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ABSTRACT

Surface coating on drug tabletsisawidely practiced and commercially significant technology and is aworkhorse of
the pharmaceutical industry as far as post production protection of drug tablets and capsules is concerned. This
technological area involves a highly sophisticated and complex end-use of surface coatings technology into phar-
maceutics which is of high value to the industry especially to the pharmaceutical and coatings technologist .While
existing literature on this subject has focused upon the entirety of the area with respect to every minute factor such
astypes of the said coatings, the equipment involved, the biopharmaceutical aspects, the coloring and flavoring of
the dosage forms and even the testing and stability evaluation of the dosage forms, this review focuses essentially
on the latest developments in two main research areas namely the polymer chemistry of film coatings and the
phenomenon of Controlled Release of an active pharmaceutical ingredient from the dosage form.
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INTRODUCTION

Coating of pharmaceutical dosageformsor smply
‘medicines’ asthey wereknown earlier, during thetimes
they devel oped, were employed primarily withamo-
tive of masking unplessant tastesandimpartingamore
elegant gppearance, thereforemaking long-lasting gloss
aprimary requisite. Thefirst reportson pill coating’
date back fromthe Greek -Arabic civilization with mu-
cilage of plantago psyllium and silver¥ being used as
the coating materials. Honey and later sugar followed
ascoating materialsonly to become popul ar with vast
cultivation of sugar cane and sugar beet in Europeand
North Americain the 19" century. Astechnology de-
veloped and as the dosage forms empl oyed became
multifarious, coatingswererequired to be carried out
to attain certain advanced objectives. They can belisted

asbelow:

1. Ensuring Controlled Release of theactiveingredi-

entswith respect to theenvironment inwhich the

dosageformisadministered.

Avoidanceof sideeffects.

3. Protection of theactiveingredientsagainst air,light
andmoisture.

4. Increasng mechanica sability during manufacture,
packaging and shipment.

5. Increasing Drug safety by better indentification.
Thefirsttwo arethe ‘Primary’ and ‘on-site’ objec-

tives, thethird isof intermediates gnificanceand comes

into play only when the dosageform isexposed to ex-

terna conditions, whilethefina two aremore advanced

or ‘Tertiary’ objectiveswhich are generally of impor-

tance on abulk scalewhere storage, handling, packag-

ing and distribution of thedosageformsisinlvolved.
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Types of coatings

While coatings on pharmaceutical dosageforms
have been most broadly divided into Sugar coatings
and Film coatings?, the areacan be divided into two
more classifications based mainly upon themethod by
whichthey arecoatedi.e. ‘Hot melts’ and ‘Press coat-
ings’. Out of these, theareaof Film Coatingsistheone
whichintereststhe coatingstechnol ogist most sinceit
involvesthedirect applicationsof fundamenta sof coat-
ingstechnology. Film coatings consist mainly of poly-
merswhich are applied to the coresintheform of solu-
tionsor dispersionsin which other excipientsaredis-
solved or dispersed®. A coating compositioninafilm
coating cons stsof thefilm forming polymer, therequi-
Siteexd pientsor additivessuch asplasticizers, pigments,
glidantsand lubricantsaswell asdispersng agents.The
desired compositionisdictated by theend requirement
aswell theexact areaof disintegration of the coating.
Film coatingsinvolvethe use of mainly threetypes of
polymerd4i.e. Rapid Release water soluble polymers
coatings,enteric coatingsand insoluble coatings.

Rapidly disintegrating film-coatings

Film coatingsfor rapidly disintegrating film-coated
tablets consist elther of water-soluble polymersor of
mixturesof water-solubleand water insoluble polymers.
Themost widely used water-solublefilmformersare
Hydroxypropyl methylcelluloss(HPMC), methylcdllu-
lose (M C), Hydroxypropyl cellulose(HPC), Hydroxy
ethyl cellulose(HEC) and sodium carboxy methyl cellu-
lose(NaCMC), vinyl derivativeslike polyvinyl dcohol
and polyvinyl pyrrolidoneand polyglycolsand acrylate
derivaives.

Of these, acrylate polymerswith bascamino groups
areused for flavoring and taste masking.They do not
dissolvewdl inthesdiva, and dissolveintheacid envi-
ronment of the stomach. The product Eudragit E,
poly(butyl methacrylate, (2-dimethylaminoethyl)
methacrylate,methyl methacrylate) intheratioof 1:2:1
isarapid release polymer which disintegratesin water
which doesnot require plasticizer addition but magne-
sium stearate may be used asaglidant.

Considering some sol ubility aspects of cellulose
ethers, the powders swell strongly in water and thus
tend to form lumps, but arelesswater solubleat higher
temperature because of the reduced degree of hydra-
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tion, they are first suspended in hot water and then
cooled down with stirring. The pigments are homog-
enized separately from the polymer solution in
suitable,usually high shear equipment and added just
before use.

Theplasticizerisasgnificant component of thefilm
coating system and mgjority of theresearch carried out
intheareaof film coatingsisbased oninvestigating ef-
fect of different plasticizerson permestion, drug diffu-
sion and rel ease characteristics of the coatings. Plasti-
cizersmainly reducebrittlenessand increaseflexibility
and ductility of thefilm and ensure spreading and/or
film capability. Migration of plasticizersfromfilm coat-
ing polymerstowardsthe core and to the storage me-
dium could result in serious changesin the mechanical
propertiesand permesbility of coatingsthusgresatly in-
fluencing rate and extent of drug release.

Themigration of water solubletriethyl citrate ap-
plied asaplasticizer in Acryl-Eze coating hasbeenre-
ported to be studied by Budavari et a.(New 8) Con-
Sderablemigration of triethyl citratetowardsthetablet
cores has been reported. The extent of thetriethyl cit-
rate migration hasbeen shownto beinfluenced by the
rel aive humidity of thestorage medium.

Hydroxypropyl methyl cellul ose has been exten-
sively studied among dl therapid rel easewater soluble
polymers. Quessi et a.® have demonstrated that the
incorporation of different concentrationsof HPMCinto
shellac coatings, dueto theincreasing of pores, could
consderably increasethedrug releasefromthepellets
in purified water. Additionally, PVA resultsin small
crackinginthefilmsand much morediffusonof drugin
water.Leeet d .1 havereported that unlikethe uncoated
and conventionally coated HPM C tabl et, dual drug-
loaded HPM C matrix tabletsgiveabiphasiclinear re-
lease. Thebiphasicrelease profilesof dual drug-loaded
HPMC matrix tablet were highly modified, depending
on theamount and type of fiveplasticizers. Thisgoes
on to demonstrate that the current dual drug-loaded
HPM C matrix tablet, showing biphasi c release profiles
may providean dternativeto ddliver drugswith circa-
dian rhythmic behaviorsin the body.Frohoff-Hulsmann
et al.l haveinvestigated rel ease mechanisms of theo-
phylline pellets coated with an aqueous ethyl
cellulose(EC) dispersion containing plasticizersand
hydroxypropyl methylcellulose(HPMC) as a water
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soluble poreformer a ong with theeffect of curingand
storage conditionsof coated pelletsonthedrug release
rate. The release mechanisms have been shown to de-
pend on the glasstransition temperature of the ethyl
cdluloseandthereforeonthemigration of the plagticiz-
ersand the poreformer.Another smilar study® hasbeen
conducted toinvestigate the propertiesof sprayed films
prepared from agueous ethyl cellulose dispersions
(ECD) containing hydroxypropyl methylcellulose
(HPMC) and plasticizersof different water solubilityin
order to clarify thedrug rel ease mechanisms of pellets
coated with therespectivematerid. Theresultsreported
demondtratethat theglasstrangtion temperatureT and
thesofteningtemperature T of thesefilmsafter swelling
are dependent on thewater solubility of theplagticizer.
TheTg of ECD filmsplasticized with triethyl citrateis
abovetheswdlling temperature of 37°C after migration
of theplasticizer, transforming the polymer intheglassy
date. Incontragt, dibutyl phtha ate-containing ECD films
demongtrateaT_beow theswelling temperature, leav-
ing the polymer intherubbery state. Qussi et a.® have
investigated the effect of triethyl citrate(TEC) and dif-
ferent molecul ar weights and concentrations of poly-
ethyleneglycol (PEG), inadditionto theeffect of differ-
ent water-soluble polymersand dispersionsat different
levels, hydroxypropyl methylcellulose(HPMC),
methylcellulose(M C), polyvinyl acohol (PVA), ethyl
cellulose(EC), on themechanical and thermal proper-
ties, drug permeability, and porosity of free shellac
films.The addition of plasticizer wasshownto causea
decreasein both el astic modulusand glasstransition
temperature T and anincreasein elongation at break
of free shellacfilms.It has al so been reported that the
drug permesability isdirectly related to themechanica
propertiesand T of shellacfilms. Saringet et al.* have
reported theinvestigation of the effect of plasticizers
PEGA400, PEG1000 and triacetin on mechanicd prop-
erties, glasstransition temperature and water vapor
transmission of freefilmsprepared from HPM C and/or
HPM C:PVA blends, to devel op suitable coating sys-
temfor tablets, and to determinetherel ease profiles of
the coated tablets. Addition of both grades of polyeth-
yleneglycol (PEG400 & PEG1000) increasedthemois-
ture permesbility of HPM C filmsbut thefilms contain-
ing triacetin provided amorerigid barrier to moisture
compared to unplasticized HPM C films.Presenceof the
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threeplasticizersaswell as PVA and PEG400 together
improved the coating properties of HPMC filmsand
made it more suitable as a non-functiona coating
material. Kwok et al.*¥! have investigated vinyl
pyrrolidone/vinyl acetate copolymer(S630) asplasti-
cizer for itsinfluence on HPM C film coating param-
eters, comparing theresultswith acommonly used plas-
ticizer, polyethyleneglycol and another copolymer, poly-
vinyl acohol. Themoisture permegtion wasdightly re-
duced but not to the same extent as polyethylene
glycol. Thismay beattributed to thewater soluble-wa:
ter insol uble combination of vinyl pyrrolidone-vinyl ac-
etate. A 10% concentration of S630increased the ad-
hesive strength and toughness of the HPM C film coat.
Theanti-tack action of polyvinylpyrrolidone (PVP) on
hydroxypropyl methyl cellulose (HPM C) solution has
been elucidated by Chan et d.[*. Theaddition of PVP
was shown to reducethetack of the HPM C solution
when used at |ow concentrations, without affecting the
state of hydration of HPM C. Lower molecular weight
PV Pwas moreeffectiveas an anti-tack agent owing to
suitable hydrodynamic sizeto intersperse among the
HPMC chains. Thedegreeof reductionintack values
was morepronounced for HPM C that showed agrester
extent of interaction between polymer chainssuch as
when high concentration of HPM C or low solutiontem-
perature was employed, which was attributed to the
net reduction in the extent of hydrogen bonding be-
tween HPM C chains.Thisinturn, hasbeen correlated
to the changes of viscosity and surfacetension of the
HPM C solutions but not to the glasstransition tem-
peratures of the polymersprepared assolid films.

Entericcoatings

Anenteric coating resistsdissolutioninacidic gas-
tricmedia, but dissolvesinthedkaineintestina envi-
ronment. Enteric coatingsare useful for protecting the
stomach wall from the effect of activeingredientsin
dosageform. For example, if aspirinisdirectly exposed
to gastric mucosa, it can cause corrosion of the stom-
achwall. Enteric coatingsare also used to protect ac-
tiveingredientsin thetabl et corefrom chemical attack
from stomach acids and digestive enzymes. Enteric
coatings can also be used to promote the delivery of
activeingredientsinthe coretablet toaparticular re-
gion of theintestine such asthe upper part of thesmall
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intestine, in order to enhancethebioavailability of the
activeingredient.

Polymerswith freecarboxylic groupsareinsoluble
inacid mediaand dissolve by sat formation above pH
5-6. They are used for enteric film coatings. Polymers
such as hydroxylpropyl methylcellulose phthalate
(HPMCP), cellulose acetate trimellitates(CAT),
Hydroxypropyl MethylcelluloseAcetate Succinate.
(HPMCAYS), carboxymethyl ethylcellulose(CMEC),
polymethacryal ates and polyvinyl acetate phthalate
(PVAP), and certain acrylic polymers, in both agqueous
and organic coating formulations. Inthelow pH stom-
ach environment, the carboxylic acid groupsinthepoly-
mersremanun-ionized. Therefore, thepolymericcoating
remainsinsolubleingadtricfluid. Thepolymeric coating
disntegratesor dissolvesinthe higher pH intestina en-
vironment to alow dissolution of thetablet coreinthe
small intestine. The active ingredients are absorbed
through the intestinal wall for delivery to the blood
sream.

Enteric coatings materia sare used for taste mask-
ing and stability improvement aswell asfor odour pro-
tection. They arespecificdly indicated, howevertoavoid
incompatibility reactionsinthestomach with aggressve
drugsthat may cause nauseaandirritation of thegastric
mucosa®. Enteric coatings may al so be used for con-
trolled ddivery tothesmdll intestineand the colon.Some
enteric coatingsare combined with anon-irritationa
initial dosereleased inthe stomach to ensureanimme-
diate onset of thergpeutic action.

Effectsof variousformulation and processing pa-
rameters such as plasticizer content, coatinglevel and
curing conditionson theresulting drug releasekinetics
from theophyllinematrix pellets coated with aqueous
hydroxypropyl methylcellulose acetate succinate
(HPMCAYS) dispersonswerestudied by Siepmann et
al.(New 1) Dueto the micrometer range size of the
HPMCA Sparticles, thetheir coaescencewas particu-
larly crucid and not complete upon coating.It hasbeen
demonstrated that at |ow coating levelscontinuouswar
ter-filled channel s connected the bead coreswith the
rel ease medium through which thedrug could rapidly
diffuse, resultingin highreleaserateseven at low pH.
At high coating leve ssuch continuous connectionsdid
not exist (dueto theincreased number of polymer par-
ticlelayers), and drug release was controlled by diffu-
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sion through the macromolecular network resultingin
much lower rdl easerates Andevated temperaturecuring
was demonstrated to be responsiblefor further poly-
mer particle coal escence, resulting in achange of the
underlying drug rel easemechanism and significantly re-
duced drug rel easerates.

The anion-controlled drug release mechanism
through the cationic coating polymer Eudragit RS30 D
asafunction of theanion atraction toward thepolymer’s
guarternary ammonium group(QAG), anion vaence,
and film composition has been reported by Wagner et
a.(New 2). Aninstant exchangeof chlorideagainst the
medium’sanion speciesafter aimmediate penetration
of dissolution medium into the polymer at completely
different ratescompared with the drug rel ease consti-
tuted the mechani smof drug release. A water flux was
induced by back and forth exchanging anions depend-
ing upon the attraction of the anion towards the
Quarternary Ammonium Group(QAGs). Strong
attraction(asin casesof nitrateand sulfateions) resulted
inalow water flux whileweak attractionresultedina
high flux(asin case of acetateionsand succinic acid).
Thewater flux increased at increasing number of QAGs.
Plasticizer acted asadiluent in respect of the number of
QAGs, thus higher plasticizer concentrationsled to
lower drug release.

Menjogeet d.[*¥ havereported miscibleblends of
anewly synthesized reverse enteric polymer(NREP)
with enteric and pH-independent polymers. Theinter-
actionsbetween NREP and these polymershave been
ranked in the order EC(ethylcellulose)<ES (Eudragit
S)<HPM CP(hydroxypropyl methylcdlulosephthdate).
The comparison of interactions in blends has been
provento help explaintherd easepattern of cefuroxime
axetil(CA), avery strong antibacteria, at gastric pH
and tailor therelease of other drugsaccordingto their
pharmacokinetic characteritics. The understanding has
been reported to provideamorerationa approach for
selection of polymersand their content in the coating
compositions, rather than an empirical approach. The
interactions of Cefuroximeaxetil (CA) withthe poly-
mershydroxypropyl methylcdlulosephthdate, cdlulose
acetatetrimellitate, and Eudragit E resultinthe genera
tion of unacceptableamountsof impuritiesand degra-
dation. Thus, formulations, which mask thebitter taste
of CA andreeaseitimmediatdly inthe stomach, have
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therefore not been possible. Thus, astudy subsequent
to the previous one, by the sameteam hasreported a
self-associated cationic polymer (NREP) containing
methyl methacrylate(MMA), 2-hydroxy ethylmetha
crylate(HEMA), and 4-vinyl pyriding(4-VP), inan at-
tempt to overcometheinteraction with the samedrug
CA.. The hydrogen bonding between the pyridine ni-
trogen and the hydroxyl groups of HEMA has been
demonstrated to resultin strongintrachain associations,
prevent interactions between NREP and CA, and in-
hibits degradation of CA. These self-associationsre-
gtrict polymer chain motions, enhance biocompatibility,
and leadto ahigher Tg, which ensuresthat NREP does
not becometacky in processesinvolving heat. Theju-
dicious choice of the hydrophobic and hydrophilic
monomersrendersthe polymer hydrophobic enough
asto mask the bitter taste of CA at near neutral pH.
Incorporation of thebasic monomer 4-VPensuresrapid
dissolution of thepolymer andreleaseof CA a theacidic
pH prevaent in the stomach. Thework indicatesan
approach to design pH-sensitive polymersfor dosage
formsthat meet the pharmacokinetic requirements of
the drug. Work in the same direction, has been pat-
ented by Ibanez et d.*4 wherein they disclose compo-
gtion comprising cefuroximeaxetil in particulateform
suchthat the particlesare coated with integral coatings
of alipid or mixtureof lipidswhich areinsolubleinwa-
ter and which disperse or dissolve on contact with gas-
trointestinal fluid, abulk sweetener abinding agent and
atexturemodifier such aspolyvinylpyrrolidone, sodium
carboxymethylcellulose, hydroxyethylcellulose,
hydroxypropyl cellulose, which servesto mask the bit-
ter taste of cefuroxime axetil upon ora administration.

Dittmar et a.™ have patented a novel bilayared
pharmaceutica compositioninasolid unit dosageform
for oral administration.The composition consistsof an
active pharmaceutica ingredient or drug, aninner and
outer coating layer.Theinner coating layer comprises
poly (methacrylic acid, methyl methacrylate) 1.
2(Eudragit S), or other enteric polymer material which
has the same pH release characteristics in agueous
mediaas Eudragit®S, an anionic copolymer derived
from methacrylic acid and methyl methacrylate, witha
ratio of free carboxyl groupsto the ester groups of ap-
proximeatdy

1. 2, and amean molecular weight of gpproximately
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135,000. Theouter coating materia can beany coat-
ing material that dissolvesor isremoved in the gas-
trointestinal tract prior to theinner coating layer. The
outer coating layer iseither asinglecoating or multiple
coatings of either an enteric polymer materia or film
coating materid. Thefunction of theouter coating layer
isto prevent or minimizefracturesof theinner coating
layer during formulation processing, manufacturing, and
packaging, and thefunction of theinner coatinglayer is
to maintain the desired point of release of thethergpeu-
ticactiveagent inthegastrointestinal tract. Plasticizers
may al so be added to the coating scompositionto fa
cilitate the coating process and to obtain an even coat-
ingfilmwith enhanced physica sability. Theouter coat-
ing layer may consist of non-enteric aswell asenteric
polymerssuch ashydroxypropyl methylcelulose, car-
boxymethyl cellul ose, carboxymethylethylcellul ose,
hydroxyethyl cellulose or cellulose acetate mal ecte,
polyvinyl alcohol phthaate, hydroxypropyl methylcel-
lulose acetate succinate (HPM CAYS), hydroxypropyl
methyl cellulose hexahydrophthal ate, polyvinyl acetate
phthaate.

Withthegradua eimination of al organic solvents,
such asacetone and methanol, in the pharmaceutical
industry from themanufacturing of pharmaceutica drug
products, there has been agrowing need for aqueous-
based coating technol ogies. One of the early records
of devel oping aqueousformulationsfor enteric coat-
ingson drug tabletshas been given by Sophie-Dorothee
et d. Novel formulations of an aqueous-solublesalt of
CAPwhich can becoated onto tabletsproducing afilm
that isinsolubleinacid but solubleinan akainebuffer.
Theformulations can beused for any drugthat requires
an entericfilm coating such asthe manufacture of de-
layed release articles. The process can be briefly de-
scribed asfollows. Thepolymer/sdt forming agent(SFA)
formulation isprepared by dispersing thepolymer in
about half of thetotal amount of required water. SFA,
from about 35% of polymer isthen poured into the
dispersion and themixture agitated for about 4 hoursto
alow for completedissolution of thepolymer. Theplas-
ticizer isthen added at 20% levels, based on polymer,
preferrably about 25%, and water is added to reach
thefinal weight. Thesolutionisthen agitated for about
one 30 minutesto about one hour, preferrably about
30 minutes, to achieve plasticization of the polymer and
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then optionally passed through a20-60-mesh screen,
resultinginaplasticized polymer/SFA solutionwhichis
clear, freefrom any insoluble materia and used within
24 hoursfollowing preparation.

Oneof the early quantitative descriptionsof drug
release was presented by Ozturk SSwiththehelp of a
mathematical model that describesthe dissol ution of
the polymer coating and rd easekineticsof weakly acidic
drugsfrom enteric-coated tabletsin buffered media
Thismode can also beusedto predict thetime of on-
st of coredisintegration. Thedissolution of theenteric
coatingwasfound to depend ontheintringc solubilities
and pKa’s of the drug and polymer and the medium
properties. Therelease rate of the drug was demon-
strated to depend ontheintringc solubilitiesand pKa’s
of drug and polymer, the medium properties, i.e., pH
and buffer capacity, and amasstransfer coefficient.

With an objectiveto provide an aqueous enteric
coating composition containing awater solublesdt of a
film-forming enteric polymer whereinthefilm coating
providesahigher water res stancethan wasprevioudy
achievable and maintainsgood mechanical strength,
Wayne et al.*% have developed and patented an en-
tericfilmcoating composition such that, whilemaintain-
ing good mechanica strength, itswater and acidresis-
tanceisincreased beyond that which was previously
achievableviasolidsloading by way of loading an ague-
oussolution of it’ssdt with adispersion of aparticular
concentration of solid flakefiller materia and ahydro-
phobic compound containing diphatic carbonatoms The
approximate weight percentsof therequired composi-
tion are 35%-50% weight percent of aenteric polymer
with asolubilizing amount of awater-soluble baseto
provide an agueous sol ution or dispersion of asat of
the enteric polymer and, dispersing about 30 weight
percent of ahydrophobic and about 25 weight percent
of awater insolubleflakematerid (water-insoluble, in-
organic minerd) intheagueous polymer solution.

HPM CPisnot considered advantageous because
it may causeenvironmenta problemsdueto the use of
an organic sol vent. Although aqueous dispersions of
acryl copolymersarecommercialy available, they are
not natural products but synthetic polymersand have
physical propertiesfor filmsinferior to HPMCP. Ac-
cordingly, there has been an increasing demand onthe
development of novel environment-friendly products.

> Review

A novel method of preparing an aqueous dispersion of
hydroxypropyl methylcellul ose phthalate (HPM CP)
nanoparticle composition has been patented by Baek
et a.*¥ The nanoparticles prepared by this method
clamto offer physica propertiesfor enteric coatings
without anion exchange process, whichisthe cause of
increased manufacture cost. In doing so, it has been
found out that an HPM CP nanoparticle composition
prepared by an aqueous neutralization-emul sification
process, inwhich useof anemulsifier and aplasticizer
isselectively controlled, can solvethesolid content de-
crease and aproblem of long processtimedueto the
ion exchangeprocessand offer physical propertiessuch
asdissolutionand disintegration for useasentericfilms
and coatings. The processdescribed briefly asfollows.
Purified water, HPM CPan emulsifier and aplasticizer
aretakeninareactor. The neutralizing agent whichis
extremely importat for nanoparticlesynthesisisadded
dowly for 30 minutes. Aqueous ammoniasolution has
been used asthe neutralizing agent. Thereaction has
been reported to be performed for 2-4hrs. at 40-60°C
to prepareal0to 30% agueousdispers on of HPMCP.
Theevaluation of the enteric property was evaluated
by coating adiclofenac sodium tablet, whichiswiddy
used asanti-inflammatory drug with the prepared aque-
ousHPMCP dispersion.When adis ntegration test was
performed at pH 1.2 for 2 hours, no disintegration was
observed, which suggeststhat it hassuperior physica
propertiesfor enteric coatings.

I nsolublecoatings

Thethird mgjor classof coatings used for coating
pharmaceutica dosageformsisthat of ‘Insoluble Coat-
ings’ which consistsof cellulosederivatives, acrylates
andvinyl derivatives.

For permeabl e, del ayed rel ease coatings copoly-
mersof methyl methacrylate and ethyl methecrylate2:1
are used, which additionally contain trimethylam
moni oethyl methacrylate chloridein proportion of 5%
(Eudragit®RS) or 10% (Eudragit® RL) ashydrophilic
monomer units.

Sungthongjeen et d .1 havereported the prepara
tion and evd uation of atablet system cons sting of cores
coated withtwo layersof swellingand rupturable coat-
ingsaspulsatiledrug ddivery syslem. Corescontaining
buflomedil HCl asmodd drug were prepared and were
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then coated sequentialy with an inner swelling layer
containing asuperdis ntegrant (croscarmel | ose sodium)
and an outer rupturablelayer of ethylcellulose. The ef-
fect of core composition, level of swelling layer and
rupturabl e coating was reported to reveal that increas-
inglevelsof theethylcellulose coating retarded thewa:
ter uptake and thus prolonged thelag time. A pul satile
multiparticul ate drug ddlivery system (DDYS), coated
with aqueous dispersion Aquacoat® ECD has been
developed by Mohamad et al .18, A rupturable pul sa-
tiledrug ddivery system consistsof
(1) adrugcore;
(2) aswdlinglayer,comprisingasuperdisntegrant and
abinder;
(3) aninsoluble, water-permeablepolymeric coating.

Upon water ingress, the swellablelayer expands,
resultingintherupturing of outer membranewith sub-
sequent rapid drug release. Therelease after lagtime
wasfast and complete, when cross-linked carboxym-
ethyl cdlulose (AcDiSol) wasused asaswelling agent
and asustained releasewas achieved after thelag time,
whenlow-substituted hydroxypropyl cdlulose(L-HPC)
and sodium starch glycolate (Explotab) were used as
swelling agents. Outer membrane, formed using aque-
ousdispersonAquacoat ECD wasreported to bebrittle
and ruptured sufficiently to ensurefast drug rel ease,
compared to ethyl cellulose membrane formed using
organic solution. The addition of talc hasbeen demon-
drated toincreasebrittlenessof membraneand hasbeen
proved to bevery advantageous because of (i) reduced
sengitivity of lagtimeon variationsinthecoating level
and (ii) fast and completedrug release. Theswelling
characteristicsof variousswellable polymersinswell-
ing layersthat inducethe rupturing of an outer polymer
coatingin pulsatiledrug ddivery systems(DDS) have
been investigated by Bussemer et al > The swelling
energy of severa excipientswasshown to decreasein
thefollowingorder:

Croscarmell ose sodium (Ac-Di-Sol)>L ow-substi-
tuted hydroxypropy! cellulose (L-HPC®)>Sodium
gtarch glycolate (Explotab®)>Crospovidone (Kollidon
® CL)> Hydroxypropyl methylcellulose (M ethocel ®
K 100M).

A linear correl ation was shown to exist between
the swelling energy and thewater uptake. A diffusion-
controlled swelling force devel opment, predominantly
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controlled by the penetration rate of themedium for the
excepientstested has been proved. Theuse of blends
of gastrointesting tract (GIT)-insol ubleand enteric poly-
mers(ethyl cellulose and Eudragit L) ascoating materi-
asfor multiparticulate controlled release dosageforms
has been demonstrated by Lecomteet al 2. Inthesame
study, effects of the polymer blend ratio and coating
level ontheresulting drug rel ease patternswere also
studied dongwith an explanation of the observed phe-
nomenabased on the physicochemical properties of
the systems. A broad range of drug rel ease patterns
from coated pell ets was demonstrated to be obtained
by varying the GIT-insol uble:enteric polymer blend
ratio.Thedrug release mechanismsfrom pellets coated
with pH sengitive blendsof of awater-insolubleand an
enteric polymer, ethylcdlulose: Eudragit L and Eudragit
NE:Eudragit L, respectively have been demonstrated
by Lecomte F et al.?Y (New 3) It has been demon-
strated that by varying the type of polymer blend and
blend ratio, drug release mechanismscan beeffectively
atered. As an example, at low pH drug release has
been demonstrated to be primarily controlled by diffu-
sion through the intact film coatings in Eudragit
NE:Eudragit L blends, whereas crack formation has
been shownto beof mgor importancein ethyl clulose:
Eudragit L-coated systems. At high pH, the (partial)
leaching of theenteric polymer out of the coatingsplays
animportant role.

Coatingsfor tabletsfor drugdelivery in thegas-
trointestinal tract

Sincetabletsareemployed primarily for oral drug
ddivery, thetarget region for these dosageformsisthe
Gastrointestinal Tract.Controlled release of activein-
gredientsin specified regionsof thethe Gastrointestina
Tractisrequired for thefollowing reasons:

e Locd sdeeffectsprovoked by concentration pesks
of theactiveingredients.

e Ingability of theactiveingredientsunder theinfluene
of digestivefluids.

e Local treatment of diseasesof thedigestivefluids.

Thedigestivetract itself consists of anumber of
regions, eech characterized by varying conditionsof pH,
absorption areaand secretion. The major regions of
the digestive tract can be listed as follows: Mouith,
Esophagus, Stomach, Smdl Intestine, whichisdivided
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into 3 partsnamely the Duodenum, Jgjunum and Ileum,
the colon and the rectum.

Out of thesemost research hasbeen carried out on
coatingsof tabletsfor the stomachi.e. the enteric coat-
ingsand the col on.For targeting themouth region, prac-
ticaly dl enteric coatings can beused. The next region
isthestomach region. Thereisamyriad of factorswhich
affect the pH value of the stomach environment from
1.0t0 5.0, and thusthe eff ectiveness of acoating for-
mulation must beindependent of thepH conditionsfrom
1.0t05.0. A pharmaceutical composition for oral ad-
minigiration containing apharmaceuticaly activeingre-
dient coated with an amount of apolymer combination
of an enteric polymer and an ammonio methacrylate
copolymer to effectively mask thetaste of the active
ingredient hasbeen patented by Chuanbinet d .22, The
polymer weight ratio of the enteric polymer to the
ammonio methacryl ate copolymer isabout about 60:40.
The pharmaceutical coating compositionissolublein
theacidic pH of the stomach, whichisgenerally about
1.0t0 3.0, but relatively insoluble at thenon-acidic pH
of themouth, whichistypicaly about 5.0. The coatings
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providefor rapid release and absorption of the drug,
whichisgenerdly desrableinthecaseof liquid dosage
forms.The EudragitsRL 100, RL PO, RL 12.5,RL 30
can be used for this purpose. These compositions can
be devel oped by any standard techniqueinvolving aque-
ousor organic solvents.

A pharmaceutical composition comprising oraly
administerabledosageformsthat use effervescenceas
apenetration enhancer for drugsknown, or suspected,
of having poor bioavailability has been patented by
Indiran et a . Effervescence can occur inthe stom-
ach, oncethetablet or other dosageformisingested.
Inadditionto effervescenceinthe stomach, or asalter-
nativetechnique, by theuseof appropriate coatingsand
other techniques, the effervescence can occur in other
partsof thegastrointestina tract, including, theesopha:
gus, duodenum, intestinal and colon. Thesiteof effer-
vescence and drug releaseischosen to correspond with
thesegment of thegastrointestind tract displayingmainly
maximal absorption of theformulated drug. The effer-
vescent penetration enhancersevol ve gas by means of
achemical reaction which takes place upon exposure
towater and other fluids. Such water-activated materi-
asmust bekeptinagenerally anhydrousstateand with
little or no absorbed moisture or inastable hydrated
form, sinceexposureto water will prematurely disinte-
gratethetablet. The composition may alsoincludein
amountsadditiond tothat required for effervescencea
pH adj usting substance. For drugsthat areweekly acidic
or weakly basic, the pH of the agueous environment
caninfluencetherdative concentrationsof theionized
and the unionized forms of the drug present in
solution. Thiscomposition mainly usesenteric coating
polymerswhichwerediscussed earlier.

For del ayed drug rdl easein thecolon, coatingswith
adissolution pH around 7 can be used. Sincethetrans-
fer of drugsinthelargeintestineisd ow and continuous,
itisaso possibleto achievetime-delayed drug release
effectively with coatingsdissolving around pH 7.

Khan et al.(New 9) used Eudragit L100-55 and
Eudragit S100, by spraying from agueous systemsin
various combinationsto coat L actose-based placebo
tabletswhichwerelater tested invitrofor their suitabil-
ity for pH dependent colon targeted oral drug delivery.
The same coating formul ations were then applied on
tabletscontaining mesalazineasamode drugand evalu-
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ated for invitro dissolution rates under various condi-
tions. The polymer combination used to coat thetab-
lets, pH of the disintegration media, and the coating
leve of thetabl etswerereported to influencethedisin-
tegration rate of thetablets. It has been reported that
therelease profiles of the drug can be manipulated by
changing the Eudragit L100-55 and Eudragit S100ra
tioswithinthepH rangeof 5.5to 7.0inwhich theindi-
vidua polymersare soluble respectively, and acoating
formulation cons sting of acombination of thetwo co-
polymerscan overcometheissueof high gastrointesti-
nd (Gl) pH variability anongindividuas. Thepotentia
of acombination of Eudragit L100-55 and Eudragit
S100 successfully used from aqueous system to coat
tabletsfor colon targeted delivery of drugshasbeen
demonstrated and the formulation has been shown to
be ableto be adjusted to deliver drug at any other de-
srablesteof theintestina region of the Gl tract onthe
bas sof pH-variability.

A combination of pH-dependent(Eudragit S100and
Eudragit L 100) and time-dependent (Eudragit RS) poly-
mersasasingle coating for design of colon delivery
system of indomethacin pellets has been studied by
Akhgari et a.(New 10) Thedrug releasein colon has
been demonstrated to be controlled by addition of
Eudragit RSto the pH-dependent polymers. Thelag
time prior to drug rel ease was shown to be highly af-
fected by coating level . With combination of two fac-
tors, i.e. the percent of Eudragit RSand coating level,
the optimum formulation wasfound to bethe one con-
taining 20% Eudragit RS, 64% Eudragit Sand 16%
Eudragit L, and acoatinglevel of 10%. Time- and pH-
dependent colon-specificdrug ddivery sysems(CDDS)
inform of tablet coatings of ethylcellulosefor orally
adminigtered diclofenac sodium (DS) and 5-aminosali-
cylicacid (5-ASA), respectively have been studied by
Cheng G etd. (New 11) Theinvitro rel ease behavior
of the DS coated tablets and 5-ASA coated pellets
wereexamined, and thenin vivo absorption kinetics of
DS coated tabletsin dogs were further studied. The
pH of the dissolution medium did not influencethere-
lease profile of time-dependent DS coated tabl ets, but
thelag time of DSreleasewas primarily shownto be
controlled by thethickness of the coatinglayer. Inview
of the pH-dependent 5-ASA coated pellets, 5>-ASA
release was significantly demonstrated to be governed

Woateriolsy Science  mmm——

by pH. Moreover, the 5-A SA rel easefeaturesfrom the
coated pell ets have been shown to depend upon both
the combination ratio of the Eudragit L100 and S100
pH-sengitive copolymersinthecoating formulationand
the thickness of the coating layer. The two types of
CDDS, prepared by meansof theregular coating tech-
nique, havebeen shown to becgpableof achievingSte-
specific drug delivery targeting at colonfollowing ora
administration, and providing apromising strategy to
control drug rel ease targeting the desired lower gas-
trointestina region.

Colon-specific compression coated systems of 5-
fluorouracil (5-FU) for thetreatment of colorectd can-
cer using xanthan gum, boswe liagum and hydroxy pro-
pyl methylcellulose(HPM C) asthe coating materials
have been reported by Sinhaet a. (New 17) Different
coat weights(230, 250, 275 and 300mg) and different
ratios(1:2,2:1,1:3,1:7 and 3:4) of boswelliagum and
xanthangumand different ratios(1:1,1:2,2:1, and 2:3)
of boswelliagum and HPM C wereevaluated invitro
and out of theseratios, ratio 1:3 demonstrated the best
release profilewith thelowest coating weights of 230
mg (7.47+/-1.56% ininitia 5h). Further increaseinthe
coat weights to 250, 275 and 300 mg showed are-
lease profile of 5.63 +/- 0.53%, 5.09 +/- 1.56% and
4.57 +/- 0.88%, respectively, intheinitial 5hand 96.90
+/- 0.66%, 85.05 +/- 1.01% and 80.22 +/-0.35%,
respectively, in 24h. Of thecombination bosweliagum
and HPMC, theratio 2:3 wasreported to give the best
resultsamong theinitia trial batches(7.80 +/- 0.57%
in5h) and adrug release of 6.5 +/- 0.27%, 3.70 +/-
2.3% and 2.99 +/- 0.72%, respectively, intheinitial 5
h and 96.90 +/- 0.66%, 85.05 +/- 1.01% and 80.22
+/- 0.35%, respectively, in 24h,when the coat weights
wereincreased to 250, 275 and 300 mg thuslaying a
basisfor useof compression coating of 5-FU asatool
for delaying therd ease of thedrug.

Theinvitro therelease of 5-aminosalicylic acid
(5-ASA) or diclofenac sodium (DS) from matrices
based on chitosan (Ch) or Ch hydrochloride (Ch-HCI),
planned to beintroduced into enteric-coated capsules
for controlled rel easeto the colon hasbeen studied by
Zambito et d.(New 12) The Ch-HCI-based matrices,
wereobserved to swdl inthedissolution mediumwith-
out disintegrating. Drug rel ease were shown to bedif-
fusion-controlled and follow square-root-timekinetics.
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Theinternal pH of the swollen Ch-HCI-based matrix
wasacidic, S0 5-ASA solubility and releasewereinflu-
enced by penetration of saltsfrom the externa buffer.
In the Ch-HCl-based matrix DS was converted into
the scarcely soluble diclofenac free acid, which pro-
longed thetimefor rel ease of 50 % doseexcessively.
The enzymatic action of rat cecal microflorawasre-
ported to accelerat drug release from the Ch-HCI-
based matrix.

A colon-targeted drug delivery system for 5-fluo-
rouracil using pectin combined with microcrystalline
ethylcdluloseasafilm coat hasbeen devel oped by Wel
et al.(New 13) The coated pellets with pectin or
ethylcellulose alonewith Theoritical Weight Gained
(TWG, as measure of film thickness) as 20% were
shown to beincapableto control thedrugreleaseinthe
first 5 hof thedissolution study inthesimulated gastric
and smdl intestind conditions. When theratio of pectin
to ethylcellulosewas 1:1(w/w) and film coat TWG-
20%, the rel ease was shown to be rapid and was ac-
companied by splitting of the coat. Whentheratio of
pectinto Sureleasewas 1:2(w/w) and film coat TWG-
13% and TWG-20%, the formul ations were reported
toreleas9.8+/-0.7% and 4.1+/-0.4%, respectively, of
5-fluorouracil inthefirst 5hof thedissolution study in
thesmulated gastric and small intestinal conditions.
When thedi ssol ution study was continuedin s mulated
colonic fluidsfor another 19h, thefilm coat with the
formulations of TWG-13% and TWG-20% werere-
ported to release 96+/-1.3% and 85.0+/-0.3%, re-
spectively, of 5-fluoroural in amulated colonicfluidsat
theend of 24 h of thedissolution study, whereasinthe
control study the formulations had released 51.4+/-
1.0% and 34+/-0.5%, respectively, of 5-fluorouracil in
absence of rat caecal contentsat the end of 24h. The
results of the study have shown that the formulation of
TWG-20%(pectinto ethylcellulose 1:2, w/w) ismost
likely to providetargeting of 5-fluorouracil for local
actioninthecolon, asit released only 4.1+/- 0.4% of
thedruginthesmulated gastricand smdll intestind con-
ditions, and it released 85.0+/- 0.3% of 5-fluorourail in
smulated colonicfluidsat theend of 24h.

Khayaand albizia gums have been evaluated as
compression coatingsfor target drug delivery tothe
colon using indometacin(awater insoluble drug) and
paracetamol (awater solubledrug) asmodel drugsby
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Odeku et a.(New 14) The coretabl etswere compres-
sion-coated with 300 and 400mg of 100% khayagum,
100% a biziagum and amixture of khayaand abizia
gum(1:1). Khayaand a biziagumswerecapableof pro-
tecting the coretablet in the physiologica environment
of the stomach and small intestine, with albiziagum
showing greater ability than khayagum. Thefact that
therd easefrom tablets coated with themixtureof khaya
and al biziagumswas midway between thetwo indi-
vidua gums, indicated that thereisnointeraction be-
tween thetwo gums. Thegumswere shownto besus-
ceptibleto degradation by the colonic bacterid enzymes,
leadingtoreease of thedrug, indicating their potential.

Colon-targeted drug delivery sysemsfor ornidazole
using guar gum asacarrier have been devel oped by
Krishnaiah et a.(New 15). Compression-coated tab-
letsof ornidazol e contai ning variousproportionsof guar
gum in the coat and eval uated for hardness and drug
content uniformity and were subjected to invitrodrug
rel ease studies. Compression-coated tabletswith 85%,
75%, and 65% of guar gum coat rel eased about 21%,
38%, and 73% of ornidazole, respectively,inamulated
colonicfluidsindicatingthesusceptibility of theguar gum
formulationsto therat caecal contents. The compres-
sion-coated ornidazol etabletswith either 65% or 75%
of guar gum coat have been shownto bemost likely to
providetargeting of ornidazolefor local actioninthe
colonowingtoitsminima rdeaseof thedruginthefirst
5hr. Thesamegroup (New 16) hasreported nove tablet
formulationsfor ste-specific delivery of 5-fluorouracil
to the colonwithout thedrug being releasedin the tom-
achor small intestineusing guar gumasacarrier. Com-
pression coated fast-disintegrating 5-fluorouracil core
tablets compression coated with 60%( FHV-60), 70%(
FHV-70) and 80%( FHV-80) of guar gum, and were
subjected to in vitro drug rel ease studies. Guar gum
compression-coated tablets rel eased only 2.5-4% of
thedruginamulated Gl fluids. Insmulated colonic flu-
ids the compression-coated FHV-60, FHV-70 and
FHV-80 tabl ets rel eased another 70, 55 and 41% of
the5-fluorouraci| respectively. Theresultsof the study
show that compressi on-coated tabl ets containing 80%
(FHV-80) of guar gum have been demonstrated to be
most likely to providetargeting of 5-fluorouracil for lo-
cal actioninthecolon, sincethey released only 2.38%
of thedruginthephysiologica environment of thestom-
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achandsmdl intestine.

Amylose combined with thewater-insol uble poly-
mer ethylcellulose, in different proportionsto produce
film coatings of variousthicknessesfor applicationto
mesalazine (mesalamineor 5-aminosdicylic acid)-con-
tai ning tablets has been demonstrated asapromising
vehiclefor drug ddlivery tothe colon by Wilsonet d .14
Therate and extent of drug rel ease has been demon-
strated to berelated to theratio of amyloseto ethylcellu
lose in the film and the thickness of the coating. In-
creasing theproportion of ethylcdluloseinthefilmand/
or the thickness of the coating depressed the rate of
drug releasein the conditions of the upper gastrointes-
tind tract.

Liquid suspensions of reverse enteric polymer
coated dosage formsthat mask the unpleasant taste of
the active agent have been reported by Danny et d .1,
Theliquid suspens ons can be swall owed without pro-
ducing abitter tastein the mouth, but the coated agent
isimmediately biocavail abl e upon exposure to the pH
level sfound inthe stomach.The coating consisitsof a
blend of dimethylaminoethyl methacrylateand neutral
methacrylic acid ester (MM/MAE) copolymer and a
cdluloseester, in an agueousvehicle, whereinthe poly-
mer weight ratio of thecdluloseester tothe MM/MAE
isabout about 60: 40. Theliquid composition utilizes
a’reverseenteric coating”whichissolubleintheacid
pH’s of the stomach, generally about 1.0 to 4.0, but
relaively insolubleat the non-acidic pH’sof themouth.
Reverse enteric coatings arethose which are not water
solubleat non-acidic pH’sasare present inthe mouith,
but are solublein theacid pH levels of the stomach.
Thecdluloseacetate component, thesolubility of which
ispH independent, and the MM/M A E component, the
solubility of whichispH dependent, aremixedinaratio
which providesthedesired diffuson characteridics The
polymer coating materia isdissolvedinan organic sol-
vent to makeasol ution for usein thefluidized bed coat-
ing process. Siew et d.?® havereported theinvestiga
tion of amylose-ethyl cellulosefilm coatings obtained
from organi c-based solventsaspotentia vehiclesfor
colonicdrug ddlivery. Under upper gastrointestind tract
conditions, therateand extent of drug reease havebeen
reported to berelated to the thickness of the coating
andtheratio of amyloseto ethylcdlulosewithinthefilm.
Coatingswith athick film and/or low amylose content
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were demonstrated to berelatively impermeable and
ableto delay drug release under conditionsmimicking
the upper gastrointestinal tract. Under s mulated co-
lonic conditions, drug rel ease was more pronounced
from coating formul ationscontaining higher proportions
of amylose. Colon-specificity canthereforebeachieved
using such systemsby judicious choice of the appropri-
ateratio of amyloseto ethylcellulose and coat thick-
ness. The sameteam hasreported astudy carried out
with apurposeto establish the physico-mechanica and
digestibility properties of water-miscibleorganic sol-
vent-based amylose-ethyl cellulosefilms as potential
coatingsfor colonic drug delivery!?. Resultant mixed
filmswerecharacterised intermsof tenslestrength and
elagticity, polymer miscibility, permeability, and digest-
ibility under s mulated colonic conditions. Filmscon-
taining higher concentrationsof amylosedisplayed in-
creasing weakness and softnessand faster permeation
to hydrogen ions compared to filmswith lower amy-
lose content. Thefilmswerefound to be susceptibleto
digestion by bacteria enzymeswithinasmulated co-
lonic environment. The extent of digestion has been
demonstrated to bedirectly proportiond to theamount
of amylose present withinthefilm. Overal, theresults
suggest that such amylose-ethyl cellulosefilmscould be
used as coatingsfor drug delivery to the colon.

Processdevelopment and modelling

Process Optimization and scale up are extremely
important aspects of sound development of any
technol ogy. Thus, athermodynamic film-coating mode
for aqueous and/or organic-based systemswhich pre-
dictsexhaust stream conditions, has been elucidated
by anEndeMT et a.(New 4) Thefirst law of thermo-
dynamicsand consarvation of massprincipleshavebeen
effectively used to completeamaterial-energy balance
on thecoating unit operation for aclosed, non-isolated
system. Hest | ossfrom the coating pan isincorporated
into the model through aparameter called ahesat loss
factor (HLF) that isdirectly related to the hesat transfer
coefficient and pan surface area. The outlet air tem-
perature and humidity have been demonstrated to be
most notably affected by the coating composition and
theinlet drying air temperature, which controls the
evaporativecooling rate.With an ability topredict T,
successfully within 3°C for agiven coating pan, and
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within 6°C scaling up from 1to 220kg pans for both
organic and aqueous based coatings, thismodel has
been al so proved useful for probing processand for-
mulationvariablesengtivity criticd to establishing pro-
cessrobustness. The devel opment of another mathemati-
ca mode to predict air and product temperatures, prod-
uct moisture, and air humidity during an agueous coat-
ing processusing aBohle Lab-Coater has been €l uci-
datedindetail by Pageet a.(New 5). 4 balance equa-
tions could be set up describing the change of theair
humidity, the product moisture, theenthapy of theair,
and the enthalpy of the product in each zonefor the
drying and spraying zonesinvolving theknowledgere-
garding heat and masstransfer and al so the motion of
thetablets. Based on the considerations of the heat and
masstransfer, aset of first-order coupled ordinary dif-
ferentid equations (ODES) wasdevel oped which could
be solved numerically. In the subsequent report of the
same study, (New 6) thismodel wasdemonstrated to
predict theair and product temperatures, the product
moisture, and air humidity during acoating processin
the Bohle Lab-Coater using round, biconvex tablets.
Aninstrumented and automated pan-coating system,
including historical datastorage capability and anovel
ar-flow measurement system, whichisauseful tool for
controlling and characterizing the tabl et film-coating
process has been developed by Ruotsdanenet d. The
instrumentation system was shown to provid compre-
hensive and quantitative information on the process
parametersmonitored. The measured process param-
etersand theresponses of thefilm-coated tabl et batches
showed that the coating processisreproducible. The
inlet air-flow rate was shown to influencethe coating
process and the subsequent quality of the coated tab-
lets. Increasing theinlet flow rate accel erated the dry-
ing of thetablet surface. At highinlet flow rate, obvious
film-coating defects (ie, unacceptable surface rough-
ness of the coated tabl ets) were observed and theloss
of coating materia increased.Monitoring of critica pro-
cess parameters has been shown toincrease the over-
all coating processefficiency and predictability.

CONCLUSION

The area of surface coatings on pharmaceutical
dosageformsdisplaysenormouspotentid for advanced
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drug delivery to the gastrointestinal regionaswell as
other complex and unaccesi bleregions of the human
body.With the advent of more biodegradable and
biocompeatible polymersfor thispurpose and advances
technol ogy such aspseudo latex coatings, thefieldisa
promising technol ogy for surface coating technologists
aswell pharmaceuticd technol ogists. Thecomplex and
equipmentsrequired for operationsinvolved for the
coating activity d so offer tremendous scopefor further
devel opment.
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