TI TLE SUSTAI NED RELEASF DRUG DELI VERY SYSTEM TECHNI CAL FI ELD The present

i nvention describes sustained/controlled drug delivery systemso as to

i ncrease wbeolvagmail ability of a drug use of nucoadhesipgeansooebdoség
polymers and their derivatives as a carrier for achieving -

sustai ned/controll ed drug delivery, particularly for the drug acyclovir and
t he mucoadhesi ve swelling polyners |ike Carbopol, PEO Sodium al gi nate,
Hypronel | ose, hydroxypropyl cellul ose, sodium carboxy nethyl cellul ose,
Eudragits, Chitosan and its derivatives. BACKGROUND OF | NVENTI ON Sone of

t he drug ardTh&cr onol ecul es are poorly absorbed across the nucosal nenbrane
or those that are sparingly/slowy soluble resulting in the fact that
during |i mSUSTAINED REIBASTeBUG DELIVEBYdRSYTEMInt est i nal tract, enough of
themis not rel eased or absorbed and major portion passes out unabsor bed.
One of the TREAYIEN. KIBEBDI enge to the scientists is drug delivery of such
nol ecul es whi ch show poor bioavailability as |limted anount of the dose
reaches t herhgl presenat invetionpdastritiee dupanddodntrdled) drug adebivdralsybtemysd eads to
variation in the drug absorption anongst the patients and becone very

di fficulg tigcradeihaitidaesilabhiey ef 4 eukivseofiasmgdhesiveeellingtpohasrdadnhdar | ong

awai ted requirenent of the drug delivery scientists to enhance the

bi oavai | abi detitatives asteansetabr svhizhing setiihediconteslied delrgudidiverlyt pandauldriydught - t hat
a carrier which can deliver drug in intact format target site, stays there
for prol onggedrih B8cRIF ahdite @asefhéNe speling pilyikis Yike Catbbpol RE@SAiurE DT ane
to achi eve unhanpered and better absorption of the drug shall be a renedy,
provi ded t hgoigaL rirfirohalosal Bydrsgprdpascen@losefsogmin thrBoxdr iyl iceBulek, t he
mucosal epithelium AcycloviT, one of the subject matters of present

i nvention ié;d?ag%,'(':ﬂiti)s@nhrm % dedl/Bed Y: poorly water sol uble, has poor and
vari able oral bioavailability (10-20%, the elimnation half-life of

aci clovir isapproxinatel XN?) hours, is renally excreted, partly by

gl oner ultar BACKEROUDD QRENYENTIGN by

Some of the drug and macrorﬁ'olecules are V'poorly absorbed across the mucosal membrane
or fhose that are sparingly/slowly soluble rcsulting.in the fact that during limited time
they remainzin the gastrointesiinal tract, enough of them is not released or absorbed and
major portion passes out unabsorbed. One of the greatest challenge to the scientists is
15  drug delivery of such molecules which show poor bioavailability.as limited amount of the
dose reaches the plasma in a specified period. Low bioavailability leads to variation in
the drug absorption amongst the patients and become very difficult to administer the
effective dosage. ‘Hence, it has been a long awaited requirement of the drug delivery
scientists to enhance the bioavailability of the such orally administered drugs. It was
20 th'ougfn that a carrier which can deliver drug in intact form at target s”ft.e, sta‘ys there for
prolonged time and increases the permeability of the mucosal membrane to achieve
unhampered and better absorption of the drug shall be a remedy, provided the carrier is
safe and does not affcct the properties of the mucosal epithelium. Acyclovir, one of the

subject matters of present invention is a drug in this category: poorly water soluble, has

25  poor and variable oral bioavailability (10-20%), the elimination half-life of aciclovir is



tubul ar secretion. The present invention deals with carriers, including but
not limted to polyners like chitosan (and its derivatives not limted to
Thi ol at edwohwiomazary Tri nmet hyl chitosan, hypepnel |l ose, petcyantpbenscoxi de,
Car bopol ,- sodi um al gi nate, sodi um carboxynet hyl - cel | ul ose, xanthan gum and
simlar products, derivatives of these polyners, their various conbinations
and the |ike which are nucoadhesive, swell able and which increases the G 1.
retention, bioavailability of the drug during the delivery. PRIOR AKT Genta
el ai. 1 (1997)i have described use of mcroparticles of polylactides and
pol yl acti degﬁbm.\q}nxteglj furd, Qs ARGRIFYR S batIP Y ofpldrM& MirfonddGafNi gy Thanau
et a!'.2 (2007) have extensively Teviewed nethods of use of chitosan and
trimethyl chjlRs@Rrefisn @bsorption enhancers of hydrophilic macronol ecul ar
drugs including peptide drugs. The experinents conducted in pigs and rats
showed i ncreased bioavailability of a peptide drug. There are several

exanpl es of The eresdnt tilveolient deplt Mith goaiersaintuping bt ngt ligitaé té welypesselikiecl e of -
macr onol ecul ar pol ynmeric drugs such as insulin, |amnin peptide, '

FI TC- dext r achiv00 (and isoderlivativgsopdti linitedd rou dRioktedFtatosand Teimethyd ahBosamve been
used as absorption enhancers in drug delivery systens. Rokhade et al.*
(2007) havehyesoeliobs potyethylena togidpcOabomt,i sadiumodiginge, rsediwordarbokRhthyl f

m crospheres of acrylam de grafted on dextran and chitosan prepared by

enul si on cr edhildsé) kiampam@inhantd similagprodudtsadesivateley dfthess palyoteess thelrivai@rs and
encapsul ati on of acyclovir into the mcrospheres and drug rel ease was found
t o be extendafbingiions drtl the Uiks .whidlesre axeadhesivey ewellabls extld twhichdincrgasthephyl | i ne
and its physicochem cal properties are totally different than Acyclovir in
vi ew of t hediiagtenfifintbidavsilddilnputtht alog diring the ddibePe . Hu et al . 7 (2009) have
used stearic acid grafted chitosan ol igosaccharide which formmcelle

wherein the drug is incorporated for inproved absorption of the drug
PRIOR ART ,

10 Gentael ai.' (1997), have described use of microparticles of polylactides and polylactide-

co-glycolide to achieve sustained delive’ry of acyclovir.

Thanau et al.” (2001) have extensively reviewed methods of use of chitosan and trimethyl
chitosan as absbrption enhancers of hydrophilic macromolecular drugs including peptide
drugs. The experiments conducted in pigs and rats showed increased bioavailability of a '

15 peptide drug. ‘

There are several examples of use of thiolated chitosan and TMC as drﬁg delivery vehicle...
of macromolecular polymeric drugs such as insulin, laminin peptide, FITC-dextran 4000

as model lipophilic drug*>.

Grafted chitosans have been used as absorption enhancers in drug delivery systems.

20 Rokhade et al.” (2007) have described semi-interpenetrating polymer network ’(IPN) of
microspheres of acrylamide grafted on dextran and chitosan prepared by emulsion cross-
linking method using glutaraldehyde as a cross linker and encapsulation of acyclovir into

the microspheres and drug release was found to be extended upto 12 hours. They have,



Doxor ubi ci n. US63404758 di scl oses a control |l ed-rel ease oral drug dosage
formfor releasing a drug whose solubility in water is greater than one
part by weoghto/aiz7said drug in ten parts by wei ght of watenN2esv@seosage
formconprising a solid polyneric matrix with said drug di spersed therein
at a weight ratio of drug to polynmer of from about 15:85 to about 80: 20, .
said polyneric matri x being one that swells upon inbibition of water
thereby attaining a size | arge enough to pronote retention in the stomach
during said fed node, that releases said drug into gastric fluid by the

di ssol uti omoaeebrdixdeti usé Whuihedptiylirdr atg 18 ph@ficobiRnticalBirépericdYars abalygast ri c
fluid, that upon imrersion in gastric fluid retains at |east about 40% of
sai d drug Qfiferéitan Afct-@6vibinGhew SITRE BittaRat a8 BiohiIBARYSs Foobst antial Iy al | of
said drug within about eight hours after such inmersion, and that remnains
substantially intact until all of said drug is released. |In other clains
that pert aithi giorls dR09% havsy Bisp Stearie 2ad frtied hisgsag ofjgesacehpridecvhiidorm it t he
period required for rel ease of substantially all of the said drug to w thin
about 10 hariedle wherelni thepdfugnts tnferngEdsgdort ppipyed abssmyinrdoff dhe Wrugati ng t he
| ocal di sease of stomach |ike U cer not for system c absorption. US 200401
85 1059 5di draxemwbising control | ed rel ease dosage form conprising a pol ymer
matri x and a pharnacol ogically active agent dispersed in the said pol yner

MALTTX COMMIdeS a7l aiguio0 s URARkfeash YT SR dokdpe ABIY ! relthR:Ca Ll dOSage

f orm uponi nbi bition of water swells unrestrdined di nensional ¥ to°a size

or m uponi T . . et di rensi Grial iy
ext onded. pemoSy Ry BEShe & L ALF foh O BRELTRERRU 0 B BB 60670
|0 g1 scl oseaibe LAETL M0 AheLATARRY L Bu0boRRL N B ARl U o O]

fluid. The TP VIVE release pat r SO beeh i
0. i or maCIBHEGHM AR At $ag FbHchiel B ad e 4k Se el Beadiuency. -
Eﬁg\?\l gilgf:{] SV@%%%eﬁé Bxgtcriixrbee}cn?grogg fhar swge(ﬁg %(;nt%%b%bﬂio\rllio Wa eE' Hl%ire ?) at(%egri;lqu gt ed to

size large enough to promote retention in:t'he stomach during said fed mode, that releases

said drug into gastric fluid by the dissolution and diffusion of said drug out of said matrix

by said gast;ic fluid, that upon immersion in gastric fluid retains at least about 40% of

said drug one hour after such immersion and releases substantially all of said drug within

15  about eight hours after such immersion, and that remains subs;tantially intact until all of
said drug is released. In other claims that pertain to several groups and examples of
drugs, the claims limit the period required for release of substantially all of the said drug

to within about 10 hours. In this patent the dosage form is designed for treating the local

disease of stomach like Ulcer not for systemic absorption.

20 VUS 20040185105 discloses a controlled release dosage form comprising a polymer
matrix and a pharmacologically active agent dispersed in the said polymer matrix
comprised of a biocompatible, hydrophilic polymer where the dosage form upon
imbibition of water swells unrestrained dimensionally to a size effective to promote
gastric retention and maintains its size for an extended period of time before it i

25  diminished by erosion.



how the drug works in the in vivo atnosphere. The oresent invention al ong
wi th di scl osure on novel and inproved ways to use of various nucoadhesive
carriers weediovaigel i ver drugs havi ng | ow bi oavai |l abi | i pyTdRS05/008& | N
vitro as well as in vivo studies on controlled rel ease conpositions
conducted and illustrated nore particularly on a drug acyclovir entrapped
in chitosan, thiolated chitosan and Trinmethyl chitosan.or acyclovir
associated with other polynmers to achi eve an objective of inproving the
uniformty of drug release and to increase the period for which the drug is

rel eased fr , ge.f r The net hods and ositions of this

i nvention i ﬂ%@@é&bﬁg‘ E‘Vﬁﬁ 8¢ Invention of B‘bﬁ'?%&%’ﬁeéngﬁo'dﬁ?r Beiuhle W Gld havi ng
same or S|nll roperties as mel bl in the context of drug

ol Tvery. ofhide 206 TP s uE of SORIpARRR G RGP ety Y eP IS

di scl oses a controlled rel ease dosage form conprising a therapeutlcally
effective aHBh%@aofqﬁﬂﬁﬁaWﬁEEQﬁ??%Hi%?’é%PFVquﬁﬁnF b drforipaiion nethease” i n
about 12 houyrs not.. nor @ t han ahout 90% of the said active agent in a

si mul at ed gR@@Yailgvijityjapd redyctionpof dosingfregusncy-at e of release in a USP type 1
di ssolution test, and not containing a solubilizer or a swelling enhancer

or both, 5CONRhd &f R abd\k cRred ttehcesrBE St ﬂmzﬁoétyﬁrcomc'iédxtockfno@tex c?l St t wo
bloconpatlble polymers, at |east one of which iIs nmucoadhesive, aid

phar maceut i gal | e alg H8riGRhe a»cbnrahﬁm?ﬁ@w 'ﬂa@' drxsgpcem&troﬁdau%me“t S

the said tablet capable of rapid swelling w thout disintegrat in the

sai d si mul ahgdoQaséd Advel él'l'dqglp;ogedaw%}szts ul | gﬁ&?sl +u<{o§(§+&1§'¥ hﬁnér& Sis dﬁgaSt ric

retention in the stomach and start ‘contro rel ease of e sal ctlve

agent by St glibNgh f hb@cim%wgggm SRl Gl agf&eﬁfas% I Juugidh gy CONt act

with the sal gastric Lce m cr ospheres ungra

chi usan deraas%gevde ene%e SHROR0Ls doRGRINOLE Matell 'tpqn%&%{lmfal B0 | eoul e

wherein the sai Kar macedt i ca |y active ag I's no

and aft 4p aggg@.m?atp},gmm ShidkRMBfobned B8R g Rt A 55{@%,? AORSEeyto the

gastrlc muco ne re ea5|ng CtIV
way. The tm&agcmtégm th ogher p(ﬁ%’i{"lg‘g ?odaéh?evg rz]u? o )%pt&v%tof llfl'lp;Ong the uniformity of

_ drug release and to increase the period for which the drug is released from the dosage
form. The methods and compositions of this invention illustrated on Acyclovir are
applicable on any other drug having same or similar properties as well as problems in the

15  context of drug delivefy, efficacy and treatment.
SUMMARY OF INVENTION

The invention discl;ses“ a controlled release dosage form comprising a therapeutically

effective amount of a pharmaceutically active agent ihat would release in about 12 hours

not more than about 90% of the said active agent in a simulated gastric juice in a first

20  order rate of release in a USP type 1 dissolution test, and not containing a solubilizer or a
swelling eﬁhancér or both, comprising (a) a tablet made from polymer matrix of at least

two biocompatible polymers, at least one of which is mucoadhesive, the said

i pharmaceutically active agent and pharmaceutically permitted excipients; the said tablet
capable of rapid swelling without disint%gratio;l in the said simulated gastric jﬁice to a

25  size that shall result in its gastric retention in the stomach and start controlled release of

4



i nvention are Carbopol 974P and Pol yet hyl ene oxi de; however, any other pair
of polyners can be used that shall result, in an appropriate proportion

t hat havewbDheloduuzyor el ease characteristics defi ned abovecTiNzopesoses t ed
phar maceuti cal excipients of this invention conprise a binder, a diluent, a
pH nodifier, a gdant, a lubricant, a filmforner, an anti-adherent, a
coating agent, a colorant. In one particular illustration of this
invention, the tablet conprises Acyclovir, Carbopol 974P, Pol yet hyl ene

oxi de, Avicel PH 101, Povi done K30, Magnesium stearate, and Col | oi dal

silicon oxidg. Mt @tid@%&édt‘ﬁ&'kéﬁin ,coﬁm{?@ne%%r&noh%hh@&:at%@%@} Jb?mﬁ%ig%oé%ﬁ&

i ngredients for every ng of the dosage form ycl ovir

Car bopol 974 ltéﬁﬁ@ saifl %géfﬁe ibENE QB ﬂﬁ:r(% mes &V f&%ﬁﬁgﬁ?hﬂl%n - 8§ﬁgsan

Povi done K. 3 gnesi unrstearate S 11 con' oxide

5.0mg. The CBérﬁvQﬁ?e” S’re b}’er atle 9 Gk OF ?r%ex%gx”ﬁrﬁé 35id ¢

Trinmethyl chitosan’or o at ed Ito an xtures y 'al'so use

expedi ent t9Bﬁas:.mc%r@cahg%cﬁgf‘esrgeﬁtd,s%v9Hre nrerr?ﬁno%csar 45.% anlbsd,m,%r spheres of

this inventi I'ng re fent with

opti onal dd|t| f h t| in r nts and excipi.ents to
make a so 5tﬂrr’?l oégge '%%ﬁ?%g arﬁgﬁnefggfaﬁw° or/an “me5%§ﬂp%& Thi s

of fecti ve Z'n% d'aﬁecnit“es ‘g‘nﬂ*‘*eﬁ“&%’arﬁérr"e;%l; R R
rel ease dosage formt dosage,f orm woul d.rel eas n
about” 12 houP¥¢HSP %O%aal?q??gtr 92@ lﬂ’g gg%eg\‘yfeﬂfé R dhggf‘fe{/ea'g'ggtrqfr PR R Ii

i mul at ed tric d t f I USP t 1
G Seor uts oo bukners kinBE pted BttshDfon ¥ an PBiTw P ORFRSH Wabheve e SHboncer
or both, co r S t et .made from mat.r of. at | east two
D oammat | o1 Bless Dt stisies defiag ddabﬁrrarwcmf B i gmatuical Sxaietts g ahs
pharnaceutlcally perm tted excipi abjet caFabIe of rapid

1
swel 1ing i t HyEticRicoMAtiEg? HNdGh %ﬁ' YeRle @ s d" f‘??ﬁl yeddeny s tubrieant, g Bt o a

size that shall result in its gastric retention in the stomach and
ormer, an anti-adherent, a coating agent, a colorant.

In one particular illustration of this mvennon, the tablet comprises Acyclovir, Carbopol
974P, Polyethylene oxide, Avicel PH 101, Povidone K30, Magnesium stearate, and
Colloidal silicon oxide. More particularly, the said tablet contains following ingredients
]\5 for every 1000 mg of the dosage form: Acyclovir 763.37mg, Carbopol 974P 75mg,
Polyethylene oxide 25mg, Avicel PH 101 93.83mg, Povidone K30 30mg , Magnesium
stearate 7'.5mg, Colloidal silicon oxide 5.0mg. ‘
The chitosan derivative used in making microspheres combrise Trimethyl chitosan or
Thiolated chitosan. Mixtures may also be used, if e'xpedient to achieve rhe desired drug
20 release profile. |
The microspheres of this invention may be packed in a sachet or are used as an ingredient
with optional addition of permitted pharmaceutical ingredients and excipients to make a
solid unit dosage form comprising a tablet or/and a capsule.
This invention also discloses a method of orally administering a therapeutically effective
25  amourt’of a phamaceutically'active agent fr(;m a controlled release dosage form to a

- patient, the said dosage form would release in about 12 hours not more than about ¢0% of

5



start controlled rel ease of the said active agent by starting controlled
erosion imrediately after comng into contact wwth the said gastric juice,
or (b) mwoaesphaigs of ungrafted chitosan or a chitosanpdenNyadoose2
incorporating as the said active agent, wherein the said pharmaceutically
active agent is net a polyneric nolécule and after admnistration in
stomach, the said microspheres adhere to the gastric nucosa for a long tine
rel easing the active agent inei ro

A \ n control.l.ed. way. The I rs_used.pn the
ot hod ot WE st AuieRgT T pIsURgE BreuER it i, SR B o THERe 1RFHSD b0

974P and Pol yet hyl ene oxi de. However, any other pair of polyners providing
the defi nedtyas hglissepiersiestyprst 'i‘q‘é°%11§'"5’§(?v%hﬁ?ﬁyerb '%%"ée&“']%gngﬂéfrrmptl’dgrbe. The
phar maceutical active illustrated for method .of%{l hi (s; i nvenE).i on is

Acycl ovir. senpssie, (2yry taleh dradshispRaRabReT cBRy ofctl Fast fyenbioggmngtitis e
properties as Acyclovir and sane_ drug:rel ease probl ens as Acycl ovir may be
used in itspyymes. thPhéa'Aﬁ)eWWQCéEf'cﬁ%r%Yfeﬂﬁ?"éa*ﬁ‘deR'&‘,"I"‘BP‘E?H‘c'%a”Ms%‘Hmm‘?dt he

met hod of this invention conprise a binder, a diluent, a pH nodifier, a
glidant,5a exsimientsarthe said fablercargbleent rapidh swellipg afitheytedisintegrationain; the, Sﬁgent , a
colorant. The controlled rel ease dosage formof the nmethod of this

i nvention cemplaledeastriejpidedq p size that halh sasuloingts sapgs (eanHn the YYnerd andyi cel PH
101. Povi done K30, Magnesium stearate, Colloidal silicon oxide, Ethanol. In
a parti cul astarendntrdllerbreteassfof thetsaidcciove agenty isiagwg comellederasion impursliagly of t he
dosage formthe said controlled rel ease dosage form conﬁri ses Acyclovir

763. 37ny, - Cafidoapming i94cenEENYith Fisl spist gastrisnvicear db) mBmesphescsi efeingrified 01

93. 83ny, Povidone K30 30mg , Magnesium stearate 7.5ng, Colloidal silicon
oxi de 5. OngchiGkdnt awaachitosan idertativeingerporating asehe sy antive agephevhersingthe sdid s

i nvention conprises Trinethyl chitosan or/and Thiol ated chitosan. This
inventi g0 aplkuimsdentivallg astive agesthis chetva @plyineri¢ moleswale dndralieroadntieistetionarie packed
in a sachet or are used as an ingredient with optional addition of other
phar maceut i gaihdh, the said microspheres adhere to the gastric mucosa for a long time releasing the

active agent in a controlled way.

The polymers used in the method of this invention illustrated in this invention comprise

Carbopol 97‘415 and Polyethylene oxide. However, any other pair of polymers providing
15  the defined drué release profile as above méy be used in their place.

The pharmaceutical active illustrated for méthodﬁbf”this invention is Acyclovir. However,

any other phar;naceutically active agent with same properties as Acyclovir and same drug

releése problems as Acyclovir may be used in its place.

The permitted pharmaceutical excipients used in the method of this invention comprise a
20  binder, a diluent, a pH modifier, a glidant, a lubricant, a film former, an anti-adherent, a

coating agent, a colorant.

The controlled release dosage form of the method of this invention comprises Acyclovir,

Carbopol 974P, Polyethylene oxide, Avicel PH 101, Povidone K30, Magnesium stearate,

Colloidal silicon oxide, Ethanol.

25 In a particular embodiment of method of this invention, every 1000 mg of the dosage '

form the said controlled release dosage form comprises Acyclovir 763.37mg, Carbopol



permtted ingredients and excipients to nake a solid unit dosage form
conprising a tablet and a capsule. A process of making oral dosage form of
thi s i nvewDi2on/@ovpri ses, for tablet form the steps of pomhANII9/MEEG2
granul ation of a m xture conprising the said pharmaceutically active

i ngredie e pol rs and . exci pi ents, adent ressr ng
nto a t S5t SR piRgEng wndaéim%ﬁm»%@ﬂﬂi%%ﬁs% Phrore,Bafobee

conprises preparing a solution of chitosan or a chitosan deri vatl ve in
aceti c adMagnesiemistearategliemasCabidal F'é‘ﬁmb?x‘fi%éoﬁ’rgar maceutical |y active agent,
adding this mxture to continuous phase consisting of light Iiquid par affin
and heav hitospni déripathvef used it makyngdmttﬁplrﬂrrrﬁgofathwmf%roarwnmna@rTrerm:tbr ant
stirring to forma water-in-oil emrulsion, adding gluteral dehyde drop w se
over a pehit@dn of/arid Thaplatedrhitosanng stirring for a period of tine, separating
the mcrospheres formed by centrifugation, washing with petroleumether to

renovg | iThis wvérdioafdldoncontptipe B tidlighd Wherematle waid bhistdsphdres srel patkedninand
stirring for a period of tine to renove residual gluteral dehyde, washing

final |y widha g Shd Licatasas er;rgre@lém' With WSl GdaRphesEsthe Bphdemab¥edechtlyPT! ON OF
FI GURES AND LEGENDS Fi gure 1. SEM phot om crograph of Chitosan (A), N-TMC

(B), Thi 1 g &,1@;\4 () osphere
(X 10,00 eﬂﬂﬁgd ﬁ@%ﬁ mf@%ﬁgﬁgﬁgﬁg&kf(a%lmt FfS&a ereasur rEat?bl@tr
mcrospher S forpul ations. Data are represents as nmean SD (n =3) Figure 3.
%In vi traB ®cl ease of acyclovir from nicrospheres formul ations. Data

are re resented an S n = Fi re 4. Penetration
01 5 Ut Vb PHRCH) P AL B8 AV Db LSS eh SR CRIPRITAES Bt 1B g9om st | nal

mucosa after 3 h r adm nr stration as solution (A), .thiolated chii Dsan (B),
T™MC (16), staps obmgking mjet g@&rxbﬂ%pfw}xtamomlﬁ'as e 4@1%@)10%16415565%% e
formul ation (X 450). Scale bar = 250 mm MJ = Miucosal surface; VI Villi.
Fi gure 5.ingedientatheprbarers and exsinigntn eddingy Bliadent and persingi intoradabletn as drug
sol ution and

A process for making microspheres of this invention comprises preparing a solution of

chitosan or a chitosan derivative in acetic acid, adding aqueous solution of the
pharmaceutically active agent, adding this mixture to continuous phase consisting of light
15  liquid paraffin and heavy liquid paraffin (I:Al) containing a surfactant under eonetant
stirring to form a water-in-oil emulsion, adding gluteraldehyde drop wise over a period of
time, continuing stirring for a period of time, separating the microspheres formed by
centrifugation, washing with petroleum ether to remove liquid paraffin, suspending in a
sodium bisulfite solution and stirring for a period of time to remove residual

20 gluteraldehyde, washing finally with distilled water, drying the microspheres.
BRIEF DESCRIPTION OF FIGURES AND LEGENDS

Figure 1. SEM photomicrograph of Chitosan (A), N-TMC (B), Thiolated chitosan (C),

Carbopol (D) and Methocel K15M (E) microsphere (X 10,000). Scale bar = 50 pm

Figure 2. % Swelling measurement of microspheres formulations. Data are represents as
25 mean £SD (n=3)

Figure 3. % In vitro drug release of acyclovir from microspheres formulations. Data are

represented as mean +SD (n =3)



m crosphere fornul ations. Data are represents as nean SD (n =3) Figure 6.
Showi ng plasma concentration-tine profile of this sinulation Figure 7.

Showi ng tWwe 20mmpaa7pson of sinul ated pl asma concentr ati orctriinmopo@&éd es of
Acyclovir IR 200.ng & 400 ng Figure 8. Plasma |evels of nmultiple dose

adm ni stration of Acyclovir IR 200 Figure 9. Shows the conparison of plasna
concentrations of Acyclovir IR 200 ng during the dosing day on day 1 and
day 5. Figure 10. Conparative plasna concentration profiles of acyclovir

i medi at e r el Bgwe 4n8eretytainonfi 6-CE dhtmladf] (53 % el 9 ams lubadstentes probe geross thd..

Predicated in, vitr rofi ke of Acyclovir CR for t.i.on Figure
12. In vitro U¥ ?Jeé’ u&'esg‘[et}ggé)?%&egﬁr?aﬁgﬁ' f ?%ﬁ#taas ’rraopé '%Y'PQ/%S 10%103‘?@’ g]’%lblﬁ‘?'ed
usi ng Car bopadhit ad BRIMINC) nehitofaBADY; ICaropelER) AndMMé&thédey KERVIYB) mickosghsre 13.

In vitro drug. rel eas fiLle fromgast etentive tablets,.prepared using
Pol yet hyl enegf85?? 'O(’@a(xtaé@' g\%ff-béh-_%g&m2 .~ RIYgRAeS tEi?e’l "&'ﬁ?o drug rel ease
profile frsompgsers Peismaicon@niraohaifacpilepes®s AdmingraGonbd Bakisomtieh akfr bopol

974P and Pol yet hyl ene oxi de (Batch 3A, 3B & 3C). Figure 15. Conparative In
vitro drug ré?'é@gfg'eﬁrfmqlaémf‘?’ AdFg RIS 2 meahElD 6 ~Yast ror et ent i ve

tablets and tRggete. SEOHAAS Plafthdédntarh@in-SHShratiRaA tHigdigargoRCYCl ovi r _
formul ati on generated by conputer sinmulation study. Figure 16. % Swel |ing

profile frompgdreer SRdwib@l b esmptrisaRst fimuiied Mdsig chBh@lton-tiiledptbfled df
Muicoadhesi ve strength_neasurenment of different batches of gastroretentive

tabl ets. DETAVYYOUEIR 20Mer&d40 e pol ymer/s of present invention include
wat er sol ybl e or .water insolyble one/s, further including chitosan and
chi tosan der iF\}%trF\ég@%%fsi#F“é‘g'%ﬁ%ﬁ?@?'f;\'@%ﬁm@Wifﬁﬁm"dgtﬁoo |

Figure 9. Shows the _comparfson of plasma concentrations of Acyclovir IR 200 mg

during the dosing day on day 1 and day 5. "

Figure 10. Comparative plasma concentration profiles of acyclovir immediate release

and acyclovir controlled release tablets. .

15  Figure 11. Predicated in vitro drug reléase profile of Acyclovir CR formulation
Figure 12. In vitro drug release profile from gastroretentive tablets brepared using
Carbopo|%974P as polymer (Batch Acy-ER-1A & Acy-ER-1B).
Figure 13. In vitro drug release profile from gastroretentive tablets prepared using
Polyethylene oxide (Batch Acy-ER-2A & ZBj.

20  Figure 14. In vitro drug release profile from gastroretentive tablets prepared using

| combination of Carbopol 974P and Polyethylene oxide (Batch 3A, 3B & 3C).

Figure 15. Comparative In vitro drug release profile from different batches of
gastroretentive tablets and target release profile for sustained release acyclovir
formulation generated by computer simulation study.

25  Figure 16. % Swelling proﬁle from different batches of gastroretentive tablets.
Figure 17. Mucoadhesive strength measurement of different batches of gastroretentive

tablets.

DETAILS OF INVENTION

The polymer/s of present invention include water soluble or water insoluble one/s, further
30 including chitosan and chitosan derivatives exemplified by thiolated chitosan .and

. trimethyl chitosan, Carbopol, HPMC,- alginates, pectins, Eudragits, Hypromellose,



trimethyl chitosan, Carbopol, HPMC, alginates, pectins, Eudragits,
Hypr onel | ose, pol yet hyl ene oxi de their conbinations and the |Iike. The

phar maceuwypeaidpigecept abl e exci pi ent of present invent ipemRByob®s&el ect ed
fromthe group of binder, diluent, pH nodifier, glidant, lubricant, film
formers, anti-adherent, coating agents colorant and the |ike. The sustai ned
rel ease delivery systemnmay be in the formof single or multiple units. It
can be in the formof tablets, capsules, mcrosphere, pellets, granules,
and |ike. | tpobyathylese paiclkatieii combingtions and dhet lilss  The pbhmmasewtinallyl adceptabihe
delivery system may be prepared by the processes well known in the art of
fornul ati on efleipiehtophmprasent Sivelticasmayebe eplared| e oimg gony of banden, dilueon, pHli r ect
conpressi on, blending, extrusion & spheronization, coating and the |ike.
The sust ai nafbdifedr.egiant aibriva yfilsyfotmers, ahtipdiesent cobtingeagento nolomyt @ the -
adm ni stered as the dosage required by the patient. The present invention
al so deal s wigkh pharnmacokinetic simulations for a drug, nore particularly
Acyclovir controlled release (CR) to: determ ne the dose and -absorption

rate required for Acyc|lovir CR to achieye.c rabl e can in wth that
o redisat e shuaite eleRye deligfy P tire B0 TP EUS) e SARYLPEUIE-dR and
conpare with that of IR _sinulate in-vitro dissolution profiles from
absor ption reat ke E‘o‘ﬁ%f‘ﬁﬁ‘t%f.tall{‘ffé' capsuierdMiSFRATE p‘ﬁégdg% ess%kdtoléhen §1 ¥ ease is
Chitosan which is a, |Iool ys?cch ride ﬁorrpri si ng copol ynmers of gl ucosam ne and
N-acetyl gl reekedin plisterytottfes, Behsiiegd dktabl e, bi oconpati bl e, mucoadhesi ve
pol ymer and has been used in the forrﬂ)athon of Fart'@ ul ate drug de%ivery
system Chi tB8gelispr¥nysieRe map; teneepassd £Y ght PFUSRETS 8FS TPAVBOACBRtF P on and
pH dependent way. At acidic pH, chitosan is effective in increasing the
per meabi | i t yfowrulatiop gy siormensuchf wet Sraniation, diy, grapulation, dirqck cpRressiofy eness
i s decreased."So, to overcone the sol ubili té:gl'i m tations of chitosan at
i ncreaseld pthlandingesxtrugion &rspherenirajion.goaingand bedkehi t osan (N-TMC) derivati ve
was synt hesi zed and used for . . .

The sustained release delivery system of present invention may be administered as the

dosage.required by the patient.

- The present invention also deals with pharmacokinetic simulations for a drug, more

particularly Acyclovir controlled release (CR) to:

15 o determine the dose and absorption rate required for Acyclovir CR to achieve
comparable Cpnax and Cpin With that of immediate release (IR). '

e predict the blood levels of Acyclovir CR and compare with that of IR.

¢ simulate in-vitro dissolution profiles from absorption rate constants.

20 One of the polymer used for sustained release is Chitosan which is a polysaccharide
comprising copol;r‘ners >of -glucosamine and N-acetyl glucosamine. It is biodegradable,
biocompatible, mucoadhesive ..polymer and has been used in the formulation of
particulate drug delivery system. Chitosan opens the epithelial tight junctions in
concentration and pH dependent way. At acidic pH, chitosan is effective in increasing the

25  permeability of certain drugs, but as the pH increases, its effectiveness is decreased."’



conparison studies. N-TMC has shown potential as an absorption enhancer
across intestinal epithelial cells even in neutral environnents. 2 The
mechani snyofofiyviug7absof tion enhancenment by N-TMC i s t hecsanmossoosémat of
chitosan. 12 It opens the tight junctions between the adjacent epithelial
cells by means of interaction between the positive charges on the polyner
nol ecul es and the ani oni c conponents on the surface of epithelial cells.
Anot her pol ynmer selected in the present study is thiolated chitosan.

Thi ol at ed c$o,ttosaercorep thessoubdlity 1meitetipnsoefi dutosan atHecr¢ased gHovalyescamallhesi ve
pol ymers. The hi gher nucoadhesive properties of thionmers are reported to

i ntensi fy tTemebyit quirtenizedn cljtosan i(8-TiMC) deri vapyeowagli sgthesized nande ased dfor
epithelial perneability for many drugs. 13 15 In addition, these polyners
are report ecriparisancstadiese N-IMG has shawna potpsiah@alsin| abisgrpién @nhageertdestss shal | be
beneficial for increasing the intestinal perneability of acyclovir al ong

Wi t h mucoadinestinae repiislial keltnevenf irt meutmhtrovironerentsf Thehinsechamisentaf odrugir ug
Acyclovir which is used for the treatnment of herpes sinplex virus -

i nf ecti 051s, abserpti@Bénhihcdmbyt byNedT ML isghd @meiastlacdbf ditesapUit hit opars tieuighneous

her pes, genital herpes, chicken pox, varicella zoster infections and herpes
keratitis. jlfctdaybkoweer thesadjatenteedithyliarzelseebetheass ofyisera@ion tieakdeattbe and
suspension for oral admnistration, intravenous injection and topical .

oi ntment . Galtiveehdzbed\ohfthd folyimes imofecleeshdi the sliiartc adniponerithorathe 20@g of abl et s,
5tines a day. In addition, long termadmnistration of acyclovir (six
nont h or Ioagmahubébrequired i n i nmmunoconpetant patient with rel apsing
herpes sinplex infection. 17 The presently avail abl e conventional therapy
i's associ at Rlohirtddlyier deTieéd @fthél prydesiidy BURDIaRA dhitgdahyThidkleakhiwsapsof tion
and | ow bi oavail abi'lity (10-20% and- requirenent of frequent

admi ni sy at [ GRR i HRS SrofR¥) in' @RUlfeidn8f | HuddsbesiitdofiMers: OTRY inRdHee -
Furthernore, wth increase in dose, there was seen decrease

i2n g i ﬁavai T aQLJﬁJaHlYeSN%Fd%@Mi% of IHiEindi® &R rBporedRo fiadnkify keCcoRfact WRh Ghdwge bei ng
. rs, .

mucosa, providing an increased epitheliz}l' permeability for many drugs.”*'"® In addition,
these polymers are reported to increase the intestinal permeability of drugs that shall be

beneficial for increasing the intestinal permeability of acyclovir along with

15 mucoadhesiveness.

In one of the embodimen_t of this invention drug 'Acyclovir which is used for the
treatmentxof herpes siniplex virus infections, is most widely used drug for infections such
as cutaneous herpes, genital herpes, chfckén pox, varicella zoster infections and herpes
keratitis.'® Acyclovir is currently marketed as capsules, tablets and suspension for oral
20  administration, intravenous injection and topical ointment. Oral acyclovir is mostly used
in dose str.enéth as 200mg tablets, 5 times a day. In addition, long term administration of
acyclovir (six month or longer) i$ reqﬁired in immunocompetant patient with relapsing
herpes simplex infection.'” The presently available conventional therapy is associated
with a number of drawbacks such as highly variable absorption and low bioavailability
25  (10-20%) and requirerhent of frequent administration (5 times a day)iirtgsulting in poor

patient compliance. Furthermore, with increase in dose, there was seen decrease in
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necessitates repeated adm nistration of high dose of the drug (200ng five
tinmes a day). As a result, nost of the drug is excreted in the faeces
(50-60% wo 0ivaasoobed form 18 Acyclovir is sol ubl e inpaghS2@opidsend i s
predom nantly absorbed from upper regions of gastro intestinal tract (AT).
19 One of the enbodi nent of the present investigation discloses

mucoadhesi ve m crospheres for gastroretentive delivery of a drug.

Pol ysaccahr i gigavahladipsaMorbdVeR! @t edednNblaQ8a haif Tlik i 8 2 £31bopol
71G and Met hoc‘ael KlS?/I anoé tﬁei r va?i oBs con’gi ngtergigg%eg@egt (gg'gg 2aiss:a'{rp’

nucoadhesi venfedsiAT&Y Rpealdd Hapshé RSy BPI‘]:QNH&%' MR %&(@Eﬁpﬁ\rﬁﬂ?egsai (gigz'vi Vo

emul si on-chem cal crosslinking technique and evalu °n Vi

and i n-vivo. ATHeaGI Mn6d @8 RS ES i Bl i %&E‘ﬂt&&ﬁ%&’oﬁgi% %gﬁ%ﬁi?]é%fﬁﬁ'& her

i ncluding a sachet, as a tablet, through a caps

embodi ont . SLREhRSESol0RST QUL By % bARThy ot SFUEH B ot & B epar o0

fromone or nore polyners a excli plrents r sustal

further (oo TMa s F) 1 ik fgiwent i on the drug pharmacoki netic simulation
was donee%ﬁgr %c}egﬁar%@ﬁ' determ ne the dose and absorption rate

required for Acyclovir CR to achieve conparable Crax and Cmin wth that of
| R predi ct Onand thyl esthedimepeofgheyiresantyintestigatioOfisclonds oweqadhesiveintitrosphares of | R
simulate in-vitro dissolution profiles fromabsorption rate constants. In
the fol | owi nigr agrogrientivg lslelivesx péra Wmgt Polysavdahride dChitvadn, Shivlaedashitdsdn,
limting illustrations of how the invention is perforned. Any nodifications
or vari at i onEimetyltChitopran Eamboprl I 1Gramd IMétharebki SV aind Ithei v2idus ConptdhatidRy S used,
t heir conbination used, drugs used, chemi cals and their concentrations
used, vari ouserpredegunewadhesiva pelamierngMitresperd FornsilatiohineRpreparddBsigl Ug ar e
merely illustrative and any equivalents of themthat are obvious to-a
person sk | |eadilsian-dhlmical ¢rosshidkibd) adchidiqe aaipaahted§in aakd, @¥vilg 4nBS,SAPE
objectiveif used in their place shall" be considered as included in the

content / scihpe mitrosptiess may be administered in dosage forms, including a sachet, as a tablet,
thrcugh a capsule and the like.
~ Another embodiment, discloses gastroretentive tablets of acyclovir were prepared from
one or more the polymers and excipients for sustained delivery. ,
15  In further embodiment of this invention the drug pharmacokinetic simulation was done

for Acyclovir CR to: -

¢ determine the dose and absorption rate required for Acyclévir CR to achieve

comparable C,ax and Cpi, with that of IR,
e predict the blood levels of Acyclovir CR and compare with that of IR.

20 * simulate in-vitro dissolution profiles from absorption rate constants.

In the following are described experiments conducted that serve as non limiting
illustrations of how theA invention is performed. Any modifications or variations in the
parameters including but not fimited to polymers used, their combination used, drugs
used, chemicals and 'the/ir concentrations used, various procedures for assaying the drug,
25  simulation of the drug are merely illustrative and any equivalents of them that are

obvious to a person skilled in the art and;that are capable of achieving the same-objective
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speci fication MATERI ALS AND METHODS Materi al s Chitosan (degree of
deacetyl ati on 82% and nol ecul ar wei ght 650, 000) was obtained as gift

sanpl e frwoneaniisb Fi sheries Research Institute, Cochi pcTtiRidodo@kseK15M and
Car bopol 71G were obtained as gift sanple from Col orcon Ltd., Munbai and
Degussa Ltd., Munbai, respectively. 2-1m nothiolane-HC ,

6- Car boxyf |l uorescein (6-CF) and Traut's reagent were procured from
Sigma-Aldrich Ltd., USA. Ethanol, acetonitrile, methanol and xyl ene were
procured fripmsdd inMaEie bldck Ghall bkirdoasiderddnali mcludéd o1 theewn@hi { ospn odribis N
Trimethyl chitosan (N-TMC) was prepared in the | ab according to thenethod
reported bys-pg’@ﬁ&lﬁg,p- Schnurch et al. 14 . . Preparation of M crospheres
formul ati ons M crospheres fornul ati ons using chitosan, N-TMC and t hi ol at ed

chitosan asyRGIPfIRLS A METAEPDSEd using the emulsification cross linking
met hod (Wang et al.20). Emulsification cross |inking nethod was optim zed

for differeMatepialscess and fornul ation variables. .A solution of chitosan,
(1.0 to 2.0 %wv) was prepared in acetic acid (2% v/v) and aqueous '
sol ut i ong of clfossh (@Berde bfadedcdvflativhviyvasl maletmthr haighh 65¢, 0p@swasatbtaired se| ut i on.
This was further added to continuous phase (consisting of light liquid

paraf fin angahgapl frbfUCehtRRFRhéries Kebéaloh Metituei Wovlgn.Shiathodd KIBM6Umdv v) as
surfactant) under constant stirring (1200-2000 rpn) using a three bl ade

propel | er Sgibssi 716 veRd Sbiihed & ihshmple fofi Soloksn fLad. Mlumbaitind ditdidsa on of
gl ut eral dehyde (0.25 to 1.0 m, 25%/v) drop wise at 15, 30, 45 and 60 mn,

respectivel yy TOEmBL HshOGiviies 20aimdimsast-fior, BChrbbolusrescElie (67CEY @spher es ;so
obt ai ned were’separated by centrifugation and washed with petrol eum et her

to renove | jr:{lh'ﬂ.’sd'rdggén@f“‘;eiré_‘ probliRd Mrdih SHPREARECMRAR, BSAPERMA, acetdffrit v sodi.um
bisul fite solution”andstirred for 15 mnutes to renove residual
gl ut er al, dehydg. , FiaR@ xy RS Rieh pHiSred GRtn W Mlerck Ltd., Mumbai, India. Thiolated
Chitosan and N Trimethy! chitosan (N-TMC) was prepared in the lab according to the-
method reported by Bernkop-Schnurch et al.'. .
Preparation of Microspheres formulations
’ Microspherés formulations using chitosan, N-TMC and thiolated chitosan as polymers
15 were prepared using the emulsification cross linking method (Wang et al.’®).

v

Emulsiﬁéation cross linking method was optimized for different proceés and formulation
variables. |
A solution of chitosan, (1.0 to 2.0 % w/v) was prepared in acetic acid (2% v/v) and
aqueous solution of drug (0.1 to 0.5% w/w) was added to their respective solution. This
20 was further added to continuous phase (consisting of light liquid paraffin and heavy
liquid paraffin (1:1) containing Span 80 (0.5% w/v) as surfactant) under constant stirring
(1200-2000 rpm) using a three blade propeller stirrer to form w/o emulsion. This was
followed by addition of gluteraldehyde (0.25 to 1.0 ml, 25%v/v) drop wise at 15, 30, 45
and- 60 min, respectively. The stirring was continued for 3.5 hours. The microspheres so
25  obtained were separated by centrifugation and washed with petroleum ether to remove

liquid parafﬁﬁ.dThe microspheres were suspended in 5%w/v sodium bisulfite solution and

12



distilled water, m crospheres were dried and stored in a vacuum desi ccator.
Thi ol ated chitosan and N- Trinethyl chitosan, m crosphere was prepared

usi ng samwormtonadk7asi ng optim zed process and fornul at i @os/INZ0H/AMSES .

M crospheres of Carbopol 7 1G and Met hocel KI5M were prepared by.spray
drying techni ques as reported by Hari karnpakdee et al.2 1 Methocel K15M or
Car bopol 71G were di ssolved in deionised water. Acyclovir was separately
dissolved in distilled water. Colloidal silicon dioxide (Aerosil),

| t odextrin.and I I a0 Y : :
ol uti on.  THEEoPEd BB Sadek SR el shUEUR AT E I LR,
emper ature of, 4200C 1.0r OOl 11 Gl A SHOF, Al BARERS) Tk pu

setting of ow rat e of nano lirter/mn. Fluorescently

| oaded m crospheres e pared in i drug
sol ution waSMesf %{E‘ﬁ'{?ﬁﬁﬁfg%sgw ‘%%{Bﬁ%’?gd%?B%B%’%@%%m@E%@gﬁg’ges wer e
prepared using th .BrOC%%LFe i scriatr)%gleabove. Characteri zation of

M crosphereé’PtIVB'thfﬁU Bt EG P OBREORAYA SR *The nor phol ogy of i crospheres was
exam ned by scanning electron m croscopy (SEM JSM 5310LV scanni ng

i croscoge TMakiSphertaR&Marbopble7 G @nd NikcalsK Wi evero pripedd diy spetyadrysigubs
usi ng doubl e-si ded tape and coated with a 150 OA | ayer of gold under vacuum

using gol d GQRAkigkes a&eg&%dvﬁ'r}%rikhﬁpﬁddbaadl.ﬁerza‘rocsldelﬁM ogCabapot 7@were
m croscope. Particle Size Measurenent The particle size of the mcrospheres

was nmeasur edisildddinS @@ fisel WA EIOBE aVa . separatel i digsolvph &f dtill&l Water.wer e
suspended in distilled water ard ultrasonicated for 5 seconds. A drop of

suspensi on wafohiafiRen AbxRe FABRSINI Maksdestih dRd prgylBhCsIoam hefehenRiRdCOUNt ed
under stage ocular mcrometer. Mninmmof 200 m crospheres were counted per

bat ch. Svel | '\{IQ t%gﬂy%agé%nhiolhﬂ@wﬁbh Y eRh baick Was Bhay @ed\@fplsangtded in
er . O. o SN

phosphat e bu The size of

10-  temperature of 120°C for Carbopol 71G and 130°C for Methocel K15M, pump setting of

5ml/min; spray flow rate of 400 nano liter/min.

Fluorescently loaded microspheres were prepared in the same way. For this purpose drug
solution was replaced with 0.3% w/v solution of 6-CF and microspheres were prepared
using the procedure described above.

15 Characterization of Microspheres }

Morphological Examination

The morphology 9f microspheres was examined by scanniﬁg electron microscopy (SEM,

JSM-5310LV scanning microscope Tokyo, Japan), The microspheres were mounted on
20 metal stubs using double-sided tape and coated with a 150 %A layer of gold under

vacuum using gold coater. Stubs were visualized under scanning electron microscope.

Particle Size Measurement

The particle size of the microspheres was measured using stage:micrometer scale. Dry

microspheres (5 mg) were suspended in distilled water ar.d ultragonicated for 5 seconds.
25 A drop of suspension was placed on a clean glass slide and microspheres were counted

under stage ocular micrometer. Minimum of 200 microspheres were counted per batch.
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dried m crosphere and after incubating in phosphate buffer (pH 6.8) for
0.3, 1.0, 3.0 and 5.0 hr was neasured by using m croscopic nethod. The

per cent ageoahismedrbi ng at different tine interval was detenNtmedoosy2 t aki ng
di fference between dianeter of mcrospheres at tinet (Dt) and initial time
(t = 0[D0]) as calculated fromthe follow ng equation SwellingpD ~ D/
*100 (1) Production Yield The production yield (%ww was cal culated from
the ratio o% ﬂ\(er e weight of dried mcrospheres (W) recovered from each
of three bat¥flles Msaswem&lm of initial dry weight of starting materials
(W2). Entraprment efficiency Acyclovir | oaded m crospheres (1 Org) of

chi t osan, r\fhﬁvt:veé}f"gt?ﬁ TBICERSEheTes (yas ondcisd i PHPSPBRE dYITemPHHGIS. (The @?sz.

Car bopol 7 1G and Met hocel K15M m crospheres were dispersed in 0.1M NaOH
and 0. 05M plisd prsrosphsisrand pftgripeabating in pasplate bufter (pH 6{8? & &3l ghd.Owwnd h
intermttent shaking. The mxture was filtered and filtrate was assayed
spect r of | ur da¥ r¥asampasured| ycvsing, averpssppici aneshask dihe Breentages of Beklling at ndi a) at
exci tation wavel ength of 256nm and emni ssion wavel ength of 374nm accordi ng
to the rfet hditferertptime ciftepipl Deas wieigsmined aby, 2akingh difference hebveen edifmeattrenty was
calculated fromthe ratio of actual anmount of the drug present in the

f or nul at i ormicepspliseesiahtimg 4 (Dexprslinitiablime fe= @ (D) adubsdlatdd Faadibe Soliowing

Measur ement Study The nmucoadhesi on property of mcrosphere fornulations was
det er mi ned QQ88®ndi ng to the nethod described by Was et al.23 A5 cmlong
pi ece of freshly cut pig intestine was obtained froma |ocal abattoir

within 1 hr of Killing,af. api mal Dpas Byur t er,,]%be-aned b( }qfashi ng with
i sotoni ¢ saline solution. An accurate {ight Of m crosé eres was pl aced on
t he nucosal surface to which was attached a pol yethyl ene plate that was

fixed at arprodgtion Yield

10 The production yield (% w/w) was calculated from the ratio of average weight of dried
microspherés (W1) recovered from each of.three batches to the sura of initial dry weight
of starting materials (W2).
Entrapment efficiency
Acyclovir loaded microspheres (10mg) of chitosan, N-TMC or thiolated chitosan were

15 Idigested in HCI (0.01M). Carbo;;él 71G and Methocel -K15M microspheres were
dispersed in 0.1M NaOH and 0.05M phosphate i)uffer (pH 6.8), respectively for
overnight with intermittent shaking. The mixture was filtered and filtrate was assayed-
specﬁoﬂurometﬁcally (Elico Spectrofluorometer, SL-174, Delhi, India) at excitation
wavelength of 256nm and emission wavelength of 374nm according- to the method

20  reported by Darwish et al.? The cntrapment efficiency was calculated from the ratio of
actual amount of the drug present in the formulation to the initial amount of the drug
added |
Mucoadhesion Measurement Study: |
The mucoadhesion property of microsphere formulations was determined according to

' 25  the method described by Vyas et al.>* A 5 cm long piece of freshly cut pig intestine was

obtained from a local abattoir within 1 hr of killing of animal was further cleaned by
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of 40 relative to the horizontal plane. Phosphate buffer (pH 6.8) warned at
371 0OC was flown at a rate of 5m/mn over the tissue. The tine required
for det ackpngioalsdizibhe m crospheres from nucosal surf ace pefi/iNiRPIZ62
intestine was recorded by visual inspection.2 1 In Vitro Drug Rel ease Study
In vitrp rel ease of acyclovir from m crospheres was determ ned by carrying
out dissolution test using USP paddle nethod at a stirring rate of 50 5
rpm at tenpera]%f,ur_e. 70. 5, 0C, 90?rr,1 of HC buffer gpl.-l 1.2) was used as
di ssol ut i on YASANG Wit sotonjc salingsolutiqn: Ahesspmtsrveeiaht F Bicsespheses was plBSn pH 6. 8)
was used for nexté%l rs. The dried m crospheres were filled in hard
gel atin capdif mucosa| qurface to phish was atickedaqglvsthylsne platedhdtavas Gned at ampigle was
wi thdrawn at various tinme intervals and volune of the nedia was replenished
with an equdf 48irelative tefthediosizentaliplana Rhesnihate buffer (sH o) ecrmert & 374kTC amal yzed
spectrofluronetrically. \ GI1.T Distribution Rats (Sprague:daw ey strain),
6 to 8 ront Hliewplay a wed ghomymADover2he ginsureThe kiept requiretiafet idegcHiny all 6he20 hr
bef ore commencenent of the experinent. Water was provided ad libitum The
prot ocol § f aicrospberes ifrome snicged! | omceref eha g duestiney whdieedordetii byitvisamal
Animal ethics committee in accordance with the disciplinary principles and
gui del i nes disPRHASEA.  Si x groups were enployed in the present study with
each group containing 15 rats. First group received oral adm nistration of
aqueous sol U Vigno DfugsRéeas¢ Siudyl of 0.3% w/v). The second, third, fourth,
fifth and sixth groups received mcrosphere of 6-CF prepared from chitosan
(M CH), thidhatiee releastosfancyclvirGiipm micidspiaréshivhs @eietrdined by NlMying &7 bopoOl
71G or Met hocel K15M respectively. Oral admnistration of m ¢rospheres was
acconpl i shedisijutionsgendiglgSR Paddle meidd & 2OktiriFigtrh@ P BE LS HR] 5&&9;%’99&99 to 3.0
ng of 6-CF in 1.0 m normal saline and force-feeding via a rubber tube
undi(r) Roo- ?ammsmmﬂmanbm.(pﬂh@)w&e&/ﬁmss%ﬂﬁnfohiﬂeeﬁﬂl Rf iff hedng 4 6, 8
or r o :

phosphate buffered saline (PBS, pH 6.8) was used for next 11 hrs. The dried

microspheres were fitled in hard gelatin "capsules and \vere placed in dissolution vessels.
5ml sample was withdrawn at various time intervals and volume of the media was
reblenished with an equal amount of dissolution media. The samples were then analyzed
15 spectroflurometrically. | \
G.L.T Distribution
Rats (Sprague dawley strain), 6 to 8 months old, weighing 200-220 gm were kept on
fasting for 16-20 hr béfore commencement of thé experiment. Water was provided ad
libitum. The protocols for these investigations were approved by the Ins;titutional Animal
20  ethics committee in accordance with the disciplinary principles and guidelines of
CPCSEA. Six groups were employed in the“i)reseﬁt éthdy with each group. containing 15
rats. First group received oral administration of aqueous solution of 6-CF (1 ml of 0.3%
w/v). The second, third, fourth, fifth and sixth groups received microsphere of 6-CF
prépared from chitosan (M-CH), thiolated c‘hitosan (M-TCH), N-Trimethyl chitosan (N-
25 TMC), Carbopol 71G or Methocel KI15M, respectively. Oral administration of

microspheres was accomplished by suspending 20 mg sample of microspheres
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adm ni stration, stomach (section 1) along with entire length of small
intestine that was further subdivided into 6 sections (sections 2-7; length

of each sgotmnsidocm) were isolated i nmediately. The sperasivoanese2
intestinal sections were cut opened to expose the inner nmucosal surface.
Al'l m crospheres |located in each part were collected by scratching the
mucosa wWith a spatula. To the collected sanple, 10 m of 0.1 N HCl was
added in case of chitosan. thiolated chitosan and |}l-TN§ The 0.1 NaOH and
phosphat e begrtespondeds 30 masef &-Codadd mhnermaksatire 4, 1Bpdeedirgiam HORE hocel
K15M m crosphere, respectively. The _m xture was _mashed _usi ng honogeni zer to
extract 6- CRbamidaape-asesthetcdpditiong. fTae rasewere s3crigssd alist 2¢4 $0dor Fh ¢for 20
m n, the supernatant was anal yzed fluorenetrica y. at | X ianon 489nm and

| enpuss, on 5dibimistrition, Go@agtbssrioh Ud rlosg Mith entfrgdensth phigmalbinteshine hateMsy of
6-CF using this nmethod was found to be approximately 95% In addition a 2
cm portion dirthsesibdoided,in® Gusertiansiéssctionk @r7s dengthapldeachsedtion Y9r eeews®d f or

fl uorescence m croscopy. Fluorescence M croscopy Fluorescence m croscopy
was per f 6r misdlated inletedintelyn &he ftemastt andtintestinaliseqtionpwere gt epguedge gepasaitheon of

m crosphere formul ati ons. The excised tissue sections of G T were blotted
wi'th tissue imapencosalisarfage palll midrespheresiaeatddiin eathipart ivesearollgatedyl satatcbimg ( 3: 1
absol ute al cohol: chloroforn) for 3 hr. The pieces were first transferred
t 0 absol ut et madosd withhia spatblahTo ghecbotlénted sampleb$®mlio€ 041 ¥ di{dIwaaraddedyinene f or
1 hr. Wax scrapings were added in this solution till saturation and were
kept for. 24adaff chisal, thislated oititosanvewd N-Fdie Tby 0.4 b ¥dAHragd tphesphate bukéeri n har d
paraffin, matured at 621.0C. The sections (5 nmthickness) were cut using
m crotome (.05 MPivekaddded rik sase] ap @agbopui d7 1€k and Methoaeidid SN mar@pieesnce

m croscope (Leica, DVRBE, Bensheim Gernany).Henolytic Toxicity Assay The’
procedung f r&packivéle e wiktuasas intishedwsidg hem@genizanoekttuer GiERmhd képe fdrQki city
studies. 19 Blood from healthy donors was coll ected and anticogul ated with
3% sodi um Ciht.r ARG centrifugation at 3000 rpm for 20 min, the supernatant was analyzed

fluoremetrically at Aexitation 489nm and __)iemmissio“ S515nm for 6-Carboxyfluorescein. The

extraction efﬁciency of 6-CF using this method was found to be approximately 95%. In

addition a 2 cm portion of section 2, 3 and 4 was taken out and further processed for
15  fluorescence microscopy. |

Fluorescence Microscopy

i:luorescence microscopy was performed to determine the extent of distribution and
penetration of microsphere formulations. The excised tissue sections of GIT were blotted
with tissue paper. The wiped tissue was fixed in fixative solution (3:1 absolute alcohol:
20  chloroform) for 3 hr. The pieces‘ were first transferred to absolute alcohol for 0.5 hr_ and
the;h in z;bsblute alcohol and xylene for 1 hr. Wax scrapings were added in this solutioﬁ
till saturation and were kept for. 24 hr. Paraffin blocks were made by embedding the
tissue in hard paraffin, matured at 62+1.0°C. The sections (5 um thickness) were cut
using microtome (Erma optical works, Japan) and examined under fluorescence

'S - microscope (Leica, DMRBE, Bensheim, Germany).

16



Eryt hrocytes were separated from bl ood plasma by centrifugation (3000 x g,
5 mn) and suspended in phosphate buffer saline (PBS) of pH 7.4. The RBC
suspensi ono(ifdosreErs m xed with distilled water, which wasTanmwdd@msed as
produci ng 100% henol ysi s, and nornmal saline produci ng no henol ysis hence
acting as blank. 0.5 M 2% w v dispersion of microspheres fornulations in
PBS (pH 7.4) was added to 4.5 m of nornmal saline and interacted with 1mi
RBC suspenshon. Si g] larly, 0.5 m of 0.3%wyv solution of acyclovir in PBS
were m xed WEPAVHCSORICYASIN, | saline and interacted with RBC suspension
and kept in 'hncu_b tor_for. 1 hr at 3;1%3 0C. Aftﬁr 1 ﬁ% m xture was
cent ri f uged THRBrossay e, from Liraturgavas foliave 1o perfam e Aemelyihtoxisitsswdies-vol ume of
normal saline and a S(?rba ce was tﬂken at. 540 nm agai hst supernatant of
normal sal i B¥odifram derly fHopgrs | Wasfollgqied and anticogulateds pith 2o 18 ydirale.was t hus
determ ned for each sanl)I e by taking absorbance of water as 100% henol ytic
sanpl e. PhaFREUBRISIdteresepratey frem Rlogdplasmahy cqntiifugation G00Qx 8, drimiandol d,
wei ghi ng_200-220 gm were divided into 6 ?rou s, each consisting of 5
ani mal s. 5 RasusPendekinRhosphals tufler salige PBS) @fpH ﬁ‘éfﬂwé*%? SepparsiAnA(1 %) Mesi on and
until 24 hours post dosing. Water ad |ibitumwas given throughout the
study. The Bisd vath disflisd vterawhich ovas copmderas! appprrepcing H0Ys hemelptis andcei ved
oral administration of 0.3 % w v drug solution in PBS (pH 7.4). Second,
third, four permalsafing\pradising nethemghysisherce @etingeas bdankl Ozdomi 2feov/y disparsionf
chitosan, thiolated chitosan, trimethyl chitosan, Carbopol or Mt hocel
m cr ospher esf miceospherssiferaiwations ip ®BFypH ) Iwas eddedite A Sgpldmernead salas podidi ng t.0
3.0 ng of acyclovir were suspended in 1.0 nl" saline and adm nistered orally
usi ng a r ublnteractediyathurraleR BG swspensiont Similarty, € Srmuli afi03% wAtsoRitibn obacydlByir 15 and
24 hrs tine intervals, blood was collected fromjugular vein in ependorff
t ubes anh@cemRBS weyenixgd wab@A® mhefinbonal $Qineiand inREdvted i RB@ mispenMoniand |,
I ndi a). Supernatant was col |l ected- and acetonitrile was added to
preci pi t at ekdphén pacobaomr IThe apBEel.pi’Cander priot eirmrerece cartifuged ahy
centrifugation at 2000 rpmfor 15 m n. The supernatant was col |l ected and
supernatants were taken and diluted with an equal volume of normal saline and

abso;bance was taken at 540 nm against supernatant of normal saline diluted similarly as
blank. The percentage hemolysis was thus determined for each sample by takihg
15  absorbance of water as 100% hemolytic sample.
Pharmacokinetic Study
Rats-(Sprague dawley), 6 to 8 months old, weighing 200-220 gm were divided into 6
groups, each consisting of 5 ani_;pals. Rats were kept on fasting 12 hours before drug
administration and until 24 hours post dosing. Water ad libitum was given throughout the
20 study. The dose selected of acyclovir was 5 mg/kg.** First group received oral
administration of 0.3 % w/v drug solution in PBS (pH 7.4). Second, third, fourth, fifth
and sixth group received oral administration of chitosan, thiolated chitosan, trimethyl
chitosan, Carbopol or Methocel microspheres, respectively. A 20 mg sample of
microsphere corresponding to 3.0 mg of acyclovir were suspended in 1.0 ml saline and
25  administered orally using a rubber tube under non-anesthetic condition. At 2.5, 5, 10, 15

and 24 hrs time intervals, blood was collected from jlﬁgulz‘x_r vein in ependorff tubes and
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filtered through a 0.45 mmfilter into volunetric flask and drug
concentration was determ ned by spectrofiuorenetric assay. PHARMACOKI NETI C
SI MULATI GRS 26bRrCRYED FOR ACYCLOVI R CONTROLLED RELEASE Ag$uR®i0h/061S62
considered for simulation performance study are as follows:” 1. The product
will be indicated for initial and intermttent therapy of genital herpes.
These conditions require a dosage of 200 ng every four hours, 5 tinmes daily
for 10 days. 2. The product will be a bi oadhesi ve dosage form which would
be desi gned centrifvged @280t fonlijprefRﬁerEqwm@,Mmbal,dngprmgrmnpwm od of
time. 3. The CR fornulation wll be admnistered two tines a day. 4.

Bi oavai | abi lcoliegtedfanCRrefopitrilel vetsiadeedi te pR&itithie diieeproteinanl lelpacciptatetl Rrdt@nstul at i on
due to prolonged residence in absorbable areas of GT. 5. The absorption
process i s oentseold byjcéayrnﬁxm‘ohmel@@smﬁmrdmmlheTMGsageat¢MMm clleeted artdr i nsi ¢
absorption rate constant of the drug is far higher than the'drug rel ease
fromthe doditgred ftimongh Ka0=45' ‘v fifter aite asmmeniceflashnahdhdmg eoadzsvatiphi was of any
anount of drug release fromthe dosage formis instantaneous. Sinulations
Per f or med Thietesnined tatspatrofinaereatsic assawl ved fol l owing steps. 1. As a first
step the plasma concentration profiles of Acyclovir / Acyclovir IR tablets

wer e cal cul ZEXRMAICOKINETICh sSIMUDATTGNS c PERFORNMEDsS FOROIACUCLOVIRE

literaturel6-18. 2. These paranmeters were then used to cal culate required
properties @ONFRODEED:REDEASE3. Then sinul ations for CR dosage formwere
performed usi ng paraneters obt ai ned :

Assumptlons considered for simulation performance study are as follows:

1. The jaroduct will be indicated for initial and intermittent therapy of genital herpes.
10 These conditions require a dosage of 200 mg every four hours, 5 times daily for
10 days.

2. The product will be a bioadhesive dosage form, which would be designed to be

retained in upper part of GIT for a prolonged period of time.
3. The CR formulation will be administered two times a day.

15 4. Bioavailability of CR formulation is 25% higher than that of IR formulation due

to prolonged residence in absorbable areas of GIT.

'5. The absorption process is controlled by the ‘release from the dosage form. Tﬁe
intrinsic absorption rate constant of the drgug is far higher than the drug release
from the dosage form (Ka>>>>>>>drug release rate) and hence absorption of any

20  ° amount of drug release from the dosage form is instantaneous. A

Simulations Performed

The simulation process involved following steps.

1. As a first step the plasma concentration profiles of Acyclovir / Acyclovir IR
tablets were calculated using the pharmacokinetic parameters reported in the

- 25 literature'® 13,

2. These parameters were then used to calculate required properties of CR dosage

form.

3. Then simulations for CR dosage form were performed using parameters obtained

in step 2.
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in step 2. The net hodol ogy and results are sunmmarized in table 6-9 and
figure 6-1 1. Platform Used Conputer PIV (1.7 dual processor), 1 GB Ram
200 GB Hawo 20isds1wt h software M crosoft Excel 2003. FABRIEI0&NH05E2
GASTRORETENTI VE ACYCLOVI R TABLETS Matrix tablets were prepared by wet
granul ati on net hod. Acyclovir, polyner and Avicel were weighed and sifted
toget her through the sieve #40 ASTM and bl ended in a polybag for 5 mn.

Bl ended material was granul ated (what are steps / method of granul ation?)

usi ng et hanglic solution of PVP-K30. The.we S s dried in a tray dryer
For 30" " ot ieslogg s Asrumna 250 BLle T REGRIR 1 C1 eve 50 ASTM

G anul es vve(r]ﬁ gl enﬂe‘gj w t h magnesi um stearate and conpressed using 19mm X 9
mm  nodi fi ed CAYTUPEL shaped, concave punch. The fornul ation ingredients of

vari ous batches ar ari zed in Tabhl e 9. Th ss .of the tablets was
kept in the @’."&P.”ﬁﬁ'te’y'%gm&é-*ﬁﬁ??éswpqaﬁg ??\T’CZ%J(;??V\Q/%S"SQSEJ"" FBYEBm
Char act er i zaflicasofExcehP003t s The properties of the conpressed acyclovir
gastroretentive rahl e . iahi ] [t [.ckness, wei ght
vari ati or?, fm s'n.'éQﬁégﬁﬁf’&%ﬁ%ﬁ?ﬂ@yl&fﬁﬁémted procedure.
Briefly, hardness was determ ned by using Nonsanto hardness tester.
Friability \}bg%"’al@l"é‘? eﬁeﬁ@aepa%% E’@Wﬁo%ﬂ‘éa??ngﬁ%‘?"ﬂi ‘?Vdf"é%tpf’lﬁ@era?ﬁﬂﬁ‘r"ﬁf'd?fe Wi ght
variation and. uni fqQrmp nfo d_accor di tothe IP
pr ocedur es. ‘%H;H%!l 'fn%“%? ﬁoéaﬁféﬂ{era eﬁ%{} %g;l]%"so 0 A@%“'B{iﬁgﬁ" &@Yraﬁ %{}g'ﬂ‘f’i ve

tabl ets The gifgdd hhridli 150 (Wi At 8BpsVE I ' o Lype:
di ssol ution z;:pgar'attus z;t% 0 rptrr)(and _terr%sera?ﬂ%st%%g?ﬁ?gﬁ%eﬁ?&wc

0. 50C. Rel eagigtidn@sFtPVIPK 308 BheCikdt afCva Wkied i 23R difler fF 36linhif Rr4PC i 93@l uti on
medi a: sinmulated gastric fluid (pH 1.2) and phosphate buffer (pH 6.8). An
al i quot 1010 nisterijls pasedwhrbiptirazsiene 420 ASEMI Giasuldsiwere blender wigl BagasdthndtddgitecONt ent

was determ ned by UV-visible spectrophotoneter) at 255 nm It was nade
cl ear that nruheompressddeusing 19mm X 9 mm, modified capsules shaped, concave punch. The

-

formulation ingredients of various batches are summarized in Table 9. The hardness of the
tablets was kept in the vicinity of 19.6-22.6 kp and thickness was 5.94 and 6.03mm.

Characterization of Tablets
\

15 The properties of the compressed acyclovir gastroretentive tablets, such as hardness, friability,
thickness, weight variation, and content uniformity were determined using reported procedure.
Briefly, hardness was determined by using Monsanto hardness tester. Friability was determined
using Roche fn'ability-; testing apparatus. Weight variation and uniformity of drug content were
performed according to the IP procedures.

20 In Vitro Drug Release Studies of Acyclovir Gastroretentive tablets
The in vitro dissolution studies were performed using USP-2 type dissolution apparatus at 50
rpm) and temperature was maintained at 37°C  0.5°C. Release testing was carried out in 900
.ml of different dissolution medigf simulated gastric fluid (pH 1.2) and phosphate buffer
(pH 6.8). An aliquot (10 mL) was withdrawn at specific time intervals and drug-content was

25  determined by UV-visible spectrophotometer) at 255 nm. It was made clear that none of the

ingredients used in the tablet formulations interfered with the assay.
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ingredients used in the tablet fornulations interfered with the assay. VWater
upt ake kinetics Water uptake studies were performed by equilibrium weight
gai n net heo 208/0k7WSP type | dissolution test; apparat upctiksob/adset s were
accuratel.y weighed and placed in a dissolution basket. The basket was
imersed in a dissolution vessel containing 900 m 0.1 N HO (pHL.2)

mai ntai ned at 37 0.5 0C, speed of rotation was 50 rpm At regul ar
intervals, the basket-matrix systemwas renoved fromthe dissol ution
vessel, blotted with tissue paper to renove excess water, and rewei ghed.
The per cent Water watake kinstiske (i.e., the degree of swelling due to absorbed

medi um) was cal cul ated, using foll ow ng equation, % Water Upt = W/w x
100 (2) WheVatenynigkg sigics mereperiged bdrfqm'?f%Helgmar'b'ae‘gafbvﬁga‘gfp PPhe t,
respecti velj?/._ Matrix erosion studies Matrix . er o?i on,é_égd%ﬁs wer.e, perforned
by a met hodl dispditiordtessyanpaiapis: dhe 4abless; wemspagqyiely whighed) and; Rjacef gy a
apparatus was used for this purpose. The dry tablets were weighed, placed

i n di ssol utdissalubers Rasketc bhg B?SE?‘H'&‘SQGO’CWF" ¥ a gissplylopvesselgoptaming @ik ned at
370.5 0C and the basket was rotated at 50 rpm_ At regular intervals, the
whol e basked.l Mat€] (pH anintgingdaal 37 &0\ Ko sped of faitiog vas d0uPmot (rg¥l8e| s and
dried to a constant weight in a hot-air oven at 50 "C. The matri x erosion
(E) at ti meintetvalswihs basketrmattis gystembyvesggmoved figny the dissqlutiop vgsselphlotgdwish x| 0O
(3) Wit and W are weights of dried tablet and initial weight of dry tablet
at time t riswpeppinvelrgmovdrxeesd vater\asd rpvgighednBigtpessenidge wateneRiaedif v
gastroretentive tablets Micoadhesive strength of acyclovir gastroretentive
t abl et s werthe deerafswellingduede ebsothed edipm) was qeisalated aping follewingeguationng pi g
intestine. Imrediately after slaughter, different parts of intestine were

renoved and transpor %thagrl-I)XrZPedﬂ%J )HIO'bon kept at 4 (5.

10 - Where Woand Wt are weights of dry and swelled tablet at time t, respectively.
Matrix erosion stuéies
Matrix erosion studies were performed by a method reported by Ebube et al.”> USP type |
dissolution test apparatus was used for this purpose. The dry tablets were weighed, placed
in dissolution basket containing; 900 ml of 0.1 N HCI (pH1.2) maintained at 37+0.5 °C

45 and the basket waé rotated at 50 rpm. At regular intervals, the whole basket-matrix
assembly was removed from the dissolution vessels and dried to a constant weight in a

hot-air oven at 50 °C.The matrix erosion (E) at time, t, was estimated from Eq. 3.

W
Matrix erosion % = "%V x 100 3)

0
Wdt and Wo are weights of dried tablet and initial weight of dry tablet at time t -
20 respectively.
Mucoadhesive measurement stu‘dy of acyclovir gastroretentive tablets
Mucoadhesive strength of acyclovir gastroretentive tablets were ‘determined by
detachment force méasurement method using pig intestine. Immediately after slaughter,
cﬁfferent parts of intestine were removed and transported to Tyrode solution kept at 4 °C.

25  The composition. of tyrode Tyrode solution (g/L) is NaCl, 6; KCl, 0.2; CaCl2 2H20,
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The conposition of tyrode Tyrode solution (g/L) is NaCll, 6; KO, 0.2; CaClz2
2H20, 0. 134; NaHCO3, 1.0; sodi um hydrogen phosphate, 0.05; glucose-H20O, 1.0.
During t hgoespaisirent, the solution was aerated w th puperaxy@encdsd kept
at 37 C. The intestinal tissue wa fixed on glass plate of receptor
conpartment. The tabl et was placed over intestinal tissue and on the other
end of the glass rod a pan was attached in which a beaker was placed. After
keeping the preparation for 30 mn, the water was added with a burette
dropwi se t o %134 Nedke?. |- Srediugy kydroger ghesphate, dutoa glicrsse 4 G- tPug Hreasur ed
using a nodified presecription bal ance. The force was used as a paraneter
for adher encgperimeat, theselutipn pvas spsaiecbyith Rure oxyger andikeny aby’ thellsgasstingh F =
0.0098 \- w 2 (4) Wiere Wis the anbunt of water in the beaker. in grans.
Statistical tissglWasifixehenaglasseplats of secspigr sempartaeitedie tahletnvwasr Rlacsd\avet i on
(SD) of the nean. Statistical analysis was carried out enploying the
student' s t intestipalutissyegandhen the efter gadi obthe Blass ged aeper Wayaftaghed i which asan

Di ego, CA). A value of p <0.05 was considered statistically significant.
RESULTS Br ebaakat wasplaged: After\eaping toh prieparation; fori( oin, thebyater was dded withe
conposition of different m crosphere formnul ati ons prepared using chitosan,
t hi ol at ed clbutetie dnropwise ta the heakery Theforaeaseded dasdgtash yireetplletawas measured wsinger e
conpared with m crosphere prepared with wi dely used nucoadhesi ve pol yners
Car bopol 71 recilifidipirésecriptiok balnce . TTherforce oNas sademta parapeter 6ér adhegewmspher e
formul ati ons were prepared using four different fornulations and process
vari abl es. Ifoxcé F &l deytons wias calautatet lyribsgjuetims wer e prepared using different
drug concentrations (batch CHA to CH A5 containing 0.1 to 0.5 %wyvV
acyclovir), diffegre tymar concentragfyons (batch CH Bl to CH B5
containing 1.0 tgr Bbodi 2 t

10 Where W is the amount of water in the beaker in grams.
Statistical Analysis
Data are expressed as the mean + standard deviation (SD) of the mean. Statistical
analysis was carried out employing the student's t test using the Grapﬁ-pad PRISM
software (Version 2.01, San Diego, CA). A value of p <0.05 was considered statistically
15 significant.

RESULTS
Preparation and In Vitro Characterization

Table 1 shows the composition of different microsphere formulations prepared using
chitosan, thiolated chitosan and trimethyl chitosan as polymers and results were
20 compared with microsphere prepared with widely used mucoadhesive polymers Carbopol
~ 71G and Methocel K15M.
Twenty different types of microsphere formulations were prepared using four different
formulations and. process variables. lnitia!ly, chitosan microspheres were prepared using
different drug cbncentrations (batch CH-A1 to CH-AS containing 0.1 to 0.5 % w/v
25  acyclovir), different polymer concentrations (batch CH-B1 to CH-B5 containing 1.0 to

5.0 % chitosan); different volume of cross linker (batch CH-C1 to CH-CS5 containing 0.25
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5.0 %chitosan), different volunme of cross |inker (batch CHO to CH C5

containing 0.25t0 1.0 m gl utaral dehyde) and different speed of stirring

(bat ch CHvDI20t0004@49D5 prepared at 1200 to 2000 rpm . Optrrwiixzup/onwsef each

variabl e was carried out on the basis of their characterization in terns of

surface norphol ogy, particle size, entrapnent efficiency and in-vH o drug

rel ease and data is summari zed in Table 2. Batch CH D5 (acyclovir con. 0.3%

w w, chitasar) nidoglwam]detiypdedmpd ofifferemsspe¢d ok stirring, (hawgh GhdPlsieeCH-BF stirring

at 2000 rpn) was sel ected as opti mum batch because it exhi bited high

ent r apnentprephfel @i E200yo 2@B. rPm). Optinfijatiopoleds wedblipeva eartiedous phitheibasié  shape

and sustained the drug release (71.1 2.8 %drug release at 11 hr). Two

bat ches ofofnhéif @bprbaérzafiar rinltatrisoof drfEMC naompholdgy Clpantisiensgjzeal ehtrapmennbove

optim zed val ues was prepared using N Trinethyl chitosan chloride and

t hi ol at ed cgfividnop arl innartedrdg edleashinddamnis simnpokzgthipTabei2gure 1 (A-E) depi ct

t he phot om crographs of m crospheres prepared using chitosan, NTMC, :

t hi ol atsed BabdhtCI$-BI3, (ak3@lovirzoh. 0/3% &/andhildasr) aeew/viKlvobimepdicyose lisker, ALQ

m crosphere fornul ati onsi were spherical in shape and possessed snooth

surface asnvhéykd sedirtmoan0®ENm) Wae sdécted abptithiith daehbecaie icspibeds

formul ati on was found to range from11.20.4 to 21.31.0 nm (Table 2). The

particl e sjige.#RsmERPANEEy (88I0nk)4. L) BEsseRaL partdcay ispieriedl dhbge md ymer and

stirring speed. Table 2 shows the effect of stirring rate on the particle

size of m crospheres. The result Q incr hn i Lging speed
BoBer T Jeaeclry § 5 At plbast BENTOR G0 Bacls bt |

from 1200 3" U0 ecrea: 9nmto

n gher st iFRReeag R Na en bt Bt Aol el M FREEENE" P o
droplets to smaller nes having | ess .partjcle size _lncrease in the
con(F:)enltq atArdare PS‘B%P%EW“P?‘O“M“?S*‘PS@%B r{?l %Pgaéetﬁfc‘é'c'fo%ns'?séeﬁl f ?%}ﬁﬁfa"i ncrease

(p<0.05) in the particle size. However, thereafter further increase in
pol yner coRe¥¥PFation (from3 to 5% w v) didn't significantly (p<0.05)

T ence e D Sk Sip o i 85705 RASED) L QoS e eased

TMC, thiolated chitosan, Carbopol 71G and Methocel K15M polymers. All microsphere

formulations: were spherical in shape and possessed smooth surface as visﬁalized under
15 SEM. The size of different microspheres formulation was found to range from 11.2+0.4 |
to 21.3£1.0 pm (Table 2). The particle size was dependent mainly on the concentration of*
the polymer and stirring speed. Table 2 shows the effeqt of stirring rate 0;1 the particle
size of microspheres. The -results showed that incréasing the stirring speed from 1200 to
2000 rpm decreased the particle size from 21.3 + 0.9um to 12.530.3 pm. This can be
20 attributed to the greater energy generated at higher stirring speed, which was able to
efficiently disperse the bigger droplets to smaller ones having less particle size.
Increase in the concentration of polymer from 1 to 3% wiv prodhced- a significant
increase (p<0.05) in the particle size. However, thereafter further increase in polymer
concentration (from 3 to 5% w/v) didn’t signiﬁcantly (p<0.05) influence the particle size.

25 When the chitosan concentration was increased from 1 to 3 %, the viscosity of chitosan

solution increased and bigger droplets of the internal phase during emulsification step
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solution increased and bigger droplets of the internal phase during
emul sification stepwere produced. This increase is high enough to result in

di fficul twgi2spassi7on and subdi vi si on of droplets thus, pesuNidonvgoosér | ar ge
size of mcrospheres. It was observed that the vol une of gl utaral dehyde
(cross-linker solution) did not have a significant influence (P < 0.05) on
the particle size and entrapnent efficiency of the mcrospheres. On the

ot.her hand, stirri.ng,speed.did ificantly effect (. 0,.05).the particle
g«%d 51 % fesulf Gh c‘nﬁi EI]J rddsr%e%?aoar}d

.did sig
si ze of ni cP6EpRPH N NErFesse F'ﬁh the %t 1 FPRg "Speed o 2000

ignifi tly d 0..05). th i cl ize. Th [
o Aot o deenRRRT TASSS o S oo o S SRS P T
tirri d. M crospher t. high tirri - d
per oot Iy SRS ol GUAEN R b ourercplPPIAY St » i ERer AXUREEa i n t he

formati on of cl unﬁs. cr o,s,t)her es .becane ngﬁ.e. di s¢ gte MWth increase in the
stirring spéRd 99 An1dEartiglexrsAnA shirgpgpl eihoiencyeof; the miermspheres-i @ Bicy of
di fferent m ¢rosphere fornul ':f{j,é)ns S ogﬁj{}d 581. 8 1.6 .3.1% (Table 2).
Ent rapneft &hef apndy SPmfigs Sres tSEn &a'HIii dEpe t e Pafticee sigmcdnt rati on
of polymer used. O her formulation and process yariable didn't _show any
si gni fi cant Migiespherss Ady nseepse ipnibe sHEinespesd 0 (12 £0Q% fpnt; sigpifigantly
measurenent was well correlated with the previous report of Thanoo et
al . 26. The pgewresest (RFA-07) dheq pesticl pizenil be geometio SpsRe rdiamegerndaceesednsomas f ound
to be 74.53.5;, 72.42.8, 76.33.8, 69.44.1 and 54.13.0, respectively, for
chi tosan, N2TRE).9 tohi2oi83at evithtap srercaseCa thsopgingzpaed, Miictospherborrepargd at 5SM -
pol yners. The entrapnent .efficiency (%W w of acyclovir in optinmmbatch of
m cr ospher esigherepiairedsptedowere pietfestyrsphedxicdiMomptrkd ¢d &iveed stining speed, whiah bopol
71G or Methocel K15M was found to be 88.02.6, 91.34.5 86.83.1, 91.44.2 and
77.34. 2,10r es@ealediiv eeyfornbebn ef QimpsVviigespherss heearddsasnerdisornt willalnkceass in
summari zed the results of nucoadhesi ve neasurenent of different
m cr ospher eshefsairiig spdeil Gomi 12092000 tpasTlable 2). The adhesi on tinme of
m crospheres followed the rank order

Ent-apment efficiency of different microsphere formulations was found 55+1.8 t0 91.6 +

3.1% (Table 2). Entrapment efﬁcjency was found to be mainly dependent on the

concentration of polymer used. Other formulation and process variable didn’t show any
15  significant (p<0.05) effect. The result of entrapment efficiency measurement ‘was well

correlateq with the previous report of Thanoo et al., |

The production yield of oﬁtimized microsphere formulations was found to be 74.5+3.5,

72.4+2.8, 76.3+3.8, 69.4+4.1 and 54.143.0, respectively, for chitosan, N-TMC, thiolated

cﬁitosan, Carbopol 71G and Methocel KISM polymers. The entrapment efficiency
20  (%w/w) of acyclovir in optimum bafch of microspheres prepared from chitosan, N-TMC,

tHioIated chitosaﬁ, Cai’bdpo’f 71G or Methocel K15M was found to be 88.0+2.6, 91.3+4.5

86.8+3.1, 91.4£4.2 and 77.314.2,.respective1y' (Table 3).

Mucoadhesive Measurement

Table 3 summarized the results of mucoadhesive.measuremeﬁt of different microspheres

formulation in pig intestine. The adhesion time of microspheres followed the Eank order

b

of thiolated chitosan -(8.0:&0.8-hr)> N-TMC (4.9+0.6) chitosan (3.1+0.4 hr)>f§arbopol :
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of thiolated chitosan (8.00.8 hr)> N-TMC (4.90.6) chitosan (3.1 0.4
hr)>Car bopol 7 1G (1.]0.2)> Methocel K15M (0.20.1hr). Wthout getting bound
to any thwonyivmizohave foll owi ng understandi ng on vari eg3/INE®BEDMEE3 ONS | N
this inventions. Conparatively poor nucoadhesi on of Methocel m crospheres
could be attributed to its non-ionic property. On the contrary, strong

el ectrostatic attraction seens to have contri buted to good nucoadhesi on
bet ween nucin and Carbopol 7 |G or chitosan. Nunerous hydrophic functional
groups such7Hs (b&Gdx yWetheasl B4SMn0k01 b aWitheut eetiing Dobrd/ @ amy théxry imey t o

f orm hydrogen bonds with the nmucus nol ecules. This interacti©on is reported
to be respohaiedbibowing undgstrnding oh warigusmbearvagions intthis snvgotignseor@patatide[FMC

m crosphere has significantly higher nucoadhesion in conparison to chitosan
m cr ospher epatuemuadissior afaMethecedfmiskospierds ecouldnge tattebped ite i itsenahimnige t hat
will forma strong bond with -SH group of nucin resulting in strong :
mucoadhesi opropetyr mpthe comtcarp syoeg ekctpstitic sgrdtionegrans @ haveacqejburdi toh i n
presence of investigating medium PBS buffer (pH 6.8) could have been

r epel | ed5 by gédde muegrgihesioal beveen gedcimuads Cadbapelng | G o op ahitosanc Msteegison. The
excel | ent nucoadhesi on was observed in thiolated chitosan m crospheres may
be due to phahkehiie fohctiohalodrowps Gugs as vdibaxyl groapk mostfitotan RolBAKSchavl @n
nmucoadhesi ve property of chitosan because of formation of strong coval ent
bonds (di sukHilitsiéo fem dhgdropént Bondiwith the Theus Mmoleadles0 This fintefacidhfit fporkands

bet ween the thioner and the nucus gel |ayer takes place either through

t hi ol / di sul bé ebgponsieleafog utedbésivarprépertyiod this Polyiles’ DUTNAS inflerospheeams Of
t hi ol groups.27 However, other polynmers |like chitosan or Carbopol form

non- coval entighfitilay hioka Rifebadision e Béthparis@ntoditoddhahicospHRiCaR @liohiONi C
i nteractions thereby Tesulti ng in weak nucoadhesion. Swelling Study Figure

2 shows 1§ hendiitt @8 N-RUE BRhs itieOpositivelichdree eiat will EarRSP Bedng donl Witatdpns at
different time intervals. The results reveal ed that all m crosphere
formul ati ongrogyvf Infildin RRIIERG in strong mucoadhesion. Carbopol microspheres possessed
negative charge, which in presence of ip{lestigating medium PBS buffer (pH 6.8) could
have been repelled by the negatively charged mucus leading to poor mucoadhesion.
The exce;lle;zt mucoadhesion was observed in thiolated chitosan microspheres may be due
15  to presence of thiol groups, which are known to enhance. the mucoadhesive property of
chitosan because of‘ formation of strong covalent bonds (disulfide bonds) with mucin.
The formation of disulfide bonds between the thiomer and the miucus gel layer takes
place either through thiol/disulfide exchange reaction or via a simple oxidation process of
thiol groups.”’ However, other polymers like chitosan or Carbopol form non-covalent
20  bonds like hydrogen bonds, van der Waal’s forces or ionic interactions thereby resulting
in weak mucoadhesion.
Swelling Study
Figure 2 shows the percentage sweliing of different microsphere formulations at different
time intervals. The résults revealed that all microsphere formulations swelled rapidly
25  when immersed in phosphate buffer (PH 6.8). It is reported that adhesive prgperties. and

cohesiveness of mucoadhesive polyn'igrs‘are generally affected by their swelling
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when i nmersed i n phosphate buffer (pH 6.8). It is reported that adhesive
properties and cohesi veness of nucoadhesi ve polyners are generally affected
by their woeblignghehavi or. 28 Micoadhesi ve m crospher es pargansidppased to
take up water from underlying nucosal tissue by absorbing, swelling, and
capillary effects, |leading to considerable stronger adhesion. 29 % Swel | i ng
of different mcrosphere fornmulation was iound to follow the rank order
248. 318, 260. 1202, 198. 215, , 279.U26 and 16415% respectively, after 2 hr
for m crosptavier.}éuserdhesive orierespherss R SUPROTAO taks UR WatEGTI upssling Car bopol
7 1 G and Methocel K15M After 5 hr of incubation %swelling was observed to
be 295. 528mu@B4dl. Ays be 7dsarbing, SualingzEnd capiltay efisors, leadipg¢q Fensidgrablehi t osan
and Met hocel KI 5M.m crospheres showed significantly |ess (p<0.05) swelling
as conpar i samg¢roadhksion. Bt BdSwellie of differeny ocropphersr fropwlption Bamieundstiohere. |t
was observed that N-TMC and thiol ated. chitosan m crospheres swell slowy
and producédiowi gieerankuarderd Re&3:18, 260862 N8RS | 27é+aprd HétbliYe sl ow
swel ling avoids the formation of over hydrated structure that | ooses its
nmucoadhgsi wepeptivahgrafiee2 beffor eicrespbére rmyepated fram gehtitosaB) NORMChehiolatedr hand,

hi ghest swel ling observed in mcrospheres of Carbopol 71G could be due to
its high ichiiozamt Carbopdl 718 Hd8yiethdrictK13M. Afigrabheofoncubbismr %ismglling géas anount  of
water. 3 1 In Vitro Drug Rel ease Figure 3 shows the rel ease of acyclovir
from vari ovisserved 0B 8b 295.5£2871309.0833 @7 223+24D3 4@ 7430vetel 73dmtI %o sespettivehar d
gelatin capsules was conpletely released (95.3 4.1% wth in 1 hr. The

time takenChigoshehRisethd&YKabManicedspheras sBgwedr siymi fidantlyolessr(p<OB S MBellingi ol at ed
chi tosan, Methocel K15M or Carbopol 71G nmi cospheres was 5.00.4, 8.00.6,

9.50.7, 4. 00 ccmpamdord tdthiSlatdd ,chit@ameNtTME|of . Cafbupob i7¢Gi thiceaptetey Ihingher ti me
r equi red (p<O. QJ) by the thiolated chitosan m crospheres to rel ease

acycl oypr pFR¥rvBe tAUN-TMO &fl dRIEN chabahithicioypheres 3ol isowlie gidusrodubbd Ch
contributed significantly |ess anount of drug release during initial 1 hr

of di ssol Uhjoh? mabadhesiv¥ andgRO TRR. R%&Rdps Beodusasshsly fsiveming hivbias aRe or
formation of over hydrated structure that looses its mucoadhesive properties before
reaching the target.”® On the other hand, highest swelling observed in microspheres of
Carbopol 716 could be due to its high ionization at pH 6.8, which is capable of abso_rbiné

15  high amount of water.!
In Vitro Drug Release’

Figure 3 shows the release of acyclovir from various mucoadhesive microspheres. Drug

powder enclosed in hard gelatin capsules was completely released (95.3 + 4.1%) with in
1 hr. The time taken to release 75% of acyclovir (t75) from chitosan, N-TMC, thiolated

20  chitosan, Methocel K15M or Carbopol 71G micospheres was 5.0+0.4, 8.0+0.6, 9.5+0.7,
4.0+0.3 and 5.5+0.6 hr, respectively. The significantly higher time required (p<0.05) by
the thiolated chitosan microspheres to release acyclovir may be due to its better stability
in acidic medium, which contributed significantly less amount of drug release during
initial 1 hr of dissolution (29.3+1.1% and 20.5+0.5% drug released from chitosan or

25  thiolated chitosan microsphere during 1 hr). This initial higher release of acyclovir from
chitosan microspheres may be attributed to the higher solubility of chitosan in acidic
mednum _Chitosan is soluble in acidic medium but crosslinking with glutaraldehyde

through its amino group stabilized the microspheres matrix and provide the sustained
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thiol ated chitosan m crosphere during 1 hr). This initial higher release of
acyclovir fromchitosan m crospheres nmay be attributed to the higher

sol ubi | i twoaebiwhiizesan in acidic medium, Chitosan is secwhNmopmeoaed di c
medi um but crossHnki ng wi th gl utaral dehyde through its am no group
stabilized the mcrospheres matrix and provi de the sustai nedrel ease. 26
Significantly lesser drug release fromthiolated chitosan m crospheres is
due to the presence of disul phide bonds in nmicrosphere matrix further ,
stabilized tréieasstérslgrtnﬁcamlgllamg dnigtrilesgt lﬂbﬁlrtaioﬂi&idy:dﬂosaﬁ nﬁér@ﬁﬂieﬂet Rkdubep agent .

H gher armuq# of dru L lelﬂi E from Met hocel 15F/I spheres coul d be

assigned to %refelnﬁe ISYIPRIAT Ponids AM BPIGTORISTF Sty futher %}q‘zept‘h%\tﬁ%‘c%'[f’r prising

t hat wher easidnpevithi glutamplelydesas efosa tinkihguac de Highaf am&;rd%xaﬁ@weﬁ&@d Gent el eased
ibn.first hour jtself ospheres fromtrimethyl

20 to 40 % cl ov. Cr
chi t osan r%lﬁ%@ gl %Lﬁw MiFgSRNersE ALY l’%%séfﬁ"‘idrp f‘ﬁé‘"‘w plEtctg aRd lowaviscagjtyt o nost
uni f or m @r ugt pial Iedaesupprizirigl tﬁat%ﬁkaﬁth@ﬂfér@ﬂh&és df?aca%lrhae BhhedBxfhy ageadi ng

to 80%rel ease |eé§é2%51 m_ crospheres from ot her | nvestigate

conposi ti on&S B dé @a??@if'ﬂ\j' R @ﬁ%‘dl?%!tsei@%'fﬂoa?hef?ﬁcfr@spmrectb}sl of

carbopol ) t @hied felcdRUWdniyOsbotl P QRRAEE th fN?MU?‘?é?ah)ng t@ll;ri ost sHifolhP dfue ThE
e

rel ease rate frommn crosphere depend on many factors concentr§t| on of
pol yner usedelcasePrbls Qyer ppeiing eft i2durs altimately drrding &% 80%irelkase ind2towsd anount

of drug useduh.nelln%&@!;pnuegrﬁoﬁpeﬂtklt irﬁEb%ozﬁEd:comd:ogﬁloﬁJqul& [ &G H@t kon of the
rel ease kinetics the in vitro 8 rel ease data was t CF er o order,

first orl@er a%ﬁ\’ﬂz‘@%é@bﬁ‘?cr@ﬁmsloéﬁaf qmaI‘QaabOWt35st(meC@nmmtofMetldxcdgmr el ease
at time t; Mg hsuet he amount of drug. release after infinite time; Kis the
rel ease rate constant; n is the diffusional exponent indicative of the

operating r q—h@?&?m@m @f@rosﬁ@g?é&ﬂ 6#&:}{&‘1“3&% fikd é:ol%%ntrﬁ é?réaibqo@gg:ézhw th

the tinme cours distributi rrucoaanesi ve m-+<€ros

?Sgt : (r;nt 2e7 <d, Heﬁ‘.{%& of ppéblallﬁg!)l{-'%n{onﬁt ﬁ&@@qm&sﬁ’s%& (ri] a:rli)our?tn(()jf gmal | J LS

dissolution conditions etc.,
15  For the characterization of the release kinetics the in vitro drug release data was fitted to

zero order, first order and Higuchi equation
M,/ Mg=Kt"

‘Where, M, is the amount of drug release at time t; M is the amount of drug release after

infinite time; K is the release rate constant; n is the diffusional exponent indicative of the
20  operating release mechanism.

Quantitative GIT Distribution

Table 4 shows the time course of distribution of mucoadhesive microspheres loaded with

6-CF in the Gl tract, including the stomach (Section 1) and small intestine (Section 2-7)

after oral administration has been determined. 6-CF was selected as fluorescence marker -
25 because of its hydrophilic nature, higher extraction efficiency (>95%) and lower

detection limit (1.0 ng/ml). Following oral adrninistraiion, more than 30% 6-CF solution

was recovered from stomach, but less than 10% was located after 4 hr. Maximum amount

of 6-CF was transferrzd to the lower part of intestine after 8 hrs of its admlmslratlon in
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after oral adm nistration has been determ ned. 6-CF was sel ected as

fl uorescence marker because of its hydrophilic nature, higher extraction

ef fi ci encyo(ef)27and | ower detection limt (1.0 ng/ m) pcEaNteowbegsor al

adm ni stration, nore than 30% 6-CF sol ution was recovered from st omach, but
| ess than 10% was | ocated after 4 hr. Mxi num anmount of 6-CF was
transferred to the lower part of intestine after 8 hrs of its

adm ni stratj0 r:i‘h'er;I A3brSfor y*?r rEERARADIEUF ﬂ%gor{)tﬁ;nesﬂ%h@ins Qubls frurdbnfsor ption

siteis its solub e nature and its very finity to AT tissue. On

the other handufl alinffi QP Lat! O uRfofer ind GAARMMRIAIARS CP idkagan

mcrospheres revea erent d |str| ution pattern. After hr,

22. 33. Mfg;gﬂg{,}a ch.fa@amcrssfpﬁggﬁeg%@greégtagﬂg%qgmg.saﬁgﬁsa ?ﬂtem A zan‘rter 4 hr,

nearly 41 Was recove uodenum and j ej unum

o OF 22814 Beblaict’ biGhcou@leh Hom JoRhen s AR 1)aR4 BAL P, nefify 1%

formul atio S recovere rom he signi |can 'y higher

0%) pft AT
gﬂggégt %gastlgig%/g(l{g%%srr\?ge&% ar agfgéﬁ?s&ztg 5 ﬁﬁ?%‘f%g@edc]igg e3"0"5"51% mer ospher e
f | at i |t K15
e aser iAo RS 800 0% 2R iR DR RS
d 4 of G'T 4 hr . of trat 0%
?gcove?y affto efﬁg'h% 36‘?‘ gd‘?h%{?%gl Ay S"e:rr%"é"lngtgfoof‘%cﬁv"ﬁeclpwﬁd e? g??tl on of

t hi ol at ed h to chit Met hocel
< SM i cr ?go‘é%é’% ot ﬁalaﬁec‘ﬁ”l’ﬁélif%ggﬁ? TS Sga'ﬁfge'%éf toér iHadnesi ve

properties of thiolate hltosan 1 hat i odenum and
j ej unum r egh'(‘)‘?‘ia'b'f’"ef‘ﬁ?'é"é‘ff ulgiiony Hbmﬁﬁ’?ﬂsoﬂrc%‘?sé‘?n &’geﬁiqc?)'nal
therapy of acyclovir is it entlon in uodenu and unum r egi on
resul tilfg K> RrpsRhEG? s”&%i?gg 2 -Bianely- Gl o “mESSPYEDY ﬁ&h Hedf of the

drug is recovered in the faeces. in unchan%gd form Q.Jalltatlve QT
di stri but i drPf&HEdfterchivn of orad pdminjstrationaf dé el 22003l oV e AHFTOHD hr

enhancenment effects of _m crosphere fornulations was determ ned by carryi hg
out by det &f gdlwpﬁ@atloneﬂ@)gt@mmgher EEW&"F'% pfghiolated microspheres in comparison

to chitosan, Carbopo! 71G and Methocel‘ K15M microsphere formulation may be
attributed to the better mucoadhesive properties of thiolated chitosan in pH 5-6 that is the
15 pH of duodenum and jejunum region of intestine.”> The main problem with the .
conventional therapy of acyclovir is its poor retention in duodenum and jejunum region
resulting in very poor absorption of drug and nearly more than half of the drug is
recovered in the faeces in unchanged form.
| Qualitative GIT distribution study
20  Gastroretentive characteristic and permeation enhancement effects of microsphere
formulations was determined by carrying out by determining the extent of penetration
across the duodenum and jejunum section (Section 2, 3 andv.4) of fluorescence marker (6-
CF) loaded microspheres formulation. Figure 4 (A-F) shows the photomicrograph of rat
intestine after treatment with 6-CF solution (5A), thiolated chitosan (SB), N-TMC (5C),
25 chitosan (5D), Carbopol 71G (5E) or Methocel KI5M (5F) microspheres. The

fluorescence photomicrographs revealed better qualitative uptake and localization of
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across the duodenum and jejunum section (Section 2, 3 and 4) of
fluorescence marker (6- CF) | oaded m crospheres fornmulation. Figure 4 (A-F)
shows t hewphotomwaigwogr aph of rat intestine after treat mpaty/medobvodséF
solution (5A), thiolated chitosan (5B), NNTMC (5C), chitosan (5D), Carbopol
71G (5E) or Methocel K15M (5F) m crospheres. The fl uorescence

phot om crographs reveal ed better qualitative uptake and | ocalization

of fl uorescence marker | oaded mucoadhesi ve m crosphere in duodenum and

j ej unum as cdhwprzsasnicet markes laad¢d muedrdheSivgl migthapheres in dedderrmofand jeFumoaded
thiol ated chitosan and NTMC m crosphere showed hi gher fl uorescence
intensity accompaed wditsioiutiogeppl pdmwistratianoef GEF feadke thidlated phitsan amal N+t i ssue
(Figure 5B, 5C). This indicates higher mucoadhesi veness and penetration
enhancenent dM@cmicofsphené adhawedl highet ofumreseande NafEMBymrcompplier evithordeepl at i on.
Thi ol ated chitosan and NNTMC is reported to open the tight junction of

i ntestinal epereretionuof byarkert @r aaesting tissudr (Figes 5BNSC).pThik eindicdtés Righéer
responsible for its penetration enhancing effect.32 Acyclovir is a d ass
|11 drug. 5|t snucoathgsivenssalahd péngtrationtenkancarhent kifedt bt tiplftatthitosannhd MeTacng its
oral absorption. Hence, these results indicate that the penetration
enhancenent efifregphereffoinhilaloat EhioktedtdhResan rhd NoTpIReks aspoted kel ofta themghti ci al
in facilitating the oral absorption of acyclovir. Henolytic Toxicity Assay

Henmol yti c asgaytiérsofdingitinal epifielino 8y Witdtadiivig witidnteQinal prei¢inRBls YO REpIREBIRN ane
interaction. It gives a quantitative neasure of henogl obin release. Table 5

conpar es t he f6re perefraidn hiRimgleyisirs? Atyciiviries ents mi dﬁ!i%&@ R ReméaBriipisat i ons
of “acyclovir. Thiolated chitosan, NTMC, chitosan, Carbopol 7 1 G and

Met hocel K15 ¥ rafe Qi RERS infhienvitd ilsSordilabgorptioh. Bend3; théf. et indZGtedBat4 and
22.02.8 % hemol ysis, respectively after 1 hr of incubation. Thiolated

chi tosan 101 CEiRpeAMaBorinhRtRIeHt effebiOMBHiol ABIEIBEM it HeRd c&lid Gillent@idi NY @

significantly |'ower henogl obin rel ease than chitosan m crosphere. In the
case of the {hhalidtieEhne blal AapibA SFR5MGL es the | ower menbrane- damagi ng

effect in conparison to the chitosan m crosphere mght be explained by the
formation of He.qltofy@i'c ToRicity Assay v
Hemolytic assay is a simple method widely used to study polymer-membrane interaction.
It gives a 1quantitative measure of hemoglobin release. Table 5 compares the results of %
15  hemolysis of differeni microspheres formulations of acyclovir. Thiolated chitosan, N-
TMC, chitosan, Carbopol 71 G and Methocel K15 M microspheres showed 13.1+1.2,
27.2+1.8, 20.1¥2.0, 26.243.4 and- 22.0+2.8 % hemolysis, respectively after 1 hr of
incubation. Thiolated chitosan microsphere displayed a lower membrane damaging effect
causing a significantly lower hemoglobin release than chitosan microsphere. In the case
20 of the thiolated chitosan microspheres the lower membrane-damaging effect in
comparison to the chitosani microsphhlere might be éxpiained .by the formation of intra- as
well as inter- molecular disulfide bonds, thus leading to a higher rigidness of the
microsphere matrix. Rigid moleculeg have more difficulties to attach to the cellular
membrane than flexible molecules and showed toxicity.” These findings are in good

‘.34

25 agreement with previous studies of Guggi et al.™ asserting that chitosan-TBA and
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wel |l as inter- nolecular disulfide bonds, thus |eading to a higher
ri gi dness of the mcrosphere matrix. Rigid nolecules have nore difficulties

to attachwbaoionaieel | ul ar nmenbrane than fl exi bl e npl eculpes/ssvdesdeyrd
toxicity.3 These findings are in good agreenent w th previous studies of
GQuggi et al.34 asserting that chitosan-TBA andgl ucosam ne- TBA conj ugat es
have a significant less toxic effect on red blood cells in conparison to
unnodi fied chitosan and gl ucosam ne Pharmacoki netic Study Figure 5 shows
the pl asna @B5eBRINEtBAOHPEATS eve e SignViicpriiFss tarie &ffeqtronl red didodicsly it i on i n
the formof solution and mcraospheres. Thiolated chitosan m crospheres
showed supercPBparisgn yamodifisd ghitosan andeligesaminns i n pl asnma concentration at
24 hours. Nearly 4.0 tinmes higher AUCo-2 val ue of acyclovir for these

i cr ospher eFhpnoarokinstie,§tudyur / ni ) as conpared to drug sol ution (281.728
ng. hour/ m) was observed. For Trinmethyl chotosan m crospheres, however,
this val ue Figure hehowsithg plasmagieasentration profds ofacyelpyie after osal administretiwreint r at i on
was earlier and higher, achieved highest plasma concentration at 10 and 12
hour s which theofsme @f tselatiomrangd| micsespheres: oBvglated chifosanumisrosphrues, stiosveda 12
hours dosing, Trinmethyl Chotsan may be superior than Thiol ated Chitosan,

al t hough on supsgonimtovert the pthei farmualationg in plasthmeonoenpration atc24i hautsy Nedrhyi 4D at ed
chitosan may be consi dered preferable over Trinmetyl chitosans and best
anongst al | times higherrAld@doe value ofrpeysiovir dorsthese snicmsiheree (100895 bigdbainhi) ve
characteristic of mcrosphere formul ations was further supported by

si gni fi cant by chinghtet tf prify 6@)tione (2817428 bi.baurail) abi | dbsatvaB ¥ FRimdyT CH) as
conpared to drug solution . In addition, thiolated chitosan m crospheres

showed the aijtbsai ¥niti@spheres|t Rowevé)ehiaeyad ehat fwablsER MagepneeMidsay, irRP i hr ough
24 hr as conpared to the drug solution that could maintain this |evel of

drug onliy f phastha Encenlra@srOwasaamict &dQ@%hH, béHRSed ighsstiSihamd R cdnBhfASE 1POt ent i al
of rnmucoadhesi ve m crospheres of acyclovir prepared fromthi.ol ated. chitosan.

Hence, the @yPIBhdurdhickNovihas INBE ThioRelichitddeN hosaRare Tals, il L4 Rh&Hs chi t osan
m crosphere in conparison to drug solution is due to (1) increased
resi dence t yoEnWrfiibilyl Chotsan may be superior than Thiolated Chitosan, although on account
of significantly low haemolytic activit_\f, Thiolated chitosan may be considered preferable
over Trime;tyl chitosans and best amoﬁgst all the microsphere compositions tested here.
15  Gastroretentive characteristic of rr;iémsphere formulations was further supported by
significantly higher (p<0.05) relative bioavailability 387% for M-TCH) as compared to
drug solution . In addition,‘ thiolated chitosan microspheres showed the ability to maintain
the acyclovir plasma concentration through 24 hr as compared to the drug solution that
could maintain this level of drug only for 5 hr. Thése resﬁlts confirmed the sustained
20 release potential of mucoadhesive microspheres of acyclovir prepared from thiolated
‘cilitssan. Hence, the overall better pharmacokinetic performance of thiolated chitosan
microsphere in comparison to drug solution is due to (1) increased residence time within
upper Gl tract as evident by Gl distribution study (2) an intensified contact between the
intestinal mucosa and microspheres as. evident by mucoadhesion‘vstudy (3) increased drug
25 concentration at site of absorption as evident by in vitro drug release study and (4)

facilitated drug permeation through mucosa as evident by fluorescence microscopy study.
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upper G tract as evident by G distribution study (2) an intensified
contact between the intestinal nmucosa and m crospheres as evident by
nmucoadhesyonofyueyro(3) i ncreased drug concentration at sgctransfosadser ption
as evident by in vitro drug rel ease study and (4) facilitated drug
perneation through nucosa as evident by fluorescence m croscopy

study. Pl asma Concentration Profiles of Acyclovir IR 400 ng - Single dose
Three paraneters, time for nmaxi mum plasma concentration (tmax), elimnation
half life (Lbl}sm:aﬁdnaneatmnﬂmﬁlqsIoasmlwnﬁbmorlagr@mgﬂﬂrfbePI e (AUC) were
collected fromliterature 16 | 8 3 5 36. O her pharnacokinetic paranmeters
wer e cal cul aTteet bammterh,esee ﬁmw@nmwlq@mwpm@atratwnt(h@){ elispisatpn halfdifery) ati on

was perf or me 3 'aglg' ataeertags KB ERIBG OhiRE '(Rﬂé) d\Uérbn&)lFeE@dCt%hﬁse of

si ngl e dose parane ers escri The Crax was
0.78 ncg/ m.. m&’ﬂafm"? 3@? &, ﬁmﬂer ﬂzhasmm:ncmmmw“@mbautateétfmhtmemhm ofile
of ihis simulation concentration profiles of Acyclovir IR 200

ng- Si ngl e do pﬂvédfﬂé @8%@% rations of Acyclovir IR 200 ng were cal cul ated

fromthe siml atlﬁg bl oa%c'i)gl ev%li S ga]wﬁq‘%/ﬁ‘k?}%,hahgggg,qgnm mmgﬁer&,g%%;«l on.

The phar nacoKi e ovi Fis ose proportional
(non-1linear ghae dmewuﬁeg lhe$)rambtencdescrib¢£blnphatabla7cﬁnadém was 0.ahmcg/mli00 ng

dose vere nof, | keard )y Gt ARRlhEducithdh bRl bARRIGiGiOSnBaoed (200 1D

400 ng) 1. Theh e conparison o asnma
trati t fil 0 Pl
concent rat gﬁlaﬁi‘gg‘fqpé'gfr%f°%/sf6§é ov.ﬂv‘é’%‘%a%%”%ﬁ”%'@ﬁés%o?g Pl asia | evel s
f | t d 4
of multi % nglgssr%ac?op%n otnr 3k h lerFr l@%éﬁ h’%\l\b&e Lﬁu@&l & (&%ﬂ&e@“ﬁ&d’

hours, wer e super position nethod as shown in
the figure 8ievdieof Agnro@.rgkscmovmg bjnextcapmaMn dbr pbémqatcdmvaca:@fnémtqvatli‘»ons of

Acyclovir IR 200 I n o) Qn d T

di fference i 1% HEa"nég’F%ng "ﬁf (1S ﬁ"eaf a%hr%m%%'gée‘h?f {Q s ih&n B)%srgzhd Cmm)
achi eved dur dpgentiaiions 100l Jose/asred mngaarfyi ©dnpolat@iyet wasticabb®69 Hag0
g/t and- Cljfs]éc]f ]ZQOOV\%E aPO%umgQ ;l‘Ee %g{:vrq‘éhows the comparison of simulated plasma

15 concentration-time profiles of _AcycloviAr IR 200 mg & 400 mg.
Plasma concentration profiles of Acyclovir IR 200 mg-Multiple dose

Plasma levels of multiple dose administration of Acyclovir IR 200 mg (20C mg every 4

hours, 5 times daily)*® were simulated by super position method as shown in the figure 8

The figure 9 shows the comparison of plasma concentrations of Acyclovir IR 200 mg
20  during the dosing day on day 1 and day 5. The difference in the maximum and minimum
plasma concentrations (Cmax and Cmin) achieved during day 1 and day 5 was msngmﬁcant

Coax Was about 0.80 mcg/mL and Crin was about 0.10 mcg/mL.
Plasma concentration profiles of CR formulations -

Simulation was performed by two methods. First is by considering that the release of the
25 drug and absorption follow a zero order kinetics (ER-Zero order), and the second by

considering first order (ER-First order).
Comparative plasma concentration profiles are shown in figure 10.

‘The table no. 7 provides the simulated pharmacokinetic parameters of CR formulations in
comparison with [R formulation. It can be observed from the data on the table above that
30 the Cpax / C12h / C24h plasma levels of CR formulations are close to that achieved after

the administration of IR formulations.
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Pl asma concentration profiles of CR formul ations Sinulati on was perforned
by two nethods. First is by considering that the rel ease of the drug and
absor pti owof0idmrave7a zero order kinetics (ER-Zero order) pcansadobveoosecond by
considering first order (ER-First order). Conparative plasnma concentration
profiles are shown in figure 10. The table no. 7 provides the sinulated
phar macoki netic paraneters of CR formulations in conparison with IR

formul ation. It _ca e S ed f.rom,.t he. tabl e ve. t.hat the
a1 c1n i caiiinl SaaFRLY Rt WA B P AR AGE AR B
achi eved aft duririghke sedondidast péithealay etheteRnéso ofrihk aburenef the absoypoiod dsnto take

bi ophar maceutj cs. factor that.has.to be note ene is the slow 3 .transit

1 dur g PRE aZsh 088 s A bty efifioFlesii FrolfminiE st et Fhe
absor ption i ssldep). tiskalyphsaeust mesalt lin e dewko wivapsikbilitythamtiet firstddose ¢morning
astrointestinal ,.novenents (whep the . patient -is asleep). Usually this nust
Joul ¢ inSa BSFk SR MDA i Pl eOPHERreoHNg s ot ComargomPES o0, . bur
with a sl ow maingafos@@bsorption resulting in a |l ower Chax as conpared to the

nor ni ng dose. | N-VITRO DRUG RELEASE Si nce the absorption of t e drug after
admi ni strati M-VaTRODRUGREBEASE Wi || be independent of the intrinsic
absorption rate, as the intrinsic absorption rate is far higher than drug
rel ease rat eSiconhet bisotpoisags fer dug Sier tadmirddnacomptof AR rfaimadatisaedilf 8¢ t he
above sinmul ations, are.consi.dered tao be reflective of the drug release.
Fence the. i nIJFRERAFALPLGE MUTRSE BPSPIBRR THe &0 P PPN ETOMUORIAS BdPcHiEnst od
usi ng theo gemhes dhig@€leat ke Fo@ale ddbegdform 30D the abborptionat@eiseld ifbrahd Spve Tabl e 8
and figure 1lpresent the sinmylated jn-vitro release rate. PREPARATI ON AND
CHARACTER! ZaPeREomsere\canesidesstl o ha e TolesseTsnes Hledmo Qe ¢ he

conposi ti on gfeash kéMrRRE fGARIBAE VRO LAIMBaEC ¥EAOWE chetlll QuitioncabRenRs and

PEO were sel ected as nucoadhesive swel |l abl e polyners for controlling the
rel ease of -zero/ firstorder kinetics. Table 8 and figure 11 present the simulated in-vitro release rate.

PREPARATION AND CHARACTERIZATIONS OF ACYCLOVIR
15 GASTRORETENTIVE TABLETS

Table 9 shows the composition of different gastroretentive acyclovir tablets. Carbopol
and PEO were selected as mucoadhesive swellable polymers for controlling the release of
acyclovir. Carbopol and PEO have mauny advantages as candidate for extended release
tablets like good gel forming ability and mucoadhesive properties. The 763 mg was
20  selected the dose of acyclovir for control?‘ed release tablets as calculated by simulation
study (Table 8 and Figure 11). Tablets were prepared by wet granulation method and
characterized for different quality control parameters. |
Figure 12-14 shows the in vitro drug release of different batches of gastroretentive
tablets. Results shows that batch Acy-ER-1A, 1B.and Acy-ER-3A, 3B and 3C prolong
25 the' drug release to 12 hr period of time. Figure 15 shows the coméarative graph of in
vitro drug release profile of diff:erent batches with target profile generated by computer
simulation study. Bétchv Acy-ER-3B and Acy-ER-1B were found best match with. the

target release profile.
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acyclovir. Carbopol and PEO have many advantages as candi date for extended
rel ease tablets |like good gel formng ability and nmucoadhesi ve properties.
The 763 myowany/mel7ect ed t he dose of acyclovir for contrecrasmeh@mase
tablets as cal culated by simulation study (Table 8 and Figure 11). Tablets
were prepared by wet granul ation nethod and characterized for different
quality control paraneters. Figure 12-14 shows the in vitro drug rel ease of

di ff b s Of i bl . R I h h b h
L1 e, oLl oS58 ARt b o S R PehBhed
iod of tine, Fi 15, sh t rative. fi itro d
Per 00 01 L e W SRR MBS Bl B vl 42 b Ban”

' i .ati dy.. h -FR- d - FR- f db
COMULCr o1 TR A Tah i s PR B Bl e B d "

drug rel ease, and .increase the

characteristi f | yorer,. t hat .control the
Gl. retenti 035? %WS&?@%&F@?@&'?'%wgﬁmlpgg swsllifigrte 14 8r perindof time. A6YsERY | i ng

of different hatc f acyclovir .t s. Result shows that batch .

Acy- ER- 1B and'%AE'if{I shoys G 2513 ﬁ?-éer‘#’fsrve%lns Riemty matr anthdd-Hraed dAg%
swelling to 12 p,r pgri &d of tine. . Acy-ERI B and 3B shows the 302.5 and 255.7
% swel | i ng afPelingsiigs |2 hperod of timey Results greswell corrriated with theinhyitrg dpigod of
time. Results are well correlated.-with the in vitro drug rel ease study
wher e si ni | arFigasgstygy Mheresimilalydryg iieaieouas rrelpneed forr 12pkrnesied of time.nEhe The
results also shows the matrix stability to 12 hr period of time. Figure 16
shows t he redefuitsalyyshays e matey spadility Reripdpdtimenent s of different
batches - of gastroretentive tablets. Batch Acy-ER-1B and 3B have shown the
hi gher nucoadtguss (eshews hegesidts phmuepaghesive sirength measuseménts aftiifferent batshes
invention is based on the principal of conbination of -swelling and
mucoadhesliCy e ofregdstiorietsntiveo tabigte p Batsh | Hay-BR-18asind 0BBt bamei showralthet bigiod
acyclovir. Acyclovir is absorbed predom nately fromupper G| tract to
duodenum and muspaghesiver stighgths inTiempamson |ta stherf batalved. [Thisgineendoniscasdih@sihe e

measur enent study showed that these both nechanisnms are working in

conbi nat i on tponcipal of combination of swelling and mucoadhesive mechanism for preparation of

gastroretentive tablets of acyclovir. Acyclovir is absorbed predominately from upper G.1
tract to duodenum and jejunum region. The results of sWelling and mucoadhesive
15 measurement study showed that these both mechanisms are working in combination to

- develop gastroretentive tablets of this invention.
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pharmaceutically active agent and pharnmaceutically permtted excipients;
the said tablet capable of rapid swelling without disintegration in the
sai d si mwetzeth/gasdric juice to a size that shall resul tcrnNzdso@ast ri c
retention in the stomach and start controlled rel ease of the said active
agent by starting controlled erosion imediately after comng into contact
with the said gastric juice, or b. mcrospheres of ungrafted chitosan or a
chitosan derivative incorporating the said active agent, wherein the said
pharmaceutically active agent is not &£lpdMBreric nol ecule and after

adm nistration in stomach, the said m crospheres adhere to the gastric
mucosa for a long tinme releasing the active agent in a.controlled way. 2. A
control | ed rel eabeAdosagpdied geleasef doshgri forrh ( emprisingr #itherapeeticatly ceffeotivener ; are
nmucoadhesi ve, swel |l abl e pol ymers conprising Carbopol 71G and Pol yet hyl ene
oxi de, hyper nmel | osemopnlofet phdremeuticallyl activeaagbatpihht, weuldireteasaligiabait 92 sodi um
carboxynet hyl cellul ose, Eudragits, xanthan gum 3. A controlled rel ease
dosage of claim 1 hajrs natheore than tabeut Sedechf dtsaiMerceaeapenti i a Ayt sastriol
Acyclovir derivatives.4. A controlled rel eased dosage formof claim1l

wher ei n sai d per m juicedn phfirstnoader thte ©f keleaxcCini BSP $ype AndissoRitiom teld, aﬁiﬁﬁot a
diluent, a pH nodifier, a glidant, a lubricant, a filmforner,
anti-adherent, a comtdinigy agautilizeRoCDdvllglenhdncerBr B&A doMplist rel ease dosage
form conprising Acyclovir, Carbopol 974P, Polyethyl ene oxi Avi cel PH
101, Povi done K30, a.Magnekt Unadet Ramapeymeén chal! bﬂladall:aswlvbcaacdmﬁaﬂae 6. A

controlled rel ease dosage form conprising, for every 1000 ng of the dosage
form Acyclovir 763. 3éiBersCanboRak 34 Pofl Sbich PY YALEKIIRGRe,0%thdle said
10 pharmaceutically active agent and pharmaceutica\lly permitted excipients;
the said tablet capable of rapid swelling without disintegration in the said
simulated gastric juice to a size that shall result in its gastric retention in
the stomach and stan'cont;olled release of the said active égent by starting
controlled erosion immediately after coming into contact with the said
15 , gastric juice, or
b. microspheres of ungrafted chitosan or a chitosan derivative incorporating
the said active agen;, wherein the said pharmaceutically active agent is not
a polymeric molecule and after administration in stomach, the said
microspheres adhere to the gastric mucosa for a long time releasing the
20 active agent in a controlled way.
2. A controlled release dosage form of claim 1 (a), wherein the said polymer:: are
mucoadhesive, swellable polymers comprisiﬁg Carbopol 71G and
Polyethylene oxide, l;ypennellose, polyethylene oxide, Carbopol, sodium
alginate, sodium carboxymethy! cellulose, Eudragits, xanthan sum. |

25 3. A controlled release dosage of claim 1 (a), wherein the said active agent is

Acyclovir or Acyclovir derivatives.
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25mg, Avicel PH 101 93.83ng, Povidone K30 30ng , Magnesium stearate 7.5ny,
Colloidal silicon oxide 5.0ng. 7. A controlled rel ease dosage form of claim
| (b) wherwonoionaigai d chitosan derivative is Trinethyl ebiriRs@yoasc2

Thi ol ated chitosan. 8. A controlled rel ease dosage formof claiml(b)
wherein the said m crospheres are packed in a sachet or are used as an
ingredient to make a solid unit dosage formconprising a tablet and a
capsule. 9. A net Boda ofon@bidd! Yel@Skl QbsabETbRD of SIAIRY aPeMtkmaldiy Rihedive
anount of a pharnaceutically active agent froma controll ed release dosage
formto a patient, tdagmpRbHicBOSRYFentsOEIMPMRY!abih&dreRASHIULM, @g}?—l’tmo%li?ﬁehoéﬂ_s not
nore than about 90% of the said active agent in a sinmulated gastric juice
inafirst order ratgiggfe hehBA®S:, i fiftn Yo LY RS a?nti-%l%’?é?]lt,ula'c‘3£'tir¥ge§%em,ae{‘.d not
containing a solubiltlzer or a swelling enhancer or both, conprising: i. a
tabl et nmade from pol gL matrix of at |east two bi oconpatible polyners, the
sai d pnarmaceutically active agent and pharmaceutically permtted
excipients;, the saqidyt - I f i ; i Lt h ‘

di si nt egr thi on i ng't ﬂ% cggtlyﬂkglc‘%rrﬁ at @é&g‘j’a@? |%njﬁ)&?¥:‘% @%c'\a%i’i ggltb P Ir)1°allt974p’

oSt e L (FRRkltfent SLERIAR P (OPRIAPRE Mebolidh kUL L0 1 o0

rel ease of the said active agent startin ntrol’l'ed® erosi-on |

after comng into C QY RGHh s\fﬁ]c%{;'olzigg said gastric juice, or ii. mcrospheres
of ungraded chitosan or a chitosan derivative incorporating as the said

active agent, whegei i a ically.active a iS npt a
pol ymeric nol ecul é’ zfpnégrtz}&"é%? rgaig%‘?ndlrog%(rég’?‘llnbr?mflﬁxss"f%rf%rcﬁ‘;en?ﬁ@é%Q?gdf’ the
2cti ve agent in a cORREBITEE ARSI AR Rek RenaSb YR ariar By e 1t he
sai d pol ylraer S conpr '2%1%&%(4%8% lgl b?&mg, Povidone K30 3()mg , Magnesium stearate

7.5mg, Colloigal silicon oxide 5.0mg.

7. A controlled release dosage form of claim 1(b) wherein the said chitosan
derivative i§ Trimethyl chitosan or Thiolated chitosan.

8.i A controlled release dosage form of claim 1(b) wherein the said microspheresi

15 are packed in a sachet or are used as an ingredient to make a solid unit dosage
form comprising a tablet and a capsule.

9. A method of orally administering a therapeutically effective émount of a
pharmaceutically active agent from a controlled release dosage form to a
patient, the said dosage form would release in about 12 hours not more than

20 about 90% of the said active agent in a'simulated gastric juice in a first order
rate of release in a USP type 1 dissolution test, and not containing a
solubilizer or a swel[i‘ng enhancer or both, comprising:

i. a tablet madev from polymer matrix of at least two biocompatible
polymers, the said pnarmacgutically active agent and pharmz;ceutically

25 ' permitted excipients; the said tablet capable of rapid swelling without

disintegration in the said simulated gastric juice to a size that shall
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and Pol yet hyl ene oxi de, Avicel PH 101, Povi done K30, Magnesium stearate,
and Colloidal silicon oxide. 11. A nethod of claim9 (a), wherein the said
active aggot2oicsafycl ovir. 12. A nmethod of claim9, whepeirins@b/doosey mtted
pharmaceuti cal excipients conprise a binder, a diluent, a pHnodifier, a
glidant, a lubricant, a filmforner, an anti-adherent, a coating agent, a
colorant. 13. A nethod of claim9, wherein the said controlled rel ease
dosage form conprises Acyclovir, Carbopol 974P, Pol yethyl ene oxi de, Avicel
PH 101, Povi done K. 30, Magikds iits gassicaratention,in Gl stomhadhlandithrt cantrotled @Rasel4. A
met hod of claim9, wherein for every 1000 ng of the dosage formthe said
control | ed rel ease dosagsf thesahi aoiwer dgsmsby ayr€ih®Vedntréfial Srésign imediapgl 974P
75mg, Pol yet hyl ene oxi de 25ny, Avicel PH 101 93.83ng, Povi done K30 30ny ,

Magnesi um st ear at e 7. SnaftefCednting thed coitatd withthe MdidigastricQiige, od 5. A net hod of
claim9 (b) wherein the said chitosan derivative is Trinethyl cl itosan or

Thiolated chitosan. 16. ricregterd of Ghgafedd cii@ari Br t Aeckissh MeavARRNET €5
are packed in a sachet or ‘are used as an ingredient with optional addition

of other pharmaceuti cal lijgepditingechsi NBE eeHi®Nh&tivanChgeMCi RheinS tt,,@ IE4e a
solid unit dosage formconprising a tablet and a capsule. 17. A process of

making oral dosage for mphhmfdeaitigally &80 agehi Rondt REpcHikdtR Mblecdle aftPiteng Wet
granul ation of a m xture conprising the said pharnaceutically active

ingredient, the polyner sdafifsu@iéd i edhaeh, tﬁei@u.m,@o@hé@sdmkmqa%e%&ﬁé' ng
into a tabl et, or ii. preparing a sol ution- of chitosan or a chitosan

derivative in acetic acifhcosctdh g AME USSR LLAR BlniD2 BRATERGEY! | €21 1Y
gent, adding this m xture To contintuous phaSe consisting of |ight
liquid paraffin agda method of claim 9 (a), wherein the said polymers comprise Carbopol 71G
10 and Polyethylene oxide, Avicel PH 101, Povidone:\K30, Magnesium stéarate,
and Colloidal silicon oxide. | |
11. A method of claim 9 (3), whe:rein the said active agent is Acyciovir.
12. A method of claim 9, wherein said permitted pharmaceutical excipients
icomprise. a binder, a diluent, a pH modifier, a glidant, a lubricant, a film
15 former, an anti-adherent, a coating agent, a colorant.
13. A method of claim 9, wherein the said controlled release dosage form
comprises AcycloVir, Carbopol 974P, Polyethylene oxide,; Avicel PH 101,
Povidone K30, Magnesium stearate, Colloidal silicon oxide.
14. A metho& of claim 9, wherein for every 1000 mg of the dosage form the said
20 contrlled release dosage form comprises Acyclovir 763.37mg, Carbopol
974P 75mg, Polyethylene oxide 25mg, Avicel PH 101 93.83mg, Povido‘new
K30 30mg , Magnesium stearate 7.5mg, Colloidal silicon oxide 5.0mg.
15. A method of claim 9 (b) wherein the said chitosan derivative is Trimethyl
cliitosan or Thiolated chitosan.

25 16. A method of claim 9 wherein the said microspheres are packed in a sachet or

are used as an ingredient with optional addition of other pharmaceutically
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heavy liquid paraffin (1:1) containing a surfactant under constant stirring
to forma water-in-oil emul sion, adding gluteral dehyde drop w se over a
peri od ofwoi2omyo4czyat i nuing stirring for a period of timecTarpay/adoséry t he

m crospheres fornmed by centrifugation, washing with petroleumether to
renove liquid paraffin, suspending in a sodiumbisulfite solution and
stirring for a period of tinme to renove residual gl uteral dehyde, washing
finally with distilled water, drying the m crospheres.

permitted ingredients and excipients to make a solid urit dosage form
comprising a tablet and a capsule.
17. A process of making oral dosage form of claim ] corﬁprising the steps of:
i. making wet granulation of a mixture comprising the said pharmaceutically
5 active ingredient, the polymers and excipients, adding a gliadent and pressing
into a tablet, or |

ii. preparing a solution of chitosan or a chitosan derivative in acetic acid,
adding aqueous solution of the pharmaceutically active agent, adding
this mixture to continuous phase consisting of light liquid paraffin and

ld heavy liquid paraffin (1:1) c§ntaining a surfactant under constant
stirring to form a water-in-oil emulsion, adding gluteraldehyde drop
wise over a period of ;time, continuing stirring for a period of time,
separating the microspheres formed by centrifugation, Washing with
petroleum ether to remove liquid paraffin, suspending in a sodium

15 bisulfite solution ané stirring for a period of time to remove residual
gluteraldehyde, washing finally with distilled water, drying the

microspheres.
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