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Abstract: Objective To optimize extraction process of Hulisan (5% 7J#{) and to provide a basis for the secondary development of its
preparation. Methods A UPLC method was established for the determination of 8-deacetyl yunaconitine, yunaconitine,
notoginsenoside Ri, ginsenoside Rgi, ginsenoside Rb1, caudatin and lobetyolin, with the content of the index components and the rate
of paste as the key quality attributes, and the combined weighting coefficients of the indexes were determined by AHP-entropy weight

method combined with chemometrics, and the extraction process for Hulisan was optimized by the Box-Behnken response surface
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method based on the one-way test. Results The model established by Box-Behnken design was significant, and the optimal extraction
process of Hulisan was ten-fold volume 60% ethanol solution, extraction time of 2.0 h, and two times of extraction, and the
comprehensive score was 0.659 2 under this condition, and the results of three batches process validation (the average comprehensive
score is 0.659 5, with an RSD of 0.45%.) were similar to those predicted by the model with an RSD < 3%, indicating that the established
model can be used for the analysis and prediction of Hulisan extraction process. Conclusion The AHP-entropy weight method
combined with chemometrics was used to preferentially select the Hulisan extraction process, and the established model was reliable
and the extraction process was stable and feasible, which provides a basis for the secondary development of Hulisan preparations of
ethnomedicines.

Key words: Hulisan; extraction process; analytic hierarchy process; entropy weight method; Box-Behnken response surface
methodology; chemometrics; secondary development; UPLC; 8-deacetyl yunaconitine; yunaconitine; notoginsenoside R1; ginsenoside

Rg1; ginsenoside Rbi; caudatin; lobetyolin; critical quality attributes
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B E3EWE 0.22 pum FRFLIENE, HEXSRpER, RISt
EANTIREART
224 [IVERESIEREHIS A TT ERRECEHR ] L
I HA B, FI8 <217 TR J7 1 R U
PR €2.2.37 T J7 ) £ i) B 2 B PR T TR
225 LIBPEFEEL 43 kG R R L [ A
VAT TE TR DY VR AT R VA SRR gt
BAETG AR 22,17 U il SRRt E , 45

RIS 1o LIl S IR i AR SR SRR SRtk
R O B R ) A A A [ ) e i, LR it £
FARE BT T3, RINZINE LRI R4

|

‘ W

8DY [\
A —A A
N . spy  ELHH
MIANAN N Ao A\
B L NN | N WV, N L N i PO P

o 2 4 6 8 10
t/min
1 8DY MUALHREXMBMBR (A EHE#tidm
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Fig.1 UPLC chromatograms of 8DY and yunaconitine
mixed reference substances (A), Hulisan test solution (B)
and negative sample solution without processed Aconitum
Kusnezoffii (C)
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Fig. 2 UPLC chromatograms of Ri, Rg1 and Rb; mixed
reference substances (A), Hulisan test solution (B) and

negative sample solution without Panax Notoginseng (C)
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Fig.3 UPLC chromatograms of caudatin and lobetyolin
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mixed reference substances solution (A), Hulisan test
solution (B) and negative sample solution without
Cynanchum wolfei (C)

24.6 LMEXRRFELE A “2.4.27 TURRA X
W, BRFRE, %R “2.4.17 WK il kRt
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*1 CEEREXNENHRBIZHEMN
Table 1 Effect of ethanol dosage on Hulisan extraction process
LI &=/ PEE/(mg-g™) HE R/
5 8DY PERER Ri Rgi Rbi HILE WS %
6 0.084 2 0.049 4 5.8810 25.553 8 21.160 7 1.6233 0.204 7 25.11
8 0.1219 0.064 6 7.094 8 28.4327 247955 3.1510 0.2193 26.00
10 0.127 8 0.0803 8.0742 27.733 4 20.938 8 4.050 8 0.293 8 29.90
12 0.1237 0.077 7 5.8945 27.494 3 21.753 5 3.709 9 0.2839 28.66
14 0.123 6 0.0717 5.1952 24.294 3 19.868 8 3.207 6 0.1223 27.39
R2 CZEEHFRSBXENHRBRIZHFMm
Table 2 Effect of ethanol volume fraction on Hulisan extraction process
LR PEIH/(mg-g™) HE R/
% 8DY VE Ri Rgi Rby kT SR %
40 0.1314 0.065 1 34913 28.280 6 25273 1 2.6411 0.1534 26.80
50 0.1540 0.074 0 4.386 1 28.7310 26.5122 2.741 1 0.166 2 29.83
60 0.153 8 0.0759 6.0453 29.440 6 243387 33328 0.186 7 38.21
70 0.1180 0.075 6 6.006 2 292727 23.778 6 2.846 9 0.1749 38.98
80 0.128 4 0.048 8 6.199 9 28.329 6 222020 3.1534 0.186 4 35.31

2L BRI, 10 55 60% B, 737 Bl
B 1.0. 1.5, 2.0, 2.5, 3.0h 5, 33 a4,
FHEPR AT PERCRE AN H B 35 7E 2.0 h Bk 2E(H,
BARIET EEE T FRRrEas, Mok 1.5,

2.0+ 2.5 h JFEAT A R S5

2.6.4 HEIEL BUR BT 100g, BT 2
L BJEBefH, fn 10 58 70% 8, $#2HL 2.0 h,

AIERE 1. 24 3 KJEHEI, HIER 4 AT, 8DY.

Rg FRHCEAIH B R A RBUXECE N, EA&iE
#, HESHE. Riv Rby FAE ST 2RI L
T T ranas . BEmt, 2 kIt

PRI 3 IR, WERBUREAE N 2 IR

2.7 BBD-RSM fLiEZBT Z
1R R A 2 LA b, [ e SRR BN 2 Ik,

LA E (XD CEARRRE (X)) FIFRHU &

(X3) NELEE, LL8DY. 2. Ri. Rgi« Rbi.

RS M S AT FEIUCR S % 8 MEVRLE S

PB4 (Y) A Ri{E, FIH Design-Expert 11 #/41%

it 3 K& 3 /KT BBD-RSM S255, 17 k28641t

MEER W 5,

2.8 WEITEFHR

2.8.1 HCA ¥/ SPSS 26.0 #ft, VUAFERET

*3 REEEXEDEER I Z88Mm

Table 3 Effect of extraction time on Hulisan extraction process

SRH [5)/ REE/ (mgg™") &/
h 8DY VR B Ri Rgi Rbi Hik s SR %
1.0 0.146 1 0.084 7 6.402 4 26.2413 19.771 4 29592 0.1879 20.67
1.5 0.147 1 0.089 1 6.067 4 26.846 0 22.1229 3.0805 0.2130 25.12
2.0 0.1540 0.100 1 6.580 0 28.904 0 24.824 0 3.1454 0.223 8 32.73
2.5 0.140 4 0.0650 6.560 2 28.632 3 21.784 4 29313 0.206 4 3241
3.0 0.105 8 0.053 5 6.679 3 29.2959 23.476 7 2.883 7 0.206 0 32.29
T4 REURBXIENHIRER I Z8%Mm
Table 4 Effect of number of extractions on Hulisan extraction process
SR E REE/ (mgg ") &/
K 8DY EL B Ri Rgi Rbi ik WEME %
1 0.107 0 0.059 7 6.489 9 26.390 3 20.976 8 1.7357 0.0358 32.80
2 0.1862 0.070 9 6.8902 28.2250 25.689 9 2.6583 0.0355 37.90
3 0.194 8 0.060 4 6.533 6 28.3150 22.502 8 2.460 6 0.0322 40.71
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Table 5 Design and results of BBD-RSM experiment
FE O XfE X%  Xh \ PEE (mg g ) — e e
8DY HLH R Rgi Rbi  HEE HBHRHE /% W
S1 10(0) 70(+1) 1.5(-1) 0.1809 0.0668 4.5639 33.1495 29.6500 1.9071 0.1296 39.66 03159
S2  12(+1) 70(+1) 2.0(0) 02610 0.0621 4.8033 322386 27.0346 18131 0.1284 37.88 0.6403
S3  10(0) 60(0) 20(0) 02109 00680 48908 329713 31.0917 28475 0.1551 4580 0.6475
S4 10(00) 60(0) 20(0) 02006 0.0689 48745 31.0497 335220 29673 0.1489 43.02 0.5911
S5  12(+1) 60(0) 2.5(+1) 0.2214 0.0634 4.6307 29.5259 26.0282 2.0903 0.1258 39.39 0.3809
S6 10(0) 50(-1) 15(-1) 0.1745 0.0676 43344 324998 265312 2.1901 0.1033 4044 0.2007
S7  10(0) 60(0) 20(0) 02123 00672 49110 33.8024 323382 3.0543 0.1461 42.58 0.6957
S8 8(-1) 70(+1) 2.0(0) 0.1912 0.0716 4.5151 29.5939 26.1341 29753 0.1227 39.78 0.3399
S9 8(-1) 50(-1) 2.0(0) 0.1953 0.0710 4.6478 31.6099 302519 25005 0.1451 43.85 04615
S10 10(0) 60(0) 2.0(0) 02098 0.0755 4.6847 337382 32.0464 3.0109 0.1333 4431 0.6701
S11  12(+1) 60(0) 1.5(-1) 0.1979 0.0585 4.7530 302442 262656 1.8539 0.1112 4321 0.2686
S12 12(+1) 50(-1) 2.0(0) 0.1741 0.0523 46109 29.8260 27.8015 17951 0.1209 4247 0.108 8
S13 8(-1) 60(0) 25(+1) 0.1896 0.0715 45480 31.8783 269475 17428 0.1381 4324 03100
S14 10(0) 50(-1) 2.5(+1) 0.1905 0.0659 43925 31.6684 312708 1.8517 0.1006 46.04 03010
S15 10(0) 60(0) 2.0(0) 02156 00656 49560 327466 329743 29713 0.1467 4391 0.6915
S16  10(0) 70(+1) 2.5(+1) 0.1842 0.0673 4.6674 31.6462 302598 1.8949 0.1187 4341 03274
S17  8(-1) 60(0) 1.5(-1) 0.1836 0.0699 4.6097 318952 282464 22272 0.1433 4422 0.3505
RIS AR RO &, RV 2,82 PCA K SIMCA 14.1 ¥ft, DA RISRICT

57750, VAP 7 RREGRE 25 A i (A1 B 29 3H T HCA.
HH P 4 w75, PO R EREE RN 15 B, FE 1B
W HN 22K, S4. S14~S16 N—33, HEeNR—3
7 R EGEE RS  10 B, M 8 THSREG TS 17 FlE
FIBURBUREE N 3 35, S1. S2. S6. S9. S11. S13,
S17 A% 1%, S3. S5. S7. S8. S10. S12 A% 2
25, S4. S14~S16 N 3 2K, 5 RKRHAFSLE L
AR ZE R, MHEEEE R HA — 5 5 .
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Fig. 4 HCA tree diagram of 17 batches of extraction

methods

EFTAR SR B PR BCRE N R AT . Hoh
BAr 1 BIRFIEA 3.071, J5 Z Tk N 33.90%, &
B3 2 HIRFEME N 2.548, J5Z TR N 30.99%, -
By 3 ML 1.321, J5 22 5THRE N 22.45%, Tl
3N ERS I RARTTRRE A 87.34%, A IWLHT 3 M E
BT NI R . R S TS, 17 bR ST EERE
WIIEEFX N, RHEHOEE B A B 1 —
#;k, HAERTREE N3 K, 5 HCA 4585
2.8.3 PLS-DA XS SIMCA 14.1 %A%, L 17 Fhig
BT 2045 2 (0 1% 07 B B 5 38 A5 o SR B
FAFEHEAT OPLS-DA, 37 OPLS-DA #7, %k

[ s1
M s2

t[1]
5 17 MR I ZRBHRNIREUR PCA 55 E
Fig.5 PCA score chart of Hulisan extraction solution

obtained by 17 different extraction methods
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A R®=0.912, R4=0.883, 0*=0.775, ¥ KT 0.5,
R ZMAFR R AT, WTHT 17 Mg 2152
(1) 5% DT BRI 2 AR &) 73 BT, OPLS-DA 357
KEIWLE 6. 17 ftpg IEER IR T KRR A3 K, 5
PCA 451 —3.

M S16

-1 1 3 5 MWSs17

t[1]
6 17 MHEB T ZRSHIR NEURELR OPLS-DA 1557 E
Fig. 6 OPLS-DA plot obtained by 17 different extraction

methods

TRARIN AL B B EE 2 {H (variable importance
for the projection, VIP) #kA, HGH B ) 5T Rk = -
LA VIP 18> 1 NFEbr, T35 2 Fhocs iy, VIP
B B = BRI Rby 1 Ry, ¥ISRIET 5 T
TR =, RLLE 2 sl ae 2 5l 17
TR B 2045 3 1 57 0 B B o & 22 7 10 32 22
FHERT, AR, =407 SR BGRTT & 1) 5L
K, GRWE T,

2.9 AHP-{EHUEAE TN

2.9.1 AHP I HPFOMRRR FUACE RE (w)

MRAEAE AL SN, 75 A R8s Rbis Rgis
5. Riv 8DY. WSS IR IR AN E
AR FERS, IR0, Rb Al Ry
A, —FHNTHA M Ry, YA R,
1M 8DY A2 il 5 5 M il Ji5 7™ AE 1) o8 HAT RURI R
Kt 8DY LT VH S0, F5e S RS E 2L, [

i
53
)

=

Rb;

Ry
8DY
VH 5 T

7 17 MREA RIRSENEUIREGR T 7 MEFRELSY
VIP
Fig.7 VIP plot of seven components in each Hulisan

extract obtained by 17 extraction methods

LI AR RIS DB R E R AU, )8
MR FRPR LAY A4 Rby $2HUE =Rg) FE I E >
TR IR >R, RIE>8DY RHURE =50 S
B > EH S IR IR > HEE, Mg o
(R SE A R, S5 R AR 6.

N () WHEWIENE R (wi), FHEA
X Q) HHEE—UREZRE (), SRNEK T —
FELEHE (consistency ratio, CR) /A (4) 114,
KA ENERBR A, £iF5H CR=0.050 1<
0.1, e —BEER, RUITEMIEIR GBI 1T.

wii'=(a1a2az**am)'™ @D)
m

wLi=wi"/ z wi' 3)
i=1

CR=CI/RI 4)

2.9.2  JEBGETHEVFIRIR E MALE R KL (w2)
(1) BlEbrrEf AL AR A B IG TR br
JR AT SRR AN B 2, HAMEOGEY, Y08 kA
BhR, VREECE A B AT RO AR R AELL AL P S
) Kb 4 T8 — A d /N R AEL, DA 2 i B
Ry AHUAABIR S an K ) AR A SR, L UE

R 6 IEARR LB SR F MR RE

Table 6 Pairwise comparison priority judgement matrix of indicators

PEM FE bR RbiI2ER RgZIR HATHRIGE RIEE SDYIRIGE WS IR—IE FOmRIE HEF
Rb $2HL % 1 1 3 4 5 5 6 7
Rgi#EHUE 1 1 3 4 5 5 6 7
PR TS 1/3 1/3 1 3 4 4 5 6
Ri$EHE 1/4 1/4 1/3 1 2 2 4 5
8DY AL 1/5 1/5 1/4 1/2 1 1 2 5
TSP R 1/5 1/5 1/4 172 1 1 2 5
NEREN N 1/6 1/6 1/5 1/4 12 12 1 3
HER 1/7 1/7 1/6 1/5 1/5 1/5 1/3 1
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TT EETFE wis w2 w
Table 7 w1, w2 and w of each indicator
E52) wi w2 w
Rb $2EL 0276 6 0.170 1 0.402 1
ReifEH% 0.276 6 0.050 6 0.1196
TS TR 0.164 9 0.085 1 0.119 8
Ri#REHL R 0.095 1 0.120 2 0.097 7
8DYHEHL 0.062 5 0.186 7 0.099 8
WS SR 0.062 5 02134 0.1140
PERER N e 0.039 1 0.094 5 0.031 6
HER 0.022 7 0.079 4 0.015 4

a RURATREMIZN, WARSEGHL a=0.000 1. #ZA
(5 15, i o i ORI j FEbR i E, M
ZAHIRES KAl mi AR/ ME

Xi= (xij—mi)/(Mi—m) (5)

(2) FE(ETHE: WRIEE ERE L, %A (6
(7 THESFRPREE

n
Pi=Xijl Z Xij
i=1

6

n
Ei=— Z PijlnPij/lnn @D

i=1

(3) woit B AKX (8) FEIE R wa, &5
W7,

wy=(1—E) Y (1—E)

i=1

(8

2.9.3 AHP-BUEHAEGRERE (w) WitHE &
FAALERN wi, BBEN wy, W w AR (9
THE, SERNE 7,

BBD-RSM 246 45 BT o4 674, #2240 (10)

T, dRNES,
n
LAV =
J

mi {4 Rbi. Rgi+ ik 5 . Ri. 8DY. Bt FIE S HE )
FEIR J 5 TR B R S FR bR B 1 45 5, wy 18R RbiwRgi
HIXE . Ris 8DY. RSP AE DI TR IR KR S
BRI w
2.10 REHE

I Design-Expert 11 # {44 AHP-I§BUE LR &
PO G RIHAT T 2S5, 857 3N FHE 3 X
Xov X3 ) IR IBNABE RS TR Y=-6.650 5+0.005 5
X140.121 8 X>+3.394 5 X3+0.008 2 X1.X,+0.038 2
X1.X3—0.004 4 X2X3:—0.028 8 X12—0.001 6 X22—0.866 0
X32, WPSRIRAERAT T =T, SRR 8. L
R E (X)) ) P AE<<0.05, RUZKHEX RN
BRI L2 B . 1ZAE ) FAEA 25.740
(P=0.000 1<<0.05), EASGi¥E L, HRMI
0.299 2>0.05, A3, R BRI BEA T FEME,
[FI, R OE REL R%=0.9329, KR ITHUE
T2 AHP-JAUZE LA P 93.29%K H T X1
X0 Xso KORGE RBLR2=0.9707, F ] XA AIHL
G, SEIMH S TRIAE 2 (oA Sy, wT
T 5% JT R L 2 1 Hr AN

W 52 7 P 52 % 7 P R 3R 58 BLAE FHAR S5, A
KRR R BB, FRZEERSER (E
8) KM, X\ Fl Xy AL EAERM SR G VE BT B3

mjwj (10>
=1

w3 wiwey ) B, LALR A VRS ORI AL B BR, OISR
= BT ENZRERRE 10 fit, ZEHARIME 60%, 1
294 LRGP T AHP-REBGERTAG w Xf HURE 2.0 h, £351F N 0.659 2.
®8 REZWMABEEFENN
Table 8 Variance of analysis of quadratic polynomial equation model
TERE CFAM ghE ¥ FME P ORFW|GEXRE CFIM ghE B FH P RFEME
BA 05517 9 0.0237 257401 0.0001 &F | Xi? 0.055 8 1 0.0558 23.4424 0.0019
Xi 0.000 5 1 0.0005 0.2106 0.660 2 X2? 0.103 0 1 0.1030 432547 0.0003
X2 0.0380 1 0.038 0 15.963 3 0.005 2 X3? 0.197 4 1 0.1974 82.8743 <<0.000 1
X3 0.0042 1  0.0042 1.7734 0.2253 Z 00167 7 0.0025
XX 0.1067 1 0.106 7 44.798 0 0.000 3 R 0.009 4 300031 1.7340 02992 A3
XiX5  0.0058 1 0.0058 2.4515 0.1614 4iixZ  0.007 3 4 0.0046
X2X3  0.0020 1 0.0020 0.8287 0.3929 eyl 0.5683 16

211 T EWIE
IR A S0 B g R B 2 RS R A 2
NOTERE 10 £, LR34 60%, FERUESTE] 2.0

h, 55N 0.659 2, &t T 2T 3 L L ELW:
ik, 5K 9, FHIZEETES N 0.6595, RSD A
0.45%, 2B TINS5 B 5 sLbrat B BRI rAH 5.
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Fig. 8 3D response surface plots of interaction effects among various factors
+=9 IZMERKER
Table 9 Process validation tests results
. PR (g ) mE G
=l . - N .
8DY LT Ri Rgi Rb; HILFE WS B /% P
1 0.202 4 0.065 5 5.2349 31.024 0 33.2793 3.0116 0.1817 4321 0.6709
2 0.202 4 0.066 4 5.214 4 30.988 8 33.024 5 2.8530 0.1839 43.94 0.656 2
3 0.2009 0.066 8 5.2100 30.868 2 32714 8 2.9452 0.183 8 43.92 0.6515
SEHE 0.201 9 0.066 2 5.2198 30.960 3 33.006 2 2.936 6 0.183 1 43.69 0.659 5
RSD/% 0.45 1.03 0.30 0.25 0.85 2.71 0.68 0.96 0.45

3 IR T ZIRUE & Fa 5 B P B J H B 221 RSD
BINTF 3%, RRIBRII G T2 R0E . n17.
3 g

TENGIRILH A, PEITE S BT B K
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AR THRITT AR ST, K 52 78l s FH il 71,
B 7ERA B A8 A R AR = A, b
WRHEIGRN AR EREENE, H2T7H8
N2, VA2 v R R 2 4 m A F L), s
W SR SR AR T R I R R A o SOKE A R
AR R AR P 2 R AN B ) S ) . —,
JrsREd il TEEFB, $2TF 5 s A il
TR AR VERE . SCATIALL 7 Bl O $e B N %
SR, SR MR (Ol A (B 2 Fhg ik, s

CBERIRARA . CREHE AR AR SR () 5emm, 455
BN CRERIRERRON 7 B PR IR T vy, HBE
FFE IR K AE = LR, PRIGR F T Rl B X
X PR AT HER B L 2 AT A .

PR JTHCH R L BeAR KU 2% . BUOERRIE, THY
BN 8DY A& FEEME RSy, o 8DY & 5 Hf il
e T o O i = A () B S A P, I R Y
TR BREEDY, =B, ki, PiRET
M EAER, CPEZH) 2020 FRME =LF
BEIMEFRFRR N Riv Rgy Al Rby, b Ry L4 Al
N R TIAE SR FIUS), Rey A0S 301 50 41 i I
ToATISE A B 0 e-17), R i@ i #3] NF-B i i
R R A PRI FHUS) Rby ik $ 1 48 JiE 41 i P
THIRIBE KA T E, FE#T Notch. NF-B
S5 SIBER R IEIRTT R R AIME DY, Wi S
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