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Abstract:

A highly responsive and simple LC-MS/MS assay was developed and witnessed for the gradation of Daunorubicin and
Cytarabine in rat plasma. The chromatographic condition involves, isocratic mode using waters X-Bridge Cyg (150x4.6mm,
3.5um) column. A mobile phase of 0.1% Tri ethyl amine of pH-2.5 adjusted with Ortho Phosphoric acid and Acetonitrile
(80:20) is used and the detection was carried out in a +ve mode of electrospray ionization by using MS. The proposed method
has been validated with the linear range of 8.8-132ng/ml of Daunorubicin and 20-300ng/ml of Cytarabine. The intraday
precision and inter day precision % CV values were found to be within the limits. Both the drugs were found to be stable
throughout the freeze thaw, auto sampler, bench top and long term stability studies. The liquid chromatography tandem mass
spectrometry method was successfully validated in accordance with the acceptable limits. The liquid chromatography tandem
mass spectrometry method was successfully utilized for the pharmacokinetic investigation of experimental Daunorubicin and

Cytarabine in rat plasma.
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1. INTRODUCTION
Daunorubicin
Daunorubicin, also known as Daunomycin, is a
chemotherapy [1] medication used to treat cancer.
Specifically it is used for acute myeloid leukemia (AML)
[2, 3], acute lymphocytic leukemia (ALL) [4, 5], chronic
myelogenous leukemia (CML) [6] and Kaposi’s sarcoma
[7]. It is used by injection into a vein [8]. A liposomal
formulation known as liposomal Daunorubicin also exists.
Common side effects include hair loss, vomiting, bone
marrow suppression and inflammation [9] of the inside of
the mouth. Other severe side effects include heart disease
and tissue death at the site of injection. Use in pregnancy
may harm the baby. Treatment is usually performed
together with other chemotherapy drugs (such as
Cytarabine) and its administration depends on the type of
tumor and the degree of response. In addition to its major
use in treating AML, Daunorubicin is also used to treat
neuroblastoma [13]. Daunorubicin has been used with
other chemotherapy agents to treat the blastic phase of
chronic myelogenous leukemia. Daunorubicin is also used
as the starting material for semi-synthetic manufacturing of
doxorubicin, epirubicin and idarubicin.
Cytarabine
Cytarabine, also known as cytosine arabinoside (ara-C), is
a chemotherapy medication used to treat acute myeloid
leukemia (AML), acute lymphocytic leukemia (ALL),
chronic myelogenous leukemia (CML) and non-Hodgkin’s
lymphoma [14]. It is given by injection into a vein, under
the skin, or into the cerebrospinal fluid [15]. There is a
liposomal formulation for which there is tentative evidence
of better outcomes in lymphoma involving the meninges.
Common side effects include bone marrow suppression,
vomiting, diarrhea, liver problems, rush, ulcer formation in
the mouth, and bleeding. Other serious side effects include
loss of consciousness, lung disease and allergic reactions
[16]. Use during pregnancy may harm the baby. Cytarabine

is in the antimetabolite [17] and nucleoside analog families
of medication. It works by blocking the function of DNA
polymerase. Cytarabine is mainly use in the treatment of
acute myeloid leukemia, acute lymphocytic leukemia
(ALL) and in lymphomas [18], where it is the backbone of
induction chemotherapy. Cytarabine also possesses
antiviral activity and it has been used for the treatment of
generalized herpes virus infection. However, Cytarabine is
not very selective in this setting and causes bone marrow
suppression and other severe side effects. Therefore, ara-C
is not a useful antiviral agent in humans because of its
toxic profile and actually it is used mainly for the
chemotherapy of hematologic cancers. Cytarabine is also
used in the study of the nervous system to control the
proliferation of glial cells [19] in cultures, the amount of
glial cells having an important impact on neurons [20].
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Fig. No. 1: Structure of (A) Daunorubicin and (B)
Cytarabine
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2. MATERIALS AND METHODS
2.1  Chemicals and reagents
Acetonitrile, ortho phosphoric acid (OPA), water and
methanol were purchased from Merck (India) Ltd. Worli,
Mumbai, India. All API’s of Daunorubicin and Cytarabine
as reference standards were procured from Spectrum
Pharma Research solutions pvt. Ltd., Hyderabad.

2.2 Instrumentation

An HPLC system (Waters Alliance €2695 model)
connected with mass spectrometer QTRAP 5500 triple
quadrupole instrument (Sciex) was used. Data processing
was performed with Empower 2.0 software.

2.3  Chromatographic Condition

Chromatographic separation was carried out in isocratic
mode at room temperature using X-Bridge Cig
(150x4.6mm, 3.5um) column. The mixture of 0.1% Tri
ethyl amine and Acetonitrile 80: 20 v/v at a flow rate of
1.0ml/min was used as a mobile phase. The injection
volume was 10ul and eluents was monitored at 280nm
using PDA detector. The run time was 8.0 min.

2.4 Preparation of stock and working standards

The stock solution of Daunorubicin and Cytarabine was
prepared in bulk for the calibration curve and quality
control samples for the method validation exercise as well
as subject sample analysis. The stock solution of
Daunorubicin and Cytarabine was prepared in mobile
phase (diluents) concentration of 88 ng/ml of Daunorubicin
and 200 ng/ml of Cytarabine. Primary dilutions and
working standard solutions were prepared from stock
solution using mobile phase as diluents. The working
standard solutions were used to prepare the calibration
curve and quality control samples. Blank rat plasma was
screened prior to spiking to ensure it was free of
endogenous interference at the retention time of
Daunorubicin and Cytarabine. Eight point standard curve
and four quality control samples were prepared by spiking
the blank plasma with an appropriate amount of
Daunorubicin and Cytarabine. Calibration samples were
made at concentrations of 8.8, 22, 44, 66, 88, 110, 132 and
176 ng/ml of Daunorubicin and 20, 50, 100, 150, 200, 250,
300 and 400 ng/ml of Cytarabine.

Preparation of Sample solution: For sample preparation,
500 pl of acetonitrile and 500 pl of internal standard, 500
pl of standard stock and 1000 pl of diluents to precipitate
all the proteins and mix in the vortex cyclo mixture.
Centrifuge at 500 rpm for 30min. Collect the supernatant
solution in HPLC vial and inject into the chromatogram.

2.5 Method Validation

2.5.1 Selectivity

Selectivity was performed by analyzing the rat plasma
samples from six different rats to test for interference at
the retention time of analytes.

2.5.2 Matrix effect

Matrix effect for Daunorubicin and Cytarabine was
evaluated by comparing the peak area ratio in the post
extracted plasma sample from 6 different drug —free blank

plasma samples and neat reconstitution samples.
Experiments were performed at MQC levels in triplicate
with six different plasma lots with the acceptable precision
(%CV) of <15%.

2.5.3 Precision and Accuracy

It was determined by replicate analysis of quality control
samples (n=6) at a lower limit of quantification (LLOQ),
low quality control (LQC), medium quality control
(MQC), high quality control (HQC) levels. The %CV
should be less than 15% and accuracy should be within
15% except LLOQ where it should be within 20%.

2.5.4 Recovery

The extraction efficiencies of Daunorubicin and
Cytarabine were determined by analysis of six replicates at
each quality control concentration. The percentage
recovery was evaluated by comparing the peak areas of
extracted standards to the peak areas of non-extracted
standards.

2.5.5 Stability

Stock solution stability was performed by comparing the
area response of analyte in the stability sample, with the
area response of sample prepared from fresh stock
solution. Stability studies in plasma were performed at the
LQC and HQC concentration levels using six replicates at
each level. Analyte was considered stable if the change is
less than 15% as per USFDA guidelines [21]. The stability
of spiked rat plasma samples stored at room temperature
(bench top stability) was evaluated for 24hrs. The stability
of spiked rat plasma stored at 2-8°C in auto sampler (auto
sampler stability) was evaluated for 24hrs. The auto
sampler stability was evaluated by comparing the extract
plasma samples that were injected immediately, with the
samples that were re-injected after storing in the auto
sampler at 2-8°C for 24hrs. The freeze-thaw stability was
conducted by comparing the stability samples that had
been frozen at -30°C and thawed three times, with freshly
spiked quality control samples. Six aliquots each of LQC
and HQC concentration levels were used for the freeze-
thaw stability evaluation. For long-term stability
evaluation the concentrations obtained after 24hrs were
compared with initial concentration.

3. RESULTS AND DISCUSSION

Electro spray ionization (ESI) having maximum response
over atmospheric pressure chemical ionization (APCI)
mode selected in this method. The optimization of
instrument to give sensitivity and signal stability during
in-fusen of the analyte in the continuous flow of mobile
phase to electro spray ion source operated at both
polarities at flow rate of 10 pl/min. Daunorubicin and
Cytarabine give more response in positive ion mode when
compared to negative ion mode.

To obtain the best chromatographic condition, different
columns like C;5 C g and CN and mobile phases composed
of tri ethyl amine of pH-2.5 adjusted with OPA and
acetonitrile were tested. The best chromatographic
separation occurred on X-Bridge Cig column with a
mobile phase consisting of 0.1% TEA and acetonitrile in
80:20 ratio at a flow rate of 1ml/min.
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Fig. No. 2: Mass spectra of (A) Daunorubicin (B)
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3.1 Bio-Analytical Process Validation

Representative chromatogram obtained from blank spiked
with a lower limit of quantification (LOQ) sample. The
mean % interference observed at the retention time of
analytes between six different lots of rat plasma, including
hemolyzed and lipedemic plasma containing K.EDTA as
an anti-coagulant was 0.00% and 0.00% for Daunorubicin
and Cytarabine respectively, which was within acceptance
criteria. Six replicates of extracted samples at the LLOQ
level in one of the plasma sample having least interference
at the retention time of Daunorubicin and Cytarabine were
prepared and analyzed. The % CV of the area ratios of
these six replicates of samples was 1.1% for Daunorubicin
and 1.5% Cytarabine.

3.1.1 Matrix effect

The % CV of ion suppressin/enhancement in the signal
was found to be 1.0% at MQC level for Daunorubicin and
Cytarabine including that the matrix effect on the
ionization of analyte is within the acceptable range under
these conditions.

3.1.2 Linearity

The peak area ratios of calibration standards were
proportional to the concentration of Daunorubicin and
Cytarabine in each assay over the nominal concentration
range of 8.8-132 ng/ml and 20-300 ng/ml. The calibration
curves appeared linear and were well described by least
squares linear regression lines in fig 5. The correlation
coefficient was >0.999 for Daunorubicin and Cytarabine.
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Fig. No. 4: Calibration plot for (A) Daunorubicin (B)
Cytarabine

383



D. Ramchandran et al /J. Pharm. Sci. & Res. Vol. 12(3), 2020, 381-386

Table 1: Linearity data of Daunorubicin and Cytarabine

S No Daunorubicin Cytarabine
T Conc. (ug/ml) Area Conc. (ug/ml) Area
Linearity-1 8.8 0.184 20 0.187
Linearity-2 22 0.354 50 0.541
Linearity-3 44 0.746 100 1.035
Linearity-4 66 1.142 150 1.524
Linearity-5 88 1.542 200 2.041
Linearity-6 110 1.896 250 2511
Linearity-7 132 2.287 300 3.038
Linearity-8 176 3.041 400 4.087
Slope 0.01729 0.01016
Intercept 0.0013 0.0040
CcC 0.9999 0.9999
Table 2: Within run and between run precision and accuracy for Daunorubicin
Nominal Conc. Within run Between run
(ng/ml) Mean (ng/ml) | Precision (%CV) Accuracy Mean (ng/ml) | Precision (%CV) Accuracy
44 4.346 0.53 99.7 4.475 0.75 101.4
44 44.625 0.67 97.6 44.628 0.64 99.5
88 88.864 0.72 100.2 88.628 0.81 98.7
132 132.562 1.69 98.2 131.956 0.39 100.5
Table 3: Within run and between run precision and accuracy for Cytarabine
. Within run Between run
Nominal conc. Precision Precision
(ng/ml) Mean (ng/ml) (%CV) Accuracy Mean (ng/ml) (%CV) Accuracy
10 10.24 0.95 100.5 10.68 0.87 102.6
100 100.64 0.65 100.7 100.57 0.79 100.8
200 200.57 0.52 99.8 200.35 0.52 99.4
300 300.46 0.46 99.5 300.24 0.49 97.4

3.1.3 Precision and accuracy

The inter-run and accuracy were determined by pooling all
individual assay results of replicate quality control over
five separate batch runs analyzed on four different days.
The inter-run precision (%CV) was <5% and inter-run
accuracy was in between 85 and 115 for Daunorubicin and
Cytrarabine. All these data presented in table 3 and 4
indicate that the method is precise and accurate.

3.1.4 Recovery

Six aqueous (sample spiked reconstitution-solution) at
low, medium and high quality control concentration levels
for Daunorubicin and Cytarabine were prepared for
recovery determination and the areas obtained for
extracted samples of the same concentration levels from a
precision and accuracy batch run on the same day. The
mean recovery for Daunorubicin and Cytarabine was
98.9% with a precision of 1.5%. This indicates that the
extraction efficiency for Daunorubicin and Cytarabine.

3.1.5 Re-injection Reproducibility

Re-injection reproducibility exercise was performed to
check whether the instrument performance remain
unchanged after hardware deactivation due to any
instrument failure during real subject sample analysis. The
change was less than 2.0 at LQC and HQC concentration
levels. Hence batch can be re-injected in the case of
instrument failure during real subject sample analysis.

Furthermore, sample were prepared to be re-injected after
24hrs, which shows % change less than 2.0% at LQC and
HQC concentration levels, hence batch can be re-injected
after 24hrs in the case of instrument failure during real
subject sample analysis.

3.1.6 Stability

Stock solution stability was performed to check stability of
Daunorubicin and Cytarabine in stock solutions prepared
in diluents and stored at 2-8°C in a refrigerator. The
freshly prepared stock solutions were compared with stock
solutions prepared before 24hrs. The % change for
Daunorubicin and Cytarabine was 1.27% and 0.75%
respectively which indicates that stock solutions were
stable at least for 24hrs. Bench top and auto sampler
stability for Daunorubicin and Cytarabine was investigated
at LQC and HQC levels.

Daunorubicin and Cytarabine were stable in plasma for at
least 24hrs at room temperature and 24hrs in an auto
sampler at 20°C. It was confirmed that repeated freezing
and thawing (three cycles) of plasma samples spiked with
Daunorubicin and Cytarabine at LQC and HQC levels did
not affect their stability. The long-term stability results
also indicated that Daunorubicin and Cytarabine were
stable in a matrix up to 24hrs at a storage temperature of -
30°C. The results obtained from all these stability studies
are tabulated in
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Table 4: Stability of Daunorubicin

Fig. No. 5: Recovery plot of (A) Daunorubicin (B) Cytarabine

Spiked plasma Concentration measured
Stability experiments concentration (n=6, _ %CV
(n=6, ng/ml)
ng/ml)
. LQC 44 44.13 0.87
Bench top stability HOC 132 132,05 104
. LQC 44 44.107 0.91
Auto sampler stability HOC 132 13216 135
- LQC 44 44.18 0.95
Long term stability HOC 137 132.26 1.0
- LQC 44 44.09 0.88
Freeze-thaw stability HOC 137 13230 145
- LQC 44 44.08 0.68
Wet extract stability HOC 137 13242 059
- LQC 44 44.17 0.45
Dry extract stability HOC 132 132.29 033
. LQC 44 44.25 0.16
Short term stability HOC 132 13233 0.29
Table 5: Stability of Cytarabine
- . Spiked plasma Concentration measured
Stability experiments concentration (n=6, _ %CV (n=6)
(n=6, ng/ml)
ng/ml)
- LQC 100 1000.02 0.95
Bench top stability HOC 300 30013 169
- LQC 100 100.15 0.86
Auto sampler stability HOC 300 30024 151
- LQC 100 100.67 0.72
Long term stability HOC 300 300.68 157
. LQC 100 100.37 0.64
Freeze-thaw stability HOC 300 300.64 162
. LQC 100 100.45 0.59
Wet extract stability HOC 300 30029 087
- LQC 100 100.38 1.01
Dry extract stability HOC 300 30067 067
- LQC 100 100.28 0.89
Short term stability HOC 300 300,55 074
Table 6: Mean pharmacokinetic parameters of Daunorubicin and Cytarabine
Pharmacokinetic parameters Daunorubicin Cytarabine
AUC, (ng h/ml) 3 Hrs 26 Hrs
Crnax (Ng/ml) 78 180
AUC,_, (ng h/ml) 35 35
Kel 1 Hr 1Hr
T 3 Hrs 26 hrs
T max (h) 35 Hrs 35 Hrs
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3.2 Pharmacokinetics study

The validated method has been successfully to quality
Daunorubicin and Cytarabine concentration in head, body
and tail in rat, wunder fasting conditions after
administrations of 0.9mg tablet containing Daunorubicin
and Cytarabine as an oral dose. Drug sample was injected
into rat body collected sample is prepared as per test
method injected into chromatographic system recorded the
values. The pharmacokinetic parameters evaluated were
Cmax (maximum observed drug concentration during the
study), AUC,.1, (area under the plasma concentratin-time
curve measured 35hrs, using the trapezoidal rule) ty.x
(time to observed maximum drug concentration), Kg
(apparent first order terminal rate constant calculated from
a semi-log plot of the plasma concentration versus time
curve, using the method of the least square regression) and
ty» (terminal half-life as determined by the quotient
0.693/Ky). The test /reference ratios for Cpay, AUC.1, and
AUC were 84.67, 92.36 respectively, and they were within
the acceptance range of 80% - 125% demonstrating versus
time profile of Daunorubicin and Cytarabine in rat plasma.

4, CONCLUSION

The proposed method was higher sensitive HPLC-ESI-
MS/MS method for the determination of Daunorubicin and
Cytarabine in rat plasma has been developed and validated
for the first time. The method describes here is fast,
rugged, reproducible bio analytical method. The
developed method is simple and efficient and can be used
in pharmacokinetic studies as well as in the monitoring of
the investigated analyte in body fluids.
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