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INTRODUCTION 

According to the Categorization of Biopharmaceutics, 

Class II and IV active drugs (APIs) show poor 

solubility, lower bioavailability, and lesser dissolution. 

In recent times, according to active drug discovery, 

the number of less soluble active drugs has increased, 

with 70% of novel formulation presenting low 

aqueous solubility. The low solubility and low 

dissolution rate in gastrointestinal liquid. 

Consequently, an essential is relating to active drug 

development has been acknowledge as being in vitro 

dissolution and increasing the speed of dissolving low 

soluble active drugs in addition to enhance their 

bioavailability, representing a major task for 

pharmaceutical experts.
[1-3] 

 

SMEDDS is isotropic mixture of drug, surfactants, co-

surfactants, and oil that easily form emulsion upon 

mild agitation and generate a high surface area of 

interaction between the SMEDDS formulation and the 

GI fluid. Drugs having insufficient aqueous solubility 

having poor bioavailability, lack of dose. To solve 

these problem self-micro emulsifying drug delivery 

system is one of the most significant approach. 

SMEDDS is thermodynamically stable and consist of 

transparent emulsion. It is composed of oil, water, 

surfactant and co-surfactants or co-solvent. Emulsions 

are dispersion of macroscopic droplets having droplets 

size of 1-10 µm. Emulsions are of different types oil-

in-water, water-in-oil or multiple emulsion. Self 

microemulsifying drug delivery system expand in the 

Gastrointestinal tract and the digestive motility of the 

stomach and intestine supply agitation for self-

emulsification. Tiny droplets supply greater interfacial 

area increasing activity of pancreatic lipase to 

hydrolyze triglycerides and also supply greater 

discharge of active drug. Surfactant is used to increase 

the bioavailability of drug.
[4-7] 

 

Vorapaxar is an protease activated receptor 1 antagonist, 

which inhibit thrombin induced platelet activation used 

to treat atherothrombosis. It is used to treat peripheral 

artery diseases. Metabolized by cytochrome P450 

(CYP)3 A4and CYP2J2 in the liver and has circulating 

metabolite is M20 (mono hydroxy metabolite) and 

predominant metabolite identified in excreta is M19 

(amine metabolite). Having longer half life. The daily 

dose Zontivity tablet and film coated tablet is 2.08 mg. 
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ABSTRACT 

The aim of the study was to formulate and develop Solid Self Microemulsifying Drug Delivery System of 

Vorapaxar. Vorapaxar is a thrombin receptor antagonist. The formulation consist of Capryol 90 as oil, Tween 80 as 

surfactant and PEG 400 as co-surfactant. The experiment was subject to factorial design for optimization of the 

formulation. Based on the design, 2 factors were evaluated, each at 3 level, and experimental trials were 

performed at all 9 possible combinations. The Concentration of Oil (X1) and the Concentration of Smix (Tween 

80: PEG 400) (X2) were chosen as the independent variables. Zeta potential, Self Emulsification time and % 

Transmittance were taken as the dependent variables. The results are compared with checkpoint batch. Optimized 

Formulation shows Particle size (90.5nm), % Transmittance 97.5%, Zeta potential (-4.1mV) and polydispersibility 

index (0.24).The liquid SMEDDS was converted to S-SMEDDS by using Neusilin as adsorbing agent. S- 

SMEDDS shows drug release (99.55%) in 50 minutes. S-SMEDDS shows better drug release than the marketed 

formulation. The visual evaluation showed no change in physical appearance during stability study. After stability 

period, the formulation was found stable with no significant change in IR study and in- vitro drug release of 

formulation. 
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Therefore, there is a need for a pharmaceutical 

formulation that can improve patient compliance and 

side effects by increasing the solubility of Vorapaxar.
[8-9] 

 

In this research, we aimed to prepare SMEDDS 

containing Vorapaxar for improving solubility. Based on 

the results of the solubility test and the pseudoternary 

phase diagram, the optimal SMEDDS formulations were 

selected and evaluated for various physico-chemical 

properties, such as their globule size, zeta potential, 

Emulsification time, Drug release, % Transmittance and 

stability study. In addition, the optimal SMEDDS 

formulation was compared with marketed formulation, 

because our research is the first application of a 

microemulsion system to Vorapaxar.  

 

MATERIALS AND METHODS 

Material  

Vorapaxar was supplied by clearsynth laboratories, 

Hyderabad. Capryol 90 from Gattefosse, Mumbai. 

Kolisolv GTA from BASF, Mumbai. Captex-355 from 

Abitech Corporation, Mumbai. Tween 80, Tween 60, 

PEG 400, PEG 200, Neusilin US2, Aerosil 200 VV from 

SD Fines Chemicals, Mumbai. 

 

Methods 

Solubility of Vorapaxar 
 

Solubility of Vorapaxar in various oils (Capryol 90, 

Kolisolv GTA, Captex-355), surfactants(tween 60, 

tween80, Acrysol EL-135), co-surfactant (Propylene 

glycol, poly ethylene glycol 400, poly ethylene glycol 

200) was determined by dissolving an excess amount of 

Vorapaxar in 2 ml of each of selected oils, surfactant and 

co-surfactant in stoppered vials. The mixtures were 

continuously stirred using vortex mixer for 10min and 

kept at 37°C±0.5°C in shaker for 72 hours to attain 

equilibrium. The equilibrated samples were centrifuged 

(3000 rpm for15 mins) and supernatant was filtered 

through 0.45 μm membrane filter and diluted with 

suitable solvent. By using ultraviolet – visible (UV_VIS) 

spectrophotometer Drug content was quantified.
 [10]

 

 

Screening of surfactant
 

To find appropriate surfactant having good solubilising 

capacity, an emulsifying ability of different surfactants 

(tween 60,tween 80,Acrysol EL-135,) with the screened 

oil was investigated. 10ml of oil phase and 10ml of 

surfactant were weighed and vortexed for two minutes 

followed by warming at 40-45°C for 30 seconds. So we 

can obtain an isotropic mixture. 1ml of isotropic solution 

was diluted with 100ml double distilled water filtered 

through 0.45μm membrane filter. Clear emulsion was 

observed visually by number of flask inversion. The 

resulting emulsions allowed standing for 2 hours after 

that transmittance were observed at 650 nm. The clear 

emulsion with lesser number of inversions and more 

transmittance was selected as best surfactant.
 [11]

 

 

 

 

Screening of co-surfactant 

In order to find appropriate co- surfactant with good 

solubilizing capacity, after screening of an oil 

emulsifying ability of different co- surfactants 

(Propylene glycol, poly ethylene glycol 400, 

polyethylene glycol 200) with the screened oil was 

investigated. 10 ml of oil phase and 10 ml of co-

surfactant were vortexed for 2 minutes by warming at 

40-45°C for 30 seconds. So we can obtain an isotropic 

mixture. 1ml of isotropic mixture was diluted with 

100ml double distilled water filtered through 0.45μm 

membrane filter. Clear emulsion was observed visually 

by number of flask inversion. The resulting emulsions 

allowed standing for 2 hours after that transmittance 

were observed at 650 nm. The clear emulsion with lesser 

number of inversions and more transmittance was 

selected as best co-surfactant. 

 

Construction of pseudo ternary phase diagram
 

Phase diagrams are constructed to obtain the proportion 

of components that can result in maximum 

microemulsion existence area. These pseudo ternary 

phase diagrams were constructed with oil, surfactant/ co-

surfactant and water using water titration method at room 

temperature. The procedure consisted of preparing 

solutions of different ratio of surfactant to co-surfactant 

by weight such as 1:1, 2:1, 3:1, etc, these solutions then 

vortexed for 5 mins and placed at 50°C for one hour, so 

that an isotropic mixture was obtained. Each of these 

solutions were used for preparing a mixture containing 

oil and Smix (mixture of surfactant and co-surfactant) in 

the following ratios by weight, 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 

7:3, 8:2, 9:1 and after preparation vortexed for 5mins 

followed by placing in oven at 50°C for one hour. All the 

mixtures were then placed at room temperature for 24 

hour. Water from 5 % to 95 % of the mixtures was 

observed for their appearance (turbid or clear). Coarse 

emulsion indicate that the sample is turbid in nature, 

whereas clear isotropic solution indicate formation of 

micro emulsion. % of oil, Smix, water at which clear 

mixture was formed was selected and used to construct 

ternary phase diagram. Prosim Software is used to plot 

pseudo ternary phase diagram.
[12]

 

 

Formulation of liquid SMEDDS 
From the ternary phase diagram ratio of surfactant to co-

surfactant was optimized. Then by varying ratio of oil 

to Smix, different formulations were prepared. 

Formulations were prepared by preparing optimized ratio 

of Smix first, L-SMEDDS were prepared by 

incorporating 2.5 mg drug into mixtures of accurately 

weighed quantity of Smix and oil in glass beaker. 

Components were mixed using a magnetic stirrer 

followed by vortexing using cyclomixer and heated on a 

water bath at 60°C to form a homogenous mixture. The 

L-SMEDDS were observed for homogeneity, change in 

color, transparency or phase separation during storage at 

37±2ºC.
[13] 
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Experimental Design: 3
2 
Full Factorial Design 

3
2
Full Factorial Design 

A 3
2
 full factorial design factor was used to explore and 

optimize the main effects, interaction effects and 

quadratic effects of the formulation ingredients on the in-

vitro performance of liquid SEDDS. A total of 9 

experimental runs at the center were generated and 

evaluated by using Design-Expert software 

(version12.0.2.0, Stat-EaseInc., Minneapolis, U.S.A.). 

The purpose of the replication was to estimate 

experimental error and increase the precision by 

computing a model independent estimate of the process 

standard deviation. The significant response factors 

studied for assessing the quality of the SEDDS 

formulation were zeta potential (Y1) and Self 

emulsification time (Y2) and %Transmittance(Y3). The 

data obtained after the each response was fitted to 

quadratic polynomial model explained by the following 

non-linear equation Y=β0+ β1X1 

+β2X2+β12X1X2+β1X12+β2X22+E. where Y is the 

response of the dependent variables; β0 to β2 are the 

regression coefficients; and X1, X2 are independent 

variables. All the three responses were optimized by 

using the desirability function approach by fixing the 

constraints in range and minimizing the zeta potential 

(Y1) and Self emulsification time (Y2) and 

%Transmittance(Y3).
[14] 

 

Contour Plot 

Contour plot is a diagrammatic representation of the 

values of the response and it is helpful in explaining 

visually the relationship between independent and 

dependent variables. The selected model was used to plot 

2 dimension contour plot using demo version of Design 

Expert12 software.
[15] 

 

Response Surface Plot 

Response surface plot is helpful in understanding the 

main and the interaction effects of variables in the 

formulation development. The effect of level of 

independent variable on the response parameter can be 

understood from the respective response surface plot.
[16] 

 

Optimization of SMEDDS formulation using 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 be used to determine minimum 

performance levels for 1 or more responses. The 

desirability procedure involves two steps: 

 Determine the levels of the independent variables 

that synchronously construct the most desirable 

predicted responses on the dependent variables. 

 Maximize the overall desirability with respect to the 

controllable factors.
[17]

 

 

Characterization of liquid SMEDDS 

Visual assessment 
Vorapaxar liquid SMEDDS was diluted with purified 

water (100ml) and gently stirred with magnetic stirrer. 

Temperature should be 37°C.
[18] 

 

Dispersibility test 

The dispersability test of SMEDDS was carried out to 

acssess to compatibility to disperse into emulsion and 

the size of resulting globules to categorize the 

SMEDDS. It was carried by using a standard USP 

paddle type 2 dissolution test apparatus, formulation was 

added to 500ml of water at 37°C and the paddle was 

rotated at 50rpm. On titration with water the SMEDDS 

formulation forms a mixture which was of different type. 

Depending upon which the in vitro performance of 

formulation can be assessed.
[19] 

 

Determination of self-emulsification time 

It was determined using dissolution apparatus. One ml of 

formulation was added drop wise to 500 ml distilled 

water at 37±0.5°C. Agitation was provided by a 

conventional stainless steel dissolution paddle rotating at 

50 rpm. Emulsification time assessed visually.
[20] 

 

Thermodynamic stability studies 

The physical stability of a lipid formulation is very 

important for its performance as its can be adversely 

affected by precipitation of drug in excipient matrix. 

Poor physical stability of formulation can lead to phase 

separation of excipients which affects bioavailability as 

well as therapeutic efficiency. Also the incompatibilities 

between formulation and shell of capsule may cause 

brittleness, softness, and deleted disintegration or 

incomplete release of drug. The following cycles was 

carried out for the studies.
[21] 

 

Heating cooling cycle 

The selected SMEDDS dosage form was diluted with 

100 times distilled water. Six cycles between cooling 

temperature (4°C) and heating temperature (45°C) 

with exposure at each temperature for not less than 48 

hours were carried. That formulation, which was stable, 

then was subjected to centrifugation test.
[22] 

 

Centrifugation Test 

The optimized SMEDDS formulations were diluted with 

100 times distilled water. Which pass heating cooling 

cycles are centrifuged at 3500rpm for 30 mints. The 

formulations which does not show phase separation are 

taken for the freeze thaw stress test.
[23] 

 

Freeze thaw cycle 

This test was performed for accelerated stability testing 

of Microemulsion formulation. In this study three freez 

thaw cycle of formulations were exposed between 

temperatures 21°C-25°C for each temperature cycles not 

more than 48 hours. The accelerated stability studies six 

such cycles should be run for each batch of 

formulation.
[24] 

 

Cloud point measurement 

Dilute 1 ml of formulation with 1000 ml of water in 

beaker and placed on a water bath with slowlly 
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increasing the temperature until the formulation turned 

to cloudy or turbid. It gives the detail about the stability 

of the microemulsion at body temperature.
[25] 

 

Percentage Transmittance 

It is measured at particular wavelength using UV-

spectrophotometer using distilled water as blank. 

Stability of microemulsion formulation with respect to 

dilution is checked by diluting one ml of formulation with 

100ml of distilled water and measuring transmittance 

using U. V. Spectrophotometer. Transmittance of 

samples is measured at 650nm and for each sample three 

replicate assays are performed.
[26] 

 

Particle size distribution(PSD) and ζ-potential 

analysis 

SMEDDS formulation was diluted 100 times with 

distilled water at 37 ± 0.5˚C. It is prepared by gentle 

agitation for 10 min using a magnetic stirrer. It was 

determined using, Malvern zetasizer.
[27] 

 

Stability of Vorapaxar SMEDDS 

Vorapaxar SMEDDS samples were filled in glass vials 

with rubber stopper and then placed in Stability 

chambers at 25 ±0.5˚C / 60 ± 5 % RH and 40±0.5˚C / 75 

± 5 % RH for 1 months. Duplicate samples were 

withdrawn at 0, 15, 30 days to evaluate their physical and 

chemical stabilities. The physical stability was evaluated 

by visual inspection for physical changes (such as phase 

separation and drug precipitation), and a particle size 

analyzer was used to determine the mean particle size 

after dilution with water.
[28] 

 

Conversion of liquid SMEDDS into Solid SMEDDS 

The solid carriers (Adsorbing agent) used for adsorption 

comprised of materials that provided a high surface area 

that provide good binding property to Liquid. The solid 

carriers tried include Fujicacin and colloidal silicon 

dioxide (Aerosil 200) and NeusilineUS2. The L-

SMEDDS formulation added drop wise on 2g of 

adsorbing agents in porcelain dish, after that the 

mixture was homogenized using glass rod to confirm 

uniform distribution of formulation.
[29] 

 

In vitro drug release of S-SMEDDS 

The in vitro drug release of prepared S-SMEDDS was 

assessed using United States Pharmacopoeia (USP) 

Dissolution Type II apparatus (Paddle type) at 37±0.5˚ 

C. S- SMEDDS containing 2.5 mg equivalent of drug 

was placed in 900ml of dissolution medium (0.1N HCl). 

The revolution speed of the paddle was maintained at 

100rpm. At predetermined time intervals, 5 ml of 

dissolution medium was collected, filtered and the same 

volume of fresh dissolution medium was replenished to 

maintain the sink conditions. The samples were analyzed 

for the drug concentration using HPLC Instrument with 

same chromatographic conditions.
[30] 

 

RESULT AND DISCUSSION 

Solubility in various Vehicles 

The components in the formulation of SMEDDS were 

selected to have maximum solubility of Vorapaxar along 

with good miscibility with each other to produce an 

isotropic and stable system. Solubility of Vorapaxar in 

various vehicles was screened and the results are 

presented in Table 1. Vorapaxar had significantly higher 

solubility in Capryol 90 (225±1.32%) other than 

Kolisolv GTA, Captex-355. Among surfactant and co-

surfactants, Tween 80(140±1.68%), PEG 400 

(170±0.17%) showed highest solubility. Therefore, 

Capryol 90 were selected as oil phase, Tween 80 as 

surfactant and PEG 400 as co-surfactant based on 

solubility studies. 

 

 

 

 

 

 

Table 1: Solubility Study in Various Vehicles. 

Sr. No. Solvent Solubility(mg/mL) 

1 Capryol-90 225 ± 1 

2 Kolisolv GTA 115±0.70 

3 Captex-355 220±0.69 

5 Tween80 140±1.68 

6 Tween60 40±0.70 

7 Acrysol EL-135 65.1±0.9 

8 PEG200 10.1± 0.78 

9 Propylene Glycol 20.7±1.9 

10 PEG400 170±0.17 

Screening of surfactant and co-surfactant with capryol 90 

The %transmittance values and number of inversions required for uniform emulsion, of various dispersions are given 

in table 2 and 3 

 

Table 2: Emulsification efficacy of surfactant with Capryol 90. 

Sr. No. Surfactant % Transmittance Number of inversions 

1 Tween60 98 12 

2 Acrysol EL-135 97 9 

3 Tween80 99 7 
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Table 3: Screening of co-surfactant with Capryol-90. 

Sr. No. Co-Surfactant % Transmittance Number of  inversions 

1 PEG-200 99 8 

2 Propylene Glycol 96 14 

3 PEG-400 99.83 6 

 

Construction of pseudo ternary phase diagram 

Constructing a phase diagram is one of the primary step 

and makes a back bone of formation of SMEDDS. Nine 

different potential combinations of surfactant mixture to 

oil at different value 1:1, 2:1, 3:1, 1:2 were used for the 

phase diagram study of Vorapaxar SMEDDS. The 

boundary layer of O/W micro emulsion was determined 

in each phase diagram. The shaded part of phase diagram 

shows a microemulsion region. Components used for 

construction of pseudo ternary phase diagram for 

Vorapaxar are Capryol 90(oil phase), Tween 

80(surfactant), PEG-400(co-surfactant) and distilled 

water (aqueous phase). Composition of Capryol 90, Smix 

(Tween80 and PEG-400) and water at each ratios (1:1, 

2:1,3:1) values and pseudo ternary phase diagram at 

respective values shown in figure 1. 

 

 
Figure 1: Pseudo Ternary Phase Diagram of Capryol90, Tween80, PEG400 and Water at 2:1. 

 

Optimization of Formulation Using 3
2
 Full Factorial 

Design 

The 3
2
 factorial design study is applied for the 

preparation of SMEDDS considering the factors that 

affect the stability as well as emulsification time. 

 

 

 

Two independent variables selected for the study were:  

 X1=Concentration of Capryol90 

 X2=Concentration of Smix (2:1)Tween80+ PEG400 

The responses were selected on the basis of the 

preliminary studies and hence it was found that the Zeta 

Potential, %Transmittance and Emulsification time were 

selected as dependent variables. 

Table 4: Design matrix and response with respective observed response. 

Formulation No F1 F2 F3 F4 F5 F6 F7 F8 F9 

Zeta potentia l(mv) -10 -9 -8 -6 -5 -5 -3 -4 -4 

PDI 0.37 0.34 0.31 0.28 0.26 0.24 0.21 0.25 0.23 

Cloud point 68
0
C 68

0
C 68

0
C 69

0
C 69

0
C 70

0
C 70

0
C 72

0
C 72

0
C 

% Transmit tance 92.8 93.5 94.2 95.7 95.5 95.8 97.1 96.9 95.6 

Emulsific ation time (sec) 30 28 26 26 25 25 24 24 26 

 

Table 5: Respective Response 

Factorial Batches 
X1 

(Conc. of Capryol  90) 

X2 

(Conc. Of S-mix) 

Y1 

Zeta potential (mv) 

Y2 

Emulsification time(sec) 

Y3 

% Transmittance (%) 

F1 0.15ml 0.75ml -10 30 92.8 

F2 0.2ml 0.75ml -9 28 93.5 

F3 0.25ml 0.75ml -8 26 94.2 

F4 0.15ml 0.8ml -6 26 95.7 

F5 0.2ml 0.8ml -5 25 95.5 

F6 0.25ml 0.8ml -5 25 95.8 
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F7 0.15ml 0.85ml -3 24 97.1 

F8 0.2ml 0.85ml -4 24 96.9 

F9 0.25ml 0.85ml -4 26 95.6 

 

Table 6: Summary of Results of Multiple Regression Analysis for Y1, Y2 and Y3. 

Depende nt 

variable 

Y1 

Zeta potential(mv) 

Y2 

Emulsification time(sec) 

Y3 

% Transmittance (%) 

Coefficients P- Value Coefficients P-Value Coefficients P-Value 

Intercept -5.33 0.0027 25.00 0.0039 95.73 0.0053 

X1 0.3333 0.1162 -0.5000 0.0349 0.0000 1.0000 

X2 2.67 0.0004 -1.67 0.0012 1.52 0.0009 

X1X2 -0.7500 0.0276 1.50 0.0029 -0.7250 0.0136 

X1
2

 0.0000 1.0000 0.5000 0.1240 -0.1000 0.6453 

X2
2

 -1.0000 0.0321 1.0000 0.0240 -0.6500 0.0453 

 

Table 7: Summary of Quadratic Polynomial Equation for Responses Y1, Y2 and Y3. 

Quadratic Model Quadratic Polynomial Equation 

Y1 (Zeta potential) 
2 2 

-5.33+0.3333X1+2.67X2-0.7500X1X2+0.0000X1 -1.0000X2 

Y2(Emulsification time) 25.00-0.5000X -1.67X +1.50X X +0.5000X 
2

+1.0000X 
2
 

1 2 1    2 1 2 

Y3 (%Transmittance) 95.73+0.0000X +1.52X -0.7250X X -0.1000X 
2
-0.6500X

2
 

1 2 1    2 1 2 

 

Contour Plots and Response Surface Analysis 

The relationship between the dependent and independent 

variables was further explained by constructing contour 

plots and 3D surface plots based on full factorial design 

with the help of designExpert12 software. This type of 

plot is used for determination of two factors 

simultaneously on one time. 

Effect of X1 and X2 on Response Y1 

Two dimensional and three dimensional plots are shown 

in Figure and which showed Zeta potential Decreases as 

the levels of Capryol90 and S-mix were Increased shown 

in figure 2 and 3. 

 

 

       
Figure 2: Contour plot for the effect of zeta potential.     Figure 3:3 D Surface plot for the effect of zeta potential. 

 

Effect of X1 and X2 on Response Y2 

Two dimensional and three dimensional plots are shown 

in Figure and which showed Emulsification time 

Decreases as the levels of Capryol90 and S-mix were 

increased figure 4 and 5. 
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Figure 4: Contour plot for the effect of self-emulsification time. 

 

 
Figure 5: 3D surface plot for the effect of self-emulsification time. 

 

Effect of X1 and X2 on Response Y3 

Two dimensional and three dimensional plots are 

shown in Figure and which showed %Transmittance 

Increases as the levels of Capryol 90 and S-mix were 

Increased figure 6 and 7. 

 

 
Figure 6: contour plot for the effect of % transmittance. 
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Figure 7: 3D surface plot for the effect of % transmittance. 

 

Optimization 
The optimized batch was found from the 

DesignExpert12. From the Contour and Response 

Surface Plots of the factorial batches the Overlay Plot 

was obtained which clearly reveals the value for X1 

(conc. Of Capryol 90) and X2 (Conc. of S- mix) i.e. 

0.19ml and 0.83ml respectively for the desire value of 

Zeta potential, Emulsification time and %Transmittance. 

The optimized batch was prepared as per Figure 6.38, in 

which yellow region is the optimized region. The 

formula for optimized batch was shown in figure 8. 

 

 

 
Figure 8: Overlay Plot. 

 

Check point batch analysis 

Three different check point batches (P1,P2,P3) of 

Vorapaxar SMEDDS were prepared according to the 

levels of factors as shown in Table 8. The check points 

was evaluated for zeta potential, self emulsification time, 

% Transmittance. The experimentally and theoretically 

computed values of zeta potential, self emulsification 

time, % Transmittance in Table 6.19. The results were 

compared using student „t‟ test, the difference was found 

to be non significant (p<0.05) in both cases. Ratio 

confirmed the utility of established contour plots and 

reduced polynomial equation for zeta potential, self 

emulsification time, %Transmittance in the preparation 

of SMEDDS containing Vorapaxar. 

 

 

Table 8: Checkpoint batch analysis. 

Batches P1 P2 P3 

X1 0.12 0.15 0.17 

X2 0.84 0.85 0.83 

Response Predicted Predicted Predicted 

Zeta Potential(mV)Y1 -5.8 -5.3 -6.01 

Self Emulsification 

Time(sec)Y2 
25.68 25 25.26 

%TrasnmittanceY3 95.52 95.73 95.25 
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Table 9: Evaluation of Checkpoint Batches. 

SR. NO Parameter 
Result 

P1 P2 P3 

1 Zeta potential(mv) -5 -4.1 -4.5 

2 PDI 0.26 0.24 0.23 

3 Cloud point 79
0
C 80

0
C 80

0
C 

4 %Transmittance 97.4 97.5 96.27 

5 Emulsification time(sec) 26.24 25.47 25.53 

 

Characterization of optimized formulation 

Globule size analysis and polydispersibility index 

The Globule size of optimized L-SMEDDS of Vorapaxar 

was found to be 90.5 nm. The polydispersibility index 

was found to be 0.24. Polydispersity index of optimized 

formulations was found to be less than 1 which indicates 

that uniform distribution of globules throughout 

formulation. These findings indicate that, the optimized 

L-SMEDDS produced fine microemulsion with a small 

mean size and a narrow particle size distribution shown 

in figure 9. 

 

 

 
Figure 9: Globule size of optimized formulation. 

 

Zeta Potential 

Zeta Potential of optimized formulation was found to be 

(-4.1 mV). This negative zeta potential indicates greater 

facilation of drug permeability as well as formulation 

stability and hence effectiveness of the formulation. Zeta 

potential of optimized formula shown in figure 10. 

 

 
Figure 10: Zeta potential of optimized formula. 

 

Thermodynamic Stability 

Optimized L-SMEDDS Formulation which did not show 

any drug precipitation, phase separation after 

centrifugation, Heating/Cooling Cycle confirming its 

stable nature. Similarly, Optimized L-SMEDDS 

Formulation which survived freeze–thaw cycling as it 

was found to be reconstituted without any phase 

separation, drug precipitation after exposure to freeze–

thaw cycling. 

 

 

%Transmittance 

The optimized L-SMEDDS formulation shows the 

percentage transmittance of around 97.5% which is very 

close to 100. This implies very clear formulation, which 

also is an indication of the drug being completely soluble 

in the system. Complete drug solubility in the system is 

essential for the improvement of the bioavailability, 

which will be studied subsequently in vitro. 
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pH 

pH of the optimized formulation was 5.9 ±0.5 indicating 

the acidic nature of the formulation and important for 

patient compliance. The mild acidic nature of the 

formulation is also convenient towards lesser chances of 

gastric irritation. 

 

Self-Emulsification Time 

Self-emulsification time of the optimized formulation 

was 25.47seconds. Time less than 30 seconds indicates 

that the pre concentrate of Vorapaxar SMEDDS makes a 

homogeneous dispersion, which is a critical requirement 

for the in vitro dissolution. 

Cloud Point 

Cloud point was found to be 80℃ which indicates better 

stability of L-SMEDDS. 

 

Conversion of L-SMEDDS to S-SMEDDS 

L-SMEDDS were converted into S-SMEDDS by 

adsorption into solid carrier selection shown in table 10 

and 11. 

 

 

 

 

Table 10: Adsorbent Selection. 

Adsorbent Amount of Liquid SMEDDS (ml) 

Amount of adsorbent required 

To get free flow powder(mg) mean ±SD 

(n=3) 

Neusilin 1 370±0.577 

Aerosil200 1 480±1.52 

Fujicalin 1 522±2.64 

 

Table 11: Flow properties of various adsorbent. 

Adsorbent 

Parameters 

Inference Bulk density 

(gm/ml) 

Tapped density 

(gm/ml) 

Carr’s index 

% 
Hausner’s ratio 

Aerosil200 
0.484± 

0.002 

0.590± 

0.001 
17.96 1.21 Passable 

Neusilin 
0.553± 

0.002 

0.594± 

0.003 
6.90 1.07 Excellent 

Fujicalin 
0.494± 

0.002 

0.640± 

0.001 
22.8 1.29 Passable 

 

Comparison of In-vitro Drug Release between 

Optimized Formulation of S- SMEDDS and 

Marketed Formulation 

Conventional Tablet was available in the market so 

comparison of dissolution profile of optimized 

formulation and marketed preparation can be done for 

significance value. The drug release study was performed 

using Film Coated Tablet (Zontivas 2.5mg). S-SMEDDS 

of Vorapaxar capsule was evaluated for invitro 

dissolution. S-SMEDDS capsules were tested in 0.1 N 

Hcl for 50 minutes. S-SMEDDS release 99.55% drug in 

50 minutes while marketed formulation release 55.33% 

drug in 50 minutes. S-SMEDDS provide better 

dissolution than marketed formulation. 

 

 
Figure 11: Comparative study of final batch. 
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Accelerated stability Study 

 The stability study was carried out based on the ICH guideline Q2AR1. 

 Storage condition was at 40°C ± 2°C / 75 ± 5% RH shown in table 12 and figure 12 and 13. 

 

Table 12: Accelerated Stability Study. 

Parameters 
Accelerated Condition 40°C ± 2°C / 75 ± 5% RH 

Initial After 15 Days After 30 Days 

Zeta potential(mv) -2.93 -2.87 -2.78 

PDI 0.22 0.22 0.23 

Cloud point 70
0
C 70

0
C 70

0
C 

% Transmittance 98.5 97.91 97.78 

Emulsification time 

(sec) 
24.47 24.25 25.11 

%CDR 99.55 98.45 98.24 

 

 
Figure 12: FTIR Spectra of Optimized Batch after Stability Study. 

 

 
Figure 13: FTIR Spectra of Pure Drug. 

 

CONCLUSION 

Vorapaxar is a poorly water soluble drug. When 

administering this poorly soluble compound with 

hydrophilic carriers will enhance the solubility of the 

drug. Hence, it was concluded that Self Micro 

Emulsifying drug delivery system is a good approach to 
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enhance the solubility and dissolution property of 

Vorapaxar.. The composition of optimized formulation 

consist of Capryol 90 as oil(20%), Tween 80 (40%) as 

surfactant and PEG 400 (40%) as co-surfactant 

containing 2.5mg of Vorapaxar showing drug release for 

solid SMEDDS formulation (99.55%), Particle size 

(90.5nm), Zeta potential (-4.1) and polydispersibility 

index (0.24). In-vitro drug release of the optimized 

formulation was compared to marketed tablet. The 

optimized batch shows all criteria within specification, 

so it is concluded that Solid Self Micro Emulsifying 

approach was feasible at laboratory level within all the 

sorts of specification. 
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