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Abstract

Nitrosamine Drug Substance Related Impurities (NDSRIs) are commonly ex-
amined using High Performance Liquid Chromatography (HPLC) in combi-
nation with Mass Spectrometry (MS) detection. Due to the great sensitivity
needed, high-resolution MS or MS/MS is commonly used. However, it can be
difficult to use this kind of strategy for routine analysis at a supply site. Here,
we used a low-cost single quadrupole MS instrument to develop and validate
a practical, reliable, and user-friendly method for analysing NDSRIs. As an
antidepressant drug used to treat Major Depressive Disorder (MDD) in adults,
we have utilized 1-{2-[(2,4-dimethylphenyl) thio] phenyl}-4-nitrosopipera-
zine (N-Nitroso Vortioxetine) in Vortioxetine Hydrobromide API. The limits
of detection and quantification for N-Nitroso Vortioxetine, which may be pre-
sent in Vortioxetine Hydrobromide API, were 0.660 ppm and 1.995 ppm, re-
spectively. We designed and validated this in accordance with the criteria of
the International Harmonization Conference (ICH Q2R2). With a percentage
RSD of 1.07 percent, the precision for N-Nitroso Vortioxetine is established.
The correctness of the procedure was ensured by the linearity study’s correla-
tion coefficient of 0.99964 and the percentage recovery of the spiked impurity
in the drug material obtained, which fell within LOQ and 150% for a 1.995 ppm
to 30 ppm level. The N-Nitroso Vortioxetine impurity in Vortioxetine Hydro-
bromide API can be found by adapting the method.
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1. Introduction

According to the ICH M7 recommendation, nitrosamines are a cohort of concern
because the majority of them are mutagens and several have been shown in animal
tests to be strong carcinogens. Numerous medicinal substances and products in-
clude nitrosamines, which can cause cancer in animals [1]. In 2018, an unaccepta-
ble amount of N-Nitroso Dimethylamine (NDMA) was discovered in a drug sub-
stance called valsartan [2]. Since then, it has been discovered that nitrosamine lev-
els in numerous additional pharmaceutical drugs, including Sartans, exceed the
permissible ingestion limit and necessitate their recall [3].

Regulatory organizations and pharmaceutical companies have initially concen-
trated on identifying and managing common nitrosamines (like NDMA) in me-
dicinal goods. However, as knowledge of nitrosamine production has advanced,
the extent and quantity of potential nitrosamine contamination in pharmaceutical
goods has now broadened to encompass all Nitrosamine Drug Substance Related
Impurities (NDSRIs). [4]-[9]. Nitrosamine Drug Substance-Related Impurities
(NDSRIs) are nitrosamine impurities caused by the presence of secondary or ter-
tiary amine functional groups that can react with nitrosating agents under specific
circumstances. Nitrosamine Drug Substance-Related Impurities (NDSRIs) can be
formed from the Active Pharmaceutical Ingredient (API) or its structural frag-
ments [10]-[12]. Since most NDSRIs lack published toxicity data, a read-across
approach is frequently used to establish the Acceptable Intake (AI) limit. Several
regulatory bodies recently released a novel method for predicting AI limits utiliz-
ing the Carcinogenic Potency Categorization Approach (CPCA). [13]-[15]. N-ni-
trosamines that have a carbon atom on both sides of the N-Nitroso group and in
which the carbon is not directly double-bonded to a heteroatom are covered by
the Carcinogenic Potency Categorization Approach (N-Nitrosamides, N-Nitro-
soureas, N-Nitrosoguanidines, and other related structures are excluded). Addi-
tionally, N-Nitrosamines having an N-Nitroso group enclosed in an aromatic ring
(such as nitrosated indole) are not classified using the potency categorization method.
The group with the highest anticipated carcinogenic potency (i.e, the group with
the lowest numerical potency category) determines the Al for the entire molecule
in N-nitrosamines that contain two N-Nitroso groups.

Figure 1 shows how the a- and B-carbons are defined in relation to the N-Ni-
troso group [16] [17].

The CPCA gives applicants a uniform method to determine the AI limitations,

which vary from 18 ng/day for Category 1 to 1500 ng/day for Category 4 and 5,
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Figure 1. a- and B-carbons on an N-nitrosamine.

however it is still a work in progress. The low AI limits necessitate highly sensitive
and precise analytical techniques for detection and quantification, particularly for
Category 1 and 2 NDSRIs. [18] Supporting the development of analytical methods
and routine testing of these trace-level contaminants is a major problem for phar-
maceutical companies. Due to their high sensitivity requirements, the majority of
NDSRIs are non-volatile and are nearly always studied utilizing High Performance
Liquid Chromatography (HPLC) with Mass Spectrometer (MS) detection [18]-
[25]. Methods based on HRMS or MS/MS are impractical for routine analysis at a
supply site because of their high instrument cost, frequent and involved mainte-
nance activities, drifting performance, and required analyst training, even though
LC-MS has been shown to be a useful tool for NDSRI analysis. Additionally, reg-
ular release and/or stability testing of the drug product may be necessary. This
type of testing frequently entails thousands of samples, particularly for high-vol-
ume pharmaceutical products for common conditions like diabetes or hyperten-
sion. It is necessary to have a method that is resilient, practical, high-throughput,
and easy to use on a low-cost device.

Common Chromatography Data Systems (CDS) that are already in use in sup-
ply laboratories like Labsolution can frequently be used to control UFLC con-
nected to single quadrupole mass spectrometry detection, which is less expensive
and simpler to use. The likelihood of successful routine testing is increased and
the work and time required to introduce a new NDSRI method to a supply labor-
atory in a GMP setting is greatly decreased by using already-existing instruments
and software platforms. Since HRMS is significantly more sensitive and specific
than single quadrupole detectors, liquid chromatography separation optimization
is essential to provide a technique that can provide the low-level detection needed
for NDSRI analysis.

To develop an analytical method on UFLC-MS technique for 1-{2-[(2,4-dime-
thylphenyl) thio] phenyl}-4-nitrosopiperazine as a N-Nitroso Vortioxetine related
NDSRI is discussed here. With regard to 2 mg/mL Vortioxetine HBr, the opti-
mized method attains a limit of quantitation of 0.660 ppm to 1.995 ppm. After the
chromatography and MS settings were completely tuned, we showed that a single
quadrupole mass spectrometry detector could provide the necessary specificity
and sensitivity. This strategy serves as an example of a methodical approach to
method development that can be applied to the creation of different NDSRIs. As
seen in Figure 2, the chemical name for Vortioxetine Hydrobromide is 1-[2-(2,4-
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o Hydrogen (2) HA[

Dimethylphenylsulfanyl) phenyl] piperazine, which has a secondary amine func-
tional group in a six-membered piperazine that causes the synthesis of N-Nitroso

Vortioxetine when acidic circumstances [x] are present.

N
H I
) )
S >
™~ Conditions N

1-[2-(2,4-Dimethylphenylsulfanyl) 1-{2-[(2,4-dimethylphenyl) thio]

phenyl]piperazine phenyl}-4-nitrosopiperazine

Figure 2. Possible reaction scheme for formation of N-Nitroso vortioxetine from vortiox-
etine.

N-Nitroso vortioxetine’s risk has been determined using the CPCA technique,
and its potency score for carcinogenicity is 3. The prediction’s specifics are dis-
played in Figure 3.

CPCA Interpretation Score Value
a Hydrogen 2,2 1

Nitroso group in 6 +2
0 memberedring having
individual deactivating

&
H
feature
u| oHydrogen (2) Activating Feature Scores 0

a-Hydrogen Score +

N
H |
N.

N

PotencyScore Deactivating Feature Scores
i ,S\ + Activating Feature Scores

PotencyScore 1+2+0=3

PotencyCategory 3

Acceptable Intake (Al) 400 ng/day

Risk Category Medium

Maximum Daily Dose (MDD) 20 mg/day

for Vortioxetine
Hydrobromide

Target levelfor N-Nitroso 400/20
Vortioxetine : AI/MDD

Target level for N-Nitroso Vortioxetine is 20 ppm

Figure 3. Carcinogenic potency categorization approach for N-Nitroso vortioxetine.

With a focus on practical application in routine quality control, this study at-
tempts to develop and test a sensitive, reproducible UFLC-MS method for as-
sessing N-Nitroso-Vortioxetine in Vortioxetine hydrobromide medicinal product
with a target concentration 20 ppm. In addition to improving the safety and qual-
ity of pharmaceutical products, the trace-level analytical method optimization will
give manufacturers and regulatory bodies crucial tools for dealing with nitrosa-

mine contaminants.
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2. Experimental

2.1. Material

Vortioxetine Hydrobromide sample, N-Nitroso Vortioxetine Impurities was ob-
tained from Megafine Pharma (P) Ltd., Nashik.

2.2. Chemicals and Reagents

Ammonium Formate, Formic Acid Methanol, Ammonia, and Milli-Q Water are
used for the solution preparation (all solvents/chemicals used are LCMS grade).

2.3. Instrumentation

Utilizing a single quadrupole mass spectrometer for ultra-fast liquid chromatog-
raphy 2020 Nexera LCMS Make: Shimadzu has a column oven, automated sam-
pler, degasser, and binary gradient pump. A single quadrupole mass spectrometer
and LC Solution software are used to hyphenate this LC system. The analytical bal-
ance is manufactured by Metler Toledo.

2.4. Chromatographic Conditions

LC column used for the analysis was ACQUITY CSH™ 1.7 u Phenyl-Hexyl, 100
mm length 2.1 mm internal diameter. Mobile Phase A and B used for elution were
10 mmol/L Ammonium Formate in 0.1% Formic Acid in water Methanol and
Water (9:1 v/v) respectively. The injection volume was optimized to 20 pL. Elution
was obtained at a flow rate 0.4 mL/min in a gradient mode: 5% Solvents (0.01 - 2
min.), 30% (2 - 4 min.), 65% (4 - 6 min.), 65% (6 - 11 min.), 75 (11 - 14 min.), 75%
(14 - 16 min.), 5% (16 - 17 min.). 5% (17 - 20 min.) Column oven temperature
40°C with autosampler temperature 25°C.

The mass spectrometer was equipped with Electron Spray Ionization (ESI) source
with DL temperature 250°C or as per tuning file, Acquisition Mode: SIM Mode
CH1 = 328 (m/z), Interface Temperature: 350°C, Nebulizing Gas Flow: 1.5 L/min,
Drying Gas: 10.00 L/min, Heat Block: 200°C, Detector Voltage: 1.65 kV, MS Pro-
gram: Cut Off, 0.01 min FCV2 (0), 5.00 min. FCV2 (1), 13 min, FCV2 (0).

2.5. Preparation of Solutions

All preparations were made using Milli-Q water as a diluent. After weighing and
transferring 50.0 mg of test sample into 25 mL volumetric flask, dissolve and dilute
to the volume with diluent. Filtered the solution through 0.22-p PVDF filter sy-
ringe and collected the clear filtrate in HPLC vial. The test solution preparation
will contain about 2.0 mg/mL of Vortioxetine. For N-Nitroso Vortioxetine stand-
ard solution was prepared with a concentration of 0.04 pg/mL of N-Nitroso Vor-

tioxetine with respect to test concentration.

3. Method Optimization

Using an ACQUITY CSHTM 2.1 pm Phenyl-Hexyl, 100 mm length, and 1.7 mi-

cron, LC column, a reliable and selective UFLC-MS technique was created for the
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analysis of N-Nitroso Vortioxetine impurity, specifically targeting N-Nitroso Vor-
tioxetine in SIM Mode for m/z 328 positive mode. The Phenyl-hexyl stationary
phase facilitates m-m interactions between the stationary phase and electron-rich
analytes, which is why this column was selected. It is hence very useful for nitros-
amine analysis. [23] Methanol, 0.1% formic acid, and 10 mM ammonium acetate
in water (Mobile Phase A) made up the mobile phase. The 900 mL, 100 mL, and
10 mL v/v/v ammonia solution (Mobile Phase B) of purified water was designed
to enhance ionization in the positive ESI mode and guarantee a favourable peak
shape for. N-Nitroso Vortioxetine was successfully separated using a gradient elu-
tion, which eluted at around 13 minutes. The diverter valve FCV2 was set to po-
sition 0 at 0.01 minutes to direct the initial flow to waste. At 5.00 minutes, the valve
was switched to position 1 to allow flow to the mass spectrometer for analyte de-
tection. Finally, at 13.00 minutes, the valve was returned to position 0 to divert
late-eluting contaminants to waste. The valve permitted analytes, such as N-Ni-
troso vortioxetine, to enter the mass spectrometer for measurement between 13
and 20 minutes. In order to allow for enough separation, MS detection, and re-
equilibration during each cycle, the total chromatographic run duration was kept
at twenty minutes. N-Nitroso Vortioxetine was reliably detected in Vortioxetine
samples using this approach, which also offered good sensitivity and decreased

MS contamination.

4. Results and Discussion
4.1. Method Validation

According to the recommendations of the International Conference on Harmo-
nization (ICH), the developed analytical method was found to be more reliable as
it satisfied the system appropriateness criteria during the method validation and
batch analysis. Specificity, precision, limit of detection, limit of quantitation, lin-
earity, accuracy, stability of the solution, and robustness were all considered in the
validation of the analytical method [26] [27].

4.1.1. Specificity

Specificity is the ability to conclusively assess the analyte in the presence of possi-
bly anticipated components. [26]. By verifying that the m/z value of each individ-
ual impurity should not affect the m/z value of the others and that no blank inter-
ference peak should be detected at the retention time of N-Nitroso vortioxetine,
the specificity of the method was verified. The analysis of a blank or unspiked API
sample confirmed the absence of interfering peaks at the retention time and m/z
of N-Nitroso vortioxetine. Since N-Nitroso Vortioxetine’s retention time is listed
in Table 1, Figure 4 and Figure 5 demonstrate the approach’s specificity.

Table 1. Retention Times (RT).

Sr. No. Name of Compound RT in Minutes Detector
1 Vortioxetine 7.2 uv
2 N-Nitroso Vortioxetine 13.8 MS
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Figure 5. Specificity data of N-Nitroso vortioxetine (a) blank, (b) standard, (c) unspiked test sample and (d) spiked test sample.

4.1.2. Precision

The precision of an analytical method is defined as the degree of agreement (or
scatter) between a set of measurements made by repeatedly sampling the same
homogenous sample under prescribed conditions [26]. By analyzing six different
samples, the system precision for N-Nitroso vortioxetine was shown. The percent
relative standard deviation (% RSD) for N-Nitroso vortioxetine was shown to be
less than 15.0%. Table 2 reports the outcome.
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Table 2. % RSD for system precision data.

Number of Injections Area of N-Nitroso Vortioxetine (n = 6)

Run No. 1 179,153

Run No. 2 180,071

Run No. 3 180,458

Run No. 4 182,414

Run No. 5 181,625

Run No. 6 184,585

Mean 181,384

Standard Deviation 1945.466
% RSD 1.07

The N-Nitroso Vortioxetine impurity was spiked at 20 ppm using six injections
of standard solution to determine the method’s precision. The results are shown
in Table 3 below. The percent relative standard deviation (% RSD) for N-Nitroso
Vortioxetine was found to be 2.79%.

Table 3. % RSD for method precision data.

Sample Replicate N-Nitroso Vortioxetine (ppm)

Spiked Preparation-1 21.994
Spiked Preparation-2 21.534
Spiked Preparation-3 21.507
Spiked Preparation-4 22.877
Spiked Preparation-5 21.242
Spiked Preparation-6 21.373
Mean 21.755

Std. Dev. 0.606

% RSD 2.79

4.1.3. Intermediate Precision

Similar steps were taken on different days and with different columns to demon-
strate the robustness of this method. The percentage RSD of the results from six
test-spiked preparations for the N-Nitroso Vortioxetine impurity was computed,
and the results are displayed in Table 4. The total percentage RSD of the interme-
diate precision and method precision results was then computed. Table 5 presents
the tabulated statistics.

DOI: 10.4236/ajac.2025.1611016 260 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2025.1611016

H. Shaikh et al.

Table 4. % RSD for intermediate precision data.

Sample Replicate N-Nitroso Vortioxetine (ppm)

Spiked Preparation-1 24.684
Spiked Preparation-2 23.983
Spiked Preparation-3 24.176
Spiked Preparation-4 24.949
Spiked Preparation-5 23.748
Spiked Preparation-6 23.777
Mean 24.220

Std. Dev. 0.495

% RSD 2.04

Table 5. Overall percentage relative standard deviation % RSD for Method precision and
Intermediate Precision data.

Sample Replicate N-Nitroso Vortioxetine (ppm)
Different Day Day-1 Day-2
Different Column Column-1 Column-1
Spiked Preparation-1 21.994 24.684
Spiked Preparation-2 21.534 23.983
Spiked Preparation-3 21.507 24.176
Spiked Preparation-4 22.877 24.949
Spiked Preparation-5 21.242 23.748
Spiked Preparation-6 21.373 23.777
Overall Mean 22.987
Overall SD 1.391
Overall % RSD 6.05

4.1.4. Limit of Detection and Limit of Quantitation

The detection limit of a certain analytical procedure is the lowest concentration
of analyte in a sample that can be recognized but isn’t necessarily measured as an
exact value [26]. The quantitation limit of a given analytical procedure is the low-
est analyte concentration in a sample that can be quantitatively determined with
suitable precision and accuracy [26]. For N-Nitroso vortioxetine, the predeter-
mined Limit Of Quantification (LOQ) level and Limit Of Detection (LOD) level
were assessed. For N-Nitroso Vortioxetine, approximately 3.3% (Ze., 0.66 ppm w.
r. t. test conc.) of the target level was chosen as the LOD, and approximately 10%

(ie, 2 ppm w. r. t. test conc.) of the specified level was chosen as the LOQ. Six
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replicate injections of the LOQ solution were used to verify the evaluated Limit

Of Quantification (LOQ) level for N-Nitroso vortioxetine. The signal to noise ra-
tio of the anticipated LOQ has been determined to be greater than 10, and the
percentage RSD of six replicate injections of the LOQ solution is 2.57%. The data

has been shown in Table 6 and Figure 6.

Table 6. LOQ precision and S/N ratio for N-Nitroso vortioxetine.

N-Nitroso Vortioxetine

Injection
Area S/N Ratio
LOQ Level Run-1 19,277 127.93
LOQ Level Run-2 19,074 134.60
LOQ Level Run-3 17,966 118.59
LOQ Level Run-4 18,890 103.91
LOQ Level Run-5 18,369 99.79
LOQ Level Run-6 18,757 91.20
Mean 18,722
SD 481.149
% RSD 2.57

Max ntensty : 4,365
&
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Figure 6. LOQ precision.

4.1.5. Linearity

The capacity of an analytical process to yield test results that are exactly propor-

tionate to the concentration (quantity) of analyte in the sample (within a given

range) is known as linearity [26].
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Following regression analysis of the data, the correlation coefficient (r) shouldn’t
be less than 0.99 [26].

Linearity curves were obtained by plotting the peak area of the N-Nitroso Vor-
tioxetine impurity against the equivalent concentration of linearity solution (Fig-
ure 6). N-Nitroso Vortioxetine impurity was generated as a series of standard so-
lutions with concentrations ranging from LOQ to 150% (10%, 50%, 80%, 100%,
120%, and 150%) of the target concentration (20 ug/mL w. r. t. sample). Table 7
reports the observed correlation coefficient of the N-Nitroso Vortioxetine impu-
rity, Figure 7 shows the linear regression data for N-Nitroso Vortioxetine impu-
rity and chromatogram Figure 8. Plotting the peak area of the N-Nitroso Vorti-
oxetine impurity against its corresponding concentration of linearity solution pro-

duced linearity curves.

Table 7. Correlation coefficient data.

Name of Compound Slope Intercept  Correlation Coefficient

N-Nitroso Vortioxetine 4623704.68 1767.20 0.99964

(A) N-Nitroso Vortioxetine

300000
y=4623704.68x +1767.20

250000 Correlation Coefficient : 0.99964

200000

150000

Average Area

100000

50000

0

0.00000 0.01000 0.02000 0.03000 0.04000 0.05000 0.06000 0.07000
Concentration in pg/mL

Figure 7. Linearity of N-Nitroso vortioxetine.

Linearity of Nitroso Vortioxetine

1 ,' ) a\ | Linearity Level-6 (0.05986 ug/mL)

\  Linearity Level-5 (0.04988 ug/mL)

Linearity Level-4 (0.03990 pg/mL)

\\\\ Linearity Level-3 (0.02993 pg/mL)

\\ Linearity Level-2 (0.01995 pg/mL)

.\ Linearity Level-1 (0.00399 pug/mL)
‘ l\ \ ) // / \\\\‘él\vk

Figure 8. Linearity chromatogram of N-Nitroso vortioxetine.
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4.1.6. Accuracy

The correctness of an analytical method is determined by the degree of agreement
between the value found and the value that is accepted as either a conventional
true value or an acceptable reference value [26]. The recovery percentage should
fall between 80% and 120% when known concentrations of N-Nitroso Vortiox-
etine are spiked in Vortioxetine Hydrobromide API at levels LOQ, 50%, 100%,
and 150%. Recovery was used to evaluate the procedure’s accuracy (Table 8). Three
preparations of each level were made and analyzed in accordance with the meth-
odology; the recovery percentage and mean were calculated. The obtained % Re-
covery for N-Nitroso Vortioxetine is found well within limit, the % Recovery for
levels LOQ, 50%, 100%, and 150% is found 92.42% to 104.54%, based on recovery
data, this method highly accurate for determination of N-Nitroso Vortioxetine in
Vortioxetine Hydrobromide API.

Table 8. Accuracy of N-Nitroso vortioxetine.

Recovery % Recovery
Concentration (ug/mL) N-Nitroso Vortioxetine

2 pg/mL 104.54

2 ug/mL 98.92

2 pg/mL 92.42

10 ug/mL 104.93

10 pg/mL 96.35

10 ug/mL 97.08

20 pg/mL 104.86

20 pg/mL 101.65

20 pug/mL 101.57

30 pg/mL 102.16

30 pg/mL 98.03

30 ug/mL 98.42

4.1.7. Solution Stability

The standard solution, test solution (Unspiked), and test solution (spiked) with
the N-Nitroso Vortioxetine impurity at the specification level were used to illus-
trate the solution stability. Freshly made reference solution, test solution (Unspiked),
and test solution (spiked) containing N-Nitroso Vortioxetine were administered
at 6, 12, and 24 hour intervals. N-Nitroso vortioxetine’s cumulative percentage
RSD in standard solution, test solution (Unspiked), and test solution (spiked) is
less than 15%, shows that the standard solution, test solution (Unspiked), and test
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solution (spiked) are stable for analysis and research for up to 24 hours at room
temperature (25°C), as indicated by the data in Table 9.

Table 9. Accuracy of N-Nitroso vortioxetine.

Cumulative % RSD for area of N-Nitroso Vortioxetine

Interval
Standard Solution ~ Test Solution Unspiked = Test Solution Spiked
Fresh - - -
After 06 Hrs 291 10.07 2.20
After 12 Hrs 2.24 7.53 2.43
After 24 Hrs 2.60 6.18 3.07

4.1.8. Robustness

By purposefully altering the experimental parameters, such as the flow rate per-
centage (Flow = 0.360 mL/min & 0.440 mL/min) and the column oven tempera-
ture +3°C (37°C & 43°C), the method’s robustness is confirmed. The N-Nitroso
Vortioxetine impurity was spiked at the specification level in the test sample to
illustrate the robustness technique. Each condition’s system applicability was as-
sessed, and three test samples that were tainted with N-Nitroso Vortioxetine im-
purity at the specification level were examined. By computing the overall percent-
age RSD, the findings are compared with the technique precision results. The overall
percentage relative standard deviation of results (content of N-Nitroso Vortiox-
etine in ppm) from nine different test solution (spiked) preparations of method
precision and robustness is found to be 3.74% to 7.06%, while the percentage rel-
ative standard deviation of results (content of N-Nitroso Vortioxetine in ppm)
from three different sample preparations is found to be 1.49% to 3.01%. Details of
robustness data are displayed below Table 10 and Table 11.

Table 10. Robustness data for deliberately changing parameter.

N-Nitroso Vortioxetine in ppm

Injection
Number. Flow Rate Flow Rate Column Oven Column Oven
0.360 mL/min  0.440 mL/min Temp. 37°C Temp. 43°C
Spiked Test
24.872 25.205 24.979 23.616
Sample-1
Spiked Test
24.272 24.453 24.452 22.768
Sample-2
Spiked Test
24.414 24.741 23.534 22.569
Sample-3
Mean 24.519 24.800 24.322 22.984
SD 0.314 0.379 0.731 0.556
% RSD 1.28 1.53 3.01 2.42
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Table 11. Overall comparison with method precision and robustness data for deliberately
changing parameters.

N-Nitroso Vortioxetine in ppm

Injection Deliberate change in Method Parameters
Run No. Method

precision

Flow Rate Flow Rate  Column Oven Column Oven
0.360 mL/min 0.440 mL/min Temp.37°C  Temp. 43°C

1 21.994 24.872 25.205 24.979 23.616
2 21.534 24.272 24.453 24.452 22.768
3 21.507 24.414 24.741 23.534 22.569
4 22.877 - - - -
5 21.242 - - - -
6 21.373 - - - -
Mean 21.755 24.519 24.800 24.322 22.984
SD 0.606 0.314 0.379 0.731 0.556
% RSD 2.79 1.28 1.53 3.01 2.42
Overall Mean 22.676 22.770 22.610 22.164
Overall SD 1.471 1.607 1.418 0.828
Overall % RSD 6.49 7.06 6.27 3.74

4.1.9. Application of Method

In order to identify the N-Nitroso Vortioxetine impurity in Vortioxetine Hydro-
bromide API, this method is more precise and highly specific, according to the
drug substance’s investigation. Table 12 displays the sample batch data.

Table 12. Sample batch data.

Sample Replicate N-Nitroso Vortioxetine (ppm)
Batch No-1 ND
Batch No-2 ND
Batch No-3 ND

5. Conclusion

The N-Nitroso Vortioxetine in Vortioxetine Hydrobromide API is separated and
successfully detected using a single Quadrupole Ultra-fast liquid chromatography
with mass spectrometer approach that is sensitive, specific, linear, accurate, and
efficient. Based on the findings of all the data generated, we can infer that the current
technique can be helpful for recognizing and quantifying the N-Nitroso Vortiox-
etine in Vortioxetine Hydrobromide API. This method has been validated as be-
ing more precise, linear, accurate, and robust. The procedure is therefore consid-

ered appropriate for regular N-Nitroso Vortioxetine.

DOI: 10.4236/ajac.2025.1611016

266 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2025.1611016

H. Shaikh et al.

Acknowledgements

The management of Megafine Pharma (P) Ltd. supported this work by giving
samples of vortioxetine hydrobromide and N-Nitroso Vortioxetine impurity
standard, which were necessary for this study. For this, the author is grateful. We
also like to thank Dr. Leena Patil, Head of the Chemistry Department at Sandip
University’s School of Science, for providing me with the assistance I needed to
publish this research. We would like to thank Sandip University Nashik’s Central
Instrumentation Facility (CIF) Lab School of Science for giving the required as-

sistance.

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1] EMA/CHMP/ICH/83812/2013 Committee for Medicinal Products for Human Use
(2023) ICH M7(R2) Guideline on Assessment and Control of DNA Reactive (Muta-
genic) Impurities in Pharmaceuticals to Limit Potential Carcinogenic Risk Step 5.

[2] Glowienke, S., Onken, U., Elhajouji, A., Muthusamy, S., Sangana, R., Martus, H., et
al. (2022) Genotoxicity Evaluation of a Valsartan-Related Complex N-Nitroso-Impu-

rity. Regulatory Toxicology and Pharmacology, 134, Article 105245.
https://doi.org/10.1016/j.yrtph.2022.105245

[3] Cioc, R.C,, Joyce, C., Mayr, M. and Bream, R.N. (2023) Formation of N-Nitrosamine
Drug Substance Related Impurities in Medicines: A Regulatory Perspective on Risk
Factors and Mitigation Strategies. Organic Process Research & Development, 27, 1736-
1750. https://doi.org/10.1021/acs.oprd.3¢00153

[4] Schlingemanna, J., Burnsb, M.J., Pontingb, D.J., et al (2023) The Landscape of Po-
tential Small and Drug Substance Related Nitrosamines in Pharmaceuticals. Journal
of Pharmaceutical Sciences, 112, 1287-1304.

[5] Loh, Y.H,, Jakszyn, P., Luben, R.N., Mulligan, A.A., et a/ (2011) N-Nitroso Com-
pounds and Cancer Incidence: The European Prospective Investigation into Cancer
and Nutrition (EPIC)-Norfolk Study 1-3. The American Journal of Clinical Nutri-
tion, 93, 1053-1061.

[6] EMA/459276/2018 (2018) EMA Reviewing Medicines Containing Valsartan from
Zhejiang Huahai Following Detection of an Impurity Some Valsartan Medicines Be-
ing Recalled across the EU.

[7] EMA/500009/2019 (2019) EMA to Provide Guidance on Avoiding Nitrosamines in
Human Medicines.

[8] U.S.Department of Health and Human Services, Food and Drug Administration and
Centre for Drug Evaluation and Research (CDER) (2021) Control of Nitrosamine
Impurities in Human Drugs, Guidance for Industry. Pharmaceutical Quality/Manu-
facturing Standards/Current Good Manufacturing Practice (CGMP) Revision 1.

[9] Maundrell, N. (2022) Nitrosamine Impurities: From Raw Materials to Final Drug Prod-
uct. Bioanalysis, 14, 63-66. https://doi.org/10.4155/bio-2021-0238

[10] U.S. Food and Drug Administration (FDA) (2024) Nitrosamine Impurities Infor-
mation for Health Care Professionals.
https://www.fda.gov/drugs/drug-safety-and-availability/information-about-nitrosa-

DOI: 10.4236/ajac.2025.1611016

267 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2025.1611016
https://doi.org/10.1016/j.yrtph.2022.105245
https://doi.org/10.1021/acs.oprd.3c00153
https://doi.org/10.4155/bio-2021-0238
https://www.fda.gov/drugs/drug-safety-and-availability/information-about-nitrosamine-impurities-medications

H. Shaikh et al.

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

mine-impurities-medications

U.S. Food and Drug Administration (FDA) (2023) CDER Nitrosamine Impurity Ac-
ceptable Intake Limits.
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cder-
nitrosamine-impurity-acceptable-intake-limits

European Medicines Agency (EMA) (2025) Nitrosamine Impurities.
https://www.ema.europa.eu/en/human-regulatory-overview/postauthorisation/re-
ferral-procedures-human-medicines/nitrosamine-impurities

EMA/451665/2023 (2023) European Medicines Agency Appendix 2 to Questions and
Answers for Marketing Authorisation Holders/Applicants on the CHMP Opinion for
the Article 5(3) of Regulation (EC) No 726/2004 Referral on Nitrosamine Impurities
in Human Medicinal Products Carcinogenic Potency Categorisation Approach for
Nitrosamines.

Kruhlak, N.L., Schmidt, M., Froetschl, R., Graber, S., et al (2024) Determining Rec-
ommended Acceptable Intake Limits for N-Nitrosamine Impurities in Pharmaceuti-
cals: Development and Application of the Carcinogenic Potency Categorization Ap-
proach (CPCA).

CDER Nitrosamine Impurity Acceptable Intake Limits Recommended Acceptable
Intake Limits for Nitrosamine Drug Substance-Related Impurities (NDSRIs). Guid-
ance for Industry, Control of Nitrosamine Impurities in Human Drugs.
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cder-
nitrosamine-impurity-acceptable-intake-limits

(2025) Health Canada Guidance on Nitrosamine Impurities in Medications, Evaluat-
ing and Managing the Risks of N-Nitrosamine Impurities in Human Pharmaceutical,
Biological and Radiopharmaceutical Products.

Health Canada (2025) Guidance on Nitrosamine Impurities in Medications Evaluat-
ing and Managing the Risks of N-Nitrosamine Impurities in human Pharmaceutical,
Biological and Radiopharmaceutical Products.
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-prod-
ucts/compliance-enforcement/information-health-product/drugs/nitrosamine-im-
purities/medications-guidance/guidance-nitrosamine%20impurities-medica-
tions.pdf

U.S. Department of Health and Human Services Food and Drug Administration Cen-
ter for Drug Evaluation and Research (CDER) (2023) Pharmacology/Toxicology,
Recommended Acceptable Intake Limits for Nitrosamine Drug Substance Related
Impurities (NDSRIs) Guidance for Industry.

Zhang, J., Raghavachari, R., Kirkpatrick, D.C., Keire, D.A., Xu, X. and Faustino, P.J.
(2024) Analytical Procedure Development and Proposed Established Conditions: A
Case Study of a Mass Spectrometry Based NDSRI Analytical Procedure. Journal of
Pharmaceutical Sciences, 113, 3028-3033. https://doi.org/10.1016/j.xphs.2024.07.022
Nakka, S., Muchakayala, S.K. and Manabolu Surya, S.B. (2025) Strategic Approaches
to Elevate Quality and Sustainability of NDSRIS Method Development: Synthesis and
a Simultaneous Quantification Study of Multiple Tamsulosin NDSRIS. Microchemi-
cal Journal, 214, Article 114065. https://doi.org/10.1016/j.microc.2025.114065
Nakka, S., Muchakayala, S.K. and Manabolu Surya, S.B. (2024) A Novel and Eco-
Friendly UPLC-ESI-MS Method for the Quantification of Aceclofenac-Ndsri (nitroso
Drug Substance Related Impurity) from Aceclofenac Drug Substance and Combina-

tion Formulations. Sustainable Chemistry and Pharmacy, 38, Article 101495,
https://doi.org/10.1016/j.scp.2024.101495

DOI: 10.4236/ajac.2025.1611016

268 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2025.1611016
https://www.fda.gov/drugs/drug-safety-and-availability/information-about-nitrosamine-impurities-medications
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cder-nitrosamine-impurity-acceptable-intake-limits
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cder-nitrosamine-impurity-acceptable-intake-limits
https://www.ema.europa.eu/en/human-regulatory-overview/postauthorisation/referral-procedures-human-medicines/nitrosamine-impurities
https://www.ema.europa.eu/en/human-regulatory-overview/postauthorisation/referral-procedures-human-medicines/nitrosamine-impurities
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cder-nitrosamine-impurity-acceptable-intake-limits
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cder-nitrosamine-impurity-acceptable-intake-limits
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-products/compliance-enforcement/information-health-product/drugs/nitrosamine-impurities/medications-guidance/guidance-nitrosamine%20impurities-medications.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-products/compliance-enforcement/information-health-product/drugs/nitrosamine-impurities/medications-guidance/guidance-nitrosamine%20impurities-medications.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-products/compliance-enforcement/information-health-product/drugs/nitrosamine-impurities/medications-guidance/guidance-nitrosamine%20impurities-medications.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-products/compliance-enforcement/information-health-product/drugs/nitrosamine-impurities/medications-guidance/guidance-nitrosamine%20impurities-medications.pdf
https://doi.org/10.1016/j.xphs.2024.07.022
https://doi.org/10.1016/j.microc.2025.114065
https://doi.org/10.1016/j.scp.2024.101495

H. Shaikh et al.

[22]

(23]

[24]
(25]

(26]

(27]

Mukherjee, P., Yao, X., Brignol, N., Chao, M., Tuske, S., Sheikh, M.O., et al (2025)
Analytical Method Development Strategy for Controlling Two New Nitrosamine Drug
Substance Related Impurities (NDSRIS) in a Pharmaceutical Drug Product for Treat-
ment of a Rare Disease. Chromatographia, 88, 395-409.
https://doi.org/10.1007/s10337-025-04405-8

Markopoulou, C., Tweedlie, T., Watson, D., Skellern, G., Reda, H., Petersson, P., et
al. (2009) A Study of the Relative Importance of Lipophilic, n-m and Dipole-Dipole
Interactions on Cyanopropyl, Phenyl and Alkyl LC Phases Bonded onto the Same
Base Silica. Chromatographia, 70, 705-715.
https://doi.org/10.1365/s10337-009-1224-7

USP General Chapter (1469) Nitrosamine Impurities, Official 1-Dec-2021, USPNF.

European Pharmacopoeia: N-Nitrosamines in Active Substances.
https://www.edgm.eu/sites/default/files/medias/fichiers/European Pharmaco-
poeia/News/european pharmacopoeia n-nitrosamines in active substances.pdf
Guideline ICH (2022) Validation of Analytical Procedures: Text and Methodology
Q2 (R2). International Conference on Harmonization, Incheon, November 222.

USP General Chapter (1225) Analytical Method Validation, Official 1-Aug-2017,
USPNF.

DOI: 10.4236/ajac.2025.1611016

269 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2025.1611016
https://doi.org/10.1007/s10337-025-04405-8
https://doi.org/10.1365/s10337-009-1224-7
https://www.edqm.eu/sites/default/files/medias/fichiers/European_Pharmacopoeia/News/european_pharmacopoeia_n-nitrosamines_in_active_substances.pdf
https://www.edqm.eu/sites/default/files/medias/fichiers/European_Pharmacopoeia/News/european_pharmacopoeia_n-nitrosamines_in_active_substances.pdf

	A Useful UFLC-MS Technique for Analysing N-Nitroso Vortioxetine Is a Nitrosamine Drug Substance Related Impurities (NDSRIs) in Vortioxetine Hydrobromide Drug Substance Employing a Low-Cost Single Quadrupole Mass Spectrometer 
	Abstract
	Keywords
	1. Introduction
	2. Experimental
	2.1. Material
	2.2. Chemicals and Reagents
	2.3. Instrumentation
	2.4. Chromatographic Conditions
	2.5. Preparation of Solutions

	3. Method Optimization
	4. Results and Discussion
	4.1. Method Validation
	4.1.1. Specificity
	4.1.2. Precision
	4.1.3. Intermediate Precision
	4.1.4. Limit of Detection and Limit of Quantitation
	4.1.5. Linearity
	4.1.6. Accuracy
	4.1.7. Solution Stability
	4.1.8. Robustness
	4.1.9. Application of Method


	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

