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[ ABSTRACT] Objective: To investigate the effects of mitochondrion-targeted cyanine fluorescent small molecule IR-61 on cardiac
injury induced by exhaustive exercise in rats. Methods: Thirty-six adult male SD rats were randomly divided into 3 groups(n=12),
control group (Ctrl) , exhaustive exercise group (EE) and IR-61+ exhaustive exercise group (IR-61+EE). IR-61+EE group were in-
traperitoneally injected with 2 mg/kg IR-61 at the same time on day 1, 4 and 7. One hour after the end of the last drug administration ,
the two exhaustive exercise groups were subjected to exhaustive exercise modeling. The rats were placed on an animal treadmill with a
slope of 0° at a speed of 10 ~ 15 m/min to coordinate their limbs running posture, and then ran at a speed of 25 ~30 m/min until ex-
haustion about 15 minutes later. After the animal models established, ECG was recorded by physiological recorder, myocardial injury
was observed by light microscope, mitochondrial injury was observed by transmission electron microscope, myocardial cell apoptosis
was detected by TUNEL method, markers of myocardial injury were detected by ELISA, and myocardial mitochondrial respiration rate
was measured by high-resolution Oxygraph-2K mitochondrial instrument. Results; (D Compared with Ctrl group, heart rate was in-
creased, PR interval was shortened, QRS interval was prolonged, QTc was prolonged and ST segment was depressed significantly in EE
group (P<0.05). In EE group, myocardial fiber fracture and mitochondrial inner chamber swelling were obvious, mitochondrial crest
was fuzzy, mitochondrial outer membrane was incomplete, and a large number of mitochondrial rupture and fusion were visible. In EE
group, TUNEL staining cells were abundant, chromatin concentration and marginalization, nuclear membrane lysis, chromatin frag-
mentation into massive apoptotic bodies, apoptosis score increased ( P<0.05). The levels of creatine kinase isoenzyme-MB ( CK-

MB), cardiac troponin I( ¢Tn-I) and N-terminal B-type natriuretic peptide ( NT-proBNP) were increased in EE group ( P<0.05).
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Basal respiration rate, oxidative respiration rate of fatty acids and respiration rate of complex I, Il and IV were all decreased ( P<
0.05). @ Compared with EE group, the heart rate in IR-61+EE group was increased, PR interval was prolonged, QRS interval was
shortened, QTc was shortened, ST segment was not significantly depressed (P<0.05). In IR-61+EE group, myocardial fiber arrange-
ment was loose, no obvious fracture was observed, mitochondrial inner ventricle was swelling, mitochondrial outer membrane was in-
tact, TUNEL stained cells and unstained cells were observed, the overall morphology was more similar to Cirl group. Apoptosis index
was decreased (P<0.05), the levels of CK-MB and ¢Tn-I were decreased in IR-61+EE group (P<0.05). The oxidative respiration
rate of fatty acids and the respiration rate of complex II and IV were increased (P<0.05). Conclusion: Mitochondrion-targeted cya-

nine fluorescent small molecule IR-61 can improve cardiac electrical activity, reduce myocardial cell injury and mitochondrial injury,

reduce myocardial cell apoptosis, and improve the myocardial mitochondrial energy metabolism condition in exhausted rats.
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Fig. 1 The myocardium of rats in each group under light mi-
croscope (x400)

A Control group (Citrl); B: Exhaustive exercise group
(EE); C: IR-61+ exhaustive exercise group (IR-61+EE)
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Fig. 2 Myocardial mitochondria of rats under electron micro-
scope(x15 000, %30 000)
A: Cul; B: EE; C: IR-61+EE
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Fig. 3  Myocardial apoptosis of rats detected by TUNEL ( x
400)
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Tab. 2 Mitochondrial respiration rate of rats in each group (pmol/ (s
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0.05) ,NT-proBNP JGHH i 2 53 (P>0.05) ,

Tab. 1 Myocardial injury markers of rats in each group (x+s,

n=12)
Group CK-MB cTn-1 NT-proBNP
(ng/ml) (pg/ml) (pg/ml)
Curl 0.30+0.09 3.80£1.65  16.61+3.55
EE 1.3520.01° 6.86+2.27" 28.72+4.70"
IR-61+EE 0.65+0.08"% 3.70+0.68* 26.58x6.80

CK-MB: Creatine kinase isoenzyme-MB; c¢Tn-I. Cardiac
troponin I; NTproBNP; N-terminal B-type natriuretic peptide

*P<0.05 vs Cirl group; *P<0.05 vs EE group
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Fig. 4 Curve of myocardial mitochondrial respiration rate

A: Cul; B: EE; C: IR-61+EE

s mg), x+s, n=12)

Basal respiration Oxidative respiration

Respiration rate

Respiration rate Respiration rate

Group rate rate of fatty acids of complex 1 of complex I of complex IV
Cirl 19.92+9.37 94.90+27.42 105.46+15. 46 95.80+24. 88 349.95+54.99
EE 7.42+2.73" 46.74+14.84" 56.66+11.94~ 48.55+12.89" 159.78+34.41"
IR-61+EE 11.15+5.04 " 82.69+19. 63" 62.11+30.06" 108.24+37. 88" 266.39+69. 73"

*P<0.05 vs Cirl group; *P<0.05 vs EE group
2.6 IR-61 X HBKEOBSHENZIN

S 3 a5 Cul M I, EE 4.0 %
Bl PR AL KL QRS BIAE | QTe HEK ST Bt

B i A (P<0. 05) ;5 EE ZHAH I, IR-61 +EE 260>
I PR EMILE K QRS [6] 145 40 . QTc 45 %1 ST
B LA 2 AR (P<0.05)
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Tab. 3 ECG parameters of rats in each group (x+s, n=12)

Group HR(BPM) PR(ms) QRS(ms) QTc(ms) ST(x10”mv)
Cirl 343.26+13. 66 50.70+3. 10 18.98+1.09 139.64+16.47 28.29+24. 87

EE 391.94+ 8.107 44.26+2.77" 21.68+0.99 " 195.46+22.69 " -57.59+31.75"
IR-61+EE 418.96+22.11 % 50.60+4. 18" 19.48+1.39* 146.42+13. 65* 5.63+22.13"

HR: Heart rate; QTc: Corrected QT interval prolongation
"P<0.05 vs Ctrl group; *P<0.05 vs EE group

Fig. 6 Electrocardiogram of rats in each group

A: Cul; B: EE; C: IR-61+EE
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