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bstract

A specific and sensitive high-performance liquid chromatographic (HPLC) method with photodiode-array (PDA) ultraviolet detection was
eveloped for the simultaneous determination of three bioactive constituents of Cedrus deodara namely wikstromol, matairesinol and dibenzylbu-
yrolactol in mouse plasma. In solid-phase extraction (SPE) these constituents were successfully separated using a C18 column by isocratic elution
sing acetonitrile:water containing hexanesulphonic acid, 32:68 (v/v). The flow rate was set at 1 ml/min and detector wavelength at 225 nm. Good
inearity (r2 > 0.999) was observed over the studied range of 0.015–5.0 �g/ml for wikstromol and 0.030–5.0 �g/ml for matairesinol and dibenzyl-
utyrolactol. The CV values of intra-day precision for wikstromol, matairesinol and dibenzylbutyrolactol were in between 1.8–6.9, 1.7–4.9 and
.6–4.2% and values of inter-day precision were in between 10.4–12.2, 9.7–11 and 10–11.2%, respectively. The extraction recoveries at low to high

oncentration were greater than 98, 83 and 87% for each analyte, respectively. The LOQ for wikstromol was 0.015 �g/ml and for both matairesinol
nd dibenzylbutyrolactol it was 0.030 �g/ml. The developed method was used to determine the pharmacokinetics of the three analytes in mice
fter intraperitoneal administration of CD-3.
 2007 Elsevier B.V. All rights reserved.
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. Introduction

Cedrus deodara (Himalayan cedar, ‘devadaru’; family:
inaceae) is a large evergreen tree. Bark of this plant has
een included in several traditional Ayurvedic polyherbal
reparations for indications like inflammation, arthritic pain
nd dermal diseases [1]. Several botanical products from the
. deodara have shown diverse pharmacological activities:
nti-spasmodic and anti-cancer against human epidermoid car-
inoma of nasopharynx [2], spasmolytic [3], anti-fungal [4],

nti-arthritic [5], anti-allergic [6,7], anti-inflammatory and anal-
esic [8,9], anti-oxidant [10], anti-filarial [11], and molluscicidal
12].
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Chemical investigation of C. deodara has revealed the pres-
nce of sesquiterpenes and glycosides [13,14]. Recently, wood
f C. deodara plant has revealed the presence of three lig-
ans, namely wikstromol, matairesinol and dibenzylbutyrolactol
Fig. 1). A standardized herbal mixture derived from C. deo-
ara (CD-3) comprising of 78% wikstromol, 11% matairesinol
nd 11% dibenzylbutyrolactol (w/w) was found to possess cyto-
oxic activity against several cancer cell lines and showed ability
o induce tumor regression in vivo [15,16]. It was shown that
D-3 exhibited anti-cancer effect via modifying nitric oxide-
ediated cellular signaling events in leukemia cells [17]. Earlier

−)-wikstromol has been reported from Wikstroemia viridiflora
18,19]. Matairesinol has also been shown to occur in various

ood sources [20]. Dibenzylbutyrolactol has been isolated from
he wood of Abies pinsapo [21]. The anti-tumor and anti-oxidant
ctivity of wikstromol and matairesinol is also reported [22,23].
n our ongoing programme for the development of herbal anti-
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ig. 1. Chemical structures of matairesinol (a), wikstromol (b) and dibenzylbu-
yrolactol (c).

ancer agents, CD-3 is being actively investigated for a possible
n vivo activity in several animal models.

The present report deals with HPLC assay for the
imultaneous determination of wikstromol, matairesinol and
ibenzylbutyrolactol and their pharmacokinetic profile after
ntraperitoneal administration of CD-3 in mice.

. Experimental

.1. Chemicals

Samples (97% pure) of wikstromol, matairesinol and diben-
ylbutyrolactol were received as a gift from Dr. J.M. Rao, Indian
nstitute of Chemical Technology, Hyderabad, India. HPLC
rade water and acetonitrile were purchased from Rankem,
umbai, India.

.2. Animals

Swiss mice (20–25 g) were obtained from the Animal House
f this Institute, and kept in regulated environmental conditions

temperature: 25 ± 2 ◦C, humidity: 60 ± 5%, 12 h dark/light
ycle). Animals were fed on standard pelleted diet (Ashirwad
ndustries, Chandigarh, India) and water was provided ad libi-
um. Animals were fasted overnight before the experiment.

t
f
(
a

able 1
tability data for wikstromol, matairesinol and dibenzylbutyrolactol

Nominal concentration (�g/ml) R.S.

Wik

torage stability (−80 ◦C)
0 month 0.030 9.5

0.5 5.1
2 4.8

2 months 0.030 8.4
0.5 7.2
2 3.1

reeze–thaw stability
0 cycles 0.5 6.3
3 cycles 0.5 9.6

utosampler stability
0 h 0.5 5.1
24 h 0.5 6.9

hort-term stability in plasma at room temperature
0 h 0.5 5.1
24 h 0.5 7.3
r. B  862 (2008) 237–241

nimal experiments were approved by Institutional Ethics Com-
ittee.

.3. Instrumentation

Chromatographic analysis was performed on Shimadzu
PLC system (LC10 ATVP) equipped with a diode array detec-

or, solvent delivery module, online degasser and an autosampler
sing a reversed-phase HPLC column (RP-18, 25 cm × 4.6 mm,
�m particle size, Waters, USA). Data analysis was carried out
sing Class VP V6.12 SP2 software (Shimadzu, Japan).

.4. Chromatographic conditions

Mobile phase consisted of acetonitrile:water containing
0 mM hexanesulphonic acid (32:68, v/v). It was filtered under
acuum through a 0.45 �m membrane filter before use. The flow
ate was adjusted at 1 ml/min; detection wavelength at 225 nm
nd column oven temperature at 30 ◦C.

.5. Preparation of standards

Stock solution (1 mg/ml) of each analyte was prepared
ndividually in acetonitrile. Stock solutions were diluted with
cetonitrile:water containing 20 mM hexanesulphonic acid,
2:68 (v/v) and stored at −80 ◦C (stable for >2 months; data
ot shown). For standard curves, blank mouse plasma sam-
les (200 �l) were spiked to yield the following concentrations:
.015, 0.03, 0.6, 1.25, 2.5, 5.0 and 10 �g/ml. The studies showed

hat all the three analytes were stable at room temperature (in
resh mouse plasma) for the entire duration of the experiment
Table 1). Quality control samples for determination of intra-day
nd inter-day variations, accuracy, precision, extraction recovery

D. (%)

stromol Matairesinol Dibenzylbutyrolactol

10.6 9.7
6.7 5.9
3.6 2.9

9.1 9.1
5.4 5.9
2.9 4.2

7.2 5.8
9.2 9.3

4.7 7.1
4.9 4.8

4.3 6.9
9.6 10.1
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slope 0.0109, y-intercept −5.6624); 0.030–5.0 �g/ml each for
matairesinol (r2 > 0.9999, slope 0.0012, y-intercept 0.7701)
and dibenzylbutyrolactol (r2 > 0.9998, slope 0.0059, y-intercept
1.6890).
B.S. Sachin et al. / J. Chro

nd stability were prepared in the same way as the calibration
amples. Concentrations of each analyte (�g/ml) were calcu-
ated by relating to their respective calibration curves (peak area
ersus concentration) which were generated by weighted linear
egression (1/y2).

.6. Collection of samples

CD-3 was administered as a suspension in 1% sodium
arboxymethyl cellulose to the adult male Swiss mice intraperi-
oneally at a dose of 100 mg/kg [15]. Blood (750 �l from
etro-orbital plexus using sterile glass capillary) was collected
n heparinized tubes at the time interval of 0.083, 0.167, 0.25,
.5, 1, 2, 4, 8, 12, 16, 24 h post-dosing (six mice/time point). The
lood samples were centrifuged (1500 × g; 10 min; 15 ◦C) and
lasma was stored in a set of pre-labeled glass tubes at −80 ◦C
ntil analysis.

.7. Extraction procedure

A semi-automated vacuum chamber and vacuum pump sys-
em (Supelco, USA) were used for the extraction of the analytes
sing following steps: (a) conditioning of the solid-phase extrac-
ion (SPE) column (C-18 cartridge, 3 ml capacity, 100 mg bed,
amprep-Ranbaxy, Mumbai, India) with 1 ml methanol fol-

owed by 1 ml HPLC grade water; (b) dispensing 2 ml of diluted
lasma (1:10 dilution with HPLC grade water) into SPE column
nd drying under positive pressure; and (c) eluting the samples
ith 1 ml of mobile phase. The eluents were carefully collected

n clean glass tubes and 50 �l of each sample was injected into
PLC system for analysis.

.8. Pharmacokinetic analysis

Concentration–time curve (0–12 h) was established for each
nalyte and the pharmacokinetic parameters were determined by
non-compartmental analysis using TOPFIT software Version
.1 (Gustav Fischer, Stuttgart).

. Results and discussion

.1. Method development and specificity

The HPLC method described in this paper evolved from
he optimization of parameters for the sample preparation,
hromatographic conditions and detection of wikstromol,
atairesinol and dibenzylbutyrolactol. The UV spectrum of the

hree analytes showed distinct maxima at 225 nm.
To establish the chromatographic separation, various mobile

hases and analytical columns were tested under reversed-phase
onditions and validated with regard to peak characteristics,
chievable LOQ and interferences from endogenous substances.
ptimum results were obtained with the Waters RP-18 column in
ombination with a mobile phase consisting of acetonitrile:water
ontaining 20 mM hexanesulphonic acid (32:68, v/v).

Different techniques like liquid–liquid extraction, plasma
rotein precipitation and solid-phase extraction were used to

F
0

Fig. 2. Chromatogram of extracted unspiked mouse plasma.

ecover the analytes from the plasma. The liquid–liquid extrac-
ion and plasma protein precipitation techniques were found to
e irreproducible and resulted in unquantifiable chromatograms.
he solid-phase extraction method was found to be highly repro-
ucible with high percent recovery of the analytes.

The specificity of the method was demonstrated by compar-
ng the chromatogram of analyte-free plasma (Fig. 2) and plasma
piked with the three analytes (Fig. 3). A comparison of the
hromatograms did not show any interference at the retention
ime of analytes as determined from six plasma samples col-
ected from as many mice. The retention time of wikstromol,

atairesinol and dibenzylbutyrolactol was 10.325, 15.500 and
.133 min, respectively.

.2. Recovery

The average peak area obtained after spiking the plasma sam-
les with 0.15 and 2 �g/ml of wikstromol, 0.5 and 2 �g/ml each
f matairesinol and dibenzylbutyrolactol were compared with
tandards containing equivalent concentrations of each analyte.
he extent of recovery for wikstromol, matairesinol and diben-
ylbutyrolactol was 98–102, 83–89.2 and 87–93%, respectively
analyzed from eight samples collected from as many mice).

.3. Linearity

Calibration curves were linear over the low and high concen-
ration range of 0.015–5.0 �g/ml for wikstromol (r2 > 0.9998,
ig. 3. Chromatogram of plasma sample spiked with 0.7 �g/ml of wikstromol,
.15 �g/ml each of matairesinol and dibenzylbutyrolactol.
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Table 2
Intra-day and inter-day precision and accuracy for the determination of three analytes in mouse plasma

Compound Nominal concentration (�g/ml) Precision CV (%) Accuracy (diff.%)

Intra-day (n = 8) Inter-day (n = 8) Intra-day (n = 8) Inter-day (n = 8)

Wikstromol 0.015 6.9 – 9.8 3.2
0.5 2.9 10.4 −4.3 −2.9
2 1.8 12.2 −2.6 –

Matairesinol 0.030 4.9 – −9.2 −10.1
0.5 3.1 9.7 −2.1 −6.4
2 1.7 11 1.2 –

Dibenzylbutyrolactol 0.030 4.2 – −8.1 2.1
0.5 2.7 10 −3.9 2.6
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.4. Precision

Intra-day variation was assessed by using eight replicates
f spiked plasma: each at three concentrations: 0.015, 0.5 and
�g/ml for wikstromol and 0.030, 0.5 and 2 �g/ml each for
atairesinol and dibenzylbutyrolactol. Coefficients of variation

CVs) were 1.8–6.9, 1.7–4.9 and 1.6–4.2% for wikstromol,
atairesinol and dibenzylbutyrolactol, respectively. Inter-day

recision was assessed by spiking the plasma samples each
ith two concentrations: 0.5 and 2 �g/ml, for all analytes over
0 days (Day 1, 2, 3, 15 and 30) under same experimen-
al condition. CVs were 10.4–12.2, 9.7–11 and 10–11.2% for
ikstromol, matairesinol and dibenzylbutyrolactol, respectively

Table 2).

.5. Accuracy

The accuracy of the intra-day analysis was evaluated by
sing eight replicates of spiked plasma each at three con-
entrations: 0.015, 0.5, 2 �g/ml for wikstromol and 0.030,
.50, 2.0 �g/ml for matairesinol and dibenzylbutyrolactol. The
ifferences (diff.%) between mean measured and nominal
oncentrations were calculated as follows: [(mean concentra-
ion × nominal concentration)/nominal concentration] × 100.

he intra-day diff.% for wikstromol was between −2.6 and
.8%, for matairesinol −9.2 and 1.2% and for dibenzylbu-
yrolactol −8.1 and 0.13%. Inter-day accuracy was assessed
y assaying plasma samples spiked at two different concen-

ig. 4. Chromatogram of the three analytes extracted from plasma 2 h post-
osing of CD-3 (100 mg/kg, i.p.).

f
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F
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l

11.2 0.13 –

rations (0.5 and 2 �g/ml) for wikstromol, matairesinol and
ibenzylbutyrolactol over 1 month (Day 1, 2, 3, 15 and 30)
nder the same experimental conditions. The inter-day diff.%
or wikstromol was between −2.9 and 3.2%, for matairesinol
10.1 and −6.4%, and for dibenzylbutyrolactol 2.1 and 2.6%

Table 2).

.6. Limit of quantitation (LOQ) and limit of detection
LOD)

The LOQ (defined as the lowest concentration of a calibra-
ion curve which could be analyzed with acceptable accuracy
nd precision) was 0.015 �g/ml for wikstromol (CV: 6.9%);
.030 �g/ml each for matairesinol (CV: 4.2%) and dibenzylbu-
yrolactol (CV: 4.9%). The LOD of the method was 0.005 �g/ml
or the wikstromol and 0.010 �g/ml each for matairesinol and
ibenzylbutyrolactol.

.7. Stability

The stability of wikstromol, matairesinol and dibenzylbuty-
olactol in plasma was demonstrated after 24 h storage at room
emperature, after three freeze–thaw cycles and after 1 month

rozen storage at −80 ◦C. The stability of the processed samples
n the autosampler at room temperature was confirmed after 24 h
torage. These data are summarized in Table 1.

ig. 5. Plasma concentration vs. time curve (mice) following i.p. administration
f CD-3 (100 mg/kg); wikstromol (�), matairesinol (�), and dibenzylbutyro-
actol (�). Each data point is mean ± S.E. (n = 6).
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Table 3
Pharmacokinetic parameters

Parameter Wikstromol Matairesinol Dibenzylbutyrolactol

Cmax (�g/ml) 9.87 5.43 4.73
t1/2 (h) 2.02 1.98 1.89
AUC0–12 (�g/ml h) 12.37 8.76 6.67
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l (ml/min) 135 190 250

d (l) 23.5 32.6 40.8

alues are derived from Fig. 5.

.8. Pharmacokinetic studies

Fig. 4 represents the typical chromatographic profile of
D-3 in plasma of mice after intraperitoneal (i.p.) adminis-

ration (2 h post-dosing). The rate and extent to which the
ctive constituents reach the systemic circulation (bioavailabil-
ty) was determined by pharmacokinetic analysis. Fig. 5 shows
he concentration–time curves for the three analytes which
ere detectable only up to 12 h of sampling time. The data
ere fitted to a non-compartmental model using TOPFIT soft-
are to determine various pharmacokinetic constants such as
eak plasma concentration (Cmax), extent of absorption (AUC),
alf-life (t1/2), clearance (Cl), and volume of distribution (Vd)
Table 3). The results showed that the bioavailability indices
Cmax and AUC) were highest for wikstromol followed by
atairesinol and dibenzylbutyrolactol: Cmax and AUC0–12 for
ikstromol were 9.87 �g/ml and 12.37 �g h/ml, respectively;

or matairesinol 5.43 �g/ml and 8.76 �g h/ml and for dibenzyl-
utyrolactol 4.73 �g/ml and 6.67 �g h/ml, respectively. The Cl
f dibenzylbutyrolactol was rapid compared to the other two
nalytes. However Vd was low for wikstromol compared to the
ther two analytes.

. Conclusion

The present results demonstrated a specific, accurate and pre-
ise HPLC assay for simultaneous determination of wikstromol,

atairesinol and dibenzylbutyrolactol in a composition (CD-3)

rom C. deodara which would further help in ongoing pharmaco-
ogical studies for the development of CD-3 as new anti-cancer
erbal lead.
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