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Effect of morphine preconditioning in the 
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ABSTRACT. This study aimed to investigate the protective effects of 
delayed morphine preconditioning on myocardial ischemia-reperfusion 
injury. We randomly divided 30 rabbits into three groups with 10 rab-
bits in each group as follows: sham operation group (C group), isch-
emia-reperfusion group (I/R group), and morphine pretreatment group 
(M group). Rabbits in C Group received left coronary without blocking 
for 160 min. The left descending artery of rabbits in the I/R group was 
blocked for 40 min and reperfused for 120 min. Rabbits in the M group 
received intravenous administration of 1.0 mg/kg morphine; after 24 h, 
rabbits in this group received the same treatment as that administered 
to the I/R group. We determined tumor necrosis factor alpha (TNF-α) 
levels in blood samples from the internal carotid artery of rabbits in 
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each group 20 min before occlusion of the left descending coronary 
artery, 20 and 40 min after occlusion of the left descending coronary 
artery, and 1 and 2 h after myocardial reperfusion. After 120 min of 
reperfusion, immunoblotting was used to measure the activity levels of 
myocardial p38 mitogen-activated protein kinase (MAPK); in addition, 
the infarct size was measured. Compared to the I/R group, the M group 
showed a significant decrease in TNF-α levels, p38 MAPK activity, and 
the myocardial infarct size (I/R group 37.8% ± 1.7% vs 21.5% ± 2.4%; 
P < 0.05). Thus, morphine preconditioning in the delayed phase may 
exert protective effects on myocardial I/R injury by inhibiting myocar-
dial p38 MAPK activity and decreasing TNF-α production.
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INTRODUCTION

The protective effect of ischemic preconditioning on the myocardium has been con-
firmed in a previous study (Zhu et al., 2008). A recent study has shown that morphine pre-
treatment induces a delayed protective effect on the myocardium (Jiang et al., 2006), but 
the mechanism underlying this effect has not been clarified thus far. p38 Mitogen-activated 
protein kinase (p38 MAPK) is an intracellular signal transduction enzyme, and inhibiting the 
activity of p38 MAPK decreases the degree of myocardial injury (Li et al., 2008). Whether 
the protective effects of morphine preconditioning in the delayed phase are associated with 
p38 MAPK have not been clarified to date; therefore, in this study, we determined the effect of 
morphine pretreatment on the activity of p38 MAPK in myocardial cells to clarify the protec-
tive effects of morphine in ischemia-reperfusion (I/R) injury. 

MATERIAL AND METHODS

Materials

Animals

Thirty healthy adult male New Zealand white rabbits weighing 2.0-2.5 kg were pro-
vided by the Animal Department of Xiangya Medical College.

Reagents

p38 MAPK antibody (Anti-ATF-2) was purchased from Calbiochem (USA). Evans 
blue, nitroblue tetrazolium chloride (TTC), sodium pentobarbital, and acrylamide were pur-
chased from Sigma (USA). Horseradish peroxidase (HRPO)-labeled goat anti-rabbit immu-
noglobulin G (IgG; 1.0 mg/mL), tumor necrosis factor alpha (TNF-α) enzyme-linked immu-
nosorbent assay (ELISA) kit was purchased from Jingmei (Shenzhen). Anhydrous ethanol, 
isopropyl alcohol, chloroform, xylene, agarose, and Tris were purchased from a domestic 
reagent company.
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Methods

Preparation of an I/R model

A rabbit model of I/R injury was prepared according to the method described previ-
ously (Ran, 2008a,b).

Animal grouping

We randomly divided 30 rabbits into three groups with 10 rabbits in each group as 
follows: sham operation group (C group), I/R group, and morphine pretreatment group (M 
group). Rabbits in the C group received intravenous administration of 1.0 mL/kg normal sa-
line (NS); after 24 h, the left coronary was lined without blocking for 160 min. Rabbits in the 
I/R group received intravenous administration of 1.0 mL/kg NS; after 24 h, the left descending 
artery was occluded for 40 min and reperfused for 120 min. Rabbits in the M group received 
intravenous administration of 1.0 mg/kg morphine; after 24 h, rabbits in this group received 
the same treatment as that given to the rabbits in the I/R group.

Determination of TNF-α levels

We measured the TNF-α levels in the internal carotid arterial blood samples from rab-
bits in each group 20 min before occlusion of the left descending coronary artery (T1), 20 min 
after occlusion of the left descending coronary artery (T2), 40 min after occlusion of the left 
descending coronary artery (T3), 1 h after myocardial reperfusion (T4), and 2 h after myocar-
dial reperfusion (T5) using sandwich ELISA.

Measurement of the myocardial infarct size

The coronary artery was blocked again 2 h after reperfusion, and 2 mL 2% Evans blue 
was injected in the internal carotid artery to stain the myocardium to differentiate between the 
ischemic (non-blue) and non-ischemic (blue) tissues. The hearts were quickly removed and hori-
zontally cut into approximately 2-mm slices; the thin myocardial slices were dried using filter 
papers, the right ventricle and the non-ischemic tissue were cut off, and the quality of the tissue 
was determined. The slices of the ischemic myocardium were incubated with 0.5% TTC phos-
phate buffer, pH 7.4, at 37°C for 15 min to determine the infarct tissues. We separated and mea-
sured the quality of the necrotic area (gray-white) and non-necrotic areas (dark red). Ischemia 
and the myocardial infarct size were calculated as a percentage of the total left ventricular mass.

Pathological examination of the myocardial tissues

After reperfusion, 1 x 1 x 1-mm apex myocardial tissues from each group were taken 
for examination of the ultrastructure using transmission electron microscopy.

Western blot analysis of the myocardial tissue

Myocardial proteins were extracted according to the method described by Wang 
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(2005). The extracted myocardial proteins were stored at -70°C for further analysis. We per-
formed polyacrylamide gel electrophoresis with 12.5% sodium dodecyl sulfate using 100 μg 
myocardial proteins. The isolated myocardial proteins were transferred to a polyvinylidine 
fluoride (PVDF) membrane using the Pharmacia Nova Blot power transfer device. The mem-
brane was maintained in an isolated solution at room temperature for 3 h. p38 MAPK antibody 
was added to the membrane, and the membrane was incubated overnight at 4°C. Subsequently, 
the membranes were washed four times with TTBS buffer for 15 min and anti-goat anti-rabbit 
IgG was added; then, the membranes were shaken and incubated at room temperature for 1 h. 
After washing with TTBS buffer thoroughly, we performed the enhanced chemiluminescence 
reaction. The PVDF membrane strips were scanned into a computer for image analysis to 
obtain the relative gray density values, which may represent the p38 MAPK activity levels.

Statistical analysis

SPSS13.0 statistical software was used for statistical analysis. Continuous variables 
are reported as means ± SD. One-way ANOVA and Newman-Keuls method were used for 
statistical analysis. A difference of P < 0.05 was considered to be statistically significant.

RESULTS

Changes in the ultrastructure of the myocardium

Examination under the electron microscope showed that the myocardial mitochondria 
in the sham operation group had normal morphology and abundant glycogen (Figure 1A). The 
myocardial mitochondria in the I/R group showed edema, severe vacuolization, and a fuzzy 
boundary (Figure 1B). The myocardial mitochondria in the M group showed mild swelling 
and decreased glycogen (Figure 1C).

Figure 1. Myocardial cell morphological change in electron microscope (20,000X) A. sham-operation group; B. 
I/R group; C. morphine group.

Serum TNF-α concentration changes

Compared to the C group, the I/R and M groups showed a significant increase in the 
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serum TNF-α levels after I/R injury (P < 0.05). However, compared to the I/R group, the M 
group showed a significant decrease in the TNF-α levels (P < 0.05; Table 1).

Table 1. Serum TNF-α concentrations changes in each group (pg/mL, means ± SD).

Group	 n	 T1	 T2	 T3	 T4	 T5

C group	 10	 52.3 ± 6.7	 54.2 ± 4.5	 53.7 ± 3.1	 54.6 ± 4.2	 51.5 ± 5.6
I/Rgroup	 10	 54.1 ± 5.3	 78.6 ± 6.4	   88.1 ± 7.9*	 110.5 ± 9.4*	 157.6 ± 5.5*
M group	 10	 56.7 ± 7.4	 61.3 ± 5.6	   72.6 ± 5.4*	    91.8 ± 6.9*Δ	  113.8 ± 8.2*Δ

*Compared with C group, P < 0.05; △compared with I/R group, P < 0.05.

Changes in the myocardial infarct size

No significant difference was observed in the infarct size between the I/R and M 
groups (P > 0.05). The infarct size in the M group was significantly smaller than that in the I/R 
group (P < 0.05; Table 2).

Table 2. Myocardial infarction size and ischemic area among groups (means ± SD, N = 7).

Group	 LV (g)	 AAR (g)	 IS (g)	 AAR/LV (%)	 IS/AAR (%)

C group	 3.16 ± 0.68	 -	 -	 -	 -
I/R group	 2.93 ± 0.44	 0.88 ± 0.35	 0.33 ± 0.06	 33.6 ± 3.1	 37.8 ± 1.7
M group	 3.07 ± 0.56	 1.09 ± 0.29	 0.24 ± 0.05	   35.4 ± 2.6*	  21.5 ± 2.4Δ

*Compared with C group, P < 0.05; Δcompared with I/R group, P < 0.05. LV = left venticular; AAR = ischemic 
myocardial; IS = infarction myocardial.

Effect of morphine preconditioning in the delayed phase on myocardial p38 
MAPK activity

The myocardial p38 MAPK activity in the C Group was significantly lower than that 
in the I/R and M groups (gray values, 20.3 ± 2.5 vs 67.4 ± 3.1 and 51.6 ± 2.2; P < 0.05). More-
over, the myocardial p38 MAPK protein activity in the M group was significantly lower than 
that in I/R group (P < 0.05; Figure 2).

Figure 2. Myocardium p38MAPK protein activity expression in rabbits.
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DISCUSSION

p38 MAPK is a member of the intracellular signal transduction enzyme MAPK su-
perfamily. p38 MAPK is the key signaling protein involved in the regulation of apoptosis. p38 
MAPK is almost inactive in the resting state; however, under ischemic and hypoxic patho-
logical stimuli, p38 MAPK in the myocardial cells is rapidly activated to induce stress-injury 
of myocardial cells. p38 MAPK-specific inhibitor SB203580 inhibits p38 MAPK activity, 
decreases myocardial apoptosis, and recovers the heart function and decreases the degree of 
myocardial injury (Li et al., 2006). In this study, p38 MAPK activity was the lowest in the 
myocardial cells of rabbits in the sham operation group, but upon induction of I/R injury, the 
p38 MAPK activity significantly increased in the myocardial cells of rabbits in the I/R and M 
groups. Further, our results showed that the morphine preconditioning in the delayed phase 
may significantly inhibit the myocardial p38 MAPK activity and simultaneously improve the 
ultrastructure of the ischemic myocardium and decrease the myocardial infarct size in the 
I/R group, which suggests that morphine may decrease the myocardial I/R injury and induce 
a delayed protective effect through inhibition of p38 MAPK activity. Previous studies have 
suggested that one of the mechanisms underlying I/R injury is an excessive inflammatory 
response with TNF-α as a major pro-inflammatory factor. TNF-α can activate neutrophils and 
endothelial cells, increase cell aggregation and expression of adhesion molecules in the isch-
emic area, cause cytokine cascade, promote the release of oxygen free radicals and proteolytic 
enzymes to induce membrane damage and cell autolysis, which ultimately results in myocar-
dial injury, and thus, TNF-α is a key factor in the chain reaction of I/R injury (Frangogiannis 
et al., 2002; McEvoy et al., 2009). A significant increase in the release of TNF-α in the I/R 
group observed in our study was consistent with that reported in the previous studies. The 
release of TNF-α decreased in the M group, which suggested that morphine preconditioning-
induced delayed protective effect on the myocardium was associated with a decrease in the 
release of TNF-α in the myocardium. The mechanism underlying the release of TNF-α in the 
myocardium during I/R has not been clarified thus far; previous studies have shown that the 
p38 MAPK inhibitor SB203580 decreases the release of TNF-α (Kimura et al., 2006), which 
indicates that morphine preconditioning in the delayed phase may decrease the release of 
TNF-α in the myocardium by inhibiting the activation of p38 MAPK.

In summary, morphine preconditioning in the delayed phase may inhibit myocardial 
p38 MAPK activity, and thus, decrease the release of the proinflammatory cytokine TNF-α 
and inhibit the inflammatory response; this may be one of the molecular mechanisms underly-
ing the delayed protective effect on the myocardium.
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