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[Abstract] Objective: To explore the mechanism of energy changes in the three stages of the formation
of coronary heart disease due to blood stasis in rat model from the perspective of mitochondrial fusion-fission
dynamic changes. Method: Thirty healthy male rats were divided into the blank control group (#=6) and model
group (n=24) using SPSS 21.0 simple random sampling method. The rats in the blank control group were fed an
ordinary diet, while those in the model group a high-fat diet. After seven days of adaptive feeding, the rats were
treated with intragastric administration of vitamin D, (VitD,) at 300 000 U-kg" and then at 200 000 U-kg" 14 d
later. The high-fat diet continued for 21 d, and six rats were randomly selected as samples for the pre-stage blood
stasis syndrome group, followed by model verification and sampling. The remaining rats continued to receive the
high-fat diet for 30 d, and six were randomly selected and categorized into the sub-stage blood stasis syndrome
group, followed by model verification and sampling. The rest of rats were classified into the heart blood stasis
syndrome group. While continuing the high-fat diet, they were also treated with multipoint subcutaneous
injection of isoproterenol (ISO, 5 mg-kg"') for three consecutive days. One week later, the electrocardiogram
(ECG) was recorded for determining whether the modeling was successful and the samples were taken at the
same time. The changes in mitochondrial morphology and quantity were observed under a transmission electron
microscope. The expression of mitochondrial dynamics-related proteins was measured by Western blot and the
cellular localization of related proteins by immunofluorescence assay. Result: The levels of total cholesterol and
low-density lipoprotein cholesterol in the pre-stage and sub-stage blood stasis syndrome groups were significantly
increased as compared with those in the blank control group (P<0.05). The blood rheology index in the pre-stage
blood stasis syndrome group was significantly elevated in contrast to that in the blank control group (P<0.05).
The three-layered membrane of the aorta in the blank group was intact. However, the tunica media of the pre-
stage blood stasis syndrome group began to show obvious calcification, with a small number of inflammatory
cells adhering to the intima. The subintima and media smooth muscles in the sub-stage blood stasis syndrome
group exhibited cavity structures. The three-layered structure of the arterial wall in the heart blood stasis
syndrome group was severely damaged. The ECG of the blank control group revealed the regular appearance of P
wave, regular QRS waveform (no broadening or deformity) , and no obvious ST-segment depression or
elevation. The ECG of the pre-stage blood stasis syndrome group showed no obvious abnormalities as compared
with that of the blank control group. In the sub-stage blood stasis syndrome group, the ECG showed an upward
trend of the J point and slight ST-segment elevation, with the elevation<0.1 mV. The ECG in the heart blood
stasis syndrome group displayed significant ST-segment depression (>0.1 mV) and J point depression >0.1 mV.
The mitochondria in the blank control group were normal in size and morphology, with clear and dense cristae,
whereas those in the pre-stage blood stasis syndrome group were fusiform with sparse cristae. Some mitochondria
in the sub-stage blood stasis syndrome group were significantly elongated, and even vacuole-like changes were
present. In the heart blood stasis syndrome group, the mitochondria were ruptured. As demonstrated by
comparison with the blank control group, the expression levels of mitofusin 2 (Mfn2), dynamin-related protein
1 (Drpl), and fission protein 1 (Fisl) in the model group were significantly up-regulated (P<0.05, P<0.01).
Compared with the pre-stage blood stasis syndrome group, the heart blood stasis syndrome group exhibited
down-regulated Mfn2 (P<0.05). Compared with the blank control group and the pre-stage blood stasis syndrome
group, the sub-stage blood stasis syndrome group and the heart blood stasis syndrome group displayed down-
regulated optic atrophy 1(OPA1) (P<0.05,P<0.01). The Drpl and Fisl protein expression declined significantly
in the sub-stage blood stasis syndrome group in comparison with that in the pre-stage blood stasis syndrome
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group (P<0.05,P<0.01). The expression levels of Mfn2 and Drpl in the heart blood stasis syndrome group were
lower than those in the sub-stage blood stasis syndrome group (P<0.01). The comparison with the blank control
group showed that Mfn2 and OPA1 were extensively accumulated in mitochondria of both the pre-stage and sub-
stage blood stasis syndrome groups, while the red-stained Mfn2 was significantly reduced in the heart blood
stasis syndrome group. The Drpl/Fisl fluorescence was weak in the blank group and the pre-stage blood stasis
syndrome group but strong in the sub-stage blood stasis syndrome group and heart blood stasis syndrome group.
Conclusion: The cardiomyocyte mitochondria dynamics changes with the change in energy demand of
cardiomyocytes. Mfn2 is dominated by fusion effect in the early stage of the formation of coronary heart disease
due to blood stasis. With the gradual development of this disease, Mfn2 begins to mediate mitochondrial
autophagy. OPA1 plays a role in intimal fusion and cristae integrity. The decreased OPA1 expression is closely
related to the accelerated progression of coronary heart disease differentiated into blood stasis syndrome. The

process by which Drpl and Fisl separate damaged mitochondria to prepare for mitochondrial autophagy

contributes to alleviating the imbalance between the energy demand and supply of human body.
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A, A F B MBHETTH A C. WM BHEN 20 ; D. O s B IE R (P 2~6 7))

Bl1 ESEEENAXRENKFEARATFE (HE)

Fig.1 Pathological tissue slices of rat aortas in four groups after modeling (HE)
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Fig. 2 Morphological changes of rat myocardial mitochondria under

transmission electron microscope after modeling( TEM , x5 000)
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*3 EHRFEAKXR O Mfn2,0PA1,Drpl,Fisl AR RIEKTE (3+s5,n=3)
Table 3 Expression levels of Mfn2,OPA1,Drpl,Fisl proteins in each group after modeling (x+s,n=3)
41 51 Mfn2/GAPDH OPA1/GAPDH Drpl/GAPDH Fis1/GAPDH

2 H 0.08+0.03 0.30+0.07 0.13+0.03 0.14+0.06

L5 E T 49 0.42+0.02% 0.40+0.06 0.26+0.01" 0.14+0.05

P I IE 5 0.44+0.02% 0.08+0.04** 0.47+0.06>* 0.49+0.10%%

AL 1555 BELE 4 0.350.05*"% 0.18+0.06"* 0.28+0.09*% 0.33+0.14"%

52 F R U P<0.05,2 P<0.01 5 5 MR AT W 2H He 88 > P<0.05,4 P<0.01 55 W0 1L 5553E 20 H 4%~ P<0.01.

. Ll
OPAI1 8' — : 111 kDa

Dpl  w-n G U S -

Fisl e e GNP N 170

St

A B C D
B3 E#E&EAKXR O MMm2,0PAL,Drpl,Fisl & A B ik
Fig. 3 Electrophoresis of Mfn2, OPA1, Drpl and Fisl protein in

GAPDH

the myocardium of rats in each group after modeling
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Fig. 4 Confocal laser observation of distribution of mitochondrial proteins Mfn2 in each group after modeling (LSCM)
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Fig. 5 Confocal laser observation of distribution of mitochondrial proteins OPA1 in each group after modeling (LSCM)
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Fig. 6 Confocal laser observation of distribution of mitochondrial proteins Drp1,Fisl in each group after modeling (LSCM)
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