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Abstract: Oligosaccharides are a class of bioactive components abundantly found in Chinese herbal medicine. They
have clinical effects such as antidepressant and anti—Alzheimer’s disease activities, as well as pharmacological
activities such as hypoglycemic, laxative, and immune—enhancing effects. The bioactivity of oligosaccharides is

closely related to their structure. However, due to the diversity of glycosidic bond configurations, monosaccharide
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compositions and linkage patterns, it is difficult to accurately determine their structures by conventional analytical

methods. Establishing rapid and reliable analytical methods remains a key challenge in carbohydrate research.

Although studies on oligosaccharides are increasing, there is a lack of comprehensive reviews on the structure

and analytical methods of oligosaccharides in Chinese herbal medicine. This paper systematically reviewed the

research progress over the past decade on extraction, separation, structure identification and analytical methods

of oligosaccharides in Chinese herbal medicine by consulting domestic and foreign literatures. This review aims

to contribute to the development of evaluation method of traditional Chinese medicine based on oligosaccharide

components, and provide reference for their application in the quality control of traditional Chinese medicine.

Keywords: Chinese herbal medicine; oligosaccharides; extraction and separation; structure identification;

analytical methods; quality control

FEWE AR, S 2~10 /> BRI A 7 5
T T A L B S R, TE AR R AT
2, A 5EYERN &M A AR BE X2 ER
B TR ATR R, W55 3% I v 25 S 5 A % 1 1,
i) 7B TR N 2 Lo I FINE /110 = 9 N1 W, /A 5 £l 7B X )
P S . H AT IR b — 28R P B 1 259
FELERE AN R RN J™ B ) [R) E 1O, RR T R AR B 28 At
3 AH B LA TG PR e b U, A R, R
RIVE ISR A, B 2501 & A B 4 N
PIR I E FINR YT Al R B R . Bk A b i 5
WHIE R FEDUE W T 0 VR R 0 S Aty Xof iy A% Ok 2
4544 K B-D-Manp—( 1—4 ) -B-D-Glep'®!, it #5 55
R 0 K2 AT 5 Mg P B A A W AR I g K -, e
BERR A LR NS R AT B — A — & L Al
(HPA 1) Difgsz4t v,

Jo a2 L ORAIE T 24 SERE L MR B Y 6
i, CURR R SRR SR S 3R B A ML A R AR
B 2 TS HUMARRE B 2 , H At st [ s ey A
RS F) 5 4285 e 2Rl e S AR S R R), it
HEH TG RT3 rh BEE D ARAE (5 BH IR ), 2020 4
Ji € e N R AL 245 00 ) (faFR o E 258 ) d LA
R E A 118 WE TS S0 A oA 2L sl O 1) 5 ) s o 1,
AT SRR AT T B T N R T A R RRAE i v 2 S
Frim il ik B R E R, P2y SRR AR A
Gy il BER S S — R TAE, T ZEA 1%
AR AMI, TN 52 2 1 S A AR R S B A A (115 5
WER) 3 A L HAB o3 SN R E AR SE i 530 24
fhAb2i ik A% R kv LA MOOGE  | (a3E
B ik . BT A X R SRR T R G
P AL AT, A fe = Fe U5 T v R 24 S Y 1k 5 A3
45 T, AR SO R T P E T | PubMed | Scopus

AL HEL

SciFinder, Wiley Online Library 45 H 3¢ SCHEUHE 2, &L
45 7 rh R SERER R U B AR S T Ik IR
2GSRI TE R AR RS
1 EHERNSE

FEWOy B BT I SERELA o 25 B PR A 5
filt , A rh e 2 BLARAS SR ) = 207 20 AR h 4
RO KR RS SR R AR B0 ) R 22 R A
(AR EER i S 0 ), A B SRS L P 5 (i
V5 R B A 22 M7 A BN 2L A B — SRR
L1 ZERERIHRIL

BEPRIE R I SRRy TR B L (H ST
FEREBOR, AT ZEME I RS 2 5 AK AR AR T
B AR, B R 24 IR E R AR A —
B PO IR P (Bl 1 SR R 0 4 e I T, i v 4
R W WA v AT WIRR s AR 88, 2RI (5.
Tit ) A IR SZ IR, A 50 B 5%, EL R A5 44 1) 22 W
AR BEAH N AT 5 22 WA BRVE VW PR B ) M 2
O3k ISR G P R) ) S | PR R Ak 7 v 22 2 TR |
PR IR BE 7K ik e () FIRLRE S5 2 5 me 1Y

R FHAS ] il 48 5 45 2 Y vh 2 2 ZEAE ] R AT —
FERZE 5T, T 2[R P R SR IR 2GR, 4
WS B TIERE . Xiong 25 2 XF o T HUK A
Bl A RSB B I 4 Ty ik Xk 5 4 9 SE M 1) B
AT ZEA R AE PR FIBT IR T PR RS2, K 30
it ik ks AR SRS 0 A e, (el B SR ) S A AR RS
SR AT R T 1
12 SRR Es Ll

TR 2 SR BRI R M s, S B alifl
EX PRURE 131, HOR ) — 28 43 B AR A SR AN BIAR w1 4l
JE, T ARG SR T RN R Rl LA, 4SS 2k
oK, W 22 Mo B 05 i o RLSERE ORI H



(ﬁm WS W R E

Chin J Pharm Anal 2025,45(3)

+ 363 -

SR FHAK BRI, A — 2 5 & B 2 Uk B 60%~
809%!""1, B F W 43 85 7 VR I R EEI 2T A
SEAbB AT (1 | R A A LK I MR AR YRR
RECHE | B F3c 4t i A U0, B8 I €0 1 ) FH o010
VEF ARSETE o B S IO NS A T 0 17 B
AR Nz . B scH ik R S, R
P BB, AT B, B S PAD B, KALIK
FREARS BB A, W R DR, I A5 P R, o/ T
TR 2 SRR Al it . T TR AT R T b
IR A B R R i 45 o B ANAE L Tk DL s FE B
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TR B ik, R o B AR B I, B
BARAS TSI N . A R E I Sephadex G25 T
FHFIER 2 BSARXT 40 F i A 1 000~5 000 FBES
Sephadex LH20 R 435 FHX} 73 i 2 150~4 000 f 5%
2 5, Sephadex G15 Fl 2 N FE 4 M EE L Bio—Gel
P2 BEAT U B AR 70 T AE 150~1 800 FSLME ',

I 5 AR R I ) o 3 3 ok, K SE A A T
GBS A B AR A, B AT BE AR A
AN TR LA 04 B AT 1 43 B AN [) 3 10 L 1) S0
REAE N T U Tl AR 20 25 . SE MR i FLAR 7
0.05~10 pm {1 [l , — ¢ T 05 43 25 a4k i i Ab 2
I AR, fE FH B BT B R EER ( PES ) R — 9 &
J7 (PVDF ), #RIEMIIEFLAEAE 0.01~0.1 pm, AIBR LR
FIT KT, 8 TR 9 e i . AR
EAFLARTE 1 nm 2247, RERE AR B A 707 i 150~
2 000 /NG, 38 FH TS [R) 3 B S 1 4 g 0,
sk 2P U P D R A S Bl A S R PR S N 15
FAERT > T FihE ol 1361 HAM Aty — iy 2im
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Tab.1 Separation methods of oligosaccharides from different Chinese herbal medicines
SEME A SYEIE 275 ik
(‘types of oligosaccharide ) ('separation method ) ( reference )

R SRR ( grape seed oligosaccharide ) 1E & 28 BUBE S « [# A4 25 B, Bio—Gel P=6. Bio—Gel P-2 ( extraction and [22]
defatting with n—hexane,, solid—phase extraction, Bio Gel P-6, Bio Gel P-2)

FIACZERE ( Fructus Lycii oligosaccharide ) AB-8 BIAAFLING B F A ( AB—8 macroporous resin, ion exchange resin ) [23]

R A M ( Dendrobium officinale oligosaccharide ) A1 B AR R — FE B A 2 AT L 1A A I ( graphitized carbon-diatomaceous [15]
earth column chromatography, solid—phase extraction )

HE s 85> 5E0% ( Gleyrrhiza uralensis oligosaccharide ) AB-8 7 K L #4 fig . DEAE-52 £F 4 2 #4 5 | Sephadex LH-20 #f i ( AB-8 [24]
macroporous resin, DEAE=52 cellulose resin, Sephadex LH-20 resin )

Z&MZEHE ( mulberry leaf oligosaccharide ) DEAE-52 £ 2 Z # I | Sephadex G—25 ( DEAE-52 cellulose resin, Sephadex [25]
G-25)

VSRS (agiophyllum oligosaccharide ) D 101 KFLBE A 36 P 5B 5 (D 101 macroporous resin, activated carbon [26]
decolorization )

B ZEWE ( Rehmannia glutinosa oligosaccharide ) MCI gel CHP20P Jlii {4, Bio—Gel P2 ( decolorization, Bio-Gel P2) [18]

GARZEWE (Atractylodes lancea (Thunb.) DC. oligosaccharide ) D101 KFLIJE . Bio—Gel P-2 ( D101 macroporous resin, Bio Gel P=2) [27]

Hb 5 S ( Rehmannia glutinosa oligosaccharides ) HEE T M 40 0k 5 2 (ultrafiltration flat membrane , nanofiltration spiral— [28]

wound membrane )
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2.1 HrEE

201 ECEEIS E (OB RIS B (i
(HPGPC ) % i & 71 22 #0602 ( RID ), FH 52k
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Tab.2 Products of glucosyl linkages in different types after periodate oxidation—Smith degradation

#4477 5 (linkage types )

LR AL ( periodate oxidation )

Smith Ff# ( Smith degradation )

1—2 {73 4% ( 1, 2—glycosidic bonds )

THFE— 23T R , HASAE B R ( consuming one molecule of

HESCHH ( generating glycerol )

periodic acid without generating formic acid )

1—-3 i (1, 3—¢lycosidic bonds )

ToAR — ¥ 3k R = R S Mk (no adjacent hydroxyl groups,

154 JER B4 ( remains the original sugar )

and will not be oxidized by periodic acid )

1—4 {7 3%:4% ( 1, 4—glycosidic bonds )

THFE— 4 F R , HAZE B R ( consuming one molecule of

He IR BERE ( generating erythritol )

periodic acid without generating formic acid )

1—6 {73445 ( 1, 6-glycosidic bonds )

THFEM 23T i BIER , £E i— 73 T H IR ( consuming two molecules

A CH I ( generating glycerol )

of periodic acid to generate one molecule of formic acid )

232 ZIAMEEEE EHE AR AN (FT-IR )
T ARG I S (R R AL R SRAE R, B E
TR | AR v %) I g 5 PR R P . F T SRR R S AR
I 250 T A R SRR U AH % , BRI EAE 3 500~
3200 em™ AbAT 1 AR E TR0, VIR S O-H 1)
4E4ES); 3 000~2 850 em™ AL A TEAT J& C—H By fif
PRN;5 1 740 em™ B R MRS RR 0 AR IR R, AEAE TR
 F I SEWRZE G oA TRt S0 B, SRR TR A s
HELE 800~950 em™ A 1 ANEFH JLANFI IS 5,

AL HREL

(844 +8)em™ AT a #5970, (891 +7 ) em™ 4b
RIS I B AAL, AN, 1 100~1 010 em™ &b A ]
LA VRIE L T A AR IR | MRS AR X 3
Wi, Tk MRARE SLA 2 IR

Zhu % P LT NG RS SER AT T 2454
9,1 158.77.1 073.65 Fl 1 027.97 em™ Ab AW ICHT
AN AAAE . SE S 505 800~1 000 em™ AR
Wl 22 I AEAE DRI A, 923.8 . 867.6 Fil 818.6 cm™ 4k
ISR PR SRR Y B A B, SR 4 P
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233 EREALARDE RS R RILAR S (NMR ) #
T E SEWEGE 1 U A OB AL B BTk
RN H . SRS S COHL O i, —4E
K AR 1 (1D-NMR ) 222 F 0 dAe A B
BB (9 50 BT, 1D="H 3% 0] 497 25 45 21K [R) 4 5% 54
H b, 1D-"C 3Enl 15 28 3k R 715 5 MBI 4
BUACHL A 455 B, O DEPT 3% AT LI 43S0 rh iy 4
file UK =B, (HSERERY BT ID-NMR B H S
SRR T A B AR R AR D% 5 (2D-NMR ) 4%
AR L5 5., 'H-"H COSY % n 42 AL AR4RHK [-
B &R T 15 8 HMQC 5 HSQC 7] DL 44 H B FE 4 %
) C—H Z A 15 5 . HMBC REFEALAHRE 2 MRk 3 41
AR AR SR A SR T =2 R (5 B, AT U F X 4
St 5 AE S Sk 55 5 'TH-"H TOCSY , DQF-COSY
A] A R RE AR 2L FR 2S5 'H-"H NOESY 1 'H-"C

OH

K H
( hydrolysis )

_OMe OMe
Me()%ol_[ HO %

OM':

NaBD.
( reduction ) J abi
"HDOH (leDOH
H:*OMP, OMe
HO——H H
H——OMe
H——OH OH
CH,OMe CH,OMe

E1 GC-MS REHLITELE
Fig. 1 GC-MS methylation derivatization process

Gao % WML 76 A B alifb th 1 S SEREAL 4y
Hep—2, B 1 FERTATAE AL 5 200 AT BB B, 5 2 A AN
LFUBELLBIA 12035, B2 HEE SRR G, 1T

=R

( trifluoroacetic acid )

2L (acetylation )

HMBC 33 0] LA e A i 2 ] (i 2 2 it 1411,

Zhu %5 PO SR B — 4R AR g AR XK TR
TREBEHEATZEA5E , "TH NMR 1 °C NMR §%4k2747
o EE TP AE 8 3.0~8 5.4 F1 3 60~ 120, /- A 804,
AT BB ARAE , 1PC NMR 6% rhoss 1 2 4 4
TFESTE & 170 &k, 8 92~8 102.55 i Fl N 1 S5 35 e
FULEH o~ (8 90~8 100 ) F1 B- (5 100~8 110 ) HEFH4
I [ HAEALE , 454 HSQC . HMBC . 1H-1H COSY i
] SRS AR R R R 3 248 (152) -B-D-
Glep, (1-52)-a-D-Glep 1 (1—-4)-0-D-Glep, Xing
25 IR 1D A1 2D NMR 43 M7 37 0K v 4l fh 5 5]
1) = R AR — %51 2D-NMR [&] ( COSY TOCSY .
ROESY . HSQC . HMBC ) # 17 5¢ % 43 B, ¥4 5] T 5%
#H a-D-Glep- (1—, a—D-Galp—( 1—>\—>6)—[3—D—
Fraf~(2— DL F 1, 5 08 i R 420 — b
234 SAMGREE MO S B A
(GC-MS) "2 I FH S 08 (1) 45 5% ik 28 B2 67 5 4
F TS R R ) B, 5 e A AT AR A A PR AR
P, B AT A A 5 A A = R REE (TMS ).
WAL S, SERRE L2 P 3k A KR R 21k
UG 456 GC-MS 2, il AT SRR i G B
BURR BN B, F R S &l 1 R .

3700~3 200 cm™ TG —~OH Wi,

B
on on | R ) o OMe CEAM R
o / & melhylatlon i M?} 0 & ( IR spe(,lmbcop) analyses ) FEHIH JLE5E 4 (there is no - OH
HO OMe Me & absorption peak at 3 700~3 200 cm™',

indicating complete methylation )

1 1
CHDOA¢ CHDOAc¢
H——OMe H OMe

AcO=2—H Mo H

H
O
H-H—on ZAET Cacetic anhydride ) H——0Me H-Y 0Ac
H

—> GC-MS

H——O0A¢ H OAc
CH,OMe

CH>OMe

RETETE —1)—Galp. (1—4)-Glep & (1—6 ) -Galp
B4 Bai 55 PR = ERGHRTATAESS A GC-MS
SIHTNSE S TR U S , SR A A A AR

RO
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23.5 ik ORIEESEAL S B SEREA AN 0 5 R
P07 SOFIE AR, 456 TR RE B, mT LUK
FEWER RN S 11 R, T 5 Sk ik B AR
FE R, T8 B AR IR RIS S W 24, sk L= A R
SR R M 12 3 3 0 ZE B PR R 120 AR
o, 13 BRI 55 00 IR F, 14 i F
60.78.120 HIHE A, 1—6 3% E 2k 60,90 120 1%
Jy 1561 Sa) = A 4T 5 15k EST- (Q Exactive-MS 7£ 1F &5

TR T8 7 T R A B 2~9 F1 10~14 1Y 5
Wi, 10~14 FE AT 14 1 156 7% 305 20, #EDN X
2 P )y A R B SRR A S e P ) S
24 AT EGHSEREEY

NS M VR SF M R & i T A O
G2, K3 G T N2 BB ME I ZERE 4
F4, VR T AE ) 0 SE0E T2 28 e A0 R LR
HEEWE 4 FhoSuRBEAL N

R3 HEAFTRXUEURLEN

Tab.3 Oligosaccharides from Chinese herbal medicine and their structures

REHE

Eiacs 2 ESl T2 E4kH) E= DU
( degree of )
( number ) ( name ) L ('source ) ( chemical structure ) ( reference )
polymerization )
1 Z M (maltose ) 2 HIEIFE (Vitis [22]
vinifera L. semen )
2 TEFHERY (trehalose ) 2 WIZRE (Vitis HO [22]
vinifera L. semen ) 0
CH,0H
3 HERE (sucrose ) 2 M3k K ( Morindae [48]
Officinalis Radix )
LH OH
4 g 2 R ( Ziziphi [49]
( melibiose ) Spinosae Semen ) i ;
5 S 2 FEIE ( Cimicifugae [50]

Rhizoma )

(‘inulobiose )

q

AL HREL
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F3(%)
A , 4 Xl
i HFR . B3 L5k 5% 3k
egree o
( number ) (name ) g. . (‘source ) ( chemical structure ) ( reference )
polymerization )
6 = 2 ELE K ( Morindae HOH,C [51]
(bajijiasu ) Officinalis Radix ) O\
QOH
7 JER =4 2 A2 (Ginseng [52]
( gentiobiose ) Radix et Rhizoma ) C\
8 blastose 2 TP (Acer HO [53]
saccharum Marshall
syrup )
9 SR = 3 BA (Atractylodis CH,OH [27]
( kestose ) Rhizoma ) : ;
k@g
< HO 7
10 a—D-Manp-— 3 3T ( Nelumbinis HO [54]
(1-6)-0-D- Semen ) 0.
Glep-(1-2) - OH O
. HO 0
a-D-Fruf
0. CH, (())H CH,0H
OH
HO 6]
OH  onon
11 o—D-Manp— 3 3%F ( Nelumbinis HO [54]
(1—6)-a-D- Semen ) 0O
Manp—( 1—6 ) -a/ -\ 0 HO
. 0
-D-Gle
p cp o
0 HO
HO 0
0O,
OH
HO
OH

RO
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F3(4%)
D RO , o -
i 2] i 2z 275 SCHk
(degree of
( number ) ( name ) o ('source ) ( chemical structure ) ( reference )
polymerization )
12 M 3 HIHIHF (Vitis HO [22]
( raffinose ) vinifera L. semen ) HO 0,
@]
OH ) HOy o
OH
OKﬁﬁ
HO OH OH
13 P =tk 3 HIEIHT ( Vitis HOH,C [22]
( melezitose ) vinifera L. semen ) 0 _HO
OH
HOH,C
OH
HO
14 JeHe 3 A (Vieis [22]
( gentianose ) vinifera L. semen )
o JQ
15 g = 3 A~ ( Ziziphi HO [49]
(' manninotriose ) Spinosae Semen ) HO 0,
OH
0,
OH
HO 0
OH
0.
OH )
OH OH
HO on
16 IR = 3 TH#E ( Cimicifugae 0 OH [50]
(inulotriose ) Rhizoma ) HO
HO
OH
HO. 0 (0}
HO
HO
HO 0 0
HO
CH,OH
17 AW 3 Ltk T [55]
('maltotriose ) (Schisandrae
Chinensis Fructus )
18 0~Glep- (16 ) - 3 KF¥& HO [33]
Ol—Glcp—( 1-2)- ( Pseudostellariae HO OI—(I)
B—Fruf( 6—2)— Radix )
P-Fruf HO ()

oSy

AL HREL
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F3(4)
RATE , ; i
i 4 . K fsity 5% 3k
egree o
( number ) (name ) g. . (‘source ) ( chemical structure ) ( reference )
polymerization )
19 oa-Glep-(1-6) - 3 A% (Ginseng HO [52]
a-Glep—(1—4 ) - Radix et Rhizoma ) 0
a-Glep OH HO
0
HO ho 0 0
OH OH
0 OH
HO OH HO
20 H R AR JRE 3 ANZ( Ginseng HO HO [56]
(erlose ) Radix et Rhizoma ) 0 0 HO 0
0)
HO 0 OH
OH OH OH
21 TR (nystose ) 4 AR (Atractylodis HOH,C [27]
Rhizoma ) (0)
OH
OH
OH
HO 0
0
HO,
OH CH, |2
HO 0
0
HO,
OH OH
22 a~D-Manp-( 1— 4 3T ( Nelumbinis CH,OH [54]
6 ) —a—D-Manp— Semen ) o H(())
(1-6)-a-D- o
Glep-(1-2) - 0 0
a-D-Fruf 0 HO
HO 0 HO
o 0 CH,0H
OH
0
HO
OH OH OH
23 IR 4 155 ( Lycopus HO [57]
( stachyose ) lucidus Turcz radix ) HO 0.
OH
0
HO
HO 0
OH
0,
OH HO
0 0
OH HO
0
HO
OH
OH oH

RO
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o REHE ; - N
Y5 2] i 2z BN
(degree of .
( number ) ( name ) o ('source ) ( chemical structure ) ( reference )
polymerization )
24 BEACIIE 4 PR ( Ziziphi HO. [49]
( verbascotetraose ) Spinosae Semen ) HO 0
OH
0.
OH
HO 0.
OH
0.
HO
HO 0.
OH
0
OH )
OH OH
HO OH
25 JURPUHE 4 FH#E ( Cimicifugae 0. OH [50]
(inulotetraose ) Rhizoma ) HO
HO
OH
HO 0
0
HO
HO (sz 2
HO 0
O
HO
Ho CHOH
26 SAEZFIUME 4 AZ (Ginseng CH,0H [58]
(‘isomaltotetraose ) Radix et Rhizoma ) 0.
OH
HO (0]
HO 0
OH
HO HO (0)
0.
OH
HO O
HO 0
OH
HO HO OH
28 AN P S 1o o 1o 1551
( maltotetraose ) ( Schisandrae 0 0 0
Chinensis Fructus ) b OH N OH OH
OH
OH OH 0l2 OH
29 0-Galp— (16 ) - 4 KFZ H [33]
(I—Glcp—( 1-2)- ( Pseudostellariae HO O.
B-Fruf(6—2) - Radix ) OHOH HOS, o HO .
B—Fruf oL HO i
HO J
OH HO HO OH

AL HREL
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A , ! 4 Xl
i 4 . K fsity 5% 3k
egree 0
( number ) (name ) g. . (‘source ) ( chemical structure ) ( reference )
polymerization )
30 a-Glep—(1—6 ) - 4 A2 (Ginseng HO [52]
a-Glep— (16 ) - Radix et Rhizoma ) o
a-Glep (1—4) - OH 0
—Gle HO 0
o—Glep oH
HO 0 HO o
OH OHO ot
0 OH
HO Ui OH
31 o-Fruf=(2—4) - 4 HiAe ( Lycii Fructus ) HOH,C o [59]
B-Glep-(1-2) - 0
! OH OH 0
a—Glep— (4—2)- HO
Fruf HO HO
CH,0H O
H() OH -
O 5 0.
OH H
O
OH HO
32 (1-3,1-6) 4 BESE ( Papaver HO [60]
a—D— % UkE somniferum pollen ) OHO
Ho HO
o hoY
OH
HO HO 0O, o
HO OH
o A Lo
OH
HO HO
33 R b 5 LA (Atractylodis HOH,C [27]
( 1F—fructo— Rhizoma ) 0
OH
furanosylnystose )
0 OH|
H
o (0]
HO,
OH 3
(0]
HO 0
HO,
OH OH
34 rehmaglupent— 5 Hi#% ( Rehmanniae HO [61]
asaccharide A (1) Radix ) HO 0.
PH HO
HO 0,
OH
HO 0. OH
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RaK ; o
G E4s i KU fleE55H %30k
(degree of
( number ) ( name ) o ('source ) ( chemical structure ) ( reference )
polymerization )
35 rehmaglupent— 5 137 ( Rehmanniae HO [61]
asaccharide B Radix ) HO 0
OH
0.
OH HO
HO )—o HO /=0
OH OH
[0}
HO o Ho, HO
OH (0] [0)
HO
OH
36 rehmaglupent— 5 H1 3% ( Rehmanniae HO [61]
asaccharide C Radix ) HO (0)
OH
0,
OH HOH,C
HO ; ;
CH,0OH
SQ@H OH
37 rehmaglupent— 5 Hi1 7% ( Rehmanniae HO [61]
asaccharide D Radix ) HO (0]
OH
0.
OH
HO 0
OH
CH,OH
HOH,C /@LH OH
HO
OH
OH
38 rehmaglupent— 5 Hi1 7% ( Rehmanniae HO [61]
asaccharide E Radix ) HO (0)
OH
(0}
OH
HO 0
OH
CH,0H
HOH,C /Q
HO 0
O S CH,0H
OH

AL HREL
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. A , o Y
Ui AT (d ; P (s 275 Sk
egree o
( number ) (name ) g. . (‘source ) ( chemical structure ) ( reference )
polymerization )
39 rehmaglupent— 5 Hi17% ( Rehmanniae HO [61]
asaccharide F Radix ) HO (0)
OH
0
OH
HOH,C HO /0
HO 0. 0
OH Sy CH,0H
0 HO 0 o
OH OH HQ
Ho ! CH,0H
OH OH
40 rehmaglupent— 5 ¥ ( Rehmanniae HO [61]
asaccharide G Radix ) HOH,C HO 0.
HO 0
OH O
on M
ud 1O CH,OH
OH HO
HOY CH,OH
OH OH
41 ERALHE 5 1% (Lycopus HO [57]
(verbascose ) lucidus Turcz radix ) HO 0
OH
O,
OH
HO 0,
OH
0.
OH
HO }—0
OH
0
OH 0 HO 0
OH HO
0 OH
HO
OH OH
42 SRR 5 FHE ( Cimicifugae o OH [50]
(inulopentaose ) Rhizoma ) 1o
HO
OH
HO 0
0
HO
CH, |3
HO .
HO 0
0
HO
CH,0H
HO -

RO



- 374 -

|

5 W 4 W 2 E  ChinJ Pharm Anal 2025,45(3)

JPA

F3(4%)
. A , N o
i 2] i 2z BN
(degree of )
( number ) (name ) o ('source ) ( chemical structure ) ( reference )
polymerization )
43 stellariose 5 Lk (Stellaria CH,0H [62]
media radix ) Ho
OH
0
HO o
(0]
HO 0O, 0
OH
0
OH HO
OH
HO 0
HO 0,
OH
OH
44 EaL ki 5 LAk T HO HO HO [55]
('maltopentaose ) ( Schisandrae 0 ) (0)
Chinensis Fructus ) OH OH OH
HO 0 0 OH
OH OH 3 OH
45 DP5 5 K1 HO HO 133]
( Pseudostellariae HO HO 0,
adi 0 OH
Radix ) OH
HO O Ho ¢
0,
OH Hg
HO 0
OH OH
HO
HO 0O,
OH ",
0
HO
46 P A 5 YR ( Lantana HO [63]
(lantana A ) camara radix ) HO 0
OH
HO 0
HO 0
OH
0,
OH
HO 0.
OH
0.
HO
HO 0.
OH
OH 0
OH OH
HO OH

AL HREL
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F3(%)
RO , \ 3
i R . Kl =i 5% 3k
egree o
( number ) (name ) g. . (‘source ) ( chemical structure ) ( reference )
polymerization )
47 PFOS-1 6 FEAH ( Polygonati HO [34]
Rhizoma )
OH
HO.
0 0
HO OH
HO
OH ok IS
OH OH -
H
HO— O o ’
HO
CH,
OH 0
HO 0)
HO
OH
OH
48 PFOS-1 6 HOK ( Polygonati HO [34]
Rhizoma ) )
OH
HO 0 HO 0
0
OH o
HO Ot CH
0 o. HO e
HO o O
OHYX HO
OH CH
oH LW*
HO O.
HO,
OH
OH
49 BHERISHE(GFS) 6 AR (Atractylodis CH,OH [27]
Rhizoma )
OH
HO
OH
0
HO 0
HO,
on CH|
HO 0
HO
Kt
50 RBRSSHE 6 TH#E ( Cimicifugae o OH [50]
(‘inulohexaose ) Rhizoma ) HO \
HO
OH
HO 0 O
HO
HO CH,| 4
HO
O.
HQ
u H,0H

RO
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D RATE , N o
Y5 2] i 2z BN
(degree of .
( number ) ( name ) o ('source ) ( chemical structure ) ( reference )
polymerization )
S ZENHE 6 JeHskT HO HO HO 551
(' maltohexaose ) ( Schisandrae o) 0 O,
Chinensis Fructus ) HO OH Y OH OH
[¢] OH
OH Ol 4 OH
52 DP6 6 KFZ Ho HO [33]
( Pseudostellariae o HO O
Radix ) HO OH M
OH 0] HO
HO 0HO
HO 0, o
OH ), HO HO
HO O 0
HO 0 !
HO 0.
OH
o {
HO
53 HEEHE 6 BB A i HO HO HO [15]
(' mannohexaose ) ( Dendrobii 0 0 0
Officinalis Caulis ) OH O OH 0 OH O
HO 0 04 OH
54 ABW90-1 6 4= g ( Achyranthis HO [64]
Bidentatae Radix ) OH
HO
HO HO P
0.
HO
CH,
HO o) : 0. 0 H 0 0
HO HO HO
OH
HO HO o [
HO o) 0
HO
ud OH
55 AR 6 SR ( Lantana H [63]
(‘ajugose ) camara radix ) HO
OH

AL HREL
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z3(4)
AN R
i HFR R SR (le==ai| %25 ik
( degree of

( number ) (' name ) (‘source ) ( chemical structure )

polymerization )

( reference )

56 TLEEFHE B 6

(lantana B )

57 REAR-LBE (GF6 ) 7

58 ABWS50-1 7

LAPIAR ( Lantana HO

camara radix ) HO 0,
OH
1o ©
HO 0
OH
0)
HO
HO 0
OH
0.
OH
HO 0.
OH
0
HO
HO (0)
OH
0
OH 0
OH OH
H
0 OH
B (Atractylodis CH,OH
Rhizoma ) O,
OH
HO
OH
HO 0
HO
OH ICHz 3
0
HO o
HO
OH OH
2P ( Achyranthis HO
Bidentatae Radix ) 0.
OH
HO 0
HO OH
0]
HO A
OH
HO
0 0
HO
HO 0. 0 0. 0—H0
HO 0
HO HO
OH OH
HO HO HO
HO 0 0
i
OH
HO

[63]

[27]
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Y5 2] i 2z BN
(degree of .
( number ) ( name ) o ('source ) ( chemical structure ) ( reference )
polymerization )
59 RURbHE 7 FH#E ( Cimicifugae o, OH [50]
(inuloheptaose ) Rhizoma ) HO
HO CH
OH l 2
HO 0 O
HO
CH
HO 213
HO 0
O
HO
Ho CH,0H
60  EZFLHE 7 JETk T HO HO HO [55]
('maltoheptaose ) (Schisandrae 0, (0]
Chinensis Fructus ) OH OH OH
HO 0 0]s OH
61 DP7 7 KFZ HO 0 [33]
. ellari: HO 0,
( Pseudostellariae on HO 0
Radix ) OH
Ho~ on ”
Ho J—0 o 1%0
OH OH 0.
0
OH o 0O\
HO OH
HO 0]
OH
(¢}
HO HO 0.
OH
HO
62 CT70-1A 7 ReAE1E HO [66]
- . 0.
( Coreopsis tinctoria oH
Nutt. flos ) HO
HO
0
OH
HO )
HO
HO —o_ o OH
[0}
HOO Ol
OH
HO
HO 0
(0]
OH
HO OH

AL HREL
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F3(%)
- T , o .
G P2 (d ; KR (laarti) 27 3Rk
egree o
( number ) (name ) g. . (‘source ) ( chemical structure ) ( reference )
polymerization )
63 TESL /B (GFT) 8 A (Atractylodis HOH,C [27]
Rhizoma ) 0,
OH
OH
OH]
HOS
HO,
on (H)°
HO 0
HO,
OH
OH
64 HUR\ME 8 FHHE ( Cimicifugae o, OH [50]
(‘inulooctaose ) Rhizoma ) HO
HO I
on |
HO 0 0
HO
CH, |©
HO | 2
HO
0
HO,
Ha CHOH
65 GLO 8 RZ (Ganoderma ) CH,0H CH.OH HOH.C [67]
0 2 CH,OH 2
0 0, 2 0
OH OH on OH 0
HO = 0y Q 0 HO
OH HO o [0
HO O, O
on 4™ OH
_ HO n
m+n=4 OH
66 225 )\ 8 ANZ (Ginseng HO HO HO [52]
(' maltooctaose ) Radix et Rhizoma ) 0, O (0]
OH OH OH
HO 0 0 OH
OH on 6 OH
67  HERILBE(GFS) 9 A (Atractylodis CH,0H [27]
Rhizoma ) 0
OH
0
OH
HO 0
HO
on ()7
HO-
HO
OH
OH

RO
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D RATE , N o
Y5 2N He et EZ PG
(degree of .
( number ) (name ) o ('source ) ( chemical structure ) ( reference )
polymerization )
68  RRIUHE 9 FHE ( Cimicifugae o OH [50]
(‘inulononaose ) Rhizoma ) HO
HO CH,
OH | ~
H
0 0
HO
CH
HO l 217
HO 0
0
HO
HO CH,0H
FIUkE Z: ( Ginse
69 FEILRE 9 N2 ( Ginseng HO 1O HO [52]
(' maltononaose ) Radix et Rhizoma ) 0
0 0
OH OH OH
HO (0] 0 OH
OH
OH 7 OH
70 CT70-1B 9 ReA1E HO [66]
L . OH
( Coreopsis tinctoria HO
Nutt. flos ) HO. o
o O
OH [0)
HO 0 Y 0
HO o HO 0 OH
HO 0. OH
OH 0.
oMo 0 @ o
OH )\ HO On
HO OH
71 CT70-2 6 BRI HO [66]
( Coreopsis tinctoria 0.
Nutt. flos ) OH o
HO
HO o OH
0 OH

HO

AL HREL
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%S

( number )

A

(' name )

R H
( degree of

polymerization )

SV

('source )

et

( chemical structure )

W

( reference )

72 PFOS-2

73 PFOS-2

10

10

FEAH ( Polygonati HO
Rhizoma ) b

HO
HO
OH
OH

HO

OH

OH

ok ( Polygonati
Rhizoma )

HO

HO, HO,

OH OH

OH

RO
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:. RATE , N o
Y5 2N i 2z EZ PG
(degree of .
( number ) ( name ) o ('source ) ( chemical structure ) ( reference )
polymerization )
74 PFOS-2 10 #K ( Polygonati HO [34]
Rhizoma ) (0]
OH
HO 0
HO HO
0]
HO
HO 0 OH CH,
O. O
HO HO 0
OH on \HO
OH OH it
Ho— 1 o
O
HO
HO
0 CH
0 0 0— OH ’
HO HO (0]
OH OH \ HO
HO oH CH,
OH
HO
0 0
HO
OH
OH
75 HESRAHE (GF9) 10 T (Atractylodis CH,0H [27]
Rhizoma ) 0,
OH
OH HO
0}
HO 0
HO
H
OH T 2lg
HO 0 0]
HO
76 R 10 FH#E ( Cimicifugae o 9 [50]
(inulodecaose ) Rhizoma ) HO
HO |
Lo
HO (0]
0]
HO
HO THz
8
HO (0]
0.
i
na CHOH
77 EaL i 10 A% (Ginseng [52]

( maltodecaose )

Radix et Rhizoma )

HO HO HO
0. 0, 0,
OH OH OH
HO 0|i<t2\o OH
OH on g OH

Ry

w3 &
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3 BEBSWAHE

H AT B 2 SR o3 B ik S R A
WAR TS Bk . X T 2 e e e
D7k O S AT 25 O (BRI AE TR A B M &2
W = X S Y R G g
31 R

2GS (TLC) L Refgimad LA (A e Mgl fb i
(R LR , o — i UARAIG, RE I 0 S 2 vk, A Xt
BE 5 B A, 38 BT DU R e, T kR i
A AR IPERS 2 XIREERAE 1 {5 B TLC A6 AN [H]
MR P AP A 1 T AR S 2 MG 3 Tl BRURE K3 70 S 1) A
b, 456 TLC HH5 0 R IT B BE A5 EA T 5 A
Wit 28 4 U0 SR A0 2 33 (HPTLC ) 5% 4 F
W B TR RS () SEWE EA T DR AT, T 0 T
RN a-1, 4- F R M, Singh % "I &
T 1 AT HPTIC W05 28 4 7K it =y AR SR Rb &
IR TR - O - K (60:24: 16 ) % i
VR, BAT R AP e
3.2 SAHEEE

GC-MS J"3Z W T ] i 14 W 20 53 10 2 v e
H A HTESE 7, Daniela 45 %2 DR 25 5 Hh 45 043 5
SR B =R 4> AL, LA A AR R R R
TR 1— P EEWR W A AR 3 T S BRSO, Je
AT GC—qMS Z3HT, B R AR A AT i S8 7 Hh R IRk
Soledad % 7! 2% £ 1 e £k Fl GC-MS/MS, X #UANE 25
SRS R R A2 2E = AR T K IR R B
HEAT T 5 RN B AT
33 WAHEE:

WOAH 3 2 o A R, 5 R, A
I e RS A R k2 — T, R4 BT
AN T) SCHR R VR AH €8 3502 43 B v 5 24 A ) 3 A
KM%

RID J&— ML GE RN 25 , 7R 5 431 v 1y
M2, ket R, 5 5 R BUHER (575 45
S1 B FORIE ], H 3 2 SR AN BRI TR BE TR,
IS5 R Z A TR R S5 A5 PR R e R 727,
ZEROCECSIRE I £ (ELSD ) 2 ZEME BT 5% b d5e i Y
A I , FT DA AT A B2V O, (L 3R AR RS e Pk R
R, HmEZE A g ( CAD ) 8 M 1 AN T 1743 B
VIR I & e A e B L SRR | B A bk

YT ELSD A1 RID, By ik H HiT S 1A 71 T
BT B TS " OKT5 7 kA
R RV T 0T B E A B S T R
UHPLC-CAD J5 %, B 58 1 ik i sl A0 L Ve i 4%
A D RN L T A YR X 43 B SR I R ) Fe LA
WG NA MU, I 0.5 mL - min™', A3 30 °C, 207
19 A bR SR RS RO R N T R
KR AT B AL L LA S BR R 6 A2
SRR

ik e 22 55 A I e 1 Ll 2R A T 2 B
JEAE pH 12~14 B IV A R 14 , 2 3 A Bl 45 1
T A TS T, 3 ] S A S
BEVET B o TESERE AT, DK b B A 8 5 v Ak
[ 55 732 e (0, 1% ( HPAEC-PAD ) 454, F T B 2
FT RS ARG B2 Cui 45 B 32 ] HPACE-PAD,
454 MALDI-TOF MS, 8 & T MFFIRE 53 25 1 1 26
PR SRME N it SR A B JFEAT T8 |, 1
I BR A 5 2 BR 43 51 7E 0.002 8~0.012 5 pmol « L™ Fll
0.008 3~0.062 5 pmol * L,

FRAKAE R 3% (HILIC ) SR F AR A 18 22 AR AR
BHH, FE TR EAT AR S S A R L B
D7 R ¥EE EEAE R . W LA S s e A o [ e
FH, BERAT S 2 M4 pH YR Y, HARZs 538 J5p
RAERN . LR s AU, kR
RAR AP B 3237 1 AN 25 5 1] A kA
YRR B4, IR o — A 39%0~30% , /KA L3k 5
BEISAE AT LR FR IS , 1o I 0] 51 2 AR 2 1 TGP
BK A TR T
34 WEHRHEAR

W (LC-MS) HEARZE AT LC 1S4 B Ak
JIVA T MS JRR e R L R AU O, Re e S B rp
2 MRS HT , LC-MS 175 Hh B 2 43 B v 4 15 P
DLER 5. H R MS B U5 A HL W25 HL 25 5 (EST)
RIS JBT 5 B O i W L 25 ( MALDI ). ESI 2 H R
A B Rz —, al DAL o TR A
MALDI-MS () R EE S HEem, X Eh FIgE vh ik it 52
PERT, 2 HATSERE AT oK iz i —Fh TP,
TIER TG (IM-MS ) J2& 1 R 50 il — 48 B35 0 A
AR, RERS AR B T 0 o & L far L R/INFIE IR AT 43
B AR TS S R RS AR .

RO
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Tab. 4 Application of LC in the analysis of oligosaccharides in Chinese herbal medicine

JPA

Rt iRk ioRlEEE e Wil 23k
(sample source ) (detector)  ( detected oligosaccharides ) ( chromatographic column ) ('mobile phase ) ( reference )
FEN HPLC-ELSD  jESRHpE Waters XBridge Amide column 7K (A)-ZJi5(B) [85]
(Atractylodis (GF4) (250 mm x 4.6 mm, 3.5 um ) [water (A)-acetonitrile (B)]
rhizome ) 0~6 min, 75%B—68%B;

6~21 min, 68%B—50%B;
21~25 min, 50%B—75%B;
25~30 min, 75%B
BR Bz A ik HPLC-CAD W 2200 ~ Z2F b Waters XBridge BEH Amide  ZJ§ (A )=0.1% = 2K (B) [80]
( Dendrobii ('sucrose, maltose— (250 mm x 4.6 mm, 5 pm ) [acetonitrile (A)-0.1% triethylamine
Officinalis maltoheptaose ) aqueous solution (B)]
Caulis ) 0~18 min, 12%B;
18~25 min, 12%B—20%8B;
25~40 min, 20%B—35%B;
40~65 min, 35 %B
PN HPLC-ELSD  JEHE 2R 8 ~ RES-DHE ZORBAX NH; 0.1% BERRK (A) - ZJiE (B) (86]
( Morinda ('sucrose, kestose—~GF6 ) (250 mm x 4.6 mm, 5 pm ) [0.1% acetic acid aqueous solution (A)—
officinalis How ) acetonitrile (B)]
0~35 min, 30%B—33%B
A UPLC-ELSD  JEBE SR =0 ~ BESL1H ACQUITY UPLC BEH Amide  0.1% Z/K ZHEHB (A ) -0.19% ZIKE [87]
(Atractylodis ('sucrose, kestose—GF10 ) (100 mm x 2.1 mm, 1.7 pm) W (B)
Rhizoma ) [0.1% ammonia acetonitrile solution (A)-
0.1% ammonia aqueous solution (B)]
0~1 min, 2%B—25%B;
1~7 min, 25%B—30%B;
7~18 min, 30%B—45%8B;
18~23 min, 45%8B;
23~23.5 min, 45%B—2%8B;
23.5~28 min, 2%B
HiHE HPLC-ELSD  J#H% 2 — 4 M 70 H#E  XBridge BEH Amide 30% ZME7K +0.1% 5K (A ) -90% 2. [83]
(Radix = K (250 mm x 4.6 mm, 5 um) /K +0.1% %K (B)
Rehmanniae ) ( sucrose , melibiose, raffinose, [30% acetonitrile aqueous solution
manninotriose, stachyose ) +0.1% ammonia aqueous solution (A)-
90% acetonitrile aqueous solution +0.1%
ammonia aqueous solution (B)]
0~22 min, 85% B
WL (flow rate ) 0.6 mL * min™'
22~64 min, 85%B—60%B
P (flow rate ) 1.0 mL + min™'
W HPLC-CAD  JEWE BEER —HE ~ BEESHE Waters XBridge™ Amide column 201§ ( A ) =0.1% = /K #W (B) [88]
( Codonopsis ('sucrose, kestose—=GF5 ) (250 mm x 4.6mm, 3.5 um ) [acetonitrile (A)=0.1% triethylamine
Radix ) aqueous solution (B)]
0~30 min, 20%B—35%3B;
30~45 min, 35%B
g HPLC-CAD  jHE IR — b Asahipak NH2P-50 4E, ZME(CA)-7K(B) [89]
( Achyranthis ('sucrose, kestose ) (250 mm x 4.6 mm, 3.5 um ) [acetonitrile (A)-water (B)]
Bidentatae 0~8 min, 75%A ;
Radix ) 8~10 min, 75%A—71%A ;

10~15 min, 71%A ;
15~20 min, 71%A—69%A

AL HREL
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Tab.5 Application of LC-MS in the analysis of oligosaccharides in Chinese herbal medicine
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B s ik A T BH 3
('sample source ) . ( detecte(% ('method ) (liquid phase conditions ) (mass sp.ef*,trometry ( reference )
oligosaccharide ) conditions )
ELR FREEOR R R R ~ PR B (qualitative ):  LL0.19% 2K LT (A)-0.1% 20K (B)  ESEIR, 2 T4 (ESI [92]
( Morindae Officinalis ¥ ( sucrose, kestose— UPLC-Q TOF MS SAALEIAE A TR [using 0.1% ammonia source, negative ion mode );
Radix, Morindae ~ GF9) acetonitrile (A)-0.1% ammonia aqueous FLESUIRE 120 °C AT
Officinalis Radix solution (B) as the mobile phase, gradient J& 450 °C. (ionization source
processed with salt ) elution] temperature 120 °C, desolvation
7 30 °C.( column temperature 30 °C ) temperature 450 °C. )
AZ LW~ EHIUE. EHE (qualitative ): LL0.1% FRR/KFIR (A) - 215 (B)  ESTE, IE B F4C (ESI [56]
( Panax ginseng ) JEME EAR =M W3 UHPLC-Q Orbitrap ARSI, B PERR [using 0.1% formic  source, positive ion mode );
B, erlose ( maltose— MS acid aqueous solution (A)-acetonitrile (B) EANE LI 333 C, 4B
maltononaose, sucrose as the mobile phase] SISE 317 °C (capillary
kestose , nystose, erlose ) L 30 °C.( column temperature 30 °C ) temperature 333 °C and aux
gas heater temperature 317 °C.)
it TR R T ~ R M (qualitative ):  PAZJE (A ) -8 mmol - L™ HIRE/K Y ESTIR, T 148X (ESI (93]
( Polygonati J\ME (sucrose, kestose— UHPLC-Q TOF MS W (B) RUishAR , B EEVEL [using source , negative ion mode );
Rhizoma ) GF7) acetonitrile (A)-8 mmol * L ammonium BRI 120 °C, iz
formate aqueous solution (B) as the SURFE 350 °C (ion source
mobile phase, gradient elution] temperature 120 °C, desolvation
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phase, gradient elution]
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(ginseng ) B ST ~ F & LC-MS/MS, MRM R AR A EE R [0.02% ammonia  JE 350 °C ( ESI source,
PUE R =B TEE mode aqueous solution (A)-acetonitrile (B) as  positive ion mode , atomization
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maltotetraose , isomaltose L 40 °C.( column temperature 40 C. )
—isomallotetraose , kestose
nystose )
EE| HEAE (sucros ) FE it ((quantify ): LIAK(A) = 25 (B) AFshHH, B ESTIR, 713 AL [97]
( Angelica ) UPLC-Q TOF MS YERR [water (A)-acetonitrile (B) as the  ( ESI source, negative ion

mobile phase, gradient elution]
H:k 40 °C( column temperature 40 °C )

mode )
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. ; A SE A ;
R ORI Ttk
(detected
('sample source ) . X ('method )
oligosaccharide )

( liquid phase conditions )

Bt &k

( mass spectrometry

WA, 27530k

.. ( reference )
conditions )

Hu THEHE 2 T AT
H 2 = RO

('sucros, melibiose,

A2 (quantify ):
( Rehmannia ) UPLC-Q TOF MS
raffinose , manninotriose ,

stachyose )

L 67% HIEEY 1.25% 24 bEIR A ESTIE, SRy T [97]
B (A) - CHES 1.25% @8 kE0R (ESI source, negative ion

B (B) M SR, BEEEVE [67%  mode )

methanol and 1.25% ammonium hydroxide

mixed solution (A)—acetonitrile and 1.25%

ammonium hydroxide mixed solution (B)

as the mobile phase, gradient elution]

R 60 C.( column temperature 30 °C. )

JE AR 45 8] ] MALDI-TOF MS X Ji& 43 B
J W JBE 2 SRR AT B3 40 BT, I — G i 1 v T D
O 1) 2R A B 2~20 ()0, Hov, = 8R4 L ] i
ik 21.5%. WF5E A MTIF & T 006 i Wz /L B o i
(LDI-MS ), FHERGIAA AL REGKATRL 4R A HLHESL
( MOFs ). i F # SF TCHLAK  RHCEA HLEE I ™, i
TR MALDI-MS 4387 /N 73— SE 05 (4 B 2 140 m] it 1,
Luo 45 "' FARAORIRAE M T G D) sefb 4 Jm A Al
BIRYKE ARRE AVE R LDI-MS B9, l3h T 3
OIS VYIS 22 2ERE R S R 5

TR F IR P UE 2Bz AT A " S T 1 A
B R T E 5 2 NI R = S i B
Wi 4 Fh —BESARIEA T T S50 500, R4 T H
GG Joi i v e A5 AR (] 1) FLBH RN T 4 — R A0 -
BRSEAS DOV 35 FE ST 16 i UbE K SRR I 5 1 25 T
ERRAIERE, %2 T ARFEAS PSR, 255
PMP i1 4= A1 IM=MS/MS F3 87, #E D T 5 Ff o 0 S 4
(] BEZE A o

WP B AL BT ( AL-MS ) A DLk 5 2R
dn AL B, SEAT SR B A ATT, TR PR, PR AR, SR
JE i, FLAE 5 45 Ah I A A A 1O, ) i e 4 1Y
FH MALDI-MS Z3 47 5& - v (R SRR S5 /Ny T o FE 41
LU s [ A, RIS (m/z 219.02) AW (m/z
381.07 ) FE A et ik
4 EREPHREEFNTENNEA

LTI AT 5T — B LUK HD 2 25 W S i
FE Ty ), FE 2 B 5, 2020 AFRR P E 2y
Moy AT 11 R 2B L SR A R B PR A F
o, W(EAZ BT Al BES R BRA.&HT.
MOFCT- Bk B A ik i ORS SRR JOK A H %
BH TS BT RE  XE R S A T R (R R
BAFAER B AR AR ] 1, Ak, 5

AL HREL

TR B AR FARIC SE0E 3B b 2 B i F A
Wr & Jig , ZERE A A6 L 2 W R A 254, o3k, A2
Py P e OO, LR A SRR R I 5 2 A A
BT 2001 M, A I R AE TR 2544 I
(IHEARAL ST o Liu 55 "VAFSE T 0 F X TR ZHER
WA TT /NI PS5 I R 10 52 ), ke BA0E % it
REEE 220 R ZIMBHEEHEIL T RS FEDY
RZ LM, Zhang & P KB R B INREE
3~9 BYSEMEXT G20 JE %) S R T VE AL T 8~11 Fil
11~17 B4 5 SRR AR . SRR Sy B s R 1 A 3K
AT, 2SR T ER Y 20% Db O DO R
CLE R 256 B A5 s s . Al UL 6 R
T 2T, BT T AR RRAE A o 2 SRR I
Tl BAEE AT AT
5 INESRE

SR AR 0TGRS R et A E R
(R T, I HR L 245 1) 25 B SR T — 2D TF R AR VAN
M RLAR PR . BT, OC T R SR R A TH
ESSUY. e S N A N NG R 8 o B MR
b B S AT RS T AT T RGEH AL
45 SR S 2 SRR RIS S 0

PRI B R T 5% AT B, K BR7 BUASIRBE
FGrh B2l RS R Y O =X, (0 RN 2R 1 o Y A [
P th 245 5 ST ok —E RIME . S5 R g pT =AY
FERERRIOC FR B LA, 32 SRR 20 0 AL S A
PRI S B 25 A0 2R PE R B ], RS | AT R A ARG Ty vk
TR LR 2 R AT, BWH 2 LAY 81) 43 B
FARTA I ATk Bl = PR 5 7 A AR FH A U
Trido BB, TERT R HISERE I 25 A A 70 5 1, &
W 454 NMR IR, HPLC . MS 45 £ Fh J7 ¥ B AR EAIE,
b, LC FTMS A 7 EE R, RS s el A
2D ACHT RS T TR B e Al 7 v . SEmE
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