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A B ST R AC T  

 
Aim: To investigate the protective efficacy of magnesium sulphate in a model of rat liver ischemia-

reperfusion (I/R) injury. 
Method: 32 adult female Wistar-Albino rats (250 to 350 g) were used in this experimental study. Rats 

were divided into 4 groups according to liver ischemia and magnesium sulfate application methods. 

Group 1 (C); control, group 2 (M); magnesium sulphate, group 3 (I/R); liver I/R, group 4 (I/R+M); 
I/R + magnesium sulphate treated. The blood samples were centrifuged for the study of aspartate 

aminotransferase (AST), alanine aminotransferase, prothrombin time (PT), international normalized 

ratio (INR) troponin I, total antioxidant status (TAS), total oxidant status (TOS) assays. The livers of 

the animals were removed at the end of the study and samples were taken for histopathological 
examination.  

Results: AST and INR values were significantly decreased in I/R+M group compared to I/R group. 

There was no significant difference in ALT values of the groups. Although not statistically significant, 

the TAS values were increased in I/R + M group compared to I/R group rats. In addition, the value of 
TOS was found to be lower in I/R + M group rats. In the histopathological examination, the mean 

values of apoptosis and necrosis were lower in the IR+M group compared to the I/R group. 

Conclusion: The main finding of the present study suggested that magnesium sulphate pretreatment 
moderately decreased the liver damage through its anti-inflammatory and anti-oxidant effects in a rat 

model of liver I/R. 
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Introduction 

Ischemia is a pathological condition in which 

the oxygen and metabolic products needed by 

the tissues cannot be supplied and the 

metabolites produced cannot be removed by 
the blood flow due to the inadequate perfusion 

of the organ or tissues. Reperfusion is the 

recovery of blood circulation in ischemic 

tissue. While the resumption of blood flow in 
an ischemic tissue may supply the tissue's 

oxygen and other metabolic requirements, it 

may also cause more damage to the tissues 
than ischemia. This sequence of events is 

called ischemia and reperfusion (I/R) damage. 

There are many conditions that cause I/R 

damage, such as, trauma, organ 
transplantation, myocardial infarction, stroke, 

hypovolemic shock and sepsis, which all are 

usually common clinical manifestations [1]. 
Metabolic changes that occur in cells during 

ischemia include cell death, depletion of 

cellular energy stores and accumulation of 

toxic metabolites. Moreover, oxidative 
phosphorylation decreases in oxygen-depleted 

cells. The synthesis of high-energy phosphates 

such as adenosine triphosphate (ATP) and 

phosphocreatine is reduced while anaerobic 
metabolites accumulate in the cell. The 

intracellular free Ca2+, K+ and Na+ increase due 

to the non-functioning ATP-dependent Na+/K+ 
and Ca2+ pumps in the cell membrane. 

Activation of phospholipase, cell membrane 

damage, mitochondrial dysfunction and 

prolongation of the ischemic process 
irreversibly lead to lysosomal enzyme 

activation and ultimately cell death by 

apoptosis [2].  
Reperfusion takes place right after ischemia by 

restoration of blood supply to the tissues. In 

this period, the damage increases in the tissue 

and the cell by the high O2 concentration. Lipid 
peroxidation, membrane damage, 

deoxyribonucleic acid damage, protein 
denaturation and mitochondrial damage occur 

due to elevated levels of reactive oxygen 

species (ROS) and reactive nitrogen species 

(RNS). During reperfusion free oxygen 
radicals cause endothelial damage, increased 

micro-vascular permeability and tissue edema. 

Activated adhesion molecules and cytokines 

may induce systemic inflammatory response. 
By ongoing inflammatory reaction, leukocyte-

associated cell damage is followed by 

deterioration in microcirculation. The process 
that begins with tissue ischemia produces an 

inflammatory response after reperfusion and it 

advances to cell damage even after restoration 

of blood-flow [3]. 
Liver is an essential organ in maintaining 

proper nutrition status in healthy individuals 

through the regulation of protein, carbohydrate 
and fat metabolism. Liver damage caused by 

ischemia and reperfusion represents a process 

continuity that causes hepatocellular damage. 

Ischemia-reperfusion injury in the liver is 
usually seen during hemorrhagic shock, 

advanced sepsis, liver transplantation, surgical 

intervention for a major trauma and hepatic 

resection. The most common procedure to 
reduce bleeding during hepatic resection is 

clamping the liver pedicle to intercept the 

blood flow to the liver, which is known as 
Pringle maneuver, however, it may also cause 

potentially dangerous hepatic parenchymal 

ischemia [4]. Understanding the mechanisms 

of this damage and investigating the measures 
and drugs that may reduce the damage are of 

great importance in order to increase the 

success of liver surgery and to reduce the 
damage of chronic liver diseases [4]. 

Magnesium is the 4th most common cation in 

the body, which mainly place in intracellular 

space. Magnesium has effects on enzymatic 
reactions, cell channels, receptors and 
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intracellular signaling molecules in various 
cells, including mononuclear blood cells. It 

also acts as an ion channel regulator. It 

contributes to maintaining the cellular ion 

balance. It provides smooth muscle relaxation 
and vasodilatation by reducing intracellular 

calcium concentration. Magnesium is also 

required for endocrine functions and protein 

synthesis [5]. Magnesium sulfate (MgSO4), as 
a powerful antioxidant, has significant anti-

inflammatory effects. It inhibits up-regulation 

of endotoxin-dependent inflammatory 
molecule. Magnesium is an L-type calcium 

channel blocker and may be effective in 

preventing I/R damage by reducing calcium 

overload associated with tissue damage in this 
manner [6-9].  

The literature is lacking knowledge about the 

protective efficacy of magnesium sulfate in the 
rat liver I/R injury model. Therefore, we 

investigated whether pre-treatment with 

magnesium sulfate attenuates liver injury 

induced  by  I/R  in  an  in  vivo  rat  model.  

 

Methods  
Experimental procedure was started after 

obtaining approval from Ethics Committee of 
Animal Research of Faculty of Medicine, Bolu 

Abant Izzet Baysal University (BAIBU) 

(Decision no: 2017/14). The procedures were 
conducted according to routine animal care 

guidelines, and all experimental procedures 

complied with the Guide for the Care and Use 

of Laboratory Animals (1996). 32 adult female 
Wistar-Albino rats (250 to 350 g) were used in 

BAIBU Experimental Animals 

Multidisciplinary Laboratory. Rats were kept 
in a 12-h light/12-h dark environment to 

maintain their adaptation to the beginning of 

the study and fed with standard food and water. 

They were only allowed to drink water for 12 
h prior to surgery. 

The weight of all rats was determined by the 
sensitive weighing and the drugs to be used 

were prepared according to their weight. 

Anesthesia was provided with intraperitoneal 

90 mg/kg body weight of ketamine (Ketalar®, 
Pfizer Pharma GMBH, and Germany) and 10 

mg/kg xylazine hydrochloride (Alfazine®, 

2%, Alfasan International, 3440 AB, Woerden, 

Holland). 15 minutes after the drug injection, 
hair on the anterior abdominal wall were 

shaved. 

 
Experimental design 
Rats were divided into 4 groups: Group 1 (C, 

n=8); control group. After the laparotomy, 

hepatic pedicle was seen and kept under 
anesthesia without any intervention during 140 

minutes (surgery time of groups 3 and 4). 

Group 2 (M, n=8); magnesium sulphate group. 
200 mg/kg of magnesium sulfate was 

administered intraperitoneally after 

appropriate anesthesia. Laparotomy was 

performed after 20 minutes. Hepatic pedicle 
was seen and kept under anesthesia without 

any intervention during 140 minutes (surgery 

time of groups 3 and 4). Group 3 (I/R, n=8); 

ischemia-reperfusion. After waiting 20 
minutes from initiation of anesthesia, 

laparotomy was performed. Liver ischemia 

provided for 60 minutes and followed by 
reperfusion during another 60 minutes.  Group 

4 (I/R + M, n=8); ischemia-reperfusion + 

magnesium sulphate group. After anesthesia 

with 200 mg/kg of intraperitoneal magnesium 
sulfate, laparotomy performed in 20th minute 

of anesthesia. Liver ischemia provided for 60 

minutes and followed by reperfusion during 
another 60 minutes.   

 

Rat model of hepatic I/R injury 
Rats group received magnesium were 
dispensed 200 mg/kg of magnesium sulfate 
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intraperitoneally 20 minutes before 
laparotomy. Laparotomy was performed with 

an incision of 3-4 cm from the midline. After 

the organs in the abdomen became visible, the 

portal vein and the hepatic artery were 
explored in the groups other than the control 

group and the magnesium group, and the blood 

supply to the liver was discontinued by the 

atraumatic vascular clamp. With the aid of 
atraumatic vascular clamp, ischemia was 

sustained for 60 minutes. Sufficient occlusion 

was confirmed by the absence of pulsation in 
the hepatic artery and by fading of the tissue. 

The clamps were removed and the ischemia 

was terminated after 60 minutes. Therefore, 

after the interval of another 60 minutes 
reperfusion was achieved. The intra-cardiac 

blood sample was taken from the right atrium 

of the rat. Blood samples were centrifuged for 
the study of aspartate aminotransferase (AST), 

alanine aminotransferase, prothrombin time 

(PT), international normalized ratio (INR) 

troponin I, total antioxidant status (TAS), total 
oxidant status (TOS) assays. The liver was 

removed and samples were taken for 

histopathological examination. Samples 

stained with hematoxylin and eosin dye and the 
liver injury score was evaluated. 

 

Measurement of biochemical parameters 
The blood sample was centrifuged for 10 

minutes at 3000 rpm after coagulation of the 

blood and serum samples obtained. These 

samples were stored at -20 °C until laboratory 
assays done. Serum AST, ALT, troponin and 

INR levels were measured in the Architect 

C8000 device (Please write company and 
country name) in the Biochemistry Laboratory 

of BAIBU Hospital and the measured values 

were expressed as U/L for ALT and AST, and 

as pg/ml for troponin. INR assays were 
performed in the same laboratory by KOAG 

SYMEX device. 

 

Total oxidant status (TOS) analysis 
Total Oxidant Status analysis was performed 

by Total Oxidant Status kit (Rel Assay 
Diagnostics, Gaziantep, Turkey) and in an 

Olympus AU 400 biochemistry auto analyzer.  

Unit of TOS was μmol H2O2 equivalent/L. 

 

Total antioxidant status (TAS) analysis 
Total antioxidant status analysis was done by 

Total antioxidant commercial kit (Rel Assay, 
Gaziantep, Turkey) in an Olympus AU 400 

biochemistry auto analyzer.  Unit of TAS was 

Trolox equivalent/L. 

 

Calculation of oxidative stress index (OSI) 
Total oxidative stress values of the samples 

were calculated according to the total 
antioxidant status values in terms of 

percentage and OSI values were calculated 

with following formula:  

OSI = 100 x TOS (μmol/L H2O2) / TAS 
(μMol/L Trolox). 

 

Histopathological evaluation  
Hepatic tissue was fixed in a 10% 
formaldehyde solution for 24 h for evaluation 

in light microscope. To be followed by tissue 

trimming, the tissue was washed for overnight 
in order to remove the fixative. For 

dehydration, samples were kept in a series of 

an ethanol/water (v/v) in order 70%, 80% 96% 

and 100% each for one hour. After one hour of 
exposure to two different xylenes for the 

purpose of transparency, two to three hours of 

immersion with paraffin was achieved 2 times. 
The tissues were then embedded in paraffin 

blocks. Paraffin sections of 4 μm (Feather S35) 

were obtained by means of the rotary 

microtome (RM 2255, Leica). 
The fixed tissue sections were left in oven at 
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60°C for 45 minutes for deparaffinization 
process. Then they were subjected to xylene 
three times, initially 20 minutes in oven and the 
10 minutes each for the remaining 2 processes. 
They were passed through the alcohol series 
from absolute to 96% to 70% of alcohol for 
rehydration process. The sections were washed 
with distilled water for 5 min. Then rehydrated 
tissues were stained with hematoxylin 
(01562E, Surgipath, Bretton, Peter Borough, 
Cambridgeshire). The excess of dye was 
removed from the samples by placing under 
water stream for 10 minutes and then, 2 
minutes staining with Eosin (01602E, 
Surgipath, Bretton, Peter Borough, 
Cambridgeshire) was applied to the samples. 
After dyeing, Entellan coating used for 
sections which were passed through 70%, 
80%, 96% and 2 series of absolute alcohol 
series, and those kept in three changes of 
xylene each for 20 minutes. 
Liver tissue samples stained with HE were 
examined at least 10 sites with 40x lenses 
under light microscopy. Changes in cell 
histology were evaluated by light microscope. 
Using the tissues scoring table, scoring 0-3 was 
performed in terms of cytoplasmic 
vacuolization, sinusoidal dilatation and cell 
necrosis [10] (Table 1). 
 

Statistical Analyses 
Statistical Package of Social Sciences 24 
(SPSS 24.0, Chicago, IL, USA) software was 
used for statistical analyses. Normal 
distribution of the data was analyzed by means 
of Shapiro-Wilks test. Since ALT and OSI have 
normal distribution, One Way ANOVA test 
was applied in comparison of these variables 
between study groups. Kruskal-Wallis analysis 
of variance was performed in the analysis of 
other data. The Mann-Whitney U test was used 
in dual comparison of the groups and all data 

were expressed as mean ± standard deviation 
(mean ± SD). A p value of <0.05 was 
considered statistically significant. 
 

Table 1. Scoring of liver histopathological injury. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Results 
The biochemical and oxidative values of the 
different groups are given in Table 2. Mean 
serum ALT, AST, troponin I, INR values was 
significantly different in I/R+M and I/R group 
compared to C and M groups. 
When the mean serum AST levels of I/R + M 
and I / R groups were compared, a statistically 
significant difference was found (p=0.035). In 
additionally, the mean serum INR levels were 
significantly different in IR+M group 
compared to I/R group (p=0.009). Although 
there was an increase in TAS values and 
decrease in TOS values with magnesium 
sulphate treatment, there was no statistically 
significant difference between these two 
experimental groups. 
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The liver histopathological injury scores of rats 
were shown in figure 1. In the control group, 
almost normal histopathological appearance 
was obtained. Minimal sinusoidal dilatation 
was observed in M group. Histopathological 
examinations           revealed        vacuolization,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
sinusoidal dilatation, apoptosis and necrosis in 
all experimental groups. These pathological 
findings were more pronounced in the I/R 
group than in the IR + M group (Figure 2. A-
F). However, there was no statistical 
significance in these parameters. 
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Discussion 
One of the most important complications of 
liver surgery is intraoperative bleeding. 
Various vascular occlusion techniques are used 
to solve this problem. A retrospective study of 
the surgical techniques used in bleeding 
control of liver transplantation by Nakajima Y 
et al. [11] and the techniques of Bilt et al. [12] 
in vascular clamping techniques in liver 
surgery shows the frequencies of vascular 
occlusion techniques. While hepatic vascular 
clamp technique is based on total occlusion of 
blood flowing into and out of the liver. Pringle 
maneuver is applied in portal triangle to 
prevent blood flow into the liver and this 
technique is more recommended. 
Gurusamy and colleagues compared vascular  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
occlusion methods for elective liver resection 
and reported that hepatic vascular clamp 
technique caused more destructive changes in 
hemodynamic indicators than portal triad 
clamp technique [13]. In our experimental 
study, we used portal triad clamping technique 
to create ischemia in the rat liver.  
In a study demonstrating the importance of 
laboratory tests in the diagnosis and 
monitoring of liver damage, the sensitivity of 
transaminases (AST, ALT) in demonstrating 
hepatocyte injury was emphasized [14]. In 
their study, Seeto et al. [15] found that 
aminotransferase levels increased in ischemic 
and toxic liver damage. Changes in hemostatic 
parameters are common after major hepatic 
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resection. Clotting balance deteriorates due to 
the breakdown of the synthesis of regulatory 

proteins and inflammatory mediators 

following ischemia reperfusion [16]. In our 

study, serum ALT, AST and INR which are the 
most reliable parameters showing cell damage 

and destruction in liver were evaluated. AST 

and INR values were significantly decreased in 

I/R+M group compared to IR group. There was 
no significant difference in ALT values of the 

groups. 

Serum troponin I was found to be elevated in 
74% of patients with acute hepatic failure [17]. 

In our study, there was no significant 

difference between the I/R+M and I/R groups 

in terms of Troponin I values. 
Kandis et al. [18] found a decrease in TAS 

levels and an increase in TOS levels in liver I/R 

injury. Tüfek et al. [19] found higher TOS 
values and lower TAS values in the IR group 

in their studies comparing liver, lung and 

kidney tissues. In our study, TAS and TOS 

values were measured and OSI was calculated 
to determine the level of oxidative stress. In 

our study, when compared to I/R group of 

I/R+M group, TAS value was found to be low 

compared to the studies. The value of TOS was 
found to be lower in accordance with the 

results in other studies. OSI values were lower 

compared to the I/R group of I/R+M group. 
This shows that oxidative stress is 

proportionally less in the I/R+M group. 

Magnesium sulfate, which has a strong anti-

inflammatory effect, is also a powerful 
antioxidant. Magnesium sulfate inhibits 

endotoxin-dependent inflammatory molecule 

up-regulation. It was suggested that 
magnesium, an L-type calcium channel 

blocker, may be effective in preventing IR 

damage by reducing calcium overload related 

to tissue damage [6-9]. There are studies 
showing that magnesium sulfate is used at 

different doses in different organ irradiation 
therapies [6-8,20]. In our study, magnesium 

sulfate was administered 200 mg/kg 

intraperitoneally 20 minutes before ischemia.  

Various histopathological damage scoring 
systems have been defined for detection of 

ischemia-reperfusion injury and measurement 

of damage level. These scoring systems 

examine tissue changes in various stages of 
cell damage and score them according to the 

level of histological findings. Selzner et al. 

[21] showed that the ATP deficiency caused by 
the oxygenation of the cell induce Na-K pump 

failure in the cell membranes and dilatation in 

the SECs with intracellular Na accumulation, 

the progression of the damage by the complex 
mechanisms, the disappearance of the current 

in the sinuses, and ultimately the cell went into 

apoptosis and necrosis. For this reason, many 
researchers have investigated the 

pathophysiological changes and therapeutic 

efficacy of hepatic I/R injury in this 

mechanism [10,21].  
The most commonly used parameters in this 

study are vacuolization, sinusoidal dilatation 

and apoptosis/necrosis. In our study, we used 

vascularization, sinusoidal dilatation and 
apoptosis/necrosis parameters to determine the 

I/R damage and to investigate the effects of the 

drugs we use on the histopathological damage. 
In this experimental study, when I/R+M group 

of I/R group were compared with I/R group in 

rats with liver ischemia reperfusion, there was 

no significant difference in terms of 
histopathological level vacuolization, 

sinusoidal dilatation apoptosis and necrosis. In 

the histopathological examination, the mean 
values of apoptosis and necrosis were lower in 

the I/R+M group compared to the I/R group. 

 
Conclusion 
In this experimental study, the effects of 
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magnesium sulfate given before ischemia on 
liver I/R injury were evaluated with ALT, AST, 

INR, Troponin I, TAS, TOS and 

histopathological examination. 

Histopathological examination of rats; It was 
observed that magnesium sulfate decreased 

necrosis and apoptosis in I/R+M group 

compared to I/R group. In the evaluation of 

liver damage, the results of AST and INR 
biochemistry were statistically lower in the 

I/R+M group compared to the I/R group. We 

believe that early administration of magnesium 
sulfate, which is not routinely involved in the 

clinical treatment of ischemia-reperfusion, 

may decrease liver damage. This result should 

be supported by more extensive experimental 
and clinical studies. 
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