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Si-Ni-San  (SNS)  is  a widely  used  traditional  Chinese  medicine  formula  (TCMF)  in treating  various  diseases.
However,  the  in  vivo  integrated  metabolism  of  its  multiple  components  remains  unknown.  In  this  paper,
a liquid  chromatography  coupled  with  diode  array  detection  and  triple–quadrupole  spectrometry  (LC-
DAD–MS/MS)  method  was  developed  for detection  and  identification  of  SNS  metabolites  in rat  plasma  and
urine  at  a  normal  clinical  dosage.  Accurate  structural  elucidation  was  performed  using MS/MS,  UV  data
and n-octanol/water  partition  coefficient.  Based  on  the  proposed  strategy,  36  absorbed  compounds  and
29 metabolites  in plasma  and  33  metabolites  in  urine  were  detected  by a highly  sensitive  MRM  method.
Our  results  indicated  that  phase  II reactions  (e.g.,  methylation,  glucuronidation  and  sulfation)  were  the
main metabolic  pathways  of gallic  acid  and  flavanones,  while  phase  I reactions  (e.g.,  hydroxylation)  were
riple–quadrupole spectrometry
-Octanol/water partition coefficient

the  major  metabolic  reaction  for  triterpenoid  saponins.  The  metabolite  profile  analysis  of SNS provided
a comprehensive  understanding  of  the  in  vivo  metabolic  fates  of  constituents  in SNS.  Moreover,  the
results  in  this  work  demonstrated  the  present  strategy  based  on the  combination  of  chromatographic,
spectrophotometric,  mass-spectrometric,  and  software  prediction  to  detect  and  identify  metabolites  was
effective  and reliable.  And  such  a  strategy  may  also  be  extended  to investigate  the  metabolism  of  other
TCMF.
. Introduction

Si-Ni-San (SNS), a famous traditional Chinese medicine formula
TCMF), derived from Treatise on febrile diseases, a medical classic by
hang Zhongjing published in 220 AD. The prescription comprises
n equal ratio of four drugs: Radix Bupleuri, Radix Glycyrrhizae
reparata, Fructus Aurantii Immaturus,  and Radix Paeoniae Alba.
NS has been widely used to treat hepatitis, gastritis, neuralgia,
ppendagitis, etc., in clinics [1–3]. The recent study on SNS showed
hat it possessed strong effect in treating immunological liver injury
nd contact sensitivity [4,5].

In the past few years, several researches [6,7] have studied
he role of saikosaponin, paeoniflorin, naringin, and glycyrrhizin
n SNS. The results indicated that saikosaponin a and glycyrrhizin
ay  be the major contributors in the alleviation effect of Si-Ni-San
n contact sensitivity, and paeoniflorin and naringin may  exhibit

 co-operative effect. Furthermore, a selective deletion method

∗ Corresponding author. Tel.: +86 25 85891871; fax: +86 25 85891526.
E-mail addresses: yangxinh@126.com, godfnxk@163.com (X. Yang).

570-0232/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2011.12.017
© 2011 Elsevier B.V. All rights reserved.

was applied to validate paeoniflorin and glycyrrhizin as the active
ingredients [8,9]. The contents of these four compounds in SNS
have been determined in our previous research by RP-HPLC [10].
Another anion-exchange chromatography method was also used
to quantify paeoniflorin and albiflorin in SNS [11]. However, unlike
the synthetic drugs, TCM exerts the efficacy based on the synergic
effects of their multi-components and multi-targets. The focus on a
few bioactive components is insufficient for clarifying the detailed
active principles and overall action mechanism of SNS. There-
fore, we  used a HPLC-DAD–MS/MS method to systematically study
chemical constituents of SNS [12]. Their MS,  UV data (Table S1)  and
chemical structures (Fig S1)  are shown in the supplementary mate-
rial. According to the chemical structures, the major compounds in
SNS could be classified into three groups: monoterpene glucosides
(include paeoniflorin, albiflorin, etc.), flavonoids (include naringin,
hesperidin, etc.) and triterpenoid saponins (include glycyrrhizic
acid, licorice saponin G2, etc.). Considering that in vivo metabolism

study is closely related to the bioactivity of SNS, it was necessary
to perform in vivo investigation of SNS to validate the conclusion
from in vitro studies and to delineate the complete absorption, dis-
tribution, metabolism, and elimination (ADME) processes of SNS.

dx.doi.org/10.1016/j.jchromb.2011.12.017
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:yangxinh@126.com
mailto:godfnxk@163.com
dx.doi.org/10.1016/j.jchromb.2011.12.017
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he chemical profiling of SNS in plasma will reduce the number
f chemicals involved for further investigations and help to reveal
he potential active principles. However, the low concentrations of
ome components in the plasma would make them very hard to be
etected. On the other hand, due to renal tubular reabsorption, the
oncentrations of many compounds and metabolites in urine are
uch higher than those in plasma. Thus, it would be easier to elu-

idate chemicals’ ADME characteristics and the active principles of
NS by combining the information obtained from the two  biological
atrices [13].
Today, tandem mass spectrometry is used as a routine basis for

tructure elucidation of metabolites. Three types of mass analyzer
re commonly used, i.e.,  quadrupole (Q) [14], ion trap (IT) [15], and
ime-of-flight (TOF) [16].

More recently, hybrid instruments such as quadrupole (linear)
on trap [17] and Fourier transform ion-cyclotron resonance (FT-
CR) [18,19] mass analyzers are used. Hybrid instruments, however,
re extremely expensive, which makes them unavailable or imprac-
ical for most laboratories. In this work we used a triple–quadrupole
nstrument for the characterization of SNS metabolite. Meanwhile,
ue to the complex chemical nature, metabolic study of TCMF

s more challenging and time-consuming than western drugs. In
rder to systematically characterize the metabolites of TCMF, a well
esigned strategy is needed. Therefore, we propose a novel strat-
gy to systematically characterize the in vivo metabolites of SNS and
his strategy could then be applied to investigate the metabolites
f other TCMF.

. Materials and methods

.1. Chemicals, reagents and materials

HPLC-grade acetonitrile was purchased from Merck (Darmstadt,
ermany). Formic acid and methanol (analytical reagent) were pur-
hased from Shanghai Chemical Reagent Factory (Shanghai, China).
urified water (Wahaha Group Ltd., Hangzhou, China) was used
or HPLC analysis. Distilled water was used for the extract and for
he preparation of samples. Other organic solvents and chemical
eagents used were of analytical grade and were purchased from
anjing Chemical Reagent Co. (Nanjing, China). The crude drugs
f Radix Bupleuri, Fructus Aurantii Immaturus,  Radix Paeoniae Alba,
nd Radix Glycyrrhizae Preparata were purchased from Nanjing Lu
iang Pharmaceutical Co. Ltd. (Nanjing, China) and were identified
y Prof. Zhunan Gong at the College of Life Science, Nanjing Normal
niversity. All authenticated samples were stored in the authors’

aboratory. Authentic standards of liquiritin and glycyrrhizic acid
ere purchased from Nanjing Zelang Biological Technology Co. Ltd.

Nanjing, China).

.2. SNS sample preparation for administration

The mixture of raw materials of Radix Bupleuri (25 g), Fructus
urantii Immaturus (25 g), Radix Paeoniae Alba (25 g), and Radix
lycyrrhizae Preparata (25 g) were crushed into small pieces and
efluxed with 1 L of ethanol–water (70:30, v/v) solution for 1.5 h.
he filtrates were collected and the residues were then refluxed
wice in 0.8 L of ethanol–water (70:30, v/v) solution for 1 h. Two
atches of filtrate were combined and centrifuged at 3000 rpm for

 min. The supernatant was concentrated to approximate 200 mL
nd then stored at 4 ◦C until use.
.3. Animals and drug administration

Twenty-five male Sprague-Dawley rats (200 ± 20 g) were
btained from the Animal Multiplication Center of Qinglong
 885– 886 (2012) 73– 82

Mountain (SCXK 2008-0033). The rats were randomly divided into
five groups with 5 rats each (A, liquiritin group; B, glycyrrhizic
acid group; C, high dose SNS group; D, blank group; E, normal
dose SNS group). Animals were bred in a breeding room with
temperature of 23 ± 2 ◦C, relative humidity of 60 ± 5%, and 12 h
dark–light cycle. They were given standard laboratory water and
food ad libitum and were maintained in metabolic cages. The exper-
iment animals were housed under the above conditions for 1-week
acclimation. They were fasted overnight with free access to water
before drug administration and the fasting was  continued for 12 h
thereafter. The pure standards of liquiritin and glycyrrhizic acid
were suspended in 0.5% CMC-Na and orally administered to rats at
100 mg/kg. The SNS extract was  orally administered to rats (n = 3)
at a high dose of 30 mL/kg (equal to 15 g/kg) and a normal dose of
1 g/kg, and the blank group was  orally administered with physio-
logical saline in the same way. Blood (0.5 mL  from the ophthalmic
veins) were collected under anesthesia at 0.5, 1, 2, 4 and 6 h after
the administration. Urine samples were collected over 12 h at reg-
ular time intervals. Blood samples were collected in heparinized
tubes and then centrifuged for 10 min  at 4000 × g, 4 ◦C, and the
supernatants (i.e., the plasma) were stored at −70 ◦C until addi-
tional extraction and analysis. All plasma and urine samples from
one group of rats were combined into one sample to eliminate the
individual and time-dependent metabolic variability. The animal
facilities and protocols were approved by the Institutional Ani-
mal  Care and Use Committee, Nanjing Normal University (Nanjing,
China). All procedures were in accordance with the National Insti-
tute of Health’s Guidelines regarding the principles of animal care
(2004).

2.4. Rat plasma and urine sample preparation

For urine samples, SupelcleanTM LC-18 SPE cartridges
(Sigma–Aldrich, St. Louis, MO)  were used for sample extrac-
tion. 0.5 mL  of urine samples was loaded onto SPE cartridges
pre-conditioned with 2 mL  methanol, followed by 2 mL H2O.
Loaded cartridges were washed with 2 mL  H2O and eluted with
4 mL  methanol and the elution was  evaporated to dryness at room
temperature by nitrogen. Each plasma sample (0.5 mL)  was  placed
in a 1.5 mL  polypropylene tube, and 1 mL methanol was added to
precipitate protein. The precipitated protein was  removed by cen-
trifugation at 13,000 × g for 10 min. The supernatant was  subject to
SPE by the same procedure as the urine samples described above.
For LC–MS analysis the residue was  dissolved in 1 mL  methanol
and then filtered through a 0.22 �m nylon filter. An aliquot of 5 �L
was injected into the column.

2.5. Liquid chromatography

HPLC analysis was  performed using an Agilent 1290 HPLC
system equipped with a binary pump (G4220A), auto plate-
sampler (G4226A), column oven (G1316C) and diode array detector
(G4212A). The chromatography was  performed on a Krosmasil C18
(250 mm × 6 mm,  5 �m)  protected with an Agilent Zorbax Extend-
C18 guard column (4.6 mm × 12.5 mm,  5 �m).  Sample injection
volume was  5 �L with needle wash and thermostatted autosam-
pler was  kept at 4 ◦C. The column temperature was  maintained at
40 ◦C. Flow rate of mobile phase, consists of acetonitrile (A) and
water–0.1% formic acid (B) was  0.6 mL/min and it was entirely
introduced into the DAD–MS detection system. Gradient program-
mer  was performed in the following manner: 5–12% A at 0–10 min,
20–35% A at 15–30 min, 64–100% A at 45–55 min. At the end of

the run, 100% of acetonitrile was  allowed to flush the column for
10 min, and an additional 10 min  of post run time were set to
allow for equilibration of the column with the starting eluant. The
DAD detection was recorded between 200 and 400 nm and the
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hromatographic profiles were registered at 254 nm,  bandwidth
 nm,  reference off.

.6. Mass spectrometry

Mass spectra were recorded on an Agilent 6460 Triple
uadrupole mass spectrometer (Agilent Technologies, USA) with
gilent Jet Stream Technology. Data acquisition was made with the
ualitative analysis software (MassHunter Workstation, Agilent,
SA). High purity nitrogen (N2) was used both as the nebulizing
as and drying gas. Ultra-high purity helium (He) was  used as the
ollision gas. Detailed MS  parameters were as follows: drying gas
emperature: 350 ◦C, Drying gas flow: 11 L/min, sheath gas tem-
erature: 400 ◦C, Sheath gas flow: 12 L/min, nebulizer pressure:
5 psig, fragment voltage: 120 V. The collision energy for collision-

nduced dissociation (CID) was initially set at 5 V and then adjusted
n steps of 5 V according to the fragments. Spectra were acquired
n negative ion mode with the mass range set at m/z 100–1000.
etermination of appropriate MRM  transitions and the optimiza-

ion of parameters for the predicted metabolites were conducted
y mass optimizer software (included with the MS  system soft-
are). MS1  Resolution set to Unit and MS2  Resolution set to Unit.
s there are no commercially available standards for the predicted
etabolite molecules, a plasma and urine sample with a high dose

f SNS was repeatedly analyzed using the optimizer software to set
he parameters for those metabolites.

.7. Software to calculate n-octanol/water partition coefficient
log P)

Software chembiodraw ultra 11.0 (Cambridgesoft®; Cambridge,
A)  based on theoretical calculations was used to predict n-

ctanol/water partition coefficient (log P). The prediction of log P is
ased on 222 atomic contributions calculated from 1868 molecules
y least squares analysis. This method allows a calculation of

og P with a standard deviation of 0.43 log P units and can handle
olecules containing hydrogen, oxygen, nitrogen, sulfur, halogens

nd phosphorus atoms. If this method is applied to molecules with
nternal hydrogen bonds, the standard deviation is 0.83 log P units.

. Results and discussion

.1. Optimization of chromatographic condition

To obtain HPLC chromatograms with good separation and peak
hape, we used a low mobile phase flow rate of 0.6 mL/min, rather
han the normal 1.0 mL/min, for the 4.6-mm HPLC column. On the
ther hand, a low LC flow rate was compatible to our ESI spray tip,
nd yielded maximum ionization efficiency. Given that SNS con-
ains mostly phenolic compounds, an acidic mobile phase could
mprove both HPLC separation and compound ionization. Thus,
.1% (v/v) formic acid was used as additives to adjust the pH value
f the mobile phase. In the performance of gradient optimization,
radient time, gradient shape and initial composition of the mobile
hase were taken into consideration, and the optimized gradient
lution was presented in Section 2.5.  Three column temperatures,
0 ◦C, 30 ◦C, and 40 ◦C, were tested and 40 ◦C gave the best result.
lso, different wavelengths were monitored and compared. When

he wavelengths were below 200 nm or above 400 nm,  most com-

onents had weak or even no responses, so the DAD detection
as performed in the range of 200–400 nm at 2 nm/step. For MS

nalysis the negative ion mode of ESI was selected for its better
ensitivity.
Fig. 1. Strategy for systematically characterization the in vivo metabolites of SNS at
a  normal dosage.

3.2. Strategy and approach for systematic analysis of metabolites

In the present work, we propose a novel strategy to systemat-
ically characterize the in vivo metabolites of SNS. An illustrative
diagram was shown in Fig. 1. The strategy consisted of six
steps: (1) characterize the metabolites of representative single
compounds to reveal the metabolic pathways of each type of
compounds; (2) screen absorbed components and metabolites by
comparing extracted ion chromatograms (EICs) and total ion chro-
matograms (TICs) of high dosage SNS bio-samples with those
from blank bio-samples (Fig. 2); (3) use a neutral loss scan of
80 and 176 Da to screen major glucuronide and sulfate con-
jugated metabolites (Fig. 3); (4) correlate MS  and UV data of
metabolites with those of parent compounds and pre-characterized
metabolites derived from single compounds; (5) identify metabo-
lites based on the MS/MS,UV data and n-octanol/water partition
coefficient (log P); (6) profile metabolites in normal dosage bio-
samples using multiple reaction monitoring (MRM)  according
to the pre-characterized metabolites in the high dosage bio-
samples. The elaborations of strategy and approach were as
follows.

3.2.1. Characterization of metabolites of single standards
TCMF contains multiple compounds with significant variety in

structural types, physiochemical properties, and relative amounts.
When they are administered by oral route, lots of compounds may
get into circulation and then be converted into a mixture of metabo-
lites of unknown origin. Meanwhile, chemicals in TCM usually
present in the form of a series of analogues with the same skele-
ton but different functionalities and their metabolites may  undergo
similar fragmentation and produce some of the same aglycone ions.
Understanding of the metabolic pathway of certain parent drugs
will greatly facilitate metabolite identification of their analogues.
Therefore we  first studied the metabolic fate of single standards
of two  representative parent drugs including liquiritin and gly-
cyrrhizic acid. As only one single compound was fed to rats, the
metabolic profiles were easy to be elucidated. The result indicated
that glucuronidation and sulfation predominated the metabolism
of liquiritin, while hydrolysis was the major metabolic reaction for
glycyrrhizic acid.
3.2.2. High dosage of administration
The low concentrations of drug metabolites and the high

abundance of endogenous material in biological samples repre-
sent a considerable challenge for TCMF metabolites identification.
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Fig. 2. Total ion chromatograms (TICs) in negative ion mode of (A) blank urine, (B) high dose of drug-containing urine, (C) blank plasma and (D) high dose of drug-containing
plasma.

Fig. 3. Neutral loss scanning of 176 and 80 Da to screen glucuronide and sulfate conjugated metabolites in (A) high dose of drug-containing urine and (B) high dose of
drug-containing plasma.
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omprehensive metabolite profiling of TCMF is usually hindered
y their fairly low concentrations in vivo even using MS  detec-
or. Therefore, we gave a high dosage of SNS to rats to find more
etectable metabolites.

.2.3. n-Octanol/water partition coefficient (log P)

It was common that several metabolites were assigned as iso-

ers in biological matrices. Elucidation and discrimination of the
xact structure of these isomers, such as position of hydroxy-
ation or conjugation, was challenging because little difference
present in their MS  spectra. MS  will often provide only enough
information to narrow down the choices to two or three possi-
ble structures. This holds true in particular if one of three hydroxyl
groups undergoes metabolic conjugation. The n-octanol/water par-
tition coefficient (log P) was  also used in this study to locate the
conjugation site. Log P, an important parameter in the process of

designing new drugs, provides direct information on hydropho-
bicity that describes the tendency of distribution of a drug from
aqueous phase into biological membranes [20]. Software chem-
biodraw ultra 11.0 was used to predict the relative retention time
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f isomers and tentative assignment of their structure. In general,
or compounds with log P < 4, the log P values are almost the same
or both of experimental measurement and theoretical calculation
nd the large log P would have less retention time on the reverse
hase-HPLC [21,22].

.3. Characterization of absorbed components in high dosage
io-samples

From the point-of-view of pharmacokinetics, we  know that only
he compounds successfully absorbed into the blood may  have
he chance to show pharmacological bioactivities. The absorbed
omponents were discovered by the extracted ion chromatograms
EICs). Peaks that were appeared both in dosed rat plasma and
NS at corresponding position but not in blank rat plasma were
onsidered as the components absorbed into plasma. Once these
eaks were determined to be the absorbed components, they
ere further confirmed by carefully comparing MS,  MS/MS  data,
V spectra, and retention times with that obtained from SNS.
he structural information of parent compounds in SNS has been
esearched in our previous study (Table S1 and Fig S1). As a
esult, 44 components (Table 1) were found to be absorbed
hile the other minor components were not absorbed into rat
lasma or their concentrations were to low to be detected. And
e found most parent compounds including monoterpene gly-

osides, flavonoid glycosides and triterpenoid saponins could be
bsorbed.

.4. Characterization of metabolites in high dosage bio-samples

The compounds absorbed into rat plasma were further metab-
lized by various drug metabolizing enzymes. These metabolic
eactions can be divided into two cases called phase I and phase

I reactions. Phase II metabolism is considered as the major
etoxification pathway in the human body and glucuronidation
nd sulfation were the major metabolites of flavonoid glycosides
23–25]. Usually, glucuronidation and sulfation reactions make the

able 1
ompounds absorbed in rat plasma after oral administration of a high dosage (H) and nor

No. tR (min) Identification MRM  transition H N 

A1 15.79 Paeoniflorin sulfonate 543 > 121 +a + 

A2  17.21 Oxypaeoniflorin 495 > 137 + + 

A3  21.21 Albiflorin 479 > 121 + + 

A4  22.08 Paeoniflorin 479 > 121 + + 

A5  22.8 Liquritigenin apioside isomer 549 > 255 + + 

A6  23.43 Liquritigenin apioside 549 > 255 + + 

A7  24.22 Liquiritin a 417 > 255 + + 

A8 25.39  Isonaringin 579 > 271 + + 

A9  25.74 Isoviolanthin 577 > 487 + – 

A10  26.17 Naringin 579 > 271 + + 

A11  26.92 Hesperidin 609 > 301 + + 

A12  28.01 Neohesperidin 609 > 301 + + 

A13 28.46  Isoliquritigenin apioside 549 > 255 + + 

A14  29.13 Licuraside 549 > 255 + + 

A15  29.90 Isoliquiritin 417 > 255 + + 

A16 30.71 Neoisoliquiritin 417 > 255 + + 

A17  33.75 Liquiritigenin 255 > 135 + + 

A18  34.9 Licorice saponin A3 983 > 821 + + 

A19  36.78 Licorice saponin G2 837 > 351 + + 

A20  37.53 Licorice saponin G2 isomer 837 > 351 + + 

A21  38.05 Naringenin 271 > 151 + + 

A22  38.81 Licorice saponin G2 isomer 837 > 351 + + 

a Detected.
b Not detected.
 885– 886 (2012) 73– 82 77

drugs more hydrophilic, which can then be eliminated through
bile and the kidney [26]. Common biotransformation pathways
will result in predictable MS/MS  fragmentation patterns, notably
the neutral loss of 176 mass units for glucuronide conjugates and
the loss of 80 mass units for sulfates. Thus, we  first used a neutral
loss scan of 80 and 176 Da to screen glucuronide and sulfate con-
jugated metabolites in urine (Fig. 3A) and plasma (Fig. 3B). As a
result, 31 glucuronide and sulfate conjugates were detected which
greatly facilitated the metabolite profiling of SNS. Comparing the
total ion chromatograms (TICs) with that of blank bio-samples,
another 34 metabolites were detected. Finally a total of 65 metabo-
lites were detected from the drug-containing urine and plasma and
47 metabolites were characterized. All of the available information
of metabolites was  presented in Table 2. In this paper, we elabo-
rated the identification of gallic acid-, flavanones- and glycyrrhizic
acid-related metabolites as following because they were major
metabolites of SNS. The structure elucidation of other metabolites
was carried out similarly.

3.4.1. Identification of gallic acid-related metabolites
Nine compounds (M1–M8, M34) detected in rat urine were

tentatively assigned as metabolites originating from gallic acid,
among which M1–M3, M5–M8, and M34  were identified as glu-
curonide and sulfate conjugates (Fig. 3A). M1  gave a deprotonated
molecule [M−H]− at m/z 301. Its MS/MS fragmentation was pre-
dominated by the elimination of glucuronidyl residue to give ion
at m/z 125. The [glucuronic acid−H]-ion at m/z 175 could also
be observed (Fig. 4A). According to the MS  data and metabolic
fate of gallic acid in rat [27], M1  was identified as pyrogallol-
O-glucuronide. M2  and M3  both gave a [M−H]− ion at m/z
263 and exhibited a series of product ions at m/z 183, 168
and 124 (Fig. 4B), suggesting that they were isomeric sulfated
metabolites with methyl-O-gallic acid aglycone. Previous urinary

metabolism study of gallic acid in rats has confirmed the pres-
ence of 4-O-methylgallic acid-3-O-sulfate with authentic standard
[28] According to the fact the large log P would have less reten-
tion time on the reverse phase-HPLC, M2  (11.70 min, log P = −0.578)

mal dosage (N) of SNS.

No. tR (min) Identification MRM  transition H N

A23 39.36 Hesperetin 301 > 151 + +
A24 40.33 Glycyrrhizic acid 821 > 351 + +
A25 40.69 Isoliquiritigenin 255 > 135 + +
A26 41.76 Licorice saponin B2 isomer 807 > 351 + +
A27 41.89 Uralsaponin B 821 > 351 + +
A28 42.34 Fomononetin 267 > 252 + +
A29 42.52 Licorice saponin H2 or K2 821 > 351 + +
A30 42.78 Saikosaponin A 779 > 471 + +
A31 42.91 Licorice saponin J2 823 > 351 + +
A32 45.93 Licobenzofuran 353 > 297 + +
A33 47.09 Licochalcone D 353 > 323 + +
A34 48.3 Licoisoflavone A 353 > 297 + +
A35 48.67 Gancaonin L 353 > 285 + +
A36 50.07 Unidentified 407 > 381 + +
A37 50.34 Unidentified 353 > 338 + –b

A38 50.56 Glabrone 353 > 285 + +
A39 51.23 Gancaonin M 351 > 323 + –
A40 51.31 Licorisoflavan A 437 > 391 + –
A41 51.76 Licorisoflavan B 423 > 335 + –
A42 52.21 3-Hydroxyglabrol I 407 > 351 + –
A43 52.32 Gancaonin E 423 > 367 + –
A44 52.49 Glyasperin A 421 > 365 + –



78 Z. Yan et al. / J. Chromatogr. B 885– 886 (2012) 73– 82

Table 2
Metabolites of SNS in rat plasma and urine after oral administration of a high dosage (H) and normal dosage (N) of SNS.

No. tR (min) [M−H]− Major fragments �max (nm) Log Pa Identification MRM transition Plasma Urine

M1  9.91 301 175, 125 Pyrogallol-1-O-glucuronide 301 > 125 –b H, N
M2 11.71  263 183, 168, 124 −0.578 3-O-methylgallic acid-4-O-sulfate 263 > 183 – H, N
M3 12.49  263 183, 168, 124 −0.828 4-O-methylgallic acid-3-O-sulfate 263 > 183 – H
M4  12.60 315 175, 125 250 2-O-methylpyrogallol-1-O-glucuronide 315 > 125 – H, N
M5 14.73  205 125 −1.115 Pyrogallol-1-O-sulfate 205 > 125 – H, N
M6  15.20 205 125 −1.185 Pyrogallol-2-O-sulfate 205 > 125 – H
M7  15.51 189 109 270 2-deoxy-pyrogallol-1-O-sulfate 189 > 109 – H, N
M8  15.69 183 168, 124 215, 255 4-O-methylgallic acid 183 > 168 – H, N
M9 18.05  273 193 Sulfate conjugate 273 > 193 – H, N
M10  18.18 203 123 Sulfate conjugate 203 > 123 – H
M11 18.25 336 160 255, 330 Glucuronide conjugate 336 > 160 – H, N
M12  18.83 347 267 Sulfate conjugate 347 > 267 – H
M13  19.78 242 162 Sulfate conjugate 242 > 162 – H
M14  19.82 511 431, 335 −1.285 Liquiritigenin-4′-O-glucuronide-7-O-sulfate 511 > 431 H
M15 20.87 511 431, 335 −1.285 Liquiritigenin-7-O-glucuronide-4′-O-sulfate 511 > 431 – H
M16 20.98 257 177, 135, 107 5,7-Dihydroxychromone-O-sulfate 257 > 177 – H, N
M17  21.46 527 351, 447 Naringenin-O-glucuronide-O-sulfate 527 > 351 – H, N
M18 23.65  283 107 Glucuronide conjugate 283 > 107 – H, N
M19  24.09 431 255, 175, 135, 119 270 0.366 Liquiritigenin-4′-O-glucuronide 431 > 255 H H
M20 24.68 431 255, 175, 135, 119 275 0.082 Liquiritigenin-7-O-glucuronide 431 > 255 H, N H, N
M21  25.05 333 253 7,4′-Dihydroxyflavone-O-sulfate 333 > 253 – H, N
M22  25.99 281 201 Sulfate conjugate 281 > 201 – H
M23  26.79 335 255, 135, 119 0.974 Liquiritigenin-4′-O-sulfate 335 > 255 – H
M24  27.29 447 271, 175, 151, 119 283 0.470 Naringenin-4′-O-glucuronide 447 > 271 H, N H, N
M25 27.71  447 271, 175, 151, 119 284 0.406 Naringenin-7-O-glucuronide 447 > 271 H, N H, N
M26  27.82 389 309 Sulfate conjugate 389 > 309 – H
M27 28.19 477 301, 175 286 0.256 Hesperetin-7-O-glucuronide 477 > 301 H, N H, N
M28  28.20 177 135, 91 5,7-Dihydroxychromone 177 > 135 – H, N
M29  28.30 335 255, 135, 119 0.690 Liquiritigenin-7-O-sulfate 335 > 255 H H
M30 29.13 477 301, 175 286 0.209 Hesperetin-3′-O-glucuronide 477 > 301 H H
M31  30.26 514 Unidentified H, N –
M32 30.47 351 271, 151, 119 Naringenin-O-sulfate 351 > 271 H, N H, N
M33  30.60 431 255, 175, 135, 119 369 Isoliquiritigenin-O-glucuronide 431 > 255 H, N H, N
M34 30.62  533 357, 277, 197 Dimethylgallic acid-O-glucuronide-di-O-sulfate 533 > 357 – H, N
M35  30.71 514 Unidentified H, N –
M36  31.15 512 Unidentified H, N –
M37 31.23 514 Unidentified H, N –
M38  31.67 514 Unidentified H, N –
M39 32.12 512 Unidentified H, N –
M40  32.41 514 Unidentified H, N –
M41  32.85 512 Unidentified H, N –
M42  33.29 498 Unidentified H, N –
M43  33.37 255 135, 119 275 Liquiritigenin 255 > 135 H, N H, N
M44 33.72  381 301, 151 0.974 Hesperetin-3′-O-sulfate 381 > 301 H H, N
M45  33.95 512 Unidentified H, N –
M46 34.02 510 Unidentified H, N –
M47  34.10 335 255, 119 372 Isoliquiritigenin-O-sulfate 335 > 255 H H, N
M48  34.40 567 389, 213, 175 Glucuronide conjugate 389 > 213 – H, N
M49  35.69 347 267 Fomononetin-O-sulfate 347 > 267 – H, N
M50  35.82 498 Unidentified H, N –
M51  36.69 514 Unidentified H, N –
M52  36.74 293 213 Sulfate conjugate 293 > 213 H –
M53  36.80 381 301, 151 0.690 Hesperetin-7-O-sulfate 381 > 301 H H, N
M54  37.78 498 Unidentified H, N –
M55  38.05 271 227, 151 286 Naringenin 271 > 151 H, N H, N
M56  39.36 301 257, 151 286 Hesperetin 301 > 151 H, N H, N
M57  40.04 498 Unidentified H, N –
M58  40.38 498 Unidentified H, N –
M59  40.69 255 135, 119 372 Isoliquiritigenin 255 > 135 H, N H, N
M60  42.07 267 252, 223 Fomononetin 267 > 252 H H, N
M61  47.91 251 207 Unidentified 251 > 107 – H
M62  53.66 645 469 Glycyrrhetinic acid-O-glucuronide 645 > 469 H, N H, N
M63  54.31 645 469 Glycyrrhetinic acid-O-glucuronide 645 > 469 H H, N
M64  56.52 485 441, 425 Hydroxyglycyrrhetinic acid 485 > 441 H, N H, N
M65  57.58 469 425 Glycyrrhetinic acida 469 > 425 H, N H

a Predicted with chembiodraw ultra 11.0 software.
b Not detected.
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Fig. 4. MS/MS  spectra of gallic acid-related metabolites: (A) M1,  (B) M2,  (C) M5  and (D) M7.
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nd M3  (12.49 min, log P = −0.828) were preferably assigned to
e 4-O-methylgallic acid-3-O-sulfate and 3-O-methylgallic acid-
-O-sulfate, respectively. M4  gave a [M−H]− molecule at m/z
15, which is the mass of a methyl group (15 Da) more than
1.  Characteristic fragment ion at m/z 125 produced from pyro-

allol residue was also observed. M4  thus was characterized as
-O-methylpyrogallol-1-O-glucuronide. M5,  M6  and M7  showed
ain fragment ion at m/z 125 and 109 respectively by a neu-

ral loss of 80 Da, indicating they were sulfation metabolites
Fig. 4C and D). M8  gave a deprotonated molecular ion at m/z
83 and further produced a [M−H−CH3]− ion at m/z 168 and

 [M−H−CH3−COO]− ion at m/z  124, corresponding to the gal-
oyl radical and a 3,4,5-trihydroxybenzoyl group. By referring to
iterature [28,29], Therefore, M8  was tentatively identified as 4-O-

ethylgallic acid. The �max 270 nm (lower) in the DAD spectra of
7 was consistent with that of gallic acid, whereas M8 displayed

 �max 255 nm.  Meanwhile, the �max 215 nm of M8  was consis-
ent with that of gallic acid, whereas M7  did not show a �max

15 nm (Fig. 5). These findings suggested sulfation of gallic acid
ead to no changes in �max value, while methylation resulted in
max 270 nm hypsochromic shifts of 15 nm and decarboxylation
esulted in the disappearance of �max 215 nm.  M34  gave a [M−H]−

olecule at m/z 533. A CID product ion spectrum of M59  displayed
ragment ions at m/z 357 [M−H−176]−, 277 [M−H−176−80]−,
nd 197 [M−H−176−2 × 80]−, which strongly suggest the pres-
nce of a glucuronic acid and two sulfuric acid attached to the
imethylgallic acid skeleton. Thus M34  was  characterized as
imethylgallic acid-O-glucuronide-di-O-sulfate.

.4.2. Identification of flavanones-related metabolites
Considering the complicated flavanones such as liquiritin,
aringin, hesperidin, and neohespridin in SNS, we  firstly studied
he metabolism of liquiritin standard individually and ten metabo-
ites were found. A proposed metabolic pathway of liquiritin in
ats was shown in Fig. 6. Liquiritin was first metabolized by
�-d-glucosidases in vivo and converted into its aglycone liquir-
itigenin (M43). Previously, liquiritigenin has been found to form
five kinds of conjugates (4′-O-glucuronide (m1), 7-O-glucuronide
(m2), 4′,7-O-disulfate (m3), 4′-O-glucuronide-7-O-sulfate (m4) and
7-O-glucuronide-4′-O-sulfate (m5)) [30]. In this research, M19,
M20  and M33  were detected as major metabolites of liquiritin
and showed the [M−H]− ion at m/z 431which further lose a
glucuronic acid moiety (176 Da) to produce the aglycone ion at
m/z 255. Furthermore, fragments at m/z 135 and119 suggested
that there should be one hydroxyl substitution on each of the
A and B rings, which was  in agreement with the RDA frag-
mentation for liquiritin [31]. Isomerization into chalcones was
also common for liquiritin. Metabolite 33 and 59 showed an
absorption maximum typical for chalcones at 369 nm, and were
characterized as isoliquiritigenin-O-glucuronide and isoliquiriti-
genin, respectively. M19  (24.09 min) and M20  (24.68 min) showed
an absorption maximum typical for flavanones at 270 nm and
278 nm respectively and were characterized as liquiritigenin-4′-
O-glucuronide (log P = 0.366) and liquiritigenin-7-O-glucuronide
(log P = 0.082) correspondingly. Based on the characteristic neu-
tral loss of 80 Da and log P values, M19  and M20  were proposed
as liquiritigenin-4′-O-sulfation and liquiritigenin-7-O-sulfation,
respectively. Meanwhile, 4′-O-glucuronide-7-O-sulfation (M14)
and 7-O-glucuronide-4′-O-sulfation (M15) was also found.

Other flavanone glycosides such as isonaringin, naringin, hes-
peridin, and neohesperidin could also be converted into their
aglycones by hydrolysis. Phase II reactions including glucuronida-
tion and sulfation were the major metabolites and their structures
were identified similarly. These data were consistent with the
reports on biotransformation pathway of naringin and hes-
peridin [32–35].  Furthermore, hesperetin-7-O-glucuronide (M27)

and hesperetin-3′-O-glucuronide (M30) have been confirmed by
authentic compounds [32–34].  Their retention times consist with
our findings, suggesting that our present method based on log P
value is effective and reliable.
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.4.3. Identification of glycyrrhizic acid-related metabolites
Glycyrrhizic acid, a representative triterpenoid saponin in

NS, was detected in high abundance in plasma after orally
dministered to rats. Glycyrrhizic acid was readily to lose one
r two molecules of glucuronic acid to produce glycyrrhetinic
cid-O-glucuronide (M63) and glycyrrhetinic acid (M65), respec-
ively, indicating that hydrolysis was the major metabolic fate
f glycyrrhizic acid. This is in consistent with literature [36]. In
ddition, a hydroxylated derivative of glycyrrhetinic acid (M64)
as also observed in plasma. It might be hydroxylated at C-22�

r C-24, according to the previous report on glycyrrhetinic acid
etabolism [37].
In contrast to those phenolic aglycones which were usually

etabolized to conjugated metabolites, no conjugated metabolism
as found for glycyrrhizic acid, suggesting that the activities of
hase II metabolic enzymes toward phenols were significantly
igher than alcohols [38]. Although many triterpenoid saponins

uch as licorice saponin A3, B2 and G2 were detected in rat plasma
fter oral administration of SNS extract, glycyrrhizic acid and gly-
yrrhetinic acid were the predominant metabolites, suggesting
 885– 886 (2012) 73– 82

saponin aglycones were the major circulating forms of glycyrrhizic
acid-related compounds.

3.4.4. Identification of other metabolites
Paeoniflorin is one of the main monoterpene glycosides in Radix

Paeoniae Alba.
Previous studies had reported low bioavailability of orally

administered paeoniflorin in rats (approximately 3–4%) [39,40],
Metabolism of paeoniflorin is an important mechanism that is
responsible for poor bioavailability of paeoniflorin. Administered
paeoniflorin was extensively metabolized into paeoniflorgenin,
paeonimetabolins I and II [41–43].  However, none of the three
metabolites were detected in the present study. An earlier study
indicated that higher plasma concentrations of paeoniflorin were
achieved by using a more crude extract of the plant [44]. Additional
reports showed that higher plasma concentrations of paeoniflorin
were achieved when it is included as a part of multiple herb for-
mula: Shao-yao Gan-chao Tang [45]. These results indicated that
the bioavailability of paeoniflorin could be improved by other phy-
tochemicals present in the herbal formula. Similarly we  did not
found the formation of saikogenin F [46], an aglycone (metabo-
lite) of saikosaponin a. These results suggested that the other
chemical components may  influence the metabolites of single
compound.

It should be mentioned that although we  detected a lot metabo-
lites, the structures of some metabolites were not established due
to no or limited structural information.

Among them a group of metabolites with [M−H]− ions at m/z
498–514 attached our interest. These metabolites gave no frag-
mentation under CID or a high 375 V fragmentor. Since the obvious
limitation of LC–MS in the structural elucidation of these metabo-
lites has shown, other technology such as LC-NRM is required for
further study.

3.5. Analysis of normal dosage bio-samples by MRM

Although a high dosage increases the plasmatic concentrations
of the components of SNS and their metabolites, these values are
no longer related to the therapeutic concentrations. Thus it is very
important to profile SNS metabolites at an oral clinical dosage.
At such a low dose, most metabolites could not be detected by
examining total ion current chromatograms (TICs). Therefore, in
this step of our strategy, we  used a highly sensitive and selec-
tive multiple reaction monitoring (MRM)  technique to detect the
metabolites since tandem mass spectrometry using MRM  has a
lower limit of detection than scanning mass spectrometry [47].
However, MRM  is a targeted rather than a discovery-based global
expedition. To use MRM,  one needs to know the structures of pos-
sible metabolites. Fortunately, this information had already been
obtained from the high dosage bio-samples which could be used
as a metabolite data-base for normal dosage bio-samples. The
structures of metabolites characterized in the high dosage bio-
samples, as well as their MS/MS  spectral data were used to set
the ion pairs for MRM  detection. By using the MRM  method, most
of the pre-characterized metabolites gave an obvious signal even
though the matrix was very complicated and the concentrations
were fairly low (Fig. 7). However, some metabolites discovered in
high dosage bio-samples were not detected in the normal ones.
Given the good sensitivity of MRM  technique, it was unlikely
these compounds could not be detected. Instead, we  consider
that single compound dosing or too high dosage may  change the
metabolites in plasma and 33 metabolites in urine were detected
after oral administration of SNS at a normal dosage of 1 g/kg
(Table 2).
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Fig. 6. A proposed metabolic pa
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. Conclusions

In summary, we have developed a LC-DAD–MS/MS based
pproach and proposed a useful strategy to systematically char-
cterize the in vivo metabolites of a traditional Chinese medicine
ormula (TCMF), SNS. After an oral administration of SNS extract at a
ormal clinical dosage, 36 absorbed compounds and 29 metabolites

n plasma and 33 metabolites in urine were detected by a highly

ensitive MRM  method. Although the metabolism and the metabo-
ites of the saikosaponin and paeoniflorin have been reported in the
iterature, no metabolites of saikosaponin and paeoniflorin were
etected in the present study. These results suggested that the

[

[

thway of liquiritin in rats.

other chemical components may  influence the metabolites of sin-
gle compound. Meanwhile, a new metabolite of glycyrrhizic acid
(glycyrrhetinic acid-O-glucuronide) was also found. This investi-
gation would effectively narrow the range of potentially bioactive
constituents of SNS and shed light to its action mechanism. More-
over, the developed strategy and approach may also be extended
to investigate the metabolism of other TCMF.
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