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Abstract

Rapid stability-indicating LC methods for simultaneous analysis of quinapril and hydrochlorothia-

zide were developed, validated and compared using evaporative light scattering detection (ELSD)

and diode array detection (DAD). For the separation of quinapril, hydrochlorothiazide and its

major degradation products, a monolithic column was used and the analytes were eluted within

7 min, applying gradient mobile phase in both methods. Quinapril was subjected to hydrolytic, ox-

idative, thermal, humidity and photolytic stress conditions. Degradation products werewell resolved

from main peaks and from each other, proving the stability-indicating power of the methods. The

response with DAD was linear and the response with ELSD was fitted to a power function, for qui-

napril and hydrochlorothiazide concentrations of 20–160 and 12.5–100 µg mL−1, respectively. DAD

method achieved better precision than ELSD method, the LOQ of DAD was lower and the accuracy

of the methods was similar. Quinapril degrade by hydrolysis and thermal stress, showing the forma-

tion of quinaprilat and quinapril diketopiperazine as degradants, which were identified by MS–MS.

Themethods were successfully applied to quantify quinapril and hydrochlorothiazide in commercial

tablets. LC–DAD and LC–ELSD methods are suitable to assess the stability and routine analysis of

quinapril and hydrochlorothiazide in pharmaceutical industry.

Introduction

The stability of a pharmaceutical product is closely related to its poten-
cy; therefore, whether the compounds are degraded, a decrease of the
therapeutic effect or changes in their toxicological properties would be
produced, affecting their efficacy and safety. Thus, it is mandatory to
maintain a stable pharmaceutical product and also to have analytical
tools to demonstrate stability (1). Therefore, stability-indicating meth-
ods are required to quality control of pharmaceuticals (2).

Quinapril hydrochloride (QUIN) and hydrochlorothiazide (HCTZ)
(Figure 1) are drugs used as single therapy or in association in the

treatment of hypertension. HCTZ is a thiazide diuretic and QUIN is
an angiotensin-converting enzyme inhibitor, which is a prodrug with
little pharmacological activity until hydrolyzed to quinaprilat (3).
Both drugs have chemical structures susceptible to degradation, so it
is important to have suitable methods in order to evaluate their stability.
QUIN undergoes hydrolysis and cyclization intramolecular, forming
two degradation products: quinaprilat and quinapril diketopiperazine
(DKP), respectively (4–8), and HCTZ also undergoes hydrolysis form-
ing 4-amino-6-chloro-1,3-benzendisulfonamine (DSA) and formalde-
hyde by hydrolysis (9–13). Stability-indicating LC methods for the
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individual determination of QUIN in an extemporaneous formulation
(6) and as a drug substance have been reported (7). Some stability-
indicating LC methods to quantify HCTZ in combination with other
drugs, such as losartan (10, 11), irbesartan (14), ramipril (15), enalapril
(9), spironolactone (16), aliskiren (17), losartan and atenolol (18) and
valsartanwith amlodipine, were reported (19). A stability-indicating LC
method for the simultaneous determination of QUIN and HCTZ was
developed by the authors (4), in which a conventional RP-18 column
and UV detector were used, as well as a monograph employing a LC
method for organic impurities reported in USP (20). In the present
study, we present twomethods, onewithDAD and the other with evap-
orative light scattering detection (ELSD) that are faster by using amono-
lithic column, and enable peak purity determination with DAD and
detection of possible degradation products undetected by UV detector,
with ELSD.

ELSDmeasures the intensity of light scattered by solids that remain
after the solvent has been evaporated, and its response is independent
of the chemical structures of the compounds (21, 22). ELSD has been
principally used for the detection of compounds lacking chromo-
phores in the pharmaceutical field, such as gabapentin, spectinomycin
and tobramycin (21, 23, 24). Some comparative studies have been de-
veloped to assess the performance of methods using ELSD versus UV
(22); however, to the best of our knowledge, there is no detailed com-
parison between both detectors in stability-indicating methods.

Monolithic columns are made from a single piece of highly porous
monolithic rods of silica with a bimodal pore structure of macropores
and mesopores. Macropores allow a rapid flow of the mobile phase at
low pressure and the mesopores provide high surface area for good ef-
ficiency. Therefore, monolithic columns are used as an alternative to
microparticle columns (25).

The aim of this work was to develop, validate and compared two
rapid stability-indicating LC methods using monolithic stationary
phase with DAD and ELSD for the simultaneous analysis of QUIN
and HCTZ in pharmaceutical samples. Both methods were applied
to the stability study and analysis of real commercial tablets of
QUIN and HCTZ. Moreover, a characterization of degradation
products formed under stress testing was performed by direct infusion
into the mass spectrometer in order to confirm the identity of the
compounds.

Experimental

Instrumentation and reagents

Chemicals and reagents
Standards of QUIN, quinaprilat, DKP and DSA (>99.0% purity) were
obtained from USP (Rockville, MD, USA). Standard of HCTZ
(>99.0% purity) was obtained from Sigma (St. Louis, MO, USA).
QUIN and HCTZ drug substance were obtained from Diprolab (San-
tiago, Chile). Acetonitrile and methanol LC grade, KH2PO4, sodium
hydroxide, triethylamine, acetic acid, hydrochloric acid and hydrogen
peroxide p.a. grade were purchased from Merck (Darmstadt, Germa-
ny).Milli-Q gradewater was used for the preparation of mobile phase.
The commercial drug tablets containing 20 mg of QUIN and 12.5 mg
of HCTZ were purchased from a Chilean pharmacy.

Instrumentation
The LC/DAD analysis was performed on a Series Flexar HPLC system
(Perkin Elmer, Norwalk, CT, USA). The system consists of a binary LC
pump, a DAD and a column oven, equipped with a manual injector
and a 20-µL loop. Chromera softwarewas used for the data collection.
The LC/ELSD analysis was performed on a YL9100 HPLC system
(Young Lin Instrument, Anyang, Korea). The system consists of a
YL9110 quaternary pump, a YL9101 vacuum degasser, a YL9130
column compartment and a Sedex model 85 LT-ELSD detector (low
temperature evaporative light scattering detector) (Sedere S.A., Alfor-
tiville Cedex, France), equipped with a manual injector and a 20-µL
loop. YL-Clarity Software version 3.0.4.444 was used for the data
collection. The MS analyses were carried out with a 3200 QTrap
LC–MS-MS Applied Biosystems® (MDS Sciex, California, USA). In-
strument control and data collection system were carried out using a
CLASS-VP DAD Shimadzu Chromatography Data System and Ana-
lyst software (version 1.5.2) for MS2 analysis.

Chromatographic conditions
HPLC analyses were carried out on a Chromolith® High Resolution
RP-18 column (100 × 4.6 mm; Merck). For LC/DAD analyses, the
mobile phase consisted of acetonitrile (A) and phosphate buffer (pH
3.0; 0.01 M) (B) in a gradient mode; Tmin/A %; T0/15; T2/15; T4/65;
T6/65; T8/15 with 8 min for column re-equilibration. The flow rate
was set to 1.5 mL min−1 with UV detector wavelength fixed at
215 nm and the column temperature was set at 30°C. For LC/ELSD
analyses, the mobile phase consisted of acetonitrile (A) and water
with acetic acid (0.086 M) and triethylamine (0.007 M) (pH 3.3)
(B) in a gradient mode; Tmin/A %; T0/15; T2/15; T4/75; T6/75; T8/
15; with 8 min for column re-equilibration. The flow rate was set to
1.0 mL min−1 and the column temperature was set at 35°C. ELSD
evaporation temperature was set at 40°C, the gain was 7 and the neb-
ulizer gas pressure was kept at 3 bar. The optimum column tempera-
ture, evaporation temperature and gas pressurewere obtained using an
experimental design procedure by means of the software Statgraphics
Centurion XV, version 15.2.05. Preliminary identification of degrada-
tion products was made by ESI-MSn, employing the following param-
eters: positive ionization mode; drying temperature, 350°C; ion spray
voltage, +4000 V; nebulizer gas, 30 psi; auxiliary gas, 20 psi; collision
energy, 30; scan range, 100–1200 m/z.

Standard solutions and sample solution preparation
The stock solution of HCTZ,DSA, DKP and quinaprilat was prepared
in methanol at 1.0 mg mL−1. The stock solution of QUIN was pre-
pared in acetonitrile at 1.0 mg mL−1. The standard solutions were pre-
pared from the stock solutions after adequate dilution with water.

Figure 1. Chemical structures of QUIN and HCTZ.
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To prepare the sample solution, 20 tablets were weighed and thor-
oughly homogenized. An amount equivalent to 2.0 mg of QUIN and
1.25 mg of HCTZ was accurately weighed into a 25 mL volumetric
flask, and 5 mL of water was added. The sample was vortexed for
15 s and sonicated for 15 min. Then 5 mL of acetonitrile was added,
and the solution was vortexed for 15 s and sonicated for 15 min. Then
the volume was made up with water and finally the solution was
filtered by sample filter (0.45 µm nylon membrane filter). The final
concentrations were of 80.0 µg mL−1 for QUIN and 50.0 µg mL−1

for HCTZ.

Methods

Method validation
The method was validated according to the ICH Q2 (R1) guideline
(26). Linearity, precision, accuracy, selectivity, limits of detection
and quantification, and robustness were used as the validation param-
eters. The results of validation parameters obtained from LC/DAD
and LC/ELSD methods were statistically compared at the 95% confi-
dence level; F-test and t-test were used to compare precision and accu-
racy, respectively.

Linearity
The linearity was investigated for the calibration curves in which the
concentrations of the drugs were plotted against the peak areas. Five
calibration solutions of 20, 40, 80, 120 and 160 µg mL−1 for QUIN
and 12.5, 25, 50, 75 and 100 µg mL−1for HCTZwere prepared by se-
rial dilution of stock solution, each solution was injected three times.

Precision
The precision of the method was determined by intraday and interday
precision. The intraday precision was examined by carrying out three
independent assays in three concentrations on the same day under the
same experimental conditions, and the interday precision was assessed
by carrying out the assays on three different days. The precision was
calculated by relative standard deviation.

Accuracy
The accuracy was evaluated by recovery test, applying the method to
the analysis of a mixture of common tablet excipients (lactose, starch
and magnesium stearate) with known amounts of standard of the
drugs, equivalent to 80, 100 and 120% of the nominal levels in the
tablets. Three replicates of each level were analyzed. The results
were expressed as the percentage of QUIN and HCTZ recovered
from the formulation matrix.

Selectivity
The selectivity was evaluated through the stress studies in order to
demonstrate the separation between QUIN, HCTZ and their degrada-
tion products. It was also evaluated by observing any interference
from excipients used in the tablets; therefore, samples of the commer-
cial products were analyzed. The peak purity test was evaluated using
DAD to confirm that there was no co-eluting analytes.

LOD and LOQ
The LOD and LOQ were calculated from the slope (S) and the stan-
dard deviation of the intercept (σ) of the mean of three calibration
curves, using the equations: LOD = 3.3 σ/S and LOQ = 10 σ/S.

The LOQ was validated by triplicate analysis of samples prepared
at a concentration near to that experimentally obtained.

Robustness
The robustness of the method was tested by changing the flow rate
and pH of aqueous phase of mobile phase in ±0.2 units. Replicate in-
jections (n = 3) of test solutions containing 80 µg mL−1 of QUIN and
50 µg mL−1 of HCTZ were performed. The theoretical plate number
and peak tailing factor were calculated as comparison parameters.

Stress testing

The stress study was carried out according to the ICH stability testing
guidance Q1A(R2) (27). The forced degradation studies of HCTZ
were evaluated previously by the authors using LC with UV detection
(9) and a method using LC/DAD and LC/ELSD is under consideration
at this time, for simultaneous determination of HCTZ and candesar-
tan, finding that HCTZ degrade via hydrolysis with formation of one
degradation product and was stable under photolytic, thermal and ox-
idative conditions; therefore, only stress testing of QUIN is described.
As mentioned in Introduction, a stability study of QUIN was devel-
oped by the authors in which a conventional RP-18 column and UV
detector were used (4). In the present work, stress testing of QUINwas
performed using LC/DAD and LC/ELSD with a monolithic stationary
phase. QUIN was stressed under different conditions until to produce
∼5–20% degradation, in order to obtain a relevant degradation prod-
uct (primary degradation product) (28). After degradation, the sam-
ples were diluted with water to 120 µg mL−1. Acid, alkaline and
neutral degradation were carried out on a hot plate at 60°C, with sam-
ple solutions of 400 µg mL−1 prepared in 0.1 N HCl, 0.1 N NaOH
and water for different periods of time. Acid and alkaline solution
were neutralized before analysis. The oxidative degradation was in-
duced by storing sample solutions of 400 µg mL−1 in 6% H2O2 at
room temperature (25 ± 2°C) for 7 days in the dark. For thermal
and humidity stress, solid drugs were spread in a thin layer on a petri-
plate and subjected to dry heat at 60°C in an oven for 20 days and at
75% RH at room temperature (25 ± 2°C) over a saturated NaCl solu-
tion, for 24 h. Photodegradation was carried out according to option
2 of the ICH Q1B guidelines (29). Samples of 400 µg mL−1 and solid
drug in 1 mm layer in a petri-plate were exposed to light for an overall
illumination of 1.2million lux hours and an integrated near ultraviolet
energy of 200 watt hours/m2.

The peak purity in the degraded samples was checked using a
DAD.

Results

Method development and optimization

The sample for optimization of the chromatographic conditions was a
mixture of standards of QUIN at 120 µg mL−1, HCTZ at 75 µg mL−1

and quinaprilat, DKP and DSA at 40 µg mL−1.
For LC/ELSD method, three different factors were evaluated in

order to determine their influence on the chromatographic detection
of both compounds. Column temperature (35–45°C), evaporation
temperature (40–60°C) and gas pressure (3–4 bar) in a two-level full
factorial design (23) with a central point and two replicates to assess
their impact on the ELSD response. The measured response was peak
height and was plotted in relation to each modified factor. A schematic
representation of the analysis was obtained in order to easily highlight
the significance of each effect on the response.

Optimal chromatographic conditions, with good peak shapes and
appropriate resolution in a short separation time, were obtained as de-
scribed in Chromatographic conditions section. System suitability pa-
rameters are within the suitable range: Rs > 2.0 between all peaks,
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peak tailing factor between 1.2 and 1.4 for QUIN and HCTZ and the-
oretical plates ∼80,000 for QUIN and 8,000 for HCTZ.

As shown in Figure 2, the LC/DAD and LC/ELSD methods en-
abled separation between QUIN, HCTZ and their degradation prod-
ucts; therefore, they proved to be stability-indicating.

Method validation

Linearity
The linearity data showed that the DAD response is linear; the equa-
tions of the calibration curves were y = 38.148x + 133.4; r2 = 0.9983
for QUIN, and y = 73.661x + 95.68; r2 = 0.9995 for HCTZ. Accord-
ing to statistical analyses by analysis of variance, both calibration

curves were linear (P < 0.005). For ELSD, a nonlinear response was
observed, and its response can be fitted to a power function; the equa-
tions of the calibration curves were y = 0.156x1.871; r2 = 0.996 for
QUIN, and y = 0.077x1.829; r2 = 0.995 for HCTZ. As the response is
nonlinear, a log–log transformation was applied producing linear
curves with r2 = 0.996 for QUIN and r2 = 0.995 for HCTZ.

Precision
The results of precision study are shown in Table I. The obtained val-
ues with DAD and ELSD were compared using F-test; the calculated
F-test values showed that there were significant differences between
precision of both methods for QUIN and HCTZ with P < 0.05, show-
ing that the LC/DAD method is more precise; anyway, the obtained
values show a suitable precision for both methods. These results are
in accordance with previous research, which show that UV detection
is more precise than ELSD for determination of antidiabetic drugs
(22).

Accuracy
The results of accuracy study are shown in Table I. According to t-test
(n = 9, α = 0.05), the recovery obtained with DAD and ELSD did not
differ from the real value and there were no significant differences be-
tween both methods.

Selectivity
Results from the stress studies indicated that the methods were able to
resolve all the peaks as shown in Figure 2; besides, no interference
from formulation excipients was found. The studies with the DAD
showed that all peaks were pure, with values of peak purity index
higher than 0.999 for QUIN and HCTZ, proving that the proposed
methods are selective.

Limits of detection and quantification
The LOD values were 0.39 and 1.94 µg mL−1 for QUIN and 0.30 and
1.78 µg mL−1 for HCTZ with DAD and ELSD, respectively, and the
LOQ values were 1.20 and 5.88 µg mL−1 for QUIN and 0.91 and
5.39 µg mL−1 for HCTZ with DAD and ELSD, respectively. Accord-
ing to these results, ELSD was found to have higher LOQ and LOD
values; anyway, the obtained values are suitable for pharmaceutical
analysis. These results are in accordance with previous research,
which show LOD values with UV detection lower than with ELSD
for determination of antidiabetic drugs (22). For validation of LOQ,

Figure 2.Chromatogramwith DAD and ELSD: (1) DSA, (2) HCTZ, (3) quinaprilat,

(4) QUIN and (5) DKP.

Table I. Precision and Accuracy Study with DAD and ELSD

Sample level (%) DAD ELSD

RSD (%) Recovery (%) RSD (%) Recovery (%)

Intradaya Interdayb Intradaya Interdayb

QUIN
80 0.72 0.86 101.5 2.59 1.92 102.9
100 0.58 0.96 100.6 2.09 1.25 98.8
120 0.11 0.84 101.2 3.11 1.14 98.6

HCTZ
80 0.76 1.25 100.5 0.06 2.63 98.9
100 0.58 1.08 101.4 4.27 1.77 97.8
120 0.68 0.37 99.2 1.95 1.55 103.1

aAnalyzed on the same day (n = 3).
bAnalyzed on three different days (n = 9).
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the recovery of QUIN and HCTZwas between 96.8 and 109.4%with
RSD lower than 5%.

Robustness
After slight variations of flow rate and pH, the theoretical plate num-
ber and peak tailing factor were practically not affected, except at flow
rate 1.2 mL min−1 for HCTZwith ELSD in which the peak tailing fac-
tor increases significantly (T = 1.8), probably due to inefficient evapo-
ration of the solvent when mobile phase flow is increased at the
predefined temperature of work. As a result, an uneven distribution
of dry particulate size is obtained, favoring more than one type of
light scattering and consequently obtaining asymmetric peaks.

Stress testing

The stability-indicating property of the methods was confirmed by
analysis of the degraded samples; all the detected degradation prod-
ucts were satisfactory separated from QUIN, HCTZ and each other.
Peak purity results from the DAD confirmed that the QUIN, HCTZ
and degradation product peaks obtained from all the stress samples
were pure.

QUIN was found to degrade via hydrolysis and thermal stress, and
was stable under humidity, photolytic and oxidative conditions; the
results of degradation percentage using both detectors are shown in
Table II. According to these results, DAD and ELSD display similar
degradation with detection of two degradations products. QUIN de-
graded rapidly and significantly to quinaprilat by alkaline hydrolysis,
and to DKP by acid, neutral and thermal conditions; these results
are in agreement with previous reports (4–6). Exposure to acid and
aqueous conditions yield the apparition of DKP likely because of a cy-
clization process, which was confirmed for isolation and fragmentation
of ion m/z = 421.2. In alkaline hydrolysis studies, QUIN molecular ion
[M−H]+ atm/z = 439.3 is quickly degraded to compound ofm/z = 393.1
probably as a consequence of both cyclization and hydrolysis process.
These findings were in accordance with previous studies (30), demon-
strating that in alkaline conditions, QUIN suffers rapid hydrolysis

with initial fragmentation to quinaprilat (m/z = 411.3) followed by fur-
ther degradation to ion m/z = 393.1.

Application to the analysis of commercial formulation

The proposed methods were applied to the determination of QUIN
andHCTZ in three different lots of the commercially available tablets.
As shown in Table III, both detectors display similar results for all
products. According to USP, the amounts found are within the speci-
fied limits of 95–105%.

Discussion

According to a previous research (4), the compounds were initially an-
alyzed with gradient elution using acetonitrile as organic modifier of
the mobile phase. Two monolithic stationary phases were tested: a
Chromolith® HighResolution RP-18 column (100 × 4.6 mm) and a
Chromolith® Performance RP-18 column (100 × 3 mm). According
to themanufacturer, the difference between both columns is efficiency;
HighResolution column is more efficient than Performance column;
this was experimentally displayed by analyzing the sample solution
with both columns, obtaining theoretical plates of 6,050 and 7,500
for HCTZ, and 38,700 and 80,550 for QUIN, with Performance
and HighResolution columns, respectively. The retention time was
lower with Performance column, showing a low resolution between
HCTZ and DSA with tR <1 min for both compounds. Therefore,
HighResolution column was selected. For LC/DAD different buffer
pHs of the aqueous phase of mobile phase were evaluated; at pH
>3.0, the quinaprilat peak efficiency decreases considerably (peak tail-
ing factor 1.2 at pH 3.0 and 2.2 at pH 4.6). For LC/ELSD, acetic acid
and triethylamine were added into the aqueous phase of mobile phase
to enhance sensitivity and peak shapes. Different concentrations of
these compounds were tested in order to optimize the mobile phase
(data not shown). The factorial design results showed that the ELSD
response was decreased by increasing the column temperature, evapo-
ration temperature and gas pressure; the effects of the factors were stat-
istically significant (α = 0.05); therefore, the lowest values of these
parameters were selected.

These methods represent an alternative to the previously reported
(4, 20), which use a conventional RP-18 column and UV detector;
with the advantages of shorter analysis (all analytes were eluted within
7 min). On the other hand, the use of DAD allows peak purity deter-
mination and ELSD allows detection of possible degradation products
that are undetected by UV detector.

Validation parameters are appropriate showing that the methods
are suitable for its intended use, although the DAD method is more
accurate and may determine lower concentrations than ELSD.

Stress study shows that QUIN is considerably degraded via hydro-
lysis and thermal stress, especially under alkaline conditions, with for-
mation of quinaprilat and DKP as were identified by mass analysis.
Therefore, caution should be taken in the production process and
on storage of this product in order to prevent degradation. When
using it as a drug product, due to compound degradation, it could
lead to a decrease in the therapeutic effect or changes in its toxicolog-
ical properties.

Conclusion

Two new rapid stability-indicating LC methods using a monolithic
stationary phase with DAD and ELSD have been developed and vali-
dated for simultaneous determination of QUIN and HCTZ. The

Table II. Degradation of Quinapril with DAD and ELSD

DAD ELSD

Degradation (%) Degradation (%)

NaOH HCl H2O Thermal NaOH HCl H2O Thermal

Time 5 min 3 h 3 h 20 days 5 min 3 h 3 h 20 days
54.9 14.1 4.9 26.5 50.1 15.1 5.3 23.8

Table III. Analysis of Commercial Drugs by DAD and ELSD

Batch DAD ELSD

Found content (%) Found content (%)

QUIN HCTZ QUIN HCTZ

1 101.5 ± 0.8 100.2 ± 0.6 98.0 ± 1.3 96.1 ± 0.4
2 101.7 ± 2.2 101.8 ± 0.9 96.3 ± 1.9 101.8 ± 1.8
3 104.3 ± 1.3 102.5 ± 1.0 104.1 ± 0.6 100.0 ± 2.1

Found amount (mg) Found amount (mg)

1 20.3 12.5 19.6 12.0
2 20.3 12.7 19.3 12.7
3 20.9 12.8 20.8 12.5
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performance of both detectors was compared, obtaining that DAD is
more precise and has a lower detection limit than ELSD, and the accu-
racy is similar. Moreover, another advantage of DAD is that it shows a
linear relationship, whereas for ELSD shows a nonlinear response.
Anyway, the LC–DAD and LC–ELSD methods are suitable to assess
the stability and rapid routine analysis of quinapril and HCTZ in
pharmaceutical samples. ELSD represents an alternative to DAD in
pharmaceutical analysis, especially when non-UV detectable com-
pounds should be analyzed. The stability study of QUIN shows that
it is unstable under hydrolysis and thermal stress, showing the forma-
tion of quinaprilat and quinapril diketopiperazine as degradants,
which were identified by mass spectrometry analysis.
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