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Optimization of extraction technology process for Honghua Tongluo Prescription
by an FAHP-based evaluation model
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Abstract: Objective To establish an optimization model for the extraction technology process of Honghua Tongluo Prescription
(HTP) based on fuzzy analytic hierarchy process (FAHP). Methods The evaluation indexes tree was established which included
objective level, criterion level, and index level. The criterion level consisted of effective constituent, impurity control, behavioristics,
histopathology, and immune response. The index level consisted the extraction efficiency of hydroxysafflor yellow A (HSYA) and
icariin, the content of total substances, mechano-allodynia, and mechano-hyperalgesia, the ratios of decentered nucleolus in dorsal root
ganglion, the content of SP in pelma skin with plantar P quality as the index layer. Weighting coefficient of all the indexes was decided
by FAHP based calculation. HTP extraction process route was comprehensively evaluated. Results The importance degrees () of
each criterion from high to low were: immune response (@ = 0.245), histopathology (w = 0.23), effective constituent, behavioristics
(w=0.20), and impurity control (o = 0.125). The optimized extraction technology process was that Carthami Flos was better extracted
by warm maceration with water at 60 ‘C, Epimedii Herba was circulated by reflux extraction with water. Cinnamomi Ramulus was
better treated by reflux extraction with 80% alcohol. Conclusion An FAHP-based evaluation method with pharmacological indexes,
effective constituent indexes, and impurity control as evaluation indexes, which could put formula Chinese materia medica principle
and modern pharmaceutical engineering demands into consideration, is comprehensive and effective.

Key words: Honghua Tongluo Prescription; fuzzy analytic hierarchy process; multi-criterion evaluation; weighting coefficient;

extraction technology process; hydroxysafflor yellow A; icariin

Yk HER: 2016-04-18
HEETE: JbntPEHR¥HFEBINE (2015-T7YB-XS076); dbatiiRHE - “+0i+2” #FRIH (Z2151100003815019)
EEEN: X H (1991—), Lo, BURAES:, S5 TR S B R . Tel: 18201352240  E-mail: 1026020054@qq.com
«BEEE RO, B WLASm, WFD RS HEARMIT. Tel: 13301007297  E-mail: qwu@yvip.sina.com

VISLRE, B, WA SR, AR TR LSS MR ARG, Tel: 18201352240  E-mail: liqun-jia@hotmai.com



* 3010 *

¢ % Chinese Traditional and Herbal Drugs 3f 47 % 28 178 201649 A

T2 I SRR T, SR T 2 AR IR
UEFIFIPA R et Rtk @5t GMP
S R OR B, OB IACHRIR T 28 B N 2.
(2. RARZWPEI AL REATR T ) s
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P o BRI ZE K 43 BT ik (fuzzy analysis hierarchy
process, FAHP) J& 5 T BORI 020 IR FE e R4
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3 FhkAEI, DREIRAE S .
22 AWFIWRELEH &

2E I BT AR BGH % “2.17 TiF & T 208%
LRIV %, WRAR 2 TR IRIE R 2 1 g/mL,
4 Cefr, HINFREZRAEZE 0.105 g/mL (HlEK
Y2 IR FE AR R o
23 K4

WEPE Wistar K RUSENAPERTR 1 )G, Z AR
o), BN RN A A O IR AL, AR
RAMT 2sek—. . =, U4t 641, &4l 10
=
2.4 BDFABAR BE#HEF TR

28 Homles S5V N7 (1t By b 1) 41 2504 [ e 2

BEPE R RUARYERAY, BRSNS T 2 24l K RUIE
e ES YL REA 4 mg/kg, BEF 2 K, R 9 X
T2 1. 40 8. 114 15, 18, 22, 25, 29 KiE
S0 A DR HRZH I SR SRR 5% 4 BV -
25 SNRBBAE

MEE 1 DOEBTTaR, & T 2L KRG T
HTP $2H0K . B “2.27 TR 2554027 S04 00,
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Fig.1 Homemade drug delivery device for immersing limbs (A) and tails (B) of rats

2.6 FHiBIREITMNIERR
2.6.1 ARFARIWE W—wmb Y, %
“2.17 WL 2B AT 4620, KRS % 200 mL.

PRH = PRI T TR AR A A 2 T R AR A b

(1) HPLC #ll5Z HSYA $£HUCR Gl hfats AD

HPLC {38 4 fF®: ailikE ly Merck C g K5 (250
mmX 4.6 mm, 5 um); FBIAH K FEE-LJE-7K (26 :
21 72); MBURE 1 mL/min; A IK: 403 nm; #E
i 25 C, HEFEE 10 pL, FUSIEHCEGY HSYA 1§
THHE R AMKT 5000

Xof BRI 4. R HSYA I S OE B, K%
FRAE, N 25% Bl s WL 0.13 mg/mL [#)
HSYA XFREGAL, R85, U8, WXSRuEM, RIS,

PR TR £ 43 B 2 mL RAEHT 10 mL
B, N 25%OBEE R BRI, $BA, uEd, HL
SRR, HA

H L2 A HSYA $EBCR L 1,

(2) HPLC W& P2 HE U Gl IRbs Ay

x1 BYUHSEDNEMEERLER (X L£s,n=3)
Table 1 Extraction rate of active ingredients and yield of

extract (X £s,n =3)

T A% Ay/% B/%
TEME—  6433%£1.61 54244501 17.25+0.81
TEMeEL " 81201272 94954373 16.10£0.67
L&M= 82311542 93.70+4.11 16.70+1.27
TEMLEI  8220+5.38 94.064+3.62  16.06+0.90

HPLC {638 4 E): ikl Merck C g K (250
mmX4.6 mm, 5 um); VA LINE-K (245 :
75.5); PAFIE 1 mL/min; KK 270 nm; AF
W25 °C, HEREE 10 pL; BSESHBEIR L RE 1K
T NAMKT 5000,

X TR s DO RS R, R
ERRAE, 0 R SR R 0.105 mg/mL [RIPE 58
T, #2457, vEid, EeRuEw, RIS

PEIR R e 22 AN 2.5 mL WAV T 10
mL S, TKOREERRZIE, w5, 18,
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I ELye, RIS,

& LA PR F TR ICR IR 1.
2,62 HEZF GEAFERB) B 20 mL KT
TR SRR IR, KB T G2 5
THEA T, 105 °C, WETHE 3 he TR TBCE
0.5h, FEEE .

F L OB ENE 1.

[k 6 s FFRREAT T 1 JCR. BEOUL M 5 k. 4
R BRI LR BRI R A2 S i Ay B M S Y o
Gt P g L E R (A2 A 4 5 = BRSO IR
/100, 25 T2 L AU HI Ok R8s AL
B I B S I PR 4 A T 3 26 LR 2.

F*2

HFERER (X Ls,n=6)

Table 2 Results of pharmacodynamic indexes (X *s, n = 6)

2.6.3 48RRI e FERR ©) LA Von Frey
CTUELL 4 g BIRINUIRISORISE RO N, K U4 AU Cl%  Cl% D%  ElpgmL’)
SETFT AL N $RRR Crs LA Von Frey 27422 15 g fi x4l 25+4.6 163+11.8 185452 8334263
FUHUBR R e SO Y, K BRI L 2 Al h BRI 17.5+8.8 70.0+11.0 75.8+8.1 191.8+33.8
FEFF Cyo SZIGT-55 9 VRIEST YR 1 h 50 1 7K TZEHek— 10.0£8.1 37.1£11.1 65.0£7.0 154.0+£39.7
TR B KR ETEENE NS4 EM Tk 50£7.0 383151 572464 146.5239.9
15 min J5, R FERGTIE AN EEAM J5, 4 WIS TZHE% = 3.6+3.8 30.5£17.5 50.0=4.1 145.8+34.4
4. 15 g Von-Frey £F-4 2 il UG MR IR L) 1.5 s, TZBREDY 50171 30.8+14.3 55.613.8 126.6+£35.6
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A-blank control group B-model group C-extraction routing 1 ~D-extraction routing 2 E-extraction routing 3

F-extraction routing 4 —-eccentric nucleus cell

2

LiRMMZT HE LENE

Fig.2 HE staining of dorsal root ganglion of rats

2.6.4 HIURHEANEE GdhRbr D) 2 31 KK
BRAAERG, ST 20% S PHpRIE, A2hs
0 0.02 mL/g. I EFKEUNS, BIL L4~L6 B
R, SR, MK, A S Uy ilig 4t
3 um EHHATYIR . HE Jeta)s, 8% Bast Mg

TR, kD v BENLE 2 MY, geit
A OAZ I EE R o 55 T 2 2R 21 1 R A 2 4
M fw Oz LR L3R 2.0 EARME T4 HE e tail

SuE 2. ARG O . K 2 \T
DL, 0TI 2 T A0 A% A% A Tt ke, D
WA IO 0 . A2 EH mT o 8 7 A4 44
N, KRR ERBORI LR R, IO LB .
T2 2 A P 20 T0 A0 I ) S R B A T AR B 4 5 0t
TR 10
2.6.5 JJEPWIINE (idA$8bR E)  ELISA
8 Hl e KRR P (SP) (. B INEY
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SRR B, A= 3 R KBS T B 10%2H 2350 2
1 000X g #5020 min, HUETEVEARRFE S . $23R
FE B D BT APt SP BRI AL
WU SP I FrIUARE s ARV = ALHIPT SP
Piik. HRP FRid s MER s S IRyt s s
TMB ff. TMB {Eid AP IR AL T e AL s
O, IEERRIMAEH TR SR 4 0t . BUERER
TRAFE & T SP SR IEAH G HIBEFRXAE 450 nm
KRNI (4) {85, THEFERSTRERE. %
TR ALK R P T Sy LK 2.
2.7 HIREFRENALE

K /M- K UEAL (min-max ARAEAL) VX
B AAT IR AC EE, DA SRl R AL AN 4N )
o RTHRPE A, AEBOK, RWIHPMEBAL . WMo
s = (5t — A ME Y (KA — B ME), T
f&br B. C. D\ E, fH/, R HREBIL. #&
BrEE = 1— (R E s — A/ IMEY (RO A — A /MED
X TR AE, R A Bds, A/ME N
2 N HRATE s o ARHEAL AL B IR s Wk 3.

R3 REREE
Table 3 Standard data

T2eE A, A, B C, C D E
T &Mk — 0.643 0.542 0.827 0.500 0.613 0.188 0.348
T &%= 0.812 0.950 0.839 0.830 0.590 0.325 0.418
T &M% = 0.823 0.937 0.833 0.930 0.736 0.450 0.423
T2 40U 0.822 0.941 0.839 0.830 0.730 0.353 0.600

2.8 FAHP A& &N BRI

2.8.1 MEVEANFEAR Z B AR AR T
IR TRVAMA R, HIHAIN. B, M
HbrE (—Zidabs, B HTP SAldRBl T 2k
) MENE (- gidabr, QAR RUBAY « A cda il
AT 2 P 2 0 2 M I/ 80D RN % 2 (=
RARPR, ALHESHE N2 B B AR FE bR : HSYA 42
BUR ., BEERETFIRMCE. B R HUBIE R R 3
FREIUSNY:  HLBIRE Ao o  BS N AR R Y
0 0 i Lo % EE 2 A2 S P ) o

2.8.2 FIGEROH IANAINTRERE  CRAE 4 PR
0.1~0.9 FREEYE, 7P 4 LU ROR I F T
W& 5.

2.8.3 HERUHBOERE AR A 1.2 HAR
W BUEEE R = (p)nn IRHEAF B RIBOR] — SO R
K 3, THEE ZHIRRGE .. RARRR RO
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—HUERE AR LR 6.

7= iaﬁ 1

Jj=1
7i=—y)2n+0.5, n R IKIF 3L @
coiZI/n—l/Za-l-l/naiyij, a=m—1)2 3
Jj=1
x4 HERE
Table 4 Criterion of calibrator
AR RS

0.1 PIANJCEAHEE, 5 HO i A o o 2

0.2 PN JCEAHLE, S5 HOH o 2

0.3 PINJCEALL, 5 HRl A 2

0.4 PINTCERAMLL, 5 HT A T

0.5 PIASTCEA L, BA RS EE

0.6 PINTCEAMILL, H Hn B A

0.7 PIATCERANLE, A bR A S

0.8 PIANTCEALE, A bR R

0.9 PN TCERAHLE, T L S 5 A o 2

FILH o MILER o HILLBAFELHINT . MITEE o AITCER o HIEK
BT BB Vfi(}(fi: 1 7}’(,‘)
If y;; is obtained by comparation with ¢; and a;, then to the contrary, y;;

(y;i=1—y;) is obtained by comparation with ¢; and o;

RS EMFIETRERE

Table 5 Fuzzy judgement matrix

Vi A B C D E Vi
A 0.5 0.9 0.4 0.4 0.3 2.5
B 0.1 0.5 0.2 0.1 0.1 1.0
C 0.6 0.8 0.5 0.3 0.3 2.5
D
E

0.6 0.9 0.7 0.5 0.4 3.1
0.7 0.9 0.7 0.6 0.5 34

Ro IRM—BUEN

Table 6 Fuzzy consistent matrix

Vi A B C D E w;

A 0500 0.650 0500 0.440 0.410 0.200
B 0350 0500 0350 0.290 0.260 0.125
C 0500 0.650 0.500 0.440 0.410 0.200
D 0560 0710 0560 0.500 0.470 0.230
E 059 0.740 0.590 0.530 0500 0.245

I 6 TN, BUEE e BMIRAK A Geye il
HIURBL . ATRURII AT N2 28 Al o
2.84 —EUWERL BB EANERE R=(rp)a 2
SR BRI IR 78 24 PR AT EHR E 2 AT I G
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R ZENEH, KA AL %A . 4
KW, SHTREIRCIEE i 7R 47, ARG
R IENTFR SMOZHE AR — SO .
29 Z=RIEFRE

HTP 1, e A B2y, BFEENEZ, B
N BUK S HSYA AR 0.6, FFETF HALE 0.4,
XFTHERR CAT R 2R, AUSCRINECR b i B8y T
AARFNE, HBE S 0.7, WU 5 8 WAL
R 0.3. F4Rbr)2 SUEN ZBGEAN T, 19255
FXF T BVP B AR B . A BB E S 2 RS HE
PR 7,

x7 ARNERERREZHF
Table 7 Synthetic weight and order to levels of whole system

Bbr  ARE HUF | fetr ARRE HOE
A 0.120 5 C, 0.140 3
A 0.080 6 D 0.230 2
B 0.125 4 E 0.245 1
C, 0.060 7

210 BIZHREMES RHF

SRR 8. KM, T EERLIUALZEA T
WA e T2k ek, ENZ09E 60 C/KIRIZHREL,
T8 S5 AR K TR BRI, FERE 80% LI IR HL o

*8 BIZHREMIESRHRF
Table 8 Scores and rankings to each routing

TEHsek LRa13sy 2950
T — 0.464 4
TEME%— 0.593 3
LM = 0.648 2
TEmEN 0.664 1
3 g

3.1 EERTIZHE&IRITHKE

ARG RS N O AR 1A RS BE IR =N
F, PRIEHIFI A ARONE: FHliRiE
HIFELSR s T 2580 VPN b B R Ud B T RSl 1
MARRE T R BT A A BIA T . — LA
A REARAE 2= 25 B Fi5 T 1R R € R0 B ) 7] 1) 222
Ko ATHASEIG AR B, AR e AR BT
CPEEREL, AR FEET IR T KEE, He
FEHUH KBS 25 0T, MOERKHEH. £qeth
KA 7 HSYA X BEARRE, 78 60 CLA
PREBUCRBRG, AR T A . = PUAIKIR

B (60 COHRIL. iKW, 1L I8 2E HSYA
PR, I EAHFRbr g R, HH BT 54,
NITTIE B4 U P 6 2T A s, B U W 2
MBI 4T VR I TR S50 o SCRRFRE A A (1) 45
SRR A R A Y, R 2 BRI
2 LA [RIFR U 1225 SR 0 IS A 1 5 o 25
TN G R, 4R, AR ML & 1R
e, T IRE G T 7K 2 S 2SR R E R i A7
FEPEBCRAE, TARAb N, 2 JRES 2155 7K,
T B SR A7 i kA5 AL 7 AR B 58 1) R
3.2 FZiFMIBFREFRKE

BYPFIETUA S 3 e BT 29, Hur)
2 A IR BN 7 N A G N7 I 1 N Y
B EEMRGTT, HZE 3800 CIPN AR
A3k 38%~85%"%1, HTP WA 28 HSYA. %%
W HA U Wb AR L BLR MIATE TR,
fi B2 P R i o b Ree MEAEVE T, Mok
W BT SRS PN AR . HH T CIPN [RIALT
O, SOV e IR . RO R
Wi WFFUIEEH, IR R B e e RO P 48 L
PR AT I IS HAEAR, 520 15%~50%FIpfZe
Jos BRI T, s BN LB T SR i B
RIS B80S N (R 46 A2 T 53 R AR AT R 2 PR HR R o
BYPRVEAE R 2 ARy, JLEe
FE PR 22 B I BB L T e T AR
T B L O AR A D IRNA A, 55041
L O R 5 A Y, GRS AR A T 2 L
% LA A U5 B2 PN P b . SCRRARIE P 41T
5 P A 2 B A IR I R SRS A ST, i
R LR P WRAE N G W U DA b o
3.3 FAHP {83 F AHP ERIFH SHE

1E2 AR . 23805 PR LLURCTI0N 7 , AL
FHA TSR BRI EEIE i b
(750 R E W BRI WA 2 2K, s
o FOP ok O LRSS, o B BRI Ly
WIRGE . M REOEENY . AHP VRS E B K
Saaty 71 1970 AR H I—FfoE 15 e ARG A 10
I HT s, TR E R TR AL A
REREECEAL, BT G SEHME R R G AR
U, B R N BB 25 AT T e P02,
S R 82 (1 o e AR R T A TSR R R L S B
AEEME . AR B AT R, AHP (#1328 ]
W R A RIS — SR A, B R
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s WBRRRFERR Apax B TAERARR K, 80—
§Qﬂ£*5§éﬁﬂiﬁ T FAHP VERSOR) A T R o4 2L S8 2
® =05, i=1, 2:+, n; @ ry=1
2, oy @ r=ra—rp i jo k=1, 2, =+, n,
W R — SR AR o 7 rh 2R U — 282
AU ZARPR SIS, FAHP NG RD,

s Iy ]:17

iy S SRR AL .
S 30k
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