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ABSTRACT

BACKGROUND: In the rat sepsis model, the protective effect of dexmedetomidine (Dex) in sepsis-induced tissue injuries by reduc-
ing inflammation is still unclear. Research is ongoing to determine whether Dex modulates sepsis-induced tissue injury. The aim of this 
experimental study was to investigate the effect of Dex on liver injury in sepsis rats histopathologically and immunohistochemically.

METHODS: In this study, sepsis was induced in rats by a 10 ml/kg E. coli injection, and the protective efficacy of Dex against liver 
damage was investigated through histopathological and immunohistochemical findings by the intraperitoneal administration of 100 μg/
kg Dex.

RESULTS: In our results, the most striking and basic morphological changes in the liver tissues of sepsis group rats were neutrophil 
leukocyte infiltrations in and around the vessels. In Dex-treated groups, neutrophil leukocyte infiltrations were more prominent, and 
marked dilatations were observed in the vessels. The fact that inflammatory reactions were more prominent in the Dex-treated groups 
was thought to be related to the increase in vascular permeability due to Dex's vasodilation effect.

CONCLUSION: According to the histopathological and immunohistochemical findings obtained in the present study, we conclude 
that Dex did not alleviate sepsis-induced liver inflammation in a rat sepsis model.
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INTRODUCTION

Sepsis is a systemic inflammatory response of the body to 
infectious agents and is a clinical syndrome that can lead to 
organ failure and death. In sepsis, both the activation of the 
coagulation mechanism and the disruption of endogenous an-
ticoagulant and fibrinolytic mechanisms cause thrombosis in 
the microvascular circulation and tissue ischemia, resulting in 
tissue damage and multiple organ failure.[1] While sepsis cases 
in which one or more organ failures occur are called severe 
sepsis, the deterioration of hemodynamic stability character-

ized by intravascular volume loss is called septic shock.[2] The 
liver is the most vulnerable organ in which dysfunction occurs 
in cases of sepsis. It is stated that dysfunctions occur as a result 
of circulatory disorders, bacterial toxins, neutrophil leukocyte 
infiltration, and the release of cytokines.[3] Despite significant 
advances in the understanding of the pathophysiology of sep-
sis, advances in hemodynamic monitoring tools, and various 
measures taken, it is still one of the main causes of morbidity 
and mortality in critically ill patients.[4] In studies conducted, 
while the overall in-hospital mortality rate was 12.5%, the 
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mortality rate in septic shock cases was recorded as 34.3%.[5]

Dexmedetomidine (Dex) is a potent α-2 adrenergic agonist 
with sedative, analgesic, sympatholytic, hemodynamic, and 
diuretic properties.[6] It has been reported that there are po-
tential anti-apoptotic and anti-inflammatory effects of Dex.[7] 
Moreover, it has been shown that Dex's anti-inflammatory ef-
fects improve the survival rate in clinical reports of patients 
with severe sepsis.[5] It has been increasingly used in the clinic 
for anxiolysis, analgesia, sedation, and anesthetic-sparing ef-
fects.[6] Myeloperoxidase (MPO) activity, an indicator of tissue 
neutrophil infiltration, is often detected in association with a 
variety of lung pathologies, the most common being intersti-
tial lung disease.[8]

In the presented study, we aimed to examine the effect of Dex 
on secondary liver injury in early sepsis by histopathological 
and immunohistological (MPO activity) examinations.

MATERIALS AND METHODS
The study was carried out with the permission of Van Yu-
zuncu Yil University Animal Experiments Local Ethics Com-
mittee (25/08/2024, 2024/08-08). In the study, 32 healthy 
male Wistar albino rats weighing 260–290 g, obtained from 
the mentioned local ethics committee, were used. All animals 
were kept under ideal conditions (21±1°C, 40–70% humidity, 
12/12 day-night cycle). They were fed with standard rat chow 
and tap water.

Experimental Protocols

Rats were randomly divided into four groups, and each group 
was numbered from their tails. Three groups were infected 
with Escherichia coli (E. coli) to induce sepsis (endotoxemia).

• Control group: In this group, 10 ml/kg saline (SF) was admin-
istered intraperitoneally (i.p.).

• Sepsis group: 10 ml/kg Escherichia coli (E. coli) derivatives 
of different cultures were administered i.p.

• Sepsis + Dex group-1 (T0-SD): 10 ml/kg E. coli derivatives 
of different cultures were administered i.p. Immediately after-
wards, 100 mcg/kg dexmedetomidine (Sedadomid 200 mcg/2 
ml, Koçak Farma, Istanbul, Turkey) was administered i.p.

• Sepsis + Dex group-2 (T5-SD): 10 ml/kg E. coli derivatives 
of different cultures were administered i.p. At the 5th hour 
after the procedure, 100 mcg/kg dexmedetomidine was ad-
ministered i.p. to rats that were thought to be in sepsis ac-
cording to the Murine Sepsis Score.

The experiment was terminated 8 hours after the induction 
of sepsis (E. coli injection) in all rats. For this purpose, rats 
were anesthetized with 50 mg/kg ketamine (Ketalar 1 ml: 50 
mg, Pfizer, Istanbul, Turkey) and 10 mg/kg xylazine (Xylazinbio 
2%, Bioveta, Czech Republic) via i.p. injection. Animals were 

sacrificed by the cervical dislocation technique and necrop-
sied; tissue samples were taken from the liver and fixed in a 
formaldehyde solution.

Histopathological Examination

Tissue samples obtained from the livers of all groups were 
fixed in 10% buffered formaldehyde solution. Paraffin blocks 
were prepared after routine tissue follow-up. Sections of 4–5 
µm thickness were taken from the paraffin blocks and stained 
with hematoxylin-eosin (Thermo Shandon, USA). Slides were 
examined under a light microscope. Pathologists blinded to 
the study groups scored each section for tissue injuries. Liver 
sections were evaluated according to the severity of neutro-
phil leukocyte infiltration, dilatation of the sinusoids, and vas-
culitis and dilatation in the portal veins. Each item was graded 
using the following scale: Slight = minimal damage; Moderate 
= moderate damage; Severe = severe damage.[9]

Immunohistochemical Examination

In the immunohistochemical examination, the expression of 
myeloperoxidase (MPO) was determined using the strepta-
vidin/biotin immunoperoxidase kit (Histostain-Plus Bulk Kit; 
Zymed, South San Francisco, CA, USA) according to the 
streptavidin peroxidase method (ABC). After the sections 
were taken on adhesive slides and passed through the xylene 
and alcohol series, the sections were washed with phosphate 
buffer solution (PBS) and incubated in 3% H₂O₂ for 20 min-
utes for inactivation of endogenous peroxidase. The sections 
were placed in the antigen retrieval solution (citrate buffer), 
covered, and then heat-treated twice for 20 minutes. After 
this, they were taken out of the oven and allowed to reach 
room temperature. The tissues were washed again with PBS 
and blocked by protein blocking (non-immune serum) for 20 
minutes.

A primary anti-MPO rabbit polyclonal antibody (Thermo Sci-
entific, MA, USA) was added to the tissues and incubated over-
night at +4ºC. After that, the sections were washed with PBS 
and incubated for 20 minutes at room temperature with the 
biotinylated secondary antibody. The sections were washed 
again with PBS and then kept in streptavidin-peroxidase for 
20 minutes. After washing with PBS, diaminobenzidine (DAB) 
was added and incubated for 1–2 minutes. All tissues were 
then stained with Mayer's hematoxylin for 1–2 minutes and 
washed in tap water. The sections were passed again through 
the alcohol and xylene series and were then covered with 
Entellan. Negative controls were used to confirm staining. 
These slides were reacted with PBS instead of primary anti-
bodies. Sections were examined and photographed under a 
light microscope (Nikon 80i-DSRI2). Each item was graded 
using the following scale: Slight = minimal damage; Moderate 
= moderate damage; Severe = severe damage.

Statistical Analyses

Statistical evaluations were performed using IBM SPSS Sta-
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tistics for Windows (version 22.0; IBM Corp., Armonk, NY, 
USA) and GraphPad Prism for Windows (version 6.0; Boston, 
MA, USA). The histopathological and immunohistochemical 
findings were analyzed using the Kruskal–Wallis test, followed 
by the Mann–Whitney U test to define the diversity among 
the groups.

RESULTS
Histopathological Findings

The normal histological appearance of the liver was observed 

in the control group (Figures 1A and B). The most remark-
able morphological changes in the sepsis group were the 
accumulation of neutrophil leukocytes in the central veins, 
portal areas, and sinusoids (acute hepatitis), but no significant 
dilatation of the sinusoidal capillaries was observed (Figures 
1C and D). Furthermore, migration of accumulated neutro-
phil leukocytes from the vessel wall to the parenchyma was 
observed in the lumen of the vessels, especially in the portal 
areas (Figure 1C). Infiltration of mononuclear cells in these 
areas was detected very rarely. In the T0-SD group, the most 
striking morphological changes were more numerous accu-
mulations of neutrophil leukocytes in the central veins, portal 
areas, and sinusoids, along with marked dilatation in these 
vessels (Figures 1E and F) compared to the morphological 
changes observed in the sepsis group. Morphological changes 
in the T5-SD group were milder compared to the changes 
observed in the T0-SD group (Figures 1G and H). The scores 
for morphological changes in the liver tissue are summarized 
in Table 1.

Immunohistochemical Findings

No significant immunoreactivity for MPO was observed in 
the control group (Figure 2A). However, moderate positive 
reactions for MPO were observed in sinusoidal neutrophil 
leukocyte accumulations in the liver tissue of sepsis group 
rats (Figure 2B). In T0-SD group rats, strong positive reac-
tions for MPO were noted in liver tissue when compared 
with the sepsis group (Figure 2C). In T5-SD group rats, im-
munoreactions were milder compared to the T0-SD group 
(Figure 2D).

In addition, a scoring system was used to assess the degree of 
MPO immunoreactivity in liver tissue (Table 2).  
 

Figure 2. Representative immunohistochemical (MPO) staining 
in liver tissue micrographs of experimental groups. Control group: 
Note that there is no significant immunoreactivity for MPO in the 
control group (a). Sepsis Group: Moderate positive reactions for 
MPO (b). T0-SD Group: Note that strong positive reactions for 
MPO when compared with sepsis group (c). T5-SD group: Milder 
immunoreactions compared to T0-SD group (d). Bars=50 μm.

(a)

(c)

(b)

(d)

Figure 1. E. Coli-induced septic liver lesions in the rat model. 
Representative histochemical staining in liver tissue sections (He-
matoxylin Eosin Staining) micrographs of experimental groups. 
Control group: Showing the normal histological appearance of the 
liver (a,b). Sepsis group: Showing the accumulation of neutrophil 
leukocytes (arrow heads) in the central veins (VS), portal areas 
(VP) and sinusoids, but note the absence of dilatation of the sinu-
soidal capillaries, and migration (arrow) of neutrophil leucocytes 
(leucodiapedesis) from the portal vein wall into the sinusoids (c, 
d). T0-SD group: Note that neutrophil leukocyte infiltrates (arrow 
heads) are more numerous in this group than in the sepsis group, 
and there is also the vasculitis and dilatation of sinusoidal capillar-
ies (arrows), central veins (VC) and portal veins (VP) (e, f). T5-SD 
group: Note that the morphological changes observed in the T5-SD 
group are milder than those observed in the T0-SD group (g,h). 
Bars=200 μm, 100 μm.

(a)

(c)

(e)

(g)

(b)

(d)

(f)

(h)
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DISCUSSION
In this study, the most remarkable morphological changes 
observed in the liver tissues of rats in the experimentally 
induced sepsis group were the infiltration of neutrophil leu-
kocytes in and around the blood vessels. In the liver tissues 
of rats in the Dex-treated groups, neutrophil leukocyte infil-
tration was more prominent, and vasodilation was detected.

The effects of Dex in sepsis rats have been investigated by 
many researchers.[10-12] The number of studies in which histo-
pathological findings are assessed by pathologists is believed 
to be limited, and their conclusions are often inadequately 
supported by illustrative evidence. In the present study, the 
effects of Dex on liver tissue in a rat model of experimentally 
induced sepsis were comprehensively evaluated by veterinary 
pathologists. Detailed histopathological findings are present-
ed and supported with numerous demonstrative figures.[10-14] 
In this study, the effects of Dex on the morphological changes 
caused by sepsis in the liver were evaluated histopathologi-

cally and immunohistochemically by MPO activity.

Recent studies have shown that liver dysfunction occurs in 
the early stages of sepsis. It has been suggested that this im-
pairment is caused by systemic or microcirculatory distur-
bances, bacterial and endotoxin (lipopolysaccharide, LPS) 
dissemination, and the subsequent activation of inflamma-
tory cytokines. Neutrophil infiltration is one of the earliest 
phenomena to develop in the liver during the progression of 
sepsis. Neutrophils infiltrating the liver produce potentially 
destructive enzymes and free oxygen radicals, which may fur-
ther exacerbate acute liver injury.[3]

It has been reported that the effects of Dex on peripheral 
vasculature are dose-dependent, causing vasodilation at low 
doses and vasoconstriction at high doses.[15] Postsynaptic 
α2-ARs are widely present in the smooth muscle of vessels. 
In experimental animal studies, Dex has been reported to 
produce both vasodilation and vasoconstriction in cerebral 
arteries and venules. It has been stated that these different 

Table 1. The histopathological effects of Dex on liver injury (affected rats/total number of rats)

Changes/lesions in livers Control  Sepsis  T0-SD   T5-SD           P values

Infiltration of neutrophil leukocytes -/8b 8/8a 8/8c 8/8a

Slight – – – – 

Moderate – 6 1 4 *

Severe – 2 7 4

The dilatation of sinusoids  -/8b -/8b 8/8a 8/8a

Slight – – – – 

Moderate – – 2 5 *

Severe – – 6 3 

Vasculitis and dilatation in the portal veins -/8b 8/8a 8/8a 8/8a             

Slight – 4 – – *

Moderate – 4 2 5

Severe – – 6 3

a,b,c Values in a row with no common superscript letter are significantly different. Values with different letters (a, b and c) in same row are significantly different.  
P<0.05. *; P<0.01.**

Table 2. MPO Immunoreactivity scores in liver tissue (affected rats/total number of rats)

MPO Immunoreactivity for livers Control Sepsis T0-SD T5-SD P values                                                    

 -/8b 8/8a 8/8c 8/8c

Slight – 1 – – *

Moderate – 7 2 4

Severe – – 6 4 

a,b,c Values in a row with no common superscript letter are significantly different. Values with different letters (a, b and c) in same row are significantly different.  
P<0.05. *; P<0.01.**
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effects of Dex may be related to the models used, the ani-
mal species involved, and the doses administered. It was also 
stated that the cerebral vasoconstriction effect of Dex is not 
directly related to the vascular endothelium, whereas the va-
sodilation effect may be endothelium-dependent and related 
to nitric oxide, though the exact mechanisms have not yet 
been fully elucidated.[16] Dex has been reported to cause hy-
potension and bradycardia in patients by inhibiting the release 
of norepinephrine in the central nervous system and causing 
vasodilation in peripheral vessels.[17]

In a study investigating the protective effects of Dex pretreat-
ment against lipopolysaccharide (LPS)-induced acute liver 
injury in rats, different doses of Dex (3, 10, and 30 μg/kg) 
were administered intraperitoneally to determine the optimal 
dose.[18] These researchers used the highest dose of 30 μg/
kg Dex in their study, as they found that Dex pretreatment 
provided significant dose-dependent protection against LPS-
induced mortality and liver damage. Additionally, in other 
studies, Dex has been used intraperitoneally at doses ranging 
from 25 μg/kg to 100 μg/kg.[19-21]

In the study presented here, sepsis was induced in rats by 
administering 10 ml/kg E. coli, and 100 μg/kg Dex was admin-
istered intraperitoneally at the same time to investigate the 
protective activity of Dex against liver damage. In our study, 
the most striking and fundamental morphological change in 
the liver tissues of all groups (sepsis, T0-SD, T5-SD), except 
the control group, was neutrophil leukocyte infiltration in 
capillaries and venules. The observation of marked neutro-
phil leukocyte infiltration in the liver indicates that sepsis was 
experimentally induced in the study groups. However, neu-
trophilic infiltrations, vascular dilatation, and vasculitis were 
more prominent in the Dex-treated groups (T0-SD and T5-
SD). In addition, while no dilatation of sinusoidal capillaries 
was observed in the sepsis group, significant sinusoidal dilata-
tion occurred in the Dex-treated groups. These findings show 
that Dex has a dilatation effect, as recorded by Rozet.[15,16]

However, in experimental studies in which sepsis was induced 
and different doses of Dex (5 μg/kg IV,[13] 10 μg/kg IV,[22] 30 
μg/kg IP,[23] 50 μg/kg IP,[14] and 100 μg/kg IP[20]) were adminis-
tered, as far as we were able to examine, there was no infor-
mation indicating that Dex caused dilatation in the vessels. In 
our study, significant dilatation of capillaries and venules was 
observed in the Dex-treated groups (T0-SD, T5-SD), where-
as no dilatation was observed in the sepsis group. The fact 
that neutrophil leukocyte infiltration was more prominent 
alongside capillary and venule dilatation in the Dex-treated 
groups suggests that the dilatation caused by the effect of 
Dex increases the permeability of the vessels and facilitates 
the invasion of bacteria into the parenchyma, resulting in 
more prominent neutrophil leukocyte infiltration in Dex 
groups. Furthermore, neutrophil leukocyte infiltrations in the 
sepsis group were observed to be milder than in both the 
T0-SD and T5-SD groups. Neutrophil leukocyte infiltration 
was more prominent in the T0-SD group than in the T5-SD 

group, indicating that T0-SD group rats were more exposed 
to the dilatation effect of Dex. In our study, the dilatations 
observed in the liver tissue vessels of the Dex groups (T0-SD, 
T5-SD) are thought to be related to the administered dose 
(100 μg/kg, IP)

In rat models of sepsis, studies have reported that Dex has 
anti-inflammatory capacity. It has been suggested that Dex 
administration may inhibit inflammatory responses. Circulat-
ing endotoxins have been reported to induce complement ac-
tivation and the release of cytokines such as tumor necrosis 
factor (TNF)-α and interleukin (IL)-6, which may cause leu-
kocytic infiltration in the lungs. Inflammatory mediators from 
leukocytes can produce hypotension, metabolic acidosis, and 
tissue damage, eventually leading to organ dysfunction.[24,25] It 
has been reported that it is still unclear whether the severity 
of sepsis-induced hepatic injury is modulated by Dex admin-
istration.[26] In their study, these investigators suggested that 
Dex attenuated the harmful effects of LPS-induced liver injury 
and decreased proinflammatory cytokines (IL-6 and TNF-α). 
However, when the TNF-α and IL-6 values, which are among 
the biochemical results of the study presented here, were 
analyzed, the values of the DST-0 and DST-5 groups were not 
lower; on the contrary, they were higher, although not signifi-
cantly, when compared with the sepsis group. These results 
support our histopathological findings.

Neutrophils contribute significantly to the development of 
the organism's cellular defense system.[27] In inflammatory 
reactions, proinflammatory cytokines secreted by neutrophil 
leukocytes infiltrating the pulmonary interstitium and alveolar 
lumen damage capillary endothelial cells.[28] When neutrophil 
infiltration occurs, large amounts of MPO are expressed by 
neutrophils. This excreted MPO passes into phagosomes and 
the extracellular matrix. As a result, the immune activity of 
MPO may indicate the degree of vascular damage and neu-
trophil infiltration.[29] MPO activity is a biochemical marker of 
neutrophil infiltration. Pre-treatment with Dex resulted in a 
significant reduction in lung MPO activity in the Dex groups 
compared with that of the ischemia-reperfusion injury group.
[12] In the present study, when MPO activity in liver tissue 
was analyzed, it was observed that MPO activity in the sepsis 
group was milder than in the Dex+sepsis groups (T0-SD and 
T5-SD). This result showed that Dex did not reduce inflam-
matory reactions in the liver. It was noted that these immu-
nohistochemical findings were consistent with histopatho-
logical findings.

In conclusion, according to the histopathological and immu-
nohistochemical findings obtained in the present study, we 
conclude that sepsis-induced inflammatory reactions were 
induced in liver tissue, but Dex did not attenuate sepsis-in-
duced liver inflammation in the rat sepsis model. In addition, 
based on the literature whose histopathological findings are 
evaluated below, we believe that the protective efficacy of 
Dex cannot be demonstrated with illustrative pictures.
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Sezer et al.[11] reported that severe sinusoidal and venous 
congestion occurred in the sepsis group. These changes were 
milder in the sepsis/Dex (5 μg/kg IV) group. Marked mononu-
clear cell infiltration was observed in the portal areas of the 
sepsis group, but these cellular infiltrations were less in the 
Dex/sepsis group. Contrary to these investigators, neutrophil 
leukocyte infiltrations, which are prominent in acute bacterial 
infections, were observed in our study. Indeed, Wang et al.[3] 
reported that the inflammatory cell infiltration observed in 
the liver in the early stages of sepsis was composed of neu-
trophil leukocytes.

In a study investigating the protective efficacy of Dex (30 μg/
kg IP) pre-treatment against lipopolysaccharide (LPS)-induced 
acute liver injury in rats, it was noted that Dex reduced mor-
phological changes and inflammatory cytokine expression.[18] 
These investigators noted that significant liver tissue damage 
characterized by inflammatory cell infiltration and acidophilic 
degenerative-necrotic changes was observed in sham+LPS 
group rats after LPS injection, and these changes were sig-
nificantly improved in the sham+LPS+Dex group. However, 
when the related figures in the article by these researchers 
are analyzed, the findings are not compatible with our figures.

In a study investigating the effects of Dex (30 μg/kg IP) on 
LPS-induced liver injury, it was reported that histopathologi-
cal changes such as "hepatocyte necrosis, vacuolar degenera-
tion, inflammatory cell infiltration into the hepatic sinus, and 
hepatocyte congestion" were observed in liver tissue.[23] It 
was stated that Dex attenuated these morphological changes 
in a dose-related manner. While "inflammatory cell infiltra-
tion," one of the histopathologic findings described in that 
study, was compatible with our study, other findings were 
not.

Zang et al.,[13] in a study investigating the protective efficacy of 
Dex (2.5–5 μg/kg IV) against multiple organ damage induced 
by experimental hemorrhage/resuscitation and endotoxemia 
(lipopolysaccharide) in rats, observed significant damage in 
the lungs, liver, and kidneys in the endotoxemic group rats. 
However, it was suggested that these damages were allevi-
ated by Dex application.[13] In that article, the histopathologi-
cal findings of the groups were only statistically evaluated. No 
textual explanation was provided, the signs used in the figures 
were not indicated, and the histopathological findings were 
not discussed. In short, the histopathological findings were 
not descriptive and, therefore, a comparison with our find-
ings could not be made.

In a study investigating the effects of Dex on Gram-positive 
and Gram-negative bacteria (E. coli) and the effector func-
tions of human monocyte THP-1 cells against them, it was 
revealed that Dex improved Gram-positive bacterial phagocy-
tosis and killing but reduced Gram-negative bacterial phago-
cytosis and killing in THP-1 cells.[30] These findings support 
our findings related to E. coli, a Gram-negative bacterium, in 
our study.

CONCLUSION

In this study, it was clearly demonstrated for the first time 
that Dex (100 μg/kg IP) caused vasodilation in liver tissue 
vessels in sepsis rats. According to the results of our study 
and the literature we were able to review, we believe that 
detailed comparative studies at different doses and durations 
are still needed in order to use Dex more safely in patients 
with sepsis and to reveal the effects of Dex more clearly in 
the rat sepsis model.

Ethics Committee Approval: This study was approved 
by the Van Yuzuncu Yil University Animal Experiments Local  
Ethics Committee (Date: 25.08.2024, Decision No: 2024/08-
08).

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: Ö.F.K., H.S.K., 
H.A.Ç., Z.Y., O.P.; Design: Ö.F.K., H.S.K., H.A.Ç., Z.Y.; Su-
pervision: Ö.F.K., H.S.K., H.A.Ç., Z.Y., O.P.; Resource: Ö.F.K., 
H.S.K., H.A.Ç., Z.Y.; Materials: Ö.F.K., H.S.K., H.A.Ç., Z.Y.; 
Data collection and/or processing: Ö.F.K., H.S.K., H.A.Ç., Z.Y, 
O.P.; Analysis and/ or interpretation: Ö.F.K., H.S.K., H.A.Ç., 
Z.Y., O.P.; Literature search: Ö.F.K., H.S.K., H.A.Ç., Z.Y.,O.P.; 
Writing: Ö.F.K., H.S.K., H.A.Ç., Z.Y.; Critical review: Ö.F.K., 
H.S.K., H.A.Ç., Z.Y., O.P.

Conflict of Interest: None declared.

Financial Disclosure: The author declared that this study 
has received no financial support.

REFERENCES
1. Zeerleder S, Schroeder V, Lämmle B, Wuillemin WA, Hack CE, 

Kohler HP. Factor XIII in severe sepsis and septic shock. Thromb Res 
2007;119:311–8.

2. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, et al. 
Definitions for sepsis and organ failure and guidelines for the use of in-
novative therapies in sepsis. Chest 1992;101:1644–55.

3. Wang D, Yin Y, Yao Y. Advances in sepsis-associated liver dysfunction. 
Burns Trauma 2014;2:132689.

4. Kaukonen KM, Bailey M, Suzuki S, Pilcher D, Bellomo R. Mortality 
related to severe sepsis and septic shock among critically ill patients in 
Australia and New Zealand, 2000–2012. JAMA 2014;311:1308–16.

5. Paoli CJ, Reynolds MA, Sinha M, Gitlin M, Crouser E. Epidemiology 
and costs of sepsis in the United States—an analysis based on timing of 
diagnosis and severity level. Crit Care Med 2018;46:1889–97.

6. Carollo DS, Nossaman BD, Ramadhyani U. Dexmedetomidine: A re-
view of clinical applications. Curr Opin Anesthesiol 2008;21:457–61.

7. Zhang Y, Ran K, Zhang SB, Jiang L, Wang D, Li ZJ. Dexmedetomidine 
may upregulate the expression of caveolin-1 in lung tissues of rats with 
sepsis and improve the short-term outcome. Mol Med Rep 2017;15:635–
42.

8. Hu H, Keat K. Myeloperoxidase and associated lung disease: Review of 
the latest developments. Int J Rheum Dis 2021;24:1460–6.

9. Torre D, Minoja G, Maraggia D, Chiaranda M, Tambini R, Speranza F, 
et al. Effect of recombinant IL-1 beta and recombinant gamma interferon 
on septic acute lung injury in mice. Chest 1994;105:1241–5.

10. Eser O, Fidan H, Sahin O, Cosar M, Yaman M, Mollaoglu H, et al. The 
influence of dexmedetomidine on ischemic rat hippocampus. Brain Res 
2008;1218:250–6.

11. Sezer A, Memiş D, Usta U, Süt N. The effect of dexmedetomidine on 



Keleş et al. Effect of dexmedetomidine on liver injury in sepsis rats

Ulus Travma Acil Cerrahi Derg, February 2025, Vol. 31, No. 2118

liver histopathology in a rat sepsis model: An experimental pilot study. 
Turk J Trauma Emerg Surg 2010;16:108–12.

12. Jiang L, Li L, Shen J, Qi Z, Guo L. Effect of dexmedetomidine on lung 
ischemia reperfusion injury. Mol Med Rep 2014;9:419–26.

13. Zhang JR, Lin Q, Liang FQ, Xie T. Dexmedetomidine attenuates lung 
injury by promoting mitochondrial fission and oxygen consumption. Med 
Sci Monit 2019;25:1848.

14. Kong Q, Wu X, Qiu Z, Huang Q, Xia Z, Song X. Protective effect of 
dexmedetomidine on acute lung injury via the upregulation of tumor 
necrosis factor-α-induced protein-8-like 2 in septic mice. Inflammation 
2020;43:833–46.

15. Ong SL, Zhang Y, Whitworth JA. Mechanisms of dexamethasone-in-
duced hypertension. Curr Hypertens Rev 2009;5:61–74.

16. Rozet I. Anesthesia for functional neurosurgery: The role of dexmedeto-
midine. Curr Opin Anesthesiol 2008;21:537–43.

17. Sanders RD, Maze M. Alpha2-adrenoceptor agonists. Curr Opin Inves-
tig Drugs 2007;8:25–33.

18. Zi SF, Li JH, Liu L, Deng C, Ao X, Chen DD, et al. Dexmedetomi-
dine-mediated protection against septic liver injury depends on TLR4/
MyD88/NF-κB signaling downregulation partly via cholinergic anti-
inflammatory mechanisms. Int Immunopharmacol 2019;76:105898.

19. Gu J, Sun P, Zhao H, Watts HR, Sanders RD, Terrando N, et al. Dexme-
detomidine provides renoprotection against ischemia-reperfusion injury 
in mice. Crit Care 2011;15:1–11.

20. Kocoglu H, Ozturk H, Ozturk H, Yilmaz F, Gulcu N. Effect of dexme-
detomidine on ischemia-reperfusion injury in rat kidney: A histopatho-
logic study. Ren Fail 2009;31:70–4.

21. Sanders RD, Xu J, Shu Y, Januszewski A, Halder S, Fidalgo A, et al. Dex-
medetomidine attenuates isoflurane-induced neurocognitive impairment 

in neonatal rats. Anesthesiology 2009;110:1077–85.
22. Karabulut G, Bedirli N, Akyürek N, Bağrıaçık EÜ. Dose-related effects 

of dexmedetomidine on sepsis-initiated lung injury in rats. Braz J Anes-
thesiol 2021;71:271–7.

23. Sha J, Zhang H, Zhao Y, Feng X, Hu X, Wang C, et al. Dexmedetomi-
dine attenuates lipopolysaccharide-induced liver oxidative stress and cell 
apoptosis in rats by increasing GSK-3β/MKP-1/Nrf2 pathway activity 
via the α2 adrenergic receptor. Toxicol Appl Pharmacol 2019;364:144–
52.

24. Taniguchi T, Kidani Y, Kanakura H, Takemoto Y, Yamamoto K. Effects 
of dexmedetomidine on mortality rate and inflammatory responses to 
endotoxin-induced shock in rats. Crit Care Med 2004;32:1322–6.

25. Aydın S, Şahin TT, Bacanlı M, Taner G, Başaran AA, Aydın M, et al. 
Resveratrol protects sepsis-induced oxidative DNA damage in liver and 
kidney of rats. Balkan Med J 2016;33:594–601.

26. Chen JH, Yu GF, Jin SY, Zhang WH, Lei DX, Zhou SL, et al. Activation 
of α2 adrenoceptor attenuates lipopolysaccharide-induced hepatic injury. 
Int J Clin Exp Pathol 2015;8:10752.

27. Brown K, Brain S, Pearson J, Edgeworth J, Lewis S, Treacher D. Neu-
trophils in development of multiple organ failure in sepsis. Lancet 
2006;368(9530):157–69.

28. Grommes J, Soehnlein O. Contribution of neutrophils to acute lung in-
jury. Mol Med 2011;17:293–307.

29. Hirano Y, Aziz M, Yang WL, Wang Z, Zhou M, Ochani M, et al. Neu-
tralization of osteopontin attenuates neutrophil migration in sepsis-in-
duced acute lung injury. Crit Care 2015;19:1–15.

30. Maisat W, Han X, Koutsogiannaki S, Soriano SG, Yuki K. Differential 
effects of dexmedetomidine on Gram-positive and Gram-negative bacte-
rial killing and phagocytosis. Int Immunopharmacol 2022;120:110327.

Deneysel sepsis oluşturulan sıçanlarda deksmedetomidinin karaciğer hasarı üzerine 
etkileri: Histopatolojik ve immünohistokimyasal bir çalışma
AMAÇ: Sıçan sepsis modelinde, deksmedetomidinin (Dex) inflamasyonu azaltarak sepsise bağlı doku hasarları üzerindeki koruyucu etkisi halen 
belirsizdir ve Dex'in sepsis kaynaklı doku hasarını modüle edip etmediğini belirlemek için araştırmalar devam etmektedir. Bu çalışmada, sepsisli 
sıçanlarda Dex'in karaciğer hasarına histopatolojik ve immünohistokimyasal olarak etkisini araştırmak amaçlanmıştır.
GEREÇ VE YÖNTEM: Bu çalışmada, sıçanlarda 10 ml/kg E. coli enjeksiyonu ile sepsis indüklendi ve 100 µg/kg Dex'in intraperitoneal uygulanmasıyla 
Dex'in karaciğer hasarına karşı koruyucu etkinliği histopatolojik ve immünohistokimyasal bulgularla araştırıldı.
BULGULAR: Bulgularımıza göre, sepsis grubundaki sıçanların karaciğer dokularında en çarpıcı ve temel morfolojik değişiklikler, damar içi ve çev-
resindeki nötrofil lökosit infiltrasyonlarıydı. Dex ile tedavi edilen gruplarda, nötrofil lökosit infiltrasyonları daha belirgin olup damarlarda belirgin 
dilatasyonlar gözlemlendi. Dex ile tedavi edilen gruplarda inflamatuvar reaksiyonların daha belirgin olmasının, Dex'in vazodilatasyon etkisine bağlı 
olarak vasküler permeabilitedeki artışla ilişkili olduğu düşünülmüştür.
SONUÇ: Bu çalışmadan elde edilen histopatolojik ve immünohistokimyasal bulgulara göre, Dex'in sıçan sepsis modelinde sepsise bağlı karaciğer 
inflamasyonunu hafifletmediği sonucuna varılmıştır.

Anahtar sözcükler: Deksmedetomidin; E. coli; histopatoloji; karaciğer; rat; sepsis.
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