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ABSTRACT

O bjective : To investigate the role of endogenous 
nitric oxide (NO) on remote organ injury in the 
early phase of burn trauma.

M ethods: Wistar albino rats (200-300 g) were 
exposed to 90°C (burn) or 25°C (sham) water 
bath for 10 sec.

R e su lts : Microscopic score in the stomach was 
increased in the burn group compared to sham. 
Hemorrhage areas, epithelial desquamation and 
glandular cell degeneration were observed in the 
gastric mucosa of the burn group. NG-nitro-L- 
arginine methyl ester (L-NAME) treatment 
reduced the burn-induced damage score with an 
intact glandular architecture. In NG-nitro-D- 
arginine methyl ester (D-NAME) pretreated 
groups, histologic scores were not different than 
burn group, with desquamated and degenerated 
surface epithelium. L-arginine (L-arg) plus L- 
NAME pretreatment partially reversed this effect 
with prominent gastric mucosal damage. In the 
liver, the microscopic score was increased in the 
burn group compared to sham. Hepatocyte

vacuolar degeneration, sinusoidal congestion 
and increased number of Kupffer cells were 
observed in the burn group. Hepatic injury was 
slightly attenuated by L-NAME treatment 
whereas D-NAME or L-arg plus L-NAME 
pretreatment was ineffective.

C o n c lu s io n : In conclusion, inhibition of NO 
synthesis ameliorates gastric and hepatic 
damage, emphasizing the critical role of NO in 
the burn-induced remote organ injury.

Key Words: Burns, Nitric oxide, Remote 
organ injury, Myeloperoxidase activity

INTRODUCTION

Thermal trauma continues to be a serious clinical 
problem exposing patients to significant mortality 
and morbidity (1,2). Thermal injury may cause 
damage to multiple organs distant from the 
original burn wound and may lead to multiorgan 
failure (3). According to the clinical and 
experimental research findings, a local burn
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insult produces oxidant-induced organ changes 
as evidenced by increased lipid peroxidation in 
lung, liver and gut (4). In fact, generalized tissue 
inflammation is present in uninjured organs 
within hours of injury, even in the absence of 
shock. It has been reported that circulating 
endotoxins become evident probably as a result 
of burn wound colonization and an early gut leak 
in experimental models of stress and injury (5,6). 
Endotoxin and other bacterial by-products are 
potent activators of the macrophage and 
neutrophil. This leads to the release of massive 
amounts of oxidants, arachidonic acid 
metabolites, proteases, which cause further local 
and systemic inflammation induced tissue 
damage (7).

Nitric oxide (NO), which was formerly named as 
endothelium-derived relaxing factor by Furchgott 
and Zawadzki (8) in 1980, is a local autocoid (9). 
NO is synthesized from a guanido group of the 
amino acid L-arginine by different NO synthase 
(NOS) enzymes. It is produced by all mammalian 
cells, including the endothelial cells, neurons of 
the central and enteric nervous system and cells 
of the immune system. The endogenous 
transcellular messenger NO, with its ubiquitous 
distribution and diverse mechanism of action, has 
been increasingly perceived to be important in a 
wide variety of physiological and 
pathophysiological pathways (10). It is thought to 
play a significant physiological role in the 
regulation of gastrointestinal motility, blood flow 
and mucosal protection (11). However, in 
addition to its important functions under normal 
conditions and in acute inflammation, there is 
strong evidence that during chronic inflammation 
too much NO may have detrimental effects (12). 
Clinical studies have shown that human burn 
injury is associated with an increase in NO 
production (13). It has been shown that inhibition 
of inducible form of NOS (¡NOS) improves the 
intestinal barrier function after thermal injury in 
rats (14). It has also been shown that thermal 
injury induces intestinal mucosal ¡NOS, and 
inhibition of iNOS decreases intestinal 
permeability and bacterial translocation incidence 
to mesenteric lymph node concurrently (15).

This study was carried out to assess the role of 
endogenous NO on remote organ injury following 
burn trauma, where the severity of burn-injury 
was evaluated with a histological approach.

MATERIALS AND METHODS
Anim als

Wistar albino rats of both sexes (200-300 g) were 
fasted for 12 h, but were allowed free access to 
water before burn injury. Rats were kept in a 
room at a constant temperature of 22 ± 2°C with 
12 h light and dark cycles in individual wire- 
bottomed cages and fed standard rat chow. This 
study was approved by Marmara University 
School of Medicine Animal Care and Use 
Committee.

Experim ental Protocol
Rats were anesthetized with ketamine (100 
mg/kg, ip) and chlorpromazine (0.75 mg/kg) and 
the dorsum of the rats was shaved, exposed to 
90°C water bath for 10 sec, which resulted in a 
partial-thickness second-degree skin burn 
involving 30% of the total body surface area. 
Immediately after burn injury, subcutaneous 
administration of 10 ml/kg saline was performed 
for water resuscitation. The rats in sham group 
were treated identically except that they were 
dipped in a 25°C water bath for 10 sec.

In the burn groups, saline (1 ml/kg, intravenously, 
iv; n=8) or NG-nitro-L-arginine methyl ester (L- 
NAME; Sigma Chemical, St. Louis, MO. USA; 10 
mg/kg, iv bolus; n=8), a NOS blocker, or NG-nitro- 
D-arginine methyl ester (D-NAME; Sigma 
Chemical, St. Louis, MO, USA; 10 mg/kg, iv 
bolus; n=8), an enantiomere of L-NAME, was 
administered 30 min before and 9 h after the burn 
injury. In another group of rats, L-arginine (L-arg; 
Sigma Chemical, St. Louis, MO, USA; n=8) was 
given as an exogenous NO precursor at 
100mg/kg (iv; bolus) dose 5 min before L-NAME 
treatment (n=8). At the 24th hour following burn 
injury, the rats were decapitated and liver, lung 
and stomach samples were placed in 10 % 
(vol/vol) formaline solution and processed 
routinely by embedding in paraffin. Tissue 
sections (4-5 pm) were stained with Hematoxylin 
and Eosin and examined under a light 
microscope. (Olympus-BH-2) Histological 
assessments were made by an experienced 
histologist who was unaware of the treatment 
conditions. The severity of tissue damage was 
scored according to previously defined criteria
(16), (Table I).
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T a b le  I: T he c rite ria  fo r h is to log ica l sco ring  o f tissues

Score Lung Liver Stomach

0 Normal Normal Normal

1 Vascular congestion Enlargement and 
vacuolization of hepatocyte

Desquamation of 
surface epithelial cells

2 Vascular congestion 
and interstitial edema

Vascular congestion and sinusoidal 
dilatation

Degeneration of both 
epithelial and pit-lining cells

3 Alveolar structural 
disturbance

Moderate enlargement in Kupffer cells Mild degeneration of 
glandular cells

4 Massive alveolar 
structural disturbance 
and infiltration 
ot inflammatory cells

Prominent enlargement 
In Kuptfer cells

Severe degeneration of 
glandular cells and 
mucosal hemorrhage

Statistica l a n a ly s is

Data are expressed as means ±SEM. 
Statistically significant differences among groups 
were identified using analysis of variance 
(ANOVA) followed by Tukey-Kramer test. 
Differences were considered to be significant at 
p<0.05.

RESULTS

In the saline-treated burn group, microscopic 
score in the stomach (3.17±0.17) was found to 
be significantly elevated compared to sham 
group (0.88±0.24; p<0.001) (Fig 1). Sham group 
gastric mucosa reflected a normal morphology 
(Fig. 2a), whereas distinct hemorrhage areas 
extending up to submucosa, epithelial 
desquamation and glandular cell degeneration 
were obviously observed in the gastric mucosae 
of the saline-treated burn group (Fig. 2b). Burn- 
induced damage score was reduced by L-NAME 
treatment (Fig. 1; p<0.01). The sections of L- 
Name group represented an intact glandular 
architecture with desquamated surface 
epithelium (Fig. 2c). In D-NAME pretreated 
groups, histologic scores (2.38±0.24) were not 
different than saline-treated burn group. On the 
other hand, L-arg plus L-NAME pretreatment 
partially reversed this effect with prominent 
gastric mucosal damage (2.25±0.15; p<0.05).

In the liver, the microscopic score was also found 
to be increased in the burn group (2.63±0.24) 
compared to sham group (1.5±0.20; p<0.01) 
(Fig. 3), while normal liver morphology was 
reflected in the sections of the sham group (Fig.

4a). Hepatocyte vacuolar degeneration, 
sinusoidal congestion and increased number of 
Kupffer cells suggested a critical degree of liver 
damage in the saline-treated burn group (Fig. 
4b). Hepatic injury was slightly attenuated by L- 
NAME treatment (2.0 ± 0.0; p<0.05) (Figs. 3,4c), 
whereas D-NAME (2.33±0.33) or L-arg plus L- 
NAME (2.26+0.15) pretreatment was ineffective. 
In the lung, there was no significant difference in 
the microscopic scores between the sham 
(3.0±0.1) and saline-treated burn (2.67±0.3) 
groups. L-NAME-, D-NAME or L-arg plus L- 
NAME-treatments had no significant effects on 
lung tissue that was not affected by the burn 
insult (1,83±0.44; 2.5±0.5; 3.0±0.0, respectively).

r i g . l  :  Histopathologic scores in the stomachs of burn groups 
with different treatment regimens. *"p<0 .001 , compared 
to sham group; +p<0.05 and ++p<0.01, compared to 
saline-treated group.
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Thus, in all experimental groups only slightly 
injured lung histology was observed (Data not 
shown).

F ig -2  (a )  :  Sham  g roup  m icrog raph  dem o n stra te s  norm al 
m o rp h o lo g y  o f s to m a c h  m u c o s a  w ith  s lig h t  
surface epithelial degeneration (->), H&E X33;

F ig -2  (b )  s Saline-treated burn group m icrograph ind icates 
surface ep ithe lia l desquam ation  (-> ), g landular 
c e ll d e g e n e ra t io n  ( > ■ )  and  w id e s p re a d  
hemorrhagic areas (*), H&E X66. Inset: superficial 
e p ith e lia l d e squam a tion  ( —>) and hem orrhag ic  
areas (*), H&E X132;
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W M  L-NAME 

T  1 D-NAM E

L-Arg in ine + L-NAME

I  2 H

Sham

F ig .3 :  Histopathologic scores in the livers of burn groups with 
different treatm ent regimens. "p < 0 .0 1 , compared to 
sham group; +p<0.05, compared to saline-treated group.
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W-
F ig -4  (a )  :  Sham group m icrograph indicates mild degree of 

c o n g e s t io n  (—>) w ith  n o rm a l l iv e r  lo b u la r  
morphology, H&E X66:

F ig -2  (c) s (c) L-N AM E group m icrograph: m ild degree  of 
g a s tr ic  m u c o s a l d a m a g e  (-> ) a n d  n o rm a l 
m orpho logy o f g landu la r s truc tu res, H&E X66. 
Inset: degenerated superficial epithelial cells (>-), 
H&E X132.

F ig .4  (b )  :  S a lin e -tre a te d  burn  g ro u p  live r m ic rog raph  
dem onstrates swollen hepatocytes (-►), dilated 
sinusoids (»-), and prom inent enlargem ent in 
Kupffer cells (— ), H&E X66. Inset: hepatocytes 
with vacuolar degeneration (*), H&E X132;
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F ig .4  (c) :  L-NAM E g ro u p  m ic ro g ra p h  d e m o n s t r a t e s  a  
regular morphology of liver lobulus and sinusoids 
with congestion  (->), H&E X66. Inset: hepatocyte 
v a c u o l iz a t io n  re f le c tin g  a  m ild d e g r e e  of 
degenera tion  (>-), H&E X132.

DISCUSSION

In the present study, burn-induced remote organ 
damages were found to be severe in the gastric 
and hepatic tissues, whereas a slight degree of 
injury was noticed in the lung. Since a significant 
degree of reduction was observed in the severity 
of liver and stomach injuries through the inhibition 
of NOS and this reduction was cancelled by 
adding L-arginine as a precursor of NO, it is likely 
to conclude that endogenous NO has a 
significant exacerbatory role in the pathogenesis 
of burn-induced remote organ injury.

It has been concluded that both endogenous and 
exogenous NO reduce the sequelae of acute 
gastrointestinal inflammation. However, as the 
inflammatory response progresses from acute to 
a chronic state, the beneficial effect of NO may 
be lost (12). The transition from acute to chronic 
inflammation and the divergent effects of NO 
synthesis are best exemplified in a model of 
septic shock. In the first hour of sepsis, intestinal 
injury was greatly enhanced when NO synthesis 
was inhibited (17). However, as sepsis 
progressed, intestinal injury progressively 
worsened and NO synthesis inhibition with L- 
NAME no longer exacerbated the injury but 
significantly reduced intestinal injury in a dose- 
dependent manner (18). These conflicting results 
have been attributed to the fact that early in 
sepsis, endothelial NO maintains adequate 
perfusion of organs, and its inhibition leads to 
blood flow maldistribution and tissue injury. 
However, the overproduction of NO as sepsis 
progresses causes tissue injury, where the 
inhibition of NO under these conditions is

beneficial (12). In the present study, the 
histologic analysis of the organs were made at 
the postburn 24 hours, when the local injury is 
already expected to be replaced by a systemic 
inflammatory response. Thus, inhibition of NO is 
likely to reduce the severity of remote organ 
injury.

Localized thermal injury is potentially important 
by affecting numerous systems and resulting in 
microcirculatory changes that cause multiorganal 
damage. It could disturb vital functions as well as 
causing late complications in the body. The local 
tissue trauma activates a number of systemic 
mediator cascades, such as complement 
activation, arachidonic acid release, and 
cytokine-interleukin-1 and tumor necrosis factor- 
production. In several experimental and clinical 
studies of septic shock, the data suggest that NO 
production is enhanced (19,20). Plasma nitrite 
and nitrate levels, the stable end products of NO 
in vivo, were shown to be elevated in burns
(13,21). On the other hand, for patients who 
sustain minor burns, plasma levels of nitrate were 
decreased from those of normal controls (22). 
These data strongly suggest that it is not possible 
to comment on whether NO production in the 
vicinity of the wound is increased in small thermal 
burns, but clinically detectable multiple organ 
dysfunction is accompanied with increased NO 
production (22). Failure of gastrointestinal 
mucosa to act as a barrier against bacterial 
translocation has been proposed as a potential 
source of sepsis and subsequent multiple organ 
failure following burn insult. Chen et al. (14) 
demonstrated that S-methylisothiourea, a specific 
inhibitor of ¡NOS, improved the postburn barrier 
function by suppression of the intestinal mucosal 
¡NOS activity, which resulted in decreased 
formation of peroxynitrite and subsequently 
decreased damage of mucosal tissue. Similarly, 
in acute gastric mucosal injury induced by 
ischemia-reperfusion. administration of L-NAME 
attenuated both the increase in NO level and 
gastric mucosal lesions (23). In accordance with 
these results, our findings also demonstrate that 
L-NAME treatment reduces hepatic and gastric 
damage due to local burn trauma, indicating a 
detrimental role of NO in the pathogenesis of 
burn-induced remote organ injury.

In conclusion, the result of the present study 
indicates that burn trauma resulted in remote 
organ injury in the liver and stomach, where
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failure of gut barrier function due to burn injury 
has direct effects through bacterial translocation. 
It is well known that burn injury accompanied with 
smoke-inhalation has severe complications on 
lung morphology. However, in the present burn 
model, which lacks smoke-inhalation, lung tissue 
was not affected much as compared to other 
remote organs. Our results also indicate that L- 
NAME treatment, through the inhibition of NO 
synthesis, ameliorated gastric and hepatic 
damage, emphasizing the critical role of NO in 
the burn-induced remote organ injury.
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