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Abstract 
The purpose of the current work was to develop S-SMEDDS of Darunavir (DRV), which falls under BCS Class II, by using Box-

Behnken designs for improved solubility and dissolution. In the solubility investigation of DRV, oleic acid, Tween 80, and 

Transcutol P were selected as oils, surfactants, and co-surfactants, respectively, and the impact of their concentrations on 

globule size, zeta potential, and liquid SMEDDS was investigated using a box-Behnken design. Liquid SMEDDS were developed 

and evaluated in twelve separate batches (DRVL1 to DRVL12). As a solid carrier, Neusilin US2 is used in an adsorption method; 

four successful batches (DRVS1 to DRVS4) of liquid SMEDDS were then transformed into solid form. In-vitro drug release 

study DRVS4 of batch S-SMEDDS released 85.792 percent of DRV in 60 min, as compared to 22.532 percent of plain DRV. The 

study's findings suggest that a potential method for improving the solubility, dissolution, and simultaneous bioavailability of 

DRV is S-SMEDDS. 

 

1. Introduction 

Darunavir (DRV), a protease inhibitor (PI), is very 

efficient against wild-type HIV.[1] In contrast to 

early-generation PIs, DRV exhibits low 

cytotoxicity, great potency against HIV isolates that 

have been resistant to multiple drugs, and a strong 

genetic barrier to resistance. [2, 3] 

DRV falls under Class II of the biopharmaceutical 

classification system. DRV has a very poor 

solubility in water and is a lipophilic drug. This poor 

solubility may cause poor dissolution and 

unpredicted bioavailability. Enzymes of the CYP 

family, particularly CYP3A, significantly 

metabolize it, during hepatic metabolism. It has low 

permeability because, for an ABC transporter such 

as P-gp, it serves as a substrate, which leads to 

increased enzymatic degradation and decreased 

bioavailability. As a result, relatively high doses are 

needed to produce the desired therapeutic effect. [4-

7]
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Figure 1: Chemical structure of DRV 

The solubility of drugs that are poorly water-soluble 

can be improved in several ways; lipid-based 

isotropic systems have recently undergone 

substantial research for delivering BCS class II 

drugs orally. One of these, the self-

microemulsifying drug delivery system (SMEDDS), 

has proven to be a successful delivery method. 

“SMEDDS is a thermodynamically stable isotropic 

mixture of oil, surfactant, co-surfactant, and drug 

that forms a spontaneous o/w microemulsion when 

introduced into an aqueous medium under gentle 

agitation.”[8] The drug stays in solution form, which 

eliminates the need for dissolving and increases 

bioavailability due to the reduced free energy need 

and increased surface area associated with micro 

globules.[9] SMEDDS are commonly fabricated in 

liquid form or enclosed in capsules (soft gelatine), 

each of which has drawbacks, particularly during 

manufacturing operations, which raises the cost of 

production. SMEDDS could be difficult to utilize 

and have compatibility issues with the usual soft 

gelatine. The problems of liquid formulations 

mentioned above may be overcome by incorporating 

a liquid SMEDDS to solid dosage form, which 

would combine the benefits of SMEDDS and solid 

dosage forms. [10, 11] The aim of this investigation 

was to solubilize and dissolve the poorly water-

soluble antiretroviral drug DRV using solid 

SMEDDS. 

 

2. Materials And Methods 

Materials 

From Cipla Ltd. in Mumbai, India, we received a 

free sample of darunavir (DRV). The provider of 

oleic acid Tween 80 was Loba Chemie Pvt. Ltd., 

Mumbai. The Mumbai-based Gattefosse India Pvt. 

Ltd. donated Transcutol P. A free sample of neusilin 

was received from Gangwal Chemicals Pvt. Ltd., 

Mumbai. All additional compounds were of the 

analytical variety. 

Methods 

Solubility study of DRV 

In this study, small vials holding 2.00 mL of various 

oils, surfactants, and co-surfactants were taken 

individually, and excess drug was added to each vial. 

The shake flask technique was used to shake the 

vials for 72 hours at 25 °C. By centrifuging oils, 

surfactants, and co-surfactants at 10,000 rpm for 10 

minutes, undissolved DRV was separated. Then the 

sample was taken. After diluting the sample with 

methanol, the sample's solubility was assessed using 

UV spectroscopy (Shimadzu 1800) at 266 nm.  [12] 

Construction of pseudo ternary phase diagram 

Based on solubility tests and screening of 

oil, surfactants and co-surfactants, Transcutol P, 

Tween 80, and oleic acid were selected as the co-
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surfactant, surfactant, and oil respectively. By 

constructing a pseudo ternary phase diagram with 

various surfactant ratios, the micro emulsion area 

was identified. Co-surfactant i. e., S/Co (Km value 

of 1:1, 2:1, 3:1, 1:2 and 1:3), oil and water, be 

required for the formation of stable SMEDDS. The 

following ratios of Smix and oil were blended in a 

pre-weighed test container: 1:9, 2:8, 3:7, 4:6, 5:5, 

6:4, 7:3, 8:2, and 9:1. To determine the end point, 

following equilibrium, add gradually double 

distilled water to the resultant mixtures till the first 

indication of turbidity. The water addition was then 

continued if the system became clear. Once perfect 

equilibrium had been achieved, the mixtures were 

visually inspected for flow and distinct phases. 

Using CHEMIX School 10.0, the pseudo ternary 

phase diagram was created. [13, 14] 

Formulation of Liquid SMEDDS of DRV using 

Box–Behnken designs 

From the created phase diagrams, the Km value 

required to create a high microemulsion area was 

chosen for additional research. This microemulsion 

region's three points were chosen, and they were 

utilized to conclude the composition of the oil, 

surfactant, and co-surfactant. To check effect of 

concentration of Oleic acid, Tween 80 and 

Transcutol Pon Particle size, Zeta potential and % 

Transmittance Box–Behnken designs was used. 

Factorial design was performed with Design Expert 

software version 13. By using the following process, 

12 batches of liquid SMEDDS (DRVL1 to 

DRVL13) of DRV were prepared. By gently stirring 

and vortex mixing at 37 °C, DRV, oleic acid, Tween 

80, and Transcutol P were combined until DRV was 

fully dissolved. The combination was then placed in 

a glass vial, sealed, and kept at room temp till 

needed. [15, 16]   Table 1 displays the SMEDDS 

liquid's chemical composition.

Table 1: Composition of liquid SMEDDS of DRV 

  
Factor 1 Factor 2 Factor 3 

Batches Run A:Conc. of  

Oleic acid 

B:Conc. of Tween 

80 
C:Conc. of Transcutol P 

  
% % % 

DRVL1 
1 60 26.25 10 

DRVL2 2 60 26.25 7.5 

DRVL3 3 50 22.5 10 

DRVL4 4 40 26.25 10 

DRVL5 5 60 30 8.75 

DRVL6 6 40 30 8.75 

DRVL7 7 40 26.25 7.5 

DRVL8 8 50 30 7.5 

DRVL9 9 60 22.5 8.75 

DRVL10 10 50 22.5 7.5 

DRVL11 11 40 22.5 8.75 

DRVL12 12 50 30 10 
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Evaluation of Liquid SMEDDS of DRV 

Thermodynamic stability studies 

Heating cooling cycle  

In the refrigerator, there were six cycles between 4 

and 45 degrees Celsius, with storage lasting at least 

48 hours at each temperature. A centrifuge test was 

conducted if SMEDDS demonstrates stability at this 

temperature. [17, 18] 

Centrifugation test  

SMEDDS that passed were centrifuged for 30 

minutes in a digital centrifuge (Remi Motors Ltd.) at 

3500 rpm. If no phase separation occurred, 

SMEDDS was processed for freeze-thaw cycles. 

[17, 18] 

Freeze thaw cycle  

For SMEDDS, three freeze-thaw cycles were carried 

out between -21°C and +25°C for at least 48 hours 

at each temperature. [17, 18] 

Robustness to dilution 

Liquid SMEDDS was diluted 50, 100, and 1000 

times with water and buffer pH 1.2 to investigate 

robustness to dilution. For 12 hours, the diluted 

SMEDDS was stored to check for any signs of drug 

precipitation or phase separation. [18]  

Assessment of Efficiency of self-emulsification 

The efficiency of self-emulsification was assessed 

using a Veego VDA-8DR USP-type-II dissolving 

test apparatus. Add 1 ml of liquid SMEDDS, drop 

by drop, to 0.1 N HCl (200 ml) at 37 °C. A typical 

stainless steel dissolving paddle was then used to 

agitate it at 60 revolutions per minute. SMEDDS are 

assessed visually based on the final emulsion 

appearance and emulsification rate.  By visual 

inspection, in vitro performance is evaluated using 

the grading method. [19-21] 

% Transmittance 

In 100 ml distilled water, add 1 ml liquid SMEDDS 

and check for turbidity. Shimadzu-1800, Japan, UV-

Vis spectrophotometer was used to determine the 

percentage of transmittance at 650 nm using pure 

water as a reference. [20, 21] 

Zeta potential, PDI, and globule size 

Using the Malvern Zetasizer (Nano ZS90), the zeta 

potential, PDI, and globule size of the liquid 

SMEDDS were estimated; it investigates changes in 

light scattering dependent on the particle's Brownian 

motion. [22, 23] 

Viscosity 

A Brookfield LVDV II + PRO viscometer and 

spindle S18 at 20 rpm at room temperature without 

dilution were used to measure the formulation's (0.5 

g) viscosity. [24] 

Dye solubilisation test 

By dusting eosin (a water-soluble dye) on the 

microemulsion surface and monitoring the 

spontaneous dispersion, the oil-in-water nature of 

SMEDDS was confirmed. [25] 

Measurement of a cloud point 

Distilled water was used to dilute the SMEDDS 

liquid by a factor of 1:250, and after that, it was 

gradually heated in a water bath. Visually examine 

the appearance of sudden cloudiness and calculate 

the cloud point as a function of temperature. [26] 

Formulation of S-SMEDDS 

A 1:1 mixture of liquid SMEDDS containing DRV 

and Neusilin US2 was used to produce S-SMEDDS 

of DRV. SMEDDS liquid was quickly added drop 

by drop over an adsorbent carrier placed in a large 

porcelain dish. Glass rod was used to homogenize 

the mixture after each addition to ensure that the 

formulation was distributed evenly. [27, 28] 

Characterization of S-SMEDDS 

The micromeritic characteristics of prepared batches 

of S-SMEDDS, such as angle of repose, bulk 

density, compressibility index, Hausner ratio, etc., 

were assessed. [20, 29] 

Drug Content 

DRV was extracted from S-SMEDDS to estimate 

the drug content. In 10 mg of S-SMEDDS, they were 



JCLMM 3/10 (2022) | 414–432 

 
 

 
 

dissolved in enough methanol. The DRV was 

extracted from the solution using sonication for 10 

to 15 minutes, followed by filtering. On a UV-

visible spectrophotometer (Shimadzu 1800, Japan), 

the filtrate's absorbance was measured at 266 nm. 

[30] 

Solubility study of DRV and S-SNEDDS in Water 

The saturation solubility study of DRV and the S-

SNEDDS formulation of DRV (DRVS1 to DRVS4) 

were assessed in water at room temperature to check 

for enhancement of the drug's aqueous solubility. 

[31] 

In-vitro dissolution studies of S-SMEDDS of 

DRV 

Using USP-type-II dissolving test equipment, an in-

vitro dissolution study of plain DRV and S-

SMEDDS of DRV was conducted. S-SMEDDS 

(equal to 75 mg of Darunavir) and hard gelatin 

capsules of size "0" containing plain darunavir were 

put into separate 900 mL containers of phosphate 

buffer, which had a pH of 6.8, at a speed of roation 

75 rpm, at 37°C. 

At regular intervals of 5, 10, 15, 20, 30, and 60 

minutes, 5 mL samples were taken and filtered using 

a 0.45 m filter. The volume was maintained by 

adding an equal amount of the dissolving media. The 

sample's drug content was examined with a UV 

spectrophotometer at 266 nm. [31] 

 

 

 

 

Solid state characterization of DRV loaded S- 

SMEDDS 

FTIR study 

To determine whether DRV and Neusilin US2 

possibly interact, FTIR tests were conducted. 

Infrared spectra of plain drugs, physical mixtures of 

drugs, and carriers were captured in the 4000 to 400 

cm-1 wavelength range. The compatibility of the 

components in the formulations was determined 

through the spectrum analysis. [32] 

Powder X-ray diffraction (PXRD) 

The PXRD investigation was performed to validate 

the physical condition of DRV in its pure state and 

the changes in crystallinity in S-SMEDDS using an 

X-ray diffractometer (D8 Advanced, Bruker AXS). 

Using an X-ray diffractometer, PXRD of plain 

DRV, Neusilin US2, and selected S-SMEDDS were 

performed. [33] 

Differential scanning calorimetry (DSC) 

The physical state of DRV in S-SNEDDS was 

determined using a differential scanning 

calorimeter. The DRV, Neusilin US2, and S-

SNEDDS thermograms were obtained using a 

differential scanning calorimeter (TA Instruments 

SDT-2960, USA). [32, 34] 

3. Result and Discussion 

Solubility study of DRV 

The solubility study's purpose was to locate oils and 

surfactants with effective DRV solubilizing 

properties. Figures 2, 3, and 4 show how DRV 

dissolves in various oils, surfactants, and co-

surfactants. According to the findings, DRV is 

highly soluble in oleic acid, Tween 80, and 

Transcutol P.
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Figure 2: Solubility of DRV in different oils 

 

Figure 3: Solubility of DRV in different surfactants 

 

Figure 4: Solubility of DRV in different co-surfactant 
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Construction of pseudo ternary phase diagram 

Based on findings from studies on solubility, the oil, 

surfactant, and co-surfactant for the microemulsion 

formulation were chosen to be oleic acid, Tween 80, 

and Transcutol P. For the phase diagram analysis of 

DRV-loaded SMEDDS, nine distinct possible 

surfactant mixtures in oil at various Km values (Km 

values 1:1, 2:1, and 3:1) were used. Each phase 

diagram revealed the o/w microemulsion's boundary 

layer. A microemulsion zone is shown on the phase 

diagram in the shaded area. [35] Figure 5 displays 

pseudo ternary phase diagrams for the 

corresponding Km values. The microemulsion area 

increases as surfactant and co-surfactant 

concentrations increase. The ratio of 3:1 was 

intended to be the maximum self-micro-emulsifying 

region. As a result, the ideal ratio of surfactant to co-

surfactant for the formulation of DRV-loaded 

SMEDDS was chosen to be 3:1.

 

 

Figure 5: Pseudo ternary phase diagram of Oleic acid, Tween 80, Transcutol P and water at Km=1, 2 and 3 

Formulation of DRV loaded Liquid SMEDDS 

using Box–Behnken designs 

Twelve liquid SMEDDS batches with DRV were 

successfully developed and used for further 

investigation. 

Evaluation of DRV loaded Liquid SMEDDS 

Table 2 provides a summary of the findings of 

studies on thermodynamic stability, robustness to 

dilution, and self-emulsification efficiency. The 

heating-cooling cycle test was observed to have 

passed, and the formulation was then subjected to a 

centrifugation test. SMEDDS was used for the 

freeze-thaw stress test because the centrifugation 

test revealed no phase separation. It was discovered 

that SMEDDS demonstrated good stability with no 

phase separation, creaming, or cracking after the 

freeze-thaw stress test. It was determined from the 

robustness of the dilution testing data that no 

evidence of phase separation or drug precipitation 

existed. 

According to the findings of the evaluation of the 

efficiency of the self-emulsification study, 

formulations DRVL5, DRVL6, DRVL8, and 

DRVL12 rapidly formed microemulsion within 1 

min that was clear and had a faintly bluish 

appearance as per grade A, while formulations 

DRVL1, DRVL2, DRVL4, and DRVL7 rapidly 

formed an emulsion that was slightly less clear and 

had a bluish appearance Also, DRVL3, DRVL9, 

DRVL10, and DRVL11 displayed a bright white 

emulsion that formed in less than 2 minutes. 

According to the findings, all liquid SMEDDS of 

DRV formulations passed the preliminary 

thermodynamic stability studies and the robustness 

to dilution test. However, batches DRVL5, DRVL6, 

DRVL8, and DRVL12 were discovered to be 

superior than other batches based on the evaluation 

of the efficiency of self-emulsification test.
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Table 2: Thermodynamic stability studies, robust to dilution and dispersibility tests 

Formulation 

Observations 

Inference 

H/C Cent. Friz. Thaw Robust Dispers. 

DRVL1 ✓ ✓ ✓ ✓ Grade B Passes 

DRVL2 ✓ ✓ ✓ ✓ Grade B Passes 

DRVL3 ✓ ✓ ✓ ✓ Grade C Passes 

DRVL4 ✓ ✓ ✓ ✓ Grade B Passes 

DRVL5 ✓ ✓ ✓ ✓ Grade A Passes 

DRVL6 ✓ ✓ ✓ ✓ Grade A Passes 

DRVL7 ✓ ✓ ✓ ✓ Grade B Passes 

DRVL8 ✓ ✓ ✓ ✓ Grade A Passes 

DRVL9 ✓ ✓ ✓ ✓ Grade C Passes 

DRVL10 ✓ ✓ ✓ ✓ Grade C Passes 

DRVL11 ✓ ✓ ✓ ✓ Grade C Passes 

DRVL12 ✓ ✓ ✓ ✓ Grade A Passes 

H/C: Heating cooling cycle, Cent.: Centrifugation, Friz. Thaw: Freeze thaw cycle,  

Robust.: Robustness to dilution Disperse, Dispers.: Efficiency of self-emulsification 

% Transmittance, globule size, zeta potential and 

viscosity 

Table 3 summarizes the results of % transmittance, 

globule size, zeta potential, and viscosity. All liquid 

SMEDDS formulations with DRV were found to 

have a transmittance of between 72.30 and 94.82 

percent. This means that produced liquid SMEDDS 

are clear and have no turbidity. The zeta potential 

and globule size of all formulations were found to be 

between -8.0 mV and -75.0 mV and 218.3 nm and 

676.5 nm, respectively. The formulations' globule 

size increased in tandem with the increase in oil 

concentration. However, the globule size of 

formulations differs only slightly. All formulations 

were found to have viscosities that fell between 

12.78 to 24.36 cP. The zeta potential and globule 

size of batches DRVL5, DRVL6, DRVL8, and 

DRVL12 are showed in respectively Figures 7 and 

6.

Table 3: Results of globule size, zeta potential, % transmittance and viscosity 

Formulation 
Globule 

size (µm) 

Zeta 

potential 

(mV) 

% Transmittance 
Viscosity 

(cP) 

L-DRV 1 290.3 -24.2 87.39 19.76 

L-DRV 2 335.2 22.7 84.28 22.39 
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L-DRV 3 422.1 -9 81.92 23.58 

L-DRV 4 323.9 -13.3 85.58 21.85 

L-DRV 5 243.9 -40.6 92.63 13.92 

L-DRV 6 250.9 -32.5 90.74 16.74 

L-DRV 7 336.1 -8 84.71 23.72 

L-DRV 8 253.9 -30.3 89.68 17.68 

L-DRV 9 506.1 75 78.82 24.36 

L-DRV 10 676.5 60.8 72.30 23.44 

L-DRV 11 510.2 60.7 76.33 22.69 

L-DRV 12 218.3 -43.5 94.82 12.78 

 

 

Figure 6: Globule size of Liquid SMEDDS of batch DRVL5, DRVL6, DRVL8 and DRVL12 
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Figure 7: Zeta potential of Liquid SMEDDS of batch DRVL5, DRVL6, DRVL8 and DRVL12 

Optimization of DRV Loaded SMEDDS by Box–

Behnken designs 

Response 1: Particle size 

Oleic acid, tween 80, and transcutol p concentrations 

have an impact on the globule size of liquid 

SMEDDS, as shown by three-dimensional response 

surface plots and counter plots. The complete 

mathematical formula is as follows: 

Particle size = +363.95 -5.70A -143.49B -43.39C 

The equation in terms of coded factors allows for the 

prediction of the responses to particular levels of 

each factor. The high values of the factors are by 

default recorded as +1 and the low levels as -1. The 

coded equation can be used to determine the 

relevance of the elements by comparing the factor 

coefficients. The model's F-value of 15.10 suggests 

that it may be significant. Only 0.12% of the time 

may noise be the cause of an F-value this high. When 

the P-value is less 0.0500, model terms are deemed 

significant. The adjusted R2 of 0.7937 and the 

expected R2 of 0.6624 are reasonably in agreement, 

therefore there is a variance of less than 0.2. 

According to the study, globule size increases as oil 

concentrations increase and decreases when 

surfactant and co-surfactant concentration increases. 

Figure 8 displays a Counter and Response surface 

plot illustrating the influence of factors on globule 

size.
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Figure 8: Counter and Response surface plot showing effect of variables on globule size 

Response 2: Zeta potential 

The stability of colloidal particles is shown by the 

zeta potential. By measuring the droplets' 

electrophoretic mobility, it is determined. High zeta 

potentials (40 mV) result in repulsive electrostatic 

forces that decrease the probability of particle 

aggregation. [36] The higher concentration of oleic 

acid, which contains esters and fatty acids, was the 

cause of the negative charge on SMEDDS in some 

liquid SMEDDS formulations. SMEDDS stability 

was proven by the formulations' negative zeta 

potential values. The Model F-value of 12.21 

suggests that the model is significant. An F-value 

this large may result from noise only 0.24% of the 

time. The discrepancy is less than 0.2 because the 

Adjusted R2 of 0.7535 and the Predicted R2 of 

0.5967 are reasonably in agreement. Zeta potential

 = +1.48 +3.25 A -41.80B -16.90C.
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Figure 9: Counter and Response surface plot showing effect of variables on zeta potential 

 

Response 3: % Transmittance 

Positive results were seen when oleic acid 

concentration was combined with Tween 80 and 

Transcutol P. Surfactant and co-surfactant 

concentrations are directly related to the percent of 

transmission. Transmittance increases when 

surfactant and co-surfactant concentrations rise. The 

model's F-value of 51.99 suggests that it may be 

significant. Only 0.01% of the time may noise be the 

cause of an F-value this high. When the P-value is 

less 0.0500, model terms are deemed significant. 

The variation is less than 0.2 because the Predicted 

R2 of 0.8902 and the Adjusted R2 of 0.9329 are 

reasonably in agreement.  

% Transmittance = +84.93 +0.7200A +7.31B 

+2.34C 
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Figure 10: Counter and Response surface plot showing effect of variables on % Transmittance 

 

Figure 11: Predicted Vs Actual plot of Globule size, Zeta potential and % Transmittance 

Dye solubilization test and Cloud point measurement 

A dye solubilization test was used to confirm the 

emulsion type. The water-soluble dye (eosin) was 

rapidly incorporated into the system, indicating that 

water was the continuous phase and an o/w 

microemulsion had formed. All liquid SMEDDS 

were found to have cloud points that were greater 

than 85oC, indicating that at physiological 

temperatures, micoemulsions won't phase separate, 

making them stable. 

Formulation of Solid SMEDDS (S-SMEDDS) of 

DRV 

By using Neusilin US2, four satisfactory 

formulations of liquid SMEDDS of DRV such as 
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DRVL5, DRVL6, DRVL8, and DRVL12 were 

successfully converted to S-SMEDDS (DRVS1 to 

DRVS4).  

Evaluation of S-SMEDDS of DRV 

Table 4 lists the findings for angle of repose, bulk 

and tapped density, compressibility index, Hausner 

ratio, and drug content. It was reported that all S-

SMEDDS formulations exhibited excellent drug 

content and good flow properties. 

Table 4: Micromeritic properties and drug content of DRV loaded S-SMEDDS 

Formulati

on 

Angle of 

repose 

Bulk density 

(g/mL) 

Tapped 

density 

(g/mL) 

Compressibilit

y index (%) 

Hausner’s 

ratio 

Drug content 

(%) 

DRVS1 21.87±2.87 0.573±0.05 0.682±0.04 15.98±1.63 1.19±0.04 97.84±1.62 

DRVS2 22.73±2.51 0.538±0.03 0.784±0.06 31.38±2.44 1.46±0.03 96.59±2.81 

DRVS3 23.48±2.77 0.559±0.06 0.729±0.02 23.32±1.89 1.30±0.06 96.39±2.75 

DRVS4 19.52±2.69 0.578±0.02 0.681±0.02 15.12±1.23 1.18±0.02 98.57±1.36 

All value represents Mean ± SD (n=3) 

Saturation solubility 

Figure 12 displays the solubility of several batches 

of S-SMEDDS of DRV in water. Results indicated 

that after the formulation of S-SMEDDS, the DRV's 

water solubility had significantly increased.

 

 

Figure 12: Solubility of DRV and DRV loaded S-SMEDDS in Water 

In-vitro dissolution studies of DRV loaded S-SMEDDS: 

Figure 13 displays the cumulative percent drug 

release from Plain DRV and S-SMEDDS. Results 

showed that, S-SMEDDS of batch DRVS4 released 

85.79±2.08 % of DRV in 60 min as compared to that 

of 22.53±2.97 % from plain DRV. Hence amount of 

DRV release from S-SMEDDS batches was 

significantly increased as compared to plain DRV. 
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Figure 13: Cumulative % drug release of DRV from S-SMEDDS and Plain DRV 

Solid state characterization of DRV loaded S- SMEDDS 

FTIR study 

FTIR spectra of plain DRV and DRVS4 showed all 

characteristic peaks of DRV. Hence it was found 

that, there is not any interaction between DRV and 

Neusilin US2 and found to be compatible. 

 

Figure 14: FTIR Spectra of A) DRV, B) Neusilin US 2 and C) S-SMEDDS of batch DRVS4 

Powder X-ray diffraction (PXRD) 

XRD spectra of DRV exhibited multiple peaks 

attributed to its crystalline nature, but it is observed 

Figure 15 C) that the peaks were absent from the 

diffractogram of the S-SNEDDS indicatedcomplete 

amorphization of DRV in S-SNEDDS. 
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Figure 15: XRD Spectra of A) DRV, B) Neusilin US 2 and C) S-SMEDDS of batch DRVS4 

Differential scanning calorimetry (DSC) 

Figure 15 displays a DSC thermogram for batch 

DRVS4 that includes the DRV, Neusilin US2, and 

S-SMEDDS. The outcomes demonstrated that the S-

SMEDDS of batch DRVS4 significantly reduced the 

sharp endothermic peak of the plain DRV at 

391.55oC. The transition of the drug's physical state 

(from crystalline to amorphous), which was further 

validated from powder X-ray diffraction tests, is 

unraveled by the absence of a recognizable drug 

peak in the S-SMEDDS formulation over the 

melting range of DRV.

 

Figure 15: DSC thermogram of A) DRV, B) Neusilin US 2 and C) S-SMEDDS of batch DRVS4 

4. Conclusion 

The aim of the current work was to create S-

SMEDDS of Darunavir using Box-Behnken designs 

to improve solubility and dissolution. Oleic acid, 

Tween 80, and Transcutol P were chosen as the oil, 

surfactant, and co-surfactant for the preparation of 

liquid SMEDDS, respectively, after researching 

DRV's solubility in various solvents. It was 

demonstrated using a box-behnken factorial design 
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that the concentration of oil, surfactant, and co-

surfactant has an impact on the particle size, zeta 

potential, and percent transmittance of liquid 

SMEDDS. The study found that the size of the 

microemulsion globules reduces as Tween 80 and 

Transcutol P concentrations increase. Furthermore, 

it was discovered that globule size reduces with an 

increase in oleic acid concentration. Using an 

adsorption approach and Neusilin US2, four 

optimized batches of liquid SMEDDS were 

transformed into solids. According to the findings of 

the S-SMEDDS evaluation, batch DRVS4 was good 

in terms of drug content, solubility enhancement, 

and in-vitro drug release. Results indicate that 

SMEDDS is a promising method for improving the 

solubility, dissolution, and concurrent 

bioavailability of drugs like DRV that are poorly 

water-soluble. 

5. Acknowledgments 

I want to thank the School of Pharmacy, LNCT 

University, Kolar Road, Bhopal for supporting my 

work. I was particularly grateful to Dr. Parul Mehta 

for his constant guidance. 

Source Of Funding 

There was no specific grant for this review from any 

funding source in the public, private, or non-profit 

sectors. 

Conflict Of Interest 

Mahesh Biradar and Parul Mehta declare that they 

have no conflict of interest. 

References 

[1] Corrêa JC, D’Arcy DM, dos Reis Serra CH, 

Salgado HR. Darunavir: a critical review of its 

properties, use and drug interactions. 

Pharmacology. 2012;90(1-2):102-9. 

[2] Deeks ED. Darunavir: a review of its use in the 

management of HIV-1 infection. Drugs. 2014 

;74(1):99-125. 

[3] Lascar RM, Benn P. Role of darunavir in the 

management of HIV infection. HIV/AIDS 

(Auckland, NZ). 2009;1:31. 

[4] Desai J, Thakkar H. Enhanced oral 

bioavailability and brain uptake of Darunavir 

using lipid nanoemulsion formulation. Colloids 

Surf B Biointerfaces. 2019;175:143-149. 

[5] McKeage K, Perry CM, Keam SJ. Darunavir. 

Drugs. 2009;69(4):477-503. 

[6] Rittweger M, Arastéh K. Clinical 

pharmacokinetics of darunavir. Clin 

Pharmacokinet. 2007;46(9):739-56. doi: 

10.2165/00003088-200746090-00002. PMID: 

17713972. 

[7] Sosnik A, Chiappetta DA, Carcaboso AM. Drug 

delivery systems in HIV pharmacotherapy: 

what has been done and the challenges standing 

ahead. J Control Release. 2009;138(1):2-15. 

doi: 10.1016/j.jconrel.2009.05.007. Epub 2009 

May 13. PMID: 19445981. 

[8] Dash RN, Mohammed H, Humaira T, Ramesh 

D. Design, optimization and evaluation of 

glipizide solid self-nanoemulsifying drug 

delivery for enhanced solubility and 

dissolution. Saudi Pharm J. 2015;23(5):528-40. 

doi: 10.1016/j.jsps.2015.01.024. Epub 2015 

Feb 19. PMID: 26594119; PMCID: 

PMC4605912. 

[9] Parmar K, Patel J, Sheth N. Self nano-

emulsifying drug delivery system for Embelin: 

Design, characterization and in-vitro studies. 

Asian Journal of Pharmaceutical Sciences. 

2015;10:396–404. doi: 

10.1016/j.ajps.2015.04.006. 

[10] Nazzal S, Smalyukh II, Lavrentovich OD, Khan 

MA. Preparation and in vitro characterization of 

a eutectic based semisolid self-nanoemulsified 

drug delivery system (SNEDDS) of ubiquinone: 

mechanism and progress of emulsion 

formation. Int J Pharm. 2002;235(1-2):247-65. 

doi: 10.1016/s0378-5173(02)00003-0. PMID: 

11879759. 

[11] Oh DH, Kang JH, Kim DW, Lee BJ, Kim JO, 

Yong CS, Choi HG. Comparison of solid self-

microemulsifying drug delivery system (solid 

SMEDDS) prepared with hydrophilic and 

hydrophobic solid carrier. Int J Pharm. 

2011;420(2):412-8. doi: 

10.1016/j.ijpharm.2011.09.007. Epub 2011 Sep 

16. PMID: 21944892. 

[12] Cho HJ, Lee DW, Marasini N, Poudel BK, Kim 

JH, Ramasamy T, Yoo BK, Choi HG, Yong CS, 

Kim JO. Optimization of self-microemulsifying 

drug delivery system for telmisartan using Box-

Behnken design and desirability function. J 



JCLMM 3/10 (2022) | 414–432 

 
 

 
 

Pharm Pharmacol. 2013;65(10):1440-50. doi: 

10.1111/jphp.12115. Epub 2013 Jul 24. PMID: 

24028611. 

[13] Singh M. K., Chandel V., Gupta V., Ramteke S. 

Formulation development and characterization 

of microemulsion for topical delivery of 

Glipizide, Der Pharmacia Lettre.2010; 2(3): 33-

42. 

[14] Mandal S, Mandal SnigdhaS. Microemulsion 

Drug Delivery System: A Platform for 

Improving Dissolution Rate of Poorly Water 

Soluble Drug. International Journal of 

Pharmaceutical Sciences and Nanotechnology. 

2011;3:1214–1219. doi: 

10.37285/ijpsn.2010.3.4.6. 

[15] Kang BK, Lee JS, Chon SK, Jeong SY, Yuk SH, 

Khang G, Lee HB, Cho SH. Development of 

self-microemulsifying drug delivery systems 

(SMEDDS) for oral bioavailability 

enhancement of simvastatin in beagle dogs. Int 

J Pharm. 2004;274(1-2):65-73. doi: 

10.1016/j.ijpharm.2003.12.028. PMID: 

15072783. 

[16] Cho HJ, Lee DW, Marasini N, Poudel BK, Kim 

JH, Ramasamy T, Yoo BK, Choi HG, Yong CS, 

Kim JO. Optimization of self-microemulsifying 

drug delivery system for telmisartan using Box-

Behnken design and desirability function. J 

Pharm Pharmacol. 2013;65(10):1440-50. doi: 

10.1111/jphp.12115. Epub 2013 Jul 24. PMID: 

24028611. 

[17] Shafiq S, Shakeel F, Talegaonkar S, Ahmad FJ, 

Khar RK, Ali M. Development and 

bioavailability assessment of ramipril 

nanoemulsion formulation. European Journal of 

Pharmaceutics and Biopharmaceutics. 

2007;66:227–243. doi: 

10.1016/j.ejpb.2006.10.014. 

[18] Bhagwat DA, D’Souza JI. Formulation and 

evaluation of solid self micro emulsifying drug 

delivery system using aerosil 200 as solid 

carrier. International Current Pharmaceutical 

Journal [Internet]. 2012;1:414–419. doi: 

10.3329/icpj.v1i12.12451. 

[19] Khoo S-M, Humberstone AJ, Porter CJH, 

Edwards GA, Charman WN. Formulation 

design and bioavailability assessment of lipidic 

self-emulsifying formulations of halofantrine. 

International Journal of Pharmaceutics. 

1998;155 – 164. 

[20] Bhagwat DA, Swami PA, Nadaf SJ, Choudhari 

PB, Kumbar VM, More HN, Killedar SG, 

Kawtikwar PS. Capsaicin Loaded Solid 

SNEDDS for Enhanced Bioavailability and 

Anticancer Activity: In-Vitro, In-Silico, and In-

Vivo Characterization. J Pharm Sci. 

2021;110(1):280-291. doi: 

10.1016/j.xphs.2020.10.020. Epub 2020 Oct 

15. PMID: 33069713. 

[21] Patel PV, Patel HK, Panchal SS, Mehta TA. 

Self micro-emulsifying drug delivery system of 

tacrolimus: Formulation, in vitro evaluation and 

stability studies. Int J Pharm Investig. 

2013;3(2):95-104. doi: 10.4103/2230-

973X.114899. PMID: 24015381; PMCID: 

PMC3757905. 

[22] Dixit AR, Rajput SJ, Patel SG. Preparation and 

bioavailability assessment of SMEDDS 

containing valsartan. AAPS PharmSciTech. 

2010;11(1):314-21. doi: 10.1208/s12249-010-

9385-0. Epub 2010 Feb 25. PMID: 20182825; 

PMCID: PMC2850450. 

[23] Cho W, Kim MS, Kim JS, Park J, Park HJ, Cha 

KH, Park JS, Hwang SJ. Optimized formulation 

of solid self-microemulsifying sirolimus 

delivery systems. Int J Nanomedicine. 

2013;8:1673-82. doi: 10.2147/IJN.S43299. 

Epub 2013 Apr 26. PMID: 23641156; PMCID: 

PMC3639716. 

[24] Kim DS, Cho JH, Park JH, Kim JS, Song ES, 

Kwon J, Giri BR, Jin SG, Kim KS, Choi HG, 

Kim DW. Self-microemulsifying drug delivery 

system (SMEDDS) for improved oral delivery 

and photostability of methotrexate. Int J 

Nanomedicine. 2019 Jul 5;14:4949-4960. doi: 

10.2147/IJN.S211014. PMID: 31308665; 

PMCID: PMC6617838. 

[25] Gupta S, Chavhan S, Sawant KK. Self-

nanoemulsifying drug delivery system for 

adefovir dipivoxil: Design, characterization, in 

vitro and ex vivo evaluation. Colloids and 

Surfaces A: Physicochemical and Engineering 

Aspects. 2011;392:145–155. doi: 

10.1016/j.colsurfa.2011.09.048. 

[26] Akula S, Gurram AK, Devireddy SR. Self-

Microemulsifying Drug Delivery Systems: An 

Attractive Strategy for Enhanced Therapeutic 

Profile. Int Sch Res Notices. 

2014;2014:964051. doi: 10.1155/2014/964051. 

PMID: 27382619; PMCID: PMC4897095. 



JCLMM 3/10 (2022) | 414–432 

 
 

 
 

[27] Gumaste SG, Dalrymple DM, Serajuddin AT. 

Development of Solid SEDDS, V: Compaction 

and Drug Release Properties of Tablets 

Prepared by Adsorbing Lipid-Based 

Formulations onto Neusilin® US2. Pharm Res. 

2013 Jun 25;30(12):3186–99. doi: 

10.1007/s11095-013-1106-4. Epub ahead of 

print. PMID: 23797463; PMCID: 

PMC3841580. 

[28] Bakhle SS. Development and Evaluation of 

Liquid and Solid Self-microemulsifying Drug 

Delivery System of Lovastatin. AJP . 2016. 26. 

[29] Aulton ME, Taylor K. Pharmaceutics-The 

Science of Dosage Form Design. Churchill 

Livingstone. London, England. 2002;133-134 

[30] Zolotov SA, Demina NB, Zolotova AS, 

Shevlyagina NV, Buzanov GA, Retivov VM, 

Kozhukhova EI, Zakhoda OY, Dain IA, Filatov 

AR, Cheremisin AM. Development of novel 

darunavir amorphous solid dispersions with 

mesoporous carriers. Eur J Pharm Sci. 2021 Apr 

1;159:105700. doi: 

10.1016/j.ejps.2021.105700. Epub 2021 Jan 8. 

PMID: 33429047. 

[31] Gupta S, Sawarkar S, Ravikumar P. 

SOLUBILITY ENHANCEMENT OF 

POORLY WATER SOLUBLE PROTEASE 

INHIBITOR. International Journal of 

Pharmaceutical Sciences and Research. 

2016;7(1):252. 

[32] Kogawa AC, Gutierrez Antonio S. 

Characterization of Darunavir: Î’-Cyclodextrin 

complex and Comparison with the Forms of 

Darunavir Ethanolate and Hydrate. Journal of 

Pharmaceutical Sciences & Emerging Drugs. 

2016;04. doi: 10.4172/2380-9477.1000110. 

[33] Kaduk JA, Zhong K, Blanton TN, Gindhart 

AM, Fawcett TG. Powder X-ray diffraction of 

darunavir ethanolate, 

C27H37N3O7S(C2H5OH). Powder 

Diffraction. 2015;30:298–299. doi: 

10.1017/s0885715615000536. 

[34] Nair AB, Chaudhary S, Shah H, Jacob S, 

Mewada V, Shinu P, Aldhubiab B, Sreeharsha 

N, Venugopala KN, Attimarad M, Shah J. 

Intranasal Delivery of Darunavir-Loaded 

Mucoadhesive In Situ Gel: Experimental 

Design, In Vitro Evaluation, and 

Pharmacokinetic Studies. Gels. 2022;8(6):342. 

doi: 10.3390/gels8060342. PMID: 35735686; 

PMCID: PMC9223067. 

[35] Pouton CW. Formulation of self-emulsifying 

drug delivery systems. Advanced drug delivery 

reviews. 1997;25(1):47-58. 

[36] Cherniakov I, Domb AJ, Hoffman A. Self-

nano-emulsifying drug delivery systems: an 

update of the biopharmaceutical aspects. Expert 

Opin Drug Deliv. 2015 Jul;12(7):1121-33. doi: 

10.1517/17425247.2015.999038. Epub 2015 

Jan 5. PMID: 25556987.

 


