sig J. Pharm. Sci., December 1996,

Zandily :
738 5 No. 2, pp. 54-61

Vol 2 ISSN 1110-5089

FORMULATION AND EVALUATION OF DRUG RELEASE FROM CHLORHEXIDINE FILMS

Mohamed Salama, Fakhr S, Ghazy, Samir S. Abu-Zaid
and Ahmed M.O. Al-Arcck)"

Department of Pha 7 o
I of Phannaceutics, Fi aculty of Pharmacy, Zagazig University, Eqypt.

—
ABSTRACT

This study dealt with the release rate of chlorhexidine

aceta i epare i i \ =
The results revealed that, the release of chlorhexidine from te from the various prepared films into citrate buffer (PH 5.03).

g > i films composed of different rati deellul EC) and hydrox-
ypropy! m"l}ylr.”&ufﬂif,' c“'" MC) was dxficrcnl. As the ratio of HPMC ilr;rrcascd the ruucn to?d‘:ﬂf, (r)glg};glscr:c!]rm(:ifll!n a)ddil(ilom films
Composed of EC.HE ' di '_}‘ a ”“P of 8:2 was found to be the most proper film, since about 35% of the drug was relcased over 8
hours. Inco'rpfwr:?uon of ll.cr_cn! concentrations of plasticizers (10, 20 and 30% w/w of polymer) showed an increase in the drug re-
lease with l“‘fcx?-‘lln.g plrasllcllcr concentration. The effect of different plasticizers used can be arranged according to their effect on
the rate of drug release from medicated films in the following descending order: polyethylene glycol 400>glycerin>propylene glycol.
Morever, incorporation of different concentrations of enhancers (1% soduim dodecyl sulphate, urea (10 and 20% ) and Tween 80
(§ and 10%) to lhc.mcdxcalcd selected films plasticzed with 20% propylenc glycol enhanced drug release. Different concentrations of
chlorhexidine acetate ( 3, 6, 9, ILWZ and 15% w/w of dry film) were tested. The results proved that (he greatest drug release was ob-
served from films containing 15% w/w of the drug. The effect of film thickness on the release rate was also tested using four differ-
ent film thicknesses containing the same drug concentration. The results proved that, as the film thickness increased the percentage of
drug release decreased. Finally, it was concluded that films composed of a muxture of EC and HPMC in a ratio of 8:2 plasticized
with propylene glycol 20% and containing 10% Tween 80, produced about 85% chlorhexidine release after ten hours and was se-

lected as the most suitable and proper formula for pharmaceutical applications.

INTRODUCTION

Topically antiseptic formulations containing
chlorhexedine such as solution, cream and gauze dress-
ing have been empioyed to treat wounds. However, due
10 the short duration of action, frequent applications are
needed. Subsequently, great interest has developed re-
garding the use of medicated polymeric films in man-
aging wounds. On this basis, it scemed advantageous 10
formulate a preparation in which antimicrobial agent is
released from polymeric film over a prolonged period.

So, the purpose of this work is to formulate and
evaluate polymeric films composed of mixture of EC
and HPMC containing antimicrobial agent, chlo-
thexidine. Such film can be applied conveniently to the
skin, releasing the drug in an effective concentration,
thus its effect is produced for a reasonable time.

Chlorhesidine possess a high level of anti-
bacterial activity , strong binding to the skin and very
low toxicity (it does not causes systemic toxicity). It is
employed for topical antiseptic application as skin dis-
infictant, wound irrigation , bladder irrigation, mouth
washes, uretheral and vaginal irrigation(D).

Chlorhexidine is applied topically as cream 1%
dusting powder 0.5%, gauze dressing 0.5%, dental gel
1% for gingivitis, antiseptic lozenges 1%, obestetric
cream 1% during labour to prevent colonization and ne-
Onata) morbidity(z). Recently developed medicated aer-
0s0l- dressing of chlorhexidine with hemostatics(3).

EXPERIMENTAL
Materia)s -

Chlorhexidine diacetate (Sigma Chemical Co.,

S 5
' Louis, Mo, USA). Ethylcellulose 1dcp. (BDH
o

chemical Itd poole England). Propylene glycol, glycerin,
polyethylene glycol 400, sodium citrate and citric acid
(El-Nasr Co.Egypt). Polyethylene glycols 600, 1540,
4000 and 6000 Hoechest Chemikalian, Werk Gendort,
Germany. Tween 80 (Merck, Schuchardt, Munchen, W,
Germany). Urea, sodium dodecyl sulphate, methanol,
methylene chloride (EL-Nasr Co. Egypt). All other re-
agents were of a highest grade available.

Preparation of polymeric medicated films :

Films of EC and HPMC were selected as the
model system representing one typical approach of em-
ploying a hydrophilic polymer dispersed in a matrix of
hydrophobic polymer . With this system, film varying in
release pattern could be easily obtained by changing the
proportions of EC and HPMC.

Films were prepared from polymer solution in a
solvent of equal parts of casting solvent (methylene
chloride : methanol). The solution contained 6% w/v of
the polymer and specific weight of propylene glycol as a
plasticizer which gave a film on a glass substrate that
could be easily removed.

EC was added gradually, with continuous mixing
by magnetic stirrer, to a 100 ml beaker containing the
solvent, plasticizer or enhancer (if added) and the specif-
ic weight of chlorhexidine (5% w/w of dry film).
HPMC was then added gradualy, with mixing, after all
the EC had been dissolved. The beaker was covered
with aluminium foil paper to prevent solvent evaportion.
The solution was allowed 1o stand for about 30 minutes
10 remove entrapped air. Also air was removed from the
polymer drug dispersion by ultrasonification for 5 min-
utes. The casting solution was transfered to a dust free
cleaned and dried petri dish (arca = 63.617cm?2) placed
on a flat surface at room temperature . The petn dish
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:invented glass funmel of stem or-
m m diameter Clearance
¢ solvent v

chc At ot poners by rnung the base of the fun-

acl 2 om fust abave the resung surface. The funnel was

wis provided for the

e ard 1 contralhing the sate of evaporatien of the sol-
vent and reducing the Btening of the surface of the de-
posited film The solvent was allowed to evaporate for

the {ilm was then removed from the petn dish
ty a demecator containing anhyvdrous calowum chionde,
hours before use.

F
where 1t was stored further 24

Several films were prepared 10 investigate the ¢f-
of polymenic modificanon ratios, plasticizer cun-
content, film thickness, drug loading on
the release rate of chlothexidine acetate from FC-

HPMC (iims s follow.

fect

o

tent, enhance

1 Films of different ratios of ECHPMC were prepared.
as follaws 91,82, 73,64, 55, 4:6, 3.7 2.8 and
010, and plasticized with propylene glycol 10% w/

s Non-medicated, medicated and plasticized EC.HPMC
of 8.2 respectively were prepared.
Plastizens used were propyiene glyveol, glycenn and
polvethylens glycoi 400 in a concentration of 10, 20
and 30% wiw of polymer respectively.

: i
f:iims 0 a falic

3 Mediated plasticized EC-HPMC films (82), with
different concentration of enhacers were prepared.
Tween 80 (5 and 10 %), vrea (10 and 20% ) and so-
dium dodecyl sulphate (SDS) 1% were also used.

Yedicated Olms contaimng 10% of different mo-
Jecular weight polyethylene glycols namely 400,
00, 1540, 4000) and 60010,

b

Determination of release rate of chlorhexidine from
films :

1. Rectangular films measuring 3cm x 4cm (12cm?)
were chtained by cutting a selected portion of cast
fiim with a razor blade.

2. A thin coating of a suitzble adhesive was applied to
the shides (4em x 6emy which are used as a glass
cupport, muang sure that upper surface must be fit-
ted to plass substrate and lower surface exposed to
the medium.

s

. The shde containing the film was placed at angle at
the bottom of the vessel, the paddles of the in-
strument were allowed 1o rotate at 25 rpm which was
the opimumn speed to prevent rupturing of the film,
end the distance between the filn and paddle was
constznt in all experiments.

The vessels of the U.S.P dissolution tester were filled
cach with 100ml of citrate buffer (PH=5.03) to af-
ford a sink condition.

-

5. To avoid buffer evaportion the vessels were kept cov-
ered except during sampling. Aliquots, each of Smi

sample were withdrawn at each time interval, and:

replaced by equivalent amounts r,f'ft.'.".hly Prepareg
huffer, previeusly equilibrated at 37°C.

6. The run was continued for at least B bours or ungj ),
assays indicated that complete release has occppey

7. The amount of drug released from the films way g,
termined spectrophotmetrically at 254nm in ¢y,
buffer . Blank samples were chtained from rc.’r,-;“;

expeniments of films contaming the same ¢

onents without drug
p

RESULTS AND DISCUSSION

To study the release of chlorhexidine acery,
medicated films were fastend to 2 glass plate using (yy
layer of adhesive . Thus , the release of drug from
film was from one planner surface ( lower surface),

Firet of all scveral tnals were done for the proper
selection of the hest casting solvent and polyme,
concentration. It was found that the proper casting s
vent for EC-HPMC was @ mixture of methylene chjo,.
nide and methanol in a ratio of 1:1 respectively. Also the
best polymer concentration was fund to be 6% w/y,

The addition of HPMC improved, the overy))
properties of EC films, particularly with regard to byiy.
tleness . However the films were found 10 lose thir jn.
tegrity at HPMC content greater than that contained i
tested film (58% of polymer), This was quite pparent
from the rapid passage of the drug accross the dis-
integrated films,

[t was found that the release of chlorhexidine ac.
etate was increased as the ratio of HPMC increased
(Figure 1).

The complete release of drug (100%) from films

composed of different ratios of EC:HPMC was as fol-
lows:

a) After one houre from 0:10, 1:9, 2:% and 3.7 ratios.
b) After two houres from 4:6 ratio.

¢ After three houres from 5:5 ratio.

d) After four houres from 6:4 ratio,

However, all these films were excluded due to
rupturing during release studies, where they lose their
integrity and as a result rapid release of drug occur. Ra-
tio of 9:1 represented the most hydrophobic film and
showed prolonged drug release, but they were excluded
becuase of their brittleness and difficultly in removal
completely from the glass substrate. Ratio of 8:2 also
provided prolonged drug release where 35% of chlo-
rhexidine acetate released over eight hours. Films
formed of EC: HPMC  at ratio of 8:2 were found to be
the most suitable films due to its toughness, resiliency
and resistant to rapid dissolution in agueous medium-

The increase in the release of chlorhexidine 8-
elate as the ratio of hydrophilic polymer increased can
be attributed to the channels formed due to the presence
of dispersed HPMC as channeling agent .
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Fig.(3) : Percentage of chlorhexidine
released from EC-HPNIC
films (8:2) unplasticized and
plasticized with different
concentrations of
polyethylene glycol 400.
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Fig.(4) : Percentage of chlorhexidine

released from EC-HPNIC films (8:2)
unplasticized and plasticized with
different concentrations of
glycerin.
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<
(77 nlzagrims o wirh 100% . e
i:2) plasucized with 10% propy.enc glvcol. The results
¢+ 21les sad ¢ | =~ - -
illusoated in Figue 7. This stud)

the

e £ YR z -
he film thickness increased the

release decrezsed. The obizined

~z .
good zgreement with those observed by

Seilassic et 2L
the release

of drug concentration 0n I
omstant was zlso studied using differsmt concentra-
cerzte (3,6, 9. 12 20d 15% wiw
fims (8:2) and plasticized

ate ¢
sions of chlorhexidine 2

of dry £lm) in EC-HPMC 1

Imeorperztion of 10% polysthy z!
fmget T weights (400, 600, 1540, 4000 and with 20% propylene glycol. The obtzined results were
films demonstrated that low 1 yolecular represated in Figure g . The greatest drug relezse was
produced o2 transparent film: znd ohserved from films contzining 15% w/% of the drug.
- 230, while high molecular weights PEGs This is due to leaching of hydrophilic component
cnle whitz filmes b ch could not be re- (HPMC) which increase the external film area exposed
tetely from the petnt dish and exhibited to the solvent, and at the same UmE INCreases the
salezse. This phenomenon could be explzined internal porosity and decreases the tortuosity. The pres-
2 ‘ol the plasticizing effeciency of the PEGs is de- ence of drug in high concentration is considered another
contribution of leaching oul of drug. These resulis were

their molecular weights, and

wigher molecular weights cxhibited phase

iy suggestion was in agreement with those
(9)

in a good agreement with that observed for the release

of chlorpheniraming and sodium salicylate from a hy-

dropilic marix( 1213,

cct of different molecular weights of poly- Therefore, the Pproper formul
EC:HPMC in 2 ratio of 8:2, plastic

) increasing

a was that of
ized with 20%

The eff
eihylene glycol on the release of from p’)lymcric films
czn be zrranged in the following descending o er: PEG propylene glycol and containing 10% Tween 80. This
24> PEG 64 » PEG 1540 > PEG 4000 > PEG 6000. flim composition represented the best formula because it
has the above advantages that previously mentioned by

14)

illustrated in Figure 5.
Lim, et al.’” ™.

Tween %0,
n chlo- CONCLUSION

z
Thew results were graphically

The offect of different enhancres cg

uea and sodium dodecyl sulphzie (SDS) ©

thexidine release rate was invetigated - [t was found that ’ . .

the presence of these enhancers in the polymcric med- From the previously mentioned data, it can be
orresponding concluded that:

aluation of chlorhexidine release from

scated fiims improved drug release, The ¢
5 and 10% |- The in-vitro €V

re:
hydroxypropyl methylcellulose film

concentrations of these enhancers We

Tweer, 40, 10 and 20% uvrea and 1% SDS. The effect of ethlycellulose-

different enhancers on the rate of chlorhexidine release depends mainly on the modification of the polymeric
der: ratio in the film, plasticizer content, enhancer con-

tent, film thickness and drug loading . _
cted formula was found to be
ylcelluose and hydroxypropyl
f8:2.

c21 be amranged in the following descending OF

‘{r"“-"-‘" %0 > urea > SDS. The release of chiorhexidine
twm films containing the ahove mentioned c'nhanccrs 5. The most proper _

w 15N 1 78
a shown in Figure 6. that composed of eth

Results demonstrated that th methylcellulose in a ratio 0

“;P;mh could signifcantly increasé !
:.] ')ic*idinc was 10% Tween BO, 20%
'd”-" Highc.r concentration of those enhanc

“iesse in the rate of drug release - These reults were p]aslici:cr used

m oy e . P
a poud agreement with that obtained by Mohamed

e best conccnlralion

e rate of ’ ‘ _ . :
he rclci:c arnd 1% 3. The inclusion of polyol plasticizers in these films
ur caused an increase in the amount of chlorhexidine

s led to @ . ; .
e acetate release depending on the concentration of

. Polyethylene glycol gave the
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highest release rate

4. The inclusion of enhancers in these films increased
e ameunt of chlorhenidine release depending on
the concentration of enhancer used . Tween 80 gave
the ighest refease tate and therefore nlm of EC -
HPMC in a ratio of 8:2 plasticized with 20% pro-
pylene glycol in the presence of 10% Tween 80 rep-
resented the best formula, since 85% of drug was re-
leased over ten hours which 18 considered o be
custable and acceptable during handling.

REFERENCES

1 Wolsom and Gasvold; Text book of Organic Medicinal and
Pharmaceutical Chemistry, 9th eddition, Edited by Rob-
ert B Docrge. Philadelpha. Toronto, P, 138 (1691),

2 AL-Tannir, MA. and Geodman, HL.S.; A review of chlo-
thewdine and 1ts use 1 special populations. Spec. Care,
Dentist, 14(3): 116-122 (1994).

3 Garg. S and Sharma, S.N.; Development of medsicated aer-
osol dressings of chlorthexidine acetate with hemostatics
Pharmazie, 47,924, (1992),

4. Samuelov. Y., Donbrow, M. and Friedman, M., Sustained
release of drug from cthyleellueose-polyethylene glycol
films und kinetcs of drug release, J. Pharm, Sci . 68, 325

(1979) .
5 Borodkin, S. and Tucker, FI&; Drug release from hyel-
roxypropy! cellulose-polyvinyl acetate films. J. Pharm.

Sci., 63, 1359 (1974) .
6 Safwat, SMM; Ph. D Thesis, Assuit University (19gy,

7 Gua, J., Eflects of plasticizers on waler permeation apg
chanical propertics of cellulose acetate: Antiplasticyzy;
in slightly plasticized polymer.  Drug “(Wl'l()p,{n:j
Pharm., 19, 1541 (1993). )

8. 1bid; An investigation into the formation of plasticize Chyp,
nels in plasticized polymer films. D.D.and Ph, 20, 15§
(1994).

9. Sakellarious, P.; Rowe, R.c. and White, EFT: An evily,
tion of the interaction and plasticization efteciency of i,

cols in ethylcellulose and hydmxypmm,

polyethylene gly
methylcellulose films using the torsional braid penduyp,

Int. Ibid, 31, 55 (1986).

10. Mohamed A.L, Ph. D. Thesis., Zagazig Univ. (1996).

11. Sellassie, G.; Gordan, R.H.: Nesbitt, R.U. and Fawh'
LB Evaluation of acrylic-based modificd-release fily,
coatings. Int. J. Pharm,, 27, 211 (1987).

Donbrow, M. and Friedman, M.; Timed release frop
polymeric films containing drug and kinetics of dryg
release. J. Pharm. Sci., 64, 76-80 (1975).

13. Lapidus, H. and Lordi N.G.; Drug reelase from com.
pressed hydrophilic matrices. J. Pharm. Sci., 57, 129
(1968).

14, Lim, L.Y.: Lucy, S.C.; The effect of plasticizers on the

popertics of polyvinyl alcohol films. Drug Develop. Ind,

Pharm., 20, 1007 (1994).

e g 0] 23 g piaaSd YOS e il ol ell e oy 6

) ) ki Jobtii + (G ) ot il DD+ 2Dl et D 020
ot glols Lo a0} *
= 32363 aaly = D) S - Gploall Diaeally SVl oo

el = i ol = Tl Ly all LU

o ad Bl e Syl Saey s asd) Lt i r ol paSn ), JSU ] a3 ol Ui Lyl
NUCSPRSOpUpURE 98V, (PN Wy KTy [BERURPYEL FRUIRFOPLRN [PUCYS RSN SIS Jry VS HEJCU Y SR
il Ul Y D Ol Sl s By SN s 0035 LSy ol el O3 e <3S ke
P04 LI FCUENSRELI IV [V Gy oy 1 WUy WCSU WSO gy¥vy {5 W Wl B9, T PR | PLICH | Y R
| olele A P L] o

i ol Al s s ol LSy Ladl MAST 5aL5 JI CAIWASER B Vo) e Ll sl Bl ol eliS
Sy el B3l o i Bl s 8 S e el haes £ Kk etV 3 gl iy iy L L 3O
AR ;:.?,‘_,.i,,L.:.;JlUJg (7N 00) Ae oy VS (/T 0 V) Loy ¢ syl JS0ngs Ola 8 /1) saelid ! sl Ll Blols
I TR cfa_&g;,ﬁlwd;s.‘ol};;oﬁ;y ay . oah o Ul GO] Jaes sy G 538 K> oy 32l
R RN PR p S PRAL L 2l Al G 2y el o ey (/N0 wllisy VY8 2T
U 33 )5 LS s Ll ke

o LT T g T A e b ot s S kel St o ST Ll o 03 o i
St il T penn | Ay el V- g A iy o Lal! USMS] o A i /Y Sy e 328§, s

.Z.'.\,.‘;Jloli-_-ew

61



