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Abstract 
 
     Fructose is widely used as a food ingredient and has the 
potential to increase oxidative stress and related 
complications. The present study was designed to evaluate 
the role of metformin on histopathological and 
immunohistochemical changes in liver and brain of rat 
induced by high fructose intake. Forty male albino rats 
were divided into 4 groups. Groups I and II served as 
controls. Group III received 10 % drinking fructose 
solution for eight weeks. Group IV was received 10 % 
drinking fructose solution for eight weeks and treated with 
metformin (320 mg/kg/day) during the last 4 weeks of the 
experimental period. Rats were sacrificed after 8 weeks; 
liver and brain were excised and fixed in 10% neutral 
buffered formalin. Histopathological results:   Fructose 
drinking manifested changes in liver and brain cerebral 
cortex. Liver changes were manifested as inflammation, 
apoptosis, dilated sinusoids, fibrosis, macrosteatosis, 
ballooned hepatocytes and marked collagen deposition, 
while brain changes were degenerating neurons, steatosis, 
karyorrhexis, and pyknotic nuclei in nuropil and lightly 
stained Nissl substance with cresyl violet. Metformin 
treatment eliminated histopathological changes in addition 
to decreased collagen deposition in liver and improved 
Nissl substance staining in brain. Immunohistochemical 
results showed increased immunostaining positivity of 
caspase-3 and inducible nitric oxide synthase ( iNOS) in 
liver and brain in fructose group .  Reduced 
immunoreactivity of caspase-3 and iNOS in fructose plus 
metformin group either in liver or brain sections. In 
conclusion, the results suggest that the hepatoprotective and 
neuroprotective role of metformin on histopathological and 

and immunohistochemical changes induced by fructose 
could be attributed to its ability to reduce oxidative stress. 
Keywords: Fructose, metformin, liver, brain, 
histopathology, caspase-3, iNOS, 

 
1   Introduction 
 
Increased fructose consumption has deleterious effects 
associated with metabolic syndrome; impaired glucose 
tolerance, insulin resistance (IR), hyperlipidemia, oxidative 
stress and endothelial dysfunction. (Rayssiguier  et al, 
2006,  Stanhope and Havel, 2008 & 2009 and Altas et al, 
2010).  Exposure of the liver to such large quantities of 
fructose leads to rapid stimulation of lipogenesis and 
triglyceride accumulation, which in turn contributes to 
reduced insulin sensitivity and hepatic insulin 
resistance/glucose intolerance (Basciano et al, 2005). Many 
authors in their studies on rodents demonstrated various 
histological alterations of liver tissue after fructose 
consumption (Ackerman et al, 2005, Armutcu et al, 2005 
and Sanchez-Lozada,  et al, 2010) and induced fatty liver  
as indicated by Ouyang et al. (2008).  
In rodents, the intake of large quantities of fructose-
containing food and drinks or high-fructose corn syrup 
(HFCS) induced IR (Morino et al. 2006). IR is the pivotal 
causative mechanism of type II diabetes, hypertension and 
cardiovascular diseases (Reddy et al, 2010 and Kim & 
Feldman, 2012). Insulin resistances in the CNS are widely 
expressed throughout the brain in neurons and glial cells, at 
particularly high concentrations in the cerebral cortex, 
hippocampus, hypothalamus, and olfactory bulb (Neumann 
et al., 2008). IR leads to greater oxidative stress, DNA 
damage, mitochondrial dysfunction, and, ultimately, cell 
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death (de la Monte, 2009) considering that oxidative stress 
impaired insulin action (Paolisso et al, 1996). 
 Fructose overload has been shown to increase oxidative 
stress. Delbosc et al (2005) found that high fructose feeding 
was associated with increase in reactive oxygen species 
(ROS) production. Several studies have shown that the 
administration of high fat or high calorie diets to rodents 
can specifically increase free radical generation (Zhang et 
al, 2005 ) and protein oxidation (Souza et al , 2007) in the 
brain. 
It has been reported that neurons in hyperglycemic 
environment displayed signs of apoptosis due to 
hyperglycemia-induced oxidative stress (Edwards et al, 
2008).  
Caspase-3 is the executioner caspase known to play a 
central role in the proteolytic cascade during apoptosis. 
(Earnshaw et al, 1999, and Wolf et al, 1999). The detection 
of activated caspase-3 is a very reliable way to identify 
cells destined to die by apoptosis, even before many of the 
morphologic characteristics (e.g., DNA fragmentation) are 
present. (Stadelmann  and  Lassmann, 2000).  
The inducible isoform, iNOS is expressed in several cell 
types including macrophages (Lyons et al., 1992), 
hepatocytes, (Geller et al., 1993) and vascular smooth 
muscle cells (Nakayama et al., 1992) in response to 
cytokines. iNOS plays an important role in vascular smooth 
muscle dilation as well as inflammatory response (Wei et 
al., 1995). In the liver of diabetic rats , an increase of TNF-
α was found due to increased expression of iNOS which led 

to a high production of NO (Ingaramo et al, 2011). Similar 
results have been reported in different tissues by other 
authors ( Powell et al, 2004 and  Stadler et al, 2008). It was 
well-established that excessive nitric oxide production via 
iNOS plays a fundamental role in neuronal cell damage 
(Wei et al, 2000 and Bal-Price and  Brown, 2001).  
Metformin, a drug widely used in the treatment of type 2 
diabetes through   inhibiting  the formation of hepatic 
fibrosis  (Qiang et al, 2010).  It is described as an efficient 
treatment for nonalcoholic steatohepatitis (NASH) and 
hepatic inflammation (Kita et al, 2012) and protects against 
fructose-induced liver steatosis (Spruss et al 2012). 
Metformin affects cerebral metabolism in some white 
matter and semantic memory related sites in patients with 
type 2 diabetes ( Huang, et al, 2014) and it is   a  
neuroprotective in alloxan-induced diabetic rats ((Akinola 
et al, 2012). The aim of this study was to clarify the 
effective role of metformin on histopathological changes in 
liver and brain of rat induced by high fructose intake and its 
correlation with immunohistochemical expression of  iNOS 
and caspase 3 . 
2  Materials and Methods 
  
The present study was carried out on forty adult male 
albino rats, weighing 100 – 120 g, were obtained from the 
Laboratory Animal Unit, Medical Research Institute, 
Alexandria University. Rats were kept under the same 
laboratory conditions of 20–25 0C and 12 h light–dark 
cycle and received a standard food and water ad libitum. 
Animals were handled   in accordance with the protocol of 

Laboratory Animal Unit of Medical Research Institute, 
Alexandria University concerning with guiding principles 
for biomedical research involving animals.  After one week 
of adaptation, rats  were randomly divided into four groups 
each of 10 rats. 
 Group I: Normal control rats were received standard diet 
and water ad libitum.  
Group II:  Experimental control rats  were received control 
diet and water ad libitum for eight weeks and administered 
metformin (Minapharm Pharmaceutical Co., Egypt) orally 
in a dose of 320 mg/kg/day (Rouru et al, 1992)  by gastric 
tube during the last 4 weeks  of the experimental period. 
Group III: Rats were received control diet and 10 % 
drinking fructose solution (EL Nasr Pharmaceutical 
Chemicals Co., Egypt) for eight weeks.  
Group IV: Rats were received 10 % drinking fructose 
solution for eight weeks and treated with metformin (320 
mg/kg/day) during the last 4 weeks of the experimental 
period. 
  At the end of experiment, rats of all groups were 

sacrificed under anesthesia; liver and brain were 
immediately excised and fixed in 10% neutral buffered 
formalin.  Paraffin sections from liver tissue   as well as 
from cerebral cortex of brain were prepared to perform 
the following studies:  
I. Histopathological studies: 

a. Sections , 4μ thick, from  liver and cerebral cortex 
of brain were processed  for routinely  staining  with 
haematoxylin and eosin (H&E) to examine  the 
histopathological changes (Bancroft  and Stevens, 
2002) 

b. Masson trichrome stain for collagen:  4μ thick 
liver sections were rehydrated, mordant in Bouin's   
fixative, washed in running tap water to remove 
picric acid color and stained with Weigert's 
hematoxylin. Then, sections were stained in 
Biebrich scarlet-acid fuchsin solution, 
differentiated in phosphomolybdic- 
phosphotungstic acid solutions , then lastly stained 
with fast green FCF and processed to be mounted 
(Suvik and  Effendy, 2012).  
c. Cresyl violet for Nissl substance: Paraffin brain 
sections at 6 μ m  thick were  stained with 0.5%  

aqueous solution of cresyl  violet according to the 
method of Luna (1968). 

II. Immunohistochemical study: 
      Immunohistochemical staining of caspase 3 and 
inducible nitric oxide synthase  (iNOS) in liver and brain 
sections were performed according to the manufacturer's 
manual in the following procedure:   
Sections at 4-μm thickness were brood onto coated glass 

slides, deparaffinized in xylene, rehydrated and rinsed in 
phosphate buffered saline (PBS).  Sections were incubated 
in 3% H202 in methanol for 10 minutes to inhibit 
endogenous peroxidase activity, and blocked with 
nonspecific staining blocking reagent. Sections were 
incubated overnight at 40C with the antibodies against 
caspase-3 (rabbit polyclonal antibody at dilution 1:200, 
Thermo Scientific, Ab-4) and iNOS (rabbit polyclonal 
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antibody at dilution 1:100,   ab15323). Sections were then 
processed using a secondary antibody streptavidin biotin 
peroxidase complex kit (Sigma Co). The 
immunohistochemical reaction was then developed and 
stained with diaminobenzidine chromogen solution “DAB” 

(Sigma). The sections were counterstained with 
hematoxylin, dehydrated, cleared, and mounted with DPX. 
For the negative controls, PBS was used in place of the 
primary antibody.  
Image analysis:  
Digital images were analyzed by a semi-quantitative 
scoring system (Image J software, Java based application 
for analyzing images).  
Violet stained area of Nissl substance in brain sections and   
the blue to green stained collagen areas in liver sections 
were analyzed;  the percentage colored stained area (area 
fraction) per field area was determined by measuring five 
randomly photographed high-power fields (x400 
magnifications) by a blinded observer. The brown stained 
immunohistochemical expressions of caspase 3- positive 
cells were analyzed by two ways; either by counting the 
numbers of positive staining cells or by measuring the 
percentage colored stained area per field area in five 
randomly high power fields at magnification of x400 . The 
immunostaining reaction of iNOS positive cells was 
analyzed by measuring percentage area.  
Statistical analysis of the data 

Data which obtained by image analysis was analyzed using 
IBM SPSS software package version 20.0. ANOVA was 
used to compare the four studied groups for normally 
distributed quantitative variables, while Post Hoc Test 
(Tukey) was used to pair wise between different studied 
groups. Kruskal Wallis test was used to compare different 
groups for abnormally distributed quantitative variables and 
Mann Whitney test was used for comparing each two 
groups. Significance of the obtained results was judged at 
the 5% level. 
 
 
3 Results 
 

I. Histopathological Results:  
1. Histopathological changes in Liver: 

       Control normal liver sections stained with H&E 
revealed normal hepatocytes arranged in plates radiating 
from central vein; with patent hepatic sinusoids and 
Kupffer cells were associated with sinusoidal lining cells 
(Figure 1A). Liver sections of metformin treated rats 
exhibited normal histological structure with little number of 
hepatocytes having apoptotic figures (Figure 1B). Liver 
sections of fructose drinking rat revealed inflammatory 
cellular infiltration around congested central vein, peri-
central increased numbers of apoptotic figures and dilated 
sinusoids (Figure 2). Lymphocytic periportal infiltration, 
fibrosis and macrosteatosis displayed hepatocytes with 
ballooned clear cytoplasm as well as many apoptotic 
figures were also observed (Figure 3 A&B). Examined 

liver sections of fructose drinking rats treated with 
metformin showed almost normal hepatocytes around 
central vein with patent sinusoids and minimal number of 
apoptotic figures (Figure 4 A).  Decreased inflammatory 
cellular infiltration in portal area, minute number of 
hepatocytes with apoptotic or necrotic figures was also 
seen. (Figure 4 B). 
Liver sections stained with Masson's trichrome stain 
revealed thin blue rims of collagen around central vein and 
demarcated the sinusoids in control rats and those treated 
with metformin (Figure 5 A&B). Liver sections of fructose 
drinking rat showed marked collagen deposition in portal 
area denoted presence of fibrosis (Figure 6). Weak collagen 
deposition was observed in liver sections of fructose 
drinking rats treated with metformin (Figure 7). 
The mean percentage area of collagen deposition stained 
with   Masson's trichrome stain in liver sections was 
expressed in mean ± SD and was compared using F test 
(ANOVA). Fructose group (8.04 ± 1.53) and fructose 
treated metformin group (4.93 ± 0.80) showed higher 
significant difference (p<0.001) as compared with control 
group (2.01 ± 0.91) and metformin treated group (2.54 ± 
0.96). Moreover, fructose treated metformin (4.93 ± 0.80) 
displayed lower significant (<0.001) comparing with 
fructose group (8.04 ± 1.53). 
2. Histopathological changes in Brain: 

 Brain sections of control rats stained with H&E showed 
cerebral cortex included pyramidal cells with apical 
dendrites, neuronal and glial cell bodies are embedded in 
neuropil (Figures 8). Brain cortex of metformin treated rat 
showing more or less normal architecture of cerebral cortex 
with neuronal cell body, glial cell body and neuropil 
(Figure 9). Fructose consumption for 8 weeks enhanced 
severe  histopathological changes in rat brain. Increased 
degenerating neurons with eosinophilic cytoplasm, swelling 
and vacuolation in neuronal cell bodies, increased steatosis 
in nuropil, karyorrhectic and pyknotic nuclei were observed 
in cerebral cortex (Figure 10). Treatment with metformin 
plus fructose drinking revealed enhancement of normal 
form of neuronal cell and glial cell bodies and blood 
vessels in neuropil of brain cortex in addition to diminished 
steatosis (Figure 11). 
          Cresyl violet stain was used to stain Nissl substance 
in the cytoplasm of neurons in violet color. Cerebral cortex 
in rats of control and those treated with metformin revealed 
normal histoarchitecture of neurons with round neuronal 
cell body and cytoplasm with strongly stained Nissl 
substance (Figure 12A &B)  . Brain sections stained with 
cresyl violet staining depicted lightly stained reduced Nissl 
substance in cerebral cortex in rats that have drunken 
fructose for 8 weeks (Figure 13 A). Cerebral cortex of rats 
treated metformin with fructose consumption revealed 
Nissl substance in neuronal cell body in moderate staining 
as compared with control brain sections (Figure 13 B).  
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Figure (1): Photomicrographs of liver sections stained with H&E showing: [A] hepatocytes arranged in branching and 
anastomosing cords radiating from the central veins (CV), sinusoids (S) and Kupffer cells ( ) in control rats. [B] More 
or less normal hepatocytes architecture with little number of hepatocytes having apoptotic figures (↑) in rat liver section 

treated with metformin. (Bar=50 μm).    
Figure (2): A Photomicrograph of liver section of fructose drinking rat showing inflammatory cellular infiltration () 
around congested central vein (CV) impacted with haemolysed blood, peri-central increased numbers of apoptotic figures 
(↑) and dilated sinusoids (S). (H & E; Bar=50 μm).    
Figure (3): Photomicrographs of liver sections of fructose drinking rats [A and B]; showing inflammatory cells (IF), 
fibrosis (F), increased area with macrosteatosis (M); where hepatocytes have ballooned clear cytoplasm in portal triad 
area. Note: Necrosis (N) and many apoptotic figures (↑).  (H & E; Bar=50 um).  
Figure (4): Photomicrographs of liver sections of fructose drinking rats treated with metformin showing: [A] Plates of 
almost normal hepatocytes around central vein (CV), sinusoids (S), and minimal number of apoptotic figures (↑). [B] 
Decreased inflammatory cellular infiltration in portal area (), minute number of hepatocytes with apoptotic (↑) or 

necrotic (N) figures. (H & E; Bar=50 μm). 
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Figure (5): Photomicrographs of liver sections of control rats [A] and liver sections of rats treated with metformin [B] 
showing thin blue rims (↑) of collagen around central vein (CV) and sinusoids (S). (Masson’s Trichrome Stain- Bar = 50 
μm)  
Figure (6): Photomicrograph  of liver section of fructose drinking rat showing marked collagen deposition (↑) in portal 

area; around portal vein (PV) and  bile duct  (BD) (Masson’s Trichrome Stain – Bar = 50 μm).   
Figure (7): Photomicrograph  of liver section of fructose drinking rat treated with metformin showing weak collagen 
deposition (↑ ) around central vein(CV) and sinusoids (S) (Masson’s Trichrome Stain – Bar = 50 μm). 

 
The mean percentage area of Nissl substance stained with 
cresyl violet stain was expressed in mean ± SD and was 
compared using F test (ANOVA). Fructose group (5.89 ± 
2.31) displayed lower significant difference (p= 0.011) 
comparing with control group (11.92 ± 3.16) and  showed  
insignificant lower difference as compared with 
metformin group (10.45 ± 2.86) and fructose treated 
metformin group (8.46 ± 1.68).  
 
Immunohistochemical Results: 

 
1. Immunostaining expression of caspase 3 in liver 

and brain sections: 
  Examined liver sections of both control and metformin 
treated rats displayed weak cytoplasmic immunostaining 
expression of caspase 3 as brown staining in tiny number of 
hepatocytes in addition to immunstaining reaction 
demarcates the sinusoids (Figure 14). Strong 
immunoreactivity of caspase 3 was observed in liver 
sections of fructose drinking rats; cytoplasmic 

immunoreaction was seen in many numbers of hepatocytes 
around central vein as compared with control sections 
(Figure 15). Moderate immunostaining reaction of caspase 
3 was encountered in   cytoplasm of some hepatocytes 
around central vein in liver sections of fructose drinking rat 
which treated with metformin as compared with their 
counterparts (Figure 16). 
 
Brain sections immunostained for caspase 3 showed 
immunoreaction expression as cytoplasmic brown stain 
reaction confined to the neuronal cell body. Weak 
cytoplasmic immunostaining reactions in little number of 
neuronal cell bodies in cerebral cortex were observed in 
control and metformin groups (Figure 17 A&B). Strong 
immunoreactivity of caspase 3 in many neuronal cell 
bodies was observed in cerebral cortex of fructose drinking 
rats (Figure 18 A). Rats treated with metformin plus 
fructose consumption revealed decreased number of 
neuronal cells with moderate caspase 3 expressions. (Figure 
18 B). 
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 Figures (8): Photomicrograph of cerebral cortex of control brain showing pyramidal cells (PC) with apical dendrites,    

neuronal cell body (ncb) and glial cell body (gcb) are embedded in neuropil (Np). (H & E; Bar=50 μm). 
Figures (9): Photomicrograph of brain of metformin treated rat showing more or less normal architecture of cerebral 
cortex. Note: neuronal cell body (ncb), glial cell body and neuropil (Np) . (H & E; Bar=50 μm). 
Figure (10): Photomicrograph of brain cerebral cortex of fructose drinking rats showing     increased degenerating 
neurons with eosinophilic cytoplasm (E), swelling and vacuolation (yellow arrows) in neuronal cell bodies (ncb), 
increased steatosis in nuropil (S), karyorrhectic nuclei (K) and pyknotic nuclei (P). (H & E; Bar=50 μm). 
Figure (11): Photomicrograph of brain cerebral cortex of fructose drinking rats treated with metformin showing 
diminished steatosis (S), neuronal cell bodies (ncb), glial cell body in neuropil (Np) and blood vessels (bv). (H & E; 
Bar=50 μm) 

 
Figure (12 A): Photomicrograph of cerebral cortex of control rats showing normal histoarchitecture of neurons with 
round neuronal cell body (ncb) and cytoplasm with strongly stained Nissl substance. (Cresyl violet stain-Bar= 50 
μm) 
Figure (12 B): Photomicrograph of cerebral cortex of metformin treated rat showing more or less normally stained 
Nissl substance in cytoplasm of neuronal cell body (ncb). (Cresyl violet stain-Bar= 50 μm)  
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Figure (13 A): Photomicrograph of cerebral cortex in fructose drinking rats  showing  lightly stained reduced Nissl 
substance in cytoplasm of  neuronal cell body (nb). (Cresyl violet stain-Bar= 50 μm) 

  Figure (13 B): Photomicrograph of cerebral cortex of rats treated metformin with fructose consumption showing   
moderate staining Nissl substance in cytoplasm of neuronal cell body (ncb). (Cresyl violet stain-Bar= 50 μm) 

 
Figure (14): Photomicrographs of liver sections displaying weak cytoplasmic immunoreaction of caspase- 3 stained cells  
(↑) in little number of hepatocytes in control rats[A] and in rats  treated with metformin [B]. Note the immunstaining 
reaction demarcates the sinusoids (S). (Avidin–biotin complex - Bar = 50 μm)    
Figure (15): Photomicrographs of liver sections of fructose drinking rat showing strong immunoreactivity (↑) of caspase 
3 in large number of hepatocytes around central vein (CV) (Avidin–biotin complex - Bar = 50 μm)  
Figure (16): Photomicrograph of liver section of fructose drinking rat and  treated with metformin showing  
immunoreaction of caspase 3  (↑) in  cytoplasm of some hepatocytes  around central vein (CV) in moderate staining. 
(Avidin–biotin complex - Bar = 50 μm)  
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Figure (17): Photomicrographs of brain sections of control rat [A] and metformin treated rat [B] showing weak 
cytoplasmic immunostaining reactions (↑) in little number of neuronal cell bodies in cerebral cortex. (Avidin–biotin 
complex - Bar = 50 μm)    

Figure (18): Photomicrographs of brain sections of [A] fructose drinking rat showing strong immunoreactivity of caspase 
3 in many neuronal cell bodies and [B] fructose drinking rat treated with metformin showing decreased number of 
neuronal cells with moderate caspase 3 expressions (Avidin–biotin complex - Bar = 50 μm)     
 

By image analysis, caspase 3 immunostaining reactions in 
liver and brain were evaluated by two ways either by 
counting number of positive cells or calculating area with a 
positive reaction expressed in % area and   summarized in 
table (1). The number of positive cells was expressed in 
mean ± SD and was compared using F test (ANOVA). The 

mean % area was expressed in median (Min. - Max.)  and 
compared using Kruskal Wallis test. 
Fructose group was statistically higher significant 
difference (p<0.001) in the mean number of positive cells 
in both liver and brain comparing with control and 
metformin groups. In addition to, fructose treated 
metformin group declared statistically lower significant 
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difference (p<0.001) as compared with fructose group.  
Table (1) also showed that fructose group was statistically 
higher significant difference (p= 0.001) in mean % area in 
both liver and brain comparing with the three other groups. 
Fructose treated metformin group showed higher significant 
difference (p= 0.001) in mean % area in liver as compared 
with control and metformin groups and lower significant as 
compared with fructose group. Mean % area of caspase 3 in 
brain revealed that fructose treated metformin group was 
significantly lower (p= 0.001) than fructose group.  

1. Immunostaining expression of iNOS  in liver and 
brain sections: 

Liver sections displayed immunostaining expression of iNOS 
as brown weak staining reaction in tiny number of 
hepatocytes in liver sections of both control and treated 
metformin rats (Figure 19). Liver sections of fructose 
drinking rats exhibited many positive cells with strong brown 
stained iNOS expression as cytoplasmic staining   in many 
hepatocytes in centrilobular and periportal area (Figure 20).  
The expression of iNOS displayed weak reaction in 
cytoplasm of hepatoctes in zone 1 and moderate iNOS 
expression in zone 3 in liver sections of fructose drinking rat 
treated with metformin as compared with counterparts 
(Figure 21). 
Brain sections showed immunostaining reaction of iNOS as 
brown stain in cytoplasm of neuronal cell body. Control and 
metformin groups displayed very weak reaction of iNOS in 
little number of neuronal cells (Figure 22 A&B). Fructose 
group showed increase in iNOS expression in most neuronal 
cells with marked intensity (Figure 23A). Fructose treated 
metformin group revealed weak reaction of iNOS   
immunostaining in some neuronal cells (Figure 23 B).  

 
Immunostainig reaction of iNOS by image analysis  in liver 
and brain was expressed in mean % area and summarized in 
table (2). Fructose group showed statistically significant 
difference (p<0.01) in mean % area in liver and higher 
significant (p<0.001) in brain comparing with control and 
metformin groups. Fructose treated metformin group showed  
lower significant difference in liver (p<0.01) and in brain 
(p<0.001)  as compared with fructose group. 

 
4 Discussion 
 
Fructose is widely used as a sweetener in the food and 
beverage industry, either as an integrant of the sucrose 
molecule or as a component of high fructose corn syrups. 
(Baena et al, 2015). The liver is the only organ in the body 
capable of managing fructose. ( Wei et al 2005).  Liver 
converts fructose into fats (lipids) very rapidly and a 
substantial portion of that new fat remains in the liver, 
contributing to the fatty liver that’s part of metabolic 

syndrome (Faeh  et al, 2005 and Stanhope  et al ,2013) . 
The exposure of the liver to such large quantities of 
fructose led to rapid stimulation of lipogenesis and 
triglycerides accumulation, which in turn contributes to 
reduced insulin sensitivity (Moore et al, 2000). 

 The current results revealed the histopathologic features of 
liver injury in group of fructose drinking rats for 8 weeks as 
inflammatory cellular infiltration, many apoptotic figures 
and dilated sinusoids, fibrosis and macrosteatosis displayed 
hepatocytes with ballooned clear cytoplasm. Our present 
findings were in agreement with many previous studies 
which declared a variety of histological changes of liver 
tissue after fructose consumption (Ackerman et al, 2005, 
Sanchez-Lozada, et al, 2010 and El Ebiary and Khalaf, 
2014). Fructose drinking in 10% for 10 days developed 
macrovesicular and microvesicular steatosis in male Wistar 
albino rats (Armutcu et al., 2005 ).  Feeding high fructose 
and/or fat diet for over a month resulted in hepatic steatosis 
which further progressed to steatohepatitis with the 
involvement of  cellular injury and apoptosis (Anstee and 
Goldin, 2006). Inflammatory cellular infiltration and focal 
necrosis appeared at 8 weeks of high fructose diet (32% 
fructose) in Wistar rats (Zhang et al., 2013).  
 
   Macrosteatosis in portal triad area in zone 1 as seen in our 
result confirmed the result of Takahashi et al (2012) who 
demonstrated that the distribution of steatosis in the rats fed 
a high-fructose diet was characteristically predominant in 
zone 1.  
    Dilated sinusoids and hepatocytes with ballooned clear 
cytoplasm in the current result may be attributed to lipid 
accumulation thereby exacerbating hepatic steatosis. In 
accord,  Helmy  (2006) and Valla (2008) showed  that 
steatosis directly interfered with the function of hepatocytes 
and damage to endothelial cells lining the sinusoids of the 
liver resulted in sinusoidal obstruction syndrome where 
sinusoidal dilation is considered as one of the hallmarks of 
sinusoidal obstruction syndrome. Moreover, ballooning of 
hepatocytes is a sign of cell membrane lipid peroxidation, 
with a resulting permeability disorder and considered as a 
phenomenon that, in general, follows steatosis, ballooning 
and hepatocytolisis; it may be interpreted as a consequence 
of liver injury and considered a significant histological 
feature to the determination of steatohepatitis. (Brunt et al., 
2011 and Brunt,  2012)    
 
The current results illustrated marked collagen deposition 
in portal area denoted presence of fibrosis in fructose group 
and evidenced by % area analyzed by image analysis in 
higher significant (8.04 ± 1.53) comparing to control (2.01 
± 0.91).  These findings may be attributed to oxidative 
stress induced by fructose consumption and were in 
agreement with study of Delbosc et al. (2005). In 
explanation,  Dowman et al.  (2010)   stated that increased 
ROS production   inhibited the proliferation of mature 
hepatocytes;  and the presence of non-differentiated  
hepatocytes in addition to mature ones being related to the 
progression to fibrosis. In the same context, Kawasaki et al. 
(2009) demonstrated that fructose feeding caused both 
microvesicular and macrovesicular steatosis with periportal 
fibrosis and lobular inflammation. Hepatic fibrogenesis was 
often associated with hepatocellular necrosis and 
inflammation (Zheng et al, 2003).
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Table 1.Comparison between number of positive cells and mean % area occupied by caspase 3 reactions in rat  
      liver and brain of all group 

Normally quantitative data was expressed in mean ± SD and was compared using F test (ANOVA). abnormally 
distributed data was expressed in median (Min. - Max.)  and was compared using Kruskal Wallis test 
a: Significant with group I                      b: Significant with group II 
c: Significant with group III                   *: Statistically significant at p ≤ 0.05 

Figure (19):  Photomicrographs of liver sections showing tiny number of hepatocytes with weak iNOS expression (↑) in 

control rats [A] and rats treated with metformin [B] around central vein (CV). (Avidin–biotin complex - Bar = 50 μm)  
Figure (20): Photomicrographs of liver sections of fructose drinking rat showing many positive cells with strong brown 
stained iNOS expression in their cytoplasm in zone 1 [A] and zone 3 [B] . Note: central vein (CV) and bile duct (BD). 
(Avidin–biotin complex - Bar = 50 μm)  
Figure (21):  Photomicrographs of liver sections of fructose drinking rat and treated with metformin showing weak iNOS 
expression in cytoplasm of hepatoctes in zone 1 [A] and  moderate iNOS expression (↑) in hepatocytes in zone 3 [B] . 

Note:  portal vein (PV) and central vein (CV). (Avidin–biotin complex - Bar = 50 μm)  
 

Caspase 3 
Group I 

(Control) 
(n = 5) 

Group II 
(Metformin) 

(n = 5) 

Group III 
(Fructose) 

(n = 5) 

Group IV 
(Fructose 

+metformin) 
(n = 5) 

p 

Liver      

No. of positive cells 5.0 ± 1.58 7.60 ± 1.82 27.60ab ± 8.59 13.80c ± 4.44 <0.001* 

% area 2.42 (1.11 – 3.62) 3.64a (2.69 – 5.06) 12.6ab (10.27 – 20.90)  8.65abc (6.44 – 10.33) 0.001* 

Brain      

No. of positive cells 6.0 ± 1.58  7.20 ± 2.59 29.60ab ± 6.88 10.60c ± 3.51 <0.001* 

% area 2.0 (0.84 – 4.30) 5.68a (2.81 – 8.66) 16.39ab(12.26-23.48) 6.93ac (5.27 – 9.65) 0.001* 
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Figure (22):  Photomicrographs of brain sections showing immunostaining reaction of iNOS in cerebral cortex of control 
[A] and metformin [B] groups displayed very weak reaction of iNOS in little number of neuronal cells (↑). (Avidin–

biotin complex - Bar =50 μm 

 

 
 
Figure (23): Photomicrographs of brain sections of fructose drinking rat [A] showing increase in iNOS expression in 
most neuronal cells with marked intensity. [B] Fructose treated metformin group showing weak reaction of iNOS   
immunostaining in some neuronal cells. (Avidin–biotin complex - Bar = 50 μm). 
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Table (2): Mean % area occupied by iNOS reaction in the rat liver and brain in all groups. 

Normally quantitative data was expressed in mean ± SD and was compared using F test (ANOVA)  
a: Significant with group I              b: Significant with group II 
c: Significant with group III           *: Statistically significant at p ≤ 0.05 
 
 
    It is of interest to notice that metformin treatment plus 
fructose drinking  in the current result  eliminated 
histopathological changes in liver tissue; decreased 
apoptosis , diminished cellular infiltration and steatosis and 
decreased collagen deposition with lower significant 
difference in % area (4.93abc ± 0.80)  compared with 
fructose drinking group (8.04 ± 1.53). These results may be 
attributed to the vital role of metformin in protecting 
hepatocytes from oxidative stress by decreasing steatosis 
and fibrosis suggesting that metformin has an ability to 
recover liver injury.  
 These findings are in line with the results obtained by 
many studies; metformin protected against fructose-
induced liver steatosis (Spruss et al., 2012), inhibited the 
formation of hepatic fibrosis and steatosis in type 2 
diabetes (Qiang et al, 2010  ), and described  as an efficient 
treatment for NASH and hepatic inflammation ( Kita et al, 
2012). It protected liver by decreasing hepatocyte fat 
deposition and inhibited inflammatory response in 
nonalcoholic fatty liver disease (NAFLD) (Woo et al, 
2014) . 
     Fructose consumption for 8 weeks in the present study 
revealed deleterious histopathological changes in brain 
cortex manifested by increased degenerating neurons with 
eosinophilic cytoplasm, swelling and vacuolation in 
neuronal cell bodies, increased steatosis in nuropil, 
karyorrhectic and pyknotic nuclei. These findings may be 
due to increased oxidative stress and  were in agreement 
with many recent studies which have specifically described 
neurotoxicity elicited by fructose, inducing oxidative stress, 
inhibiting acetylcholinesterase activity and affecting  rat 
brain mitochondrial function (Guimarães et al. 2014, Lopes 
et al. 2014, Mortensen et al.2014).    
      Our present results showed that metformin treatment 
plus fructose drinking enhanced normal appearance of 
neuronal cell and diminished steatosis in neuropil. In 
accord, El-Mir, et al (2008) showed the neuroprotective 
role of metformin  against apoptotic cell death in 
primary cortical neurons and proposed that metformin can 

function as new therapeutic tool for diabetes-associated 
neurodegenerative disorders. Metformin can cross the 
blood-brain barrier and have specific pharmacological 
effects on the central nervous system (Łabuzek et al, 2010) 

and it is a potential therapy for injured or degenerating 
nervous system in cellular and animal models (Wang, et al, 
2012 , Ma  et al, 2007 and Nath et al , 2009). 
Cresyl violet  staining in the current study confirmed the 
impairment of neuronal cell body after fructose 
consumption and showed lightly stained Nissl substance 
with lower significant difference in mean % area (5.89 ± 
2.31) comparing with control group (11.92 ± 3.16).   
Metformin treatment showed improvement in the Nissl 
substance staining   with mean % area (8.46 ± 1.68).  In this 
context, Akinola et al (2012) in their study on brain of the 
diabetic rats showed structural impairment characterized by 
loss of axonal myelin sheath and poor Nissl staining 
outcome  suggesting loss of Nissl substance and nuclear 
DNA in the somata of the diabetic brain. In agreement, 
Nagayach et al, (2014) showed that staining with cresyl 
violet depicted a marked cellular degeneration in 
cerebellum following streptozotocin (STZ) -induced 
diabetes compared with control cerebellar cells which were 
darkly stained and attributed to loss of Nissl substance in 
diabetic cerebellar cells.  
Caspases are cysteine-aspartyl specific proteases that play a 
key role in apoptosis (Creagh et al., 2003). Caspase-3 is 
one of the effectors caspases that has been implicated as a 
key protease cleaving multiple cellular substrates, including 
components related to DNA repair and regulation, to bring 
the cell to its demise (Woo et al., 1998 and Zhang et al., 
2005). Caspase-3 is a potent, terminal caspase that plays a 
crucial role in executing apoptosis through the 
mitochondrial-dependent pathway (Gill et al., 2002). 
The present results showed strong immunoreactivity of 
caspase-3 in both liver and brain sections of fructose 
drinking rats which confirmed by image analysis and 
revealed higher significant difference in number of positive 
cells as well as in mean % area as compared with other 

iNOS 
Group I 

(Control) 
(n = 5) 

Group II 
(Metformin) 

(n = 5) 

Group III 
(Fructose) 

(n = 5) 

Group IV 
(Fructose 

+metformin) 
(n = 5) 

p 

    Liver 3.45 ± 1.16     3.54 ± 1.16 10.03ab ± 2.39 4.93c ± 1.37 <0.01* 

          

               Brain 2.11 ± 0.60   2.53 ± 0.91 10.29ab ± 3.19 3.73c ± 0.99 <0.001* 
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groups. This increment in caspase-3 suggested increased 
apoptosis in response to oxidative stress.  
In the same context,   Nedzvetsky et al. ( 2012) stated that 
damage in liver and brain in diabetic rats were mostly due 
to excessive free radical generation and development of 
oxidative stress. Increased activity of caspase-3 in rat liver 
was observed in the liver of rats with experimentally 
induced type 2 diabetes  (Popova et al., 2013). 
  It was also demonstrated that oxidative stress-induced 
neuronal and Schwann cells death via increased caspase-3 
activity was observed  in diabetic neuropathy (Vincent et 
al., 2002).  Also, Zhao et al. (2012) proved that diabetes up 
regulated the expression of Bax and caspase-3 which led to 
apoptosis of the pyramidal neurons in STZ - induced 
diabetic rats .  
Metformin treatment plus fructose consumption in present 
study revealed moderate immunoreaction of caspase-3 in 
liver and brain. Lower significant difference in positive cell 
numbers (13.80 ± 4.44) and (10.60 ± 3.51) as well as in % 
area 8.65 (6.44 – 10.33) and 6.93 (5.27 – 9.65) in 
hepatocytes and neuronal cells respectively comparing to 
their counterparts in fructose group.  
It is of interest to notice higher significant in % area of 
caspase- 3 in group treated with metformin plus fructose 
than in control group of liver and brain rather than positive 
cell numbers. This higher significantly in % area may be 
attributed to increased immunstaining positivity which 
calculated the all % area stained with brown color either 
weak or strong cytoplasmic reaction.   
    Many investigations indicated that during oxidative 
stress elevation of ROS and reduction of superoxide 
dismutase were accompanied by induction of iNOS and 
increased NO-ROS reaction was  found in diabetic tissues 
(Ferrini et al, 2006 and McCann et al, 2005). High-fructose 
diet contributes to excessive formation of reactive oxygen 
species. This leads to oxidative stress and its associated 
complications like chronic inflammation, characterized by 
abnormal cytokine production (TNF-α) and the activation 
of a cascade of inflammatory signaling pathways (El-Abhar 
and  Schaalan , 2012) 
 Our present results declared many positive cells with 
increased iNOS immunostaining in both liver and brain of 
fructose group. The mean % area revealed statistically 
higher significant difference in fructose group in both liver 
(10.03 ± 2.39) and brain (10.29 ± 3.19) comparing with 
control and metformin groups.  
The current findings may be attributed to  increased 
oxidative stress and confirmed many findings obtained by  
previous studies either on liver or brain.   
iNOS is virtually absent in the normal liver, but highly up 
regulated in response to a variety of inflammatory or 
oxidative stresses. This led to the common postulate that 
iNOS contributed to maintaining sinusoidal perfusion 
following stress conditions (Shibayama and Nakata, 1992).  
The induction of iNOS in the liver seemed to correlate with 
fatty changes and the expression of iNOS is up-regulated 
by most inducers of obesity, hyperglycemia, and insulin 
resistance, including free fatty acids, endotoxins, and 
oxidative stress (Fujimoto  et al.,  2005). In accordance, the 

result of Ha and Chae (2010) showed that iNOS is more 
highly expressed in high- fat -diet induced steatohepatitis. 
Neurotoxicity induced by fructose was mediated through 
oxidative stress and inflammatory parameters in rat brain 
(Lopes et al. 2014). Excessive nitric oxide production via 
iNOS  has  an essential role in neuronal cell damage. (Wei, 
2000 and Bal-Price and  Brown, 2001). It was observed that  
excessive local levels of NO during inflammation may 
damage axons and growth cones (Zochodne and Levy, 
2005).     
 Preliminary studies of Galea et al. (1994) and Nunokawa 
et al. (1993)  showed that iNOS activity has been 
demonstrated in a wide variety of stimulated cells like 
macrophages, neutrophils, vascular smooth cells, and glial 
cells in the CNS.  
  Metformin treatment plus fructose drinking revealed weak 
to moderate iNOS immunostainig reaction in liver and 
weak reaction in brain as compared with fructose group. 
Mean % area of iNOS stain showed lower significant 
difference in liver (4.93 ± 1.37) and brain (3.73 ± 0.99) 
comparing with fructose group denoted the vital role of 
metformin in antagonizing detrimental effect of fructose on 
liver and brain tissues. 
Chakraborty et al. (2011) explored that metformin 
treatment restores the antioxidant status, enzymatic activity 
and inflammatory parameters in type 2 diabetic patients and 
it is more effective in reducing oxidative stress in cases 
with type 2 diabetes (Esteghamati, 2013). 
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