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Abstract: A simple, precise and accurate stability indicating normal phase high performance thin layer
chromatographic method for determination of efavirenz in tablet preparation has been developed and validated.
Efavirenz from the formulations in presence of its degradation product was separated on silica gel 60 F,s, HPTLC
plates with chloroform, methanol and toluene in the proportion of 7:1:2 (v/v) as mobile phase. Densitometric
quantification was performed at 252 nm. Well resolved bands were obtained for efavirenz with Ry value 0.70 and
for degradation products. The method was validated for specificity, accuracy, precision and robustness. The
calibration curve was found to be linear in the concentration range of 500-1000 ng per band both by area and
height with correlation coefficients of 0.999 and 0.998 respectively. The method is selective and specific with
potential application in pharmaceutical analysis of these drugs in bulk and formulations.
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Introduction

Efavirenz  (EFA)  chemically, (4S)-6-chloro-4-
(cyclopropylethynyl)-1,4-dihydro-4-(trifluoro methyl)-
2H-3,1-benzoxazin-2-one (Fig. 1), is official in Indian
pharmacopoeia' and Merck Index’. It is non-
nucleoside reverse transcriptase inhibitor and is used
as part of highly active antiretroviral therapy in the

Literature survey reveals variety of methods like
HPLC* in capsule, capillary electrophoresis °, micellor
electrokinetic chromatography’, HPLC”'? in plasma
alone have been reported. EFA is also estimated in
combination with other drugs in biological fluids using
HPLC"?, in presence of metabolites®™, after post

column derivatization®®, with related substances * ~’,

treatment of hun;an immunodeficiency virus type 1°. LC-MS** and GC-MS™. Hamrapurkar et.al.’' tried to
N o estimate EFA using HPTLC but the method did not

Y describe the stability behavior of EFA and also method

o is not specific in presence of degradation product. In

cl / the present study, an attempt has been made to develop

F simple, rapid, precise and accurate stability indicating
/ / \ high performance thin layer chromatographic method
F for analysis of EFA in bulk and marketed formulations
in the presence of its potential degradation products.

Figure 1. Structural formula of EFA
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Material and methods

Chemicals, reagents and solutions

The EFA working standards were obtained as a gift
sample from Matrix Laboratories Ltd., Hyderabad,
India. The tablet formulation containing EFA (200 mg)
is available in market by brand name Efferven.
Chloroform, methanol and toluene were of analytical
grade purchased from Qualigens and pre-coated silica
gel 60 F,s4 HPTLC plates from Merck, Darmastadt,
Germany. All dilutions were performed in standard
volumetric flasks. Double distilled water and
Whatmann filter paper Grade-1 was used throughout
the experimental work.

Preparation of standard solution

An accurately weighed 50.0 mg of pure standard EFA
was taken in 50.0 mL volumetric flask and dissolved
in 20-25 mL of methanol and made up the volume to
obtain standard stock solution of 1 mg/ml
concentration. Five milliliters of standard stock
solution was transferred to a 50 mL volumetric flask
and then diluted to volume with methanol to furnish a
working standard solution of concentration 100 pg/ml.
Preparation of sample solution

Twenty Efferven tablets were weighed and finely
powdered. An accurately weighed tablet powder
equivalent to 50.0 mg of EFA was transferred to a 50.0
ml volumetric flask. The powder was dissolved in 30
mL methanol and the solution was sonicated for 15
min. The solution was cooled to room temperature and

diluted up to the mark with methanol and filtered
through Whatmann Grade I filter paper. Five milliliter
of clear filtrate was transferred to a 50 ml volumetric
flask and diluted to volume with methanol to furnish
sample solution of concentration 100 pg/ml.

Instrumentation and chromatographic conditions
Chromatography was performed on 10 x 10 cm pre-
coated silica gel 60 F,s4 HPTLC plates. The plates
were pre-washed with methanol and dried in an oven
at 105°C for 1 hrs before use. Eight microliter of
sample was spotted 10 mm away from the edge of the
plates by means of a Camag (Muttenz, Switzerland)
Linomat IV automatic sample applicator. The plates
were developed to a distance of 80 mm in a Camag
twin-trough chamber previously saturated with mobile
phase vapor 10 min at room temperature (25+2°C).
The chromatographic conditions had previously been
optimized to achieve the best resolution and peak
shape. Plates were evaluated by densitometrically at
252 nm with a Camag TLC Scanner 111, in reflectance-
absorbance mode controlled by winCATS software
(Version 1.4.1; Camag). The slit dimention was 3.00
mm X 0.45 mm and emitting continuous UV radiation
between 190 and 360 nm. The amount of the
compound chromatographed was determined from the
intensity of diffused reflected light. The typical
chromatogram and absorption spectra of tablet
formulation is shown in Figure 2.

Efavirenz

Figure 2. Typical densitograms and in situ spectrum of Efferven tablet
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Force degradation studies of EFA

The stress studies were initiated by using 1 mg/ml
solution of EFA (API) and exposing it to various stress
conditions to study the effect over wide range of pH,
heat, oxidation and photo degradation using the
following approaches.

Hydrolytic degradation under acidic and alkaline
condition was carried by transferring 50 mg of EFA in
each of two round bottom flasks and dissolving in 50
ml of 0.1N methanolic hydrochloric acid (methanolic:
50% v/v methanol in distilled water) and O0.IN
methanolic sodium hydroxide respectively followed by
refluxing on water bath for 8 hrs at 70°C. Hydrolytic
degradation under neutral condition was carried by
transferring 50 mg of EFA in 50 ml methanolic water
in round bottom flask separately and was refluxed on
water bath maintained at 70°C for 8 hrs. For oxidative
degradation, EFA (50.0 mg) was dissolved in 50.0 ml
3% methanolic H,O, in volumetric flask and it was
kept in dark place at R.T. for 7 days. Photolytic
degradation was carried by evenly spreading EFA in
thin layer in a covered petri dish and exposing in
sunlight. Thermolytic degradation was carried by
transferring EFA in covered petri dish kept in an oven
maintained at a temperature of 70°C.

Similarly, the various degradation products of Efferven
were prepared by exposing Efferven powder equivalent
to respective amount of EFA and treating in respective
manner.

The samples which showed no degradation at the
initial stress conditions were subjected to increasing
severity of stress conditions till a certain maximum
limit was reached. The limiting maximum stress
conditions were assumed on the basis of the available
regulatory guidelines, the current pharmaceutical
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stress testing trends and/or practical limitations
imposed by the physicochemical properties of the
molecule.

Sampling of Force Degradation Products

Five milliliter of degradation samples (1mg/ml) were
withdrawn periodically during hydrolysis under acidic,
alkaline and neutral conditions at every, 30 min., 1%,
3" 5™ and 8™ hrs. In case of oxidative stress condition,
5.0 ml of samples were withdrawn every 24hrs for 1*
to 7* days. The degradation samples under acidic and
basic stress were neutralized with methanolic NaOH or
HCIL All stability samples withdrawn were diluted to
10.0 ml with methanol (conc. 0.5 mg/ml). All the
samples so prepared were stored under refrigeration.
Samples of hydrolytic and oxidative stress studies
were further diluted with methanol to get the conc. 100
pg/ml. In case of thermal and photo degradation
studies, 10 mg samples were withdrawn every 1%, 3",
7™ 15™ and 30™ day, dissolved in 10 ml of methanol to
obtain a resultant concentration of 1 mg/ml each

Preparation of Degradation Sample for HPTLC

The stock degradation samples were diluted suitably
with methanol to get concentrations of 100 pg/ml.
Preparation of calibration curve

Aliquot portions of working standard solution (3-14
ul) were applied on the TLC plate and densitograms
were developed under optimized chromatographic
conditions and the calibration curve was obtained. The
curves (Figure 3) were found to be linear between
concentration range 500-1000 ng/spot both by height
and area. Results have been shown along with
correlation coefficient, slope and y-intercept in Table
L.
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Figure 3. Linearity by height and area for EFA
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Table 1. Analytical Performance Data
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Parameters By height By area
Linear dynamic range (ng/band) 500-1000 500-1000
Slone 0.233 6.784
Y-intercept 117.136 2289.126
Correlation coefficient (1) 0.998 0.999
% Standard Deviation 1.08 0.83
LOD (pg/ml) 164.16 138.45
LOQ (png/ml) 497.45 419.55
Application of Proposed Method for Estimation in Linearity and Range

Marketed Formulations

Two bands of working standard and six bands of
sample solution of equal volume (8 uL) were applied
on TLC plate and the plate was developed and scanned
as per optimized chromatographic conditions.

Validation of Proposed Method

The proposed method was validated for specificity,
linearity & range, accuracy, precision, limit of
detection & limit of quantitation, robustness and
ruggedness. Validation of the proposed method was
carried in accordance with the ICH guidelines®>™.

Specificity

The specificity of the method was ascertained by how
accurately and specifically the analyte of interest are
estimated in the presence of other components (e.g.
impurities degradation products etc) by exposing the
sample to different stress conditions such as acidic (0.1
N HCI), alkaline (0.1N NaOH), oxidizing (3% H,0,),
heat (60°C) and UV radiations for 24 hrs and then
analyzing them by proposed method.

Accurately weighed quantities of tablet powder
equivalent to about 50 mg of EFA (134.46 mg) were
transferred to six different 50.0 ml volumetric flasks.
The samples were then exposed to stress conditions for
24 hrs. After 24 hrs the flasks were cooled to room
temperature, sonicated with 30 ml methanol for 15 min
and volumes were made up to 50.0 ml with methanol
and filtered through Whatmann Grade I filter paper.
Five milliliters of filtrate was transferred to a 50 ml
volumetric flask and then volume was made up to the
mark with methanol to obtain resultant sample
solutions of concentration 100 pg/ml. The solutions
were then analyzed in similar manner as described
under estimation of marketed formulation.

Aliquot portions of working sample solution (3-14 pl)
were applied on the TLC plate and densitograms were
developed under optimized  chromatographic
conditions. The graph was plotted as concentration Vs
response (peak area or height).

Accuracy

The accuracy of the experiment was established by
spiking preanalyzed sample with known amounts of
the corresponding drugs at three different
concentration levels i.e. 80, 100 and 120% of the drug
in the tablet (the external standard addition technique).
The spiked samples were then analyzed for five times
at each level.

Precision

Two bands of working standard solution and five
bands of sample solutions of equal volume (8 puL) were
spotted on the plate and the plate was developed and
evaluated as described above. The procedure was
repeated five times, individually weighing the tablet
powder each time. The densitometric responses from
the standard and sample were used to calculate the
amounts of the drug in the tablet. The procedure was
repeated five times, individually weighing the tablet
powder each time.

Limit of detection and limit of quantitation

LOD and LOQ determination were done with method
based on standard deviation of the response and the
slope of calibration curve.

Robustness

Robustness was checked by analysis of sample
solutions after making small changes to method
parameters like change in determination wavelength,
working temperature and saturation time.

System suitability test

A system-suitability experiment was performed before
determination of EFA in unknown samples.
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Results

EFA from the formulations were separated with
chloroform, methanol and toluene in the proportion of
7:1:2 (v/v) as mobile phase. Well resolved peak of
EFA obtained at Ry value 0.70 at 252 nm as shown in
Figure 2.

Forced Degradation study of API and Tablet

Results of degradation products under various
conditions are shown in Fig. 4. Results of acidic
degradation showed that one degradation product was

formed on refluxing in 2N HCI for 5 hrs and on
refluxing with 0.1N NaOH for 1 h. EFA was stable
under neutral pH for at least 8 hrs refluxing at 70°C.
Oxidative degradation shows two degradation products
when EFA exposed to 3% H,0O, for 7 days. EFA is
found to be stable at thermal degradation at 70°C for
30 days whereas photo degradation was occurred on
15 days in sunlight exposure with two degradation
products. The results of degradations in both the pure
API and the marketed preparation were identical.

Efavirenz
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Figure 4. HPTLC densitograms of forced degraded samples of EFA-
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(A) 2N HCl reflux for 5 hrs, (B) 0.1N NaOH reflux for 1hrs, (C) Neutral reflux for 8hrs, (D) Treated with 3%
H,O0, for 7days, (E) Thermal (dry heat) for 30 days at 70° and (F) Sunlight for 15 days

Validation

Specificity study shows that EFA can be estimated
using given solvent system without any interference of
the possible degradation products and impurities.
Calibration curve was found to be linear in the
concentration range of 500-1000 ng per band by height
and area with correlation coefficients of 0.998 and
0.999 respectively. The linear regression equations
were found to be Y = 0.233X + 117.136 and Y =
6.784X + 2289.126 by height and area respectively.
Linearity curves are shown in Figure 3. The statistical

data obtained are given in Table 1. Mean recovery by
the proposed method was within acceptable limits,
indicates the method is accurate. The results of
recovery study were given in Table 2.

For Precision study, the densitometric responses from
the standard and sample were used to calculate the
amounts of the drug in the tablet. Percentage
estimation was near to 100% with RSD below 2%
indicate the method is precise. The results of system,
method and intermediate precision studies are shown
in Table 3.

Table 2. Results from recovery analysis

Efferven Tablet (Avg. Wt. 537.82 mg for 200 mg of EFA)

Sr. | % Wt. of sample -; Amt. of std. recovered % Recovery*

No | Spiking | std. EFA” | (mg)

Level | (mg) By Height | By Area | By Height | By Area

1 80 94.54+5.0 5.02 5.11 100.40 102.10

2 100 94.63 + 15.0 14.75 14.90 98.33 99.32

3 120 93.94 +25.0 24.82 24.81 99.29 99.24
Mean 99.34 100.22
SD 1.0343 1.6295
% RSD 1.0411 1.6260

*Each value is a mean of five determinations, #Added in the form of standard stock solution

SD = Standard deviation, RSD = Relative standard deviation

Table 3. System, method and intermediate precision data

Intermediate Precision
F . System | Method
ormulation Parameter . . -
Precision | Precision 1 d 1 d Different
nterday | Intraday Analysts
Mean* 98.89 98.89 98.43 99.32 98.65
Height SD 0.5640 0.5500 1.0836 0.8004 0.9287
% RSD 0.5703 0.5562 1.1009 0.8059 0.9414
Efferven
Mean* 99.12 99.23 99.48 99.79 98.61
Area SD 0.3914 0.5832 0.7050 0.6043 0.9605
% RSD 0.3949 0.5877 0.7088 0.6055 0.9741

*Each value is a mean of five determinations
SD = Standard deviation, RSD = Relative standard deviation
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LOD were 164.16, 138.45 and LOQ were 497.45,
419.55 by height and area respectively. The low value
of %RSD shows the method is robust and slight
change in estimation wavelength and concentration of
toluene does not vary the results.

Discussion

Degradation study of pure EFA and formulation is
quite important for hydrolysis under acidic and basic
conditions and also for oxidative and photo
degradation as EFA get degradaed upto the predictable
degradation under all these conditions. Acidic
degradation upto 11% and basic degradation unto 20%
of standard drug are useful to find out possible
degradation pathway. No degradation in neutral stress
condition suggests that the drug can be kept at
condition of neutral pH and confirms stability. EFA is
found to be very prone to oxidation and nearly 19%
degraded under sunlight over 15 days whereas it is
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