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Combination therapy or polytherapy is that uses more than one medication to treat a single disease and
associated diseases. Pharmaceutical combination therapy may be achieved by prescribing separate drugs, or,
where available, dosage forms that contain more than one active ingredient. A randomized efficacy phase
4 study is going on for prednisone in the treatment of multiple sclerosis, which is a neurodegenerative
disease associated with many other disorders. A novel and accurate liquid chromatography tandem
mass spectrometry method using electrospray ionization mode has been developed and validated for the
simultaneous determination of prednisone (PDN), pioglitazone (PGZ) and teriflunomide (TFM) using
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imipramine (IMP) and ibuprofen (IBP) as internal standards (IS). The separation was carried on XTerra MS
C18 (100 mm x 3.9 mm, 5 um) reversed phase column using acetonitrile and 0.01M ammonium formate
as the mobile phase in gradient mode at 1.0 mL/min. The method was validated in terms of specificity,
linearity, accuracy and precision over the concentration range of 1-500 ng/mL. The intra and inter-day
precision and accuracy, stability and extraction recoveries of all the analytes were found in the range of
97.2-102.2%. The lower limit of quantitation was 1.0 ng/mL for all the 3 analytes and the extraction recovery
values were more than 65%. The method proved highly reproducible and sensitive and was successfully
applied to pharmacokinetic study after single dose oral administration of PDN, PGZ and TFM to the rats.
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INTRODUCTION

Prescribing a single drug and its administration is not
sufficient in neurological diseases like multiple sclerosis.
Combination therapy is growing enormously to decrease the
number of medications for a single disease or their associated
diseases. In clinical research, estimation of concomitant
drugs plays a key role to study of the drug-drug interactions.
Recently clinical trials.gov has updated the information
regarding the phase 4 studies of prednisone (PDN) in the
treatment of multiple sclerosis disease. The research in the
current study has undertaken to provide an accurate method
which can be applied to estimate prednisone concomitantly
along with drugs like teriflunomide (TFM) and pioglitazone
(PGZ) which are prescribed as combination therapy.

PDN is a synthetic corticosteroid drug that is particularly
effective as an immunosuppressant drug. It is used to treat

© 2021 Published by Krupanidhi Educational Trust. This is an open access article under the CC BY license
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certain inflammatory diseases (such as moderate allergic
reactions) and (at higher doses) some types of cancer,
but has significant adverse effects. TEM ((2Z)-2- cyano-
3-hydroxy-N-[4-(trifluoromethyl)phenyl]but-2-enamide) is
an immunomodulatory agent with anti-inflammatory prop-
erties that selectively and reversibly inhibits the mito-
chondrial enzyme dihydroorotate dehydrogenase (DHO-
DH), required for de novo pyrimidine synthesis. TFM
is actively being investigated for use in renal transplant
recipients, not only for its immunosuppressive effects, but
more importantly, because it has antiviral effects that assist
in clearing infections common in transplant recipients,
such as BK polyomavirus (BKV) and cytomegalovirus. '~
Pioglitazone hydrochloride, (£)-5-{4-[2-(5-ethyl-2-pyridyl)
ethoxy] benzyl}-2,4-thiazolidinedione hydrochloride salt, is
an oral anti-hyperglycemic agent used in the treatment
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LC-MS/MS Determination of Prednisone

of type 2 diabetes.*> PGZ exerts its glucose-lowering
effects by binding to peroxisome proliferator activated
receptors gamma (PPARY) and increasing the receptor
sensitivity to insulin.®” PGZ is rapidly absorbed and
extensively metabolized by hydroxylation and oxidation to
active and inactive metabolites in the liver.® Two high-
performance liquid chromatography (HPLC) methods have
been described for the determination of PGZ and its
metabolites in human serum.*!° The solid-phase extraction
method was used in both methods and also the second
method involves additional liquid extraction and gradient
HPLC, which is a time consuming process. The run time of
these methods is more than 20 min. Another HPLC method
was also reported for the determination of PGZ in rat plasma
by Sripalakit et al.!!using solid-phase extraction sample
preparation method. Liquid chromatography with tandem
mass spectroscopy (LC-MS-MS) was also reported for
determination of PGZ with a low limit of quantitation. -4
The reported methods have applied different extraction
procedures and different sensitivity ranges in different
biological fluids. In the current method a single step protein
precipitation is used for all the three analytes in rat plasma
which is a very useful technique for biological samples.
Several chromatographic techniques have been reported for
TFM 5718, PGZ 131920 and PDN?2!"? individually and in
combination with other drugs. However, so far, no single
method has been reported for the simultaneous estimation
of PGZ, PDN and TFM in rat plasma by LC-MS/MS.
Therefore, the aim of this study was to simultaneously
estimate TFM, PDN & PGZ in pharmacokinetic study in
rats as combination therapy. The developed bioanalytical
method has been validated according to USFDA and ICH
(International Conference on Harmonization) guidelines.
This method may also be useful in estimating the plasma
samples of patients receiving these drugs in clinical trials.
The structural formulae of analytes are presented in Figure 1.
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Fig. 1: Structural formulae of the analytes
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EXPERIMENTAL

Chemicals and apparatus

TFM was supplied by Selleckhem.com. PDN and PGZ were
supplied by Sigma-Aldrich Trading Co., Ltd. (Shanghai,
China). Acetonitrile of MS grade was obtained from Merck
(Mumbai, India). Other chemicals were all of analytical
grade and purchased from Merck (Mumbai, India). Water
used in the entire analysis was prepared from Milli-Q
water purification system from Millipore (Milford, MA,
USA). Biological matrices were obtained from Vimta Labs
(Hyderabad, India) and stored at —20°C until used.

Standard solutions and fortification

Standard stock solutions of TFM, PDN, PGZ were prepared
by accurately weighing 10 mg of each standard on a
closed electronic microbalance (Sartorius, Germany) and
dissolving them separately in 10 mL of methanol. Calibration
standard and quality control (QC) samples in plasma were
prepared by adding corresponding working solutions with
drug-free rat plasma. A volume of 10 mL of appropriate
diluted stock solutions of mixture of drugs (TFM, PDN,
PGZ) at different concentrations and 10 mL of ISs (IBP
and IMP) at a fixed concentration were spiked into 100
mL of drug-free rat plasma to yield final concentrations of
calibration samples 1,5,10,50,100,200,400 and 500 ng/mL for
TFM, PDN, PGZ respectively. The final concentration of ISs
(IBP and IMP) was 25 ng/mL. Similarly, QC samples were
prepared at four concentration levels LLOQ (1 ng/mL), LQC
(5 ng/mL) MQC (100 ng/mL) and HQC (500 ng/mL) for
TFM, PDN and PGZ.

Sample preparation

Analytes were extracted from plasma by employing the
protein precipitation method. 150 uL of acetonitrile was
added as a protein precipitating agent; to 50 uL plasma,
vortexed for 1min and then centrifuged at 10,000 rpm for
10 min on refrigerated centrifuge at 4°C. The supernatant
layer was separated and filtered through 0.45 pum syringe
filters and 10 pL of the solution was injected for LC-MS/
MS analysis.

Instrumentation

The LC-MS/MS analysis was carried out in electrospray
ionization (ESI) positive mode for PDN and PGZ using IMP
as IS and in negative ion mode, for TFM using IBP asISon a
mass spectrometer coupled to a Shimadzu LC system (Make:
API 3000, Model: SIL-HTC) operated with Analyst 1.6.1
software. The separation of all the analytes was carried out on
an XTerra MS C18 (100 mm x 3.9 mm id and 5 tm) column.
Temperature was set at 30°C. The mobile phase composed of
acetonitrile and 0.01M ammonium formate (gradient mode)
at a flow rate of 1.0 mL/min for 15 min. The full scan MS
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and MS/MS spectra of each analyte were obtained by direct
infusion of the respective sample solution at a concentration
of 10 ug/mL solution prepared in methanol. The drugs
were analyzed using multiple reactions monitoring (MRM)
mode. The precursor ions, product ions, and LC-MS/MS
parameters are depicted in Table 1.

Table 1: Optimized LC-MS/MS conditions for TFM, PDN, PGZ,
IMP and IBU

Ana-  RT ESI MRM CE
lyte (min) mode transitions (ev)
TFM 5.9 Negative 269 — 160 29
IBU 5.6 Negative 205 —161 32
PDN 6.5 Positive 359 — 341 25
PGZ 6.9 Positive 357 = 122 35
IMP 7.3 Positive 237 — 136 41
Method Validation

The bio analytical method was validated according to ICH
and FDA guidelines (US Food and Drug Administration,
May 2001). The method was validated in terms of selectivity,
specificity, linearity, limit of detection (LOD), limit of
quantification (LOQ), accuracy, precision, recovery, matrix
effect and stability. The selectivity and specificity were
assessed by comparing the chromatograms of six different
sources of blank rat plasma with those of the corresponding
spiked plasma. Each blank plasma sample (50 uL) was tested
using the proposed extraction procedure and LC-MS/MS
conditions to ensure no interference of TFM, PDN, PGZ
and ISs from blank plasma. The linearity of the assay was
evaluated by constructing calibration curves with different
concentrations ranging from 1 to 500 ng/mL for all the
analytes. The calibration curves were constructed by plotting
each respective peak area ratios of TFM to IBU (IS) and
PDN and PGZ to IMP (IS) against the concentrations of each
analyte, using the weighting factor of 1/x*. LODs of the drugs
were determined based on signal intensity three times more
than base line noise (S/N=3) and LOQs of the drugs were
determined based on intensity of signal which was ten times
more than the noise (5/N=10). QC samples were prepared in
blank plasma at the concentrations of 1 (LLOQ), 5 (LQC),
100 (MQC) and 500 (HQC) ng/mL for all the three analytes
in six replicates (n=6) for assessing the accuracy, intra-and
inter-day precisions (reproducibility) of the method. All QC
samples were prepared freshly on three consecutive days and
analyzed in each analytical batch along with the unknown
samples. The matrix effect and recoveries of analytes were
quantitatively measured by comparing the signal intensities
and the peak area ratios (analyte/IS) obtained from post
extraction spiking (A) (extracting 50 uL of rat plasma with
150 uL of acetonitrile). The neat standard solutions (B)
(samples prepared in methanol) at the same concentrations
in six replicates (n=6) of all the 3 drugs were prepared. The
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stabilities of all three analytes in plasma at different storage
conditions were evaluated and the results are expressed as
mean percentage accuracies. The short-term stability was
determined by keeping QC samples in six replicates (n=6)
at room temperature for 24h. The auto sampler stability was
evaluated by keeping the QC samples at 4°C for 24h in auto
sampler before analysis. Freeze—thaw stability of QC samples
was analyzed after four freeze-thaw cycles by freezing at -
70°C for 24h and thawing at room temperature for 24h.

Application of the method to pharmacokinetic study

All animal experiments were approved (No.
1722/RO/ERe/S/13/CPCSEA) by Local Animal Ethics
Committee (Albino Research Lab, Miyapur, Hyderabad,
Andhra Pradesh, India). In order to verify the sensitivity and
selectivity of the developed method in a real-time situation,
the developed LC-MS/MS method was successfully applied
to a pharmacokinetic study by administration of TFM,
PDN, PGZ as single solution to six male Wistar rats by oral
route using BD syringe attached with oral gavage needle
(size 18) at the dose of 3 mg/kg body weight. Approximately,
0.2 mL of blood samples from each anesthetized (isoflurane)
rat at pre-determined time intervals was collected using a
capillary tube into pre-labeled eppendorf tubes containing
10% of KoEDTA anticoagulant (20 uL). The time intervals
for the sample collection were 0 (predose), 0.5, 1, 2, 4, 6, 8,
12 and 24 h (post dose). The total blood volume collected
from each rat was approximately 1.7 to 1.9 mL which does
not exceed the maximal recommended blood volume of
20% (2.0 mL for a 200 g body weight rat). Plasma was
obtained by centrifuging blood samples at 4,000 rpm for
10 min. The obtained plasma samples were transferred into
pre-labeled micro centrifuge tubes and stored at —70°C.

RESULTS

Mass spectrometric and chromatographic conditions

To optimize peak shape with appropriate retention time,
various combinations of mobile phases were investigated.
The chromatographic separations were initiated to achieve
a short runtime, symmetric peak shapes, minimum matrix
interference and solvent consumption. Previous studies for
teriflunomide =18, pioglitazone !***and prednisone 21-25]
have reported different columns with 5um particle size,
3-4 mm inner diameter and columns lengths (125-150
mm) with runtimes >15 min. Thus, in the present work
chromatographic separation was tried on XBridge C18
(150 mmx4.6 mm, 5 um), Waters X-Terra MS C18 (100
mmx3.9 mm, 5 tm) and Inertsil ODS-3 C18 (150 mm x 4.6
mm, 5 um) columns. To find the best eluting solvent
system, various combinations of methanol/acetonitrile with
additives like ammonium acetate and ammonium formate
in different concentration and volume ratios were tested.
Best results were obtained in terms of higher sensitivity,
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superior retention and better peak shapes on X-Terra MS
C18 column. The best separation was achieved with 0.01M
ammonium formate (A) and acetonitrile (B) for estimating
TEM, PDN and PGZ along with ISs (IBU and IMP).
Initial gradient conditions were set at 95% A and 5% B.
From 2 to 8 min, %B increased to 95% and the same
maintained till 10 min. Again %B was decreased linearly
to 5% upto 12 min and held at the same till 15 min
(total runtime is 15 min). Reproducibility and recovery data
for all the analytes and IS supported protein precipitation
to be used as the preferred extraction technique. All the
chromatographic separations are achieved with single step
protein precipitation technique using acetonitrile without
any interference from one another. The reversed-phase
XTerra MS C18 column (100 mm x 3.9 mm, 5 tm) was used
with a flow rate of 1.0 mL/min. The retention times of IBU,
TEM, PDN, PGZ, and IMP were found to be 5.6, 5.9, 6.5, 6.9
and 7.6 min, respectively. LC chromatogram showing proper
separation of all the analytes is represented in Figure 2.
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Fig. 2: LC Chromatogram showing the proper separation of drugs

The standard solutions of 10 pug/mL with respect to
TEM, PDN, PGZ in methanol were infused directly into
the mass spectrometer. The electrospray ionization (ESI) of
TEM was conducted in negative ionization mode as it has
high electron affinity due to the presence of trifluoromethyl
group. Internal standard, IBP has given higher response
in negative mode. The source dependent and compound
dependent parameters were suitably optimized to obtain a
consistent and adequate response for all the analytes. The
recovery in other solvent systems was between 50% and 80%,
but was inconsistent with some ion suppression(greater than
15% CV).

The observed full scan mass spectra in positive mode
showed prominent protonated molecules [M+H]* of m/z
359 and 357 for PDN and PGZ respectively in positive
ion mode, and prominent deprotonated molecules [M-H]
of m/z 269 and 205 for TFM and IBU respectively, in
negative ion mode. The [M+H]* ions and [M-H] ions
of respective analytes were subjected to collision-induced
dissociation (CID) at average collision energy of 30%. The
collision energies were optimized for each analyte to obtain
the most intense fragment ions. The spectra were acquired
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using the following conditions: ion spray voltage, 5000 V;
turbo gas temperature, 250°C; nebulizer gas (compressed
air), 55 psi; curtain gas (N2), 20 psi; declustering potential, 80
eV; focusing potential, 200 eV; entrance potential, 10 eV. The
optimum values for compound dependent parameters like
declustering potential (DP), collision energy (CE), entrance
potential (EP), focusing potential (FP) and cell exit potential
(CXP) set were —46, —30, —10, —283 and —13V in negative
mode and 40, 25, 12, 230 and 13V in positive mode
respectively. The molecules underwent fragmentation to
yield the following fragment ions of m/z 160, 237 and 122 for
TFM, PDN and PGZ respectively. The MS spectra of three
analytes are presented in Figure 3.
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Fig. 3: Product ion mass spectra of (a) Teriflunomide (b)
Prednisone (c)Pioglitazone

Based on their mass spectra and tandem mass spectra, the
following MRM transitions: m/z 269—160, m/z 359—237,
m/z 357—122 were selected for analysis of TFM, PDN, and
PGZ respectively. The extracted MRM ion chromatograms
of teriflunomide, prednisone, pioglitazone, ibuprofen and
imipramine are represented in Figure 4.

Method Validation

The specificity of this method was confirmed by comparing
chromatograms of blank plasma, spiked plasma with
analytes at a concentration of 1 ng/mL. PDN, PGZ and
IMP (IS) in positive ESI experiment and TFM and IBU
(IS) in negative ESI experiment were well separated under
the described chromatographic conditions. No interfering
endogenous peaks were observed around their retention
times. The calibration curves of the analytes showed a good
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Fig. 4: 4. MRM-ion chromatograms of (A)Teriflunomide (TFM),
(B) Prednisone (PDN), (C) Pioglitazone (PGZ), (D) Ibuprofen
(IBU) and (E) Imipramine (IMP)

linearity over the studied concentration range of 1-500
ng/mL for TFM, PDN and PGZ with correlation coefficients
(%) 0.999. The LODs for all studied analytes were found to
be 0.5 ng/mL. The LLOQs for all analytes were 1 ng/mL
with acceptable precision and accuracy. The intra- and inter-
day precisions for TFM, PDN and PGZ were less than 8.2%.
The obtained intra-day accuracies were in the range of 97.2—-
102.2% and inter-day accuracies were in the range of 97.3-
101.8%. The validation parameters are depicted in Table 2.

The extraction recoveries of all drugs from rat plasma
were in the range of 65.5-85.3% with relative standard
deviations less than 8.1%, which indicates the sample
preparation technique is suitable for extracting the studied
drugs from rat plasma. The results are displayed in Table ?2.

The stability studies of these drugs were performed at
three QC concentration (low, medium and high) levels in
six replicates (n=6). The predicted concentrations for each
analyte deviated within +5.6% of nominal concentrations
after storage of plasma samples at room temperature for 24 h,
four freeze—thaw cycles at -20°C. The mean accuracies were
found to be more than 95% with relative standard deviations
less than 4.3%, which are summarized in Table 4. Long-term
stability of all the samples after Day-30 were found to be
within 4.5% of actual concentrations.

Pharmacokinetic study results

All the samples were analyzed by the developed method
and the mean plasma concentrations vs time profile of
prednisone, pioglitazone and teriflunomide are shown in
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Table 2: Intra-day and Inter-day variation for TFM, PDNand
PGZ in six replicates (n=6) at each concentration

AnalyteNominal Intra-day Inter-day
c'oncentra- % % % %
tion Recov- RSD Recov- RSD
(ng/mL) ery ery
1 100.6 6.811 100.8 1.692

PDN 5 98.6 3.331 98.8 1.383
100 99.5 3.272 99.3 0.579
400 99.3 1.800 99.3 0.328
1 97.3 8.123 101.8 5.111
5 100.3 3.832 97.3 2.433

PGZ
100 102.2 6.263 100.5 1.611
400 102.2 7.172 99.6 1.066
1 97.9 6.963 97.7 1.127

TEM 5 99.6 4.621 100.0 1.147
100 98.3 5.888 99.1 1.362
400 97.2 4.718 97.7 0.926
stability eeze- Longterm
(24h RT) thaw stabil-

stability ity
(4 (Day-

cycles) 30)

Table 3: Recovery Values of TFM, PDN and PGZ (n=6)

Analyte Nominal Mean % RSD
concentration Recovery
(ng/mL)
5 66.0 9.868
PDN 100 65.9 2.986
400 80.8 4.687
5 66.6 7.330
PGZ 100 65.2 3.162
400 82.3 7.833
5 77.7 10.589
TFM 100 80.9 6.153
400 78.5 5.315

Table 4: Stability studies of TFM, PDN and PGZ in rat plasma
at Low & High QC levels (n=6)

Mean accuracy = RSD

Analyte
Short term Freeze-thaw  Freeze-thaw
stability (24h stability (4 stability (4
RT) cycles) cycles)
542 3E2 9+ 1.
PDN 97.5 6 99.3 3 99.9 9
99.9+3.2 984 +4.3 97.6 3.8
PGZ 99.0 3.2 100.6 £ 1.9 100.0 £ 2.0
101.4 £ 5.6 994 £3.2 97.4 £ 4.5
101.7 £ 4.6 99.8 4.7 99.6 £2.2
TFM
98.1+£2.8 99.3+3.1 98.3+£3.8
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Figure 3.
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Fig. 5: Mean plasma concentration-time profiles of PDN, PGZ and
TFM in rat plasma

The plasma concentration-time profile of all the three
analytes was analyzed by the non-compartmental method
using WinNonlin Version 5.1. The estimated pharmacoki-
netic parameters are shown in Table 5.

Table 5: Pharmacokinetic parameters of TFM, PDN and PGZ in
rat plasma (n=6, Mean + SD)

Parameter TFM PDN PGZ

Cmax 100.1 +13.6 93.6 £17.0 474 +9.7

(ng/mL)

Tmax (h) 50+14 23+1.5 1.54+0.7

t1/2 (h) 11.7+ 4.6 4.8+ 4.7 4.6 +2.2

Kel (h-1) 0.059 + 0.144 + 0.114 +
0.098 0.081 0.021

Cmax: maximum plasma concentration.

Tmax: time point of maximum plasma concentration.

ty/2: half life of drug elimination during the terminal phase.
K,;: elimination rate constant

DISCUSSION

The present study was undertaken to develop a rapid and
simple method to determine the prednisone which is in
Phase-4 clinical trials for multiple sclerosis disease. Along
with teriflunomide and pioglitazone this method has been
developed and validated which can be highly useful in drug
interaction studies with prednisone and also other possible
random combinations. The current method is proved for its
ruggedness with sufficient recovery and low matrix effect in
a simple protein precipitation method with acetonitrile. This
method may be applicable to other preclinical samples as
well as clinical sample analysis of these three drugs given
to the patients suffering with multiple sclerosis disease.
In drug interaction studies, the concomitant drugs can be
analyzed in a single run with current developed methods.
Separation of ibuprofen, imipramine and teriflunomide is
based on their affinity and interaction with the reverse
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phase C-18 column and the mobile phase. In the present
study, based on sensitivity, matrix effect and reproducibility
requirements extraction techniques of LLE (Liquid-liquid
extraction) and SPE (Solid phase extraction) were tried
during method development for the combinations asso-
ciating teriflunomide. Thus, three analytes were distinctly
resolved from one another by the present LC method. It
should be noted that interfering peaks from endogenous
compounds were not observed. Selectivity of the method
in rat K;EDTA plasma was evaluated in twelve individual
matrix lots along with one lipemic and one hemolytic lot.
Peak responses in blank lots were compared against the
response of spiked LLOQ and negligible interference was
observed at the retention time of analytes and internal
standards. Calibration for the quantification was performed
using the ratio of peak area of the analyte to that of IS.
The results of intra- and inter- day accuracy and precision
listed in Table 2 indicated that the method was accurate with
excellent accuracy range of 97.2-102.2%, and the CV was
within 10%. Matrix effect is a special phenomenon associated
with LC-MS determination of drugs from biological fluids
such as plasma and other matrices. Endogenous components
extracted from plasma may suppress or enhance ionization
of the analytes in electrospray source if they co-elute with
the analytes. It is for this reason that matrix effect was
evaluated under the experimental conditions used in this
study. The average ion suppression or enhancement at low
QC and high QC levels was < 11%, suggesting that matrix
effect on the analysis was negligible. The stability results
(Table 4) showed that the mixture of three analytes spiked
into rat plasma was stable for 24 h at ambient temperature,
for 30 days at 4°C, and four freeze-thaw cycles at -70°C.
Stability of the analyte in the sample is of crucial importance
to the validity of the split sample program. Thus, proper
storage of all samples is very important to obtaining reliable
results and their interpretation in analysis. Application of
the current validated method has resulted positive results
for pharmacokinetic study in rats which shall be highly
useful information in clinical trials. Fig-5 shows the plasma-
time concentration profiles of in vivo study conducted
in albino rats for PDN, TFM, and PGZ. The extraction
recovery of analytes from K,EDTA plasma was determined
by comparing the peak responses of plasma samples (n =
6) spiked before extraction with that of plasma samples
spiked after extraction. The mean recovery of PDN, TFM and
PGZ was found to be 70.9%, 79.0% and 71.4% respectively
with %CV across the three levels ranging between 3.0 and
10.6%, as shown in Table 3. Dilution integrity experiment
was carried out at 2 times the ULOQ concentration for all
the three analytes. After 1/2 and 1/4 dilution the mean back
calculated concentration for dilution QC samples was within
85-115% of nominal value with a %CV of < 8.1.
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CONCLUSIONS

We have developed and validated a highly sensitive, specific,
reproducible and high throughput LC-MS/MS assay to
quantify TFM, PDN and PGZ simultaneously in rat plasma.
Simple and single step protein precipitation was used to
extract analytes from rat plasma. The major advantages of the
assay are simple sample preparation with equal sensitivity for
all the three analytes. The obtained LODs and LOQs of all the
drugs were adequate and proved successful to perform the
pharmacokinetic study in rat plasma. Based on the results,
we can conclude that the present method is suitable for
quantification of multiple analytes simultaneously without
any interference and matrix effects. The concomitant drug
analysis along with the target analyte is more advantageous
than single compound analysis and also useful in drug
interaction and toxicology studies. This method may be
useful for clinical sample analysis of prednisone which is
currently in Phase 4 trials of multiple sclerosis disease along
with coadministered drugs.

ACKNOWLEDGEMENT

The authors are thankful to SK Healthcare Pvt Ltd,
Hyderabad, India for providing facility and support to carry
out this work.

REFERENCES

1. Bar-Or A, Pachner A, Menguy-Vacheron F Kaplan ], Wiendl H.
Teriflunomide and Its Mechanism of Action in Multiple Sclerosis.
Drugs. 2014;74(6):659-674.  Available from: https://dx.doi.org/10.
1007/s40265-014-0212-x.

2. Schmidt A, Schwind B, Gillich M, Brune K, Hinz B. Simultaneous
determination of leflunomide and its active metabolite, A77 1726,
in human plasma by high-performance liquid chromatography.
Biomedical Chromatography. 2003;17(4):276-281.  Available from:
https://dx.doi.org/10.1002/bmc.244.

3. van Roon EN, Yska JP, Raemaekers J, Jansen TLTA, van Wanrooy
M, Brouwers JRBJ. A rapid and simple determination of A77 1726
in human serum by high-performance liquid chromatography and
its application for optimization of leflunomide therapy. Journal of
Pharmaceutical and Biomedical Analysis. 2004;36(1):17-22. Available
from: https://dx.doi.org/10.1016/j.jpba.2004.05.019.

4. Chilcott J, Tappenden P, Jones ML, Wight JP. A systematic review
of the clinical effectiveness of pioglitazone in the treatment of type
2 diabetes mellitus. Clinical Therapeutics. 2001;23(11):1792-1823.
Available from: https://dx.doi.org/10.1016/s0149-2918(00)80078-8.

5. Waugh J, Keating GM, Plosker GL, Easthope S, and DMR. Pi-
oglitazone: a review of its use in type 2 diabetes mellitus. Drugs.
2006;66(1):85-109. doi:10.2165/00003495-200666010-00005.

6. Lehmann JM, Moore LB, Smith-Oliver TA, Wilkison WO, Willson
TM, Kliewer SA. An Antidiabetic Thiazolidinedione Is a High Affinity
Ligand for Peroxisome Proliferator-activated Receptor y (PPARY).
Journal of Biological Chemistry. 1995;270(22):12953-12956. Available
from: https://dx.doi.org/10.1074/jbc.270.22.12953.

7. Willson TM, Cobb JE, Cowan DJ, Wiethe RW, Correa ID, Prakash
SR, et al. The Structure—Activity Relationship between Peroxisome
Proliferator-Activated Receptor ¥ Agonism and the Antihyper-
glycemic Activity of Thiazolidinediones.  Journal of Medicinal
Chemistry. 1996;39(3):665-668. Available from: https://dx.doi.org/10.

1021/jm950395a.
8. Eckland D, Danhof M. Clinical pharmacokinetics of pioglitazone.

Experimental and Clinical Endocrinology & Diabetes. 2000;108(Sup.

Rajeswari & Suneetha

2):234-242. Available from: https://dx.doi.org/10.1055/s-2000-8525.
9. Zhong WZ, Willams MG. Simultaneous quantitation of pioglitazone
and its metabolites in human serum by liquid chromatography and
solid phase extraction. J Pharm Biomed Anal. 1996;14(4):1665-1666.
Available from: https://doi.org/10.1016/0731-7085(95)01665-1.

10. Yamashita K, Murakami H, Teruaki O, Motohashi M.  High-
performance liquid chromatographic determination of pioglitazone
and its metabolites in human serum and urine. Journal of Chromatog-
raphy B: Biomedical Sciences and Applications. 1996;677(1):141-146.
Available from: https://dx.doi.org/10.1016/0378-4347(95)00440-8.

11. Sripalakit P, Neamhom P, Saraphanchotiwitthaya A. High-
performance liquid chromatographic method for the determination
of pioglitazone in human plasma using ultraviolet detection and its
application to a pharmacokinetic study. Journal of Chromatography
B. 2006;843(2):164-169. Available from: https://dx.doi.org/10.1016/j.
jchromb.2006.05.032.

12. Xue YJ, Turner KC, Meeker ]JB, Pursley J, Arnold M, Unger
S. Quantitative determination of pioglitazone in human serum
by direct-injection high-performance liquid chromatography mass
spectrometry and its application to a bioequivalence study. Journal
of Chromatography B. 2003;795(2):215-226. Available from: https:
//dx.doi.org/10.1016/s1570-0232(03)00575-0.

13. Lin Z], Ji W, Desai-Krieger D, Shum L. Simultaneous determination
of pioglitazone and its two active metabolites in human plasma by
LC-MS/MS.  Journal of Pharmaceutical and Biomedical Analysis.
2003;33(1):101-108. Available from: https://dx.doi.org/10.1016/
s0731-7085(03)00344-3.

14. Wong HH, Ozalp Y, Lainesse A, Alpan RS. In vivo Bioequivalence of
Oral Antidiabetic Agents: Pioglitazone Tablets. Arzneimittelforschung.
2004;54(09):618-624.

15. Rakhila H, Rozek T, Hopkins A, Proudman S, Cleland L, James M,
et al. Quantitation of total and free teriflunomide (A77 1726) in human
plasma by LC-MS/MS. Journal of Pharmaceutical and Biomedical
Analysis. 2011;55(2):325-331. Available from: https://dx.doi.org/10.
1016/j.jpba.2011.01.034.

16. Jignesh MP, Rajendrasinh NV, Dipen KS, Mallika S, Manish Y, Shri-
vastav PS. Yadav Manish, Shrivastav P S.Chromatographic separation
and sensitive determination of teriflunomide, an active metabolite of
leflunomide in human plasma by liquid chromatography-tandem mass
spectrometry. Journal of Chromatography B. 2010;878(24):2217-2225.
doi:10.1016/j.jchromb.2010.06.028.

17. Sobhani K, Garrett DA, Liu DP, Rainey PM. A Rapid and Simple
High-Performance Liquid Chromatography Assay for the Lefluno-
mide Metabolite, Teriflunomide (A77 1726), in Renal Transplant
Recipients. American Journal of Clinical Pathology. 2010;133(3):454-
457. Available from: https://dx.doi.org/10.1309/ajcpr23yaoyfsztx.

18. Suneetha A, Raja RK. Comparison of LC-UV and LC-MS methods
for simultaneous determination of teriflunomide, dimethyl fumarate
and fampridine in human plasma: application to rat pharmacokinetic
study. Biomedical Chromatography. 2016;30(9):1371-1377. Available
from: https://dx.doi.org/10.1002/bmc.3694.

19. Sengupta P, Bhaumik U, Ghosh A, Sarkar AK, Chatterjee B, Bose
A, et al.  LC-MS-MS Development and Validation for Simul-
taneous Quantitation of Metformin, Glimepiride and Pioglitazone
in Human Plasma and Its Application to a Bioequivalence Study.
Chromatographia. 2009;69(11-12):1243-1250. Available from: https:
//dx.doi.org/10.1365/s10337-009-1056-5.

20. Gananadhamu S, Laxmikanth V; Shantikumar S, Sridhar V, Geetha
C, Sandhya C. Rapid LC-ESI-MS-MS Method for the Simultaneous
Determination of Sitagliptin and Pioglitazone in Rat Plasma and Its
Application to Pharmacokinetic Study. American Journal of Analytical
Chemistry. 2012;03(12):849-858. Awvailable from: https://dx.doi.org/
10.4236/ajac.2012.312112.

21. Taylor RL, Grebe SK, Singh R]. Quantitative, Highly Sensitive Liquid
Chromatography-Tandem Mass Spectrometry Method for Detection
of Synthetic Corticosteroids. Clinical Chemistry. 2004;50(12):2345-
2352.  Available from: https://dx.doi.org/10.1373/clinchem.2004.
033605.

KRUPANIDHI

‘GROUP OF INSTITUTIONS

Journal of Pharmaceutical Research Vol. 20, No. 4, Oct-Dec 2021:56



https://dx.doi.org/10.1007/s40265-014-0212-x
https://dx.doi.org/10.1007/s40265-014-0212-x
https://dx.doi.org/10.1002/bmc.244
https://dx.doi.org/10.1016/j.jpba.2004.05.019
https://dx.doi.org/10.1016/s0149-2918(00)80078-8
http://dx.doi.org/10.2165/00003495-200666010-00005
https://dx.doi.org/10.1074/jbc.270.22.12953
https://dx.doi.org/10.1021/jm950395a
https://dx.doi.org/10.1021/jm950395a
https://dx.doi.org/10.1055/s-2000-8525
https://doi.org/10.1016/0731-7085(95)01665-1
https://dx.doi.org/10.1016/0378-4347(95)00440-8
https://dx.doi.org/10.1016/j.jchromb.2006.05.032
https://dx.doi.org/10.1016/j.jchromb.2006.05.032
https://dx.doi.org/10.1016/s1570-0232(03)00575-0
https://dx.doi.org/10.1016/s1570-0232(03)00575-0
https://dx.doi.org/10.1016/s0731-7085(03)00344-3
https://dx.doi.org/10.1016/s0731-7085(03)00344-3
https://dx.doi.org/10.1016/j.jpba.2011.01.034
https://dx.doi.org/10.1016/j.jpba.2011.01.034
http://dx.doi.org/10.1016/j.jchromb.2010.06.028
https://dx.doi.org/10.1309/ajcpr23yaoyfsztx
https://dx.doi.org/10.1002/bmc.3694
https://dx.doi.org/10.1365/s10337-009-1056-5
https://dx.doi.org/10.1365/s10337-009-1056-5
https://dx.doi.org/10.4236/ajac.2012.312112
https://dx.doi.org/10.4236/ajac.2012.312112
https://dx.doi.org/10.1373/clinchem.2004.033605
https://dx.doi.org/10.1373/clinchem.2004.033605

LC-MS/MS Determination of Prednisone

22.

23.

24.

Beotra A, Jain S, Ahi S, Reddy I. A simple and rapid ESI-LC-MS/MS
method for simultaneous screening of doping agents in urine samples.
Indian Journal of Pharmacology. 2009;41(2):80. Available from: https:
//dx.doi.org/10.4103/0253-7613.51347.

Fu-Yan L, Jiang ], Xie Yc, Ding Yh. LC-MS determination of
diclofenac and prednisone acetate illegally mixed into traditional
Chinese medicine preparations. Chinese Journal of Pharmaceutical
Analysis. 2009;29:2131-2133.

Suneetha A, Rajeswari KR. A high throughput flow gradient
LC-MS/MS method for simultaneous determination of fingolimod,
fampridine and prednisone in rat plasma, application to in vivo

25.

26.

Rajeswari & Suneetha

perfusion study. Journal of Pharmaceutical and Biomedical Analysis.
2016;120:10-18.  Available from: https://dx.doi.org/10.1016/j.jpba.
2015.11.042.

Ionita IA, Fast DM, Akhlaghi £ Development of a sensitive and
selective method for the quantitative analysis of cortisol, cortisone,
prednisolone and prednisone in human plasma. Journal of
Chromatography B. 2009;877(8-9):765-772.  Available from: https:
//dx.doi.org/10.1016/j.jchromb.2009.02.019.

Validation of Analytical Procedures: Text and Methodology Q2
(R1), Harmonized Tripartite Guideline, Guidelines: International
Conference on Harmonization, 2005. 2005.

KRUPANIDHI

‘GROUP OF INSTITUTIONS

Journal of Pharmaceutical Research Vol. 20, No. 4, Oct-Dec 2021:57


https://dx.doi.org/10.4103/0253-7613.51347
https://dx.doi.org/10.4103/0253-7613.51347
https://dx.doi.org/10.1016/j.jpba.2015.11.042
https://dx.doi.org/10.1016/j.jpba.2015.11.042
https://dx.doi.org/10.1016/j.jchromb.2009.02.019
https://dx.doi.org/10.1016/j.jchromb.2009.02.019

	INTRODUCTION
	EXPERIMENTAL
	Chemicals and apparatus
	Standard solutions and fortification
	Sample preparation
	Instrumentation
	Method Validation
	Application of the method to pharmacokinetic study 

	RESULTS
	Mass spectrometric and chromatographic conditions
	Method Validation
	Pharmacokinetic study results

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENT

