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ABSTRACT  

Background: Sucralose is one of the most popular non-

nutritive sweeteners in the market. Whoever its toxicological 

effect are still need further investigation 

Materials and Methods: Three groups of 50 rats formed of a 

control group and two sucralose groups that received 

sucralose dissolved in water for 12 weeks formed of a control 

group and two sucralose groups. For all, liver function tests 

and hepatic histopathologic examination were done. 

Results: There was a statistically significant difference (P 

<0.05) among rats’ liver function tests in different study groups, 

with high mean of liver enzymes (ALT, AST and ALP) levels in 

sucralose groups (low dose group & high dose group). Also, a 

statistically significant difference (P <0.0001) in rats' liver 

necrosis in different study groups with higher effect on liver 

tissues among the high dose group. There was a statistically 

significance difference (P <0.0001) in rats' liver fibrosis in 

different study groups; about 55% liver tissues of the high dose 

group shows Grade 2 hepatic fibrosis, 30% shows Grade 1 and  

 
 

 
about 15%  no fibrosis. There was no hepatic fibrosis among 

control and the low dose group.   

Conclusion: Long term use of sucralose in male albino rats 

produces hepatotoxicity which is more in large doses.   
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INTRODUCTION 

Nutritive and non-nutritive are the two known types of sweeteners. 

Nutritive sweeteners are naturally occur as sucrose and fructose, 

while non-nutritive sweeteners are synthetically made as 

aspartame, stevia and sucralose.1 

Sucralose is one of the most popular non-nutritive sweeteners in 

the market as it is highly similar to sucrose and it is very similar to 

carbohydrate in structure.2 It is produced by chlorination of 

sucrose3, although sucralose is made from sugar, the human body 

does not recognize it as a sugar so it does not metabolize and as 

a result it does not provide the body with calories as all artificial 

sweeteners.4  

At the beginning of 1998, Food and Drug Administration (FDA) 

approved sucralose as a food additive in some varieties of foods 

and beverages after evaluating many studies in animals and 

humans.5 In spite that the safety of sucralose as an additive in 

human food products has been well established by several safety 

studies3, some case studies reported that sucralose consumption 

has a harmful effects on the body.6 Because some studies has 

associated artificial sweeteners with health conditions such as 

cancers, hepatotoxicity and migraines. So the aim of this study is 

to assess the potential toxicological effects of long term use of 

sucralose on the liver of male albino rats.  

 

MATERIAL AND METHODS 

Material 

Sucralose was purchased from Eva Pharma Company in the form 

of powder 12.5 mg. 

Experimental Animals 

The study was conducted on 50 albino rats weighing between 

(150-230 g) which were used as experimental animals. Albino rats 

were obtained from animals' house of Research Institute of 

Ophthalmology, El-Giza, Egypt. The rats were acclimatized for 

7days before the onset of the experiment. 

The chosen animals were individually housed in plastic cages with 

good aerated covers at normal atmospheric temperature (25 ± 

5ºC) as well as under good ventilation and received water and 

standard balanced diet. 

Experimental Design 

Rats were divided into 3 groups. Two groups received sucralose 

dissolved in water by oral route daily for 12 weeks. 

Group (A): Control group (10 rats): Animals untreated and 

served as negative control, received distilled water. 

Group (B) (20 rats): Sucralose treated group at a dose of 5 

mg/kg/day via oral route for 12 weeks.7 This dose is the 

acceptable daily intake of sucralose. 

http://www.ijmrp.com/
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Group (C) (20 rats):  Sucralose treated group at a dose of 125 

mg/kg/day via oral route for 12 weeks.7 Doses higher than this 

dose were not palatable for rats.  

The mean body weight was measured at the beginning and at the 

end of the study in all different groups. The entire experimental 

protocol that involved the use of animals was approved by the 

Ethics Committee for Animal Research and was conducted in 

accordance with the institutional and National Institutes of Health 

guidelines for the care and use of animals. 

Blood Collection and Biochemical Analysis 

At the end of the experimental period animals were anesthetized 

using diethyl ether, blood samples were collected from the orbital 

sinus. The blood samples were centrifuged at 3000 round per 

minute (r.p.m.) for 20 minutes to obtain serum. The supernatant 

sera were separated and frozen at -80ºC for biochemical analysis: 

 Liver Function Tests 

1. ALT (Alanine aminotransferase): Normal 14-18 U/L 

2. AST (Aspartate aminotransferase): Normal 21-23U/L 

3. Alkaline phosphatase: Normal 50-160 U/L 

4. Albumin:  Normal 3.5-5.5 g/dL 

Tissue Harvesting Procedures 

At the end of experiment, the animals sacrificed by cervical 

decapitation and laparotomy were carried out to remove the livers 

that were stored in a formalin solution. 

Sample of 0.5cmз of the livers were removed and fixed in 10% 

neutral formalin for 24 hours followed by washing, dehydration in 

ascending grades of alcohol, cleared in xylene and embedding in 

hard paraffin. Samples were then serially sectioned at thickness of 

5-6µ, mounted on slides and left for 24 hours at 37°C to dry and 

to avoid detachment of sections during subsequent steps of 

staining. The tissue sections were stained by Hematoxylin and 

Eosin stain and then examined under the light microscope. 

The histopathological examination of liver was carried out             

to determine any associated changes and compare between 

groups. The liver tissue sections were also stained by special 

stain (Masson's trichrome stain) to clearly show the fibrosis of liver  

tissue. A numerical scoring system for histologically assessing the 

extent of fibrosis was adapted from the formula of Scheuer8, with 

minor modifications.9 Briefly, fibrosis was graded as: 

0: No fibrosis.  

Grade 1: Enlarged, fibrous portal tracts.  

Grade 2: Periportal or portal- portal septa, but intact architecture. 

Grade 3: Fibrosis with architectural distortion; 

Grade 4: Probable or definite cirrhosis.  

Additionally, hepatocyte necrosis or degeneration severity was 

also graded as: 

0: No hepatocyte necrosis or degeneration.  

Grade 1: Focal necrosis or degeneration of hepatocytes (mild 

lesion no. ≤ 3). 

Grade 2: Multifocal necrosis or degeneration of hepatocytes 

(moderate lesion no.> 3).  

Grade 3: Locally extensive or diffuse necrosis or degeneration of 

hepatocytes (severe).  

Hepatocyte degeneration is mainly associated with cytoplasmic 

vacuolation and swelling, with the nuclear contour generally intact, 

whereas hepatocyte necrosis is associated with karyopyknosis 

(nuclear shrinkage) and karyorrhexis (nuclear rupture), in addition 

to degenerative changes.10  

 

Statistical Analysis 

The collected data was organized, tabulated and statistically 

analyzed using SPSS software statistical computer package 

version 18 (SPSS Inc, USA).  For quantitative data, the mean and 

standard deviation were calculated. ANOVA (Analysis of variance) 

was used to test the difference about mean values of measured 

parameters among groups, multiple comparison between pairs of 

groups were performed using LSD (Post hoc range test). Paired t 

test was used in comparison between the difference of body 

weight in before and after intervention. For qualitative data the 

number and percent distribution was calculated, chi square (χ2) 

was used as a test of significance. For interpretation of results of 

tests of significance, significance was adopted at P ≤ 0.05.  

 

 

Table 1: Comparisons of body weights between study groups before and after interventions 

 Mean ± SD P-value 

Initial weight (gm.) Control 183.00 ± 31.38 0.849* 

Dose 5 180.75 ± 33.06 0.938** 

Dose 125 180.00 ± 26.66 0.799*** 

Last weight (gm.) Control 247.50 ± 24.86 0.086* 

Dose 5 262.00 ± 26.92 0.001** 

Dose 125 286.00 ± 10.46 <0.0001*** 

*Between dose 5 and control; **Between dose 5 and 125; ***Between dose 125 and control 

 

 

RESULTS 

Rat survival was not affected by sucralose administration as 

survival in the sucralose treatment groups was similar to that of 

the controls. The percentages of rats that survived for 12 weeks 

were 100% of all study groups. The body weight of rats was 

determined in the beginning of the study and after finishing it (after 

12 week) (Table 1). There was no statistically significant 

differences  in  the  initial  bodyweight  between all studied groups,  

 

while at the end of the study a significant increase in bodyweight 

in the high dose when compared to rats of control (P˂0.0001) and 

low dose group (P=0.001) and non-significant increase in 

bodyweight gain of rats of low dose group when compared to 

control group (P=0.086). The results of biochemical studies done 

to estimate the liver function were compared between different 

study groups (Table 2). 
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Table 2: Comparison of liver function tests in different study groups 

 Mean ± SD P-value 

ALT Control 26.60 ± 6.50 <0.0001* 

Dose 5 60.65 ± 8.38 <0.0001** 

Dose 125 71.70 ± 9.57 <0.0001*** 

AST Control 29.80 ± 6.19 <0.0001* 

Dose 5 46.80 ± 6.80 0.912** 

Dose 125 46.50 ± 10.67 <0.0001*** 

ALP Control 131.40 ± 13.54 <0.0001* 

Dose 5 193.80 ± 56.86  <0.0001** 

Dose 125 246.65 ± 29.54 <0.0001*** 

Albumin Control 3.81 ± 0.34 0.331* 

Dose 5 3.65 ± 0.35 0.334** 

Dose 125 3.78 ± 0.51 0.855*** 

           *Between dose 5 and control; **Between dose 5 and 125; ***Between dose 125 and control; SD= Standard deviation 

 

 

 

Figure 1: Liver of rat from control group showing no 
histopathological changes (H& E X 400). 

 

 

 

There was a statistically significant difference (P <0.05) among 

rats’ liver function tests in different study groups, with high mean 

of liver enzymes (ALT, AST and ALP) level in sucralose groups 

(low dose group & high dose group) with exception for AST level 

which showed non-significant increase (P=0.912) in low dose 

group when compared with the high dose one. Also, insignificant 

reduction in albumin level was observed in different study groups. 

Microscopically, Livers of rats of the control group revealed normal 

histological structure of hepatic lobule (Figure 1). 

Examination of livers of rats of the low dose group (Figure 2) 

revealed: Most (n=12) of examined livers of rats of the low dose 

group revealed hydropic degeneration of hepatocytes (A), Kupffer 

cell activation (B), focal hepatic necrosis (Grade 1 hepatic 

necrosis) with inflammatory cells infiltration (C), while some (n=8) 

livers of rats of the same group showed normal histological 

examination. 

 
 

   

Figure 2: Livers of rats of the low dose group (5mg/kg daily for 12weeks) 

A. Liver showing hydropic degeneration of hepatocytes (H& E X 400). 

B. Liver showing Kupffer cells activation (H& E X 400). 

C. Liver showing focal necrosis of hepatocytes associated with inflammatory cells infiltration (H& E X 400). 

A B C 
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Figure 3: Liver of rat from high dose group(125mg/kg daily for 12weeks) 

A. Liver showing slight hydropic degeneration of hepatocytes (arrow) and sinusoidal congestion (H& E X 400). 

B. Liver showing portal infiltration with inflammatory cells (H& E X 400). 
 

  

Figure 4: Liver of rat from high dose group showing fibroplasia in the portal triad (A) (H & E X 400),  

confirmed by Masson Trichrome (B) (X400) 
 

 

Figure 5: The variation in hepatic necrosis according to study groups of the rats. 
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Figure 6: The variation in hepatic fibrosis according to study groups of the rats. 

 

Livers of rats of the high dose group (Figure 3): Most (n=14) of 

examined livers of rats of the high dose group) revealed hydropic 

degeneration of hepatocytes, congestion of hepatic sinusoids (A), 

multifocal necrosis of hepatocytes (Grade 2 hepatic necrosis), 

Kupffer cell activation, portal infiltration with inflammatory cells (B), 

while the rest of the same group (n=6) showed milder liver 

affection with Grade 1 hepatic necrosis. In addition, most of the 

livers of rats of the high dose group showed fibroplasia in portal 

triad (Figure 4) (of Grade 1 and Grade 2) and only 3 of them show 

no hepatic fibrosis. 

There was a statistically significant difference (P <0.0001) in rats' 

liver necrosis in different study groups with higher effect on liver 

tissues among the high dose group (Figure 5); about 70% liver 

tissues of the high dose group showed Grade 2 hepatic necrosis 

and 30% showed Grade 1) but about 60% liver tissues of the low 

dose group showed Grade 1 hepatic necrosis and 40% showed 

no hepatocyte necrosis or degeneration. Also, there was a 

statistically significance difference (P <0.0001) in rats' liver fibrosis 

in different study groups (Figure 6); about 55% liver tissues of the 

high dose group showed Grade 2 hepatic fibrosis, 30% showed 

Grade 1 and about 15% showed no fibrosis. There was no hepatic 

fibrosis among control and the low dose group.   

 

DISCUSSION 

There is increasing movement toward the consumption of artificial 

sweeteners due to increased incidence of diseases like obesity, 

diabetes, and metabolic syndrome. These artificial sweeteners, 

also called nonnutritive sweeteners provide more intense 

sweetness sensation with no or minimal calories per gram and are 

used in beverages, dietary products, drugs, and even 

mouthwashes.11 

Sucralose (1, 6-dichloro-1, 6-dideoxy-β-D-fructofuranosyl-chloro-

4-deoxy-α-D-galactopyranoside) is one of the most commonly 

used artificial sweeteners. It is characterized by its sweetness, 

immunity to metabolic degradation, non-hygroscopic nature, and 

relative heat resistance. It has a taste which is approximately 600 

times as sweet as sucrose without any aftertaste.12 

Despite the approved safety by FDA, sucralose appeared to have 

some harmful effects in some case report. In comparison with 

other commonly used artificial sweeteners, some studies reported 

that both aspartame and saccharin may induce a dose-dependent 

hepatotoxicity.13 So there was a need to substantiate whether long 

term oral consumption of sucralose induces hepatic toxicity, so the 

present study highlights the effect of long-term consumption of two 

different doses of sucralose on liver. 

ALT and AST are normally highly concentrated in the liver 

however an increase in ALT serum levels is, consequently, more 

specific for liver damage. While an increased activity of ALP is an 

indication of liver damage. In addition determining serum albumin 

levels is considered “test of liver function” and this is mainly 

because hepatic synthesis of albumin tends to diminish in end-

stage liver disease.14 

The study revealed significantly elevated levels of plasma ALT, 

AST and ALP were recorded in all treated groups of the present 

study compared to those of the control. On the other side albumin 

levels are within normal ranges.  

In a similar study conducted on albino rats, sucralose was 

dissolved in saline and administered once daily subcutaneously at 

0.625 mg/kg and 1.875mg/kg (low doses) and 5.625 mg/kg (high 

dose) for 2 weeks and reported that sucralose group showed 

slightly non-significant increase in AST, ALT and ALP level when 

compared to the control group in low doses but significant 

increase in high dose.15 

While these results disagree with a recent study concluded that 

sucralose had no adverse effects one liver enzymes activity when 

used at dose of 15 mg/kg/day for one month.16 

On microscopic examination, there were no histological 

abnormalities in the control groups, while sucralose groups 

displayed obvious histological changes in the liver tissue in most 

of them in addition to hepatic fibrosis which appeared only in the 

high dose group. 

The observed hepatic histopathological changes  agree with  

Mann et al.17 who reported that sucralose administration to    

groups  formed  of  52  male  and  52  female  mice  in their diet at  
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concentrations of 0.3%, 1% or 3% continuously, for 104 weeks 

revealed chronic inflammation of the liver in the high-dose group 

males.  

In disagreement with other studies15,18 which noted that the livers 

of rats administered sucralose showed normal histological 

structure of hepatic lobule from central vein and hepatocytes. 

It is known that Kupffer cells activation leads to release of toxic 

secretory products that have the potential to kill the hepatocytes19, 

and so Kupffer cells are included in the pathogenesis of liver injury 

mediated by chemical substances, toxins and pharmacological 

agents. The cytokine and chemokine produced by activated 

Kupffer cells are also involved in processes of liver fibrosis 

through the production of cytokines and growth factors that induce 

Ito cell (hepatic stellate cells) myofibroblastic transformation, and 

regulate the production of metalloproteinase and their inhibitors.20 

The significant hepatotoxic effects of long term use of sucralose 

especially in high dose reported in this work needs to be 

confirmed in further studies using larger study groups.  

 

CONCLUSION 

Long term use of sucralose in male albino rats produces 

hepatotoxicity which is more in large doses.   
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