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Platycosides, the main active constituents of Platycodi Radix, have been thoroughly studied for the char-
acterization of their potent biological activities. However, metabolism of platycosides has not yet been
characterized. A HPLC electrospray ionization-tandem mass spectrometry (LC/ESI-MS") approach was
applied to new complex platycoside metabolites transformed by human intestinal bacteria to identify
their structures and determine metabolic pathway. The molecular weights of metabolites were identified
by LC/ESI-MS analysis in both positive and negative modes. Structures for the platycoside metabolites

ge;]yt;vg)rj;; grandiflorum were proposed by the molecular weights and the expected enzymatic activity of intestinal microbes
Platycosides on platycoside. In the second step, successive LC-MS" analysis was used to demonstrate the proposed
LC/ESI-MS structures. Under ESI tandem mass conditions, the sequential fragmentation patterns of [M+Na]* ions
Intestinal bacteria exclusively showed signals, consistent with the cleavage of glycoside bonds, rearrangement and some
Metabolism cross-ring cleavage, thus allowing the rapid identification of platycoside metabolites. The metabolites

identified in the time-dependent metabolism experiments enable us to propose several microbial path-
ways for platycosides. Even though the metabolites of some platycosides may have unknown structures
and low levels, the analytical tools presented in this study made it possible to obtain a rapid and complete

characterization of new metabolites and their metabolism pathway in human intestinal bacteria.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Platycodi Radix, the root of Platycodon grandiflorum A.DC,
is one of the important drugs used in oriental medicine. Its
main constituents are glycosides of oleanane-type triterpenes
[1-5]. Pharmacological and biological properties, such as anti-
inflammation, anti-tumor and anti-obesity effects, have been
reported for various platycosides [4,6-11]. Platycodi Radix, which
contains platycosides, is frequently utilized in clinical practice and
as a dietary supplement.

Although some of saponins are hydrolyzed in the stomach by
gastric juice, most of the orally administered saponins inevitably
come into contact with microflora and enzymes in the alimentary
tract, and may be transformed before they are absorbed from gas-
trointestinal tract. Therefore, many experiments focusing on the
degradation of saponins in vitro or in vivo have been studied. It is
known that saponins are hydrolyzed and hydrated by mild acid
condition, and, in particular, are also metabolized into sequentially
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deglycosylated or dehydrated products by intestinal microflora in
vitro [12-18]. Saponins are also found to be transformed to mainly
deglycosylated, dehydrated or hydrated metabolites in vivo simi-
lar to in vitro studies on oral administration to animal and human
[19-23]. In actuality, these previous reports showed that in vitro
saponin metabolites by intestinal bacteria were detected in rat or
human plasma [12,13,20,23-25]. Thus, it is important to under-
stand the metabolism of saponins in intestinal bacteria, as this
process may affect their bioavailability and their overall absorption
and biological activities in vivo.

The isolation and complete structural characterization of
saponin metabolites are a complicated and time-consuming task,
requiring several chromatographic steps and a combination of
chemical and spectroscopic techniques. Hence it must be a
challenging task to perform a structural analysis on all minor
metabolites. Therefore, there is a need for rapid and sensitive
methods for the structural characterization of saponin metabolites
transformed by human intestinal bacteria.

Recently, the structural characterization of a complex platyco-
side mixture was successfully performed by LC-MS/MS according
to their fragmentation patterns, which were consistent with the
sequential cleavage of C-3 or C-28 glycoside bonds, some cross-
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ring cleavage and rearrangement, using purified known platycoside
standards in our previous studies and some papers of LC-MS"
approach have been reported on saponin metabolites in biofluids
such as urine or plasma [25-28]. Due to its high sensitivity and
selectivity, MS detection provides valuable structural information
and allows for the structural elucidation of unknown compounds
at fairly low levels, even when standard samples are not avail-
able. Thus LC-MS" approach was widely used in metabolism
research.

However, human intestinal metabolism of platycosides has
not yet been characterized, in spite of their potent bioactivi-
ties. Therefore, a LC-MS" approach is, for the first time, used for
rapid structural characterization of the new complex platycoside
metabolites transformed by human intestinal bacteria. In addition,
the metabolic pathway of platycoside was examined in human
intestinal bacteria by a time-dependent incubation study.

2. Experimental
2.1. Materials and methods

General anaerobic medium (GAM) was purchased from Nissui
Pharmaceutical Co. Ltd. (Tokyo, Japan). Tryptic soy broth (TS) and
other media were purchased from Difco Co. (USA). Acetonitrile,
ethyl acetate, methanol, n-butanol and isopropanol (HPLC grade)
were purchased from Fisher Scientific (Pittsburg, PA, USA) for the
preparation of crude sample and isolation of platycodin D. Distilled
water (NANO pure Diamond, Barnstead, USA) was used for all solu-
tions and dilutions. Reversed-phase Cyg resin was purchased from
Merck (Darmstadt, Germany). Dried Platycodi Radix was obtained
at a local market in Seoul, Korea. The platycodin D was isolated
and the platycoside-enriched fraction was prepared as previously
described [27].

2.2. Incubation experiments and extraction

The reaction mixture containing a playcoside fraction (100 mg)
in 900 mL anaerobic diluted water treated with resasurin was
anaerobically incubated with Bacteroides JY-6 (20g wet weight),
at 37°C for 72 h according to the previous method [12,13]. Chemi-
cal and metabolic stabilities were also examined by the incubation
of platycoside fraction without intestinal bacteria and no platyco-
side fraction with bacteroids under the same incubation conditions,
respectively. In order to study the time-dependent metabolism, the
reaction mixture containing platycodin D (50 mg) in 300 mL anaer-
obic diluted water was incubated with the same bacteria (10 g wet
weight) at 37 °C. The reaction mixture (10 mL) was taken periodi-
cally at 0, 1, 3, 6, 12, 24, 48, and 72 h after the incubation and then
frozen at —80°Cuntil use in the experiment. After thawing the incu-
bated samples at a room temperature, 5 mL of ethyl acetate were
added to 5 mL of the incubation samples and the ethyl acetate frac-
tions were collected. Ten volumes of methanol were added to the
above residual aqueous fractions. The mixture was centrifuged at
3000 rpm for 10 min at 15°C. The methanol soluble supernatants
were combined with the above ethyl acetate fractions and were
evaporated under a nitrogen flow. The samples were dissolved
with methanol and filtered through a 0.45 pm syringe filter (Type
Millex-HA, Millipore, USA), and then injected onto the HPLC or the
LC/MS systems as described below.

2.3. HPLC-ELSD analysis

HPLC analysis of platycosides and platycoside metabolites was
carried out as previously described, with some modifications
[27]. In brief, HPLC analysis of platycosides was carried out on a
Hitachi L-6000 instrument (Tokyo, Japan) equipped with a Sedex

75 evaporation light scattering detector (ELSD) and SIL-9A auto
injector (Shimadzu, Kyoto, Japan). A Zorbax SB-Aq C;g column
(150 mm x 4.6 mm, 5 pm particle size) from Agilent Technologies
(Palo Alto, CA, USA) was used for all separations at room tempera-
ture. The HPLC conditions were as follows: eluent A, water; eluent
B, acetonitrile; gradient, 0-6 min (10-15% B), 6-50 min (15-25% B),
50-70 min (25-70% B), 70-80 min (70-100% B) and then equilibra-
tion with 10% B for 8 min at a flow of 1 mL/min. The injection volume
was set to 10 L. The ELSD was set to a probe temperature of 70°C,
a gain of 7 and the nebulizer gas nitrogen adjusted to 2.5 bar.

2.4. HPLC/ESI-MS" analysis

Chromatographic separation of the extract by HPLC
(NANOSPACE SI-2, Shiseido, Japan) was performed using a
Cyg column (150 mm x 1 mm i.d., 5 wm, Phenomenex, Torrance,
CA) with a mobile phase composed of differing proportions of
5% acetonitrile (A) and 95% acetonitrile (B) in water containing
0.1% formic acid at room temperature. The gradient program
was performed as described above at a flow rate of 100 pL/min.
All ESI-MS" experiments were performed on a LCQ DECA XP MS
(Thermo Finnigan, San Jose, CA) equipped with an electrospray ion
source. All ion trap analyzer parameters were optimized according
to the manufacturer’s instructions. In ESI-MS experiments, the
spray voltage was 4.5kV in positive mode and —4kV in nega-
tive mode under N, sheath gas flow at 50 arbitrary units. The
capillary temperature was maintained at 275°C. Sample sizes of
2 uL were injected into the column using an autosampler. Total
ion chromatograms from 150 to 2000m/z in ESI positive and
negative modes were obtained. For tandem mass spectrometry,
the maximum ion injection time, activation time, and isolated
ion width were set to 500, 30ms and 2.0 wm, respectively. The
collision energy with helium was set to 30% of the radio frequency
(5V) applied to the ion trap analyzer.

2.5. UPLC/ESI-QTOF-MS analysis

The UPLC/ESI-QTOF-MS analysis was performed in the Korea
Basic Science Institute (Gwangju, Korea). The system consisted
of an ACQUITY ultra-performance liquid chromatography (UPLC)
system and an electrospray ionization quadrupole time-of-flight
(QTOF) mass spectrometer (MS) (SYNAPT™ High Definition Mass
Spectrometry™ system; Waters, Milford, MA, USA). An ACQUITY
UPLC BEH Cyg column (1.7 wm, 100 mm x 2.1 mm i.d., Waters) was
used as an analytical column. The column was maintained at 40°C.
The flow rate of the mobile phase was 0.4 mL/min with mobile
phase consisting of (A) 10% acetonitrile containing 0.1% formic
acid and (B) 90% acetonitrile containing 0.1% formic acid. The elu-
tion gradient linearly increased from 10% B to 40% B in 5min,
then increased to 60% B in 4min, 100% B in 3.5min. The total
running time, including the conditioning of the column to the ini-
tial conditions, was 15 min. The injection volume was 10 L. The
ESI-QTOF-MS instrument was operated in the positive ion mode
using a positive electrospray ionization source. The system con-
trol and analysis of the mass spectra were performed by Waters
MassLynx™ software. The desolvation gas was set to a flow rate of
450L/h at a temperature of 300 °C. The source temperature was set
to 100°C. The capillary voltage was set to 3100V, and cone voltage
was set to 30V. All analyses were acquired using an indepen-
dent reference spray via the LockSpray interference with leucine
enkephalin [M+H]* ion as lock mass (m/z 556.2771) to ensure accu-
racy and reproducibility. The accurate masses and compositions for
the platycoside metabolites were calculated using the MassLynx
software.
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Platycodin A(9) CsoHoyO 1266 CHOH H Ac H  Api
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Fig. 1. Structure of platycosides from Platycodi Radix. Gen: B-D-glucose-°B-p-glucose-; Glc: B-p-glucose; Api: 3-p-apiose (furanose); Ac: acetyl.

3. Results and discussion
3.1. HPLC-ELSD analysis

In this study, the enriched platycoside fraction containing 10
previously identified saponin structures [27] from Platycodi Radix
was used to characterize platycoside metabolites transformed by
human intestinal bacteria (Fig. 1).

Firstly, the change in platycosides due to fermentation with
intestinal microbes was determined by HPLC. After fermentation,
the peaks of platycosides were completely transformed to the
unknown peaks, which may be their metabolites converted by
intestinal microbes (Fig. 2). This result indicates that the platy-
coside metabolites have less polar properties than platycosides
due to increase of their retention times in a reversed-phase C;g
column. The platycoside fraction was incubated without intesti-
nal bacteria for 72h to measure the stabilities of platycosides
and blank sample, which means platycoside-free, were also tested
under the same incubation conditions. These results showed that
the platycosides were not altered during the incubation, and the
peaks derived from blank sample were not overlapped with peaks
emerged when platycosides were incubated with intestinal bacte-
ria (see supplementary Figure S-1). These metabolites were used
for subsequent structural determination by LC-ESI tandem mass
analysis.

3.2. Structural determination of platycoside metabolites by
HPLC/ESI-MS™

In previous reports, the enzymatic reactions of the intestinal
bacterial on saponins were presented as mainly glycoside hydrol-
ysis, dehydroxylation and double bond reduction [12,13,18,24]. In
this study, the following assignment strategy was used to obtain

structural information on the novel metabolites. First, the molec-
ular weights of metabolites were identified by LC/ESI-MS analysis
in both positive and negative modes. Structures for the platyco-
side metabolites were proposed by the molecular weights and the
expected enzymatic activity of intestinal microbes on platycoside.
In the second step, successive LC-MS" analysis was used to demon-
strate the proposed structures.

In general, direct ESI-MS enabled the determination of the
molecular weights of major components in crude samples.
However, isomeric compounds could not be discriminated, and
constituents present at low levels were unidentifiable, so an online
combination of LC with ESI-MS was employed for the analysis of
platycoside metabolites transformed by human intestinal bacteria.
Under chromatographic conditions, 11 major peaks were detected
in the extracts of platycoside metabolites (Fig. 3).

In the present experiment, metabolite 5 (M5) was selected as an
example of the detailed fragmentation patterns in the successive
MS experiments that were performed for the stepwise elucida-
tion of the molecular structure. The fragmentation patterns of the
other metabolites were then compared with that of M5 to obtain
characteristic fragments, which can be used in the structural deter-
mination.

3.3. HPLC/ESI-MS

The molecular weight of the analyte was confirmed by ESI-MS,
comparing it with predominantly [M+Na]* ion or [M+H]* ion in
the positive mode and [M—H]~ ion in the negative mode. Positive
and negative ESI-MS analyses of M5 in LC effluent are shown in
Fig. 4. However, the ESI-MS spectrum of M5 did not determine the
molecular weight, because the ambiguous ion intensities in the pos-
itive mode. After introducing alkali metal ions, [M+adduct]* ions
became the dominant ions for all the saponins, and the signal-to-
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Fig. 2. Representative HPLC chromatograms of the platycoside-enriched fraction
(A) and extract of platycoside metabolites transformed by human intestinal bacteria
(B): Agilent Zorbax SB-Aq C;g column (150 mm x 4.6 mm, 5.0 wm), detector: ELSD,
drift tube temperature: 70 °C, nitrogen flow rate: 2.5 bar. The numbers indicate each
platycoside in Fig. 1.

noise was greatly increased [29,30]. Thus, sodium acetate (5 wM)
was added to the mobile phase to enhance the sodiated molecular
ion intensity, and then the significantly increased [M+Na]* ion at
m/z 1069.4 was presented in the spectrum of ESI-MS. A high abun-
dance of[M—H]~ at m/z 1045.5 is observed in the negative mode. A
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Fig. 3. Representative LC-MS chromatograms of the extract of platycoside metabo-
lites transformed by human intestinal microbial in full scan positive and negative
ion modes (acquired range m/z 150-2000). (A) Positive ion mode; (B) negative ion
mode; (C) positive ion mode in sodium acetate added to mobile phase; (D) negative
ion mode in sodium acetate added to mobile phase.
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Fig. 4. ESI mass spectra of the metabolite 5 in positive and negative ion modes. (A)
Positive ion mode; (B) negative ion mode; (C) positive ion mode in sodium acetate
added to mobile phase; (D) negative ion mode in sodium acetate added to mobile
phase.

comparison of these two spectra, with the 24 Da mass differences
between the two ions, provides clear information on the molecu-
lar weight of the metabolite (1046 Da for M5). With the molecular
weight determined, the structure of M5 was proposed and pre-
sented in Figs. 4 and 5. The [M+Na]* ions dominated in the positive
ESI-MS spectra of all the other metabolites studied.

3.4. HPLC/ESI-MS"

HPLC/ESI-MS" experiments were performed for further insight
into the correlation between the fragmentation patterns and
structural features of this proposed metabolite. To describe the
fragmentations observed in the product ion spectra of these
metabolites, the fragment nomenclature proposed by Domon and
Costello [31] was adopted. The ESI-MS/MS of platycoside M5 was
performed in the positive and negative ion modes with [M+Na]|*
ions and [M—H]~ ions, respectively. Only product ions ([M—H]™)
appeared in the negative ion mode, while more MS" fragmentation
ions were acquired in the positive ion mode. Thus, the determi-
nations and elucidations of the fragmentation characteristics are
confined to the positive mode. Fig. 5 shows the ESI-MS/MS spec-
trum of the [M+Na]* ion at m/z 1069.4 for M5. In this figure, the
most abundant product ion is observed at m/z 565.2 [By+Na]*, cor-
responding to the all sugar residues linked to C-28, and a minor
peak is observed at m/z 433.1, corresponding to the fragment B;.
In addition, there are four Y cleavage product ions at m/z 937.5
(Y3 +Na), 805.4 (Y, +Na), 659.3 (Y1 +Na) and 547.3 (Yo + Na), which
represent the loss of apiosyl, xylosyl, rhamnosyl and arabinosyl
sugars attached at C-28 of triterpene, respectively, and sequen-
tially. These results provide information on the composition and
sequence of oligosaccharides linked to an aglycone at C-28. The
fragment ions with low abundance at m/z 1025.5 [M—CO,+Na]*
and 583.2 [Bg+H,0+Na]* can be explained by the loss of carbon
dioxide and release of C-28 oligosaccharides in the rearrangement
mechanism, respectively [32,33]. These unique product ions are
observed in the structure, which has an oligosaccharide at C-28
and a hydroxyl group at C-16.
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Fig. 5. Fragmentation pattern of the [M+Na]* ion of metabolite 5 (A), and ESI-MS/MS spectrum of the m/z 1069.4 ion ([M+Na]*) of metabolite 5 (B).

To more demonstrate the structure in detail, each of the sodiated
fragments at m/z 1025.5, 937.5, 583.2, 565.2 and 527.3 in MS/MS
was selected and analyzed by ESI-MS3 in separate experiments. The
MS?3 spectrum of m/z 1025.5 showed a dominant ion at m/z 583.1
[Bo+H,0+Na]*, but [Bg+Na]* ion is not detected (Fig. 6A). It is also
supported that the precursor ion at m/z 1025.5 is produced by the
loss of carbon dioxide in the rearrangement mechanism. The minor
ion at m/z 493.2 related to the loss of 90 Da can be produced by
ring-cross cleavages of the 0, 2 two bond in arabinose (®2Xy, ). The
spectrum (Fig. 6B) from the precursor ion [Y3+Na]* shows peaks
at m/z 893.3 [Y3—CO,+Na]*, 805.4 [Y,+Na]*, 659.3 [Y+Na]*, 527.2
[Yo+Na]*,451.2 [Bg—apiose+H,O0+Na]* and 433.1 [By—apiose+Nal*,
with a fragmentation pattern similar to that of the MS? spectrum.
Fig. 6C shows the MS3 spectrum of the m/z 583.1 [Bg+H,0+Nal*.
There are several fragments produced by cleavage of glycosidc link-
ages in the oligosaccharide. The ion at m/z 451.3 is formed after a
loss of apiose and the ion at m/z 433.1 corresponded to [B;+Na]*
formed by loss of arabinose. The further cleavage also produced
m/z 319.2 ion by loss of the apiose-xylose disaccharide. The other
main fragment, at m/z 493.1, was presented by same fragmenta-
tion as described for the precursor ion at m/z 1025.5. The spectrum
(Fig. 6D) from the precursor ion [Bg+Na|* shows peaks at m/z 433.1
[Bo—apiose+Na]* and 301.1 [Bg—apiose—xylose+Na]*. In compari-
son with [Bg+H,0+Na]*, the product ion of ring-cross cleavages of
the 0, 2 two bond in arabinose was not detected for the precursor
ion [Bp+Na]*. The reason for this result may be the double bond
between C-1 and C-2 of arabinose, which forms after By fragmen-
tation. The MS3 spectrum from [Yo+Na]* at m/z 527.3 did not show
any of the fragment ions.

3.5. Comparison of characteristic ions of the investigated
platycoside metabolites

The structural differences among eleven platycoside metabo-
lites transformed by Bacteroids JY-6, a human intestinal bacterium,
were analyzed in the positive ion modes as the same manner of M5.
These results are summarized and presented in Fig. 7. All the major
Y ions resulting from a glycosidic bond cleavage and the expected
structural features of platycoside metabolites were clearly dis-
tinguishable in the resulting fragmentation data. Therefore, the
proposed structures of platycoside metabolites transformed by
human intestinal bacteria are listed in Fig. 7. Fragment ions
observed in MS? and MS3 spectra of 11 platycoside metabolites
in ESI positive ion mode are presented (see supplementary Table
S-1).

3.6. Confirmation by UPLC/ESI-QTOF-MS

The UPLC/ESI-QTOF-MS system was applied to determine accu-
rate masses of the proposed platycoside metabolites. The accurate
mass data of protonated molecules were processed through the
MassLynx software, which provided elemental formula, the mass
errors (i.e. differences between measured masses and the calcu-
lated masses), and i-FIT (or isotope pattern fit); lower i-FIT values
represent a better fit to the isotope pattern (see supplementary
Figure S-2). Table 1 shows the exact mass measurements, mass
errors and i-FITs obtained for the protonated molecules. For all
compounds, the errors obtained were less than 5 ppm in absolute
value, which is the limit of accuracy threshold except for M9.



Y.W. Ha et al. / Journal of Pharmaceutical and Biomedical Analysis 51 (2010) 202-209

1069.5 > 1025.5 (A) 1069.5 > 937.5 (B)
. [Bo+H,O+Na] * .
i 583.1 -
] . [Bo-api+Na] *
] 1 433.1
[ - o 4
g e ]
s s |
2 2
3 - M-CO,-H;0+Na] * 2 +
< s < [Bo+H.0-api+Na] * [Yz-+Na]
2 . e 451.2 , 8054 .
B [M-CO,+Na] * § | [Y1-+Na] [Y3-CO;+Na]
€ 10255 £ - , 5593 893.3
[Bo+H;0-90Da+Na] * . [Yo-+Na]
E 493.2 } / E 527.2
LA UL N I B R L L N B R BN | LN LI R B B R B LR L B B L B L ML B R I
300 500 700 9200 1100 400 600 800
1069.5 > 583.1 (C) m/z 1069.5 > 565.1 (D) e
_ . © [Bi+Na]*
- [Bo+H;0-90Da+Na] : 433.1
1 . 493.1 1
b [Bi+Na] 1
] 433.1 ]
o o |
g ] g
© ©
2 ] =
3] [By+H,0+Na] * 3 ] [Bo-H.O+Na] *
< 583.1 < - 5471
o | o
2 ] 2 +
L p 192 -apiose-yylose L Bl
2 < € A [B2+Na] " pesd
| 451.3 | apiose ] 301.1
-"'I“"I TTT T "'I'l" "‘1""I‘I"'I i LB if‘l‘l" H 31-‘ {'"-'-lhlllll T
200 300 400 500 600 200 300 400 500 600
m/z m/z

207

Fig. 6. Positive ESI-MS? spectra for metabolite 5. Precursor ion (A) [M—CO,+Nal*, (B) [Y3—CO»+Nal*, (C) [Bo+H,0+Na]* and (D) [Bo+Na]*. Api: B-D-apiose (furanose).

3.7. Time-dependent metabolism of platycodin D

To establish the metabolism pathway of platycosides in the

human intestine, time-dependent incubation

experime nts were

performed with platycodin D, which is a major platycoside in Platy-
codi Radix. Based on the structures of the platycodin D metabolites
and the time-dependent experiments monitored by LC/ESI-MS, a
possible metabolic pathway was proposed in Fig. 8.
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9 5433 ) . - - : CH,0H H
11 11275 995.3 863.1 717.4 585.4 565.1 CH,OH ___ -Ara-Rha-Xyl-Api (Aglycone + Ac)

Fig. 7. Characteristic fragment ions observed by positive ion ESI-MS/MS analysis of platycoside metabolites (m/z values) and proposed structure of platycoside metabolites

transformed by human intestinal bacterial. Rha, a-L-rhamnose (pyranose); Ara, a-L-arabinose (pyranose); Xyl, B-p-xylose; Api, B-D-apiose (furanose); Ac, acetyl.
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Table 1
Accurate mass measurements of protonated molecules of platycoside metabolites transformed by human intestinal microbial.
Metabolites Elemental composition [M+H]* Experimental mass (m/z) Calculated mass (m/z) Error (ppm) i-FIT
1 C41He7015 799.4484 799.4480 0.5 29.1
2 C35Hs57014 653.3932 653.3901 4.7 493
3 Cs51Hg3023 1063.5354 1063.5325 2.7 45.5
4 C41He67014 783.4529 783.4531 -0.3 47.0
5 Cs1Hg3022 1047.5392 1047.5376 1.5 8.0
6 C35H57010 637.3944 637.3952 -1.3 0.6
7 Cs3Hg5024 1105.5469 1105.5431 34 43.7
8 Cs3Hg5024 1105.5446 1105.5431 14 36.6
9 C30H4707 519.3357 519.3322 6.7 435
10 Cs3Hg5024 1105.5453 1105.5431 2.0 1.9
11 Cs3Hg5024 1105.5439 1105.5431 0.7 1.9
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Fig. 8. Proposed metabolic pathways of platycodin D by human intestinal microbial. PD: platycodin D and PDM: platycodin D metabolite.

The deglucose-platycodin D was detected in the intestinal
microbial treatment after 1 h incubation. This observation suggests
that the first step in platycodin D metabolism is the hydrol-
ysis of C-3 glycoside to aglycone, a major metabolic pathway
that is terminated within 24 h (under the given conditions). This
suggestion is consistent with above detected structures of all
platycoside metabolites resulting from the incubation of enriched
platycoside fraction with intestinal bacteria. Second, the acetyla-
tion to a hydroxyl group of aglycone, arabinose and rhamnose may
occur with a rate-limiting reaction, which is then resistant to fur-
ther transformation, because the results show that the ratios of
these acetylated metabolites in the total metabolites are almost
consistent during the 72 hincubation. Third, the metabolites result-
ing from the sequential cleavage of C-28 oligosaccharide and
dehydroxylation of aglycone are produced by intestinal bacterial
reactions (see supplementary Figure S-3).

The metabolites identified in these studies have enabled us to
propose several microbial pathways for platycodin D, which is a
representative constituent of platycosides, although our metabo-
lite identification process was subject to some limitations, such as
an accurate acetylation reaction site whether O-acetylation is at

arabinose C-3 or C-4 position in M7 and M10. The major pathway
of the microbial metabolism of platycodin D is the hydrolysis of C-3
glycoside, followed by acetylation at the multi-site or, alternatively,
further hydrolysis at the C-28 oligosaccharide and dehydroxylation
of the alglycone part.

4. Conclusions

In conclusion, a HPLC/ESI tandem mass approach was applied
to the complex platycoside metabolites transformed by human
intestinal bacteria. Under chromatographic conditions, eleven
major peaks were detected in the extract of platycoside metabo-
lites. Comparison of spectra in the positive and negative ion modes,
with sodium acetate added to the mobile phase, provided clear
information on the molecular weights of the metabolites. Under
ESI tandem mass conditions, the sequential fragmentation patterns
of [M+Na]* ions show exclusive signals consistent with cleavage of
glycoside bonds, rearrangement and some cross-ring cleavage, thus
allowing the rapid identification of platycoside metabolites trans-
formed by human intestinal bacteria. The metabolites identified
in the time-dependent experiments enable us to propose several
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microbial pathways for platycodin D, although there are some lim-
itations to the metabolite identification process, such as an accurate
acetylation site.
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