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                                 Abstract: 

 

This work reported a first liquid self-

nanoemulsifying drug delivery system 

(SEDD) of cilostazol using oleic acid as 

oil phase, tween 80 as surfactant, and 

transcutol as co-surfactant. Cilostazol is 

a poor water-soluble phosphodiesterase 

III inhibitor, which has antiplatelet 

 

and vasodilator effect used to relief intermittent claudication symptoms. Cilostazol solubility 

was determined in various oils, surfactants and co-surfactants and phase diagram was 

constructed at different oil: surfactant: co-surfactant ratios to determine the existence of nano-

emulsion region. The in-vitro dissolution profile showed an optimized cilostazol SEDD 

formula (LT1) containing oleic acid (10%) as oil, tween 80 (45%) as surfactant, and 

transcutol (45%) as co-surfactant in comparison with the commercial conventionally Tablets. 

The LT1 formula was thermodynamically sTable, with a zeta potential of -30.48 mV and 

droplet size 154 nm. The LT1 capsule showed a superior dissolution profile (100%) when 

compared to the commercial Tablet (64%) of cilostazol. 

The objective of the present study is to formulate cilostazol as an oral liquid SEDD with 

better solubility and drug release to overcome a variable bioavailability of the commercial 

Tablet in which a high-fat meal increases absorption to approximately 90%.   
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 الاستحلاب  ذاتي سائل  بشكل  السيلوستازول  دواء ايصال لنظام المختبري  والتقييم التحضير

 مرعي خزعل نضال اس،نو نعمه يعل
 الصيدلانيات الجامعة المستنصرية/كلية الصيدلة/ فرع  *

 

 :الخلاصة

 سيلوستازول من (SEDD) النانوي الذاتي المستحلب الدواء إيصال نظام تحضير فيها يتم التي الأولى المرة هي هذه

 سيلوستازول. السطحي للشد مضاد عدكمسا ترانسكيوتول و  السطحي للشد كمضاد 80 توين و ، اسد الأوليك زيت باستخدام

  يستخدم للأوعية ومضخم الدموية للصفائح مضاد تأثير له  والذي  IIIفسفوديستريز مثبط بالماء الذوبان قليل مركب هو

  السطحي،  الشد مضادات ، الزيوت مختلف في سيلوستازول ذوبان قابلية تحديد تم. المتقطع العرج أعراض لتخفيف

  و الزيت من مختلفه بنسب الحاله ثلاثي مخطط باستخدام النانوي المستحلب تعيين وتم السطحي، دالش مضادات ومساعدات

 بين مختبريا الدواء تحرر قابليه مقارنة تمت السطحي الشد  مضادات ومساعدات ، السطحي الشد مضادات

 و( %45) السطحي  للشد دكمضا 80 توين و( %10) اسد اوليك زيت علي تحتوي واللتي LT1 المثاليه  (SEDD)الصيفه

 مقاومه LT1 الصيغة كانت.  تجاربا المتوفر السيلوستازول حب مع( %45)السطحي للشد مضاد كمساعد ترانسكيوتول

 قابليه أظهر. نانومتر 154 القطرة وحجم فولت مللي 30.48- من زيتا جهد مع الحرارية بالديناميكا مستقرة ، للتخفيف

 المتوفر السيلوستازول حب في دواء تحرر( %64) ب مقارنة دواء تحرير LT1 (100%) تفوق مختبريا الدواء تحرر
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 للتغلب الدواء وتحرر ذوبان أفضل مع الفم طريق عن SEDD كسائل سيلوستازول صياغة  هو الدراسة هذه من الهدف كان

٪ 90 بنسبة زيادة مع ، الامتصاص من فعالمرت  الدهن وجبة فيه تزيد الذي التجاري للقرص المتغير البيولوجي  التوافر على

 .تقريباً

 نظام ايصال دواء المستحلب الذاتي النانوي، المستحلب النانوي، سيلوستازول. :المفتاحية الكلمات

 

Introduction 
SEDD is pre-concentrate oil, co-surfactant, 

and surfactant mixture that used in the 

preparation of in-situ emulsion formation 

upon water dilution in the gastrointestinal 

tract. Its formation depends on the ease of 

water penetration into a gel, crystalline or 

liquid formed on the exterior surface of 

droplets. The size of produced emulsion 

droplets ranging from nano-meter to 

several microns, for this reason the SEDD 

can be classified into self-nano 

emulsifying (SNEDD) and self-micro 

emulsifying (SMEDD) drug delivery 

system [1].  

The pre-concentrated formula of SEDDS 

commonly packed into soft or hard gelatin 

shell capsules that produce a clear or 

translucent emulsion after oral 

administration with the agitation. That is 

usually produced from normal 

gastrointestinal motility to form an 

emulsion inside the stomach that is sTable 

after dilution [2]. Self-emulsification will 

occur according to the thermodynamic 

theory, which suggests the entropy change 

for dispersion exceeds the free energy for 

increasing the surface area of dispersion (3). 

The SEDD can improve drug 

bioavailability by different mechanisms 

such as a decrease in droplet size, 

maintaining the drug in a solubilized form, 

resulting in enhanced drug absorption from 

high concentration gradient hence improve 

drug penetration across the intestinal 

mucosal membrane [4]. 

Cilostazol is a quinolone derivative that 

inhibits cellular phosphodiesterase (more 

specific for phosphodiesterase III). It is a 

weakly basic compound with a pKa 11.8, 

and its molecular weight is 369.46 

gram/mole (Dalton). Cilostazol is 6-[4-(1-

cyclohexyl-1H-tetrazole-5-yl) butoxy]-3,4-

dihydro-2(1H)-quinolinone. Cilostazol 

belongs to class II drugs according to the 

biopharmaceutics classification system 

(BSC) [5]. A high-fat meal can increase its 

absorption to approximately 25% in AUC 

and 90% in C max. It has an apparent 

elimination half-life of about 11-13 hours 

(CL/F; 0.18 L/h/kg), practically insoluble 

in water, 0.1N HCl pH 1.2 and 6.8 with 

pka 11.8 [6]. 

Only a few approaches have been reported 

for improving the solubility and hence 

bioavailability of cilostazol, such as solid 

dispersion using mixture of Eudragit L100 

and Eudragit S100, complex inclusion 

using β-cyclodextrin, nano-emulsion. Self-

emulsion approach differs from other 

approaches by the presence of solubilized 

form of cilostazol readily to be absorbed 

instead of other steps. In addition, the 

presence of surfactant and co-surfactant 

can further increase drug absorption and 

bioavailability in comparison to nano-

emulsion.  Self-emulsion has no water in 

the formula that reduces its size and allows 

capsule packaging [7, 8].     

The aim of this study is to formulate 

cilostazol as an oral self-emulsifying 

capsule that may enhance the 

bioavailability, reduces dose size and side 

effects. 

 

Materials and methods: 

Materials: 
Cilostazol cremophore, triacetin, olive oil, 

paraffin oil, Lemon oil, castor oil, 

peppermint oil, linoleic acid, and safflower 

oil were supplied from Hangzhou Hyper 

chemicals (China), oleic acid, methanol, 

and clove oil were obtained from G.C.C., 

(UK), PEG 400, propylene glycol, were 

obtained from Merck (Germany), 

transcutol was obtained from Gattefosse 

Corporation (USA) and Tween (20, 40 and 

80) were supplied from CDH (India). 
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Methods: 
Determination of saturated solubility of 

cilostazol 

The saturated solubility of cilostazol is 

measured in various oils, surfactants, and 

co-surfactants. The oils used were (oleic 

acid, castor oil, olive oil, liquid paraffin, 

safflower oil, clove oil, linoleic oil, 

peppermint oil, lemon oil, and triacetin). 

The surfactants (tween 20, 40, 80, 

cremophore), and co-surfactants (PEG 400, 

propylene glycol, and transcutol). 

The measurement of solubility was done 

by adding an excess amount of cilostazol 

powder to 5ml of each oil, surfactant, and 

co-surfactant in tightly closed small glass 

tubes. Then these tubes placed in a shaking 

water bath at (25 ± 0.5) ˚C for 72 hours 

after that the samples centrifuged at 3000 

rpm for 20 min, then the supernatant layer 

for each example filtered by using filter 

membrane (0.45 μm). The samples diluted 

with suiTable solvent. The solubility is 

determined by using UV-visible 

spectrophotometer. The measurement was 

done in triplicate [9]  

Construction of Pseudo-ternary Phase 

Diagrams 

The aqueous titration method was used for 

the pseudo-ternary phase diagrams 

construction using the selected oil and 

emulsifier (surfactant and co-surfactant) 

from the solubility study (oleic acid as oil, 

tween 80 as a surfactant, propylene glycol 

or transcutol as co-surfactant). For each 

phase diagram construction, many Smix 

(1:1, 1:2, 1:3, 1:4 and 2:1, 3:1, 4:1) ratios 

of surfactant and co-surfactant were used, 

and oil to specific Smix ratio (ranging 

from 0.5:9.5 to 9.5:0.5) were prepared [10]. 

Preparation of liquid self-emulsifying 

drug delivery (SEDD) 

Liquid self-emulsifying drug delivery 

(SEDD) formulations of cilostazol were 

prepared by mixing of cilostazol (50mg) 

with oleic acid oil, tween 80 and propylene 

glycol or transcutol (Smix) in a screw-

capped glass vial using a vortex mixer and 

heated at a temperature (50 °C) for 30 min 

in a water bath to facilitate homogenization 

using oleic acid oil, tween 80 and 

propylene glycol or transcutol (Smix) in 

ratios (1:1, 1:2, 1:3, 1:4, 2:1, 3:1 and 4:1) 

and oil: Smix at 1:9, 2:8, 3:7 ratio(11). The 

components of the (42) prepared formulas 

are presented in Tables (1and 2).
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Formula no. Oil:Smix 

ratio 

 Oleic acid 

% 

Tween80 % Propylene glycol% Smix ratio 

LP1 1:9  10% 45% 45% 1:1 

LP2 1:9  10% 60% 30% 2:1 

LP3 1:9  10% 67.50% 22.50% 3:1 

LP4 1:9  10% 72% 18% 4:1 

LP5 1:9  10% 30% 60% 1:2 

LP6 1:9  10% 22.50% 67.50% 1:3 

LP7 1:9  10% 18% 72% 1:4 

LP8 2:8  20% 40% 40% 1:1 

LP9 2:8  20% 53.40% 26.70% 2:1 

LP10 2:8  20% 60% 20% 3:1 

LP11 2:8  20% 64% 16% 4:1 

LP12 2:8  20% 26.70% 53.40% 1:2 

LP13 2:8  20% 20% 60% 1:3 

LP14 2:8  20% 16% 64% 1:4 

LP15 3:7  30% 35% 35% 1:1 

LP16 3:7  30% 46.70% 23.30% 2:1 

LP17 3:7  30% 52.50% 17.50% 3:1 

LP18 3:7  30% 56% 14% 4:1 

LP19 3:7  30% 23.30% 46.70% 1:2 

LP20 3:7  30% 17.50% 52.50% 1:3 

LP21 3:7     30% 14% 56% 1:4 

 

Table (2): Contents of the prepared liquid SEDD of cilostazol using transcutol as co-

surfactant 
Formula no. Oil:Smix 

ratio 

 Oleic 

acid % 

Tween80 % Transcutol % Smix ratio 

LT1 1:9  10% 45% 45% 1:1 

LT2 1:9  10% 60% 30% 2:1 

LT3 1:9  10% 67.50% 22.50% 3:1 

LT4 1:9  10% 72% 18% 4:1 

LT5 1:9  10% 30% 60% 1:2 

LT6 1:9  10% 22.50% 67.50% 1:3 

LT7 1:9  10% 18% 72% 1:4 

LT8 2:8  20% 40% 40% 1:1 

LT9 2:8  20% 53.40% 26.70% 2:1 

LT10 2:8  20% 60% 20% 3:1 

LT11 2:8  20% 64% 16% 4:1 

LT12 2:8  20% 26.70% 53.40% 1:2 

LT13 2:8  20% 20% 60% 1:3 

LT14 2:8  20% 16% 64% 1:4 

LT15 3:7  30% 35% 35% 1:1 

LT16 3:7  30% 46.70% 23.30% 2:1 

LT17 3:7  30% 52.50% 17.50% 3:1 

LT18 3:7  30% 56% 14% 4:1 

LT19 3:7  30% 23.30% 46.70% 1:2 

LT20 3:7  30% 17.50% 52.50% 1:3 

LT21 3:7       30% 14% 56% 1:4 

Table (1): Contents of the prepared liquid SEDD of cilostazol using propylene glycol as co-

surfactant. 
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Evaluation of prepared cilostazol SEDD  

Self-emulsification time: 

The time required to complete self-

emulsification for all prepared liquid 

SEDDS of cilostazol (LP1-LP21 and LT1-

LT21) was determined using the USP type 

II dissolution apparatus. Where 1 ml of 

each formula was added to 500 ml of 0.1N 

HCl at 37°C with gentle stirring (at 50 

rpm) until a transparent homogenous phase 

was observed visually. One minute is 

considered as the optimum time for the 

formation of transparent SEDD because 

longer time will have milky appearance 
[12]. According to the reported grade as 

shown in Table (3). 

 

Table 3 SEDD Visual Observation Grades [13]. 

Grade Nanoemulsion formation 

time 

Appearance 

A Within 1 min Clear or slightly bluish 

B Within 1 min Bluish white 

C Within 2 min Bluish white, similar in appearance to milk 

D Longer than 2 min Dull, ash emulsion, slightly oily appearance 

E Longer than 2 min Poor or minimal emulsification, large oil 

droplets present on the surface 

Turbidity measurement: 

The turbidity of the resultant self-emulsion 

in the self-emulsification time study was 

measured by taking twenty milliliters from 

each formula LP1-LP5 and LT1-LT6 

placed in a glass cell and the turbidity 

recorded by turbidimeter using 0.1 N HCl 

solution as control [14]. 

Light transmittance: 

The transmittance of light through the 

prepared self-emulsion was measured for 

each formula (LP1-LP5 and LT1-LT6) 

using UV- visible spectrophotometer at 

650nm and 0.1 N HCl solution as a blank 
[15]. 

Droplet size distribution and 

polydispersity index measurement 
Particle size distribution and polydispersity 

index (PDI) measurements were performed 

for SEDD formulations (LP1-LP5 and 

LT1-LT6) using particle size analyzer 

ABT-9000 nanolaser (Brookhaven, USA). 

The lower the value of (PDI) the better 

uniformity of droplet size within the 

formulation [16]. 

 

Dilution test 

One milliliter of each prepared liquid 

SEDD formulas (LP1-LP5 and LT1-LT6) 

was diluted to 100 ml, and 1 ml of each 

formula was diluted to 1000 ml with 0.1N 

HCl, phosphate buffer (6.8) or water (each 

dissolution medium separately). The 

diluted product was stored overnight and 

observed for any signs of drug 

precipitation or phase separation [17]. 

Determination of drug content 

Drug content was measured for the best 

formulas (LP1-LP5 and LT1-LT6) using 

UV spectrophotometer (Shimadzu 1800, 

Japan). 1 ml of the prepared SEDDS 

formulas was added to 100 ml of methanol 

and vortexed for 5 minutes for complete 

mixing. A volume of 0.1ml was withdrawn 

from the solution and diluted to 20 ml with 

methanol, filtered through a 0.45 µm filter 

medium, and the absorbance was measured 

using a UV spectrophotometer at 257nm 
[18]. 

 

Thermodynamic tests 

Centrifugation test 

The SEDDS formulations (LP1-LP5 and 

LT1-LT6) were centrifuged for 20 min at 

3000rpm and checked for phase separation, 
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creaming, or cracking [19]. The 

formulations that succeeded and passed the 

centrifugation test will be examined by 

another thermodynamic test 

Heating/Cooling Cycles Test 

Heating and cooling test were done by 

keeping the formulations (LP1-LP5 and 

LT1-LT6) at 40˚C for 48 hours, then 

refrigerated at 4˚C for another 48 hours. 

This is performed in triplicate.  This test is 

used to indicate the racking effect on 

formulations stability [20].  

Freezing/ Thawing Cycles Test 

The formulations (LP1-LP5 and LT1-LT6) 

were frozen at (-20˚C) overnight followed 

by keeping them at 25˚C to melt for further 

testing of the thermodynamic stability for 

the prepared liquid SEDD formulas [21]. 

In-vitro drug release study of cilostazol 

SEDDS  

The in-vitro release of liquid SEDDS 

(LP1-LP5 and LT1-LT6) was performed in 

900 ml of 0.3% SLS in 0.1N HCl, and the 

temperature was maintained at 37˚ C using 

USP dissolution apparatus II (Erweka 

DT720 GmbH, Germany) rotated at 75 

rpm. At predetermined intervals of 5, 10, 

20, 30, and 60 min, an aliquot of 5 ml was 

withdrawn and replenished by a fresh new 

dissolution media to maintain sink 

condition [22]. The aliquot was analyzed 

after filtration through a filter membrane 

(0.45μm), spectrophotometrically at 257 

nm [23].  

 

Zeta potential measurement 

Liquid SEDD formulations (LP1 and LT1) 

were analyzed by zeta potential analyzer 

instrument (nano brook zeta plus, USA). 

Particles with +30mv or -30mv were 

considered to be sTable (24). 

 

 

 

 

Results and discussion: 
Determination of cilostazol saturated 

solubility  

The proper selection of appropriate SEDD 

components that showed the highest 

solubility for cilostazol is so critical to 

achieving a sTable system. The solubility 

of cilostazol in various oils can be 

arranged as follow: liquid paraffin < olive 

oil < peppermint oil < lemon oil < castor 

oil < linoleic oil < triacetin < safflower oil 

< clove oil < oleic acid; therefore, the oleic 

acid is chosen as the oil phase of SEDD 

since it showed the highest solubility for 

cilostazol than other formulas as reported 

before [25]. 

The solubility of cilostazol in surfactant 

can be arranged as follow: tween 40 < 

cremophore < tween 20 < tween 80. In 

addition, cilostazol solubility tested in 

different co-surfactants that are important 

for elasticity of interfacial film and 

lowering interfacial tension to zero or less 

than zero. The results of cilostazol 

solubility in different co-surfactant are 

PEG 400 < transcutol < propylene glycol. 

Pseudo-ternary Phase Diagram 

Construction  

Figure (1 and 2) showed the cilostazol 

saturated solubility in different oils, 

surfactants and co-surfactants, oleic acid 

was used as oils phase, tween 80 as 

surfactant and propylene glycol or 

transcutol as co-surfactants (components of 

the pseudo-ternary phase triangle).   

When the co-surfactant (propylene glycol 

or transcutol) concentration increased (1:2, 

1:3 and 1:4) the nano-emulsion area 

decreased as compared to 1:1 ratio,  This 

could be attributed to the reduction in the 

surfactant (tween 80) concentration from 

50% in 1:1 ratio to 20% in 1:4 ratio. This 

will confirm the fact that the surfactant by 

their chemical structure can be adsorbed on 

the surface of oil droplet provide the 

essential barrier for the formation of o/w 

emulsion while the co-surfactant has an  

auxiliary role by imparting flexibility to 
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the formed barrier film provide further 

reduction in the interfacial tension [26]. 

On the other hand, the increase in tween 80 

concentration in the Smix (2:1, 3:1 and 

4:1) had little or even a negative effect on 

the nano-emulsion area due to the low 

flexiblelity in the interfacial film that  

might be produced with the lowering in  

the co-surfactant concentration (from 50% 

in 1:1 ratio to  20% in 4:1 ratio) that may 

destabilize the nanoemulsion [27]. 

The results furthermore showed that there 

was no difference in the nano-emulsion 

area between propylene glycol and 

transcutol as co-surfactant, indicating the 

capability of both in producing flexibility. 

The best o/w nano-emulsion area was 

obtained with low oil: Smix ratio (1:9, 2:8, 

3:7) because it gave better stability and 

lower droplet size, this result agreed with 

the reported data [28]. Therefore, these oils: 

Smix ratios were selected for further 

studies
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Figure (1): Pseudo-ternary phase diagram of oleic acid, Smix (Tween80: propylene glycol), and 

deionized water. 
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Figure (2): Pseudo-ternary phase diagram of oleic acid, Smix (Tween80: transcutol), and 

deionized water.

Evaluation of prepared cilostazol SEDD 

Self-emulsification time: 

One minute is considered as the optimum 

time for the formation of transparent nano-

emulsion, and so eleven formulas from the 

total forty-two prepared SEDD formulas 

gave clear nano-emulsion within one 

minute (class A). Table (4) shows the 

emulsification time of the formulas and 

their visual appearance grading [29].

Table (4): SEDD self-emulsification time and visual observation classification 

SEDD 

formula  

emulsifying 

time/ class 

SEDD 

formula 

emulsifying 

time/ class 

SEDD 

formula 

emulsifying 

time/ class 

LP1 8 sec/A LP15 60 sec/B LT8 10sec/B 

LP2 10 sec/A LP16 65 sec/C LT9 12sec/B 

LP3 20 sec/A LP17 75 sec/C LT10 15sec/B 

LP4 25 sec/A LP18 75 sec/C LT11 18sec/B 

LP5 4 sec/A LP19 >120 sec/D LT12 25sec/B 

LP6 3 sec/B LP20 45 sec/C LT13 15sec/B 

LP7 2 sec/C LP21 60 sec/C LT14 35sec/C 

LP8 20 sec/B LT1 8 sec/A LT15 40sec/C 

LP9 25 sec/B LT2 8 sec/A LT16 45sec/B 

LP10 55 sec/B LT3 9 sec/A LT17 50sec/C 

LP11 60 sec/B LT4 13sec/A LT18 55sec/B 

LP12 15 sec/B LT5 5 sec/A LT19 >120 sec/D 

LP13 30 sec/C LT6 5 sec/A LT20 >120 sec/D 

LP14 35 sec/C LT7 5 sec/B LT21 >120 sec/D 
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It was noticed that increase in oil to Smix 

ratio caused a slowing down in the 

emulsification process and increased 

droplet size (appeared as dull or ash 

emulsion) in addition to increasing 

surfactant (tween 80) to co-surfactant 

(propylene glycol or transcutol) ratio. This 

can resulte in reduction in the flexibility of 

interfacial film that would cause slow 

down emulsification process and hence 

increase droplet size (turbid appearance). 

This occurs by interfacial disruption 

phenomenon that can triggered by 

increasing the water penetration into the 

droplets that will eject the oil into the 

aqueous phase. While increasing co-

surfactant to surfactant ratio could increase 

droplet size due to the reduction in the 

amount of surfactant which is required for 

the formation of the interfacial film around 

dispersed droplets [30]. 

Light transmittance and Turbidity 

measurement: 

Based on the self-emulsification test, the 

best eleven SEDD formulas (Lp1-Lp5 and 

LT1-LT6) were characterized by light 

transmittance and turbidity measurement. 

The smaller the droplet size resulted in 

small turbidity value and high transparency 

(weak light scatters). It can be seen in the 

Table (5) and Figure (3) the results are 

consistent with the previous visual 

observation for nano-emulsion (SEDD 

visual observation classification), 

indicating good self-emulsification with 

good miscibility and small droplet size [31].

Table (5): Light transmittance and Turbidity measurement for the selected SEDD 

formulas 

SEDD 

formula 

Light 

transmittance 

Turbidity 

(NTU) 

SEDD 

formula 

Light 

transmittance 

Turbidity 

LP1 97.7 4.16 LT2 98.4 3.7 

LP2 97.3 5.5 LT3 98 4.81 

LP3 95.5 5.68 LT4 97.9 6.76 

LP4 95.2 5.74 LT5 97.2 7.64 

LP5 94.6 6.36 LT6 96.7 7.91 

LT1 99.6 3.22 

 

 
Figure (3): The physical appearance of cilostazol loaded SEDD formulas.
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Droplet size distribution and poly-

dispersity index measurement 

The best eleven SEDD formulas (Lp1-Lp5 

and LT1-LT6) were also characterized by 

measuring the droplet size and poly-

dispersity index (PDI) as shown in Table 

(6) and Figure (4). 

 

Table (6): Droplet size distribution and polydispersity index measurement (PDI) for the 

selected SEDD formulas 

SEDD 

formula 

Droplet size  PDI SEDD 

formula 

Droplet size  PDI 

LP1 215 0.014 LT2 185 0.014 

LP2 240 0.014 LT3 188 0.015 

LP3 275 0.015 LT4 215 0.017 

LP4 315 0.016 LT5 288 0.099 

LP5 410 0.159 LT6 425 0.277 

LT1 154 0.011 

 

It was noticed that changing the type of co-

surfactant from propylene glycol (Lp1-

Lp5) to transcutol (LT1-LT6) affected the 

droplet size of the resulted emulsion due to 

the difference in the viscosity between 

propylene glycol and transcutol (42 and 

4.8 m.pas, respectively) [32]. The lower 

viscosity of transcutol in comparison to 

propylene glycol decreases the 

emulsification time and improves the 

flexibility of barrier film, which is 

important in the self-emulsification process 

(P<0.05) [33, 34]. 

 

 

 

  

  

215 nm 
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154 nm 
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240 nm 

LP2 
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LT2 

275 nm 

LP3 

188 nm 
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Figure (4): Droplet size distribution of the selected SEDD formulas (Lp1-Lp5 and LT1-

LT6).

Dilution test  

All of the selected SEDD formulas were 

robust to dilution (no signs of drug 

precipitation or phase separation) after 24 

hours storage and this indication for the 

production of s Table o/w nano-emulsion 
[35]. 

Determination of drug content  

Drug content was determined for the 

selected SEDD formulas (Lp1-Lp5 and 

LT1-LT6), and the high drug content 

observed due to the high drug solubility 

in the surfactant, co-surfactant, and oil 

together with the proper choice 

surfactant/co-surfactant/oil combination 
[36], as shown in Table (7). 

Table (7): Drug content of the selected SEDD formulas 

SEDD formula % of drug content SEDD formula % of drug content 

LP1 99.56 LT2 98.43 

LP2 99.6 LT3 98.85 

LP3 98.24 LT4 98.95 

LP4 98.91 LT5 99.04 

LP5 98.78 LT6 97.07 

LT1 99.55 
 

Thermodynamic study 

The thermodynamic study was designed to 

identify and exclude the unsTable system 

(formula). As shown in Table (8) all the 

selected SEDD formulas had successfully  

 

 

passed the test without phase separation, 

creaming, cracking or drug precipitation  

under the extreme condition of the test (37). 

Indication the efficiency of the method to 

obtain sTable emulsion. 

 

315 nm 
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215 nm 

LT4 
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415 nm 
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Table (8): Thermodynamic study for the selected SEDD formulas 

SEDD formula  Centrifugation 

test 

Heating-cooling 

cycles test 

Freeze-thawing 

cycles test  

LP1 pass Pass Pass 

LP2 pass Pass Pass 

LP3 pass Pass Pass 

LP4 pass Pass Pass 

LP5 pass Pass Pass 

LP6 pass Pass Pass 

LP7 pass Pass Pass 

LP8 pass Pass Pass 

LP9 pass Pass Pass 

LP10 pass Pass Pass 

LP11 pass Pass Pass 

 

In-vitro drug release study of cilostazol 

SEDDS  

The release profiles for cilostazol loaded 

SEDD formulas (LP1-LP5 and LT1-LT6) 

are shown in Figure (5 and 6). All the 

prepared formulas showed an initial burst 

effect within the first 10 min, and the 

release continued for 60 min. Formula Lp1 

and Lp2 showed higher release than Lp3 

and Lp4 (containing less % of co-

surfactant) because there might be a 

reduction in the flexibility of the interfacial 

barrier film due to the reduction in the 

amount of co-surfactant leading to increase 

in the droplet size as well as decrease in 

the drug release [38]. While Lp5 showed 

lower drug release than Lp1 and Lp2 due  

 

 

 

to the reduction in the amount of surfactant 

(tween 80), which is required for the 

formation of the interfacial barrier layer 
[39]. The same results obtained for formulas 

LT1-LT6 (containing transcutol as co-

surfactant) and LT1 showed a 100% 

release after 60 minutes. Both LP1 and 

LT1 formulas were selected for further 

characterization. 

When drug release was compared between 

optimum liquid SEDD formula of 

cilostazol (LT1) and cilostazol commercial 

Tablet; the LT1 showed a significant (p 

<0.05) higher release than the commercial 

Tablet as shown in Figure (7), and this is  

related to the ability of LT1 to form 

spontaneous nano-emulsion. 
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Figure (5): In-vitro release of cilostazol from the prepared liquid SEDD formulas (Lp1-

Lp5) containing propylene glycol as co-surfactant, in 0.1N HCl at 37˚C (n=3). 

 

Figure (6): In-vitro release of cilostazol from the prepared liquid SEDD formulas (LT1-

LT6) containing transcutol as co-surfactant, in 0.1N HCl at 37˚C (n=3). 
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Figure (7): Comparative in-vitro release profile of cilostazol from the selected liquid 

SEDD formula (LT1) and commercial Tablet in 0.1N HCl at 37˚C (n=3).

Zeta potential measurement  

As shown in Figure (8), the zeta potential 

is considered as an important indicator of 

the stability of the nanoparticle in the 

dispersion medium. According to the 

thumb rule, when the value of zeta 

potential in the range (-5 mV to +5) mV 

indicates fast aggregation, value in the 

range (-20 mV to +20) mV provides short-

term stability. Values of zeta potential in 

the range (≤ -30mV) to (≥+30mV) 

indicated that there were good stability and 

values in the range (≤ -60mV) to (≥ 

+60mV)  which indicates that there was 

excellent stability in the formulation [40]. 

In the case of tween 80 (non-ionic 

surfactant with large molecular weight) 

which acts by steric stabilization. The 

value of zeta potential of 20mV or lower 

provides an efficient stabilization [41]. The 

measured zeta potential for the liquid 

SEDD formulas Lp1 and Lt1 was -20.83 

and -30.48 mV, respectively. 

 

 

Figure (8): Zeta potential values of cilostazol SEDD nanoemulsions of A Lp1, B LT1.

  

A B 
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Conclusion: 
For the first time an oral spontaneous 

dosage form for cilostazol was 

successfully done which can form in-situ 

nano-emulsion in the stomach to give 

sTable self-emulsifying drug delivery 

system that might improve drug absorption 

and bioavailability.  This will help 

pharmaceutical company in reducing dose 

size that may reduce drug side effects of 

the selected drug. 
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