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Abstract. To investigate the effects of propofol on myocardial 
ischemia reperfusion in rats with type 2 diabetes, male adult 
rats were divided into five groups: Sham‑operation (CC), isch-
emia‑reperfusion (CI), low‑dose propofol (LP), moderate‑dose 
propofol (MP) and high‑dose propofol (HP). The LP, MP and 
HP groups were administered with 6, 12 and 24 mg/kg/h 
propofol, respectively, prior to occlusion. Heart rate (HR), left 
ventricular systolic pressure (LVSP) and the rate (dp/dt max) of 
left ventricular pressure rise in early systole (±dp/dt max) were 
recorded. The role of autophagy was also studied by measuring 
the levels of superoxide dismutase (SOD), malondialdehyde 
(MDA), autophagy marker protein LC3II, mammalian target 
of rapamycin (mTOR)/phosphorylate (p)‑mTOR and cardiac 
troponin T (cTnT). The myocardial morphological features 
were assessed using light and electron microscopy. The 
present results demonstrated that the HR, LVSP, +dp/dt and 
‑dp/dt levels in the propofol groups (LP, MP and HP) were 
significantly increased (P<0.05) when compared with the CI 
group. The myocardial cells in the MP group showed mild 
edematous changes and partially dissolved mitochondrial 
cristae and membrane rupture. SOD, cTnT and MDA levels 
were significantly decreased (P<0.05), mTOR expression 
decreased significantly (P<0.05) and p‑mTOR expression 
increased significantly in the MP group (P<0.05). The present 
study demonstrated the protective effects of propofol in T2DM 
rats exhibiting MIRI, with an optimal protective effect at an 

infusion rate of 12 mg/kg/h. Additionally, the results revealed 
that propofol led to significant reductions in LC3II and mTOR 
serum levels and the inhibition of autophagy in myocardial 
cells.

Introduction

The incidence of type 2 diabetes (T2DM) continues to increase 
yearly (1,2). Patients with T2DM are 2‑4 times higher than 
non‑diabetics due to coronary heart disease (CHD) (3). Type 2 
diabetes mellitus and coronary heart disease are common 
diseases. A growing number of patients with diabetes mellitus 
and heart disease require surgery. Due to recent advances in 
medical technology, the number of patients with T2DM that 
is complicated with CHD, who also undergo surgery, has 
increased (4). The selection and application of perioperative 
anesthetic drugs in patients with T2DM is important.

A previous study in rats demonstrated that autophagy is 
closely associated with T2DM (5,6) and myocardial ischemia 
reperfusion injury (MIRI) (7). Mammalian target of rapamycin 
(mTOR) is a key regulator of cell growth, autophagy, transla-
tion and survival (8). The phosphorylated (p)‑mTOR/mTOR 
signaling pathway serves a role in a variety of cell autophagy 
processes (9). LC3II is an autophagy‑related factor, is the most 
widely studied family protein, is associated with autophago-
some development and maturation and is used to monitor 
autophagic activity  (10). The selection and application of 
perioperative anesthetic drugs in patients with T2DM that 
is complicated with coronary heart disease, is becoming 
increasingly important. Propofol, a widely used intravenous 
anesthetic, is reported to exhibit myocardial protective 
effects (11). There have been a number of reports regarding 
the effect of propofol on myocardial ischemia‑reperfusion 
injury (12‑14). However, the effect of propofol on diabetes 
mellitus with myocardial ischemia‑reperfusion injury has not 
yet been reported. The underlying mechanism of this interac-
tion is yet to be determined. The effects of propofol on LC3II, 
mTOR and p‑mTOR expression in diabetic rats with MIRI has, 
to the best of our knowledge, not yet been investigated. In the 
current study, the effects of propofol on myocardial ischemia 
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reperfusion in rats with T2DM is investigated. The present 
study also investigated whether LC3II, mTOR and p‑mTOR 
serve roles in T2DM rats with MIRI, and investigated the role 
that autophagy serves in this process.

Materials and methods

Preparation of experimental rats. The current study has been 
examined by the Animal Welfare and Ethical Committee of 
Hebei University. A total of 50 healthy Sprague‑Dawley male 
rats (age, 6‑8 weeks; weight, 200‑220 g) were provided by 
Hebei Experimental Animal Center [certificate no. SSCXK 
(Ji) 2013‑1‑1003]. Rats were randomly divided into five 
groups, with 10 rats in each group. The groups were as follows: 
Sham‑operation (group CC), ischemia‑reperfusion (group 
CI), ischemia‑reperfusion plus low‑dose propofol (group LP), 
ischemia‑reperfusion plus moderate‑dose propofol (group MP) 
and ischemia‑reperfusion plus high‑dose propofol (group HP).

Preparation of type 2 diabetic rats. T2DM were induced by the 
following protocol. All groups were fed a high‑sugar, high‑fat 
diet with free access to drinking water, at 22˚C and 50% 
humidity, and maintained in a 12/12 h light and dark cycle. 
Rat feed was provided by Hebei Experimental Animals Center 
(Hebei, China). After 8 weeks, streptozotocin (30 mg/kg body 
weight; Beijing Solarbio Science & Technology Co., Ltd.) was 
injected into the abdomen to establish the T2DM model. Blood 
was obtained from the tail vein of rats and fasting glucose was 
detected. The model was considered to be successful if fasting 
glucose was >14 mol/l (15‑18).

Establishment of myocardial ischemia‑reperfusion injury 
model in rats. Subsequently, rats were anesthetized intraperi-
toneally with 1% pentobarbital (40 mg/kg). After anesthesia, 
tracheal intubation and mechanical ventilation were performed 
to connect the small animal ventilator (Hebei Medical University 
Instrument Factory). The femoral vein puncture catheter was 
connected using a micro infusion pump for the infusion of phys-
iological saline or propofol. The right common carotid artery 
was connected to a pressure transducer to monitor HR, LVSP 
and ± dp/dtmax. Following the stabilization of blood pressure 
and HR, rats were placed in the right lateral decubitus position. 
The left thoracotomy, scissors and thread were placed below the 
left anterior descending coronary artery and polyethylene tubes 
were inserted between the myocardium and the ligature.

Rats in the CC group received an intravenous infusion of 
physiological (0.9%) saline (3 ml/kg‑1 • h‑1) for 10 min, with 
no ligation. Rats in the CI group received a 10 min intrave-
nous infusion of normal saline (3 ml/kg‑1 • h‑1) followed by 
occlusion of the left anterior descending coronary artery for 
30 min and 2 h of reperfusion. The LP, MP and HP groups 
rats received a 10  min intravenous infusion of propofol 
(6 mg/kg‑1 • h‑1), (12 mg/kg‑1 • h‑1) and (24 mg/kg‑1 • h‑1) (equal 
volume of drugs with different concentrations), respectively. 
Each administration was followed by the occlusion of the left 
anterior descending coronary artery for 30 min and 2 h of 
reperfusion. Euthanasia was performed 2 h after reperfusion 
to obtain myocardial tissue.

Powerlab/8s (ADInstruments) was used to record heart 
rate (HR), left ventricular systolic pressure (LVSP) and the 

rate (dP/dtmax) of left ventricular pressure rise in early systole 
(± DP/dtmax).

ELISA method. Using an ELISA, cardiac troponin T (cTnT) 
levels, superoxide dismutase (SOD) and malondialdehyde 
(MDA) were measured. (cTnT ELISA kit; cat. no. E02T0017; 
SOD ELISA kit; cat. no.  a001‑1; MDA ELISA kit; cat. 
no. E02M0023; all from Shanghai Lanji Biotechnology Co., 
Ltd.).

At the time of reperfusion for 2 h, 2 ml blood was collected 
from the abdominal aorta of rats in each group and centri-
fuged at 1,000 x g/min for 15 min at 4˚C. The supernatant 
was taken and stored in refrigerator at ‑80˚C for testing. All 
specimens and kits were rewarmed after the collection of each 
group. In the blank microholes of the enzyme standard plate, 
100 µl standard substances were added, 100 µl samples were 
added and 100 µl PBS (pH 7.0‑7.2) was added to the blank 
control group. A total of 50 µl enzyme labeling solution was 
added to each hole (except the blank control hole). The enzyme 
standard plate was sealed and incubated at 37˚C for 1 h at a 
constant temperature. The seal film was removed, the liquid 
discarded and the plate was thoroughly and dry rinsed. A 
total of 50 µl chromogenic agent A and 50 µl chromogenic 
agent B was added to each well, agitated and mixed in the 
dark at 37˚C for 10‑15 min. A total of 50 µl termination solu-
tion was added to each well to terminate the reaction (blue 
color immediately turns to yellow). After 10 min, the blank 
well was adjusted to zero and the absorbance [optical density 
(OD) value] of each well was measured in sequence with 
the wavelength of 450 nm. The linear regression equation of 
the standard curve was calculated according to the standard 
concentration and the corresponding OD value, and then the 
corresponding sample concentration was calculated by the 
regression equation according to the OD value of the sample.

Western blotting assay. After anesthesia, the rats' necks were 
dislocated and euthanized. The left anterior descending branch 
was collected to obtain samples of myocardial tissue and the 
ultrastructure of myocardial cells was observed using electron 
microscopy. Western blot analysis was used to detect LC3II, 
mTOR and p‑mTOR expression in myocardial tissue.

Myocardial tissue from the ischemic zone were solubilized 
in RIPA lysing buffer [50 mM Tris (pH 7.4), 150 mM NaCl, 
1% NP‑40, 0.5% sodium deoxycholate, 1 mM PMSF]. Protein 
quantification was carried out by the modified Lowery method. 
Protein samples (60 µg) were separated by 10% SDS‑PAGE 
and transferred to PVDF membranes (Abcam). The membranes 
were blocked in 5% skim milk for 2 h at room temperature 
and incubated with the primary antibodies (1:1,000) LC3Ⅱ 
(Abcam; cat. no. ab48394), mTOR (Abcam; cat. no. ab2732) or 
p‑mTOR (Abcam; cat. no. ab109268) overnight at 4˚C. Next, 
the membranes were incubated with secondary antibodies 
(horseradish peroxidase‑labeled goat anti‑mouse IgG; Abcam; 
cat. no. ab205719; 1:1,000) at room temperature for 2 h and 
were washed three times (5  min/time) with TBST buffer 
(0.05%Tween‑20 in TBS). GAPDH (ProteinTech Group, Inc.; 
cat. no. 60004‑1‑Ig, 1:2,000) was used as an internal reference. 
Proteins were visualized using Immobilon ECL Ultra Western 
HRP Substrate (Millipore, cat. no. WBULS0500) and the blots 
were quantified using BandScan 5.0 software (Glyko, Inc.).
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Electron microscopy. After reperfusion for 2 h, the rats were 
euthanized and the myocardial ischemic area was taken and 
cut into 1 mm pieces. A total of 4% glutaraldehyde solution 
was used for fixation at 4˚C for 24 h and washed with 0.1 mol/l 
PBS 3 times. 1% osmium acid ‑1.5% potassium ferricyanide 
at 4˚C was used to fix the tissue again for 1.5 h, 0.1 mol/l PBS 
rinse 3 times. Ethanol‑pyruvate was dehydrated step by step. 
Anhydrous acetone‑epoxy resin 618 embedding agent (1:1) 
was fixed at 35˚C for 1.5 h. The pure 618 embedding agent 
was fixed at 35˚C for 12 h, 45˚C for 12 h and 60˚C for 3 days. 
Ultrathin sections of 70‑80 nm were prepared. Uranium acetate 
and lead citrate were dyed at 22˚C for 5 min, then washed 
with distilled water. The ultrastructure of myocardium was 
observed under transmission electron microscope (Hitachi, 
Ltd.; model: h‑7500) (magnification, x15,000).

Statistical analyses. SPSS v 16.0 (SPSS, Inc.) was used for 
all statistical analyses. Data are presented as the mean ± SD. 
Hemodynamics were compared and analyzed within groups 
and between groups using multivariate analysis of variance 
(ANOVA). The level of cTnT, SOD, MDA, LC3II, mTOR and 
p‑mTOR were compared using a one‑way ANOVA, followed 
by a post hoc Tukey's test. P<0.05 was considered to indicate 
a statistically significant difference. All experiments were 
performed in triplicates.

Results

Hemodynamic parameters. No significant differences were 
exhibited in HR, LVSP, +dp/dt and ‑dp/dt, prior to ischemia, 
in all groups. When compared with measurements taken 
prior to ischemia, HR, LVSP, +dp/dt and ‑dp/dt significantly 
decreased following ligation for 30 min, except for the CC 
group (P<0.05; Figs. 1‑4). Compared with the measurement 
taken at 30 min after ligation, HR, LVSP, +dp/dt and ‑dp/dt 
significantly decreased at 2 h after reperfusion compared with 
the before group, except for the CC group (P<0.05).

HR, LVSP, +dp/dt and ‑dp/dt were significantly increased 
in the LP, MP and HP groups compared with the results at 
30  min following ligation and 2  h following reperfusion 
(P<0.05). The MP group HR, LVSP, +dp/dt and ‑dp/dt levels 
increased significantly, followed by the LP and HP group 
(P<0.05; Figs. 1‑4).

Electron microscopy. At 2 h following reperfusion, ultrastruc-
tural changes of myocardial tissue were observed in all groups 
using electron microscopy. The arrangement of myocardial 
cells in the CC group was more orderly and no fusion was 
observed between mitochondrial cristae and membranes. In 
the CI group, myocardial cells were disordered, highly edema-
tous, mitochondrial cristae and membranes were dissolved and 

Figure 1. HR in different groups (n=10). Compared with the measurement 
taken at 30 min after ligation, HR significantly decreased at 2 h after reperfu-
sion, except for the CC group (P<0.05). HR was significantly increased in 
the LP, MP and HP groups compared with the results at 30 min following 
ligation and 2 h following reperfusion (P<0.05). The MP group showed the 
greatest increase in HR levels (P<0.05), followed by the LP and HP group 
(P<0.05). *P<0.05 vs. the CC group; #P<0.05 vs. group CI; ΔP<0.05 vs. group 
LP; P<0.05 vs. Before; ▲P<0.05 vs. after 30 min of ischemia. HR, heart rate; 
CC, Sham‑operation; CI, ischemia‑reperfusion; LP, ischemia‑reperfusion 
plus low‑dose propofol; MP, ischemia‑reperfusion plus moderate‑dose 
propofol; HP, ischemia‑reperfusion plus high‑dose propofol.

Figure 2. LVSP in different groups (n=10). Compared with the measurement 
taken at 30 min after ligation, LVSP significantly decreased at 2 h after reperfu-
sion, except for in the CC group (P<0.05). LVSP was significantly increased 
in the LP, MP and HP groups compared with the results at 30 min following 
ligation and 2 h following reperfusion (P<0.05). The LVSP levels in the MP 
group increased showed the greatest increase (P<0.05), followed by the LP and 
HP group (P<0.05). *P<0.05 vs. the CC group; #P<0.05 vs. group CI; ΔP<0.05 vs. 
group LP; P<0.05 vs. Before; ▲P<0.05 vs. after 30 min of ischemia. LVSP, left 
ventricular systolic pressure; CC, Sham‑operation; CI, ischemia‑reperfusion; 
LP, ischemia‑reperfusion plus low‑dose propofol; MP, ischemia‑reperfusion 
plus moderate‑dose propofol; HP, ischemia‑reperfusion plus high‑dose propofol.
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changes in the vacuole were observed. Compared with the CI 
group, the myocardial cells in the MP group were slightly disor-
dered, exhibited mild edema and exhibited partly dissolved 
mitochondrial cristae and membrane rupture. The degree of 
injury in myocardial cells and mitochondria in the LP and HP 
group was between the CI and MP group (Figs. 5‑9).

Serum concentrations of cTnT, SOD and MDA. Following 2 h 
of reperfusion, compared with the CC group, SOD signifi-
cantly decreased in all other groups (P<0.05), and the cTnT 
and MDA levels significantly increased (P<0.05; Table  I). 
Compared with the CI group, the concentration of SOD in the 
MP group decreased significantly (P<0.05) and the concentra-
tions of cTnT and MDA were decreased (P<0.05). The LP and 
HP group also exhibited significant changes in SOD, cTnT and 
MDA levels (P<0.05; Table I).

Protein expression of LC3Ⅱ, mTOR and p‑mTOR. Following 
2 h of reperfusion, compared with the CC group, LC3II and 
mTOR expression was significantly increased in all other 
groups (P<0.05), and p‑mTOR expression was significantly 
decreased (P<0.05). Compared with the CI group, MP group 
mTOR expression decreased significantly (P<0.05) and 
p‑mTOR expression increased significantly (P<0.05), The LP 
and HP group also exhibited significant changes in mTOR and 
p‑MTOR expression (P<0.05; Table II; Fig. 10).

Discussion

The polypeptide subunit of troponin complex, cTnT, is a specific 
antigen of cardiac myocytes. Elevated serum cTnT can reflect 
myocardial structural protein damage. A parallel relationship 
exists between cTnT level and the degree of myocardial cell 
injury (19). Therefore, cTnT is used as a specific marker of 

Figure 3. +dp/dt in different groups (n=10). Compared with the measurement 
taken at 30 min after ligation, +dp/dt significantly decreased at 2 h after reper-
fusion, except for the CC group (P<0.05). +dp/dt was significantly increased 
in the LP, MP and HP groups compared with the results at 30 min following 
ligation and 2 h following reperfusion (P<0.05). The +dp/dt levels in the MP 
group showed the greatest increase (P<0.05), followed by the LP and HP 
group (P<0.05). *P<0.05 vs. the CC group; #P<0.05 vs. group CI; ΔP<0.05 
vs. group LP; P<0.05 vs. Before; ▲P<0.05 vs. after 30 min of ischemia. CC, 
Sham‑operation; CI, ischemia‑reperfusion; LP, ischemia‑reperfusion plus 
low‑dose propofol; MP, ischemia‑reperfusion plus moderate‑dose propofol; 
HP, ischemia‑reperfusion plus high‑dose propofol.

Figure 5. Group CC of myocardial ischemia reperfusion injury in type 2 
diabetes mellitus rats under transmission electron microscopy. Myocardial 
fibrosis, along with integrity of the membrane and cristae of mitochondria are 
clearly visible. Also, the integrity of inner and outer nuclear membranes of 
nuclei is retained, and nucleoli can be seen clearly (Magnification, x15,000). 
CC, sham‑operation.

Figure 4. ‑dp/dt in different groups (n=10). Compared with the measurement 
taken at 30 min after ligation, ‑dp/dt significantly decreased at 2 h after reper-
fusion, except for the CC group (P<0.05). ‑dp/dt was significantly increased 
in the LP, MP and HP groups compared with the results at 30 min following 
ligation and 2 h following reperfusion (P<0.05). The ‑dp/dt levels in the MP 
group showed the greatest increase (P<0.05), followed by the LP and HP 
group (P<0.05). *P<0.05 vs. the CC group; #P<0.05 vs. group CI; ΔP<0.05 
vs. group LP; P<0.05 vs. Before; ▲P<0.05 vs. after 30 min of ischemia. CC, 
Sham‑operation; CI, ischemia‑reperfusion; LP, ischemia‑reperfusion plus 
low‑dose propofol; MP, ischemia‑reperfusion plus moderate‑dose propofol; 
HP, ischemia‑reperfusion plus high‑dose propofol.
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myocardial injury and due to it being elevated in patients with 
coronary artery disease or heart failure, has also been investi-
gated as a prognostic marker (20). Among the number of clinical 

and biochemical indices that are used for the diagnosis of 
myocardial injury, cTnT is considered to be the ‘gold standard’.

Figure 8. Group MP of myocardial ischemia reperfusion injury in type 2 
diabetes mellitus rats under transmission electron microscopy. Some mito-
chondrial edema is present, along with chromatin‑dense masses but no 
obvious perinuclear edema; lighter myocardial fibrosis is noted and sarco-
meres are aligned (Magnification, x15,000). MP, ischemia‑reperfusion plus 
moderate‑dose propofol.

Figure 7. Group LP of myocardial ischemia reperfusion injury in 
type 2 diabetes mellitus rats under transmission electron microscopy. 
Mitochondrial edema, mitochondrial films and partial disappearance of 
mitochondria are noted. Also, high‑density chromatin, partial disappearance 
of the outer layer of nuclear films (but not of nuclear film within layers), 
mild edema between muscle fibers, mild damage to myocardial fibers and 
comparatively neat muscle arrangement are noted (Magnification, x15,000). 
LP, ischemia‑reperfusion plus low‑dose propofol.

Figure 6. Group CI of myocardial ischemia reperfusion injury in type 2 diabetes 
mellitus rats under transmission electron microscopy. Swelling of mitochon-
dria, rupture and disappearance of mitochondrial membranes, dissolution of 
edema between mitochondria, absence of chromatin, disappearance of the outer 
nuclear envelope, disappearance of some inner and outer nuclear envelopes, and 
perinuclear edema can be seen. Also, mitochondrial degeneration and necrosis 
of myocardial fibers, indistinct sarcomeres, and an absence of muscle‑fiber 
structure is revealed (Magnification, x15,000). CI, ischemia‑reperfusion.

Figure 9. Group HP of myocardial ischemia reperfusion injury in type 2 
diabetes mellitus rats under transmission electron microscopy. Mitochondrial 
edema, mitochondrial films, chromatin‑dense masses, nuclear films within 
the layer and partial disappearance of the outer layer of nuclear films (but 
not of nuclear films within layers) are observed. Mild edema between muscle 
fibers, mild damage to myocardial fibers and comparatively neatly arranged 
muscle sections can be seen (Magnification, x15,000). HP, ischemia‑reperfu-
sion plus high‑dose propofol.

Table II. The expression levels of LC3 II and mTOR/p‑mTOR 
of ischemia‑reperfusion myocardium in jury in diabetes 2 rats 
(n=7, x±s).

Group	 LC3Ⅱ	 mTOR	 p‑mTOR

CC	 0.30±0.04	 1.06±0.04	 0.88±0.02
CI	 1.03±0.12a	 1.41±0.03a	 0.67±0.04a

LP	 0.76±0.09a,b	 1.25±0.04a,b	 0.78±0.02a,b

MP	 0.51±0.08a‑c	 1.18±0.06a‑c	 0.84±0.01a‑c

HP	 0.77±0.13a,b	 1.28±0.02a,b	 0.78±0.05a,b

aP<0.05 vs. group CC. bP<0.05 vs. group CI. cP<0.01 vs. group LP. 
p,  phosphorylated; mTOR, mammalian target of rapamycin; CC, 
Sham‑operation; CI, ischemia‑reperfusion; LP, ischemia‑reperfusion 
plus low‑dose propofol; MP, ischemia‑reperfusion plus moderate‑dose 
propofol; HP, ischemia‑reperfusion plus high‑dose propofol.

Table I. cTnT, SOD and MDA concentration of blood serum of 
myocardial ischemia reperfusion injury in rats with diabetes.

Group	 cTnT (ng/ml)	 SOD (U/ml)	 MDA (nmol/ml)

CC	 4.34±1.34	 160.27±5.15	 2.75±0.55
CI	 15.26±0.74a	 112.49±7.95a	 5.21±0.24a

LP	 12.62±1.00a,b	 122.94±5.38a,b	 4.51±0.20a,b

MP	 9.50±1.90a‑c	 147.05±7.83a‑c	 3.70±0.16a‑c

HP	 12.40±1.66a,b	 130.01±6.16a,b	 4.40±0.27a,b

aP<0.05 vs. group CC. bP<0.05 vs. group CI., cP<0.01 vs. group 
LP. (n=7, x±s). MDA, malondialdehyde; SOD, superoxide 
dismutase; cTnT, cardiac troponin T; CC, Sham‑operation; CI, 
ischemia‑reperfusion; LP, ischemia‑reperfusion plus low‑dose 
propofol; MP, ischemia‑reperfusion plus moderate‑dose propofol; 
HP, ischemia‑reperfusion plus high‑dose propofol.
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The current study demonstrated that cTnT serum levels in 
the LP, MP and HP groups were decreased, and HR and LVSP 
levels in the propofol groups were increased, when compared 
with the CI group. These results revealed that propofol exhibits 
myocardial protective effects on rats with T2DM and the 
medium dose was indicated to be most effective.

SOD is a natural oxygen free radical scavenger that is 
located in the myocardium and is also an important antioxi-
dant enzyme. SOD activity can reflect the scavenging ability 
of the organism to produce oxygen free radicals. In the process 
of myocardial ischemia reperfusion, a large amount of oxygen 
free radicals is produced, which leads to a decrease in SOD 
concentration and activity (21). A previous study has demon-
strated that SOD content can reflect the severity of myocardial 
injury  (22). However, previous reports investigating the 
beneficial effects of other plant extracts on I/R induced injury 
revealed that improved conditions were due to the antioxidant 
properties of their constituents (23‑25).

MDA is the most important metabolite of lipid peroxida-
tion in cardiac myocytes and has been indicated to cross‑link 
proteins and nucleic acids in cardiomyocytes. During cardio-
myocyte mutation, senescence, denaturation and death, MDA 
content has been revealed to increase during myocardial cell 
injury. Therefore, the detection of MDA is often used to assess 
the extent of myocardial oxidative damage during myocardial 
ischemia‑reperfusion injury (7).

The results of the current study demonstrated that SOD 
concentrations in the LP, MP and HP groups were increased, 
and MDA levels in the propofol groups were decreased. These 
results suggested that propofol exhibits a myocardial protective 
effect on rats with T2DM.

Under normal conditions, 60% of the energy required for 
cardiomyocytes to function is gained from fatty acid oxida-
tion. In ischemia and hypoxia conditions, the energy needed 
for the operation of myocardial cells is mainly obtained via 
the anaerobic glycolysis of glucose  (26). In patients with 
diabetes, glucose and lipid metabolism are disordered, and the 
use of energy gained from anaerobic glycolysis is impaired. 
In patients with diabetes, when myocardial cells are isch-
emic, they may suffer from energy supply disorder and their 
self‑protection ability decreases (27). These results suggest 
that diabetes aggravates myocardial injury.

Anesthesia with intravenous propofol is often used to 
inhibit lipid peroxidation, improve mitochondrial func-
tion  (26), protect the myocardium and reduce MIRI in 
rats  (27). Propofol also improves the function of vascular 

endothelial cells and promotes anti‑apoptotic protein expres-
sion, and can therefore reduce MIRI in T2DM. The influence 
of propofol on hemodynamics is associated with the dose 
quantity and speed of injection. The most commonly used 
intravenous maintenance dose is 4‑12 mg/kg‑1·h‑1. A previous 
study demonstrated that mean arterial pressure and cardiac 
output are not significantly altered by an intravenous infusion 
of propofol with 8.4‑18 mg/kg‑1·h‑1 (28). Propofol can markedly 
attenuate autophagic processes via decreased expression of 
autophagy‑related proteins in vitro and in vivo. This inhibition 
can improve cell survival, which provides a novel explanation 
for the pleiotropic effects of propofol that benefit the nervous 
system (29).

The current study adopts the traditional preparation 
methods of a T2DM model (17,30‑32). A fasting glucose 
level of 14 mol/l or greater in rats is considered to indicate 
a model of T2DM. The results revealed that HR, LVSP and 
± DP/dtmax were reduced upon occlusion for 30 min and 
reperfusion for 2 h, when compared with the preceding 
arterial occlusion. This indicated that the myocardial 
ischemia reperfusion model had been successfully 
established.

The results of the current study demonstrated that, 
compared with the CI group, the concentrations of plasma 
cTnT and MDA in the propofol groups were decreased, plasma 
SOD concentration was increased and HR and LVSP levels 
were increased. The damage exhibited in myocardial cells 
was minor when observed under an electron microscope. The 
degree of injury in the MP group was the smallest, followed 
by the LP and HP group. These results suggested that propofol 
inhibited myocardial cell peroxidation and alleviated myocar-
dial ischemia‑reperfusion injury in rats with T2DM. The 
intravenous infusion of propofol at a speed of 12 mg/kg‑1·h‑1 

was indicated to be optimal.
Autophagy is the process of transporting intracellular 

denatured or senescent proteins and damaged organelles 
to lysosomes for digestion and degradation. Autophagy is 
a cell defense mechanism against an adverse environment. 
Autophagy has also been associated with the pathological 
process of a variety of disease types. Previous studies (33,34) 
have indicated that, under ischemia and hypoxia conditions, 
cardiomyocytes can activate autophagy, and can enhance 
the expression of mTOR and LC3II. An appropriate level 
of autophagy can protect cardiomyocytes, however, exces-
sive autophagy may lead to injury of myocardial cell under 
ischemia and hypoxia  (35). A number of studies have 
demonstrated that autophagy is closely associated with 
T2DM and myocardial ischemia‑reperfusion injury (36‑38). 
If the myocardial cells are exposed to extreme ischemia, 
the excessive activation of autophagy during reperfusion 
may promote apoptosis (39). In the current study, LC3II and 
mTOR/p‑mTOR expression in rats with T2DM was investi-
gated after 2 h of myocardial ischemia and reperfusion. The 
effect of propofol on autophagy was also analyzed during 
myocardial ischemia‑reperfusion injury.

The results of the current study revealed that, compared 
with the CC group, LC3II and mTOR expression increased, 
and the expression of p‑mTOR was decreased in the CI group. 
Compared with the CI group, mTOR expression was decreased 
in the MP group and p‑mTOR expression increased, followed by 

Figure 10. Expression of LC3 II, mTOR and p‑mTOR protein was observed by 
western blotting. P‑mTOR, phosphorylated‑mammalian target of rapamycin.
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the LP and HP group. These results demonstrated that propofol 
inhibited autophagy during myocardial ischemia reperfusion 
injury in rats with T2DM, while the optimal propofol infusion 
was 12 mg/kg‑1·h‑1.

The present study demonstrated that the administration 
of propofol in T2DM rats upregulated p‑mTOR expression in 
myocardium, decreased the expression of mTOR and LC3II, 
inhibited excessive autophagy and oxidative stress in the 
myocardium and reduced the myocardial ischemia‑reperfusion 
injury, with the optimal infusion rate of 12 mg/kg‑1·h‑1.
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