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CHANGES IN BLOOD GLUCOSE  AND GLYCOSYLATED HAEMOGLOBIN LEVELS IN ALLOXAN-INDUCED DIABETIC FEMALE WISTAR RATS TREATED WITH AZANZA  GARCKEANA FRUIT EXTRACT 
ABSTRACT
Background: Insulin-related defects, whether in secretion or action, lead to a conglomerate of metabolic disorders with elevated glycemic index known as diabetes. Due to high cost of synthetic drugs, scientific research is being done to explore the use of herbal extracts to ameliorate this disease. Azanza garckeana  fruits (AGF) are edible and are most useful as medicinal agents. This research explored the effect of this plant on blood glucose and glycated haemoglobin (HbA1) levels in alloxan induced diabetic female wistar rats.
Method: Experimental Diabetes mellitus was induced with a single intraperitoneal injection of alloxan (150 mg/kg) in all test groups except the normal control. The study examined rats that were considered diabetic and had fasting blood glucose levels 250 mg/dL.  A total of 30 rats were used for this study; Group 1 –control, group 2 - alloxan only and groups 3-5 - hydroethanolic extract of AGF 250mg, 500mg and1000mg/kg respectively and group 6- glibenclamide at 10 mg/kg body weight. Blood glucose levels were measured  on day 1, 3, 7, 14, 21 and 28th day using a glucometer, whereas HbA1 was measured on the 28th day. 
Results: Blood glucose levels in alloxan-induced rats were significantly raised from 4.34 mmol/L - 18.26 mmmol/L on day 1 and  HbA1 levels were significantly elevated from  4.10 ± 0.05 in control group to 4.64 ± 0.07 (%) when treated with alloxan. However, on day 28 the 500mg/kg AGF extract significantly reduced blood glucose levels from 27.76 ± 1.39 mmol/L in alloxan only group to  5.94 ± 0.76 mmol/L. HbA1 decreased significantly from 4.64 ± 0.07 to 4.08 ± 0.04(%) with 1000mg/kg AGF extract. The Statistical Product and Service Solutions (SPSS) version 21.0 was used to analyze the data. 
Conclusion:  AGF extract significantly decreased blood glucose levels proving more effective than the synthetic drug (glibenclamide). 
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1. INTRODUCTION
Diabetes is a conglomerate of metabolic disorders associated with high glycemic index due to defects in insulin secretion, action or both.  Diabetes mellitus is broadly classified into two principal forms: Type 1 and Type 2 diabetes mellitus. Type 1 diabetes, commonly referred to as insulin-dependent diabetes mellitus (IDDM), arises from an absolute deficiency of insulin resulting from impaired secretion by the pancreatic β-cells of the islets of Langerhans. In contrast, Type 2 diabetes mellitus, also known as non–insulin-dependent diabetes mellitus (non-IDDM), is characterised primarily by a reduced responsiveness or sensitivity of peripheral target tissues to the regulatory actions of insulin (Chahrour et al., 2025).
Chronic hyperglycemia along with deviations in protein, lipid, and carbohydrate metabolism brought on by deficits in either insulin hormone action or secretion, or both, is the hallmark of Diabetes Mellitus. It can cause prolonged harm and organ failure and malfunction. It can also result in continuous thirst stimulation, polyuria, blurred eyesight, and weight loss, etc (Butler & Misselbrook, 2020). In its most extreme forms, ketoacidosis, also known as a non-ketotic hyperosmolar state, can occur. This condition can cause stupor, coma, and, in the event that treatment is not successful, death. Frequently, there may be no symptoms at all or only mild ones, which means that hyperglycemia up to huge extent may result in functional shifts may exist for a long time prior to diagnostics (Shaikh et al. 2022). Some of these effects may require combination therapies and due to high cost of synthethic drugs 
According to WHO, the global incidence level of the disorder amongst  adults has risen from aroun 200 million cases in 1990 to about 830 million in 2022 (approximately 14% of adults living with the disease. (WHO, 2024). This growing prevalence combined with the economic impact  especially on underdeveloped countries have brought about the need for alternative herbal therapies to ameliorate the disease.  
[bookmark: _Toc180501637] Azanza garckeana,  an edible fruit in Northern Nigeria has been indicated to have various  medicinal attributes and are used to manage conditions in areas where the plant is found. It falls into the Malvaceae family and also called Goron-Tula in Nigeria, Morojwa in Botswana and in English it is known as Snot Apple and many other names depicting its attributes and applicatons at different quarters. It can be found in Nigeria, Congo, Sudan, etc (Laz-Okenwa et al., 2024). In Nigeria, it is predominant and habitually cultivated by the people of Tula, Kaltungo Local Government Area of Gombe State and their neighbours. 
Azanza garckeana has so much dietary and medicinal uses. The fruits are edible and are most useful. They are eaten while slightly green or ripe or dried and reconstituted later. The pulp is chewed like a chewing gum and produces a sweet glutinous taste (Jacob et al., 2016). They can be soaked in a small amount of water to form jelly or boiled and made into porridge. The leaves are also eaten as vegetable (Ochokwu et al., 2015). 
 Phytochemical investigations of the fruit have demonstrated the presence of diverse bioactive constituents, including alkaloids, cardiac glycosides, reducing compounds, flavonoids, saponins, steroids, triterpenes, tannins, and phenolic compounds (Elshiekh & Ali, 2020). Among these, triterpenes have been reported to exhibit notable antidiabetic properties. Empirical evidence suggests that they may inhibit key enzymes involved in glucose metabolism, mitigate the onset of insulin resistance, and contribute to the regulation of plasma glucose and insulin concentrations (Laz-Okenwa et al., 2024).Therefore, this research is aimed at exploring the effects of hydroethanolic extract of azanza garckeana on blood glucose and glycosylated haemoglobin in alloxan-induced diabetic female wistar rats. 
[bookmark: _GoBack]2.  METHODS
2.1. Experimental design 
The present study was a laboratory-based experimental study using Wistar rat models. The work was carried out in the Department of Human Physiology, Faculty of Basic Medical Sciences, University of Port Harcourt. 
2.2. Preparation of Azanza garckeana Extract
Fruits of Azanza garckeana were collected from Tula Town, Kaltungo Local Government Area, Gombe State, Nigeria, where the plant is widely cultivated. The plant material was identified and authenticated by Dr Ekeke Chemezie, a plant taxonomist at the University of Port Harcourt Herbarium, Nigeria. A voucher specimen (UPH/P/414) was prepared and deposited at the Herbarium for reference. The fruits were separated into pulp and seeds. The pulps were air-dried at ambient temperature (approximately 37°C) and subsequently ground into a fine powder using an electric grinder. The powdered material was macerated in a hydroethanolic solvent (ethanol–water, 70:30 v/v) with intermittent stirring to ensure adequate extraction. The mixture was then filtered and concentrated using a rotary evaporator maintained at 60°C. The resulting extract was stored at 4 °C until further use (Ahmed et al., 2016).
2.3.  Experimental Animals
Thirty (30) adult female Wistar rats (Rattus norvegicus) weighing 150-200 grams were used for the study. The Wistar rats were obtained from the Department of Physiology Animal House, University of Port Harcourt and housed under standard laboratory conditions (temperature 25 ± 2 °C, and 12-hour light/dark cycle). The rats were allowed free access to feed and clean drinking water ad libitum. All rats were allowed to acclimatise for 14 days before the commencement of the experiment. 
2.3.1. Induction of Experimental Diabetes
Experimental Diabetes mellitus was induced in all test groups, except the normal control, by a single intraperitoneal injection of freshly made alloxan monohydrate at a dose of 150 mg/kg body weight, dissolved in 0.9% normal saline (Okafor et al., 2022). To prevent initial hypoglycaemic shock, rats were provided with 5% glucose solution for 24 hours post-alloxan administration. After 72 hours, fasting blood glucose levels were measured using a glucometer via tail vein puncture. Rats with fasting blood glucose levels ≥250 mg/dL were considered diabetic and included in the study.
2.4. Experimental Grouping and Treatment Protocol
A total of thirty (30) rats were randomly assigned into six experimental groups (n = 5 per group) as follows:
A total of thirty (30) rats were randomly assigned into six experimental groups (n = 5 per group) as follows:
1. Group 1 (Normal control): Non-diabetic rats administered distilled water.
2. Group 2 (Diabetic control): Alloxan-induced diabetic rats were administered distilled water.
3. Group 3: Diabetic rats treated with hydroethanolic extract of  Azanza garckeana fruit (AGF) at 250 mg/kg body weight.
4. Group 4: Diabetic rats treated with hydroethanolic extract of  Azanza garckeana fruit (AGF) at 500 mg/kg body weight.
5. Group 5: Diabetic rats treated with hydroethanolic extract of  Azanza garckeana fruit (AGF)   at 1000 mg/kg body weight.
6. Group 6: Diabetic rats treated with a standard antidiabetic drug (glibenclamide at 10 mg/kg body weight).
All treatments were administered orally once daily using an oral gauge for a period of 28 consecutive days.

2.5. Blood Glucose and Glycosylated Haemoglobin determination
Blood glucose level was measured on days 1, 3, 7, 14, 21 and 28 of treatment. Glucose testing kit was utilized for the measuring of plasma glucose levels in accordance with manufacturers recommended protocols. Blood samples were obtained via tail puncture of the rats. While HbA1c was measured on Day 0 and 28  the method of Aba & Asuzu (2018) using ion exchange chromatography.
2.6. Method of Data Analysis  
The statistical product and service solutions (SPSS) version 21.0 was utilized to conduct statistical screening on the data acquired from the current investigation. One-way analysis of variance (ANOVA) and the Post-Hoc multiple comparison were on hand to define statistical significance; a value of p<0.05 was deemed statistically marked. Standard error of mean (SEM) ± mean was used to express the values.

3. RESULTS
Table 1: Blood Glucose Level Changes in AGF Treated Female Wistar Rats with Alloxan-Induced Diabetes

	
Groups /Treatment(s)
	Changes in Blood Glucose level (mmol/L)

	
	Day 1
	Day 3
	Day 7
	Day 14
	Day 21
	Day 28

	Group 1: Negative control (untreated rats)

	4.34 ± 0.13
	4.16 ± 0.25
	3.74 ± 0.50
	4.00 ± 0.42
	4.30 ± 0.15
	4.30 ± 0.17

	Group 2: Positive control (Alloxan only treated rats)

	18.26 ± 3.30 a
	25.64 ± 2.14 a
	22.04 ± 3.81 a
	23.28 ± 2.61 a
	24.02 ± 1.89 a
	27.76 ± 1.39 a

	Group 3: Alloxan  + 250mg/kg AGF


	23.24 ± 5.03 a
	18.24 ± 5.31 a
	20.46 ± 5.95 a
	17.26 ± 5.66 a
	17.58 ± 5.18 a
	13.38 ± 5.76 b

	Group 4: Alloxan  + 500mg/kg AGF 

	27.94 ± 1.66 a
	20.42 ± 3.48 a
	13.44 ± 2.09
	12.20 ± 2.24 b
	8.80 ± 1.31 b
	5.94 ± 0.76 b

	Group 5: Alloxan  + 1000mg/kg AGF

	26.74 ± 1.16 a
	21.60 ± 3.27 a
	19.64 ± 2.85 a 
	16.92 ± 2.03 a
	13.30 ± 2.06 b
	8.48 ± 2.02 b

	Group 6: Alloxan  + Glibenclamide
	26.12 ± 5.29 a 
	24.54 ± 2.99 a
	18.82 ± 3.32 a
	19.16 ± 5.33 a
	18.84 ± 5.46 a, d
	13.08 ± 5.11 b


Values represent mean ± SEM, n=5; a Significant at p<0.05 when compared to group 1; b Significant at p<0.05 when compared to group 2. c Significant at p<0.05 when compared to group 3; d Significant at p<0.05 when compared to group 4; e Significant at p<0.05 when compared to group 5.


Table 1 shows the results for Blood Glucose Level Changes in AGF Treated Female Wistar Rats with Alloxan-Induced Diabetes
The  results for Day 1  indicated significant (p<0.05) increase when all groups ( Alloxan only, Alloxan  + 250mg/kg AGF, Alloxan  + 500mg/kg AGF,  Alloxan  + 1000mg/kg AGF and Alloxan  + Glibenclamide) were compared to group 1 (negative control)    respectively.  The degree of increase is as follows; group  2 < group 3 < group 6 < group 5 < group 4.
The values for Day 3 showed significant (p<0.05) increase when all groups ( Alloxan only, Alloxan  + 250mg/kg AGF, Alloxan  + 500mg/kg AGF,  Alloxan  + 1000mg/kg AGF and Alloxan  + Glibenclamide)  where  compared to  group 1 (negative control). The degree of increase is as follows;  group 3 < group  4 < group 5 < group 6 < group 2
The values for Day 7 showed significant (p<0.05) increase in groups 2,3,5 and 6  ( Alloxan only, Alloxan  + 250mg/kg AGF,   Alloxan  + 1000mg/kg AGF and Alloxan  + Glibenclamide)  when  compared to  group 1 (negative control). The degree of increase is as follows;   group 6 < group 5 < group 3 < group 2.
The values for Day 14 showed significant (p<0.05) increase in groups 2,3,5 and 6  ( Alloxan only, Alloxan  + 250mg/kg AGF,   Alloxan  + 1000mg/kg AGF and Alloxan  + Glibenclamide)  when  compared to  group 1 (negative control). The degree of increase is as follows;    group 5 < group 3 < group 6 < group 2. The values of group 4 (Alloxan  + 500mg/kg AGF),was significantly (p<0.05) reduced when compared to group 2 (Alloxan only).
The Glucose levels for Day 21 showed that the values of group 2, 3 and 6 ( Alloxan only, Alloxan  + 250mg/kg AGF,   and Alloxan  + Glibenclamide)   were significantly (p<0.05) increased when compared to group 1 (alloxan only). The values of group 4 and 5 (Alloxan  + 250mg/kg AGF and Alloxan  + 500mg/kg AGF)  were significantly (p<0.05) reduced when compared to group 2 (Alloxan only). The values of group 6 (Alloxan  + Glibenclamide) were significantly (p<0.05) increased when compared to group 4 (Alloxan  + 250mg/kg AGF)
For Day 28, the results showed that the glucose levels of group 2 (Alloxan only) were significantly (p<0.05) increased when compared to group 1 (negative control) .  The values of group 3-6 ( Alloxan  + 250mg/kg AGF, Alloxan  + 500mg/kg AGF,  Alloxan  + 1000mg/kg AGF and Alloxan  + Glibenclamide)  were significantly(p<0.05) reduced when compared to  group 2 (Alloxan only). The degree of reduction is as follows ; group 6 > group  3 > group 5 > group 4.

[bookmark: _Toc180501702][bookmark: _Toc180501747]Table 2: Glycosylated Haemoglobin (HbA1c) Level Changes in AGF Treated 			Female Wistar Rats with Alloxan-Induced Diabetes

	Groups /Treatment(s)
	Glycosylated Haemoglobin (HbA1c) ( %)

	Group 1: Negative control 	(untreated rats)
	4.10 ± 0.05

	Group 2: Positive control (Alloxan only treated rats)
	4.64 ± 0.07 a

	Group 3: Alloxan  + 250mg/kg AGF
	4.30 ± 0.04 a, b

	Group 4: Alloxan  + 500mg/kg AGF 
	4.26 ± 0.06 a, b

	Group 5: Alloxan  + 1000mg/kg AGF
	4.08 ± 0.04 b, c, d

	Group 6: Alloxan  + Glibenclamide
	4.10 ± 0.04 b, c, d


Values represent mean ± SEM, n=5; a Significant at p<0.05 when compared to group 1; b Significant at p<0.05 when compared to group 2. c Significant at p<0.05 when compared to group 3; d Significant at p<0.05 when compared to group 4;  e Significant at p<0.05 when compared to group 5.

Table 2 shows the results for Glycosylated Haemoglobin (HbA1c) Level Changes in AGF Treated Female Wistar Rats with Alloxan-Induced Diabetes
The values for group 2  (Alloxan only) were significantly (p<0.05) increased when compared to group 1 (Negative control).  The levels of group 3 and 4 (Alloxan  + 250mg/kg AGF and Alloxan  + 500mg/kg AGF) were significantly (P<0.05)  increased when compared to group 1 (negative control). The values of group 3-6 (Alloxan  + 250mg/kg AGF, Alloxan  + 500mg/kg AGF,  Alloxan  + 1000mg/kg AGF and Alloxan  + Glibenclamide respectively) were significantly (P<0.05) reduced when compared to group 2 (Alloxan only). The degree of reduction is as follows; group 3 > group 4 > group 5 > group 6. Groups 5 and 6 (Alloxan  + 1000mg/kg AGF and Alloxan  + Glibenclamide) were significantly reduced when compared to group 3 and 4 (Alloxan  + 250mg/kg AGF and Alloxan  + 500mg/kg AGF) respectively.


4. DISCUSSION
For the results presented in changes in blood glucose levels, as at day 1 of treatment , blood glucose level of the  alloxan induced rats were significantly increased to 18.26 mmol/l as against 4.34mmol/L of the negative control. This is inline with the studies of Fujieda et al. (2018) and  Lin et al. (2019) which reported that alloxan is associated with Diabetes mellitus because it blocks the glucose sensor (glucokinase) in the liver and pancreatic beta cells.
Blood sugar levels were measured on Day 1, day 3, day 7, day 14, day 21 and day 28. Treatment with the herbal extracts in day one didn’t yield any marked results. Day 3 and 7 showed some levels of reduction. While there was marked reductions in blood glucose levels  from day 14 to 28 with herbal extract having more potency than the synthetic drug (glibenclamide). Glycosylated hemoglobin levels in the negative control was significantly higher in group 2 when induced with alloxan, but decreased markedly when treated with the herbal extract of 250mgkg, 500mgkg and 1000mg kg and when compared with the synthetic drug. The herbal extract having therefore, more potency than the synthetic drug.
This dramatic decrease in blood glucose levels of the treated groups could be due to the  presence of Triterpene (which are said to be anti-diabetic) in the herbal extract. Triterpenes can inhibit enzymes involved in glucose metabolism, prevent the development of insulin resistance and normalize plasma glucose and insulin hormone levels ( Jacob et al., 2016; Laz-Okenwa et al., 2024) .  It does this by regulating the expression of insulin hormone receptor, GLUT 4, and inhibiting alpha amylase and alpha glucosidase activity (Dahiru et al., 2023). 
5. CONCLUSION
The study found that alloxan treatment markedly increased blood glucose levels in rats, but the treatments significantly decreased blood glucose levels with the herbal extract showing more potency than the synthetic drug (glibenclamide). This could be due to the presence Triterpenes in the herbal extract, which are anti-diabetic and can inhibit glucose metabolism enzymes, prevent insulin resistance, and normalize plasma glucose and insulin levels. 
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