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a b s t r a c t

Simple and sensitive methods were developed for the determination of indapamide, perindopril and its
active metabolite perindoprilat in human plasma or whole blood by hyphenated ultra-performance li-
quid chromatography-mass spectrometry (UPLC-MS/MS). Indapamide-d3, perindopril-d4 and perindo-
prilat-d4 were used as the internal standards. The separation was performed on a Thermo BDS Hypersil
C18 column (4.6mm � 100mm, 2.4 mm) for indapamide and perindopril simultaneously following a
protein precipitation pretreatment of the biosamples. The separation of perindoprilat was achieved in-
dependently on a phenomenex PFP column (4.6mm � 150mm, 5 mm). All the analytes were quantitated
with positive electrospray ionization and multiple reactions monitoring mode. The assay exhibited a
linear range of 1–250 ng/mL for indapamide, 0.4–100 ng/mL for perindopril and 0.2–20 ng/mL for peri-
ndoprilat. The methods were fully validated to meet the requirements for bioassay in accuracy, precision,
recovery, reproducibility, stabilities and matrix effects, and successfully applied to the pharmacokinetic
study of perindopril tert-butylamine/indapamide compound tablets in Chinese healthy volunteers and
the comparative pharmacokinetic study between plasma and whole blood.
& 2018 Xi'an Jiaotong University. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Perindopril (Fig. 1), a non-sulfhydryl angiotensin-converting en-
zyme inhibitor (ACEI), is prescribed for the treatment of hypertension
and heart failure. It is hydrolysed to the active metabolite perindoprilat
(Fig. 1) in vivo, which can selectively inhibit the activity of angiotensin-
converting enzyme (ACE) and reduce the level of angiotensin Ⅱ [1,2].
Indapamide (Fig. 1) is a thiazide-type diuretic commonly used to treat
mild to moderate hypertension by diuretic effect and calcium an-
tagonist activity. As an antihypertensive drug proved to produce a
significant and sustained reduction in blood pressure, indapamide
works on sodium and chloride excretion and it has been reported to
reduce the vascular reactivity to pressor amines [3–5].

The combination of perindopril and indapamide is suggested as
one of the antihypertensive combinations of priority use by the
last update of European Hypertension Guidelines [5,6]. Due to
their synergistic mechanisms of actions, this combination has
shown a higher antihypertensive effect with fewer side effects
[7,8]. Usually perindopril tert-butylamine/indapamide is
niversity.

on and hosting by Elsevier B.V. Th
administered in the form of tablets containing 2/0.625, 4/1.25 or 8/
2.5mg of the active pharmaceutical ingredients.

Several LC-MS/MS methods have been reported for the pharma-
cokinetic studies on perindopril and perindoprilat or indapamide
individually in biological samples [9–14]. However, only a few phar-
macokinetic studies on perindopril tert-butylamine/indapamide
compound tablets have been reported [15,16]. And until now, there
have not been any reports for comparative pharmacokinetic studies
between plasma and whole blood. This paper describes a sensitive
and reproducible LC-MS/MS method for the simultaneous determi-
nation of indapamide and perindopril in both human plasma and
whole blood and an independent method for perindoprilat. The
methods have been fully validated and applied to the pharmacoki-
netic study of perindopril tert-butylamine/indapamide compound
tablets in Chinese healthy volunteers and the comparative pharma-
cokinetic study between plasma and whole blood.
2. Experimental

2.1. Chemicals and reagents

The reference standards of indapamide (99.5%), perindopril
tert-butylamine (99.2%) and perindoprilat (99.2%) were obtained
is is an open access article under the CC BY-NC-ND license

www.sciencedirect.com/science/journal/20951779
www.elsevier.com/locate/jpa
https://doi.org/10.1016/j.jpha.2018.05.004
https://doi.org/10.1016/j.jpha.2018.05.004
https://doi.org/10.1016/j.jpha.2018.05.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpha.2018.05.004&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpha.2018.05.004&domain=pdf
mailto:hangtj@cpu.edu.cn
https://doi.org/10.1016/j.jpha.2018.05.004


Fig. 1. Chemical structures of indapamide, perindopril, perindoprilat, indapamide-
d3 (IS), perindopril-d4 (IS) and perindoprilat-d4 (IS).
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from National Institutes for Food and Drug Control (Beijing, China).
Indapamide-d3 (97%), perindopril-d4 (98%) and perindoprilat-d4
(98%) reference standards employed as the internal standards (ISs)
for the bioassays were obtained from Toronto Research Chemicals
(North York, Canada). Chemical structures of these compounds are
presented in Fig. 1. Perindopril tert-butylamine/indapamide com-
pound tablets (Batch No: 607903) were purchased from Servier
Pharmaceutical Co., Ltd. (Tianjin, China). HPLC grade methanol,
acetonitrile and formic acid were purchased from Tedia (Ohio,
USA). Guaranteed grade perchloric acid was purchased from Si-
nopharm Chemical Reagent Co., Ltd (Shanghai, China). Analytical
grade ammonium acetate was purchased from Nanjing Chemical
Reagent Co., Ltd. (Nanjing, China). Water was purified with a
Millipore Milli Q-Plus system (Millipore, MA, USA).

2.2. Instruments

Quantitative analysis was performed with a Dionex Ultimate
3000 chromatographic system (Thermo Scientific, MA, USA) cou-
pled to a TSQ Quantum Ultra AM triple quadrupole mass spec-
trometer (Thermo Scientific, MA, USA) operated in positive elec-
trospray ionization (ESI) through multiple reaction monitoring
(MRM) mode. System control and data acquisitions were con-
ducted by LCQUAN™ 2.9QF1 (Thermo Scientific, MA, USA).

2.3. Liquid chromatographic and mass spectrometric conditions

2.3.1. Indapamide and perindopril
Simultaneously chromatographic separations of perindopril

and indapamide were achieved on a Thermo BDS Hypersil C18
column (4.6mm � 100mm, 2.4 mm) maintained at 40 °C through
linear gradient elution at 0.65mL/min of the mobile phases con-
sisting of A (a mixture of water and methanol (90:10, v/v) con-
taining 0.05% ammonium acetate and 0.2% formic acid) and B
(methanol containing 0.05% ammonium acetate and 0.2% formic
acid) according to the following programs (A:B): 0.0min (60:40) –
3.5min (60:40) – 3.6min (5:95) – 4.6min (5:95) – 4.7min (60:40)
– 6.0min (60:40).

Mass spectrometer was operated in a positive ionization mode
and the analytes were detected by MRM with the transitions of m/
z 366.4–132.1 for indapamide, m/z 369.1–135.0 for indapamide-d3,
m/z 369.3–172.1 for perindopril, and m/z 373.3–176.1 for perindo-
pril-d4, respectively. The parameters were optimized as follows:
spray voltage 4.5 kV, capillary temperature 350 °C, the sheath gas
275 kPa, auxiliary gas 35 kPa, ion sweep gas 3.5 kPa and collision
argon gas 1.6 � 10�6 bar. The collision energy was set 12 eV for
indapamide and indapamide-d3, 16 eV for perindopril and peri-
ndopril-d4.

2.3.2. Perindoprilat
Chromatographic separation of perindoprilat was achieved on a

Phenomenex PFP column (4.6mm � 150mm, 5 mm) maintained
at 40 °C through linear gradient elution at 1mL/min of the same
mobile phases consisting of A and B according to the following
programs (A:B): 0.0min (70:30) – 1.0min (70:30) – 1.5min (20:80)
– 5.0min (20:80) – 5.1min (70:30) – 7.0min (70:30).

Mass spectrometer was operated in a positive ionization mode
and the analytes were detected by MRM with the transitions of m/
z 341.2–170.1 for perindoprilat, and m/z 345.2–170.1 for perindo-
prilat-d4. The parameters were optimized as follows: spray vol-
tage 4.5 kV, capillary temperature 350 °C, the sheath gas 275 kPa,
auxiliary gas 35 kPa, ion sweep gas 3.5 kPa and collision argon gas
1.6 � 10�6 bar. The collision energy was set 15 eV for perindo-
prilat and perindoprilat-d4.

2.4. Preparation of calibration curve and quality control (QC)
samples

Primary stock solutions of indapamide (100 μg/mL) and peri-
ndopril (100 μg/mL) were prepared in acetonitrile and diluted
with the same solution to make a series of standard working so-
lutions of 5, 12.5, 25, 50, 125, 250, 500, 1000 and 1250 ng/mL for
indapamide and 2, 5, 10, 20, 50, 100, 200, 400 and 500 ng/mL for
perindopril. Primary stock solution of perindoprilat (100μg/mL)
was prepared in a mixture of methanol and water (80:20, v/v) and
diluted with the same solution to make a series of standard
working solutions of 1, 2.5, 5, 10, 25, 50, 80 and 100 ng/mL.

The stock solutions of indapamide-d3 (100 μg/mL), perindo-
pril-d4 (100 μg/mL) and perindoprilat-d4 (100μg/mL) were pre-
pared in acetonitrile and diluted with the same solution at con-
centrations of 80 ng/mL, 60 ng/mL and 100 ng/mL, respectively.

Calibration standard samples were then prepared by 5-fold
spiking the working solutions with blank plasma or whole blood
to give respective final concentrations of 1, 2.5, 5, 10, 25, 50, 100,
200 and 250 ng/mL for indapamide, 0.4, 1, 2, 4, 10, 20, 40, 80 and
100 ng/mL for perindopril and 0.2, 0.5, 1, 2, 5, 10, 16 and 20 ng/mL
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for perindoprilat. The low QC (LQC), medium QC (MQC) and high
QC (HQC) were prepared with the same spiking procedure at
concentrations of 2.5, 25 and 200 ng/mL for indapamide, 1, 10 and
80 ng/mL for perindopril and 0.5, 5, 16 ng/mL for perindoprilat. All
standard solutions were stored at � 20 °C and plasma samples
were stored at � 80 °C until analysis.

2.5. Sample preparation

2.5.1. Indapamide and perindopril
An aliquot of 100μL plasma or whole blood sample was spiked

with 20 μL of IS working solution. Then, 200 μL of acetonitrile was
added to precipitate the protein by vortex mixing for 1min. Fol-
lowing centrifugation (12,000 rpm, 10min at 4 °C), 20 μL of the
supernatant was injected into the LC-MS/MS system for the
analysis.

2.5.2. Perindoprilat
An aliquot of 200 μL plasma or whole blood sample was spiked

with 40 μL of IS working solution. Then, 40 μL of 14% perchloric
acid was added to precipitate the protein by vortex mixing for 1
min. Following centrifugation (12,000 rpm, 10min at 4 °C), 20 μL
of the supernatant was injected into the LC-MS/MS system for the
analysis.

2.6. Method validation

The proposed methods were validated according to the
Guidelines for Bioanalytical Method Validation published by the
European Medicines Agency (EMA) [17].

Specificity of the methods was investigated by comparing blank
human plasma or whole blood samples obtained from six sources
with those spiked with analytes and IS. The responses of en-
dogenous interfering substances at retention time of the analytes
are acceptable if there is less than 20% of the response of lower
limit of quantitation (LLOQ). The responses of endogenous inter-
fering substances at retention time of the internal standard are
acceptable if there is less than 5% of the response of working in-
ternal standard. Carryover was assessed by immediately injecting
blank plasma or whole blood samples after the injection of HQC
samples.

Calibration curves for the methods were constructed by least-
squares linear regression analysis by plotting analyte-to-IS peak
area ratio versus its nominal concentration, with 1/x2 as the
weighting factor. Sensitivity was determined by analyzing six re-
plicates of plasma or whole blood spiked LLOQ samples. The back-
calculated concentrations of each calibration standard have to be
within 7 15% deviation ( 7 20% for LLOQ) of the nominal values.

Intra-batch and inter-batch precision and accuracy were mea-
sured by analyzing QC samples at three concentration levels (LQC,
MQC and HQC) with six determinations in three consecutive va-
lidation runs. The mean value should be within 15% of the actual
value except at LLOQ, where it should not deviate by more than
20%. Inter-batch precision was assessed by One-way analysis of
variance (ANOVA). Both intra-batch and inter-batch precision were
expressed as relative standard deviation (RSD) and did not exceed
15% (20% for LLOQ).

Recovery of each analyte was determined by analyzing six re-
plicates of QC samples at three concentration levels (LQC, MQC
and HQC) and was calculated as the ratio of peak areas obtained
from extracted spiked samples to that of non-extracted standard at
corresponding concentrations.

Blank plasma or whole blood samples from six different single
lots spiked with standard solutions at three concentration levels
(LQC, MQC and HQC) were analyzed to assess the matrix effect.
The matrix effect was expressed as the ratio of peak areas of
extracted blank plasma or whole blood samples spiked with the
pure authentic standard solutions to the peak areas of the pure
authentic standard solutions at corresponding concentrations. The
IS normalized matrix factors expressed as the ratio of the matrix
factor of each analyte to the matrix factor of the IS were used to
assess the effects of matrix on ionization.

The stability of each analyte in human plasma or whole blood
was investigated at LQC and HQC (n ¼ 3) under the conditions of
room temperature, three freeze-thaw (� 80 °C) cycles, long-term
(� 80 °C) storage, and autosampler (8 °C).

2.7. Pharmacokinetic study

The pharmacokinetics of perindopril tert-butylamine/in-
dapamide compound tablets was conducted in Chinese healthy
volunteers after oral administration. A total of 10 Chinese healthy
volunteers were recruited after strict medical, biochemical and
physical examinations and were given an informed consent ap-
proved by the Ethics Committee of National Medicine Clinical Trial
Organization of Nanjing General Hospital (Nanjing, China) ac-
cording to the principles of the Declaration of Helsinki.

After supervised overnight fasting of at least 10 h, all volunteers
received study drug with 240mL of warm water according to the
randomization schedule. Blood samples were collected following
oral administration of perindopril tert-butylamine/indapamide
compound tablets (4mg/1.25mg) at pre-dose and 0.25, 0.5, 0.75, 1,
1.25, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 24 and 48 h. The blood samples
were separated in two separate K2EDTA vacutainer collection
tubes. One of the tubes was centrifuged at 3000 rpm for 10min
and the plasma was collected. The collected plasma and whole
blood samples were stored at � 80 °C till use. Pharmacokinetic
analysis was performed by Phoenix WinNonlin 6.0.
3. Results and discussion

3.1. Method development

3.1.1. Chromatography
Indapamide, perindopril and perindoprilat have different phy-

sicochemical properties, which leads to the difficulty in setting
chromatographic conditions that produce symmetrical peak shape
and adequate response for all three compounds simultaneously.
Hence, two different chromatographic conditions were established
according to their physicochemical properties. The composition of
mobile phase and column types were mainly optimized to obtain
good peak shape and chromatograph separation. The mobile
phases consisting of methanol-water-formic acid were chosen to
enhance the response and 0.05% ammonium acetate was added to
resolve the peaks free from tailing. The use of Thermo BDS Hy-
persil C18 (4.6mm � 100mm, 2.4 mm) column provided good re-
solution and peak shapes for simultaneously indapamide and
perindopril determination. In order to avoid carryover peaks after
injections of high concentration samples, the proportion of organic
phase was increased to 95% when indapamide and perindopril
were eluted. Different types of columns like C8, C18 and PFP were
studied for the analysis of perindoprilat and the best conditions
were achieved with gradient elution using a Phenomenex PFP
column (4.6mm � 150mm, 5 mm).

3.1.2. Mass spectrometry
Mass parameters were optimized in both positive and negative

ionization modes by infusion of the standard solutions into the
mass spectrometer using electrospray ionization source and the
optimal parameters were obtained by automatic tuning. All three
compounds showed better and more stable response when
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detected with positive ionization. The most sensitive mass tran-
sition was monitored from m/z 366.4–132.1 for indapamide, from
m/z 369.1–135.0 for indapamide-d3, from m/z 369.3–172.1 for
perindopril, from m/z 373.3–176.1 for perindopril-d4, from m/z
341.2–170.1 for perindoprilat, and from m/z 345.2–170.1 for peri-
ndoprilat-d4.

3.1.3. Sample preparation
Sample preparation is a crucial factor for method development

in bio-analysis to reach the maximum extraction recovery, mini-
mum matrix effects and also minimize the sample preparation
procedure. Simple protein precipitation (PP) procedure was re-
commended for this work since complicated liquid-liquid extrac-
tion (LLE) may compromise the stability of perindopril and influ-
ence the quantitation of perindoprilat. Protein precipitants such as
acetonitrile, methanol and ethyl alcohol were investigated for the
Fig. 2. Typical MRM chromatograms of indapamide and perindopril in (A) blank plasma
indapamide and 0.400 ng/mL for perindopril) and whole blood (1.00 ng/mL for indapam
indapamide and 11.1 ng/mL for perindopril) and whole blood (14.9 ng/mL for indapami
extraction of indapamide and perindopril. 14% perchloric acid, 7%
perchloric acid and 10% trifluoroacetic acid solution were tested
for the extraction of highly polar perindoprilat. As a result, acet-
onitrile and 14% perchloric acid solution were respectively found
to reach the best recovery, lowest diluting ratio and highest
method sensitivity. The use of stable isotope labeled IS helped the
improving of the determination accuracy of the analytes. The ex-
traction methods were appropriate for both plasma and whole
blood.

3.1.4. Comparison between the developed methods and the existing
methods

As it was mentioned in Introduction, several methods have
been reported for the determination of perindopril and perindo-
prilat or indapamide in biological samples [9–16]. However, most
of the reported methods involved only one or two analytes in one
(left panel) and whole blood (right panel); (B) LLOQ sample plasma (1.00 ng/mL for
ide and 0.400 ng/mL for perindopril); (C) subject sample plasma (5.32 ng/mL for

de and 7.35 ng/mL for perindopril) at 2 h.



Fig. 3. Typical MRM chromatograms of perindoprilat in (A) blank plasma (left panel) and whole blood (right panel); (B) LLOQ sample plasma (0.200 ng/mL) and whole blood
(0.200 ng/mL); (C) subject sample plasma (2.49 ng/mL) and whole blood (1.31 ng/mL) at 2 h.

Y. Tao et al. / Journal of Pharmaceutical Analysis 8 (2018) 333–340 337
biofluid. In this study, simple and sensitive PP methods were es-
tablished for all three analytes both in plasma and whole blood.
And compared to the LLE and solid phase extraction (SPE) meth-
ods in literature, the developed methods were simpler and faster
when applied to high-throughput analysis.

3.2. Method validation

Fig. 2 shows the typical chromatograms of indapamide and
perindopril in both the blank plasma and whole blood and the
samples after oral administration of perindopril tert-butylamine/
indapamide compound tablets. Fig. 3 shows the typical chroma-
tograms of perindoprilat in both the blank plasma and whole
blood and the samples accordingly. No significant interfering
peaks were observed at the retention time of analytes and ISs. No
significant carry-over peaks were observed for both analytes and
ISs (Tables S1 and S2).

The calibration curves (n ¼ 3) were linear covering the ranges
of 1–250, 0.4–100 and 0.2–20 ng/mL for indapamide, perindopril
and perindoprilat, respectively, with correlation coefficient (r) 4
0.99 (Tables S3–S8).

The validation results for both plasma and whole blood quality
control samples are summarized in Table 1 and Table 2.

The established methods showed very good intra-batch and
inter-batch precision and accuracy. The extraction was proved
successful and no significant matrix effects were observed both in



Table 1
Validation results for the determination of indapamide, perindopril and perindoprilat in human plasma.

Analyte Spiked con.
(ng/mL)

Intra-batch RSD
(%) (n ¼ 6)

Inter-batch RSD
(%) (n ¼ 18)

Relative recovery (%)
(n ¼ 6)

Extraction recovery (%)
(n ¼ 6)

Matrix effect (%)
(n ¼ 6)

IS normalized matrix factors
(%) (n ¼ 6)

Indapamide 2.50 5.8 15.0 98.5 7 4.8 126 7 14.0 105 7 7.2 89.6 7 2.1
25.0 4.5 11.5 94.5 7 3.0 122 7 6.8 109 7 8.4 93.9 7 6.9
200 4.9 8.6 98.2 7 5.4 103 7 4.4 104 7 4.3 102 7 2.7

Perindopril 1.00 5.3 3.0 92.2 7 7.0 102 7 10.0 94.9 7 4.9 102 7 10.1
10.0 3.8 1.4 94.8 7 3.4 100 7 5.8 87.4 7 5.0 97.0 7 3.1
80.0 4.5 3.6 96.1 7 4.3 112 7 6.9 94.9 7 2.8 100 7 1.8

Perindoprilat 0.500 7.8 4.5 98.7 7 7.4 78.7 7 10.7 172 7 14.7 102 7 8.3
5.00 3.3 4.4 95.3 7 4.0 80.1 7 9.8 180 7 4.3 96.2 7 4.4
16.0 4.9 5.6 96.7 7 4.2 80.2 7 7.9 186 7 9.5 101 7 2.8

Table 2
Validation results for the determination of indapamide, perindopril and perindoprilat in human whole blood.

Analyte Spiked con.
(ng/mL)

Intra-batch RSD
(%) (n ¼ 6)

Inter-batch RSD
(%) (n ¼ 18)

Relative recovery (%)
(n ¼ 6)

Extraction recovery (%)
(n ¼ 6)

Matrix effect (%)
(n ¼ 6)

IS normalized matrix factors
(%) (n ¼ 6)

Indapamide 2.50 11.9 1.6 92.2 7 13.6 102 7 17.2 91.8 7 17 92.6 7 14.0
25.0 6.2 3.1 99.8 7 4.9 104 7 8.2 85.0 7 6.4 82.1 7 8.7
200 2.8 7.9 98.6 7 2.1 100 7 6.2 98.8 7 5.2 112 7 5.9

Perindopril 1.00 9.4 13.3 103 7 11.4 95.1 7 9.5 98.1 7 3.5 91.5 7 3.1
10.0 2.8 1.6 99.3 7 2.8 93.1 7 4.0 92.9 7 6.2 96.3 7 10.9
80.0 6.5 2.7 101 7 6.7 89.3 7 8.4 92.9 7 8.1 89.4 7 12.8

Perindoprilat 0.500 7.6 5.6 100 7 8.6 69.5 7 7.1 193 7 14.4 102 7 5.4
5.00 2.2 5.2 94.0 7 1.9 69.6 7 5.8 168 7 6.5 99.9 7 4.9
16.0 3.7 5.6 98.1 7 4.7 68.2 7 3.1 168 7 8.1 97.6 7 4.0
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plasma and whole blood samples for indapamide and perindopril.
Though some matrix effects about 180% were observed both in
plasma and whole blood samples for perindoprilat, they were
stable (RSD% less than 15%). And the ion enhancement was cor-
rected with stable isotope labeled IS.

Three freeze-thaw cycles, long-term storage at � 80 °C for one
month and short-term stability of the biological samples did not
result in obvious changes in the drug concentration, as earlier
publications have reported [9–14,18]. And the stability results of
analytes after 30 h in autosampler at 8 °C were within 85%–115% of
the actual concentration (Tables S9 and S10).

3.3. Pharmacokinetic study

The validated LC-MS/MS bioanalytical method was successfully
applied to determine indapamide, perindopril and its active me-
tabolite perindoprilat in human plasma or whole blood for phar-
macokinetic study in ten Chinese healthy volunteers, after oral
administration of a tablet containing 4/1.25mg perindopril tert-
butylamine/indapamide in a fasting condition.
Table 3
The pharmacokinetic parameters of indapamide, perindopril and perindoprilat (mean
butylamine/indapamide compound tablets.

Pharmacokinetic parameters Indapamide P

Plasma Whole blood P

Cmax (ng/mL) 19.05 7 5.0 62.03 7 10.8 4
Tmax (h) 1.8 7 0.8 1.6 7 0.6 0
t1/2 (h) 13.4 7 2.4 13.5 7 1.6 0
AUC0-t (ng �h/mL) 253.6 7 83.8 881.6 7 126.5 5
AUC0-1 (ng �h/mL) 289.2 7 84.7 962.8 7 146.2 5

Cmax: peak concentration in plasma or whole blood.
Tmax: time to peak concentration.
t1/2: half-life of drug elimination during the terminal phase.
AUC0-t: area under the plasma mean concentrations–time curve from zero to t. For peri
AUC0-1: The AUC0-t extrapolated to infinity.
Table 3 shows the main pharmacokinetic parameters of in-
dapamide, perindopril and perindoprilat in plasma and whole
blood, respectively. The comparison between mean plasma and
whole blood concentrations versus time curves of indapamide,
perindopril and perindoprilat is shown in Fig. 4. Cmax and AUC0-t

showed significant differences between plasma and whole blood
for all three analytes. For indapamide, due to the high binding to
the red blood cell [18,19] the Cmax and AUC0-t in whole blood were
higher than those in plasma while it presented an opposite result
for perindopril and perindoprilat. As per the literature [20], peri-
ndopril and perindoprilat bind mainly to plasma protein in blood,
which resulted in the lower concentration levels in whole blood.

Table 4 shows comparison of main pharmacokinetic para-
meters of indapamide in whole blood, perindopril and perindo-
prilat in plasma between this study and reported methods. The
results were in close agreement with the earlier reported values
for pharmacokinetic study of two fixed dose combination for-
mulations [16]. The Tmax and AUC0-t of indapamide in whole blood
showed disparity after oral administration of indapamide tablets
(1.5mg) individually [11,21], which may be attributed to the
7 SD) in Chinese healthy volunteers after oral administration of perindopril tert-

erindopril Perindoprilat

lasma Whole blood Plasma Whole blood

7.95 7 16.2 30.95 7 10.3 5.959 7 3.0 3.257 7 1.1
.65 7 0.1 0.70 7 0.2 6.4 7 1.3 5.8 7 1.1
.96 7 0.3 1.11 7 0.4 17.0 7 6.5 18.2 7 7.3
1.39 7 12.8 33.98 7 8.6 107.8 7 34.7 60.82 7 15.7
2.00 7 12.9 34.53 7 8.6 124.7 7 34.8 73.75 7 18.6

ndopril t ¼ 6 h and for indapamide and perindoprilat t ¼ 48 h.



Fig. 4. The mean plasma and whole blood concentrations versus time curves of
(A) indapamide, (B) perindopril and (C) perindoprilat, respectively.

Table 4
Comparison of main pharmacokinetic parameters of indapamide in whole blood,
perindopril and perindoprilat in plasma between this study and reported methods.

Drug Dose
(mg)

Cmax (ng/mL) Tmax (h) AUC0-t
(ng �h/mL)

Refs.

Indapamide 1.25 62.0 7 10.8 1.6 7 0.6 882 7 126 This study
1.25 56.2 7 14.0 2.4 7 1.1 1152 7 429 [16]
1.5 43.6 7 16.1 10.3 7 5.3 1318 7 303 [11]a

1.5 41.1 7 7.6 8.0 7 3.0 1268 7 279 [21]a

Perindopril 4 48.0 7 16.2 0.65 7 0.1 51.4 7 12.8 This study
4 36.5 7 11.4 0.66 7 0.2 41.7 7 10.0 [16]
4 63.9 7 18.0 0.66 7 0.2 70.3 7 14.4 [22]
4 72 7 20 0.75 106 7 32 [24]

Perindoprilat 4 5.96 7 3.0 6.4 7 1.3 108 7 34.7 This study
4 5 7 2 4.3 7 2.9 92 7 30 [23]b

4 5.91 7 2.9 6.3 7 1.2 111 7 18.4 [22]
4 4.9 7 2.7 6 191 7 76 [24]

AUC0-t: in this study t ¼ 48 h for indapamide and perindoprilat, t ¼ 6 h for peri-
ndopril; Ref. [16] t ¼ 96 h for indapamide and perindopril; Refs. [11,21] t ¼ 96 h for
indapamide; Ref. [22] t ¼ 5 h for perindopril and t ¼ 72 h for perindoprilat; Ref.
[23] t ¼ 72 h for perindoprilat; Ref. [24] t ¼ 120 h for perindopril and perindoprilat.

a Indapamide sustained-release tablets.
b One significant digit for Cmax.
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different dosage forms as it has been reported that the co-ad-
ministration of perindopril and indapamide does not change their
pharmacokinetic properties [5]. In regard to pharmacokinetic re-
sults of perindopril and perindoprilat in plasma, they were in close
proximity when compared to the others found in the literature
[22,23]. However, the AUC0-t values in literature [24] showed some
differences, which may relate to the insensitive method of de-
termination as the literature was published more than 20 years
ago.
4. Conclusions

Simple and sensitive UPLC-MS/MS methods for the determi-
nation of indapamide, perindopril and perindoprilat in human
plasma or whole blood were developed and validated. The
methods were successfully applied to pharmacokinetic studies in
humans. This is the first report on the pharmacokinetics of peri-
ndopril tert-butylamine/indapamide compound tablets in Chinese
healthy volunteers and the pharmacokinetic results of in-
dapamide, perindopril and perindoprilat in different biological
matrices would be helpful in providing some reference for clinical
application and clinical medication safety.
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