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INTRODUCTION prevention of Hh-signalling and anti-tumor activity in

L . . 1 animal models.[*®]
Sonidegib chemically designated as N-[6-[(2S,6R) severalal
-2,6-Dimethylmorpholin -4-yl]pyridin-3-yl]-2-methyl-3- The literature on the drug revealed that no GC-MS

. . . methods were reported for the quantification of sonidegib.
[4-(trifluoromethoxy) phenyl] benzamide with molecular ¢ 7, The main ail;n of the regent work was to deve%o
formula of C,,H,cF3;N;0; and molecular weight of p p

485.498 g/mol (Fig. 1). It is utilized to treat basal cell and validate the (,}C'MS method with a sllmple :%nd r'ap_ld
carcinoma, which has relapsed radiation therapy or sample preparation protocol to quantify sonidegib in

after surgery in adult patients. It effectively obstructs pharmaceutical formulations.

the regulator called smoothened (SMO), inhibiting the F H\
hedgehog path from functioning. Consequently, cancers FAOFF NN Q
that depend on the hedgehog path were incapable of O o U
growing.['3] The drug prevents a transmembrane O N
protein called SMO, which plays an important role in the

hedgehog (Hh)-signal transduction; this results in the Fig. 1: Chemical structure of sonidegib
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Method Development and Validation of Sonidegib in Capsule Dosage Form by GC-Mass Spectrometry

MATERIALS AND METHODS

Chemicals and Reagents

Sonidegib pure drug and Odomzo capsules (200 mg)
were obtained from Sun Pharmaceuticals, Mumbai,
India. N, O-bis(trimethylsilyl)-trifluoracetamide (BSTFA),
trimethylchlorosilane (TMCS), and acetonitrile (99.8%
purity) were obtained from TCI Chemicals Pvt. Ltd.,
India.

Instrument and Chromatographic Conditions

Chromatographic elution was processed on an
Agilent6890/N gas chromatographic system furnished
with Series Mass-5973 detection system, autosampler
7673 series, and Chemstation software of Agilent
Technologies, CA. HP-5MS stationary phase having a film
thickness of 0.25 pm and dimensions of 30 m x 0.25 mm
were utilized for the analysis. Helium gas at a flow rate
of 1 mL/min as a carrier gas and injection mode in the
form of splitless was utilized. The detection system and
injector temperatures were monitored at 245°C. In the
mass detector, parameters like transfer line temperature
of 260°C, solvent delay time of 3 minutes, and electron
energy of 70 eV were maintained.

Preparation of Stock Solutions

Sonidegib 1 mg/mL stock solution was executed in
acetonitrile, and it was further diluted in acetonitrile
to yield solutions of sonidegib (10 ug/mL). Calibration
standards of sonidegib at concentrations of 0.5 to
10 ug/mL (0.5, 1, 2,4, 6,8,and 10 pg/mL) were processed
by spiking the correct quantity of the stock solution and
kept at +5°C.

Protocol for Quality Control Solutions

Sonidegib quality control solutions of high, middle, and
low levels were processed in acetonitrile to get 7.5, 5,
and 1.25 pg/mL, respectively, and were stored at +5°C.
Further, these samples can be utilized for the assessment
of different method validation parameters after thawing
the quality control samples to room temperature.

Protocol for Sample Preparation

The mean of the 20 capsules was calculated from the
weight of Odomzo capsules (200 mg sonidegib capsule,
which has sonidegib and other excipients). These capsules
were then subjected to grounding to get the fine powder. A
calculated amount of fine powder was accurately weighed
and transferred into a 100 mL volumetric flask and made
up to the mark with acetonitrile. The resulting solution was
vortexed for 10 minutes to dissolve the entire drug in the
acetonitrile, and the solution was subjected to filtration
through a no. 42 Whatman filter paper. Further, the
resulting filtrate was subjected to serial dilution to get the
sonidegib final solution within the working concentration
range for GC-MS analysis.
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RESULTS

Method Optimization

Sonidegib method development was executed for
the estimation of the same, on the basis of chemical
properties. Initially, the stationary phase and data
acquisition conditions were elected to be a starting point
for developing the method. Based on the solubility of
sonidegib, the capillary stationary phase coated with
95% dimethylpolysiloxane and 5% phenyl is a choice for
elution of sonidegib. The GC-MS conditions utilized in the
development process depended on the boiling pointand the
injecting portand temperature of the detector set to 240°C
for GC-MS. Variable temperature programming conditions
were executed for the method. Finally, the GC-MS thermal
programming was set as: starting temperature was
100°C, processed for 1-minute, raised to 200°C, with
25°C/min increment, monitored for 1-minute, and at last
set to 250°C with 10°C/min increment, and processed
for 1-minute. The temperature and time conditions were
observed on reaction to fix the derivatization process of
sonidegib. To 0.1 mL of sonidegib (1,000 ng/mL), 0.1 mL
of N,O-bis (trimethylsilyl)-trifluoracetamide (BSTFA) with
1% trimethylchlorosilane (TMCS) solution was mixed for
the reaction atroom condition, 50, 60, 70, and 80°C for 15,
30, 45, and 60 minutes.!® 1Y The resultant sample solutions
were processed by the GC-MS system.

Validation of Method

Method validation was processed for the developed technique,
as per the International Council for Harmonization (ICH)
guidelines, and the parameters, viz., specificity, accuracy,
linearity, the limit of detection (LOD), precision, the limit of
quantification (LOQ), and stability were analyzed.!*?

Specificity

Method specificity was executed by investigating the
intrusions between sonidegib and impurities, degradants,
and excipients. Electron-impactionization with SIM model
was utilized for GC-MS quantification of sonidegib at
m/z 278. The retention time of sonidegib for GC-MS was
approximately 4.3 minutes, along with fine peak response
in SIM and scan mode (Figs 2 and 3).['3]

Linearity Plot

Method linearity was executed by plotting the graph by
taking the peak response of sonidegib on the Y-axis. The
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Fig. 2: Blank chromatogram of sonidegib
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Table 1: Linearity of sonidegib

LOD (pg/mL)
0.1 0.3

LOQ (ug/mL)

R

0.9998

Sa
1.5412

Sh
3.2168

LOQ: Limit of quantification; RE: Regression equation; LOD: Limit of detection; y: Peak area; x: Sonidegib; *: Six calibration curves; Sa:
Standard deviation of slope; Sb: Standard deviation of intercept

Table 2: Sonidegib accuracy and precision results

Concentration Intra-day Inter-day
(ug/mL) Found + SD Accuracy Precision (% RSD)®  Found + SD Accuracy Precision (% RSD)*
1.25 1.24+0.016 -0.89 1.86 1.26 £0.021 1.87 0.93
5 5.04 £0.072 1.31 2.47 5.02 £0.084 1.54 2.45
7.5 7.46 £ 0.094 -1.46 2.08 7.45+0.076 -1.51 1.69
#Mean of six replicates; RSD: Relative standard deviation; SD: Standard deviation; Accuracy: % relative error
Table 3: Sonidegib recovery results
Intra-day Inter-day
Formulation Spiked (ng/mL) Found + SD % recovery % RSD*® Found #+ SD % recovery % RSD
1.5 1.48 +0.021 99.31 2.43 1.49 £ 0.036 101.86 2.63
Odomzo (0.5 pg/mL) 45 4.47 +0.062 102.65 1.57 4.53+0.076 98.68 1.49
6.5 6.52 +0.087 98.46 1.93 6.47 £ 0.094 98.34 2.18

#Mean of six replicates; RSD: Relative standard deviation; SD: Standard deviation
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Fig. 3: Chromatograms of sonidegib (A) and derivatized
sonidegib (B) (SIM mode)

X-axis concentration was studied in a concentration range
of 0.5 to 10 pg/mL.1"*1% The linearity plot was assessed for
itsregression equation and coefficient from six replicates
and were found to be y = 419.04x + 3.0162 and 0.9998,
respectively. These values prove that the developed
method was linear over 0.5 to 10 pg/mL. The findings are
represented in Table 1 and Fig. 4.

Precision and Accuracy

In the present study, precision was evaluated in terms of
within-day (repeatability) and between-day (intermediate)
precision.['® Three concentrated differential solutions at
1.25,5,and 7.5 pg/mLlevels were assessed for six whiles in
aday for repeatability and one time in a day for three days
to estimate intermediate precision. The % RSD value for
repeatability and intermediate precision were found to
be <2.47 and <2.45%, respectively. The percentage bias
for within- and between-day accuracy was found between
-1.51 to 1.87, and the values are tabulated in Table 2.

Recovery

To evaluate the accuracy of the present work and to find
out the interfering components of formulation excipients,
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Fig. 4: Calibration curve of sonidegib

the amount recovered was tested as three variable
concentrations (1.5, 4.5, and 6.0 pg/mL), and recovery of
analyte was executed by the addition of a known quantity of
pure analyte to pre-analyzed sample solutions of marketed
formulations.[!31®] The percentage of recovery findings
were calculated by equating obtained concentration from
the spiked solutions with original concentrations. The
resulting findings are shown in Table 3.

Limit of Detection (LOD) and

Limit of Quantification (LOQ)

The LOD and LOQ were executed with different kinds
of sonidegib stock dilute solutions to achieve a signal-
to-noise ratio of 10:1 for LOQ and 3:1 for LOD. The LOQ
and LOD findings for sonidegib were 0.3 and 0.1 pg/mL,
respectively, and represented in Table 1.

Stability Study

These studies were executed to prove the stability nature
of the analyte and at which temperature and time it was




Table 4: Sonidegib stability data in solution

Method Development and Validation of Sonidegib in Capsule Dosage Form by GC-Mass Spectrometry

% stability Refrigeratory stability +4°C Room temperature stability Frozen stability -20°C
% A + RSD % A + RSD % A + RSD
Added (ug/mL) 8 hr 24 hr 8 hr 24 hr 8 hr 24 hr
1.25 100.61 £ 1.25 101.41+£1.26 101.22 £ 1.27 100.83 £ 1.08 101.68 £ 1.75 101.56 + 1.42
5 101.29 £1.79 102.29 £ 1.46 101.31+1.81 101.46 £ 1.34 100.97 £ 1.76 102.24 £ 1.49
7.5 100.57 £ 1.27 101.9 +1.35 100.83 £ 1.29 100.94 £ 1.81 100.64 + 1.56 102.5+1.38
A: Recovery; RSD: Relative standard deviation
Table 5: Analyses results of sonidegib by different analysts
Intra-day Inter-day

Spiked (png/mL) Found #+ SD % recovery % RSD" Found + SD % recovery % RSD”
1.5 1.49 £ 0.031 98.65 1.84 1.47 £0.029 99.54 1.56
4.5 4.48+0.071 101.8 1.46 4.52 £0.08 98.85 1.08
6.5 6.53+0.076 99.21 2.57 6.49 +0.084 101.6 2.18

#Mean of six replicates; SD: Standard deviation

undergoing decomposition by monitoring the samples at
+4°C, room temperature, and refrigerated (-20°C) for the
time of 24 hours as short-term stability and refrigeration
temperature at +4 and -20°C for the time of 72 hours as
long-term stability. The resultant findings of short-term
and long-term stability studies are shown in Table 4.

Method Ruggedness

To perform the ruggedness analysis, sonidegib
quantification was processed on GC-MS by the different
analysts on the same equipment with the same procedure.
Theresults (Table 5) disclosed that there was no significant
variation in the results obtained by the different analysts
and the method proved the ruggedness parameter.

DISCUSSION

In present days, the HPLC and GC-MS techniques play a key
role in identifying and quantitating different kinds of drug
components. They are essential for the pharmaceutical
industries to resolve the impurities, degradants, and
metabolites. The sensitivity of the GC-MS technique is
very low to quantify the sonidegib concentrations in
different solutions. Hence, to overcome this problem,
N, O-bis(trimethylsilyl)-trifluoracetamide with 1%
trimethylchlorosilane was elected as a chromogenic
reagent for the derivatization of the analyte.

A literature survey on sonidegib discloses that no
GC-MS technique was developed for the quantification of
sonidegib in different kinds of dosage forms. The current
research work produces the validated analytical method
for the separation and quantification of sonidegib by
GC-MS method. The GC-MS method validation objective is
to get the precise, accurate, and constant findings during
the identification and quantification of pharmaceutical
dosage forms and APIs.

The proposed work depends on the derivatization of
sonidegib into its derivative with BSTFA with 1% TMCS.

Selective ion monitoring technique and electron ionization
method at 70 eV were utilized for the quantification
of sonidegib at m/z 278. HP-5MS stationary phase
having a film thickness of 0.25 pm and dimensions
of 30 m x 0.25 mm were utilized for the analysis.
Helium gas at a flow rate of 1 mL/min as a carrier gas
and injection mode in the form of splitless was utilized.
The detection system and injector temperatures were
monitored at 245°C. In the mass detector, parameters like
transfer line temperature of 260°C and solvent delay time
of 3 minutes were maintained.

The developed method was subjected to validation
and processed for accuracy, LOD, precision, LOQ,
specificity, ruggedness, and linearity parameters.
The calibration plot was processed and proved by a
rectilinear graph in the concentration range of 0.5 to
10 pg/mL (Table 1). The coefficient of correlation value
of 0.9998 represents the linearity of the method. The
precision studies were executed in terms of within- and
between-day precision (Table 2). The % RSD values for
within- and between-day precisions were < 2.47 and
< 2.45%, respectively, proved that the developed method
was precise. The bias value for within- and between-day
accuracy was found between -1.51 and 1.87. The intra-
and inter-day recovery findings of sonidegib were found
to be between 98.34 to 102.654% for pharmaceutical
formulation (Table 3).

The LOD and LOQ findings of sonidegib were 0.1 and
0.3 pg/mL, respectively. These values represent the
sensitivity of the method by derivatization. The stability of
the sample solution was very important for every analyst
during the method of analysis. The analyst must know the
sample’s degradation time in a particular solvent system
at different temperature conditions. So, the stability
studies were processed at +4°C, room temperature, and
refrigerated (-20°C) temperatures as short- and long-term
stability. The findings of the stability (Table 4) proved
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that the drug has optimum stability for the analysis.
The method was also subjected to the ruggedness study
by the different analysts on the same instrument. The
findings (Table 5) of the study shown that the developed
method was rugged.

CONCLUSION

The research work depended on the derivatization
of sonidegib into its derivative with N, O-BSTFA with
1% TMCS. Selective ion monitoring technique and
electron ionization method at 70 eV were utilized for the
quantification of sonidegib at m/z 278. HP-5MS stationary
phase having a film thickness of 0.25 pm and dimensions
of 30 m x 0.25 mm were utilized for the analysis. Helium gas
at a flow rate of 1 mL/min as a carrier gas and injection
mode in the form of splitless was utilized. The detection
system and injector temperatures were monitored at
245°C. In the mass detector, parameters like transfer line
temperature of 260°C and solvent delay time of 3 minutes
were maintained. The calibration plot was rectilinear in
the concentration range of 0.5 to 10 ug/mL. The RSD value
for within-day precision was < 2.47% and for between-day
precision was < 2.45%. The intra- and inter-day recovery
findings of sonidegib were found to be between 98.34
to 102.654% for pharmaceutical formulation. The LOD
and LOQ findings of sonidegib were 0.1 and 0.3 pg/mL,
respectively. The developed procedure was successfully
applied to quantify commercial sonidegib capsule dosage
form to estimate the sonidegib and check the dosage form
uniformity of content.
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