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Fudragi polymeric (ilms were imy estig
¥ e of salicylic acid have been examined. The fi)
" o 10 witro release of drug from cach film into a 1
A . . .

" indicated that the [ilm containing Eudragit polymer and
'_';..,xhi

tene glycol produced a fast drug release
o

_wmenc film as a function of the

J:ffusion model. The release rate was found 1o enhan
; " 1o e directly proportional o drug concentration, Salicy)
_ Z.:,andl;:rd!ﬂ!;“ RL 100/ glveerol tributyrate films Eduragit films pl

ated as a potential d ] |

- . , . al drug delivery system fi s ¢ « release of salicylic acid
tior e , ! R : & y system for the controlled release of salicylic acid.
dfecs of modification in polymenic ratio of hoty Eudragit RS 100 :

and RL 100, drug loading and nature of plasticizer on the

ms containing salicylic acid and plasticizer were cast upon plastic substrate
ceeving medium of citrate buffer (pH 5.03) was measured, The obtained
plasticizer affected the drug release rate and that the release followed
ce with increasing Eudragit RL 100 ratio. The release rate was also
¢ 2c1d was slowly released from Fudragit RL 100/dimethyl phthalate

asticized with glycerol triacetate or polyethylene glycol 400 or

: S : X li:xfcd upon these results, a water soluble highly polar, non complexing plasticizer
wid tend to increase the drug release from the film. This study demonstrated the in vite

o release of Salicylic acid from Eudragit

o nction of the solubility of the drug in both the polymer matrix and the receiving citrete buffer medium. The
s indicated that Salicylic acid was compatible with Fudragit RL 100

1o, the characterizations of Eudragit films were conducted by IR-Spectre

as indicated by the clear and transparent formed films.
wcopy and Differential Thermal Analysis to explore the

iﬂ,.iml‘u,\' of the drug polymer interaction cccurring between salicylic acid and either Eudragit RS 100 or Eudragit RL 100,

p—

INTRODUCTION

The use of drugs dispersed in inert polymers
itnes to achieve controlied release by diffusion has
neeived considerable attention. The method has long
peen favored for the preparation of sustained release
whlets for oral ingestion (1} . This concept has also been
wpgested for other uses including catheters coated with
wtbiotics impregnated polymers (20 prolongation of
e release of ophthalmic preparations in  cye
dministration 3, long term absorption of dmgs in
tuccal and dermatological applications &5), and long
xting implants 6.7,

The polymeric films are usually used as barriers
mthe design of controtled release devices. Additives are
wually homogeneously dispersed or dissolved into the
sharmaceutical film  formulations. Plasticizers are
wualy added 1o polymeric films to enhance their
fexibility and to reduce their brittleness. A decrease in
te cumulative intermolecular forces along the polymer
thains may be responsible for these changes. In order to
ohtain a tough but flexible film, the amounts of
tasticizer and other additives must be optimized.

Donbrow et al ®) stated that whilst plasticizers
@ incorporated in the polymeric films to prevent
wbritlement, they may cause modification of drug
ease profife. Samuelov et al @) have shown that drug
release from ethyl cellulose films could be related to the
Wolent of a water leachable plasticizer, polyethylene
?b‘fol (PEG), in the film. Okor (10 has shown that the
aclusion of the poorly leached glycerol tributyrate in

bm tomposition could enhance the permeability of
Ydrophilic films only.
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Eudragit RS 100 and RL 100 form
water-insoluble,  permeable  films.  They  are
copolymerizates based on esters of acrylic and
methacrylic acids with low content of quaternary
ammonium groups. The ammonium groups are present
as salts, and they are responsible for the permeability of
the films, which is independent of pH in the
physiological region. The molar ratio of these
hydrophilic components to the other neutral
(methacrylic acid esters) is 1:20 for Eudragit RL (high
permeability), and 1:40 for FEudragit RS (low
permeability). Because of the unlimited miscibility of
the two types, the permeability of the films can be
adjusted for the diffusion of drugs on the basis of their
solubility and the desired rate of release. To improve
films propertics, the addition plasticizer is
recommended.

The primary objective of this work was to study
the effects of drug loading, nature of plasticizer, and
modification of the ratio of Eudragit RS 100 to Eudragit
RI.100 on the release behavior ntilizing Salicylic acid
(SA) as a model drug. In this study, SA not only serves
as a model drug but also acts as an additive interacting
with the film The possibility of drug-polymer
interactions were conducted by DSC and infrared
studies to explore the drug-polymer compatibility.

Salicylic acid is not employed internally as an
analgesic due to its local imitating effect on the
gastrointestinal tract. It is employed externally on the
skin, where it exerts a slight antiseptic action and a -
marked keratolytic action. The latter property makes
SA a beneficial agent in the local treatment of warts,



\'Hn"l”“hm” ol a

Lranis, fﬁllo,n.“;‘

fogms A

tles i ad
degtmniing A
et 4y

(N DI
Anctey gu qned fri fhe
YA e hordened, begatingsed

e ridpintngd
e afhine ting
Teoagiv 101

EXPEuIsmisir AL,
Miterinly:

f .,,l;l;’;::;‘ :];;' ) wud Propylene glyed (1) st

s iy ) o i ’;. '."l ‘:m« tuter, Cilye ool todaitytate and

plyend lm’t;nm ate (epk, Cermany), Pl yetbylen:

) (10 L gy, Vudingat 125 100 and 1
Haho Fliseia, Cepmany)

Fegulgrmnenia:
Apsetopbotoneter, 08 1A Dammlzu C o, Tapan)

Drsmedation tent appatntes, SKIT G flesk (Hanson
resvarel 1A

1 SR (u.'.hulnmrlo AT i himadad C Japian)

Phillerentiol Ihetmal A iyt Shimadsn 1A %,
caqupped witli i compnite zed (datis station {*himadzsu
Ca, Jipan)

Methods:
o preparation;

Sin Ladeagst (s of diffesent polymenc o
were prepated (o mvestigate the effect of modificition i
prebymacric pticn an SA release pofile The ratio ol
Poaideagat 1000 1o fudiagt REI0O for the s films
were 10, 0,8 2,6 4,4 6,2 Hund O 10 L I film
wis contiining %0 myg SA The films were cast from 2
solton contmuping 5% wiv Dudragit polymer, using
chlorolonm as a solvent and a hard plastic small plates
an o substsate The solvent was allowed 1o evaporate for
29 oo the film was removed from the plasnie plate il
st dpved dor 248 e, and the doug conptent was caleulated
from the werght satio of diig amd polymer used
Complele evaporation  was ensued by deying oon
comstant weight The tilms wete stored in o desteeator
tanhydrons calcium chlotidey, For 24 e The [udragit
Nims were then removed, packed i alumintm (ol

Relepar Kate Deterinination:

Cireular filme (2626 cm?) were oblined by
removil the cast s from the plastic plates. The Bilm
wad weighed on an analyical balance andd o thin contimg
of sificone ndhesive was applied (o a 10562 cm glass
anppott. The [ilm was carelully pressed o the plass
support, making stre that all cdpes are adhered and the
Juhsicant does nol touch the expored sufiace. Silicone
iubricant was superior W other solvent hased adhesives
Jue to its now-titeractng compattility withi the i, In
addition 1o it ability to maintain adhesion of the (ilm to
the  plass  support, its waler repellence provided
secondmy assurance of only sinple surface releise,
When the C‘.M)H‘i(‘l' strface of ilm wat conted with
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y and fransparency viudy:

of five films of Eudragn
different  plasticizers was
plasticizers

Compatibilit

The tansparenty
R100  plasticized with
determined ;,ln-4;tm|»lmlmuclli(.nlly, The
wed were Glyeerol riscetate ((iI'A), Polyethylene
plycol 400 (1143 400) , Propylene plycol (F(1), Glycerol
trbmityrate (C7113) and Dimethylphthalate (DMPh) i a
concentration of - 25% wiw of the polymer. The drug
concentration was 50 mg SA per cach film. Strips of
SAFndragit Hlmy plasticized with different plasticizers
were motnted separatelly on the cell holder of the
spectophotometer, 1ty wave Jenpth was sel at 600 nm to
measnre the tansmittance of the film. The air signal
was nred a9 a blank and the pereentage of transparency
of each tested film was determined.

Salicylie acid / Eudragit polymer interaction studies :

The infrared (IR) spectra of SA, Fudragt
RS100, RE1O and loaded films were  obtained
individually with an 1R-spectrophotometer using KBr
pellets . -

RESULTS AND DISCUSSION
Compatibility and transparency study :

Al SA Fudragit RL1OO films plasticized with
the previously meationed plasticizers exhbited more
thin ") 4, tramsparcncy. The high [ilm transparency
may due o the similar solubility parameters of cach
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Elfezt of drug loading:
Three Exdragst RLIGO films (oaded wih

different concentrations of A (5, 10 aad 132 ww of
dey fiim ) were prepared 10 mvestigate the effect of drug
frading on the release profile. The percentages of drg
concentnation were comesponding o 90 105 and 165
mg drmg per fim The volume of receivmng medivm
(catrate tmffer, pH 5.03) wn adjuved for film to aflord
sinking conditions and fo ohtain 2 ipesimphotimenical
Iy measurzble wamples for low dmg concentrations

The ohrained resufts were histed i Tabies 2 and
3, and graphically represented by Figure | From the
ehuined data, it could Te oheerved that the releate rate
comdtant inereased a1 the comeentration of the drug in
the film increased and when the amounl of dmg
teleased were plotted aganst the sqrare roof of time, 2
straight lines of high coavelation conflicient were also
ottained. These lipear plots 2ppear lo indicate that the
drug release from these films 13 diffuzton contredled. and
agree with Higuehi's equation
The ohnerved increase in the refease rate constant
nerzasing dmg concentrafion in the fiima comld b
explained by assuming that matns porosily necessasy
for the diffusion pathways may e due to the pores
created by the dispersed drug Therefere, increasing
drug comcentration in the fim would resuit i inereasing
the degree of internal porosily. Thas wenild consequiently
increase the film area exposed to the release mediun
Sunilar  results  were chtained by Lopidus  and
Lordi(181 who studied the release of chlorphemramine
sndium salicylate from ethyicellnlese pol yethylene
glycol films. The obtxned results proved that the
gradual increase in drug loaing caused 3 sigmficant
increase in the value of L1y and 2 promounced decreate

in the values of t lag (Tables 2,3and Fig. 1)
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Effsct of podymeric ratio
Tabies 4 aad 5 showed 30 scceiemadon of the
rrisace rate cometant 2nd a desfease @ bedit s md T
fag. This could be explaned et the f1zh degrez of
nyvimtion of the more Sydrophube poiymer upre
ymmersen the films in the buffer Tacreased poposity,
hydrated chamneis formaton and decressed tomusty
explain the greater bydmmom of Pudragt fims
entmning lMgker ratos of e mers nydeoshilic
polymer. RLION, comtzimng Pgher comfent of
quaternary amEOTITIM groups. [he exustence of 2
l"mu 'fn-'b }}igh correlation coeificient between the
'S th 2 e % ; - N .
'r;z,::!"’m; VT;nc of refease rate contant {Jog K} and fe
u(f'n (¢ L v H 1 -
;{ il :e more h:d:c_pén,.c peAvmer greaty
wfimns that the release of salicyhic acid {mm Fadragt
films follows Fhgneki diffusion LA
w‘ ‘1 o Higueha diffusion model Siudar reedns
ere ohtnned by Borodkin ot 8] (I whe wasd &
!ht'e was a I'r-e 5 . WO W ¢ 2
aiefoph. iwear relancuship betwesn log ¥ gmd
neow A on Ty . » -
oo ydronypropyl methylcelindose AT
ims composed of pofyviny! L emned a0
citber e PATVIDH! scetate HIME contaming
The eopumerrmene o saheylic aad o peasbarivial
s obtaned et wes : PRI
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and praphscally lusteared 1a 5y o 4 and 3
usteated 1 Figures 2 and 2 .



.v\hlm'dlslrml et nl,

60

20 e
vy 9
{’/" a ) L e ——
| e O T 50/
x! e ‘.-.-_J - /<
10 L N
/,:1/'_ > 10%
A ¢
S *15%
L O - -

0 5 10 T 15
Time (minute )

Fig. (1) : Release profile of sahieylic acid from salicylic acid - Eudragit RL
100 at datlerent drug concentrabions .

35
a0 7
.
3 o, L P
% o s |
¢ . )
® A e X !
a AR AT, i 10.0
5 20 v ?
il . - a -5 //’- ¥ 8:2
g s e *
515 g 6.4
RIS Cao
N~ \e
t: R | %28
o G 3 ¢0:10
v _;.— [
0 ; 5 0 1€

Tima (minute )

Fig. (2): Release prefie of salicylic acid from {ilms composed of Bdragtt
. RS 100 and RL 100 at different polymetie ratios. :

114



;'_r!’r s

13
1, Pharo. §ci., June 1998

f_ntl#";"" o | .pp 111120
o
0.2
015
A
—/’/
0.1 //‘
//.(;r
,//
¢ 0.05 //C)/
o ~
0 o -
-4 0 7
-
/‘/
.0.05 -t
/O
-0.1 '(g
015 BN S T e e e e e )
Fraction of Eudragit RL 100
Fig. (3) ¢ Relationship of Log K ( release rate constant) to the fraction of
Eua]mgit l:ll. IQO for films containing 50 mg salicylic acid at
different Eudragit RS 100 ¢ RL 100 ratios.
e —
100 [ ]
- GTA
© PEG 400
80 P
R PG o
8 - (5 -"'/f
:'3 TB l’/'._- g ) 1.:\’,
D 60 | . e N L
t DM Ph -t Pe, -
e ———— > ~ -~ 4/-"'
19)] = A _
3 - g N i
. 40 o e
© P 4 “ . & - L
® | - X
20 | ,/J.’ 'x; | -
# - .. P G
- K ' '
e
0 . )
2 10 1/2 15

Time{minute )

- Fig.(d): ;gc-lc;lsxf_ profile of saheyhic acid from films composed of
Lo 100 using dilferent plasteizers.

115

(&)

i.'.&i{f\g i



\hmc«ll»:m:ul el gl

Table () Rele

atdiffereny polyimene ratso

ase 7 i
Ase of Salicylic acid from films compuosed of [udray

anticized with trincey

s 100 k1100 pl

J—— o A R T AR g

Table (5) : Fffect of Eudragit RS 100 - Lndra

half Jife (1 12) and t lag for Salicylic acid films 50 my!

it RL 100 ratio on

———
) e the following IR
(min ) |—_ o of druy released attes the follo Ts"l:l [ s,
RS RJ. RSRI | RS I RS R 2.8 0:19
0 0 ; 4:0 e
et S b Z O « i ___‘,_,..-'—""“—‘_ et ;(" 21 lz
30 7.48 871 | ol - 1125 :7;1 3120
60 1011 " 'ux 1372 1592 230 4498
120 12.39 1503 17 6 2077 7 32 51.53
e 1481 18 38 2124 2463 22 62.50
240 1609 ) (,’ 1171 27 50 31,00 0931
3(” 18 55 ;2 11 ;('.22 29 o) ’7‘;” 7746
360 20.17 2302 27 58 _"Z’L_J_,_.-____.._—,—-—————J

Salicylic acid release rate constant (k),
: acetin according to

f3lm) ])lﬂblitil(’(l with tri

Higuchi-diffus .
1on model I ‘ —
o eealatl Ia
RS100 Fraction of Release rate Log k (‘mf‘_l:flf”:) ¢ ,“2 (minx)
RI. 100 Eudragnt constant (k) coclficien (min.) A
ratio RIL 100 (“e' 1 112) ()
3,20 8.39
10.0 0.00 09084 0.0417 0.997 (’0"’2“ sy
8:2 020 11571 0.0634 0.999 38:' ’ 7
64 0.40 1.2619 0.1010 0.999 21551 o)
4:6 0.60 1.5284 01842 0.998 195.18 4.69
2.8 080 | 7486 02427 0.999 143.18 345
0:10 100 4,119 06148 0.998 3832 0 -
e

Correlation coefficicnt for the relation between fra

Effect of plasticizer's nature on release profile:

Five Fudragit RL100 films containing different
plasticizers were prepared (v investigate the elfect of
plasticizer's nature on SA release. The concentration of
each plasticizer was 25 % w/w of polymer and each film
was containing 50 mg SA. The obtained results were
listed in Tables 6 and 7, and graphically represented in
Figure 4. when the medicated plasticized Endragit film
were immersed in citrate huffer, two factors wonld be
taken - into consideration to explain the effect of
plasticizer content on drug release profile. The first 1s
the solubility of the plasticizer in watcr (e the
probability of hydrogen bonding hetviecn plasticizer and
water molecules), while the second s the extent of
channels pathways through which the plasticizer will be
leached throughout the polymeric matrix.

116

ction of R 100 per film and log K cquals 10 0.991

The obtained results showed that the effect of
different plasticizers used can be arranged according to
the effect on the rate of drug release from medicated
plasticized Ludragit films in a descending order as
follows: GTA > PEG 400 > PG > DMPh > GTB.

[t can be concluded that GTA, PEG 400 and PG
would be leached through a continuous hydrated
capillary network of channels which is a major
charactenistic feature for all ftested water-soluble
plasticizers.  Also, the hydrophilic nature or the
solubility of the plasticizer in the relcase medinm can be
considered as an important factor in controlling this
process. The effect of water-soluble plasticizers used
arranged according to their hydrophilic nature into the
following descending order: GTA » PEG 400 > PG,
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| melh_\l phthalate (DALY &

mibuytate (GTB) were investigated | ‘"lu'i e
;";';::,"?,‘:()-Il:])lc plasticizers. l.'|‘wu «i:lll\::iljnsl:’;’b ;“
n § ‘ ‘ | : .
h)_dm(cd u‘;i‘l::n lcilm. SA wonld diffuse through :III:'
B cizes. Thi m:c.?lf'd l})y those  water-insoluble
s o, T |‘.} .cxplaun the small amount of SA
e T Adragit films plasticized with eithe
i r GTB co"lllmrcd to those films plasticize I"u
water-soluble plasticizers. At

SA / Eudragit interaction studies:

IR spe /e

about dmg-'r‘:lc;rrnncr] ’ir:;ud‘ & promowiices onfimation
the wavelength of s eractions. Figures 5 and 6 show
Fudragit RS/ 100 R;(;mc Ch:\r..iclc:risli bands for SA,
Ludra ﬁl film F;'o ‘"1("0 ‘!’h)’sm;ll mixtures and SA
of the Ehurnc[l . m e l'ngur'cs. Sand 6 the intensities

B eristic bands significantly decreased in the
physical mixtures and disappeared in the evaporates

showchi;o' dQlc lht'r.mogmms in Figures 7 and 8
¢ disappearing of the endothermic peak (al

Fable (6): Releasce of Salicylic acid from filins composed of Eudrag

mixtures and

{ the complete
of 8A in

161757 of SA in both the physical
cvaporates. The residts strongly sugges
molecular  dispersion and incorporation
Judragit polymers.

Conclusion :

Thus, this study demonstrated  the potential
application  of Eudragit polymeric films in both
controlled drug delivery systems and in formulation of
aalicylic acid topical Keratolytic films. Kinetic analysis
sugpests that the unidirectional release of salicylic acid
from these films follows a diffusion controlled granular
matrix model, The rate and extent of drug release from
these films can be effectively manipulated by varying
the drug concentration, film composition, and choice of
proper plasticizer. The study further demonstrated that
the drug Polymer interaction between salicylic acid and
Fudragit polymers influenced the

can significantly 1
release characteristics of salicylic acid - loaded Eudragit
films.

it RL100 different plasticizers.

( 1 e % of drug released after the following ume intervals w
(min.)

GTA PEG 400 PG GTB DMPh

30 21.12 19.23 17.56 14.87 15.68

60 31.20 2748 24.06 20.02 21.25

120 44.38 37.03 3475 2833 30.86

180 57.53 46.50 41.58 35.08 37.58

240 62.50 51.17 47.51 39.69 44.01

300 69.31 59.16 52.60 44.03 47.51
360 77.46 66.19 57.49 4875 5308 )

Table (7): Effecl of plasticizer's nature on release rate constant (K) , half-life (t12) and tiag for
“udragit RL 100 films cach containing 30 mg salicylic acid according to Higuchi-

diffusion model.
Plasticizer Release rate Correltion t 12 t1a

constant (K) coefficient (mi ‘I (mi ng'

(% t12) ) sl "
GTA 4.1190 0.998 38.82 0.026
PEG 400 3.4453 0.999 51.57 5‘7;0
GTB 2.9631 0.999 62.74 0."70
PG 2.5110 0.999 92.12 0.130
DMPh 2.7763 0.999 79.40 § .840

¥ g 3.
R,
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