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Abstract 

Introduction: Posaconazole is a class II BCS (Biopharmaceutical Classification System) antifungal drug. Current study 

objective is to enhance solubility by formulating SMEDDS guided by QbD via experimental design. Methods: Solubility 

studies in surfactants, oils, and co-surfactants were conducted. Critical quality attributes (CQA), emulsification time 

(R1) and drug release (R2) were taken as dependent factors. Formulations were prepared as per d-optimal mixture 

design and evaluated for physico-chemical parameters and dissolution studies. Results: Maximum solubility 6.953mg/ml 

in Tween 40, 1.630mg/ml in Transcutol & 0.187mg/ml in Capmul MCM were selected as surfactant, co-surfactant and 

oil phases. Excipient compatibility was confirmed by FTIR studies. Soluplus was used as Precipitation Inhibitor. 

Independent factors and dependent factors were mathematically co-related by Linear model and cubic model. From Overlay 

plots OF1 formulation (43.30ml Capmul MCM, 20ml Tween 40, 36.69ml Transcutol) with desirability co-efficient 0.991 

was optimised. This formulation Globule size is 62.7nm, PDI 0.08 and Zeta-potential -0.19 mV. Discussion: Quality 

target product profile was postulated and CQA assessed by experimental design. Oil, Capmul MCM influenced rate of 

emulsification positively but decreased drug release. Surfactant and co-surfactant increased drug release but slowed 

emulsification time. D-Optimal mixture design was validated by correlation co-efficient of approx. 0.9 between 

predicted and actual responses. Formulations followed Fickian diffusion mechanism and were stable for one month at 

40°C/75% RH. Conclusion: Posaconazole solubility as SMEDDS has been enhanced. 

Keywords: self-micro emulsifying drug delivery system (SMEDDS), QBD (quality by design), FTIR (Fourier Transform Infrared 

Spectroscopy), Solubility. 

This article is under the CC BY- NC-ND Licence (https://creativecommons.org/licenses/by-nc-nd/4.0) 

Copyright @International Journal of Life Science and Pharma Research, available at www.ijlpr.com 

1. INTRODUCTION 

SMEDDS is an isotropic blend of hydrophilic 

cosolvents and cosurfactants, able to create fine o/w 

microemulsions over gentle agitation in aqueous 

media, used to administer hydrophobic medications 

with limited bioavailability and low water solubility 

[1,2,3]. Posaconazole is BCS class-II antifungal drug, an 

all-purpose triazole antifungal medication for 

oropharyngeal candidiasis [4,5] in patients at high risk 

of itraconazole and/or fluconazole refractories and/or 

as prevention of invasive aspergillus and candida 

infections which is formulated as SMEDDS to enhance 

its solubility and bioavailability [6,7].The ratio of oil to 

surfactant, amount of surfactant present, and 

temperature at which self-emulsification takes place all 

have an impact on the self-emulsification process 

[8,9,10]. The manufacturing and development approach 

that is strategy-based is known as quality by design. 

Considering the efficacy and purity of the drug, QBD is 

viewed as the guarantee for the performance that is 

intended to be developed for the finished product 

[11]. This strategy also emphasises the processes 

unpredictability and improves identification and 

controls[12].D-optimal mixture design is employed for 

optimisation [13].Use a simplex lattice mixture design 

if there are two or three mixture components 

involved and their ranges are all the same.Use a 

simplex centroid design if there are three or five 
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components and their ranges are all the same.Use limited mixture design, also known as D-Optimal design, if there are 

2-4 components involved and the ranges of all the components vary[14, 15].As there are several oil and surfactant 

formulations in the current investigation, the D-optimal design was chosen as the optimisation strategy. Selecting a 

liquid self-micro emulsifying dosage form method that is lipid-based to help increase the oral bioavailability and 

solubility of medications with low bioavailability [16,17, 18]. By using the phase titration method (also known as the 

water titration method), the extended onset of action causes poorly soluble medicines to become more soluble 

[18,19,20]. In the current study, SMEDDS for posaconazole are being produced utilising QBD design to that extent 

optimised using D-optimal mixture design. 

 

2. MATERIALS AND METHODS 

2.1. Materials: Posaconazole is gift sample from Suven life sciences, Oleic acid is procured from Moly Chem 

manufacturer. Castor oil,Olive oil and sunflower oil is being procured from Local market. Capmul MCM and Captex is 

gifted from 200 ABITEC Corporation. Tweens and Spansof different grades are procured from Sisco research 

laboratories Pvt. Ltd. PEG of grades 400, 600, Methanol and Hydrochloric acid are obtained from S.D fine chemicals 

Ltd. Transcutol P is procured from Research-Lab Fine Chem Industries. Soluplus is gifted from BASF, The chemical 

company. Distilled water in house source. 

2.2. Methods 

2.2.1. Drug-excipient compatibility study Interactions by FTIR: Small quantity of sample with potassium 

bromide was combined to create potassium bromide (KBr) discs, which were subsequently compacted in a hydraulic 

press while under vacuum with 6–8 tonnes of pressure. Appropriate holder was used to hold the produced disc in an 

IR spectrophotometer, and scanned for 12 minutes to record IR spectra from 4000 cm -1 to 500-1 cm. We compared 

the resulting spectrum to look for any spectra alterations. They were noted for their presence in the corresponding 

function's defining peaks [21]. 

2.2.2. Solubility studies: The method involves adding drugs in excess to 2ml eppendroff tubes with excipients of 

volume. The eppendroff tubes were shaken in an orbital shaker for 48-72 hours then centrifugedfor 10 minutes at 

4500 rpm. The filtrate sampled with syringe filter was diluted appropriately to analyze by Ultraviolet-Visible(UV) 

spectrophotometer for drug content [22,23]. 

2.2.3. QBD (Quality by Design):  

2.2.3.1. Target product quality profile(TPQP):By "planning with the end in mind," the TPQP lays the strategic 

groundwork for medication development. The target product profile (TPP) consists of the full pharma product 

development strategy outlining the main quality characteristics of the therapeutic product, which are firmly connected 

to patient safety and efficacy. TPP was described as a target liquid SMEDDS formulation of posaconazole that was 

designed to increase the medication's oral bioavailability. Typical TPP components include the formulation type, dosage 

strength, mode of administration, timing of drug release, stability and Closure systems [11, 12]. 

2.2.3.2. Critical quality attributes (CQAs): Finding the relevant CQAs is the next step after quality target product 

profile (QTPP) has been connected. CQA is described as ―a physiological, pharmacological, or microbial property or 

feature that should be within an appropriate limit, range, or distribution‖. This shows that CQAs are QTTP subgroups 

that might be affected by modifications to the formulation or process factors. We designated viz. for the objective 

SMEDDS formulation.The stability of a drug's formulations and its ability for absorbing via the gastrointestinal system 

(essential for drug release from the formulation) are influenced by the particle size (PS) and time for emulsification 

(ET)[24,25, 26]. 

2.2.3.3. Optimization using D-Optimal mixture design 

With various weight ratios of the co-surfactant and surfactant as Smix, pseudo-ternary phase diagrams were generated 

(1:1, 1:2, 1:3, 1:4, 2:1, 3:1, 4:1) ratios of oil:Smix. From the pseudo ternary phase diagram better formulations ratios 

were consideredfor design [27]. Preparation was done by Phase Titration Method [28], where oil was taken in a 

beaker and heated at 60°C on continuous stirring, mixture of surfactant, cosurfactant, drug and precipitation inhibitor 

were added slowly dropwise with gradual stirring, it results in formation of L-SMEDDS [29]. D-Optimal Mixture 

Design was used to analyse and construct quadratic response surfaces, with levels minimum 20,20,10 and maximum 

67.5,60,40 respectively. R1, Self-emulsification time (seconds) and R2, Percentage Drug release in 8 hours was set as 

dependent factors [30]. 

Table 01: Formulation Table 

Formulation 

code 

Posaconazole 

(mg) 

Capmul 

MCM 

(ml) 

Tween 40 (ml) 
Transcutol 

(ml) 

Soluplus 

(mg) 

Total Formulation 

(ml) 

F1 1000 67.50 20 12.5 400 100 

F2 1000 41.25 34.03 24.70 400 100 

F3 1000 41.25 20 38.75 400 100 

F4 1000 41.25 34.03 24.70 400 100 
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In the given table, F1,F8 are similar; F2,F4,F7 are similar;F5,F14 are similar and F6, F10 are similar. 

 

2.2.4. Evaluation parameters of liquid smedds 

2.2.4.1. Thermodynamic stability studies: L-

SMEDDS formulations diluted with water were 

centrifuged for 15 minutes at 3500 rpm, visually 

checked for any phase separation. Additionally, the 

formulations were heated and cooled six times for a 

total of 48 hours (4°C and 45°C)[31]. 

2.2.4.2. Visual observation and phase 

separations: This was carried out by stirring mixture 

magnetically at 100 rpm at room temperature.After 24 

hours, the generated emulsion was visually inspected 

for precipitation [32]. 

2.2.4.3. Robustness to dilution: L-SMEDDS were 

diluted to 50, 100, and 1000 times with 0.1N HCl 

solution and water. It was checked over for any 

separation of phases and drug precipitation [31]. 

2.2.4.4. Self-emulsification time: Sample of 

formulation was added to media (0.1N 

HCl/water)dropwise, in Type II USP dissolution 

apparatus, 50rpm paddle rotation, 37±0.5ºC 

temperature, visually observed for emulsification 

[33,34]. 

2.2.4.5. Dispersibility test: 500 ml of distilled water 

(37°C±0.5°C) with a paddle moving at 50 rpm 

provided mild agitation when each formulation (0.5 ml) 

was added. Using the grading method described below, 

the compounds' in vitro efficacy was assessed visually 

[31,35]. 

Grade A is for rapid-forming clear and transparent 

emulsion, B is for rapid forming slightly less clear 

emulsion,  bluish-white appearance, C for slow 

emulsifying bright white emulsion or greyish white 

emulsion with slightly oily appearance, D for 

emulsion with large oil droplets on the surface with 

minimal emulsification. 

2.2.4.6. Determination of drug content 

Posaconazole formulation equivalent to one dose 

(10mg) was added to methanol (10 mL) and sonicated. 

The solution was appropriately diluted and filtered 

with Whatman filter paper. The drug content was 

analysed by UV spectrophotometric analysis at 260 nm 

[32, 36, 37]. 

2.2.4.7. In-vitro drug dissolution: L-SMEDDS 

formulation or pure drug sample of one dose were 

placed inside the pre-soaked dialysis bag, which had 

both ends shut tightly to prevent leaks. This dialysis 

bag was placed in 0.1N HCL dissolution media (900ml) 

at 37ºC and 50 rpm in USP Type II dissolution 

appratus. Samples (5ml) were withdrawn at sampling 

intervals of 30mins, 1 hour, 2 hrs, 3 hrs, 4 hrs, 5hrs, 6 

hrs, 7 hrs, 8 hrs. Sink condition was maintained by 

fresh media replacement and samples were analysed 

for drug concentration by UV-spectrophotometer at 

260nm [34, 35, 36, 37]. 

2.2.4.8. Drug kinetics: The data was analysed for 

zero order, first order, Higuchi release, korsmeyer 

Peppas equation [37]. 

2.2.4.9. Droplet size measurement: Optimized 

liquid SMEDDS formulations mean globule size, poly 

dispersibility index (PDI) were performed using 

Dynamic light scattering method by zetasizer Delsa 

Max analytics run at temperature of 25˚c given in size 

(d. nm) with 100% intensity [38, 39]. 

2.2.4.10. Zeta Potential (ZP): Zeta potential of 

optimized formulation was analysedbyDynamic light 

scattering method by Delsa Max at the temperature of 

25˚c and conductivity of mS/cm at 39.7 [39,40]. 

2.2.4.11. Stability: Following ICH recommendations, 

the optimised formulation underwent a one-month 

stability study. The mixture was taken in glass bottles 

and kept at 40°C±2°C, 75%±5% RH in the humidity 

chamber. Samples were analysed weekly for 

emulsification, drug concentration and level of 

dissolution [32, 37]. 

 

3. RESULTS 

3.1. FTIR compatibility studies 

Interpretation of OF1FTIRscan: The region1690-1640 

shows C=N stretching Imine/oxime functional group, 

1400-1000 shows C-F stretching Fluro Compound, 

1342-1266 shows C-N stretching, Aromaticamine, 

F5 1000 20 60 20 400 100 

F6 1000 20 41.25 38.75 400 100 

F7 1000 41.25 34.03 24.70 400 100 

F8 1000 67.50 20 12.5 400 100 

F9 1000 53.97 20.25 25.77 400 100 

F10 1000 20 41.25 38.75 400 100 

F11 1000 41.07 48.92 10 400 100 

F12 1000 53.87 35.22 10.89 400 100 

F13 1000 29.45 46.67 23.86 400 100 

F14 1000 20 60 20 400 100 

F15 1000 30.92 59.07 10 400 100 

F16 1000 30.10 29.89 40 400 100 
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1200-1275 shows C-Ostretching, Alkylarylether, 1450 shows C-H stretching, Methyl group. The interpretation of the 

Posaconazole FTIR scan and thepeaks in IR spectra of the OF1 (figure 1) show the drug peaks, suggesting no 

interaction present in the drug and the excipients used to formulate SMEDDS. This also infers drugstability and 

compatibility with the excipients chosen [36]. 

 
Figure 01: Compatibility studies by FTIR, A, Posaconazole and B, Optimized formula (OF1) 

3.2. Solubility studies 

The drug in which it is solubilized more which is used to prepare SMEDDS is selected. Posaconazole concentration in 

different oils, surfactants, and co-surfactants analysed byUV spectroscopy [41, 42] are shown in figure 02. 

 
Figure 02: Solubility of Posaconazole in A, oils, B, surfactants and C, co-surfactants. 

Posaconazole was better soluble in Transcutol P (co-surfactant), Capmul MCM (oil), and Tween 40 (surfactant) as 

shown in Figure 02. Hence, they were selected for SMEDDS formulation with improved drug loading capabilities [39]. 

3.3. QBD (Quality by Design) 

In the process of optimization by QbD, first QTPP needs to be postulated. For Posaconazole to improve bioavailability 

by enhancing solubility, L-SMEDDS dosage form is chosen, as lipids can be chosen for solubility enhancement. 

According to literature, posaconazole is prescribed for oropharyngeal candidiasis, so oral route of administration is 

chosen. It is available in the market as 100mg unit dose and dosage regimen is based on infection. Sustained release 

with unit dose of 100mg per 10ml of L-SMEDDS, packed in air-tight glass bottle and stable at room temperature were 

set as TPP. Based on QTPP specifications, the CQAs were analysed based on level of risk in Table 2. Attributes globule 

size, emulsification time and percentage drug release were based on formulation of L-SMEDDS [11,43]. 

Table 02: Critical quality attributes (CQAs) for L-SMEDDS of Posaconazole and their justifications. 

Quality attributes Target 
Is it a 

CQA? 
Level Justification(s) 

Physical attributes 

Colour, Odour, 

Appearance 

Acceptable to patients. 

No unpleasant odour. 
No Low 

Color, smell, and look were      not thought 

to be important factors since they are not 

related to efficacy and safety. 
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Globule size (Dnm) < 100 nm Yes Medium 

Nano size is simpler to penetrate through GI 

lining and paracellular routes. So considered 

as important. 

Emulsification time 

(Temul) 
< 5 min Yes High 

Lower values of emulsification time facilitate 

the formation of the emulsion; hence was 

taken up as highly critical. 

Percentage Drug 

release 
100% Yes Medium 

It gives information on the dosage form's in 

vitro dissolving performance during the 

dissolution phase; for this reason, it was 

regarded as crucial. 

 

From preliminary, Pseudo ternary phase diagram L-SMEDDS with a Smix value of 4:1, and   ratios of oil:Smix, 1:9 and 

2:8 ratio’s showed good results in formation of SMEDDS [44]. In the formulations they were not clear with 

precipitation. So, soluplus the precipitation inhibitor was added and its concentration was also optimized from 1-4%. 

Out of which 4% shows the linear drug release and no sign of precipitation was selected. Formulations based on D-

Optimal mixture design were formulated and evaluated (Table 3).  

Table 03:  Evaluation tests for 16 formulations 

Formulation code 

Thermodynamic stability 

studies Robustness 

Disper 

sibility 

Test 

Emulsification 

Time(sec) 
Inference Drug Content 

Heating/cooling centriguation 

F1 Fail x x D 50±0.01 Failed 97.31±0.45 

F2 Fail x x C 39±0.04 Failed 100±0.11 

F3 Fail x x C 41±0.01 Failed 94.46±0.29 

F4 Fail x x C 39±0.04 Failed 93.75±0.25 

F5 Pass   A 75±0.06 Passed 98.69±0.10 

F6 Pass   B 45±0.01 Passed 99.6±0.18 

F7 Fail x x C 39±0.04 Failed 93.75±0.25 

F8 Fail x x D 50±0.01 Failed 95.79±0.23 

F9 Fail x x D 56±0.05 Failed 99.6±0.18 

F10 Pass   B 45±0.01 Passed 98.69±0.10 

F11 Fail x x C 60±0.02 Failed 100±0.11 

F12 Fail x x D 70±0.04 Failed 99.89±0.12 

F13 Fail x x C 90±0.02 Failed 96.25±0.26 

F14 Pass   A 75±0.06 Passed 95±0.25 

F15 Pass   B 75±0.02 Passed 94.62±0.23 

F16 Fail x x C 35±0.02 Failed 99.89±0.12 

Note: X- indicates failed,  -passed. 

Table 03. represents all the evaluation parameters performed for 16 formulations in which F5, F6, F10, F14, F15 were 

passed in all evaluations whereas the remaining formulations failed. 
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Figure 03: In-vitro dissolution studies of Formulations A, F1 to F8 and B, F9 to F16. Formulations F1 & F8; F2, F4 &F7; 

F5&F14; F6& F10 are similar. 

In Figure 03, release of drug from formulations is compared against pure drug, where formulations F1, F8; F2, F4, F7; 

F5, F14 and F6, F10 are similar which are overlapped. Percentage drug release of formulations, reveals F2, F4, F7 

release more than 80% compared to other formulations which results less than 80% in 8hours. Model-dependent 

kinetics: 16 formulations in which all the formulations show an ―n-value‖ <0.5. So, all the formulations show Fickian 

diffusion transport mechanism. 

 

3.4. OPTIMIZATION: D-OPTIMAL MIXTURE DESIGN 

In experimental design optimization, independent factors and dependent factors are related by mathematical 

relationship in the form of model. In model selection, parameters to be considered are F value greater than 1, p value 

less than 0.005, difference between adjusted R2 and predicted R2 not more than 0.2, adequate precision ratio of 4, lack 

of fit greater than 0.01 considered as insignificant and pure error zero [45].  Table 04, represents linear model for 

response R1 and Cubic model for response R2, where all required parameters are satisfied to navigate the design 

space except for response R2, negative value for predicted R2.  

Table 04: Design summary and statistics for R1 and  R2 

Response Self-emulsification time (R1) Drug release at 8hrs (R2) 

Model Linear model Cubic model 

Sum of square 2434.74 2934.88 

Degree of freedom 2 9 

Mean squares 1217.3 326.10 

F- values 8.53 118.90 

p-value 0.0043(significant) 0.0001(significant) 

Adjusted R2 0.5012 0.9861 

Predicted R2 0.4486 -0.0179 

Adeq precision 8.4558 39.5117 

Lack of fit Insignificant Insignificant 

Pure error 0.0000 0.0000 

 

The three-dimensional graphs of Response Surface Model graphs (RSM) are generated by plotting the response model 

against three of the factors, in which the interaction between the variables and their mutual dependence is observed 

[46,47]. Figure 4, A for response R1, shows that the Posaconazole solubility increases with amount of oil [48] up to a 

certain extent and decreases with amount of surfactant & co-surfactant. It depicts the linear relationship between 

factors A, B, and C. Self -emulsification time increases with more amount of oil and decreases with increase in amount 

of surfactant & co-surfactant. This shows that several independent factors which are oil component (A), surfactant (B), 

and co-surfactant (C) show significant effect on the dependent factor which is Self-emulsification time (R1). Quadratic 

equation of response R1 infers lone interaction term has strong significant effect when compared to interaction terms. 

According to the attractiveness criterion, the best variables found by the numerical analysis are predicted values. The 

subsequent graphs predicted vs actual responses in excel were created by graphing the data to get the value of r2 

which controls the linearity. For R1 is a self-emulsification system r2 is 0.9641 infers validation of design [46, 47, 49]. 

Figure 4, B for response R2, shows more amount of oil may lead decrease percent of drug release whereas with 

greater quantity of surfactant and co-surfactant, the percentage of drug release is also enhanced.    Interaction terms 

AB, AC, BC, ABC, and AB (A-B) have a non-significant effect on drug release. The interaction term AB has a significant 
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positive synergistic effect on drug release and AC(A-C) has a significant antagonistic effect on drug release. r2 is 0.9997 

for percentage Drug Release system [50]. 

Quadratic equation for self-emulsification time = +51.99A+84.90B+20.67C 

Quadratic equation for % drug release = +126.71A+202.24B-1704.53C- 479.28AB+3541.51AC+3431.83BC-

4264.45ABC+488.40AB(A-B)-3288.94AC(A-C)- 3061.65BC(B-C). 

 
Figure 04 (a): Effect on Self Emulsification Time (b) Effect on Percentage Drug Release  

showing contour plot, response surface plot and Predicted vs. Actual response. 

 
Figure 05: Overlay plot 

From overlay plots (Figure 5) and counter-plots for numerical optimization, an optimized formulation is       produced, 

Desirability co-efficient for the optimized formulation was found to be 0.991 [45].  Optimized formulation (OF1) is 

prepared by taking Capmul MCM, 43.30ml, Tween 40, 20ml and Transcutol, 36.69ml, soluplus (4%) which resulted in 

self-emulsification time R1, 35.05±0.02 seconds and percentage drug release R2, 84.50±0.01%. The optimized 

formulation OF1 passed all physicochemical parameters of L-SMEDDS like thermodynamic stability, robustness to 

dilution and had drug content 100.5±0.1%. 

Figure 6A, OF1 showed a Particle size of 66.8nm and a Poly dispersibility index (PDI) of 0.08 (Figure 6B). The 

formulation has shown a Zeta potential of -0.19 mV (Figure 6C) [51].  
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Figure  06: Optimized Formulation OF1, A, Size Plot of particles B, Poly Dispersibility Index (PDI) C, Zeta-potential 

value. 

3.5. Stability Study 

OF1 was tested in ambered colored bottle containers. It was carried out at (40°C±2°C/75%±5%RH) accelerated 

conditions as per ICH guidelines for up to 1 month in a humidity  chamber and in between the OF1 were assessed for 

physical appearance, self- emulsification time, drug content, and percentage drug release every week. After 1 month, 

the OF1 is stable, with insignificant change in the physical appearance, self-emulsification time, drug content, and 

percentage drug release (Table 05).  

Table 05: Stability studies for optimized formulation 

Parameters Initial 1stweek 2ndweek 1 month 

Self-emulsification time 

(secs) 

 

35.87 

 

35.61 

 

35.54 

 

35.41 

Drug content 100.5±0.1 100.04±0.2 100.03±0.3 100.2±0.41 

% Drug release 84.75±0.1 84.74±0.21 84.75±0.37 84.77±0.36 

 

4. DISCUSSION 

Posaconazole, antifungal for oropharyngeal candidiasis 

is available in market as tablets, suspension dosage 

forms, but has less bioavailability due to low solubility. 

Research on different carriers like novasomes [4], 

microemulsion [5], nanosuspension [7], phospholipid 

based nanoformulation [50], nanoemulsion [52], 

nanocrystalline solid dispersion [53] for oral delivery 

of posaconazole, revealed enhancement of solubility 

and bioavailability by in-vivo studies. SMEDDS of 

posaconazole were not formulated and SMEDDS as 

carriers of simvastatin [13], ibuprofen [29,35], 

aripiprazole [37], paclitaxel [39], erlotinib [42], 

clozapine [49], valsartan [51] and eprosartan [54] 

increased solubility and bioavailability. SMEDDS of 

antifungal drugs itraconazole [6] and voriconazole [31] 

were efficient in solving bioavailability by enhancing 

solubility and permeability by paracellular transport. 

Statistical approach of SMEDDS of flutamide & piperine 

by QbD [19] was appreciable for research in present 

era of AI tools. In present study, posaconazole 

SMEDDS formulation by QbD approach was studied. 

In QbD paradigm, QTPP was selected as L-SMEDDS 

dosage form for oral delivery with 100mg per 10ml 

dose. Components of L-SMEDDS are oil, surfactant 

and co-surfactant. Based on TPQP, CQA attributes 

and their risk were analysed. Self-emulsification time, 

globule size and percentage drug release were high risk 

attributes. For posaconazole the components of L-

SMEDDS were selected from solubility studies. 

Capmul MCM was chosen for the oil phase as it has 

shown a solubility of 0.187mg/ml which was higher 

when compared to other oils used namely castor oil, 

olive oil, and sunflower oil. Tween 40 surfactant has 

shown a solubility of 6.953mg/ml. Transcutol P, co-

surfactant which has shown a solubility of 1.630mg/ml. 

The drug and excipients were compatible, according to 

FTIR research on drug excipient compatibility. From 

ternary phase diagrams, unequal proportions of 

mixture instead of equal proportions of mixture were 

inferred. Hence D-Optimal mixture design, where 

different proportions of each component in mixture 

can be taken, was selected as design. The ratio of 

surfactant and co-surfactant ranges taken are from 2:1 

to 6:1 and 1:2 to 3:2 (Smix). Then the ratio of oil to 

Smix taken are from 1:5, 2:3, 7:3 to 7:10 ratio. 
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Therefore, vast range of components of mixture was 

studied using D- Optimal mixture design. Sixteen 

formulations were chosen based on the optimization 

design. When trials were done with Capmul MCM, 

Castor oil, PEG600, Tween 40, Transcutol P 

precipitation was observed. Soluplus was used along 

with Capmul MCM, Transcutol P, Tween 40 the 

formulation was clear without phase separation or 

precipitation. Hence soluplus was used in further study 

as Precipitation Inhibitor.  The three components of 

the three-component system used to design the mixed 

experimental investigation were the oil A (Capmul 

MCM), the surfactant B (Tween 40), and the co-

surfactant C (Transcutol P). The responses used were 

the emulsification time (R1) and the total amount of 

medication released after 8 hours (R2) which were 

identified by CQA as high risk. For all the formulations, 

evaluation studies comparing them to pure drugs 

included thermodynamic stability, visual observation, 

emulsification time, dispersibility test, robustness to 

dilution, drug content, and in-vitro dissolution. The 

percent drug release was found to increase with a 

decrease in A (Oil phase), was found to increase with 

an increase in B (surfactant), and was found to increase 

with an increase in C (co-surfactant). It was also 

observed that an increase in A (Oil phase) shows more 

emulsification time, and that an increase in B surfactant 

and C co-surfactant shows less time for self-

emulsification time. For these formulations predicted 

vs. Actual responses showed a correlation coefficient 

which indicates the validation of the D-Optimal 

mixture design. By using design expert software 

version 11. From overlay plots and counter-plots for 

numerical optimization, an optimized formulation   is 

produced, Desirability co-efficient for the optimized 

formulation was found to be 0.991.  Optimized 

formulation (OF1) is prepared by taking Oil Capmul 

MCM, 43.30ml, surfactant Tween 40, 20ml and co-

surfactant Transcutol, 36.69ml, soluplus (4%) which 

showed self-emulsification time R1, 35.05±0.02 

seconds and percentage drug release R2, 84.50±0.01%. 

Particle size for OF1 was 66.8 nm, size less than 

100nm gives better permeability, which is CQA. PDI of 

formulation less than 0.3, indicates uniformity of 

particles. PDI of OF1 was 0.08 inferring uniformity of 

particles.  Zeta potential for the formulation was -0.19 

mV. Higher positive or negative zeta potential indicates 

like charges and repulsion between particles, better 

stability. In the study, charge inducers were not added, 

so only slight negative charge which could be induced 

by stirring of formulation in its preparation is 

observed. For the optimised formulation, accelerated 

stability investigations were conducted for one month, 

and the formulation's stability was confirmed. 

 

5. CONCLUSION 

With the help of SMEDDS, the current study aimed to 

increase the bioavailability and solubility of the 

antifungal medication Posaconazole. And it was 

examined that the solubility and bioavailability of 

Posaconazole can be enhanced with optimization 

technique by D-Optimal mixture design using the QBD 

approach. 
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