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bstract

Extracts from Swertia chirata (family Gentianaceae) have antidiabetics and antioxidant activity, largely attributed to the flavonoids and secoiri-
oids, which are a major class of functional components in methanolic extracts from aerial part of plants. In order to facilitate analysis of systemic
xposure to S. chirata derived products in animals, we developed a liquid chromatography tandem mass spectrometry (LC–MS/MS) based method
hat is capable of routinely monitoring plasma levels of flavonoids and secoiridoids. An LC–MS/MS-based method has been developed for the simul-
aneous estimation of two bioactive markers, mangiferin and amarogentin along with three other components, amaroswerin, sweroside and swer-
iamarin in rat plasma. All the analytes including the internal standard (kutkoside) were chromatographed on RP-18 column (250 mm × 4 mm i.d.,
�m.) coupled with guard column using acetonitrile: 0.5 mM ammonium acetate buffer, pH ∼3.0 as mobile phase at a flow rate of 1 ml/min in gradi-
nt mode. The final flow to source was splitted in 1:1 ratio. The detection of the analytes was performed on API 4000 LC–MS/MS system in the multi-
le reaction-monitoring (MRM) mode. The quantitation for analytes other than the pure markers was based on relative concentration. The method was
alidated in terms of establishing linearity, specificity, sensitivity, recovery, accuracy and precision (Intra- and Inter-day), freeze-thaw stability, peltier
tability, dry residue stability and long-term stability. The recoveries from spiked control samples were >90% for all analytes and internal standard

xcept mangiferin where recovery was >60%. Intra- and inter-day accuracy and precision of the validated method were within the acceptable limits of
15% at low and <10% at other concentrations. The quantitation method was successfully applied to generate pharmacokinetic (PK) profile of mark-
rs as well as to detect other components in plasma after intravenous dose administration of herbal preparation in male Sprague-Dawley (SD) rats.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The plant Swertia chirata (family Gentianaceae) commonly
nown as ‘Chirata’, is well known for its multifarious thera-
eutic value and widely used in Indian System of medicine as

crude drug. It is used as an antimalarial, a bitter stomachic,

nthelmintic, and as a remedy for scanty urine, epilepsy, ulcer,
ronchial asthma and certain type of mental disorder [1]. Studies
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ycosides

n the biological activities of S. chirata extract reveal that this
itter plant possesses antioxidant, antidiabetic, antimicrobial,
nticholinergic and chemopreventive activity [2–5].

Early studies documented the presence of flavonoids, xan-
hones, terpenoids, iridoid and secoiridoid glycosides in S.
hirata plant [6]. Phytochemical investigations on bioactive
ethanolic extract of defatted aerial part of S. chirata plant led

o the isolation of the mangiferin (A), a xanthone-C-glycoside
nd amarogentin (B), a secoiridoid-O-glycoside, while three

ore secoiridoid glycosides amaroswerin (C), sweroside (D)

nd swertiamarin (E) were structurally correlated and confirmed
n the basis of liquid chromatography tandem mass spectrome-
ry (LC–MS/MS) (Fig. 1) [7]. A chirata-based product (CT) is a

mailto:rcgupta@usa.net
dx.doi.org/10.1016/j.jchromb.2007.08.034
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erbal antidiabetics developed by Central Drug Research Insti-
ute (CDRI), Lucknow, from aerial part of S. chirata. Mangiferin
nd amarogentin are two bioactive markers of CT used for its
tandardization. In order to better understand the pharmacolog-
cal and beneficial effects of chirata-based phytomedicine, it
s required to perform pharmacokinetic measurement of these
ioactive components. However, such studies have been com-
licated by the lack of sensitive methods for analysis of these
omponents in biological matrices.

So far, procedure for separation, detection and quantitation
f all of the above mentioned glycosides in plasma has not
een published in contrast to methods for quantitation of sin-

le substances of this group or combinations of few of them.
or the analysis of mangiferin in biological fluids, various pro-
edures have been published using high performance liquid

a
r
e

ig. 1. MS–MS spectra of (A) mangiferin, (B) amarogentin, (C) amaroswerin, (D) sw
roduct ion transitions.
ogr. B 858 (2007) 211–219

hromatography/ultraviolet (HPLC/UV) [8–11]. More recently,
ang et al. developed a HPLC/UV-based method for mea-

uring mangiferin in rat plasma and urine following its oral
dministration [12]. These methods, however, have generally
hown low sensitivity, with limit of quantitation (LOQ) rang-
ng from ∼0.48 to 0.6 �g/ml. Liquid chromatography coupled
ith tandem mass spectrometry was also used for analysis
f free mangiferin in rat blood using microbore LC–MS/MS,
roviding LOQ with ∼0.05 �g/ml and recovery ranging from
37.7 to 39.8% [13]. Vipul et al. developed an LC–MS/MS-

ased bioanalytical method for determination of two iridoid
lycoside (picroside-I and kutkoside) in rabbit plasma, where

marogentin was used as internal standard (IS) and this method
equired lengthy sample clean up step using solid phase
xtraction [14].

eroside (E) swertiamarin and (IS) Kutkoside showing prominent precursor to
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To our knowledge, no prior reports have described a sensi-
ive LC–MS/MS-based method for determining these xanthone-
nd secoiridoid glycosides from plasma. Furthermore, although
harmacokinetic evaluation of phytomedicine based on max-
mum number of markers is better to ensure clinical and
harmacological repeatability, it is really cumbersome and
lways not possible to obtain pure authentic markers from
ny herbal preparation. Accordingly, we have included three
ore components in assay method besides two standard mark-

rs of herbal preparation on the basis of their earlier reported
C–MS/MS characterization. These components could be mon-

tored to generate stability profile in biomatrices as well
s concentration independent pharmacokinetic parameter in
reclinical studies. However, such application has not been men-
ioned in previous reports describing the bioanalytical assay with
pplication in pharmacokinetic study of any phytomedicine.

We herein sought to develop an LC–MS/MS-based assay
apable of sensitively detecting and quantifying plasma chirata
anthone- and secoiridoid glycosides, for use in pharmacoki-
etic measurement of chirata-based herbal preparation from
at plasma. The method was validated in two parts: first one
ith pure markers (mangiferin and amarogentin); and second
ne with herbal preparation, where in, three components
maroswerin, sweroside and swertiamarin were monitored. The
ethod was successfully applied in pharmacokinetic evaluation

f chirata-based phytomedicine in rat following intravenous
dministration.

. Experimental

.1. Reagents and standards

Pure reference standards (purity >99%) of mangiferin and
marogentin were procured from the Medicinal and Process
hemistry Division of CDRI, Lucknow, India. Acetonitrile

HPLC grade) and glacial acetic acid (HPLC grade) were
urchased from Thomas Baker, Mumbai, India. Dimethyl
ulphoxide (DMSO) was obtained from Ranbaxy Laboratories
td., Punjab, India. Ammonium acetate (GR-grade) was pro-
ured from E Merck (India) Ltd., Mumbai. Ultra pure water of
8.2 M� cm was obtained from MilliQ PLUS purification sys-
em (Millipore, USA). IS kutkoside (purity >99%) was obtained
n house. Blank rat plasma was collected from healthy, drug-
ree Sprague-Dawley (SD) at the Laboratory Animal Center of
DRI, Lucknow, India. Plasma was obtained by centrifuging

he heparinized blood at 2000 rpm for 15 min.
For pharmacokinetics study, young and healthy male SD rats

eighing 250 ± 50 g were obtained from the Laboratory Animal
enter, CDRI and housed in appropriate stainless steel cages in

tandard laboratory conditions with regular 12 h day–night cycle
n well-ventilated room with an average temperature of 25–28 ◦C

nd relative humidity of 40–60%. Standard pelleted laboratory
how (Goldmohar Laboratory Animal Feeds, Chandigarh, India)
nd water allowed ad libitum to rats. All ethical guidelines for
aintenance and experimental studies with SD rats were fol-

owed.

s
s
1
t
s
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.2. Plant material and herbal preparation

S. chirata (Roxb ex flam) Karsh (Gentianaceae) grows abun-
antly at an altitude of 1220–3050 m in sub Himalayan region.
he plant was collected in September–October by Botany Divi-
ion, CDRI, Lucknow, India. Capsules filled with powdered
erbal preparations (CT) were provided by Clinical and Exper-
mental Pharmacology Division, CDRI, Lucknow, India.

.3. Stock solution, calibration standards and quality
ontrol samples

Stock standard solutions (1 mg/ml) of component A, B
nd IS were prepared in acetonitrile (0.2%, v/v DMSO) and
ere used to prepare working standard solutions. Analyti-

al standards for A and B were prepared in mobile phase
1:1, v/v) over a concentration range of 1.56–200 ng/ml and
.156–20 ng/ml, respectively by serial dilution, and same con-
entration range for calibration curve were prepared in blank
ormal rat plasma. Quality control (QC) samples at four dif-
erent concentration levels (3.13, 6.25, 25, 100 ng/ml for A and
.313, 0.625, 2.5 and 10 ng/ml for B as low 1, low 2, medium
nd high, respectively) were prepared in three sets indepen-
ent of the calibration standards. During analysis these QC
amples were spaced after every six to seven unknown sam-
les.

Stock solution of standard herbal preparation (1 mg/ml), that
onsists of varying percentage of components C, D and E (where,
eak area ratio of each analytes to IS was considered equal to
000 arbitrary unit) was prepared in water with 10% acetonitrile
nd was used to prepare working stock solutions. Analytical
tandards were prepared in mobile phase (1:1) over a range of
.156–20 arbitrary unit for each analytes by serial dilution and
alibration standards were prepared in blank normal rat plasma
ver a same concentration range. QC samples at four different
oncentration levels (0.313, 0.625, 2.5 and 10 arbitrary unit as
ow 1, low 2, medium and high respectively) were prepared in
hree sets independent of the calibration standards.

.4. Sample preparation

Sample preparation involved simple protein precipitation
ethod using acetonitrile (1:1, v/v). The processing volume

f plasma was fixed as 100 �l. The IS solution was spiked
nto such aliquots as to give a final concentration of 4 ng/ml
f kutkoside and vortex mixed (Type 37600 mixer, Ther-
olyne, USA) prior to the addition of the extraction solvent.
fter mixing thoroughly with vortex mixer for 1 min and

entrifugation (10,000 rpm for 5 min), the supernatant (20 �l)
as injected onto the LC–MS/MS system. For determina-

ion of matrix effect control drug free plasma was protein
recipitated using acetonitrile as described above and final
upernatant was evaporated to dryness. Dry extracts were dis-

olved using analytes and IS standard solutions that represent
00% recovery. Ion suppression was determined by comparing
he analytical response of these samples with that of standard
olutions.
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.5. Chromatographic condition

A Perkin-Elmer Series 200 pump (Perkin-Elmer, Shel-
on, CT, USA) consisting of flow control valve, vacuum
egasser (Series 200 vacuum degasser) operated in gradient
ode to deliver the mobile phase at flow rate of 1.0 ml/min.
he chromatographic system consisted of RP-18 column

250 mm × 4 mm i.d., 5 �m) (LiChroCART®, Merck, Germany)
oupled with a guard column of same material (Applied Biosys-
ems, Toronto, Canada), and solvent A: acetonitrile and solvent
: ammonium acetate buffer, 0.5 mM, pH 3.0 as mobile phase.
he linear gradient programme that gave the optimal sensitivity
as following: linear increase from 10% solvent A to 50% over
min, maintained isocratically over 2 min, decreased linearly to
0% solvent A over 2 min and maintained at that levels for fur-
her 4 min. In total run time of 12 min, all analytes eluted between
–8 min. The total effluent from the column was diverted to
aste for initial 0–5 min and from 9 to 12 min of total run time
sing a flow diverter assembly (Valco valve, VICI, Valco Instru-
ent Company Inc., USA) to avoid unnecessary contamination

o mass spectrometer and final flow to source was split such
hat half was injected onto the electrospray ionization (ESI)
ource. The analysis was carried out at ambient temperature
nd the pressure of the chromatographic system was 2400–
500 psi.

.6. Mass spectrometric condition

Mass spectrometric detection was performed on API 4000
riple quadrupole mass spectrometer (Applied Biosystems/MDS
CIEX, Concord, Ontario, Canada) equipped with a Turbo V
onSpray ionization source operating in positive ESI mode. In
ass spectrometer, zero air was used as nebulizing gas (GS

) and turbo gas (GS 2) while nitrogen as curtain gas (CUR)
nd collision activated dissociation (CAD) gas and these gases
ere constantly supplied from a gas generator (Peak Scien-

ific, USA). MS and MS/MS condition for pure standard of
arker A, B and IS was optimized by continuous infusion

t 5 �l/min using syringe pump (Model ‘11’, Harvard appa-
atus, Inc., Holliston, MA, USA) while for component C, D
nd E known concentration of CT subjected to LC/ESI-MS
nalysis. Information dependent acquisition (IDA) method was
sed to generate selective pattern of component C, D and E
rom herbal preparation CT. MS/MS analysis of all analytes
ere performed using nitrogen as CAD gas. The most abundant
roduct ion of each component was selected to build multiple
eaction-monitoring (MRM) method. The transitions moni-
ored were m/z 423 > 357, 587 > 229, 620.4 > 391, 359 > 197,
92 > 195 and 530 > 183 for components A–E and IS, respec-
ively. Nebulizing gas, turbo gas (GS 2), curtain gas (CUR),
apillary voltage and temperature were set to 30, 45, 15 psi,
500 kV and 400 ◦C, respectively. The mass spectrometer was
perated in unit resolution for both Q1 and Q3 in the MRM

ode, with a dwell time of 200 ms per MRM channel. All

ata were acquired within 5–9 min using Analyst 1.4 software
Applied Biosystems/MDS SCIEX) with delay time setting of
min.

b
e

d

ogr. B 858 (2007) 211–219

.7. Application to pharmacokinetic study

The method was successfully applied to generate the plasma
oncentration time profile of pure markers (A and B) as well
s to detect other three components (C, D and E) in plasma
ollowing i.v. administration at 5 mg/kg dose of herbal prepara-
ion CT in male SD rats. Intravenous formulation was prepared
n solution form by dissolving accurately weighed amount of
owdered herbal preparation (from capsules) in normal saline
0.9%, w/v sodium chloride). The formulations were sterilized
y filtration (using 0.45 �m filter) before use. Intravenous dose
0.25 ml/250 g rat) was administered using a 1.0 ml tuberculin
yringe (fitted with 26G needle) via caudal vein at 5 mg/kg of
erbal preparation. The pilot pharmacokinetic (PK) study was
arried out by sparse sampling approach wherein blood sam-
les were collected from single rats per time point (N = 1). Two
amples were collected from each rat in the study group, first
y cardiac puncture (∼0.25 ml) followed by terminal sampling
rom inferior vena cava. Blood samples were collected at 5, 10,
0, 30, 45 min, 1, 1.5, 2, 3, 4, 6, 8, 12, 18, 24 and 48 h and
eparated plasma was stored at −50 ◦C pending analysis.

. Results and discussion

.1. Mass spectrometry

In positive ion mode all analytes give protonated ion at m/z
M + H]+ and sodium adduct at m/z [M + Na]+ and later was
bserved as a base peak in case of secoiridoid glycosides. How-
ver, the division of signal between sodium and protonated
ons resulted in compromised sensitivity. The division of sig-
al between sodium, potassium and protonated ions resulted
n compromised sensitivity. Hence, possibility of formation of
ntense protonated or ammonium adduct was explored, using
mmonium acetate buffer in combination with acetonitrile. In
atural product analysis, the most common additives used with
he application in ESI are acetic acid, formic acid, ammonium
cetate and ammonium formate. Trifluoroacetic acid has also
een used in some studies despite the fact that in many cases
t is found to suppress the ionization owing to ion pairing and
urface tension effects.

In order to find most sensitive ionization mode for
he components studied, +ESI and −ESI were tested with
arious combination of mobile phase, i.e. acetonitrile and
ater/ammonium acetate buffer (0.5 mM)/glacial acetic acid

0.1%) in positive and negative ionization mode.
In positive LC/ESI-MS experiment, the components studies

howed a very high tendency to form sodium adduct in acetoni-
rile:water. The sodium adduct [M + Na]+ was the main peak
n the spectra of all components, which is expected for these
henolic glycosides. It was observed that the signal intensity for
M + H]+ ions in positive ion ESI mode was 2–10-fold higher for
ll components in analyses using acetonitrile:ammonium acetate

uffer (0.5 mM), versus experiments run with the corresponding
lectrolyte free mobile phase.

In negative ion ESI mode experiments, the peak due to the
eprotonated molecule [M − H]−was seen in all spectra and was
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learly main peak for all components except D and E with elec-
rolyte free mobile phase. The signal intensity for deprotonated
on at m/z [M − H]− of all analytes in mobile phase containing
mmonium acetate buffer 0.5 mM, was lower than experiments
un with the corresponding electrolyte free mobile phase. The
se of mobile phase containing 0.1% (v/v) glacial acetic acid
ielded signal intensity of m/z [M − H]− ion with 6.6–7-fold
igher for component A, while for other analytes, intensity of
/z [M − H]− ion was low to those obtained in experiments run
ith electrolyte free mobile phase.
The negative ion ESI mode was shown to result in about

–10 times lower signal-to-noise ratios than the positive ion
ode, when the most sensitive eluent systems for each compo-

ents were compared. The only exception to this was component
, for which negative ion mode resulted more sensitive ana-

ytes responses than positive ion modes. Thus, it was decided
o utilize positive ion mode for detection and quantitation of
M + H]+ and/or [M + NH4]+ ions, which on fragmentation gave
rominent and stable product ions. The optimized decluster-
ng potentials for the protonated [M + H]+/ammonium adducts
M + NH4]+ of component A–E and IS were found to be 62, 90,
0, 80, 46 and 50 V, respectively.

With optimized MS conditions, MRM mode was explored
or all analytes. Initially product ions were generated through
ragmentation of the molecular ions by CAD, using nitro-
en as collision gas. The production spectra of components
n positive ion mode are given in Fig. 1. In brief, the prod-
ct ion spectrum of the [M + H]+ ion at m/z 423 (component
) showed fragment ion at m/z 405 and 387 correspond-

ng to subsequent loss of two water units, [M + H − 18]+ and
M + H − 36]+, respectively, followed by loss of neutral as
ormaldehyde [–HCHO] yielded fragment ion at m/z 357. Spec-
rum reveals that fragment ion at m/z 303 corresponding to loss
f 120 mass units due to fragmentation in the C-glycosidic unit
as less abundant in positive ion mode. The MS/MS spectra of

he [M + H]+ ion at m/z 587 (Component B) and [M + NH4]+

on at m/z 620 (component C) yielded common prominent
ragment ion m/z 391 corresponding to loss of iridoid moi-
ty. MS/MS spectra of protonated and ammoniated ion at m/z
59 and 397 for component D and component E respectively,
howed characteristic fragment at m/z 197 and m/z 195 corre-
ponding to mono-hydroxylated iridoid moiety. Utilizing this

nformation, two or three intense product ions were selected
o build an MRM method for quantitation and collision ener-
ies (CE) were optimized for different transitions by direct
nfusion.

3

c

able 1
ptimized MRM conditions for components A–E and IS

ode Analytes Parent ion Product

Mangiferin 423[M + H]+ 357
Amarogentin 587[M + H]+ 229
Amaroswerin 620.4[M + NH4]+ 391
Sweroside 359[M + H]+ 197
Swertiamarin 392[M + NH4]+ 195

S Kutkoside 530[M + NH4]+ 183
ogr. B 858 (2007) 211–219 215

.2. Liquid chromatography

Although MS was used as the detector, the method devel-
pment was focused on chromatographic separation of herbal
omponents that considered advantageous to maintain the
ynamic range and to minimize the risk of ion suppression in
SI. Acetonitrile rather than methanol was chosen as the organic
odifier because of its slightly higher resolving power. Moder-

tely high acidic ammonium acetate buffer 0.5 mM, pH ∼3, was
equired to achieve acceptable peak width and shapes.

An endcapped C18 column (250 mm × 4 mm i.d., 5 �m)
LiChroCART®, Merck, Germany) coupled with a guard col-
mn of same material (Applied Biosystems, Toronto, Canada)
ith acetonitrile:ammonium acetate buffer in gradient mode was

pplied in final LC method. Within the total analysis time of
2.0 min, all components eluted in 6.0–8.0 min.

A column with narrow internal diameter (Luna C18,
00 mm × 2 mm i.d, particle size 3 �m, Phenomenex, CA, USA)
as tested in the development stage with the solvent flow rate
ecreased to 100 �l/min. Despite the slightly improved reso-
ution, proper retention was not achieved for component A.
dditionally, the analysis time expanded to 20 min, mainly due

o the equilibration step after the gradient, and irreproducibility
as still observed in the retention times.

.3. Optimization of LC–MS/MS condition

Final MRM transitions were selected on the basis of sig-
al to noise ratio (S/N) ratio with on-column injection analysis.
ebulizing gas (GS 1), turbo gas (GS 2), curtain gas and tem-
erature were set to 30, 45, 15 psi and 400 ◦C, respectively. The
ransitions selected were m/z 423 > 357, 587 > 229, 620.4 > 391,
59 > 197, 392 > 195 and 530 > 183 for components A–E and
S, respectively. Proposed structures of prominent fragment ions
elected for final MRM method are given in Fig. 2. The selec-
ion of kutkoside, a secoiridoid glycoside as IS was based on its
tructural similarity with most of the analytes. Hence, kutkoside
as expected to behave closely in terms of ionization giving
etter results for linearity and quantitation. The correspond-
ng final MRM conditions for A–E and IS are summarized in
able 1.
.4. Sample clean up

The next step was to develop simple and efficient sample
lean up devoid of matrix suppression and interference from

ion Declustering potential (V) Collision energy (eV)

62 20
90 40
60 16
80 32
46 19
50 19
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ig. 2. Proposed structure of prominent fragment ions used in MRM transition o
nd (IS) kutkoside.

ndogenous plasma components for estimation of the analytes
n rat plasma. Liquid–liquid extraction (LLE) using ether and
ifferent combinations of hexane and ethyl acetate (90–10%,
/v), n-hexane and IPA (2–5%, v/v) was tried but none of
hese was found suitable to give good and consistent recovery
or all analytes. Finally, protein precipitation using acetonitrile
as tried and found suitable to give optimum recovery for all

nalytes. Although protein precipitation yielded strong matrix
ffect than other sample clean up methods like LLE and solid
hase extraction (SPE), has an advantage of simple and fast
echniques. The matrix issue seems more complex when ana-
yzing multiple analytes from biosample in a single analytical
un in quantitative LC–MS/MS, but this could be minimized
ith initial optimization of chromatographic condition to elute
atrix and analytes distinctly. Thus, we investigated %matrix

nterference on different chromatographic elution of analytes
uring initial optimization of chromatographic condition. It was
bserved that matrix suppression eliminated completely with
resent optimized gradient condition.
.5. Method validation

Accuracy, precision, selectivity, sensitivity, linearity and
tability were measured and used as the parameter to assess the

a
o

1

mangiferin, (B) amarogentin, (C) amaroswerin, (D) sweroside (E) swertiamarin

ssay performance. The peak area ratios of analytes to IS in rat
lasma were linear over the concentration range 3.13–200 ng/ml
or A and 0.156–20 ng/ml for B and 0.156–20 arbitrary unit
or component C, D and E. The calibration model was selected
ased on the analysis of the data by linear regression with
nd without intercepts (y = mx + c and y = mx) and weighting
actors (1/x, 1/x2 and 1/log x). The best fit for the calibration
urve could be achieved by a linear equation of y = mx + c and
1/x2-weighting factor for all components. The correlation

oefficient (R) for component A and B were above 0.998 over
he concentration range used.

LC–MS/MS analysis of the blank plasma samples showed
o interference with the quantification of component A–E and
he IS. The specificity of the method was established with
ooled and individual plasma samples from eight different
ources. Representative overlaid chromatogram of extracted
lank rat plasma and blank plasma fortified with analytical
tandards and IS, demonstrating the specificity and selectiv-
ty of the method are shown in Fig. 3. The retention times of
ll the analytes and the IS showed less variability with a rel-

tive standard deviation (R.S.D.) well within acceptable limits
f 5%.

The limit of detection (LOD) demonstrated S/N of ≥3 for
.56, 0.078 ng/ml, 0.078, 0.313 and 0.078 arbitrary unit of
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Fig. 3. Representative chromatograms of component A–E (at respective LO

omponent A–E respectively. The lower limit of quantitation
LLOQ), the lowest concentration in the standard curve which
an be measured with acceptable accuracy and precision for
omponent A–E from normal rat plasma was established as 3.13,
.156 ng/ml, 0.156, 0.625 and 0.156 arbitrary unit, respectively.
he LLOQ was established with five samples independent of

he standard curve.
Recovery was calculated from average peak area of pro-

essed quality control samples read against that of analytical
tandards as well as analytical standards fortified with extracted
lank plasma. In both cases recovery was found to unchanged
hus the net responses have negligible ion suppression due
o matrix effect. These experiments were performed at three-

oncentration levels (low, medium and high) in triplicate. The
verage absolute recoveries for all components at three different
oncentrations are shown in Table 2. The average recoveries
or component A–E and IS were ranged from 68 ± 4.29%,

3

s
s

able 2
ean recoveries of components A–E and IS in spiked rat plasma

oncentration levelsa (%) Absolute recovery (mean ± S.D., n = 5)

A B

ow 2 69.83 ± 1.45 102.77 ± 4.82
edium 67.9 ± 3.99 102.12 ± 2.55
igh 66.57 ± 1.93 98.77 ± 2.15

a Concentration levels (low 2, medium, high) vary according to components, where
nd 0.625, 2.5 and 10 arbitrary unit for components C, D and E represents the concen
d IS in fortified blank rat plasma overlaid with extracted blank rat plasma.

02 ± 6.49%, 97.58 ± 7.13%, 96.49 ± 12.31%, 92.43 ± 5.77%
nd 85 ± 1.23% respectively.

The accuracy and precision (intra- and inter-batch) were
alculated with four QC samples in triplicate for three dif-
erent days and are presented in Table 3. The precision was
etermined by one-way ANOVA as within and between assay
R.S.D. and accuracy was expressed as %bias. The results

how that the method is accurate as the bias is within accept-
ble limits of ±20% of the theoretical value at LLOQ and
15% at all other concentration levels. The precision around

he mean value never exceeded 15% at any of the concentrations
tudied.
.5.1. Stability studies
QC samples were subjected to short term and long term

torage condition (−50 ◦C), freeze-thaw stability, auto-injector
tability and dry residue stability studies. All stability studies

C D E

95.37 ± 5.49 88.47 ± 8.29 89.13 ± 2.88
98.53 ± 1.73 100.60 ± 8.94 91.63 ± 4.37
93.77 ± 0.18 100.30 ± 2.36 90.3 ± 1.85

, 6.25, 25, 100 ng/ml for component A, 0.625, 2.5, 10 ng/ml for components B
tration levels low 2, medium, high, respectively.
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Table 3
Accuracy (%bias) and precision (%R.S.D.) of components A–E in rat plasma

Analyte Concentration
(ng/ml)

%Bias %R.S.D.

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

A

3.13 8.53 9.17 7.0 14.5
6.25 −0.35 0.02 2.8 3.0

25 −0.44 −0.35 5.1 9.4
100 9.92 12.11 0.5 8.5

B

0.313 1.18 3.93 6.0 13.8
0.625 1.54 1.58 5.0 9.6
2.5 4.45 5.48 4.6 4.6

10 −0.40 −2.16 4.9 9.2

Ca

0.156 1.32 2.01 2.7 7.0
0.625 −3.68 −3.57 8.6 10.5
2.5 0.39 0.43 4.0 5.1

10 −2.66 −2.77 3.8 3.6

Da
0.625 4.04 6.99 6.0 10.0
2.5 −4.94 −5.76 5.1 10.0

10 −1.46 −1.74 4.6 5.7

Ea

0.156 −2.40 −7.20 1.6 13.9
0.625 −3.86 −3.31 3.9 3.8
2.5 −5.56 −5.13 5.6 8.0

w
t

3
a
p
a
e
T
e
u
t
o

Table 4
Freeze-thaw (f-t) stability data for components A–E

Analytes Concentration (ng/ml) %Deviation from reference

f-t 1 f-t 2 f-t 3

A
3.13 14.70 0.78 4.68

100 10.05 8.63 6.92

B
0.313 −13.25 −8.94 −5.38

10 −5.75 −0.54 0.32

Ca 0.156 6.28 0.72 −3.33
10 −1.19 5.40 −0.24

Da 0.625 7.14 6.81 2.27
10 −6.28 −7.03 −7.53

Ea 0.156 −14.61 −10.98 −11.42

c
c
c
a
l
f
−
d
(

3
c
t
(
d
concentration levels was calculated. There was no significant

T
S

A

A

B

C

D

E

10 −3.32 −4.76 3.8 7.1

a Relative concentrations are expressed as arbitrary unit.

ere carried out at two concentration levels (low and high) in
riplicate.

.5.1.1. Freeze-thaw (f-t) and long term stability. QC samples
t low and high concentrations in triplicate (six sets) were
repared. One set of samples at each concentration level was
nalyzed immediately after spiking, which served as the refer-
nce concentration while other five sets were stored at −50 ◦C.
hree sets were analyzed after 1, 2 and 3 f-t cycles in differ-

nt run. Thawing was achieved by keeping the stored samples
ndisturbed at ambient temperature for 30 min. The remaining
wo sets of QC sample were analyzed after 15 and 30 days with-
ut any f-t cycles. The change in concentration during the f-t

d
z
%
a

able 5
tability data for components A–E

nalytes Concentration (ng/ml) %Deviation

Dry residue stability at 4 ◦C

3.13 3.29
10 5.86

0.313 −1.80
10 0.64

a 0.625 −4.90
10 2.48

a 0.625 8.81
10 −9.80

a 0.625 −2.06
10 −10.55

a Relative concentrations are expressed as arbitrary unit.
10 −6.56 −7.99 −3.23

a Relative concentrations are expressed as arbitrary unit.

ycles and long term storage in rat plasma were determined by
omparing the observed concentrations with the reference con-
entration and expressed as %deviation. The deviation observed
fter one, two and three f-t cycles were within the acceptable
imits of ≤20% at low and ≤15% at high concentration levels
or components A–E (Table 4). Also, the QC samples stored at
50 ◦C were analyzed after 30 days and there were no significant

eviations with respect to the immediately analyzed samples
Table 5).

.5.1.2. Peltier stability. The spiked samples at low 1 and high
oncentrations were processed and reconstituted at the same
ime. The reconstituted samples were placed in the auto injector
Tray type-peltier set at 4 ◦C), and one set was injected imme-
iately and the other after 12 h. The percent deviation at two
ifference observed between the responses of standards at time
ero and after 24 h kept at auto injector at 4 ◦C in terms of
CV (≤5%) for all analytes, indicating sufficient stability in

uto injector for completing large set of analysis (Table 5).

Peltier stability at 4 ◦C Long term stability at −50 ◦C

15 Days 30 Days

2.89 6.02 8.09
2.59 5.68 6.02

−1.49 −1.83 0.68
3.83 0.32 3.19

0.16 −1.53 −2.04
1.90 1.29 1.83

4.47 9.48 1.37
−0.99 −5.62 5.19

0.61 −0.98 2.5
1.46 1.56 2.83
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.5.1.3. Dry residue stability. QC samples at low and high con-
entration in triplicate were processed and one set was stored at
50 ◦C in glass tubes. One set of samples was analyzed imme-

iately which served as the reference concentration. The other
et was analyzed after 15 days. The change in concentration
as determined by comparing the concentrations observed after
5 days with the reference concentration and was expressed
s %deviation. The dry residue samples stored at −50 ◦C after
xtraction was found to be stable for over 15 days with %devi-
tion ≤10% at all concentration levels (Table 5).

.6. Application to pharmacokinetic study

The method described above was successfully applied to a
reliminary PK study in which plasma concentration of pure
arkers was determined for upto 48 h after i.v. administra-

ion at 5 mg/kg dose of CT in male SD rats. The plasma
oncentration time profile of marker mangiferin and amaro-
entin are shown in Fig. 4(A), and could be traceable upto
4 h and 0.75 h, respectively. Moreover, the method success-
ully applied to detect other three components, i.e. amaroswerin,

weroside and swertiamarin in plasma, as shown in Fig. 4(B),
nd could be traceable upto 3.0, 2.0 and 3.0 h, respectively.
harmacokinetic parameters were calculated from the plasma
oncentration time data by noncompartmental analysis using

ig. 4. (A) Plasma concentration time profile of marker mangiferin and amaro-
entin. (B) Area ratio–time curve of amaroswerin, sweroside and swertiamarin
n rat plasma following i.v. (5 mg/kg) administration of herbal preparation CT
n = 1).
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inNonlin standard edition, version 1.5. The elimination half
ife of mangiferin and amarogentin were 1.09 and 1.23 h, respec-
ively. Systemic exposure, clearance and volume of distribution
t steady state (Vss) obtained with intravenous administration
ere 1303.8 ng h/ml, 0.1 l/h/kg and 0.14 l/kg for mangiferin and
.29 ng h/ml, 6.03 l/h/kg and 5.34 l/kg for amarogentin, respec-
ively. Half life of amaroswerin, sweroside and swertiamarin
ere ∼0.86, 0.74 and 0.5 h in rats.

. Conclusion

An LC–MS/MS bioanalytical method for simultaneous deter-
ination of two bioactive markers, mangiferin and amarogentin

long with three other components, amaroswerin, sweroside and
wertiamarin was developed and validated in rat plasma. The
ethod was sensitive enough to detect low concentration of
arkers that is 1.56 ng/ml for mangiferin and 0.156 ng/ml for

marogentin in rat plasma. Kutkoside, a secoiridoid glycoside
ith similar structural nucleus was used as IS in assay method to

ccount the variations due to matrix effect, extraction variabil-
ty and instrument performance. Analytes recovery from spiked
ontrol samples were >90% except mangiferin where recovery
as >60% using simple, convenient and fast sample clean up
ethod. Intra- and inter-day accuracy and precision of the vali-

ated method were within the acceptable limits of <15% at low
nd <10% at other concentrations. The method was successfully
pplied to generate stability profile as well as PK evaluation
f maximum number of components of chirata based herbal
reparation in rat following i.v. administration.
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