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Background: Hepatic ischemia reperfusion (IR) injury is common with many medical
strategies as liver transplantation and trauma. Aim: is comparing the efficacy and

evaluating the possible mechanisms of ischemic preconditioning (IPC) and topical
hypothermia (TH) in the hepatic IR injury. Method: 56 adult male albino rats were

Keywords allocated into four groups: sham control group (n=15), hepatic ischemia reperfusion
Ischemia reperfusion  group (IR) (n=13):where ischemia compromised 70% of the liver for 45 min followed by
injury 90 min of reperfusion, topical hypothermia (TH-IR) group (n=14): liver temperature was
Hepatic hypothermia, maintained during ischemia at 10°C, ischemic preconditioning group (IPC-IR) (n=14):
Hepatic. o ischemic 10 minutes of ischemia followed by 10 minutes of reperfusion prior to hepatic ischemia
preconditioning reperfusion. ALT, AST and ALP were measured in serum while malondialdehyde
Hypoxia inducible

factor] o (HIF1a)
ATP

(MDA), glutathione peroxidase (GPX), hypoxia inducible 1 alpha (HIFla), tumor
necrosis factor alpha (TNFa), cytochrome ¢ (Cyt ¢), adenosine triphosphate (ATP) and
dynamine related protein (DRP1) were measured in hepatic tissue in addition to the
histological examination. Results: TH and IPC significantly reduced AST, MDA, TNFa,
Cyt ¢ and DRP1 expression. TH preserved hepatic integrity, normalized both AST and
ALT, increased hepatic GPX and reduced MDA while IPC did not increase GPX and has
less significantly reduced MDA compared to hypothermia. ATP was significantly higher
with hypothermia compared to IPC. Hypothermia decreased significantly the level of
HIFla while preconditioning increased its level. Conclusion: Hypothermia was more
protective against IR injury compared to IPC despite reduced metabolic reprogramming
signal HIFla. Hypothermia effect was through improvement of REDOX state and
mitochondrial bioenergetics.
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INTRODUCTION

Ischemic reperfusion (IR) injury is common
with many medical strategies such as percutaneous
coronary intervention and coronary artery bypass
grafting (1), effective thrombolysis therapy of
stroke (2) and might be considered the transplant
surgeon’s enemy during kidney transplantation (3).

The liver is subjected to two types of IR injury,
the first type takes place during liver surgery,
trauma and hemorrhagic shock and called warm IR
injury while the second form occurs during the
hypothermic preservation and storage of the organ
for transplantation and called cold IR injury (4).
Vascular occlusion techniques are used for
avoiding excessive blood loss during liver surgery
(5). Thus, a better understanding of hepatic IR
injury may lead to improvements of the clinical
care of many patients, particularly those
undergoing surgery with extended ischemia.

The mechanisms of hepatic IR injury are
attributed to multiple factors such as oxidative
stress and ROS generation through multiple
pathways (6, 7). For instance, it reduces ATP
availability resulting in Ca™ channels failure and
its accumulation inside the cells with a subsequent
activation of intracellular enzymes such as
phospholipase C, protein kinase C which induces
hepatic necrosis and apoptosis. IR injury also
disturbs mitochondrial function due transition of
mitochondrial membrane permeability and
mitochondrial swelling (8). Additionally, it
increases also transcription of inflammatory
chemokines and cytokines such as TNF o,
interleukins (IL) and Interferons (9). In addition,
prolonged IR injury causes cell damage via

enhanced incidence of apoptosis, autophagy,

necrosis, and necroptosis (10) and it affects
mitochondrial dynamics such as excessive
mitochondrial fission (11).

Therapeutic Hypothermia has been proved by
the experimental studies in animals to have
neuroprotective effects (12) and to reduce the risk
of renal failure after renal IR injury (13).
Hypothermia also protects livers from reperfusion
injury (14) and decreases myocardial infarction
size (15). The previous effects were explained by
the ability of hypothermia to improve the REDOX
state (16), to decrease the expression of
inflammatory markers as TNFa, IL1B, IL6, and
IL12 (17), to have potent anti-apoptosis activity
(18), to decrease the effect of IR on mitochondrial
activity and to increase the energetic bio-
availability (19). These effects of hypothermic
perfusion lead to a scientific thinking to use
hypothermia as a preconditioning model in
isolated perfused rat liver (20,21) and to provide a
promising strategy to prepare the liver against
ischemic damage (22).

On the other hand, little is known about
clinical application of hypothermia in human.
Hypothermia was reported to represent a double-
edged sword: if hypothermic preservation can help
against the damaging effects of ischemia, a
prolonged hypothermia can be accompanied by
worse recovery which was observed with renal
recovery during kidney transplantation and was
suggested to lead to mitochondrial dysfunction and
pro-apoptotic signal transduction (23).
Hypothermia with its advantages has been reported
also to have undesirable side effects, including cell
swelling, acidosis, altered enzyme activity,
calcium accumulation, and production of ROS
(24).
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Ischemic preconditioning (IPC) means
transient brief episodes of sublethal ischemia
preceding a subsequent prolonged ischemia, which
has been found to enhance organ resistance to
ischemic injury (ischemic tolerance) as manifested
in diverse organs and tissues including the heart,
brain, liver and kidney (25). Additionally, IPC was
reported to suppress mitochondrial depolarization,
improved ATP production and inhibited the
generation of reactive oxygen species ( ROS)
(26). However, the exact mechanism by which IPC
confers protection against hepatic IR injury has not
been completely elucidated (27). Few studies have
reported that IPC does not prevent hepatic IR
injury (28) while other studies were advised to
confirm the benefit of IPC during hepatic IR injury
27).

In this study the efficacy of both IPC and
topical hypothermia preconditioning to ameliorate
hepatic IR injury are going to be evaluated. In
addition, the study tries to probe if there are any
differences in the mechanisms by which they
interact with the hepatic tissue. Therefore, the
changes in liver cell integrity as deduced by
histological examination and biochemical assays
of hepatic and mitochondrial functions in addition
to evaluation of the REDOX state are going to be
studied as possible interactive mechanisms.
Material and Methods:

Experimental Animals:

The study was performed on 56 male
albino adult rats, weighing 180-250 grams at the
start of the study. Rats were maintained in the
Medical Ain Shams Research Institute (MASRI)
under standard conditions of boarding throughout

the whole period of the study.

Animals were housed in animal cages
(4rats / cage) with suitable ventilation, temperature
of 22-25°C; 12 hours light dark cycle and free
access to food and water ad-libitum in the animal
house. Animals were not exposed to unnecessary
pain or stress. Animal manipulation was performed
with maximal care and hygiene.
All rats received care in accordance with the
national health guidelines and the research ethical
committee of Faculty of Medicine Ain Shams
University. Further the Ain Shams Faculty of
Medicine Ethical Committee approval was
obtained.
Experimental protocol:

Starting number of rats in each group was
15 with total 60 rats for the four groups and the
final number is 56 rats due to death rate of 2 rat in

IR group, of 1 rat in TH group and 1 rats in IPC
group.

Rats were randomly allocated into 4 groups:

1- Sham control group (n=15)

2- Hepatic ischemia reperfusion group (IR)
(n=13)

3- Topical hypothermia(TH-IR) group (n=14)

4- Ischemic preconditioning group (IPC-IR)
(n=14)

Experimental procedures:

Ischemia reperfusion: On the day of sacrifice,

rats were weighed and injected intraperitoneally by

sodium thiopental in a dose of 40 mg/kg body

weight (29). After a midline laparotomy, all

structures in the portal triad (hepatic artery, portal

vein, and bile duct) to the left lobe and median

liver lobes were occluded with atraumatic

microvascular clamp for 45 minutes. The

occlusion spared to the branches of the right and
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caudate lobe resulting in 70% liver ischemia (30).
Reperfusion was done by the end of 45 minutes
ischemia by removal of the clamp for 90 minutes
(31). The wound was closed temporarily by 2-0
silk sutures during reperfusion. This method of
partial hepatic ischemia prevented mesenteric
venous  congestion by  permitting  portal
decompression through the right and caudate lobes
(32).
Induction of topical hypothermia: In the
hypothermia group a plate made of polystyrene
was placed over the rat body to isolate the left
lateral and median liver lobes from other body
parts in order to avoid induction of systemic
hypothermia. After induction of ischemia the
isolated lobes were surrounded by packs filled
with ice. Ice packs were replaced every 10-15 min
with new ones. A surface probe (Digital
Thermometer (ranging from -50°C to 300°C,
China ) was placed between median and lateral left
lobes to measure the liver core temperature that
was maintained at 10°C (33). Rats body were
covered by warm blankets and body temperature
was continuously monitored rectally with the
rectal digital Thermometer (Rosamax,
Switzerland) to keep body temperature between
36°C and 37°C that was monitored (33).
Ischemic preconditioning: In the Ischemic
preconditioning group, Ischemic preconditioning
was produced by 10 minutes of ischemia followed
by 10 minutes of reperfusion prior to the 45
minutes of ischemia which is followed by 90
minutes of reperfusion (34).

In the sham group, all structures in the
portal triad were exposed but were not subjected to

ischemia.

Sample collection: At the end of reperfusion
period, the abdominal aorta was exposed and
blood was collected into serum tubes which were
stored at -80 until subjected to the biochemical
assays. Median lobe of the liver was stored at -
80°C until subjected to the biochemical assays.
Parts of the left lobe of the liver were preserved
in10% formalin for H&E examination of the
hepatic tissue. 8 samples of hepatic tissue were
taken for measurement of HIF1o and TNFa and 6
hepatic tissue samples were taken for measurement

of Cyt ¢, ATP and DRP1.

Biochemical analysis:
Determination of serum level of ALT, AST and
ALP:
Serum liver enzymatic activity: Alanine amino
transferase (ALT), Aspartate aminotransferase
(AST) were measured colorimetrically according
to manufacturer’s protocol using commercial kits
supplied byBio-diagnostic (Egypt).
Serum  alkaline phosphatase (ALP): was
measured colorimetrically according to
manufacturer’s protocol using commercial Kkits
supplied by Bio-diagnostic (Egypt).
Determination of hepatic tissue level of MDA
and glutathione peroxidase (GPX) activity:
Prior to tissue homogenization, the frozen
hepatic tissue at - 80°c, was allowed to thaw and
was perfused with a PBS (phosphate buffered
saline) solution, pH 7.4 containing 0.16 mg / ml
heparin to remove any red blood cells and clots.
The tissue sample was cut thoroughly, weighed
and homogenized. The tissue was homogenized in
6 ml cold buffer (50 mM potassium phosphate, pH

7.5.) per gram tissue. Hepatic tissue

homogenization was performed, using the
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homogenizer: Karl Kolb, scientific technical
supplies D—6072, Dreieich, West Germany.
Samples were centrifuged at 4000 r.p.m for 15
minutes and the supernatant was removed for
assay and stored at -80 to measure levels of MDA
and GPX in hepatic tissue.

Hepatic tissue malondialdehyde (MDA): was
measured by colorimetric method according to
manufacturer’s protocol using kits supplied by
Biodiagnostics, (Egypt). While Hepatic tissue
glutathione peroxidase (GPX) activity was
measured by UV method according to
manufacturer’s protocol using kits supplied by
Biodiagnostics, (Egypt).

Determination of HIF1a, TNFa, Cyt ¢ and ATP
levels in hepatic tissue.

8 tissue samples were taken for
measurement of HIFla and TNFa. Also 6 tissue
samples were taken for the measurements of cyt c,
ATP and DRP1.

Hepatic tissue homogenization was
performed in the homogenization buffer (pH: 7.2)
by adding 9 mL buffer for each 1 gm tissue. The
homogenization HEPES buffer (Sigma) consisted
of: (4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid) (HEPES), ethylene-diamine-tetraacetic acid
(EDTA), Dithiothreitol (DTT),
phenylmethylsulfonyl fluoride (PMSF). After
homogenization, samples were centrifuged for 5
min. at 5000 r.p.m. The supernatant was separated
and used for determination of HIF1a, TNFa, ATP
and Cyt c levels in hepatic tissue. For ATP
measurement hepatic tissue was homogenized (10
mg) in 100 ml ATP assay buffer.

Hepatic tissue hypoxia-inducible factor lalpha
(HIF1a): was estimated by enzyme-linked

immunosorbent assay (ELISA) according to

manufacturer’s protocol using kits supplied by
(Fine Test, China).

Hepatic tissue tumor necrosis factor alpha
(TNFa): were estimated by ELISA according to
manufacturer’s protocol using kits supplied by
(Fine Test, China).

Hepatic tissue cytochrome c (Cyt c¢): Assays of
liver tissue levels of Cyt ¢ was carried out by
ELISA, according to manufacturer’s protocol,
using kits for rat supplied by (Elabscience, USA).
Hepatic tissue ATP level: was measured
colorimetrically, according to manufacturer’s
protocol using commercial kits supplied byBio-
vision (USA).

Determination of Hepatic tissue Dynamine
related protein (DRP1):

It was measured by using polymerase
chain reaction (PCR), at first total RNA extraction
was performed using Qiagen tissue extraction kit
(Qiagen, USA) according to instructions of
manufacture. The total RNA (0.5-2 pg) was used
for cDNA conversion using high capacity cDNA
reverse transcription kit Fermentas, USA).
Quantitative PCR used SYBR Green I Master mix
and analysis were performed using an Applied
Biosystem with software version 3.1 (StepOne™,
USA). The qPCR assay with the primer sets were
optimized at the annealing temperature.
DRPlexpression were normalized to the B-actin .
The primer sequence for DRP1 was (Forward
primer:5’- GGAATCTTCTTCATTCCTGAC -3,
Reverse primer: 5°- CCAGTGCAGGGTCCGAGGT -
3) , while the primer sequence of Peta actin was
(Forward primer 5-TGTTTGAGACCTTCAACACC-
3, and Reverse primer 5'-
CGCTCATTGCCGATAGTGAT-3"). The relative

quantitation was calculated according to Applied
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Bio system software using specific applied
equations.
Histological examination of liver tissue:

Left lobes of liver were fixed in 10%
neutral-buffered formalin solution. The specimens
were dehydrated in ascending grades of alcohol,
cleared in xylene and embedded in paraffin wax.
Serial sections, 5 um thick were cut and stained
with Hematoxylin and Eosin. The stained sections
were examined by using the light microscope for
evaluation of histological changes (35).

Statistical analysis

Data were expressed as means +SEM.
ANOVA was used to find significance between
means of multiple groups. This is followed by
LSD (least significant difference) to find
intergroup statistical significance with p <0.05
considered significant. For correlation studies,
person correlation coefficient was calculated by
linear regression analysis using the Least Square
Method and correlation of p <0.05 was considered
statistically significant.

All statistical data were analyzed using SPSS
program (Statistical Package for Social Science)

version 20 (36).

Results:

Ischemia reperfusion injury resulted in
significant increase in both ALT and AST
compared to sham control group. Hypothermia
resulted in significant decrease in both ALT and
AST compared to IR group without significant
difference to its corresponding values in control.
Ischemic preconditioning resulted only in
significant decrease in AST compared to IR but it
is significantly higher than control. In addition,

preconditioning showed no significant difference

in ALT when compared to IR group. There was
also no significant difference in ALP between all
the studied groups (Table 1).

Regarding the oxidative stress biomarker,
MDA level was significantly increased in IR group
compared to sham group with significant decrease
in GPX level compared to sham group.
Hypothermia significantly decreased oxidative
marker MDA and increased antioxidant enzyme
GPX compared to IR group. IPC in this study
decreased significantly the level of MDA
compared to IR group but its level was
significantly higher compared to its corresponding
value in hypothermic group. IPC showed no
significant change in level of GPX compared to IR
group where its level was significantly less than
sham control and significantly less than its
corresponding values in hypothermic group (Table
2).

IR group showed significant increase in
TNFo compared to control group. Rats in topical
hypothermia and IPC groups showed significant
decrease in TNFa compared to IR rats. However,
topical  hypothermia and IPC  remained
significantly higher in their TNFa level compared
to sham control rats (Table 2).

IR significantly increased HIFla
compared to sham control group. Topical
hypothermia showed significant decrease in HIF1a
level compared to IR injury group, while IPC
significantly increased HIFla compared to IR
injury and hypothermic groups (Figure 1).

ATP level significantly decreased in the
IR group compared to sham group. Rats after
topical hypothermia and IPC showed significant
increase in ATP level compared to IR injury

group. However, hypothermia manifested higher
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ATP compared to preconditioning. Compared to
control the level of ATP in both hypothermia and
IPC groups remained significantly low (Figure 1).

Ischemia reperfusion showed significant
increase in Cyt ¢ and DRP1 level compared to
sham control group. Both topical hypothermia and
IPC resulted in significant decrease in both Cyt ¢
and DRP1 level compared to IR injury group but
the level remained significantly higher than control
group (Figure 1).

As shown in Table (3) in the different

studied groups except in control group, there is

positive significant correlation between the level
of serum AST and the hepatic tissue level of
MDA, TNFa, Cyt ¢ and DRP1. On the other hand
a negative significant correlation was observed
between the serum level of AST and hepatic GPX
and ATP. Also there is a positive correlation
between ALT and both of MDA and TNFa. In
addition, there was a positive significant
correlation between the level of MDA and the

level of HIF 1o as shown in (Figure 2)

Table (1): Serum levels of alanine transaminase enzyme (ALT), aspartate transaminase enzyme (AST)
and alkaline phosphatase enzyme (ALP) in the different studied groups.

Sham control Ischemia reperfusion Topical hypothermia Ische:n‘nc .
preconditioning
(IR) (TH-IR) (IPC-IR)
No. (15) (13) (14) (14)
(ALT, IU/L)
Mean 43.3 64.0 47.7 57.1
+SEM 4.2 4.8 35 2.4
a <0.001 NS <0.05
b <0.01 NS
c NS
(AST, IU/L)
Mean 38.3 66.5 41.6 51.3
+SEM 4.1 4.5 34 2.6
a <0.001 NS <0.05
b <0.001 <0.01
c NS
(ALP, IU/L)
Mean 176.6 175.1 198.9 204.2
+SEM 22.4 394 19.3 26.1
a NS NS NS
b NS NS
c NS

Data are expressed as mean £SEM

No: The number of observations is given in parentheses.

a: Significance of difference from sham control group calculated by LSD at P<0.05.

b: Significance of difference from ischemia reperfusion injury (IR) group calculated by LSD at P<0.05.
c: Significance of difference from topical hypothermia group (TH-IR) calculated by LSD at P<0.05.

NS: Non significant.
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Table (2): Hepatic tissue levels of malondialdehyde (MDA), glutathione peroxidase enzyme (GPX) and tumor
necrosis factor alpha (TNFa) in the different studied groups

Sham control Ischemia reperfusion Topical hypothermia ISChe.II.llC .
preconditioning
(IR) (TH-IR) (IPC-IR)
(MDA,nmol/gm)

No. (15) (11) (13) (12)
Mean 59.8 100.8 31.3 74.6
+SEM 9.2 8.5 6.8 6.3

a <0.001 <0.01 NS

b <0.001 <0.05

c <0.001
(GPX, U/gm)

No. (15) (11) (13) (12)
Mean 151.3 99.2 162.6 105.8
+SEM 13.6 20.5 10.7 15.8

a <0.01 NS <0.05

b <0.01 NS

c <0.01
(TNFao, ng/gm)

No. (8) (3) () (8)
Mean 2.68 12.17 9.76 10.19
+SEM 0.16 0.42 0.40 0.40

a <0.001 <0.001 <0.001
b <0.001 <0.001
c NS

Data are expressed as mean+SEM

No: The number of observations is given in parentheses.

a: Significance of difference from sham control group calculated by LSD at P<0.05.

b: Significance of difference from ischemia reperfusion injury (IR) group calculated by LSD at P<0.05.
c: Significance of difference from topical hypothermia group (TH-IR) calculated by LSD at P<0.05.
NS: Non significant.
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Figure 1: Hepatic tissue levels of hypoxia inducible factor 1 alpha (HIFla) ,adenosine triphosphate (ATP),
cytochrome c (Cyt ¢) and dynamine related protein 1 (DRP1) in the different studied groups.

Data are expressed as mean = SEM

a: Significance of difference from sham control group calculated by LSD at P<0.05.

b: Significance of difference from ischemia reperfusion injury (IR) group calculated by LSD at P<0.05.

c: Significance of difference from topical hypothermia group (TH-IR) calculated by LSD at P<0.05.
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Figure 2: : Correlation between between hypoxia inducible factor 1 alpha (HIF1a) and malondialdehyde
(MDA).

n: The number of observations.

r: person correlation coefficient.

P: significance at P<0.05

Table (3): ): Correlation between each of alanine transaminase enzyme (ALT) and aspartate transaminase enzyme
(AST) with malondialdehyde (MDA), glutathione peroxidase enzyme (GPX), tumor necrosis factor alpha (TNFa),
cytochrome ¢ (Cyt c), Adenosine triphoshate (ATP) and dynamine related protein 1 (DRP1) in the different

studied groups.

MDA GPX | TNF a Cytc ATP (gf;ﬂie
(nmol/gm) | U/gm | (ng /gm) | (ng/mg) | (nmol/mg) expression)
r 0.366 0.288 0.559 0.245 -0.310 0.202
ALT P
(IU/L) value <0.05 NS <0.01 NS NS NS
No. 36 36 25 18 18 18
r 0.446 0216 0.673 0.672 -0.661 0.630
AST P
(IU/L) | value <0.01 NS <0.001 <0.01 <0.01 <0.01
No. 36 36 25 18 18 18

No: The number of observations.
r: person correlation coefficient.
P: significance at P<0.05

Histological examination with H&E
showed that liver tissue of control group have
normal liver architecture formed of cords of

hepatocytes hexagonal in shape radiating from

central vein with blood sinusoids in-between them
(Figure 3). Whereas, liver tissue of IR group
stained with H&E Showed massive distorted liver

architecture and destructed hepatocytes in the form
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of degradation of its cytoplasmic content,
ballooning of some cells and karyolysis of hepatic
cell nuclei (Figure 3). On examination of liver
tissue of hypothermia group showed minimal
changes of liver tissue with intact hepatocytes and

minimal hemorrhage in-between hepatic cells

(Figure 3). On the other hand liver tissue of IPC
group, livers showed vacuolation of most of
hepatocytes and infiltration of polymorphic

inflammatory cells with increased number of

eosinophil (Figure 3).

Figure 3: (a&b): control group: of liver tissue stained with H&E Showing normal liver architecture formed of cords of
hepatocytes (H) hexagonal in shape radiating from central vein (CV) with blood sinusoids (1) in-between them. Notice
portal vein (PV). (¢ & d): IR group: liver tissue stained with H&E Showing massive distorted liver architecture and
destructed hepatocytes in the form of degradation of its cytoplasmic content, ballooning of some cells (H) and
karyolysis of hepatic cell nuclei (1)(e &f): TH-IR group: of liver tissue of group stained with H&E Showing minimal
changes of liver tissue with intact hepatocytes and minimal hemorrhage in-between hepatic cells. (CV); central vein, (H);
hepatocytes, (g& h): IPC group: liver tissue stained with H&E Showing vacuolation of most of hepatocytes (H) and
infiltration of polymorphic inflammatory cells with increased number of eosinophil (Magnification: a &C; X100; b & d

;X400)(Magnification: e&g; X100; f&h ;X400).

Discussion:

Ischemia reperfusion (IR) injury is a
clinically important issue in liver transplantation
and in flow-controlled surgical operation. This
study was aimed to compare between efficacy of
ischemic preconditioning (IPC) and topical
hypothermia in the protection from oxidant and
cellular damage exerted by ischemia reperfusion in
liver studying their interaction with cellular and
mitochondrial level.

In this study both ALT and AST were
significantly increased in IR group compared to
sham group this result was in agreement with other

studies (37,38) . IR injury disturbs the

hepatocellular membrane permeability causing
hepatic enzymes leakage into the circulation (39).
As ALT is more specific to cellular cytoplasm
while AST is 20% specific to cellular cytoplasm
and 80% to mitochondrial matrix (40), it could be
concluded that IR injury affect both hepatocytes
mitochondria and cytoplasm.

The non-significant changes in the liver
enzyme alkaline phosphatase observed in this
study among different studied groups could be due
to the presence of hepatic ALP on the surface of
bile duct epithelia and needs long time of

cholestasis to increase (40,41).
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Many studies were consistent to our
findings of significantly increased hepatic tissue
MDA (38), TNFa (42,43), cytochrome ¢ (an
indicator for disruption of mitochondrial integrity)
(44), DRP1 (an indicator of increased fission and
mitochondrial ~ fragmentation) (45,46) and
significant decrease of hepatic ATP levels (an
indicator for defective mitochondrial generation of
energy) (47) and GPX (48) in cases of IR injury.
The previous findings confirm the lesion on
cellular and mitochondrial level. The positive
significant correlation between the level of AST on
one hand with MDA, TNFa, Cyt ¢ and DRP1 on
the other hand, and its negative correlation with
ATP level demonstrated respectively the role of
oxidative stress, inflammation, disturbed
mitochondrial integrity, dynamics and energetics in
pathophysiology of IR injury. It is of interest to see
a positive significant correlation between ALT
level and both MDA and TNFa without significant
correlation with the mitochondrial parameters

(ATP, Cyt ¢ and DRP1) supporting that AST is

more related to mitochondria involvement.

Common effects to both hypothermia and
preconditioning:

In the current study, both ischemic
preconditioning and topical hypothermia exhibited
their ability to decrease significantly the level of
liver enzyme AST, MDA, TNFa, Cyt ¢ and DRP1
compared to IR group.

These changes are supported by other studies
with IPC which showed drastic reduction of AST 6
hours after reperfusion (34), significant decrease in
TNFo and MDA (49), decreased Cyt c¢ protein
expression with both condition of ischemic pre and

post conditioning in rats with lightening of

apoptosis (50). Although there is a little about
changes in DRP1 and in IPC, yet, the increased
phagosomes appeared in the histological picture in
this study may be supportive to its increase.
Recently, in vitro IPC increased mitophagosome
formation, enhanced  the delivery  of
mitophagosomes to lysosomes and promoted the
clearance of damaged mitochondria in kidney (26).
Regarding the conflicting reports about the effects
of IPC on hepatic IR injury, although few studies
have reported that IPC does not prevent hepatic IR
injury (28), we, at least partially, are in agreement
with those reported certain beneficial effects and
found that IPC can limit the deleterious effects of
hepatic IR injury (51).

On the other hand, the previously mentioned
effects are supported by other studies with
hypothermia which showed significantly reduced
AST and ALT using freezing solution dripped on
the surface of ischemic lobes (52) reduced IR-
induced lipid peroxidation and oxidative stress
with mild hypothermia (53). Despite there are no
enough knowledge about the relationship between
hypothermia, Cyt ¢ and DRPI1 in hepatic IR
injury, their low levels in this study could be
considered indicators for better mitochondrial
integrity in hypothermic livers. These results may
be supported by an earlier study (54) which found
that reducing metabolic demand through
hypothermia increased survival and reduced the
vulnerability of cortical mitochondria during
severe hypoxemia in kidney. Also the inverse
correlation between the measured ATP level and
Cyt ¢ in hypothermic group in this study (r= -
0.813, p<0.04, n=6) (not mentioned in the result)
confirmed how the availability of ATP decreased
the release of Cyt ¢ hypothermia has been showed
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to provide neuroprotective against global cerebral
IR injury, which is, at least partially, ascribed to
the inhibition of DRP1 and Cyt c expression and
the protection of mitochondrial structure (55,56).
Also  hypothermia reported to  promote
mitochondrial elongation in cardiomyocytes
through reduction of DRP1 fission activity

together with an associated decrease in cellular O,

consumption (57).

The effects in which hypothermia is more
efficient compared to preconditioning:

Compared to IPC group, hypothermia was
more efficient in preservation of integrity of
hepatic structure as evidenced by the histological
section as well as the significant decrease of both
AST and ALT to a level that is not differ
significantly from sham control. Whereas IPC
showed only ameliorating effect on AST level
which even remained significantly higher than
control. In this work, the non- significant change
in serum ALT in IPC group is consistent to an
early study (27). On the other hand, hypothermia
was showed to preserve hepatic tissue, prolong cell
viability and reduce oxidative stress parameters
(58).

Also hypothermia increased the level of
hepatic antioxidant GPX concomitant with the
reduction of MDA while preconditioning was
unable to increase GPX and its effect in reducing
MDA was significantly less than that of
hypothermia (17). Therefore, topical hypothermia
was more effective than IPC in protection of liver
against oxidative stress, precluding the need to
activate second-line antioxidant defenses to further
protects against IPC. In addition, hypothermia was

able to increase ATP level significantly more than

that of IPC which is an indicator for better
mitochondrial function and bioenergetics.

Compared to IR group, hypothermia
decreased significantly the level of hypoxia
inducible factor (HIFla) while preconditioning
increased its level.

Indeed HIFla in this study is significantly
increased with IR compared to sham control which
is consistent with others who reported increased
expression of HIFla and HIF2a in many liver
diseases including IR-induced liver injury (59).
Metabolic reprogramming under hypoxia was one
of the first functions ascribed to HIFla activity.
HIF1la is continuously synthesized in the cytosol
and is rapidly degraded by the 26S proteasome
under normoxic conditions in contrast to
proteolytically stable beta subunit. When oxygen is
limiting, HIFa became stabilized and then
translocated to the nucleus where it binds to
specific gene named hypoxia response elements
(HREs). Thereafter, accumulated HIFa dimerise
with HIFB subunits and recruit additional
transcriptional co-activators to transactivate the
transcription of hypoxia-responsive genes (60).

HIF1la signaling is considered to support
anaerobic ATP production by up-
regulating glycolytic enzymes (61,62) and down-
regulating oxidative phosphorylation enzymes thus
reducing the cell’s reliance on oxygen-dependent
energy production (63). Also HIF1 signaling is
important for HIF-mediated suppression of ROS.
HIF signaling also up-regulates the expression of
SOD, a mitochondrial enzyme capable of
converting the superoxide free radical to H.O»
which can then be converted to harmless water and
oxygen by catalase enzymes. HIF mediates also

regulation of mitochondrial mass and mediate
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adaptive responses to tissue hypoxia (60).

The enhanced expression of HIFla with
ischemic preconditioning in this study is described
before in hepatocytes (64) where HIF1a activation
was reported to be associated with the induction of
a long lasting tolerance to hypoxic injury (65) and
to promote cell survival during IR liver injury
(66,67). However, despite its increased expression
with IPC as manifested in this study, it did not
provide valuable protection against IR injury.

Also the reduced expression of HIF 1o with
hypothermia may be attributed to ability of
hypothermia to improve REDOX state compared
to IR and IPC (decreased MDA and increased
GPX) since stabilization HIFo in the start of
hypoxia is attributed to ROS (68). Herein, the
positive significant correlation between MDA and
level if HIF is supportive to this concept. Also the
ability of hypothermia to reduce the inflammatory
insult on hepatocyte manifested by the reduced
TNFa level may explain its role in inhibiting
HIFla expression since inflammation and its
mediators are HIF activators (69).

In addition, the effect of hypothermia in
reducing Cyt ¢ may be an additive role. It has
been showed before that nitric oxide produced by
cytochrome ¢ oxidase helps in stabilization of
HIFla in hypoxic mammalian cells (70).
Conclusion:

Hypothermia showed more efficacy
compared to IPC in protection against hepatic IR
injury. The effect of hypothermia in reducing this
metabolic reprogramming signal (HIFla) did not
prevent its overwhelming effect in protection
against IR injury compared to IPC. So, the
protection, therefore, appears to be HIFla

independent and may be accomplished through

other interactive mechanisms. Hypothermia

induced its effect through improvement of

REDOX state and mitochondrial bioenergetics.
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