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Abstract 

In this work, nanoparticies of calcium alginate-chitosan and calcium alginate

positively charged chitosan derivatives used for entrapment of glucosamine were prepared. 

The particle formation was based on ionotropic gelation of cationic polymers (i.e. 

chitosan, N,N,N-trimethylammonium chitosan chloride (TMC), N-[(2-hydroxyl-3

trimethylammonium)propyl]chitosan chloride (HTCC)) and an anionic polymer. The 

parameters affecting the formation, method of entrapment of glucosamine, entrapment 

efficiency, stability and release profile of glucosamine form nanoparticles were 

investigated. The results indicated that sonication and concentration of cationic polymers 

affected the size of nanoparticies. The optimal sonication time was 20 min and 0.15 mg/ml 

of cationic polymers should be used in the process. To get highest entrapment efficiency, 

glucosamine should be added in alginate solution. The in vitro release of glucosamine

loaded nanoparticies was investigated in phosphate buffer solution at pH 7.4. The results 

showed that glucosamine was released at an almost constant rate in the first 6 h. After that 

the release rate decreased and halted until the test period of 24 h. In addition, the stability 

of glucosamine-loaded nanoparticies in aqueous solution and in dry forms was studied at 

room temperature. The results indicated that the nanoparticies in aqueous solution for as 

long as 60 days tended to aggregate and precipitate while the size of dried glucosamine

loaded nanoparticies was slightly changed. 

Keywords: Nanoparticies; Q~t~()artbljti~; Chitosan; Alginate; Glucosamine 
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t.J 1ri.:J11 ~tJ~1t1l!iJri b ,J111 1J1 tJ~~tJ.:J O1'J "l~tJV1.:JiJiJ 'J ~ ir'Vlllfll~ "llintJ111'bn~ ~(1.u1.:jb~ tJ.:J U(1~iJ'J~11 V~ 
'IJ 

(l.I J' 	 d & cl .:::!.c::::! 'jJ 'jJ -: d d 
\9l1t1l l'U.:J1'U'U~'Ulu~1'J "n(1lfl9f1lJ'U" 9f.:JbD'Um'J'VllJ lm.:J~'J1.:JflmVf)Cllfl~'U1\9l1(1 llJbC1n(1b~tJ1'Vl\9ltJ 

'" 	 ~ q

'" " 	 . 
n'IJ11 litJ~iJ1 'U (1~mvt.J 1"l ~~mlJ1'J t:11 otlb~'U tilth'!!~1'J fl.u m iYtJlJ"l ~ bi1 tJ.:J 111n n (1 1 fl9f1ii'U u~Vlllil.J1Yi 

'" 	 '" 

~ 

b'Vlfll'U l?lUn11lil.J1"l iJlJ1f)Vll 'l11\n~.:J1'Ul~mbC1~Yr~'U1'J~1J1Jt.J1ri .:JtIllHiiiJ'J~ir'Vlllml'nJ1f)~'U l~tJ~1J';h 

'J ~'lJ1J t.J 1ri.:J tIl~iiiJ'J ~ il'Vl ~m~ ~.:Jfi tlfll'J 1otl~lt.J ll~lt1l~ii'U'U1~tl'Ufllflb~f)lJ1f) l'U 'J ~~'IJ'W11'UblJVl 'J ~.:J 
'" 	 q 

I 
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v • 

UlfJ'Wfllf1 'W 11'W!'\1 ~ lil m 'iH\9l1 VlJ 1 <f1' 'illfHI'1 ';j ~l'IWJf)1'\JlJ'W 'YI ~m~ fJ~!lJ fJHiiJ mi'l 'W li ';j ';j lJ'lil~'YI~ fJ 'il ln. ~ 

Q..f tI.4 d'~dd.Q 0' 0' 

f11 ';j bY ~m 1:;'YI 'YI ';j fJ m 'illJ1'illm9lClCl'YIlJ'li1\9l'\JfJ~lJ'4EJ v (l';j 1m ru, 2555) 

m :; 'tJl'Wf11';j ionotropic gelation !~'Wl~ f11';j 'YI~~~iJVlJ'l ~'l 'W f11';j~m UfJ'Wfllf1'Yl';j ~nCllJ 1~ t'J'" . 
mftV'YI"nf11';j !il~! 'il CI'YI! tl f11 ';j \9l n\9l:; nfJ'W 'i llJ'\JfJ~~ fJ i'11lJfJ{TItl~'liiJ~ ~1JU ';j:; 'il \9l ';j ~'llllJ n~j 1~ m~lJ vi''W. 

v • v 

~fJ~llJfJ{U~CI:;'liiJ~ 'il:; 1:'1~ CIl tJmJ'll.l bYl';j CI~ CIlt'J'\JfJ ~ 'Ill l:UfJ'IllbYl';j CI ~ CIl t'J11~ bYfJ~lJ1 r--lb1'lJn'W 'il~ lil~u ';j ~ 
'" ,., 9J iI iI 

~~~~';j:;'YIll~U';j ~'ilY11 'l11'~ fJ~!lJfJ{l1~bYfJ~'liiJ~v~lf11~n'W h;CI~CllfJthBn~fJ lu 11~ilt11Ur'tJbYflll~'" . 
v 

~ 0 ~ ~I d 1ft ~ "" ." d'1 'l
f11';j \9ln\9l~ nfJ'W 'l 'YI !'\1lJ1~ bYlJ'il~bYllJ lH)'YIl 'YI\9ln\9l~nfJ'W fJfJ n1J1l u 'W tl'4fllfl'\J'W WHCln!~ ~ l'Wl'ilV'W bY'W 'il 

'1f11\9l9l1'WUCI~tl'4'W'W'fi'\JfJ~ !fl1\9l9l1'W~1JU';j~~'tJlmli:'1~ 1911~!JlJUtlf1~ l'W\9l~ 1JU ';j ~ ~ CI'tJ vnnnn'UUf1C1l~t'JlJ -
• v • 

! fJfJtl'W '1 'W f11';j 1\9l ~ tJlJfJ'Wfllf11~ fJ 'l ~'tJ ';j ';j 'il nCi 1fl9l11J'W 1~ tJ~fJi'1llJ tl {11~ bYfJ ~'liiJ~y)~ n ~ l1l~'W ~tli'1llJ fJH'i. . '" 
• v v 

1<f1''ill nli ';j ';j lJ'lil~ llC\~ 1<f1'r'tJ f11 ';j 'YI~ bYfJ'tJll~111l'lll n'tJ i1 ~iJ911\9l ! <f1' 11~il f11';j 'l~1 f11 \9l9l1'W cJ'~m 'il 'il~ iJ'llfJ~ 
• v 

~ fJ 1~'W "~fJi'1llJ fJ{vhil~~'W 'illn f11';j \9l fJtl'W '\JfJ -:In CI 1f19111J'W 'YI!fJ n ~11 BntJ(m~-:J~;i fJ n1:'11 fl9l1ii'WI ~'W 
'" '" 

m.hmitltJ'\JfJ-:J !fl1\9l9l1'WJ'WlfJ~ f11';j HbYlJ HbYl'Wn'W ';j ~ 'YIll~nCl1fl9l11J'W n'tJ!f11\9l9l1'W ~~'I11'il~Y111<f1'llifJln 
~ 

v • 

';j1lJl1~UabYlJ'W'Wiu 'tJ'tJ'W'W li~ lt11 \9l ';j! 'il 'W ';j~'YI11-:J bYl tJ 1CJ1~fJi'1llJtl{'\J tl-:J 1fll\9lCJ51'W 111:'1~ n ~ 1fl9l11J'Wfi~ 
I I IiI v 

'I11'il~ 'liltJ 'l11'TIllJ1';j iJ'Ii~ CI fJf11';j U1:'1~U ~ tl tJn ~1f19111J'W fJ tl n 'illnfJ'4fllflfi 1\9l1 tJlJ:tI'W il 'l 'W i1-:J 111~~tllJVil~'W 
v 91 iI r Y 
o "I ~ ~ ." d .. 1 d ~I d d 0 "I ~d 
'Wll~\9lltJ 'YI-:J'Wl~';jl~n1:'1 fl9l1lJ'Wlu'WbYl';j'\J'Wl~l1:'1n'YI1:'1~CIltJ'W1 !\9l~lJ1n 

~ QJ .e.I..c:f, v 
1.5 .:Il'W11HJf1lmJ1'lJtJ~ 

l1fl~lil~'illn'llm~fJlJ (Osteoarthritis , OA) l~'W 1';jfl~~'tJl<f1'tltltJ~bY~ i~tJlQ~l~'l'WHbY-:JtlltJ
q q, co q 

Y11C1ltJ m ~~nlirtJ~ irY11 'l11'1 ~'tJU1\9llJ1n 'lltl1J 5nlJ ru ~ ~~ ';jU 1uri -:J HCI 'll1''llfJY11-:Jl'W lY11li~y)-:Jl~lJ l1fl'lltl'" .. 
I • iI V Y 

liitllJlil~lY1tl'tJ'YIn'llfJ ll~lJf1lil~n'tJ'llfJVir'tJ'Ill'Y1tJmJ1n lY1llfl 'llm~l bY~ l~n ';j1lJl1-:J'llfJiJ1{JfJ IlCl~. 
v • • 

'llfJ{JfJ'il~I~'W l1flillY1tltltJnll'llfJ~'W'l Rubin et al. (2000) !Y1';jlV-:Jl'Wll'l'WbY'YIr~mlJ~f111Jf11';jl~lJ'\Jtl-:J 
• . " v 

HlbtJY1 1tJ l1fl'llmiifJlJ 'l 'WHbY ~mtJG-:J ~tltJCI~ 12 '\JfJ -:JU';j :;'1nm Vi1J tl1tJ\9l~ll~ 65 lJ:tI'W 1 U llCl~fl'W1<\Iii 
cu III <tI q q 

V • • 

mf11mJfJ~Y1'WViu';j In{) m-Yl f11';j 1~'tJU1~\911lJ<\IfJ\9l fJl~'Wu';j ~ ~1 ~~ f11 ';j r nlJ lri1'W 'l 'YI\1ilJn 'l i'tJlm ';j 1'YIl 
• v 

mf11';j U1~ tltil-:J~ tll'W tl-:J u~ i1T:1J'YI1'\JfJ -:J tl1 f11';j 1~1J'lh~1l CI ~ ~~U n~!'\1 ~ ltJ'W cJ'-:J lli CI'llJ1';j iJrnEll 'l11''YIltJ 

M llCl~ cJ'-:J r1tl 'll1'lil~ H1:'1'll1-:J l~ tJ-:J 'ill n f11 ';j 'l ~Ul!'\1 ~ ltJ 
v 

'WI ~ 'WI1Cll'W 1'W 

flltJ'l 'W 1m -:J bY~l-:J'\JfJ-:Jf1';j ~ ~ n tlfJ'W U';j ~ n tl'tJ<f1'ltJfl tlCl CIll 'il'W (collagen) IICI:; 1U';j ~i fJ 1 n1:'1llfl'W 
'" 

(proteogl ycan) 1~'W 'YI"n ~~1JbYl';j n ~1 fl9l1ii'W l~'WfJ -:J rl'U';j ~ nfJ'tJ'YI" n ~-:JI~fJllf11';j '1 ~n~ i fl9l1ii 'W 'l 'W 

f11';j 'lhu~ l1fl<\l m ~tl:IJ l~'WBn'YIl ~l~ tl n'YI~~ 'illnf11 ';j r nEllll'tJ'tJl~lJ 'I11'il:; '111'ml~~ n f1 i fl9l1ii'Wl ~'W 
'" 

Jl\9l1f1tldn 'W~'WDn'illn'il~f11tJ'il~bY-:Jlml~,11Y11D-:J\9l1lJli ';j ';jlJ'lil~mll cJ'-:JbYl1J1';jiJ l<f1'1J1'illnf11';j 1~ 1~';j lCICJ1 
"I 1 ~ ~I d." ." I d ~ I ~ "" ~ I I dI ~I ~ 'l ~"'0 0 0 0

lfl \9l9l1'W9I-:JIU'WbYl';j'YIbYn~1J1'illnbYmU';j~I.fl'YIlJ'\JfJ-uClD~ m'YI ~-:J \lllfl~lln'WuCll'YIlJnlU'W\9l'W nn 'Ii 
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I ," • 

tl(1 lf1CJi1lJ'Ul'l'~tlf1l';i1hu~ hfl~e:mYmJlJlJll'1.:Ju~ lJ f1.ft'. 1965 Cti.:Jl~-rufl';mJ'wUlJlJltltlllJ~f1lmih) lW~ 
" 

~tllJlllydl1mtJltl~l htl'1'U'li1.:JtlmUft'\911'J'J'hl~ 20 '1'UlJ f1.ft' . 1998 McCarty lJ{'J1U.:J1'Uf1l 'J l~ 

tl~ lf1CJi1lJ'UU(1~tl'4Yr'U,r tllVl glucosamine sulfate U(1~ N-acetyl-D-glucosamin (NAG) rl111-rUth1J~ 
v I " v 

~tlum~1tl.:J'lJtl .:Jli! tHVtlln U1Yr'U 1~~,m~ 1~m~ lJ 'il1tlrl'mu'W'Vlvl~'1~bY1'J ll1cil'u'1'U f1l'J th1T~~tlum~1 tl.:J 

'lJtl.:Jrl'\911~lJiJqJm~1'U~tl~ tl~.:J lJ{~(1~ ~tllJl~.:JI~m·hlJl Hth1T~tlufl'\.J~l~'U h f1~m~tllJ ~.:J l~vm 

l~'U~l1 lr'w'I 'il l~u '1 rr~thu-rutl'J ~'Vl1'Ul~'U tllm'J lbY~lJ'Vltll'U '1 'Utl~lJlill 3-5 tl-rlJ~tll'U fllU'1 'U 2-3" . 
iJ. • V" 

lJtllf1l'J ~~'UlJltl l~m'iltl';hlJ f1l'J lbY~m,.~l.:Jm~~m)tl'UViutl'W 1 tl.:J 1 tlmhw'U '1 rr~~'U mJN 1'J n\911lJ 
" • v • 

tl1'J Vi 'il~ bY'Jtll'li'U -U V.:JfI.:J ell tl.:J tl1 'J f'i 1V~U1U'VI1.:J tl(1 "l tltl1'J Vl1.:J 1'U '1 'U 'J ~ IOlU llJl(1 tl (1 IVt tl tl 1 'J YlbY'illf'Vl'J 1U 'VI tl 
q, q, <lI q 

V 'jJ v . 

.u'U\91 tl'U'Vl1.:Ji'VlUlft'1 bY \91 { 'U tltl'il1tl-U McCarty V.:J "l~'J 1m 1lJ~tllqJ(1U(1~I'1.:JbYlJlJ~~ 1'UlVttl~hiJ'U f1l'J l~U 

~tl"ltl11 tl~ lf1"lnlJ'Ul~'UbY1'J~.:Jell'U~rl1flty'IJV.:Jf1l'Jrl'.:Jlm1 ~"f glycosaminoglycan (GAG) ~.:J'WUlJltl 
v • , v 

'1'Uli!mvmnU1Yr'U 1'li'Um~~tl lS'U l~'Uell'U U(1~'1'Ul.J1i'IJ~tlm~~tl 1~V'WU11tl(1 lf1CJi11J'UbY1lJl'Jl\Vl1 

Bruyere et al. (2008) 1~'J1V.:J1'Ul\.:JV-I(1'IJV.:Jf1l'J 11~~.:Jtl1~'Vl1J1mlJ'U !'JfI'lJtHbYtlmUlJ'J~'Vl1'U 

" "" 
'jI~ Q.I q 

11'U1'VlmUfllJm~U1'Uf1l'JbY.:Jlm1~11 GAG 
1fj9J9J 
l~mu 

"I 'J) <!l '1 'J} 'J} ~.'I ~I "i 'J} '" v n 1 

tl (1"1f19nlJ'Ul~ e:J1J 11J~ tllf1l'J 'lJV.:J h fI 1~ U'I rr-rutl 'J ~ 'Vl1'Ul~'U bY1 'J lbY~lJ tll111 'J 'VI.tll'U '1 'U tl~lJl1U 1500 

iJ(1i'ltl-rlJ~tll'U l~'U'J~U~nm 1-3 lJ U(1~ Messier et al. (2007) '1rrNtJ1U-rutl'J~'Vll'Utl(11f19:nlJ'UfltlU
" "" 

fI tl'U ~'J VV~'U '1 'Utl~ lJlill 150011200 iJ (1 i'ltl-rlJ~ tll'U ~.:J "l~~mi'W,r\91 tlUbY'U tl.:JJ{1'U f1l'J -rtl'hl1'Vl1.:JfI i'liJfI 
v 

l~'U tlV1.:J~ VV1.:J h n\911lJ 111 "l~-rUtl (1 1fI CJi1lJ'U '1 'Utl~ lJllll 5,000-15,000 iJ (1 i'l tl -rlJ ~ tJ'I.J 111-Wtll'11 'il ~ 'l'11 1M' 
" 

.ti ~I ~ dCo Q.I & 4 0 

OARS I l1'Jtl Ostearthritis Research Society IntemationalllJ'Utl.:Jflm'Vl1'ilUU(1~ft'tl'hl1l'WVf1l11'U~ 

~ tlU 'U~1.hl 'U 1'Vl1.:J i'U f1l 'J -rtl'hl1 h f1~tH~tllJ 'WU11fl(1 1 f1CJi11J'U lJtl 'J ~ iY'Vl~ fll'W hI f1l'J -rfl'hl1~~ mh.:JlJ 
" 

" 
1500 iJ(1 i'lfl-rlJ ~ tl l'U (20 iJ(1 i'l fl-rlJ~vfih fl-rlJ1..J 111-Wfl1'11) 11 ~ tl -ru tl 'J ~ 'Vl1'U mu ~ tlU fI tl'U ~ 'J VU~ 'U '1 'U 

" 
tl~lJlill 1200 iJ" i'l fl-rlJ~ tll'U ~.:J "l~~(1\91 tlU bY'U tl.:J '1 'Uf1l) -rfl'hll'Vll.:J f1l'JH'W'VIVtlV1.:J1Jtl 'J~ iY'Vl~fll'W U(1~ 

'WUtl~lJlill 'lJV.:J fl (1 1 f1CJi11J 'U i 'U 'W m bYlJl~ m1m~lJ~'U 10 "llJ 1 fI'J llJm { ~.:J l~ m ~IOlU~ III ntl '1 rrlfi~ 
" 

v 

tl'U\91'J 1U\91 m 1.:J f1l U 

f1l'J1..J 1ri.:J u11~u~11tl 'il~ll.:J l1lJlVl1 ~flfi tlf1l'J '1 rrtl~ lJlill I'll U1rl1flUJ '1'UU~ llill \ph m l1.:J~ellv.:J fll)
• , u 

nm'U1'U 1Ol.:J,f'U 'J ~uu 1..J 1 ri .:JV1'il~1'l tl.:J tl tlflt! UU '1 rrlJ fll) 1..J 1ri.:J U1'1 'U elm 1~m1J f1lJ"l ~\911lJm1lJellv.:J f1l'J, 
• v 

'lJV.:J11.:Jfl1U\91(1 tl~) ~u~nmf1l'J-rfl'hll 'l'U)~tJ~nmYiH1'UlJlih~uu1..J1ri.:J'U11 'U'Wl{~l~(1 "l~-rUfl11lJ 

bY'U 'I 'iltlVl.:JlJlfl'1 'Uf1l)Yr(PJJ'U ll~mln"l'lJiJqJm'j~UU1..Jlri .:JUl~.:Jl~lJ U(1~l~'U~UtllJ-ru 11l~'U 'j~UU1..J lt1'.:J 
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l~ rJ 111"l~'J~'U'tJ111tY 'J~lJfl UHYlJ11~ 'Vll'J911m'V4~19i' rJ'Jf11'J l'ff~'V4rJi'1llJrJ{~lJflill fflJ11~l~ rJ 1~1~ l-JI911fl1'UfllJ 
q, q, q q 

'J ~'U1J f11'Jtlci mJff1'J rJ rJfH)l1 fu~19i'rJ'JlJ fflJ1J~vfl-J)1 1l-J ~ rl1fl~ 1 ~ (J if'll'utl f1 rJ l~ l-J 1'MJ~lJfl11lJl.u1nl-J"l~ 
n'U~ 'JlJ911\9l"l~ (biocompatibility) llCl~ "l:iJI~l-JVJEJ'l1jmhJ\9l'J 1(J (non toxicity) ~'Jmul~l-J'V4rJi'1llJrJ{ 

'Ii 'J 'JlJ'lf1~'I1 jrJ'YWi'1llJ rJ{ if'Jlm l~t!n"l~ ('1'llJ 1'J tlVrJ(Jffm(J'l1 jrJtlf19J'tJ(Hlf1 u1m ~'U'U "l~1~ LJ "l:iJln~ 
'U 

• 'j.I 'jj 

r'j(;l.ul'JI~(J'JllCl ~ lJ 1 m '1 ff!1'1 'Vl1'JlfllJVi la rJ~ rJf11'J ln~~l-J 'Ii ~~ 1'1"1 Yl'J1l-J 'J tlll'U'U~l-J 'Ii ~CV1~ (JillJll Cl~~l-J 'Ii ~ 
'U q 'U 

rI ~ 9 'j) .0::9 <:!i cflrJ 'j) dQ d 

1fll1lCll-JI'H'V4rJ !'l1lf1~f11'J\9l'J'l1'JrJNl-Jlf1ff1'JrJrJf1t]'Vl'fi !~ (tl'J~ill\9l11Cl~~l'J'Jill, 2554) 

IWCl ~ll-J \9l l~l-J 'V4 rJi'111"lifl jill h~ 'Ii 'J 'J lJ'lf1~~lJtl'J ~ uCl'U ff11J1 'J tl ffn~"l~u 1 f1ff1'11 j 1(Jihf1\9l1Cl
q 

tl'J~f1rJ'U~l(J (l,4)-linked ~-D-mannurinate (M) IlCl~ cx'-L-guluronate (G) llrJCl~Il-J\9lff1m'Jmn~I~l-J 

I u Clll ~'J1l-J ff ml~~lJ llfl Cll91(JlJ"l rJ rJ rJWI Cl~ l~l-Jlu Cl ~lff~ LJ'J ~rJ fll1lJ! rJ l-J iTf11 ~l ~l-J ff1'J lvilJ fll1lJoU l-J 
'j.I • • I 

l-J tJf1 u1f1lJ IWCl ~ ll-J \9lVilJtl~mill guluronate 1:J: '1 u~ ln~ I uClll ~'JViI ff~ (J'J ~ rJfll1lJ!tJl-J llCl~IW Cl ~ll-J \9lVilJ 

, " " 
tl~mill mannurinate1:J: '1 u~ ln~l u ClViDrJl-J f111 l-J rJ f1 u 1f1lJ f11'J Cl~ Cl1(J'U rJ'JllrJ Cl ~ ll-J \9l V'J9jl-J rJ~n'U~ 1 pH 

1~mmCl~Il-J\9lU~\9lf1\9l~f1rJwrltJ pH ~1f111 3,5 'I1jrJffilll~lJllflClI91(JlJ "lrJrJrJl-J IWCl~Il-J\9lIUCl\1f1111 "ltl1~ 

'J1l-J~1l-Jf11'JII'jo~'Vl6mf1m(J l'lfl-J f11'J1'f1EJ111NCl f11'Jll1tY'Jff1'J 1tl'J~l-J (J1 f11'JtlClf1ri1m"liCl~ 1~l-JI9i'l-J 
'U 

11] 1 ~I 11]" "" d 11] V "" , I'"Q Q

!fl \9l"li1l-J lul-J'V4tJClll"lif1fl1 !'J~'Ii'J'JlJ'lf1\9l'VlNCl\9l !~u1f1m~'Ull-Jf11'J deacetylation 'l1'JrJf11'JluClLJl-J 

'I1~rJ~I"li\9l1"llJl'l (-NHCOCH j ) 1~l-J'l1~rJ~ml-J (-NH 2) 'UrJ'J"lfl~l-l ~'JI~l-Jff1'J~'V4'U1wtl~rJf1~'J m~~rJ'J 

tl Itl~rJf1'UrJ'JlllJCl'J llCl~'J1'U1'J'lf{j~ 1~(J"lfl1\9l"li1l-JlJ'l1:iJrJ~ml-J~ff11J1'Jtl'\ol1111lJtl'J~u'Ulf1"l~ 'JllJ"ltl 
'U 'U q 

d1 9.::2 ~ <:!i ~dd 'j) 


tl'lfll1lJff1m'Jtl !l-Jf11'J(J~If11~WtJllJrJf1 (mucoadhesive) 'Vl~tJf1~l(J (He et aI., 1998; Mansouri et a1., 


" " " 
2004; Sadeghi et aI., 2008) Yl'JlJ"lfl1\9l"li1l-J"l:iJff1m'JtlCl~m(J"l~1l-Jll1 ll~ff1m'JtlCl~m(J"l~~ll-Jm~ 

DtJl-J l'lfl-J ff1'JCl~m(Jm~tJ~q;~f1 llCl~ff1'JCl~m(Jm~llClf1~f1I~l-JI9i'l-J 1~(Jtlf1~ 'l1:iJtJ~ml-J1l-J 1m'Jff!1'J 
'U 

'UtJ'J "lfl1\9l"li1l-J u~ "l:iJlJtl'J~u (tl'J~ Ul~mll-J 6) 1l~1l-J ffml~m~ntJl-J 'l1:iJrJ~m l-J U~tlf1ltl~(Jl-J"l tll~l-J'l1:iJ 
q q cu 'U 'U 'U 

II tJlJ 1lJllJ(JlJ (-NH4+) ~'JlJtl'J ~ ~l~l-J 'U lf1 ll~ V'J ff1m'J tl~~lltlm'l1~ rJ~lJ 1l-J 'U rJ'J"l fl1\9l"li1l-J 1 l1lJtl'J ~ ~ 'Ulf1 

"T:l11'J" "l~1~(Jf11'J'\olltl5n~(J1'Vll'JlfllJ l'lfl-J 111"lfl1\9l"li1l-Jm'\olltl5n~(J1n'U methyl iodide 1W'Ufflln 
" ,

u1f1'11WlClf1ltl~(Jl-J"ltJtJtJl-J ( l~l-J C( u~"l~l~l-J N,N,N-trimethylammonium chitosan chloride 'I1jtJ 

TMC 'l1jtJll1"lfl1\9l"li1l-Jm'\olltl5n~(J1n'U glycidyl-trimethyl-ammonium chloride (GTMAC) u~"l~l~l-J 
"" 0 9 v d 11] Vd

N-[(2-hydroxyl-3-trimethylammonium) propyl]chitosan chloride 'l1'JtJ HTCC u~'Vl1 !'l1ff1'J'Vl !~lJ 
iJ 'jI ,iJ iJ 

flJ1lJ'lftJ'Ull1 (hydrophilicity) 1:J: 'J9jl-J 'l1 j rJll~m ~ Yl'J Cl ~ Cll(Jll1 "l~m f19jl-J f111"l fl1 \9l"li1l-J l~lJ 

"l fl1\9l"li1W ~ l-J'V4tJi'1llJ rJ{~"l~l''UflJ llJ ffl-J 1 u 1l-J f11 'J Hl~l-J 1'ff~1l-J f11'J flJ'U fJlJtl ci rJ (Jff1'J tJtJ f1t]'Vl f 
i'Jti'1~ tJ'J u 1f1fflJ11~vfl-J] 1l-J 'U tJ'J"l fl1 \9l"li1l-J ~1~l-J'V4 tJi'1 IlJ tJ{911m'V4~ l.u 1 nl-J "l ~nlJ ~ 'JlJ911\9l "l:iJ l~ l-J VJEJ 

, " 
'l1 ~m)l-J \9l'J 1(J ff1m'J tl VtJ(JffCll (J~lmtJl-J "l "lilJl fl~ll-J mlCl~"l fl1\9l"li11l-J ffVi'V4'U"l ~1l-J u 

q 
Cl91'V4 l-JtJf1U 1f1lJ V'JlJ 

," , 

fflJ11~'Vll'l911m'V4Virl1flUJf1tJf11'J V'U V'Jf11'J IU~UJI~'U 1\9l'UtJ'J UCl91'V4111'J'lf{j~ liJtJllm 1~t!1m 'Jff!1'J'Vl 1'1 
u u q 

IfllJ'UtJ'J"l fl1 \9l"lill-Jll~lu~ll1l-J "l~11lJflJ1lJl'\1m~fflJ~ u~111"ltl1~\9lj '1 ff1'J tJtJf1t]'Vl f f1 ci 11f1tJlJ'l1~tJ~m l-J 
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!!~~11~1Bm el0cJ1~~1el(J 1 l~mJBn~ t:J1lflij rl'll1 ~'Uon In~Yrtl 1i ~~l-:)um~mJ ttmlmn'j ~tI!!~~I1.1~tJtI 

t1.1l1~~(Joci11 1 1.1I~tJm~Yrtl,j1.1n!fl'Vl~tJ1 ~hi',nn:r~I~tI!!\9l0~1(Jtltl elelO 11.1 l'lftl carboxymethyl 

& :1fJ:l1 Q..I fI .::1 lrJV Q.I 0 Q.c.::Id' 

(CM)-chitosan "ll'(J~~mtJtJ1 ~~ , el'4'Wtl1i'IJeJ-:) phthalamino-chitosan 'Vl~~mtJ ~~hJ\9l1'V1l~~mtJeJtJ'Vl'jtJ , 

eJ'4Yrmj tosylated chitosan ~1eJ(J 1l~ v1.1Bn~tJ11l'lij~1(J1 !!~~'j llJ~(Jfll1lJl1 m0l1mtJ1tI OW(1'1 1(J 

Yrtl1i~'j~1111(J tlJ!~Q~'lJv(JbYneJeJot)'VliIW~bY1tJ tQJ1flt\9l"ll'nJ 111wtltl 

O1'j 1\9l1 tJlJ 1 flt\9l"ll'lW ~V 1 ctl'1 tI 'j ~'U'Um'U fJlJbYneJeJot)'Vl it~ tJon \9l1 (J bY n eJeJO t)'Vl i tl'U ~ 1(JU11 'lJel(J 

1flt\9l"ll'ltJ1~ij'j1tJ(J1t1"l11t111.1U'U'U'lJeJ(JI~~ii~ IlJlJ!mtl l'il~ ~1J'j'j~ tlJI~Q~'lJeJ(JbY1'jeJeJot)'VlieJQ ~'1~ 
ijon 1ctl'bY1 'j l~eJlJ ttJ (J!!~ ~ hil ctl'bY1 'j l~eJlJ t tJ (J l~O1'j 1\9l1 tJlJ t ~ tJl1 ~ m~ tJ(JtJ t1J111 O1'j 1ctl'bY1 'j l~mJ t tJ(J 

l~eJ1'11 ~1tJ~ eJO 1'j 1.1'j ~dJtJ 'j~ 'U'U II~~ 11ieJ(J ~tJ ~tI1'il 1~11 bY1'j '1flt \9l"ll'1t1 111 ri -:)H~.iJ1-:) I~ tJ-:) 1 tll9f '1~U ~-:) 
l~tIl~ 01'j 1\9l1 tJlJ~ ~ 1tJf!~1 tJ 0 1'j 1.1'j ~~o~1 ctl'1 flt\9l"ll'ltJ 1 tI 0 1 'j fl l'UfJ lJO 1'j 1.1 ci VtJbY 1'j eJel Ot) 'Vli 1 ~tI ~tI 11 

Miyazaki et al. (1981) 1~!!bY~'1~'101'jI\9l1tJlJ1flt\9l"ll'lW'il~eJrJ1'1~ltJ~ijbYneJeJot)'VliHbYlJeJ~ 1.1'j~I~tI 

l1cro~eJ O1'j1111ll1'l11~~mtJ~mlJl~bYlJ rl111~'U1fl~tI ~eJ hexafluoro-2-propanol !!~~1flt\9l"ll'ltJ~eJ 

acetic acid t~ tJHbYlJbY1eJeJOt)'Vlil~1 11.1 !!~l'j ~m tJllll'l11~ ~ mVeJ eJm~eJ1'111~bY1'j ~~mm~lJ~tlMll'Wv _ 

~I '" & "1 91 & d "'') 191 "1 ')d

!lJW'il~!f)~'lJtJ !!~~ Sawayanagi (1982) ~~'j1V(J1tJ()'101'j!\9l'jVlJ!lJ~bYnveJot)'Vl1i ~~V 'lIH(J ~fl ~\9l"ll'1t1 

!~tJ rill..! HbYlJ 'W'U1101'j HbYlJ 1 flt\9l"ll'ltJ 1 '11!~1tl'U bY1'j veJot)'Vliij H~1W9f (J O1'j 'IJ 11-:) 01 'j ~ ~ m VU~!~tIO1'j 
v 

vh1tll'I~el~'Vl ~ ~ eJ-:)!l'l 1UtI 

Bodmeier et a1. (1989) 1~'j1V-:)1t1~'101'j!\9l1VlJV'4f1lfl~ijbY1'jeJvot)'Vli\9l1'1eJQU'U'U ionotropic 

gelation t~ VOl 'j !\9l~ VlJ bY1'j ~ ~mv1 flt\9l"ll'lt!!! ~~ bY1'jeJeJ Of:) 'Vl i1 tI m ~ eJ~ cJ1~O !!~ ~'I11 O1'j 11 V~~'1 'l tI 

bY1 'j ~~mv1 \9l 'j 'W eJ ~ 'W eJb1'!'W\9l 'W'U11 01 'j 1.1 ci eJV'IJ V-:) bY1 'j eJeJ 0 f:) 'Vli~ 1'W 1 0 guanidine, sui fadiazine, U~~ 

salicylic acid ~tJ el ~ tlU 'IJ l..I1~ 1'W ~ tJ 'IJ eJ-:) eJ'4 fIlfl 1.1~ lJlill 'IJ eJ -:) bY 1'j eJeJOf:)'Vli~ 1 ci1 tI O1'j 1\9l~ VlJ !! ~ ~ Sezer 

and Akbuka (1995) 1~!! bY~-:) ~-:) O1'j!\9l~ VlJV'4 fIlfl 1flt\9l"ll'ltJ~ij [1'1'j piroxicam \9l1-:)eJ~ !!~~'I1101'j~mJ1 

m1lJ~lJYrtJ,j 'IJ eJ (J'IJ l..I1~lJ l~ tlJ!~ Q~ 'IJ eJ'11 flt\9l "ll'1t1 1.1~lJl ill bY1'j vvo f:)'Vli~\9l1-:)eJ~ 1~ m'l~1~ lJfll1lJ 

u~'1m-:)'lJeJ(J!'il~~lV fonnaldehyde 'jllJ~'1 Chandy and Sharma (1992) 1~'I1101'j~mJ101'j!\9l~VJ..J'U~~ 
1flt\9l"ll'll..! 'ill 0 bYn ~ ~ ~ 1V1 flt\9l "ll'1t1 1 tJ m ~ eJ~ cJ1~ou~~1 '11 neJlll11~tI ii~ ~ 'il10fl 11lJl!\9l O~l-:) ~1t1 01 'j 

~~mv t~Vl1 V~ ~ (J 1 tlbY1'j ~~mvt "ll'!~VlJ lB~ 'j eJO 1"ll'~1 tlllJ'Vl1t1eJ ~ 'lJtI 1~ 'lJeJ '1!~~ii~ ~m'UfllJ 1~'il10 
q 

'lJt!1~'lJeJ'1 nozzles U~~'W'U11ri1 pH ~!~tlm~'il~'I111'11on1.1I;'l~1.1civmJl1~lJlo 

Chen et al. (2007) 1~'j1V(J1tJ~(Jl\9l~VlJeJ'4mfltJlttJ N-trimethyl chitosanchloride (TMC) t~v 

1~ tripolyphosphate (TPP) 11Jl..!bY1'jl~ellJ tv-:)1t1'j~UmJ1ri'1t1.1'j~tI 1ll1VrJ1(J lctl' TMC ~(Jlm1~11~ij 

%DQ ~l(Jntl Il'ieJ1.1'j~!iJtI bYlJ,:r~lw~on1.1~~1.1civvt1.1'j~tI 'il10eJ'4f1lfl !m~ij01'j 1ctl't"ll'l~vlJ!leJ~ ~!tI(91 

" !W~bY1lJnf:lI;'l~H~'lJeJ(J01'j1.1~~1.1rieJVeJrJ1-:)Q'U'Wcrtl~'1aO~lV tJeJn'U1oil Xu et al. (2003) V(J1~'j1V(J1tJ 
& "' if dI ~I
()'1f)l'jbY(Jfl'j 1~11 N-[(2-hydroxyl-3-trimethylammonium)propyl]chitosan chloride (HTCC) "ll'-:)llJtJ 
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. " . 
fJ'4~\.ITIlfl1~"lfl'\.J'Vi(l~Clltn.'h1~ IV;mhlJ1I~~tJlJ'\...I11m\n{~I~(l HTCC ~'"Wl1j ionic gelation i:Yl'i1~tJ 

111ri~ hh~'\...IloM'\...II~tl1tl'\...l1~Wl<M TPP t'1I'\...1bn1t~mJ'U11~ "'l1J111~'U'\..IwlfJ'\..Ifllmll~tJ I J0- J80 '\...I11'\...1tlJ~1. 
tt(l~'lh::;ir'Vl~fll'V'lnl1tlfltnlJ hh~'U~'\.!tllJfl11lJt~lJ'\j''U t~lJl'i''\...I'UfJ~ hh~'\...I 011 t~lJmllJt~lJ~'\...I'UfJ~ TPP 

" " \9l~tt~ 0.5-07 iJ(l~fl~lJ~fJiJ(l~~~1 oM1tJY11111'lh~iY'Vl~fll'W011tlfltnlJ hh~'\..Ib1'~~'\..I 47.6% ii~ 90% 
'" 

" O11~'\...IttJfJ'4mfl1~)tJl1j01tlm'W 1~tJfJ1fttJ physicochemical properties 'UfJ~'WfJ~!lJfJ{iJt1m(Ji1j 

l~mi phase separation, solvent evaporation, suspension, spray drying tt(l~ coagulation 'U'\..Il~fJ'4mfl 

~ 1~ri1'U1m1lfJQ1'\...l1~~lJ llJ 1 m tlJ~1 tt(ldJ~fJ~ltl~ ''\..1 O111<Mt'1I'\...1\9l1'Wlb1'11 fJfJflq'Vl1f!~l~~l~01tJ 
. " 

!.ufJ~ulflu~ 111 b1'llJl1tl!t'Vl1 flcl1lJN1'\...1 fort!~1"lf(l~1~1~tJ~ltJ ~~tT'U flWW~'U l-1b1'~ ulm~~lJ llJ 1mtlJ~111Jri. '" 
1~~lJ'U 11'\...IIlJ~1 ti lu~iJmllJt~'U 1tJ 1~ulflt~ fJ'U 1'U~tt1lJ1~b1'lJ 1'lf'U 011 t~tJflfJru ~mlru~'UfJ~'W fJ~!lJfJ{ 

e)~11ri1'U 'UfJ~b1'11~l'i'tJ~ 011 m 1u~fJ'WfJ~!lJfJ{ t~'\..II'i''U 011 t~fJfl1 <M'W tJ~ !lJtJ{~lJ1Ulfl'jj) )lJ'l51~l!(l~!~1. 
tl'U MtllJ~~iJ;l~ lv1fJ!~~ tllJfJ'4mfl~1,*lJ)) ~b1'nfJfJflq'VltiJ) ltJ~1'\..1111J1fllJ1tJ ~tilb1''\..I' u~fJ01':i ''* 

!!fJ(l~!'U~!t(l~lfl1~"lfl'\..1 

De and Robinson (2003) 1~)ltJ~1'\..1~'1011t~~tJlJfJ'4fllfl'\...l11'\..1mwtJ{'UtJ~ttfJ(l~t'\..l~nlJ1fl1~9il'\.l 
" ttJ~ tJlJl'Vi tJlJ n m ~ lJlJ pol y-L-lysine-alginate e)~) 1 ri1'U 1 ~ tJtJl'I1 tTfl'U tJ 'l U tJ(l ~! '\..I ~:U fl (It CJ1 tJlJ flr;W h <fl: 

1fl1~9il'U 11 ~tJ poly-L-lysine ~1 <M1 'U fll) l~~ VlJ ~ fJ 100: 17: I 0 ~ 'll~ '\...I e)~) lri1'\..1~ iJ~mb1' fll'W pre-gel 

" . 
'UfJ'lUfl mCJ1tJlJU tJ(l ~t'U~ mJtW ~ b1'11J1) fl ~'\..I) tJ 111d')~ 'U 11 'U mw V{nlJ'W fJ ~ IlJ fJ {tJ) ~ u lJ1 fl'Vi!~ lJ (l~ 1tJ 1~

'" '" . . " 
l{lfl11lJt~lJ~'U 'U fJ ~1fll ~"lf1'\..1 191110'1..11 tJ fJ'\..I fllfl'\..l11 '\..I u~ 11110~ ~ '\..I It(l~ l{lfl11lJI~lJ~'\..I 'U fJ 'l1 fl1 ~"lf1 '\..1. 

Gazori et al. (2009) 1~Y11fll)!~~ tJlJ fJ'U fllfl 'U 11'\...11!fJ (l ~ I'\..I ~ -1fll ~9il'U 1v1 fJ loift11t1 ~lJtJ (l ~tJ ri fJtJ. 
" .. 

b1'1)tJ) ~lfl'VlIW'U ~I"lf'\...lqf (1 <Mt1111 ~lJiJlJiJ~ fll) Y11'l1'U 'U fJ 'lV'U 'ViIntJ1~fJ 'l nlJ o1)!O~ 11 fllJ~1~ ~) tJ'\..I.fllfl fl
'" 

fl 

" l~'1 tJlJ~1tJl1j pre-gel 1 ~ tJfll) t1 tJ~ll fl (l1CJ1tJlJfl (l fJ 11 yf (l ~ ~ 19i!~ tJlJtttJ(l ~ I'U I'l u 1 fltT 'U!~ lJ b1'1) (l ~ ClltJ 

1fll~"lfl'\..11llfJ'\..I~I"lf'\..lqf lv1fJb1'Sl~'\..Il1'\..1'Wl{~I~(l 'WlJ11 b1'fll1~~lt11J1~b1'lJ~fJ pH 5.3 1~tJe)~)lri1'U 

'UfJ'lllfJ(l~I'\..l~~tJ 1 fll~"lf1'U fJV~ 1: I (w/w) l!(l~e)~ 11ri1l.1'U fJ~llfl (l!CJ1tJlJfl(lfJ 11 yf~tJllfJ(l ~1l.I ~ 
'" 

'U11'UllJ~) 1t(l~~lftflfJCJ1l'i'ltJ1~lJ1ru +30 mV 

Parveen et al. (20 I 0) 1~) ltJ~ 1'\...1 ii ~ 01) 1~'1 tJlJ UfJ(l ~I'U ~-1fll~9il'U '\..111 'U'Wl{~I~(lIv1tJ1oiflJ ) ') ~ 

mn1Jl'W 1~'\...I lv1fJ01) ~flEnl) ~1 'U lJ (l 1b1' 1~1J1 (11 fllJ ~ 1~.:J ufJtJ ') ~ b1'1'Vl~ l~'WlJlJ1fll 'U 'Vl1) fl) 'WlJ11 

fJ'4fllfl~lJ11~m{1lJ'WCll~'\..I (carboplatin) lj'U'\...I1~tJ)~lJ1ru 300 '\...Il1'\...11lJ~) Ub1'~.:J~lftfl6qfI'i'HJ.:J 
" tJ)~lJ1ru +36 mV iJfll)l1fJl1lJ\9l1tJ1tJ,)~lJ1ru 20 %1~tJ11111tTfl i:Ylt1~lJfll)ftml1fll1tJ(l~tJrifJtJl'U. 

t1(lfJ~'Vl~(lfJ~ 'WlJl1iJfll)tJ(l~tJrifJtJ\9l1tJl~)1~1~1tJ)~lJ1ru 25% 1'\...loM1'l 24 Gih 1lJ'lmfl mlJ~dtJ01 ':i 

tJ(l~tJrifJtJ\9l1tJloifl(l.:Ju'\..lii~ 55% l'Unm 15 -1'\..1 
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"1'" dl d 1 "" 11]1 "'931
Xing 	 et al. (2010) ~~'lltJ-:Jl'Wtl-:Jf1l'H\91'HJ:lJtJ'Wf1lfl'Wl ~'WmH"H'W\91- ~fI ~\91'til'W l'WtJ ~'lrlJ')'l'iltJl

q 	 q 

~ ~I :' II] 3Id 9 319 ~ 1 oj 1 d II] 319 310 

5-flurouracii(5-FU) 'ti-:J!lJ'WtJlCl:;;mtJ'Wl ~~~ ~'lf ~'Wf1l'lUl'lJ~ !'lfl:lJ:;;I'l-:J ~~tJf1l'l!\91'ltJ:lJ ~~ ~'lf poloxamer 

Q)..:::::\ .:9 I Q) 'JJ <JI" lY:lJ 'U \91 '\J tJ -:J tJ 'W.f) 1fI '\J'W tJ tJ f)'lJ fI 1 1:lJ I'\J:lJ '\J'W 'IW-:J 
q '" 

" !It)Cl~! 'W\91 elm l'ch'W 1 ~ tJl-J 11111f)'U tJ-:Jll tJ Cl~!'W\91~ tJ 1fll\91'til'W llCl:;;ml:lJ I ~:lJ'1J'W '\JtJ-:J poloxamer 'U'Wl~ 

'UtJ-:JtJ'Wf1lfl~'lJ'l'l~ 5-FU lJ'\J'Wl~m~tJ 200 'Wll'W!:lJm lh:;;iY'VlTIf1l'Wf1l'lnmn'lJtJl~'WmJn'lJi.H:lJlrutJl~
q q 	 QJ 

'\J')'l ~ fI 11:lJ !~:lJ.u'W '\J tJ-:J 1!tJ Cl ~l 'W\91 fI 11:lJ!~:lJ~'W '\J tJ-:J 1fll \91 'til 'W llCl:;;fI 11:lJl~:lJ ~'W '\J tJ-:Jpoloxamer 

" 'WtJf)~lf){j iJ-:J Il'1'ftmnf1l nJ Cl <f1Ll ri tJtJtJl 'l 'W11 'fl tJ~ 'Vl<f1 CltJ-:J 'W'lJl1lYl:lJ n tlfl l'UfI:lJf1l'l Ll Cl <f1Ll ri tJtJ 11'1''l :;;tJ:;;
q 

.. 
1.6 oU'UVlf)'Ufll';lvlll'U'Ulf1';l-lm';l1~tI 

'jI 9,J'jI dd. 'jI QJ oQ,Q.) 

1.6.1 	 fI'Wml'\JtJ:lJCl !tlf)lYn'Vl!f)tJl'lHJ-:Jf)'lJ-:Jl'Wl~tJ
QJ 

1.6.2 	 -cr-:Jlml:;;11tJl~~'W;~lJLl'l:;;~'lJlf)ml'l'\JtJ-:Jlf11\91'til'W 2 'If-W~ fitJ N,N,N-trimethyiammonium 

chitosan chloride (TMC) lW:;; N-[(2-hydroxyl-3-trimethyJammonium)propyl]chitosan 

chloride (HTCC) V;lJt.J~:lJlruLl'l:;;~'lJlf)~l-:J '1 n'W 

1.6.3 1\911 tJ:lJ'W 11'W'W l{~ lf1Cl '\JtJ-:J lltJ'fl~!'W \91-1 fll \91 'til 'W/ tJ'W ~'W 'li1 fll\91'til'W~1J'l 'l ~flCll fI'tillJ'Wl'1'ltJ 
q 	 q 'U 

m :;;1JTU f1l'l ionotropic gelation l<f1tJ loti~l\~hllLl 'l llCl:;;1~f1l'l 1\911 V:lJ~ll1:lJl:;;lY:lJ I-U f1l'l 1\9l~ tJ:lJ 

lYitJ'lt1'II'1''\J'Wl~tJ'Wfllfl!~f)~lY~~lmlV-:Jl'W~Clfll'l1~tJ1'W1J~ 1 flrin l<f1tJ-cr-:J!'\JLl fit) loti. . 
, " 

lf11\91'til'WV;lJl-J11111f) l:lJWf)'fl 220,000 'fllClIPl'W, fll1:lJl~:lJ~'W'UtJ 'Hn'lCl:;;mv!!tJCl~!'W\91 0.6. 
lJ Clilfl~:lJ~tJlJ'fl ilil\91 'l ml:lJ! ~:lJ'1J'W 'UtJ -:J lYn Cl:;; mV!!flCl lq;tJ:lJfI Cl tJ 1'l 'f1' 0 .67 lJCl il f) ~:lJ~ tJ 

lJClilil\91'l fll1:lJ!~:lJ~'W'\Jt)-:JlYl'lCl:;;mtJlf11\91'til'W 0.15 lJClilf)~:lJ~tJlJ'flililm !w:;;'l:;;v:;;nm'l'W 

, 	 " 
fll'll'ti-Wlfli'W 20 'W1Vi elmlril'W l<f1tJl-Jll1l1fl'\JtJ-:Jl!tJCl~!'W\91 /11flCllq;tJ:lJflCltJ h'f1'/ lf11\91'til'W 

. 	 ." 
fitJ 10:2.33:0.5 Ll~:lJlruf)'fl lf1'tillJ'WV;1J'l'l~'l'WtJ'Wf1l'f1~:;;ftmnViel\91'llbh'W l<f1tJl-Jl'UtJ-:Jf)Cll'f1cu q q 	 'U 

" 
1.6.4 ftmn~Cl'UtJ-:Jl-Jll1l1f) l:lJ!Clf:)Cl llCl:;; degree of deacetylarion 'UtJ-:Jl'f11\91'til'W\91CltJ<f1~'Wel\91'llril'W 

'l:;;1111-:Jlltl'fl~!'W \91 /1f11\91'til'W/fl'fl1'f1'tillJ'W~m1':lJ1J~ 'Vll-:JflltJf1l'W'UtJ-:JtJ'Wf1l'f1~m 'l 'UflCllfI'tillJ'W 
<u 	 q q <u 

"" 	 ~ "'II] 1 ";9 311
ll'fl:;;~Cl'UtJ-:J'lf'W<f1 llCl:;; degree of quaternization 'UtJ-:JtJ'4'W'W'Ii ~'f1 ~\91'til'W'Vl ~'lf 'Wm:;;1Jl'Wfll'l 

" . 
~'W 'lLl tJ'Wf1lflVi'lJ 'l 'j 'UflCll 'f1"lnlJ 'W cu q q cu 

. 	 " 
1.6.5 11m 1:;;11/'Vl <f1lYtJ1JlY:lJ1J~'Vll-:J flltJf1l'Y'l '\JtJ-:J f)Cll fI 'tillJ'W 'Wll m'n{~ If1 ClVi!\911 V:lJ~'W 11'1'lin '\J'W l~ 

QJ 

1.6.6 ftmllfll'lLl'fl~LlritJtJf)Cll'f1'tillJ'W~lf)'Wll'W'Wl{~If1Cl (in vitro) l'WlYf1l1:;;~lCltJ-:J l<f1Vfll'lU'W~ 
QJ 

Nl'Wt:l-:J!<f1tJ:;;Ii1~~l'W~l'l'fl:;;mtJvJtlb1'!'Vh1'1JvJlvJtJ{ pH 7.4 ~e:lrul1lJlJ 37 tJ-:Jf111'timq;tJ~ !W:;; 

Ll j:;; llJ'W 'l Ll II1J1J fll 'l Ll'fl <f1 Ll ri tJ tJ 
'U 
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"
. 
1.6. 7 ftOfJ1I~~ tJ'j flll'l'\Jtl~ fH'lI flCJf1ih . .J 1411'Wl'll{~lfl rl'V1l\PI~ tJ')J~'W 1~ tJ ~~ IfhJ tl'W fllfll 'W ~fll1:!; L1'1'j 

~ . 
" . 

UmmltltJ1'W tJ 1 U1:1:!; ~ t1UlJlJ tl'4 fllflU 11~ Vi 'Qt)!l1 fJlIl1tl~1'W 'lfJ.:)'j :!;tJ:!;!d ml'i 1~'l mi1t1'j:!; 11l'W 

1~~tJ'l fl1l'l'\Jtl~tl'Wfl1fl ~1 O'\J 'W 1~ '\Jtl'l eJ'Wfllfl~ Itl~tJ'W lt11 'W 'li1~11ml'1~ O~11. . 
_I 1 .. .oi I 11\ 1/v

1.7 lJ~:!; 1'J'II'U'f1fllV11H)::; AVI~'\J 

I ~tl'W fllfl1411 'WI Ifl m~tJ')JI lfl1:1 UI'W \PI-I fll\PICJf1'W~lJ'j 'j ~ 01:11 flCJf1 iJ'W 111:1:!;'V1 'j llJ ~tllJ 1:11'; f11'j ~~ InlJ 
q q 'U cu 
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'U'YI'YI'" 2 

" 
Sodium Alginate lhl'llJn hH(lf:J(l 120,000 1'l1M)'W (Sigma-Aldrich, St Louis, MO, USA) 

.
lfillPlC])'l'W lhrnJnl1J!(lf:J(l 180,000 U(l~ 300,000 1'l1Ml'W 11'lVlJ %00 !'viln'U 90% (Seafresh 

Chitosan, Co., Ltd, Thailand) 
.

lfillPlC])'l'W lh"nJn lw(ln(l 71,000, 220,000 !m~ 58 ,000 1'l1(l~'W 11'lVlJ %00 = 85% (A.N . . 
Lab, Col, Ltd, Thailand) 

Glucosamine Hydrochloride (Sigma-Aldrich, St Louis, MO, USA) 

Calcium Chloride, CaCl2 (Carlo Erba Reagent) 

lodomethane, CHJI (Riedel-de Haen) 

N-methyl-2-pyroridone, NMP (Merck) 

Glycidyltrimethylammonium Chloride, GTMAC (Fluka) 

Glacial Acetic Acid, CH3COOH (Merck) 

Acetone, AR Grade (Merck) 

Sodium Chloride, NaCI (Merck) 

Sodium Hydroxide, NaOH (Merck) 

Sodium Iodide, NaI (Aldrich) 

Methanol, MeOH (Carlo) 

Ethanol , EtOH (Carlo) 

Methanol, HPLC Grade (Carlo) 

Ortho-Phosphotic Acid, Hl04 (Carlo) 

Sodium Dihydrogen Phosphate, NaHl04 (Merck) 

Sodium Phosphate, Na2HP04 (Merck) 

Phenylisothiocyanate, PITC (Acros Organics) 

Paracetamol (Aldrich) 



J I 

Hexane, AR Grade (Merck) 

Sodium Acetate, CH)COONa (Carlo) 

Deuterated Oxide, Dp (Merck) 

Trifluoroacetic Acid, TFA (Fluka) 

Cellulose Dialysis Membrane MCO 12,400 kDa (Sigma-Aldrich, St Louis, MO, USA) 

Sodium Sulfide, Na2S (Merck) 

Sulfuric Acid, cone. (Merck) 

.... <! 
2.2.1 fll·H~r.:j!fl'al~'Yi N,N,N-trirnethylarnrnoniurn chitosan chloride (TMC) 

ml"l~ 2.1 tl~~~m'jiY~!ml::;"r TMC l~vihlV"::;!VV~'fl~if ~e 'I111fll(P1"1fl'W (Mw= 

220,000 ~1"v1'W) 2 fl~lJ lJ1tl'lilm1'1'j(j::;mv N-methyJ-2-pyroridone (NMP) ~r:!rul1iJ:U SOoC 
. . " 

!~'Wllm 18 oB'1 llJ~ 'il'W m::; r1~iJ1lJv11 'illflt1'W!~lJ~l'j"::;mV l"1f!~vlJ leJ~'jefll"lf1'1 (2 eqlNH2' 

0.89 fl~lJ) tl"~ l"1f!~vlJ'e lel~1'1 (l eqlNH2, 1.7 fl~lJ) ~elJ1l~lJllJYl,,'e leI'11~vtltJ'll~lJ 
11 iI I , 

2 f1~~ fl~~II'jfll~lJ 2 :U"~~(PI'j afl 6oB'1 lm~elJ1!~lJafl 2 :U"~~m 1~vVllfl1'jm'Wmh'l~em1e)~ 

~e)rul'1f1:U. 80°C 1~'Wllm 18 illlJ~ 'il::;ll'1'~l'jtl'1Jl'W"e)V'1Je)'l TMC ~v~llJll'1'tl(jfl!'t1~v'W., 

'\J 'j~ 'il 'illm!'W1'l fll'l~ fl e)'W 1'1'1ve)::;clfl (PI 'Wtl"::;IWfl(PI::; fl e)'W 1'1'lVfl1 'j fl1 'j ~ 'Wll1~V~~mllJ I~ l'j e)iJ. 
3,000 H)iJ~V'W1Yi !ll'Wllm 30 mYi 'I111'l::;flv'W~'1'1'1J1"::;mvl'WTI1'j"::;mv l"1fI~VlJfI(je)hl'1 
!~'Wllm S illml~v1'I1!f)~fl1m(jm,j~v'W le)tlv'W 'j::;ldl~ Cl- f)'iJ I - t!,,~v'h1'11iJ1 ,,!'Vlil~v 

" 
l'VlfltJf11~ v::; 1"clf~l 'Wlh,j'j lf1''illflle)tltl'Wlll'Wllm 3 1'W tltl'W'I111,jVlll 'I111'11'.I tliJiJ!tle)fltl~~ 

OH OH 

j ~ ____ 0 , NMP 50 DC, NaI, ~aOH j ~ ______ q , 

/\~O~or /\~o~o-r
NHz CH3I (6 eg.) N(CHJb 

Chitosan TMC 
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.., d 

2.2.2 m'HT-:Jlfl'Jl:::'l1 N-[(2-hydroxyl-3-trimethyl-ammonium)propylj-chitosan chloride (HTCC) 

m'W~ 2.2 !I'CY~.:Jm'j"-ff.:Jlml:::M HTCC ~.:JihltJ1:1:::I~tJ~~.:Jci' ~il i.:Jlfll\9l'1l1'W 2 nflJ 

(Mw= 220,000 ~11:11'1'W) 1:1:::mtJl'W 1% (v/v) m~il:::cJi~n 50 lJ1:1i1i1\9l'j" m'W~mHl1fllJ,ril.:J , " 
" 

'IlllJfl'W 'illnU'W1'W~ Glycidyltrimethylammonium Chloride (GTMAC) 6 eqfNH 2 1:1~1'W 
, • v 4' 

'CYl'j"1:1:::mtJlfl 11'l'1l1'W !l1:1:::1l1lJilW'I1fllJltl'W 70 
D 

C Itl'Wl1m 24 951 1m 'illn'l!'W'\'lll,r'U~(T''VlTI, " , 
" 1~tJ!'VlfliJfll~il::: 11:1cJi'CYl'WlJ lih lfHllnl ilil il'Wltl'Wl1m 3 1'W nil'WtJ 1 hhl1111!!11 .:J!!iJ1JIUiln!!~.:J 

u 0 OH CH JAcetic acid 
ttlI ~NH-CH -CH-CH -N-CH 

4or6equi 2 I 2 I J 

GTMAC OH CH J 
OH 

Chitosan HTCC 

'" .1 1 9 '" "" did d~~!!umlJl'illn De and Robinson (2003) ~tJ b'lH'Vlfl'Wfl ionotropic gelation '1I.:Jmltm:::mtJ~ 

iJ1:1ilnflJ~iliJ1:1ilill'l'j") U~lJll'l'j" 4 lJ1:1ilill'l'j" 1:1.:Jl'W'CY1'j"1:1:::1:11r.J!lil1:1~I'W\9l~V-I'CYlJn1:11fl'1l1ij'Wml1
" . ." 

mtJhim'j"m'Wil~H~t1!i1il.:Jltlw1m 30 'Wl~ !!1:1:::Yllm'j" l'11i1lfliwtl'W!1m 20 'W1~ 'illn'l!'W 

'I1tJ~'CY1'j"1:1:::1:1ltJlfllI'l9l1'W (0.15 iJ1:1ilnflJ~iliJ1:1i1ill'l'j") U~lJl\9l'j" 4 iJ1:1ilill'l'j"1:1.:Jl'Wil'4mfl~ 
" . 

m:::'illtJI'11ilvlmnm'U1'WmW l~vil'Wmfl'il:::ln~~'W lmJw:::~mJ~'CYu 1:1:::1:1ltJ lflll'l'1l1'W1:1.:J lU" , . ". 
1'W'Uil.:JV-I'CYlJlm:::n1'W il~H~t1!i1il.:J~n 30 'W1~ nil'WVl.:J H'IlllJ~'Wl~illl1ln~'CYlJ~1:1!!1:1:::';hnn, 

Q 0' ..d ..:::1 lfj <J}1 .Q. <J} ~ 
1Iml:::11'U'Wl~'Uil.:Jil'4mfl'Vl!\9l'j"tJlJ l~ ~m'Vlfl'Wfl dynamic light scattering ~1mmil.:J 

zetasizer (model Nano-ZS, Malvern Instrument, England) !!l1~.:Jnlli1\Pl!l'CY.:J He-Ne laser 
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(532 nm) ~lJlJ 2700 m'U'f1lJDru'l1nlJ ~ 25 ± 0.5 c l~tlVilf)l':il~Hll9ln~IPl":lDth-:) 3 'f1f:J t.Jl'JJl0 
~ ~.::II cu 

l.c:i 'd Q if I ~ d'd ~ 9J ~ .c:! .c::::! QI 

'I11'f11m n mw ~ 'f11! 'U tI-:)l 'U'U lJ W) ':i;)" 1'U ! !n~l!'f1 ':i 1~'I1 'f11f'fntl"lN) 1'U D-:)0 'U m'f1~lm'f1 ':i 0-:)lJ C)!~ tlln'U 
.. 0 

iI. • • 

iJ l~tI!D~ tI'U 1'\1lJ~ f)l':i llm 1~l1!'WD1!'f1 ':i1~l1ltri:itl':i m'Yi'UD-:)D'Um'f1Vl 1\9l~ tllJ 1~ 
o 

i ') '" '" '"" "1 'l19 'l1 'l1 'l1 'l1
5-\0 lJ !mn\9l':i '\1t1~n-:)'U'Um~'VlD-:)!!~-:)Un~'Vl-:) Ll !'\1!!'\1-:)!!n~tlDlJ~ltl 1% (w/v) phosphotungstic 

acid iJ'UVinm~ci1vr,.h'U lDmf1':ilJ Soft Imaging Viewer 

t.J1tr1':i n~mtl!!'Ul'UMltI~ m~m'f1m~ IJltllPllD~lJ1Vi 1n1':iU@ l~tll~!'Vl'f111 'f1 ultracentrifugation 

(Optima-L-IOOXP) ~m1lJ!~1':iD'U 45,000 ':iD'UI9lD'UlVl !~'Unm 1 i'llm lWmD1m'jn~mtl 

-ffl'U 1trDDmW~Vi1f)l':i~1-:)\9l~nD'U~ 1~~ltllil'U~ trYl~tll~t-:) l~tll ~'f1'nlJl~ l':i D'U 45,000 ':iD'U 
o 

I9lD'UlVl !~'Unm 30 'U1Vl !wntr1':in~mtl-ffl~jlm!n~!'iln~1~lDVi1f)l':il!m1~l1'\1lD~'JJlru 

nn9l1lJ'U 191 D I,D ~ -:) Vi 11~trD -:)lTI ~D1TI 'Vll-:)\9l ':i -:)!! n~ lTI 'Vl 1-:) elDlJ 
<u 

~ ~1IJ9JQQ.I o'~ d &al .<:!i

!~Dl'11 !~Nn\9lnru cYl!tJ'U phenylthio-carbonyl-glucosamine (m~'Vl 2.3) 9I-:)lJ'f11f)l':i~~nn'U!!tr-:) 

tlll~~m1lJtI11'f1~'U!ltr-:)'JJlfl~tr~ 245 'U11'U!lJ\9l':i 
<u 0 

HO 

HO s 
c 

N 
HO 

o 

HO. 
o Phenyl isothiocyanate HO........ 

NH 

NH, s 
c NH 

Glucosamine 

Phenyl isoth iocarbonyl
gluosamine 

. 
at. Q.I ~ '1 d 

m~'fl 2.3 f)l'jtr-:)!m1~'\1 Phenylthiocarbonyl-glucosamine 'il1nn~ !'f1911lJ'U 
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1 lJClilflflJ U'lfh.lm)Cl~mtJ 0.5 1lJm{ 19i1~tJlJ9ilml9l l1Jwlml1~.:Jj;)1..I 'illmi1..lmtJ .:}Hn 

'i:Yl)Cl~mtJhh11'l.Jiin~tJ1nu PITC h)tJtJltJl9l'i:Yl'H'I~mtJI911tJV1.:JlJl 400 IlJ1mill9l) lri'Ull9l11nl 

'U1..I119l 4 lJ1:I. l~lJ 0.3 1lJm{ 'V'lmnvJl9luul'wtJ 250 IlJ 1milm 111:l~llJ'Vl11..ltJCl 200 IlJ 1milm 

l'UV1U1:I~vf~1115 1..I1Vi m11t~lJ 1% PITC 11..1tlJ'Vl11..ltJ1:I 250 IlJlfnilm lhl-tJ vortex 30 11..11Vi 
v • v v 

tlV1..IU1'tJl,rfll1lJ1V1..I~ltJciHI.h1V1..IViml.ll1fllJ 80°C t1J1..Inm 30 1..I1Vi I91.:JYi.:J111,rt~'U l~lJ 
q .. 

'Wl)lt9i19l1lJVm.ulJ'lJ1..I 100 llJ 1mflflJ\9lvlJ1:Iililml'UtlJ'Vl11..lV1:I ~11..l11..1 150 llJ 1mill9l) U1:I~ 

t~flt9i1..l (n-hexane) 200 IlJ lfl)ilm UlltJ vortex 1 1..I1Vi IWfltm'i:Yl)1:I~mtJriT\'j'~1~ hwmv~ 
" ~11..l 0.45 f.un syringe filter membrane 'illflt'T1..I UlltJllm l~ r1~ltJlli reverse phase HPLC 

v 

fl11..l lWtJ) ~ ~'Vlli fl1l~fl1) nmnu fl1:l1 fl9il~ lHI1:l~tJ~ lJlill fl 1:11 fl9i 1~'U \9l VUll1 t'Tfl'U V~V1..Ifl1fl 'ill fl 
.. .. q 

", , 

'illflfl1)ll11tJ.:JUtJfl~ltJlli ultracentrifugation nUUlt1l~l9l~flV1..IlJll1ltJiifHtJ1nu PITC 191~lliVi 
I 'j) 'j) 'j) 0 C!t, rI 'jJ Q I C! (l.I Q.c:! 0 

fl1:l1JlJlU1:Il'Ul.:J19l1..l U1:I~'Vllfl1)llfl)1~'lHnm'Vlfl1..lfl HPLC I'lfW\9ltJlflUTIi'Vll.:JI9l)~ fl11..11ill 

tJ) ~ ~'Vlli fl1~fl1) flfltnUfl1:l1 fl9il~1..I'UtJ~V1..Ifl1fl 'illfl'i:Ym 
.. q .. 

~ _I _I' '\ ct ci ct .;
2.2.6 fll)f1 fl'tllf1l )1JtlVl1J~H)tlfltl Afl9il'}.J't.H)tlfl'illfltl'tHllfl't1tVl )tl'}.J'U'UHlJlJ ill vitro 

~ Q 

fll)tJ1:I\9ltJrieWflCl 1fl9il~1..Im)fl'illflV1..Ifl1fl ~mnUU1J ill vitro l\9ltJl~t'VlfliJflfl1)U'W~
<u q 

~11..ltl~1\9lv~lCl9i'i:Y 1\9ltJU1V1..Ifl1fl1..ll11..l~U))'ilflCl 1fl9il~1..I 10 lJClilflflJ lJlm~'illtJI91111..1 
q q q cu 

m)Cl~mtJ'~VmvJ'i:YUvJlvJV{ pH 7.4 ~11..l11..1 10 lJ1:Iilill9l) lriQ.:Jl\9lv~1Cl9i'i:Y ~tJVlJl,r1lJWfJCl 
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~ did. di & ~ 0 0 c.:. Q.c.:. 

'Vlfld1:IJl11'Hl'U 200 Hl'lJ(iHl'U1'Vl l:IJtlm1~[J~ldm'VlO1l1'U~'Vl101Hl~mHl~m[J 2 :lJCli~Hl\9l1 
'U 

lfl'U 1 ~llt1ll~:lJm1Cl~m[Jtr'V~l'Wtl{ml'U~'U 1111'U.t11'lf'U~ 2 lJCli1i1\9l1l'Vlln'U ~1'U l'U~~~tltlfl:lJl 
'U 

lvitl-rflEJ 11H:IJl\9l1m1 Cl~Cl1tJ1 'Uf11'lf'U~ ll1'm~\9lCl tl~l1m lrimfl'Um1 Cl~ m[J1'11tltll-.:J ll'i'm'U 1 'U 

'lil-.:Jldm 24 il 1mllt11 tJ11'11mll-.:JltJYhtJ~n~fJ1n'U PITe lvitltJ1ItJllm1~t1l11tJ~:IJlill 

fl Cl1fl CJf1lJ 'U ~ tl fltJ Cl ~ tJ ci tl tJ tl tl fl:lJl ~-.:J lTI ~ fl ci ld:lJlll t1loU'1-.:J Iii' 'U tJ~:IJl ill fl Cl1 fl CJf1lJ~! ~ tl fltJ ci tl [J
'U <u 'U 'U 

v , 

tJ111tTfl'Utl-.:Jtl'Uf11fl'U1 hrYi'U1HflCl1fl'lnlJ'U 
q q 'U 

llm1~t1'U'U l~llCl~~l~mJ~lii'l'Utl-.:J tl'4f11fllvitl~011ltJ~tJ'UlltJ Cl-.:J \9l1:IJ~f1111'U ~ldm 1~ ~tl 0, 7, 

15, 45, llCl~ 60 l'U ltJ1tJ'UlY1tJ'Un'Utl'Uf11flllflCll~tJ:lJlltlCl~l'U\9l-lfl1\9lCJf1'U1tl'UYl''Uilfl1\9lCJf1'U~ 
q q 

m 11l flCl1 flCJf1lJ'U 1'U 1tJ II 'U'U tl'U f11f1lll1' -.:J 11 ~-.:J 1l1fl ~1'U 011 Yl11l1'lll1'-.:Jll 'U'UlVtl flll ~-.:J <ij~lfl'U 11 
q 'U 'U Q 

V v 

l1J'U 1~ tJ~ldm 30 l'U II t1ltJ 1tl~!f11f1lll1' -.:J -W:lJl m ~ 1l1tJl'111 'U tJ lllt11tJ 11tJllm 1~t11tJ ~ l-.:Jll Cl~ 
q 'U 

ll'U'Uritl-.:Jm1~ (scanning electron microscope, SEM) 
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d 

11 't1't1 3 


ionotropic 

') '" n I Qd .&
gelation l~tJ~~HlJi:1.:J11ifll'nJ1'ij1fl De and Robinson (2003) lli:1~ Lertsutthiwong et al. (2009) 9i.:J 

tJ II " 

LJ) ~ fl eJU~1tJ~tl.:J ~'W IPHJ'W 'YI ~fl fl tl 'I1tm m I'th..l f11) !f)~ pre-gel 'U tl-:J Htli:1 Ul'W \9lViihnl m{Utl flc]f~fl~-:J 

rl'lfl11J 1'W 'iJ'W \9l tl'W f11) !f)~lltl i:1 U!'W \9l ~lm1lJl.ulJ.u'W 'U tl-:J ~1) i:1 ~ mtJIlfli:1!CU tJlJfli:1 tll 'j'f1ill:lJlfl 'ij~ 

" 
" 1f)~LJ)~'iWU l~, tliJHfli:1ICJ!tJ:lJfli:1tl h'f1 ~-:J'I1'W fI11lJl.ulJ.u'W'Utl-:J 11'1) i:1 ~ mtJHflmCUtJlJfli:1tJ I )'f111J'Wti 'ijUtJ 

" . 
pre-gel 

!f)~f11) l~tllJ ltJ-:J~ 1 ~m'Wf11Jlf)~1 'iji:1 lJJ!!~-:J!l) -:JYll 111'\9l~ -:J~lJ tltlflt]Yltl~'1JJ~ ll~ ~ lfl11lJ!.ulJ.u'W'lJtl-:J 

~lJ i:1~mtJHfI i:1 !91tJ:lJfI i:1 tll 'j'f1~ -:Jlf)'W '1 LJ 'ij~Yll 111'1f)~! 'ij 'C1tlci1-:J~ tll'd tl-:JI'W'j 1~ Ca
2 

+ 'ij~! f)~f11'j !~t1lJ'lJ11-:J 
" 

'j ~ 'YI11-:JLJ) ~ 'ij i:1iJ'IJ tl-:Jll tl'C1U!'W \9l1 'W ~ltJ 1CJi IlJW fli:1! f)~! 'ij 'C1 tlci1-:J~lJm ruYll 111'111~l:lJl 'j fll LJ!~tllJ ltJ-:J tliJ 
, '" 

. " 
ViHl'i'tl'H'YI:IJl~ ~lJ-:J1'Url'1'YI-riJlutJ-U fltl 0.67 1J i:1~ fl-rlJ~tl1Ji:1~~\9l 'j ~tlm1lJl.ulJ.u'W'\Jt1.:J~lJ i:1~ mtJ 

Iltl'C1 U!'W\9l 0.60 i] i:1 ~ fl-rlJ~ tli] i:1 ~~\9l) iw ~(J'f).J !1J'W f11J! f)~f11J!~fJlJ'IJ 11-:J) ~'YI11-:JLJ J ~ 'ij mJ~!'YI ~fJ'Utl-:J, 
Q.I 1!J ') .:::t d I Q 1 ..:k ~ ... I lfJ 9J ~ 9 jJ Q ~I 1!J <jJ " 

pre-gel flU Ifl 1\9l9i1'WYllJ'}1lqjtl~lJ 1'W9i-:J~l:lJl'jfl!fl~lJJ~~iJ1fl I~!"H:) Imfl~!lJ'W!'iji:1 1~~lJ\J 'j ru 

. ." 
'ij1flr-Ji:1fl1'j 1u tJ1JVi 1 '1 ~v'\1f11'j ftflEJ 1tJ 'ij u tJViii r-Ji:1~ tlf11)~'\.J'j LJ!1J'W fJ'W mfl'IJfJ-:Jllfi i:1191tJlJllfJi:1 U1'W\9l" , 

. " 
lf11\9l9i1'WVitJ-:J'111'1~mJ~fl~ lf19i1ii'W l~wl )~tJ~!1ml'Wf11'j 19i-Ulfli'W1'W~'W\9lfJ'Wf11)'Yl1 pre-gel (Ca

2
+_ 

:: '" ') 'J} 'J} iii ') "'., iii ') .J ~I "'" .,
alginate) 'W1'YI'Wfl IlJWf.li:1!li:1~fl11lJ!'lJlJ'IJ'U'lJfJ-:J Ifl 1\9l9i1'W!!i:1~fJ'Y'W'W1i'UfJ-:J lfl 1\9l9il'W9i-:JllJ'W'WfJi:1!lJfJJ 

" . . 
LJ'j~'ijiJ1fl 'WiJl1 ti'ijUtJ!'YIri11~iiNi:1~fJ'U'Wl~'lJfJ-:JfJ'WmflVi!\9l~tJlJl~ l~m~iJl1 !iJfJJ~tJ~!1ml'Wf11J 191, , 

~ " 'V 

'W1l'W!lJ\9l)'I1'W'ij~19i!1mi'Wf11) 19i-Ulfli~J 20 'W1Vi liJfJVI'ij1 ) ru1~-:JNi:1'IJfJ-:Jl.'l1'}1'11flllJ!i:1fli:1'1f11\9l9i1'W, 
• 'jJ • 'jJ 

,.ml1 'IJ'W1~'lJfJ-:JfJ'WmfllJJi:jll'W11-ulJYiim'ij'W~fJl.'l1'YI'l1flllJ!i:1fl'C1'UfJ-:Jlf11\9l9i1'W Il~Yil.'ll'YI'l1flllJli:1fli:1, , , 



17 

,.-... 

XO!) 73{d 
(lX)), 

If"'> 
6: 
~ 

700 
(\OlL~ 

;! 
tr-" 

(lOO 
SHU SIX.3 

r 
;! 
'-' 

500 
(0: 
r 
c;; -too 
;!' 
(;;) JOO 
(5: 
r 
;! 
i? 

200 

100 

0 

71 IXO 220 .JO() 583 

" 
l11'l1tJflllJ!i;1flrl'\JeJ.:Ji\PllWIHW (nlMllrll9lu). 


" 
mYi," 3.1 r:-w'\JeJ.:J1l1'l1tJflllJlrlflrl'\JeJ.:Jifll\Pl9flu~eJ'\JUl~'\JeJ.:JeJufllfluflm9hJlJueJrl~IU\Pl-ifllwlflU. . 

N,N,N-trimethylammonium chitosan chloride (TMC) Url~ N-[(2-hydroxyl-3-trimethyl

~ d d Q Q.I d' 

ammonium)propyl}-chitosan chloride (HTCC) Ivwlm tllJ eJ\ifllfl 'illf1!lflrll9ftllJ!!eJrl'ilIU\PlUrl~eJ\iVlU 'Ii 

" , 
'\JeJ.:Jifll\Pl9flU 1~tJ!~vfll~V\iYrU1i!fll\Pl9flu,)llJ-Yl.:J'l1lJ~ 3 'lft1~ ;iv TMC ~ll~l Degree of 

quatemization (DQ) 35 % !!rl~ HTCC ~iJ DQ !'vlln'lJ 11 !!rl~ 33% 'illmmflWV1~rleJ.:J Vl'lJ11 

mlu,JlJ,u\.J'lJeJ.:J'Wvil!lJv{th ~ 'il1J1fl-Yl.:J 4 'lru~ll r:-m~ eJ'\J'\.Jl~ '\J V.:J VUfllfl hj'ViffV1l.:J!~ tllnlJ flri 11f1V . " . 
" . . 

eJufllfllm;U~lJ Im~!iifJltl1 tJU!~tlU'lru~'\JeJ.:J'WeJilllJV{1h~ 'ilUlfl~fll1lJl,JlJ,JU!~tllnU Vl'lJ 11 33% 
• u • 

DQ HTCC 1'I1'\J1J l~V\ifllfll~fl~ '!~ 1u'\Jru~~ 35% DQ TMC 1'I1eJ\ifllfl'\JU l~'mli'!~ (fllVl~ 3.2) 
'JI ::II I • 

'f1.:JtJu1U'lh..J \Pl VlJ fll') 1\Pl1 tllJeJUfllfl!~eJ'lJ ') ')'il til~ .:J!~ tl fll ~VlV il IlJ V{t1 ') ~ 'il'lJl fl~ fll1lJ! ,JlJ,Ju o . IS .. . 
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.-

~I 1 'Q'HJ.JWIHfI m'Wi)'j(JVlJl.JfJ1f1 ~(J 'lff1'7HI~il7(J TMC J'IIV'IIl.J O.6Vf) / Vil l.Jl.Jlf)~m'jIilMl~f)lJl.JWl.Jal.JfJ1f1'11l.Jm 11W 
'II ~ 'II U 

, 

fIl'Wn 3.2 vH;'1'IJ 'thlfll1lJ!<tJlJ.,j\.J 'IJ tl·nn:i rl~ mv I fll\91CJfl'\.Hlrl~m.p~'t,l1j'IJtl.:J I fll\91CJfl'U~ l.:J'b''W~~tl'lJ'U WI 

'lJel.:JtlU fllflUflrll95VlJU tlrl ~l 'U \91-1 fll \91CJfl'U• 

v ." , 

i'U'u'Ul'1tl1 iJ!'Ll'Unl'H\91j VlJtl'U fllfll Imll95VlJUtlrl~I'U\91-1fll \91CJfl'UllU';l';l 'il nrll flCJflii'U ~.:Jih.Jl~ell11. . " 
, , .

1~'IJ'U 1~'IJ tl.:Jel'Ufllfill l~ nll 1:Y~ u.:J l~tln1~1 fll \91CJfl'U1.hm!n llJm n rl 220 ,000 ~ lrll9l'U 1'U 011 l\91j VlJtl'U.fIlfi 
q q 'II q 

~mHnrllf1CJflii'U11lJO.:J1'U f)111\91j VlJtl'U~'Ul1'IJel.:J 1fll\91CJfl'U~lV l~(Jl~1 ~v~nm1'U0111CJf'W Ifl9!'U· " .
'" i'U~'U\91tl'Uf)11Yil pre-gel (Ca2+-alginate) lvilnu 20 'Ulll Url~mllJl<tJlJ<tJ'U'lJtl.:J1:Y11rl~mv1f11\91CJfl'U 

Url~elU~'U TI'lJel.:J 1f11\91CJflU !~ lnU 0. 15 iJrl~nflJl'1eliJ~~~m• 

7~.;f'l1d.J rl~mvn~ lf1CJflii'U 12 iJrl~nflJ ~.:Jl'U1:Y1Hl~mVUflrl!95VlJfI~tlh<fi' 4 iJrl~~m 
" 

,., I "'. 

'illf)'\!'U'Wl1:Y11rl~mVN1:YlJll 1~'I1 V~~.:J1'U 1:Y11rl~mVUtl~~!'U \91 (0.6 iJrl~nflJl'1tliJ~~~\911) 'illnt! 'U~.:J 
.

'11 V~1:Y11 ~~mv1fll\91CJfl'U (0.15 iJ ~~nflJl'1eliJrl~~m) tl.:J 1'U 1:Y111:'l~ mVN1:YlJl1.:J'I1lJ~ 

?IJrhrfJ.J ~~mvn~ lf19nii'U 12 iJ~~nflJ Inl'U1:Y111:'l~mmltl~~I'U\91ntl'U'I1V~1:Y11~~mV 
" .

Ilflm9lVlJfI1:'ltl11 <fi'U~~1:Y11 ~~mv1f11\91CJfl'U\911lJih~U V\9111bh'U l~vti1'l1t!n'IJtl.:Jn~ 1flCJflii'Ul'1 tl!ltl~~!'U\91 
" .

I'1tll fll\91CJfl'U !~lnU 1: 1 :0.05 l~VN~'lJtl.:J'IJ'U l~tl'U.fIlfl!!~~ ~lftmJ95~1'illnf)11!\91j VlJl1.:J1:Ytl.:J11l !!1:Y~.:J. 


http:91CJfl'U1.hm
http:l.Jl.Jlf)~m'jIilMl~f)lJl.JWl.Jal.JfJ1f1'11l.Jm
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, "' 
H\91 f1lPll-:J fl 'U 

.d 
'lf~'Vl 

q 

c> '" '" 
J 1if11~ 1\91 ~ VllB'Umfl 

q 

'U'U1IPHl'Umfl 
q 

('Ul1 'Ulll\91~) 

I w ci a ~ 

fllf1'fl VCJi\91 1 

(iJl1~bl1\9l') 

'lf~m'lJflll 
q q 

1 

2 

B'UmflIWl1ill'U\91-1fl1\91CJi1'U~lJJ1~'lJ~HflI11flCJi1n'U 
q q 'U 

l1 ~ mtlf1l11 flCJi1n'U 'l hi{Yl) l1 ~ mVllfll1lqftlllfll1fJ h \9l' 
'U 

l1~ml'Jf)Cl1flCJi1n'U 'l 'U {l'l) l1 ~m tlHBL1 ill'U\91 
'U 

369 ±11.6 

365 ±23 .7 

401 ± 6.6 
-

-28 .9 ±1.25 

-24 .0 ±1.38 

-24 .6 ±O .38 

, . " 
1l1flV-iL1 f11~ 'Vl~ L1B-:J'W'lJ 11'U'U 1~ 'UB -:J B'U mfl~'lJ ~ Hfl L1 1 f1CJi1n'U ~ 1~1l1fllTI f11'J 1\91 ~ tlm1-:J 2 l1i 

q q 'U . ". 
1U~ tI'lJl Vitl'lJ f1'lJ'U'U l\P)'UB-:JB'Umfl~ lJJ1~'lJ~~ \l flL1 1 'flCJilll'Ul1 'U'1J'U 1\P)~1\P) l~lI\91fl~l-:Jf1'UI~f11.rBV 'l 'U'lfJ-:J 

q q 'U 

" " U~~ lll tU 30 'U11'Ulll\91) ~-:Ji:ifJ1\l1~'Ulul~11U~:IJlru'\JB-:JflI1 1 flCJi1n'U~B'U~1-:J~ell'J ~-:J'\11'l~'\J'U1\P)'UB-:J 
, 

'U 

" 
V'U.f)lflll\9lfl~l-:Jf1'U lJJ:IJlfl ri J 'Ufi1ftf1tJ95l'i'l'UB-:JB'Um'flYi'lJ~ ~ Ilfll11 flCJi1n'U~-:J 2 1~ n~lU'J ~ \lI1U~Btll1-:J 

q q q co " 

lri fJl'nv'U f1'lJ BWi 11'1 ~1 JJ 1 ~'lJ ~ ~ Il fll11 f1CJilll 'U ~ -:J J'U l'I:1Jl 1'.10 -:J fl 111 flCJilll'U 1 ~tl fl 'U 'J 'J \l fJ v'l 'U fJ'U mfl~ 
q q cu co <u q <u q 

iI • , j) , 

~WJ'U1~'U 1IL1~~mjru~'\JB-:JB'Umfl~'lJ ) ~\lflI11'flCJilll'UVil~\llf11~I\91~ Vll~-:J 2 l1i U'CY\P)-:J'l'UJi1'WVi 3 .3 
• • 'U 
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c 

o 

m'W~ 3.3 f1l'Wci lU'illnnft-eJ'l,H'l'Vl':i ':ifl'tJill~ nl"l':iel'WH'IJ'IJ-fftJ'l ~l'u 'UtJ'n)'u fmHlflCl!~U'jJHtJCl~I'UI'l-l fl11'1'll'1'W. . 
~m ':i 'ilflCl1fl'll'lii'W ~ll'l~ U'jJ lJ{ll'1ulllf11':i~~l.:Jn'W'UtJ.:J'l5l'1m'IJfl'jJ(A,B), 'l51'1~ 1(C,D) !lCl~'l51'1 

q cu q 'II q q 

Yl 2 (E,F) 

3.1.2 'lh:dl'YItim'W1'Wf)lTm),\!f)~lfl'll'l1J'W1ml~mflHfll:llcl1mJlleH1~!'W1il-1i'l11il'll'1'W 

f11':iffmHl.h~~'Vl~f1l'Wl'Wf11':im':i'ilflCllfl'll'lii'W Il'1u'l-11tJ'Wfl1fl~m':i'ilflCl1fl'll'lii'Wk.wlllf11':i 2 11l 
'II cu q 'II 'U 

" .Ii] 0/ ~ _ I'" 'i '" 9 0/ ~I ~ .. 
Cl~mmHln'lJl 11'l'l1'jJI'I 'illn'W'W!lJClU'Wn~ Ifl'll'llJ'W l'l1!lJ'WtJ'4'W'W1l'UtJ.:J phenylthiocarbonyl-glucosamine 

3,2 
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o V 

VI n 1-:1 n3.2 lh ~ i1 '1'1 15 fm~ lu fll 'J n f)! ~ 'lJ fl J:l 1fl9fl ihm" ~ tJ ~ lJl (lWl ~enhyn!flOtJ'tl ·Hl 'U fll fl Ufl J:l 19i tJlJ 
~ q 

d 

fll 'J!\91 'J (J lJ tl 'U fll fl 
q 

tJ 'J ~ i1 '1'1 15 fll'W l'U fll 'J nf)! ~ 'lJ 

flJ:l lfl9fliJ'U (%)
~ 

tJ1lJ1W (Jl~ tlJll1Ufl'U tl-:j tl'U fllfl 
q 

(%) 
""dd 

111'1'1 1 0.714±0.17 3.218±0.76 

""dd 

111'1'1 2 0.941±O.14 3.914±0.59 

v 

'OlflNJ:lfll'J'VlrlJ:ltl-:j'W'lJ lltJ 'J ~ i1'VlTI fll'V~1'U fll'J nfll~'lJflJ:l 1fl9fliJ'Ulm~tJ1lJlW flJ:l 1fl9fliJ'U~ m.J111Ufl 
~ ~ 

iI I • iI 

~-:jU'U ~ -:j "l ~'t-11 fll'JtJ ~'lJl tJ~ U'U e)'\91 H~lWU tl-:j flJ:l 1fl9fliJ'W!-WlJlJlfl~'W 
~ 

" 
l'We)'\9l'JTeh'W 1: 1:0.05 !!~ 'O~ l~tJ~lJlW flJ:l 1fl9f1iJ'U~m.11l11:rfl'Utl-:jtl'Wfllfl!'Vlln'lJ 23.236±0.59%~-:j

~ q 

, v 

!-WlJ'(Y-:j~'W'Olf)!~lJ~-:jtJ'J~lJ1U! 5 l'Vll 
~ 

3.2 fll'ji1m:mH'I'UeJ-:I'tl'itYl!!I:l~ Degree of quaternization 'UeJ-:leJ'\.'p~''Ufi'fl1V19f1'U,*hn'Ufll'j'Vl1t111 
<=I ~ <=I 

eJ'U ill fI'YI'U 'j 'j <j) fll:l !fl9f111U 
Q Q .. 

V , 

hJ-:jl'Ul~(Jil"l~y'hfll'J1:Y-:j!ml~r1tl'4-W'Wlr'Utl-:j'lfll\919fl'U.yjiJtJ'J::;~'lJ1flm1'J 2 'b'i1r1 fltl N.N.N

lrimelhylammonium chilosan chloride (TMC) UJ:l~ N-[(2-hydroxyl-3-lrimelhyl-ammonium)propylj

chilosan chloride (HTCC) !~tl!\9I1 (JlJ tl'4 fllfl UflJ:ll91 (JlJ Utl J:l ~I'W \9I-tl'4 ~'W,r'U tl-:j 1fll \9I9fl'U~'lJ'j 'J ~ fl'Q 1fl

9fliJ'U trl(J!\9I~ (JlJ tl'4~'U ,r~iJ~ 1 Degree of quaternization ~l-:jn'U 3 'lfi1r1 "l~l!fl 35 %DQ TMC, 

11 %DQ HTCC, UJ:l~ 33 %DQ HTCC 

o 0 

..::::It. Q..I t! til ') .:::t.:::t , Q ').::::s
3.2.1 m1'UeJ-:I'tl''U YI eJU'WU fi'UeJ -:I AfI !Vl9f 1U'YI llVl eJ'U'Ul YI eJUillfl't1'U 'j 'j <j) fll:l ! fl9f111U 

<l q, Gil cu 

1';fll 'J 1\91 ~UlJ tl'UfllflUfl m9i(JlJ!WJ:l ~!'W \91- tl'U ~'W,r 'U tl-:j "l fll\919l1'W~'lJ'j 'J 'Ofl"1fl9l1iJ'W!~ tlfll'*1';~ 
q q q q,J 

l\9l~ tJlJtl'4fllfl!!fl ,,!91(JlJ U tl J:l~! 'U \91- "l flt \9I9l1'W U~y'\lfll 'J!~ lJtl'4 ~'U ,r~!\91~ UlJ 1~U '1'1 'U"l fll\919l1'U !~ tl~NJ:l 

'Utl-:j'U'Ulr1tl'U
q 
fllfl~ 1~ ~-:jU -eYrI-:j 1'U\9Il'J 1-:j~ 3.3 
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m'H3~ 3.3 'IJ'iJ 1~'lJfl~fl'iJmf1!t1;'l:;filfffl6~~l'Ufl~fl'iJmfl~1J'j 'j 'OfH'l lfl9nu'iJ!~~ tJU 1~tJ1 ,*fl'iJ~'iJ{'lJfl~
q "q IU q 

lfll~9f1'iJ~UrfltJ1;'l:;'IJ fl~t1 'j:; '01J. lfl~l~n'iJ 

fl'iJ~tJ{'lJfl~lfll~9fltJ. 
~1'*!~~ tJU fltJ fIlf1 . 

'IJ'iJWI'IJfl~fl'iJmfl. 
~llJ1J'j'j'Ofl1;'llf19flU'iJ. .. 

(tJ11tJ!u~'j) 

'IJ'iJWI'lJfl~fl'iJmfl. 
Vi1J'j'j'Ofl1;'llf19flutJ. .. 

(tJ11tJ!u~'j) 

• Q; <Ie. V 

mr1fltJ9f~ l'IJfl~tJ'iJ m'fl• 
~u'j'j'Ofl1;'llfl9flutJ. .. 

(iJ1;'lill-J1;'lvl) 

35 %DQTMC 401±14.69 409±6.98 -26.0±1.65 

11 %DQ HTCC 317±6.43 314±22.80 -26.4±1.l4 

33 %DQ HTCC 302±8.73 317±6.76 -23.5±1.77 

3.2.2 'lh~ l:Y't1EfIl'W1'Wnl11J11'llOI:l1 fl9f1ii'W 1'Wel'Wil1fl!Afll:l!91tllJ!Aell:l~!'W~-el'WY('W1i'fll~9f1'W 
Q 'U q q . 

tI 'j:; i1'Y1TIfIl'W 1'iJ fl1 'j n f1!~1Jfl1;'ll f19f1UtJ!!1;'l~t1~ lJlW fl1;'ll fl9f1U'iJ ~m.J 
~ 

11111fl'IJfl ~ fltJ fIlfl Vi!\91~ CJU.. .. . 
l~tJ1~fltJ~tJ{'lJfl~1fll~9f1tJ l~tJl,*5~'j 1ftltJ l~tJt.'hl111fl'IJfl~fl1;'ll fl9f1UtJ ~fl!W1;'l~!tJ~~ flfltJ~tJ{. " ... 

• OJ 

~l1Hn 3.4 t1'j:;i1'Y1TIm'WltJ fll'j nf1!~1Jfl1;'llfl9f11i'iJ U1;'l~t1~1J1W{J1~mJ11111fl'IJfl~fltJfIlf1Ufl1;'l!~tJU.. . . ~ 

!!fl1;'l~!tJ~- fltJ~tJ{'IJ fl~1f11 ~9f1h1 Vi 5\91 'j 1riltJ 1 ~tJ1111111fl'IJfl~ fl1;'ll f19f1UtJ :!W1;'l~!'iJ~ :. .. 


fltJ~tJ{'lJfl~lfll\919f1tJ. 
~1i'!\91~ tJu fltJfIlf1. 

fl1;'llfl9f1utJ:!tfl1;'l~!tJ\91:m.!~tJ{lfll~9f1tJ.. . 
1: 1 :0.05 10: 1 :0.05 

t1'j~i1'Y1TIfIl'W 

ltJfl1'jnf1!~1J 

fl1;'l1f19f1utJ.. 
(%) 

tJ~1J1WtJ1~fl 

" 1111111fl'IJfl~ 

tJ '4f1lf1 

(%) 

tJ'j~i1'Y1TIm'W 

h!fl1'jnf1!~1J 

fl1;'l1f19f1utJ.. 
(%) 

tJ~1J1WtJ1~fl 
" 

11111 tTfl'IJfl~ 

flWl1fl. 
(%) 

35 %DQTMC 0.693±O.10 4.089±0.62 0.969±0.03 21.215±O.55 

11 %DQHTCC O.802±0.14 5.868±1.0O 0.914±0.O2 22.879±O.53 

33 %DQ HTCC 0.960±0.17 6.540±1.19 O.610±O.00 20.226±0.13 
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. ~ 

'il1flvH'l f11 ~ 'VI~ [If) -:Ill! elnJj tJ'UlYitJ'UrJvn 1 ri1hll ~ tJtJ 111 tTfl'U el -:lfl rll fl9J'lli hi v1 elll elrl ~ lhl \9lv1elelmr hI,j 
'" q 

fl rll fl9J'lliWJ-:lfl-:l li ~ 1~ elhl'U1-:1~ III rl ~ ltJ~ tJhllltJ rl-:l el U1-:1 llJlitTtJ ft1 flUJ 1hi 'Uill~ ~tJ~mill fl rll fl9J'lh1lihl v1 'tJ 
'" u '" 

~ ."o Q.I Q..d"l 

hi 111 hi fl'U'tJ-:I 'tJhlf11fll~1J{1' -:I'UhI 
q '" 

f11~~mnf11~ tJrl~tJ~ 'tJtJflrll fl9J'llihl 'il1flelhl f11flllflrll9imJll'tJ rl ~ lhl \9l-1fll\9l9J'1h1llrl~ 'tJhlf11flll flrll9itJ1J 
'" q q 

'j.J I 'V 'j.J 

ll'tJ rl ~ lhi \9l-'tJhlvrmj1 I'll \9l9J'1h1 tThi l~ 'tJfll~elhlf11fl Yi l\9l j tJ1J~hI ~ltJ rJ\9l ~ 1ri1hll ~ tJtJ 111 tTfl'U 'tJ-:I flrll 1'1 9J'lli hi 
q q '" 

1hi {1'f111~~lrl'tJ-:I (in vitro) l~tIl'VIfliJflf11~ ll~~ ~1h1 ~ -:I 1~'tJ~ 1 rlc1f{1'l hi ~~'\J'U'I1l"lrl',j'tJ{~li~lv;l'tJ'lifl-:l~ 

['vi 1n'U 7.4 llrl ~llm 1~ r1tJ~mill 'U el-:l flrll 1'1 9J'1 lihl ~ tl fltJri 'tJ tJ'tJ'tJ fl 'il1fl 'tJhlf11fl~1 til 'VI 1'1 iJ 1'1 HPLC 'I1h1 Vifl'" '" , 

fl1~tJrl~tJ~'tJtJ (release profile) 'U'tJ-:lfl~ lfl9J'llihl'il1fl'tJ~f11fl l'l-:lll{1'~-:llh1Jn~~ 3.4 llrl~ f11~~ 3.5 

\9l11Jilll'l'U 

O')()()() 

;6 
(c; tU,Ooo 
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;:1 0.7000 
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l1m ('W1vi) 

l1JJWIl1V}.· ACP flfJ alginate-chitosall nanoparticles containing glucosamine 

AHII P flfJ alginate-HTCC (DQ = 11%) nanoparticles containing glucosamine 

AH33P flfJ alginate-HTCC (DQ=33%) nanoparticles containing glucosamine 

'" ATP flfJ alginate- TMC nanoparticles containing glucosamine 

---- ACP 
---*- ATP 

- AI! I I P 

--7fE- Am 3 P 

"" , 
f1WV1'fl (l tl.:J iHi111l~ 'U lltJ~ lJlW f1 (l1 fl CJ! 1lJ'U () f1tJ rimJtl tl f1 '\l1 f1tl'U.f11fl tl ~1.:J vi mi1 tl.:J 1'fIvtJ~ lJl ill'" '" . 

') .t::S d '" I I 2+ 2+ 
il.:J"!'fI'tItl.:Jf1€J bflCJ!llJ'U'Vl\}f1U(ltlVeJeJf1'il1f1eJ'4mfl Ca -alginate-chitosan, Ca -alginate-HTCC (11%), 

2+ 2+ I Q.I Q q ClI 

Ca -alginate-HTCC (33%), Ca -alginate-TMC l'Vllf1'lJ 0 .8 175, 0 .8367, 0 .8 102, lW~ 0.4481lJ(l(lfl'j"lJ 
" ,

vimhm.Tf1't1 eJ.:J tl'UmflVl1lJ ~ 1~'U (fll'vrVi 3.4) f1 ntJ(l'fltJritlV'tI tl.:J tl'U fllfl'Vlf1 'b'i'J 'fI H{1''fI.:Jm1lJ~lJ~'U 15l91.:J. . . 
, ,,, . 

f11'j U(l'fltJri tlVVi~lU(l::; vi m i1 tl.:J 'I1(1.:J '\llm!'U f11 'j tJ (l'fltJri tlV f1(l1 fl CJ!1 lJ'U1'U tJ~ lJl Wfl.:JVi '\l'U ().:J 'j::; v::; l1(l1
'U 

l'Uf1nftmJ1~ 24 ~11lJ.:J hlVi:JJlJ~(lf11'jtJMltJritJVV1tltlf1'\llf1tl'Umfltl~l.:JQ'lJ'Yltl'U (burst effect) l'U. 
" " 

'j::;'U'Utl'Ufllflm ri l'WU'iJ'fI.:J 11 hilJ U~lJ1U! f1(l1 flCJ!llJ'U m ~tltlcim V'U tlf1~'U ~1't1 tl.:J tl'Ufl1fl 
q O!U cu q 

2+ 2. + ~ 1 ~ ~ ~ 
alginate-HTCC (11%), Ca -alginate-HTCC (33%), Ca -alginate-TMC l'tll f1m::;'fI'lJil.:J'i!'fI'l1(l.:J'\llf1 

'j::;v::;l1m 6 ~11lJ.:Jl'Vi1n'U 80,86,89 U(l::; 73% Vl1lJ~1~'U (m'V~~ 3.5) J'U'l1lJlVfllllJ11lJtJ~lJl1U 
" 

f1(l1 flCJ!llJ'Um ~tl tl~l 'U tl'U fllfl!Yl V.:J!~ m!tlm'Vi l'W'U
'" "'. 
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. . " 

111n NCl n1'j ~1~Cl tl.:J Vi 1~ 'j ~ 'U 'UtJ1ri.:J n Cll fi'1i1lJ'W Vi l\91~ tJlJ 1~1 'W.:J 1'W 1~tJij ~ tl'W.u1.:J 1~NCl ~1'W 'j ~'U'U 

'" 

~ '" '" '" 1iI'i .,; 'i '" 3.4 fl11f1fl'1411tYt:H'J'lilll"4n 1,,:) fntlilll"4'lJf)..:)f),\Ul1 f11!f1~I"lltllJl!f)(HU'WVI- !fI !VI"ll1'Wn'U1111 fl~! f1"llllJ'WI!~~ 
q q ~ 

f)'WiIlfll!flIU9ImJIlf)I:'I~ !'WVI-fl'W-Wmi' fllV1"ll1'W~'U1111 f)~1fl"lllii'W 
QI ~ QI III 

" . . 
1'(1'~ tJ'j fll'W'\J tl.:Jtl'Wfllfi i'W 'j ~ 'U'U '(1'1 'j IL '\J 1'W Cl tl mT'W '(1'lJ1T~Vi tf1flruVi 11,,:) 'U Vn()..:) f111lJ lJ I'(1'~ tJ'j fll'Yj n 

• u 

, ., ':JI ':JI I 

fi tl'\J'W 1~ lQ ~ tJ'\J tl.:J tl'W fllfl Ii1 tl.:J 11 1fH]j tl Vl":) 11'tl'Wfllfl1 'W '(1'l':i II '\J 1'W Cl tl tJm ri l'W'W lJ U'W 11W'lJ Vi 'iJ ~ 'j 1lJI'l1. . 
, '" • 'jJ 

f)'W lil~ l11'W tl'W fllfl~ lJ'\J 'W 1~ 111 ru~ 'W-vh h1'tl 'W fll fI '\J l~H'(1'~ tJ'j fll'W IL Cl~ \91 n\91 ~ ntl'W tl tl n m1 'W Vi '(1'~ l'l.:JtJ'W 
q u q q 

9 I .:::::! " It] j/ ~.c::::i 2+ 2+ d ..do 

f)1'j~~Cltl.:J !'W'(1'1'W'W !~ICltlnl\91'jtJlJtl~f)1f1'\Jtl.:J Ca -alginate-chitosan, Ca -alginate-HTCC mJ% 

i.h~'iJ'U1n'(1'.:J 1~tJ-W'iJ1'jru1'iJ1nNClf)1'j~~f1 tl..:)~~'(1'~ritl'Wl1'lhw" ILCl~ l~-vhnl':i iY":)lm 1~~ tl'W-w'WTI'\Jtl.:J N-
q 'U q q, 

butyl chitosan (N-BuCh) l~tl1i'1\91~tJlJm~fllfi Ca
2
+-alginate-N-BuCh l~tl'U'j'j~n~ lf1'1i1lJ'W ~m1ri1'W 

1~m.f111 tJn'\J tl.:J n Cll fI '1i1 lJ 'W ~mltl Cl ~ I'W \91 ~ tl N-BuCh I'V11 il'U 10: 1 :0.05 1'W f)1 'j ftmm '(1'~ tJ 'j fll'W m.:J 
'" 

nm 

(1'W) 

Ca2+ -alginate-chitosan Ca
2
+ -alginate-HTCC 

2+ .
Ca -algmate-N-BuCh 

d 
'\J'W1~lQCltJ 

(nm) 

I Q.I' d'.c:::::! 'j) 

fI1 fl' n tJ '1i \911 

(mY) 

d 
'\J'W1~lQ CltJ 

(nm) 

, v <'Co ~ 
fI1 fl' n tJ'1i \911 

(mY) 

d 
'\J'W1~lQCltJ 

(nm) 

I Q.J "...:::\ 'jJ 

fI1 fl' n tJ '1i \911 

(mY) 

0 398±5.7 -28A±0.6 653±2.9 -28.1±1.9 593±11.2 -29.3±1.6 

7 376±5.1 -29.7±0.7 797±7A -22.3±0.6 585±12.6 -29.6±1.2 

15 361±3.7 -12.6±OA 1058±4.7 -33 .5±2.2 571±11.0 -19.2±0.3 

45 353± 11.6 -11.5± 1.5 887±5.3 -12A±1.4 543±3.0 -14.4±2.7 

60 488±5.6 -13.0±0.7 873±22.7 -7.0±0.3 696±3.0 -9.0±0.6 

~I Q..tQ 9 2+ . 2+ 
lu'W'(1'lJ'U\91'\Jtl.:Jtl~fllfi !'W'(1'1'jCl~mtJU'\J1'WCltltJ '\J'W1~tl~f)1f1'\Jtl.:J Ca -alginate-chltosan UCl~ Ca 

alginate-N-BuCh ~'U'j 'j ~n ~1f1'1i1lJ'W lJ'\J'W l~Ii.J~tJ'WmJ Cl":) llimntJn 1 'Wi1.:J 'j ~tJ~nm 45 1'W U~lrltl().:J 
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Q.I ~ ~&~ Q.lQ,I '1 
60 l'U 'lJ 'U 1 <PI 'lJ eH tJ 'U fll fl 'il ~! 'W 11 lJl fl 'lJ 'U 9i ,H 11 W:Hl 'lJ tJ ~ fll 'J 'J 111 I9l 1 fl 'U 'lJ tJ ~ tl 'U fll fl 'U {t 1'J ~ ~ m {J. . 

l!'Ill 'U ~ tJ{J II ~~!{t(){J'J il1'W 'lJtl ~ tJ'Uillfl ~ <PI ~ ~lrlm ~ {J~Il~ 11 vi lJ~'U ~~ t)'U fJ'U 11'1' 'ill fl N~'lJ tJ~ fl1flfl V'9l1'i'1 ~ . 

• j.I • v • 

~ & 0 Q.I 2+ d..:::::. & l.at I 1fI .... 1 d 


!'WlJ'lJ'U mmDtJ'4f11fl'lJtl~ Ca -alginate- HTCC 'il~lJ'lJ'Ul<PIl'YllJ'lJ'Utl{J1~lJlfl!lJm~{J~nmN1'U !lJ!'W{J~ 

IIfl 7 l'U U~~ijll'Ul iUlJlvilJlJlf)~'U ~~ijl{t(){J'Jfll'W'Vll~f)1{Jf11'WUtl{Jf)11tJ'Ufllfl 2 'b'iJ<PI~ll'1'f)~ll. 
y Q.I Q.I 

v 
& III Y 0 ~ 2+ 2+ d 

, 

lJlll~l <PI~'U'U'il~ !<PI'VIlf)1'JI~Wf)tJ'4f11fl'lJtl~ Ca -alginate-chitosan l!~~ Ca -alginate-N-BuCh 'VID'J':i~ 

f)?l i fl9i 1 ij 'U :u 1'VI <PI ~ tJ ~ ~<PI In D '1 'U €Y ill1:;; II11'~ i <PI {J U 1 {t1'J ~ :;; ~ 1{J!! 'lJ 1 'U ~ tl {J ~1I9l ~ {J lJ I 1'1'1 D !! {J f) tJ 'U ill fll'1'1 {J 
~ . 
~ <jJ cl I d 0 ~ ltJ 9JlfJ ... lOY Y ..:::::. 

l'V1fl'Ufl ultracentrifuge <PIl{Jfll1lJ!'JJ'JtlD 45,000 'JtJDl9ltJ'U1'V1 'U1tJ'4f11fl'VI!Wf) I<PI !lJ'VIlll11~<PIlm'VIfl'Ufl 

o v .at d Q.I cl 41/ c:::: Q.I ~ 
f)1':i'VIlll11~!!DDWtlfl!!'lJ~ 1I~:;;'il<PI!f)D'l'Utlru11illJ11tl~!1I'U':i~{J:;;nm 0, I U~:;; 30 l'U 'il1f)'U'UI9l'Jl'il{ttJD . ~ 

• I ' 'jI 'I 9J 'jI <I"" ~ , 
~ lJ 'J 1~II ~~ 'lJ 'U l<fi tJ'4 fllfl<PI 1 {J fll':i ! 'b'f) ~ tJ~ ~ ~ 'VI ':i Hl''U tl! ~ fll9l 'J tl 'U UDD {ttl ~ m 1<PI (scanning electron 

v , 

microscope, SEM) i<PI{JU1tJ'4f11flll,r~ I DU'lJl'U~tl{J l'Uihntl'U'Vllf)1'J l!m 1:;;11 N~I'l~II{t<PI~ '1 'Ufll'WVi 3,6 
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.::S V clQ, d I g,J 2+I

mow'YI 3.6 fIl'VWltJ 'illf)fHHl-:J ~(l'Vl'j 'jf1l-HltClf)\9l 'Hl'W U1J1J bftl-:Jml~ 'U V-:JtJ~fIlflU l1-:J'UV-:J Ca -aiginate-

Chitosan ~1J'j'j~f)~ ifl"lfliJ'WlrltJlf)1J1~l~Wlm 0 l'W (a), 1 l'W (b), 30 l'W (c); HClt 

tJ~fIlfl Ca2+-alginate-N-BuCh ~1J'j'j~f)(J ifl"lfliJwrltJlf)1JHl~'Wnm 0 l'W (d), 1 l'W (e), 

30 l'W (f) 

~ d 2+ 2+ d "1 d d QJ 

WtJf)ll'U-:J'UfNtJ~fl1fl Ca -aiginate-chitosan lW~ Ca -aiginate-N-BuCh 'Vl1J'j'j~f)(J !fl"lfllJ'W lJi:lf)1:Jrut 

'j Uj 1~ l~'Wllvi'W fl111tJlttJ~~~ n'W tJ'Wi1 lfl iJ 111 lltJf)tJ tJ f) l~ 'W tJ'W i1 lfll~ tJltJ cil-:J'l1~l 'il 'W V-:J fl-:Jlf)lt n'W IIt1 'W" , , 
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~I I Q.ld~1 CV Q.l1 0 3J ~ 0&0931" " 
tlJ'U 1l~'U 'Vl-1'U t lJ'U ~~ ~ 1 n fIl ':i '11 IPl \9l1't1tl -1 tl'U fIl lim ~ -1 ~1'U m ~ 1J l'W fIl ':i 'Vl1l! '11-1!! 1J 'lJW tl fUt 'tI-1 ~ -1 'Vl1 !VI. 
nE1-1t ~ tJ -1 t'IJ 'U 1tI tri tltl ':i ~ t lJ 'U 'tI 'U 1IPl tl'U fIlfl ~ 1f1!~ IPl tl 'U fIlfl 'IJ 'U t:IJ 'Vl1 n CJ5!! i11'\1'1 'IJ 11 il 'tI 'W 1IPl tl cil 'W 'lf1-1 
'\J ~ q '\I 

& <V '" d '" "1 <V I'" '" 1 ' n n

400-500 til 'Ut:IJ\9l':iC}f-1L1'tllPlfl~tl-1n'IJ~~'Vll\Pl !\Pl~ln zetasizer U~~tlJ':itJ'IJ!'VltJ'IJ':ilJ':i1-1!!~~'tI'W1\Pl'tltl-11 .. 
tl'W fIlfl'l1~-1~ 1f1!n'IJ l1rlJ'W!1m 30 1'W l'l'IJ ll':itli 1-1tm~'tI'W 11Pl 'tI tl '1tl'UfIlfllll!tI ~ tJ'W uti ~'1:1Jl n'l!n u L1'1Pl-1. ... 
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Q 

'lJ'YI'YI 4 

'lJ'YItl';lt/• 

trimethylammonium chitosan chloride (TMC) H fl::; N-[(2-hydroxyl-3-trimethylammonium)propyIJ

chitosan chloride (HTCC)!\9l~ tJlJ l~hHJtl1fltJ'I1 ~fl fll 'l \9lfl\9l::; fHl'U ~ ";nJ 'IJ eJ -:Jl'wi)!lJ eJ{~ii1eJ'eHl'W'lJeJ-:J 
~ . 

i.h::;~mJ!!fl::;tl'l::;~iJ1fl (ionotropic gelation) 'IJ'W1~'lJeJ-:JeJ'4fllfl~'WeJ~niJ 'l::;tJ::;nmfll'l'l'1119flJ!f1i'Wlu 
" . 

'\J'U\9leJ'Wfll'l'l'11 pre-gel 'lJeJ-:J!!f1mqftJlJleJeJeJ'Untl!!eJfl~!'U\9l VliJ":h nu19flJ!f1i'U'Ul'U 20 'Wl-vi'U::;'I'111lY 
" ~ . 

'IJ'Ul~eJ'Ufllflfl~(;'l-:Jtl'l::;mru 37% f-Jfl'Ulflt.Jl'l111fl11J!flflfl'IJeJ-:Jlfl1\9l9f1'U1'U-:J1'U111'tJlJVliJ11 !litJl~ 
q q 

lfl1\9l9fl'W~iiJl'l111fl11J!MJfl 220,000 ~1(;'l19i'U l1~lfi'IJ'W1~eJ'4fllfl!~fl~~~ IIfl~!rleJl~fI"lllJ!'Ii'mj''W'lJeJ-:J 
VleJi)llJeJ {tl 'l ~ l1iJ 1 fll'VIl n iJ 0.15 ilfl i) fl f lJ~ eJ il fl i) i)\9l 'l 'U~ 'I'111lYeJ'U fll fI ~ !\9l1 tJlJ 1fiii 'IJ 'U 1~!~ fl1:1~ i ~ tJ 

q q q 

1:1'ltlll"11:11lJl'li:l!\9ljtJlJeJ'Ufllflii'IJ'U1~m~tJ 300-400 'Ul i'UIlJ\9l'l ~-:J!\9ljtJlJ i~tJl~V\9l'llri1'U i~tJJ1'l111fl
q q 

V" . 
fI 1 llJ tYllJl 'l (11 'U fll 'l iJ 'l 'll1flfl i f19flii 'U ~ eJl41 '11 11fl eJ 'U fll fI ~u eJV n iJ tl~ lJl ru fl fl1 f19flii'U -vi 1~1 'U 

q cu q '\J '\J 

• v. 

fll'l!\9l~ tJ lJ !lieJ 1 ritl~m ru fl fl1 f19flii 'U lJ 1 fll1 ~ 'I'111lYl fi tl~mru fl fl1 f19flii 'U ~ eJt.Jl '11 11fl 'IJ eJ -:J eJ 'UfllfilYl lJ 
~ ~ q 

" . " 
1:1 -:J ~ 'U II~ tl 'l ~ il'l'l ~ fll Vl fll 'l n mn iJ fl fl1 f19flii 'U hhtl~ tJ 'W II tl fl-:J eJ Vl-:J ii 11mY 1r1W'Vll-:J 1:1 i1 ~ 'U eJ fl'U 1 fllJ 
~ ~ u 

I , " • 

VliJ 11 fll 'l tl fl ~tlri eJtJfl fl1 f19flii'U 1 'U'lf1 -:J 'l ~ tJ~ n fll 6 <lid 1lJ -:J II 'lflf1 eJ tJ"l !Yl lJ~ 'U fi 1 tJV\9l 'll flU tl ~ eJ tJ-vi 
'U 

• v. 

f1eJ'U 'li'l-:JfI-:J-vi 1~ tJ llJVl iJ fll'l tlfl~tl~ eJ tJ tJl eJ Vl-:JlliJVl ~'U '11 ~ -:J 'U lfl11'U 11 ~ ii fll 'l tl ri E)tJ-vi~lfl-:JIIfl~ f1 eJ'U 'li'l-:J 

m~'U'U ~ -:J 'l::; tJ~ nm~i~1 'U fll'l fYmn 24 41 1lJ -:J tl~1Jl ru 1:1 -:J1:1~ 'IJ eJ -:J fl fl1 f19flii'U ~tl rieJ tJeJ eJfl 'U lfleJ'U fllfl 
'U q 'U q 

m~tJ'l fllVl'IJeJ -:J eJ'Wfllfl~ 11'~!n iJ~eJ ru 'H flillYeJ-:J l'U 'ltl I! iJ iJ 1:11'l fl::; flltJll 'IJ 1'U fl eJtJVliJ11eJ'U fll f1iill'U 1 1UlJ 
q q 'U 'U It! 

• 11 , • '11 " 
do Q.I Q.I 0 Gl v d. 9 1& ~ at. & & I QJ a:. 

'I'l 'U~ 'l1lJ\9l1fl'Ul!fl~\9l fl\9l~ fleJ'U 'I'lll 'H eJ'U fllfllJ'IJ'W l~ 1'HW'IJ'U IlJ m ~ tJ~nmIVllJ'IJ'U llfl ~ 'IJ 'U eJtJfliJ'lf'U ~ 'lJeJ-:J 
q u ... 

. VleJi)llJeJ{tln l1iJ1fl~-:JeJ'Ufllfl~iitl~lJlru tl'l~l1iJ1fllJlfleJVN HTCC iiI! 'U 1 1 UlJ~eJ'W fllflii'IJ'W1~ lmu 
q q It! q u 

~'UlrleJ'l ~tJ~ nm~l'U1tll'V1 tJ-:J 1!f111tl~111'!~ tJ1 ll~yf-:J ifVliJ 11 tl'U 
q 
fllfl~ 11'~ !niJ 1'W IIiJiJ II lY-:J 11 ~ iiltY~tJ'l fllVl 
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" " 
'ill f1..:l1'U i.otlill~vhf11) 11'11 tJ1Hl'W n1f1'lJ'W Wll~ f) 'ill f)YHl ~llJf){'fi)) lJ'lf1~ l'W f)U)) 'il f)?l1 fl9f1il'W l-W f). . '" 

1~'Wl1 'W 1'1'11.:J1'Wf11) .wWl'U 1)~ uuthd.:J f) ~ 1 fl9f1lJtl ,,11'11 j U j f1fn1) fI {ifJl~f)lJ~ f) 1 'Lll '\.1 f)'Wlfll'l f) V1.:JlJ 
'" 

• " , 'jJ 

'Lh~iY'I'1~ m,\<~l~lJmf)~ 'U f11) l~lJ'tJ~mill f11)U))'ilf)?l1 fl9f1lJ'U 1'Wf)'W mfll,.rMmf)~'Wlm~lJ 'Lh~iY'I'1~m'W. '" . 
''Wf11)nf1l~utl1l,.r{y .:J~'W l~'Ull'U 1'1'11.:Jf11).wWl'W1.:J1'U i.otJu"l'W~'U ~ f) hJ ~.:J""llJ1n)'Yh l~hwltl~tJ'U 

'" t )I ,,, 

'lflJ~ ou f).:J 'W f)~1lJf){tI) ~ ~ U 1f)'lfW ~B'W1 'W.u'W 1'1 f)'U f) 1) 11Pl1 tJlJ f)'WJ1lfl 1,.r1~'W l'W ~llJ f) {~lJfl11lJ 'lff)U t'h. . 
• , • 'JJ 'jJ " 

I'i 1?l.:J1-wt)nf11~Uf) ~ 1 fl9f1lJ'W~?l~ mm.'J1 1~~,r'W 1~1J1f)~'W ll?l~'l11tJ'lf~?l f) f11 )lJ ?l~tI~ 'f)tJf1?l1 fl9f1il'U 1'W 
'" '" 

{Ym1~lt1~~f)lJ~lJJ11~~~'W )1lJ~.:Jf)wu11til ~.:J1'W 1~tJf11)tI)~ (Jf)1'l ['Wf11) H~1'I1~'W (J11Yif) l~jmJl. 
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