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oxidative stress, decreased nitric oxide (NO) level, activation of hepatic Kupffer cells,

neutrophils adhesions, increased level of intercellular adhesion molecules, and

Keywords inflammatory process. Aim: Studying the ability of L-carnitine (LC) and L-arginine

(LG) to protect the liver cells against the damage caused by IRI. Methods: This study

- hepatic was carried out on 40 male Wistar albino rats which were divided into 5 groups; sham-
- Ischemia-reperfusion  operated, hepatic IRI, IRI rats pretreated with L-carnitine, IRI rats pretreated with L-
- L-carnitine arginine, IRI rats pretreated with both substances. Results: The pretreatment with LC
- L-arginine and LG separately protected the liver cells against IRI damage with preservation of liver

functions by significantly improving the oxidative stress and inflammatory states,
increasing NO level, decreasing the expression of vascular adhesion molecules in liver
tissue, and protecting the liver cells from the damage. It was obvious that LC effects
were more significant on all the tested parameters except on the NO level where the LG
effect was more significant. Moreover, the combined use of both LC and LG produced a
highly significant improvement of all the tested parameters approaching near the control
level than that observed by their separate use. Conclusion: The combined use of both

LC and LG could effectively protect the liver cells from the harmful effects of IRI.
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INTRODUCTION

Hepatic ischemia-reperfusion injury (IRI) is a
common and main clinical complication that
occurs in many medical conditions as hepatic
surgery, trauma, resection, and implantation (1). It
also occurs in conditions of hypoxia as shock and
cardiac surgery with cardiopulmonary bypass (2).
The liver damage due to IRI is the result of many
factors as hypoxia, anaerobic metabolism,
oxidative stress with a generation of reactive
oxygen species (ROS), intracellular calcium
overload, decreased nitric oxide (NO), activation
of hepatic Kupffer cells (KCs), neutrophils
adhesions, and increased level of intercellular
adhesion molecules, cytokines, and chemokines
(3).

The cellular damage due to ischemia-reperfusion
injury is partly caused by ROS generation in the
affected tissue (4). These ROS produce damage to
cell membranes by lipid peroxidation (5).

The decrease in nitric oxide (NO) level is very
prominent in cases of IRI in different organs like
the kidneys, liver, and intestine. It is considered a
very important factor in the pathophysiological
changes that occur in the affected organs due to IR
(6).

L-carnitine (B-hydroxy-y-N-trimethyl ammonium
butyrate) is a natural substance that is present in
certain types of foods as meat, fish, chicken, and
milk. It is needed for the transport of long-chain
fatty acids from the cytosol to mitochondria for the
release of energy from the p-oxidation of these
fatty acids. It was used for the protection of liver
cells from IRI (7). Also, L-carnitine plays a very
valuable role in the stabilization of the membrane
and inhibition of permeability of the mitochondria

which contributes to its anti-apoptotic effect (8,9).

Moreover, it has an antioxidant, anti-ischemic
effect, and protects against cleavage of
deoxyribonucleic acid (DNA) (10).
Supplementation with L-carnitine might help to
prevent hepatic tissue damage caused by oxidative
and inflammatory stresses which occur during
warm IR (11)

L-arginine (LG) is a semi-essential a-amino acid
found in nuts, whole grains, meat, fish, and many
other types of foods. It operates as an intermediate
in the urea cycle, and as a substrate for the
synthesis of NO. In the kidneys, LG is synthesized
from I-citrulline, a semi-essential amino acid that
is formed from glutamine in the alimentary tract.
L-arginine is converted to nitric oxide by the
action of the NO synthase isoforms (12). It was
proved that supplementation with LG minimizes
hepatic injury in cases of hepatic ischemia-
reperfusion by improving the microcirculation
(13). Many studies reported that the intravenous
administration of L-arginine in cases of hepatic IRI
significantly increased the NO level and protected
the liver against damage (13,14,15).

According to the mechanisms involved in the
occurrence of IRI, the protection from the harmful
effects of hepatic IRI should be directed to the use
of natural substances that possess antioxidant
activity, can increase NO levels, help to decrease
the elevated levels of pro-inflammatory cytokines
and cell adhesions molecules.

The present work aimed to study the protective
effect of the combined use of L-carnitine and L-
arginine against hepatic IRl in rats. To our
knowledge, this is the first research to investigate
the effect of this combination for the protection
against hepatic ischemia-reperfusion injury. We
chose these two substances because of their
antioxidant and anti-inflammatory effects.
Also, they are available, not expensive,
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present in various types of food, and easy to
be used by the patients.

MATERIAL AND METHODS:

After approval from the Research ethics committee
of the Faculty of Medicine, Tanta University
(Approval code: 34350/12/20), this study was
carried out on forty male Wistar albino rats
weighing 180-200 g. The rats were obtained from
the animal house in Medical Ain Shams Research
Institute (MASRI), Faculty of Medicine, Ain
Shams University. All animals were kept under the
same environmental conditions, fed standard
commercial rat chow, and had free access to tap
water throughout the study. The rats were housed
in isolated animal cages (5 rats per cage) and kept
under a 12-hour light-dark cycle at controlled
temperature (23£1°C) and humidity 70—75%. They
were divided into five groups of 8 rats each and
allowed to acclimatize to their environment for one
week before the start of the experiment. The
handling of the animals was carried out following
the ethical guidelines for investigations.

Research design

The present study was performed on 40 male
Wistar albino rats which were divided into 5
groups (8 rats in each group):

- Group 1 (Sham-operated group): No IR
operation was done. The rats were given
saline (1ml/kg/day) by orogastric tube
(oral gavage) for one week, then a midline
laparotomy incision was performed, and
the liver was isolated.

- Group 2 (hepatic IR+ saline): The rats
were given saline (1ml/kg/day) by

orogastric tube (oral gavage) for one week

before the time of IR operation. Then, the
operation was performed.

- Group 3 (hepatic IR+ L-carnitine): The
animals were pretreated with oral L-
carnitine in a dose of 200 mg/kg/day (16)
dissolved in 1 ml normal saline by
orogastric tube (oral gavage) for one week
before the time of the IR operation. After
this period, the operation was done.

- Group 4 (hepatic IR + L-arginine): The
rats were pretreated with L-arginine orally
in a dose of 100 mg/kg/day (17) dissolved
in 1 ml saline by orogastric tube (oral
gavage) for one week before the time of
the operation. Then, the operation was
performed.

- Group 5 (hepatic IR+ L-carnitine+ L-
arginine): The rats were pretreated with
both substances in the same doses and in
the same way for one week before the time
of the IR operation. Then, the operation
was done.

Surgical procedures:

After overnight fasting, the rats were anesthetized
with intraperitoneal administration of ketamine 50
mg/kg and xylazine 5 mg/kg. The abdomen was
shaved and disinfected with 75% ethanol. A
midline incision was performed, and the hilum of
the liver was exposed. All structures in the portal
triad (hepatic artery, portal vein, and bile duct)
were moved to the left and median liver lobes
vessels were occluded by a clamp to produce 70 %
hepatic ischemia. Sixty minutes later, reperfusion
of the liver was done for 90 minutes by opening
the clamp (18). At the end of the experimental
procedure, the animals were sacrificed, and blood

and liver tissue samples were obtained for further
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biochemical and histopathological investigations.
The blood was centrifuged at 3000 rpm for 15 min
to separate serum for measurement of liver
enzymes. For histopathological examination, liver
tissue samples were preserved in formalin 10%
solution and processed in the usual way until
paraffin blocks were obtained.

Chemicals:

L-carnitine and L-arginine were purchased from
Sigma-Aldrich (St. Louis, Mo., USA).
Biochemical assays:

The liver enzymes were measured by the available
commercial kits according to the manufacturer’s
instructions. The oxidative stress markers were
estimated in the liver tissue as follows:
malonaldehyde (MDA) by the method of Ohkawa
et al. (19), superoxide dismutase (SOD) activity by
the method of Marklund and Marklund (20),
catalase (CAT) activity by the method of Aebi (21)
and activity of glutathione peroxidase (GSH-Px)
by the method of Lawrence and Burk (22).
Vascular adhesion molecule-1 (VCAM-1) was
assayed by using Rat Vascular Cell Adhesion
Molecule 1 ELISA Kit (Elabscience, USA), and
intercellular adhesion molecule-1 (ICAM-1) in
liver tissue was estimated by using Rat
Intercellular Adhesion Molecule 1 (ICAM-1)
ELISA Kit (MyBioSource, USA).

Tumor necrosis factor-alpha in liver tissue was
measured by using Rat TNF-o ELISA Kit
(CUSABIO Technology LLC, Houston, USA),
and IL-1p in hepatic tissue was measured by using
Rat IL-1p ELIZA Kit (Sigma-Aldrich, St. Louis,
Mo., USA).

Nitric oxide (NO) in liver tissue was assayed using
BioVision Nitric Oxide Colorimetric Assay Kit

(BioVision Incorporated, Milpitas Boulevard,

Milpitas, USA). The biochemical assays were
performed blinded to any data.

Histopathological examination:

Fresh biopsy specimens were fixed in 10%
formalin for 24-48 hours. Paraffin blocks were
prepared then sectioned at 4-5um. All sections
were stained with routine hematoxylin & eosin
using standard protocols. The slides were observed
by light microscopy, using the 40x objective
power.  Histopathological —examination was
evaluated blinded to any data.

Assessment of histopathological changes of IRI:
The histopathological changes caused by IR were
assessed and graded according to the severity of
injury based on the degree of portal inflammation,
sinusoidal and central vein (CV) congestion,
cytoplasmic ~ hydropic  degeneration,  and
hepatocyte necrosis, and they were categorized
into 4 grades: grade 0, minimal or no evidence of
injury; grade 1; mild injury in the form of
cytoplasmic hydropic degeneration with mild
sinusoidal and CV congestion and mild portal
inflammation; grade 2; moderate injury consisting
of marked ballooning of hepatocyte, focal
hepatocyte necrosis with moderate sinusoidal and
CV congestion and moderate inflammation, and
grade 3; severe injury in the form of extensive
hepatocyte necrosis and drop out with marked
sinusoidal and CV congestion and marked
inflammation (23).

The techniques:

The different techniques of the study were carried
out in the Physiology department of Faculty of
Medicine, Ain Shams University, Pathology
department of Faculty of Medicine, Tanta
University, and Biochemistry department of

Faculty of Medicine, Cairo University.
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Statistical analysis:

Data were processed using SPSS program V. 20.
They were expressed as mean (M) and standard
deviation (SD). Comparisons between groups were
done using a one-way analysis of variance
(ANOVA) test followed by inter-group
comparisons using a Post hoc test. The results
were considered statistically significant if the p-
value was <0.05.

RESULTS

- Effect of hepatic IRI and pre-treatment

with  L-carnitine and L-arginine
separately and in combination on serum
liver enzymes (Table 1):
The results of our study showed that in
group 2, the induction of hepatic IRI
produced a significant elevation in the
serum ALT and AST levels as compared
to group 1 (sham-operated). While the pre-
treatment of the rats with LC in group 3
caused a significant reduction in the serum
level of both enzymes as compared to
group 2 (p<0.001). Similarly, the
administration of LG one week before the
IRI in group 4 produced the same
significant effect as compared to group 2
(p<0.001). Interestingly, the combined use
of both LC and LG in group 5 resulted in a
similarly significant effect as the use of
each of them separately compared to
group 2 (p<0.001) and approaching nearly
the control level (p>0.05 compared to
group 1).

- Effect of hepatic IRI and pre-treatment
with  L-carnitine and L-arginine
separately and in combination on
oxidative stress markers levels in
hepatic tissue (Table 2):

Hepatic IRl in group 2 resulted in a
significant increase in the level of MDA
with a significant reduction in the level of

SOD, CAT, and GSH-Px antioxidant
enzyme activities in the liver tissue when
compared to their results in group 1.
Comparing the results of group 3 to that of
group 2 showed that the pre-treatment
with LC significantly reversed the effect
of IRl in group 2 with a significant
decrease in MDA level and significant
elevation of the activity of the antioxidant
enzymes in liver tissue indicating the
improvement of the oxidative stress state
caused by IRIl. While the pre-treatment
with LG in group 4 caused similar less
significant effects (compared to the IRI
group) than that produced by LC. Finally,
it was obvious that the use of both
substances in group 5, resulted in similar
more significant improvement than that
produced by using each of them separately
when compared to group 2 (p<0.05 for
SOD and p<0.001 for the other
parameters) and approaching nearly the
control levels when compared to group 1
(p>0.05).

Effect of hepatic IRI and pre-treatment
with  L-carnitine and L-arginine
separately and in combination on pro-
inflammatory cytokines (IL- 1p & TNF-
o) and nitric oxide (NO) levels in
hepatic tissue (Table 3):

The level of the pro-inflammatory
cytokines (IL-1p and TNF-0) showed
significant elevation associated with a
significant reduction of NO level in
hepatic tissue in group 2 when compared
to the sham-operated group. While the use
of LC in group 3 significantly decreased
the level of these proinflammatory
cytokines and increased the level of NO as
compared to the IRI group (p<0.05). Also,
by comparing the results of group 4 to that
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of group 2 we found that the
administration of LG significantly reduced
TNF-a level (p<0.05) and increased NO
(p=0.001) but it
insignificant reduction of IL-1p tissue

level (p>0.05). Interestingly, the LG effect

Comparing the results of the hepatic IRI
group to that of the sham-operated group
showed that liver IRI caused a significant
elevation in the level of vascular cell
adhesion molecule-1 (VCAM-1) and
intercellular Adhesion Molecule 1 (ICAM-
1) in the liver tissue (p<0.001). In group 3,
the pre-treatment with LC produced a
significant decrease in the level of
VCAM-1  (p<0.001) and ICAM-1
(p=0.003) when compared to group 2.
Interestingly, the use of LG in group 4
caused a similar but less significant effect
(p=0.007 for VCAM-1 and p=0.017 for
ICAM-1) than that produced by LC.
Ultimately, the use of both substances in
group 5 more
significant effects (p<0.001) compared to
that of group 2 than separate use of each of
them and these results are near the control
results as compared to group 1 (p>0.05).

level caused an

on TNF-o was less significant than that
produced by LC while its effect on NO
level was more significant than that of LC.
Lastly, in group 5, the concomitant use of
both- LC and LG produced more
significant effects on these parameters
than their separate use as compared to the
results of group 2 (p<0.001 for TNF-o &
NO and p<0.05 for IL-1 P)
approaching nearly the control levels when

and

compared to group 1 (p>0.05). resulted in similar
- Effect of hepatic IRI and pre-treatment
with L-arginine
separately and in combination on cell
adhesion molecules levels in hepatic

tissue (Table 4):

L-carnitine and

Table 1: Effect of hepatic IRI and pre-treatment with L-carnitine (LC) and L-arginine (LG)
separately and in combination on serum liver enzymes.

Parameter Group 1 (Sham- Group 2 Group 3 Group 4 Group 5
operated) (IR1) (IRI+LC) | (IRI+LG) | (IRI+LC+LG)

Serum ALT (U/L) 19+8.7 69.57+29.3% 30.15+8.4™ | 32+14.2™ 26.38+5.7" T

Serum AST (U/L) 21+9.1 57.71+19.4%* | 22.3+8.4™ | 28.57+9.2"" | 21.5+3.5"1

Data are expressed as meanzS.

ALT= Alanine aminotransferase,
# p < 0.05 compared to group 1.

**n < 0.001 compared to group 2.

IRI= Ischemia-reperfusion injury,
AST= Aspartate aminotransferase
*p < 0.05 compared to group 2.

+p > 0.05 compared to group 1.

Table 2: Effect of hepatic IRl and pre-treatment with L-carnitine (LC) and L-arginine (LG)
separately and in combination on oxidative stress markers levels in hepatic tissue.

Parameter Groupl | Group?2 Group 3 Group 4 Group 5
(Sham- (IRT) (IR1+LC) (IR1+LG) | (IRI+LC+LG)
operated)

MDA (nmol/mg protein) 42.33+15.1 | 89.41+38.2% | 63.34+14.9" | 65.16+19.3" | 43.81+17.7"1

SOD (U/mg protein/min) 29.15+9.9 | 19.10+10.1% | 28.34+3.2" 26.71+4.4" | 29.04+6.07°"

GSH-Px (U/mg protein/min) | 85.10+7.6 | 53.80+20.9* | 70.85+8.9" 67.19+6.68" | 81.21+8.11"""

CAT 117.88+10 | 81.03+28.4% | 111.07+8.38" | 99.93+16.03" | 115.81+11.03™"

(U/mg protein/min)

Data are expressed as mean+SD

IRI= Ischemia-reperfusion injury,

MDA-= Malonaldehyde, SOD= superoxide dismutase, GSH-Px= Glutathione peroxidase, CAT= Catalase
# p < 0.05 compared to group 1.
**n < 0.001 compared to group 2.

*p < 0.05 compared to group 2.

1 p > 0.05 compared to group 1.
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Table 3: Effect of hepatic IRl and pre-treatment with L-carnitine (LC) and L-arginine (LG)

separately and in combination on pro-inflammatory cytokines (IL 1§ and TNF-a) and
nitric oxide (NO) levels in hepatic tissue.

Parameter Groupl | Group?2 Group 3 Group 4 Group 5
(Sham- | (IRI) (IRI+LC) (IRI+LG) [(IRI+LC+LG)
operated)
IL-1B (pg/mg) 107.83+19.6 | 153.04+56.4 | 110.53+11" 143.29+51.9 | 110.94+11.8™
TNF-a (pg/mg) | 46.83+14.1 | 95.96+34.6% | 59.31+14.3" | 72.54+15.3" | 54.04+14.5™1
NO (nmol/mg) 36.24+7.71 | 13.7+4.19* 22.95+8.43" |28.74+11.30" | 34.61+5.92""

Data are expressed as mean+SD

IRI= Ischemia-reperfusion injury,
IL-1B= Interleukin-1B, TNF-o= tumor necrosis factor- a, NO= Nitric oxide

# p < 0.05 compared to group 1.
**n < 0.001 compared to group 2.

*p < 0.05 compared to group 2.
T p > 0.05 compared to group 1.

Table 4: Effect of hepatic IRI and pre-treatment with L-carnitine (LC) and L-arginine (LG)
separately and in combination on cell adhesion molecules levels in hepatic tissue.

Parameter Group1 | Group 2 Group 3 Group 4 Group 5
(Sham- (IRD) (IRI+LC) | (IRI+LG) | (IRI+LC+LG)
operated)
VCAM-1 (pg/mg) | 218.12+#12.8 | 286.24+49.7* | 221.529.6™ | 252.24+8.7" | 213.3+6.7""f
ICAM-1 (pg/mg) | 2.38+0.8 6.57+3.2" 3.6+1.2 4.24+1.9" | 2.65+1.11

Data are expressed as mean+SD

IRI= Ischemia-reperfusion injury,

VCAM-1=Vascular cell adhesion molecule 1, ICAM-1= intercellular Adhesion Molecule 1
*p < 0.05 compared to group 2.
+p > 0.05 compared to group 1.

# p < 0.05 compared to group 1.
**n < 0.001 compared to group 2.

- Effect of hepatic IRI and pre-treatment

with  L-carnitine and

L-arginine

which

hydropic

hepatocytes

degeneration

underwent

with

mild

mild

separately and in combination on liver
histopathology (Figure 1):

Histopathological results

Histopathological examination of group |
specimens (sham-operated group) showed
normal lobular architecture, normal CV
and sinusoidal calibers, normal
arrangement of hepatocyte cords with an
absence of portal inflammation (Figure
1A). While group II (ischemia-reperfusion
injury) specimens showed grade 3 liver
injury in which there was extensive
hepatocyte necrosis, marked sinusoidal
and CV congestion with marked portal
inflammation (Figure 1B&C). Group llI

(IRI+LC) showed grade 1 liver injury in

sinusoidal and CV congestion (Figure
1F&G).
(IRI+LG) revealed grade 2 liver injury

Examination of group IV
evidenced by marked ballooning of
hepatocyte, focal hepatocyte necrosis with
moderate sinusoidal and CV congestion,
and moderate portal inflammation (Figure
1D&E).

(nearly normal liver) or minimal injury

No evidence of liver injury

(grade 0) was observed in group V
(IRI+LC+LG) rats (Figure 1H).
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Figure 1: Histopathological changes of ischemia-reperfusion injury of hepatic tissues

(A): Normal hepatic lobular architecture with normal arrangements of hepatic cords, absence of portal inflammation (x200).
(B): Grade 3 liver injury showing marked dilatation and congestion of central vein and liver sinusoids with hepatocytes
necrosis and drop out (x400).(C): Grade 3 liver injury showing marked portal inflammation (x400). (D): Grade 2 liver injury
showing moderate injury in the form of moderate sinusoidal and central vein congestion and moderate inflammation (x200).
(E): Grade 2 liver injury showing marked ballooning of hepatocyte, focal hepatocyte necrosis (x400). (F&G): Grade 1 liver
injury showing mild injury in the form of cytoplasmic hydropic degeneration with mild sinusoidal and central vein congestion
and mild portal inflammation (x1200). (H): Grade 0 minimal or no evidence of liver injury (x200).

DISCUSSION

Hepatic ischemia-reperfusion injury (IRI) is a
common and main complication that occurs in
many clinical conditions as hepatic surgery,
trauma, resection, and implantation (1). The
present work aimed to study the protective effect

of the combined use of L-carnitine and L-arginine
against hepatic IRI in rats.

The results of the current study revealed that pre-
treatment of the rats with either LC or LG
separately produced a significant reduction in the
serum level of the liver enzymes (AST and ALT)
compared to the untreated IRI group. Interestingly,
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pre-treatment with LG caused a similar but less
significant effect than that of LC. Finally, the
combined use of both substances caused a more
significant decrease than their separate use.

The elevated serum levels of AST and ALT in the
untreated IR group indicate the occurrence of liver
cell damage while their significant improvement
by using both LC and LG denotes the attenuation
of liver damage caused by IR.

In agreement with our results, it was reported that
LC reduced the elevated serum level of AST and
ALT produced by liver IRI (24). Also, they are in
accordance with the results of other researchers
who reported that the pre-treatment with LG
before the performance of liver IRl caused a
significant decrease in the elevated serum AST and
ALT values (16,25,26,27).

Additionally, the results of our study revealed that
the induction of liver IRl caused a significant
increase in the level of malonaldehyde (MDA)
associated with a significant reduction in the level
of SOD, CAT, and GSH-Px antioxidant enzyme
activities in the liver tissue indicating the increased
oxidative stress state and lipid peroxidation.

The increased level of MDA in liver tissue caused
by IRI observed in our study was also reported by
other researchers who proved that hepatic IRI
produced increased levels of ALT, AST, MDA,
and decreased levels of SOD, GSH-Px, and CAT
(28,29,30).

It was proved that the cellular damage caused by
reperfusion of ischemic tissue is mainly caused by
the release of ROS (31) which causes lipid
peroxidation with resultant damage of the cell
membranes (5).

The results of our work showed that the pre-

treatment of the rats with LC produced a

significant reduction in the elevated level of MDA
associated with a significant reduction in the
antioxidant enzymes activities (SOD, CAT, and
GSH-Px) in the liver tissue compared to the
untreated sham group. Also, the use of LG
produced the same but less significant results than
that produced by LC. Remarkably, pre-treatment
with both LC and LG caused a more significant
reduction in MDA and elevation in antioxidant
enzymes activities in hepatic tissue than using each
of them separately. These results imply the
significant improvement of the oxidative stress
state which could be due to the protective effects
of both LC and LG.

This effect of LC could be attributed to its role in
membrane stabilization and its anti-apoptotic
effects by suppressing the mitochondrial
permeability, stabilizing free radicals, and its anti-
ischemic action (8,9,32). LC has an antioxidant
effect and protects against cleavage of
deoxyribonucleic acid (DNA) (10) and its
protective effect against IRl was confirmed to be
related to the lessening of oxidative stress as it
improves the activity of the antioxidant enzymes
(33).

Previous studies showed that changes in MDA
level and SOD activity caused by ROS were
significantly improved by pre-treatment with LC,
strengthening its antioxidant and free radical
scavenger effects (34).

As regards the effect of LG on oxidative stress
markers, it was demonstrated that LG reduced
oxidative stress and scavenged superoxide radicals
in hypercholesterolemia rats (27,35).

The results of the present research revealed that
the induction of hepatic IRl caused a significant

increase in the level of IL-1p and TNF-a in the
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liver tissue and that the administration of LC for
one week before the induction of IRI produced a
significant decrease in their levels. Also, the use of
LG resulted in a significant reduction of TNF-a
level, but it caused an insignificant reduction of
IL-1B tissue level. Furthermore, it was obvious
that the concomitant use of both substances made a
more significant decrease in the hepatic tissue
level of IL- 1P and TNF-q.

Excitingly, the results of the present work agree
with the results of previous studies which
confirmed that hepatic IRl was associated with
increased levels of TNF-o and IL-1B due to their
increased synthesis and release by the Kupffer
cells of the liver (36,37).

As well, it was reported that the pre-treatment of
Sprague-Dawley rats with LC before the induction
of intestinal IRl had a protective effect against
intestinal IRI and it caused a significant reduction
in the serum level of TNF-a, IL-1p, and IL-6 (38).

Additionally, Taha et al. proved that the
administration of LG in hepatic IR resulted in a
significant reduction in TNF-o expression in
hepatic tissue (26). These results are in accordance
with the results of our study.

However, contrary to our results, it was reported
that the use of LG as a supplement with the diet
reduced the expression of IL-1B in the spleen of
burned rats (39).

Moreover, the results of the current study showed
that the occurrence of hepatic IRl caused a
significant decrease in NO levels in hepatic tissue.
Also, it showed that the pre-treatment of LC before
induction of IRI caused a significant elevation in
NO level in liver tissue. Additionally, the use of
LG caused a more significant increase in hepatic

NO level than that produced by LC. Interestingly,

the combined use of both LC and LG produced
more significant results.

These results agree with that of the previous study
which showed that the liver IRI is associated with
the diminished release of endothelial cell-derived
nitric oxide (eNO) and this was due to a reduction
in the formation of NO and increased its
deactivation by the increased production of
superoxide (40).

A previous study showed that ATP depletion and
stimulation of several cellular enzyme systems
such as proteases, phospholipases, and nitric oxide
synthases are responsible for the cell organs
dysfunction and finally cell death in cases of IRI
(42).

Also, it was reported that the supplementation of
LC had a strong antioxidant action by increasing
the plasma levels of NO and glutathione and
decreasing thiobarbituric acid reactive substance
(TBARS) plasma levels (42).

Besides, LC was proved to increase NO levels in
isolated small  mesenteric  arteries  from
spontaneously hypertensive rats (43). This effect
was approved in experiments done in rats
subjected to warm IR in which an increase in the
blood flow of the liver was detected after LC
treatment (44).

Additionally, the results of our study exhibited that
liver IRl caused a significant elevation in the
levels of VCAM-1 and ICAM-1 in the liver tissue
and the administration of LC resulted in a
significant reduction in their levels as compared to
the IRI group. As well, the use of LG produced a
similar but less significant effect than that
produced by LC. Excitingly, the combined use of
both substances produced a more significant
reduction level of VCAM-1 and ICAM-1 in the
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hepatic tissue than that produced using each of
them separately.

These results agree with the results of other studies
which proved that liver IRI caused a significant
elevation in the VCAM-1 and ICAM-1 levels in
the liver tissue (36,45). They demonstrated that
during IRI, the KCs secrete ROS, TNF-a, and IL-
1B which activate the hepatic sinusoidal
endothelial cells, increase the expression of
ICAM-1 and VCAM-1. The increased level of
these adhesion molecules stimulates the adhesion,
migration, chemotaxis, and activation of
neutrophils with subsequent damage of the
hepatocytes (36).

Previous studies showed that neutrophils activation
can damage the hepatic tissue directly through the
release of oxidants and proteases after reperfusion
or it inactivates the endogenous anti-protease
system with resultant protease-mediated injury
(46,47).

It was stated that the use of LC reduced the plasma
levels of adhesion molecules as VCAM-1, ICAM-
1, and E-selectin which were increased by acute
exercise in patients with intermittent
claudication (48). Also, it was proved that
Propionyl-I-carnitine enhanced peripheral vascular
blood flow and diminished the plasma levels of
adhesion molecules (ICAM-1, VCAM-1 and E, L,
and P-selectin) that cause increased damage in
ischemic tissues (48,49,50).

Also, it was proved that LG reduced the
endothelial expression of VCAM-land ICAM-1
and decreased human monocyte adhesion to
endothelial cells (51).

Moreover, the results of the present work showed
that the induction of liver IRI in group Il caused

grade 3 liver injury, while in group IlI, the

pretreatment of the rats with LC produced grade 1
liver injury. This means that LC protected the liver
cells from the extensive injury that occurred in
group Il (IRI group). Also, the use of LG in group
IV before the induction of IR resulted in grade 2
liver injury. Interestingly, it is obvious that the LG
protected the liver cells from the massive injury
caused by IR, but its effect is less than that
produced by LC. In group V, the combined use of
LC and LG showed no evidence of liver injury
(nearly normal liver) or minimal injury (grade 0).
This means that the combined use of both
substances effectively protected the hepatocytes
from the harmful effect of the ischemia-
reperfusion injury.

It was proved that cases of severe liver IRI are
associated with pericentral liver hypoxia, with
ischemic hepatitis, manifested by a remarkable
elevation in serum aminotransferase levels in the
absence of other causes of hepatic necrosis (47).
The results of our study are parallel to that of
previous studies which proved that the induction of
liver IRI caused necrosis of the liver cells (52,3).
Also, it was reported that carnitine protected the
skeletal muscle histopathology against damage by
ischemia-reperfusion injury in rabbit hindlimb
skeletal muscles (53).

Additionally, L-carnitine plays a very valuable role
in the stabilization of the membrane and inhibition
of permeability of the mitochondria which
contributes to its anti-apoptotic effect (8,9).
Moreover, it has an antioxidant, anti-ischemic
effect, and protects against cleavage of
deoxyribonucleic acid (DNA) (10).

It was proved that the increased production of NO
in the liver tissue through the administration of LG

reduced necrosis and apoptosis by upregulation of
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Bcl-2gene in IRI. So, LG protected the liver’s
ultrastructure and functions in cases of hepatic IRI
(18).

Nitric oxide has an important role in the protection
of the liver cells during hepatic IR due to its
vasodilator, antiplatelet effects, and its ability of
scavenging ROS (46,54). It increases the
formation of cGMP which relaxes the vascular
smooth muscles, inhibits platelet aggregation and
adhesion, and blocks the adhesion of white cells to
the blood vessel wall (55).

In addition, it was proved that LG could ameliorate
hepatic IRI, and the possible protective mechanism
is inhibition of hepatocyte apoptosis via inhibition
of caspase-3 activity by nitric oxide synthesis (56).
The effects produced by the pre-treatment with LC
in our study could be explained by its strong
antioxidant activity (42) which reduces the
production of ROS, and this could be considered
the key for its protective effect against IRI. ROS
can directly cause liver cell damage (5) and affects
the KC, damage the endothelial cells, and destroy
the integrity of the liver microvasculature (45).
The KC will synthesize and release more ROS,
TNF-a, and IL-1p which promotes the expression
of adhesion molecules which in turn stimulate the
migration and adhesion of leukocytes and platelets
that affect the microcirculatory blood flow and
cause liver cell damage (36). Accordingly, LC
through its potent antioxidant effects could prevent
all the previously mentioned events with the net
result being the protection of the hepatic cells from
the damage caused by IR. Moreover, LC was
proved to increase the level of NO in rat liver
exposed to warm IRl and NO, in turn, increased
hepatic blood flow (42)

Interestingly, the results of our study showed the
protective effect of LC on the hepatic cells
manifested by the improvement of the serum level
of liver enzymes, hepatic tissue antioxidant
enzymes activity, oxidative stress parameters,
proinflammatory cytokines (TNF-o and IL-1P),
NO, adhesion molecules and liver histopathology.
Also, the results of the present study revealed that
the use of LG before the induction of IR protects
the liver cells from its harmful effects. This
protective effect was manifested by the ability of
LG to improve the serum level of hepatic enzymes,
the liver tissue NO, antioxidant enzyme activity,
oxidative stress markers, inflammatory cytokines,
adhesion molecules, and hepatic pathology.

It was proved that LG enhanced liver regeneration
after 70% rat hepatectomy and attributed this
effect to its ability to stimulate the formation of
NO (57).

Excitingly, it was reported that LG-induced
production of NO was the most important factor
that explains LG’s protective effect against hepatic
IRl (58). Preceding studies evidenced that the
modulation of the LG/NO pathway may influence
the tissue injury caused by IR as LG as a precursor
of NO increases NO bioavailability. Nitric oxide,
in turn, stimulates microvasculature vasodilatation
and increases hepatic arterial blood flow which
helps regeneration of the liver cells (59),
hepatocytes proliferation (60), and regulates
sinusoidal endothelial cell proliferation (61). Also,
NO inhibits platelet aggregation and adhesion and
reduces the interaction between neutrophils and
endothelial surface, and inhibits the inflammatory
process (16,17,28). Moreover, LG attenuated the

leukocyte infiltration in liver IR in rats (62). Also,
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it was demonstrated that the use of LG in liver IRI

reduced the histological injury rate (63).

Accordingly, the stimulatory effect of LG on liver
NO level could be considered the key to its
protective effect against hepatic IRI.

Excitingly, we can see clearly from the results of
the present study that the effect of LC was more
significant on all the tested parameters than LG
except on NO hepatic tissue level where LG effect
on NO tissue level was more significant than that
produced by LC.

The more significant effects produced by the
combined use of both LC and LG could be
explained by the additive effects of both
substances in improving the oxidative stress
markers, proinflammatory cytokines (TNF-a and
IL-18), NO, adhesion molecules, and liver
pathology.

Conclusion:

From the results of the present study, we could
conclude that the combined use of both LC and LG
could effectively protect the liver cells from the
harmful effects of IRl mainly because of their
antioxidant and anti-inflammatory effects. We
recommend that both substances should be taken
by the patients who are at risk of developing
hepatic IRI, especially before major liver surgery
as they can be considered as an easy-to-use
weapon against the ischemia-reperfusion injury
harmful effects.

Limitations of the study:

The small number of rats in each group could
be a limiting factor for the study and it is
better for further studies to be performed on a

larger number of animals.
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