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a b s t r a c t

20(S)-Protopanaxadiol (PPD), the main metabolite of protopanoxadiol type ginsenosides (e.g. Rg3 and
Rh2), is a very promising anti-cancer drug candidate. To evaluate the pharmacokinetic property of PPD,
we reported a reliable, sensitive and simple method utilizing liquid chromatography (HPLC)-atmospheric
pressure chemical ionization-mass spectrometry (APCI-MS) to determine PPD. PPD and the internal stan-
dard, panoxadiol (PD) were extracted from plasma with acetic ether, separated on a C18 reverse column,
and then analyzed by APCI-MS. Targeting fragment ion at m/z 425 for both PPD and PD was monitored in
selected-ion monitoring (SIM) mode. PPD can be quantitatively determined at the concentration as low as
0(S)-Protopanaxadiol
PLC–APCI-MS
insenoside
harmacokinetics
ioavailability

1 ng/mL using 200 �L plasma. And the sensitive method showed excellent linearity over a range from 1 to
1000 ng/mL, high recovery, accuracy and precision at the concentrations of 2.5, 100.0 and 1000.0 ng/mL,
respectively. The method was successfully applied to pharmacokinetic study of PPD in rats. Pharma-
cokinetic parameters were calculated and absolute bioavailability of PPD was 36.8 ± 12.4%, at least ten
times higher than that of Rg3 and Rh2, indicating its good absorption in gastrointestinal tract. It was fur-
ther suggested that PPD be a promising anti-cancer candidate and probably responsible for the observed
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. Introduction

Ginsenosides are generally believed to be the main bioac-
ive compounds found in ginseng [1]. Ginsenoside Rg3 and Rh2
Rg3, Rh2) belong to protopanaxadiol (PPD) type ginsenosides
hare a similar basic structure, gonane steroid nucleus. Rg3 can
e degraded into Rh2 and further into PPD by losing one or two
ttached sugar moieties in the gastrointestinal tract through a
eries of deglycosylation steps [2–4]. Structure–function relation-
hip study of Rg3, Rh2 and PPD suggested that their anti-cancer
ioactivity decreased as increasing number of the glycosidic attach-
ent of sugar moieties either at C-3 or C-6 in the gonane structure
5]. Rg3-containing Shen-yi capsules have been approved for com-
ercial market by Chinese State Food and Drug Administration

SFDA) for the treatment of cancer and Rh2 is being developed as
nother antitumor drug in China. Moreover, PPD exhibited power-

∗ Corresponding author. Tel.: +86 25 85391035; fax: +86 25 85306750.
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d
h
H
c

[
a
f
d
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and Rh2.
© 2008 Elsevier B.V. All rights reserved.

ul pleiotropic anti-cancer effects in several cancer cell lines and
ossessed the capability of inhibiting metastasis [6–8]. Further

nvestigation discovered that PPD exerted its anti-cancer effect by
nhibiting cell proliferation, altering membrane integrity, blocking
ell cycle and inducing apoptosis [5,7,9]. However, little of Rg3 and
h2 could be absorbed in gastrointestinal tract, so that it was incon-
istent with their promising anti-cancer bioactivity orally [10,11].
ence, it was hypothesized that the ginsenosides exerted their
harmacological effects through their mutually major metabolite,
PD [12]. As a powerful and promising drug candidate, pharmacoki-
etic study of PPD is not only necessary, but also a strong evidence
o explain anti-cancer effect of Rg3 and Rh2. Due to the rather low
osage and plasma level pharmacokinetics/bioavailability of PPD
ave not been evaluated. In this paper, a sensitive method based on
PLC–APCI-MS was developed and applied to study the pharma-
okinetics of PPD.
HPLC with UV detection, HPLC–ESI-MS and HPLC–ESI-MS/MS
10,11,13–27] have reported to determine ginsenosides in herbs
nd biological samples. However, few of them have been applied
or pharmacokinetic study of PPD up to date. We had previously
eveloped a LC–ESI-MS method for simultaneous determination of

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:guangjiwang@hotmail.com
dx.doi.org/10.1016/j.jpba.2008.09.045
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g3, Rh2 and PPD [10]. However, due to insufficient sensitivity the
etabolite (PPD) kinetics of Rg3 could not be profiled comprehen-

ively after oral administration of Rg3. Another report employed a
PLC–MS/MS method to determine 25-hydroxylprotopanoxadiol,
n analogue of PPD, in rat plasma [13]. This method is also
nsufficiently sensitive (LOD, 10 ng/mL). In order to obtain a com-
rehensive profile of PPD to characterize its pharmacokinetics, we
eveloped a sensitive HPLC–APCI-MS method, optimized the ana-

ytical parameters and validated the method.

. Experimental

.1. Chemicals and reagents

PPD, panoxadiol (PD), protopanaxatriol (PPT), panoxatriol (PT),
nd ginsenoside Rh2, Rh1, Rb, Rc, Rg3, Rd, Re, R1, Rg1, Rg2 and
f (purity all over 99%) were purchased from Department of
ature Medical Chemistry, School of Chemistry, Jilin University,
hangchun, China. Deionized water was prepared by Milli-Q system
Millipore, Bedford, MA, USA). Methanol was of HPLC grade (Merck,
armstadt Germany). Ethyl acetate and all of other reagents, sol-
ents were of analytical grade. Pure nitrogen gas was supplied by
he Gas Supplier Center of Nanjing University, China.

.2. Calibration standards and quality control (QC) samples

The stock solution of PPD (1.15 mg/mL) and PD solution
1.5 �g/mL) were prepared in methanol and stored in 4 ◦C. Calibra-
ion standard solutions were prepared at 1, 2.5, 5, 10, 25, 50, 100,
50, 500 and 1000 ng/mL of PPD in plasma, while QC samples were
repared at concentrations of 1, 2.5, 100 and 1000 ng/mL.

.3. Sample preparation

In 2.0-mL polyethylene centrifuge tube, an aliquot of 200 �L
lasma sample was added and spiked with 10 �L IS solution. After
ortex-mixing for 10 s, 1.5 mL of ethyl acetate was added into each
ube and the mixture was vigorously vortexed for 3 min. The organic
nd aqueous phases were separated by centrifugation at 8000 rpm
or 5 min. One mL upper organic phase was transferred to another
ube and evaporated to dryness at 40 ◦C using a Thermo Savant
PD 2010 Speed Vac System (Thermo Electron Corporation, USA).
he residue was dissolved in 100 �L of the methanol, and vortex-
ixed for 1 min. After centrifugation at 20,000 rpm for 10 min, 5 �L

upernatant was injected into the HPLC–MS system for analysis.

.4. Apparatus

A Shimadzu 2010A liquid chromatograph–mass spectrometer
Shimadzu, Kyoto, Japan) was utilized to carry out the analysis. The
ystem consisted of two Shimadzu HPLC-10ADvp pumps, a Shi-
adzu SIL-HTc autosampler, a Shimadzu CTO-10Avp column oven,
Shimadzu DGU-14AM online degasser and a Shimadzu FCV-12AH
ow channel selection valve. All data processing was performed
sing Shimadzu LCMSsolution (Version 2.04).

.5. Chromatographic conditions and mass spectrometric
onditions

Separation was performed using a Gemini C18 column

150 mm × 4.6 mm i.d., 5 �m, Phenomenex, Torrance, CA, USA)
tted with a C18 guard column (4.0 mm × 2.0 mm, 5 �m, Phe-
omenex, USA) at 40 ◦C with a mobile phase of methanol/water
95:5, v/v) at a flow rate of 0.75 mL/min. In APCI source, the probe
as set at 4.0 kV and the temperature of the probe was kept
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t
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t 380 ◦C. Other MS parameters were selected as followed: CDL
curved desolvation line) temperature, 250 ◦C; the block temper-
ture, 200 ◦C; detector gain, 1.6 kV; CDL voltage, 5 V; Q-array DC
direct current) voltage, 0 V. Nitrogen served as nebulizer gas (flow
ate: 2.5 L/min) and curtain gas (pressure: 10 kPa). Mass spectra
ere obtained at a dwell time of 0.2 and 1 s in SIM and scan mode,

espectively. Masses were scanned from m/z 300 to 700, where the
ajor fragment ions were detected. In SIM mode positive ions of

PD and PD were all monitored at m/z 425.

.6. Validation of the method

Linearity of PPD over the range from 1 to 1000 ng/mL was inves-
igated with PD as the IS. The extraction recovery of PPD were
alculated by comparing the peak area of analyte dissolved in blank
lasma extract with that dissolved in the mobile phase. To evalu-
te intra-day and inter-days’ accuracy and precision, QC samples
t concentrations of 1, 2.5, 100, 1000 ng/mL (n = 5) were analyzed
t different time points within the same day or over five consecu-
ive days. Accuracy of the method was calculated by the equation:
determined concentration/actual concentration) × 100% and the
recision was expressed as CV. QC samples at concentrations of 2.5,
00, 1000 ng/mL were applied to investigate the stability of PPD
n plasma under three storage conditions: (1) three freeze–thaw
ycles of 24 h, (2) storage at −20 ◦C for 1 week, (3) keeping at 4 ◦C
or 24 h, the same condition as that in autosampler.

.7. Pharmacokinetic study of PPD in rats

Animal studies were carried out in accordance with the Chi-
ese National Research Council guidelines and were approved by
he Subcommittee on Research Animal Care and Laboratory Animal
esources of China Pharmaceutical University. Sprague–Dawley
ale rats (Sino-British Sippr/BK Lab Animal Ltd., Shanghai, China)
eighing 200–220 g were used to study the pharmacokinetics of

PD and acclimated in a standard animal laboratory with a 12 h
ight–dark cycle. PPD was dissolved in saline with hydroxypropyl-
-cyclodextrin to increase the solubility. After overnight fast (12 h),

ats were intravenously given with PPD via caudal vein at a dose
f 0.2 mg/kg within 1 min or administrated 2 mg/kg PPD by oral
arage. Water was freely accessible, but no food was allowed until
he rat had been given the drug for 3 h. Blood samples were col-
ected by orbital sinus bleeding at 0 (prior to dosing), 0.033, 0.16,
.5, 1, 2, 3, 5, 8, 12 and 24 h after the i.v. injection and at 0 (prior
o dosing), 0.25, 0.5, 1, 1.5, 2, 4, 8, 12 and 24 h after oral admin-
stration. After centrifugation at 4000 rpm for 5 min, plasma was
eparated and stored at −80 ◦C until analysis. Plasma PPD concen-
ration versus time data for each rat was analyzed by DAS software
Ver 1.0, Medical College of Wannan, China). Absolute bioavailabil-
ty was determined by dividing the dose-normalized area under the
oncentration–time curve (AUC) resulting from oral administra-
ion by that resulting from intravenous administration, which was
xpressed as [(AUCi.g.) × (Dosei.v.)]/[(AUCi.v.) × (Dosei.g.)] × 100%.

. Results

.1. APCI-MS analysis and optimization of MS parameters

At early stage of the developing the method, electrospray
onization (ESI) was applied for the quantification of Rg3, Rh2,

nd PPD [10]. The major ions observed were the adduct ion
f chloride [M+CL]−. APCI-MS was only applied to identify the
insenosides because the method could provided more struc-
ure information [28]. To our surprised, the analysis with APCI
ource in scan mode resulted very high MS responses. The
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Fig. 1. Mass spectra of PPD and PD in sca

ighest intensity and good reproducibility was observed at
/z 425, ions of [M−2H2O+H]+, which were selected for the

elected-ion monitoring (SIM) throughout the following study
Fig. 1). APCI parameters were optimized with probe temper-
ture ranging from 300 to 500 ◦C and probe voltages from
.5 to 4.5 kV. It was found that a combination of probe tem-
erature at 380 ◦C and probe voltage on 4.0 kV yielded best
ensitivity.

.2. Choice of IS

As previously reported, to select an ideal IS for the analysis,
4 ginsenosides were analyzed with the same APCI-MS setting.
udged by similarity of molecular structure, sensitivity, retention
ime, and matrix interferences, protopanaxatriol (PPT), Rh2 and PD
ere found the best IS candidates for further evaluation. PPT was

ejected for its low recovery using acetic ether. Rh2 seemed the
est because of its appropriate retention time and high recovery
fficiency. However, Rh2 was not very stable in acidic environment
nd can be converted into PPD. To avoid possible interferences
h2 was not chosen. As the consequence, PD was added in all of
he samples despite of it’s a bit longer retention time. In addi-

ion, it was suggested that the presenting method with APCI source

ight be a possible choice for the determination of the 14 ginseno-
ides, although the mobile phase has to be modified to determine
ifferent ginsenosides so that the retention times become suit-
ble.

b
t
d
s
e

de with APCI (+) source. (A) PPD. (B) PD.

.3. Assay specificity

The specificity of the method was investigated by comparing MS
hromatograms of PPD with that of blank plasma, sample spiked
ith PPD and a plasma sample from a rat at 10 min after i.v. admin-

stration of PPD. In the APCI mode, blank rat plasma yielded clean
hromatograms without significant interference both to PPD and
S, while peaks of PPD and IS were shown sharp and steady in the
lasma samples (Fig. 2).

.4. Linearity and limit of quantification

Good linearity was observed with the coefficients of determina-
ion (r2) ranged from 0.991 to 1.000 as y = 0.003042x − 0.000078,
here y indicates the peak area ratios of PPD to IS, and x indicates

he plasma PPD concentration. The limit of quantification (LOQ)
as 1 ng/mL for PPD with the signal-to-noise of over 10. In our pre-

ious study, the LOQ of PPD was 8 ng/mL by HPLC–ESI-MS [10].
ince plasma level of PPD in rat declined very rapidly and was
ot able to be detected in 6 h after i.v. administration, the sensi-
ivity of previous method could not meet the requirement of the
harmacokinetic study of PPD in rats. With the developed method

y LC-APCI-MS, the LOQ reached as low as 1 ng/mL, more sensi-
ive than that by HPLC–ESI-MS. The improved sensitivity facilitated
etermination of PPD in rat plasma over a period of 12 h after a
ingle i.v. dose of 0.2 mg/kg PPD so that its pharmacokinetic param-
ters could be approached.
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Fig. 2. MS chromatograms of (A) blank rat plasma. (B) Blank rat plasma spiked with PPD (50 ng/mL). (C) Rat plasma sample collected 5 min after i.v. injection of 0.2 mg/kg
PPD. (1) PPD; (2) IS.

Table 1
Inter-day and intra-days precision and accuracy of PPD in plasma.

Spiked concentration
(ng/mL)

Intra-day (n = 5) Inter-day (n = 5)

Determined concentration
(mean ± S.D.) (ng/mL)

CV (%) Accuracy (%) Determined concentration
(mean ± S.D.) (ng/mL)

CV (%) Accuracy (%)

89.0 1.11 ± 0.12 10.9 110.5
97.8 2.65 ± 0.29 10.9 106.0

111.3 106.99 ± 5.67 5.3 107.0
1 101.1 949.50 ± 73.16 7.7 94.9
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1.0 0.89 ± 0.09 9.6
2.5 2.45 ± 0.08 3.3

100.0 111.26 ± 4.33 3.9
000.0 1011.13 ± 35.92 3.6

.5. Recovery

The absolute recoveries of PPD were 71.1, 93.8 and 85.7%, while
he relative recoveries of PPD were 78.2, 85.2 and 84.9% at 2.5, 100.0
nd 1000.0 ng/mL, respectively.

.6. Precision, accuracy and stability of the samples

The coefficients of variation (CV) for all samples at three levels
ere less than 10.9% and the accuracy ranged from 89.0 to 111.3%

Table 1). The stability of PPD in plasma indicated that PPD was
uite stable under three conditions simulating those in storage, dur-
ng sample preparation, and in autosampler. No degradation (<10%)
ccurred in each condition.

.7. Pharmacokinetic study of PPD

The presented method was successfully applied to quantify
PD in rat plasma following a single bolus 0.2 mg/kg i.v. dose

r after oral administration 2 mg/kg PPD. Fig. 3 shows the mean
lasma concentration–time curves in rats after i.v. (Fig. 3A) or oral
Fig. 3B) administration. Main pharmacokinetic parameters of PPD
re shown in Table 2. The PPD concentration–time data after intra-
enous dosing was best fitted to a two-compartment open model

able 2
ean pharmacokinetic parameters of PPD after i.v. injection of 0.2 mg/kg and oral

dministration of 2 mg/kg in five SD rats (mean ± S.D.).

arameter i.v. injection (0.2 mg/kg) Oral administration (2 mg/kg)

1/2ka (min) – 54.8 ± 13.9
max (min) – 150.0 ± 73.5
max (�g/mL) – 0.1 ± 0.0
L/F (mL/(min kg)) 21.2 ± 2.3 –
/F (mL/kg) 1030.9 ± 611.4 1087.4 ± 818.7
1/2� (min) 7.3 ± 4.4 –
1/2� (min) 163.9 ± 57.1 88.6 ± 17.8
UC(0–tn) (�g/mL min) 8.5 ± 1.5 33.8 ± 12.0
UC(0–∞) (�g/mL min) 9.5 ± 1.1 34.3 ± 11.9
RT(0–tn) (min) 124.9 ± 22.6 208.5 ± 35.1
RT(0–∞) (min) 274.3 ± 108.8 219.2 ± 39.5

F
0
(

b
i
t
P
fi
i

ig. 3. Plasma concentration–time curve of PPD following an i.v. injection of
.2 mg/kg (A) and oral dose of 2 mg/kg (B) to rats. Data are presented as mean ± S.D.
n = 5).

ased on Akaike’s Information Criterion (AIC). It was character-
zed by a rapid falling followed by a relative slower decrease in

he terminal phase after intravenous administration of 0.2 mg/kg
PD. As for oral administration, the concentration–time data was
tted best to a one-compartment model. Cmax of PPD admin-

strated orally was 130.2 ± 41.5 ng/mL corresponding mean Tmax
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alue was 150.0 ± 73.5 min. The absolute bioavailability reached
s high as 36.8 ± 12.4% indicating good absorption of PPD in gas-
rointestinal tract. It was reported that the absolute bioavailability
f Rg3 was 2.63%, while absolute bioavailability was so low that
o Rh2 could be detected in plasma after oral administration
f it at 100 mg/kg. The very low bioavailability of Rg3 and Rh2
as inconsistent with their unambiguous pharmacological effects

nd puzzled us for a long time. Since most of Rg3 and Rh2 was
etabolized into PPD in the gastrointestinal tract [2–4] and PPD

an be absorbed well here, it was indicated that Rg3 and Rh2
xerted their activities through their mutual active metabolite,
PD.

. Conclusion

A novel HPLC–APCI-MS method was developed, optimized and
alidated to determine PPD in rat plasma. The described method
as proven sensitive, robust and accurate to determine PPD. Owing

o this improved detection sensitivity, the whole elimination phase
f PPD was profiled either after i.v. administration of PPD at
.2 mg/kg, or after oral administration 2 mg/kg PPD. We believe that
his developed method could also be further applied for study of

etabolite kinetics after administration of Rg3 or Rh2. The abso-
ute bioavailability of PPD was 36.8 ± 12.4%, at least ten times higher
han that of Rg3 and Rh2, which makes PPD an attractive candidate
or the therapeutic treatment of cancer orally. The results of this
tudy indicated that PPD might be responsible for the observed
harmacological activity of Rg3 and Rh2.
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