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Background/aims: Ischemia-reperfusion injury may occur during liver transplantation and remains a serious concern in clinical
practice. This study was designed to study the potential benefit of L-carnitine on experimental warm hepatic ischemia-reperfusion in-
Jury in rats. Materials and Methods: Forty-five male Wistar Albino rats were divided into three groups; Group 1 sham-operation wit-
hout ischemia-reperfusion (n=15); Group 2, ischemia-reperfusion (n=15); and Group 3, which was administered L-carnitine (200
mg [ kg, intraperitoneal, for 4 days) prior to ischemia-reperfusion (n=15). The study animals were then sacrificed to obtain hepatic tis-
sue and serum samples. Tissue levels of malondialdehyde and reduced glutathione and serum levels for aspartate aminotransferase,
alanine aminotransferase and lactate dehydrogenase were assessed. Results: Mean aspartate aminotransferase levels were signifi-
cantly higher in Group 2 (405.2 U /L) when compared to Groups 1 (137.1 U/L) and 3 (267.6 U/L). Mean alanine aminotransferase le-
vels were significantly higher in Group 2 (257.1 U/L) when compared to Groups 1 (37.2 U/L), and 3 (118.1 U/L) (p<0.001 for each).
Mean lactate dehydrogenase levels were significantly higher in Group 2 (2943.8 U /L) when compared to Groups 1 (1496.5 U/L), and
3 (2185.3U/L) (p<0.001 for each). Mean malondialdehyde levels were significantly higher in Group 2 (564.3 nmol/g) compared to Gro-
ups 1 (41.0 nmol/g) and 3 (42.1 nmol/g) (p<0.001 for each). Mean reduced glutathione levels were significantly lower in Group 2 (5.9
nmol/mg) and Group 3 (7.4 nmol/mg) compared to Group 1 (9.1 nmol/mg) (p<0.001 for each). Conclusions: In conclusion, our data
supports a protective effect of L-carnitine against oxidative damage in hepatic ischemia-reperfusion injury in rats. This is evidenced by
improvement of the antioxidant defense system and lipid peroxidation levels.
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Karacigerin deneysel iskemi-reperfiizyon modelinde L-Karnitinin oksidatif
hasardan koruyucu roli

Amacg: Iskemi-reperfiizyon hasart klinik pratikte karaciger nakli ile ilgili ciddi bir komplikasyon olmaya devam etmektedir. Bu calis-
ma, sicanlarda deneysel hepatik iskemi-reperfiizyon hasart iizerine L-karnitinin etkisini degerlendirmek i¢in tasarlanmistir. Gereg ve
Yontem: Toplam 45 erkek Wistar albino rat (262-322 gr) 3 gruba ayrildi. Grup 1: sham operasyonu yapilan kontrol grubu (n=15), Grup
2: iskemi-reperfiizyon grubu (n=15), Grup 3: karnitine 200 mg/kg intraperitoneal 4 giin uygulandiktan sonra iskemi-reperfiizyon wy-
gulanan grup (n=15). Sham operasyonu ya da iskemi-reperfiizyon ardindan, sicanlar karaciger doku ve serum oérnekleri elde etmek icin
dekapite edildi. Malondialdehit ve indirgenmis glutatyon doku diizeyleri ile serum aspartat aminotransferaz, alanin aminotransferaz
alanin aminotransferaz ve laktat dehidrogenaz diizeyleri ol¢iilldii Bulgular: Ortalama (SD) aspartat aminotransferaz degerleri Grup
2 (405.2(103.5)U/L) igin Grup 1 (137.1(32.4)U/L) ve Grup 3'den (267.6(56.6)U/L); ortalama (SD) alanin aminotransferaz degerleri
Grup 2 (257(97.7)U/L) i¢in Grup 1 (37.2(6.6)U /L) ve Grup 3'den (118.1(46.7)U/L); ortalama (SD) laktat dehidrogenaz degerleri Grup
2 (2943.8(166.1)U/L) i¢in Grup 1 (1496.5(274.8)U/L) ve Grup 3'den (2185.3(258.7)U/L); ortalama (SD) doku malondialdehit diizey-
leri Grup 2 (54.3(2.8)nmol /gr) i¢in Grup 1 (41.0(1.4)nmol/gr) ve Grup 3'den (42.1(3.8)nmol/gr) anlamli olarak yiiksek bulunmustur
(herbiri i¢gin p<0.001). Ortalama (SD) doku indirgenmis glutatyon diizeyleri Grup 2 (5.9(0.5)nmol /mg) icin Grup 3 (7.4(0.4)nmol / mg)
ve Grup 1'den (9.1(0.6)nmol /mg) anlamli olarak diisiik bulunmustur (herbiri i¢in p<0.001 ). Sonug¢: Bizim verilerimiz L-karnitinin
antioksidan savunma sistemi ve lipid peroksidasyon diizeylerini tyilestirerek oksidatif hasara karsi koruyucu etki gosterdigini ortaya
ctkarmugtir.

Anahtar kelimeler: L-karnitin, hepatik iskemi-reperflizyon hasari, antioksidan, lipit peroksidasyonu
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INTRODUCTION

Hepatic blood supply cessation is a common ma-
neuver used to reduce intraoperative blood loss
during liver resection. While this is very effective
it has also been associated with poor post-operati-
ve hepatic function secondary to ischemia-reperfu-
sion injury (I/R). Ischemia-reperfusion injury oc-
curs secondary to cellular damage in a hypoxic or-
gan and is accentuated following restoration of
oxygen delivery after long durations of ischemia
(1-2).

Hepatic I/R injury has been considered a major
cause of both initial poor function and primary
non-function of liver allograft after transplantati-
on (3-4). Measures to minimize the adverse effects
of I/R injury would be very benefical to patients
undergoing transplant and help to improve allog-
raft survival and function. The exact signaling
pathways and chemical mediators that occur in
I/R injury have yet to be completely identified, but
we do know they are quite complex(4-6). Free oxy-
gen radicals that are produced immediately after
reperfusion play a pivotal role in ischemia-reper-
fusion injury (2). Prior animal studies found that
prevention of oxygen radical pooling via adminis-
tration of free radical scavengers has been benefi-
cial Current therapeutic strategies such as ische-
mic preconditioning or pharmacologic interventi-
ons to increase the ischemic time period without
resultant liver damage during hepatic surgery fo-
cus on prevention of the formation of reactive oxy-
gen species (ROS) have not been conclusive(4-5).

L-carnitine (B-hydroxy-y-N-trimethylammonium-
butyrate) is a essential cofactor in the transport of
long-chain fatty acids from the cytosol to mitoc-
hondria for subsequent B-oxidation and producti-
on of cellular energy. L-carnitine is a natural subs-
tance that has been tested for the prevention of li-
ver damage induced by I/R injury (7-9). L-carniti-
ne is known to play a role in membrane modulati-
on, stabilization, and has anti-apoptotic effects by
suppressing the mitochondrial permeability and
stabilizing free radicals. (9-12). Administration of
L-carnitine or its derivatives were documented to
improve I/R injury of the heart, kidney, skeletal
muscle, and brain (3, 13-16).

The protective effects of L-carnitine against I/R in-
jury in the liver is not well documented as it has
been in for other organ systems such as heart and
kidney. Therefore, this study was designed to eva-
luate the effect of L-carnitine on experimental
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warm hepatic ischemia-reperfusion (I/R) injury in
rats. Our work was undertaken was to determine
whether L-carnitine exerts cytoprotective proper-
ties against ROS-induced cell death in rat hepa-
tocytes.

METHODS

Male Wistar-Albino rats (262-322 g) were housed
in an air-conditioned room at a constant tempera-
ture of 22+2 °C with 12:12 h light/dark cycle and
fed a standard diet and water ad libitum. Only wa-
ter was provided in the 18 hours preceding the ex-
periments. Experimental protocol was approved
by the Baskent University Faculty of Medicine
Animal Care and Use Committee (Project no:
DA99/011).

Rats were divided into three groups. Group 1 (n-
15) was the control group and no operation was
performed. Group 2 (n=15) underwent ischemia-
reperfusion injury, and Group 3 (n=15) was admi-
nistered carnitine followed by ischemia-reperfusi-
on. I/R injury was induced by creating 60 min of
ischemia followed by 2 h reperfusion before hepa-
tectomy. In Group 3, carnitine (Carnitene, Santa
Farma, 1g/5 ml ampul) was administered for 4
days (200 mg/kg, intraperitoneal) prior to I/R in-
jury.

All procedures were performed with the animals
under anesthesia (90 mg/kg ketamine and 10
mg/kg chlorpromazine; intramuscularly). An ab-
dominal midline incision was used to perform a
hepatectomy. Total hepatectomy was performed
after I/R in groups 2 and 3 and immediately in gro-
up 1. To induce I/R injury the portal vein was occ-
luded for 60 min and then subjected to reperfusi-
on for 2 h. One rat in group 2 and 2 rats in group
3 died during the I/R period and were excluded
from the study.

The animals were sacrificed after 2 hours of reper-
fusion; blood samples were drawn from the supra-
hepatic vena cava by a fine needle, then centrifu-
ged at 3000 rpm for 3 minutes and kept at -70 °C
until analysis of serum. Serum aspartate aminot-
ransferase (AST), alanine aminotransferase (ALT)
and lactate dehydrogenase (LDH) levels were me-
asured in this study. Liver tissue samples obtai-



ned from each animal were stored at -86 °C for the
analysis of malondialdehyde (MDA) and glutathio-
ne (GSH) levels.

Serum LDH, AST and ALT levels were determi-
ned spectrophotometrically using an automated
analyzer.

Hepatic protein concentration was measured
using the method described by Lowry et al (17).
For measurement of MDA and reduced GSH, tis-
sue samples were homogenized with ice-cold 0.15
M Potassium Chloride. The MDA levels were assa-
yed for products of lipid peroxidation by monito-
ring thiobarbituric acid reactive substance
(TBARS) formation as described previously by
Buege and Aust (18). Lipid peroxidation was ex-
pressed in terms of MDA equivalents using an ex-
tinction coefficient of 1.56x105 M-1 cm-1 and the
results are expressed as nmol MDA/g wet tissue.
Glutathione measurements were performed using
a modification of the Ellman procedure (19). Bri-
efly, after centrifugation at 2000 g for 10 min, 0.5
ml of supernatant was added to 2 ml of 0.3 mol/l
Na,HPO,-2H20 solution. A 0.2 ml solution of dit-
hiobisnitrobenzoate (0.4 mg/ml 1% sodium citrate)
was added and the absorbance at 412 nm was me-
asured immediately after mixing. Glutathione le-
vels were calculated using an extinction coefficient
of 1.36x105 M-1cm-1. The results are expressed in
nmol GSH/g tissue.

L-carnitine and hepatic I /R injury

Statistical analysis was performed using compu-
ter software (SPSS version 10.0, SPSS Inc. Chica-
go, IL, USA). Data was expressed as mean (stan-
dard deviation; SD). ANOVA and post-hoc Duncan
tests were used for the analysis of data and p- va-
lue <0.05 was considered statistically significant

RESULTS

Mean (SD) AST levels were significantly higher in
Group 2 (405.2(103.5) U/L) when compared to Gro-
up 1 (137.1(32.4) U/L), and Group 3 (267.6(56.6)
U/L) (p<0.001 for each; Table 1). Mean (SD) ALT
levels were significantly higher in Group 2
((257.1(97.7) U/L) when compared to Group 1
(37.2(6.6) U/L), and Group 3 (118.1(46.7) U/L)
(p<0.001 for each; Table 1). Mean (SD) LDH levels
were significantly higher in Group 2 (2943.8(166.1)
U/L) when compared to Group 1 (1496.5(274.8)
U/L), and Group 3 (2185.3(258.7) U/L) (p<0.001;
Table 1). While highest values for AST, ALT and
LDH were identified in Group 2, levels obtained in
Group 3 were also higher than group 1 (p<0.001,
Table 1).

Mean (SD) MDA levels were significantly higher
in group 2 (54.3(2.8) nmol/g) when compared to
Group 1 (41.0(1.4) nmol/g), and Group 3 (42.1(3.8)
nmol/g) (p<0.001 for each; Table 2). Mean (SD) re-
duced GSH levels were significantly lower in Gro-

Table 1. Serum AST (U/L), ALT (U/L) and LDH (U/L) levels in the control (group 1), I/R (group 2) and carni-

tine+I/R (group 3) groups

Group I Group II Group IIT
(Control) (07439 (Carnitine+I/R)
Mean (SD) Mean (SD) Mean (SD)
AST levels (U/L) 137.1 (32.4) 405.2 (103.5)* 267.6 (56.6)**
ALT levels (U/L) 37.2 (6.6) 257.1 (97.7)* 118.1 (46.7)**

LDH levels (U/L) 1496.5 (274.8)

2943.8 (166.1)*

2185.3 (258.7)**

*p<0.001; compared to group 1 and group 3. **p<0.001; compared to group 1.

Table 2. Hepatic total protein, malondialdehyde (MDA) and reduced glutathione

Group I Group II Group IIT
(Control) (I/R) (Carnitine+I/R)
Mean (SD) Mean (SD) Mean (SD)
Malondialdehyde (MDA) (nmol/g) 41.0 (1.4) 54.3 (2.8)* 42.1 (3.8)
Reduced glutathione (GSH) (nmol/mg) 9.1 (0.6) 5.9 (0.5)** 7.4 (0.4)%*

*p<0.001; compared to group 1 and group 3. **p<0.001; compared to group 1.
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up 2 (5.9(0.5) nmol/mg) and Group 3 (7.4(0.4)
nmol/mg) when compared to Group 1 (9.1(0.6)
nmol/mg) (p<0.001 for each; Table 2).

DISCUSSION

Identification of hepatic dysfunctions via increa-
sed levels for serum AST, ALT and LDH in the I/R
groups indicates that I/R was successfully indu-
ced. While being higher than control group, signi-
ficantly lower levels of serum markers for liver
function in the carnitine plus I/R group compared
with I/R rats without carnitine suggest a protecti-
ve effect of carnitine on liver function. Similarly,
L-carnitine was reported to significantly restore
the changes in enzyme activities (AST, ALT and
GGTP) due to its antioxidant effect and its ability
to act as a radical scavenger. This allows for pro-
tection of membrane permeability in radiation in-
duced hepatic oxidative damage (8).

Liver hypoxia in severe hepatic I/R injury results
in ischemic hepatitis associated with pericentral
liver hypoxia characterized by a dramatic rise in
serum aminotransferase (1). In prior studies the
effects of exogenous L-carnitine on lipid peroxida-
tion and tissue damage in models of I/R injury in
rats, significantly higher levels of ALT and AST
was reported to indicate the success of the experi-
mental model. A decrease in serum aminotransfe-
rases with L-carnitine administration indicated
attenuation of the liver damage (9). It has been
suggested that L-carnitine act as free- radical sca-
venger, and protect cells from reactive oxygen
species (ROS) (7). Previous studies have described
antioxidant properties of carnitine in ageing athe-
rosclerotic rats, hypercholesterolaemic rabbits;
HIV-1-infected subjects and in preventing renal
functional deterioration due to ischemia/reperfusi-
on (7).

Besides being is an absolute requirement for the
transport of activated long chain acyl units into
the mitochondria, L-carnitine also protects aga-
inst ROS by acting as an antioxidant scavenging
hydroxyl radicals and inhibiting hydroxyl radical
formation by the Fenton reaction system (20). Ac-
cordingly, L-carnitine administration was shown
to raise glutathione levels in ischemic and aged
rats and the energy enhancing action of L-carniti-
ne has been accused for the increase in glutathio-
ne status after L-carnitine supplementation. Seve-
ral authors have demonstrated glutathione-pro-
moting action of L-carnitine to support this notion
(7, 21), prior studies have shown a carnitine de-
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pendent reduction in activities of GSH-P and a in-
crease in those of GSH-Red in the liver. Our fin-
dings suggest a significant reduction in tissue
GSH levels in the I/R group. This further suggests
the role of oxidative stress in the I/R injury of he-
patic tissue (7). Although carnitine did not comp-
letely deplete GSH, there was a tendency towards
higher values for reduced GSH in the rats in gro-
up 3 when compared to Group 2. A carnitine de-
pendent reduction in activities of GSH-peroxidase
while increasing those of GSH-Red in the liver in-
dicate the role of oxidative stress in the I/R injury
of hepatic tissue (7).

L-carnitine facilitates the uptake of acetyl-CoA in-
to the mitochondria during fatty acid oxidation,
enhances acetylcholine production, and stimulates
protein and membrane phospholipids synthesis.
L-carnitine has antioxidant activity towards oxi-
dative stress via an inhibition of the increase in li-
pid hydroperoxidation (22). Lipid peroxidation is
thought to be one of the most important consequ-
ences of excessive free radical production that play
a significant role in the mechanism of I/R injury by
damaging structural and functional properties of
cellular organelles (7). The basic mechanism lea-
ding to cellular death is induced by lipid peroxida-
tion in several studies with TBARS levels (do not
abbreviate), expressed in MDA equivalents, reflec-
ting the severity of the lipid peroxidation (7). In-
creased levels of MDA, the principle product of li-
pid peroxidation, occurs in I/R rats without carni-
tine administration indicates the successful inhi-
bition of lipid peroxidation in the rats administe-
red carnitine prior to I/R injury (Group 3).

In an experimental hepatic ischemia-reperfusion
injury model in rats, significantly higher level of
MDA was present in serum and liver tissue in the
I/R group. Administration of L-carnitine at diffe-
rent time periods of the ischemia-reperfusion pro-
cedure was documented to make no significant al-
teration in plasma MDA levels (9). Similarly, a do-
se dependent, superoxide scavenging capacity of
carnitine with a decrease of lipid peroxidation in
liver, heart and kidney ischemia/reperfusion was
reported with an increase of MDA concentration in
the venous effluent after reperfusion (7). Mitoc-
hondrial proteins could be the target for hepatic
toxicity leading to the loss of energy production
and cellular ion control (23). The action of L-carni-
tine in mitochondrial energy production is to faci-
litate the transfer of long-chain fatty acids from
cytosol to mitochondria, thereby playing an impor-



tant role in the production of ATP (24). Indeed, L-
carnitine was shown to increase ATP production
in the myocardium in cisplatin-induced cardiom-
yopathy (25). Mitochondria have been shown to be
the source of the intracellular superoxide ion. The
positive effects of carnitine on mitochondrial func-
tions are thought to reduce the mitochondrial su-
peroxide ion production followed by a limited amo-
unt of intracellular reactive oxygen radicals lea-
ding maintenance of high GSH levels as well as in-
hibition of lipid peroxidation (26-27). Dysfunction
is a energy-dependent metabolic pathways and
transport mechanisms due to loss of mitochondri-
al respiration and subsequent reduction in ATP
production was shown to be the leading factor in
I/R injury (26-27).

Accordingly, GSH has been the key component for
the protective effects of GSH-supplemented Perfa-
dex® solution on early allograft function as well as
indication of GSH preconditioning as a potential
regime to prevent mitochondrial injury in the set-
ting of pulmonary I/R (27-28).

In the present study, serum AST, ALT and LDH
levels were increased following I/R injury indica-
ting that cellular damage occurred and liver func-
tion decreased. The increases in lipid peroxidases,
serum and liver MDA accompanied by a signifi-
cant reduction in GSH levels are markers of oxida-
tive liver damage. L-carnitine pretreatment may
potentially protect from I/R induced hepatotoxi-
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