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ABSTRACT

The putposs of Wrnng T revaew eo pobaide dug Slivery wystem (PODS] s so compile the gecen lheramoes weik ipecial foous oo the daffersat types and
approaches mvelved 1n the development of the formulstion 20d clasufication, advantages, linmotaton, and fuisre a=pects of pulsabile dog delivery system
FDOE i gaining 3 oy of imerest 2= they deliver the dog at the nghn place =i dbs nghe tooe aod in @ sighs oot ths povidesg: spatis] asd emporal
delivery prd screassg satiear cosglianes. Thess symens are desipned aeconling 1o the circadibn rivtim of 1he body. The prircigle miomede foe e ne of
pulsatil releass of the drugs is wheer 3 constaat drog release 13 oot demred. A& pulse bay bo be desigoed in soch g warr tha 2 complete and capid dog mleane
actieved affer 2 |ag ime. Inihis aricke, vameus sysiems: ke capealar syseme, camofic sysiems, Moz and multipleuny svdems tasad oo thke s of solahls
o erhible podymes coateg and use of mpteable membranes ve bees deah B sommarizes the laes eelmologeal developmems (ocluding Waslesndy
Comrodled Dnug-delnveny MeroChiph, fociplalion parasserers, sl velease profiles of thess avnems
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INTRODUCTION

Modified relesse dosage forms heve acquired o
mwﬂnemﬂtedelnmnfdmg&mxmch&amm
syitemns offer comtral over the release pattern of drug asd
provide betier controd over drug repimen. Such systems
rebeass the doog with predetermined release miess, either
constant or vanable. These dosnge forms offer mumerows
afhvantages, such as nearly sable placma drg level withort
mcl fluctstion. reduction iy dose of drug, seduced desage
frequency, least side effects, and bnpeoved patient
complience’, It is well documented that most of the body
functions like heart rate, stroke volume, blood pressure, blood
flow,  body Lerperatiang, poaiie pH display  clreadimm
rloythms. Bdoreaver, i a mumber of argans thesr fnctions
vary with the time of the dsw, It i inereasiply resopized
that there are dndthmic aod femporal patterms o the
manifestation of many disease states.

Traditiomally drags ave released in s ipunediate o wdended
partern.  However in recent years, pulsatile release sysfems
are gniming growing interest, where the dog is rel=assd
rapadly after & well defined b fioes (Lag time is definsd as
the time betwesn when a dossge form 15 placed ingo an
amenus. environment ond the time b which the nctive
ingredient begins to pet released from the dosace form
CAyres, 20040, could be adventitions for many drogs ar
theragies. Pulsatile dmg delivery is one that releases a
itherapeutic apent a1 a  thythm that ideal ly matches beoboglcal
requireient of & given disease theragy,

In these syelenss, there is rapid and tensient selease of a
certain amosmt of drig molecules within a shor time peried
immedistely after 0 predetermined off refense penod, 1.2
timne [(Suwrvase & Kumnas, 2007) Vanoos technigues are
available for the puolsatile delivery like pH dependent
sysiems, 1ime dependent systems, microdlora  activaled
sysiems ete. which can be designed as per the phy=siology of
dis=ase ond ies of the dmnag mol=cule (Survase &
Kumar, JI:I'I:I'.':IE

The pulstile effect, Le.. the releise of dmg as a “pulse™ afier
2 lag time has to be designed m such 2 woy that 2 complste

ared rapid drug release should follew the lag time . Such
systems are also called time-comtrolled o5 the drag released 15
mdependent of the emvonment Pulstile dmg delivesy
gyetentis are caifing & lob of e and stterdion these davs.

Toble |z BHavases reguining Pulsaiibe deug delivery

Discase Chrsnolegical Drugs
Bekavior
Carlsonascolar BP isariw lowest [ Blockers, ACE
dizzasey during the deep infrbrbers, ARBs
cyele and nses [AfgimEnsin
weoply duming i i opaer biockes),
early mornng penod. Calciem channel
hlockess mic
Astims Paetapriaive of [z mpnsas (e g
asacks dming night wafbatams]
of &1 eacly moming walseetrol erc.) saad
s, Amita iamine s
LLE F[_t!ﬂTmrirl-.'L-
CednzEe €1
Al Bini 48 the Hi0ETiT MNEAIDg,
el incrswsd gain o o oo oads
might
Attertion Jefing Iocrease m DOPA Methyiphenidais
srndome leve] e e ard  Addomemchine
afieenonns
Dhabebes me il IncTease mihe blood Sulfenyiureas,
mugar level after fmmlin. Biguamides
aremals
Hvperciolesteralemia | Clobsmeral syritesis HMG CoA
10 geeoerad ly heghes sedictase it b
twing mghi than
dhming day teme.
Pepiac ulcer Acid seocbom Hy Blodien (c.x
high in the aftemaon Ranatidine,
and an r=ghi werandine,
famotidice e b

Advantages of Pulsatile drug delivery:
»  Extended davimoe or might time activity.
s Redoced side effects.

& Reduced dosage frequency,
s Reduction in dose size.
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#* [mproved pattent complinnees.

Laoaver didly cost 1o patients as fewer dosage anits e
required by the patient during therapy.

Dz tarpeting to specific sites like colo,

Protection of mucosa from irmtant drugs.

D loss 15 prevented from first pass effect,

Prodeetable, reproclacible sud shoet gastsic ressdence tinme.
Lass imter and intreesubject variakility,

Brpriowed bacervadlabilaty.

Limitsd risk of local irmitstion.

o nisk of dose dumpang.

Flesibility in design.

Improvesd stakality,

Dimeg adapes toosuit circadinn thythms of body functions
or diszases, _

Disadvantages

Lack of manufacturing reproducibility and efficacy,
Lerpe number af process variables.

Highear cost of prodection

Trained skilled perscapel meeded foo nannfacharms,
Unprediciable IVIVC.

Clossifteation af Palsatile drog delivery gystems
PDDE can ba  bwosdly clasaified inte four classes:
L Time comdrolled pulsatile relemse

A, Single it system.

B. Mu-particubste sysiear
IL Stimnli indseed

A, Thermo-Bespenaive Puleatide relese,

B. Chemical stimali incheced Pulzatile systems.
111 External stirmali pulsatile releass

Al Mlagnetically mxduced pmelsatile release.

B. Utirasouwnd induees release.

. Electro responsive pulsatile release.

. Light mcoces release,
IV, Pulmtile melease systems for vaccine and hormone
prodhscts.
5. Bigmoeddal Release Syspent

Time Controlled Pulsatile Belease

Iit time controlbad drse delivery systesn, dmig is released in
pulsatile nemner afler a specific e bierval 1o onder 1o
diliver the dnag to the dewred site o the raquired tine, thes
mimicking the circadian rhvthe®

Simgle Unit System

Pulsatile delivery by saluhilisation or erosion of layer

In such systems, the core containing ding is coated with tle
soluble or erodible palymer as outer coat and dnig release is
controlled by the dissolution or ercsion of the outer coat®
Tomee dependent felease of the diug can be obiained by
optimiring the theckness of the cuter coal 2s shown in Fizure
i

Froadiide coming laye

B2 o=

Care rabd=t Cade el
Lagstime oo drig redemes St od g ruleass
- —_——
Figure 1 selsmaiic disgram of dmg delivery wich araditike coating

lEver

Pulsatile debivery by rapource of membrans

Instend of swelling or erosion, these systems ore dependent
o the disintegration of the coating for the release of dg.
The pressure necesasry fior the rupiure of the costing can’™ be
pchisved by the swellng, dismtegramis, effervescent
gqcipisnts, of osmotic pressure. Water permestion and
fnechancal fedsianee of dee ouler membrae sre g
fnctors offecting the Lag time. Figure 2 shewn dmog delivery
with rupturable eoating L

Dhiag Coni

p—

Svmllabile Fayar

\ /L Duster  mptorable - oool

Fhgure 11 5ot bamba tie diagram of drig deliver wilk Raprarable coating
lavar

Capsunle Shaped Pulsatile Drug Delivery Syatem
This desags form conssts of an insoluble caganale body
containing a drug and swellable and degradoble plups made
of approved suhstanees such as hydrophilie polymers or
Lipids anid relesse controlling ploe betveen immediate ralease
compartment and pulsed release compesiment On contact
with aqueous fiuids, the cop rapidly dissolves therehy
relepsing the immediste pelesss componemt followed by
palsed release compomeni. The lenpth of plug decides |ag
time'"** The relense of dmg from capnile shown in Figure 3.

WHbET IS0 lubke oy

Hydragel plug

Candiaicva and plug dxpaends
in gamire uics

Biisg ejeched and dnig eisases

Figwie 3 Schimarke diagram of rdinse of dreg Trom capsubs
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Fulsatile system based on asmaosis

Cemotic system consists of capeuls coated with the semi-permeable membrane. Tnside the capsule there 15 an insolubl: phig
consisting of osmotically sctive agont and the drg fremulation”, e.¢ The Post® Systar (Figore 4)
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Figure 4 Sehammitie diagram of oomiodis system (T he pait e

Muoltipaticnlate System

Recemt wrends indicate thar mriluparticulate doag delivesy
syitems me especially surtable for achieving controlled ar
delayved telanse of oral fornmelations with low rsk of dose
domping, fexibility of blending to sitain different release
patterns a5 well as reproducible and short gestric residence
fime. Such systems arz resenvoir type with ether rupturable
of altered permeability coating asd generally housed
capaular body. The purpose of desapeng  mali-perticulate
dosags form is 1o develop a relinkde fornmlation that has all
ihe advaartages of a sdngle it fermulation and ves devoid of
the danger of altersbion in dmg relesse profile apd
fornndation  behaviowr due te unit to unit varistion'
Hypothetical design of a multipartsoulate pulsatile system is
shown in Figurs 5

Figusa 5. Hypothitical desipe of o Malipanticulite palsatile sysiean

Andrei Daoshevsky, & al.  developed 2 pubsatile
mltiparticitlate dieg delivery systemn (DDE), coated with
agueous  disperslon  of Aquacoat® ECTr. A neplrable
palaatile drog delivery systatn comants of (i} a diag core; (i}
a swelling layer, comgeizing a superdisintegrant and a bﬂder
amed (111} an msoluble, witer-permeable polymeric coating”,

Lipom waber ingress, the swellable laver expards, reslting m
the ruptursng of outer membrane with subsequent rapid drag
refeass. The Iag time was sharter m the theophylline corss
layered with sugsar when compared 1o the cores of nngoaied
theophylline. In case of the swellng layer, the relese after
lzg fime was fast and complete Dinig release was achisved
after the lag time, wl=n low-substituted loadsocypropyl

cellulose (L-HPL) and sodium starch ghveolats (Explotab®)
were nsed & swelling agents. Outer nnbrane, formed usng
agreaus dispersion Aquacoat® ECT was britle am ruptured
gufficiantly te ensure fast dmog eeless,  comparsd to
ethyicellulose membramne formed 1sdng organic salution. The
addition of talz led to incrense britilensss of membrane and
was very advwantageous. Drug release staris coly after
taphirie of outer menvbeame.

C. 5w et oal developed novel pH sensitive copolymer
fnicrespiieres  confadking  isthylecndic acd and  styrens
erery-lnking with divinyl berizens were synthesized b free
mdical polymerizziion, The copelymer micrespheres shoaed
palzsile swelling belavionr when the pH of the media
claazed. The pH sensitive microspberes were loaded with
diltiazem hydrochloride (DH)". The release characeeristics of
the fres drug and the drug-loadsd macrospheres were shudied
meler both simuisted gssine conditons and intestinsl pEH
conditions. The in vivo-evalaation of the pulsatile preperation
was subsequently caried out nsng beagle dogs,

Stimmli Induced Pulsatile Release System
Several polymernic delivery systems underge phese transitions
and demonstrate merked swelling il deswelling changes i
response 1o environmentsl  changss  inchuding  solvent
iode strength, temperature, dlectrie ficlds, and
" Resporsive dmg relesse from those systems results
ﬁl:lmﬂi::ﬂ:umllmdm@d changss In the gels or in the
tnicalles, which may desaell. swell, o erode in response to
the respective stimmli. The mechamisms of drop relesse
mchixle ejection of the drug from the gel as the fluid phass
symergiss out, drog diffision along a concsntration gradient,
electroplor=sis of charped drops towerds on oppositely
chargsd electrode amd liberstton u:l'ﬂuu‘rh‘nppuﬂ drug as the

] or micelle complex erodes !

Thermo-Responsive Fulsatile Heleass

Temperature Induced Pulsatile Release

This deviation sometimess can act as 8 stimulus that riggers
the release of therapeutic agents from several temperatore
responstve dnia dalivery systems for diseases acoompanying
fever, The femperahure indoced pulsafiletriggered drug
delivery systems wiilize various polyvmer properties, incloding
the thermally reversitde codl'elobule transition of polyveer
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molecules, swelling change of networks, glass transition and
erystalline melting

Thermoresponsive Hydrogel Systems

Therma=responsive  hydrogel systems  employ  hydrogsls
which wndergoe reversible wolwme changes 10 response 1o
clunges in tempersture. These gels shrink at 2 bansstion
teangaratire that is feferred to the lewer critical solution
temngeratire (LOST) of the lmesr polymer. Thermo—sensitive
hydro-sensiinve hvdrogels have 3 certam chemical ettraction
for water, and therefore they absorh water and swell at
teanperatures below the trasition femperatiore wheseas they
shrok or deswell &t remperamees above the irasition
temnperatare by expellivng  water. Thermally responsive
hyrdaoaele and membraiss bave been emenzvely axploited s
pletforms for the pulsatile drug delivery™

Thermo Responsive Polymeric Micelle Systems

In this type, the gel system tightly stores targeted drug n the
micelles and rapidly refeases controlled amount of the dnig
by swaiching or—off of extermal stimal such as tempersture
or infrored laser beam. Janxiang Zhong, et al synthesized
thermally respnaie ampliphilic
palyMizsopropylacrylanide) (PHIPAm)-graffedpoly
phosphazens{PRIPAmr-g= FPP) by stepwiss cosnbstrvton of
chiorine stoms on polyvmer backbones with amino-termanated
NPAm oligomers and ethyl glyecinarsl GlvED®™ Diffundsal
(DIF)-lopenlex] miceslles were prepared by dialysis method, fy
virre nelease test & varous temperahure was also parformed
to shudy the effect of temperahare on the dmg releass profiles.

Chembcal stimulion induoced pulsatile systems
Glucose-respousive insulin release devices

In caze of Diabetes meilitus there is dhythmec incrense in the
levels of glocose in the bedy, requdmne dmpection of the
insulin al proper tme. Several systems have been developed
which @w able to mepond to changes o glecose
copcerdration. One such  systermy inchedes pH  sensitive
hydrogel confaming ghecose oxdase immobilmed 0 the
hydregel. When glucose copeentration in the blood mereases
glucese oxidase corverts gluooss mibo plocome scid whech
clungss the pH of the system This pH dhange inducss
swelling of the polymer which results in sbsulin releass,
Insulin by wirtue of its action reduces hlond glocose level ned
consequently ghicomic acid Jevel also gets decrepsed and
system turms to the deswelling maode thereby devressing the
ingulin selesse. Examples of the pH sensitive polymers
mehede N N-dimethylamineetiy] metbacrylats, chatosan,
W{Fﬂmﬁ_:l

Infl smomation - Indaced Paleatile Holeaze

Ol teceiving any physical or chemical gtress, such & igjury,
frachare ete., mflammation takes place at the imjured sites.
During inflammation, hydrosyl radicals are produced from
these ipflamiwstion-responsive  cells.  Depraldation  wia
hydeoncyl radieals lbowever, 18 wsually deminsdw amd ragpid
when  Hyaloronic acid gzl is injected at inflamunateory sites,
Thus, it s poasille to wrewt patients with inflamaoatory
diszases hike rhenmatoad arthrns; usng ant-inflammatesy
drug m:m:rl;\mt:d HA gels as new mplantable drog delivery

aysteams’”.

g release from intelligent gels responding to antibody
comcemntration

Thede are musmerons kinds of blesctive compounds which
exist w tre body, Resanly, novel gels were developed wlich
responded to the change in concentration of hicacirve
couniprtils 0o alver thetr swellme'deswelling characteristics,
Special attendson was piven o aptiger-antibody complex
formation s the eross-linking viats in the e, wnes such
mferaction is very specific. Uhilizing the difference in
nssociation coostants befween polvmerized antibodies and
maturally derved  mntibodies towards specific  nnfigens,
reversible gel swelling/deswelling and drug  perseation
cleaioes oceurs,

pH Sensitive Drug Delivery System

This fype of FDDS contains two components. The first is fost
release tvpe while the ofber is puled relesse which releases
the due n tespomse fe chaspes m pH. In case of pH
dependent system, sdvantage has hesn talen of the fact that
thers expsts differsnf pH emvironment at different pards of the
gretrouesiinnl  maci. By selecting the pH  depedent
pafymers drug relense ot specific location can be obsnimed.
Exsmples of pH dependent polymers inchude cellulose
acetate phibalate. polvacdetes snd sodinm carboxy methyl
cellubose, These polyvmers ane wsed a5 enferic  coatng
mofertals s 85 to provide relemse of dmg m the small
mtestine *.

Enzymaticaliy- Activated Liposoime

Dmzg loaded lipesomes was meorpormted min mecrocapsules
af alginate hydeozels. Lipossies inside the mscrocapsules
were coated with phospholipase A2 to achieve a pulsaile
relense of drug molecules, Phospholipase A2 was shown to
accumulate at the waterliposome interfaces and remove: an
acyl goup Som e phospholmpids o the  lHpesome.
Desinbilised liposoines refease ther drnog molecales. thus
allowing drug relesss to be repalated by the rate datermining
microcapsule menmbrase ¥ ¥,

Externally Regolated FPalsatile Belease system

This system 1z s selfoperated, but  mstead requares
exemally gensrtsd envirommpental changss to initiats dg
delivery. These can inchade mognetec fields, witrasoinad,
eleciric fisld. hght, and mechanical fooce.

Magnetic Inface: Belease

Magmetic carners feceive their mepnetic response to a
magnetic field from meorporated matenals such 05 magnetite,
irpn, mickel, cobale etc, Mpgnetic-senzitive behaviour of
mielligent Feno gels for controlled release of dmug was
studied by Tmgma Liw, et al. As intelligent magnetic
bydrogel (ferrogel} was fabwicated by mizximg poly ['m:.r]
olechol XPVA) hodrogels and Fe30d magnetic particles
throwgh freezing-thawing Cycles”, Although the external
diredt current meapnetic feld was applied 1o the ferroeel e
disp  pot accumolsted sound the  ferropel. b the
aceumulated dneg spurt 10 the evironmend instantly when the
mnagnetic felds imstantly wadtched “off, Furthermoore, rapid
sl drug relesse can be tunable whils the magnetic field was
switched from “off” o “on” mode The drug releass
befigvion: froen the feirome]l i stronply dormnated by the
particle size of FesDy under a given magnetic fiedd™. Tipyu
Eim, =t pl developsd the magnetic hydrogels which was
successfully fabncsted by chemacally cross linking of
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gelatine hydropels and FedDy nanoparticles (40-60 nm)
thronsgh genipin (GF) a5 cross linking agent’ .

Ultrasound [adoces Belease

Ultrasound 1= mostiy used as an enhancer for the
trproverment of diee permeation through ologisal banders,
such as skin, The interactions of wira seund with biolosical
tizsnee are divided mto two broad cifeperies: thermal aad nean
thermeal affects. Thermal effects are  awmociated with the
absorption of acoustic energy by the fluids ortissues’™, Non-
thermal bioeeffects are generally associated with osciliating
or cantating babbles, bt alse melude non cavitation effects
such as radistion peessure, radafion torque, amd sconstic
sfreamdng

Electric Field Tnduces Releass

Electrically wesponsive delivery asysfems are prepared by
polyelectrolyte’s (polymers which contan relatively hagh
concentration of ionisable groups aleng the backbone chaim)
aned are thos, pHe-responsive as well as electro-responsive.
Under the influence of elecine field, eleciro-respmsive
hydrogels genemlly bend, depending on the shope of the gel
which lies parallel 1o the electrodes whereas desarelling
occars whe the hydrogel lies perpedicule to the electiodes.
An electro-responsive dnog delivery system was developed
by B. ¥V, Kulkarm, & al, using paly {a:r:du:rdd:-glﬂa:]-
samthan g LPAHm—g— X)) hydragel for transderisl
delivery of ketoprofen.”

Light Indnres Helease

Light-sepsitive liydrogels have polentisl spplications in
developaiie optical switches, display wmits, and opthalooe
drug delivery devices”. The internction between light and
muaterial can be weed to modolote dreg delivery. When
hiylroee]l abaorb the lght and convest 4 o heat, sasoe the
tempersture of composte hwdroge! above s LCETI,
hydrogel collapses and result in an shereseed rate of releae
of solnble dneg held within the matris,

Pulsatile release systems for Vacoipe and Hormosne
prsducis

“eaccines ars oradilicnatly sdministersd as wn mitial shog of an
amtigsn follewed b:f repeated  booster alots to produce
protactive u‘nu'nl.nﬁl:,r . The frequency of the boostsr shois.
and hence the exact immumisation- schedule = anbigen
dependert. Also, co-adiministratton of vecce adjuvant is
ofien requirad fo enhance the immune respotise to achieve
protective immunity™™ PODS offer the possibaiity of smgle-
shot vaccines if initial booster release of the antigen can be
achieved from one system in which tinmng of booster relense
is comirolled. Vizesra et al. fmmd in outnborally anoestrous
cows, GmRH admanistered i palses of T me over 5 min every
howr for 13 days mnﬂnﬂ:ﬂnh@lﬁﬁmﬁufkﬂﬂl
activify by 13th doy thon cows gven contimeous mfusions ar
pulses every 4 he.

Sigmoddal Release System

This consists of pellet corees comtainmg drug and suecine acid
coated with ammenio methacryvlate copolymer USPNF type
B. The lag timz is controlbsd by the rate of water miflux
theoaeely the polyiner oembeane. The water dizsolves sueeivic
acid, and the dmg in the cose and the acd solution in nam
increzses parmeahility of the hydeatsd pobymer film In
addition to succinic acid, acetic acid, ghitanc acid tartanc
acid. malicacid, or citric acid con be wsed. The mcreased

permeshility con be explained by improved kydmtion of film,
which increnses free volume These findings were wed o
dadpl o coated delivery systeim with an scd-contsining
core’ “. The in-vitro lag time correlated well with in-vivo
data when fested m beagls dogs.

Recent advances in Oral Pubsatile Delivery Technolugy™
ACCU-BREAK Technology

ACCU-BREAK tmablets are designed to provide physicians
ond patients with easily divisible tablets thet when divided,
result in exact smaller doses, thus faciliteting ewse of dosage
adjustrent. In ACCU-T-CR Trilayer tablets, the controlled
mbease technoloegy s wsed o further enhance treatomesd
optiins, Tabler comains o controlled-release (CR) medication
ot gither end seporated by & drop-fred ek bayer, allowing
the CR dose fobe divided imto exact half desss, Additionally,
an inmmediate release (IR} component can be added o CR
teblets do sdd even miore trestment opfions and pobental
product capabilities ),

SODAS Technology
Sphercadal Cml Dirug Absorption Systemn 15 Elan’™s Mult
particulste drog delivery system This technol ogy iz based on
the production of controlled selease beads and it g
characterized by s mhbersnt  flexbility, enabling the
prochection of costomired dosage forms that respond directly
o aiadivachsal dimag cawlbdate needs. The systam contss of
wniferm sphecoidal beads of 1-2mm in diametsr copteining
drse & exmeipients and ia copfed with product specifie
controlled release polymers

SODAS can pronide a number of tailoead dmg felesse
peofibes, inchsding |.tnmedule release of dug followed by
sustained refeass to give rise fo a fst onset of action, which
it maintained for 24 hours. However, the oppasite scenanio
can be achoeved whete drug relesse 15 delayed for 2 punibs
of hours. An additicnal opbion is pulsatle release. where a
oace dadly dosage foom i ressmble mualtiple dmli;d:rm by
releasing dreg in discrete bursts theoughout the day

IPDAS Technalogy

The [testinal Prosective Drug Absorption System is alended
for use with Gl imitant compounsds, This is a high density,
touilt particidate tablet techmology wsed for the mamifactars
of Waproxen. The [PTIAS® technolopy = composed of
mumerons high densdy confrolled relenss bends, which are
compressed dnto-a tablet feem. Once an [PDASE tablet is
mgested, i rapudly disintegrates and  disperses  beads
containing a drug in the stomach, which subsequently poss
into the duodenum and afong the gasArcintestinal tract in o
controlled and pradunl ommmer, mdependent of the feeding
sinke.

CODAS Techmology

The Chronotherapestic Oral Dreg Absorption System is
developed to achheve delay in dmg action This system ig
tallofed to release diue after a pre-deterinbived delsy, a dmg
relense profile which comgplements the cireadian rhythms o
pattEms s d:-tumid E.a Verspaod] 8 foreslated aa
VERELAN **. The dmg is released 4-5 hours after ingsstion;
the defay 15 achieved by polymer costings to the dmg load=d
beads. This drue is uwsed in the treatment of asdothmizs.
When taken at bed time, it ensures that a maximmen plasos
coneeniration is abaimsd mﬂ:ll:l:rmmghwmum the
symptoms of cardme arrythmias worsen
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FRODAS Technodogy

Programmable Owal Dimog Absorphbon System s & mulh
partritlate techisology  which combines the bensfits of
tableting technalogy within 2 capsule. Here, the release rae
of the dreg con be pre-programmed. In this techrology, 18 1=
possilde 10 dncorporate many diiferent miniialdes, each e
fommudated individually and programoced to relesse dnag =t
different sifes within the peatro-intestingl teect Boig aleo
possibie o meerposate minitablets of different sizes a0 that
high drug loading s possible,

TMDE Technology

The Time Muliiple Action Dellvery System provides
cotiolled selease rate of muliple ikpradicnts within o single
allat

DMDS Technolegy

The Davidakle Multiphe Action Delivery System fechnelogy
15 designed to pronade grester dosing flexbility which
improves prochact afficacy and reduces side effects, This
technology allows the tablei to be broken dowmn into half so
that each respective portion of the tablet will achieve exnctly
the zame release rate peofile s that of the tablet, hemce,

dosape regimens can be adpsted sasily.

FMDS Technology

The Programmable Muliiple Adicn Dellvery System
technelogy snables the aclive ingredient to be deliversed in a
mers comtrolled fahion. This fechnology provades greater
dosing flaxibility that may improve or reduce the prodhact
efficacy. Thzs techmology allerws us to overcorse oee of the
techincal challenges in the development of mult-particulate
dosage  forms  achisving  acceptable  vmiformuty  and
reproducibility of o product with a varisty of relesse mbes

GEOCLOCK Technology

This techaolagy invelves chimnotherapy focmsed prass-cocated
tablets vdu::hmutmma:me&ugumdeunnmertﬂﬂai
layer consisting of & mixfure of hydrophobic wax a.nl:l britile
material in order to obtain a pH independont 1z tima

E.r LODCFTRA — mdmdmmmdmﬂru:gmiuﬂmlﬂlﬂd
Ly this technology,

Geamatrix Techmalogy

This fecimology enebles the simalianeous telease of two

different drugs snd at different rafes from & single tablet. This

is achieved by comstructing 3 mulhlavered fablet. The

combmation of layers, each with diffzrent rates of swellimg,

ﬁlﬁ is responsible for the rae of drug relesss within the
¥ -

PULSYS Techmolozy

This techmology &5 used for ones daly polsstile dosmg, A
compressed toblet that confains pellets designed o release
drug & dufferent rerions in the G tract by a pulsatile nunnet
i prepared,

E.x Arsomicillin is formulated o this wey, md showsd
imgrrgved bactericidal acton,

OSDRC Technology

Ome Step Dy Coating technology s 8 mhque, inmovetive,
low cost and high gquality tecknabogy. The OSDRC potasy
tebletiing machine has a sariabls double punch configumticn
which allows production of tablet withm a tablet (cored
tablets) *.

Intelimatrix Technology

Cominins awmigee composttion of several different inteliigent
polviiers sach as HEC and a chanpel foemer as lactose. Thds
gystenn -mahlm precize profile conteol and site specific dmg
delivery *',

EURANDS Fulsatile and Chrone release system

This syeteits cat provide ane of taode rapd releace pulses A
predetermined kag times. They can help 1o aptimize efficscy
ondfor mumimize side=cffects of & dmg sobsfance, For
exampls, Eurand hes orested a circadion rhythm relesse
(CRE} dosage form for a candwovascolar deap For oeg,
Fropranolol HCL is foromilated as this system and b5 msed 40
the treatment of cardiovascolar diseases, When adeinistered
at b tise, the dneg i réleased after an mitial delay such that
maxmmm plasms concendméion levels ocour in the early
moriting howrs, when the patient is more at risk

EURAND"S Diffucap Multi Particolate System

This system iz created by first layenng active drog oote an
mner core made up of sugarcellulose spheres, and ithen
applying one or more rate condrolling, functional polymers so
as to produce spherical multilayered particles.
Epe lhnopean o a diffucap forouslation costairing
progranclol snd verapamm] which are released

ppproximately 4.5 hours after ingestion, The delay is
mtroduced by e level of refease controlling polyrer appleed
to the dmg loadsd beads,

Diffutah Technalogy

This techindogy = meeful for sustadned and tarseted pulsed
delivery. This system incorporaies 8 blend of hydrophalic
pobvmers thet control drug release vin diffosion ond erosion
of a matrix takble.

Orbexa Technology

This is a multi parficulate syetan that emables high dmog
loading and provides a formulation choice for prodscts that
require gramulation After spheronization; the resultont beads
can e costed with fonctionsl polymer merbranes for
additional refease rate controd and may be flbed o capsules.
This technclogy cam be used for ssnsitive dmugs sech as
jproteii.

EURANINS Ainitabks Technalogy

This  fechaolagy oombines  the simplicity  of  tabled
formulation with the sophisticated disg release  cointrol
offersd by multi particulate systems. These mimitabs are tiny
{approx. 2 mm in dinmeter) cylindrical tablets." Conting
mesbenes can be applied to the tablets to control release
rata.

BANNER'S Verseirol Techmology

This techrnology is o novel mnovative fechnology that
provides tive contiolled release for wide range of drug Here,
the dmg 15 neorporated in lipophibic or hydrophilie et
which is then incerporated i soft gelatin capsule shell. Thds
techmology s versatile  becamss, depending on
physiachemical properties of dmug ather emulsion or
suspansxl  can be  deeloped, For  lipophilic  drugs,
gnspendon formilation s preferred. while fiw lovdrophilic
drsgs emubion form i utilized. By applving combdnation of
lipophilic and hydrophilic matrices desire relesse profils can
be achrewed.
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Magnetic Manocomposite Hydrogel

Wingnefic nano-composite was synthesized by incorpomdion
of auper paramagnetic Fertie oxide pesticles th teqperature
semsitive  poly  (Misopropylaceylamide) hydeogels. High
frequency alternating magnstc feld was applied fo prodoce
pulsagile  dme  relesse  from  nanocmmposite  Lydroge],
Nmocomposites hydrogel are one type of Op-0ff device
where drug release can be tam om by application of
altermative inaghedic feld

Wire-Liess Controlled Dirag Delivery Chip

MIT professors Fobest Langer and Michael Cima reported
that they have swccessfully used Mool HIPS to administer
daily deses of an osteoporosis dree oormally given by
ingeetios,

In the new sdy, funded mnd overssen by MicreCHIPS,
scienbists wsed the programmable implants o deliver an
osteoporosts drg called teriparatids to seven women aged 65
to 70, The stody found thet the device deliversd dosages
conparalle to mjections, and there were oo adverse side
effocts.

These programmable chips could dreanatically clanes
trestiment not caly for oseoporosis, bt also for many other
digeases, imeloding cancer mnd mudtiple scleresis, Paticnts
with eloenic disgasss, repolar pam-manngement weeds of
other condifions that require frequent or dmly injechions
could benefit from this technology.

Marlketed Prodocrs
Technokegy | Mechasism AP Disease
FulsysE Timeil- Ames ks Pharyagnisrapellics
coomairod =il
aalenl
il | Extemaliy Trenphyline st
Tegulzted
L e |
Brializa® | O 1l mutylplkemdaiz Artenzon Deficxi
geaulaed Hypegaciive Disonder
[ADHELDY - = children
Opnua® ER Timei- Cigymumphons Pam medicae
crerired bad
| S _ el = _
TheiFam® Exteqnally DH - lodesar Infann st
gl sed
wsiem
CONCLUSHN

From the above review, it can be conclieded that aral delivery
of drag is siill by for the most prefersble route of drog
delivery, dse to the ease of slrdmistration, [patient
compliznee and flexibility in s foormalations.  Generally.
sustained and controlled relense products provide o desired

thernpeutic  =ffect, bt fall shor of disssses following
haological rhythms, Cirendian disoeders such as hypertension,
ostecerthidtia, asthing  ete.,  wlich  require  cheooo-
phasmacotherspy . Therefore, Cacadian shythin of the bady is
an important comezspt for imderstanding the optimom need of
drisg 1n the body. As here i a constant need for new delivery
systerns thet can provide moeased therapewiic benefits to the
patients, Pulsatile drog delivesy, one such ayetem that, by
delivering drig &t the rght fime, rght place awl 0 right
pmpounits, holds good promisss of benesfit to the patienis
suffering from chronic problems like arthritis, asthma,
hypeitension eic.

Abbreviations: Pulsatle Dnig Delivery Svsten {FOS)
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