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Abstract

N-Nitroso drug substance-related impurities (NDSRIs) have raised major safety concerns due to their
genotoxic potential in pharmaceutical products. In this study, we developed and validated a sensitive
LC-MS/MS method based on hydrophilic interaction liquid chromatography (HILIC) for the
quantification of N-nitroso-desloratadine (NO-desloratadine). To minimize matrix effects from
excess active pharmaceutical ingredient (API), the method was optimized to elute the NDSRI prior
to the APIL. The method demonstrated excellent specificity, linearity (1-50 ng/mL, 12 > 0.999), and
sensitivity, with a limit of quantification (LOQ) of 1.0 ng/mL. Validation confirmed acceptable
precision, accuracy, robustness, and system suitability in accordance with regulatory guidelines. NO-
desloratadine was detected in both APIs and finished dosage forms at levels below the acceptable
intake threshold based on the Carcinogenic Potency Categorization Approach (CAPA). Furthermore,
the method was successfully applied to other structurally diverse NDSRIs, including NO-fluoxetine
and NO-betahistidine, without modification. This HILIC-based LC-MS/MS approach offers a broadly
applicable and reliable platform for the routine analysis of trace-level NDSRIs in pharmaceutical
matrices.

Keywords: NDSRIs; LC-MS/MS; HILIC; NO-Desloratadine; genotoxic impurities; method validation;
pharmaceutical analysis

1. Introduction

Genotoxic impurities (GTIs) in pharmaceuticals pose a unique safety concern due to their
potential to cause DNA damage, leading to mutations and carcinogenesis even at very low exposure
levels [1,2]. Regulatory agencies such as the International Council for Harmonization (ICH) have
established guidelines, notably ICH M7(R2), to limit patient exposure to such compounds by setting
threshold values like the acceptable daily intake (ADI) based on carcinogenic risk [3,4]. Traditionally,
a default threshold of toxicological concern (TTC) value of 1.5 pg/day has been applied when com-
pound-specific carcinogenicity data are unavailable [5].

Valsartan active pharmaceutical ingredients (API) and finished dosage form (FDF) have been
found to contain nitrosamine impurities, such as N-Nitrosodimethylamine (NDMA) and N-
Nitrosodiethylamine (NDEA), which are small-molecule genotoxic impurities, at levels exceeding
acceptable daily intake based on the available com-pound-specific carcinogenicity data [6]. As a
result, certain FDF have been recalled or withdrawn from the market, sparking a global issue.

Recently, since 2021, there have been frequent cases of Varenicline, Sitagliptin and Amoxapine
etc., where secondary and tertiary amines contained in API react with nitrite ions present in the
surrounding environment during various stages of the manufacturing process or storage under acidic
conditions, forming nitrosamine drug sub-stance-related impurities (NDSRIs). Nitrite can be
converted to dinitrogen trioxide or nitrous acid ion by forming nitrous acid under acidic conditions.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Both forms result in genotoxic NDSRIs by liberating hydrogen from secondary amines and adding
NO group to the nucleophilic nitrogen of APIs or degradation products [7,8].

Regulatory alerts, such as those from the U.S. FDA, EMA, and other health authorities, have
emphasized the need for robust risk assessment and control strategies for these NDSRIs impurities.
To address this, the Carcinogenic Potency Categorization Approach (CPCA) was introduced as a
science-based framework to estimate ADIs using structure-activity relationships and available rodent
carcinogenicity data. CPCA classifies nitrosamines into five categories based on their predicted or
known carcinogenic potency. This classification is informed by structural motifs, presence of
activating or deactivating groups, and comparison with analogs that have been tested in long-term
rodent bioassays. For each category, a default ADI value is assigned, for example, 1,500 ng/day for
Category 5 (lowest concern) down to 18 or 26.5 ng/day for Category 1 (highest concern) [3,9].

According to the U.S. FDA, the number of NDSRIs with recommended acceptable intake (Al)
limits that could theoretically be generated 284 items by June 2025. This presents a challenge in
developing an analytical method for each NDSRIs corresponding to the number of APlIs. It is
extremely difficult and time-consuming to establish in-dividual analysis methods for each of the
numerous NDSRIs, and it is difficult for pharmaceutical companies to respond to each item, and there
is a possibility that it may not be useful in practice. Therefore, there is a need for the development of
a versatile analysis method that can be applied to the analysis of NDSRIs with different structures
using a single NDSRI analysis method.

NDSRIs impurities exist in API or FDF at the nanogram scale, requiring high-sensitive analytical
instruments, such as LC-MS/MS system. In a recent study, NDSRIs were analyzed using a reversed-
phase porous graphitic carbon column and supercritical fluid chromatography high-resolution mass
spectrometry (SFC-HR-MS), although most of other APIs and related nitroso-APIs could not be well
separated [10-12]. Furthermore, in the reverse-phase column mode commonly used for
pharmaceutical analysis, NDSRIs—which are trace impurities that are structurally similar to the
API—elute after the API has eluted, even under optimal conditions. This can obscure small NDSRIs
peaks behind API peaks, increasing significant matrix effects and making quantitative analytical
challenges. Therefore, to overcome these limitations, we designed that eluting NDSRIs earlier than
the corresponding API using HILIC mode, similar to normal phase mode, would be advantageous
for quantification.

We performed analytical method validation using N-nitroso Desloratadine (NO-Desloratadine)
as the analyte. NO-Desloratadine is the nitrosated form of desloratadine with a piperidine structure.
We established this method by examining separation conditions and detection sensitivity using a
HILIC column. We then applied this method to other NDSRIs such as NO-Fluoxetine and NO-
Betahistidine with different structures to expand its applicability.

2. Materials and Methods

2.1. Materials and Reagents

The acetonitrile and water used as eluents were purchased as HPLC grade solvents. High-purity
formic acid was purchased from Merck Co. and added to the eluent for use. Desloratadine (API), and
N-nitroso Desloratadine (NO-Desloratadine), a generated impurity, and all other pharmaceutical
standards NO-Fluoxetine, Fluoxetine, NO-Betahistidine and Betahistidine were purchased from
Toronto Research Chemicals and used in the study (Table 1). All other reagents used in the
experiments were of analytical grade or higher quality.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 1. Lists of NDSRI structures and their ADIs analyzed by this method.

NDSRIs Chemical structure CAPA ADIs
category (ng/day)

NO-Desloratadine P N 3 400

NO-Fluoxetine [ 1 18 or 26.5
(NDEA)

S
(]

NO-Betahistidine X 1 18 or 26.5

M - J\ ,;] (NMPEA)

2.2. Standard Solutions and Sample Pretreatment

Prepare a stock solution by dissolving 1 mg of NO-Desloratadine in 1 ml of acetonitrile. Dilute
the stock solution with acetonitrile to achieve a working concentration of 100 ng/ml, then dilute the
required volume of acetonitrile to attain concentrations of 1, 2, 5, 10, 25 and 50 ng/ml. The stock
solution of NO-Desloratadine-d4 was diluted with acetonitrile to attain a working concentration of
100 ng/ml.

Five milligrams of the drug substance Desloratadine were taken and diluted with acetonitrile to
make a total volume of 10 mL. For the drug products, more than 20 Desloratadine tablets were
weighed, crushed, and 5 mg of Desloratadine was diluted with acetonitrile to a final volume of 10
mL. The concentration was calculated and used to make appropriate concentration. After getting the
final volume to be 10 mL, it was mixed for 5 minutes using a mixer. Then, the sample was spun at
4,000 rpm for 10 minutes in a centrifuge. Finally, it was filtered with a 0.22 um PVDF membrane filter
and used (Figure 1).

oM G f \

—_

- Drug substances 5 mg Add standard to Dissolved Acetonitrile
- AERIUS® Tablet 10 mL volumetric flask in 10 mL volumetric flask
(5 mg as desloratadine)

- \\-'6 =

Filtration

Shaking the sample Centrifuge the sample )
\for 5 min for 10 min at 4,000 rpm LC-MS/MS analysis

Figure 1. Sample preparation scheme.

2.3. LC-MS/MS Analysis by HILIC Separation Mode

We used an ABSciex triple quadrupole 3200 Mass spectrometer, which is connected to a Shiseido
nanospace SI-2 HPLC system, to perform the analysis. The software version used was ABSciex 1.4.2.
The XBridge HILIC column (2.1 x 150 mm, 3.5 um) was used at a constant temperature of 40°C and
operated in isocratic mode. The mobile phase was made up of two parts: (A) 0.01% (v/v) formic acid
in water and (B) 0.01% (v/v) formic acid in acetonitrile. The flow rate was 0.15 mL/min, and the
injection volume was 5 uL.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The optimized positive electrospray ionization (ESI) probe was operated in multiple reaction

monitoring (MRM) mode. The ion spray voltage (V) was kept at 5500, the curtain gas at 20 psi, the
collision gas at 7 psi, the temperature at 300 °C, and GS1 and GS2 at 10 psi each. The MRM conditions
of Desloratadine, NO-Desloratadine, and NO-Desloratadine-d4 are shown in Table 2.

Table 2. LC-MS/MS analytical condition.

Liquid Chromatography Conditions

Instrument Shiseido Nanospace SI-2
Column XBridge HILIC (2.1 * 150 mm, 3.5 um)
Column temp. 40°C
Mobile phase A 0.01% (v/v) Formic acid in water
Mobile phase B 0.01% (v/v) Formic acid in acetonitrile
Isocratic condition Time (min) ‘ Mobile phase A (%) ‘ Mobile phase B (%)
0.0-15.0 \ 20 80

Acquisition time 2.0 ~5.0 min
Injection volume 5ul
Flow rate 0.15 mL/min

Mass Spectrometer Condition
Instrument ABSciex Triple quadrupole 3200
Ionization mode ESI (+) MRM
Curtain gas (CUR) 20 psi
Collision gas (CAD) 7 psi
Ion spray voltage (IS) 5500 vV
Temperature 300°C
GS1 10 psi
GS2 10 psi
Component MRM Condition

m/z DP(V) CE(eV) CXP(eV)

NO-Desloratadine 340.1 - 310.1 43 22 6
Desloratadine 311.3-259.0 67 22 18
NO-Desloratadine-d4 344.3 - 314.1 27 22 7

2.4. Method Validation

This method has been validated for specificity, linearity, precision, accuracy, system suitability,
limit of quantification (LOQ), limit of detection (LOD), and robustness. Standard solutions diluted
with acetonitrile were used to determine specificity, linearity, LOQ, and LOD. Specificity was
evaluated by the presence or absence of interfering substances at the same retention time as the
analyte. Linearity was determined using the correlation coefficient (R?) values of calibration curves
obtained using standard solutions over three days. The signal-to-noise ratio (S/N ratio) of 10 was
accepted for the LOQ, and an S/N ratio of 3 was accepted for the LOD. Acetonitrile solutions were
extracted from drug substances or pharmaceuticals, and NO-Desloratadine and NO-Desloratadine-
d4 were added to prepare samples for precision, accuracy, and system suitability tests. Precision and
accuracy were measured at three different concentrations and evaluated using relative standard
deviation (RSD, %) and recovery rate (%). Low-concentration-added samples were injected six times,
and RSD% was calculated to evaluate system suitability.

2.5. Method Validation

The established analytical method was applied to two types of N-nitroso fluoxetine (NO-
Fluoxetine) and N-nitroso betahistidine (NO-Betahistidine) classified as CPCA category 1 for high
toxicity. Using the methods described in the Materials and Methods section, we validated the sample
pretreatment and LC-MS/MS analytical method under the same conditions as NO-Desloratadine,
including separation efficiency on the HILIC column and analytical sensitivity.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Results
3.1. Column Selection for N-Nitroso Desloratadine(NO-Desloratadine)

First, we searched for examples of NO-Desloratadine separation to select a separation column.
Fortunately, Schmidtsdorff et al. published a paper in 2022 reporting an example of NO-
Desloratadine separation [12]. However, the separation mechanism was not the typical reverse phase
separation, but rather a method that used supercritical fluids for separation followed by analysis with
a mass spectrometer. Supercritical mass spectrometry is difficult to operate and not widely used, so
it had limitations as a general separation method. Therefore, we focused on columns based on
reverse-phase or HILIC mechanisms, which are suitable for general chromatography. The
characteristics of the evaluated columns are summarized in Table 3.

Table 3. Characteristics of columns evaluated for NO-Desloratadine separation.

Column Separation
Selectivi
(dimension) mode electivity
Kinetex F5® Tt-1t interactions, dipole-dipole, halogen bonding capacity,
(2.6 pm, 3.0 mm x 100 mm) Reversed hydrogen bonding capacity, mixed mode behavior
Hypercarb® Strong m-m interaction, electron-accepting surface, planarity
(3.0 pm, 2.1 mm x 150 mm) Reversed recognition, strong retention power for polar compounds,
capable of electrostatic interaction
Luna HILIC® Formation of persistent water-rich layer, maintenance based on
30 20 % 150 polar interactions, complementary selectivity, interactions with
(3.0 pim, 2.0 mm mm) HILIC ionized species, selectivity sensitive to changes in mobile phase
composition
XBridge HILIC® Hydrophilic Interaction Liquid Chromatography mode, mixed
(3.5 pm, 2.1 mm x 150 mm) HILIC mode behavior, selectivity adjustable by pH, simultaneous

analysis of lipid-soluble drugs and polar metabolites

Using four columns with different selectivity, gradient elution was performed with water and
acetonitrile, each containing 0.01% formic acid, to observe the separation of the API Desloratadine
and NO-Desloratadine using a UV detector (278 nm). To minimize analysis time, the total separation
time was set to within 8 minutes. As shown in Figure 2, in reverse phase mode, the impurity NO-
Desloratadine eluted later than Desloratadine and was well separated (elution time approximately
5-7 minutes) (Figure 2a and 2b). In this condition, the API eluted in approximately 2 minutes, and
under these conditions, sufficient separation is considered to have been achieved. However, since the
concentration of the API is typically thousands of times higher than that of impurities, even under
conditions with sufficient separation, the quantification of trace impurities eluting later may be
affected. As shown in Figure 2a and 2b, Desloratadine exhibits slight peak tailing, which is considered
to potentially affect the quantification of the impurity NO-Desloratadine.

Next, we evaluated the separation efficiency in HILIC mode. Generally, HILIC mode exhibits
selectivity like that of normal phase separation mode. Therefore, we set the initial concentration of
the organic solvent acetonitrile to a high value and gradually reduced it over the analysis time to
optimize the separation conditions. As shown in Figure 2¢, in the Luna column, the API
Desloratadine eluted first, and the separation efficiency from NO-Desloratadine was good. However,
as mentioned earlier, we determined that analyzing the impurity NO-Desloratadine was difficult at
high API concentrations.

Ultimately, in the selected XBridge column, under the same conditions as the Luna column, the
impurity NO-Desloratadine eluted first at approximately 3 minutes. On the other hand, the API,
Desloratadine, eluted between 4.5 and 5.5 minutes, but exhibited severe peak tailing (Figure 2d).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Under these separation conditions, since the impurity NO-Desloratadine elutes first, it was
considered that this separation condition would allow for easy quantification of impurities under
actual conditions where excess API is present. Another important point is that NO-Desloratadine is
rapidly eluted, resulting in a sharp peak shape, which is advantageous for quantification. In addition,
the divert line completely removes Desloratadine that eluted later so that it does not enter the MS/MS

detector.

(a)
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Figure 2. Column investigation for the optimal NO-Desloratadine separation in Kinetex F5 (a), Hypercarb (b),
Luna HILIC (c) and XBridge HILIC (d) at 40°C.

3.2. Effects of Changes in Formic Acid Concentration

In LC-MS/MS system, formic acid (pKa = 3.75) improves ionization in positive ESI mode by
providing protons for [M+H]* formation and enhancing sensitivity and thus maintaining MS
compatibility due to its volatility. To establish optimal separation conditions for NO-Desloratadine
in the XBridge column, we investigated the optimal concentration of formic acid to be added to
mobile phases A and B. As a result, as the formic acid concentration was increased from 0.01% to 0.1%
and then to 1.0%, there was no significant change in the elution time of NO-Desloratadine, but the
elution time of Desloratadine tended to decrease progressively(Figure 3). The reason for this is that
many HILIC columns (e.g., silica, zwitterionic, bare silica) have residual negatively charged silanol
groups. Formic acid causes protonation, reducing the negative charge at these sites and decreasing
the cation exchange interaction with protonated desloratadine [13,14]. This results in reduced
electrostatic retention and enhanced elution. Therefore, separation conditions that keep the API
Desloratadine and the impurity NO-Desloratadine as far apart as possible are desirable. We
established the optimal conditions for analysis by adding 0.01% formic acid to both eluent A and
eluent B.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 3. Effects of formic acid concentration for optimal NO-Desloratadine separation in XBridge HILIC column
at 40°C.

3.3. Optimized Conditions for NO-Desloratadine Analysis by LC-MS/MS

To confirm the MRM transition, NO-Desloratadine and NO-Desloratadine-d4 (IS) standard
solution were injected directly into the mass spectrometer. Both compounds predominantly
generated [M+H]* form at m/z 340.1 and m/z 344.3 as precursor ions in positive ion mode [15,16].
The precursor ions then produced fragment ions in the collision energy product ion scan mode. The
product ion mass spectra obtained by selecting these precursor ions are shown in Figure 4. For NO-
[M+H-NOJ*. NO-
Desloratadine-d4, which was used as an internal standard in our study, had the same pattern, so m/z

Desloratadine, m/z 310.1 was the abundant product ion corresponding to

314.1 was obtained for the major product ion. These results indicate that NO-Desloratadine has the
characteristic of always preferentially removing the NO group. Therefore, MRM transitions of m/z

340.1 — 310.1 were selected for NO-Desloratadine quantification, and m/z 344.3 — 314.1 for NO-
Desloratadine-d4 (IS).

(a) (b)
)
[MsH) 100
200 o1 2O s
Ay AL
4O e
N = [NHNOT 1 [MHNTL
vz 3101 o-. D ¢ mz3d
Joe™ G )
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......... "
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[M+H-NOT

Relative Abundance (%)

°

3m1

Relative Abundance (%)

w
g

[M+H-NCJ*
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i
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Figure 4. MS fragmentation pattern of NO-Desloratadine.
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3.4. Method Validation
3.4.1. Specificity

The specificity was evaluated by analyzing blank acetonitrile, NO-Desloratadine standard
solutions to ensure that NO-Desloratadine was well-resolved and free from interference. No
significant interference was observed at the retention time or MRM transitions of NO-Desloratadine
and NO-Desloratadine-d4, confirming the method's specificity (Figure 5).

(a) (b)
225
" m/z340.1 - 3100 m/z 340.1 — 310.1

1,100

~

Intensity, cps
Intensity, cps

AL Ah MM ) L L

1.0 8.0 15.0 1.0
Time, min

Figure 5. Typical LC-MS/MS elution profile of acetonitrile blank (a) and NO-Desloratadine (b).

3.4.2. Linearity and LOD, LOQ Values

Linearity was assessed by preparing a set of 6 different concentrations of 1, 2, 5, 10, 25, and 50
ng/mL of NO-Desloratadine in acetonitrile. Each standard solution was analyzed in triplicate, and
the calibration curve was drawn by peak ratio using NO-Desloratadine-d4 as internal standard was
generated using a least-squares linear regression. The correlation coefficient (r2) was > 0.99, and the

accuracy of each calibration point met the acceptance criteria defined in regulatory guidelines (£20%

at LLOQ), confirming the method's linear response across the tested range (Table 4).

The detection limit (LOD) and quantification limit (LOQ) required sufficiently high sensitivity
conditions to quantify impurities of NO-Desloratadine at levels of 10% or less of the regulatory limit
in FDF. Therefore, when a NO-Desloratadine standard solution equivalent to 1.0 ng/mL (10% of the
regulatory limit) was injected into the LC-MS/MS system three times, the signal-to-noise (S/N) ratio
averaged 112. At 0.5 ng/mL of NO-Desloratadine, the S/N ratio was an average of 70. Therefore,
despite sufficient analytical sensitivity, the LOD and LOQ for this analytical method were
conveniently set at 0.5 ng/mL and 1.0 ng/mL, respectively.

Table 4. Dose-response linearity.

n Slope y-intercept r?

1 0.0292 0.0046 0.9998

2 0.0276 0.0227 0.9996

3 0.0287 0.0050 0.9998
Average 0.0285 0.0108 0.9997

3.4.3. Accuracy and Precision

To verify precision and accuracy, three different concentrations (3, 20, and 40 ng/mL) of NO-
Desloratadine within the calibration range were added to the drug substance, drug product, and
excipient (cellulose), and three measurements were verified.

The results of the intra-day precision test showed that the precision ranged from a minimum of
89.5% to a maximum of 111.2%, satisfying the criteria (criteria: 80~120%). Additionally, the precision
ranged from a minimum of 0.5% to a maximum of 11.1%, meeting the standard (standard: within
20%). The results of the inter-day test showed that the precision ranged from a minimum of 89.5% to

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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a maximum of 115.0%, meeting the standard (standard: 80~120%), and the reproducibility ranged
from a minimum of 0.5% to a maximum of 13.0%, meeting the standard (standard: within 20%) (Table
5).

Table 5. Accuracy and precision.

Accuracy and precision in the inter-day Accuracy and precision in the intra-day
Types Conc. Mean + SD Accuracy RSD Types Conc. Mean + SD Accuracy RSD
(ng/ml) (ng/ml) (%) (%) (ng/ml) _(ng/ml) (%) (%)
Reference 3 2.96 +0.16 98.8 55 Reference 3 2.93+0.10 97.6 34
standard 20 19.8£0.48 98.8 24 standard 20 20.3+0.72 101.7 35
40 40.8 +0.86 102.1 2.1 40 41.5+1.02 103.6 24
Drug 3 2.69 +0.30 89.5 11.1 Drug 3 3.00+0.27 100.1 9.0
substance 20 20.2+2.07 100.9 10.2 substance 20 21.0+1.25 104.8 6.1
40 40.1+£3.73 100.3 9.3 40 39.6+2.31 98.9 5.8
Drug 3 3.20+0.32 106.5 10.0  Drug 3 3.30+0.30 109.9 9.0
product 20 20.7+0.49 103.5 24 product 20 21.2+0.27 105.9 1.3
40 42.2+0.23 105.5 0.5 40 43.3+0.95 108.4 22
Excipient 3 3.34+0.13 111.2 3.8 Excipient 3 3.07+0.13 102.3 32
(Cellulose) 20 21.2+0.61 105.8 29 (Cellulose) 20 21.8+1.14 109.1 5.2
40 41.5+1.59 103.7 3.8 40 43.1+1.33 107.8 3.1

3.4.4. Robustness

We intentionally varied the total flow rate of the eluent in chromatography and the temperature
of the column oven within a £10% deviation range from the established conditions to verify the
robustness of the quantitative method. The flow rate of the mobile phase increased and decreased
from the initial 0.150 mL/min to 0.135 mL/min or 0.165 mL/min, respectively, corresponding toa +10%
change. The column oven temperature was also changed from 40°C to 36°C or 44°C, respectively.
Under these modified conditions, six independent injections of the sample were performed, and the
peak areas were compared. The results showed that the robustness of the method was satisfactory
within 10% for both flow rate changes and column oven temperature changes. (Table 6). Therefore,

the intentionally modified flow rate and column oven temperature did not affect the quantification
of NO-Desloratadine.

Table 6. Robustness.

Values Mean+SD  Accuracy Difference

(ng/mL) (%) (%)

Flow rate 0.150 20.48 £0.97 102.39 -
(mL/min) 0.135 (-10%) 21.73+£1.43 108.63 6.10
0.165 (+10%) 20.81 +1.04 104.06 1.63

Oven 40 20.48 £0.97 102.39 -
temperature 36 (-10%) 21.47 £2.35 107.36 4.85
(°C) 44 (+10%) 21.06 +1.74 105.33 2.86

3.4.5. System Suitability

The results of measuring a sample with a concentration of 1 ng/mL (LOQ) by repeatedly injecting
it six times showed that the precision of the peak area ratio, NO-Desloratadine, and IS elution time
were 3.1%, 0.1%, and 0.1%, respectively, meeting the criteria of RSD within 5% (Table 7).
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Table 7. System suitability.

n Peak area Retention time (min)
ratio NO-Desloratadine NO-Desloratadine-d4 (IS)
1 0.03679 3.26 3.25
2 0.03551 3.25 3.25
3 0.03392 3.26 3.24
4 0.03648 3.26 3.25
5 0.03599 3.26 3.25
6 0.03466 3.26 3.25
RSD(%) 3.1 0.1 0.1

3.5. NO-Desloratadine Levels in Medicines Available on the Market

To measure the contamination level of NO-Desloratadine impurities in API and FDF of
Desloratadine, we quantified the contamination levels using an established LC-MS/MS method in
MRM mode. The results showed that the contamination levels of NO-Desloratadine were found at
an average of 1.48 ppb in API and 1.80 ppb in FDF (Figure 6). When converted to acceptable intake,
the concentrations were 2.96 ppm and 3.60 ppm in API and FDF, respectively. The concentration
detected in both API and FDF were below the acceptable intake of 8.89 ppm for the maximum daily
dose (45 mg/day Desloratadine) for NO-Desloratadine calculated using the CPCA category 3 ( 400
ng/day).

If more than 10% (more than 0.89 ppm) of the acceptable intake is detected in the sample, specific
control strategy is required. Therefore, a thorough review process is necessary for potential
contamination sources such as API synthetic reagents, solvents, and synthesis processes for
Desloratadine. For FDF, there is a high risk of NO-Desloratadine being generated due to nitrite
contamination sources during the complex formulation process, so more precise review is required.

(a) (b)

70 3.25 miz 340.1 - 310.1 260 miz 3401 — 310.1

Intensity, cps
w
&
Intensity, cps
o
8

1t AnHJ\ MNM‘AMWA — ..M.IL\A ol

2.0

Figure 6. Typical chromatograms of NO-Desloratadine determination in API (a) and FDF (b). NO-Desloratadine

was eluted at 3.25 min.

3.6. Applications to Other NDSRIs

The established analytical conditions were directly applied to NO-Fluoxetine and NO-
Betahistidine, which are pharmaceutical impurities with chemical structures different from NO-
Desloratadine, within NDSRI, to verify the validity of this analytical method. NO-Fluoxetine eluted
first under the same separation conditions as NO-Desloratadine and was clearly separated from
Fluoxetine (Figure 7a). Under MS/MS conditions, the correlation coefficient (r2) value was 0.9998
within the range of 1-50 ng/mL. System suitability and precision were confirmed to meet the criteria
with peak area of 4.96% and retention time of 3.61%. The LOQ was confirmed to be 1 ng/mL, with an
S/N ratio of 39 (Figure 7b). NO-Betahistidine was also eluted first and clearly separated from
Betahistidine (Figure 7c). Under MS conditions, the correlation coefficient (1?) value was 0.9999 in the
range of 1-50 ng/mL. System suitability and precision were within the criteria, with peak area at 3.65%

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0949.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 July 2025 d0i:10.20944/preprints202507.0949.v1

11 of 14

and retention time at 0.42%. The LOQ was confirmed to be 1 ng/mL, with an S5/N ratio of 81 (Figure
7d). Therefore, this assay has been demonstrated to be applicable not only to NO-Desloratadine but
also to other NDSRI compounds with different structures, such as NO-Fluoxetine and NO-

S/N ratio = 81

Betahistidine.
(@) ()
mAU 150 mAU
| 1
‘ NO-Fluoxetine “I
A
1,000—] 150 —| ‘NOBEIahlslme g ‘ Betahistine
| |
I
o ﬁ‘ Fluoxeti ol ﬁ‘mﬂ)__ri . _
T T T min . T T T mi
5 10 15 2 5 10 15 2
(b) (d)
a20,
08 m/z 339.3 -+ 177.2 50 m/z 166.1 - 136.1
@
&
210 $/N ratio = 39 a8
K]
H

Intensity, cps

Intes

35 . 35
Time, min Time, min

Figure 7. Applications for the separations of other NDSRIs, NO-Fluoxetine (a) and its LOQ 1 ng/mL (b) and NO-
Betahistidine (c) and its LOQ 1 ng/mL (d).

4. Discussion

Using a HILIC column, we established LC separation conditions in which NDSRI elutes first and
API elutes later and established a high-sensitivity analytical method for NO-Desloratadine using LC-
MS/MS. NO-Desloratadine has previously been analyzed using supercritical fluid chromatography,
but supercritical fluid chromatography equipment is not widely available [12].

HILIC column uses a high percentage of organic solvents (typically acetonitrile), which enhances
desolvation and ionization efficiency in ESI-MS/MS, improving sensitivity. However, it requires a
long equilibrium time because the stationary phase is hydrated and surrounded by a water-rich layer,
column re-equilibration between injections can be slow and requires precise solvent control [17,18].
Therefore, we used stable isocratic elution (A/B = 20/80,v/v) without changing the composition of the
mobile phase solvent, and after analysis, we allowed sufficient stabilization time of 20 minutes until
the next injection to enhance the stability of the HILIC column.

A major advantage of this separation method using the HILIC column is that the API elutes later,
fundamentally reducing the matrix effect caused by high API concentrations, and the NDSRI elutes
quickly, resulting in very sharp peaks, which is advantageous for quantitative analysis.

The sample pretreatment method for analyzing API and FDF was simple and enabled the
simultaneous processing of many samples in a short time. Each parameter examined in the analytical
method validation was set to criteria acceptable to most regulatory authorities, and the validation
results for the NO-Desloratadine analytical method met all the criteria conditions (Table 8).
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Parameters Criteria Results (NO-Desloratadine)
Specificity Interference with analytical material No interference
Linearity At least 5-point conc. including TL.OQ 6-point conc.,
R?>0.9980 R? = 0.9997
Range LOQ to more than 50-fold the range of LOQ 1 -50 ng/mL
Precision Intra-day (n=3)* | Three conc. (low, medium, and high) within the | 0.5~11.1%
calibration curve range
Inter-day (n=3)* | RSD <20 % 05-13.0%
Accuracy Intra-day (n=3)* | Three conc. (low, medium, and high) within the | 89.5-111.2%
calibration curve range |
Inter-day (n=3)* | Accuracy : 80 120 % 89.5 ~ 115.0 %
LOD S/N ratio>3 0.5 ng/mL : S/N ratio = 70
LOQ S/N ratio > 10 1 ng/mL : /N ratio =112
Robustness Peak retention time, Flow rate (n=6) :
Variation rate of peak area Rate of variation 1.63 - 6.10 %
Rate of variation < 10 % Temperature (n=0) :
Rate of variation 2.86 ~ 4.85 %
System suitability S/N ratio = 10 RSD (n=6) : Peak ratio < 3.1 %,
R?=0.9980 RSRT<0.1 %,
RSD <5 % ISRT<0.1%

* Low concentration : 3-fold of LOQ, Medium concentration : 20-fold of LOQ, High concentration : 40-fold of LOQ

12 of 14

By applying this method without modifying the sample pretreatment method or LC-MS/MS

analysis conditions, we successfully analyzed two structurally distinct NDSRIs, namely NO-

Fluoxetine and NO-betahistidine. Therefore, this method is expected to be utilized as a standard

analytical method for the analysis of various structurally diverse NDSRISs.

However, although this method is highly versatile, it may be necessary to promptly adjust the

analytical conditions to accommodate not only NDSRIs derived from various APIs through

nitrosation but also newly identified NDSRIs with different structures, such as thermal

decomposition products and diverse metabolites [19].

5. Conclusions

We established an analytical method for NO-Desloratadine by examining separation conditions

and detection sensitivity using a HILIC column. We then applied this method to other NDSRIs such
as NO-Fluoxetine and NO-Betahistidine with different structures to expand its applicability.
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