82.6%, 72.2% and 95%,
respectively. Telmisartan had inhibitory effects to
a lesser degree at the rate of 47.6%, while there
were little inhibition (P > 0.05) of valsartan,
irbesartan and puerarin tested. These results
suggested that felodipine, nifedipine and
nitrendipine with the structure of dihydropyridine
had significantly inhibitory effects on indapamide
metabolism at therapeutic doses in vitro, which
meant that potential drug-drug interaction of
indapamide and these drugs in pharmacokinetics
would possibly occur in vivo.

Effects of felodipine on pharmacokinetics of
indapamide in rats in vivo

Felodipine, a calcium channel blocker, is often
combined with indapamide to control blood
pressure in Chinese patients of cardiovascular
disease in clinical. In addition, there was the
significant metabolic interaction of indapamide
and felodipine according to the above experiment
of the effects of the seven antihypertensive drugs
on indapamide metabolism in vitro. Thus, the
alteration of indapamide metabolism was
examined by  determinating its  blood
concentrations and pharmacokinetic parameters in
rats administrated with indapamide and
felodipine.

Concentration-time profiles of indapamide in
the test group (indapamide 0.25 mg/kg and 0.9
mg/kg felodipine, orally) and the control groups
(indapamide 0.25 mg/kg alone, orally), were
depicted in Figure 4. The pharmacokinetic
parameters of indapamide in different groups
were listed in Table 4. Compared with the control
group, felodipine treatment affected the
pharmacokinetics of indapamide. The differences
of AUC, t;», and MRT,, were statistically
significant. In the test group, a slow elimination
of indapamide was found that resulted in the
disappearance of indapamide in rats within 2.1 h.
The MRT of indapamide was significantly
increased in the test group when compared with
the control group (2.7 versus 1.9, P=0.021). In
addition, the AUC of indapamide in the test group
were significantly higher than the control group
(2245.9 versus 1707.2, P=0.041).

DISCUSSION

Indapamide is a traditional diuretic drug for mild
and moderate hypertension. Clinically, most
patients administrated with indapamide require
two or more classes of antihypertensive agents to
reach their target blood pressure. This
combination therapy has become standard
practice in the contemporary management of
hypertension to significantly reduce mortality and
morbidity in patients with diabetes, stroke, heart
failure and myocardial infarction. However, this
combination therapy of indapamide and other
antihypertensive agents probably leads to
potential drug-drug interactions. Though the
original Phase I studies of indapamide and its
major metabolites in urine are clarified, there are
few reports of potential pharmacokinetic action
and safety of indapamide on CYP-mediated
drug-drug interactions.

Our studies showed that two metabolites of
indapamide, hydroxyl-indapamide (m/z 382) and
dehydrogen-indapamide (m/z 364), regarded as
major metabolites of indapamide (34), were
formed in human liver microsomes in vitro.
However, indapamide epoxidation, the third
metabolite of indapamide (34), did not show up
in our studies. There might be two explanations
for this discrepancy: (1) this metabolite
containing an epoxy ring which is a ternary ring,
was very unstable in the body combined with
glutathione rapidly (molecular weight 689);
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Figure 3. Inhibitory effects of seven antihypertensive drugs on the metabolism of indapamide (IDP, 100 uM) in human
liver microsomes. The time of incubation was 30 min. (A) felodipine (FEL); (B) nifedipine (NIF); (C) nitrendipine
(NIT); (D) telmisartan (TEL); (E) irbesartan (IRB); (F) valsartan (VAL); (G) puerarin (PUE). Symbols represent the
disappear rates of indapamide incubated with different antihypertensive drugs compared with that of indapamide alone
expressed as the percentage of control values (100%). Data are expressed as mean + S.D. (n=3). * P <0.05, ** P <0.01
compared to indapamide alone.
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Figure 4. Mean concentration-time profiles of indapamide in rats after oral administration of indapamide 0.25 mg/kg
(suspended in edible oil) alone and indapamide 0.25 mg/kg combined with felodipine 0.9 mg/kg (suspended in edible
oil). Samples were determined by the HPLC-MS/MS. Data are expressed as mean & S.D. for six rats.

Table 4. Pharmacokinetic parameters of indapamide in rats after oral administration of indapamide alone
(0.25 mg/kg) and indapamide (0.25 mg/kg) combined felodipine (0.9 mg/kg) (n=6).

Indapamide Indapamide + felodipine
AUCy; (pg/L*h) 1707.2 £ 507.5 22459 + 396.4*
MRTy, (h) 1.9+0.3 27+0.7*
tin, (h) 1.3+0.2 2.1+0.3*
Thax (h) 0.7+0.5 09+0.3
Crr (L/h/kg) 0.013 +£0.004 0.009 + 0.002
Ve (Lkg) 0.024 + 0.006 0.027 £ 0.005
Conax (ng/L) 805.5 +186.0 746.3 £346.1

Data are expressed as mean £ S.D. for six rats; * P <0.05 compared to indapamide alone group.

(2) volume generated from the metabolic point of
view, the reference also reported that it was
difficult to detect the indapamide epoxidation in
the non-characteristic scan (34).

Inhibition studies of indapamide were carried
out in vitro for the most relevant drug-related
P450, i.e. CYP1A2, 2C9, 2C19, 2D6, 2E1, and
3A4, by using the selective inhibitors of the CYP
isoforms in human liver microsomes. Our current
study confirmed that CYP3A4 and CYP2C19
played important roles in  indapamide
metabolism, which was consistent with the
reference (34). Therefore, it was important to
investigate the potential CYP450-mediated
drug-drug interactions of indapamide and other
antihypertensive drugs coadministered.
Drug-drug interactions of indapamide and seven
antihypertensive agents, including felodipine,

nifedipine, nitrendipine, telmisartan, irbesartan,
valsartan and puerarin, was studied. From the
results of the effects of the seven antihypertensive
drugs on indapamide metabolism in vitro, the
metabolic rates of indapamide in human liver
microsome incubated with different agents were
different from control vehicle. The disappearance
rates of indapamide decreased obviously with the
increasing  concentrations  of  felodipine,
nifedipine and nitrendipine, respectively. In
contrast, irbesartant and eclmisartan showed
slightly inhibitory effects on indapamide
metabolism while there was little inhibition of
valsartan and puerarin tested. These results
strongly suggested that a relationship existed
between the structural and physico-chemical
characteristics of the seven antihypertensive
drugs. These three drugs, felodipine, nifedipine
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and nitrendipine, are dihydropyridines Ca?*
channel blockers with the fluazifop structure,
which are considered to be specific substrates of
CYP3A4 (19, 20). Thus, as we found that
CYP2C19 and CYP3A4 contributed mainly to
indapamide metabolismin this study, these three
drugs might have competitive inhibition on
indapamide metabolism by CYP3A4 isoform.
Although other three antihypertensive drugs,
irbesartan, telmisartan and valsartan, are all
angiotensin II receptor blockers, their metabolism
mechanisms in CYP450 are different. It is well
known that the oxidation of irbesartan and
valsartan are catalyzed by CYP2C9, and the other
metabolism  mechanism of valsartan is
combination with glucuronic acid (21-23). As for
telmisartan, its major metabolic pathway is not
responsible for CPY450 but combination with
glucuronic acid, but telmisartan is reported to
have inhibitory effects on the CYP2C19 activity
in vitro (24). Therefore, telmisartan showed slight
inhibitory effects on indapamide metabolism due
to inhibiting CYP2C19, whereas the inhibition of
valsartan and irbesartan was less potent. It is
reported that puerarin inhibits the activities of
CYP3A, CYP2B1 and CYP2EI1 (25). In contrast,
little inhibition of puerarin on indapamide
metabolism was observed in the present study,
possibly due to the selected dose of puerarin not
enough for inhibiting CYP450.

Subsequent studies of the effects of
felodipine on pharmacokinetics of indapamide in
rats, showed that the AUC of indapamide
increased significantly after oral coadministration
with felodipine in rats (P < 0.05). The elimination
of indapamide was facilitated significantly by
decreased clearance with the result of the increase
of AUC, t;,, and MRT. It indicated that
felodipine could postpone the elimination of
indapamide in rats, which might prolong the
potency of indapamide in clinical. These results
are considered largely dependent on changes of
indapamide metabolism caused by CYP3A4
substrate felodipine. Meanwhile, our current
studies on indapamide metabolism in human liver
microsomes in vitro, had also confirmed a
drug-drug interaction between indapamide and
felodipine. The inhibitory effects of felodipine on
indapamide metabolism in vitro and in vivo may
lead to some potential physiological side effects
of indapamide in clinical.

CONCLUSION

Our results indicated that CYP3A4 and

CYP2C19 were the major CYPs of indapamide
metabolism in human liver micriosomes, and
played vital roles in the drug-drug interaction of
indapamide and other antihypertensive drugs
coadministered in Chinese patients with
cardiovascular disease. It was shown that the
coadministration of indapamide and other
antihypertensive drugs altered the metabolism of
indapamide at different degrees. In addition,
felodipine, nifedipine and nitrendipine, were
relatively potent inhibitors of indapamide
metabolism in vitro. Moreover, felodipine could
postpone the elimination of indapamide in rat in
vivo, resulting in the increase of AUC, t;;, and
MRT,,, which might lead to the potential
physiological effects.

The research results demonstrate that
combination therapy with indapamide and other
antihypertensive drugs may lead to drug-drug
interaction and it is important to have further
study on the pharmacological and
pharmacokinetical effects of coadministration of
indapamide and other antihypertensive drugs
involved in CYP metabolism for a better clinical
application. These works have being carried out
in our research laboratories.
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