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ANP Ameliorates Mitochondrial Fragmentation and Cardiac Dysfunction via
Upregulation of OPA1 Expression in the Failing Heart*
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ABSTRACT Objective: To explore the protective effect of atrial natriuretic peptide (ANP) on the cardiac dysfunction of pressure
overload-induced failing hearts of mice and the underlying mechanisms. Methods: C57 mice (male, 6 weeks) were used for induction of
HF through pressure overload. Pressure overload was produced by transverse aortic constriction (TAC). After surgery, the mice were
randomized to given vehicle or ANP for 4 weeks. An in vitro study was performed on cultured cardiomyocytes subjected to control, H,O,,
H,0,+ANP and H,0O,+ANP+anantin. Results: Cardiac ejection fraction (EF) was decreased and myocardial remodeling was significant in
response to pressure overload, along with mitochondrial fission which was associated with reduced expression of OPA1 in mice. ANP
treatment significantly alleviated myocardial remodeling and improved cardiac function as evidenced by increased left ventricular EF.
Importantly, ANP treatment upregulated OPA1 expression and restored mitochondrial morphology in TAC mice. In addition, treatment
with ANP also increased OPA1 expression in isolated myocytes under oxidative stress. Conclusion: ANPameliorates mitochondrial
fragmentation and cardiac dysfunction via upregulation of OPA1 expression in the failing heart.
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Table 1 ANP improved cardiac function of TAC mice

Sham TAC TAC+ANP
LVIDd 3.54+ 0.31 5.11% 0.26%* 4.23% 0.56"
LVIDs 2.15+ 0.34 297+ 0.37 2.84+ 0.30
LVPWd 0.65+ 0.01 0.87% 0.08%* 0.69+ 0.21%
LVPWs 1.05% 0.18 1.18+ 0.23 1.16% 0.09
IVSd 0.74+ 0.05 0.87+ 0.14 0.75+ 0.12*
IVSs 1.03+ 0.03 1.15%+ 0.18 1.04+ 0.18
LV mass 89.13+ 4.81 1242+ 24.50%* 102.78+ 11.34%
LV Vol;d 63.39+ 1.24 84.20% 7.24* 77.45+ 7.64
LV Vol;s 22.67+ 3.55 35.96% 4.86%* 29.20+ 6.58
EF 68.4%% 7.2 37.6% 4.5%* 42.8% 3.8"

Note: Data are expressed ast SEM, n=7.**P< (.01 compared with Sham; *P< 0.0] compared with Sham; * P< 0.05 compared with TAC; * P< 0.05

compared with TAC.
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Fig. 1 ANP treatment improvedthecardiac ejection fraction of TAC mice. A. Typical images of echocardiogram.
B. Statistical results of LV ejection fraction.

Note: Data are expressed ast SEM, n=7. **P< (.01 compared with Sham; * P< 0.05 compared with TAC.
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Fig. 2 ANP treatment alleviated themyocardial remodeling of TAC mice. A. ANP decreased heart weight-to-tibia length ratio.
B. Four-chamber view cardiac sections stained with Hematoxylin and Eosin. Scale bar, 5 mm.

Note: Data are expressed ast SEM, n=7. **P< (.01 compared with Sham; * P< 0.05 compared with TAC.
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Fig. 3 ANP treatment restored cardiac mitochondrial morphology and number. A. Typical images obtained from electron microscope.

B.Average mitochondrial size and mitochondrial number

Note: Data are expressed ast SEM, n=7. **P< (.01 compared with Sham; *P< 0.01 compared with group Sham; * P< 0.05 compared with TAC.
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Fig. 4 ANP treatment upregulated the OPA1 expression. A. Contents of mitochondrial dynamics-related proteins in heart.
B. Statistical results of total OPAL.
Note: Data are expressed ast SEM, n=7. **P< (.01 compared with Sham; * P< 0.05 compared with TAC.
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Fig.5 ANP improved the expression of OPA1 in isolated cardiomyocytes induced by H,O,.

A. Contents of OPAlin isolatedcardiomycytes. B. Statistical results of total OPA1
Note: Data are expressed ast SEM, n=6. **P< 0.01.
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