© 424 . PER 202218 B53% H28  Chinese Traditional and Herbal Drugs 2022 January Vol. 53 No. 2

ET “UL R N SRARE REFRIUNEG T4

wFEE L BER LY, RER, e, RE%2,

1. KEPERGRE, 5 KF 130117

2. BEVERERZ RS BRvGH 2R IR AL S T R L BARFE TR AT R B K E SR = (REE), B sk
FH 712083

3. REFERERL, db 100700

L

=

W OE: BM BT By RUSEN, WEHERRThEC b2 E s haT R, @ T 54 Bupleurum chinense SEAT
i =432 Logistic #2, 3-FF & i —FhLETH AP 508% . 735k K =903 Logistic HiZoKLeRILE I BT av d & & .
AL 2 (cyclooxygenase-2, COX-2) AEMIEMN . ABTSEFRZE . DPPH-JERR R AR B HHIETERR A8 11 S8 bR gt AT R BT,
BTSRRI SRR TRELR, FHHEATIAE. RAZ mEIEAH . 32K Logistic [HVARERY 25 G SR Ao -2 550 53
¥, BLHEHITNTTRE . SR JavaScript fl CSS3 #R, ST JTFE AN HTML #HA71HE 284G K. 855  Logistic
TR R A VB 15 AP MRS A N By by 24 2, SHERFTE SR8 &% H, A xR
PAHBIRT 90%. JFR T —Fh LT B L 45 I ds ds i, 18I Sl NI e B0, m B i th Se A S g0 P &5 R 8
o it HUBIEHITDhB-R LS, BN SEERE SR A, PO R B R A E B R —Fp
FET CHR-RROY T AL SE T R S R GE VN (T S A A

KRR SeHAs AROR: BLOPN: B REEN R T Logistic Hik WHEAR: SRR AR 25 A
WRAys ABTS'; DPPH-; ¥2HH3E; ZiaEIASHT

FESES: R283.6 XEkFRERE: A NERS: 0253 - 2670(2022)02 - 0424 - 08

DOI: 10.7501/j.issn.0253-2670.2022.02.012

Development of plug-in for quality evaluation and grade prediction of Bupleurum
chinense based on “drug efficacy evaluating quality”

CHANG Bai-jin!2, TANG Zhi-shu® 23, QIU Zhi-dong', LIU Yan-ru?, SONG Zhong-xing?, JIA Ai-ling'

1. Changchun University of Chinese Medicine, Changchun 130117, China

2. Shaanxi Collaborative Innovation Center of Chinese Medicine Resources Industrialization, State Key Laboratory of Research &
Development of Characteristic Qin Medicine Resources (Cultivation), Shaanxi Innovative Drug Research Center, Shaanxi
University of Chinese Medicine, Xianyang 712083, China

3. China Academy of Chinese Medical Sciences, Beijing 100700, China

Abstract: Objective Based on the quality control research idea of “ingredients reflect activity, activity points to efficacy”, to
establish a binary Logistic model for the grade evaluation of Chaihu (Bupleuri Radix, BR, %%#) and develop a grade evaluation
calculator for medicinal materials. Methods The binary Logistic algorithm was used to correlate the contents of saikosaponins a
and d, cyclooxygenase-2 (COX-2) biological potency, ABTS" scavenging rate, DPPH- scavenging rate, and hydroxyl radical
scavenging ability in BR, establish a grade prediction model for BR, and verify it. Using multiple regression analysis method and
binary Logistic regression model combined with the data related to the composition-pharmacological effect of BR to establish the

grade evaluation equation. The JavaScript and CSS3 techniques were used to embed the rank evaluation equation into HTML for the
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development of the calculator plug-in. Results The probability formula of Logistic prediction model divided BR from 15 producing
areas into four grades: excellent, good, medium and poor. The predicted attribution grade corresponding to each batch was clear, and
the fitting probability P value was all greater than 90%. A calculator has been developed that can directly output herb grade
evaluation results by dynamically inputting the measured data without having to transfer the data to a server. Conclusion It is the
first time to combine the efficacy-composition of BR to establish a method for evaluating the grade of BR, which can be used as an
important basis for future quality evaluation of BR, and develope a calculator plug-in for rapid evaluation of quality grade of Chinese
medicinal materials based on the correlation of “pharmacodynamics and components”.

Key words: Bupleurum chinense DC.; drug efficacy evaluating quality; grade evaluation; traditional Chinese medicine; quality

control; principal component analysis; Logistic algorithm; calculator; saikosaponin; cyclooxygenase-2; bioactivity; agreement of basic

telecommunications services; diphenyl picryl hydrazyl; hydroxyl radical; multiple regression analysis

Y880 Bupleuri Radix (BR) NA:JERISEHH JEAE
Y4 Bupleurum chinense DC.B 488 B.
scorzonerifolium Willd. ¥ AR, 2 HAIRANE], 43
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13 R 71157~ /1 1 I A LV IR I 111 S o s 2B
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WHRZ fRIRRBEIRZAD ., 8 TR ERI.
b, vadb. R & HET, SRR
il EE S (P EZH) 2020 FEh, PLER— R4
AT av d S EAE AT BRI, HIRE M/
HEEH SR ad S E WSO E251)2020
ERRM . R, R OO AN e T S BR 244
e, HA2rib =i Scik 5 A a1 N 45
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AT AT RE A — B R T, WOR S 2005
PR KA E NP FR bR, HhSEH R ay d )i
BHOEE R, B REFEPIRIENSS, CARER
PHPIAEALES (cyclooxygenase, COX) A&LEHHPT R
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BAHMWAF; KQ-300DE My mikiEriss, B
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H=98%). LEHIRTF d (L5 110778-201912,
JRE T H=98%), W H H E £ 5 2 s it b s
BPUEARE IR FI & (ABTS ). B HHE



© 426 - PER 2022618 B53% B2 Chinese Traditional and Herbal Drugs 2022 January Vol. 53 No. 2

(OH-) M7 &, DPPH Hih% (DPPH:) &k
RE I, W B R U RN TRERE T T COX-2
LR &, WE ERES RAEMHEARER
AW SEEEWAETRIUE, LBRITPEEZR
H 5 IR R 0% %58 N TERHEYISEH B, chinense
DC.[TAR, AREE IR 1.
F1 HHUREPER
Table 1 BR information for each batch

I 7 3
S1 B PG 45 A T LA 5
S2 PP ARG T RO X 3 A Gt
S3 B PG 44 S 2 T I X gitr
S4 I 7L 4 el B T Y 5
S5 Bk P E A T R X g
S6 B PG 44 S 2 T - TR 7 %1%
S7 BRPEE EAT 44 X 50
S8 B VG 48 R BH T ¥4 P B, Gl
S9 B IE A4 = 3 T R 4 [X 9 A L e g
S10  BEPE R T AL R B %1%
SI1 BRFEE TG T RAE 5/
S12  BEAEEEmEc R %1%
S13 PRAEH LT RER i
S14 PRV FAGTFR X E T4 5078
S15  BRPEH TRl g
F2B PR U SRR A G ) o SRR S sy
%LI‘H

the specification grade classification of BR is according to Chinese

Herbal Medicine Commodity Specification Grade Standard

Preparation General Rule!"

2 FAEEHR
2.1 BRAIHIE
2.1.1 A m &N B R, EYS
i, FEEPRE 0.50 g 258, MAEH S%IKEKP
FEYATR 25 mL, #87 30 min, JEL, JEWH 25 mL
FEE VR 25T 2 Ik, A FFIEM, 2T, FRE MR
WifR, EARES5mL B, B,
2.1.2 NSRBI S R PRE SR a 5L
di&sE, MHEEE, 75 S 1.03 mg/mL 561
B a M 1.08 mg/mL SEHH R d IEW, HP1S.
22 BiEEH

ik N Agilent 5 TC-Cis ¥ (250 mm X 4.6
mm, 5um); VB AK-ZIE, BEETEH: 0~50
min, 25%~90%ZJiE; 50~55 min, 90%ZJiE; 55~
57 min, 90%~25%Z. M BEFEARFR 10 uLs AR

1 mL/min; #3330 C; KIIK 210 nm. 4EiH
B a. d GRS SRR R s E L 1.
LEHHRRTY a

A
=
SEr Rt d
B
|
s2
SEHH R d
SEH T a
- A
0 10 20 30 40 50
t/min

Ell SEHEH a(A). AT d(B) MR (S2)
Fig. 1 Saikosaponin a (A), saikosaponin d (B) reference

substances and BR sample (S2)

23 FHEFER

2301 LMHEXRRFEE SHlkEERR “2.1.27 DR
SERHREE ay d WOXF IR VAT, FRRERK 2. 4. 8. 16,
32 i, % “2.27 TWUN GG AR E . AR R
NREAARE (X0, WU ALER (YD #E T2
oM. FrfSSEE Bt a FIHAFEN Y=2702 X+
1052, r=0.999 9, RHLMKARRL, ZMEiuR]
0.032~1.030 mg/mL; 28HETH d FIAAFEN Y=
3020 X+63.75, r=0.999 8, LML R L, &
PESER 0.033~1.080 mg/mL.

232 REEEEHEE WHLC2.1.27 TR X SE TR
€227 TRk SRS 6 IR, S5HRERYE
FHETT av d VETTAY RSD 437108 0.22%-+ 0.63%, %
RAZAN A 2 B R AT

233 FREMEEE % “2.0.17 TR kA& AHR
MV (S2), AT )E 04 4. 8. 124 164 24
h B, 4% “2.27 TR GGG &AFEREIE, o3RI
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R, 48 B B B AR Il AS S8 2 1 a d A
ff) RSD 73 HIA 2.00%- 2.94%, IR A RAE
24 h WARE M RIF
234 EEMFEE 7 “2.1.17 TN TEH % 6 4
BOR MR (S2) , 4% “2.27 TN il & FEEREm
T, LSRR . S5 BoRSEH 21T ay d WA
RSD 73508 1.46%. 2.31%, £ EEENE R,
235 IIFEFEICRESE  HUEEHEE and A ERCD
I FE—HAES (S2) 291 g, RHL 6 13, FEHFR
S, NS FE i R et 21 ay d & B
B, FRRRR “2.0.07 TR 7 v 8 Al i
i “2.27 WUN IS FARERE, iR, tHE
FEENSCR . TASLERA BAF av d PRI INRE IR 5
524 98.90%- 100.17%, RSD 4354 2.35%- 2.27%,
L REIE R AT
24 BENE

BHEREER, 2 “2.1.17 TN HIRE T VL 47 )
% 3 R EA, % “2.27 TN il SRR,
THELETA AT a. d IS . SHLIRSES TR 4e i 2 1
av dEEILE 2. B S15#HRSEMAN, HAtra
FEREEHARAY a. d SEHTES (hEZH) 2020
SRR B HLE o

R2 BRISHABRESE
Table 2 Saikosaponin contents of each batch
Bes JRESH/(mgg™") b RS/ (mgg™)
SR a SEHET SetA R a SR d
S1  6.32+0.33 541+046(S9 6.90+£0.31 7.02+0.35
S2 10.30%0.89 11.76+0.77| S10 1.20£1.53 3.48+0.39
S3  2.20%0.11 0.87%+0.06| S11 9.04+0.26 8.92+0.78
S4  3.78+0.14 1.06+0.09| S12 6.09+0.36 5.12%0.60
S5 3.73£0.09 2.25+0.23 S13 0.88+1.10 2.14+1.33
S6  7.53+£0.28 7.92+0.73| S14 1.96+2.52 5.56+0.75
S7  6.67£0.23 7.59+0.50| S15 0.41£0.02 0.20%0.02
S8 3.71+£0.32 3.98+2.17

2.5 LEERINEI COX-2 SEMIFM

251 XPRESEEHRIHS  BEEBI COX-2 Wl
G EREMIER, N COX-2 W& RiE
fift s FH ORI BCRS M6 HE o FE R A BRI 6.25

12.5. 25. 50. 100 nmol/L F¥RAE et HE Hh A o
252 MRS S SHORGEIRZIMIE2.1.17
TR 76, e T ks FHET GREA
T 60 'C). KA 1 mL COX-2 7 &2

AR RS 3500 r/min 250> 10 min 7555 B EUR,
H MR RFERE, FE L 2,
253 EAEER HEZMEBME “2.527 DUNH|
1) S2 SETMI AR S VAR 6 K, FIMEILL 2, R
FEMCIRN 100, 504 25, 12.5. 6.25. 3.125 mg/mL.
H I 6 AN EIR A 4 IR COX-2 3R & it B 1507
POPATINE 39k (C-1~3), S5 LK 2. MK 245
RATHED, BEEH (S2) RBURTEIRIEAE 3.125~25
mg/mL I, X COX-2 #iilfEFH BA B S 7 & AH
Kk, HE &5 R EE R . AR COX-2
Wity i P AR 2 A R .

A0 2 = (B ot B % 51t — B 58 00 /(B O e ot R %
e—ZEER RS
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Fig. 2 Dose-effect relationship of COX-2 inhibition by BR
(82)

254 ERUNE T RIS UL vk
M5E , AR LA 2 36 IR FL I T Y2k,
IR ICAB AR, T BRRN R AN TR B A 4 1)
o WOE FEREAN IR B 2 HE A Y 1000 U,
W7 A4 ot 0 35 R A ARR L P 0 o 2 i N AE P R
WS (TDMD, 5N [F] 7= b S8 AR & XF
COX-2 AR

255 REHALREEHARETXT COX-2 AWMz
W15 HESEEHRE A% “2.5.27 TR 7 £ IR R,
PR IR S U R BRI, $5HR “2.5.47 T
N SR COX-2 AR, 45 W2 3.
2.6 SERAIMEMIEMENE

2.6.1 fHKdhiEimdl & S 2007 BUT Ik %
2.6.2 HUAMLRENNE  ZHRAAELHTA

PSRN Ty vk, TEAS A A SR, e S
UCFESN ) ABTS. DPPH-F1 OH-FIER R, 4558 I
x4,
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3 TRERHDREEART COX-2 WEIKIN (n=3)
Table 3 Bioactivity of COX-2 by different batches of BR
n=3)

Fefh PRSIV | R PRIV
s1 14.30 S9 8.17

S2 54.52 S10 3.36

S3 25.34 s11 41.63

S4 13.69 S12 95.49

S5 9251 S13 8.55

S6 49.57 S14 27.11

S7 15.47 S15 84.27

S8 23.50

® 4 TREHRLERHx ABTS'. DPPH-F1 OH-fIEMRE
n=3)

Table 4 Inhibition rate of ABTS*, DPPH- and OH- by
different batches of BR (n = 3)

ST EI A 2% . SR %

! ABTS* DPPH- OH- i ABTS® DPPH- OH-
S1 3292 2254 4237|S9 3164 2237 39.77
S2 3378 3717 23.76| S10 36.42 38.18 4294
S3 3643 3540 26.68| S11 36.06 33.88 38.33
S4 3232 5708 17.78| S12 33.29 3354 3239
S5 3361 1554 4721 S13 3236 3046 36.68
S6 36.14 37.76 25.26| S14 3514 30.70 29.83
S7 3342 2358 30.10| S15 29.27 26.82 26.98
S8 3160 2380 26.27

M3 2~4 TR, SEHIEH a. d SEEEN,
Ho COX-2 ARt UL KA A TS MR e v ANBE
SEAEM SR ad B EM KN 258 TR
M55, HAWT TR - 25 B & 17 USR5 oF
(ETRZ IS
2.7 FER45 454t (principal component analysis,
PCA)

PCA 2 —Fft 8 FH 73 it F ek B 4k 5300 . &
FAEIRA n QERFAER) LA B H I k 4ERHIE, FEAR
K /D5 B HRTRE N2 MR AN I S5 4R
NINE S Ivt2i0a i Rr el S NGk it/ ST I E S L N e
a. d BE & COX-2 AP T A iV B i3k
IThRE AL S, SN Simca-p 14.1 84, DL4EHH
B a. d FE, COX-2 EMEt, OH-#If|Z%,
ABTS lIfi| % ¢ DPPH-#JIffl| 81X 6 AN FE0R KK AF Ny
MWME (XD BEAT PCA. $EBUAT 2 4> i 13 2

RGN 92.34%, BEHIRRIGRET) RIF, & F
B TTRRER ILER 5. PCA R &b IR SEEA 21 73 445
BB (B 30 X &R AT R IR
(hierarchical clustering analysis, HCA, K 4). fA
BB B3R 5 K, SEH S SR W R 1) 7 KRR .
S2. S6. SII #JAH—3K, S14. S3. S8. S7 #4>
N—3, SI. S9. S13. S10 #i5A—2, S12. S5,
S15 B N—3, S4 #mh—K. G5REY], KM
PCA )43 28 5t BAT B B T 5E 1k

=5 BERSTEE

Table 5 Contribution rate of each principal component

ESND Wy RITTER R /% E Ry RITTHRE /%
1 0.799 959 4 0.984 039
2 0.923 378 5 0.998 204
3 0.964 728
'}
20 Sd-]
54@ \% W
%)
20 t5-
10
_ I
N 0
= S7-1~3
S8-1~3 123
S9-1~3 !
-10 510-1~3
-20 o, S5-2
| I- S5-3
-30

-80 40 o 40 80
t[1]

B3 PCAHEE
Fig. 3 PCA-scores plot

2.8 SEEAFRIN

2.8.1 Logistic A 04161 & y=1, 2, 3, 4,
RONLEHZM T 4 N5 A Logistic [F]JA45
B In[gi/(1—g)]1=PiotBixi+ =+ Puwxns Pio NEEE,
i=1, 2, 3, 45 Bis =5 B NRIEREG x1
xa NEAR . A WNMER AT Bos iy o
Ps NTISEEHTCRF 58 B A5 MR P RIA T -
Pi:exp(ﬂio—l-ﬁlxl—I-'“—I—,b’nxn)/[l—|—exp(ﬁio—|-ﬁ1x1—|-°“—|-
Bxn)le X T HA R x1, ++, x, IR PTG g1~
g3, HH PO=1)=q1, PG=2)=q—q1, P(y=3)=
g3 —q2 TR SE A 2R
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RIFEE/(X 10%)
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S12:3 e BE——
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S2-1
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S4-2
S8-3
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S14-2 -
S7-3
$13-2
$10-2
S10-1-
S13-1-
S1-3
S9-2
S9-3

4 HCA R#[E
Fig. 4 HCA clustering diagram

2.8.2 HRIE  iaH Logistic #5855 K E
BEAT ARG, ARIEAS IR S B R L I S0 2
T EAAEYNE SRR e 25 F K 15 #Eseit BdE
F&fe 7 1 3 Hepl oy el gk (S3. S6. S5, S7. S8,
S9. S10. S11. S13. S15) FIiR4E (S1. S2. S4.
S12. S14). P MEZ o A MR HAT 25, &
KhrEN P=85%.0 S A PNE LIRS 8 T AN 552,
KRB m R SR ILE 6.

#*6 FHUREIAFR
Table 6 BR grade of each batch

FESD PAE 590 PRE AR /om| FES PAE S5 T ELAS/em
S1 1.00 0.39 S9 099 0.42
S2 1.00 1k 0.40 S10 0.99 0.46
S3 099 K 0.35 SI1 0.99 1t 0.44
S4 0.90 1 0.28 S12 0.99 1t 0.47
S5 1.00 0.45 SI13 1.00 # 0.60
S6 0.99 1t 0.40 S14 1.00 # 0.37
S7 1.00 H 0.35 S15 1.00 # 0.44
S8 1.00 R 0.37

29 SHAFRTUMREIE L

W S ) S A o B DA S AR i PR &
SPSS 25 hb# 5, SZHL Logistic B SRR,
BRI RILR: P r=exp(—111.12748.327 X L&
B a FEF1540XEHEE d F8E—0.788X
ABTS* + 1.717 X DPPH- + 0.088 X OH- + 0.428 X
COX)/[1+exp(—111.127+8.327 X e 2+ a S E+

1.540 X S8 24 d &8 —0.788 X ABTS +1.717 X
DPPH: + 0.088 X OH- + 0.428 X COX)], P &=
exp(531.191+14.876 X S 2HF a & —16.305X
ST R d & B+ 7.713 X ABTST — 8.315 X
DPPH- — 15.988 X OH- — 3.676 X COX)/[l +
exp(531.191+14.876 X 54 B a F & —16.305X
LA R d A B+ 7.713 X ABTS' — 8.315 X
DPPH: — 15.988 X OH: —3.676 X COX)], P &=
exp(—511.624—4.430 X SEH B4 a H 8 —0.422 X 4¢
HEE d & —6.238 X ABTS*—6.106 X DPPH- +
12.834 X OH- — 0.924 X COX)/[1 + exp(—511.624 —
4430 X ST AT a R — 0422 X e B d S —
6.238 X ABTS" — 6.106 X DPPH- + 12.834 X OH- —
0.924 X COX)], P ==exp(1 253.319—111.641 X 4&HH
B a FEI12.988X SR d S E—2.283X
ABTS*—15.719 X DPPH- — 11.627 X OH- —2.489 X
COX)/[14exp(l 253.319—111.641 X 5E8] 24F a &
B 12988 X SEHHEF d & & —2283 X ABTS —
15.719 X DPPH- —11.627 X OH- —2.489 X COX)], &
Ja XA SR FEASTHEAT 73 T o DLKE S AN Rt I
ZEAL (D R D, H dID. 2 (V) 4 M
2, IR TN 44 3. 24 1o KPR PRI
EHARN LR T2, BIalxy RS 5RRIE A
TR, B g PAEEIS 90%LL E, KRR
EAVETE

H e bR SEE AN b X B a] T SR ] 25
J& T & F MRS, M BB M .
Logistic [0 FIRFEA LG &5 R 5 SPrd
R —5, UHH AT DUR i s 3Rk BORL 253 55 2
Iy Hhritt.

2.10 PAHMREBFRTENITENF A

2101 FESSEE MR R FEES N 3
P BB RREMENE: WRAMUENTENE. RN
PritimigEte; 28 2 REFERIWESE;: 5 3
KRARE T h G AR B T TR
R ST AN S BN R E 2 B EERIKS), R 28 7
FbrER A AR E v RS EEA . RItE, AR (DS
R (D, 1 (D, 2 (V) 435I F i RAE 4. 3.
2. L,

T IHIEARE ) B ARAR, XTH /O AT
RNy EHCRA PCA XA R 31T B 4 b
o R DTERER = AV AR A o R AR AR
WA . #id KA PCA F1 HCA 45 & 5 b
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BRI, SRR ZTM /R o3 A P 22 5 o AR AN
[ LRI R I B AT A0 WS 3 24544/
R B, FF45E Logistic [R5 7 FEE 47 4%

LKy e WEAKXM “2.9”7 I,
2.10.2 SEMAFREEER  ARIELEIAE ST BT
RIEFFRAELE 5 Fros, SRR PR D IR T 15

|| HBEE
w| | R
i

i

-+ PCA J 45 % Logistic [7]9
[N R SRR e it

ER7E vy

2 1 R

i R SEFEXIRL| | 241 v T
b | | sy Zib 2 B Wit || O
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Fig. 5 Using process of herbal grade calculator
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