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Based on response surface analysis study of Persicae Semen-Rhei Radix et
Rhizoma interaction effects of different compatibility of promoting blood
circulation to remove blood stasis
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College of Pharmacy, Shaanxi University of Traditional Chinese Medicine, Xianyang 712046, China

Abstract: Objective To evaluate Persicae Semen-Rhei Radix et Rhizoma (PS-RRR) of different compatibility of acute blood stasis
rats blood rheology and blood coagulation function, and to reveale the effect of PS-RRR for promoting blood circulation to remove
blood stasis effect scope, nature, and degree of interaction. Methods With ice water bath and injected adrenaline hydrochloride copy
of acute blood stasis rats model, different ratio (0 : 1,1 :5,2:5,2:3,1:1,3:2,5:2,5:.1,and1 : 0) of different concentration
of PS-RRR was given for later. Through the determination of whole blood viscosity (WBV), blood sedimentation (ESR), erythrocyte
aggregation index (EAI), prothrombin time (PT), partial thrombin (APTT), fibrinogen (FIB) content of coagulation, thrombin time
(TT), and the blood rheology of blood stasis rats was observed, the influence of the blood coagulation indexes. Then response surface
analysis and multi-index comprehensive index method of PS-RRR different compatibility of promoting blood circulation was used to
remove blood stasis effect comprehensive comparative analysis. Results The ratio of PS-RRR between 2 : 3to 3 : 2 showed obvious
synergy (strength of synergy: —0.8); In PS dose from 5.5—10 g and RRR dose from 2.1—5.8 g area showed the antagonism function
(antagonism effect strength maximum: 0.6); While other percentage did not show obvious synergy or antagonism. Conclusion The
results of reveal that scope, nature, and degree of PS-RRR for promoting blood circulation to remove blood stasis interaction effect, the
and its prescriptions of traditional Chinese medicine (TCM) and clinical use of PS-RRR 1 : 1 is consistent with the highest frequency
of conclusion. PS-RRR provides scientific basis for clinical applications.
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Table 1 PS-RRR samples with different ratios and doses
maks  me S geh | TS mIE SOGOS ok

PS (0.5) 1:0 0.5 0.08 [PS-RRR (1 :5,6) 1:5 6 0.96
PS (1) 1:0 1 016 |PS-RRR(2:5,2) 2:5 2 0.32
PS (2) 1:0 2 032 |PS-RRR(2:5,7) 2:5 7 1.12
PS (4) 1:0 4 0.64 |PS-RRR(2:3,3) 2:3 3 0.48
PS (6) 1:0 6 096 |PS-RRR(2:3,8) 2:3 8 1.28
PS (10) 1:0 10 1.60 [|PS-RRR(1:1,4) 1:1 4 0.64
RRR (0.5) 0:1 05 0.08 |PS-RRR(L:1,9) 1:1 9 1.44
RRR (1) 0:1 1 016 |PS-RRR(3:2,4) 3:2 4 0.64
RRR (2) 0:1 2 0.32 |PS-RRR(3:2,8) 3:2 8 1.28
RRR (4) 0:1 4 0.64 |PS-RRR(5:2,4) 5:2 4 0.64
RRR (6) 0:1 6 096 |PS-RRR (5 : 2, 10) 5:2 10 1.60
RRR (10) 0:1 10 1.60 |PS-RRR (5 :1,5) 5:1 5 0.80
PS-RRR(1:5,1) 1:5 1 0.08 |PS-RRR(5:1,12) 5:1 12 1.92
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Table 2 Effects of different proportions of PS-RRR on blood rheology of acute blood stasis model rats (X &s, n = 8)

WBV/(mPa:s )

20531 ESR/mm EAI/%
200s*t 30s? 55t 1st
X 6.08+0.55 8.80+0.01 16.28+1.53 39.77+5.15 1.14+0.38  40.68+2.26
] 7.20+0.22"  1034+1.01%  19.96+2.37" 51.08+6.36"  1.8640.38" 4548-+1.90"
PS (0.5) 7.03+0.47 10.124+0.76 19.24+1.39 50.26 +4.64 1.79+054  44.96+1.27
PS (1) 6.91+0.36 9.95+0.83 18.85+1.49 48.37+4.91 1.64+058  44.60+1.13
PS (2) 6.79+0.53 9.81+0.92 18.43+1.56 46.34+4.56 1.55+0.43  44.03+1.15
PS (4) 6.65+0.24 9.68+0.35 17.95+1.45 44.21+4.33 1.46+052  43.45+1.12
PS (6) 6.58+0.51" 9.50+0.90 17.73+1.58" 4317+4.72° 1374055 43.20+1.107
PS (10) 6.42+0.44" 9.03+0.60" 17.53+1.69" 41.36+459" 11740417 43.13+1.33"
RRR (0.5) 7.05+0.24 10.124+0.75 19.39+1.80 50.85+3.12 1.81+053  45.26+2.31
RRR (1) 6.97+0.36 9.89+0.47 18.97+1.82 49.76 +3.52 1.76+0.62  44.98+2.37
RRR (2) 6.89+0.31 9.72+0.65 18.78+1.72 48.54+3.43 1.65+0.43  4451+2.26
RRR (4) 6.76+0.23 9.58+0.53 18.39+1.65 46.87+2.26 1.53+0.38  43.62+2.13
RRR (6) 6.68+-0.28 9.46+0.78 17.95+1.58 45.85+3.25 1.41+056  43.36+2.14
RRR (10) 6.55+0.16" 9.35+0.76" 17.85+1.52" 44.15+2.41 1.38+0.12" 42.58+2.36"
PS-RRR (1 : 5,1) 6.62+0.53 9.41+1.14 17.91+2.48 44.43+7.02 1.52+056  43.40%+3.05
PS-RRR (1 : 5, 6) 6.55+0.51" 9.39+1.06 17.814+2.46" 4353+4.82°  1.36+0.35"  42.40+3.01"
PS-RRR (2 : 5,2) 6.60+0.56 9.40+0.92 17.88+2.03 44.24+4.28 1.50+055  43.31+3.41
PS-RRR (2 :5,7) 6.38+0.54" 9.38+0.51 17.75+1.56" 4324+325"  1.35+0.32° 422142217
PS-RRR 2 : 3 (3) 6.3240.34" 9.27+053" 17.48+1.42" 4248+385"  1.31+0.26" 41.86+-2.45
PS-RRR (2 : 3, 8) 6.2610.23" 9.06+0.32" 17.194+1.13" 42144243 1.27+012° 41474139
PS-RRR (1 : 1, 4) 6.174+0.36" 8.85+0.53"  16.82+1.59™ 412743277  1.20+0.417 41.124+1.69"
PS-RRR (1 : 1,9) 6.1040.24" 8.72+0.28"  16.37+1.23" 406742257 11340127 4054+1.27"
PS-RRR (3 : 2, 4) 6.2840.47" 8.95+0.64" 17.124+1.13" 42.13+3.12°  1.23+052° 4155+2.05
PS-RRR (3 : 2, 8) 6.201+0.25" 8.76+0.31"  16.89+1.02" 41.31+230" 11940317 41.124+1.78"
PS-RRR (5 : 2, 4) 6.62+0.62 9.38+0.64 17.96+1.51 44.80+4.94 1.42+054  43.45+4.32
PS-RRR (5 : 2, 10) 6.4840.33" 9.28+0.26" 17.724+1.32" 43.80+256"  1.38+0.22" 42.93+2.82"
PS-RRR (5 : 1, 5) 6.57+0.64" 9.20+0.54 17.6142.03" 4415+465"  1.33+0.23" 43.18+1.72"
PS-RRR (5 : 1, 12) 6.3240.28" 8.92+0.26" 17.53+1.12" 43154368  1.27+0.12° 42.42+1.46"

At #P<0.01; SHM4ILER: "'P<0.05 TP<0.01, FF

#p < 0.01 vs control group; "P < 0.05 P <0.01 vs model group, same as below

PS (4). RRR (0.5). RRR (1). RRR (2). RRR (4).

RRR (6). PS-RRR (1:5,1). PS-RRR (2 :5,2) A
PS-RRR (2 : 5, 7) 444k, HAR&ARN PT A MG
£, H PS (10). PS-RRR (1:1, 4) 1 PS-RRR
(1:1,9) dEEEHEZE (P<0.01); Bk PS (0.5)-
PS (1). PS (2). RRR (0.5). RRR (1). RRR (2). RRR
(4). RRR (6). PS-RRR (1 : 5,1). PS-RRR (1 : 5, 6).
PS-RRR (2 : 5,2) MIPS-RRR (2 :5,7) #4145, H4
FAXT APTT WA SGEER, H PS-RRR (1:1, 4)

FIPS-RRR (1:1,9) AlEEMEE (P<0.01);
k% PS (0.5) PS (1), PS(2). RRR(0.5). RRR (1)-
RRR (2). RRR (4). RRR (6). PS-RRR (1 : 5, 1).
PS-RRR (1:5, 6). PS-RRR (2 :5, 2) M1 PS-RRR
(2:5,7) dHh, HASAN TT WHSGEEH, H
PS-RRR (1 : 1,4) FIPS-RRR (1:1,9) k& IEH
3% (P<0.01); F&PS(0.5). PS(1). RRR (0.5).
RRR (1) RRR (2). RRR (4). RRR (6) #4F, H:4&
FAL0 FIB 3 B BEEER (P<0.0D). WL 3.
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Table 3 Effects of different proportions of PS-RRR on coagulation indexes of acute blood stasis model rats ( X s, n = 8)

iR PT/s APTT/s TT/s FIB/(mg-L™)
Xof 8.14+0.26 16.74+0.98 21.60+1.68 355+18
FIE 8.93+0.48" 19.70+1.10" 27.28+1.56" 18.7+3.6™
PS (0.5) 8.83+0.20 19.62+0.70 26.98+1.20 19.3+25
PS (1) 8.74+0.21 19.53+0.56 26.65+1.32 20.4+2.7
PS (2) 8.63+0.32 18.92+0.70 26.34+1.15 245+25"
PS (4) 8.58+0.16 18.18+1.40" 25.45+1.48" 28.5+26"
PS (6) 8.42+0.15" 17.76+1.40 24.75+1.49" 31.2+26"
PS (10) 8.28+0.18" 17.38+1.40" 23.82+1.52" 335426
RRR (0.5) 8.90+0.34 19.62+0.48 27.23+1.33 19.2+2.8
RRR (1) 8.82+0.42 19.55+0.36 27.02+1.36 20.2+2.8
RRR (2) 8.75+0.26 19.34+0.21 26.93+1.24 20.7+4.5
RRR (4) 8.62+0.21 19.124+0.45 26.62+1.35 21.8+3.2
RRR (6) 8.53+0.35 18.95+0.32 26.35+1.24 232421
RRR (10) 8.38+0.33" 18.18+0.48" 25.38+1.41" 245+28"
PS-RRR (1 :5,1) 8.82+0.21 18.9241.08 26.81+1.26 30.1+3.27
PS-RRR (1 : 5, 6) 8.53+0.24 18.56+1.08 25.61+1.26 32.2+36"
PS-RRR (2 : 5, 2) 8.47+0.37 18.45+1.06 25.58+1.52 30.8+2.7"
PS-RRR (2 : 5,7) 8.46+0.24 18.36+1.18 25.51+1.46 3254217
PS-RRR (2 : 3,3) 8.40+0.30" 18.20+1.11" 25.12+1.88" 33.0+3.0"
PS-RRR (2 : 3, 8) 8.38+0.29" 18.14+1.13" 24.95+1.88" 33.8+3.0"
PS-RRR (1 : 1, 4) 8.33+0.31 17.624+0.41" 23.65+0.91" 34.2+45"
PS-RRR (1 :1,9) 8.23+0.22™ 16.824+0.32™ 22.71+0.36™ 35.1+4.2"
PS-RRR (3 : 2, 4) 8.42+0.37" 18.134+0.56" 25.42+152" 33.5+2.37
PS-RRR (3 : 2, 8) 8.36+0.32" 17.924+0.42" 25.35+1.31" 3404237
PS-RRR (5 : 2, 4) 8.45+0.32" 18.2040.55" 25.45+1.40" 31.6+4.3"
PS-RRR (5 : 2, 10) 8.44+0.29" 18.1240.34" 24.98+1.25 3234377
PS-RRR (5 : 1,5) 8.43+0.36" 17.84+1.14" 24.49+1.68" 32.8+21"
PS-RRR (5 : 1, 12) 8.41+0.23" 17.66+1.12" 23.93+1.46" 33.8+25"

33 PS-RRR REBIKZAREIEMBE TPV R A RN e/ 1) 258 18] (1) A

2t et sr G e uL s, 457 PS 0.5~
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B, 49k 05, 1. 2. 4. 6. 10 5. WAMA 7 A
PS-RRR AfHfdt (1:5.2:5.2:3,1:1,3:2,
5:2. 5:1), /ulEE. K2 MAFRE,
3.4.1 PS-RRR MR E AR KT H
I [ T2 Bk PS-RRR 6 FE Bk UL 575 A Bl i 11 4
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Fz4 FZEWRUEEOMMERSMAE (X £s,n=8)
Table 4 Standardized indexes and total effect values ( X s, n = 8)

Vear  Ver Vaprr Vot Vesk Ves Vi

VWBV
A 200s* 305t 55t 1s?t
PS (0.5) 0.15 0.14 0.19
PS (1) 0.26 0.25 0.30
PS (2) 0.37 0.34 0.42
PS (4) 0.49 0.43 0.55
PS (6) 0.55 0.55 0.61
PS (10) 0.70 0.85 0.66
RRR (0.5) 0.13 0.14 0.15
RRR (1) 0.21 0.29 0.27
RRR (2) 0.28 0.40 0.32
RRR (4) 0.39 0.49 0.43
RRR (6) 0.46 0.57 0.55
RRR (10) 0.58 0.64 0.57
PS-RRR (1 :5,1) 0.52 0.60 0.56
PS-RRR (1 : 5, 6) 0.58 0.62 0.58
PS-RRR (2 : 5, 2) 0.54 0.61 0.57
PS-RRR (2 : 5,7) 0.73 0.62 0.60
PS-RRR (2 : 3,3) 0.79 0.69 0.67
PS-RRR (2 : 3, 8) 0.84 0.83 0.75
PS-RRR (1 : 1, 4) 0.92 0.97 0.85
PS-RRR (1 :1,9) 0.98 1.05 0.98
PS-RRR (3 : 2, 4) 0.82 0.90 0.77
PS-RRR (3 : 2, 8) 0.89 1.03 0.83
PS-RRR (5 : 2, 4) 0.52 0.62 0.54
PS-RRR (5 : 2, 10) 0.64 0.69 0.61
PS-RRR (5 : 1, 5) 0.56 0.74 0.64
PS-RRR (5 : 1,12) 0.79 0.92 0.66

0.07 0.10 012 003 005 011 004 185
0.24 031 023 006 011 0.18 0.10 3.80
0.42 043 036 026 017 030 035 6.19
0.61 056 042 051 032 042 058 878
0.70 068 061 066 045 048 0.74 10.84
0.86 09 078 078 061 049 0.88 1377
0.02 0.07 004 003 001 005 003 126
0.12 014 013 005 005 011 009 272
0.22 029 022 012 006 020 012 414
0.37 046 037 020 012 039 0.18 6.23
0.46 063 048 025 016 044 0.2 7.76
0.61 0.67 066 051 033 060 035 10.09
0.59 047 013 026 008 043 069 754
0.67 069 048 039 029 064 080 10.04
0.60 050 055 042 030 045 0.72 935
0.69 071 057 045 031 0.68 0.82 10.86
0.76 0.76 064 051 038 0.75 0.85 12.00
0.79 082 066 053 041 084 090 13.00
0.87 092 072 070 064 091 092 1501
0.92 101 084 097 080 103 098 1711
0.79 088 061 053 033 082 0.88 1296
0.86 093 069 061 034 091 091 1418
0.56 0.62 058 051 032 042 077 973
0.64 0.67 059 053 040 053 081 10.88
0.61 074 060 063 049 048 084 1134
0.70 082 063 069 059 064 09 1314

M2 EAE R . B erh 2. £
BO AL R, AR R iRk 2 T R 4
IR W 255 IR R 2R, JF DLE JF RSk flid
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9% 1, LA O A S A InFIE H o

3.4.2 BRSHUNE I N fhim AR
7 1A e A I & AN S E, i = YR Y,
THIASEARY, 3] Matlab e gl e )3 it T 1) = 4 KB
343 PS-RRR AHEAEHMTEOY 75— 2 3 45
Rk, B VR ERAREE T 1% i A v 25 ELAE FH (1 5,
B o AR A IR BT E O E, e R T 0 1,
PRI AINVER s KT LI, $RoR254iE ok
FEPUERT, AN T LI RAE . FRE s, &

INAH AR R BB, 72 1 v IR B i
Tk e,

EE L, X RS RIFIE ) PS HkZy, Y
B RN RRR k2, ARRRBU R RS
TRBAAN RIS &, Z &R
PS-RRR 7EA[FIFIE R IRONAR, 01X, Y. Z g
JSCIP) = 4 2 ] Xk R IR A [ L] PS-RRR [ RRNAR
T 5 ot v 1 T2, 2 ek o AR B S, R IRAE
PS-RRR [WliCtL 2 : 3~3 1 2, FILH W B FE
H (5% 4-0.8); 7E PS il 5.5~109, RRR 7l &
21~589g W, RILBFEPEH R KN 0.6);
T A LA I AR R B 2 P R B F P o
DL 2,
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Fig. 1 Three-dimensional response surfaces of acute blood
stasis total blood circulation effects of PS-RRR
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Fig.2 PS-RRR on promoting blood circulation and removing
blood stasis intensity distribution map
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BRI R B, RRR-PS ANEECEL (15, 215,
2:3.1:1.3:2.5:2.5:1) 1, 5 RRR X%}
A%, RRR-PS AFIFCIL (5:1.5:2.3:2)
FEa P BEE PS LU=, RRR IR E TR,
LA F . FETT By BRSO SR AG; 7E
PS-RRR BCELIER] 1 2 1 1, FEdhH RRR IR
BRI A 27 10 o AR I o B B . i R
RRR 5 PSCEL4M 4 203, 25, 10 5, FEfh
HHBEE PS LLEIM T, RRR FRIEE FRE. LA
. OEIRE. B/ET B IRNEP BT, B
RIE “U” B AR, R B AR AR K
AR s ER, kA Rk o vT B e K
ey ORBE MR LR R LR ETFIRS. MMmiE
] PS-RRR 7EANFBC LA F T, B W AR H
FEPUE IR BEFYE 0 22 5, 5 s R e 1A%
WAHEYIRFR . R F BRI T2 1)
W

YA EAE F U AT A ] LA RGR AN
WAL, ARZE LT V52 A 25 200 T AR e,
LRSI NTIR S Y B NTIER S PAT R TR ST
SUREE Mo BT 2590 2 a0 R AH BRI JR R, 1
SUA 5 1 4 B8 5 0 W b AR B 24 4 2 TR) PR AH B A
o ma B A kRIS TR RS UK
K, PUa I UL SRR 55 22 Pl 2949 AH HAE I
SERIMT. AT FIRARH 25 2] T EH 2
F o T T b 2 AT 2 2002 A H A A 9 4 T L
b o AHIFFOR FH e S 13 AT N 2 PS A
RRR % (L6 558 %50 N A BLAE FHBEAT R 9E, RS



L)

Chinese Traditional and Herbal Drugs %5 48 %% 35 17 8] 201749 A

* 3567 *

PS-RRR i/ H 2592 04 T 4cHs, 3t 24 2L
AR IR IR T S Tk 2%

S 30k

[1]

(2]

(3]

(4]

(5]

[6]

[’

(8]

[°]

[10]

[11]

[12]

Ak, TR S AR LA T R 2R LR
5T [D]. M B K%, 2013.

VPRI, & %, £, & BVt E [
FREEZY, 2015, 46(17): 2649-2655.

FYLHE, ELLHE, BUKNI, A BT B Stk SRR
A 8 AR 7R S B I YR A 2 L 3 RIS (R s [J].
Bl e s 24 K2 241, 2016, 39(2): 85-88.

OB BUKNI, T, S Mo shd i AR
22 KSR EEm [J]. Hpk2y, 2011, 33(4): 587-589.
K=k, B UK, RIBEOR. BRUKEEE AL 2 AR
AR TF— R a6 5 =8 FoRZH [
Kb 24, 2016, 33(7): 390-393.

REGPE, BRI, £ 5, & VRN EN e R
S L Al g D 2k [3] Bk 2y, 2014, 36(9):
1921-1924.

Mo, BT, B0, AR B BRI T A
T W P T A K B MR AR T R L [9]. o
K7 IS, 2012, 18(21): 248-250.

SR R TCHD NS Bl K KA A BT K BN B )
Be s mg [0 b B 22 AE A4k, 2011, 31(11):
2012-2014.

PIUKNI, ELLHE, TP, 45, BR- K250 0 N B
FE 20 T B0 AR OR R [J]. h2H,
2016, 39(5): 1148-1151.

WO, M B BRI 2 A AR T STV
Bk [J]. hE BT 24, 2010, 19(12): 1041-1046.
Jin Y, Qu C, Tang Y, et al. Herb pairs containing
Angelicae Sinensis Radix (Danggui): A review of
bio-active constituents and compatibility effects [J]. J
Ethnopharmacol, 2016, 181: 158-171.

BORHE, TP, MUREE, AE. R T Rl T 2 Ao
U5 24 o 3 AL 25N AH HLAE AT [3] v P 2 3 2

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

#k, 2012, 28(10): 1407-1413.

ETH. h2phlse M b5t o E B 2 AL,
2012.

PR, PORHE, TP, A KBS AR Y s A
FIEHREF S PN (3], SR E 2532400, 2011, 27(12):
1761-1765.

P, BEE, ETF, S T ERS AT
PR ER-Gr PR H0L K 2 5 - 206 A [R) E B s AR 58 7E F B
5[], ZisEsidR, 2014, 49(9): 1304-1309.

Schumacher P M, Dossche J, Mortier E P, et al. Response
surface modeling of the interaction between propofol
and sevoflurane [J]. Anesthesiology, 2009, 111(4):
790-804.

Hannam J, Anderson B J. Explaining the acetaminophen
ibuprofen analgesic interaction sing a response surface
model [J]. Paediatr Anaesth, 2011, 21(12): 1234-1240.
Minto C F, Schnider T W, Short T G, et al. Response
surface model for anesthetic drug interactions [J].
Anesthesiology, 2000, 92(6): 1603-1616.

AR, BETOP, S, A LRROH R AR
X R LS K BRI VU AR A R It D) K S W [J].
HpE o B £ 2k, 2012, 32(6): 806-811.

MEZE, SRERZE, T B, S5 WML h 2y TR 1k
D A 2 B A ) 2 SRR 5 i ] % ], Ry,
2015, 46(5): 615-624.

PP, RETF, s, 45 BT Emr i 2 4
PREEE R BT S AN R B A HOE M AL ] LR
[J]. H¥ZYy, 2016, 47(18): 3239-3247.

BUKNI, Ty, ELH, 55 KBE-BH 290 AR R
EEX KRB 10 Al S IO 52 Mg [J]. h 2544,
2016, 39(7): 1579-1582.

FRAGAR, B WE KA 2 BEAE T R R N T 23 B
[3]. JeHIrbEE, 2015, 30(5): 119-1121.

HEW, ATWE, B 4, 5 AYHEERMT SR
Ji A — AN [ I 2 B AR A,
2007, 23(8): 1106-1112.



