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ABSTRACT: 
Objective: This study aimed to prepare soluplus based liquid supersaturable self-emulsifying 
drug delivery system (S-SEDD) of cilostazol for oral use. 
Method:The best liquid self-emulsifying drug delivery (liquid SEDD) formula previously 
prepared in our laboratory containing oleic acid (10%) as oil, tween 80 (45%) as surfactant and 
transcutol (45%) as co-surfactant (100 μl, 450 μl and 450 μl respectively) was found to consist of 
high percentage of vehicles (oil, surfactant and co-surfactant) that might be irritant upon oral 
administration, therefore, this formula was changed into liquid supersaturable self-emulsifying 
drug delivery system (S-SEDD) using different percent of soluplus as precipitation inhibitor as 
well as reducing the vehicle content to the minimum required amount and keeping the same dug 
content (50 mg). The efficiency of soluplus (as precipitation inhibitor) was evaluated by 
precipitation test using in-vitro dissolution study under non-sink conditions ( in 200 ml 
dissolution medium pH 1.2 for 2 hours and pH 6.8 for 1 hour) in comparison to the liquid 
SEDD previously prepared in our laboratory. The droplet size of supersaturated emulsion was 
measured, in addition to characterization of the precipitate by measuring its melting point, IR 
and DSC spectrum. 
Result:The result showed that the formula (LS-3) containing 5% w/w soluplus in addition to 
oleic acid 25 μl(10%), tween 80 112.5 μl (45%) and transcutol 112.5μl (45%) was effectively 
retarded drug precipitation and maintained>90% of cilostazol in the solubilized form after 3 
hours in non- sink conditions similar to the previously prepared liquid SEDD although it 
contains one forth the volume of content. The droplet size of the supersaturated SEDD was 
<250 nm. 
Conclusion:This study succeeded to prepare cilostazol liquid oral dosage form using 
supersaturated self-emulsification technology utilizing soluplus with minimum vehicle ingredients 
in comparison to liquid SEDD that improve drug solubility, absorption and reducing 
bioavailability variation with no vehicle-related side effects that will lead to improving patient 
compliance. 
Keywords:liquid supersaturable self-emulsifying drug delivery system (S-SEDD), cilostazol, 
solubility, oleic acid, soluplus, 
INTRODUCTION: 
Cilostazol is cyclic AMP (cAMP) phosphodiesterase III inhibitors (class II), inhibiting 
phosphodiesterase activity and so suppressing cAMP degradation with a resultant increase in 
(cAMP) in platelets and blood vessels, leading to inhibition of platelet aggregation and 
vasodilation, respectively.Its absorption from the gastrointestinal tract is slow, incomplete, and 
variable(1). 
Self-emulsifying drug delivery (SEDD) is one of the pharmaceutical technologies that has been 
used to enhance drug dissolution and/or absorption.It is a pre-concentrate oil, cosurfactant and 
surfactant mixture that utilizes the concept of in-situ emulsion formation upon water dilution in 
the gastrointestinal tract which depends on the ease of water penetration into a gel, crystalline or 
liquid formed on the exterior surface of droplets; however the large quantities of the vehicle 
need to deliver could cause sever GIT side effects after long term administration (2, 3). 
The supersaturable self-emulsifying drug delivery system(S-SEDD) is designed to generate a 
protected supersaturated drug state after dissolution from suitable dosage form into an aqueous 
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dissolution media by utilizing precipitation inhibitor with minimum vehicle ingredients in 
comparison to liquid SEDD. The supersaturation will increase the thermodynamic activity of 
drug beyond the limit of its solubility resulting in an increase in the driving force to transit into 
and across the biological membranes. The S-SEDD usually contains a reduced level of 
precipitation inhibitor polymers (soluplus) to prevent precipitation of drug in its supersaturated 
state and a small quantity of surfactant can stabilize the drug in the supersaturated state (4). 
soluplus is a graft copolymer consisting of polyvinyl caprolactam (57%), polyvinyl acetate (30%), 
and polyethylene glycol (PEG 6000)(13%). It is an amphiphilic polymeric solubilizer) with bi-
functional structural characters, so it can act as a matrix polymer for solid solutions, and it is 
capable of solubilizing poorly soluble drugs producing a protected supersaturable state with a 
higher concentration-time profile compared to conventional SEDD in aqueous media(5). 
The aim of this work is to utilize soluplus to prepare oral dosage form containing supersaturable 
spontaneous self-emulsifying delivery system for cilostazol that may improve drug absorption 
and bioavailability leading to reduce dose size and drug –excipient side effects that may improve 
patient compliance.  

MATERIAL AND METHOD: 
MATERIALS: 
Cilostazol was supplied from Hangzhou Hyper chemicals (China), oleic acid, was obtained from 
G.C.C., (UK), soluplus were obtained from BASF, Switzerland, transcutol was obtained from 
GattefosseCorporation (USA) and Tween 80 were supplied from CDH (India). 
 
METHOD: 
Preparation of liquid supersaturable self-emulsifying formulas (S-SEDD) of cilostazol 
The best formula of liquid SEDD (LT1) from our previous study(6) was selected to be converted 
into liquid supersaturable formulas (S-SEDD) by using precipitation inhibitor (soluplus). LT1 
containing 0.1 ml oleic acid (10%), 0.45 ml tween 80 (45%) and 0.45ml transcutol (45%). 
The method of preparation involved mixing soluplus (in different amount 1%, 2.5%, 5%, 7.5%, 
10% and 20%) with cilostazol (50mg) in a mortar for 5 minutes, then this mixture was added to 
homogenous mixture of oleic acid:tween 80:transcutol (2.5%:12.5%:12.5%, which is one forth 
the contents of LT1 SEDD formula) and vortexed at 40˚C until a transparent liquid was 
obtained(7). Seven liquid supersaturable formulas (S-SEDD) were prepared as shown in table (1). 
Table 1: Liquid supersaturable prepared formulas (S-SEDD) for cilostazol 

Liquid supersaturable Formula Soluplus w/w% 
LS1 - 
LS2 1% 
LS3 2.5% 
LS4 5% 
LS5 7.5% 
LS6 10% 
LS7 20% 

In vitro dissolution study for liquid supersaturable formulas (S-SEDD) (precipitation 
test)  
Cilostazol liquid supersaturable formulas (LS1 – LS7) formulations were filled in a hard gelatin 
capsule size 0 and placed in 200 mL of 0.1N HCl in a dissolution vessel of USP dissolution 
apparatus II (Paddle) for two hours, and then tribasic sodium phosphatewas added to make the 
pH 6.8. The temperature was kept at 37˚C, and the rotation rate was kept at 75 rpm. Three ml 
samples were withdrawn from the test medium without volume replenishment at (5, 10, 15, 30, 
60, 30, 45, 60)min, 2 hours, 3hours, 4 hours, 5 hours, and 6 hours. Withdrawn samples were 
filtered through a 0.45 μm filter medium and then analyzed using UV-spectrophotometer for 
measuring their UV absorbance at 257 nm (8, 9).  
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Droplet size distribution and polydispersity index measurementof supersaturated 
emulsion duringprecipitation test 
Droplet size distribution and polydispersity index (PDI) measurements were performed for 
emulsion of liquid S-SEDD formulations (LS1 and LS4) by using particle size analyzer ABT-
9000 nanolaser. The lower value of (PDI) the better uniformity of droplet size within the 
formulation(10). 
Characterization of cilostazol precipitate 
The precipitate that formed during in-vitro dissolution study for liquid supersaturable formulas 
(S-SEDD) (precipitation test)was separated from dissolution media by centrifugation and then 
dried for characterized. 
Melting point determination 
The melting point of precipitate was measured using a capillary tube method according to the 
USP. The glass tube is sealed from one side and dipped in a small quantity of cilostazol powder 
then positioned inside the electrical (Stuart) melting point apparatus, and complete drug powder 
melting was reached after gradually increasing the temperature (11). 
Differential scanning calorimetry (DSC) 
The DSC technique was performed for the pure drug (cilostazol) and the precipitate. The 
procedure includes putting the solid sample in tight aluminum pans and the temperature was 
elevated at the rate of 20˚C/min with a temperature range of 40°C to 250°C in DSC 
instrument(12, 13). 
FTIR spectroscopy 
A sample (4mg) of pure cilostazol powder and precipitate, each one separately was mixed with 
dry potassium bromide and pressed in the form of a disc. The disc was analyzed by FTIR 
spectroscopy (at a range of 4000 cm-1 to 400 cm-1)(14).  
RESULTS AND DISCUSION: 
In vitro dissolution study for liquid supersaturable formulas (S-SEDD) (precipitation 
test)  
The ability of soluplus to inhibit cilostazol precipitation from selected SEDD formula (LT1) was 
evaluated under non-sink conditions 0.1N pH 1.2 for two hours and pH 6.8 for another 4 hours 
to simulate normal physiologic pH change in GIT. The release was determined for selected (Lt1) 
and the prepared supersaturable liquid formulas (LS1-LS7) that contain one-fourth of the vehicle 
(oil, surfactant, and co-surfactant) and different amounts of soluplus as shown in figure (1and 2).  
The release profile of cilostazol from liquid S-SEDD formulations (LS1-LS7) are shown initial 
quick release (initial peak release) with in the first 15 min indication rapid formation of the self-
nanoemulsion upon contact with the dissolution medium (7), and continued for 6 hours. Upon 
comparing the drug release from LT1 (the selected liquid SEDD formula, not containing 
soluplus) to LS1 (not containing soluplus but containing ¼ amount of oil, surfactant and co-
surfactant of LT1 formula), it was found that both formulas gave initial peak release within 15 
min but the release of LT1 continued for 6 hours while for LS1 formula there was significant 
(p<0.05) decline in drug release after 15 min (figure 3.14) due to rapid precipitation of the drug, 
while LS2-LS4 containing increasing amount of soluplus 1%, 2.5% and 5% respectively, the drug 
release continued for 6 hours indicating decrease in cilostazol precipitation (in comparison to 
LS1) with the increase of soluplus concentration with no significant differences (p<0.05) since 
the polycaprolactam moiety of soluplus (hydrophobic compartment of the amphiphilic polymer) 
would be incorporated and/or adsorbed into cilostazol loaded droplets forming a condensed 
structure and also polyethylene glycol (the hydrophilic group) would provide a sterically 
stabilization after dilution(5).As the concentration of soluplus increased above 5% as in LS5, LS6, 
and LS7 the rate and extent of cilostazol release decrease due to the amount of soluplus exceed 
the critical level where the polymer aggregates to form its own micelle structure instead of being 
incorporated into droplets or stabilizing emulsions, and so the soluplus loose packing of 
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interfacial layers leading to destabiliz
LS4 was selected as the optimum 
no significant difference (p>0.05) in rate and extent of drug release from LT1 (selected liquid 
SEDD formula) although it contains ¼ amount of oil, surfactant and co
LT1 formula with the same amount of drug and same volume indicating that the drug in LS4 
formula reached supersaturation without precipitation with initial quick release with 15 min 
(97%) and continued for 6 hours as shown in figure (3).  

Fig.1:  In-vitro release of cilostazol from LT1 and LS1 formulas (n=3) in pH 1.2 for the 
first 2 hours followed in pH 6.8 at 37

 
Fig.2:In-vitro release of cilostazol from LS2
hours followed in pH 6.8 at 37
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interfacial layers leading to destabilizing cilostazol-loaded emulsion (15, 16). 
LS4 was selected as the optimum cilostazol liquid supersaturable SEDD formula since it showed 
no significant difference (p>0.05) in rate and extent of drug release from LT1 (selected liquid 
SEDD formula) although it contains ¼ amount of oil, surfactant and co-surfactant available in 

formula with the same amount of drug and same volume indicating that the drug in LS4 
formula reached supersaturation without precipitation with initial quick release with 15 min 
(97%) and continued for 6 hours as shown in figure (3).   

release of cilostazol from LT1 and LS1 formulas (n=3) in pH 1.2 for the 
first 2 hours followed in pH 6.8 at 37˚C. 

vitro release of cilostazol from LS2- LS7 formulas (n=3) in pH 1.2 for the first 2 
hours followed in pH 6.8 at 37˚C. 

1 2 3 4 5 6

Time hours

Journal of Natural Remedies 

Vol. 22, No.1(1), (2021) 

cilostazol liquid supersaturable SEDD formula since it showed 
no significant difference (p>0.05) in rate and extent of drug release from LT1 (selected liquid 

surfactant available in 
formula with the same amount of drug and same volume indicating that the drug in LS4 

formula reached supersaturation without precipitation with initial quick release with 15 min 

 
release of cilostazol from LT1 and LS1 formulas (n=3) in pH 1.2 for the 

 
LS7 formulas (n=3) in pH 1.2 for the first 2 

7

LT1

LS1



Journal of Natural Remedies 

Vol. 22, No.1(1), (2021) 

 

266  

 

 
Fig.3:In-vitro release of cilostazol from LS4 and LT1 formulas (n=3) in pH 1.2 for the 
first 2 hours, followed in pH 6.8 at 37˚C. 
Droplet size distribution and polydispersity index measurement of supersaturated 
emulsion during precipitation test 
The produced emulsion the selected of liquid S-SEDD formulations (LS1 and LS4) was 
characterized by measurement of the droplet size and polydispersity during precipitation test at 
(15, 30, 60, 30, 45, 60)min, 2 hours, 3hours, 4 hours, 5 hours, and 6 hours. As shown in table (2) 
and figure (4 and 5). 
During the test period (6 hours) it was found that the droplet size of the LS4 emulsion was less 
than 250 nm while that of LS1 was larger than 10 µm and this is related to the presence of 
soluplus in suitable amount that can effectively prevent drug precipitation(17). 
Table 2:Droplet size distribution and polydispersity index measurement (PDI) for the S-
SEDD formulas (LS1 and LS4) 
LS4 Droplet size 

nm  
PDI LS1 Droplet size  PDI 

15 min 182 0.012 15 min 235 0.012 

30 min 197 0.009 30 min 345 0.007 

1 hr. 198 0.009 1 hr. 450 0.026 

2 hr. 200 0.009 2 hr. 950 0.014 

3 hr. 202 0.012 3 hr. 1550 0.014 

4 hr.  205 0.011 4 hr.  2820 0.010 

5 hr.  210 0.012 5 hr.  4700 0.016 

6 hr. 250 0.010 6 hr. <10000  
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Fig.4:  Droplet size distribution of the LS4 during precipitation test at (15, 30, 60, 30, 45, 
60)min, 2 hours, 3hours, 4 hours, 5 hours, and 6 hours.
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Fig.4:  Droplet size distribution of the LS4 during precipitation test at (15, 30, 60, 30, 45, 
60)min, 2 hours, 3hours, 4 hours, 5 hours, and 6 hours. 
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Fig.5:  Droplet size distribution of the LS1 during precipitation test at (15, 30, 60, 30, 45, 
60)min, 2 hours, 3hours, 4 hours and 5 hours.
Melting point determination 
One of the physical tests that are required for characterization of cilostazol precipitate is the 
melting point.The melting point was between 158
one(18). 
Differential scanning calorimetry (DSC)
The DSC thermogram of the pure and precipitated cilostazol showed a sharp peak at 163.88
and 164.14˚C respectively (figure 6) that is the same as that for pure one 
drug state and no interference from t
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Fig.5:  Droplet size distribution of the LS1 during precipitation test at (15, 30, 60, 30, 45, 
60)min, 2 hours, 3hours, 4 hours and 5 hours. 
Melting point determination  

physical tests that are required for characterization of cilostazol precipitate is the 
melting point.The melting point was between 158-160˚C which is the same as for that for pure 

Differential scanning calorimetry (DSC) 
The DSC thermogram of the pure and precipitated cilostazol showed a sharp peak at 163.88

˚C respectively (figure 6) that is the same as that for pure one (19), so no change in the 
drug state and no interference from the added excipient. 
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Fig.6: DSC thermogram of [A] pure cilostazol, [B] precipitant.
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FTIR spectroscopy 
The FT-IR spectrum of pure cilostazol powder and cilostazol precipitatewere identical, as shown 
in Figure (7). 
 
Cilostazol shows its characteristic peaks at 2936.52cm
vibration(-CH2-)group, 2668.43 cm
assigned to aromatic double bond stretching vibration, 1242.16 cm
stretching vibration of aromatic ether and 1037.7 cm
of aromatic ether(20). 
 
 

IR spectrum of cilostazol. [A] pure powder [B] precipitate 
CONCLUSION: 
This study succeeded to prepare cilostazol liquid oral dosage form using supersaturated self
emulsification technology utilizing soluplus with minimum vehicle ingredients in comparison to 
liquid SEDD that improve drug solubility, absorption and reducing bioavailabili
no vehicle-related side effects that will lead to improving patient compliance
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IR spectrum of pure cilostazol powder and cilostazol precipitatewere identical, as shown 

characteristic peaks at 2936.52cm-1 and 2872.01 cm-1 assigned to stretching 
)group, 2668.43 cm-1 assigned to (C=O) stretching vibration, 1504.48 cm

assigned to aromatic double bond stretching vibration, 1242.16 cm-1 assigned to asymmetric 
stretching vibration of aromatic ether and 1037.7 cm-1assigned to symmetric stretching vibration 
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