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Abstract

Background: Chemical hazard is one of the most prominent side effects that come out along with the benefits of
pharmaceutical production. Chemicals usage and waste production are involved in each step of production and are
found to be in high percentage at the stage of quality testing. Conventional quality testing (assay) involves the use
of solvents and reagents that generates high flammable and non-flammable waste and also enhanced the per
batch cost of the medicine, whereas green chemistry offers a benign environment for drug designing,
manufacturing, and analysis.

Results: In the present study, a green FTIR method for assay of antiviral drugs entecavir is developed and validated
as per ICH Q2_R1 guidelines. A calibration curve is plotted between absorbance and concentration, yielding
excellent linearity with a correlation coefficient (r2) value of 0.9991 in the concentration range of 0.25–0.75 mg.

Conclusion: The developed method was validated and was very specific, accurate (99.9–100%) at three levels of 80,
100, and 120% of test concentration and precise with < 1% RSD. The LOD of the method is 0.0674 mg and is able
to quantify the active at the limit of 0.2042 mg. Four different drug brands available in the local market are assayed
by the validated method, and %recoveries are found to be in the range of 99–101%.
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Background
Entecavir, a selective HBV DNA polymerase inhibitor,
is white or off-white crystal-like powdered available in
≥ 95% pure form and is slightly soluble in water but
freely soluble in organic solvents (Fig. 1). On March
30, 2005, FDA approved entecavir for hepatitis B
treatment [1]. Oral entecavir is prescribed as the first

drug of choice in the treatment of hepatitis B. Ente-
cavir is a selective HBV DNA polymerase inhibitor
and, after oral administration, gets phosphorylated
and converted into triphosphate, which is the active
form (https://www.ich.org/fileadmin/Public_Web_Site/
ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_
R1__Guideline.pdf) [2]. Entecavir is commercially
available in various pharmaceutical dosage forms as a
single medicament or combination with other thera-
peutic agents.
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The FTIR spectrum of entecavir shows a prominent
peak at wave number 3444 cm−1 because of the presence
of amine (NH), at 1628 cm−1 carboxyl (RCOO-) group
shows a sharp peak, at 1593cm−1 amide (NC) peak is
present, at 1016 cm−1 carbonyl group (CO) exhibited a
sharp peak, and tertiary amine (-CN) shows a strong sig-
nal at 1115 cm−1 [3].
Several analytical techniques have been reported for

the identification, quantification, and impurity detection
of entecavir in bulk, in plasma, peripheral blood, and
dosage forms of different type, including the detection
method used in these methods which includes liquid
chromatography-electrospray ionization-mass spectrom-
etry (LC-ESI-MS) [4], fluorescence spectroscopy, colori-
metric detection using UV–vis spectrometer and naked
eye [5], LC-MS/MS [6], UPLC–MS/MS [7, 8], RP-HPLC
[9–13], salting-out homogeneous liquid-liquid extraction
LC-MS [14], UHPLC–MS/MS [15], powder X-ray dif-
fractometry, and Raman spectroscopy [16, 17]. This
comprehensive literature research reveals that these
methods use a variety of solvents, reagents, and columns
like methanol, acetonitrile, ammonium acetate, ammo-
nia, solid-silver nanoparticles, formic acid, ammonium
hydrogen carbonate, potassium phosphate buffer, deion-
ized water, and other miscellaneous reagents and sol-
vents of analytical grade. All these methods are time-
consuming and based on complex solvent system proce-
dures, which are less economical. The chances of trou-
bleshooting also increased with the complexity and even
lead to the need for an efficient technical person. This

successful attempt of a simple, accurate, and precise ana-
lytical procedure via FTIR [18, 19] was made to quantify
drug content in pure and dosage form.

Method
Materials
The working standard of entecavir was gifted from Fazal
Elahi (Pvt) Ltd, and other excipients (Additional file 1)
(Lactose, cellulose microcrystalline (Avicel PH101), cros-
carmellose sodium, P.V.P.K-30, magnesium stearate,
triethanolamine, IPA (isopropyl alcohol)) were used
from Sigma Aldrich and Merck Pvt Ltd. The entecavir
brands (Cavira 0.5 mg, Envir 0.5 mg, Bvir 0.5 mg, and
Ecavir 0.5 mg) were purchased from the local market
and distilled water used from a lab.

Instrumentation
Analytical balance (Mettler Toledo with a working range
of (0.01 to 60 g used as 5 digits), FTIR (IR Tracer-100 by
Shimadzu installed with Lab Solutions IR), Sonicator
(Transonic Digital S, USA), pharmaceutical grade marble
or agate mortar, and pastel and mechanical shaker.

Method development
Preparation of blank
For making different aliquots, a blank were prepared
using lactose (3.7485 g), Avicel PH101 (0.85 g), croscar-
mellose sodium (0.25 g), P.V.P.K-30 (0.10 g), and mag-
nesium stearate (0.025 g).

Fig. 1 Structure of entecavir
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Preparation of calibration concentrations or optimization
and selection of wavelength
Nine calibration concentrations were prepared in a
range of 0.25 to 0.75 mg of entecavir mixed with blank
in different ratio to get final weight of 1 g (0.25+ 999.75,
0.30+999.70, 0.35+999.65, 0.40+999.60, 0.45+ 999.55,
0.55+ 999.45, 0.60+ 999.40, 0.65+999.35, 0.75 +999.25
mg).

Scanning the sample
The system was initialized, and the spectrum was con-
verted into absorbance mode before taking the back-
ground scan. Background scan was taken with no
sample in the sample compartment. After that, a small
amount of calibration concentration sample was loaded
into the sample holder by the ATR technique, and a
scan was measured. In the same way, the remaining
eight calibration concentration samples were scanned in
absorbance mode.

Construction of the calibration curve
A calibration curve is created using the application
“Quantitation” in LS-IR. The calibration curve requires
the calibration parameter to be set as the Beer-Lambert’s
law which dictates that in linear relationship among ab-
sorbance and concentration, the first order of equation
was selected. The type of equation was set as peak inten-
sity, and the peak of tertiary amine (–CN) at 1115 cm−1

for ECV was selected. The calibration curve was created
using the relationship between the amount of the active
present and absorbance of light by the particles of the
active.

Preparation and scanning of unknown sample
An amount of 0.5 mg of entecavir was measured using a
calibrated balance and transferred into a mortor. Then
999.5 mg of the blank was weighed and transferred into
the same mortor. The powders were mixed properly.
This sample was scanned in absorbance mode and
saved.

Validation parameters performance
Validation of the developed method was performed as
per ICH guidelines using the following parameters,

Specificity
The method specificity was determined by reading the
scan of active alone and in overlay format with excipi-
ents in a detailed zoomed view, and the wavenumber
was selected where there is no interference of other
peaks.

Linearity and range
Nine concentrations of entecavir in the range of 0.25 to
0.75 mg were prepared, and the absorbance was deter-
mined. Linearity evaluated by linear regression analysis.

Fig. 2 FT-IR spectrum of entecavir standard
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The process was repeated three times, and the mean of
all values (slope of the regression line, correlation coeffi-
cient, y-intercept, and residual sum of squares) were
calculated.

Accuracy/recovery
Three concentrations of entecavir having 80, 100, and
120% levels were prepared in triplicate and scanned and
quantified as unknown samples. The acceptable limit of
active response ranges from 98 to 102%.

Precision
Method precision was assessed in two requisites which
are repeatability (intra-day precision) and intermediate
precision (inter-day precision) in compliance with ICH
guidelines. Repeatability was performed by taking six de-
terminations at 100% of the test concentrations or label
claim of entecavir (0.5 mg) under the same experimental
condition by the same analyst on the same day. Inter-
day precision or intermediate precision was performed
by repeating the process of repeatability by different ana-
lysts under the same experimental condition but on dif-
ferent days.

Limit of detection and quantitation
The LOD and LOQ were calculated by formula directed
by ICH guideline by calculating curve slope and inter-
cept standard deviation as mentioned below.

LOD ¼ 3:3σ
S

LOQ ¼ 10σ
S

where the slope of the curve is denoted by S and σ
represents the intercept standard deviation.

Ruggedness
Ruggedness refers to the degree of reproducibility of the
drug. It was estimated by analyzing the same sample by
two different analysts. The six determinations of 0.5 mg
of entecavir were scanned under the same experimental
conditions.

Application of developed method on the finished product
Twenty tablets of each of the four different brands
named Bvir (0.5 mg), Cavira (0.5 mg), Envir (0.5 mg),
and Ecavir (0.5 mg) were taken and crushed into powder
using mortar and pestle. Accurately weight the powder
equivalent to the weight of each tablet and scanned. The
calibration curve ECV-1.istd. was loaded in the quantita-
tion window, and all saved spectra of the finished prod-
uct were imported over the calibration curve. The
amount of entecavir was mention next to the absorbance
value.

Fig. 3 Overlay scan calibration concentration of entecavir
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Fig. 4 The overlay scan of all nine concentrations and calibration curve of entecavir
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Result
Optimization of analytical procedures
In the present study, the selection of specific peak of
entecavir (bulk and dosage form) was carried out by
taking the IR spectrum of the pure form of active in-
gredient of entecavir (Fig. 2) absorbance mode and
identified the prominent peaks which can easily be
used for identification and quantification purposes.
The spectrum shows various prominent peak which
can be easily used, but among them, the selection of
that specific peak, which does not get affected by any
of its ingredient present in its dosage; scans of excipi-
ent were also recorded and thoroughly studied in
overlay format. Entecavir gives a sharp peak of ter-
tiary amine (-CN) at position 1115 cm−1; amine is
not present in any of the excipient used to formulate
the entecavir tablet dosage form; hence, the chances
of interference of the peak in this region are minimal.
Therefore, amine peak is selected for developing and
validating an FTIR method for identification and
quantification of entecavir.
IR-absorbance calibration curve for quantification

of entecavir was constructed using 9 known concen-
trations. In selecting the intensity of the peak of the
tertiary amine (-CN) in the first-order equation,
against each concentration, their respective absorb-
ance is calculated by the system. The calibration
concentration was automatically constructed by LS-
IR software, giving a value of correlation coefficient
(r2) value of 0.9991. A curve was constructed be-
tween peak absorbance and concentration by keeping
concentration as an independent variable on X-axis
and peak absorbance as an independent variable on
Y-axis. The result reveals that the relation between
the drug concentration and absorbance complies
with Beer-Lambert’s law in the range studied (0.25–
0.75 mg), and the r2 value shows excellent linearity
of relationship. The overlay scan of all nine concen-
trations and the calibration curve is mentioned in
Figs. 3 and 4.

Validation of the developed method
The proposed assay method of entecavir for bulk and
pharmaceutical dosage form has been validated in
accordance with the guidelines given by the “Inter-
national Conference on Harmonization of Technical Re-
quirements for the Registration of Pharmaceuticals for
Human Use” (ICH). Entecavir was measured specifically
without the inference of formulation ingredients. The
developed method was found to be linear at these drug
concentrations ranging from 0.25 to 0.75 mg (as per
ICH guidelines, 80 and 120% of the test concentration
should be covered in the calibration concentrations
range, and that is included). The coefficient of regression
(r2) value was computed to be Y = 0.03901X + 0.02158,
presenting an r2 value of 0.9991, and the slope of the
plot was 0.03901. The method was accurate with the
mean recovery values of 99.95, 99.99, and 99.99% at 80,
100, and 120%, respectively. Furthermore, the %RSD was
also found to be less than 1 for both intra and inter-day
precision. The details of the accuracy and precision
results are given in Tables 1 and 2. The limit of detec-
tion (LOD) of entecavir was found to be 0.0674 mg,
while the limit of quantification (LOQ) was found as
0.2042 mg. The %RSD of the raggedness was found to
be 0.0983.

Application of designed method on finished product
The developed and validated method was then applied
to the marketed product. The %recovery against the
claimed amount was calculated with the accepted cri-
teria of ± 02% (98–102%) of the label claim. The results
were 99.7, 100.10, 100, and 99.5%.

Discussion
The risks of chemical hazards remain constant through-
out the life span of pharmaceutical manufacturing, right
from the dispensing until the disposal of waste. Entecavir
tablets have been prescribed worldwide for the first-line
treatment of hepatitis B. FT-IR assay method is found to
be the simplest, cheap, easiest, coast effective, and above

Table 1 A system-generated cumulative result of accuracy study of entecavir

No. Concentration of sample Theoretical amount of active (mg) Obtained amount of active (mg) Recovery (%) Mean

1 80% of label claim 0.402 0.4017 99.93 99.95

2 0.401 0.4008 99.95

3 0.401 0.4009 99.98

4 100% of label claim 0.5 0.4998 99.96 99.99

5 0.501 0.5013 100.06

6 0.503 0.5027 99.94

7 120% of label claim 0.601 0.6005 99.92 99.99

8 0.6 0.6004 100.07

9 0.602 0.6019 99.98
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all, green among all other analytical procedures. Specifi-
city is the ability to estimate the analyte in the presence
of components that may expect to be present, including
formulation ingredients and impurities as well (https://
www.ich.org/fileadmin/Public_Web_Site/ICH_Products/
Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.
pdf). An overlay spectrum of active and ingredient
showed the absence of interference between the
spectrum of standard drug, sample drug, and the
placebo since none of the peaks appeared at wavenum-
ber 1115 cm−1 except for amine.
The linearity of an analytical method is the ability

to obtain test results (within a given range) directly
proportional to the concentration (amount) of analyte
in the sample. In the present study, linearity of the
assay method was observed using 9 concentrations
including 80, 100, and 120% of the test concentration.
Figure 4 shows the plot between drug concentration
and their corresponding absorption as per Beer-
Lambert law. The correlation coefficient (r2) was
found to be 0.9991, indicating excellent linearity (>
0.999).
Accuracy is the best indication of systematic errors.

To ensure the accuracy of the newly developed method,
three samples having three different drug concentrations
were assessed. The mean percent recovery at various
working strengths was > 99.90. The detailed observa-
tions of various drug concentration solutions are given
in Table 1.
Precision was evaluated by repetitive intra-day deter-

mination of drug solution at two different time intervals.
At the same time, inter-day precision was determined by
conducting the same procedure by two analysts on two
different days. The observations of intra and inter-day
precisions are shown in Table 2.
The detection limit indicates the lowest amount of an-

alyte in a sample that could be detected but not neces-
sarily precisely quantified. The quantitation limit
indicates the lowest amount of the analyte in a sample,
which can be determined with suitable precision and ac-
curacy and expresses the quantitation of parameters for
quantitative assay for low levels of compounds in sample

matrices and is also useful for the determination of
impurities and/or degradation of products.

Conclusion
The developed FTIR method for identification and
quantification of entecavir was validated in accordance
with the ICH guideline, and this method appeared to be
a suitable technique for the reliable analysis of commer-
cial formulations containing entecavir. The most striking
features of this method besides being green are its sim-
plicity, specificity, linearity, accuracy, precision, and rug-
gedness. It is also an easier, rapid, and cost-effective
method than HPLC and does not require the use of any
expensive or toxic reagent. Hence, the present FTIR
method is suitable for routine analysis of entecavir raw
material and tablet dosage form.
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