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Experimental Study

Deneysel Çalışma

The effect of dexmedetomidine on liver histopathology in a rat
sepsis model: an experimental pilot study
Deneysel sepsis geliştirilen sıçanlarda deksmedetomidin’in
karaciğer histopatolojisi üzerine etkileri: Deneysel ön çalışma
Atakan SEZER,1 Dilek MEMİŞ,2 Ufuk USTA,3 Necdet SÜT4
BACKGROUND

AMAÇ

In this pilot study, we aimed to investigate the effect of dexmedetomidine on liver tissues during experimental sepsis
by histopathological examination.

Bu çalışmanın amacı, septik sıçanlarda karaciğer işlev bozukluğu üzerine deksmedetomidin koruyucu etkisinin varlığını araştırmaktır.

METHODS

GEREÇ VE YÖNTEM

The animals were allocated randomly to four groups, two of
which received endotoxin. In the Sepsis Group (n:10) and
Dexmedetomidine/Sepsis Group (n:10), endotoxemia was
induced by E. coli lipopolysaccharide derived from E. coli
0111: B4. Animals in the Control Group (n:10) received
an infusion of 0.9% saline (1.0 mL·kg-1·hr-1) intravenously.
The Dexmedetomidine Group (n:10) and Dexmedetomidine/Sepsis Group received a bolus injection of 0.9% saline
(1.0 mL/kg), followed by dexmedetomidine administration
(infusion at 5 μg·kg-1·hr-1). All rats were euthanized at the
8th hour of endotoxin infusion. Histopathological examinations were performed on liver tissues.

Sıçanlar randomize olarak dört gruba ayrıldı. Kontrol grubu (grup I, n=10), herhangi bir tedavi almadı. Deksmedetomidin grubuna (grup II, n=10) ve sepsis/deksmedetomidin grubuna (grup IV, n=10) 5 µg·kg-1·s-1 deksmedetomidin infüzyonu yapıldı. Sepsis, sepsis grubu (grup III,
n=10) ve sepsis/deksmedetomidin grubuna kuyruk veninden E. Coli verilerek oluşturuldu. Tüm sıçanlara sepsisin
8. saatinde sakrifiye edildikten sonra orta hat laparotomisi
uygulandı. Sıçanların karaciğerleri histopatolojik inceleme için eksize edildi ve doku değişikliklerinin varlığı açısından incelendi.

RESULTS

Sepsis grubundaki değişiklikler merkezi venöz konjesyon,
hepatik sinüzoitlerde konjesyon ve dilatasyon ve portal
alanda enflamasyondu. Bu parametreler sepsis/deksmedetomidin grubunda daha az olarak gözlendi. Sepsis ve sepsis/deksmedetomidin grubunda istatistiksel olarak anlamlı
farklılık bulundu (p<0,001).

In the liver, central venous congestion, congestion and dilation of the hepatic sinusoids and inflammation of the portal
tracts were noted in the Sepsis Group. These parameters
were seen slightly in the Sepsis/Dexmedetomidine group.
There was a statistically significant difference between the
Sepsis and Sepsis/Dexmedetomidine Groups (p<0.001).
CONCLUSION

BULGULAR

SONUÇ

Dexmedetomidine has a protective effect on liver tissues
during experimental sepsis in the rat. We propose that dexmedetomidine sedation may be useful in the therapy of the
liver dysfunction associated with sepsis and in other diseases related to local or systemic inflammation.

Deksmedetomidin sıçanlarda deneysel olarak geliştirilmiş
sepsiste karaciğer organ işlev bozukluğunu engellemektedir. Biz deksmedetomidin sedasyonunun sepsise bağlı karaciğer işlev bozukluğunda ve diğer hastalıkların lokal veya sistemik enflamasyonunda yararlı etkisi olabileceği görüşündeyiz.
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Sepsis ranks as the leading cause of death in intensive care units, and despite intense efforts to improve
survival, mortality rates have changed only minimally
over recent decades.[1,2] It is a common complex clinical syndrome that results from a harmful host response
to infection, in which foreign bacteria and lipopolysaccharide (LPS) are potent activators of different immune
cells through stimulation of receptors on their surface.
[3,4]
Given that Gram-negative bacteria normally colonize the colon, the body has developed strong defensive mechanisms that tightly regulate the entry and
processing of LPS.[5,6] LPS (endotoxin) induces extensive damage to a variety of organs, including the liver,
due to the increased production of reactive oxygen intermediates and a resultant rise in lipid peroxidation.[7,8]
Dexmedetomidine is a new sedative agent that has
received Food and Drug Administration approval for
use in intensive care units for sedation.[9] It is a novel
lipophilic imidazole derivative with a higher affinity
for [alpha] 2-adrenoceptors than the prototype drug
clonidine.[10] Other beneficial qualities were its anxiolytic effect and lack of respiratory depression.[11]
Patients who require long-term sedation in the intensive care unit during sepsis especially need organpreserving anesthetic agents such as dexmedetomidine.
However, only a few reports, lacking the evidence
of histopathologic verification, have been published
about the effects of dexmedetomidine during endotoxemia and endotoxic shock. The purpose of this study
was to demonstrate the effect of dexmedetomidine on
histopathologic alterations during sepsis in rats.

MATERIALS AND METHODS
Our study protocol was reviewed and approved by
the Ethical Committee for Animals of Trakya University (Edirne, Turkey). Female Wistar rats weighing
230-285 g at the age of 6 weeks were obtained from
the Institute for Experimental Medicine, Trakya University. All animals were acclimatized for 7 days prior
to experimentation in the laboratory of the mentioned
institute, which was maintained at 22±2°C and a relative humidity of 55± 10% in a constant 12 h dark/light
cycle. The rats were housed in standard wire cages and
fed with standard rodent chow and UV sterilized tap
water. The approval of the Ethical Review Committee of the Faculty was obtained, and the experimental
procedures in this study adhered to the Declaration of
Helsinki for the care and use of laboratory animals.
Experimental Protocols
The animals were allocated randomly to one of
four groups, two of which received endotoxin.
Sepsis Group (n:10): Endotoxemia was induced
by a bolus injection of Escherichia coli LPS derived
from E. coli 0111:B4 (E. coli serotype 0111:B4-SigCilt - Vol. 16 Sayı - No. 2

ma), which was injected intravenously at 15 mg/kg
over 2 minutes.
Control Group (n:10): The animals in this group
received an infusion of 0.9% saline (1.0 mL·kg-1·hr-1)
intravenously. Dexmedetomidine Group (n:10): This
group was not exposed to endotoxin. The animals in
this group received a bolus injection of 0.9% saline
(1.0 mL/kg), followed by dexmedetomidine administration via the tail vein (infusion at 5 μg·kg-1·hr-1).
Dexmedetomidine-Sepsis Group (n:10): Endotoxemia was induced as in the Sepsis Group, and dexmedetomidine was administered as in the Dexmedetomidine Group.
Histological Examination
All rats were sacrificed at the 8th hour of endotoxin
infusion by overdose of sodium pentothal (200 mg/kg,
intramuscularly), and then midline laparotomy was
performed.
Resected liver specimens of each rat in all groups
were fixed in 10% buffered formaldehyde for 24 hours
and embedded into paraffin after 16 h of alcohol process. 5 µm thick sections were obtained from the paraffin blocks and stained with hematoxylin and eosin.
Each slide was examined under a light microscope by
the same pathologist, who was blinded to the study
group allocations. Central venous congestion, congestion and dilation of the hepatic sinusoids and inflammation of the portal tracts were noted and graded
from 0 to 3, with “0” indicating no change, “1” slight
change, “2” moderate change and “3” severe change.
A sum of all grades was regarded as total score, which
ranged between 0-9.
Statistical Analysis
The results were expressed as mean±SD. The Kruskal-Wallis test was used to compare differences among
groups and then the Student-Newman-Keuls post-hoc
test was used when a significant difference was found.
A p value <0.05 was considered statistically significant.
Statistica 7.0 (StatSoft Inc. Tulsa, OK, USA) statistical
software was used for statistical analyses.

RESULTS
No mortality was observed in the Control, Dexmedetomidine and Dexmedetomidine/Sepsis Groups.
There were two mortalities in the Sepsis Group. Because the number of rats in each group was small, a
statistical comparison was not performed to evaluate
mortality.
According to the total scoring of pathological
changes in the liver, tissues scores were 0.30±0.67 in
the Control Group, 1.80±0.92 in the Dexmedetomidine
Group, 5.70±0.95 in the Sepsis Group, and 2.80±1.48
in the Sepsis/Dexmedetomidine Group. According to
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Table 1. Changes in central venous congestion, congestion and dilation of the hepatic sinusoids and inflammation of the
portal tracts
Control group
(n=10)

Dexmedetomidine group
(n=10)

Sepsis group
(n=8)

Sepsis/
Dexmedetomidine group
(n=10)

p

Central venous
congestion

0.20±0.42†

0.80±0.63†‡

2.40±0.52‡

1.00±0.82†‡

<0.001

Congestion and
dilation of the
hepatic sinusoids

0.10±0.32†#

0.10±0.32†#

1.40±0.52‡

1.00±0.47†‡

<0.001

Inflammation of
the portal tracts

0.00±0.00†

0.90±0.32†‡

1.90±0.57‡

0.80±0.63†‡

<0.001

Total score

0.30±0.67†#

1.80±0.92†#‡

5.70±0.95‡

2.80±1.48†‡

<0.001

Central venous congestion, congestion and dilation of the hepatic sinusoids and inflammation of the portal tracts were noted and graded from 0 to 3 with “0” indicating no change, “1” slight change, “2” moderate change and “3” severe change. A sum of all grades was regarded as total score, which ranged between 0-9.
† p<0.001 compared with Sepsis Group; ‡ p<0.001 compared with Control Group; # p<0.001 compared with Sepsis/Dexmedetomidine Group.

the mean of total scoring of tissue alteration, there was
a statistically significant difference between all groups
(p<0.001). Results of all statistical analyses are shown
in Table 1. The tissue alterations consisted of central
venous congestion, congestion and dilation of the hepatic sinusoids and inflammation of the portal tracts,
and were statistically significant between the Control
Group and other groups (p<0.001) (Fig. 1a).
Four rats showed severe central venous congestion
while all others showed moderate congestion in the

(a)

(d)
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(b)

(e)

central veins in the Sepsis Group (Fig. 1b). Three rats
showed moderate and four rats showed slight venous
congestion in the Dexmedetomidine/Sepsis Group
(Fig. 1c). There was a statistically significant difference between the Sepsis and the Dexmedetomidine/
Sepsis Groups with respect to the central venous congestion parameter (p<0.001) (Table 1).
Sinusoidal congestion was moderate in four rats
and slight in six rats in the Sepsis Group. Nine rats
in the Dexmedetomidine/Sepsis Group showed slight

(c)
Fig. 1. (a) Liver tissue of the Control
Group without congestion and inflammation (H-E x 100). (b) Severe
sinusoidal and venous congestion
in the Sepsis Group (H-E x 100).
(c) Slight sinusoidal and venous
congestion in the Sepsis/Dexmedetomidine Group (H-E x 100). (d)
Prominent mononuclear infiltration of the portal tract of the Sepsis Group (H-E x 200). (e) A few
lymphocytes and plasmacytes in
the portal tract of the Dexmedetomidine/Sepsis Group (H-E x 200).
Mart - March 2010

The effect of dexmedetomidine on liver histopathology in a rat sepsis model

congestion and one moderate change, and there was a
statistically significant difference between these two
groups in this parameter (p<0.001) (Table 1).
There was slight or moderate portal inflammation
in all livers of the Sepsis Group (Fig. 1d). There was
only one moderate portal inflammation in the Dexmedetomidine/Sepsis Group (Fig. 1e). There was a
statistically significant difference between the Sepsis
and the Dexmedetomidine/Sepsis Groups in the portal
inflammation parameter (p<0.001) (Table 1).
Generally, slight edema accompanied the inflammation in the portal tracts; inflammatory cells were
of mixed type, composed of lymphocytes, eosinophil
leukocytes and neutrophil leukocytes, in a decreasing order of frequency. Two rats in the Sepsis Group
showed zone 3 necrosis and one rat in the Dexmedetomidine/Sepsis Group showed hemorrhage in some
portal areas.

DISCUSSION
In our study, we demonstrated the protective effect
of dexmedetomidine on liver tissue in septic animals.
We hypothesized that dexmedetomidine may attenuate the liver damage associated with sepsis, shock, and
other diseases related to local or systemic inflammation.
Lipopolysaccharide (LPS) is able to stimulate the
synthesis or release of interleukin (IL)-1, IL-6, or tumor necrosis factor-alpha (TNF-α).[12,13] Other lines of
evidence have shown that nuclear factor-κB (NF-κB)
plays an important role in inflammatory responses
through the regulation of genes encoding proinflammatory cytokines and inducible enzymes such as inducible nitric oxide synthesis and cyclooxygenase.
[13-15]
The synthesis of cytokines is mediated by NFκB, which is an appropriate target for the treatment of
septic shock because NF-κB-activated gene products
play an important role in the pathogenesis of sepsis.[13]
The activation of the NF-κB transcription family plays
an important role in inflammation through its ability
to induce a transcription of proinflammatory genes.
[13]
This pathway is activated on appropriate cellular
stimulation, most often by signals related to pathogens
or stress.
The inhibitory effect of dexmedetomidine on the
production of TNF-α and IL-6 after endotoxin injection is very interesting. Circulating endotoxin induces
the release of cytokines such as TNF-α and IL-6, which
can produce hypotension and metabolic acidosis.[16-18]
Several investigators have published reports on the
effects of dexmedetomidine and [alpha] 2-adrenergic
receptor agonists on cytokines.[19-22] In vitro, paminoclonidine, an [alpha] 2-adrenoceptor agonist, suppressed IL-6 production,[19] and clonidine suppressed
TNF-α production of monocytes.[20] Moreover, [alCilt - Vol. 16 Sayı - No. 2

pha] 2-adrenoceptor agonists modulated LPS-induced
TNF-α production on macrophages.[21] Taniguchi and
colleagues[23] demonstrated that dexmedetomidine has
an inhibitory effect on cytokine responses to endotoxemia. Memis et al.[24] found that the dexmedetomidine
infusion decreased cytokine production in sepsis.
Sepsis, as a leading problem of mortality in intensive care units and emergency departments, must
be treated urgently. The main causes of mortality
and morbidity in sepsis are multiple organ dysfunction syndrome (MODS) with renal and hepatic damage. Liver dysfunction has a primary and progressive
effect on MODS due to its being both the source of
inflammatory mediators and the target organ affected
by inflammatory mediators. In our study, we investigated whether or not dexmedetomidine prevents liver
damage in septic animals. We found that dexmedetomidine decreases central venous congestion, congestion and dilation of the hepatic sinusoids and inflammation of the portal tracts. Our findings demonstrated
that, even in an in vivo experiment, dexmedetomidine
protected against liver damage in endotoxemia. These
findings suggest that one of mechanisms of the antiinflammatory effects of dexmedetomidine may be the
modulation of cytokine production by macrophages
and monocytes.
The aim of this study was to demonstrate the effect of dexmedetomidine on liver histopathology during experimental sepsis in rats. We propose that dexmedetomidine may have a protective effect on liver
damage in sepsis, shock, and other diseases associated with local or systemic inflammation. The liver
damage during sepsis and treatment modalities have
been studied numerous times in experimental models.
While previous studies have shown the antagonist effect of dexmedetomidine on inflammatory mediators,
this pilot work provides additional information on the
effect of dexmedetomidine on liver histopathology
during endotoxemia. Nonetheless, randomized studies
with larger numbers of animals, different dosages of
medications, and measurement of biochemical markers of liver function and cytokines are needed to better
clarify the role of dexmedetomidine in sepsis.
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