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(Abstract] Objective To investigate the effects of Zicui Tongmai Drink (ZCTMD) on myocardial fibrosis in diabetic rats by
regulating the pro-inflammatory adipokines tumor necrosis factor-a ('NF-a), monocyte chemoatiractant protein—1 (MCP-1), and plasmi-
nogen activator inhibitor—1 (PAI-1). Methods Forty SD rats were selected, with 10 randomly assigned as the blank control group.
The remaining 30 rats were used to establish a diabetic cardiomyopathy (DCM) model through a high-sugar and high—fat diet combined
with intraperitoneal injection of streptozotocin (STZ). The successfully modeled rats were randomly divided into model group, ZCTMD
group (17.6 g-kg™) and enalapril group (0.53 mg-kg™), with 9 rats in each group. Rats in each group were gavaged with the corre-
sponding drugs once daily for 6 consecutive weeks. Body weight and fasting blood glucose (FBG) were regularly monitored before
and after treatment. Biochemical methods were used to measure the levels of serum glucose (GLU), glycated serum protein (GSP),
total cholesterol (T'C), triglycerides (I'G), low—density lipoprotein cholesterol (LDL-C), and lactate dehydrogenase (LDH) in rats. ELISA
was employed to determine fasting insulin (FINS) levels, and the insulin resistance index (HOMA-IR) and insulin sensitivity index
(ISI) were calculated. ELISA was also used to measure the levels of creatine kinase isoenzyme MB (CK-MB), cardiac troponin T
(cTnT), type I collagen (COL-I), TNF-a, MCP-1, and PAI-1. Pathological and morphological changes in the myocardial tissue of
DCM rats were observed through HE staining, Masson staining, and Sirius red staining, and the myocardial collagen volume fraction
(CVF) level in the myocardial tissue of rats was calculated. Results Compared with the blank control group, the model group
showed a decrease in body weight (P<0.01), and increases in FBG, GLU, GSP, TC, TG, LDL-C, HOMA-IR, LDH, CK-MB, cTnT,
COL- I, TNF-a, MCP-1, and PAI-1 levels (P<0.01), while FINS and ISI decreased (P<0.01). The myocardial tissue structure of rats
in the model group was disorganized, with widened myocardial fiber gaps accompanied by collagen deposition, fatty degeneration of
myocardial cells, infiltration of inflammatory cells, and an increased CVF (P<0.01). Compared with the model group, the ZCTMD
group showed an increase in body weight (P<0.05) and decreases in FBG, GLU, GSP, TC, TG, LDL-C, HOMA-IR, LDH, CK-MB,
¢TnT, COL-1, TNF-a, MCP-1, and PAI-1 (P<0.05, P<0.01), while FINS and ISI increased (P<0.05, P<0.01). The myocardial fibers in
rats in the ZCTMD group were arranged more neatly, myocardial cell morphology tended to be normal, inflammatory infiltration
alleviated, and CVF decreased (P<0.01). Conclusion ZCTMD can improve myocardial fibrosis in DCM rats, and its mechanism of
action may be related to down-regulating the release of pro—inflammatory adipocytokines TNF-a, MCP-1, and PAI-1, thereby
inhibiting myocardial fibrosis.

(Keywords] diabetic cardiomyopathy; myocardial fibrosis; Zicui Tongmai Drink; proinflammatory adipokines; tumor

necrosis factor—a; monocyte chemoattractant protein—1; plasminogen activator inhibitor—1

2 RUBERH (diabetes mellitus type 2, T2DM)
S LR 28 70 A A T ok o sl ZH U0 i 5 2R A1
P2 AT AR Y 52 202 PR P
S Bk 5 ACAE N, BRI O U (diabet-
ic cardiomyopathy, DCM)J2& T2DM & .0 WLIhfERE
T —Fh iR AR 2024 AFERRILOREDR 2 0 152
IR P2 LR BB TARAH e 2R E
SCDCM, BRI PRI AEAE B B0 T 300 U 4 2
REFN/l AT TR DN REFREAT A BRSSO Al 2
DCM By B3 A AR . 7EME R IF A, A
LA HEA L LA I 25 2 R IR R DCM 220

SBF IR ABET A TN 2 — | AT PO IR AT 4
MR AAERE PR SRR T AR PR s S8 PR, WA
HOULEE 21 B9 o JUE 2T 4 A B4 BIL ] 0455 5 TR 0K 5
WUSCEF AR M A FISE TR LA S RAE AL 52 4R, B
S 22 (IEAE R IA I 5 PR ] LRI O R 2T 2 Ak
AR | LN 700 K2 55 53 B B 05 3T E A5 A A Qg AL O
JIINES7R L ey L - () L W13 R 1S
g [P 2R AR PRSI BB R A Wi s /L, 4k
IR I RE T B S 2k W NS TR (free fatty
acids, FFA)FI IR, SBRF MR R PR R {5
ST A = BRI A SO E LR R T



242 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2026 455 46 4

AE , B O ERCRT, BEE AR SO 1 A e | /LoD
Je sl I AEE N e AR S IR DR A he i
KRB, R i MBEFI IR TR B Stk ad 2
P 51O WU AR R, O JIE 2 B v] 556 3% /9 A
JoT, JX e SRR O AN T2 B R AR
B 1) 072 2 T R 285 18 P A TR 1) B 9 240 i #)
o, A AR R AR AR, ke SR AE I T —a
(tumor necrosis factor—o, TNF-o0) \ FLAZ 40 ¥4 {25
FH-1(monocyte chemotactic protein—1, MCP-1) & £f
AT S YA i -~ 1 (plasminogen activator in-
hibitor—1, PAI-1)% . S8l e IS M deie
{553, AT AN T O WLET 4R Ak, DT HE S
A NG KN RERR NG, le &P HUL I, HoH e
RN W7 DR - A 2 T B /a7 5 A QAR S A0
MBI I — DRI LA
T K O T A T BEAE  BR A 2 R
NER BB EE T DCM ZE R, R (2R 718
6, FETR B Sl R H AR TR P 258 T
HOAOESE 0, AT e d% DCM K B JULAH AR 1
AR T SO LA 2L BRAGT , elest it i g S Ak
IR RO, ) BE DR DCM. B ALK RAE 5
AEREEOT S HL O DR, (HHBARST S ALE H
i A S A RS A IFSE B FERE— AR o ik
POk DEM KA A g i - TNF-a MCP-1,PAI-
1 IR IR A5 0, W 322 e 368 JDk o el 422 42 2% g
-5t DCM L LEF 4RI BIL , D9 Hh 7 DCM $i
LSRRI

1 8
1.1 zh#p

6~8 JE % SPF ¢ SD MEPE KB 40 H, &5 &
120~150 g, W4 T~ F 307 3 w5t a8 S g sh W) A BR A
A, S PTIESR5 SCXK (3)2019-0004, K LA
FE TR v BE 2 R AE s e g bt T 3R R A L TR
(24+2) C,AHXRE 50%+10%,12 h/12 h BHEEAZ
B AMBEEYOK, SN ERSE 1 REIFRER, A&
ST 30 2 W A B 2 R s ) S B AR B A (R
5 ;HNUCM21-2311-04)
1.2 YRR

BB IR B AR TR EA X
Z: WIZRBE RACK My A PHS I s
KW AR A | LA 2H A, 2400 TE T 0K 0 O )T
g 2 BH K AT RN W) (A543 314 : 21090158 |

21080006,21090070,21060012.21070001,21080128 ,
21090071,21030065,21080070.21070163 21100182,
21060001.,21100279 21030124 .21080191) . 475
T ot FH ISP RR et AH N AURE 25 00 T 28 0R0K K A
BRI, 4 CIRAFR . ERIRUTIEF A (4
TV AR BRI 25 By A7 BR A W), B 2517
H32026568, HiH& .5 mg/ A , b e Tk (190 A&
P 10% HE0E 10985 1 . 79% -0 1Rk} W T At 5 Rt
RPN S ARG R AR, TR .

Bl R4/ B 2 (streptozotocin, STZ) (AL KK FE
RHEA BRA ], #E5 12231030007 ) ; #5458 (glucose,
GLU )Ml & 150 & ( B o A= W 2450 23 \) it
240313) ; BLIMLIEE H (glycated serum protein, GSP)
M E B (total  cholesterol, TC) | H i =i (triglyc-
erides, TG) [KZ R FIHEEE (low—density lipopro-
tein cholesterol, LDL-C) . FL1& i & i (lactate dehy-
drogenase, LDH )il %71 & (Fg 5l B A9 T AR F
AT, 1520 31 R £ 20240507 , 20240404 20240404
20240421,20240507) ; K EUBHEZZ (insulin, INS)ELISA
57 & (3EE Crystal Chem 2A7] 5 :DURS41A ); K
Bl TNF—a ELISA {50 & ( B e 2 YRR R
N T 240123) s IFRIEER] TR (creatine kinase—
MB, CK-MB) K I B 5 H (collagen type -1,
COL~ 1 ) KELLWUIAEE T T(myocardial troponin T,
¢TnT) R PAI-1 ELISA i3 & (aU3U S R
WIRHE Iy AT R AW #5435k : W 027424V 1645,
WO023ZZ0H4756 W0248VAT7110, WO22FN802723) ;
KELMCP-1 ELISA i8] & (B =8 AR Y ARAT IR
23] 5 :40001874)  FR AR YK LY Masson
Jet i & KRB LU R & (KD g4
Yo w5 4 5k £ 13C20240411 ,14A20240105 |
06C240418 ,12D240205) ,

1.3 EE{UEE

MRS A AR (U A s R S A D HAR A R
INE] S EZ-T Lite H1) 3 BT R (42 515 I
AR BRA T, ES  ES120) 5 K V400K (1717 H
RDLRALER 35 AT B R, B . TS-1) s U1 7 AL (i
VLAl Ry r s A B AR, 5 . YD-315) ;1
AL (N g AR AT FR A F] L 25 . BMJ-A)
K% pH i (BB’ A IR A A (F
k), B . E-201-C) ; BEHRAS (b i i B A A
AT, LS. 318C+)



2026 45 46 &

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 243

2 Tk
2.1 SR SEREH

SD K B Bl AL A7 3R 1 43 R 25 UG RR L (10
SO FIIRIZ (30 H) 28 FI6 REZH 45 75 e Al i
It B RBGEZE s s I i BHR SRS STZ 18
S EE ST DCM BRI BARERAE QDR . SR T
W EARTE R SR 7 FJS , RS AEK 12 h, 5
8 JE¥% 30 mg ke STZ &S TESS, BT HE IR ibi Al
(KE 2 AR H DBEPLIEE =16.7 mmol - L™ $2&7R
TR, RIBFREFMT 15 mg kg™ STZ); 4kLkid
7% 6 JEHNT DCM AL 6 J& 5 7R 7 20 B HLAH IR 1
HR B HE B SR AT TE.O WLZH 47 4R 1L AL
i DCM &8, R HFEALEC R AR i )
KR IR 2 3% A Jk TR 2 (AR 0 1R R 2 i 1
L] 17.6 g kg NEfETHOREE ) FATREF]
2H(0.53 mg-kg), B4 9 H ;25 HXJ IR BAY
Ik Rl S 2 AR A B K 1 Ud, B 255 10 mL-kg™!
PR, T 6 Ji . SEEen) 2 HOR G BER
TLGIER, %8S STZ WA E RBH G T
DCM BAVFEAE = ISR R 3R B 5 R U 4 R
A 738 LA KSR A VTR RS, B AU 2 32 JAE ik ek
HRAMKABE R A4 3 HRRSET:, & di 6 X
PN LN RS veg SRl
22 {FRERZHE MEET

S ] R 2 PRI R AR . A
KA, WERLRL T B 2 AN 1 VK2 i % (fasting
blood glucose, FBG) , 251 1ii)5 48 FBG.,
23 WRAERE

5520 AR, RESSEAREK 12 h FFREBUAR
i, T DS I STRRIE OB 80k 3 mL,4 CH
B2 h/J5,3 000 remin” B0 15 min (B AN
8 cm) UM ,-80 CLAAF# ., HUME , FHLONE,
AT L TR T, -80 CTvKrh e a5 FH ;350
THDNEE T 4%2 R WA 1 E
24 PERERHEFRE LDH 2ENE

HR A 250 & U T B RAE SR 4 | B R sy
BT A3 000 5 DK BRI V8 0 A A AH DG H FR (GLU
GSP.TC TG .LDL-C) }% LDH & &,
2.5 ELISA #&i m#& 7K T R B RAKTE O ARG
HREYRRERFSE

PR i FEAH Y. ELISA 32057 & 156 BH B #4E Jr vk

5 KBRS I IR 5 3R (fasting insulin, FINS) K-,
WU GiR &Y CK-MB ¢TnT ,COL- T %5 K Ifil 7
T SERE I A T PAI-1 MCP-1 TNF-o &t it
B 5 ZAXPTFE S (homeostatic model assessment of
insulin resistance, HOMA -IR) : HOMA -IR =(FINS x
FBG)/22.5 FlJgi 5 R HUEAE L (insulin sensitivity in-
dex, ISI):ISI=1/(FINSxFBG)
26 DCM KROALBRRZEIE

4% 22 5 W R TR W 186 O IR 2R 21 A 0 2 1)
A (5 wm) B AKALSS RO WL 253 5 64T HE
Yeft, Masson YLt S KR LT fo 1E 2 i T
WL PR 2246 . A Tmage) EIREA
T s 25 F\/\%ﬂ((collagen volume fraction, CVF),
B BEALIER 5 PP, 35 CVEF, CVF (%)=
P I AR S A TR A 100%
27 HZitEFE

fifi j IBM SPSS 30.0 H{F BEAT Kb e 3t A5
B, B A BE T “vas " 3RoR , AR BTG IEDS
P ELJ 2255 SR ANOVA SR Z05 2253HT (One -
way ANOVA), J7 Z550] 2418 LR LSD i,
J7 TR, A5 AR AR RS IR e, P<0.05
ForzEFAgFE X, R GraphPad Prism 10.1.2
B BRI TG R 2

3 H#R
3.1 EEEEERKIRIT DCM X REREN T
55725 PN IR LA, BRI AR i 7 10 J] i ok

B(P<0.01), SHERI HEL, 14 FJ5 , 50 Bk 4
FARTIRE I ZH A B8 i (P<0.05) . BEULIE 1,

700 = =Py iter:l
- A
600 —a I }
T I »

500 — — ] {| 4
ﬁ‘ kg
18 400 =
[
®

300 —

200

100 T { | T T { | T T 1
0 4 8 10 12 14 16 18 20
6]/
B 1 SHEXRERBILR (xs5,0=06)
Fig.1 Comparison of body weights among different
groups of rats (vxs, n=0)

1 2 525 I BRA L #, ##P<0.01 ; SR 13, #P<0.05



244 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2026 455 46 4

3.2 EBERERKTRRT DCM X R IMAER &0
525 (AR IR A, B 10 J8JS FBG THis

(P<0.01) , AL R ARTRE A ZH HoAsE , 186 et Jik ek

20 14 J8J5 FBG FE{K(P<0.05,P<0.01), HEULIE 2,

30 AR R4
- BRI
25= —A— BEFEEEKRA ; o o
KA R L

o
=
1

sk

/(
>
1

¥/ (mmol/L)

&l Ak
=
=
1
+
I
I

w
1

0=— T | —r—T—T—TT
10 12 4 15 16 17 18 19 20
fi [E /)]

B2 RAXRIMAELLE (v2s,n=6)
Fig.2 Comparison of blood glucose levels among
different groups of rats (x+s, n=6)
TE: 528 3 IRAL AR, #P<0.05, *+P<0.01; SR 820 B¢, *P<
0.05,*P<0.01; FAKIREFILH HeEL, *P<0.05,7P<0.01,

3.3 EEREEBKIRIY DCM K ERAERS 157K F A 20k
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(P<0.05,P<0.01), #HILFE 1—2,

£ 1 BAKR GLU,GSP LLE (x+s ,n=6)
Table 1 Comparison of GLU and GSP levels

among different groups of rats (xxs, n=0)

20 51 GLU/(mmol/L) GSP/(mmol/L)
25 EXT IR 5.05+0.72 2.75+0.13
FEAIZH 24.16+5.07%* 4.7020.66%*
AR A 4 21.1425.29%* 4.3520.927%%
T IREE KR 2R 12.17:£3 2k 3.58£0.17%"

. S EX A, *P<0.05, ##P<0.01; SR e, #P<
0.01; SHFRE R Fbds, P<0.05,+P<0.01

x2 FHHAKXR TC.TG.LDL-C EbE (x+s,n=6)
Table 2 Comparison of TC, TG, and LDL-C levels

among different groups of rats (x+s, n=0)

215 TC/(mmol/L) TG/(mmol/L) LDL~C/(mmol/L)
ZFEXRA 2.03+0.05 0.69+0.08 1.12+0.12
HEAIZH 5.1620.627%% 2.42+0.26%% 2.45£0.24%%
IRAREFIL 4.89+0.64%%  224x0.17%* 2.500.44%*
WVEEBKIRAL  3.2520.1 1% 1 6320, 1455+ 1.5320.1 1%

T 528 X IR HL#R, ##P<0.01; SRR HedE , #P<0.01; 54K
TR AN 20 He AR, 'P<0.05, 7 P<0.01
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Table 3 Comparison of FINS, HOMA-IR, and ISI levels

among different groups of rats (x+s, n=0)

2H 51 FINS/(mIU/L) ~ HOMA-IR IS
25 AN R 6.11+0.76 1.29+0.18 0.035+0.004
HEARIZH 2.52+0.52%* 2.64+0.33%%  0.017£0.001%*
AR )2 2.97+0.71%* 2.77x0.43%%  0.017£0.002%*
WEEEIKIRZL  4.5320.54%%  221+0.39%*  (,020£0.004%**

T 528 O IRAL H AR, ##P<0.01 ; SR ZH HAS , 'P<0.05,#P<0.01

B RARE AL LA, P<0.05, *P<0.01,
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Table 4 Comparison of CK-MB, LDH, ¢TnT, and COL-I levels among different groups of rats (x+s, n=6)

215 CK-MB/(pg/mL) LDH/(U/L) ¢TnT/(pg/mL) COL-1/(ng/mL)
25 A HRZH 4 694.90+501.18 210.33+19.73 35.09+3.65 40.80+4.74

FRIZ 9 063.51+758.87+* 359.45+13.81%* 76.03£4.04%% 127.28+9 .43+
AR F1)2H 6 600.37+£554.53%%" 265.30+18.68%+# 61.37+5.77%# 94.30+9.647#
rsinigr el 6 897.10+739.53%## 281.29:+26,027%+# 67.11:+5 25%:# 84.63+5.49 %

528 X IR HLAE , ##P<0.01 ; SARIZ HL A, #P<0.01 ; SR A2 He 42, *P<0.05,
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0.01), HW%ES,

®5 HHKR TNF-o MCP-1,PAI-1 L% (x5 ,n=6, pg/mL)
Table 5 Comparison of TNF-a, MCP-1, and PAI-1 levels

among different groups of rats (x+s, n=6, pg/mL)

415 MCP-1 TNF-a PAI-1
ZSHMIRA  127.72+5.84 82.28+5.89 5 634.39+226.72
BORIZH  210.16£3.94%%  232.67+13.15%*% 14 854.43+892.81%*

ARG AL
WEBER KK 164.50£4.08%% 139.1625.5%%# 10 430.74£794.87+*#+

193.27£8.14%%%  192.81£9.91**% 12 23520+597.87*+"

525 FRRA LU, 4 P<0.01; SRR LEER , *P<0.05,%P<0.01;
SR AN LH L #, +P<0.01,

3.7 HEREFEBKIRXS DCM KR ALARRIEF RIS

55725 PN R U BRI HE e (0 R R
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FAEANMIIZ 42 /D s Masson Y {6 FI R AR R LT YL (0
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#6171 3,

R6 HBAKR CVF L (x2s,n=3)
Table 6 Comparison of CVF among different groups of

rats (x+s, n=3)
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Fig.3 Pathological staining images of rats in different groups (x400, n=3)
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