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a  b  s  t  r  a  c  t

Efficacy  assessments  using  a combination  of ruxolitinib  and  nilotinib  necessitate  the  development  of a
high precision  analytical  method  for determination  of  both  drugs  in  plasma.  A high performance  liquid
chromatography–tandem  mass  spectrometry  (LC–MS/MS)  method  was developed  for  the  simultaneous
determination  of ruxolitinib  and  nilotinib  in rat  plasma.  Extraction  of  ruxolitinib,  nilotinib  and  dasatinib
(internal  standard;  IS)  from  50 �l rat  plasma  was  carried  out  by  protein  precipitation  with  methanol.
Chromatographic  separation  of analytes  was  performed  on YMC  pack  ODS  AM  (150  mm  ×  4.6  mm,  5  �m)
column  under  gradient  conditions  with  acetonitrile:2.0  mM  ammonium  acetate  buffer  as  the  mobile
phase  at  a flow  rate  of 1  ml/min.  Precursor  ion and  product  ion  transition  for  both  analytes  and  IS were
monitored  on a triple  quadrupole  mass  spectrometer,  operated  in  the  selective  reaction  monitoring  with
positive ionization  mode.  Method  was  validated  over  a concentration  range  of  0.16–247  ng/ml  for  ruxoli-
tinib and  0.86–219  ng/ml  for nilotinib.  Mean  extraction  recovery  for ruxolitinib,  nilotinib,  and  IS of  99.6%,
97.6%  and  90.3%  were  consistent  across  low,  medium,  and  high  QC  levels.  Precision  and  accuracy  at  low,
medium  and  high  quality  control  levels  were  less  than  15%  across  analytes.  Bench  top,  wet,  freeze-thaw
and  long  term  stability  were evaluated  for both  analytes.  The  analytical  method  was  applied  to  sup-
port  a pharmacokinetic  study  of simultaneous  estimation  of  ruxolitinib  and  nilotinib  in Wistar  rat.  Assay
reproducibility  was  demonstrated  by  re-analysis  of 18  incurred  samples.

© 2014  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Chronic myeloid leukaemia (CML) is a slow, progressing,
myeloproliferative disease of the bone marrow that results in over-
production of abnormal white blood cell (WBC) [1]. Historically,
CML  has been linked to gene rearrangement of ABL-kinase known
as the “Philadelphia Chromosome” and is treated with broad-
spectrum tyrosine kinase inhibitors including nilotinib [2,3]. While
nilotinib demonstrated significant success in attenuating disease
progression in CML, resistance to the drug has been reported in the
recent past [4]. Resistance to nilotinib has been attributed to the
activation of the JAK/STAT signalling pathway [5]. Combination of
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a JAK inhibitor with nilotinib could therefore help overcome the
resistance in a sub-sect of CML  patients.

Janus kinases are non-receptor tyrosine kinases that mediate the
downstream effects of several cytokines and growth factors. Aber-
rations of the janus kinase (JAK) signalling pathway are associated
with majority of the myelofibrotic cases with over 50% of primary
myelofibrosis patients presenting a JAK2V617F gain-of-function
mutation [6]. Such mutations result in constitutive activation of
the JAK-signal transducer and activator of transcription (JAK-STAT)
pathway [6] that in turn regulates transcription of several genes
involved in the immune response, cell proliferation, and apoptosis
[7,8]. The JAK-STAT pathway could also be triggered due to exces-
sive production of pro-inflammatory cytokines thereby leading to
a vicious cycle wherein the receptor remains activated [9]. Besides
JAK2, studies have also implicated the involvement of JAK1 in the
progression of myelofibrosis [9] thereby implicating these two pro-
teins as potential druggable targets. With the discovery of JAK2
mutations in myelofibrosis, focus shifted to targeted JAK inhibitors
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Fig. 1. Chemical structure of (a) ruxolitinib, (b) nilotinib and (c) dasatinib (internal standard).

for effective disease control. Ruxolitinib (formerly INCB018424)
is first-in-class, potent, and selective JAK inhibitor that has been
approved by the FDA for the treatment of myelofibrosis. A Phase 1/2
clinical trial evaluating the effect of the combination of ruxolitinib
and nilotinib in CML  is currently ongoing (NCT01702064).

Very few LC–MS/MS based methods are reported for the
quantification of ruxolitinib in plasma [10,11]. Methods for the
determination of nilotinib in biological fluids by HPLC-UV or
LC–MS/MS have been reported [12–23]. However, reports describ-
ing a LC–MS/MS-based method for simultaneous determination of
ruxolitinib and nilotinib in plasma are not available. Simultaneous
determination of ruxolitinib and nilotinib in plasma would help
establishing a pharmacokinetic and pharmacodynamic study in
animal models that require administration of both drugs to achieve
maximal efficacy prior to human studies. In the current article, we
describe a highly sensitive, selective, and rapid LC–MS/MS method
that was developed and fully validated for simultaneous estimation
of ruxolitinib and nilotinib in rat plasma. This method offers a small
turnaround time for analysis and utilizes only 50 �l rat plasma for
sample processing using simple protein precipitation extraction.
Translation of this methodology to pharmacokinetic studies is also
demonstrated by re-analysis of incurred sample.

2. Experimental

2.1. Chemicals and reagents

Ruxolitinib, nilotinib, and dasatinib (Fig. 1) were obtained from
Selleckchem, Houston, TX. Ammonium acetate was obtained from
Sigma–Aldrich Germany. Methanol and acetonitrile (HPLC gradi-
ent grade) were procured from RCI Lab Scan, Thailand. Ultra pure
water of 18 M�/cm was obtained from Milli-Q purification system,
Millipore, MA,  USA.

2.2. Liquid chromatographic and mass spectrometric conditions

Reverse phase chromatographic analysis of analytes was
achieved on a Shimadzu SIL-20 AC HT system (Shimadzu Corpora-
tion, Japan). Separation of analytes and IS was performed on YMC
Pack ODS AM (150 mm × 4.6 mm,  5 �m)  analytical column (YMC®-
PACK, Japan), maintained at 40 ◦C in a column oven (CTO-10ASVP).
Five microlitres of each sample were loaded on the column, sep-
arated, and eluted using a gradient mobile phase consisting of
acetonitrile (A):2 mM ammonium acetate buffer (B); (minutes, %

mobile phase A): (0, 25), (2.0, 90), (5.0, 90), (5.2, 25), (7.5, 25).
For gradient elution, the flow rate of the mobile phase was kept
at 1.0 ml/min with 70% flow split after post column elution. Flow
was directed to the ion spray interface. Autosampler (SIL20ACHT)
temperature was  maintained at 10 ◦C. Mass spectrometric detec-
tion of analytes and IS was  carried out on a triple quadrupole mass
spectrometer (Thermo Scientific – Finnigan TSQ Quantum Ultra,
San Jose, CA, USA), equipped with a heated electrospray ionization
and operated in a positive ionization mode. Optimized mass param-
eters and SRM transitions for analytes and IS are given in Table 1.
Selective reaction monitoring (SRM) mode was  used for data acqui-
sition. Peak integration and calibration were carried out using LC
Quan 2.5.2 software (Thermo- Scientific).

2.3. Calibration standard and quality control samples

Stock solutions (1.0 mg/ml) of ruxolitinib, nilotinib, or dasa-
tinib were prepared by dissolving accurately weighed amounts
in methanol. Calibration standards (CSs) and quality control (QC)
samples were made by spiking blank plasma with appropriate
volumes of working solutions. Final calibration standard concentra-
tions for ruxolitinib/nilotinib were 0.16/0.86, 0.41/1.71, 1.02/3.43,
2.54/6.85, 6.35/13.71, 15.87/27.41, 39.68/54.83, 99.19/109.65, and
247.97/219.30 ng/ml respectively. The QC samples were prepared
at four concentration levels: 190.75/180.60 ng/ml (HQC, high qual-
ity control), 95.37/90.30 ng/ml (MQC, medium quality control),
0.49/2.44 ng/ml (LQC, low quality control) and 0.16/0.86 ng/ml
(LLOQ QC, lower limit of quantification quality control), for the
ruxolitinib/nilotinib combination. Dasatinib (IS) stock solution was
diluted with methanol to achieve a final concentration of 250 ng/ml.
Standard stock and working solutions were stored at 2–8 ◦C until
further use.

2.4. Extraction procedure

Analytes were extracted from rat plasma by protein precipi-
tation. Briefly, 300 �l of precipitating solution (IS 250 ng/ml) was
added to an aliquot of 50 �l plasma and mixed for 3 min (IKA vortex,
Genius 3). Mixture was  centrifuged at 14,000 rpm at 10 ◦C for 5 min.
Supernatant (5 �l) was  injected in the chromatographic system.

2.5. Validation procedures

System suitability was  determined by injecting six consecutive
samples of aqueous standard mixture of analytes and IS at the start
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