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ABSTRACI

The utilization of cellulose acetate butyrate §i8ms
as a toplcal drug delivery system for chlorampnenicol
and Lignocaine hydrochlonide was investigated. The
effect of plasticizerns and dwg concentration on the
In-Vitho nelease of drwug as well as on the physicome-
chandcal propenties of the 4i€ms have been examined.
The dug nelease data were kinetically studied and
wene fgound Lo gollow the difgusion contrholled nelease
model.  The incorporation of elthern dimethyl phtha-
Late or diethyl phithalate affonded the optimum rates
o4 nelease and optimum water vaporn thansmission rates
and exnibited acceptable mechanical properiies. The
nelease nate of chloramphenicol was found markedly
highen than tnat of Lignocasine hydrochlosride.

The eppect of plasticizens on dwug release A5 more
pronounced in case of watern insoluble drug than the
watern soluble one.

NTRODUCTION

Numerous drug-polymer delivery systems have been propo-

sed for the purpose of releasing biological active agents in-

to the surrounding medium at a constant release ratel. Many

of these preparations, have been available as catheters coa-

ted with antibiotic-impregnated polymersz, long-acting imp-

, 3,4 ' .
lants and preparations for dermatological applications

5,6
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The potential uses of polymeric films of ethyl cellulose and °

7 :
polyamide resins for aerosol dosage form , prolongation of the

& » 8
release of medicaments in eye administration , management of

wounds and surgical practice have been studied. Drug release
from inert matrices play an important role in percutaneous

absorption especially when solubility of the drug in the mat-

10,11

rix is very low The drug release rate from drug-

polymer d elivery system was. significantly affected by

altering the polymer type, amount of drug in the matrix and
12. . :

additives 13 14, Plasticizers are often added to polymeric

films to reduce brittlenes, improve flow, impart flexibi-~

lity and increase toughness.

The efficiency of plasticizers, its compatibility with
the polymer and performance can be evaluated by differént
means. One of these means, is the measurement of the phys-
icomechanical properties of the plasticized free unmedicated
film sampleslS_l7. Concerning the effect of plasticizers
on the water vapor permeation through polymeric films. Craw-
ford and Esmerianl8 found that the addition of plasticizers
generally lowered the water vapor transmission rate moisture
absorption and water permeation through cellulose acetate
phthalate films. Sciarra and Patel19 showed that the film
forming agent as well as plasticizers affected drug release
from polymeric films. Okorzo studied the influence of con=
centration of the hydrophilic plasticizers on permeability of
two acrylatemethacrylate copolymers films. He said that per-
meability is dependent on the hydrophilicity of both the plas-

ticizer and polymer together.

Only a limited amount of work has been reported concern-
ing the effect of plasticizers on cellulose acetate butyrate

films in presence of drugs.
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This study was designed to .: (a) obtain information on
the effect of various plasticizers on some properties of cel-
lulose acetate butyrate drug-free films, and (b) develop a
suitable drug delivery system for the topical application of
antibiotic and local anaesthetics. Four plasticizers were
selected for this study : dimethyl phthalate, diethyl phtha-
late, propylene glycol 2000 and castor oil.

EXPERIMENTAL

Materials :

Cellulose acetate butyrate; 17% butyrate, 29.5% acetyl, 1.5% hydro-
xyl, cat # 077 (scientific polymer products, Inc., Ontario, New York),
Chloramphenicol grade supplied by CID Co., Egypt), Lignocaine hydrochlo-
ride (Pharmaceutical grade supplied by the Nile Co., for Pharmaceuticals
and Chemical Industeries, Egypt). All other chemicals were analytical

reagent grade and were used as received.

Film Preparation :

Solutions were prepared in chloroform to contain 4% w/v total solids.
Five ml of the prepared solutions were poured into circular Teflon mould
(7.3 cm in diameter, and 1 mm in depth). The mould was covered with an
inverted funnel to control solvent vaporization. Solvent was permitted
to evaporate for 24 hours at room temperature. The dried films were then
- transferred to a desiccator containing silica gel for further 24 hours
before test. Polymeric films containing 5,10,15 and 20% w/w of each of
the aforementioned plasticizers were prepared. Medicated films were pre-

pared at 2% w/w drug level.

Determination of Film Thickness :

Film thickness was measured at 10 random points on the film, by means

of a micrometer, and the mean thick ness was calculated.
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Water Vanr Transmission :

Screw capped glass cups with a circular hole (7.3 cm in diameter) were
uniformly filled with sufficient amount of dry anhydrous calcium chloride.
A circular piece of the film was sealed to the hole of the cup and fixed
with a glass ring. The cups were then placed in a desiccator containing
water saturated with ammonium chloride at 25°C (R.H. 79 mm Hg). The cups

were periodically weighed and the increase in weight was calculated.

Mechanical Properties of the Films :

The load deformation behaviour of cellulose acetate butyrate free films
was determined by clamping a film strip (2 x 4 cm) between two jaws of ten-

2
sile-testing or dynamometer L machine. Weights were added gradually to the

. movable lower jaw and the corresponding elongation in the film was automa-
tically recorded in the machine chart until the break point of the film.The
load-deformation curves were plotted. Modulus of elasticity, elongation

at break and the tensile strength were calculated.

Drug Release from Medicated Films :

Release studies were carried out at 37°C using 300 ml of isotonic phos-
phate buffer (pH 6.8 ) as the release medium. The USP basket method was
employed at 50 rpm. The medicated film was cut into 4 equal parts and pla-
ced in the basket. Aliquots (5 ml) were withdrawn at time intervals and
replaced by equal volumes or the fresh medium. The released amoun of drug
was determined spectrophotometrically at 278 nm for chloramphenicol or 262

nm for lignocaine hydrochloride using fresh medium as a blank.

RESULTS AND DISCUSSION

Drug-free as well as medicated cellulose acetate butyrate
films with thickness of about 50 um were prepared. Water vapor
: . . 2 ,

transmission (W.V.T.) in mg/cm , hour through the free films

was studied adopting the following equation

) (W.V.T.) = ﬂl_éi_ _ _slope: of llnear‘(gl)l.ot of gm versus t.
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where, gm = weigh change in grams, ¢t = time in hours during
which change occured, and a = area of the film exposed to

2
W.V.T. in cm . Figure 1 showed the effect of various plas=

ticizers at different levels (5-20% w/w) on W.V.T. through

the free films. Propylene glycol had essentially no effect
on the water vapor transmission rate but tﬁé use o0f either
diethyl phthalate or castor o0il resulted in a'rate more than
that of uﬁplasticized film. Maximum W.V.T. rates were found
at a 5% plasticizer level. The highest levels of plastici-
zer (15 and 20%)'were found to have considerabiy less effect
on the rate. This result may be attributed to the maximum
saturation effect for the polymer chains to hold more than 15-

20% plasticizer concentration.

The effect of plasticizers at different level on the mech-
anical properties of cellulose acetate butyrate free films was
inﬁestigated. The following mechanical characteristics were
determined from the load-deformation curves and presented in
Table 1 : the elongation at break (rupture) in cm%, ultimate
tensile strenth (maximum load applied on the film per area)and

the modulus of elasticity (from the slope of the curves.)

The results summarized in Table 1 and Fig. 2 show that the
addition of either castor oil or diethyl phthalate at most lev-
els gave higher percent elongation values of the films than the
other plasticizers comparing with the control films. It is
worthy to note that less applied loads were required to prodqce
the same effect with diethyl phthalate. The use of dimethyl
phthalate at 20% level exhibited the highest elongation wvalue
compared to the various plasticizers or the different tested
levels. Generally, the selection of plasticizer was more imp-
ortant than the level to affect the film mechanical properties.
.The use of dimethyl phthalate at 20% level was the only excep-'
tion of this statement. The tested plastiéizers can be arran-

ged according to their abilities to increase the elasticity of
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cellulose acetate butyrate films as diethyl phthalate > cas-
tor oil > dimethyl phthalate > propylene glycol. The prev-
ious arrangement was based on the increase in elongation as

well as the decrease in modulus of elasticity.

Abdel-Bary et a122 studied the effect of the nature of

the vehicle and pH on the rate of drug release from ethylcel-
lulose, carboset 525, Eudragit RS.PM and polymethylmethacry-
late polymeric films. They used salicylic acid and sodium

salicylate as model drugs.

23 .
Nouh et al studied the release rate of nystatin from cas-

ted film of amphocerin-E. Also, they investigated the role

of surfactants in enhancing the drug release.

Drug release kinetics from cellulose acetate butyrate med-
icated films were studied according to zero order, £first or-
der and diffusion-controlled mechanism24. The high correla-
tion coefficients obtained from the linear regression analysis
of the amount released (mg/cmz) versus the square root of time
attest the diffusion-controlled mechanismzs. In this work,
the amount of drug released from the medicated polymeric films
per unit area (mg/cmz) was plotted against the square root of

time (hours).

The incorporation of plasticizers (5-20%) was found to in-
crease chloramphenicol release from its medicated films (Figs.
3-6) . There is a direct correlation between the plasticizer
concentrations and drug release. The tested plasticizers can
be arranged according to their effects as follows : dimethyl
phthalate > diethyl phthalate > propylene glycol > castor oil>
unplasticized films. The differences in release rates among
the different plasticizers can be attibuted to the hydrophobi-
city and molecular weight of the added plasticizer as well as

to the drug solubility in this plasticizer.
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In this respect, <castor oil acts as aqueous release medium
repellent and hence, retard the drug release. Propylene
glycol due to its high molecular weight will be too difficult

to interpose itself between the polymer the polymer chains.
Thus, propylene glycol did not significantly'affect the film
plasticity or permeability. In addition, chloramphenicol

is soluble in castor oil and the latter interpose itself bet-
ween the polymer chain hence chloramphenicol is to difficult

to be released from the polymer matrix. Water insoluble plas-
ticizers, although not capable of increasing porosity, of the
film, have been found to play a role as solubility modifiersze.
A result which confirms the exclusion of kinetic first order
dependence of drug release profile. This result may be attr- ;
ibuted to the fact that the permeation rate of the release med-
ium through the polymer matrix is the major determinant step

in the release process. Fig. 7 shows the effect of drug con-
centrations (5-15%) on the diffusién controlled release. It
was found that 5% of the drug increase initially, then 10% and

15% concentrations increased the release much more than 5% con-

centration of the drug.

Lignocaine hydrochloride was incorporated in cellulose
acetate butyrate containing dimethyl phthalate; diethyl phth-
alate; propylene glycol and castor oil as plasticizers at 5-
20% levels. The drug release from its medicated films was
found to be increased as the plasticizer level increases (di-
methyl Ehthalate and diethyl phthalate) (Fig. 8,9). Drug re-

lease rate was maximum at 20% plasticizer level.

The release rate of lignocaine hydrochloride from cellu-
lose acetate phthalate films in presence of propylene and cas-
tor oil as plasticizers at (5-20%) levelS'(Fig. 10,11) was ‘found
slower than the release from unplasticized films. Fig. 12

showed that as the concentration of the drug increased, its

release also, increased.
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The release rate of lignocaine hydrochloride (water sol-
uble drug) from unplasticized cellulose acetate butyrate films
was higher and uniform than release rate of chloramphenicol
(water insoluble drug) Tables 2 and 3. It was found from Ta-
bles 2,3 that the additions of plasticizers within the polyme-
ric casted films, increased the release rate of lignocaine
hydrochloride (water soluble drug) in case of using dimethyl
phthalate and dimethyl phthalate only. But on the other hand
the addition of castor oil/and propylene glycol as plasticizers
did not increase the release rate inspite of increasing the
concentration of the plasticizers from 5% to 20% w/w. in com-
parison of the release rate of lignocaine hydrochloride 1n
presence of (5-20%) plasticizer level with chloramphenicol
release rate in presence of the same plasticizers level; it
was found that lignocaine hydrochloride had the slower release

rate than that of chloramphenicol (Tables 2,3).

In conclusion, the release characteristics of a drug from

cellulose acetate butyrate casted films, was dependent on the
solubility of the drug and the addition of plasticizexr might
not increase the release rate from the medicated casted films

whatever it was hydrophilic or hydrophobic in nature.
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Table 1 - Mechanical Properties of Plasticised Cellulose Acetate

Butyrate Free Films

_—-——m“———_—-.—.—.—_——_———-_——_——*—————u———_-_w

Masticizoer Plasticizer Modulus ol EBElongation Ultimate 'en-
Usied Level Flasticity sile Strength
$ w/w Kg /cm% % Kg /sz. 1.0_:3
Control - — . 960 ©.25 .488
Dimethyl 5 . 088 ©.250 . 501
Phthatate 10 1.000 5.000 848
15 . 880 5.830 . 856
20 0.857 0.000 . 573
Dicthyl 5 . 880 4,580 . 264
Phthalate 10 1.020 8.130 . 245
15 . 928 0.150 3.556
20 . 864 8.130 .436
Propylene 5 . 992 4.580 . 080
glycol . 10 .088 4.580 .856
' 15 .120 - 5.830 127
20 .133 4.530 . 367
Castor 5 .914 8.130 .556
O11l 10 056 5.000 . 398
15 880 6.900 . 025
20 028 7.500 . 197
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Table 2:

from Cellulose Acetate Butyrate Films.

Plasticizers Used

Control

Dimethyl
phthalate

Diethyl
phthalate

Propylene
glycol

Castor o1l

x K

* % %
Inter. :

*

r 0.

* K

K 0.

k%K%

Inter. 0.

X

'y
* %
K k%
Inter.

%
r

k X

K % % K
Inter.

*
L oex

K * k%
Inter.

X

T
* %

k
ek %k
Inter.

Intercept.

0%

9457
3017
0689

Correlation coefficient

Release rate constant.hr.

1

D%

0.9990
1.8119
0.5355

0.9646
0.4012
0.88¢&2

0.9924
0.2985
0.2071
0.8977

0.3315

-1

—— W b ey e = - - P ——— =

10%

0.9775
2.6964
0.5370

0.9823
2.2101
0.0115

0.9905
0.5375
0.0654

0.9327
0.5244
0.0701

15%

0.9967
2.1119
0.6305

0.9757
1.5333
0.2383

0.9866
0.6601
0.3032

0.9782

0.9583
0.5742

ke

Effect of Plasticizers on the Release Characteristics of Chloramphenicol

20%

0.9705-

8.5690
1.4086

0.9756
4.5137
0.1705

0.9653
2.1589
0.7367

0.9814
0.9393
0.5689

i

-t - R e it e e ) ——
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Table 3: Effect of Plasticizers on the Release Characteristics of Lignocaine Hydrochloride

from Cellulose Acetate Butyrate Films.

Films as Topical Drug Del
d Local

i1cs an

Polymeric
Antibiot

Plasticlzers (Jsged 0% 57 107 157% 207%
Control HH* 0.9853 - - - -
k raq 0.4038 - - - -
Inter. 0.2053 - - - -
Dimethyl r - 0.9825 0.9828 0,9814 0.9822
phthalate k¥ L. - 0.7047 1.6779 2.5762 3.3494
Inter. - 0.4375 1.1019 1.7176 2.2091
®
Diethyl r, ., -~ 0.9642 0.9798 0.9726 0.9676
phthalate k s - 0.2380 0.6310 0.6461 0.7013
Inter. - 0.1637 0.4558 0.4839 0.5374
Propylene r - 0.9809 0.9939 0.9793 0.9931
glycol KT - 0.1508 0.2207 0.2018 0.4004
Inter. - 0.0968 0.1022 0.1115 0.1992
_ |
Castor o1l T, - 0.9361 0.9666 0.9755 0.9762
k' ., - 0.1425 0.2108 0.2242 0.2882
Inter. - 0.0789 0.1262 0.1359 0.1653
.»- ¥ ™ »
€,y : Correlation coefficient
k : Release rate constant :ﬁ.np

* % %
Inter. : Intercept.
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Figure 3- Effect of Dimethylphthalate Concentration on the Diffusion-
Controlled Release Characteristics of Chloramphenicol from
Cellulose Acetate Butyrate Medicated Films.
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Cellulose Acetate Butyrate Medicated Films
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Hydrochloride from Cellulose Acetate Butyrate
Medicated Films.

yolo,

SO
NE 80
N 70 o 3 %
Q)
© 60 X 2 %
< S0 o | %
7!
1 Ta
o 40
P
fj 30
s 20 .
£ B
<

O

( Hours)

Figure 12- Effect of Drug Concentration on the Diffusion-Controlled

Release Characterestics of LignocaineHydrochloride from
Cellulose Acetate Butyrate HMHedicated Films.




el -- s Y wiier-al B —h S - AL L s
- el - - . _

N, e
170

Polymeric Films as Topical Drug Delivery System for
Antibiotics and Local Anaesthetics. -

REFERENCES

1) F.Theeuwes, J. Pharm. Sci., 64, 1987 (1975). .

2)  S.M.Lazarus, J.N.lagwua, H.Kay, S.Weinberg, and B.S.Levowitz, J,Biomed,
Mat., 5, 129 (1971).

3) T.J.Roseman, and W.I.Higuchdi, J. Phaxm. Scc., 59, 353 {1970).

4) J.H.R.Woodland, S.Yolles, D.A.BLake, M.Helrnich and F.Meyer, J. Med.
Chem., 16, 897 (1973).

5) J.J.Sciwva and R.N.Gidwani, J. Soc. Cosmet. Chem., 21, 667 (1970).
6) 1bdid, J. Phaxm. Sci., 16, 754 (1972).
7} J.J.Sciarvua and S.P.Patel, J. Phawm. Sci., 65, 1519-1522 (1976).

ileiai—_—

§) S.P.Louces and H.M.Hadded, J. Phaum. Sci., 61, 985 (1972).

9) T1.A.Istomina, S.A.Botv.inik and P.E.Rozentsvedig, sb. Nauchn, Tr.V.itebsk
Gos. Med. Inst., 11, 171 (1964).

10) A.H.Ghanem and H.M.Mahmoud, Pharm. Ind. 42, 1307-1311 (1980).

11) S.Miyazaki, K.Ishid and T.Nadai. Chem.Pharm. Bull., 29, 2714-2717(1981).
12) M.Donbrow and Y.Samuelov, J. Pharm..Pharmacol., 32, 463 (1980).

13) M.Donbrow and S.Benifa, J. Pharm. Phaumacol., 34, 547-551(1982).

14) H.A.Salama, A.H.Ghanem and E.Z.EL-Deen, Pharumazie, 35,769-771 (1980).
15) G.S.Banker J. Phanm. Sci., 55, 81 (1966).

16) C.A.tntwistle and R.C.Rowe, J. Pharm. Phawmacol., 31, 269 k1973).

17) R.C.Rowe, A.D.Kotaras and E.F.T.White, Int. J. Phawm. 22, 57 (1984).

18) R.R.Crawgord and 0.K.Esmerndan, J. Phawm. Sed., 60, 312 (1976).

19) J.7.Sciana and P.Patel, J. Pharm. Sci., 65, 1519 (1976). :
20} .R.S.0kon, Inter. Pharm., 11, 1-9 (1982).

N —

21) M.A.Kassem, M.A.Attia and S.M.Sagwat, A. Thesis o4 PHD, Assiut Unives-
54ty p. 35 (1984).




A .- - —_— . - " - - - R s e . — - - - s L g r— .. .  ——— - A sl mr . | i
.-'l . . f

171 -
S.M.Safwat et al

22) A.A.EL-Bany, S.S.Abd EL-Hady and S.S.Abou-Zaid, Bull. Phamm., Sci.,
Caino Urndvernsity24,157-170 (1985). '

23) A.T.Noun, E.Z.EL-Deen and M.H.Hanaa Mahmoud, Bulf. Pharm. Sci., &
Caino Unilvernsity 12-23 (1985).

24) W.I., Higuchi, J. Phanm. Sci., 52, 1145 (1963).

25) Y.Samuelov, M.Donbrow, and M.Friedman, J. Pharm. Sci., 68, 325 (1979).

26) N.B.Shah, B.B.Sheth, J. Phawn. Sci., 61, 412 (1972).




i

172

&ssud guod | | jooadl 9 Ayl Clob _aald

PRl | e Gl patadlaws e < B Glesl e i S v

Jbmoy | aobulS @l et gudt danel plaxiwl DlSal Gl o I condl 13n B

oo—2adl 9 JsSaiel 5 91S ot DL aedl Gu US Laa) e a3 . Ay go¥ il e ﬂ—-°~1=--
G Sl 55,55 ¢ it ol 038 o LU oS sl oy, 1S5 0 o g0 |
Oy Ll BN | S0 W0 g Yo 98 bl il Y 1Y # Ll ,Lu aud Las oo JS Al 0

R e——v) § I K VIS IRV | R PO WY dwl yo Loyl e laSilsy) 30 o _sadl i L

=29 o o5 P laadl e sn bl @l S g UM G BBV sl oS
ol elwSage ol SR 65 LS ¢ dugtadl B gg S 00wl dagy LpSew
O b s 802V 1 gl ] Gl jodl el ST adg 6 aoaedl Bule¥i pilas e pb s Lol
Oy Jom ¥ (SALD Y51 Joledl Ol YL 0o g yadl iswSos po ST pe aS LI
Cwaol LeS S liadd GMbol e Yose e 1 8 phoneli oY wlasTob oo G sy Iells pfLas e | ymasS

S S—— S R IS PPN 83y pELas o bl 5 ¢ Lot obow o land awlin Yo

received in 15/3/1989 & accepted in 30/9/1989




