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Vascular Reactivity of Black Plaster Based on the Theory of “Open-Close in the Interstices” in
Knee Osteoarthritis Model Rabbits with Cold Blood Coagulation and Blood Stasis Syndrome*

WANG Jiajing"?, ZHU Ting', LIU Ziheng', WANG Yanhong', LI Yongji' (1. College of Pharmacy,
Heilongjiang University of Chinese Medicine, Harbin 150040, China; 2. Dept. of Clinical Research,
the Second Affiliated Hospital of Heilongjiang University of Chinese Medicine, Harbin 150001, China)

ABSTRACT OBJECTIVE: To evaluate the mechanism of black plaster based on the theory of “open-close in the
interstices” through the study of the vascular reactivity of the knee osteoarthritis model rabbits with cold blood
coagulation and blood stasis syndrome. METHODS: The rabbit model of knee osteoarthritis with cold coagulation and
blood stasis syndrome was prepared by combining cold stimulation with drug induction. Vascular effects of the
periprosthetic arterial network (lower femoral artery, lateral superior genicular artery and inferior lateral genicular
artery ) in rabbits were closely observed by using color Doppler ultrasound techniques and blood flow indicators. Effects
of Goupi plaster (manufacturer 1, manufacturer 2 and manufacturer 3 group) and black plaster matrix ( matrix group)
on the diameter, blood flow velocity and hemorheological indicators of the perigenicular artery network were
investigated from 0 d to 15 d. RESULTS: After 15 d of treatment, the vascular diameter of the the lower femoral
artery, the lateral superior genicular artery and inferior lateral genicular artery of the rabbits in the manufacturer 1, the
manufacturer 2 and the manufacturer 3 groups and the matrix group increased, and the blood flow velocity increased,
the whole blood viscosity and erythrocyte aggregation indicators showed the decreasing trend, and erythrocyte
deformability indicators showed the increasing trend. CONCLUSIONS: Both the black plaster matrix and the Goupi
plaster have the effects of inducing vascular effects of perigenicular artery network, suggesting that the black plaster
matrix also plays a key role in promoting the “open-close in the interstices” .
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Tab 1 Vascular diameter of lower femoral artery among six groups of rabbits (x+s, mm)

) TRk T B B2
0d 1d 24 34 44 54 6d 7d 15d

I %—#(n=9) 1.0520. 10 0.92+0. 08° 1.0420.07 0.94+0. 05° 1.060. 04 0.99:0. 03 1. 14£0.01° 1. 040, 01 1.20£0.01"
4 (n=9) 1.0520. 11 1.230.09" 1.28£0.07"  1.080.05" 1.17:0.03" 1. 1220, 04" 1.06£0.01°  1.23+0.02" 1.250.02™
%= (n=9) 1. 130.07 1.090. 06 1.080.07 1. 1420, 06™ 1.0920. 08 1. 1420.07™ 1.07+0.06 0.99£0. 04° 1. 170.05

A (n=9) 1.05£0. 11 0.98+0.07° 0.95:0. 06° 0.900. 04° 0.94+0.04°  0.89+0,02° 1.000.01° 0.98£0.02° 1.120.02°
R4 (n=9) 1.25:0.08 1.270.07 1.2120.09 1.2920. 07 1.200. 08 1.24£0.09 1.240.08 1.24:0.06 1.2740.05

M (n=9) 2.100. 06 2.00:0. 08 2.330.06 2.030.09 2.28+0. 08 2. 11008 1. 98+0. 09 1.850. 11 2.08+0.06

B (AN, SARRIALIFLL, *P<0. 05; 5 AL RRALIALL, PP<0. 05; 5 % —4LHLL, °P<0.05
Note; except for the blank group, vs. the model group, *P<0.05; vs. the black plaster matrix group, "P<0. 05; vs. the manufacturer 1 group, °P<0. 05

RMERTG ¥ E X, 15 d A F#5 P<0.05, BLH 44
TELRZ5 15 d B ZE 58 G243 3L, R Al Dunnett” s C 3&F
Student B ZEFCXT AT 22001 (1) B4 SR AR L, 22

SEGH¥E L (P<0.05); (2) ) F—  “HEMFRHMIL,
ERAGITFRENL(P<0.05);(3)) R—HE] R _4HMIt,
ERHGIFE L (P<0.05)

F2 ANEARERIFETEREHNNEL R (x5, mm/s)

Tab 2 Flow velocity of lower femoral artery among six groups of rabbits (x+s, mm/s)
o ek T B
- 0d 1d 2d 3d 4d 5d 6d 7d 15d
I %—41(n=9) 185.0+18.0 186.0+14.9 183.2+9.2° 185.1£10.0 184.6+5.7 182.0£5.9* 188.8+1.9" 186.8+2.9" 198.0£2. 9%
K _#(n=9) 190.0£19.9 180.0£13.3 175.4+12.0* 193.1£9.6 181.06.8 198.8+7.1* 202.9+1.4¢ 195.7£1.6* 214.9£2.3¢
I Z=4(n=9) 180.0£11.0 175.1£9.3 179. 1£12.1* 179.9+9. 8* 175.513.0 176.0£11.0* 183.8£10.3" 179.247.3% 204.749. 0
B (n=9) 201.7+17.3 174.0£10. 8 175.3+16.1° 169. 5£9.5* 194.3£13.7 181.8£11. 5% 197.3£9.1 205.9+8.2 226.2+7.0
R (n=9) 200.2+17.0 190.9£12.6 220.8+£10.5 212.249.1 191.1£7.7 223.1£7.7 210.3£7.2 212.616.5 214.36.1
ZH4l(n=9) 306.4£39.9 295.8+15.4 315.6+12.8 301.2+18.7 316.2+20. 8 304.0+10.7 289.6+15.9 283.7£21.6 308. 7£26. 5

LB LS, SRERILATE, “P<0. 05, S B ZTAERALMLL , "P<0. 05, 551 R —4IHLL, P<0.05
Note; except for the blank group, vs. the model group, “P<0.05; vs. the black plaster matrix group, "P<0. 05; vs. the manufacturer 1 group, °P<0. 05

FRAE DR 2 B0, X4 2H 0~ 15 d BIBIR AT S it 416 00

0 d 4] F K5 P>0. 05, UERHAAIFELA 245 0 d BBk T B it
HMER TSI, 15 d HH F K5 P<0.05, L& 4
HLRE] 15 d BF I 22 56 Ge it 238 X, >R A Dunnett’ s C 52T
*3

Student H% 2EBCXTHAT I 2530471 : (1) ] K —H GHRAHM I,
EREGIHEE XL (P<0.05) ;5 (2) ) F— =2 53k T4 A
W, Z R G5 E L (P<0.05) 5 (3) | H—H 5] % _4HH
I, ZRA G L (P<0.05)

ANER R ESMUSHEK M EE R NEL R (X+s, mm)

Tab 3 Vascular diameter of lateral superior genicular artery among six groups of rabbits (x+s, mm)

B LAl sk 5 12

45
0d 1d 24 3d 44 54d 6d 7d 15d

" %—#(n=9) 0. 60<0. 06 0.710. 03 0.66+0. 03 0. 62:0. 03 0.78+0. 04* 0.63:0.03"  0.81:0.04™  0.83:0.03" 0.9620. 03
I ZZ4(n=9) 0. 65£0.05 0.57+0. 04" 0.63£0.05" 0.77£0. 05" 0.65:0. 06 0.80£0.07°™  0.66+0.04° 0. 68+0. 03* 0.900. 05
I Z=H(n=9) 0.55:0.06  0.68:0.04"  0.66:0.04°  0.67+0.03*  0.68£0.01°  0.55£0.02°  0.58¢0.01°  0.72¢0.01"°  0.80:0.01°*
R4 (n=9) 0.50+0. 04 0.320.02° 0.430.02 0.67+0.03° 0.70+0. 04 0.49+0.02° 0. 560. 03 0.620.02 0.90+0. 03°
T (n=9) 0. 60+0.06 0.460. 04 0.530. 04 0.52+0.03 0.63+0.03 0.550.02 0.62:0.01 0. 560.02 0.73£0.02

4 (n=9) 1.70£0. 05 1.59+0. 06 1.81£0. 08 1.68+0. 05 1.51£0.04 1.75£0. 03 1..80£0. 04 1.76£0.03 1.81£0.02

T BR8N, SRR, *P<0. 05, 5B A LRALMLL, "P<0.05; 5T K —4LHIL, °P<0.05
Note; except for the blank group, vs. the model group, “P<0.05; us. the black plaster matrix group, "P<0.05; vs. the manufacturer 1 group, °P<0. 03
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Tab 4 Flow velocity of lateral superior genicular artery among six groups of rabbits (x+s, mm/s)

o [ARNIESR
0d 1d 24d 3d 4d 5d 6d 7d 15d
I %—#(n=9) 130. 1£13.6 120.3£10. 3 122.949.8 115.6+6.2 113.1+5. 8% 123.0+4.0° 127.243.0 136. 624, 1° 161. 14, 1%
%4 (n=9) 120.0£12.5 03.9+5. 7% 104. 345. 8* 105. 5+4. 8° 125.0£2.7 112.4+4.3 114, 4+1. 1 126.9+1.8" 132.5:2.0"
I HZ=4(n=9) 125.2£12.5 111.7+4.5% 125.0:6.4" 110. 7£5.2° 123.446. 1 115.5+4.7 118.3+5. 4% 123. 6+4. 0" 146. 8+4. 8¢
R4 (n=9) 135.4+10.9 110.57.2% 101. 4+8.4* 97.2+5.9* 125.2+12. 1 112.1£9.2 138.8+9.1 144.1£7.0* 153.2+8.3*
BRI (n=9) 137.7£11.3 133.6£7.7 136.8+6.5 129.8+5.4 135.4+6.8 108.9+5.0 138.346.5 123.2+4.6 124.2+4.7
ZHA(n=9) 208.3+12.4 198.6+9.8 220.1£10.2 210.6x15.2 193.947.6 219.0+7.7 228.1£11.1 215.846.6 222.347.4
TR AL, SR, *P<0. 05, SR F LR RAM, "P<0. 05, 5] % —4IHIH, “P<0. 05
Note except for the blank group, vs. the model group, “P<0.05; vs. the black plaster matrix group, PP<(.05; vs. the manufacturer 1 group, “P<0.05
x5 ANAREETHMIZEHKODESEHNEL R (¥+5, mm)
Tab 5 Vascular diameter of inferior lateral genicular artery among six groups of rabbits (X+s, mm)
i TS E SR
0d 1d 24 3d 4d 5d 6d 7d 15d
I F—4(n=9) 0.500. 05 0.730. 06" 0.650.03" 0.63+0.03" 0.600. 02" 0.63£0.02" 0.68+0.01" 0.700. 01" 0. 830. 02
%= 4l(n=9) 0. 600. 05 0.75£0.04" 0.78£0.04™  0.73£0.03"  0.630.03" 0.630.03" 0.60£0.03"  0.6320.02° 0. 82:0. 03"
I %=4(n=9) 0.550.06 0.58+0.04" 0.60:0. 03 0.58+0.03" 0.65:0.02"  0.70£0.02"  0.65:0.01*  0.73£0.02*  0.80£0.01°
R (n=9) 0.55+0. 05 0. 40+0. 03* 0. 48+0. 04" 0.36+0.01° 0.38+0. 02° 0.50+0. 01" 0.52+0.01° 0. 63£0.01° 0.81£0.01°
P4 (n=9) 0. 65+0. 06 0. 64+0. 05 0.59+0. 03 0. 60+0. 04 0. 58+0. 02 0. 66+0. 02 0.61+0.01 0. 68+0. 01 0.67+0.01
ZEHA(n=9) 1.40+0. 04 1. 59£0. 07 1.5120. 04 1. 44+0. 05 1.72+0. 09 1. 62+0. 06 1.58+0.03 1. 46+0. 02 1.55+0. 04
VL BRZS FALON SRR I, *P<0. 05; 55 AR A, PP<0. 05, 5] F— AUk, “P<0. 05
Note; except for the blank group, vs. the model group, “P<0.05; us. the black plaster matrix group, "P<0.05; vs. the manufacturer 1 group, °P<0. 03
Fz6 NEAREBRTIMUSBKFREMNNELER (x£s, mm/s)
Tab 6 Flow velocity of inferior lateral genicular artery among six groups of rabbits (X+s, mm/s)
@ TR AUk i
0d 1d 24d 3d 4d 5d 6d 7d 15d
" %—#(n=9) 93.8+9.8 71.6+4. 4" 70.0+3.9* 91.04. 1% 86.1+1.9° 76.4£2.9* 87.9+0. 8% 88.3+1.2% 134.442.0°
"R Z4l(n=9) 86.9:8.0 75.546.2 75.6£4.0 63.543.7° 78.942.3¢ 84124 102.6£1.0°  111.0:1.3* 147. 421, 6"
JR=H(n=9) 96.3£7.6 60.0:4.3  72.2:3.8 64.0£3.7% 83.2:4.9 8415370 103.0:2.2  106.8+3.3" 139.5+3. 7
EFH (n=9) 92.0£9.9 74.7+4.7° 79.8+3.4 88.4+3.2 97.2+2.7* 79.9+3.1° 46.4+1.0° 86.9+2.1° 93.6+2. 6"
P4 (n=9) 93.54£9.7 93.7£7.0 82.2+3.9 70.6+3.1 73.4£2.1 66.7+1.5 75.2£1.5 65.1£1.5 75.3£1.3
ZAMH (n=9) 202.7+15.8 190.5+9. 4 187.444.7 183.345.6 199.3+6.4 178.5+5.0 180.9+4.3 175.245.2 185.243.2

BRSSP, STEERALALL, *P<0. 05, 55 B 20 ARALALL , "P<0. 05; 5T R —4IHLL, P<0.05
Note; except for the blank group, vs. the model group, *P<0.05; us. the black plaster matrix group, "P<0. 05; vs. the manufacturer 1 group, °P<0. 03

Student | ZEFCS AT H 200 (D R—H . XM ] K
= A SERAAM L, 2 5 A SR EE L (P<0.05)
(2) HAb Al o] 25 55 G i35 L (P>0.05) ,

AR 6 B %40 0~ 15 d AR AT S it 4K 56,
0 d I 20N 2 5 22551, 2R FH Dunnett’ s C 3T Student #%
ZRCXT AT 22504, WoR S AR 245 0 d B T 4 3h ik
W ERTEITFE X, 15 d 4 F 5% P<0.05, B & 4
HERZ15 d B 225 A G128 X, R A Dunnett’ s C 3F
Student | ZEFS AT 240 (1) R—4 ) X4 ] XK
Y ERA SR, 2R E SRR L(P<0.05)
() FoMH T REHEGEFAME, Z2RA 52 (P<
0.05);(3) ) R—A.) H_H.) R=HAMMWEREGIT
27 X (P<0.05)
2.4 ETMREARTFERTHFTENHBIFR

BEF R TF 0.6 15 d RECH 4 bk, T LBY-
N7500B #EAR = M A8 S AT A T 42 1 86 B | 21 40 i SR 42 4R 4K
LA ASTE TR OGN, W3 7, & BAT S0 0T, th 4
M E 2T 20 B SR F5 UM AT 40 A T 6 50 3 AN MR AR 248
PREE T . () BEA 2GRt ) R—H T R ) K
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SHMI A S TEARK RIS 0 d N EF A ST~
B (P<0.05);(2) GBABIAMLL, | F—4H. ] X4 X
TG 6,15 d B ERIERRAK TR E R A ZITEE X
(P<0.05) , 4325 6 d B35 J53 41 B4 21 41 it 58 A 35 0 15 488 780 4 )
ERTHITFEL(P>0.05); (3) SERAMIL, | X_H%
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Tab 7 Characteristics of hemorheological indicators
of six groups of rabbits (x=s)

1) fi7 - HI/d -
I Z—#H(n=9) 2MEE/(mPass)  8.87:0.34  7.5420.06™  6.82+0. 16"
AR 9.04£0.09  8.68+0.28"  8.56:0. 18"
TAMEEAE 0.63:0.01  0.69£0.02™ 0,820, 02
FHRZH(n=9)  AMBE/(wPars)  8.91£0.35  8.0820.10™ 6,830, 18™
AMPREIRI 8.99:0.34  8.46:0.27  8.53:0.30%
AAEHIER 0.58£0.03  0.66:0.02*°  0.83:0.01°"
=M (n=9) 2MAE/(mPa-s)  8.890.24 8 11+0.24*  6.92+0.20°"
AMEERE  9.0120.33  8.3820.16™ 8. 650,24
ERE 0.56£0.02  0.66+0.01°"  0.780. 01
A (n=9) AMBE/ (mPass)  8.90:0.44  7.9450.20° 6,780, 32
YRR 9.13+0.40  8.93:0.31 8.61x0.33°
Ea [ 0E S Z 0.61£0.03  (.74£0.03*  0.86x0.03"
ERI (n=9) M/ (mPass)  8.89£0.34  9.00:0. 17 8.92+0.21
2R SR 9.04+0.29  9.03x0.26 9.14£0.26
MBS 0.60£0.01  0.62+0.02 0.61£0. 02
ZH4(n=9) AMBRE/ (mPars)  5.65:0.29  5.37x0.31 5.58+0.15
TAMEERE 7.18£0.01  6.99:0.02 7.10£0.01
AR R 2 1.01£0.09  1.0420. 04 1.0520.05

VR F141h, SRR, *P<0. 05; SHLTRALAIL, "P<0. 05, 5T K —HIHIL, “P<
0.05

Note: except for the blank group, vs. the model group, “P<0.05; vs. the black plaster matrix
group, "P<0.05; vs. the manufacturer 1 group, °P<0. 05
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