The Optimum Conditions of
Carboxymethyl Chitosan
Synthesis on Drug Delivery
Application and Its Release of
Kinetics Study

by Dwi Hudiyanti

Submission date: 16-Nov-2019 06:14AM (UTC+0700)
Submission ID: 1214762778

File name: C6._the_optimum_condition.....pdf (527.64K)
Word count: 4805

Character count: 25810



mdomnes. J. Chem,, 2017, 17 (2}, 297 - 300 i |

The Optimum Conditiens of Carboxymethyl Chitosan Synthesis on Drug Delivery
Application and s Release of Kinetics Study

Parsaoran Siahasn'’, Nadira Cahyaning ll-lhul'l Usters Oclovindra Htﬂﬁmm Dowii Hudiyanti®,
E-uu Zulaikha Hildayani', and Marhyn Dian Laksitorini®

"Cepardment of Chemisiry, J..negum Lirmvmrsity, . Profl Sosdaric Tembaleng Semarang S027F, indonesia

‘Cepartmen! of Fhamaceulics, Facully of Pravimecy. Universias Gagah ieas
Sekip (lare Yagpakarna 55287, indenaeia

Recewad Apoll 21, 2017, dccepled July 7, 2017
ABETRACT

i Ihis papsy, carbaipmethyd chilosan (CMC) was synthesized and sfudled &% 8 carmer 5 encapscilale wiamn
{5 dreg modell and contraled releese. Chifasan (G5} /5 8 polcalionic denvaled from chiin, which sifable for
aclive suhstance caraer spsfem on bivmedics)d fmchion. C5 has good properdies such as non-faric, hindegradadle,
el Diocompsfiffe. Howewsr, O3 neouble (0 &0 aguecus sowand 50 CF wes modified chemcally infa CWC. SMG
wis fommed by reacting 5 and moneehioresealic acd wath sodium hpdroside (WMaDH) a5 5 catalysl, Opfmalion was
perfarmed by varyiig ie NeOH compantration duning alkalzig the CS and the lempersiure regction, The funclional
praun am orpsfalinity of CF and CMC were esfimaled By FTIE and XR0. The degres subelifitton of
carboyymedfyiation has s gversge valoe of 060 The resulls show opiimum femperature resclion and AacH
porceniratisn wera 50 T and 40% (WA The ricsbnamide (NAL & Bydrophiic wlamin, was lbaded wilkin CMC
mainy sysiem throggh i wire orecipdation method To confm the ancapswiahon of N i CWE and the release
Ianatics of NA from CAAC in dizhlisd water wae sfudied through UW-\We spedimpholomatry. The ralaase profle of N4
frovm CRAC mafy spsierm camed ol & 3 and 12 b The rafe of VA redsase fom CMG incradaes Wil Moressing
fima and the faflows & zare ordar, Higuchi, and Korameper-Pappas kinefics nsles

Heyworags: carbor pmethy! chitosan, tempersture regction, NaOH coneantralion, sncapeaiion, reease Rinefics
ABSTRAK

Dalarn persiifan i, corborsimst! kitozanr (CMC) faish disinfesis dan dipefajan sebegal pembawe omvhk
meApenkapEiNas vitertin [eshagal madsd ohall den peiepagan rerkonfral. Kitesan (C5) menipsksn goiksdonk hazi
ceasetias’ kitin, yang cocok digenakan sebaga mamks pembawa zaf akli dalar idang biomedis, &5 bersdfad fidak
beracin, bindegradabel dan blokompatibel. NMames, CF lida fand daiam pefanl o sebinpga CS dimoadifikasi
secara kimia menaa OO OMO dibenduk dengan meeekskan C5 dan esem momokicrossetal dengan nafnium
hidrodcmina (MaOH) sehagai katals Ophimas dilaikanr dangan memvaniasivan famparahyr reaksi dan konseafras
MelH :elama alkatsssi G5 Gugua Lngal dan rrgisiindes den C5 dan CMC dienales demgan FTIR dan XRD
Devrayat subenitad (DS) tnpked karbaksimetiae memili nifed rafa-rate 080 Hasll panshtian menuriiidan famperatur
optimum dan bansertrasi NaOH paito 60 0 dan 409 (wel), Mbotinamida (8] meupakar wlamin hidrodiil pang
dhanksn dalem smient malnke CMO mefal mefode presioilfasl A vime Erkapsulss) MA oSS dan kinehka
pefepasan M den CME ditam air destilsted gpemialen malalul spakirofifamedn Uv-Vis. Profl pelepazen NA dan
sisfarn malnks CMC déaiukan selama § dan 12 jam Laju pefepasan WA dan CMC menngkal dengan
Darfambannys wakill Jan mengsul anirsn insliks onde ne, Higuchl dan Korsmayer-Peannas

Hara Kuncl. karboksime! Mtozan, iernperalur resisl fansenirasi Naoh, enkapsules iivetis pelepagan

INTRODUCTION

Umwar the pest several dacades, many Eclanbsts
have fooused their ateniion on the developmofiibf ideal
drugs that specificaly targat the sie of actien. Synihess
of drug logded polymer particies has aftracted axtansive
atfention dus o ihe profection functan and controled

" Camesponoire samior, Tel | +62-81311085340
Emall sddress | paraasian_sfSundp e Jd

releass propefies of fhe particles. The dug can be
aithes incoiperated by paseive abearption of chamical
conjugation inde the cariar matr. An exampl of 8
natural polymar that can be used as a carrier matnx of
the active subssance |8 chitosan. @ Bosan s usualy
praferrad a8  cemier  maime  becausa  of il
Blocommatibiity, hindegradabilty, and non-towety (1-7]
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Fig 1. Reec®on of Carboxy methy Thitosan Formaton

Ghitesan (G5) nrﬁ1 A} -t @osamine & catonc
pahmaccharide man decvalive of chilin which & fram e
shells of Crustaceant, o It B avallable very abundant in
nahire [8-13]Eh#osan insoluble in nediral and alkaine
pH becavse of he ammno gougs of chilosen are wesk
bases which predominartly prefonatad whan pHef 5
and it very stable crystalline struclure anisng from streng
Ppdrogen bonds [14], Tharefors, he solubdization of
chitnsan ondy dilutes in Bcid solbions. So the poar
soubilify of chifosan when pH=6.5 = a serious drawback
in many of its epplications, espacially as 8 drug camriar
mairix. Howsver, chitocan has mesctive amino, primary
Ppdroayl, 8nd secondary hydrouyl groass which cen be
wead for chemical rodficabion under mild rescton
condition to overcomi}s imited solubility n aqueous
media [15-16] Many water achible chilosan dativatives
have been prepared by infroducing hydrophilic groups,
such as carboxymethyi groups. CMC has a higher
solLDity than chitosan in the nedral salvent due to the
hydrophitc growps, Ths sdvantags mases CMG widely
peed In waripus  fields: foad mdestry,  agncuiture
cosmets, bicmadicine, and pharmaceutical [17-20].

Carboxymethnd  chifesan (CMC) can be made
thraugh  the alkyialion procass by using  sodium
hydrowide  (MadH]  =nd  reacted with  the
menosHoroacetic acid [CICHC00H) as depicied m Fig
1. thus farring cabooymethy] groups an the chitasan
potymer chain, Some factors. that infleencefIMC forming
gre tha rate of water oprepyl cohol Be degres ol
ceacetyistion (DD), temparaure bon and aikaine
concantratian [MaH) [14, 2] The increase of e ralio
wister. isapropyl alcobhol decsresse ihe  fraction  of
carberymethlaiion The increasa of tha femrpersiure
reactiffwil inccease the fraction of carboxymethylation
[17]. The dagrae of subsiitufion [D5) cathomymeihyl
goups strongly dependent on haQOH  concentratian
vsed. MaOH aqueous sohition as a oalalyst The
emgloymant of high MallH copcantraien promoted side
reaction bebween NeOH and dhlorcacetic acid and tho
evailable chioroasefic concentration for the reactan
gacreasad secordngly [14]

In Bomedical function, MG weed s arrier malrx
in encapsulation aystem. Encapsulation & sne af the
fualty preservation techreoues of sensitve substances
and a mathod for profction of maberials with new
veiugkle groperties [22] The encepsuiaton technique of

choice depends on the type and physcal progenies of
the core e shall makena BHETEHI methads haye
been usad o encepsu@lion. Selection of eny of the
methods depends on faclors such & paticle size
regquirement, e thermal and chemical stability of the
ecter agert, reproducibdity of the relesse kinefc
profiles, the stability of the final preduct and resicual
tewisity sfenciabad with the tnEproduct (23] Some
methods of encapsuladon are smuson cress-inking,
emulsion-doplats  coalesoenoe,  jonotropic-gelation,
precipitabon, reverse micelles, a sieving mEcd, spray
drying [24]. Precipifation is qude methods. Particles are
proguced by blowing polymer soution into an alkall
apkuton Kea sodium Mydroaxise [23)

Encapsulalion is a phenamenon ol infermalecular
mteraclion. Chiosan has lowe encapaifalion efficancy
than CMWC dus to §s hydophobicity, In this paper,
chitcaan is moedified imba CMC to improve the
encapsulation  effcency and  relegse  knebos
Encapsulahen efficiency betwesn chitpsan and GG
wee delenmsed by récotinamise (MA] as drug mods
[25-25] Rate wolease o nkcctmamide from  matna
systern will be detemined by slow release kinetics
mechanism [27-30).

EXPERIMENTAL SECTION
M aterials

Materias used in this study were chitosan with a
dagree of descetjdabion 7100%, sadium hydroside
iMarck]. monochioreacetic  ecll  (Merckj, and
nicotinamide  [Sigma  Aldrichi. Al chemicsl  and
reagents used in this expenment were of analybcal
ada

Instrumentaticn

The instruments in this oxperiment were gless
tocle Pyrax & Iwakiey; made In Thailand, enalytical
balence KERM &LES F20-4H made in Garmany, oven
Fesher Scentific model §30F made i USA Hller pager
Whatrman® Sehleizhar and Schusll 110 e made (n
Engiand, thermameler, hoiplate and magnetc stirer,
pH meter Handylan Schott, HAKNMA concuctometer
modsd H1EE1300 mada In Komania, Hetich cenrfuges
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EBA 20 rmade in Gerrany, Shimadm FTIR
Specrometer made in Japan. LUV Wi 1607
Spectrophotometar model TED U mada in Germany and
Shimadzu XED-7000 mede n Jepan

Proceduns

Prop@iton of carboxymethyl chitasan

Chitosan @) was dispersed @ 20 mlL of
wmoproganal and stimng for 200 min &t rocm tsmpersturs
Mext § mL of aquecus MalH was sdded than 45 min
Erng and 12 ¢ of monochioroacetic scid was then
pdded to the suspensB The mection proceesded to the
3 b wath temperstuse, 40 °C, 50 C. 80 °C, 70 "C, B0 "C
2] "G, and 100 "C for each mixbure. Thean the solid
product was fer fitere@@)suspended in 100 mL
methanol. The product wes died at 60 "C in an oven far
12 h and fnaly in 8 vecuum desiccators st room
temperature, FTIR used to sbructural charecterzatan

Different cerboaymethy chbosan sameles wes
prepared by employing diferent temparsiune reaction
{raom temperatures ICMC-A 40 "C/CMC-B 50 "C/CHCs
G, 80 SCICMC-D, 70 “CICMC-E 80 °“CIrCMC-F,
B0 *CICMC:GE, and 100 *CIGMC-H for each mixture| and
concentration of MeDOH (20%CKMC-01, S0%WCMC-02
A0BIEMC-D3, S0ICME-0d, BOGICMC-05, TO%CME-
D, and SRS ME-0T (wiv) for sach mixture),

Spdubiility and conductivify rest

& 100 mg CMC was inserted inta a glass besker
end 20 mL double dstiled water 'was added 1o @ sioaly
to dissstvs of the cabaxymethyd chitosan complataly
Aflel 1 h cerboxymethyl chilosan remaining separated
by vasuurm drying Then e residus hae rled 1o
delermine e amount of mass 055 0 dssalved waler
The conduclvity was bested every 10 min dunng 1 h
The sclublity and conduchity were tesing at room
temperstura,
Carbarymetn chitesan sauniity (%) = ”";I""n

M = irehal mass of carboxymethyd chiosan (gl
M = linal masa of carbegymathyl chilagan (g}

o (i}

Degres of subsifunion

Warked by de Abreu et al [31], the degree of
subsiition was determingd by sutomatic titraler (Schatt
Tironic Universal] with an agcuracy of 005 mbL In aur
lab we did not have these insm@nts, so we follow
Rehmawat et al [32] methed $e degres of subsbiufion
(BE] of this caboxymsthyl ohetcsan was calouatsd
Talawing e squatian (2],

A 100 mg of CHMC in 10 mL of 0.12 B NalH was
prepared The miotues @Bs stered 30 mn &l foom
temperature, Methyl red a8 an indicator wae added and
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ihe rrisiure was Siraled with 0.13 M HCl unlil the
miEhing Dacame reddsh.
HW:-:I.I:-'(E-E]

i A W 2
y = makeoiar weefB) of monomer chitosan (gieai)
= yalurre of HC] blank {ml)
= ynlurre of HCE sampin (mL)

= malarty of HG1 {moiiL)
= maes of zampls ig)
= rrarnber ol subebitubed hydrasyl group

Characterization of chitosan and carboxymathyl
chitosan

FTIR and XRD ware used o the charssbsnzalon
the finclinnal groups and crystallingéy of 5 and CHC

Encapsulation efficiency and nicofinamide (WA
rofesse

Enca@@dation was done on 500 myg of C5 and
CME. The samples were desahed in 1% acetic acid
Then the sample selution was added by &0 mL MNA
2300 ppm and etaring for 5 min. Furthermore, the
mimture wak precipitated by 1 M NalH. The sepamatian
of encapsulated MY using & centrifuge & 5000 rpm Tor
30 min. The filfrate was subjected fo spectrametns
meagurernerm  at 263 mm with UV Vis 760
Spectromater, The sncapeulation efficiency  was
oetarmmed Gy

Encapsulalion sficsercy (4] -

E@eo3

| Craf A - Cfof M,
L Canf

Fifty {505 mg of Na-C5 gnd MA-CMC was added
mmto 40 mb dstfied weater and the release wes
astimatad g dfferent time points. Three milkliters of the
sample wes taken of each Sma interval then analvzed
o UY Vs 1607 Spectromelsr fo estmale  ihe
n'ml'.i-rld-n concanlralicn ak 263 fim.

Cigta obtained from m withe releasa shudies WEEE
fited fo wvaricus kinefos equations fo dscover the
mechaniem  of  dnag  release  from @EBrepared
fermulations. The kinetic medets used were Zeng arder,
first erdes, Higushl and Korsmeye-Peppas madels
The rate constants were alse cafculated for the
respeclive modals
Zera ordar,

o, = gyt (4)
whare Gy the amoant of drug dissoled at bmst, O.=
mital drug concenration, i, the kinetics constant
Farst-arcar

I, =Inc, + K (5]
whare by fre constant rate of the frst order
Koremeyer-Pappas model (eq7)] fo explan drupg
roleases from e palymeric systern.

MM =K (&}

0 (3
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wihare M AL is cunfiitive drug released ab fme 1, & the
kingtics constant, and n the releass ecpenent and
gatarmines the ralease mechanism,

Higuchi madels §eq.d) used o swudy af dug
releasa, gither waber soluble or slighty scubie m water,
a palymenc malne sokd ar s2mi-soid
MM =K, 1 (T}
whare kyha Rnetics conaiant

RESULT AND DISCUSEION

Synthesis of Carboaymethyl Chitosan

The aim of this study was to obltain the opimum
condition far fhe synthesis of cadhoeymethyl chitasan
with the highe=t solubility in watsr. Therefors, the various
type carhaeymettyl chitosan was mate W vanous
concentration of NaOH and temparsturs reacton. The
wiorks n the reference report Tat the carbomymettd
chifosan coCowrs selectvely according fo the conditions
veed 0 the reaction. a comples mighire of procicts s
E3erally cbiainad when ordinary conditons ane used
Divring cari@@cymethylation of chitosan with monachlaro
ecelic acid in he wldly alalive medium of pH £ 3, anly

CMC.E
Fig 2. CMG waried by temperature

[& CMC L Chl o

im | stor

EE} IR

TFET

a4
FFIFFEFSF
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ihe amine proups acivaled and so only N-eubsbbaion
wil take place. The products resut from wansson in
temperature can ba seen in Fig. 2,

Froem warying the temperature of rescion (Fig. 2,
it can be seen that the producis have different colar
die bo ircreasing tempesilune, CMC-A until CMC-D
have the same color, But start fram CMC-E to CMO-H
have a darker color. According to Wiaya et al [33], the
chitcean TGA resuliz that 28 57 54-153.76 °C oocum
weer weporng and folowed by decomposition o
chtesan, |t prawves thei CMIC-E to CMC-H has o
differant calor. This predicion supported Oy solub:diny
grd conductivity test results | as shown in Fig, 3),

Based an e resulls, he oplimem tempersturs ol
caberymemyl chilesan synthess ot 50 "G (CMC-D)
wath sofubebby in water 43 50%

After the aptimum tempersiurs was found then
the aptimum corcentration of HalH on the synchasis
carboaymedhyd chicsan was determined, The producks
resdlt from the vanaus concartrafion of MaOH have the
same  color  (Fig  4) ndicating  that  varation
concentration of HaoH did not kave impact physicaly

[proparty.

o =

ST I
Flg 4. CMC warled by NaOH concentration

i [

i i
Time (minuis|
—— sl —=——CMEA  ——CHC B
——MEE  —s-(NED CUE T
EMC F GGG ———CHEH

Flg 3. Solubility and sarductivity test of chitosan and CMC varied by lemperature
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azgr 150

ERIIINT

Fig 5. Solubilty and conduetivity 1est af chilossn and CMC vaned by NaOH concentration

% Transmittanca (o]
§
i |

b

T
18 NET i

Wava mumbar {cm |
Fip 6. FTIR spestra of chitosan and CMC vaned by temperaiure and varied by NaOH cancentration

- FT]
Fig 7. XFD diffrectogram of chitosan and CRME-03

Table 1. Wvale aof D5 carboxymethd chitosan

genermined by tiraton
Sample [
CHsZ-09 bE&
CMWC-DZ hER
casC3 0.EQ
caps-D4 b.EF
CRC-D5 064
CasC-DE ez
CasC-07 ED

Tise |rrirete)

w o CReliian i CHC LY
—ie— CNC-TF e M-I
o TT xT | " [l |-

— EME-Mi Tl T

3 -.;" :
= N - o]
i II. il
1™
E —
II L= 4
= /
F i 0
L _}
e Mo B 0 we M

Wavs Fuimibsr |cmo)

The degree of subsitulon [(DF)  strongy
dapendert on NadH corfntralion used Ba valie of
05 ag ehown in Table 1. The ngid crysialline sbusiure
of chitosan was diffioult to disrupt to ersure panetration
of the @ nochorcacetic acid &t lower cancentation of
HedH inte the infedocking palymer chairs resuing in
@ lower degree of substitition ritrast, emplaying 3
high concentrabon of MaDH promoted side resction
pebwern MalH and mencchlorsacelic acid and the
available monochloroacebc concenlralion for reaclion
formang carbaxymeattyl chitosen radeced accordingly.

The OS valus of the sampls CWMC-03 and CHC-
02 (Table 1) ara same, but the solubility of SMC-03
higher than 02, B is indicated that the synthess of
carberymetvl chitasan opfimum with 409 (wiv) MaDH
addmon. The salulity amng conouchvty lest results are
shawn in Fig. 5.

FTIR and XRD Study

The Infrarad absorption epastrum of chloean and
carboxymethyd chitosan are shown in Fig & The specifc

Farsaoran Siahaan ef &
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waveapumbar 3441 ¢ CiH and MH siretching
vibration, ZE24-2B04 1 M,ﬁl_—l siredching
wibration, and 1635 gm” shows the C=0 bond, and
1060 em’” for -0 band]20]. The peaks tat enpear in
the infrared specirum of chitosan and carb ethiyl
chipgan are idenlical In the infrared spectra ilgsan,
the paak cbhearved at 8 wavanumber 3425 58 em” ks the
sireizhing vibration of and OH groups The peak at
wevenumibar 180477 am in the banding vibmation of
MH; group. The G-0 stretching vibrakoen at 10 m',

According to Mi ot al. [10], the =peci :
carboaymeshyl chitosan at wavenumber 1744 em’
of carboeyie acid) 1608 cm’ (streching vib f
=COC anlisymmetic of Salt carbonylic), and 1421 em”
[strefching vibeation of —COO symmelric). Dased on
spectra FTIR of chitcsan (Fig &) al carl:rnnrrn:ﬂ'rall
chitosan have specifio peaks af wovenumber 1743 om,
1620 ang 1%E cm' both in tempersture  and
concentration of MallH vanatiorn. The based on Fig &
that earbeaymathyl been farmed

Basad an thi otdened result of RO dffrectogram
& depicled in Fig. T, S can be recognized with the
ermergence of the sharp characterslic peak sl an angle
of 207, while CMC can be recognized by fe appearance
of the chamacterislic peak that @ less sharp than CS ef
& angle of about 33° [34). In thea stidy, the
charactenstic peak of G5 appears ol an angle of

of

-y

FFFESESESF

Fig &, Encapsulation eficiency of chilosan and CMC

modopes. J. Chem,,

01T, 17 (2}, 297 - 300

20.6303°, whie the characterisic peak of CTME
Bppaars af an angle of 325258, Based on ARD
diffreciogram, C5 has crystaline structure while MO
fas an amophous strectoe Ths diference of their
structure proves hat CMC more seluble than CE in
WhseT,

Encapsalation Efficlency and Micolinamide Release

The encapsidaion aMclency of MNA-LS ang NA-
CMLC was shawn in the Fig. 8. Caompared with the G5,
e CHMC wieided a higher EE. A posslble explanaidan
fer thiz cifference was thet CMO poossessed &
hydrophic grow, which allowed for higher capacity of
WA incorporation. This resudl ahows thal with mona
functionad groups mvalved i the  pohymes-vitamin
imtermction [21]

Tha ralease of thres samples & 3 b early 10
accordance with the O-order kinetics with comrelation
coaficient =098, Kineics of the O-order on drug
encapsulation spstern by using a controlled reesse
palymer  can be  abtained  WhiE] the initial
concentraion of the diug beyond the sslubilily of the
grug in the systern and the concentration of the dmg is
constant. Drug release wl bs proceeded by the
desaluticn of the eweting drug on the sufacs of the
system and foliaw by swelling matre polymer The dug

E-‘U ohas

Eu:-

L 4

E o

&
55

&0

E ak
ey

Table 2. Teme raleasa during 3 h

Samples
Einetics Modals Paramatars o T P TTON)
0 Crier & 0.ga1 7 01961 0525
l'.% R [ER RS RG]
1" Dwder A rarm R L E 0BEzs
Er 00028 op0aE ooogaT
Foremeyar-Pappas &’ 05507 0BTaY LE L]
Bap 1.6252 13755 13808
A L2108 1205 01912
Higudhi .:'.} 00408 133 oooTs
12202 ] o AREa narin
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. Zaro order e First order
5 -
= s ST
F 4 o
5 =10 I
5 '! .d____-__.-—-—'l
g i ._____‘__..,_-—-"-_"-_._- ; 05
e =00
r— e,
] "~ 4 -
- l.._.____m,__.—--'—
5 30 1S 0 S ] 150 18 a i B0 80 2% 15 180
Theme {iminaib:| Vi (minube)
—s— Chiltoman —— OO —— O e i Pl e GPAC-DH] e W Y
[ !
| Korsmeyer-Peppas model Higuehi modal
I]i-] =
E £_‘ i -_’__',‘ﬂ"’—rj
E " '_._._,-h—."_.'”. :
s £
0T ‘_.___.___,..-—4—""'.-.
H $°
(] 1 _1-.-.—1-—-"‘
——
-l-—_--""'_F‘.H‘J* L
-3
1.0 15 16 75 | & ] 10 12 1 1]
o Limee Roat of thme
—+—Chigsan == CMCD1 —=—CMC-03 e Chilcsan —a— CACD — CME-D3

Flg & Time releass dusng 2 h

Table 3. Tine refssse duning 12 h

: Sampies

Kingtics adala Paramsters Chilosan CRCO1 cWo.0a
0 Crger " 11,555 == OHHE

[ 0.8 0. 4330 05

1" e s 1] e i1, 9870 09851

Ay {1, Lisa 01 DiE? DR

Korsmeyer-Peppos 8 0.E6T (RCET, T 0804
e 14632 10408 11160

: 0, 1653 0173 004377

Higuchi o 0.1810 0.21a5 01043

[in 0.5911 1,930 nEEd

in the despel parls will come out of Te systam when the
crug on the surface had separated. 5o the concentratan
mcreases [35],

The redasse profie of NA fram MA-CE MA-CMC-
01, and Ma-CWE-03 with respect to tme can be shown
in Table 2 and Fig 9.

&l of the sempies follow C-order Enetics. It s
mdicaled drug release oocuming at any given Ime s
relatively constanl o the drag can last bngar on the
syatorm. The dreg concentrafion release from WG
kighar than &5 This wil l=ad to deferminng tha amaunt

of the drug on the encapsulating Systerm when
designing long-leem cantrolled relesse of the dug.
Increasing concentration of drug release from MWD
highser tham CS becawse CMC maore easly digsalve 0
wabter. So that the drug will more easily separate from
CHEC than CS matrix du= to $= irterackion between
water and hydrophilc grougs of CMC.

A mathematical meded that s atse in accordance
with the all of the sampie diog release | Kosmeyer-
Feppes and Higuch with the comelation coefficient Tor
each sample =097 Hoth of this madel that has been
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recopnized and aften ueed ta detarmine the dmug relsase
mecharism. Crig raleasa mechansm can b8 sean from
e walee of A resullad. The n yalue js bebisan 13-
D31 b indicates that dmg reease machanism B onod
onby influsnced by the doug difusion process, bat also
degradanon of fhe polymens mainy  Bazed on hece
medets can be estimsted that the relesss process
thraugh 2 sheps, (i) dug releass fully caussd by dupg
diffusion and (i} the degradation of palymer metbriz [15]
Cietarminafian of drig raleass of all camples was dong in
= longer lim= fhat is 12 hours fo know the stability of the
ayutam &= depicted in Tebie 3 and Fig 10

The based on Table 3 show that the accumulaion
of drug concenfration release from CMC madic higher
than S35. Dwring 12 h of drug refesse making the
palymeno matnx unstable. According to the Morsmoyer-
Feppas and Hguchl medels, the n velue and the
comglabon coofficient of 12 h dug ralesss lowar than
3h

The imfial redesse aof MA can be athibutad 1o
releass of NA adsoed onlo e swface of G5 and
CMC malbrix system. CMC-03 had a slow malease of

nicalinamide thus making CMC-D2 a pobanbal
canddate as matr: system of encapsulatinn

CONCLUSION

Tha aphirrm AT e conditiong ol
calboxymethyd chitisan obigined In this study are the
wee of famperature reaction af B0 "C and 40% (wiv)
MeOH  concentralion Tor alkslizieg  chitosan
ragpactively, Tha highest salubilty inweter of CWC-03
= 43.30%. The encapsuiabon efficiency of NA-CMGC-03
B BT 12% and fallews zero arder kinstiz madel
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