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ABSTRACT

A simple, highly sensitive, isocratic reversed phase high performance liquid chromatography (RP-HPLC) was developed for the determination of efavirenz in
the bulk drug and tablet dosage forms. Elution medium consisting of a mixture of methanol and water in the ratio of (89:11, v/v) at flow rate 1lml/min was
employed in this study. The retention time of efavirenz was found 2.58 min. The calibration curves were linear with regression coefficient (12) of 0.9999. The
proposed method was extensively validated for linearity, range, accuracy, precision and specificity. The proposed method is sensitive, specific and was
successfully applied for the estimation of efavirenz in pharmaceutical formulations (bulk drug and tablet).
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INTRODUCTION

Efavirenz, (4S)-6-chloro-4-(cyclopropylethynyl)-1,4-dihydro-
4-(trifluoromethyl)-2H-3, 1-benzoxazin-2-one, is a non-
nucleoside reverse transcriptase (RT) inhibitor of human
immunodeficiency virus type 1 (HIV-1). ">  Efavirenz
activity is mediated predominantly by non-competitive
inhibition of HIV-1 RT. HIV-2 RT and human cellular DNA
polymerases alpha, beta, gamma, and delta are not inhibited
by efavirenz. >

The literature survey reveals that there are analytical methods
available for determination of efavirenz from biological
matrices™ bulk drug, and dosage forms >'° and Several
HPLC methods have been described for the simultaneous
determination of efavirenz with some other antiretroviral
drugs in biological samples and pharmaceutical dosage
"1 and some methods need liquid-liquid extraction of
the sample before injection'* These are time consuming and
cost effective. Literature survey reveals that there is no report
has been published so far for analysis of Efavirenz both in
pharmaceutical formulations.

Keeping this point into consideration, an attempt was made to
develop simple, sensitive and validated RP-HPLC method for
the detection of Efavirenz in bulk drug.

MATERIALS AND METHODS

Efavirenz reference standard was obtained as gift sample
from Cipla Pharmaceutical Ltd. Mumbai, India. HPLC grade
methanol was purchased from S.D. Fine Chemicals Ltd.
Mumbai, India. HPLC grade water was procured from Merck
Ltd. Mumbai, India. All the other chemicals and reagents
used were of analytical grade and were purchased from S.D.
Fine Chemicals Ltd. Mumbai, India.

Method Development: Various ratios of methanol and water
were tried for the development of suitable HPLC method for
the detection of efavirenz in the pharmaceutical formulation.
The suitability of solvent ratio was decided on the basis of
area of peak, sharpness of peak, capacity factor and retention
time.

Stock and Standard Solutions: A stock solution of efavienz
(200pg/ml) was prepared by dissolving 100 mg drug in
100ml of methanol, further 2ml of this solution was
transferred to 10ml volumetric flask and volume was made

up to 10ml with mobile phase to obtain 200ug/ ml
concentrations.

Different aliquots of the standard stock solution of efavirenz
were transferred into 10ml volumetric flasks separately and
the solutions were made up to 10ml with mobile phase to
yield a concentration range from 25 to 100 pg/ml-1.The stock
solution was passed through a 0.2 membrane filter.
Selection of Analytical Wavelength: It is achieved by
dilution of standard stock solution with mobile phase; various
concentration of efavirenz was prepared accurately. The
solutions were scanned between the wavelength ranges of
400 nm to 200 nm using the double beam UV-Vis.
spectrophotometer (Shimadzu-1700, Japan) in the spectrum
analysis.

Instrumentation: LC-20AT pump, variable wavelength
programmable UV-Visible detector, Luna 5p C-18 RP-HPLC
column (250 x 4.6mm, 5 um), Hamilton injector fitted with a
20uL loop, degasser and data processor all from Shimadzu,
Kyoto, Japan. Spinchrom software was used to record and
evaluate the data collected during and following
chromatographic analysis.

Method Development: The prepared stock solutions were
injected serially in reverse order and area under the peaks
was calculated for each dilution. The method was validated
for various parameters such as linearity, accuracy, precision
and specificity, limit of detection (LOD), limit of
quantification (LOQ) and ruggedness.

Linearity: Appropriate aliquots of drug were pipette out
from the standard stock solution into a series of 10ml
volumetric flasks. The volume was made up to the mark with
mobile phase to obtain concentration levels of efavirenz
ranging from 25-200 pg/ ml. Triplicate dilutions of each
concentration of drug were prepared separately and
chromatographed under the optimized conditions. Analysis of
drug was performed with the UV detector set at 284nm and
peak area was recorded. The graph was plotted between
concentration and area under peak for linearity.

Accuracy: The study was carried out at three different
concentration levels. The known amounts of efavirenz
standard (200 pg/ml) i.e. 1,1.5 and 2ml were added into pre-
analyzed 5Sml (25 pg/ml) sample in three different 10ml
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volumetric flasks respectively. Volume was then made up to
10ml with mobile phase to get the resultant concentrations of
30, 40 and 50 pg/ml respectively and subjected them to the
proposed HPLC method. The experiments were performed in
triplicate. The recovery of sample and %RSD were calculated
at each concentration level.

Precision: Precision was studied to find out intra-day and
inter-day variation in the HPLC method at three different
concentration levels (i.e. 10, 15 and 20 pg/ml) in triplicate.
The %RSD was calculated at each concentration level.
Specificity: The specificity of the method was determined by
exposing a solution (10 pg/ml) of the sample to acidic (0.1M
HCI), basic (0.1M NaOH) and oxidizing (3% H,0,) stress
conditions. The resulting solutions were then analyzed and
the analyte peak was evaluated for peak purity and for
resolution from the nearest eluting peak.

Limit of Detection (LOD) and Limit of Quantification
(LOQ): Detection and quantification limits were calculated
by the method based on standard deviation (Sy/x) of the
responses for the blank injection in triplicate and the slope
(S) of the calibration curve. The peak area of the blank was
calculated. The LOD and LOQ were determined using slope
of the calibration curve and standard deviation of the blank
sample by following formula:

LOD =3.3xSy/x/S  LOQ = 10xSy/x/S

Here Sy/x is the standard deviation of the blank response and
S is the slope of the calibration curve.

Ruggedness:

The ruggedness of the method was assessed by comparison of
the intra-day and inter-day assay results of efavirenz that
have been performed by two analysts in the same laboratory.
RESULTS

Development of Mobile Phase: The selection of the solvent
was based on the basis of area of peak, sharpness of peak,
capacity factor and retention time. A mobile phase consisting
of methanol and water in the ratio of 89:11, v/v was
optimized at a flow rate of 1.0ml/min for further studies after
several preliminary investigatory chromatographic runs.
Optimized Chromatographic Condition: Chromatographic
separation was achieved using a C-18 column (250%4.6mm)
which was packed with 5Sp particles with mobile phase
consisting of methanol and water in the ratio of 89:11.The
column oven was set at a temperature of 254+0.5°C and the
mobile phase was filtered, degassed and pumped at a flow
rate of 1.0ml/min with back pressure of 270+4kgf/cm2. The
injection volume was 20 pl and the total run time of each
sample was 10min. The base line was continuously
monitored during the process.

The Amax of efavirenz was found to be 274nm, which was
selected as the analytical wavelength for further analysis.
Under the described experimental conditions, all peaks were
sharp, well defined, reproducible and free from tailing.
Calibration Curve: The calibration curve was plotted
between concentration and peak area and it was found to be
linear over the concentration range of 25-200 pg/ml with
regression  coefficient (r*)  0.9996+0.0011.  Statistical
calculations were done at 5% level of significance. The
retention time and asymmetry factor were found to be
3.1440.01min and 1.01£0.02 respectively.

Linearity: The linearity was calculated by least squares
linear regression analysis of calibration curve (Table 1). The
constructed calibration curve was linear over the
concentration range of 25-200 pg ml-1 (n=3). The linear

regression equation was Y=15.65X+3.193 with regression
coefficient 0.9999+0.0013. The mean value of slope and
intercept were 15.65+0.02 and 3.19+£0.01 respectively with
standard error of slope and intercept 0.0926+0.001 and
9.425+0.023 respectively.

Accuracy: The proposed method affords recovery of 97.96 to
100.35%. The values of %recovery and %RSD are shown in
(Table 2), in each case all the values for %RSD were found to
be less which indicates the accuracy of the proposed method.
Precision: Precision of the proposed method was tested by
performing intra-day and inter-day studies. The precision
data is summarized in Table 3. For intra-day studies,
triplicate of prepared samples were analyzed within same
day. For inter-day validation, concentrations were determined
on three separate days. Low value of (<2%) of %RSD
indicates the repeatability of the proposed method.

Limit of Detection (LOD) and Limit of Quantification
(LOQ): The limit of detection (LOD) and limit of
quantification (LOQ) of the method were determined by
standard deviation method. The LOD and LOQ were found to
be 3.178pug.ml™ and 9.619ug.ml ' respectively.

Ruggedness: There was no significant change in the mean
area by comparison of the intra-day and indicating that the
proposed method is highly sensitive (Table 4).

Specificity: The specificity of the method was determined by
exposing a solution of efavirenz to stress conditions, i.e.0.IM
HCIl, 0.1M NaOH and 3% H,O,. efavirenz was found to be
more stable under acidic degradation condition rather than
under alkali stress conditions.

DISCUSSION:

In the present study, an attempt was made to develop a
simple, accurate, selective and sensitive RP-HPLC method of
efavirenz in pharmaceutical analysis. RP-18 column (Spm,
RP-18 column, 250x4.6 mm i.d.), maintained at ambient
temperature (254+2°C) was made for the method development.
The method was validated for specificity, accuracy, linearity,
precision (interday and intraday), sensitivity, and ruggedness.
The peak areas of the drug were reproducible as indicated by
the low coefficient of variation.

The sample recoveries in formulation were in good
agreement with their respective label claim which suggested
non-interference of formulation excipients on the estimation.
Also the %RSD for both the tablet analysis and recovery
studies was less indicating high degree of precision and
accuracy of the proposed method. The results indicated that
the method is unaffected by small variation in the
chromatographic conditions.

CONCLUSION

A simple, reliable, linear, accurate, sensitive and reproducible
RP-HPLC analytical method has been developed and
validated. The method does not involve any costly sample
extraction procedure. In addition, the reported method can
also be used for the routine analysis of bulk drug, tablet
dosage forms.
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Table 1: Various Parameters of Efavirenz

Parameters

Value

Linearity & range

25-200 pg/ml

Regression equation

Y =15.67x+3.213

Correlation coefficient

0.9999+0.0013

Slope

15.65+0.02

Intercept

3.193+0.01

Standard error of slope

0.0926+0.001

Standard error of intercept

9.425+0.023

Table 2: Accuracy of the proposed method

. -1
Theoretlcal_ lConc. Measured Conc. (pg.ml ) Rec‘z‘;er % RSD
(pg.ml ) M
0.5 0.539+0.014 100.35 0.42
5.0 4.84240.134 97.96 1.57
50.0 50.114+0.452 98.33 1.23
Table 3 Precision of the proposed method.
Conc. Intra-day Precision Inter-day precision
-1
(ng.ml )
Mean Area % RSD Mean Area % RSD
50 740.659 1.44 782.197 0.523
100 1557.635 1.641 1557.876 2.050
200 3179.404 1.253 3144.208 1.408
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Table 4: System Suitability test

Parameters Value
Retention Time 2.58

HETP (mm) 0.009
Tailing factor 10113
LOD (ug.ml™) 3.178
LOQ(pg.ml™) 9.619

Figure 1: Chemical Structure of Efavirenz

Figure 2: Representative chromatogram of Efavirenz at 274 nm
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