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BB KR D) HEAT LR, 45 RA S 5 IS N2 AT Rgl (Rbl & B8/, A S 1T Re,
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G K #5912 20(S) -Rh1 \20(R) -Rh1 {1l pH {E/K A4 20(S)-Rh1 20(R)-Rh1 \Rh4 \Rk3; AS 2
T Rbl 5 GBS KA~ R 20(S) -Re3, fiy Ll pH {E/K #7400 F2.20(S) -Rg3 5 AZ 1T Rd 511
RERCATLS K% 7900 F2.20 (S) -Rg3 .20 (R) -Rg3, 175 1LA# pH (/K f# 7 )4 20 (S) -Rg3 \20(R) -Re3. W5k
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AN, HIBHEY NS Panax ginseng C. A. Mey. TR, NS AR AS P F BG4, 8
ZRESA S AR HEAT R SE R, T4 3 R A S T RSN A S 245 Rbl Rb2 Rd \Re3 %5, A
Z SRS 2 HF Re Rgl (Rf Rh2 ZEFIFFBUREE R 7EEG0H B2 07 700 N2 15 1L i e (R ik
RO, B P S I PR P A2 5 1 i, AR B AN f A7 A8 AR T 3R 0 2 Tk, R TR T7 IS
U P 5 AR A DR TR R AL BELAEE ) B At B 45 )ttt L e - R AR 5 LA 2 T AR D
FAR S BT AS R A B 25808 125 5, KB AT ) B 3o A8 b B R L S0, 875 A 2804 1Y
LR S HE B o A S ) 5 280 TR0A €8 - DO B AR K AT I I BT 3% ( HPLC-Q-TOF MS) J% £f 6 Ji 3i%
(MS/MS) Hi AR, %k NS BRI AT 32 2 17 A U AT IS, 0] =B A2 245 Re Rgl Al
T A S A Rbl Rd 5 L E R G /K A U HEA TR ST, 5 B 8 8 07 LRSS TG (1 pHL R B0 10
RIS HOE, WK A AT T S R o AR S26 B 6 0 A 5 L 9 T (5 T 199 27 ) I e
SR I BB 5 07 2, 9 0 NS LA LR I R IS PR 22, T 4 8 F 9 7 400K

PR
1.1 {XEEFnitH

Agilent 1200 KU =25 AH (655 ( HPLC, &[5 Agilent /A ] ) , Agilent 6520 Q-TOF Hl i i% (X ( MS, 3¢
Agilent 3 7]) o ANZ (LAl (B0 T 5B EZREL A RAR]) ; A2 2 H Rel .Re Rbl F1 Rd X} ## 5
(90 e s P A BE 2 RHECA BRA R 4l > 98% ) 5 LM (8354, TEDIA 4 W) 4K, He il R4 h
TR
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1.2 SRHE
1.2.1 ASL L ERafmea & WASHE 10 g FEEFRE, N 10 57K T 100 CHIZE 2 h, 124
REM NS TOK SR A BRI 0% 08 24 b USRS T, UK % T 25 mL s W
BIFER R ZI,0.22 pum fALUE IR, ICELIERAE M NS BRI . D1 NS 10 g, IR A
30 g, ¥ LRk AE N AS 5 IR HIE RO . &SRR TATH 3 10
1.2.2 ALRGKRF L5 LWERAEHEDGHE  HAHERKIS mg AZS 21 Rgl .Re Rbl fil Rd, i
10 fi5 5 /K F 100 CHIZ 2 h, B HIEF I, INiE 5 I0K & BRI 70% ,iCE 24 h, 38 K s s
T KRR T 25 mL S R B E A 2 Z,0. 22 um GALIERRIER ISR AE I NS R
AR . 79 MMERRFRE S mg NS 21 Rel .Re Rbl Fl Rd, i 3 f5 et (AR A, 3% bk il &, 15
NSRS IR RO . 120 BIMERRFRI S mg AZ 2 1Y Rgl \Re Rbl #1 Rd, it 10 £ & (17K (BERR
PEY pH % 3) 3% Bk ikl & A9 07 1LAE pH BRI . S FES AT & 3 .
1.2.3 &5 it ntr & A% Agilent ZORBAX Eclipse Plus C18(2. 1 x 150 mm,3. 5 pum) ; 86
Ve sl : (A)0. 1% W R KEEW-(B) O W A EE:0 ~5 min, B 15% ~17% ;5 ~ 10 min,
B 17% ~19% ;10 ~20 min,B 19% ~21% ;20 ~26 min,B 21% ~28% ;26 ~37 min,B 28% ~30% ;37 ~
45 min,B 30% ~36% ;45 ~50 min, B 36% ~45% ;50 ~58 min,B 45% ~65% ;58 ~ 60 min,B 65% ~
80% ; FEIR 35 °C, i 0. 3 mL/min, #EFER S ul,

SR LI 55 17 B A N (ESTT ) 5 TR AR U (N,) o 9 L/min, TR IR EE 300 °C, 5 fLHL &
35 psi, BAE LN 3.5 kV, A 175 V HEFLALE 65V, Frit F14 7 [l m/z 100 ~2000, S230 %R
% Ffl Masshunter Qualitative Analysis #4530 ALBH

2 ZRH5THE
2.1 AZ5LERATMEASETERSZTURERNSH

FH HPLC-Q-TOF MS/MS JEXf AZ 51l AL AT IS BRI WP NS A T T B, an
K1 BT 7R o NS BB U S A5 LA RO (5 3 AORUE S 73 18] o i HPLC ml LABCRE 9 73 B
WP RAEY), IFd MS RIS YIRS 707 o FEs 5 8, AZ B EAE s TR — U5k

EIrh e FLALM - H] ™ I M + HCOO | ~JEaCAEAE  AE AR ) S5 440 T, 388 3 55 0 o ot 19 R B s i) —

8_ 4 Rgl Rbl — —mlE{{é)l
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Fig. 1 Total ion chromatography of ginseng single decoction(A) and ginseng-hawthorn combined decoction( B)
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TG TR 3 B 0 B A B R R I I R A 1 S BB ST I R

UAZ A 20(S)-Re3 Ml (K 2) , BEHISEE NS B H R, NS 20(S)-Rg3 "%
TN RATF, L C3 AR 21 R A BRI B , C-20 (2B Ho R T, AS 21 20(S)-
Rg3 ERLIMESN TR T [M + HCOO | ™ (m/z 829. 4838) (IE A7 AL, WNIET 24 Fr/R o AE— & (1 il 18 B i
T, [M+HCOO |~ Al LAk — 02 SR BERI N OS5 A BE A (5 8. 181 2B 25 T NS 11 20(S) -Rg3 24
IR IA] , m/z 783 F 2k — AR AL (162 amu) A28 m/z 621 (Y, ) , #E— 20 B2k — A 4 Wl ik 2
(162 amu) 4 m/z 459 (Yo,) ,m/z 459 BT IEAS "R HITHRHER 1o B m/z 161 Jg %
K LR B T m/z 221 S HCOO ™ JE R e 1o FIRIRE A J7 ik ol UK SE Birill 43 i N2 2
HPLC-MS/MS %t#lit , LA K & Ak 3 it A NS B2 P K AR 25, 3 AP A7 o 1 06 T LR X s T fv
7 (RSD) fEH/NTF 2% , WA 1,

12 3.0
4 829.4948 B
10F [M+HOOC]~ |
783.4846

8 sk 8 20F 101.0245 [M*H]7
g 5
= =
5 6 = L
£ =l
< <
) s 161.0441 621.4324

4r = Lop [M-H-Gle]~
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Fig.2 Mass spectrograms(A) and secondary mass spectrograms(B) of ginsenoside 20(S)-Rg3

*1

Table 1 Average relative content of ginsenosides during combination of

ginseng with hawthorn on negative ion mode(n =3)

ABEFRATASSLUERANERREEFASETNFHENEE(n=3)

[M-H] /[M+HCOO] -

Relative content of

Relative content of

No. Ginsenoside Formula (m/z) single decoction/%  combined decoction/%
1 20( gle)-Rf CysHg, Oy -/1007.560 3 100 0.96
2 Noto-R1 Cy7HgyOyg 931.5345/ - 100 0.89
3 Rgl CpH:, 0, —/845.483 8 100 0.52
4 Re CygHgr O 945.479 7/991.535 2 100 1.83
5 mRgl CysH7, 045 885.4729/ - 100 1.13
6 mRf CysH74 045 885.479 8/ - 100 0.93
7 Rf CypHp 0y 799.4742/845.483 3 100 2.54
8 F3/noto-R2 Cy Hyp Oy 769.4815/ - 100 1.11
9 20(S)-Rhl CssHeg, Og 637.4208/ - - +
10 20(R)-Rhl Cs6Hg, Og 637.420 8/ - - +
11 Rg2 CypHpp 05 —-/829.4812 100 2.62
12 Rbl Csy Hyy Op3 1107.5957/1153.601 1 100 0.68
13 mRbl Cs7Hgy Oy 1193.603 3/ - 100 1.05
14 Re Cs3Hgy Oy 1077.5797/1123.5810 100 1.72
15 Rbh2 Cs3HgyOpy 1077.5797/1123.581 0 100 2.02
16 Rb3 Cs3Hgp Oy 1077.592 4/ - 100 1.17
17 mRb2 Cs6Hgy Ops 1163.5928/ - 100 0.92
18 mRb3 CsHgy Ogs 1163.5928/ - 100 0.96
19 Rd CygHgr O 945.5379/ - 100 3.16
20 mRd Cs; Hg, Oy, 1031.5505/ - 100 0.93
21 Rgb C4Hy 0y, -/811.4867 - N

Continued on next page
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continued from previous page

No. Ginsenoside

Formula

[M-H] /[M+HCOO] -

Relative content of

Relative content of

(m/z) single decoction combined decoction

22 Red CyuHep0y, - /811.4867 - N
23 Rk3 C36Hg Og —-/665.415 4 - +
24 Rh4 C36Hgo Og —-/665.415 4 - +
25 2 CiHp 0y ~/829.480 8 - +
26 20(S)-Rg3 CypHpp 05 —/829.486 4 - ++
27 20(R)-Rg3 CpHp, 045 —-/829.486 4 - ++
28 Rkl CypHyp 0y -/811.4867 -

29 Rg5 CyHyz04, -/811.4867 -

Note : when peak area of the compound was 100% in single decoction, peak area of the same compound was times of it in combined decoction.

“ —7.no detected; “ +” ;peak area were 0 ~5 x 10%; “ ++ 7 ;peak area were 5 ~10 x 10*; “ +++ 7 ;peak area were 0 ~5 x 10°.

SRR, 5 NS BAGEAR LR, NS 5 R T A2 21 Rgl (Rbl & W] b,
ANZBF Re Rf \Re2 \Rc . Rb2  Rd Z& =W B, NS F 20 (gle) -Rf . noto-R1 . mRgl ,mRf Rb3 |
mRbl .mRb2 .mRb3 mRd & JCH 454k, 1 A Z 24 20(S)-Rhl . 20( R)-Rhl .Rgb .Rg4 .Rk3 \Rh4 |
F2 20(S)-Rg3 20(R)-Rg3 .Rk1 Rg5 A iy 2 i s
2.2 BEEASEHSLEREREKESDE SR ILER

BT FIRAZ 5 IETCLET G NS B RO, S B B 2G5 W K i e, A0 1 i
KoL RGeSt & AR L A i R AL A S 4 Rbl \Rd & =R A2 245 Re Rgl 20515 INH& (L, IF
505 I BC R pH B R K A 7= D) R AT e B, EAS 23 Rel ], Wi 3 Fios h A S B
Rgl BARDM 5 I AL FOBCFNG7 LLAE pH (B RTZOR S B IR, RAOK R L3R 2.

4 :{gl B c
2
3
Rgl
L Y
U A e
0 lIU 2I0 3|0 4;) 5‘0 0 1 I0 2I0 3l0 42) 5IO 0 ll() 2l0 3I0 4I0 5lO
Time/min Time/min Time/min
K3 AZRAT Rl HAGK(A) AZ BT Rel-INERCLE FOK (B)  AZ2AT Rel fiy pH (R (C) B9
R
Fig.3  Total ion chromatograms of ginsenoside Rgl single decoction (A), ginsenoside Rgl-hawthorn combined

decoction( B) and ginsenoside Rgl simulated pHvalue decoction( C)

®2 ASEF.SLUEERERD pH BA KK KESY

Table 2 Hydrolysates of ginsenosides, compatibility with hawthorn and simulated pH value decoction

Hawthorn compatibility Simulated pH

Ginsenside Single decoction decoction value decoction
Panaxadiol ginsenosides Rbl Rd . F2 .20(S)-Rg3 Rd.20(S)-Rg3 F2 .20(S)-Rg3
Rd Rd F2 20(S)-Rg3 .20(R)-Rg3 20(S)-Rg3 20(R)-Rg3
Panaxatriol ginsenosides Re Re 20(S)-Rg2 20(R)-Rg2 20(S)-Rg2 20(R)-Rg2 .Rgd/Rgb
Rgl Rgl 20(S)-Rh1 20(R)-Rhl 20(S)-Rh1 ,20(R)-Rhl ,Rh4/Rk3

HIZR 2 nll, RN S B K LA AN 58 e R, NS e Rbl FARIGR AFOR =40 0 Rd (k2
20(S)-Rg3, S lA& P HoK =110 R 20(S) -Rg3, §5 1L## pH {E/K A=) 0 F2.20(S) -Rg3; NS
A R BRGSO KRR SO, 5 A BE(hg oK g =) o F2.20(S) -Re3 20 (R ) -Re3, 115 1A
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pH 7K fi# =414 20(S) -Rg3 20(R) -Rg3 ., Ifif =B NS B AT KGR AL, AZ 21T Re Al Rgl AT
W B A A K SOnE, 5 IS LM A2 28 Re BZKS# 914 20(R) -Rg2 .20(S)-Rg2 , AZ L H
Rgl JKf# ™ ¥y} 20 (S)-Rh1 20 (R)-Rh1, {jj LA pH WK P A S 2 H Re BKA# ™12 20 (R)-Re2
20(S)-Rg2 .Rg4 .Rgb, NS 21T Rgl /K= 20(S)-Rh1 20(R)-Rhl .Rh4 RK3,

3 4 ik

TR S R ALY AR LD R KR AR - NS Rb1C-20 A7 Gle BURIEILSEBOK i,
C-3 (I PREFAE A S R Rd, C-20Gle BUREE#E— 25 2K 5 1K il =4 20 (S) -Re3 s NS B
Rbl C-3 K Gle R G, #t—HFE K C-20 iK% Gle BY/KFE=Y) F2; AS B4 Rbl C-20 Kt Gle-Gle
FRIGKE 4 20(S) -Rg3 o BRI NS WAL SV P AFAELL T K i i 42 : AS A Re C-20 {37 K Ui
Gle fLAEERIGHA M 20(S) -Re2 H120(R)-Rg2, 485 20 (21) {32 A1 20 (22) fi i K5 T 1™ ) Red/Reb ;
AZ A Rgl C-20 A Gle ZJF ™4 20(S) -Rhl F120(R)-Rh1, BET] 20 (21) A7 1 20 (22) iz il 7K
JETE R4 Rhd/Rk3

L v T B AT B e LR A LIRS, 3 ANE A =GR RS iy . e
NS B e P AR A S B Z AR A Al T2 B BK i =4y , 8 5 K g 7= 64 22 5, HEWT T A2
H Re Rgl \Rbl I Rd f1b~2 5 A 77 20, GG K M MGG K BN o AR B AR AL B F BE R A48 78 17
Z 5 U PRI R, BT B A SCE TR i pHEL, [RIIRHACR i e 2 i 22 8] ] g
KA EAE L S R 7 A2 o3 1 5 SRR R A A . A TARRR T AS A SIS Y
IR ARALAEE, il PR3 500 v NS 5 I AR 5 B A AT K B2 086 1 RRA 4 H
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Hydrolysis Behaviors of Combined Dectotion of
Panax ginseng and Ginsenosides with
Hawthorn by HPLC-Q-TOF MS/MS

ZHENG Fei”", WANG Wei’, YU Shanshan®, DAI Yulin®, LIU Shang®, Wen Liankui’* , YUE Hao""
(“Jilin Ginseng Academy ,Changchun University of Chinese Medicine ,Changchun 130117 ,China;
" College of Food Science and Engineering , Jilin Agricultural University ,Changchun 130118, China)

Abstract  High performance liquid chromatography coupled with quadrupole-time-of-flight tandem mass
spectrometry ( HPLC-Q-TOF MS/MS) were used for the comparative analysis of the content of ginsenosides in
the decoction of Panax ginseng with hawthorn and hydrolysis of ginsenosides in compatibility of ginsenosides
Re, Rgl, Rbl, Rd with hawthorn, single decoction and simulated pH value decoction. The results show that
the contents of ginsenosides Rgl and Rbl decrease, while the contents of ginsenosides Re, Rd, Rg2, Rg3,
F2, Rhl increase in ginseng-hawthorn combined decoction. Ginsenosides 20 (R)-Rg2, 20(S)-Rg2 are the
hydrolysates when ginsenoside Re and hawthorn are boiled together, while others are ginsenosides 20 (R)-
Rg2, 20(S)-Rg2, Rg4 and Rgb when ginsenoside Re is boiled in the same pH value without hawthorn. In
addition, the hydrolysates are ginsenosides 20 ( .S)-Rhl and 20 ( R)-Rhl in ginsenoside Rgl-hawthorn
combined decoction, but ginsenosides 20(S)-Rhl, 20(R)-Rhl, Rh4, Rk3 are determined in the simulated
pH value decoction. Ginsenosides Rd, 20(S)-Rg3 are the major hydrolysates in co-decoction of ginsenoside
Rb1 and hawthorn, while ginsenosides 2, 20(S)-Rg3 are the major hydrolysates from the simulated pH value
decoction. Ginsenosides F2, 20( R)-Rg3, 20(S)-Rg3 are hydrolysates in ginsenoside Rd-hawthorn combined
decoction, but ginsenosides 20( R)-Rg3, 20(S)-Rg3 are hydrolysates in the simulated pH value decoction.
The hydrolysis of ginsenosides is different in the processes of co-decoction with hawthorn and the simulated pH
value decoction, which may be the basis of chemical composition in combination of Panax ginseng and
hawthorn. It provides the material bases for combination of Panax ginseng and hawthorn in prescriptions of
traditional Chinese medicine.

Keywords HPLC-Q-TOF MS/MS; ginsenoside ; combination ; hydrolysis

Received 2016-09-20; Revised 2016-11-18; Accepted 2016-12-28

Supported by the National Natural Science Foundation of China( No.3140040275)

Corresponding author: YUE Hao, professor; Tel/Fax: 0431-86763986; E-mail: yuehao@ sohu. com; Research interests: chemistry of
traditional chinese medicine and organic mass spectrometry

Co-corresponding author; WEN Liankui, professor; Tel/Fax:0431-84533104 ; E-mail ; wenliankui@ 163. com; Research interests ; exploitation

of wild resources of Changbai Mountain



