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ABSTRACT

High performance liquid chromatographic method was developed valdated and applied for the simultaneous determi-
nation of lisinopril and NSAIDs in bulk, pharmaceuticals formulations and human serum. A Purospher star C18 (5 um,
25 % 0.46 cm) column was used with mobile phase consisting of methanol: water: acetonitrile (80:17.5:2.5 v/v, pH 3.0)
and quantitative evaluation was performed at 225 nm with a flow rate of 1.0 mL-min"'. The retention time of lisinopril
was 2.2 min while naproxen, flurbiprofen, diclofenac sodium and mefenamic acid were found to be 4.0, 4.5, 5.0 and 6.7
min respectively. Suitability of this method for the quantitative determination of the drugs was proved by validation in
accordance with the requirements laid down by International Conference on Harmonization (ICH) guidelines. The
method is selective, precise, accurate and can be used for analysis of pharmaceutical preparations in quality control and
clinical laboratories.
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1. Introduction fluorescence detection [17]. We earlier [18] reported a
simultaneous method for the determination of lisinopril
and statins in API, pharmaceutical formulations and hu-
man serum by RP-HPLC. However, in literature no HPLC
method for separation and simultaneous determination of
lisinopril and NSAIDs has been reported. The aim of the
present study was to develop an efficient, reliable, accurate

Lisinopril (Figure 1) [1,2] a lysine-derivative, is a potent
angiotensin converting enzyme inhibitor that mimics the
structure of its substrate. It is primarily used in treatment
of hypertension, congestive heart failure and also in pre-
venting renal and retinal complications of diabetes [3].
Non-steroidal anti-inflammatory drugs (NSAIDs) usually
indicated for the treatment of acute or chronic pain and .-
inflammation are nonselective inhibitors of cyclooxygenase, 60
inhibiting both cyclooxygenase-1 and cyclooxygenase-2 is-
oenzymes, which catalyzes the formation of prostaglandins
and thromboxane from arachidonic acid [4].
Several studies have been reported on the interaction 0 2
between ACE inhibitors and NSAIDs [5-11]. Likewise, 4 >
there are number of possible drug interactions of lisinopril 3
with NSAIDs [12-15].The study of potential drug inte- 20
ractions of lisinopril with various NSAIDs requires the
quantitation of both of these drugs in various samples
containing both of these types of drugs. A number of
RP-HPLC methods are reported for the determination of

lisinopril in dosage forms and spiked human plasma 2 4 6 8 10 min
through derivatization [16] and in human plasma with Figure 1. A representative chromatogram (1) Lisinopril; (2)
_ Naproxen; (3) Flurbiprofen; (4) Diclofenac sodium; and (5)
Corresponding author. Mefenamic acid in raw material.
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and sensitive method for the separation and quantitative
determination of lisinopril and NSAIDs simultaneously as
this would allow more efficient generation of clinical data
at more modest cost than separate assays.

In present paper, we report a simple, easy, quick and
inexpensive isocratic RP-HPLC method with ultraviolet
detection at 225 nm for the simultaneous determination of
LIS and four NSAIDs, i.e., diclofenac sodium, flurbipro-
fen, naproxen and mefenamic acid The method is equally
valid for the determination in bulk materials, pharmaceu-
tical dosage formulations and human serum. This method
can be used for the quantitative analysis of NSAIDs and
lisinopril alone or in combination. The low LOD and LOQ
values merit the method for the determination of these
drugs in clinical samples.

2. Experimental
2.1. Instrumentation

A Shimadzu HPLC system equipped with LC-10 AT VP
pump and SPD-10 A VP UV-VIS detector was utilized.
Chromatographic system was integrated via Shimadzu
model CBM-102 to P-IV computer loaded with Shimadzu
CLASS-VP software (Version 5.03) for data acquisition
and mathematical calculations. Rheodyne manual injector
was fitted with a 20 uL loop, Purospher” star C18 (5 pum,
25 x 0.46 cm) column a Hiber™, pre-packed Column RT
250-4.6 and DGU-14 AM on-line degasser. In addition,
Mettler Toledo electronic balance, micro-liter syringe and
micropore filtration assembly were used in this study.

2.2. Material and Reagents

Lisinopril, (Lisinopril® 5 mg) was kind gift from Atco
Laboratories (Pvt) Ltd, NSAIDs used were diclofenac sod-
ium (Voltral® 50 mg) from Novartis Pharmaceuticals (Pa-
kistan) Ltd, flurbiprofen (Synalgo® 100 mg) from Plati-
num Pharmaceuticals (Pvt) Ltd., naproxen (Anex 275 mg)
PharmEvo (Pvt) Ltd. and mefenamic acid (Ponstan® 250
mg) were obtained from Parke-Davis & Co Ltd. All these
drugs had an expiry of not less than one year at the time of
study. All reagents used were of HPLC grade. Acetonitrile,
methanol and phosphoric acid 85% (Merk, Germany) and
HPLC grade deionized filtered water were used to prepare
the mobile phase. Stock solutions of lisinopril and NSAIDs
were prepared in the mobile phase. Fresh working solutions
were prepared daily. All solutions were filtered (0.45 pum)
and degassed using sonicator.

2.3. Preparation of Solutions

Standard solutions of lisinopril and NSAIDs were prepared
by dissolving appropriate amounts of each in mobile phase
methanol: water: acetonitrile (80:17.5:2.5 v/v, pH 3.0) to
obtain final drug concentrations of 100 pg-mL". For the
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calibration standards, seven calibrators of each drug were
prepared by making serial dilutions from stock solutions.
For the assay of pharmaceutical preparations, the content of
20 tablets were powdered, weighed and portion of the
powder equivalent to the suitable amount of drug (accord-
ing to the labeled claimed) was dissolved in mobile phase,
sonicated and filtered in order to remove excepients and
transferred into a 50 mL volumetric flask and diluted to the
mark. Seven dilutions of each drug were prepared, portion
of this solution was filtered through a disposable 0.45 pm
filter and then injected to the rheodyne.

2.4. Serum Drug Analysis

Blood samples were collected from healthy volunteers
and after cogulation centrifuged at 3000 rpm for 10 mi-
nutes. The supernatant (serum) obtained was stored at
—20°C. After thawing, serum was deprotinated by ace-
tonitrile and spiked daily with working solutions to pro-
duce desired concentrations of lisinopril and NSAIDs. 20
pL volume of each sample was injected and chromato-
graphed under above conditions.

2.5. Chromatographic Conditions

The chromatographic analysis was performed at ambient
temperature with isocratic elution. The mobile phase
consisted of methanol: water: acetonitrile (80:17.5:2.5
v/v) with pH adjusted to 3.0 with phosphoric acid (85%).
The pump was set at a flow rate of 1.0 mL-min "', sample
volume of 20 pL. was injected in triplicate onto the HPLC
column and elute was monitored at 225 nm.

2.5.1. Method Development

In order to select a proper mobile phase for the separa-
tion of lisinopril and NSAIDs isocratic elution was ap-
plied. The optimization of the analytical procedure has
been carried out by varying the mobile phase composi-
tion, flow rate and pH of the mobile phase. Preliminary
the mobile phases investigated were methanol and water,
broad peaks were recorded, therefore we could not use
methanol and water as mobile phase. Optimal retention
time for lisinopril was 2.2 min and for naproxen, flurbi-
profen, diclofenac sodium and mefanimic acid was found
to be 4.0, 4.5, 5 and 6.7 min and best resolution were
achieved when mobile phase was methanol: water: ace-
tonitrile (80:17.5:2.5 v/v) having pH adjusted to 3.0 with
phosphoric acid. Mobile phase selection was based on
peak parameters, ease of preparation and cost.

2.5.2. Validation Procedure

All validation steps were carried out according to the
ICH guidelines. Method validation establishes that the
method performance characteristics are suitable for the
intended use. Various parameters of the method such as
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system suitability, selectivity, specificity, linearity (con-
centration-detector response relationship), accuracy, pre-
cision, sensitivity, detection and quantification limit re-
covery from the matrix were considered.

The system suitability was assessed by five replicate
analyses of the drug at a concentration of 250 ng-mL ™.
System suitability of the method was evaluated by ana-
lyzing the repeatability, peaks symmetry (symmetry fac-
tor), theoretical plates of the column, resolution between
the peaks of NSAIDs and lisinopril, mass distribution
ratio (capacity factor) and relative retention.

Specificity is the ability of a method to discriminate
between the analyte of interest and other components that
are present in the sample.

The specificity of the method was evaluated to ensure
separation of lisinopril and NSAIDs. For demonstrating
the specificity of the method for drug formulation, the
drug and the excipients used in formulation products
were spiked. The linearity of the method was evaluated
at seven different concentrations that ranged from 2.5 -
100 ug-mL™" for lisinopril and NSAIDs. Here the peak
area using absorbance detection was studied for each
drug. The accuracy of the method was evaluated from
recovery assay which was made on the formulation sam-
ples. Thus, known amounts of each drug were prepared
in triplicate at three levels (80%, 100% and 120%) and
spiked into their corresponding formulation and the av-
erage recovery was calculated as the mean value ob-
tained. To test the precision of the method, analysis were
carried out on two different non-consecutive days. LOD
and LOQ were calculated by the equation given in ICH
guidelines. Ruggedness of this method was evaluated in
two different labs with two different instruments. Lab 1
was in the Research Institute of Pharmaceutical Sciences,
Faculty of Pharmacy University of Karachi, while Lab 2
was in the Department of Chemistry, Faculty of Science,
University of Karachi.

3. Results and Discussion

The development of HPLC method for the determination
of drugs has received considerable attention in recent
years because of their importance in routine quality con-
trol analysis. HPLC methods generally requires complex
and expensive equipment, provision for use and disposal
of solvents, labor-intensive sample preparation procedure
and personal skills in chromatographic techniques. The
goal of this study was to develop a rapid, more accurate,
precise reliable least time consuming HPLC method for
the simultaneous determination of lisinopril and NSAIDs
in the form of bulk drug samples, its formulations and
human serum using the most commonly employed C-18
column with UV detector.

3.1. Method Development

In the present investigation the best separation of lisi-
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nopril and NSAIDs was achieved using a Purospher” star
C18 (5 pm, 25 x 0.46 cm) column which provides effi-
cient and reproducible separation of the components.
Using other type of column under similar experimental
condition, the separation lasted about 15 minutes. A mo-
bile phase of methanol: water: acetonitrile (80:17.5:2.5
v/v) having pH adjusted with phosphoric acid to 3.0 pro-
vided a reproducible, baseline resolved peak. Small changes
in pH of the mobile phase had a great influence to the
chromatographic behavior of these substances, higher pH
of the mobile phase also results in peak tailing and a
lower pH retention time of NSAIDs and lisinopril was
delayed. It is obvious from the chromatogram (Figures 1,
2 and 3) that NSAIDs and lisinopril eluted out having
symmetrical peaks and were well separated from each
other. The method was found to be rapid as lisinopril and
NSAIDs eluted out at 2.2, 4.0, 4.5, 5 and 6.7 minutes
respectively, which is important for routine analysis. In
comparison with other published methods for determina-
tion of lisinopril and NSAIDs the advantages of this
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Figure 2. A representative chromatogram (1) Lisinopril; (2)
Naproxen; (3) Flurbiprofen; (4) Diclofenac sodium; and (5)
M efenamic acid in dosage form.
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Figure 3. A representative chromatogram (1) Lisinopril; (2)
Naproxen; (3) Flurbiprofen; (4) Diclofenac sodium; and (5)
Mefenamic acid in serum.
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method are ease of operation, short analysis time (total
run time <10 minutes), utilization of readily available cost-
effective solvents, no matrix interferences, and satisfac-
tory limit of quantification to enable pharmacokinetic
studies of lisinopril and NSAIDs. Rapidness, sensitivity,
simplicity, economical nature, acceptable resolution, good
recovery and precision of this method gives it an advan-
tage over the other reported HPLC methods for the de-
termination of lisinopril and NSAIDs.

3.2. Method Validation

The newly developed method has been validated and
holds well for the determination of drug in raw materials,
dosage formulations and serum. For validation of ana-
lytical methods, the guidelines of the International Con-
ference on the Harmonization of Technical Requirements
for the Registration of Pharmaceuticals for Human Use
have recommended the accomplishment of selectivity,
specificity, linearity, accuracy test, precision, sensitivity,
limit of detection and quantification of the method.

3.2.1. Selectivity and Specificity

The selectivity and specificity of the method was estab-
lished through the study of resolution factor of the peak
of lisinopril from that of NSAIDs. The method demon-
strated good resolutions and was found to be free of in-
terference from the excipients Figure 1 used in formula-
tion products and thus, the method is specific for lisino-
pril and NSAIDs.

3.2.2. Range and Linearity

Table 1 shows the regression statistics of concentration
analytical response, the standard deviation of the regres-
sion line and the optimum linear range (2.5 - 100 pg-mL ")
for each compound. Calibration curves were constructed
in the range of expected concentrations (2.5 - 100 pg-mL ™)
and were found to be linear within the quantification
ranges for all the assayed drugs using a linear regression,
excellent linearity was obtained in all cases with correla-
tion coefficients <0.999.

Table 1. Regression equationswith LOD, LOQ.

LOD LOQ 2

Drugs Regression equations ng/mL.  ng/mL
Lisinopril y=1788.4x +2214 0.9 2.8 09995
Diclofenac sodium y=14974x + 18497 0.1 04 09995
Mefanamic acid  y=27128x+35712 0.1 03 0.9996
Flurbiprofen y =7946.4x +4404.6 0.1 0.5 09999
Naproxen y=6467.8x +6366.1 0.3 1.1 0.9998

LOD = Limit of detection, LOQ = limit of quantification
Correlation coefficient (r?).
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3.2.3. Accuracy and Recovery

Data corresponding to these recovery assays for the stu-
died analytes are presented in Table 2. The accuracy
ranged from 99.9% - 100.03%, at low, medium and high
levels for all investigated analytes. The data given in Ta-
ble 2 shows that there is no significant difference be-
tween the amount of drug spiked in serum and the am-
ount recovered. Thus, serum did not interfere with the
estimation.

3.2.4. Precision

The intra-and inter-batch precision was evaluated by as-
saying the samples (Table 3). In this assay, the intra-
batch precision and the inter-batch precision was <0.60
in bulk materials and 0.9% or less in human serum. The
results demonstrated that the values were within the ac-
ceptable range and the method was sufficiently accurate
and precise.

3.2.5. Ruggedness

The assay results indicated that the method was capable
with high precision did not show any notable deviations
from acceptable limits.

3.2.6. Limit of Detection and Quantification

The detection limit of an individual analytical procedure
is the lowest amount of analyte in a sample which can be
detected but not necessarily quantitated as an exact value.
The quantitation limit of an individual analytical proce-
dure is the lowest amount of analyte in a sample which
can be quantitatively determined with suitable precision
and accuracy. The LOD and LOQ are calculated as re-
ported in literature given in Table 1.

Table 2. Accuracy of lisinopril and NSAIDs.

Drugs Conc% % RSD % Recovery

80% 0.0013 99.98

Lisinopril 100% 0.0008 100.00
120% 0.0003 99.95

80% 0.0002 99.98

Diclofenac sodium 100% 0.0001 100.00
120% 0.0000 100.01

80% 0.0002 100.01

Mefanamic acid 100% 0.0001 100.00
120% 0.0000 100.00
80% 0.0005 100.02
Flurbiprofen 100% 0.0001 100.02
120% 0.0001 100.03

80% 0.0004 99.95

Naproxen 100% 0.0001 99.98
120% 0.0001 99.99
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Table 3. Intra-day and inter-day precision of the method.

Intra-day (RSD, %)

Inter-day (RSD, %)

Concn (ug'mL’]) LSP DIC MEF FLR NAP LSP DIC MEF FLR NAP
Bulk material
2.5 0.018 0.001 0.001 0.00 0.00 0.02 0.40 0.25 0.022 0.23
5 0.009 0.001 0.001 0.00 0.00 0.03 0.20 0.22 0.002 0.02
10 0.004 0.001 0.000 0.00 0.00 0.02 0.34 0.23 0.002 0.25
25 0.002 0.000 0.000 0.00 0.00 0.03 0.25 0.02 0.005 0.25
50 0.001 0.000 0.000 0.00 0.00 0.40 0.25 0.01 0.022 0.26
100 0.001 0.005 0.000 0.01 0.01 0.50 0.60 0.01 0.225 0.28
Serum LSP DIC MEF FLR NAP LSP DIC MEF FLR NAP
2.5 0.26 0.98 0.02 0.22 0.36 0.35 0.36 0.1 0.36 0.45
5 0.23 0.36 0.00 0.36 0.65 0.32 0.36 0.2 0.23 0.55
10 0.25 0.54 0.00 0.25 0.23 0.35 0.36 0.3 0.22 0.22
25 0.23 0.39 0.01 0.39 0.25 0.33 0.36 0.06 0.66 0.66
50 0.22 0.68 0.01 0.35 0.22 0.55 0.39 0.99 0.65 0.99
100 0.23 0.98 0.01 0.22 0.98 0.20 0.25 0.56 0.99 0.26

LSP lisinopril, DIC diclofenac sodium, MEF mefenamic acid, FLR flurbiprofen, NAP naproxen.

4. Conclusion

The new HPLC method described in this paper provides
a simple, universal, convenient and reproducible ap-
proach for the simultaneous identification and quantifica-
tion that can be used to determine lisinopril and any of
the four NSAIDs. In summary, the proposed method can
be used for the drug analysis in routine quality control. In
addition, this method has the potential application to
clinical research of drug combination, multi-drug phar-
macokinetics and interactions.
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