


EVALUATION OF THE EFFECT OF Scoparia dulcis (sweet broom weed) ON BLOOD GLUCOSE LEVELS OF ALLOXAN–INDUCED DIABETIC ALBINO RATS


ABSTRACT
Diabetes mellitus is a chronic disease characterized by a relative or absolute lack of insulin secretion or insulin inaction. This research was designed to study the effect of the aqueous extract of Scoparia dulcis, a traditionally used antidiabetic plant. A total of 75 adult male albino rats were used in this study. The rats were divided into five treatment groups (T1-T5) with each group containing 5 rats and the experiment was replicated three times. Treatment 1 was non-diabetic, T2-T5 were made diabetic using alloxan. The induction of diabetes was achieved by intraperitoneal injection of alloxan monohydrate (150 mg/kg b.w.). The aqueous extract was administered using oral gavage at two doses of 200mg/kg and 600mg/kg for 11 days. Fasting blood sugar was measured every 3 days for all the rats. The result revealed that there was a non-dose dependent reduction on glucose levels as the 200mg/kg (low dose) (40.20±5.63mg/dl) was more effective than even the high dose (600mg/kg) (65.33±13.61mg/dl) and the standard drug (glibenclamide) (57.50±7.08mg/dl) group. There was a significant difference (p<0.05) between the blood glucose level of the negative control (untreated group) and the other experimental groups. The blood glucose level was high in the untreated diabetic rats (237.60±3.14mg/dl) than the groups treated with the extract of Scoparia dulcis and glibenclamide at the end of the experiment. There was also a non-significant difference between the initial and final glucose levels in the experimental groups (p>0.05) except the untreated diabetic group. This shows a healing phase. The hypoglycemic activity of aqueous extract of Scoparia dulcis was clearly revealed in this study even at a low dose, therefore, a high dose might not be required for the treatment of diabetes. 




INTRODUCTION
Diabetes mellitus is a metabolic disease characterized by elevated blood sugar levels, either due to insufficient insulin production by the body or improper response of body cells to the insulin that is produced (Banday et al., 2020). Diabetes mellitus is an endocrine disease that mostly results from abnormal insulin synthesis and it negatively affects the metabolism of carbohydrates, proteins, fats, electrolytes, and water (Farzaei et al., 2017). By 2030, there could be up to 578 million people worldwide who have diabetes mellitus. (Saeedi et al., 2019). Diabetes is associated with long-term complications such as heart disease, stroke, kidney failure, blindness, nerve damage and neuropathy, atherosclerosis, chronic infections, immune deficiency and peripheral vascular disease that may lead to ulcers, gangrene and amputation (Beulens et al., 2019). Common symptoms of diabetes include weight loss, polyurea, polydipsia, polyphagia, constipation fatigue, cramps, blurred vision and slow healing of wound or sores (Baynest, 2015). According to Xu et al., 2018, the long-term consequences of diabetes mellitus include major risk factors such as microvascular and macrovascular complications (neuropathy, nephropathy, retinopathy and vascular diseases).
Current treatments for diabetes include insulin therapy (for type 1 and some type 2 diabetes patients) and administration of oral hypoglycemic agents (i.e., insulin secretagogues, biguanides, α-glucosidase inhibitors, and insulin sensitizers), which nevertheless have been demonstrated to show deteriorations in hyperglycemic control and increased risks of contracting diabetic complications during long-term usage. To further complicate the situation, the hefty expense of purchasing these drugs is a significant economic burden borne by the diabetic patients, especially given the increased prevalence of the disease in developing countries.
Scoparia dulcis often known as sweet broom weed is used as herbal plant for treating diabetes worldwide with proven hypoglycaemic effect (Das and Chakraborty, 2011). Scoparia dulcis is a medicinal plant used widely as a remedy for treating ailments such as kidney stones, hypertension, diabetes and many others (Terhemba et al., 2024). Several studies had been carried out on the anti-diabetic potential of this plant in animal models using streptozotocin or alloxan (Zulfiker et al., 2010). Alloxan monohydrate is a pyrimidine derivative has been commonly used as a pharmacological tool for induction of diabetes mellitus in experimental animals. 
METHODOLOGY
Site for the Research
The study was carried out in the Zoology Research and Development Center of the Department of Zoology located at Nnamdi Azikiwe University, Awka, Anambra State.
Procurement of Experimental Animals
A total of 75 adult male albino rats aged 2 – 3 months, weighing 160-200g were used for the experiment. The animals were allowed to get acclimatized with the environment one week before the commencement of the experiment. They were fed throughout the research period with water and vital growers’ chick mash pellets. The experiment lasted for 11 days. 
Collection and Identification of the Medicinal Plant (Scoparia dulcis)	
Fresh leaves of Scoparia dulcis was collected from Pharm. Opi Eze research farm in Amansea, Awka-North Local Government Area, Anambra State. Thereafter, it was taken to the herbarium of the Botany Department of Nnamdi Azikiwe University, Awka, Anambra state for identification and authentication by a plant taxonomist. It was given the herbarium number: NAUH- 225a. 
Preparation of Plant Materials
The aqueous leaf extract of Scoparia dulcis was obtained with the method of Joselin et al. (2020) with modifications. The dried leaves of the Scoparia dulcis were ground into powder using electric grinder and then immersed in distilled water at 500g in 1500 litres of water for 24 hours. Thereafter, the mixture was filtered with Whatman no. 1 (125mm) filter paper to obtain aqueous extract of the leaf. The filtrate was concentrated with a rotary evaporator to remove the water until it is in pellet form. The extract was then put into several test tubes, stopped with a cork to prevent air and contaminants and refrigerated at +2 - +8oC.
Induction of Diabetes mellitus
The blood glucose levels of all the animals were taken just before the administration of the alloxan using glucose test strips and a glucometer. Diabetes was induced by a single intraperitoneal injection of freshly prepared alloxan monohydrate dissolved in 1 ml normal saline to the overnight fasted normal glycaemic experimental albino rats as described by the method of Ahmed (2009).. After the induction, all the rats were allowed free access to food and water. The animals were allowed to rest for 48 hours when sustained hyperglycaemia is expected (Balamash et al., 2018). An animal was considered diabetic when their blood glucose level was ≥ 200 mg/dl (IDF, 2021). Two days after alloxan administration, blood samples were obtained from the tips of the rat’s tail (rat tail vein puncture method) and the fasting blood glucose levels was determined using glucose test strips and Fine test glucometer to confirm diabetes. This gives a digital result within 45 seconds.
Preparation of Glibenclamide Suspension
Glibenclamide tablet was crushed and mixed with 20 ml of sterile distilled water. The mixture was kept in an ultrasonic water bath for 45 minutes until a homogenous mixture is obtained. The suspension was administered orally to the induced diabetic rats at 5mg/kg body weight.
Experimental design
This experiment was carried out using a complete randomized block design. A total of 75 adult male wistar albino rats (Rattus norvegicus) was used. After acclimatization which lasted for 1 week, the rats were weighed using an analytical weighing balance and randomly distributed into five (5) treatment groups (T1-T5) with each group containing 5 rats. Each treatment group were replicated three times. 
Treatment 1 (T1) contained non-diabetic rats. In this group, they were given normal feed (growers' chick mash) and 2ml/kg of distilled water was orally administered using gastrointestinal cannular. This was the normal control group. Treatment 2 (T2) was induced with an intraperitoneal injection of alloxan at 150mg/kg and not treated (positive control). Treatment 3 (T3) was induced with an intraperitoneal injection of alloxan at 150mg/kg and treated with 200mg/kg dosage of the leaf extract of Scoparia dulcis. Treatment 4 (T4) was induced with an intraperitoneal injection of alloxan at 150mg/kg and treated with 600mg/kg dosage of the leaf extract of Scoparia dulcis. Treatment 5 (T5) was induced with an intraperitoneal injection of alloxan at 150mg/kg and treated with oral administration of glibenclamide at a dose of 5mg/kg.
Treatments
Treatment 3 (T3) and Treatment 4 (T4) were given the aqueous leaf extract of Scoparia dulcis once in 24 hours through oral gavages using canular for 3 weeks during the experimental period at a fixed time of 10:00 am. Treatment 5 (T5) was given glibenclamide at 5mg/kg body weight Fasting blood glucose levels were checked by collecting a blood sample from the tail vein every 3 days and determined using fine test glucometer and glucose test strips (code 25) at 8:00 am before treatment and feeding while body weight was checked every week using G&G (model JJ300) analytical weighing balance (Muhammad et al., 2022).
STATISTICAL ANALYSIS
The results of initial and final glucose levels were analyzed using paired t test. p≤ 0.05 was considered statistically significant (Erejuwa et al., 2016).
RESULTS
Blood glucose levels
Figure 1 below shows the average glucose levels of the rats during the experimental period. Prior to alloxan administration, basal blood glucose levels did not differ significantly between groups, whereas 48 h after alloxan administration they were significantly higher in diabetic rats. 
The scatter plot in figure 2 shows the percentage change in glucose levels. From the results, the 200mg/kg aqueous Scoparia dulcis leaf extract group showed greater potency with a 7% increase in glucose level on the 11th day when compared with the initial glucose levels. With the exception of the untreated group which maintained their high fasting blood glucose level (237.60±3.14mg/dl), there was no significant difference between the initial and final glucose levels in the experimental groups (p>0.05).









Figure 1: Bar chart showing average glucose levels in the various groups.

Figure 2: Scatter plot showing percentage change in glucose levels


DISCUSSION
The result on the antidiabetic study carried out revealed that, from the glucose readings of the control and diabetes induced animals, there was a non-dose dependent reduction in glucose levels as the 200mg/kg (low dose of the extract) showed greater potency than even the standard drug. This supports the findings of Jiang et al. (2021) who reported that extract of Scoparia dulcis possesses anti-diabetic potential even at a lower dose and higher doses might not be required. 
[bookmark: _Hlk190886994]With the exception of the untreated group which maintained their high blood glucose level, there was no significant difference between the initial and final glucose levels in the experimental groups (p>0.05). This shows a healing phase. This supports the observation by Barthakur et al. (2007)       . The result of a study done by Zulfiker et al. (2010) also showed that the plant extract of Scoparia dulcis was found to be highly effective in blood sugar lowering activity in alloxan-induced hyperglycemic mice. The hypoglycaemic effect of this plant extract could be as a result of its natural compounds. The natural compounds improve the beta function of the pancreas in producing the hormone; insulin by regenerating and inhibiting damage to the islets of Langerhans cells so that insulin secretion returns to normal in the blood and restores the sensitivity of the insulin receptor cells (Arif et al., 2022). Perumal et al. (2014) research supported that the aqueous extract of Scoparia dulcis has potent antidiabetic and antioxidant effects that might be a potential therapeutic agent for the management of diabetes mellitus.
CONCLUSION 
In conclusion, the study on the aqueous leaf extract of Scoparia dulcis enhanced reduction in blood glucose levels. The low dose of the extract showed greater effect than even the standard drug. Thus, this herb possesses anti-diabetic potential at a lower dose and higher doses might not be required. The plant has a hypoglycemic effect and may be safe when taken orally. If the results obtained with rats can also apply to man, Scoparia dulcis will be highly recommended for diabetic patients.
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