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Abstract:   

Approximately 40% of new chemical entities suffer from poor aqueous solubility, limiting their oral 

bioavailability. Self-emulsifying drug delivery systems (SEDDS), comprising oils, surfactants, and co-

solvents, offer an effective strategy to enhance the absorption of hydrophobic drugs by using Qbd, while 

conventional SEDDS are typically in liquid form, they can pose stability and handling challenges. To 

address this, solid SEDDS (S-SEDDS) have been developed by solidifying liquid formulations into 

powders, offering improved stability and patient compliance. These systems form fine, stable oil-in-water 

emulsions in the gastrointestinal tract, enhancing drug solubilization and absorption. 
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INTRODUCTION 

Self Emulsifying drug delivery System 

Binary mixes of a lipophilic phase and a medicine are the simplest kind of SEDDS formulation, although 

more complicated systems including surfactants are also possible. To facilitate the formation of 

microemulsions, the inclusion of a co-surfactant is typically necessary. [5,6,7] These systems generally produce 

dispersions with lipid droplet sizes ranging from 200 nm to 5 μm, which appear turbid due to their droplet 

size distribution. 

Oils and surfactants, in an ideal world, would produce isotropic mixes; co-solvents are another possible 

component of SEDDS. These substances have the remarkable ability to generate tiny oil-in-water emulsions 

when given to water in an environment with low turbulence, such that which is present in the digestive 

system.[8] Due of the decreased toxicity profile of non-ionic surfactants, medium-chain triglyceride oils and 

non-ionic surfactants have recently gained popularity in SEDDS. 

For potential new drugs that have low water solubility, these formulations are ideal. Low and uneven 

bioavailability, substantial variability between and within people, and poor dosage proportionality are 

common challenges with oral administration of such drugs. [9,10] A number of formulation solutions have been 

devised to tackle these difficulties; they include cyclodextrins, nanoparticles, agents that facilitate surface 

tension, lipids, and permeability, micronization, salt creation, and solid dispersions.   

The goal is to increase the number of medications that are not highly water-soluble, lipid-based formulations, 

particularly Self-Emulsifying Drug Delivery Systems (SEEDS), have been the focus of much research and 

development in recent years.   

Isotropic blends comprising oils, both natural and manufactured, surfactants, both solid and liquid, and 

optionally hydrophilic co-solvents or co-surfactants make up SEEDS, which are also called self-emulsifying 

oil formulations. [11,12] Seeds can create microemulsions or fine oil-in-water emulsions when exposed to water 

and gently mixed with other substances, such gastrointestinal fluids. 

Rather from causing localized gastrointestinal discomfort from prolonged contact between the undissolved 

medication and the gut wall, these tiny droplets can swiftly travel from the stomach into the intestines, 

enabling global drug distribution. 
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To make medications that aren't extremely water-soluble more bioavailable and soluble, forward-thinking 

pharmaceutical companies have developed self-emulsifying drug delivery systems (SEDDS). Isotropic oil-in-

water emulsions, coupled with co-surfactants or co-solvents in some cases, can spontaneously form when 

these systems are gently stirred in the GI tract. 

 This characteristic makes SEDDS an attractive approach for addressing the challenges associated with the 

delivery of lipophilic drugs, which often exhibit low solubility and limited bioavailability. 

Azelnidipine, a calcium channel blocker belonging to the dihydropyridine class, is widely prescribed for 

managing hypertension. Despite its therapeutic efficacy, its high lipophilicity poses significant challenges, 

particularly its poor solubility in water and limited oral bioavailability, which is approximately 50%.[13] These 

limitations are primarily due to extensive first-pass metabolism and insufficient dissolution in gastrointestinal 

fluids. To enhance its therapeutic potential, advanced drug delivery systems are essential. Among these, 

SEDDS has emerged as a promising strategy to improve solubility and bioavailability. By utilizing a carefully 

selected combination of oils, surfactants, and co-surfactants, SEDDS can form fine emulsions upon exposure 

to gastrointestinal fluids, facilitating rapid and efficient drug absorption. This approach addresses the inherent 

challenges associated with lipophilic drugs and improves their therapeutic efficacy.[14] 

Medication distribution systems can benefit from a more planned and systematic approach to product 

performance and reliability by using QbD principles.   Two foundational principles of quality by design (QbD) 

are determining critical quality characteristics (CQAs) and comprehending the impact of formulation elements 

on the final product.[15] This method makes it easier to optimize the production and formulation processes by 

using tools like design of experiments (DoE) and risk assessment. Applying QbD principles to the 

development of a SEDDS for Azelnidipine ensures the formulation effectively addresses key challenges, such 

as solubility and bioavailability, while also achieving consistency, regulatory compliance, and high-quality 

standards.  

  
Figure 1: Self-Emulsifying drug delivery System 

 

 Drug Selection Criteria for Oral SEDDS Formulation 

Selecting an appropriate drug for Self-Emulsifying Drug Delivery Systems (SEDDS) involves considering 

various physicochemical and biopharmaceutical properties. The ideal drug candidate for SEDDS should 

have poor aqueous solubility but good solubility in lipids and surfactants. 

 

1. Physicochemical Properties of Drug 

A drug suitable for SEDDS should meet the following criteria: 

Low Aqueous Solubility 

 Poor water solubility (Biopharmaceutics Classification System BCS Class II or IV drugs). 

 If a drug has high solubility in water, SEDDS may not be necessary. 

High Lipophilicity (Log P > 2) 

 The drug should be highly soluble in oils, surfactants, or co-surfactants to ensure good incorporation 

into SEDDS. 
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 Log P values between 2–6 is preferred. 

Appropriate Molecular Weight 

 

 Moderate Molecular Weight (< 500 Da) 

o Drugs with a molecular weight below 500 Dalton (Da) are generally more suitable for oral absorption. 

o These drugs can diffuse through biological membranes more efficiently, enhancing their 

bioavailability. 

o SEDDS can further improve their solubility and facilitate absorption, particularly for BCS Class II and 

IV drugs. 

 High Molecular Weight (> 500 Da) 

o Drugs with molecular weights exceeding 500 Da often face challenges in crossing biological 

membranes, leading to poor permeability and limited oral bioavailability. 

o Even if solubility is improved using SEDDS, the absorption may still be restricted due to size-related 

permeability issues.[16,17] 

o These drugs might require additional formulation strategies such as permeability enhancers, prodrugs, 

or nanocarrier-based systems. 

Non-Ionic Nature (Preferred) 

 Strongly ionic drugs may not emulsify well in lipid systems. 

 However, ionic drugs can still be incorporated if they have good solubility in SEDDS components. 

Stability in Lipidic Environment 

 The drug should be chemically stable in oils and surfactants over time. 

 It should not degrade or precipitate upon dilution in gastric fluids. 

 

2. Biopharmaceutical Properties of Drug 

   BCS Class II & IV Drugs 

 BCS Class II (low solubility, high permeability) 

 Suitable because SEDDS enhances solubility without affecting permeability. 

 Examples: Fenofibrate, Itraconazole, Celecoxib, Nifedipine. 

 BCS Class IV (low solubility, low permeability) 

 SEDDS can improve solubility, but permeability enhancement is also needed. 

 Permeability enhancers or lipid absorption mechanisms may be used. 

 Example: Furosemide, Paclitaxel. 

   Good Permeability Through the Gastrointestinal (GI) Tract 

 Drugs should have moderate to high permeability to benefit from SEDDS. 

 If permeability is too low, permeation enhancers (e.g., bile salts) may be needed. 

   No Extensive First-Pass Metabolism 

 SEDDS can help drugs bypass first-pass metabolism via lymphatic absorption (if highly 

lipophilic). 

 Suitable drugs: Cyclosporine, Tacrolimus. 

   Dose Requirement 

 Drugs with low to moderate dose requirements (<100 mg per dose) are ideal. 

 High-dose drugs may not dissolve completely in SEDDS formulation. 
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METHODS 

Preformulation study 

 

 Identification of drug 

 

Melting Point  

 

The melting point of Azelnidipine was determined using capillary tube method. Thieles tube containing 

liquid paraffin solution and then small amount of pure drug was filled in the capillary tube which is sealed 

at one end using flame. Sample filled in capillary is tied with thread to the thermometer and suspended 

into Thieles tube and heated till drug powder melts. The temperature at which the pure drug powder started 

melting was noted. [18,19] 

 

  λ max Wavelength determination  

 

The sample of the standard solution were scanned between 200-400 nm regions on UV spectrophotometer 

(Jasco V-630). There are stock solutions of the Azelnidipine sample was prepared by dissolving 10 mg of 

drug in 10 ml of methanol, (1000 µg/ml respectively. Take 1ml of above solution and dilute to 10 ml 

methanol to make 100 µg/ml solution. Take 1ml of above dilution and dilute to 10ml methanol to make 10 

µg/ml solution.[56,57] 

 

  Solubility study of the Drug  

The solubility of Azelnidipine was performed in Methanol, distilled water, Phosphate buffer pH 6.8, were 

taken in different 50ml conical flask & 50 mg of Azelnidipine were added in it. The conical flask was 

stirred for 24 hrs. On mechanical shaker at 150 RPM. After 24 hrs. The flask was removed solutions were 

filtered and absorbance was measured at 255 nm. 

 Calibration Curve  

 

Calibration Curve of Azelnidipine inMethanol 

 

Preparation of stock solution in Methanol: 

Standard stock solution was prepared by taking 10 mg in 10 ml of Methanol (1000µg/ml). The stock 

solution scanned in the range 400-200 nm by UV spectrophotometer the solution showed maximum 

absorbance at 255 nm. 

Preparation of dilutions for the standard curve: 

From 1000µg/ml, prepare solutions of 2, 4, 6, 8, and 10 ppm by diluting 50- 300 µl stock to 10 ml 

Methanol. Absorbance was taken at 255 nm using Methanol as a blank. The absorbance v/s concentration 

graph is plotted.[20,21] 

Calibration Curve of Azelnidipine in Phosphate Buffer ph 6.8 
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Figure 2: Calibration curve of Azelnidipine in phosphate buffer 6.8 

 FTIR spectroscopy  

FTIR spectroscopy was employed for the identification of Azelnidipine by comparing its characteristic 

absorption peaks with those of the standard reference spectrum. A small quantity (1–2 mg) of 

Azelnidipine was finely ground and mixed with dry potassium bromide (KBr) in a 1:100 ratio, then 

compressed into a thin, transparent pellet using a hydraulic press. The pellet was analyzed using an 

FTIR spectrophotometer over a scanning range of 4000–400 cm⁻¹ at a resolution of 4 cm⁻¹. The 

resulting spectrum was examined for the presence of key functional group peaks corresponding to 

Azelnidipine, confirming the identity of the drug. 

 Figure 3: IR 

Spectroscopy of Azelnidipine 

 Procedure for solubility study of Azelnidipine in various excipients 

• Solubility study of drug was carried out at 37 0C for all excipients. 

• Excess of drug was added separately in to 5ml of each excipient. Each sample was kept on shaking for 

48 hrs at specified temperature. After 48 hrs shaking, each sample was filtered through 0.45μ Nylon Filter. 

• 0.1ml of each filtered test sample was taken separately, diluted suitably with methanol and absorbance 

taken at respective wavelength of maximum absorption for drug.  
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Table 1: Different oils and their solubility mg/ml 

Oil’s Solubility mg/ml 

Sesame oil 3.64 

Coconut oil 3.6 

Olive oil 3.27 

Castor oil 4.95 

Sunflower oil 4.02 

 

The solubility of the drug in different oils varied significantly, among the Oils tested, Castor oil exhibited the 

highest solubility (4.95 mg/mL). 

 Castor oil was found to be the most suitable oil phase for drug solubilization among the oils tested. These 

results are critical for selecting the appropriate oil phase in formulation.  

Table 2: Different Surfactants and their solubility mg/ml 

Surfactants Solubility mg/ml 

Tween 20 4.08 

Tween 80 5.80 

Span 80 5.47 

The solubility of the drug in various surfactants was evaluated to identify suitable excipients for formulation 

development. Among the surfactants tested, Tween 80 exhibited the highest solubility (5.80 mg/mL). 

Tween 80 is the most suitable surfactant among those tested for enhancing solubility and potentially 

improving the bioavailability of the drug in formulation. 

Table 3: Different Co-Surfactants and their solubility mg/ml 

Co-surfactants Solubility mg/ml 

Propylene Glycol 2.45 

Iso-propyl Alcohol 6.32 

PEG 400 5.18 

The solubility of the drug in selected co-surfactants was evaluated to identify a suitable co-solvent for 

formulation development. The results are summarized in Table. Among the co-surfactants tested, isopropyl 

alcohol exhibited the highest solubility (6.32 mg/mL), followed by PEG 400 (5.18 mg/mL), and propylene 

glycol (2.45 mg/mL). 

The selection of an appropriate co-surfactant is critical for enhancing the emulsification efficiency, drug 

loading capacity, and stability of lipid-based systems such as Self-Emulsifying Drug Delivery Systems 

(SEDDS). Isopropyl alcohol appears to be the most promising co-surfactant for the formulation due to its 

superior solubilizing capacity. 
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 DRUG EXCIPIENT COMPATIBILITY STUDY FOR CILNIDIPINE 

FTIR spectroscopy  

The drug excipients compatibility study was performed by FTIR technique. The optimized batch samples 

were scanned over wave number range of 500-4000 cm-1 with diffraction reflectance scanning technique. 

 

Figure 4: FTIR spectrum of a) Azelnidipine- (pure drug), b) Castor Oil c) Tween 80, d) Iso propyl Alcohol 

 

Differential Scanning Calorimetry (DSC)  

Differential scanning calorimetric (DSC) measurements were carried out on a modulated DSC. The 

optimized batch sample, the aluminum pans were used and hermetically covered with lead. The heating 

rage was 60-300 °C for sample with constant increasing rate of temperature at 10°C/min under nitrogen 

atmosphere (50-60ml/min). The resultant thermograms of formulation was obtained. [22,23] 

 

Figure 5: DSC of a) Azelnidipine- (pure drug), b) Castor Oil c) Tween 80, d) Iso propyl Alcohol 

 Screening of Surfactant-Co-surfactant (Smix) Ratio  

To determine the optimal ratio of surfactant (Tween 80) and co-surfactant (Isopropyl Alcohol) for the 

formulation of a self-emulsifying drug delivery system (SEDDS), a screening study was performed using 

castor oil as the fixed oil phase. 

A fixed quantity of castor oil (200 mg) was taken in multiple screw-capped glass vials. Various Smix 

ratios of Tween 80 and isopropyl alcohol were prepared by mixing them in different weight ratios such 
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as 1:0, 1:1, 1:2 and 1:3, Each Smix combination was added gradually to the castor oil under continuous 

vortex mixing. The addition was carried out in small increments until a clear, transparent, and isotropic 

mixture was obtained, indicating the complete solubilization of the oil. [58,59] 

The total amount of Smix required to solubilize the oil was recorded for each ratio. The visual appearance 

of the mixtures was assessed to determine clarity and phase behavior. [24,24] The Smix ratio that solubilized 

the oil using the least amount of surfactant-co-surfactant blend while maintaining a clear and stable 

system was considered optimal. 

This optimized Smix ratio was then selected for further formulation development and construction of 

pseudo-ternary phase diagrams.  

 

       

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                   Figure 6: surfactant-cosolvent mixtures (Smix) Ratio 

It was observed that the Smix of 1:1 with the selected Tween 80 and Iso propyl alcohol shows better results 

in terms of homogeneity as well as accommodating maximum area in phase diagram as compared to another 

ratio.  

 Construction of Pseudo Ternary Phase Diagram 

After identifying the optimal surfactant-co-surfactant ratio (Smix), the next step involved the screening of 

various oil to Smix ratios to determine the range in which a microemulsion could be formed. 

A series of formulations were prepared by varying the weight ratio of castor oil to Smix from 1:9 to 9:1. In 

each formulation, the total weight of oil and Smix was fixed at 1 gram to ensure consistency. Based on the 

selected ratio (e.g., 1:9, 2:8, 3:7, …, 9:1), appropriate amounts of oil and Smix were weighed and transferred 

into clean screw-capped vials. [25,26,28] 

To each mixture, distilled water was added dropwise under gentle stirring using a vortex mixer at room 

temperature. The samples were then visually observed for clarity, homogeneity, and phase behavior. The 

formation of a clear, transparent, and isotropic solution was considered indicative of microemulsion 
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formation. In contrast, samples exhibiting turbidity, phase separation, or gel formation were not considered 

as microemulsions. 

Each formulation was tested in triplicate to ensure reproducibility. The compositions that consistently formed 

microemulsions were plotted on a pseudo-ternary phase diagram using castor oil, Tween 80, and isopropyl 

alcohol as the three components.[27] The region encompassing all successful microemulsion points was 

identified as the microemulsion region. 

The pseudoternary phase diagrams were then constructed using these data points, and the 

microemulsion zone was identified and shaded on the diagram. This region indicates the optimal range of 

component ratios suitable for formulating a stable and effective SEDDS. Among the studied systems, the oil-

to-Smix ratio of 3:7 typically showed a broad microemulsion region, highlighting it as a promising ratio for 

further formulation development. [59,60]  

Formulation and optimization using Box–Behnken Design: 

Box–Behnken Design, in this study, was utilized with Design Expert® software (Version 13.0). The Box–

Behnken Design involved three independent variables: (A) Castor oil, (B) Tween 80 and (C) Iso Propyl 

Alcohol (IPA). The dependent variables examined were (A)Drug Content (%), (B)Self-emulsification Time 

(%) and (C)Drug Release (%). The Box–Behnken Design included factorial points, a center point, and axial 

points, resulting in a total of 13 experimental runs. The details of the independent variables, their coded levels, 

and the Box–Behnken Design scheme matrix are provided in the accompanying table. [28,30] 

 

 

Table 4: List of Independent and Dependent variables in central composite design. 

INDEPENDENT VARIABLE LOW Level (-1) High Level (+1) 

Castor oil (ml) 0.28 0.32 

Tween 80 (ml) 0.33 0.37 

Iso propyl alcohol (ml) 0.33 0.37 

DEPENDENT VARIABLE Constraint  

Drug Content (%) Maximize  

Self-emulsification time (sec) Maximize  

Drug release (%) Maximize  

 

Table 5: DOE Suggested Batches and Experimental Batches. 

Formulation 

Code 

 

Azelnidipine 

(mg) 

Castor oil 

(ml) 

Tween 80 

(ml) 

Iso Propyl Alcohol 

(ml) 

F1 8 0.28 0.35 0.33 

F2 8 0.32 0.33 0.35 

F3 8 0.32 0.35 0.37 

F4 8 0.32 0.37 0.35 

F5 8 0.3 0.35 0.35 

F6 8 0.3 0.33 0.37 

F7 8 0.3 0.37 0.37 

F8 8 0.28 0.33 0.35 
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F9 8 0.3 0.37 0.33 

F10 8 0.32 0.35 0.33 

F11 8 0.3 0.33 0.33 

F12 8 0.28 0.35 0.37 

F13 8 0.28 0.37 0.35 

 

 Preparation of the SEDDS Formulation 

First, the drug Azelnidipine (8 mg) was combined with the chosen oil phase. After that, the lipidic medication 

mixture was continuously vortexed on vortex mixer while the surfactant mixture was added dropwise. 

Selected surfactant and cosurfactant were combined in predetermined ratios to create the surfactant mixture. 

In the end, a transparent, uniform mixture was produced. The formulations were sealed in glass vials and 

stored at room temperature until used. 

 

 

 

 

 

 

 

Figure 7: Formulation of Self-Emulsifying drug delivery System (SEDDS) 

 

Method of preparation of Solid- SEDDS 

Procedure: 

Solidification was carried out using Aerosil 200, a hydrophilic colloidal silicon dioxide, which served as the 

adsorbent carrier owing to its high surface area and excellent adsorption capacity. Precisely 0.250 g of Aerosil 

200 was gradually added to 1.0 mL of the Liquid-SEDDS formulation (F7) in a clean, dry mortar. The mixture 

was continuously triturated with a pestle under gentle pressure to allow uniform adsorption of the liquid onto 

the surface of the solid carrier.[60] 

During mixing, the transformation of the liquid into a free-flowing powder was carefully monitored. The 

addition of Aerosil was done incrementally to ensure optimal adsorption and to prevent lump formation. The 

process continued until a uniform, dry, non-sticky, and free-flowing solid SEEDS powder was obtained. [31,32] 

The resultant solidified product was stored in a desiccator to avoid moisture uptake prior to further 

evaluations. 

This method preserved the self-emulsifying ability of the liquid formulation while transforming it into a solid 

dosage form, facilitating improved stability, portability, and manufacturability. The optimized Solid-SEDDS 

of F7 was then subjected to further physicochemical evaluations, including flow properties, and in vitro 

release behavior, to confirm the retention of its functional properties post-solidification.[33] 
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Figure 8: Solid SEDDS 

EVULATION OF LIQUID SEDDS 

Appearance of SEEDS Formulation 

The appearance of the Self-Emulsifying Drug Delivery System (SEEDS) formulation was visually 

inspected for clarity, colour, and phase separation. A small amount of the formulation was placed in a clean, 

transparent glass vial and observed under natural light. The formulation was evaluated for its homogeneity, 

transparency (or turbidity), and any signs of creaming, cracking, or phase separation. All SEEDS formulations 

appeared clear, homogeneous, and physically stable with no signs of turbidity, phase separation, or particulate 

matter. This indicates efficient emulsification and good physical stability of the formulations. [34,35] 

Clarity of SEEDS Formulation 

The clarity of the SEEDS formulation was assessed visually to determine the degree of transparency after 

dilution. A fixed amount of the formulation (e.g., 1 mL) was diluted in 100 mL of distilled water under gentle 

stirring at room temperature. The resulting emulsion was immediately observed against a black and white 

background under adequate lighting. The clarity was graded based on visual inspection as clear, slightly 

turbid, or turbid. All formulations appeared clear with no turbidity, indicating efficient self-emulsification and 

uniform dispersion. 

Thermodynamic stability studies  

To evaluate the stability of the formulations, three standard tests were conducted36.37,38]  

Heating-Cooling Stability: The stability of the SEEDS formulations was evaluated by subjecting each 

sample to six heating-cooling cycles between 4°C and 45°C, with a 48-hour holding period at each 

temperature. The formulations were observed after each cycle for signs of phase separation, creaming, or 

sedimentation. All formulations remained physically stable throughout the cycles, indicating good thermal 

stability.[56]  

Centrifugation Stability: SEEDS formulations were subjected to centrifugation at 3500 rpm for 30 minutes 

at room temperature to assess physical stability under accelerated conditions. The samples were examined for 

any signs of layering or sedimentation. All formulations remained stable, showing no phase separation or 

physical instability. 

Freeze-thaw Stability: SEEDS formulations were subjected to three freeze-thaw cycles, alternating between 

-21°C and +25°C, each held for 48 hours. After each cycle, samples were inspected for crystallization, phase 

separation, or texture changes. All formulations remained stable, indicating good resistance to temperature 

stress. [39] 
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Droplet Size, Zeta Potential, and Polydispersity Index (PDI) 

The droplet size, polydispersity index (PDI), and zeta potential of the SEEDS formulation were determined 

using a dynamic light scattering (DLS) technique with a Zetasizer (e.g., Malvern Zetasizer Nano ZS or 

equivalent).[40] An appropriate quantity of the formulation was diluted 100 times with distilled water to ensure 

suitable scattering intensity and avoid multiple scattering effects. The diluted sample was transferred to a 

clean disposable cuvette for droplet size and PDI measurement, and to a folded capillary cell for zeta potential 

analysis. 

 

Figure 9: Particle Size PDI of optimized batch F7 

 

Figure 10: Zeta potential of optimized batch F7. 

The droplet size ranged from 103.5 nm to 195.4 nm, with PDI values indicating a relatively narrow size 

distribution (0.12 to 0.497). The zeta potential values ranged from -29.8 mV to -16.4 mV, suggesting moderate 

to good electrostatic stability. Among these, batch F7 showed the smallest droplet size (103.5 nm), low PDI 

(0.137), and a high negative zeta potential (-29.8 mV), indicating it as the optimized formulation with superior 

stability and homogeneity. 

Conductivity Measurement 

The electrical conductivity of the SEEDS formulation was measured to determine the nature of the emulsion 

formed upon dilution (i.e., oil-in-water or water-in-oil). A fixed volume of the formulation (e.g., 1 mL) was 

diluted with 100 mL of distilled water under gentle stirring to simulate in vivo dispersion. The conductivity 
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of the resulting emulsion was measured using a digital conductivity meter (e.g., Contech Digital Conductivity 

Meter) at room temperature (25 ± 1 °C). 

High conductivity values typically indicate the formation of an oil-in-water (o/w) emulsion, while low 

conductivity values suggest a water-in-oil (w/o) system. The measurements were performed in triplicate, and 

the mean conductivity value was recorded in microsiemens per centimeter (µS/cm). 

The conductivity values ranged from 40.0 ± 0.8 to 99.0 ± 0.6 µS/cm, indicating that most formulations formed 

oil-in-water emulsions. Batch F7 showed the highest conductivity (99.0 ± 0.6 µS/cm), supporting its efficient 

self-emulsification and o/w emulsion formation. 

pH Measurement 

The pH of the SEEDS formulation was measured to assess its suitability for oral administration and to ensure 

stability. A specific quantity of the formulation (e.g., 1 mL) was diluted with 100 mL of distilled water to 

simulate dispersion conditions. The pH of the resulting emulsion was determined using a calibrated digital 

pH meter (e.g., Contech Digital PH Meter) at room temperature (25 ± 1 °C). 

The pH meter was calibrated with standard buffer solutions before use. Measurements were conducted in 

triplicate, and the average pH value was recorded. [40,41] 

The pH values of the formulations ranged from 6.88 ± 0.52 to 7.16 ± 0.26, indicating a near-neutral pH suitable 

for oral administration and formulation stability. 

Viscosity Measurement 

The viscosity of the SEEDS formulation was measured to assess its flow behavior and suitability for 

encapsulation or filling. Viscosity was determined using a Brookfield viscometer (e.g., Brookfield DV-E) 

equipped with a suitable spindle. The measurement was carried out at room temperature (25 ± 1 °C) at a fixed 

rotation speed (e.g., 50 rpm). 

A sufficient volume of the undiluted formulation was placed in the sample container, and viscosity was 

recorded in centipoise (cP). All measurements were performed in triplicate, and the mean value was reported. 
[42,43,44] 

The viscosity values ranged from 41.0 ± 1.1 to 71.0 ± 1.6 cP, indicating moderate flow properties suitable for 

formulation handling and processing. 

In vitro diffusion study (Drug Release) 

i. Using a vertical Franz diffusion cell, the drug release from the SEDDS formulation was assessed 

in a Phosphate buffer solution (PBS) with a pH of 6.8. 

ii. A recently made phosphate buffer with a pH of 6.8 was utilized as the receptor media. 

iii. It was on the Franz's Diffusion cell assembly that the dialysis membrane. (Molecular weight 

12000, pore size 2.4nm) was soaked in the receptor media overnight. 

iv. The system was maintained on the multistation diffusion study apparatus at 370C ± 20C with 

stirring at 100 rpm after 2 milliliters of the SEDDS formulation was added to the donor 

compartment. 

v. Two milliliter portions of the medium were removed at specific intervals (1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 11 and 12 hours) and promptly replaced with an identical volume of fresh medium. 

vi. After the portions were appropriately diluted with the solution, they were examined using a UV-

Vis Spectrophotometer set at 255nm (λmax). The mechanism of drug release from the SEDDS 

http://www.ijrti.org/


© 2025 IJRTI | Volume 10, Issue 6 June 2025 | ISSN: 2456-3315 

IJRTI2506132 International Journal for Research Trends and Innovation (www.ijrti.org) b254 
 

was determined by fitting the data acquired from the in-vitro diffusion investigations to various 

kinetic equations.[45,46] 

 

Figure 11: in-vitro release profile of formulations F1-F13 

The in-vitro drug release of thirteen formulations (F1–F13) was evaluated over 12 hours. Formulation F7 

showed the highest cumulative drug release at 95.51%, indicating superior release performance. Formulations 

F11 (82.67%), F12 (77.24%), and F10 (75.83%) also demonstrated good release profiles, while F1, F2, and 

F3 showed slower release rates (around 59-61%). The enhanced release in F7 is attributed to its optimal 

droplet size and surfactant concentration, promoting better drug solubilization and diffusion. These results 

suggest F7 as the most promising sustained-release SEDDS formulation. 

 

Figure 12: 3D Surface plot of Drug release 

Drug Content 

I. Self-emulsifying drug delivery systems formulation 100 µL was taken and dissolved 

in 10 ml of methanol. 

II. Samples were prepared in triplicate and absorbance measured at 255 nm using UV-
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visible spectrophotometer (Jasco V-630). 

III. Methanol was used as a reference solution. 

 

The drug content of SEDDS formulations (F1–F13) varied significantly, ranging from 35.54% (F6) to 89.71% 

(F7), reflecting the impact of excipient type and ratio on drug solubilization and entrapment. Formulation F7 

showed the highest drug content, indicating optimal Azelnidipine solubilization and compatibility with 

excipients. F13 also had a high drug content (79.48%), while F6, F5, and F3 exhibited lower values (35.54–

45.54%) likely due to poor solubilization. These results emphasize the critical role of excipient selection, with 

F7 identified as the most efficient formulation for drug incorporation. 

 

 

Figure 13: 3D Surface plot of Drug Content 

 

Self-Emulsification Time 

The self-emulsification time of the SEEDS formulation was determined by adding 1 mL of the formulation 

dropwise into 250 mL of distilled water maintained at 37 ± 0.5 °C with gentle stirring (50 rpm) using a 

magnetic stirrer. The time taken for the formulation to form a clear or slightly turbid emulsion, indicating 

complete self-emulsification, was recorded using a stopwatch. [47,48] The process was visually observed against 

a white background. The test was performed in triplicate, and the average self-emulsification time was 

reported. 

The self-emulsification time of SEDDS formulations (F1–F13) ranged from 29.0 ± 0.8 seconds (F7) to 71.0 

± 1.0 seconds (F11). Formulation F7 showed the fastest emulsification, followed by F4 and F9, indicating 

efficient and rapid emulsion formation that can enhance drug solubilization and bioavailability. In contrast, 

F11, F8, and F6 had slower emulsification times, likely due to higher viscosity or less optimal surfactant-to-

oil ratios, which may hinder drug release. Overall, most formulations emulsified within one minute, with F7 

emerging as the most promising for rapid dispersion and improved absorption of Azelnidipine. 
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Figure 14: 3D Surface plot of Self-Emulsification time 

 

 EVULATION OF SOLID-SEDDS 

In-vitro Dissolution Study  

A dissolution test was performed using dissolution test apparatus USP type II in Phosphate buffer pH 6.8 and 

8mg Azelnidipine marketed tablet and optimized SEDDS Capsule formulation. Dissolution studies were 

conducted using USP apparatus type-II; at 37±0.5°C temperature at 50 rpm.[50,51] 

Media. The 5 ml solution was withdrawn at time intervals of 10, 20, 30, 40, 50, and 60 min. The dissolved 

amount of the drug was quantitated by using UV visible spectroscopy at 255 nm.  

 

Figure 15: Comparative Dissolution Study of Formulated SEDDS Capsule with Marketed Tablet 

The in vitro dissolution of the optimized SEDDS capsule (F7) was compared with a marketed Azelnidipine 

tablet over 60 minutes. The SEDDS showed a faster and higher drug release, with 35.16% released at 10 

minutes versus 26.46% for the tablet, and reaching 91.11% at 60 minutes compared to 79.54% from the 

marketed product. This improved dissolution is due to the self-emulsifying nature of F7, which forms a fine 

emulsion that enhances surface area, wettability, and solubilization of Azelnidipine. Additionally, the reduced 

droplet size and high surface charge of F7 contributed to its rapid and efficient drug release. 
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CONCLUSION 

 

This study successfully developed and optimized a Self-Emulsifying Drug Delivery System (SEDDS) for 

Azelnidipine to improve its oral bioavailability. Using a Quality by Design approach with Box-Behnken 

Design, formulation F7 was identified as optimal, showing a droplet size of 103.5 nm, low PDI (0.137), and 

high zeta potential (-29.8 mV), indicating excellent stability. FTIR and DSC analysis confirmed drug-

excipient compatibility. The optimized SEDDS showed rapid emulsification, high clarity, and superior drug 

release (91.11% at 60 min) compared to the marketed tablet (79.54%). Solidification with Aerosil 200 

preserved its properties and improved handling. Overall, SEDDS proved to be an effective strategy for 

enhancing Azelnidipine's solubility and bioavailability. 
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