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Research progress on chemical composition, pharmacological effects and quality
marker (Q-Marker) prediction of Platycodon grandiflorus
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Abstract: Platycodon grandiflorum, commonly known as bellflower, is the dried root of the plant in the Campanulaceae family. It has
slight toxicity. According to the 2020 edition of the “Chinese Pharmacopoeia”, it possesses effects such as “dispelling phlegm, relieving
sore throat, promoting lung function, and purging pus”, making its medicinal value high. P. grandiflorum was first recorded in the
“Shennong Bencao Jing”, categorized as “inferior grade”, indicating a long history of medicinal use. The main chemical components
of P. grandiflorum include saponins, flavonoids, and polysaccharides, among which platycodin is the primary chemical ingredient
responsible for its pharmacological effects. Its traditional medicinal properties are characterized as “bitter, pungent, and neutral”, with
the bitterness coming from platycodin. The chemical constituents of P. grandiflorum have demonstrated antitumor, anti-inflammatory,
and antioxidant effects, which have been preliminarily verified in clinical settings. Meanwhile, this article predicts the quality markers
(Q-Marker) of P grandiflorum from multiple perspectives, including temporal, compositional, and efficacy analyses. With
advancements in modern science and technology, research on P. grandiflorum has deepened, leading to significant achievements from
the analysis of its chemical components to the exploration of its pharmacological effects and the prediction of quality markers. This
article will elaborate on the chemical components, pharmacological effects, and quality markers of bellflower, providing a more
scientifically based reference for the clinical pharmacological research of P. grandiflorum.
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Fig. 1 Parent core structure of platycodins
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Table 1 Main saponin components and their functional groups from P. grandiflorum
i) EY R1 Ro Rs Bl
1 FEFERTFIC (platicodigenin)il H H A
2 FEHEAFCHEE (platicodigenin methyl ester)! H CHs A
3 FEFEEAT A (platycodin A)“ Glc Ara3-Rha(3-0Ac)4-Xyl3-Api A
4 FEFEREAT C (platycodin C)M Glc Arap3-Rha(4-0OAc)4-Xyl3-Api A
5 fEHERETF D (platycodin D) Gle Ara3-Rha4-Xyl3-Api A
6 FEHERETF D2 (platycodin Do) Lam Ara3-Rhad-Xyl3-Api A
7 FEFEREFF Ds (platycodin Ds)! Gen Ara3-Rhad-Xyl3-Api A
8 FEFHEEH J (platycodin J)B) GlcA Ara3-Rha4-Xyl3-Api A
9 FEHEETF K (platycodin K)E! GlcA Ara3-Rha(3-0Ac)4-Xyl3-Api A
10 FEHEE T L (platycodin L) GlcA Arap3-Rha(4-OAc)4-Xyl3-Api A
11 F5HF B (platycoside B)S! Glc Ara3-Rha(3-OAc)4-Xyl A
12 fE#EEF C (platycoside C)M! Glc Ara3-Rha(4-OAc)4-Xyl A
13 FEMEF E (platycoside E)L Glc6-Glc6-Glc - Ara3-Rhad-Xyl3-Api A
14 FEHEFEF G (platycoside G2)l"] Glc6-Glc6-Glc  ArAra3-RhAra3-Rhad-Xyl3-Api-Xyl- A
Rha
15 FEHET K (platycoside K)I7 Lam H A
16 5T L (platycoside L) Gen H A
17 K HERSAE 2 D (deapio-platycodin D) Glc Ara3-RhAra3-Rhad-Xyl3-Api-Xyl A
18  FFrEpERLHE B D2 (deapio-platycodin D2)[! Lam Ara3-RhAra3-Rhad-Xyl3-Api-Xyl A
19 EFFHHERIET Ds (deapio-platycodin Ds)l) Gen Ara3-RhAra3-Rhad-Xyl3-Api-Xyl A
20 FFFHEREAET E (deapio-platycoside E)! Glc6-Glc6-Glc - Ara3-RhAra3-Rhad-Xyl3-Api-Xyl A
21 2"-O-ZBhdiz &2 D (2"-O-actyl polygalacin D) Gle Ara3-Rha(3-0Ac)4-Xyl3-Api A
22 2"-O-ZBEEF5HE 2T D, (2"-O-actyl platycodin D2 Lam Ara3-Rha(3-OAc)4-Xyl3-Api A
23 3"-O- LB EAEH 2 D, (3"-O-acetyl platycodin D2)®!  Lam Arap3-Rha(4-OAc)4-Xyl3-Api A
24 3"-O-B-D- ki 7 & B B ARG B 2 T (37-0-B-D- Glc H A
glucopyranosyl platycodigenin)®
25 3-O--D- it it ] 4 W FE AR 9 12 7 HY R ) Glc CHs A
(3-O-p-D-glucopyranosyl platycodigenin methyl ester)
26  3-O-B-D- EAT - H KL At A 22 1 7T Y RIS Lam CHs A
(3-O-p-D-laminaribiosyl platycodigenin methyl ester)
27 3-O-B-D-JufIH —HH LA A 2 i e Gen CHs A
(3-O-B-D-gentiobiosyl platycodigenin methyl ester)
28 &R FF D (polygalacin D)Ll Gle Ara3-Rha4-Xyl3-Api B
29 & BT D2 (polygalacin D)Ll Lam Ara3-Rha4-Xyl3-Api B
30 R D (platycoside D)L Glc6-Glc6-Glc - Ara3-Rhad-Xyl3-Api B
31 FEMITF Gs (platycoside Gs)Mfl Gen Ara3-Rha4-Xyl3-Api B
32 FEHHEFER H (platycoside H)[©! Gen Ara3-RhAra3-Rhad-Xyl3-Api-Xyl B
33 FEHEER | (platycoside 1) Glc6-Glc6-Glc - Ara3-RhAra3-Rhad-Xyl3-Api-Xyl B
34 FEFEEF J (platycoside J)L! Gle Ara3-RhAra3-Rhad-Xyl3-Api-Xyl B
35 FEMEEF N (platycoside N)IHO Gen ArAra3-RhAra3-Rhad-Xyl3-Api-Xyl-Rha B
36 @& (polygalacic acid)® H H B
37 2"-O-Z Bz E 2 E D. (2"-O-acetyl polygalacin D2)!  Lam Ara3-Rha(3-0Ac)4-Xyl3-Api B
38 3"-O-ZihzEE 21 D. (3"-O-acetyl polygalacin D2)!  Lam Arap3-Rha(4-OAc)4-Xyl3-Api B
39 3-O-ZMikizm £ 2 1F D (3'-O-acetyl polygalacin D)* Glc Arap3-Rha(4-OAc)4-Xyl3-Api B
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40  3-O-B-D- At i s8] %7 Bl Bt B R Glc H B
(3-0-B-D-glucopyranosyl polygalacic acid)
41 3-O-p-D-BAfF —hEILi ER Lam H B
(3-O-B-D-laminaribiosyl polygalacic acid) [*4
42 3-O-B-D- Atk i 7] 2] 4 5 178 2 R I Gle CHs B
(3-O-B-D-glucopyranosylpolygalaeate) 14
43 3-O-B-D- B A7 ZHl ALz L R e Lam CHs B
(3-O-B-D-laminaribiosyl polygalaeate)*?
44 FEMIEE A (platyconic acid A) [12 Gle Ara3-Rha4-Xyl3-Api H C
45 fEETR B (platyconic acid B)LS Glc Arap3-Rha(4-OAc)4-Xyl3-Api H C
46 FEFERZ C (platyconic acid C)M® Gle Ara3-RhAra3-Rha4-Xyl3-Api-Xyl H C
47 FEHMIER D (platyconic acid D)L Gle Ara3-Rha(3-0Ac)4-Xyl H C
48 fEMEMR E (platyconic acid E)7 Gen Ara3-RhAra3-Rhad-Xyl3-Api-Xyl H C
49 FEMITF O (platycoside O)L® Gle Ara3-RhAra3-Rha4-Xyl3-Api-Xyl CHs C
50 F5HEJEEZ A (platycogenic acid A) 8 H H H C
51 3"-O-ZBEEHEEAEHEER A (3"-O-acetyl platyconic acid A)E!  Glc Arap3-Rha(4-OAc)4-Xyl3-Api H C
52 FEEEJEEZ A S (methyl-platyeogenate A)e] Gle Ara3-Rha4-Xyl3-Api CHs C
53 FEMEER A FEE (platyconie acid A methyl ester)L] Gle Ara3-Rhad-Xyl3-Api CH: C
54 3-O-B-D- M i 5 2 Bl S A5 1 R iR A — F g 8] Glc CHs CHs C
(dimethyl-3-O-B-D-glucopyranosyl platycogenate A)
55 AEAHE M-1 (platycoside M-1)L! Glc H D
56 Fit#E M-2 (platyeoside M-2)i*2 Glc ArAra3-RhAra3-Rhad-Xyl3-Api-Xyl-Rha D
57 fEMEEF M-3 (platycoside M-3)12 Glc Ara3-RhAra3-Rha4-Xyl3-Api-Xyl D
58 FEHEER A IS (platyconic acid A lactone)t? Glc Ara3-Rha4-Xyl3-Api D
59 FiHEJEEZ A MBE (platycogenic acid A lactone)!2 H H D
60 FEHERR B B (platyconic acid B lactone)i? Gen Ara3-Rha4-Xyl3-Api D
61 EFPEFLHERL B WS (deapio-platyconic acid B lactone) ! Gen Ara3-RhAra3-Rhad-Xyl3-Api-Xyl D
62 AEAHZAL AW A (platycodonoids A) [ H H E
63 FEfEALE Y B (platycodonoids B) [°] Gle H E
64 16-FA 0K = D (16-0XO0-platycodin D) B Gle Ara3-Rha4-Xyl3-Api E
65 AEfH T B (platycodon B) (€] Xyl F

Gle-Hi % %%; Glc A A WERERR; Rha-R2HE; Ara-BIRi{EbE; Xyl-AKE: Api-frdl; Lam- AT —HE; Gen-JziH — ¥k,

Gle-glucose; Glc A-glucuronic acid; Rha-rhamnose; Ara-arabinose; Xyl-xylose; Api-apiose; Lam-laminaribiose; Gen-gentiobiose.
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Fig.2 Parent core structure of flavonoids from P. grandiflorum
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Table 2 Flavonoids and their functional groups from P. grandiflorum
55 &) R1 R2 Rs BIZ
1 F4§3EZE (platyconin)él Glc6-Caf4-Glc6-Card-Glc6-Caf  Glc6-Rha A
2 XHELEEE K (delphinidin-3-rutinnoside-7-glucoside)'®!  Glc Glc6-Rha A
3 Mi-E#ETE (quercetin-7-O-glucoside) [16] Gle OH OH B
4  KREHE-EHHE (luteolin-7-O-glucoside) (18] Gle H OH B
5 MBS T (quercetin-7-O-rutinoside) (¢! Glc6-Rha OH OH B
6  FFEE-LEF (apigetin-7-O-glucoside) (¢! Gle H H B
7 HBESHUEE [(2R, 3R)-tanxifolin] O H C
8  Fi&EHIF (flavoplatycoside) (1 Glc6-Rha C
Gle-# % ¥¥%; Rha-f 20 Car-Xf & E L Caf-MIHEmES .
Gle-glucose; Rha-rhamnose; Car-para-chlorobenzoyl; Caf-caffeoyl group.
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Fig.3 Parent core structure of phenolic compounds from P. grandiflorum
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Table 3 Phenolic compounds and their functional groups from P. grandiflorum

75 waEY R1 Rz Rs3 R
1 TRRNIETIR (caffeic acid) (8] OH OH A
2 TSR AR (3,4-dimethoxycinnamic acid) [18] OCHj3 OCH3 A
3 R HIER (ferulic acid) 18] OCHs3 OH A
4 SRR AIETER (isoferulic acid) 18] OH OCHs A
5 ﬁ?éfﬁiﬁ%ﬁiz (4-hydroxybenzoic acid) 8! H H OH B
6 TRIRREYER (2,3-dihydroxybenzoic acid) (18] H OH H B
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Table 4 Polyacetylene compounds and their functional groups from P. grandiflorum

Fa &Y R1 Rz
1 B 2R e (lobetyol) 129 CH=CHCHz (xz) H
2 HURE e i 2 e (lobetyolin) 129 CH=CHCH3 (Jx7D Glc
3 = BB EE R H (lobetyolinin) 119 Glc Gen

Gle-#i % ¥; Gen-JEH —Fi.

Gle-Glucose; Gen-Gentiobiose.

x5 ZREEEMSRBXEHE

Table 5 Main components of polysaccharides and related monosaccharides from P. grandiflorum

75 HED FEAH R
1 15 90 5 Z 4 (PGP90) (2] RbE. B BRI 1.00 :0.05
2 R TR AL 22 B (PGP-AE) 1231 Fohfodi . 23U, BRI 1.06 © 1.00 : 0.014
3 FERIIKIETE 15 2 4 (PGP-W-1) 23] RN BNE. HIEINE. RILE. ARWE. FTHLE bR R B
4.90:4.30:7.90:7.80 : 4.80 : 18.60
4 i A8 A EF 2 B (PGPN)2 SEBE RIEINE . PRI
1.6 H3ERK R RS EPUMR . P EZ . PraL. Puid
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Fig.5 Mechanism of pharmacological action of Platycodon (drawn using BioGDP?7!)
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AT DL AT R B BRI 28 0E R T IR R
21 NF-xB Fll MAPKs HJUE, 3t — D R KR
DA LR b ==
2.3 ImENIER

AR R A B SRR S P AR T S
() —FhR B, 2 SECPIERIII SR, & AR
W, FEAKEAA R . B E T, Al
I AR 33 ) Pk s A R A OV B R U e 208
TR R, BTSRRI, RS R R ML
AT R R R B35 10 B RS RREE ) 58k
B IR SRS . A RIRE L 0.8 mg-mL ! B, A
TR D X 2,2- AR B H & (DPPH)
H I EERRR . FRAE E SRR A 2T, I B2k
BT EBEAAE S (FRAP) BRI EIVER B2
TR R4 2 C (Vo) o IbAh, KR D
AbHE 5 FE USSR TR TS, 3
WEOLR, FEE D AL A DA B B R
(H/R) HMSHEIHN S IEEA (ROS) H,
[ I 2R Ak P AL B (SOD) A it AL AL
(CAT) PSS,
2.4 IBRALENAER

U RIR R AR N A g m AL 2 M
SETR AN, R AT EES B SR R T e
IR . Dou ZEMOLE G N 2 5 R G A T
T2 FEIH L 4E R R, 45RO, NS Rk
I Toll 5244 4-WEMS BE 521k P2X T/ RS,
B E R EEMIBAE 2k 3 (TLR4-P2X7r/NLRP3) i@

PR YA . SIC AR, REE R A S 1 B
AT DA g R Y i 6L A B v ) A S K B i
difb . Su FEWLET Wik g & PCR Ml Western
blotting K ISR AEMFEFERR A P LU i B0 B
F IR Mg /Mn2 4K #iME: 1ACPPMIAD T Smad
WA/P-EHREA (SMAD/B-catenin) 15545 F k%t
YU AE K 7Bl (TGF-B1) - SHIt£F4E(L. Li
S8 5T N 5238 UPLC-Q-TOF/MS B 5 A 4 2,1
TR 2 2T B ERE FUR I, R LA
Ly 25Ty 3 -7 %) B TS R AT 2 33X 4 Fh i R
REMG W FE R R (BLMD i SHULF 4E4k H i 4H
Mg SRS, FEE, SRR TR IR AR A
-0 (TNF-o) (][RI ] Caspase-3, i 1M i
Y.
2.5 FHRRIPER

e B R TR B2 S B0 R T 3 5L
(A IR BE R Th e R ELR B AR, E— B R T
Renl R RS . &8 RIERN, HEFEF
T, ST AR, IR E IR A
JH- e S5 P FE A D300 PR R0 JXUJSs: o K S 4OV T
I, A A R T B E A A B 3 AR i 22 M2 LR R
(LPS/GalN) i 577 A2 N 25 3 1) S 452493 /08 BRUEY
I 2% TR 2R 3 e B Wl R A& R R R RS I
(ALT/AST) /KF KR ZUIRBE, FEH0H] AT 28 5E &
N AT T AR AR, RS HA VRIS
W 7. BeAbh, Ke 2500050 B, k5 HE 2 F ]
DU R T ZBESRE A BRI (p-ACC) [MBERR 1L
FREWIR &/ (FAS) MIRIA, REMRKERKE
(HFD) i S 0 T35 455 A i JIg RE, LA KT i s A2
P FERKESBH K (GSH) FIfiEtb RS,
i PIBK/AKY/GSK3B 15 5 18 2% 14 5 Jil B 2 BUsE,
SO E I 428 R 1 SIS R B B P /R R B
o7 TR A R B [ T A DG A g s
(MAFLD) #% - CoREIR TG /1. LA LUE
SRS AU I OE Nrf2/ARE 38 BE 3 SR A AL RS
FI| TLR4/NF-xB 2B IS, 1% PI3K/Akt {2 Fi2E
S FXR-SHP HCGENHVTERARH, [R5 PR 40 i )
ToE R AR ME, TESE T RN T2 AR R0E R
Ry R B A YRR T
2.6 MIREIEM

KEIMRH IR CUE, H2h &L E
B MBURTEETE,  Fr RS R R B4
IR AR AORE Y, R 6 Fh =il 285 il B
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BHIUREREE, G SRR AL FEE R
D. 52 Do/Ds. A H D B i F 8 H D,
DA | RS 2 EF AR Y, Horpr, FEEEH D i
RERE 2 U R ) EEE YRRy, — e R R
Hl RNA R 8RBk sy ok 3 BT 4 %
(HCV) EI3EA BEMHIERB, FEE2EH D
I R] DAIE I VA T 2 BIRAS s e g B A . A R 2
I PGP KT HOIRAES , PGP i % miR-181a
W1 1) Hippo £ SIRT1 {5518 % > Jelc 5 P IR 3 45 i
RS b R gE M T 53, PGP b il i
Akt/mTOR 15 FIHEANHIIER I EE (PRV) #F
AR, EidHEs LC3 5 SOCA il SOCB
3G 754, X 2 Fig s 5 25 B ma 4 i 1 W AR
EHAD GRS EE D Al LUER B R B sk
T E G B SR SEA IR B (PRRSV) )
SHILAS G S RNA G 8 RIS A 5 A0
BEFREINS) . Xing SF150NE I i B 3R A B S
I B 2 W B 5E « Wesstern blotting 25 5256 & I, PGP
AT LA PRV &, FH PRV S A WA
RIFIFERE AN . Gurung FFBNE I THEN UL & IR,
FEHR ) 3 AN BRI TR 2 AR R B AR 2R
R s & NMEF I 22 IR 5 H1 8 2 (TMPRSS2)
g R E SO IR 2R A R 2 B
(SARS-CoV-2) Nf275 F4UMMI s EE A, it
T AT LAY SARS-CoV-2 HEAT B ARIEIATT
2.7 PEIESIAERIER

A5G 36 3o R A PR (RS A2 1 DD SE0E PR RLY
P MR SR (ln AMPK. GPX4) i i [ HE
L, [ o R R % 2 SRR ) P bR i,
T M2 8 5 T TR 2L ZEAR AR T T, AR
B D BT &S RTUKT, GRS NERE R, 5t
Howh Ao % E IR E A, g ol
AMPK/ACC/CPT-1 JEWimR A A& 2> 17 2
RUHE PRI 755 (0 I AR BR 581, K5 AR 24 D it
VA E I S EE 4 (GPX4) RIS &=
B SRS TZ0%, 25 ERTR, KSR D )
el 45 AMPK 885 AR Cs R B, s
RS R AR 2R LI VE AR 2 ZOBE IR IR T R A 78
FEN AT 5o SRR, Ke ZFI00NE i A4 A B 55k
06 DR A 22 M Sl A 5 3 R L R A AR S
PERIAE L, HETIX HFD /NR I8 E R4 B
s, AT HEHTAEE .

Kim R BUS ST D JA 7 RE iRk

NEWIHEZ (BAT) | fHEEKEE 1 (UCPD) Aad%ifk
VIEE A SE TS A ¢ FBTEF T 1o (PCGla)
LB, AR AER Ye SR B
OBENLRUE R BRI, W A L B
(R AR, RS 2R B ) ] {5 e B
JIEJE R N B2 AR 3 (A A o AN 5 A o 24 £ (BMID B
BN, kIR AR S R bR A EA R R
FERAE s R E SN T 0 A B R AR R A
2.8 S|EFRIPER

AR BEAE A S LIS 98 E S S P[] B 2 of
AN 2B RAFARYE . fECo I 5T, Lin 25003
I IR /N A R S IR KR (SHRD 43 4H5E
IR PL, HARTT SHR 4LAHLL, FEfEgs 2521 0L
JEJE A bR &Y (CaMKlIla. NFATe3 £5) M 4F4ifk,
K (TGF-B1. MMPs 55) RiAHEZE T, HE&
FIEHE T IR, 73 HAS R O UK 1 R
RN . [FINS, {F Hao ZE W SR FE b, AR
T 0T T B R A 5 25 W B S0 L e R )
SUBMEOIEEEME, HATHALTT 2B e T
o MBAh, Wangl®UR I, FifEEH D i #i
NLRP3 /-SRI T-HEIE Nrf2/HO-1 $iéfh
WG, RIS E IR (CRS) B LR 4l
(HNEpC) [MFRER AT, MIfis> ROS A itk
LRI T REREAT o
29 HMHEER

BRUA b B2 PR R Ah, A AR HAT FAth 2 2
F Fil - Zhang Z5661E 5K PGP /E I T /58 Cr(VD
J&YLfr) DF-1 4R AL &3, PGP v LLi#EE ROS-
Drpl 155 @EiMH Cr (VD %SH DF-1 415874
T2, AHJEEST Cr (VD BT 250 R S0 6 B

Song ZE 671 i S 56 & BB AR 55 RS AR B &
¥ (HX112) @3 BT Sre/PI3K/Akt M2 INK/p38 15
SIEEETE, MHIRE 4tk (TRAP W& /4L
I6AF) M ILERIEThRE (MBTSEiEss) , H Nl
NFATc1/c-Fos i F 4 i AF OB R ik o i
FRHT H UGBTI A & AR 200 . Wang
10813 It ik [R) fi 8 2% Th g o Al R4S RO B8 15 R
JREL R e I E R N — AR AR 3
(NOS3) IX— B s IR TT B2 4% . Lu 55101
KT EH RN ENERSEEE D ERRTFENE
TP RE T DNA PR35, adidi@E i i1 i
(TEM) T RBMEE (SEM) iR, e
D XK RISk IR T Hi0%5, HIC DNA $%
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3, FEXF KRB MIE A TEE, 3 HAE 0.25 mmol L™
RS D AEA N BB R IR O
3 Q-Marker 7 534

X B ZBt 1P 2016 FFHEH ) Q-Marker 751
JECLUFREARZA:: (1) Bk 2= 450 (1) [ i) B
BT EERN; (2) BHEHM R Rtk
(3) A ZR /7= L E A B0 =2 R A AR/
2 (4) TR J7 AR El t R BV (s 0 25 ik
i SRERFEDNG I ALy “ HIEN” BRI AL, HF
A AL SR, AT RO, DU R
JEI” BEAT REBERY Q-Marker TN 73 #7 .
3.1 ETFRAYS5EHEEN

A SRR R R R, X2y
() “Z5PE” A “THhR” X 2 AR 2% O S iE T
AN A P VR TT 1500 6T I WA, S22 R 2 Q-
Marker FE K . R SRR, H5HE
CORTE, S, PRSP, SRISAETVNS R A R R
(904 e AR BT T 4it, RO H . 3%
2SR AR R RS R S A Wi, W]
PLK X eV 5/ ARG BERY Q-Marker. ¥R iy 52
IR ZR, M TINS5 ik X 45 24 B 25 1A 280
Wr R IUAEAE 2 4F D A5 R Dy K52 E. A
BEZR. BT HE. SRR 6 P 3 BT
gy, Ho, SEEHZSI LR RS TEA IR ER IS
PrEadb Pg. BUMIRSEE AT, K5 TR A
fih 3B R AR ORI 548 B AR E U4, RS AR
1 D3 e R s A, AT ME RS IE A5 Th AT
Q-Marker, 43S 25 B E H Al R i@ i AKTI .
PIK3R1. HRAS. JUN &5 CHEH fifE H T PI3K-Akt
EEE . Fox O 5 5iEH. cAMP {5 5iBi%. HIF-1 &
G IEMERIE. FEWIL U S, T A5 HPLC-
ELSD fR4UEIHE, Kol 12 ML, HHEF 6 4Nf
CAFRIA M, 15 75 9 4% 24 B 2 (1 itk B 3dE AT R 5140
MSEES, RIUFEAE R Dy A HE R H Doy R R
A FEFERR A 3 B AF Dy S e 4id X 4% 24 B
RN SEIE N E IR UE, SEM . R R 5
IREER Y, FE AP A X L il o A R R
Jiti. FIMHE Q-Marker.
3.2 ETHBMEN

A= s MR s, 8 B, Bk,
RS — RV RSy, AH A B TS PR AR
SPA=RE BT RIS, JLTS5 TR R & Fh
EER, B4R 25 = B e oA IR R A

=5, R D RSB T
—, IR LA UO i I Fis S IS R B R D
R U, AR DX ) T A IR R 25 R B A
43, W ] DLOs sk R A M R R A A S D iy
Q-Marker,
3.3 ETEESHREN

B TALRISJFN], 25 o e 2 AR 253U A%
NN AR A AR R RN . L
W25 s s N 2 A K B 6 3, T
A, M 2R 2 HIWT R 2 Q-Marker A0 ANH]
DR o AREREEUTR I I o A B R S )
ERSN L ARG, BH R LT R F S50
18, BN LAV E R, 2E SO RS BE Q-Marker
IR o 1T B 2R 22 B e A R TG, BETTTA BT
Sz MR AR, Bl A, SEEREP
AT LMEARERE Q-Marker KR . B T X0 2590754
W AL I IR IRAIE, FEAR MBI , 5 A8 R )
R AE ) BRI A Hh AR P B AR Dy ) R RO R i 2
TRTHMEEE D “Ur- YR rE(EriH T
%, 1S EIRSRERE D IO BRI 30 o 2 v A
THROEIRE, UEBRSEEEE D RSN e il f
NRERE Q-Marker FAKHE o

FETWRIEN, FEARSL, 0T RSRE T TR
Ui, Lee SEUOBIFFTN G xof o it g [ ()t i 0 47
BT hRd, B Fhnid S EE D & 2k
IERHSG, 85 R LR o AL, (H RS BAFEZ 7
7R TRSRE DNA HAT ZREIBEIE, XU
(7= s TR S At 1 Sk (7 TR AUEOR 5 R K
o DRIL, SERWEYE R, AP RS EEREE D AN
Q-Marker, IRZEZMMHEAR TR EZSR. 1EK
W, e SO TN G 1 R v SO (B - o
F DU AR AT & AT I 8] 5 1% (UPLC-Q-TOF-MS) £ A%}
FEBERSCr HEANAR N J5 B SR AL AR P AT 78 1
BRI, IR R FEAR Y B Sh A AR I
T, AN R R D, R
T Ds 5 =il R Y R (N R R
B Al P TR AR Y BT AT R KA, R 1~3 A
BEEE, A AR BE R CATAEY) (IS RE R D) 5
PNHERR . X & ZIREM RN G, 5% & pE
R 456 A R AR ™4 Chan R 1 2] R TR T
X SR BRIREE ) W R AY R 24544 5T
WS, ALV RS EAF D AT Das MIERR
Wt 7 G RAE A Q-Marker, 5E3% T REHHEAR AR
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W FRAIE B . X I I RS R A T 55
IR BT 2% S P RIS P AL RE I R R I, R HE A%
Y ReBRIR TS IRRAT 26 LA Y ROS. MDA /KF, §#
FHE I BE (GSH) & &A1 SOD B 71, Akl
Re SN 2R AR E 1 (TRPAD) JIEAHE,
HARNFEEE G AR B RGBT
WL FFRNEERE PeGr LHHIHEE PE 55 &5,
ARSI R S S, WO TS A B Gy A
B E A[{E VSRR Q-Marker. XA 5
PN PUEAAE FHARDRER, V1D 5638 T R 91 F
HLAIRIE o
3.4 ET AR

RS 2R RS, R GENEREHE
S 25097 R R A s BT LA CARR 43 AT 0 o ) >
W2 Q-Marker AN E. XFAEM A
FEE R BAFSE, O 2R AR E B AT
PEo (REZG8L) 2020 FERROETRERE R D R9IE
PRERE BRI A R R MR ISR 55,
TR FH 28 RO HURHS N (ELSD) B4R, fiik 1K
A BT B RTINS B . VR 10 it
FEREZM e R E R, S D §8E
0.15%~0.32%, RSD N 1.2%~2.1%, S8 7 A
PSR RZ 0 Q-Marker FRIFEHEREAL; 5% & 5082
I 2 VEERN LA R D NN, s
FEHE R Das A AT E FAE R ER T (RCF) ,
NI SEIL R 8 f 2 iy, $TE T 24528 Q-Marker
ATDUPE R0 o RS AR B LA B2 S B AS A8 Q-Marker
AIDPER TR, JE F5 1R 55318 37 5 J&§ HPLC J7 V5 ]
IR S R A R R B R R R, I HE i ik
WANAH pH (E3G P F R R, —EfRE hag
fR B B B TR A 2 AR TN R
BT RERE 2 BESRBCRARA A R, SR “A 4B+
RREE+ARMNEAN” EAMEIRIL RIS
o2 A b, WERES, H—PuE T
ZHESEFRAE, IF HSCR KT 90%, A0
TR CHERAL . MERAL AT I X
2z FRrik, HAikSEE R DL AR Day ANAERE
HE. ABRER. FER. LEMEZE, w{Eh
F5HE Q-Marker FIIEFENT 4 .
3.5 ETRAEEEN

24 Q-Marker HIHfisE, RYETHAIEKIZ
FH B 5 28 380N 1 A3 B L Th A I R Rk T 3. il
IR ARG 2 LR TR, X —id e,

VML =R R S R A R e S )
FIFHEERI SR, BT DU AR A 1 Ak T AR A R A
JE Q-Marker J2 b2, VAL MAE TR A
B, HAEDR. k. B STh. (EAE
2y, VERRHEASESHE ) HPLC-ELSD J5 ik B B A5
DR AR D I, RBLE H R AR AR R A
H D ISR = T AR TR, B AR
TEIE T AL, b riEs, e, R
S5HRELEDFEBUER, EAERA LR, B
T Q-Marker FUFSIIFTALEE, FENFERE Q-Marker
(T SR AR . AR R 2, WA MEAE SO 5T
N G I ] NF-xB 28 i ii 2%, 1 1 5 FH 88 = R0
AH €5 1 - DY B AT - 6 AT I TA) 5 R X A AX (UPLC-
Q/TOF) XJ S4 R b BIPL 2 W IR HEAT B3 e, A
I S R B L 28 R I R DA RS AR Y 2
Bi2s (KBERSSER) , XAMUFRFLERFEINR
MHEERA T, Z2HAEPLR, MH, X NHE
R AR 7 (KRB R SSEIR) BONERS R
RIFHRAE N Q-Marker $2AtIEHE . 1F A
2y, R 25 ST i OB - DU AR AT - K
AT 1] B A SR 1% (UPLC-Q-TOF-MS/MS) #i A X %
HERBATTE ZBRA S 07 AT g
Yo, ARRI, S %EN 83 Py, Ktk
BT RS 69 A, X T L2 R o RS AT
TR, G5 F BN RS EIRZ I T R E 12 &
SRR, SRR 2 A EE BATIE
F, DARAERE & &0 R E sy (REREE T D)
SO RS R D AENA T 7] Q-Marker 5845 77
FOIAE 5 o

R LRk, MRIEREENAR. A fRiES
Pes AR T ERAL R TR, TR AR
D. Fit 21 Dy FEFERE Doy ASMEH AL RS
2 A mERH Dy FEHETH G, EERH E. A
BER. FFRER. SRR WHR. WEERE
PUME AR Q-Marker
4 HES5RE

R R 25 B R ARRYE 290, B 7 s &
A, EEMEARPEZEEPEGEM, (PEZ
SOy DA T H CEM, RN, R, HERR” BIThAL,
e S E R, mEE. M. Bk £
WEREZ P05, 25 Ml R IR B ) A 257 j
SO 100 280, HHMEEMIE RS, iRl
B R, OIS . Byas. i
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HHE

NN

Mtk 2E sy 28, (R HLAEERFIFfER,
AP PrE. PUAFgE L. PUREE. FRIFE.
BER L MER, 3 BT ERE S SR FAHL
HIE TR, A R 1 24 B A P 1 L AR 4
TR TR AT o

EAS A 1) 7 R 5 R AT A — S8 75 L e 1) i)
B (D) BB ZE BRI AR LI, X
At 5 LN B 22 IARR 27 R A B 1 R iR AT
TN BB M (2D [ P ARt TAR R ) 25 B
TER K Z HRAHAT T YD IENE, V72 /E M LU 2
TE NP AR O AR AL, Xt 2 H N
s RS A 20 B E FH I R G AT (3D R (1) %
R FEEPAE R, T EMZE. MRS
LRI TR, 2B B IEALA IR IS 4
R, PR, T XA B — AR
I Z3AE AT IR IR A (4) AEREAE R
g FEmZiM, KagrsmdAnEresS s
a2 S AU TS BT B, TR EARIRNSZE
TR EZ M RANE, RS T2,
AT AR R KA (1 B FHYE R, AT AT R AH B (1)
Dt £ it DL 2 N BB AR T AR TS IR 75 K

KT IRANBATRFE Q-Marker [UWF7T, #Z&H
PR ST R e . IR B EEE . JREH T
TSR VM bR e 577, ik, IR
378 3 AE TP TR BE R A% K, ARE IR AT 2L
SR %24, e m R R R E. B
AT AS A Q-Marker BF ALAIAFTE B KB K: (1) fh2E
AT RAE GG, KEANEPIERERES, |
H T SRR 2GR0 A TIANR (20 SRS )
RNl ORI AR A ORER IR UE AN 7858
(3) FERRAERCHIE A7 T, FEMEAE R T R e “ B
257 ol “fiizy” i, FH Q-Marker 5 HABZGHR K 7 A
AR MRS R T AN IR N o B X AL il 8
ok LLEE L R T TR AT (1) KA IR AR
WSS HR, PRS2 B o AT A TR R AR 5
(2) HEMARIELIL TP Q-Marker 137
AL AR S P FEE AL (3) B34S Q-Marker
MZGAAAR R -RIFRI IR, I IR AL I A

i LR, FERE R, ARERFEE,
HESRE AT IR Z R IR TE %o T A R A A (14 SR ASE
57 F A A 2 17l & R 0 BT AR 7
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