
Sreenivasa Rao B et al., Int. J. Res. Pharm. Sci., 2020, 11(4), 5772-5776

OėĎČĎēĆđ AėęĎĈđĊ

IēęĊėēĆęĎĔēĆđ JĔĚėēĆđ Ĕċ RĊĘĊĆėĈč Ďē
PčĆėĒĆĈĊĚęĎĈĆđ SĈĎĊēĈĊĘ

Published by JK Welfare & Pharmascope Foundation Journal Home Page: www.ijrps.com

A Selective and Sensitive Method for Simultaneous Quantiϐication of
Genotoxic Impurities in Penciclovir drug substance and its dosage
forms using UPLC-MS/MS

Rao P Y G, Sreenivasa Rao B*, Suresh Reddy K V N, Sudhakar CH

Department of Chemistry, GITAM Institute of Science, GITAM (Deemed to be University),
Vishakhapatnam -530 045, Andhra Pradesh, India

Article History:

Received on: 24 Jun 2020
Revised on: 20 Jul 2020
Accepted on: 24 Jul 2020

Keywords:

Penciclovir,
UPLC-MS/MS
development and
validation,
Quantiϐication,
2-Amino-6-chloro
purine,
Bromo compound

AćĘęėĆĈę

A selective, rapid and sensitive method was developed for the determination
of genotoxic impurities (2-Amino-6-chloro purine and Bromo compound) in
Penciclovir drug substance using RPUPLC-MS/MS. The chromatographic sep-
aration was performed on Kromasil C8 column (150 mm x 4.6 mm, 5 µm)
maintained at 45◦C using 0.1%formic acids in water as buffer and acetonitrile
through gradient programme. The ϐlow rate was maintained at 0.5mL/min
with an injection volume of 10 µL. For the quantiϐication of genotoxic impu-
rities, positive-electrospray ionisation (ESI) mode was selected. Penciclovir
and its impurities were well separated within the shortest run time of 16min.
The chromatographic method was developed, and the results of all validation
parameters showed that the technique is well conϐined to the limits of ICH
guidelines. The method has high sensitivity, and the limit of detection was
found to be as low as 0.15 and 0.30 ppm for 2-Amino-6-chloro purine and
Bromo compound. The recovery of 2-Amino-6-chloro purine and Bromo com-
pound are found in the range of 80-120%. The linearity of peak area versus
concentration was demonstrated in the range of LOQ - 150% level of impu-
rities with a correlation coefϐicient of 0.9999. The method has proved too
robust by introducingminuscule changes in the chromatographic parameters.
The method was successfully validated and applied for Penciclovir drug sub-
stances and their dosage forms to determine the mentioned genotoxic impu-
rities.

*Corresponding Author

Name: Sreenivasa Rao B
Phone: +91 7386227933
Email: srbattula@gmail.com

ISSN: 0975-7538

DOI: https://doi.org/10.26452/ijrps.v11i4.3224

Production and Hosted by

IJRPS | www.ijrps.com

© 2020 | All rights reserved.

INTRODUCTION

Penciclovir is chemically known as 2-[2-(2-amino-
6-hydroxy-9H-purin-9-yl) ethyl]propane-1,3-diol
(C10H15N5O3) with a molecular weight of 253.26.
Penciclovir is a synthetic acyclic guanine derivative,
nucleoside analogue with antiviral activity used
for the treatment of various herpes simplex virus
(HSV) infections. It has low toxicity and good
selectivity (Vanessa N. Richardson et al., 2013).
During the preparation of drug substances, some
of the critical starting materials, reagents, inter-
mediates, solvents and by-products inevitably end
up in the ϐinished products as impurities in new
commercial active pharmaceutical ingredients
(APIs). Method for the analysis of penciclovir and
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its related impurity in bulk drug as well as, pharma-
ceutical dosage forms (Ganji and Satyavati, 2016)
and spectroscopic method for determination of
Penciclovir and Entecavir (Elzaher et al., 2016) are
available in the literature. But no method suitable
method was found for the quantiϐication of geno-
toxic impurities present in penciclovir. The cause
of cancer in human beings is due to the potential
genotoxic impurities (GTIs) which induce genetic
mutations due to chromosomal and chromosomal
breaks, among all the impurities (Liu et al., 2009).
To control this, the analyst has to identify genotoxic
impurities early in the synthetic process through
new analytical method (Elder et al., 2008). To con-
trol the genotoxic impurities, separate guidelines
published by European Medicine Agency (EMEA)

Figure 1: Structures of penciclovir and two
genotoxic impurities

and US FDA for active pharmaceutical ingredients
with the limit of a threshold of toxicological con-
cern (TTC) 1.5 µg/day (USFDA, 2008). Generally,
the alkylating agent is considered genotoxic impu-
rities if they are absorbed by tissues (Smith and
Webb, 2007). For the synthesis of penciclovir, 2-
Amino-6-chloro purine and Bromo compound are
used as necessary starting materials, which were
identiϐied as genotoxic impurities Figure 1. As per
the Penciclovir maximum daily dosage, 2-Amino-6-
chloro purine and Bromo compound are required to
be controlled with the permitted limit of 5.0 µg/g
(ppm) (Yuabova et al., 2008).
As selectivity of mass detectors is less prone to
interference compared to UV and other non-speciϐic
detectors, UPLC-MS/MS method was selected for
the determination of both impurities. HPLCmethod
is available for the determination of penciclovir in
plasma sample (Kumar et al., 2010). Bioequivalence
study of penciclovir is reported in the literature (Pan
et al., 2008). HPLC, coupled with mass spectrom-
etry, was also used for the determination penci-
clovir in plasma sample (Lee et al., 2007). Simul-
taneous determination of aciclovir, ganciclovir, and
penciclovir in human plasma by high-performance
liquid chromatography with ϐluorescence detection
was also reported in the literature (jun Dao et al.,
2008). But no analytical method had been reported
in the literature. The UPLC-MS/MS method pre-
sented here can detect the impurities with a low

limit of detection and quantiϐication limit as per ICH
guidelines.

Table 1: Speciϐicity of penciclovir and its
genotoxic impurities
Name of the
Component

Retention
time
(minutes)

Observed
mass (M+H)+

2-Amino-6-
Chloropurine

5.75 170

Bromo
Compound

7.08 276

Penciclovir 3.45 254

MATERIALS ANDMETHODS

Chemicals

Reference substances of penciclovir, 2-Amino-6-
chloro purine and Bromo compoundswere received
from Spectra Laboratories Limited, Hyderabad,
India. Acetonitrile (HPLC grade) and Formic acid
(AR grade) were procured from Merck (Mumbai,
India). Milli-Q system from Millipore (Bedford, MA,
USA) is used for puriϐied water.

Instrumentation

Acquity UPLC (H-Class) consisting of an autosam-
pler with a PDA detector coupled with a mass spec-
trometer (XEVO TQ-S, Waters, USA) used for the
quantiϐication of impurities. MassLynx software
was operated for data the collection of analysis.

Preparation of mobile phase, standard and sam-
ple preparation

Buffer preparation

Prepared 1.0 mL of Formic acid in 1000 ml of water
and ϐiltered through 0.22mm ϐilter and degassed.

Figure 2: Speciϐicity chromatograms of blank,
penciclovir, 2-amino-6-chloro purine and
bromo compound
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Table 2: Results of linearity of penciclovir genotoxic impurities
Component Slope Intercept Correlation coefϐicient

(R)
R2

2-Amino-6-
Chloropurine

22670.6990 1309.6242 0.9998 0.9996

Bromo Compound 28706.5029 4429.3177 0.9998 0.9996

Mobile Phase
Buffer used as solvent-A and acetonitrile was used
as solvent B.

Diluent preparation
It is prepared by taking solvent A and solvent B in
80:20 % v/v ratio.

Standard solutions
Accurately weighed and transferred an appropri-
ate amount of impurities (2-Amino-6-chloro purine
and Bromo compound) to get a concentration of 2.5
µg/mL solution, which is equivalent to 5.0 ppm for
the drug substance. The Linearity solutions were
prepared at 0.5, 1.0, 1.25, 2.5, 3.75, 5.0, 6.25 and 7.5
ppm level concentrations with respect to the drug
substance.

Sample Solution
Prepared the sample solution containing 0.5mg/mL
of penciclovir in a volumetric ϐlask and diluted with
diluent.

Spiked Sample Solution
Prepared the spiked sample solution containing 0.5
mg/mL of penciclovir in a volumetric ϐlask and
diluted with a standard solution.

Table 3: Results of accuracy study of amino
chloro and bromo impurities
% Level % Recovery

2-Amino-6-
chloropurine

Bromo
compound

LOQ 96.8 104.2
98.2 103.9
97.7 102.9

50 97.8 103.7
98.2 104.1
96.7 101.3

100 98.2 103.4
97.9 103.9
98.6 103.9

150 98.5 103.7
96.9 103.9
98.4 104.0

Table 4: Method precision
Sample id 2-Amino-6-

Chloropurine

(ppm)

Bromo
Compound
(ppm)

Preparation 1 4.83 4.94
Preparation 2 4.98 5.03
Preparation 3 4.94 5.09
Preparation 4 4.85 4.96
Preparation 5 4.92 4.91
Preparation 6 4.84 5.10
Average 4.8933 5.0050
%RSD 1.3 1.6

Chromatographic Parameters

The separation was performed using Kromasil C8
(150 x 4.6 mm, 5µm) analytical column by gradient
elution of the mobile phase with 0.5 mL/min ϐlow
rate. Injection volume was taken as 10 µL.

Sample cooler temperature and column tempera-
ture were maintained at 10◦C and 45◦C, respec-
tively. At the beginning (0 minutes) buffer and ace-
tonitrile weremaintained in 90:10 ratio. At 4.5 min-
utes it changed to 20:80. At 8.5 minutes, it became
10:90, and the same ratio was maintained up to 11
minutes. At 12.5 minutes, the ratio was resumed to
its initial composition, i.e. 90:10 and hold up to 16
minutes.

Mass Spectrometer

The MS/MS system was operated in positive polar-
ity, The mass spectrometer operating parameters
are as follows as scan range 50-1000 m/z, capillary
3.0 kV, cone 30 V, desolvation gas 1000 L/hr, cone
gas at 150L/hr, nebuliser gas ϐlow7.0bars anddwell
time was 200 ms.

Desolvation temperature and source temperature
were maintained at 500◦C and 150◦C respectively.
MRM (Multiple Reaction Monitoring) modes were
selected for the determination of 2-Amino-6-chloro
purine at parent ion 170.02 m/z, daughter ion
134.01 m/z and Bromo compound at parent ion
275.94 m/z, daughter ion 106.7 m/z, respectively.
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Table 5: Robustness study with respect to ϐlow and column oven temperature
2-Amino-6-Chloropurine Bromo Compound

Parameter condition RT(min) ppm RT(min) ppm

Actual (Flow:
0.5 mL/min;
Temperature 45◦C)

5.73 4.88 7.04 4.87

Flow rate: 0.45 mL/min
(Low ϐlow)

6.22 4.71 7.45 4.82

Flow rate: 0.55 mL/min
(High ϐlow)

5.19 4.71 6.67 4.94

Column oven
temperature 43◦C (Low)

5.78 4.73 7.04 4.88

Column oven
temperature 47◦C (High)

5.66 4.71 7.02 4.78

Validation Study

The proposed method was developed and validated
as per the ICH guidelines (Q3A (R2), 2006). The
system precision of mass spectrophotometer was
established by injecting standard solution six times.

The method precision was evaluated by preparing
six spiked sample solutions at the speciϐied limit of
impurities and determined the %RSD. The linearity
of 2-Amino-6-chloro purine and Bromo compound
were evaluated by preparing and analysing seven-
point calibration of 1.0 to 7.5 ppm and 0.5-7.5 ppm,
respectively. LOD and LOQ were established by cal-
culating the signal–to–noise ratios of 3:1 and 10:1,
respectively (USFDA, 1996).

The accuracy of the method was evaluated at LOQ,
2.5 ppm, 5.0 ppm and 7.5 ppm in triplicate. The
method has proved to be robust by introducing
minuscule changes (Flow and Temperature) in the
chromatographic conditions. Solution stability was
veriϐied by injecting standard, sample and spiked
sample solution at speciϐied time intervals at 24-
26◦C (room temperature) and 2-8◦C (refrigerator).
The method was successfully validated and applied
for the penciclovir drug substance.

RESULTS AND DISCUSSION

Speciϐicity

Penciclovir and each impurity solutions were pre-
pared at a standard concentration and solution of
penciclovir spiked with impurities were also pre-
pared and injected into the chromatographic sys-
tem. Retention time and observedmass values were
represented in Table 1.

The typical chromatograms of blank, standard and
impurities were presented in Figure 2.

Linearity
The linearity study of genotoxic impurities was per-
formed by taking seven points between 1.0 ppm to
7.5 ppm for 2-amino-6-chloro purine and 0.5 ppm to
7.5 ppm for Bromo compound. The data were sub-
jected to the least square method. The calibration
curve was found to be linear with the correlation
coefϐicient (R) of 0.9996, and the corresponding val-
ues are shown in Table 2.

Limit of Quantiϐication and Limit of Detection
Limit of detection (LOD) and limit of quantiϐication
(LOQ) of amino and Bromo compounds were deter-
mined by calculating the signal-to-noise ratios of 3:1
and 10:1, respectively. The LOD of amino chloro
impurity andBromocompoundwas found tobe0.30
ppm, and 0.15 ppm and LOQ was found as 1.0 ppm
and 0.5 ppm respectively.

Accuracy
Recovery study of penciclovir spiked with known
impurities was carried out in triplicate at LOQ, 25%,
50%, 100% and 150% level of standard solution
concentration. The percentage recovery of impuri-
ties has been calculated and found to be within the
range of 80 to 120%. The results of the accuracy of
amino chloro impurity and Bromo compound were
represented in Table 3.

Precision
The system precision was performed by analysing
six injections of a standard solution. Results of
per cent standard deviations are in the range of
0.9 - 4.4%. The method precision was performed
by analysing six sample preparations of penciclovir
spiked with both impurities at standard concentra-
tion. The % relative standard deviation values of
method precision were found in the range of 1.3 to
1.6%. The results of system precision and method
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precision were represented in Table 4.

Robustness

Impact of the change of conditions was observed
on the chromatographic performance. The method
has proved to be robust by introducing minuscule
changes in the chromatographic parameters. The
results of the robustness study of retention time and
recovery of impurities are summarised in Table 5.

Stability of Solution

A solution of penciclovir spiked with both the impu-
rities at ICH speciϐication level concentration and
standard solutionswere kept at 24-26◦C (room tem-
perature) and 2-8◦C (refrigerator). The stability of
solution was veriϐied at 0 hours (initial), 24 hours
and 48 hours intervals and the results indicate that
the impurities, standard solution and sample solu-
tions are stable up to 48 hours at 2-8◦C as well as at
room temperature (25◦C).

CONCLUSIONS

In this study, the genotoxic impurities in penciclovir
drug substances were quantiϐied by using UPLC-
MS/MS method. It was a sensitive, rapid, selective,
accurate, linear, precise, robust and cost-effective
method. The UPLC-MS/MS method is well conϐined
to the limits of ICH guidelines for the quantiϐication
of genotoxic impurities. The values of the limit of
detection indicate the sensitivity of approach. This
method also used for the quantiϐication of 2-Amino-
6-chloro purine and Bromo compound in drug sub-
stance and dosage forms of penciclovir.
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