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[ Abstract] Objective To analyze the effects of different doses of active principle region of Yangxin Tongmai formula
(apr—YTF) on myocardial mitochondrial metabolism-related enzymes and their transport in rats with myocardial ischemia—

reperfusion injury (MIRI) . Methods This experiment was conducted from June 2020 to June 2021. Seventy healthy male
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Wistar rats were randomly divided into blank control group, model group, negative control group, positive control group, apr—
YTF low dose group, apr—YTF medium dose group and apr—YTF high dose group, with 10 rats in each group. Except for the blank
control group, the MIRI model was constructed in the other groups of rats. During the modeling period, a total of 25 rats in each
group died. To ensure the integrity of the experiment, membrane building was supplemented to 10 rats in each group. After the
completion of modeling, the rats in the blank control group and model group were fed normally, the rats in the negative control
group were given 0.9% sodium chloride solution by gavage, the rats in the positive control group were given Guanxin Suhe pill by
gavage, and the rats in the apr—YTF low—dose group, apr—YTF medium—dose group and apr—YTF high—dose group were given
1.5, 3.0 and 6.0 ml apr—YTF by gavage, once a day, for a total of 2 weeks of intervention. The hemorheological indexes (including
whole blood low—cut, mid—cut and high—cut viscosity) and serum myocardial infarction markers [creatine kinase isoenzyme (CK—
MB) , cardiac troponin I (¢Tnl) and lactate dehydrogenase (LDH) | levels were compared between the blank control group and
the model group 24 h after modeling. The myocardial histological examination results, the levels of mitochondrial metabolism—
related enzymes [ATP, phosphofructokinase 1 (PFK1) , succinate dehydrogenase (SDH) , adenine nucleotide translocator (ANT)
and isocitrate dehydrogenase (IDH) | and the expression levels of tumor necrosis factor alpha—induced protein 2 (TNF o IP2) and
MIROT1 in the myocardium of seven groups were compared on the 14th day after modeling. Results The whole blood low—cut
and mid—cut viscosity and serum CK-MB, ¢Tnl and LDH levels in the model group were higher than those in the blank control
group (P < 0.05) . The ATP levels in the model group were lower than those in the blank control group, and the PFK1, SDH, ANT,
and IDH levels in the model and negative control groups were higher than those in the blank control group (P < 0.05) ; the ATP
levels in the negative control group, positive control group, apr—YTF low—dose group, apr—YTF medium—-dose group, and apr-YTF
high—dose group were higher than those in the model group, the PFK1, ANT, and IDH levels in the positive control group, apr—
YTF medium—dose group, and apr—YTF high—dose group were lower than those in the model group, the SDH levels in the positive
control group, apr—YTF low-dose group, apr—YTF medium—dose group, and apr—YTF high—dose group were lower than those in
the model group (P < 0.05) ; ATP and ANT levels in apr—YTF low—dose group were higher than those in positive control group,
and the PFK1 and IDH levels in apr—YTF low—dose group and apr—YTF medium—dose group were higher than those in positive
control group (P < 0.05) ; the ATP levels in the apr—YTF medium—dose group were lower than those in the apr—YTF low—dose
group, while the PFK1, ANT, and IDH levels in the apr—YTF medium—group and apr—YTF high—dose group were lower than those
in the apr—-YTF low—dose group, the SDH levels in the apr—YTF high—dose group were lower than those in the apr-YTF low—dose
group (P < 0.05) . The expression level of TNF— « IP2 in myocardial tissue of model group and negative control group was higher
than that of blank control group, and the expression level of MIRO1 in myocardial tissue was lower than that of blank control group (P
< 0.05) ; the expression level of TNF- o IP2 in myocardial tissue of positive control group and apr—YTF medium—dose group and
apr—YTF high—dose group was lower than that of model group, and the expression level of MIRO1 in myocardial tissue of positive
control group and apr—-YTF low—dose group, apr—YTF medium—dose group and apr—YTF high—dose group was higher than that of
model group (P < 0.05) ; the expression level of TNF— o IP2 in myocardial tissue of apr—YTF low—dose group was higher than that
of positive control group, and the expression level of MIRO1 in myocardial tissue of apr—YTF low—dose group, apr—YTF medium-
dose group and apr—YTF high—dose group was lower than that of positive control group (P < 0.05) ; the expression level of TNF-
o IP2 in myocardium of apr—-YTF medium—-dose group and apr—YTF high—dose group was lower than that of apr—YTF low—
dose group (P < 0.05) . Conclusion Different doses of apr—YTF can effectively improve myocardial mitochondrial metabolism—
related enzymes in MIRI model rats, thereby alleviating mitochondrial energy metabolism dysfunction and mitochondrial transport
dysfunction. And the effects of medium dose (3.0 ml) and high dose (6.0 ml) apr—YTF were similar, and both were better than that
of low dose (1.5 ml) apr-YTF.

[ Key words ]  Myocardial reperfusion injury; Myocardial ischemic reperfusion injury; Rats; Active principle region of

Yangxin Tongmai formula; Mitochondria
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Table 1 Comparison of hemorheology indexes and serum myocardial infarction marker levels between blank control group and model group

o~ M FRAZZHEPR (mPa «s) I3 USSR )
EIK(87)E ;2 AP YR B0k xS CK-MB ( ng/ml) ¢Tnl (ng/L) LDH (ng/L)
25 IV R4 27.7+22 6.3+0.4 46+03 16.1£2.2 4473 £65.1 23.4+39
HERIZH 413+6.2 7.6+0.7 49+02 27.0+2.0 662.9 +56.3 329+15
ol 4.669 3.470 1.864 10.980 7.512 6.783
Pl 0.016 0.008 0.099 <0.001 <0.001 <0.001

TE: CK-MB=PUBREESR TH, cTnl=CAUNESE AT, LDH=FLiR/5 25
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Figure 1 Histopathology examination results of myocardium in seven groups

R2 CHLRAARABARICR KO LA (x 25, n=6)

Table 2 Comparison of mitochondrial metabolism-related enzyme levels in seven groups

415 ATP (U/mg) PFK1 (U/L) SDH (U/mg) ANT ( pg/ml ) IDH (U/L)

25 IR AR 2.6+0.6 56.2+13.6 154.0+17.4 127.7+15.2 163+2.5

AL 0.7+0.1° 202.0 +28.0" 276.7+26.7" 338.2+40.8" 64.7+7.5"

[P 2 33+0.6" 202.6 + 14.5" 272.8 +49.4* 344.9 £20.2" 673+3.6°
PR IR 2 1.6+0.8" 101.9 £41.5" 198.4 +34.9" 198.2+51.7° 323+132"

apr=YTP{IGH] 41 25+0.7" 176.7 +27.4° 226.9 +39.5" 308.8 +41.8° 58.5+9.1°
apr-YTFH 741 1.7+04" 137.8 +25.6"" 206.2 +37.6" 2437 +37.6" 43.6 +8.6™"
apr-YTF 7l it 4l 1.8+0.7" 125.1 +31.9" 181.3 +31.3" 228.9 +50.0™ 41.7 +10.3"

A 23.49 46.62 20.27 50.20 56.22
Pl <0.001 <0.001 <0.001 <0.001 <0.001

T PPKI=REFRULMAER L, SDH=3EIFAN S8, ANT=ARIFERFEEIR, IDH=SFHIGRAN A/, apr—YTF=F5.000 A %GR ) SRR 528

FIXRLL H#E, P<0.05; "FoR SR AL, P<0.05; “Fom-FHExT

pa=

R3  LALOMALUPTNF o IP2, MIROIFEILKTILE (x£5, n=3)
Table 3 Comparison of expression levels of TNF a IP2 and MIROL1 in

myocardial tissue in seven groups

215 TNF o« TP2 MIRO1

25 IR R 0.37 +0.11 0.99 +0.07
[k 1.11 0.08" 0.75+0.11°
BT 2H 0.99 +0.15° 0.72 £ 0.08"

FFH X BEZH 0.64 £ 0.06" 1.230.07"
apr=YTF{IE )41 1.10£0.11° 0.98 +0.05™
apr— Y TFH7| 20 0.52 +0.03" 1.05 +0.06"
apr-YTFE 7l 41 0.49 +0.04™ 1.06  0.02"

Ffg 35.14 20.09
Pl <0.001 <0.001

. TNF a IP2=R RS0 F o i SR 2 ‘PR 528 IR IR
L, P<0.05; "FoRSHERA E, P<0.05; “Fon5HPEx A
LA, P<0.05; ‘FRSapr-YTPEFIEA LA, P<0.05

HILH:, P<0.05; ‘7R FGapr—YTRIRHHHA LA, P<0.05

3 i

LR SZDE O AE AR R ZR, L
BRI A S LR AT RE TS 0O JI LA L P 1
B, DRZR AT AE S MIRLELEARSE . MIRI] ]
S LI B i S5 4 2 5 350 U LA B PR P 8 A 7™ A R 1Y
TETESE (reactive oxygen species, ROS ) , M2 Es
W, AR e N Z R T LA L
A LR A AT ZE L . AR ATPAE BB/ D | IR S
N7 4 LA B R AR AL I 1 SR = KR
AL P ZO O IR R AU, EERIUNARIIER Y
B AL b, PECONURERT . OB )
REMYSEH 00 WRSERM, LIRS R AR LA R 4k
RARTREREAT 5.0 U SEARSE, iy ad b SR il P 0 X 2
RARRA O R B O LB R YTRCR | s RS
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