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ABSTRACT

Tiaprofenic acid (TA) isapotent non-steroidal anti- inflammatory drug hav-
ing ashort half-life of 3to 6 hours. Administration of TA conventional doses
might prevail serious side effects, in addition to patient inconvenience. The
study aim at preparing TA solid dispersionsin the matrices of Eudragit RS
100 and RL 100 by coevaporation technique. The prepared solid dispersions
were characterized for their physicochemical properties, the in vitro drug
release as well as the analgesic activity using tail-flick method. The results
obtained showed that dispersion of thedrug in RS polymeric matrix resulted
inaretarding action on the drug release, while the dispersionin RL polymer
type dightly retarded drug release in higher polymeric weight ratios, due to
the greater number of quaternary ammonium functionson RL surfaces. The
IR and PXRD studies proved the homogeneous dispersion of TA in the
polymer matrices. Moreover, The maximum analgesic activity of TA-Eud
RS100 (1:3) coprecipitate was between 6.5 and 7 hours extended to 11 hours,
while the maximum analgesic activity of untreated drug was between 1.5 and
2h. © 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

Theterm solid dispersionisapplied to those sys-
temsin which adrug is homogeneously distributed
throughout asolid matrix. Dependent on matrix aque-
ous solubility, drug dissol ution rate can be either de-
creased or enhanced. Intermsof increasing drug solu-
bility, thematrix materid must bewater solubl€™. Solid
dispersgonsprepared usngwater-insolublecarriershave
been aimed at optimi zing pharmacokinetics and reduce
the gastrointestinal side effectsof severd drugs?.

Tigprofenicacid (TA) isan active agent having po-
tent analgesic and anti- inflammatory effectshaving a
short half-life of 3to 6 hours®. Like other NSAIDs,
theord adminigtration of conventional dosageformsof
TA causes systemic side effectsand gastric irritationf.
Desgningasudtained rdeaseformul ation of TAwill give
the opportunity to reduce drug dosing amount and fre-
guency and improve patient compliance.

In devel oping new drug delivery systems, many
studies have been carried out toinvestigate the influ-
enceof Eudragit acrylicresinson therelease of drugs
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from matrices™. The natureof drugsand polymers,
and their reciprocd interactions, sgnificantly influence
thedrug release pattern™-12, In particular, theincor-
poration and rel easeof non-steroidd anti-inflammeatory
drugs(NSAIDs) from RSand RL polymerswasshown
to be strongly dependent on the acidic nature of these
drugs, which alowschemicd interactions, physica in-
teractions, or both to occur with theammonium group
onthe RSand RL backbone™.

Theobjectiveof thiswork wasto prepareand char-
acterize TA coprecipitatesin different Eudragit poly-
mersviacoevaporation technique. Theeffect of drug
loading, polymer typeand polymer blend ontheinvitro
release of thedrug has been evaluated. The study was
also aimed to study the mechanism of interaction be-
tween Eud RSand Eud RL polymerswithTAusing IR
and X-ray spectroscopic techniques. Furthermore, the
analgesic activity of TA sustained rel ease copreciptate
compared to untreated drug has been studied using an
anima modd.

MATERIALS

Tiaprofenic acid (TA) was kindly supplied by
Aventis pharmaEgypt (Cairo, Egypt), Eudragit® RS
100 and Eudragit® RS 100 were kindly supplied from
Evonik Rohm Gmbh, Germany, Acetone and absolute
ethanol (95%) were purchased from EL-Nasr Co., Abu-
Zabal, Egypt, Other materialsand solventsare of re-
agent or analytical grade, and they were used without
further purification.

METHODS
Preparation of TA-Eudragit coprecipitates

Co-evaporation technique was employed to pre-
pare coprecipitates of TA with Eudragit RL 100 and
Eudragit RS 100. Different drug: polymer weight ratios
(1:1, 1:3 and 1:5) were used to prepare TA
coprecipitateswith the Eudragit polymers. Briefly, the
weighed amountsof TA (0.5 g) and Eudragit RSor RL
(0.5-2.5 g) were dissolved in 50 ml of a mixture of
absoluteethanol: acetone (1: 1). Thesolutionwasstirred
at room temperature for 20 minutes, and the solvent
wasthen removed under vacuuminarotary evapora-
tor, at amaximum temperature of 40°C. Solid residue

wasdriedinadesiccator for 24 hat room temperature,
pulverized and sieved (Sieve shaker, Rx-86-1, Cole-
Parmer Instrument Co., USA). Powder samples be-
low 420 pum (40 mesh) were stored in closed contain-
ersaway fromthelight and humidity until use.

Prepar ation of the physical mixtures

Samples having the same composition of the
copred pitateswere prepared by s mply mixingthetritu-
rated powdered drug and thetested Eudragit polymer
inaporcelain mortar. The mixtureswerethen sieved,
and the particles below 420 um were collected and
stored in capped amber-glass containers until use.

Deter mination of drug content

About 10 mg of each solid dispersion were dis-
solvedin 5ml of amixture of absol ute ethanol: acetone
(1:2). Tiaprofenic acid was determined spectrophoto-
metricaly (Double beam Spectrophotometer UV. 1601,
Shimadzu Co., Japan) at 325 nm. Themean of at |east
three determinationswascal culated. The polymersdid
not interferewith the absorbance of thedrug.

Invitroreease studies

Thedrug dissol ution experimentson TA-Eudragit
systemsor individua componentswere carried out by
therotating paddle method (Dissol ution test apparatus,
SR11 6 Fask, Hanson Co., USA). Theinvitrorelease
experiment were performedintriplicate at 37°C and
thedissolution mediawas 500 mL of phosphate buffer
sdine(PBS, pH 7.4).

The powder was spread over the surface of the
dissolutionliquid. At pre-set intervas, samplesof 5ml
were withdrawn through a pipette and filtered. The
samplewasdiluted to asuitablevolumewith the buffer
solution and the absorbance was measured at 316.5
nm. Equal volume of fresh dissolution medium,
prewarmed at 37°C, wasreplaced into the dissolution
medium so as to keep the volume of the dissolution
medium constan.

| R-Spectr oscopy

IR spectraof certain TA-Eudragit coprecipitates
and the corresponding physica mixturesaswell asthe
individual components were determined at arange
4000-400 cm-* using K Br disk method (IR-Spectro-
photometer, IR-476, Shimadzu Co., Japan). The
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sampleswereground, mixed thoroughly with KBr and
compressed at apressure of 6 ton/cm? using Shimadzu
SSp-10A IR compression machine.

Powder X-Ray diffraction (PXRD)

The X-ray diffractogramswere obtained using Jeol
XR Diffractometer (Jeol, Tokyo, Jgpan). Theradiation
sourcewasacopper (\=1.54184 A) high-intensity x-
ray tube operated at 35 KV and acurrent of 15 mA.
Thediffraction patternswereachieved using continu-
ous scan modewith 20 values ranging from 4-100 at a
rate of 4 degrees/minute.

Analgesic activity (Tail-flick analgesictest)

The analgesic activity of TA-Eud RS 100 (1:3)

coprecipitate of an expected sustained release action
was compared to that of untreated TA using Tail-flick
method as described by!*¥. Briefly, arat (Wister al-
bino) weighing about 200 gm wasfixed on atail-flick
analges meter with aportion of thetail, 10cmfromits
tip, exposed to heat from aprojector lamp. Thetem-
peraturefrom the projector was kept constant with the
adof digital thermometer for careful monitoring of the
temperature near theanima tail. A singlecontrol switch
smultaneoudy ectivated thelight and atimer. Thetimer
stops automatically when the exposed rat’s tail flicks.
Thetimeinterval between switching onthelight and
flick of thetail wasrecorded. A 30 scut-off timewas
used toavoidthermd injury. Thesustained release TA
coprecipitate (TA-Eud RS 100 1:3) wassuspended in
digtilled water containing 0.5% wi/v carboxymethyl cdl-
lulosethenadministered oraly at adose of (15mg/kg)™.
Untreated TA wasdissolved in distilled water contain-
ing 0.5% wiv carboxymethyl cdluloseand givenordly
at the same dose to another rat. Tail-flick test was
darted at Otimeafter administration of ora TA, andthe
test wasdoneevery 30 minfor 11.5 h (690 min). Con-
trol group was administered the samevolume of dis-
tilled water.

RESULTSAND DISCUSSION

Invitroreease studies

To study theimpaction of Eudragit typeand weight
ratio with TA on therelease characteristics of thedrug
from TA - Eudragit coprecipitates, different drug: poly-

—== Fyl] Paper

100 - /’_
804 |
|
|
|
ﬁ ﬁO-‘|
&
v |
. |
E N ll —o—TAalone
32 | -&-TAI11RS
ll —4TA1:3RS
\
20 | "
| o
'l r---—i::::‘::_‘:;:______‘___
;;l::::: g
e |
Ol/l I I I ‘ T 1
0 60 120 180 240 300 360
Time (min)

Figurel: Invitrorelease pattern of TA from Eud RS 100
copr ecipitatesin PBS (pH 7.4) at 37 °C.
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Figure?2: Invitrorelease pattern of TA from Eud RL 100
coprecipitatesin PBS (pH 7.4) at 37°C.

mer ratios were prepared for each polymer. There-
lease profilefrom such coprecipitatesin PBS (pH 7.4)
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isplottedin Figure1 and 2. Untreated TA exhibited a
faster releaseratein which 85% of the drug released
after 15 minutes, and the drug exhibited a96% rel ease
after 45 minutes. However, dispersion of TA in the
matricesof Eudragit RS 100 showed astrong retarding
action on the release rate of the drug, Figure 1. The
drug showed 20.12% and 16.72 % releasefrom TA L.
1RS 100 and TA1: 3RS 100 coprecipitates, respec-
tively, after 360 minutes.

In contrast, thedispersion of TA inthe matrices of
Eudragit RL 100 resulted in different retarding action
onthedrug release. Thedrug exhibited 100% release
ratefromits 1:1Eeudragit RL coprecipitate after 120
minutes, whileTAL: 3 Eudragit RL coprecipitatere-
lease 98.59% of theloaded drug after 360 minuteswith
agraduaterel ease dong the experiment time, Figure 2.

Thedispersion of thedrugin the polymer matrices
strongly influenceditsdissol ution rate, which appeared
slower and more gradua than that of the puredrugs,
whileincreasing the polymer ratios. RL coevaporates
usudly displayed higher dissolution ratescompared to
those observed in case of RS ones. Thismight be be-
cause of thegreater quaternary ammonium group con-
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Figure3: Invitroreleasepattern of TA from coprecipitates
prepar ed from different Eudragit RSRL blendsin PBS (pH
7.4) at 37 °C.

tentinthe2 materials. RS polymer isonly dightly per-
meableto water; hence, drugreleaseisreatively re-
tarded with respect to the freely permeable RL %16,
Ibrahim et al*? prepared ketrolac tromethamine solid
dispersonsinthematricesof eudragitsRL 100 and RS
100. They found that thein vitro release resultsindi-
cated that the dispersions made of pure Eud RSexhib-
ited adower rel ease when compared to those prepared
using RS/RL blends. They arrtibuted these findings
Eudragit RL hashigher water permesbility than Eudragit
RS dueto the higher quaternary ammonium content of
RL type.

Other TA coprecipitateswere prepared by dispers-
ingthedrugintwo blendsof Eud RS 100-Eudragit RL,
namdy 1: 2and 2: 1. BlendingRL: RSresultinimprov-
ing thedrug releasein comparisonto pure Eudragit RS
100 dispersions. TA showed 53.75% and 62.35 % re-
leased from RS: RL 1: 2 and 2: 1 coprecipitaes, re-
spectively, at theend of rel ease experiment, Figure 3.
Howevr, on comparing thedrug releasefrom thesetwo
systems, thedifferenceissaid to beinsgnificant.

Kinetic assessment of thein vitro release of TA
from theprepared Coprecipitates

Inorder to determinetherelease model which best
describesthe pattern of drug release, thein vitro re-
|ease datawerefitted to zero order, and diffusion con-
trolled release mechanismsaccording to thesmplified
Higuchi modd*.

The preference of acertain mechanism was based
ontheroot mean square of theresiduals (RSS) for the
parametersstudied, wherethelowest RSSispreferred

TABLE 1: Kinetic modeling of TA release from different
solid dispersions

Zeroorder Higuchi diffusion
model model
For mula o
r RSS r RSS

value

TA aone - - - - -
TAL1EudRS 0979 137 0997 054 0.576
TAL13EudRS 0980 1.12 0997 0.47 0578
TAL1EudRL 0928 14.35 0.998 2.69 0.466
TAL3EudRL 0933 12.67 0989 532 0.554
IéLl: 2BUWRS: 977 413 0993 232 0.696
;é‘l_t 1BWdRS: 068 464 0983338 0517
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for the selection of mechanism of releasd™®, TABLE 1.
Successiveevidenceof therelaivevdidity of diffusion
and zero order models obtained by anayzing the data
using thefollowing equation of{1%29,

Mt/M8=K.t"

Where Mt/M8isthefraction released by thedrug
at timet, K isaconstant incorporating structural and
geometric characteristic and nistherel ease exponent
characteristic for thedrug transport mechanism. When
n=0.43, Fickian diffusonisobserved and therelease
rateisdependent ont, while0.43<n<1.0indicates
anomal ous (non-Fickian) transport and whenn =1,
thereleaseiszero-order. Therecorded valuesof nwere
found to belocated in the range 0.466-0.696, which
indicatestheanomal ous (non-Fickian) transport.

Physicochemical characterization of solid disper-
sions

Thephysicd changesof KT dispersedinthe matri-
cesof Eudragit polymer as coevaporate was studied
using IR spectroscopy and x-ray diffraction techniques.
The corresponding physical mixturesweretested asa
reference.

| R Spectroscopy

In order to characterize possibleinteractions be-
tween the drug and the polymeric carriersinthe solid
state, infrared spectrawere recorded for TA-Eud RS
and TA-Eud RL systems as well. Figure 4-1 (A-D)
demonstrates IR spectraof theuntreated TA, Eud RS
100, TA-Eud RS 100 coprecipitate (1:3 weight ratio
of drug: polymer) and the corresponding physical mix-
ture. Two bandswere observed at 3440 cm* (broad)
and 1722cm-* (sharp) which are corresponding to O-
H and C=0 stretching vibrationsof TA, Figure4-1A.
The characteristic TA C=0 band at 1722cm* could
not be further detected in the IR spectrum of
coprecipitate, Figure4-1 C, but arestill presentinthe
IR spectrum of the corresponding physica mixture, Fig-
ure4-1D. Thedisappearance of TA absorption bands
inthe IR spectrum of the coprecipitateisin accordance
with datarevealed inthe x-ray studiesthat proved the
homogeneousdispersion of TA in Eud RS 100 matrix.
Thisfindingisinaccordanceto that observed by who
found that thefourier transforminfrared spectroscopy,
differential scanning calorimetry and powder x-ray
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Figure4-1: ThelR spectraof (A) TA; (B) Eud RS 100; (C)
TA: Eud RS100 1:3 physical mixtureand (D): Eud RS100
1:3 coprecipitae.

[R-EL
el __,\1":/ ) D
.(‘V
e B %, | i J'v. .!",)u r,c\‘ﬂ’ ’,.r" ¥ )ir .‘, \v{_rm\!w{' C
S .ai b ) :
- '
.\f/ ;
| T L B
\J_.ﬁ" = \,P({
= ‘..v J
\J
b ol =
i M ) Y
N/ nA
=
r T L T =
3000 2000 1800 1000 500

Figure4-2: ThelR spectraof (A) TA; (B) Eud RL 100; (C) TA:
Eud RL 100 1:3 physical mixtureand (D): Eud RL 1001:3
coprecipitae.

diffractometry confirmed that thediclofenac sodiumwas
reduced to molecular or microcrystallineforminthe
hydrophobic polymeric matrices, which could bere-
spons blefor thecontrolled drug re eesefromitsEudragit
RSand RL soliddispersions.

Powder X-Ray diffraction (PXRD)
To get further evidence on the solid state changes,
ey, Research & Reotews On
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the powder XRD patternsof TA binary (1: 3) systems
with Eudragit RS 100 and Eudragit RL 100 are shown
inFigure5-1and 5-2, respectively.

PXRD analysisof pure RS polymer istypical of
amorphous materids, Figure 5-1 B. The presence of
numerous distinct peaksin the x-ray diffraction spec-

ie. 51 /'

D

10 20 30 40 05

28
Figure5-1: Powder x-ray diffraction spectraof (A) TA; (B)
Eud RS100; (C) TA: Eud RS 100 1: 3 physical mixtureand
(D): Eud RS100 1: 3 coprecipitae.

Fig5-2 i\

10 0 30 40 50

28
Figure5-2: Powder x-ray diffraction spectraof (A) TA; (B)
Eud RL 100; (C) TA: Eud RL 100 1:3 physical mixtureand
(D): Eud RL 100 1:3 coprecipitae.

trumof TA indicatesthat thedrugispresent asacrys-
talinematerid with characteristic diffraction peaksap-
pearing at diffraction angelsof 20 at 15.52A°, 17.53A°,
21.85A°, 22.38A° and 23.93A° withrelativeintensi -
tiesof 75, 40, 44, 100 and 90 respectively, Figure 5-
1& 5-2.

The spectrum of TA-Eud RS100 (1:3) solid dis-
persion (Figure5-1: D) showed acomplete disappear-
anceof thedrug diffraction peaks, with an exception of
thediffraction peak at 23.93A°, which still appear un-
changed. Similarly, TA-Eud RL100 (1:3) solid disper-
son (Figure5-2: D) exhibited the sameprevious x-ray
diffraction profile. Thecorresponding physical mixtures
displayed ahigher degreeof crystdlinity intheir PXRD
spectra, but dwayslower than thetheoretical amount
of dispersed drug (Figure 5-1 C& 5-2 C). There-
corded relativeintengitiesof the characteristic diffrac-
tion peaksin case of TA-Eud RS100 (1:3) physica
mixtureare 65, 48, 44, 62 and 59, whereasthosere-
corded in case of TA-Eud RL100 (1:3) physical mix-
turewerefoundto be 58, 49, 40, 57 and 52. Thedis-
gppearanceof themogt TA crystaline pesksinthedrug-
Eudragit coprecipitates suggeststhat TA undergonea
microcrygtdlizationinthe Eudragit matrix whenthedrug
concentration overcomesitssolubility inthe polymertt,

—+— Tiaprofenic acid

244 U —&— T Eud 1.2 Coppt

N 1
v
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W M T

1

Duration time [(Sec)

Y Y
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Figure 6 : Tail-flick analgesic test of TA-Eud RS 100 1:3
coprecipitatecompared to untreated TA.
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Tail-flick analgesic test of Tiaprofenic acid Solid
digpersion preparations

Fromtherat tail-flick test (Figure6), the sustained
release TA-Eud RS 100 1:3 coprecipitate showed a
more prolonged anal gesi ¢ effects compared to that of
untreated drug powder. Theduration of action wasex-
tended from (4.5 hours= 270 min) in case of untreated
drugto (10.5 hours=630 min) in case of thesolid dis-
persion formof Tiaprofenic acid. It could be observed
fromtheF guretha themaximum andgesicactivity TA-
Eud RS 100 1:3 coprecipitate was found to range be-
tween 6.5 and 7 hourswhilethe maximum analgesic
activity of untreated drug was between 1.5 and 2 hours
after itsadminigration.

CONCLUSION

Thisstudy showsthat itisfeasibleto control TA
releasefrom Eudragit solid dispersionsdependingin
the polymer nature and the drug concentrationinthe
coprecipitatesaswell. In addition, the drug-polymer
interaction may play animportant rolein controlling the
drug rel ease from such coprecipitates. Also, TA-Eud
RS100 coprecipitate exhibited aprolonged analgesic
activity indicating that formulation of TAinasustained
released formisbeneficia not only in reducing dose
frequency but dsoinminimizing the severity of TA ad-
versereactions.
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