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ABSTRACT: AIM To evaluate the quality of Codonopsis Radix. METHODS LC-MS was adopted in the
content determination of L-glutamic acid, L-phenylalanine, atractylenolide Il , atractylenolide II, atractylenolide I,
chlorogenic acid, tangshenoside I, rutin and lobetyolinin, and phenol-sulfuric acid method was applied to
determining the content of polysaccharides, after which the anti-oxidant, hypoglycemic activities were investigated ,
comprehensive evaluation was performed by entropy weight TOPSIS method. RESULTS The contents of various
constituents and anti-oxidant, hypoglycemic activities demonstrated centain differences in different producing areas
of medicinal materials. The comprehensive score of medicinal materials produced in Wen County were the highest,
while that produced in Weining was the lowest; the comprehensive score of medicinal materials kneaded and stored
for O years were the highest, while that kneaded and stored for 3 years was the lowest. CONCLUSION LC-MS
combined with entropy weight TOPSIS method is scientific and objective, which can provide theoretical basis and
method ological reference for the quality evaluation and control of Codonopsis Radix.

KEY WORDS: Codonopsis Radix; quality evaluation; content determination; anti-oxidant activity; hypoglycemic
activity ; entropy weight TOPSIS method
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S 2 R BB W) 38 2 Codonopsis pilosula
(Franch.) Nannf., 2 £ % 2 Codonopsis pilosula
Nannf. var. modesta ( Nannf.) L. T. Shen B{)I| %%
Codonopsis tangshen Oliv. Iy 1A, H AL, Bk
H, B\ e, ERERE LA, R
SPAGAEH R I Py, SR Wik, KA
H L WERERIY, R AR bR A S IR S
WG T A i, PR R R A 22 R
PR SAE G IN T Ir:, MZ2h B A HE
Wep, [R) B R, AR AT R 2 B ) i
K, S, fugk RIRSFERIER, TEY
M o e A RS TR, O 1 ARAIE R 2 B AT S5 A
AV, T AR Ok H A BT T H 52 BB OR B2 Y O
W, MBS e —Fh 2 IR 25 A, d T R
YU, PR R EAERE X,

AR LC-MS 3 & 58 2 L4 E R
L-ANERR .. AARNERIL, BARNEL BHARNE L
ZIER, wZH 1., 7T, SR ETER,
SOCERNEZE SR, h T 2SS E
11N = AR oK 7 B S @ N
B x5k LR AE A, R AR AL TOPSIS 3%
XbHE A AT SR A VR, U D A S AT 5 4 3

2%
1 #7#l
11 AR S 1290 I8 m A oA (A, e

B AR G6460A B = H PURLAFF BRI (35 [H %5k
RHE A7) ; XS105 Dual Range BIHL 7 KF (+
Nz —, &t HrRe - # £ A7) ; SBL-10DT
R PR EIRIE VAL (T BOH 2 A R IR A
FRATD) ; S B L (IR WS SR I &
AIRAT) ; ML1612 BIFHAHBHY (KEEH R W]

AL B ABRA T 5 BOEHE SN WL A3t
Eit (GrEgilERe s I A PR A ) 5 XQ 100 g Y
ZURe R AL (LT T RARAR);
HHS-11-6 AU HE R K 5y ( F R Sl A R
A AR (TR K AL A R
NCIDIR

1.2 XA 5HH S 1 (5 16390, 4ifE=
98% ). HARMNE I (5 14232, 4l =98%) .
HANAES T (5 14498, 4iJF =98%). HARWN
BRIl (4t 16202, 4ifE =98%) ., /T (it
7916, 4l 90.2% ) . L-ARWNEmR (iS5 63-91-2,
i =98% ). L-HAM (k5 56-86-0, ZlifF =
98% ) XJ R I F LR P A W B R A R A
Al SRJERRXT IR (LS 110753, 4L)E 98% )
THEEM AN ENRE; SR T (5
P14M9F56002, 41iJF 95.00% ) . Jo/K #i %M (4l
JE=98% ) X HRSh I T IR AR MR AT FR S
Al 2, 2-BRAE-T (3-4 IR HEME-6-BE R )
Bk (ABTS, #iJF=98%) . 1, 1-_ZKFE-2-=H
FORME (4 =97.0% ) . PUIRIMER (Ve, 4=
98% ) Xt R Sh I T BT h T A bR B0 A B
AT, o-HEBETTEE (1 kU/mg) . BU-R3EHE (4
J& 98% ) Xt HE SN F AL i RS ERHE A RA
X il 5 8 --D -] 45 BE T X B S (pNPG, 4B =
99% ) T g kAR A RAE, 55T
KM (2023 4E 10 ) kAP, g, H
K, 5N, ¥ 2 4R, e =R A RN T,
TE 45 CF 1§ 48 h, #HE, i 4 50, 4 CARIK,
L= DU T AT TR, BIR 3 min, I
W, HETHAW, Sl EL R kiEdz
YENIESY, BARWLE 1,

®1 %BER

Tab.1 Information of Codonopsis Radix

i SR hiT 4 Al
GZ (GZ1~GZ5) ke Codonopsis tangshen Oliv. A H AR
PS (PS1~PS6) e Codonopsis pilosula (Franch.) Nannf. LLIPE 48 I EL
WY (WY1~WY7) W Codonopsis pilosula (Franch.) Nannf. HoR A E R
WS (WSI1~WS3) e Codonopsis pilosula (Franch.) Nannf. R AL
WN (WN1~WN9) W5 Codonopsis pilosula (Franch.) Nannf. S BT B
WD (WDI1~WD5) EVIA Codonopsis pilosula Nannf. var. modesta (Nannf.) L. T. Shen Hifg i
U0Y (UOY1~U0Y5) EViA e Codonopsis pilosula Nannf. var. modesta (Nannf.) L. T. Shen RGP AHAF 0 4F
U1Y (U1Y1~U1Y5) EXiN Codonopsis pilosula Nannf. var. modesta (Nannf.) L. T. Shen RIRHE HEAF 14
KOY (KOY1~KOY5) EiERS Codonopsis pilosula Nannf. var. modesta (Nannf.) L. T. Shen T8 A7 0 4F
K1Y (K1Y1~KI1Y5) EViN e Codonopsis pilosula Nannf. var. modesta (Nannf.) L. T. Shen P M7 1 4R
K3Y (K3Y1~K3Y5) EiERS Codonopsis pilosula Nannf. var. modesta (Nannf.) L. T. Shen B A7 3 4
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2 HEE4R

2.1 BmasdEmE KA GC-MS ik,

2,101 XPRESVA RGNS KSR FRE LR AR . L-
RNAR, AARNERT, AARNEL HARAEIL
SIFERR , WS, AT SR T RS
) BT R v B 439 1,033 0, 1.030 0, 1.025 1,
0.524 3, 1.017 2, 0.890 0, 0.964 3, 1.072 0,
0.457 9 mg/mL WA & W, 764 C TR, BUE
i, BTR—-aT, WEREIFEAE 10 mL,
FE5), B4R, FP AR R AN [R] T R
2.1.2 HHSSERE BRI R 0.2 ¢,
BT 50 mL B0 T, A 25 mL 70% HEE, A
FEHL 20 min, BHIEER, 70% H B 2 IR 1Y 5
., 9000 r/min B> 10 min, B EIHH, 0.22 pm
AL U8, RIAS

2.1.3  ZHrdkdr

2.1.3.1 f4j% Brownlee SPP C {84 (2. 1 mmx
100 mm, 2.7 wm); JshAHK (& 0.1% H iR Al
S5mmol/LLRE) (A) -& W5 (B), BB R
(IEB TR, 0~3 min, 92% ~85% A; 3~4 min,

85% ~15% A; 4~7 min, 15% A; 7~8 min, 15% ~
5%A; 8~10 min, 5% ~92%A; 10~11 min, 92%A.
BT, 0~3 min, 92% ~85% A; 3 ~5 min,
85% A; 5~8 min, 85% ~30% A; 8~9 min, 30% ~
15% A; 9 ~ 10 min, 15% ~92% A; 10 ~ 11 min,
2% A); EEGE 0.3 mL/min; ik 35 C; JFkE
i 2 pl,

2.1.3.2 ik MBI E TR (ESD; EfET
i, Z MW (MRM) £, TS0
340 °C; RFU A 11 L/ming Z 4k 285 /7 45 psi
(1 psi=6.895 kPa); LA HIE-3 500 V (5
). 4000V (IEETF), HMSHILE?2,
2.1.4 JrikerEsg

2.1.4.1 KBRS OKG% O I IR WS &
FE“2.1.37 TUAME NHEREIE 6 WK, AR L-AE
2. L-ARANER ., HARNERT, AARNET, AR
Wag T . &)if, wZ2H 1. AT, 30T
W AL RSD 43 i Oy 2.246% . 2.059% . 1.211% .
1.194% . 2.680% . 0.440% . 1.163% . 2.210% . 1.146%,

T AN AT

x2 BHRSRESH

Tab.2 Mass spectrometry parameters for various constituents

o I/ min FEE T m/z FEF m/z R /v Tl B/ eV ERRCE:N
L-B AR 0.729 148.2 84.3% ,130. 1 60 15,5 ESI+
L-RRATR 1. 068 166. 1 103.2,120.2* 60 30,10 ESI+
SRR 2.092 352.9 191.0* 70 15 ESI-
e Sl 4.297 677.0 261.0* ,497.0 100 15,10 ESI-
FIAR P g I 5.168 249.0 231.0%,163. 1 60 6,15 ESI+
T 5. 466 609. 0 299.9* 110 40 ESI-
[EENZIEI 5.451 233.1 187.1%,159. 1 80 15,20 ESI+
EENZIER 5.705 231.0 128.0",143.0 120 50,25 ESL+
SBHPATT 7.033 603.0 179.0,322.9* 80 15,15 ESI-

T s MERET.

2.1.4.2 HEEMWKE WERRAMHEER (WD)
0.2 g, ¥ “2.1.27 Wi FHEFATH 4 6 itk
VW, E 201,37 WAAOE R AR E, WA L4
AR, L-ARANZER, AARNBEI, AARNBEL, A
RWBET |, SR, S, AT, ST
& RSD 43 B A 0.586% . 1.056% . 3.124% .
2.581% . 2.111% ., 0.751% . 1.994% . 1.975% .
2.219% , Wz rkEEH R,

2.1.4.3 FUEMAE BERIZIMHA (WD)
0.2 g, ¥ “2.1.27 WFHEHI&EMHLTAER, =
BETO0, 2, 4,8, 12, 24 h7E “2.1.3”7 WM
THEREIE , DS LR, L-ARNER . HARN

BRI, FARANERIL . FIRMBEL, ZRRIR, ST,
T, s S 7 & & RSD 439l R 0.382% .
0.956% . 2.935% . 2.106% . 3.057% . 0.434% .
1.601% . 2.069% . 0.409% , FKWIIEWLE 24 h N
FEME RS,
2.1. 4.4 JIRERISCRIRES AR SR
AR (WDL) 61, BH210.1¢, #1: 1L
BIAR RS, 4% “2.1.27 TR 97 W £ At i
VW, TE <20 1.37 WA N AR, THA i
KRR LRER., LANER., HARNEI,
FIARMNERT ., ARNERT , SR, S 1, 2
T SESHAT T OB DGR 530 98.983% |
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99.142% . 99.484% ., 101.127% , 97.502% , 103.563% .
100.077% . 106.275% . 99.124% , RSD 435l A 4. 760% .
1.904% | 2.886% , 3.050% , 3.981% , 2.039% . 3.565% .
4.566% | 4.676%

2.1.4.5 ZEPERRFES K% 5 O I WS

W, O7E “20 137 AR GE . LA B B
R R RR (X)), WML SR (V)
T, 4 9ILL S/N=3_ S/N=10 Xf [ i Ji &
WA PR (LOD) | bR (LOQ), 45N
3, AR AR AT N R RAT

R3I BHRSKEXER

Tab.3 Linear relationships of various constituents

% [l = i R? EHEVEE/ (ng-mL™") LOD/(ng-mL™") LOQ/(ng+-mL™")

L-BER Y=5.294 3X+487.578 4 0.998 7 123. 960 ~3 099. 000 1.994 6. 645
LR &R Y=28.709 2X+526. 525 1 0.999 1 34. 608~ 1 265. 200 3.873 12. 909
SRR Y=2.415 4X+226. 127 6 0.998 9 112.761~2 819. 025 1. 264 4.214

WBH 1 Y=0.510 3X-51.262 3 0.999 5 524,300~ 13 107. 500 60. 492 201. 640
HAR PR T Y=24.656 7X+20. 291 0 0.999 2 4.272~506. 806 0.136 0.453
FIAR A 1T Y=55.747 4X-28. 103 4 0.999 1 2.314~287. 858 0. 350 1.167
FIAR AT T Y=12.252 8X-7.863 6 0.999 0 1.329~33.225 0. 136 0. 453
T Y=1.961 5X-1.032 7 0.999 9 3.900~222. 500 0. 897 2.990
WEIET Y=0. 181 0X+4.977 7 0.999 8 91.85~2 896. 250 4.520 15. 066

2.1.5 RN BEGMER, #2127 W 2.2 $#mAEwE RIKEBERE,

TR A R, fE <20 137 TSR T
FEE , MRS, P73k, SETmEIILE L,
SR WK 4, ML A A, WD, PS, GZ, UOY,
KOY H& il o i, 22 W Bl A B A7 B ) JE 4G
EATA — R B AR

1

SR F (<10%)
=W
Tupavas
I
5]

{/min
1B g
4_
~ 3.51
S 34
254
249 7
B 1.5 3 9
1 I
0.5
o 1 2 3 4 56 7 8 9 10
t/min

TE: ANEETRA, B e,
L L-AER 2. LARWER 3. ARWERIL 4. AARNE T
5. FRMERT 6. BJERR 7. BT T 8 T 9. KB
HT
1. L-glutamic acid 2. L-phenylalanine 3. atractylenolide IIl
4. atractylenolide Il 5. atractylenolide I ~ 6. chlorogenic acid
7. tangshenoside I 8. rutin 9. lobetyolinin

E1 &S EBETRE

Fig.1 Total ion current diagrams of various constituents

2500

2.2.1 MEAEWRS SOk [15-18] HiiE,
IHEE M0, FREZG A48 0.4 ¢, SiMA 80 mL
95% LMk, HSHEE 2 K, BIK 1 h, BREG
. JRWEILNE, EEMA 100 mL 2508 KR T
B, 85 CHAHEM 2 K, FIK2h, I8, $ukpk
BARI, BIFIEROMRA = /4 R, A S fi5 i
95% LW, PiFES), BT 4 CukFhiER, WH
FUTIET B, BAliKIE I EARE 100 mL, $E57,
IFE

2.2.2 KRMERRBE NG E PRI % 050 B
20. 00 mg, MAUVKFEMITFER R 50 mL EHiT, 75
JRE M R 0. 40 mg/mL (UG, FBEZE 0.04
mg/mL, 7 AAEHEWEC 0, 0.5, 1.0, 1.5, 2.0,
2.5, 3.0mL, BT 20 mLiREH, InAHAIKE
3.0 mL, AEHMA 2.0 mL 5% EMEw, #25, i
A 5.0 mL¥GRER, TR, 100 C/KIA 15 min J5iH
YA, DKW M, 7E 490 nm K AR E
WEOGRE LK R o d v B O B A bR (X)), ok
FERHPAAR(A) HEATIHE, 57 FE R A=0. 063X -
0.0254 (r=0.998 0), 7E 2.00~12.00 pg/mL i
RN R BAT

2.2.3 S5t BEM ARG R, 1R “2.2.17
TR 5 A FE SR W, KSR 0.1 mL, & T
20 mL R H, o “2.2.27 BN kB E, fE
490 nm PEA AL @ WG, AR UER 5, Bkl
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F4 BERDPEENEER (n=3)

Tab.4 Results for content determination of various constituents (n=3)

. Y/ (pgrg ')
LAER LANER BANEBELT BARNEEL AARNEIT SRR WS 1 BT WSPATT

PS 341.51 128. 57 27.67 35.02 4.06 34.11 814.71 2.05 168. 67
GZ 100. 55 28. 49 2.98 3.18 0.78 79.22 1294.11 2.55 201. 96
WD 111.41 157. 00 62. 17 14.28 4.14 57.37 1 466. 12 1. 86 362. 85
wY 135.31 120. 84 9.94 3.49 3.25 35.05 344. 60 2. 65 26.27
WS 39.25 17.91 4. 81 0.11 2.04 60. 82 98. 41 1.56 66. 08
WN 43.78 12. 40 1.23 0.51 0.78 14. 85 248. 06 1.27 57.97
uoy 110. 44 153.77 60. 17 13. 00 3.22 55.26 1464.27 1.56 360. 08
uly 98.22 135.87 44.94 9.12 2.48 37.02 1 306. 05 1. 06 285.93
KoY 111.22 156. 37 61.47 13.87 3.68 56. 14 1465.15 1.68 361. 01
K1Y 101. 31 141.26 52. 67 12.17 2.35 42.55 1 323.96 1.37 308. 82
K3Y 86. 01 123.90 37.03 8.95 1.95 19. 65 1 060. 08 0.56 231.74

M, GZ, WD 2l s, HUOR PS, WY
i, WS, WN A #4867 0 AFE P 2
Bt d i, R WM B EE T By 1328 O i

o EB A,

K, FHHEHAEAT 3 4R Hod iRk,

RS SHEAIBWNEER (n=3)
Tab.5 Results for content determination of polysaccharides
(n=3)
ey s ZHEE /%
NGRS PS 13.79
GZ 19.73
WD 18. 14
wY 13. 11
WS 6. 08
WN 7.01
A A I ]/ S 15 e uoy 18.86
uly 13.83
KOY 19.59
K1Y 14. 88
K3Y 5.78

2.3 HREAEHIFH

2.3.1 HWHE WEESNEIE 1. 0 mg/mL Ve fiff
. 0.04 mg/mL DPPH ¥ ; #8 46 /K 43 51 i i
7.0 mmol/L ABTS £}, 2. 45 mmol/L i i R B %5
W, #1 o 1 BRG, BOCHBE TR 24 h, fE
i ABTS W, SESnBIFRBE 2 734 nm PR AL
JEM 0.70+0. 02, LiREEE T 4 °CUKAH I ikt
piRES

2.3.2 DPPH HHEERE M E S HCHk
[19-20] #fif, IFEE B0k, ¥ 2 mL DPPH ¥R
52 mL HEMEWRIR A, F Ik DE RO 30 min, 7E
517 nm PEARACMEWSCEE, L Ve MFHMEXT IR, F
13, BOFEME, TR, AXChERE=

(1_A1_A2
A

) x100% , Hrv, A, iy DPPH ¥+ H

0

BEWOGEE, A, i DPPH W +FE I IRBOGEE A,
A VAR + R B O

2.3.3 ABTS' AHAGEREIDE SISk [21]
i, JFEE Bk, 4 3 mL ABTS R W 5
| mLFERIETROR A, WIREDEY 15 min, 7E 734
nm PAANIE WL, LA Ve MBI IR P47 3
W, BOEBIME, # “2.3.27 W FARIHEHRE,
2.3.4 5845 Hr Wil 2 Fron, DPPH H i3 i
EEBRE R 14.86% , AN K 1.80% , 1fii ABTS" H
A BT R R 10.23% , A 0.34% ; WD,
GZ i bid s, HORJE PS, WY, WS, WN
B, U0Y, KOY dla i s vhnm, HE ULy,
K1Y, K3Y %55, RUAMEHE 2566 £ R A R0
R EAR, PrAEALIE R 08

80 [ =DPPHE td#
70t ®=ABTS'H Hid

0
PS GZ WD WY WS WN U0Y UlY KOY K1Y K3Y Ve

Fdh
B2 ZSHELEETNER

Results for anti-oxidant activity evaluation of

Fig. 2
Codonopsis Radix

2.4 M dE &R
2.4.1 VWK LK AL 20 mmol/L BEFRER

SZORIR, FRURAEH pH HR 6.8; 20 mmol/L B2
ERZE B L 10 mmol/L pNPG ¥4 . 1.0 mg/mL
B[ IR . 2. 0 U/mL o7 2 M RS R
2.4.2  o-MENEE BRI HENG RIS S IR
RS, RS B, W 0. 5 mL o A B
AR 2R, A 0.5 mL BESIER (FHTE
2501



2026 4F- 8 A
48K HF8

R %

Chinese Traditional Patent Medicine

August 2026
Vol. 48 No. 8

X HEIIA BRI R IR W, 25 O RO A B R £k 2 e
W), FFIA 1.5 mL BERR R 2% v, 37 C/KIB I
B 10 min, &JFHIA 0.5 mL pNPG iFW, K2,
37 COKIEIINE 20 min, VKK H LU 1F OB
£ 405 nm P AR E WG, ARSI R, A
= (10 oo, s, 4,
0

XREWOGRE, A, NI OICEE, A, SRR SR
GRS

2.4.3 SR W 3 FroR, EE s
32.81% , HfH 7.13% , FHM RN P4 K hn T
figs iy 20T 2564 W M TG AT — R

/%

¢
Ff bt
B3 RSELEEEITNER
Fig. 3 Results for hypoglycemic activity evaluation of
Codonopsis Radix

2.5 AL TOPSIS % ML TOPSIS I BEFE 7 A H]
A E A, 3 {E R PR B ) B R B,
RO, FEPRA L35 TRIRIYSZMBR . ARSIy 75
it S A T A e bR, R R TR SPSSPRO
B (https: //www. spsspro. com/ ) #E1T 45 A
fir, EWER 6, 4R ULEK 7, TR & BTHCK
A WD>PS>GZ>WY>WS>WN, KOY>UOY>KI1Y>

U1Y>K3Y,
3 itig

AR, WSHILIE A 43 )N S (GZ) |
WM (PS., WY, WS, WN) M ZE#H% S 4
(WD), #H5r & mKK A RS> 5S> 5
Z, Alfie 5P R ARG 1Y = FRIA A G TR
— i AR [RD 7 b 5E S A A B S PS>WY >
WN>WS bl 25 55 SR Hh IR AE AR AE P
£, XMRE—IEIE Y FOER B E BRI, H
WL PSR A T R B AL Dy ik
X, BRRER, BCHAEE, ARFRANRE™Y
FURD i E BT AR L B v ARk 5 5 | &
HEPY D REE R SRR, BN AR B 25 b A
Toah A LR, RIS . HON SIS E WA
2502

x6 HBiIEHRNE

Tab.6 Weights of various indices

- - ENGES K@T%ﬁﬂ#l‘m/z%ﬁﬁc%

FEMHE MNE% FEWE  BE%

ABTS* [ Fi3LiERE® 0.773  6.751 0. 835 6.989
DPPH H Hi3ERR%E  0.783 6. 449 0. 844 6. 606
L-ARNER 0.712  8.553 0.816 7.781
L-ARRE R i 0. 664 9.983 0. 834 7.036
HARNEE | &4 0.741 7.701 0.764 10.018
FIAR AR 5 0.562  13.017 0.709 12.318
FIA P g T i 0.589  12.202 0.814 7. 894
wEH 1 & 0.761 7.100 0. 845 6.567
WS TR 0.734  7.899 0.825 7.427
E2 e 0. 795 6. 083 0. 845 6.550

2% i I 0.847  4.535 0. 838 6. 848
GRS 0.83 5.046 0. 837 6.928
SRR i 0.842  4.682 0. 834 7.038

RT REGABHRHARF

Tab.7 Comprehensive scores and rankings of Codonopsis

Radix
] IEBARMR AR 225150
Fom gy o I
iiEx= ey (CfH)
ENEGE 3 PS  0.435 0.697  0.615

GZ 0.672  0.629  0.484
WD  0.356  0.846  0.704
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KOY  0.000 1.000  1.000
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K3Y 1.000  0.000  0.000
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