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ABSTRACT
BACKGROUND: Several animal studies showed benefi cial effects of thoracic epidural anesthesia (TEA) in hip-
pocampal, mesenteric and myocardial IR injury (2–4). In this study, we investigated the effects of epidural bu-
pivacaine on hepatic ischemia reperfusion injury in a rat model.
MATERIAL AND METHODS: Eighteen rats were randomly divided into three groups each containing 6 animals. 
The rats in Group C had sham laparotomy. The rats in the Group S were subjected to liver IR through laparotomy 
and 20 mcg/kg/h 0.9 % NaCl was administered to these rats via an epidural catheter. The rats in the Group B 
were subjected to liver IR and were given 20 mcg/kg/h bupivacaine via an epidural catheter. Liver tissue was 
harvested for MDA analysis, apoptosis and histopathological examination after 60 minutes of ischemia followed 
by 360 minutes of reperfusion. Blood samples were also collected for TNF-α, IL-1β, AST and ALT analysis.
RESULTS: The AST and ALT levels were higher in ischemia and reperfusion group, which received only normal 
saline via the thoracic epidural catheter, compared to the sham group. In the ischemia reperfusion group, which 
received bupivacaine via the epidural catheter, IL-1 levels were signifi cantly higher than in the other groups. 
TNF-α levels were higher in the Groups S and B compared to the sham group. Bupivacaine administration in-
duced apoptosis in all animals.
CONCLUSION: These results showed that thoracic epidural bupivacaine was not a suitable agent for prevent-
ing infl ammatory response and lipid peroxidation in experimental hepatic IR injury in rats. Moreover, epidural 
bupivacaine triggered apoptosis in hepatocytes. Further research is needed as there are no studies in literature 
investigate the effects of epidural bupivacaine on hepatic ischemia reperfusion injury (Tab. 3, Fig. 3, Ref. 34). 
Text in PDF www.elis.sk.
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Introduction

Hepatic ischemia-reperfusion (IR) injury often arises during 
perioperative period of an extensive hepatobiliary surgery. Tole-
do-Pereyra et al (5) identifi ed hepatic IR injury as an important 
pathological process during an experimental liver transplantation. 
Two prominent mechanisms –microcirculatory distruption and in-
trahepatic infl ammatory burst- are suspected in hepatic injury (6, 
7). Ischemia and reperfusion may cause lethal hepatocyte injury 
or postoperative liver dysfunction. It is thought that sympathetic 
nerve activity has a triggering role in injury and infl ammatory pro-
cesses. In contrast, protective effects of sympathetic denervation 
in liver injury was shown (8, 9). There is an increasing evidence 
indicating both α- and β-adrenoreceptors damage hepatic and im-
mune functions (10, 11). 

Although the exact mechanism of its effects on splanchnic 
blood fl ow is not known, thoracic epidural anesthesia (TEA) may 
be protective against splanchnic hypo-perfusion. Recently, TEA 
has also been shown to ameliorate organ injury and improve out-
come in sepsis, cardiovascular mortality and necrotizing pancre-
atitis (12-14). In the present study, it was hypothesized that TEA 
would increase liver blood fl ow due to the increase in splachnic 
perfusion and thus reduce the IR damage. The aim of this study 
was to investigate the effects of thoracic epidural bupivacaine 
against the IR damage in the liver via measuring the changes in 
AST, ALT, TNF-α, IL-1β and MDA levels and investigating the 
histopathological changes in liver tissue.

Methods

The experimental protocol used for this study was approved by 
the Ethics Committee for Laboratory Animals of Gazi University 
and was performed in the Experimental Research Laboratory in 
Gazi University Hospital.

Eighteen male Wistar rats weighing 250–330 grams were used 
in this study. Rats were kept in separate cages, in 12 hour light 
and dark cycles at the room temperature of 24 ºC. They had free 
access to standard rat chow and water.
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Experimental groups
Rats were randomly divided to three groups: Group S (n = 6) 

was the sham group. Group IR (n = 6) was the control group. Af-
ter the induction of general anesthesia, an epidural catheter was 
placed and 20mcg/kg/h of 0.9 % NaCl was administered via this 
catheter. After this procedure, laparotomy was performed and IR 
was induced by the procedure explained below. Group IR-B (n 
= 6) was the Bupivacaine group. After the induction of general 
anesthesia and the administration of 20mcg/kg/h Bupivacaine 
(Marcain® 1 ml = 5mg Astra Zeneca, İstanbul, Türkiye) via an 
epidural catheter, IR was induced. General anesthesia was induced 
by 50 mg/kg Ketamin (Ketalar® 1 mL = 50 mg, Pfi zer, Istanbul, 
Türkiye) and 2.5 mg/kg Xsylazin (1 mL = 20mg, Egevet, Izmir, 
Türkiye) The rats were hydrated via a 24 Gauge catheter placed 
into the tail vein.

Epidural catheterization
Epidural catheterization was performed using a microsurgical 

technique. Briefl y, each rat was placed in the prone position. The 
lumbar vertebral column was fl exed by placing a cylinder trans-
versely under the lower abdomen. The fourth lumbar spinal process 
was exposed and cut. A small hole was drilled through the cranial 
margin of the intervertebral space L3 to 4. Epidural catheters (A 
PE 10 tube with 0.61 mm outer diameter) were inserted at L3 to 4 
and advanced to T6. A repeated negative aspiration test excluded 
subdural position of the catheter. Correct positioning of the epi-
dural catheter was confi rmed after the completion of the experi-
ment by autopsy. All catheters were sutured to the fascia, tunneled 
under the skin, exteriorized at the neck, and protected by a swivel 
device. The epidural catheter dead-space (28 L) was fi lled with 
bupivacaine 0.5 % or saline 0.9 % according to group assignment.

Induction of ischemia and reperfusion
A midline laparotomy was performed; hepatic artery in the 

left portal triad was identifi ed and clamped with a microvessel 
clip (Harvard Apparatus, Inc., Holliston, MA). Epidural infusions 
started as continuous infusion (20 mcg/kg/h of saline 0.9 % and 
20 mcg/kg/h of bupivacaine 0.5 %) and continued until the end 
of the reperfusion period. During the period of ischemia, the ab-
dominal wall incision was kept closed to prevent heat and fl uid 
loss. The swivel device allowed continuation of the infusion during 
the reperfusion period and unrestricted movement of animals in 
the cage. After 1 hour of ischemia, the vascular clip was removed 
from the hepatic artery in the left portal triad to permit reperfusion, 
return of pulse, and the reestablishment of pink color. During the 
reperfusion phase, the intestines were returned to the abdominal 
cavity, and the laparotomy incision was closed in layers. A reperfu-
sion period was maintained for 360 min. After this period, 4–5 ml 
blood was collected via intracardiac puncture, then all rats were 
sacrificed and liver tissues were quickly removed.

Liver function tests
Serum levels of AST, ALT were measured with standard meth-

ods using commercial kits in Beckmann Olympus AU2700 auto-
analyser.

Cytokine measurement
The blood samples were obtained and placed in microcentri-

fuge tubes, and the plasma was separated by centrifugation, imme-
diately frozen, and stored at 80 °C until the time of assay. Plasma 
TNF-α, and IL-1β levels were detected in a 96-well microtiter plate 
with a commercial enzyme-linked immunosorbent assay (ELISA) 
kit (eBioscience®) according to the manufacturer’s guidelines. All 
samples were tested in duplicate. The plate was read on ELX800 
automated microplate readers at 450 nm. The concentrations of 
TNF-α, and IL-1β were calculated from a standard curve and 
expressed in picogram per milliliter (pg/mL). The lower limit of 
detection for ELISA was 8 to 16 pg/mL. 

Processing and preparation of tissue
The tissue specimens were rapidly excised, washed in ice-

cold normal saline, blotted, frozen in liquid nitrogen, and stored 
at −80 °C until use. 10 % (w/v) homogenation of liver tissues 
were made in Tris-HCl (0.1 M, pH 7.4) using an ice-chilled glass 
homogenizing vessel in a homogenizer fi tted at 15 000 rpm. The 
suspended mixture was centrifuged at 1000 g for 10 min at 4 °C 
in a refrigerated centrifuge.

Liver MDA activity assay
The extent of lipid peroxidation was determined as the con-

centration of thiobarbituric acid reactive substances (TBARS), 
according to the method of Ohkawa et al (15). Briefl y, 100 μL of 
liver homogenates or MDA standards were pipetted into test tubes 
containing 1.5 mL of 20 % (w/v) glacial acetic acid (pH 3.5), 200 
μL of 8.1 % (w/v) sodium dodecyl sulphate (SDS), 1.5 mL of 0.8 % 
(w/v) thiobarbituric acid (TBA) and 250 μL of distilled water. The 
test tubes were incubated at 95 °C for 60 minutes with a marble on 
top of each test tube. After incubation, the test tubes were cooled 
and then centrifuged at 4000 × g for 10 minutes. The amount of 
malondialdehyde (MDA) formed was measured spectrophoto-
metrically at 532 nm. 1,1,3,3-Tetraethoxypropane (TEP), a form 
of MDA, was used as standard in this assay. TBARS concentration 
was expressed as nmol of MDA per mg protein.

Histological determinations
All of the specimens were fi xed in 10 % buffered neutral for-

malin and embedded in paraffi n. To visualize myocardial lesions 
at different levels, the entire heart was cut into four segments from 
apex to bottom. The segments were embedded in paraffi n and 4-μm 
thickness cross-sections were cut from each segment.

The slides were stained with Hematoxylin-Eosin (Bio-optica, 
Milano, Italy) for the evaluation of the tissues’ histological features. 
The slides were evaluated under a light microscope for apoptosis, 
infl ammatory activity and IR injury.

Statistical analysis
Statistical analysis was performed by using the SPSS 17.0 

packet program. Continuous variables were expressed as the mean 
± SD. Values of p < 0.05 were accepted as signifi cant. In order to 
identify normal or abnormal distributions, Shapiro-Wilk test was 
used. One way ANOVA was used in normally distributed indepen-
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dent data. Signifi cant differences between parameters in the same 
group were analyzed with Bonferroni test. Chi-square or Fisher 
Exact Chi-square tests were used for evaluating infl ammatory ac-
tivity, apoptosis and ischemia-reperfusion damage. 

Results

Biochemical fi ndings
We found signifi cant differences between groups in terms of 

AST enzyme levels (p = 0.009). AST levels were signifi cantly 
higher in the Group S than Group C (p = 0.001) (Tab. 1). Also, 
signifi cant differences were found between groups in terms of ALT 
enzyme levels (p = 0.018). ALT levels were higher in the Group S 
than the Group C (p = 0.022) (Tab. 1). There were signifi cant dif-

ferences between the groups in terms of IL-1β levels (p < 0.0001). 
IL-1β levels in the Group S and B were signifi cantly higher than 
in the Group C (p = 0.045, p < 0.0001, respectively) (Tab. 1).

We found signifi cant inter-group differences in TNF-α levels 
(p = 0.001). TNF-α levels were signifi cantly higher in the Group 
B than in the Group C and S (p = 0.001. p < 0.0001, respectively) 
(Tab. 1).

We couldn´t fi nd any signifi cant differences between study 
groups in terms of tissue MDA levels (p = 0.216) (Tab. 2).

Histopathological fi ndings
We found normal hepatic tissue microanatomical characteris-

tics in histological evaluation of specimens belonged to all study 
animals. In the group S, only in a single animal we found cellu-

Group C
(n=6)

Group S
(n=6)

Group B
(n=6)

p**

AST (U/L) 242.67±93.14  
(155–393)

1981.50±964.33* 
(523–3176)

1344.17±1075.70 
(496–3344)

0.009

ALT (U/L) 82.83±20.20
(62–120)

2268.00±945.64*
(704–3400)

1780.67±1887.17
(526–5322)

0.018

IL –1 beta (pg/mL) 8.07±4.54 
(2.83–13.32)

24.84±14.88 
(3.78–43.10)

58.96±16.58*.& 
(36.35–76.13)

<0.0001

TNF alfa (pg/mL) 12.54±4.18 
(9.07–18.21)

33.31±14.35* 
(17.37–59.49)

50.91±17.04* 
(28.23–70.60)

0.001

p** p < 0.05 with ANOVA, * p < 0.05: Compared to Group C, & p < 0.05: Compared to Group S

Tab. 1. AST, ALT, IL-1β ve TNF-α levels in study groups (mean ±SS).

Group C
(n=6)

Group S
(n=6)

Group B
(n=6)

p**

MDA 120.63±4.80
(116.20–127.40)

126.10±9.30 
(114–141.40)

127.87±6.43 
(119–137.20) 0.216

p** p < 0.05 with ANOVA, * p < 0.05: Compared to Group C, & p < 0.05: Compared to Group S

Tab. 2. Tissue MDA levels in rat hepatic tissue specimens (mean ± SS).

Group C
(n=6)

Group S
(n=6)

Group B
(n=6)

p**

Infl ammatory activity (exist/absent) 0/6 0/6 0/6 –
Apoptosis  (exist/absent) 6 (100)/0 5 (83.3)/1(16.7) 0/6(100)*& < 0.0001
IR injury (exist/absent) 6 (100)/0 5 (83.3)/1(16.7) 3 (50)/3(50) +0.069
p** p < 0.05 with Chi Square test, * p < 0.05: Compared to Group C, & p < 0.05: Compared to Group S

Tab. 3. Histopathological data of rat hepatic tissue (n %).

Fig. 1. Normal liver parenchyma. Fig. 2. Apoptotic bodies. Fig. 3. Irregular sinusoidal dilatations around 
central vein.
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lar damage fi ndings including a congestion around portal fi elds, 
nuclear loss of hepatocytes, appearance of collapsed and irregular 
hepatocyte lines. In the group B, cellular damage fi ndings were 
found in 3 animals. Additionally, in this group we found apoptotic 
objects in forms of cell groups or necrotic single cells. Irregular 
sinusoidal dilatations were partly identifi ed around the central 
veins. Also mitotic fi gures – refer to regenerative hepatocyte activ-
ity- were identifi ed. Histopathological fi ndings are represented in 
Table 3. Also, microscopical appearances of specimens are showed 
in Figures 1, 2 and 3.

Discussion

In this study, we hypothesized that epidurally infused bupi-
vacaine (0.5 %) would protect hepatic tissue against ischemia re-
perfusion injury via increasing splanchnic and hepatic perfusion 
that was proven in previous experimental model (16). However, 
our fi ndings have suggested that epidural bupivacaine -in con-
trast to our hypothesis- resulted in an increased systemic infl am-
matory response, lipid peroxidation in liver tissue and apoptosis 
of hepatocytes.

An increased sympathetic nerve activity is one of the leading 
factor in hepatic injury and immune response. Triggered intrahe-
patic infl ammation and liver injury secondary to increased sym-
pathetic system activation were shown in different experimental 
studies, while decreased sympathetic activation was defi ned as a 
preventing factor in hepatic injury (9–11). 

Thoracic epidural anesthesia (TEA) blocks sympathetic tone, 
denervates afferent sensorial nerves and results in regional anes-
thesia and analgesia. There is an increasing evidence that shows 
benefi cial effects of TEA in various experimental in vitro, in vivo 
studies conducted for clinical entities include sepsis, IR injury, 
cardiovascular mortality, necrotizing pancreatitis, infl ammatory 
processes (12–14, 17). However, in contrast to supporting data 
there are several reports that showed no benefi cial effects of TEA 
in experimental models of infl ammation and IR (18–21). 

Wei et al (18) designed an in vitro experiment with activated 
human umblical vein endothelial cells (HUVEC) in order to in-
vestigate different doses of lidocaine effect on infl ammation. The 
authors reported that high dose lidocaine (0,5 mg/mL) reduced the 
IL-1 β, IL-6 and IL-8 concentrations while low dose (0.005 mg/
ml) lidocaine couldn’t make any effective decrement in plasma 
concentrations of ICAM-1, IL-1β,IL-6 and IL-8. Similarly, we 
found that epidural bupivacaine at clinical doses couldn’t exert 
any anti-infl ammatory effect that presented with increased plasma 
IL-1β levels.

Huang et al (20) investigated anti-infl ammatory effects of bu-
pivacaine on murine macrophages that incubated with lipopolysac-
caride (LPS) alone (100 ng/ml) or LPS plus bupivacaine (1, 10 or 
100 mikroM). They reported that bupivacaine signifi cantly inhib-
ited the COX-2 transcription and PGE (2) production in a dose-
dependent manner. Also, they showed that bupivacaine inhibited 
TNF-alpha, IL-1beta, and IL-6 production triggered by LPS in a 
dose dependent manner. Another interesting fi nding of this study 
was not achieved a signifi cant bupivacaine effect on endotoxin 

induced IL-10 production. In contrast to these fi ndings, we found 
that epidurally administered bupivacaine caused an increased 
TNF-α and IL-1β levels in hepatic IR rat model.

In another in vitro study Kiefer et al (21) designed the Staphy-
lococcus aureus added infl ammation model; and they showed a 
reduced reactive oxygen species generation, CD11b expression and 
decreased granulocyte phagocytosis activity with lidocaine and 
bupivacaine treatments only at the highest concentrations (1846 
μM and 770 μM respectively). According to these results of dif-
ferent investigations, we can state that different local anesthetic 
agents exert different anti-infl ammatory effects in a dose depen-
dent manner and these anti-infl ammatory effects may be achieved 
only with the highest in vitro doses of agents.

Lipid peroxidation secondary to reactive oxygen species is one 
of the major factors that leads IR injury. Malondialdehyde is an 
end-product in lipid peroxidation (22). In our study, we couldn’t 
show any differences between the study groups in terms of tissue 
MDA levels. In contrast to our fi ndings, Bedirli et al (23) showed 
strong anti-infl ammatory effects of 20 mcL/h epidurally admin-
istered bupivacaine at 0.5% concentration in a mesenteric IR rat 
model. They showed that bupivacaine reduced plasma TNF-α, 
IL-6, IL-1β and tissue MDA levels signifi cantly. Also, infl amma-
tion related apoptosis was signifi cantly decreased with bupiva-
caine treatment. 

Several studies showed a strong correlation between bupiva-
caine and cellular apoptosis via inhibition of complex I in mito-
chondria, impairing oxidative phosphorylation which resulted in a 
reduced ATP production and disrupting mitochondrial membrane 
potential (24, 25). Although the exact mechanism is not known, 
it ss thought that local anesthetic induced apoptosis was related 
to mitogen activated protein kinase pathway (26, 27). Boselli et al 
(28) and Castro et al (29) showed a signifi cant relationship between 
local anesthetic related neurotoxicity and cellular apoptosis. Simi-
larly, Park et al (30) reported that bupivacaine induced schwann 
cell apoptosis, while in another study, Lu et al (31) showed a cor-
relation between bupivacaine treatment and mitochondrial apop-
tosis. In our study, we found a signifi cant hepatocyte apoptosis in 
bupivacaine group correlated to previous studies conducted by 
Park et al and Lu et al (30, 31).

Lee et al (32) investigated the effects of various local anesthet-
ics (lidocaine 5 %, bupivacaine 1 –0.5 % and tetracaine 2.5 %) 
on systemic infl ammation and renal functions in a renal IR injury 
model. They concluded that continuous infusion of bupivacaine 
1% resulted in an impaired renal functions at 24th and 48th hours 
of IR. Additionally, in all local anesthetic groups, the apoptosis 
rates (lidocaine, bupivacaine and tetracaine respectively), mRNA 
-coding ICAM-1 and TNF alfa- expression were signifi cantly 
higher than in the control group. In the bupivacaine 0.5% group, 
renal functions were protected in contrast to other study groups. 
Another interesting fi nding of this study was an unchanged IL-
1β expression rate in all study groups. In our study, we couldn’t 
fi nd any differences for IL-1 β levels between the bupivacaine 
and control groups. However, apoptosis rates were signifi cantly 
higher in the bupivacaine 0.5 % group than rates noted in sham 
and control groups.
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Freise et al (33) investigated the effects of bupivacaine 0.5 % 
(15 mcl/h continuous infusion via thoracic epidural route) on rat 
caecal ligation and perforation induced sepsis model. The results 
of this study indicated that TEA treatment with bupivacaine 0.5 
% was ineffective in the restoring sepsis induced sinusoidal va-
soconstriction, sinusoidal leukocytes adhesion, increased TNF-α 
levels and increased serum ALT, AST levels. Another study con-
ducted by Freise et al (34) showed ameliorated apoptosis rates 
in experimentally induced pancreatitis treated with continuous 
infusion of thoracic epidural bupivacaine (0.5 % concentration, 
15 mcl/h infusion rate) in rats. In addition, they showed an ame-
liorated sinusoidal vasoconstriction with bupivacaine treatment. 
In contrast to this study, we showed high apoptosis rates in all 
bupivacaine treated (0.5 % concentration, 20 mcg/kg/h infusion 
rate) rats.

In summary, there are confl icting results regarding the tho-
racic epidural bupivacaine treatment in experimental IR injury 
and sepsis models designed for various organ systems. Accord-
ing to these data, we can state that one explanation of these dif-
ferent results may be the different experimental designs –drug 
concentration, IR injury modal, time interval between IR and 
scarifi cation etc- of investigations. Additionally we believe that 
the obtained results may vary depend on the liver is primarily or 
secondarily affected organ. Future studies need to be conducted 
in order to clearly determine thoracic epidural bupivacaine effects 
on hepatic IR injury.
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