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ABSTRACT

Present work is aimed to develop a novel, simple and accurate reverse phase-ultrafast
liguid chromatographic (RP-UFLC) method for erlotinib (ELB) in tablet dosage form. The
chromatogram was achieved by using Eclipse plus C,, column with methanol and water
along with triethylamine (TEA 0.1%) as mobile phase (50:50 v/v) at a flow rate of
1 ml/min. The tablet dosage form was assayed, validated and subjected to degradation
studies. The standard ELB possessed a retention time of 5.51 min and the developed
method was linear in the concentration range of 10-100 pg/ml with 2 <0.99.Validation
parameters have shown that the developed method was precise (%RSD < 1), accurate
(recovery 98.50 to 99.52%) and robust. In the degradation studies, no extra products
were observed in thermal conditions and a degraded product was observed in negligible

percentage in basic and acidic conditions.
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INTRODUCTION

As an oral drug medication ELB is used
in the treatment of lung cancer, especially
in non-small cell lung cancer which
proliferates to other body parts. It is also
used in combination with other medications
such as gemcitabine (used to treat pancreatic
cancer). ELB (Figure 1) is a tyrosine kinase
inhibitor which acts by blocking particular
proteins that enhances the growth of cancer.
The specific protein blocked by ELB is
epidermal growth factor receptors (EGFR).
Cancer cells containing these receptors are
called EGFR positive.! Survey of literature
reveals that several methods were reported
for the determination of ELB.>? However,
no methods were reported on the tablet
formulation of ELB. Hence, our aim was
to develop and validate a novel RP-UFLC
method.

MATERIALS AND METHODS
Chemicals and reagents

ELB was purchased from Indian Chemicals,
Mumbai. tablets  of

Pharmaceuticals were procured from a local

Erlocip Cipla
pharmacyoutlet. Methanol (HPLCgrade)was
purchased from  Rankem, Mumbai.
Triethylamine (TEA, HPLC grade) was
obtained from Sd Fine Chemicals Limited,
Gujarat. Millipore water was obtained
from Millipore system (Aquelix-5) of our
laboratory. All other solvents utilized for the

analysis were of AR grade.

Instrumentation and chromatographic
conditions

The development and validation of the
method was carried out using a HPLC from
Shimadzu, equipped with LC Solutions
software. Hclipse plus C  HPLC column
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Figure 1: Erlotinib.
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Figure 2: Chromatogram of standard erlotinib.

(250 X 4.6 mm, particle size 5 ) was used to analyze the
tablet formulation for the period of 10 min.

The mobile phase consisted of methanol (A) and
water with TEA 0.1% (B) previously filtered through a
membrane filter of 0.45 um to ensure high levels of purity
and utmost freedom from impurities. pH of the mobile
phase was adjusted by using pH meter (Systronics).The
mobile phase was degassed for 15 minand the flow rate was
maintained at 1 ml/min. Sonicator (GT Sonic) was used
to obtain uniform mixing and degassing of the mobile
phase. The temperature of the column was maintained
at 37°C. The detector wavelength was adjusted to 240 nm.
The stock solutions were prepared by accurately weighing
the drug via a Digital balance (Shimadzu).

Method development
Preparation of standard solution

The active pharmaceutical ingredient ELB (10 mg) was
accurately weighed and transferred to 100 ml volumetric
flask. Methanol (50 ml) was added to the flask and
sonicated for 5 min to aid dissolution and the volume
was made up to 100 ml for achieving 100 pg/ml
concentrations. Further dilutions were made to obtain 10,
20,40,60,80and 100pug/mlconcentrations. Demonstration
of the chromatogram using optimal conditions is
portrayed in Figure 2.

Evaluation of system suitability

The parameters for system suitability such as column
efficiency, plate count and tailing factor were recorded.

S$590

System suitability was determined by injecting six
replicates of the standard solution (10 pg/ml).

Analysis of Erlotinib in tablet dosage form

A statistically significant number (20) of Erlocip tablets
(label claim of 150 mg) were weighed and crushed to
form a powder. This powder form of the drug, equivalent
to 10mg ELB was accurately weighed and transferred
into a 100 ml volumetric flask. To this powder, a solution
of 50 ml methanol was added and subjected to sonication
for around 10 min. The process was continued by making
up of the volume using methanol which is later filtered
through 0.45 um membrane filter. The filtered solution
was further diluted to obtain a concentration of 40 ug/ml
by adding 4 ml of the above solution into a 10 ml
volumetric flask and the volume was made up using the
mobile phase. The response from HPLC was recorded by
injecting the solution thrice. The results were interpreted
by taking into consideration the parameters such as peak
area to concentration and regression equation from
calibration graph to derive at the estimated amount of
ELB.

Analytical method validation™
Linearity

Linearity study was performed by taking serial dilutions
of final concentrations of standard ELB (10, 20, 40, 60,
80, 100 pg/ml). The solutions were injected into
chromatographic system to obtain the chromatograms
for each drug concentration in the mobile phase. The
graph for linearity was plotted by taking peak area v/s
concentrations of ELB API (#=3). The regression analysis
of ELB was used to deduce correlation coefficient,
slope and intercept.

Specificity

It is the ability of the said method to assess the sample
under consideration exclusively without interference
from any of the coexisting agents such as impurities,
degrading agents and excipients posed from the mobile
phase towards the analyte (ELB) under consideration.

Precision

a) Intraday precision

In this study intraday precision was carried out within
the laboratory and within a day. Six test solutions of
60 pg/ml were injected simultaneously and the peak
areas were recorded. Repeatability of the method shows
the level of precision exhibited by the method under
similar operating conditions during a short span of time.
Results of %RSD of ELB was calculated.
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b) Interday precision

Interday precision was carried out within the laboratory
on three successive days. The same sample preparation
was used on different days and different analyst carried
out the study. The concentration of the preparation was
60 pg/ml and was injected six test solution at a time on
successive days.

Accuracy

The ICH guidelines clearly state that the recovery studies
project the accuracy of the method. Hence, the specified
range of recovery was determined by spiking the sample
solution at three varying concentrations with pre-
analyzed API ELB solutions in triplicates.

Limit of detection

ICH guidelines clearly stated the equation for deriving at
the limit of detection as follows:

LOD = 3.3 X N/S

Where N = Standard deviation of peak areas of the
drug and
S = Slope of calibration curve.

Limit of quantitation

The calculation of LOQ of sample was followed as per
ICH guidelines.

LOQ =10 X N/S

Where N = Standard deviation of peak area of the
drug and
S = Slope of the corresponding calibration
curve.

Robustness

The robustness of the current study was determined by
altering the parameters of temperature. Sextuplet of the
sample solution was prepared (60 pg/ml) and the
sample stability was determined by altering the
temperatures (25°C and 35°C). The % RSD was
determined to assess the reproducibility of the method.

Stress degradation study
Acid degradation

ELB stock solution was diluted by transferring 8 ml into
a volumetric flask of 10 ml capacity and the volume
was made up to the mark using methanol. 5 ml of this
diluted solution was pipetted out into 10 ml volumetric
flask and the volume was made up using 1N HCIL. This
solution was subject to sonication for 5 min and kept
aside for 24 hr. After 24 hr, 1 ml was taken and neutralized
by using NaOH. A 0.45um membrane filter was used to
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filter the solution which was later injected to UFLC for
carrying out the analysis.

Alkaline degradation

ELB stock solution (8 ml) was transferred into a 10 ml
volumetric flask and diluted by adding methanol. The
solution was sonicated for 15 min and 5 ml of the above
solution was pipetted out and transferred to another 10
ml volumetric flask and made up the volume with 1N
NaOH. The solution was again sonicated for 5 min and
kept aside for 24 hr. 1 ml of this sample was taken and
neutralized by using HCl and the remaining volume was
made up using mobile phase. A 0.45 pm membrane filter
was used to filter the solution which was later injected to
UFLC for carrying out the analysis.

Thermal degradation
Solid

Equivalent weight of drug (10 mg) was weighed and
kept in Petridish and exposed to a temperature of 60°C
in hot air oven. The above drug was diluted with methanol
to obtain a concentration of 100 pg/ml. From this
40 pg/ml solution was prepared with mobile phase and
injected. The analysis was also done after 72 hr.

RESULTS
Method optimization

The optimization of chromatographic parameters
was done to carry out the determination of ELB
using RP-UFLC in a short analysis time (<10 min).
Mobile phases of different combinations such as
water: acetonitrile, phosphate buffer: acetonitrile and
methanol: water and triethylamine were employed in
varying ratios at a flow rate of 1 ml/min. The effect of
pH of mobile phase on resolution of ELB was studied.
Finally, methanol and water with 0.1% TEA (50:50 v/v)
and pH at 6.4 showed peak with good resolution. The
retention time was found 5.51 min at 240 nm (Figure 2
and 3).
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Figure 3: Linearity of Erlotinib Standard.
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In the assay of Erlotinib tablets, the optimized condition
was adopted in the subsequent analysis. Method
was developed in dosage form and calculated the
concentration of drug in dosage form by comparing the
peak areas vs concentration of standard. The content of
ELB in the tablet was 39.62 ng/ml and the petrcentage
of ELB was 99.80% (Table 1 and 2 and Figure 4).

Method validation

The linearity of standard ELB was found in the range
of 10-100 pug/ml. The response from the detector was
found to be linear and correlation coefficient value was
found 0.999 and Y intercept value of 1378. A graph of
the calibration curve was shown in Figure 3 and the
linearity results were shown in Table 1. In specificity
study, therewasnoanyinterferenceinblank peak, therefore
analyte peak was not altered. For intraday precision, the
%RSD was found 0.341 in the morning, 0.302 in the
afternoon and 0.182 in the evening for ELB. The %RSD
obtained was less than 2% which indicates that the
proposed method has shown good precision. In an
interday precision study, on the first day %RSD was

Table 1: Linear regression data and system

suitability for the analysis of Erlotinib.

Parameters Values
Retention time (min) .51
Linearity range (ug/ml) 10-100
LOD (ug/ml) 0.69
LOQ (ug/ml) 2.10
Regression data
Slope 1452
Intercept 1378
Correlation coefficient 0.999
Theoretical plate 7812
Tailing factor 0.70
Actual amount Amount found % * Relative error
(ng/ml) (ng/ml)
40 39.62 99.05+0.43
P ey e

Figure 4: Chromatogram of Erlotinib in dosage form.
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0.324 and second and third day was 0.371 and 0.271,
respectively. The %0RSD was found less than 2% (Table 3).
Recovery of ELB in dosage form was set as a benchmark
in calculating the accuracy. The percentage recovery at
each level was in the range of 98.50 to 99.52% (Table 4).
Hence, in the present method accuracy established and
was found to be accurate. LOD for ELB was found by the
standard deviation of response and slope. In this method
LOD was found to be 0.69 pg/ml and LOQ was 2.10
ug/ml (Table 1). The developed method was observed
as robust by changing the temperature and %0RSD was
found to be less than 2. The peak area and retention
time did not exhibit any marked changes. The tailing
factor and retention time parameters were well within
the limit. %RSD of ELB was 0.334 at 25°C and 0.257
at 35°C (Table 5). The proposed method was superior
in compatison to the reported results due to its reduced
retention time, high count of theoretical plates and well
resolved peaks with the mobile phase composition under
consideration. In the stress degradation study, ELB was
subjected for acidic, alkaline and thermal degradation.
It was stable in thermal condition whereas in acidic and
alkaline conditions, negligible degradation was observed.
Results of these studies portrayed that no interferences
observed in different stress conditions arising due to
the presence of excipients, impurities and degraded
products. Hence, it was guaranteed that the obtained
peak response was generated from a single component
only (Figure 5 and 6, Table 06).

DISCUSSION

Several binary mobile phases were tried to obtain a good
peak resolution and R, value. The mobile phase with a
composition of methanol and water (50:50 v/v) with
TEA (0.1%) has shown lower R, value with high
resolution at 240 nm using a PDA detector. Hence, this
condition was adopted for the estimation and validation
of ELB in tablet dosage form. The validation method
was in accordance with the ICH guidelines. Each of the
obtained peak area was plotted against respective
concentrations of ELB standard. According to linear
regression equation the correlation co-efficient was
0.999 (). LOD and LOQ were determined by using
regression and calibration curve graph values. The LOD
and LOQ values are reflected in Table 1.

Intraday precision (repeatability) for the proposed
method was assessed by six preparation of analyte in
same concentration (#z = 3) within a day. Similatly, the
interday precision and accuracy was studied by adding
standard drug and determining the percentage recovery.
The developed method has high precision levels as the
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Table 3: Results of intraday and interday precision.

e Amount of drug Intraday (n=6) Day Interday precision (n=6)
(ng/mi) %Precision + SD %RSD %Precision * SD %RSD
8.00 am 60 99.53 £ 0.33 0.341 1t day 99.39 + 0.32 0.324
12.00 noon 60 99.49 £ 0.30 0.302 2 day 99.61 +0.42 0.371
4.00 pm 60 99.26 + 0.60 0.182 34 day 99.78 + 0.47 0.271

Table 4: Accuracy results.

Amount present (ug/ml) Level of addition (%)* Total amount (ug/ml) Amount found (pg/ml) % Recovery
10 80 18 17.67 £ 0.23 98.5+£0.72
10 100 20 18.95 + 1.23 98.68 £ 0.12
10 120 22 21.58 £ 0.78 99.52 + 0.34

*The accuracy method was repeated in triplicate.

Table 5: Robustness study results of Erlotinib.

Table 6: Stress degradation study results of Erlotinib.

Robustness Stress Time (h) Percentage of No. of
25°C 35°C conditions degradation (%) | degradants
(£ SD, n=3)
Al f |
mount of drug 60 (ug/mi) 60 60 Acid (1N HCI) 24 4.25+0.5 1
% Robust 99.53 + 0.33 99.78 + 0.25
% Robustness Alkaline 2 8.1120.12 1
%RSD 0.334 0.257 (1N NaOH)
Thermal
- 1) Solid 72 Stable -
a S i ROA Mk 2) Liquid 72 Stable -
. I
TS
condition, whereas in acidic and basic conditions small
* [ percentage of degradation was observed. The developed
a3l formulation was stable in thermal conditions for three
' 7 days. The results suggested that the developed RP-UFLC
0 I . . .
R carne AL TETTER PR T method can be applied for the screening of various
m

Figure 5: Degradation study of Erlotinib in 1N HCI acid for 24 h.
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Figure 6: Degradation study of Erlotinib in 1N NaOH base for 24 h.

values of %RSD have not exceeded 2%. The accuracy
of the method was confirmed by considering the
recovered concentrations in the developed method. The
formulation was also subjected to degradation study
under acidic, basic and thermal conditions. The results
of the study found no degradation products in thermal
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formulations of ELB.

CONCLUSION

It is concluded that the analytical method developed
for ELB was found to be simple, precise, robust and
economical. The validated method shows good quality
and drug contents are in concordance with label claims
of the tablet dosage form. Hence, the analytical method
developed for ELB can be extensively used in labs for
quality control purposes.
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ABBREVIATIONS

ELB: Erlotinib; TEA: Triethylamine; RP-UFLC:
Reverse phase-ultrafast liquid chromatography; EGFR:
Epidermal growth factor receptors; LOQ: Limit
of quantification; LOD: Limit of detection; ICH:
International Conference on Harmonisation.
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SUMMARY

The analytical conditions developed were in good
resolution and short duration analysis. The %RSD of
the various parameters under consideration was found
to be well within the limits. In the degradation study,
very few or no degraded products were observed
which indicates that the formulation was stable in
acidic, basic conditions and in the presence of heat.
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