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a b s t r a c t

The present manuscript describes development and validation of LC–MS/MS assay for the simultaneous
quantitation of 97/78 and its active in-vivo metabolite 97/63 in monkey plasma using �-arteether as inter-
nal standard (IS). The method involves a single step protein precipitation using acetonitrile as extraction
method. The analytes were separated on a Columbus C18 (50 mm × 2 mm i.d., 5 �m particle size) column
by isocratic elution with acetonitrile:ammonium acetate buffer (pH 4, 10 mM) (80:20 v/v) at a flow rate
of 0.45 mL/min, and analyzed by mass spectrometry in multiple reaction-monitoring (MRM) positive ion

2

alidation
onkey plasma

ntimalarial
rioxane

mode. The chromatographic run time was 4.0 min and the weighted (1/x ) calibration curves were linear
over a range of 1.56–200 ng/mL. The method was linear for both the analytes with correlation coefficients
>0.995. The intra-day and inter-day accuracy (% bias) and precisions (% RSD) of the assay were less than
6.27%. Both analytes were stable after three freeze-thaw cycles (% deviation <8.2) and also for 30 days in
plasma (% deviation <6.7). The absolute recoveries of 97/78, 97/63 and internal standard (IS), from spiked
plasma samples were >90%. The validated assay method, described here, was successfully applied to the

f 97/7
pharmacokinetic study o

. Introduction

Malaria remains world’s one of the most infectious disease
n terms of human sufferings and death. An estimated 250 mil-
ion people are infected annually with approximately one million
eaths each year. The majority of infections and deaths occur

n sub-Saharan Africa [1,2]. The increasing incidence of resis-
ance in malaria prevalent areas against classical antimalarials
as prompted worldwide research to design and develop new
rugs, of ideally different molecular mechanism(s) of action from
hose against which the malaria parasite has developed resis-
ance. Several semi-synthetic derivatives of artemisinin—the active
ngredient of the Chinese herb ‘qinghao’ (Artemisia annua) used tra-
itionally for treating fevers—have been used increasingly over the
ast two decades. Artemisinin and its derivatives are considered

s the most rapidly acting antimalarials to date and are being used
linically world over. The endoperoxide sesquiterpene lactone moi-
ty of this class of compounds is found to be indispensable for the
rythorocytic schizontocidal activity and reacts with the intrapar-
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8 and its active in-vivo metabolite 97/63 in Rhesus monkeys.
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asitic heme and form free radicals. These free radicals appear to
damage intracellular targets and perform their antimalarial activ-
ity [3–5]. However, the existing artemisinin class of the drug had
to be improved regarding efficacy, neurotoxicity, stability and phar-
macokinetic behaviors. Many synthetic antimalarial peroxides have
been prepared but most suffers from low oral activity and high
toxicity, a defect shared in part by semi-synthetic artemisinins.
Therefore, a need exists to identify novel peroxide antimalarial
agents with high oral activity, devoid of neurotoxicity and moreover
affordable.

Artemisinin and its derivatives or analogues are currently
regarded as the most promising weapons against malaria. It is
reported that their unique sesquiterpene (endoperoxide) structure
is indispensable for antimalarial activity [3–5]. Several synthetic
trioxanes, simplified analogs of artemisinin retaining the cru-
cial endoperoxide bridge, have been reported. In the quest for
new antimalarials, CDRI, Lucknow, developed an artemisinin class
compound, code named 97/78 (Fig. 1) having potent antimala-
tial activity [6–7]. It possesses a 1,2,4-trioxane nucleus similar to
the endoperoxide lactone of artemisinins, essential for antimalar-

ial activity [8–10]. To carry out the pre-clinical studies of 97/78
and its metabolite 97/63 using LC–MS/MS assay; a sensitive, selec-
tive and specific method has been developed and validated in
monkey plasma. This method was successfully applied for gen-
eration of pharmacokinetic parameters of 97/78 and its in-vivo

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:shiokumar@yahoo.com
dx.doi.org/10.1016/j.jchromb.2009.05.044
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etabolite 97/63 in Rhesus monkeys after oral administration of
7/78.

. Experimental

.1. Chemicals and reagents

Pure reference standards of 97/78, and metabolite 97/63 (Fig. 1)
ere procured from medicinal and process chemistry division,
entral Drug Research Institute (CDRI) India. �-Arteether used as

nternal standard was obtained from Themis Chemicals Limited
Mumbai, India) (Fig. 1). Acetonitrile, HPLC grade, was purchased
rom Thomas Baker (Chemicals) Limited (Mumbai, India). Ammo-
ium acetate and glacial acetic acid AR were purchased from
Merck (India) Limited. Ultra pure water of 18.2 M� cm was

btained from a Milli-Q PLUS PF system. Heparin sodium injec-
ion I.P. (1000 IU/mL) was purchased from Biologicals E. Limited
Hyderabad, India). Blank monkey plasma was collected from adult
ealthy, drug free male Rhesus monkeys (age 5–6 years) at Labora-
ory Animal Division of CDRI (Lucknow, India). Plasma was obtained
y centrifuging the heparinised blood at 1000 × g for 10 min. Pooled
lasma samples were stored at −60 ◦C till use.

.2. LC–MS/MS instrumentation and analytical conditions

The HPLC system consists of Series 200 pumps and auto sampler
ith temperature controlled Peltier-tray (Perkin–Elmer instru-
ents, Norwalk, CT, USA). Isocratic mode was used to deliver the
obile phase at a flow rate of 0.45 mL/min. Chromatographic sep-

ration was achieved on Columbus C18 (50 mm × 2 mm i.d., 5 �m
article size) column with guard, (Phenomenax USA). Elution was
arried out using acetonitrile:ammonium acetate buffer (pH 4,
0 mM) (80:20 v/v) as mobile phase. The chromatographic run time
as 4.0 min and injection volume was optimized to 20 �L. The anal-
sis was carried out at ambient temperature and the pressure of the
hromatographic system was ∼600–800 psi.

Mass spectrometric detection was performed on an API 4000
C–MS/MS mass spectrometer (Applied Biosystems, MDS Sciex

ig. 1. Chemical structure of parent compound 97/78, metabolite 97/63 and IS (�-
rteether).
B 877 (2009) 2074–2080 2075

USA) with Analyst 1.4 software. The mass spectrometer was oper-
ated at electrospray ion source (ESI) positive ion mode and the
analytes were quantified using multiple reactions monitoring
(MRM) mode. Zero air (air minus moisture) was used as source gas
while nitrogen was used as both curtain and collision gas. MS and
MS/MS conditions for pure standard 97/78, metabolite 97/63 and IS
(�-Arteether) were optimized by continuous infusion at 5 �L/min
using syringe pump (Model ‘11’, Harvard apparatus). Optimized
precursor (ammonium adducts of analytes, M + NH4

+) to prod-
uct ion transitions monitored m/z 518.4 → 173.1; 418 → 119.1 and
330 → 267 were used for quantification of 97/78, metabolite 97/63
and IS (�-Arteether) respectively. The Declustering potential (DP),
collision energy (CE) were optimized for individual analytes. Data
acquisition and quantitation were performed using analyst soft-
ware version 1.4 (Applied Biosystems, MDS Sciex Toronto, Canada).

2.3. Preparation of standard and quality control (QC) samples

Individual stock solutions of 1 mg/mL concentration for 97/78,
metabolite 97/63 and IS (�-Arteether) were prepared in acetoni-
trile. The internal standard �-Arteether was of choice because
of non-availability of the deuteriated compound. Being of same
class of drug with same mechanism of action IS can not be used
as a therapeutic drug with 97/78. Working solutions of all ana-
lytes were obtained by step-wise dilution of the stock solution.
Calibration curves of 97/78 and metabolite 97/63 were prepared
in blank normal monkey plasma over a concentration range of
1.56–200 ng/mL. The individual plasma standards were prepared
by spiking the working stocks of suitable dilution into the plasma
to give the desired concentration range of 1.56–200 ng/mL. Quality
control (QC) samples at three different concentrations (1.56, 25 and
200 ng/mL as low, medium and high respectively) were prepared
separately in five replicates, independent of the calibration stan-
dards and stored at −60 ◦C until analysis. Test samples and quality
control samples were then interpolated from the calibration curve
to obtain the concentrations of the respective analytes.

2.4. Sample preparation

Calibration standards, quality control samples and test samples
were prepared by using a simple one step protein precipitation
extraction process with acetonitrile. The processing volume of
plasma was fixed as 100 �L and to it 10 �L IS solution was added
to each sample to get final concentration of 4 ng/mL followed by
vortex mixing for 15 s. Protein precipitation of plasma samples was
carried out by addition of 390 �L acetonitrile in order to make the
final volume 0.5 mL. The extraction tubes were then vortex mixed
for 60 s and centrifuged at 12,000 × g for 5 min. 100 �L supernatant
was transferred to auto-injector vials and injected for analysis.

2.5. Assay validation

The present LC–MS/MS assay was validated in terms of sensitiv-
ity, specificity, linearity, recovery, accuracy, precision, freeze-thaw
cycle stability, long-term stability and auto-injector stability for
97/78 and metabolite 97/63 in monkey plasma. The method val-
idation was performed for 3 days at three different quality control
(QC) concentrations (1.56, 25 and 200 ng/mL) in five replicates.

The lower limit of detection (LOD) was the quantity in plasma,
after the sample cleanup, corresponding to three times the base-

line noise ratio (S/N >3). LLOQ is the lowest concentration of the
standard curve that can be measured with acceptable accuracy and
precision (±20% variation). The lower limit of quantitation (LLOQ)
was the concentration where analytes signal is atleast 10 times of
noise i.e. signal to noise (S/N) ratio >10.
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Linearity for calibration standards (n = 8) for 3 days was assessed
y subjecting the spiked concentrations and the respective peak
rea ratios. Calibration and analytical standard curves were con-
tructed using the analyte to IS peak area ratios by weighted (1/x2)
east-square linear regression [11].

The inter- and intra-batch accuracy was determined by
alculating % bias (% bias = (Observed concentration − Nominal
oncentration)/Nominal concentration × 100) of quality control
amples. The inter- and intra-day precision was determined by sub-
ecting the data to one way analysis of variance (ANOVA) in terms
f relative standard deviation (% RSD).

The extraction recoveries of the analytes at three QC levels were
etermined by comparing peak areas obtained from plasma sam-
les with those found by direct injection of standard solutions
repared in mobile phase of the same concentration.
.6. Stability studies

The freeze-thaw stability (−60 ◦C), auto-injector (4 ◦C) and long-
erm (−60 ◦C) stability for analytes were determined at three

Fig. 2. Product ion mass spectra of (a) 97/78, (b)
B 877 (2009) 2074–2080

concentration levels (1.56, 25, and 200 ng/mL) in five replicates.
To evaluate the impact of the freeze-thaw cycles, spiked control
in the plasma were prepared at low, medium and high concentra-
tions. One set was analyzed without being subjected to freeze-thaw
cycle and considered as reference value from which percent devi-
ation for other set’s concentration was calculated. Other sets were
analyzed after 1, 2 and 3 freeze-thaw cycles. After sample prepa-
ration, stability of the analytes in the auto-injector was evaluated
for upto 4 h, the maximum duration for which a sample may have
to wait in the peltier tray for pending analysis and results were
expressed in % deviation with initial injection (t = 0 h). Long-term
stability study was also performed over a period of 30 days. The
results were expressed as % deviation with freshly prepared QC
samples of same concentration.
2.7. Pharmacokinetic study

Young, adult and healthy male Rhesus monkeys (age 5–6 years)
weighing 6.0 ± 1.5 kg, (obtained from Laboratory Animal Division
of Institute) were housed in well ventilated cages and kept at room

metabolite 97/63 and (c) IS (�-Arteether).
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emperature on a regular 12 h light dark cycle. Prior approval from
he Local Animal Ethics Committee was sought for maintenance and
xperimental studies with animals. Animals were cared in accor-
ance with the guidelines laid by local ethical committee for animal
xperimentation and follow principles of the guide for care and use
f laboratory animals (Department of health education and welfare,
umber [NIH] 85-32). The oral dosing formulation of 97/78 was
repared in 5% NaHCO3 to dose administration at 20 mg/kg. The
trength of the formulation for oral administration was 25 mg/mL.
ral dose was administered using a 10 mL syringe and an oro-
astric catheter to monkeys fasted for approximately 12 h prior
o administration. The catheter was flushed with approximately
0 mL water after dose administration. Serial sample approach was
sed to collect blood samples through femoral vein. Blood sam-
les (∼1.5 mL) were collected in heparinzed glass tubes at different

ime point viz. 0.25, 0.5, 0.75, 1, 1.5, 2, 4, 8, 12, 18, 24, 30, 48, 55,
2 and 96 h after oral dose administration. Plasma was separated
y centrifuging blood samples at 1000 × g for 10 min at 4 ◦C and
tored at −60 ◦C until analysis. Pharmacokinetic parameters were
etermined by data fitting approach applying non-compartmental

ig. 3. Representative blank and spiked (at 1.56 ng/mL i.e. LLOQ level) chromatogram of
lasma.
B 877 (2009) 2074–2080 2077

analysis using WinNonlin (5.1) software program (Pharsight Corp,
USA).

3. Results and discussion

3.1. LC–MS/MS optimization

Continuous flow analysis was carried out to obtain parent ion
and product ion mass spectra of analytes. Full-scan mass spectra
of 97/78, metabolite 97/63 and IS (�-Arteether), with ammonium
adducts (M + NH4

+) shows most significant intensity of m/z 518.4,
418.1, and 330.4 respectively for parent ion. The ammonium adduct
is found to be robust enough for monitoring the transitions. The
robustness of the ammonium adduct was checked at pH range 3–5.
Also the robustness was checked at different percent of the buffer

ranging from 15 to 25% in final mobile phase. The collision energy
and collision gas were optimized such that the most abundant ion in
the product ion spectra of ammonium adduct of 97/78 (m/z = 518.4),
metabolite 97/63 (m/z = 418.1) and IS (�-Arteether) (m/z = 330.4)
were 173.1, 119.1 and 267 respectively. Declustering potential opti-

(a) 97/78 (b) metabolite 97/63 and (c) IS (�-Arteether) at conc. 4 ng/mL in monkey
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Table 1
Recoveries, accuracy and precision of 97/78 and its metabolite 97/63 in monkey plasma (n = 5).

Analytes Concentration (ng/mL) Recoveries Accuracy (%bias) Precision (% RSD)

Inter-day Intra-day Inter-day Intra-day

97/78 1.56 96.33 ± 2.25 94.37 ± 3.24 93.86 ± 2.34 3.43 2.49
25 92.50 ± 1.80 97.58 ± 6.12 97.55 ± 4.43 6.27 4.54
200 93.17 ± 5.06 97.11 ± 0.44 96.5 ± 4.03 0.45 4.18
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results showed that the bioanalytical method for simultaneous esti-
mation of 97/78 and metabolite 97/63 is accurate and precise over
the concentration range of 1.56–200 ng/mL.

Table 2
Freeze-thaw stability of 97/78 and metabolite 97/63 in monkey plasma.

Analytes Concentration (ng/mL) % Deviations after freeze-thaw cycles

1 2 3

97/78 1.56 −2.41 −1.32 −3.07
7/63 1.56 97.17 ± 1.76
25 95.33 ± 2.36
200 96.00 ± 2.00

ization of the ammonium adducts of analytes were carried out
sing full-scan acquisition over a mass range of 300–600 Da by
ontinuous flow analysis.

The product ion spectra with proposed chemical structure of
elected product ion were shows in Fig. 2. The dwell time was fixed
t 200 ms and Declustering potential was optimized to 50 V for m/z
18.4, 418.1 and 35 V for 330.4. The collision energy was optimized
or individual analyte for most intense fragment and was found to
e 24 V for 97/78, 30 V for metabolite 97/63 and 13 for IS. Based
n the peak intensity of the respective ammonium adducts, 10 mM
mmonium acetate buffer of pH 4 and acetonitrile as the organic
hase, at a flow rate of 0.45 mL/min were suitable for all analytes.

The curtain gas (CUR) and collision gas (CAD) were optimized to
5 and 3 psi respectively. The Ion source gas 1 (GS1), Ion source gas 2
GS2), entrance potential (EP) and collision cell exit potential (CXP)
ere optimized to 30 psi, 45 psi, 4 V and 10 V respectively. The ion

ource potential was set at 5500 V and source gas temperature was
ptimized to 200 ◦C. To obtain highly specific and selective detec-
ion, multiple reaction-monitoring (MRM) in positive ion mode was
sed for reliable quantification. Monitoring these transitions of the
arent molecules showed no interference in six blank biological
atrix. The response of the individual ions (parent and metabolite)
as checked individually and is further determined in combination

with or without internal standard). Qualifier ion was not included
n the analysis as no interference was observed as responses were
imilar in each case. The interference check was conducted with
oth plasma and analytical standard.

.2. Assay performance and validation

Selectivity, sensitivity, linearity, accuracy, precision and stability
ere measured and used as the parameters to validate and assess

he bioanalytical assay performance [12–16]. The peak area ratios
f analytes with the IS in monkey plasma were linear with the ana-

yte concentration over a range of 1.56–200 ng/mL. It was found
hat the variance was not constant across the calibration standard
heteroscedasticityand hence weighting was used to improve resid-
als and to counter variance. Best fit for the calibration curve was
chieved by a linear equation of Y = mX + c with 1/x2 weighing fac-
or. The coefficient of correlation (r2) for 97/78 and metabolite 97/63
ere 0.9983 ± 0.0009 and 0.9983 ± 0.0010 over the concentration

ange used.
LC–MS/MS analysis of the blank monkey plasma samples

howed no interference with the quantification of analytes and the
S. Specificity of the method was established in monkey plasma
from six different sources) with pooled as well as individual
amples. The interference with the common antimalarials like
ulfadoxine (m/z 311 → 156) and pyrimethamine (m/z 249 → 198)
as also determined however no interference was observed. The
apacity factor obtained for 97/78 and 97/63 were 0.81 and 1.01
espectively. Representative chromatograms of extracted blank
lasma and blank plasma spiked with 97/78, metabolite 97/63 and
he IS indicating the specificity and selectivity of the method, are
hown in Fig. 3.
.65 ± 2.04 94.72 ± 3.85 2.11 4.06
09 ± 0.35 95.85 ± 2.86 0.36 2.98
.28 ± 1.44 95.69 ± 2.65 1.50 2.77

The limit of detection (LOD) demonstrated that all the analytes
gave a signal-to-noise ratio (S/N) of 3 and above at a concentration
level of 0.5 ng/mL. The lower limit of quantification (LLOQ), the low-
est concentration in the standard curve which can be measured
with acceptable accuracy and precision, for 97/78 and metabo-
lite 97/63 from matrices was established as 1.56 ng/mL. LLOQ was
established with five samples independent of the standard curve.

The recoveries were calculated from the peak area of extracted
spiked plasma samples read against the analytical standard curve
spiked into plasma blank. The absolute recoveries were calculated
by taking the matrix effect into the account though no significant
matrix effect was observed. The recovery of 97/78 and metabolite
97/63 were 96.33 ± 2.25/97.17 ± 1.76, 92.5 ± 1.8/95.33 ± 2.36 and
93.17 ± 5.06/96.0 ± 2.0% at concentration of 1.56, 25 and 200 ng/mL
respectively. The recovery of the IS from the extracted calibra-
tion standards and QC samples during validation was 92.14 ± 6.7%.
The possibility of the matrix effect on ionization was explored
further by comparing the responses obtained from blank plasma
extract spiked with reference solutions with that of same refer-
ence solutions in mobile phase. This study was carried out over
the entire concentration range. The matrix suppression obtained
was less than 3%. The effect on ionization of phospholipids and
possible interference from late eluting endogenous compound
was also evaluated by repeated injection. Further the product
ion transition of the 184 from most of lipids (496, 704, 758,
806) was also monitored. However no significant effect was
observed on ionization. Thus, these studies showed that there is
no significant matrix suppression and/or enhancement on ioniza-
tion.

Accuracy in terms of % bias and precision in terms of % rela-
tive standard deviation (%RSD) for both intra- and inter-batch were
calculated with five determinations per concentration level on 3
days (five replicates of low, medium and high QC samples) in mon-
key plasma and are presented in Table 1. The results show that the
bioanalytical method is accurate, as the bias is within the accep-
tance limits of ±20% of the theoretical value at LLOQ and ±15%
at all other concentration levels. The precision around the mean
value never exceeded 15% at any of the concentrations studied. The
25 −1.69 −2.10 −3.31
200 −4.05 −5.71 −5.81

97/63 1.56 −5.22 −4.58 −5.64
25 −5.39 −5.66 −6.99

200 −5.25 −5.25 −8.21
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Table 3
Long-term stability at −60 ◦C of 97/78 and metabolite 97/63 in monkey plasma.

Analyte Nominal concentration (ng/mL) 19 days 30 days

Concentration recovered (ng/mL) % Deviation Concentration recovered (ng/mL) % Deviation

97/78 1.56 1.51 −0.66 1.45 −4.61
25 24.45 −0.81 24.2 −1.83

200 193 −4.22 193 −4.22

97/63 1.56 1.5 −4.15 1.49 −4.37
25 24.78 −1.20 23.83 −4.86

200 191.5 −5.67 189.33 −6.73

Table 4
Stability of 97/78 and metabolite 97/63 in the auto-injector at 4 ◦C.

Analyte Concentration (ng/mL) 0 h 4 h

Average observed concentration (ng/mL) Average observed concentration (ng/mL) % Deviation

97/78 1.56 1.52 1.49 −1.97
25 24.65 24.47 −0.73

200 201.5 192.0 −4.71

9 1.52 −3.18
24.13 −3.67

192.3 −5.27
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7/63 1.56 1.57
25 25.05

200 203.0

.3. Stability studies

97/78 and metabolite 97/63 shows freeze-thaw (f-t) stability in
onkey plasma which were carried out at three concentrations

1.56, 25 and 200 ng/mL) in five replicates. The deviation observed
fter first, second and third f-t cycles were within ±8.3% (Table 2)
ith freshly prepared (no f-t) QC samples of same concentrations

n five replicates. Also the QC samples stored at −60 ◦C were ana-
yzed after 19 and 30 days and there were no significant deviations
<±7%) with respect to the immediately analyzed samples (Table 3).
he re-injection reproducibility was established to determine if an
nalytical run could be re-analyzed in case of unexpected delay in
nalyses. The same set of QC samples were repeated after one anal-
sis with 4 h gap in between within the samples were stored at
◦C and in all cases the deviations were less than ±6% (Table 4).
he 97/78 and metabolite 97/63 were also shown to be stable in
onkey plasma at room temperature for at least 8 h (at bench-top)
here deviations were less than 10% freshly spiked sample.

.4. Application of the analytical method to pharmacokinetic
tudies

The LC–MS/MS method developed was used to investigate
he pharmacokinetics of 97/78 and metabolite 97/63 after oral
dministration of 97/78 (Dose 20 mg/kg) in monkey (N = 3).
harmacokinetic parameters were determined using a non com-

artmental analysis of plasma concentration time data using
inNonlin 5.1 software (Pharsight Corp, USA). Table 5 shows the
ain pharmacokinetic parameters of 97/78 and metabolite 97/63.

ig. 4 shows the mean plasma concentration–time profiles of 97/78

able 5
harmacokinetic parameters for 97/78 and its metabolite 97/63 following oral dose
dministration of 97/78 at 20 mg/kg (Mean ± SEM, N = 3).

harmacokinetic parameters 97/78 Metabolite 97/63

max1(ng/mL) 242.67 ± 64.26 1165.67 ± 348.18
max (h) 1.33 ± 0.70 1.83 ± 0.17
UC0−t (ng h/mL) 426.48 ± 9.0 4390.97 ± 895.87
UC0−∞ (ng h/mL) 460.35 ± 27.04 4430.39 ± 905.17
1/2 (h) 0.96 ± 0.14 7.48 ± 0.37
RT (h) 2.18 ± 0.27 8.03 ± 0.18

l/F(L/h/kg) 43.23 ± 2.63 *

* Not applicable.
Fig. 4. Plasma concentration versus time profile of 97/78 and metabolite 97/63
in male Rhesus monkeys after oral administration of 97/78 at 20 mg/kg dose
(Mean ± SEM, N = 3).

and its metabolite 97/63 (inset of Fig. 4). Percentage extrapolation
in all the cases from the last measured time point to infinity (i.e.
% extrapolation between AUC0−all and AUC0−∞) was less than 2%
which suggested that the parameters derived were well estimated.
The parent compound 97/78 could be detected up to 8 h in plasma,
while metabolite 97/63 was measurable up to 96 h. The plasma con-
centration time profile of the compound showed that 97/78 remains
above minimum effective concentration (MEC) for more than 2 h
and its active metabolite remain above MEC (unpublished data) for
more than 12 h making it a promising candidate. Following oral
administration of 97/78, a high and rapid conversion to metabolite
97/63 was observed, which evident by lesser Tmax, higher Cmax and
higher systemic exposure (AUC0−∞) of metabolite.

3.5. Conclusion
A sensitive, accurate and precise procedure based on LC–MS/MS
has been developed and validated for the simultaneous determi-
nation of 97/78 and its in-vivo active metabolite 97/63 in monkey
plasma with the lower limit of quantification of 1.56 ng/mL. A good
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inearity was obtained over a concentration range 1.56–200 ng/mL.
here were no stability and matrix problems for 97/78 as well
s its metabolite 97/63 during storage and sample processing.
his method was successfully applied for the single dose phar-
acokinetic study of 97/78 in Rhesus monkeys following oral

dministration. Shorter run time of 4 min. is helpful in carrying
ut analyses rapidly. Further application will be carried out in vari-
us pre-clinical evaluations of these candidate drug molecule(s) viz.
rotein-binding estimation, drug–drug and drug–food interactions,
oxicokinetics and multiple-dose pharmacokinetic studies.
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