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by integrating efficacy experiments, network pharmacology and HPLC. The rat model of blood stasis syndrome
was established, and the blood rheology index and coagulation four comprehensive evaluation were carried out.
The results showed that compared with the model group, the whole blood viscosity, erythrocyte sedimentation rate
and erythrocyte aggregation index of the rats in the RRR-PS group were significantly callback (P < 0.01). Network
pharmacology found that RRR-PS combination exerted the effect of activating blood circulation and dispelling
blood stasis by acting on calmodulin-1 (CALM1), nitric oxide synthase-2 (NOS2), glucocorticoid receptor (NR3C1)
and other targets, regulating platelet activation, peroxisome proliferator-activated receptor (PPAR), vascular
endothelial growth factor A (VEGF) and other signaling pathways, and found key components: sennoside B,
(+) -catechin, emodin, physcion, rhein, aloe-emodin, chrysophanol, gallic acid. HPLC was used to explore the
dissolution rate of key components. The results showed that the contents of catechin, emodin, chrysophanol and
physcion were significantly increased after RRR-PS combination (P < 0.01). In summary, RRR-PS has a significant
effect on promoting blood circulation and removing blood stasis, and its mechanism of action is related to promoting
angiogenesis, anti-coagulation, anti-thrombosis and anti-inflammation. The efficacy is related to the change of
solvent system and the large dissolution of catechin, emodin, chrysophanol and physcion after the RRR-PS
combination. The results of the study can further provide a reference for the follow-up study on the active substances
and mechanism of the RRR-PS combination. Animal experiments have been approved by the Experimental Animal
Committee of Shaanxi University of Traditional Chinese Medicine (No. SUCMDL20210309002).
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K # (Rhei Radix et Rhizoma, RRR) 7 %€, 3% Jitt #i
I, INREN MLy, IR £, (I uE e ) & e “Re
FREOHT, LA BH AN, MU JE 18 T 17 2 b, 30A AN
Ib, R¥g2z M, INEAIE . a5 H 25 5k, Beae v i il
Z oMk (Persicae Semen, PS) ¥7 . H, “F, & iif M55,
T I AR o CRR AR AR BLZVRRARA: “ Fs i, 1P 7 iR =
AR SRS, —F—NI, REEHA AR, W%
/AN 111572 ) 5 Q= 11 AN S T 7 ) P Y
3 0K 38 AH AT, AE 3 I 5 i, AR 2 77 B
Wi
PLACHIE 703 B K 3 B A S Ik I ot R S A
FEAEH . M S ma iy 2 i TR 2, R AR B B 1S
M ALFEAE M. SRR ZH J HHAT 70 R DA [R)E bL 1) K -
BEAZ 2% (RRR-PS) 235} g 22 4 T 350 & e K SRS,
DA B & i AL 9% R BRBE R 7= A v A . AR BT
iR 2 @, B A Xt T RRR-PS A I A6 575 1 i 2 —
BB SRR R OC RANTE R, 29 LR R A I . AR
WA AE h AL IR AR T T, @ i oK BRI 8 E A
YU S L 9 A8 i A A 8 I U T 6 A7 58 1IF RRR-PS ¥
MAGFE TR o 35T SR F I 4 25 388 2% 3 i L D8 o
43 FAE R AL, 6] F HPLC 4 T RRR-PS it 5 K3
IR0 o B ) i #2784k, ) B RRR-PS AH 20 8 F i
AT 7§ L i 3133 — 8 JT & RRR-PS Az
5277 W25 304 E FANLAIAIT 78 S FL 0T &b B ik 7 B e 3
AR -

MR 57E%E

L& LG-R-80A 4x H 3 Il ¥ ¥ 28 AL LG-
PABER-1 Y [fil /)M 58 42 3 1L IR 7 3 A 43 (I st 7 el
AR A ), PCRE R KB R (IR SLACE AR
FR 2 &]); Waters 2695 /= S0 A 154X (35 E Waters 2
al); GB204 B H 173 i R (b 38 2 FI A 28 R 4
H IR F]); TDL80-2B & oML (i 22 5= R EAXER ) ),
KQ-200KED i 7= BB Yedl (I B LT 8 A A A PR
ANF])s

AmERT W RECR TR AA S, P
(F B9 Rl T BR G 44 h BE 2 K 2 ), A
AR G BN IE . MRS FEEETB ditS:
315A022)(+)-JLA & (iS5 708G024). KiE &R (L5
1205A027) K 2 H ik (it 5 : 718C022). KB TR (it
51 526B023) 2 KB FR (L5 531B022). K By
(5 523D025) A& FR (k5 : 725G024) 1 [ 74
ZREEMAR AR, K E S B KT 98%. il
HEE I [ P 2B A A PR A o BhR'E EIR RS
W (35 H42019700) 1 B H B TR 25 A PR A
Al FFEAN (5 55656¢) 16 H m T B 2 A R A
Al SRR FE N 95%, W H RHEET R 4 14k 2R R

\

&l

L\\

o

SLIGEh4)  SPF 2 14 1) fi ¢ Sprague-Dawley
(SD) K5, & (270 + 20) g, W4 [ 25 % % P& K245
B E Y ATHIE S SCXK-(%) 2019-0007. 4376 M
Fr T Bl B2 KA 2y e th 25 2 B SC B % . Bk



- 2128 - 22224 Acta Pharmaceutica Sinica 2024, 59(7): 2126-2134

36 L3RG BR VG Hh 2 24 K 24 S0 S ) 25 A S ik (ki
5 SUCMDL20210309002).

mYElE  PEAT RS 7T, RRR-PS (1:1) i
T I AR 25 R A £, 43 0l R DT ) K 3 250 g BR AR
35250 g VRA G RUIN 86 f5 E K, & #4 [H] It $2 BY
1 h, b 38 J5 4 ¥ 200 P UOK B & 9F, 5 70 °C &A%
TR AT KB I, BEERFEEM ST AL
(191 g-mL", IR 46 14 250K BV B E -4 °C¥ ik % FH

SEE5%T SD KR IL32 K, HEEENL S Xt IR
41 AL 4] RRR-PS (1:1) fik 71 & 4 .RRR-PS (1:1)
AR, A% 8 R . AR mAIEH S T
SR 2 ) B I PR SE AR 1) 4 % (0.64 g'kg ') 9
(1.44 gkghyo X HEZH BEAY 2 59 ) E B 45 T S5 AR A I
ABRERIK, B H — K, ERA Y21 K.

ERR R 20 K, BRxFIRZLA0, 2 . RRR-PS
(1:1) {R7E4H .RRR-PS (1:1) =78 4 47 20bk i
BB 1), o R K 4 T A LK BR 9 3F 0.8 mg kg 11
BT EIR RS, PRI 4 he TESE —IRIES
2 h i, KRR RURCE T 0~2 °CUK/K FF K% 10 min,
K R B MR A . B R ER KIS, R RAE
BAEEK, THIG—IRG )5 12 hiFHES 10% K&
i JRR IR S AT IR 32 3l Bk L

ML HIBZ D AW E T TCMSP. TCMID.
BATMAN-TCM 4 2 9 45 & SCk™, ¥ 5 24 OB =
30%, DL > 0.18, 2 #k #% %I RRR-PS % ¥ 1 43, & 37
RRR-PS /Ny T #u ¥ 2 . 38 ik PharmMapper 7E 28 43 BT
F- & . TCMSP #l BATMAN-TCM %% /%2 & 37 RRR-PS
B 05 P2 . B RRR-PS Fr XF B [ #E f5 78 TTD. CTD.
DrugBank £ 4 22 347 & 56, 15 21K 3% - BR A= 3E 14k i
FHOCIHE A, B H SN String B4R B, 3K EA-EA
FHEAEF (PPI) 5% &, it Cytoscape £4 ## (RRR-PS)-
B —#E s 2% . H Cytoscape % {4 H 1) Network Ana-
lyzer 3 11 34T 36 8 43 B« % F DAVID #5085 F2 i3k 1T
KEGG Al GO I it & % . i i Cytoscape ¥ 1
ClueGo 1 CluePedia i £ XJ # s HEAT I8 8% 43 #7, 14 2
4§ Kappa Score Threshold 24 0.4 347 T 43 21, # Kappa
Score Threshold > 0.4 [/ N4 H B TR —4H..

BIEEG O NEA C18 (250 mm x 4.6 mm,
5 pm) A RERE; FBNAH N FEE (A)-0.2% B2 /K (B), ik
AT BAFE BB : 0~5 min, 5%~30% A; 5~8 min, 30%~
42% A; 8~13 min, 42%~53% A; 13~18 min, 53%~
68% A; 18~35 min, 68%~100% A; 35~37 min, 100%
Ao R E N 1.0 mL-min™; A5 4 30 °C; #69% K
9260 nm; HEFEEN 10 pL.

PR GRRREEIE Bk KRS OB,

H-JLFEERRER KA CRER . 2R
ROREE S TR, T 10 mL &S, FEE
VAR MR 22 10 mL, 75950 &R B 43008 0.158.,0.125
0.125.0.125.0.113.0.141.0.121.0.137 mg-mL" ] X} &
A, 7E 4 °C T ARAE %

ik BB RABIE TSR W, %R E
0.1 g, BT 100 mL HZEHEEHH, FREEMA 4.5 mL H
i, FroE B ats, HRE A (ThE 500 W, S 40 kHz)
30 min 5, AHEER. fMERE, B EE O
10 000 r'min™ &>, B F 3, 0.22 pm il L 98 B 98
A, BPAS R AR AR . R -BhA 25 %, UK
#0.1 g MRAZ0.1 g IR 121, J5 24 [F) oK 3 sk
2 AR S T TR 4 T T

FEFER

RPERRTE R WIS R B A & T 2 4
68,1012, 151820 uL AT W&, Fic 35 H W [) A
WETHI AR . R EE TR AARR, VE A N AL AR .

Ko RS S VR A R T, T SRk R
6 UK, 1SRV T AR T & B 7 RSD o

R A R IR — Ak L, 23 S AE i %
JE 11022481624 hii 47 Wl 7 I 1c s A7 Wl Rl 7 1) Vg
AT E RSD.

HEMW FERDOCEFE MR R 6, il & ik
BRI, T3 0 3R 0 SR I R 43 4D 0 T AT

IREE A R BB O BT Rk K 6 1, 43l
TIP3 AN T I R VAW, N R
TRPE T S H 2 0y, H% AR VA VI ) 4% TR AR,
HERE, 10 I o R U T AR, B Tl 3

SEME FEWEO1 g IS FFMEE S, 717 H)
FE 3 007, 42 Bk it V8 VR P ) 4 T 454, 4 Bl ok
TR 34T 8 Bl Ak 27 Jl 20 W 5 o 3 3% % i o U T AL
I B8 A TE FE A HR A G R TR R R 50, T
SPSS A3 HT -

WAB 4 18 IBM SPSS Statistics 21.0 48 i1+ %
H BEAT BOHE SavE 43 B, 2 TR B0 SR FH B TR 25 0 22 o
(one-way ANOVA), I 41 ¥ 2% 73 H1 2K F BOALFE A ¢
56, T BE L P < 0.05 NERH it L.

4
1 RRR-PS 3 MFE A R MLRIR S 89 $200

M5 KR 41 %E FE (whole blood viscosity, WBV).
M7 (erythrocyte sedimentation rate, ESR) £ 41 il 58 42
$8 34 (erythrocyte aggregation index, EAI) Ifl ¥ ¥t A% 5
Ao I 6 L DY T30 #5E ifiL 15 )52 ) 8] (prothrombin time, PT).
T AL 23 B AL TR TH] (activated partial thromboplastin



A BRAE: T DRI - ) 4% 24 B 2~ HPLC 4R I K3 - B AT O A IR I 0 B it S 7y AR I BLAR -+ 2129 -

time, APTT). £F 4 & 1 i 4 (plasma fibrinogen, FIB).
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The effect of Rhei Radix et Rhizoma-Persicac Semen (RRR-PS) on hemorheology indexes and coagulation indexes of acute

blood stasis model rats. WBV: Whole blood viscosity; ESR: Erythrocyte sedimentation rate; EAI: Erythrocyte aggregation index; PT:

Prothrombin time; APTT: Activated partial thromboplastin time; FIB: Plasma fibrinogen; TT: Thrombin time; RRR-PS (4) and RRR-PS (9):
Extracts of rhubarb with low and high-doses. A—D: The influence of each group on WBV (200 s™"), WBV (30 s™), WBV (5s™), WBV (1 s7);
E-J: The influence of each group on ESR, EAI, PT, APTT, FIB and TT. n = 8, x £ 5. P < 0.01 vs control group; P < 0.01 vs model group
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Figure 2 (RRR-PS)-component-target network

Table 1 KEGG analysis of main targets

Group 1D Term P-value
Group00 WP:4462 Platelet-mediated interactions with vascular and circulating cells 1.74x10*
Group01 KEGG:05410 Hypertrophic cardiomyopathy 2.34x107
Group02 R-HSA:1592316 Initial activation of prometalloproteinase 1 (proMMP1) 2.23x10°
Group03 KEGG:00910 Nitrogen metabolism 1.74x10*
Group04 KEGG:04064 NF-kappa B signaling pathway 3.50%107
Group05 WP:1982 Sterol regulatory element-binding proteins (SREBP) signalling 1.34x10°
Group06 WP:229 Irinotecan pathway 7.45%x10°
Group07 WP:247 Small ligand G protein-coupled receptors (GPCRs) 1.17x107
Group08 WP:4136 Fibrin complement receptor 3 signaling pathway 1.95x107
Group09 WP:98 Prostaglandin synthesis and regulation 1.08x10™
Groupl0 WP:554 Angiotensin converting enzyme (ACE) inhibitor pathway 7.39%x107™"
Groupl1 KEGG:04924 Renin secretion 5.01x10°
Groupl2 KEGG:04611 Platelet activation 1.67x107
Groupl3 KEGG:05204 Chemical carcinogenesis 6.11x107
Groupl4 KEGG:04261 Adrenergic signaling in cardiomyocytes 1.80x10°
Groupl5 KEGG:03320 Peroxisome proliferator-activated receptor (PPAR) signaling pathway 1.40x107
Groupl6 KEGG:04726 Serotonergic synapse 1.48x10”
Group17 KEGG:00590 Arachidonic acid metabolism 4.39x10™"
Group18 WP:167 Eicosanoid synthesis 4.39x10™"
Group19 KEGG:04370 Vascular endothelial growth factor A (VEGF) signaling pathway 6.80x107
Group20 KEGG:05133 Pertussis 6.11x10°
Group21 WP:15 Selenium micronutrient network 4.67x10™°
Group22 KEGG:04020 Calcium signaling pathway 9.80x10™"
Group23 KEGG:04728 Dopaminergic synapse 1.98x10”
Group24 KEGG:04610 Complement and coagulation cascades 4.40x10*
Group25 R-HSA:376419 Formation of nuclear receptor-mediator of RNA polymerase II transcription subunit 1 8.42x10™"

(NR-MED1) coactivator complex
Group26 R-HSA:2161899 Arachidonic acid is epoxidated to 8,9/11,12/14,15-epoxyeicosatrienoic acid (EET) by 1.02x10”

cytochrome P450 (CYP (5))
Group27 R-HSA:1566962 Elastin degradation by elastin-degrading extracellular proteinases 1.10x107
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=AU
3.1 FEEFER
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M K SEIR 2 KB KB B8 TR RSD A 70
BN 1.83%. 1.53%. 1.38%. 1.01%. 1.17%. 1.06%.

Table 2 Regression equations and linear ranges of 8 constituents

Linear range

Analyte Calibration equation B ”
/ng-mL
Sennoside B y=1205.10x — 4 072.1 28.2-282.0  0.9999
(+)-Catechin ~ y=312.59x -1 100.1 24.2-242.0 09996
Emodin y=3800.10x-11971.0  25.0-250.0  0.9999
Physcion y=69551x-3521.8 25.0-250.0  0.9998
Rhein y=3169.50x-14085.0  31.6-316.0 0.9999
Aloe-emodin ~ y=5934.00x - 16 847.0  25.0-250.0  0.999 9
Chrysophanol  y =6 934.50x + 6 380.3 22.6-226.0 0.9999
Gallic acid y=3251.40x-8772.6 27.4-274.0  0.9999

0.61%-1.36%, RSD A 1) /N T 2.00%, 45 F 3R WA 28K
R
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Figure 3 GO enrichment analysis diagram
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3.1.5 fIAEEUER R INEE RIECRTE 96.10% ~
103.42% 2 1), RSD 18 43 5 N 1.66%- 1.54%- 0.36%-
1.28%+1.93%.1.84%-1.02%-1.36%, TE4N 45 F L3 3.

Table 3 Sample recovery rate and RSD of 8 constituents

Analyte Sample recovery rate RSD value
Sennoside B 96.10% 1.66%
(+)-Catechin 100.12% 1.54%
Emodin 96.34% 0.36%
Physcion 103.42% 1.28%
Rhein 102.36% 1.93%
Aloe-emodin 98.54% 1.84%
Chrysophanol 98.40% 1.02%
Gallic acid 97.36% 1.36%

32 BEMNE

K4 EH 8 M ik e BRI . K4
45K, RRR F1RRR-PS H R & V5 F B 4 7 R4
(& B BEMEZER (P<0.05). RRR-PS LA H
M LZR R R BT KTy K8 5 B IX 4 R o 10
FE, RRRRAF M EHEEER S (P<0.01), RRR-PS
HPMRBEREE TR T ERERNTERRRRA
55 B T 35 PR A (P < 0.05), 2 B RRR-PS fit {1 5 £ 5%
M KX 3 T 200 o3 RIS HH

e

L RIE A T 2 I PR 8 DR IE A% o 9 WA 18 )
N VF 2 9505 B HLAE T U I BELA 5 CUE VA HE48 ) & RS
F1“H 9 B I 27 48 R L BOR iz . BUAHT 7T
T I AL 2 Rl (10 5 R ik, o 04 L7 976

Table 4 Comparison of the contents of 8 components in medici-
nal Rheum officinale Baill. and Rheum officinale Baill. -Persicae

Semen. n=10,x+s. "P<0.05, "P<0.01 vs RRR group

Analyte RRR RRR-PS

40.588 + 1.936
166.864 +2.447"

43.325+2.129
84.503 +3.743

Sennoside B
(+)-Catechin

Emodin 1.424 £0.061 6.827 +0.573"
Physcion 13.011 +0.587 96.139 + 4.804™
Rhein 9.108 + 0.789 5.390 +0.753"
Aloe-emodin 10.081 £ 0.395 8.820 + 0.306
Chrysophanol 7.532+0.276 38.309 + 4.340”
Gallic acid 4.505 + 0.230 0.764 +0.773"
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Figure 4 Chromatograms of mixed reference substances of eight components (A), Rheum officinale Baill. (B) and Rheum officinale Baill.-

Persicae Semen (C). 1: Gallic acid; 2: (+)-Catechin; 3: Sennoside B; 4: Aloe-emodin; 5: Rhein; 6: Emodin; 7: Chrysophanol; 8: Physcion
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