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Abstract

Etodolac is a member of the group of non-steraadditinflammatory drugs (NSAIDs) with
analgesic and anti-arthritic properties. Etodolasgess a physicochemical properties that
make it a suitable candidate for transdermal deliyeky, since using the transdermal route
increases patient compliance, avoids first-passibodism, and maintains the plasma drug
level for a longer period of time. Microemulsion asdrug delivery systems capable of
solubilizing poorly water soluble drugs as weltlasir enhancement of topical and systemic
availability. The aim of the conducted study wasd&velop an effective percutaneous
delivery system for etodolac since it characteriagdow water solubility and undergoing
hepatic catabolism in the way of improve drug disson and its bioavailability. Etodolac
microemulsion formulas were prepared using phdssitn method by plotting of pseudo
ternary diagram using 30% anise oil as internakph80% emulsifiers (tween20/ethanol)
(5:1 /1:1 /1:0) and 40% weight ratio of distillecater as the outer phase. The blanks and
etodolac-microemulsions formulations were evaluaiée obtained characterization results
for the prepared microemulsion formulas were; dgles size range (7.92 t019.9 nm.), PDI
values in the mid-range poly-dispersity (0.11728), FTIR studies indicates absence of any
type of chemical reaction between the active dmd e excipients and the estimated
viscosity values for etodolac microemulsion fornsudad their blanks were inversely related
with the amount of co-surfactant in the S.mix..dfliyn it was concluded that the prepared
microemulsion formulas of etodolac succeeded toravg solubility of the drug and
protecting the drug against enzymatic degradatiod exidation, also its membrane
permeability was enhanced too.
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Introduction

Etodolac is a selective cox-2 enzyme inhibitorbdtongs to the non-steroidal anti-
inflammatory agents (NSAID) which possess antianfmatory, analgesic, and anti-
pyretic activities. It is used mainly to relief thmaatoid arthritis and osteoarthritis.

It has a molecular formula of (C17H21NO3) with a lecolar weight of
287.35g/mol.[1]. Etodolac classified as class-Itading to the Biopharmaceutical
classification system (BCS)[2], so that charactstiby slight agueous solubility and
rapid permeation rate. It is insoluble in water ahdood solubility in organic solvents
like methanol, ethanol, dimethylsulfoxide [2]. Etdalc present as a white crystalline
powder that melt near 154°C[3] with a partition ffieeent of (n-octanol: water) 11.4
at pH 7.4 (highly lipophilic) and a single ionizeldroup of pKa= 4.65[2] as shown in
the figure(1l). The elimination half-life of Etodaldas 7.4 hours[4]. Etodolac has
extensive liver metabolism[5].

Etodolac

Figure (1): Chemical structure of Etodolac [6].

Microemulsion system described as transparent, ptwagic, optically isotropic and

thermodynamically stable colloidal dispersion systeconsist of two immiscible

liquids, such as oil and water with the aid of armpphic molecules and co-solvent,
their droplet size between (5-200 nm.)[6]. Microdésinn system is easily and
spontaneously formulated, since its (interfacialsten) or kinetic energy that is
retarding system formation have been overcome[His Tsystem possess high
solubilizing capacity, protection of the active dgragainst oxidation, enzymatic
hydrolysis and it is considered as thermodynamjcsthble system that do not show

2



Kerbala journal of pharmaceutical sciences. No. (16) 2019 (16 ) 2aall &Y auall o slall £ < dlas

phase separation or altering in the droplets svae tme[8]. Microemulsion system
divided into 3 types; oil-in-water (O/W), water @il (W/O) and bi-continuous type
system. Microemulsion system is a highly dynamgtemy that undergoes spontaneous
fluctuations continuously[9]. Percolation phenomembaracteristics microemulsion
system that a phase inversion from (W/O) to (O/Veymccur when its aqueous content
increased which can easily detected by estimafi@teatrical conductivity of its outer
surface[7].

Microemulsion system composed mainly from: (oil ghawater phase, surfactant
and/or co-surfactant) that the colloidal droplets @espised in a continuous medium
which are tied together by the use of surfactadt@rco-solvent[9]. Percutaneous flux
for medication is easily and more convenient by thetients, avoiding GIT
deteriorations of drugs, reducing drug dosing aeduencies of administration, and
maintaining a potential control of the drug rel¢&6¢

Materials and methods

Materials

Table (1): The materials used in this study and theppliers.

No. The materials The Suppliers
1. | Etodolac Shenzhen lodi chemical ddd. China
2. | Anise oll Bar-sur-loupgrasse(A.M) France
3. | Ethanol Grin land chemical co. UK
4.| Tween 20 Hi media Lab. Pvt. Ltd. India
5. | Methanol GCC. analytical reagent. UK
6. | Monobasic Sodium Phosphate  Hi media Lab. Pvt. lndia
7. | Dibasic Sodium Phosphate Hi media Lab. Pvt. utdid
8. | Oleic acid Lobal. Chemical Lab. Ltd. India
9. | Olive oil Bar-sur-loupgrasse France
10. | Propanol Solvchem UK
11. | Iso-propanol Solvchem UK
12.| PEG-400 Hi media Lab. Pvt. Ltd. India
13.| Tween 80 Grin land chemical co. UK
14.| Span 20 Fluka AG, Chemische Fabrik, CH-Buchs
SG
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The instruments

Table (2): The instruments used in the study aed thanufacturers.

No. The instruments The manufacturers
1. | Differential scanning calorimetry (DSC) DSC-&himadzu , Japan
2. | Fourier transform infrared spectroscopy IRPrestige-21, Shimadzu , Japan
(FTIR)

3. | UV-Spectrophotometer Sco tech, spuv-26, Germany
4. | Electronic balance Denver Instrument, Germany
5. | Water bath shaker Memmert, W. Germany
6. | Sonicator Copley Scientific 2200E, U.K.
7. | pH-meter Hanna Instrument, Italy
10. | Centrifuge universal 320 R Hettich. Germany
14. | ABT-9000 Nano Laser patrticle Size analyzer Amgs Advanced Inc. USA
15. | Conductivity meter Hanna Instrument, Italy
16. | Hot plate stirrer CB 162 Stuart .UK.

Methods

Pre-formulation studies

Determination of melting point

The exact melting point of etodolac powder andcitgstallization status can be
estimated using Differential Scanning CalorimetBSC) technique which detects
thermo-tropic property of the sample that are givemJ/second.

Fourier Transform Infrared (FTIR) Spectroscopy

FTIR technique have been used for the estimatioth@fvibration frequency of the
functional group of the etodolac sample by the aisa detector cell with scanning
between (4000 and 400¢in

Determination of solubility

According to the method described by Higuchi & Coarsn1965, saturated solutions of
etodolac powder in different media (D.W., methaethanol, propanol, iso-propanol,
PEG 400, phosphate buffer pH 7.4, anise oil, adeid, tween 20 and tween 80) were
achieved using an excess of drug powder that waedaid (10ml) of each medium and
put in a water bath shaker for 48 h. aP@7Each withdrawn solution was filtered
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(45um.) and diluted. Finally, it was spectrophottnoally measured at the detected
Amax. While for the estimation of solubility of etéc in anise oil, oleic acid, tween
20 and tween 80. The same described above stepsmagte and the solutions of the
drug in these media were properly diluted by thepeetive organic solvents and
etodolac amounts were spectrophotometrically evadliat the detectddnax. in each
organic solvent.

Phase Diagram Construction and Microemulsion SysterRormulation

A drop-wise method with water by the use of psetetnary diagrams was followed;
in which five pseudo-ternary diagrams were devedopé certain oil and S.mix (5:1,
1:1, 1:5, 1:0 and 0:1) weight ratios for each ddime homogenous and transparent
mixtures of anise oil with (Tween 20: ethanol) atios of (1.9, 2:8, 3:7, 4.6, 5:5, 6:4,
7:3, 8:2 and 9:1) were formed by gentle shakingth&tend, each mixture was titrated
with water and visually inspected for optical dgrhomogeneity and fluidity.

Preparation of microemulsions and Incorporation ofdrug powder

A drop-wise method with water by the use of psetetoary diagrams was followed,;
in which five pseudo-ternary diagrams were devedopé certain oil and S.mix (5:1,
1:1, 1:5, 1:0 and 0:1) weight ratios for each ddme homogenous and transparent
mixtures of anise oil with (Tween 20: ethanol) aios of (1:9, 2:8, 3.7, 4.6, 5.5, 6:4,
7:3, 8:2 and 9:1) were formed by gentle shakingth&tend, each mixture was titrated
with water and visually inspected for optical dgrihomogeneity and fluidity. A
homogenous clear microemulsion formulas contaitigdrug was obtained when
(400mg)of etodolac powder was added to the sligntigted(40£5°C) and previously
weighted oil phase (anise oil + S.mix). Water wddeal by titration method after
cooling (of previously components) to about (30£5%@th the aid of hand shakirg
the total weight of each formula (10 gm).

The second part of this study involve the detectibthe required amount of different
types of S.mix. to produce microemulsion when iasezamount of oil, for the both;
the blank (of similar constituents) and loaded wecnulsion formulas.

Thermodynamic stability assessment for screening dEtodolac microemulsion
formulas

The centrifugation test
This test was done by centrifugation of each sarfgol€30min.) at (5000 rpm).
Heating-cooling test

For each temperature, the tested samples wera&elgiss than 48 h. This test involves
subjecting of the tested samples to six cyclesdilbation at (40 and 46).

Freeze—thaw cycle test

In a triplicate way, the samples have been keptdth. at (-28C), then at room
temperature for other 48 h.

Characterization of the selected microemulsion formlas
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The selected microemulsion formulas that passhibertodynamic assessment were
exposed to numerous evaluation tests:

pH determination

The pH-digital meter was used to measure pH valdleeoblank and loaded
microemulsions in triplicate at room temperature.

Electrical Conductivity

This test was carried out using conductivity meti@estimate the type of continuous
phase of the prepared microemulsion formulas (béantkloaded). It was performed
in triplicate

The Globule size determination test

The light scattering technique was applied at 28f@e ABT-9000 Nano laser particle
size analyzer to measure the droplet size rangetheofprepared microemulsions
formulas (blank and loaded).

The poly dispersity index assay

This test was applied for detection of the unifatistribution of the droplets within
the dispersion, the lower values estimate a highdormity of globules size.

FTIR study

FTIR spectra were taken for row etodolac powdemblmicroemulsions, loaded
microemulsions to exclude presence of any chermoadactions.

In vitro permeation /release studies

These studies were achieved by the use of Frafusiih cells with synthetic dialysis
membrane between the donor and receptor compadna¢r27+ 0.8C. Phosphate
buffer pH 7.4 was used as receptor fluid in volurh€100 ml) with stirring. 2 mL-
sample was with drown up to (24 h.) from the recefitiid and replaced with the same
volume of phosphate buffer. Samples were colleaded analyzed using UV-
spectrophotometer.

Statistical studies

The data analysis of the experiments was expressee mean of the triplicate samples
+ standard deviation (STDEVA).

Results and Discussion
Pre-formulation studies (etodolac powder assay)
Determination of Melting Point

The estimated melting point of etodolac powder w&asharp endothermic peak at
154.6C, which is in agreement with the references [t tndicated the purity of drug
powder.
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Figure (1): DSC thermogram analysis of Etodolac powder

Fourier Transform Infrared (FTIR) Spectroscopy

The chemical nature of raw material of etodolac wreeracterized by similar vibration
frequencies of the functional groups that detetigdipak D. et al 2017[5]. Powder
etodolac were identified by the weak peak (N-Htshimg vibration) of secondary
amine was around (3340ci) aromatic C-H stretching vibration was near (396}
carbonyl C = O stretching vibféion was around(1739ch), aliphatic C-H
asymmetrical and symmetrical stretching vibratisese around (2972 and 2931¢n
respectively, the O-H bending was(14119nC-O stretching was (1033chand the
C-O stretching band appear at(1262¢m
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Figure (2): FTIR — spectra of Etodolac

Determination of solubility of Etodolac

Anise oil was selected(as the oil phase) becauseatds higher solubility value among
the other oils that have been screened since balgissolved amount of the drug will
be able to cross the skin, tween 20 provides lamgeroemulsion areas compared to
tween 80 (on the base of the HLB-values) so thaetw20 was selected as surfactant
to form stable system[12]. Ethanol was selected as-solvent because of its short
carbon chain length that required to maintain fddiy of the curvatures of the
interfacial film, higher solubilizing value thanhatr co-solvents, more safety, and it is
less viscous than PEG 400[13]. Table (3) showshbddl values of etodolac in
different media
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Table (3): Saturated solubility of etodolac in diferent media

No Media type Solubility (mg/ml)
1. Water 0.0393125 + 0.021
2. Anise oll 5.743 £ 0.065
3. Oleic acid 0.06 +0.033
4. Tween 20 0.166 + 0.041
5. Tween 80 0.183 +£ 0.055
6. PEG-400 1.942 + 0.029
7. Methanol 27 +0.053
8. Ethanol 25.3+0.051
9. Propanol 14.646 £ 0.081

10. Iso-propanol 11.709 + 0.046

11. Phosphate buffer pH 7.4 0.48 + 0.087

Phase Diagram Construction and Microemulsion Systerormulation

Only the translucent, clear, single phase of lowcesity mixtures represents
microemulsion boundary regions in the pseudo-tgrdagrams. As shown in Figure
(3) various weight ratios of (tween 20: ethanolysveisplayed in the ternary plots.

Termary plote of S mix. (1:1) Ternary plot of S mkx.(S:1)

Figure (3): Phase diagrams of (Oil-S.mix-H20 systejrat different (tween 20:
ethanol) ratios of (1:0, 1:1, 1:5, 5:1and 0:1)
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It was observed that when the amount of (tweenrdgased, the microemulsion area
increased, ethanol able to produce the smallestertulsion area when used alone
and the biggest isotropic area was achieved wheart20 was five parts greater than
Ethanol. . Therefore, eighteen sample within tiheaey/-triangle of the S.mix.(1-5) and
(0-1) were discarded and neglected because thegupeothe smallest area of
microemulsions, the recorded observations meet thdahdescribed by Lianli Li et al
2002[14].

Preparation of Etodoalc microemulsions

Regarding phase diagram, only twenty seven blamkdtas were succeed to construct
microemultion system. These formulas were loadegtbgiolac powder (400mg) firstly
then subjected to the study of the amount requiocegroduce successful etodolac
microemulsion by changing the amount of oil withine system. The results of this
study were illustrated in table (4) as below.

From table (3-2), it was obvious that the amourtingfen 20 in different S. mix. types
was the determinant factor to produce microemulsiod this was corresponding to
concentration of surfactant monomers required scheCMC to produce a stable
system of microemulsion[15]. The selection of taeleformula was made on the bases
of the concentration of oil required to solubilitee drug and the corresponding of
different types of S.mix (20% and 30%w/w) were ggtoto emulsify the oil phase with
water.

Table (4): The results of Incorporation of Etdolacpowder within the blank
microemulsion formulas

Formula code Result Formula code Result

F1 -ve F24 +ve
F2 -ve F26 +ve
F4 -ve F27 +ve
F6 +ve F29 +ve
F7 -ve F31 -ve
F9 +ve F32 -ve
F11 +ve F34 -ve
F12 +ve F36 +ve
F14 +ve F37 -ve
F16 -ve F39 +ve
F17 -ve F41 +ve
F19 -ve F42 +ve
F21 +ve F44 +ve
F22 -ve




Kerbala journal of pharmaceutical sciences. No. (16) 2019 (16 ) 2aall &Y auall o slall £ < dlas

Fifteenisotropic and low viscoumicroemulsion system were successfully prepared
(signed by+ve symbols) and providing single-phase.

Thermodynamic stability assessment for Screening &todolac micro emulsion
formulations

These series of study were conducted to evaluatehlysical stabilities of etodolac
loaded micro emulsions and their blanks. Thesesststudies demonstrated that
temperature have a drastic effects on the physieddilities of the microemulsion
formulas. This may because of dehydration of stafats ethylene oxide chains upon
increase the temperature and then induction ofibhgndstabilities at the interface of
the microemulsion which was contribute as sepamaifalispersions or aggregation of
the colloidal droplets resulted from the un-equililn state in the Gibbs free energy of
the colloidal dispersions[16]. Therefor only thifeemulas (F41, F42 and F44) with
their blanks passes these tests.

Characterization of the selected Etodolac microemslons
pH determination test

the measurepH values for the microemulsion formulas and thé&anks werenear the
physiological skin-pH4 to 7)[17] shown in the Table(5). It was obsertlest the acidic
nature of the drug affected the resulted valuesi@ino the results obtained Iy
Monteagudo et al 2012)[18].

Table (5): pH values of Etodolac microemulsion formalas and their blanks.

Formula pH (Blank) pH (Loaded)
code
F41 5.6 +0.06 5.05+0.08
F42 5.55+0.03 5+0.02
F44 5.57 £ 0.07 5.1+0.05

Electrical Conductivity

The obtained data for the blank formulas and fodetac microemulsiorseen in Table
(6) provide information that the continuous phases water ((o/w) type ) and that the
drug loading proses not indupkase inversion of microemulsions[9].

10
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Table (5):Conductivity values of Etodolac microemuions formulas and their

blanks
Formula | Conductivity in uS/cm (Blank) Conductivity in uS/cm
code (Loaded)
F41 50+1.02 45+ 2.03
F42 35+1.12 40 +1.25
Fa44 66 + 0.7 50 +£0.32

The Globule size determination

The readings were predominantly in the nano-lef’/€520 nm) for both the blank and

loaded formulas, as shown in Table (6). Etodolacroemulsions were with slight

enlargements in the mean size of the globule,tieatipophilic nature of the etodolac

directed the drug towered the oil core of the maanalsion. Such observations were
also detected by E.Monteagudo et al 2012[18].

Table (6):Values of globule size range (in nanomedefor Etodolac
microemulsion formulas and their corresponding blarks

Formula Code Blank microemulsion Etodolac microemuion
F41 5-5.61 15.8-19.9
F42 9.97-11.1 12.5-17.7
F44 5-7.06 7.92 -9.97

The polydispersity index assay (PDI)

Generally, PDI - values less than 0.3 indicates ad@perse pharmaceutical
nanoparticles [19]As seen in Table (7), we conclude the presence idframge
polydispersity quality of etodolac microemulsionfulas, While, blank formulas were
of mono-disperse quality.he PDI-value of empty and loaded miceroemulsioasew
decreased as the tween20 concentration increasesl.dita were also detected by
Hélder D. et al 2015[20].

Table (7): poly-dispersity index (PDI) values of Ebdolac microemulsion
formulas and their corresponding blank formulas.

Formula Code PDI (blank) PDI (loaded)
F41 0.011 £ 0.02 0.186 +2.01
F42 0.05+1.01 0.28+1.3
F44 0.007 £1.03 0.117 +£1.04

11
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FTIR study

As shown in the Figure 2 (etodolacs™ spectra) dred RTIR-spectra of the final
microemulsion formulas(F41, F42 and F4hgre was no disappearance of existing
peaks nor appearance of new once related to tdelatis peaks
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Figure (4): FTIR- spectra of loaded microemulsion B1
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Figure (5): FTIR-spectra of loaded microemulsion F2
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Figure (6): FTIR-spectra of loaded microemulsion F4

The N-H vibration frequency of etodolac at (3340%%wwas overlapped with the broad
band of the hydrogenated (-OH) that appears at4(33374 and 3375 cf) in the
formulas (F41, F42 and F44), The characteristibaayl was appear at the (1726&m
with slight shifting by the effect of intermolecullaydrogen bond formation in relation
to the surrounding environments, the appearantieeo€-H stretching of the -CH3 in
their ranges within the formulations and the renmgjof both the O-H alcohol bending
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and C-O Stretching vibrations in their specializgds at the range of (1450-1300cm
1y and (1300-1000 cr) respectively. All the above evidences confirm dsence of
any chemical reactions. These observations weeedgwith that reported by Kirolos
R. et al 2018[21].

In vitro permeation /release studies

The obtained results of these study were carrigdirodriplicate for the prepared
etodolac microemulsion (F41, F42 and F44 ), andagxgd in Figure (7).

Many observations have been recorded; retardatiogtamlolac dissolution noticed
when tween 20 concentration was (30%) in F44 aaddlease process was reduced,
but the release of etodolac from the system wasa&sed when the co-solvent (ethanol)
ratio was increased. Other observation was thatiheoemulsion system maintaining
a prolonged etodolac release through its abilityetain the lipophilic drug within its
internal oil phase of the system. We can see ttoalokac as microemulsion was of
faster release when compared with etodolac emuttdsage form, this may be due to
the difference in the solubilization abilities be®n two systems and another factor
may be contributed which was the reduction of pkrtsize of etodolac when prepared
as microemulsion because it increases the surfaeeéparticle toward improvements
of the dissolution rate and fluidity. These resweye also reported by Mona G. et al
2017 [22].

120
N
@ 100
©
% 80 == Ftodolac emulsion
3 60 ——ME-F41
= 40 ME-F42
E —— ME-F44
E 20
(8}

0

0 5 10 15 20 25

Time hr

Figure (7): Comparison of the release profiles ofite prepared etodolac emulsion
and microemulsion formulas.

Conclusions

1. Microemulsion systemsuccessfullyncreases the solubility of etodolac (poorly
water soluble drug).

2. Isotropic,stable and low-viscous o/w microemulsion system w@sstructed
using (tween20 and ethanol) / anise oil / watehwvithe ratio of (30:30:40).

3. Etodolac loading possess was achieved successfntyall the formulated
etodolac-micro emulsion has a particle size ocdthimthe Nano-level.

4. There was no etodolac-excipiecitemical interaction in the preparation of
etodolac microemulsion.

5. The temperature have a drastic effect on the phlysi@bility of etodolac-
microemulsion formulations.

6. The increase in the amount of tween20 increasesvigmsity of micro
emulsion, while the amount of ethanol has inversece by their ability to
increase wettability and fluidity.

13
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7. Etodolac microemulsiongotentially maintaindaster permeation (rapid onset
of action) and F44 was tdnger release time than others.
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