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Neostigmine methylsulfate is an anticholinesterase agent and is clinically used for treating myasthenia gravis. It is also used for
reversing nondepolarising neuromuscular blocking agents. Neostigmine methylsulfate may be administered by intravenous,
intramuscular, or subcutaneous injection. In this research paper, a distinct stability-indicating reverse phase HPLC method was
developed and validated for the quantitative determination of related impurities and degradation impurities in neostigmine
methylsulfate API and injection formulation. The speciﬁc objective was to improve the resolution between European Pharmacopoeia listed impurity A and impurity B and degradation impurity of neostigmine methylsulfate API and injection formulation. The analysis was performed using Kromasil C18 column at 30°C of column oven temperature with phosphate-buﬀer/
acetonitrile in a gradient mode. The RP-HPLC method was developed and validated for in-house neostigmine methylsulfate
synthesis process sample and injection formulation. The injection formulation sample was studied for accelerated stability,
temperature cycling stability, and photostability. The validation studies for neostigmine methylsulfate synthesis process API were
studied using impurity A, impurity B, and impurity C. The analytical method validation parameters studied were speciﬁcity,
precision, linearity, limit of detection, limit of quantitation, accuracy, and robustness. The API and the injection formulation were
subjected to forced degradation under acid, alkali, oxidation, and photolytic and thermal conditions. The proposed method
showed a signiﬁcantly improved RRT (Relative Retention Time) of impurity A and impurity B with a resolution greater than 1.5.
The developed method eliminates the use of an ion-pairing agent and thereby a good performance of column was established.

1. Introduction
Stability-indicating HPLC method for determination of
process and degradation-related impurities in Neostigmine
methyl sulfate drug substance and drug product (injection).
Stress testing of the drug substance can help to identify the
possible degradation products, the stability of the molecule,
elucidate degradation pathways, determine the intrinsic
stability of drug molecule, and also validate the stability,
selectivity, and speciﬁcity of the analytical procedures followed. It also provides evidence on how the quality of a drug
substance varies with time under the inﬂuence of a variety of
environmental factors such as temperature, humidity, and
light, which are necessary for the recommendation of storage

conditions, retesting periods, and shelf-life establishment.
These degradation products can be separated and identiﬁed
by developed and validated stability-indicating methods.
Degradation products formed due to drug excipients interaction or drug-drug interaction can be analysed by
stressing samples of API, formulation, and placebo separately and comparing the impurity proﬁles. Forced degradation studies can be helpful to determine the appropriate
packaging to reduce or avoid the formation of degradation
products. The knowledge acquired from stress testing aid in
the improvement of the manufacturing process. Literature
provides suggestions for the experimental conditions to
conduct the forced degradation testing. Stability data
available in the literature suggests the conditions at which
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the drug molecule is labile. These given sets of conditions can
be repeated to establish the new stability studies for the new
dosage form. Typical degradation studies include acidic and
alkaline hydrolysis, oxidative degradation, photolytic degradation, and thermal degradation [1–13].
Neostigmine methylsulfate (3-(dimethylcarbamoyloxy)
phenyl)-trimethylazanium: methyl sulfate is well known
quaternary ammonium compound and is used as a competitive cholinesterase inhibitor. It decreases the breakdown
of acetylcholine in the synaptic cleft, thus, increasing the
levels of the same. This acetylcholine competes for the
binding sites as a nondepolarising neuromuscular blocking
agent and reverses the neuromuscular blockade. This intensiﬁes the nicotinic and muscarinic eﬀects. It activates the
skeletal muscles. Neostigmine methylsulfate does not readily
cross the blood-brain barrier and hence has no signiﬁcant
eﬀect on the central nervous system. Due to the ionic nature
of neostigmine methylsulfate, it gets poorly absorbed
through the gastrointestinal tract. Hence, it is administered
as a parenteral injection. This is clinically used for the
treatment of myasthenia gravis, treatment or prevention of
postoperative and nonobstructive abdominal distention, and
reversal of nondepolarising neuromuscular blocking agents
[14, 15].
Several analytical methods have been reported for the
detection of neostigmine methylsulfate. Two HPLC methods
were developed for neostigmine methylsulfate content determination in injection by Yue et.al. [16] Pavani Peddi et al.
[17] developed a stability-indicating HPLC method for estimation of related substances in neostigmine. This method
included the quantitation and validation of only impurity A
and impurity B. This method failed to detect and quantify
impurity Jogi et al. [18] developed a stability-indicating RPHPLC method for the estimation of glycopyrrolate and
neostigmine in bulk and tablet dosage form. This method
failed to detect the impurities present in tablet formulation.
European pharmacopoeia (EP) speciﬁes a RP-HPLC
method for the determination of the related substance in
neostigmine methylsulfate API. The speciﬁed limits for
impurities in neostigmine methylsulfate API are as follows:
impurity B (NMT 0.01%), other unspeciﬁed impurities—impurity A and impurity C (NMT 0.1%)—and total
impurities (NMT 0.2%). Impurity A is a degradation
product while impurities B and C are process impurities
[19].
The chemical structures of EP reported impurities and
neostigmine methylsulfate is given in Table 1. The mobile
phase speciﬁed in EP comprises sodium dihydrogen phosphate (pH � 3.2) along with sodium dodecylsulfate as an
aqueous phase and acetonitrile as an organic phase in the
ratio 89 : 11 v/v. The Relative Retention Time (RRT) of
impurity A and impurity B given is 0.56 and 0.61, which fails
to give a resolution more than 1.5. The repeated use of ionpairing agents like sodium dodecyl sulfate aﬀects column
chemistry [20-23]. The objective of the study was to improve
the resolution between impurity A and impurity B without
the use of the ion-pairing reagent. Thus, in this paper, a
distinct stability-indicating RP-HPLC method was developed and validated for the quantitative determination of
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related substance which includes related impurities and
degradation impurity in neostigmine methylsulfate API and
injection formulation (0.5 mg/mL).

2. Materials and Methods
2.1. Chemicals and Reagents. Neostigmine methylsulfate API
(NMS synthesis process sample) was obtained by IQGENX
Pharma Private Limited (Kopar Khairane, Navi Mumbai,
Maharashtra). Neostigmine methylsulfate injection (0.5 mg/
mL) was manufactured by IQGENX Pharma Private Limited
(Kopar Khairane, Navi Mumbai, Maharashtra). Neostigmine methylsulfate API (99.9%), impurity A (99.73%),
impurity B (98.96%), and impurity C (96.9%) reference
standards were obtained from IQGENX Pharma Private
Limited. HPLC grade sodium dihydrogen phosphate
dihydrate (NaH2PO4 ·2H2O), orthophosphoric acid, and
acetonitrile were purchased from Merck. Milli-Q-water,
puriﬁed using a Milli-Q-Water System, Merck Millipore
water system (Dubuque, IA, USA), was used to prepare the
mobile phase, sample, and standard solutions.
2.2. HPLC Instrumentation and Chromatographic Conditions.
Chromatographic separations were performed on HPLC
system with Waters Alliance e2695, Quaternary system,
separation module equipped with a Waters 2998 photodiode
array detector, and 2489 UV/Vis Detector. The integration of
output signals was carried out using an Empower 4 data
handling system (Waters Corporation, Milford, MA, USA).
The analysis was carried using Kromasil C18
(250 mm × 4.6 mm, 5 µ) column at 30°C of column oven
temperature and 15°C of sample cooler temperature with
phosphate-buﬀer/acetonitrile in gradient mode ﬂowing at a
rate of 1.00 mL/min during 45 min analysis time. The mobile
phase was prepared using a phosphate-buﬀer solution
(Na2HPO4, pH 3.0 ± 0.05, 10.00 mM). The pH of the buﬀer
solution was adjusted with 25% orthophosphoric acid
(Emplura, Merck). The buﬀer was ﬁltered through 0.45 μm
PVDF membrane ﬁlter. The phosphate-buﬀer solution was
used as Mobile phase A and acetonitrile as Mobile phase B
and was run in a linear gradient elution program for the
determination of related substances in neostigmine methylsulfate API and neostigmine methylsulfate Injection. The
linear gradient program is shown in Table 2.
The UV detection was done at 215 nm. The injection
volume was ﬁxed as 20 µl for NMS API and formulation
analysis. Water and acetonitrile were used in the of ratio 90 :
10 v/v as a diluent.
2.3. Standard Stock Solutions. The standard stock solution of
neostigmine methylsulfate (1000 μg/mL) was prepared by
dissolving the drug in the diluent. The standard solution of
10 μg/mL of neostigmine methylsulfate was prepared from
the standard stock solution. The individual “impurity
standard stock” solutions were prepared in the diluent to
give 100 μg/mL concentration of each impurity. The speciﬁcation limits set by EP were considered for validation
studies and are as follows: 0.1% for Imp-A, 0.1% Imp-C, and
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Table 1: Chemical structures of neostigmine methylsulfate and its EP reported impurities [19].
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Neostigmine methylsulfate (3-(dimethylcarbamoyloxy)phenyl)-trimethylazanium;
methyl sulfate

Table 2: Gradient program.
Sr. no. Time (min) % of mobile phase A % of mobile phase B
1
0.01
95
5
2
10.00
85
15
3
20.00
65
35
4
35.00
65
35
5
38.00
95
5
6
45.00
95
5

“NMS Injection.” Each mL of the injection contains neostigmine methylsulfate (0.5 mg), phenol (4.5 mg) (used as a
preservative), and sodium acetate trihydrate (0.2 mg) in
water for injection. The pH of the injection solution was
adjusted with either acetic acid or sodium hydroxide to
achieve a value of pH � 5.5. A suﬃcient amount of injection
sample was transferred directly into the HPLC vials for
HPLC automated analysis.
2.5. Stability Samples

0.01% for Imp-B. Thus, the individual impurity standard
stock solutions and NMS were ﬁnally diluted to give the
following concentrations of the impurities and NMS as
follows: impurity A: 10 µg/mL; impurity B: 1 µg/mL, and
impurity C: 10 µg/mL and NMS 10 µg/mL. This ﬁnal diluted
solution was considered as a “working standard solution”
and was used for the validation studies.
2.4. Sample Solution. A stock solution of the NMS synthesis
process sample (1000 μg/mL) was prepared in the diluent.
The injection formulation (0.5 mg/mL) was manufactured
by IQGENX Pharma Pvt. Ltd. and is further referred to as

2.5.1. Accelerated Stability Study. The stability studies were
performed as per the ICH guidelines [24–26]. The
accelerated stability of the NMS API was determined using
Thermolab Stability Chambers (TH 400/G) maintained at
40°C/75% RH, 25°C/60% RH for 6 months. Injection formulations were subjected to 40°C/75% RH, 25°C/60% RH,
and 2–8°C for 6 months, packed in a clear glass vial USP type
I with ﬂip-oﬀ seal and rubber closure. The stability study was
carried out as per ICH guidelines.
2.5.2. Temperature Cycling Study. In this study, the inverted
injection vials were incubated at −20°C along with a placebo
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for a period of 2 days. After 2 days, the vials were placed in a
stability chamber maintained at 40°C/75% RH. The studies
were repeated for three-time change in the mentioned
temperature cycle.
2.5.3. Photostability Study. The formulated injection was
kept in Suntest Photostability Chamber (Model no. XLS+)
providing an overall illumination of not less than 1.2 million
lux hours and integrated near ultraviolet energy of not less
than 200-watt hours/square meter in 3 packings for the
duration of 10 days. This study was performed in three pack
types with vials placed in inverted orientation. The primary
pack of injection formulation was directly exposed to light
by keeping the vials in USP type I clear glass vials (10 mL).
For the secondary pack (market pack), the injection vials
were enclosed in a carton and then placed in the photostability chamber. The control sample consisted of the
primary pack covered with aluminium foil.
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initial concentration of 400 µg/mL of NMS injection using
the aforementioned HPLC conditions. For degradation
studies of NMS injection, 8 mL of injection was accurately
transferred to each of the 4 diﬀerent volumetric ﬂasks
(10 ml). In the ﬁrst volumetric ﬂask, 1 ml of 1N NaOH was
added for studying the alkaline degradation. For acid degradation studies, 1 ml of 1 N HCl and 1 ml of hydrogen
peroxide (30% v/v) for oxidative degradation were added
separately in two volumetric ﬂasks and placed in a water bath
at a temperature of 60°C for 30 min. The last solution was
quenched, cooled, dissolved, and made up to the volume
with diluent.
The method speciﬁcity for process-related impurities
was assessed by diluting working standard solution and
spiking into the NMS API and NMS injection at speciﬁcation level concentration. The resulting chromatograms
were compared with individual samples of standards of drug
and impurities (Imp-A, Imp-B, and Imp-C) at those speciﬁcation levels.

3. Method Validation
The validation parameters were designed as per the speciﬁcation limits of individual impurities. The “working
standard solution” was diluted as per the requirement of
validation studies to obtain impurity A, 0.1 μg/mL; impurity
C, 0.1 μg/mL; impurity B, 0.01 μg/mL at the speciﬁcation
limit; and NMS API, 1 μg/mL.
Similarly, the EP speciﬁed limit for impurity A and impurity C is 0.1% of NMS injection which corresponds to
0.5 μg/mL concentrations and for impurity B, the speciﬁcation limit is 0.01% of NMS injection which corresponds to
0.05 μg/mL concentration. These solutions were prepared by
diluting the injection sample and subsequently the impurities
were spiked in this injection sample. These concentrations
were considered during the conduct of validation studies.
3.1. Speciﬁcity
3.1.1. For NMS API. All forced degradation samples of
neostigmine methylsulfate API were analysed at an initial
concentration of 1000 µg/mL of NMS API by the developed
HPLC method. For degradation studies of NMS API, 25 mg
of API was accurately weighed and transferred to each of the
4 diﬀerent volumetric ﬂasks (25 ml). In the ﬁrst volumetric
ﬂask, 5 ml of 0.1 N NaOH was added for studying the alkaline degradation. For acid degradation studies, 2 ml of 1N
HCl and 5 ml of hydrogen peroxide (30% v/v) for oxidative
degradation were added separately in two volumetric ﬂasks
and placed in a water bath at a temperature of 60°C for
30 min. The solutions were quenched, cooled, dissolved, and
made up to the volume with diluent. Since NMS showed
complete degradation on heating in presence of 5 mL of
0.1 N NaOH, the 4th volumetric ﬂask was kept at room
temperature on the benchtop. All the solutions were diluted
up to the mark using the diluent.
3.1.2. For NMS Injection. All forced degradation samples of
neostigmine methylsulfate injections were analysed at an

3.2. Precision. The precision of an analytical procedure expresses the closeness of agreement (degree of scatter) between
a series of measurements obtained from multiple sampling of
the same homogeneous sample under the prescribed conditions. The standard solution of neostigmine methylsulfate
was diluted quantitatively to obtain 10 μg/mL and 5 μg/mL of
NMS and the solutions were injected six times (n � 6). For the
method precision study, sample solutions of NMS API
(1000 μg/mL) were injected six times (n � 6). The injection
samples of the same batch from six diﬀerent vials were directly
ﬁlled in six HPLC vials and injected.
3.3. Linearity. The calibration curve was obtained by plotting the graph of varying concentrations of analyte versus
their corresponding detector signals obtained. Method
linearity was evaluated by determining the correlation coeﬃcient (r2), slope, and intercept values of calibration
curves. The working standard solution was diluted quantitatively to carry out the linearity studies at seven diﬀerent
concentration levels, that is, 50, 80, 100, 120, 150, 200, and
300%. For each concentration level, solutions were prepared
and injected in series of triplicate (n � 3). The equations of
linear regression were performed using regression analysis.
3.4. LOD and LOQ. The LOD and LOQ studies were carried
out to establish the sensitivity of the proposed method.
This study was carried out by residual standard deviation
method and by visual evaluation method. The LOD and
LOQ are expressed as LOD � 3.3 σ/S and LOQ � 10 σ/S,
respectively, where σ � the standard deviation of the response and S � the slope of the calibration curve. The slope S
was estimated from the calibration curve of the respective
analyte. The estimate of σ was carried out by the residual
standard deviation method. The LOD and LOQ estimation
by the visual method was done by injecting the diluted
working standard solution. The precision was carried out at
LOQ level with six injections (n � 6).
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3.5. Accuracy. Recovery studies were performed to assess the
accuracy of the method.
3.5.1. Accuracy Studies for NMS API. Accuracy studies were
performed by analysing spiked impurity standard stock
solution in NMS API (1000 μg/mL) at 50%, 100%, and 150%
of speciﬁcation concentration limits of impurities.
3.5.2. Accuracy Studies for NMS Injection. Accuracy studies
were performed by analysing spiked impurity standard stock
solution in NMS injection (0.5 mg/mL) at 50%, 100%, and
150% of speciﬁcation concentration limits of impurities.
The standard deviation (SD) and (%) RSD were calculated at each level and the results obtained were expressed as
the percentage of impurities recovered.
3.6. Robustness. The method robustness was performed to
determine how system suitability would be aﬀected by
variations in experimental conditions. Therefore, the standard and sample solutions were subjected to deliberate
variations in chromatographic conditions which include pH
(3.1 and 2.9), temperature (35°C), ﬂow rate (0.8 ml/min and
1.2 ml/min), and wavelength (213 nm and 217 nm). Evaluation of results was carried out by determining any change in
retention time and peak area for all impurities and standard
solution. The robustness studies were performed by spiking
impurities in the standard solution of NMS API, whereas the
robustness study for the injection sample was performed
without the addition of any impurities.

4. Result and Discussion
4.1. Optimization of Chromatographic Conditions. The related substance method given in the EP monograph demonstrates that the RRT of impurity A (0.56) and impurity B
(0.61) are very close. The ﬁrst trial experiment performed as
per the EP method showed the merging of impurities A and
B resulting in a single peak signal. Thus, the EP method failed
to meet the system suitability requirement for resolution.
Thus, the resolution between impurity A and impurity B was
less than 1.5. Impurity B is genotoxic and thus accurate
quantitation is essential.
The regular use of sodium dodecylsulfate as an ionpairing agent will aﬀect the column chemistry. The isocratic
mobile phase mentioned in EP consisted of acetonitrile:
sodium dihydrogen phosphate buﬀer and did not give adequate resolution for the detection of all impurities. Thus,
there was a need to develop a precise, sensitive, and convenient method for the quantitative determination of NMS
and its impurities. Parameters such as column selection,
buﬀer concentration, buﬀer pH, and mode of elution were
studied.
Neostigmine methylsulfate is a polar molecule and has a
pKa value of 5. In order to reduce unwanted silanol interaction, it is advisable by EP to use base deactivated silica
columns for separation. Initial trials were carried by keeping
the chromatographic conditions mentioned in EP with the
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use of base deactivated silica columns—Hypersil BDS C8
(250 × 4.6 mm, 5 µ) column. The chromatograms revealed
the coelution of impurity A and impurity B. Moreover, the
repeatability of system suitability parameters was not
achieved. Hence, change in column chemistry was opted by
using X bridge column C18 (150 × 4.6 mm, 3.5 µ) having
BEH technology (Ethylene Bridged Hybrid technology). By
use of this column, the impurities (A and B) eluted close to
the retention time of mobile phase peak and within
3 minutes. Hence, this column was found not to be suitable
for analysis. Thus, the Kromasil column was selected for
further development.
Initially, the isocratic mobile phase speciﬁed by EP
consisting of acetonitrile: sodium dihydrogen phosphate
buﬀer (pH 3.2) (89 : 11% v/v) with Kromasil column was
used for the analysis. However, the impurity C remained
undetected. Hence, it was decided to develop a gradient
elution technique. The various proportions of acetonitrile
and sodium dihydrogen phosphate buﬀer with diﬀerent
gradient elution patterns and run times were optimized to
get the total run time of analysis. The most critical observation was with respect to the pH of the buﬀer. Phosphate buﬀer of pH varying from 2.9 to 3.1 was tried for
optimization of the mobile phase A. The phosphate buﬀer
of pH � 3.00 was very important for the identiﬁcation and
quantiﬁcation of all impurities. The concentrations of all
the impurities were observed to be less than LOD when the
pH of the buﬀer was changed by ±1 unit from pH � 3. Thus,
pH � 3 was a critical parameter for the simultaneous determination of neostigmine methylsulfate and all impurities. The optimized gradient elution mobile phase
composition is shown in Table 2. The ﬂow rate of the mobile
phase was 1.0 mL/min and the detection wavelength was
215 nm.
4.2. Method Validation. The analytical validation parameters such as speciﬁcity, linearity, range, precision, accuracy,
limit of detection, and limit of quantitation were validated
according to ICH Q2 (R1) guidelines [27].
4.2.1. Speciﬁcity. The chromatograms of the individual
standard of neostigmine methylsulfate and impurities were
compared with spiked sample solutions of NMS API and
injection. All impurity peaks were well separated in the
spiked sample of API and formulation with a resolution
more than 2. In the placebo chromatogram, no coeluting
peaks were observed at the RTs of neostigmine methylsulfate
and known impurities. Placebo peaks were well separated
from the impurity peaks. Hence, it was deduced that the
placebo solution showed no interference with standard as
well as impurities (Figures 1–4).
The results of all degradation studies showed that
neostigmine methylsulfate API and injection degrade in
alkaline conditions. Impurity A was formed as the main
degradation product due to acidic, alkaline, and oxidative
hydrolysis. In case of API, the highest degradation of 31.58%
was observed in alkaline hydrolysis (5 mL of 0.1 N NaOH at
60°C and 30 min). While in the injection solution, the
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Figure 1: Chromatogram of neostigmine methylsulfate working standard spiked with all known impurities.
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Figure 2: Chromatogram of the blank sample solution.
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Figure 3: Chromatogram of placebo solution of neostigmine methylsulfate injection.

highest 6.13% degradation was observed in presence of 1 mL
of 1 N NaOH for 30 minutes at 60°C (Tables 3 and 4). The
chromatograms showing control sample, acid hydrolysis,
alkali hydrolysis, and oxidative hydrolysis of neostigmine
methylsulfate API are depicted in Figures 5–9 and for
neostigmine methylsulfate injection are shown in
Figures 10–13.

The chromatogram of impurity A obtained from forced
degradation studies was compared with the standard
chromatogram of impurity A. Determination of peak purity
was performed using a photo diode array detector which
conﬁrmed the spectral homogeneity of the peak. The purity
angle of neostigmine methylsulfate and Impurity A was
found to be less than the purity threshold in the
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Figure 4: Chromatogram of neostigmine methylsulfate injection (0.5 mg/mL).
Table 3: Forced degradation data of neostigmine methylsulfate API.
Condition
Acid hydrolysis (1 mL of 1 N HCl) 60°C and 30 min
Alkali hydrolysis (1 mL of 1 N NaOH) 60°C and 30 min
Alkali hydrolysis (1 mL of 0.1 N NaOH) benchtop
Oxidative hydrolysis (1 mL of 30% v/v H2O2) 60°C and
30 min
Oxidative hydrolysis (2 mL of 30% H2O2) 60°C and
30 min

Impurity A (%
w/w)
0.03
6.03
0.20

Total unknown impurities (%
w/w)
0.14
0.10
0.01

Total impurities (%
w/w)
0.17
6.13
0.21

0.05

0.26

1.60

0.07

0.07

0.14

Table 4: Forced degradation data of neostigmine methylsulfate injection.
Condition
Acid hydrolysis (2 mL of 1 N HCl) 60°C and 30 min
Alkali hydrolysis (5 mL of 0.1 N NaOH) benchtop
Alkali hydrolysis (5 mL of 0.1 N NaOH) 60°C and
30 min

0.86
9.98

Total unknown impurities (%
w/w)
0.03
0.02

Total impurities (%
w/w)
0.89
10.00

31.54

0.04

31.58

Impurity A (% w/w)

chromatograms of the stress degradation sample, thus indicating the peak purity of Impurity A. The chromatograms
of the individual standard of neostigmine methylsulfate and
impurities were compared with spiked sample solutions of
NMS API and injection. All impurity peaks were well
separated in the spiked sample of API and formulation with
a resolution of more than 2 (Figures 5–13). The purity
threshold of neostigmine methylsulfate and known impurities peaks were found to be less than the purity angle. The
system suitability parameters for neostigmine methylsulfate
impurities in API and impurity A in neostigmine methylsulfate injection are given in Tables 5 and 6, respectively. The
retention time of neostigmine methylsulfate in API and in
injection was found to be 10.405 min and 10.319 min,
respectively.
4.2.2. Precision Study. For the precision study, the (%) RSD
of system precision should ideally be less than 2%. The inhouse limits specify that the RSD of method precision should
be less than 10%. In case of system precision study, the RSD

of peak area of neostigmine methylsulfate standard was
found to be 0.23% and 0.37% for NMS API and NMS injection, respectively, while in the method precision study for
Impurity A calculated as (%) w/w, the RSD was found to be
3.89% and 0.88% for NMS API and NMS injection, respectively. These results thus demonstrate that the method is
precise.

4.2.3. Linearity. The seven-point calibration curves for
neostigmine methylsulfate, impurity A, and impurity C were
prepared in the range of 0.20–3.00 µg/mL. The range for
impurity B was 0.02–0.30 µg/mL. The data was subjected to
the linear-regression analysis.
The regression equations obtained were as follows:
Neostigmine methylsulfate: y � 23578x − 157.98, impurity A: y � 25765x − 708.1, impurity B: y � 32200x − 41.603,
and impurity C: y � 66632x − 894.28. The calibration curves
were linear with good correlation coeﬃcients (r2) of 0.999
for all the compounds.
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Figure 5: Chromatogram of control sample of neostigmine methylsulfate API (1000 ppm).
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Figure 6: Chromatogram of acid hydrolysis of neostigmine methylsulfate API (2 mL of 1 N HCl at 60°C and 30 min).
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Figure 7: Chromatogram of alkali hydrolysis of neostigmine methylsulfate API (1 mL of 0.1 N NaOH, benchtop).
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Figure 8: Chromatogram of alkali hydrolysis of neostigmine methylsulfate API (5 mL of 0.1 N NaOH at 60°C and for 30 min).
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Figure 9: Chromatogram of oxidative hydrolysis of neostigmine methylsulfate API (2 mL of 30% H2O2, 60°C and 30 min).
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Figure 10: Chromatogram of control sample of neostigmine methylsulfate injection.
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Figure 11: Chromatogram obtained from acid hydrolysis (1 mL of 0.1 N HCl) benchtop of neostigmine methylsulfate injection.
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Figure 12: Chromatogram of acid hydrolysis of NMS injection (1 mL of 1 N HCl, 60°C and for 30 min).
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Figure 13: Chromatogram of oxidative hydrolysis of NMS injection formulation (1 mL of 30% H2O2 at 60°C for 30 minutes).

4.2.4. LOD and LOQ Studies. The LOD for neostigmine
methylsulfate API, impurity A, impurity B, and impurity C
was found to be 0.0978 µg/mL, 0.0357 µg/mL, 0.0040 µg/mL,
and 0.0149 µg/mL, respectively. The LOQ for nostigmine
methylsulfate API, impurity A, impurity B, and impurity C
was found to be 0.2965 µg/mL, 0.1083 µg/mL, 0.0121 µg/mL,
and 0.0454 µg/mL, respectively. The (%) RSD at LOQ

concentration was found to be less than 10%. This indicates
that the method is sensitive enough to quantitate very small
concentrations of the impurities in API and injection.
4.2.5. Accuracy. Accuracy was established across the analytical range of neostigmine methylsulfate and all
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Table 5: System suitability parameters for neostigmine methylsulfate impurities in API.
Component names
Impurity A
Impurity B
Impurity C

RT (min)
4.841
7.882
29.606

RRT
0.4689
0.7602
2.8623

Area
39322
3170
61058

Theoretical plates
21703
33200
91925

Tailing factor
1.23
1.20
1.05

Resolution
6.29
18.99
7.78

Purity angle
1.791
16.099
1.150

Purity threshold
2.365
19.496
2.096

Table 6: System suitability parameters for impurity A in NMS injection.
Component names
Impurity A

RT (min)
4.891

RRT
0.4739

Area
13357

Theoretical plates
20867

Tailing factor
1.24

Resolution
6.25

Purity angle
1.723

Purity threshold
2.678

Table 7: Robustness study of NMS API.
(%) RSD
(%) RSD
Mean RT
% RSD Mean of peak area
of peak
of peak
(min) ± SD
of RT
± SD
area
area
Robustness study of NMS API at wavelength � 215 ± 2 nm
At wavelength � 217 nm
At wavelength � 213 nm
NMS
10.387 ± 0.086
0.828
17768873 ± 106476.7
0.599
10.304 ± 0.062 0.6002
25602860 ± 50635
0.198
Impurity A
4.856 ± 0.043
0.887
39372 ± 51.08
0.130
4.861 ± 0.0257 0.5289
37201 ± 19
0.051
Impurity B
7.871 ± 0.047
0.603
3246 ± 6.81
0.210
7.872 ± 0.019
0.2431
3146 ± 9.17
0.291
Impurity C 29.622 ± 0.067
0.226
45084 ± 27.30
0.061
29.608 ± 0.068 0.2307
7475 ± 65.73
0.088
Robustness study of NMS API at ﬂow rate � 1.0 ± 0.2 mL/min
At ﬂow rate � 1.2 mL/min
At ﬂow rate � 0.8 mL/min
NMS
9.097 ± 0.009
0.0939 22443297 ± 40747.54
0.182
11.92 ± 0.014
0.119 33639814 ± 79924.44
0.238
Impurity A
4.071 ± 0.027
0.6542
40086 ± 55.08
0.137
6.038 ± 0.023
0.379
58861 ± 45.09
0.077
Impurity B
7.318 ± 0.060
0.8136
2072 ± 9.29
0.448
9.621 ± 0.040
0.416
4708 ± 20.07
0.426
Impurity C 27.016 ± 0.001
0.0037
55508 ± 66.16
0.119
33.659 ± 0.049
0.145
81426 ± 41.19
0.051
Robustness study of NMS API for mobile phase A (phosphate buﬀer) pH � 3.0 ± 0.1
At pH � 3.1
At pH � 2.9
NMS
10.491 ± 0.0151 0.1441
22826514 ± 5858.3
0.026
10.579 ± 0.070
0.657
22824778 ± 62157
0.272
Impurity A 4.911 ± 0.0557
1.1336
31870 ± 92.089
0.289
4.835 ± 0.081
1.673
32536 ± 81.28
0.250
Impurity B
8.457 ± 0.0716
0.8470
3416 ± 12.22
0.358
7.207 ± 0.065
0.905
2820 ± 24.79
0.879
Impurity C 30.651 ± 0.0675 0.2202
105084 ± 150.44
0.143
30.611 ± 0.138
0.452
21815 ± 50.34
0.231
Component

Mean RT
(min) ± SD

(%) RSD Mean of peak area ±
of RT
SD

Table 8: Robustness study of NMS Injection.
Component

NMS
Impurity A
Impurity B
Impurity C

NMS
Impurity A
Impurity B
Impurity C

NMS
Impurity A
Impurity B
Impurity C

(%)
(%) RSD
(%)
(%) RSD
Mean of peak area
Mean RT
Mean of peak area
RSD of
of peak
RSD of
of peak
±SD
(min) ± SD
± SD
RT
area
RT
area
Robustness study of NMS injection at wavelength � 215 ± 2 nm
At wavelength � 217 nm
At wavelength � 213 nm
10.384 ± 0.024
0.230 17774517 ± 22268.68
0.130
10.416 ± 0.011
0.100 25738094 ± 48861.32
0.190
4.889 ± 0.014
0.277
38521 ± 66.55
0.173
4.880 ± 0.025
0.104
37613 ± 61.20
0.163
7.881 ± 0.006
0.071
3133 ± 11.24
0.359
7.847 ± 0.034
0.428
2677 ± 23.09
0.863
29.605 ± 0.016
0.065
47303 ± 14.01
0.030
29.615 ± 0.008
0.025
75631 ± 149.721
0.198
Robustness study of NMS injection at ﬂow rate � 1.0 ± 0.2 mL/min
At ﬂow rate � 1.2 mL/min
At ﬂow rate � 0.8 mL/min
9.082 ± 0.023
0.255 22451115 ± 38468.14
0.171
11.954 ± 0.034
0.281
33595014 ± 216906
0.646
4.041 ± 0.042
1.039
40158 ± 75.35
0.188
6.052 ± 0.040
0.165
58851 ± 64.29
0.109
7.347 ± 0.047
0.642
2052.33 ± 12.50
0.609
9.646 ± 0.023
0.247
4702 ± 23.46
0.499
27.09 ± 0.027
0.100
55498 ± 90.59
0.163
33.645 ± 0.046
0.136
81454 ± 46.11
0.057
Robustness study of NMS injection at mobile phase pH � 3.0 ± 0.1
At pH � 3.1
At pH � 2.9
10.502 ± 0.038
0.158
23062769 ± 277.10
0.001
10.55 ± 0.032
0.306
23079307 ± 29289
0.127
4.950 ± 0.004
0.088
4211 ± 18.90
0.449
4.924 ± 0.008
0.153
4500 ± 61.27
1.362
8.456 ± 0.016
0.188 Below detection limit
----7.139 ± 0.009
0.130 Below detection limit
----30.413 ± 0.042
0.138
20941 ± 71.99
0.344
30.727 ± 0.031
0.100
20889 ± 228.7
1.095
Mean RT
(min) ± SD
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Table 9: Accelerated stability study data of NMS API.

Conditions
40°C/75%
25°C/60%
40°C/75%
25°C/60%
40°C/75%

RH,
RH,
RH,
RH,
RH,

Impurity A (% w/w)
0.06
0.06
0.06
0.05
0.05

1M
3M
3M
6M
6M

Neostigmine methylsulfate API
Total impurities (% w/w)
0.21
0.23
0.25
0.10
0.10

Table 10: Accelerated stability study of NMS injection studied from 1–6 months at various temperature and humidity conditions.
25°C/60% RH 40°C/75% RH 25°C/60% RH 40°C/75% RH
(1 month)
(1 month)
(3 months)
(3 months)
(%) w/w of
Impurity A
(%) w/w of
unknown
impurities
(%) w/w of total
impurities

2–8°C (3
months)

25°C/60% RH (6
25°C/60% RH (6
months) (upright) months) (inverted)

0.02

0.04

0.02

0.04

0.02

0.03

0.03

0.02

0.05

0.07

0.07

0.07

0.04

0.05

0.04

0.09

0.09

0.11

0.09

0.07

0.08

Table 11: Accelerated stability study of NMS injection studied for 6 months at various temperature and humidity conditions and
temperature cycling study.
40°C/75% RH for 6
months (upright)

40°C/75% RH for 6
months (inverted)

0.07

0.07

0.02

0.02

0.07

0.04

0.05

0.05

0.05

0.14

0.11

0.12

0.07

0.07

0.21

(%) w/w of Impurity
A
(%) w/w of unknown
impurities
(%) w/w of total
impurities

Table 12: Accelerated photostability study of NMS injection
studied for 10 days using three pack types.
NMS injection
formulation
(%) w/w of Impurity
A
(%) w/w of unknown
impurities
(%) w/w of total
impurities

Controlled
pack

Primary
pack

Secondary
pack

0.10

0.10

0.02

0.13

0.13

0.06

0.24

0.23

0.09

impurities. Reproducible peak shapes were obtained
under each condition. At each level, the (%) recovery for
all impurities was found to be NLT 98.0% and NMT
102.0% for NMS API. Similarly, for the NMS injection,
(%) recovery of all impurities was found to be NLT 80.0%
and NMT 120.0%. This data suggests that the developed
method is accurate for the quantiﬁcation of impurities in
both API and injection.

4.2.6. Robustness. The results of the robustness study for
NMS API and NMS injection are summarised in Tables 7
and 8.

2–8°C for 6 months 2–8°C for 6 months
(upright)
(inverted)

Temperature
cycling study

From the results of robustness, it can be concluded that,
for a slight change in the wavelength detection and ﬂow rate,
the proposed HPLC method was robust within the acceptable limits of (%) RSD less than 2.0. However, the
control of the pH of the mobile phase composition A
(phosphate buﬀer) having pH � 3.00 was imperative for the
detection and quantiﬁcation of impurities A, B, and C. The
merging of small unknown impurities was observed at the
retention time of impurity B and impurity C when the pH of
the phosphate buﬀer was changed by 1 unit.
4.2.7. Accelerated Stability Studies. As per the accelerated
stability study, it was seen that NMS API and injection
degrade gradually (Tables 9–12). By the end of the six-month
study, the following was concluded:
(i) The (%) w/w of impurity A increased in injection
sample as well as in API
(ii) In case of API, the highest degradation—impurity
A—was found to be 0.06% at 25°C/60% RH for 3
months and 40°C/75% RH for 3 months
(iii) The highest total impurities in API were found to be
0.25% at 40°C/75% RH, 3 months
(iv) In case of injection, the highest degradation—impurity A—was found to be 0.07% at 40°C/
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75% RH, 6 months when kept in inverted and
upright condition
(v) The highest total impurities in injection were found
to be the same, that is, 0.12% in both the studies
conducted for 3 months and 6 months, by maintaining the parameters such as 40°C/75% RH, positioned in inverted as well as upright condition
Any injection formulation product requires temperature-controlled distribution channels for the sake of
transportation. This puts product quality at risk, when
transportation time and temperature control during the
same cannot be maintained. To study the eﬀects of change in
temperature during transportation and storage, temperature
cycling studies were carried out. According to the study, (%)
w/w of impurity A and that of total impurities were within
the speciﬁcation limits. In case of photostability study of
injection, (%) w/w of impurity A and that of total impurities
were found to be constant at every stage of analysis. It was
thus observed that the injection remained stable during
photostability analysis.

5. Conclusion
The European Pharmacopoeia has speciﬁed a method for
separation, identiﬁcation, and quantitation of impurities
using an ion-pairing agent—sodium dodecylsulfate. Columns are at a high risk of deterioration due to their continuous exposure to sodium dodecylsulfate, as it alters the
column chemistry during prolonged use, which in turn
aﬀects the retention time, area, resolution, and other system
suitability parameters pertaining to the peaks of the desired
analyte. The method developed in this study does not require
the use of an ion-pairing agent, thus successfully eliminating
the aforementioned risk of damage to the column during its
use. This method not only establishes the good performance
of the column but also improves the column life. The
proposed method shows a signiﬁcantly improved RRT of
impurity A and impurity B with a resolution greater than 1.5.
Validation was performed according to the ICH Q2 (R1)
guidelines, and the method was veriﬁed to be selective,
speciﬁc, precise, accurate, and robust and gave linear responses to the concentration gradation. The developed
stability-indicating method can be simultaneously used for
quality control, forced degradation, and accelerated stability
study analysis of the neostigmine methylsulfate drug substance and injection formulation.

Data Availability
Some data generated or used during the study are proprietary or conﬁdential in nature and may only be provided
with restrictions.

Conflicts of Interest
The authors declare that there are no conﬂicts of interest
regarding the publication of this article.

13

Acknowledgments
The authors are thankful to the Department of Science and
Technology (Ministry of Science and Technology), Government of India, and the Indian Pharmaceutical Association, Maharashtra State Branch, for providing research fund
to perform this work under the project entitled “National
Facility for Research and Training in Integrated Analytical
Strategies for Discovery, Development and Testing of Drugs,
Pharmaceuticals and Nutraceuticals” DPRP scheme to
Bombay College of Pharmacy, Mumbai, Project Sanction
Order no. VI-D&P/552/2016–17/TDT(G), dated 07.03.2017.
Special thanks are to Dr. Vinayak Godbole, IQGENX
Pharma Pvt Ltd., Navi Mumbai, for his continuous guidance
in the conduct of work.

References
[1] R. Simon and H. Hicks, “Forced degradation to develop
stability-Indicating methods,” Pharmaceutical Outsourcing,
2012.
[2] T. Rawat and I. P. Pandey, “Forced degradation studies for
drug substances and drug products- scientiﬁc and regulatory
considerations,” Journal of Pharmaceutical Science and Research, vol. 7, no. 5, pp. 238–241, 2015.
[3] S. Venkataraman and M. Manasa, “Forced degradation
studies: regulatory guidance, characterization of drugs, and
their degradation products—a review,” Drug Invention Today,
vol. 10, no. 2, pp. 137–146, 2018.
[4] C. Rack, “An introduction to the accelerated stability assessment program,” American Pharmaceutical Review, vol. 20,
no. 5, pp. 86–90, 2017.
[5] S. Bajaj and S. Singh, “Stability Testing of Pharmaceuticals,
Series Title-Methods in Pharmacology and Toxicology,”
Springer Science + Business Media, LLC, , Humana Press,
New York, NY, USA, 2018.
[6] B. M. Rao, M. K. Srinivasu, K. P. Kumar et al., “A stability
indicating LC method for rivastigmine hydrogen tartrate,”
Journal of Pharmaceutical and Biomedical Analysis, vol. 37,
no. 1, pp. 57–63, 2005.
[7] A. Arunachalam and M. Shankar, “Stability studies: a review,”
Asian Journal of Pharmaceutical Analysis and Medicinal
Chemistry, vol. 1, no. 4, pp. 184–195, 2013.
[8] S. Gorog, M. Babjak, G. Balogh et al., “Drug impurity proﬁling
strategies,” Talanta, vol. 44, no. 9, pp. 1517–1526, 1997.
[9] S. W. Baertschi, “Analytical methodologies for discovering
and proﬁling degradation-related impurities,” TrAC Trends in
Analytical Chemistry, vol. 25, no. 8, pp. 758–767, 2006.
[10] ICH Q3A (R2), Impurities in New Drug Substance, International Conference on Harmonisation, Geneva, Switzerland,
2006.
[11] ICH Q3B (R2), Impurities in New Drug Products, International Conference on Harmonisation, Geneva, Switzerland,
2006.
[12] ICH Q3C (R7), Guideline for Residual Solvents, International
Conference on Harmonisation, Geneva, Switzerland, 2018.
[13] ICH S2 (R1), Guidance on Genotoxicity Testing and Data
Interpretation for Pharmaceuticals Intended for Human Use,
International Conference on Harmonisation, Geneva, Switzerland, 2011.

14

International Journal of Analytical Chemistry

™

[14] Food and Drug Administration, BLOXIVERZ (Neostigmine
Methylsulfate Injection), Food and Drug Administration,
Silver Springs, FL, USA, 2013.
[15] J. Liu, “Neostigmine,” Reference Module in Biomedical Sciences, 2017.
[16] C.-I. Yue, L.-j. Mao, and Z. Guo, “Study on RP-HPLC content
determination of neostigmine methylsulfate for injection,”
Chinese Journal of Pharmaceutical Analysis, vol. 25, no. 10,
pp. 1264-1265, 2005.
[17] P. Peddi, T. Raja Rajeswari, and S. L. Tulasi, “Development
and validation of stability indicating HPLC method for estimation of related substances in neostigmine,” in Proceedings
of the Knowledge Sharing, Technological Advancements and
Sustainable Development (IMC2k18), Vijayawada, India,
March 2018.
[18] K. Jogi, M. V. Basaveswara Rao and R. Rameshraju, Development and validation of stability indicating RP- HPLC
method for the estimation of glycopyrrolate and neostigmine
in bulk and tablet,” International Journal of Scientiﬁc &
Engineering Research, vol. 7, no. 12, pp. 1236–1242, 2016.
[19] European Pharmacopoeia (EP) by Council of Europe; European Pharmacopoeia Commission; European Directorate
for the Quality of Medicines & HealthCare, Council of
Europe: European Directorate for the Quality of Medicines
and HealthCare (EDQM), Strasbourg, France.
[20] L. R. Snyder and J. J. Kirland, Practical HPLC Method
Development, John Wiley & Sons, Inc, Hoboken, NJ, USA,
2nd edition, 1997.
[21] A. P. Schellinger and P. W. Carr, “Isocratic and gradient
elution chromatography: a comparison in terms of speed,
retention reproducibility and quantitation,” Journal of
Chromatography A, vol. 1109, no. 2, pp. 253–266, 2006.
[22] J. W. Dolan and L. R. Snyder, Gradient Elution Chromatography, Encyclopedia of Analytical Chemistry, John Wiley &
Sons, Ltd., Hoboken, NJ, USA, 2006.
[23] J. W. Dolan, “How fast can a gradient be run,” LC/GC Europe,
vol. 24, pp. 406–410, 2011.
[24] ICH Q1A (R2), Stability Testing of New Drug Substances and
Products, International Conference on Harmonisation, Geneva, Switzerland, 2003.
[25] ICH Q1B, Stability Testing: Photostability Testing of New Drug
Substances and Products, International Conference on Harmonisation, Geneva, Switzerland, 1996.
[26] ICH Q1E, Evaluation of Stability Data, International Conference on Harmonisation, Geneva, Switzerland, 2003.
[27] ICH Q2 (R1), Validation of Analytical Procedures: Text and
Methodology, International Conference on Harmonisation,
Geneva, Switzerland, 2005.

