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ABSTRACT

A dynamic microdialysis sampling method with liquid chromatography—-quadrupole time-of-flight mass
spectrometry (Q-TOF-MS) was developed for rapid and sensitive analysis of the metabolite profile of
Panax notoginseng extract (PNE) in rat bile. In vivo studies in male Sprague-Dawley rats were performed
with microdialysis probes implanted into the bile duct before bile samples were collected from 0 to
12 h. Metabolites of PNE were identified using dynamic adjustment of the fragmentor voltage to produce
structure-relevant fragment ions. The mass accuracy of precursor and fragment ions was typically within
5 ppm of the theoretical values. We identified 7 compounds: 4 parent compounds (notoginsenoside R1,
ginsenosides Rg1, Rb1, and Rd) and 3 metabolites (ginsenosides Rg2, Rh2, and compound K). Data from
this study suggest that this microdialysis technique could be used in notoginseng saponin metabolic
animal studies.

Bile
Metabolites

Published by Elsevier B.V.

1. Introduction

The dried root of Panax notoginseng (family Araliaceae) is a
Chinese medicinal herb known as Sanqi. In traditional Chinese
medicine, notoginseng is indicated for analgesia and hemosta-
sis (Chinese Pharmacopoeia Commission, 2010). In China and
other Asian countries, the herb has been widely utilized for the
prevention and treatment of microcirculatory disturbances and
other disorders [1,2]. Extensive phytochemical and pharmacologi-
cal studies of P. notoginseng have isolated and characterized a total
of 56 dammarane-type saponins [3,4], most of which have proven
to be bioactive for the prevention and treatment of cardiovascu-
lar and cerebrovascular diseases [5,6], immunoregulation [7] and
anti-carcinogenesis [8].
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The liver plays a major role in drug metabolism and compounds
and their metabolites are excreted into the bile duct. Hepatic dis-
position, biliary excretion and enterohepatic circulation may affect
the pharmacokinetic profile of administered compounds. However,
bile collection and compound isolation require painstaking efforts,
which limit the ability to obtain a complete pharmacokinetic profile
of a botanical such as notoginseng. Although most pharmacoki-
netic parameters of notoginseng have been investigated [9-13],
there is no report of hepatobiliary excretion of active constituents
and metabolites of P. notoginseng extract (PNE). Whether the active
components are eliminated through the bile to undergo extensive
enterohepatic circulation or whether they are directly excreted into
the urine or feces remains unknown.

Microdialysis sampling is an established method of diffusion-
based collection that has gained wide acceptance for collection
of solutes in vivo [14,15]. With microdialysis sampling, analytes
can be collected from the sample medium in the recovery mode.
Sampling can deliver substances with a molecular weight smaller
than the membrane molecular weight cutoff to the fluid outside
the probe [16]. Recently, microdialysis has been applied to studies
of drug distribution and metabolism [17,18]. The in vivo microdial-
ysis sampling method can substantially reduce the consumption of
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Fig. 1. Chemical structures of the mixed standards.

animals without withdrawal of biological fluids and involves min-
imal disturbance to physiological function [19].

Drug metabolism with microdialysis commonly requires an
efficient and sensitive analytical method to measure the low
concentration of analytes in the microdialysate [20]. The molec-
ular specificity and ease of coupling liquid chromatography and
mass spectrometry with high efficiency separation techniques is
a powerful tool for the rapid and sensitive detection of com-
pounds in complex mixtures [21]. In the present study, we
developed a microdialysis technique coupled with sensitive liquid
chromatography-quadrupole time-of-flight mass spectrometry
(Q-TOF-MS) to investigate hepatobiliary excretion of PNE.

2. Experimental
2.1. Chemicals and reagents

PNE (ginsenosides Rb1 >20%, and Rg1 >20%) was obtained from
Kunming Pharmaceutical Co (Kunming, China). Authentic stan-
dards of ginsenosides Rb1, Rd, Rg1, Rg2(S), Rg2(R), Rg3, Rh1, Rh2,
notoginsenoside R1, and ginsenoside compound K (Fig. 1), were
purchased from Shanghai Tauto Biotechnology Co., Ltd. The puri-
ties of the reference compounds were determined to be higher
than 98% by high performance liquid chromatography-diode array
detectors.

Acetonitrile was of HPLC grade from Merck (Darmstadt,
Germany). Formic acid (FA) (purity: 96%) was purchased from Tedia
(Fairfield, OH). Deionized water (18 MS2) was prepared by passing
distilled water through a Milli-Q system (Millipore, Milford, MA).
Other reagents and chemicals were of analytical grade.

2.2. Preparation of standard solutions

Standard stock solutions of 10 accurately weighed reference
compounds were prepared in methanol. They contained 1 mg/mL of
Rb1,Rd, Rg1,Rg2(S),Rg2(R),Rg3,Rh1,Rh2, notoginsenoside R1, and
ginsenoside compound K and were prepared by dissolving approx-
imately 10 mg (range 10-12 mg, weighed accurately) of each pure
compound in 10 mL methanol.

2.3. Experimental animals

Male Sprague-Dawley rats (280 + 20 g) were obtained from Slac
Laboratory Animal Co. Ltd. (Shanghai, China) and housed with
unlimited access to food and water except for a 12 h fasting period
before the experiment. Rats were acclimated to the facilities and
environment for 7 days before the experiments. The animals were
maintained on a 12h light/12h dark cycle (light on at 8:00) at
ambient temperature (22-25°C) and 60% relative humidity. Rats
were randomly assigned to control group (n=3) and treatment
group (n=3). The protocol was approved by the Animal Ethics Com-
mittee. PNE was dissolved in water to obtain a PNE oral solution
with a concentration of 100 mg/mL. Before drug administration,
the experimental animals were deprived of food for 12 h and then
given PNE orally at a dose of 500 mg/kg (i.e., 0.5 mL per 100 g body
weight).

2.4. Microdialysis sampling
The microdialysis system consisted of a 3-syringe bracket

pump with a Bee Syringe Pump Controller (Bioanalytical System
Inc., West Lafayette, IN). For bile sampling, a probe (MD-2100,
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Fig. 2. Total ion chromatograms of rat bile samples in negative ion mode at 120V fragmentor voltage: (A) mixed standards; (B) Panax notoginseng extract; (C) blank bile; and

(D) bile dialysate collected at 12 h after administration.

2.5cm membrane, Bioanalytical system, Inc.) was lowered into
the bile of an anesthetized rat. Perfusion of the probe with fil-
tered Ringer’s solution (147 mM NaCl, 2.4 mM CaCl,, and 4.0 mM
KCl with a pH of 7.3) was begun shortly before probe insertion
and continued for the duration of the experiment, delivered by
a microinjection pump at a constant flow-rate of 2 wL/min. The
rats were anesthetized with urethane 1g/kg (i.p.) before probe
implantation surgery, and they remained anesthetized throughout
the experimental period. Implantation of the shunt microdialy-
sis probe was accomplished through a midline incision in the
abdominal wall [22]. Bile samples were drawn every 2h after
administration of notoginseng extract until 12 h. The rat’s body
temperature was maintained at 37°C during the experimental
procedure.

2.5. Bile sample preparation

To avoid ion suppression, all bile samples were pretreated
by solid phase extraction (SPE) before LC/Q-TOF-MS analysis.
Waters Oasis HLB columns (1cc, 30mg, 30 wm, Waters) were
first preconditioned with 2mL of methanol and then equili-
brated with 2mL of deionized water. The bile samples (0.2 mL)
were loaded onto the preconditioned SPE columns directly. After
being washed off with 2 mL of deionized water, the SPE columns
were eluted using 1 mL of methanol solution. The supernatants
were evaporated to dryness under a stream of nitrogen at 25°C,
and the residue was reconstituted in 100 L methanol and cen-
trifuged at 14,000 x g at 4°C for 10 min before 0.5 pL aliquots of
the supernatants were injected into the LC/Q-TOFMS system for
analysis.

2.6. HPLC system

Chromatographic analysis was performed on an Agilent 1100
Series LC system (Agilent Technologies, Santa Clara, CA) equipped
with a binary pump, online degasser, autoplate-sampler, and
thermostatically controlled column compartment. Chromato-
graphic separations were achieved on a Gemini C18 column of
250 mm x 4.6 mm, 5 pm particle size (Phenomenex, Inc, Torrance,
CA). The chromatographic conditions were as follows: flow rate
of 1 mL/min; sample injection volume, 0.5 pL; column tempera-
ture, 25 °C; mobile phase A, 0.1% formic acid; and mobile phase B,
100% acetonitrile. The gradient profile was optimized as the follow-
ing: 0-7 min, 25-30% B; 7-15min, 30-35% B; 15-20 min, 35-50%
B; 20-25min, 50-60% B; 20-35 min, 60-80% B; and 35-40 min,
80-100% B. The QC sample (mixed standards) was used to opti-
mize the condition of LC/Q-TOF-MS because it contained the most
information on whole bile samples. Every day after the instrument
was calibrated, the QC sample was analyzed first to test the stabil-
ity of the instrument and to make sure the instrument was in the
same condition throughout the entire analytical procedure.

2.7. Mass spectrometry

Detections were performed using a 6520 quadrupole time-
of-flight (Q-TOF) mass spectrometer (Agilent Technologies, Santa
Clara, CA) equipped with an electrospray ionization (ESI) interface.
The electrospray source of the mass spectrometer was operated
in both positive and negative modes, and the operating parame-
ters were as follows: drying gas (N;) flow rate, 9.0 L/min; drying
gas temperature, 320 °C; nebulizer, 35 psig; capillary, 3000V; Oct
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RFV, 750V; and fragmentor voltage, 120 V. The operations, acquisi-
tion, and analysis of data were monitored by Agilent LC/Q-TOF-MS
MassHunter Acquisition Software Version A.01.00 (Agilent Tech-
nologies) and operated under MassHunter Acquisition Software
Version B.02.00 (Agilent Technologies). Mass spectra were recorded
across the range m/z 100-2000 with accurate mass measurement of
all mass peaks. To optimize signals and obtain maximal structural
information, the collision energy was adjusted from 5V to 60V for
MS/MS experiments.

3. Results and discussion

3.1. Microdialysis sampling and LC/Q-TOF-MS identification of
the dammarane saponins in rat bile

Dammarane saponins and their metabolites are active com-
pounds in PNE [2]. In designing the experiment, we expected that
in addition to the major ginsenosides in notoginseng extract, sev-
eral metabolites would be detected in rat bile. We selected 10
ginsenoside/metabolite standards (Fig. 2A). In the present study,
we identified the main constituents in total saponins and analyzed
the metabolite profile in rat bile. We identified four compounds
in the notoginseng extract including notoginsenoside R1 and gin-
senosides Rg1, Rb1, and Rd by comparing their retention times and
MS data with authentic standards. The ion chromatogram of total
saponins is presented in Fig. 2B, and the monitored ions of each
compound are listed in Table 1.

After the total saponins were administered, we identified 7
compounds including notoginsenoside R1, and ginsenosides Rg1,
Rb1 Rg2 or 20(R)-Rg2, Rh2, Rd and compound K in rat bile by
comparison of their retention times and MS data with authentic
standards. The total ion chromatogram of the blank bile sample and
drug-containing bile sample is presented in Fig. 2C and D and the
particular monitored ions of each compound are listed in Table 1.
The identification of each compound is outlined below.

3.2. Identification of parent compounds

3.2.1. Compound 1 (notoginsenoside R1) (Fig. 3A)

In negative ion mode, compound 1 exhibited a high-intensity
[M+COOH]~ ion at m/z977.5348 and a[M—H]~ ion at m/z931.5296
with a fragmentor voltage of 45V. It also displayed the product
ion at m/z 637.4348, corresponding to the loss of a glucose and a
xylose residue. The product ion at m/z 475.3870 originated from
the simultaneous or successive loss of another glucose residue. By
comparison of its retention time and MS data with an authentic
standard, compound 1 was then unequivocally identified as noto-
ginsenoside R1.

3.2.2. Compound 2 (ginsenoside Rg1) (Fig. 3B)

Compound 2 showed an [M+COOH]~ ion at m/z 845.4906 at
45V. The fragment ion at m/z 637.4297 may be formed by the loss
of a glucose residue and one COO molecule. The product ion at
m/z 475.3788 corresponded to simultaneous or successive loss of
another glucose residue. Compound 2 was unequivocally identified
as ginsenoside Rg1 by comparison with an authentic standard.

3.2.3. Compound 3 (ginsenoside Rb1) (Fig. 3C)

Compound 3 presented an [M+COOH]~ ion at m/z 1107.5935 at
45V. The successive loss of a glucose led to the product ions at m/z
945.5397 and 783.4878. Compound 3 was unequivocally identified
as ginsenoside Rb1 by comparison with an authentic standard.

3.2.4. Compound 5 (ginsenoside Rd) (Fig. 3D)
Compound 5 exhibited an [M+COOH]~ ion at m/z 991.5502 and
an [M-H]~ ion at m/z 945.5445 at 45V. A product ion at m/z

Table 1

MS/MS data from microdialysis sampling for identified compounds from metabolites of Panax notoginseng extract in rat bile.

MS/MS fragment ion (m/z)

Mass accuracy

(ppm)
2.22

Theoretical accurate mass Q-TOF-MS (ESI™)

Molecular
formula

Rt (min)

Identification

M+COOH]~ 977.5348, [M—H]~ 931.5296,

M-H-Glc-Xyl]~ 637.4348
M+COOH]~ 845.4906, [M—H-Glc]~ 637.4297,

M-H-2Glc]~ 475.3788

M-H]- 1107.5935, [M—Glc-H]~ 945.5397,

M-2Glc-H]~ 783.4878

M+COOH]~ 829.4983, [M—H]~ 783.4884,

M—H-Rha]~ 637.4304, [M—H-Rha-Glc]

475.3789

977.5348 [M+COOH]~

977.5327 [M+COOH]~

C47Hgo01s

6.149

Notoginsenoside R1?2

0.45

845.4906 [M+COOH]-

845.4904 [M+COOH]-

Ca2H72014

7.215

Ginsenoside Rg1?

1.62

1107.5935 [M—H]~

1107.6015 [M—H]~

Cs4Ho2023

16.971

Ginsenoside Rb1?2

2.55

783.4884 [M—H]~

783.4877 [M—H]~

Cs2H72013

19.484
19.702

Ginsenoside Rg2 or 20(R)-Ginsenoside Rg2

~991.5502, [M—H]~ 945.5445,

1.99

991.5502 [M+COOH]-

991.5483 [M+COOH]-

CagHg2018

20.573

Ginsenoside Rd?

~ 783.4895, [M—H-2GlIc]~ 621.4366
- 667.4427, [M-H]~ 621.4363,

~459.3842

0.13

667.4427 [M+COOH]~

667.4400 [M+COOH]-

C37H63010

31.360

Ginsenoside compound K

~ 667.4280, [M—H]~ 621.4379,

~ 459.3793

3.07

667.4280 [M+COOH]~

667.4427 [M+COOH]~

C36H620s8

32.297

Ginsenoside Rh2

2 The parent constituents in P. notoginseng extract.
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Fig.3. Proposed fragmentation pathways of metabolites from analysis of the rat bile sample: (A) notoginsenoside R1; (B) ginsenoside Rg1; (C) ginsenoside Rb1; (D) ginsenoside

Rd; (E) ginsenoside Rg2; (F) ginsenoside compound K; (G) ginsenoside Rh2.




X.-D. Wen et al. / J. Chromatogr. B 895-896 (2012) 162-168 167

1.0E+07 -
DRl ORgl  @Rb1

1OE+06 4 [7]

1OE+05 4 —

Intensity

1.0E+04 4

1.0E+03 -

O Rg2 ERd

I L I s

B Compound K W Rh2

1 Ml

1.0E+02 . . a

8 10 12
Time (h)

Fig. 4. Notoginseng saponins and metabolites detected in rat bile after oral administration of 500 mg/kg of PNE. “Intensity” refers to the response value of the mass spectrum

of various compounds.

783.4895 originated from the loss of a glucose. Compound 6 was
unequivocally identified as ginsenoside Rd by comparison with an
authentic standard.

3.3. Identification of metabolites

3.3.1. Compound 4 (ginsenoside Rg2) (Fig. 3E)

Compound 4 exhibited an [M+COOH]~ ion at m/z 829.4983
and an [M—H]~ ion at m/z 783.4884 with a fragmentor voltage of
45V. An [M—H-Rha]~ ion at m/z 637.4304 resulted from the loss
of rhamnose. The product ion at m/z 475.3789 was generated by
the simultaneous or successive loss of another glucose residue.
Compound 4 was unequivocally identified as ginsenoside Rg2 by
comparison with an authentic standard.

3.3.2. Compound 6 (ginsenoside compound K) (Fig. 3F)

Compound 6 showed an [M+COOH]~ ion at m/z 667.4427 and
an [M—H]~ ion atm/z621.4363 at 30 V. It also yielded a production
at m/z459.3842 by the loss of a glucose. Compound 6 was unequiv-
ocally identified as ginsenoside compound K by comparison with
an authentic standard.

3.3.3. Compound 7 (ginsenoside Rh2) (Fig. 3G)

Compound 7 gave an [M+COOH]~ ion at m/z 667.4280 and an
[M—H]~ ion at m/z 621.4379 with a fragmentor voltage of 30V. It
also yielded a product ion at m/z 459.3793 by the loss of a glucose.
Compound 7 was unequivocally identified as ginsenoside Rh2 by
comparison with an authentic standard.

3.4. Metabolites and metabolic profiles of PNE in rat bile

The biliary excretion of notoginsenoside R1 and ginsenosides
Rgl and Rg2 was detected within 4h of administration. After
4h, ginsenoside Rd was detected and Rg2 was eliminated; other
metabolites could not be detected until 10 h. After 11 h, notogin-
senoside R1 and ginsenosides Rg1, Rb1, Rd, compound K, and Rh2
were detected (Fig. 4).

Notoginsenoside R1 was excreted into bile within 2h and
detected after 12 h, suggesting its metabolism in rats is long. Gin-
senoside Rg2 was excreted rapidly into the bile after administration
but was not detected in the bile after 4h. Since it can hydrolyze
into 20(S)-protopanaxtriol and 25-protopanaxtriol in gastric and
intestinal fluid [23], it may have been transformed into its metabo-
lites within 4 h. Ginsenoside Rb1 was detected in rat bile 11 h after
administration, indicating a slow biliary excretion. Our results are
consistent with those of another report of slow biliary excretion of
Rb1, and renal excretion greatly contributed to its elimination [24].

Ginsenosides compound K and Rd were found in rat bile at 11 h.
We speculated that they might have been transformed from gin-
senoside Rb1. Ginsenoside Rb1 can be converted into Rd and then
into compound K via ginsenoside F2 [23,25]. In our study, Rd was
detected after 4 h in rat bile and compound K was not found until
11 h, supporting the transformation pathway of ginsenoside Rb1.

Experimental results indicate that microdialysis sampling with
Q-TOF-MS detection is a promising method for tissue targeted
exogenous metabolic studies. The sampling and analysis method
can provide minimally invasive, tissue-specific, metabolic infor-
mation not available using current methodologies. Microdialysis
sampling of tissues coupled with analysis using Q-TOF-MS is a
means to continuously monitor multiple exogenous metabolites
at specific tissue sites in an experimental animal.

4. Conclusion

In this study, a microdialysis technique and LC/Q-TOF-MS was
used to investigate the excretion of extracts of PNE in the bile
dialysate of rats. Four parent compounds and 3 metabolites were
identified, demonstrating the analytical potential of this method
for metabolism studies. Compared with conventional biological
sampling techniques, our method offers continuous real-time mon-
itoring, low invasiveness, and simple sample preparation. It can
therefore be used for studies of pharmacokinetic and in vivo distri-
bution and localization of ginsenosides.
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