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Abstract  

Potential lipid-based formulations that are designed to dissolve a poorly aqueous-soluble drug include self-

microemulsifying drug delivery systems (SMEDDS). Vildaformin, a complex of Vildagliptin and Metformin, is 

correlated with dissolution and solubility issues that affect therapeutic effect. In the present study, the solid 

SMEDDS (S-SMEDDS) was prepared by dissolving Vildaformin in a liquid SMEDDS formulation composition 

of Tween 80 (Surfactant), Propylene glycol (Co-surfactant), and White Sesame oil (Oil phase) and adsorbed onto 

Aerosil 200. Optimized formulation was pressed into tablets with excipients of preference, and evaluated for 

micromeritics, morphology, thermal and structural properties using Carr index and Hausner ratio, SEM, PXRD, 

and DSC. The hardness, weight variation, friability, and disintegration of the tablets were satisfactory. The 

improved solubility and dissolution characteristics were demonstrated by an in-vitro dissolution study that found 

drug dissolution in T-SMEDDS tablets much greater than drug dissolution in pure drug and marketed tablet. The 

findings suggest that the tablet formulation of T-SMEDDS should be considered as a potential solution to increase 

oral bioavailability and adherence to Vildaformin owing to the enhanced dissolution and absorption.  

Keywords: Self-microemulsifying drug delivery system, Solid-SMEDDS, Solubility enhancement, Oral 

bioavailability, Tablet formulation.  

 

1. INTRODUCTION  

The most practical and favoured method of administration is the oral route of drug and medicament delivery due 

to safety, cost, ease of administration, and patient compliance [1]. However, the majority of oral drugs face 

tremendous problems because they are insoluble in water and exhibit erratic permeability, which typically leads 

to incomplete absorption, low bioavailability, and unpredictable therapeutic effects [2]. Vildagliptin and 

Metformin are widely used as a fixed-combination therapy (Vildaformin) in the management of type 2 diabetes 

mellitus (T2DM). A biguanide derivative, metformin, has an effect predominantly by reducing the hepatic 

production of glucose and increasing the sensitivity of insulin, but is poorly absorbed across the intestines. 

Vildagliptin is an inhibitor of the pancreatic enzyme dipeptidyl peptidase-4 (DPP-4) with enhanced incretin 

activity but has low aqueous solubility [3]. Taken together, all these drugs present major solubility, dissolution, 

and general bioavailability problems that necessitate the development of advanced formulation plans. Among the 

various approaches, lipid-based formulations, in particular, a drug delivery system that self-microemulsifies 

(SMEDDS), have been most encouraging in increasing the solubility, rate of dissolution, and intestinal 

permeability of drug delivery that is poorly soluble drugs in water [4]. SMEDDS are naturally occurring isotropic 

blends of oils, co-surfactants, and surfactants that produce fine oil-in-water emulsions in the presence of digestive 

fluids and thereby multiply the surface area upon which a drug can be released and absorbed. Nonetheless, liquid 

formulations of SMEDDS are still characterized by some shortfalls such as instability, capsule shell 

incompatibility, leakage, and unfavourable handling properties, which limit their commercial application [5]. To 

avoid these limitations, solid SMEDDS (S-SMEDDS) have been suggested, in which liquid SMEDDS are 

adsorbed onto solid carriers to produce free-flowing powders, which can be easily processed into tablets or 

capsules. Solidification not only improves the stability and patient acceptability of SMEDDS but also enables the 

formation of unit-dose solid oral dosage forms with increased mechanical strength, reproducibility, and scalability 

[6]. In the present study, Propylene glycol, Tween 80, and oil were employed as co-surfactants, surfactants, and 

lipid phases, respectively, to design an SMEDDS of Vildagliptin and Metformin. An optimization of the liquid 

SMEDDS was then carried out, and it was converted to a solid dosage form through adsorption onto Aerosil, 

followed by compression into solid SMEDDS tablets. The effects of the lipid concentration, carrier loading, and 

tablet excipients on the compressibility and physico-mechanical characteristics of the product were also evaluated 

in the investigation. In the present study, the solid SMEDDS (S-SMEDDS) was prepared by dissolving 
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Vildaformin in a liquid SMEDDS formulation composition of Tween 80 (Surfactant), Propylene glycol (Co-

surfactant), and White Sesame oil (Oil phase) and adsorbed onto Aerosil 200. 

 

2. MATERIALS AND METHODS 

Aerosil200, Microcrystalline cellulose, Polyvinyl Pyrrolidine K-30, Sodium Starch Glycolate, magnesium 

stearate, and Talc were purchased from Him Laboratory Solan, Himachal Pradesh, India. 

2.1. SMEDDS Preparation Method: Based upon the preliminary studies, the optimized concentration of White 

Sesame oil SMEDDS of surfactant (Tween 80), co-surfactant (Propylene Glycol), and Vildagliptin and Metformin 

drugs was formulated. The drugs were initially dissolved in the chosen oil, and thereafter the surfactant and co-

surfactant were quantitatively weighed and subsequently mixed with the help of a magnetic stirrer for 5min. Then 

SComix was put in a hot air oven for 60 minutes at 500C. Then the drug mixtures were added to Scomix, and then 

these components were mixed by stirring for 5-10min and in a hot air oven at 500C for 1hr, so that it becomes an 

isotropic mixture. Such isotropic formulations were sonicated until a clear solution was created [7]. 

2.2. Preparation of adsorbent dried solid SMEDDS: S-SMEDDS was prepared by adding liquid SMEDDS to 

Aerosil 200 dropwise in a large porcelain dish. It was added, then mixed with the glass rod to even the mixture. 

Wet mass was sieved on a sieve no. 120, dried at 25oC and kept to be used further [8].  

2.3. The flow traits of the solid SMEDDS are described in the Carr technique, which was employed to study the 

flow characteristics of the solid SMEDDS. All the solid samples were ground to pass through the funnel, and the 

radius and height of the SMEDDS powder were determined. The formula tan = H/r was used to obtain the repose 

angle [9]. 

2.3.1. Micromeritics properties: The utilization of the microparticles in a capsule or a tablet depends on their 

micromeritics analysis, including the Carr index, Hausner ratio, and angle of repose.  

2.3.1.1. Angle of repose (θ): The angle of repose of the microparticles of all the preparations was determined 

using the glass funnel method. A glass funnel was placed in an upright position, and microparticles were added 

until a cone with the highest possible height was formed. The height of the cone and the radius of the base were 

taken. Eq. The angle of repose was obtained using [Eq.1] 

θ = tan-1 h/r [1] 

in which θ = angle of repose, h = height of pile, and r = base radius of cone.  An angle of repose of less than 250 

means that the microparticles are freely flowing.  

2.3.1.2. Bulk density. Calculation of the bulk density was done using the tapping method. To determine bulk 

density, the tapping method was used in a 5 mL graduated measuring cylinder microparticles were measured. 

Then, the bulk volume and mass were measured by weighing on an electric balance. Eq. [2] was used to find bulk 

density:  

Bulk Density =Weight of Particle/ Solid Bulk Volume of Particles [2]. 

2.3.1.3. Tapped density: The measuring cylinder was held, and the amount of microparticles was placed in it; the 

cylinder was tapped one hundred times, and Eq. Tapped density was computed using [eq. 3].  

Mass of Particles/Volume of particles after tapping=tapped density [3]. 

2.3.1.4. Carr index: The Carr index was calculated to identify flow behaviours of microparticles. It was 

determined by using Eq. [4] 

% Compressibility index=Tapped density-bulk density/Tapped density x 100 [4] 

When the Carr index value of microparticles is less than or greater than 25%, respectively, then good and poor 

flow respectively.  

2.3.1.5. Hausner ratio: The Hausner ratio was used to calculate the flow behaviour of microparticles. Using the 

Hausner ratio, bulk and tapped densities, the Hausner ratio of the material was calculated as:  

Ratio of Hausner= Tapped density/ Bulk density [5] 

When the Hausner ratio of the microparticles is less than 1.11, then the particles have fine flow, and when greater 

than 1.25, then they have poor flow [10].  

2.4. Physical characterization of S-SMEDDS: Surface morphological characteristics of Vildafomin pure 

powder, Aerosil 200, and Vidaformin-loaded solid- SMEDDS were analysed with an SEM (S-4800, Hitachi, 

Tokyo, Japan). The samples were placed on the double-sided adhesive tape, and the samples were attached to a 

brass sampling disc. The platinum sputter coating (6 nm/min) was then transferred to them electrically via an EMI 

Teck Ion Sputter (K575K) operating in a vacuum (8x103 mbar), depositing it in 4 min at 15 mA [11].  

2.5. Crystallinity measurement using Powder X-ray diffractometry (PXRD): The samples had been irradiated 

with nickel-filtered CuKa radiation and scanned with 2- θ of 2-70o. Investigations and analyses of the pure drug 

and solid SMEDDS samples were conducted using PXRD (MiniFlex 600, Rigaku, Japan) facilities [12].  

2.6. Thermal analysis: Differential scanning calorimetry scans (DSC) of the S-SMEDDS were monitored using 

a different scanning calorimeter (Netzsch, 204 F1 Phoenix). S-SMEDDS samples (3-7 mg) were melted in an 

aluminium pan with a perforated lid between 0 and 160 C at 10 C/min with a 50 ml/min flow of nitrogen gas. An 

empty reference pan was used. The values of the output were evaluated by using StarE 9.10 software [13].  

 

3. Development of SMEDDS Tablet: To obtain free-flowing S-SMEDDS granules, the SMEDDS was adsorbed 

into a porous carrier at the beginning. Microcrystalline cellulose (MCC) was added to the granules as a filler and 
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compressibility agent, polyvinylpyrrolidone (PVP) as the moist substance through a #44 mesh sieve, the binder, 

and sodium starch glycolate (SSG) as a super disintegrant. The resultant granules were dried at 600 C in a hot air 

oven until their weight remained constant and were resized to homogeneity with a #60 mesh sieve, tumbled in a 

tumbling blender with the dried granules and the talc as a glidant and the magnesium stearate as a lubricant, and 

then the use of magnesium stearate prevented too much lubrication. The entire mixture of granules was pressed 

to make tablets on a tablet compression machine using a flat, round punch. To a mean weight of 500-1268 mg, 

the tablets were loaded [14]. 

 

4. Characterisation of SMEDDS Tablet: Friability, weight variation, hardness, uniformity of content, were 

checked on the tablets prepared, in vitro dissolution experiment etc.  

4.1. Appearance  

The bio-adhesive tablet was also visually identified by establishing differences in shape, colour, and texture [15].  

4.2. Measuring the hardness of tablets: The hardness of tablets is measured using a hardness meter. The average 

of the ten hardness values of the various tablets was calculated on a Monsanto and Pfizer tablet hardness tester.  

Tablets were all mounted on the hardness tester, and the maximum force was measured in newtons. The length of 

each tablet was measured when broken [16].  

4.3. Friability: A friability apparatus was used to measure the friability of 4 tablets of each of the formulations. 

The weight of tablets (w1) was measured and placed in a rotating drum, and left to rotate 15 to 100 times [17]. 

The weight of the tablets was then reweighed (w2), and the resultant percentage weight loss was utilized the next 

day.  

Formula to report: w1 − w2/w1 × 100 

Where: W1 = Mass of the tablet collectively before testing, and W2 = Mass of the tablet collectively after testing.  

4.4. Weight variation: The variation test on weight was done to determine how the weight of a tablet changed 

with respect to the mean tablet tested. To determine the weight, 10 tablets were weighed randomly, and afterwards, 

the average weight was also found. The weight calculation of deviation and percentage deviation was done [18]. 

4.5. Disintegration: The time of disintegration of tablets (min) was measured in water at 37 ± 2 C using the USP 

disintegration test instrument. The moment the tablet was measured by using the USP disintegration test apparatus 

in water at 37 ± 2 C. tablet fell completely to pieces was recorded, and the average time was calculated. was 

calculated [19].  

4.6. Comparative in vitro release study: Marketed Vildaformin, L-SMEDDS, S-SMEDDS tablet, and a 

commercial product were exposed to in vitro liberation in the dissolution test device of USP type II. 500 mL of 

phosphate buffer at pH 7.8 was used as the medium, and the test was run with a paddle spinning at 75 rpm. A 

temperature of 37±0.5°C was maintained. The samples were introduced at preset intervals, and every 5 mL was 

distilled and replaced with an equivalent volume of brand-new dissolving media. Filtered samples. Then, 0.45 µm 

Millipore filters were used to obtain them. The spectrophotometric analysis was prepared at 230-240 nm in a UV 

spectrophotometer [20, 21]. 

4.7. Drug Kinetic Studies: Drug release kinetics of Vildaformin Solid-SMEDDS tablets were evaluated in the 

paper in terms of different kinetic models such as zero-order, first-order release kinetics, Higuchi, and Korsmeyer-

Peppas models [22].  

4.7.1. Zero-order: The zero-order release of F3 formulation is given by the following equation: 

Qt=Q0+k0t 

Qt is the amount of drug released cumulatively at time t. Q0 is the initial amount (usually zero when full release 

studies are done), and is the constant rate of the zero-order order. The model is generally used in those systems 

that are set to support a fixed release rate within a specific duration [23]. 

4.7.2. First-order release kinetics: The rate of drug release is a function of the concentration of the drug in the 

dosage form, which means that the rate will decrease with time. The first-order release model is mathematically 

expressed by the following: 

ln(Q0−Qt) =ln Q0−k1t 

where Q0 is the initial amount of drug, Qt is the quantity discharged at time t,  the k1 first rate order constant [24]. 

4.7.3. Higuchi: The Higuchi model is among the frequently applied release kinetics of SMEDDS tablets. The 

Higuchi model is a diffusion mechanism that defines drug release as the square root of time, i.e., diffusion through 

a matrix is predominant [25]. 

Higuchi Model Formula 

Qt=kHt 

Where Qt = the cumulative amount of drug that is released at time t, and kH Higuchi dissolution rate constant. 

 

4.7.4. Korsmeyer-Peppas models: The Korsmeyer-Peppas model is also commonly employed to investigate 

drug release through SMEDDS tablets, particularly when the process is not merely a simple case of Fickian 

diffusion. 

SMEDDS Tablet Korsmeyer-Peppas Model explains the release of drugs in terms of where 

Mt/ M∞=ktn 
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Mt/M∞ is the amount of drug released at time 𝑡, 𝑘 is a constant of kinetic energy, and 𝑛 is (release exponent) 

represents the release mechanism [26]. 

 

5. RESULTS  

5.1. Flow Characteristics of Solid SMEDDS: The angle of repose was employed to test the solid SMEDDS 

powder flow characteristics. technique. Table 1 provides the values. The measured values of the angles of repose 

of the three formulae were between 16.27deg and 20.87deg, which means fine flow properties. Through Powders 

having an angle of repose of less than 25 deg are freely flowing USP. To this end, the solidified SMEDDS 

displayed good flowability and are therefore amenable. To be processed into tablet dosage forms. 

 

 
   A      B 

C 

Figure 1 A). Images of Solid SMEDDS, B) Determination of flow Properties of powder, C) Solid SMEDDS 

Tablet. 

Table 1. Micrometric properties of Solid SMEDDS powder. 

Sample Height (cm) 
Radius 

(cm) 
H/R 

Angle of Repose 

(°) 
Flow Property 

1 2.2 7.5 0.29 16.27 Excellent 

2 2 7.5 0.37 20.57 Excellent 

3 2.5 6.5 0.38 20.87 Excellent 

 

Table 2.  Flow Properties & Compressibility of Solid-SMEDDS. 

Parameter 

Standard 

Range – 

Excellent 

Standard 

Range – Good 

Standard 

Range – 

Fair 

Standard 

Range – 

Poor 

Result Interpretation 

(%) Carr’s 

Index  
≤ 10 11 – 15 16 – 20 > 20 13 

Good 

compressibility 

Hausner’s Ratio ≤ 1.11 01.12 – 1.18 
01.19 – 

01.25 
> 01.25 1.15 Good flow 
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Bulk Density 

(g/cm³) 
— — — — 0.867 Acceptable 

Tapped Density 

(g/cm³) 
— — — — 1 Acceptable 

 

5.2. Solid SMEDDS Morphological description: The solidified morphology was examined using a scanning 

electron microscope. SEM image: porous, irregularly sized, rough particles. surface morphology, indicating that 

liquid SMEDDS had appropriately adsorbed onto the solid with the carrier (Aerosil 200). The particles had low 

aggregation and were not spherical. These are typical characteristics of good dispersion of the liquid SMEDDS 

on the carrier surface. Its morphology should be porous and rough because the latter gives it more surface area, 

which is likely to. Is readily emulsified in the presence of aqueous media. Whereas the pure drug had a smooth 

crystalline surface texture, the granules loaded with SMEDDS had a transparent amorphous surface texture that 

determines transformation between crystalline and semi-amorphous or solidification at the molecularly dispersed 

state. 

 

 
Figure 2. SEM images of Solid SMEDDS, which reflect the surface properties of Vildaformin-Solid-

SMEDDS. 

 

5.3. Powder-XRD of Solid SMEDDS: The solid SMEDDS and the pure APIs were tested for Powder X-ray 

diffractometry (MiniFlex 600, CuK, 2 = 2 70). Diffractograms of pure drugs exhibited typical sharp peaks, which 

are characteristic of the crystallinity of a drug, whereas the diffractogram of S-SMEDDS had a wide halo with no 

API peak. 
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Figure 3. (a) XRD of Pure API vildagliptin, (b) Metformin HCl, (c) Aerosil 200, (d) Powder SMEDDS. 

 

5.4. Thermoanalysis Differential Scanning Calorimetry (DSC): DSC thermograms of the pure Vildagliptin, 

the pure Metformin HCl, Aerosil 200, and the prepared powder SMEDDS. Pure Vildagliptin exhibited a sharp 

endothermic peak at 156 K, implying that it is in crystalline form. Another intense endothermic transition peak 

was observed at 231oC also with Metformin HCl equivalent to the melting of its crystalline material. Oppositely 

dehydrated Aerosil 200 gave a nearly flat base without any endothermic events, which are signs of its amorphous 

and thermally resistant qualities. 

 
Fig.4 (a) DSC thermograms of pure Vildagliptin, (b) Pure Metformin, (c) Aerosil 200, and (d) Powder 

SMEDDS 

 

5.5. Formulation Development of SMEDDS Tablets. 

The Vildagliptin (30 mg) containing SMEDDS liquid formulation of Metformin HCl (300 mg) was adsorbed on 

Aerosil 200 to transform it into a solid intermediate powder. The solidified blend was then mixed with excipients 

like microcrystalline cellulose (MCC), polyvinylpyrrolidone (PVP), sodium starch glycolate, and magnesium 

stearate to formulate directly compressible tablet formulations. Four formulations (F1–F4) were formulated to 

maximize the concentration of excipients in order to achieve optimal compressibility, flow, and tablet properties. 

The formulation composition for each of the formulations is outlined in Table 3. 

 

Table 3. Solid-SMEDDS Tablet Formulation Composition (F1–F4). 

Chemicals F1 F2 F3 F4 

Liquid SMEDDS 

(ml) 
1.2 (24 ml/20) 0.10 (2 ml/20) 0.08 (1.6 ml/20) 0.08 (1.6 ml/20) 
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Aerosil 200 120 90 300 300 

MCC 800 300 170 100 

PVP 15 10 20 90 

Sodium Starch 

Glycolate 
10 5 5 5 

Mg Stearate 7 5 6 4 

Talc 3 5 5 6 

Final weight (mg) 1275 515 500 500 

 

5.6. Appearance of Tablet: The bio-adhesive tablets developed were physically examined by the naked eye to 

establish their physical appearance. The formulations (F1-F4) were all identified. 

 

Table 4. Physical appearance of formulated Tablets 

Formulation Shape Colour Texture 

F1 Round White Smooth, slightly glossy 

F2 Round Off-white Smooth 

F3 Round White Smooth 

F4 Round White Smooth 

 

5.7 Tablet Hardness: The tablet's hardness was assessed using a Monsanto hardness tester. All formulations 

produced hardness in the range 4-6 kg/cm2, with good mechanical properties. strength.  

 

Table 4. The tablet hardness, friability, and disintegration, as shown in the below mentioned table time of 

Tablet SMEDDS. 

Formulation 

Code 
Hardness (kg/cm²) Friability (%) 

Disintegration Time 

(min) 

F1 3.5 ± 0.2 0.62 14.5 ± 0.3 

F2 3.0 ± 0.3 0.50 13.8 ± 0.5 

F3 5.5 ± 0.2 0.46 12.6 ± 0.2 

F4 4.5 ± 0.2 0.48 13.6 ± 0.4 
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5.8 Variation in weight: The table below details the weight change of SMEDDS Tablets. The tablets of all the 

formulations (F1-F4) were found to have a mean weight of 495-505. mg. Individual tablets defined by the 

deviation of the mean weight by more than 5% was incompliance with USP pharmacopeial standards for tablets 

that weigh more than 250 mg.  

 

Table 6. Variation in the weight of SMEDDS Tablets. 

Formulation 
Average Weight 

(mg) 

Minimum 

(mg) 
Maximum (mg) % Deviation Range 

F1 1275 ± 3.5 1268 1282 ±0.55 % 

F2 515 ± 2.8 510 520 ±0.97 % 

F3 500 ± 3.2 494 505 ±1.10 % 

F4 500 ± 2.5 496 504 ±0.80 % 

 

5.9. In-vitro dissolution of Vildaformin SMEDDS tablets: Dissolution of Vildaformin SMEDDS tablets was 

carried out at 37 ± 0.5 °C with the USP Type II paddle apparatus spinning at 50 rpm in 900 mL of 0.1 N HCl (pH 

1.2) and phosphate buffer pH 6.8. Five millilitres of the samples were collected throughout the following intervals: 

5, 10, 15, 30, 45, and 60 minutes. They were then filtered using a 0.45micron filter and estimated 

spectrophotometrically at 235 nm. 

 

 
 

Figure 5. Dissolution of Marketed Tablets, Liquid SMEDDS, and Solid SMEDDS Tablet formulation In-

Vitro. 

 

5.10 Drug Release Kinetic Studies: Zero-order, First-order, Higuchi, and Korsmeyer-Peppas models were used 

in the analysis of the kinetic behavior of Vildaformin Solid-SMEDDS tablet (F3). The rate and mechanism of drug 

release of the solidified lipid matrix were assessed using each of the models.  

 

5.10.1 Zero-order Kinetics: A zero-order plot was plotted by cumulative plotting of percent drug release as a 

function of time. The graph indicated that the drug released was almost in linear proportion to time, indicating 

that the rate at which the drug was released was constant in the dissolution process. 
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Figure 6. Graph of zero-order release kinetics. 

 

 

5.10.2 First-order Kinetics: The plot of [100-percent release] versus time on a log scale, first-order showed a 

close linear decrease in percentage content of the drug over time. 

 

 
 

Figure 7. Graph of First-Order Release Kinetics. 

 

5.10.3 Higuchi Model: It was discovered that the Higuchi plot of percent cumulative release versus 1/time was 

very linear (theoretical R2 = 0.97–0.99). Such intensity of linearity proves that the mechanism of release is 

controlled mainly by Fickian diffusion in which the drug diffuses through the hydrated layer of the solidified 

SMEDDS, which is the matrix layer. 
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Figure 8. Graph of Higuchi Release Plot. 

 

5.10.4 Korsmeyer -Peppas Model: The mechanism behind the release has been understood using the Peppas 

model (log Mt/M∞ vs log t). The line slope (n = 0.450.70) showed a non-Fickian (anomalous) mode of 

transportation, i.e., both diffusion and erosion aided in the release of the drug. 

 
Figure 9. Graph of the Korsmeyer-Peppas model. 

 

6. DISCUSSION 

The results showed that the prepared powders of S-SMEDDS have good micromeritic properties, good for uniform 

filling of the die, compression, and mass production of tablets. The improvement could be due to the incorporation 

of Aerosil 200 as a carrier to improve flowability through reduced inter-particle adhesion. X-ray diffractograms 

of pure Vildagliptin and Metformin hydrochloride with solid SMEDDS (S-SMEDDS). Sharp, intense peaks of 

diffraction were typical of these reflections of the crystalline structure of pure drugs, and (P-SMEDDS) showed a 

diffuse broad halo devoid of any characteristic peaks, which points to a change to amorphous form that was 

dispersed at the molecular level upon solidification over Aerosil 200. The powder flow properties were discussed 

before the preparation of the formulation to be compressed. They were identified based on the Hausner ratio, Carr 

index, tapped density, and bulk density, which indicated that F3 and F4 are good compressors relative to F1 and 

F2. Formulation F3 had the optimal trade-off between the liquid SMEDDS adsorption capacity and the ratio of 

excipient, and could be further compacted into tablets. These results indicate that the formulated SMEDDS tablets 

possessed the best physical and performance characteristics suitable to be given orally. Percent variation is small, 

which means that the die filling and blends are uniform. The weights of F3 and F4 formulations were more 

consistent, just as is the case with their more favourable flow and compressibility behaviour. After 45 min, 98% 

of the liquid SMEDDS had been released, which focused on the fact that solubilization effect. Solid SMEDDS 

Tablet (F3) was very similar to liquid SMEDDS. Performance. At pH 6.8, overall release was 99% by 45-60 min, 

slightly faster than the marketed formulation. Amorphization was the reason behind the improved release of 

SMEDDS tablets in GI fluids, high surface area, and self-emulsification was more effective than traditional 

marketed tablets. The in vitro graph indicated that there was almost a linear growth of the amount of drug released 

with time, and this implied that the rate of release was nearly constant throughout the dissolution. This action was 
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an indicator that the matrix system enables the release of drugs to be sustained without dependency on drug 

concentration.  

 

7. CONCLUSION 

The current paper was able to show how solid self-microemulsifying drug delivery system (S-SMEDDS) tablets 

of Vildaformin could be developed using Aerosil 200 as a solid carrier. SEM, PXRD, and DSC analyses confirmed 

that the optimized formulation had desirable thermal and structural stability, uniform morphology, and optimized 

micromeritic properties. Tablet tests demonstrated good hardness, friability, disintegration, and weight variation, 

which ensure mechanical strength and acceptability by the patient. Enhanced solubility and dissolution rate were 

confirmed by in vitro dissolution studies that showed a markedly greater release of the drug in S-SMEDDS tablets 

relative to the pure drug and marketed formulation. The findings indicate that the S-SMEDDS-formulated tablet 

form of Vildaformin is a promising oral delivery system to enhance bioavailability, therapeutic effect, and 

compliance in the treatment of type 2 diabetes mellitus. The results of the study are consistent with those reported 

previously for other poorly soluble drugs developed in SMEDDS and S-SMEDDS methodologies. The Solid-

SMEDDS tablet (F3) of Vildaformin conforms to a diffusion-controlled sustained-release mechanism, which 

guarantees enhanced dissolution, bioavailability, and therapeutic activity, where improved dissolution was found 

to be associated with improved oral bioavailability. Notably, conversion of liquid SMEDDS to a solid dosage form 

not only gave the compound stability and ease of administration, but also increased the patient acceptability and 

compliance by eliminating the drawback of liquid lipid systems. 

Acknowledgement 

The authors are sincerely thankful to Bahra University, Shimla Hills, School of Pharmaceutical Laboratory, for 

the facilities and equipment necessary to conduct this work.  

 

Funding 

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 

sectors. 

 

Conflicts of Interest 

The authors declare no conflicts of interest. 

 

REFERENCE  

1. Patel, A.; Shelat, P.; Lalwani, D.; Qureshi, T.; Chowdhury, P. Lipid-based drug delivery system (LBDDS): 

Overcoming the challenges of oral route delivery. Pharmaceutics 2021, 13(6), 923. 

https://doi.org/10.3390/pharmaceutics13060923 

2. Zhang, Y.; Guo, R.; Yan, Z.; Song, C. Pharmacokinetics, efficacy and safety of vildagliptin/metformin 

combination therapy in patients with type 2 diabetes mellitus: A systematic review and meta-analysis. Diabetes 

Ther. 2019, 10(3), 791–804. https://doi.org/10.1007/s13300-019-0606-5 

3. Balakumar, K.; Raghavan, C. V.; Abdu, S. Self-nanoemulsifying drug delivery system (SNEDDS) for oral 

delivery of hydrophobic drugs and its application in the treatment of diabetes. Int. J. Pharm. Pharm. Sci. 2013, 

5(3), 105–112. 

4. Jaiswal, M.; Dudhe, R.; Sharma, P. K. Solid self-emulsifying drug delivery systems: An innovative approach 

for poorly soluble drugs. J. Drug Deliv. Sci. Technol. 2022, 70, 103236. 

https://doi.org/10.1016/j.jddst.2022.103236 

5. Kommuru, T. R.; Gurley, B.; Khan, M. A.; Reddy, I. K. Self-emulsifying drug delivery systems (SEDDS) 

of coenzyme Q10: Formulation development and bioavailability assessment. Int. J. Pharm. 2001, 212(2), 233–

246. https://doi.org/10.1016/S0378-5173(00)00616-1 

6. Li, S.; Madan, P. Effect of ionization of drug-on-drug solubilization in SMEDDS prepared using Capmul 

MCM and caprylic acid. Asian J. Pharm. Sci. 2017, 12, 73–82. 

7. Prajapati, A. P.; et al. Formulation development and evaluation of a solid self-microemulsifying drug 

delivery system of azelnidipine. Int. J. Pharm. Sci. Drug Res. 2023, 15(3), 237–249. 

8. Bhagwat, P.; D’Souza, J. Formulation and evaluation of solid self-microemulsifying drug delivery system 

using Aerosil 200 as solid carrier. Int. Curr. Pharm. J. 2012, 1(12), 414–419. 

9. Bindhani, S. Enhancement of solubility and dissolution rate of poorly soluble drug nifedipine by solid 

SEDDS. IJDDT 2020, 10(1), Jan–Mar 2020. 

10. Khan, H.; Khan, A.; Maheen, S.; Hanif, M.; Raza, S. A.; Sarfraz, R. M.; et al. Preparation and in vitro 

evaluation of sustained-release microparticles of an antidiabetic drug. Lat. Am. J. Pharm. 2015, 34(10), 1931–

1939. 

11. Kim, H.; et al. Enhanced oral bioavailability and anti-diabetic activity of canagliflozin through a spray-

dried lipid-based oral delivery: A novel paradigm. DARU J. Pharm. Sci. 2020, https://doi.org/10.1007/s40199-

020-00330-3 

https://doi.org/10.3390/pharmaceutics13060923?utm_source=chatgpt.com
https://doi.org/10.1007/s13300-019-0606-5?utm_source=chatgpt.com
https://doi.org/10.1016/j.jddst.2022.103236?utm_source=chatgpt.com
https://doi.org/10.1016/S0378-5173(00)00616-1?utm_source=chatgpt.com


Genetics and Molecular Research 25 (11s): 2026                    12 

12. Suram, D.; Narala, A.; Veera Brahma, K. Development, characterization, comparative pharmacokinetic and 

pharmacodynamic studies of iloperidone solid SMEDDS and liquisolid compact. Drug Dev. Ind. Pharm. 2020, 

https://doi.org/10.1080/03639045.2020.1742142 

13. Mandić, J.; et al. Evaluation of solid carvedilol-loaded SMEDDS produced by the spray drying method and 

a study of related substances. Int. J. Pharm. 2021, 605, 120783. 

14. Emad, N. A.; Sultana, Y.; Aqil, M.; et al. Omega-3 fatty acid-based self-microemulsifying drug delivery 

system (SMEDDS) of pioglitazone: Optimization, in vitro and in vivo studies. Saudi J. Biol. Sci. 2023, 30, 103778. 

15. Garg, V.; Kaur, P.; Singh, S. K.; Kumar, B.; Bawa, P.; Gulati, M.; Yadav, A. K. Solid self-nanoemulsifying 

drug delivery systems for oral delivery of polypeptide-k: Formulation, optimization, in vitro and in vivo 

antidiabetic evaluation. Eur. J. Pharm. Sci. 2017, https://doi.org/10.1016/j.ejps.2017.08.022 

16. Pathan, V.; et al. Gastroretentive floating tablet for an antidiabetic agent. Asian Pac. J. Health Sci. 2021, 

8(4). 

17. Shergill, M.; et al. Development and characterisation of sustained-release solid dispersion oral tablets 

containing the poorly water-soluble drug disulfiram. Int. J. Pharm. 2016, 497, 3–11. 

18. Čerpnjak, K.; Pobirk, A. Z.; Vrečer, F.; Gašperlin, M. Tablets and minitablets prepared from spray-dried 

SMEDDS containing naproxen. Int. J. Pharm. 2015, 495(1), 336–346. 

19. Nair, A. B.; Singh, B.; Shah, J.; Jacob, S.; Aldhubiab, B.; Sreeharsha, N.; Morsy, M. A.; Venugopala, K. N.; 

Attimarad, M.; Shinu, P. Formulation and evaluation of a self-nanoemulsifying drug delivery system-derived 

tablet containing sertraline. Pharmaceutics 2022, 14, 336. https://doi.org/10.3390/pharmaceutics14020336 

20. Bhairy, S.; Mane, S.; Padhye, S. Self-microemulsifying drug delivery system as a carrier for the oral 

delivery of glimepiride: Formulation development, optimization, in vitro characterization, stability assessment, 

ex vivo permeation, and in vivo antidiabetic activity in albino mice. Atlantic J. Med. Sci. Res. 2024, 4(1), 9–18. 

https://doi.org/10.5455/atjmed.2023.09.051 

21. Sharma V, Gautam H, Kumar G. Development and In-Vitro Characterization of a Vildagliptin and 

Metformin SMEDDS (VILDAFORMIN) for the Management of Type-2 Diabetes. Int J Drug Deliv Technol. 

2026;16(14s): 781-797. DOI: 10.25258/ijddt.16.14s.91 

22. Jaiswal, M., et al. "Solid Self-Emulsifying Drug Delivery Systems: An Innovative Approach for Poorly 

Soluble Drugs." Journal of Drug Delivery Science and Technology, vol. 70, 2022, p. 103236, 

https://doi.org/10.1016/j.jddst.2022.103236. 

23. Sharma, A. et al. "Loaded Solid Self-Microemulsifying Drug Delivery System of Bosentan." Journal of 

Neonatal Surgery, 2025, https://www.jneonatalsurg.com/index.php/jns/article/view/6155. 

24. Ali, N., et al. "Preparation and Evaluation of a Self-Emulsifying Drug Delivery System for Enhanced Oral 

Bioavailability of a Poorly Water-Soluble Drug." ACS Omega, 2024, https://doi.org/10.1021/acsomega.3c08700. 

25. Emad, N. A., et al. "Omega-3 Fatty Acid-Based Self-Microemulsifying Drug Delivery System." Journal of 

Drug Delivery Science and Technology, 2023,  

https://www.sciencedirect.com/science/article/pii/S1319562X23002231. 

26. Ali, H. S. M., Hanafy, A. F., Bafail, R., Alrbyawi, H., Almaghrabi, M., Alahmadi, Y. M., and El Achy, S. 

"Locally Acting Budesonide-Loaded Solid Self-Microemulsifying Drug Delivery Systems (SMEDDS) for Distal 

Ulcerative Colitis." International Journal of Nanomedicine, vol. 19, 2024, pp. 11819–11846, 

https://doi.org/10.2147/IJN.S484277 

 

 

 

 

https://doi.org/10.5455/atjmed.2023.09.051
https://www.sciencedirect.com/science/article/pii/S1319562X23002231

