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Abstract: Treatment with glutamine has been shown to reduce myocardial damage associated with ischemia/reper-
fusion injury. However, the cardioprotective effect of glutamine specifically after burn injury remains unclear. The 
present study explores the ability of glutamine to protect against myocardial damage in rats that have been severely 
burned. Seventy-two Wistar rats were randomly divided into three groups: normal controls (C), burned controls (B) 
and a glutamine-treated group (G). Groups B and G were subjected to full thickness burns comprising 30% of total 
body surface area. Group G was administered 1.5 g/ (kg•d) glutamine and group B was given the same dose of 
alanine via intragastric administration for 3 days. Levels of serum creatine kinase (CK), lactate dehydrogenase 
(LDH), aspartate transaminase (AST) and blood lactic acid were measured, as well as myocardial ATP and glutathi-
one (GSH) contents. Cardiac function indices and histopathological changes were analyzed at 12, 24, 48 and 72 
post-burn hours. In both burned groups, levels of serum CK, LDH, AST and blood lactic acid increased significantly, 
while myocardial ATP and GSH contents decreased. Compared with group B, CK, LDH, and AST levels were lower 
and blood lactic acid, myocardial ATP and GSH levels were higher in group G. Moreover, cardiac contractile function 
inhibition and myocardial histopathological damage were significantly reduced in group G compared to B. Taken 
together, these results show that glutamine supplementation protects myocardial structure and function after burn 
injury by improving energy metabolism and by promotedthe synthesis of ATP and GSH in cardiac myocytes. 
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Introduction

Ischemic/hypoxic damage is the primary cause 
of tissue and organ damage after burn injury 
[1]. Until recently, it was widely believed that 
burn injury did not cause this type of damage in 
heart tissues; however, the last two studies by 
our group showed that regional myocardial 
blood flow is significantly reduced 1 h after a 
severe burn, remaining considerably lower than 
in the control group up to 24 h post-burn. 
Furthermore, ATP synthesis in the myocardium 
is also significantly decreased under these con-
ditions [2, 3]. Therefore, ischemia/hypoxia and 
energy metabolism defects in cardiac myocytes 
can lead to cardiac dysfunction after severe 
burn injury. These findings highlight a poten-
tially important therapeutic role for improving 
myocardial haemoperfusion and cardiac myo-
cyte energy metabolism after burn injury, as 

well as protecting myocardial functions and 
reducing cardiac damage. 

A number of recent studies have shown that 
several amino acids, such as glutamine, gly-
cine, arginine and taurine, have cardioprotec-
tive properties, including a cytoprotective effect 
on cardiac myocytes [4-9] . Glutamine, in par-
ticular, is one of the principal free intracellular 
amino acids in mammalian cardiac myocytes, 
where it plays a central role in the biosynthesis 
of nucleotides and proteins by acting as an 
energy and nitrogen donor [10-12]. Moreover, 
previous studies have demonstrated that gluta-
mine administration can improve cardiac myo-
cyte energy metabolism, promote ATP biosyn-
thesis, increase energy reserves and accelerate 
cardiac muscle functional recovery in an isch-
emia/reperfusion (I/R) injury model [13-15]. 
Glutamine is currently used to treat various 
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intestinal diseases, such as intestinal fistula, 
short-bowel syndrome, as well as others [16]. 
However, there is no study has demonstrated 
the cytoprotective effect of glutamine on cardi-
ac myocytes specifically after burn injury. 
Herein, we demonstrate the cardioprotective 
effects of glutamine in rats after severe burn 
injury and explore the possible mechanisms 
through which this protection occurs.

Materials and methods

Drugs and reagents

ATP and glutamine were obtained from Sigma 
Chemical Co. (St. Louis, MO). Blood lactic acid 
and glutathione (GSH) detection kits were 
obtained from the Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China). 
Alanine injections were purchased from Fujian 
Haiwang Pharmaceutical Ltd. (Fuzhou, China). 
All other chemicals and reagents were of ana-
lytical grade.

Experimental animals

Seventy-two male adult Wistar rats (weighing 
205 g to 255 g) were obtained from the 
Laboratory Animal Centre, Third Military 
Medical University, and placed in individual 
wire-bottomed cages under controlled temper-
ature and humidity with a 12 h light-dark cycle. 
The rats were acclimatised to the environment 
with a diet of standard rat pellets for 7 d prior to 
the experiment. They were then randomly divid-
ed into three groups: normal control (C), burned 
control (B) and glutamine-treated (G) groups. 
The eight rats in group C were shaved and 
received anaesthesia, but were not burned. 
The 64 rats in groups B and G were subjected 
to full thickness (third degree) burns compris-
ing 30% of total body surface area under gen-
eral anaesthesia (pentobarbital, 40 mg/kg of 
body weight) and analgesia (buprenorphine, 1 
mg/kg of body weight). The rats were anaes-
thetized, shaved, napalm-burned for 18 s, and 
intraperitoneally injected with lactated Ringer’s 
solution (1.5 ml/kg per 1% of burned body sur-
face area) for resuscitation. The eight rats were 
observed at each time points(12, 24, 48 and 
72 post-burn hours) in each group . 

The experimental process followed the regula-
tions stipulated by the Third Military Medical 
University Animal Care Committee, according 

to the protocol outlined in the Guide for the 
Care and Use of Laboratory Animals published 
by the US National Institute of Health (NIH pub-
lication no. 85-23, revised 1996).

Treatments 

Group G was supplemented with 1.5 g/kg of 
glutamine per day and group B was supple-
mented with the same dose of alanine via intra-
gastric administration, both for 3 days. All treat-
ments were administered twice per day. Rats 
were housed in individual cages and had free 
access to food and water. At each observation 
point, the cardiac contractile function index 
was measured, and myocardial tissue and 
blood plasma were harvested.

Histological and water content examination

The harvested cardiac apex was fixed in forma-
lin. Tissues were dehydrated, embedded in par-
affin wax, cut into 5 μm sections, and plated. 
The histological sections were stained with 
haematoxylin and eosin (HE) after removing the 
tissues from the paraffin. At the end of each 
experiment, a sample of the cardiac apex (0.1-
0.2g) was dissected, weighed and stored in a 
separate glass container. After being dried in 
an oven at 100°C for 48 hours, each sample 
was reweighed on the same scale. Water con-
tent was calculated using the following formula: 
(wet weight - dry weight)/ wet weight x 100%.

Myocardial zymogram

Blood samples were collected in tubes and 
centrifuged at 4000 rpm at 4 °C for 10 min, 
after which the serum fraction was transferred 
to another clean tube. Myocardial injury was 
assessed by determining the activity levels of 
serum creatine kinase (CK), lactate dehydroge-
nase (LDH) and aspartate aminotransferase 
(AST) using an autoanalyser AU-800 (Olympus, 
Japan). Results are expressed in international 
units per litre. 

Lactic acid levels in blood and GSH levels in 
tissues

Levels of lactic acid in the blood were mea-
sured using a blood lactic acid detection kit and 
a 721 spectrophotometer (Beckman, US). The 
procedure was performed according to the kit 
protocol. Briefly, blood (0.1 ml) was processed 
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with protein precipitant (0.6 ml) in an anticoag-
ulant tube. The mixture was then centrifuged at 
4000 rpm at 4 °C for 8 min. The colour reaction 
was monitored by measuring absorbance at 
530 nm. Results are expressed as millimoles of 
lactic acid per litre of whole blood. 

Levels of GSH in tissues were determined using 
a GSH detection kit and a 721 spectrophotom-
eter, according to the protocol provided by the 

kit. Briefly, approximately 100 mg of myocardial 
tissue was homogenized with 5% sulphosalicyl-
ic acid and 1 ml of PBS solution. The homoge-
nate was kept on ice for 30 min, and then cen-
trifuged at 18000 rpm at 4 °C for 20 min. Total 
GSH concentrations were determined by add-
ing 2-nitrobenzoic acid into appropriate aliquots 
of supernatant. The ensuing colour reaction 
was monitored by measuring absorbance at 
412 nm. Protein concentrations in the superna-

Figure 1. Cardiac pathological change with glutamine 
treatment after burn injury. (A-D) HE stained sections 
showing cardiac apex tissue of A. group B at 12 PBH, 
B. group G at 12 PBH, C. group B at 24 PBH, and D. 
group G at 72 PBH. Images were taken at 200x. E. 
Changes in the water content of myocardial tissue 
samples from the three groups at 12, 24, 48 and 72 
PBH. Data are mean±SD. 2-Way ANOVA; **, P<0.01 
compared with group C; ##, P<0.01 compared with 
group B.
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tant were determined using BCA reagent 
(Pierce, US). Results are expressed as micro-
moles of GSH per gram of protein. 

ATP levels in tissues 

The heart was arrested in vivo with a cold car-
dioplegic solution, and the myocardial tissue of 
the cardiac apex was immediately frozen using 
a metal splint precooled by liquid nitrogen. The 
frozen myocardial tissue was then mulled into a 
fine powder using a mortar and pestle, and the 
powder was transferred to a test tube contain-
ing 0.6 N cold perchloric acid. Metabolites were 
extracted, and the extract was neutralised with 
a mixture of KOH and K2CO3 and then centri-
fuged at 8000 rpm at 4 °C for 15 min. The 
supernatant (10 µl) was subjected to high per-
formance liquid chromatography UV/VIS-152 
(Gilson, France). Results are expressed as 
micromoles of ATP per milligram of protein. 

Cardiac contractile function assay

Pentobarbital sodium (40 mg/kg) was used as 
an anaesthetic prior to exposing the right com-

mon carotid artery. A polyethylene catheter 
filled with 100 U/ml of heparin saline was then 
inserted into the left cardiac ventricle and the 
other end of the catheter was connected to the 
press transducer of a four channel physiologi-
cal recorder (Nihon Kohden, Japan). After 5 min 
of stability, aortic systolic pressure (AOSP), aor-
tic diastolic pressure (AODP), left ventricular 
systolic peak pressure (LVSP) and ±dp/dtmax 
were measured. 

Statistical analysis

All values are expressed as mean±standard 
deviation (SD). Since our experimental design 
contained two variables, one being the treat-
ment factor and the other the time factor, two-
way analyses of variance (Two-Way ANOVAs) 
were performed on the data to simultaneously 
test the significance of the two variables and 
their interaction. All statistical analyses were 
done using SPSS 13.0 software (SPSS Inc., 
Chicago, IL, USA). A two-sided probability value 
of less than 0.05 was considered significant.

Figure 2. Effects of glutamine treatment on myocar-
dial zymogram activity at 12, 24, 48, and 72 PBH. 
Changes in the serum levels of various proteins 
over 72 PBH: A. CK, B. LDH and C. AST. Data are 
expressed as mean±SD. *, P<0.05 and **, P<0.01 
compared with group C; #, P<0.05 and ##, P<0.01 
compared with group B.
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Figure 4. Effects of glutamine treatment on myocardial ATP 
content at 12, 24, 48, and 72 PBH. Data are expressed as 
mean±SD. *, P<0.05 and **, P<0.01  compared with group C; 
#, P<0.05 and ##, P<0.01 compared with group B.

Results

Myocardium histology and water content

We observed a number of pathomorphological 
changes in rat myocardial tissues after severe 
burn injury. At 12 PBH, histological analysis 
revealed cardiac interstitial oedema, fibre 
engorgement, transverse striation defects, 
poorly defined cell boundaries and cytoplasm 
destruction. By 72 PBH, inflammatory charac-
teristics such as engorged capillaries and exud-
ed erythrocytes were also observed in myocar-

dial tissues. Overall, the major pathomor- 
phological features included cardiac inter-
stitial engorgement and oedema (Figure 
1A-D). In general, group G exhibited less 
severe structural damages than group B. 
Myocardial water content was significantly 
higher in groups B and G than in group C 
(P<0.01), and maximum water content 
was observed in group B at 48 PBH (Figure 
1E). In contrast, glutamine supplementa-
tion was able to partially suppress some of 
the pathomorphological changes associ-
ated with burn injury, and the water con-
tent in group G was lower than that in 
group B at all time points (P<0.01).

Myocardial zymogram 

Serum activity levels of AST, CK and LDH 
were initially low in groups C, but increased 
dramatically in groups B and G after burn 
injury. Maximum levels were observed at 
12 PBH (CK and LDH) and at 24 PBH (AST), 
after which activity decreased steadily 
back down to control levels at 72 PBH. 
Serum activities in group G decreased 
compared with those in group B (P<0.05, 
P<0.01) (Figure 2).

Blood lactic acid content 

Consistent with the abovementioned find-
ings, blood lactic acid levels were initially 
low and increased significantly after burn 
injury. Maximal lactic acid concentrations 
were observed at 24 PBH and decreased 
steadily over time, but had not yet returned 
to control levels at 72 PBH. Blood lactic 
acid levels in group G were significantly 
lower than in group B at 12, 24 and 48 
PBH (P<0.05, P<0.01), but remained high-

er than in group C at all time points (P<0.01) 
(Figure 3). 

ATP levels in myocardial tissue 

Levels of ATP in myocardial tissue decreased 
continuously after burn injury in group B com-
pared with group C (P<0.01). Minimum ATP lev-
els in group B were observed at 72 PBH. 
However, glutamine supplementation for 3 
days dramatically suppressed this effect, and 
ATP levels in group G were significantly higher 
than in group B at 24, 48 and 72 PBH (P<0.05, 
P<0.01) (Figure 4).

Figure 3. Effects of glutamine treatment on lactic acid content 
in the blood at 12, 24, 48, and 72 PBH. Data are expressed as 
mean±SD. *, P<0.05 and **, P<0.01 compared with group C; 
#, P<0.05 and ##, P<0.01 compared with group B.
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GSH levels in myocardial tissue

GSH levels in myocardial tissue were high in 
group C and markedly reduced in group B at all 
time points (P<0.05, P<0.01), with the lowest 
level being observed at 48 PBH. Compared 
with group B, the decrease in GSH levels in 
group G was much less pronounced at 12 and 
24 PBH (P<0.01) (Figure 5).

Cardiac contractile function assay

Cardiac contractile dysfunction was observed 
as of 12 PBH and persisted throughout the 
duration of the observations. AOSP, AODP, LVSP 
and +dp/dtmax were all significantly decreased 
at all time points in groups B and G compared 
with group C. Minimum values were observed 
at 48 PBH (AODP) and at 72 PBH (AOSP, LVSP, 
and +dp/dtmax). Cardiac function indices were 
significantly improved in group G compared 
with group B (P<0.05, P<0.01) (Figure 6).

Discussion 

Glutamine treatment after burn injury im-
proves myocardial energy metabolism

Although glucose and fatty acids are the main 
sources of energy for cardiac myocytes, several 
studies have shown that glutamine can improve 
energy synthesis under pathological conditions 
[12, 13, 15, 17]. The results of the present 
study demonstrate striking defects in energy 

Figure 5. Effects of glutamine treatment on myocardial GSH 
content at 12, 24, 48, and 72 PBH. Data are expressed as 
mean±SD. *, P<0.05 and **, P<0.01 compared with group C; 
#, P<0.05 and ##, P<0.01 compared with group B.

synthesis and reserves in cardiac tissues 
after burn injury. Indeed, ATP levels in myo-
cardial tissue were markedly reduced in 
groups G and B compared with group C, for 
the entire length of the experimental peri-
od. However, glutamine supplementation 
was able to partially block these effects, as 
evidence by the fact that ATP levels were 
significantly higher in group G than in group 
B from 24 PBH to 72 PBH.

Concurrently, lactic acid levels in the blood 
also increased significantly soon after burn 
injury, suggesting that aerobic oxidation 
was impaired and anaerobic glycolysis 
increased. Here again, glutamine adminis-
tration partially suppressed the observed 
defects, improving aerobic oxidation, inhib-
iting anaerobic glycolysis and reducing lac-
tic acid accumulation. These results dem-
onstrate that burn injury can cause 

myocardial ischemia, oxygen uptake insuffi-
ciency and oxidative metabolism blockage. 
They also show that, under these circumstanc-
es, glutamine supplementation can improve 
myocardial tissue energy metabolism and pro-
mote ATP synthesis. 

Glutamine is one of the principal free intracel-
lular amino acids in mammalian cardiac myo-
cytes, where it maintains normal energy metab-
olism and influences cellular activities [18]. 
Glutamine is quickly transported into cardiac 
myocytes via high capacity, saturable, stereo-
specific and sodium-dependent transporters in 
the cardiac myocyte membrane [12, 17, 19, 
20]. Moreover, a previous study has shown that 
the rate of glutamine catabolism is at least four 
times higher in cardiac muscle than in skeletal 
muscle [18]. Thus, glutamine is best suited for 
use in myocardial cells. 

Post-burn glutamine treatment promotes GSH 
synthesis 

During reperfusion after myocardial ischemia, 
molecular oxygen is reintroduced into the myo-
cardium and converted to oxygen free radicals, 
which can oxidize protein sulfhydryl groups as 
well as promote further tissue injury by induc-
ing lipid peroxidation of cell membranes [21]. 
High concentrations of free radicals, produced 
by the post-burn inflammatory reaction, can 
cause considerable damage to the myocardium 
[22, 23]. GSH functions as a major antioxidant, 
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and can therefore protect mammalian cells 
against ischemic injury and maintain the struc-
tural integrity of cells [24]. Our present results 
indicate that myocardial GSH levels were sig-
nificantly reduced soon after burn injury and 
were consistently higher in group G than in 
group B from 24 to 72 PBH. These results dem-
onstrate that glutamine supplementation after 
burn injury can considerably improve myocar-
dial GSH synthesis, abate lipid peroxidation 
injury in cardiac myocytes, protect mitochon-
drial respiratory function and ameliorate cardi-
ac energy metabolism. 

Glutamine supplementation after burn injury 
alleviates myocardial damage and improves 
cardiac function

LDH, CK, and AST are the major metabolic 
enzymes in the heart and are released into the 
serum in response to cardiac damage. Our 

results show that serum levels of AST, CK, and 
LDH increased quickly after burn injury, gener-
ally reaching maximum values at 12 PBH. From 
12 to 48 PBH, serum AST, CK, and LDH levels 
were significantly higher in groups B and G than 
in group C, and lower in group G than in group 
B. 

A number of histopathological changes were 
also observed 12 hours after severe burn inju-
ry, including cardiac interstitial oedema, fibre 
engorgement, transverse striation defects, 
poorly defined cell boundaries and cytoplasm 
destruction. By 24 PBH, inflammatory features 
such as capillary engorgement and erythrocyte 
exudation were also seen in myocardial tis-
sues. Pathomorphological changes, including 
punctiform and lamellar necroses, were most 
obvious at 72 PBH. Overall structural damage 
was significantly less in group G compared with 
group B. 

Figure 6. Effects of glutamine treatment on cardiac function at 12, 24, 48, and 72 PBH. Changes in the various 
cardiac function indices: A. AOSP, B. AODP, C. LVSP and D. +dp/dtmax. Data are expressed as mean±SD. *, P<0.05 
and **, P<0.01 compared with group C; #, P<0.05 and ##, P<0.01 compared with group B.
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Our previous study showed that regional myo-
cardial blood flow declines significantly 1 hour 
after severe burn injury and remains markedly 
lower than control at 24 PBH [2]. The structural 
damage induced by ischemia/hypoxia in myo-
cardial tissue in turn leads to cardiac dysfunc-
tion. Consistently, the results of our present 
study show that myocardial mechanics param-
eters were significantly altered in response to 
severe burn injury. Compared to control, AOSP, 
AODP, LVSP, and +dp/dtmax values were signifi-
cantly decreased at all time points. These 
results suggest that soon after burn injury, car-
diac contractile function, cardiac afterload, 
peripheral vascular resistance and maximal 
isolength tension of the myocardial fibres all 
decrease significantly. It also suggests that the 
contractile element velocity of the myocardium 
is decrease. Cardiac contractile function was 
improved in group G compared with group B, as 
evidenced by the significantly increased AOSP, 
AODP, LVDP, and +dp/dtmax values. Moreover, 
changes in contractility parameters were close-
ly correlated with myocardial energy metabo-
lism; glutamine treatment after burn injury 
increased myocardial GSH levels, and improved 
energy metabolism as well as cardiac contrac-
tile function.

Based on the findings presented herein, we 
propose a mechanism whereby glutamine 
treatment after burn injury protects cardiac 
function by promoting improved GSH synthesis 
and cellular energy metabolism, as well as by 
reducing lipid peroxidation damage in cardiac 
myocytes. However, we found that oral adminis-
tration of glutamine limits myocardial protec-
tion to some extent, because the effective peri-
od of post-burn protection is relatively short. 
The decline in efficacy after 48 PBH is most 
likely due to more serious intestinal injury 
occurring 48-72 hours after burn injury [25]. 
Necrosis and shedding of intestinal cells during 
this period may lead to intestinal epithelial cell 
glutamine transporter damage, and intestinal 
absorptive capacity may ultimately decline. A 
similar phenomenon has been observed in the 
sepsis model [26]. Thus, the effects of orally 
administered glutamine on myocardial protec-
tion are not obvious in later periods of burn 
injury. In order to overcome these limitations 
and improve efficacy, future experiments  
will focus on intravenous administration of 
glutamine.
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