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P AT DUt A 28 A R P 4 I 86 38 PRI S i S B3, (HL AR A% B8 JE K APTT. TT (P<<0.05), B&RIL/MRFS% (P<<0.05),
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Comparation on effects of Moutan Cortex, Paeoniae Rubra Radix, and Paeoniae
Alba Radix on acute blood stasis model rats
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Abstract: Objective To investigate the effects of Moutan Cortex, Paeoniae Rubra Radix, and Paeoniae Alba Radix on the acute
blood stasis model rats, and reveal their mechanism and differences in efficacy. Methods The actue blood stasis model of rats was
induced by sc injecting adrenaline hydrochloride and soaking in ice water. Salvia Injection was used as the positive control drug. The
changes of viscosity of whole blood and plasma, thrombin activity, blood platelet system, and the contents of TXB, and 6-keto-PGF |,
were detected in the acute blood stasis model rats. Results Compared with the model group, Moutan Cortex obviously extended PT,
and TT (P < 0.05), inhibited platelet adhesion rate (P < 0.01), reduced TXB2 (P < 0.01), increased 6-keto-PGF, in serum (P < 0.01),
and regulated eNOS and p-eNOS expression (P <0.01, 0.001). Paeoniae Rubra Radix significantly improved whole blood viscosity at
different shear rates, extended APTT, TT, and PT (P <0.05, 0.01), reduced platelet adhesion rate (P < 0.05), decreased TXB,, increased
6-keto-PGF, in serum (P < 0.01), and increased eNOS and p-eNOS expression (P < 0.05). Paeoniae Alba Radix had no significant
effect on hemorheology, but could significantly prolong APTT and TT (P < 0.05), reduce platelet adhesion rate (P < 0.05), increase the
content of 6-keto-PGF1a in serum (P < 0.05) and increase the eNOS and p-eNOS expression in platelet. Conclusion All Moutan
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Cortex, Paeoniae Rubra Radix, and Paeoniae Alba Radix have varying degrees on hemorheology, coagulation system, platelet system,

but Moutan Cortex and Paeoniae Rubra Radix have the better role in promoting blood circulation compared with Paeoniae Alba Radix.

Key words: Moutan Cortex; Paeoniae Rubra Radix; Paeonia Alba Radix; acute blood stasis model; platelet; coagulation

P M B ERE (Ranunculaceae) HEAHEFH
Paeonia suffruticosa Andr. TR, IR, F,
WIE, O, B BE, AN, T, AR
AU B ERHEMIAT 25 Paeonia lactiflora Pall. 57|
J5~] Paeonia veitchii Lynch [ T15AR, W7, THIE,
R (IR O /1R £ [ P = RV
HEERHEYIANZ) Paeonia lactiflora Pall. [f]T-J5
MR, MR R, fUEE, A M, FRMIHL. S
S5 NTSbe SN o T ot I 1) S P R AN S R =
ATIE T FIRMEY), A2 B A R EAR AL, 35
WATZAF . AT R HIRAT 2 55 Bt 1 2R
MR TR W TRURAER . FHEMSEmR
J 3 B, B AT G ol e i PR ) 25 B AR AR KA
[, 4P R A i . WIS Tk, R4y
HAE MRS BRI BRI D, AT EAG R
TR ML D) 50 o AR SI2 56 T8 s K R il 38 A5 R0 PP AN 4 )
B ARAT S AT AR 06 3 i A P AL e
ITIRI, UM RE . AT 5 AAT IR IR & B 24
AL o
1w
1.1 ¢E8

Aglient 1100 fa0BAH AL (RLFEDY IR,
H B EFEAE, DAD iR RIS, 56 E 24
AF]D; MettlerAL204 1553 2 —RF (HRF )48
P2 ABATBR AT Milli-Q #B2i/KHL (E[H
Millipore 24 #]); BE COMPACT X 4= H 2l IfiL #A3 il
1%, MDK F280 4= H gl i AL 43 #11%, TD6001
B R CREER i AR AT B A ] D TDL-5-A
B CEIFZ SRS D,

1.2 K7

BT FHEB (5 110831-200803 .
13011208 A1 [ £ i 25 i A EF ST Be, ot H =
98%), EMATLTE . ATANERTT AT, R
AT TR B TREH A RE (S 14030708 .
14030611 13113009, 13030401 120827, J&#l7
B EYEAREGR A, PR E=98%), FhIRE
IR#E (I mg/mL, #it'5 10141102, LHEARFEHZ
AIRATD, MG g 2R R A
A, AR LW HAELZNEARAFD, K

HEME (ARHRAARATD, Z35: Fhifh
G EKEE 1 (IgG, Jackson); —Hi: MPTKM L
B4 LR G5B (eNOS, ab95254), i KRl
p-eNOS (Serl177 A7 R4k 1] eNOS, ab195944),
M2 % Bo(TXB,) 6-i-HT 71 1 % F,(6-keto-PGF,,)
ELISA &7 &30 B g 5l AR PR A ]
1.3 %

H P (b5 140506, Z M1 T2 H 290K A
J O IRAT (b 1412086, TU 5T fur 46 H 2508 F
MAMRATD . AR MR, KL HE
JABH, DU ) 25 AR A D, &R
R A R E L G R AR R S E N EE
BHEYHE P Paeonia suffruticosa Andr. [¥)T15AR 57 o
EEREHEYINFRAT Paeonia veitchii Lynch 114§
. BEEHEYIAZ Paeonia lactiflora Pall. [T 1§
o FFEISHE (IS 1411233, EREHERZ
HIRAFD.
1.4 ¥

TR UHENE SD KRR 60 ., 4RI & 180~250 g,
HYL 58 B 25 T B sE i sh b ik, Sk E
5 SYXK (73) 2011-0017,
2 FHiE
2.1 IXGEBRAE &
211 RS A S 2 B ARER
PP AT A% 300 g, I 75% el
WAREL 2 ¥k, 5 1 %0 10 fi5 8 75% 40, 5 2 Ik
hn 8 fiit 75% LM, BERGEE 1.5 h, DAk, &
FE 2 WRPEW, IREHRSE 4 300 mL, 24 T4 T
G 1 g 52k
2.1.2  HPLC &0 A AR s ) il 2% ket
Fev ARG BRI (GRL 3 50D, REEFRELL 0.5
g M AR EATRIR, 4r5lE 50 mL HEEIH
H, 025 mL 75% SEEANFIETA 1.5 h,  [RVEFREL 2
W, YeR, AIFIEWG 0.45 um AL E S,
RIf, fFEHT HPLC 5047,
22 HAK. 74, BAUERS S
220 ALY iRk Hedera ODS-2 (250
nmX4.6 nm, 5 pm); WAL (A -0.1%H
PRV (B), BREEZENE: 0~20 min, 5%~10% A;
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20~30 min, 10%A; 30~80 min, 10%~18% A;
80~ 120 min, 18%~50% A; AR & 0.8 mL/min;
FEIR 25 °C; KIYEK: 254 nm; BEFRE S 10 L.
222 XHSEWIIEIE R SR T
& 1.53 mg. EAATZF 1.02 mg. 2B 2.22
mg. AT 3.13 mg. AR TEERIARE 2.21 mg.
ARHBATT 1.33 mg. FHEM) 2.59 mg, # 10 mL
s, RS, JERB R, BN, it
TR AG, SRH AR, 33— R5i
IR PSR A I AR, 0.45 um H HUFLUEMS
e, KH.

223 HEPRE L RS ARG e B E 4
FHEE S A AR YR “2.1.27 TR RIS, %
“2.2.17 TP B AR AT

2.3 HARK. 7%, BAEMLERLK

231 a5y HOSD KR, ME. HEMER
e, 60 FUKFUBHAL 2> BO IR L AR | FH A 244
BEPH A ARATH AT KHHRA . B A 3544
10 mL/kg ig AEFRER/K, FHMEZGA ip FFZ 90 (SR
2iM 3 ghkg, TEFASISEFBAHST 1.5 g vy
MO, HF R JRZ5H 5 g/kg, TOAREGTHIE ML
FIED AT JRZ5H 5 gkg) AT R 254
5 g/kg) 4% 10 mL/kg ig 4524, LA L&A IIRERS
22K, EEEY T d,

2.3.2 MK BRI RS S Mok vED 2
SR AR, 55 7 KRG E2E . PR iddl
Ah, HRFAY sc 0.1%hRE IR ETESHE 0.8
mL/kg, XA sc SR RATEK, 2 h G, BRXT
HALAh, BHRSARRETUOKFEE 5 min,
B, WORBLE T, 2 h 5 TR sc 0.1%25 2
PRSI 0.8 mL/kg, Al i, &Sk s
PN R

233 MEGAREFRAR SN SRR BRI D) RE T bR
e 28 8 K, #4524 30 min, KL 10%/K%
S ip BRI, AU 3 mL, JFEAIPIEE
FEC3 mL M, 3. 8% kIR BIPLAE, Pkt S
W% 1 9RA), 4Ifl 3 500 r/min, 5.0 10 min,
Wb, BRI, SEAVL IR s 45 o s Bkt 56
b SRHA B MRRA AT 4 B B S5
SRR AR S (ARG Mkt D) Redabn: Bt
A1 P SN TR] CPT )« 38 703 A4 458 L35 Wl ) [H) CAPTT)
HEIMLAGIN [A] (TT).

234 IM/MRFEHERBWE  F EDTA 1 0.2

mmol/L J45 Tyrode ¥ (pH 6.5) f 4% : NaCl 8 g.
KC10.2 g. NaH,P0,40.05 g. MgCl, 0.1 g. NaHCO;
1 g. #i%ik% 1 g. EDTA 58.4 pg, WA KEHEE 1L,
FWEIR I pH A 6.5, /MR IIHI%: 18 E sk
1M, 3.8%MIKIRINPLAEE, PLitASImmELL 109 Wi
4], 800 r/min 5.0 10 min, B 3%, EIFS5 /)
BRI, FF 3 000 r/min .00 10 min, HPLHE, B
FRIM/IAR, Tyroder HIRVER: 2 IR, PRI/
BEJ 4X10° AN/mL. XS AR 40 (pNpp)
W% RS FREL pNpp 0.05 g, #7412 0.13 g,
FrRE R =4M 0.55 g, I 25 uL Triton X-100, &%
% 25 mL.

TERCE SRR P R AEAS /ML I 1 mg/mL )
[ IR A 100 ul, 4 Cibad . Al i o [ N
R AE I FH 75 2 FH AR B SR K e 2 Wk, 43 3N 100
uL S MR, 37 CWEH 1h, PBS it
Tl SRR 2 %, BRI 150 pL f#) pNpp %
FEIIEE 1h, 100 uL 2 mol/L NaOH ¥FHZ 11 [V,
4 [ ZNEEARAAE 405 nm WEROGEE (4) fH.
2.3.5 Western blotting ¥4l ifi /M P iz 1 —28 4L
RO (eNOS) FIERRLILIF) eNOS (p-eNOS) HH
Rk B SR SR NN ZE AR 78 53 41
4 °C'F 13 000 r/min, &0 10 min, B3, F 95~
100 ‘CH¥ A 5 min JG oK LA EAE, HEATHLIK 2 29
Wi i 1E & 80 V £ 30 min, 43 25 % 100 V £ 90 min,
W, BT HB I P 15 min, $Z1ER
200 mA JEHH, HEFEES 100 min HEAT7EL I, PVDF fii
1 SY% ek B AR B (4 °C, IR, Fk
B AVE IS BN —HiPiis (1:1000)
TRIRTEGE (4 °C, ), PBST EUEIEN 4 Ik,
R 10 min. K HRP 454010 91 G4
BgFRICHUAR, U EPEREE 1050000 =i
NREZIE 2 h, )5 PBST 7e/rvbi, 2t 4
W, AR 10 min, 3% 0.1 mL/em® 55815 1 &,
¥ BNt PVDF L, SEJKCE 1 mine HR
R I af ORI, B TR R
g, BT
2.3.6 ILiEY TXB, M1 6-keto-PGF, IR KR
HRAERIKEAL, A In$iEesn], 3 500 r/min Z5.00 10
min, H_E3F, ELISA AE TXB, 1 6-keto-PGFy,
(R, AR IR G U B P AT H A
24 FitFEHE

KH SPSS 16.0 Gevh- A0 Bl AT ZFEA ¢
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R T MR, SR L T s FOR wonmn 5]
3 sE ! 1
3R B BSEAMAER N | % 4 i
AW R AN VNI S BV EATY vl L8 )T AE D Y o 3
[f) HPLC [ LI 1, LA (LU iAL (V) %% ! L

QO BATEPERIA, S fEET R HOER
ORI 1o AR5 18000 IRRHE Hh 2 v 54
FHES IRAd AT TS%RER A o R, B
FEMERIE 3 I, MEER I 2, AT AATT
BRI A B IR AT ATNBETY . AT
. LB TR RHBAT 2T P
HIF R 2R h B AT B E R RERSL Y, FLAt R0 2
RERHINE], (HASIME 3 Ry AR RO 22
G, ARATHIAT T B L P B R AT P i R
IRATE AT AT 25 A BT B, T B
Y BB R ] S e T RS AT

32 HAK. KA. BAEMIER LR

0 20 40 60 80 100
t/min

B TR B R RO 2R LA AT S HR
3.2 MEFAR AR bR SN L ANIRTEEE DD ReFabs CTEAARE 6T TSR
PT. APTT. TT Hjﬁjf gﬁ %EL %% 3, 5 X{]‘Eﬁéﬁ /{ﬂ I;[j , 1-gallic acid 2-oxypaeoniflora 3-albiflorin 4-paconiflorin

5-1,2,3,4,5-O-pentagalloylglucose  6-enzoylpaeoniflorin  7-paconol

LR 20 A ifiL ¥ B RN SR RN P TR (P<<0.05
0.01), IMEFAFPESG R, 07 A7 & o e o 1
AR (200 ) R, ARATLLAE T GE 4 1 B
B (P<0.01), 4EPFRAS5 (A4 e W2 /E - .

REMRAEEHMERY HPLC BiEE
Fig.1 HPLC of mixed reference substance and alcohol extract

of each medicinal material

F1 THESMEEAARE. BXABREEEE

Table 1 Regression equation, correlation coefficient, and linear range of seven components

J 4y EfEWy i r2 e VEVE Hl/pg
BET]R Y=16612X—11.72 0.999 5 0.038 1~1.525
FULAT A Y=16533X+16.5 0.999 4 0.025 5~1.020
AP Nl Y=153.95 X—46.602 0.999 6 0.055 5~2.220
ATTT Y=155.47 X—21.138 0.999 3 0.078 3~3.130
TR T A A Y=736.09 X—2.269 5 0.999 4 0.0553~2.210
R RS 241 Y=227.71 X—0.1756 0.999 7 0.033 3~1.330
P B Y=991.45X—3.5677 0.999 9 0.064 8~2.590

R2 HAKR. FASENHMERY D 7T HLFERSHE (X £s,n=3)

Table 2 Contents of seven components from Moutan Cortex, Paconiae Rubra Radix, and Paeoniae Alba Radix (X £s,n=3)

T4 B (mgg )

i Bfr i AWATAT ATANERE AT R TR ORI 2 ¥ By
TR 1.26£0.01  0.44£0.01  12.62+0.02 27.85+0.02 5.16%0.02 1.70£0.02 0.30%0.01
H7) 1.62£0.02  030%£0.01  1570+0.02 21.40+0.01 4.04+0.02 1.48£0.02 0.1240.01
S 1462002 0784002 0.00£0.00 11.76+0.01 4.94+0.01 1.06£0.02 16.84£0.02
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£3 HAKR. FHSEAMSMEMAEERX R MRREFEROFME (X £s,n=10)

Table 3 Effects of Moutan Cortex, Paeoniae Rubra Radix, and Paeoniae Alba Radix on hemorheology of acute blood stasis

model rats (X L5, n=10)

Pk}

A1l F 5 /(mPa-s)

21 51 (ke ) Y @005 Y] (305 ) 0 G 1 3% % /(mPa-s)
o) — 3.61+0.16 5.06+0.19 9.77+2.32 1.25+0.07
LAY — 4.70+0.22% 6.33+0.51% 12.13+2.88% 1.37+0.12%
PS5 3 4.05+0.23" 537+0.26" 10.38+2.50" 1.28+0.16"

H P} 2 5 4.57+0.15 5454022 11.314+3.30 1.30£0.13"
Zine] 5 3.9940.37™ 5214029 10.42+2.70" 1.32£0.10
Sko] 5 45340.17* 6.1310.64 11.80+2.80 1.35+0.08

% A LA *P<<0.05
b “P<<0.05, FIA

#p<0.01 "P<0.001; HERALE: "P<0.05

"P<0.01 "UP<0.01; SHSFEALE: “P<0.05; HiRATA

P<0.05 *P<0.01 *P<0.001vs control group; 'P<0.05 “P<0.01 ""P<0.01 vs model group; “P < 0.05 vs Moutan Cortex group; *P < 0.05 vs

Paeoniae Rubra Radix group, same as below

o AGIAER 30s's 3s D) R, HPHRA S AR
A1) 0 B AR M A 2R OK B4 &G (P<<0.05.
0.01), FI5 PGS I i A 20 Bl 4 1T R FEE TG B AR
P R A 2 AR IR AL B (P<<0.05). 5 A4l
B AT R DIASR (200 ) R4 E,
JE (P<0.05),

PR 2 B AR~ AL BeAE T AN IRk i A7 i e
FERIMHA KA PT (P<<0.05), FAGZHN%S PT
TR IRIRE M s ARAT L 55 PF R 20 1) D) TG S ) 22
Fte FATALL AT REVE T T YR TEISAR ) 2 A
KA K APTT (P<<0.05. 0.01), H/RA 5%
X} APTT EHIAT B3 25 (P<0.05), Tfi4t,H4l
Xf APTT FIVERIRIE R B2 R, HYE A4
A BENEZESS (P<0.05). HIHRA. F54. A
ATHIRE R E K TT (P<<0.05. 0.01); 5 F2A54HM]
b, FATHEEEK TT (P<0.05). 4% 0E 4.

F4 HAR. FY. AWM 2EMFER KR PT. TT R
APTT IR0 (X %5, n=10)

Table 4 Effects of Moutan Cortex, Paeoniae Rubra Radix,
and Paeoniae Alba Radix on PT, APTT, and TT of acute
blood stasis model rats (X *s, n = 10)

ﬁU%{ PT/s APTT/s TT/s

(gkg)
ol — 15934015 18.80+135 22474145
i —  1423+031% 1943+151  20.30%1.30"
FIBAE 3 17.232070° 242041307 26.30+2.46°
FPHRE 5 1847£1.18" 20.73£1.59  2520+1.05
IR 5 19.03%1.15" 2647+1.157 29.73+3.317
S5 5 15574+135%422.80+1.85™ 23.67+2.57

3.2.2  [M/MRFET R ) eNOS. p-eNOS & [1KIA
ACERILLE: B 2 af W, SRR LR, B
K UL/ ARG B 2 B B 3 (P<<0.001). 554
YUELA:, 4EPRRZ AL ARATAL ALK RN ES
By %24 2 R B (P<<0.05. 0.01); 57254141,
YL K 20 5 AR AT 26 /MBS ARG B 3T B )
sk, HHFH A S A A, ArEREEER
(P<0.05).

37 it

A 405 nm

B PEBERHR M A AR

X
2 HFER. FRATE BAHIEII MREMIEYER (X £5,n=10)

Fig. 2 Inhibition of Moutan Cortex, Paeoniae Rubra Radix,
and Paeoniae Alba Radix on platelet adhesion (X x5, n=10)

M 3 AL, S A by, AR 2K Rt )
B[] p-eNOS. eNOS 5 /KB BRI (P<<0.01.
0.001); SEFRIZALL, 4 ) 5 20 B35 4 1 p-eNOS.
eNOS [ FI/KF (P<<0.01. 0.001), HRA415
AT BERE N p-eNOS. eNOS [HE /K (P<
0.05). HHtFHRALLE, AATH S AATALE R
59, HAFAERENZER (P<0.05), HFEASEA
WAz MR EES.

3.2.3 I+ TXB,. 6-keto-PGF, K FHILLE: 45 5R
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DL 4, B2 S0 I ATAH L TXB, 6-keto-PGF,, 34
HEENZES (P<0.01). HSFHR A LAY B
BRI T TXB, i (P<0.05. 0.01), HFt&
6-keto-PGF,, [FJH (P<<0.01), HAHAEEZE T

6-keto-PGF, [{]H:(P<<0.05), HHAFHRILIE H TXB,
ISR, (HARERBEEER . 554U, A
AU IS TXB, Mg 259 (P<0.05), H
Wiz TXB,/6-keto-PGF,, 2R3 (P<<0.01).

p-eNOS/B-actin

A AN

B N1E MY
TSR

GuE|

T
0.8 9

eNOS/B-actin

B VS TR RN AA
TSR

3 HAKR. FOSEONRMEMAEE KR M/MRF eNOS F1 p-eNOS ERFRIZHIFM (X =5, n=10)
Fig. 3 Effects of Moutan Cortex, Paeoniae Rubra Radix, and Paeoniae Alba Radix on expression of eNOS and p-eNOS in

platelets of acute blood stasis model rats ( X Xs, n =10)

800 1 807

2 NS
~ 600 1 % 001 i

LT} 3k sk E/D
=y =

£ 400 o 40
& g

=200 1 £ 2071
4
&

0
XM B PR HPh R A
TEST

X T2 BT R AR
TESTR

—_
W
)

k3 kk

—_
(=}
1

TXB,/6-keto-PGF,
wn

XM B JI2 HPh R B4
TEAT

4 HAE. FAE5FAMEMMFEER X R MER TXB, Al 6-keto-PGF,, ZKFRIFZMN (X L5, n=10)
Fig. 4 Effects of Moutan Cortex, Paconiae Rubra Radix, and Paeoniae Alba Radix on levels of TXB, and 6-keto-PGF, in serum

of acute blood stasis model rats (X s, n=10)

4 it

MBERAR S, e MBEEAT R B AR A,
W, WM AT IR o A AR, H i
B AT AR O TR IR, AR 2 500 AT T3l
vk, WO T R LR i AR
SO N T LA AR S O LR AL A, 7ML
WO AR ARG MBS 5, WSR-S I SR K
FFANE T POV AT AL 2 WA S I A P8 Ak
W 5 R AR P O AR T A o 286 R o 2

JEE S T M B AR AR R M, I 3K Le AR ARt
CMALE RGN TR« ¥R)TH EE SN
ARSI, JRATHENS 3 s AN R D AR Z R IR
RUOR B M REBE, 4P Bz 41 S AT AL AN R
AR AN IR A I R R i 2 R R AT A 59 ) B B
I E R, W RAT 78 00 4% T 3 AR R A
I AT GRS L RN s o e
Pk, A BT R R AT 5

PT. APTT. TT slfu/RK EH A AN FhJE
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PEEE 1 FR Ze D e f i T RO 38 g3, AR S b
VALY TS I I ] A2 758 10 3R G s ) 2 W 4
BRI, PT &AM BRI 2RSS IR S5 hR, S eIl 3%
ISR KT, APTT s Bt pAy 905 o DR P 9
WA, TT BT WL SMIERELE AR 1S A
R, ASCEG%ESE T PT. APTT. TT 3 MEARHT
FHFE R FAT . EIATPUE I TR, B2 K i
I PT. TT R4k, U2 K WAL R4
WIS AP 4l R PT. TT, Stk
AR K BRI R 2 ARATALE FAE K PT.
APTT. TT, ARLELEPH . AL AR I R
MRS, HARMEEE AR IR AT 4L}
APTT. TT HEKFIVEH], Xt PT Jo 2 st /EH]
FEFHRE S AR ERTGEE A AL, R I A
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