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Abstract: Objective To investigate the ameliorative effect and underlying mechanism of Compound Danshen Soft Capsules (& /7
P& #, CDSC) on isoproterenol (ISO)-induced myocardial ischemia in mice through the integration of serum metabolomics and
network pharmacology of absorbed bioactive components. Methods A mouse model of myocardial ischemia was established by ip
ISO. After CDSC intervention, the pathological changes in myocardial tissue were evaluated using hematoxylin-eosin (HE) and Masson
staining. The activity of energy metabolism enzymes in myocardial tissue were measured. ELISA was used to measure the levels of
myocardial injury markers in myocardial tissue. Identification and analysis of CDSC blood components were performed using ultra-
high performance liquid chromatography-time-of-flight mass spectrometry (UHPLC-TOF-MS). CDSC differential blood components
for network pharmacology analysis was used to explore potential mechanisms. Serum untargeted metabolomics was used to analyze
the effect of CDSC on serum metabolic levels in mice with myocardial ischemia. Western blotting was used to validate the protein
expressions of related pathways. Results CDSC significantly alleviated the pathological damage of myocardial tissue in ISO-induced
myocardial ischemia mice, increased the activities of energy metabolism enzymes in myocardial tissue (P < 0.001), and reduced the
levels of myocardial injury markers (P < 0.001). A total of 17 differential blood components were identified, and network pharmacology
analysis screened 187 intersecting targets related to myocardial injury. Kyoto encyclopedia of genes and genomes enrichment analysis
suggested that the effect of CDSCs in improving myocardial ischemia may be related to signaling pathways such as resistance to
epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors, AMP-activated protein kinase (AMPK) and advanced glycation
end products-receptor for advanced glycation end products (AGE-RAGE). Serum metabolomics analysis suggested that the
improvement effect of CDSC on myocardial ischemia mice may be related to multiple metabolic pathways such as glucagon, carbon
metabolism, pyruvate metabolism and purine metabolism. Western blotting results further confirmed that CDSC could dose-
dependently regulate the phosphorylation levels of AMPK and mammalian target of rapamycin (mTOR) protein (P < 0.01, 0.001).
Conclusion CDSC improves myocardial ischemia by regulating energy metabolism and other mechanisms, and its mechanism may
be related to AMPK/mTOR signaling pathway.
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{HIEE “H B FN, DIPrZRhEY, ffh=
LRIKF 2 SRR, HETRT CDSC [ E %
R TR, AW 9T 2 400 507 71207 1 HAh 77
B B KR T P20 R B R A S B
(lipoxygenase, LOX) -1% X -T--xB (nuclear factor-kB,
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CDSC (HEZjiET 7210920059, #t5 2230004)
M B = R LB A R AR A= il 2
R BRI ZHIE R (S E181234) TH
LI ZE RN ARAR . #HER 1SO (k5
F2215417) W B Eiglmdr T AR RO AR A
F]; Masson JifiELE (5 GP1032). FHARZR-f7
21 (hematoxylin-eosin, HE) ZL &2 (IS G1004)
T B B AR AR IR AR IR MB
[A] Tl (creatine kinase-MB, CK-MB) ’7#& (it
5 8672) FLIR I A M (lactate dehydrogenase, LDH)
WA (itS 122400, DAL E A T (cardiac
troponin-I, ¢Tn-D A& (L5 10446) 1 HILI5
Pl Sl AR A ] ; SEH (total protein, TP) il
ERAE (S A045-2-2) . HME =R
(adenosine triphosphate, ATP) [l & (Na*, K'-
ATP fiff . Ca2*, Mg?*-ATP fif§. & ATP f, #it'5 A070-
6-2) W F B B8 R AE ) T AR LA B-WLsh R 13 (B-
actin) Fifk (L5 AF7018). BREFERIG LR (i
( AMP-activated protein kinase, AMPK) $iiffk (#t5
AF6423). p-AMPK #iifk (fit'5 AF3423). WiFL3)
W) IHEE 2 #8 H (mammalian target of rapamycin,
mTOR) Hifk (L5 AF6308). p-mTOR Fifk (it
AF3308 ) . It S Ak P g 1R 1 BE W) WO 2 ARy
( peroxisome proliferator-activated receptor vy ,
PPARG) Ptk (it'5 AF6284). HRP Fric i1l £HT
% IgG Pt (L5 S0001) I Affinity 27 ; BCA
EAERERF A S BB21091). & APk ) ]
W G5 3591285) W H EigHERG AR 2R
fE A ; SDS-PAGE & A LB F MW (5
31720201116). SDS-PAGE &Rz & (IS
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FED, B 10 X S 4iEs: 10 d ig M2
Wy, WRRARIRERIA ig SARRIK, 1 R/de IR
7RIV, BF 1 h G, BRXTIRASN, AR/
ipISO (40 mg/kg), 1k/d, #E4:4d, FHSFEILN
BROC LB AR AR, o FR A ip AR R A H AR K . 28
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S A e R, I S e AT R
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Mg?*-ATP [l = ATP B 7 & B s S A e g
SN RSO Nat, KF-ATP . Ca2", Mg?'-
ATP fg. & ATP BEAIE /7.
2.5 DAABELRIRG MERR SRR

f 8 BELISA 177 &0 6 B A5 A il O L2 23 rh
CK-MB. LDH 1% /% cTn-I 7KF.
2.6 AIMLRRSY 4347
2.6.1 (o344 Zorbax Eclipse Cis faifiF: (100
mmX2.1mm, 1.8 um); FBNFHA 0.1% H ER KR
(A) -2 (B), BEEEVENL: 0~7 min; 5%~30% B;
7~14min, 30%~78%B; 14~20min, 78%~95%
B; 20~25 min, 95%~5% B. #tFEE 2 puL; A
JiE 0.3 mL/min; A3E 30 C.
2,62 FUEK&M RHIE. sl iR
FE 325 C; BSAMARIE 45 arb; GBS AR =



- 3448 -

F8 B 2026FE5H $£57% B Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 9

15 arb; MCHSARUAE 1 arb; M HE 3.5KV;
BAEIESE 330 'C; S-Lens RF Level Jy 55%. $14#
N — %4434 (Full Scan, m/z100~1500) 5
HympcomivE — ik (dd-MS?, TopN=35); 7
HER 120000 (—ZFIE). 60000 (it ); il
A = R E R F R (HCD).

2.6.3 MIEFESAIHIE B 6 HMENE C57TBL/6T /N
B, BENLA XTIRA KA 25, FH 3 R, ST
R EEMNYEAFE Sde ANREEE 120 (HHBRK)D
Ja, #5254 ig CDSC (0.84 g/kg), 2 k/d, L4
753 d, XA ig FERRAER K. RIEHAE
T3 P2 0 5T BUIR B R 4 A A 7 45 SR80,
WEFERIREGE 2 )5 5 h AE R, #EATIRIERML . #
AT 37 CHE | h BEATEEE 522, T4 °C. 3 000
r/min 0 10 min 73 B ML, BB 2 T
EDET, —80 CUKFEIRAE . 737 100 pL 7
25 MiE S A MIE T 2 mL B0 &, A 400 uL
FE, i€ 10 min V2], BEJE RS IR Sia T
4 °C. 12 000 r/min &5.0> 10 min, H ERiEHE 0.22
pm LB, N 100 pg/mL W45, fHH &
WEEN 1 mg/L, B

2.6.4 EAEALE 2o %€ K Compound
Discoverer 3.3 FAFRAAT R B I [R] AR IE L €3 0
(AR DL R A BRI BT 55 o A — 0t ik
#5, 78 FIH Thermo mzCloud 55 7E 26 P 2% 54
PR, LA Thermo mzVault S5 A HiE 4 2 T H X 46
MR )P AT WSS e, FHKIE T B R B
(variable importance in projection, VIP) =1 Hllog,
ZSFEE (fold change, FC) |=1 PRt 4 18]
T X T RN AL T 25 H LG TH A asr (an
FEeRITRR), BRIEHAESAESERESTH B
(R E A, BT E NAEPEN MRS
2.7 MIEHEE

271 ARSI E  7E PubChem #(#E 2
( https://pubchem.ncbi.nlm.nih.gov/ ) ¥k Btk & ¥
SMILE ID, “¥H SwissTargetPrediction *F- & Chttps:/
swisstargetprediction.ch/) X & 7£ 1 F #8147 i
W, EFREEHR.

2.7.2 OB RS R4S L “myocardial
ischemia” A8 1], 1| H GeneCards 4# /2 Chttps:/
www.genecards.org/). OMIM (#EZE (https://www.
omim.org/) FHIEAHICHENR, xFRESHR.

2.7.3 REEFEFPERIC K CDSC AL B4R

SRR IR RS ST W= PN e X =R s o i
&, WHHZE, RELEEREA IHFahFR
K BN -

274 “RA-EER MEEHIRE FIEMAEGETG
(https://bioinformatics.com.cn/) 3KHL 17 AMELE 4 H!
O LR L A SR 0 A, IR =5 B B AT B
/o iId Cytoscape 3.9.1 F A& “ Bior-#E 517 W
%, FETRALZ) . oy AR RRIE N 2 [E] )
FHEAEH

275 HEAM-H\EAWAHLAEH (protein-protein
interaction, PPI) 4% [# & HILFEE S FA
STRING #j#& % (https://cn.string-db.org/) , £ % PP,
DB EBHEINEZE Cytoscape ¥4, HIL 4 Hr M
KRN SE (AR AL BE RO R
O, T IE SC AR O R, WO RMEA =% 250
EEDEALIEN

27.6 %W FIH David F¥EE Chttps:/
davidbioinformatics.nih.gov/) 5 ANAZEERE 55, 14T 2L
[KIAA4A (gene ontology, GO) ThRELL I L ARIE N 5
AT R4 (Kyoto encyclopedia of genes and
genomes, KEGG) @ & £ 04T, FIHMAEGETG
ATAAL

2.8 IMMAEREEZESR

2.8.1 [MEFEAAEHE  HOW AL, BEAYLLRT CDSC
2 B B FEAR T UK E AR, IR, HL 50
ul MiEFEFE A EP &, A 300 uL ZJE HEEH
PRIEBGH, iREIRY 3 min, 4 C. 12000 r/min £5.0>
10 min, F#/5-20 C##E 30 min, 4 ‘C. 12 000X g
20 3min, JF 0.22 um JEMEE, WL RS 3 AR Nt
FEZ AT, DA AT J5 220 B .
W USSR AR BT A IR 21, 350 50 R 8 MR,
gy @R AT AT, PR BEAEAS,  DU AR
Mo BRI AR E T

2.8.2 @i  Waters Acquity Premier HSS T3 &
WA (100 mmX2.1 mm, 1.8pum), BN 0.1%
R KR (AD -0.1% MR A (B), BhEEGEMHE:
0~5 min, 5%~20% B; 5~8 min, 20%~60% B;
8~9 min, 60%~99% B; 9~10.5 min, 99% B; 10.5~
10.6 min, 99%~5%B; 10.6~13min, 5% B. fii
40 C; AR 0.4 mL/min; HEFEE 4 ul.

2.83 JEuEMF  SRAHES E YR (electro spray
ion, ESD, fEIE. i@ FHA N7 2R T,
FIHEE A m/z 75~1000, 2 B BEE N 35 000.
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BT 55 LR 4y N IE B PR 3.5 kv R BT
B 3.2 kv BAUARE N 30 arb; HEIAARAA
MEN S arb; B FAEAEEE N 320 C; 28K AR
BN 300 °C; flbfERER 7358 30~ 40, 50V; Top
N 5 Top Speed W E N 10; HEBRFFEEM A4 3 s.
2.84 H¥EacE AR e T, S I AL
JRIEEHE 4 ProteoWizard ## 0y mzML #& 20, %
F XCMS FEF b T IESREL. X35, fRE I R IE .
Xof % LRE AR Th Bk 3 > 50% I HEAT I 08, FFR A
FEBET KNN 378+ 1/5 S/ME (25 A >50%K
R 1/5 f/MEIE R, 2 EE <50%F%H KNN H#H7),
KH SVR J5iExf I AT IE . RIEFRE G
W e o Ay 2 A AT AR S

1E2 ARG R, 22 AR I i ik
e VIP>1 H P<<0.05. VIP KI5 T 13 5
/N - H 553 B Corthogonal partial least squares-
discriminant analysis, OPLS-DA), 1Z4r#Ti#id R 3K
{441 Metabo Analyst R 585, [FIARAE 7 B HE
BRI . fEHEAT OPLS-DA R, #di2eidn $o
e (DL 2 M) AE AR, FEHAT 200 I
B RS B0 LIS E B Y B P AR . e AR A e i
KEGG & ¥ %4 % Chttp://www.kegg jp/kegg/
compound) HFATVERE, B AR LS 2
KEGG i % ¥ ¥ F http://www.kegg jp/kegg/
pathway.html) DL SZILE B & 0 0. 1Z AR H
KEGG B 7 151 APT #2 HiE AT fit EX R A R 5T
B, AR R 4 SR U T RN P
2.9 Western blotting #&l:(:f]l2H£2 AMPK/mTOR
RBEEXERRE

A AHO M Z, InNR R E EE E, f
F BCA & R FEM o & e B R A, i
REE RS R 10 min iR AAE. ARG
10% 1 e LB R 44 - 58 T A R et R L ik, B 2
PVDF Ji&, i PR dst (AT AT £F P A0 2E 30 min.
SN p-AMPK (1 : 1000). AMPK (1 : 1000)-
p-mTOR (1 :1 000). mTOR (1 :1000), PPARy
(1:1000). B-actin (1:5000) Hifk, 4 CHEHEIT
A WHEAE AR —H0 (127 000) #E 90 min,
RIS R IERT I E AR F RIERIE, 2 Image
VAT E T .
2.10 GeitESh

S HH DA X £ s KR, KA SPSS 24.0 Ziit#k
PEEAT 23 M o B S BEIEAT IR YA S (Shapiro-

Wilk ¥, BTG IR A0 WEAT 77 2255 A
3% (Levene i£); 525+ VE#F R IR R T 20T
(One-way ANOVA), HARHE 77 225 M 45 R i 4% LSD
FEAT Z B HHURATT & IR e A
5, MERHAAEZ G5 (Nonparametric tests)
() Mann-Whitney 7%, {¥/H GraphPad Prism 9.5.1 %X
AT R 2]
3 #R
3.1 CDSC X0 ALER I/ R —RORZS RS2
XL/ RS PIIRAS R, BAROGEE, 1EBhIR
ORI R s A /)N B RS o 22 BE , IR,
TES RN E R FINR GEMALE, 4254
NS HIROL REF, WEsh 5 m, SH N

BRAET .
3.2 CDSC XhUALERm /MR OB A RIET LAY
=AU

HE %zt i (B 1) BoR, xR L0 pHE
HIEESE, ToE R MR s AR A0 LA o HE B
AL, ONGIAE R, Ry E; SEAA
B, FR MO HES T RS, L4 AE
K R MR AF 2 5.0 . Masson Jefiigh
(D 8w, WHRRA/NR OIS %, £
AN MVR I s AL 2 /N BRH IO LT 4 HE 51 B
B, HIUKEFLERIR, HAFEKE LR 4R i
D%, SRR, S 24N RO 55
LA FREE U5, O 4L RE R ] B
DL 253K, CDSC REEE 1SO A&/ Bl e L
LT
3.3 CDSC FhbALERm MR OB LA EE = K5
ey nb A

ATP B2 AP i —Fh B A, TEREERFE
PAKAG i T A EEREH . W 2 B,
5xIA R, AN RONAHLAF Nat, K'-
ATP fiff. Ca?*, Mg?*-ATP B§A1E ATP BiG /1 5.%
B (P<<0.001); SHERILILLE:, CDSC %4524
NERD L2 Nat, KT-ATP B . Ca2t, Mg?*-ATP il
L ATP B 1 REFm (P<0.001), HE7&
AH A - 2B CDSC W] ReId I 520 ATP JigvE 77 %8 7)h
B /o VLR L4534 2 R VE
3.4 CDSC shALER IR O BLLE LR PR R
KRR

CK-MB. LDH. cTn-I % #i{E AL ILZ
FEE bR E . WK 3 fown, SXTHRA LR, R
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CDSC 1.68 g-kg™!

R CDSC 0.42 g'kg™ CDSC 0.84 g'kg™

SIS WO IR

1 CDSC xHLALERI/ N O ALE R RIE LRI R (X 200)
Fig. 1 Effect of CDSC on pathological changes of myocardial tissue in mice with myocardial ischemia (x 200)

20 37 7

' = s g
o o #i i way
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H o S 4
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= <
< < S
K % | &
ﬁ 0.5 2 2
< & s
“ 9]

Ul 0= T T

SR BERL 042 0.84 1.68 HWZEIKIK PR KR 042 0.84 1.68 HWZEIK/R

I
SR BEAL 0.42 0.84 1.68 WZEIKIK

CDSC/(g'kg™") CDSC/(g'kg™") CDSC/(g'kg™")

SxtHR4LLEE: #P<0.001; HHAILILE: "P<0.05 “P<0.01 P<0.001, & 3. 10 [{.
###P < 0.001 vs control group; “*P<0.05 *P<0.01 *"P<0.001 vs model group, same as below Figs. 3, 10.
2 CDSC LRI/ R DA R R RE SR HEETE MRS (X £s,n=6)
Fig.2 Effect of CDSC on activity of energy metabolism enzymes in myocardial tissue of mice with myocardial ischemia

(X+s,n=6)

154 40+ —— 3007 sk
sk
it s it #ﬁ# HH it
o Wi 30 [ - HH e
— e e T | o
g 107 0 = 200
2 £ 2
z = B
p= A =
U5 = O 100
o 10
o L4 T - Ll T 0" vf - B
IR R 042 0.84 1.68 MWZEWKIR SR AR 0.42 0.84 1.68 IR WPHE AR 0.42 0.84 1.68 ZEIKIK
CDSC/(g'kg™") CDSC/(g'kg ™) CDSC/(g'kg ™)

&3 CDSC sFiANERIL RO AN B LR P IR HERREYIK RIS (X+5s,n=06)

Fig. 3 Effect of CDSC on levels of injury markers in myocardial tissue of mice with myocardial ischemia ( X £ s, n =6)

HNROIAL T CK-MB. LDH 3HPEM ¢Tn-1 7K 3.5 CDSC NS LE

FRFET R (P<0.001); H5EEMALE, CDSC % EIE. BT, X CDSC & 24 i k47
BN RO A CK-MB. LDH 3&PEF1 ¢Tn-  UPLC-Q-TOF-MS 707 (& 4), F:%EH 17 AN
1K R ERK (P<0.001), HE7FIEMEM. )2 AL sy (R 1), EEASE SRS, wEdk.
F B CDSC BEMS S 1SO BT EL /N BRC LA A% o k. HERIE.
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