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ABSTRACT

Background: Over the years, sweetening agents have been utilized to heighten the flavor and aesthetics of food items. However, the
influence of sweeteners on blood glucose homeostasis is still a source of discussion and worry. While some research imply that sweeteners
have little or no effect on blood sugar levels, others suggest that they can affect glucose metabolism. This study was aimed to assess the
precise impact of sweeteners on blood glucose regulation, investigating whether different types of sweeteners affect glucose metabolism
differently.

Methodology: Thirty male Wistar rats, weighing between 140-160 g, were randomly grouped into three: Group one served as the control,
Group Two received sucrose (100 mg/kg body weight), and Group Three was administered saccharin (5 mg/kg body weight). After the
administration was complete, the animals were anaesthetized and sacrificed, Blood samples were obtained for insulin assays. The pancreas
was dissected and used for both histological examination and determination of relative expression of Peroxisome Proliferator-Activated
Receptor Gamma (PPARY).

Results: The results show that both sucrose and saccharin caused significant increased body weight, blood glucose level, insulin level and
relative expression of PPARy gene. Saccharin seems to exert more profound effects on glucose metabolism via marked increase in body
weight and insulin level compared to sucrose.

Conclusion: These findings suggest that saccharin exerts more profound effects on glucose metabolism via marked increase in body weight,
predisposing one to obesity and obesity-related diseases, while sucrose has increased tendency to cause glucose intolerance.
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INTRODUCTION homeostasis, as well as changes in gut micro-flora.
Sweeteners interact with sweet taste receptors throughout the

Glucose metabolism has been a topic of immense gjigestive system, which play a role in glucose absorption and
physiological and biochemical interest, considering its impact jnsylin secretion (7).

on general health and well-being, and the consequences of its

maladjustment or dysregulation (1). It involves a series of  gyyeeteners, both natural and artificial, are increasingly
vital  stages, including the digestion, assimilation, nonylar in modern diets (10). However, the influence of
transportation, and utilization of glycans, along with  gyeeteners on blood glucose homeostasis is still a source of
intracellular r_nechanlsms like glycolysis, glycogen synthesis, iscussion and worry. While some research imply that
glygogenolyms,_and the_pentpse phosphate pthway ). F_or sweeteners have little or no effect on blood sugar levels (8, 9),
optimal systemic functionality, the body relies on precise gihers suggest that they can affect glucose metabolism (10,
regulation of blood sugar levels orchestrated by hormonesand  11)_ Given the increased prevalence of diabetes and metabolic
neuropeptides secreted by various organs, maintaining blood  gjisorders globally, knowing factors that control blood glucose
glucose level within a narrow range, despite the fluctuations  pomeostasis is vital for public health. Investigating how
in blood sugar levels following meals and physical activity  gifferent sweeteners affect glycemic control can assist

@) enhance dietary options for diabetes care, thereby reducing

) . medication reliance and increasing overall health outcomes.
Over the years, sweetening agents have been utilized t0 [nyestigating the processes underlying sweeteners’ influence
heighten the flavor and aesthetics of food items (4). These  on plood glucose homeostasis can help us better understand
sweeteners can either be naturally-derived or artificially metabolic pathways and hormone control (11). Thus, this
synthesized (5). Sweeteners are commonly used to manage  stydy seeks to understand the precise impact of sweeteners on
weightand blood glucose levels, but there is concern that their  pjood glucose regulation, investigating whether different
consumption may lead to glucose intolerance (6). This is due types of sweeteners affect blood glucose levels, insulin

to their impact on responses that regulate glucose and energy  sensitjvity, and other characteristics that contribute to overall
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MATERIALS AND METHOD

Ethical Considerations

This study was approved by institutional ethical review
committee, Life Sciences, University of Benin, Benin city, Edo
state (LS22035) on March 1, 2021. All the animals used were
handled and maintained according to the guidelines of the
committee.

Animals

Thirty male Wistar rats (140-160g) were be obtained from
Animal house of Igbinedion University Okada for this study.
The animals were acclimatized in well-ventilated cages for two
weeks with free access to feed and water in a well-ventilated
room.

Experimental Procedures

Pure sucrose and saccharin sweeteners (CDH-China) were
purchased from Pyrex-IG scientific company, Edo state,
Nigeria. All other chemicals used in this experiment were of
analytical grade.

The animals were weighed at the start of the experiment, and
randomly divided into three (3) groups (n=10) and treated as
follows using oral gavage tube:

e Group 1: Control

e Group 2: Sucrose treated group (100 mg/kg body weight
for 8 weeks)

e Group 3: Saccharin treated group (5 mg/kg body weight
for 8 weeks) (12)

Analysis

Body Weight: After 8 weeks, the body weight was measured
using an animal weighing scale (GMETLLAR-China) which
was cleaned and calibrated to the manufacturer's standards. A
compact, capacious container was employed on the scale as a
sturdy platform. The rat was placed on the scale and gently
handled to ensure accuracy. Weight was recorded in grams.

Blood Glucose Level: Accu-chek glucometer was used to
determine the fasting blood sugar of the rats. They were fasted
overnight for 12 hours before the procedure, and the tip of the
rat tail was snipped using scissors (sterilized with spirit) in
order to let out blood from the tail vein. Blood from the rat tail
was dropped on the strip in the glucometer and the blood sugar
reading was noted and recorded in mg/dL. Afterwards, all
animals were sacrificed using light anesthesia with Ketamine
(80mg/kg) and Xylazine (8mg/kg) given as a single
intraperitoneal injection.

Pancreatic Weight: After dissection, pancreas was removed
and weighed using a digital weighing (GMETLLAR-China)
scale. The weights were recorded in grams.
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Insulin Level: Blood was collected from each rat into
ethylenediaminetetraacetic acid (EDTA) bottles. Plasma
samples were obtained by centrifugation at 3500rpm for 10
min and the clear plasma obtained for insulin assay. Insulin
level was assayed using Abcam’s Insulin Rat ELISA A
(Enzyme-Linked Immunosorbent Assay) Kit following
instructions on the manufacturer’s manual.

Histology of the Pancreas: Pancreas were obtained from rats,
and immediately fixed in 10% formalin, and then treated with
absolute grade of alcohol and xylol, embedded in paraffin and
sectioned at 5-6 pm thickness. The sections were stained with
routine Hematoxylin and Eosin (H&E) stain for studying the
histopathological changes. Histological sections of pancreas
were studied under light microscope (Olympus, Tokyo, Japan)
100x magnification with attached Omax 10.0MP digital
camera and pancreas micrographs were obtained.

Gene expression: The relative expression of Peroxisome
Proliferator-Activated Receptor Gamma (PPARY) gene in the
pancreas was studied as described by Olumegbon et al. (13).
The GAPDH gene was used to normalize the relative level of
expression of each gene, and quantification of band intensity
was done using “image J” software (13).

The primer sequence for PPARYy gene is given below:
Forward CGAGCTGGGAGTAGCCTGA

Reverse GATCACCAGCAGAGGTCCAG

Data Analysis

GraphPad Prism version 8.0.1 was used for the data analysis.
One-way Analysis of Variance (ANOVA) was used to
determine the differences between means among the groups,
and followed by Tukey’s post-hoc-test. The results were
expressed as mean + SEM. Differences between means were
considered statistically significant at p<0.05.

RESULTS

Table 1 shows the results obtained for body weight, pancreatic
weight, insulin level and blood glucose level. Body weight was
significantly higher (p <0.0001) in Sucrose group
(283.48+5.25) when compared with Control group
(240.66+5.38), and in Saccharin group (310.30+2.36) when
compared with Sucrose (p=0.0262) and Control groups
(p<0.0001). Pancreatic weight was significantly higher
(p=0.0171, p=0.0070 respectively) in Sucrose group
(0.32+0.01) and in Saccharin group (0.33+0.01) when
compared with Control group (0.24+0.03), but there was no
significant difference in pancreatic weight between the
Sucrose and the Saccharin groups (p=0.9278). Blood glucose
level was significantly higher (p <0.0001) in Sucrose group
(122.60+1.21) when compared with Control group
(96.8+1.39), and it was also significantly higher (p <0.0001) in
Saccharin group (115.60+1.36) when compared with Control
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group. Also, blood glucose level was significantly higher
(p=0.0074) in Sucrose group compared with Saccharin group.
Insulin level was significantly higher (p <0.0001) in Sucrose
group (2.38+£0.06) when compared with Control group
(1.05£0.06), and it was also higher (p <0.0001) in Saccharin
group (2.64+0.05) when compared with control group. Also,
insulin level was significantly higher (p=0.0182) in Saccharin
group when compared with Sucrose group.

Figure 1 shows significantly higher (p<0.0001) relative
expression of PPARy gene in Sucrose group (182.00£1.46)
and Saccharin group (205.60+1.96), compared to the Control
group (110.80+0.87). Also, there was significantly higher
(p>0.0001) expression in Saccharin group compared with the
Sucrose group.

Figure 2.0 shows the histology (H&E stained) of the pancreas.
Scale bar = 50pum. 3Pi shows Control group with normal
exocrine acini (EA), islets of Langerhans (IL) and interlobar
blood vessels (BV), 3Pii shows Sucrose group (100 mg/kg
body weight) with normal interlobar artery (IA), exocrine acini
(EA) and islets of Langerhans (IL), 3Piii shows Saccharine
group (5 mg/kg body weight) with normal islets of Langerhans
(IL), exocrine acini (EA), pancreatic duct (PD) and interlobar
artery (1A).

Table 1: Results obtained
presented as MEANS.E.M

in the different groups,

Control Sucrose Saccharin

Body weight | 240.66+5.38  283.48+5.25*  310.30+2.36**
(@

Pancreatic 0.24+0.03 0.32+0.01* 0.33+0.01*
weight (g)

Blood 96.8+1.39 122.60+1.21*  115.60+1.36*"
glucose

(mg/dl)

Insulin level | 1.05+0.06 2.38+0.06* 2.64+0.06**
(pu/ml)

*denotes significant difference (p<0.05) when compared with
Control group.
#denotes significant difference (p<0.05) when compared with
Sucrose group.
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Figure 1: Showing the effect of Sucrose and Saccharine on
relative gene expression of PPARY gene in male wistar rat.
*denotes significant difference (p<0.05) when compared with

Control group.
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#denotes significant difference (p<0.05) when compared with
Sucrose group.

DISCUSSION

Glucose serves as the primary metabolic substrate for the
production of energy in tissues (14). It is essentially regulated
by the body within a close range by a mechanism termed
glucose homeostasis (15).

The result of this study shows that both the artificial sweetener
(saccharin) and the natural sweetener (sucrose) increases blood
glucose level, and this result is in concordance with existing
literature (16, 17). Markedly elevated plasma glucose
concentration as seen in the Sucrose group, may be due to the
fact that sucrose is a disaccharide containing one unit of
glucose and fructose (18) while saccharin has no carbohydrate
content as it is known as a zero calorie/carb sweetener (19).
However, the ability of saccharin to even cause a rise in blood
glucose level at all may be due to its tendency to lead to
glucose intolerance as a result of the alterations it causes in the
composition and function of the intestinal microbiota after a
long consumption period (6).

Insulin, a peptide hormone released by pancreatic beta cells,
plays immense role in the regulation of glucose levels in the
body. It helps in maintaining glucose homeostasis by
promoting cellular glucose uptake and influencing the
metabolism of carbohydrates, proteins, and lipids (20). The
findings from this research indicates that both classes of
sweeteners lead to increased insulin secretion, in line with
previous research (21). Saccharin’s ability to greatly stimulate
the beta cells of the pancreatic islet during the cephalic stage
of its digestion (22), might account for its greater effect on
insulin secretion as observed in this study. Also, the
significantly increased insulin level in the Saccharin group
(compared with the Sucrose group) can be tied to the decreased
blood glucose level and markedly increased body weight
observed, following the established anabolic role of insulin.

Peroxisome proliferator-activator receptor gamma (PPARy)
controls lipid and glucose metabolism by indirectly promoting
glucose uptake by the fat cells, liver cells and cells of the
skeletal muscles (23). An upregulation in the relative
expression of PPARy gene was observed in in the test groups,
in tandem with previous research (24, 25). This increase in
PPARY gene expression might account for the increase in
glycemic rate in the test groups, thereby increasing glucose
uptake by fat cells, liver cell and cells of the skeletal muscles
as a regulatory mechanism (26), and can be linked to the
increased body weights observed in the test groups, confirming
the regulatory role of PPARY gene in absolute fat mass storage
and obesity development (27), accounting for the marked
increase in body weight in the Saccharin group. The study also
observed a positive correlation between and insulin level in the
Saccharin group, further confirming the role of gene in glucose
metabolism.
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Wistar rats (H&E; 100x). 3Pi shows Control group with normal exocrine acini (EA), islets of Langerhans (IL) and interlobar
blood vessels (BV), 3Pii shows Sucrose group (100 mg/kg body weight) with normal interlobar artery (IA), exocrine acini (EA)
and islets of Langerhans (IL), 3Piii shows Saccharine group (5 mg/kg body weight) with normal islets of Langerhans (IL),
exocrine acini (EA), pancreatic duct (PD) and interlobar artery (1A).

The pancreas is a dual functional organ which carries out both
exocrine and endocrine activities, the endocrine part of the
pancreas comprises of the cells of the pancreatic islet of
Langerhans which includes; the alpha, beta, delta, epsilon and
upsilon cells (28). The result of this research shows that both
sucrose and saccharin lead to increased pancreatic weight, as
reported by previous work (29, 30). The increase in pancreatic
weight brought about by these sweeteners may be due to their
tendency to cause pancreatic inflammation, as well as fatty
infiltration in the pancreas (29, 30).

Conclusion: Intake of sucrose and saccharin both significantly
elevates blood glucose level, insulin secretion and PPARy
gene expression. Saccharin seems to exert more profound
effects on glucose metabolism via marked increase in body
weight, predisposing one to obesity and obesity-related
diseases, while sucrose has increased tendency to cause
glucose intolerance.

Authors’ contributions: Al and OFF contributed to the
conception, design and final approval of the version to be
published. OOC, AOC, OLU and AEI contributed in term of
performing the experiment, data analysis, interpretation and

prepared the manuscript. Al
manuscript.

and OOC proofread the

Conflict of interest: The authors declare that there is no
conflict of interest.

Author’s declaration: The authors hereby declare that the
work presented in this article is original and that any liability
for claims relating to the content of this article will be borne
by authors.

Acknowledgement: The authors acknowledge the support of
the Department of Physiology and the Department of
Anatomy, Igbinedion University Okada.

Author Details: *Department of Physiology, School of Basic
Medical Science, College of Health Science, Igbinedion
University Okada, Edo State, Nigeria; 2Department of Medical
Physiology, School of Medicine and Pharmacy, College of
Medicine and Health Sciences, University of Rwanda,
Rwanda; *Department of Human Physiology, Faculty of Basic
Medical Science, Bayelsa Medical University, Yenagoa,
Nigeria.

119


http://www.jbamsonline.org/

Aikpitanyi et al. Effects of Sucrose and Saccharin on Glucose metabolism and Metabolic Health

REFERENCES

1.

10.

11.

12.

Vekic, J., Silva-Nunes, J. and Rizzo, M. Glucose
metabolism disorders: Challenges and oppurtunities for
diagnosis and treatment. Metabolites. 2022; 12(8), 712.

Nakrani, M. N., Wineland, R. H. and Anjum, F.
Physiology, Glucose Metabolism. StatPearls [Internet].
Treausure Island (FL): StatPearls Publishing. 2025
PMID:32809434.

Roder, P., Wu, B., Liu, Y. and Han, W. Pancreatic
regulation of glucose homeostasis. Experimental and
Molecular Medicine. 2016; 48(3), 219.

Saraiva, A., Carrascosa, C., Raheem, D., Ramos, F. and
Raposo, A. Natural sweeteners: The relevance of food
naturalness for consumers, food security aspects,
sustainability and health impacts. International Journal of
Environmental Research and Public Health. 2020;
17(17), 6285.

More, T. A., Sheikh, Z. and Ali, A. Sweeteners and their
health implications: A Review. Bioscience Biotechnology
Research Asia. 2021; 18(2), 227-237.

Suez, J., Korem, T., Zeevi, D., Zilberman-Schapira, G.,
Thiass, C. A., Maza, O., Isreali, D., Zmora, N., Gilad, S.,
Weinberger, A., Kuperman, Y., Harmelin, A., Kolodkin-
Gal, 1., Shapiro, H., Halpern, Z., Segal, E. and Elinav E.
Artificial sweeteners induce glucose intolerance by
altering the gut microbiota. Nature. 2014; 514, 181-186

Gumus, A. B., Keser, A., Tuncer, E., Yildiz, T. A. and
Bayram, |. K. Effect of saccharin, a non-nutritive
sweetener on insulin and blood glucose levels in healthy
young men: A crossover trial. Diabetes and Metabolic
Syndrome: Clinical Research and Reviews. 2022; 16(6),
102500.

Ahmad, S. Y., Friel, J. K. and MacKey, D. S. The effect
of the artificial sweeteners on glucose metabolism in
healthy adults: a randomized, double-blinded, crossover
clinical trial. Applied Physiology Nutrition Metabolism.
2020; 45(6), 606-612.

Nichol, A. D., Holle, M. J. and An, R. Glycemic impact
of non-nutritive sweeteners: a systematic review and
meta-analysis of randomized controlled trials. European
Journal of Clinical Nutrition. 2018; 72(6), 796-804.

Alsunni, A. A. Effects of artificial sweetner consumption
on glucose homeostasis and its association with Type 2
Diabetes and Obesity. International Journal of General
Medicine. 2020; 13, 755-785.

Angelin, M., Kumar, J., Vajravelu, L. K., Satheesan, V. C.
and Murugesan R. Artificial sweeteners and their
implications in diabetes: A Review. Frontiers in
Nutrition. 2024; 11, 1411560.

Aikpitanyi, 1., Okeke, O. C., Ogbara, F. F., Ayunku, E. A.,
Nweke, S. M., lyamu, M. and Amaku, H. A. Cross-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

J Basic and Appl Med Sci 2025, 5(2)
www.jbamsonline.org

Examination and Comparison of Effects of Nutritive and
Non-Nutritive Sweeteners on Male Reproductive Health
Using Wistar Rat Model. Nigeria Journal of
Physiological Science. 2024; 39, 215-221.

Olumegbon, L. T., Lawal, A. O., Oluyede, D. M.,
Adebimpe, M. O., Elekofehinti, O. O. and Umar, H. I.
Hesperetin protects against diesel exhaust particles
induced cardiovascular oxidative stress and infammation
in Wistar rats. Environmental Science and Pollution
Research. 2022; 29(35), 52574-52589.

Adeva-Andany, M. M., Noemi, P., Carlos, F., Cristobal,
D. and Cristina, P. Liver glucose metabolism in humans.
Bioscience Reports. 2016; 36(6), e00416.

Aronoff, S., Berkowitz, K., Shreiner, B. and Want L.
Glucose Metabolism and Regulation: Beyond Insulin and
Glucagon. Diabetes Spectr. 2014; 17(3), 183-190.

Leibowitz, A., Bier, A., Gilboa, M., Peleg, E., Barshack,
I. and Grossman E. Saccharin increases fasting blood
glucose but not liver insulin resistance in comparison to a
high fructose-fed rat model. Nutrient. 2018; 10(3):341.

Rest, O., Zwaluw, N. and Groot, C. Effects of glucose and
sucrose on mood: a systematic review of interventional
studies. Nutrition Reviews 2018; 76(2), 108-116.

Kalakoti, S., Priya, K. and Vankadari R. Natural
Sweeteners: A Complete Review. Journal of Pharmacy
Research. 2011; 4(7), 2034-2039.

Ammar, M. and Sahar, A. A review: Saccharin discovery,
Synthesis and Application. Ibn AL-Haitham Journal for
Pure and Applies Science. 2020; 3(2), 43-61.

Wilcox, G. (2005). Insulin and insulin resistance. The
Clinical Biochemist Reviews. 2005; 26(2):19-39.

Fortino, M., Lombardo, Y. and Chicco A. The reduction
of dietary sucrose improves dyslipidemia, adiposity and
insulin secretion in an insulin-resistant rat model. Basic
Nutritional Investigation. 2007; 23, 489-497.

Andrejic, B., Mijatovic, V., Samtiojik, I., Horvat, O.,
Calasan, J. and Dolai, M. The influence of chronic intake
of saccharine on rat hepatic and pancreatic function and
morphology: Gender differences. Journal of Basic
Medical Sciences. 2013; 13, 94-99.

Deeg, M. and Tan, M. Pioglitazone versus rosiglitazone:
effects on lipids, lipo- proteins and apolipoproteins in
head-to-head randomized clinical studies. PPAR
Research. 2008; 1-6.

Fernandes-Santos, C., Carneiro, R., Leonardo, M., Aguila,
M. and Alberto, C. Pan-PPAR agonist beneficial effects in
overweight mice fed a high-fat high-sucrose diet.
Nutrition. 2009; 25(7-8), 818-827.

Helal, E., Al-shamrani, A., Abdelaziz, M. and Gamal M.
Comparison between the effect of sucralose and sodium
saccharin on some physiological parameters in male

120


http://www.jbamsonline.org/

Aikpitanyi et al. Effects of Sucrose and Saccharin on Glucose metabolism and Metabolic Health

26.

217.

albino rats. The Egyptian Journal of Hospital Medicine.
2019; 74(7), 1552-1558.

Pepino, M., Tiemann, C., Patterson, B., Wice, B. and
Klein, S. Sucralose affects glycemic and hormonal
responses to an oral glucose load. Diabetes Care. 2013;
36(9), 2530-2535.

Darwish, N. M., Gouda, W., Almutairi, S. M., Elshikh, M.
S. and Morcos, G. N. B. PPARG expression patterns and
correlation on obesity. Journal of King Saud University-
Science. 2022; 34(6), 102116.

28.

29.

30.

J Basic and Appl Med Sci 2025, 5(2)
www.jbamsonline.org

Kamel-ElSayed, S. and Mukherjee, S. Physiology,
Pancreas. StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing. 2023; PMID:29083590.

Romcal-Jimenez, C., Lanaspa, M., Rivard, C. and
Nakagawa, L. Sucrose induced fatty liver and pancreatic
inflammation in male breeder rats independent of excess
energy intake. Metabolism. 2011; 60(9), 1259-1270

Kundi, H., Waseem, N. and Yousaf, M. Effect of an
artificial sweetener on rat pancreas and body weight.
Journal of Islamabad Medical and Dental College. 2018;
7(2), 84-87.

How to cite this article: Aikpitanyi I., Okeke O. C., Ogbara F. F., Akolo O. C., Alali E. A. and Onyekpe L. U.
Comparative Effects of Sucrose and Saccharin on Glucose metabolism and Metabolic Health. Journal of Basic

and Applied Medical Sciences. 2025; 5(2), 116-121. https:

121


http://www.jbamsonline.org/
https://dx.doi.org/10.4314/jbams.v5i2.1

