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[ Abstract ] Objective We constructed a curcumin ( CUR) nanoemulsion drug delivery system to study its
protective effect on myocardial ischemia-reperfusion in rats and elucidate the underlying mechanisms. Methods Curcumin

nanoemulsions ( CUR-NMs) were produced and morphologically characterized by transmission electron microscopy. The rat
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model of myocardial ischemia-reperfusion was established by ligation of the left anterior descending coronary artery. The rats
were randomly divided into sham operation, model, CUR treatment, and CUR-NMs treatment groups. The CUR treatment
and CUR-NMs treatment groups were intraperitoneally administered CUR (20 mg/kg) and CUR-NMs (20 mg/kg) 4 h
before ischemia. The hemodynamic changes were detected in each group of rats. TUNEL staining was used to measure the
apoptosis of rat myocardial cells. CK, LDH, MDA, and SOD levels were detected using commercial kits. The protein
expression of calpainl, calpastatin, Becl-2, and cleaved-caspase 3 were detected by western blot. Results The prepared
CUR-NMs are uniform in size, round in shape, and have a particle size of (121 + 23) nm. After 30 minutes of ischemia
and 2 hours of reperfusion, Left ventricular developmental pressure (LVDP) , maximal left ventricular pressure rising rate
(dp/dt
significantly decreased (P<0.01), serum LDH, CK, and MDA were significantly increased, and SOD was significantly
reduced (P< 0.01). Compared with the model group, the LVDP, dp/dt and -dp/dt,, of the CUR-treated and CUR-
NMs-treated groups were all increased to varying degrees (P<0.05 or P<0.01), whereas LDH, CK, and MDA were

), and maximal left ventricular pressure decreasing rate (-dp/dt,, ) indicators in the model group were

max max

max

significantly decreased, and SOD was significantly increased (P<0.05 or P<0.01). Compared with the CUR-treated
group, LVDP, dp/dt and -dp/dt,, increased in the CUR-NMs treatment group (P<0.01), serum LDH, CK, and
MDA decreased, and SOD increased (P <0.05 or P<0.01). Compared with the sham operation group, myocardial

max 7 max

apoptosis in the model group was significantly increased (P<0.01), the expression levels of calpainl and cleaved-caspase
3 were significantly increased, and the levels of Bel-2 and calpastatin were significantly reduced ( P<0.01). Compared with
the model group, myocardial apoptosis was significantly reduced in the CUR-treated and CUR-NMs-treated groups ( P<
0.01), the expression levels of calpainl and cleaved-caspase 3 were significantly reduced, and the levels of Bel-2 and
calpastatin were significantly increased ( P<0. 05 or P<0.01). Compared with the CUR-treated group, myocardial apoptosis
was significantly reduced in the CUR-NMs-treated group (P <0.01), calpainl and cleaved-caspase 3 proteins were
downregulated, and Bel-2 and calpastatin proteins were upregulated ( P<0.05 or P<0.01). Conclusions CUR-NMs can
improve myocardial ischemia-reperfusion injury in rats more effectively than CUR. This effect may be related to enhanced
cell uptake or inhibited calpainl protein expression and activity.
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Table 1 Changes in the hemodynamic parameters of ischemia-reperfusion rats in each group

FLERREE AR TR Aol BN ROR T B

Left ventricular Maximum rate of decrease in

2051

Maximum rate of rise of
Groups

development pressure  left ventricular pressure left ventricular pressure

RFARL Sham group
HERIZH Model group
CUR 4bHiZH
CUR treatment group

CUR-NMs 4b3EZH
CUR-NMs treatment group

102. 30+8. 61
56.58+4.12™

98.25+9.13
60.57+6.39 ™

99. 67+9. 29
60. 08+4. 83 ™

71.12+5.23* 77.67+5. 25% 78.12+5. 66*

86. 16+7. 162 A## 94.33+7. 500 0# 93. 17+7. 024 4%

0 SIRFARUHMIL, ™ P<0.01; SR, *P<0. 05, P<0.01;5 CUR AbRLZHAH L, 22 P<0. 01,

Note. Compared with the sham group, ** P<0. 01. Compared with the model group,*P<0. 05,* P<0. 01. Compared with the CUR treatment group, ** P

<0.01.

£2 KHAKRBILKE LDH CK MDA SOD K¥F#( & +s ,n=10)
Table 2 Comparison of serum LDH, CK, MDA, and SOD levels of the rats in each group

2059 FLAR I A (U/mL) LRI (U/mL) N Z ¥ (nmol/mL) ARG (U/mL)
Groups LDH CK MDA SOD
BRT-AL Sham group 0. 18+0. 02 0.51+0. 06 2.86+0.02 125.30+9. 18
BRI Model group 0.58+0.07 ** 0. 98=0. 08 ** 7.25+0.59 76.72+6.23**
CUR 4h 4
ALRA 0. 45+0. 04* 0. 78+0. 05* 5.86+0.51* 98. 12+7. 02*

CUR treatment group

CUR-NMs 4bFH4H

N
CUR-NMs treatment group 116. 63+8. 63

0.28+0. 0222 0. 62+0. 04252# 3.78+0. 3550

W SIRFARAHIL, = P<0.01; SEAAMLL, *P<0.05,"P<0.01;5 CUR ALMLAH L, 2 P<0.05,2% P<0.01,

Note. Compared with the sham group, ** P<0.01. Compared with the model group,* P<0.05,* P<0.01. Compared with the CUR treatment group,

4 P<0.05,%%P<0.01.
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Figure 2 Apoptosis of myocardial cells in each group
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Table 3 Changes in myocardial calpainl, calpastatin, Becl-2, and cleaved-caspase 3 expression in each group of rats

2H 5 FHE A 1 B AR R R 2 B R L 20 g -2 2RI R A 3 5P
Groups Calpainl Calpastatin Bel-2 Cleaved-caspase 3
F AR Sham group 0.52+0. 03 0.79+0. 06 2.16+0. 18 0.22+0. 02
FERIL] Model group 1.36+0. 12* 0.36+0. 02 * 0.43+0.03 ™ 0.97+0. 11
CUR 4b¥4
. 0. 53+0. 04* 0. 610. 06* 0. 69+0. 04* 0.36+0. 03*

CUR treatment group

CUR-NMs 4b ¥4

0. 33+0. 034 1.28+0. 11244% 1. 03+0. 092 4% 0. 17+0. 01 2%

CUR-NMs treatment group

T ST ARAA, ™ P<0.01; SHILIA I, *P<0. 05, % P<0. 01; 5 CUR AbBI41AHILL, * P<0. 05,2 P<0.01,
Note. Compared with the sham group, ** P<0.01. Compared with model group,” P<0.05,* P<0.01. Compared with CUR treatment group,” P <

0.05,%% P<0.01.
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