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Ps Microgram

mg Mittigram
mL Mitl.ititer
L Liter

|rm Micrometer

nm Nanometer
mg/mL Mittigram per mittititer

PSlmL Microgram per mittititer
oc Degree Cetsius

rpm Revotutions per minute
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DM-p-rycLodextrin Di methyt- p-ryctodextrin

SBE-p-cyctodextrin Su tfobutytether-p-cyctodextrin
RM-p-cycLodextrin Randomty methyl.ated-p-ryctodextrin
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vdrufluvr'ovdratanr:io-ulil'1fiJ:vlutritd'urincusma'rnranilrarivrura'aqua:rtorfi
rlruifuuavrtsuularanrYrur{anruardnuruarur)olfurftnrniguasLonru uavanrriuio-uvr{
r d u rdo.: rYu n r :rVsu u r m #rnTrur{grJ uu u rir.r 1

tJou[t,9tt,otnr:i{u
L. u1n1:avalutoruruoiv'laonsrBuluar:asa1u Hydroxypropyt-B_cyctodextrin

nrrurdudurir.: 1 dqzur,r4fi 25 oc rCorardrrairunr:rfinar:il:vnourg.:dou
:vu'irluoiy'laonrr0uuav Hydroxypropyt-p-Cyctodextrin

2. rnEurar:u:vnourfirdoutugrJarrrui.rlnu'ldrvrnfin physicat mixing, Freeze
drying uav Spray drying

3. n:?oqruailu"n'torar:u:snour8.:doudrui6 x-ray diffraction, rR_

spectrophotometry uavurrirnr:avaruTnuldrn:'or Dissotution Apparatus
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(Literature Review)

?ru?t ?u?tiru n :iil ?o ruo fi{ a o n grou (Norfl oxacin)
uoiv'laonsrfiu (Norftoxacin) tfluurrJfl-6ruv1unq'r fluoroquinotone oanqudn{rr

arur:o*irt{ouunfir:-ukivYlun:lu?nrauun:rau 6r1d1unr:inurl:nm'nrdotuviomrrrn-u
flaarrv riouanuurn l:nrauorturtavmr.:rrruo1141: Inoovu-urY.:nr:airr deoxyribonucteic
acid

qruauthvrrl rnfi nrunt^lto{r Norftoxacin [ 1]
uaiv{aontr0ul'a"nuruvtfJur.nf,urruioruda.:eiou hjfinatu fi:auu firfirarinLlaqa

3t9.34 nir pKa r = 6.34 *O.OO (carboxyl.ic acid) uav pKa, = g.75 + 0.07 (protonated
piperazine nitrogen) finnr:asaru (sotubil.ity) lo.ruoiylaontr6urtan.:n-lmr:rlyt, 1

nr:T ld 1 uanrrirnr:ava1u?Jo{uoir,laanm0 u d zsoc [t]
n?il1AVa1U dtonl:ava1u (mg/mL) n?il'lava'tu dflon1:aua1u (mg/mL)

rir
MethanoI

EthanoI

Acetone

Chtoroform

Diethyt ether

3enzene

0.28

0.98

1.90

5.10

5.s0

0.01

0.15

Ethyl acetate

Chtoroform

Diethyt ether

Benzene

Ethyl acetate

GtaciaI acetic acid

Octyl atcohol

0.94

5.s0

0.01

0.15

0.94

340.00

5.10



n1:a u a 1 u r o,:u o ir,l a o nf, r0uluurrdua qj n1u rir p H rir pH ordr n.:,r 5 r,ti
6.rrgu ueflud?{ pH 6-10 finnr:avaluana{ d,rgrJfi z

o6.rndr 1o t'nnr:avaluou

=s
=alEoc,

t 2 3 4 5 6 7 8 91011 12

pH

grJvrt z rranr pH-sotubitity profir.e roruoir,laonf,l€u vrrqrura4fi 25 oc ul

durJ:cd'rdnr:uilurn (Partition coefficient) 'uoruaivrlaanmfiu iiqrura4fi 25 ocn-rirunn'irr
rYudunlusr-rnulofioour1.,uavhitourhrl,r liiort'rr',,::uryu octyt atcohot, 0.1 M pH T.o
phosphate buffer iriln"u chtoroform raio o.t M pH 7.0 phosphate buffer irlryu o.,y(
atcohot 1ua'rra'ruvr'rvirnju ld'rir partition coefficient rvirn1u 0.46,lg4uau 0.43 sr*rrir'riu ttl
nr1un.: de?o.:u o ir^la on vrEu

ar':uriluoiv'laontr0ufinttunrn-:ur'orfiulunrtucdflo.:niuIa.: fin:unrffrrrirorfiuyr,
qruu4u'40 oc u1u 24 rfiour,lia 50-60 oc utu t2 tdauuavhinunr:rf,ouaarurutorfiurl,:rui',:
uoi}laantr€uvr'qrura4fi 1oo oc u1u 8 tirTu.r rravr'n?rrnrrirsian:utlsu our.rl:fimrururrrfir
u o ir'la o nmiu fi n : rtrl: si o ua.r

Jttt-ouotaoun':unldt'uolal:avaluuoiylaongriutu 2 N hydrochloric acid uavlri'nru
iauvr'qzura4ri' too oc ovtfinnr:aarurTr usitilrfinnr:aaruri.:rfioyrnaaui,u t ru sodium
hydroxide vrlrinrrilfauvr'qrura4u' 1oo oc u1u 15 urvr' uavrdorniurar:avaruuoirlaon*fru
lri'u- pH 5.2 nu'jrfin'lrln.:sr-rodr.:fiou 36 rq'ourfiorfiuvr,qzura4fr za uav 30 oc uonornd
a1:avaluuoiriaonsrfiua.ltl1:0 autoctave (L2t oculu 15 urvr-) kilrruiilaaruer-l d'rpi'0.:nr:
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lq;uxa1:aualuuoir'laontriuhifinrriln.:sr'rrrnfiqnn::ror5uulriar:avaruu' pH 5.5, ionic
strength 0.2

qvr#vrt rn dtiil urt aru o flla an sr0u
uofi'{aontr€urfluurpirur{ouunm'riunq'l Ftuoroquinotone oonqvrdn{rr ldlunr:

inurl:n6rrtdouunfiriun-vrr.rro'urJaa',r, ,rurri,6uav:cuuyrrlt6uurulo ornqor:In:.:airrror
uaiv'laontr0udrflu quinotone carboxytic acid u- Ftuorine (r) tiniurari.:vl'6 ua, piperazine
vi sf r uuilr vl- z drl#n' q vrdfir u rdo uu n fi ri u vY.: * n : u u ? n ua v r n :rr a u
nalnnr:aonqud

ornln:lairltoluoiv'laontrfrufirl{ carbo4ytic acid uav ketone i.:fiqvrdeirrtso
uunfitiu (bactericidat) rravtiu'r,t:.j substituent vr'sr'ruuil.: 6 gtav z rirlrifirJ:vf,mgnrnuavn,u
u:.:r,rndu Irruuoillaonrr0ul-qv,driurfonr:rir.:ruto.:roulsf oNn gyrase r,,io
topoisomerase-ll d':rfrrarirvrtrUaruu negative superhetic rflu dupLex orun rirlfitrirfionr:airl
DNR i,uuunfiria
Pharmacokinetics

4 qy .ut=olt/luruoiv{ a a ntroutu1el 2oo-400 m g Inanr:iurJ:vuru (si n gl.e dose) :caTu urlu
a i a,laantociur=nr 0.8+0.3 uav 1.5+0.6 mg/L mrurirriu nrulu oo-go urfi uasorur:n-larionr:qar

frIur uTlriqnduvrr.rrfru! uoiqnfluoonurlln usrn' etimination hal.f Life rJ:vurru g drh. fora
P h a rm a co ki n etics r o.ru o ill a o n t r0u ua n,l ryl n.r : r.: fi Z

nr:r.ryt' 2 Pharmacokinetic properties of Norftoxacin [2]

Peak serum

concentrations (pglmL)
Primary route of

excretion

nr:r.rd 3 PharmacoLogical. distribution of Norftoxacin in humans [3]

Hatf -
tife (h)

Orat

bioavaitabitity (Vo)
Ora[ dose

(ms)

3.s-5 80 1.5 400 RenaI
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p.o.= Peroratty

C.", = Maximum concentration in designated fluid
tm = Terminal, hal,f-tife of etimination from serum
AUC = Area under the curve of a ptot of serum concentration versus time
Vo = Votume of distribution
NA = Data not avaitabte

Metabotism

Metabotism to{uoivlaonsrfiurfintsuvr-o'ulnuroulrri pqso rravduoonyrllmil:vurru
30% Irrurfinfisl"ruuill amino nitrogen tlo{ piperazine ring ki'rflu formyt uav acetyl.

.. 1 s.-v J . - aoenvatves 14:0 lnn 00n{tn{uvt=no5u ouou gl o}J tfr n tfl u oxo derivative
I t Oylrou{ ]t

u o iil a o n fl 1 fi ul{in ur o r n r : 6 rr rdo fi : s u u vr l ! r n u fl aa'n v rti uvi o rJ a a r r v o-n r a u yrr r fi n * n!-.e
Ltro Neisserio gonorrheo ttauiloendntau uonolnu'f,.rfir-l:vf,uGnryrlunr:inurnr:n'rrrdovro
:vuuvrl{tFr-uo'll415fiInnorntdo E-co( iuia Shigello specieslnuiurJ:vvytu?,u.tFt 400 mg {uav
z-g o*o u1u 5 r-u [4] a'.:unr:inurlftvrlloari lriiurj:vvrru 400 mg iuav a nturu tq {u

oT nr:lilfllrj:vali
ld'urinaoul# ort6uu trioot,tr: i.:rr'uu rj'rorniuv aiourvrdu uouhiua-u d.:ornr:rvrrird

ovyrulilrfioraqrrur t51

vluyl ?U? ::iln::UUO { Cyc lodextri ns gta yOUy[U dt

cyc(odextrin rflu rycl.ic otigosaccharide fi gtucopyranose rflur,tilrueiou rttousioryu
ri'?ulYuov cI,{1,4) u'tooo'u1 fifo'nrTu lduri cyctoamytose, ryctomattose uav schardinger
dextrin dl cycl'odextrin 16'ornnT:dourrr1qlrrurouttri ryctodextrin gtucanotransferase
(CGTase)

inr:d'uuu ryctodextrin #.:uoiiln.n. 1891 Inu Vil.l.iers ru'orrrarlr:nuunala'nUilrru 3
ni:r ornnr:lr7uunfiriudouuflr 1,000 nir rfio#.:rn:rvf dextrin qtn Bocillus omylobocter
ttsiflu'jrHa-nvr'rfintflurfurfinornrtrofirJurf,oun'a Bociltus mocerons dr6n:rni,,o.:ru6nd6o
(c6H1oor.3H2o rravUurriunata'nvr'uuntri"jr 'cettutosine' riolrluiln.n. tgog schardinger
d1il1:nuun CetLutosine Lilflu dextrin A uav B trsiornnr:ufnri'rurdorr-.rnrirrtd'ruafihiuiluou
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lufln'rr' tggs finr:d'uflu y-cycl.odextrin Inu Freudenberg uav Jacobi gsid.:6ju-1n:
r:ruTn:lairrvr'uiluouno.r ryctodextrin 0un:vvrr.r f,n.q. tgqzaur:n:vqln:.:atr.:tor ct, ttav
p-cyctodextrin ldlnutd X-ray crystaLtography luiln.n. 1948 nulnr:rairrro.r |-rycr.odextrinuavnur'r ryctodextrin et1x1rntfiot inc(usion comptex ld,

q'J"o-
a{ilvl"l h4 cyctodextrin ilraulo doaur:nriririrfi n i nctus ion com ptex ki' fi rio.r.j^vr,

tf,u hydrophobic ltacu'?,ou:auuonvt'rflu hydrophitic yrhlri'arur:nuru..,rri ld, 6.rfinr:
tJ:vqnoil{ ryclodextrin ourrrrniraaruluqorarranriilu1rauo114..r:
In:.:air.:uavqruaudhur.:rniinrunril (Structure and physicochemicat properties)

Cyctodextrins (cDs) tf,u rycl.ic otigosaccharides ru.irld'3 u:vmun'a c[-ryctodextrin,
p-ryctodextrin tlav ]-ryctodextrin 6.:usiavu:vrnmunnsir{nluyl'iirueu gtucopyranose units
d':riarYuvr'sfrrruil.: cr{l,q) 6{ o-, p-ua, }-cycr.odextrin u-ohuru gtucopyranose units 6, 7
ltav 8 ntla'trt"u rrigrJvrJ 3 ryctodextrins rfluar:vro,tirutfi'rnr:araruuacn?unrfirtoruryro
u'o''ut'l'utnlnutay{rvour'r0.r B-ryc(odextrin ki'iunr:uoriuuavuyr:'uarutumflteiriutor
otrinr t6J uavql:rJ t7l du 2-Hydroxypropyt-p-ryctodextrin rf,uorp{urfto.: p-cycr.odextrin
fiultfrrYuourlu?Iiuaru'[utna-tsriiurororrinr qrualuh,uar ryctodextrin rJ:crnilei1.i 1 rran.r
rirnr:rlyr' 4

.l&Yclodertdn

rz.sA
7.9

,I z.g A

c$rclodofh

gtlvrd a In:lair.:ro{ G-, B- uav y-Cyctodextrin

FCyclo&xhln

ts-a Al+.----+tI 6.2A Ill._ile



n1T1{nd 4 qrudrtfino{ ryctode}trin uavorlvyuif [gJ

1 
Heptakis-2,6,-di-O-methyt-B-cyctodextrin

' 2-Hy d, o*ypro pyt- B -cyctod extri n

B-cyctode>trin n't'nnr:avarutuusrofr tfio.:oT nluIuraqatfin intramotecutar hydrogen
bonding iiruruurn:cil'jr{ c2-oH group ,uo.: gl.ucopyranose unit ryu c3-oH group .r,o{

gtucopyranose unit vtroq'lndrn'u.rriurirhiln:{af1{fin?ruu6rs:.:rfluaratrirfio hydration ryu

Iilraqato.rrirr',nd, d'.rusudrrYnrurln:rafirto.: p-cyctodextrin Iounr:Byruvira:,j rrydroxyt
d'lura{vrthitourirrtiu methoxy uav ethoxy rfioannr:rfiq intramotecutar hydrogen bonding
rir'lrinr:acu',uri',6ir', sr-rodtrriu heptakis (2,6-o-dimethyt)- p-ryctodextrin (gilvrr a)

uonornd nr:rfinrJfrfiiur al.kytation rato hydroxyal.kytation tolra:,j hydroxyt uo.r B-
cyctodextrin tgrJvrJ a) orpr-urifild'ovrrJduugUara'ni1n crystattine rf,u amorphous lirl#nr:
oru',uti',40n'jr p-cyctodextrin tdu Hydroxypropyt-B-cyctodextrin firirnr:avarurh6lfi.:
60Vow/w

Hyd roxypropyt- B-cycl.odextrin (H P- B-c D) fi ulldr{'uur nyl{ m a-r n::r ru'a.rr r nfi rir
nl:uru'lr,ri'llrn (urnndr 50 9/100 mt fiqm,t4n' zsoc) Hp-B-CD nnr:f,rrln:.:air.:ardnrf,u
amorphous arur:ol,.fituaro'nlpilo utrirfi rrfi usiotm

qnralrJfi cI,-

ryctodextrin
B

ryctodextrin
v-

cyctodextrin

DM-8, HP-8,

Number of gtucopyranose units

Motecutar weight (g/mot)

SoLubitity in water at 25oC (% w/v)

Mel.ting range (oC)

Outer diameter (Ao)

Cavity diameter (Ao)

Height of torus (Ao)

Cavity votume (Ao)

6

972

t4.5

2s5-260

14.6

4.7-5.3

7.9

t74

7

tt35
1.85

255-26s

15.4

6.0-6.5

7.9

262

8

1297

23.2

240-245

t7.5

7.5-8.3

7.9

427

7

133t

57

295-

300

6

10

7

*roo
>50

6



A

grlvrd c In:rair.:tor A: Heptakis (2, 6-o-dimethyt! B-ryctodextrin uav

B: Hydroxypropyt-B-cycLodextrin [9]

aaurflun-uta{ Cyctodextrin [ 10]

cyctodextrin finflurJaoorYuq.:rfio.rorn4n6l1d'riouil1n:cuuyrrrrrr'uorur: uavvru.jr y-
ryctodextrin, 2-Hydroxypropyt-B-ryctodextrin, sutphobutytether p-rycl.ocjextrin,
sutphated p-ryctodextrin uav mal.tosyl B-ryctodextrin er1x1:nlrilnunr:a'nkilntrhjriolrirfior
dufl:ruFiod1.:n1u usi6'ruflu cx,-rycl.odextrin, p-cycl.odextrin uav methytated B-cyctodextrin
bi ua u r r rut ohiTn u n r : o- rr

ct-rycl.odextrin lirlri'rfionr::cnrut6o.:ruoolfilnunr:dnuirndrr,u'u dutrirfinnr::vnru
ln'o':n1 LD50 oral. Ltau i.v. tfiovroraouluuq l'rir> 1o0oo mg/kg uav 500-750 mg/kg nrurirrlu
airu B-cyctodextrin tfinnr::snrurn'ottiounr'r cl-ryctodextrin rnoolfilnunr:dorr{rndruruso
LD50 oral' uav i.v. tlt'ovnaoulur,tq n-rir > 5ooo mg/kg uau 450-790 mg/kg nlrahnlu y-
cycl.odextrin lirlv{lfirrnr::vnrut6o.:rdolriTrrunr:firruirndrlrdouarrfiarnl:aarusr-?ourr:r,r5r
Inutoultri'lu:uuuvl'].:lo'uorur: firir t-D5o oral uav i.v. rrirounaouluraX >> g0oo mg/kg uav
4000 mg/kg mrlahn-u
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Cyclodextrins inctusion comptex
Cyctodextrin alrJ''t:otfiarrj:cnourfi.:douki'rYua.l:ua1urfin lorunr:{ufiuln:rairr

nrul'u'trol rycl'odextrin (host) d.rllraqatolar: (guest motecutes) d'o.ru-trurnnotu:,vfiovqn
o'urdrhjtulutarlato{ cyctodextrin drllraqaurfiturrrrdnn,irtio.:.ir.:nru'[uto.: ryctodextrin
ovrirl#nrun':sl'rto{ar:U:vnou t0.:{autrirr'rdo.:ornhraqaro{ ura1il1:nuanaonu101n
In:':ailurulu'uol cycl.odextrin ki'uan01n stereochemistry to.:or-:urudr nrufirYr,uo.r
Iutaqa'tloln"rurfin-ilaeiont:tfinar:d:vnourt.:dou Inur{.:lu hydrophobic mo(ecute arrl:n
tfirrar:U:vnouti.:douuuu inctusion ki'fin'irn-rurfirf,u hyorophil.ic mol.ecute utam-larfi$nn
0r?tuu000u

u:rdlqo:vur'r.rlura qa,uolsYrurrYu ryctodextrins kTrrri
o Van der waats filrJ:cnoueiru induced dipoLe-dipote interaction uav London

dispersion forces

Hydrogen bonding
aierr:.r6.:4nfirfinornnr:ilanila'ouua-.:lrut,oot'a:rrr'r.:nr:rfinar:u:vnout0rdou

n1:lnna1:il:vnouttl{ou:vudx rycl.odextrin uas guest motecul.e uaapd'lgttvr' s
rntolilraqatrolurqnoiuog'[uln:.:air.:'uo.: cyctodextrin ocd.]uflorn-un1:aarud'.:I,urJflniur
hydrotysis, oxidation, racemization, photo degradation ltau enzymatic decomposition

I:l - complex

grJvr{ s In:.:airrro.r ryclodextrin ttav n 1:rfi nar:u: v nou rfi .:dou

duqaro{6t1:rj:ynourttdau:vra,jr{urriu cyctodextrin [10]
nr:urrirnlvttauqa (() r,liorirn.rfinl:ttnnn-? (&) ,uo.:ar:rj:vnourfi.:{ou:vr,t:'rlurniu

cyctodextrin rfl u a"l rir riry td o l o r n ua n r fi r n r : rd a'u u ur.l a r 4 ru a r u5ut rn fi n r u n r nt o r

a

a

tV
i l-ou-!q___J

rsl^ _i
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a1:il:vnourildoufirfio:frutrT iEvrtfiuul{r,trrirn.rfi (o n'ofiarnrunr:rilajuuuuar,uo.:arrifiur.:rnu-
n1un1fl?o{ar:fr'drurr{rar:U:vnout0.rdou kirrri Iumqatarur uav cyctodextrin qcuauuhvrr.r
tnfinranrvrfr'aulofinurld'uri rirnr:avaru rJfl-fiiurrnfi motar absorptivity uavardfiur.:ua.:
(triu opticat rotation dispersion) nr:frr phase sotubitity, nuctear magnetic resonance
chemical shift, pH-metric method, catorimetric titration, freezing point depression g1ac

liquid chromatography chromatographic retention time
i6nr:rarrirn.rvr'alqadfiul6o phase-sol.ubiLity method [11] u-dunaul,unr:unao.r6olei

urutoar:ns':d'u (substance; s) lurJiurruyr'rrnrfiunoarlu vial. uionrrurdruurrau rrnurufi
a1:avalun?rIr{r{usir'i sl lJo': cyctodextrin u6o ligand (L) a.rlu viaL r,uutlio^au,'oruunnJ J o- _r-'-"-d--
n':fitfio1furuav cycl'odextrin a"uliarYuotjr.rriordor oun:cfi'{r?ir6'nrrvalEa 0nuurn'[{r:ar
u:vlrru t#rjnrf) o'',nr'rnruouavirn:rvrin?lilliirdurorurluar:ava1u ai1.: phase-sol.ubitity
diagram Inunr:ilaonnrrilr{u?iu'tlorurluuil:u mol.arity (unu y) uavnrur,tiu{urir.:1 ,uo.r

ryctodextrin (unu x)

Concenlration
of Drug

grJvrd O Phase sol.ubitity diagram [i0]

Phase-sotubitity diagram uil.r1d'rfluaoiuuun'o A-type uav B-type n:r1r n_type rf,u
inctusion complex vt'avarufil il atu B-type rflutfinfiavaruu?rld'riou u,uu B,-type n-nr:
avaruki'iirrYq dru a,-type rflurfinvr'hjuro..rrr"luu A-type aur:nuuruouoonld,rflu A.- u-nr:
tfi'unr:a'arurf,ut#un:.:nrunrurt7lduro.: rycl.odextrin, Ap rfluuuu positivety deviation
eiru n* rflu negativety deviation

Concenbation of Cyclodextrin
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Phase-sotubitity diagram tlo.r p-ryctodextrin avrf,uuuu B rdororn p-ryctodextrin
a'a",uti.ld'tiou or.1r{uifto.t rycl.odextrin rriu Hp-B-cD uau SBE-B-qD ovrfi,ar:il:cnau
t0.: {a u yrJ a s a r u rir o-olri'rf, u n : r ll uu u A

n r : rJ : v q n d'td Phase-sotubitity tno o u r ri r n r fi a u q a t o r a r : U : v n o u rfi .rdo u g1a n.: el-.:

ailnr:sioh,f

mlSl + nlll €) [S.t_"1

K = [s,,LJl[s]'[t]t

trJ0

ISJ = 5o

[SJ, = 5o+ mlS,nLJ

[LJ,= 111 + nlS,nln]
uXrY.:riurirto.: [S-Ln], [S]uav tr_l rfluri.rd

[5J = 5o

lS'nlnl= [S]t-S/m

[L]=[L]t-n[S,nln]

.A- - { r Jtilo so h'orir nr:avar ufi alqato.:ur (rfi olilfi ar:tir a rfi l nl:aua1 u) [s], rf, urprluiuriu
,'orrrt,uorr (vtg.lvt'rfintf,uar:U:vnourfi.:douuachjrf,uar:r]:vnourfildou) uav [L], rf,un:uyy!
ll'xl'ufl{uun'uo': cyctodextrin drr,tiu Phase-sotubitity firf,u first order fiutJ:riunrl
ryctodextrin (n = 1 ) oslei'ar nr:n-.:d

lsrt =rS**r.1+KSI u

uionaon tsl, fi'u [L], ovld'n:ryldun:.: filorm"rrrrnu y ovrflurir so uavnru,{lu (stope)
q, u!

1UlJn1n,:u

1+KSI
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rur'airir m fiocaur:nriru':suurrir x ki'rir m=1 (n:ninr drug : ryctodextrin rflu 1:1)
ov'[d'aunr:rr-.rd

K1'1 =
slope

So (1 - stope)

i6nr:rniuuar:d:vn ourildoutol cyctodextri ns
InuvYrhjar:rJ:vnout0l{outo.:u1n-u rycl.odextrins a1il1:nlnitrutrilarurjroTrarUi,rru

vlolrntfiuuouravarulual:ava1uto.: cyctodextrin, turir udrdrurnura:'or,ueirlorufr'ornruqu
qrur,!4filrin':vt' oundrostfinnmvalqa fi.:orod'o.r'[6rrarururf,ufurata#r.Jnrri trsun-urfinro.rsl-:
a1 ornusudrurn:olu:'o centrifuge rfiolvitd'ar:asaluro{ar:rJ:vnourfi.:d'ouvila rrdrrj.r
at:avalun-'tnriruTtlt'aru'roonlnunr::vruuuio:vrfinrnootritd'ar:U:vnour0.:doufirfiutoru6r
Inutdrvrnfin spray drying, freeze-drying, kneading, co-precipitation, neutratization, grinding
uav heating lunrtuvfifl nafi m t1 2l uiotniurar:avarua'ud'rroroTr ur u#rdur son icate ttau
nnnvnoufiqrura4firad': 1 t13l :ruavt6untarnr:rniurar:il:vnour0rdouuuu inctusion ,uo.r

cyctodextrin Bavul firY.:d trot
. Co-precipitation

-oJfi. q u?0u[tu1n[u:vpt]utiolunaol Inunr:dr cyctodextrin avaratuurr rrdrrfilararlr.J nu
odrrsiotuoor rr'old'nrut{lriuvr'q.r nl:auaruflo,: cyctodextrin-drug comptex orr.,nr*ro,
i-aYdrn?ltavtilrln1:nnncnaufru (oroldnr:aoqrur,r4irnoorirtrfnnsrcnau) nr:rfiunvnouvrfuiaur:n
vrhlorunr:rir decanting, centrifugation u5o fittration 6lorol-nr:dr{nvnouil1d'gi.lrJurruiilrru
rdnriou uEod:riravaruduvt'r{r1d'ffuui rru rouruoa nr:d'r.rusarorir'lri'finr:4ryra-uar:tJ:unau
rt.rdould'

doiirrY0'uo.:i6nr:d donr:turutulprnr:H6n tu'o.rornn1:aualuyr-ii1n-nto.r
ryctodextrin riririd'0.:t{urrturjil1ilil1n rurnn-rrniuld'ortraqj:f,u nr:l,#nrrlfouttavn1:aer
qrura4l'fi rfl oo-ururiruiei.:arasiod'urlunr:r.r6nld

. Sturry comptexation

tilfinrrusirrfluvr'oi'0.:rir1,vi cycl.odextrin acaluaxq:nirfi'ovroovririri'rfio comptex
aur:ntsl':J''l': cyctodextrin lrnfiliouav 50-60 rrdrnu ovlpi'ar:asaru rycl.odextrin oir#t ur
uioar:frrtn'ila{hJoctilrfinar:il:vnourfi.:dourYu cyctodextrin luar:avaru fi.:ar:tJ:vnou
tfil{ouvrJtfindrf,orrnrrnou orntfuu.r cycl.odextrin evavalurfi'l:f,un'rlriar:avaruOupTr6nni.r
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nvnouta{41:U:vnouli.rdouvr'lda1rJ''r:nttunoonalnal:avartrld'lnui6nr:ro-u.lnTu 
co-

precipitation

trarvr'ldlunr:riri6nr:d;usurYuurvroriurrirar:il:vnour0.:dou qrura4fifir.rasionr:rfier
ar:il:unourt':dou tfl:rcnr:tfilqrur,r4firf,unr:rd,:lfirfinar:il:vnour0.:dou rrsiorodrlfi
ar:il:vnouri':{oudtriLimdu:uiotfintrihiaur;:niuavorolirl,fialatouaaruld {orpiu,ori6nr:
d6o nr:a,rjiurrurfilunr:rn:'ur uavaorru.rer,,arqrJn:ninr: rniuu

o Paste comptexation
qd !ai6nr:utilugtJttuuufi.:'tro.: sl,urry comptexation un'lduhrfiu.:rSnrioulunr:rfrhirfin

paste ornriu6alalJlulni.: ratoriraranil'ru:ulrnfi1{rnSorurrrruau (Kneader) ri.:urrarvri,g'fitiuryu
tuntoluT firir:rrrniuu ar:il:cnourirdoudld'aur:ndrurrirhiurirld'ri'uvr-raioorodrrriruuvr
rdnriouudrrfiulorunr:n:0.:raiofluu,rCur (centrifuge) io-dororirlfi paste uri'.rrfi,rfluriouu6ry y-u

rl''rfifitr-urYutfiprar:uacUilrrurh lrrur{rhiud'rfiouud.:firfirrdua.un:ovr.rl,ri'uvi.rudrrirluuarld,
. Damp mixing and heating

ad &, uZi6nr:f,ldrirriauurnuSouvruovlil,{rau Inurfirfornl,rr,tl.f,fiil:vurrufou av 20-25 r,o{
rlrr,trinru'ruri':r'orr, fi.:r.Jiurrurirturnujnuki'o'rnnvnoual:rJ:vnourfirdouyr"n:o.rld,orni6 co-
precipitation uio Sturry comptexation io'drirfuilnun''r:Hailuruav ryc(odextrin lri'rdrryu
u::ltuntuvvt-flnauvl uactfin:uioutJ:vurru loooc ornrfufiri.oonn.rnnlruc..av?irl]i*fi'.r
uilrrurl1fild Harlunr:r{ail uavt?arir'lri'nrruioursun-uanr:ryr'rurrrautorarrrriavrfin*av
d'a.r:vf.rGornrrrf,'rrraurutorurur'alri'n,,ioufi qrur,,4n-q.r

o Extrusion

Extrusion tflu;rJuuuud.rtolio'damp mixing and heating rfluiBvr'arur:nrirld'siorfio.r
tirlnuatauur ryctodextrin uurr', ornfutfiu'uo.:ruala.:l,u extruder rloo'ufiiarald'uri nrr,fouyro
hi uavrrarvrl{lunr: extrude ar:il:vnourfirdoufitri'arou#.:lun:vu?un1: extrusion r,,,iopi,o.r
rirhjouuri'rsidusurYuiliu'',t tl'.tfl't'idnr:usilorriu6orf,u:vuufisioru'o.r uavld'rirlur.ti,rruriou
urnusiruto.:orni6ujoi'or1dn:uiouo'.:hiruurvn-uuryrtu*munruiou

. Dry mixing

ar:urltfiorarur:ntfioar:U:vnaut8.:dourYu cyctodextrin trYrfiu.:nrruara..,rrtoao.:rr7r
d':urTu io'nr:ustuurcrYuar:?l'tflurirriuutora{rila? r.:arv,1{fit'un-urunrorar: io-usarur:n
rniulld'vr"qrura4firio': uavrflugUuuuufir'uo.: paste comptexation yrrriu,yo.:i6n..,:d ,.alrjfr,oo
t't'ri'r tril'usunounr:dr.:ar:u:cnaur8.rdou usifi,ilorfluororfin caking rfiorniurrJiilliluln u1n
nr:aralbifirj:vf,vrBnrvrtfiu'tnoorotfinar:U:vnourfi.:doufrur'-arq:nirravldrrarurulunr:rniu,
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n1:U:criiuqsu6t,mm,l{ tafi nrunrnralar:rj:cnaurOldau
q zu a il il6 vr r l t n l' n r u n r n t o l rr"t u t fi n r : ril ad u u urJ a.: r d o 6'r u r r fi n a r : il : v n o u rt r do u uu u

inctusion rYu cyctodextrins dlnr:tilaruuuila.:qrualuGarrJl:r'rgr:?eaould'raaruidrdu phase
sotubitity, nuctear magnetic resonance spectroscopy, x+ay diffractometry, differential
scanning catorimetry (DSC), thermogravimetry, differentiaI thermat anatysis (DTA), infrared
spectroscopy (tR) rf, ud'u

nT :rJ:vq n fl f cyc todextrin s ua voqr{u{vr r.: rnf,tn::u
fl o 1uiufi n r :dr cyc Lodextri n s ua c o q v{"u if l rldlu u t rn dt n : : u o rir r rrfl :'u a r u rfi o.: r r n

ar:U:vnourt':dou:vr,tdrlurrYu ryctodextrin rirlriqruauu$urril:vnr:ro.:sl-rur6durdunr:
acalu n:run':n': ltac bioavaitabitity nr:rir cycl.odextrin 1rl.fil,uvrrlma'tn::lfirrisiohjd

1. rfirnr:avarutorarfiava..,urirurn
2. rfi'ltl-lJ :v SuBat a (bioava i ta bi tity) r,o{ u 1

3. tfi il n I t lt n t sl-,t yt 1 I tn u- t,[a s il 1.: n 1 u n 1 fl t o,: u,t

4. t8'[u:vuurirai.:ur

.-'Ju.1. ltlrn1:ava1uta.:urytavarurirurn

oqr{uif'uo.: cycLodextrins rtu Hydroxypropyt-p-cycl.odextrins trurfiunr:oru..1rd.
to.:urvl'araruulurnkin- rdu famotidine, ketoprofen, dana zol u2-t4l rflufr'u odr.rt:fi
nrunr:tfi'rn1:aua1u't,olurvt-avaruusrurnlorunr:tfioar:U:vnourfi.:douryu cyctodextrin
rfu:f,uoqjri'ufloo-uraaruil:vnr:t'tiu degree of substitution rJo.l cyctodextrin ri'rrfluoqr{uii
tinrdurrYu oqr{uriiifirir degree of substitution sirovd.turfilnr:avarukidn.jroqfi'u{fiil-
rir6': ol-ruriin'rJ:v1n:.rtun-u cyctodextrin rvrfinar:il:vnourtr'.:daufuisr'n.jrd'rurfiru'rJ:v1
ltlou?n-u cyctodextrin ,uno'lndt,'lii'aqlqrJvrtrrnnst-?ovrJ'rir stabitity constant sl'rndruryl'ad
lugrJhlunnn":

9Y,it,O{ClYl0'tElil "1 I oT*7$

,.t1oi,t 5 nr:rJ:v q nofl{ cyctodextri n lunr: uir rir nr :a va 1 u?, o{ u 1 [ 1 5]

p-ryctodextrin N i mesu [ide, Su lfomethiazote, Lorazepa m, Ketoprofen,
Griseofutvin, Praziquantel., Chtorthatidone, Etodotac,
Piroxicam, ltraconazote, lbuprofen



t6

Praziquantet, Omeprazote, Digoxin

HP-B-cyctodextrin Atbendazote,Levemopramit HCL, Sutfomethiazote,
Ketoprofen, Griseofutvin, ltraconazote, Carbamazepine,
Zotpidem, Phenytoin, Rutin

Naproxen, Camptothesin

SBE-p-cyctodextrin Danazot, Ftuaterone, Spiranotactone

Randomty acetytated

amorphous- p-cyctodextrin

(AC-p-cyctodextrin)

2. rfi'ufi ':rJ:sf, il8ara (bioava i ta bi tity) ?,0.: u1

u1fii6?il:vfirBflasf1r-ntflutrrvin-ton1:avalul,urirntrr,tiorfluara'na-rugru (crystal.tine)
tuln:':afr!to{a't:il:u nou t0':douiiruyr-hjrouu3r,uorfu ra na u1o s a qjn ru1uda.r,o.r
rycl'odextrin d.rrflueirufrtl*tourfiudr druvr"rourihto.rllrarla cyctodextrin ovrf,urtirur
! .oe , ! t t

rir rirhi'ar:rJ:vnour0rdoutorurfiava.',urt u..,nararrtL.,td'rrnt', uonolnusnr:rfinar:rJ:n
ourfi l{ourirlrirfi rrardnuuuoa'rugru (amorphous)

3. n 1 : rfi'il n ? 1 il n.r sY: il r I rnfi ua u yl 1{ n 1 u n 1il ro.: u.t
J -*u1lAaalud'?IrrurJfrfiiut hydrotysis, oxidation, racemization, photodecomposition,

potymerization uio enzymatic decomposition tnrarfinat:d:vnourfi.rdouryu
cyctodextrin ToruIilmqaflo.ruroqluln:lafrrkraqaro.i rycLodextrin ovtiruanrJfrfiiurnr:
aaruoirki'rtiu fr.lur chtorambucit, meLphatan t16l uav famotidine t13l rfiorfin
al:u:unaurB.rdourTu Hp-B-cD ovtirurfilnrun.rffrld'6.r tg ryir, 5 ryiruav to ryir
nrlairYuffi orvr'uurYuar:avaluro{er'?urlurhraioar:asarufT,hy{oi

nr:rrfi 6 uanrruasian?1iln{ff?ro.:urryu rycLodextrin fi:ru,:ru.jr ryctodextrin rfir
n?1iln{eY?to{ulolatfluttaurornnr:uiuus.:nr:rfinilI-fiiur:sil.ir.:urn-ufloo'rlyilirtri'uraarurTr

I

RM-p-cyctodextrin
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Iotu motecutar shieLd comptex drfindudruflo.rn-uurornfloo-urir.: 1 vr{vrrrtri'uraalusr-?
nu'irsBe-p-cyctodextrinallJlr0nrjunrun.:d'.:lfi n-uurlrndqo

nr:rfiun'ltun':f,t-?'t o'l rycl.odextrin tsunlug::ltr6uavarutrrou,t:,juuufiuaviloo-uyr.ri.r
hiuraarupir Hp-p-cyctodextrin a1r1:0annr:aarurTrur.o0n[a{ro{ 2-ethyt hexyt p_
dimethyl aminobenzoate luar:avaruki6n'irluo'fafu ar:rJ:vnourir{ou:su.irs
trimeprazine uio Promethazine f'l-u rycl.odextrin finrrun.rdrsioualurnnr'ruttr,,a?

n r :r wrt 6 r{ a t o.: cyct od ext r i n si o n m u n { ql-?,r, o.t u 1

-

flail[no?u U'I Cyctodextrin
tn'ilnflun.:slisioua.: Promethazine HP-B-cyctodextrin

DM-B-cyctodextrin
2-ethyt hexyt p-dimethyt

aminobenzoate
HP-p-ryctodextrin

rfiu shetf tif" rfi, q ilIu,utricioruauio

dn:rnr:avaru
Gtibenctamide p-cycl.odextrin

rfi I n': u n.: n"r ri a q rur,t4itu grJ uuu
tarutr

Dictofenac sodium p-cycl.odextrin

tfiunmlnloTrsio acid hydroLysis uav
photodecomposition

Doxorubicin HP-p-qyctodextrin

HP-|-ryctodextrin

tfiunrun.loi'lrio hydrot ysis Acy[ ester prodrugs of
Gancictovir

HP-B-ryctodextrin

Digoxin
|-cyctodextrin

Rutin HP-B-cyctodextrin
Camptothesin RDM-B-cyctodextrin

Metphatan Carmustine

Pactitaxet
SBE-B-cyctodextrin

HP-B-ryctodextrin

tfilnmutroiorrar Ftutamide
B-cycl.odextrin
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4. ti'lunruqtnr:tlanUriauur
.i,tuo':a1n cyctodextrin drutfiudn:rnr:ava1uro.:u1fiaca1u1i1u1n or-rriud.rdrlri'

bioavaiLabitity tto.:urtvt-ltsuei'ru sY?odrlrdunr:ld hydrophitic rycl,odextrin rirurfi'unr:
acaluto{urnq'u steroids, NSA|Ds, cardiac gtycosides, antiepil.eptics, benzodiazepines,
antidiabetics, vasoditators rfludu eirunr:td Hydrophobic ryctodextrin rdu DE-B_6D
uav TE-B-co ovdrulfi'uroonqv,dtu"u rv,'oao'nru61unr:lriur nult'[r[n.:uiuru'olunr:
iurj:vm ru u.,r..r nd, uiunr:ldur d ittiaze m rfl urTu

5. n't:d1 cyctodextrin ur1.fi'lu:cuurira'lur
rsuui%iru1n1nn1

uruuorrrvt'l{lfluvr-rhJtf,unr:i#urfiu'qvrdranrrfr'rriuuruuonmrgUuuuar:avaruta or
Itt'l?uqvnau'ut^*.rtl",rr'', uio ocutar insert d.:;rjuuuurrueirdn'firU:vtvr6araofr rdo.:ornqn
6lairun:vo nnrld'fouuavgnto-ooonor nnrld'i1uo1nn1:n:vfliunrrtiuurnrlu;Uuuu
ar:avaruta raiorialrirfinnl::cntuta'0.:mrrduurnrlugrJuuuulrrl,?ununou uiodrt#uo.:
nrvrhit"nlun:rfirfiotdulddofllur'', niusuo-.rLi'u'nr:y[ruururnrrn'o1ri1ri4nfiilairun:vonnr
ld'Irntlsulnunr:tfinar:tJ:cnour0{dourYuar:fr'avaruld'rr'turhfurtiu chotesterot uav
phosphol'ipids atjrlt:fisrrlar:nreirf,dtd'rYuuryr"acartrlurfiriu uriqorfiuairursu stroma
t'o{n:unnnrld'urnrn:rr"frr'r-Iotoafr.rfitourir drhinr:ldar:U:vmul,ufuhirioaki'^a
tvirfinr: sia!rfinr:td He-p-co rau sBE4-p-cD drlffutu pitocarpine prodrug uay
cetirizine vru'irtiruaonr::vnrutn'orsntd'rn:rcn-rurriou 1 qnrJaorrJeiouoonillolnln:rair.:
to': cyctodextrin ,uno'',nr'n',:1{ ryctodextrin tirurnttnrrln.rsr'rtfiffuurld'r,tjud,rur
Dipivefrine tflu prodrug flo{u't epinephrine l{tunr:inutd'ofiu m-:ur Dipivefrine fit-ornr:
a'u''t,ti'ltiourrdacaruttifilual:aua1u pH 2.5-3.5d.: pH ,*dulri,nrnrr:vnrsrn'o,rsrrld' usi
tuootniuutfluar:il:vnour8.rdouniu sar+-p-co d pH 7.4 oc,ri.lurn"unr:araruro.:u1
Di pivefri n e \d zo -zoo rvir In ulri rfi n n 1 : : u Ft.t u Ln o I n r

odr'rl:finriloiriuuTntdrflumutti-dose container iirrf,ud'o.:kiar:ryurf,u
(preservative) rn'orJolnlunr:rt3ryrfiuImra.:rrsorfiarf,ol{uas:vradrrnr:rfiufnur nr:1{
cyctodextrin o l o a n rJ:v f, vr Bn r vrt o ra r : riu rf, a nq'lvr'a v a r u rL u r n rdu n q'l p-hydroxy
benzoic acid esters unlill-atarioar:n"urf,unq'r.,y,'ara.',utlrrr-ltiu thimerosat, bronopot,
benzatkonium chtoride uav chtorohexidine gtuconate



t9

iruuthcinumxGiar1oun

aqr[urito.r rycr.odextrin rriu methyr.ated rycr.odextrin, He-B-co, dimethyr._B_co 6r
tf,u sotubir,izer vr's,-to'rurfiara'rgu'.ru.n tirurn"unr:qr,fiuoiruv,rordardoo4nld,6 uurri*
tfiilnttun':sl-tlfirYust-'lurgt':outurfiu'nr:qnfirurrrdul6uoqrlrutfinar:il:vnour0rd,ouryu

orf{uiftol ryctodextrin ki'rrri estradiot, morphine HCt, midazol,am, dihydroergotamine
nr:td methyl'ated-B-ryctodextrin rav dimethyt-B-cyctodextrin luurvrrsourfiuasl-
In:lairlturrrlraqirtiu buseretin, teuprotide, catcitonin, gtucagons uau insutin ovtiru
rfi unr:qnfi rurpr-rna'r':vrr.:oxnld'rr'n:'rnr:h[urlprunr:a-otd'fi ,ari.r

nr:l'rvt' z arinrYrudurvitfinar:il:vnourtrdourYu rycl.odextrin vrdfiohrailrulufi'ornaror
Component Trade

name
Company Country Formutation

PGEI/C,.-c) Prostandin

500

Prostavasin

ViridaI

Ono

Schwarz Pharma

Japan

Germany

lnfusion

SubtinguaI

tabtets

PGE2lp-cD Prostarmo

nE
Ono Japan

Piroxicam/B-CD Brexin

BrexidoI

Chiesi

Robapharm

Promedica

Nycomed

Launder

Itaty, Betgium

The Nethertands,

Switzertand

France

Scandinavia

Germany

Tab(ets

Suppositories

oP-1206/y-cD Opamon Ono Japan Tabtets
Benexate/p-CD Utgut

LonmieI

Teikoku

Shionogi

Japan

Japan

Capsutes

lodine/B-CD Mena-

Gargte

Kyushin Japan Gargting

sotution
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Component Trade

name
Company Country Formutation

Dexamethasone/

0-co

Gtymesaso

n

Fujinaga Japan Ointment

Nitrogtycerin/p-

CD

Nitropen Nippon Kayaku Japan SubtinguaI

tabtets
Cefotiam/Ct-CD Pansporin

T
Takeda Japan Tabtets

New oral

cephatosporin

ME t2o7)/ $-cD

Meiact Meiji Seika

Rousset-

Maestretti

Japan

Itaty

Tabtets

Nimesutide/p-CD Nimedex Novartis,

Itatfarmaco,

Boehringer Mann.

Itaty, Switzertand Tabtets

Diphenydramine

HCl. +

chtortheophyl,tin

etB-co

Stada

Travet

Stada Germany Chewabte

tabtets

Chtordiazepoxide

rp-co
Transitium Gador Argentina Tabtets

Miconazote/HP-

0-co

Sporanox Janssen Betgium Sotutions

Hydrocortisone,/H

e-p-co
Dexacort lsraet Sotutions
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(MethodoLogy)

iaquavqrJn:ni
1. UV-visibte scanning spectrophotometer Shimadzu
z. rndo.rtiolrlflrru'nyrnu'ul q srhurarj.r Metil.er ToLedo
3. Pump Gast
4. Sonicator Branson
5. water bath shaker

6. Freeze dryer

7. Spray dryer

8. cettutose acetate fitter (0.22 pm) Sartorius
9. quartz cetl Shimadzu
10. n:vntun:o{ t ulpr 0.45 pm for organic sotvent Miil.ipore
11. n:vptlun:o.l ,tlu1o 0.45 ;rm for aqueous Mil,Lipore

12. micropipette ?u1Ft 2O,2OO uau 1OOO [fL Genex Beta
13. Thermometer

14. magnetic stirrer

ts. finrnoi
16. n:vuonnr.:

17. Ertenmeyer flask tlu.tn 25 mL

18. Votumetric flask tulo 10, 25 uay 50 mL
tg. uyi.rurirnu

fl1?rnfi

1. Norfloxacin

2. Hydroxypropyt-B-cycl.odextrin
- 3. 957o EthanoL

4. Deionized water
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Ad AU
?5n1:?OU

L. n1:finu1il'l phase sotubitity diagram to.l Norfloxacin

1.1: tniu,dl:ava1uto{ Hydro4ypropyt-p-cyctodextrin n?rrtrdildu 20, 40,60, go, 1oo,
120,140,160 uav 1g0 mg/ml

1'2. lsl'ur'l':ut Norfloxacin tutJirrruvr'rrntfiunokia.rlu Ertenmeyer flask ,uurn 25 mL
9U

ornuurflrrjl[4v61:avaru?,0{ Hydro4ypropyt-p-cyctodextrin nrrur,flu{uqir.: 1 lu
rjiuTn: 10 mL lrruyrqlnr:ytrta0{ h=2

t'r' uh Ertenmeyer flask la'[utnCo.:r'utjrfin':uquqrura4fi1d ffemperature control water
bath shaker) Inunrdryrrqeura4fi 2s+L.cu.ru 7 fu

1.4' riTar:avatudusl-t1,ol Norfloxacin luql-rylhacaruqir.i 1 urn:ol'lri'tri'ar:avarula l,ul{
Nyton syringe fitter,uurn 0.45 [fm

t.s. t6oorlrilurir lftd'n:urdldutt'u,tlrvau udrrirhjirn:rvriurtJirlru Norfloxacin fi
asalul,udr?irasarusirl 1 Inal{rn5o.! UV-spectrophotometer yr'nrruurln du ztt
nrn ld'rirnei'urf, u btan k

1'6' n'rurruurnrutdldutlo.r Norfloxacin (mg/mL) yrtavarutuusruavluar:ava1uflo{

Hyd ro4ypropyt-B-cycr.odextri n nrr, r{uduril{ 1 n 1 nn:1r,hrn:gru
1.2. afirn:rv'l'uo': phase diagram lnuunu x rfluar:aua1uro.: Hydroxypropyt-B-

cyctodextrin nrrutdrltudr.: 1 (mg/ml) a':uunu y rflunrrurduduuo.: Norfloxacin
(mg/mL)

2. nr:rsriurar:il:vnourfi ldourfi nfi rf, uralu6.:
2.1 i6 Physicat mixing loturualrulr*i.: Norfloxacin rrav Hydroxypropyt-B-ryctodextrin

UIOSt0rl:14?U 1:1 [ulnil
2-2 asalu Norftoxacin $au Hydroxypropyt-p-ryctodextrin o'n:r?i:u t:t lurhrjilln: 50

mL nuu'ru zq f,rlu{ Inul{ magnetic stirrer n?uqilqilu4fifi zs "c
2.3 itanavaruda 2.2 u-fiflitnil Inuryrnu'n

2.3.1 nr:riruri'.:uuur6onudl (Freeze drying uto Lyophitization) rirlorunr:rrtirr6.:
ar:avarufiqrura4l' -70 "c u1u 24 tirlur o-'nrfrti..lr..rlirl#uri.:iout{rnio.r
freeze dryer u1u 4g t-rIl,:

2.3.2 nr:duuril (Spray dryin g) n'anr:vnr:rirrrri'.rri.:d
- dn:rnr:tuarolar:avaru (feed rate) 3 rpm
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- n?1xfYu (pressure) I bar

- qruu4ialnruturn{0.: (intet air temperature) 125 oC

- qruu4fialaon (outtet air temperature) 65 oC

3. n'l:n:?aaounr:rfin inctusion comptex :vu.jr.: Norftoxacin ttau Hydroxypropyt_B_

ryctodextrin (Norfloxacln:HP-p-cD inctusion comptex) Ioruuiiuurfiuunr:u1duuurjal
qruaurifivrrrrnfinrunrwtro.r Norfr.oxacin, Hydro4ypropyt-B-cyctodextrin, physical.
mixture uavar:tl:vnourfi.:douvr'oglugrJ freeze dried powder ttav spray dried powder
sr :r o aouln ul{rvr nfi n rY.: d
3.1 Powder X-Ray Diffraction

3.2 Fourier Transform lnfrared spectroscopy (mR spectroscopy)
4. vaaounl:avaluto{ Norfloxacin ttau Norfloxacin:Hp-B-CD inctusion comptex

4. t nr:airln:ryrlurn:sru

- rniul stock sotution Norfloxacin trinrrur{uriu 100 [rglml
- rniular:a va1 ulJlrl:mutfiu'n.lru rduriulud.l.r 1 -5 [rglm L

-g-{rur{iJ- ultu?nnlgnnauua.:yr=n.:ruurrnau 271 nm

- afiln:rr^lurn:orulrruunu y rflurirnr:qarn6uuar trnu x rflunrrur{ututor
et1:ayatuil.]el:!1u Norfl oxacin (pSZml_)

4.2 nr: rstiuu n'r otir.r

thar.rur Norfloxacin, PhysicaI mixture uavar:il:vnourildoufirirlri'rrri'.rri'rai6 Freeze
drying uav Spray drying leruiri'firJilrrufirur Norfloxacin 10 mg

4.3 dn'nvnr:moraourirnl:aua'lu Inul{rnto.: Dissotution Apparatus 2 (paddte)

- Medium ,tl.,ndu 1000 mL

- Temperature :37 oC *1oC

- Paddte speed :200 rpm

+.+ q'ilrYrodtvr'lrar 5 ulvr' travrn 1 10 urfi rf,unar oo urfi Touq'llr 10 mL n:0.:
ar:avaruri'ru nyton membrane syringe uuln 0.45 pm uavtot'u medium ndun'ulu
,aJ,-

u :rJ 1 9t :yl tyt'l nu aI a 0 nx 1
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4. 5 i rn :r vfurtJi, ru rTr u r,fr'a r a r u o o nrrdna r rir.: 1 ri,: uid UV-s pectrophotometry vi
n'ruutlndu 2TI nm

q. o nhur ruG!1 ilu 1 Norft oxaci n vr'a raruo o nu ryr'rr ar rirr 1 or nn:rv,ru1r:g1u
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Uil?Id 4

Ha n,l ril a aa{ ua uan-il:r u l.t a
(Resutts and Discussion)

L. nr:finurur phase diagram ro{ Norfloxacin

Phase sotubir.ity diagram to.:ar:il:vnourt.:dou Norfloxacin ryu ne_p_co firqrura4fi
zs+I "c uanllunr:r.r,fr' a

nr:rwlt 8 rirnr:ava']u'tJo.r Norfloxacin uavar:u:vnout0.rdou Norfloxacin n-u Hp-p-cD vl-

qruu4fi 25+t "c (n=2)

n?1il

ttju?JutJ0.:

HP-p-cD

(mg/mt)

n?1lJ

tt lJtJu?J0.t

HP-p-cD

(mM)

rirnr:avaru,uo{ Norfl oxacin

lu ar:avaru Hp-p-CD nrtr
ru.7u{usir.: 1 vr'qrura4fi zs*t

'C (mg/ml)

rirnr:avaruto.r

Norfloxacin

(mg/mL)

Mean*SD

rirnr:acaru

tJ0.l

Norftoxacin

(mM)

D1 n2

0 0.00 0.2707 0.2683 0.2695+0.OO17 0.844
20 t3.70 0.2883 0.2851 0.2867+0.OO23 0.898
40 27.40 0.3t07 0.3123 0.3115+O.OO11 0.975
60 41.10 0.3331 0.33s5 0.%$+o.oot7 1.047
80 54.79 0.3515 0.3499 0.3507+O.OO11 1.098
100 68.49 0.3691 0.3699 0.3695+O.OOO6 1.157
t20 82.19 0.3851 0.387s 0.3863+O.OO17 1.2t0
140 95.89 0.4067 0.409r 0.4079+O.OO17 t.277
160 109.s9 0.4235 0.4243 0.4239+O.O0o6 1.327
180 t23.29 0.4427 0.4443 0.4435+0.0011 1.389

ornriudrrirnl:asa1u?,0.: Norfloxacin luar:ava1u Hydroxypropyt-p-cyctodextrin nlu
,rriuriuri* 1 ,raix phase sor.ubir.ity diagram ovtdn:r,r;rJvrJ z
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a 0.5

bog 0.4
.Eo€5 o.g
oz
o o.2
o
dbF o.l
otroU

0

y=0.001x+O.2716

R2 = 0.998

100

Concentration of HP-B-CD (mgzml)

200150

gtJd z Phase soLubitity diagram toit Noftoxacin luat:ava1u Hydroxypropyt-pcyctodextrin

01nn1:flnao{ilu'i1 rirnr:avaru'uo.r Norftoxacin turirvr'qrux{fi 25 oc firirr]:vlrru
0.27 mg/mL uio 0.85 mtrl rrionJiuuryr'uurirn.l:asa1uro.: Norfloxacin luanr.:vrirl 1 vru.jrfi
rirsfrn'jrrSnriou loufi Guyot raunilu [17] uav Ross uav Ritey [18] fui'finu1,l1r61n1:aualu
t0{ Norftoxacin vtd pH 7+0.1 qruuqlr- 25ocvru'irfirir 0.377 *ar0.40 mg/ml. flril.ird'urruvfi

1.6000
a
= 1.4000tr

€ 1.2ooo
6x€ t.oooo
o
G o.8ooo
cg 0.6000
g
E o.4ooo
Ucg 0.2000

0.0000

60.00 80.00

HP-B-CD (mM)

100.00 120.00

y=0.004x+0.850

swanson Lraunilu t19l vrnao.:fi pH 7.5 fi'qrura4r'rfiurryu nu.jru'rir o.qs mg/ml

til
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olnlilfi 7A uanl'irrirnr:avaruto.r Norftoxacin ryr"uduruton:rurrirtiutor Hp-p-cD
tn"rt*, uavld'n:rvlrdun:ruanvi'ln1:aua1u,to.r Norfloxacin luar:ava1u Hp-B-co tf,utior R..

nruuqufl-nr:aualuta{ Higuchi uav Connors [11] nr:araru,fr'tfiudut,o.r Norftoxacin tdolorn
rfioar:d:vnourtrdauriu Hp-p-cD rau Hp-p-cD l-rirnr:asaruluri,rvr,qrurn (> 50 %w/i fi
25 0C 

[8]
.Jorn;ilvt zR nu'jr stope tto.:n:rv'h'drfioun'ir 1 (o.oo4) uarx.jr Norfloxacin rfior

ar:U:vnourfi.rdourYu HP-p{D'ludrreiru 1:1 uavfirir apparent comptex constant, K1,1 =
4'72 x 1o-3 mM-r uan.:drtfluar:U:vnourtrdauyr'finrun.rpTrs{r rir rc aut:nn'rurzu1d'orn
aunl:

stope

lntercept (t-stope)

ar:il:cnouttl{ouvt'ld'rflutfindararuluusr n-rrfulunr:yo,aourdodutiu.irrfin
ar:il:vnoutfrldouoS.r 1 rfu io'iiu,rrrvauvr'qar6od'olrniuilriog'lugrJlorudsriou Iou1{runfin
Freeze drying raio spray drying orn#u6.:rjrlilmnaoulnui6nr:sir.: 1 rtiu powder X-Ray
Diffraction $ac FT-lR Spectrophotometry

2. n'r:Fl:?oaounr:rfin inctusion comptex :vu,jrr Norfloxacin ttav Hydro{ypropyt-B_
cyc(odextrin (Norfl oxacin: HP-B-CD inctusion comptex)

2.1 Powder X-ray diffraction

;rtfi'a uanl Powder X-ray diffraction pattern ro{ HP-B-CD, Norftoxacin, physica[

mixture uav Norfloxacin:HP-B-CD inctusion comptex firmiu:rlnui6 spray drying rras freeze
drying nu'lr He-B-CD rtac inctusion comptex yrJrn:-ulld'otn 2 i6 rraar.rnr:o-origl:ilara-n
uuuof,rugru (amorphous) tlzuvvt'gttnru': Norfloxacin ttetn{n'nfifartourtan.:filnr:{rrriu{:ilat6n

rd,d.odr{tUu:cttiuu (crystal.tine) ri:u physicaL mixture y{uyr'nto.l Norfloxacin uanl.jtnr:ruaurtri'l
biatn:nrfi n inctusion comptex vr"alr;:nitd

o1 n l.ta n1:yt oa ol uan.:,it Norfloxacin rfi rr nr : uJd uu uU al nr : o'or riul grjardn or n
crystattine form tf,u amorphous form tu'otfin inctusion comptex rYu r-rn-B-co fi.rnr:rfior
amorphous form tflunr:duflur'rurlttanaro{ Norftoxacin n:vorululn:{ail{,tlo.r Hp-p-cD
odr.:aug:ni tzol

Kt,t
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lrltriri ; i / vyl7l,to/g 7.g.+rn"-_,,."**

I,*r*
Norftoxacin

Physical mixture

Spray dried comptex

Freeze dried comptex

;rtvtd a Powder X-Ray Diffraction patterns ?Jo,: Hp-B-cD, Norfloxacin, physica( mixture
ttaua1:il:vnourfildouvrJrniuulnui6 spray drying uav freeze drying

Hydro4y propyt- Bryctodextrin

A*\rq
'tlhli$ilHl
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2.2 Ff -R Spectrophotometry

grlvr'e uaa{ FT-IR spectra to! HP-B-CD, Norftoxacin, physicat mixture u,av

Norfloxacin:He-B-cD inctusion comptex firniuulnuiB spray drying uav freeze drying
Spectrum 'tto.t Physical mixture alrJ1:nflufl'oruo#o HP-B-CD uac Norfloxacin dru

Spectrum to.: inctusion comptex drniuulouiE spray drying uac freeze drying trjnufin,uor
Norftoxacin tdutilvrun'nil:vlrzu 1700 cm-l uan.rdl functional group CooH l,u inctusion
com ptex, waven u m ber (cm-') tro.: usiavd'r odr.: fi d'ld

Hp-B-cD: 2g3}.gg, 7456.23, 1376.94 cm-l

Norfloxacin : !727.7 l, t623.27, 14g1 cm-l
Physical. mixture: 2922.34, ll 2g, 1614.92, 1456.L0, 137 6.7 2 cm''
Spray dried powder: 2920, t460.65,1377.0g cm-l
Freeze dried powd er: 2935.96, !456.12, 1376 cm'l

01nr{anl:vleaoluarx'jr carboxytic tJo.l Norfloxacin rfludruradnfioql,utiol.jrlro.r Hp-

B-co d.rrf,uei:ufi'1r1fi'u'r d.raoorndo.rrdunr:finurra.: Hatanaka ?l'Fr'nu1n1:!finar:tl:vnou
t0':doutol pa ra-bo ronophenyLa ta n i ne riu ryctodextrin t2 1l
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HydrorypropTt' fuyctodextrin
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[&s'::li

^{. ''R*'"+'qu".A',4,

ri.
ril.'
,l'
'j'l
,id
o

Spray drled comptex

Freeze drled comptex

I

II
grlvrd I FTIR Spectrum to.l HP-B-CD, Norfloxacin, PhysicaI mixtute rtacar:il:vnourfildou
ddSad
vtlrr:utJtou?o spray drying ttav freeze drying

olitlt,l
o
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3. n1:mnaounl:acaluto{ Norfloxacin uac Norftoxacin:Hp-B-cD inctusion comptex
ttJ:-uutfiuudln1:avatuto.: Norftoxacin, physicat mixture uav Norfloxacin:Hp-B-cD

inctusion comptex lurirdqrura4fi gz oC

;Ud fO uaoln:rr,{n1:aua.tuto{r Norftoxacin, physicaI mixture uav

Norfloxacin:He-B-co inctusion comptex turhvrtqzura4i gz oC nu,jr Norftoxacin:Hp-B-
CD inctusion comptex fio'fl:rnr:avaruvr'tirurnruJotfiuun-u physical. mixture uacurtn-ur

n1:aua1u't ol Norfloxacin:HP-B-CD inctusion comptex aur;:ninrulu to urfi lruvfi
physica I, mixture rra, ur rdara uar uld'aur;:ninr ulu 30 urfi

Norftoxacin:HP-B-CD inctusion comptex firniuulnuiE spray drying uav freeze
aidrying frnr:avarufiurnn':'rurtduril:vurru z ryir rialornln:.:airlra.q inctusion comptex

vrtLi'rflu amorphous forrn finrrunluq.r fiturnr5n a'lf,an-urirki.iru6.:asa,,ufrffi'a
e d -.<-_- 1 I u ) Ion:1t:?t 0itn1:ava1u0l6.:ttiotfruunr-uurtdur uonolnfi ryctodextrin uavoqvr-uifd.rfi
qruauuTndruar:anu:rfi.:fi': 6.:tjraanu:rfi.::vu.irrfi.::vu.ir.:o.rr.',ourri.., rirhi incl.usion
complex rilunrhld'jrunsu urft a,arukid [22, 23)

120
G 110G'\

: 1oo'u 90r!580.E70
260
as0E40
F30F20E10

0

*pure drug

*physical. mixture

'#Spray dried compl,ex

'r+Freeze dried compl.ex

grJvrc to rilSuutvr'auri1n1:aualuilo.r Norftoxacin (pure drug), physical mixture uac
ar:U:cnourtldoufirniarlnurylnfin freeze drying ttau spray drying
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u?t?ld 5

dId ilan'l :iloao{ uasdo uaua uus
(Conctusion and Suggestion)

Norfloxacin rf,uarilfrfiruvnq'l Ftuoroquinotone carbo4yl.ic acid dlfiull{tunr:inur
I:nfinrdovr'viovrlt6uflaarrv tfioroln Noftoxacin n'6rrnr:ararul,ufrsrtl n1nn1:yrnao.:nu.ir

rilnr:avaru'uol Norfloxacin lurhfi'qrura4n'zs "c firirrJ:vurcu o.2T mg/mL dorniul
Norftoxacin trioglqrJar:U:cnoutfirdoun"u HP-p{D ttuu inctusion o'n:rd:u t: 1 uayrirt#
ufi.:riruiE spray drying tu freeze drying vru'ir dn:rn'riaualuro{ Norfloxacin qulndorfiuu
fruurrrrtu: (rJ:crrru z ti'r) tdooornqrrauffiur.rri:vn1:ro{a1:U:vnourfudoudtd'uJa'uuurjar
orn16r rtiunr:d'nriu.:oT':ta.:grJarf,n Irurrl6ruorn crystattine form rflu amorphous form
-o Zo ; ion:1n1iaua1uu1o,l rnilil1n{u

riarauauus

1. nr:Finurn:un.:oYrsolrulufi'.:tfiororn inctusion comptex vr'Li'rflu amorphous form
ru.ruri.rorohrianrru{u orou-rJrgrarrio.rnrurnrsYr1u:vu'irrn:vurunr:ar6nuril:'onr:
C u lvrnu:nultFt

2. nr:r{nrur;r.Juuuurfi rutrcaulunr:'ldrulufi,:tolar:tl:v nour8.rdaud

ria raua uuvornfiu :rnrurdutt
L. nr:riraradld'dhjr{flurdotfirflusl'rfu uiu urrir urrfio rnoofiovl{lrioi,rlunuld
2. rirhlvriruurrijurufinn'rur{fiarur:ndun1{.rruo3.: 6r:rufi,rnr:d'orfl.liu nrrun.:d'r nlToon

toqr0tu:'].:n1u

3. rirhJrJ:vqnoildrYuurtfin6u 1 fi'fiflryrarlua'nuruvndrunf,.rrYu otjr.:l:fintrrflu.rrui{uvr'
rir au'l,o rtasfi rJ:vlutriqioim6n rnflrn::l rf, uo tirr 0.r
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n1:rf,iuiln:tr'lurn:gruro.:d1:asa1u Norfloxacln Inuld?E uv-spectrophotometry
l. nr:tniuu stock sotution no.r Norfloxacin tu s

tJ.r Norftoxacin 0.0100 niu avaru uavrjiurjilrm:lfin:u 100 mt Arurh (,il
sonicator bath tiruvr"rlfi Norfloxacin acarut6'.irudu) ovld'nrrurthrriu 100 pglmt

2. nr:tstiuuar:aua1ur1n:f1uto{ Norfloxacin

iirun stock sotution ur 100, zoo,3oo,400 uav 5oo lrt iliurJirrn:lfin:u to mt
y^--!- \v u en?uu1 nvLoal:auarun.lrut{trdu L,2,3,4 $ac 5 }fglmt nrurirnlu

3. urrir Absorba nce to{a1:aval uur n:rrufi n?.ril u.l?n6u 2T t nmln ul{fi na'u rf, u
Btank

4. airrn:rlrhrn:grud.rrf,un':udun-ud:vu.irrnrurdr{u,uorar:aua.ru!1n:i1u
Norfloxacin (unu x) uayrir Absorbance (unu y)

Concentration ([fy'mt) Absorbance
0 0.000
I 0.098
2 0.202
3 0.313
4 0.412
5 0.515

y=0.103x-0.002
R2 = 0.999

0.6

0.5

0.4

0.3

0.2

0.1

0

{.1
n':rlrdutiu (pslmt)
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