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Efficacy of Co-administration of Metformin and Propranolol on Oral Glucose Tolerance Test, Blood Glucose and Antioxidative Status of Alloxan-Induced Diabetic Rats


ABSTRACT
Background: Diabetes mellitus (DM) is one of the most prevalent chronic metabolic diseases, and its high prevalence suggests an increased incidence of co-morbidities such as hypertension and heart failure which consequently may require the use of propranolol as a therapeutic agent. 
Studies have found that patients with diabetes mellitus are 20% more likely to be managed for anxiety disorders at some point in their lives. Many of these patients may be placed on propranolol to manage their anxiety symptoms. Propranolol is however also known to mask the symptoms of hypoglycemia which may occur in the course of diabetic management. 
Aim: This study therefore sought to investigate the effect of co-administration of metformin and propranolol on alloxan-induced diabetic rats. 
Method: Diabetes mellitus was induced by single dose injection of 150 mg/kg of alloxan monohydrate. Diabetic rats were divided into four groups: group 1 served as normal control, group 2 as diabetic control, while groups 3 and 4 were treated with metformin and metformin plus propranolol respectively for fourteen days. Fasting blood glucose levels were measured and animals were sacrificed with samples taken for biochemical analysis. 
Results: Metformin significantly decreased blood glucose level at 60 and 120 minutes after glucose loading, and after 14 days in alloxan-induced diabetic rats, although blood glucose level was much decreased with the combination of metformin and propranolol (MET+PRO). There was remarkable increase in superoxide dismutase with a decrease in malondialdehyde level. 
Conclusion: This study showed that the co-administration of metformin and propranolol effectively reduced blood glucose level compared with metformin alone while improving antioxidant status in diabetic condition.
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1. INTRODUCTION
Diabetes mellitus (DM) is one of the most prevalent chronic metabolic diseases that have remained a major concern for medical science researches due to its deleterious effect and high prevalence across all countries globally (Hossain et al., 2024, Moke et al., 2025). The absence of curative management has also further increased the volume of research into diverse pharmacological therapies with less adverse effects and higher efficacy than what is currently available. Furthermore, the high prevalence of DM suggests an increased incidence of co-morbidities such as hypertension, heart failure, thyroid disorders and anxiety disorders amongst others; many of these diseases, as part of their core pharmacological management, employ the use of beta blockers (Esler et al., 2022, Yang et al., 2022; Moke et al., 2023a; Shaphe et al., 2023). 
Diabetes mellitus is a general term for a group of metabolic disorders with the main feature of chronic hyperglycemia. It results from either impaired insulin secretion or impaired insulin efficacy or, most often, both (Richter et al., 2018; Moke et al., 2023b). Since insulin is vital in glucose homeostasis, defective insulin release and function can result in a metabolic imbalance responsible for the development of the disease (Galicia-Garcia et al, 2020). The role of animal models in research related to diabetes mellitus cannot be over emphasized with alloxan as one of the most common agents used in inducing diabetes (Moke et al., 2015; Ighodaro et al, 2017, Kim 2024).
Metformin has over the years become indispensable in the management of diabetes mellitus. It is the first line pharmacological agent for management of diabetes mellitus and acts directly or indirectly on the liver to decrease glucose production and also acts on the gut to increase glucose utilization (Dutta et al., 2023; Moke et al., 2023c; Moke et al., 2023d). On the other hand, propranolol is a beta-adrenergic blocker, useful in the management of a number of pathologies and has been found to impair glucose recovery from insulin-induced hypoglycemia in insulin-dependent diabetes mellitus. Furthermore, propranolol appears to block the symptoms of hypoglycaemia such as tachycardia, sweating and tremors, thus making it difficult for patients to detect and address this dangerous condition which occurs in many diabetics (Srinivasan, 2022).
Consequently, upon the relatively high prevalence of co-morbidities of DM and other conditions which may require the use of propranolol as a therapeutic agent, this study aims to evaluate the effect of co-administration of metformin and propranolol on oral glucose tolerance test, blood glucose and antioxidative status of alloxan-induced diabetic rats.
2. MATERIALS AND METHODS
2.1 Drugs
Alloxan monohydrate (Loba Chemie Pvt Ltd, India); Metformin 500 mg tablet (Merck Sante s.a.s., France); Propranolol 40 mg tablet (Eurosun Pharmaceuticals, India).
2.2 Experimental animals
Wistar rats weighing between 140-180 g were procured from the Animal House of the Faculty of Basic Medical Science, Delta State University Abraka, Nigeria. The animals were acclimatized for a period of two weeks prior to the study, and were placed on Growers’ feed and clean water ad libitum. Guidelines were followed in the handling of animals in accordance with the ethical standards of the Institutional Animals Ethics (IAEC), as adopted by the Research and Ethics Committee of the Faculty of Basic Medical Science, Delta State University, Abraka, Nigeria (RBC/FBMC/DELSU/25/783).
2.3 Oral glucose tolerance test (OGTT) in normal rats
Oral glucose tolerance test (OGTT) was carried out in accordance to the method described by Tang et al. (2018), with slight variations. Rats of an average weight of 135 g fasted for 12 hours were randomly distributed into four groups of three rats each. 
The normal animals were grouped into four groups of five rats each as follows:
Group 1 – Normal Control (Distilled Water 10 ml/kg)
Group 2 – OGTT Control 
Group 3 – Metformin 500 mg/kg (MET)
Group 3 – Metformin 500 mg/kg + Propranolol 15 mg/kg (MET+PRO)
Thirty minutes following each administration, 2.5 g/kg of glucose solution was administered all the groups except the normal control. Blood glucose levels were measured for each group at intervals of 30, 60 and 120 minutes following glucose administration. Doses for metformin and propranolol were selected for this study based on existing studies of Moke et al (2023b) and Tsai et al (2022).
2.4 Antihyperglycaemic effect on alloxan-induced diabetic rats
Hyperglycaemia was induced in overnight fasted rats using a single dose of intraperitoneal injection of alloxan monohydrate 150 mg/kg (Rotimi et al., 2011; Moke et al, 2015). Animals were fed ad libitum 1 h after alloxanisation. Fasting blood glucose (FBG) was monitored before and after alloxanisation from samples collected from the tail tip, by means of a glucometer (ACCU-CHEK® Active) and compatible blood glucose test strips. Animals with FBG measurement of ≥ 200 mg/dl at 72 h after alloxanisation were selected for the study (Misra & Aiman, 2012).
The diabetic animals were grouped into four groups of five animals each as follows:
Group 1 – Normal Control (Distilled Water 10 ml/kg)
Group 2 – Diabetic Control 
Group 3 – Metformin 500 mg/kg (MET)
Group 3 – Metformin 500 mg/kg + Propranolol 15 mg/kg (MET+PRO)
The FBS was monitored in all these groups at 0 h prior to treatment, and for both the 7th day and 14th day of subacute administration of a daily dose of metformin and metformin with propranolol. After the fourteenth day, the animals were sacrificed using anaesthetic ether and blood samples were collected for assessment of antioxidants parameters using appropriate test kits for malonaldehyde, catalase, superoxide dismutase and glutathione activities, as described by Gutteridge and Wilkins (1982), Sinha (1972) and Misra and Fredovich (1972).
2.5 Statistical analysis
All data obtained were expressed as Mean ± SEM (standard error of mean), and analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Analysis was done using GraphPad Prism version 8.0 (GraphPad Software, San Diego, CA). P-values < 0.05 were taken as significant. Data were presented in tables and graphs.
3. RESULTS
3.1 OGTT test in normal rats
[bookmark: _Hlk201494174]Significant increase in blood glucose level of normal overnight fasted rats resulted following administration of 2.5 g/kg of glucose. Administration of metformin significantly (p < 0.05) decreased blood glucose level at 60 and 120 minutes after glucose loading, although blood glucose was much decreased in combination of metformin with propranolol (Fig. 1).
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Fig. 1: Effect of metformin and propranolol on the fasted blood glucose level of alloxan-induced diabetic rats in an OGTT study. All values are expressed as mean ± SEM (n=5). a = p < 0.05 when compared with normal control, b = p < 0.05 when compared with diabetic control, c = p < 0.05 when compared with metformin alone group. MET – metformin; MET+PRO - Metformin + Propranolol; FBS-0 = FBS at glucose loading; FBS-30 = FBS at 30 minutes after glucose loading; FBS-60 = FBS at 60 minutes after glucose loading; FBS-120 = FBS at 120 minutes after glucose loading


3.2 Antihyperglycaemic effect of metformin and propranolol on alloxan-induced diabetic rats
Table 1 shows the effect of metformin and propranolol on fasting blood glucose level in diabetic rats. Significant (p < 0.05) reduction in blood glucose level was observed with metformin after the 14th day, which was similar to that observed with combination of metformin and propranolol, however, the combination had a more significant effect as compared with the diabetic control.











Table 1. Effect of metformin and propranolol on the fasted blood glucose level of alloxan-induced diabetic rats
	
	FBS-Basal 
(mg/dL)
	FBS-Day 7 
(mg/dL)
	FBS-Day 14 
(mg/dL)

	Normal control
	84.60 ± 7.12
	73.20 ± 3.67
	77.50 ± 5.12

	Diabetic control
	309.80 ± 25.89
	337.00 ± 36.78 a
	298.20 ± 23.40 a

	MET
	316.00 ± 24.54
	235.30 ± 18.50ab
	195.50 ± 13.70ab

	MET+PRO
	309.20 ± 25.09
	206.60 ± 12.73ab
	156.60 ± 6.22ab


All values are expressed as mean ± SEM (n=5). a = p < 0.05 when compared with normal control, b = p < 0.05 when compared with diabetic control. MET – metformin; MET+PRO - Metformin + Propranolol








3.3 Effect of metformin and propranolol on serum antioxidant level of alloxan-induced diabetic rats
[bookmark: _Hlk201494779]There was a significant (p < 0.05) reduction in superoxide dismutase (SOD) level with a non-significant (p > 0.05) decrease in catalase (CAT) and glutathione (GSH) levels in the diabetic control group when compared to the normal control and a significant (p < 0.05) increase in MDA (Table 2). In the group treated with metformin, SOD was significantly (p < 0.05) increased while CAT and GSH levels were slightly elevated when compared to the diabetic control. Conversely, malondialdehyde (MDA) level was significant (p < 0.05) decreased when compared to the diabetic control. There was an increase in antioxidant enzymes levels which was significant (p < 0.05) with SOD, and a significant (p < 0.05) decrease in MDA when compared to diabetic control following treatment with metformin and propranolol. There was also a reduction in GSH, although not significant when compared to the diabetic control.







Table 2. Effect of metformin and propranolol on serum antioxidant level of alloxan-induced diabetic rats
	Groups
	MDA 
(µmol/L)
	SOD
(U/g)
	CAT
(µ/M)
	GSH
(µg/ml)

	Normal control
	2.24 ± 0.06
	9.36 ± 0.27
	8.00 ± 0.32
	5.96 ± 0.34

	Diabetic control
	3.44 ± 0.18a
	6.12 ± 0.50a
	6.80 ± 0.20
	5.46 ± 0.53

	MET
	2.90 ± 0.00b
	8.96 ± 0.41b
	7.30 ± 0.37
	5.96 ± 0.25

	MET+PRO
	2.64 ± 0.06b
	8.78 ± 0.05b
	7.30 ± 0.20
	5.28 ± 0.38


All values are expressed as mean ± SEM (n=5). a = p < 0.05 when compared with normal control, b = p < 0.05 when compared with diabetic control. MET – metformin; MET+PRO - Metformin + Propranolol; MDA – malondialdehyde, SOD – superoxide dismutase; CAT – catalase; GSH – glutathione 







4. DISCUSSION
This study evaluates the efficacy of co-administration of metformin and propranolol on oral glucose tolerance test, blood glucose and antioxidative status of alloxan-induced diabetic rats.  Subacute administration involves repeated dosing of animals for a duration of 14-28 days (Erhirhie & Moke, 2022). The oral glucose tolerance test on normal rats with metformin 500 mg/kg (MET) and a combination of metformin 500 mg/kg and propranolol 20 mg/kg (MET+PRO) revealed that propranolol co-administration with metformin exhibits the capacity to effectively lower blood glucose levels. The reduction in the blood glucose levels at 30 and 60minutes after glucose loading indicates that MET+PRO could improve glucose uptake and/or utilization. The action metformin includes reduction of hepatic gluconeogenesis, and increases glucose transporter expression in tissues thus, increasing tissue insulin sensitivity (Rena et al., 2017; Herman et al., 2022; Morrice et al., 2023). Propranolol has been known to delay glucose recovery, hence, antagonizing the reversal of hypoglycemia (Kleinbaum & Shamoon, 1984; Carnovale et al., 2021).
In the OGTT study, metformin significantly decreased the blood glucose level after 30 and 60 minutes of glucose loading. This is because the mechanism of action of metformin can be traced to its indirect or direct action on the liver to decrease glucose production and its action on the gut to increase glucose utilization (Apostolova et al., 2020; Cheng et al., 2024). Combination of metformin and propranolol had an improved reduction in FBG level the rats. This implies that the co-administration of both metformin and propranolol could be very beneficial in lowering the blood glucose level and sustaining the effect even after several minutes. This can be linked to the ability of propranolol to impair glucose recovery (Lager et al., 1979).
Alloxan-induced diabetes can be described as a form of insulin-dependent diabetes that arise upon administration of alloxan to the experimental animals. Alloxan-induced diabetes is one of the most common models of inducing diabetes in experimental animals (Moke et al., 2015; Ighodaro, et al, 2017; Kim, 2024). Alloxan, a potent diabetogenic agent is a urea derivative which causes selective necrosis of the pancreatic beta cells. Alloxan selectively destroys and damages insulin-producing beta cells of the pancreas (Lenzen, 2008; Ankur & Shahjad, 2012). Hence, it induces type 1 diabetes in experimental animals which is known as the insulin-dependent diabetes mellitus. The toxic action of alloxan on the beta cells of the pancreas can be attributed to inhibition of glucokinase enzyme, oxidation of essential sulphydryl, disruption in intracellular calcium homeostasis and generation of free radicals. The uptake of alloxan is efficient because it has a similar structure to glucose (Lenzen, 2008; Ankur & Shahjad, 2012)
The results of the present study revealed a marked anti-hyperglycaemic activity of MET and MET+PRO in alloxan-induced diabetic rats. A significant reduction in blood glucose level was observed with both treatments, although, a profound anti-hyperglycaemic effect was seen with propranolol co-administration after the 14-days treatment period. Studies have revealed that treatment of alloxan-induced diabetic rats with metformin caused significant and progressive decreases in the fasting blood sugar (FBS) levels (Naik et al., 2021; Yasin et al., 2022). Metformin has been a basic treatment of diabetes mellitus (Foretz et al., 2019). It is the first line pharmacological agent for managing diabetes mellitus. It belongs to the class of drugs known as biguanides. Numerous studies have shown that metformin monotherapy or combination with other glucose-lowering drug is beneficial in the treatment of diabetes mellitus (Marshall, 2017; Sanaye et al., 2022; Yasin et al., 2022).  Metformin acts directly or indirectly on the liver to decrease glucose production and also acts on the gut to increase glucose utilization (Foretz et al., 2019; Cheng et al., 2024). The use of propranolol as an adjunct therapy in conjunction with metformin in managing diabetes mellitus could be more efficacious than metformin monotherapy. 
[bookmark: _Hlk201181461]Oxidative stress is a well-established occurrence in diabetes mellitus. Chronic hyperglycemia and hyperlipidemia observed in diabetes mellitus are responsible for the increased production of reactive oxygen species (ROS) and reactive nitrogen species (RNS) by oxidation of glucose, lipids and proteins, causing the depletion of antioxidant enzymes and oxidative stress-induced damage of cells (Bhatti et al., 2022; Caturano et al., 2023). Several studies have reported an increase in malondialdehyde (MDA) levels in conditions like diabetes mellitus (Shabalala et al., 2022). MDA is one of the end products of polyunsaturated fatty acid peroxidation in cells, and it is a common marker of oxidative stress. In the study, when metformin was administered to the diabetic animals, there was a significant reduction in the MDA levels. Studies have shown that metformin alleviates oxidative stress markers in diabetic rats (Ahmed Mobasher et al., 2020). Co-administration of metformin and propranolol significantly decreased MDA level, which could be as result of their synergistic effect as propranolol has been suggested to scavenge free oxygen radicals (Serreau et al., 2024). This suggests that the combination will be beneficial in protecting cell membranes against the oxidative stress deleterious effects in diabetes mellitus.
[bookmark: _Hlk201494619]Antioxidant enzymes levels including catalase, SOD, and GSH were reduced in the diabetic rats when compared to the normal control. In diabetes mellitus, the levels of superoxide dismutase (SOD), catalase (CAT), and reduced glutathione (GSH) are often decreased due to increased oxidative stress (Bhatti et al., 2022). This is because elevated blood glucose levels in diabetes lead to the production of reactive oxygen species (ROS) and free radicals, which overwhelm the body's antioxidant defence mechanisms. Data from this study shows that there was a significant increase in the superoxide dismutase (SOD) level when metformin and MET+PRO were administered to the diabetic rats, with a non-significant increase in catalase and GSH levels when compared with diabetic control. GSH level was further reduced when metformin was given in combination with propranolol, depicting a possible adverse effect with the use of propranolol as decrease in endogenous GSH activity could lead to oxidative stress-induced cellular damage (Remigante & Morabito, 2022).
5. CONCLUSION
The utilization of the hypoglycaemic effect of propranolol and the antihyperglycaemic action of metformin has been shown in this study to be very potent in managing hyperglycaemia in diabetic condition following their co-administration. The use of propranolol as an adjunct therapy in conjunction with metformin in managing diabetes mellitus could be more efficacious than metformin monotherapy, as the combination effectively decreased blood glucose level and alleviated diabetic-induced oxidative stress. Future studies should be done to determining the minimal safe dose of propranolol when co-administered with metformin chronically.
Limitations of the study
The limitations of the study may include the use of single dose of propranolol, assay on insulin concentration, and effect of the co-administration on pancreatic beta cells morphology.
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