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Abstract 

Caloric sweetener sucrose is an essential component of modern diet. However sucrose 

diet has an adverse effect on body weight and is associated with medical complications. So, 

substituting sucrose with low calorie sweeteners either synthetic as aspartame or natural as stevia 

is an efficacious weight management strategy. In the present investigation, total numbers of 64 

albino rats were divided into four groups: the first group served as control receiving distilled 

water. The second group represented the sucrose group receiving 10 % sucrose solution (weight 

by volume). The third group served as aspartame group receiving aspartame (75 mg/kg body 

weight). The fourth group represented stevia group and received stevia (40 mg/kg body weight). 

Rats were subjected to different experimental regimens for two durations, short duration (30 

days) and long duration (90 days). Histological investigation of liver sections from aspartame 

treated rats revealed fatty degeneration, necrosis of hepatic cells, dilatation and congestion of the 

central blood vessels with distortion of normal lobular architecture with increase in collagenous 

fibers while stevia treatment illustrated preserved normal hepatic pattern. Histochemical staining 

of Best Carmine stain and bromophenol blue in liver tissue revealed significant decrease in 

glycogen content and protein content respectively in liver aspartame group followed by sucrose 

group. On the other hand, image analysis of liver sections stained with Sudan III demonstrated 

significant elevation in fat content in sections from aspartame treated group followed by sucrose 

group when compared to control group. Stevia administration revealed no histological or 

histochemical changes in the liver tissue sections compared to control group. 
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1. Introduction 

Sugars are essential component of the modern diet, contributing not only by amounts 

naturally occurring in many fruits, vegetables, and nuts but also by sweeteners added to 

processed foods and beverages. Because these sweeteners give metabolized energy to the diet, 

they are called caloric sweeteners (White, 2014). 

 

Sucrose is one of the caloric sweeteners extracted from sugar cane. It is traditionally used 

in human nourishment due to its pleasant taste, nutritious value and low cost production 

(Adegoke et al., 2012). Nevertheless, sucrose sweetened beverages and high sucrose diets have 

adverse effects on body weight (Johnson et al., 2007) and are associated with medical 

complications, such as increasing risk for type II diabetes, obesity, cardiovascular diseases 

(Anton et al., 2010) and fatty liver in rodents (Bizeau and Pagliassotti, 2005). 
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Therefore, substituting sucrose with low calorie sweeteners may be an efficacious weight 

management strategy (Anton et al., 2010). So, individuals consuming artificially sweetened 

beverages may have switched to artificial sweeteners after gaining weight as an attempt to lose 

weight (Elfhag et al., 2007). 

Aspartame (L- aspartyl- L-phenylalanine methyl ester) is one of the most widely used 

artificial, low calorie sweeteners (Mourad, 2011). It is 200 times sweeter than sucrose. It has 

been used in many different types of products including soft drinks, desserts, yogurt, chewable 

multi-vitamins, breakfast cereals, tabletop sweeteners and pharmaceuticals (Marinovich et al., 

2013). 

 

Yet, aspartame is metabolized in the gastrointestinal tract to aspartic acid, methanol and 

phenylalanine. Methanol is then oxidized to formaldehyde and latter to formic acid. Formic acid 

is considered the principal metabolite responsible for deleterious effects of acute intoxication by 

methanol in humans and animals (Portela et al., 2007). Moreover, chronic exposure to aspartame 

was reported to cause headache, dizziness, anxiety, depression, and behavioral disturbances in 

experimental animals (Ashok et al., 2013). 

 

Furthermore, long-term consumption of aspartame leads to hepatocellular injury. Many 

histological and histopathological alterations have also been reported in liver sections from 

aspartame-treated rats (Alkafafy et al., 2015) and alters the redox status of the liver with 

deleterious effects on liver antioxidant status (Ashok and Sheeladevi, 2015). 

 

Stevia rebaudiana Bertoni is a natural, sweet-tasting calorie free botanical herb that has 

received increasing industrial and scientific attention in recent years (Abd Elwahab et al., 2017). 

Stevia is the common name for the extract stevioside (Lemus-Mondaca et al., 2012). 

These steviosides are diterpene glycosides obtained from the leaves of stevia plant. Stevia leaves 

are used as a sugar substitute or as an alternative to artificial sweeteners that is why it is called the 

sweet herb (Brahmachari et al., 2011). 

 

Steviosides are 100–300 times sweeter than sucrose (Abo Elnaga et al., 2016). Stevia is 

inexpensive and available to most consumers; thus, it has the potential to be widely used and may 

assist individuals in regulating their weight as it has a positive effect on caloric substitution 

(Anton et al., 2010). Also, steviosides have been used in many kinds of foods, beverages, 

medicine, cosmetics, household chemical industry and other food industries. Besides, non 

significant toxicity has been reported with stevia leaves extract administration (Abo Elnaga et 

al., 2016). 

 

In addition, stevia has multipurpose medicinal uses. It is used for the treatment of various 

conditions such as diabetes, obesity, hypertension, fatigue and depression. It possesses 

hypotensive, vasodilatation, taste improving, sweetening, antifungal, antiviral, anti-inflammatory, 

antioxidant antibacterial properties and increases urination function of the body (Das and 

Kathiriya, 2012). 

 

Furthermore, it has been found to have beneficial effects on blood glucose and insulin 

levels in human studies suggesting its role in food intake regulation with no reported side effects 

(Anton et al., 2010). 
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There is evidence suggesting that there is no histological damage to hepatic cells under 

Stevia rebaudiana leaf extract supplementation indicating its protective effect against liver 

damage (Mohan and Robert, 2009).  

So, the aim of the present study is to assess the histological and histochemical alterations 

in liver sections from rats administrating sucrose as a high caloric widely used sweetener. 

In addition to compare the histological and histochemical variations in liver tissues from 

rats administrated aspartame (a synthetic sugar substitute) and stevia (a natural sugar substitute) 

for both short duration (30 days) and long duration (90 days). 

2. Material and Methods 

2.1. Experimental Animals: 

The present study was conducted using male albino rats of the strain Rattus norvegicus. 

They weighted an average weight of 100±10 gm. They were housed in wire mesh laboratory 

animal cages in the vivarium of the Animal house of Medical Research and Bilharzia Center, 

Faculty of Medicine, Ain Shams University. All procedures have been performed in accordance 

with national animal welfare legislation of Faculty of Medicine, Ain Shams University.  

2.2. Experimental Chemicals and Dosage: 

A- Sucrose: 

Sucrose (C12 H22O11) is a disaccharide of molecular weight 342.20. Sucrose was 

administrated orally to rats as 10% sucrose solution dissolved in tap water (w/v). Sucrose was 

purchased from ADWIC (El-Nasr pharmaceutical chemicals Company Egypt). It was orally 

supplemented to rats for 90 consecutive days according to (Kendig et al., 2013).This sucrose 

solution provided a caloric density of approximately (0.4 kcal/g) similar to most commercially 

available sugar drinks. 

B- Aspartame: 

Aspartame (1-methyl N-L-a-aspartyl-L-phenylalanine) was purchased as tablet 

formulation from (Amrya for pharmaceutical industries Alexandria – Egypt). Each tablet 

contained 20 mg of aspartame (one tablet equal to one teaspoonful of sugar and 0.4 calorie) 

.Tablets  were dissolved in water and given orally to rats at a dose of 75 mg/kg body weight /day 

for 90 consecutive days according to (Ashok et al., 2013). 

C- Stevia: 

Stevia was purchased as a powder from Alpha Nexa Nutritionals Ltd, Kent (U.S.A.). It 

was dissolved in drinking water and given orally as the calculated human therapeutic dose 

according to Paget and Barnes, (1964) at a dose of 40 mg/kg body weight /day for 90 

consecutive days. 

2.3.  Experimental Design: 

In the present investigation a total number of 64 male albino rats were used. They were 

allowed a pre-experimental period of 5 days for acclimatization. Rats were divided into four 

groups. Every experimental group consisted of 16 rats. The first group served as control receiving 
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tap water, the second group represented the sucrose group, the third group represented the 

aspartame group and the fourth group represented the stevia group. Rats were subjected to 

different experimental regimens for two durations, short duration (30 days) and long duration (90 

days).  

2.4.  Histological And Histochemical Methods: 

Liver organs from rats in all groups were carefully dissected. They were subsequently cut 

into small pieces. Parts of liver tissues were placed in 10 % buffered formalin, dehydrated, 

cleared with xylene, infiltrated with paraffin wax at 60° C then embedded. Paraffin blocks were 

cut at 6 microns and affixed to slides then stained.  

2.4.1. Histological Investigations 

Liver sections were stained with Haematoxylin and Eosin (Bancroft and Cook, 1994) 

and Mallory’s trichrome stain (Sweat et al., 1968) for general histological examination. 

2.4.2. Histochemical Investigations 

For the demonstration of particular histochemical features, the following staining 

techniques were employed: 

I. Best’s carmine technique (Best’s, 1906) for the detection of glycogen.  

II. Bromophenol blue (Mazai et al., 1953) for the demonstration of sites of total protein 

content. 

III. Sudan Ш stain (Humason, 1979) for staining of triglycerides  and lipoproteins on 

frozen paraffin sections. 

Different histochemical features were analyzed quantitatively in the Regional center of 

Mycology and Biotechnology (Al-Azhar University) using image analyzer Unit Olympus BX40.    

2.5.  Statistical Analysis 

Image analysis of liver sections stained by different histochemical stains was expressed as 

means± standard error of means (SE). All the recorded data were analyzed using the Statistical 

Processor System Support (SPSS) version 10 computer program. The significance of differences 

between means of the control and all treated rats (a) were analyzed using one-way analysis of 

variance (ANOVA) test.  

3. Results 

3.1.  Histological Investigation 

 

The histological picture of liver sections obtained from group of rats treated with sucrose 

for 30 days, manifested some lesions such as, hemorrhagic, inflammatory reaction and dilated 

portal tracts. Besides, signs of vascular degeneration and lymphoid aggregates were seen. Also 

vascular congestion was evident and the blood sinusoids were dilated compared with control Fig. 

(1-a) and (1-c).  

Mild increase in collagenous fibers was evident compared with control (Fig. 1-b). This 

was realized commencing from the 30
th 

day post sucrose treatment and persisted till the end of 

https://en.wikipedia.org/wiki/Staining_(biology)
https://en.wikipedia.org/wiki/Triglycerides
https://en.wikipedia.org/wiki/Lipoproteins
https://en.wikipedia.org/wiki/Paraffin_wax
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experimentation with particular increase around central vein, portal tracts (Fig. 1-d) degenerative 

and necrotic areas. 

Section of livers from animals receiving sucrose for 90 days realized fatty degeneration 

and necrotic nuclei. The cytoplasms of these degenerative cells were vacuolated and faintly 

stained, while a few number of nuclei showing early signs of pyknosis (Fig. 1-e).  Dilated blood 

sinusoid was also a prominent feature. In addition mononuclear infiltration mainly lymphocytic 

in nature was marked and inflammatory cellular infiltration in addition to the presence of small 

number of Kupffer cells. Also, increase in collagen fibers that extended in different areas of the 

liver tissue was noticed. The increase of collagenous tissue was more obvious in intracellular 

space and necrotic areas (Fig.1-f). 

Histological examination of liver of rats revealed great pathological deviations from 

normal pattern post aspartame treatment which lasted till the end of experimentation i.e.90 

days. Histological liver changes were first manifested from the 30
th

 day post aspartame 

treatment; this was characterized by early degenerative changes in the hepatic parenchyma 

appearing with variable grades in different areas of the liver tissue. In addition, mild 

hemorrhages, foci of inflammatory infiltrative cells were realized surrounding dilated portal 

tracts, central vein and increased Kupffer cells. Dilatation and congestion of the blood vessels 

with demolished endothelial cells was apparent (Fig. 2-a). Also, increase in collagenous 

fibers was primarily apparent 30 days post aspartame administration (Fig. 2-b).  

At the end of the study i.e. after 90 days of treatment with aspartame, liver sections 

showed variable histopathological changes: general loss of hepatic architecture, presence of 

multi nuclear cells and increased Kupffer cells. Lymphocytic accumulation could be seen 

around the engorged blood vessels. In addition, focal areas of necrosis were frequently 

encounted. In these necrotic areas, every parenchymal cell showed fragmentation or was 

undergoing discentigration resulting in abnormally shaped histological pattern (Fig. 2-c). On 

the other hands, collagenous fibers were speculated around portal tract, central vein sinusoids and 

branched into the surrounding hepatic tissue (Fig. 2-d). Moreover, the liver nuclei suffered 

severe karyolysis where nuclear membranes were realized shrunken and indistinct from the 

cytoplasm. The cytoplasm appeared as widespread areas of complete vaculations. The 

Kupffer cells were very active and within portal tracts there were increased numbers of 

chronic inflammatory cells. Besides, marked stagnation of blood was evidenced and persisted 

throughout the duration of the experiment. 

The histopathological picture of the liver sections obtained from group of rats treated 

with stevia for 30 days manifested minimal changes in the structure of the liver compared to 

normal ones. This was characterized by dilated central vein and blood sinusoids. The majority 

of hepatic tissue appeared near to normal in configuration .The liver cells were arranged in 

the form of cords radiating from central vein to the periphery (Fig. 2-e).  

Liver section from rats receiving stevia for 90 days showed that most areas of liver 

tissue appeared near to normal in hepatic pattern (Fig. 2-g). 

Furthermore, liver sections manifested preserved collagenous fibers architecture after 30 

and 90 days of stevia administration (Fig. 2-f) (Fig. 2-h). 

 



6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Photomicrograph of liver section: 

a) Control rat showing normal hepatic pattern of central vein, hepatocytes and blood sinusoids (Hx-E; x250). 

b) Normal distribution of collagenous fibers (Masson’s trichrome; x250). 

c) After 30 days post treatment of sucrose showing dilated sinusoid (Hx-E; x250). 

d) Sucrose rat group after 30 days showing mild increase in collagenous fibers with particular increase around central vein 

portal tracts degenerative and necrotic areas (Masson’s trichrome; x250). 

e) After 90 days post treatment of sucrose showing fatty degeneration of hepatocytes with pyknotic nuclei (Hx-E; x250). 

f) Sucrose rat group after 90 days showing the increase of collagenous tissue in intracellular space and necrotic areas 

(Masson’s trichrome; x100). 
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Fig. (2): Photomicrograph of liver section: 

a) After 30 days post treatment of aspartame showing dilatation and congestion of  blood vessels with demolished endothelial cells (Hx-

E; x250). 

b)  Aspartame rat group after 30 days showing increase in collagenous fibers (Masson’s trichrome; x250). 

c) After 90 days post treatment of aspartame showing distortion of normal lobular architecture (Hx-E; x250). 

d) Aspartame rat group after 90 days showing collagenous fibers  speculated around portal tract, central vein sinusoids and branching into 

surrounding hepatic tissue (Masson’s trichrome ;x250). 

e) After 30 days post  treatment of stevia showing liver cells arranged in the form of cords radiating from central vein to the 

periphery (Hx-E; x250). 

f) Stevia rat group after 30 days showing increase in collagenous fibers surrounding the portal tract and blood vessels                                                

(Masson’s trichrome; x100). 

g) After 90 days post treatment of stevia showing liver tissue appearing near to its normal pattern (Hx-E; x250). 

h) Stevia rat group after 90 days showing preserved collagenous fibers architecture (Masson’s trichrome; x100). 
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3.2.  Histochemical Investigation: 

 

3.2.1. Glycogen Content: 

Glycogen stores in treated rats were significantly affected compared with control (Fig. 3-

a) and table (1). In liver sections from rats treated with sucrose, the glycogen granules in the 

hepatocytes were manifested to be depleted after 30 days post-treatment (Fig. 3-b). At the end of 

the study i.e. 90 days, glycogen stain was extremely fainted within the hepatocytes. Cytoplasm 

stainable material appeared as randomly dispersed fine deposits in most cells while other cells 

appeared wholly lacking glycogen (Fig. 3-c). Marked significant inhibition in glycogen was 

observed in liver sections from rats treated with aspartame. Centro lobular depletion of glycogen 

stores progressed peripherally in most of the hepatic lobules (Fig. 3-d). By the end of the 

experiment i.e. 90 days post-treatment, most hepatic cells were manifested devoid of glycogen 

(Fig. 3-e). 

On the other hand, Best Carmine stains revealed non-significant alteration in group of rats 

treated with stevia either 30 or 90 days, where glycogen stores appeared patchy and 

heterogeneous in distribution among hepatic lobules (Fig. 3-f) (Fig. 3-g). 

Table (1): Image analysis of glycogen stores after 30 and 90 days:  

 

a
 All experimental groups compared with the control group. Values are expressed as mean 

± SE compared with the control group; * significant; ** highly significant, *** very highly 

significant. 

3.2.2. Protein Content: 

Histochemical staining of liver sections stained with bromophenol blue for the 

demonstration of total protein content in rats receiving sucrose for 30 days revealed gradual 

decrease in the protein content compared with control (Fig. 4-a) and (Fig. 4-b). This decrease 

commenced from the first day of treatment and persisted until the end of the study where many of 

the hepatocytes lacked their protein content at 90 days of sucrose treatment (Fig. 4-c). 

In addition, liver sections of rats receiving aspartame for 30 days manifested gradual 

decrease in the protein content. This was confined to several cells that showed moderate staining 

affinity by 30 days (Fig. 4-d). This decrease persisted until the end of the study i.e. 90 days. It 

was followed by high attenuation in the staining affinity where most of the hepatocytes lacked 

their protein content by the 90 days of treatment. Pyknotic cells appeared with dark nuclear 

staining while cytoplasm was completely faint in staining affinity (Fig. 4-e). 

Parameters Duration Groups Control Sucrose Aspartame Stevia 

 

Glycogen 

Absorbance 

30 days 

 

Mean ±SE 124.80±0.29 110.54
***a

±0.75 104.62
***a

±1.11 122.86±0.64 

90 days Mean ±SE 125.83±0.52 103.99
***a

±1.40 92.94
***a

±2.63 121.81±0.58 
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Liver sections of experimental animals treated with stevia stained with bromophenol blue 

for detecting protein content manifested minimal variations in the protein content after the first 

day i.e. 30 days of treatment (Fig. 4-f). By the end of 90 days post-treatment slight decreased 

protein content was detected in hepatic tissue (Fig.4-g). 

Applying the bromophenol blue technique, total protein content distribution in cell 

cytoplasm and nucleus is demonstrated in (table 2). 

Table (2): Image analysis of protein after 30 and 90 days: 

  

a
 All experimental groups compared with the control group. Values are expressed as mean 

± SE compared with the control group; * significant; ** highly significant, *** very highly 

significant. 

3.2.3. Fat Content: 

Fat is deposited in the cytoplasm of hepatic cells of control liver sections. It always 

appears first in cells adjacent to central veins of lobules. Also, few mesenchymal cells that are fat 

storing are present within the perisinusoidal spaces (Fig. 5-a).  

On the other hand, in liver sections of rats consuming sucrose for 30 days, marked 

increase in the fatty deposition in the hepatic tissue (fatty infiltration) was obvious (Fig. 5-b). 

This was demonstrated in the form of heavy deposits of fats particularly demonstrated in 

periportal areas (Fig. 5-c).  

Also, significant increase in fatty deposition in the hepatic tissue started from the fourth 

weeks post treatment in group of animal treated with aspartame for 30 days (Fig.5-d) and 

persisted until the end of experiment time i.e. 90 days. Fat deposits appeared in both the globular 

and granular forms. Increased fat-deposition coincided with degenerative and necrotic foci (Fig. 

5-e). 

In frozen sections of rats administrated stevia for 30 and 90 days, the fatty deposition in 

the hepatic tissues showed non significant changes when compared with the control ones (Fig. 5-

f) and (Fig. 5-g). Data of liver sections stained with Sudan Ш of both control and experimental 

groups are presented in table (3).  

 

 

 

Parameters Duration Groups Control Sucrose Aspartame Stevia 

 

Protein  

absorbance 

30 days 

 

Mean ±SE 123.90±0.78 107.29
***a

±0.655 88.33
***a

±0.58 122.29±0.43 

90 days Mean ±SE 124.90±0.64 101.85
***a

±0.90 72.53
***a

±1.34 122.85±0.54 
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Table (3): Image analysis of fat deposits after 30 and 90 days: 

 

a
 All experimental groups compared with the control group. Values are expressed as mean 

± SE compared with the control group; * significant; ** highly significant, *** very highly 

significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters Duration Groups Control Sucrose Aspartame Stevia 

 

Fat 

absorbance 

30 days Mean ±SE 102.21±0.87 110.98
***a

±0.54 115.00
***a

±0.48 100.53±0.68 

90 days 

 

Mean ±SE 103.74±0.77 115.44
***a

±0.96 120.60***a±1.28 102.02±1.15 

g f 

e d 

c b 

a a 
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Fig. (3): Photomicrograph of liver section:  

a) Control rat group showing normal distribution of glycogen within hepatocytes (Best Carmine; x 250) 

b) Rats receiving sucrose after 30 days showing depletion in glycogen granules (Best Carmine; x 250). 

c) Rats receiving sucrose after 90 days showing randomly dispersed fine deposit in some hepatocytes while other cells appeared wholly 

lacking glycogen (Best Carmine; x 250). 

d) Rats receiving aspartame after 30 days showing depletion of glycogen content in the periphery of the hepatic lobules (Best Carmine; x 

250). 

e) Rats receiving aspartame after 90 days showing hepatocytes devoid of glycogen (Best Carmine; x 250). 

f) Rats receiving stevia after 30 days showing mild deposit of glycogen in most liver tissue (Best Carmine; x 250). 

g) Rats receiving stevia after 90 days showing more or less normal distribution of glycogen in most hepatic cells (Best Carmine; x 250). 
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Fig. (4): Photomicrograph of liver section: 

a) Control rat showing normal distribution of protein in cytoplasm and nucleus in hepatocytes (Bromophenol blue; x 250). 

b) Rat receiving sucrose for 30 days showing mild decrease in protein content of hepatocytes (Bromophenol blue; x 250) 

c) Rat receiving sucrose for 90 days showing many hepatocytes lacking their protein content (Bromophenol blue; x 250). 

d) Rat receiving aspartame for 30 days showing moderate staining of protein content (Bromophenol blue; x 250). 

e) Rat receiving aspartame for 90 days showing dark nuclear staining protein in pyknotic cells and completely faint in the cytoplasm 

(Bromophenol blue; x 250). 

f) Rat receiving stevia after 30 days showing mild decrease in the protein content (Bromophenol blue; x 250). 

g) Rat receiving stevia after 90 days showing the protein content was slightly decrease in hepatic tissue (Bromophenol blue; x 250). 
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Fig. (5): Photomicrograph of frozen liver section:  

a) Control rat group showing normal distribution of fat content in the hepatocytes (Sudan Ш; x 400). 

b) Rats receiving sucrose for 30 days showing mild increase in fatty deposition in the hepatic tissue (Sudan Ш; x 400). 

c) Rats receiving sucrose for 90 days showing heavy deposits of fats (Sudan Ш; x 400). 

d) Rats receiving aspartame for 30 days showing globular and granular fat deposits in hepatocytes (Sudan Ш; x 400). 

e) Rats receiving aspartame for 90 days showing increased fat deposition in the hepatocytes (degenerative and necrotic foci) (Sudan Ш; x 400). 

f) Rats receiving stevia for 30 days showing decreased fat deposition in the hepatic tissue (Sudan Ш; x 400). 
 

g) Rats receiving stevia for 90 days showing fat deposits near to normal hepatic tissue (Sudan Ш; x 400). 

4. Discussion 

This study was conducted to compare aspartame as a synthetic non caloric sweetener and 

stevia as a natural non caloric sweetener with sucrose as a generically used sweetener. This 

comparative work was based on studying alterations in the histological and histochemical 

features of liver tissue.  Oral sucrose administration at a dosage of 5 mg/kg body weight /day to 

rats for 90 consecutive days manifested dilated blood sinusoids with blood stagnation. In 

addition, mononuclear infiltration mainly lymphocytic was also observed.   

The histological findings present here in this investigation were supported by (Morsy et 

al., 2014)
 
who proved that hepatocytes of rats administrating sucrose diet showed infiltration by 

dark inflammatory cells with shrunken pyknotic nuclei, dilated central veins and discontinuity of 

endothelial cells of the blood sinusoids that was filled with excessive bleeding. The hepatic 

sinusoids showed severe bleeding with discontinuity of its endothelial lining and the nuclei 

appeared severely swollen with segregated nucleolus and irregular nuclear membrane. Also, the 

hepatocytes were severely destroyed with loss of cellular landmarks and loss of their 

architectures under high sucrose diet. This may be due to the increased amounts of daily sucrose 

intake which was associated with more and more hepatic tissue injuries and liver function 

deterioration. 

Sweetening beverages with sucrose is associated with increasing rates of obesity and 

diabetes because sucrose influences lipid metabolism causing hepatic injuries produced not only 

at the metabolic level, but also at the ultra-structural hepatic tissue changes. Consuming sucrose-

sweetened beverages increased triglyceride synthesis and deposition, and can cause fatty liver in 

rats (Ackermanz. et al., 2005).This supports the histological findings of fatty degeneration of 

hepatocytes with pyknotic nuclei present here in this study under 90 days of sucrose 

administration. Again sucrose administration stimulates insulin resistance producing 

inflammation in liver tissue thus activating inflammatory cytokines as tumor necrosis factor alpha 

and interleukin-6 (Hotamisligil, 2006).
 

The histopathological examination of collagenous fibers of the liver tissue elucidated mild 

increase in collagenous fibers after 30 and 90 days of sucrose administration. This extended in 

different areas of the liver tissue and was more obvious in intra cellular space and necrotic areas. 

This may be due to the collagen fibers infiltration inside hepatic tissue (Bray, 2013). 
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Furthermore, (Villalobos et al., 2015)
 
verified that animals with the high sucrose diet 

developed insulin resistance. Insulin resistance plays an important role in the development of 

non-alcoholic fatty liver disease. The development of fatty liver is influenced by the increase in 

de novo synthesis of free fatty acids by the liver and decrease in the antilipolytic effect (Vanni et 

al., 2010). This was clearly confirmed by the depletion of glycogen granules in hepatocytes 

stained by Best carmine stain after 90 days of sucrose administration. 

The results of the present study showed a decrease in the protein content in hepatocytes 

stained with Bromophenol blue stain. These results were in accordance with (Prokić et al., 2015) 

that ratified a significant decline in the total protein under sucrose administration to rats for 30 

and 90 days.  

Moreover, the histopathological stained liver sections with Sudan Ш demonstrating the 

fat content of hepatocytes elucidated swollen hepatocytes with excessive lipid droplets in the 

cytoplasm and severe cellular fat vacuolation in the liver tissue which reflects the marked 

increase in the fatty deposition in hepatic tissue and in periportal areas under long term sucrose 

administration (Morsy, et al., 2014). 

In addition to the previous explanations, histopathological and histochemical examination 

of hepatic tissue in the present study supported our claims that increasing daily dietary sucrose 

deteriorates the glucostate and the serum lipids that are reflecting on the hepatic functions 

(Hotamisligil, 2006). 

Presently, the histological findings of liver sections from rats receiving aspartame at a 

dose of 75 mg/kg for 90 days displayed obvious histological changes, in the form of cytoplasmic 

vacuoles in hepatocytes, disorganized hepatic parenchyma, congestion of the central vein and 

hepatic sinusoids, mononuclear cell infiltration  in aspartame treated groups (Abhilash et al., 

2011; El Haliem and Mohamed, 2011 and Abd El fatah et al., 2012). 

The histological finding of liver tissue of rats administrating aspartame for 90 days 

identifies hepatocyte damage, recruitment and activation of inflammatory cells as macrophages, 

eosinophil and neutrophils. These histological alterations may be due to the release of 

inflammatory and fibrogenic cytokines, production of reactive oxygen species; activation of 

hepatic stellate cells, periportal or perivenular fibroblasts, circulating fibrocytes and bone marrow 

cells that trans differentiate into collagen producing myofibroblats (Yao et al., 2012 and Zhong 

et al., 2013). This is indicative of cellular leakage and loss of functional integrity of liver. 

Aspartame is completely hydrolyzed in the gastrointestinal tract to aspartic acid, 

phenylalanine and methanol, each being toxic at high levels. These findings may help us to 

understand that cumulative daily intake dose of aspartame led to an increase of blood methanol 

concentration above the individual baseline values (Španěl et al., 2015). Methanol is primarily 

metabolized by oxidation to formaldehyde and then to formate (Abhilash et al., 2015). 

Again, formaldehyde causes histological changes supported by the damage of liver cells 

which might be secondary to the activation of Kupffer cells that secrete tumor necrosis factor 

alpha, interleukins, reactive oxygen, nitrogen species, proteases, and prostaglandins. These 

mediators could act directly on hepatocytes to cause cell death (El Haliem and Mohamed, 

2011). 
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Also, these aspartame metabolites causes the formation and release of many inflammatory 

mediators thereby recruiting neutrophils, lymphocytes, and other inflammatory cells into 

damaged regions (Alleva et al., 2011).  

Furthermore, oxidation of methanol, a metabolite of aspartame can be followed by a 

release of leukotriene’s, resulting in poly morphonuclear leukocyte infiltration of the liver, 

presumably associated with an oxidative burst and production of reactive oxygen mediators. 

Reactive oxygen species may stimulate the release and formation of various inflammatory 

chemokines. Chemokines are involved in the migration of leukocytes into the liver during 

aspartame intoxication .Chronic aspartame intoxication selectively enhanced chemokine released 

by Kupfer cells and hepatic sinusoidal cells and migration of inflammatory cells to liver. The up 

regulated expression of different members of the chemokine system is likely to result in 

leukocyte infiltration (Abhilash et al., 2011). This idea supports the results of the present study 

which shows foci of inflammatory infiltrative cells surrounding dilated portal tracts and central 

vein and increase Kupfer cells under aspartame supplementation. 

Again, the enhanced permeability of liver cells leads to damage or necrosis of 

hepatocytes. Similar results were reported by (Abdel-Salam et al., 2012).  

In addition, hepatocytes damage triggers activation of TGF-β1 which was produced by 

hepatic stellate cells and Kupffer cells that was believed to be involved in the synthesis and 

deposition of extracellular matrix components like fibronectin, collagens type I, III, and IV. TGF-

β1 had a dual impact on the progression of liver disease by promoting fibrogenesis and inducing 

hepatocytes apoptosis (Bai et al., 2013). 

The degenerative changes in liver tissue of aspartame group were clearer in the peripheral 

and intermediate zones of hepatic lobules than that of the central lobular zone (El-Sakhawy et 

al., 2015) because the hepatocytes in the peripheral zone were the first to receive oxygen, 

nutrients and toxins of aspartame metabolites from the sinusoidal blood (Stevens and Lowe, 

2005 and Ross and Pawlina, 2011). 

The present investigation displayed the heterogenous distribution of glycogen with 

depletion of glycogen stores in hepatic tissue in rats treated with aspartame for 90 days. The 

significant decrease in cytoplasmic glycogen inclusions in hepatocytes of rats may be due to the 

deleterious effects of aspartame on liver mitochondria (El-Sakhawy et al., 2015). 

Gradual decrease in the protein content in liver tissue of rats administrating aspartame for 

90 days may be due to the accumulated formaldehyde (a metabolite of aspartame) which caused 

the prominent appearance of Von-Kupffer cells in some hepatic lobules. This in turn led to 

damage of protein molecules (El Haliem and Mohamed, 2011).  

On the other hand, a significant increase in fat deposition in globular and granular forms 

appeared. This disturbed fat metabolism is closely related to insulin resistance that causes 

lipolysis and increases the circulating free fatty acids. These fatty acids are then taken up by the 

liver as an energy source. It is also suggested that there is an imbalanced systemic and hepatic fat 

metabolism with excess uptake and synthesis of fatty acids by the liver (Elattar et al., 2016). 
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Presently, oral administration of stevia at a dose of (40 mg/kg body weight /day) for 30 

and 90 days produced few swollen hepatocytes with foamy cytoplasm. Hepatic tissue of stevia 

treated rats showed near to normal hepatic architecture with preserved normal distribution of 

collagenous fibers. 

 

In agreement with our findings (Abo Elnaga et al., 2016) proposed that rats treated with 

stevia sweetener demonstrated normal liver appearance with no fibrosis, mild inflammation and 

normal hepatic cells with well-preserved cytoplasm, nucleus and nucleolus and central vein. This 

study further supports the idea that the long term consumption of stevia sweetener solution did 

not produce any histologically observable hepatic steatosis, inflammation, or fibrosis. In addition, 

stevia has a little effect on hepatic morphology or development of overt liver damage (Figlewicz 

et al., 2009). 

Additionally, (Das and Kathiriya, 2012) elucidated that liver sections of the animals 

treated with aqueous leaves extract of Stevia rebaudiana showed dose-dependent reduction of 

necrosis and revealed hepato-protective activity. The hepato-protective action of Stevia 

rebaudiana might be due to the presence of antioxidants like flavonoids and phenolic compounds 

.The decreased necrotic  area by stevia extract as well as decrease in the infiltration of the 

inflammatory cells in the liver lobules is indicative of therapeutic efficacy of the stevia extract.  

Besides, the hepato-protective effect of stevia is acted by antioxidative, anti-lipid 

peroxidative, anti-fibrotic, anti-inflammatory, membrane stabilizing, immunomodulatory and 

liver regenerating mechanisms posed by stevia extract (Chlopcikova et al., 2004 and Pradhan 

and Griish, 2006). The anti-inflammatory effect of stevia extract includes inhibition of 

neutrophil migration and inhibition of Kupffer cells (Amin et al., 2010). This confirms normality 

in Kupffer cells present in liver sections of rats treated with stevia. 

These data were clearly confirmed by examination of collagenous fibers that showed 

significant improvement in collagen synthesis upon administration of stevia extract when 

compared to aspartame treated animals. This was probably due to the inhibitory effect of stevia 

extract on hepatic stellate cell activation (Wang et al., 2012). 

Moreover, stevia administration signified an increase in glycogen stores and protein 

content among hepatic lobules. These results suggest that stevia extract modulated the oxidant-

antioxidant balance thus restoring glycogen and protein content in hepatic tissue (Mohan and 

Robert, 2009). 

 

Sudan Ш staining revealed no hepatic steatosis in any of the animals treated with stevia. 

There was preserved hepatic architecture in all animals with no significant inflammatory 

infiltrates and no fibrosis (Figlewicz et al., 2009). 

 

5. Conclusion 

In conclusion, the aqueous extract of Stevia rebaudiana may have the potential to be used 

as a natural sweetener alternative to the synthetic sweetener aspartame. Stevia could be used as 

an accessible source of natural antioxidants with resultant health benefits.  
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:الولخص العربي  

 .علي كبذ ركور الجرراى البيضاء (هحلي طبيعي)و الاستيفيا  (هحلي صٌاعي)دراساث هقارًه علي تأثير الاسبرتام 

 ًشوى أحوذ فوزى الشٌاوى ، سويرة أحوذ عبذ الوجيذ ، هذير هحسي عبذ الحويذ                        

 جاهعت عيي شوس–كليت البٌاث للاداب والعلوم والتربيه - قسن علن الحيواى 

حهٛاخ يسرحعشاً ْاياً فٙ أَظًح انرغزٚح انحذٚثح ًُ إلا أٌ اسرخذايّ فٙ انرحهٛح ٕٚثش سهثاً . ٚؼذ انسكشٔص كٕاحذ يٍ ان

نزنك فإٌ اسرثذال انسكشٔص تانًحهٛاخ يُخفعح . ػهٗ ٔصٌ انجسى ، فعلاً ػهٗ انًعاػفاخ انطثٛح انًرشذثح ػهٗ ْزا الاسرخذاو

.  الاسرٛفٛا، ٚؼذ اسرشاذٛجٛح فؼانح نرُظٛى ٔصٌ انجسىيثمانسؼشاخ انحشاسٚح سٕاء أكاَد يصُؼح كالاسثاسذاو أٔ كاَد غثٛؼٛح 

ذى اػرثاس انًجًٕػح الأٔنٗ .  إنٗ أستغ يجًٕػاخٔذقسًٛٓا حٕٛاَاخ انرجاسب يٍ 64ػذد اسرخذاو ٔفٙ انذساسح انًطشٔحح، ذى 

 تًحهٕل انسكشٔص فقذ ػٕنجد- يجًٕػح انسكشٔص -أيا انًجًٕػح انثاَٛح. انًجًٕػح انعاتطّ ٔانرٙ ػٕنجد تانًٛاِ انًقطشج

 75فقذ ػٕنجد تالاسثشذاو  تجشػح ذؼادل - يجًٕػح الاسثشذاو- أيا انًجًٕػح انثانثح . نكم جى يٍ ٔصٌ انجسى % 10ترشكٛض 

 يههٙ 40فقذ ػٕنجد تالاسرٛفٛا تجشػح ذؼادل - يجًٕػح الاسرٛفٛا- أيا انًجًٕػح انشاتؼّ .كجى يٍ ٔصٌ انجسى / يههٙ جشاو

 ( ٕٚياً 30)ٔقذ ذى ذؼشٚط انجشراٌ نُظايٍٛ ذجشٚثٍٛٛ يقسًٍٛ تحسة انًذج ، أٔنًٓا قصٛش انًذ٘ . كجى يٍ ٔصٌ انجسى/ جشاو

 .( ٕٚياً 90)، ٔثاًَٛٓا غٕٚم انًذ٘ 

ذًذد ، ذُخش انخلاٚا انكثذّٚ،  ظٕٓس ذحهم نهذٌْٕ ٔقذ كشفد دساسح لأَسجح انكثذ نهجشراٌ نًجًٕػح الأسثشذاو ػٍ

تالأػّٛ انذيّٕٚ انًشكضّٚ يصاحثّ ترشّٕٚ فٙ انشكم انخاسجٙ نهفصٛصاخ انكثذّٚ ٔصٚادِ الأنٛاف انكٕلاجُّٛٛ فٙ حٍٛ أٌ 

كًا أظٓشخ . دساسح أَسجح انكثذ نهجشراٌ يٍ يجًٕػح الاسرفٛا قذ اظٓشخ دساسّ اَسجّ انكثذ احرفاظٓا تشكهٓا انطثٛؼٙ

 فٙ يحرٕٖ سا كثٙاانصثغاخ انُسٛجّٛ انكًٛٛائّٛ نهصثغّ انقشيضّٚ ٔ صثغّ تشٔيٕفُٕٛل الأصسق لاَسجّ انكثذ اَخفاض

أظحد ،يٍ انُاحّٛ الاخش٘ .انجهٛكٕجٍٛ ٔيحرٕٖ انثشٔذٍٛ ػهٙ انرٕانٙ فٙ يجًٕػح الاسثشذاو ثى ٚهٛٓا يجًٕػح انسكشٔص

 فٙ يحرٕ٘ انذٌْٕ نهًجًٕػّ انًؼانجّ ا كثٛشاانصٕس انرحهٛهّٛ نششائح خلاٚا انكٛذ انرٙ ذى صثغٓا تانسٕداٌ انثانث اسذفاع

كًا ذٕظح يجًٕػّ انسرٛفٛا تؼذو ٔجٕد ذغٛش .  انعاتطّجتالاسثشذاو ٔٚرثؼٓا اٚعا يجًٕػّ انسكشٔص ػُذ يقاسَرٓى تانًجًٕع

 .ج انعاتػجَسٛجٙ أ كًٛٛائٙ َسٛجٙ ٔاظح فٙ ششائح اَسجّ انكثذ ػُذ انًقاسَّ تانًجًٕع

https://www.ncbi.nlm.nih.gov/pubmed/26019041
https://www.ncbi.nlm.nih.gov/pubmed/26019041
https://www.ncbi.nlm.nih.gov/pubmed/26019041
https://www.ncbi.nlm.nih.gov/pubmed/22221674
https://www.ncbi.nlm.nih.gov/pubmed/22221674
https://www.ncbi.nlm.nih.gov/pubmed/22221674
https://link.springer.com/bookseries/7659

