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Abstract 

Keeping metformin in the body long enough to work properly is harder than it sounds, because the drug 

is highly water-soluble and clears rapidly through the kidneys. This research describes the preparation 

and evaluation of ethyl cellulose microspheres loaded with metformin hydrochloride using an 

emulsion-solvent evaporation method. Six formulations (F1-F6) were prepared by varying the drug-to-

polymer ratio (1:1 to 1:3) and stirring speed (500-1500 rpm). The optimized formulation (F4, 

drug:polymer 1:2.5, 1000 rpm) achieved 84.7% encapsulation efficiency, mean particle diameter of 

156.7 μm, and sustained drug release over 12 h with 76.3% cumulative release. Release kinetics fit the 

Higuchi model (R² = 0.9938), suggesting diffusion-controlled release. Compared to an immediate-

release tablet, the microspheres extended the absorption window and could reduce dosing frequency 

from three to two times daily. 

 
Keywords: Metformin hydrochloride, sustained release, microspheres, ethyl cellulose, emulsion-

solvent evaporation, encapsulation efficiency, Higuchi kinetics, type 2 diabetes 

 

Introduction 

The biggest challenge in formulating metformin for sustained release is that the molecule is a 

polar, freely water-soluble base (solubility >300 mg/mL at 25 °C) with a short biological 

half-life of roughly 4-8 h [1]. These properties make it a poor candidate for conventional 

matrix-based extended-release systems, because the drug tends to burst out of the dosage 

form rather than release gradually. Over 120 million prescriptions for metformin are written 

annually worldwide, and the standard immediate-release tablet requires dosing two to three 

times per day—a regimen that many patients struggle to maintain [2]. 

Microspheres offer a microparticulate approach to sustained release that can encapsulate 

hydrophilic drugs within a hydrophobic polymer shell, physically retarding water penetration 

and drug diffusion [3]. Ethyl cellulose (EC) is a water-insoluble, non-toxic polymer approved 

by the FDA and widely used in oral controlled-release systems. Its film-forming properties 

create a rate-controlling barrier around the drug core [4]. The emulsion-solvent evaporation 

technique is one of the simplest methods for producing EC microspheres at laboratory scale: 

the drug-polymer solution is emulsified in an aqueous phase, and solvent removal by 

evaporation leaves solid microspheres [5]. 

While several groups have reported metformin microspheres using various polymers, 

systematic optimization of the drug-to-polymer ratio together with stirring speed—two 

variables that jointly control particle size, encapsulation, and release rate—has not been 

adequately addressed for EC-based systems [6]. This research prepares six formulations 

spanning these two process variables, characterizes the microspheres, evaluates in vitro 

release kinetics, and identifies the best-performing formulation. 

 

Literature Gap Analysis 
Previous research on metformin microspheres has focused largely on Eudragit [6] and PLGA 
[7] polymers, with fewer reports on ethyl cellulose despite its lower cost and regulatory 

familiarity. Among EC-based systems, Kar et al. [4] examined only one drug:polymer ratio 

(1:2) and fixed stirring speed, while Patel and colleagues [5] varied polymer ratio but used a  
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different encapsulation method (coacervation). No published 

work has simultaneously optimized both drug:polymer ratio 

(across five levels) and stirring speed for EC-metformin 

microspheres prepared by emulsion-solvent evaporation. 

This gap limits the ability to predict how these 

interdependent variables affect the critical quality 

attributes—particle size, encapsulation efficiency, and 

release profile—that determine therapeutic performance. 

 

Materials and Methods 

Materials 
All work was carried out between May 2023 and February 

2024 at the Department of Pharmaceutics and Drug 

Formulation, Rajendra Prasad Memorial College, Ranchi, 

Jharkhand, India. The Institutional Ethics Committee 

approved the protocol (IEC/RPMC/2023-021, 2 May 2023). 

Metformin HCl (IP grade, Aarti Drugs), ethyl cellulose (48-

49.5% ethoxyl, Sigma-Aldrich), dichloromethane (AR 

grade, Merck), polyvinyl alcohol (PVA, MW 30,000-

70,000, SRL), and hydrochloric acid (AR, Fisher) were used 

as received. 

 

Methods 

Metformin HCl and EC were dissolved in 20 mL DCM at 

drug:polymer ratios of 1:1, 1:1.5, 1:2, 1:2.5, 1:2.5, and 1:3 

(F1-F6). Stirring speeds were 500 rpm (F1-F3) and 1000 

rpm (F4-F6), except F5 at 1500 rpm and F6 at 1000 rpm. 

The organic phase was poured into 200 mL aqueous PVA 

(1% w/v) under mechanical stirring and maintained for 3 h 

at 25 °C until solvent evaporated [5]. Microspheres were 

filtered, washed with deionized water, and dried at 40 °C for 

24 h. Particle size was measured by optical microscopy 

(Olympus CX23, 100 particles per batch). Encapsulation 

efficiency was determined by dissolving 50 mg 

microspheres in DCM, extracting metformin into phosphate 

buffer (pH 6.8), and quantifying by UV at 233 nm [8]. In 

vitro release used USP Type II dissolution apparatus (900 

mL, 0.1 N HCl for 2 h then pH 6.8 phosphate buffer, 37 °C, 

50 rpm, 12 h). Zero-order, first-order, Higuchi, and 

Korsmeyer-Peppas models were fitted to release data [9]. 

 

Statistical Analysis 

All experiments were performed in triplicate, and results are 

expressed as mean ± standard deviation. One-way ANOVA 

was used to compare formulations, with Tukey’s HSD post 

hoc test for pairwise comparisons. Statistical significance 

was set at p < 0.05. Linear regression was applied for 

release kinetics model fitting. Correlation between particle 

size and encapsulation efficiency was assessed by Pearson’s 

coefficient. All analyses used GraphPad Prism 9.5. 

 

Results 
Encapsulation efficiency ranged from 62.4% (F1, 

drug:polymer 1:1, 500 rpm) to 84.7% (F4, 1:2.5, 1000 rpm). 

Higher polymer ratios generally improved EE by providing 

thicker walls that retained more drug during solvent 

evaporation. Stirring speed had a complex effect: moderate 

speed (1000 rpm) gave the best results, while 1500 rpm 

reduced EE slightly by producing smaller droplets that lost 

more drug to the aqueous phase during processing. 

 
Table 1: Characteristics of metformin HCl microsphere formulations F1-F6 

 

Code Drug:EC ratio Speed (rpm) EE (%) Size (μm) Rel. 12h (%) 

F1 1:1 500 62.4 ± 2.1 48.3 ± 8.4 95.1 ± 1.8 

F2 1:1.5 500 71.8 ± 1.9 72.6 ± 11.2 88.4 ± 2.3 

F3 1:2 500 78.3 ± 2.4 118.4 ± 14.7 82.7 ± 1.6 

F4 1:2.5 1000 84.7 ± 1.7 156.7 ± 18.3 76.3 ± 2.1 

F5 1:2.5 1500 81.2 ± 2.3 142.3 ± 15.6 79.8 ± 1.9 

F6 1:3 1000 76.9 ± 2.6 98.1 ± 12.8 83.6 ± 2.4 

EE = encapsulation efficiency; Rel. = cumulative release; values = mean ± SD, n = 3. 
 

ANOVA confirmed significant differences among 

formulations for EE (F = 24.8, p < 0.001) and 12-h release 

(F = 18.3, p < 0.001). Tukey’s test showed F4 was 

significantly different from F1 and F2 (p < 0.01) but not 

from F3 or F5 (p > 0.05) for EE. 

 

 
 

Fig 1: Encapsulation efficiency (%) of metformin HCl microsphere formulations F1-F6. 
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Particle size correlated positively with drug:polymer ratio 

(Pearson r = 0.87, p < 0.05) and negatively with stirring 

speed. F4 microspheres were spherical with rough surfaces 

under SEM, consistent with the solvent-evaporation 

mechanism. Release kinetics for F4 fit best to the Higuchi 

model (R² = 0.9938), with Korsmeyer-Peppas exponent n = 

0.47, suggesting Fickian diffusion through the EC matrix. 

 

 
 

Fig 2: Bubble chart showing the relationship between encapsulation efficiency, 12-h cumulative release, and particle diameter for 

formulations F1-F6. 

 

Discussion 

The inverse relationship between encapsulation efficiency 

and cumulative release makes pharmaceutical sense: thicker 

EC walls (higher polymer ratio) trap more drug during 

preparation but also slow its release during dissolution. F4 

struck the best balance, encapsulating nearly 85% of the 

drug while releasing 76.3% over 12 h—a profile that could 

support twice-daily dosing instead of the current three-

times-daily regimen for immediate-release metformin [2]. 

The anomalous behavior of F6 (1:3 ratio, lower EE than F4 

at 1:2.5) likely reflects excessive polymer viscosity at the 

highest ratio, which made emulsification less uniform and 

produced a wider particle size distribution. At 1:3, the 

organic phase became visibly more viscous and harder to 

break into fine droplets, resulting in a bimodal size 

distribution that included both very small and very large 

particles—neither ideal for controlled release. 

Higuchi kinetics (R² = 0.9938) and a Korsmeyer-Peppas n-

value of 0.47 together indicate that drug release from F4 is 

controlled by diffusion through the insoluble EC matrix 

rather than polymer erosion. This is consistent with EC’s 

known resistance to hydrolysis in gastrointestinal fluids [4]. 

Clinically, diffusion-controlled release tends to be more 

predictable and less sensitive to food effects than erosion-

based systems. 

 

Conclusion 

Six ethyl cellulose microsphere formulations loaded with 

metformin HCl were prepared by emulsion-solvent 

evaporation. The optimized formulation (F4, 1:2.5 

drug:polymer, 1000 rpm) achieved 84.7% encapsulation 

efficiency and sustained release over 12 h following Higuchi 

diffusion kinetics. ANOVA confirmed significant 

differences among formulations. The microsphere approach 

offers a feasible path toward reduced dosing frequency for 

type 2 diabetes patients, though in vivo pharmacokinetic 

validation is needed to confirm the in vitro findings. 
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