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Background: Obesity is a prevalent issue affecting a growing number of individuals globally. It is a 
systemic disorder with complications and co-morbidities. Non-alcoholic fatty liver disease (NAFLD) is 
a disastrous outcome of metabolic syndrome induced by obesity. Objective of this study was to find the 
effect of Stevia leaves in restoration of liver function tests (ALT, AST, ALP, and Bilirubin) in obese 
Sprague Dawley rats. Methods: This animal experimental study was carried out in the Physiology 
Department, in collaboration with the Pathology Department of Islamabad Medical and Dental College, 
and National Institute of Health, Islamabad on 90 healthy male Sprague Dawley rats over a period of 14 
weeks. The animals were divided randomly into three groups of 30 rats each. Group 1 was given 
normal diet while Groups 2 and Group 3 were given high fat diet. Stevia leaves were further added for 
six weeks in the diet of Group 3. Results: High fat diet induced NAFLD in rats was ameliorated 
significantly on treatment with stevia. On comparison of liver function tests in obese control with stevia 
treated group, the values of ALT and AST were significantly decreased (p<0.05). However, ALP and 
bilirubin were not decreased significantly. Conclusion: Stevia rebaudiana exerts hepatoprotective 
effect in restoring liver damage due to high fat diet induced NAFLD in Sprague Dawley rats. 
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INTRODUCTION 
Prevalence of obesity has considerably increased over 
recent years all over the world. It is a systemic disorder 
that predisposes individuals to various complications 
and co-morbidities like hypertension, hyperlipidemia, 
diabetes mellitus, atherosclerosis and fatty liver disease. 
Obesity can also lead to liver problems just like alcohol 
misuse and drug abuse which can alter the liver 
enzymes. Non-Alcoholic Fatty Liver Disease (NAFLD) 
is due to collection of triglycerides in the hepatocytes 
which can be identified with radiological as well as 
histopathological findings like steatosis, lobular 
inflammation, hepatocyte ballooning and fibrosis. 
NAFLD can progress into Non-alcoholic Steatohepatitis 
(NASH), fibrosis and eventually into cirrhosis which 
can lead to hepatocellular carcinoma. NAFLD causes 
increased serum liver enzymes. There are various causes 
of fatty liver-induced hepatitis. Potential 
pathophysiology for fatty accumulation can be: 
1) Reduced β-oxidation of fatty acids by mitochondria1 
2) Increased endogenous synthesis of fatty acids2 
3) Enhanced fatty acid transport to the liver3 
4) Diminished metabolism of very low density 

lipoproteins (VLDL) or triglycerides2. 
There is still ongoing research to find out 

causes and effects of NAFLD. A few recent studies 
show high levels of hedgehog pathway activation in 
patients with advanced fatty liver disease. The 
suggestion still indicated that the hedgehog pathway is 
an adult liver repair regulator.4 In NAFLD there is also 

progressive procoagulants imbalance from 
inflammatory steatosis to cirrhosis. The Liver Function 
Tests (LFTs) detect liver enzymes like alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST) and alkaline phosphatase (ALP) which are raised 
in the inflammation or damage of hepatocytes. Amongst 
different hepatic enzymes ALT has been associated with 
fatty liver disease which shows major role in metabolic 
syndrome. ALT is formed in liver cells and is also 
known as serum glutamic-pyruvic transaminase 
(SGPT). ALT is also used to evaluate the prognosis of 
liver disease. 

To combat obesity, there has been a growing 
inclination towards substituting regular sugar with 
artificial sweeteners to decrease calorie consumption. 
However, the safety of artificial sweeteners has been a 
subject of debate since their discovery.5 These 
substitutes have been associated with various health 
risks such as weight gain, potential carcinogenic effects, 
increased diabetes risk, and even reported links to 
depression.6 Stevia, scientifically referred to as Stevia 
rebaudiana Bertoni, is a naturally occurring small 
perennial plant with sweet properties. Indigenous to the 
South American continent, Stevia is a commonly found 
shrub-like plant.7 It belongs to the Asteraceae family of 
plants. Native people have been using the leaves of this 
plant since centuries in herbal teas for its sweet flavour 
and even used it in medicines. It was primarily 
introduced to other parts of the world by a Swiss 
botanist and naturalist named Moieses Santiago 
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Bertonie in year 1887 who learned the effects of Stevia 
from local Latin Americans.8 Chemically the natural 
components of the stevia shrub is commonly known as 
stevioside or steviol glycosides which form the main 
characteristic sugary taste. In 1931 two French 
pharmacists isolated the steviols as steviosides extracts.9 
The main element constituting the sugary taste is 
stevioside present in stevia leaves. Japan was the 
foremost country to industrialize the commercial use of 
stevia in unpurified form as stevioside. Eventually the 
use of stevia and its extracts started commercially 
worldwide in health and food industries.10 The effect of 
stevia as an anti-obesity, anti-diabetic and its help in 
controlling dyslipidemia has been reported.11 The 
association of NAFLD with stevia treatment is still an 
ongoing process and very few investigations prove that 
stevia has effect on diminishing the NAFLD and there is 
requirement of further interventional researches to be 
carried out to explore the effects of stevia on NAFLD.12 

The objective of this study was to see the 
effect of stevia leaves in restoration of some liver 
function tests in obese Sprague Dawley rats. 

MATERIAL AND METHODS 
This research experiment took place at the Physiology 
Department in collaboration with the Pathology 
Department of Islamabad Medical and Dental College, 
and National Institute of Health Islamabad after 
approval from College of Physicians and Surgeons 
Pakistan, over a duration of 18 months from Jul 2020 to 
Jan 2022. Ninety rats were selected for the study, and 
were divided into 3 groups of 30 healthy Sprague 
Dawley rats. The facilities provided for the animals 
complied with international standards.13,14 The room 
was well ventilated and kept at controlled conditions of 
temperature (22–24 ºC). A 12-hour light and 12-hour 
dark cycle9, was maintained in the animal house of 
NIH.15 Animals were given water ad libitum.  

Group 1 (n=30) was normal control on normal 
chow diet. Group 2 (Obese control, n=30) received a 
high fat diet with water during the entire study period. 
Group 3 (Obese on whole Stevia, n=30) was given 
dried, crushed Stevia leaves mixed with their food in a 
dose of 200 mg/Kg body weight, for a further period of 
6 weeks adjusted weekly based on body weight.16 At the 
end of the study period, blood sampling was done 
through intra cardiac puncture. The blood samples after 
clotting were centrifuged and serum was used to assess 
liver function tests (ALT, AST, ALP, and total 
bilirubin) using commercial kits on autoanalyzer 
(Selectra E fully automatic Chemistry Analyzer). 

Statistical analysis was done on SPSS-24. The 
quantitative data like ALT, AST, ALP, and bilirubin 
were expressed as Mean±SD. One-way ANOVA and 
Post Hoc Tukey test were applied to see the differences 

between groups, and p≤0.05 was considered statistically 
significant. 

RESULTS 
One way ANOVA showed that there was statistically 
significant differences among the groups in ALT, AST, 
and Bilirubin (p<0.05), while ALP did not show 
significant differences (p=0.063) among the groups. 
(Table-1).  

On comparison of liver function tests of 
normal group with obese control the differences 
between ALT, AST, and bilirubin were highly 
significant (p<0.05), while ALP was increased in obese 
control but this increase was not statistically significant 
(p=0.163). Comparison of normal group with stevia 
shows statistically significant differences in ALT only 
(p<0.05). On comparison of liver function tests in obese 
control with stevia group, the values of ALT and AST 
were significantly decreased (p<0.0001). The ALP and 
bilirubin were not decreased significantly (p>0.05) 
(Table-2). 

Table-1: Comparison of serum ALT, AST, ALP, and 
Bilirubin among groups with one-way ANOVA 

Parameter 
(Serum) 

Normal 
control 
(n=30) 

Obese 
control 
(n=30) 

Stevia 
treated 
(n=30) p 

ALT(µ/L) 65.14±6.07 160.71±14.30 80.14±10.75 <0.001* 
AST(µ/L) 53.86±6.09 111.57±23.94 61.00±6.66 <0.001* 
ALP (µ/L) 302.71±31.7 332.0±18.0 333.85±31.17 0.063 
Bilirubin (mg/dL) 0.79±0.16 1.00±0.12 0.91±0.11 <0.017* 

*Significant 

Table-2: p-Values for mean differences between 
groups on post-hoc Tukey’s test 

Groups Compared Bilirubin ALT AST ALP 
Control vs Obese 0.027* <0.001* <0.001* 0.163 
Control vs Stevia 0.287 0.046* 0.769 0.126 
Obese vs Stevia 0.623 <0.001* <0.001* 0.999 

*Significant 

DISCUSSION 
Being overweight and obese is a major dilemma 
worldwide. Obesity is a major risk factor of 
cardiovascular disorders, metabolic derangements, 
carcinogenesis as well as musculoskeletal problems.17 
Non-alcoholic fatty liver disease (NAFLD) is a hallmark 
of obesity due to high calorie diet. Weight reduction is 
recommended to reverse the effects of NAFLD.18 The 
most feasible way for obese people for caloric reduction 
is by adding non-nutritive sweeteners in the diet. 
Despite ongoing improvements in medicinal practices, 
safety of medicinal herbs and their effects is an active 
domain of research to treat fatty liver disease. As the 
novel researches prove that treating diseases with 
extracts are always more effective in treatment than 
herbs themselves.19,20 Our effort was to find the effect of 
a herb Stevia rebaudiana on high fat diet inducted fatty 
liver in murine model. Liver is a sensitive organ and its 
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function can be assessed by measurement of raised liver 
enzymes, i.e., ALT, AST, ALP, and serum Bilirubin.21 
Our results demonstrated that there was a significant 
increase in liver enzymes in obese control rats which is 
consistent with recent work of Haung et al22, who 
devised NAFLD model by inducing high fat diet to 
mice. They concluded that high fat diet can increase 
liver enzymes levels suggesting severe hepatocellular 
injury proved with their histological findings. Similar 
results were revealed in our study. The increase in level 
of liver enzymes in high fat diet induced rats is caused 
by formation of free radicals and protein glycosylation 
in the liver parenchyma.23 

The ALT, AST, and even the bilirubin level 
were significantly decreased in our study to almost 
normal levels indicating hepatoprotective effect of the 
plant. The ALP and bilirubin that are markers of 
hepatobiliary tract and liver parenchyma, remained 
unaltered in stevia treated animals. Latha et al24 
compared protective effect of alcoholic extract of stevia 
leaves and stevioside in lipopolysaccharide induced 
liver injury of rats. They observed that these extracts of 
stevia significantly restored the raised ALT, and AST 
levels to normal. Our results of hepatic enzymes are 
consistent with Emam et al25 who studied the effect of 
stevia in high fat diet induced diabetic rats and found 
that the parameters are significantly improved. 
AbdElwahab et al26 showed no change in liver enzymes 
after stevia treatment compared with normal controls 
while aspartame caused significant elevation in ALT, 
AST, and even ALP. They concluded that altered 
hepatocellular function in metabolic syndrome reversed 
ALT by 62%, AST by 57% and ALP by 41% with 
administration of stevia leaves that was far better than 
results of aspartame. Our findings of significant 
restoration of liver enzymes are in disagreement to 
them. A possible reason for that may be their use of 
commercial alcohol treated extract of rebiana, while we 
used whole stevia leaves; and they made hepatotoxic 
model with alloxan while our rat model was high fat 
induced NAFLD. 

Our results are controversial to similar study 
done by Ranjbar et al27. They studied the effects of 
stevial extract in high fat diet induced metabolic 
syndrome rats. They concluded that on administration of 
stevial extract the hepatic impairment deteriorates by 
increased ALT but no change in AST and ALP. Their 
results may be different from ours because they used 
different non-organic extracts of stevia and a 
commercially extracted rebiana with high extraction and 
purification quality28, while we used dried whole leaves. 
Ranjbar et al also concluded that their regime dosage 
differences did not affect the amelioration of high fat 
liver changes.27 The effect of different doses of stevia 
extract on LFTs was also compared by Elanga et al29 by 
giving 25, 250, 500 and 100 mg/Kg/day dosage to 

female rats in groups. Their treatment with stevia extract 
showed comparable declension effects of liver enzymes 
by 500 and 1,000 mg dosage, while we used just 250 
mg/Kg regime and got similar hepatoprotective effects. 
Our results proved that using whole leaf causes same 
reversal of not only ALT, and AST, but also ALP. 

CONCLUSION 
Stevia has hepatoprotective effect in high fat diet 
induced NAFLD which is exhibited by restoration of 
liver enzymes. 

REFERENCES  
1. Cavaliere G, Trinchese G, Bergamo P, De Filippo C, Mattace Raso 

G, Gifuni G, et al. Polyunsaturated fatty acids attenuate diet 
induced obesity and insulin resistance, modulating mitochondrial 
respiratory uncoupling in rat skeletal muscle. PLoS One 
2016;11(2):e0149033. 

2. Cook O, Hildebrand M. Enhancing LC-PUFA production in 
Thalassiosira pseudonana by overexpressing the endogenous fatty 
acid elongase genes. J Appl Phycol 2016;28(2):897–905. 

3. Dourlen P, Sujkowski A, Wessells R, Mollereau B. Fatty acid 
transport proteins in disease: New insights from invertebrate 
models. Prog Lipid Res 2015;60:30–40. 

4. Machado MV, Diehl AM. Hedgehog signalling in liver 
pathophysiology. J Hepatol 2018;68(3):550–62. 

5. Iatridis N, Kougioumtzi A, Vlataki K, Papadaki S, Magklara A. 
Anti-cancer properties of Stevia rebaudiana; more than a 
sweetener. Molecules 2022;27(4):1362. 

6. Papaefthimiou M, Kontou PI, Bagos PG, Braliou GG. Antioxidant 
activity of leaf extracts from Stevia rebaudiana Bertoni exerts 
attenuating effect on diseased experimental rats: A systematic 
review and meta-analysis. Nutrients 2023;15(15):3325. 

7. Schiatti-Sisó IP, Quintana SE, García-Zapateiro LA. Stevia (Stevia 
rebaudiana) as a common sugar substitute and its application in 
food matrices: an updated review. J Food Sci Technol 
2023;60(5):1483–92. 

8. Marcinek K, Krejpcio Z. Stevia rebaudiana bertoni—chemical 
composition and functional properties. Acta Sci Pol Technol 
Aliment 2015;14(2):145–52. 

9. Singh D, Kumari M, Prakash HG, Rao GP, Solomon S. 
Phytochemical and pharmacological importance of stevia: A 
calorie-free natural sweetener. Sugar Tech 2019;21(2):227–34. 

10. Ismail T, Ponya Z, Mushtaq A, Masood A. Stevia a bio sweetener 
scope in the European Union as a commercial product. Am 
Eurasian J Sustain Agric 2020;14(2):23–6. 

11. Carrera-Lanestosa A, Moguel-Ordónez Y, Segura-Campos M. 
Stevia rebaudiana Bertoni: a natural alternative for treating 
diseases associated with metabolic syndrome. J Med Food 
2017;20(10):933–43. 

12. Ranjbar T, Masoumi SJ. The effect of Stevia rebaudiana on 
nonalcoholic fatty liver disease (NAFLD): A review. Int J Nutr Sci 
2018;3(1):2–6. 

13. Smith MM, Clarke EC, Little CB. Considerations for the design 
and execution of protocols for animal research and treatment to 
improve reproducibility and standardization: “DEPART well-
prepared and ARRIVE safely”. Osteoarthritis Cartilage 
2017;25(3):354–63. 

14. Redfern WS, Tse K, Grant C, Keerie A, Simpson DJ, Pedersen JC, 
et al. Automated recording of home cage activity and temperature 
of individual rats housed in social groups: The Rodent Big Brother 
project. PloS One 2017;12(9):e0181068. 

15. Faith RE, Allen KP, Hessler JR. Housing and Environment. In: 
Suckow MA, Hankenson FC, Wilson RP, Foley PL, (Eds). The 
Laboratory Rat (3rd ed). Academic Press; 2020.p. 349–417. 

http://www.pps.org.pk/PJP/20-1/Sadia.pdf


Pak J Physiol 2024;20(1) 

http://www.pps.org.pk/PJP/20-1/Sadia.pdf  25 

16. Abdulqader MN, Jasim SA, Yahya MM, Thanoon IA. Artificial 
sweeteners connoted vitiation of rat metabolic biomarkers. Rev 
Electron Vet 2022;23(3):296–303. 

17. Giesecke S, Guiffrè G, Hörlesberger M, Lai T, Mattioli B, 
Quaranta MG, et al. Drivers and trends of future developments of 
non-communicable diseases. Foresight and Modelling for 
European Health Policy and Regulation Project Report; 2016. 
Available from: https://www.foresight-fresher.eu/content/uploads/ 
2018/03/d3-1-horizon-scanning-report-corrected.pdf. 

18. Nakatsuka T, Tateishi R, Koike K. Changing clinical management 
of NAFLD in Asia. Liver Int 2022;42(9):1955–68. 

19. Famuyide IM, Aro AO, Fasina FO, Eloff JN, McGaw LJ. 
Antibacterial and antibiofilm activity of acetone leaf extracts of 
nine under-investigated South African Eugenia and Syzygium 
(Myrtaceae) species and their selectivity indices. BMC 
Complement Altern Med 2019;19(1):141. 

20. Ruiz-Ruiz JC, Moguel-Ordoñez YB, Segura-Campos MR. 
Biological activity of Stevia rebaudiana Bertoni and their 
relationship to health. Crit Rev Food Sci Nutr 2017;57:2680–90. 

21. Sheng X, Che H, Ji Q, Yang F, Lv J, Wang Y, et al. The 
relationship between liver enzymes and insulin resistance in type 2 
diabetes patients with nonalcoholic fatty liver disease. Horm Metab 
Res 2018;50(5):397–402. 

22. Huang F, Wang J, Yu F, Tang Y, Ding G, Yang Z, et al. Protective 
effect of Meretrix meretrix oligopeptides on high-fat-diet-induced 
non-alcoholic fatty liver disease in mice. Mar Drugs 
2018;16(2):39. 

23. Hernández-Aquino E, Muriel P. Beneficial effects of naringenin in 
liver diseases: Molecular mechanisms. World J Gastroenterol 
2018;24(16):1679–707. 

24. Latha S, Chaudhary S, Ray RS. Hydroalcoholic extract of Stevia 
rebaudiana bert. leaves and stevioside ameliorates 
lipopolysaccharide induced acute liver injury in rats. Biomed 
Pharmacother 2017;95:1040–50. 

25. Emam R, Hussein A, Elmileegy A, El-Menabawy F, Gad GEM. 
Effect of Stevia rebaudiana and exercise on fatty liver in type 2 
diabetic rats. Bull Egypt Soc Physiol Sci 2021;41(4):428–40. 

26. AbdElwahab AH, Yousuf AF, Ramadan BK, Elimam H. 
Comparative effects of Stevia rebaudiana and aspartame on 
hepato-renal function of diabetic rats: biochemical and histological 
approaches. J App Pharm Sci 2017;7(8):34–42. 

27. Ranjbar T, Nekooeian AA, Tanideh N, Koohi‐Hosseinabadi O, 
Masoumi SJ, Amanat S, et al. A comparison of the effects of 
Stevia extract and metformin on metabolic syndrome indices in 
rats fed with a high‐fat, high‐sucrose diet. J Food Biochem 
2020;44(8):e13242. 

28. Martono Y, Rohman A, Riyanto S, Martono S, (Eds). Analysis 
Study of Stevioside and Rebaudioside A from Stevia rebaudiana 
Bertoni by Normal Phase SPE and RP-HPLC. IOP Conf Ser: 
Mater Sci Eng 2018;349:012071. 

29. Elnaga NA, Massoud MI, Yousef M, Mohamed HH. Effect of 
stevia sweetener consumption as non-caloric sweetening on body 
weight gain and biochemical’s parameters in overweight female 
rats. Ann Agric Sci 2016;61(1):155–63. 

Address for Correspondence: 
Dr Sadia Mubarak, Department of Physiology, Islamabad Medical and Dental College, Islamabad, Pakistan. Cell: 
+92-332-5020560 
Email: sadia.smcian@gmail.com 

Received: 29 Dec 2023 Reviewed: 12 Mar 2024 Accepted: 18 Mar 2024 

Contribution of Authors: 
SM: Concept and intellectual input 
AF: Drafting of manuscript 
SL: Acquisition and analysis of data 
TZ: Data tabulation 
IAM: Revision of the manuscript 
AI: Final approval 

Conflict of Interest: None 
Funding: None 

http://www.pps.org.pk/PJP/20-1/Sadia.pdf
https://www.foresight-fresher.eu/content/uploads/
mailto:sadia.smcian@gmail.com

