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[ Abstract]
(TYTZP) against myocardial ischemia/reperfusion injury in rats via regulation of the cyclic GMP-AMP synthase (cGAS)/

Objective: This paper aims to investigate the protective effects of the Tanyu Tongzhi Youhua prescription

stimulator of interferon genes (STING) signaling pathway. Methods: Fifty-six 8-week-old male Sprague-Dawley (SD) rats were
randomly divided into sham group, model group, ticagrelor group (32.4 mg-kg"'), RU320521 (RU.521cGAS inhibitors) group
(5 mL-kg"), groups of TYTZP with low dose (3.6 g-kg"), medium dose (7.2 g-kg'), and high dose (14.4 g-kg"'), with eight
rats per group. The ticagrelor group and groups of TYTZP with different doses received pre-treatment for seven days according to
their respective protocols. The RU.521 group received an intraperitoneal injection one hour before modeling. A rat model of the no-
reflow phenomenon in myocardial ischemia/reperfusion injury was established by ligating the left anterior descending coronary
artery in situ. Myocardial no-reflow area was determined by thioflavin staining. Histopathological morphology of myocardial tissue
was observed via hematoxylin and eosin (HE) staining. Cardiac function was detected by echocardiography. Myocardial
microcirculation function change was observed by using real-time myocardial contrast echocardiography. The myocardial enzyme
levels in the serum were measured by serum biochemical analysis. The double-stranded DNA (dsDNA) levels were detected by
using PicoGreen. The protein expression of cGAS, STING, and nuclear factor-kB (NF-«B) p65 in myocardial tissue was detected
by Western blot. The levels of cardiac troponin I (¢TN I ), cardiac troponin T (¢TNT), interleukin-6 (IL-6) , interleukin-18
(IL-18) , and tumor necrosis factor-a (TNF-a) in the peripheral blood were measured by enzyme-linked immunosorbent assay
(ELISA). Results: Compared with the sham group, the model group showed a significantly increased myocardial no-reflow arca
(P<0.01). Myocardial fiber rupture and disarray and inflammatory cell infiltration were observed by HE staining. The ultrasound
results indicated that left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (LVFS) (P<0.01) were
significantly decreased. Real-time myocardial contrast echocardiography showed that the peak time of myocardial blood perfusion
was significantly prolonged (P<0.01) , and the levels of creatine kinase (CK) , creatine kinase isoenzyme (CK-MB) , lactate
dehydrogenase (LDH), ¢TN I , ¢TNT, and dsDNA were significantly elevated (P<0.01). Western blot results showed that the
myocardial protein expressions of cGAS, STING, and NF-«B p65 were upregulated (P<0.01). ELISA results showed that the
inflammatory factors in the serum such as IL-6, IL-18, and TNF-«a were increased (P<0.01). Compared with the model group, the
group of the TYTZP significantly reduced the levels of myocardial enzyme, troponins, and dsDNA (P<0.01, P<0.05), improved
cardiac function and myocardial microcirculation, alleviated histopathological morphology and inflammatory infiltration, inhibited
activation of the cGAS/STING pathway, reduced the expression of NF-«kB p65 (P<0.01, P<0.05), and inhibited inflammatory
response. Conclusion: The TYTZP mitigates the no-reflow phenomenon in myocardial ischemia/reperfusion injury, and its
mechanism is associated with inhibiting the activation of the cGAS/STING pathway and attenuating inflammatory responses.
[Keywords] myocardial ischemia/reperfusion injury; no-reflow phenomenon; cyclic GMP-AMP synthase (cGAS)/

stimulator of interferon genes (STING ) signaling pathway; inflammatory response; concurrent treatment of phlegm and stasis
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Fig. 1 Effect of Tanyu Tongzhi Youhua prescription (TYTZP) on

area of no reflow in NR rat model
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Table 1 Effect of TYTZP formula on myocardial infarction area

in NR rat model (x+s,n=3)
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Fig.2 Effect of TYTZP on myocardial pathology in NR rat model (HE, x400)
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Table 2 Effect of TYTZP on cardiac function index in NR rat model (x+s,n=5) %
2190 Fl /g kg LVEF LVFS
BFARA 98.44+0.52 80.87+2.55
IR 24 56.15+7.59% 29.39+5.33%
s Fi % 21 0.032 4 88.27+2.25Y 58.21+3.07"
P TR IR LA 7 R R ik 4 3.6 69.23+3.23% 38.84+2.24
PR RNA P Ak T R A 7.2 82.86+6.61% 52.98+8.56"
P TR IR Ay R 7R ik 4 14.4 92.55+1.63" 66.19+3.48%

3.4 RIEIENVA AL 7 % NR B JILIUE B 2 BE Y
FEM RhCs IUVE T 3 06 e ) 4 2 O BRSO WLACOIE
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Table 3 Effect of TYTZP on cardiac microcirculation function in

NR rat model (x£s,n=5)

415 /g kg B W] /s
BT AR 3.89+0.22
TR 21 10.18+1.83%
Bk I v 21 0.032 4 8.96+0.85"
PRI IR DAL J5 IR 0] 4k 21 3.6 7.23+1.48
PRI DAk 7 e 3R 7.2 5.5240.31%
PR [ ¥ A A Jy v ) ik 4 14.4 4.35+0.29"
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PR I6 U A 5 IR B 4 K B TNNT2 K 8 3 F
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KRB RIE Ak J7 v i 7 20 K BRI T dsDNA 7K
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x4 BEREBRALFTIINRARMDE O AEEKFEHEE (f£s,1=5)
Table 4 Effect of TYTZP on cardiac myocardial enzyme in NR rat model (x+s,n=5) U-L!
241531 Fl /g k! CK CK-MB LDH
BF A4l 333.60+22.81 1 629.40+391.67 2 746.70+£354.76
(R 1 610.00+200.31% 4 342.80+386.12% 5231.36+307.48%
B s B v 4L 0.032 4 487.60+90.29" 2410.80+198.09” 3 763.324269.03
PR IE P A 7 IG5 2 41 3.6 1 242.40+63.36" 3710.80+275.38" 4209.46+214.627
PR )T U Ak J v 7 i 2 7.2 968.80+159.83" 3 067.60+246.40” 3979.22+4227.32%
SRR ) I6 U A D v 7 i 2 14.4 560.60+122.12 2 380.60+189.43% 3513.06+204.36

x5 BRREARMUAXNRARMFBANFSEOKFEHIFM (s,
n=5)
Table 5 Effect of TYTZP on troponin in NR rat model (x+s,n=5)

*x6 ERWREBMEAFIF NRARIME dsDNAKFER M (x£s,
n=5)
Table 6 Effect of TYTZP on serum dsDNA levels in NR rat model

ng-L" (x£s,n=5)

a0 /j{l i‘ o 1 TNNT2 20 5 Fl /g kg dsDNA/ng-L"

B F A4l 186.5+40.7
BT AR 31.59+7.67  111.3845.53 — | 155.04189.77
I 241 87.53+27.01% 298.10+30.39” — 0032 4 266.3276.39
& B U5 20 0.032 4 43.13+2.69”  133.35+9.54" B A DA 7 (L 4 36 056.54197.0
BRIRFEIA AL I I 4l 3.6 68.73+14.07  223.48+22.23" T a s 649.54222.19
PR IENA AL Ty i ik dl 7.2 54.42+11.35% 141.26+31.95% e 144 43.04183.9"

RGO I m i 4l 14.4 44.06+6.87"  122.06+10.38>

% R R (P<0.01) , R R4 O Ak 75 K57 & 20 1l
I dsDNA U UL R R a3 B 22 5 B g it 22 i X
W26,

3.8 B A3A Ak 5 XF NR KRB WL cGAS,
STING .NF-«kB p65 & I EiLM#m SEFARA
F#s B4R B0 L cGAS (STING NF-«B p65 &
o2 s 5 F R E (P<0.01) ; 5 8 8 4 H4e,
RU.521 4 908 [a) 36 AR Ak 7 w7 IJEéﬂjcquﬂ
cGAS . STING ., NF- kB p65 #H [1 % i5 W & F& %
(P<0.05,P<0.01), B[ 36 oAk I A% EF' lJ%ﬂj:
B0 WL cGAS . STING ,NF-«B p65 & [ 26 ik {0 WL %

x®T BER

s, ZrhgitveE . WK3 &7,

cGAS 58 kDa
STING 34 kDa
NF-«B p65 65 kDa
GAPDH 37 kDa

A B 2 D E F
AT ARY] ;BB R4 C.RU.521 41;D. ﬁ&‘ﬂl‘hﬁﬁﬂtfﬂn
AL EL A RN A J7 P ek 21 5 BB IR D16 T e 79 4k
B3 NRARDALcGAS.STING.NF-«B p65%E 8 KAk
Fig. 3 Electrophoresis of cGAS, STING and NF-«B p65 proteins

expression in myocardium of NR rats

B AT NR AR O cGAS.STING NF-«B p65 E A RIZHI M (X+s,n=4)

Table 7 Effect of TYTZP on expression of cGAS, STING and NF-«B p65 proteins in myocardium of NR rats (x+s,n=4)

45 Fl /g kg c¢GAS/GAPDH STING/GAPDH NF-«B p65/GAPDH
B F A4 0.40+0.16 0.45+0.12 0.57+0.11
R 241 1.03+0.20” 1.10+0.15% 1.07+0.07%
RU.52141 0.002 5 0.48+0.13" 0.61+0.14> 0.69+0.17%
SR [E) TG A6 (7 1 20 3.6 0.78+0.28 0.89+0.24 0.89+0.11
PRI A6 T5 v 4L 7.2 0.63+0.18 0.85+0.20 0.86+0.16
PRI RN Ak T i 77 1 41 14.4 0.57+0.06 0.59+0.19" 0.66+0.12%

3.9 R EA AL T X NR K R IE R AE K 7K P
B 5 R AR H A, AR 2 R L R AE [N 1
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IL-6 . TNF-a IL-18 /K- F-BH W TR, 2 A St 2= 8 X
(P<0.05, P<0.01) , & H5 [A] 36 L Ak J7 v i) i 41 K B
IL-6 . TNF-a 7KV {2 2 T B (P<0.01) , IL- 18 UL F&

FER A== V2 W e 29 N A 73 3 [ M W (311 B i N
ML TL-6 .\ TNF-a IL-18 7K AL WL R f#a#i, 25 S 058
HerE ., WS,

*8 BRERMLMFTIINRKRIMFBXREREFRKFERFME (rts,n=5)

Table 8 Effect of TYTZP on serum inflammatory factor levels in NR rats (x+s,n=5) ng-L"'
21 51 F 4 /g kg TNF-a IL-18 IL-6
BF A4 92.1+27.2 93.7+16.0 74.5425.5
AT 241 234.4+52.4% 468.6+53.87 384.1+54.8%
RU.52144 0.002 5 98.0+36.6" 197.6+63.5 196.9+65.2%
173 S ENEE VR A S B 3.6 166.5+57.0 394.1479.9 284.8+23.5
P IRNE DL Ak Jy v ) i 21 7.2 150.3+16.5" 366.9+65.5" 267.1+82.4
P ) O 1 T e AR 4 14.4 144.8+40.2% 256.0+28.4% 253.3+88.2%
4 Tig I R P A7 0o LA 0 7™ B 2 3 A 48 b, EL A AT 1) T i

AMI J2 5600 95 e Ry 7 5 9 I R 2R B, B B A 3%
) T VB T DA B AMIT A SR 19 453 49 I BR il % A I
TSR 5 35 15%~50% 1 f8 5 78 52 32 28 B eIk 3
kA AR ST AR 3l K 5% B% B8 AR T R 5 23 1 B NR
A ZBE RN ANRIT R FEEH IS
F0 I O 7 R W O G RO TR R SRR
RO LA = 1 A7 OGS, TR I A % Bl NR & A O 28
ik L 7 R O I A R AR R R 114 — X [

AMIJ5 B2 M0 WLBR I, 5 B0 R BB O
AR O RSB 2T 51 & E I T a8 AL TR
K AR 7 O A A AR AR A E
Yy 5 RN 22 Rl B = 9 R BE S Bt HE HE T 2 B P, DA
O R N IR S T BE S AT ks AN
AT & AR NR BRI A 1k T Bk T R
PR AL, I o NS AR B, R ZE B R B
ARAT & AR, % 25 6 AL 22 kR AL 8
K2 ARSI i 45+ LAD # 57 NR K RUBLAL,
SR FH RS A% Bty 165 A 0 BHAPE X BB 26 ) 3R e R 1 R R 3
Pk 7 %F NR OB Bt FH o 8 A% Bty 145 2 — i /)N A
FAEWH R, HArS 2z 8 F G IR A AR, £ 50

HF 5 9 W1 32 24 RE 4% 0 2 4% A B O UL ke I 5 93 7 45
Pt S A SR O, AT 2 R U A B R

o BT R T B T R I DX, HE e 0 5% #)0
WUET 4 HE 5 22 6L W 24, DA K R o 4 0E 40 iR T
PR RIE AR AR T 55 8 4 B 1 1 T T RE 8 1 3 AR
OG5 i 1 R, W0 O LR R R S R MR I O .
LT O JUU B 7 e X T P 0 o A5 958 0 A9 I PR 02
T A BT T R TI HL A B P CK L CK-MB.,
LDH A #UR ST KA 7E T O LA Z b 7E O
LT 475 Bs BPRE i AL . ¢ TN T Al TNNT?2 [A] ¥ 2

FEHETF 0 LR B0 L 5 VRS 2K T DL R AR
S 4 0 LA 0 7 R B e AR . DFOT S R EOR
ST AR A B, NR A ALK [ I 7 CK . CK-MB .,
LDH.cTN I \TNNT2 /K-F- 35 & 2 EJt | MR 58 a4
ek 7 5 5 4% i 34 Ak B I 3 R ER T NR K BRI T
LWL WLES & K . R 25 R R 598 AR AL
677 X8 F NR R BRC LA 00 0 4 M i i EL A Bk 2 ok
HEM .

cGAS/STING 15 5 i % /& 4 2L 8 4 1 8 2% A
N ARAE MY A o cGAS 2 — RISy
N 2% ok AR v 3 B AR AR R ) 32 Ak, AT LA
TR A6 T 41 RN T g % 0 9 41 B 25 7 DNAL
I A WA 20 54 R - R 1T IR A TR (cGAMP) |, i
I 5B STING (1 #41% o i STING J& — 212 Pk 4 &
PERE IR B I, 3L A B 5T IR 5 O A
TP R G, 5 T RE RN T
— 260 L i A AR v, 2 A5RN IR BE 40 i 4
FEHL dsDNA B3 cGAS, #F 1 3 B STING 1Y 7 1k,
5 R 1 SR R RE T O WL 4 M Y 3R B K
Jifr R 38 B4R A DA B O ULV Y . S RTF R
4 B A, NRAB RS ALK U 7 1 4E R cGAS/STING {5
S B 3 6 B 19 dsDNA JK F B E R L O L
cGAS . STING & [ & &t W F W . S5 A
B, A% il U AL R R TR YA P Ak 4% 7k AR B
% dsDNA & #& b & F B . [ B, cGAS 1l il 7
RU.521 41 5 98 9% ] ¥ AR 4k J7 4% 390 4t 4 K B0 AL
cGAS.STING % [ & f ¥ 1t 3 T B, 2 /R R [R)IA
e Ak T i Ak B AE 9% [ Ik dSDNA 3%, 4l cGAS K&
STING & 1 Rk K.

cGAS/STING {5 5 f 5 T 7 7 5 4r F NF-«B
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Z IRV AFAE 8 6 R . NF-«B J& 5 8 I 2 o 72 v
— R E A SN T, STING 7] 3 i 48 55 4% I F «B
06 25 B (IKK) & & Y0 0TS NF-«B 48 ik 72 %
O G IKKB, 2 #F 2 Fh A2 & 48 f 5 4n IL-6.
TNF-a IL-18 11 55 5% 5 B B, AT Jin il 48 90
SR F AL B, NR AR ALK BLL L NF-+B p65 & 1
FIK (M E RAE K IL-6 . TNF-a  IL-18 /K V-3 8 3%
FEFt 0 cGAS I RU.521 5 88 [F] 36 1 1k
D7 E T XA R, B A R R R EA
Pi Al 77 T 38 5 30 cGAS/STING 15 5 18 % 7% 1k ,
T8 45 5 JiF NF-xB 3k, FEAR M & 2858 17K -,
M NR AR B PN 98 0 I o

g b PRI Ak Dy BE 6 3 5k 980 L NR i
PR A2 0 LA 2453 407 0 T g 38 5 00 WL 26
KPR NR K B PR 47 T, FEAL I AT AE 5 410
il cGAS/STING {555 3 BTG , 5% Wl R A5 5 70 1
NF-«B, B AE 92 4H i P 530 I8 2R RE R AT 56 o
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