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Abstract
A simple, selective and sensitive reversed-phase high performance liquid chromatography method
for simultaneous analysis of hydrochlorothiazide and reserpine in human urine was developed and
subjected to primary pharmacokinetic study. After a simple protein precipitation using methanol
and extraction with ethyl acetate, the analytes were separated on an Elite C18 column at a flow rate
of 0.8 mL min−1. The mobile phase was composed of acetonitrile (A) and 0.2% ammonium
chloride solution (B) for a gradient elution starting at A:B at 30:70, v/v for 0~6 min, linearly
raising the percent of A from 30% to 50% (6~9 min) and ending at 50:50, v/v (9~25 min). The
standard curves were linear over the range of 0.05–20 µg mL−1 for hydrochlorothiazide and 0.02–
5.0 µg mL−1 for reserpine, respectively (r > 0.999). The limit of detection (LOD) and the limit of
quantification (LOQ) were 5.5 ng mL−1 and 18.2 ng mL−1 for hydrochlorothiazide, and 7.1 ng
mL−1 and 23.6 ng mL−1 for reserpine, respectively. The recoveries for both analytes were above
89.0±1.35%. The intra-day and inter-day precision for hydrochlorothiazide were less than 1.91%
and 1.38%, and those for reserpine were below 1.61% and 2.64%, respectively. The method
indicated good performance in terms of specificity, linearity, detection and quantification limits,
precision and accuracy, and it was employed successfully for the simultaneous determination of
hydrochlorothiazide and reserpine in human urine samples.
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Introduction
Hydrochlorothiazide is one of the most commonly used thiazide diuretics to treat moderate
hypertension [1]. It is usually administered in combination with another antihypertensive
agent, reserpine, which is also extensively used for the treatment of hypertension.

Simultaneous determination of both drugs in biological samples is desirable as it would
allow more efficient generation of clinical data and could be more effective than separate
assays. However, as to our knowledge there has been no report for simultaneous
determination of hydrochlorothiazide and reserpine in biological samples even though
several chromatographic methods have been reported for the analysis of either
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hydrochlorothiazide or reserpine. Analytical methods for hydrochlorothiazide individually
or combined with other antihypertensive drugs in tablets or urine have been reported based
on capillary electrophoresis method [8], high performance liquid chromatography (LC) with
UV, electrochemical detection [6] or mass spectrometry (LC-MS), and liquid
chromatography coupled with tandem mass spectrometry (LC/MS/MS) [2–8]. A variety of
methods also have been applied for assaying reserpine, such as spectrofluorimetric [9–12],
GC and HPLC methods with electrochemical detectors [13,14], and LC/MS/MS with a
chelating agent [15]. Most of these methods required specific detectors, such as an
electrochemical detector [14], while others required complicated sample pre-treatment
[15,16]. It is tedious to determine the analytes separately for each sample using two different
LC conditions or two different detection methods. There was also a literature on
simultaneous determination of both analytes in tablets with LC [17], where the linear range
can not meet the determination requirement in the present study, the pre-treatment and LC
method was not suitable for biological samples.

In this paper, a simple and sensitive LC assay for simultaneous analysis of two target
compounds in human urine was developed without using other conventional techniques such
as potentiometry and capillary electrophoresis. The present pre-treatment---liquid-liquid
extraction with ethyl acetate after protein precipitation was simple and effective. This
method was successfully applied for simultaneous determination of hydrochlorothiazide and
reserpine in urine samples from healthy volunteers after a combined oral administration of
9.0 mg of hydrochlorothiazide and 1.0 mg of reserpine.

Materials and methods
Materials and reagents

Reserpine and hydrochlorothiazide were purchased from National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China), and rifampicin (internal standard,
IS) from J&K (USA). Distilled water was prepared from demineralized water and used
throughout the present study. Ethyl acetate was of analytical grade while all other chemicals
were of HPLC grade.

Instrumentation
Chromatographic analyses were performed with a Shimadzu system that was equipped with
a 20A pump and a diode-array detector (DAD). Chromatographic separation was achieved
on the Elite ODS C18 column (250 mm × 4.6 mm, 5 µm), with a pre-column (Shimadzu
ODS C18, 10 mm × 4.6 mm, 5 µm). The mobile phase was acetonitrile (A) and 0.2%
ammonium chloride solution (B), 0~6 min, A: B (30:70, v/v); 6~9 min, the percent of A
raised from 30% to 50%; 9~25 min, A: B (50:50, v/v). The flow rate was maintained at 0.8
mL min−1. Eluted peaks were detected at 268 nm.

Reference standard solution preparation
Since reserpine would be decomposed by oxidation under illumination, it should be
protected from light exposure throughout the procedure. Stock solutions of reserpine (100
µg mL−1), hydrochlorothiazide (100 µg mL−1) and rifampicin for IS (1 mg mL−1) were
prepared separately with acetonitrile: water (50:50, v/v) by sonicating for 30 min at room
temperature. These solutions were further diluted with an appropriate amount of blank urine
obtained from healthy volunteers to get a series of standards with concentrations of 0.05,
0.1, 0.2, 0.5, 1.0, 5.0, 10, and 20 (µg mL−1) for hydrochlorothiazide, and 0.02, 0.05, 0.1, 0.2,
0.5, 1.0 and 2.0 (µg mL−1) for reserpine, respectively.
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Sample collection
Urine samples were collected from healthy volunteers every 1 h after oral administration of
9.0 mg of hydrochlorothiazide and 1.0 mg of reserpine. After the total volume was
measured, about 10.0 mL of urine was stored in sealed containers at −20 °C.

Sample preparation
A 0.50 mL aliquot of the collected urine samples was pipetted into a centrifuge tube to
which the internal standard solution (5 µL, 0.1 mg mL−1) and 2 mL of methanol were
added. After vortexing for 3 min, the tube was centrifuged at 4000×g for 20 min. Then 0.5
mL of ethyl acetate was added to the supernatant, the tube was vortexed for 30 s and
allowed to stand at room temperature for 15 min. The upper layer was transferred into a new
borosilicate glass tube and evaporated to complete dryness under a nitrogen stream at 40 °C.
The residue was reconstituted in 0.5 mL of 50% acetonitrile-water, and a 20 µL aliquot was
injected into the HPLC system immediately.

Result and Discussion
Chromatographic selectivity

In order to achieve good separation of the examined drugs, a variety of reverse phase and
gradient mobile phase LC systems were examined. The optimum wavelength for detection
was 268 nm, at which good detection responses were achieved. A series of different buffer
systems were studied and ammonium chloride solution was found to be superior. The pH of
ammonium chloride was restricted to the range 3–6 with HCl. It was found that changing of
pH had no obvious influence on the retention and absorbance of samples. Since isocratic
elution can not simultaneously separate all components, gradient elution (see section
“Instrumentation”) was adopted.

This simple procedure afforded efficient separation and purification of hydrochlorothiazide
and reserpine in human urine without interference of peaks of endogenous constituents from
urine and reagents. Fig. 1 shows chromatograms of the blank urine, blank urine spiked with
standard substances (5.0 µg mL−1 hydrochlorothiazide and 5.0 µg mL−1 reserpine), and a
urine sample obtained from a volunteer 1 h after a single oral dose of 9.0 mg
hydrochlorothiazide and 1.0 mg reserpine. The retention times for the internal standard and
investigated drugs were found to be 16.8 min (IS), 8.3 min (hydrochlorothiazide) and 20.8
min (reserpine).

Linearity and LOD, LOQ
Calibration standards of seven concentrations of hydrochlorothiazide (0.05, 0.1, 0.2, 0.5, 1.0,
5.0, 10.0, and 20.0 µg mL−1) and reserpine (0.02, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0 and 5.0 µg
mL−1) were extracted and assayed. The calibration curve was obtained by plotting the peak
area ratio of hydrochlorothiazide to IS and reserpine to IS. Calibration curves were linear
over the concentration range of 0.05–20 µg mL−1 for hydrochlorothiazide and 0.02–5.0 µg
mL−1 for reserpine, respectively.

Typical equations of calibration curves were as follows:

Here, Y=peak-area ratio (component/internal standard) and X=component concentration (ng
mL−1).

Li et al. Page 3

Chromatographia. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The limit of detection (LOD) and the limit of quantification (LOQ) of hydrochlorothiazide
and reserpine were calculated using the following equations:

where N is the standard deviation of the peak areas (six injections) in the baseline signal of
drug-free urine samples, m is the slope of the corresponding calibration curve. The limit of
detection and the limit of quantification were 5.5 ng mL−1 and 18.2 ng mL−1 for
hydrochlorothiazide, and 7.1 ng mL−1 and 23.6 ng mL−1 for reserpine, respectively.

Recovery tests
QC samples were prepared as described under the section “sample preparation”, where three
concentrations (0.2, 0.5, 1.0 µg mL−1) were prepared and analyzed for each analyte,
corresponding to the lower limit, middle point and upper limit of the linearity curve. The
extraction recovery was calculated by the ratio of the areas obtained from the spiked
samples and the areas obtained from the standard solutions. As illustrated in Table 1, the
lowest recovery was 89.0%, which showed a good performance on the accuracy of the
method.

Precision studies
The assays described under “recovery tests” were repeated five times within the same day to
ensure reproducibility (intra-day precision) and six times over three different days to obtain
inter-mediate precision (inter-day precision), both expressed as RSD values. In As shown in
Table 2, all values of the RSD of intra-day precision were less than 2.0%, while those of
inter-day precision were less than 3.0%. The results showed that the precision of this method
was satisfactory.

Stability
Stock solutions of hydrochlorothiazide and reserpine were stable for at least 20 days when
stored at 4 °C. Short-term stability of hydrochlorothiazide and reserpine in urine samples at
room temperature was determined within 24 h. Long-term stability was studied by assaying
samples within 10 days of storage in −20 °C. The results were expressed by the percentage
of initial content of hydrochlorothiazide and reserpine in the freshly treated urine samples.
In short-term stability, no significant change was found in reserpine for 12 h and in
hydrochlorothiazide for 24 h. Long-term stability was 10 days for hydrochlorothiazide and 2
days for reserpine. Furthermore, hydrochlorothiazide and reserpine were stable through at
least two freeze-thaw cycles.

Application to urine samples
The method described above was applied to assay hydrochlorothiazide and reserpine in
human urine samples. The urine samples were processed as described previously and
assayed immediately. Fig. 2 showed the cumulative amount of hydrochlorothiazide and
reserpine excreted in urine within 12 h. There was a quick urinary excretion within 1 h for
both hydrochlorothiazide and reserpine. The fraction of the oral dose excreted in urine was
40.05% for hydrochlorothiazide and 10.37% for reserpine in 12 h. This result of
pharmacokinetic study was consistent with the literature data.

Conclusion
A simple, selective and sensitive LC method has been developed for the simultaneous
quantitation of hydrochlorothiazide and reserpine in human urine. The major advantages of
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this method are the simple sample preparation, and high precision and accuracy. This
method has been successfully applied to analyze hydrochlorothiazide and reserpine in urine
samples of eight healthy volunteers following the administration of a single oral dose of 9.0
mg of hydrochlorothiazide and 1.0 mg of reserpine.
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Fig. 1.
(A) blank urine; (B) blank urine spiked with 5.0 µg mL−1 hydrochlorothiazide and 5.0 µg
mL−1 reserpine; (C) urine sample obtained from a volunteer 1 h after a single oral dose of
9.0 mg of hydrochlorothiazide and 1.0 mg of reserpine. (1) hydrochlorothiazide; (2) IS; (3)
reserpine
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Fig. 2.
Cumulative urinary excretion profile of hydrochlorothiazide and reserpine after a single oral
administration of 9.0 mg of hydrochlorothiazide and 1.0 mg of reserpine. Total cumulative
excretion within 12 h.
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Table 1

Recovery of assay for hydrochlorothiazide and reserpine (n=5)

Hydrochlorothiazide reserpine

Added(ng mL−1) Mean ± S.D.(%) Added( ng mL−1) Mean ± S.D.(%)

 200 97.9±2.23  200 89.2±1.72

 500 96.2±1.13  500 89.0±1.35

 1000 97.1±1.75  1000 95.1±1.27
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Table 2

Precision of assay for hydrochlorothiazide and reserpine (n=5)

Conc.added (ng mL−1)
Intra-day Inter-day

Mean Caculated RSD (%) Mean Caculated RSD (%)

hydrochlorothiazide

 200 195.7 1.91 191.6 1.22

 500 480.6 0.98 460.1 1.35

 1000 979.3 1.49 952.5 1.38

reserpine

 200 178.4 1.61 166.7 2.12

 500 445.0 1.26 444.3 2.53

 1000 949.2 1.11 936.4 2.64
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