PED 2024FE 11 5 5% $ 218 Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 21 - 7491 -

P D REEFRIERREFNIIRER

AT F L, RSML, R #L, OE FL3, REMEL, KLY, B 4 L3
1 HR R R ZE, il 220 730000

2. hE B MR R AT, HAR 220 730000

3. ERFEAEH R =ZHEE (PHMEE SIS, HilF 20 730000

4. VEIbh iR ZiE S AL R GIHT .0, HIR 22 730000

5. Wil me GBD At 5REm AR HRE SR E, Hil M 730000

B OE. hAZERAPANEEEERS 2 —, BARENEYIEYE, NAMR) . N TR AR R 4
P, SRR RPN ROV EE . ST 2R A S KA R VA, TR A TSR e S e AT R
Pl Z R RO B, AT B T 2 MR 2, ST TR MEsR . RBUE s n e A b R e . @it
I AER R 2 2 WR R AE B E R E B AT HAR 5 R AT SR8, FRAE UL EERE B3R T o 20 2 W 35 VPN 1 Rk
R R A2 2 BT R G PN R RGBSR S, RN AR — DI R R A 2 £ RS AL A

KRR hZ M M SHERIE: WS BRSO

FESES: R284 YRR : A WERS: 0253 -2670(2024)21 - 7491 - 16

DOI: 10.7501/j.issn.0253-2670.2024.21.027

Research progress on structural characterization and quality evaluation of
traditional Chinese medicine polysaccharides

ZHAO Ning' 3, HAN Zhu'- 3, JIAN Yinglin® 3, PANG Zhe'! 3, WANG Lu" 3, DI Duolong' 2, LIU Jianfei' 2,

SHAO Jing! 3453

1. College of Pharmacy, Gansu University of Chinese Medicine, Lanzhou 730000, China

2. Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China

3. Tertiary Laboratory (Key Laboratory of Traditional Chinese Medicine Chemistry), State Administration of Traditional Chinese
Medicine, Lanzhou 730000, China

4. Northwest Collaborative Innovation Center for Traditional Chinese and Tibetan Medicine Co-constructed by Gansu Province &
Ministry of Education, Lanzhou 730000, China

5. Provincial Key Laboratory of Chemistry and Quality Research of Chinese (Tibetan) Medicines in Gansu Universities, Lanzhou
730000, China

Abstract: Traditional Chinese medicine (TCM) polysaccharide is one of the main active ingredients in TCM, and it has significant and
wide range of biological activities and promising applications. To ensure the effectiveness and safety of TCM polysaccharides, quality
control and evaluation are essential. Since the biological activities of polysaccharides are closely related to their physicochemical

properties, qualitative and quantitative analyses are a direct and feasible method for controlling the quality of polysaccharides.
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However, due to the complex structure of polysaccharides, qualitative and quantitative analysis of polysaccharides with high specificity

and sensitivity is still a difficult task. In this paper, we summarize and discuss the research progress on the structural characterization

as well as qualitative and quantitative analysis techniques and methods of TCM polysaccharides at home and abroad in recent years,

and on the basis of this, we put forward the problems that need to be solved in the quality control and evaluation system of TCM

polysaccharides at present. It aims to provide a reference for establishing a quality control and evaluation system of TCM

polysaccharides, and at the same time to provide a theoretical basis for the further development and utilization of TCM polysaccharides.

Key words: traditional Chinese medicine polysaccharide; monosaccharide; structural characterization; qualitative analysis;

quantitative analysis
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Table 1 Relevant technical methods and characteristics for determination of molecular weight of traditional Chinese

medicine polysaccharides
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ELSD-evaporative light scattering detection; MALDI-TOF-MS-matrix assisted laser desorption ionization time of flight mass spectrometry.
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Table 2 HPSEC/HPGPC and combined techniques for molecular weight determination of traditional Chinese medicine

polysaccharides
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—: not mentioned.
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Fig. 1 Chain conformation of traditional Chinese medicine

polysaccharides
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Table 3 Advantages and disadvantages of research methods of polysaccharide conformation
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VLR, EFELL ik, CE 454 Z A0 8% 2 i K ANF
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GG S MRS, 04T i # (refractive index, R
L1 ki A I (pulsed-amperometric detection,
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T HPLC BB G R B . £ 2 D Rett:,
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UFR3E R . L4 OR, HPAEC-PAD H % H T Hup 4G
W, ATHFEATEA, (BRI R, 2 ™
K% . Zhao FEOVWHIE T 16 FIEERE . HibE. B
P S R I R0 PRy AR IR PR At R R ) 2
FEPOREANE L TR R I HUR T A =

W% Chigh performance thin layer chromatography ,

HPTLC). HPLC-DAD Fll GC-MS X}/ [7] 5§ ()3
FATE BRAERT IR RO R G B, &5
T T &k s . 25 RR, KRR A
e IR AT R AT IR B2 A s, DL A 2L
B ot BRI, S5 SRS N AERAIAS € - HPTLC W]
LRI 6 22 A FE AT B AT, BEE A H M 4 AR
IR0 0 e K 26 AR A4k . HPLC-DAD 254
PMP fiTAE AT UK IS A . SRR IR, (HAS
RERTINIRKE . FTigMATA k4 & GC-MS 1] LUR
UFh 7 B RENE . BBEFIRERE, (FAS Re 0l e B 1 R A
RN R, T AR R A RE 2 R AN R 7
Rt sz, T dER IR R TR 25 2 BE ) 25
MIE B EERE L. £ 4 8557 ARE 20 fopE g
IMTTE B ILARER T, B S E TR R R LR
HHE
1.3 PAZEAEERSN

ERPSES YRSy ANUEAY £ 2 6 1N =P/ AT GIEZM
Wt 75 2 B 5 40 - DI ROR R 7 2 08 2 B 5 i 1 s — [
2, GIPRMEAL R, RETEEE. S SORERERIAST 4T
B, EIXRET, PEERE CBE BRI AT
BRI RV ZHERE R ROk, B
Wi L2 () P S AR DS 1 o B ATt A SR
153, 192, 154 1 156 BFEHRTKI REY),

x4 NELFERREARNGERMRS
Table 4 Methods for determining monosaccharide composition of polysaccharides and their advantages and disadvantages
GANIDIRES Bk SCHR | arhrik PR A ik
HPLC-UV i REPPER 62 |HPAEC-PAD §fEfi. Mk e, Zrmliiix %4, RS 72
HPLC-ELSD TerbEEUEIAE AT, A A AR 63 P TR
HPLC-RI 2%, AR R ARG, ERIA 64 | GC-MS Frmthim, 2 BackE. REUERSR, BEE 73
B G BARE = SRR A
HPLC-CAD SHEEHEE. ordER. LTHERS, & 65 |GLC-FID  ABAERE. REEE, HEEHSRE 74
Pt P AN AR CE-UV PR AR D, BATERECAREN 75
HPLC-DAD-ESI-  AIfBLHR AR E &, W&ERE. FF 66 |CE-DAD  FERTFUGHEDSEA. WMAHED, BHHELHE 76
IT-TOF-MS P TREME
HPLC-FL R BEAE R, IREIERER, AR 67 | CE-LIF TETE. &ihf, HAMERNER 77
G R B B R SRR T CE-ED/AD  #fEfh. RS, EOML, ANHTHRIE 78
UPLC-MS/MS SERERRE, T 68 PRI, 5B R IR A T AR A A
UHPLC-QTOF-MS AR/, @7 %, REUEMILEFE 69 | TLC i, &5, WHTEES T, EESEME 79
AR BB WA, BENEK, sHEE
HPLC-PDA 5950 SUPMFIMIBIEILIES 70 |HPTLC BAETE. EIEL, EATBERL 80
GC-FID TwRENAERBL, BEREGHIERT 71 |[NMR I AR, AR BN B it 81

GLC-S -l ik FL-SEFeASIE; FID-AUKJAE F A IIES; DAD- A BEFIRG AR LIF-BOETE S0l 2

TR o

ED-HAL =K NS ;. AD-

GLC-gas-liquid chromatography; FL-fluorescent detection; FID-flame ionization detector; DAD-diode array detector; LIF-laser induced fluorescence

detector; ED-electrochemical detector; AD-amperometric detector.
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A% 2D NMR Sl b (140 A0 88 RG-S $iRe
S HEWTHE SR L (G AP BI85, R R i A% A
G K F R N — A B R Re R B 5 — N H
JiE BB 5 BT = AR IR 1 o X BRI IS B AR 3R
M EFZSIHFEAEE 25 RE B, DA Rk A
IIMTAC AN R A E ek & . BhAh, NMR BN T£
PERIRI G AT BT BRI Z RSP
AR 28 SbKA SR 5o AT o 3R A — s
ATEE H O E AR B, Koy BTy, A i i 4% i —
RN TS NMR AR 2R 2O EE ), &
WS FH 20 2 WA T I 7). 22 Wl v ) ol 7 i 7 2
FEEIK (D0) B HJEEHA (dimethyl sulfoxide,
DMSO) Al MGV /%R TG 3 IR 3 R+
SR B A RAE DO 8k DMSO A1, FEAE/HT 2 /i
2% NMR & . H,O A1 HOD FR¥ 701k B e Joii 1
TR 20N 479X 1076, DMSO Ji 1Ak 11k 2

REFEZ TN 2.56 X 1076, 39.52 X 10701881, L L4 ()
NMR 43 #7545 1D NMR Al 2D NMR 23 #7. 1D
NMR ('H Al 3C-NMR) 8% RS R B 2 0
WEGRIE I (H1) FumdEsk (C1 1 o-8% p-
FIZULE TH A1 BC-NMR S sh#nr DA 03] 75K
ZHAEOT, o-F Y1) i X HIAE 015.1~5.8 (i
BT M 6c98~103 iy, 1 B-F T AT %}
T 0u4.3~4.8 Fl 6c103~106 HumFEX . {HAE, PL
AN I T A AU o AR B A
B, G0 H B AN R ZEPEE, 78 BC-NMR i, £
PERIAL AR N 0~1.8X 1074, HIEHEE . C-2~
C-6 B 2EAI RN 5.7 X 1075~8.7X 107510, iy - 'H-
NMR % 1R BR LA 13C-NMR #4155 %:59, 2D NMR
FRIEZFESS M b B HEA/ER . 2D NMR 7]
fEZHER H A CHUEARERE)E . 27k EE
AL AE S i 3 HUEFE R A TR,
MAW A HRHEX R Hf, & EERE
IFEAZA AR TH-TH A OGS i 1 sk A
SRR T AR M . AAE SIS I B e e i AR R 1
FIa [FIPER G 2 A, (e B & B hesE BT E S
SRR P2 A A e, AT 25 45 e, A T
e Z BRI 7 81, B dkimds TH-TH AH A%
MR ffl 2% B %% N A 1% ( nuclear overhauser effect
spectroscopy, NOESY) & 'H Al 13C MK F% 2
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HMBC). NOSEY 57152 it 15 51 (8] 75 4% [A] (]
FHE BT o< R (881, HMBC PRI F -0 e A SR
B ARG R, WY1 Sk 8] 2 8 3 M
PEE PR A . SR, HMBC 725 £ (3t
[ FIAE S FE . BEAE 2D NMR RS R JE, HAMY
Perm TSR R, T HLT AR 2 B A A B
PEERIERRAL, S pEsREES . H (B H)E &
BRI A E AL B ERINF S 2 E R, H
BIC AR R 2 PE A ) 2 E B . Ly P
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EFEFILL 1,6-a-D-Gal AEM - FU0EE 4. SR80,
SERME IR R L 2 E 82 NMR - i ECR
PRGN TR KPR B R = 25 AT e /1, NMR £
ARFLER=F PR R . IFH NMR i H
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BRLE, S5 BAR ST 2 0 (BOBEIR L) 2514 1) NMR £
A BT R AL A 58
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SEHTEEE,  H AT 2 DL 2 R R AR G R R fE A R 2
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B 2B E ) —H0OA ] . Wang ZE1001F 2013 45—
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BE g PO R (P25 il aR SU B A
AREPPA R EED 2012 SRR, AL T 40 #EEEFRERE
Al RS SR GURNE, B0 1 10 3L, dE 5%
M EExs, RN T 8 MILEE, I3l D-H EERE .
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WA N T 0.9, FFAGE] 4 S22 57 5oy %0t
TR HITRSEIE VAT S8lE, NEEEY
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Table 5 Relevant technical methods and their characteristics for establishing fingerprints of polysaccharides in traditional

Chinese medicine
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HPSEC-MALLs. HPESC- I (112 M Kk T8 5, TCAR Il 2 0 2 I 40 22531

ELSD. HPSEC-RID

Mitd, RZ. Hi 14,103-
HL 104

PMP-HPLC 4 &bt HRZHL R SR LS BAR, 2 RKR G IR S A REZHE 99

By 2 RE R R 0T B — AT A RN
HPLC-MS/MS B 2 W R AR SR, R SRR AT S S RAL, BRI T R B INRE SRECA B 105

Rl Sl AR . TR, RGBSR ) 1

HILIC-ESI-MS
HPLC-QTOF-MS

REGFER, EMTHAZRORESS], BEZERKE2 B HEEEERR
—FR A EAL R T, T 2R R S BT R B I SR IR N 107

RIS i1 106

SRR W A I SRR D AR P HEAT LR R S 25 R e b 46 5

DART-MS

R T UL A SR ORI SEIN B AW B e L SRR B E R BT 2R 108

W AU 2 B TR i 2 AN ] 24 R AL 22 W AT R HE U5

PACE&HPTLC

MALDI-TOF MS

R EEMEL . DPERLE, JEHAT 2N R A

R B T A7 AE ) 3 22 e miz 8, 7T DL 2% 2 B PR AE AN R 22 B R0

=t HA.FE 109
B MIAE 2
A% B 110

CE HERIOE . 45O HPLC ML, CE BAMEME . AR, FMmaTRBER 205 iOERM 11

LIS S0

EZ ]

BTSRRI 2R RSN SR S &, AOUTUR TR 8 2RI NT, T AT ARHZHE 35

L% BRI CAANAE M 2 B 1A A FEHEAT T 25 0 B 0 W AR 2R X )
NMR HA RGBS WA, P bR 126 24 PR o 1 22 WL 112

HILIC-ELSD/ESI-TOF/MS  HILIC & i P [ e 4, 7T DAYE 88 s e Ft o P e A a0 5 ELSD fHilee, Lefl RZELH 113
F AR RO RIAT AR Ak, 127 v R B ey o AT 8 77 S 0 0 J A

DART-MS-5E1 B3/ W% s PACE&HPTLC-FRZK AV & 470 s FL ik 73 T v R e 280 2 (0 43 s HILIC-ELSD/ESI-TOF/MS-35 /K it - 28 1

UG DU %/ LT 25 AT AN 0 5

DART-MS-direct analysis in real-time mass spectrometry; PACE&HPTLC-polysaccharide analysis using carbohydrate gel electrophoresis & high

performance thin layer chromatography; HILIC-ELSD/ESI-TOF/MS-hydrophilic interaction chromatography-evaporative light scattering

detector/electrospray ionization-time of flight tandem mass spectrometry.
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Fig. 2 Schematic diagram of structural characterization and quality evaluation of traditional Chinese medicine polysaccharides
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