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ABSTRACT

Objectives: The motive behind this work is to develop a simple, rapid, accurate, and precise
High-Performance Liquid Chromatography (HPLC) method for determining Ruxolitinib (RUXO)
in bulk drugs and to study drug degradation behavior under various stress conditions as per
International Council for Harmonization (ICH) guidelines. Materials and Methods: In this method,
a Phenomenex ODS C-18 (250x4.6 mm, 5 pm) column was used by taking a mobile phase, which
is methanol to acetonitrile, in the ratio of 60:40 v/v. pH is adjusted to 5.6 with acetic acid. A 1
mL/min flow rate was maintained, taking 25 pl as the injection volume. The eluted compounds
were detected by a UV detector at a 254 nm wavelength at ambient temperature, with a 6 min
run time. Results: The method shows a linear calibration curve in the concentration range of
10-70 pg/mL for the RUX with a regression coefficient of 0.999. Parameters were accessed by
following the ICH (Q2R1) guideline. % Relative Standard Deviation (RSD) of precision was found
to be 0.41, which is within the acceptance criteria. The Limit of Detection (LOD) value was found
to be 1.5 pg/mL, and the Limit of Quantification (LOQ) is 4.5 ug/mL. The method was also utilized,
developed, and validated for the estimation of drugs. Degradation tests were carried out at
different conditions, like in acidic, basic, neutral, and oxidative conditions using H,O,. Photolytic
and thermal degradation were performed at 60°C in a hot air oven. Conclusion: The outcomes
obtained after the stress testing reveal that the RUX drug substance is stable under various stress
conditions, showing its accurate, precise, rapid analysis of RUXO and hence, its suitability for
routine analysis in quality control laboratories for quantitative analysis of the drug.
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INTRODUCTION

Myelofibrosis in its intermediate- or high-risk state is managed
by the FDA-approved selective inhibitor of Janus tyrosine kinase
1 and 2 drug, i.e., Ruxolitinib (RUXO), from the year 2011 and
in the European Union in 2012."” The management includes
varied conditions of myelofibrosis. The working mechanism of
the drug is exhibited through Janus Kinase (JAK) and its specific
subtypes, JAK1 and JAK2, where the active principle restricts
signal transduction that is otherwise responsible for progression
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of the myelofibrotic condition.* RUXO is used in pharmacologic
treatment to address repigmentation in vitiligo patients.® It was
developed and marketed under different brand names, like Jakafi
and Jakavi”” Drug having the molecular formula C H N..
H,PO,. Its molecular weight is 404.370, and it has a pyrrolo
[2,3-d] pyrimidine group in its structure. Figure 1 shows the
drug's chemical structure.

The reported literature for the estimation of RUXO involves the
use of LC-MS, which is not available in most of the laboratories.
Similarly delayed in retention time while performing the
force degradation studies, the samples are degraded.'''* This
experiment was focused on developing a simple and accurate
method for the estimation of RUXO for routine analysis and
stability studies in a cost-effective manner. So, keeping pace with
the current trends of pharmaceutical industries, efforts are on for
the development of active principles into suitable dosage forms at
a minimized cost without compromising the quality of the same.
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Analytical method development for the same active ingredient
also keeps pace with the current trend. Among various methods
and techniques available for determination of consistency and
quality of the drug in bulk as well as in its respective dosage
form, HPLC is one established, reliable analytical method. The
present work designed and developed a method that can be fast,
cost-effective, and reliable for the estimation of RUXO in bulk
form along with performing a degradation study under various
stress conditions as per ICH guidelines.

MATERIALS AND METHODS

Reagents and Chemicals

The drug was procured from Mylan Labs, Hyderabad. Methanol
and acetic acid were obtained as gift samples from Nice Chemicals
Pvt. Ltd., India. High-purity water was obtained by using a water
purification system installed at the Royal College of Pharmacy
and Health Sciences.

Instrumentation

HPLC (Shimadzu) with a UV detector and SPINCHROM
data handling software was used for drug analysis. The UV-vis
spectrophotometer instrument Shimadzu UV-vis 1700 was used
for measuring absorbance for RUXO solutions. A pH meter and
sonicator were also used during this work.

Chromatography Conditions

During this work methanol to acetonitrile in the ratio 60:40 v/v
was used as the mobile phase for the ODS C-18 (250x4.6 mm, 5
pum) column. Before the start of experimental work, the column
was conditioned by taking the selected mobile phase. pH is
adjusted to 5.6 with acetic acid. The injection volume was set to
25 uL with a 1 mL/min flow rate.

Selection of Wavelength

The drug shows absorbance and good resolution at a 254 nm
wavelength.

Preparation of Mobile Phase

Preparation of the mobile phase holds a crucial role in the method
validation process. In the present study, a mixture of methanol
and acetonitrile was selected as the mobile phase. 600 mL of
methanol along with 400 mL of acetonitrile was mixed well and
then degassed, which was filtered through a 0.45 um filter using
vacuum filtration.

Standard Stock Solutions

A standard stock solution was prepared by accurately measuring
10 mg of the drug and dissolving it in 10 mL of the selected
mobile phase to get a concentration of 1 mg/mL (1000 pug/mL)
solution and stored under refrigeration.
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Working Solutions

2.5 mL of stock solution was taken in a 25 mL volumetric flask
and diluted to get a concentration of 100 ug/mL solution. From
this, 1 mL, 2 mL, 3 mL, 4 mL, 5 mL, 6 mL, and 7 mL were taken
to make 10 pg/mL, 20 pg/mL, 30 ug/mL, 40 ug/mL, 50 pug/mL,
60 pg/mL, and 70 ug/mL solutions, respectively, by diluting with
methanol and acetonitrile solutions of ratio 60:40, respectively,
and then injected into the HPLC in a 1 mL/min flow rate.

Method validation of RUXO

The present research aims to develop and validate the
determination of RUXO as per ICH guidelines, analyzing different
parameters like linearity, precision, robustness, LOD, and LOQ.

Linearity

Working solutions are injected in series from lower concentrations
to higher concentrations to check linearity of response, and peak
areas are recorded. Different concentrations ranging from 10
to 70 ug/mL was prepared by diluting the stock solution, and a
graph was plotted.

Accuracy

Accuracy was found out by taking different sample solutions at
various levels such as 80%, 100% and 120% to determine the
% recovery of RUXO by calculating mean, SD and % RSD by
standard addition method.

Precision

To express and calculate repeatability and intermediate precision
study, eight working sample solutions of 40 pug/mL are injected.
The % RSD and standard deviation were calculated for RUXO for
both intra-day and inter-day precision.

LOD and LOQ

The calibration curve method was used in the determination of
these parameters to check the sensitivity of the method. Signal-to-
Noise ratios (S/N) of 3:1 and 10:1 are used to determine LOD and
LOQ, respectively, by formula.'>"’

LOD= 3X standard deviation of y- intercept / slope of
calibration curve

LOQ=10X standard deviation of y- intercept / slope of
calibration curve

Ruggedness

Ruggedness was determined based on an internalist study,
where two different analysts were employed to perform the
experimentation and interpretation of data thereof. The results
are represented in Table 3.
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Robustness

The robustness was assessed by introducing the RUXO standard
configuration into the HPLC while varying the flow rate, altering
the pH, and modifying the composition of the organic solvent
from standard chromatographic conditions.

Degradation Studies

Itis necessary to demonstrate the specificity of stability-indicating
methods, which also offers insight into the degradation pathways
and products of the drug substance, aiding in the elucidation of
the structures of the degradation products. The authors adhered
to a specified procedure for conducting the degradation study.
The sample underwent these conditions; the principal peak was
analyzed for peak purity, confirming that the procedure effectively
isolated the pure active component from the breakdown products.

Degradation in Natural Condition

About 10 mg of pure drug was accurately weighed and taken in
a 10 mL volumetric flask and dissolved in a minimum volume
of methanol. Then the volume was made up to the mark with
water and kept at 70°C. At different time intervals, solutions were
prepared and injected into the HPLC system.

Acid Degradation

10 mg of pure drug taken in a 10 mL volumetric flask and
dissolved in a minimum volume of methanol and sonicated
for 10 min. Then the volume was made up to the mark with 1
mL of 0.1 N HCI and kept at 70°C. Then this solution was then
cooled, neutralized by 1 mL of 0.IN NaOH, and injected under
optimized chromatographic conditions to study the nature of the
chromatogram.

Table 1: Optimized Chromatographic Conditions of RUXO phosphate.

Parameters Conditions

Column ODS-II C ;(250x4.6 mm, 5p)

Mobile Phase Methanol: Acetonitrile (60:40) with
Acetic Acid

Flow rate (mL/ 1 mL/min

min)

Run time (minutes) 6 min

Column Ambient

temperature (°C)

Volume of injection 25 mL

loop (mL)

Detection 254 nm

wavelength (nm)

Drug R (min) 3.087

LOD 1.5pg/mL

LOQ 4.5ug/mL

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 2 (Suppl), Apr-Jun, 2026

Basic Degradation

10 mg of pure drugs were accurately weighed and taken in a
10 mL volumetric flask and dissolved in a minimum volume of
methanol and sonicated for 10 min. Then the volume was made
up to the mark with 0.1N NaOH and kept at 70°C. Then this
solution was then cooled, neutralized by 1 mL of 0.1N HCI, and
injected under optimized chromatographic conditions to study
the nature of the chromatogram.

Oxidative Degradation

About 10 mg of pure drugs were accurately weighed and taken
in a 10 mL volumetric flask and dissolved in a minimum volume
of methanol. Then the volume was made up to the mark with 6%
w/v H,O, and kept at 70°C. Then this solution was then cooled
and injected under optimized chromatographic conditions to
study the nature of the chromatogram.

Thermal Degradation

Three different clean Petri dishes containing approximately 10
mg of pure drugs were heated to 700°C using dry heat. Drug
solutions were made, and 40 pg/mL of the sample solutions were
added to the HPLC apparatus.

RESULTS
Method Development

As we know, if drugs are not given in the correct quantity, they
may produce adverse effects in the body. So, developing a simple,
rapid, cost-effective analytical tool for its estimation has always
been a thrust area of research that may guarantee that the drug
exists in the exact concentration in the sample. In this line, this
research work reports a new, rapid, simple, and low-cost HPLC
analytical tool with a UV detection channel for estimating
RUXO in bulk samples and also estimates the effect of stressed
conditions on the degradation property of RUXO. The method
was successfully applied for the estimation of the drug, and the
result of optimized chromatographic conditions is shown in

CN
N—N
f/
CIJH
HO —P —OH
N~ I
N
N
N H

Figure 1: Chemical structure of Ruxolitinib.
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Table 2: Accuracy Data of UV-vis Spectrophotometric Method for RUXO.

No. of preparation Formulation Pure Drug
S1:80% 10 8

S1:80% 10 8

S1:80% 10 8

S1:100% 10 10
S1:100% 10 10
S1:100% 10 10
S1:120% 10 12
S1:120% 10 12
S1:120% 10 12

% Recovery

Statistical Parameter

99.98 Mean=100.1
100.5 SD=0.344
99.85 % RSD=0.344
100.8 Mean=99.91
99.65 SD=0.916
98.99 % RSD=0.918
99.97 Mean=100.13
100.01 SD=0.249
100.42 % RSD=0.249

Table 3: Precision Result of RUXO.

Precision Parameters

Mean
Precision data of Repeatability 39.92
Intra-day Precision 40.00
Inter-day Precision 39.97

Statistical Parameter

SD %RSD
0.16 0.41
0.04 0.12
0.15 0.39

The numbers of readings are 6.
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Figure 2: UV spectrum of RUXO.

Table 1. ODS-II C18 (250x4.6 mm, 5) was chosen as appropriate
for this method. The eluted RUXO shows good peak shape and
a retention time of 3.087 min by using a mixture of methanol
to acetonitrile in 60:40 ratios with acetic acid. Flow rate was
maintained at 1 mL/min. The drug shows its peak at 254 nm, as
shown in Figure 2 and the optimized chromatogram of RUXO
shown in Figure 3.

Method Validation

The results of linearity occur within the range of 10-70 pg/mL
that shows the straight-line equation of y=29163x-10749 with the
correlation coefficient found to be 0.9996 for RUXO. From the
regression equation, LOD and LOQ were found to be 1.5 ug/mL
and 4.5 pg/mL, respectively, as mentioned in Table 1. Different

S742

validation parameters such as accuracy, precision, robustness,
ruggedness, LOQ, LOD were studied according to ICH guidelines
and the corresponding data are given in Table 2.

In the precision study of repeatability, the % amount found was
calculated. The outcome of the results of precision was shown
in Table 3, and the linearity of the chromatogram RUXO is
shown in Figure 4. In the robustness study, % RSD for selected
chromatographic parameters like changes in flow rate (+0.2 mL/
min), mobile phase composition (+5%), and room temperature
(£5°C) are found to be less than 2.0, as shown in Table 4.
Ruggedness was done by different analysts, and the result is shown
in Table 5. The degradation study was conducted to check the
effect of acid, base, oxidation, thermal, photolytic, and water on
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RUXO. The results are shown in Table 6 and the chromatogram
shown in Figure 5.

DISCUSSION

From the calibration plot of response vs. concentration, a straight
line follows that can be used to evaluate a procedure's linearity.
The eluted RUXO shows good peak shape and a retention time

Table 4: Robustness Result of RUXO.

of 3.087 min by using a mixture of methanol to acetonitrile in
60:40 ratios with acetic acid. Flow rate was maintained at 1 mL/
min. The drug shows its peak at 254 nm, as shown in Figure 2. In
the precision study of repeatability, the % amount found was
calculated. The %RSD of precision was found to be 0.41, which
is within the acceptance criteria (less than 2.0%). Hence, the
method is precise, as shown from results table. In the photolytic

and thermal degradation study, the drug has not shown any extra

Change in Parameters %RSD peak, confirming its stable nature. From the Figure, it has been
Flow (1.1 mL/min) 0.15 confirmed that, whatever the degradation patterns, RUXO was
Flow (0.8 mL/min) 0.21 eluted at its specific peak at its own retention time, and there
Qo (280 L Table 5: Ruggedness Result of RUXO.
Temp. (32°C 0.89 .
p-( ) Change in Parameters %RSD
More Organic 0.12
& Analyst - 1 0.26
Less Organic 0.15
The numbers of readings are 6. AnalYSt -2 0.42
[mV]
120/
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2
40-|
20
o
0 2 6 8
Time [min.]
Figure 3: Optimized chromatogram of RUXO.
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Figure 4: Linearity Chromatogram of RUXO.
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Table 6: Results of Forced Degradation study of RUXO phosphate.

Stressed % Assay Findings
Parameters  of

RUXO
Acid 99.09 There was no significant
degradation degradation found.
Alkali 98.57 There was no significant
degradation degradation found.
Photolytic 99.48 There was no significant
degradation degradation found.
Thermal 97.73 There was no significant
degradation degradation found.
Peroxide 81.90 Degradation peak of 17.66% was
degradation formed.
Neutral 99.90 There was no significant
Degradation degradation found.

are no new extra sharp peaks observed in different stressed
conditions, which confirms its stable nature.

CONCLUSION

This research work reports on the development of a simple,
accurate, precise, and rapid HPLC method for the estimation
of Ruxolitinib (RUXO) in bulk. While performing the forced
degradation studies, it is found that RUXO remains stable in
most of the stress conditions. However, while formulating, the
pH should be kept near to neutral to optimize the stability of the
product. This method is “rapid” as it reduces the whole analysis
time, which is the smallest amount of time needed. Since there
has been reduced deterioration in stressful environments and
good separation of RUXO from the other deteriorated peaks,
the current technique is “stability indicating” The procedure
is “validated,” since all parameter results are within the limit
specified by the ICH Q2B. From the system development and
confirmation data, it's set up that the system is specific, accurate,
precise, rugged, and robust for the estimation of RUXO. Hence,
it can be used for the routine analysis of RUXO in different labs.
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SUMMARY

This research work reports on the development of a simple,
accurate, precise, and rapid HPLC method for the estimation
of Ruxolitinib (RUXO) in bulk. While performing the forced
degradation studies, it is found that RUXO remains stable in most
of the stress conditions. The procedure is “validated,” since all
parameter results are within the limit specified by the ICH Q2B.
From the system development and confirmation data, it's set up
that the system is specific, accurate, precise, rugged, and robust
for the estimation of RUXO. Hence, it can be used for the routine
analysis of RUXO in different labs.
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