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ABSTEACT

Piikamile Dhug Debivery Sysissms o gaaniag 4 lor of arsrse ga they deliver 1he drog ar ke fighn placs o the pight time 284 i the raghn areonm, thes promiding
spatial and temgoral delivery and increaang pahent compliance. Pulssidle Drug Delnvery sysems (FDDE) e hascaliy fope-coairodled drug dalivery srstems
e which e wyibem comrok the |ag Hme iadepeaden of envincasemal Gl like pH, ctyoes, gasne-imeanne] mordny, eoc. These ovslems ars Seamed
aecoediag 1o e crcadian b of the body. The poaceple subonals for the uge of polaides eelease of e drups 15 whers @ consien doag eeleass s oon
demred A pulse has ko be desagned 10 such a way that 2 compleie and rapid dmg release o achiesed aftsr e lap time. Vaciows systeme 1ie capeular sostems,
CAMONEE SyElennl, seaple ond srolple-unil synsss baaed s the me of soluble o modibie podvier coatiag aiud e ol repiiatls membaaes have bean deal
woth an vl wmicle. These svetems ane bepsficial for dee dregs heneng chretophecinacological bebavior wheet nighe tioe demng i requiced, sk 3y mei-
ariyikmic ind anh-asthmaise. Some of the diseys condrtions wheeemn PDDS are promising inclede duodens] vicer, cardiorasoular diseasss, arihnbs, asthma
duabetes, nenrologscal disocder, cancer, liypeniesson and bypercholesreralemic PDDS 2o be clasefied iata time comtznlled oymems wherein the drog relzace
s commiled promarsly by che delivery sysens siimoli indeced FDDS m o whick redeass 15 conicelled by che sivmulr, such a5 e §E o emyvmes presert in tha
meertinal tact or emrvmes st in B0 dug delnery syviem and extermally epulaited setem where release @5 programmed v oexiemal sl like
miagnstem, Unsousd, slenesl efiser and imadiseon. Cramem revien arniebe discoeed the ressons for devebogment of podbiatile Snig Sdivery symes, 1vpes
of the disease o which pulsaiile rebease s repuaed, dassidlicancn, advaniages Hmmaticn, sl Polvnecs ussd i pulsatike dug delivery svsiem. To Urirsdoce

the cnmcept of chronotherapesstics, it is imparant in define the followng conrepts
Kex wards: Palzatile Depg Delivery Srstems, cheonsiberapeutic, conirelled siviems, pelymers

HNTRODUCTION
With  the sdvencement of the technologiss in  the
pharmaceustical fisld. dmg delwvery systems hove demam an
inereasing inberest over the last few decades. Nowadays, the
emphasts of phammaceutical galemic research is tamed
towards the development of more sfficacions dmg delivery
syutems with already exdating moleonle radber peang for new
drig diseovery becuiss of U oot lnindbes posed i diag
discovary and developiment process” Teaditionolly, dreg
delivery has mesnt for getting a simple chemdeal ab=orbed
predictably from the gat or fram the site of mection. The oral
coatrofled relesse system shows a typical pattern of dnsg
release figure | i which the dmg concentration s maiiiained
in the theragpewtse wikdew for a prolopgsd period of time
(rusiained releass), thersby snsuring sustained therapeutic
action
A secondegeneration dmg delivery goal has been  the
perfection of contimions, constant sate delivery of boactive
aents. However, living erpsnismes are st ““2efo-order””
thetr requirement or responss to drugs, They are predictable
resonating dynamic circadian cycle which will maximize
desired sl mingmize wmdestived drae effects Froure 20 Till
ewrly ninetres efforts have been made fo desipn the diue
dalivery syatam which will relesse the dmig a1 fadrly constamt
ratz. I fact these systeins fmed fo b2 one of the most
snccessfil systems in delivering the dneg molecule’, But still
fior mamy of the dmugs, me of sach systems 5 not suitakle
because of a mumber of masens. This = particulardy e @
cases where the drug is subjeced to large metabolic
parn, Dhae 1o “fast poss effect’ there will be reduction
in the bioavalabality of the drug becanse; gradual releass can
result in grester degradation, Secondly drugs with short half
life need to be admindstered repeatedly which results
patient won-commpliaece. Furthes, in case of chronde teestoment,
where the drug is given in susisined relesse dosage form,

contimuous exposurs of the drag o body may lead 10 wldverse
effect, Foo eample, diaberes mellinoe sequires chrenie
treatment with sustomed release formolohons of dougs like
sulfonylures which will damage the pancress earlier than the
comresposdmig immediate relzase dosage form. Lastly, drgs
which exhibit tolerance should not be delivered at o constant
rate, since the dmg effect deceases with tme ar consiant
dhrisg level. I oaddition ditg loaiery wressss with dine when
drizg levals saw hald constamt, In such canee it is preferable to
ot for degage form which will peovide desived concentration
of drug at particular time point only’, Nowadays, concept of
chromophanmaseutics has emerged, wherein, research is
dewated to the desion and evalustion of dinee delivery systems
that pelesse g theragewtie agent af & thytlen that sdeslly
mifches fhe biological requirement of & given dissass
theropy. Dhsceses where 2 consoni dmg bevels are oot
preferred, but needs o pulss of thermnpeutic concentmtion m a
periedic muanner acts as a posh for the development of
“Pruilsatile Drug Delivery Systerns” | In these systers, thee is
rapid and transient relesse of o cerfnin amount of dmg
molecules within & shori tme=period  immediately afier a
pedetermined off rebease penod Figure 3 Vardous
techmigues are avmlable for the pulssiile delivery like pH
depemiclaint yetemns, tone dependend avaters,  eicro-floea
activated systemms, elc which can be desipned a3 per the
phvmology of dissase and properties of the drm molecule,
The foras of the present review @5 prinasly on the pulsatile
drsg delivery methodologes and the upeemng technologies,
which sre being exploited on an indusirial scake,

Adbvantages and Drawbscks of Palsatile drog delivery

systems

Aufvantages

* Pradicteble, reproducibls and short gostric residence time
o [ess inter- snd intra-salbpect variability

Pape 31



NG Roghavandra Rao ot ol Ind. Res | Phare 2013, 413]

Improve hcavazlabelity

Baducad adverss effects and woproved toberabalaty
Limited nisk of local imtation

Mo misk of dose dumping

Flexibility in desips

Improve stability

Inprove patied cosfoct sod eomplisnes

Achizve n nmques release pottermn

Extend patent protection, glehalire product, and overcome
conmipetiti

Drrawhacks

Lack of memmfastuning reproducibilicy ad efficacy
Largz number of process vanahles

Befultiple formmalation steps

Higher cost of production

Meed of advanced fzchnology

Trased dhilled personal peedad for mamnfeetiring

Chronobiology”

Chromobiclogy s the scicnte conesrnead with the biological
mechonism  of the dicesses pccordmp to 2 time
stracture."Chrono”™ pertains to time and “hology™ pertams to
the stuely, of science, of Life,

Chronopharmacology

Chronopharmacology is the sciernce concemed with the
variations in the phanmacological actions of vadous drugs
aver & perisd of tites of the day.,

ﬂ!ﬂlﬂﬂ]mtﬂﬁntﬂﬁj
Chronopharmacckinetics mvolves study of temporal changes

m dmg absorphon. distnbution, metsholism and ssxcretion.
Pharmacokinedic parameters, which  ar=  comventionally
considered o be comstant in time, sne infleenced by different
phiysiological  finetions  displaying  circadian  chythm
Circadim changss in gastric acid secrefion, gestrointestinal
oy, gasrednbesting] Mood few, doag protein bading,
liver eneyme activity, renal blood fow and woinary pH can
play fole iy thoe dependsit  varstion of drog plasoa
Ccomceniratinmn

Chranotherapy
Co-ordimation of biological davithims and medical treatment 13
called chromotheragy.

Chrsmol herapeutics’

Chronotherapendic 15 the disciphine concerned with the
delivery of dngs sccording o inhevert activities of a disease
over a certain period of timee. it is becoring incressdnely
more evident that the specific time thai patients take their
medication may be even more significant than was
recomized in the pasi.

Biolagical rhythms’

UltradisnB vt hims: Osellations of shoeter durstion ara
termed Ultractian Rhythms {more than one cycle per 24 his)
E.g.%0 mmmtes slesp cycle.

InfradianBhythms: Oscillations that are longes than 24 hrs
are tenned as Infiradion Bhythms (less than one cyele per 24
hesd, B Monihly Menstnamtion.

Circadiamrhyihms: Circadian chythms are sel fesustnning,
endaogerxs oscilistions.

Takhe 1: Diveazes requiriag Palzaeile rug Dedivery
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Polymers wsed I'm Pulsatile Drog Delivery System

Pulsatile drug delivery systems are required. Pulsatile dmag
delivery systems are sequized for applications in wlkich the
cogtimawpus telease of a dmug would be deirimental and
repeated dosing would be difficult, painful o otherwise
problemotic. A key example s msulin delivery for the
trestmeni of dmbstes For effectyve management, msulm
rebaase levels need to be penerally very low but significantly
elevated after meals. Additional examples of the desirability
of pdsatile drug delvery inchade the delivery of blood
pressure medications and immmnizakion boosters, and many
horoeone treattents. Pungps leve beey sucesssfally wsed for
palsatile druz delivery and are now used for many disbetic
patismts, Howaver, these suffer from & numbsr of limitations,
mest notably the nesd to run tubing across the skan, whach
produces pothways for mfsction. Completely mplantable
syitemns would reduce this rsk The system proposed by
Langer and co-workers explodts the wide tailor ability of
bindegradation of the poly (lactic-co-glycolic acid) (PLGA)
family of becoupatibde polvesiers. By varving the relative
amounts of lactic acid and glycolic acid m the copolymer and

glso the molscular weight of the copobamer, ope can
comtrollably amd wadely vary the degradaiion rate of the
watertal. To release sty of drug af different tines, several
PLGA copalymers with differemt degradation rates wers used
as 'pefckecpers’, Ench copolvimer was designed to hold beck
a burst of drug until thet partscular membrone had degraded
suffictently to allpw the dnag to escape. With this system,
Lamper amwd colleagues were able to achieve pulsatile felezse
of several types of ‘mode] dregs® with differest properties.
The drug-delivery system 15 based oo a mecrochip formed
from paly (L lactic acid), the most slowly degrading of this
ped vt family,

Severn] reservors were indended inthe chip sordace; dmog
solutions v msctoingectad o the approprigte reservoins,
ol then FLGA membranes of various composiions wers
formed do szal sach reservoir, Beserveirs could all contain the
suine diug, ar mudtiple agents could be loaded inte different
reservndrs to relesse 3 variety of drugs froo the device. O
coitld ermvisage an implantable micrechip that would releass o
bamtery of childlood bonuizetions st appropriste times,
Such o system would be especially usefid in developing
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coaninies, where rouatine access to medical care 15 diffcnlt
and  thus  booster  immmmizations  are  often  messed
Furthernwre. becasss the diig molemles are stosed in a
reseryvoir rather then suspended in the polymer feeinlation,
this system should be compatible with o wide variety of
drugs. For exsmple, lepanin o common sati-coagabant el i
hydrophilic broactive afler imcorporabon o and release
froan this drg delivery syem, even after 140 dave, The
suiper s performance of this new device, along with the long
track record for safety and Mocompaiibality of the polvmer
mitenals vsed to fabricate the device, bode well for success
in a variety of clinical applicaiions, The nexi advance i
pulsatile drug delivery is likely fo be sysiens in which
release from o dmplast can be oactively modolsted, b
ingrgmes or decrease dosing i responess to demsnd. Ideally,
such systems will evertually be coupled fo biosensor devices
s that drug delivery can respond to physiological cues in real
titne. The release af meulin o an dinplant conld be tied o
readings from a glucoss sensor, thus providing tighter control
over blocd glecoss levels and redecing the effects of
diabeles. Dirug release fom polymenc systems could he
comtrolled throush externally genernted the ultrusonic energy
cait be safely applied from owtside the body and can be
geperatind with a sl portsble probe In aiothes examgpls,
composiles of ihermally responsie - polymers  with
nanoparticles that atsorb m the near infrared have besn
shown o underpe marked phase climges in fespoise o ear-
infrared Fgh, This might be usefl &= o drug delivery system
that relemes the drag upon extemal illuminatien from a Light
source simalar in sir= to A laser pomnter. These shmali
respoiisive syslerms are likely do offer greater comtrol asd
flexitelity tham systemns based on inherent differences
polyviner degradation, but they will also be more complicated
and costly. The potentin]l bensfits of puisatils dosing
regurens for a varety of comsbitioss shoold esire a dgh
level of interest in modulated drug delreery systems well mio
the fotere, and advances in  mesferiale  sciemee  will
significantly improve our capabilities i this field of dneg
VEry,

Methisds of Pakatile Drog Detivery System

Currently Beparied Systemns

Pulsatile syaters are basically time contrelied dig delivery
systems  in which the system controls the lag fime
independent of emironmental factors like pH enmymes,
gastro-inbestmal motility, #te, Thase tune controlled systems
cait be classified as

*  Singleunit (e.g., tablet or capsulel or

= Nultiple umit (2.g., pellets, baads) systems.

Slhngle-unil systens

& Capenalar Systods

* Capsular System Based an Osmosis

= Pulzatile system with eradible or Saluble Bamier coating
*  Pulsatile svstem with Ruptarable

Muoltiple-nmi svstens

= Pulsstile System Based o Bupharable Coating

= (smotic-Based Buptorable Conling Systems

*  Pulssiile aystem delivery by change o mensbrane
permentuirty

Simgle-Unit Systems
Capsular systems

Drifferent single-unit capeular palsatile dnse delivery systems
have been developed. A general struchme of such systemns
comsists of an insoluble capsule body housmg a drug and a
plug, The plug is remsoved afier 8 predeterndned fag time
owing o swelling, erosion or dissolubtion. The Palsincapdl
gyeterr shown i Figere 4 (Scherer DDS, Tad) is an axacpla
of i a gystem that is made up of & water-insoluble capraile
bady fillad with drueg formalaton. The body 15 closed af the
open end with a swellable hydrogel plug. Upon contact with
dissolution medium or  gastro-intestingl  feids, the plag
gwells. pushing self oul of the capsule after a lag dme. This
i Eollowaed by a rapid diog release, The lag time can be
copitpalled by manipulating the dimension snd the position of
the pheg. For water-msoluble drugs, o rapid relense can be
erwsared by inclusion of effervescent apents or disinteprasmts.
The plug material consists of insoluble but permeable and
swellable . polyvmers  (e.g,polvmethscrylotes),  erodible
comprassed polymers (2.8, hydreopropylmethyt cellulose,
pabyvinyl alcohol, polyethylene oxide), congealed melted
paiymers {e.g., saturated polyelycolated glycendes. glyceryd
mnomaoleate). and enmymatically controlled erodible palyemer
(eg, pectin). These forpualstions wese well tolerated i
animals and healthy voluonteses, and there were no reports of
gastrointestinal mritation, However, there was a potential
peoblem of varable gastric residemce te, widch was
overcine by epferic comting the sydmem w0 allow ifs
dissolution onky in the higher pH region of small intestine”,

Capsnlar System Based on Osnrosis

The Poit Syster shown in figare *. Drug release mechanism
from PORT swstem 15 shown in figare & (Port Systems, LLC)
comsists of & gelabin copsole coated with o semi permeable
e (ep cellidose acedate) howsing e msoloble plug
(e.g., hpudic) md an osmotically actrve agent along with the
g formulation Wen m contect with the agquesos medinm,
water diffises soross the semi  penpesble  mendbrane,
resulting in incrensed mner pressure that gjects the plog affer
a lag tinwe. The lage finee i controlled by coating thickness.
The systeim showad gpood corelation i lag tomes of invitto
al inevivo experiments in bumans, The sysemm was
progussd to deliver methylphenidate for ths treatiment of
atention deficlt hyperactivity d=order (ATDHDY) m schoal-ag=
children. Such a swstemn avoids a szcond dadly dose that
ccheraise would have been administersd by 8 nuse duging
school hes'!

A System Based on Expandable Orifice

The =ystem was designed 1o deliver drups as ligud
formmuilxitoms and combine the benefits of extended relesce

with high bacavaalakality. The liguid feemalation s well
suited for delivery of insoluble drogs, macromelscules such
o polypeptides and polvssechanides, For delivery of such
molecules 8 liguid enwviroimient  favours  solubilisstion,
dapersion, and protecticn from enrymatic degradstion' ™.
The Liguid OROS Sofiecep T developed by
AlzaCorpoeation, TISA, dwran in figuee 7 melode o Hqguid
dreg fnyer, s comotic engine;, puwsh layer, and a semi
permeabls membrane coating. When the system is m contact
with the agoedsns epvironitent. wabter perrestes acrods the
rate coitrolling membrage and activates the csmotic layver.
The expansion of the osmotic layer resulis in the
development of hpdrostabic  pressuze  inside the system,
therehy foroing the liguid formulation to be delivered from
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the delivery onfice as shoan in figure 8. The Liquid OROS
hard cap T was framed fo sccommodate more viscous
sulsgeneiody with hisher dnp-loadine capacity. The lag time
can be delwyed from 1 to [0 kre depending om the
permeability of the rate=controlling membrane and thickness
of the banser laver, A vanery of OROS systems have been
developed wing this techoolopy swdh as Procanhia ML,
Dritropans XL, aid Conearta

Delivery by a Series of Stops

Pulsatile delivery by series of stops shown in fig 8, This
systemn 18 described for snplagable capsules. The capside
contatng 3 dmog and a water-absorptive osnsotbe engine that
are placed in compartisents separated by & movable partition,
The pelsatile dedivery is achieved by a series of stops along
the mmer wall of the copsale Thess stops cobstuct the
movemet of the partition bl are overcome in succession 3
the osmsotic pressure rises above a thresholbd level. The
number of stops and the longituding] placements of the stops
along the lemgth of the capsule dictate the mumber and
trequency of the pulses. and the configurabion of ihe pastition
comtrols the pulse intenstty. This system wos used to deliver
porcine spmstotropin

FPulsatile Defivery by Solnbility Modulation

Such systems cooimin n sclobiliy modulator for polssd
delivery of varety of drogs. The system was espedally
developed  for defivery of salbwfanvol sulphae.  The
companifions contan the drog (salbuteme] sulphote) and a
modulzting agant (sodnim chlonds, WaCly The amount of
Wall was such thet it was bess than the amount needed o
maindakn safuration in a foid that enters the osmotie device.
The pulsed delivery iz based on drug solubility, Salbutamol
has solubility of 275 mg'ml m water and 16 mg'ml m
sl ated solution of WaCL

While Ml has solubility of 321 me'ml in water, and its
saturation sobishality is 320 mg'ml. These values show that the
solubility of e dme iz funclion of the modulator
concentrotion, whils the modulater’s solubidty i lergely
independent of drug concentration. The aeodulatme spent can
be a solid organe acd, inoeganic salt, or ofganic salt. [n
order o conire] rere=cader releass period mvd commencsment
of pulsed releass, vatio of drsp'modulater can be varied, Afier
the period of rero-order release. the dmg is delivered ne one
large poke, A similar system is described for debivery of
tegintalive aned oxprenolol. However, in general, the lasge-
scale mamfecnEing of these systems s complscated and calls

L 18

for special equipments and several mamfacturing steps ™ .

Fulsatile system with erodible or soluble barrier comtizg

Most of the pulsahle drug delivery syslems are reserveir
devices coaed with a barvier liyer. This barrier erodes of
dissolves after a specific lag penod, amd the dreg is
subsequently released rapidly. The lag time depends on the
thickness of tle coating laver figire 9. Tlse time clock syatem
shown o fioure 10 (West Plusmaceatical Seevices Disg
Delivery amd Clinical Resemch Ceontre} consists of a solid
dosags form costed with lipidic barriers contaiiing sarmameha
wex and bess' wax along with sorfctants, such as
palvoxyethylene sorbien moncoleate, This com erodes or
etrmilaifies in the squesis etviromsent it a tiee peoport il
to the thickness of the film, amwd the core is then available for
dispersion, In a study with haman volanteszs, it was shown
that the lag tme was oudependent of gestne residence tune,
and the hydrophobic film redisperson did not appear to be

milu=ncsd by the presence of infestinal enzynes o
mechanical action of stomach or gastro-intestimal pH. The lag
time dpcreased with increasing costing thidmess. Swch
gystennis are better sugted for water soluble diugs. The major
advamtage of this sysiem s s case of manufactaring without
any need of special equigment. However, such Hpdd-based
systems may hawve high m-vive vamability (eg. food
affecte)’” ¥ The possible problems of erosion controllad
gyeterns  nchwle a premsture drug release when the
penctrating waker dissolves the dmog, which diffuses oot
throwgh the barrier tayers, and sustained release after the log
phase when the bamer laver 15 not eroded oo dissolved
completely.  dwereby  retarding the dmg  seleme.  The
Chinotropic systen shown in figore 10 consists of & drog
contniming core eoafed by hydmophalic svellable  headrosy]
propy] methyl celindose (HPMC), which is responsibie far a
lxz phase m the onset of release. In additon. through e
appleation of an outer  Eastric-resistas emteric flm the
varizbality in gastric emptving time can be overcoms, and o
colon=specific release can be olained, relving on the r=lative
repreducibality of somll intestinal tramsit tme. The lag tine s
controlled by the thickness md the wiscosmiby zndes of
HPMC. The cores condaming mwspyrne a8 the madel dmog
wers prepared by tabletting and retasding. and enteric coaty
were applisd m a floidized bed conter. The in=vifro relezss
cirves desplayed & lag phase preceding dmua relznse, and the
m-vivo plarmacckinetic data showed 2 lag tme pror 1o
presence of detectoble anpeumts of dwg in salive, Beth in-
witra and in-vive lag times correlate wall with the spplied
amaumi of the hadrophibic retarding qu}m. The system 15
snitable for both teblets and capsules™ .

Mlultilayered Tablet

A releace pattern with bao pulsss was oblained from a three-
fayered tabded contmning two diup conmlaning  lavers
separated by a2 dug-free gellnble polymenc barmer layer.
This thiee-layverad tablar wis coared on thees sides with dn
mupermeable ethyl cellulose. ad the twp pomion was lefi
mcoated, Upon confact with dissolufion medmm, the instial
dase ineorporabed data the top layer was relessad rapsdly from
the poneoated surface. The second pulse was obtansd froan
the bostomn leyer efier the gelling barrier loyver of HPMC was
erosled amd dissolved, Tl sate of gelling andfor dissolution
of the barrier layer control the appenrance of the second
polse. The gellmg polymers reporied inchude cellulose
derivatives fike HEPMC, methyl cellulose, o pobynanyl
alechols of vameus molecular weizhts e the coatng
makenials - inghade  ethyl  cellulese, celhslose-acetate
propienats, methaerylic pelyvmers, serylic and methacrylic co
polyvmers, mud polyalcola w2

Pulsatile system with Rapturalsle coating

In contrast to the swellable or erodible coating svstems, thess
systems depend on the disintegration of the costing for the
release of dive The precsure necessary for the ruptuse of e
coatinge can ba scldeved by the effervescent exeipdems,
swelling agemts, of osmotic  pressure figere 11 An
effervescent midhare of citric acid sod soding bicarborate
was meorparaded. in A tablet core conted with eshl cellulese
The carbon dimade developed after

peneteation of water o the core regulied i a pulestile
refease of drup afler mupture of the coatmg. The relesse may
depend an the mechanical properties of the costing layer. It is
repoated that the weak and non-flexible ethyl cellulose flm
raptured sufficiently as comparsd to more flexible films. The
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1n;g time incresses with mcreasing coating thickness and
increasing hardness of the core tabiet. The hghly soceliable
apents. abe called super disintegrants, were wsed to desipn a
capatle-basad system eomprissug & ding, swelling agent, and
rupturable polvner laver. Examples of superdisintegrants
inchode cross carmedlose, sodium stardh glycoliare, and low
substituted bydroxyvpropyl celbhdose. The swelling of these
msterizls pesmlted in a codnplete fil mupture followed by
rapad dmg release. The lag time iz function of the
compasition of the ouler polymer layer, The presence of
hyidrophilic pobymer like HFMC reduced the fag time. The
system can be wed for dedivery of both solid and liguid dnag
fosmndatbone A reservodr systemn with a seme permeable
coativg was desiged for delivery of dmsgs dunt exhibit
soptenmeive firsf-pass metsbolism. The relenss pattan was
similer in  that l:lblmrﬂd alil.-r pdministration. of several
inenediste-releme doses™

Advantage: Easz of manufachuring
Drsadvantages: I=vive vanability (food effects which is
present m GLT.}

Muoltiple - Unit Sysfems

Multiple svetems f{eg, pellets, beads) offir  variows
advantagss over single unif systems. Thess include no nsk of
dose dumping, flexibality of blending units with different
rebease pattens. aid reprodueable and short gsitne residence
time, Bani the dreg camying capacity of multipls sysiems is
lorwer dhse to presence of hdgher quendity of exeipients. Such
systems are imvarizhly o ressrvoir type with aither mepharahle
ar altered pesmeability coating.

Pulsatile Syvvtem Based on Rupiurable Coatimg
Time-Controlled Explosion System

This = a mudiple system o which diog 15 sosed on Boa-
parell suzor seeds followed by a swellable layer and an
inesluble top layer, The ewalling apents oeed inchade
supendisintegrants  like  sodmum  carbosovmethy]l  cellulose,
sodiom  starch  glycollate, Le-bodrosypropd  cslluloss,
polymers  like polywisy] acefate,  polyaceylie  acid,
palyethylens gycol, efe. Altermatively, an  affervescent
syitem conprising A mixture of tartmic scid and sodism
bicarbonate may also b oused, Upon ingress of water, the
swellable layer expands, resultng in maphare of film wath
subsequent rapid dnsg release. The releass = independent of
emvisonmental factors like pH and dngp selubdlity. The lag
tirne can be vamed by vaming coating thickness oo addisg
high amounts of pophilic plasticizer in the outermest laysr,
A mp release afier the [ng phass was achieved with increassd
concenbration al osmotic agent. In save stedies of Hme-
comtrolled explosion system (TCES) wath an m-vitra lag time
of thiee hours showed appesrance of rm# i blood after 3
hrs, apd maximum blood bevels after 5 bre

Osmotic-Baved Buptarable Coating Systems
Pervmeability Controlled Systemns

This system is based oo & comsbinafion of csnctic and
swelling effecte. The core comtainming the doeg, a low bulk
density solid andiar liquad Iid matenal (2.3, miveral o)
aned o disintegrant was prepared. This corz was then coated
with cellulose acedate. Upod ininersion i aqueous medni,
water penetrates the core displating lipd matesiz]. After the
depletion of Lipel material, intemal pressure incresses il g
crittcal stress s reached, which resulis in rupture of coatuze.
Amncther system is based on o capsule or fablet compeaed of a

large number of palists consistng of twe or mare peliets or
parts (g, populations) Ench pellet has a core thee contains
the therapeutic drug avd a water coluble camotic agest.
Water-permeable, water-fnsoluble polymer flm encloses
each cors, A hydrophotoc, water-insodubie ngent that alters
permeabtlicy (ee., a futy achd, wa or a sall of fary acad) is
moorporated inio the polymer film The rale of water mflox
aied drug efflox caosde the film coatiig of escl popolation to
differ fraem sy ofler pellet eoating in e dosage form

The osmotic agends dissolve m the water cnesing the pellets
to swell, thereby regulating the rate of drug diffusion. The
effect of each pellst population releasing its dnae content
sequertially provides a series of pulses of dnee from a sinele
dosnge form. The conting thickmess can be varied nrnoigest
the pallets This svetem woe used for the delivery of
antibypertensive drug, diliarem. The use of osmeticslly
active agerds that do nod videsgo swelling was reported by
Sehuliz and Kleinabudde, The pellet cores consssted of drg
and sodium chlomde, These were costed with & szmi-
permzabls cellulpse acefate polymer. This polymer is
sellectively permeable io water md s impermeable to the
drzg. The lag tme incremsed wath mcrease m the cosbing
thickness and with higher amounts of tade or lipophilic
plasticizer m the coating The sodium chloride faeilitated the
desared nst releass of drog. In absence of sodnam chioride, a
sustained release was obtained after the lag time due to 2
borver depren ur core swelling that resudted in seneration of
small fissures’ .

Pulsatile delivery system by chamge im  membrane
permeability

The permeabulity and water aptake of aceylic polymers with
quaternary ammoonan groups can be influsneed by the
presence of differeni counter-sons in the medinm. Severnl
delivery systems bemed om this fon exchange have been
developed. Eudragat BS 30D @3 reported to be a polymer of
clsrice for tles purposs. [t typocally confains  positively
podarized quaterniy amneonium group in the polviner side
chain, which 5 alweys sccomparmed negative
byydrochlormde courter-rons.

The ammoenann  group beng hsdrophilic  facilitates the
infemaciian of pelymer with water, thereby chenging its
perineability and allowing water to pernwsats the active cors
i a controllad manner. This property is essentiad to achieve a
precisely defined Ing fime, The corss were prepared using
theophylling & owsdel dinse asd sodivm asetate, These pellets
were coated using Eadragit RE30D (10% to 40% weichi
gainl in four dfferemt layer thicknesses A correlabion
between film thickness and Ing time wes observed. [t was
found that even a small amount of sodinm acetsie m the
pellet core had a dramatic effect on the drmug parmeability of
the Euadragit filim. A fier the lag time, inferaction between the
pcetate and polymer mersases the permenbality of the conting
50 significandly that the enfirs active dose 15 liberted within a
fi gmrutes. The lag tite ineresses with inerenssnge thickness
of the coal et the relesse of the drue was found to be
andepesipdent of this thickness ad depended on the amemsm of

palt present in the system’™

Sigmoidal Helease System

This comsists of pellet cofes compreing dnig and suceinie
acid coated with ammorio-methacrylate copolymer TEPNE
type B. The lag tine is controfled by the rats of water mﬂu::
through the polyrer membrane. The water dissolves succinie
acid ond the drug m the cose and the acid sclution in fum
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increases permeatelity of the hydratsd polymer fAlm In
axdditiom to succinic acid, acetsc acid, ghritanc acid, tartanc
acid, makie acid, of citeic acid caon be osed. Tl increassd
permeability can be explained by tnproved hydeation of filin,

which increasss free volume. Thess findings wers mmed o
de=sign n coated delivery system with an azid comfaining core
The invitrg lag time correlated well with in-vive data when
tested in beaple dogs™ ™.

D (ol R0 irbda o8 Pt i)

Figwre 1: Plazma rawirol drog release profile
Where, MEC=Minimem effectine coacentration, MSC=hMinmmum @b comcentration
CHF=Cantralled release tormalation, CF=Conventionsl desage fommiabes

Treg Fo mprs Frafils af Folg piala Taosy Rebemrp byniaws

Figure 3: Cyole of Circardian rhaihm
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Erodible coating layer

Core tablet Core tablet

Lag-fume for drug release Start of drug release
> -

Fidure 10 Sciamatic diagram of deog delivary with oredible coating lyer

Dirug core

Swallable layer

Ciuter rupturable coal

Figura 112 Schematic diggram of drug delvery with ropturabls eoaring layer

‘Water insoluble body

Capdisgsowe and plug expands

1 gaeic s Plug sjecied and drug releases

Figars 12 Schematic Segram of mikse of drig from capinb
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Figure 18 Eshomark dingram of osmoss svsiam

Formulation Consideration

Driffesent apgrosches of pulsatile system are broadly divided
a5 fol b

1. Timmee comvirolled,

2. Hvternal stinmadi inducad,

3. Extermally rembmed,

4, Multiparticulate

Time controlled system

In time comtrodlad dneg dalivery system, drmag is releassd n
palsatile mmmer affer specific tooe interval m order to
comncide the drug with proper site, thus mimic the circadian

l']'l'ﬁ"ﬂﬂ'l'l.,l 5:.

Pulsatile Delivery by Salubilisation or Erosion of lavers

In such systems, the core containmg drug 15 coated with the
soluble or exodible polymer 35 owter coat and drug refease i3
comimolled by the dissohsiion of erosion of the outer coat,
Time dependent relence of the dmup con be obtoned by
optimizing the thickness of the outer coat as shown n fipore
12

Ep The Time Clock systent™™ and the Chronotropic

system”,

Folsatile Delivery by Rapture of Membrane

In place of swellmg or eroding, these systems are dependent
an the distisegeation of the coating for the elese of drg
The pressure necessary for the npiure of the coatine can be
achieved by the swelling, disinfegrants, effervescent
excipients, or cemotic pressurs, Water penmeation  and
mechancal resstance of the outer membrane are major
factors affecting the Ing time,

Capsale Shaped Palsartile g Delivery System:

This dosags form consists of an insoluble capsule body
coatainmz 4 dnee awd swellsble and degradable plogs made
of approved substances such &5 hydeophile polyvners or
lipids and relzase contrelling plog between immediate releass

compartmeni anpd pulsed releass compariment, Un camniact
with aqoeous Husds. the cap rapadly dissolves thereby
rel=azng the immediste relesse component folloaed by
mlsﬁjgﬂm compomnent. The length of plug decides lag
fume™ ™

Pulsatile System Based On Osmaosis

Casnofye  systemn comswts of capsule conted wath the
setnipermeabile mernbaie.

Inzide the capsule there is on isoluble plog consisting of
ototically setive agant and the dreg formulation™. .. The
Fort Systern

Internal stiouli indoced svatem

In these systems, the relzose of the drog fakes place after
stimulation by any biclogical factor 1ke temperature, or any
cther chemical stunwli™. Many of the polyiperic delivery
FyFiems experience phase transitions and demanstrate marked
swelling desazlling clmyges in response to envisoniental
clayees  ischuding  solvert composition  iosde  streaeth,
temperature, electric felds, and light"!

Temperatureimduced pulsatile relexse
This deviation sometines can act & 8 stimmbes that triggers
the releace of therapeutic agenls from several temperabare
respanisive drg delivery systems for diseases accompanying
fever. The temperature induced pulsfiletrispered dimg
delivery systerms ulilize varous polymer properties, incliding
the thermally reversible coll’globule transiion of polymer
molecules, swelling change of netoorks, glass transition and
crystalline meeltimg™

Thermo responaive hydrogel systems

Thermo-responsive  hydropel  systems  employ  hydrogels
which snderge reversible volume chongss i response o
changes o temperature. These gels shrink st a transition
temperatuse that is referred to the lower critical solution
tepsrais (LOST) of the linsar polymer, Thenmo-ssnsitive
byedressnaitive Bydrogels have a certain cherical attraction
for water, and thersfors they atsorb water and swell o
temperatures helow the trensition temperature whereas they
ghiink ar deswell &t temperahwes albove the tramsdition
temperature by expelling water. Thermally responaive
hydrogsls and membranes have bem extensively exploted as
plotforms for the pulsatile dug delivery’

Thermo responsive polvmeric micelle systams

I this fype, the gl system tighily stores tarpeted dmg o the
micelles and apidiy releases controllzd amount of the dg
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by swatching an—off of external stinmabi such as tempemture
aor infrared [zser beam.

Naiwiange Zhang of al symthesized termally responsive
amphaphilic pofy N sopropylacrylamide) (PRNIPARN-pratted
palyphosphazene . (PNIPAmM-g= PPP} by stepaise
cosubstinmion of chlonie soms on polyoeer backboses wik
amino-terminated WIPAm oligomers and ethyl glycinae
(GivEr'® Diflunisal (DIF-loadad micelles were proparad by
diabysis method. In vitro release fest ot viriouns temperaiuses
wzs esp performed to shady the etfect of femperature on the
drug release profiles, Chemical stinuli induced pulsatile
systemns: In these systems, there is release of the drg afier
atiaulation by vy beologieal factor libe enzyvme, pH or any
other chemecal stimwli, Tn these svstenss, the polvimer
underpees svelling of deswelling phase W Rspotse o
chemmical renction with membrane, skterabon of pH and
Infamamation mduce, release of drue Som polymer by

sovelling the pobyynes.

Glecese-responsive insulin release devices

In a glucoserich emvironment, such =5 the bloodsiream after
a meal, the modation of ghrcose 1o gluconic aad cotelvsed by
ucose ooidase can lower the pH to approdmately 3 8, This
equryine is probably the rost widely ueed @ plicose sensie,
and makes possbie to apply differsnt of pHsensitive
hydroaels for modulated manlin delivery™, This pH change
indeess swelling of the polviner whoch results di msuls
relzase. Insulin by virhee of Hs action redeces blood glecose
level snd comaquently aphconic acid leval also  gets
decrensad and system fums io the deswelling mode theraby
decreasing the bwulin selease. Kanwmor Kaisoka et al
repotied remarkable change i the swelling owloced by
glicose demonstrated for the gel compossd of PNIPAAm
with phenyiboronic acid medeties. On-off regulation of
insula release from the gel schieved tloough & drasiie chapge
in the solute tansport property as a result of the formation
and disrugtion of the surface harriar layer of the Gel™.

pH sensitive dmg delivery system

pH-sensitive polyers are polyelectrolytes that bear in their
strscture wesk acidic or basic groups that either socept oF
releass protoms in response to changss in environmental pH.
Ezxnmgrles of pH dependent polymesis oeclods  celbdons
acetate phthalote. polyacrylotes, sodmm carboxy  methyl
celluboss,

Inflanonatien-indaced pulsatile releave

Physical or chemical stress, such as mjury, broken bones,
etc, imitinfes inflammation reactions, becmse of which
hydrocylradicals  ("OH) we  prodoced from  these
inflammeticn-responsie cells. Yur @ all designed drug
delivery sysiems based on the polymers which respondad to
the hydrosyd mdicals and degraded m o lmited mammer, Y
aned cowarkers used hyaluronsc acid (HA), in the body, HA 15
iy degraded edthes by hydeossy] eadicals or & specific
eqryime,  hvalwoiddase. Depradation  theeugh  hydeoss]
eadicals lomveve, is wseally dominant and ragad when HA is
injected st inflammatory sites. Thos, they designed cross
linked HA with ethylene glyeol diglycidylether ar
palvaveerel polyaivadyviether Thus, o surface erosion tvpe
of depradation wes schisved. Patiess with inflamanatoey
mmmm“m“mmdMthmmad wsiRg
thiis type of system™™

g release from intelligent gels responding to antibody
comcemntration

Miveta o al  formed on the developasemt of stinali
respoiisive cross linking struehwres into hiadre gels. Special
care was gIven to antigen-antibody complex formafion as the
cross-Huking  wits dn e gel, sinee  spevific  antigen
recognition of an anitbody can provide the foundmion for a
pew davice fabrication, Uking the difference in sswociation
constaids  betweon  polymerized anfibodies and naturslly
derived anbbodies towards specific eotigens, reversibie gel
swvellingdeswelling amd drug permeation chenges could
CCCLE. I;h!lujs. bdobogical stimoli responsve hydeogels were
creatad *

Enzvmatically-activated Liposome

Drug Insded liposomes was mcorporated mio microcapsules
of alginate hydrogeds. Liposomes inside the microcapsules
were coated with phospholipase A2 to achieve a pulsitile
relense of drug molscules, Phospholipase AZ was shown fo
aecumudate gt the waterlipesome intzrfaces and remove an
acyl mmoup fSom the phospholipids o the liposome.
Destobilised bposommes release their drag melecules, thus
allerving drig relesse to t-e re-yjla!ed by the rate detereing

tnicrocapsule e’

Externally regnlsted pulsatile release system

This system s inl  self-operated. bt instesd  requares
eatemally gensrated snvironmemial chongss to iniiats dng
dalivery, These ean include magnetic fields, witrasoumnd,
elactric fi=ld, hght, and machanical fomce

Mlagnetic bvdaces release

Mognstic carmers receive their magnetic response fo a
mametic field from incorporated moterials such as magnetite,
mom, sockel. coball etc.. Mameticsersitive beliavior of
miell:geni 'E:Tn.g:e'l: for controlled release of dreg was shudied
by Tingyo L, @ al An uu;o:ll:gmi inagnetic ldroagel
(ferrogel) was fabricated by mixing poly (vinyl aboohol)
(FVA] hwirogels and F:ﬂq magnstic particles throvgh
fieerngthawing Cyeles”. Althowgh the external direct
current maphetic field was applied to the fermromel, the dmag
gat accumulaizd around dhe frmogsl, T e ecoconmlated
ke speart 1ot covironment wwtamtly when the msanetic
fields instamtly sattched “off”". Futthermeore, rapad slow dmg
refense can be tunable while the magnetic fisld was saatched
from “off" to “on” mode. The drug release behavior from the
ferrogel is strongly doaninated by the peaticle size of Fe3Od
umder o given magnetic field™, Tmgy L, ot ol developed
the magnetic hydrogels which was successfully fabricmed by
chemically cross-lmbing of gelatin hydrogels and FeOy
nanoparticlas (ca. 4060 nm} through genipin (GP) as cross-
linking agent'

Ultrasonnd induaces releass

Ultrasoutnd i mostly vsed & m enbaneer for  the
dprovernent of drug permeation throeeh bloloeical barriers,
such as skin, The ioleroctions of ohrssound with bielemienl
tisgeza is diveded imto two broad categories: thermnal and nod-
thermal effect=. Thermal =ffects arz associated with the
absorption of acoustic energy by the fluids or tissues™, Non-
therinal bic-effects are penerally associstod witly oscillating
or cavitating babbles, bat also usclude non eavitation effects
such gs radintion pressae, mdistion forque, and acoustic
sireumning.
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Electric field indures releass

Electngnlly responsive delivery systems are prepared by
polyelectrolytes {polwmers which coitam relatively high
concentration of ionisable grougs aleng the backbone clwain}
aned are thus, pH-responsive as well as electroTesponsive,
Under the infheence of elecine feld, elecwo-resposive
hydrogels penemally bend. depending on the shape of the =1
which Lex parallal e the eletrodes wheress desarelling
accuirs when the hydrogel lies perpersdicnlar to the electrodes.
An electro responsive drug defivery system was developed by
B. ¥, Kulkarmi, ef ol., using polvaoryiomide grafedxamthan
gum) (PAAm-g- XG) hydrogel for mansdersual delivery of
ketopeofen®

Light indaces release

Light=ensitive hydrogels have potential appbications
developing optical switches, display wnis. and opbilsalowe
drug delivery devices™. The inlersction berween Kight and
material can be msed fo modulate dreg delivery. When
hyirogel absorb the light and convart it to heat, raising the
temperaiure of  composite hydrogel  above dbs
LCET hydrogel collapses ond result in an incrensed rate of
refease of soluble drag bald within the matrix

Aultiparticalate system

Fecent tremds indicate that mmltiparticniate dreg delivery
syitems me especially sutable for achieving controlled o
delayed relense oral formulations with lew risk of dose
dumping, fledbility of blending to attain different reeass
patterns a5 well as reprochacible and short gestrec residence
tikne. Such systems are resenvois type with eiher rupturable
af altered permesbility coating and generslly housed in
capsuler body, The parpese of designing nubsparticulne
dosage form is o develop a refiatde formmmlation that has all
ihe advaitages of a single wdt fonpulanion snd vet devond af
the danger of altershon m drug release le and
fornmdatian hehinsior due 1o mut o undt varsation™,

Hypothetical design of 2 multiparticulate pulsatile system
Andrei  Damshevely, et al  deweloped a  pulsatile
oultiparmculate diug delivery system (DR}, coated with
aquents dispersion of Aguacont ECD, A mpturshle pulsatile
dig delivery system consists of (i) o deug corg () &
swelling lnyer. comprising n super disintegrant and o hinder:
ard (i1} an msaluble, witer-permeable polymeric conting”
Upon water mgress, the swellable laver expands, resulting m
the rupturang of oger membrane with subseqoent rapid drag
release. Regording the cores, the lag time was shorter;
theophylline was lnysred on sugar cores compared with cor=s
consisting af theophyllive. Regarding swelling layer, the
releace after lag time was fast ond complete. Drue relense
wis  achieved affer the lag fime, when low-anbesiuted
hydrooypropy]l  cellubose (L-HPC) ond  sodmum  starch
ghveolate (Explofat) wers used ps swelling agents, Chater
membrane, formed sing squecus dispersion Aouscost®
ECT was lwittle and nepiured sufficlently to ensure s dineg
rebzass, comparsd 1o sthylezlulose membrane formed wsing
oeganic  sobition, The addition of wle lal to inereme
brittleness of membrans and wes very advantagems. Dima
refeass starts only after ropturing of suter membrane, C. Sun,
et al. developed movel pH sensifive copalymed i crostieres
coatainge methyl serylic acid and shyrene eross-linking with
divimsibenzene were  synthesized by fee  mdical
polymerization.  The copolyiner mucrospheres  showed
pulsatile swelling behavicr when the pH of the media

changed. The pH sensitive microspheres were loaded with
diltiazem hydrochioride (DH) %, The release chamcteristics
of the fee drge snd the dmog-losded mderospherss wore
smdied under both sinatlated pastrie comfition: and misatinal
pH conditions, The in vive evalsstion of the puisanle
preparation was subsequently carried oul usang beaele dogs,
Sirmoddal Release Sysiesn: This consisis of pellet cores
confaisking  drug  amd  suceiime  Acid coated  with
armroniomethacrylate copolymer TSPNF tvpe BT The lag
time 1= controlied by the rate of weter indlux through the
polymer membrane, The water dissolves succinie acid, and
the dimg w the core and the acid solution i tum increases
permeability of the hydrated polymer film In addition io
succinie acid, acetic acid, phutaric acd, fararic acid, malic
acid, oF eiric acad can b veed, The ineeased pertissabnlity
cin be explomed by improved hydration of film, which
mereases fee volame, These findings were used to desizn a
coated delivery system with an acid containing core™™, The
m=vidre Lag tume correlated well with m-vivo dota when fested
in heagle dogs™.

CONCLUSION

Presently, oral delivery of dmg s =fill by far the moad
preforable soute of dme delivery due to the eawe of
pdminisiration, patiemt compliace and  fleobildy m its
formulattons, Genzmlly, sustamed mnd controdled-releass
procliscts provide a desared therapeatic effect, bt f2l shom of
disenses following biclogical rhyvihims, Circadian disorders
soch a3 hypertension, osteomtheitiy, ssthma efe, which
require chronophsemacethempy. PODS can sffectively tnckl=
this problem as it i modulsted acoording to body's carcadian
clock giving release of dreg after a specified time lag.
Howgver, for the Inst two decades, fechnologies to ensure
time-comtrolled polsstile release of bdoactive compoumnds
bave beenn developed A sgifcam progress has been mxde
townrd ackieving POADYS that can effechvely treat diseases
with  fop-congtant  dosing  therapies,  Vamoos  pulsatila
teclmologies are researched and some are orently in the
markst,
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