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A Study on the Preparation and Application
of Chitosan Microcapsule and Bead.

Byung-Jo Ha, Ok-Sub Lee, Choong-Nam Lee, Yoon-Sik Lee®
( Pacific R&D Center, Seoul Nat’t Univ® )
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GlutaraldehydeS A}-83}o] #3a{el 7lanutrLol 23] empty cross- linked
chitosan microcapsuled | Z&}gt}., IE3 chitosan bead= sodium hydroxide -8
o|-8-3} coacervationoll 2J3f #A|Z3}3Tt. o|F HZRE $I8] +4/ KA/ /7
E o]FolA w/o emulsiong BPAIZ F odA etg o] Y-S vXE &
of ths) =alstoict REZAHEAGAHE n-hexanol & F7IZE Az} REerF o)
Howg ZyIste Z3E Haocrl Chitosan microcapsuled Helo] L= e &
F gk WA chitosan bead= WElS 8 571 53t of$ porousdt
31 ¢Jodr}. Chitosan bead?] §2] olojkx7]8] A& picric acid titration
£33t o, opnh4t ¥E-g-2] FZAdF= ninhydrin color testo] &]3f zH3
&drt. w3 fluoroscamineo] 2]3t B WEAM 0 Z chitosan bead?] FHof wlg ul
S ol kst Exstn A& FAEHLE HAY 4 dUden, olF ¥
Helz=e] HEH wb-go] o] &Y £ At 2Y Me|=2 A FelWe] receptor ¥
Bof jtst= A growth factor® 2] Gly-His-Lys (GHK)E 2z} ofn]:xt &
SHE 2|8 HZaslo chitosan bead $lolA] TEY 4 9o, ANXE AAFelxt
o e Agriz] Mg HEel=g WA EAM chitosan bead7t A o] &H 4=
A= 7Hs8E Ko Fodch

0

o N S oo P ox
52

g —i[f o an lo

fERERE @SE 3205% (1994) (37)



1. A4 £

FIRlE U E HotHEHIIHE C-2 9129 XUV fe] otuiy] (NH) =R
vl#|o] glucosamine?] pyranose TF|A|7} B-(1-4) AFH 7|EAte] Hrh AAdA
oA FIElA LS A, A%, 7HA T 2R, 2%l 5o AAFE, v T ¢
£ o]FE EAE A4 AEAEHAEE HRE thEoR Y e oA A
th (1-6) 71612 7] ciE R71EA, ¥, CaCh; T3 UAHA AZ¥H AR
2o g2 A I YFELL, Aeiel duelE, Hujl F3 vy FRE St A
th. 71812 1811 atA 9] Braconnotol] ]3] XFo|A A& wWAEYR, JF|EALS
1859 = o] Rougeto 2J3) A|=E et Ty} 718lo] thdt A7t FistA A
qE 22 195037 FElojx J¥l, J|Eale] FPHLE AAtEy] AR A
197037 Hefoltt. J|EANY] 2 FRE AFE R} FABIL C-2 Ao o
2} obglZ1 7t gtk ol tiE xlojdojrt. uwield F|IEARZ 33HE HFP ] 93]
Hr} ciergt 71537t 7Hedt Aol 2k, FEArY] FFIAA T Y] EX)
t AR FEAY PP §olstA ok AU3tE o] dxtelrlyl= C-62f C-3
o] £At7lof 3] &2 WS UEel] wiieltt. I JEA O fFEAIE0]
483, HYSte, HAXFAAG T2 AR BBl dHAEA FF
T3 olch. olglof FIEAL] AEE, F544, BAANFFL FHolA oo, 3
E, AEEOF FolA gyt $8A37 AMED Q. 53] J|EARE lysozyme,
- chitosanase 2] H Ao 23] Hedx o T 742 3]% ] biocompatibility?} -$-435}
o plo]aZAye], =, HEHQ Fo P2 GEALARY AT FUsich
2 AR FIEA nolZE A Y vz ARubHo| ois] HEFSIA AME
3, ZEele  receptor HHof sl ABALV]  growth factorZ  dE A
Gly-His-Lys(GHK)&] #AEHE F1EA H|=E o] &3l A x3tdct. GHKe AW
Cu(I1)2} complexE A O F A superoxide dismutase (SOD)-like activity,
angiogenesis, A|32] chemoattractionz} -2 ofg]7}x] Azl Aol Fa3¥H
g st ¥ Re] AAX Kot 22 £ HHolE TPoigri A grk (7)
whet Adzldd Hel=e 38 9 SHAIEA Y] FIEAL vl=2] o] & FHsAdo tf3
AR 32} el

ol flo o

2. Ax L A
2.1 Aot g 717]
FEALS dE F73de AT S ALEslacnt. A18H JEAY A=At &
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e 8.2 x 10°, YolMYUst= 785, [alp?=-4.8 (c 1.0, 1% AcOH) o]gich.
Sorbitan mono-oleate (Span 80, HLB 4.3), sorbitan sesquioleate (Span 83, HLB
3.7) W sorbitan trioleate (Span 85, HLB 1.8)% ICIA}e] A& Al&s}Ac).
Glutaraldehyde(25% solution)+= Junsei A}&} o FAj kS ALR31oi T}
N,N-Dimethyl formamide (DMF)+= T 93}3te] AdFA|2FE ninhydrin Exj3told et
S53to] 4A molecular sieveo] R.#dlo] Al23}gt}. Triethylamine (Aldrich):=
ARE-Z Hoj B A 3t A1-&-3}odct. AELFA QA BOP,
benzotriazol-1-yl-oxy-tris-(dimethylamino) phosphonium hexa- fluorophosphate,
2 Richeliue Biotechnologieso|A] 2413}l o N-£-Boc- N-a-Fmoc-L-Lysine, N-a
~Fmoc-N-im-Trityl-L-His, N-Fmoc-Glycine& Bachem Inc.oflA] r¢l3steirt. o]9] 4]
GEL BEF AGFE AMEstd o, kel Wi el FAsiedch (8) A
FAUMEHL SIM-AMINCOALS] spectrofluorometer SPF-550 C™-& A}&3}eic}.

FT-IR spectrat= Bio-Rad Laboratories®] FTS-40 system& A}&3}9i3l, specific
rotation JASCOA}] Digital Polarimeter DIP-360& A}-&3}gitl. )1 EAl vl =9
2] e B2 9)3ll Nikkon Optiphot Episcopic Fluorescence MicroscopeZ
AN, olnwAt ZAHEM L 93 HPLCE Waters 712 WISP autoinjector®}
Waters 990 photodiode array detector”} ZA¥}¥ Waters Model 510 HPLC Pump& A}
£3ladct Axpyn]A L JEOL JSM-35 Scanning Microscope& AME3}eitt.

2.2 31 ©olqd3r ylEALY] Az

il "HolddHe F|EAR2 Miya 5o ol wat A zsjedch (9) Holdd
3tx 78%Q F|EAT 208 47 SetA T ©il 47% $£AFRIEE 400 Wl eE & T}
3 F AL 7] stelA 1 A S 110°C oA ZHESE 28siodc). ¥ied
£AE B2stn AARE FHRFE FY MYsgEct QoA FEARS 1% Xl
AF B8 EFE A3t AATN the, AAE 4% FABNIER] 718l WA
AF1AL FRTE oA Aol Fdo] Huf 71x] 3 MAsI A uvhapgt ¥ o}
Al 47% FAPERGER 400 HeleEE 71 F AAES V] SlolA 1 AL Bt st
TME APAZich whEF WSt oo o] FAo] Hullzlx] 53 M H s}
3, ogrE, migkE, olMELSE AT MY F AF AzRstAch

2.3 #IUMEE MY

HLB M #17} 1.8-4.3¢0 AEF2 fEale] s=& ztz} 0.2%0M 3.5% 7tx] ¥
A 71 A 50m1 2] F7]gel =oli, o7]e] $4& 7Hs] AAIZL 100wl HEE dlod
Tl olF 308 T A20A AHSA EEF 25'C RN 1A & B3]
3, FEY BER FE FAMBEE AP es FHY3loch
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2.4 Fopty cross-linked chitosan microcapsule?] #| =

Sorbitan mono-oleate 0.3g, n-hexanol 0.1g& 7317 o= EFAd £ 60g
S 400 rpmo & IHISIAA FIEA £ (1%, in 1% acetic acid) 40gE 7}3ll Hgro]
100g A 3tadch 308 ¢ ¥ F AAE w/o of|HAo| glutaraldehyde
(25%) 3m1& A3 F7Ista thA] 3 Al Bt 400 rpne 2 FRESIGITE o] AJollA
A 2H F]|EA microcapsuled 90% ethanol, methanol, acetone?] ¢2o T AlH5}el
th. MHo] B¢t 7]EAY microcapsule 35°C ovenolj A 24 A7t Bt A=A|Zic)

2.5 Chitosan bead?] A&

Sorbitan mono-oleate 3g, n-hexanol 1g& 254 460gof 7}s] &3|A]171 2, o
7)ol F1EA € (1%, in 1% acetic acid) & 7}8l A3}E 1000go] =& 3ttt
400 rpm &8 FUBIA 2ursto] wio oHHE WHED, o]E 2.4 2IEY 12% $At3}
UEE godof 713t ¥ 317t B¢t tAA beadE ABZAIZTE of7]of ofkHE 2
AEE Z1FE oAl 1 A Fob wukstelct. A E bead§ 333 o o] g
o] 2o Hujzlx] FF4+E MAslacrh. ofgtE, HELE, olMHE, oHEER Xl
2 A5t 2 Fo G4 glass filter® o 2}3}elrt. A2pF ©o]R chitosan bead:=
40°C ol A 24717 Bt WFAZ stddch

2.6 =137 &3H

Qlz}e] HA7] U.S. standard sievesE A&3lo] ZA3ladrt. &, 100 mesh,
140 mesh, 170 mesh, 230 mesh, 270 mesh, 400 mesh®] sieved A}-&3lo] FHIIA
Aakst A AR F Aol Y2 F 08T FEHA EE oS 7 sieve flo]
H AFS YUY F HEE Foidch ‘
2.7 3888 A¥

Sintered glass filter7} Q= A7 0.9 cm, Zo] 40 cm &} FelAgo] 1 23
2] beadE -3 10u3ke] RujE sigict AHS A3E sl FHA 30
ot A g RSl AP £F2E FE WEEE FHSIATL
2.8 f.25 A%

Lugol’s iodine solution (iodine / potassium icdide / water: 1 / 2 / 300,
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w/w/vh & 30 & B beadoll ZISIil Uehibe Aol HEE dn|Fog pasiy

2.9 B33 d4Ad

Chitosan bead ¢} 10mg & DMF, methylene chloride, chloroform® 2 M]3 3}3
oJ7]o] 10% triethylamine® TIA] A 3lat}t. 10 mge] fluores- camine & A ake]
chloroforme] QI 7}8li 40°CoflA 108%¢QH ¥bg& A #A|Zct. Chloroform,
methanol 8 M ¥ ¥ 2-F AX3}%ct.  Fluores- camineo] €M™ A& 10 mgS JB-4
®  Embedding Kit (Polysciences, Inc., USA) of ©3 JB-4%2 solution & 2 g7t
A2olA Aeste] AR} W& w3t of 3ume] FAR A AEF AR
5 A Zstodch. 380- 425nm2] excitation} 450 nmofl A 2] emission wavelengthollx]
HPUN A2 beads] EH} 1S DU

2.10 Picric acid titration (10, 11)

Glass filter (&% ¢F 3ml)oj]l ojujrile] ZAYUHH H|E o 20mgs Y2
methylene chloride® 283t 3% 2 W{AF|3L, 5% Triethylamine/ methylene
chloride® 3&7t 23 Ae]|slglct. tHA] methylene chloride® 257t 33 xH3slzn
0.1M picric acid / in methylene chloride & 15837} 23] A 2]dlat}. Methylene
chloride® 2&7t 3% AMH3l2 picrate salt?} FAAFEE 31Art. o)lAL 5%
Triethylamine / methylene chloride & 3% 7t 53] A2]%t t}2 methylene chloride
2 287t 38 AHesla, xEFHoZ  ABFe]  95%  ethanolE A 2]ty
triethylamine-picrate salt €& dalrl. ©o]Z 95% ethanol® 3| M3}3, ol&
358nm (£=14500 M'cm™)8] UV spectrum &2 HE] Faslo] felojnjr]e] 52
&g stadch

2.11 Ninhydrin color test (12)

HZof HEE W8S XU doldle Rl olur]e] a5 Q13| ¢
3] (1) 500mg2] ninhydring& 10ml12] ofgtEo] ¢l &) (2) 80g2] phenolS 20mle)
oflekgof 9l &% (3) 2ml2] 0.01M KCNE 10ml 8] pyridine2 & 3|43t geig 7}
Zb Zu|stech 10 viA] 20mge] ¥|=& @ AJE o 912 ZEALS 3 F 9}
A Hojmg FFEIOZ 558%9 100'CE 71¥3lo] =2l Mo] WM3lx] AL w3
Aol 99 4% o]to] HER HALE uivtstdch

T o

2.12 v)=of ZAH oluicite] A (13)
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Eppendorff  tubeoll  4.2mg2]  Fmoc-e£-ACA-chitosang Y3, 0.5ml 2]
piperidine/DMF (3:7)& 718t F 30& %4 shaking 3tsitl.  6.5ml8] methanolE
B AM3t51 A" fulvene-piperidine adductE& E-2%, o|&F 301 nm (£=7800
Mlcm™?)2] UV spectrum 28 HE| Faste] ofnmAte] X LS Lttt

2.13 71 Bt vl = ey HE|=2 Ay

HEe|E 3R]0 Gajotglr]e] #eko] 0.5 mmol/g Q) chitosan bead 370mgS
7}8t % nmethylene chloride, DMFE A %3}¢it}. Fmoc-g-amino- caproic acid
228mg(0.648 mmol) 2} 287 mg (0.648mmol)2] BOP 4!  68.7ul (0.567mmol )2} TEAS
7Vsk 1 A| 7t Zot w28 AFPAZCTE. ¥ methylene chloride, DMFE A& d1a1
] e =ztg uhEslodc), % F vl DMF 23], methylene chloride 23],
iso-PrOH 13%], acetone 1%, F o= 13 71z} MHF AL A X3} spacer arm
o] AYH H|= 391 mgg ¥YUr}. o]F 20% piperidine/DMF & 3¥-7F 13, 1787
13] 7_]-2]- AA3tedct. DMFE M3 813 Fmoc-Lys(Boc) 388mg (0.83 mmol)& 71313 3
2y EE¥ BOP 366mg (0.83 mmol)z} triethylamine 19.2 ul& X8 2 7}sta 34
7F o } E5o] F9r}l. DMF, methylene chloride, IMFE M3 F ojnjit AELS
& wi o g 2 WhE3}e] Fmoc-Lys(Boc)-e-chitosan B]|=& |t} Alr]e] v
2} % 3}A Fmoc-His(Trt)E& ¥H2-X]# Fmoc- His(Trt)-Lys(Boc)-&-ACA-chitosan H]
=g dglrt. 22 22O T Fmoc- GlyE At el HEl=rt 2¥H 7%
=& A =3IAch

Hm
r

p

-4

|

o
T

2.14. HE|=7} AYH J|EA v =2 Fejot FAB[H

2%}  Fmoc-His(Trt)-Lys(Boc)-£-ACA-chitosan H|ZE2&] ¥eje}
Scanning Electron Microscope (SEM)S. 2 3&3}eit}. SEM %“% AEE=
of Y3 2EE 0.2 torr, 1.0 KV, 5 mA8] ZAA =} ¥HE ¢+ 8
st} ALgstodc).

4 ”“
ol ofn
_L),‘.'.
N

3. A% ¢ %
3.1 7] EA} microcapsule, bead®] AR W HA

/SR YoMIURES ol H18] 47 SASISE gorg s
golA el 3} ul-go| 2PHo uwle}l 1590 cm'8] N-H band®] peak intensity’} BE %
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7¥stdom, wichg olae slo] 2% 1665 cn'o] amide I U 1550 cm'$) amide 11
band®] peak intensity:= FBE ZtAstAcrl YolM¥3 = Sannan Ho] AAJgt w
Hof ule} base line W& WIBIO T 2878 cn'e] FHEol tf3} 1550 cn'e] FTHT
o] ulgof s Aabstadch (14) Domszye] W& 3450 cm'e] FU= Zhol 1655
cn'e] FYE HE A Ao T ol Aol £Ho| o) oizte] oxE 1R 2228 s
Tl (15) 38 J1EAL nlo]3 2704 gl B|=F 7] I3 whH o T wo oEA AR
& ol gt o, wA Rr4, REA, RZADRAEAY 2§ U ko) ojal
FEABEE FHM Hurh AYol AMEH H3 Al sorbitan mono-oleate,
sorbitan sesquioleate, sorbitan trioleate 2ir}. o5 HLB Zto] 1.8 x| 4,32
2 {7180l ¥atd Z$+& sorbitan trioleateo]d] £ {3 E Hojon,
71240l BEFAY H-$+= HLBILo] &2 sorbitan mono-oleate?} £& {3 AN S
Halch ole ¥ib Hrl Igo] 2 EFAY A9 HBJ & sorbitan
mono-oleateo]l 23} A PEIH-G ojn|hct EI EF AL AL ulFo| ¥l
vjs] vl @A Fof Ji7kE & Uebdch  wletd vlF g {31 A Ilo] 38
& n3cty BZtHch BZAWYAEAE n-hexanol®] HIHAE L AlA A
sorbitan mono-oleate®} n-hexanol-& E&A}L 2w synergy effect7} AM7l= A
L2 AT ALt o]+ n-hexanolo] sorbitan mono-oleate?] Bx}Al& Alojof 7)o
ol odAE % 2YUsHA 3tz o] A IR 718 Ao= ®elch
F|EX4 nlo]Z 273} v = Scheme I, Ilof wiel A zsjedch. A 2H nlo|az 7}
Az} ul=Y UARRE AR wlgton olxle] A= AHBEA L] Zo
utel Zt4she Z¥E Uehdddct ol AREAA L] SEZ I ulE odd gz}
718 Z4of 7%t HnF At EMA 3} glutar- aldehyded A}-&31o] Azt
o] A2 2hd -2 Fejo] L= HelZ ujRrt By ubd, dzte]gdof os) m =zl
bead®] ¢ etz LfF 7t EF 3 bead?] 2}t EHo T}42] pored 7}x]
3 9lacl. (Fig. 1, Fig. 2, Fig. 4-a) Sorbitan monooleate 0.3%, n-hexanol 0. 1%
& A8 B¢ o Toumd] B AR EE zh= v|=T7 dojAch. Z4E |78 vfel
iRt W& ARA F9 Suid S WEET) Fohsleden, 53 BES Ay
2 &EE uEhdidch ¥ Lugol’s iodine fWoF uH|=E AN Az}
dark-red color& UEehfen ol SEAMA jodinel® ¥E AMAH
cylinder e8] tri-iodideZ} olujX=7]|& Zt2 Qe F|EAL TER} Aj&rlolo)] &
Zt¥]o] intercalation®|o] Y% 2] polyiodided HAEUOCTA 7] HOoT AR
Tl 53] fluorescamine® @ A elA| w]=7} gk A o] #3hg vehjs Zo] i
Haeon, ol vz Fdo] W kg4 olnky|7t Eajgicts S oujyict
T HlEY YRE #AsHY] 93] vI=E TEA FR]of TAANFE kA el By
3 Az vl A porousyt LY F2E 23 ASE ¢ 4 At

3.2 =¥ HEl=y Ay
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ey Helze] RUNEZA HYE, JUAE 5o YRR o]fH 4 o)
+ Gly-His-Lys (GHK)& ®§3}adt}. ol E:2132] receptorol] 3jWsl= HE2] oln)
A A 2A AUl el 4R 9 MEALARZ AL 98S = e
2 H3E3 Qrh. & dFolME ol3t g Hel=o $ukNE I EA S A}
g3t on, xR vl=o Y Me|=E siact ojuf AR 3 FEA HjEE= oF
0.5 mmol/g®] fre| o7& 7} glolct. A¥ol A}&3t Gly, His, Lys BF
N weto] Fmoc 22 RIH Zlo] olon odubzel A HE|=o] HZy ubde
el whE-Z It F|EAL w|=op H|RAHE]E Alole] spacer2A ¢
-aminocaproic acid & A3l ofnm|icate] ZAHEAME 93] HE IAY HE
=7t A F1EAN v =& I2N-HCIE A 24A|7F 71835 ofn| it A48 Al gt
Z 2} Gly, His, Lyso] 1.02: 1.13: 0.96 &) H]&E &213}37 PSS & £ 9o}
(Fig. 3) XX Axtdn]7 EMZ3 Hel=rt 2¢H B2 7| B4 8= v]3)
d porous 3t Xl v XHZZXE Ryl (Fig 4)

4. 4 £

W0 odd AEedE o83t 7]§"‘} U}°ii§—"‘5—24 vl =g
th 3, EZAWEAEA, F714402 37 L geksle o E /3ot
gt Azt F3AY Yol FUEHTE q]g;q_,] HBEE AR Fotstoich =3
BZARREAZ n-hexanol& H7IEleul A5E7E Vehts Zo] :awdct
EFAE R74 22 A183}1 sorbitan mono- oleate 0.3%, n-hexanol 0.1%E A}&
St Az Bl‘:-"—] BF B dAAI= o Toum =gk 2Y HE|=2 A GHK

[o] P
2L +
p==}
-l

E XA 2ol 431 chitosan bead 9]0 Y F UL o 4= 9lalr}, o]
2}Zro] chitosan beadZ7} ME A ARIZI} B o714 Az|FA HE|=o] Sulby
2A AT biopolynersl U 4 2o, B W= ABYol Aol TS TAR

AL Ert oz} el HEI=S A2 2183 4 glgol Wizt

Abstract
Empty cross-linked chitosan microcapsule was prepared by chemical
cross-linking reaction using glutaraldehyde (GA). Chitosan bead was also

prepared by coacervation method using sodium hydroxide, The technique

{EPESBREE 22055 (1994) (44)



involves the formation of a chitosan solution in the discontinuous phase of
W/0 emulsion, The factors influencing the emulsion stability have been
examined to estabilish optimum conditions.

Chitosan wicrocapsules were useful for encapsulation of biological
materials, and chitosan bead was useful to prepare the biologically active
peptide-bound polysaccharide. As a model compound Gly-His-Lys, cell growth
factor, was successfully coupled to chitosan bead.
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-- span 80 + n-hexanol

Chitosan sol’'n Toluene
(aq. phase) (org. phase)
|
W/0 emulsion

-- glutaraldehyde
-- cross-linking
filtration -
wash --
dry --

Scheme 1.

Chitosan microcapsule

Preparation of chitosan microcapsule using glutaraldehyde.

Scheme 11,

Chitosan sol’n Toluene
(aq. phase) (org. phase)
-- span 80 + n-hexanol
|
¥/0 emulsion
aq-NaCH !
-- coacervation
-~ hardening
filtration -
wash --
dry --
Chitosan bead

Preparation of chitosan bead using sodium hydroxide solution.

{EBESER &L Sf20%% (1994)



Figure 1. Microphotograph picture of cross-linked chitosan

microcapsule using glutaraldehyde (x400)
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(a)

(b)

Figure 2. Microphotograph picture of chitosan bead (x400)
(a) wet state (b) dry state

EPERE &L 520%% (1994) (49)



Lys

His
Gly
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5 10 15 20
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Figure 3. Analytical HPLC profile of Fmoc-G-H(Trt)-K(Boc)-e-ACA-chitosan hydrolyzate.
The solvent systems were solvent A (1.4mM NaOAc / 0.1% TFA / 6% CHsCN)
and solvent B (60% CH3CN). The sample was eluted with linear gradient of
solvent B (0-100%) at a flow rate of 1.0 ml/min. The results of amino acid
analysis gave Glyiez Hisiiz Lysogs
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Figure 4. SEM npictures of the surface of chitosan bead and Fmoc-G-H(Trt)-K(Boc)-&-
ACA-chitosan bead [(a), (¢) : x7200, (b) : x660)]
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