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(Abstract] Objective To explore the mechanism of action of Xuefu Zhuyu Decoction (XFZYD) in promoting myocardial
repair in a rat model of coronary heart disease with blood stasis pattern based on the NPNT/Janus kinase 2 (JAK2)/signal
transducer and activator of transcription 3 (STAT3) signaling pathway. Methods A rat model of coronary heart disease with blood
stasis pattern was established by ligating the left anterior descending branch of the coronary artery. After successful modeling, the
rats were randomized into model group (intragastric administration of an equal volume of distilled water), trimetazidine group
[intragastric administration of 54 mg/(kg-d) trimetazidine solution], and low—, medium—, and high-dose XFZYD groups (intragastric
administration of 3.51, 7.02, and 14.04 g/kg-d) of XFZYD solution, respectively). Additionally, a normal group (no intervention
measures) and a sham —operated group (the left anterior descending coronary artery was only threaded but not ligated) were
established, and both groups were administered an equal volume of distilled water by gavage. Five rats were in each group, and all
were euthanized for tissue collection after seven days of continuous gavage administration. Echocardiography was performed to
measure the rat cardiac function indicators; Hemorheological tests were conducted to determine the whole blood viscosity, Casson
viscosity, and red blood cell aggregation index; HE staining was used to observe the morphological changes in myocardial tissue;
ELISA was employed to measure the expressions of serum platelet—derived growth factor-BB (PDGF-BB), insulin-like growth factor-
1 (IGF-1), myocardial tissue vascular endothelial growth factor (VEGF), and vascular endothelial cell growth factor receptor-1 (VEGFR-
1); Western blot was used to examine the protein expressions of JAK2, p-JAK2, STAT3, and p—STAT3 in myocardial tissue; real-time
fluorescence quantitative PCR was performed to check the mRNA expressions of NPNT, JAK2, and STAT3 in myocardial tissue
Results Compared with the sham-operated group, the model group showed significant ST-segment elevation on electrocardiogram, lower
left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (LVFS) (P<001), higher left ventricular end—-diastolic
diameter (LVIDd) and left ventricular end-systolic diameter (LVIDs) (P<0.01), elevated whole blood viscosity (low, medium, and high
shear rates), Casson viscosity, and red blood cell aggregation index all (P<0.01), swollen, fractured, and disordered myocardial cells
with numerous inflammatory cells, higher levels of PDGF-BB, IGF-1, VEGF, and VEGFR-1 (P<0.01), elevated protein expressions of
p-JAK2 and p-STAT3 (P<001), and higher mRNA expression levels of JAK2, STAT3, and NPNT (P<0.01). Compared with the
control group, the treatment groups showed varying degrees of ST-segment reduction on electrocardiogram. The trimetazidine group,
medium—dose XFZYD group, and high—dose XFZYD group showed higher LVEF and LVFS (P<0.01), and lower LVIDd and LVIDs
(P<0.01), while the low—dose XFZYD group showed reduced LVIDd (P<0.05). The trimetazidine group, medium-dose XFZYD group,
and high—dose XFZYD group showed lower whole blood viscosity (low, medium, and high shear rates) (P<0.01, P<0.05), while the
low—dose XFZYD group showed reduced whole blood viscosity (low shear) and Casson viscosity (P<0.01, P<0.05). The myocardial cell
morphology and structure were improved to varying degrees in all treatment groups. The trimetazidine group, medium—dose XFZYD
group, and high—-dose XFZYD group showed higher levels of PDGF-BB, IGF-1, VEGF, and VEGFR-1 (P<0.01, P<0.05), while the
low—dose XFZYD group showed higher levels of IGF-1 and VEGF (P<0.01, P<0.05). All treatment groups showed elevated protein
expressions of p—-JAK2 and p-STAT3 (P<0.01, P<0.05). The trimetazidine group, medium—dose XFZYD group, and high—-dose XFZYD
group showed higher mRNA expression levels of NPNT, JAK2, and STAT3 (P<0.01). Conclusion XFZYD can significantly reduce
myocardial injury in a rat model of coronary heart disease with blood stasis pattern. lts mechanism may be related to the regulation
of the NPNT/JAK2/STAT3 signaling pathway and promotion of angiogenesis.

(Keywords] coronary heart disease; blood stasis pattern; Xuefu Zhuyu Decoction; NPNT/JAK2/STAT3 signaling pathway;
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BRI DUER (12 o), 046 =48 (9 o), T 4k (6 ),
AT AR (6 g), Sl —4R (3 g), HREER (6 g), K
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Table 1 PCR primer sequences

FEH JP5I(5—3") £ JE/bp

NPNT  IE[; GTCGCTATGGTGGCAGGATT 77
J2 1] : TTGGCACACAGGTTGACACT

JAK2 1ET7 : GAGCTACTGAAGAACAACGG 112
JZI] ; TGAAAGAGGGACGTTGGTTGA

STAT3  iE[f]: AGCAGCAGGAAAATGGCTCCTCCAG 180
JZ 1] : GTTCACTCAAAGGCGAGGGTTGTGG

B-actin  IE[A]: TGCTATGTTGCCCTAGACTTCG 240

JZI1] : GTTGGCATAGAGGTCTTTACGG
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LVFS J} & (P<0.01),LVIDd .LVIDs [ (P<0.01);
IR 5 2H LVIDd FE{I% (P<0.05) . 5 il St R 20 Lt
B KA 4 LVEF . LVFS &% (P<0.01),LVIDd,

i i U P PR R S PSSP RS S PR VAT PR et s U s e

IEH 4

1N RO AT I ST NG G R S S8 NS5 ST SN S SR RS

BFAL

ST G e s ee s e L uoin G i SoRu R S a g

pi

HETE]

Th J b e b
i e

| BSST TN AN PGS PSS RSO /O VAR NS OGS NSO/ SR TN PN NGNS PSP TSR

R ek
1 BFHEKRROEE

Fig.1 Electrocardiograms in each group of rats
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LVIDs F+&E (P<0.01) . SR LA, i) a4 A
T R 41 B9 LVEF | LVFS J} 7 (P<0.01) , LVIDd |
LVIDs F#fik (P<0.01), 54l thds, mfl =4l
LVFS [ (P<0.01), TEILFE 2,

*2 BHEKRBROINBELLE (x45,n=5)
Table 2 Comparison of cardiac functions in rats

among different groups (x+s,n=5)

MW LVEF/% LVFS/% LVIDd/mm  LVIDs/mm
EH4 92255280  59.00£2.46 5.83+0.10  3.30£0.24
RTARM 8849+3.12  52.25+1.55 5.86+0.10  3.2120.21
BRI 68.98+1.17%% 31.77£2.81%*%  8.48+0.36** 6.3320.19%*
MMl 82.78+2.38%  48.65£1.93* 6.400.13%  4.1420.17%

EFIEEA 71.63+1.81%% 34.59+2.93*%  8.05:0.23** 6.30+0.10**
PR 85.8242.20%A4 51.96£2.21#A%  6.25+0.14%A4 4.1120.26%A4
R 86.2242.70%A4 46.09+£2.054AAME 6 17001 1#AA 4.24+0.13%AA

. HBRFARAAM L, #+P<0.01; SRR L, *P<0.05,%P<0.01;
i SEAIELAAH L, **P<0.01; SILFEAAH L, 44P<0.01; 5 7]
EAAA L, "™P<0.01

24 BAXRMBHREZLER

SRTF AL A BRI ZH A4 A5 (K P
Y1) RAREEEE LT AR FR B T8 (P<0.01) . 5
BRI LA, iR SE AR 2L | ) e 2R e A5 R A A 4
MZGRE (G P S0 RPAREEE 2140 MR AR F i
FAAK (P<0.01,P<0.05 ) ; {50 5 21 4 i 8 5 (K 90) #n
RAARHEFEAR(P<0.01,P<0.05), 5 i SEAL R 1L
B AR A A B (IR b YD) R R A
20 it R AR FE B T (P<0.01, P<0.05) 5 Al i 4H 4
L6 B (K, H U0 ) RN 2T 41 i 28 4 48 KA1 (P<0.01,
P<0.05) ; g 701 F 20 A il 6 2 (1% rh s B0 REAIR (P<
0.01,P<0.05) , S50 2H b A, rpn) e 4 e 79 o
HAMBRRE (K P = Y)) CRAARGE L0200 SRR
HOIHFRAR(P<0.01) , PRI 3,
25 HBHXBROAHELREESENE

HE Q25 R | IE# AT AR KoL

YRR HES R ST, A A A DT |, AT DL S, JE R 1
Y LI AT ZH R BRL O LA 2 8 32408, 0 L2
Ji i T HESZEL , S ME AN I B G mT D, il 98
by W 2 240 i [0 5 AT e 3805 o0 UL REHE 71 4 %
B RN MIRE YD AT A T OO LA RS
BN ZERLELRN , BRSO B, 154 R 2 i e 7=
T, PR AL O LA A A PERR BV, O LA i HE 37
L2 LU BTN ST 5 A N AR o = b= =
T 20 JUL A4 o A A A R Ok % o0 UL L 1) A
X FHL A 240 i e o (] ] D20 8 00 IR i T DL
K2,
2.6 RAKXRIME PDGF-BB. IGF-1 EELLE
SRTFARH L, HRI4 PDGF-BB IGF-1 &
TR (P<0.01), SR R, i SEfb gl 5l
HH4H R4 PDGF-BB IGF-1 & & T (P<0.01,
P<0.05) ;{2 IGF-1 & THE (P<0.01), St
SR He g, (K57 R4 PDGF-BB IGF-1 & [%
I (P<0.01) ; 751 41 AN 5 57 41 PDGF-BB IGF-1
P TR (P<0.01) o SRR He A, vl 4 A
FI 4 PDGF-BB IGF-1 & 71 (P<0.01), S
FIE2H AL, & ) 4H PDGF-BB IGF-1 & &K
(P<0.01), TEILFE 4,
27 BHAKFOAL VEGF, VEGFR-1 2t
SFARM B VEGF . VEGFR-1 7
I (P<0.01), SAAEIZH g, ih el )
4 R R 4l VEGF  VEGFR-1 & # T+ (P<
0.01); fIK5FI 4L VEGF & Tt (P<0.05), Sh3E
iR 2 LA I & 4 VEGF . VEGFR—-1 & & &%
(P<0.01) ; 7| HEE 4 VEGF & THE (P<0.01) ; &5 7
4 VEGF \VEGFR-1 & &%k (P<0.01), 517
AL, SR VEGF \VEGFR-1 &Rk (P<
0.01), FEWFES,

®3 BHRKRMBREFZLE (xx5,n=5)

Table 3 Comparison of hemorheology in rats among different groups (xxs,n=5)

%Jﬂl%ﬁg/(m]’a-s)

415 e ol o RIAREEE/(mPa-s)  ZLANNISRARTEHR

R 21.86+1.68 3.82+0.65 3.25+0.64 3.410.36 5.49:0.15
BFARA 21.68+0.50 4.29+0.21 3.05+0.24 3.38+0.36 5.8020.18

HEARIZH 42.26+0.97%% 8.01+0.81%* 6.0620.527%% 5.51£0.26%+ 8.01+0.04%*

BN =4i) 27.56+1.40% 5.7420.41% 4.71+0.20" 4.000.12% 6.56+0.33"

[isilh ez 39.15+1.26"*¢ 7.24+0.83%* 6.05+0.73* 4.99+0.05"** 8.26+0.22**
rpo) ke 24.65x1.21%*¢44 4.34+0.70%¢ %44 4.04+0.90%44 4.10+0.31#44 6.1320.17#%44
[l 23.13+0.96***44 4,400,747 %44 3.60£0.58" 44 4.26+0.23%44 6.38+0.33%44

T SIERFARAAALL, *+P<0.01; SERIZAH L, *P<0.05,#P<0.01; 5 M SEMBERLAT L, *P<0.05, **P<0.01 ; SR HHHAA L, 44P<0.01,
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rhlE 2 G 79 bk 4

£ HE B R (x100)

Fig.2 HE staining results of myocardial tissue in each group of rats (x100)

x4 HBAKRIMTE PDGF-BB.IGF-1 &8 (x2s,n=5)
Table 4 Comparison of serum levels of PDGF-BB and
IGF-1 in rats among different groups (x+s,n=5)

215 PDGF-BB/(pg/mL) IGF-1/(pg/mL)
EHA 21.86+0.64 300.89+15.99
BFARH 20.78+1.32 330.11£14.07
AL 31.77+1.44%% 410.68+14.34%+
B =t 35.55+1.88" 514.65+9.08%
jisllEeei: | 31.65+2.22*¢ 472.00+5.01#%¢
Skl 53.44+]. 75" %44 687.72+9.94%¢ %44
[=line| 46.20£1.40%¢*44nm 608.86+13.63#¢+44mm

L HIRFARAMIL , *+P<0.01; SERIA AL, P<0.05,%P<0.01;
Sl AL, **P<0.01; SIKRI R4, 44P<0.01; 5
FHELHAH G, "™™P<0.01

x5 BHEKXROM VEGFVEGFR-1 &2 (x5 ,n=5)
Table 5 Comparison of VEGF and VEGFR-1 levels in

the myocardium in rats among different groups (x#s,n=5)

2151 VEGF/(pg/mL) VEGFR-1/(pg/mlL)
R A 8.33+0.67 82.5122.00
BFARH 4.39+0.57 68.67+7.04
i 11.2320.71%* 92.92+2.60%*
i S A e 2 22.89+0.47% 120.80+2.85%
IR 4L 13.60+1.06"** 96.16+2.71**
rh 2 26.27+1.73%*¢44 121.78+6.25%44
A 19.84x1.16%**44mm 107.10x1.83%¢4smm

S ERFARAAMLL, *+P<0.01; SEAIZ AL, *P<0.05,%P<0.01;
Ll SR AL, **P<0.01; SKF R A L, 44P<0.01; 5
FHEAIHI L, "™™P<0.01,

2.8 FHHKXBROIMALR JAK2,p-JAK2 STAT3 p-
STAT3 EARIELLE

K- 1A] JAK2 I STAT3 fsE Rk A, 25
YITEge it #3E L(P>0.05) . ST L, BRI

p—JAK2 p-STAT3 £ KB M (P<0.01), HHA
L, M SR ZH AR S v 7)o R e )
4 p-JAK2 ,p-STAT3 & AN (P<0.01,P<0.05) .
55l 35 Al g 21 LU, IR 5 41 p-JAK2 | p—STAT3
HE HE A (P<0.01,P<0.05) . SIRFHEA HA,
FhFlE4H p-JAK2 p-STAT3 45 FH k891 (P<0.01) ;
A p-JAK2 B (BN (P<0.05) , 5 i
ZH AR, i 2H p-STAT3 5 A8 /0 (P<0.05) .
HEILE 3 %6,

Ky [ —— —— 130 kDa
p-JAK2 |-. - ‘----] 130 kDa

STAT3 m 88 kDa
88 kD

-oeomoeoee s

A B C D E F G

B-actin

B3 HAXROINALR JAK2 p-JAK2 STAT3 p-STAT3
EBRIEEHE

Fig.3 Band diagrams of JAK2, p—-JAK2, STAT3, and p-

STAT3 protein expressions in myocardial tissue in each

group of rats
TE: AER 2 BART AR ; CHIRILL ; DI AR ; EAGH 4
F A G R R

29 HAHAKXRBRDODAALR NPNT,JAK2,STAT3 H)
mRNA FRikKFEb 3%

ST ARG, BRI NPNT JAK2 STAT3HY
mRNA Fh /K- 7R (P<0.01) , SR HeA, ith
Tl gRZH iR EE2H | R B4 NPNT JAK2 STAT3
9 mRNA XK T1E (P<0.01) 5l SEftge
oA, () 41 NPNT JAK2 STAT3 i mRNA ik
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Fo6 HBHEKRBROAAR JAK2, p-JAK2 STAT3 p-
STAT3 BB FRILLLE: (x25,n=5)

Table 6 Comparison of the protein expressions of

JAK2, p-JAK2, STAT3, and p-STAT3 in myocardial

tissue of rats among different groups (x+s,n=5)

21531 JAK2 p-JAK2 STAT3 p—-STAT3

EHH 0.63+0.35  0.36+0.03
BFEARE 0602033  0.26+0.06
BRI4]  0.6520.37  0.65£0.08%*
MZEfE4]  0.71£0.39  0.94+0.03%

0.20+£0.02  0.34+0.08
0.19+0.04 0.16+0.04
0.22+0.02  0.59+0.06**
0.24£0.01  0.93+0.06™

fEFIE4H 067036  0.83x0.06"*  0.2320.01 0.74+0.08"**
PRI 0.74+0.43  0.99+0.03%44  0.25+0.01 0.96+0.06"44
S 0.68+0.39  0.93x0.06%4  0.24+0.01  0.84+0.11%*®

e SRFARAAMIL, *:P<0.01; SR L, *P<0.05,%P<0.01;
S 24 AH 1, *P<0.05, **P<0.01; SR ALAH L, AP<
0.05,44P<0.01 ; 55 41 L, "P<0.05,

IKF ¥ REAR (P<0.01) 5 57 £ 20 NPNT \JAK2 (1)
mRNA Fk KT 5 (P<0.01, P<0.05) , S5 &
ZHERAE, Rl | ) 4] NPNT  JAK2 STAT3 [
mRNA FE/CFH TR (P<0.01) 5 il 4 e,
/5 F i 41 NPNT JAK2 STAT3 £ mRNA 2 ik 7k *F
HIREAR (P<0.01) . TEWLFE 7,

®7 BAXROHLAL NPNTJAK2 STAT3 B mRNA Rk
IKFELLE (x5 ,n=5)
Table 7 Comparison of mRNA expression levels of NPNT,
JAK2, and STAT3 in myocardial tissue of rats among

different groups (x#s,n=5)

2H 51 NPNT JAK2 STAT3
IEHA 0.79+0.15 0.80+0.14 0.710.12
BFARL  0.65£0.07 0.69+0.14 0.66+0.11
HiIZY 1.040.04%% 1.07+0.05%* 1.1320.02%
Hisefbke  1.42+0.07* 1.55+0.04" 2.72+0.13*
fRFIRL 1.15+0.03%* 1.13+0.03** 1.30£0.08**
FFFIRAL 1.77£0.08%*%44  1.75£0.06%*A%  2.89+0.09%44

1.40£0.08#AAMN | 4140, ] |#AANE 3 6]+0.]0*AsNm

T SEFAREMIL, #P<0.01; SHRLAIH L, #P<0.01; S5 35
fIEH AR L, *P<0.05, **P<0.01; 5K AHAH L, 44P<0.01; 5
A L, "™P<0.01,

3 e

T Lo 2 ML P 3 B R T i 2 19 4
BEPN 2 — , T T Lo R IE Y R A T A E ST
7RO IR BE IR B R f e IR 2™, ey
W, AT O DRIRERE , 2828 A58 2 % IR R A
AP, PRt A I L AT A B 7 LT 9, S5 5
REIRAB 280, MRS 2 e R Y 1 e s ) o

FRIE AR IEARER Ty, %5 TERR L U437 i U 3 %
() 3tk AR, P ARS A A A g, HAT A8 TG i A 7
K21, PR 2y BE2AF 58 UESERY | IR 1 e T
I TREHEE P | M e A P R B 40 1l A 3 A, e R R
PEER, Pl i /MR DI BE , B 1k 1A T B, OR3P 4
B 2 Vol I A5 PN B A s 5, 4O LA LR AT
&) e 11 1 R N 1K= R S N S S B S
R RIS TR B Ik 22 T e 32, Tl & e o0 s IS SRS A
SR FHE I AR 2 B IR S A E S T T 259, i
1 AR RO L B O D RE AR A IR R AR 2 o0
WILHSUEZS2% 1M PDGF-BB Fl IGF-1 ()& O
VEGF #1 VEGFR-1 )% 1 LA 2 NPNT/JAK2/STAT3
T A DG R I B AR R, 22 T B E IR %
R IUEE FIFER
AHIGREE T I, 26 R 2R 7 v 591 2 s )
B, KEUG K ST Behm i E T %, LVEF
LVFS B  LVIDd \LVIDs & 3R, RO
RE 3Z 45175 1) 2035 5 A0 R SR & W PE A 38 FR12-2)
2 EREE (I ST CRAARREE (ZLA A SR AR T K
P4 5 2 WA, R IR S8 37 ] A A5 I A I
W R R BE R BYRAER (I A T | SRR
A FE IR e A AT DA R, | ShAR
SO UL P 1 o S FAE A, 2 o= A4 L 7D R I B P 1 2
M B F O WUE ., 300 IR BE A AT e,
PDGF-BB REfEA R G IO LD 35 i) i A8 A=
IGF-1 /i T R, Z 5K ER , (e
D LEF A K9 VEGF Fil VEGF 3244 2 1 48 A= il
(8 HR D=4 i A o LS B0 A G 19 I A4 B i 4
I B RS, AR R B, R Z 7
72 A R i 4 BE 4 = PDGF-BB IGF-1 VEGF |
VEGFR-1 W335 , RN Z997 7] REE i fig o
JULERe i X355 0t A A A DG PR A Rk, DT 42 2
B B O, NPNT 720 & & R 5
ZRHEEMEN , ME R ERK B 321K (epider-
mal growth factor receptor, EGFR) FBcARZ — Al 8
i A SR ARATFER TS EGFR 455 5 10E
UiF ) JAK2/STAT3 S5 8 H , IF 55 JAK2/STAT3
5 A TS — RS0 AR BN fE R
F 2 LA 10 A5 A BT JAK2/STATS {5558 R e — 4%
P 210 A D] SRS A 5 A S I 0 4 YL ) B
oAl AT DL R e i T R I E AR,
JAK2 7 1 1L FN 6o 58 22 GE 1 o R $5 SR BEVE T, XoF
2T 20 B A A R G 5 A B A 6 AL LA B AR
STAT3 J&—Fp 2L R 55 5 7 TG4 5 RE IS 3 2
S Yok T B A A S A AT R A DG Y
U A A 23k T BH T STAT3 B3 4k, Al i
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2025 455 45 %

PR B2 40 4 T8 RS AU S AT B0, AR &%
7N, MR8 7] |4 NPNT JAK2 STAT3 E@ mR-
NA ik /KFFHAEFE p-JAK2 . p-STAT3 HY5E %k,
PR ML B 557 A e o 0% NPNT/JAK2/STAT3
{5 S B UE FIF VEGF B33k | M8 2 1M 8
Az BRI AR 47

AHIFFE LA 258 il 3%, 25 Aris A
Yifk2g HEVGHEE ELISA 35 SR % & B PCR
1 Western blot 25 BURE A | WL M2 57517 %)
SEECN P I UE AR 7R I R 22 L4 B -5 OO 36 A 1) 52
Wi, o) P L F 2 % 7 2 80 42 1L A A A 0 L
MG EEMEN, B RA 7 d WEH, H
I, I B2 5% mT LAGE X4 48 KR 7 30, IF 1 m
NPNT 5% & EGFR H1 JAK2/STAT3 jil {417 41 771 &5
AHOCEE ARSI | DA — 2 B Wl RS 2288 3 1 28 el
O IS SIE A5 U R R A o0 WILIE &2 5 NPNT/JAK2/

STAT3 {5530 B (A AR et
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