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Yerapamah  hvdrochlaeade is 2 szloium
enannel  hiecker  used a5 antianpginal,
antiacchythmic  and anti.hﬂ:raanenﬁive..' Tt s
approximaiely  90%  ahgorhed  from  the
gastoiglestinal  tract, Mowewver, jts
pharineacokinelis after ord adnioistration are
charueterieed by extensive ficst-puss megabolism
leading to & low oral hinavzilahility of ahout 20
to 2T, a relacivaly short ¢limination half-life of
2w & hours and IMerindivideal variatoor Ly
flagma pongentrations.’ Tn sddition, verapamil
hwdroghloride is 3 sait of weak hase with pH
dependent solubllly in s physiological pH
ramga which will stfeet the roleass of tha drug
and Cts  hivavzilabiity,! In light of these
prohicms, tha plarmacouingtic properties o this
WRIE Warani w1 Geveapment of cooniied
releace formuiations For wse in the troatment of
Ty Derangion.

A8 w2 preparating of & sustAinad raeass
deage borm of 2 Seely soubie d-ug B &lmast a
oaglizney,  maoy  furmaiation  studics  for
znmtrailing verapemil kydrochioride releass dave
2en rapocied. Thos, the Jrug has heen
forrouiriel 22 cddifieu-rezase LTIy Emets
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press-coated with chiral excipiem,' flogfing
sugtained-release caprulat gontaining a mpames
of  hydeaxypropyl  cellulose  (HET)  amd
effervescent,’ slnple umil zlow-atlion matnx
tablets  coated  with  ethyleellulosa
hydroxypropy]l  mothylcellulose  film,*  pH-
independent  re:ease  hydrophilic  tabists
confaining & matrix of sediom alginace and
hedeokypropyl medwleelluloss’ and ‘moltiple
it modified-release  sysems (N mecoated
swellehle minimalrizes].' In addition,
Bicadhesive mairis tabiels 35 ¢ontroded release
desape Moo fur verapamil hydrechlocide bave
oeen propared.* Also, exterlod reisase solid
digpersions of verapamil hydrochlnride in sclid
polyroeric matrices, comprising elhvleell slose
and Bugdrapit 1100 were prepared.

Oceasionally, micinencapsulaticnof seluble
dngs ToRLLE 7 mIcrneapeules with Lnaceestanly
rapld rerease due 10 Lhe likelthoosd of panticles
protruding throwgh thes micrecapsule wall. Upon
dissolution of e exposed portion of the drug
martic.c, an apening is creaced throvgh which e
cen&ining deeg can rapidly digsnive.!

1w 3 cecent.y puitlished siudy, Microsphemes
coniainicg  werapamii | hycrochluride  wers
prepaced with three different erilulose astors



{callolose sectate, ceolluiose acetate propionate
and cellulose acetate buryrate) of approximately
similar molecylar weights osing the emulsion-
salvent evapacation metnad,?

Application of ion-exchange resliss Ln dewg
dellvery eehnalogy has  received  pacticular
arfention over Lhe last two decwdes and s
primurily depesdeot on physicochemival binding
of drugs by the resins. Tom-exchange resing
COntain pos ivaly or negatively charped sltes and
are thus clasaified 3s either cationic or anignic
exchangers. They offer 3 oumber of advantages
over <onvenlional coating  technigues  and
funstion for some drugs a8 refipble eotcolled
drug delivery systéms ™™ Jn particulur, stodies
evalyating tha lnading and ralease properties of
drugs from sbtong catiomic exchanpe resins
(Amberlite and Dowex types) have bean
conducksd in many neports. ™9 '

Coyting tha resim particles wih g rate-
cantralling membrane may effexively salve the
ease problerms and  achisve [he iargeisd
bicavailabiliy., With s alm,  drug-resin
cumnpleses were micoosocapsulatest with water-
imspluhle polymers, such as cthyleallmlose,'™"
ool luipse acerate butyrare, ™ and polymerhyl
methacrylate @

However, loadlag of weripamil
hydrochloride on  on-exchange resine and
microencapsylation of tha prepared resinates
have not hean prepared hefora. Given this lack
cof data, the objectives of this study were
primarily w  prepace, for e Nrsl time,
verapamil-resin complex es wlth zustained release
profies and then encapsulate the  selecwed
verapamil reainptes within CAB/PS composite
Bncroapsules usling a mcd ifed eoplsion-solvem
evaporation mahod, Thos, the effect of several
processing vaclables viz,, 1wpe of encapsulalng
polymers, polystyfeds chacentealon ta the
bBluary polyrmer system and ¢omefcoar rativ on
microcapsule oropecties, wéce Investigatel. The
kineticg of drug relezse from mizrocapsulas wara
Algn dizepssad nsing different mathemaical
modeas,

EXFERIMENTAL

Muteriais
The following meegents werg purghascd
Fom  Sunpders, 285 odicélsl werapamil

hydrocbleride (Rigma Chemical Ca., 5t. Louis,
MOGILTE, USAY, Prowex-50 W {(Na~y, 100-200
mesh  (Pow Chenieal Co., Midland, MI,
Ambeclite IRP-62 (Na*h, Amberlne TR-120
1a'l, Ambeclite MB-1 {mlxture of swong acld
andl  base) (Robm  amd Heas Cusipany,
Fhiladelphia, PA, USAY, cellulase  acefate
butyrate [CAB 171-158, 29.9% wiw acetyl,
TR whw butvryl aod E53% wiw hydroewl
coment; MW= 65000}  cellulose acetate
phthalate {CAT)  [Epggman  Chemical Cn.,
Kingsport, TN, LEA) pobystyrene (PD)
{Polyscience Inc., YWorthwaglon, PA]L;
ethyleelluloze (ECY (EDH Chemicals L.,
Poole, Epgland); pulyshyleoa glycol 4000
(Fiuka AG, CH-B470 Buchs, Switzacland],
sogbitan orieleste {Span BS) (ICI Surfaclanes,
Clevelaod, UKY; aceione, n-hexans and lgaid
paraffin ().T, Haker. Phillipsbwre, M1 ank
magnesiom slgarate (Flsher Scienditic, Atlanta,
GA), All other chemicals wore of roapent grads
and wera wrsd {49 ceosived,

Bledhuds
Purificalitin of the wn-exchanpe resins

The groend resin particles were purified
priog b0 dmeg bieding and mizrosacapsulation by
successlvaly rinslng about 20 g 2F wel regin with
25300 ml portions of delonized water, 2x300 ]
af 5% ethannl, 22300 mi of S0% athann] then
2x5300 ml of deionized water. Each stage of
trearment lasted 2 Br. under magnetic srizeng.
The cealin was then aetivated Dy recyeling the ion
eschamger bwive Delween the H* and she Nat
Fore, with 300 ml of 2 M KaOH aod 300 wmt of
2M HCL, and washing with defonized water after
gach treatment. Finally, the resia in the Ma*
form was recovered By vacuwm  Siltration,
washed diomoughly with deionized water uptil
the sursernatant was newtcal and en dried 10
conztant wedght ;1 507,

FPreporation of the drug-resin pamplex
Diffecent complexes of 4.5:1, 0.75:(, 1:1
and i1 drugiresn ratios weee peeparsd by 3
barch process in which zo accurately weigal
amaynt of the rasio (300 mg) was sossenced in
the charging elulion Zzowtion of verapaosil
bydrochwrids o deivnirsd water), aad che
aysten was stirred wsing @ magnetic ssirrer 1.7,



Rlecta, 5.A, Spain] 4f room lempecature for 24
het The complex was separaed from the
supernarant by fillration, washed with Jeiomized
writer 1 emave any wnreacled dedg and coungee
inns, deied to constand weivht and placed in a
dessicator, To determiee the actual loading
capacity, the amowit oF free drug m te filirace
was assaved spectrophotometrically (Shimadzu
doubde-heam spoctrophotnmeter 150202, Fapao)
al 278 o™ The amount of dreg bownd 1o the
resio wias Labeulated from the difference hetwazn
the initial and the rémaining amewan of drug in
the Giltrace,

Prepicilion of microcs psules

A variation of te wechaigue wsed by
Sprockel s  Drice™  wias  emgloyed o
pncapsulate  the  verapamil-loaded  cesins
fAmbarbite IR-120 (Ma®} at a Emgiresin oo of
11T by an tanulsiowsclvent evapocatien
cxiraction (ESE/E) inetheE, according 1o the
fotlowing husic procedures: a sutficisnd amaunt
of each nf the following palymers: CAB (10%
wivt, FC (0% wiv], CAP (12 5% wiv) was
dissidved separaiely in acewone. Polyebylene
glyool 4000 & 5% wis conceniration was addek
a5 a plasiicizer. The complex particles were
dispersedd i 10 ml of the polymer solatinn
(intecnal phasze) at & corglepat rati of 172,
Toilowal by emuzification of this phase in 1900
ml uf liguid paraifin contdineng 1.0%  wiv
gorhilan yrinfegre and 5% ey magnesium
grearare. The resulling amnlsign was mginiained
aL 25" and apitared au SO0 o pom widh 8 proped lee
stirmer {Whealon Ipstroments, BNoeth Tesus
Siceer,  Millville, BT, TUSA)  After
emubsaficanu for 1 he,. 25 ml of n-hexas (non-
solvent} weas added dropwise @l 2 constant cate of
I malimin o exiract deetone and precipitate the
cnat arsund the rcsin particles. Agitatinn was
cominded wphil the <ompledte evaporacion of
acehume was  adconanplishad (2 br). The
micoovapsobes,  were  collectsd by fltration,
wiashed with n-hexane and allowadd 1o dey ar 37
in an incubger for 24 hr,

ln amother 2ot of especimens. CABPS
composite microcapsules were prepared by a
el ification of the emulsion-salvent evaporalion
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Fextraction {ESLYE} meothod as fullows: CAB
was discidved in scetone to torm w KR oy
slution.  Price 10 migeogncapsulation, e
appropriste quam ity of polysryrene {F5} soloton
(5% vy in methylene chloride) was added w
CAB solution and mixed thoroughly with gentle
agitatlon by a magnetic sticrer 0 @on binary
polymer aystem solulions having various PS
concentratkns. The regquirsd amouol of the
drug-resin complex was unitormly suspended in
the carrcsponding polymer solution and the rest
of the encapsul@ion process was perforoed s
Usscribed fur CSE/E methusd.

The microcapsules were sized  through
standard sicves (IPX) and they rangzd from ©0-
T pgm. The Ffraction oF microcapsules
femaming on &ach sieve was ¢ollected  for
further swdy.

The effect of polystyrene cuncaotration [7.5
1o MR wihw {lased on todsl polymers wiglhe) &
a eoefocal ratie wl 112) and corefooat ratios of
1:1 and 2:01 dad 30% wiw pulyslyrens)] on ihe
yield, particle size, doug leading, sucface
morphelopy 2nd release characteristies of die
misfoapsules wera invesdmmed,

Determinalion of drupg hding

Tweney five milligrams of the leaded resins
or 100 mg of verapami resinates-loaded
microcapsules were acoursely weighed and
Somiriated ina clean inodar, then palvecized
by the awd of 2 smadi amnount of 0.1 N HCL The
pulverized resin particles or microcapsoles wore
vansferred inte 3 1) @l volumetric flask ad
conplacd with 0.1 B HCI w the appruopriale
volume. An aliguol was withdeawn, lilered and
suilably WJiluted and  assaved  specloophoto-
metcicalty al 278 nm wiing the sane medium as
a hlank, The dreg content fior every frastion sq2e
of the prepansd  microcapsules  and  the
commeecial prosdoct (Izepiin SR tahlets) was alan
determined similarly

Jr-vitra relenze Sidies

The USE  maluwing  pasddle  dissolation
apparatus [Model DE-D6, Erweka F_R Q) was
vzed at 30 rop.m. Fifly milligrams of e diug
resinaees cornplexes were agorately weiphed



and alded b 2540 milof the dissolution medinm
(0.1 W HCO o My HPOG,ZHA
MoH PO 12H0 bailfer (pR's 5.2 awd T4 a
154 M MNa* jongd) conlaining 0.02% wfv
Tween BN maipined af 37°10.2. Five
nsitlilicer samples were withdeawn ® specifiat
time intervals, and were replaged by squivalen
volumes  of  digsalution  mediom kepr g
377403, The dwg released from she recio
particles was debermined spertrophndometricatly
at 278 nm for the doodk medium (0.1 N BCH or
isHooic  phusphate bolfers, All dizzoluioo
studivs were run at Jeast w duplcace Tor each
eLperiment.

Release smdics of verapamil from the drog
resimates-loaded microcapsubes (200 gl were
simiarly pertummed. The dissolotios behavioor
of Tsoprine (SR tablals was conducred with S0
wl f the ssleciad dissolution medium  for
GOMPATiSon.

DiMereniiul scanning aledametry MSC)

Diftersagial  thermal  anatysis  of  the
untrested deug, undonded ion exchangs tesing,
the prepared Jrug-resin wompléxes {drugiresn
ratio of L1}, drug free-CAB/PE micréwcapsules
(P8 cuncentration: 3% wiw], and verapamil
resingte-lnaded CABR/PS microcapsules feorc
(Aatberdite TR-120) coal ratio of 1.1 and 2:1)
wis carrie) oat with & congurer-insrfaced
Shimedzu  differential  scanning  calocimeder
(D3C-50 mnded, Kyoto, Japan), Samples (3 mg)
were Svainad  in aluminum pans  oover
wonperatuce range of 0-15Q% a0 & scanning cate
of 107 mla. All wesie wer2 run i duphcae wnl
in a nitrogen aimosphers (40650 mlfinin ).

Sconning eleciron imrossapy

The surface merphalogy of Whe wobreane)
drug, beaded resios {Dowex-50 W (ME') and
Amberlite IR-120 (M3 ")) and verapamil resinate-
loaded CABPI mucrocapsalos was exami i
wiing a IGO0, scanning cloglron microseope
OSM-5200, Japan) 35 follows: Sanples were
coitted] with gald for W} mim &l &0 milfampers
furddar 3 nitruren simosphere) by using SP)
Spuoicer ™Coating Unit {SF1 Suppfies, Division
of Stmciwee Probe, Tnc., West Chesier, PA,
USa) Scanrmmg electron micrographs  were
taboen al 15 V.

RESULTS AN BACLISSION

Charpctecizalion of the propared vwerupamil
hydroehlorlde-resin onmaplexes

Tatde (L} shows the relaicn betwemn the
drgfragin ratin amd the amoant of dreg ihat
repctad with the sesin. [n mose of cases, the
percentage of drnug reacted was increased by
increpsing the inifial dreg conceniration as the
protonated drug species compeles widh and
displpges the sodigm counter-jon from  she
sulfonie aowd Renctiongat groups on the resn
pavticle, Tt was adso found b the strong calion
sxchange resin i the Na' form {Amberlie TR-
120 exhibited the highest loeding capacity {drug
pontenn; 00348, 56%, depemding oo drogfresin
ralio}, whereas Doweas50 W {Ma') showed e
Wrwiekt airHIunts aF drap oaded (19 LT-29%15% )0
With higher deugfresin ravio (2,17, nody a slight
increase in jhe amouyni of dmg cnokent was
obzerved (Table 13, Thys, tha in¢rease of diug
concentraion produced an nceeased counlzr-ion
conceniratiun chrough  exchanpe,  whech,
inereased the competinn between the ionized
drug and e zodiom on fw the rematmng
binding sies, lading b3 o cedues] adenmuion
efficiency al bigher dougiresin s *

The release profiles of the drug-vesin
campleses  drogiresin atio of 1:1)  wers
corducted in 0.1 M HC! and in phosphale
buffers {pH's: 5.2 and 7.3 at 154 B Ma® ions)
a5 shown @ Figure 1. Tt is abvioos thist 280 cesins
showedl delayed release profiles hulto & variabte
gxtemn. The maximum relsans rate was found .o
be in the Gllewing ooder: Ambirlite MB-1 =
Ambertite [RF-09 (Na™) = Ambedite 1R-120
[(Mu*} = Duowes-500W (Ma'),

Fivure 2 shows the inHuence of drug!nesin
ragio i resinakzs (Atmbarkice 1IR-1200a0d Dowes-
5wy on waeasundl release iy 0.0 WHCL The
ohtaingd eesults réevealed Uil the roe of drog
release Aom the Dowes type rehinates was
dicectly redutedd oo the initial doug concentrtiun
and oply TA4I58. 7647 of verapamil (depending
o doigfresin 1acie) was refeased in dhe Org 2
bro Thess reselis poion oul dhae e wncomed
Durwes-aype restnates along ina ratio of Q.51 or
0.75:] cun be considersd 25 a sustained release
demg  delivery  syslem  far werapamil
hopdrochiveride, I contrast, an myexse Goreelinon
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Table 1: lamding chaectensiics of weragpamil byvdmochbords oo the westiod son=mchanze resins as a

functiom af 15 comeenlrates.

Active Yerapanil! l.oading Ectirnated
Besinypys | Chamctur Form Eroup rosio Fadio capoily verapaml
e _ {mgfgy | 3 wentent (Yo
Anberlile SERO0E Sedium -0y 051 e 2543
1IRP-GM acid 0751 Sug.21 3T RS
11 63025 3944
2:1 TUE.EL 41.4%
Amberhite atrong Sodium =S 0.50:4 42414 30.03
TR-L 20 acid N5 7w, Rl dld]
I:] A8%42 4% 34
21 () ()
Amberline mix. of Acid +roth 65401 424 310 2080
bB-] strang ] HNACH.), PR | 47319 3213
acid & pase 1:1 467 472 3162
buse a:l el 3374
Dhowx-50 gtrang Sodiwn =50y 0.50:1 237 1% 1317
WEXE) aend | KYRIE. nn
1:1 413.43 2215
2:] - (=}

Mages: Equildhiroem timg: 2d hours, §-1 noat=deenined,

Posin: MK mg

existed herwaen percentage of drug relensed and
initial drug concentration tur Amberlite IR-120
reginates, wilh only 25.0-78,87% of verapamil
{(depending on drugitesin ratioy was r2fepsed
withmn & hr.

Characierization  of L(he preparcd
micrecapsules  contaiming  verapamil-resin
complexes
Microencipstililint

Twring indvial trials, d was observed tha
CAB ur EC micrwcapsulcs were frea-tipwing,
non-aggregated and fairly spherical. Thus, che
¢ffect  of  polystyrenc  utilization a=  a
complementary wall rauerizl om miceocapsale
characteristics was siodied wsing a mixture of PS5
wilh CAE 25 a binary polymer systom for (ne
LOMITIE process.

12¢

IFhysicochemical chavacreristies of
microcapsubes  conlalning  werapamil-resin
oM plexes

Tabfe 2 depicis the effecss of using 2 binary
prlyrmer system (CARPS)Y on the mictovapsule
properties. It is  evident that addition of
polystyreme i concentrations of 1.5, 15 aml
0% wiw to the polymur matrix improwved
Ereatly the yield of migrocapsyles {yiedd: &1 .00,
B3.00 uud @ 3995, 32%, respectively).

The effect of polymer type and corefooat
ratin on microcapsile yiehd and deug loading of
misrocapsules comaining verapami-lowded resing
are shown inm Table 2, The wse of CAFP as the
coling polymer was lound W0 ceduce the
micoocapsule  yicld hy  abnut 12.02%  ag
campared with CAR alone or EC.

Fipure 3 shows the iypical paricle size
distribution of CAP, T, CAB and CARPS



Trhble I: Charactéristice of verapamil resinarcs-loadod microcapsles

Polysfyrene Crug loadiopg %4 Entraprent Amourt of drug
Falvmer | concentration | Core'osl | Fraclion size | Averges size Yield efficHmey ek,
Tviae T Wi ratio i) (il {20 Theoretical Agtual [k (after 24 by
CAF Y 1.2 150.2 54 200 6, (1 16,33 Inzl 62,24 -
EC 0.4 12 150.2.54) 2 T8 14 16,33 297 61,07 -
AR 0.a 12 150-250) 200 TT 6% 16,33 & B Gk -
TARPS .8 1:2 155-251) 200 B0 16,33 9.97 B1.07 -
CABTS 15 1:2 150-2514) 29H) R ]I 14,33 & G0 5% 36 -
{"ARPS ] 1:2 15U-250 240 it 54 16.33 &2 L6 36 T20%
1502 3] 2004 14 (4 5730 02,24
CARTPA LY 1:1 250-155 M2 s R 1450 1482 a5} L
355500 4275 1718 11 54 %%
150-250 200.0 1957 jool LR
CAH/PS an 21 231355 3025 gy.a0 LYY 513 TORL A RA
355-500 427 5 228 .11 dd &T

MNnteg: Rewin: Ambedre IR-[20 (Ma');, drop'tesin gatioc 1.1, (=), nowl -determined.
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micrcapslcs: poeparad at a drugirssin gudio of
[:2. Chwiously, mivroencapsulation using {"AF
g% the ocnafing molymer wyieldad fhe highest
percent 0f microcapeules (&1, 79%) in the size
rangte of 300TI0 wm, whergas EC producad te
fighest percent {34, 16%) of microcapsules
cmadler than 19} ym.

The utilization of CTABRFS a5 hinary
polymer systems tesulted in ceducing tha mean
sizg of coaled complexes o a higher degree than
CAB alone. Thus, de higher concenteplion of
FS (30% wiw) wis need e pooduse L narrower
panizle size distributinn srith more than T4% of
micrircansitles io the range of P50-355 pra. The
regiklfs ohrained can he oxplained on e hasis
thal the flndity of the polymer sodutiun ¢an e
casiby adjusted by use of mintures of CAB and
P5 and thus provades o practica] mean L cumtral
the mean microcapsole size = in addivion,
medhylene chioride o which PS was dissolvad,
is miscible with himh CAB solvemt (Acetomed,
Tiguid paratiin and n-hesane, and iz fEcilitates
paditioning uf polymer  Solvents  inlo  and
diffuzion shrough the external phase. An eticct
which might influgnpe the deposition of the
pacticulate film {CABPS] spound the complex
and make coal wssence more Sifficult, pechaps by
preveoting cluse wontacd betwieen the droplets,
The reduction in micreapsule  sire wilh
ingreasing PS congentration and  amount of
mudhylere chlerite supports tiese suggestinns.
The cosults are consistent with teese of T el
al. ™ whir sindied e microencapselacon nf
lipase by a wi'w complev-cmulsion tchnigue
uRiag mixteres of PS5 and styreme-hutadiens
muhteer A% wall marerial and foumd shae the
averape diameter 4 microcapsules  becaries
smaller 38 the conent of PS5 in the wall
IRCTEASRE,

YWhen refated faclors such as cmulsibication
slircing speed, polyscyrens congentration, and
suclzetisnd concenration weee kept constant, a0
increast n he drug loading clicited a change n
migrncansule paricle size distributions.  As
shinwn in Figure 4, an Increase in the drug
Inading from 16,33 w 32.67% e tesuliel i
larger micrwapsules. This  effest can be
altribuced 40 the corresponding  increiss  in

24

I BGLwkr, wf g,

viscosity  of  resingw-polymear  EEpersion
comprising the internal phase of the emylslon,
Therefore, the visgosily increpse wilhin e
intermal phase recnlts in the gaperanow of a
coarser efmulslon with larger dooplatz, leading
evepally o the  formation  nf jarger
ticTocapsubes T

Driffercntia] thesmal analysis of empty
CAB/FS microcapsules (F% concentration: 0%
Wi, verepamii-resin mmplcxm and verapamil
realnates-lopded CABMPS (H%)-migrocapsules
way carcied oul 1o ¢hacacrecize the maraze of the
drug encapsulated in the microcapsules {Figure
5). In the casc of the melting phase trensition of
the drug-resin complexcs {druglrosin rafig of
117, e maxima of the peak oF diug-resin
cumplenes were broader and shifted o [eswer
lemperatures of apprusimalely 35,8 w 93 60°
than those of the drug melting puint (a sham
gpdotherm gt 143,65 and resins alnng {hroad
endotherms ac 96,3 o V1D ET) (Figure 5 a-i).
This may he atribuoted w Me presence of the
drug o owhe comples focm a8 a solid salution
state. ™  However, the analyticad  method
revealed  my thecrmal  ewents doring the
esipinMion of empry microcapsules, whereas
broad erdotherimns were observed 2t 32,17 and
03.17 for werapaeml restnates (Amber|ite JR-
120 loaded  microcopsvies of 1:1 and 200
corcfooat ratiws, tospectively  (Figure 50}
These resulis can be attriboted to the prosence of
a considerable portion of the drug in che
microapsules in i eesinate ferm.

Dsug rehuse Trom microcapsules coctaining
verapamikresin ocomplexes

Fipure & showws the effect of pol ymer gype
employed in the macroencopsulabon on drug
relaase from resinates (Amberlite 1E-120-naded
rricrocapsules (200w averags dianeter] with
aboot 0. 81 % wiw drug leading. The release rate
stodies i 3.1 W HCI and in phesphate buffer
(pH 7-4) demnnstrated that drug release was the
lastesl Mrom mistocapsules propared with CAP
(2.5% wivy, which cxhibited e substantial borst
effect fallirwed by complete dissolution and drug
Telenge within the fiest baur in phosphare huffer
[pH 7.4), This eonirasusl o appeoxima:ly &%
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reease from CAP micoocapsoles in & hro The
divergence n  releases  profifes  aHusinzs
performanee differences betwean calluluse eser
polyvmers {CAP, CABY whereby CAF x an
enteric coating polymer dissolves rapidly io
alkdine pH media and CAR has butytyl groups
that have been poswlated o [MeTease polymer
hydrophaticity, Jepending maindy on the type
and extend nf suhsiimtinn. Bhardwag et ol
repnrted] thar similar tramds may he operative in
determiting verapatml hydtochborice fuaboaded
on  resind celease  feom cellulose  ester
microspheres. This has heen experimental |y
confirmed via water-vapour trangmiggsion rpte
srudies conducted on cazt imz of A, CAFP LW
CAB™ that establizhed a vank-order relationship
basédl on decreasing polymee hydrophohicity,
which are smmmarizad as CAR = TAF > CA.
Howsaver, coating the cesin pacticles with EC
a corefeoat eadioe uf 12 resulicd in wondesircd
retardatinn in the drug release {d-5% within &
hr}, regardiess of pH of the dissolution medium
(Figure 6. This could he a result of the higher
viscnsity grade of EC psed which migh{ ingreage
the coalmg thickness of the migrocapsules,

With the objective of modulating dryg
release from the salegled CAR-mgpapsiles,
three [orulabnns were prepared by combiaing
CAR with a more permeable polymer, the
podystyrene (P31 W the propocons: 92,575,
E5:15 ami ™:30% (CABPS). Ohyioosly, the
ralease paftterns wera eagily changed hy wsing a
mizuere of CAR and PE {Figure €} Thus a0
intrease in P8 vontent of the mizrncupsole
matrixn feorelzoat raie of 1:2% brooght aboul @n
incredse in the teleace raie (Table 3 and Fijure
Y

The variaions in e release proparmes of
the microcapsules and sheir resinates can be
vorified by Lhe scanming fleciron niceagraphs
given e Figiir2s T and B, Werapaoul resiniles of
the Dowex pe are smaugth, complesly
cpherical and have a3 depse simuciyre, whereas
those of dre Ambeclile type that have higher
reledse rabes are imepular aod having coogh
swifaces (Figure TH,.C), X 100), Therefore,
micrjgacapsdlacion of  the  Amberlile-lype
resmates § prerijuiste foroachieving entimun
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crmtrniled releqse profiles. Represestatlve CAD
mlsrocapsules fooredcoat ratiw of 122} containing
Anberiite  1B-120  cesinates  are  relatively
spberica! in sbape and have highly wrinkled
surfaces and shrivelled memhranes (Figure T[N
2100, X 1000y, Higher magaifcation (X 3, 500)
shows  the sponge-like and  less  porpus
maormbnlngy of the ouger wall and the gheenpce of
Tesin  particles  or  smaller  microcapsides
(spherules] wn the miccocapsule surfice. This
correlated well with the decressed redease rates
of CAB micmeapsules ¢Table 3 and Figure &).
CAB/PY micoocapsoles [oorelenat ratén of
1:2) appeared to have different  surface
merphologles, Tsing polystyrens ot 15K wiw
concentration of the curating polymer prodoced
free-flowing  microcapsules  with & botter
spherigal shape and charpcteriztically smooeh
surfaee in conrast & CAB mictwcapsules
{Fipure T(E}, X 100} In =ddition, discrete
micropores and numerons spharoles g wefl ag
resin  particles  are  cleacly s2en on fhe
micracapsule surfaces (Figure 7[E], X HNx)),
Highor regnlutinn (¥ 3 5000 chowet a more
pocous ructure for such sicrocapsules with
dispecsed  resin  particles cmhbeded o the
micrngapsula:  memhbeanes.  The  higher
concenreation of P& CHMR wiw) whs akied w
produce o exeellanl yleld of mngtly sphercical
particles  bearing 3 similar morphological
fedlures (Figure 3(A), X UK, X A). At
higher magnifications (X 1,500, X 7500}, (he
micrographs evidenced the porous odkure of
mivrorapsules and the existcnis of numernps
micropnres within the microcapsule wall. thug
explaining the relatively Faster telease cutes of
CAB/PS (3% pmicoocapsoles (Cahle 3 amd
Figure @), The porows slouctore 15 probably
mtorduced by rapid vaporizatioo of the sAven
rosulting in guhzequent Eormation af bubbles
during die Fxboieation process and punctaring e
mCrocapsy € menbrane.* " On the other hand,
the presence of distined spherulitic stnughires and
resin paclicles on CABPS orarocapiabes surface
and heir dbsence with CAD  micoocapsules
supports &0 evidence  Far rapid  paolymeer
crystal|izacion on wsing A cigid polymer (E5) and
at ol aniscible salvent {dichloromethane) for



Table 3: Kinctic assessment of release data from verapamil resinares-loaded {CARTS) microcapsubes prepared of difforent core/ooat ratics {plesphate buflor,

plI 141
Polystvrens | Average Ertger-Peppas
Corel | tooc. nthe | siz=of 2ero-ordor Fyrst-order Crffusion mod=ls ez
caat Binary uem- M, Mo vs
v polymer | capsules r K, r Eas b0 | gy () Plamar malmx Spherical matrix r g
£¥siem firm %ah) 'y {3 ve. w) 32 (1 1-F™0F vs. ¢
(3w P IRy | ¢ [ Kexlo

Iz no 20K QLEz2 Y oedld L 00pde | D534 — NRRTT | 2390 {1,280 0.1347 GO%ET | 0363
iz 75 20H) 09613 1.504 | 0.9632 LERE | 414 | L9BHF | 5600 (97T 05938 09805 | G 46A5
(0 DEESY b (ia0s) | ooulty | (1551 4 ad 7)) | cooonay l i509sy | {09934y | (0.4193) | [0.9RA) | D.513)
1.2 15 ZTH) 1R 3614 QLG 4646 ¢ 1479 QW8S 13.51 0094 3223 Cheokd | 5%
(098050 | (101 | eosaas) | o309 L ore e | cooor bor1Le%y { (09556 | (2346} [ (098900 | ¢0.713)
I:2 30 L 1) .5H2 d 247 Dog Gad 10817 0 940 18.548 09842 6.030 0 GFhy 0T1s
L gty | (43561 | (0987 | 5420 Vo2 | qoaesy do sy | e | (2298 | (0,907 | (D.&sE)
1.1 30 204 BTG 5830 | 05981 FEED ;) 4033 0997 25.52 0.9834 13 95% 0 g 06502
19y ] {59784 0oy | R20 ] (545 | 0uwA ] (1esd) | (0995 | (65500 | (0.998) | (0.£72)
1.1 S0 I0k2.5 QoTe a5 0.59% T 5 0] {1.9950 . K] ) 733 (h.9952 0.774d
(0985 | (4578) | (09957 [ (568 | elzi6}] @006 | (152040 | roBSn) | (3442 | (0.995) | 0700
I:] L 42T % [og? 3.1X1 (p icag 4.012 1T.aT 0. a7 13.57: nox| 2670 .003 0414
| dnemar | raesey | 00BN 3 3000 (@23 r0 [ 0oy | rBREDE | qoued | (10w | (b} ] (0406
2.1 i 2EA) .56 L1016 | 09w 630 110 .9y 15092 06 6.130 LR 0654
(0.008) | (4537 [ 0280 | ¢ 30} | fL2 13 [ (996 | {15.247) | (0 997) {3.383) (0.%92] ) {0.T19)
| i 35 098al 3T (.95 .25 14,33 .95%3 13505 o749 IlTa 09971 480
0970 |z | worh i (i36r | 2003 | vz | pvies) | qnsedy | 13am | nosn | wesh
Zl K14 1275 0270 2351 (982 2.90 54 ERLENS 10.226 04994 1652 0,005 (.A30
(WAhN4) [ (2475 ] 0933) | 273 | ¢25.43) ) 07y | H.544) [ (00962} {4 D05} {0LET1) | {0.TaT)

Motes € amounnt of drug released after tirme 1 Ky Baker and Lonsdal's model comstant, F= bMyM., where b, and My are the amounts of 2nig relgased alt and
at infimity =t n. diffusional release exponent; daly hetwesy parantheges mdicate release sn 0.1 ™ HCLL
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Fig. 7. Representative sownikitoe chetron meciograghe of s '-rn'ul.unﬂl hydmshloride erystals; (B} vempamil repinates (dugsoesin (4 mberlite
IE-120 Wat ) emtios 100G {0 verspamit msinates {drogmesin (Dimwe-300W Na 'y mtics 1:1), (1, B} vergpamal teximales-Toaded Ca 3
micmoapsules: aod vorapanil resinaica-esaded CABNPS {15 % )-microcapules, cespectively | (Resin: Amteerbive TR-130 (Ma "), drug.mesin

matisic 1:1 mned corefoout ptice of 1:72h.
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Fipr, B Reptsadative scanming electron micmogruphs of verapamil resinaica-liebk=d CABPS (30 F)-microupskes preparsd st diffcrent
woneioes caios: (A0 112 (R 120 wnsl (0] 2:1. {Resins Amberlit= TR 170 (Ha* ) and drngfresim rats of 1:1).



dissolving the styrene polymer. This resalted o
better miiog of sdvemts system and  the
continuous phase and, haoce tapid microcapsyle
formation,  Similar marphalogical  sirwchures
were chserved when rapid crpstullizetion of
polymer  blends such a3 poly fe-
caprolacione)faynperoqiic Le1® and polyvioyl
chlowide/polonamer 1EE® oocurred in organic
solvents,

Increasing the corefooat rate from 1:2
faverage drug leading: 9. 32 %y 1a 1;1 {average
drug logding: 14.45%) ingreasad the amowns of
drug released iromy the CABMPS microcapsules
(200 pm oor 3Z2.5 pm) propared with 30% wiw
P5 concentralion as shows from Table T and 1, -
values ip Table 3. This, an incresse n dng
koading by about 35% resuliad in decreasing e
foy values by a facioe of 1.0% 0 1.5, depeading
on Imicrocapsule size and pH of the dissolubion
medhwm {Takle ¥ and Figure 9). This may be
attribuled tn the decrnease o wall thickness of
miconcapsufc with increasing rosingta loading.
Thisz |2 clearly illusiraced by the swrface
wpography of tie miccocypsales which indicaned
that micrpcapsules with 8 corel'coal ratio of 1:1
are  sphecically  shapad  pacticles  bul have
wrinkled and rough as well as microporous walls
in comparisen with Bwse of 122 core'coal Tatio
(Figure (A B}, X 100, X 1M, A closer view
of the walls is shiwn at hipher magnificuinns
(Figure (B}, X 10K, X 3300, X Taod), The
micoographs revedled the higher poragicy af the
Il corefeuat ratwy miccocapsules  and  the
exdztenca Of some magrscopic pores and resin
particles embeded within loogely bound walls,
which lead to a relatively rapid drug release,

Howsever, imereasing the corefeout ratio
feom 1:2 w X:} {drug loading: 12.57%) in case
gf 20 wm diamecter microcapsules had oo
marked efMect on the 1, values (Table 3 and
Figure ). Intereslingly, it £an be seen also (con
Tubles 2 & 3 amd Figore 9 that TABR/PS (30%) -
microcapsules nrepared &l 8 cowrelonat catie of
20 (drag loading: 19,57-24.28% | depending on
micrcapsole 512e) exhibilad ower release raes
(o L1.0-25.43 hr, depemding oo microsagsule
size end pH of the dissulution medium) than
those obtained with miceocupsules preparcd at
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0:F corelenat ratio (K, 0 &04-13.11 hr), Thege
results were a contrast b the obsevvad increase
in dreg release with ereasing the inetial doug
loxding  deseribad  in  ximilar  formolations
containing keloprofen™ and such as those of
cellulose  esier  micnospheres containiog
verapamil kydrochlorida.™ In fact, an inerease in
Jrug losding withowt increasing tha amaunt of
the barrier polymer will lead tn faster drug
relesse rates as B resgle of the presepee of lecs
amdunt of barrier polymer at lngher deug
loadings, However, thls did por oecor o our
cast when the drup was fixed on the ion-
gxchange .resins becauwge the esmtent of the
increas in microcapsule porosity as well as the
presence of Rumetons suslace resin partiches and
MadosDeIe pores with increasing the résinate
Ioadings (as observed in the scanning electrun
micrographs (Figure 9(C), X 0, X 35009,
did mit compensate well for the higher drog
conbonk.

The effect of miccocaprole siza on the dreg
relcase from CABSPS microcapsules prepared al
30% wiw PS concenwration is shown in Tables
2 & 3 and Figure %A B). Bt 15 clear that the
smaller the microcapsule, e more rapid the
drug release mate due o W preater effective
sucface ared.

The peclermance a8 prolonged release
preparation of  verapamil  resimate-leaded
CAB/PS (M%)-microcapsules was compared
with the action o commercial sustained release
tabigts  {lsoptin-(SR} coni@ining 2440 mg of
verapamil  hydoochlozided  (Fipure 904 B
Cigoarally ‘the release profiles revedled that the
describred  verapamil  formutations  exhibited
slawer release rateg in 0.1 N HCL and phospluue
buffer {pH 7.4} than the conwentional fablcts
which showsd 3 complete drug rebease after 10
hr in phosphate betfer {pH 7.4). This contrazred
o approximataly  J.3-TH 10M%  relepse
{depending on corgdeoal tRgio and misrocapsale
size} frum  CABPS 0% )-microcapsubey
comteining drug fiasd oot the resio o 2 time
feame 0f 12 hr {Figure 90&, H).

Megpie  the  solabilily of  verppamil
hydrochlacide |5 highes in the pH canpe of 3.3
I .4, where (he icairel species predominss,



0
po - -
M -
“l Ny
- 1
- ]
") - =
0 -
- -
7 |
i L
a 0 a2
e ™ | T T T {8)
o[ orem -
m | i
78 f -
=} i
| - -
A i
” ~
0 i
o -
[] 1
A I 12
Taret (R} Ferivl (P}

Fig. % Compurison of drug releass profibes of verepamil resinates-Inacked CABPS [(30F 1- misrocapsubes preparsd
an a corsteoal retee OF (4 B! andd (B} &5 with ssoptin-SR tablets ! Besin © Asobechie JB-1H) {Buty, (7]
looplio-SE whlets, werstagrule:s aciion si2c (o) LAGCS0 gon (2] 230-35% pm, (@) 335500 pm,

131



than at hipher pH values, ™ the drugy releise rates
ware found to be higher io phnsphate huHers
fegpH 7.4 than in ©.1 M HCL [Tahle 3 and
Figures | & 93 Tt is known that the resin
contamlsg a smongly ackdic Runclional geoup
{sulpbnnic acid) will hawve a grealer affinity for
hydrogen ions comparad o sodium or passivm
inms, hence, 3 faster cation exchanpe aod drug
release may be expected io 3 maore acidic
environment. P However, the unexpectad results
ubtained could be presumably infzerad Tropm Uie
difference i Ui comceniration of different
coynter-wng i0 eluting media. This was 250
evidend from she extent of drg release with
uncodted cormpleves in the presepcs of each
coumter-kn (Figuee 17, Also, the change in
relcase profilet was less promoonced at higher
pH values (5.2 and 7.4) aven though the ionic
strength wag kepd constant 2t 00154 ddava m
shown)d. The resolts obtaioed are ceosistenl with
Woge of Sprogkel and  Prapaitrakol” wha
absgeved that the influence of madia pH =
sonsianl ponie sirength gn drog refease from
CAP  miseospheres  <ontaimmg  phenyl-
propanolaming loaded ontn sulfonic ecid cation
ekchpnge rosin {Amberlita IRT09) was less
dromatic, ezpecially at haghee pH walugg [(5-73,
than the effedt of Granlig-ion 1ype.

Kinellca interprecation: of the release data

Analvsis of the celease data of wverapamik
resinatesloudsd CAB or CABPS mivrocipsales
was careiedh oyl azoording to zern-order kinctics,
first-order kinetics, Wiguchi neadel, a diffusion-
contoolbsd mosdel fur planar matria™ and Baker
and Tonsdales meadsl, =z diffusicontortenilod
model o sphecical e, ™ A simple empicical
cxpunendial relation (Egn. 1} was akbio progesed
by Pegpac™ 10 describe tne general solue retease
hehaviwr  of  cortoolled  release  pulymetic
devices;

Moo (3

where MM is the Fractional release of the
drug, t is the release dima, K is 2 constunt
incorpnrating  sfruciural  and genmetric
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characteristics of the controbtled raleasa device,
and o is the release exponent, indizative of the
mechanism of dne relegse. Eepoctedly, Lhe
value of n for 3 spherical saople 13 0 43+ 0.007
for Fuckian diffugsion, 00352002 fur casc T
tranepoct {rerg-arder kinaticg) and < {,B3 and
=043 jor anomalous mon-Fickian) transporet.”
The following equation wis  derived [or
quandifying the approimate amoaent of 3 doug
released by & non-Fickian (diffusion'relaxation}
pomirplled release mechanism, ™

L)
L_-‘---k', KT
- A .

wheee K, and K are the diffusion {Fickian}-
comdralled and the relaxation-conmralled releasa
mechamsm conzians, regpectively,

The waluae of n, releare ralc cnnstanes gad
the correspomding daternginaion coeffgieds (r7)
Eor the rglense daty of migeucapsyles are |isted n
Table 3, Geanerally, the apphed swdels were
sufficienty linear and the differences hetween
them w2re aoted tn he minimal . Hogwever, 1l
appeared thas the celease pactern oF verapaml
frum CADR or CADFS (7.5%}-microcapsuliz
was found to be best eaplained by a Fickiao-
diffusion kincdics with n values ranging fram
0368 tn 0513, This indicates thal the sguare
ot oF time telalionship e a matris diffosivn-
conleolled mechanism  (Hipucht model)  was
aperativa, ™" The suggesied modcl has been
applied soccessfully e drug celease fuin CAB
microcapsules. ™ Alsn, the resulls obtwincd anc
comsistent winh ghase of  MMoldenhaswey  and
Maice™ who foutd thar sicroencapsulaed ions
Lxchange resing confaining thanphylioe titted a
0 plo, when MAML is <00 hershy,
sagresting particle diffusion contrul [t is alsn
evident from Tahile 3 that Ritger-neppas mndzl
shrwel the highest correatinn coefficiens and
the calzulated (n) valwes ramged Groom B3RS
RLY in almost all tha ceses of CABSFS
miceocapsules  prepored  ar higher  resinate
polymer catioe andfor P concentcations (15,
%), thus confirming 1 non-Fickian-type
kingtics cnnirolled by a3 combination of a



diffusion amd a chain relyxation mechasism.

What s perhaps rmore inferasting, iz tha
unczwal veleaze hehaviour of verapamil in these
cootrlled  rolease  microcapsules;  aspoecially
those with higher resin conteot. This is hacause
siguifacant armonnig of core yrmally inlecf2ee with
the macromodeculae chain relanating procass,
thus leadiog to & suppresslon of the celaxagion
mechanism amd observaton of ondy 3 diffusionsd
mechanisrn, ®  Howaver, the  snexpectsd
relaxation mechanism for the new dogage form
ot verapamil hydrochlorids may be the cesolt of
the relutively clow swelling of the device
{containing hipher resin and S sonlenl which
leads 1 @ transitinm of the overall systemn from
the glusty 1w e rubbery stae ™ In facr, the
swelling behaviour of resinate/CABMPS system
could ke cxplained oo the basis thas highee PS
conteot increased the membrane permeability
and ournher of water-filled pores as evideneed
fenm the seanping electron micrascopy {Figuee
0} Conzequendy, the hydration of recin
(Amibedlie 1E-120) increased which, In turn,
affects  the swellng  capacily  aed colwme
cxpansion of esin particles an the mioecpeales,
resolting in an owerdll swelling of the spstem.
The swelling capacity oF the ion exchange resins
when weired s been pur to praclical wre with
resing 2uch as Ambertite IEP-88 psed as @ rahler
distntcyprating agent "

COMCLUSION

For the first time, verapamil hydrochloride
was suceessfully complexed with sultonic acid-
calion exchamge resins and the complekes warg
mictoencupsulied by a4 mudified emulsicn-
sulvent evaporalion ! extraction technigue ozing
different goging prlymers and binacy polymer
gystems {CARMPS) By vicpe of the jopled
method, complede evapecation of solvent and
microcapsplz  formativn were  accompished
withiy 1.5-2 he. The prepared miceodapsules
oftered 3 furmher proiongation of the drug
reslease pares of Ambeclioe-gype rcaimuzs amnd
improyec i microseepic praperiics, whergas,
the uneoated Mowes-typs eginaes whicl bhave
beuer surface propetizg showed potential as a
sotained release dmup delivery  systemo fur
verapami hrdrochloeide.

(X special  concern should he  the
advantagaous sustaimed relesse poopecties of
werapamil  complex-loaded  microcapeiles
preparad asing CABFS hinary polymer sysleng
inm drmup release rate meodulakion. Thus, he
permaability  of micrpcapsiles walk  which
controbs averall mass irangfer processes andfor
niicrocupsyle particle size can ba modified ovar
# wilde range by changing the CABPS ratin,
Consaquently, wirieties of microcapsales with
wirying readse profilas poyld pe obtuingd . The
variuons o drug celzase rarer with pH o of
dissulution mislia indicate a poteotial for in-vFuoer
warighility.,  Drup relesse  data of  such
microeapsulas fitted better bt the diffusion §
ralanation-teowolled relesse mesdanizhn (pon-
Fickian-diffusion Linctizg).

REFERENMCES

I- Manindale, The Extrapharmacoposia,
Thiry-first Ed., E. F. Beynolds {gd.}. The
Pharggeeunical Press, London (1934), pp.
51364,

2. K. Navpori, H. Yatabe, K. [sek, and K.
Mivazraki, interpationsl  Juurpad  of
Fharmacealics, L8, 255 (199

1 K. Thomrea sod T. Zirwmec, Internatioosd
Jowrnal of Plearmaceutics, 55, 137 (1357,

4- L. Magpi, GG, Mussoling, B, De-Loreui,
L1, Cowte and O, Caccialanza, Tnteriaticnal
Jowrnad of Pharmaceotics, 136, 43 {§O0hS)

5- C. Sun-Lin wnd H. We-Hu, Drug
Development and Indusirial Pharmacy, 24,
10T (L9UE).

a- M, Mavola, A. Kannikaski, 1. Taskinen
ad P. Ottwila, Jourmul of Pharmacy and
Pharmacology, 37, Thé §1945).

T- &, Ugarkovic, 3, Treodovska-
Seeafimovska, B Sapkareva, er al., Ada
Miarmaceutica, 46, 155 (13M).

R- A fasraniga, M. F, Sangulli, U. Comic,
. Caramella, P. Colvintsy aod 4. La
Manna, Intecnatiopal  Fougnal  nf
Pharmneunics, 3L, 167 (19953).

- 5. A, Elkeshen and L. A HHisny, Dig
Pharsnizednisshs Tndustrie, 61, 606 (1999,

= M. 3. MNaparseoker and R Govindarajo,
Fharmacy and Fharmagolapy

Communications, 4, X531 {1933,



L1-

i2-

15

i

17-

1E-

(P8

-

21-

1-

-

134

W. Prapaitrikul, and C. W. Whitworth,
fournal of Miccoencapsulation, &, 213
(1939}

5 B, Bhardwaj, A, T, Shokla and 0 C,
Collins, Journal of Micrococapsatation, 13,
TL{1995).

G M Durks, B. W, Memies and 5. 5.
Jambhekar, Dmug Devclopmoent  and
Industrial Phacmacy, 12, TI3 (1986).

3, 5. Borodkin, Ton-exchange resing and
sustained release. T Encyclopedia of
Phurmaceutical Techodepy, 1. Swarkrick
anid 1. €. Buylan s, ), Marced Dekker,
Inc., New York £1993), pp. 103-216,

K. Bhaskar, R. 5. R. Muchy, I [
Miglaoi and K. ¥iswanathan, Internationdd
Josurnal of Pharmeceatics, 28, ¥9 {19B6).
M. Sriwongianya and R, Bodmeier,
Curcpenr Jourmd of Phacmaceutics aond
Biopharmaceutics, 4, 321 (1998,

M, G. Mildenhaver and J, G, Mairn,
Jourmal of Pharmacentical Soenves, 739,
653 (19N,

M. Srowongionya amd R Budenews,
fdernativagd  Juuwrnal of Pharmaccutics,

159, 29 (1997
O+ Tofres, T, foado, D Blanow and [, 1.,
Yilaeduto.  btlermativnal  Juwenal  of

Pliamnaveetics, 175, iT1 (1995).

(1. L. Sprickel and ). . Price, Dy
Tevelopment and Indugorial Pharmazy, 18,
a1 (1990).

7. L. Chang, In: Analytical poofiles of
drugs  substances. K. Florsy  {ad ),
Academic press, Inc., Mew York, Vol 27
(L9HE), pp. 43-674.

1. El-Giikaly, 5, M., Safwar and M. O
Ahmed, Jourmal of Microencapsulatson, 13,
6T {1990

M. Tsw, T. Shirahase, 5. Hanamura, 5.
Urushivamz and 5. OUmi, Moornal of
Wigroangapsulation, &, 165 {1980}

1 El-3ibaly and 8. M. Safaat, Procesdings
of Pharmaccolical Technalngy Conference,

Craleed, TR, 205 {10%6),

T3-

26-

15-
2o

30-

3-

32-

13-

54

&3-

3w

35-

3%

L E-Celudly, £T al

A. Darkai, ¥. V. Pathak and 5. Teniga,
Drug  Dewvelopmend  and  indusieial
Phartacy, 16, 2057 (1990},

2. L. Speockel, W, Prapaitrakol and P,
Sbivanand, lowrnal of Pharmacy  and
Phactmacalogy, 42, 152 {19900,

R. K. Chang, T. C. Frice and C, W.
Whitworth, Drup  Development  aml
Industrial Fharmacey, 13, 1115 {1237

A, hac, T Megi el 1, Friend, JTowrnal of
Microencapsulation. &, 361 ((589})

H. Huatan, 1. H. Collewt and D1, Attwond,
Iournal nf Micrgencapsutation, 12, 537
(1993},

[. El-tabaly, Buldin of Pharmmoaceulical
Sciences,  Assiul University, 21, 203
(998},

G, L. 3prockcl and W, Prapatrakub,
Imecnationat Jowenal of Phacnceutics, 48,
21T [1%954).

W, 1. Higuchi, Journal nf Pharmacoutical
Schemees, 5T, 2Ta (194648),

E. N, Baker and Bl K., Luwnsdabe
Coorelled 1edeise: mechianisms and rares,
[o: Comrolled Release of Biologicaly
Active Agents, edited hy A. C. Tanquary
and R, F, Laway {(Flenum, New York)
(1%%4), pp. 1571

M. A, Peppas, Fharnmaceogics
Heslweticae, €3, [10 ¢ 1985).

F. I. Ritger and N A. Peppas, Jnurmai of
Conerollad Releaze, 5, 37 (195T),

B. fiander, R. Gurny, E. Doelker and M.
A Peppas, Jowecant of Cootrglled Eelesse,
5, 271 (I98E).

F. Helferich, bin-Exchange:, MoGraw-Hill:
Wew York (1N, pp. 6L, IR5.

F. L. Lea, Fulymer Commanications, 24,
45 {1983}

G Ponchel, F. Touwchacd, D
Wouessidpewe, D, Duchéne, and M. A.
Feppas, Interpatignal  JInucmal  of
Pharmaceutics, 38, 65 {1987},

AL



