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Antihyperglycaemic Effect of Ethanol Extract of Trichosanthes cucumerina Leaf in Streptozotocin-Induced Diabetes
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ABSTRACT

	Diabetes mellitus is a chronic metabolic disorder characterised by persistent hyperglycaemia and impaired glucose metabolism, necessitating the investigation of affordable and naturally derived therapeutic agents. This study evaluated the antihyperglycaemic potential of ethanol extract of Trichosanthes cucumerina (snake gourd) in streptozotocin (STZ)-induced diabetic Wistar rats. Diabetes was experimentally induced using STZ, after which the animals received graded doses of the ethanol extract for 28 days. We assessed treatment effects using fasting blood glucose (FBG), glycated haemoglobin (HbA1c), serum insulin, and the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) as indicators of glycaemic control and insulin sensitivity. Administration of T. cucumerina extract significantly improved hyperglycaemic indices compared with the untreated diabetic control group (p < 0.05). The highest dose of 400 mg/kg body weight produced the most pronounced effect, reducing FBG to 130.82 ± 4.55 mg/dL and HbA1c to 6.35 ± 0.26%. The treatment also increased serum insulin concentration to 12.62 ± 1.10 µIU/mL and reduced HOMA-IR to 4.32 ± 0.30, indicating improved insulin sensitivity and glucose regulation. The observed antihyperglycaemic activity may be associated with the bioactive phytochemicals present in T. cucumerina, particularly flavonoids and tannins, which may enhance insulin action, reduce oxidative stress, and improve glucose utilisation. Histopathological findings further indicated restoration of pancreatic islet architecture in treated diabetic rats, supporting the biochemical evidence of improved glycaemic control. The findings demonstrate that ethanol extract of T. cucumerina possesses significant antihyperglycaemic activity in STZ-induced diabetic Wistar rats, supporting further investigation of its antihyperglycaemic properties within experimental models.
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INTRODUCTION
Diabetes mellitus (DM) is a chronic, multifactorial metabolic disorder characterised by persistent hyperglycaemia resulting from defects in insulin secretion, insulin action, or both (Campos, 2012). The disease is associated with profound disturbances in carbohydrate, lipid, and protein metabolism, as well as impairments in micronutrient homeostasis, which collectively contribute to elevated morbidity and mortality, particularly through cardiovascular complications (Awuchi et al., 2020). The global burden of DM is considerable and continues to escalate; in 2010, approximately 285 million adults representing 6.4% of the world's adult population were estimated to be living with diabetes, a figure projected to reach 430 million in the absence of more effective preventive or therapeutic interventions (Ahmad, 2013). By 2021, this estimate had risen to 537 million, with projections indicating a further increase to 783 million by 2047 (American Diabetes Association Professional Practice Committee, 2022).
Diabetes mellitus is broadly classified into several distinct forms, including Type 1 diabetes mellitus (T1DM), Type 2 diabetes mellitus (T2DM), gestational diabetes mellitus (GDM), neonatal diabetes, and maturity-onset diabetes of the young (MODY), as well as secondary forms attributable to endocrinopathies or pharmacological agents such as glucocorticoids (Arena et al., 2017). T1DM and T2DM constitute the primary subtypes; T1DM, which is characterised by autoimmune destruction of pancreatic β-cells, typically presents in children and adolescents, whereas T2DM, a condition defined by progressive insulin resistance and relative insulin deficiency, predominantly affects middle-aged and older adults with chronic lifestyle and nutritional risk factors (Athyros et al., 2018; Karavanaki et al., 2022). Each subtype has distinct pathophysiological mechanisms that shape clinical presentations, aetiological profiles, and therapeutic needs (DeFronzo, 2009).
Chronic hyperglycaemia, irrespective of diabetes type, is the principal driver of both microvascular complications, including diabetic nephropathy, retinopathy, and peripheral neuropathy, and macrovascular complications such as atherosclerotic cardiovascular disease (ASCVD), coronary heart disease, and stroke (Campos, 2012; Yamazaki et al., 2018). In 2015, DM was recorded as the seventh leading cause of death in the United States (Murphy et al., 2017), and it is estimated that nearly two-thirds of persons with diabetes will die from myocardial infarction or stroke (Wannamethee et al., 2011). Fasting blood glucose levels exceeding 100 mg/dL in T2DM are associated with significantly elevated cardiovascular risk, which may precede the onset of overt hyperglycaemia (Rao et al., 2011). Diabetic retinopathy contributes to between 12,000 and 24,000 new cases of blindness annually in the United States alone (Kropp et al., 2023).
Renal dysfunction constitutes another major contributor to DM-associated morbidity and mortality. Microalbuminuria, defined as urinary albumin excretion of 30–300 mg/day, serves as a reliable early marker of diabetic nephropathy, with progression to End-Stage Renal Disease (ESRD) accelerating once macroalbuminuria (>300 mg/24 hours) is established (Albers et al., 2010). The albuminuria-to-creatinine ratio from a random spot urine sample represents the most widely used, rapid, and reliable diagnostic method for detecting microalbuminuria (Arawwawala et al., 2009). Additionally, T2DM has been implicated in the pathogenesis of bladder cancer, particularly in patients receiving pioglitazone therapy (Tseng, 2011). Acute metabolic crises in DM include diabetic ketoacidosis (DKA), predominantly in T1DM, resulting from unchecked lipolysis and ketogenesis in the absence of adequate insulin, causing high anion-gap metabolic acidosis (Acan et al., 2018; Martínez et al., 2018), and hyperosmolar hyperglycaemic syndrome (HHS), which is more characteristic of T2DM and presents with extreme hyperglycaemia without significant ketonaemia (Victor et al., 2022).
The hyperglycaemic index represents a critical biomarker for monitoring DM. Dyslipidaemia in diabetes, characterised by elevated low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), triglycerides (TG), very-low-density lipoprotein cholesterol (VLDL-C), and reduced high-density lipoprotein cholesterol (HDL-C), results from poor glycaemic control, which is typically assessed through glycated haemoglobin (HbA1c) levels (Wang et al., 2022; Chinko and Efebo, 2025). These lipid abnormalities substantially increase the risk of atherosclerosis and cardiovascular disease in the diabetic population. The streptozotocin (STZ)-induced diabetic rat model reproduces certain metabolic and biochemical features of diabetes, including hyperglycaemia, and is used for experimental evaluation of these features (Rehman et al., 2023). However, this model does not reproduce the full aetiology or immune mechanisms of human diabetes, particularly T1DM; therefore, findings from it should not be directly extrapolated to clinical efficacy in humans.
Despite the significant burden of DM and its complications, current synthetic pharmacotherapies remain limited by adverse effects, high costs, and restricted accessibility, particularly in low-resource settings (Zafar et al., 2010). These limitations have driven growing interest in medicinal plant-based alternatives as complementary or primary therapeutic options. Trichosanthes cucumerina (snake gourd), a member of the family Cucurbitaceae, is an annual climbing plant widely distributed across southern India and Nigeria (Ajuru & Nmom, 2017). In African and Asian ethnomedicine, this plant has traditionally been used to manage diabetes, inflammation, and cardiovascular disorders. Its diverse phytochemical constituents, including alkaloids, flavonoids, tannins, saponins, and phenolics, underpin its antioxidant, hypolipidaemic, and antidiabetic activities (Nnaoma et al., 2023).  A focused review of Trichosanthus cucumerina has documented its phytochemical constituents and traditional medicinal applications, providing a basis for continued pharmacological investigation of this species (Devi, 2017). In a separate STZ-based rat model, an aqueous botanical extract was evaluated for antidiabetic and antihyperlipidaemic effects, further illustrating the use of STZ-induced diabetic rats for screening plant-derived interventions (Kesavan & Gnanasekaran, 2024). Recent literature has continued to examine T. cucumerina in the context of diabetes: a 95% ethanolic whole-plant extract was screened in diabetic rats (Gautam et al., 2025), and a 2026 comparative STZ-induced Wistar rat study evaluated methanolic green-fruit extract of T. cucumerina subsp. cucumerina (Radharamanan & Perumal, 2026). A recent review of plant-based foods and phytochemicals in diabetes also identifies T. cucumerina among plant sources with reported antihyperglycaemic relevance (Ansari et al., 2024). However, despite its traditional applications and preliminary evidence of efficacy, rigorous empirical validation of the ethanolic extract of T. cucumerina with respect to hyperglycaemic index regulation and lipid profile modulation in controlled animal models remains limited. The present study was therefore designed to address this gap by evaluating the effects of the ethanolic extract of T. cucumerina on the hyperglycaemic index and lipid profile in STZ-induced diabetic albino rats.
[bookmark: _Toc230616737]MATERIALS AND METHODS
[bookmark: _Toc230616738]Study Area
The plant material was collected from a cultivated botanical garden located within the Calabar South Local Government Area (LGA), Cross River State, Nigeria. All laboratory analyses were conducted at the Biochemistry Research Laboratory, Department of Biochemistry, University of Cross River State (UNICROSS), Calabar.
[bookmark: _Toc230616739]Materials
[bookmark: _Toc230616740]Experimental Plant Material
Fresh, mature leaves of Trichosanthes cucumerina Linn. were harvested from the cultivated botanical garden in Calabar South LGA, Cross River State, Nigeria, during the wet season (June 2025). Plant authentication was conducted by a certified plant taxonomist at the Forest Herbarium, UNICROSS Botanist Garden, Calabar. A voucher specimen was deposited and assigned Voucher Number FHI 112358 for permanent reference.
[bookmark: _Toc230616741]Experimental Animals
[bookmark: _Toc230616742]Twenty-five (25) healthy, young adult male albino rats (Rattus norvegicus, Wistar strain), with body weights ranging from 150 to 200 g, were procured from the Animal House Facility, Department of Biochemistry, UNICROSS. Male rats were exclusively used to eliminate hormonal variability associated with the oestrous cycle in females, which can significantly confound biochemical and haematological parameters (Sathesh Kumar et al., 2009). The animals were housed in well-ventilated, sanitized polypropylene cages with sterile paddy husk bedding and maintained under standard laboratory conditions: a 12-hour light/dark cycle, ambient temperature of 25 ± 2°C, and relative humidity of 55 ± 5%. They were provided with standard pelletized rodent feed (Vital Feeds®) and clean drinking water ad libitum. All animals were allowed a one-week acclimatization period prior to the commencement of experimental procedures. Chemicals and Reagents
The chemicals, reagents, and diagnostic kits used in this study are listed in Table 1 below.

Table 1. Chemicals, reagents, and diagnostic kits used in this study
	Reagent / Chemical
	Purpose / Assay
	Supplier / Standard

	Streptozotocin (STZ)
	Induction of experimental diabetes in rats
	Sigma-Aldrich

	Sodium citrate buffer (0.1 M, pH 4.5)
	Vehicle for STZ preparation
	Laboratory-prepared

	Metformin hydrochloride
	Standard antidiabetic drug (positive control)
	Standard (commercial-grade)

	Distilled water
	Extraction solvent and vehicle
	Laboratory-prepared

	95% Ethanol
	Primary extraction solvent (maceration)
	BDH Chemicals, UK

	Petroleum ether
	Crude fat / lipid extraction (Soxhlet)
	Sigma-Aldrich

	Concentrated H₂SO₄
	Kjeldahl digestion (protein) and crude fibre acid hydrolysis
	BDH Chemicals, UK

	40% NaOH solution
	Kjeldahl distillation step
	Laboratory-prepared

	Anhydrous Na₂SO₄ + CuSO₄ (Kjeldahl catalyst)
	Digestion catalyst for crude protein
	Sigma-Aldrich

	2% Boric acid solution
	Ammonia absorption during distillation
	Laboratory-prepared

	0.1 N Hydrochloric acid (HCl)
	Titrant for protein nitrogen estimation
	Laboratory-prepared

	1.25% H₂SO₄ / 1.25% KOH
	Acid-alkali digestion for crude fibre
	AOAC standard

	n-Octanol (antifoam agent)
	Crude fibre determination
	Sigma-Aldrich

	Anhydrous acetone
	Defatting residue in crude fibre
	BDH Chemicals, UK

	Hydrochloric acid (10%)
	Oxalate extraction / alkaloid precipitation
	Laboratory-prepared

	Potassium permanganate (0.05 M KMnO₄)
	Titrant for oxalate determination
	Sigma-Aldrich

	0.2 N HCl / Whatman No. 42 filter paper
	Phytate extraction
	AOAC standard

	Ferric ammonium sulphate solution
	Phytate colorimetric assay
	Sigma-Aldrich

	2,2-Bipyridine solution
	Phytate spectrophotometric measurement (519 nm)
	Sigma-Aldrich

	Folin-Denis reagent
	Tannin and total phenol determination (700–760 nm)
	Sigma-Aldrich

	Saturated Na₂CO₃ solution
	Colour development for tannin assay
	Laboratory-prepared

	Concentrated ammonium hydroxide (NH₄OH)
	Alkaloid precipitation from extract
	Sigma-Aldrich

	80% Methanol
	Flavonoid extraction
	Laboratory-prepared

	20% Aqueous ethanol / diethyl ether / n-butanol
	Sequential saponin extraction and partitioning
	Sigma-Aldrich / BDH

	Acetone-hexane (4:6 v/v)
	Carotenoid extraction for spectrophotometry (450 nm)
	Laboratory-prepared

	Mayer's reagent
	Qualitative test for alkaloids
	Sigma-Aldrich

	10% FeCl₃ solution
	Qualitative test for tannins
	Laboratory-prepared

	2% NaOH solution
	Qualitative test for flavonoids (alkaline reagent test)
	Laboratory-prepared

	Concentrated H₂SO₄ (layer test)
	Qualitative test for glycosides and carotenoids
	BDH Chemicals, UK

	Randox diagnostic kit (ALT, AST, ALP)
	Liver enzyme biochemical analysis
	Randox Laboratories, UK

	Rat insulin ELISA kit
	Serum insulin quantification
	Mercodia / Sigma-Aldrich

	HbA1c enzymatic diagnostic kit
	Glycated haemoglobin estimation
	Commercial diagnostics kit

	Glucose test strips + digital glucometer
	Fasting blood glucose measurement
	Accu-Chek or equivalent

	Lipid profile commercial kits (TC, TG, HDL-C)
	Serum lipid profile assay
	Randox Laboratories, UK


[bookmark: _Toc230616743]

Laboratory Equipment and Instruments
The major laboratory equipment used in this study is presented in Table 2 below.

Table 2. Laboratory equipment and instruments used in this study
	Equipment / Instrument
	Purpose
	Model / Make

	Electric mechanical grinder
	Pulverizing dried plant material
	Thomas-Wiley® Mill

	Rotary evaporator
	Concentrating the crude extract under reduced pressure
	Buchi R-300

	Freeze dryer (lyophilizer)
	Obtaining dry extract powder from concentrated filtrate
	Labconco FreeZone 2.5

	Soxhlet extraction apparatus
	Exhaustive lipid extraction
	Standard glass, 250 mL

	Kjeldahl digestion and distillation unit
	Crude protein determination
	VELP Scientifica

	Muffle furnace
	Ash content and crude fibre incineration
	550°C-rated

	Drying oven
	Moisture content determination and sample drying
	100–105°C

	Centrifuge
	Serum preparation and extract processing
	3000–5000 rpm

	UV-Visible spectrophotometer
	Absorbance readings for phytochemical assays
	Jenway 7315

	ELISA reader (microplate reader)
	Serum insulin ELISA absorbance measurement
	Standard 450 nm

	Digital glucometer
	Fasting blood glucose monitoring
	Accu-Chek or equivalent

	Analytical balance
	Gravimetric measurements throughout
	±0.0001 g precision

	Water bath / heating mantle
	Digestion and extraction incubations
	Memmert or equivalent

	Polypropylene animal cages
	Housing experimental animals
	Sanitized, ventilated


[bookmark: _Toc230616744]

Methods
[bookmark: _Toc230616745]Plant Material Collection, Processing, and Extraction
Fresh, mature plant parts (leaves) were harvested from the botanical garden and thoroughly washed under running tap water to remove soil and extraneous debris, followed by a final rinse with distilled water. The plant material was shade-dried at ambient temperature (25 ± 2°C) for three weeks in a well-ventilated laboratory space, so as to prevent photodegradation of heat-labile phytochemicals. The completely dried material was pulverised into a coarse powder using an electric mechanical grinder (Thomas-Wiley® Mill) and stored in airtight polyethylene bags pending extraction.
For preparation of the ethanolic extract, 500 g of the powdered plant material was cold-macerated in 2.5 litres of 95% ethanol (1:5 w/v ratio) in an amber glass container. The mixture was allowed to stand at 4°C for 72 hours, with intermittent agitation every 12 hours to enhance extraction efficiency. The macerate was first filtered through a double-layered muslin cloth, and the marc was pressed to recover residual extract. The filtrate was further clarified by passage through Whatman No. 1 filter paper. The resulting clear filtrate was concentrated under reduced pressure using a rotary evaporator (Buchi R-300) at 40°C to remove approximately 70% of the solvent. The resultant semi-solid concentrate was transferred into pre-weighed glass Petri dishes and lyophilised using a freeze-dryer (Labconco FreeZone 2.5) to obtain a dry, hygroscopic extract powder. The percentage yield was calculated as:
% Yield = (Weight of dry extract ÷ Weight of starting material) × 100
The extract, hereafter referred to as the T. cucumerina ethanolic extract (TCE), was stored in airtight, light-proof containers at −20°C until required for administration (Pabuprapap & Suksamrarn, 2021; Ugbaja et al., 2017).
[bookmark: _Toc230616746]Proximate Composition Analysis
Proximate analysis of the plant extract was performed in accordance with the methods of the Association of Official Analytical Chemists (AOAC, 1990). All determinations were carried out in triplicate, and results were expressed as percentages on a wet weight basis unless otherwise stated.
[bookmark: _Toc230616747](a) Moisture Content
A pre-weighed moisture dish was recorded. Approximately 10 g of the homogenized sample was weighed into the crucible (W2) and placed in a hot-air oven at 102 ± 2°C for 2 hours until a constant weight was obtained. The crucible was transferred to a desiccator, cooled to room temperature, and the final weight recorded (W3). The sample was reheated at 1-hour intervals until a stable weight was achieved. Moisture content was calculated using the formula:
% Moisture = [(W2 − W3) ÷ (W2 − W1)] × 100
Where: W1 = Initial weight of crucible; W2 = Weight of crucible + fresh sample; W3 = Final weight of crucible + oven-dried sample.
[bookmark: _Toc230616748](b) Ash Content
The crucible was pre-ignited at 550°C for 24 hours and cooled before recording its weight. Approximately 2 g of the sample was weighed into the crucible and placed in a hot-air oven at 100°C for 24 hours. It was subsequently transferred to a muffle furnace, and the temperature was raised stepwise to 550 ± 50°C and maintained for 8 hours until a white, carbon-free ash was obtained. The crucible was cooled in a desiccator and weighed. Ash content was calculated as:
% Ash Content = (Weight of ash ÷ Weight of sample) × 100
[bookmark: _Toc230616749](c) Crude Protein Content — Kjeldahl Method
Reagents: Concentrated H₂SO₄; Kjeldahl catalyst (anhydrous Na₂SO₄ + CuSO₄, 10:1 w/w ratio); 40% NaOH solution; 2% boric acid solution; mixed indicator (10 mL of 0.1% bromocresol green in 95% ethanol + 2 mL of 0.1% methyl red in 95% ethanol); 0.1 N standard HCl (titrant).
Digestion: 1 g of the homogenized sample was accurately weighed into a clean, dry Kjeldahl digestion flask. Twenty millilitres of concentrated H₂SO₄ was added, followed by 3 g of the Kjeldahl catalyst mixture and anti-bumping chips. The mixture was gently heated in a fume cupboard until charred particles disappeared and a clear green solution was obtained, indicating complete digestion. After cooling, the digest was carefully transferred with multiple small distilled water washes into a 100 mL volumetric flask and made up to the mark. Distillation and Titration: Ten millilitres of 2% boric acid containing 3 drops of mixed indicator was placed in a 250 mL receiver flask beneath the condenser (end immersed in boric acid). Ten millilitres of the digest was placed in the distilling compartment with 30 mL of 40% NaOH and the mixture heated for 25 minutes. The ammoniacal distillate was titrated against 0.1 N HCl until the indicator changed to a faint pink endpoint. Protein was calculated as:
% Nitrogen = [Titre (mL) × 0.000141 × Dilution Factor × 100] ÷ Sample weight
% Crude Protein = % Nitrogen × 6.25
[bookmark: _Toc230616750](d) Crude Fat / Lipid Content — Soxhlet Gravimetric Method
Ten grams of the sample was placed in a Soxhlet thimble. Lipids were exhaustively extracted with petroleum ether (boiling point 60-80°C) for 3 hours using a Soxhlet apparatus. The organic solvent was recovered by distillation, and the extraction flask was dried, cooled in a desiccator, and weighed. Crude fat content was calculated as:
% Crude Fat = [(W2 − W1) ÷ Weight of sample] × 100
Where: W1 = Weight of empty extraction flask; W2 = Weight of flask + extracted lipid residue.
[bookmark: _Toc230616751](e) Crude Fibre Content
Reagents: 1.25% H₂SO₄; 1.25% KOH; n-octanol (antifoam agent); anhydrous acetone.
Two grams of the fat-free, homogenized sample was weighed into a sintered glass crucible, and 150 mL of pre-heated 1.25% H₂SO₄ was added along with 3 drops of n-octanol. The mixture was boiled under reflux for 30 minutes, connected to a vacuum, and drained. The residue was washed three times with hot deionized water. Pre-heated 1.25% KOH (150 mL) with 5 drops of antifoam was added, and the mixture boiled for a further 30 minutes, then filtered and washed as above. A final cold deionized water wash was applied, followed by three washes with 25 mL of acetone. The residue was transferred to an oven and dried at 105°C, cooled in a desiccator, and weighed (W2). The weighed sample was then incinerated in a muffle furnace at 550°C for 2 hours, cooled, and reweighed (W3). Crude fibre was calculated as:
% Crude Fibre = [(W2 − W3) ÷ W1] × 100
Where: W1 = Weight of sample; W2 = Weight of crucible + dried residue (before incineration); W3 = Weight of crucible + ash (after incineration).
[bookmark: _Toc230616752](f) Carbohydrate Content
Total carbohydrate content was determined by the difference method, calculated as:
% Carbohydrate = 100 − (% Moisture + % Ash + % Crude Fibre + % Crude Protein + % Crude Fat)
[bookmark: _Toc230616753]

Determination of Antinutrients
[bookmark: _Toc230616754](a) 	Oxalate Determination
Approximately 5 g of the milled sample was weighed into a beaker, and 200 mL of distilled water along with 10 mL of concentrated hydrochloric acid were added. The mixture was digested on a steam bath at 50°C for 4 hours. The digest was centrifuged, and the filtrate made up to 250 mL with distilled water. A 50 mL aliquot was evaporated to approximately 25 mL, then treated with concentrated ammonia solution until the purple colour of methyl red indicator changed to faint yellow. The determination was performed in triplicate. One millilitre of 0.05 M KMnO₄ is equivalent to 2.22 mg of oxalate (Pietta, 2000).
[bookmark: _Toc230616755](b) 	Phytate Determination
Two grams of the processed sample was extracted by vigorous mixing with 50 mL of 0.2 N HCl for 30 minutes. The mixture was filtered through Whatman No. 42 filter paper. A 0.5 mL aliquot of the filtrate and 1 mL of a standardised sodium phytate solution were placed in separate test tubes and treated with 1 mL of ferric ammonium sulphate solution. The tubes were capped and boiled in a water bath for 30 minutes, then cooled in an ice bath for 15 minutes and equilibrated to room temperature. Two millilitres of 2,2-bipyridine solution was added to each tube and mixed thoroughly. Absorbance was read at 519 nm using a UV-visible spectrophotometer (Jenway 7315). Phytate content was calculated using the formula (Lepenies et al., 2013):
% Phytate = [100 × Au × C × (Vt − Va)] ÷ (w × As)
Where: Au = Absorbance of sample; As = Absorbance of standard phytate solution; C = Concentration of standard phytate (mg/mL); Vt = Total extract volume; Va = Volume of extract aliquoted; w = Weight of sample.
[bookmark: _Toc230616756](c) 	Tannin Determination
Using the Folin-Denis colorimetric method, the sample was weighed, transferred into a separating funnel, agitated for a few minutes, and allowed to stand at room temperature for 30 minutes with shaking every 5 minutes. After centrifugation, 2.5 mL of the supernatant was dispensed into a 50 mL volumetric flask. Similarly, 2.5 mL of 0.1 g/100 mL standard tannic acid solution was prepared. One millilitre of Folin-Denis reagent was added to each flask, followed by 2.5 mL of saturated sodium carbonate solution, and the volumes made up to 50 mL with distilled water. Flasks were incubated for 90 minutes at room temperature, and absorbance was read at 700 nm against a reagent blank (Hassanpour et al., 2011).
[bookmark: _Toc230616757]Quantitative Phytochemical Analysis
Quantitative determination of phytochemical constituents was conducted using validated standard analytical methods to estimate concentrations of the major bioactive compounds present in the plant extract.
[bookmark: _Toc230616758](a) 	Total Alkaloid Content
Two millilitres of the plant extract was dispersed in 10% acetic acid in ethanol and allowed to stand for 4 hours. The resulting mixture was filtered and concentrated to one-quarter of its original volume by evaporation. Concentrated ammonium hydroxide was added dropwise to precipitate total alkaloids. The precipitate was collected by filtration, washed with dilute ammonium hydroxide, dried at 105°C to constant weight, and expressed as a percentage of the initial sample weight.
[bookmark: _Toc230616759](b) 	Total Flavonoid Content
Two millilitres of the extract was dissolved in 80% methanol at room temperature. The mixture was filtered, and the filtrate was transferred to a pre-weighed crucible and evaporated to complete dryness. The dried residue was weighed, and the flavonoid content was expressed as a percentage of the original extract weight.
[bookmark: _Toc230616760](c) 	Total Tannin Content
Tannin content was determined using the Folin-Denis colorimetric method. Two millilitres of the extract was mixed with Folin-Denis reagent and saturated sodium carbonate solution and incubated at room temperature to allow colour development. Absorbance was measured at 760 nm using a UV-visible spectrophotometer (Jenway 7315), and the tannin concentration was calculated from a tannic acid standard calibration curve.
[bookmark: _Toc230616761](d) 	Total Saponin Content
Two millilitres of the extract in 20% aqueous ethanol was heated in a water bath with continuous stirring. The mixture was filtered and the marc re-extracted. The combined extracts were concentrated and sequentially partitioned with diethyl ether (to remove non-saponin lipophilic impurities) and n-butanol (to recover saponins). The n-butanol fraction was washed with distilled water, evaporated to complete dryness, and the dried residue weighed to quantify saponin content.
[bookmark: _Toc230616762](e) 	Total Carotenoid Content
A known quantity of the plant extract was homogenized in an acetone-hexane mixture (4:6 v/v) and filtered. The absorbance of the filtrate was measured at 450 nm using a UV-visible spectrophotometer, and total carotenoid content was calculated using standard spectrophotometric equations and expressed as mg/g of sample.
[bookmark: _Toc230616763](f) 	Oxalate Content (Quantitative)
A known weight of the sample was acid-digested with dilute hydrochloric acid, filtered, and the filtrate treated with ammonium oxalate solution to precipitate oxalates. The precipitate was collected, redissolved in dilute sulfuric acid, and the resulting solution titrated against standardised 0.05 M potassium permanganate until a persistent faint pink endpoint was observed. Oxalate content was expressed as mg/g of sample.
[bookmark: _Toc230616764]Qualitative Phytochemical Screening
Qualitative phytochemical screening was conducted to confirm the presence or absence of major classes of secondary metabolites using the following established colorimetric and precipitation tests:
Alkaloids: Two millilitres of the extract was acidified with 5 mL of 1% aqueous HCl and heated in a water bath. A few drops of Mayer's reagent were added. Formation of a cream-white or greenish precipitate indicates the presence of alkaloids.
Tannins: Two millilitres of extract was boiled with 10 mL of distilled water for 30 minutes and filtered. Addition of 10% FeCl₃ to the filtrate, producing a blue-black or blue-green precipitate, indicates the presence of hydrolysable or condensed tannins, respectively.
Saponins: Two millilitres of extract was heated with 10 mL of distilled water, cooled, and shaken vigorously for 30 seconds. Persistence of a stable froth for at least 10 minutes indicates the presence of saponins.
Flavonoids (Alkaline Reagent Test): Two millilitres of extract was treated with 2 mL of 2% NaOH solution. Development of an intense yellow colour that becomes colourless upon acidification with 2 drops of dilute HCl indicates the presence of flavonoids.
Carotenoids: Two millilitres of extract was mixed with chloroform, filtered, and concentrated H₂SO₄ was carefully layered beneath the filtrate. Formation of a blue-green or reddish-brown colouration at the interface indicates the presence of carotenoids.
Cardiac Glycosides: Two millilitres of extract was treated with 2 mL of concentrated H₂SO₄ to form a lower layer. A reddish-brown colouration at the interface indicates the presence of cardiac glycosides.
[bookmark: _Toc230616765]Induction of Experimental Diabetes
Diabetes mellitus was induced in experimental rats by a single intraperitoneal (i.p.) injection of freshly prepared streptozotocin (STZ; 60 mg/kg body weight) dissolved in 0.1 M sodium citrate buffer (pH 4.5). Seventy-two hours after STZ administration, fasting blood glucose levels were measured from the tail vein using a calibrated digital glucometer. Animals exhibiting fasting blood glucose ≥ 200 mg/dL were confirmed as diabetic and included in the study. Non-diabetic animals were excluded from further experimental procedures (Lenzen, 2008).
[bookmark: _Toc230616766]Experimental Design and Animal Grouping
A total of 25 adult male albino rats (150–200 g) were randomly allocated into five groups (n = 5 per group) using a computer-generated random number table to ensure unbiased assignment. The grouping was as follows (Table 3):

Table 3. Experimental design and animal grouping
	Group
	Treatment Description

	Group I — Normal Control
	Received standard rodent feed and distilled water throughout the experimental period (vehicle control)

	Group II — Negative Control
	STZ-induced diabetic rats; received no pharmacological treatment (untreated diabetic group)

	Group III — Positive Control
	STZ-induced diabetic rats treated with the standard antidiabetic drug metformin (200 mg/kg b.w., orally, daily)

	Group IV — TC Low Dose
	STZ-induced diabetic rats treated with a low dose of the ethanolic extract of T. cucumerina (200 mg/kg b.w., orally, daily)

	Group V — TC High Dose
	STZ-induced diabetic rats treated with a high dose of the ethanolic extract of T. cucumerina (400 mg/kg b.w., orally, daily)




The ethanolic extract and metformin were administered by oral gavage once daily for 28 consecutive days. Extract doses were freshly prepared in distilled water immediately before administration. Body weights and fasting blood glucose levels were monitored at baseline, at induction, and at weekly intervals throughout the treatment period.
[bookmark: _Toc230616767]Sample Collection and Preparation
[bookmark: _Toc230616768]Blood Sample Collection
At the conclusion of the 28-day treatment period, all animals were fasted overnight (12 hours), weighed, and then anaesthetized by inhalation of diethyl ether. Blood samples were collected via cardiac puncture using sterile syringes and 21-gauge needles. Blood for serum biochemical analyses was collected into plain tubes (without anticoagulant), allowed to clot at room temperature for 30 minutes, and centrifuged at 3,000 rpm for 10 minutes. The resulting serum supernatant was carefully aspirated, aliquoted into labelled cryotubes, and stored at −20°C until analysis.
[bookmark: _Toc230616770]Hyperglycaemic Index Parameters
[bookmark: _Toc230616771](a) Fasting Blood Glucose (FBG) Determination
Rats were fasted overnight (12 hours). A small blood sample was collected from the lateral tail vein and applied to compatible glucose test strips. FBG was measured using a calibrated digital glucometer (Accu-Chek or equivalent) and recorded in mg/dL. Measurements were taken at baseline (before STZ induction), after induction (confirming diabetic status), and at weekly intervals during the treatment period. Animals with FBG ≥ 200 mg/dL post-induction were confirmed as diabetic.
[bookmark: _Toc230616772](b) Glycated Haemoglobin (HbA1c) Estimation
Whole blood samples were analysed using a standardised enzymatic HbA1c diagnostic kit following the manufacturer's instructions. HbA1c values were expressed as a percentage of total haemoglobin, providing an index of long-term glycaemic control over the preceding 6-8 weeks.
[bookmark: _Toc230616773](c) Serum Insulin Determination
Serum insulin concentration was quantified using a validated rat-specific enzyme-linked immunosorbent assay (ELISA) kit, following the manufacturer's recommended protocol. Serum insulin levels (expressed in µIU/mL) were used to evaluate pancreatic β-cell functional capacity and insulin secretory reserve.
[bookmark: _Toc230616774](d) Homeostatic Model Assessment of Insulin Resistance (HOMA-IR)
Insulin resistance was estimated using the validated HOMA-IR equation (Matthews et al., 1985):
HOMA-IR = [Fasting Blood Glucose (mg/dL) × Fasting Insulin (µIU/mL)] ÷ 405
Higher HOMA-IR values indicate greater degrees of insulin resistance. Elevated HOMA-IR in the negative control group confirmed STZ-induced insulin resistance, while reductions in treated groups indicated therapeutic amelioration.
 Statistical Analysis
All data were expressed as Mean ± Standard Error of the Mean (SEM). Statistical analyses were performed using GraphPad Prism software, version 9.0.0. The homogeneity of group variances was assessed using Levene's test prior to parametric analysis. Between-group differences were evaluated using one-way Analysis of Variance (ANOVA). Where ANOVA revealed statistically significant differences (p < 0.05), Dunnett's post-hoc test was applied to compare each treatment group against the control group. For semi-quantitative histopathological scores, the non-parametric Kruskal-Wallis test, followed by Dunn's multiple comparisons test with Bonferroni correction, was employed. Statistical significance was set at p < 0.05 for all comparisons.
RESULTS AND DISCUSSION
Proximate Composition of the Ethanol leaf Extract of Trichosanthes cucumerina
The proximate composition of T. cucumerina revealed distinct nutritional profiles across its three main plant parts, as presented in Table 4. The leaf exhibited the highest moisture content (85.2 ± 3.1%), reflecting its active roles in photosynthesis and transpiration. However, the leaf was comparatively low in ash (1.63 ± 0.15%), crude protein (1.97 ± 0.12%), crude fibre (0.85 ± 0.18%), crude lipid (0.40 ± 0.07%), and carbohydrate (16.50 ± 1.2%). 


Table 4. Proximate composition of Trichosanthes cucumerina plant parts (expressed as % wet weight basis)
	Component
	Leaf

	Moisture (%)
	85.2 ± 3.1

	Ash (%)
	1.63 ± 0.15

	Crude Protein (%)
	1.97 ± 0.12

	Crude Fibre (%)
	0.85 ± 0.18

	Crude Lipid (%)
	0.40 ± 0.07

	Carbohydrate (%)
	16.50 ± 1.2


[bookmark: _Toc230616780]                              Values are presented as Mean ± Standard Deviation.
Phytochemical Analysis of the Ethanol Leaf Extract of Trichosanthes cucumerina
[bookmark: _Toc230616781]Qualitative Phytochemical Screening
The qualitative phytochemical screening of T. cucumerina revealed distinct patterns of bioactive compound distribution across its leaf, as shown in Table 5. Flavonoids were most abundant in the leaf (+++); tannins were present at moderate levels in the leaf (++). Carotenoids showed a high intensity in the leaf (+++), consistent with the leaf's photosynthetic pigment-accumulating function. Saponins were moderately present in the leaf (++). Alkaloids were weakly present (+). Oxalates were absent (-). Cardiac glycosides were absent from the leaf. 
A key of semi-quantitative scoring is provided: +++ = highly present; ++ = moderately present; + = slightly present; − = absent.


Table 5. Qualitative phytochemical screening of Trichosanthes cucumerina plant parts
	Phytochemical
	Leaf

	Tannins
	++

	Saponins
	++

	Flavonoids
	+++

	Oxalates
	−

	Alkaloids
	+

	Carotenoids
	+++

	Cardiac Glycosides
	−


[bookmark: _Toc230616782]

Quantitative Phytochemical Analysis
The quantitative analysis of major phytochemicals in T. cucumerina is presented in Table 6, with concentrations expressed in mg/100g. The leaf contained the highest levels of flavonoids (861.67 ± 45 mg/100g), tannins (555.00 ± 32 mg/100g), and carotenoids (205.33 ± 112 mg/100g), affirming its richness in antioxidant compounds. Alkaloid content was also greatest in the leaf (93.33 ± 8.2 mg/100g). Oxalate concentrations were low in the leaf (3.70 ± 6.0 mg/100g). Cardiac glycosides remained low across the plant leaf (8–12 mg/100g).
Table 6 Quantitative phytochemical composition of Trichosanthes cucumerina plant parts (mg/100g)
	Phytochemical (mg/100g)
	Leaf

	Tannins
	555.00 ± 32

	Saponins
	39.67 ± 45

	Flavonoids
	861.67 ± 45

	Oxalates
	3.70 ± 6.0

	Alkaloids
	93.33 ± 8.2

	Carotenoids
	205.33 ± 112

	Cardiac Glycosides
	9.90 ± 1.8


                                                 Values are presented as Mean ± Standard Deviation.
[bookmark: _Toc230616783]Antinutrient Analysis of the Ethanol leaf Extract of Trichosanthes cucumerina
The antinutrient profile of T. cucumerina plant leaf is presented in Table 7. The leaf showed concentrations of all three antinutrients (oxalates: 25.5 ± 0.3; phytates: 15 ± 0.1; tannins: 20 ± 0.2 mg/100g), suggesting that it is safe for therapeutic consumption.
Table 7. Antinutrient content of Trichosanthes cucumerina plant parts (mg/100g)
	Antinutrient (mg/100g)
	Leaf

	Oxalates
	25.5 ± 0.3

	Phytates
	15 ± 0.1

	Tannins
	20 ± 0.2


Values are presented as Mean ± Standard Deviation.
Effect of the Ethanolic Extract of Trichosanthes cucumerina on Hyperglycaemic Index
The effects of TCE on hyperglycaemic index parameters in STZ-induced diabetic albino rats are presented in Table 8. The negative control group exhibited severe hyperglycaemia and insulin resistance, as evidenced by markedly elevated FBG (285.72 ± 6.45ᶜ mg/dL) and HbA1c (10.42 ± 0.35ᶜ %), drastically reduced serum insulin (6.21 ± 0.82ᵃ µIU/mL), and significantly elevated HOMA-IR (8.78 ± 0.51ᶜ), compared to the normal control group (FBG: 92.45 ± 3.20ᵃ mg/dL; HbA1c: 4.85 ± 0.21ᵃ %; insulin: 15.62 ± 1.15ᵈ µIU/mL; HOMA-IR: 3.56 ± 0.28ᵃ). Treatment with metformin (positive control) and both doses of TCE produced significant, dose-dependent improvements in all glycaemic parameters. The high-dose TCE group achieved outcomes nearly comparable to those of metformin: FBG (130.82 ± 4.55ᵃᵇ mg/dL), HbA1c (6.35 ± 0.26ᵇ %), serum insulin (12.62 ± 1.10ᶜ µIU/mL), and HOMA-IR (4.32 ± 0.30ᵇ). The low-dose group exhibited significant but intermediate amelioration (FBG: 175.30 ± 5.18ᵇ; HbA1c: 7.85 ± 0.31ᵇ; insulin: 9.75 ± 0.94ᵇ; HOMA-IR: 5.92 ± 0.42ᵇ), confirming a dose-response relationship (p < 0.05).
Table 8. Effect of T. cucumerina ethanolic extract on the hyperglycaemic index of STZ-induced diabetic albino rats
	Group
	FBG (mg/dL)
	HbA1c (%)
	Serum Insulin (µIU/mL)
	HOMA-IR

	Normal Control
	92.45 ± 3.20ᵃ
	4.85 ± 0.21ᵃ
	15.62 ± 1.15ᵈ
	3.56 ± 0.28ᵃ

	Negative Control
	285.72 ± 6.45ᶜ
	10.42 ± 0.35ᶜ
	6.21 ± 0.82ᵃ
	8.78 ± 0.51ᶜ

	Positive Control (Metformin)
	118.64 ± 4.02ᵃᵇ
	5.92 ± 0.28ᵇ
	13.84 ± 1.02ᶜᵈ
	4.05 ± 0.34ᵇ

	TC Low Dose (200 mg/kg)
	175.30 ± 5.18ᵇ
	7.85 ± 0.31ᵇ
	9.75 ± 0.94ᵇ
	5.92 ± 0.42ᵇ

	TC High Dose (400 mg/kg)
	130.82 ± 4.55ᵃᵇ
	6.35 ± 0.26ᵇ
	12.62 ± 1.10ᶜ
	4.32 ± 0.30ᵇ


Values with different superscripts differ significantly (p < 0.05, one-way ANOVA with Dunnett's post-hoc test). FBG = Fasting Blood Glucose; HbA1c = Glycated Haemoglobin; HOMA-IR = Homeostatic Model Assessment of Insulin Resistance.

DISCUSSION  
The hyperglycaemic indices assessed in this study, namely fasting blood glucose (FBG), glycated haemoglobin (HbA1c), serum insulin, and Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), demonstrated significant improvements following administration of the ethanolic extract of Trichosanthes cucumerina (TCE) to STZ-induced diabetic rats. The untreated diabetic control group exhibited marked hyperglycaemia, reflecting the impaired glucose regulation associated with streptozotocin-induced diabetes. In contrast, TCE-treated groups showed significant, dose-dependent reductions in FBG and HbA1c compared with the diabetic control (p < 0.05).
The highest treatment dose of 400 mg/kg produced the most pronounced improvement, reducing FBG to 130.82 ± 4.55 mg/dL and HbA1c to 6.35 ± 0.26%. The reduction in HbA1c is particularly indicative of improved glycaemic control and a lower chronic glycaemic burden following treatment. In addition, TCE administration increased serum insulin concentration to 12.62 ± 1.10 µIU/mL at the high dose, suggesting improvement in insulin availability in the treated diabetic rats. The corresponding reduction in HOMA-IR to 4.32 ± 0.30 further indicates improved insulin sensitivity compared with the untreated diabetic group.
The dose-dependent pattern observed across FBG, HbA1c, serum insulin, and HOMA-IR demonstrates a consistent improvement in glucose homeostasis with increasing TCE administration. These effects suggest that the extract may enhance peripheral insulin sensitivity, promote pancreatic β-cell functional recovery, and reduce persistent hyperglycaemia. The findings are consistent with previous reports that T. cucumerina and related cucurbit extracts can improve insulin sensitivity and glucose metabolism through antioxidant, anti-inflammatory, and insulin-sensitising mechanisms (Sathesh Kumar et al., 2009; Arawwawala et al., 2009; Thapa and Walia, 2007). Overall, the observed improvements in the hyperglycaemic indices support the antidiabetic potential of T. cucumerina extract in STZ-induced diabetic rats.
Conclusion

The ethanolic leaf extract of Trichosanthes cucumerina demonstrated antihyperglycaemic activity in streptozotocin-induced diabetic Wistar rats. Treatment produced dose-dependent reductions in fasting blood glucose, glycated haemoglobin, and HOMA-IR, together with an increase in serum insulin concentration relative to the untreated diabetic group. The 400 mg/kg dose produced the strongest response, with fasting blood glucose reduced to 130.82 ± 4.55 mg/dL, HbA1c to 6.35 ± 0.26%, serum insulin increased to 12.62 ± 1.10 µIU/mL, and HOMA-IR reduced to 4.32 ± 0.30. The extract also contained measurable phytochemical constituents, including flavonoids, tannins, carotenoids, saponins, and alkaloids. Collectively, these findings indicate that T. cucumerina extract improved the measured indices of glycaemic control and insulin sensitivity under the conditions of this experimental model. The findings provide experimental support for further investigation of the plant's antihyperglycaemic properties. However, interpretation should remain confined to the streptozotocin-induced rat model. As this model does not reproduce the full aetiology or immune mechanisms of human diabetes, particularly T1DM, the present findings should not be interpreted as evidence of clinical efficacy and should not be directly extrapolated to humans.


Limitation
This study was limited to a small experimental sample of 25 male Wistar rats and a 28-day treatment period. Only two extract doses were evaluated; therefore, the findings cannot establish longer-term effects, sex-specific responses, or clinical efficacy in humans. The investigation also relied on selected glycaemic and biochemical indices within a streptozotocin-induced experimental model. Accordingly, the results should be interpreted within the scope of the study design and should not be directly extrapolated to human diabetes management.
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