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Optimization of Extraction Process for Tiaojing Yangchao Ointment Based on Multi —

XEHS:1006 — 4931(2025)03 — 0032 — 06

Index Weight Comprehensive Score and Orthogonal Design Test
YE Xin,ZHAO Yan,NIU Tong,JIN Zhili,ZHAO Min,CHEN Yanhui
(Mianyang Hospital of Traditional Chinese Medicine ,Mianyang ,Sichuan,China 621000)
Abstract: Objective

extraction time, and extraction times as the evaluation factors, and with the dissolution and extraction rates of ferulic acid,

To optimize the extraction process of Tiaojing Yangchao Ointment. Methods With water addition ratio,
hyperoside, echinacoside, salvianolic acid B, and icariin as the evaluation indexes, the weight coefficient of each index was
determined by the Analytic Hierarchy Process (AHP), Criteria Importance Though Intercrieria Correlation (CRITIC) method, and
AHP - CRITIC mixed weighting method, respectively. The L,(3*) orthogonal test was used to optimize the extraction process.
Results The optimal extraction process of the compound traditional Chinese medicine was follows:decocting with water three times;
the first time, adding seven times of water, soaking for 40 min under the room temperature, decocting for 60 min;the second and
third times, adding five times of water, decocting for 50 min. The average dissolution rates of ferulic acid, hyperoside, echinaside,
salvianolic acid B and icariin in the concentrated solution were 0.069 1,0.130 7,0.873 9,0.864 5,and 0.217 5 mg / mL,
respectively, with an average extraction rate of 40.35%, and comprehensive score of 93.35. Conclusion The optimal extraction
process is scientifically feasible, stable and controllable, which can provide a reference for the development and utilization of
Tiaojing Yangchao Ointment in the later stage.

Key words:Tiaojing Yangchao Ointment;extraction process;orthogonal design test; AHP;AHP — CRITIC
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Wl NI 28 647 % 42, 0 R 2 R 43 i (AHP) 35 L CRITIC
% & AHP — CRITIC & A B 1 5 45 48 i 1AL E &
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1 UE5ikH
1.1 {8

1260 Infinity II A& 808 AH G35 (3 [F Agilent 28
A]) 3 KQ — 500VSM ZY #4468 75 1 1 vk #s (R Ll i es 7=
XA A BN 7], TR R 500 W, 45 % 28 35/ 50 kHz) ;
XSR205DU # B 4341 KF- (i 1= Mettler Toledo £E AT,
K5 B 4 0. 01 mg) s HZY — B3200 B H1 7 K F (4B o 1
B A BRA B LR B 4 0.01 g) s ZDHW &3 I i s
(b AL A BR A T ) s RV 3 AU 78 KA (78
FE IKA B ) s DHG — 9145A R i PiE I 5% X148 ( |
M fE R A A PR AT .
1.2 %4

G 22 B XS R (L5 S MUST - 11122003, & &
PL98. 86% 1), AR X HE A, (15 MUST - 22011214,
B L 99. 94% 1) , AR 4G 1 IR (Fit45 D MUST -
2109220004, 75 5 LL 98. 90% i) , ¥ 2 742 H %k R S (it
5 A MUST - 21012411, %52 L4 98. 53% 1) , 4114 H 1L
B R A MR A BR S B 5 PHER R B X R (TR
A YR A PR AL 5 o B2OM11F11447, % 52 DL
98.00% 11 ) ; £h % 22 ¥ (k"5 24 220101, J= M1l T°) , 3
BT (HE5 R 220501, F=Hb il g ) , 25 56 (JiE5-oh 220501,
FEH R MR T (S 220501, PR LT ) TR AE
(Fit+5-247 220501, = H P 1] ), 6 LR R (Fit5-2 211001,
FEHLTZR ), AR (LS R 220501, 77 i HT R ), 54 B
(F1k55 4 201201, 7= Hu HR ) , BE M #5 (k5 R 211201, 7
H AR L)1 (S g 211101, AR DY), 2509 (it
F o 211201, = o H R L 12 8 (4528 220301, 7= 1l
DU, PFZS (HES S 211101, P2 Hu U )1 ), X9 if g (4t 5
211001, F=Ho 42 , B0 B 48 BH i w5 LR 2k R A
FR DAL T, 2222 3A BT W) F2 AT v 245 0 48 5 35 8 1 5 1
B O MG 3 o s Al K Sk M Al K s FL Al R 34 ok 43
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2 HEEHER
2.1 BRHENE
2.1.1 3k & plo-10

{A%4]: : Agilent Zorbax Eclipse XDB — C ¢#1:(250 mm x
4.6 mm,5 wm) ; WA : S5 (A) - 0. 1% B B 7% )
(B) , B B (0 ~ 30 min i 12%A — 30%A , 30 ~ 40 min
B 30%A — 33%A,40 ~ 41 min B 33%A — 12%A , 41 ~

45 min I 129A) 3 Y2 < 1 mIL / min K 90 3 K - 330 nm
(FASRAGH ), 321 nm (BTELR ) , 286 nm (J}E AR B) ,
270 nm (LA ), 256 nm (B ZBETT) s #1130 C; ik

#i: 10 MLO
2.1.2 BRH %

Gy G 22 Bk BT R (PA SR AT PHER R B UE
TSR IR A% 1 RS EPROE R
il ]85 B VA 3 ) Ol 4 22 B 250. 0 g / mL B BRR
299.6 wg/ mL., #A H 45 15 218.8 wg/ mL. S} B B2 B
252.0 wg/ mL ¥EF7ETE 402. 0 wg / mL B X IR AL 45
VR o 53 S0V K 35 R BB 1 3R o R D R 45 1 o, T [R] —
25 mL AR 0 P BEE 2 L B A, SR B BT
B 5 9]k 40. 0,20.0,80.0,80.0,32.0 wg/ mL 1
TRA T ISR

F2 b 77 He B AR EC 2 HOE R (132,50 ¢) i Ak 5 rh
2y, 8 BB T, K B 2 0, B 10 fis &K, 7K
RO 5, HLR R RS 60 min, MG, JH 400 H
DB AT S BB L K 2 R BT R RS 25l T S
I DR 4R 22 250 mL, FE4), RIS 98 28 5% 818 MR 4n T
(B 1 mLEA2450. 53 o) AEHRIBRZ SR FEB WA 2 mL,
25 mLAA R I B A AR AR L UR e, sk
UV, 0. 45 wm TLFL B P8I, RS- A3 i A

I3 AR AL T5 OB FR IO & #h % 22+ 5 IH - )1
2R - B R ST 2GR,
st T VR T8 17 A R S 246 8 B P X TRt AR
2.1.3 T HFEE

LR MER 20 B 2. 1. 2 TR R SR R
A Xk BRI VR IR B A A T 4 2. 1L 1T £
TSR ERE TN A o 5 A T VR 1 b e SR AT
HEh VAR T AR ] O B B (R Ah A 30 oy 9, 4% €035
BB BE T 1.5, I IEXS BRI T4 3R LI 1

RVER R NG HEWEL 2. 1. 230 N IR A X IR AR
W 1.00,2.00,4.00,6.00,10. 00 mL, 5353 & 10 mL 75 &
SR i P R E 2L FE S, BIAS FR 80 o U A e G
REEUEW K 2. 1. VT G35 AR |, LAV T
FRCY) R AE R X BT BT R (X, wg / mL) AR AR bR
PEATERAE BT o 45 5 W36 1, 28 B 45 Bl 2 7 AH I Jo a2 vk
JEEYE R P 5 04 TR AR G R LA

i 2 PR a0+ 2 I [] — BT 5 R B2 1 YR 5 X
AU WOE B, HE 2. 11T 3T A R o S kR
6 U, T SR IE THI AR 25 R DL 3 1, R WA NG 2 B R 47

Fe PRI B JR] — () MR A W L 2. 1. 2 500
Ty il 25 P A T, 23 I FERE S R S 4R Y 0,2, 4,
8,12,24 hINHH# 2. 1. 1 30T 385 S BERE DN 2 | I 5%
WA TET R 5 SR L3R 1, SR TIZ T 1 T A A W TR 24 h
MRS E T R AT .
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1. Echinaside 2. Hyperoside 3. Ferulic acid 4. Salvianolic acid B 5. Icariin

A. Test solution B. Mixed reference solution C - G. Negative reference

solution (lacking salt — processed Cuscuta Chinensis, Angelica Sinensis

Radix and wine — processed Chuanxiong, Desertliving Cistanche Herb and Radix Rehmannia Praeparata,Root of Red Rooted Salvia,and Epimedii

Folium, respectively)

Fig.1 HPLC chromatograms

*1

FEFERER

Tab.1 Results of the methodology investigation

. . KHEE RSD(%,n =6) He B e MK (% ,n = 6)
RA =] )2 % 72 N NN o or

(pg/mL) WEEKE BERRE  TARRR  RHEkE RSD

WRFHF Y=1.8753X+4.8373 8.0~80.0 0.999 4 0.45 2.36 2. 80 100. 92 2. 80
LI Y=12.9687 X +10.563 6 4.0~40.0 0.9999 0.29 0.19 2.58 103. 97 1.72
T 2R B8 Y=25.2073X+7.0416 2.0~20.0 1.000 0 0.16 2.81 1.84 102. 14 2.09
ABEBRB  Y=4.1126X+6.5277 8.0~80.0  0.9998 0.76 0.10 2.37 98.79 2.67
EEEF 0 Y=16.6296X+8.3236  3.2~32.0 1.0000 0.34 0.55 1.63 102. 82 2.83

G PRI R — 3 W 4 WS L 2. 1L 2T
T AT 4% 6 3 B, # 2. 1. 1 TR i 2k
PEREI A2 , e sR AL IR A R A R AR 1, R
FEEE R

TR IRDAC IR + 3 310 288 VR[] — 7 8 0 55 2 (A%
RAGTF 2Bk BUELER PR B R AT T
W 23 ) Ay 454.1,63.9,30.5,519.9,112. 6 wg/ mL)
A 4R 1. 00 mL, B 25 mL 2 I, % 1009% HL A
AKTH S 4% 2. 1 2300 F kil g s i i i, P T 6407
Fe 2. L VIR 35 SRR DI 22 |, i S e i AR, OF 15
i AUIRE DR 25 5 WL 1, eI 5 T B R AT
2.2 HEEWNE

Fi2 2020 47 R ([ 24 B (U ) ) 3E Bl 2201 Jr vk
T2 R 2 W B 46 R 10 mL, B B T4 208 E T
100 mLZE & MLH, KB ZET,105 ‘CTH8 3 h, B TR a
241 30 min , IHOR AR E i AR R
BHR(%) = (25x W, /W) X 100% .4, W, 10 mL
B TR 8 it s WON R0 25 b A o
2.3 EXRWEIT

P TR SV 7 h R IAE A8 7 Ak eI
FE AT A ARTERLE LG B N HAR T
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TR B 38 22 0 0, RN Y ke RN iR A O R
> RO T RN 85 G BT 25 S A R A ) A G A
IR IG A A 7 L B RRE 2 H IR B (132,50 ¢) $h a4
T BAHE PR YIS 140k 2h | SEA TR I 3 Yk
TR K 28 (113,22 £ 5. 05) % , 801 YR R 22
LA K o TR s 52 e 2 BT 25 A B K A5 8 T2 v Bt 1)
R PRI ] R BOR B R EAT T 1l %
FEGE A S PR AR TR SR A A R IR T s 1] [ SE R
40 min, Z I, DOIAKAE SR 2R A) BB A (P
£ B) FRERE(H R C)AFE LN E i L(34) IEZC IS
TV T AR, UEWOHR 4 22 250 mL, #8257 ,/E N
P2 IR BB MR AT o BB T S A TR 3 UK,
BOFSME, LI iR 50 1R 25 R 5K W3 2, i 56 14
TS 4RI 3,

®2 EESKE
Tab.2 Factors and their levels
K HFEAME) ¥ % B(min) R C(R)
1 6 20 1
2 8 40 2
3 10 60 3
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F3 L) EXRAWZITEER(n=3)
Tab.3 Design and results of the L,(3*) orthogonal design test
(n = 3)

F5 BEN REB BEC ﬁ »0 : ?1g m %
(RE) 2HM¥ DMRAY EHEE FAR ABED (%)

| | 1 | 0.0328 0.0683 0.1137 0.1487 0.0892 24.67

2 l 2 1 2 0.0851 0.1168 0.291 0.2177 0.06007 32.56
3 | 3 3 3 01248 0.1352 07392 0.4212 0.1055 33.61
4 2 1 1 3 0.0705 0.1218  0.5218 0.3061 0.0700 34.86
5 2 ) 3 I 0.0842 01277 0.5854 0.3882 0.0735 39.4
6 2 3 1 2 0.090 0.10012  0.4636 0.3484 0.1241 31.4
T3 1 3 2 0.0862  0.1300 0.4276 0.5765 0.0899 32.86

3 2 | 3 0.0618 0.1008 0.197 0.2464 0.0579 3139

3 3 2 l 0.0046 0.1206 0.5987 0.3368 0.0926 37.64
K 69.05 67.85 6200 70.73

K 768 66.60 745 7454
K 776 85.00 83.98 742

R §.64 1839 2192 382

§
9

2.4 BERERNERYHE
2.4.1 AHP %8 % Elh2-14]

AHP 5 () B A BEUAEUZ 8 0 0 PR LA, 3 3 ) 7
PR SES T A T 8 7 SR SR T S DAY B FR LA
P B3 R R R, B A3 DA
T e 22 BkTT BRI PR B AR AT SN H
b B o ST B R 268 97 R R LT 200 H AR R
WLE 2,

R T R S S 1

[k i | [ sl | [smucs |
B2 ALFEBRIRIZIFNBRE/ME

Fig.2 Target tree for evaluating the extraction process of

Tiaojing Yangchao Ointment

AR B BRI IR e, EE A WOR R4 )7
P A% o3 24 R A 5 s 1 - 1) it o DDA Ok
f0 H 7 R D R By H BB PR AR A A5 R
5 A B3 R A B R A A SR AR T LR AL,
PO LA 6 T4 bm B AR A 5 220, RIDRE 6 348 Bs o0
5AZW, IEHRE 25 16 bn B AL Je WU S <6 22 W6 1 5 1
B> AVRAHI A > R AR I = R > B
DRV i > PRHER B i, el pOxt EE A8 I
Je R T 2% A b (8] A RH X BE 23 o 48 b 0T HE A8
FIRT A DL 4,

x4 IEERRT EL A BT AL SE AR R

Tab. 4 Priority matrix for paired comparison of indexes

AuME BRAF EFEF MAR AH#B
A - T o

AT BEE B4 AlE O AdE
BUMFEEE 1 2 3 3 4 5
WRAFEEE 12 1 2 2 3 4
2EEHEEE 113 1/2 1 2 3 3
B & 1/3 1/2 1/2 1 3 3
M#gmE ST 1/4 1/3 1/3 1/3 1 4
FRE@BEEE  1/5 1/4 1/3 /3 1/4 1

S CHR[9 ], X 3= 4 AR SeHE B, 45 A )
WA RZE(W), W' =/a, X ay X a; X a, X as X a,,
K, ay — ag FHE R G ELEE AR5 , 20 TR 45 Ha bR
SR IR A E R B Ol 3.245 3,1.188 2,1.245 7,
0.944 0,0.517 3,0. 268 2 AU FIFLE R E(W) 535
R4 22 BE A 0.400 2, FA SR 4G 11 0.232 9, I AT
0.153 6, HH 3 0. 116 4, il 3L 0. 063 8, J} ) ik B
0.033 1.2 — EUM AR 50 1T 3 ACE KRB0 — B0hE %
(CR) , T KFFAFAE (A, ) M 6.377 0, B ML — B35 b
(RD A 1. 24, M4 A [CT= (N =) 1 (= 1) 1THE
5C1 4 0.075 4,4 A3 (CR = CI/ RDIT5E 45 CR R
0.060 8 < 0. 10, & B 6 I 48 b1 {5t Ll 488 50 B4 i 12— 3K
PEEER, T A5 A N A A K
2.4.2 CRITIC %% W&

CRITIC ¥ & — Fi 2 T 80408 B h Pk 19 2% 0L T AL
ST R SR DS BR B L ) R A 0T S i)
WA S0 AR X 3% 3 WA FE AR R FHLIE ) 5 — Ak
ﬁfﬁ%iéﬁﬂtﬂ*ﬁjy' = [XL-]- - rnin(Xj) 1/ [maX(Xj) -
min(X;) 1o 20, X W80 i REAR S j ITPTAN T8 b O M
X, AFRHEAR IS BB 2R FH SPSS PRO B4 X5 1 T b
A5 BB AT 40 B AR BB BN (S) PR (4) R
B (C) KUEE (W) o1 L3R 5 AH AU R EL(W) 43 5]
K4 e Mk R 0. 130 0, A 3 H IR 4 0. 119 4,
EEETE N E0.320 5, B2 0. 163 2, B R % H
0. 116 9, PHEAR B Hi 8 0. 150 0,

%5 CRITICEHEXERE
Tab.5 Correlation coefficients of the CRITIC method

B % S A C W

J J J J

0.552

UM E RS 0.310 1.784 0.1300
MRAFEE S 0.325 1.562 0.507 0.1194
EXFEFERE 0.325 4.192 1.361 0.3205
R 0.285 2.435  0.693 0.1630
GE A 3 N 0.273 1.816 0.496 0.1169
FrE B B % 0.293  2.173  0.637 0.1500

2.4.3 AHP - CRITIC & & fn A s # € A &
S A HEZE S =y =N R Y A O i P ]
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MR A 24 B3R 55 9 22, R FH AHP 35 Ak T 3640 7
SR EEBE A FIWT O SE 915 S ZEAR B T & f8 A )
YR 5 TETH bR i 40 L 15 21 2% 48 R A9 20 WA 2R 800
EPEHISH RS T T, R p AR BT 2]
AR e R A R E ' R /A= W &
% *X H (Wijé’%% ) ’ Wij?f%% = [Wij(AIIP) X Wij(CRITIC) J/

W e X Wocmmer, 2 4155 1540 T 50 (W) 53301 4
J

22 A 0. 324 3, MR I th i 0. 173 2, %%
AR E0.306 9, 1 HF0. 118 3, &R % i &=
0. 046 5, PHH R B i 4 0. 030 9.
2.4.4 HAFHETLEREST

WRYE T 254 2201 R4 R 5T )
BR FHBR B B¥s th i, R, AU A R T
GARVEMETE R R LA = (S kiriE &/
S RAFE L) X 100 X Wy + (FASRAGTF I
i NIRRT R L) X 100 X W iopagis + (T
W BRI R L) X 100 X Wigyey + (HE
AR ) X 100 X W g + (BTBLRVA tHHE / BB
Rz i) X 100 X W s + (PHE PR B 7 th i / P+
iz B i ) X 100 X W gm0 73 4% 3R 3 A IRAL
AR ZBOHRIR 25 R T LR BT, 455 3PP IRAYL
TRERATEA3 1Y 22 5380/ o T UL 3R 62K I Minitab 21 84
HEATHH O R B M , AHP 755 CRITIC 345 ] B AH ¢ R 5L
70.948 4, AHP ¥ 5 AHP — CRITIC IS AL [a] () AH
K ZHCH0.990 5, CRITIC 7% 5 AHP - CRITIC J& & i
FOER A E RN 0. 977 3, =3 HA BER AR CE
FEUIX 3 FRAEAT B 1 PT 73— BT IR 3 AL
ARG TA G AT, AHP 25 CRITIC ¥E R 4 AH 56 £
B - 0. 122 8, “FH B HAHIC AR R E (P >0.05),
T S A BN EL gk

F6 IMBRGELAITS

Tab. 6 Comprehensive scoring results of three weighting methods

A% AHP%  CRITIC & AHP - CRITIC 4 A ik
1 44. 65 48.57 50.51
2 66. 73 58.83 64.13
3 95.09 88.73 92.82
4 76.96 67.47 73.75
5 83.53 75.02 79. 58
6 74.75 77. 80 79.70
7 80. 51 79.29 79.59
8 56.98 52.96 56.08
9 83.92 78.38 82.48
2.5 RELTZ#A

MR8 IE A2 3 B0 15 11 5L 3, >R ] AHP - CRITIC 1R &
TR X4 22 Bk AN SR R AT S s

36

A BRI IMBGT5) RN &SR E BRI T 2,
Wt 22 53 #1485 35 W35 3. R FH Minitab 21 K {4 %) 1E 22 i 56
SR MAT T, o 2 8 R R T, 5 G0 5 =
PR 2 A 5 R DL P 3T L, IR A P> 0. 05, B Jn
KEBARAREZS  HEBHEZRCHP<0.05,
FERAFRICT (0] SERBOR I W E 7 AR R A E
BN Z B MR R CiE A7y 22 00 0, 45 38 PB4 501 o
0.031,0. 025, M 2= &2 G PP o datn 5 =N E I £
N IR 3 BB X LR S 1T A s i i E IR OC R R 4
W B > HR USR] > fin K A% 5, 2R W 8 28 57 558 1) 1
A H A 2 1B O B B, W R 25 B RS (H
BB AR o 255 25 BB 2253 W W 25 40 B R AE 72 S B
oK, —RIETT % R A By C o Hij S TR0 v I 5 245 4
P WK R, 250415 0 40 min (WK R R 145, 3%
T v 24 B R v R TR R RN Sk B LE R 22 oK i i
W), [ s — Ao (R AR O 206 0, RV — e BE R U S8
J T IR B 3 U ES 1 O 7 A K, S IR i
40 min, fi7% 60 min, 55 2,3 45N 5 557K, B 50 min.
®7 BRRIZMAENTER

Tab.7 Analysis of variance results of the extraction process

Jr £ kIR BEwE Fak  Hoa F{& P&
H# A 2 109.87  54.94  4.50 0.182
HEB 2 631.33 315.66 25.85 0.037
HZC 2 719.58 359.79 29.47 0.033
HZDGEZ) 2 24.42  12.21
E:F,(2,2) = 19.00,F,,(2,2) = 99.00,
Note: Fy 5(2,2) = 19.00,F, ,,(2,2) = 99. 00.
WA A
85 85
80 80
75 /\ 75
70 701
65 65 -
60 HZEARFE 60 [H 2K
1 2 3 1
A B
WO
85
80
75
70
65
60 KK
1 2 3

C
A, AeRAEHC B FRIREFE] C RRIREK
B3 ST 5=EZEHNEHNE
A. Water addition ratio B. Extraction time C. Extraction times

Fig. 3 Main effect relationship of comprehensive score and three factors
2.6 RETZRIEAE

SEATRREAL T i 254 3 00y, H S — L T SR AT R
WO, AT 348, 4% 2. 1. 2300 T 5 Bk o fHst it T T 3%
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*8 REIZHIEKWER(n=3)

Tab.8 Results of the validation test of the extraction process

(n = 3)

. % (mg/mL) hER &4
FY otm hERE ARAF AEEE EEEF (1) #h

0.088 0.1309 0.8852 0.8731 0.2219 40.67 94.34
20008 0.1289  0.8622 0.8566 0.2144 40.37 92.23
300677 01323 0.8744  0.836  0.2164 4002 93.48
T 00691 0.1307 08739 0.8645 02175 40.35 93.35
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