¢ %% Chinese Traditional and Herbal Drugs 35 483 25 18] 201741 A *85-

/
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Protopanaxadiol ginsenosides dynamics in enzymatic reaction and preparation of
rare ginsenosides

PENG lJie, LIU Chun-ying, CHEN Shuang, YU Hong-shan, JIN Feng-xie
College of Biotechnology, Dalian Polytechnic University, Dalian 116034, China

Abstract: Objective To cheaply prepare the rare ginsenosides by biotransformation, ginsenosides C-K, C-Mc, F,, and Rh, from
commercially available Protopanaxadiol (PPD) ginsenoside mixture were prepared using a crude enzyme of Aspergillus g.848 strain.
Methods The rare ginsenosides were obtained from PPD ginsenosides by enzyme reaction; The composition of PPD raw materials
and ginsenoside products was measured by HPLC. The monomer ginsenosides and Rh, group of enzyme reaction product were
separated by a silica gel column; The produced monomer ginsenosides were identified by NMR; Rh, group was identified by
UPLC-MS. Results The raw material of PPD ginsenosides was consisted of ginsenoside Rb;, Rd, Rb,, Re, and Rg; groups with four
kinds of isomers. During the reaction of enzyme, the best reaction time for the ginsenoside F, production was 1.5 h to 2 h; The best
reaction time for the ginsenoside C-K production was 24 h to 30 h; If producing the Rh, group, when reacted to 6 h to 12 h, the content
of Rgz group was low, and Rh, group was high. In the production of C-K, 20 g of crude products were obtained from 30 g of PPD
ginsenosides by enzyme reaction, and 8.16 g of C-K, 1.01 g of C-MC, 0.45 g of F,, and 0.19 g of Rh, group were separated using silica
gel column. The rare ginsenosides were identified by NMR, and the Rh, group was identified using UPLC-MS method. Conclusion
The high activity of monomer ginsenoside C-K, C-Mc, F,, and Rh, group are successfully prepared from the PPD ginsenosides by
enzymatic conversion.

Key words: PPD type ginsenosides; enzymatic conversion; rare ginsenosides C-K, C-Mc, F,; ginsenoside Rh, group; silica gel
column; NMR
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N2 Panax ginseng C. A. Meryer J& TLINFI NS
JE AR, SRR AN SR ER 2. RERIAA,
ANZ AR IR B e i, Az efr
NS FEMIEME S, BRGNS iEE
P TN IR S, BN s D Re SR I
MY, NSRRI, W N 3 2K R
NS ZEREAF (PPD). JRAS —F2REFF (PPT)
TR AF, QA AS B 180 A FhP;
HANZ T 80%~90% 12 H 4 N2 21 Rby (Rby).
ANZRAF Rby (Rby)w AZ AT Re (Re). AZHE
H RA(Rd) AZ2H Re(Re). AS 1 Rg (Rg))
FINS A RE (R 2500, L3 0 g 47 10 AR
IR PR i ASHAT B C-K (C-K).
ANSHH R C-Mc (C-Mc). NS E1F C-Y
(C-Y). AZWMART F, (F). ASHif 21 Rhy
(Rhy) %5, Woeem, iEPEGE, BT BA 2
PO PUMIRSEINRL, e HAREER K HT
S WA,

N TR EEE SRR, AR R
T 4 Fh NS E: RIJKA# PPD ' Rb;. Rbyy Re
1 Rd ISR 3(1K)-0-F1 20(15)-0-Z2 Rl 3L NS 2
FrlE 17050 KA PPD 1) 20-0-Z MR N 212
Tl o' AT FEEAE E. coli C41 (DE3)
Rl R IA NS T, GE/KAE PPD 1 3-0-
LA, KR PPT h Rew —HRFF R, (R
Rg, ‘& 6-0-Z FppiL A 2 247l v A0S, ]
IR 4 BT DUE NS B, HR SRS
ity 21

ARSI ERIT T K H Aspergillus g.848 T#1I A
ST LAY, E ARG 21 B 75 000, fE/K A
Rb;. Rb,. Re. Rd 1 Rgs [ 3-O-F1 20-O-17 & 1%
PRI o WS K iR Rby 1K 20-0- K Gle 221 Rd,
SRIG KRR 3-0-Kif Gle & F,, ®JG/KE F, I
3-0-Gle #33] C-K, HIKfi#i&tek Rb—~Rd—~F,—~
C-K; ZE§5C/Kf# Rb, A Re 1) 3-0-Gle, HoKfiis
4 Rb,—~C-O—~C-Y—~C-K, Rc—~C-Mc1—C-Mc—
C-K: MK HEEE, Bk M2 i A
Rb; [1J 20-O-Glc>Rb, [1] 3-O-Glc>Rc 1] 3-0-Glc>
Rd 1) 3-O-Gle; B, 0 S N IS Ta] L B
IR RS E, I PPD 71 Rb;. Rb,. Re. Rd
A% C-K. C-Y. C-Mc HI F, 2119201

T 2ER RN 2 5B BRI AR B 5, DRI AR SE
IS H F B 1Y) Aspergillus ¢.848 T N2 271 1 YA

Fip i 5 T 5 11 PPD YRS PR N, AR AR i 2% 5 1k
ANSHA R WX T PPD IRG 2 RS FE
F 5 LEAN IR SN 8] R AR A0 sl 25 R = 0 2 b LA
h K EH % NS A BRI -
1 XE5HH

Waters 2695 /=1 R0BAH 5593 11X, Waters 2996
THCEBES RN # A Empower (B8 T AN, SE[H
Waters A ) ; Unitary Cg (81541 (250 mm X 4.6 mm,
5um), HEIEGHIRE A RA R . BRI Bruke
AVANCE 600, NMR spectrometer, %ii - Bruke 23 ] .
Waters UPLC-Q-TOF-MS Premier™ i i 20 AH €4,
- PU - RAT IS R R PR BT I FH A, 56 [E Waters
Al

Aspergillus g.848 T, ASEH % £241L; PPD J5URL
4 FhSFRIRM) Rgs 2R Rhy 41, FARERF M A
Z AT B C-K. C-Y. C-Mc. F,. 20(S)- Rh;.
20(R)-Rh, AZ 21 Rhy (Rhsy). AZ 2F Rk, (Rk;)
2, ASEIGE A, Srp ERFE BRI 2T
FUIT I S AL 22 RIS o b O AR R S5 R, TR A
FIIAE 95%LL . #E M (TLC) R Silica gel
60-F254, fi[E Merck 22 w]; AB-8 XfL# /. D-280
KALBIRE ke, RERGHF KA .
2 FEEHR
21 AZSEFH. PPD BRIDHAE
2.1.1 TLCvE  FBZHEWEOGT FEbh BORE i,
7 TLC AR ERURE . KT, JRONBSREAT R TT A Z T
HCHP R, IR - EE-/K (7 23 20.5),
JETFEE G, H 10%60 R N #4 E 4
2.1.2 HPLC 7% Unitary Cig (035 4E (250 mmX 4.6
mm, 5um); WA OHE-Ks BEBFET: 0~20
min, 20%Z 05 (Z5FE); 20~31 min, 20%~32%4.
b OCRPERRE): 31~40 min, 32%~43%ZMfE (4
PERREE ) 40~70 min, 43%~100% £ CERPEREE )
HEFEE 10 pL; AR 35 °C; #ABUALHE 0.6 mL/min;
R 203 nm; ALK 78 000 F5 4 /m.
2.1.3  FEAOESII KA N 2 2 A R A
Hifil, 22045 pm SEMEIERE, RIOGASIIRE S 43
F& “2.1.17 “2.1.27 AT o
22 PPD ERIBIRR S S

N T fif PPD w5 R S L LA, BRI 4 mg
PPD, %1 1 mL (AiaifffEF, 4 HPLC &,
NS 2 AL, SR 1. XK1
(*) HPLC K347 20 #7, PPD &g i L3 1.
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20(R)-Rg;
20(5)-Rgs

Rg5

38 42 46 50 54 58
t/min

1 JE# PPD 2% HPLC
Fig.1 HPLC of raw material PPD

#z1 JE# PPD EFHH HPLC 747
Table 1 Ginsenoside content of PPD

2 U E)/min - WEEIRBL UEIRTARLE/%
Rb, 38.910 1366 983 30.60
Re 39.742 530 283 11.87
Rb, 40.755 143 909 322
Rd 42.555 712247 15.94
20(S)-Rg; 50.261 288 793 6.46
20(R)-Rg; 50.706 369 244 8.27
Rk, 55.614 445512 9.97
Rg; 56.163 610 574 13.67

M T FIEE 1 AT LA 21, i H gt [a], PPD
JEE A Rbiw Rd. Re. Rb, Hil 4 Rl fA Re;
AR BRI 20(5)- A Z 21T Rg[ 20(5)-Rgs 13 20(R)-
ANZ AT Ry [20(R)-Rgs . AZ 1T Rk (Rky)-
NZRBAF Rgs (Rgs) 4k} M T, g
AR A Rt ARSI AR LL Rl %0, PPD
JFoR E S 30.60%01 Rbyv 15.94%01 Rd.
11.87%FF] Rev 3.22%MH Rby; 6.46%[1) 20(S)-Rgs-
8.27%I1) 20(R)-Rgz~ 9.97%I") Rk, 13.67%I1) Rgso
AL 5L Rby A1 Rd VRN 46.54%; Rgs 450
1T 38%.

23 EBEIHI&

B NS 21l 1 YY) Aspergillus g.848 T,
RIFHZINS B . 75 4%Z 5T & 1%A
SPBUR IR TR, 30 CHFERFE 5~6d, Bl
BREAT, IO\ 3 SRR R, S RDTERGE I, B
ORI R T DT0E, W T 110 5380411 0.02
mol/L. pH 5.0 BEFRZZ M, B LBRiE, BN B .
2.4 PPD EFHBERMNENZS

UA PPD 1E A i [ N4, B 5 g PPD R HE T
20 mL [ EEH, JEIA 80 mL 0.02 mol/L BATRZE
M (pH 5.00, S5EARFIBRAR A, N 45 C

IR SN o AR RS R, 430 4E 054 1.0
1.5, 2.0, 2.5, 3.0, 6.0. 12.0. 24.0. 30.0. 36.0h
I, B S Y 1 mLo A —HE SR EAT A, B
BrA%. & T. ZATHRET 3 mL A HES, 2517
HPLC #:lf. H:A 0.5, 2.0, 30.0. 36.0 h ({6 %A,
WK 2 . %ARFERT 0.5, 1.0. 1.5, 2.05 2.5,
3.0, 6.0, 12.0. 24.0. 30.0. 36.0 h, JLHU 11 M
i [ HPLC ta% &, dE T 8ds 04, W3k 2.

H & 2 A6 2 mTA, BESE/K AR Rb, 1) 20-0-K
i Gle A2 Rd, SR J57KAE Rd 1) 3-0- K Gle 221k
F,, 4k8KM# F, 1) 3-O-Gle Ak C-K; JEY Rb.
Rd 7 0~1.0 h W21 &L FRAZM, 1.5 h N

Rb; B SN 0.5 h

20(R)-Rgs
20(5)-Rgs

Rgs

38 Y 46 "0 Y T
t/min

F» B SN 2.0 h

20(R)-Rg

Rh;
20(R)-Rh, 3
2009)-Rgy  c-Mec & ¢

44 48 52 56 60
t/min

fiff 2 5. 30.0 h

20(R)-Rg; C-Mc

Fz C-Y 20(S)'Rh2

20(R)-Rhy

48 50 52 54 56 58 60 62
t/min

fiE SV 36.0h  |C-K

20(R)-Rg; C-Me
(R)-Rgs ey

2 EEREZ 0.5+ 2.0. 30.0. 36.0 h FTRY4ESH HPLC
Fig. 2 HPLC of reaction product for 0.5, 2.0, 30.0, and 36.0

h in enzyme reaction
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Table 2 Dynamics of PPD enzymatic conversion
5 52 S L/ JEUR} R % S R B %
Rb, Rd Rc Rb, 20(S)-Rgz  20(R)-Rg; Rk Rgs
0.5 30.60 15.94 11.87  3.20 6.46 8.27 9.91 13.55
1.0 30.60 15.91 11.79  3.20 6.44 8.27 9.87 13.47
1.5 — — — — 2.99 2.36 6.26 8.47
2.0 — — — — 2.40 5.43 7.05 9.16
2.5 — — — — 1.69 6.72 591 7.29
3.0 — — — — 1.79 7.04 5.98 7.83
6.0 — — — — 0.61 6.69 4.39 6.70
12.0 — — — — — 6.77 1.47 2.11
24.0 — — — — — 6.56 — —
30.0 — — — — — 6.31 — —
36.0 — — — — — 6.05 — —
o I 52 I 7 P 58 A 53 50%
ity )52 2 IR} [ /b
F, C-Mcl C-Mc C-O C-Y CK 20(S)-Rh,  20(R)-Rh, Rk, Rh;
0.5 — — — — — — — — — —
1.0 — — — — — — — — — —
1.5 32.50 7.53 455  2.62 — 8.10 1.42 2.15 8.11 9.35
2.0 35.37 7.86 221 1.75 — 13.05 1.64 2.70 5.39 591
2.5 30.17 5.71 232 1.66 — 16.15 1.49 2.53 9.80 8.46
3.0 28.02 5.50 3.10 1.54 — 20.90 1.36 2.49 7.35 7.02
6.0 13.01 2.59 6.81 0.85 3.15 38.86 1.53 2.44 6.57 5.78
12.0 8.48 — 8.67 — 3.41 49.10 1.79 1.86 7.03 7.08
24.0 1.45 — 8.49 — 3.56 54.00 1.81 1.56 9.10 8.90
30.0 235 — 8.49 — 4.09 57.25 1.94 1.16 9.32 8.96
36.0 3.51 — 6.93 — 3.37 48.90 2.86 1.08 14.10 1290

SEAR/KIF AR R ) Fy, 48 1.5~2.0h I F, [
) 32.50%~35.37%, M 2.5h J5 F, [REZEHD,
% 6.0h 5 F, B &M 13.01%Z W00 5] 1.45%.

filf 567K Rb, A1 Re [ 3-0-Gle 48k C-O Al
C-Mcl; #t—5/K## C-O Al C-Mcl ) 3-O-Gle A2,
C-Y Ml C-Mc, HA&AR C-Ko Rby 5 5 W A R
[0 7=4) C-0, FHIZEWIER C-Y Il C-K; J&4 Rb, 7£
0~1.0 h N2 & L&A, 1.5 h KA L
HRAE 4 C-0, C-O 4 1.5 h N 2.62%, BEE
NI [E] PR3 0, C-O [N 2.62%1 /> 31 0.85%
C-O 1E 6.0 h Ja A FK MR C-Ys 7 6.0 h I FF4G
A C-Y Ak, HEFEN 3.15%, EREKRA 30.0 h
i C-Y K, HEH 4.09%.

Re 5 5 N AR B (] 7=4) C-Mcl, 152238 7K fil

A C-Mc fl C-K; JEY) Re 7E 0~1.0 h I 275 )L
P, FE 1.5 h IR S8 A KA AR s ) )
C-Mcl, HRAFEN 7.53%, BEAHEE N ] (1)1
B, C-Mcl B EALE 2.0 h K, 4 7.86%, Bl
R AT EBWIRD, 6.0 h J5 C-Mcl S84 # K fi# ik
C-Mc; C-Mc 7£ 1.5 h WEtgoKmAR, Hah
4.55%; {£2.0 h i C-Mc [ 2FF R D] 2.21%:;
££2.0h J5 C-Mc W21 EZEHIG N, 12.0 h IR
WK, N 8.67%: 12.0h 5 C-Mc [ 2 & &M
Wb PP C-KAE 1.5 h INgOKARAE K, HEtrs
Hy 8.10%, FitiAg g s NI ] R34 n,  C-K [ e 3
B, 48 30.0 h i) C-K 2t &R 57.25%, HT K
M EL K, 7E 36.0 h I C-K (2 &b, &4F
bR IG AR RIS RAA S C-K, R
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N HEAT 30.0 h IS E O .

Rgs 4111 20(S)-Rgs~ 20(R)-Rgs Rk, F1 Rgs 7E
it Js Ik R H 3 3 #5404 Ry 211 20(S)-Rhy< 20(R)-
Rh,. Rk, #1 Rhs.

20(S)-Rg; Fifi 5 5 W 32 i 2E % 20(S)-Rhy;  20(S)-
Rg; /£ 0~1.0 h 21 &)L PFRA N, /200 )5
BAFRBEED 6.0 h 58 58 KA 1774 20(S)-
Rhy 7 1.5 h I AER, HRBAFER 1.42%; R
IS, 20(S)-Rhy H) 2 2R .

20(R)-Rgs 55 [ NZ#i B 20(R)-Rhys KA
20(R)-Rgs NE DKM, 1ElE Y. 36.0 h, M 8%
LA FEE] 6.05%; H7H) 20(R)-Rhy A 2.70%.

Rk, 15§ 52 Wz A 1% Rk,; JEEY) Rk, 76 12.0 h
JERETE A K AR, 77 Ry AE 1.5 h IS FFARAE 1, OV,
36.0 h N HEF RN, H 14.10%. Rgs SN
WA Rhy: W) Rgs 7E 12.0 h JGH58 2/K i,
74) Rhy 76 1.5 h B IR AR R, [V 36.0 h I L2 4
iR, A 12.90%. KNS, ATRERE N Rhy 41
AL T oA

HIERT L, AR C-K N I, defd S N
] 4 24.0~30.0 h; 4277 Rhy 414 EHEHFI, RN
6.0~12.0 h I Rgy 2 EAIKIT Rhy 415 & 4" B F,
N F AT, SRR VI Y 1.5~2.0 he
25 HEEEFHHE

AR B C-K A EMEFR, K PPD 2
Hlg S V3T 24.0~30.0 h I, C-K AR EHZ
M e N HEAT 30.0 h, AR C-K 2.

A PPD {4 S M S, HX 30 g PPD KL%
F 60 mL [ FEEH, IF I 540 mL 0.02 mol/L iR
L (pH 5.00, HEMARBUNIEERIESG, 45 C
AT NER NP RN, RV 30.0 he
KNG NN 3 % s N AR RS TvE Mg a1, I
WA AB-8 FEBBERR A D-280 AR (A, K4,
138 20 ¢ & C-K 2R =PIfl . 4
HPLC A3ill, Hr=#Bfistioh 57.25%1 C-K,
2.35%I1) Fy, 8.49%[F) C-Mc, 4.09%[H) C-Y, 9.32%
K] Rky, 8.96%[1] Rhs, 1.94%[¥] 20(S)-Rhy, 1.16%
(1) 20(R)-Rhy, 6.31%[] 20(R)-Rg; (% 2).

¥ ik 20 g 10 V915 50 g 1) 80~100 H ik
A (PR, HeEI%E 400 g ¥ 300~400 H
FERAT b, B SRk At SeHaiE pimas, M
PAFREE G- TR (9 0 1) BIEBEFIEN,
££ 200 mL, FL4E 108 Jffi; 28 TLC K0ll, B854

MR R VBRI, akai. T, 1521 8
T B, W3 3 fizs. 3 3 PIRIETH, 4 TLC A
W, e 3 s

R3 HERESBASE
Table 3 Separation of ginsenosides by silica gel column

Feah's RN ST Jiti/g
1 1~11 It 1.98
2 12~19 CK 8.16
3 20~23  C-K 5 Rk,. Rh;iBEH  0.73
4 24~26  Rh4 0.19
5 28~48  REW 2.13
6 59~70  C-Mc 1.01
7 81~86 F, 0.45
8 87~108 F, 5HAMEHIREA 1.65

- -
g N - - _ &
.e . 8

[ S S A W R TR S -1 i - - W

B OB CMRR4CKT 2 3 4 5 6 7 8
FE-C-K ffh  Fov C-Mc. Rhy 4. C-K-AS B 1~8-
YB3 AR S
F2, C-Mc, Rh2 group, C-K-ginsenoside

reference substance 1—=8-the sample numbers of the obtained Table 3

sample-C-K crude

were separated
3 ERHSEASEEMN TLC

Fig. 3 Ginsenoside TLC from silica gel column

M 3 I 3 1350, A FHRERATE 70 B9, M 20
g C-K g, ity B9 5 8.16 g /4l
95%[1) C-K ¥4k, 1.01 g w4 90%(1) C-Mc
B, 0.45 g TR ECH 90%IK) Fy B4k, 0.19 g 2
T4 90%[1 Rhy 415 FOREER AT 4 2543 21 1) 2 1F
28 HPLC i, 5% 5200 JRL A 10 HH g I i) — 3,
AT LLNE N C-K. C-Mc. F, fil Rh, 41 21F.

C-K. C-Mc. F, k2 4f, H NMR y5AZ %} 4
F; Rhy 4114, A UPLC-MS %5 HA4L
3R] 1.98 g HHocdl, HEFcd At T4 e
2.6 BSR4 C-Mc. F,#1 C-K BYZE#I% %t

¥ C-K. C-Mc. F, FfA21F, H NMR iEZx)
GER o K BE SR RAE Pyridine-ds, JT] Bruke AVANCE
600 ('H: 600 MHz; "*C: 150 MHz) ¥ SLAR A0,
NG o
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WA H-. PC-NMR ESEHT, 5% @i AS B, 1 PC-NMR i K
RN S B L, B TSR MRJE W 4 R, UEWTT A B AR B NS

4 O 1n HO

6"
OH 6' 5" 21
Ho 5" 5 Howo P
3 : 0 :
OH “Ho- | 3 %

{7ZDA F, C-Mc CK {72DA F, C-Mc CK
Ht 3-0-Gle

C-1 2339 3960 3972 C-I' 107.10 — —
C2 2693 2841 2841 C-2 75.93 — —
c3 88.98 7940 7943 C-3' 79.43 — —
C-4 3937 3975 3958 C-4' 71.80 — —
C-5 56.56  56.57  56.53 C-5' 78.50 — —
C-6 1863 1897 1893 C-¢' 63.26 — —

C-7 35.30 35.37 3534 20-0-Glc

C-8 40.22 40.26 4024 C-1' 98.42 98.25 98.40
C9 50.37 50.49 5047 C-2' 75.28 75.19 7527
C-10 37.13 37.55 3752 C-3 78.90 78.29 78.40
C-11 31.06 31.00 31.10 C4 72.05 72.28 71.80
C-12 70.35 70.46 7035 C-5 78.43 76.69 78.22
C-13 49.65 49.62 49.65 C-6' 63.04 68.67 63.04

C-14 51.60 51.62 51.59  20-Ara (f)

C-15 30.95 60.94 3095 1" — 110.28 —
C-16 26.82 26.84 2681 2" — 83.47 —
C-17 51.81 51.86 51.79 3" — 79.01 —
C-18 16.98 16.55 16.53 4" — 86.19 —
C-19 16.47 16.55 16.50 5" — 62.84 —

C-20 83.48 83.61 83.46
C-21 25.95 26.02 25.94
C-22 36.31 36.36 36.32
C-23 23.39 23.35 23.37
C-24 12612 12622 126.12
C-25  131.09 13123 131.07
C-26 22.56 22.53 22.52
C-27 17.95 18.10 17.94
C-28 28.33 2891 28.86
C-29 16.16 16.25 16.19
C-30 17.56 17.60 17.56

4 BRIP4 F,. C-Mc. C-K &MiZHEEIR A LR PC-NMR i 5 £ H4E
Fig. 4 "“C-NMR spectroscopic data and structures of enzyme reaction products F,, C-Mc, and C-K
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B C-K. C-Mc. F, §ifk; NS4 C-Mc 451411
RBATRN 20-O-[o-L-Bu] 7 AR 55 -(1—~6)-B-D-
T B L R B K 1-20(8)- N 2 I UG By B4
RGN 3-O-B-D-i1 2 B nHk e 4 55-20-0-B-D-
i 2 Bl IEL R B 3L 20(S)- A S EEAF G CK,
20-O-B-D-F A HE L HE HE-20(S)- N 2 Z Rt It
2.7 BEREIFEH) Rh, 40 UPLC-MS 3528080

UPLC-MS 754650774 Rh, 414F UPLC-Q-TOF-
MS Premier ™ Fit47, ESI Y, 1F. 75 7T,
“V7 OB TRL I

UPLC il 4cft: ti%4E4 BEH Shield RPg
(100 mmX2.1 mm, 1.7 um, Waters); JshI41 4 0.1%
HR G (A) -0.1% FFRR/KVE (B); BHIELE
Bi4cE: 0~5 min, 5%~95% A (ZMEEEIE); 5~
10 min, 95% A (Z5J%); HEFERE 10 uL; AR &
0.5 mL/min; FEi& 30 ‘C; &P 203 nm.

VUZEAT I 1H) ®AT HR IS (Q-TOF-MS) A il
ZAtf: BAEFHIE 2.5kV; FEMFLHIE 35V BF
PR 100 °C, B FVRHRE 350 C; HEFLTAA
WL 50 L/h, BRI AR 1000 L/ i+
Ve m/z 100~1 000.

53 B A 2 1K g S 1) Rhy 41, 28 HPLC fa il
H1 20(S)-Rhy+ 20(R)-Rh,+ Rk,. Rhy 4 i1
B (B 5). H Rhy 4119 4 Fh 7 ALE HPLC H i
WERF ], 5 Rhy 4875 —50 LA Rhy
e . FH UPLC-MS 74k#E— D Rh, 4.
20(S)-Rhy F1 20(R)-Rhy, IFHXT 4 it i 4 622, Rk,
F1 Rhy [FIAEXS 7 7 A 604. Rhy 4117 UPLC K
e KR

M 6 FRRTLAE Y, AT 4 AW IR AR g
A1 Rhy 411 HPLC A5l B3 35, 20(S)-Rhy 20(R)-
Rhy. Rko Rhy FRYEEAMR UG s IR [RIAK 2 4.62.
4.66. 5.33. 538 min. FL Rhy 4l i 15 7R
R (Q-TOF) i, Ha & rmEaE 7

20(S)-Rh, ﬁ Rh;
0(R)-Rh;

|
— e e SV VPV T N L,A_MJ‘J

Rk,

49 51 53 55 57 59 61 63 65
t/min
5 BSR4 Rh, 448 HPLC
Fig. 5 HPLC of products Rh, group

¢« 0] »
|
|
20(R)-Rh RkRMs
20(S)-Rh; ., ’ w‘ | f\/\ - -
A NV N
/
P e

LA L LN L L R R LR LA L L L AR R A I R L

40 42 44 46 48 50 52 54 56
t/min

6 Rh, 2B mA9 UPLC EiZ
Fig. 6 UPLC of sample in Rh, group

20(R)-Rh,

i |
__.._th’K ]

1.0 2.0 3‘.0 4.|0 5.0 6.0 ‘7.0
t/min
7 ESI'#&XT Rh, A#mEE FiREE
Fig. 7 Total ion beam of sample Rh, group in ESI" mode by
MS

Przse W7 il LI H, S EsFiEHr) 2008)-
Rh,. 20(R)-Rh,. Rk,. Rhjy [F)H UK TRIK A 4.62.
4.71, 536+ 5.41 min, 1 UPLC [Eulirp #4150 14
g P TR AR DT o P OB X 0 B8 P Ime EA T — T
YT, HERE S AR R S R

T 560 Ry AL 2866 2147 1 20(S)-Rhy 20(R)-
Rh, & FUELE BST A AT — i br, 15
B —g ik i 8. 9 ffizn. MK 8 F1 9 th Al LUE
i, Rhy AEX > TN 622, {E ESI B NE
J% [Rhy~HCOOH] &1 U, i f s A~ Sk
1A H, PrUFE Rhy 73 2 1) B 16 m/z 667 i)
FAIE, FRA R 20(S)-Rhy AT 20(R)-Rhy,  HAT
X5 IR 622,

667

L L
100 200 300 400 500 600 700 800

m/z

900 1000

8 20(S)-Rh, 7£ ESI &= T8 — R fRi&E
Fig. 8 Level 1 MS of 20(S)-Rh; in ESI" mode
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i Rhy A NS 2 Ry Rhs 12510
7 EST R F AT — gl o, 15 20—k
WK 10, 11 fion. MK 10 A1 11 s LA, Rk,
8¢ Rhy (AR FRE N 604, 76 BS B R
[Rh,+HCOOH] &7, fi f g5 1B N b 1
A~ H, PrLL Rk, 8% Rhy 73 2 ¥ B 76 m/z 649, #§n]
I, FEMTT S Rk, M Rhy, AR 7 A
604.

FH LG, T LAAIE B S84 211 Rhy 2172 HH 20(S)-
Rh,. 20(R)-Rh,. Rk,. Rhy 4 PSRy 4AL k.

667

| by
100 200 300 400 500 600 700 800 900 1000

mlz

9 20(R)-Rh, 7& ESI #&3 T 89— i E
Fig. 9 Level 1 MS of 20(R)-Rh, in ESI” mode
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10 Rk, 7 EST R T A — R EiEE
Fig. 10 Level 1 MS of Rk; in ESI” mode
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m/z

11 Rh; 7£ ESI# R TR —F RiEE
Fig. 11 Level 1 MS of Rh; in ESI” mode

3 e
PPD iRl 244 30.60% 1 Rb;« 15.94%FH)
Rd. 11.87%[] Re. 3.22%[f] Rb,; 5 H 6.46%HH)

20(S)-Rgs+ 8.27%F] 20(R)-Rg3+9.97%1] Rk 13.67%
1] Rgs 55 Rgs A2 1F; 5 Aspergillus g.848 1# I~ )
NSRRI N, PPD S Abigts, WA 12
Fime fHIE, B Rey 4L N H BT =0
ity fAfeFit—2ame.

fiti /K fift PPD K& B /KNS

Wi KM Rby I, SE7K AR ) 20-O-Aim Gle A2 ik
Rd, #RJE/KfE Rd A/ F, f1 C-K; J&E# Rb;. Rd
76 1.5 h N4 58 KA b 18] 729 Fa, A2 C-K
WM. BEKA# Rb, M1 Re I, SE/KM# 3-0-Gle 38
B C-O F1 C-Mcl; #E—/KfE C-O F1 C-Mcl 1)
3-0-Gle 48 fk C-Y M C-Mc, &AL C-K. Rb,
Fl Re )7 Al FE IR R, C-Y F C-Mc & i C-K

Rgs 201 20(S)-Rgs+ 20(R)-Rgz Rk, Fl Rgs £E
it Js W L 2 H 43 3l 540 Ry 211 20(S)-Rhy < 20(R)-
Rh,. Rk, fil Rhy. P 20(S)-Rgs. Rk, Al Rgs, 4
WEAL ) 20(S)-Rhy Rk, Fl Rhs 3 A6 H
20(R)-Rg; AL LS .

HUEr L, AEPE L C-KOA IR, ek
NI ] R 24.0~30.0 h; 4277 LA Rhy 410 (125
I, SOV 6.0~12.0 h I Rgs 4177 AR Rhy 4177 5
B B DL F, O BRI, S S NI TR 1.5~
2.0 h.

T M PPD JURHE 1 il £ =i M 2 C-K HL
30 g PPD 2 1F, el N WOBEN G, Wedd, 153
DL C-K A FEMERASH YT 20 g5 £
HPLC A, FLr=4y8 i tefil oy 57.25%01) C-K-
2.35%[K] F5. 8.49%[1) C-Mc. 4.09%) C-Y. 9.32%
K] Rko 8.96%[1) Rhs. 1.94%[¥] 20(S)-Rhy 1.16%
1) 20(R)-Rhy« 6.31%[1] 20(R)-Rgs. HAifT BH A
Yy, WTHBEHTASHIR. ks mZimIrK, B
ATCAH 10 B AR R

A TRBIANS B 4k, HILREGRT, &6t
RS, f 93 8.16 g I C-K Hudk, RSN~
YIS ZN 40.80%; Rhy 41 0.19 g, #3454 0.95%;
C-Mc #44 1.01 g, 3% 5.05%; F, #440.45 g,
1350 2.25%. Hig, AT7iER7GH]0.19 gRhp 4,
324N 0.95%; 1] PPD JsUkH Ry 4154 38%,
WREEALE ™ Rhy 41, AR T4 TG ST

2 NMR #&Xf, ¥ AS 2 RRE CK.
C-Mc. F,#ifi 21f; %4 UPLC-MS ¥x}, Rh, 412
H1 20(S)-Rhy+ 20(R)-Rhy Rk, Rhy 4 Fft SRR ZH % .
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Fig. 12 Biotransformation pathway of PPD ginsenosides
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