


FORMULATION AND EVALUATION OF SUSTAINED-RELEASE MATRIX TABLETS OF WITHANIA COAGULANS EXTRACT FOR ANTIDIABETIC ACTIVITY

Abstract
Herbal phytomedicines provide alternative approaches to conventional allopathic therapies, which are often expensive and associated with adverse effects. Withania coagulans fruits have been traditionally recognized for their antidiabetic properties. The study aimed to develop and optimize sustained-release matrix tablets of Withania coagulans extract and evaluate their in vitro antidiabetic potential containing freeze-dried extract of Withania coagulans Linn. The tablets were formulated by wet granulation method using HPMC K100 as a polymer and starch as a binder. Ethanolic extraction of Withania coagulans was performed using a Soxhlet apparatus, and phytochemical screening revealed the presence of carbohydrates, glycosides, alkaloids, flavonoids, proteins, and steroids. In vitro antidiabetic activity was assessed by glucose uptake in yeast cell assay at various concentrations, showing a dose-dependent increase. The ethanolic extract exhibited 64.24% glucose uptake compared to 73.3 % for the standard drug Metformin at 500 µg/mL. Sustained release tablets were compressed using a 16-station rotary press (13 mm die) at 6–8 ton compression force. The prepared formulations were evaluated for hardness, thickness, weight variation, friability, disintegration, and drug content, all of which were within acceptable limits. In vitro dissolution studies indicated that formulation F2 containing 100 mg of HPMC K100 achieved 94 % drug release over 12 hours, demonstrating effective sustained release characteristics. The study concludes that Withania coagulans fruits possess significant in vitro antidiabetic potential and that sustained release matrix tablets of its freeze-dried extract can be successfully developed and evaluated as per Indian Pharmacopoeia standards.
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INTRODUCTION
Diabetes mellitus comprises a group of metabolic disorders marked by persistent hyperglycaemia, hypertriglyceridaemia, and hypercholesterolaemia. Although synthetic hypoglycemic agents are widely used, they are often associated with serious adverse effects such as hematological complications, hepatic and renal impairments, and even coma. In contrast, plant-derived drugs are generally considered safer and less toxic, which has intensified the search for more effective and safer herbal antidiabetic agents 1. Consequently, the exploration of medicinal plants for antidiabetic potential has become an important and active area of current research. The Withania coagulans also (Paneer Phool) called as Indian rennet and extensively cultivated throughout the dried corridor of India. It is a well-known holistic remedy that has been researched for its cardiovascular, diuretic, antibacterial, and anti-inflammatory properties [2,3. The seeds and fruits of Withania coagulans have long been known to offer a number of biological properties, including as anti-inflammatory, anti-cancer, diuretic, and antidiabetic effects. Around 60 % of people on the planet utilize traditional medicines derived from medicinal plants. Plant-based medicinal approaches have long been used to treat diabetes [4. Diabetes is a chronic illness that is becoming increasingly widespread in the modern world. The definition of diabetes has been formulated in many ways by different physicians in different ages. Currently, diabetes is defined as a metabolic disorder marked by glucose intolerance and hyperglycemia brought on by deficiencies in either insulin action or secretion, or both. Synthetic hypoglycemic medications can cause major side effects, including haematological damage, liver and renal illness, and coma. Plant-derived medications are often regarded less harmful and have fewer adverse effects. Research is underway to identify safer and more effective herbal antidiabetic agents.[5


MATERIALS AND METHODS

Ingredients used
Withania coagulans fruits ( Vashi APMC Market), HPMC K 100 , Starch , Microcrystalline Cellulose, Lactose, Talc, Magnesium Stearate form Research Lab Fine Chemicals.

Methods
Collection and Preparation of plant extract
The fruits of Withania coagulans Linn. were purchased from the Vashi APMC market. The plant was further authenticated from the S P College of Agriculture, Kharawate, Ref. SPCAKD/ 737/2023. The fruits of the plant were coarsely ground and extracted with ethanol as a solvent. The extract was dried and was used for further studies.

Phytochemical Investigation 
Standard phytochemical tests were used to identify phytoconstituents. Chemical test for alkaloids, carbohydrates, proteins, steroids, flavonoids, glycosides, tannins, saponins, fats and fixed oils were carried out using the various tests for above.

In vitro Antidiabetic Activity
Evaluation of Glucose Uptake in Yeast Cell Models to Determine In vitro Antidiabetic Activity. To estimate the uptake of glucose in yeast cell cultures. A 1 % suspension solution made from commercial baker's yeast (the bacterium Sac cerevisiae) cells was incubated at 25°C. The clear supernatant fluid was produced by centrifuging the overnight yeast cell culture for five minutes at 4,200 rpm. For the experiment, a 10 % v/v suspension of the yeast cells was made using the clear supernatant. One millilitre of a 10 Mm glucose solution was combined with the plant sample Withania coagulans and the conventional medication Metformin at different doses ranging from 100 μg/mL to 500 μg/mL. The mixture was then incubated for 10 minutes at 37°C. Furthermore, the samples were then centrifuged at 3,800 rpm for 5 minutes. The total amount of glucose in the supernatant was measured using a UV-vis spectrophotometer at 204 nm. The sample used for control includes all reagents except the test sample. The whole study was done in triplicates.[6]
The percentage of glucose uptake was computed using the formula.	
% Of Glucose Uptake =  AbsSample – AbsControl        
                                                   AbsSample                  X 100
Where Abs = absorbance.			

	Concentration
	Standard drug
	W. coagulans Extract

	100µg/ml
	38.19 % 
	30.5 %

	200 µg/ml
	             46 % 
	38.15 %

	 300 µg/ml
	53.47 % 
	47.38 %

	 400 µg/ml
	62.6 % 
	55.4 %

	 500 µg/ml
	73.33 % 
	64.24 %




  



                         Table 1  % Glucose Uptake



         Fig. 1 % of Glucose Activity V/S Concentration µg/ml

Withania coagulans fruit extracts of different concentrations where In vitro antidiabetic efficacy was evaluated utilizing a yeast model's glucose uptake test. Metformin exhibited potent activity 73.33 % at 500 µg/mL and Withania coagulans fruit extract showed 64.24 % at 500 µg/mL. There is a dose-dependent rise levels in the % of glucose uptake with an increasing in the concentrations from 100-500 µg/mL of plant extract was observed.(Fig.1).[7
Formulation of SR anti-diabetic matrix tablet 8
The present research used the wet granulation process to manufacture the freeze-dried powder of the ethanolic extract of Withania coagulans fruits into a tablet dosage form. 
                                             



       Table 2: Formulation Table
	Ingredients
	Role
	F1
	F2
	F3

	Withania coagulans extract
	API
	200 mg
	200 mg
	200 mg

	HPMC K 100
	Release retardant
	50 mg
	100 mg
	150mg

	Starch
	Binder
	30mg
	30mg
	30 mg

	Starch Paste
	Granulating Agent
	10 mg
	10 mg
	10 mg

	Microcrystalline cellulose
	  Disintegrant
	15 mg
	15 mg
	15 mg

	Lactose
	Diluent
	185 mg
	135 mg
	85 mg

	              Talc
	Glidant
	10 mg
	10 mg
	10 mg



Granule preparation using wet granulation technique:9
1. The Starch was weighed and made into a granulating solution(10 % starch paste) with water.
2. The starch was heated on a water bath until the translucent semisolid damp mass was formed.
3. The weighed quantities of the excipients were mixed thoroughly along with the freeze dried extract. The prepared starch paste was added slowly until the powder became a wet damp mass.
4. This damp mass was passed through the sieve no.16 and dried in an oven at a temperature of  600C for 3h, until the granules were dried properly.
5. Further, the dry granules were passed through sieve 20 and talc and magnesium stearate were added according to the Preformulation studies.

Finally ,the sustained release tablets of freeze-dried extract were compressed using 16 station Rotatory press compression machine at 6-8 ton compression force, using 13mm Die set.

EVALUATION OF FORMULATED TABLE  
                                              Table 3 : Evaluation Table

	Sr. No. 
	Parameter 
	Result 

	1. 
	Hardness (kg/cm2) 
	5 ± 0.05 kg/cm2  

	2. 
	Thickness (mm) 
	4 ± 0.07 mm 

	3. 
	Diameter (mm) 
	8 ± 0.01 mm 

	4. 
	% Weight Variation 
	5 % 

	5. 
	% Friability 
	0.40 % 

	6. 
	Drug Content 
	94.00 % 

	7. 
	Dissolution (12 hrs) 
	96.1 % 




Preformulation studies [10
a) Angle of repose 
The angle of repose was determined using the funnel technique. The properly weighed mixture was put in a funnel. The funnel's height was changed to ensure the tip only reaches the summit of the mound or top of the blend. The drug and excipient combination were allowed to freely flow through the funnel and to the surface. The radius of the powdered cone was estimated, and the angle of repose was found using the following equation.:
                                                           tan θ = h/r
           Where, h = height of powdered cone form
             r = radius of the powder cone formed.
b) Apparent Bulk density
To assess apparent bulk density, a weighted quantity of the blend was poured into a graduated cylinder and measured for volume and weight.

c) Tapped bulk density
The amount was calculated using a graduated cylinder containing a known mass of a medication and its excipient combination. The cylinder was allowed to fall from a height of 10 cm to a hard surface every 2 seconds. Continued tapping until there was no change in loudness observed.
TBD= Weight of the powder/ Volume of the tapped 

d) Compressibility index
The blends Compressibility index was measured by Carr’s compressibility index.
             Compressibility index (%) = (TBD-ABD) x 100 / TBD

e) Hausner’s ratio
The Hausner ratio is a statistic used to determine the flowability of a powdered or granular product.
Hausner ratio= TBD / LBD

Post formulation studies [11
I. Physical appearance 
                        The tablet's appearance was evaluated visually, including its form, color, appearance, and odor. The vernier callipers were used for determining tablet thickness. The tablet's thickness has been determined in millimeters when held vertically between two jaws.
II. Friability test
The Roche Friabilator examines tablets for abrasion and stress by spinning an inflatable chamber at 25 rpm and lowering them from a distance of inches over 100 revolutions.
It was determined by using a formula- 

% friability = Initial weight – Final weight / Initial weight

III. Hardness test
A Monsanto hardness tester was used to determine tablet hardness. 
The tablet was placed lengthwise between the upper and lower plungers and broken with a slotted bolt. The tablet's strength was then measured in kilograms per centimetre. 

IV. Weight Variation 
The test for weight variation involves weighing 20 tablets separately, computing the average weight, then contrasting it to the average.
V. Drug Content      
The tablets will be finely powdered and a quantity of powder equivalent to 10 mg of ethanolic extract of Withania coagulans will be accurately weighed and transferred to 100 ml of 6.8 phosphate buffer and mixed thoroughly. The solutions will be filtered, diluted with phosphate buffer (pH 6.8), and analysed for the content of ethanolic extract of Withania coagulans using UV-visible spectrophotometer at 204nm. The drug content of each sample will be estimated from their previously prepared standard curve.

VI. Disintegration test
             The time required for disintegration of tablets was tested at room temperature (37°C) with the USP Disintegration test instrument.
VII. In-vitro dissolution test 
The dissolution test evaluates the rate and extent of drug release from a tablet into a suitable dissolution medium, closely simulating gastrointestinal conditions. According to the Indian Pharmacopoeia, two apparatus are commonly employed: the rotating basket (Apparatus I) and the paddle apparatus (Apparatus II). During the test, a tablet is placed in a specified volume of medium maintained at 37±0.50C, while the basket or paddle rotates at a defined speed. Samples are withdrawn at predetermined intervals to determine the amount of drug dissolved. The acceptance criteria, as outlined in the respective monograph, specify the required percentage of the active pharmaceutical ingredient that must be released within a given time frame.
Withania coagulans sustained release tablet's in vitro drug release has been determined using the USP Dissolution Apparatus II (Paddle type). The dissolution test was carried out using 900ml of the phosphate buffer at a pH of 6.8 at 37±0.50C. The paddle was programmed to rotate at 50 rpm.5ml sample were withdrawn at 1hr intervals of time up to 12hrs and same volume was replaced with new media. After filtering the samples, A phosphate buffer pH 6.8 was added to 1ml of the filtrate to dilute it to 10ml. The solution's absorbance was measured with a UV spectrophotometer (UV 1800 Shimadzu, Japan) at 204 nm, and drug release was estimated using a standard curve.12


 RESULTS AND DISCUSSION
The ethanolic extract of Withania coagulans fruits was subjected to standard phytochemical screening, which confirmed the presence of carbohydrates, glycosides, alkaloids, flavonoids, proteins, steroids, tannins, and saponins. These bioactive compounds are known to exhibit diverse pharmacological actions, including antidiabetic, antioxidant, and anti-inflammatory activities. Among them, flavonoids and glycosides are particularly associated with glucose-lowering effects by enhancing peripheral glucose utilization and inhibiting intestinal glucose absorption. The presence of these constituents supports the traditional use of Withania coagulans in the management of diabetes.
The in vitro antidiabetic activity of the ethanolic extract was evaluated using the yeast cell glucose uptake assay, which demonstrated a concentration-dependent increase in glucose uptake. At a concentration of 500 µg/mL, the extract exhibited 64.24 % glucose uptake compared with 73.33 % for the standard drug metformin. This dose-dependent response indicates that the extract significantly enhances glucose utilization, likely due to the presence of withanolides and flavonoids, which act through insulin-mimetic or sensitizing mechanisms. These findings correlate well with previously published studies highlighting the glucose-lowering and pancreatic β-cell protective properties of Withania coagulans.
Preformulation studies were performed to assess the physicochemical properties of the granules before compression. Parameters such as angle of repose, bulk density, tapped density, Carr’s index, and Hausner’s ratio were found to be within acceptable limits, indicating good flowability and compressibility. The angle of repose values (<30°) and Hausner’s ratio (<1.25) confirmed that the powder blends were suitable for uniform die filling during the tablet compression process.
Three formulations (F1, F2, and F3) of sustained-release tablets were prepared using different concentrations of hydroxypropyl methylcellulose (HPMC K100) as a rate-controlling polymer. The wet granulation method was adopted, with starch paste (10 %) as a binder, microcrystalline cellulose as a disintegrant, and magnesium stearate and talc as lubricants and glidants. HPMC K100 was selected due to its hydrophilic matrix-forming property, which provides controlled drug release through a gel-layer diffusion mechanism.
All formulated tablets exhibited acceptable physical characteristics, including uniform color, shape, and texture. The hardness of the tablets was found to be 5 ± 0.05 kg/cm², indicating adequate mechanical strength to resist handling stress. The average thickness and diameter were 4 ± 0.07 mm and 8 ± 0.01 mm, respectively. The weight variation was within the acceptable limit of ±5 %, and friability was below 1 % (0.40 %), confirming that the formulations met the Indian Pharmacopoeia specifications for mechanical integrity. The drug content uniformity ranged between 93 % and 95 %, demonstrating homogenous distribution of the extract within the matrix.
The in vitro dissolution study was conducted using the USP Apparatus II (paddle method) in phosphate buffer (pH 6.8) at 37 ± 0.5 °C for 12 hours. The results showed that the formulation F2, containing 100 mg of HPMC K100, provided an optimum sustained release profile with 94–96 % cumulative drug release at 12 hours. Formulation F1, with a lower polymer concentration (50 mg), released 90 % of the drug within 8 hours, while formulation F3, with 150 mg HPMC, extended drug release beyond 12 hours but showed incomplete release. The optimized batch F2 exhibited a nearly zero-order release profile, suggesting that the release mechanism was governed by both diffusion and erosion of the HPMC matrix. Similar findings were reported by Siepmann and Peppas (2012), who described that HPMC-based matrix systems control drug release through polymer hydration, swelling, and gradual erosion.
Overall, the formulation F2 demonstrated the most desirable combination of mechanical strength, drug content uniformity, and sustained drug release profile, making it the optimized formulation among the three batches. The data indicate that increasing the polymer concentration prolongs the release rate by forming a thicker gel barrier, which slows down drug diffusion, while insufficient polymer content leads to faster drug release. The results of this study confirm that the ethanolic extract of Withania coagulans can be effectively incorporated into sustained-release matrix tablets using HPMC K100 as a release-retarding polymer. The in vitro antidiabetic study and dissolution profile collectively validate that Withania coagulans possesses significant antidiabetic potential and can be developed into a cost-effective herbal sustained-release dosage form with predictable and reproducible performance.
CONCLUSION
The study successfully developed and evaluated sustained-release matrix tablets of Withania coagulans extract using HPMC K100 as a release-retarding polymer. The optimized formulation (F2) exhibited desirable physical properties, uniform drug content, and a controlled drug release of about 94–96 % over 12 hours. The ethanolic extract showed significant in vitro antidiabetic activity, supporting its traditional use in diabetes management. Overall, the results confirm that Withania coagulans possesses strong antidiabetic potential and can be effectively formulated into a cost-effective, sustained-release herbal dosage form in accordance with Indian Pharmacopoeia standards. The study suggests that Withania coagulans sustained-release tablets could serve as a promising phytopharmaceutical candidate for long-term glycemic control.
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