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Abstract: 

Background: Prednisolone acetate is an ester form of prednisolone. It is used topically as an 

ophthalmic suspension to treat many inflammatory ocular conditions, where its absorption from 

suspension is highly variable and has poor dose accuracy.  

Objectives: The main objective of this research is to formulate and evaluate prednisolone acetate 

microemulsion for ophthalmic use to increase solubility, residence time, and corneal permeability of 

the drug to enhance patient compliance and treatment efficacy.  

Methods: Twenty-four prednisolone acetate-loaded microemulsion (0.5%w/w)  formulas were 

prepared using oleic acid, isopropyl myristate as (oil phase) (1:1), tween 80, labrasol, and cremophor 

EL as (surfactant), ethanol, polyethylene glycol 400, propylene glycol, transcutol P as co-surfactant 

and Sörensen isotonic phosphate buffer saline pH 7.4 as the aqueous phase at different Smix ratios 

(1:1), (1:2) and (2:1) by aqueous titration method to construct pseudoternary phase diagram to 

determine the existence of microemulsion region. All the prepared formulas were subjected to 

different evaluation tests to determine the optimum formula. 

Results:  observations of the microemulsion showed that it had a clear and transparent yellowish 

color, formulation F9 composed of oleic acid and isopropyl myristate in a ratio (1:1) as oil, twee80 

as a surfactant, and propylene glycol: ethanol (1:1) in a ratio (2:1) as cosurfactant gave the best 

particle size (10.18nm), polydispersity index (0.2216), zeta potential (-25,91), % of transmittance 

(99.382%±0. 09), and drug content (100±0.16). Microemulsion formulation provided considerably 

higher permeability than the marketed eye drop suspension (Optipred®) and improved 

bioavailability. 

 Conclusions:  The microemulsion-containing prednisolone acetate is a promising ocular carrier for 

the controlled release of prednisolone acetate in treating anterior segment inflammation. 

 Keywords: Atomic force microscopy, isopropyl myristate, microemulsion, oleic acid, prednisolone 

acetate. 

 

Introduction  

 

Eye drops as topical preparations are the most 

commonly preferred dosage forms for treating 

anterior segment eye diseases and represent a non-

invasive route of administration (1–4). The 

concentration of the drug decreases rapidly upon eye 

drop instillation resulting in pulsating drug 

permeation (5, 6). The term “Microemulsion” (ME) 

is defined as the dispersion of water and oil in the 

presence of a surfactant and cosurfactant mixture 

(Smix) in a way that lowers interfacial tension and 

produces small particle sizes (5-200nm) with 

reduced surface tension. Microemulsion can enhance 

drug absorption via higher penetration and enhanced 

solubility (7-9). Prednisolone acetate (PA) is a 

synthetic version of the natural corticosteroid 

hormone produced by the adrenal gland, used to 

treat a wide range of conditions. Its effects include 

reducing pain, swelling, and allergic-type responses.  
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(10-13). The highly lipophilic nature of the drug 

ester form and its poor aqueous solubility mandate a 

formulation to boost its permeability, solubility, and 

corneal contact time (14, 15).  

Prednisolone acetate is commercially produced as an 

ophthalmic suspension in 1% micronized form and 

applied three to four times per day to achieve 

optimal therapeutic efficiency. Due to aggregation, 

sluggish dissolving 

 rate, and limited corneal residence, medication 

absorption from suspension is highly variable and 

has poor dose accuracy (16). The present study aims 

to design ME systems for the ophthalmic delivery of 

the water-insoluble drug PA to enhance the 

solubility and increase the resident time and 

permeability of the drug.  

 

Materials and methods 

Prednisolone Acetate (PA) purity of 99.4% 

purchased from Baoji Guokang Bio-Technology 

Co., Ltd. Isopropyl myristate (IPM), oleic acid, 

cremophore EL, transcutol P, labrasol and 

tween80(Tw80), were purchased from Taihua Bio. 
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Double deionized water (DDW) was prepared 

freshly whenever required. 

Pre-formulation studies  

Estimation of PA saturation solubility in various 

solutions: 

The saturated solubility of PA was measured by 

adding an excess amount of PA powder to 5g of 

each oil, surfactant, co-surfactant, and dissolution 

media in firmly closed little glass tubes. To achieve 

equilibrium, the tubes were shaken in a 

thermostatically controlled shaking water bath at 

25°C and 37°C for 72 hours (17,18). Samples were 

centrifuged, then the supernatants were removed, 

suitably diluted with methanol, and examined using 

a UV/Vis spectrophotometer at the λmax of PA. 

Construction of pseudoternary phase diagrams: 

The pseudoternary phase diagram was created by the 

aqueous titration technique following the findings of 

the solubility investigation. Origin 2018 graphing 

analysis was used in constructing these diagrams. 

Combining various surfactant and co-surfactant 

mixtures in ratios of 1:1, 1:2, and 2:1 was used 

based on expanding surfactant levels and rising co-

surfactant concentration added to the oil phase 

which already contains the active pharmaceutical 

ingredient. Glass vials were used to combine 

selected oils with S-mix in varied ratios for each 

phase diagram (1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 

9:1) (w/w). The concentration of water in which the 

transition from clear to turbid happened was 

measured (19, 20). 

 

Preparation of prednisolone acetate 

microemulsion 

The primary emulsion was produced using the water 

titration method by dissolving 500mg of PA in the 

oil phase utilizing a vortex mixer for ten minutes, 

then adding the chosen S-mix in a predetermined 

quantity until a clear solution was obtained. The 

clear solution was then combined with the aqueous 

phase (Sorensen phosphate-buffered saline (SPBS)) 

while being continuously stirred at room 

temperature (750 rpm) using a magnetic stirrer, as 

illustrated in the table (1).
 

Table (1): Prednisolone acetate microemulsion composition 

Formula No Oleic acid & IPM 
(1:1) Oil w/w% 

Surfactant: co-surfactant Smix Smix ratio Smix 
 %w/w 

SPBS %w/w PA 
%w/w 

F1 10 Tween80: Ethanol 1-1 35 55 0.5 

F2 10 Tween80: Ethanol 1-2 30 60 0.5 

F3 10 Tween80: Ethanol 2-1 30 60 0.5 

F4 10 Tween80:PEG400 1-1 55 35 0.5 

F5 10 Tween80:PEG400 1-2 65 25 0.5 

F6 10 Tween80:PEG400 2-1 60 30 0.5 

F7 10 Tween80: Ethanol 1-1 35 55 0.5 
F8 10 Tween80:PG/Ethanol 1-2 30 60 0.5 

F9 10 Tween80:PG/Ethanol 2-1 30 60 0.5 

F10 10 Tween80: Transcutol P 1-1 40 50 0.5 

F11 10 Tween80: Transcutol P 1-2 35 55 0.5 

F12 10 Tween80: Transcutol P 2-1 30 60 0.5 

F13 10 Labrasol: Transcutol P 1-1 60 30 0.5 

F14 10 Labrasol: Transcutol P 1-2 55 35 0.5 

F15 10 Labrasol: Transcutol P 2-1 35 55 0.5 

F16 10 Cremophor EL: Transcutol P 1-1 55 35 0.5 

F17 10 Cremophor EL: Transcutol P 1-2 55 35 0.5 

F18 10 Cremophor EL: Transcutol P 2-1 60 30 0.5 

F19 02 Tween80: Ethanol 2-1 02 02 0.5 

F20 02 Tween80:PEG400 2-1 60 20 0.5 

F21 02 Tween80:PG/Ethanol 2-1 02 02 0.5 

F22 02 Tween80: Transcutol P 1-2 30 60 0.5 

F23 02 Labrasol: Transcutol P 2-1 30 60 0.5 

F24 02 Cremophor EL: Transcutol P 1-1 40 50 0.5 

 

Characterization of prepared prednisolone 

acetate microemulsion 

Investigating the thermodynamic stability 

To test the optimized formulation thermodynamic 

stability, the prepared MEs were subjected to a 30-

minute centrifugation at 6000rpm to check for phase 

separation, creaming, and cracking. A heating-

cooling cycle exposed the prepared ME to 40°C and 

4°C alternately for less than 48 hours. Finally, they 

were subjected to three freeze-thaw cycles between -

21°C and +25°C with storage at each temperature 

for about 48 hours (21). 

Measurement of light transmission (%T): For 

each of the prepared ME the percentage of light 

transmittance was measured. Measurements were 

made by using a UV-vis spectrophotometer set to 

650 nm and distilled water was used as a control 

(22,23)  

Determining particle size, polydispersity index, 

and zeta potential: The particle size and zeta 

potential were determined using the Malvern 

panalytical particle size analyzer, which also 

provides other options such as assessing an average 

diameter and calculating the polydispersity (24,25).  

Drug content estimation  

 The amount of PA in prepared MEs was determined 

using a UV spectroscopic approach. A mass 

weighing 1 g (containing 5mg of PA) of ME was 

dissolved in methanol and then analyzed at 242 nm 

in the UV-visible spectrophotometer (26).  
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Characterizing the selected prednisolone acetate 

microemulsion  

Determination of osmolality  

The osmolarity was measured by using a 5004-

micro-osmette-automatic high sensitivity 50 µL 

osmometer (Precision Systems Inc, USA) (27).

Ex-vivo permeation study: Fresh sheep corneal 

membrane tissues were carefully taken from a sheep 

procured from a local slaughterhouse. It was 

carefully removed and immersed in an SPBS until it 

is used for the research. For the ex-vivo study, the 

corneal membrane was put on Franz diffusion cell 

type b (closed/occluded mode) with capacity (7ml) 

and the external side facing the donor compartment 

(28). 

The ME formula equivalent to 4mg of PA was put in 

the donor compartment. At predetermined intervals, 

1ml sample from the receptor chamber was taken at 

50 rpm and 34 C˚. After each sampling, the sampled 

volume was replaced with fresh media. The 

withdrawn samples were used for analysis by UV-

VIS spectrophotometer to quantify the amount of 

drug that permeates through the cornea.  

 

Test for ocular irritation: Six rabbits were split 

into two separate groups (three rabbits each, n = 3), 

with group I receiving drug suspension and group II 

receiving the selected microemulsion. An aliquot of 

50µl (0.5% w/v PA) of the tested formulation was 

placed in the right eye conjunctival sac only, leaving 

the left eye as a control. Both eyes were checked for 

inflammation symptoms such as redness, increased 

lacrimation, conjunctival edema, and hyperemia. 

The animals were examined after 2, 4, 6, 8, 24, and 

48 hours (25).  

Morphological visualization by atomic force 

microscope (AFM) 

The atomic force microscope is a relatively new 

technique that is being used to investigate the 

surface morphology of ME formulations these days 

(29). 

 

Results  

Saturation solubility of prednisolone acetate 

Solubility of PA was screened in different oils, and 

among tested oils, isopropyl myristate (IPM) and 

oleic acid exhibit higher solubilizing capacity when 

used in combination together in a ratio (1:1) than 

oleic acid or IPM alone as shown in figure (1). 

 
Figure (1): Saturated solubility of PA in different oils. 

 

Three surfactants were used to prepare the 

surfactant/co-surfactant mixture or Smix in the 

study, namely tween 80(Tw80), cremophor 

EL(CremEL), and labrasol(Lab), furthermore, 

propylene glycol (PG), ethanol (EtOH), 

polyethyleneglycol 400(PEG400), and transcutol P 

(Trans P) as cosurfactant as those show the greater 

solubility for PA.  

 

Pseudoternary phase diagram 

The largest shaded area that represents the MEs, as 

illustrated in figure (2), that is clear in the micro-

sized is the formulas that contain Tw80 as a 

surfactant and PG: EtOH (1:1) as co-surfactant(22).   

 
Figure (2): Pseudoternary phase diagrams showing the (o/w) 

microemulsions (shaded area) 

 

Characterization of the prepared PA MEs 

Thermodynamic stability study 

According to the results, the formed MEs were 

thermodynamically and physically stable systems, 

except for the formula (F1) that showed precipitation 

(30). 

Percentage light transmittance (T %): The results 

with a percentage transmittance value closer to 100 

percent, as Table (2) displays, demonstrate that each 

one of the best formulations was clear and 

transparent since decreasing droplet size to the 

nanoscale led to increased transparency (31). 

Particle size, polydispersity index, and zeta 

potential results: The result revealed the largest 

average droplet size found in formulas (F19- F24), 

as shown in Table (2). The smallest particle size 

found in formula number (9) contains Teen80 as a 

surfactant and propylene glycol: ethanol (2:1) as a 

co-surfactant (32). 

The polydispersity index of the qualified MEs 

formulas was in the range of (0.002-0.87) as seen in 

the table (2), so it is in the limited range from 0.0 to 

1.0, indicating a uniform and narrow globule size 

distribution, stability (33). Zeta potential is utilized 

as an indirect measurement of a particle surface 

charge density; thus, it is considered a significant 

metric and gives an inverse relationship between 

colloidal particles and agglomeration propensity that 

can be examined (34). The optimum particle size of 

the prepared ME formulas, which have been below 

200 nm, was chosen for further studies. 
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Table (2): Particle size measurement and polydispersity index (PDI), zeta potential, %transmittance and drug content of PA MEs 
No. of  
Formula 

Particle  
size(nm) 

PDI Zeta  potential %Transmittance 
Mean± SD (n=3) 

Drug content  
(%) Mean± SD (n=3) 

F2 125.1 0.2398 -20.59 98.9±0.11 822021 ±0.18 

F3 92002 0.1568 -26.49 99.28±0.08 99.64±0.12 

F4 080 0.8498  21015±0.02 822±0.19 

F5 358.2 0.2334  22098±0.03 822 ±0.17 

F6 138.4 0.513 -44.3 20025±0.14 20081±0.12 

F7 210.3 0.04137  210800±0.03 822±0.14 

F8 121.7 0.2436 -24.42 29020±0.51 22009±0.21 

F9 10.18 0.2216 -25.91 220910±0.09 822±0.16 

F10 298.8 0.3066  200009±0.08 20020±0.18 

F11 32200 0.3518 -11.48 290905±0.06 200225±0.16 

F12 2209 0.4711 -20.03 210155±0.05 822±0.19 

F13 323.7 0.5261  22021±0.01 100±0.150 

F14 165.2 0.2908 -34.51 20025±0.02 822020±0.16 

F15 174.8 0.1107 -30.47 2500±0.07 22010±0.14 

F16 303.7 0.2563  200201±0.024 822002±0.17 

F17 196.4 0.3529 -42.1 200009±0.03 822009±0.11 

F18 229.7 0.2959  2200±0.12 220050±0.20 

F19 02009 200100    

F20 111 20108    

F21 01000 202820    

F22 01000 205521    

F23 00200 20220    

F24 19901 200020    

 
 

Microemulsion drug content: All the prepared PA 

MEs formulas agreed upon in accordance with the 

British Pharmacopea (BP) range requirements, as 

results shown in table (2), that indicates the method 

of preparation is adequate, and every formula has 

high content uniformity (35). 

 

Osmolarity: The result osmolarity of the optimum 

formula F9, which had the finest particle size, was 

found to be 282± 1, which is within the accepted 

value, preventing any irritation (36). 

 

Ex-vivo permeation of PA microemulsion: The 

optimum formula F9 was most efficient in 

permeating the drug through the eye cornea, as 

shown in Figure (3). The results are based on the 

cumulative amount permeated per unit area values, 

steady state flux, and permeability coefficient F9 

and PA suspension. Fluxes were (7.514 ±0.092 

ug/cm2.min) and (3.0075±0.15 ug/cm2.min) 

respectively. PA permeability coefficient increased 

by 2.49-fold in the case of F9 (1.87*10-3± 0.85cm/s) 

in comparison with the permeability coefficient of PA 

suspension (0.75*10-3 ± 0.23cm/s). 

 

Irritation test 

The irritation check results revealed that the chosen 

ME did not cause any sign of inflammation, which 

may be attributed to the use of a low concentration 

of Smix, as well as its safe and not irritant. 

furthermore, the aqueous media used in MEs 

formulation was the SPBS pH 7.4, characterized by 

pH and osmolality same as the human tears (37). 

 

Atomic force microscopy (AFM): Atomic force 

microscopy was used as an additional technique to 

clarify that the particle size and surface of the 

developed emulsion is in the nano range, enhancing 

drug delivery, as illustrated in Figure (4). 

 
Figure (3): PA permeation through sheep corneas from F9 

ME and PA suspension.

 



Preparation and Characterization of Prednisolone Acetate Microemulsion for                         Reem A Al-Rubaye 

Ophthalmic Use  
 

J J Fac Med Baghdad                                                       209                                                Vol.65, No.3, 2023 

 

 
Figure (4): (A) The AFM image, (B)The AFM 3D of PA ME (C)   Histogram of Surface Texture of PA ME by AFM          

 

Discussion  

The results of this study demonstrated that all the 

prepared microemulsion formulations were stable, 

except for (F1). The reason for this was that in order 

to achieve thermodynamic stability, the amount of 

(tween80: ethanol) ratio (1:1) used as a surfactant-

cosurfactant should be greater than 39%; however, 

this formula only used 30% of that amount in order 

to reduce the risk of ocular toxicity. The particle size 

finding displayed that as the oil concentration 

increased, the average droplet size increased as in 

formulas(F18-F24). This can be attributed to the 

expansion of the oil drop of the microemulsion 

caused by the addition of more oil. When the 

surfactant concentration was increased, the emulsion 

droplet size decreased. This is because there is more 

surfactant present to cover any new droplet surfaces 

formed during preparation.  The osmotic pressure 

was approximately identical to that of people., due 

to the sodium chloride used in the SPBS in a 

concentration to reach the osmolarity near the 

human tears. Furthermore, PG was used as osmotic 

pressure management in ophthalmic preparation 

(35). The difference in the amount permeated 

between the formulas and control suspension could 

be attributed to the fact that this small and uniform 

droplet size is critical for achieving high corneal 

penetration. In addition, the presence of oleic acid, 

Tw80, PG, and ethanol can promote better 

membrane permeability by acting as a lipophilic 

permeation enhancer. the result indicates a higher 

permeation and flux for MEs formulas in 

comparison to the control.  

 

Conclusion 

From this study, it is concluded that the PA-ME 

containing 10% oleic acid and IPM, 30%   

Tw80:PG/ethanol, and   60% SPBS showed good 

thermodynamic stability and a globule size in the 

nano-metric range.  The new dosage form showed 

enhanced in-vitro drug release profiles compared 

with generic ophthalmic suspension, which confirms 

the enhancing characteristics of the ME components 

and provides a potential for higher absorption and 

bioavailability. 
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 تحضير وتوصيف هستحلب اسيتاث البريذًيسولوى للاستخذام في العيي
 وزارة الصحت \الوركس الوطٌي لابحاث الادويت \د. رين عبذالفارش الربيعي

 جاهعت بغذاد\كليت الصيذلت \د. خالذ الكٌاًي
: 

ضؼُاً وّؼٍك ػٍُٕ ٌؼلاج اٌىثُش ِٓ حالاخ اٌرهاب اٌؼُٓ، اعُراخ اٌثشَذُٔضوٌىْ هى ػًٍ شىً اعرشِٓ اٌثشَذُٔضوٌىْ، َغرخذَ ِى خلفيت البحج:

حُث َىىْ اِرصاصه ِٓ اٌّؼٍك ِرغُشًا تذسخح ػاٌُح وٌذَه دلح خشػح ضؼُفح0 الاهذاف3 اٌهذف اٌشئُغٍ ِٓ هزا اٌثحث هى صُاغح وذمُُُ 

لد الإلاِح، ؤفارَح اٌذواء فٍ اٌمشُٔح ٌرؼضَض اِرثاي اٌّشَض اٌّغرحٍة اٌذلُك لأعُراخ اٌثشَذُٔضوٌىْ ٌلاعرخذاَ فٍ اٌؼُٓ ٌضَادج لاتٍُح اٌزوتاْ، وو

 .وفؼاٌُح اٌؼلاج

٪ وصْ / وصْ( تاعرخذاَ حّض 205ذُ ذحضُش أستؼح وػششَٓ صُغح ِٓ اٌّغرحٍثاخ اٌذلُمح اٌّحٍّح تأعُراخ اٌثشَذُٔضوٌىْ ) طرق العول:

، لاتشاعىي ، وشَّىفىس )وخافض ٌٍرىذش اٌغطحٍ( ،  (Tw80) 12( ، ذىَٓ 38 8وطىس صَرٍ( )) (IPM) الأوٌُه ، آَضوتشوتًُ ُِشَغراخ

وخافض ٌٍرىذش اٌغطحٍ وِٕظُ فىعفاذٍ ٌٍغىسَٕغُٓ  P ، ذشأظ وىذىي (PG) ، تشوتٍُُٓ خٍُىىي PEG400 إَثأىي  ، تىٌٍ إَثٍُُٓ خلاَىىي

( تطشَمح اٌّؼاَشج 30 8و) Smix (1: 1)  ،(2: 1)  ِائٍ تٕغة ِخرٍفح ِٓوطىس  000دسخح اٌحّىضح  Sörensen (SPBS) ِرغاوٌ اٌرىذش

ٌّث0ًٍ اٌّائُح لإٔشاء ِخطظ طىس وارب ٌرحذَذ وخىد ِٕطمح ِغرحٍة دلُك0 ذُ إخضاع خُّغ اٌصُغ اٌّؼذج لاخرثاساخ ذمُُُ ِخرٍفح ٌرحذَذ اٌصُغح ا

تٕغثح  IPMراخ ٌىْ ِصفشواضح وشفاف، حُث ذرىىْ ِٓ حّض الأوٌُه و  F9 أظهشخ ِلاحظاخ اٌّغرحٍة اٌذلُك أْ هٕان اٌصُغح الٌتائج:

( حُث أػطً اٌؼاًِ اٌّغاػذ اٌخافض ٌٍرىذش 38 0تٕغثح ) PG: EtOH (1: 1)ػًٍ شىً خافض ٌٍرىذش اٌغطحٍ، و Tw80( وضَد، و38 8)

(، ِحرىي 220910٪ ±202(، ٔغثح إٌفارَح )05028-(، خهذ صَرا )200082ٔأىِرش(، ِؤشش اٌرشرد اٌّرؼذد ) 82081اٌغطحٍ أفضً حدُ خغُُ )

 %(0 لذِد ذشوُثح اٌّغرحٍثاخ اٌذلُمح ٔفارَح اػًٍ ِٓ ِؼٍك لطشاخ اٌؼُٓ اٌّغىق822عاػاخ ) 1(، وإصذاس إٌرائح تؼذ 822± 2082اٌذواء )

(Optipred®) ٍوذحغُٓ اٌرىافش اٌثُىٌىخ. 

ثاخ اٌذلُمح اٌّحرىَه ػًٍ اعُراخ اٌثشَذُٔضوٌىْ هى ٔالً ػٍُٕ واػذ ٌلإفشاص اٌخاضغ ٌٍشلاتح ذشُش ٔرائح اٌثحث إًٌ أْ ذشوُثح اٌّغرحٍ الاستٌتاجاث:

 .ِٓ اعُراخ اٌثشَذُٔضوٌىْ فٍ ػلاج اٌرهاب اٌدضء الأِاٍِ ِٓ اٌؼُٓ

ودساعح ٔفارَح خاسج اٌدغُ  ِغرحٍة دلُك، اعُراخ اٌثشَذُٔضوٌىْ، حّض الأوٌُه، لُاط حدُ اٌدغُّاخ، اخرثاس ذهُح اٌؼُٓ، الكلواث الوفتاحيت:  

 .اٌحٍ
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