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ORIGINAL RESEARCH

Etanercept protects remote organ
damage in a rat model of thermal injury

Ozer Sehirli1, Burcu Unlii2, Sule Cetinel3, Sermin Tetik4, Emre Sener5, Goksel Sener!

ABSTRACT: Thermal injury may lead to systemic inflammatory response, and multiple organ
failure. This study was designed to determine the possible protective effect of etanercept
treatment against oxidative damage in the lung tissue induced by burn injury. Under ether
anaesthesia, the shaved dorsum of rats was exposed to a 90°C bath for 10 s to induce burn
injury. Etanercept (1 mg/kg) or saline was administered intraperitoneally immediately after
and at 24th hour burn injury. Rats were decapitated at 6 h and 48 h following burn injury and
trunk blood was collected to assay pro-inflammatory cytokines (TNF-a. and IL-1p), lactate
dehydrogenase (LDH) activity. In order to evaluate the presence of oxidant injury lung tissue
samples were taken for the determination of malondialdehyde (MDA) and glutathione levels,
myelopreoxidase (MPO) and Na+-K+ ATPase activities. Tissues were also examined micro-
scopically. Severe skin scald injury (30% of total body surface area) caused a significant
decrease in GSH level and Na+-K+ ATPase activity, which was accompanied with significant
increases in MDA level, MPO activity. Similarly, serum TNF-a, IL-13 and LDH were elevated
in the burn group as compared to control group. On the other hand, etanercept treatment
reversed all these biochemical indices, as well as histopathological alterations, which were
induced by thermal trauma. Findings of the present study suggest that etanercept possess-
es an anti-inflammatory effect on burn-induced pulmonary damage and may be beneficial in

thermal trauma.
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INTRODUCTION

Despite considerable progress in the manage-
ment of burn care, systemic inflammatory re-
sponse syndrome, sepsis, and multiple organ
failure still continue to be a leading cause of mor-
tality and morbidity. Following thermal injury a
couple of reactions starts as a chain reaction such
as sequestration of polymorphonuclear leuko-
cytes, activation of neutrophils and xanthine oxi-
dase system, increase in the metabolism of ara-
chidonic acid, release of free metal ions (e.g. iron)
which leads to hydroxyl radical production from
hydrogen peroxide via the Fenton reaction, re-
lease of inflammatory cytokines [interleukin 1,
tumor necrosis factor-a; (TNF-a), etc.[, platelet
aggregation and other hormonal and metabolical
changes (1-4).

The release of proinflammatory cytokines plays
an important role in the development of immu-
nosuppression which predisposes patients to
sepsis and multiple organ failure (5, 6). Normal-
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ly, TNF-a and other proinflammatory cytokines
are maintained in balance by anti-inflammatory
factors while this balance is shifted in favor of the
proinflammatory cytokines in inflammatory dis-
eases. Since TNF-a is believed to be the initiating
cytokine that induces a cascade of secondary cy-
tokines and humoral factors that can lead to local
and systemic sequelae following burn injury,
several studies have suggested that this cytokine
triggered by the reactive biochemical species,
may also contribute to cellular injury (7, 8).

TNF is a validated therapeutic target in a number
of chronic immune-mediated inflammatory dis-
eases, such as rheumatoid arthritis, ankylosing
spondylitis, inflammatory bowel disease, and
psoriasis with or without complicating arthritis
(9). On the other hand, etanercept, a biologic in-
flammation modulator, acts as a competitive in-
hibitor of the binding of TNF-a to cell-surface
TNF receptors and thereby inhibits TNF-o -in-
duced proinflammatory activity in the joints of
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FIGURE 1. Plasma a) TNF-a, b) IL-1B, and c) Lactate dehydrogenase (LDH) lev-
els in the control and saline -or etanercept- treated burn groups at 6 and 48 h fol-
lowing burn injury. ***: p< 0.001 versus control group; ++: p <0.01, +++: p
<0.001 versus saline treated-burn group. For each group n=8.

RA patients. Etanercept acts as a cytokine "carrier" and TNF-o
antagonist, rendering TNF-a biologically inactive, even though
prolonging its half-life (10).

In the light of above findings, we investigated the potential
therapeutic effect of etanercept against burn-induced lung in-
jury using biochemical and histopathological approaches.

MATERIALS AND METHODS

Animals

Spraque Dawley rats of both sexes, weighing 200 to 300 g,
were obtained from Marmara University School of Medicine
Animal House. The rats were kept at a constant temperature
(22 +1°C) with 12 h:12 h light and dark cycles, were fed with
standard rat chow and were fasted for 12 h before the experi-
ments, but were allowed free access to water. All experimental
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FIGURE 2. a) Glutathione (GSH), b) Malondialdehyde (MDA) levels in the lung
tissues of control and saline -or etanercept- treated burn groups at 6 and 48 h fol-
lowing burn injury. **: p< 0.01, ***: p< 0.001 versus control group; ++: p <0.01,
++4+: p <0.001 versus saline treated-burn group. For each group n=8.

protocols were approved by the Marmara University Animal
Care and Use Committee.

Thermal injury and experimental design

Under brief ether anesthesia, dorsum of the rats was shaved,
exposed to 90° C water bath for 10 s, which resulted in a sec-
ond-degree burn involving 30 % of the total body surface area.
This second-degree burn method was chosen to investigate the
effects of etanercept on remote organ damage. All the animals
were then resuscitated with physiological saline solution (10
ml/kg subcutaneously on the hind limb). Etanercept (Wyeth
Pharmaceutical, istanbul, Turkey, 1 mg/kg) or saline was ad-
ministered intraperitoneally immediately after and at 24th
hour burn injury. In both saline- and etanercept-treated burn
groups, rats were decapitated at 6 h and 48 h following burn
injury. In order to rule out the effects of anesthesia, the same
protocol was applied in the control group, except that the dor-
sum was dipped in a 25°C water bath for 10 s. Each group
consisted of 8 rats.

After decapitation, trunk blood was collected, to assay pro-in-
flammatory cytokines (TNF-a and IL-1p), and lactate dehydro-
genase (LDH) activity. In order to evaluate the presence of
oxidant injury in the distant organ, lung tissue samples were
taken and stored at -80 °C for the determination of malondial-
dehyde (MDA) and glutathione (GSH) levels, myelopreoxi-
dase (MPO) and Na*-K* ATPase activities.

Cytokine assays
Plasma levels of TNF-a and IL-1 were quantified according to
the manufacturer’s instructions and guidelines using enzyme-
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FIGURE 3. a) Myeloperoxidase (MPO), b) Na+, K+-ATPase activity in the lung
tissues of control and saline -or etanercept- treated burn groups at 6 and 48 h fol-
lowing burn injury. ***: p< 0.001 versus control group; ++: p <0.01, +++: p
<0.001 versus saline treated-burn group. For each group n=8.

linked immunosorbent assay (ELISA) kits specific for the previ-
ously mentioned rat cytokines (Biosource International, Niv-
elles, Belgium). These particular assay kits were selected be-
cause of their high degree of sensitivity, specificity, inter- and
intraassay precision, and small amount of plasma sample re-
quired to conduct the assay. Serum LDH levels (11) were deter-
mined spectrophotometrically using an automated analyzer.

Malondialdehyde and glutathione assays

Tissue samples were homogenized with ice-cold 150 mM KCI
for the determination of MDA and GSH levels. The MDA lev-
els were assayed for products of lipid peroxidation by moni-
toring thiobarbituric acid reactive substance formation as de-
scribed previously (12). Lipid peroxidation was expressed in
terms of MDA equivalents using an extinction coefficient of
1.56 x 105 M-1 cm -1 and results are expressed as nmol MDA /g
tissue. GSH measurements were performed using a modifica-
tion of the Ellman procedure (13). Briefly, after centrifugation
at 3000 rev./min for 10 min, 0.5 ml of supernatant was added
to 2 ml of 0.3 mol/1 Na,HPO,.2H,0 solution. A 0.2 ml solution
of dithiobisnitrobenzoate (0.4 mg/ml 1% sodium citrate) was
added and the absorbance at 412 nm was measured immedi-
ately after mixing. GSH levels were calculated using an extinc-
tion coefficient of 1.36 x 104 M-1 cm -1. Results are expressed in
pmol GSH/ g tissue.

Myeloperoxidase activity

Myeloperoxidase is an enzyme that is found predominantly in
the azurophilic granules of polymorphonuclear leukocytes
(PMN). Tissue MPO activity is frequently utilized to estimate
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tissue PMN accumulation in inflamed tissues and correlates
significantly with the number of PMN determined histochem-
ically in tissues (14). MPO activity was measured in tissues in
a procedure similar to that documented by Hillegass et al. (15).
Tissue samples were homogenized in 50 mM potassium phos-
phate buffer (PB, pH 6.0), and centrifuged at 41,400 g (10 min);
pellets were suspended in 50 mM PB containing 0.5 % hexade-
cyltrimethylammonium bromide (HETAB). After three freeze
and thaw cycles, with sonication between cycles, the samples
were centrifuged at 41,400 g for 10 min. Aliquots (0.3 ml) were
added to 2.3 ml of reaction mixture containing 50 mM PB, o-
dianisidine, and 20 mM H,0, solution. One unit of enzyme
activity was defined as the amount of MPO present that caused
a change in absorbance measured at 460 nm for 3 min. MPO
activity was expressed as U/ g tissue.

Na*-K+-ATPase activity

Measurement of Na*-K* ATPase activity is based on the meas-
urement of inorganic phosphate released by ATP hydolysis
during incubation of homogenates with an appropriate medi-
um containing 3 mM ATP as a substrate. The total ATPase ac-
tivity was determined in the presence of 100 mM NaCl, 5 mM
KCl, 6 mM MgCl,, 0.1 mM EDTA, 30 mM Tris HCI (pH 7.4),
while the Mg2*-ATPase activity was determined in the pres-
ence of ImM ouabain. The difference between the total and the
Mg2*-ATPase activities was taken as a measure of the Na*-K*-
ATPase activity (16, 17). The reaction was initiated with the
addition of the homogenate (0.1 ml) and a 5-min preincubation
period. at 37°C was allowed. Following the addition of Na,ATP
and a 10- min re-incubation period , the reaction was termi-
nated by the addition of ice-cold 6 % perchloric acid. The mix-
ture was then centrifuged at 3500 g, and Pi in the supernatant
fraction was determined by the method of Fiske and Subarrow
(18). The specific activity of the enzyme was expressed as nmol
Pi mg! protein h-l. The protein concentration of the superna-
tant was measured by the Lowry method (19).

Histopathological analysis

For light microscopic investigations, lung tissue specimens
were fixed in 10% buffered formalin for 48 h, dehydrated in an
ascending alcohol series, and embedded in paraffin wax. Ap-
proximately 5-ym-thick sections were stained with hematoxy-
lin and eosin (H&E) for general morphology. Histological as-
sessments were made with a photomicroscope (Olympus BX
51; Tokyo) by an experienced histologist who was unaware of
the experimental groups.

Statistics

Statistical analysis was carried out using GraphPad Prism 3.0
(GraphPad Software, San Diego; CA; USA). All data were ex-
pressed as means + SEM. Groups of data were compared with
an analysis of variance (ANOVA) followed by Tukey’s multi-
ple comparison tests. Values of p<0.05 were regarded as sig-
nificant.

RESULTS

In the saline-treated burn groups, serum TNF-o and IL-1 lev-
els in both early (6 h) and late (48 h) phases of the injury were
significantly increased when compared to control group ( p<
0.001) while these elevations were abolished in etanercept-
treated burn groups (p<0.01-0.001; Fig. 1b and 1c). Similarly,
serum LDH activity showed a significant increase in the burn
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groups that received saline treatment (p<0.001), indicating
generalized tissue damage, and this effect was not observed in
the groups with etanercept treatment (p <0.01-0.001 Fig. 1a).

Lipid peroxidation in the tissues was expressed as MDA levels.
MDA levels in the lung tissues of the saline-treated burn group

FIGURE 4. Lung: A) control group, regular alveolar (*) morphology; B) saline-
treated 6-h burn group, moderate edema and inflammation in interstitium (arrows),
mild deterioration of alveoli (*); C) saline-treated 48-h burn group interstitial edema
and congestion (arrow) besides severe alveolar degeneration (*) note the detach-
ment of alveoli (insert,*); D) etanercept-treated 6-h burn group, regeneration of al-
veoli (*), moderate congestion and inflammation (arrow); E) etanercept-treated
48-h burn group, reconstitution of alveolar morphology (*,**) besides mild intersti-
tial edema and congestion (arrows).

were found to be significantly higher than those of the control
group (p < 0.01), while treatment with etanercept reversed
burn-induced elevations in MDA back to the control levels in
both 6h and 48h phases (p < 0.01; Fig. 2b). On the other hand,
burn injury caused significant decreases (p<0.001) in GSH levels
of the lung tissues, compared with the control group. However,
etanercept treatment inhibited the depletion of GSH stores (p <
0.001) (Fig. 2a). As an indicator of tissue neutrophil infiltration,
the MPO activities were significantly higher ( p < 0.001) in lung
tissues of the 6 and 48 h burn groups than those in the control
group, while treatment with etanercept prevented these altera-
tions in both groups.(p < 0.01; Fig. 3a).

Nat*-K+-ATPase activities measured in the lung tissues were
reduced in the saline-treated rats (p < 0.001), indicating im-
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paired transport function in these tissues (Fig. 3b). However,
in the etanercept-treated burned rats, the measured Na*-K*-
ATPase activities in the studied tissues were not different than
those of the control rats (p < 0.01-0.001).

Histological analysis revealed that burn trauma led to severe
degeneration in lung tissue. Both 6-h and 48-hours of burn-in-
duced groups (Fig.4b and 4c respectively) showed a diffuse
interstitial edema and congestion more prominent in 48 hours,
when compared with control group (Fig. 4a) where regular al-
veolar structure is present. The alveolar structure was disorga-
nized and showed a severe detachment of alveolar cells in 48
hours, in some regions the alveoli united with each other re-
sulting with large distented alveolar spaces. In etanercept-
treated 6-h burn group, reduced interstitial edema and conges-
tion besides maintained alveolar edema (Fig. 4d) was ob-
served. Etanercept-treated 48-h burn group showed promi-
nent reduction in both interstitial edema, congestion and the
alveolar structure appeared to gain its integrity (Fig. 4e).

DISCUSSION

Thermal trauma, one of the most common problems faced in the
emergency room, triggering systemic acute inflammatory proc-
esses may cause damage to multiple organs distant from the
original burn wound and may lead to multiorgan failure. As
evidenced by elevations in plasma TNF-o and IL-1f levels and
tissue MDA levels and MPO activity while decreased GSH lev-
els and Na*-K*-ATPase activities, the current data demonstrate
that thermal trauma-induced lung tissue damage is mainly an
oxidative injury. Since the oxidative damage in this tissue was
reversed by treatment with a TNF-a receptor blocker etaner-
cept, it appears that etanercept protects against burn-induced
oxidative injury of the pulmonary tissues by inhibiting the neu-
trophil infiltration and proinflammatory mediators.

It is known that inflammatory cytokines such as TNF-a and
IL-1B induced by thermal injury trigger marked immune dys-
function and multiple organ failure (20-23). Severe burn is a
stressful condition challenging all body homeostatic mecha-
nisms, accompanied by both local and distant effects leading
to intense inflammation, tissue damage, and infection. It has
been considered that cytokines are important participants in
the postburn pathophysiological process and at the site of tis-
sue injury or infection, local production of proinflammatory
cytokines will activate non-specific host immunity (24, 25). Af-
ter injury, a number of cytokines are induced rapidly, includ-
ing TNF-o, interleukin-1, and interleukin-6 (26). In our study
plasma TNF-a and IL-1P levels are significantly increased at
both 6h and 48 h after thermal trauma indicating the role of
these cytokines in burn-induced systemic inflammation; since
LDH, an index of generalized tissue damage is also increased.
On the other hand etanercept treatment decreased the cytokine
levels while LDH levels were also back to control.

Although the mechanisms involved in tissue damage and im-
mune dysfunction have yet to be elucidated, it is likely that a
wide variety of mediators, including reactive oxygen species
(ROS), are produced in macrophages and neutrophils after ex-
posure to burn injury (1, 24, 27). Activated neutrophils, lead to
the formation of toxic oxygen products which further cause
tissue damage. Reactive oxygen products can generate hypo-
cholorus acid (HOCI) in the presence of neutrophil-derived
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myeloperoxidase (MPO) and initiate the deactivation of anti-
proteases and activation of latent proteases, which lead to tis-
sue damage (28). MPO activity is used as an indirect evidence
of neutrophil infiltration (14). In our study MPO levels were
increased in lung tissue indicate that neutrophil accumulation
in this tissue contributes to organ injury distant from the origi-
nal wound. However in the etanercept treated burn groups,
MPO activities were decreased suggesting that the protective
effect of this agent in burn-induced lung injury involves the
inhibition of neutrophil infiltration to the tissues. Similarly in
the rats with acute pancreatitis, etanercept treatment reducing
MPO activity decreased caspase positive cell numbers and
ameliorated acute necrotic pancreatitis (29).

Furthermore etanercept treatment in combination with dex-
amethasone reduces inflammation and tissue injury when ad-
ministered following spinal cord trauma in rats (30). In agree-
ment with these results, studying an in vivo canine ischemia/
reperfusion model, Gu et al (2006) demonstrated that TNF-a
promotes post-ischemic inflammation since tissue myeloper-
oxidase activity was increased (31). However in this model
etanercept treatment significantly decreased the enzyme activ-
ity and post-ischemic tissue injury.

A major indicator of oxidative injury is the formation of
malondialdehyde (MDA), an end product of lipid peroxida-
tion. Evidence from animal and human studies suggested that
there is a correlation between the tissue MDA levels and the
degree of burn complications, including shock and remote or-
gan damage (32-35). In the present study, burn-induced in-
crease in the lung MDA levels were prevented by etanercept
treatment, suggesting that antagonism of TNF-a exerts a po-
tent protective effect against lipid peroxidation. Moreover in
this study reducing of MDA also contributed to preservation
of tissue glutathione levels, an important antioxidant. Since
cells are able to defend themselves from damaging effects of
ROS by way of their antioxidant mechanisms, replenishment
of GSH by etanercept treatment could be protective against
burn injury.

In the current study, tissue injury as assessed by increase in
MDA levels and decrease in GSH levels were accompanied by
a simultaneous decrease in Na*-K*, ATP-ase activity, an en-
zyme that participates in lung fluid clearance by exerting the
active transport of sodium. Since membrane-bound enzymes
require phospholipids for maintenance of their activity and
are susceptible to structural changes due to lipid peroxidation
(36), assessment of the Na*/K*+ ATP-ase activity is also used as
an index for oxidant-induced tissue injury and lipid peroxida-
tion. It has been demonstrated that oxidative lung injury in-
duced by oleic acid is associated with increases in MDA levels
and MPO activity while Na*/K* ATP-ase activity is decreased
(37). Similarly, in acute ethanol intoxication the pump activity
was also found to be decreased suggesting that oxidative stress
plays a role in the maintenance of lung Na + K-ATPase, since
GSH depletion seems to be a major determinant of this effect
(38). On the other hand, in our study etanercept treatment in-
creased the Na*/K* ATP-ase activity in parallel with a de-
crease in MDA levels. These protective effects of etanercept
were also verified histologically.

TNF inhibition with etanercept has previously been shown to
diminish the activity of rheumatoid arthritis (39). The anti-in-
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Etanersept sican yanik modelinde uzak doku hasarinda koruyucudur

OZET: Termal yanik sistemik inflamatuar yanita ve coklu organ hasarina neden olur. Bu calismada yanigin neden ol-
dugu akcigerdeki oksidan hasara karsi etanerseptin olasi koruyucu etkilerinin incelenmesi amaglanmistir. Eter anes-
tezisi altinda si¢anlarin tras edilen sirt bolgeleri 90°C su banyosunda 10 saniye tutularak yanik olusturulmustur. Ya-
niktan hemen sonra ve 24 saat sonra etanersept (1 mg/kg) yada serum fizyolojik uygulamasi yapilmistir. Sicanlar
yaniktan 6 ve 48 saat sonra dekapite edilerek kan ve doku 6rnekleri alinmistir. Kan érneklerinde proinflamatuar sito-
kinler (TNF-a ve IL-1B) ve laktat dehidrojenaz (LDH) aktivitesi, incelenmistir. Akciger dokusunda oksidan hasari de-
gerlendirmek icin malondialdehit (MDA), glutatyon (GSH) diizeyleri, myeloperoksidaz (MPO) ve Na+-K+ ATPaz akti-
viteleri incelenmistir. Dokular ayrica histolojik olarak da degerlendirilmistir. Derideki siddetli yanik (viicut yiizey ala-
ninin % 30’u) GSH diizeylerinde ve Na+-K+ ATPaz aktivitesinde anlamli azalmaya neden olurken MDA ve MPO ise
artis gostermistir. Benzer sekilde serum TNF-q, IL-1$ ve LDH diizeyleri yanik grubunda kontrol grubuna gére artmistir.
Etanersept tedavisi ise tiim biyokimyasal parametrelerdeki degisimi geri cevirmis ve histolojik olarak bulgular des-
teklenmistir. Calismanin sonugclarina gore etanersept yaniga bagl pulmoner hasarda antiinflamatuar etki gostererek

koruyucu olmustur.

ANAHTAR KELIMELER: etanersept; yanik; sitokin; myeloperoksidaz; lipid peroksidasyonu

flammatory effects of etanercept is its ability to bind to TNF,
preventing it from interacting with cell-surface receptors and
rendering it biologically inactive. Di Paola et al demonstrated
that treatment with etanercept attenuates; TNF-a activity, the
infiltration of neutrophils, cell apoptosis, the iNOS, and nitro-
tyrosine formation. According to the findings, Di Paola et al
suggest that interventions which may reduce the generation of
TNF-a, may be useful in conditions associated with local or
systemic inflammation (40).

In our study we assessed the benefit of etanercept treatment in
thermal trauma and results demonstrate for the first time that
inhibition of proinflammatory pathways depressed the accu-
mulation of neutrophils in the lung tissues, which cause con-
comitant decrease in lipid peroxidation and increase the anti-
oxidant GSH level. Thus, etanercept merits consideration as a
potential therapeutic agent for restoring organ damage follow-
ing thermal trauma.
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