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Abstract

A micellar electrokinetic chromatographic (MEKC) method for the simultaneous separation and determination of lamivudine (LMV)
and zidovudine (ZDV) in pharmaceutical formulation has been developed. Factors that affect the separation, such as buffer pH, surfactant
concentration (sodium dodecyl sulfate, SDS), organic solvents and applied voltage were optimized. Buffer consisting of 12.5 mM sodium
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etraborate decahydrate and 15 mM boric acid adjusted at pH 10.8, containing 90 mM SDS and 5% (v/v) acetonitrile (ACN) wa
e suitable for the separation of the drugs.p-Aminobenzoic acid (PABA) was used as internal standard (I.S.). Detection of analytes a
as performed at a wavelength of 210 nm. It was observed that both the drugs and I.S. were migrated within 20 min at the appl
f +10 kV. Validation of the method was performed in terms of linearity, accuracy, precision, limit of detection (LOD) and quant
LOQ). An excellent linearity was obtained in the concentration range 10–80�g/ml for LMV and 10–100�g/ml for ZDV. The detection limit
or LMV and ZDV were found to be 2.5 and 2.0�g/ml, respectively. The optimized method was applied to the simultaneous determ
f LMV and ZDV in pharmaceutical formulation and human plasma (spiked) samples. Recovery of both the drugs in tablet dos
nd spiked drugs in plasma were≥99.72% (relative standard deviation (R.S.D.)≤ 1.84%) and≥80.4% (R.S.D.≤ 5.4%), respectively. In th
lectropherogram no interfering peaks were observed in the region of analytes and I.S. due to inactive ingredients in the tablets a

n plasma.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The 2′-deoxy-3′-thiacytidine (lamivudine) and 3′-azido-
′-deoxythymidine (zidovudine) are synthetic nucleoside
nalogues used for the treatment of human immunodeficiency
irus (HIV) [1–4]. Intra-cellularly, both of these nucleo-
ides were phosphorylated to their corresponding active 5′-
riphosphate metabolites. These metabolites inhibit reverse
ranscriptase via DNA chain termination after incorporation
f the nucleoside analogue[5]. Both the drugs are available

n single as well as in combined dosage forms. In recent
ears, practice of co-administration of multi-drug is increased

∗ Corresponding author. Tel.: +91 40 27160123; fax: +91 40 27160387.
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for the effective treatment of HIV. The combined dos
form (lamivudine (LMV) plus zidovudine (ZDV)) has sy
ergic antiretroviral activity in HIV-1-infected MT4-cells an
reduces HIV-1 in seminal[6,7] and blood plasma[8].

Many methods have been reported for the determin
of zidovudine[9–14], lamivudine[15–18]and their mixture
[19–24] in biological fluids using high-performance liqu
chromatography (HPLC). A few HPLC methods also b
reported for the determination of ZDV[25] and LMV[26,27]
in pharmaceutical formulations when they are presen
individual drugs and their mixture[28]. Uslu and Ozka
[22] reported derivative spectrophotometric and HPLC m
ods for the simultaneous determination of LMV and Z
in biological fluids as well as pharmaceutical formulatio
The above derivative spectrometric method may sus
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tible to interferences due to the degradation product or
any UV absorbing species in the formulations. The HPLC
method required a costly gradient elution system and more
time to equilibrate the column from one analytical run to
another. In addition to that the internal standard (Finasteride)
used to assay of the drug is not commercially available
(Aldrich–Sigma and Merck).

Capillary electrophoresis has been widely adopted for the
analysis of drugs and pharmaceuticals[29] due to its sim-
plicity, wide application, high resolution and low running
cost with eco-friendly solvents. By using CE technique, indi-
vidual determinations of LMV and ZDV in biological fluids
have been reported in the literature[30–33]. However, no CE
method is available for the simultaneous determination of
LMV and ZDV in pharmaceutical formulations. Further, the
HPLC method[34] described in Indian pharmacopoeia (IP)
for the assay of the both drugs is tedious and time consuming.

Hence, a simple, selective, eco-friendly and cost-effective
technique is required for their routine analysis in dosage form
as well as biological fluids. Therefore, we are reporting first
time a CE method for the simultaneous determination of
lamivudine and zidovudine in pharmaceutical formulation.
Further, the application of this method extended to the anal-
ysis of the above drugs (spiked) in the human plasma. The
experimental parameters that would influence the peak sep-
aration and efficiency, such as buffer pH, surfactant concen-
t ized.
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the analysis. Detections were performed at a UV wavelength
of 210 nm. Data acquisition and analysis were carried out
with the DAx software supplied by the Prince Technologies.

A new capillary was conditioned by rinsing with 1.0 M
sodium hydroxide for 15 min, water for 5 min and finally, with
the buffer solution for 10 min. Between each run, the capillary
was rinsed with water for 2 min, 0.1 M sodium hydroxide
for 2 min, water for 1 min and the buffer solution for 3 min,
successively.

2.3. Preparation of buffer solution and standards

The running buffer consisted of 12.5 mM sodium tetrab-
orate decahydrate, 15 mM boric acid and 90 mM SDS was
prepared in deionized water. Prior to the analysis, the pH of
the buffer solution was adjusted to 10.8 with 1 M NaOH and
filtered through 0.45�m syringe filter and added 5% (v/v) of
ACN.

Lamivudine (50 mg) and zidovudine (50 mg) were accu-
rately weighed separately in a 50-ml volumetric flask; it was
dissolved in methanol and finally made up to 50 ml with the
same solvent. Working standards containing LMV, ZDV and
internal standard (I.S.) were prepared by diluting stock stan-
dards (1 mg/ml) to get a final concentration of 25, 50 and
50�g/ml, respectively, with deionized water.
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. Experimental

.1. Chemicals and reagents

All chemicals used in the analysis were of analyti
eagent grade. Sodium tetraborate decahydrate, sodium
yl sulfate (SDS), acetonitrile (ACN),p-aminobenzoic aci
PABA), methanol and boric acid were purchased from
ine Chem. Ltd. (Mumbai, India). Drug standards w
btained from the pharmacology division of our institute. D

erent brands of LMV and ZDV tablets were purchased f
ocal pharmacies (Hyderabad, India). Deionized water
btained by using a Milli-Q water purification system (M

ipore, Molsheim, France). Plasma samples were obta
rom healthy volunteers after obtaining their written cons

.2. Apparatus

CE experiments were performed using a Prince CE
em (Prince Technologies, Model No. 460, The Netherla
quipped with a Lambda 1010 UV–vis detector, an
ampler. An uncoated fused-silica capillary of 75�m i.d.
Polymicro, Phoenix, AZ, USA) with a total length of 72 c
60.5 cm effective length) was used for the separation.
apillary was thermostated at 25◦C. Samples were kept in t
uto sampler and injected by applying a pressure of 50

or 6 s. A constant voltage of +10 kV was applied through
-

.4. Preparation of sample

.4.1. Tablets
Twenty tablets were crushed into fine powder in a mo

nd homogenized. A portion of the powder that equivale
5 mg of LMV and 50 mg of ZDV was weighed accurat
nd transferred into a 100 ml conical flask. The powder
ixed uniformly in methanol using a mechanical stirrer.

olution was filtered and made up to 50.0 ml with metha
portion of filtrate solution was diluted to get 25�g/ml of

MV, 50 �g/ml of ZDV and spiked with I.S. (50�g/ml) at the
ime of analysis. Sample and standard solutions were s
n a refrigerator at 4◦C, when it is not used. They were s
le for more than a month under these storage condit
uffer solution and samples were filtered through 0.45�m
embrane prior to use.

.4.2. Plasma sample
Blood samples (at least 72 h prior to blood sample

ection, no drug was administrated) were collected f
ealthy volunteers after obtaining their consent. The pla
as separated immediately after collection by centrifugin
000 rpm for 10 min. To a known volume (0.5 ml) of plas
ample, different concentrations of drugs were spiked t
he final concentration 10–60�g/ml of LMV and ZDV and
onstant amount 20�g/ml of I.S. The solution was treat
ith 2 ml of methanol in order to precipitate proteins. T
ample mixture tubes were vortexed for 2 min and centrifu
or 15 min at 5000 rpm. The entire volume of the clear su
atant was transferred carefully into a tube and evapo
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under a gentle nitrogen flow at room temperature. The evap-
orated residue was reconstituted in 0.5 ml of deionized water
and used for CE analysis.

3. Results and discussion

3.1. Method development

The structures of LMV, ZDV and PABA (I.S.) and their
pKa values are shown inFig. 1. The simultaneous separation
and determination of LMV and ZDV is not possible over
a buffer pH range 3.5–7.0 by capillary zone electrophoretic
(CZE) method, because at this pH range, ZDV expected to
be neutral, while LMV in cationic form. And above pH 7, a
poor peak shape of ZDV was observed, however, a sharp and
symmetric peak was observed while using SDS surfactant
[32]. Hence, for simultaneous separation and determination
of both the drugs, a micellar electrokinetic chromatographic
(MEKC) system was adopted. In MEKC, analytes are getting
separated based on their interaction with micelle and solvent
phase in addition to the electrophoretic behavior.

3.1.1. Effect of buffer pH
In general, in MEKC system, the pH of the buffer below

the neutral value is not preferred, because at lower pH a slow
e nal-
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Fig. 2. Effect of SDS concentrations on migration of LMV and ZDV. Elec-
trophoretic conditions: 12.5 mM sodium tetraborate decahydrate, 15 mM
boric acid (pH 10.8) and SDS 15–90 mM; capillary length: 72 cm (effec-
tive length: 60.5 cm)× 75�m i.d.; applied voltage: 10 kV; hydrodynamic
injection: 50 mbar for 6 s; UV detection: 210 nm.

the hydrophobic interaction. At 90 mM SDS concentration,
LMV peak migrated away from the EOF peak, the reason
is due to the interaction of neutral LMV with SDS micelles
via solubilization and the extent of interaction is depend on
the hydrophobicity of the molecule[35]. In MEKC method,
neutral solutes migrate only by the chromatographic process,
whereas ionic solutes migration depends upon the degree of
micellar solubilization and electrophoretic mobility of the
molecules in the ionized state[36]. The reason for the increas-
ing migration time LMV is due to the negatively charged

of LMV, ZDV, I.S. and their pKa values.
lectro-osmotic flow (EOF) that leads a longer time of a
sis. To optimize buffer pH, buffer solution consisting
2.5 mM sodium tetraborate decahydrate, 15 mM boric
nd 30 mM SDS, was adjusted to pH 9–11 with 1.0 M Na
ase line separation of analytes and I.S. was observed
0.8. However, LMV migrates closer to the EOF peak

his find difficult to measure the peak area accurately.

.1.2. Effect of SDS
Influence of SDS concentration on the separation o

nalytes in borate buffer of pH 10.8 was investigated.Fig. 2
hows the separation of analytes as a function of
15–90 mM) concentration. As can be seen fromFig. 2,
hile increasing concentration of SDS, the migration ve

ty of LMV is markedly increased, whereas ZDV was sligh
nfluenced. As the interior cores of SDS micelles are hi
ydrophobic, the selectivity of solutes is mainly governe

Fig. 1. Chemical structures
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micelle, which was electrophoretically attracted towards
anode and this, would subsequently lead to increased migra-
tion time of neutral molecules[37]. Even though the better
separation of analytes appears at 60 mM SDS concentration,
90 mM SDS concentration was optimized because the LMV
migrated away from EOF peak, and hence, it can be inte-
grated the peak area accurately. Further at this concentration
the both analytes gave maximum peak efficiency (N ≥ 31,000
for LMV and 50,000 for ZDV, whereN are theoretical plates
calculated by the half width method).

3.1.3. Effect of organic solvents
To optimize the organic solvents several aspects to be con-

sidered: resolution, speed of analysis time, efficiency and
reproducibility. The influence of organic solvents on peak
efficiency and resolution of LMV and ZDV were tested by
adding methanol, 2-propanol and acetonitrile to the buffer
solution (12.5 mM sodium tetraborate decahydrate, 15 mM
boric acid, 90 mM SDS and pH 10.8). On increasing concen-
tration of organic solvents in buffer, migration of analytes and
I.S. were increased. The organic solvents not only changes
the pH, dielectric constant and viscosity, but also affects the
zeta potential and in results decrease in EOF[38–41] and
thereof, the migration velocity of analytes changes. However,
the migration time on addition of ACN has not significantly
increased compared to alcoholic solvents (methanol and 2-
p cy to
f que-
o d to
a ntage
( the
E holic
s eti-
c and
Z ce-
t t on

F Elec-
t 5 mM
b tive
l c-
t

an addition 5% ACN (v/v) provides greater peak efficiency
(≥544,30) and resolution (≥6.39) compared to the absence
of ACN with reasonable analysis time. Therefore, ACN was
chosen as an organic modifier for the separation of LMV and
ZDV.

3.1.4. Effect of applied voltage and injection
(pressure/time)

Under the optimized condition, the effect of applied volt-
age on peak efficiency of the analytes was studied over the
range of 5–20 kV. As expected, on increasing the applied
voltage leads to shorter migration time and sharper peak.
However, higher applied voltage exhibits higher current and
increased joule heating. Further, poorer reproducibility of the
analytes and I.S. was observed. Hence, a voltage of 10 kV
(≈53.2�A) was chosen for the reasonable analysis time with
best peak efficiency. Under this condition the migration time
of LMV, ZDV and I.S. were 12.5, 15.0 and 18.6 min, respec-
tively.

In order to obtain the highest sensitivity without affecting
the peak shape and resolution of the analytes, the injection
pressure (25 and 50 mbar, hydrodynamic) and the duration of
injection (3, 6 and 12 s) were varied by keeping one parameter
is constant and varying the other at a time. While increasing
pressure and injection time, peak area is increased corre-
spondingly, however, peak broadening is observed. Injection
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ropanol) and the reason for this is ACN has a tenden
orm solvent clusters rather than hydrogen bonding in a
us buffer and has a different effect on EOF compare
lcoholic solvents. Hence, with an increase in the perce
v/v) of ACN in the buffer electrolyte, the magnitude of
OF changed only to a small extent compared to alco
olvents[42]. Fig. 3 shows the peak efficiencies (theor
al plate numbers) and peak-to-peak resolution of LMV
DV at 5% (v/v) content of methanol, 2-propanol and a

onitrile in running buffer. From figure, it can be seen tha

ig. 3. Effect of organic modifiers on peak efficiencies and resolution.
rophoretic conditions: 12.5 mM sodium tetraborate decahydrate, 1
oric acid (pH 10.8) and 90 mM SDS; capillary length: 72 cm (effec

ength: 60.5 cm)× 75�m i.d.; applied voltage: 10 kV; hydrodynamic inje
ion: 50 mbar for 6 s; UV detection: 210 nm.
ime longer than 6 s (at 50 mbar pressure) caused a lo
fficiency greater than 8%. Therefore, 50 mbar injection p
ure for a period of 6 s was optimized to get better sensi
ithout peak broadening.

.1.5. Selection of internal standard
In CE, internal standards were used in the same way

hromatography. The use of an internal standard was c
n order to obtain a good reproducibility and to compen
he injection errors and loss of solvents due to evapor
43]. To select a suitable internal standard, the following c
ounds were screened: deoxycytidine, imidazole, nico
cid, indole, paracetamol andp-aminobenzoic acid. Amon

hem, p-aminobenzoic acid was found to be suitable
erms migration time and UV response, whereas others
ither overlapped with analyte peaks or migrated after a

ime.

.1.6. Selection of suitable detection wavelength
The reported HPLC method[22] for the detection o

MV and ZDV performed at UV wavelength of 265 n
n the present study, UV detections were initially car
ut for both the drugs at 265 nm as well as at 210 nm.
orrected peak areas (arbitratory units) for a concentr
f LMV (25 �g/ml) and ZDV (50�g/ml) at 265 nm wer
.28× 10−5 and 3.68× 10−5, and at 210 nm, 3.53× 10−5

nd 6.34× 10−5, respectively. Detector response for the b
rugs was almost 1.5 times higher at 210 nm than th
65 nm for the same concentration. Therefore, 210 nm
elected for the detection of both the drugs.
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Fig. 4. Typical electropherogram of standard mixture of LMV (25�g/ml),
ZDV (50�g/ml) and I.S. (50�g/ml). Electrophoretic conditions: 12.5 mM
sodium tetraborate decahydrate, 15 mM boric acid (pH 10.8) and
90 mM SDS + 5% (v/v) ACN; capillary length: 72 cm (effective length:
60.5 cm)× 75�m i.d.; applied voltage: 10 kV; hydrodynamic injection:
50 mbar for 6 s; UV detection: 210 nm.

3.1.7. Optimized conditions
As shown inFig. 4, baseline separation of the LMV, ZDV

and I.S. was achieved in less than 20 min using buffer compo-
sition of 12.5 mM sodium tetraborate decahydrate and 15 mM
boric acid (pH 10.8), containing 90 mM SDS and 5% (v/v)
ACN. This optimized separation was performed at 25◦C,
when applying a 10 kV voltage.

3.2. Method validation

3.2.1. Linearity range
Under the optimized conditions, calibration curves were

obtained for LMV and ZDV. Five standard mixtures of dif-
ferent concentrations were prepared. The corrected peak
areas were used for constructing the calibration graph. Lin-
ear range, regression equation, correlation coefficient, slope,
intercept, standard error of slope, standard error of intercept,
limit of detection and quantification of the two drugs were
listed inTable 1.

Table 1
Statistical data for the calibration graphs of LMV and ZDV

Statistical
parametersa

ZDV LMV

Linearity range 10–100 10–80

R

C

S
I
S
S
L
L

%

Table 2
Accuracy

Drug Added
amount (�g)

Recovered
amount (�g)a

Recovery (%) R.S.D. (%)
(n = 3)

ZDV 15 14.97 99.82 1.88
20 19.72 98.60 1.06
40 39.92 99.80 1.52

LMV 15 15.02 100.15 1.21
30 30.42 101.34 1.79
50 49.84 99.68 1.65

a Mean of three injections.

3.2.2. Accuracy
In order to examine the accuracy of the method and to

check the interference from excipients used in tablet dosage
formulation, the recovery studies were carried out by stan-
dard addition method. In this method, three different amounts
of LMV and ZDV were added to a constant known concen-
tration of the composite tablet solution. Each solution was
injected in triplicates and the amounts determined were com-
pared to theoretical amounts. The results of the recovery were
summarized inTable 2. The recoveries ranged from 98.60 to
99.82% for ZDV and from 99.68 to 101.34% for LMV. The
relative standard deviation (R.S.D.) of≤1.88% was observed
for the both drugs, indicates that the method gives sufficient
accuracy.

3.2.3. Precision
Precision of the method was tested in terms of peak area

and migration time repeatability. Intra- and inter-day (over
5 days) precisions were evaluated performing five replicated
injections covering lower and higher concentration of LMV
and ZDV. The R.S.D. values obtained for peak area and
migration time for intra- and inter-day were≤1.98, 1.65 and
≤3.21, 1.97%, respectively (Table 3). It can be seen from
Table 3, a good precision of migration time and peak area
was obtained for both the drugs.

3
f 3,

w OD

T
I

A

Z

L

(�g/ml)
egression
equation

y = 0.01203x + 0.00848 y = 0.00125x + 0.00242

orrelation
coefficient (r2)

0.9998 0.9997

lope 0.01203 0.00125
ntercept 0.00848 0.000242
.D. for slope 0.0013 0.00002
.D. for intercept 0.00844 0.00118
OD (�g/ml) 2.0 2.5
OQ (�g/ml) 5.8 7.6

R.S.D. (LOQ) 1.92 1.86
a n = 5.
.2.4. LOD and LOQ
LOD is established at a signal-to-noise ratio (S/N) o

hereas LOQ is at a signal-to-noise ratio of 10. The L

able 3
ntra- and inter-day precision

nalyte Concentration
(�g/ml)

R.S.D.a,b (%)

Intra-day Inter-day

Peak
area

Migration
time

Peak
area

Migration
time

DV 25 1.18 0.96 2.12 1.32
50 1.34 0.98 2.38 1.38
75 1.98 1.03 2.62 1.82

MV 20 1.96 1.12 2.21 1.26
40 1.32 1.23 2.64 1.48
60 1.56 1.65 3.21 1.97

a n = 5 times.
b n = 5 days.
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and LOQ were experimentally verified by injecting various
concentrations of sample ranging from 1.0 to 15.0�g/ml.
The signal-to-noise ratio is calculated by using software sup-
plied by Prince Technologies. The LOD and LOQ of 2.5 and
7.6�g/ml for LMV and 2.0 and 5.8�g/ml for ZDV were
observed, respectively.

3.2.5. Specificity
The effect of inactive ingredients (placebo) on the

determination of both the drugs in tablet formulation was
studied. Each tablet contains 150 mg of LMV and 300 mg of
ZDV along with some inactive ingredients, such as colloidal
silicon dioxide, hypromellose, magnesium stearate, polysor-
bate 80, sodium starch glycolate and titanium oxide. In the
electropherogram, no interfering peaks were observed in
the region of analytes and I.S. due to inactive ingredients in
the tablets (figure not shown). Therefore, a simple filtration
is sufficient to remove the undissolved matrices. Further,
thymine, one of the related substances of ZDV[44] did not
interfere in the determination, as evident from its migration
time 17.0 min and which is different from those of LMV
and ZDV.

3.2.6. Robustness
Robustness of the proposed method was tested by

s DS
( ary
l eak-
t
a on
v

3

MV
a ypi-
c lus
Z
h d the
r

F I.S.
(

Table 4
Results of LMV and ZDV analysis in composite tablets

LMV ZDV

Brand 1 Brand 2 Brand 1 Brand 2

Labelled amount
(mg/tablet)

150 150 300 300

Amount found
(mg/tablet)a

149.58 150.58 300.26 299.89

Recovery (%) 99.72 100.38 100.08 99.96
R.S.D. (%) 1.08 1.48 1.46 1.84

a Mean of the six determinations.

R.S.D.≤ 1.84%. Thus, the method was suitable for simul-
taneous determination of LMV and ZDV in routine quality
control laboratories.

3.4. Application to the plasma sample

The applicability of the proposed method was tested for
the determination of both drugs simultaneously in biological
matrices (human plasma). Both LMV and ZDV were spiked
to the human plasma and used as a test sample. As described in
Section2, the only pre-treatment, we performed was to depro-
teinize the plasma with the addition of methanol, followed
by centrifugation. The precision of the method was assessed
by determining four concentrations of each drug within the
range of 10–60�g/ml. Even though CE is known to be less
sensitive than HPLC, the present method was able to detect
up to 10�g/ml of ZDV comparable to the reported HPLC
method by Uslu and Ozkan[22]. The recovery percentage
and precision at four different concentrations in plasma are
summarized inTable 5. Extraction recoveries of both drugs
were higher than 80.4%.Fig. 6A shows the electropherogram
of LMV and ZDV along with I.S. extracted from plasma as
given in Section2.4.2. Plasma blank (Fig. 6B) electrophero-
gram indicate that no interfering peaks due to endogenous

F ture
o
h

mall but deliberate variations of pH (10.5–11.0), S
85–95 mM), applied voltage (9–10 kV) and capill
ength. The variations for corrected peak area and p
o-peak resolution between LMV and ZDV were±5
nd ±8%, respectively, from the optimized conditi
alues.

.3. Application to the pharmaceutical formulation

The validated method was employed to quantify L
nd ZDV in commercially available composite tablets. T
al electropherogram of the Duovir tablet (LMV 150 mg p
DV 300 mg) is shown inFig. 5. The analysis results (Table 4)
ave shown good agreement with the labelled content an
ecovery of LMV and ZDV in tablets were≥99.72% with

ig. 5. Typical electropherogram of Duovir tablet formulation with
PABA). Electrophoretic conditions as given inFig. 4.
ig. 6. Typical electropherogram of: (A) human plasma spiked with mix
f LMV (10 �g/ml), ZDV (20�g/ml) and I.S. (20�g/ml) and (B) blank
uman plasma. Electrophoretic conditions as given inFig. 4.
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Table 5
Recovery and precision of LMV and ZDV in human plasma samples

Drug Amount
added (�g)

Amount
found (�g)

Recovery
(%)a

R.S.D.

LMV 10.0 8.42 84.2 3.4
20.0 18.08 90.4 2.8
30.0 28.62 95.4 1.7
60.0 58.56 97.6 1.2

ZDV 10.0 8.04 80.4 5.4
20.0 17.94 89.7 4.2
30.0 28.26 94.2 3.4
60.0 57.78 96.3 2.5

a Mean recovery of four determination.

substances were observed in the region of drugs and I.S. The
limit of detection of LMV and ZDV in Plasma samples was
3.5 and 2.8�g/ml, respectively.

4. Conclusion

The present MEKC method is simple and precise for
the simultaneous determination of ZDV and LMV in phar-
maceutical formulations. A good separation of analytes
was achieved using 12.5 mM sodium tetraborate decahy-
drate and 15 mM boric acid buffer solution (pH 10.8), con-
taining 90 mM SDS and 5% (v/v) ACN. The recovery of
active ingredients in drug formulations was≥99.72% with
≤1.84% R.S.D., which indicates that the method is suitable
for quantify LMV and ZDV in pharmaceutical formula-
tion without any interference of other inactive ingredients.
As compared with the reported derivative spectrophotomet-
ric and HPLC method[22], the present method is simple
and fast; the above method requires long time to equili-
brate the column and gradient elution for separations of
drugs.
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