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Metabolism of Ginseng Saponins by Human Intestinal Bacteria
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Abstract—The metabolism of ginseng saponins by human intestinal bacteria was
studied using human feces under anaerobic culture conditions. Ginsenoside-Rb;, -Rb,
and -Rc(protopanaxadiol type) were mainly metabolized to compound-K(C-K), 20-O-
{o-L-arabinopyranosyl(1-—6)- f-p-glucopyranosyl}-20(S)-protopanaxadiol(compound-Y,
C-Y), 20-O-{o-L-arabinofuranosyl(1—6)--p-glucopyranosyl}-20(S)-protopanaxadiol(gin-
senoside-Mc, Mc), respectively, and ginsenoside-Rg; and -Re(protopanaxatriol type) to
their aglycon, 20(S)-protopanaxatriol, though the pathway and rate of the metabolism
were affected by fermentation medium. C-K was not decomposed any more, while C-Y
and Mc were both gradually hydrolyzed to C-K.

Keywords—Panax ginseng C.A. Meyer - ginseng saponin - human intestinal

bacteria - compound-K - conpound-Y - ginsenoside Mc - protopanaxadiol - pro-
topanaxatriol

224 (Panax ginseng C. A. Meyer) & &t Zu|gle Y B9 ojld, 7189 Bid 98
T, FF BERE YN0 e A 2B REwdne] A 3o FeIdvdan & £
2, 7% 22t A UMBAER Y FA"  2u, ogd AFe AY olFjAA &1 U
FaRe] kol FFe] oM Mgk, 59/ Aol Aot
B FAAZ & F %ol HEE R AFI 2HAME v R Rl ke HAFHo
AL Aolth A Fo ¥imA gFez I F AFHER, 43F delM 2 EPAECl o
5ol len o REAE F9 A A ANEE)H dHFEE velle Aoz 4%
saponin(ginsenoside)2] &) dialde B & ¢ ok dH HE WA= Ay A3F
& AFAEC] tdge B3 E Uz ok, 2y ARE dANEZR gxn, FuAded od dARE:

ol2ig ginsenoside’t ZT7FAE Fol oFA  FHE 2R ¢YUA UG, 4% 89 T
7. X, oA € mid= et sbe A& wl$ (glycyrrhizin), th¥ (sennoside) R &k
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(paeoniflorin)-& Atgre] AUAd Fae] <&
gALE wol, 1 FAFZY glycyrrhetic acid,
sennidin @ paeonimetabolin 52| TAIE ¥
2 F450] del g8 vehlle A28 BEn
go] gt wE ginsenosided] FF, BX
Al 2 wjAde] i e rate] A3tFE &
ol £ AT AlEe] EW HEAS o] 83 3
3 ng E'__:_7} 011;],5”'9)‘

olel AAEL F 2 ginsenosided] WAIAER
2 AREE i HES dfom Abge A
WA (Aol & dAMIES] 54 2 o
MR 2E &AsA 7o Bastnat gt

dl

4

A¥X|E - Ginsenoside-Rb;(Rb,), -Rb,(Rb,),
-Rc(Ro), -Re(Re), -Rg;(Rgy), -F(FP 71&9] W
Yoz delstel ALgaATh. 20(8)-pro-
topanaxadiol(PPD) 2 20(S)-protopanaxatriol
(PPT)E Rb; 2 Rg; 2 Smith#&!M198d] 2=
selet

7171 & Al2F - NMR spectray JeoL JNM400
spectrometer(pyridine-ds, TMS)& AMREL o
Mass spectrat JeoL JNM-SX102 spectrometer
(direct inlet method)& A}&3}%ick, HPLCE
Jasco UVDEC-100-VI spectrophotometer
(pump, Jasco BIP-1; detector, Jasco UVDEC-
100-VI differential refractometer; column, YMC-
Park R&D, R-ODS-5-A, 250X 4.6 mm LD., S-5
pm, 120A, YMC, Japan)< AM&3lgdch. TLCE
Silica gel 70 Fy54(Wako)$} Fysy(Merck)E Al
3992m column chromatography g BH2E
Kiesel gel 60(70~230 mesh, Merck) %
Lichroprep RP-8(40~60 pm, Merck)-& AR8-8}1
o

ZU A e ekl Muller Hinton broth
(MH, Becton Dickson, USA), GAM broth ( H 284
#jit) 2 Pepton Yeast extract broth(PY, g/L,
polypepton 10, yeast extract 5, L-cysteine
HCI - H,0 0.5, CaCl, 0.2, MgSO, 0.0935,
NaH,PO, 0.06, KH,PO, 0.06, NaCl 6.8, KCl 0.4)
g AHg3ict.
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AYATE A7 30t A \‘;}1\39,] A sE
9 1 g8 GAMWAY 30 mlo] YL 37°CellA
% 7] A (anaerobic jar, DIA anaerobic pack, DIA-
LATRON) .2 ufjkstiey. o] HujgHE Rb,
& TR GAMHIA 2 PYwiA oA Achul st
Ak,

olat saponin®| thAL - ZAlgel &% gin-
senoside?] thAte GHFE7E & HAE o] &
st ®jekslz, TLC ¥ HPLCY &3 BFEE=X
thAAE 2] RfA] E retention time(RDE B] 13}
dct tHEA 9 PPDA saponin®l Rb;, Rb,, Re
9} PPTA saponin®l Re, Rg; & Z47Zt 10 mg®
A& MH, PY, GAMHIA] 9 mld] =1 & uj
%dd 1mlE ¥a 37°CAA FriRez wigst
Aok wiekl-E AAA(E, 6,9, 12, 2447 o2
1 mi¥ #Hel nbumnolz F&3 H, g4AEH
(3000 rpm X 3 min)&ted | TLC(A N &, CHCl;-
MeOH-H,0, 65:35:10 lower phase, n-BuOH-
EtOAc-H,O, 4:1:5 upper phase, CHCl;-MeOH,
4:1; detection, 10% H,50, % HPLC(flow rate
1.0 ml/min, room temperature) 2 <13} t}.

CHARARE Sl M= 4 ct2| - PPDA saponin
o] 28 59 9@ PPTH saponin¥¥ 2.2 g2 7}
Z Al pywiAll 0.2%7} HE%F Holn EFE

o & Aguidd AT Tol GAME| A o A
hadk Aujekst mdd L 207t FEE Y
37°Cell A} 5L 7w Fetsich. HHW&*% n-
butanolZ F&3 }.1_ n-butanolZ-g YA 23}
o FHNE AAT F E2 AH 0}3'_ %5‘1—3]’04
ZUYAIPE S ARG o] ZUANES &4

column chromatography(CHClS-MeOH—HzO.
7:3:0.5) ¥ 94 column chromatogra-
phy(75~90% MeOH)9|A &x}& oz HHA
sta] WAMAFE 1(320 mg), 11(410 mg), ITI(530
mg) % IV(830 mg)d AU, WAMEE I-II&
IH, BC-NMR 2 mass(MS)E FZE a3l
=3

CHAIAME | - A white powder; FAB-MS(nega-
tive), m/z, 621{C3gHq,O0g-HI™, 459C3gH4,0g-Gle-
HI-, 'H-NMR(400 MHz, pyridine-ds), &: 3.35
(1H, dd, /=10.7, 5.1 Hz, H-3), 0.77(1H, d, F11.0
Hz, H-5), 3.92(1H, m, H-12), 5.20(1H, t, J~7.1
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Table L 13C-NMR data of ginsenoéide-Rbl, Rb, and -Re, and their major metabolites I, II and 1II.

Rb, I Rb, 4 Re 14
Aglycon moiety
c1 39.2 39.5 39.2 39.5 39.2 39.5
c-2 267 28.3 26.6 28.3 26.6 28.3
C-3 89.0 78.1 89.0 78.2 89.0 78.2
C-4 39.7 39.6 39.7 39.6 39.7 39.5
Cc5 56.4 56.5 56.4 56.5 56.4 56.5
Cc-6 18.4 18.8 18.4 18.8 184 18.8
C-7 35.2 35.3 35.2 35.3 35.1 35.2
Cc-8 40.0 40.2 40.0 40.3 , 40.0 40.2
C9 50.2 50.4 50.2 50.3 50.2 50.4
C-10 36.9 37.5 36.9 37.4 36.9 37.4
C-11 30.82 30.9 30.72 30.8% 30.72 30.8*
C-12 70.2 70.2 70.2 70.3 70.3 70.3
C-1% 495 49.6 49.5 49.6 49.4 49.5
C-14 51.4 51.5 51.4 51.5 51.4 51.5
C-15 30.7 31.12 30.52 30.92 30.7% 30.9%
C-16 26.8 267 267 26.7 126.8 26.7
c-17 51.7 51.7 51.7 51.8 51.7 51.8
C-18 16.3° 16.30 16.3° 16.3P 16.3P 16.3P
C-19 16.0° 16.1P 16.0P 16.1P 16.0P 16.1P
C-20 83.5 83.4 83.5 83.6 83.3 83.2
c-21 22.4 22.4 22.3 22.4 22.4 224
Cc-22 - 36.2 36.3 36.2 36.3 36.2 36.2
C-23 23.2 23.3 23.2 232 232 232
C-24 126.0 126.0 125.9 126.0 126.0 126.1
C-25 131.1 131.0 131.1 131.1 131.0 131.0
C-26 25.8 25.8 25.8 25.8 25.8 25.8
c-27 18.0 17.8 17.9 17.9 17.9 17.9
C-28 28.1 28.7 28.1 28.7 28.1 28.7
C-29 16.6° 16.40 16.6° 16.4P 16.6P 16.4P
C-30 17.4P 17.5® 17.40 17.5P 17.4P 17.5P
20- Glucopyranosyl moiety
c-1 98.1 98.3 98.1 98.2 98.1 98.1
c-2 74.9 75.2 74.9 75.0 75.0 75.1
C-3 78.0¢ 79.3¢ 78.3¢ 79.2¢ 78.3¢ 79.2¢
c-4 71.6 71.9 71.7 72.0 71.7 72.2
Cc-s’ 77.1¢ 78.1¢ 76.7¢ 76.7¢ 76.5¢ 76.5¢
c-6' 71.8 63.1 69.2 69.2 685 68.5
Arabmopyranosyl moiety
c-1” 104.6 104.5
c-2’ 72.1 72.2
c-3” 74.1 74.1
Cc-4" 68.6 684
c-5” 65.6 65.4
Arabmofuranosyl moiety
c-1” 110.1 110.1
c-2” © 834 83.5
c3” ‘ 79.2 79.0
c-4" . 86.0 86.3
c-5” ‘ 627 . 628

The spectra were recorded in CstN at 400 MHz. Chemical shifts in ppm relative to internal TMS.
a, b, ¢: Assignments may be interchangeable within the same vertical column.
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Name Ry R, Rz
Ginsenoside Rb; 0-Glc®-1Gle H O-Glc®-1Glc
Ginsenoside Rb, 0-GIc®-1Glc H O-GIc®-'Arap
Ginsenoside Rc 0-Glc®-1Gle H O-GlcO- Asaf
Ginsenoside Rd O-GIc®-1Gic H O-Glc
Ginsenoside Re OH O-Glc*-'Rha O-Glc
Ginsenoside Rg; OH O-Glc O-Glc
Ginsenoside F; OH OH O-Glc
Ginsenoside F, O-Glc H O-Glc
Compound-O O-Glc H O—Glc6—1A14p
Compound-Y OH H O—GICG-IArap
Ginsenoside Mcl O-Glc H O-GlcS-1Araf
Ginsenoside Mc OH H O-GlcS-1Araf
Compound-K OH H O-Glc
Protopanaxadiol OH H OH
Protopanaxatriol OH OH OH

Fig. 1. Chemical structures of ginsenosides and their metabolites.
Glc: B-p-glucopyranosyl, Arap: a-L-arabinopyranosyl, Araf: o-L-arabinofuransoyl, Rha: o-1-

rhamnopyranosyl.

Hz, H-24), 0.90(3H, s, Me-18), 0.86(3H, s, Me-
19), 1.57(3H, s, Me-21), 1.56(3H, s, Me-26),
1.56(3H, s, Me-27), 1.17(3H, s, Me-28), 0.98(3H,
s, Me-29), 0.96(3H, s, Me-30), 5.11(1H, d, 7.6
Hz, H-1"-20-Glc); 1*C-NMR(Table 1).

CHAFAME [| - Colorless crystal from MeOH-
H,0O; m.p. 170~171°C; FAB-MS(negative), m/z,
753({C41H7501,-HI7, 621[C4H401,-Arap-HI,
459[C4;H,(Oy,-Arap-Glc-HI; 'H-NMR(400 MHz,
pyridine-ds), &: 3.40(1H, dd, /=10.5, 5.1 Hz, H-

3), 0.80(1H, d, ~11.0 Hz, H-5), 3.89(1H, m, H-
12), 5.32(1H, t, j=7.1 Hz, H-24), 0.93(3H, s, Me-
18), 0.89(3H, s, Me-19), 1.66(3H, s, Me-21),
1.62(3H, s, Me-26), 1.62(3H, s, Me-27), 1.20(3H,
s, Me-28), 1.01(3H, s, Me-29), 0.99(3H, s, Me-
30), 5.09(1H, d, /=7.8 Hz, H-1" -20-Glc),
4.96(1H, J=5.9 Hz, H-1"-20- Arap); 3C-NMR
(Table D :

CHAAZ 1| - A white powder; FAB-MS
(negative), m/z, 753[C4H;001,-HI", 621



364

Fig. 2. The TLC profile of metabolites of ginseno-
sides by fecal flora in MH broth. The bac-
terial mixture from human feces was
added to MH broth containing ginseno-
sides and anaerobically incubated at 37°C.
The metabilites of ginsenosides were
detected on TLC at the indicated times (3,
6, 9, 12 and 24 hr) after the incubation

(C41H7gO-Araf-HI~, 459(C4;H5(0;,-Araf-Glc-
HI™; '"H-NMR(400 MHz, pyridine-ds), & 3.39(1H,
dd, /=105, 5.1 Hz, H-3), 0.80(1H, d, ~11.0 Hz,
H-5), 3.93(1H, m, H-12), 5.32(1H, t, /=7.1 Hz,
H-24), 0.92(3H, s, Me-18), 0.89(3H, s, Me-19),
1.69(3H, s, Me-21), 1.67(3H, s, Me-26), 1.67(3H,
s, Me-27), 1.21(3H, s, Me-28), 1.01(3H, s, Me-
29), 0.99(3H, s, Me-30), 5.10(1H, d, <7.8 Hz, H-
1" -20-Glo), 5.61(1H, f=1.7 Hz, H-1"-20-Ara),
13C-NMR (Table D).

2

F2 OARMES 8F - F2 dYAltege ¢
ZE &7 A& AN FHATS o] &3t
WAEE IMIVE Azt dldig. ol o
ARIE L MS daad]Ad 28], & glucoser} 8}
U, e me glucose-arabinoseE 7H4 PPDA
triterpenoidal saponin®d & ¢ £ 4. =%
NMR datadi Aol 93 I, I ¥ NI Table 19 WY
Ehd ulel o] aglycon moiety C-39] carbon
signalo] z}z} §78.1 ppm, §78.2 ppm, 678.2
ppmE = Rb;, Rby @ Rc2l §89.0 ppmol H}3)
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AAFo R shiftdlr o™, C-209) signaldlE
Ayt gleng C3d AFE o] fAatE o]
-OHE ¥ Ad< & + U,

a2z 18] 20-glucopyranosyl moiety C-6" <]
signal®] §63.1 ppm2 2 Rb;2] §71.8 ppmel] H]
8 A&l shifisti e A & o, C6 of
Agstn 9lE ¥ glucosert AE A &E
% & Ut wEbM NMR 2 MS data2R-E o
RS L I, e A7 Fig. 19 vFeRd wle} 2
o] compound-K(C-K), compound-Y(C-Y), 20-
O-[{a-L-arabinofuranosyl(1—6)-f-p-glucopyra-
nosyll-20(S)-protopanaxadiol?l AL &4 4+ 9
t}, o]%& ML Al prosapogenin® £ ginseno-
side-Mc(Mo)E B H. &4 Ive TIC &
HPLCE ERIZH 23 PPTYU S & & Uit

Alate| ZhA|Foll 98t ginsenoside2| CHA}
- MH¥|A| & o] &slo}, ZAldel ¢¢ 7 gin-
senoside®] WAMIES TLCE ZAME A#E
Fig. 2o Jelidth. F8 tAbdE <] TLC ¢
o] RfAlE Z+4 compound-O(C-Q, 0.27),
Mc,(0.28), F,(0.42), C-Y(0.49), Mc(0.50),
F,€0.54), C-K(0.64), PPT(O.73)(CHC13-MCOH—
H,0, 65:35:10 lower phase)o]Q1th, ®3 HPLC
o R(min)¥E Z+zb Rhy(11.4), F;(15.9) (CH,CN-
H,0, 36:64), Mc(14.6), C-Y(15.9), PPT(19.6)
(CH,CN-H,0, 50:50), C-K(14.5) (CH,CN-H,0,
60:40), PPD(18.3) (CH;CN-H,0, 85:15)0|%{t}.

adln MHulAo|A Rb;, Rb,, Re, Re, Rg;<
vz} 9, 12, 12, 24, 12A17F Zof] AAdHow,
F8 dARIERE A7) 8 CK, CY, Mc ¥
PPT7} AT, HF dAMIEL CK %
PPTH T}

Ginsenoside2| CHAY| o|xj= tfX|e| A&k -
MH, PY, GAMH|Z| & A}&-3le] wi=]e] o el
7} ginsenoside] TiAbd] ulX e QEE HEF
vl AR 2o &olzt Ao tASG oA
o] zto]7} AU, Fig. 3 2 wiA oA 94]
ZF QANZE W dAYEHE TICZ &l
A2 ek, Rby, Rby, Re, Rg;> MH %
GAMHIR |4 Btk PYWAAA w27 At
3, 53 Re, Rgi& GAMHAI A wj¢ =
A AR
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Fig. 3. Effect of fermentation medium on the
metabolism of ginsenosides by fecal flora.
The bacterial mixwre from human feces
was added to MH. PY and GAM broth
containing ginsenosides and anaerobically
incubated at 37°C. This TLC plate shows
the profile of metbolites of ginsenosides

(1: Rby, 2: Rby, 3: Rc. 4: Re, 5: Rgp at 9 hr
after the incubation in each medium.

CHAMEZE - TLCe] Z72 R F8 ginseno-
side?] HAME 2% 742 Rb;—Rd—F,—C-K, Rb,
—C-Q—C-Y—C-K, Rc—Mc;—Mc—C-K, Re—
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el o= Aol AR wek Aol
AAstE Ade EANEY Aolrt d3HZ,
2 A# ginsenoside? WAMIE HALRAE @
At el H3lE 8T £ Sl
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