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ABSTRACT

This study implies to development of a sensitive liquid chromatography tandem mass spectrometry method. Further
using this method ribociclib can be estimated in the drug formulation. Ribociclib was recently approved by the
United States Food and Drug Administration in the year 2017 for metastatic and advanced breast cancer, which
is used for resistant patients to endocrine therapy and it targets cyclin-dependent kinase 4 and 6 inhibitors. The
stationary phase was Phenomenex C , (50 x 4.6 mm, 3 microns), with a mobile phase combination of acetonitrile
and 10 mM ammonium acetate (90:10 v/v ratio) with a flow of 0.7 ml/minutes. Ribociclib was detected using liquid
chromatography-tandem mass spectrometry in positive transition at m/z 435.0. The linearity ranges between 5 and
100 ng/ml. The Ribociclib correlation coefficient (R?) was linear, with an R? value 0f 0.9991. The drug had a retention
time (RT) of 1.022 minutes, and a total run time of 3 minutes. According to the literature survey, there is a limited
isocratic method for the selected drug hence, we developed an isocratic which is a quick, accurate, and efficient
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method for determining ribociclib and its formulation..

INTRODUCTION

One of the most frequent malignancies in women
worldwide is breast cancer, it has a role in the 5 million
annual fatalities caused by breast cancer. According to
several epidemiological research studies across a wide range
of demographic cohorts, breast cancer is a significant cause
of cancer death and challenge in India. The most commonly
diagnosed cancer among women is hormone-related breast
cancer. According to the American Society of Clinical Oncology,
approximately 6% of women have been diagnosed with de novo
metastatic cancer [ 1]. For metastatic and advanced breast cancer,
the well-known treatment is Endocrine therapy; however, almost
all the patients develop resistance. Recent years have seen the
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introduction of a novel medication for patients with advanced
breast cancer: a class of oral cyclin-dependent kinase 4 and
cyclin-dependent kinase 6 inhibitors. Clinical trials have shown
that using CDK 4/6 inhibitors in conjunction with endocrine
therapy improves progression-free survival significantly. Along
with endocrine therapy for hormone-sensitive advanced breast
cancer, the Food and Drug Administration has approved three
CDK 4/6 inhibitors—palbociclib, ribociclib, and abemaciclib
[2]. Several new medications have recently hit the market to
treat breast cancer. One such medication is ribociclib (Fig. 1),
which is being used more frequently to treat hormone-related
breast cancer in women, namely human epidermal growth
factor receptor 2 [3,4].

A major target for cancer treatments, the cyclin-
dependent kinase 4/6 pathway is commonly disturbed
in cancer, favoring cell-cycle progression and ongoing
growth. Activation of the CDK4/6 pathway has also been
connected to hormone receptor-positive (HR+) breast cancer
resistance to endocrine therapy. Ribociclib is a novel cyclin-
dependent kinase inhibitor used in the medical treatment of
postmenopausal women with breast cancer together with
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aromatase inhibitors (reducing estrogen levels) [5]. Ribociclib
is associated with both clinically evident liver injury and
a little increase in serum aminotransferase throughout
treatment. Commercially, pills containing 200 mg of it are
available. Antineoplastic medication Ribociclib inhibits the
growth of cancer by preventing the action of CDK 4 and CDK
6.

As per the literature review in biological samples,
various studies were carried out for the quantification of
Ribociclib and its metabolites. Few bio-analytical methods
have been developed in liquid chromatography tandem mass
spectrometry (LC-MS/MS) such as analyzing the ribociclib in
dried blood spot (DBS) with the mobile phase of ammonium
acetate and methanol [6]. In women, with breast cancer treated
with ribociclib. DBS samples were collected along with the
plasma samples and analyzed using ammonium bicarbonate
and methanol [7]. New green approach for developing
ribociclib through capillary electrophoresis. Since it involves
far smaller sample volumes and reagent usage and generates
less waste than competing procedures, it provides simpler,
more affordable, and environmentally friendly analysis.
The term “green chemistry” refers to a method of creating,
handling, evaluating, and utilizing chemicals in a way that
minimizes risks to human health and the environment [8].
For a combination regimen, Sahu ef al. developed a method
to quantify new cyclin dependant kinase inhibitors in animal
plasma and tissue homogenate with amobile phase combination
of ammonium bicarbonate and methanol [9]. On the other
side, the method was developed to determine the total and
free ribociclib in human blood plasma and brain tumor tissue
samples [10,11]. A stability study has been carried out for
ribociclib with an isocratic flow of acetonitrile and ammonium
formate using high performance liquid chromatography [12].

From the above literature review, the reported
methods are with gradient flow and it is for bio-analytical
studies. In contrast to gradient elution, which employs
multiple mobile phases and allows the mobile’s polarity to
be gradually changed during the separation process, isocratic
elution employs a single mobile phase composition with the
same polarity. As a result, this study aims to optimize an
isocratic flow method that will be simple, quick, and accurate
for determining Ribociclib along with its formulation using
LC-MS/MS.

METHODS AND MATERIALS

Reagents

The active pharmaceutical ingredient (API) ribociclib
was purchased from clearsynth as the standard formulation
of ribociclib from Novartis. The chemical ammonium acetate
and the solvents methanol and acetonitrile (LC-MS/MS grade)
were provided by standard deviation (SD) Fine Chemicals and
Merck, both are Mumbai-based. Milli Q RO system (Millipore,
Bedford) was utilized for purifying the water.

Instrumentation

The Shimadzu LC-MS/MS 8030 (Triple Quadrupole)
is equipped with a variety of features: lab solution software,

auto-sampler (SIL-20AC), photo diode array detector (SPD
M20), pump (LC-20 AD), and ESI. The mass spectrometer
was configured for positive ionization (M+H) using an electron
spray ionization source. The ionization temperature was set at
300°C, the capillary voltage was set at 5,000 V, the nebulizer
gas was set at 350 kPa, and the gas circulation rate was set at
15 I/min. The ionization source gas and collision cell were both
nitrogen-based.

Chromatographic conditions

Acetonitrile and 10 mM buffer (90:10 v/v) was used as
the mobile phase (flow rate: 0.7 ml/minute) with a Phenomenex
C;column (50 x 4.6 mm i.d., 3 p) as the stationary phase. 10 uL
of the prepared sample solution was injected using the column
temperature of 25°C for 3 minutes. The m/z ratios were found
using an LC-MS/MS and an ESI-coupled mass spectrometer.
The mass spectrometry was operated in positive ionization
mode (M+H)" using multiple reaction monitoring for ribociclib,
observing transitions from m/z 435. 0 (parent ion) to m/z 322.0
(daughter ion) (Figs. 2 and 3).

Figure 1. Structure of ribociclib.
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Figure 2. Molecular spectra for ribociclib (molecular weight—434.5).
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Figure 3. Daughter ion spectra for ribociclib m/z 435.0 (parent ion) — m/z
322.0 (daughter ion).
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Preparation of working standard solution

Ribociclib 1 mg/ml working standard was prepared
by dissolving 10 mg of the drug in 10 ml of dimethyl sulfoxide
in a volumetric flask. From the above stock solution, a working
standard solution of 1 pg/ml was prepared. Using the working
standard, a calibration standard that ranges from 5 to 100 ng/
ml of Ribociclib was developed. Various quality control (QC)
levels were prepared in the mobile phase: 10, 50, and 100 ng/
ml.

METHOD VALIDATION FOR RIBOCICLIB

The optimized LC-MS/MS method was validated
in terms of specificity, limit of quantification (LOQ), limit of
detection (LOD), linearity, accuracy, precision, and robustness
[13].

The recovery was used to assess the accuracy of the
newly developed method. The degree to which a value found
and a value that is recognized as a conventional true value or
an acknowledged reference value agree is expressed as the
accuracy of an analytical method. When several measurements
are made from the same homogeneous material under specified
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Figure 4. MRM chromatogram for standard ribociclib.
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Figure 5. MRM chromatogram for ribociclib in formulation.
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Figure 6. Chromatogram of sample without any co-elution.

conditions, the precision of an analytical technique is the
degree of scatter, or closeness of agreement, between those
measurements. The accuracy and precision of the recommended
LC-MS/MS method were evaluated using three levels of
QC samples with six replicates and the percentage relative
standard deviation (RSD) was calculated. Specificity is the
capacity to evaluate the analyte in the presence of potentially
predicted components. Usually, these could consist of matrix,
degradants, contaminants, and so on. These are frequently
degradants and impurities. There was no interference found
when three duplicates of standard solutions were used for this
approach. The capacity of an analytical method to produce test
findings that are exactly proportionate to the amount of analyte
in the sample, within a specified range, is known as linearity.
Using the regression equation (¥ = mx + C), the linearity was
calculated and the R? value was observed. Six different ribociclib
concentrations (ranging from 5 to 100 ng/ml) were examined.
Signal-to-noise ratios (S/Ns) were found to be 3:1 and 10:1. The
drug reaction should be threefold higher than the noise response
for LOD and tenfold higher than the noise response for LOQ.
The ability of an analytical procedure to withstand slight but
intentional changes in method parameters is measured as its
robustness. By adjusting experimental variables such as mobile
phase, flow rate, and pH, among others, the robustness of the
method was examined.

ESTIMATION OF RIBOCICLIB

The average weight of 20 tablets was determined,
tablets were finely triturated and weighed. Furthermore, 50
ml of an organic solvent (acetonitrile) was added. The mixture
was sonicated for 20 minutes. The solution was diluted with

Table 1. Linearity for ribociclib.

Concentration (ng/ml) Peak area
5 325,698
15 799,649
40 2,436,985
55 3,423,699
75 4,536,982
100 6,232,417
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Figure 7. Calibration curve for ribociclib.
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Table 2. Accuracy and repeatability precision studies of ribociclib.
QC Intraday precision Interday precision
samples Amount found £+ SD Rec;) very Accuracy Accuracy
(ng/ml) o) (%Nominal) 7oRSD (%Nominal) 7oRSD
10 9.47+0.11 94.70 94.65 1.16 94.12 1.32
50 48.03 £ 0.41 96.06 96.01 0.85 95.61 0.98
100 97.68 +0.57 97.68 97.57 0.58 97.12 0.71
Table 3. System suitability parameters for ribociclib. Table 5. Recovery studies for ribociclib.
S. No. Parameters Values obtained for ribociclib Label claim  Assay (mg/ml) Amount found + SD %Recovery
1 Theoretical plates 7,159 200 mg 200 192.41 £ 0.54 96.20
2 Asymmetric factor 1.1 200 189.73 +0.41 94.87
3 LOD (ng/ml) 0.8 ng/ml 200 190.12 £ 0.39 95.06
4 LOQ (ng/ml) 2.5 ng/ml
Linearity
Table 4. Robustness studies for ribociclib. Ribociclib’s calibration curve was defined at six
Parameters Condition R, = %RSD different concentrations, with an R* value of 0.9991. Linearity
Flow rate (ml) 05 1.45 < 1.54 concentrations of Ribociclib vary between 5 and 100 ng/ml
0.7 1024137 (Table 1). The regression equation was found to be Y = 62428X
— 58121 which implies by high R?value (Fig. 7).
0.9 0.84+0.91
Acetonitrile percentage (%) 85 1.74 £1.28 Precision and accuracy
90 1.02+0.84 To determine method accuracy, a recovery study
95 0.79 +0.57 was carried out and the ribociclib recovery percentage
pH 55 072+ 1.62 varied between 94.65% and 97.57% (Table 2). Repeatability
60 0012101 precision was carried out using 3 QC sample preparations
with six replicates, which were examined on the day of
6.5 1.02+0.79

acetonitrile to a final volume of 100 ml, and it was filtered
through a 0.45-micron filter. Following another dilution of
the solution, the standard and test solutions were examined
under ideal chromatographic circumstances (Table 5 and Fig.
5).

RESULTS AND DISCUSSION

In this investigation, ribociclib was developed,
isolated, and validated using LC-MS/MS. Suitable and
optimal conditions were used to create an easy-to-use, precise,
and effective LC-MS/MS technique for ribociclib. During
the screening phase of the drug: theoretical plates, tailing
factor, peak area, and peak asymmetry factor were chosen
as optimized conditions. During method development, the
optimal chromatographic conditions were a Phenomenex
C18 column (50 x 4.6 mm, 3 m) with acetonitrile and 10 mM
ammonium acetate (90:10 v/v ratio) as mobile phase and a
flow of 0.7 ml/min. The total run time was 3 minutes. The
retention time (RT) of Ribociclib was observed to be 1.02
minutes (Fig. 4).

Specificity
There were no possible interference peaks observed

during the ribociclib elution time (Fig. 6). As an outcome, the
method turned out to be highly specific.

preparation (as intraday) and the next day (as interday).
Ribociclib’s percentage RSD was found to be (1.16%—-0.58%)
for repeatability precision studies. These examined values are
well within the acceptable limit of +2% which is established
by International Council for Harmonisation (ICH) Q2 (R2)
guidelines (Table 2).

Limit of detection and quantification

The sensitivity of the analysis equipment has a
significant impact on LOD and LOQ. For the same analyte,
different instruments may produce varying LOD and LOQ
values, even when using standard operating procedures.
Accurate quantification of impurities and APIs is necessary in
pharmaceutical manufacturing to ensure the potency and purity
of therapeutic products. To ensure the safety and quality of the
final product, low LOD and LOQ values make it possible to
identify and quantify these chemicals at low concentrations.
The performed LOD and LOQ were found to be 0.8 and 2.5
ng/ml for ribociclib of the proposed technique are established
using the S/N.

System suitability

A system suitability study was performed in
compliance with ICH standards for establishing the system
suitability parameters, which are LOD, LOQ, tailing factor, and
the theoretical plate (N). The findings have been determined and
are well within the limits (Table 3).
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Robustness

The flow rates (0.5, 0.7, and 0.9 ml/minute), pH (5.5,
6.0, and 6.5), and percentage Acetonitrile (85%, 90%, and
95%) were used in the robustness study. Individual %RSD was
calculated for pH (1.62%-0.79%), flow rate (1.54%—-0.91%),
and acetonitrile percentage (1.28%—0.57%) for the selected
conditions (Table 4). The examined values were compared and
are well within the acceptable limit of +2% which is established
by ICH Q2(R2) guidelines.

CONCLUSION

A sensitive LC-MS/MS method for ribociclib has been
optimized following ICH regulations. It has been found that the
LC-MS/MS technique is robust, rapid, accurate, precise, and
has great sensitivity and repeatability. Assessments have been
made about the developed approach’s accuracy in commercial
products. This is an approach to estimating ribociclib that
is formulation-specific. When evaluating ribociclib, degradants
do not interact or co-elute. The method utilizes a straightforward
sample preparation procedure and enables rapid analysis. The
reaction to linearity was linear across the operational range. The
outcomes were adequate and within the parameters.

LIST OF ABBREVIATIONS

CDK: cyclin dependant kinase; ICH: International
Council for Harmonisation; LC-MS/MS: liquid chromatography
tandem mass spectrometry; LOD: limit of detection; LOQ: limit
of quantification; QC: quality control; RSD: relative standard
deviation.
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