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Pantoprazole sodium (PPZS) is a selective proton pump inhibitor used in the prevention and treatment of gastric acid-related diseases.
Six potentially genotoxic impurities (PGIs) are involved in 5-difluoromethoxy-2-mercapto-1H-benzimidazole (DMBZ), which is the
startingmaterial of PPZS. To date, no suitablemethod has yet been developed for PGI separation and quantification at the threshold of
toxicological concern levels. In this study, a sensitive and reliable liquid chromatography-tandem mass spectrometry method was
developed and validated for the quantitative analysis of six PGIs in DMBZ according to the guidelines of the International Council for
Harmonization (ICH).*e calibration curves showed good linearity within the studied range, and the correlation coefficient of fitting
exceeded 0.998 for each impurity. *e sensitivity of the proposed method was in the range of 0.6–10.0 ng/mL. Good recoveries were
observed in the range of 94.32%–107.43% with RSD values below 6.5%. Quantitative analysis of impurities in substance batches of
DMBZ showed the high efficiency of the developed method at a low level. Hence, the proposed method is practical and useful in the
detection and qualification of PGIs in DMBZ and may be applied to ensure the safe use of PPZS in clinical treatment.

1. Introduction

Pantoprazole sodium (PPZS, Figure 1) is a selective and long-
acting proton pump inhibitor clinically used for the short-
term treatment of erosive esophagitis and ulceration associ-
ated with gastroesophageal reflux disease and other condi-
tions involving excess stomach acid, such as Zollinger–Ellison
syndrome [1–3]. As a racemic mixture, PPZS is available in
intravenous, tablet, and granule formulations. PPZS (Pan-
toloc® i.v.) from Nycomed GmbH is highly tolerated by
patients and can be administered through intravenous in-
fusion. Pharmaceutical factories in several countries are ap-
proved for PPZS production, and preparations of the drug
have achieved significant economic and social benefits.

Two potentially genotoxic impurities (PGIs), namely, 2-
chloromethyl-3,4-dimethoxy-pyridine hydrochloride (impu-
rity A) and pantoprazole sulfone N-oxide (impurity B), with
structurally alerting functional groups [4], have been detected
during PPZS synthesis. Six PGIs (impurities C–H) involved in

the synthesis of the starting material of PPZS and 5-difluor-
omethoxy-2-mercapto-1H-benzimidazole (DMBZ) have also
been detected. Among these impurities, impurities D–G are
reaction intermediates, while impurities C and H are by-
products (Figures 2 and 3).*e detection and quantification of
such impurities during drug production is remarkably chal-
lenging. PGIs can induce chromosomal breaks, genetic mu-
tations, or rearrangements in mammalian cell systems [5–7].
Impurities remarkably affect the purity of the starting material
and even the final drug substance. Completely eliminating
PGIs from the pharmaceutical product is impossible. *us,
reduction of impurities to the lowest possible level in active
pharmaceutical ingredients (APIs) and starting materials is
crucial. *erefore, a new and valid method for the detection
and quantification of trace impurities must be developed.

Several reviews on the control of genotoxic impurities
have been published [8–16]. *e presence of potential PGIs
has also attracted the attention of regulatory authorities, and
relevant guidelines have been released to the pharmaceutical
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industry [17–19]. *ese guidelines propose a threshold of
toxicological concern (TTC) of 1.5 μg/day for drug for-
mulations, and the permitted limit for PGIs is set on the
basis of the maximum daily dose of the drug. For example,
for PPZS with a maximum daily dosage of 80mg, the es-
timated permitted level of these impurities is 10 ppm. *e
quantitative determination of PPZS and its related impu-
rities using high-performance liquid chromatography
(HPLC) is established in the European Pharmacopoeia, the
United States Pharmacopeia, and the Pharmacopoeia of the
People’s Republic of China [20–22]. However, the major
disadvantage of HPLC for detecting these PGIs at the
10 ppm level is the low sensitivity of the UV detector, which
cannot meet the needs of detection and quantification.
Several sophisticated techniques, such as LC-mass spec-
trometry (MS) and gas chromatography (GC)-MS, have
been used to quantify PGIs, including impurities A and B, in
PPZS APIs [23–25]. Moreover, a number of GC-MS and
UPLC-MS/MS methods for the separation and quantifica-
tion of similar types of PGIs in bulk drugs and their cor-
responding formulations, such as rabeprazole, atenolol,
darunavir, and ritonavir, have been published [26–29].
Nevertheless, to the best of our knowledge, a suitable
method for the simultaneous separation and quantification
of these six PGIs at the TTC level in the starting material of
PPZS, i.e., DMBZ, has not been reported. *e detection and
quantification of impurities, especially genotoxic impurities,

in starting materials and APIs is a mandatory requirement
implemented by regulatory authorities [30]. *e presence of
PGIs in starting materials may exert a significant impact on
the quality and safety of PPZS APIs. *us, developing a
sensitive and validated method is required for the reliable
estimation of PGIs in DMBZ and commercialization of
APIs.

In this research, a new and sensitive LC-MS/MS method
with adequate limit of quantification (LOQ) values was
established and validated for the quantitative determination
of PGIs in DMBZ. *e reported methods are validated
according to International Council for Harmonization
(ICH) guidelines in terms of LOQ, specificity, accuracy,
precision, and linearity [31]. In the present study, the LC/
MS/MS method was used for the quantification of six PGIs
in DMBZ due to its high selectivity and sensitivity. Our
results are predicted to be significant for the safe use of this
API for the long-term clinical prevention and treatment of
gastric acid-related diseases.

2. Materials and Methods

2.1. Materials. *e DMBZ bulk (batch nos. 20130323,
20130519, 20141001, 20180903, 20181001, and 20181003) was
produced in Chizhou Dongsheng Pharmaceutical Co., Ltd.
*e six PGIs (impurities C–H) were obtained from She-
nyang Manwei Chemical Co., Ltd. *e purities of the
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Figure 1: Chemical structures of PPZS, DMBZ, and potential genotoxic impurities.
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Figure 2: Schematic diagram of DMBZ and potential genotoxic impurities.
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compounds (>99%) used in this study were examined by
using the appropriate HPLC methods. Ammonium acetate
and formic acid were supplied by TEDIA Company, Inc.
(Fairfield, OH, USA), and all reagents were HPLC-grade
with ≥99% purity. MS-grade methanol was purchased from
Mallinckrodt Baker Inc. (Phillipsburg, NJ, USA) and used to
prepare the mobile phases. Ultrapure water was prepared
from a Milli-Q water purification system (Bedford, MA,
USA). *e distilled water used was Wahaha purified water.

2.2. Instrumentation. An Agilent 1290 series HPLC system
and a 6410B triple quadrupole MS (Agilent Technologies,
Inc.; Santa Clara, CA, USA) equipped with an electrospray
ionization device were used for sample analysis. An Alltima
C18 column (150× 4.6mm I.D., 5 μm) was purchased from
W.R. Grace & Co. (Columbia, MD, USA).

*e Alltima C18 column was operated at an oven
temperature of 40°C for separation. Mobile phase A was
0.005mol/L ammonium acetate aqueous solution contain-
ing 0.1% formic acid, and mobile phase B was methanol.

Mobile phases A and B were mixed at a ratio of 60 : 40 (V/V).
*e flow rate and injection volume were 0.5mL/min and
10 μL, respectively.

A triple quadrupole MS equipped with a positive elec-
trospray ionization source was used in the MRM mode. *e
equipment was set with a drying gas flow, nebulizer pressure,
gas temperature, and spray voltage of 10 L/min, 30 psi,
300°C, and 5500V, respectively. A spray voltage of 5500V
was used for MS.

*e MRM conditions were individually optimized for
each of the six PGIs (impurities C–H) on account of their
different structures, and the MS conditions for MRM are
summarized in Table 1.

2.3. Preparation of Standard and Sample Solutions. *e
sample DMBZ solution was prepared at a high concentra-
tion of 20mg/mL in methanol to evaluate the content of
impurities C–H and assess p-GTI levels. Stock standards of
the analytes (impurities C–H) were prepared at a concen-
tration of 2mg/mL in methanol. Subsequently, standard
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Figure 3: Typical MRM chromatograms of a mixed solution of impurities C–H and DMBZ (100 ng/mL).
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mixture solutions containing the six impurities at a con-
centration of 200 ng/mL (equivalent of 10 ppm) in methanol
were obtained by diluting the stock standards for analysis in
DMBZ batches.

2.4. Method Validation

2.4.1. Linearity. To establish linearity, we prepared a cali-
bration plot by analyzing six solutions in the concentration
range of 20–1000 ng/mL. Approximately 20mg of impurities
C–H was accurately weighed, transferred to a 10mL volu-
metric flask, and dissolved and diluted with methanol to
volume. *is solution was used as the stock standard so-
lution and diluted step by step. Among the impurities, G was
gradually diluted to concentrations of 1000, 500, 200, 100,
and 50 ng/mL due to its slightly lower sensitivity compared
with the other impurities. Impurity E was diluted stepwise to
concentrations of 500, 200, 100, 50, and 20 ng/mL due to
saturation at 1000 ng/mL. *e remaining impurities were
diluted to concentrations of 1000, 500, 200, 100, 50, and
20 ng/mL. *e intercept, slope, and correlation coefficient
were determined by linear regression data analysis and
fitting to a linear regression model with a weighting scheme
of 1/x.

2.4.2. Limit of Quantification and Limit of Detection.
Precisely measure the appropriate amount of 20 ng/mL
solution under the linearity and dilute with methanol
quantitatively and stepwise if necessary. *e diluted solu-
tions were separately injected into the chromatograph.
LOQs and LODs were defined as the concentrations that
could be detected and yield signal-to-noise (S/N) ratios of
10 :1 and 3 :1, respectively.

2.4.3. Accuracy. *e accuracy of the LC-MS/MS method
was evaluated through spiked recovery experiments by using
three concentration levels. Sample DMBZ solutions (n� 3
per level) at the test concentration (20mg/mL) containing
six impurities at 160 (80% level), 200 (100% level), and
240 ng/mL (120% level) were prepared and analyzed by
determining the back calculated in comparison with the
nominal concentration of each impurity. Accuracy was
reported as percentage of mean recovery, and relative
standard deviations (RSD%) were calculated for each con-
centration level.

2.4.4. Precision and Stability. *e precision of the proposed
LC-MS/MS method was assessed by using standard mixture
solutions (n� 6) containing six impurities at a concentration
of 200 ng/mL. Solution stability was established by analyzing
the standard mixture solutions at different time intervals (2,
4, 8, 12, and 24 h) at room temperature. Each sample was
measured thrice, and the results were estimated by calcu-
lating the RSD%.

3. Results and Discussion

3.1. Analytical Method Development. *is work aimed to
develop a sensitive and reliable LC-MS/MS method to de-
termine PGIs in DMBZ. Separating DMBZ and its six PGIs is
critical because of their similar structure and polarities
(Figure 1). *e baseline separation of impurities was pri-
oritized. Hence, C8 and C18 stationary phases were used
with different carbon loadings as part of the preliminary
work. Various mobile phases, such as different proportions
of acetonitrile–ammonium acetate and meth-
anol–ammonium acetate solutions, were tested. Good peak
separation was observed on the Alltima C18 column
(150× 4.6mm I.D.; 5 μm particle size). Impurities C–H were
quantified in DMBZ using methanol–water with 0.005mol/
L ammonium acetate as the mobile phase.

Specific quantitative ions determined according to the
chemical structure and MS splitting decomposition law of
each impurity were used for qualitative and quantitative
analyses. *e MS fragmentation pathways and quantitative
ions of each potential impurity are shown in Table 2.*eMS
parameters were optimized by using analytical software.

Given that sample solutions of DMBZ were used in the
prohibitive concentration of the LC-MS/MS analysis, the
two approaches require efficient chromatographic separa-
tion for each impurity from DMBZ. At the time range of the
DMBZ elution, the mobile phase and their eluents were
transformed into waste to protect the ESI source and provide
favorable conditions for analysis.

3.2.MethodValidation. *e proposed method was validated
according to the criteria of ICH guidelines [27], including
specificity, linearity, LOD, LOQ, accuracy, precision, and
solution stability.

3.2.1. Specificity. *e specificity of the method was evaluated
by injecting blank and individual PGIs and DMBZ at a
concentration of 200 ng/mL. *e corresponding MRM

Table 1: Mass spectrometric conditions for the LC-MS/MS analysis of impurities C–H.

Compound Precursor ion m/z Product ion m/z Fragmentor (V) CE (eV) EMV (+) MS1 RES MS2 RES
DMBZ 217.1 166.9 135 30 500 Wide Unit
Impurity C 160.2 93.0 115 20 500 Wide Unit
Impurity D 202.2 160.0 115 15 500 Wide Unit
Impurity E 175.1 108.0 115 20 500 Wide Unit
Impurity F 247.1 187.0 125 15 500 Wide Unit
Impurity G 205.1 137.0 115 15 500 Wide Unit
Impurity H 110.1 65.0 135 20 500 Wide Unit
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chromatograms of impurities C–H and DMBZ are shown in
Figure 3. *e chromatograms show that the developed
methods could successfully separate the PGIs from one
another and from the main drug.

3.2.2. Sensitivity. *e LOD and LOQ of all PGIs were
analyzed on the basis of S/N ratios of 3 : 1 and 10 : 1,
respectively, by injecting diluted solutions with known
concentrations. LODs and LOQs related to impurities
C–H at 20.0 mg/mL are shown in Table 3. Among these
impurities, G revealed the weakest response and, thus,
had the lowest sensitivity; by contrast, impurity D in-
dicated the highest sensitivity. *ese low LOQ values
were considered satisfactory and adequate for the specific
analysis.

3.2.3. Linearity. *e linearity of the method was evaluated at
six different concentration levels for each impurity due to
their different detection sensitivities, as shown in Table 3.
*e linear range was 22.6–564.5 ng/mL for impurity E be-
cause of its overload at 1000 ng/mL. *is linearity was
satisfactorily illustrated by using a six-point calibration
graph. *e slope, intercept, and regression coefficient were
calculated by using least-squares linear regression analysis. A
weighting scheme of 1/x was used on the basis of the best
estimation of the back-calculated concentration of the
calibrators.

3.2.4. Accuracy. *e accuracy of the method was evaluated
through spiked recovery experiments. Authentic impurities
C–H were spiked into 20.0mg/mL DMBZ in triplicate using
concentration levels of 80% (160 ng/mL), 100% (200 ng/mL),
and 120% (240 ng/mL). Good recoveries in the range of
94.32%–107.43% with RSD values below 6.5% were
achieved, as shown in Table 3.

3.2.5. Precision and Solution Stability. Precision was ex-
amined by injecting six individual preparations of the
standard mixture solution containing impurities at the limit
level (200 ng/mL). *e RSD% of area for each impurity was
calculated. *e solution stability of the impurities in the
sample solution was established by analyzing the standard
mixture solutions at different time intervals (2, 4, 8, 12, and
24 h) at room temperature. *e method validation results
summarized in Table 3 indicate that our established method
can reliably quantify these PGIs in DMBZ.

3.3. Sample Analysis. *e validated LC-MS/MS method was
applied to measure the aforementioned PGIs in six batches
of DMBZ samples. *e test concentration of DMBZ was
20.0mg/mL, and that of the standard mixture containing
impurities C–H was 200 ng/mL. *e results are listed in
Table 4. *e levels of all PGI impurities were below the
defined acceptable TTC limits, thereby indicating that all
impurities are well controlled.

Table 2: MS fragment pathways and quantitative ions of PGIs.

No. Code MRM (m/z) MS fragment pathways

1 Impurity C m/z 160.2⟶m/z 93.0
NH2

F2HCO

+H
NH3

F2HCO F2HCO

–CF2
–NH3

HO

m/z 160 m/z 143 m/z 93

+++

2 Impurity D m/z 202.2⟶m/z 160.0
F2HCO

NH
O

F2HCO

NH2

O
+H –COCH3

F2HCO

NH3

m/z 202 m/z 160

+ +

3 Impurity E m/z 175.1⟶m/z 108.0
F2HCO

NH2

NH2

+H

F2HCO

NH3

NH2

–NH3

F2HCO NH2

–CF2

HO NH2

m/z 175 m/z 158 m/z 108

+++

4 Impurity F m/z 247.1⟶m/z 187.0
F2HCO

H
N

NO2

O
+H

F2HCO

H2N

NO2

O
–COCH3

F2HCO
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NO2
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F2HCO NO2

m/z 247 m/z 204 m/z 187

+
+ +

5 Impurity G m/z 205.1⟶m/z 137.0
F2HCO

NH2

NO2

+H

F2HCO

NH2

NO2

–OCHF2

NH2

NO2

m/z 205 m/z 137

+

+

6 Impurity H m/z 110.0⟶m/z 65.0
NH2

HO

+H
NH3

HO

–NH3

HO

–CO

m/z 110 m/z 93 m/z 65

+++
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4. Conclusion

A sensitive and reliable LC-MS/MS method was developed
and validated according to ICH guidelines for the quanti-
tative analysis of six PGIs in the starting material of PPZS,
DMBZ. *e new method was specific, precise, accurate, and
linear within the assessed concentration range.*e detection
levels of the six PGIs were below 10 ng/mL, especially for
impurity D at 0.6 ng/mL. Efficient chromatographic sepa-
ration of each impurity fromDMBZwas carried out. Using a
switch valve to divert the mobile phase and eluents from the
MS detector, the ESI source was protected and favorable
conditions were provided for analysis. Quantitative analysis
of the impurities in substance batches of DMBZ showed the
high efficiency of this method at a low level. As a versatile
and convenient technique, the proposed method is expected
to be used in evaluations of the stability of DMBZ pro-
duction and analysis of PGIs as a model. *is method is also
applicable to the in-process monitoring of impurities during
pharmaceutical manufacturing. *e LC-MS/MS method is
indispensable to producers of PPZS as it can ensure low
amounts of PGIs in the final API. *erefore, the results of
this study will help ensure the safe use of APIs during clinical
treatment.
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Table 4: Amount of impurities C–H in starting material DMBZ.

PGIs (ng/mL)
Batch no

20130323 20130519 20141001 20180903 20181001 20181003
Impurity C 1.54 0.50∗ 0.50∗ 0.02∗ 0.04∗ 0.05∗
Impurity D 0.49 0.19 0.19 0.02∗ 0.07∗ 0.05∗
Impurity E 0.04∗ 0.03∗ 0.27∗ 0.67 0.36∗ 0.61
Impurity F 0.17∗ 0.24∗ 0.02∗ 0.01∗ 0.01∗ 0.01∗
Impurity G 0.60∗ 0.09∗ 0.09∗ 0.02∗ 0.04∗ 0.01∗
Impurity H 0.12∗ 0.07∗ 0.07∗ 0.01∗ 0.01∗ 0.01∗
∗*e calculated value is lower than the LOQ, for reference only.

Table 3: Summary of the validation report of the LC-MS/MS method.

Parameter Impurity C Impurity D Impurity E Impurity F Impurity G Impurity H

Linear equation y� 52.979x
+ 65.67

y� 11447x
− 53046

y� 320.19x
+ 586.71

y� 541.39x
− 3663.8

y� 15.745x
+ 60.04

y� 1174.6x
+ 1880.2

R 0.9998 0.9999 0.9988 0.9999 0.9991 1.0000
Linearity range (ng/mL) 20.8∼1042.0 20.3∼1013.0 22.6∼564.5 20.3∼1015.0 50.6∼1012.0 19.8∼988.0
Detection limit (ng/mL) 0.20 0.03 0.10 0.20 1.00 0.05
Quantitation limit (ng/mL) 1.00 0.10 0.50 1.00 5.00 0.20
Precision% (n� 6) 5.82 4.94 3.13 6.17 2.69 5.66
Stability (24 h) 4.91 7.37 1.89 4.47 6.67 4.16
Accuracy at
80% level (n� 3)
% recovery 97.85 94.63 98.36 97.19 97.07 107.43
RSD% (n� 6) 3.67 6.35 3.50 5.83 4.86 1.96
Accuracy at
100% level (n� 3)
% recovery 98.58 98.17 94.32 100.94 95.03 103.63
RSD% (n� 6) 5.06 5.45 3.19 4.85 4.62 0.94
Accuracy at 120% level (n� 3)
% recovery 98.02 97.34 93.42 98.05 102.20 106.29
RSD% (n� 6) 4.05 4.11 3.07 3.35 4.36 1.78

6 Journal of Analytical Methods in Chemistry

http://downloads.hindawi.com/journals/jamc/2020/6597363.f1.doc
http://downloads.hindawi.com/journals/jamc/2020/6597363.f1.doc


References

[1] M. Tanaka and H. Yamazaki, “Direct determination of
pantoprazole enantiomers in human serum by reversed-phase
high-performance liquid chromatography using a cellulose-
based chiral stationary phase and column-switching system as
a sample cleanup procedure,” Analytical Chemistry, vol. 68,
no. 9, pp. 1513–1516, 1996.

[2] R. M. Ward, B. Tammara, S. E. Sullivan et al., “Single-dose,
multiple-dose, and population pharmacokinetics of pan-
toprazole in neonates and preterm infants with a clinical
diagnosis of gastroesophageal reflux disease (GERD),” Eu-
ropean Journal of Clinical Pharmacology, vol. 66, no. 6,
pp. 555–561, 2010.

[3] S. A. Kumar, D. Manidipa, V. Billakurtey, R. J. V. L. N. S. Rao,
and D. G. Sankat, “Stability indicating analytical method
development and validation for simultaneous estimation of
levosulpiride and pantoprazole in bulk samples as well as in
tablet dosage forms by using RP-HPLC,” International
Journal of Pharmacology and Pharmaceutical Sciences, vol. 3,
no. 3, pp. 19–31, 2016.

[4] K. L. Dobo, N. Greene, M. O. Cyr, S. Caron, and W. W. Ku,
“*e application of structure-based assessment to support
safety and chemistry diligence to manage genotoxic impu-
rities in active pharmaceutical ingredients during drug de-
velopment,” Regulatory Toxicology and Pharmacology, vol. 44,
no. 3, pp. 282–293, 2006.

[5] J. Ashby and R. W. Tennant, “Definitive relationships among
chemical structure, carcinogenicity and mutagenicity for 301
chemicals tested by the U.S. NTP,” Mutation Research/Re-
views in Genetic Toxicology, vol. 257, no. 3, pp. 229–306, 1991.

[6] R. Benigni and C. Bossa, “Structure alerts for carcinogenicity,
and the Salmonella assay system: a novel insight through the
chemical relational databases technology,” Mutation Re-
search/Reviews in Mutation Research, vol. 659, no. 3,
pp. 248–261, 2008.

[7] L. Ma, Y. N. Ma, Z. Chen, and Y. Jiang, “Structure alerts of
genotoxic impurities,” Chinese Journal of New Drugs, vol. 23,
no. 18, pp. 2106–2111, 2014.

[8] D. Q. Liu, M. Sun, and A. S. Kord, “Recent advances in trace
analysis of pharmaceutical genotoxic impurities,” Journal of
Pharmaceutical and Biomedical Analysis, vol. 51, no. 5,
pp. 999–1014, 2010.

[9] Y. Sun, X. Zhang, Y. Yan et al., “Identification and geno-
toxicity evaluation of two carbamate impurities in rasagiline,”
RSC Advances, vol. 6, no. 108, pp. 106268–106274, 2016.

[10] K. Grigori, Y. L. Loukas, A. Malenović et al., “Chemo-
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