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ABSTRACT

Objective: Sepsis leads to conditions such as inflammatory and anti-inflammatory process, circulatory abnormalities, cellular 
and humoral reactions. Endotoxin-induced oxidative stress causes injury in the liver. The aim of this study was to evaluate the 
effects of a radical scavenger Tempol in lipopolysaccharide (LPS)-induced liver injury in rats. 
Materials and Methods: Male Wistar rats were divided into four groups: Control, LPS (15 mg/kg), LPS + Tempol group (100 
mg/kg Tempol, three hours after LPS administration) and Tempol (100 mg/kg). Blood glucose and body temperature were 
measured during the experiment. Superoxide dismutase (SOD), aspartate aminotransferase (AST), alanine aminotransferase 
(ALT) and C-reactive protein (CRP) levels were measured in plasma or liver tissue. Furthermore, histopathological changes and 
myeloperoxidase-stained leukocytes infiltration were assessed in liver tissue.
Results: LPS caused tissue damage and leukocytes infiltration, increased AST, ALT and CRP levels, and decreased body 
temperature, blood glucose and SOD levels. Tempol reduced AST and ALT levels and increased SOD levels. Tempol did not 
prevent tissue damage, leukocytes infiltration and increment of CRP levels. There were no changes in body temperature and 
blood glucose levels. 
Conclusion: The present study suggests that tempol may have antioxidant properties in LPS-induced liver injury. These 
results may contribute to a better understanding of the role of tempol and basic mechanisms of underlying oxidative stress-
related liver injury for further investigations. 
Keywords: Lipopolysaccharide, Liver, Tempol 

INTRODUCTION

Sepsis is characterized by hypotension, vascular 
hyporeactivity to vasoconstrictor agents, distribution of 
organ blood flow and myocardial dysfunction (1, 2). Sepsis 
is caused by gram negative and gram positive bacteria (2, 
3). It is known to cause the release of cytokines, activation 
of pro- and anti-inflammatory pathways, coagulation and 
endothelial activation, and then lead to multiple organ 
failure (1-4). The liver has an important role in the initiation 
and progression of multiple organ failure in sepsis and 
shock (5-8). Pathophysiology of liver injury is complex, 

and not yet fully understood. Liver dysfunction occurs 
depending on hepatic blood flow perfusion deterioration 
and hypoxia in relation to systemic and microvascular 
circulation failures (6, 9, 10), direct damage of endotoxins 
such as lipopolysaccharide (LPS) (6), inflammation and 
cytokines (9-14). 

The liver which contains hepatocytes, Kupffer cells and 
sinusoidal endothelial cells regulates both metabolic and 
immunological signal pathways, and has a critical role in 
the inflammatory responses in infection (6, 15). Kupffer 
cells are the primary defenders of the liver, and prevent 
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the entry of bacteria and endotoxins into the portal vein from 
systemic circulation (9, 10, 15-17). Kupffer cells are activated by 
LPS which causes the production of cytokines, nitric oxide and 
reactive oxygen species (ROS) (10, 13, 18). Kupffer cells stimulate 
neighbouring cells including endothelial cells, polymorphonuclear 
leukocytes, thrombocytes, lymphocytes, Ito cells and hepatic 
parenchymal cells to secrete various pro-inflammatory cytokines 
and chemical agents which induce endothelial cell and hepatocyte 
damage (2, 6, 10, 13, 18). In addition to hepatocytes damage, 
leukocytes, thrombocytes, Kupffer and other inflammatory cells 
because activated endothelial cells causes damage in sinusoids 
and leads to fibrin microtrombin formation (14). The increase 
and aggregation of these inflammatory cells into sinusoids cause 
occlusion and lead to the decrease of blood flow in sinusoids 
(14, 19). This gives rise to structural changes in the sinusoidal 
endothelial cells, hepatocytes and bile canaliculi membranes, 
and expansion of the Disse areas. 

The increased level of endotoxin in circulation has a key role in 
the release of cytokines and systemic inflammatory response. The 
formation of free radicals and ROS can also be a trigger in the 
case of the inflammatory response resulting from the endotoxin 
such as LPS (3). These free radicals are neutralized by complex 
antioxidant systems in the normal physiological station (3, 20). 
Antioxidant enzymes are superoxide dismutase (SOD), glutathione 
peroxidase catalase, hydroperoxidase and cytochrome C oxidase. 
SOD catalyzes superoxide free radical to water and oxygen, and 
mainly detoxifies ROS in cells (3, 20, 21).

Tempol (4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxy) is a 
scavenger eliminating the formations and effects of many free 
radicals such as superoxide anions, peroxynitrite and hydroxyl 
radicals. Tempol is a low molecular weight, stable nitroxide 
and cell membrane-permeable SOD mimetic compound (22). 
Moreover, tempol is widely studied in the experimental animal 
models (23-27). Many previous studies have shown the beneficial 
effects of tempol in endotoxemia and sepsis (27-31). It has 
been suggested that tempol protected renal blood flow and 
glomerular filtration rate (28, 29), inhibited damages in kidney 
and liver, maintained blood flow and metabolism (30, 31) and 
improved mesenteric blood flow (32) in experimental shock 
models.

The aim of this study was to evaluate the effects of tempol on 
oxidative stress, tissue damage and inflammation in LPS-induced 
liver injury.

MATERIALS and METHODS

Animals
The present study was approved by Istanbul University Local 
Committee on animal Research Ethics. Care and handling of 
animals were in accordance with the Institute for Laboratory 
Animal Research Guide for Care and Use of Laboratory Animals. 
Experiments were performed on 24 Wistar albino male rats 
(Bezmialem Vakif University, Istanbul, Turkey) with body weight 
of 300-350g. 

Experimental Protocol
The animals were divided into 4 groups (n=6). 

Control group: Isotonic saline solution was administered 
intraperitoneally (ip).

LPS group: 15 mg/kg LPS (E. coli, serotype 026: B6, Sigma, Missouri, 
USA) was administered ip.

LPS + Tempol group: 100 mg/kg Tempol (4-hidroksi-TEMPO), 
Sigma, Missouri, USA) was injected ip 3 hours after LPS injection. 

Tempol group: 100 mg/kg Tempol was administrated ip 3 hours 
after isotonic saline solution injection. 

The animals were anesthetized with intraperitoneal injection of 
sodium pentothal (90 mg/kg, I.E ULAGAY, Istanbul, Turkey). Blood 
samples were collected by cardiac puncture. Liver samples were 
taken for histological, immunohistochemical and biochemical 
analyses.

Body Temperature and Blood Glucose Measurement
Blood samples were taken from the tail vein to measure 
blood glucose level at three time points 1) the beginning of 
experiment (baseline, T0); 2) third hour of experiment (the 
middle of experiment, T1); 3) sixth hour of experiment (the end 
of experiment, T2). In addition, the body temperature of animals in 
each group was measured by rectal Probe for rats (ADInstruments, 
Sidney, AUS) at T0, T1 and T2 time points.

Biochemical Analyses 
Blood samples were centrifuged to collect plasma at 4000xg 
for 10 minutes, at 4°C. The plasma samples were stored at -20°C 
until biochemical analyses. Liver samples were weighed (wet 
weight) and homogenized in Sorensen’s phosphate buffer 
(pH 7.4) with homogenizer (Sartorius, Goettingen, Germany). 
Homogenates were diluted 1/10 (w/v) and then centrifuged 
at 4000 rpm for 7 minutes at 4°C. Supernatants were stored at 
-20°C until analysis.

SOD, aspartate aminotransferase (AST), alanine aminotransferase 
(ALT) and C-reactive protein (CRP) levels were measured in plasma 
and/or liver tissue using ELISA kits for rats (Uscn Life Science Inc., 
Qingdao, Shandong, China) according to the manufacturer’s 
protocol.

Histological Analysis
Liver samples were fixed in 10% neutral formalin and embedded in 
paraffin. Liver sections (4μm) were taken with a Rotary microtome 
and stained with hematoxylin-eosin (HE). Histopathological 
changes in liver tissue were examined under a light microscope. 
Photographs of the sections were taken with Image Pro-Plus 
(Kameram 390CU, Istanbul, Turkey).

Immunohistochemical Analysis
Liver samples were fixed in 10% neutral formalin, embedded 
in paraffin and prepared as described previously (33). 
Myeloperoxidase (MPO)-staining was performed on the liver 
sections with anti-MPO antibodies (RB-373-A, Thermo Scientific, 
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Fremont, CA, USA) (34). The distribution of MPO reaction was 
evaluated in the liver sections. MPO-stained leukocytes were 
counted in 10 randomly selected areas of liver section taken from 
each animal of the experimental groups under a light microscope 
at X40 magnification. Photographs were taken with Image Pro-
Plus (Kameram 390CU, Istanbul, Turkey). 

Statistical Analysis
Significant differences within groups were estimated using one-
way ANOVA with Tukey’s multiple comparison test, and differences 
between groups were estimated using two-way ANOVA with 
Bonferonni posttest. p<0.05 was considered significant. Statistical 
analyses were performed with GraphPad Prism version 5.0 for 
Windows (GraphPad Software, San Diego, CA, USA).

RESULTS

Blood Glucose Results 
Blood glucose levels are presented on Table 1. Blood glucose levels 
in LPS injected animals were decreased at the end of experiment 
(T2) compared with the control group (p<0.001). Treatment of 
tempol did not change the glucose level compared with the LPS 
group. Blood glucose level in LPS + Tempol group was still lower 
than the control group (p<0.001). 

Blood glucose levels decreased during the experiment (T1 and 
T2) compared with the beginning of experiment (T0) in LPS 
(p<0.05, p<0.001) and LPS + Tempol groups (p<0.05, p<0.001). 
Blood glucose levels remained stable during the experiment 
in the control and tempol groups and also were similar at all 
three time points.

Body Temperature Results
The body temperature values are presented on Table 2. Body 
temperatures in LPS injected animals decreased at T2 compared 
with the control group (p<0.01). Treatment of tempol did not 
prevent the reduction of body temperature and it was still lower 
than the control group (p<0.001). 

The body temperature decreased during experiment (T1 and 
T2) compared with the beginning of experiment (T0) in LPS 
(p<0.01, p<0.01) and LPS + Tempol groups (p<0.05, p<0.001). 
Body temperatures in the control and tempol groups were similar 
at three time points.

Biochemical Results
LPS administration increased both AST (p<0.001) and ALT levels 
(p<0.001) in the plasma and tissue. Tempol reduced AST (p<0.001; 
p<0.05) and ALT (p<0.001; p<0.05) levels in plasma and tissue of 
LPS injected rats. In the tempol group, while AST in plasma was 
similar to the control group, AST in the tissue was lower than the 
control group (p<0.001). In this group, ALT in tissue was similar to 
the control group, however, ALT in the plasma was higher than 
in the control group (p<0.001) (Figures 1, 2). 

LPS also caused a decrease in the plasma and tissue levels of 
SOD compared with the control group (p<0.001; p<0.05). Tempol 
administration increased SOD levels in the plasma and tissue of 
LPS injected animals (p<0.001). In the tempol group, SOD levels 
in the plasma was similar to the control group, with increasing 
levels of SOD in liver tissue (p<0.001) (Figure 3). 

CRP, which is synthesized in liver in response to a wide variety 
of inflammatory stimuli, increased in the liver tissue of LPS 

Table 1. Blood glucose levels (mg/dl) in the experimental groups at the three time points: T0 (the beginning of experiment), T1 
(the middle of experiment) and T2 (the end of experiment). *p<0.05, ***p<0.001 vs. Control group. # p<0.05, ### p<0.001 vs. T0 
baseline level.

T0 T1 T2

Control group 104.50 ± 2.69 101.00 ± 4.35 97.50 ± 3.88

LPS group 126.57 ± 3.44* 95.13 ± 9.26# 66.38 ± 9.26***###

LPS + Tempol group 123.67 ± 3.86 100.43 ± 5.07# 60.86 ± 7.68***###

Tempol group 122.33 ± 3.77 109.714 ± 4.89 114.86 ± 3.91

Table 2. The body temperature values in experimental groups at three time points: T0 (the beginning of experiment), T1 (the 
middle of experiment) and T2 (the end of experiment). **p<0.01, ***p<0.001 vs. Control group. #p<0.05, ##p<0.01, ###p<0.001 
vs. T0 baseline level.

T0 T1 T2

Control group 38.0 ± 0.12 37.57 ± 0.08 37.83 ± 0.24

LPS group 38.50 ± 0.2 36.94 ± 0.14## 36.67 ± 0.48**##

LPS + Tempol group 38.7 ± 0.23 37.30 ± 0.18# 36.31 ± 0.51***###

Tempol group 37.77 ± 0.19 37.47 ± 0.11 37.7 ± 0.15
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administrated animals (p<0.001). Tempol did not prevent the 
increase of CRP levels in LPS injected rats. In the Tempol group, 
CRP was similar to the control group (Figure 4). 

Histological Results 
Histopathological changes were shown in HE-stained sections of 
LPS injected animals. Dilatation of sinusoids, leukocyte infiltration, 
loss of outlines of hepatic plates and damage to the endothelium 
of central veins were seen in the LPS group. LPS leads to severe 
inflammatory reaction in liver parenchyma. Infiltration of many 

inflammatory cells was observed in liver parenchyma especially 
in sinusoids and vessel lumens. These inflammatory cells caused 
sinusoidal occlusions. In addition to these changes, structural 
changes in portal areas were seen in this group. Many of these 
results were determined in LPS + Tempol group. Tempol did not 
prevent inflammation and sinusoidal dilatation in the liver tissue 
of LPS treated animals. The histological structure of liver tissue 
in the group which was only given tempol was similar to the 
control group (Figure 5).

Figure 1. Aspartate aminotransferase (AST) levels in plasma and tissue of Control, LPS, LPS + Tempol and Tempol groups. ***p<0.001 vs. 
Control group. +p<0.05, +++p<0.001 vs. LPS group. 

Figure 2. Alanine aminotransferase (ALT) levels in plasma and tissue of Control, LPS, LPS + Tempol and Tempol groups. **p<0.01, ***p<0.001 
vs. Control group. +p<0.05, +++p<0.001 vs. LPS group.

Figure 3. Superoxide dismutase (SOD) levels in plasma and tissue of Control, LPS, LPS + Tempol and Tempol groups. *p<0.05, ***p<0.001 
vs. Control group. +++p<0.001 vs. LPS group. 
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Figure 4. C-reactive protein (CRP) levels in tissue of Control, 
LPS, LPS + Tempol and Tempol groups. **p<0.01, ***p<0.001 vs. 
Control group. +++p<0.001 vs. LPS group. 

Figure 5. Central vein (cv), sinusoid (s), endothelium (), hepatocyte (h), Kupffer cell (), leukocyte (), portal vein (pv) and bile duct 
(bd) on liver tissue of Control, LPS, LPS + Tempol and Tempol groups. a-c) Bar: 20 µm, HE.

Figure 6. MPO-stained leukocytes distributions in liver tissue of 
Control, LPS, LPS + Tempol and Tempol groups. ***p<0.001 vs. 
Control group. +++p<0.001 vs. LPS group.  
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Immunohistochemical Results
MPO-stained leukocytes in liver tissue increased in the LPS group 
(p<0.001) in comparison with the control. However, tempol 
administration did not change the distribution of MPO-stained 
leukocytes in LPS injected animals. MPO-stained leukocytes 
were seen in sinusoids, central veins and portal areas of the liver 
parenchyma. Infiltration of neutrophils in sinusoids led to micro 
abscesses formation MPO staining in tempol group was similar 
to control group (Figures 6, 7).

DISCUSSION

The pathophysiology of liver dysfunction in sepsis is not clearly 
understood (5). Liver injury in sepsis occurs not only from 
hypoperfusion, but also from the spread of bacteria or endotoxins, 
release of inflammatory cytokines and other mediators during 
infection (6, 9-14). Liver injury in sepsis or shock has been studied 
in many animal models (35). Many studies have reported that 
sepsis leads to liver damage, change in glucose metabolism, and 
increase in aminotransferase enzymes and CRP levels (6, 31, 36-48)

Cecum ligation and puncture (CLP)-induced sepsis leads to 
pathological changes such as necrosis, inflammation, portal 
inflammation in the liver of rats (36). In LPS/D-galactosamine-
induced liver injury model, the liver was observed hemorrhagic 
necrosis and severe hepatocyte damage (37). LPS administration 
resulted in pathological abnormalities including hepatic 
edema, inflammatory cell aggregation in sinusoids and central 
veins at 6 hours (38). LPS-induced histopathological changes 
including necrosis, inflammatory cell infiltration and vacuolar 
degeneration were observed in the liver 4 hours after LPS 
injection (39). In our study, LPS administration resulted in 
histological changes such as hepatocytes and endothelium 
damage, dilatation of sinusoids, leukocyte infiltration and 
inflammation. The liver damage can directly contribute to 
liver dysfunction. It is known that AST and ALT levels in plasma 
and tissue are the most important markers in assessing of liver 
functions during experimental and clinical liver injury (31, 40). 
Many studies have reported that LPS resulted in significant 
elevation of ALT and AST levels (31, 38-41). In this study, LPS 
administration resulted in significant elevation of ALT and 

Figure 7. MPO-stained leukocytes (, ) in liver tissue of Control, LPS, LPS + Tempol and Tempol groups. Central vein (cv), sinusoid (s), 
endothelium () and portal vein (pv). a-c) Bar: 20 µm.
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AST in plasma and liver. These results show that LPS induced 
liver injury and dysfunction in the experimental sepsis model. 

Endotoxin causes enhanced peripheral glucose utilization, 
depletion of hepatic glycogen and an increase in gluconeogenesis 
(42). Bacterial infections influence glucose metabolism. Endotoxin 
results in hyperglycemia, followed by hypoglycemia (43-45). LPS 
causes blood glucose levels to decrease to hypoglycemic level 
(43, 46). The blood glucose level and liver glycogen decreased 
at 3h after LPS injection. The glucose levels increased at 3h after 
cecal incision, however, they decreased at 6h after cecal incision 
(47). CLP caused a time-dependent increase in rectal temperature 
which reached the maximal at 15h after CLP and then declined, 
whereas it caused a biphasic change in blood glucose such as 
hyperglycemia in the early stage (3h) and hypoglycemia in the 
late stage (15-18h) (27). In the present study, it was observed that 
LPS resulted in a decrease in the blood glucose levels at 3h and 
6h after LPS injection. Also, body temperature decreased at the 
same time point in LPS treated animals. 

CRP is an acute phase protein synthesized from the liver. Bacterial 
infections result in increases in CRP levels in a few hours. CRP levels 
are used in the diagnosis and prognosis of infection and also sepsis 
(6, 48). In this study, LPS caused an increase in the CRP level in 
the liver. The increase in CRP and leukocytes infiltration indicated 
the inflammatory response and oxidative stress in LPS-induced 
experimental sepsis model. Furthermore, LPS administration 
decreased SOD levels in the liver and plasma. 

Our findings including liver damage, leukocytes infiltration, the 
elevation of aminotransferases enzymes and CRP, and the decrease 
of SOD level indicated LPS-induced liver injury and oxidative 
stress in the experimental sepsis models. 

The role of oxidative stress in the pathophysiology of many 
diseases leads to a focus on drugs that prevent the formation of 
ROS and to the development of treatment strategies including 
antioxidant enzymes such as SOD, catalase and radical scavengers. 
It is known that tempol prevents the formation of hydroxyl radicals 
by sweeping intracellular superoxide radicals and other radicals 
(22). Tempol is a cell membrane permeable, a radical scavenger 
and a SOD mimetic agent (22, 23). Because of these abilities 
and properties, tempol has been studied in animal models 
associated with oxidative stress (23-32). The effects of tempol 
on hypertension were investigated in the experimental model 
(23, 24). Schnackenberg et al., (1998) suggested that short- and 
long-term administration of the stable, membrane-permeable 
SOD mimetic tempol significantly reduces mean arterial pressure 
in spontaneously hypertensive rats (24). It has been shown that 
tempol treatment ameliorates oxidative damage in liver tissue 
in methotrexate-induced liver injury. Therefore, it has been 
suggested that tempol may be useful in protecting the liver from 
injury in these experimental models (25). Many previous studies 
have shown the beneficial effects of tempol in endotoxemia and 
sepsis (27-31). Liaw et al., (2005) reported that tempol (30 mg/
kg injected 90 min after CLP and then continuously infused for 
18 h) not only ameliorated the deterioration of hemodynamic 

changes, renal and liver injuries but also attenuated neutrophil 
infiltration in the lung in the sepsis induced by CLP. In addition, 
tempol improved the survival in CLP-induced septic rats (27). It has 
been demonstrated that LPS caused hypotension, hepatocellular 
and pancreatic injury and renal dysfunction at the sixth hour of 
injection, and pre-treatment of tempol (100 mg/kg infusion, 15 
min prior to 30 mg/kg LPS infusion) could not affect the circulatory 
failure, but reduced liver injury caused by LPS (31). 

In our study, tempol administration reduced the AST and ALT 
levels in the LPS induced sepsis rats, although, these values were 
still higher in the tissue. These results indicated that tempol has a 
role in LPS-induced liver injury, but could not prevent oxidative 
stress and its effects. While tempol could not attenuate histological 
damage and leukocytes infiltration, and also did not cause any 
change in CRP levels, blood glucose levels and body temperature, 
tempol significantly increased SOD levels both in LPS-induced 
sepsis and in the control animals. In addition, tempol did not cause 
histological damage in liver tissue of the control animals. Therefore, 
it could be suggested that tempol may have an antioxidant effect 
as SOD mimetic agent. It was thought that tempol would be more 
effective to apply before LPS or extended to the administration 
time of tempol administrated 3 hours after LPS.

CONCLUSION

Results of the present study indicated that LPS induced liver injury 
is associated with oxidative stress and inflammation and that 
tempol has an antioxidant role. However, the effects of tempol 
were limited in this study. Therefore, further experimental studies 
are needed to determine the role of tempol in sepsis and shock 
models. 
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