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                                 Abstract: 

 

Ketorolac Tromethamine (KT) is prepared 

for the first time by double emulsion 

procedure. The current research involves 

preparation and evaluation of 

microsponges for ocular applications. This 

work included preparation of sixteen 

formulas of KT-microsponges by double  

emulsion (w/o/w) method using poly lactic-co-glycolic acid (PLGA) as a polymer and poly 

vinyl alcohol (PVA) as a stabilizer, with different mixer types for different time and power. The 

prepared microsponges were characterized by Scanning Electron Microscopy (SEM) to 

investigate the morphology and particle size, the entrapment efficacy and percentage yield were 

calculated as well as in vitro drug release. Best formula (F14) of KT-microsponges had EE 

(74%), % yield (83%) with initial drug release (approximately 21% within the first fifteen days) 

which continued to reach (approximately 86% within 90 days) by using 30% of  PLGA  

concentration with 0.05% of PVA and 200 ml of the external aqueous phase using a probe 

sonicator for 4 minutes at 200 Watt power. This formulation technique will be the interest of 

pharmaceutical company. 
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 :الخلاصة
  العمل  هذا تضمن. بالعين تطبيقه  ليتم تروميثامين كيتورولاك تحتوي مصغرة اسفنجيات وتقييم إعداد الحالي البحث يتضمن

 باستخدام( المائي/الدهني/المائي) المزدوج المستحلب طريقة بواسطة تروميثامين الكيتورولاك من تركيبة عشر  ستة تحضير

.  والقوة الوقت واختلاف مختلفة خلط نواع أ مع ،  كمثب  الكوحول فنيل وبولي كبوليمر  جليكوليك-كو لاكتيك بولي حامض

 حساب  تم  الجسيمات،  وحجم  التشكل  في  للتحقيق  الإلكتروني  المجهري  المسح  بواسطة  المحضرة  المصغرة  سفنجياتالإ  ميزت

 للكيتورولاك المصغرة سفنجياتالإ من( 14ف) صيغة أفضل. مختبريا  الدواء تحرير في وكذلك الناتج ونسبة التحميل فعالية

  يوما   عشر الخمسة خلال٪ 21 حوالي) للدواء مبدئي تحرر مع٪( 83) الناتج%  ،٪(74) التغليف كفاءة كانت تروميثامين

  من٪  0.05 مع البوليمر تركيز من٪  30 ستخدامإ ب( يوما   90 خلال٪ 86 حوالي) الوصول في التحرر ستمرإو( الأولى

.  السلطة وات  200 في دقائق 4 لمدة السونكيشن بواسطة  ختلطإ الذي الخارجي المائي الجانب من مل 200 و المثبت تركيز

 .للعين عطاءها إ في ستخدامها لإ المثلى الصيغة قترحن ، لذلك نتيجة
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Introduction: 

Microsponges have a large impact on the 

healthcare as they provide sustained release 

and/or targeted release to specific site in the 

body. Dosage forms containing micro-

sponge are applied in many pharmaceutical 

product (prescribed or over the counter) as 

well as to the cosmetic materials [1]. It is a 

modern development in micropariculate(s) 

drug delivery system. Microsponge is a 

polymeric delivery system consisting of 

spongy microspheres characterized as a 

tiny, inert non-collapsible structure with 

particle size range from 5-300 μm but the 

nanosponge is usually bellow 1 μm. This 

type of delivery system has a large impact 

on the healthcare as it provides sustained 

release and/or targeted release to specific 

site in the body [2]. 

Microsponges have many advantages as 

they are stable over wide range pH 1-11 and 

temperature up to 130°C.  In addition, it is 

self-sterilizing since its average pore size is 

0.25 μm in which the bacteria cannot 

penetrate. Furthermore, it is non-irritant, 

non-toxic and non-allergic as it delivers the 

drug in programmable manner without 

reduce its efficacy [3]. They have high 

loading capacity, free flowing and cost 

effectiveness [4]. There are many 

applications for microsponge including: 

topical application such as beta-

methasone[5], oral application for example 

melatonin to control sleeping problems (6) 

and ophthalmic application such as 

acetazolamide microsponge in situ gel 

formulation [7]. 

Ketorolac is a non-steroidal anti-

inflammatory drug belonging to 

nonselective COX inhibitor group. 

Ketorolac act as NSAID by inhibition of 

cyclooxygenase enzyme. It is used to 

control pain in cancer patients. 

Furthermore, intravitreal ketorolac 

tromethamine injection (Toradole® 

30mg/ml) as anti-inflammatory agent is 

used to treat chronic cystoid macular edema 

after complicated cataract surgery. Acular® 

is a topical dosage form of ketorolac used 

for ocular condition as an anti-

inflammatory and analgesic agent [8]. 

The aim of this work is the preparation of 

sustained release microsponges and 

studying the experimental conditions and 

factors to optimize the prepared 

microsponges for potential ocular 

administration. 

 

Materials and methods: 

Materials: 
Ketorolac tromethamine (KT) was 

purchased from Provizer – India. Dichloro-

methane (DCM) was purchased from 

Fluka-Germany. Poly vinyl alcohol (PVA) 

was purchased from GCC, U.K. Poly lactic-

co-glycolic acid (PLGA) was purchased 

from Shanghai, China. 

 

Methods: 

Melting point determination: 
The melting point of ketorolac 

Tromethamine (KT) was measured using 

capillary tube method. The capillary tube 

(sealed from one side) was dipped in the 

powder of drug then put it inside the 

apparatus (electrical melting point 

apparatus) and watching the drug powder 

through small window till reach the 

temperature that melted the drug gradually 

and converted from solid state to liquid 

one[9]. 

Determination of UV spectrum for 

Ketorolac tromethamine: 
To prepare stock solution of KT (100 

μg/ml), (10 mg) of KT was dissolved in 

phosphate buffer pH 7.4 (100 ml) then a 

dilute solution (10 μg/ml) from this stock 

solution was prepared and scanned against 

phosphate buffer (as a blank) over range of 

wavelength from 200-400 nm using UV 

visible spectrophotometer [10]. 

Calibration curve of Ketorolac 

tromethamine: 
Calibration curve of KT was obtained in 

phosphate buffer pH 7.4 by preparing serial 

dilutions with concentrations (1, 2, 3, 4, 6, 

8, 10, 12, 14, 16 and 18 μg/ml) from KT 
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stock solution. The absorbance was 

measured at the recommended λmax then 

plotted against concentration to obtain 

calibration curve by which R2 value and 

calibration curve equation was obtained [11]. 

 

Preparation of microsponge containing 

Ketorolac tromethamine 

Microsponges were prepared by double 

emulsion (w/o/w) method [12]. At first, the 

following three solutions were prepared 

individually; internal aqueous phase (IAP) 

which is composed of 25 mg of KT that 

dissolved in 1 ml deionized water (DIW), 

organic phase (OP) which is composed of 

500 mg of poly lactic-co-glycolic acid 

(PLGA) that dissolved in 2.5 ml 

dichloromethane (DCM) and external 

aqueous phase (EAP) which is composed of 

200 mg of poly vinyl alcohol (PVA) that 

dissolved in 200 ml deionized water (DIW). 

When the solutions prepared each one 

separately, 250 µl of IAP solution 

(containing 6.25 mg KT) was added to the 

OP solution then homogenized with probe 

sonicator for 4 minutes with 40% power 

(200 Watt) at 30ºC, then the mixture was 

added drop by drop to 200 ml of the EAP 

solution under stirring by magnetic stirrer 

on 800 rpm and 37ºC for 12 hours. The 

microsponge particles were separated from 

the solution by filtration and washed three 

times with deionized water and left to dry 

for 24 hours under atmospheric conditions. 

Sixteen formulas (F1-F16) of KT 

microsponges were prepared (Table 1). In 

order to choose the best formula, the effect 

of different variables (included in the 

preparation method) on the percent (%) 

yield and encapsulation efficiency of the 

prepared KT microsponges were studied.

 

Table (1): Compositions of KT microsponge formulas. 

IAP = Internal Aqueous Phase, OP = Organic Phase, EAP =External Aqueous Phase
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4 20 (100 W) Probe sonicator 0.1% 20% 200 2.5 250 F1 

4 30 (150 W) Probe sonicator 0.1% 20% 200 2.5 250 F2 

4 40 (200 W) Probe sonicator 0.1% 20% 200 2.5 250 F3 

4 50 (250 W) Probe sonicator 0.1% 20% 200 2.5 250 F4 

4 60 (300 W) Probe sonicator  0.1% 20% 200 2.5 250 F5 

4 80 (400 W) Probe sonicator 0.1% 20% 200 2.5 250 F6 

6 40 (200 W) Probe sonicator 0.1% 20% 200 2.5 250 F7 

2 40 (200 W) Probe sonicator 0.1% 20% 200 2.5 250 F8 

4 40 (200 W) Probe sonicator 0.1% 10% 200 2.5 250 F9 

4 40 (200 W) Probe sonicator 0.1% 30% 200 2.5 250 F10 

4 40 (200 W) Probe sonicator 0.1% 40% 200 2.5 250 F11 

4 40 (200 W) Probe sonicator 0.1% 30% 100 2.5 250 F12 

4 40 (200 W) Probe sonicator 0.1% 30% 300 2.5 250 F13 

4 40 (200 W) Probe sonicator 0.05% 30% 200 2.5 250 F14 

4 40 (200 W) Probe sonicator 0.5% 30% 200 2.5 250 F15 

30  Vortex  0.1% 20% 200 2.5 250 F16 
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Factors affecting the entrapment 

efficacy (EE) and percentage (%) yield 

of the prepared KT microsponges: 

10 mg of microsponges containing 

ketorolac tromethamine was suspended in 1 

ml dichloromethane then 10 ml of 

deionized water was added (to extract 

ketorolac tromethamine). The final solution 

was mixed by vortex, set aside for few 

minutes then the upper layer (containing 

KT) was analyzed spectrophotometrically 

at 322 nm [13]. This procedure was 

triplicated for each formula and the average 

was calculated by using Equation 1.  

%EE = 
𝑨𝒄𝒕𝒖𝒂𝒍 𝒅𝒓𝒖𝒈 𝒆𝒏𝒕𝒓𝒂𝒑𝒑𝒆𝒅 

𝑻𝒐𝒕𝒂𝒍 𝒂𝒎𝒐𝒖𝒏𝒕 𝒐𝒇 𝒅𝒓𝒖𝒈 𝒖𝒔𝒆𝒅 
 ×

𝟏𝟎𝟎%..................1 

In order to determine the % yield of the 

prepared KT microsponges (F1-F16), the 

weight of the dry microspnges from each 

formula was compared with the weight of 

drug and polymer that was used to prepare 

microsponges [14]. This procedure was 

triplicated for each formula and the average 

was calculated by using equation 2. 

                               % yield = 
𝑷𝒓𝒂𝒄𝒕𝒊𝒄𝒂𝒍 𝒘𝒊𝒆𝒈𝒉𝒕 𝒐𝒇 𝒎𝒊𝒄𝒓𝒐𝒔𝒑𝒐𝒏𝒈𝒆𝒔

𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒘𝒊𝒆𝒈𝒉𝒕 𝒐𝒇 𝒅𝒓𝒖𝒈 𝒂𝒏𝒅 𝒑𝒐𝒍𝒚𝒎𝒆𝒓
 ×

𝟏𝟎𝟎%................2  

Effect of sonication power on entrapment 

efficiency and % yield 

Formulas (from F1 to F6) were prepared 

with different percentages of sonication 

power to study the effect of sonicator power 

on entrapment efficacy and % yield. 

Effect of sonication time on entrapment 

efficiency and % yield 

Formulas (F7 and F8) were prepared with 

different sonication time in comparison 

with (F3) to study the effect of using 

different sonication time on the entrapment 

efficacy and % yield. 

Effect of mixing type on entrapment 

efficacy and % yield 

Two different types of mixing methods 

were used to prepare formulas (F3 and F16) 

to study the effect of mixing types on 

entrapment efficacy and percentage yield. 

Effect of PLGA concentration on 

entrapment efficacy (EE) and % yield.  

Different amounts of polymer (PLGA) were 

used in the organic phase to prepare 

formulas (F3, F9, F10 and F11) in order to 

study its effects on the entrapment efficacy 

and % yield. 

Effect of external aqueous phase (EAP) 

volume: 

Formulas (F12 and F13) in comparison with 

F10 were prepared with different volumes 

of (EAP) to study its effect on entrapment 

efficacy (EE) and % yield.  

Effect of stabilizer percentage on 

entrapment efficacy (EE) and % yield 

Formulas (F10, F14 and F15) were prepared 

with different percentages of poly vinyl 

alcohol (PVA) in the external aqueous 

phase (EAP) to study its effect on 

entrapment efficacy (EE) and % yield. 

 

Selection the optimum formula of KT 

microsponge 

Formulas with highest entrapment efficacy 

and % yield was chosen as the best formula 

for further study. 

 

In vitro release 

Modified Franz diffusion cell was used to 

study the in vitro release of KT 

microsponges [15]. The cell is composed of 

donor and acceptor chamber separated from 

each other by dialysis membrane 

(molecular weight cut-off (MWCT) 3500). 

Each chamber had a capacity of 4 ml 

(equivalent to vitreous chamber volume)[16]. 

Pre-determined weight of each of the 

selected KT microsponge formulas (F10, 

F13 and F14) was placed in the donor 

chamber then (4 ml) phosphate buffer pH 

7.4 was added in donor and acceptor 

chamber. The diffusion cell was placed in 

the shaker water bath at 37 ºC and 25 rpm. 

At pre-specified time intervals (4 ml) was 

withdrawn (which is analyzed at λ max 322 

nm using UV-visible spectrophotometry) 

from the acceptor chamber and replaced 

with fresh buffer solution [17]. 

 

Statistical analysis 

Independent sample t-test and one-way 

analysis of variance (ANOVA) were used 
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for statistical analysis. Statistically 

significant of the differences were 

considered when (P<0.05). SPSS 16 

software was used for all data analysis.  

Results and discussion: 

Melting point determination 

The melting point of ketorolac 

tromethamine was 160 ºC which is within 

the reference range (160-161 ºC) which is 

identical to the results obtained from 

evaluation and optimization of fast 

disintegrating tablets of ketorolac 

tromethamine[18] that indicated the purity of 

KT powder.  

 

λmax of KT determination 

The diluted solution of KT with a 

concentration 10 µg/ml in phosphate buffer 

pH 7.4 was scanned using UV 

spectrophotometer. The spectrum showed λ 

max of KT at 322 nm that agreed with the 

reported data [19], as shown in Figure 1. 

Which indicated the purity of our product?

 

 
Figure (1): UV spectrum of ketorolac tromethamine in phosphate buffer pH 7.4.

Calibration curve of KT in phosphate 

buffer pH 7.4 

The calibration curve of KT in phosphate 

buffer pH 7.4 obtained by plotting 

absorbance versus concentration, and the 

concentrations range used obeys Beer's law, 

as shown in Figure 2. This results is similar 

to HPTLC determination of ketorolac 

tromethamine [20].
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 Figure (2): Calibration curve of KT in phosphate buffer pH 7.4

Factors affecting the entrapment 

efficacy (EE) and percentage (%) yield 

of the prepared KT microsponges 

Table 2 shows the entrapment efficacy and 

percentage yield of each resultant formula, 

where formulas (F10, F13 and F14) 

achieved the highest entrapment efficacy 

and percent yield in comparison with other 

formulas, while formula (F9) had the lowest 

entrapment efficacy and percent yield. 

Sixteen formulas of KT microsponges were 

prepared to study the effect of different 

factors on entrapment efficacy (EE) and 

percentage yield (%).  Entrapment 

efficiency is the percentage of the drug 

encapsulated (entrapped) in the 

microsponges [21]. This result is similar to 

ketorolac tromethamine-loaded albumin 

microspheres for potential intramuscular 

administration. The percentage of yield 

related to the recovery of the product, the 

largest percentage yield indicates the 

minimum drug loss during the preparation 

of microsponges [22].  

Effect of sonication power on 

entrapment efficiency and % yield 

Six sonication power (100, 150, 200, 

250,300 and 400 Watt) were used to prepare 

the primary emulsion of the six formulas 

(F1-F6) respectively. It was found that as 

the sonication power increases for (F1-F3) 

the entrapment efficacy increases (P<0.05) 

as shown in Table 3. Increasing sonication 

power leads to finer droplet size of the 

primary emulsion leading to increasing the 

entrapment of the drug within the emulsion 

droplets but further increase in sonication 

power may start decreasing the entrapment 

efficacy (F4-F6) since the temperature 

increased upon using high sonication power 

that may destroy the obtained primary 

emulsion [23] as seen from previous study of 

biodegradable poly(lactic acid) and 

poly(lactide-co-glycolide) microcapsules. 

The results showed no significant 

difference in the percentage yield in all 

formulas (F1-F6). Therefore, the optimum 

sonication power 200 Watt was used during 

further investigation in this study.  

Effect of sonication time on entrapment 

efficacy and % yield 

The results showed that increasing the 

sonication time from 2 minutes for (F8) to 4 

minutes for (F3) there was significant 

increase (P<0.05) in the entrapment 

efficiency since there was good 

homogenization of the primary emulsion 

that might reduce particle size and 

improved drug encapsulation [24]. Further 

increase in sonication time up to 6 minutes 

for (F7) caused decrease in entrapment 
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efficiency since excessive sonication might 

cause further reduction in particle size 

leading to aggregation and forming larger 

one and might cause the drug to leach out 

from the microsponges. Same results 

observed with liposomes encapsulating 

cyclodextrin containing paclitaxel [25]. 

Accordingly, 4 minutes was selected as the 

optimum stirring time and adapted for 

further work in this study. The results 

showed that there was no significant 

difference in the % yield upon increasing 

stirring time. 

Effect of mixing type on entrapment 

efficacy and % yield 

Two formulas (F16 and F3) with different 

mixer type (Vortex and Probe sonicator) 

respectively were used to study their effects 

on the primary emulsion. There was 

significant increase in entrapment efficacy 

(P<0.05) when probe sonicator used to 

prepare the primary emulsion of formula 

(F3) in comparison with formula (F16) in 

which vortex was used for preparing the 

same step due to the lack of energy (using 

vortex mixer)  required to get good 

emulsification that might lead to polymer 

aggregation [26,27] which was seen from 

results of sonication parameters for the 

preparation of biodegradable nanocapsules 

of controlled size by the double emulsion 

method. Microsponges from both F3 and 

F16 were examined using SEM which 

revealed that F16 microsponges were larger 

in size and not uniform in shape.

 

Table (2): The entrapment efficiency and percentage yield of all KT microsponges 

formula. 
Formula 

number 

Entrapment efficacy 

% ± SD 

Percentage yield 

± SD 

F1 52 ± 2.5 75 ± 2.09 

F2 63 ± 1.2 77 ± 1.1 

F3 66 ± 2.6 76 ± 1.05 

F4 60 ± 1.5 76 ± 2.2 

F5 58 ± 0.9 77 ± 1 

F6 55 ± 2.3 75 ± 1.11 

F7 59 ± 1.6 72 ± 1.3 

F8 37 ± 1.7 74 ± 2.6 

F9 16 ± 1.3 61 ± 1.5 

F10 76 ± 2.7 85 ± 2.8 

F11 50 ± 3.1 68 ± 3.2 

F12 60 ± 2.6 87 ± 1.4 

F13 72 ± 1.03 81± 2.3 

F14 74 ± 1 83 ± 1.5 

F15 64 ± 1.4 80 ± 1.9 

F16 59 ± 1.8 79 ± 1.3 

  

Effect of mixing type on entrapment 

efficacy and % yield 

As seen in Figure 3, two formulas (F16 and 

F3) with different mixer type (Vortex and 

Probe sonicator) respectively were used to 

study their effects on the primary emulsion. 

There was significant increase in entrap-

ment efficacy (P<0.05) when probe 

sonicator used to prepare the primary 

emulsion of formula (F3) in comparison 

with formula (F16) in which vortex was 

used for preparing the same step due to the 

lack of energy required to get good 

emulsification that might lead to polymer 

aggregation [28] (using vortex mixer) so the 

resulting microsponge was larger and not 

uniform in shape when prepared using 

vortex than by probe sonication [29].
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A. 

    

B. 

    

Figure (3): SEM pictures for (A) microsponges of formula (F16) which was prepared by 

vortex, (B) microsponges of formula (F3) which was prepared by probe sonicator.

Effect of polymer concentration on 

entrapment efficacy and % yield 

Four concentrations of PLGA polymer were 

used during the preparation of F9 (10%), F3 

(20%), F10 (30%) and F11 (40%). 

Significant increase in entrapment efficacy 

(EE) and % yield was noticed (P<0.05) with 

increasing polymer concentration in 

formulas F9, F3 and F10, this could be 

attributed to the increase in the viscosity of 

organic phase and availability of polymer 

for coating the drug [30]. Entrapment 

efficacy and % yield were decreased with 

further increase in polymer concentration 

(F11) since too sticky viscous polymer 

solvent obtained and this may lead to non-

uniform dispersion of the drug in the 

coating solution and aggregation of the 

particles, same results were obtained with 

polymeric PLGA nanoparticulate drug and 

PLGA nanoparticles loaded with 

Vincristine sulfate [31] . 
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Effect of external aqueous phase (EAP) 

volume on entrapment efficacy and 

%yield 

Formulas (F10, F12 and F13) were prepared 

with different continuous phase (EAP) 

volume keeping other variables constant. It 

was found that with increasing external 

aqueous phase volume from (F12; 100ml) 

to (F10; 200ml) significant increase in 

entrapment efficiency (P<0.05) from (60% 

to 76%) was obtained due to the fact that 

low continuous phase gave opportunity to 

the microsponge particles to aggregate and 

collide then fused to form larger 

microsponges so decreasing entrapment 

efficiency, these results matched with the 

results of microspheres prepared by double 

emulsion method [32]. 

Upon further increase in EAP 

volume (F13; 300ml), there was a decrease 

in entrapment efficiency as compared to 

(F10; 200ml) due to increasing the 

hydrophilic drug partitioning into the 

continuous phase during hardening 

phase[33]. As noticed from the results, there 

was no significant decrease in percentage 

yield (P<0.05) with increasing continuous 

phase volume and this decrease can be 

attributed to the escape of the drug (highly 

water soluble) from the inner phase to the 

large outer one and/or faster polymer 

precipitation at large external water phase 

so less porous spheres were created [34]. 

Therefore, (200ml) was selected as the 

optimum external aqueous volume. 

Effect of stabilizer on entrapment 

efficacy and %yield 

Different concentrations of polyvinyl 

alcohol PVA (as stabilizer) were used with 

formula (F10, F14 and F15) containing (0.1, 

0.05 and 0.5% respectively) to investigate 

their effects on EE and %yield. The results 

showed that there was no significant 

increase in entrapment efficacy upon 

increasing PVA concentration from (F14; 

0.05%) to (F10; 0.1%) although increasing 

PVA concentration may increase the 

stability of primary emulsion droplets 

against coalescence leading to decrease in 

particle size [35]. 

Meanwhile,  upon further increase in PVA 

concentration (F15; 0.5%), the entrapment 

efficacy was significantly decreased in 

comparison to (F10 and F14) which could 

be attributed to the high solubilizing effect 

of PVA that may lead to squeezing and 

partitioning of the drug from microsponges 

into the external aqueous phase leading to 

reduction in drug entrapment within the 

polymer vesicle. Same result was reported 

with olanzapine PLGA nanoparticles [36].  

Concerning the percentage yield, there was 

no significant increase between the three 

formulas upon changing PVA concen-

tration this may be due to the washing of 

PVA during microsponge collection where 

PVA removed during this step leaving few 

residual amount which has no effect on the 

net yield [37]. Therefore, 0.1% PVA 

concentration was selected as the optimum 

concentration in the external aqueous 

phase. 

Selection of the optimum formula of KT 

microsponge 

Upon subsequent evaluation for the 

variables used in this study; three 

formulations (F10, F13 and F14) were 

selected as the optimum formulas 

depending upon their highest entrapment 

efficiency and % yield. 

In vitro release of KT from the prepared 

microsponges: 

The in vitro KT release from the three 

microsponges formulas (F10, F13 and F14) 

was followed for (3 months) as seen in 

Figure 4. The drug release exhibited 

biphasic pattern described by initial release 

then followed by slow continuous release 

phase, the initial one expected to be due to 

the release of free drug available on the 

surface of microsponges [38].  

Formula (F10) with highest entrapment 

efficacy (EE = 76%) showed the lowest 

initial release (15%) within (35 days) in 

comparison to formulas (F13 and F14) and 

this initial release followed by slow 

continuous release reaching 74% within 90 
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days which may be attributed to the high 

viscosity due to high PVA concentration in 

addition to PLGA that creating small 

internal pores with high tortuous network 

that slow down the release of the drug from 

the internal pores of the microsponges [39,40].  

The initial effect of formula (F13) was 

about (17% within 35 days) followed by 

continuous release reached (63% within 90 

days). This could be due to the external 

aqueous volume of (F13; 300ml) which 

may cause increase in external pores that 

may lead to drug redistribution during the 

hardening step and located mainly close to 

the microsponge surface. The larger EAP 

volume may lead to less internal porosity in 

the prepared microsponges due to faster 

polymer precipitation [41] resulting in lower 

release in comparison with the two other 

formulas (F10 and F14).  

Formula (F14) showed the highest initial 

release approximately (21% within 15 days) 

and the release continued to reach (86% 

within 90 days). The reason is low PVA 

concentration in the external aqueous phase 

which provided more rapid release since the 

viscosity increased with higher PVA 

concentration in the external aqueous phase 

leading to difficulties for drug aqueous 

solution to diffuse out while low PVA 

concentration enhanced drug exchanging 

with the surrounding. Similar results were 

reported with FITC-BSA microspheres [42]. 

All these facts proposed that the micro-

sponge's porosity (external or internal) 

plays a significant role in restriction of drug 

release.

 

 
 Figure (4): The cumulative percent of in vitro KT microsponge release.

Conclusion: 
This work is suitable for ophthalmic 

application (implantation) due to the 

reduction of dose frequency as a result to 

sustained released up to 3 months so 

enhance patient compliance.  

Acknowledgment: 

The authors would like to thank 

Mustansiriyah University (www. 

uomustansiriyah.iq), Baghdad, Iraq for the 

support in the present work.  

 

References: 
1- Mandava SS, Thavva V. Novel 

approach: microsponge drug delivery 

system. International Journal of 

Pharmaceutical Sciences and Research. 

2012 Apr 1;3(4):967-980. 

http://www.uomustansiriyah.iq/
http://www.uomustansiriyah.iq/


Al Mustansiriyah Journal of Pharmaceutical Sciences, 2020, Vol. 20, No.3                 (Research article) 
 

 

AJPS (2020)  68 
 

2- Srivastava R, Pathak K. Microsponges: 

a futuristic approach for oral drug 

delivery. Expert Opinion on Drug 

Delivery. 2012;9(7):863-78. 

3- Badhe KP, Saudagar RB. A Review on 

Microsponge a Novel Drug Delivery 

System. Asian Journal of 

Pharmaceutical Research. 

2016;6(1):51-7. 

4- Wadhwa A, Mathura V, Lewis S. 

Emerging novel nanopharmaceuticals 

for drug delivery. Asian J Pharm Clin 

Res. 2018;11(7):35-42. 

5- Mohanty D, Bakshi V, Rashaid MA, 

Reddy TV, Dholakia NA, Babu AM. 

Design and in-vitro characterization of 

betamethasone microsponge loaded 

topical gel. International Journal of 

Pharma Research and Health Sciences 

Volume. 2016;4(2):1124-9. 

6- Shukla A, Garg A, Garg S. Application 

of microsponge technique in topical 

drug delivery system. Asian Journal of 

Biomaterial Research. 2016;2(4):120-

126. 

7- Obiedallah MM, Abdel-Mageed AM, 

Elfaham TH. Ocular administration of 

acetazolamide microsponges in situ gel 

formulations. Saudi Pharmaceutical 

Journal. 2018;26(7):909-20. 

8- Handley DA, Cervoni P, McCray JE, 

McCullough JR. Preclinical 

Enantioselective Pharmacology of (R)‐
and (S)‐Ketorolac. The Journal of 

Clinical Pharmacology. 1998;38:25-

35. 

9- British pharmacopoeia, 2011; 1: 654-

656. 

10- Uddin MN. A novel validated UPLC 

method for the estimation of ketorolac 

tromethamine in pharmaceutical 

formulation. Research. 2014; 1:1237-

1248. 

11- Patil VP, Devdhe SJ, Angadi SS, Kale 

SH, Phalke SD, Shelke SD, Patil RH. 

Validated Spectrophotometric Method 

for the Estimation of Ketorolac 

Tromithamine in Bulk and Tablets 

Using Ninhydrin: A Modified 

Approach. Asian Journal of Research 

in Chemistry. 2014; 7(1):19-24. 

12- Pistel KF, Breitenbach A, Zange-

Volland R, Kissel T. Brush-like 

branched biodegradable polyesters, 

part III: Protein release from 

microspheres of poly (vinyl alcohol)-

graft-poly (D, L-lactic-co-glycolic 

acid). Journal of controlled release. 

2001;73(1):7-20. 

13- Bhaskaran S, Suresh S. Biodegradable 

microspheres of ketorolac 

tromethamine for parenteral 

administration. Journal of 

microencapsulation. 2004;21(7):743-

50. 

14- Mathew ST, Devi SG, Sandhya KV. 

Formulation and evaluation of 

ketorolac tromethamine-loaded 

albumin microspheres for potential 

intramuscular administration. Aaps 

Pharmscitech. 2007;8(1):1-9. 

15- Ng SF, Rouse J, Sanderson D, 

Eccleston G. A comparative study of 

transmembrane diffusion and 

permeation of ibuprofen across 

synthetic membranes using Franz 

diffusion cells. Pharmaceutics. 

2010;2(2):209-230. 

16- Silva AF, Alves MA, Oliveira MS. 

Rheological behaviour of vitreous 

humour. Rheologica Acta. 

2017;56(4):377-386. 

17- Swaminathan S, Vavia PR, Trotta F, 

Cavalli R. Nanosponges encapsulating 

dexamethasone for ocular delivery: 

formulation design, physicochemical 

characterization, safety and corneal 

permeability assessment. Journal of 

biomedical nanotechnology. 

2013;9(6):998-1007. 

18- Raina B, Sharma A, Bajwa PS. 

Formulation evaluation and 

optimization of fast disintegrating 

tablets of ketorolac tromethamine. 

Jornal of Pharmaceutical Investigation 

. 2018;48(6):685–695. 

19- Kamble RS, Kajale AD, Bakade KP, 

Channawar MA, Chandewar AV. 

Formulation and development of 



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2020, Vol. 20, No.3                 (Research article) 
 

 

AJPS (2020)  69 
 

enteric coated dosage form using 

ketorolac tromethamine. International 

Journal of Pharmaceutical Research 

and Development. 2010;2(8):126-135.  

20- Devarajan PV, Gore SP, Chavan SV. 

HPTLC determination of ketorolac 

tromethamine. Journal of 

pharmaceutical and biomedical 

analysis. 2000;22(4):679-683.  

21- Kumar J, Muralidharan S. 

Development of Microparticle Loaded 

Gel ( MPLGs ) for Prolong Ocular 

Drug Delivery Containing Ketorolac 

Tromethamine. Journal of 

pharmaceutical science and research. 

2014;6(3):148–52.  

22- Mathew ST, Devi SG, Kv S. 

Formulation and Evaluation of 

Ketorolac Tromethamine-loaded 

Albumin Microspheres for Potential 

Intramuscular Administration. AAPS 

Pharmaceutics of Science and 

Technology . 2007;8(1):1-9.  

23- Jalil R, Nixon JR. Biodegradable 

poly(lactic acid) and poly(lactide-co-

glycolide) microcapsules: Problems 

associated with preparative techniques 

and release properties. Journal of 

Microencapsulation. 1990;7(3):297–

325. 

24- Leong TS, Martin GJ, Ashokkumar M. 

Ultrasonic encapsulation–a review. 

Ultrasonics sonochemistry. 

2017;35:605-614. 

25- Bhatt P, Lalani R, Vhora I, Patil S, 

Amrutiya J, Misra A. Liposomes 

encapsulating native and cyclodextrin 

enclosed paclitaxel: Enhanced loading 

efficiency and its pharmacokinetic 

evaluation. International Journal of 

Pharmaceutics. 2018;536(1):95–107. 

26- Cohen S, Yoshioka T, Lucarelli M, 

Hwang LH, Langer R. Controlled 

delivery systems for proteins based on 

poly (lactic/glycolic acid) 

microspheres. Pharmaceutical 

research. 1991;8(6):713-720. 

27- Bilati U, Allémann E, Doelker E. 

Sonication parameters for the 

preparation of biodegradable 

nanocapsules of controlled size by the 

double emulsion method. 

Pharmaceutical development and 

technology. 2003;8(1):1-9. 

28- Manchanda R, Fernandez-fernandez A, 

Nagesetti A, Mcgoron AJ. Preparation 

and characterization of a polymeric ( 

PLGA ) nanoparticulate drug delivery 

system with simultaneous 

incorporation of chemotherapeutic and 

thermo-optical agents. Colloids and 

Surfaces B : Biointerfaces. 

2010;75:260–267.  

29- Song X, Zhao Y, Hou S, Xu F, Zhao R. 

Dual agents loaded PLGA 

nanoparticles : Systematic study of 

particle size and drug entrapment 

efficiency. Sience Direct. 

2008;69:445–453.  

30- Lee J, Gwan T, Choi H. Effect of 

formulation and processing variables 

on the characteristics of microspheres 

for water-soluble drugs prepared by w 

/ o / o double emulsion solvent 

diffusion method. International Journal 

of Pharmaceutics. 2000;196:75–83.  

31- Gharehbeglou P, Jafari SM, 

Homayouni A, Hamishekar H, Mirzaei 

H. Fabrication of double W1/O/W2 

nano-emulsions loaded with oleuropein 

in the internal phase (W1) and 

evaluation of their release rate. Food 

Hydrocolliods. 2018;10(20):1-6. 

32- Meng FT, Ma GH, Qiu W, Su ZG. W / 

O / W double emulsion technique using 

ethyl acetate as organic solvent : effects 

of its diffusion rate on the 

characteristics of microparticles. 

Journal of Controlled Release. 

2003;91:407–416.  

33- Yang Y, Chung T, Ng NP. 

Morphology, drug distribution, and in 

vitro release profiles of biodegradable 

polymeric microspheres containing 

protein fabricated by double-emulsion 

solvent extraction/evaporation method. 

Biomaterials. 2001;22:231-241.  

34- Seju U, Kumar A, Sawant KK. 

Development and evaluation of 

olanzapine-loaded PLGA 



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2020, Vol. 20, No.3                 (Research article) 
 

 

AJPS (2020)  70 
 

nanoparticles for nose-to-brain 

delivery : In vitro and in vivo studies. 

Acta Biomaterialia. 2011;7(12):4169–

4176. 

35- Gizawy E, Sanaa A, Paul A. Effect of 

process variables on formulation, in-

vitro characterisation and subcutaneous 

delivery of insulin PLGA 

nanoparticles: An optimisation study. 

Journal of Drug Delivery Science and 

Technology. 2018;43:160-171. 

36- Chen L, Mei L, Feng D, Huang D, 

Tong X, Pan X, Zhu C, Wu C. 

Anhydrous reverse micelle lecithin 

nanoparticles/PLGA composite 

microspheres for long-term protein 

delivery with reduced initial burst. 

Colloids and Surfaces B: Biointerfaces. 

2018;163:146-54. 

37- Budhian A, Siegel SJ, Winey KI. 

Controlling the in vitro release profiles 

for a system of haloperidol-loaded 

PLGA nanoparticles. International 

Journal of Pharmaceutics. 2008 ;346(1-

2):151-159. 

38- Ibrahim MM, Abd-elgawad AH, 

Soliman OA, Jablonski M. 

Nanoparticle-Based Topical 

Ophthalmic Formulations for 

Sustained Celecoxib Release. 

PharmaceuticalNanotechnology. 

2013;102(3):1036–1053. 

39- Allison SD. Analysis of initial burst in 

PLGA microparticles. Informa 

Healthcare. 2008;5(6):615–628. 

40- Sun SW, Jeong YI, Jung SW, Kim SH. 

Characterization of FITC-albumin 

encapsulated poly (dl-lactide-co-

glycolide) microspheres and its release 

characteristics. Journal of 

microencapsulation. 2003;20(4):479-

488. 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

 

 

 

 


