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A simple high-performance liquid chromatographic method with
ultraviolet detection is proposed for the estimation of diclofenac
potassium and drotaverine hydrochloride in human plasma. Liquid—
liquid extraction was carried out with a mixture of dichloro-
methane—isopropyl alcohol (80:20, v/v). Chromatographic separ-
ation of the analytes and internal standard was achieved on an
analytical 250 x 4.6 mm i.d. reversed-phase Thermo BDS Hypersil
C8 (5 um particle size) column using a mobile phase of aceto-
nitrile—0.02M ammonium acetate buffer (53:47, v/v) at pH 3.5. The
run time was less than 15 min. Column eluate was monitored
at 230 nm. The linearity over the concentration ranges of
25-1500 ng/mL and 32-960 ng/mL was obtained for diclofenac
potassium and drotaverine hydrochloride, respectively. The limit of
quantification was 25 and 32 ng/mL for diclofenac potassium and
drotaverine hydrochloride, respectively. Recoveries of diclofenac
potassium and drotaverine hydrochloride from plasma were 97.45%
and 98.27%, respectively.

Introduction

Diclofenac potassium (DP), [2-(2,6-dichloroamino)phenyl]acetic
acid, is a non-steroidal anti-inflammatory and antipyretic drug.
It is usually administered as a potassium (Figure 1) or sodium
salt (1-4). It inhibits prostaglandin synthesis by interfering
with the action of prostaglandin synthetase (cyclooxygenase)
(5, 6). Several types of analytical procedures have been
proposed for the estimation of diclofenac in pharmaceutical
formulation, including potentiometry (7), fluorimetry (8),
gravimetry (9), UV spectrophotometry and partial least squares
regression (PLS) (10).

Many high-performance liquid chromatography (HPLC)
methods are reported for determination of diclofenac (11-15)
in which different columns are used, such as C18, Inertil
ODS-3, Zorbax C8 and Macherey—Nagel Nitrile columns; the
mobile phases used are, for example: methanol-water—acetic
acid (80:20:0.5); 0.1M ammonium acetate buffer—methanol
(15:85, v/v); acetonitrile—0.05M disodium hydrogen ortho-
phosphate buffer (60:40, v/v) at pH=3.5; 0.01M each of
sodium acetate and glacial acetic acid buffer—methanol (85:15,
i) at pH = 4.6.

Drotaverine hydrochloride (DH), 1-[(3,4-Diethoxy phenyl)
methylene]-6,7-diethoxy-1,2,3,4-tetta  hydro  isoquinolene
(Figure 1), is an analogue of papaverine. DH is officially in the
Pharmacopoeia of Poland (16). It acts as an antispasmodic

agent by inhibiting the phosphodiesterase IV enzyme, specific-
ally to smooth muscle spasms and relieve pain, and is often
used to reduce excessive labor pain (17).

Various articles have been published (18-25) indicating the
use of the ultraviolet (UV) spectrophotometry technique for
estimation of drotaverine in pharmaceuticals. Other reported
analytical techniques include computer-aided spectrophotom-
etry (20), potentiometry (27) and polarography (28). Some
reversed-phase (RP)-HPLC methods (29-37) have been
reported for estimation of drotaverine in pharmaceuticals and
biological samples.

A thorough literature survey has revealed HPLC methods
(31-33) using perchlorate ions, which feature the shortcom-
ings of longer system equilibration (30—45 min) and reduced
column efficiency over time. The proposed method avoids
the use of perchlorate in the mobile phase and is suitable
for pharmacokinetic study. Studies reported by Mezei et al.
(34), Girgis et al. (35) and Lalla et al (36) have estimated
drotaverine with a lower limit of quantitation (LLOQ) of
50 ng/mL, whereas the present method has an LLOQ of
32 ng/mL.

A combination of diclofenac and drotaverine renders anti-
spasmodic activity and is administered to avert excessive labor
pain. The co-administration calls for a bioanalytical method to
separate and quantify these drugs in the presence of each
other. Few studies have reported the estimation of these drugs
in aqueous media. A literature survey also confirmed the
absence of any reported RP-HPLC method for the simultaneous
estimation of DP and DH in human plasma, which justifies the
need for the present work.

A literature survey reveals no information about the short-
term and long-term plasma stability of diclofenac and drotaver-
ine during a simultaneous determination by HPLC. This article
presents results for short-term and long-term plasma degrad-
ation studies of the two drugs. Other authors have reported a
separate method for the estimation of drotaverine hydrochlor-
ide and mefenamic acid (37). The present study provides the
outcome of stability studies for the combination of DP and DH.
This method has been successfully applied in estimation of
both drugs in human plasma (in wvivo study) and can be
applied for therapeutic drug monitoring.

The liquid-liquid extraction (LLE) method opted here
involves only two steps, ensuring a simple and fast extraction
with better recovery data than solid-phase extraction (SPE).
This method confirms sensitivity and presents advantages like
enhanced chromatographic column life, economic viability,
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Figure 1. Chemical structures of the analytes.

better accuracy and a shorter run time by abiding by the U.S.
Food and Drug Administration (FDA) bioanalytical method
validation guidance (38).

Experimental

Chemicals and reagents

DP, DH and mefenamic acid (internal standard; IS) were sup-
plied by Glen-Mark Pharmaceuticals (Nasik, India). All solvents
were of HPLC grade (E-Merck, Mumbai, India). HPLC-grade
water was obtained by double distillation in glass, through an
RO water purification system (Canpex, Mumbai, India). Water
was filtered through 0.22 pm filters (Millipore, Mumbai, India).
Blood samples were collected from healthy volunteers and
separated plasma was stored at —20°C.

Preparation of stock and working standard solution

The stock solutions of DP, DH and IS were made up in metha-
nol to concentrations of 980, 921.14 and 50 pg/mL. High
quality control (HQC), medium quality control (MQC), low
quality control (LQC) and linearity range dilutions were
obtained by serially diluting the stock solution with mobile
phase. The amount of IS, mefenamic acid, was 2,500 ng in each
sample tube.

Instruments and chromatographic conditions

The HPLC method was performed using a Jasco HPLC system
(Jasco HPLC Systems, Mumbai, India) comprising of an
Intelligent UV-Vis detector (UV-1575), a 3-line degasser (DG—
1580-53), an Intelligent HPLC pump (PU-1580) and Borwin
Chromatograph software (Mumbai, India). Chromatograms
were run at ambient temperature on a steel C8 Thermo BDS

COOH CHy
H
N CHy
X AN
Z 7
Mefenamic Acid

Hypersil (250 mm x 4.6 mm, 5 pwm) column. The mobile phase,
containing a mixture of acetonitrile and 0.02M ammonium
acetate buffer (53:47, v/v) at pH = 3.5, was pumped at a flow
rate of 1 mL/min with UV detection at 230 nm. Organic
solvent system used for LLE was dichloromethane—isopropyl
alcohol (80:20, v/v).

Choice of IS

Mefenamic acid was selected as an IS because of its ready
availability and good stability under working conditions. The IS
was well resolved from DP and DH. The tailing factor for the
mefenamic acid peak was 1.34.

Procedure for sample extraction

One milliliter of blank plasma was placed in 15-mL conical cen-
trifuge glass tubes (J-sil Borosil, Mumbai, India). For the prepar-
ation of calibration curves, internal controls (high, medium and
low) made of 25 pL each of DP and DH serial dilutions pre-
pared from stock solutions were added to conical centrifuge
glass tubes, separately. The mixture of plasma and stock solu-
tion was vigorously vortex-mixed for 1 min. From the stock
solution, 50 p.L of IS was added and vortex-mixed for 30 s. One
milliliter ammonium acetate buffer solution was added and the
mixture was again vortex-mixed for 1 min. The second step of
LLE involved the addition of 5 mL organic solvent system
(extraction solvent). The mixture was vigorously vortex-mixed
for 2 min, then centrifuged for 1,509 g for 10 min. The organic
layer (4 mL) was separated. A nitrogen sample evaporator
(Takahe Instruments, Mumbai, India) at 30°C was used to evap-
orate the organic solvents. The residue was reconstituted with
200 nL mobile phase and an aliquot (20 pL) was injected into
the HPLC column.
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Blood samples were collected from healthy volunteers and
plasma was also obtained. In vivo plasma levels of DP and DH
were determined by following the same extraction procedure.
All studies were performed under the instructions of the
ethical committee of the S.V.K.M’s C.B. Patel Research Institute
(Vile-Parle, Mumbai, India).

Methodology for validation

A thorough and complete method validation of DP and DH in
human plasma was performed by abiding by the U.S. FDA
guidelines for bioanalytical method validation (38). The
method was validated for selectivity, linearity, limit of detection
(LOD) and limit of quantification (LOQ), precision and accur-
acy, recovery, dilution integrity, matrix effect, robustness,
ruggedness and stability.

To test selectivity, ten different lots of blank plasma (with
K3 EDTA as anticoagulant) were processed by the same pro-
cedure for sample extraction and analyzed to determine the
extent to which endogenous plasma components interfere at
the retention times of analytes and IS. In conforming to select-
ivity criteria, from each of these 10 different lots, two repli-
cates each of 950 pL were spiked with 50 pL of acetonitrile—
0.02M ammonium acetate buffer (53:47, v/v). In the first set,
the blank plasma, without analyte and IS, was directly injected
after extraction, while the other set was spiked only with IS
before extraction (for total of 20 samples). Furthermore, one
system suitability sample (SSS) at the second level of calibration
standard (CS-2) concentration and two replicates of LLOQ con-
centration, i.e., calibration standard-1 (CS-1) were prepared by
spiking blank plasma (5% of total volume of plasma) with com-
bined working aqueous standards of DP and DH. The blank
plasma sample was used for spiking of SSS and LLOQ was
chosen from one of these 10 lots of plasma.

The linearity of the method was evaluated by analyzing
standard plots associated with an eight-point standard calibra-
tion curve. Five linearity curves containing eight nonzero con-
centrations were analyzed. Each of the eight concentrations
were prepared by adding 50 pL of IS and 25 pL of each drug,
and increasing amounts of DP and DH, separately, to 1 mL of
drug-free plasma and extracting the samples as described previ-
ously. The final concentrations obtained were 25, 50, 150, 300,
600, 900, 1,200 and 1,500 ng/mL for DP and 32, 64, 160, 320,
480, 640, 800 and 960 ng/mL for DH, respectively. Standard
curves were evaluated by weighted (1/x2) linear regression
based on IS calibration and obtained by plotting peak-area
ratios against the amount of DP and DH, respectively. The
regression equation for the calibration curve was also used to
back-calculate the measured concentration at each QC level.
The peak area ratio values of the drugs in plasma were propor-
tional to the concentration of the drugs in plasma over the
tested range.

The LOD and LOQ were determined based on the analysis of
10 replicates. The LOD is the ability of the method to detect
the lowest possible concentration (three times the baseline
noise). The LOQ was defined as the lowest plasma concentra-
tion of the calibration daily curve quantified with acceptable
precision and accuracy.

The reproducibility and accuracy of the method were estab-
lished by analyzing QC samples, prepared by adding known
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amounts of DP and DH to drug-free plasma, which were
divided into aliquots and stored at —20°C. Intra-batch and inter-
batch accuracy and precision were determined at three differ-
ent concentration levels (LQC, MQC and HQC) in six replicates
for both analytes. The final concentrations obtained were 75,
450 and 1,050 ng/mL for DP and 90, 450 and 750 ng/mL for
DH, respectively. The intra-assay precision and accuracy were
assessed by measuring the concentration of the analyte in five
aliquots of the three different QC samples extracted and ana-
lyzed on a single day. Inter-assay precision and accuracy were
determined from the results of the three different QC samples
that were extracted and analyzed five-fold on three different
days. The LLOQ was determined as the lowest concentration
with a coefficient of variation (CV) and a bias of <20%
(n=5). Extraction recoveries were determined by comparing
the peak areas from extracted standards in human plasma to
the peak areas of unextracted standards at five different QC
concentrations.

Recovery of the analytes from the extraction procedure was
performed at LQC, MQC and HQC levels. Recovery was evalu-
ated by comparing the peak area of extracted samples (spiked
before extraction) to the peak area of unextracted samples
(QC working solutions spiked in extracted plasma).

An experiment for the dilution integrity was performed
with an aim to validate the dilution test to be carried out on
higher analyte concentrations, i.e., more than the upper limit
of quantification (ULOQ), which may be encountered during
subject sample analysis. The dilution integrity experiment was
carried out at five times the ULOQ concentration (i.e.,
7,500 ng/mL for DP and 4,800 ng/mL for DH, respectively, and
also at the HQC level for both analytes). Six replicate samples
each of 1/10 of 5 x ULOQ and 1/10 of HQC were prepared
and their concentrations were calculated by applying the dilu-
tion factor of 10 against the freshly prepared calibration curve
for DP and DH.

The effect of matrix on analyte quantitation with respect to
consistency in signal (suppression/enhancement) was checked
in six different lots of K3 EDTA plasma. Four replicates, each at
LQC and HQC levels, were prepared from these lots of plasma
(a total of 48 QC samples) and checked for the accuracy in
terms of percent bias in all QC samples. The specificity experi-
ment was conducted for DP, DH and IS by comparing peak
areas at their respective retention times.

Robustness testing is vital per FDA guidelines for bioanalyti-
cal method development. The parameters selected for robust-
ness study have to reflect potential changes that may occuer
during the validation process. The reliability of the analytical
method is tested when small variations occur in method para-
meters. The robustness of the method was determined, after
analysis of six replicates, based on the use of two analytical C8
columns, with small variations in the proportion of constitu-
ents of mobile phase and small changes in the flow rate of the
mobile phase. The results were expressed as a function of the
CV. An influence of variation in the room temperature was
excluded because the temperature of the laboratory was
monitored daily and kept at 25 + 2°C.

Ruggedness evaluates the precision between repeatability
and reproducibility. The analyst should establish the effect of
the random events on the precision of the analytical proced-
ure. Ruggedness is assessed by precision when multiple



analysts perform the same defined assay using multiple
columns on multiple days in the laboratory. The considered
variables in the ruggedness study included analysts (1 and 2),
equipment (column 1 and 2) and days (1 and 2).

The stability of compounds in human plasma was evaluated
under different conditions, simulating the same conditions that
occurred during study sample analysis. Stock solution stability
was performed by comparing the area response of the stability
sample of the analytes and IS with the area response of the
sample prepared from fresh stock solutions. Bench top stability
(BTS), room temperature stability, refrigerated stability of
extracted sample (RSS) and freeze-thaw stability were per-
formed at LQC, MQC and HQC levels using six replicates at
each level. The long-term stability study was carried out with
plasma blank sample spiked with DP and DH, which were
stored at —80°C for 3 months and then analyzed periodically
for 1 month against a standard curve prepared on the
analysis day.

Results and Discussion

Method optimization

The present bioanalytical method was developed and validated
for assaying DP and DH in therapeutic concentration ranges for
the analysis of routine samples. It was necessary to develop a
simple and accurate method for the simultaneous extraction of
DP and DH from human plasma because they have different
physicochemical properties (3, 16).

Sample extraction

DP has a pKa of 3.8 and mefenamic acid (IS) has a pKa of 4.2.
The pKa value for DH is 6.3. Both analytes have different pKa
values, and hence, quantitative extraction of the drugs was diffi-
cult. Extraction procedures like protein precipitation (PP) and
SPE exhibit significantly high noise levels, so LLE was tried and
found to work. LLE was tried with different solvent systems,
i.e., diethyl ether, DCM, IPA and combinations of solvents like
chloroform—IPA—n-heptane in a proportion of 60:14:26, v/v;
or DCM—IPA—tetrahydrofuran in a proportion of 60:20:20, v/v;
however, the recoveries were not encouraging in any of these
solvents. A combination of DCM-IPA in a proportion of 80:20,
v/v was tried and found to give better recoveries. The addition
of ammonium acetate buffer helped to give consistent and
reproducible response for the analytes and IS in DCM-IPA
(80:20, v/v). The validation results and subject sample analysis
support this extraction methodology, and hence, the method
was accepted in the present study.

High performance liquid chromatography

Because DP and DH have different pka values and polarities, it
was difficult to set chromatographic conditions that produced
sharp peak shapes and adequate response. This included
mobile phase selection, pH of buffer solution, flow rate,
column type and injection volume. Different volume ratios of
methanol-water and acetonitrile—water combinations were
tried as mobile phase, along with ammonium acetate, ammo-
nium formate buffers and sodium dihydrogen orthophosphate

buffers of varying strengths on C18 Kromasil (250 x 4.6 mm,
5 wm) and C8 Thermo BDS Hypersil (250 x 4.6 mm, 5 pm)
columns. It was observed that acetonitrile—0.02M ammonium
acetate buffer (53:47, v/v) at a pH = 3.5 as a mobile phase,
with a flow rate of 1 mL/min, was the most appropriate for
faster elution and better efficiency and peak shape. An aqueous
part (47%) was adequate to retain the relatively polar com-
pound DP on the C8 column. The C8 column, compared to
C18, has provided better separation without compromising key
chromatographic separation parameters like resolution and
number of theoretical plates (N). The use of the C8 column
helped in the separation and elution of all three compounds,
with a total run time of 12 min.

Method validation

Selectivity

The aim of performing a selectivity check with 10 different
types of plasma batches (plasma of healthy Indian subjects
with K3 EDTA as an anticoagulant) was to ensure the authenti-
city of the results for study sample analysis. Figure 2 illustrates
representative chromatograms of drug-free human plasma,
blank plasma spiked with drugs and IS and plasma of a volun-
teer administered with the drug combination. Figure 2A con-
firms blank plasma peaks at 3.67, 3.84, 4.29, 5.55, 6.26, 7.78
and 891 min. No interfering peaks were observed in blank
plasma samples. Retention times were 7.08, 8.60 and
10.07 min, respectively, for DP, DH and IS (Figure 2B).
Figure 2C demonstrates the absence of interfering endogenous
compounds in plasma from a volunteer consuming the drug
combination.

Linearity

The calibration curves for DP and DH were linear from
25-1500 ng/mL for DP and 32-960 ng/mL for DH. Typical
calibration plots for plasma extracts had good correlation
coefficients (Table I).

IOD and LOQ

The LLOD of DP and DH (three times the baseline noise) were 9
and 11 ng/mL, respectively. The LOQ, defined as the lowest con-
centration that could be measured with accuracy and precision,
i.e., within +20% of the actual value, was 25 and 32 ng/mL for
DP and DH, respectively.

Accuracy and precision

Method performance was evaluated as intra-assay accuracy and
precision, determined by five replicate analyses for DP and DH
at three concentration levels, i.e., LQC, MQC and HQC, each
on the same analytical run. Inter-assay precision and accuracy
were calculated after repeated analysis in three different ana-
Iytical runs. The results are listed in Table II. These results
show the repeatability of the method, including both sample
processing and chromatographic measurement. The CV (%) is
a ratio of standard deviation to mean in percent. Small devia-
tions from perfect accuracy were observed (ie., —2.78% at
most), whereas the CV (%) was 5.77at most. Inter-assay CV
determined from experiments performed on three days (n=
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Figure 2. Chromatograms obtained: blank plasma (A); plasma spiked with 1,200, 800 and 2,500 ng/mL of DP, DH and IS, respectively (B); plasma from a volunteer
administered with the drug combination and concentrations found to be 46 and 70 ng/mL of DP and DH, respectively (C).

Table |

Data Obtained for Linearity, LOD and LOQ of the HPLC Method

Statistical parameter

Diclofenac potassium

Drotaverine hydrochloride

Concentration range (ng/mL)
Regression equation
Correlation coefficient (r)
LOD ng/mL

L0Q ng/mL

25 - 1,500

y =0.0039 x — 0.0588
0.9994

9

25

32 - 960

y =0.0059 x — 0.1313
0.9992

"

32
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18) was 4.61 at most (Table II). These statistics indicate good
precision.

Recovery

Recovery was determined by dividing the peak area obtained
from analysis of DP and DH added to plasma by that observed
for the same amount of standard added to mobile phase and



Table Il
Data Obtained for Accuracy and Precision of the HPLC Method
Actual value (ng/mL)

Diclofenac potassium (ng/mL) Drotaverine hydrochloride (ng/mL)

75 450 1,050 90 450 750

Intra-assay precision and accuracy

Mean concentration 75.7 450.4 1,045.8 87.5 448 747.6
Standard deviation 437 4.18 3.19 455 4.44 3.36
CV (%) 5.77 0.93 0.31 5.20 0.99 0.47
Accuracy (%)* 0.93 0.09 -0.48 -2.78 -0.44 -0.32
Inter-assay precision and accuracy

Mean concentration 74.5 448.7 1,043.1 89.3 449.2 7475
Standard deviation 2.97 455 478 412 5.23 167
CV (%) 3.99 1.01 0.46 4.66 1.16 1.02
Accuracy (%) -0.67 -0.29 -066  -0.78 -0.18 -0.03

*Accuracy % = [(Amount found — Amount added) / Amount added] x 100

injected into the chromatograph. Recoveries of DP and DH
from plasma were 97.45 and 98.27%, respectively.

Dilution integrity

A dilution integrity (DI) test was performed that established
the accuracy and precision results within the acceptable cri-
teria of + 15% for each dilution. The DI test for diclofenac at a
concentration level of dilution five times higher than ULOQ
concentration offered a recovery of 96.3% (RSD = 2.4%). The
DI test at the HQC concentration level resulted in a recovery
of 97.2% with a RSD of 1.9%. A similar DI test for drotaverine at
concentration level five times higher than the ULOQ provided
a recovery of 96.7% (RSD = 2.7%). The HQC level concentra-
tion DI test for DH presented a recovery of 98.3% with an RSD
of 1.6%.

Matrix effect

The matrix effect is due to coelution of some components
present in biological samples. These components can
dramatically decrease or increase the analyte response to
affect the sensitivity, accuracy and precision of the method.
The assessment of matrix effect constitutes an important
and integral part of validation for quantitative RP-HPLC
methods supporting pharmacokinetics studies. Assessment of
the matrix effect was done to observe the effects of different
lots of plasma on the back-calculated values of QCs’ nominal
concentrations. The results were well within the acceptable
range.

Robustness

The robustness of the method for DP and DH measurements
was determined by involving small variations in the chromato-
graphic system, using two analytical C8 columns of the
same make with different serial numbers, 1 to 2% acetonitrile
in the mobile phase and 0.05 mL/min changes on the flow
rate of the mobile phase. Three plasma concentrations, LQC,
MQC and HQC, were measured for each assay. The two C8
analytical columns were compared and the results, as
expressed by CV were —0.35 to 1.6% for DP and —0.47 to 3.1%
for DH. The mobile phase composition showed a
marked impact on separation. A slight increase in acetonitrile
percentage (to 60%) caused a general reduction of retention
time, with no major concerns over separation and no
overlapping of peaks. Table III presents CVs for the estimation

Table Il
Data Obtained in the Robustness Study

Variable Diclofenac potassium (% CV) Drotaverine hydrochloride (% CV)
Two Cg analytical columns —-0.35 — 2.60 -0.47 - 3.14

Mobile phase composition 2.23 - 461 1.29 - 3.70

Flow rate 1.57 - 3.35 082 —2.78

Table IV

Short-Term and Long-Term Stability Data Obtained for Drugs in Plasma Samples

Parameter / condition Diclofenac potassium (ng/mL)  Drotaverine hydrochloride (ng/mL)

Theoretical amount 75 450 1,050 90 450 750

Short-term stability (8 h)

Mean initial concentration ~ 75.2  447.5 1,045.7 89.8 450.4 747.9

CV (%) 1.27 1.38 0.96 21 1.52 1.08
Mean final concentration 748  450.2 1,034.1 90.1 4495 754.6

CV (%) 1.44 1.15 0.82 1.63 1.22 0.77
Accuracy (%)* -0.53 0.60 1.1 0.33 -0.20 0.90

Long-term stability at —80°C (90 days)

Mean initial concentration ~ 74.1  448.3 1,046.4 88.7 4475 750.2

CV (%) 1.48 1.29 1.03 3.45 1.17 0.57
Mean final concentration 715 4395 1,037.2 84.3 4423 746.8

CV (%) 1.65 0.62 1.23 4.16 0.89 1.18
Accuracy (%) -351  -196 -0.88 -4.96 -1.16 —-0.45

*Accuracy % = [(Amount found — Amount added) / Amount added] x 100

of diclofenac and drotaverine after changing the mobile
phase composition. Finally, small changes on the flow rate of
the mobile phase were tested and CVs were calculated
(Table III).

Ruggedness

The MQC concentration levels were selected for both drugs.
Each experiment was repeated three times to evaluate the
experimental error variance. No considered factor was found
significant for the proposed method. The relative standard
deviations (RSDs) found was acceptable, indicating an accept-
able precision of the analytical procedure.

Method application

Stability

The stability of DH and DP in plasma was determined under
various conditions according to the procedure described previ-
ously. A short-term stability test performed at room tempera-
ture showed that three quality control samples were stable for
12 h (Table IV), with average mean recoveries of 99.5, 100.6
and 98.9% for DP and 100.3, 99.8 and 100.9% for DH, respect-
ively. The long-term stability results indicated that DP and DH
samples were stable for 3 months (Table IV), with average
recoveries of 96.5, 98 and 99.1% for DP and 96.1, 99.1 and
98.8% for DH, respectively. No significant change of DP and
DH concentration in plasma was detected after exposing
samples to three freeze-thaw cycles, and mean recovery was
found to be 99.2 + 0.6% for DP and 100.5 4+ 0.5% for DH, re-
spectively. Finally, the stability was also determined in the pro-
cessed sample ready for injection. Results showed that three
QC samples were stable at least for 8 h with CVs below 5%.
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Bioavailability and bioequivalence study
Bioanalytical methods are available for individual estimation of
both drugs. The present bioanalytical method for simultaneous
estimation is proven to be an economical, relatively accurate,
simple and less time-consuming alternative.

Conclusion

In summary, an isocratic RP-HPLC method based on LLE with
UV detection is used for the determination of diclofenac potas-
sium and drotaverine hydrochloride in human plasma. No inter-
ference of endogenous compounds was found in the examined
samples, which confirms the good selectivity of the method.
The proposed simultaneous extraction procedure is consider-
ably efficient, rapid and sensitive for routine analysis.
Employing acetate buffer instead of perchlorate in the mobile
phase is advantageous because of the consequent deterioration
of the stationary phase and subsequent reduction in column
lifetime. The present method can be employed for the simul-
taneous estimation of diclofenac and drotaverine in biological
fluids. Finally, the HPLC method presented here is rapid, sensi-
tive, specific and particularly useful for processing multiple
samples for pharmacokinetic studies.
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