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ABSTRACT
Introduction: Non-alcoholic fatty liver disease (NAFLD) is considered a worldwide epidemic defined 
as the accumulation of excessive fat in the liver in the absence of excessive drinking of alcohol. Its 
prevalence in the Middle East ranges between 20 and 30 %. 
Aim of the work: We designed this study to evaluate the preventive effect of both metformin and losartan 
on NAFLD in rats.
Material and Methods: We induced NAFLD by high fat diet and fructose in drinking water for 8 weeks. 
Twenty four rats were used in this study and randomly divided into 4 groups; control group, high fat diet 
group, high fat diet with metformin group and high fat diet with losartan group. Blood samples were used 
for detection of liver enzymes and lipid profile assessment. Paraffin and frozen liver sections were done. 
Results: Metformin and losartan significantly prevented the increase in the serum levels of liver enzymes 
and the lipid profile induced by NAFLD in rats. Also, they partially preserved the hepatic architecture.
Recommendation: Combination of both drugs (metformin and losartan) should be tested for better 
biochemical and histopathological results.
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INTRODUCTION                                                                 

Non alcoholic fatty liver disease (NAFLD) is 
a metabolic disorder that includes a wide range 
of clinicopathological conditions starting from 
hepatic steatosis to steatohepatitis, then progress 
to fibrosis and cirrhosis[1]. Obesity is one of the 
essential risk factors for NAFLD development, 
which may cause insulin resistance and metabolic 
syndrome[2].

Metformin is considered the first drug treating 
type 2 diabetes, as it rasises insulin sensitivity 
by upregulating AMP activated protein kinase 
(AMPK) which in turn reduce production of 
hepatic glucose. It also suppresses glucose-6-
phosphatase expression and inhibits mitochondrial 

oxidative phosphorylation, thus it  has a major role 
in metabolism of glucose and lipid in the liver[3,4].

In vitro studies suggest that AMPK inhibit 
proliferation and activation of hepatic stellate 
cells by supressing Akt, inducing antioxidant 
enzymes, and blocking the cell cycle[5,6].

Losartan is selective Angiotensin II receptor 
blocker (ARBs) type 1. As an  antihypertensive 
agent, it has been expected to be effective for 
treatment of NAFLD. As it suppresses the renin-
angiotensin system (RAS) which play a role in the 
mechanisms of insulin resistance and is involved 
in the pathways of liver damage[7]. Moreover, 
losartan has been reported to decrease the number 
of activated hepatic stellate cells, which play 
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a essential role in the progression of hepatic 
fibrosis[8].

MATERIAL AND METHODS                                       

Animals used:

Twenty four Sprague-Dawley rats, weighing 
150 – 250 gm were used in this study. They were 
obtained from Mansoura University Research 
Center, Mansoura, Egypt. They were housed 
in meshed stainless-steel cages under control 
conditions of temperature (23°C±3), and relative 
humidity. The rats were permitted free access to 
standard commercial diet and water ad libitum 
along with fixed 12h light/dark cycle throughout 
acclimatization and experimental periods. All 
rats were kept under specific pathogen-free 
conditions. All the experiments were done 
according to the rules and regulations lay down 
by the committee on animals’ experimentation of 
Mansoura University. 

Experimental design

Two weeks after acclimatization, the animals 
were divided into 4 groups; Group 1 (control 
group) (6 rats): were fed on a basal diet only 
and sacrificed after 8 weeks. Group 2 (NAFLD 
model) (6 rats): were fed on high-fat diet (20 mg 
butter/100 gm diet) and significant amount of 
fructose in drinking water[9], and were sacrificed 
after 8 weeks. Group 3 (Metformin prevention) 
(Met-P) (6 rats): were fed on high fat diet (50% 
fat) and significant amounts of fructose in drinking 
water. Metformin (October Pharma, Egypt)                                                                                                                     
(300 mg/kg/day via gastric tube)[10] was 
administered from the first day. They were 
sacrificed after 8 weeks. Group 4 (Losartan 
prevention) (Los-P) (6 rats): were fed on high-fat 
diet (50% fat) and significant amounts of fructose 
in drinking water. Losartan (Pharaonia, Egypt)                                                                                                     
(10 mg/kg/day via gastric tube)[11] was 
administered from the first day. They were 
sacrificed after 8 weeks. All the 24 rats were 
weighed at time of scarification and subjected 
to laboratory, histopathological and immuno-
histochemical study.

Sacrifice of rats and specimens collection 

At the exact times, all rats (fasting for eight 
hours) were anaesthetized and blood samples 

were collected for assessment of liver enzymes, 
lipid profile, and serum glucose and serum insulin. 
Then, scarification of rats was done. The livers 
were rapidly removed and its absolute weight 
was recorded. Parts of the livers were processed 
as tissue homogenate for quantitative analysis 
of malondialdhyde and reduced glutathione. 
Other parts were dissected and kept frozen for 
oil red o staining and the remaining parts were 
fixed for histopathology and processed for light 
microscopic examination. 

Biochemical studies

The serum levels of aspartate transaminase 
(AST) and alanine transaminase (ALT) were 
assayed according to the routine biochemical 
analysis system using clinical test kits (Elitech, 
UK) spectrophotometrically. Serum lipids; 
triglycerides (TG) and total cholesterol (TC) 
were measured by an automated analyzer (Dade 
Behring RXL, Deerfield, IL, USA)[12]. Xtra 
Plus test strips and an Optium Xceed device 
(Abbott Diabetes Care, Ltd., Maidenhead,                                                           
UK)[13] was used to measure fasting blood Glucose 
levels with Precision. Hepatic malondialdehyde 
(MDA) was determined using a colorimetric 
assay for lipid peroxidation (Bioxytech,                                    
Portland)[14]. Glutathione (GSH) activity was 
assessed by commercial kit from Jiancheng 
Biological Engineering Institute following the 
manufacturer protocol. The reaction of GSH was 
read at 420 nm and the activity of enzyme was 
calculated as mg/g protein[15].

Histological techniques

a) Paraffin sections
The specimens were prepared for paraffin 

sectioning then cut using microtome at thickness 
of 5-6 μm pieces and mounted on the slide for 
staining. Then tissues were stained with H&E[16] 
and Sirius red[17] stains for histopathological 
examination & immunostaining for tumour 
necrosis factor alpha (TNF α) antibody[18].

b) Frozen sections

Immediately after sacrification, the liver was 
removed and a part of it was immediately frozen. 
Frozen sections were cut at 8 to10 μm, air dried 
then fixed in formalin and stained with oil red                  
O stain[19].
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Morphometric analysis

Analysis of the images stained with oil red 
O[20] (fat area), sirius red (collagen area) and 
TNF-α[21] were done by Computer Assisted digital 
image analysis (Digital morphometric study) 
using Image-Pro Plus 4.5 for Windows with a 
specific built-in routine stain quantification and 
area measurement. Six slides from each group 
were prepared, 10 consecutive microscopic 
fields (×100 magnification) from each slide were 
analyzed. 

Statistical analysis

Data were analyzed using the computer 
program SPSS (Statistical package for social 
science) version 22.0. The significance of 
difference between the different groups was tested 
using analysis of variance (ANOVA) to compare 
between more than two groups of numerical 

(parametric) data followed by post-hoc tukey for 
multiple comparisons.

RESULTS                                                                 

Assessment of the body weight and liver 
weight (Table 1) 

There was significant progressive increase in 
both body and the liver weight 8 weeks after HFD 
compared with the control group. Administration 
of metformin or losartan with the HFD from the 
start (Met-P & Los-P) significantly prevented 
the marked increase in both body and liver 
weight compared to NAFLD group. However, 
the liver weight of both Met-P & Los-P groups 
was significantly increased compared to control 
group. No significant difference was observed in 
the liver weight between Met-p & Los-P groups. 
However, there was significant difference in the 
body weight between the both groups.

Table 1: Body and liver weight in different groups sacrificed at 8 weeks

CONTOL NAFLD Met-P Los-P
Body weight 198.49± 11.25 258.43 ± 15.43* 205.71±  7.86# 222.31± 7.5*’#’$
Liver weight 7.33 ± 0.47 11.08 ± 1.27* 8.26 ±  0.48*’# 8.05 ± 0.68*’#

The data is presented as mean ± standard deviation.
P > 0.05 = non-significant, P < 0.05 = significant
•  * = significant as compared to control
•  # = significant as compared to NAFLD
• $ = significant as compared to Met-P

Biochemical assay 

Assessment of the serum levels of liver 
enzymes (ALT & AST) and lipid profile                 
(TC & TG) (Table 2)

Administration of HFD for 8 weeks 
significantly increased the serum levels of 
ALT, AST, TC and TG when compared with 

control animals. (Met-P & Los-P) significantly 
prevented the increase in the serum levels of liver 
enzymes (AST & ALT) and the lipid profile (TG 
& TC) compared to NAFLD group. Metformin 
succeeded to normalize the serum level of ALT 
and AST while losartan succeeded to normalize 
the serum level of TG. And both drugs succeeded 
to normalize TC.

Table 2: serum ALT, AST TC and TG levels in different groups sacrificed at 8 weeks

CONTOL NAFLD Met-P Los-P

ALT 54.15 ± 7.53 105.17 ± 11.02* 59.60 ± 3.87# 62.26 ± 4.93*’#
AST 86.45± 5.92 141.6± 11.77* 88.22±  2.69# 90.88±  4.88*’#
TC 82.10 ± 2.96 139.45 ± 9.57* 91.98 ± 6.73# 87.29 ± 6.93#
TG 58.14 ± 2.26 83.28 ± 9.17* 70.34 ± 6.33*’# 63.53 ± 8.65#

The data is presented as mean ± standard deviation.
P > 0.05 = non-significant, P < 0.05 = significant
• * = significant as compared to control
• # = significant as compared to NAFLD
• $ = significant as compared to Met-P
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Assessment of the levels of FBG (Table 3)

Administration of HFD for 8 weeks 
significantly increased the serum level of FBG 
when compared to control animals. Administration 
of each of metformin or losartan (Met-P & 

Los-P) significantly decreased the level of FBG 
compared to NAFLD group. However, there was 
significant elevation in Los-P group compared to 
control group. Notably, metformin significantly 
prevented the elevation compared to Los-P group.

Table 3: Fasting Blood Glucose concentration in different groups sacrificed at 8 weeks

CONTOL NAFLD Met-P Los-P

FBG 100.13 ± 9.07 139.16 ± 13.58* 105.80 ± 4.01# 113.81± 7.71*’#’$ 

Assessment of the oxidative stress markers 
(MDA & GSH) (Table 4) 

Administration of HFD for 8 weeks 
significantly increased hepatic MDA; 
significantly declined the hepatic GSH compared 
to the control rats. Administration of metformin 
or losartan with the HFD from the start (Met-P & 

The data is presented as mean ± standard deviation.
P > 0.05 = non-significant, P < 0.05 = significant
•  * = significant as compared to control
•  # = significant as compared to NAFLD
• $ = significant as compared to Met-P

Los-P) significantly decreased the hepatic level of 
MDA and significantly increased the hepatic level 
of GSH compared to NAFLD group. On the other 
hand, both drugs failed to normalize the hepatic 
levels of MDA and GSH compared to control 
group. Nevertheless, no significant difference 
between both drugs on the hepatic levels of both 
oxidative stress markers was observed. 

Table 4: Hepatic MDA and GSH concentration in different groups sacrificed at 8 weeks

CONTOL NAFLD Met-P Los-P

MDA 75.66 ± 4.28 160.95 ± 11.92* 84.36 ± 4.02*’# 83.99 ± 6.44*’#

GSH 162.05 ± 10.90 89.87 ± 10.05* 140.43 ± 7.05*’# 142.60 ± 5.60*’#

The data is presented as mean ± standard deviation.
P > 0.05 = non-significant, P < 0.05 = significant
• * = significant as compared to control
• # = significant as compared to NAFLD
• $ = significant as compared to Met-P

Histopathological study

a) Haematoxylin and Eosin (H & E) stained 
sections (Fig. 1)

In the control group, the light microscopic 
examination of the liver of control group showed 
the normal liver architecture with no detected 
abnormalities. The hepatocytes were arranged into 
cords forming flat, anastomosing plates radiating 
from the central vein and separated by hepatic 
sinusoids. Hepatocytes were polyhedral with 
eosinophilic cytoplasm and open face vesicular 
nuclei with prominent nucleoli. The portal tracts 

contained a branch of hepatic artery, portal vein 
and bile duct. Minimal amount of fibrous tissue 
was seen around the portal tracts. Administration 
of HFD for 8 weeks (NAFLD) caused distortion 
of the hepatic architecture. Signet ring appearance 
of some hepatocytes was observed. Hepatocellular 
ballooning was observed in the cytoplasm of many 
hepatocytes. Thin few fibrous tissue septa were 
observed between portal tracts. Administration 
of metformin or losartan with the HFD (Met-P, 
Los-P) partially preserved the hepatic architecture, 
however limited number of hepatocytes showed 
micro and macro-vesicular steatosis with little 
amount of fibrous tissue around the portal tracts. 
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b) Oil Red O stained sections (Fig. 2, Table 5)

The frozen sections of control group revealed 
scanty small sized lipid droplets scattered in 
the hepatocytes. In NAFLD group, the frozen 
sections showed large number of variable sized fat 
droplets. By image analysis, the area occupied by 
fat in NAFLD group was significantly increased 
compared with control group. Administration of 
metformin or losartan with HFD (Met-P, Los-P) 
revealed different sizes of lipid droplets in some 
of the hepatocytes. By image analysis, each drug 
significantly decreased the area occupied by fat 
compared with NAFLD group. However, neither 
of them succeeded to eliminate the fat as there 
was significant increase in the area occupied by 
fat compared with control group. Moreover, No 
significant difference was observed between 
either drugs. 

c) Sirius red stained sections (Fig. 3,                       
Table 5)

Sections of control group showed few fine 
collagen fibers surrounding the central veins and 
the portal tracts. In NAFLD group, small fibrous 
tissue septa were observed extending from the 
portal triads. Administration of metformin or 
losartan with the HFD (Met-P, Los-P) significantly 
prevented the increase in the amount of collagen 
fibers around the central vein and portal tracts 
compared to NAFLD group confirmed by image 
analysis. On the other hand when compared to 
control group, losartan succeeded to return the 
area occupied by collagen to the normal values 
(non-significant increase), while metformin failed 
in this (significant increase). No fibrous septa 
were observed in both Met-P and Los-P groups.

Table 5: Fat (F.) and Collagen (C.) area percentages by image analysis (%) in different groups sacrificed at 8 weeks

CONTOL NAFLD1 Met-P Los-P

F. area 2.18 ± 0.43 41.75 ± 3.86 * 7.09 ± 0.78*’# 8.02 ± 0.87*’#
C. area 0.78 ± 0.08 5.17 ± 0.87* 2.25 ± 0.61*’# 1.26 ± 0.26#’$

The data is presented as mean ± standard deviation.
P > 0.05 = non-significant, P < 0.05 = significant
• * = significant as compared to control
• # = significant as compared to NAFLD
• $ = significant as compared to Met-P
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Fig. 1: A, B: photomicrographs of liver section of the control group, showing polyhedral hepatocytes arranged 
in anastomosing plates radiating from central vein (CV), lined by flat endothelial cells (arrowheads) and polyhedral 
hepatocytes arranged in flat anastomosing plates with vesicular nuclei (N) separated by hepatic sinusoids (Sin), C, D: 
photomicrographs of liver section from NAFLD group showing fibrous septa (red arrowhead) extending between the 
portal tracts (PT), hepatocytes distended with large fat droplets (FD) pushing the nucleus (N) to one side. The cytoplasm 
of some hepatocytes appears vacuolated (VC) and inflammatory cell infiltrate (Inf) could be seen between the hepatocytes. 
E, F: photomicrographs of liver section from Met-P group showing plates of hepatocytes with vesicular nuclei (N) 
arranged in cords radiating from the central veins (CV) separated by wide sinusoidal spaces (Si), few hepatocytes contains 
small and large sized lipid droplets (arrows, FD). The cytoplasm of some hepatocytes appeared vacuolated (VS). G, 
H: photomicrographs of liver section from Los-P group showing normal hepatocytes with vesicular nuclei (N), few 
hepatocytes loaded with fat droplets (arrowhead, FD) with moderate inflammatory cell infiltrate (INF) around the portal 
tracts (PT). A, C, E, and G: hematoxylin-eosin stain, original magnification: ×100. B, D, F and H: hematoxylin-eosin 
stain, original magnification: ×400
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Fig. 2: A: photomicrograph of a frozen section of liver of control group showing small sized red lipid droplets (arrow) 
scattered in the hepatocytes, B: photomicrograph of a frozen section of liver of NAFLD group showing large amount 
of different size fat droplets (arrow) in the hepatocytes, C: photomicrograph of a frozen section of liver of Met-P group 
showing little amount of variable sized fat droplets (arrow), D: photomicrograph of a frozen section of liver of Los-P 
group showing little amount of variable sized fat droplets (arrow).                       (Oil Red O; original magnification: ×100).

Fig. 3: A: photomicrograph of a section of liver of the control group showing little amount of collagen fibers (arrow 
head) around central vein (CV) and portal tract (PT), B:  photomicrograph of a section of liver of NAFLD group showing 
increased amount of collagen fibers around central vein (CV) and portal tract (PT) with small septa (arrowheads), C: 
photomicrograph of a section of liver of Met-P group showing slight increase in the amount of collagen fibers in the portal 
tract (arrowheads), D: photomicrograph of a section of liver of Los-P group showing little amount of collagen around 
central vein (CV) and portal tract (PT) (arrowheads)                                                 (Sirus red; original magnification: ×100).
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d) Anti TNF-α immune-stained sections 
(Fig. 4, Table 6)

Sections of control group showed few TNF-α 
positive reaction in the lining of the hepatic 
sinusoids. NAFLD sections showed significant 
increase of TNF-α positive reaction in the 
hepatocytes and in the hepatic sinusoids lining 
compared to the control group. This finding was 
confirmed by measuring the area percentage 
of positive TNF-α reaction which revealed 
significant increase compared to control group. 

In liver sections of Met-P, Los-P groups, TNF-α 
positive reaction was observed in the hepatocytes 
and in the hepatic sinusoids lining. By image 
analysis, administration of metformin or losartan 
(Met-P, Los-P groups) significantly prevented the 
increase in the TNF-α positive reaction compared 
with NAFLD group. On the other hand, losartan 
succeeded to normalize the area occupied by 
TNF-α positivity, whereas metformin failed to 
normalize it. However, the decline in the area 
stained by TNF-α in Los-P group when compared 
with Met-P group was non-significant. 

Table 6: TNF-α positive cells area percentage by image analysis in different groups sacrificed at 8 weeks

CONTOL NAFLD1 Met-P Los-P

Area 1.24 ± 0.28 14.35 ± 2.37* 5.11 ± 1.48*’# 3.68 ± 1.02#’$

The data is presented as mean ± standard deviation.
P > 0.05 = non-significant, P < 0.05 = significant
• * = significant as compared to control
• # = significant as compared to NAFLD
• $ = significant as compared to Met-P

Fig. 4: A: photomicrograph of liver sections of the control group, showing TNF-α positive reaction in the hepatic sinusoids 
(arrowhead), B: photomicrograph of liver sections of the NAFLD group showing increased amount of TNF-α positive 
reaction in between the hepatocytes (arrowhead), C: photomicrograph of liver sections of the Met-p group showing 
TNF-α positive reaction in the hepatic sinusoids (arrows) and some hepatocytes (arrowhead), D: photomicrograph of liver 
sections of the Los-p group showing TNF-α positive cells (arrowhead) and TNF-α deposition in the hepatic sinusoids 
(arrows)                                                                                                                       (TNF-α; original magnification: x 400).
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DISCUSSION                                                              

Non-alcoholic fatty liver disease (NAFLD) is 
a metabolic disorder characterized by excessive 
lipid accumulation in the liver in the absence of 
alcohol consumption[22].

Many animal models were tried to mimic the 
natural history of human NAFLD. The first type 
of models are the genetic models by knockout of 
certain genes involved in lipid metabolism such as 
SREBP-1c transgenic mice, Ob/ob mice, Db/db 
mice, Zucker rat and others. The second type of 
models are the dietary types including Methionine 
and choline deficient diet, fat rich diet, cholesterol 
and cholate diet and fructose rich diet[23].

Fructose controls the activity of glucokinase, 
which is the principle enzyme involved in 
hepatic glucose metabolism. Fructose potently 
enhances the liver glucose uptake and glycogen 
synthesis. Therefore, excessive fructose intake 
leads to postprandial hypertriglyceridemia, which 
increases visceral adipose deposition, insulin 
resistance and hepatic steatosis[24].

Many animal studies found that the high 
fat diet represent the detrimental eating habits 
of the Western diet and mimic the etiology of 
NAFLD. Animal study on mice showed that 
the administration of high-fat foods and high-
fructose/sucrose liquids leads to a synergistic 
effect that may induce liver inflammation and 
fibrogenesis[11, 24, 25]. 

Therefore, in our current study, we used a 
dietary model including combination of high 
fat diet (20 gm butter/100 gm diet) and fructose 
added in significant amount to drinking water. 
The duration sufficient to produce NAFLD was 8 
weeks. This is in agreement with[26]. 

In this study, the histopathological picture 
of a NAFLD rat model (HFD) showed distorted 
hepatic architecture with micro-vesicular and 
macro-vesicular steatosis and inflammatory cell 
infiltration by Hx & E examination and significant 
increase in the area occupied by fat by oil red o 
staining when compared with the control group. 
These findings were in agreement with Ganz                 
et al.[27] in their study on mice. Kawasaki et al.[28] 

examined livers of Wistar rats were fed fructose 
rich diet for 5 weeks and found significantly 

higher  grades of steatosis of macrovesicular 
type and intralobular inflammation than those in 
control rats.

Additionally, in our study we found a 
significant increase in the area occupied by 
collagen fibers when compared with the control 
group. This finding agrees with[29] Kohli et al. 
who found that non-genetically modified mice 
maintained on a high fat diet present a NASH-
like phenotype including hepatic steatosis, 
inflammation with significant fibrosis.

In our study, there was significant increase in 
the body weight and liver weight when compared 
with the control group. These findings agreed with 
Buettner et al.[30]. In addition, the level of TC and 
TG in HFD animals was significantly higher. Yao 
et al.[31], reported the same result. They attributed 
this elevation to lipid oxidation impairment and 
mitochondrial dysfunction. Also, the serum 
levels of hepatic enzymes ALT and AST were 
significantly increased. These results agreed with 
Yin et al., Ni and Wang and Zhu et al.[32-34] 

Administration of HFD for 8 weeks 
progressively increased the serum levels of FBS 
significantly. This finding agreed with Frantz 
et al.[35] who explained it by gluconeogenesis 
enhancement and increased GLUT2 level in the 
hepatocytes under the effect of HFD.

Regarding the oxidative stress markers, in the 
present study the values of MDA was significantly 
elevated and GSH was significantly reduced when 
compared with control group. These findings 
agreed with the finding of Aghazadeh et al., Yao 
et al.and Zhu et al.[31, 34, 36]  

Cytokines play an essential role in changing 
of NAFLD to steatohepatitis and hepatic fibrosis. 
One of the important cytokines is TNF-α. In 
the present model, sections from the rat livers 
showed marked increase in TNF-α deposition in 
the hepatocytes and in the kupffer cells inside 
the hepatic sinusoids and the area occupied by 
TNF-α staining showed significant increase when 
compared to the control group. This finding was 
in agreement with Tobelli et al.[21] 

Currently, the main treatment for NAFLD/
NASH is a modified life style by exercise and diet 
and there is a deficient data regarding the most 
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beneficial and suitable pharmacological therapy. 
However, pharmacological therapeutic agents 
are used by obese patients with NAFLD often 
lacks the ability to maintain the healthy lifestyles. 
The drugs investigated in the management of 
NAFLD are insulin sensitizers, antioxidants, 
vitamin E, lipid-lowering drugs, pentoxifylline, 
ursodeoxycholic acid, angiotensin receptor 
blockers, n-3 polyunsaturated fatty acids, 
probiotics, synbiotics, and herbal medicines[37].

In our current study we tested two drugs 
(metformin and losartan) for their preventive 
efficacy in the management of NAFLD.

Metformin is an insulin sensitizer, which 
belongs to biguanides family; and is used to 
treat diabetes mellitus type 2. On the molecular 
level, it acts by activation of AMPK, which 
increases glucose uptake by the muscles, inhibits 
hepatic gluconeogenesis, inhibits lipogenesis; 
and stimulate lipolysis in the liver, muscles and 
adipose tissues.

Literatures focusing on the preventive 
effect of metformin on NAFLD were deficient. 
Therefore, in the current study, the preventive 
effect of metformin on NAFLD was assessed 
by administration of the drug from the start 
of NAFLD induction; and it was found that 
metformin significantly prevented the increase 
in the body weight and the liver weight and it 
succeeded to normalize the body weight but not 
the liver weight. This finding was in agreement 
with Chen et al.[38] Moreover, in the current 
study, metformin prevented the elevation of 
ALT, AST and FBS and normalized their values 
when administered from the start. Not only 
this, but it ameliorated hepatic oxidative stress. 
This finding was in agreement with De la Rosa                                                                            
et al.[39] who proved the metformin protective role 
against oxidative stress in primary hepatocytes.  
This could be explained by metformin role in 
the induction of heme oxygenase-1 (HO-1), bcl-
xl gene expression, and the reduction of c-Jun 
N-terminal kinase (JNK) activation. JNK is a key 
player in the pathogenesis of oxidative stress-
mediated diseases.

Metformin prevented the elevation of the 
serum levels of lipid profile (TG & TC) and 
succeeded to normalize TC, but failed to normalize 
TG value. Khan and Jena[40] found that metformin 

treatment significantly decreased the TC and TG. 
Histopathologically, metformin preserved the 
hepatic architecture, decreased hepatic steatosis 
and inflammation. These histopathological 
findings were confirmed by image analysis and 
were in agreement with Gujjalaa et al.[41] The 
previous findings were explained by AMPK 
activation that leads to downregulation of 
SREBP-1c and fatty acid synthase, thus hepatic 
lipogenesis and gluconeogenesis decreases, while 
lipolysis increases. On the other hand, hepatic 
fibrosis is prevented by metformin administration 
by TGF-b suppression resulting from AMPK 
stimulation[6]. 

In the current study, metformin prevented the 
increase in the positive TNF-α reaction compared 
with NAFLD group, but failed to normalize it 
compared with control group. This finding could 
be explained as metformin induced activation of 
AMPK leading to macrophage polarization to the 
M2 phenotype[40].

Losartan is a selective Angiotensin II receptor 
blockers (ARBs) type 1 that suppresses the renin-
angiotensin system (RAS) which has a role in the 
mechanisms of insulin resistance and is involved 
in the pathways of liver damage. It is widely used 
as an antihypertensive agent that was expected to 
be effective for treatment of NAFLD. Losartan 
induce vasodilation in the pancreatic vasculature 
and enhancing insulin secretion, vasodilation 
promotes glucose delivery to insulin-sensitive 
tissues. Other mechanisms are improvement 
of insulin signaling, decreased sympathetic 
activity, adjustment of muscle fiber composition 
and improvement of ionic balance and selective 
stimulation of PPAR[42]. 

In the current study, the preventive effect 
of losartan on the development of NAFLD was 
assessed by its administration from the start in 
parallel with NAFLD induction. 

Regarding FBS, body weight and the liver 
weight, losartan significantly prevented their 
increase compared with NAFLD group. However, 
it failed to normalize them. This finding was 
in agreement with Shad et al.[43] The possible 
mechanism includes prevention of insulin 
resistance under the effect of vasodilation and 
increased glucose uptake by skeletal muscle 
and activation of PPAR-γ and subsequently 
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translocation of GLUT 4 to the plasma membrane 
in the skeletal muscle[42].

Moreover, administration of losartan 
significantly prevented the increase in the serum 
levels of liver enzymes (AST & ALT) along 
with the lipid profile (TG & TC) compared with 
NAFLD group and succeeded to normalize their 
levels. Fujita et al.[44] observed decreased ALT 
level by telmisartan in choline deficient diet 
model of NAFLD, Mohamed et al.[45] observed 
similar findings in a study on another ARB 
(irbesartan); and Okura et al.[46] found that losartan 
significantly decreased the level of liver enzymes 
in a steatohepatitis model in non-diabetic rat. The 
explanation of the decrease in liver enzymes is 
the reduced release of the inflammatory cytokine 
TNF-α thus protecting the hepatocytes from 
HFD-induced injury. The hypolipidemic effect 
of losartan is explained by prevention of insulin 
resistance resulting from its vasodilator effect and 
by down regulation of PPAR.

In the current study, losartan significantly 
decreased the hepatic level of MDA and 
significantly increased the hepatic level of GSH 
compared to NAFLD group. But, it failed to 
normalize their levels compared to control group. 
Similar finding was observed by Okura et al.[46] 

who proved that losartan significantly prevent the 
increase of MDA content in choline deficient diet 
mouse model of NASH who attributed this to AT-
II blocking which inhibit ROS production[47]. 

 Concerning the histopathology, losartan 
preserved the hepatic architecture, markedly 
prevented hepatic steatosis confirmed by 
image analysis. Significant decrease in the area 
occupied by fat compared with NAFLD group 
was observed, despite it failed to eliminate the 
fat as there was significant increase in the area 
occupied by fat compared with control. This 
finding was in agreement with Kato et al.[48] who 
studied the effect of irbesartan, on non-alcoholic 
steatohepatitis using FLS-ob/ob male mice and 
found that irbesartan decreased the area of hepatic 
steatosis compared to the model group. They 
attributed the improvement of hepatic steatosis to 
the effect of ARBs on the genes regulating lipid 
metabolism in the form of upregulated PPAR 
gene and down regulation of SREBP gene with 
partial agonistic activity of PPAR-γ could improve 
adipocyte dysfunction, consequently reducing 
TNF-α and free fatty acids. 

Moreover, the amount of fibrous tissue around 
the portal tracts was reduced after administration 
of losartan which was confirmed by image 
analysis and succeeded to return the area occupied 
by collagen to the normal values (non-significant 
increase). This finding was in agreement with 
Yoshiji et al.[49]; who attributed the antifibrotic 
effect of losartan to inhibition of hepatic stellate 
cells (HSC) activation. Other factors might be 
included in the antifibrotic effect of losartan 
such as attenuation of oxidative stress, reduction 
of macrophage, inflammatory cytokines down-
regulation, suppression of TIMP-1 and increased 
circulating adiponectin levels[42].

In the present study, the administration of 
losartan significantly prevented the increase in 
the TNF-α positive reaction in the hepatocytes 
and in the hepatic sinusoids compared with 
NAFLD group. Also, it succeeded to normalize 
the area occupied by TNF-α positive reaction. 
Similar result was observed by Fujita et al.[44]; 
and Kato et al.[48] who found that the number of 
Kupffer cells infiltrating the liver was reduced 
and TNF-α gene expression was decreased 
under the effect of Telmisartan. A-II is known 
to increase inflammatory cytokines release 
thus ATR1 blockers reduce the hepatic TNF-α                      
production[42, 50].

In the current study, a detailed comparison 
on the preventive effects of both metformin and 
losartan in NAFLD were carried on to assess 2 
different pathways in the pathogenesis of NAFLD.

Addressing the preventive effects, each drug 
was administered at the start of NAFLD induction, 
metformin produced significant reduction in the 
body weight, and FBS compared to Los-P group, 
while no significant difference in the remaining 
biochemical parameters was observed. This effect 
could be attributed to AMPK phospholylation by 
metformin resulting in enhanced insulin signaling 
leading to decreased gluconeogenesis, increased 
lipolysis, decreased lipogenesis, and enhanced 
glucose entry to skeletal muscles[6, 51, 52].

On the other hand, losartan administration 
at the start significantly improved the 
histopathological features of NAFLD including 
significant decrease in the fat area, collagen 
area and area immune-stained cells with TNF-α 
compared with Met-P groups. These effects 
could be explained by more than one mechanism 
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as ARBs decrease the insulin resistance, rather 
than this they decrease macrophage infiltration, 
decrease proinflammatory cytokines production, 
decrease TIMP4 expression and prevent HSCs 
activation[42, 49].

CONCLUSIONS                                                         

The single administration of metformin or 
losartan in prevention of NAFLD improves the 
body and liver weights, decreases the serum 
levels of liver enzyme, lipid profile and fasting 
blood glucose. Moreover, they relieve the 
oxidative stress and decrease the release of tumor 
necrosis factor alpha. Losartan improves the liver 
histopathology more than metformin and prevent 
progression of NASH to hepatic fibrosis, so it 
carries a great hope as a therapy for NAFLD. 
Combination of both drugs should be tested for 
better biochemical and histopathological results.

CONFLICT OF INTERESTS                                     

There are no conflicts of interest.

REFERENCES                                                              

1. Neuschwander-Tetri, B.A. and Caldwell, 
S.H., 2003. Non-alcoholic steatohepatitis: 
summary of an AASLD Single Topic 
Conference. Hepatology, 37(5), pp.1202-
1219.

2. Ahmed, M., 2015. Nonalcoholic fatty liver 
disease in 2015. World journal of hepatology, 
7(11), p.1450.

3. Ota, S., Horigome, K., Ishii, T., Nakai, M., 
Hayashi, K., Kawamura, T., Kishino, A., 
Taiji, M. and Kimura, T., 2009. Metformin 
suppresses glucose-6-phosphatase 
expression by a complex I inhibition and 
AMPK activation-independent mechanism. 
Biochemical and biophysical research 
communications, 388(2), pp.311-316.

4. Ismail-Beigi, F., 2012. Glycemic management 
of type 2 diabetes mellitus. New England 
Journal of Medicine, 366(14), pp.1319-1327.

5. Caligiuri, A., Bertolani, C., Guerra, C.T., 
Aleffi, S., Galastri, S., Trappoliere, M., 
Vizzutti, F., Gelmini, S., Laffi, G., Pinzani, 

M. and Marra, F., 2008. Adenosine 
monophosphate activated protein kinase 
modulates the activated phenotype of hepatic 
stellate cells. Hepatology, 47(2), pp.668-676.

6. Kita, Y., Takamura, T., Misu, H., Ota, 
T., Kurita, S., Takeshita, Y., Uno, M., 
Matsuzawa-Nagata, N., Kato, K.I., Ando, H. 
and Fujimura, A., 2012. Metformin prevents 
and reverses inflammation in a non-diabetic 
mouse model of nonalcoholic steatohepatitis. 
PloS one, 7(9), p.e43056.

7. Yokohama, S., Yoneda, M., Haneda, M., 
Okamoto, S., Okada, M., Aso, K., Hasegawa, 
T., Tokusashi, Y., Miyokawa, N. and 
Nakamura, K., 2004. Therapeutic efficacy 
of an angiotensin II receptor antagonist in 
patients with non-alcoholic steatohepatitis. 
Hepatology, 40(5), pp.1222-1225.

8. Yokohama, S., Tokusashi, Y., Nakamura, 
K., Tamaki, Y., Okamoto, S., Okada, M., 
Aso, K., Hasegawa, T., Aoshima, M., 
Miyokawa, N. and Haneda, M., 2006. 
Inhibitory effect of angiotensin II receptor 
antagonist on hepatic stellate cell activation 
in nonalcoholic steatohepatitis. World journal 
of gastroenterology: WJG, 12(2), p.322.

9. Tetri, L. H., Basaranoglu, M., Brunt, E. M., 
Yerian, L. M., & Neuschwander-Tetri, B. 
A. (2008). Severe NAFLD with hepatic 
necroinflammatory changes in mice fed 
trans fats and a high fructose corn syrup 
equivalent. American Journal of Physiology-
Gastrointestinal and Liver Physiology, 
295(5), G987-G995. 

10. Forcheron, F., Abdallah, P., Basset, A., Del 
Carmine, P., Haffar, G. and Beylot, M., 2009. 
Nonalcoholic hepatic steatosis in Zucker 
diabetic rats: spontaneous evolution and 
effects of metformin and fenofibrate. Obesity, 
17(7), pp.1381-1389.

11. Ibañez, P., Solis, N., Pizarro, M., Aguayo, 
G., Duarte, I., Miquel, J.F., Accatino, L. and 
Arrese, M., 2007. Effect of losartan on early 
liver fibrosis development in a rat model 
of nonalcoholic steatohepatitis. Journal of 
gastroenterology and hepatology, 22(6), 
pp.846-851.



327

Ahmed et al.

12. Nakamura, M., Iso, H., Kitamura, A., 
Imano, H., Noda, H., Kiyama, M., Sato, S., 
Yamagishi, K., Nishimura, K., Nakai, M. and 
Vesper, H.W., 2016. Comparison between 
the triglycerides standardization of routine 
methods used in Japan and the chromotropic 
acid reference measurement procedure 
used by the CDC Lipid Standardization 
Programme. Annals of clinical biochemistry, 
53(6), pp.632-639.

13. Vashist, S.K., Zheng, D., Al-Rubeaan, K., 
Luong, J.H. and Sheu, F.S., 2011. Technology 
behind commercial devices for blood glucose 
monitoring in diabetes management: A 
review. Analytica chimica acta, 703(2), 
pp.124-136.

14. Milagro, F.I., Campión, J. and Martínez, 
J.A., 2006. Weight gain induced by high-fat 
feeding involves increased liver oxidative 
stress. Obesity, 14(7), pp.1118-1123.

15. Jiang, T., Sun, Q. and Chen, S., 2016. 
Oxidative stress: A major pathogenesis and 
potential therapeutic target of antioxidative 
agents in Parkinson’s disease and Alzheimer’s 
disease. Progress in Neurobiology, 147, pp.1-
19.

16. Bancroft, J.D. and Layton, C., 2013. The 
hematoxylins and eosin. Bancroft’s Theory 
and Practice of Histological Techniques. 
Elsevier, pp.173-186.

17. Chun, T.H. and Inoue, M., 2014. 3-D 
adipocyte differentiation and peri-adipocyte 
collagen turnover. In Methods in enzymology 
(Vol. 538, pp. 15-34). Academic Press.

18. Dabbs, D.J., 2017. Diagnostic 
Immunohistochemistry E-Book: Theranostic 
and Genomic Applications. Elsevier Health 
Sciences.

19. Mehlem, A., Hagberg, C.E., Muhl, L., 
Eriksson, U. and Falkevall, A., 2013. Imaging 
of neutral lipids by oil red O for analyzing the 
metabolic status in health and disease. Nature 
protocols, 8(6), p.1149.

20. Shamloo, A., Mohammadaliha, N., 
Heilshorn, S.C. and Bauer, A.L., 2016. A 

comparative study of collagen matrix density 
effect on endothelial sprout formation using 
experimental and computational approaches. 
Annals of biomedical engineering, 44(4), 
pp.929-941.

21. Toblli, J.E., Muñoz, M.C., Cao, G., Mella, 
J., Pereyra, L. and Mastai, R., 2008. ACE 
inhibition and AT1 receptor blockade prevent 
fatty liver and fibrosis in obese Zucker rats. 
Obesity, 16(4), pp.770-776. 

22. Fiorucci, S., Biagioli, M. and Distrutti, E., 
2018. Future Trends in the Treatment of Non-
Alcoholic Steatohepatitis. Pharmacological 
research.

23. Takahashi, Y., Soejima, Y., & Fukusato, T. 
(2012). Animal models of nonalcoholic fatty 
liver disease/nonalcoholic steatohepatitis. 
World journal of gastroenterology: WJG, 
18(19), 2300. 

24. Ishimoto, T., Lanaspa, M.A., Rivard, 
C.J., Roncal-Jimenez, C.A., Orlicky, D.J., 
Cicerchi, C., McMahan, R.H., Abdelmalek, 
M.F., Rosen, H.R., Jackman, M.R. and 
MacLean, P.S., 2013. High-fat and high-
sucrose (western) diet induces steatohepatitis 
that is dependent on fructokinase. Hepatology, 
58(5), pp.1632-1643. 

25. Sanches, S.C.L., Ramalho, L.N.Z., Augusto, 
M.J., da Silva, D.M. and Ramalho, F.S., 
2015. Nonalcoholic steatohepatitis: a search 
for factual animal models. BioMed research 
international, 2015. 

26. Li, S., Meng, F., Liao, X., Wang, Y., Sun, Z., 
Guo, F., Li, X., Meng, M., Li, Y. and Sun, 
C., 2014. Therapeutic role of ursolic acid on 
ameliorating hepatic steatosis and improving 
metabolic disorders in high-fat diet-induced 
non-alcoholic fatty liver disease rats. PLoS 
One, 9(1), p.e86724. 

27. Ganz, M., Csak, T., & Szabo, G. (2014). High 
fat diet feeding results in gender specific 
steatohepatitis and inflammasome activation. 
World journal of gastroenterology: WJG, 
20(26), 8525. 



328

PREVENTION OF NON-ALCOHOLIC FATTY LIVER DISEASE

28. Kawasaki, T., Igarashi, K., Koeda, T., 
Sugimoto, K., Nakagawa, K., Hayashi, 
S., Yamaji, R., Inui, H., Fukusato, T. and 
Yamanouchi, T., 2009. Rats fed fructose-
enriched diets have characteristics of 
nonalcoholic hepatic steatosis. The Journal 
of nutrition, 139(11), pp.2067-2071.

29. Kohli, R., Kirby, M., Xanthakos, S.A., Softic, 
S., Feldstein, A.E., Saxena, V., Tang, P.H., 
Miles, L., Miles, M.V., Balistreri, W.F. and 
Woods, S.C., 2010. High-fructose, medium 
chain trans fat diet induces liver fibrosis and 
elevates plasma coenzyme Q9 in a novel 
murine model of obesity and nonalcoholic 
steatohepatitis. Hepatology, 52(3), pp.934-
944. 

30. Buettner, R., Schölmerich, J. and Bollheimer, 
L.C., 2007. High-fat diets: modeling the 
metabolic disorders of human obesity in 
rodents. Obesity, 15(4), pp.798-808.

31. Yao, J., Zhi, M. and Minhu, C., 2011. Effect of 
silybin on high-fat-induced fatty liver in rats. 
Brazilian Journal of Medical and Biological 
Research, 44(7), pp.652-659. 

32. Yin, C., Evason, K.J., Asahina, K. and 
Stainier, D.Y., 2013. Hepatic stellate cells in 
liver development, regeneration, and cancer. 
The Journal of clinical investigation, 123(5), 
pp.1902-1910.

33. Ni, X. and Wang, H., 2016. Silymarin 
attenuated hepatic steatosis through 
regulation of lipid metabolism and oxidative 
stress in a mouse model of nonalcoholic fatty 
liver disease (NAFLD). American journal of 
translational research, 8(2), p.1073.

34. Zhu, B., Wei, L., Rotile, N., Day, H., Rietz, 
T., Farrar, C.T., Lauwers, G.Y., Tanabe, K.K., 
Rosen, B., Fuchs, B.C. and Caravan, P., 2017. 
Combined magnetic resonance elastography 
and collagen molecular magnetic resonance 
imaging accurately stage liver fibrosis in a rat 
model. Hepatology, 65(3), pp.1015-1025.

35. Frantz, E.D.C., Penna-de-Carvalho, A., 
Batista, T.D.M., Aguila, M.B. and Mandarim-
de-Lacerda, C.A., 2014. Comparative Effects 

of the Renin–Angiotensin System Blockers 
on Nonalcoholic Fatty Liver Disease 
and Insulin Resistance in C57Bl/6 Mice. 
Metabolic syndrome and related disorders, 
12(4), pp.191-201.

36. Aghazadeh, S., Amini, R., Yazdanparast, 
R. and Ghaffari, S.H., 2011. Anti-apoptotic 
and anti-inflammatory effects of Silybum 
marianum in treatment of experimental 
steatohepatitis. Experimental and toxicologic 
pathology, 63(6), pp.569-574.

37. Takahashi, Y., Sugimoto, K., Inui, H. and 
Fukusato, T., 2015. Current pharmacological 
therapies for nonalcoholic fatty liver disease/
nonalcoholic steatohepatitis. World journal 
of gastroenterology: WJG, 21(13), p.3777.

38. Chen, C.C., Wang, H.J., Shih, H.C., Sheen, 
L.Y., Chang, C.T., Chen, R.H. and Wang, T.Y., 
2001. Comparison of the metabolic effects 
of metformin and troglitazone on fructose-
induced insulin resistance in male Sprague-
Dawley rats. Journal of the Formosan 
Medical Association, 100(3), pp.176-180.

39. De La Rosa, L.C., Vrenken, T.E., Buist‐
Homan, M., Faber, K.N. and Moshage, 
H., 2015. Metformin protects primary 
rat hepatocytes against oxidative stress‐
induced apoptosis. Pharmacology research & 
perspectives, 3(2).

40. Khan, S. and Jena, G., 2016. Sodium butyrate 
reduces insulin-resistance, fat accumulation 
and dyslipidemia in type-2 diabetic rat: A 
comparative study with metformin. Chemico-
biological interactions, 254, pp.124-134.

41. Gujjala, S., Putakala, M., Ramaswamy, R. 
and Desireddy, S., 2016. Preventive effect of 
Caralluma fimbriata vs. Metformin against 
high-fat diet-induced alterations in lipid 
metabolism in Wistar rats. Biomedicine & 
Pharmacotherapy, 84, pp.215-223.

42. Paschos, P. and Tziomalos, K., 2012. 
Nonalcoholic fatty liver disease and the 
renin-angiotensin system: Implications for 
treatment. World journal of hepatology, 
4(12), p.327.



329

Ahmed et al.

43. Shad, M.N., Fatima, A., Sair, M., Chiragh, 
S. and Ahmad, Z., 2018. Effect of Losartan 
in Comparison with Pioglitazone on Weights 
of Liver &Visceral Adipose Tissue on a 
Rat Model of Type 2 Diabetes Mellitus. 
PAKISTAN JOURNAL OF MEDICAL & 
HEALTH SCIENCES, 12(1), pp.254-257.

44. Fujita, K., Yoneda, M., Wada, K., Mawatari, 
H., Takahashi, H., Kirikoshi, H., Inamori, 
M., Nozaki, Y., Maeyama, S., Saito, S. and 
Iwasaki, T., 2007. Telmisartan, an angiotensin 
II type 1 receptor blocker, controls progress of 
nonalcoholic steatohepatitis in rats. Digestive 
diseases and sciences, 52(12), pp.3455-3464.

45. Mohamed, A.S., Emam, H.T. and Elsayed 
Shaltout, S.A., 2015. The potential protective 
effect of captopril and irbesartan on 
experimentally induced non-alcoholic fatty 
liver in rats. IJAR, 12(3), pp.1168-81.

46. Okura, Y., Namisaki, T., Moriya, K., Kitade, 
M., Takeda, K., Kaji, K., Noguchi, R., 
Nishimura, N., Seki, K., Kawaratani, H. and 
Takaya, H., 2017. Combined treatment with 
dipeptidyl peptidase-4 inhibitor (sitagliptin) 
and angiotensin-II type 1 receptor blocker 
(losartan) suppresses progression in a 
non-diabetic rat model of steatohepatitis. 
Hepatology Research, 47(12), pp.1317-1328.

47. Zhang, Q.Z., Liu, Y.L., Wang, Y.R., Fu, L.N., 
Zhang, J., Wang, X.R. and Wang, B.M., 2017. 
Effects of telmisartan on improving leptin 
resistance and inhibiting hepatic fibrosis in 
rats with non alcoholic fatty liver disease. 
Experimental and therapeutic medicine, 
14(3), pp.2689-2694.

48. Kato, J., Koda, M., Kishina, M., Tokunaga, 
S., Matono, T., Sugihara, T., Ueki, M. and 
Murawaki, Y., 2012. Therapeutic effects 
of angiotensin II type 1 receptor blocker, 
irbesartan, on non-alcoholic steatohepatitis 
using FLS-ob/ob male mice. International 
journal of molecular medicine, 30(1), pp.107-
113.

49. Yoshiji, H., Noguchi, R., Ikenaka, Y., 
Namisaki, T., Kitade, M., Kaji, K., Shirai, 
Y., Yoshii, J., Yanase, K., Yamazaki, M. and 
Tsujimoto, T., 2009. Losartan, an angiotensin-
II type 1 receptor blocker, attenuates the 
liver fibrosis development of non-alcoholic 
steatohepatitis in the rat. BMC research 
notes, 2(1), p.70.

50. Liu, Z., 2007. The renin-angiotensin system 
and insulin resistance. Current diabetes 
reports, 7(1), pp.34-42.

51. Meneghini, L.F., Orozco-Beltran, D., Khunti, 
K., Caputo, S.A.L.V.A.T.O.R.E., Damci, 
T., Liebl, A. and Ross, S.A., 2011. Weight 
beneficial treatments for type 2 diabetes. 
The Journal of Clinical Endocrinology & 
Metabolism, 96(11), pp.3337-3353. 

52. Karise, I., Ornellas, F., Barbosa-da-Silva, S., 
Matsuura, C., del Sol, M., Aguila, M.B. and 
Mandarim-de-Lacerda, C.A., 2017. Liver 
and Metformin: lessons of a fructose diet in 
mice. Biochimie open, 4, pp.19-30.



330

PREVENTION OF NON-ALCOHOLIC FATTY LIVER DISEASE

الدور التحسيني المحتمل للزنجبيل في اعتلال الصائم المعوي الناجم عن 
اشعاع غاما في ذكور الجرذان البالغة. دراسة بالميكروسكوب الضوئي 

والميكروسكوب الاليكترونى الماسح

 ملخص البحث
الخلفية: تعتبر الأمعاء واحدة من أكثر الأجهزة تضررا من سمية الإشعاع. لذلك، لا تزال معدلات الأمراض والوفيات الناجمة عن التهاب 
الأمعاء والقولون الإشعاعي مرتفعة. و ذكرت الدراسات الحديثة أن الزنجبيل قد يمتلك خصائص مضادة للالتهابات والأكسدة. لذلك كان الهدف 

من هذه الدراسة هو استكشاف الدور المحتمل للزنجبيل كعامل وقائي وكعامل علاجي محتمل في اعتلال الأمعاء الناجم عن اشعاع غاما.

إلى ثلاث  الحيوانات بشكل عشوائي  تقسيم  تم  الدراسة.  البالغين في هذه  الذكور  أمهقا من  استخدام ست وثلاثون جرذا  تم  المواد والطرق: 
مجموعات: المجموعة الأولى (I) استخدمت كمجموعة ضابطة، المجموعة الثانية(II)  (أشعة جاما): حيث تعرض كل جرذ لجرعة واحدة 
إشعاعية و قدرها 0.739(11جراي/ دقيقة ) من إشعاع جاما ، المجموعة الثالثة (III) ( أشعة جاما و زنجبيل):  تم تقسيمها إلى مجموعتين 
فرعيتين تم تعرض كلاهما للإشعاع كما هو الحال في المجموعة الثانية وتم إعطاؤهم مستخلص الزنجبيل عن طريق الفم مرة واحدة يومياً 120 
ملغم / كغم. المجموعة الفرعية (-IIIأ): تلقت مستخلص الزنجبيل سبعة أيام قبل الإشعاع بينما المجموعة الفرعية (-IIIب): تلقت مستخلص 
الزنجبيل سبعة أيام قبل وبعد الإشعاع. في نهاية التجربة تم ذبح جميع الحيوانات، وتم فحص عينات الصائم المعوي بواسطة الميكروسكوب 

الضوئي والميكروسكوب الإلكتروني الماسح. كما تم إجراء دراسة مورفومترية وتحليل إحصائي. 

النتائج: أظهر الفحص الهستولوجى للمجموعة الثانية (II) انفتال واندماج لبعض الخملات. بينما أظهرت الخبايا تكاثر بؤري لخلاياها الطلائية 
وغزوها بالخلايا الالتهابية. علاوة على ذلك، أظهرت المجموعة الفرعية (-IIIأ) اختلال بؤري لجدار الخبايا. كما لوحظ انخفاض معتد في 
متوسط عدد خلايا الكأسية وزيادة معتدة في النسبة المئوية للمساحة المتوسطة لألياف الكولاجين، في المجموعات السابقة مقارنة بالمجموعة 
للمجموعة  مشابه  تقريبا  ليصبح  للصائم  المخاطي  الغشاء  هيكل  معظم  استعادة  (-IIIب)  الفرعية  المجموعة  أظهرت  ذلك،  ومع  الضابطة. 

الضابطة. 

الخلاصة: يبدو أن الزنجبيل له تأثير واعد محتمل لتحسين إصابة الأنسجة المعوية الناجمة عن الإشعاع.


