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Summary

Ozet

Aim: The aim of this study is to investigate the effects of
Dimethyl sulfoxide (DMSO) and Pentoxifylline (PTX)
on plasma Malondialdehyde (MDA) levels and tissue
damage in septic rats.

Materials and Methods: 40 Wistar Albino rats were divided
into four groups. Sepsis was induced by cecal ligation
and perforation method in all groups. Nothing was used
in sepsis group, in PTX group 15 mg/ kg PTX, in DMSO
group 300 mg/kg DMSO and in PTX+DMSO group 15
mg/kg PTX and 3 mg/kg DMSO were given intramuscu-
larly. Blood and tissue samples were taken 24 hours after
induction of sepsis and then animals were sacrificed. The
plasma MDA levels were measured and the histopa-
thological damages in lungs, liver and kidneys were
evaluated.

Results: The plasma M D A level of sepsis group in compari-
son to the other 3 groups was higher and statistically sig-
nificant (PO.05). The neutrophil infiltration, interstitial
edema and alveolar basal membrane damage in the lungs
of PTX group, were less and statistically significant
(p<0.05) when compared with sepsis group. Interstitial
edema and intraalveolar fibrin deposition in the lungs of
DMSO+PTX group, in comparison to the sepsis group,
was less and the difference was statistically significant
(p<0.05). There was no significantly different changes in
liver and kidney tissues.

Conclusions: Pentoxifylline reduces plasma M D A levels and
tissue damage in lung in sepsis. DM SO had no effect on
preventing tissue damage meanwhile reducing plasma
MDA levels.
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Sepsis and accompanying septic shock have
both an increasing incidence and a high mortality.
Complex physiopathological changes in sepsis
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Amag: Calismanin amaci, deneysel sepsis olusturulan ratlarda
Dimetilsulfoksid (DMSO) ve Pentoksifilin'in (PTX)
plasma Malondialdehid (MDA) diizeyleri ve doku hasa-
rina olan etkilerini aragtirmaktir.

Materyal ve Metodlar: Calismaya Wistar Albino cinsi 40 rat
alind1 ve ratlar 10'arl1 4 gruba ayrildilar. Cekal ligasyon
perforasyon yontemi ile sepsis olusturuldu. Sepsis
grubuna (Grup I) bir sey verilmedi, Grup II: 15 mg/kg
PTX, Grup III: 300 mg/kg DMSO, Grup IV: Her iki ajan
aynt dozda i.m. olarak verildiler. Sepsisin olusturul-
masindan 24 saat sonra raflarin kan, akciger, karaciger ve
bobrek doku oOrnekleri alindi ve denekler dldiriildiiler.
Plasma MDA diizeyleri 6l¢iildii ve dokulardaki histopa-
tolojik degisiklikler mikroskopik olarak degerlendirildi.

Bulgular: Sepsis grubunun plasma MDA diizeyi diger ii¢
gruptan da anlamli olarak yiiksek idi (P< 0.05). PTX
grubunda akcigerlerdeki notrofil infiltrasyonu, intersti-
syel 0dem ve alveolar bazal membran hasar1 sepsis
grubundan anlamli olarak diisiik derece bulundu, intraal-
veolar fibrin birikimi ve interstisyel 6dem DMSO-+PTX
grubunda sepsis grubundan daha diisiik diizeyde idi ve
aradaki fark anlamli idi (p<0.05). Karaciger ve bobrekte
gruplar arasinda anlamli degisiklik gézlenmedi (P>0.05).

Sonu¢: Antioksidan etkili PTX sepsiste plazma MDA diizey-
ini diisiirmekte ve akcigerde doku hasarini azaltmaktadir.
DMSO plasma MDA diizeylerini diisiirmesine karsin,
dokular tizerine olumlu etki gdstermemektedir.

Anahtar Kelimeler: Sepsis, Serbest oksijen radikalleri,
Dimetilsulfoksid, Pentoksifilin,
Antioksidanlar
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varies from moderate to severe forms of
circulatory shock (1). Toxins produced by
microrganisms activate cellular and humoral
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immune systems and as a result secreted mediators
augment the These
mechanisms result in characteristic hemodynamic

host immune response.
changes of sepsis such as high cardiac output, low
systemic arterial resistance, and normal or low
cardiac filling pressures (2-4).

In spite of new surgical techniques, antibiot-
ics, and sophisticated critical care units, intraab-
dominal infections are still important problems in
surgical procedures (1-4). Increased permeability
caused by the inflammation of the peritoneum
results in the extravasation of protein-rich fluid.
This fluid loss leads to hypovolemia. Increasing
abdominal pressure increases abdominal vascular
resistance, and alters venous return, splanchnic,
and renal perfusions (5,6). Free oxygen radicals
(FOR) generated during ischemia cause tissue
damage through peroxidation of cell membrane
phospholipids and leucocyte-endothelium interac-
tion during hypoperfusion leads to microvascular
thrombosis(7-12).

The aim of this study is to investigate the ef-
fects of pentoxifyllin (PTX), an agent preventing
inflammatory effects of TN F-a on neutrophils and
decreasing neutrophil-endothelium interaction, and
dimethyl sulfoxide (DMSO), a non-enzymatic
agent scavenging free oxygen radicals in sepsis
and to compare their effects.

Materials and Methods

This study was held in the Experimental
Medicine and Research Center of Selguk Univer-
sity. Forty Wistar Albino type rats (mean weight
285 + 35 gr) were used in this study, and they were
divided into 4 groups. In all groups, sepsis was
induced by cecal ligation-perforation (CLP)

method.
Group I (Sepsis group): CL P was performed.

Group II (PTX group): CLP, and 15 mg/kg of
pentoxifyllin (HOECHST) was injected intramus-
cularly.

Group II (DMSO group): CLP, and 300
mg/kg of DMSO (HOECHST) was injected intra-
muscularly.
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Group IV (PTX+DMSO group): CLP,and 15
mg/kg of pentoxifyllin and 3 mg/kg of DMSO
were injected intramuscularly.

The agents were injected intramuscularly in
left groin 30 minutes before the procedure. Follow-
ing anesthesia performed by Ketamine HCL (50
mg/kg), laporatomy was performed under sterile
conditions through 2 cm of midline incision fol-
lowing shaving of abdomen of the rats and cecum
was isolated. Cecum was filled with feces by squ-
ezing ascending colon, then it was ligated by 3/0
silk and anterior surface of the cecum was perfo-
rated by 18 F needle twice. Rats were let to be fed
by standard rat diet and tap water after 12" hours
of the operation.

Rats were re-anesthetized at the end of 24"
hour, re-anesthetized rats were sacrificed following
3 cc blood was withdrawn, the abdomen was
opened and 1 g tissue samples of lung, liver, and
kidney were taken. Blood samples were centri-
fuged at 3000rpm/min for 5 minutes, plasma sam-
ples were collected, and stored at -80°C. Plasma
MD A levels were measured by thiobarbituric acid
reactivity method described by Hunter et al (13).

Tissue samples taken from lung, liver and kid-
ney were fixed in 10% formalin solution. After
they were put in paraffin blocks by routine meth-
ods, 5 mm of’slices were taken. Slices were stained
by hematoxylin-eosin and were evaluated under
light microscope by a pathologist. Histopathologic
changes were graded from O to 3 points and after
adding these points, the total score of every group
was found and mean was calculated (O=absent, 1=
mild, 2= moderate, 3= severe).

Histopathologic changes in the lung were
evaluated for the presence and the degree of in-
traalveolar fibrin deposition, neutrophil infiltration,
damage in alveolar capillary membrane and inter-
stitial edema. The presence and the degree of in-
crease in the distance of Bowman's capsule and
engorgement of kidney tubular cells were used for
the evaluation of kidney. The presence and the
degree of hydrophic degeneration, Kupffer's cell
hyperplasia and sinusoidal neutrophil infiltration
were used as the evaluation criteria for liver injury.

T Klin J Med Res 2002, 20
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SPSS for Windows (Version 10.1) program
was used for statistical analysis. Variance analysis
(ANOVA) was used to understate differences be-
tween groups in data in which parametric hypothe-
sis was present. Tukey HSD was done as post Hoc
test. Kruskal-Wallis and Mann-Whitney U tests
were used to understate differences between
groups in data in which nonparametric hypothesis
was present. If p value is <0.05, difference is ac-
cepted as significant.

Results
PlasmaM D A Values

Mean plasma M D A levels of the groups were
given in figure 1.

MD A level of sepsis group was significantly
higher than other groups (p<0.05). At the same
time, M D A level of PTX+DMSO group was sig-
nificantly higher than both P T X and DM S O groups
(p<0.05). There was no significant difference be-
tween PTX and DM S O groups.

Histopathologic changes in the lungs (Table 1).

Intraalveolar fibrin deposition was more in
sepsis group than in Groups II and IV (Figure 2).
These differences were statistically significant
(p<0.05). There was no significant difference be-
tween the other groups.

Degree of the neutrophil infiltration was more
in sepsis group than other groups and these differ-
ences were statistically significant (p<0.05). No
statistically significant difference was present be-
tween the other groups.

Alveolar capillary basal membrane damage
was significantly lower in Group Il than Groups I
and III (p<0.05). No significant difference was
present between the other groups.

Interstitial edema was significantly higher in
sepsis group than Groups II and IV (p<0.05). No
statistically significant difference was present be-
tween the other groups.

Histopathologic changes in the kidneys (Table 2).

Increase in distance of Bowman's capsule was
similar in all groups and no statistically significant
difference was present between the groups (Figure 3).
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Figure 1. PlasmaM D A levels (nmol/ml).

Figure 2. Neutrophil infiltration and intraalveolar fibrin depo-
sition in lung in sepsis group (HE; x 40).

Figure 3. Increase in Bowman's capsule distance in sepsis
group (HE; x20).
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Table 1. The degree of histopathologic changes in the lung tissues (X+SD)

Parameters Group I Group 11 Group III Group IV Kruskal-Wallis
Intraalveolar fibrin deposition' 1.2+0.9 0.4+0.7 0.7+0.7 0.2+0.4" P=0.022
Neutrophil sequestration 2.4105 1.8+0.4¢ 1.6+0.7° 1.5+1.1° P=0.038
Basal membrane damage 2.1£0.3 13+0,7° 2.210.6" 1.910.6 P=0.010
Interstitial edema 2.4£0.5 1.8+0.4" 2.010.8 1.5+0.5' P=0.020

°p=0.038 compared to Group I,"p 0-007 compared to Group I,
‘p=0.016 compared to Group I,'p=0.011 compared to Group I, ‘p=0.048 compared to Group I,
'p=0.004 compared to Group I,"p=0.010 compared to Group 11,
'p=0.016 compared to Group I, 'p=0.003 compared to Group 1.

Table 2. The degree of histopathologic changes in the kidney (X+SD)

Parameters Group I Group II Group III Group IV Kruskal-Wallis
Increase in the distance of Bowman's capsule 1.210.4 0.810.8 1.410.7 1.310.7 P=0.237
Engorgement of tubular cells 1.810.6 1.410.7 1.510.9 1.110.7 P=0.240

Table 3. The degree of histopathologic changes in the liver (X£SD)

Parameters Group 1 Group II Group III Group 1V Kruskal-Wallis
Hydrophic degeneration 1.210.6 0.210.4 0.510.5 0.710.8 P=0.007
Kupffer cell hyperplasia 1.710.8 2.010.8 1.610.5 1.310.4 P=0.206
Neutrophil 0.910.6 0.210.4 0.510.5 0.710.8 P=0.075

’p=0.005 compared to Group I,'p=0.010 compared to Group 1.

There was no statistically significant difference
between groups regarding engorgement of the tu-
bular cells.

Histopathologic changes in the liver (Table 3).

Hydrophic degeneration was more significant
in sepsis group than in Groups II and III (p<0.05)
(Figure 4). No statistically significant difference
was present between the other groups regarding
Kupffer cell hyperplasia and neutrophil infiltration.

Discussion

Sepsis is initiated by exotoxins and endotoxins
originated from microorganisms. Cellular immu- Figure 4. Hydrophic degeneration in liver tissue in sepsis

nity is activated in response to these toxins and group (HE;x20).
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cytokines are secreted (2-4). TNF secreted follow-
ing endotoxin stimulation activates neutrophils and
makes their adhesion to endothelium easy. Also
formation of FORs is stimulated (8,14,15). Leuco-
cyte-endothelium interaction makes endothelium
tissue factor and activates FVII leading to micro
vascular thrombosis (1,2). Current treatment proto-
cols include xanthene oxidase inhibitors such as
allopurinol, mannitol, and free oxygen radical
scavengers like SOD, DMSO.

In this study we investigated antioxidant ef-
fects and tissue histopathologic changes of PTX,
an agent (16-18) correcting hemodynamic parame-
ters of sepsis, and DM SO, an agent (19,20) thought
to be inhibiting adverse effects of free oxygen
radicals, in experimental sepsis model. We meas-
ured plasma M D A levels ofrats at the 24th hours.
This value was higher in sepsis group than 3 other
groups. There was no significant difference be-
tween PTX and DM SO groups regarding plasma
MDA levels. Plasma MD A levels of groups in
which PTX and DMSO were applied separately
were lower than PTX+DM SO group.

We used DM SO as free oxygen radical inhib-
iting agent in our study. But we could not find the
recovery of 3 histopathological changes ofthe lung
in DMSO group in comparison to sepsis group.
There was significant decrease in only neutrophil
infiltration in DM SO group. Tissue damages in
lungs were less in PTX and PTX+DMSO groups
than in sepsis group. P T X prevented tissue damage
effectively but DM S O showed no positive effect in
tissue protection. On the other hand the preventive
effect of PT X was reduced by DM SO in Group I'V.
It is known that PTX has a drug interaction (21),
but DM SO is used as solvent in drug and chemical
industries. It can be possible that molecular struc-
ture of PTX may be altered due to simultaneous
application ofthese two agents.

Essani et al (22) found 86% decrease in TNF
levels of mice after the use of DM SO and 80%
decrease in the liver damage, and they suggested
that the drug might has therapeutic potentials in the
treatment of septic shock. Marinkovic et al (23)
reported that use of DM SO, chlorpromazine, and
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vitamin A combination decreased plasma M D A
levels and prolonged survival in rats in which sep-
sis was created by CLP. Pearce et al (24) investi-
gated therapeutic use of DM SO and effects on
survival in rats in which sepsis was created by
CLP. But they could not find a significant im-
provement in survival.

Simpson et al (25) reported that neutrophil in-
duced lung and liver damages occur in ischemia-
perfusion, acute pancreatitis, burn, and sepsis. Pro-
teolytic enzyme secretion and toxic activities of
FORs were thought to be responsible from these
effects of neutrophils. Effects of FORs inducing
liver damage were searched in many studies. As a
result findings supporting increased micro vascular
permeability such as damage to alveolar capillary
basal membrane, interstitial edema, neutrophil
sequestration, intraalveolar fibrin deposition were
reported (25-28). In our study we reported much
less intraalveolar fibrin deposition in PTX and
PTX+DMSO groups than sepsis group. But there
was no significant difference in DM SO group in
comparison to sepsis group. Myers et al (29) have
reported that pentoxifylline may have been used to
improve survival of animals with sepsis and to
attenuate lung injury in acute lung inflammation.
Their findings about the effect of PTX in lung
injury were similar to our results.

Bringham (28) reported that it was possible that
decreasing micro vascular damage by use of agents
inhibiting free oxygen radicals attenuated mechani-
cal changes ofthe lung. Galat et al (30) reported that
varying degrees of tubular damage and increase in
the Bowman's capsule in their studies concerning
renal dysfunction. Kajiwara et al (31) found renal
tubular damage in the dogs, and reported that mor-
phological changes were much less in SOD and
DMSO treated groups. In our study, there were not
any significant changes in kidney tissue in all
groups, but hydrophic degeneration was less in PTX
and DM SO groups in liver.

Liver and lung have a rich macrophage infil-
tration, and these organs are the transient gates for
the circulating endotoxins (25). Van Bebber et al
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(27) reported histopathologic changes such as
Kupffer cell hyperplasia, neutrophil sequestration,
cell necrosis in a study in which lipid peroxidation
was investigated. In our study hydrophic degenera-
tion in the liver was significantly slighter in PTX
and DM SO groups than in sepsis group. Applied
agents had no effects on Kupffer cell hyperplasia
and sinusoidal neutrophil infiltration.

In conclusion, PTX has an antioxidant effect
against to FOR-induced damage in sepsis, and
decreases and prevents hydrophic degeneration in
the liver and histopathologic changes in the lung
together with lipid peroxidation. In comparison to
DMSO it was much more effective than DM SO.
We can suggest that PT X can be used as a thera-
peutic agent in sepsis although this is an animal
study.
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