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ABSTRACT

Objective: Nitrosamine impurities, particularly nitrosamine drug substance-related impurities (NDSRIs), have gained focus in recent past due to
their carcinogenic potential. Due to the low sensitivity of conventional techniques like high-performance liquid chromatography (HPLC) and gas
chromatography (GC), the exact levels of these impurities could not be determined. This study aims to develop and validate a sensitive liquid
chromatography hyphenated with mass spectrometry (LC-MS/MS) method to estimate the trace levels of N-Nitroso fluoxetine (a fluoxetine-related
NDSRI) in fluoxetine capsules (60 mg).

Methods: We developed a sensitive and selective LC-MS/MS method for the quantification of trace levels of N-Nitroso fluoxetine in fluoxetine
capsules (60 mg) using the AB Sciex 5500+quadrupole ion trap (QTRAP) LC-MS/MS system. To achieve the maximum response at quantitation level
for N-Nitroso fluoxetine impurity, chromatographic conditions optimized by selecting a specific combination of column, mobile phase, and diluent.
Mobile Phase A and B consisted of 10 mmol ammonium acetate buffer and methanol, respectively. Waters X-Bridge C18 column (250 x 4.6 mm, 3.5
um, Part No. 186003943) at temperature 40 °C and mobile phase flow rate to 0.5 ml/min has yielded consistent results by employing an optimized
gradient elution program (Tmin/%B): 0/75, 2/75, 16/95, 28/98, 28.1/75, and 35/75 for the analysis. To further maximize the response of the N-
Nitroso fluoxetine impurity, the multiple ion reaction monitoring (MRM) mass spectrometry method in positive electron spray ionization (ESI)
mode is preferred over single ion monitoring (SIM) method.

Results: The newly developed method is validated by performing parameters such as specificity, method precision, intermediate precision,
detection limit, quantitation limit, linearity, and accuracy in accordance with the international conference on harmonization (ICH Q2 (R1))
Guidelines. Limit of detection (LOD) and limit of quantitation (LOQ) are established as 0.06 ppm and 0.11 ppm, respectively. The method is found
capable to demonstrate accuracy, precision, and linearity across the range of 0.11 to 1.68 ppm (10% to 150% of the specification), where linearity
study shows the correlation coefficient (r?) greater than 0.99 for linearity plot between concentration and area. Recovery data at 10%, 50%, 100%,
and 150% of the specification levels indicates that the recovered impurity content observed between 80% and 120%. Based on these results, we
have successfully established the method for batch analysis of fluoxetine capsules (60 mg).

Conclusion: A new rapid and sensitive reverse-phase ultra-high-performance liquid chromatographic (UHPLC) method coupled with a mass
spectrometry detector has been developed and validated for the estimation of N-Nitroso fluoxetine impurity in fluoxetine capsules. Method validation is
accomplished according to the ICH Q2 (R1) guidelines, assessing parameters such as limit of detection, limit of quantitation, accuracy, precision, and
linearity. We found the method suitable for its intended use and successfully applied it to test batches of the fluoxetine capsules drug product.
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INTRODUCTION [4]. Since 2018, manufacturers have recalled several drug products
L . . . including sartan, ranitidine, and metformin due to nitrosamine
Fluoxetine is a United States food and drug administration (USFDA) levels exceeding the acceptable intake limits [5-7]. The USFDA

approved medication due to its efficacy in treating a spectrum of
psychological conditions like major depressive disorder, obsessive-
compulsive disorder, panic disorder, bulimia, binge eating disorder,
premenstrual dysphoric disorder, and bipolar depression, including
cases of treatment-resistant depression when combined with
olanzapine [1-3]. Chemical name of fluoxetine (fig. 1) is N-methyl-3-
phenyl-3-(4-(trifluoromethyl)phenoxy)propan-1-amine.

recently disclosed that nitrosamine impurities (NDSRIs) can form
when nitrosating agents (such as nitrite impurities in excipients at
parts-per-million levels) react with secondary or tertiary amines
during manufacturing, storage, or through raw materials and
intermediates containing residual nitrosamines [8-11]. Regulatory
bodies, including the USFDA, ICH, and European Medicines Agency
(EMA) have proposed limits for specific NDSRIs using the
Carcinogenic Potency Categorization Approach (CPCA) [12-13], for
active pharmaceutical ingredients (APIs) that hypothetically could
F be at risk of forming such NDSRIs. Fluoxetine has the potential to
form a N-Nitroso fluoxetine (NDSRI). USFDA has published the
F acceptable intake (Al) of 100ng/day [14] and considering maximum
P daily dose (MDD) of 89.44 mg for fluoxetine HCI, the limit of N-
0 TTI Nitroso fluoxetine is calculated as 1.12 ppm (Al (ng/day)/MDD (mg)
H [15]. Fig. 2 illustrates the pathway for N-nitrosamine formation in

both drug substances and drug products [16].

Fig. 1: Structure of fluoxetine
MATERIALS AND METHODS

-, . oo . . . . Chemicals and reagents
Regulatory authorities have identified nitrosamine impurity

contamination in medicinal products as a critical safety concern, High purity LCMS grade solvents and chemical were used in the
classifying it under the “Cohort of Concern” in the ICH M7 guidelines analysis. Water (Grade - ULC/MS, Catalogue Number-
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002314104BS), procure from Biosolve chemicals, Acetonitrile
(Grade - ULC/MS, Catalogue Number-0001204104BS) procured
from Biosolve Chemicals, Methanol (Grade - ULC/MS, Catalogue
Number-0013684104BS) procured from Biosolve chemicals,
Formic acid (99%, LC-MS grade, Catalogue Number-
0006914144BS) procured from Biosolve chemicals, Ammonium
acetate (Grade - ULC/MS, Catalogue Number - 0001244156BS)
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and Isopropyl alcohol (Grade - HPLC, Catalogue Number - P0790)
procured from Rankem.

We obtained the impurity standard of N-Nitroso fluoxetine from
SynZeal Research Pvt Ltd, Ahmedabad, Gujarat (India). For the
study, we have used the fluoxetine capsules (60 mg) drug product
manufactured in-house by Dr. Reddy’s Laboratories.
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Fig. 2: The mechanism for the formation of N-Nitroso fluoxetine from fluoxetine

Instruments and equipment

Waters X-Bridge C18 column, 250*4.6 mm, 3.5pum (Part No.
186003943) column is used in the study. The liquid
chromatographic system used in the study consist of Sciex Exion LC
(USA) (Pump, Part No: 5036653, Degasser, Part no: 5036646, Auto
sampler-Part no; 5036654, Column oven, Part no: 5036660 and PDA
detector-5036657). AB Sciex 5500+QTRAP LC-MS/MS instrument in
conjunction with Sciex Exion LC with was used for mass
spectrometric analysis and data processing (Analyst software with
version 1.7.3).

Mobile phase preparation

Mobile Phase A: Weighed 1.54 gm of Ammonium acetate and
transferred to 2000 ml of water, mixed well and sonicated for 5 min
to degas (10 mmol Ammonium acetate buffer).

Mobile phase B: 100% Methanol.

Diluent

Methanol used as a diluent.

Preparation of standard stock solution-1

Weighed 11.27 mg of N-Nitroso fluoxetine Impurity (Potency-
99.41%) accurately and transferred to 50 ml volumetric flask
containing 20 ml of methanol. Dissolved impurity in the solution by
2 min sonication and volume made up to 50 ml with methanol.

Preparation of standard stock solution-2

Transferred 1.0 ml of impurity standard stock solution-1 to 20 ml
volumetric flask and volume made up to 20 ml with Methanol.

Preparation of final standard solution (1.12 ppm wrt sample
concentration)

Transferred 1.0 ml of impurity standard stock solution-2 to 20 ml
volumetric flask and volume made up to 20 ml with Methanol.

Preparation of LOQ standard solution (0.11 ppm wrt sample
concentration)

Transferred 1.0 ml of impurity final standard solution to 10 ml
volumetric flask and volume made up to 10 ml with Methanol.

Preparation of LOD standard solution (0.06 ppm wrt sample
concentration)

Transferred 0.5 ml of impurity final standard solution to 10 ml
volumetric flask and volume made up to 10 ml with Methanol.

Preparation of test sample Solution (0.5 mg/ml)

The average weight of one fluoxetine capsules (60 mg) was calculated as
440 mg by weighing the powder obtained from 20 capsules. To prepare
a sample solution of 0.5 mg/ml of fluoxetine API, 183 mg of fluoxetine
capsules powder (equivalent to 0.5 mg/ml of fluoxetine API) weighed
and transferred to a 50 ml volumetric flask containing 15 ml of
methanol. This sample solution vortexed for 2 min at 1000 rpm followed
by 2 min sonication to dissolve fluoxetine API in the methanol and
volume made up to 50 ml with diluent. After filtering through a 0.22 um
PVDF filter, the resulting sample solution transferred to HPLC vial and
injected to LC-MS/MS system for the analysis.

Procedure

We injected the diluent once, followed by six injections of the
standard solution and one injection of the test solution into the LC-
MS/MS system, then recorded the peak responses to calculate the
impurity content in the sample.

Liquid chromatographic conditions

We used a Waters X-Bridge C18 column (250 x 4.6 mm, 3.5 pm; Part
No. 186003943) to achieve chromatographic separation of the N-
Nitroso fluoxetine impurity from the fluoxetine peak. We maintained
the column compartment temperature at 40 °C and fixed the sampler
temperature at 5 °C. Mobile Phase A consisted of a 10 mmol
ammonium acetate buffer, while Mobile Phase B was methanol. By
setting the mobile phase flow rate to 0.5 ml/min and using an injection
volume of 5 pI**, we observed improved peak shape for the N-Nitroso
fluoxetine impurity. To enhance the impurity response and ensure
effective separation, we applied an optimized gradient program:
Tmin/%B - 0/75, 2/75, 16/95, 28/98, 28.1/75, and 35/75. We
allowed the column to stabilize at the initial conditions for 6.9 min,
from 28.1 to 35 min.

LC-MS/MS conditions

We used the AB Sciex 5500+QTRAP LC-MS/MS instrument with
Analyst software version 1.7.3 to develop and validate the method.
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We preferred Electrospray lonization (ESI) mode in positive polarity
over atmospheric pressure chemical ionization (APCI) mode due to
better ionization and response for the N-Nitroso fluoxetine impurity.
The LC-MS/MS parameters were set as follows: dwell time 500 ms,
curtain gas 40 psi, collision gas (CAD) 7 psi, ion spray voltage (IS)
5500V, temperature 500 °C, and ion source gases GS1 and GS2 at 50
psi each. We used MRM mode with a parent ion of m/z 339.1 and a
product ion of m/z 177.1 to quantify N-Nitroso fluoxetine in
fluoxetine capsules. To achieve optimal response, we selected
compound-specific MS parameters as follows: collision energy (CE)
13 V, collision cell exit potential (CXP) 10 V, declustering potential
(DP) 75V, and entrance potential (EP) 10 V.

Multiple ion reaction monitoring principle

In MRM experiments using tandem mass spectrometry with a triple
quadrupole (QqQ) mass analyzer, the first mass analyzer (Q1)
transmits ions with a specific mass-to-charge ratio (m/z), selecting
intact ions of the target analyte known as precursor ions. These
precursor ions enter the collision-induced dissociation (CID) cell
(Q2), where they collide with neutral gas at a controlled pressure,
producing fragment ions of the analyte. The third mass analyzer
(Q3) then selectively transmits the high-intensity fragment ions.
These transmitted ions reach the ion detector, which records their
signals as an ion chromatogram corresponding to the precursor-
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fragment (Q1 — Q3) ion pair. The corresponding m/z pairs called
gas-phase transitions in MRM mass experiments [17-19]. Fig. 3
illustrates the general MRM setup used in mass spectrometry.

System suitability

We established system suitability to confirm that the analytical
instrument is fit for its intended use. To assess this, injected six
replicates of a freshly prepared standard solution (at 100% level)
from the same HPLC vial. Following formula is used to calculate the
impurity content in ppm.

Aspl  Wtstd (mg) ‘SplDil(mL) P _Av.wt.(mg)

Impurlty Content (ppm) :A std” Dilutions (mL)AWt.Spl (mg) 100" L (mg) x106

Where

A spl. = Area of the analyte peak in the sample solution

A std. = Average area (n = 6) of the analyte peak from the
six consecutive injections of the standard solution

Wt. std. =  Weight of impurity taken for standard preparation.

Wt. spl =  Weight of the sample

Spl Dil. = Sample dilution

Av. wt. = Average weight of capsules

L = Label Claim of fluoxetine capsules

P = Purity or Potency of the impurity

Collision Cell

Sample introduction
d ionizafi . ——— ——) ——
and ionization , [ y fowr; y e y » NS Detector
(Precursor ion) ——— ———) ————
Ql Q2 Q3

Fig. 3: Mass spectrometry general setup and MRM principle (Triple quadrupole MS), Q1: Selective transmission of ions for specific
precursor ion (First mass analyzer), Q2: MSMS fragmentation of Precursor ion in collision cell in the presence of neutral gas, Q3: Selective
transmission of fragment ion (Second mass analyzer)

Specificity

The ability of an analytical technique to reliably detect an analyte in
the presence of other components, such as synthetic precursors,
excipients, enantiomers, and known (or predicted) degradation
products that may be anticipated to be present in the sample matrix.
We established the specificity of the method by injecting a standard
solution at a concentration of 1.12 ppm, a blank solution, a sample
solution, and a sample spiked with the standard solution.

Precision
Method precision

We prepared six spiked test sample solutions at the 100% level and
analyzed them according to the established procedure, where impurity
content is calculated in each solution to evaluate the consistency of
measurements obtained under identical analytical conditions.

Intermediate precision

To confirm the reproducibility of the method, we conducted an
intermediate precision study on a different day, using a different
column and a different analyst than in the initial method precision
study. We prepared and analyzed six spiked test sample solutions,
and then compared the impurity contents obtained from both the
method precision and intermediate precision studies to evaluate the
variability between measurements performed under different
conditions.

Limit of detection

Limit of detection (LOD) is the lowest concentration of analyte that
can be detected, but cannot be quantified. In this study, we have
determined the LOD by using the signal-to-noise ratio approach.

Limit of quantification

The limit of quantification (LOQ) is the lowest concentration of the
analyte that can be correctly detected and quantified with acceptable

accuracy and precision. In this study, we have determined the LOQ
by using the signal-to-noise ratio approach.

Linearity

Linearity of the method is established by injecting standard
solutions ranging from the LOQ level (10% of the specification) to
200% of the specification. We prepared these solutions by diluting a
single stock solution of N-Nitroso fluoxetine impurity with methanol
as the diluent.

Accuracy

To assess accuracy, we added a known amount of impurity to the
sample solution and calculated the recovered amount. Accuracy
studies were conducted on fluoxetine capsules at four specification
levels: 10%, 50%, 100%, and 150% using fluoxetine Capsules (60
mg). We prepared two unspiked sample solutions and three spiked
sample solutions according to the procedure and injected each
preparation once.

Range

Range of the method is derived from the linearity, precision, and
accuracy studies. The method demonstrated linearity, precision, and
accuracy across the range of 10% (LOQ level) to 150% of the
specification for determining N-Nitroso fluoxetine impurity in
fluoxetine Capsules.

Batch analysis

We prepared and analysed both the standard solution and the
sample solutions according to the validated procedure.

RESULTS AND DISCUSSION
Method development

We conducted an online literature search and found no published
method for determining N-Nitroso fluoxetine in specifically
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fluoxetine capsules (60 mg) dosage form. Although the European
Directorate for the Quality of Medicines and Healthcare (EDQM)
provided a brief communication regarding fluoxetine tablets, we did
not referred it due to the differences in dosage form and excipient
composition [20]. Therefore, a new method developed and validated
for the determination of N-Nitroso fluoxetine in fluoxetine capsules
(60 mg) dosage form.

As we know column selection is a critical factor in chromatographic
methods, which influences both analyte peak shape and separation
from other components. To achieve a sharp and symmetrical peak
for N-Nitroso fluoxetine impurity, we screened various C18 columns,
including X-Bridge C18, Luna C18, Kromasil C18, and Kinetex Polar
C18. Among these, the X-Bridge C18 column (250 x 4.6 mm, 3.5 pm)
provided superior peak shape and effective separation between N-
Nitroso fluoxetine impurity and fluoxetine. Other columns were
excluded due to relatively poor peak shape of the analyte and
inadequate separation from matrix components.
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During method development, we evaluated several buffers like;
ammonium formate, ammonium acetate, Milli-Q water, and formic
acid for Mobile Phase A, however we found 10 mmol ammonium
acetate buffer combined with methanol as Mobile Phase B yielded the
best peak shape and separation for N-Nitroso fluoxetine impurity,
fluoxetine, and matrix components. Since Acetonitrile produced broad
and non-symmetrical impurity peaks, therefore we did not consider it
suitable for Mobile Phase B. Due to better solubility of N-Nitroso
fluoxetine impurity and fluoxetine API in methanol, we selected it as
the diluent. Furthermore, we have studied the extraction efficiency
and extraction homogeneity of fluoxetine in fluoxetine capsules matrix
during method development by comparing the UV responses at 226
nm of fluoxetine peak in fluoxetine API (fig. 4a) and equivalent
concentration of fluoxetine (0.5 mg/ml) in fluoxetine capsules matrix.
Since the UV responses (fig. 4b and 4c) of fluoxetine found similar in
three different preparations for both fluoxetine API and fluoxetine
drug product in methanol, therefore methanol was finalized as diluent
for the analysis.
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Fig. 4b: UV Chromatograms of fluoxetine API at concentration 0.5 mg/ml
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Fig. 4c: UV Chromatograms of fluoxetine drug product at equivalent concentration (0.5 mg/ml) of fluoxetine API

LC-MS/MS is known for its high sensitivity and specificity for
detecting trace-level impurities. Organic compounds with polar
functional groups that ionize readily in protic solvents are well
suited for LC-MS/MS analysis. Based on the structural features of the
analyte, we have evaluated both ESI and APCI in positive and
negative modes, however we found better ionization of impurity in
ESI positive mode and selected it for further optimization. Generally,
polar compounds to mid polar compounds ionize easily in ESI mode
and mid polar to less polar compounds ionize in APCI Mode.
Ionization of any compound can be improved by optimizing
instrument related mass parameters like Collision assisted
dissociation (CAD), Curtain gas (CUR), Source Temperature (TEM),
Ion spray voltage (IS), ion source gases (GS1 and GS2) and
compound related mass parameters like Declustering potentials
(DP), Entrance potential (EP), Collision energy (CE), Collision cell
exist potential (CXP). These mass parameters play an important role
to improve the ionization of any compound, which can impact the
response of analyte during analysis. Initially, we focused to optimize
Q1 mass spectrometry parameters in full scan mode under ESI
positive polarity to achieve a strong response for the intact mass
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H

(precursor ion) of the impurity at concentration ~20 ppm (fig. 5).
After optimizing precursor ion parameters, we conducted MS2
experiments to refine fragmentation by adjusting collision energy
(CE), collision cell exit potential (CXP), declustering potential (DP),
and entrance potential (EP) (fig. 6) then we optimized the
instrument specific parameters such as-ion spray voltage (IS),
source temperature, and ion source gases (GS1 and GS2) to
maximize the response of the N-Nitroso fluoxetine impurity in MRM
mode (fig. 7).

Finalized mass parameters are as follows:

Instrument-specific parameters; Dwell time-500ms; Curtain gas 40
psi; Collision gas (CAD) 7 psi; lon spray Voltage (IS) 5500;
Temperature 500 °C; Ion Source Gas (GS1) 50 psi and Ion Source Gas
(GS2) 50 psi.

Compound-specific optimized parameters; Collision Energy (CE) 13V;
Collision cell exit potential (CXP) 10V; Declustering potential (DP) 75V

and Entrance Potential (EP) 10V. Optimized MRM parameters; parent
ionm/z339.1 (Q1) and product ion m/z of 177.1 (Q3).
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Fig. 5: Intact mass spectrum (Q1 MS) of N-Nitroso fluoxetine

483



B. Kumar et al.

177.1
7
150e"1 nIS/MS Spectra of

0.5065 N-Nitroso Fluoxetine
Lalle

8.50e%
7.50¢%
6.50¢5

5.50¢%

Intensity, cps

1.5065

35065

25065

1.506%

Int ] App Pharm, Vol 18, Issue 1, 2026, 479-492

+

=~ + H

3391

80 100 120 140 160 180

220 300 320 340 360 380

m/z, Da

200 240 260 280

Fig. 6: MS/MS Spectra of N-Nitroso fluoxetine
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Fig. 7: LC-MS/MS MRM chromatogram of N-Nitroso fluoxetine standard solution

During method development, we observed an unknown impurity
eluting close to the N-Nitroso fluoxetine peak in the fluoxetine API
sample solution as shown in the LC-MS/MS-MRM chromatogram (fig.
8). Although the LC-MS/MS MRM transitions (339.1 - 177.1) are
highly specific to N-Nitroso fluoxetine, we recognized that the same
transitions could also correspond to the 13C satellite mass of N-Formyl

fluoxetine. Because the low-resolution LC-MS/MS mass spectrometer
used in this study could not differentiate between these isotopic
features. Therefore, we optimized the chromatographic conditions,
including mobile phase composition, gradient program, and column
temperature to achieve effective separation between N-Formyl
fluoxetine and N-Nitroso fluoxetine impurities.

13.46

4 ; " -
20¢' | @) MRM Chromategram Q1/Q3=339.1/177.1 N-Nitroso Fluoxetine
2, 1set
g
£ o126t
=
Fl
v
8000
]
4000
0
10 20 30 40 50 60 7.0 80 90 100 1.0 120 130 140 150 160 170 180 190 200 210 220
Time, min.
3-294 8.51
Fluoxetine
= 2.8¢! b) UV Chromategram
4
2.4 F
L i
¢ 2.0
g F it
E L€ <:| “x o e
o 126 1
2 H
= 3000
4000
D’
10 20 30 40 50 60 7.0 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
Time, min.

Fig. 8: (a) LC-MS/MS-MRM chromatogram of N-Nitroso fluoxetine impurity in spiked sample at 100%]level, (b) UV Chromatogram of same
fluoxetine sample
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Furthermore, we performed liquid chromatography hyphenated with
high-resolution mass spectrometry (LC-HRMS) studies using the
Waters VION IMS Q-ToF mass spectrometer, coupled with the Waters
Acquity UPLC H-Class Bio System, to predict the structure of the

4000 7

2000 4

Intensity, count
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unknown impurity [21]. We used Waters Unifi software (Version
1.9.4) to acquire and process the data. We observed a single prominent
peak at 12.90 min (fig. 9) of N-Nitroso fluoxetine (339.1315 [M+H]*) in
the standard solution extracted ion chromatogram (XIC).
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N-Nitroso Fluoxetine

v
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Time, min.

Fig. 9: XIC of N-Nitroso fluoxetine in standard solution

Whereas, Extracted-ion chromatogram of N-Nitroso fluoxetine
(339.1315 [M+H]*) in fluoxetine API sample solution (Conc.-200

XIC of m/z - 339.1315
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mg/ml) shows two distinct peaks at 12.25 min and 12.95 min
(fig. 10).
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Time, min.

Fig. 10: XIC of N-nitroso fluoxetine in API sample

Peak at 12.25 min in API sample is observed due to the !3C Carbon
satellite of N-Formyl fluoxetine peak (339.1396 [M+H]*), whereas
the peak at 12.95 min is observed due to N-Nitroso fluoxetine peak
(339.1315 [M+H]*). The protonated molecular ion of 3C carbon
satellite of N-Formyl fluoxetine is having approximately same
protonated molecular ion to N-Nitroso fluoxetine, hence cannot be
differentiated by the MRM mode of Q-TRAP LC-MS/MS
instruments due to its low mass accuracy. To eliminate the
interference of N-Formyl fluoxetine from the N-Nitroso fluoxetine,
we optimized the chromatographic conditions and successfully
separated both peak.

Validation of method

Newly developed LC-MS/MS method has been validated according to
ICH guidelines (ICH Q2 R2), assessing specificity, selectivity,
linearity, detection limit, quantification limit, precision, and accuracy
to confirm the method’s suitability for its intended use [21-23].

System suitability

System suitability is demonstrated by injecting six replicates of a
freshly prepared standard solution at a concentration of 1.12 ppm.
The %RSD of the peak areas and peak asymmetry for fluoxetine
peak in six replicates of standard solution are presented in table 1.

Table 1: Results for system suitability

Replicate RT (min) Area Peak asymmetry
Injection-1 13.46 295477 1.0

Injection-2 13.49 290308 1.0

Injection-3 13.45 293662 1.0

Injection-4 13.48 291692 1.0

Injection-5 13.45 291772 1.0

Injection-6 13.47 296086 1.0

Mean+SD 13.47+0.016 293166x2297.704

% RSD 0.12 0.78

n=6 replicates, Data presented in (mean+SD); % Relative standard deviation, The % RSDs is observed less than less than 15.0% for the six replicates

injections of standard slution and peak asymmetry is observed as 1.0.

485



B. Kumar et al.

13.45

4| Standard Solution-1
w L5
5
£ Loet
7
g 5000
- 136 235 380 410 534 083 308, 873 o 1334 M8 o i men am
E . s_3m B an e D ten .
10 40 60 80 100 120 140 160 180 200
Time, min.
13.45
. 4 | Standard Solution-3
2, L5e
g
£ 1ot
@
2 5000
C] 1% 380, SOAS e T2 8eh W20 4T ygureme 1m0, 1941 3988 avs
0
20 40 60 80 100 In0 140 160 180 200 2.0
Time, min.
13.45
@ 4 Standard Solution-5
& 1se
"c.
7 Loet
&
g 5000
2 1228 43 103 s
0
10 40 60 80 100 120 140 160 180 200
Time, min.

=

tn

o
[y

Intensity, cps Intensity, cps

Intensity, cps

=
=
o

5000

=~

in

L)
-

=
=
o

5000

L.5e
L.0e

5000

Int ] App Pharm, Vol 18, Issue 1, 2026, 479-492

13.49
Standard Solution-2

(S

145 jaer 17781874 1808 20843174
LS LI Tennts 0Ty,

e 120 40 160
Time, min.

=

180 200 30

13.48

-

Standard Solution-6

-

R I R T

188 342 4ETHATEZY 748 903, 871 4448 1291,
0 40 60 80 100 130 MO
Time, min.

160 180 200

0

Fig. 11: LC-MS/MS MRM chromatograms of system suitability solution

Matrix effect on the system suitability

To demonstrate the effect of matrix on the response of N-Nitroso
fluoxetine impurity peak, we have compared the areas of standard
solution prepared in diluent as per method, and standard solution
prepared in diluent with placebo (having equivalent concentration

to drug product), where results show the slight decrease in area
after placebo addition in diluent. Therefore, to mimic the same
environment of standard solution and sample solution, placebo is
introduced in the standard solution preparation. Table 2
summarizes the differences in response areas observed between the
two standard solutions.

Table 2: Results for matrix effect on system suitability

Replicate injections Diluent solution+Placebo

Diluent solution

Concentration of standard solution - 1.12 ppm

Area of standard Area of standard
Injection-1 295477 310112
Injection-2 290308 312231
Injection-3 293662 309122
Injection-4 291692 311233
Injection-5 291772 308234
Injection-6 296086 310112
Mean+SD 293166+2297.704 310174+1430.435
% RSD 0.78 0.46

n=6 replicates, Data presented in (mean+SD); % Relative standard deviation

Table 3: Results for method precision of N-nitroso fluoxetine impurity

Sample name LOQ 100% 150%

RT *Content RT Content RT Content

(min) (ppm) (min) (ppm) (min) (ppm)
Method Precison-1 13.48 0.25 13.46 1.27 13.46 1.83
Method Precison-2 13.48 0.24 13.47 1.24 13.48 1.87
Method Precison-3 13.47 0.25 13.49 1.25 13.47 1.80
Method Precison-4 13.48 0.25 13.47 1.21 13.46 1.74
Method Precison-5 13.45 0.25 13.46 1.26 13.46 1.90
Method Precison-6 13.47 0.24 13.46 1.22 13.49 1.86
MeanzStandard Deviation 13.47+0.0117  0.25+0.0052 13.47+0.0117 1.24+0.0232 13.47+0.0126 1.83+0.0572
% RSD 0.09 2.09 0.09 1.87 0.09 3.12

n=6 replicates, Data presented in (mean+SD); % Relative standard deviation, *Content in unspiked sample is 0.14 ppm, The % RSDs of the impurity

content in spiked samples at all levels were observed less than 15.0%.

Precision
Method precision

Method precision has been demonstrated at the LOQ, 100%, and
150% levels of the specification. At each level, we prepared six
spiked sample solutions and injected each preparation once. Table 3

presents the %RSD values for impurity content determined from six
spiked sample preparations at each concentration level.

Specificity

Specificity of the method is established by injecting a standard
solution at a concentration of 1.12 ppm, along with blank, placebo,
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sample, and sample solution spiked at the specification level. To
assess potential interference from the placebo, its excipient profile
was intentionally formulated to match that of the fluoxetine
capsules. Specificaty data shows no interference at the retention
time of the N-Nitroso fluoxetine impurity in the chromatograms of
the blank and placebo solutions, and the impurity peak appeared at

Int ] App Pharm, Vol 18, Issue 1, 2026, 479-492

the same retention time in the spiked sample solution as in the
standard solution chromatogram. An aditional peak observed
eluting at 12.90 min in both unspiked and spiked sample solutions is
identified as N-Formyl fluoxetine and the quantitaiton of this
impurity is out of scope this study. Table 4 presents the specificity
results.
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Fig. 12: LC-MS/MS-MRM chromatogram of method precision

Table 4: Results for blank, impurity interference and RT confirmation

Name of solution RT (min) of N-Nitroso fluoxetine

Interference observed at the RT of N-Nitroso fluoxetine

Blank ND No interference observed
Placebo Solution ND No interference observed
Standard Solution 13.46 No interference observed
Unspiked Sample 13.48 No interference observed
Spiked Sample 13.48 No interference observed
ND: Not detected
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Fig. 13: LC-MS/MS-MRM chromatograms of specificity

Intermediate precision

To demonstrated intermediate precision, we conducted intermediate
precision study on a different day, using a different column and a

different analyst than in the original method precision study by
preparing six spiked test sample solutions at specification. The data for
intermediate precision performed under varied conditions, including
different days, analysts, and column is presented in the table 5.
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Table 5: Results for intermediate precision of N-nitroso fluoxetine impurity

Parameters RT (min) Content (ppm)
Intermediate Precison-1 13.45 1.23
Intermediate Precison-2 13.48 1.27
Intermediate Precison-3 13.47 1.21
Intermediate Precison-4 13.46 1.28
Intermediate Precison-5 13.49 1.25
Intermediate Precison-6 13.47 1.22
Mean+Standard Deviation 13.47+0.0141 1.24+0.0280

% RSD 0.10 2.26

n=6 replicates, Data presented in (meanSD); % Relative standard deviation, % RSD of cumulative of method precisionand and intermediate

precision for 12 spiked sample solutions is presneted in table 6.

Table 6: Results for cumulative precision of N-nitroso fluoxetine impurity

Parameters Cumulative precision
RT (min) Content (ppm)

Method Precison-1 13.46 1.27

Method Precison-2 13.47 1.24
Method Precison-3 13.49 1.25

Method Precison-4 13.47 1.21

Method Precison-5 13.46 1.26

Method Precison-6 13.46 1.22
Intermediate Precison-1 13.45 1.23
Intermediate Precison-2 13.48 1.27
Intermediate Precison-3 13.47 1.21
Intermediate Precison-4 13.46 1.28
Intermediate Precison-5 13.49 1.25
Intermediate Precison-6 13.47 1.22
Mean+SD 13.47+0.0124 1.24+0.0245
% RSD 0.09 1.98

The cumulative % RSDs of the impurity content from method precision and intermediate precision in all spiked samples are observed less than
15.0%, which shows that method is rugged and produces same results even when experimental conditions are varied slightly.

Detection limit

To establish the limit of detection for the N-Nitroso fluoxetine
peak, a solution at 0.06 ppm concentration is injected. The
signal-to-noise (S/N) ratio is calculated for the peak and
presented in table 7.

Limit of quantitation

LOQ of the method is established by injecting six different
preparations of the LOQ solution prepared in diluent as per
procedure at concentration of 0.11 ppm. Signal-to-noise ratio is

calculated for the N-Nitroso fluoxetine peak in each injection and
data is presented in table 8.

Linearity

The linearity of method is established by injecting standard
solutions ranging from 0.11 ppm to 2.24 ppm (representing 10% to
200% of the specification), prepared by diluting a 220 ppm stock
solution of N-Nitroso fluoxetine impurity with diluent. A linearity
plot is constructed by plotting impurity concentrations on the X-axis
against their corresponding peak responses on the Y-axis. Linearity
data is presented in table 9.

Table 7: Results for LOD S/N of N-nitroso fluoxetine

Concentration (ppm) Area

Signal to noise (S/N)

0.06 13243

6.2

The S/N ratio for N-Nitroso fluoxetine impurity peak was obsereved 6.2 which meets the acceptance criteria of LOD (S/N>3).
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Fig. 14: LC-MS/MS-MRM chromatogram of LOD solution
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Table 8: Results for LOQ S/N and LOQ precision of N-nitroso fluoxetine

Parameters Concentration (ppm) Area S/N ratio
LOQ injection-1 0.12 29111 11.2

LOQ injection-2 0.11 26429 11.1

LOQ injection-3 0.11 26992 11.4

LOQ injection-4 0.12 28782 12.3

LOQ injection-5 0.12 29674 12.5

LOQ injection-6 0.12 28910 11.2
Mean#Standard Deviation 0.12+0.0052 28316+1293.053

% RSD 4.43 4.57

n=6 replicates, Data presented in (mean+SD); % Relative standard deviation, The S/N ratio for N-Nitroso fluoxetine impurity peak in each LOQ
standard solutin is obsereved more than 10 and LOQ %RSD of areas from six replicate of LOQ solution is found less than 15.0%.
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Fig. 15: LC-MS/MS-MRM chromatogram of LOQ solution

Table 9: Results for linearity of N-nitroso fluoxetine

Linearity level Concentration (ppm) Area Correlation coefficient (R?)
10% 0.11 29111 0.9913
25% 0.28 66251
50% 0.56 158236
75% 0.84 207661
100% 1.12 303745
125% 1.40 330127
150% 1.68 452936
200% 2.24 611872
700000
Yy =269551x-7308
600000 R? =0.9913
500000
& 400000
©
-
S 300000
o
200000
100000
0
0 0.5 1 1.5 2 2.5
Concentration({ppm)

Fig. 16: Linearity plot of N-nitroso fluoxetine
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From linearity plot y-intercept is predicted as-7308, which is slightly
negative. This is the predicted value of Y, when X = 0. The R?
(Coefficient of Determination) is observed as 0.9913, which
indicates that the linearity plot explains over 99.1% of the variance
in data. This shows that linearity data is almost fits on a straight line
perfectly. Furthermore, the absence of obvious curvature shows that

Int ] App Pharm, Vol 18, Issue 1, 2026, 479-492

the correctness of linearity assumption. Since residuals are
randomly scattered around zero and are consistently spread across
predicted values, therefore homoscedasticity (constant variance) is
also supported well. The linearity data shows that method is linear
over the concentration range of 0.11 ppm (10% of specification) to
2.24 ppm (200% of specification).
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Fig. 17: LC-MS/MS-MRM chromatogram of linearity solution
Accuracy Where;

To demonstrate the accuracy of the method, known amounts of N-
Nitroso fluoxetine impurity is spiked into fluoxetine capsules (60
mg) samples at concentrations of 0.11 ppm, 0.56 ppm, 1.12 ppm, and
1.68 ppm, corresponding to 10%, 50%, 100%, and 150% of the
specification, respectively. For each concentration level, three
individual spiked sample solutions and two unspiked fluoxetine
capsules (60 mg) sample solutions prepared and injected once. The
following formula is used to calculate recovery.

(%) Recovery = oo X 100

A: Concentration of impurity in spiked sample
B: Concentration of impurity in unspiked sample
C: Level of spiking

To calculated N-Nitroso fluoxetine impurity content in unspiked and
spiked sample solutions, we have considered the concentration and
area of external N-Nitroso fluoxetine impurity standard (external
standard) prepared at specification level 1.12 ppm. Accuracy data is
presented in table 10 and 11.

Table 10: Results for N-nitroso fluoxetine content in unspiked sample

Un-spiked sample Area Content (ppm)
Preparation-1 36082 0.14
Preparation-2 37947 0.15

Average content (ppm) 0.14

Table 11: Results for accuracy of N-nitroso fluoxetine impurity

% Recovery LOQ 50% 100% 150%
Preparation-1 87.2 87.5 100.9 100.4
Preparation-2 81.5 84.8 98.1 102.6
Preparation-3 85.5 85.8 98.8 98.8
Average 84.7 86.0 99.3 100.6

Average recoveries are calculated as 84.7%, 86.0%, 99.3%, and
100.6% in spiked fluoxetine capsules (60 mg) samples at LOQ, 50%,
100%, and 150% levels, respectively. These accuracy results fall well
within the acceptable range of 80% to 120%. Therefore, the method
found accurate for its intended use in determining N-Nitroso
fluoxetine impurity in fluoxetine capsules.

Range

Range of the analytical method is the lowest and highest
concentration of the analyte that can be determine precisely and
accurately. The range is calculated based on linearity, precision, and

accuracy studies to demonstrate the reliability of method across its
intended use. For determining N-Nitroso fluoxetine content in
fluoxetine capsules (60 mg), the rage of method is established from
the LOQ (0.11 ppm) to 150% of the specification level (1.68 ppm).

Summary

A simple, rapid and sensitive reverse-phase LC-MS/MS method is
developed and validated for the estimation of N-Nitroso fluoxetine
(Nitrosamine impurity) in fluoxetine capsules (60 mg). Table 12,
shows the summarized outcome of method validation as per the ICH
Guideline.
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Table 12: Summary of results for method verification

Validation parameters  Typical acceptance criteria Results
System suitability and % RSD for N-Nitroso fluoxetine peak area response (n = 6) should be <15.0 % 0.78
Specificity RT of N-Nitroso fluoxetine impurity peak in all the solutions 13.5 min
Interference from blank No interference
LOD LOD Concentration 0.06 ppm
S/N ratio (should be = 3) >3
LOQ LOD Concentration 0.11 ppm
S/N ratio (should be = 10) >10
LOQ precision %RSD for six replicate injections of LOQ solution should be < 15.0 % 4.57
Linearity Range 0.11 to 1.68 ppm
Square of correlation coefficient (r2) = 0.99 0.9913
Method Precision % RSD for six preparations (n = 6) of spiked sample at LOQ level should be <15.0 2.09
% RSD for six preparations (n = 6) of spiked sample at Specification level should be <15.0 1.87

% RSD for six preparations (n = 6) of spiked sample at 150% of specification level should be <15.0 3.12
Intermediate Precision % RSD for six preparations (n = 12) of spiked sample at 100% of specification level should be <20.0  1.98

Accuracy Average recovery at LOQ (acceptance criteria 70 to 130%) 84.7%
Average recovery at 50% (acceptance criteria 70 to 130%) 86.0%
Average recovery at 100% (acceptance criteria 70 to 130%) 99.3%
Average recovery at 150% (acceptance criteria 70 to 130%) 100.6%

CONCLUSON FUNDING

A new LC-MS/MS method is developed for the estimating N-Nitroso Nil

fluoxetine in fluoxetine capsules (60 mg) and verified for sensitivity,
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selectivity, linearity, precision and accuracy across the range of 10%
to 150% of the specification. This validation demonstrates the
reliability of method to detect and quantify N-Nitroso fluoxetine
impurity in concentrations ranging from 0.11 ppm to 1.68 ppm. The
recoveries found within the acceptable limit (80% to 120%) at 10%,
50%, 100% and 150% levels, confirming the accuracy of method for
its intended use. We have also evaluated method precision and
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