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ABSTRACT

A simple, sensitive and fast throughput liquid chromatography tandem
mass spectrometry (LC-MS/MS) method has been developed for the
simultaneous estimation of Clofarabine in rabbit plasma. The method
involved Liquid-Liquid Extraction of the analyte from rabbit plasma.
The chromatographic separation was achieved on a Sunfire C18,
(150x4.6mm and 5um particle size) analytical column using isocratic
mobile phase, mobile phase was found in acetonitrile: water: formic
acid (75:25:0.1) % v/v/v respectively at a flow-rate of 1.0 mL/min with
90% flow splitting. The parent—product ion transitions m/z 541.9 —
(443.9 + 461.9), for Clofarabine and 299.250>109.050 for internal
standard respectively were monitored on a triple quadrupole mass

spectrometer, operating in the multiple reaction monitoring (MRM)
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positive ion mode. The method was validated over the concentration range of 0.092-16.937
ng/mL for clofarabine. The mean recovery values for analyte from spiked plasma samples
were reproducible. The method was rugged and rapid with a total run time of 4.0 minutes.

KEYWORDS: Clofarabine, LC-MS/MS, pharmacokinetics, plasma, quantitation.

INTRODUCTION

Clofarabine is indicated for the treatment of pediatric patients 1 to 21 years old with relapsed
or refractory acute lymphoblastic leukemia after at least two prior regimens. This use is based
on the induction of complete responses. Approval is based on objective response rates. No
survival advantage has been demonstrated and palliative benefit was not evaluated.
Clofarabine  (2-chloro-29-fluoro-deoxy-9-b-D-arabinofuranosyladenine) is a second-
generation nucleoside analog, andit is an active therapeutic agent in AML. Monotherapy with
the drug has shown substantial response rates in relapsing or refractory patients who had
failed prior therapyl as well as in newly diagnosed patients of older age who are considered
unsuitable for intensive chemotherapy. Clolar (clofarabine) Injection contains clofarabine,
a purine nucleoside metabolic inhibitor. Clolar (1 mg/mL) is supplied in a 20 mL, single-dose
vial. The 20 mL vial contains 20 mg clofarabine formulated in 20 mL unbuffered
normal saline (comprised of Water for Injection, USP, and Sodium Chloride, USP). The pH
range of the solution is 4.5 to 7.5. The solution is sterile, clear and practically colorless, and is
preservative-free. Clofarabine has the chemical name 2-chloro-9-(2’-deoxy-2’-fluoro-f-D-
arabinofuranosyl)-9H-purine6-amine. It is an off-white to white solid, and its solubility in
saline solution at room temperature is sufficient for the manufacturing process and
concentration of the drug product. The chemical structure of clofarabine is well characterised.
There are two possible polymorphic forms of clofarabine (form A and form B). Control of the
crystallization and drying steps ensures the manufacturing process yields only form A. There
is potential isomerism at the anomeric carbon of the arabinofuranose ring and the desired
form for clofarabine is the B anomer. Clofarabine has a solubility of approximately 0.5 mg/ml
ina 1:1 solution of DMSO: PBS (pH 7.2) using this method.

In the present investigation, a rapid, sensitive and facile methodology for quantification of
Clofarabine in Rabbit plasma was developed. The Clofarabine was extracted from plasma by
liquid-liquid extraction method. The inter-day and intra-day batch precision and accuracy
remains <10.0% and <98.8% in Rabbit plasma respectively a linear regression (1/x°) was

used to perform the calibration over an analytical range of 0.092-16.937 ng/mL.
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EXPERIMENTAL: CHEMICALS AND REAGENTS

Clofarabine standard was obtained from Varda biotech India. Chromatographic grade
Ammonium formate, formic acid, Ammonia Solution were obtained from Merck (Darmstadt,
Germany), HPLC grade Acetonitrile, methanol were obtained from J.T.Baker USA. Blank
heparinized plasma was provided by prathama blood bank. HPLC grade water was obtained
from in-house Milli-Q-Elix system (Milliford, USA).

Calibration curve

A standard stock solution of Clofarabine was prepared using a concentration of 1000 pg/ml
in methanol. The working calibration standard solution of Clofarabine was prepared with
serial dilution in methanol: water (50:50) from the stock solution. Calibration curves were
prepared by spiking 20 pl of appropriate standard solution to 980 pl of heparinized plasma
drug free Rabbit plasma. Effective calibrator concentrations in the plasma matrix were 0.092,
0.183, 0.610, 2.543, 8.477, 12.652, 15.243, and 16.937 ng/ml. The quality control samples
were prepared at three concentration levels 0.244, 8.130 and 13.549 ng/ml (low, medium &
high respectively) in heparinized drug free Rabbit plasma, by separately prepared stock

solution. All stock solutions and calibration standards solution were stored at 2-8 °C until use.

Sample Preparation: Frozen plasma samples were thawed to room temperature prior to
preparation. After thawing, the samples were vortexed (Glas-Col Terre haute Multi pulse
Vortexer, USA) and an aliquot of 500 uL plasma sample was transferred to polypropylene
tube followed by addition of 0.5 ml of 1% formic acid solution in water and vortexed for 30
seconds. Transferred the sample into glass tube, each sample was extracted using 4 ml
solution of n-hexane: diethylether (50:50) by vortexing and centrifuging the sample for 10
min. The samples were flesh frozen and organic part was collected and transferred into
evaporation tube and was evaporated to dryness under the stream of nitrogen in a Turbo Vap—
LC (Caliper Life Sciences, USA) at ~ 60°C. The residue was dissolved in 250 pl of
reconstituted solution consisting of Methanol and water with 0.1% formic acid (50:50, v/v).

An aliquot of 15 pl of the solution was injected into the LC-MS/MS system.

Instrumentation: The chromatography was performed on a LC-system equipped with
quaternary accela pump (Thermo Electron, SANJOSE, USA) and Thermostatted Auto
sampler (CTC PAL Analytics, USA). Column Compartment oven (HT-230A Column Heater,
INDIA). The Chromatographic separation was achieved on Sunfire C18 column (Waters

USA; 50 x 2.1mm, 3.5u). The mass spectrometric detection was performed on Finnigan
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TSQ-Quantum Ultra (Thermo Electron, SANJOSE, USA) in selected reaction monitoring
(SRM) mode. A heated electro spray ionization interface in positive polarity mode was used.
The optimized MS parameters were tabulated in (Table-14.1). The quantification of samples
was carried out using LCQUAN Ver. 2.5.6 software (Thermo Electron, Sanjose, USA).

Table 14.1: Optimized parameters for TSQ Quantum ultra mass spectrometer.

Parameters Drug (Clofarabine) Internal standard
Spray voltage 5000 5000
Vaporizer Temperature 350°C 350°C
Sheath gas Pressure 20 20

lon Sweep gas pressure 0 0

AuXx gas pressure 50 50
Capillary Temperature 250 250
Collision Energy(eV) 24 29

Tube lens off set 110 110
Skimmer off set 0 0
Collision Pressure 0 0

m/z 541.9 — (443.9+461.9) | 299.250>109.050
Scan Type SRM SRM

Data Type Centroid Centroid
Scan Time 0.200 0.200

Scan width 0.004 0.004
Chrom filter peak width 20 20

Q1 0.7 0.7

Q3 0.7 0.7

Validation: To ensure the accuracy, selectivity, reproducibility, and specificity, the method

was fully validated on the following experiment as per act of “Guidance for industry”

Bioanalytical method validation (Shah VP et al., 1991).

For the evaluation of linearity, calibration curves with eight levels covering the total range
0.092-16.937 ng/ml of Clofarabine was prepared in triplicate and analyzed in three individual
analytical runs. Calibration curves were calculated based on the measurement of peak area of
Clofarabine. The least squares linear regression using 1/X? as weighting factor was used to fit
the measured signal versus the theoretical concentration. The acceptance criteria for a
calibration curve was a correlation coefficient (r?) > 0.98 and each back-calculated standard
concentration must be within £15% deviation from the nominal value, except at the LLOQ),

for which the maximum acceptable deviation was within £20%.

For matrix effect, the ionization of analyte of interest, possible suppression or enhancement

of ionization induced by endogenous substances was evaluated by comparing
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chromatographic peak area of Clofarabine from the post spiked concentration samples at two
levels in triplicate with neat standard concentration.

The Quality control (QC) samples at three concentration levels (0.244, 8.130, and 13.549
ng/ml) were analyzed to evaluate the accuracy and precision of the method. The three
concentrations were chosen to encompass the range of calibration curve corresponding to the
Clofarabine levels expected to occur in plasma samples. The QCs sets were distributed along
after the calibration curve. The accuracy and precision were evaluated using percentage
deviation from nominal concentration and measured mean concentration and relative standard
deviation (%CV) within the batch and between the batches. The inter-day and intra-day

accuracy and precision were < 15%.

The lower limit of quantification (LLOQ) of Clofarabine was experimentally chosen as the
minimal concentration at which both precision and accuracy were less than or equal to 20%

and it was evaluated by analyzing samples which were prepared in six replicates.

The recovery of liquid-liquid phase extraction procedures were assessed by comparing the
mean peak areas of the regularly prepared samples at three concentrations (0.244, 8.130 &
13.549) with the mean peak area of spiked-after—extraction plasma samples. To prepare the
spiked—after—extraction samples, drug free Rabbit plasma were processed according to the
sample preparation procedure as described above. After the liquid-liquid extraction the
organic phase was spiked with appropriate standard solutions of Clofarabine concentrations
corresponding to the final concentration of the pre-processed liquid-liquid extracted plasma
sample, after vortexing for 30 sec, organic phase was evaporated to dryness under stream of

nitrogen at 60°C and the residue was reconstituted in 250 pl reconstitution solution.

The stability of Clofarabine in Rabbit plasma was evaluated by assaying through high and
low concentration of plasma under different temperatures and storage conditions. Plasma
sample were analyzed after storage at room temperature for 6.0 hours, in an auto sampler for
24 hours at 10°C temperature and subsequently after three freeze thaw cycle at -20°C. The
peak area obtained from analysis of stability samples was compared to those obtained with
freshly spiked in plasma. The concentration of analyte were considered to be stable in

biological matrix (Plasma) under an acceptance range from 85 -115%.
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RESULTS AND DISCUSSION

Mass Spectrometry

The structure of Clofarabine has fused aromatic ring along with long aliphatic side chain
having fluorine group which clearly indicates that Clofarabine is a non polar molecule and
acidic in nature. The heated ESI probe was selected for ionization of analyte in positive ion
mode. The Clofarabine gave an (M + H)" adduct at m/z 541.9 — (443.9 + 461.9) there was no
solvent adduct found during the scanning of molecule. The fragmentation behavior of the
parent mass was strongly depended on the collision energy. During fragmentation process,
parent 541.9 m/z gave intense fragment at 443.9 m/z and 461.9 m/z with collision energy 16
eV and 23eV respectively, on increasing collision energy it gave two more fragments at m/z
158.87 and 170.84 at 38 eV respectively. However, use of transition at m/z 607>589 emitted
intense noise and interference from plasma endogenous impurities as compared to transition
at m/z 607>466.9. Transition at m/z 607>466.9 was selected for better specificity in
quantification with not any compromise with sensitivity. The impact of temperature and
sheath gas and auxiliary gas was investigated to get optimum sensitivity and reproducibility
the optimized parameters were tabulated in Table 14.1. The fragmentation of Clofarabine in

positive ionization mode was shown in figure 14.1.

Chromatographic conditions

Various reverse phases Cg and Cig analytical columns were tried during the course of
chromatographic separation. In order to achieve analyte retention, separation, and higher
throughput, Sunfire C18 column was used during the course of chromatographic separation.
Various trials have been carried out on sunfire-C18 column with optimization of mobile
phase resulting in good retention of Clofarabine in the column. Retention of the analyte was
observed at 1.63 min and internal standard was observed at 0.90 (Figures 14.2 and 14.3).
However the mobile phase composition had a strong effect on the peak shape and MS
response. The best evaluated composition of mobile phase out of the various trials was found

in acetonitrile: water: formic acid (75:25:0.1% v/v/v respectively).
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Figure 3: Representative chromatogram of Clofarabine extracted from Blank plasma

sample.
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Figure 4: Representative chromatogram of Clofarabine Extracted from Standard lower

concentration plasma sample.

Selectivity: Specificity of method was evaluated by analyzing six different batches of drug
free plasma against Rabbit plasma spiked at the lower limit of quantification. Figures 14.2
and 14.3 show the typical chromatograms of blank plasma and a plasma sample spiked at
standard lower concentration. There were no interfering peaks observed at the retention time

of analytes.

Matrix effect: The matrix effect was evaluated by comparing the area ratio of post spiked
sample with neat standard in a reconstituted solution. The result was tabulated in table 14.2

which showed that there was no significant change in area response of post spike sample that
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was compared with the neat standard area at high and low concentration. The result proved in
table 14.2 that the method was insignificant to the matrix effect.

Table 14.2: Matrix effect for Clofarabine in human plasma at high and low
Concentration (n=3).

Added _ Mean Area Me_an Area
Concentration before spike spike post % ME
ng/ml extract
0.240 284379 289392 101.760
13.550 15528469 16042281 103.309
0.248 3235511 333584 103.116
13.550 17409731 17051858 97.944
0.240 290721 287991 99.064
13.550 17324052 17609440 101.647

Linearity: Eight-point calibration curve was found linear over the concentration range of
0.0092-16.974 ng/ml for Clofarabine. The calibration model was selected based on the
analysis of data by the linear regression with/without intercepts and weighing factor (1/x,
1/x2 and 1/9x). The residuals improved by weighted (1/X?) least —squares linear regression.
The best linear-fit and least-squares residuals for the calibration curve were achieved with a
1/X? weighing factor, giving a mean linear regression equation for the calibration curve of: y
= 0.142 (x0.092) x + 0.001 (£0.004) for Clofarabine where y is the peak area ratio of the
analyte to the IS and x is the concentration of the analyte. The mean correlation coefficient of
the weighted calibration curve generated during the validation was 0.995. Table 14.3

summarizes the calibration curve results.

Table 14.3: Inter-day accuracy and precision of calibration curve concentrations for

Clofarabine in human plasma (n=3).

Added Mean calculated

Concentration Concentration % RSD % Accuracy
ng/ml ng/ml
0.092 0.092 1.1 100
0.183 0.186 1.9 100.3
0.610 0.609 3.5 99.8
2.543 2.496 4.1 98.2
8.477 8.390 4.5 99
12.652 12.594 5.2 99.5
15.243 15.095 8.0 99
16.937 17.978 8.1 106.1
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Sensitivity: The quantification limit (LLOQ) of 0.092 ng/mL in Rabbit plasma was evaluated
through six plasma samples spiked externally for Clofarabine. The intra-day run for accuracy

and precision of Clofarabine was < 100 % & < 1.1% respectively.

Precision and accuracy: The intra-day run accuracy and precision of calibration standards
are summarized in Table-14.3, the intra-day run accuracy and precision for calibration
standards were 106.0% and 8.1 respectively. The inter-day run accuracy and precision was
evaluated through six high, medium and low concentration of plasma sample, the results are
summarized in Table-14.4, the intra-day run accuracy and precision for quality control
samples were <100.0% and <6.8%, while inter-day run accuracy and precision for quality

control samples were <98.8% and <4.7%.

Table 14.4: Intra-day and Inter-day accuracy and precision of quality control

concentrations for Clofarabine in human plasma for LLOQ (0.092 ng/ml, n =6) n = 18

Added _ Mean calcul_ated Intra-day Mean calcul_ated Inter-day
Concentration concentration % RSD concentration % RSD

ng/ml ng/mi ng/mi

0.092 0.092 1.1 - -

0.244 0.226 3.3 0.223 3.2

8.130 7.889 5.8 7.967 4.1

13.549 13.216 6.8 13.383 4.7

Recovery: Six replicates at low, medium and high quality control concentration of
Clofarabine were prepared for determination of recovery from plasma. The mean recovery

was 85% and 90% for Clofarabine and internal standard respectively.

Dilution integrity: The upper limit of quantification was extended to 33.6 ng/ml for
Clofarabine by a 2-fold dilution, in addition to 33.6 ng/ml by a 5-fold dilution in Rabbit
plasma with a precision of 4.7% and 2.7% with accuracy of 95.6% and 98.1% respectively.

Stability: The stability of Clofarabine in Rabbit plasma was evaluated by assaying through
high and low concentration of plasma under different temperatures and storage conditions the

results of the stability study are enumerated in Table 14.5.
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Table 14.5: Stability of Clofarabine in human plasma at low and high concentration

levels.
Number of . Calculated
Stability samples Con_c entratio concentration %RSD | %Accuracy
n spike ng/ml
Compared ng/mi
Auto-Sampler 4 0.244 0.228 3.7 98.1
4 13.549 12.907 7.0 97.6
Dry Extract 4 0.244 0.234 1.0 100.4
4 13.549 13.011 6.0 98.4
Bench Top 4 0.244 0.246 4.4 105.5
4 13.549 14.084 7.2 106.5
Freeze thaw 4 0.244 0.230 5.1 99.0
4 13.549 12.939 6.9 97.9

Bench top stability was evaluated by high and low concentration of plasma samples and was
tabulated in Table 14.5.There was no significant concentration difference between the spike
standards at time O and sample spike after 6 hrs indicating that Clofarabine was stable at
room temperature over duration of 6 hrs. The dry extract stability was also evaluated through
processed four high and low concentration of the plasma sample stored at -20°C for 11 hrs
and compared with freshly processed sample was established. Moreover, the analyte was
found to be stable in auto sampler for at least 24 hrs at 10°C.The deviations observed after the
first, second and third freeze-thaw cycles were within £15%, as is evident from Table 14.5 at
the concentration levels used for Clofarabine, indicating adequate freeze-thaw stability.
Spiked QC samples which were extracted and analyzed immediately were used as the
reference point to calculate the percentage deviations after the first, second and third freeze-
thaw cycles. Also, the QC samples stored at -20°C were analyzed after 3 cycles and there

were no significant deviations with respect to the immediately analyzed samples.

CONCLUSION

A rapid, facile and robust method, with liquid-liquid extraction was developed and validated
in accordance with USFDA guidelines. This method is rapid, precise, and accurate for the
quantification of Clofarabine in Rabbit plasma. It has achieved the limit of quantification up
to 0.092 ng/ml. The sample preparation procedure is based on simple, economical and
efficient liquid-liquid phase extraction. In addition, simple and efficient sample preparation

procedure, useful for bioavailability and bioequivalence pharmacokinetic applications.
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