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Reduction of breviscapine on myocardial ischemia-reperfusion injury in diabetic
rats by activating mitochondrial autophagy
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Abstract: Objective To investigate the effects of breviscapine on myocardial ischemia-reperfusion injury (MIRI) and mitochondrial
autophagy pathway in diabetic rats. Methods Diabetes model was established by high sugar and high fat diet combined with
streptozotocin. MIRI model was established after the success of diabetes model. The rats were randomly divided into control group
(without any treatment), model group (diabetes + MIRI) and sham operation group (diabetes), all of which were intraperitoneally
injected with equal volume normal saline; low and high dose breviscapine groups (diabetes + MIRI) were intraperitoneally injected
with 100 and 200 mg/kg breviscapine respectively, with 10 rats in each group. After 14 days of continuous administration, the changes
of serum total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein
cholesterol (LDL-C) were detected by automatic blood biochemical instrument, the levels of interleukin-13 (IL-1p), interleukin-6
(IL-6) and tumor necrosis factor alpha (TNF-a) in serum were detected by ELISA, the changes of cardiac function were detected by
ultrasound, HE staining was used to observe the myocardial pathological changes, and Western blotting was used to detect the
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expressions of microtubule-associated protein light chain 3 (LC3), Beclin 1, mammalian target of rapamycin (mTOR),
phosphoinositide 3-kinase (PI3K), p-PI13K, protein kinase B (Akt) and p-Akt protein. Results Compared with the control group, the
myocardial cells of sham operation group and model group were broken and necrotic, cell arrangement was irregular, myocardial fibers
were broken accompanied by inflammatory cell infiltration, FBG, serum TC, TG, LDL-C levels, heart rate (HR), left ventricular end
diastolic pressure (LVEDP), LC3-I1/LC3-I, Beclinl protein expression in myocardial tissue, and serum IL-1, IL-6, TNF-a level was
significantly increased (P < 0.05), serum HDL-C level, left ventricular systolic pressure (LVSP), mean arterial pressure (MAP), left
ventricular ejection fraction (LVEF) and mTOR, p-PI3K/PI3K, p-Akt/Akt protein expression in myocardial tissue were significantly
decreased (P < 0.05). Compared with the model group, the number of injured cardiomyocytes in breviscapine low-dose and high-dose
groups decreased, and the cell morphology gradually returned to normal. TC, TG, LDL-C levels in serum, HR, LVEDP, LC3-11/LC3-I,
Beclinl protein expression in myocardial tissue and levels of IL-1p, IL-6, and TNF-a in serum were decreased sequentially (P < 0.05),
and the level of HDL-C in serum, LVSP, MAP, LVEF, and mTOR, p-PI3K/PI3K, and p-Akt/Akt protein expression in myocardial tissue
were increased significantly (P < 0.05). Conclusion Breviscapine can protect the myocardial tissue of diabetic rats with MIRI, and
reduce the levels of autophagy and inflammation, which may be achieved by activating the mitochondrial autophagy PI3K/Akt/mTOR
pathway.

Key words: breviscapine; mitochondrial autophagy; diabetes mellitus; myocardial ischemia-reperfusion; phosphoinositide 3-kinase/

protein kinase B/mammalian target of rapamycin pathway
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Table 1 Effect of breviscapine on blood glucose and blood lipid level of diabetic rats with MIRI ( X s, n = 10)

2H 51 FE/(mgkg?) FBG/(mmol-LY)  TC/(mmol-L ) TG/(mmol-LY)  HDL-C/(mmol-L™Y)  LDL-C/(mmol-L™?)
X — 5.4240.37 1.4940.09 0.8440.08 1.0340.07 0.74+0.03
BFAR — 18.05+1.53" 6.12+0.37" 2.74+0.21" 0.52+0.03" 1.42+0.09"
it — 17.82+1.61" 6.15+0.42 2.76+0.19 0.5440.04" 1.45+0.08"
JTRAIER 100 17.30+1.89" 5.53+0.35™*" 1.8240.12"%" 0.724+0.02#* 1.03+0.04"*
200 16.95+1.75 40240414 1.354+0.13%* 0.83+0.05*4 0.86+0.05*4

S RRA L "P<0.05: SEFAR4LE: P<0.05; SHEALLE: “P<0.05: SITHAERMEAEALLE: 4P<0.05
*P < 0.05 vs control group; *P < 0.05 vs sham operation group; “P < 0.05 vs model group; 4P < 0.05 vs low-dose of breviscapine group
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Table 2 Effect of breviscapine on levels inflammatory factors in serum of diabetic rats with MIRI ( X s, n = 10)

£33 I E/(mg-kg ™) IL-1B/(ug-LY) IL-6/(ug-L ™) TNF-o/(ug-L 1)
ot R — 76.32+12.04 207.48+47.82 113.14+22.17
BFAR — 123.25+12.12" 460.14+46.63" 236.25+22.23"
it — 287.24430.16™ 776.231+78.12* 507.81+42.04"*
IRBIER 100 2451242531 681.28+67.34™*" 436.27+42.35"
200 212.37422.04#4 576.37+58.52"#"4 327.38+33.56™°4

SRl "P<0.05; SEFARLLILE: P<0.05; SHAEILILLE: “P<0.05: ST SHAEHRMAELALLE: 4P<0.05
*P < 0.05 vs control group; *P < 0.05 vs sham operation group; “P < 0.05 vs model group; 4P < 0.05 vs low-dose of breviscapine group
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Table 3 Effect of breviscapine on cardiac function of diabetic rats with MIRI ( X s, n = 10)

2H ) 7 &/(mg-kg™) HR/(IX-min™t) LVSP/mmHg  LVEDP/mm Hg MAP/mm Hg LVEF/%

ol 1 — 410.18+27.14 148.23+8.12 6.341+0.33 135.54+5.43 89.34+3.24

BFER — 448.27+27.21" 137.16+8.16" 7.16 047" 127.61+5.34" 80.13+3.31"

Ay — 598.13+29.63%*  102.56+7.21"*  13.5440.64™* 83.27+4.11* 59.21+3.01*

AE-Zi% 100 536.374+29.10**  115.31+7.32"" 10.03+0.83**  102.15+6.28"*  65.58+3.65™"
200 487.16+28.26™"*  127.19+8.02*** 8.76+0.75"** 11456+6.79"** 75324342

ExIRA LS P<0.05; ST ARALLE: P<0.05; SEBMALE: “P<0.05; S54TZHERCREMALE: 4P<0.05 (1 mm Hg=133 Pa)
*P < 0.05 vs control group; *P < 0.05 vs sham operation group; “P < 0.05 vs model group; 4P < 0.05 vs low-dose of breviscapine group (1 mm Hg = 133 Pa)

JT 346K 100 mg-kg™*

E1 SHAROIALRRERESE HE LBHER
Fig. 1 HE staining of myocardial histopathology of rats in each group
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Fig. 2 Protein expression of LC3-1, LC3-11 and Beclinl in
myocardium of rats in each group (Western blotting)
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Table 4 Effect of breviscapine on the expression of LC3-I,
LC3-11 and Beclinl protein in myocardium of
diabetic rats with MIRI ( X %s, n = 10)

X R

=4

21 57 7 &/(mg-kg) LC3-1I/LC3-1 Beclinl/p-actin
X i — 0.45+0.02 0.52+0.03
BFAR — 0.50+0.03" 0.60+0.05"
iRt — 0.75+0.05%  0.79+0.06™
I RBIER 100 0.64+0.04""  0.724+0.04*"
200 0.55+0.02"** 0.66+0.03#"*

XS R LR "P<<0.05; HRTF AL P<0.05; SR
Fo: “P<<0.05: ST RIEREAIRALE: AP<0.05

*P < 0.05 vs control group; *P < 0.05 vs sham operation group; “P <
0.05 vs model group; 4P < 0.05 vs low-dose of breviscapine group
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Fig. 3 Expression of mTOR, PI3K, p-PI3K, Akt and p-Akt
protein in myocardium of rats in each group
(Western blotting)

980 (X +s, n = 10)

Table 5 Effect of breviscapine on the expression of mTOR, PI3K, p-PI3K, Akt and p-Akt in myocardium of diabetic rats with

MIRI (X s, n = 10)

2H ) il §/(mg-kg™) mTOR/B-actin p-PI3K/PI3K p-Akt/Akt
pagict — 0.80+40.06 0.75+0.05 0.78+0.04
BFEA — 0.75+0.05" 0.69+0.06" 0.72+0.05"
T — 0.54+0.03* 0.49+0.03™ 0.50+0.04"*
KTRIER 100 0.63+0.04"*" 0.54+0.02"#" 0.59+0.03"*
200 0.70+£0.05""4 0.64+0.03"4 0.67+£0.02"*

S RRA L "P<0.05: SEFAR4LE: P<0.05; SHEALLE: “P<0.05: SITHAERMEAEALLE: 4P<0.05
*P < 0.05 vs control group; *P < 0.05 vs sham operation group; “P < 0.05 vs model group; 4P < 0.05 vs low-dose of breviscapine group
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