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ABSTRACT

Mo deug delevery avshess beoadd producss have gl esstly swresed 10 the pas o yeers, and 2oy gramwth 1 sxpected o contime m the near friure. Today a large number of
EiTH et e Are by davelifstg protens- and pephde-tased dups. Large molensles thai degrade mpidly o the blood sream so these hopharmepsehcals (proters, pepodes.

carbalydrates,

des, md muckeic amids m the form of DREA) pressnt drug defivery challeages. Monsover, ghey have a lmmfed oty to ooss ol membranes and

peneraily cammod be delnvered omalle. Sich moclecules will be mmech more difficull to deliver via comemtiona] rooles, mod injectioss may be the only means of delivery (ot st a8
of ooy, Thid revessn ia s opdote on ecind of the axinting g deliveey teehnoloaies for ol contredlod relinas, detivery of loepe selerales, Epooamis, e mmdcns, fas
diaparssig deanpe fonms, md techaoloay for ineshibla drass. i, pulmassry, vagiml, and sectsl route

KEYWORDS New dnig delrvery sysiems, mopbarmareshoals. oligo-miciechdes. Iq:mnn'i:-: faod -thspersmg domee forms

TRODUCTION

Mew dug delivery systews bosed products bave  significnmly
incresed 0 the past few vears. sl this growih 5 expecrad o
cotime i tee near fishare. Today a largpe nmnber of compuries are
by dewveloping peodes- and peptide-based dives. Recent advances
m the Hedd of penomics bave accelerated  research  of
biopharmaceasticals bt present challenges to dreg delivery scientists
becanse of ther wuqne natare and difficulsy m defivery through
conventional routes so fibare ressarch will focus on the delivery of
these conplex woleciles: drongh diffeent e, nchsbing omal,
nazal, pubmonary. vaginal. rectal, sic This review is an update an
some of the existing drug delrvery fechnologiss for ocal confrolled-
release, delivery of large wolensles, liposmnes, tste masking, fast-
dispersing dosage forms, and fechnobegy for nsolilde dnegs, nasal
pulmooary. varinal and rectal routes, [n the 21 century, the
pharmaceutical mdustry focused on desizning and developmig new
and besrer methods of ding delivery. There lias been a sigiificant
imcrease in approvals of oew doog delivery systems (NDDS) o the
past conple of years, and this s expected 1o contiswe af an
impressive rate i the near fisnue’.

Carvent status of Drog Delivery Technologies

Incoipreating 3 existiz medicine nio 3 new divg delivery system
can significaintly ooprove s pecformnice i tems of efficacy.
safery. wid onproved patient complizncs, Flannacewtical conrpanics

to engage m the development of new drug delmvery svstems bacnuse
the newd for delivening drugs to patients efficiently and with Fewer
side effects bas grompted. Todey, drog delivery conipamies are
engazed i the developinent of mulliple platfom techpologies for
coistiolled rebense; delivery of large molecubes, liposanes. taste-
measking. oral fast disparsing dosage forme. techinelogy for insohible
dmgs. apd delivery of drogs through  miranzsal.  pulmonary.
transdermal, veginal, colon, md transmucosal Toufes’,

(A} Oral controlled release’”

The tabitioiplly prefered soite of divg adooidration 5 oal
migestion, providing a convenient methad of effectively achieving
both Tocal and systemic effects. In conventional oral drog delivery
systems, there 15 very Iittle control over release of the drog, grossly
excessive doses for effective comcenfratics m the Targer site,
uinpeedictable . and  often  sub-  or  supre-herapentic  plasma
concentrotions lesdmg fo macked sde effects, An ideal oral drug
defivery  sysremn should  sreadily  deliver & measurable  and
reprociacible amoumt of dmg to the fmrges site over a paolonged
pericd and maotenance of plasma  concentrations  within @
thernpeutic moge. which mmimizes swde effects mod also reduces the
fraquency of adminismation. A nnmber of techniques are need to
acldeve contrallad relesse of digs via the oral caving. Some of these
techitiques  ase  ceviewad boiefly as  follows o Table L.

| 5N, | Oval cemtrolied releass techaigues

1 Afscrocap
A, potslled peloase pollet mtem. whick is bawd on the eostiid of pallets coitoitey pharensameal csmpomds vk spocialized polymors sid plasticao
to coatrod the mir sod locabion of drug releass m tie gestromiestinal (G20 ot The Mocrocap systemn mees pH-activated or pH- mdependent diffuson,
o iison of »coraiinatai 0F thess maclasisnia (ool s delivery of dnggs depending o e pH envinoniment of the G )

2 Mk rogeamy
Miropisg doasse foan 6 eonvposed of ook of inicropestsles mnreg in sre bebuses 700 gid 400 @ el Taving o boadhssive sudses Each
microparticle contan 4 dng aryetal or manule mclossd moa palymer coating that ects a0 ¢ shell fhrough wiich the drug o be released sader the affect of
CAHIOHE [sdlee

b MODAS (Minitdporons orel dreg ahsorption syiiem)
The tablet consists of & coee of acbve drog plus sxcipeencs and coated with 2 salotion of mestubie polymers and solubie scrpems. ASer mgesson, the fmd
of the sastraim e tact dissohes e solubls excipisnts m the suber coating kaving jest the iscluble pobaeer, thersby formieg  netwoek of tiny, azmes
chenme by comeecting fuid fom the (8 tract 1o the imner dug come of weler-sloble dog. Th;ﬂu.dp!-mnﬂr‘mﬂ-lhmthmlu-mhﬂﬂ rore, dessolves e
drag il o rerafaet snleton of drag diffaee ot ea s otetrolied maenoer to the ootada.

Fl ECOT oo {Ginglt comigasilion ssmolic 1ebli svsioms)
Hasad onosmotse prinouphes and uhlizes vanioes aemobe medulabmg 2genix o well as pohymer cmtings o provde 2 zerosorder relezse of o dmg

5 Portab sywtem
An esmotic cope. bypically comaining o weder-saloble dug. The cors moludes o vater-sokeds component and @ conbmuom polvmer coating. The purpase of

| tie pctuble agenl i 1o mpand fhe oore and thereby cresbe necroporeus channels through which the dnog i mleased

i Feer- O dables technology

An nmmet wyvem developed speaifically for the debivery of lipeghilic compoands. The tafled consivs momdy of & cere of poerhy waler sotubde dreg, gel
apama and aadend eacqnents The ped femng aien, ater comeng in contacs nath water, fortes o pal of w0 eppeopeiihn Vit oty ind 0 slspesim

of n poorhy water-soluble prest v formed and is pashed prat o the crfice o a comtralled rzbe
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b Cofsrm microsphers techaelogy
These mocrosphenas are perfectly spherical, dameter s typueally 130 o 180 mom, and allow for kapk dnsg conterd. The microspheres om be ysed m o wade
wRsAly of doespe Eoemne incheding tahlste, capamles, Aupenaias effervesceni tablen, fd scchets The mciosphenes cam be formilatad S shaneed
m-:n:l:c[:l'l:m or fase h:h.m;l::ﬂrml‘.l]ndunvbemm fior comtrollsd release (Ceform CH), provided with an enbene smting (Caform

a mmr(cmmummdrqmww
Theas moinax fablet reloazns dug oy the copmument swvelling and dissohsason. A constant surface arca o presemted demng the drog s tans throegh the G1
-7

@ Comirammid

The chemmeal erse-hilang of 9 garch consienng mamky of amyloss kads o Coaremat Caes de Coaiegmil dospe Soem i@ o ow aowacd, pases Tus
tamn contmmed s surfice to ged and the reitzg seompermentie membane siubizes epdly. This membmne, which oes not begin to break: down until ©

reaches the colun, seures thal theve s 0 regolar release of the actne muedimte comaned mthe dooge fom
10 Dimalriz or Diffiwsion costrolied mairis syseem

Consishy of sither bend made by extronon-spherommson or by poocder’ soluton Javenng on nomparei] beadz or tn the form of o bl matric. The
sachamam of release as by thffsacn of dinsnhved mnleaskes

— - L fisace of dissohved dog moleosles .

Aultipart or Mukipartics drisg dispersing shards
Consists of a inbled that :mlnﬂnﬂnﬂrﬂbﬂﬁa peiieis through the &1 fract whole maminmeg eir ebepniy ond relegse properies. Eedesee and

(etritece O the bl i IRigpened by super ol sl egrstion of de abiel
12 DFHS (Delayed pulsaiile sysie)

Tvdromn] mews producs &re dlaractardzid by an autal Zoeo-onder ridese of drog fellowad by mead rdderso. Thes ralonee peofile @ ackeaved by the
blending of el ecied hdnoge] polymers 4o nchiere o deloyad padss.

A DUREDAS (Dusl réleiis drig abeurpiiss oamm)

These hilayersd tahlets are preparsd by fon weparaie deeclcompression sieps bt comiene o mmmeadsie-relmee grambite and 2 comtrollsd-releae
Ik oplatic mstein comples within o EhEe. The conrolled-releass neirs remtine e aod doaly dboeots Qwd Eoin e 0] e, which caoss e
mntrix i expand 2o rnsfvmes che tdrophille polymers oo 4 posie, visoos el Tl seves @ 9 berier beraesn T drig and the surrosnding Dl As
the el comtimoes o expiesd fued pesetrates forher imio the dosage foren dssolving Ge due o oflowing the resaiting solusea te duffise out = oa
coatrodled manser

14 Casirit Felention system

Conaias o & drig Semsreng polameric e that, if wken vt @ mel s in the dooach G an dedad perind of tee 1o proveds comtimesia
et L D e DR o

15 Gepmairit

Gemmir svsbem is & mulhlaver wblet nith 2 metrx core containing the actrve mareden and one or more modeating lavers (Samers) applisd io ke core
durmg {he lnldeting proces The fmchon of fhese bormiers 18 fo delay the iatesaction of the core wath the dissolsSon mwsdiem. E Geomeins techoclogies are
muwnuﬁnwufﬁmgmﬂm obgertives Fero-teder reloase frovidas o conviest et of deng misisa dvar § dafiaod persed of e Bisey
relmase i esed fo pronde {he controdled relesse of toen chff=rent dmgs m a2 sngle tahlet quick—slony redease pronades o quick bomst of dmp redeeme followed
by g oot Tale of réles over i defived period of Hme dhrv—geck el (eodides in maia] oooslenl seie of redease followed T g qeack Teest of drap
rebease 14 prodeternmnsd e, positioned robaes Sdivers e drog W 3 predetermed gosinen in the digaive sysem before 3 begins wo release e aomve
dreg compounds, accelerated release provides o constandy mcoslermting rabe of dnag release; delayed releass provides a predetermmned tme lag Before o
Eertins salegcety drup seelecnlon multiple polas provides s el quick e of drug raoass tollowed By & predatermuned penod of no release.

18 G A% (Grannkated modulating vdrogel sysiem)

et porites Tdeogel and Bnding polyesrs sodh the drig whoch i3 Torsed mii grsmiles aid then presad inte Wi forey

17 UPERAS {Imestinal protective drug abso n svufem)

IPRAS, mulii mﬂdmpui:r:fummuhlgi-dmm coatroli=l release beaids. Each bead is mmuSimeral b & two.siep precess dai
mvalves the initial prodectien of a micrometna. of dreg embedded i polymes and the subsequend oovbmg of s mioomains with time refease ootings theal
are transformed mbs o refe-bmitmg semi permeatle memane m e, Afe mgeston, the tatlel mpidly desmiegretes and beads are despereed 1o the
s aid abaaqoently s nin the duodesnim asd oo tha 5 tract o a coidroadlad and gradnal sesne mdependant of the feading dats. Thop e

| from ench bead corurs by 1 chffasion progees thevah th mcromatry smd subsecuersty thicuph e poves mthe e controlieg semupermeshie membane
18 Multigns echnolegy
A able sore ol an sctive deug, which i srreisdad 1y g weter teadiuble polyvoe messbrane. The mendesos Sovemes of nnnile wete-solobls ool el
aftes comming @ ozt with wter, Sissolve aod Soom pores fom which the deus b relaased
19 ['h-l.rm or {Alir opartionlsle drog delirery l-rd:lm il
icla i o fierecestin of drag ambodied v throeghioar se esoluble pobamer sand o eodused by wfer o opeay drng o crnlsion

techmgque. Tha techooiogy sisn cen he uned for tete mosiong becauce i arts 13 2 means of phvncally prevenseg a drog Som going min ltion m e
muouih and comung mo diract contact with Baste recepiors
In FFINS or (Felletized polsmiile debnery svssen)
Pollets thai sre comted with specific palimers and sgenle 10 oooirol the el e of de moooenssgeilited dnig By varnag e progorson, and
cosposition of the palymer midores, foeroulntions cen practicelly oontral e pelense sabe of the deog and is desnsd for nse with products That eqoise o
pulsed release of the drug
21 Peltab svsteki
Bolymer- conied dmg pellets or dmg crvstals that are mamrfachesd mie mbleis D order i provsde controllad refaecs, 2 waileramohihis polymer 15 used 1o
o discrate dnig pallecs o ervesls that then can fasie the actien of Tuids o e GI Fea. This echaolopy icorporaies 5 Rrong polivkes coacing +mbling
E1= coated pellets o be compressed i tblels wathoul dgmfican bediage
it FRODAS o | Frogremmable onal drig absonpi s syilent
A comtemztion of muliiperticulste and bydrephibic matnix fabled fechnolopes and thus prnvades e bemefits of both theee dmg delreny svieme in one
divisi ot Eoern. Thess comiinabions may include immeadizbe- release. delaved relsses, and'or controlled. relasss
13 Beduced grritation e
Consists of an outer g=intin capsule that & deamed to mpdy disimegmiz upoa meeston to defiver muitipl= small sphenood peliets. The sphenonl paliets ore
oompased of @ met matrix of polymemic matenal m winch the sctive Impredieat is homogeneoscly dypemed moils colsd sate Samificamly esduce local
pr=trvintestinal oritation fom the effeds of coain dugs
4 i
'.I'h:#m.:rn:q vk wtilizes bemds of ineniuble polveior on o st bl The ssefoiens: prects orelves comspreanng the deas unin aylindacal matesy
tablets that are subssquantty film comded Then, madmng capmle: handing techrclogy 15 weed tooapply tvo or mors pobrmenc nngs anoond e coomienen e
of the gegdn 1abhlen Thess tainds lewer te wval releass of the dnyg by seduciag the sesSes ares mposad & The mateix rabler modes, new airfecs a7 ane
sl inderti et sl o] th banda. ihiis ineredsing T mats o el v,
21 SONAS or (Spfsrublal oral dreg absurption syilem)
Muliperticulabs drugdelivery tectaology and consists of controlled-sslmse teads, on et coee oobe which the drg o applind, followed by & ausber of
Eﬂdﬂuﬂeuﬂmfﬁe[ﬂl\mmhﬂdﬂhmmmmlupﬂmlﬁumm"mg inyer. Doz release from these bmds ooours by o

s groces. Wallin the G1 bt the soduble polymees diasclve, s poms Wik fha outer membeizs Flod than stes e pers of tha bead and
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disgalvas he drag. The rerais sohion difies ol = a comroded, prodeennaied ey Aot o prokemibos of e 8 VIve cheseliion =

Lo

E "ﬁ]@&%ﬁﬁﬁﬁ“ﬁﬁﬁ-‘m]
Hydragal b docags ovaraim that provides mstiisad relaes watlhour the gesd o s gesiil saliigs oF @incieis both of Wik a3t o the oost of
. This mm avinde fhe imitsal Burt effect commwnly ehearved with ol sustnoed- reless Inddrogel Remokitons. U Sor e
m# Mm I:I.N'.IH
27 EPDE o Sabilkeed pellet Sclivery syatem)

|| Devipned pmeifically for mmetable drups and moccpocases a pallet com of dug and probective pohmmer ooiar apare)

28 SOEGH sral contreBid robeme svateem

Adyofai defvesy syaiem hiesd oo geieaied pH-songinte bydsogale aomprised of comehations of FDA-approvad peosmally roeofinrnd 19 wafe (OFAR)
polyarsars. By feogonss T imermal of exemal pH bevaly, ahd tee desaga, thiz avacen eveniy raleisss 5 drog carer an 8- 03 20w pestiod Taasd on e dalivery

neseds oF the dhearmpry.

8 TIMER:
Theis tecdbassborgey o bosed oo ai g obooented h;.&qH.umﬂnmmmdmpMWumhlrpﬂlum hocrud esan. grien
and xamitan men. Intemctions betwesa fhese i axi aqueoos eovironment form 2 tipht gel waik 4 slevadly croding cora frem ahich th drd 1
relrased of 2 oomirnlled mte for an extended of bime Shoded ipime X1, [m&igwj-dtymtﬂ{m-baﬂm)mhmmnnﬂmh_fﬂm
marksied m Eirope

Jn Nirnet raléase
Pol ymer bared drug delivery myviem that offece & Ferent release charactrisives then KV/24 mnd 1 sesed for prodectz that reqmme a dog redessemle of £ le 12
haresn

n Srmakriz
Microgrrticukite formulatice that smplors snaller posteslee and moter rifaim - Syreatng ec-apaakileg Sorsnouts’ et thad tmpeove s drag”s absarplion m
the bochy when Teisane Tenfiles are less

spherotd
Eiech poartoc ks liea fls 0wt msies a2 the rabe-coniroliog seclemnien Bor the redesss OF s comenns. Thes particies cam b Sllal mie herd pelsin capenles or
can be compressed o tabiss
b Orasert
A alid oral dosmra avetam diet poss s aoadbesere end coutreliad relasso peoeartiza
LI Chraaite

| & comtyolled release muco-ndhesve debvery sysiem administered orally i solid or ligesd form
Trighas erchnndogy
Mfamily For warler-imsalilde dridgs am is Dasod pon fvmletiog dreg with spproptatte additives o Sorin o eolid solifion of dnig thal can be costed oo Che
camier pariscles Thess particies then can be mode imlo Gablets.
3a Rhotaird
Blasad e double- mateix techiology that urpahies Twe e labo s duriss the i e procsis

&

(A} Lange-muolecale delivery

This clas of dougs i veonlly characterized by large sire, fragils mature, shiort biological half life. and lonited ability to croes cell membranes,
These propartiss, along with the methods of admmistration of Wophsrmacenticals, can hmit thesr <lmical applications fo certzin disease
stabes that warrant the expense and moonvenienes of frequent injection. Al present. a large monmber of comparies ave working in this afea. as
evidenced by the incrensing number of available techunologies for delivering these compounds. Table 2 describe varions large molecule
delivery technigques.

Tahle 2. Large-inilecule difivery fechmigues
N | L ke dedh

arge-molecule detivery techmsques
1 BENDAS or (Heserndabie enhanced oral drag shsarpfion setem)
Aa ofal mncrogariesiale dreg delivery tedlmeiogy deaipned r te Jelivery of macmomeoded e and 5 ased on s el 97 schve plansscaincal aitiss m
& onge of submecron sizss witlin biodsaradabie pofyoer maivices.
f d:-l: wysbern { microscopic sphenical perticles composed of chwmmbere. [depots] woiating the e delivered. The
Ty conxists o 1 NOMCOnoEiTio ]
F:Hfmmxmwm @ ilsyrer bpid memlvana made o of snthelse mﬂmﬁmmmmwm m;:.'tlljnlin in & ersderal then w
bt beodegradabl= and baccompetisie. Dep:mm o wHIEAti it FEiERAN & APOE i 118 therapentic Danow for perods g from & 10wy weeks, allowmg
lower mAnl drug bevels and sgnificanily fewer doses. Depodoam bechnodogy i epplicable across @ vanety of compoends, neleding seall ooclecules, protems,
EH'EEEH?M VACTANES, 1 Tilbe Dregpuocyt (yfarabing]), Depomerphame (morphine salfate) s Do poammiacin (rmikacin)
3
Theaa m“qumwmwmnmwﬁnuﬂwdmuﬁhh Loy for g 10 2ai veor. Tha
S .,mﬁﬁm“}m"...ﬁm#mwhkﬁs&e‘;m&lﬁ'ﬁtﬂmmﬂaﬁswpm R ki,
o (Localize] drag absorption
ezt drog delivery echnology mhmtn'peluuil.g:n:h thrt specafically bmd ta ceriain absarphien siies Jocated on the amcal surface of the epithelnre. colls of the
H:II:I'I.I'IEII|§:|'|:|ij]1. Thiesse Tigereds ame afteched b0 coaled microparieles of protes aid peptide dngs Tl serve 1o peotes T conbans o (e Rostils ananamea) of
& O st
3 Sacromed syaiems
et et ipichas ) i 5 bifwislonola ey i oo b s iy by e,
& Oval mucosal vseine
Admimigtersd by mouth aad wcd by precsboeg the amipen in spacmhzsd cafls nathn the miesres that pick up smalll partcbes ian the peyer’s pabch and oan process
Then oo e pomoee sk e shimeliie g s Al piles

-d

Mediped & o lowrcost, disposable Snglegse sysle thal coftfnes eague microthsoe feclaslogy vat an ssbegral sobeetineoos probe An wdbewre backcse
fizwes e meshem chacreell v agmimet th neer’s ched or ohdomen wiers it contmuowsly dispeoses drog for up fo48 hours. The bfedipad technology can, be talorsd to
& rangs o dalivery volumes dalnceny ritos, and delivany peafilas (bolia, eriended holus ombinecns, of sontsie e Bab).

] (ral vaccimes

The tecknnlogy Toomes on twe @ffnel approcives for arad delivery of enligen hireagh imestisal eprifiedal nee Thees are ihe prediucton of micro- sl
nanoparticies of o definsd size rrage comaming mimipens dispersed within @ bospodelds polvmes matrn s polymeneed liposoom] vesicles in wiich onfigens are
enclomed m & sable membrne. Bath of fhese technologees prodect apbizens fom (he bostiles enviromment of the O tract end =n=ere $id they are presentsd i =
it fores to the omeoial sarfico for obearpiee.

] Prolease snd Mediserh

Prodonss i apeciBealy desspnad for complis aad fipiho teeactve molecilks mch &8 protons, and Bt o deamad Sor iradmoml sl swslenin sl

INTERNMATIONAL KENEARCH JORIRNAL OF PHARMACY, 2(12). 2011



Garg Tarun et al. IRJP 2011, 2 (12], 61-68

it Both tachnologsss e o eromp s bae dolnvery Byl rompoasd oF 1ia desred Geaetive melecle @ eporsial mie a moen of poly | DL -l bde-
coghealide). a commen bindegradsble medical podymer, Microsgheres are packaged m viek ax 2 dry fee-dlowang poader. Bafore admimisiration the microspheres
ire Auapended i an aqeeous velicls md sdminieeal Ty siboianenis of SEASEaIET MiATes. Relrae profiies oo be achisanse By manipulamen of femmilition
paramsers and by conirad of the fbrication process

() Trassdermal and topical delivery
Transdamnl drug delivery systems (TDDS) deliver drigs through the skin mte the systemic circulation at a predetermimed mte, thereby
aviding nvetabolian m the GE mact avd liver so the anoim? of active mgredient requirad for traisdannl delivery can be significanly less
than that fir oral systems. Dse of peneation edencers, prodrigs, iomaphoresis, eleciroparation, soiwophoresis, and reverse lontophoresis
cadn merease the transdeninal peameability of dnges becanse of thedr pocor penmealality across the ian. Seaie of the suecessfil techologies in
this field ave as follows in Talble 3.

T— e TR D, Traeidermal and tupical detivery Dechmiques

&MNn. | Trasodermal and topical defivery techmique

1 Dermmdles
A peiive inadermeal pebh enpleying o bydveged edr in whech o phasneceoticel compornd 1w mosrpemed Dermslon egulites the availssdacy ond th
et S iy et o e . ook ol N o e e Ty,
2 Dirman ke
A permisolid mte.release confizumhon for topical appheatioes to the em
a I3-trans
A trarslermal syriem thet provides rebe-coiroiled adiunstrdion of deugs throsgh the skin. Thees sysies reazble small sdhesve bandapes and can offer
uuhhrumfﬂrdmnguﬂmﬁdpﬂnﬂmm
4 E-iraan

Jut alesirotranspoet aybesn tlel we low-power alectne omrent te coateol drug sdeasistratecn treuph imset don. E-rans eyt oo baing dievelopad 0
privvide pontmmos dmig dehveery as well os pot estcantrollsd polsrtde dahvery
Alrespoage sysiems

Bhaaa] om AR Croacies palviner-leeesd sooneplenes sl o Taned, disgend, or edlrap & wals varvely o7 suletanees and meoorpordle tham wio o foemulsisd
preduct, suchs as pel, cseam. lHgmd o pownder. Miorospoage syvsberms are Used provandy as reservows for relenseg sohvve saredions ia an exiended period
3 _ofbime and an mecepteces Sor absoebing undesinable sobabances, snch as scess das ol
i- Polsirap systens

[Diegspmed 10 aheorh skan oils and slwromate chines, provide o smoosh and mily feel to prodect formadstions, sptmp aed delrer oo mpredients o pemonl
e proiacts snd convert Tapaids i pemeian

T Tiwraderm-LES (Liguad neservolr svsiem)

Mmnerous drug formmitions can be meorporsted ino 2 Therademo LRES pairk becauss the svstem is 0ol raie lostne oo the administration of the drus amd
the dnag reservoar i dsolabed phiviecally oo the adbesive wedes the syyisin

-1 Thesiadern- MK Dlatvic svereind
Hased on an adbegve u:-'l.-m;n:h design. The drug i incorpomied mio se pdhesive, remitng m 2 hght and exible patch that conforms do the san for
meatiEsm adheasnn and cofoet

¥ Therapatih

A thant dalivars medicatsons 1o ¢ i ftee sl for locadized paiscrelisf and ¢ irepimed
pa =gt

(1) Lipesamal dtlh'rrf

Liposomes are microparticulate lipoidal vesicular struchires based on liptd bilavers sumounding agueons compartments and have been nsed
ns 2 camier for ibe mproved delvery of a vanely of dmgs such as chemothiernpentic agenis, nnaging apents, antigens, genetic materials,
arnuaemislnlators. ete. Conventiomal Liposomes are typdoally compesed of asly phospholipids (neutral andfor segatively chasged) sl or
cholesterol and chavacterized by a relatively short Mood caeulation time. To overcomne this peoblam, loing=cirsulatmg liposanes (stealth o
sterically stabilized liposomes] bave bean developed. These stealil Bposcames cary a polyiner coating to obtain prologsd eircalation tines.
Targeted liposoanes (immunolipesomes) have specific antibodies of antibody fagments on their sarface 1o enhavee target site binding
Cationic liposomies are Buproving the deliveny of genstic matersl. Varions liposomal delivery techinlgues are described i Table .

Tabls 4. Lipaanmal delivery fechmignes

SN | Lipssomal delvery rechmiques
] Movasome Bpdd vesiches
Cirpanized lipsd structures in wisch drogs or ofher mstenals may be encapsulsted for delnoery mio the body topioally or omally. Novasome lpd veecles me
imede using anplspliles. uhach inclode fity slcabods and seids.

1 Miicefar manopariicles
Wirlat-metdio hpdd druchres thet have dfforont aruenrsl charactanatics and dre peseredly amaller teen aormama hpid vesiclia Micallir nesopanssim
nre derwved from a le mnlmmles

3 Profipasnme:

Thoa appvosch sveids may GiGculic sxoaniered with (e psieboarme oF lipcames T Grong hposemes 21 e pong of delivery. preseoting
cpperimities for sove delnery nestens designed for dermal. mucorstansoas, pulmosary, ol and peresteral use

4 Sealth liposemes

Stable m plasma and woid apd remonal from the bloedstream by alachmg polyethydene ghezol te the mrface of the hposomes {0 form |ong-oroulatmg
g, S1eslih Iipasontes are linge enoigh that nepically thes do oo laak oo of e Bloddarem and o Hases temngh ocomal, healthy bood vessels,
ey e to frenkens dntaef uimil they reach tissies wiers sen hlesod vessets foemmn, Jech & meors, aires F infleonavation, sd stes of =gy

(E) Taate masking

Ol pharmaceeticals offen tmpart an nnpleasant toste, prmacily batterness so desive for improved palatability w these products has prompred
the development of mamerons meibods: for inste masking, such e= complexation of the dimg with resms or cyclodserins, use of
micrecapsules. particle coaling ek, Various faste macking techniques are described in Table 5
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Tablo 5. Tante masking technigues
| | iy moiskiuy tork nkpue r
| 1 Chawwalds 1ahibeig

A mild affervessen dmp oo disperad nsaphel & pen faes The dnig 35 mieaead o the doeade Toerm a6 a restilt of phisical desaphon from
1 Al as aell as clemoal disrgtin om e inem o beivem e Thads in il eral caviry Wil the aervescel sl
i Flavortech

| A Laguid forerulntios e hoobegy Seaipned b redecs the bud tate of ther peutic products
E hlicromask
A tushy mackice teclmelony thed meerporaio 3 &y -powder, ssooptcalite appecach b fofucs chjectitaable e by sequastering the wplmeant drug L
szt in 4 spermlired matm
| I—

Lis+ite
| A trie-reaiag Tecimelogy ] incorporaie impleacinl b drips oo 8 Wedsopllic sod isophilee pelvmes marrs o sprpeess the s
E Oraquick
A techocdogy an wheth the bitter taste of o drug casdidate o firsd enbsrosd by astraboing s nesstoe leshe charosbeshos and tes devebped oo o gedk- |
] dissokang faklet fommulation.

(F) Oral fast-dispersing dosage forms’
Al oral fast=dspersing dasage foms may be defined. & solid dosape form that dssalves or disintegrates apadly i the oral caviey, resulting

& soluteon or snspenswon witkear the meed for the admduistration of warer. These are also koown as fast dissobving, rapid-dissolve, rapid-
mels, mowth-dissolving. and quick-deanteprating tablets. Some of the advaitages of oral fast-dispersing dosape forms mchede adosinistragion
o patieiity who have difficalty in swallowing, more rapid doog abeoarption, patéant convenisnce, and complisnce. Thess dosage forms are
particularty helptnd for pedizivic and gerintric patisnts who have difficulty in swallowing (dysphags) md ateo For treveling patients, §or
whom water may wof be casiby or readiby accessible, Varsous oral fast dispersing dosoge forms technagques are described m Table &

Tahle &, Cernl fast dispersing dossge fonms sechnigees
EMe. | Dval fast-disporsing deqage o techsignes
I EFVTAS or (Efferrescent firng absaption sestemp

The gramslar combents of the oot am e addad o bodl g weter to peodncs jilem-famomad acdlatons. 1a these cases the sffervesmsnes of The pramskiia
mixiure s modifierd o acoommodaie the use of beated water. Exzmnpbes of products that ERan loe devaloped melnde afirveacent ibopealn, perscelenol
cinetidine. maproxen. and o pamcetamod and ecodese combastsn produc.
F Forit Melt

A highly porous, mecrodme mainx fablet. Omce placed on the fongue this mare: mpidly absorbs biqued and disimiegrates. The combmahon of & mald
nﬂnnwuumddmnpmrﬂug fmnirda Tt the dossgs Tormn govs whe selutioe 10 pprasimatoy 15t 30 saconds. This @ parhiculoly shanmzgeons

.| m rases like migmime whers o fast onost of chmucal gffect (& faduad
3 ﬂm

Shesar {iwmn tacbnolory to form 8 matriv keows 88 Spes The foss s 2 Abrous mestersal similer to conoa candy fibes md = commonly made fom
myocharides mech ms sxyees, demtrose, oo, The cmsdy Dose can then beomilled med Hended with acdive inpredients md olbey procesang aids and
aibaoguamly cormpesasnd o et dissolve bl

4 Flaiials

A, svmiteation of Sale-nmilad makiparsenlite seta deoy mbeence wih spacdie oxcpeents eormjressd min iablets This ored dspeeaihie tabial i plaead
m the moch, wihere 1| Sgperses rapudly before che patient swallows Some of the dnags that ore masketed using Sus technology are acstamemophen (padiznc

ard adult), Ketopralen. and faprokn
2 Aduliflazh

A mmelsand kle composed of corted mesn provobes asd et dinmegmning eseipeats Thie wulspostonlots bt qoickly dhentapratee o the
cesnphagns after bang esallowed with 2 minizom amoont of water: This iablel svmds mucosal adhesion, and cogied pelbeis ran oavich vanoss dissoletion
Faped

L3 Uhrasaby

The dhiggeerson of gctive mgeden a00 & svabie plimer Blong with oler apcpienls sch 43 nemoio] a0 Degueasmn oode. The solive apena axd
mannital mre sdded to the palymene disperson (2wl cellakoss, arylates &) esdsr stimng, followsd by the addisa of e reecion oode. The mere: i
dned farome hourat 50°C, delomped, ind died for encther howr o fhe mme Sempembure. The moierial w thea sereened (§-meshl nnd dred for one howr st
&0 Tho oo aricsocssaiben offan ot momees. sned ofbor disdeed anespionte sed mited 280 & oo to G shlas

Ed Warntah

Thex Barrrkatien neally Sofssns of 8 mimers of el ik pesttng: Do poorly compreasibile sochiredos (20 mseniial, [aciee, nﬂw:m aehand 9 ﬂ.ﬂﬂ'ﬁ'
d:mmﬂmﬂrﬁtm;uudm:q:mmnmltgmanmmnmm ImdeTguing &

] Zvilis

Thesr formmistions ore combinztsons of nater soleble moives matenal aloog with the doug and some finchional ecipeents Bk ore formed i she Bt
porkets and foare-dned o remova the water by aiblmmsbn. The reaiibng smefios e Very porods in mimn and ey destopate of dizsdvs upo
oomtect with wiier. Some of the dmgs that are beng markeisd o she form of Fydis poducts are o zspam, losespam. pronicam, loperamids. and

Tanotidine
¥ LYOH mnd Culcksah
Lhilize e drving technobegy to profuce oral fis-dssaing mhiss
{3} Technaobogy for insalhuble drngs

Chog may be the mie-limifing step m absorption (e g, m doegs belengmg to Class T or dogs having geod permeabality bt poor
sohubality) and therefors moy affect the biocamilability of the dres Moge than 40% of potentin] dreg products suffer from poes water
sofubitity. A good deal of research has been dooe in this area. and cwrently & meuber of technologies are available to address the poor
setobality of dmgs m Talde 7,
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Tabis T. Technology far insoluble drags

=

il-.l

| .

v .

INTUAS o (Lireerd il drisg shorprion sysia s
& ik To Breana o Inph-ener oy laorlens thal dednonsmies sahan i aituling. Thie Tiph-snet g adeodets (& mboaguandy sombinad wir other comtolbhad
smorHion WweEnokgies W deliver te meguingd plasma profilke. The deog o question, uw=iy oyl @ o, is coemed mio fm anorpeus oo by e |
combmation of sergy, sncipisms, ond Unkple procesEE Do the drag is comverad to thbe decribls physical Joom, an sdsorplion. process |
| wtilizng a novel politees oo linked technology prevemts recrystelhraton ond stabilizes the ressdsmg high-raergy comples
Manocrvstal echaolagy

A wppeasion of the specluble drsg i 0 dabilioeg whition, comesting of dabilizers md other sxqpents. ic weed for the milling process ba prevent |
el -ﬂmEm&mlﬂﬂm BEar pervee 0 picfedde The disnteson mia of the manogemecles By seting is 8 mrBctan] withis i O frec |
Oare the Masnorysal form of the imsciubds dnag bas besn masformed into o more physically sabie form & on be 1m0 ober drog delivery |

g,: woch ae ol controBed-release or highly concenimied prremeral sobiicne.

]
Jatine capsede fomulntion thet comteins a hgh entrabion of ophobic dm sobwhion (or fine particlay of dnag in wespemmon) |
Iﬁ_\%‘ﬁ'lu ;'Ell'mllultl‘&m:lh: ::.lm'u'.'c the ln'li:.hh.' #T;FH'.' hl;-:ﬁl:]tﬁ:ﬁ; d rabs Mﬁi%mﬁ%nﬂﬂﬂu e B el |
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TEr—de

() Calon-specific defivery’

Senall inrestine is the privary site For drag absorgition and s tevefore & preferred area of the GT tract to tager with various controlled-release
teclopedngies due 1o the reduced profealytic activiry i the colon, which may be advaiagents 14 targeting certaln dres aich g profetins and
peptides that are enzynstically deevaded i the stodnnch o znall intestime, mid the topical trestment of carcnwenas and inflanmeatery bawel
diseases, Ly the past few years many colon-specific dosage forms have been developed. includme prodrsgs. cross-Imbed hydrogels. mntniees,
and coated dosage forms. Variows colon specific delivery techmiques are described m Table &

(o, | Celon-specin deliy ey fechml s

Tablde 5. Cokoa-specifl delnvery iechnigoes

1 Crras-CT

Bead oa the provaiples of oot presasre. Oros-CT can be 2 mogle comotic west or can be comprised of as mamy ar five bo mx push-pall cemodio sorbs. §
filked @ a haml gelntin sale. Each bilayer tmbiet conessts of an r compartmen wrth osmotic ozeris) and 8 lower

[polymarse cormolic mpm.rrmu'-id. by 4 EeerL W&I;Tﬂ orifips 1 uuu-:"ﬁﬂﬁmmmu e dmp lmeer. A.‘Hr:m'lqm I
(oAt with e O NMuida the Wﬁﬂ.ﬂ]ﬁﬂ.u? dinsatvas sl T colersd cobling preveds eptry of naler fhoam (e domsch As The Bsiem een: ok the |
gl Areatee, T eleric ooating dissplves ard water 10 Huleted mie the core, therely caueing the posdi Somipariioe 0 svall Al mmm.mmf
el in foemiend 10 the drag coeperiment, whael o gushied oot of the orfice at o ratz s o grecasely coutrolied by the rebe of water transgest across the ses |
_perzwmabie mambrane.

'

Fuliincap
et & Talerdmanlshlo capenle body and & vaior aotelda rep The deog foemmisison is oonmewd deec he mpeak. Th saliblo cap dissalves m the

1 the lengith of the plug, sod the i retio (plig dismmester bo body dissester).

mmisstine, thereby alioving the Bydioged pleg o @l and expand. Efachon o 1he ewelian g commis after 3 [y tine st depends o the iydeagsl plug

=h T rr——

| ¥ Caldon speciic sysiem

i

(1 Totrmmnsal dedivery

The nasal eaviry can be wsed forr the delivery of several cormpnds
and affers rapid absoeptica nte the systemde circulation, providing
rapid onset of desired thempenic effect. bwer required dosages.
fewer side sffects, and improved pabient compliance. Masal dosage
torms coneist mnmly of prepaations contnmmp dispersed or
dissolved drwgs placed in n confomer thaé is squeere- or sprae
aciivarel  Allernatively, ligrd solations can be delivered nsing
metered atommizing pumps of metered-dose  pressurized nasal
inhalers. Butorphanol, calcitonm. dihydrosrgetomime, sumatriptan,
and deamopresabn are wome of the dnigs marketed in e form of &
oasal spray. Cromelwn sodiu i availalde o 2 soloton fodi
Budesoaide and beclometbasens diproprioisate ae marketed i tie
form  of meterededose pressurized  asrosels.  Beclomethasone
diproprsnate mailable m the firm of & weterad-dose manual spray.
Rinoflatore are soene of the markefed insufflaors for sasal
mdminiztration of powders,

&M, | Pulsssmary dilivery bechaigu e

_| Liaes ouicroaponge syrtess to prote the actne agent fom the emrommen of ihe somach and dalivers the dog bo the colon n a comtrolled fadhon. i |

(1) Pulmamary delivery

Pulimeqsary delivery bas been nsed pramarily fos the tweatment of
cesprabory disease. This meethod 15 a noomvasive altemative ta
painfid mjections and can lead to the rapid saset of actor amd good
bigavailahility. Inhalation devices booadly fall into three calepories:
preswized melered-doss mhalers (MDT:), nebulizers, and dmg
powder mhalers (DP1s), MDIs contain the dmag as a schahien or a
siepension of fine particles ina Hovefied propetlan bebd mder high
pressure. The drog is emitted thromgh an orifice from 8 metering
vabve, Mebnlizers, on the other hand, do not require propellints and
can geaare laves quantities of smanll droplets capabls of pencirafing
o the img In DPIs, the dng is stored in a dry state, thereby
ensuring long-temm stbility nnd sterility. Some of the single dose
breath-driven DPLs that are currently marketed are Botahaler, Flow
caps amvd Cyelolsaler. Dhskhaler aivd Accubaler are noaltsdose factory-
metered imhalers’. Varime pubmonary techodques are deseribed in
tablz 9 '

1 {Eﬂlm!m:mﬂ-glunﬂu lechnnlegpd

The eystem 2erosalizes lignid formmolations thed are prepacinped mmit-dose packeis. for inkalaison. Each onot-dows packet coreizts of @ emall Blister package
that gtorss n hqnd dmpg formedaton s an perosolihon aozrds wath o membane

i H.FW.HMHWHLHMMW*H&-‘ELWW]Wmmﬂl*hm'!“ﬂ.lww!wwm'!'i'iﬂ_'i_ o

moorportheg anamay of mocro-machined holes. The octiator compresses the

Mmﬁﬂmﬂuﬂuumﬂaﬂmﬁtdﬂmﬂmﬁyhﬁqﬂu&un b fiern an aéeosel for mislihon The main cempoments of the serosal

gmwiudlﬂnﬁemrﬂﬂ.hemu’.m taoarth-actaated ewitch, and the dosing chambar. When the madtch s activated, the eleotne corouit 55 completed and
s impeller solitas Tha sefaon of fhe wepeller o the dey powdes formnietivs sopplic the anerpy 1o disperas T ditgr and proindes 4 Temoveloety dond of

aareaizad drog e ukolaran Thcln'nﬂurnmhﬁd-hu&m__wdidmIl#-i:umﬁ_clmnberudud:hu‘rd.mm*hrguu}vlsﬁrpuuﬂulﬂ
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(K Vaginal / rectal delivery

Thee vagina as a fivoirable site for {he local and svstemic delivery of drags due to the avoidance of the gt and hepatic frst-pass metabolism,
redngtion in gastrointestingl and hepatic side effects, and local targeting of dmgs 1o the reproductive organs, Vaginally administered apents
and formulations mre being developsd mamly fo provide dunl prophoiax: for contraception and protection agamst oucrebial mfections,
meluding AIDS and other sexually trnsnmited diseases (Table 10),

Takle 10, Vagimal | recial debvery iechniques

Mo, | Vegmal ' rectel delivery tochnigues ¥
1 Hyeara-V (Hydragel palysier o

Hvidregal polveases technolary (o abeerb Bind sl sveel b nithout |omg dte ghivessl forn, As the edroged swelbs. e doio s lasesd o0 eontrollad masne
Dby peledie oo be epimrodlad over 6 petiod of & fow howrs 0o sevves] divs by varisg e seg and (e piamcal and chermcal propertios of 1he (lymer
Hyvetee-V 15 delnvered through the vaging in the form of & pessary

1 Hycure-R
Urea similar fechnolozyr wnd delivers the duog taraegh the rectum. m e form of & sippostory
3 ¥ egiaite
A eirentid ey st urtindod Sor dnip adeaaeatisn vtk the varead vealt
| Hissert
A hiosiieave somieollad-rmhsse aystem fhat {8 8 aoti rectel of Vagoal gty SE oo terpesaniee end, afer iissstion, hacomee & bnsdhee long-ating
Ly TTiT 1
(L) Site-specific drug delivesy

Cie of the goals of effective drug delivery 15 fo control ond optimize the localized release of drg ot the target sife and apsdly clear the non
targeted fiaction. Some of the benefits of this tvpe of delivery system are e delivery of & calowlated mmount of drug & the e of actiom and
limnited access to ofher ovgans. The amount of dmeg reaching the systemic circalation theoretically will be l=ss, thereby resulting in fewer side
effects. At presonst. & imsuber of techoologies are available for ste-specific delivery, Various site speafic drug delivery tecluxiques are
described im Table 11.

Tabeke 11 SHe-spavific @rug deblvery Tig hndgues

Alrigel
Compne:s hindegmadatle polymer formmdations that are admassstered 2w Ecoable compeations (solticos, gels, pastes, and pothes) that solidify in sty opon
coatast ith body fhesds 1 form Beodegmdnbls 1mplants. The Atngel syeiem ic deagned to provids aviended loealizsd or sedemie dmp delvery e omgle
applcatinn wirhoo The nasd for aargicsl impeaniio or el

z Durasiie
_n eye drup famulanon compmsed of a cross-lnked carboxy]-coateug palymer tha wweorporates S drus oo be delnveed to the sye. o
3 Adptriz delivery svsiees

An aqesose-bosed profemn eysiom 0 whick s chemothernpestic dng is comiined nith 2 protems oot ood a vascconstnotor o coeate an imectable pel. Thes gel
mables trrgeted delivery of nzter.soloble doops by direct mjaction mie @l emors and skin lesons’ The Adatrix delressy sysism lomlizes the mleam of fhe
dragr meimising frigh dnygooneesititions af the Do o lesies site and mereastig the dursoio of exposire of fhe @rpied fisms te the therapeme apei

E | Micraspivere delivery svstem

Uses bandepradahle polvmers sl o meshod that Geeifaies the swercencaprelation of weler-inscletle and water soloble compomuls. Polenbal applicatons of
thiz technedopy inciude fhe kog-term controlled delivery of injedtable compmada, the delnery of actnm agenle 1o ubes poorly. acceszible fom systemc
crceishon, end site delvery of bighly potent szents.
5 Ere ahle s

mﬂwﬂ & hltﬂpﬂ:mu wmmﬁ.m agiiona snanlvants protedin & dne-frendly badsip svironment  Waeinmad ' & Erocaas Sleo craifas a4 homsdiaas
e polyvines st Thie rsbdes § cofssaim ieass prafila with Ble o po e beea Ol peephers i tpeciad parenierally sad & desipged F dmyg felesse

profiles of greater than one moath.
& BeGel Injeciable comlralieid-reless syilcm

These formmilbstions sre s bBaund at or below room femperature and am mjeciebde trogh a zmll 25 poge peedie. Upos mjechion g a liouid, the prodoct
guickly bavoings s gl o body tarperaton. freing o dopot St aloody deoswdon evor o persod of Joer to e wasks

T Herinsl delivery syabam

A davace hat pronuti controllid toesurmeal delivery of splilaloue dro 10 the refins aad ofber bssues o the peaarce clambr ot the ey L

(M) Oval transmocosal delivery
Emable the dehvery of many large-molecnlz dmigs, mcluding peptides and pobraccharides that cannet readily be delivered armlly or
mansdbamnlly, Oral manameesal dalivery systems are solld desage foros tu will adhere to varions surfaces in e oral cavity and dealiver

drags within a period of tume. Table 12 describe vareus aral trapsuecosal delivery techuigues.

.78 0wl traniiossal dellv ey techadguis
1 Hanad heve delnery nsiem

I crasgs of @ polvne, pelyearbopial, et an aclive mgredent Ths syafem is bessd oo Me preciple of beosdwsaon, @ proces by which the
pobarer adberes 1o pitlelil wrfces and 1o mocn, 3 cetedly ooouming eecretion of the mucwr membranes, The pobmes rewmmns teched to
epathelial surfaces mod the muciz end 52 &eckarged npea nomml cell temover or spon the detechment of e mmsin Fom tw meses membranes, o
plwisslosieal prososs that depesding oo the sre af the bedy, poenr ovary 12 40 723
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COMMERCIALLY MARKETED PROIMICTS

Table 13 shows various comumercially marketed products with their

[
Talili LR, O miebebily ks sl pissdae e wirk thidr iice
Shia | Comutercily sar kil Usis ol proddeer |
S . . S, Pt |
7. Y ORAL GRMOTIC STSTEMS !
I} Acuinm Appeniie supp essan |
) [ Alpress LP Hypesiereaon |
3 ! Calen SE Hpertemson |
4 Cardura XL
Hhyperactivity diaceda
1] Conera HS ]
=g 3 e
_.E.—-%{ﬁﬂr s 4
- R ++ |k .- I |
in | Edwac 24 Chiorophensane |
11 | Efdbci4 Antrallergic  and ool |
| Psrudcepbedins Berghesianine | et |
12 | Ghuooirel XL Anh-dinbenc |
13 | Mimipress XL Hypuoriezmen
14 | Procordia XL Hypetimsand inoie |
1% | Sudafed 24 hour Hasal decongesan
I
8| Tecem Hipetommo
e e L PO Lt L
T Bl TR O Biricapim
B | TRANDERAM AL S¥STEMS
1% | Al Preliner eIk |
| Aododenm Hypogemdsm in nales i
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FUTURE MRECTIONS AND CONCLUSION

As discwsed dn this amicle, many diffevemt delivery  systenes
welnding oral. wansdermal, mjection. mmplanis, ete. are wsed for
dings can be deliversd fo a patient. Biotechuology companies are
capidly developing a large munber of peplides and protein-tesed
drags with the sequencing of the human genome. Tt is expected thas
protein- and peptide-hased dmugs wall constiuate more thao half of
the new dmugs miroduced mto the market, and more than 80% of
these prodein dmogs will be antibodies in the next 10 bo 20 years
Bacmise Inrge molecales that degrade mapidiy in the bMood stream o
these tiopharmeceuticals (protains, peptides. carbohydrates, ohgo-
muckectrdes, and nucleic acids o the form of DAY present drug
detivery clallenges, Moreover, they have a linired abiliry 1o oross
call membranes and gemerally cannot be delivered orally. Such
ovsleciles will be moch more difficult to daliver via oonventisaal
rodates, and mjections ey be the only means of delivery (at beast as
of today). The routes of administretion will be dictated by the dmg
dises=e slate, and desired site of action. In cenclusion, the market for
dimg delivery sysfems has come & loog way and will contimee to
grow al an mopressive rade. Todny's dmg delivery technnlogies
enable the incorporation of deg molecoles o sew delivery
systems  and providmg  memerows  thefapeutic and  conmercial
dvantapss. A large meuba of compaites e mvolved in the
developmeni of new dmg delivery systems, which 15 evident by an
dteresed gugnher of produets o e maiket il the aamber of
patents granted m the recent past
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