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Abstract: Resveratrol, a polyphenol predominantly present in red grapes, has attracted interest due to its possible 

health advantages. The anti-inflammatory, antioxidant, and vasodilatory properties of this substance indicate that 

it may have a beneficial effect on wound healing in individuals with diabetes mellitus. This study aims to determine 

the role of resveratrol on type 2 diabetic wound healing on total protein and albumin levels in rats. 20 male adult 

Albino Wistar rats were rendered diabetic using a high-fat diet and an alloxan injection (120 mg/kg). The rats were 

grouped into four: non-diabetic control group (negative control), diabetic control group (positive control), diabetic 

treatment group 1 (resveratrol: 10 mg/kg) and diabetic treatment group 2 (resveratrol: 20 mg/kg). Excisional 

wounds were created and monitored for wound closure over a defined treatment period of 14 days. Studies were 

conducted and expressed using physical and biochemical indices. The data demonstrated wound healing 

activities via biochemical indices, and histological and macroscopic methods. There was a difference in fasting 

blood glucose between the diabetic control group with the treatment groups. There was a difference between the 

diabetic control group compared to the group treated with resveratrol 10 mg/kg and 20 mg/kg in the weight of the 

rats. There was no significant acceleration in total albumin and globulin levels in the diabetic wounded group 

treated with resveratrol (10 mg and 20 mg). The results suggest that resveratrol treatment does not affect on total albumin 

and globulin levels in diabetic rats.  

 

Introduction 

Diabetes mellitus (DM) is become a frequent chronic condition. The newest research shows that about 500 million 

people globally have DM or one in 10 adults. The global DM prevalence rate for 20 - 79-year-olds was 10.5% 

(536.6 million) in 2021 and will climb to 12.2% in 2045 [1]. Chronic DM skin ulcers are one of many diabetes 

consequences that depend on type, onset time, and metabolism regulation. Diabetic foot ulcers (DFUs) are 

associated with high mortality in DM, according to epidemiological research. Death rates reach 39.0%-68.0% 

within five years of amputation [2]. Diabetic patients experience a reduced capacity to metabolize glucose, leading 

to hyperglycemic circumstances that further impede the process of wound healing. This can lead to the 
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development of persistent chronic wounds [3, 4]. Diabetic wounds are characterized by delayed healing, increased 

risk of infections, and poor tissue regeneration due to factors such as hyperglycemia-induced oxidative stress and 

inflammation [5]. The majority of diabetes-related deaths, over 80.0%, take place in nations with low- and 

intermediate-income levels, with diabetes wounds accounting for 50.0%-70.0% of all limb amputations [6]. It has 

been stated that one leg is amputated every 30 seconds worldwide owing to diabetes wounds. Age-related 

physiological changes such as poor blood circulation, obesity, DM, and environmental stress are the main 

concerns. Chronic and acute wounds are classified by healing capability. Chronic wounds require more than 12 

weeks to heal and do not heal in stages [7]. Nutrition therapy is crucial for DM management and complications. 

Poor nutrition before or during healing can slow and weaken wounds [8]. Protein, an essential macronutrient, is 

crucial for wound healing as it is required for all stages of the healing process [9]. This includes the development 

of fibroblasts, the synthesis of collagen, the creation of new blood vessels, and the proper functioning of the 

immune system [10, 11]. Resveratrol is a polyphenolic substance that is naturally found in plants. It is also present 

in other plants and food items, including peanuts, grapes, and red wine. Resveratrol exhibits several 

pharmacological effects, principally functioning as an anti-inflammatory, antioxidant, anti-apoptotic, and overall 

cytoprotective agent [12]. The abovementioned effects have mostly been reported in preclinical research. 

However, other studies have evaluated the antidiabetic effects of resveratrol and the associated problems [13], 

and many aspects of its impact on blood indices, and biochemical, and molecular impacts are still under 

investigation. Conventional treatment approaches often fall short of effectively addressing the complications of 

diabetes type 2, especially diabetic wound healing while mitigating the adverse effects [14, 15]. This study aims 

to investigate the effect of resveratrol on the total protein and albumin in type 2 diabetes mellitus wound healing 

in rats. 

 

Materials and methods 

Experimental animals: 20 adult male Wistar rats with body weights of 150 gm to 200 gm were purchased from 

the Animal House of the Department of Human Physiology, Faculty of Basic Medical Sciences, Ahmadu Belo 

University, Zaria, Nigeria. Before the experiment, the rats were acclimated in a well-lit room for one week on a 

12/12 light-dark cycle. Before the experiment, the rats had access to commercial pellet feed and water (ad libitum).  

Ethical Approval: The study followed Ahmadu Bello University's guidelines for using laboratory animals, as 

accepted internationally by the National Institute of Health. Ethical approval on guidelines for the care and use of 

laboratory animals in scientific research was sought from the Ahmadu Bello University Committee on Animal Use and Care 

(ABUCAUC) with the approval number ABUCAUC/2023/105. 

Induction of diabetes mellitus: We modified Sen et al.'s method for high-fat diet (HFD) preparation and type 2 

diabetes induction [16]. NDF: 18.0% fats, 28.0% proteins, 54.0% carbohydrates; Simas margarine: 99.9% fats. 

Mixing 20 gm NDF and one-gram Simas margarine yielded HFD. After six weeks of HFD, the rats were fasted 

overnight and injected intraperitoneally with 120 mg/kg alloxan diluted in 0.1 M citrate-buffered saline (pH 4.5) 

[16]. Right after alloxan administration, rats were given 5.0% glucose water. Rats with fasting blood glucose 

levels ≥ 200 mg/dL were diagnosed with diabetes 72 hours after alloxan administration and validated one week 

later the establishment of the diabetic wound model. After rat diabetes was confirmed, the upper back was shaved 

using a small animal clipper and examined for skin abnormalities. After disinfecting with methylated spirit, rats 

were sedated with intraperitoneal ketamine injection (75.0 mg/kg and diazepam 5.0 mg/kg). A full-thickness 

circular excisional wound was excised from the back of all rats by surgical blade -10 mm x10 mm [17].  

Experimental design: The rats were randomly divided into four groups as shown in Table 1. 
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Table 1: Experimental groups 
 

Group, n = 5 Induction Treatment 

I Experimental control group (wound) No treatment (negative control group) 

II Experimental control group (diabetic & wound) No treatment (positive control group) 

III Experimental group (diabetic & wound) Resveratrol 10 mg/kg body weight (i.p.) [18] 

IV Experimental group (diabetic & wound) Resveratrol 20 mg/kg body weight (i.p.) [18] 

 

Measurement of wound healing area: Digital venire calipers marked the wound healing area reduction. In wound 

healing, wound contraction was measured as a percentage of the healed area: wound healing ability = (F0 - F7, 

F14) per F0 by 100%, where F0 is the primary wound area and F7, 14 are the wound areas on days 7 and 14 [19]. 

Sample collection: The rats were starved overnight and anesthetized with 75.0 mg/kg ketamine hydrochloride and 

5.0 mg/kg diazepam after two weeks of therapy. The serum used for biochemical indices was collected by cardiac 

puncture with 5.0 ml syringes into plain bottles and centrifuged for 15 min at 3500 rpm.  

Determination of body weight: Changes in the body weight of rats were recorded using digital balance, before 

and after the experiment, and were recorded as initial body weight (IBW) and final body weight (FBW). 

Determination of blood glucose level: A glucose level test was conducted to verify the induction of diabetes. 

Blood samples were collected from the tail vein of all rats and analyzed for blood glucose levels using a 

glucometer (ACCU-CHEK Active®). The results were reported as mg/dL. 

Determination of total protein and albumin: Blood samples from the caudal vena cava were centrifuged to obtain 

hemolysis-free clear serum. The activities of total protein (TP) and albumin (ALB) were assayed using an 

autoanalyzer (Dir- chem 4000i, Fujifilm, Tokyo, Japan) by standard methods as described previously [20]. 

 

Statistical analysis: Data was analyzed by one-way analysis of variance (ANOVA). Individual groups were then 

compared by Turkey's post-hoc test. Significant difference considered at probability value less than 0.05. 

 

Results 

Figure 1 shows the weight of each group of type 2 diabetic wounds in rats treated with resveratrol. The results 

obtained showed that after treating type 2 diabetic wound rats with 10 mg/kg resveratrol, there was no significant 

difference in the body weight when compared to the diabetic control group. There was also no significant 

difference in the body weight of rats treated with 20 mg/kg resveratrol when compared to the control group. 

Figure 1: Total body weight of rats 

 

a = significant compared to the negative control group, b = significant compared to the diabetic control group & 
 d = significant compared to the group treated with resveratrol 20 mg/kg. 
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Figure 2 shows the blood glucose level of each group of type 2 diabetic wound in rats treated with resveratrol. 

There was no significant difference in the glucose level of rats treated with 10 mg resveratrol when compared 

with the diabetic control group. 20 mg of resveratrol administration also showed no significant difference in blood 

glucose level when compared to the diabetic control group. 

 

Figure 2: Fasting blood glucose levels in rats treated with resveratrol 
 

 

a = significant when compared to the normal control group, b = significant when compared to the diabetic control group,  

c = significant when compared to the group treated with resveratrol 10 mg/kg, & 

d = significant when compared to the group treated with resveratrol 20 mg/kg. 

 

In Figure 3, after the oral administration of resveratrol to the different groups of diabetic wound-healing rats, 

there were no significant changes observed in the total protein concentration of the control (wound) group rats 

when compared to the other groups. There were also no significant changes observed in the total protein 

concentration in rats treated with resveratrol as compared to the diabetic control (wound) group rats. 

 

Figure 3: Total protein level of diabetic wound healing rats across all treatment 

 

 

Data presented as Mean ± SEM. 

 

In Figure 4, after the oral administration of resveratrol to the different groups of diabetic wound-healing rats, 

there were no significant changes observed in the total albumin concentration of the control (wound) group rats 

when compared to the other groups. 10 mg and 20 mg resveratrol administration in type 2 diabetic wound healing 

show no significant difference in total albumin concentration when compared to the diabetic control (wound) 

group. 
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Figure 4: Total albumin concentration in diabetic wound healing rats with resveratrol 

 

a = significant when compared to wound group & d = significant when composed to diabetic wound + res. (20 mg/kg) group.  

 

Discussion 

In this study, no change in the body weight of the rats which suggests that resveratrol does not affect diabetic rats' 

body weight as previously reported in diabetic animal models [21]. These data support the notion that the main 

therapeutic effect of resveratrol may not be associated with the management of body weight in the context of 

diabetes mellitus [22]. The result could be a result of the antidiabetic effect of resveratrol via hypoglycemic, 

antioxidant and anti-inflammatory roles of resveratrol [23]. The blood glucose data indicated no disparity between 

the diabetic rats treated with resveratrol and the diabetic rats that were not treated. The findings align with 

Yonamine et al. [18], which demonstrated that the use of resveratrol as an additional therapy improved glycemic 

control and returned plasma fructosamine concentration to levels comparable to those of non-diabetic rats. 

However, it did not have any effect on the expression of glucose transporters GLUT2 and SGLT1 in the intestine, 

GLUT2 and SGLT2 in the kidney, and GLUT4 in the soleus. This suggests that the movement of glucose 

remained unchanged. The findings were consistent with Zhu et al. [24], who showed that resveratrol decreased 

the homeostasis model assessment of insulin resistance (HOMA-IR) index and blood pressure in individuals with 

T2 DM. However, the effect of resveratrol on glucose homeostasis and insulin resistance reversal in T2DM is 

largely inconclusive based on reported results. However, a high dose of resveratrol can lower fasting blood 

glucose levels in individuals with T2 DM [25, 26]. The effect of resveratrol on the total protein level of wound 

healing type 2 diabetic rats showed no difference in the control (wound) group compared to the diabetic control 

and the two resveratrol-treated groups, also, no difference between resveratrol-treated groups and diabetic control. 

It can be said that resveratrol has no effect on total protein concentration in T2 DM, contrary to a reported 

result where resveratrol attenuated protein and albumin concentrated in rats [27]. The effect of resveratrol on the 

albumin level of wound healing type 2 diabetic rats showed no difference in the diabetic control when compared 

to diabetic resveratrol-treated groups, it also showed no difference between the control (wound) and all the other 

groups. It can be said that resveratrol has no significant effect on total albumin concentration in type 2 diabetic 

wound healing in rats. Resveratrol was shown to have properties antidiabetic that are attributed to its antioxidant, 

anti‐inflammatory, proapoptotic, and antiproliferative features thereby restoring homeostasis but not to affect 

metabolic biomarkers [28]. This is not farfetched when it comes to causing a decrease in total protein and albumin 

levels in some research [29] while having an increase in total protein and albumin levels [30]. The absence of 

inherent negative regulation of gluconeogenesis in the liver leads to heightened catabolism of lipids and proteins, 
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together with the transformation of glucogenic amino acids into glucose, resulting in elevated glucose levels. 

Hemodilution can contribute to this decrease, whereas the increase may be attributed to hyperglycemia and renal 

filtration, resulting in the buildup of harmful waste products in individuals with diabetes [31]. 

 

Conclusion: Resveratrol did not have a significant effect on total protein and albumin levels in rats with diabetes, 

despite its known antidiabetic effects.  

 

References 
 

1. Liu Y, Liu Y, He W, Mu X, Wu X, Deng J, Nie X (2022) Fibroblasts: immunomodulatory factors in refractory 

diabetic wound healing. Frontiers in Immunology. 13. 918223. doi: 10.3389/fimmu.2022.918223 

2. Dietrich I, Braga GA, de Melo FG, da Costa Silva Silva ACC (2017) The diabetic foot as a proxy for cardiovascular 

events and mortality review. Current Atherosclerosis Reports. 19 (11): 44. doi: 10.1007/s11883-017-0680-z 

3. Habegger KM, Heppner KM, Geary N, Bartness TJ, DiMarchi R, Tschöp MH (2010) The metabolic actions of 

glucagon revisited. Nature Reviews, Endocrinology. 6 (12): 689-697. doi: 10.1038/nrendo.2010.187 

4. Sharp A, Clark J (2011) Diabetes and its effects on wound healing. Nursing Standard. 25 (45): 41-47. doi: 10.7748/ 

ns2011.07.25.45.41.c8626 

5. Spampinato SF, Caruso GI, De Pasquale R, Sortino MA, Merlo S (2020) The treatment of impaired wound healing 

in diabetes: looking among old drugs. Pharmaceuticals. 13 (4): 60. doi: 10.3390/ph13040060 

6. Nicolucci Ac (2011) Fact and figures about diabetes in Italy. Assistenza Infermieristica e Ricerca. 30 (2): 100-106. 

doi: 10.1702/845.9396 

7. Mohandas A, Anisha B, Chennazhi K, Jayakumar R (2015) Chitosan-hyaluronic acid/VEGF loaded fibrin 

nanoparticles composite sponges for enhancing angiogenesis in wounds. Colloids and Surfaces B, Biointerfaces. 

127: 105-113. doi: 10.1016/j.colsurfb.2015.01.024 

8. Nathan DM, Buse JB, Davidson MB, Heine RJ, Holman RR, Sherwin R, Zinman B (2006) Management of 

hyperglycemia in type 2 diabetes: A consensus algorithm for the initiation and adjustment of therapy: a consensus 

statement from the American Diabetes Association and the European Association for the Study of Diabetes. 

Diabetes Care. 29 (8): 1963-1972. doi: 10.2337/dc06-9912 

9. Crowe T, Brockbank C (2009) Nutrition therapy in the prevention and treatment of pressure ulcers. Wound Practice 

and Research. 17 (2): 90. 92-99. doi: Nil. 

10. Thompson C, Fuhrman MP (2005) Nutrients and wound healing: still searching for the magic bullet. Nutrition in 

Clinical Practice. 20 (3): 331-347. doi: 10.1177/0115426505020003331 

11. Sajid N, Miyan Z, Zaidi SIH, Jaffri SSA, AbdeAli M (2018) Protein requirement and its intake in subjects with 

diabetic foot ulcers at a tertiary care hospital. Pakistan Journal of Medical Sciences. 34 (4): 886-890. 

doi: 10.12669/pjms.344.15399 

12. Hung L-M, Su M-J, Chen J-K (2004) Resveratrol protects myocardial ischemia–reperfusion injury through both 

NO-dependent and NO-independent mechanisms. Free Radical Biology and Medicine. 36 (6): 774-781. doi: 10. 

1016/j.freeradbiomed.2003.12.016 

13. Liu K, Zhou R, Wang B, Mi M-T (2014) Effect of resveratrol on glucose control and insulin sensitivity: a meta-

analysis of 11 randomized controlled trials. The American Journal of Clinical Nutrition. 99 (6): 1510-1519. doi: 

10.3945/ajcn.113.082024 

14. Kavitha KV, Tiwari S, Purandare VB, Khedkar S, Bhosale SS, Unnikrishnan AG (2014) Choice of wound care in 

diabetic foot ulcer: A practical approach. World Journal of Diabetes. 5 (4): 546-556. doi: 10.4239/wjd.v5.i4.546 

15. Boulton AJM, Armstrong DG, Löndahl M, Frykberg RG, Game FL, Edmonds ME, Orgill DP, Kramer K, Gurtner 

GC, Januszyk M, Vileikyte L (2022) New evidence-based therapies for complex diabetic foot wounds. Arlington 

(VA): American Diabetes Association; 2022 May. PMID: 35763580. 

16. Saikat Sen, Biplab De, Devanna N, Chakraborty R (2013) Hypoglycemic and hypolipidemic effect of Meyna 

spinosa leaves in high fat diet-alloxan induced type 2 diabetic rats. Bangladesh Journal of Pharmacology. 8 (2): 1-

4. doi: 10.3329/bjp.v8i2.14299 

17. Alsarayreh AZ, Oran SA, Shakhanbeh JM, Khleifat KM, Al Qaisi YT, Alfarrayeh II, Alkaramseh AM (2022) 

Efficacy of methanolic extracts of some medicinal plants on wound healing in diabetic rats. Heliyon. 8 (8): e10071. 

doi: 10.1016/j.heliyon.2022.e10071 

https://doi.org/10.3389%2Ffimmu.2022.918223
https://doi.org/10.3390%2Fph13040060
https://doi.org/10.12669%2Fpjms.344.15399
http://dx.doi.org/10.3329/bjp.v8i2.14299


Mediterranean Journal of                                                                                                                                                      

Pharmacy & Pharmaceutical Sciences                                                                                                               ISSN: 2789-1895 online      

         www.medjpps.com                                                                                                                                        ISSN: 2958-3101 print 

 

Yusuf et al. (2024) Mediterr J Pharm Pharm Sci. 4 (1): 126-132.                                                                   Volume 4: Issue 1: Page 132 

18. Yonamine CY, Pinheiro-Machado E, Michalani ML, Freitas HS, Okamoto MM, Corrêa-Giannella ML, Machado 

UF (2016) Resveratrol improves glycemic control in insulin-treated diabetic rats: participation of the hepatic 

territory. Nutrition and Metabolism. 13 (1): 44. doi: 10.1186/s12986-016-0103-0 

19. Lin YH, Hsu WS, Chung WY, Ko TH, Lin JH (2016) Silver-based wound dressings reduce bacterial burden and 

promote wound healing. International Wound Journal. 13 (4): 505-511. doi: 10.1111/iwj.12467 

20. Park KT, Yun CH, Bae CS, Ahn T (2014) Decreased level of albumin in peripheral blood mononuclear cells of 

streptozotocin-induced diabetic rats. The Journal of Veterinary Medical Science. 76 (8): 1087-1092. doi: 10.1292/ 

jvms.13-0631 

21. Milton-Laskibar I, Gómez-Zorita S, Aguirre L, Fernández-Quintela A, González M, Portillo MP (2017) Resveratrol 

-induced effects on body fat differ depending on feeding conditions. Molecules. 22 (12): 2091. doi: 10.3390/ 

molecules22122091 

22. de Ligt M, Bergman M, Fuentes RM, Essers H, Moonen-Kornips E, Havekes B, Schrauwen-Hinderling 

VB, Schrauwen P (2020) No effect of resveratrol supplementation after 6 months on insulin sensitivity in 

overweight adults: a randomized trial. The American Journal of Clinical Nutrition. 112 (4): 1029-1038. doi: 10.1093 

/ajcn/nqaa125 

23. Ramar M, Manikandan B, Raman T, Priyadarsini A, Palanisamy S, Velayudam M, Munusamy A, Prabhu MN, 

Vaseeharan B (2012) Protective effect of ferulic acid and resveratrol against alloxan-induced diabetes in mice. 

European Journal of Pharmacology. 690 (1-3): 226-235. doi: 10.1016/j.ejphar.2012.05.019 

24. Zhu X, Wu C, Qiu S, Yuan X, Li L (2017) Effects of resveratrol on glucose control and insulin sensitivity in subjects 

with type 2 diabetes: systematic review and meta-analysis. Nutrition and Metabolism. 14: 60. doi: 10.1186/s12986-

017-0217-z 

25. Hoseini A, Namazi G, Farrokhian A, Reiner Ž, Aghadavod E, Bahmani F, Asemi Z (2019) The effects of resveratrol 

on metabolic status in patients with type 2 diabetes mellitus and coronary heart disease. Food and Function. 10 (9): 

6042-6051. doi: 10.1039/c9fo01075k 

26. Gu W, Geng J, Zhao H, Li X, Song G (2022) Effects of resveratrol on metabolic indicators in patients with type 2 

diabetes: a systematic review and meta-analysis. International Journal of Clinical Practice. 2022: 9734738. doi: 

10.1155/2022/9734738 

27. Soufi FG, Sheervalilou R, Vardiani M, Khalili M, Alipour MR (2012) Chronic resveratrol administration has 

beneficial effects in experimental model of type 2 diabetic rats. Endocrine Regulations. 46 (2): 83-90. doi: 10.4149 

/endo_2012_02_83 

28. Timmers S, Konings E, Bilet L, Houtkooper RH, van de Weijer T, Goossens GH, Hoeks J, van der Krieken S, Ryu 

D, Kersten S, Moonen-Kornips E, Hesselink MKC, Kunz I, Schrauwen-Hinderling VB, Blaak E, Auwerx J, 

Schrauwen P (2011) Calorie restriction-like effects of 30 days of resveratrol supplementation on energy metabolism 

and metabolic profile in obese humans. Cell Metabolism. 14 (5): 612-622. doi: 10.1016/j.cmet.2011.10.002 

29. Majid A, Sayer SA, Farhood HB (2018) Study of some biochemical parameters for patients with Type II Diabetes 

Mellitus in Thi-Qar Governorate, Iraq. Journal of Pharmaceutical Sciences and Research. 10 (11): 2938-2941. 

Corpus ID:212610440. 

30. Rabbani N, Thornalley PJ (2021) Protein glycation - biomarkers of metabolic dysfunction and early-stage decline 

in health in the era of precision medicine. Redox Biology. 42:101920. doi: 10.1016/j.redox.2021.101920 

31. Khalaf MA, Zainal IG (2021) Investigation of antioxidant markers in diabetic patients. Archives of Razi Institute. 

76 (5): 1453-1460. doi: 10.22092/ari.2021.355755.1717 

 

Author contribution: NOY, AJ, HAI & FAD designed the study, NOY & PJF performed experiments and collected data, and AI 

& PJF contributed to data analysis. AI & AJ performed the analysis and interpreted the data. AI, AJ, HAI & FAD drafted the 

manuscript. All the authors approved the final version of the manuscript and agreed to be accountable for its contents. 

Conflict of interest: The authors declare the absence of any commercial or financial relationships that could be construed as a 

potential conflict of interest. 

Ethical issues: Including plagiarism, informed consent, data fabrication or falsification, and double publication or submission have 

completely been observed by authors. 

Data availability statement: The raw data that support the findings of this article are available from the corresponding author upon 

reasonable request. 

Author declarations: The authors confirm that all relevant ethical guidelines have been followed and any necessary IRB and/or 

ethics committee approvals have been obtained. 

 

 

 

https://doi.org/10.1292%2Fjvms.13-0631

