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1. TITLE OF THESIS AND ABSTRACT 

1.1 TITLE OF THESIS 

FORMULATION AND EVALUATION OF SELF-NANO EMULSIFYING DRUG 

DELIVERY SYSTEMS (SNEDDS) OF POORLY WATER SOLUBLE ANTILIPIDEMIC 

DRUGS 

1.2 ABSTRACT 

In silico prediction of drugs solubility in lipid vehicle remains a difficult task. In the research 

work, some factors have been identified to be helpful in predicting drug solubility using selected 

excipients. These factors included the solubility parameter (δ), HLB value, partition coefficient, 

relative molecular mass (MW), Dielectric constant (ε), dipole moment (µ), fatty acid chain 

length and saponification value. To the best of our knowledge, no information is available in the 

literature on the usefulness of solubility parameter, required HLB (RHLB), and required 

chemical type of emulsifiers or solubilization capacity for solubilizing vehicles as criterion for 

the selection of surfactant/cosurfactant in the formulation development of SNEDDS using 

Fenofibrate or Atorvastatin Calcium. The present study showed the importance of selecting a 

surfactant with the proper HLB for specific oils, as well as the type of surfactant/co-surfactant. 

The solubility parameter (δ) of Fenofibrate and Atorvastatin Calcium are closest to the solubility 

parameter (δ) of Capmul MCM. Blend of better surfactant/co-surfactant was obtained when 

surfactant and co-surfactant at higher and lower HLB level respectively were blended. The 

greater the difference between the hydrophilic and lipophilic surfactants, the better the coverage 

by blends at the interface. The study showed the importance of the structural similarities between 

the lipophilic tails of the surfactant blends. The pseudo ternary phase diagrams for mixtures of 

Capmul MCM oil with non-ionic surfactant/co-surfactant and water were constructed. The 

micelles have potential applications, advantages, and usefulness in the pharmaceutical industry 

as SNEDDS by various routes of administration, as well as in cosmetics and personal care 

products. 

 

To the best of our knowledge, no information is available in the literature on the improvement of 

Fenofibrate and Atorvastatin Calcium dissolution and bioavailability using mixture of Capmul 

MCM oil, Cremophor RH 40 and Transcutol-P by SNEDDS methodology. The present research 

was aimed to explore SNEDDS formulation development using 32 factorial design for 
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dissolution improvement compared to marketed formulation of Fenofibrate and Atorvastatin 

Calcium.  The present work also described the formulation development of stable SNEDDS of 

Fenofibrate and Atorvastatin Calcium using concentration of oil and surfactant/cosurfactant on 

the basis of preliminary trials. The 32 factorial design was employed using concentration of 

Capmul MCM oil and Cremophor RH 40: Transcutol-P (3:1) as independent variables. The 

Globule size, Polydispersity index, Zeta potential and drug release at 15 minutes for Fenofibrate 

and Atorvastatin calcium were selected as dependent variables. The optimized batch was 

selected on the basis of arbitrary criteria using Design Expert software employing overlay plot 

with desirability approach. The SNEDDS formulations were evaluated for their physico-

chemical parameters such as globule size, zeta potential, polydispersity index, drug release 

profile and physico-chemical stability. The composition of optimized formulation consisted of 

Capmul MCM Oil as oil, Cremophor RH 40 as surfactant and Transcutol-P as cosurfactant, 

containing 10mg of Atorvastatin and 45mg of Fenofibrate showing drug release for liquid 

SNEDDS formulation (>95%), droplet size (78.3nm), Zeta potential (-23.13), and infinite 

dilution capability. In-vitro drug release of the optimized batch was highly significant (p<0.05) 

as compared to marketed conventional capsule (Fenostat) of Fenofibrate and Atorvastatin 

Calcium. 

 

2. BRIEF DESCRIPTION ON THE STATE OF THE ART OF THE RESEARCH TOPIC 

Fenofibrate decreases elevated serum total and LDL-cholesterol, triglyceride, and Apo B 

concentrations. It is used to increase HDL-cholesterol concentration in the management of 

primary hypercholesterolemia and mixed dyslipidemia [1]. It exhibits additive antilipidemic 

effect when used concomitantly with other antilipidemic agents. Fenofibrate shows 

bioavailability problems due to poor water and physiological fluids solubility (BCS Class-II 

drugs). Fenofibrate shows increase in absorption in fed condition of patient compare to fasting 

condition of patient. Atorvastatin inhibits HMG-CoA reductase, causing subsequent reduction in 

hepatic cholesterol synthesis. It reduces serum concentrations of total cholesterol, LDL-

cholesterol, VLDL-cholesterol, and triglycerides [2]. Atorvastatin shows low aqueous solubility 

and it is rapidly absorbed after oral administration. Food decreases the rate and extent of its 

absorption by approximately 25% and 9% respectively.  
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The atorvastatin/fenofibrate fixed-combination preparation reported the excellent results rather 

than use of single drug [3]. Such combination therapy can only be achieved by the use of two 

separate products, i.e. the patient needs to take one fenofibrate tablet together with another tablet 

or capsule containing a statin [3].  

There is a need for developing a formulation of Fenofibrate and Atorvastatin Calcium, which 

may provide improved drug dissolution with minimum variation in bioavailability of Fenofibrate 

and Atorvastatin Calcium. SNEDDS formulations are known to reduce inter- and intra-individual 

variations in bioavailability, which is believed to be caused by a decreased sensitivity of 

formulation performance to pre-absorptive solubilisation and dietary status [4, 5]. Hence, present 

research was thought to explore preparation of SNEDDS for combination of Fenofibrate and 

Atorvastatin Calcium to enhance dissolution which ultimately provides improved bioavailability.  

 

3. DEFINITION OF THE PROBLEM 

Fenofibrate and Atorvastatin Calcium are from BCS class-II having log P 5.3 and 5.7 

respectively. Self Nanoemulsifying Drug Delivery System (SNEDDS) can be used to enhance 

solubility of poorly water soluble drugs. It provides benefits to BCS Class II and IV drugs, which 

exhibits poor aqueous solubility and also for drugs having a log P value greater than 2. Hence, 

the aim of present work was to prepare stable formulations of Fenofibrate and Atorvastatin 

Calcium which may improve dissolution profile of drugs and ultimately enhance the 

bioavailability as compared to conventional marketed formulation.  

 

4. OBJECTIVES AND SCOPE OF WORK 

The objectives of the present work were-  

 To develop stable formulations for self-nanoemulsifying drug delivery system in order to 

enhance solubility and release rate of poorly soluble Antilipidemic drugs.  

 In silico prediction of drugs solubility in lipid vehicle using several factors like solubility 

parameter (δ), HLB value, relative molecular mass (MW), solubilization capacity.  

 To select most suitable vehicle and perceive role of lipid vehicle in pseudo ternary phase 

diagram behaviour to find nanoemulsion area in SNEDDS containing Fenofibrate and 

Atorvastatin Calcium.  

 To study physicochemical properties of Self Nano Emulsifying Drug Delivery System.  
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 To study effect of dilution of SNEDDS formulation that formation of spontaneous 

curvature of surfactant layer changes.  

 To study in-vitro drug release profile by using a suitable in-vitro dissolution model.  

 To study in-vitro drug diffusion profile by using a suitable in-vitro diffusion model.  

 To carry out stability study of selected SNEDDS formulation as per ICH guidelines.  

 

5. ORIGINAL CONTRIBUTION BY THE THESIS 

The entire work in this synopsis, as well as thesis, is the original work, with research papers as 

the backbone. The details of the associated papers are as follows: 

 

5.1 LIST OF PUBLICATION 

1. Milan D. Limbani, Dr. L.D. Patel, “Studies on Drug Solubilization and Role of Lipid 

Vehicle in Pseudo Ternary Phase Diagram in Formulation Development of SNEDDS 

Containing Poorly Water Soluble Drugs” in International Journal of Pharmaceutical 

Sciences Review And Research (ISSN-0976-044X). 

Int. J. Pharm. Sci. Rev. Res., 40(2), September – October 2016; Article No. 43, Pages: 

228-237 (Indexed in SCOPUS, Gale and EMBASE (Elsevier Products), DOAJ, Google 

scholar, SOCOLAR, NEW JOUR, ICIL, UPD, Open-J-Gate, DJS, SJSUL, CAS, PTI, 

Pharmpedia, LexiNexis, GFMER EJL, ZDB, and more international Database) 

2. Milan D. Limbani, Dr. L. D. Patel, “Formulation and Evaluation of Self 

Nanoemulsifying Drug Delivery System Containing Poorly Water Soluble 

Antilipidemic Drugs” in World Journal of Pharmaceutical Research (ISSN 2277-7105). 

WJPR, Volume 7, Issue 16, 2018, Pages: 1458-1477 (Indexed in SCOPUS, Google 

Scholar, EBSCO, UPD, NewJour, SOCOLAR, CAS, Research Bible, EMBASE, DOAJ, 

Thomas Reuters, GIF, DRJI, IIFS, SJIF, ISRA, SIS, InfoBase index, SAIF, ESJI, DAIJ, 

IFSIJ, CIF, IIJIF, SLI, PubMed, EBSCO, and more international Database) 

 

5.2 PAPER PRESENTATION 

Milan D. Limbani, Dr. L. D. Patel, “Studies on drug solubilization and Role of lipid 

vehicle in Pseudo Ternary Phase diagram in formulation development of SNEDDS 
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containing poorly water soluble drug” (National Seminar, 7th Pharma Vision 2016) 

at Babaria Institute of Pharmacy, Vadodara on 17 - 18 September 2016. 

 

5.3 PATENT 

Milan D. Limbani Dr. L. D. Patel, “Self nanoemulsifying drug delivery system 

comprising fenofibrate and atorvastatin calcium” at Mumbai Intellectual Property and 

Trademark office. Date of Filing: 11th September 2018. (Patent filed and awaiting for 

acknowledgement of receipt). 

 

6. METHODOLOGY OF RESEARCH 

Experimental Work – I 

Solubility Study 

Screening of excipients was by determining the equilibrium solubility of Fenofibrate and 

Atorvastatin Calcium in different oils, surfactants and co-surfactants. An excess quantity of 

Fenofibrate and Atorvastatin Calcium were added to the 2ml of excipients. The mixtures in vials 

were shaken at 25±1.0°C for 48 hour using controlled temperature rotary shaker. The supernatant 

was separated and Fenofibrate and Atorvastatin Calcium were extracted in methanol. The drug 

content was analysed using UV-Visible spectrophotometer at 287 and 246nm for Fenofibrate and 

Atorvastatin Calcium respectively [6, 7]. 

Selection of blend of surfactant/co-surfactant (Lipid Vehicle) 

Selection of surfactant is critical step in formulating the desired nanoemulsion. Each surfactant 

or oil has a specific HLB. The corrected HLB of the selected surfactant or blend of surfactant 

and co-surfactant that match the HLB of selected oil provides the lowest interface tension 

between oil and water phases. The HLB of selected surfactant and blend of surfactant and co-

surfactant reflects the stability of system at lower levels, and can be obtained when the HLBs of 

surfactant or blend of surfactant: co-surfactant and oil are similar [8]. 

Calculation of Solubility Parameter 

Polarity of solvents can be defined by dielectric constant (E), which is an important property 

related to the solubility and hydrophilic-lipophilic balance [9, 10]. It was showed that the 

solubility of a solute decreased as the dielectric constant of solvent decreased. The commonly 

used approach in quantifying the cohesion between a solvent and a solute is the solubility 



Milan D. Limbani (Enrollment No. 119997290020)                                                                     7 

parameter (δ), which is defined as square root of cohesive energy density, expressed as energy of 

vaporization. 

δ = (CED) 1/2 = (∆Ev/Vm) 1/2   …… (Equation-1) 

Where CED is cohesive energy density, ∆Ev is energy of vaporization and Vm is molar volume. 

δF = [Ʃ∆e/ Ʃ ∆v] 1/2 ……   (Equation-2) 

Where ∆e = the additive atomic group contributions for the energy of vaporization 

∆v = the additive atomic group contributions for the molar volume 

In this mode the contribution of hydrogen bonding is not included. Therefore, hydrogen bonding 

contribution (δH) was calculated as: 

δH = (5000m/V) 1/2 ……    (Equation-3)  

Where, m is number of hydrogen donor and acceptors, and V is molar volume (MW/density). 

Total solubility parameter (δT) was calculated by adding hydrogen bonding contribution (δH) to 

the Fedor's solubility parameter (δF): 

δT = (δF
2 + δH

2) 1/2 ……  (Equation-4) 

Determination of Required HLB (RHLB) of Capmul MCM Oil 

To determine RHLB (o/w) for emulsification of Capmul MCM oil, a matched pair of surfactants 

belonging to same chemical class but having different hydrophilicity i.e. Cremophor RH 40 and 

Transcutol-P were selected. The batches of twelve surfactants blends, ranging in HLB from 

straight Cremophor RH 40 (HLB = 15) to Transcutol-P (HLB = 4.5). 

Determination of required chemical type of Emulsifiers 

To find out appropriate surfactants, more formulation was prepared using pair of Labrasol and 

Transcutol-P in such a ratio to give HLB value 12.38 (which is required for Capmul MCM). Ease 

of preparation and time for separation was determined and compared with the emulsion prepared 

using Cremophor RH 40 and Transcutol-P mixtures. Number of times the test tubes shaken till a 

homogenous milky emulsion formed and time of separation for Capmul MCM emulsion 

prepared using surfactant/co-surfactant blend of same HLB but different chemical type. 

Measurement of solubilization capacity 

The water solubilization capacity, i.e., minimum content of non-ionic surfactant/co-surfactant 

required to form a nanoemulsion system with Capmul MCM oil, was performed as a criterion for 

optimization using the water titration method [11, 12]. The results of solubilization capacity were 

used to select the best emulsifier to study the phase diagram behaviour of Capmul MCM oil. 
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Construction of Pseudo-Ternary Phase Diagrams 

Pseudo ternary phase diagrams were constructed based on types of mixtures or dispersion 

systems formed when Capmul MCM oil-surfactant/co-surfactant mixtures were serially titrated 

with water at ambient temperature. Various weight to weight blends of selected surfactant/co-

surfactant in the ratios of 1:1, 2:1 and 3:1 were produced to form surfactant/co-surfactant 

mixtures with HLB values of 8.1, 9.4, 10.1, 9.6, 11.4 and 12.3, respectively [13]. The Capmul 

MCM oil and the blend of surfactant/co-surfactant at each HLB value were weighed separately 

in glass beakers, and were mixed and vortexed thoroughly in specific oil to surfactant/co-

surfactant mixture ratios in the range of 0.25:4.75 – 4.5:0.5. Each mixture was slowly titrated 

with distilled water drop wise using a pipette. After each addition of water, the systems were 

vortexed for 10–20 seconds, and final mixtures were vortexed for 2–3 minutes at room 

temperature. Initial visual observations of resulting mixtures were categorized according to their 

physical characteristics.  

 

Experimental Work – II 

Preliminary Trials 

The oil and surfactant/co-surfactant mixture was used to found suitable concentration in 

formulation development of SNEDDS. The efficiency of self-emulsifying systems was measured 

from rate of emulsification upon hydration with mild agitation. The time taken for formation of 

fine emulsion was noted as dispersion time. Preliminary batches were formulated and their 

results of dispersion status as clear, turbid or clear & translucent in SNEDDS and dispersion time 

were recorded.  

Preparation of SNEDDS 

Accurately weighed Fenofibrate and Atorvastatin Calcium were placed in a glass vial, and 

required quantity of oil, surfactant, and co-surfactant were added. The mixture was mixed by 

gentle stirring and vortex mixing at 40ºC on a magnetic stirrer, until drugs were dissolved [7]. 

The mixture was store at room temperature in closed container until further use. 

32 factorial design for optimization of formulation parameters of Fenofibrate and 

Atorvastatin Calcium SNEDDS 

The preliminary trials were carried out using different concentration of Capmul MCM oil, 

Cremophor RH 40 and Transcutol-P (3:1). On the basis of results of preliminary trials for 
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selection of lipid vehicle, the concentration of Capmul MCM oil (X1) and concentration of 

Cremophor RH 40: Transcutol-P (3:1) (X2) were taken as independent variables at three levels. 

The GS (Y1), PDI (Y2), ZP (Y3), drug release at 15 minutes of Fenofibrate (Y4) and drug release 

at 15 minutes of Atorvastatin Calcium (Y5) were considered to play significant role in 

formulation performance of SNEDDS and all the five were taken as dependent parameters in 

present study. Multiple regression analysis, contour plot and 3D response surface plot were used 

to study the main and interaction effects of the variables.  

Optimization of SNEDDS formulation overlay plot by Design Expert software 

The desirability function approach is a technique for the simultaneous determination of optimum 

settings of input variables that can determine optimum performance levels for one or more 

responses [7]. The optimization of SNEDDS formulation was performed using Design Expert 

software employing overlay plot with desirability approach. 

Checkpoint Analysis 

A check point analysis was performed to validation the evolved polynomial equations in the 

formulation development of SNEDDS.  

Measurement of evaluation parameters of SNEDDS Formulations 

Globule Size, Polydispersity Index (PDI) and Zeta Potential, In-Vitro Drug Release Study, 

Centrifugation and Freeze thaw cycle, Drug Content [14]. 

Stability Study of Fenofibrate and Atorvastatin Calcium SNEDDS 

Stability of optimized formulation was carried out at 40±2°C/75±5%RH and 25±3°C (room 

temperature) as per ICH guidelines. SNEDDS was stored in glass vial for 6 months. Samples 

was withdrawn at 0, 1, 3 and 6 months and analysed periodically [7, 15].   

Comparison of drug release of Optimized SNEDDS formulation and marketed product 

In vitro drug release of optimized SNEEDS formulations and marketed product were compared 

and similarity and dissolution efficiency were calculated. The marketed product was 

FENOSTAT of Ordain Health Care Global Pvt Ltd. which is a conventional capsule formulation. 

 

 

 

 

 



Milan D. Limbani (Enrollment No. 119997290020)                                                                     10 

7. RESULTS AND DISCUSSION 

Experimental Work – I 

Solubility Study 

Vehicles should have good solubilizing capacity for the drug substance, which is essential for 

formulating SNEDDS. Fenofibrate and Atorvastatin Calcium had highest solubility in Capmul 

MCM Oil, Cremophor RH 40 and Transcutol-P. Capmul MCM Oil as oil, Cremophor RH 40 as 

surfactant and Transcutol-P as co-surfactant were selected for SNEDDS formulation resulting in 

improved drug loading capability. 

Selection of Surfactant/Co-surfactant blend 

Solubility Parameter (δ): 

Lipids used were better solvents for Atorvastatin calcium or Fenofibrate in increasing solubility 

because Atorvastatin calcium and Fenofibrate has higher lipophilicity with a log P of 5.7 and 5.3 

respectively. 

Table 1: The Solubility Parameter of selected Lipid vehicles 

Materials δH ∆v δF δT 

Atorvastatin Calcium 9.79 939.3 11.72 15.27 

Fenofibrate 8.08 306.45 14.34 16.46 

Capmul MCM Oil  11.74 217.81 12.10 16.86 

Light Liquid Paraffin 7.03 405.12 7.62 10.36 

Castor oil 7.81 982.56 5.34 9.46 

oleic acid 6.87 317.87 10.64 12.67 

Labrafac PG 6.95 724.97 9.61 11.86 

Tween-80 10.77 560.01 8.73 13.87 

Span-20 11.58 335.72 6.34 13.20 

Labrafac Lipophile WL 1349 8.19 522.01 9.39 12.46 

Cremophor EL (Polyoxyl 35 castor oil) 10.15 2233 9.77 14.09 

Cremophor RH 40 10.40 2403.8 12.20 16.03 

Labrasol  13.69 1094.3 6.68 15.23 

Capmul GMO-50 (Glyceryl Monooleate) 8.88 380.19 12.10 15.01 

Captex 355 7.75 499.98 11.51 13.88 

PEG-400 12.99 355.56 6.14 14.37 

Propylene Glycol 16.53 73.163 6.82 17.88 

Transcutol-P 12.15 135.5 9.24 15.26 
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The solubility parameter calculated for Atorvastatin calcium is δT (ATR) = 15.27 (cal/cm3)1/2 

(Table 1). Capmul MCM that has the closest solubility parameter (16.86 (cal/cm3)1/2) to that of 

Atorvastatin calcium and hence it provided the highest solubility among all lipids used. The 

same correlation could be observed with Fenofibrate. The calculated solubility parameter for 

Fenofibrate is δT (FENO) = 16.46 (cal/cm3)1/2 and the lipid that has closest solubility parameter is 

Capmul MCM (Capmul MCM = 16.86 (cal/cm3)1/2 (Table 1). Overall, calculated solubility 

parameter appeared to be a good predictor for the expected solvent effects of the lipids. The 

predictions are exclusively based on molecular structure of compounds, and no experimental 

data required. 

Required HLB (RHLB) of Capmul MCM Oil 

The experimental data showed that among the surfactant/co-surfactant blends (Cremophor RH 

40/Transcutol-P), the composition at 75:25 ratio having HLB 12.38 gave an emulsion that is easy 

to prepare and take longer time for separation of components than the other ten mixtures. These 

preliminary tests showed that the approximate RHLB for Capmul MCM is 12.38. Under the 

HLB system, it was found that the oils, waxes, and other materials likely to be incorporated in to 

emulsion had an individual required HLB. This means that a surfactant or blend of surfactant/co-

surfactant, having desired RHLB will make more stable emulsion than the emulsifier of any 

other HLB value. 

Required chemical type of Emulsifiers 

Ease of preparation and time for separation was determined and compared with the emulsion 

prepared using Cremophor RH 40 and Transcutol-P mixtures. The mixture of Labrasol and 

Transcutol-P having HLB 12.38 gave similar results for ease of preparation and time for 

separation (no significant difference) as that of mixture of Cremophor RH 40 and Transcutol-P 

having similar HLB. The 75:25 mixture of Cremophor RH 40 and Transcutol-P having HLB 

12.38 was selected as surfactant/co-surfactant blend for further study. 

Solubilization Capacity 

The blend of surfactant/co-surfactant forming a clear system at the minimum concentration 

(microemulsion/nanoemulsion) was selected as the blend that best matched the HLB of Capmul 

MCM oil. 
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Table 2: The solubilization capacity of selected surfactants and surfactant blends 

Drug Surfactant/Co-surfactant HLB Solubilization capacity 

Fenofibrate Labrasol/Transcutol-P (1: 1) 8.1 29.688 

Labrasol/Transcutol-P (2: 1) 9.4 23.750 

Labrasol/Transcutol-P (3: 1) 10.1 12.180 

Cremophor RH 40/Transcutol-P (1: 1) 9.6 27.457 

Cremophor RH 40/Transcutol-P (2: 1) 11.4 20.652 

Cremophor RH 40/Transcutol-P (3: 1) 12.3 11.050 

Atorvastatin 

Calcium 

Labrasol/Transcutol-P (1: 1) 8.1 12.838 

Labrasol/Transcutol-P (2: 1) 9.4 11.047 

Labrasol/Transcutol-P (3: 1) 10.1 9.694 

Cremophor RH 40/Transcutol-P (1: 1) 9.6 12.179 

Cremophor RH 40/Transcutol-P (2: 1) 11.4 10.106 

Cremophor RH 40/Transcutol-P (3: 1) 12.3 8.796 

 

Cremophor RH 40/Transcutol-P (3:1) showed a high solubilization capacity compared with other 

S/CoS Ratio. Labrasol/Transcutol-P (1:1) showed lowest solubilization capacity compared with 

Cremophor RH 40/Transcutol-P (3:1). Our results for solubilization capacity of blends of 

surfactants/co-surfactant showed that Cremophor RH 40/Transcutol-P (3:1) at HLB 12.3 has 

highest solubilization capacity compared with Labrasol/Transcutol-P (3:1) at HLB 10.1.  

These results indicated importance of more lipophilic tail group that is structurally similar to 

group on Capmul MCM oil, which enables co-surfactants to be well packed at interface. It 

showed that high solubilization capacity can be obtained when surfactants/co-surfactant having 

highest and lowest HLB values are mixed together, as shown by solubilization capacity result for 

Cremophor RH 40/Transcutol-P (3:1) compared with Labrasol/Transcutol-P (3:1) blend.  

Pseudo ternary phase diagrams 

Phase behaviour investigations demonstrated suitable approach to determining water phase, oil 

phase, surfactant concentration, and co-surfactant concentration with which transparent, one 

phase low-viscous nanoemulsion system was formed. The dispersion systems in the phase 

diagrams differed geometrically from Labrasol/Transcutol-P phase diagram. They showed much 

smaller areas of oil-in-water microemulsion/nanoemulsion compared with Cremophor RH 

40/Transcutol-P (HLB 12.3). They also showed variation in area for the microemulsion system 

and other types of dispersion. Cremophor RH 40/Transcutol-P (3:1) at an HLB of 12.3 formed a 

large oil-in-water microemulsion/nanoemulsion area.  
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Figure 1: Pseudo-ternary phase diagram indicating the efficient self-emulsification region (key, 

the region of efficient self-emulsification is bound by the solid line) 

 

The pseudo ternary phase diagram of the system comprising the surfactant, co-surfactant and the 

oily phase was constructed and was given in Figure 1. Area enclosed within the solid line 

represents the region of self-emulsification. Within this area a ternary mixture forms fine oil in 

water emulsion with only gentle agitation. This is possible as surfactants strongly localized to the 

surface of the emulsion droplet reduces interfacial free energy and provide a mechanical barrier 

to coalescence resulting in a thermodynamically spontaneous dispersion. Furthermore, co-

surfactants increase interfacial fluidity by penetrating into the surfactant film creating void space 

among surfactant molecules.  

 

Experimental Work – II 

Selection of Concentration of Oil, Surfactant and Cosurfactant 

Capmul MCM oil and Cremophor RH 40: Transcutol-P mixture (3:1) was used to found their 

suitable concentration in formulation development of SNEDDS of Fenofibrate and Atorvastatin 

Calcium. Preliminary batches were formulated and their results of dispersion status and 

dispersion time were presented in Table 3. 
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Table 3: Preliminary trials for development of Fenofibrate and Atorvastatin Calcium SNEDDS 

Preliminary 

Batches 

Oil 

(ml) 

S:Co-S (3:1) 

(ml) 

Dispersion Dispersion time 

(Seconds) 

P1 0.5 0.5 Turbid 68 

P2 0.5 1.0 Clear & Translucent 60 

P3 0.5 1.5 Clear & Transparent 44 

P4 0.5 2.0 Clear & Transparent 41 

P5 0.4 0.5 Clear & Translucent 65 

P6 0.4 1.0 Clear & Transparent 64 

P7 0.4 1.5 Clear & Translucent 60 

P8 0.4 2.0 Clear & Transparent 58 

P9 0.6 0.5 Clear & Translucent 71 

P10 0.6 1.0 Clear & Translucent 63 

P11 0.6 1.5 Clear & Transparent 46 

P12 0.6 2.0 Clear & Transparent 45 

The preliminary trials were carried out using different concentration of Capmul MCM oil (0.4mL 

– 0.6mL), and Cremophor RH 40 and Transcutol-P (3:1) (0.5mL – 2.0mL). The result of 

preliminary trial with 0.5mL of Capmul MCM oil and 1.5mL of Cremophor RH 40: Transcutol-P 

mixture (3:1) (batch P3) was found satisfactory.  

Optimization of SNEDDS of Fenofibrate and Atorvastatin Calcium using factorial design 

The concentration of oil and surfactant/Cosurfactant play important role in stable formulation of 

SNEDDS; hence concentration of Capmul MCM oil (0.5mL) and concentration of Cremophor 

RH 40: Transcutol-P (3:1) (1.5mL) were selected as independent variables in factorial design on 

basis of preliminary trials (Table 3). The 32 factorial design was employed using concentration of 

oil and surfactant/Cosurfactant as independent variable X1 and X2 respectively. The GS (Y1), 

PDI (Y2), ZP (Y3), drug release at 15 minutes of Fenofibrate (Y4) and Atorvastatin Calcium (Y5) 

were selected as dependent variables. The coded and actual values of independent variable were 

shown in Table 4. The runs and responses for factorial batches were presented in Table 5. 

Table 4: Factors and levels of independent variables in 32 factorial design for formulation of 

Fenofibrate and Atorvastatin Calcium SNEDDS 

Independent variables Level 

Low (-1) Medium (0) High (+1) 

Capmul MCM oil conc. (X1) 0.4 0.5 0.6 

Cremophor RH 40: Transcutol-P (3:1) conc. (X2) 1.2 1.5 1.8 
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Table 5: Experimental runs and measured responses of 32 factorial design for SNEDDS  

Batch X1 X2 Globule 

size 

(nm) 

(Y1) 

PDI 

(Y2) 

Zeta 

potential 

(mV) 

(Y3) 

Drug release 

at 15 min for 

Fenofibrate 

(Y4) 

Drug release at 

15 min for 

Atorvastatin 

Calcium (Y5) 

T1 -1 -1 357.0 0.428 -15.12 91.8 92.4 

T2 0 -1 64.1 0.283 -16.40 93.9 93.6 

T3 1 -1 55.8 0.221 -17.12 93.1 91.6 

T4 -1 0 332.0 0.427 -15.68 93.8 92.9 

T5 0 0 20.7 0.189 -27.96 96.7 97.4 

T6 1 0 44.0 0.233 -17.60 94.1 93.4 

T7 -1 1 307.0 0.426 -15.96 93.5 92.3 

T8 0 1 26.6 0.195 -24.28 94.5 95.8 

T9 1 1 29.2 0.191 -21.12 95.0 96.0 

Globule size (Y1)  

A full model equation of globule size (YFGS) was written as Equation 1.  

YFGS = 31.9889–144.5X1–19.0167X2+150.3667X1
2+7.7167X2

2+5.85X1X2 …… (Equation 1) 

The reduced model for globule size (YRGS) was presented as Equation 2.  

YRGS = 37.1333 – 144.5X1 – 19.0167X2 + 150.3667X1
2 …………. (Equation 2)  

Polydispersity index (PDI) (Y2)  

A full model equation of polydispersity index (YPDI) was written as Equation 3.  

YFPDI = 0.2172 – 0.106X1 – 0.02X2 + 0.0987X1
2 + 0.0077X2

2 – 0.007X1X2 …… (Equation 3)  

The reduced model for polydispersity index (YRPDI) was presented as Equation 4. 

YRPDI = 0.2223 – 0.1060X1 – 0.0200X2 + 0.0987X1
2 .....…………….. (Equation 4)  

Zeta potential (ZP) (Y3)  

A full model equation of zeta potential (YFZP) was written as Equation 5.  

YFZP = -24.2667 – 1.5133X1 – 2.12X2 + 5.78X1
2 + 2.08X2

2 – 0.79X1X2 ……… (Equation 5)  

The reduced model for zeta potential (YRZP) was presented as Equation 6. 

YRZP = -19.0267 – 1.5133X1 – 2.1200X2 ...….……......……………. (Equation 6)  

Drug release at 15 minutes for Fenofibrate (DRF) (Y4)  

A full model equation of DR at 15 minutes for Fenofibrate (YFDRF) was written as Equation 7.  

YFDRF = 95.8556 + 0.5167X1 + 0.7X2 – 1.4833X1
2 – 1.2333X2

2 + 0.05X1X2 … (Equation 7)  

The reduced model for DR at 15 minutes for Fenofibrate (YRDRF) was presented as Equation 8.  

YRDRF = 94.0444 + 0.5167X1 + 0.7X2  ………...………………. (Equation 8)  
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Drug release at 15 minutes for Atorvastatin Calcium (DRA) (Y5)  

A full model equation of DR at 15 minutes for Atorvastatin Calcium (YFDRA) was written as 

Equation 9.  

YFDRA = 96.2333 + 0.5667X1 + 1.0833X2 – 2.5X1
2 – 0.95X2

2 + 1.125X1X2 …... (Equation 9)  

The reduced model for DR at 15 minutes for Atorvastatin Calcium (YRDRA) was presented as 

Equation 10.  

YRDRA = 95.6000 + 0.5667X1 + 1.0833X2 – 2.5X1
2 ….……......…. (Equation 10) 

 

Contour Plots and Response Surface Plots  

Two dimensional contour plots were constructed for all dependent variables i.e. GS, PDI, ZP and 

drug release at 15 minutes for Fenofibrate (DRF) and Atorvastatin Calcium (DRA) and shown in 

Figure 2-6. Response surface plots are very helpful in learning about both the main and 

interaction effects of the independent variables.  

Globule size (GS)  

Figure 2 showed contour plot for globule size at prefixed values. The contour plot was found to 

be linear, thus the relationship between independent variables for GS could be linear.  

 

Figure 2: Contour plot and 3D surface plot for the effect on globule size 

The response surface plot showed decrease in globule size with increase in the concentration of 

Capmul MCM oil and concentration of Cremophor RH 40: Transcutol-P (3:1) was observed. 

Polydispersity index (PDI)  

Figure 3 showed contour plot for polydispersity index at prefixed values. The contour plot was 

found to be linear. Hence, the relationship between independent variables for polydispersity 

index could be linear.  
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Figure 3: Contour plot and 3D surface plot for the effect on PDI 

The response surface plot showed decrease in PDI with increase in the concentration of Capmul 

MCM oil and concentration of Cremophor RH 40: Transcutol-P (3:1) was observed. 

Zeta Potential (ZP)  

Figure 4 showed contour plot for zeta potential at prefixed values. The contour plot was found to 

be non-linear. Hence, the relationship between independent variables for zeta potential could be 

non-linear. 

 

Figure 4: Contour plot and 3D surface plot for the effect on Zeta Potential 

The response surface plot decrease in ZP with increase in the concentration of Capmul MCM oil 

and concentration of Cremophor RH 40: Transcutol-P (3:1) was observed up to some 

concentration. 

Drug release at 15 minutes for Fenofibrate (DRF)  

Figure 5 showed contour plot for drug release at 15 minutes for Fenofibrate (DRF) at prefixed 

values. The contour plot was found to be non-linear. Hence, the relationship between 

independent variables for drug release at 15 minutes for Fenofibrate (DRF) could be non-linear.  
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Figure 5: Contour plot and 3D surface plot for the effect on Drug Release at 15 min for 

Fenofibrate 

The response surface plot showed increase in drug release with increase in the concentration of 

Capmul MCM oil and concentration of Cremophor RH 40: Transcutol-P (3:1) was observed. 

Drug release at 15 minutes for Atorvastatin Calcium (DRA)  

Figure 6 showed contour plot for drug release at 15 minutes for Atorvastatin Calcium at prefixed 

values. The contour plot was found to be non-linear. Hence, the relationship between 

independent variables for drug release at 15 min for Atorvastatin Calcium could be non-linear.  

 

Figure 6: Contour plot and 3D surface plot for the effect on Drug Release at 15 min for 

Atorvastatin Calcium 

The response surface plot showed increase in drug release with increase in the concentration of 

Capmul MCM oil and concentration of Cremophor RH 40: Transcutol-P (3:1) was observed. 

 

Optimization of SNEDDS Formulation 

Optimized formulation was selected by arbitrarily fixing the criteria of 20.7 – 357nm of GS 

(minimize), 0.189 – 0.428 PDI (maximize), -30mV to -21mV ZP (is target = -27), more than 
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95% drug released at 15 minutes for Fenofibrate and Atorvastatin Calcium. The recommended 

concentrations of independent variables were calculated by Design Expert software using 

overlay plot with desirability approach (Figure 7).  

 

Figure 7: overlay plot for optimization of SNEDDS formulation 

Figure 7 showed overlay plot obtained from Design Expert. Grayed area on the graphical 

optimization plot did not meet the selection criteria. The plot, yellow area indicated the area in 

which the optimized formulation can be formulated. In this yellow portion, the values of all 

variables i.e. GS, PDI, ZP, drug release at 15 minutes for Fenofibrate and Atorvastatin calcium 

were selected. The point indicating toggle flag showed the value of X1 and X2 for optimized 

formulation.  

Table 6: Optimized formulation of Fenofibrate and Atorvastatin Calcium SNEDDS (Batch OP1) 

Material used Quantity per Unit (mL) Quantity per Unit (%) 

Capmul MCM oil 0.471 23.62% 

Cremophor RH 40 1.206 57.27% 

Transcutol-P 0.402 19.11% 

 

Check point batch analysis 

The check points C1 and C2 were prepared and evaluated for GS, PDI, ZP, and drug release at 

15 minutes for Fenofibrate and Atorvastatin Calcium. The experimentally and theoretically 

computed values responses were presented in Table 7. The results were compared using student 

‘t’ test, the difference was found to be non-significant (p>0.05) in both cases. 
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Table 7: Composition and results of Check point batches 

Batches C1 C2 

X1 0.5 -0.5 

X2 -0.5 0.5 

Response Predicted Experimental Predicted Experimental 

Globule size (nm) [Y1] 132.39 127.3 7.42 11.56 

Polydispersity index [Y2] 0.288 0.291 0.203 0.194 

Zeta potential (mV) [Y3] -22.42 -22.15 -21.76 -20.33 

Drug release at 15 minutes for 

Fenofibrate [Y4] 

95.26 95.6 95.06 93.9 

Drug release at 15 minutes for 

Atorvastatin Calcium [Y5] 

95.35 95.8 94.81 93.6 

 

Stability study of optimized SNEDDS formulation  

The results of stability study of optimized batch (OP1) were presented in Table 8 and 9 which 

indicated that optimized SNEDDS remained stable during the storage conditions. 

Table 8: Globule size and Zeta Potential of optimized batch at storage conditions 

 Average of Globule Size (nm) Zeta Potential (mV) 

Storage 

Conditions 

Room 

Temperature 

Accelerated 

Conditions 

Room 

Temperature 

Accelerated 

Conditions 

Initial 78.3 78.3 -23.13 -23.13 

1 Month 79.2 79.8 -22.38 -22.45 

3 Month 82.1 83.3 -22.24 -22.92 

6 Month 82.5 83.9 -21.79 -21.47 

 

Table 9: Drug content of optimized batch at storage conditions 

 
% Drug release at 15 minutes 

(Fenofibrate) (Atorvastatin Calcium) 

Storage 

Conditions 

Room 

Temperature 

Accelerated 

Conditions 

Room 

Temperature 

Accelerated 

Conditions 

Initial 96.2 ± 1.2 96.2 ± 1.2 97.1 ± 1.2 97.1 ± 1.2 

1 Month 97.4 ± 1.7 97.1 ± 1.6 97.4 ± 1.7 97.1 ± 1.6 

3 Month 97.7 ± 2.4 96.9 ± 2.1 97.7 ± 2.4 96.9 ± 2.1 

6 Month 96.4 ± 1.9 96.1 ± 2.5 96.4 ± 1.9 96.1 ± 2.5 
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Comparison of drug release between optimized batch and marketed product  

Drug release from optimized batch was found to be better as compared with that of marketed 

formulation. It could be suggested that the optimized SNEDDS batch resulted in spontaneous 

formation of a nanoemulsion with a small globule size, which permitted a faster drug release into 

the aqueous phase than that of marketed formulation. 

Table 10: Comparison of drug release profile of batch OP1 with marketed formulation 

 % Drug Release (Mean ± SD) 

Fenofibrate Atorvastatin Calcium 

Time (min) OP1 Fenostat OP1 Fenostat 

0 0±0 0±0 0±0 0±0 

10 92.1±1.5 14.1±0.2 92.4±1.5 13.6±1.2 

15 96.2±1.2 22.8±0.7 97.1±1.2 18.9±0.8 

20 99.7±1.1 23.2±0.8 99.3±1.1 24.7±0.7 

30 100.1±0.2 32.4±0.5 100.0±0.2 31.6±0.5 

45 99.6±0.1 47.5±1.4 99.8±0.1 46.5±1.1 

60 99.7±0.3 59.3±1.4 99.7±0.3 57.6±1.0 

F2 value 10.64 10.27 

Dissolution Efficiency 90.21 32.60 90.30 31.77 

 

The similarity factor (F2) and dissolution efficiency of the optimized batch and marketed 

formulation (Fenostat) were calculated (Table 10). The F2 value of optimized formulation was 

10.64 for Fenofibrate and 10.27 for Atorvastatin Calcium. The result of F2 value indicated the 

dissimilarity between optimized formulation and marketed formulation. The dissolution 

efficiency of marketed formulation was 32.60 for Fenofibrate and 31.77 for Atorvastatin 

Calcium. The dissolution efficiency of optimized formulation was 90.21 for Fenofibrate and 

90.30 for Atorvastatin Calcium. So, it can be concluded that the optimized formulation was 

superior than marketed formulation. Thus, the greater availability of dissolved Fenofibrate and 

Atorvastatin Calcium from the SNEDDS formulation could lead to higher absorption and higher 

oral bioavailability. 

 

8. ACHIEVEMENTS WITH RESPECT TO OBJECTIVES 

 In silico prediction of drugs solubility in lipid vehicle using several factors like solubility 

parameter (δ), HLB value, relative molecular mass (MW), solubilization capacity.  
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 The Globule size (less than 100nm), zeta potential (toward the highest negative side) and 

PDI (less than 0.3) of optimal formulations fit in criteria of SNEDDS. 

 The 32 full factorial design was applied for the SNEDDS formulations. The data shows 

that values are strongly dependent on the selected independent variables. 

 The in-vitro study concludes that releases of drugs were greatly enhanced by SNEDDS 

formulation. The solubility of both BCS class II drug might be enhanced. 

 The optimized batch (OP1) had maximum release rate as compared to marketed drug. 

 Stability studies revealed that formulations were stable. 

 

9. CONCLUSION 

SNEDDS are isotropic mixtures made up of oil, surfactant and sometimes cosurfactant or 

cosolvent and best suited for dosage for development of poorly soluble drugs. The Solubility 

Parameter (δ), Required HLB (RHLB), required chemical type of emulsifiers and Solubilization 

capacity are useful criterion for the selection of surfactant/co-surfactant in the formulation 

development of SNEDDS using Fenofibrate and Atorvastatin Calcium. The present study 

showed the importance of selecting a surfactant with the proper HLB for specific oils, as well as 

the type of surfactant/co-surfactant. The solubility parameter (δ) of Fenofibrate and Atorvastatin 

Calcium are closest solubility parameter (δ) of Capmul MCM. Blend of better surfactant/co-

surfactant was obtained when surfactant and co-surfactant at higher and lower HLB level 

respectively were blended. The greater the difference between the hydrophilic and lipophilic 

surfactants, the better the coverage by blends at the interface. The study also showed the 

importance of structural similarities between lipophilic tails of surfactant blends. The pseudo 

ternary phase diagrams of system containing the surfactant co-surfactant and the oily phase were 

constructed. The area enclosed within the solid line represented the region of self-emulsification. 

Within this area a ternary mixture formed a fine oil in water emulsion with only gentle agitation. 

This was possible as surfactants strongly localized to the surface of the emulsion droplet reduces 

interfacial free energy and provide a mechanical barrier to coalescence resulting in a 

thermodynamically spontaneous dispersion. The co-surfactants increased interfacial fluidity by 

penetrating into the surfactant film creating void space among surfactant molecules. 

The present study was aimed to explore stable SNEDDS formulation development using 32 

factorial design for dissolution improvement compared to marketed formulation of Fenofibrate 



Milan D. Limbani (Enrollment No. 119997290020)                                                                     23 

and Atorvastatin Calcium. On the basis of results of preliminary trials, Capmul MCM as oil, 

Cremophor RH 40 as surfactant and Transcutol-P as cosurfactant were used for formulation 

development of Fenofibrate and Atorvastatin Calcium SNEDDS. The 32 factorial design was 

employed using concentration of Capmul MCM oil and Cremophor RH 40: Transcutol-P (3:1) as 

independent variables. The Globule size, Zeta potential, Polydispersity index and drug release at 

15 minute for Fenofibrate and Atorvastatin Calcium were selected as dependent variables. 

Multiple regression analysis, contour plot and response surface plot were used to study the main 

and interaction effects of the variables on the responses. Simple linear equation, or interactive 

equation or quadratic model was fitted by carrying out multiple regression analysis and F-

statistic to identify statistically significant term. The optimized batch was selected on the basis 

arbitrary criteria using Design Expert employing overlay plot with desirability approach. The 

check point batches were prepared to validate the evolved equations. The optimized formulation 

was subjected to in vitro dissolution to evaluate drug release as compared to marketed product. 

The stability study for optimized batch was conducted at room temperature and 40°C & 75% 

RH. The optimized formulation was found stable and more than 90% drug dissolution was 

achieved within 15 minutes. The desirable goals can be achieved by systematic formulation 

approach in shortest possible time with reduced number of experiments for formulation 

development of Fenofibrate and Atorvastatin Calcium SNEDDS formulation using factorial 

design. 
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