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ABSTRACT

Aims: A new gradient RP-HPLC method was developed for the separation and determination of
process related impurities in Palbociclib.

Methodology: The chromatographic separation was achieved on a Inert sustain swift (C18)
column using a mobile phase comprising of perchloric acid and acetonitrile in a gradient mode at a
flow rate of 1 mL/min. over a runtime of 50 minutes. All the eluants were monitored at 230 nm. The
optimized method was validated as per ICH guidelines for various parameters.

Results: The linearity of the method was proposed in the range of LOQ to 250 % for the drug and
its impurities by subjecting the data obtained to statistical analysis using correlation coefficient
model (r > 0.99). The method also gave acceptable recovery of all the four impurities at each level
and was found to be accurate. The % RSD obtained in the method precision and intermediate
precision were less than 2% depicting the precision of the method. The LOD and LOQ values were
calculated based on the signal to noise ratio and are indicating the sensitivity of the method. The
specificity of the method was checked in the presence of process related impurities and also
degradants generated by exposing to a variety of forced degradation conditions.

Conclusion: The proposed RP-HPLC method for the determination of process related impurities of
Palbociclib could be routinely used in the quality control testing.
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1. INTRODUCTION

Palbociclib  (Fig. 1) is a piperazine
pyridopyrimidine  derivative ~ and  second
generation cyclin-dependent kinase inhibitor [1]
approved for the treatment of hormone receptor-
positive and human epidermal growth factor
receptor type 2 (HER2)-negative breast cancer in
combination with aromatase inhibitors like
letrazole as initial endocrine-based therapy or
following fluvestrant as endocrine therapy in
patients with disease progression. Palbociclib
was the first Cyclin-Dependant Kinase 4 and
Cyclin-Dependant Kinase 6 [2-5] inhibitor.
Chemically Palbociclib is 6-Acetyl-8-cyclopentyl-
5-methyl-2-((5-(piperazin-1-yl) pyridine-2-yl)
amino) pyrido [2,3-d] pyrimidin-7(8H)-one. It is a
pale yellow colour solid with a molecular weight
of 447.53 g/mol. and is soluble in acetic acid, 0.1
N hydrochloric acid and insoluble in water. Four
process related impurities were found to appear
in the final drug substance of Palbociclib as given
in Table 1.
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Fig. 1. Chemical structure of Palbociclib

Only few analytical methods were reported for
determination of Palbociclib either in dosage
forms [6-8] or in biological fluids [9-12] as a
single entity or in combination with other drugs.
So far no method was reported in the literature
for determination of process-related substances
of Palbociclib. The current study is aimed at
development and Validation for the determination
of Palbociclib and its process-related impurities
by RP-HPLC method. The method developed
was utilized for forced degradation studies of
Palbociclib as per ICH guidelines (acid
hydrolysis, alkali hydrolysis, oxidation, thermal,
photolytic and humidity conditions) for evaluation
of its suitability for stability studies of Palbociclib
drug substance. A comprehensive spectral study
was undertaken for structural confirmation of
process impurities by FT-IR, MS and 1H NMR
spectroscopy.

2. MATERIALS AND METHODS

2.1 Instrumentation

An integrated Agilent HPLC system with
quaternary low-pressure gradient, auto sampler,
column thermostat and photodiode array detector
or UV detector operating with a computer-based
chromatography software (Open Lab CDS) was
used in this work. An Inert sustain swift (C18),
4.6 x 250 mm, 5u column was used.

2.2 Chemicals and Reagents

Palbociclib and its process related impurities
were obtained from Biophore India
Pharmaceuticals Private Limited, Hyderabad
(India). HPLC grade acetonitrile and perchloric
acid (70%) were obtained from Merck. High
purity water was prepared by using Milli-Q Elix
and then wusing Milli-Q purification system
(Millipore).

2.3 Preparation of Mobile Phase

2 mL of 70 % Perchloric acid was diluted with
Milli-Q water in a 1000 mL volumetric flask,
mixed, filtered through 0.45u membrane and
degassed (Solvent A). Acetonitrile was used as
solvent B.

2.4 Preparation of Diluent

A mixture of solvent A and solvent B in the ratio
of 50:50 % v/v was prepared, and the same
diluent was used as blank.

2.5 Preparation of Standard Solution

25 mg of Palbociclib standard was weighed and
transferred into a 25 mL volumetric flask, about
20 mL of diluent was added, sonicated and made
up to the mark with diluent. Further transferred
2.5 mL of the above solution into a 100 mL
volumetric flask and made up to the mark with
diluent. Further transferred 1 mL of above
solution into 25 mL volumetric flask and made up
to the mark with diluent.

2.6 Preparation of Test Solution

25 mg of test sample was weighed and
transferred into a 25 mL volumetric flask, 20 mL
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of diluent was added, dissolve by sonication and
made up to the mark with diluent.
Mixture

2.7 Preparation  of

(stock)

Impurity

10 mg each of Impurity - A standard, Impurity - B
standard, Impurity - C standard and Impurity - D
standard was weighed and transferred into a 100
mL volumetric flask, about 70 mL of diluent was
added, dissolved by sonication and then made
up to the mark with diluent. Further transferred
7.5 mL of above solution in to 100 mL volumetric
flask and made up to the mark with diluent.

2.8 System Suitability Solution

25 mg of Palbociclib standard was weighed into
a 25 mL volumetric flask, 15 mL of diluent was

added, sonicated, 5 mL of impurity stock solution
was added and made up to the mark with diluent.

2.9 Method Optimization

To develop a suitable and robust RP-HPLC
method for the determination of Palbociclib and
its process related impurities, different mobile
phases and columns were employed to achieve
the best separation and resolution. The impurity
standards were injected into the chromatographic
system separately and later combining with
Palbociclib (spiked with sample). After a series of
trials, the chromatographic conditions have been
optimized. The impurities in the drug substance
[13] were identified based on the retention time
(RT) and relative retention time (RRT) observed
from the spike study.

Table 1. Process-related impurities of Palbociclib

Name of the Impurity

Structure

Impurity Code

1. 8-cyclopentyl-5-methyl-2-(5-
(piperazin-1-yl) pyridin-2-yl amino)
pyrido[2,3-d] pyrimidin-7(8H)-one.

2. 6-acetyl-2-amino-8-cyclopentyl-5-
methylpyrido [2,3-d] pyrimidin-
7(8H)-one

6-bromo-8-cyclopentyl-5-methyl-
3. 2-()5-(piperazin-1-yl)

pyridin-2-yl) amino) pyrido[2,3-d]

pyrimidin-7(8H)-one.

4. tert-butyl 4-(6-(6-(1-butoxyvinyl)- Boc.
8-cyclopentyl-5-methyl-7-ox0-7,8-
dihydropyrido[2,3-d]pyrimidin-2-yl
amino)pyridin-3-yl)piperazine-1-
carboxylate.

N
S

0

9

N/ HJ\N/& 0

Impurity-A

O
Impurity-B

Impurity-C
I
N7 ”)\N/ N7 o

Impurity-D
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2.10 Method Validation

Analytical method validation is a process that
demonstrates the suitability of the proposed
procedures for the intended purpose. More
specifically, it is a matter of establishing
documented evidence providing a high degree of
assurance with respect to the consistency of the
method and results to evaluate the product
against defined specifications. The validation
parameters viz., system suitability, linearity,
accuracy, precision, limit of detection, limit of
guantitation, specificity and robustness, have
been evaluated as per the ICH guidelines [14-
15].

2.11 System Suitability

This is an integral part of development of a
chromatographic method to verify that the
resolution and reproducibility of the system are
adequate enough for the analysis to be
performed. It is based on the concept that the
equipment, electronics, analytical operations and
samples constituting an integral system could be
evaluated as a whole. Parameters such as
retention time (RT), relative retention time (RRT),
resolution (Rs) and reproducibility (% RSD) were
determined. These parameters were studied
during the analysis of a "sample" containing the
main components and related substances and
compared with the recommended limits (% RSD
<10 and Rs>1.5).

2.12 Specificity

Specificity is the ability of the method to measure
the analyte response in presence of its process
related impurities. The specificity of the
developed RP-HPLC method was performed by
injecting blank solution, standard solution and
process-related impurities separately. The
chromatogram of drug with impurities was
compared with the blank chromatogram, to verify
the blank interference at the retention time of
specified impurities and the product peaks.

2.13 Linearity, Accuracy and Precision

Standard solutions at different concentration
levels ranging from LOQ to 250 % of
specification limit were prepared and analyzed in
duplicate at 50 %, 100 % 150% and 200%, while
at LOQ, 25 % and 250 % six injections were
prepared and analyzed. In order to demonstrate
the linearity of detector response for Palbociclib

and its impurities, the linearity plot was drawn
taking the concentration on X-axis and the mean
peak area on Y-axis. The data was subjected to
statistical analysis using linear-regression model.
Accuracy of the test method was determined by
analyzing Palbociclib drug substance spiked with
impurities at four different concentration levels of
LOQ, 100 %, 150 % and 250 % of each in
triplicate at the specified Ilimit. The mean
recoveries of all the impurities were calculated.
System precision of the method was evaluated
by injecting the standard solution six times and
percent relative standard deviation (% RSD) for
area of Palbociclib peak was calculated. The
precision of the method for the determination of
impurities related to Palbociclib was studied for
repeatability (method precision) and intermediate
precision at 100 % level. Repeatability was
demonstrated by analyzing six test preparations
spiked with impurities. The % RSD for peak area
of each impurity was calculated. Intermediate
precision was demonstrated by analyzing same
sample of Palbociclib by two different analysts on
two different days.

2.14 Limit of Detection (LOD) and Limit of
Quantification (LOQ)

LOD and LOQ were determined by measuring
the magnitude of analytical background by blank
samples and calculating the signal-to-noise ratio
(SIN) for each compound by injecting a series of
solutions until S/N ratio obtained as 3 for LOD
and 10 for LOQ.

2.15 Robustness

To determine the robustness of the developed
method, some of the chromatographic conditions
were deliberately altered. The parameters
selected were change in flow rate (z 0.1 ml/min),
and change in the column temperature (+ 5°C),
the rest of the chromatographic conditions for
each alteration study was kept constant.

2.16 Forced Degradation Study

Stability testing of an active substance or finished
product provide evidence on how the quality of a
drug substance or drug product varies with time
influenced by a variety of environmental
conditions like temperature, humidity and light
etc. Knowledge from stability studies enables
understanding of the long-term effects of the
environment on the drugs. Stability testing
provides information about  degradation
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mechanisms, potential degradation products,
possible degradation path ways of drug as well
as interaction between the drug and the
excipients in drug product. Forced degradation
study was carried out by treating the
sample under the following conditions and
eluents were detected using a photodiode array
detector.

2.17 Acid degradation

25 mg of sample was weighed and transferred
into a 25 mL volumetric flask and 5 mL of 1.0 N
hydrochloric acid was added to it. The solution
was warmed on a water bath at 60°C for 10 hrs.
and then neutralized with 5 mL of 1.0 N sodium
hydroxide. The neutralized solution was
made up to the volume with diluent and further
analyzed.

2.18 Alkali degradation

25 mg of sample was weighed and transferred
into a 25 mL volumetric flask and 5 mL of 1.0 N
sodium hydroxide was added to it. The solution
was warmed on a water bath at 60°C for 10 hrs.
and then neutralized with 5 mL of 1.0 N
hydrochloric acid. The neutralized solution was
made up to the volume with diluent and
analyzed.

2.19 Thermal Degradation

200 mg of the sample was taken in a watch glass
and kept in an oven at 105°C for 168 hr. From
that sample 25 mg was accurately weighed and
transferred into a 25 mL volumetric flask,
dissolved and the volume was made up with
diluent.

2.20 Humidity Degradation

200 mg of the sample was exposed to 90 % RH
for 168 hrs. From that sample 25 mg was
accurately weighed and transferred into a 25 mL
volumetric flask, dissolved and the volume was
made up with diluent for further analysis.

2.21 Photolytic Degradation

200 mg of the sample was exposed to 1200 Klux
hrs. in a photo stability chamber. From that
sample 25 mg was accurately weighed and
transferred into a 25 ml volumetric flask,
dissolved and the volume was made up with
diluent.

2.22 UV Degradation

200 mg of the sample was exposed to 200 Watt
Hours/Square meter in a UV stability chamber.
From that sample 25 mg was accurately weighed
and transferred into a 25 mL volumetric flask,
dissolved, made up to the volume with diluent
and injected into the chromatographic system.

2.23 Peroxide degradation

25 mg of the sample was weighed and
transferred into a 25 mL volumetric flask and 5
mL of 10.0 % hydrogen peroxide solution was
added to it. The mixture was kept at room
temperature for 3 hrs. The above mixture was
kept aside for few minutes, volume was made up
with diluent and injected in replicates.

2.24 Solution stability

The stability of the standard and test solutions at
room temperature was evaluated at three
different time intervals (initial, 24 hours and 48
hours) and % RSD for the peak area response
was calculated for the impurities and Palbociclib
peaks in all the solutions.

3. RESULTS AND DISCUSSION

A simple and sensitive RP-HPLC was developed
and validated for the quantification of Palbociclib,
its four known process related impurities and
Unknown impurities in the drug substance. The
specification limits for known impurities (Impurity-
A, Impurity-B, Impurity-C and Impurity-D) and
unknown impurities were 0.15% w/w and 0.10%
respectively.

3.1 Method Optimization

To develop a suitable and robust RP-HPLC
method for the determination of Palbociclib and
its process related impurities, different mobile
phases and columns were employed to achieve
the best separation and resolution. The method
development was initiated with C18 column using
a mobile phase containing water and acetonitrile
as organic modifier where broad peaks were
observed. The aqueous phase was made acidic
using various acids to modify the peak shapes.
Since the palbociclib and its process related
impurities possess varying polarities, a gradient
elution mode was proposed for better elution.
Optimisation of the method was performed using
different gradient programs, various C18
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columns, optimizing the pH of mobile phase and
organic modifier strength and wavelength. The
optimized chromatographic conditions resulted in
sharp peaks with minimum tailing and fronting,
good resolution between impurities and product
peak without any blank interference. The
optimized chromatographic conditions are shown
in Table 2a and 2b.

3.2 Method Validation

The system suitability solution prepared
above was injected in six replicates at the
beginning of each study and the data is given in
Table 3.

The specificity of the developed RP-HPLC
method was performed by injecting blank
solution, standard solution and process-related
impurities separately. No blank interferenec was
observed at the retention time of Palbociclib and
its impurities. Hence, the method was
found specific for the determination of process
related impurities in Palbocilib. The
corresponding chromatograms of the drug
and individual impurities are given in Fig. 1la —
1f.

Standard solutions at different concentration
levels ranging from LOQ to 250% of specification
limit were injected into the chromatographic
system and the response was found linear as
observed from the calibration curves obtained for
the drug and impurities analyzed separately. The
data obtained for linearity study, LOD and LOQ is
summarized below in table 4.

The accuracy of the developed method was
established in terms of the amount of impurities
recovered in the spiked drug substance at four
different levels (LOQ, 100 %, 150 % and 250 %).
The percentage recovery data is given in Table
5. The method was proved to be precise as
observed from the % RSD (0.3 — 1.1) values (for
peak areas) obtained in method precision and
intermediate precision study given in Table 6. A
deliberate  variation in the  optimized
chromatographic conditions such as flow rate (+
0.1 mL/min) and column temperature (+ 5°C) did
not show any significant changes in the system
suitability parameters and proved the robustness
of the method. The standard and test solutions
were observed for the solution stability and found
to stable over a period of 48 hours as calculated
from the impurities content (Table 7).

Table 2a. Optimized chromatographic conditions

Column

Inertsustain swift (C18), 4.6 x 250 mm, 5u

Mobile phase A

Mobile phase B Acetonitrile
Flow rate 1.0 mL/min
Wave length 230 nm
Injection volume 10.0 pl
Flow mode Gradient
Run time 50 min.
Column temperature 40°C

2 mL of 70 % Perchloric acid in1000 mL Milli Q water

Table 2b. Gradient program

Time (min.) Mobile phase A (%) Mobile phase B (%)
0 75.0 25.0
5 75.0 25.0
40 30.0 70.0
42 75.0 25.0
50 75.0 25.0
Table 3. System suitability data
Name RT RRT Resolution(Rs) Reproducibility (% RSD)
Impurity-A 12.75 0.89 - 0.6
Impurity-B 13.51 0.94 2.99 0.2
Palbociclib 14.32 1.00 2.29 1.1
Impurity-C 17.91 1.25 10.54 0.4
Impurity-D 30.10 2.11 50.15 1.3
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Table 4. Linearity data, LOD and LOQ for Palbociclib and impurities

Level Palbociclib Impurity A Impurity B Impurity C Impurity D
Conc. Mean peak Conc. Mean peak Conc. Mean peak Conc. Mean peak Conc. Mean peak
(ug/mL) area (ug/mL) area (ug/mL) area (ug/mL) area (ug/mL) area
LOQ 0.1813 93148 0.2635 82125 0.0882 92548 0.2125 80296 0.2841 72494
25 % 0.2501 110357 0.3771 124299 0.3776 390186 0.3775 135980 0.3790 118633
50 % 0.5001 219791 0.7542 245271 0.7551 770371 0.7550 269619 0.7580 232801
100 % 1.0002 444289 1.5084 491584 1.5102 1541622 1.5099 537464 1.5159 470439
150 % 1.5003 670062 2.2626 740071 2.2653 2318753 2.2649 806143 2.2739 704021
200 % 2.0004 887805 3.0168 977602 3.0204 3066273 3.0198 1065665 3.0318 929124
250 % 2.5005 1124640 3.7710 1230576 3.7755 3858228 3.7748 13339169 3.7898 1160396
Slope 446220.9 326040.8 1019083.9 353163.9 308053.3
Intercept 1466.53 -833.43 2948.18 3799.94 -2677.69
r 0.9999 1.0000 1.0000 1.0000 0.9999
LOD 0.0544 0.0790 0.0265 0.0638 0.0852
(Hg/mL)
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Fig. 1e. Chromatogram of Impurity D Palbociclib

Standard, RT at 30.07 min (RT at 14.78 min.) spiked with impurities

Fig. 1la - 1f. Typical chromatograms of blank, individual impurity A, B, C, D and Palbociclib
spiked with impurities

Table 5. Accuracy studies for impurities of Palbociclib

Name Spike level (%)  Concentration Concentration *Recovery (%)
spiked recovered (ng/mL)
(ng/mL)
Impurity-A LOQ 0.261924 0.233905 89.30
100 1.542600 1.475055 95.62
150 2.313900 2.234974 96.59
250 3.856500 3.727305 96.65
Impurity-B LOQ 0.088255 0.091966 104.20
100 1.531800 1.593240 104.01
150 2.297700 2.411934 104.97
250 3.829500 3.863670 100.89
Impurity-C LOQ 0.210189 0.241610 114.95
100 1.533750 1.443800 94.14
150 2.300625 2.231657 97.00
250 3.834375 3.772968 98.40
Impurity-D LOQ 0.281428 0.271554 96.49
100 1.535100 1.583946 103.18
150 2.302650 2.391119 103.84
250 3.837750 3.906464 101.79

* Mean of three replicates
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Fig. 2d. Chromatogram for humidity degradation
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Fig. 2f. Chromatogram for UV degradation
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Fig. 2g. Chromatogram for peroxide degradation
Fig. 2a — 2g. Forced degradation study chromatograms of Palbociclib
Table 6. Precision study for Palbociclib and its impurities
Name Method precision Intermediate precision
% RSD (n=6)
Palbociclib 0.4 0.5
Impurity-A 0.4 0.7
Impurity-B 0.8 0.5
Impurity-C 1.1 0.5
Impurity-D 0.3 1.0
Table 7. Results for Solution stability of test solution
Duration Imp. A Imp. B Imp. C Imp. D Single maximum Total
unknown impurity impurities
Impurities content (% w/w)
Initial 0.01 0.003 0.01 ND 0.04 0.11
24 hours 0.01 0.004 0.01 ND 0.04 0.11
48 hours 0.01 0.005 0.01 ND 0.04 0.12

Table 8. Results for forced degradation study

Stress condition Peak purity Purity (% area)
Acid degradation 1.000 99.68
Alkali degradation 1.000 87.78
Thermal degradation 1.000 99.56
Humidity degradation 1.000 99.83
Photolytic degradation 1.000 99.79
UV degradation 1.000 99.82
Peroxide degradation 1.000 98.29
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Table 9. Comparison table for the existing methods with the present method

Mobile phase (v/v) Stationary phase Linearity Comments Ref.
(Hg/mL)
Acetonitrile: Sodium acetate buffer (30:30, 0.5%  Kromasil C18 4.04 —20.19 Method for content in 6
TEA) (250 mm x 4.6 mm, 5 um) capsules (HPLC)
Sodium dihydrogen phosphate buffer (pH 5.5): Intersil C8 5-50 Simultaneous estimation in 7
Acetonitrile: methanol (80:10:10) (4.6 mm x 250 mm, 5um) capsules (HPLC)
Ammoniumacetate: Acetonitrile (32:68) Inertsil ODS- 3V 5-1000 Stability indicating Assay 8
(4.6 mm x 250 mm, 5 um) method (HPLC)
Acetonitrile: 0.1% TEA (pH 3.3; adjusted with Agilent Zorbax C18 0.1-3.0 Bioanalytical method (HPLC) 9
50% OPA, 70:30) (150 mm x 4.6 mm, 5 um)
Ammonium bicarbonate in water (eluent A) and Gemini C18 0.002 -0.2 Bioanalytical method(LC- 10
ammonium bicarbonate in water-methanol (50 mmx 2.0 mm, 5 ym) MS/MS)
(1:9 viv, eluent B), Gradient elution
Methanol: Water Acquity UPLC BEH C18 0.0005-0.6 Bioanalytical method 11
(0.1% acetic acid, 55:45 (1.7 ym,50mm % 2.1 mm ) (UHPLC-MS/MS)
Water with 0.1% formic acid (phase A) and Luna Omega Polar C18 0.0003 -0.25 Bioanalytical method (LC- 12
Methanol/isopropanol (9:1, v/v) with 0.1% formic (3 ym, 100 A, 50 x 2.1 mm) MS/MS)
acid (phase B)
Water (70 % Perchloric acid) : Acetonitrile, Inertsustain swift C18 0.18 - 2.50 Method for process related Present
Gradient elution (4.6 x 250 mm, 5p) impurities (HPLC) method

TEA: Triethyl amine; OPA: Ortho phosphoric acid
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Palbociclib sample was subjected to a series of
stress degradations and the drug was found to
be stable in all the exposed conditions except
under alkali stress where a major degradation
was observed (about 12 %). A major degradant
peak (9.45%) was observed under the optimized
conditions at 2.93 min. which was well separated
from the other peaks in alkali treated sample.
The peaks for Palbociclib in all the forced
degradation samples were found to be spectrally
homogenous and passed the peak purity (>
0.99). The separation and peak purity results
showed that the RP-HPLC method for
guantification of Palbociclib and its process
related impurities is specific for determination of
all the degradation impurites and can be
deployed for stability studies of Drug
Suabstance. The forced degradation
chromatograms are given in Figs. 2a — 2g and
the data is given in Table 8.

4. CONCLUSION

A new gradient RP-HPLC method was
developed for the separation and determination
of process related impurities in Palbociclib and
validated as per ICH guidelines. The method was
found to be simple, sensitive, precise, robust and
accurate as observed from the statistical data.
The present method could achieve separation of
all the impurities in the presence of the drug and
its degradation products in a variety of stress
conditions and can be concluded as a selective
and stability indicating method for the
determination of impurities in Palbociclib.
Therefore, this method can be used for routine
quality control testing and also stability analysis
of Palbociclib drug substance.
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