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Abstract:

The toxicological valuation genotoxic impurities and assessment of acceptable levels for such impurities in
any pure drug and its formulations is a significant as well as very difficult issue. The European Medicines
Agency guided that 1.5 pg/day intake of a genotoxic impurity was considered as acceptable for most of the
pharmaceutical products. In view of this, the present work was intended to develop a sensitive, simple and
accurate LCMS method for the quantification of potential genotoxic impurities (PGIs) such as N-oxide
impurity, N-formyl impurity, chloro amide impurity and chloro hydroxy impurity in ribociclib pure drug and
its drug product. The method comprises of YMC-Triart C18 (150x4.6mm; 5 um particle size) column as
stationary phase, 0.1 % formic acid in water, methanol and acetonitrile at pH 4.6 in the ratio of 15:45:40 (v/v)
as mobile phase at 0.5 mL/min flow rate. The eluents were monitored in multiple reaction monitoring operated
in positive ion mode using a mass detector. The method clearly separates the analytes that shows characteristic
mass transition at m/z of 435— 280 for ribociclib, 451 —» 297 for N-oxide impurity, 463—»280 for N-
formyl impurity, 293 —» 254 for chloro amide impurity and 252—154 for chloro hydroxy impurity. There
are no impurities or un-wanted compounds detected in both chromatograms as well as mass pattern proved
that the method was specific. The method was validated for parameters such as linearity, precision, recovery,
ruggedness, robustness and reported acceptable results. The method was very sensitive that can detect the
analytes up to a very low concentration of 0.020 pug/mL for N-formyl impurity, chloro amide impurity, 0.030
pug/mL for N-oxide and chloro hydroxy impurity. The method can be utilized for assessment of potential
genotoxic impurities during the synthesis process of ribociclib as well as manufacturing the pharmaceutical
products.
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Introduction:

Ribaciclib is a medical drug belongs to kinase
inhibitors class and an inhibitor of cyclin Cyclin-
dependent kinase 4 and 6 used to treat certain types
of breast cancer [1]. Ribociclib used for the
treatment of advanced or metastatic breast cancer
in postmenopausal women and was prescribed in
combination with aromatase inhibitor such as
letrozole [2]. Ribociclib was used in combination
with fulvestrant for the treatment of hormone
receptor—positive advanced breast cancer that has
spread to other parts of the body as an initial
treatment or in people who have not been treated
successfully with other treatments in women who
have already experienced menopaus [3]. The
patients undergoing ribociclib therapy may
experience some common side effects such as
nausea, fatigue, neutropenia and leukopenia [4].
Pharmaceutical impurities are the unwanted
substances that are induced from the process of
synthesis of drug namely process related or
synthesis impurities and some are generated by
degradation of synthetic drug namely degradation
impurities. Some impurities can induce mutations
in genes and can causes chromosomal breaks or
rearrangements and have the potential to cause
cancer and called Potential Genotoxic impurities
(PGIs) [5,6]. The controlling of impurities in a
pharmaceutical product was considered as very
essential for producing quality and safe product
with minimal side effects. The researchers
continuously working to establish various methods
and procedures for minimization of trace level
impurities.  Preliminary  conformation and
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quantification of impurities was considered as
initial and very essential step for controlling the
potential impurities [7]. The identification and
quantification of impurities at trace level required
cutting edge analytical techniques such as LCMS
[8].

On the personal verification of the available
literature for the analysis of ribociclib confirms
that HPLC methods reported for the estimation of
ribociclib [9] and in combination with palbociclib
[10] in pharmaceutical formulations. LCMS
methods reported for the estimation of ribociclib in
human plasma [11,12] and dried blood spots [13].
Bio-analytical methods reported for the estimation
of ribociclib in combination with other drugs such
as letrozole [14], oleanolic acid [15], palbociclib
[16], palbociclib and letrozole [17], abemaciclib
and palbociclib [18], Abemaciclib, Palbociclib,
Anastrozole, Letrozole and Fulvestrant [19]. One
capillary electrophoresis method was reported for
the estimation of ribociclib in combination with
abemaciclib and palbociclib in pharmaceutical
formulations [20]. No method reported for the
separation and quantification of PGls in ribociclib
pure drug and its dosage forms. Hence the present
study was aimed to develop a simple and sensitive
LCMS method for the detection and quantification
of PGls in ribociclib pure drug and dosage forms.
Based on the availability, the PGIs such as N-oxide
impurity, N-formyl impurity, chloro amide
impurity and chloro hydroxy impurity were
studied. The molecular structure of ribociclib and
its PGls in the study were presented in figure 1.
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Figure 1: Molecular structure of analytes in the study
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Materials and Methods:

Instrumentation:

The analysis was performed on Waters (Japan)
alliance 2695 LCMS system connected with triple
quadruple mass detector (LAA 1369) and 0.1 —
1500 pL injectable sample injector. The analytes
were separated on C18 columns of different
configurations and packing materials. The
equipment was monitored and detected eluents
were monitored using masslynx 4.2 software. The
mass detector was operated in positive ion mode
that was operated in multiple reaction monitoring
(MRM) mode. The analyser was operated with
suitable conditions of drying gas flow (10 L/min),
nebulizer pressure (30 psi), gas temperature (300
°C), and spray voltage (5500 V).

Chemicals and Reagents:

The active pharmaceutical ingredient of ribociclib
(98.69 %), its PGIs in the study namely N-oxide
impurity, N-formyl impurity, chloro amide
impurity and chloro hydroxy impurity along with
its marketed formulation dosage form with brand
name Kryxana® - 200 mg was obtained as gift
sample from Novartis Pharmaceuticals,
Hyderabad, Telangana. LiChropur™ grade
chemicals used in the study like formic acid and
HPLC quality solvents such as methanol,
acetonitrile, water and 0.2 4 membrane filters were
obtained Merck chemicals, Mumbai.

Preparation of solutions:

Mobile Phase:

The solvents such as methanol, acetonitrile and
different strengths of formic acid in water were
mixed in various compositions and pH ranges were
used for preparing mobile phase compositions
during the method development study. The
solvents at selected composition was accurately
measured and mixed in a clean and dry reservoir
bottles. The ultrasonic batch sonicator was used for
uniform mixing and degassing the mobile phase.
Then it was filtered through 0.2 micron membrane
filter and was preserved in an amber colour bottle
whenever necessary.

Standard stock solution:

The ribociclib and its impurities standard stock
solution were prepared separately. An accurately
weighed 25 mg of ribociclib and its PGIs were
taken in a volumetric flask containing 15 mL
methanol separately. The volumetric flasks
sonicated for 2 min using an ultrasonic bath
sonicator to dissolve the analytes in solvent
completely. Then the solution was filtered using
0.2 1 membrane filter in to a separate clean and dry
volumetric flask and then the final volume was
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made up to the mark using the same solvent. The
stock solution of ribociclib and its PGls at a
concentration of 1000 pg/mL were obtained
separately. During the analysis, equal volumes of
selected concentration of ribociclib and its PGls
were mixed for obtaining a mixed standard
solution.

Formulation solution:

The Kryxana® formulation tablets were powdered
to obtain a uniform powder and an amount of tablet
powder equivalent to 10 mg of ribociclib standard
was weighed and was taken in a clean and dry
volumetric flask containing 5 mL of methanol. The
content was sonicated for 5 min to dissolve the
drug completely in solvent and was filtered
through 0.2 p membrane filter in to a separate clean
and dry volumetric flask. Then the final volume
was made up to mark to obtain formulation
solution containing 1000 pg/mL of ribociclib.
Then the solution was diluted to 250 pg/mL using
methanol diluent and this solution was used for
evaluating the effectiveness of the method for
identification and quantification of potential
genotoxic impurities in ribociclib. The formulation
solution was spiked with known concentration of
studied PGIs was also studied for the evaluation of
method effectiveness for the separation and
quantification of PGls in the study.

Method development:

The method for the resolution, detection and
quantification of PGIs in ribociclib pure drug and
formulations was performed by adopting the
guidelines issued by ICH [21]. During the method
development the standard solution containing 1.0
pg/mL  of ribociclib and its impurities was
analysed. The standard solution was analysed in
various method conditions that were changed
progressively and each changed conditions, the
peak area response, peak symmetry, system
suitability and mass spectral pattern was verified
for method conformation. The method parameters
such as composition, pH and flow rate of mobile
phase, nature, configuration and temperature of
stationary phase were optimized during the
method. The method condition that produces
acceptable results were considered as suitable and
were precede for further validation.

Method validation:

The developed method was validated in terms of
linearity, precision, ruggedness, robustness,
sensitivity as per ICH guidelines [22]. Further, the
developed was studied for its applicability for
assessing the PGls in formulations.
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Results and discussion:

The work aimed to establish a simple and sensitive
LCMS method for the separation, identification
and quantification of four PGls such as N-oxide
impurity, N-formyl impurity, chloro amide
impurity and chloro hydroxy impurity in ribociclib
pure drug and formulations. The method
development was aimed such that the method can
detect and analyse the PGIs impurities at trace
level. During the development of method, various
configurations and manufactures of columns such
as C8 and C18 were studied and the column that
resolves the analytes with acceptable symmetry
was considered as suitable for the analysis. The
mobile phase was optimized by varying different
compositions of solvents such as methanol,
acetonitrile and formic acid in water in different pH
levels and flow rates was studied. The column
temperature and mass operating conditions were
also optimized such that the conditions that resolve
and analyse the PGls at trace level.

In each trail condition, the standard solution
containing 1.0 pg/mL concentration of ribociclib
and its PGls was analysed. The peak symmetry,
resolution, chromatographic response of each
analyte was summarized and the conditions that
produces best results was considered as suitable
conditions for the analysis of ribociclib and its
PGls in the study. The optimized separation was
achieved on YMC-Triart C18 (150x4.6mm; 5 um
particle size) column, 0.1 % formic acid in water,
methanol and acetonitrile at pH 4.6 in the ratio of
15:45:40 (v/v) at a flow rate of 0.5 mL/min. The
column eluents were monitored using mass
detector operated in multiple reaction monitoring
mode and the mass operating conditions were
presented in table 1. In the developed condition, the
standard solution containing selected and known
concentration of ribociclib was analysed at a
sample volume of 10 pL. The chromatographic
response was recorded in each sample analysed in
the developed method.

. - Electron
Precursor Product ion Fragmentor Collision P MS1
S No Analyte . Multiplier
ion (M/z) (m/z) V) energy (eV) Voltage (V) RES
1 Ribociclib 435 280 160 30 600 Wide
2 N-oxide impurity 451 297 145 35 600 Wide
3 N-formyl impurity 463 280 155 40 600 Wide
4 Chloro amide 293 254 140 30 600 Wide
impurity
5 Chloro hydroxy 252 154 150 35 600 Wide
impurity

Table 1: Mass detector conditions for the analysis of ribociclib and its genotoxic impurities

The specificity of the optimized method was
evaluated by analysing the standard solution
containing 0.5 pug/mL concentration of ribociclib
and PGls in the study as well as the diluent used
for the preparation of standard solutions as blank.
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The chromatogram observed for blank as shown in
figure 2 doesn’t show any peak throughout the run
time whereas the standard chromatogram show
well resolved and retained peaks corresponds to the
ribociclib and its PGls in the study.
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Figure 2: Blank chromatogram observed in the developed method
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Figure 3: Standard chromatogram observed in the developed method
The retention time of the peak observed in the chromatograms observed for the individual

standard solution was compared with the
individual analysis of ribociclib and its genotoxic
impurities. The compounds eluted at a retention
time (tr) of 2.4 min for ribociclib, 3.59 for N-oxide
impurity, 1.2 min for N-formyl impurity, 4.1 min
for chloro amide impurity and 4.5 min for chloro
hydroxy impurity. The tr of analytes identified in
the combined standard solution was same as the
retention time identified for individual analysis
ribociclib and its genotoxic impurities. The

100+

standard analysis of ribociclib and its genotoxic
impurities was shown in figure 4. There is no
detection of additional compounds or the
impurities were detected throughout the run time
of combined standard, individual standard
solutions as well as the blank analysis confirms
that the method was specific for the analysis of
ribociclib and its genotoxic impurities.
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Figure 4: Chromatograms observed for individual analysis of ribociclib and its genotoxic impurities in the
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The mass spectral characterization of individual
analyte peak was monitored in positive ion mode
using multiple reaction monitoring method. The
peak corresponds to ribociclib identified at tg 0f 2.4
min shows parent ion at m/z of 435 (m+1). The
mass spectra shows daughter fragments at m/z of
280 and 162. The mass spectra at the tg of PGIs in
the study were evaluated and the parent and
daughter ion fragments identified at m/z of 451 and
297 for N-oxide impurity, 463 and 280 min for N-
formyl impurity, 293 and 254 for chloro amide
impurity and 252 and 154 for chloro hydroxy
impurity respectively. The mass fragmentation
pattern of the individual analysis of the analystes

Ribociclbh Standrad

was in correlation with the results observed for the
combined analysis of analytes. There is no
additional detection or fragments correspond to
impurities or the un-identified fragments detected
in the mass patter of the analytes. This proves that
the method provides specific analysis results
corresponds to ribociclib and its studied genotoxic
impurities. The % abundance of the daughter
fragments were noticed to be significantly higher
than the other ions detected in the spectrum. Hence
the method was specific and suitable for the
analysis of ribociclib and its studied genotoxic
impurities. The mass fragmentation results were
represented in figure 5.
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Figure 5: Mass fragmentation spectra obtained at the retention time of ribociclib and its PGls in the
developed method
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Method Validation:

In the developed method, various concentrations of
ribociclib and its genotoxic impurities was
analysed. The calibration curve was constructed by
using peak area response against analyte strength.
The accurate fit with high correlate calibration
curve was obtained in the concentration levels of
0.03 pg/mL to 6.0 pg/mL. The least-squares linear
regression analysis was performed for the
evaluation of calibration curve parameters such as
regression equation, intercept and slope. The

calibration equation was obtained as y = 249466x
+46199 (Rz = 0.9996), y = 149908x +
21168 (Rz = 0.9992), y = 206397x + 39751 (R? =
0.9993), y = 177573x + 24418 (R2=0.9994) and y
= 153567x + 25715 (R? = 0.9993) respectively for
ribociclib, N-oxide impurity, N-formyl impurity,
chloro amide impurity and chloro hydroxy
impurity respectively. The results of the linearity
were represented in table 1.

Concentration in _ Peak are response obtained .
S No S N-oxide N-formyl Chloro amide Chloro hydroxy
pg/mL Ribociclib . : - . . : ) .

impurity impurity impurity impurity
1 0.03 49281.5 21021.9 40054.8 28516.7 24689.5
2 0.1 68614.8 42563.2 74982.3 46582.5 43200.7
3 0.5 155168.7 94747.3 147132.5 125143.9 99152.4
4 1 311527.9 184847.9 251476.8 201326.4 195468.2
5 2 554757.1 304798.2 427487.2 361915.8 328490.3
6 4 1049105.3 617492.5 865154.8 729510.3 627971.9
7 6 1535157.8 925951.7 1285154.7 1098257.1 954150.2

Table 1: Linearity results

The recovery experiment was conducted in the
concentration of 1.0 pg/mL, 2.0 pg/mL and 4.0
pg/mL in the linearity level for ribociclib and its
PGls in the study. The recovery level solution was
analysed in triplicate in the optimized method and
the peak area response of the each analyte was
compared with the corresponding peak area
response on the calibration level. The % recovery
of each analyte in each analysis and the % RSD in
each spiked level was calculated. The % recovery

of 98-102 % and the % RSD of less than 2 was
considered as acceptable as per the guidelines. The
% RSD in each spiked level was observed to less
than 2 for ribociclib and its PGls in the study. The
results observed to be under the acceptable level
confirms that the method was recoverable and
accurate. The results attained in recovery study of
the method optimized for the analysis of ribociclib
and its PGIs was represented in table 2.

S. No Compound Level Coir:]cﬁg';rrr?lt_lon Recomzﬁggg/mL % Recovery % RSD
1 50% 1 0.985+0.002 98.540+0.217 0.220
2 Ribociclib 100% 2 1.979+0.006 98.970+0.308 0.311
3 200% 4 3.940+0.017 98.507+0.422 0.428
4 50% 1 0.987+0.006 98.688+0.585 0.593
5 N-oxide impurity 100% 2 1.989+0.005 99.440+0.240 0.242
6 200% 4 3.989+0.021 09.713+£0.521 0.522
7 N-formyl 50% 1 0.989+0.003 98.870+0.305 0.309
8 impurity 100% 2 1.987+0.009 99.340+0.443 0.446
9 200% 4 3.988+0.026 99.710+0.646 0.647
10 Chloro amide 50% 1 0.993+0.004 99.257+0.350 0.353
11 impurity 100% 2 1.980+0.010 08.983+0.511 0.516
12 200% 4 4.030+0.031 100.740+0.766 0.761
13 Chloro hydroxy 50% 1 0.993+0.005 99.307+0.545 0.549
14 impurity 100% 2 1.967+0.006 98.370+0.288 0.293
15 200% 4 4.024+0.012 100.600+0.296 0.294
Table 2: Accuracy results
The standard solution having 1.0 pg/mL reproducibility of the developed method. The

concentration of ribociclib and its PGIs was
utilized for the evaluation of the repeatability and

Eur. Chem. Bull. 2023,12(Special Issue 5), 101 - 111

solution was analysed six times in one day for
intraday precision, six times in three consecutive
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days for interday precision. The same solution was
analysed six times in one day by three different
analysts for evaluation of the ruggedness of the
method. The peak response of the ribociclib and its
PGIs was summarized in each study and the %
RSD of each analyte in each study was calculated.
The % RSD of less than 2 was considered as
acceptable as per the guidelines and based on the
results as summarized in table 3, the results were
achieved were under the acceptable level confirms
that the method was precise and reproducible.

The minor variations in the optimized method
conditions such as composition of mobile phase
with no change in pH, change in pH and change in
flow rate of mobile phase was made intentionally
for the evaluation of the robustness of the method.
The mobile phase composition of 0.1 % formic
acid in water, methanol and acetonitrile in
15:45:40 (MP change 1) and 15:45:40 (MP change
2) at pH 4.5 (pH change 1) and 4.7 (pH change 2)
was studied at a flow rate of 0.45 mL/min (FR
change 1) and 0.55 mL/min (FR change 2). In each
changed condition, the standard solution
containing 1.0 pg/mL of ribociclib and its PGls in
the study was analysed. The % change in the peak
area response of the individual analyte was
calculated by comparing the results noted in each
changed condition with its corresponding standard
calibration curve. The % change of less than 2 was
considered as acceptable and as summarized in
table 3, the results noticed were under the
acceptable for ribociclib and its PGls studied.
Based on the results, it was confirmed that there is
no significant changes was observed while change
in the minor variations in the developed method
and hence the method was rugged.

The method sensitivity was established by
evaluation the detection limit (LOD) and
guantification limit by adopting signal (n) to noise
(n) ratio. The s/n of 10 and 3 were considered as
LOQ and LOD for the analytes in the developed
method. The LOD was obtained as 0.010 pg/mL
for ribociclib, 0.020 pg/mL for N-formyl impurity,
chloro amide impurity, 0.030 pg/mL for N-oxide

and chloro hydroxy impurity. The LOQ was
calculated as 0.033 pg/mL for ribociclib, 0.066
pg/mL for N-formyl impurity, chloro amide
impurity and 0.099 pg/mL for N-oxide impurity
and chloro hydroxy impurity. The sensitivity
results confirm that the method can detect the
analytes up to a very nominal concentration of
0.001 pg/mL and hence proved that the method
was very sensitive.

The stability of the solution prepared for the
analysis of ribociclib and its PGls was evaluated by
incubating the standard solution in an auto-sampler
for 48 h at 25 °C. The incubated solution was
analysed in every 6 h in the developed method. The
peak area response of the individual analyte was
summarized in each time interval and the %
stability was calculated by comparing the peak area
response with its corresponding standard
calibration curve. The % assay was observed to be
more than 99 % for analytes up to 24 h and a very
high % assay was observed up to 48 h. This proved
that the solutions prepared were stable up to 48 h.
The developed method was applied for the
identification and quantification of potential
genotoxic impurities in  formulations. The
formulation solution at a concentration of 200
ug/mL prepared using Kryxana® formulation of
ribociclib was analysed in the developed method.
The formulation solution spiked with known
concentration of genotoxic impurities was also
analysed in the developed method. The
chromatogram observed for the formulation
solution spiked with impurities clearly shows the
peaks corresponds to impurities along with
ribociclib. Whereas the chromatogram observed
for the un-spiked formulation sample doesn’t show
any peak at the retention time of PGIs in the study.
This proved that the method can effectively
identify and quantify the impurities in formulation.
Hence this method can successfully be utilized for
the quantification of PGIs in ribociclib bulk drug
as well as formulation dosages. The summary
results of the method validation were presented in
table 3.

Results observed
. Chloro Chloro
S No Parameter Ribociclib _N-oxu?le I_\I-formyl amide hydroxy
impurity impurity impurity impurity
1 Linearity range 0.03-6.0 0.03-6.0 0.03-6.0 0.03-6.0 0.03-6.0
yrang pg/mL pg/mL pg/mL pg/mL pg/mL
2 % RSD Intraday Precision (n=6) 0.20 0.59 0.43 0.46 0.32
3 % RSD Interday Precision (n=6) 0.31 0.76 0.96 0.84 0.64
4 % RSD Ruggedness (n=6) 0.89 0.74 0.66 0.88 0.70
5 % Accuracy in 50% spiked level (n=3) 98.540 98.688 98.870 99.257 99.307
0, i 0, i
6 ¥ Accuracy " nlfg)/" spiked level 98.970 99.440 99.340 | 98983 | 98370
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0, i 0, i
7 o Accureey it o spiked level 98.507 99.713 99710 | 100740 | 100.600
% Change Robustness

MP change 1 0.11 0.90 0.15 0.23 0.86
MP change 2 0.78 0.46 0.18 0.70 0.17
8 pH change 1 0.92 0.55 0.50 0.93 0.56
pH change 2 0.08 0.48 0.83 0.55 0.43
FR change 1 0.73 0.99 0.56 0.47 0.71
FR change 2 0.97 0.84 0.33 0.84 0.30
9 % stability at 48 h (n=6) 98.15 97.95 97.28 98.31 98.05
10 LOD in pg/mL 0.01 0.03 0.02 0.02 0.030
11 LOQ in pg/mL 0.033 0.099 0.066 0.066 0.099
. . Not Not Not

12 % assay in formulation 98.85 Not detected detected detected detected

Table 3: Summary results obtained in the study
Conclusion: study, Breast, 2020, 54:148-154

In this investigation, a simple and sensitive
analytical LCMS approach was developed and
successfully validated for identification and
guantification PGls such as N-oxide impurity, N-
formyl impurity, chloro amide impurity and chloro
hydroxy impurity in ribociclib bulk drug and
formulations. The ESI source was protected and
favourable analytical conditions was proved by
diverting the entry of the mobile phase in to the
mass detector using a switch valve. The method
shows calibration curve linear in the concentration
range of 0.03 pug/mL to 6.0 pg/mL and proved to
be precise, accurate and specific in the assessed
concentration range. The detection levels was
observed to be 0.010 pg/mL for ribociclib, 0.020
pg/mL  for N-formyl impurity, chloro amide
impurity, 0.030 pg/mL for N-oxide and chloro
hydroxy impurity proved that the method was
sensitivity. The method can identify and quantify
the PGIs in bulk drug and formulations. The
method can also be applicable to in-process
monitoring of studied impurities during the process
of synthesis of ribociclib. Based on the achieved
results it can be concluded that the study will
ensure the safe use of ribociclib during production
of formulations.
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