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1 E: B HFTAHKFERERR O (diabetic cardiomyopathy, DCM) /NGRS VER RAERNLE] . 535 B
HUEEL 10 R db/m /ANEAERRTIRZE, J£HL 30 K db/db /N BUK HBENL 0 BB . S H (40 mg/kg) HFIBHEF1G
(10 mg/kg) H, HFH 10 N RFAIBEEC 2438 (enzyme linked immunosorbent assay, ELISA) 564540 /1N B if 375 o
WIER S [ /S (creatine kinase-MB, CK-MB). #i{LIL A (glycated albumin, GA). =EtH M (triglycerides, TG). i
SRR AR (I HEEE (low density lipoprotein cholesterol, LDL-C). % iR (IH[E B C(high density lipoprotein cholesterol,

HDL-C). %ALY B ALEE (super oxide dismutase, SOD) A4/ %-1p Cinterleukin-1p, IL-1p) /KF; FRAZK-F4
(hematoxylin-eosin, HE) . Masson FlR 2 21 Je € 0 22 55 20 /N B0 VA 2R B OAOAS, B8 41 24K 2415 A Western blotting 75
KN DML IL-1B IL-6. CXC #iL P T EE44-10 (C-X-C motif chemokine ligand 10, CXCL-10) Fl IL-17 15 5 8%
MR E AR ILE, qRT-PCR M/ RO AH LR [L-14. IL-6. IL-17 F1 1L-17 4% Cinterleukin-17 receptor, /L-17R) mRNA
Rikg., R SuRAE, HBAA/NRIMEF CK-MB & GA &, TG. LDL-C. SOD Ml IL-1B KFRET & (P<
0.05. 0.01); LUUHLVRBBGA R, U GEREARFREME, OUHHF EEDEOIHL IR, WY R R L4
Z, LDUHA ST RO RNRIEA4EE 2 EAS RN R TR, OUHLF IL-18. IL-6 f1 CXCL-10 #ARIE B EFH
f (P<<0.05. 0.01); Western blotting 255 &7, WA ZIF IL-1B. IL-17. IL-17R. PRIRIERH T Z A K EF 6 (tumor
necrosis factor receptor associated factor 6, TRAF6). 22 ZJ53H L2 F¥F (mitogen-activated protein kinase, MAPKs). c-Jun.
%K F-xB (nuclear factor-kappa B, NF-«kB) p65 & [AIRIARZEMIN (P<0.01); gRT-PCR &R ER, OHALF IL-18.

IL-6. IL-17 1 IL-17R mRNA /KB EFEE (P<0.05. 0.01). SHERALLE, 4 FHIEREEITE, DCM /N RIILIE T
CK-MB i1, GA &&. TG. LDL-C. SOD A IL-1p /K- 2 #EEK (P<0.05. 0.01), HDL-C /K FREETE (P<0.05);

VR BR BRI, DI RIRRE R, OISR R LR EOALUAE, EaRFEA 4D, OUHR
R JR YRS s s H AU AN 45 5 B, CVLZHZR 1 IL-1P. IL-6 1 CXCL-10 25 [ 31k 535 A% (P<<0.05); Western
blotting £ 58 &R, OHAL P IL-1B. IL-17. IL-17R. TRAF6. MAPKs. c-Jun. NF-kB p65 & EHFEKFEERE (P<
0.05. 0.01); qRT-PCR %5 R &R, OHHLR T IL-18. IL-6. IL-17 F1 IL-17R mRNA FiE/KFREL (P<0.01). &6 FHEH
TR R R T I RIE . 2 DCM /NRGOEShRE, VEFMLEI AT RE S 406 IL-17 15 518G %,
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Abstract: Objective To investigate the cardioprotective effects of astragaloside IV, an active component of the traditional Chinese
medicine Astragalus membranaceus, on the myocardium of diabetic cardiomyopathy (DCM) mice, and to elucidate its underlying
mechanisms. Methods A total of ten db/m mice were randomly selected as the control group, and 30 db/db mice were randomly
divided into model group, astragaloside (40 mg/kg) group and engaglipzin (10 mg/kg) group, with ten mice in each group.Enzyme
linked immunosorbent assay (ELISA) was used to detect creatine kinase-MB (CK-MB), glycated albumin (GA), triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), super oxide dismutase (SOD) and
interleukin-1p (IL-1p) levels in serum of mice in each group. Hematoxylin-eosin (HE), Masson and Sirius red staining were used to
observe pathological changes in myocardial tissue of mice in each group. Immunohistochemical and Western blotting methods were
used to detect the expression levels of IL-1f, IL-6, CXC motif chemokine ligand 10 (CXCL-10) and IL-17 signaling pathway-related
proteins in mouse myocardial tissue. The mRNA expression of /L-1f, IL-6, IL-17 and IL-17 receptor (IL-17R) in mice myocardial
tissue was detected by qRT-PCR. Results Compared with control group, CK-MB activity, GA content, TG, LDL-C, SOD and IL-1§
levels in serum of mice in model group were significantly increased (P < 0.05, 0.01). Pathological damage to myocardial tissue was
obvious, uneven degree of myocardial fiber staining was increased, purplish red myocardial tissue was reduced, blue-dyed collagen
fibers were increased, and red-dyed collagen fibers were increased. Immunohistochemical test results showed that the expression of
IL-1B, IL-6 and CXCL-10 protein in myocardial tissue was significantly increased (P < 0.05, 0.01). Western blotting results showed
that expression of IL-1f, IL-17, IL-17R, tumor necrosis factor receptor associated factor 6 (TRAF6), mitogen activated protein kinase
(MAPKSs), c-Jun and nuclear factor-kappa B (NF-kB) p65 proteins in myocardial tissue were significantly increased (P <0.01). Results
of qRT-PCR showed that the mRNA expression levels of /L-1f, IL-6, IL-17 and IL-17R in myocardial tissue were significantly
decreased (P <0.05, 0.01). Compared with model group, after treatment with astragaloside IV, CK-MB activity, GA content, TG, LDL-
C, SOD and IL-1p levels in serum of DCM mice were significantly decreased (P < 0.05, 0.01), while HDL-C level was significantly
increased (P < 0.05). Pathological damage of myocardial tissue was alleviated, the degree of uneven staining of myocardial fibers was
alleviated, the purplish red myocardial tissue was dominant, the blue collagen fibers were decreased, and the red collagen fibers were
decreased. Immunohistochemical results showed that the expressions of IL-1f, IL-6 and CXCL-10 in myocardial tissue were
significantly decreased (P < 0.05). Results of Western blotting showed that the expression levels of IL-1p, IL-17, IL-17R, TRAF®6,
MAPKSs, c-Jun, NF-kB p65 protein in myocardial tissue were significantly decreased (P < 0.05, 0.01). The mRNA expression levels of
IL-1p, IL-6, IL-17 and IL-17R in myocardial tissue were decreased by qRT-PCR (P < 0.01). Conclusion Astragaloside IV inhibited
inflammatory factor expression and improved cardiac function in DMC mice. This protective effect may be achieved by inhibiting IL-
17 signaling pathway.
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1.1 )
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RSB A IR A R4, SLIR sV nliE S
SCXK9 (#7) 2021-0013. FAFET 12 h BRA1E
. MR 20~25 C. AHXHEE 40%~70%HI3 5%
N, SRR A BRI . ARSI T R
AL B 25K 2E SRR B e R il (e
5 DWLL202212011),
1.2 ZA@m5iR
W (S C13366499, 5850 5=95%),

WH FgE R AEMR AR AR BTG

C [ 245 k5 HI20170351/H120201008 , #t =
864070-44-0) W H g MRS RIS R A F]; =
Bt H 9 Ctriglycerides, TG) &l & (L5
76072401 ), fIC % B s SR E H[E BE (low density
lipoprotein cholesterol, LDL-C) failllik7l & (it
75512001 )« 75 % B G 25 IH A B¥ Chigh density
lipoprotein cholesterol, HDL-C) 44 H %iii 1= Roche
Nl DI EEF R TS (creatine kinase-MB, CK-
MB) ¥:R7 & (5 40520B11). KAk & H

( glycated albumin, GA) Kl 7F & (5
40426B13) W H AL = B AW B ALY E AL G

(superoxide dismutase, SOD) &l & (Ht5
L221007573). IL-1B faillali & (45 B93253) i
H 2 [ Cloud-clone 2~ 7] ; 77 K 2 - 21 (hematoxylin-
eosin, HE) #ettidi& (45 G1120). Masson 4
IR & GitS G1340). RILE L Gt & (it
5 S8060) I H LT Solarbio /A7) ; Ho s Ak
AR/ REFENAR-EAVWERZEREN RS

(streptavidin-peroxidase, SP) jf]& (#t*5 SP-
9000). HRP Fric iyl EHifH [gG =it (kT
ZB2301) W B IL R S EDE ARG R AF;
RNA EHGAFI & (IS5 LS1040). RNA W5

(4l'5 A5001). PCR &7 & (b5 A6002) T H 3%
Promega A F]; IL-1B fitdk (fit'5 GTX55675).
IL-6 Fifk (5 GTX110527) W4 H % [H GeneTex 2
H]; CXC bR FHid4A-10 (C-X-C motif chemokine
ligand 10, CXCL-10) Hifk (b5 10937-1-AP). 22
255 AL B BN (mitogen activated protein kinase,
MAPKs) Piik (L5 11937-1-AP) 1 H # X
Proteintech Group A ;5 IL-17 5244 (IL-17 receptor,
IL-17R) Fifk (L5 bs-2606R). c-Jun Fiik (it
bs-0670R ). HiME-3-M R i & (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) $iifk (L5 bs-
2188R) I H 3£ [E Bioss /Al ; R IAFE A 12 A4 AH
KK 6 (tumor necrosis factor receptor associated
factor 6, TRAF6) Piff (HL5 ab33915) M4 H I [
Abcam A F]; NF-«xB p65 Hifk (i5#8242) M H %
Cell Signaling Technolog A #] .

1.3 {43

BSA124S-CW B #fr M+ K1 (4 [H Sartorius
A E]D s Milli-Q 1Q 7003 ZY 4t 7K A (42 [l BR v A 7 )5
5424R AUIGIR EE B Ol (FE[E Eppendorf A#]);
lighRi (ZEE Thermo Fisher Scientific /A5 ); HL¥k
A CEREASRA T ; TP1020 B 4 K ML Arcadia
H-+C BUH LKL, HistoCore AUTOCUT %44 H
AT AL BEEDRR A F]D; Aperio VERSA 8
A S ALY A GEERRAFRD; Omega
Lum W BAb 2R Hr A (SEHE Aplegen 7)),
2 Ik
2.1 TR, EERET

IEH 10 R db/m N RAEAXT A . db/db /)
SOZESE 3 IREFE KB, 28 HE =16.7 mmol/L
RIS A R g A R 000, 4k 4] 9% 10 J )5 2 B ik L
i, AN OGS, SR Excel #F4:
HBEHLEC T, K 30 1 db/db /N BREEAL 4> AAR T4
B FHH2H (40 mg/kg) AR 5115 4H. (10 mg/kg)
R 10 H o Te il 38 B KIS, T B4R /DN R
HI25 2477 5 N 40 mg/kgl'!; e 1) UM 21 1 7K T W
THEAAH /NS 278N 10 mg/kg!Pl. & 452
M ig PGP, 1R/, EBAZ 12 A, XA
AR g SEAARFR 28K .
2.2 ELISA JENZA/NRILES TG. CK-MB.
LDL-C. HDL-C. GA. SOD #1 IL-1p 7k

FHNRARIRG Y EHEBAEIK 120, HEIRER
HYIf, 4 000 r/miny 4 ‘CESC> 10 min, HU EiE. R
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4um, VIR ERBE 2K, HE Jett, —HKE,
PR E A, TR R P, RERE,
K H Image-J BE 51T RGL50HT -
2.4 Masson et EMER DAL LA LR AFH LT

2R [E e T 4% % T H R 24 h Ja B K B3,
DIR RSN 4 pm, HFUBES 227K )5, Masson 44 th,,
THZGEW, PR E R, TR R TR,
KAEE G, KA Image-J BE 3T R G0HT.
25 RIRBLAFEEENEOIBLRAFHEN LT

HIT 4% Z R EEEE 24 h, HHBKE
B, PR ERE 4 pm, HRUBE RK, RIREA A
WS LV h J5, PRkl RIS, R K IE B,
H AR ], TR AR T SRR R .
2.6 HFALUWFRAREMOANALEF IL-18. IL-
6 1 CXCL-10 EAFRIX

FIEVIR R 4 pum, il 2K, 60 CHLKE
45 min 5, & W I I IO Bl sk BT 2.k
b, MEE PR H )G, W& sE—su 200,
4 CHEER. XH, Mm%, DAB &, JK
RELMZ, WK, FEW, PERIRE . T
TEE NS, BTk BEALIEEL 5 AN FALE K
S£EME, KA Image-J FIUE M RBE50#T
2.7 Western blotting #&0: (AL 2H 4R TL-1B+ IL-17
IL-17R. TRAF6. MAPKs. c-Jun. NF-kB p65 Z&
AFRIA

W5 AHARFIIRE i 20 AR E &, BT S TR
HHE B AR AR, 73 2% T B0 T, TN RIPA ¢
i, F850IR%A1, UK 30min, 4°C. 12000Xg &
> 10min, B E3E. FHECR I Lowry £ TR A E
B, B RS AT b B IR - SR A s T e A e
WK, ¥ % PVDF [, 5% HE 9k 2 h, &—41.
ZHUE A, R BECL (¥ RIGFEANE 5 5,
FIH Bio 1D B1E M A AT 247
2.8 qRT-PCR #&MCANBLRA IL-B+ IL-6+ IL-17
F1 IL-17R mRNA ik

KA Trizol 3 M FEA FF R ELUS RNA.
AR RNA 10857 S i im0 v B B gk A7 e %,
Fefb T PCR A #4797 15, PCR 7 35H 1%

B H vk o B, FIRUE, L GAPDH AW
%, R UG 0 KRG AT 9007 51 F 5 I
* 1.

*=1 5¥F5
Table 1 Primer sequences
L FFo (5-3)
IL-17 F: TCTTTAACTCCCTTGGCGCA

R: TCAGGGTCTTCATTGCGGTG

IL-17R F: AGTTCCCAAGCCAGTTGCAG

R: GCAGAATGGCGATGAGTGTG
IL-18 F: TGCCACCTTTTGACAGTGATG

R: TGATGTGCTGCTGCGAGATT
IL-6 F: GACAAAGCCAGAGTCCTTCAGA

R: TGTGACTCCAGCTTATCTCTTGG
GAPDH F: GCATCTTCTTGTGCAGTGCC

R: TACGGCCAAATCCGTTCACA

29 FHIHESH
K H SPSS 21.0 B Ak #d4fs 24T Gt 20 #r s

PLX S 387~ . M4 IA] LE R R 7 ke, 5 2
IESMEF XM Levene’s Test #EAT W 418 5 &%
PRI, 45 7 Z 557 WK H Tukey Test 46 56 1747 2H
(B PR P L, 22 2 (A) B RCR B R R R T 22 A T
(One-way ANOVA), # J7 ZAFNERHAESH
FRAIRE 5

3 #£R
3.1 X DCM /NRIIES CK-MB &4 GA &
0EA!

W 1R, xR, BRI R
' CK-MB JEPEM GA S EEETm (P<0.01);
PRI A, B TS AL/ RS B CK-MB 3%
PR GA S & B (P<0.05).
3.2 X DCM /JMRMEH TG. LDL-C 1 HDL-C
K HIFZ M

W 2 for, SxPREA R, BAA /N RS
' TG. LDL-C /K FEEFE (P<0.05. 0.01),
HDL-C /K-FICH RARY; EEBA L, SR H
H/NRIME S TG, LDL-C /K78 B [4M%, HDL-C
KFTHE (P<0.05. 0.01),
33 % DCM /MRILEH SOD F1 IL-18 7KFHY
A

WK 3 fror, SxTRRA R, SR /N R LS
#1 SOD Al IL-1B 7K EFHim (P<0.05. 0.01);
SRR RS, PR/ R LG B SOD A IL-
1B K &M% (P<<0.05. 0.01).
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LxRARE: *P<0.05 #P<0.01; SERANKE: "P<0.05 “P<001, FEIHE.
#P<0.05 *P<0.01 vs control group; "P <0.05 *"P < 0.01 vs model group, same as below figures.
1 FEXBREMNRMES CK-MB jEHEF GA SEMEM (X£s,n=10)
Fig. 1 Effects of astragaloside IV on CK-MB activity and GA content in serum of mice (X £ s, n=10)
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: : :
= 5 =
E 2= Kk S’ 0.4 = 3 2 -
O SR T
1 = 0.2 = 1™
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WP OB EEHE RS MR R EEHE BRSNS X R BRI BUR S
E2 HERHE/NRIMED TG. LDL-C #1 HDL-C 2150 (X £s,n=10)
Fig. 2 Effects of astragaloside IV on levels of TG, LDL-C and HDL-C in serum of mice (X £ s, n =10)
300 = 304 it
#
% T
% 200 = * . TTE] 20 =1 "
& - E o L
= =
3 100 = 10=
(e T T 0= || |
RIgit B Y B s X R R BURSG
E3 HEREM/MRIMES SOD F IL-1p K FHIFM (X £, n=10)
Fig.3 Effects of astragaloside IV on level of SOD and IL-1p in serum of mice (X £ s, n=10)
3.4 Xf DCM /NRDAAB L RIE R S HIF20 BRI 58, DAL IR A Y, Bl R A —,
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ZUEA TR G, B I ERaE, vl
B A e TR 4 A A N RO WLZH RS 35
AL, SERL O IVH LR, W G I R A 4 3
Z; HGEHALK, 4 THREFRTRITEDRY
LRt IV N 3, 5 G 1 i JaL £F 4 i /b
(K 5,

KA RO Yt g FoR, SRR /N RO WA
ZUn] DL BT Y IR A 4k, SRR L, AR
T /N B UV R HE S 5L, 5 20 G I fi S 2F 4
W, SEMANE, A T7TREFERITEDIR
O WU 2R B g iy i I 2 4k > (B 60
3.5 X DCM /MERDRLZEZR S IL-1B. IL-6 F0
CXCL-10 E B FRIXRIFNT

TP LU ARG GE R R, S0 IR e, A
RN GO LARMI T TL-1B. IL-6 F1 CXCL-10 73
IR FR I B % (P<<0.01); SEAIA LI, 4
FHERHIRITE/DRONALF IL-18. IL-6 I
CXCL-10 2 AfFs rH M mRERD (P<0.01), £
HH 3 B H T T4 DCM /N RO ULZHZAH IL-18, IL-
6 fil CXCL-10 FAFRE (E 7).

3.6 xf DCM /MEULAL4ALRH+ IL-17 F1 IL-17R
EAREKFEHEN

W 8 fras, St IRAL e, BRI/ RO
WL 2R IL-17 F1 IL-17R B AREE R E T
(P<<0.01); SR LU, 38 H 41/ B0 UL
HEP IL-17 1 IL-17R B ARG BB ZHFE (P
<0.05. 0.01).

3.7 %f DCM /NEUOA4ERH TRAF6 #1 NF-xB
p65 EBFTIXKFRIF M

WE 9 frs, SxiRgl e, BRI /N RO AL
441h TRAF6 Ml NF-xB p65 EHAREEZET &
(P<<0.01); SEERALLE, FEHEHDROIL
4 41h TRAF6 Ml NF-kB p65 & #ik & & FK
(P<0.05. 0.01),

3.8 ¥ DCM /MEDANALR S MAPKSs #1 c-Jun &
ARIAKFERIF M

W 10 fix, SxFidlbese, BRI/ R O
W R F MAPKs 1 c-Jun EEEHRIEAE LR ETTE
(P<0.01); SHERIA LS, #1E AT/ O
H I MAPKs Fl c-Jun 25 IR IA B B E L (P<
0.05. 0.01),

] TICHH

B4 ZENBRONEBLFREFKNE (HE, X200)
Fig. 4 Histopathologic morphological changes in

myocardial tissue of mice in each group (HE, x 200)

xof sl

HEHT R

Gt g
P

- | -

B 5 FHEPMROIMABLRIEZNET (Masson, X200)
Fig. 5 Histopathologic morphological changes in
myocardial tissue of mice in each group (Masson, x 200)

X T

PR ol edllEd

6 FENFOMARREFKE (RIREL, X200)

Fig. 6 Histopathologic morphological changes in myocardial

tissue of mice in each group (sirius scarlet, x 200)

3.9 xf DCM /JMROBELRF IL-1 1 CXCL-10
EARIKKFEHIEN
WE 11 s, SRR, BN RO
WLZHZF IL-1p A1 CXCL-10 EARILEEE T &
(P<<0.01); SAEALZH i, 388 4/ B L
HAF IL-1p Al CXCL-10 & [ F£ik &8 5 & K
(P<0.05. 0.01).
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E7 BEREEMNNROMBALD IL-6. IL-1p. CXCL-10 EAFILMEN (X£5,n=06)
Fig. 7 Effects of astragaloside IV on regulation of IL-6, IL-1 and CXCL-10 in myocardial tissue of mice (X * s, n =6)

IL-17 1.7X10*

IL-17R 9.2X10*

GAPDH 3.7X10*

xR [ PG Bk a1

#HH

IL-17/GAPDH
0
|
*
IL-17/GAPDH

0 T 0= T
X i B EEHE BRI X B SREE BN

E8 WEREINNFROINELD IL-17 7 IL-17R ERFRIEEEN (X£s,n=6)
Fig. 8 Effects of astragaloside IV on regulation of IL-17 and IL-17R in myocardial tissue of mice (X £ s, n =6)
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Fig. 13 Mechanism of astragaloside I'V alleviating DCM in

mice by regulating IL-17 signaling pathway
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