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Introduction

It is well established that burn injury promotes bacteri-
al translocation (BT) from the gastrointestinal tract to the
mesenteric lymph nodes (MLNs) and beyond.1-3 Mucosal bar-
rier deficiency, changes in gut microflora, and impaired im-
mune defence mechanisms are reported to be the main caus-
es of BT in burn injury.4-10 In particular, disruption of the
mucosal barrier function due to intestinal ischaemia is ac-
cepted as the main cause of increased BT incidence and en-
dotoxaemia in the early period of burn injury.2,4,7-11 Conversely,
studies have demonstrated that attempts to prevent intestinal
ischaemia reduce BT and endotoxaemia.2,8,9,11

It was recently demonstrated that antithrombin III (AT
III), which is a natural anticoagulant, prevents intestinal mu-
cosal damage due to ischaemia-reperfusion injury.12 Clinical
studies have indicated that severely burned patients frequently
present alterations of the coagulation system.13-15 A decrease
in the AT III serum level is important among these.13,16-18 How-
ever, the effects of AT III on BT in burn injury have not
previously been investigated.

The present study evaluates the effects of AT III on BT
and intestinal morphology in the early period of burn injury.

Material and methods

Thirty male albino rats (weight, 150-200 g) were used
in this study. All animals were obtained from the Surgi-
cal Research Centre of Pamukkale University Faculty of
Medicine with approval. The rats, housed five per cage in
an animal room maintained at 22 °C with a 12-h light pe-
riod, were fed the same amount of a laboratory pelleted
diet. They were randomly assigned to three groups: 1. sham
burn group (group 1, no. 10); 2. burn group (group 2, no.
10); and 3. burn + AT III group (group 3, no. 10).

The rats were anaesthetized with an intramuscular in-
jection of 50 mg/kg ketamine hydrochloride and 10 mg/kg
xylazine. Total body surface area (TBSA) was calculated
using the formula described by Horst et al.19 The backs of
all the rats were shaved to allow direct skin contact with
the hot water, determined at 30%. The right jugular vein
of all the rats was exposed by dissection. One ml 0.9%
NaCl was given as a placebo in group 1 and 2 rats via right
jugular vein injection using a 26-gauge catheter. Group 3
rats received 250 units/kg AT III (Kybernin P, human an-
tithrombin III, pasturized, Behringwerke, Marburg, Ger-
many, via Farmatek, I

.
zmir) by the same route 15 min be-
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fore burn injury. Group 1 rats were exposed to 21 °C wa-
ter for control purposes. Group 2 and 3 rats were exposed
to 95 °C hot water for 10 sec to produce a full-thickness
burn injury in 30% of TBSA, according to the standard
animal burns model described by Walker and Mason.20 All
rats were resuscitated with 25 ml/kg 0.9% NaCl via sub-
cutaneous injection.

All three groups of rats were sacrificed on day 2 post-
burn by an overdose anaesthetic. Laparotomy was per-
formed and a 0.5 ml blood sample was drawn from the
inferior vena cava for blood culture. MLNs, spleen, liver,
and caecal content were removed and homogenized for
quantitative cultures, after determination of the weight of
the samples. A 10-cm distal ileal segment from the ileo-
caecal valve was resected for pathological examination.
The bacteria per g tissue/ml were estimated 24-48 h later
as colony-forming units. The presence of 100 or more bac-
teria per g tissue/ml was accepted as the criterion for
translocation. Histopathological specimens were evaluated
blind by a pathologist. On histopathological examination,
the neutrophil infiltration rate and villus morphologies were
evaluated qualitatively. 

Data were reported as the mean ± standard error of mean
(SEM) where appropriate. The incidence of BT and alter-
ations in villus morphologies were compared by the chi-
square with continuous correction and Fisher’s exact test.
The number of translocating bacteria and the caecal popu-
lation of bacteria was compared using the Kruskal-Wallis
analysis of variance and the Mann-Whitney U tests. Differ-
ences were considered significant when p was less than 0.05

Results

The incidence of BT was 1/10 (10%) in group 1, 7/10
(70%) in group 2, and 1/10 (10%) in group 3 (Table I).
The results for translocation were not significant between
groups 1 and 3 (p > 0.05), while a significant increase in
BT incidence was observed in group 2 compared with
groups 1 and 3 (p < 0.02). These data show that treatment
with AT III significantly decreased the incidence of BT.

The main site of translocation was only to MLNs (7/10,
70%) in the burned rats. Although the incidence of BT was
30% for spleen and liver in group 2, this was non-signifi-
cant compared with groups 1 and 3 (p > 0.05). No micro-
organism was isolated from the blood samples. Escherichia
coli was the major micro-organism isolated in the cultures.
In addition to E. coli, Proteus mirabilis and Klebsiella sp.
were isolated from MLNs in only one rat in group 2.

There was no difference between groups 1, 2, and 3
with regard to caecal cultures (p > 0.05) (Table II).

Histopathological examinations revealed that poly-
morph nuclear leukocyte (PNL) infiltration was promoted
by burn injury. The rate of PNL infiltration was 0/10 (0%)
in group 1, 9/10 (90%) in group 2, and 5/10 (50%) in

group 3. Although PNL infiltration rate was reduced by
treatment with AT III, a significant decrease was not found
compared with the control group (Table III). Conversely,
in the burn + AT III group of rats, villus morphologies
were massively prevented by the administration of AT III,
while a significant degeneration was found in burned rats
(Fig. 1) (Table III).

Discussion

Bacterial translocation has been defined as the passage
of viable or non-viable bacteria and their products, in-

Incidence MLNs Spleen Liver Blood
Group 1 1/10 1/10 1/10 0/10 0/10
(sham burn) (10%) (10%) (10%) (0%) (0%)

Group 2 7/10* 7/10* 3/10 3/10 0/10
(burn) (70%) (70%) (30%) (30%) (0%)

Group 3 1/10 1/10 0/10 0/10 0/10
(burn + AT III ) (10%) (10%) (0%) (0%) (0%)

*p = 0.02 compared with groups 1 and 3

Table I - Incidence and sites of bacterial translocation

Group 1 Group 2 Group 3
9.2 ± 1.9 10.4 ± 1.7 12.8 ± 3.2

Mean ± SEM x 105 colony-forming units/g caecal content.
There was no statistical difference.

Table II - Quantitative results of caecal content

PNL Villus
infiltration rate degeneration rate

Group 1 0/10 0/10
(sham burn) (0%) (0%)

Group 2 9/10* 9/10*

(burn) (90%) (90%)

Group 3 5/10†¶ 3/10‡#

(burn + AT III) (50%) (30%)

* p < 0.01 compared with group 1
† p > 0.05 compared with group 2
¶ p = 0.03 compared with group 1
‡ p > 0.05 compared with group 1
# p = 0.02 compared with group 2

Table III - Polymorph nuclear leukocyte (PNL) infiltration and vil-
lus degeneration rate
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cluding endotoxin, across an anatomically intact intestinal
barrier to the MLNs and beyond.21,22 BT is caused and en-
hanced by haemorrhagic shock, burn injury, intestinal ob-
struction, total parenteral nutrition, trauma, or pancreati-
tis.1,22-27 It is well established that burn injury promotes BT.
Studies have demonstrated that mesenteric blood flow is
decreased by thermal injury.2,4,7-11 This decrease in mesen-
teric blood flow is most significant during first 8 h after
thermal injury, and returns to normal levels within 24 h.2,4,8-11

The alterations in the mesenteric blood flow cause intestinal
ischaemia-reperfusion injury. Thus, mucosal barrier dys-
function occurs owing to splanchnic ischaemia and reper-
fusion injury. It has been implicated as the major cause of
post-burn BT, which significantly increases in the first 24
h.2,4,7-11 Although O’Brien et al. reported that early adequate
fluid resuscitation decreased BT incidence, based on stud-
ies that monitored mesenteric blood flow in burn injury,
this splanchnic ischaemia occurs despite rigorous fluid re-
suscitation.2,4,8-11,28 It has been reported that thromboxane A2
may be a major cause of a decrease in mesenteric blood
flow in the early post-burn period.2,9 Conversely, the ad-
ministration of OKY-046 (a specific thromboxane syn-
thetase inhibitor), allopurinol (a xanthine oxidase inhibitor),
and enalapril (an angiotensin-converting enzyme inhibitor)
reduces the decrease in mesenteric blood flow and early
BT in burn injury.2,8,9,11 Normally, this process is transient,
and in uncomplicated burn injury the intestinal mucosa
generally heals, with gut barrier functions being repaired
within four days.7 For this reason, BT does not occur or
increase four days post-burn in uncomplicated burn injury.
However, burn wound sepsis, antibiotherapy, immune de-
ficiency, and the use of H2-receptor blockers may cause
prolonged BT.1,5-7,29

It is well established that neutrophils play a critical

role in ischaemia-reperfusion injury.12,30 Thrombin is a ter-
minal serine protease that plays important role in the co-
agulation system.31 It has also been implicated in inflam-
mation, wound healing, and angiogenesis. Studies have
demonstrated that thrombin enhances endothelial P-selectin
expression and endothelial platelet-activating factor pro-
duction. It also induces rapid ICAM-1 expression.31,32 All
these effects cause firm leukocyte adhesion. Ostrovsky et
al. concluded that thrombin played a critical role in reper-
fusion-induced leukocyte recruitment (rolling and adhe-
sion) as also in increased microvascular permeability al-
terations.32 For these reasons, blocking thrombin activity
may decrease reperfusion-induced tissue dysfunction. 

AT III is an ∝2-globulin that inactivates serine pro-
teases, including thrombin, factor Xa, factor IXa, factor
XIa, and kallikrein.12,32-34 AT III affects heparin-like gly-
cosaminoglycans (GAGs) on the endothelial cell surface.33,34

The interaction of GAGs is very important for the occur-
rence of AT III’s anti-inflammatory effects. AT III inac-
tivates factor XIIa, kallikrein, and thrombin, which play
an important role in the activation of neutrophil infiltra-
tion and the neutrophil-induced inflammatory response.32-34

It has also been demonstrated that this interaction promotes
the release of prostocyclin I2 (PGI2) from the endothelial
cell in vitro and in vivo.33,35 PGI2 is a strong vasodilator.
Also, PGI2 inhibits leukocyte activation by inhibiting TNF-
∝ production from monocytes, increasing intracellular
cyclic AMP, and inhibiting neutrophil adhesion to the en-
dothelial cell surfaces.33,35 All of these effects of AT III
may prevent tissue injury by neutrophil-induced ischaemia-
reperfusion injury.32-34 Uchiba et al. demonstrated that in-
travenous administration of AT III (250 U/kg) significantly
inhibited pulmonary neutrophil accumulation and subse-
quent pulmonary vascular injury.33 This effect of AT III

Fig. 1 - Ileal mucosal structure 24 h after 30% TBSA burn injury.
Fragmentation, degeneration, and atrophy of the mucosal villi are ap-
parent when compared to Fig. 2.

Fig. 2 - Normal ileal mucosal structure.



was dose-dependent - 250 U/kg was found to be an ef-
fective dose in rats.32,33 Recently, Özden et al. reported that
the administration of AT III before intestinal ischaemia
prevented mucosal damage.12 They postulated that this ef-
fect was related to inhibition of neutrophil infiltration.12 Al-
though in their study heparin and AT III were used in com-
bination, Uchiba et al. demonstrated that the combined use
of heparin and AT III did not prevent pulmonary vascu-
lar injury.34 They suggested that heparin bound AT III in
the circulation, preventing AT III from interacting with
GAGs on the endothelial cell surfaces.34

Heparin is an endogenous GAG used in the treatment
of burn injury.36 Zapata-Sirvent et al. reported that heparin
reduced BT incidence in burn injury.37 They demonstrated
that heparin treatment after burn injury decreased BT mea-
sured 24 h postburn. Also, in their study, small intestine
wet weight and mucosal thickness were increased by hep-
arin treatment.37 They concluded that the administration of
heparin prevented gastrointestinal mucosal damage in the
early period of burn injury by similar effects to those of
AT III, which was generally decreased and required sub-
stitution treatment. However, its effects on BT have not
been investigated in burn injury.

In our present study, we evaluated the effects of AT III
on BT and intestinal mucosal morphology in the early pe-
riod of burn injury. Our results show that burn injury pro-
moted BT in the early period. On the basis of histopatho-
logical studies, we found that mucosal barrier damage oc-

curred owing to burn injury while the intestinal ecological
equilibrium was normal. These data suggest that the increase
of BT incidence is related to mucosal barrier dysfunction
in the early burn period. We also found that AT III de-
creased the incidence of BT in burn injury, but significant-
ly prevented mucosal villus morphology and integration. Al-
though the PNL infiltration rate was reduced by AT III ad-
ministration, no significant difference was found compared
with the burn injury group. On the basis of these findings,
it may be that AT III prevents mucosal barrier damage by
stimulating PGI2 production and reducing neutrophil infil-
tration. Although we were unable to determine the PGI2 lev-
els of serum in this study, we conclude that AT III reduced
BT in the early post-burn period by stimulating the pro-
duction of PGI2. Thus, AT III prevented mesenteric is-
chaemia and ischaemia-reperfusion injury in thermal injury.

Conclusion

In conclusion, in our study AT III reduced the inci-
dence of bacterial translocation incidence in burn injury,
especially in the early period. This effect of AT III may
be related not only to a reduction in PNL infiltration but
also to stimulation of PGI2 production. AT III prevented
mucosal damage due to mesenteric ischaemia in the post-
burn period. For these reasons, we conclude that the ad-
ministration of AT III in burn injury effectively prevent-
ed bacterial translocation and reduced mortality.

RÉSUMÉ. Les Auteurs ont conduit une étude expérimentale des effets de l’antithrombine III (AT III) sur la translocation bacté-
rienne (TB) et la morphologie intestinale pendant la période précoce des brûlures. Pour ce but ils ont utilisé 30 rats mâles albinos.
Un groupe simulé de brûlures (groupe 1, no. 10) a été exposé à de l’eau à 21 °C. Un groupe de rats brûlés (groupe 2, no. 10) et
un groupe de rats brûlés + AT III (groupe 3, no. 10) ont été exposés à de l’eau à 95 °C pour 10 sec pour produire des brûlures à
toute épaisseur dans 30% de la surface totale corporelle. Les rats du groupe 3 ont reçu 250 U/kg AT III à travers la veine droite
jugulaire 15 min avant la lésion par brûlure. Un ml 0,9% NaCl a été administré comme placebo dans le premier groupe et dans
deux rats par la même voie. Tous les rats du troisième groupe ont été sacrifiés le deuxième jour après la brûlure moyennant une
overdose d’anesthésie. Des cultures des ganglions lymphatiques mésentériques, du foie, de la rate, du sang et du contenu cæcal ont
été effectuées. Les examens histopathologiques, y inclus l’infiltration des leucocytes polymorphes nucléaires (LPN) et les morpho-
logies des villosités ont été qualitativement évalués sur le segment distal iléal sectionné. La fréquence de la TB était 1/10 (10%)
dans le premier groupe, 7/10 (70%) dans le deuxième et 1/10 (10%) dans le troisième. Un incrément significatif de la fréquence
de la TB a été noté dans le deuxième groupe par rapport aux groupes 1 et 3 (p = 0,02), tandis qu’un incrément significatif de la
TB a été observé dans les rats du troisième groupe traités avec l’AT III. Bien que le taux d’infiltration des LPN ait été réduit par
le traitement avec l’AT III, une diminution significative n’a pas été observée par rapport au deuxième groupe (50% et 90%, respec-
tivement). Par contre, le taux de dégénération des villosités a été réduit en manière significative par le traitement avec l’AT III par
rapport au deuxième groupe (30% et 90%, respectivement). Ces résultats suggèrent que la fréquence de la TB a été incrémentée
par la brûlure. L’AT III a diminué la fréquence de TB dans la phase précoce de la lésion. Les Auteurs concluent que l’AT III peut
être utilisé avec efficacité pour protéger contre les lésions mucosales intestinales et pour prévenir la translocation bactérienne, par-
ticulièrement dans la phase précoce des brûlures.
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