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ABSTRACT

Diabetic liver and kidney injury (DLI) are prevalent complications of diabetes mellitus, contributing to significant
morbidity and mortality. Oxidative stress, inflammation, and metabolic dysregulation are key mechanisms driving
the progression of liver and kidney damage in diabetic patients. With the increasing prevalence of diabetes, the use
of artificial and natural sweeteners has gained widespread attention as an alternative to sucrose. Concurrently, herbal
therapies have been explored for their potential in mitigating the effects of diabetes and its associated complications.
This review explores the mechanistic interactions between sweeteners and herbal compounds in the context of
diabetic liver and kidney injury. Emphasis is placed on the biochemical pathways involved, the impact on oxidative
stress and inflammation, and the histopathological changes observed in both liver and kidney tissues. A thorough
examination of the current literature reveals the dual roles of sweeteners and herbs in modulating these
pathophysiological processes, with some compounds showing promise in alleviating DLI through antioxidant, anti-
inflammatory, and detoxifying effects. The review also highlights the challenges and future directions for
integrating sweeteners and herbal treatments in diabetes management.
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INTRODUCTION

Diabetes mellitus is a chronic metabolic disorder that significantly affects multiple organs, with liver and kidney
injuries being among the most prevalent and severe complications [17. The liver and kidneys play pivotal roles in
maintaining metabolic balance, detoxification, and waste elimination [27]. When these organs are impaired due to
diabetes, it leads to a cascade of negative health effects, worsening the clinical burden of the disease. The progression
of diabetic liver and kidney injury (DLI) is primarily driven by oxidative stress, inflammation, and fibrosis, which
eventually lead to irreversible organ damage [87. Oxidative stress results from the overproduction of reactive
oxygen species (ROS) that overwhelm the body's natural antioxidant defense systems, thereby causing cellular
damage in both liver and kidney tissues [4]. Inflammation, along with abnormal tissue fibrosis, further exacerbates
organ dysfunction, leading to conditions like liver cirrhosis, diabetic nephropathy, and end-stage organ failure [5].
As part of ongoing efforts to manage diabetes and its complications, there has been a growing interest in non-
nutritive sweeteners (NNS) and herbal compounds as complementary treatment options [6]. NNS, such as stevia,
aspartame, and sucralose, are commonly used to regulate blood sugar levels while providing sweetness without
adding extra calories [7]. While these compounds have become integral in managing blood glucose levels, their
long-term impact on diabetic complications, particularly liver and kidney injury, remains controversial. Similarly,
herbal compounds have gained attention for their potential therapeutic benefits, as they exhibit antioxidant, anti-
inflammatory, and fibrotic properties that may help alleviate organ damage caused by diabetes [87]. However, the
interactions between NNS and herbal treatments, particularly in the context of their effects on oxidative stress,
inflammation, and tissue damage in the liver and kidneys, are not fully understood. This review seeks to synthesize
current research on the synergistic effects of NNS and herbal compounds in alleviating DLI, focusing on their
mechanistic pathways and histopathological outcomes. Understanding these interactions could pave the way for the
development of more effective therapeutic strategies targeting the underlying processes of DLI.
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Mechanisms of Diabetic Liver and Kidney Injury
Oxidative Stress in DLI
One of the most prominent mechanisms underlying liver and kidney injury in diabetes is oxidative stress.
Hyperglycemia leads to the generation of excess reactive oxygen species (ROS), which damage cellular components,
including lipids, proteins, and DNA [97. In the liver, oxidative stress disrupts hepatocyte function, impairs glucose
metabolism, and accelerates the progression of steatosis, fibrosis, and cirrhosis. In the kidneys, ROS contribute to
endothelial cell dysfunction, glomerular damage, and tubulointerstitial fibrosis, ultimately leading to diabetic
nephropathy [107. Both organs exhibit significant mitochondrial dysfunction under oxidative stress, exacerbating
tissue damage and inflammation [117].
Inflammation and Fibrosis
Chronic inflammation is another key feature of diabetic complications. Inflammatory cytokines such as TNF-a, IL-
1, and IL-6 are elevated in both liver and kidney tissues in diabetic patients [127. This inflammatory environment
promotes the activation of fibrotic pathways, leading to extracellular matrix deposition and the progression of tissue
scarring [137. The fibrotic process is particularly problematic in the liver, where it can lead to cirrhosis, and in the
kidneys, where it contributes to glomerulosclerosis and interstitial fibrosis [14/].
Sweeteners in Diabetic Liver and Kidney Injury
Non-nutritive sweeteners (NNS) such as aspartame, saccharin, stevia, and sucralose are commonly used as sugar
substitutes in managing diabetes [77]. These sweeteners are known to have minimal impact on blood glucose levels,
making them favorable alternatives for people with diabetes [157]. However, the long-term effects of these
compounds on organ function, particularly in the liver and kidneys, are still under scrutiny. Some studies suggest
that NNS may have both beneficial and detrimental effects on liver and kidney function [167].
Beneficial Effects of NNS
Sweeteners like stevia have shown promise in alleviating oxidative stress in diabetic models [187. Stevia, for
example, has antioxidant properties that can reduce ROS production, helping to protect hepatocytes and renal cells
from damage [17,18]7. Studies have also shown that stevia supplementation improves insulin sensitivity and
reduces inflammation, which may indirectly benefit liver and kidney health [197. Aspartame and sucralose, though
commonly used, have shown mixed results, with some studies indicating potential renal toxicity, while others report
no significant adverse effects [20,21,227.
Detrimental Effects of NNS
Certain artificial sweeteners, particularly high doses of aspartame and sucralose, have been associated with increased
oxidative stress and altered metabolic pathways in animal models [21,227. There is evidence to suggest that
excessive intake of NNS can induce liver dysfunction by promoting lipid peroxidation and inflammatory cytokine
release [237]. Similarly, NNS may contribute to kidney damage by affecting renal filtration function and exacerbating
oxidative stress [24].
Herbal Interactions in Diabetic Liver and Kidney Injury
Herbal medicine has garnered significant attention for its potential therapeutic effects in managing diabetes and its
complications, including liver and kidney injury [87]. Many herbal compounds possess a combination of antioxidant,
anti-inflammatory, and hepatoprotective properties, making them valuable candidates for mitigating diabetic liver
and kidney injury (DLI). These herbs not only help regulate blood sugar levels but also protect organ tissues from
the harmful effects of oxidative stress, inflammation, and fibrosis, which are common in diabetic complications.
Common Herbs with Protective Effects
1. Curcumin (Turmeric): Curcumin, the active ingredient in turmeric, is one of the most studied herbal compounds
for its hepatoprotective and nephroprotective properties [257. It has been shown to reduce oxidative stress,
inflammation, and fibrosis in both liver and kidney tissues [257. Curcumin’s ability to activate the Nrf2/Keap1
signaling pathway plays a crucial role in enhancing the body’s antioxidant defenses [267]. By modulating this
pathway, curcumin helps protect hepatocytes and renal cells from oxidative damage and inflammatory responses,
thus reducing the progression of steatosis and fibrosis in the liver and mitigating kidney damage [267. Several
studies have confirmed its potential to prevent hepatic and renal injury in diabetic models, making it a promising
therapeutic candidate [277].
2. Berberine (Berberis spp.): Berberine, a bioactive alkaloid found in various plants, particularly from Berberis
species, has demonstrated significant protective effects against diabetic liver and kidney injury [287. Berberine
works by reducing oxidative stress, inflammation, and fibrosis in both organs [28,297. It modulates the AMP-
activated protein kinase (AMPK) pathway, which is key to restoring metabolic balance [307]. AMPK activation not
only enhances insulin sensitivity but also helps in regulating lipid metabolism, preventing the accumulation of fat in
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liver cells (hepatic steatosis) [287]. Additionally, berberine’s anti-inflammatory effects contribute to the reduction of
glomerular damage and tubulointerstitial fibrosis in diabetic nephropathy, promoting kidney health [817.
3. Ginseng (Panax ginseng): Ginseng has been widely used in traditional medicine and is known for its potent
antioxidant, anti-inflammatory, and antifibrotic effects [327. In diabetic models, ginseng has shown the ability to
prevent hepatic steatosis and fibrosis by regulating lipid metabolism and reducing the production of inflammatory
cytokines [3387. Ginseng’s adaptogenic properties help in reducing stress-related oxidative damage, providing
protection against liver damage caused by elevated blood glucose levels [857]. Additionally, ginseng has
demonstrated nephroprotective effects, improving renal function by modulating oxidative stress and inflammatory
responses in the kidneys [34].
4. Milk Thistle (Silybum marianum): The flavonoid silymarin, derived from milk thistle, is renowned for its potent
antioxidant and anti-inflammatory effects. Silymarin has been found to protect liver cells from oxidative damage
and has shown promise in improving liver function in individuals with liver diseases, including those with diabetes-
related hepatic dysfunction [867]. Moreover, milk thistle’s ability to reduce nephropathy markers suggests that it
may help improve kidney function in diabetic patients. Silymarin’s anti-inflammatory action also contributes to
reducing the fibrosis process, thereby protecting the kidneys from the progression of diabetic nephropathy [877.
Synergistic Effects of Herbs and Sweeteners

There is growing interest in the potential synergistic effects of combining herbal compounds with non-nutritive
sweeteners (NNS) to alleviate diabetic liver and kidney injury. The antioxidant properties of herbs such as curcumin,
berberine, and ginseng can complement the actions of sweeteners like stevia, creating a more eftective therapeutic
approach. For instance, stevia has demonstrated its ability to reduce oxidative stress in diabetic models, which, when
combined with the potent antioxidant effects of curcumin, may enhance liver and kidney protection [197. The
combination of curcumin with stevia has shown improved antioxidant effects, resulting in better organ function and
reduced oxidative damage in both the liver and kidneys [887. This suggests that the synergistic use of herbal
compounds and sweeteners could offer a promising therapeutic strategy to manage DLI. Furthermore, other herbal
compounds like berberine and ginseng, when combined with sweeteners, may work together to reduce inflammation,
improve insulin sensitivity, and restore metabolic balance in the body [897. The interaction between these
compounds can help mitigate the harmful effects of high blood glucose levels, which contribute to the progression
of liver and kidney injury in diabetes. Given the potential for these synergistic effects, further research into the
combination of herbs and sweeteners could provide new therapeutic avenues for treating diabetic liver and kidney
complications, offering patients a more holistic approach to managing their condition. In conclusion, while herbal
compounds offer substantial protective benefits against diabetic liver and kidney injury, their interactions with
sweeteners may provide an even more potent therapeutic effect. Combining these natural remedies holds the
potential to improve organ function, reduce oxidative stress, and slow the progression of DLI, offering hope for
better management of diabetes-related complications.

Histopathological Changes in Diabetic Liver and Kidney Injury
Histopathological examination of liver and kidney tissues in diabetic animal models reveals distinctive and
characteristic changes that reflect the progression of diabetic liver and kidney injury (DLI). In the liver, common
histological findings include hepatocyte ballooning, a hallmark of cellular stress and damage, as well as the
accumulation of fat in the liver cells, known as steatosis [407]. These conditions are often accompanied by the
development of fibrosis, where excessive extracellular matrix components are deposited, and inflammatory cell
infiltration, indicating an ongoing immune response to tissue damage [407]. Elevated serum liver enzyme levels,
such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST), typically accompany these
histological changes, serving as biomarkers of hepatocellular injury [417. In the kidneys, diabetic nephropathy is
characterized by glomerular hypertrophy, where glomeruli increase in size due to hyperfiltration, and mesangial
expansion, where the mesangial matrix expands in response to increased pressure [427. Tubulointerstitial fibrosis,
which involves the thickening of kidney tissue around the renal tubules, and glomerulosclerosis, the scarring of the
glomeruli, are also commonly observed. These histopathological changes are indicative of progressive kidney
dysfunction and contribute to the loss of renal function in diabetes [437. The combination of sweeteners and herbal
treatments has shown promise in mitigating these histopathological changes. Herbal compounds, particularly those
with antioxidant and anti-inflammatory properties, have been effective in reducing inflammatory cell infiltration,
fibrosis, and oxidative damage in both liver and kidney tissues [447]. Additionally, these compounds have been found
to promote cell regeneration, helping to repair damaged tissues and reverse the progression of liver and kidney
injury.
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CONCLUSION

The interaction between sweeteners and herbal compounds offers a promising therapeutic approach for managing

diabetic liver and kidney injury. While NNS can provide an alternative to sugar, their long-term effects on liver and

kidney function require further investigation. Herbal compounds, such as curcumin, berberine, and ginseng, show

significant potential in mitigating oxidative stress, inflammation, and fibrosis in diabetic complications. The

combination of sweeteners with herbal therapies may enhance therapeutic outcomes by providing a multifaceted

approach to reducing tissue damage and improving organ function. However, clinical trials are essential to validate

the efficacy and safety of these interventions, and careful attention should be paid to potential interactions between

sweeteners, herbs, and conventional medications used in diabetes management.

REFERENCES

1. Ugwu, O.P.C,Kungu, E., Inyangat, R., Obeagu, E. 1., Alum, E. U, Okon, M. B., Subbarayan, S. and
Sankarapandiyan, V. Exploring Indigenous Medicinal Plants for Managing Diabetes Mellitus in Uganda:
Ethnobotanical Insights, Pharmacotherapeutic Strategies, and National Development Alignment. INOSR
Experimental Sciences.2023; 12(2):214-224. https://doi.org/10.59298/INOSRES/2023/2.17.1000

2. Alum, E. U, Krishnamoorthy, R., Gatasheh, M. K., Subbarayan, S., Vijayalakshmi, P., Uti, D. E. Protective
Role of Jimson Weed in Mitigating Dyslipidemia, Cardiovascular, and Renal Dysfunction in Diabetic Rat
Models: In Vivo and in Silico Evidence. Natural Product Communications. 2024;19(12).
doi:10.1177/1934578X241299279

3. Robert I. Uroko., Charles N. Chukwu., Simeon [. Egba., Fatima A. Adamude andJoy C. Ajuzie (2020) Combined
ethanol extract of Funtumia africana and Abutilon mauritianium leaves improves the lipid profile and kidney
function indices of benign prostatic hyperplasia in rats. Acta Sci. Pol. Technol. Aliment. 2020; 19(4): 395-4045

4. Ochulor Okechukwu C., Njoku Obioma U., Uroko Robert I and Egba Simeon I. Nutritional composition of
Jatropha tanjorensis leaves and effects of its aqueous extract on carbon tetrachloride induced oxidative stress in
male Wistar albino rats. Biomedical Research 2018; 29(19): 8569-3576

5. Uroko, Robert I.., Adamude, Fatima A., Egba, Simeon 1., Ani, Chijioke C and 1 Ekpenyong, James E.
Hepatoprotective Effects of Methanol Extract of Acanthus montanus (acanthaceae) Leaves on Acetaminophen
Induced Liver Injury in Rats. Pharmacologyonline, 2020; 1: 248-260

6. Lohner S, De Gaudry DK, Toews I, Ferenci T, Meerpohl JJ. Non-nutritive sweeteners for diabetes mellitus.
Cochrane Library. 2020;2020(5). doi:10.1002/14651858.cd012885.pub2

7. Walbolt J, Koh Y. Non-nutritive Sweeteners and Their Associations with Obesity and Type 2 Diabetes. Journal
of Obesity & Metabolic Syndrome. 2020;29(2):114—23. doi:10.7570/jomes19079

8. Egba, SI,, Ogbodo, JO., Ogbodo PO and Obike CA (2017) Toxicological Evaluation of Two Named Herbal
Remedies Sold Across Orumba South Local Government of Anambra State, South-Eastern Nigeria. Asian
Journal of Research in Biochemistry, 1(1):1-6

9. Ogugua, V N, Egba, S I, Anaduaka, E. G and Ozioko B O. Phytochemical analysis, anti-hyperglycaemic and
anti-oxidant effect of the aqueous extracts of Chromolaena odorata on alloxan induced diabetic Rats. Pharmanest,
2013; 4(5): 970-977

10. Ogugua Victor Nwadiogbu., Uroko Robert Ikechukwu., Egba, Simeon Ikechukwu and Agu Obiora (2017)
Hepatoprotective and Healthy Kidney Promoting Potentials of Methanol Extract of Nauclea latifolia in Alloxan
Induced Diabetic Male Wistar Albino Rats. Asian Journal of Biochemistry,2017; 12: 71-78

11. Shi S, Wang L, Van Der Laan LJW, Pan Q, Verstegen MMA. Mitochondrial dysfunction and oxidative stress
in liver transplantation and underlying Diseases: New insights and therapeutics. Transplantation.
2021;105(11):2362-73. d0i:10.1097/tp.000000000000369 1

12. Tsalamandris S, Antonopoulos AS, Oikonomou E, Papamikroulis GA, Vogiatzi G, Papaioannou S, et al. The
role of inflammation in Diabetes: Current concepts and future Perspectives. European Cardiology Review.
2019;14(1):50-9. doi:10.15420/ ecr.2018.33.1

138. Zhao L, Hu H, Zhang L, Liu Z, Huang Y, Liu Q, et al. Inflammation in diabetes complications: molecular
mechanisms and therapeutic interventions. MedComm. 2024;5(4). doi:10.1002/mc02.516

14. Sharma B, John S. Hepatic cirrhosis. StatPearls - NCBI Bookshelf. 2022. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK482419/

15. Ikechukwu, GC., Egba SI., Ibeh, RC., Helal EU, Ejiofor, EU and Okafor, PN. Assessment of Sub-chronic Effect
of Two Artificial Food Additives on Selected Biochemical Parameters in Wistar Rats. Journal of Pharmacology
and Toxicology, 2017; 12: 180-190

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page | 50


https://doi.org/10.59298/INOSRES/2023/2.17.1000
https://www.ncbi.nlm.nih.gov/books/NBK482419/

https://www.eejournals.org Open Access

16. Golzan SA, Movahedian M, Haghighat N, Asbaghi O, Hekmatdoost A. Association between non-nutritive
sweetener consumption and liver enzyme levels in adults: a systematic review and meta-analysis of randomized
clinical trials. Nutrition Reviews. 2023;81(9):1105—17. doi:10.1093/nutrit/nuac107

17. Ugwu, O. P. C., Alum, E. U. and Uhama, K. C. (2024). Dual Burden of Diabetes Mellitus and Malaria: Exploring
the Role of Phytochemicals and Vitamins in Disease Management. Research Invention Journal of Research in
Medical Sciences. 3(2):38-49.

18. Godfrey Ogochukwu Ezema, Ndukaku Yusuf Omeh, Egba Simeon Ikechukwu, Ejiofor C Agbo, Adachukwu Ada
Ikeyiand Emmanuel Ifeanyi Obeagu. Evaluation of Biochemical Parameters of Patients with Type 2 Diabetes
Mellitus Based on Age and Gender in Umuahia (2023) Asian Journal of Dental and Health Sciences 2023;
3(2):32-36

19. Peteliuk V, Rybchuk L, Bayliak M, Storey KB, Lushchak O. Natural sweetener. PubMed. 2021;20:1412-30.
Available from: https://pubmed.ncbi.nlm.nih.gov/34808554

20. Torigoe K, Torigoe M, Oka S, Obata Y, Mukae H, Nishino T. Aspartame, as an artificial sweetener, does not
affect renal function and antioxidative states in mice. BMC Research Notes. 2024;17(1). doi:10.1186/s13104-
024-06816-6

21. Aguayo-Guerrero JA, Méndez-Garcia LA, Solleiro-Villavicencio H, Viurcos-Sanabria R, Escobedo G. Sucralose:
From Sweet Success to Metabolic Controversies—Unraveling the global health implications of a pervasive
Non-Caloric artificial Sweetener. Life. 2024514(3):323. doi:10.83390/life 14030323

22. Magnuson BA, Carakostas MC, Moore NH, Poulos SP, Renwick AG. Biological fate of low-calorie sweeteners.
Nutrition Reviews. 2016;74(11):670—89. doi:10.1093/nutrit/nuw032

23. Rathaus M, Azem L, Livne R, Ron S, Ron I, Hadar R, et al. Long-term metabolic effects of non-nutritive
sweeteners. Molecular Metabolism. 2024;88:101985. doi:10.1016/j.molmet.2024.101985

24. Uroko RI,, Uchenna ON., Achi NK., Agbafor A., Egba SI and Ojiakor CA (2019) Effects of aqueous extracts of
palm fruits (Elaets guineensts) on lipid profile and kidney function indices of male Wistar albino rats. Jordan
Journal of Biological Scienes, 2019; 12(1): 5-16.

25. Tkechukwu ES, Polycarp NO, Patricia EM, Gavin CI, Humphrey CO, Chukwuka WE. Toxicological Evaluation
and Possible Reversal of Diabetic Toxicological Complications by PHF5 an Antidiabetic Herbal Formula in
Wistar  Albino Rats. Asian  J. Res. Biochem. 2021 8(3):34-4:3. Available  from:
https://journalajrb.com/index.php/AJRB/article/view/ 125

26. Ashrafizadeh M, Ahmadi Z, Mohammadinejad R, Farkhondeh T, Samarghandian S. Curcumin activates the
NRF2 pathway and induces cellular protection against oxidative injury. Current Molecular Medicine.
2019;20(2):1 16—383. doi:10.2174/1566524019666191016150757

27. Hussain Y, Khan H, Alotaibi G, Khan F, Alam W, Aschner M, et al. How Curcumin targets inflammatory
mediators in Diabetes: therapeutic insights and possible solutions. Molecules. 2022;27(13):4058.
doi:10.3890/molecules27134058

28. Utami AR, Maksum IP, Deawati Y. Berberine and its study as an antidiabetic compound. Biology.
2023;12(7):973. doi:10.3390/biology 12070973

29. Jahan F, Alvi SS, Islam MH. Berberis aristata and its secondary metabolites: Insights into nutraceutical and
therapeutical applications. Pharmacological Research - Modern Chinese Medicine. 2022;5:100184.
doi:10.1016/).prmem.2022.100184

80. Lee YS, Kim WS, Kim KH, Yoon MJ, Cho HJ, Shen Y, et al. Berberine, a natural plant product, activates AMP-
Activated protein kinase with beneficial metabolic effects in diabetic and Insulin-Resistant states. Diabetes.
2006;55(8):2256—64. doi:10.2337/db06-0006

31. MaZ, Zhu L, Wang S, Guo X, Sun B, Wang O, et al. Berberine protects diabetic nephropathy by suppressing
epithelial-to-mesenchymal transition involving the inactivation of the NLRP3 inflammasome. Renal Failure.
2022;44(1):923-32. doi:10.1080/0886022x.2022.2079525

32. Wee JJ, Park KM, Chung AS. Biological activities of ginseng and its application to human health. Herbal
Medicine - NCBI Bookshelf. 2011. Available from: https://www.ncbi.nlm.nih.gov/books/NBK92776/

33. Tung NH, Uto T, Morinaga O, Kim YH, Shoyama Y. Pharmacological Effects of ginseng on liver functions and
diseases: a minireview. Evidence-based Complementary and Alternative Medicine. 2012;2012:1-7.
doi:10.1155/2012/178297

34. Li X, Mo N, Li Z. Ginsenosides: potential therapeutic source for fibrosis-associated human diseases. Journal of
Ginseng Research. 2019;44(3):386—98. d0i:10.1016/.jgr.2019.12.003

35. Wee JJ, Park KM, Chung AS. Biological activities of ginseng and its application to human health. Herbal
Medicine - NCBI Bookshelf. 2011. Available from: https://www.ncbi.nlm.nih.cov/books/NBK92776/

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page | 51


https://www.researchgate.net/journal/Asian-Journal-of-Dental-and-Health-Sciences-2834-989X
https://pubmed.ncbi.nlm.nih.gov/34803554
https://www.ncbi.nlm.nih.gov/books/NBK92776/
https://www.ncbi.nlm.nih.gov/books/NBK92776/

https://www.eejournals.org Open Access

36.

37.

38.

39.

40.

41.

42.

43.

44

Vargas-Mendoza N. Hepatoprotective effect of silymarin. World Journal of Hepatology. 2014;6(8):144-
doi:10.4254/ wjh.v6.13.144

Rafieian-Kopaie M, Nasri H. Silymarin and diabetic nephropathy. PubMed. 2012;1(1):3—5. Available from:
https://pubmed.ncbi.nlm.nih.gov/25340091

El-Hadary A, Sitohy M. Safely effective hypoglycemic action of stevia and turmeric extracts on diabetic Albino
rats. Journal of Food Biochemistry. 2020;45(1). doi:10.1111/jtbc.18549

Cai Z, Chen Y. Synergetic protective effect of berberine and ginsenoside Rb1 against tumor necrosis factor

alpha—induced inflammation in adipocytes. Bioengineered. 2021;12(2):11784—96.

doi:10.1080/21655979.2021.1996508

Singla T, Muneshwar KN, Pathade AG, Yelne S. Hepatocytic ballooning in non-alcoholic steatohepatitis:
bridging the knowledge gap and charting future avenues. Cureus. 2023. doi:10.7759/cureus.45884

Moriles KE, Zubair M, Azer SA. Alanine aminotransferase (ALT) test. StatPearls - NCBI Bookshelf. 2024.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK559278/

Rout P, Jialal I. Diabetic nephropathy. StatPearls - NCBI Bookshelf. 2025. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 534200/

Lim BJ, Yang JW, Zou J, Zhong J, Matsusaka T, Pastan I, et al. Tubulointerstitial fibrosis can sensitize the
kidney  to  subsequent  glomerular  injury.  Kidney  International. 2017;92(6):1395—403.
doi:10.1016/}.kint.2017.04.010

Lee OYA, Wong ANN, Ho CY, Tse KW, Chan AZ, Leung GPH, et al. Potentials of natural antioxidants in
reducing inflammation and oxidative stress in chronic kidney disease. Antioxidants. 2024;13(6):751.
doi:10.8390/antiox 13060751

This

is an  Open Access article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page | 52


https://pubmed.ncbi.nlm.nih.gov/25340091
https://www.ncbi.nlm.nih.gov/books/NBK559278/
https://www.ncbi.nlm.nih.gov/books/NBK534200/

