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(TCMSP) of the traditional Chinese medicine system and the literature were searched and manually supplemented to determine the
active components of S. miltiorrhiza-C. tinctorius and the therapeutic target of myocardial ischemia. With "myocardial ischemia"
and "acute myocardial ischemia" as the keywords, search the potential targets of diseases in CTD, DisGeNET, GeneCards and
OMIM databases. Venny 2.1.0 was used to intersect the screened effective chemical component target with the disease target, and
determine the target of S. miltiorrhiza-C. tinctorius for the treatment of myocardial ischemia. Upload the intersection target
information to STRING vI11.0 to build the active component-target network and protein-protein interaction (PPI) network. The
DAVID database was used to enrich and analyze the Gene Ontology (GO) function and the Kyoto gene and genome encyclopedia
(KEGG) pathway of the target of S. miltiorrhiza-C. tinctorius in the treatment of myocardial ischemia. Forty SD male rats were
randomly divided into four groups according to their body mass, 10 in each group, namely, control group, model group, Compound
Salvia Miltiorrhiza Dropping Pills (73 mg-kg™'-d™") group, and S. miltiorrhiza-C. tinctorius (16 g-kg™'-d™") group. The rats in the
control group and model group were given the same amount of 0.9% sodium chloride solution once a day for seven days. On the 6th
day, except for the control group, the rats in other groups were administered with isoproterenol (ISO, 85 mg-kg™) by sc for two days.
HE staining was used to observe the pathological changes of myocardial tissue of rats in each group. Detection of p-mTOR,
p-STAT3, HIF-1a, VEGFA, PDGFA and bFGF protein expression level in myocardial tissue of rats in each group by Western
blotting. Results 91 active components and 246 targets of S.miltiorrhiza-C. tinctorius were screened by network pharmacology. PPI
network results show that the main targets include STAT3, MAPKI1, JUN, RELA, MAPK3, AKT1, SRC, APP, TNF, PIK3CA,
CXCLS8, KNG1, IL6, VEGFA, MAPK 14, HSP90AA1, MAPKS8, EGFR, FOS and IL2. The main target-related pathways involve
angiogenesis (such as HIF-1 signal pathway and VEGF signal pathway), inflammatory response (such as NF-kB signal pathway and
TNF signal pathway) and apoptosis (such as apoptosis signal pathway and p53 signal pathway). The results of HE staining in animal
experiments showed that the myocardial cells in the control group were normal. In the model group, the myocardial fibers were
swollen and the area was broken, the myocardial cells were widened, and there were obvious edema, exudation and inflammatory
cell infiltration in the local area. Compared with the model group, the arrangement of myocardial fibers in the Compound Danshen
Dropping Pills group was slightly disordered and narrow, and the degree of pathological changes was alleviated. The myocardial
fibers of the rats in the S. miltiorrhiza-C. tinctorius group were arranged in order, the cell morphology and structure were complete,
the myocardial fibers swelled slightly, and there was no telangiectasia, which was close to the normal myocardial morphology. The
result of Western blotting showed that compared with the control group, the protein expression levels of HIF-1a, VEGFA, PDGFA
and bFGF in the myocardial tissue of rats in the model group were significantly increased (P < 0.05, 0.01), while the protein
expression levels of p-mTOR and p-STAT3 were significantly decreased (P < 0.05, 0.01). Compared with the model group, S.
miltiorrhiza-C. tinctorius significantly up-regulated the protein expression level of p-mTOR, p-STAT3 and HIF-1a, VEGFA, PDGFA
and bFGF (P < 0.05, 0.01). Conclusion S. miltiorrhiza-C. tinctorius may promote the angiogenesis of ischemic myocardium in rats
with acute myocardial ischemia by up-regulating the protein level related to angiogenesis, thus improving the ischemic injury.
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Table 1 Information of active ingredients of Salvia miltiorrhiza-Carthamus tinctorius

95 = OB/% DL  KEZiM
DS-1 1,2,5,6-WUE+Z /i (1,2,5, 6-tetrahydrotanshinone) 38.75  0.36 F+5
DS-2 % L i I (poriferasterol) 43.83  0.76 F+Z
DS-3 5 MK T H 25 (isoimperatorin) 4546 0.23 P&
DS-4 M2 B} (sugiol) 36.11  0.28 FF&
DS-5 JIit &S+ 2 11, (dehydrotanshinone 1I,,) 4376 0.40 %
DS-6 XA TR (digallate) 61.85 0.26 e
DS-7 o-Fil KAk Co-amyrin) 39.51  0.76 Pt
DS-8 5,6- ¥Rk -1, 1 -2, 3- AR -4 33.77  0.29 1
(5,6-dihydroxy-7-isopropyl-1, 1-dimethyl-2, 3-dihydrophenanthren-4-one)
DS-9 2-55 A Jk-8-H i 3E-3 , 4- il (2-isopropyl-8-methylphenanthrene-3 , 4-dione) 40.86 0.23 P&
DS-10 3 #4225 P 2l (3a-hydroxytanshinonell,,) 4493  0.44 %
DS-11 (E)-3-[2-(3,4- F kIR - 7-FR HE R IF R -4- 5 TPTAR IR 4824 031 1z

[ (E)-3-[2-(3,4-dihydroxyphenyl)-7-hydroxy-benzofuran-4-yl Jacrylic acid ]
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%5 22 AT OB/% DL  R¥EZjH

DS-56  (65)-6-hydroxy-1-methyl-6-methylol-8 ,9-dihydro-7H-naphtho[ 8 , 7-g Jbenzofuran-10,11- 7539  0.46 P&
quinone
DS-57 F}% % B(tanshindiol B) 4267 045 Ptz
DS-58 2} 2 E (przewaquinone E) 42.85 0.45 A
DS-59 F+Z 1L, (tanshinone II,) 4989 040 I3
DS-60  (65)-6-(hydroxymethyD-1,6-dimethyl-8 ,9-dihydro-7H-naphtho[ 8, 7-g Jbenzofuran-10,  65.26  0.45 P&
11-dione
DS-61 J}2 [ V1(tanshinone VD) 4564 030 ft=
DS-62 3,4- " F K F#E (protocatechualdehyde) 3835  0.03 A
DS-63 FHE} R B (salvianolic acid B) 3.01 041 VAR
DS-64 F+2 % (danshensu) 36.91  0.06 P+
DS-65 42 B (lithospermic acid) 1200 216 1%
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Fig. 1

miltiorrhiza-C. tinctorius and myocardial ischemic targets
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Fig.2 Active ingredient-target network of S. miltiorrhiza-C. tinctorius treatment in myocardial ischemic
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Fig. 3 PPI network of targets of S. miltiorrhiza-C. tinctorius treatment in myocardial ischemic
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Table 2 Information of topology parameters of top 20
core targets

4 AR BEfE ATt E B L E
STAT3 47 0.46 0.86
MAPKI1 45 1.66 0.63
JUN 43 2.12 0.58
RELA 42 0.97 0.65
MAPK3 41 0.86 0.61
AKTI1 40 0 0.54
SRC 38 0.25 0.58
APP 37 1.41 0.47
TNF 36 0.11 1.00
El4  BEEHEH 20 UROL LA PIK3CA 33 060 0-54
Fig. 4 Top 20 core targets in terms of degree CXCL38 33 2.06 0.43
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B, T RMPE RS EARSES 2R EGFR 25 1.10 0.49
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Fig.5 GO functional analysis of targets of S. miltiorrhiza-C. tinctorius treatment in myocardial ischemic
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Z-ZLAE R T L WLER AL # 7F FIALA] o

A FUIE A I 2% 24 JL 2O 3 2 W) - B ) - B
R I ELAE W 45, ISR IR X P 2 - 2LAE 25 %) iR

289X10° | N e e iR
289% 105 . AN S - nTOR

iy P —

p-STAT3

| —— —
9.1X10 - STAT3
gaxior e — — HIE-1a

93X10' N ———
L7X10° e e S —
e .

24X10' S - — - i

bl By Bh sk
TIBHEA

42X104

8 JAXRONALRPMEERBXEARIE
Fig. 8 Expression of angiogenesis related protein in
myocardial tissue of rats in each group

KPR R (P<0.01) .. SR E, T &-40
2% L T p-mTOR.p-STAT3 . HIF-1a. VEGFA .
PDGFA 1 bFGF 8 H £ /K1 (P<0.05.0.01)
4 Tig

BE & R, AT S AR s, 0L
BRIMLA R 2 8 BT, M E s R ) O B
R S AE T R DR I 7 S0 LB I PR YA T AT IR
NHIRF 09, e EE S, FF S48 2 W )
T LA A 2 245 5%, 1 2 I AV 7 0 JUL AR I B B
P S 8E A E A %0, Fik, 02 e

70 LR MLAE VLS AT ER L. IR i P =-40 48
2500 T 91 ANIE M B 43 AN 246 S0 JUL i 1L BT 4, 22
B PF 220 eI 97 O LR I B A 22 4155 22 48 AR
Mo IR EE PPI N 4, R ILFS- 2 46 167 O WLk
L 7T G841 FH T STAT3.AKT1.IL6 A1 TNF-a 25 3¢ 4
S . RIS S -4 R 250 E T O LB I 1 7 1
YEFMLE], 4T 7 GO Thiig fl KEGG i@ % & #4017 »
FRIE L B S8, K F B 1 G BN Ry A M 5 I
A AE 5% B A AE 2O UL I AR R R R O L4 41
W 2R IK KT BRAIE P 2 - 4048 A2 75 8 VA 4 i 4 AR
BB AH 9% B M T R A IR T O LB M AR . i
A R AE LA I I A T HT I T e 2 i
B R TR B AR R R F 2 (8] R
SENTS HUR AR B A H R D RE, ok AR O LR
I B 2 7= AR LA Y R 2R KR T (VEGE) B P il 21
4k 90 B 4 K R 7 (bFGF) « i 7 AAT 42 48 K A
- (PDGF) 2511200 {7 33kt afiL o JUL ) R ) ot 85 26 i
B A gh . STAT3 NS BERE 55, B 70 3K BH %
i STAT3 7] |1 VEGF [1) 3 1A Fl I & 28 ji2 . 24
O LA i e DA 3 R 6 (1 480 <5 BB U, mTOR
Bl O — 5 VR 2 HIF- 1034 2 9F 2038222 ki -
i VEGFA . bFGF il PDGFA [ % it , /2 3k I & 4
BREEET, (HHLR E R AT A R, R R E
N 2106 24 R SCRF IR R o d SR il 8 2E K R 7 %
FHRZ AR REMETE 2 IR F T 3 M 08, 7 AR I
At 2 IR AR B, T R R A A A S B L 0
f AL, By T o i A AR . W SR 1R T
M7 AR L 25 Gl ot A 0 B 3R B3 b e & O B
(1 P A 355 0o JULARE B i It/ B 9 440 i Bk
10 PR VA T AR AR A R e It o
a0 — PG W 51 T BT B R T SR s

HE Je i 45 B 3% W F} 2240 4 24 0o ] 2 fi 0o JUL R



F46% F4H 2023F48 %K’"ﬂ'ﬁ‘ti Drug Evaluation Research

Vol. 46 No. 4 April 2023 + 769 -

1.59

1.5+

5 &
>

2 g

E g

[~

X Y "5 RS-l MR P
&R

1.5+
g g
g 5
3 §
& s
{ 1
& Z

WE OB GH ME-arife SR R
FAEH A
8 —

: -

[ 6]

2 2

(=¥

X i ﬁ’ﬂ HH Ft&-aie AR A
PR

1.51
=
3 1.0
a
S 0.5
?
o
= 0.0- -
5h5 Hs-ai HHE B HF e
FHERA e
= -5
= g
— ]
— o
= >
=
8
FH&w

i M-k
FERHH

L3R4 :"P<<0.05 "P<<0.01; SEAILL L *P<<0.05 ¥P<0.01
P <0.05""P<0.01 vs control group;*P < 0.05 *P < 0.01 vs model group

9

S-S 2O BRI X RO AR & & M IEXE B RIER

B4 (xts ,n=3)

Fig. 9 Effects of S. miltiorrhiza-C. tinctorius on expression of angiogenesis related protein in myocardial tissue of rats with

acute myocardial ischemia (x+s,n=3)

IR BR O A 2R3 BRAR AL, , e R A IR . T
W) 2 22 B 2 gy A 45 L, 8 0 AR P B R VRN I AR R
(AH G 8E B EAT IR E , 25 R B oR , SRV AE B, P
% -4 1t . % M F+ & p-mTOR. p-STAT3. HIF-1a.
VEGFA .PDGFA F1 bFGF [J 15 KF, $En FF -4
16 R T b X e i AR RORH 2% 10 B UK TR
R 33E 2 0 JUL SR o A R AR 1t o L2 2R 1 i A A
AT P A ot 4%

AT G I ) 2% 2 PR BN V) SIS 45 A R
FFZ- A A2 AR QLR L AR LS, R 2R
¥ O ML 0 S AR R 1) SR A e B % . T
S LI AR IR YT O LR I 2 B A 22 8 B I R 1

2 R I R 2R T 3t — P Wi e -4
23X T L LB AR, DR T O ML R
1038 2 9t 5 i (H Ak A B

HBHE FAAH SRR AL R

SE 0k

(1] «rb B I A {8 B 5 075 i 15 20200 2 5 21 .« [ 40
L8 15 95 03 4R 3 20200 E A [7]. A o 1 A 95 A
7T, 2021, 19(7): 582-590.
The Writing Committee of the Report on Cardiovascular
Health, China D I. Key points of report on cardiovascular

health and diseases in China 2020 [J]. Chin J Cardiovasc



- 770 -

F46% F4H] 2023F48 "é""‘i‘ﬁﬁt % Drug Evaluation Research

Vol. 46 No.4 April 2023

(2]

(3]

(4]

(3]

[6]

[7]

(8]

(9]

(1]

[12]

Res, 2021, 19(7): 582-590.

Sirajuddin A, Mirmomen S M, Kligerman S J, et al.
Ischemic heart disease: Noninvasive imaging techniques
and findings [J]. Radiographics, 2021, 41(4): 990-1021.
Feliciano L, Henning R J. Coronary artery blood flow:
Physiologic and pathophysiologic regulation [J]. Clin
Cardiol, 1999, 22(12): 775-786.

Severino P, D'Amato A, Pucci M, et al. Ischemic heart
disease pathophysiology paradigms overview: From
plaque activation to microvascular dysfunction [J]. Int J
Mol Sci, 2020, 21(21): 8118.

Homayounieh F, Yan P K, Digumarthy S R, et al.
Prediction of coronary calcification and stenosis: Role of
radiomics from low-dose CT [J]. Acad Radiol, 2021, 28
(7): 972-979.

Li Z M, Xu S W, Liu P Q. Salvia miltiorrhiza Burge.
(Danshen): A golden herbal medicine in cardiovascular
therapeutics [J]. Acta Pharmacol Sin, 2018, 39(5):
802-824.

Zhang L L, Tian K, Tang Z H, et al. Phytochemistry and
pharmacology of Carthamus tinctorius L [J]. Am J Chin
Med, 2016, 44(2): 197-226.

Wang Y, Shi Y J, Zou J B, et al. Network pharmacology
exploration reveals a common mechanism in the
treatment of cardio-cerebrovascular disease with Salvia
miltiorrhiza Burge. and Carthamus tinctorius L [J]. BMC
Complement Med Ther, 2020, 20(1): 351.

VR, BRI, PR I, A5 . T I 2 24 B A (1) 8 1E B
6T AR S I 0 1 99 A WL SR I 2 S 36 36 e
[7]. Z593EAN BT 52, 2022, 45(12): 2417-2429.

Hong F H, Chen Y C, Chen J X, et al. Mechanism of
Xiaoyaosan on metabolic associated fatty liver disease
based on network pharmacology and
verification [J]. Drug Eval Res, 2022, 45(12): 2417-2429.

LuoTT, LuY, Yan S K, et al. Network pharmacology in

experiment

research of Chinese medicine formula: Methodology,
application and prospective [J]. Chin J Integr Med, 2020,
26(1): 72-80.

KT e, 25 530k, LI, 45 . T 00 2% 24 11 2 M SE G B0 4
PR ICHI BH I 109 16 97 8 RO (0 73 T B [J/0L].
5 B 25 2 24 7 . (2023-01-30) [2023-03-10]. http://kns.
cnki.net/kems/detail/42.1204.r.20230130.1651.010.html.
Liu H R, Li J G, Yuan L, et al. Exploring the molecular
mechanism of Tonic Yang Returning Five Soup in the
treatment of diabetes based on network pharmacology
and experimental validation [J/OL]. Chin J Hosp Pharm.
(2023-01-30) [2023-03-10]. http://kns. cnki. net/kems/
detail/42.1204.r.20230130.1651.010.html.

F/NP, BN, AL 5T, 45 ST PIBK/PDKI/AKt {5 5

[13]

[14]

[15]

[16]

[18]

[19]

[20]

(21]

BRI ST F 25 - L1 A6 245 %0 0 g 58 T L R RS R )
TRAE I AL [J]. H1 524, 2022, 53(16): 5085-5092.
Wang X P, Xue Z P, Du S B, et al. Protective mechanism
of Salviae Miltiorrhizae Radix et Rhizoma-Carthami Flos
drug pair on myocardial ischemia rats with cold
coagulation and blood stasis syndrome based on PI3K/
PDK1/Akt signaling pathway [J]. Chin Tradit Herb
Drugs, 2022, 53(16): 5085-5092.

TN, AR, H S, 5L S - A R Ak
JULBR I R B0 L4347 1) DR AP AR T R BILERAIT 5 (0], 26 75
228, 2022, 37(3): 253-256.

Wang X P, Zhou H H, Du S B, et al. Study on the
protective effect and mechanism of Salvia miltiorrhiza-
Carthamus tinctorius pair on myocardial injury in rats
with acute myocardial ischemia [J]. West China J Pharm
Sci, 2022, 37(3): 253-256.

JiaJ Y, Zang E H, Lv L J, et al. Flavonoids in myocardial
ischemia-reperfusion injury: Therapeutic effects and
mechanisms [J]. Chin Herb Med, 2021, 13(1): 49-63.

FUR PR, MG Y, NP, S5 L 5 1) 7E TR 7 EE RS BT
"PFS AL AE LR o B I O I S AL [J]. 2y
23 kR, 2020, 36(4): 149-153.

Bai J Q, Wang P F, Wang X P, et al. Intestinal transit
characteristics study of Danshen-Honghua drug pairs
through in vivo single-pass intestinal perfusion rat model
[J]. Pharmacol Clin Chin Mater Med, 2020, 36(4):
149-153.

AR, TR, TR, & «ZS RPN 1A F R
B [J]. EZG, 2021, 52(14): 4119-4129.

Niu M, Zhang S Q, Zhang B, et al. Interpretation of Net-
work Pharmacology Evaluation Method Guidance [J].
Chin Tradit Herb Drug, 2021, 52(14): 4119-4129.

De Spiegelaere W, Casteleyn C, van den Broeck W, et al.
Intussusceptive angiogenesis: A biologically relevant
form of angiogenesis [J]. J Vasc Res, 2012, 49(5):
390-404.

Ma Q, Reiter R J, Chen Y D. Role of melatonin in
controlling angiogenesis under physiological and
pathological conditions [J]. Angiogenesis, 2020, 23(2):
91-104.

Heeschen C, Dimmeler S, Hamm C W, et al. Prognostic
significance of angiogenic growth factor serum levels in
patients with acute coronary syndromes [J]. Circulation,
2003, 107(4): 524-530.

Guo M, Shi J H, Wang P L, et al. Angiogenic growth
factors for coronary artery disease: Current status and
prospects [J]. J Cardiovasc Pharmacol Ther, 2018, 23(2):
130-141.

WU, XM, 78 Bk, & . STAT3 A 5 I 78 Sk L O



F46% F4H 2023F48 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 46 No. 4 April 2023 <771 -

[22]

(24]

[25]

[26]

JUE 7 LA 7 AR r 04 R AT St e (9. o B AR R 24 2%
&, 2022, 24(6): 95-100.

Zhu H, Liu C M, Zhai M B, et al. Research progress on
the role of STAT3
regeneration of ischemic heart disease [J]. Mod Med J
China, 2022, 24(6): 95-100.

He W H, James Kang Y. Ischemia-induced copper loss

signaling pathway in vascular

and suppression of angiogenesis in the pathogenesis of
myocardial infarction [J]. Cardiovasc Toxicol, 2013, 13
(1): 1-8.

Posadas E M, Limvorasak S, Sharma S, et al. Targeting
angiogenesis in renal cell carcinoma [J]. Expert Opin
Pharmacother, 2013, 14(16): 2221-2236.

Meidan, Klipper E, Zalman Y, et al. The role of hypoxia-
induced genes in ovarian angiogenesis [J]. Reprod Fertil
Dev, 2013, 25(2): 343-350.

Clara C A, Marie S K, de Almeida J R,
Angiogenesis and expression of PDGF-C, VEGF, CD105
and HIF-1o in human glioblastoma [J]. Neuropathology,
2014, 34(4): 343-352.

Mitsos S, Katsanos K, Koletsis E, et al. Therapeutic

et al.

angiogenesis for myocardial ischemia revisited: Basic
biological concepts and focus on latest clinical trials [J].
Angiogenesis, 2012, 15(1): 1-22.

[27]

(28]

[29]

[30]

[31]

MuY,XuZH,ZhouXX,etal.2,3,5,4'-tetrahydroxystilbene-
2-O$-D-glucoside attenuates ischemia/reperfusion-induced
brain injury in rats by promoting angiogenesis [J]. Planta
Med, 2017, 83(8): 676-683.

Chen H, Ren M H, Li H Y, et al. Neuroprotection of
benzoinum in cerebral ischemia model rats via the ACE-
Angl-VEGF pathway [J]. Life Sci, 2020, 260: 118418.

Li M Q, Chen H S, Lin J J. Efficient measurement of the
percolation threshold for random systems of congruent
overlapping ovoids [J]. Powder Technol, 2020, 360:
598-607.

BRI, WRIE, 2, 45 P2 A R S i
N SCAEFR B AR i 57 A= B P 245 B AR R AIT FE 0t JE (). 24
PIVE T 4T, 2023, 46(1): 216-224.

Yao Y Q,Chen L, Li D K, et al. Research progress in
pharmacological effects of active components and
preparations of Salvia miltiorrhiza on improving cerebral
collateral circulation and promoting angiogenesis [J].
Drug Eval Res, 2023, 46(1): 216-224.

Moghiman T, Barghchi S A,
Therapeutic angiogenesis with exosomal microRNAs:
An  effectual the
myocardial ischemia [J]. Heart Fail Rev, 2021, 26
(1): 205-213.

B, Esmaeili et al.

approach  for treatment  of

[543 A1)



