TP XHE

AERUBERFGRATRENGR FTEXATREE EIE
WS FEZ 4T REEKAZY (chitosan hydrolysate » CS) » 4 3] &
BAREGEE (0.67-1.00~1.34~1.68 & 2.00 mg/mL) &R F) pH (3.0 -
47 B 6.0) 2 HTHREERR - L& T REERR N5 EARE pH

(3.0+5.0 29.0) 2 =%#&4m (TPP) 7k (0.84 mg/mL) & &
CS/TPP €2 tb 4 2/1 ~3/1 ~4/1 ~5/1 & 6/1 RJE > # 4 CS-TPP % 3
AR LB ARREAE (0.1~0.2~03~0.4 & 0.5 mg/mL CS solution )
% EGCG (epigallocatechin gallate ) A % 5 & T B 8% - = B 5 B 40
-EGCG (CS-TPP-EGCG ) & sk $ak » 38 & EGCG % & & % ~ CS-TPP
A CS-TPP-EGCG %4 sk fEhrhrfsE Ko ~ 2@ Ef7 o 78 X E-F M

(SEM) BBARE R » A A # A FTIR o4 % T % & - TPP & EGCG =
MATEAREAR » 24443 CS-TPP-EGCG &k Sk 485 § %

(pH12) Egik (pH74) FTZRZMH -

HRER £ EGCC B £ d@ A& T HRagxk pH4.7 F TPP
ARPHOORE - &/ FTEXATHRE -5 CS/TPPZEFELA R
& EGCG Z R B &4 T RE/EA » TiF8 & EGCG 2B % - &
CS-TPP-EGCG s /e 7 & » & & pH 2 TPP 5% ~ CS/TPP £ E Lt
% BGCG B » 38k k@ & X - CS-TPP-EGCG a4 ¥ EGCG ¢, &
RE B & 29-47 % - CS-TPP-EGCG Fakr k123 B 2k %k > 5o B4 5
244-438 nm ° ybgh CS-TPP-EGCG #8414 18 34 2 K> CS-TPP $& 4
1% (226-315nm) - £ FTIR @& » % T 8540 TPP & 4 8 F X HE R
J&E»  EGCG 24 T HEERM TPP Z M X EAERA MR/ » TR 6
ZAEA - CS-TPP & CS-TPP-EGCG EEx k@M LT > MA LT



B2 EBARK #45251-288mV - £ 2 H & » CS-TPP-EGCG
kRS F ik (pH 1.2 buffer) R Bk (pH 7.4 buffer) F % &
A RIFH M -

BlsET @ T REEAKAY > RS RART AR F AR THES

(EGCG): &k fBhk 0BF Rk



A AXHE
ABSTRACT

Low molecular weight of chitosans were prepared by cellulase
hydrolysis. Four kinds of molecular weight of chitosan hydrolysates (CS)
were chosen and prepared for different concentrations (0.67, 1.00, 1.34,
1.68 and 2.00 mg/mL ) and pH (3.0, 4.7 and 6.0) of CS solution. Sodium
tripolyphosphate (TPP) solution ( 0.84 mg/mL ) was prepared at different
pHs of 3.0, 5.0 and 9.0. CS-TPP nanoparticles were prepared by mixing
the above CS and TPP solutions with different CS/TPP mass ratio 2/1-6/1.
CS-TPP-EGCG nanoparticles were also prepared by adding different
concentrations (0.1-0.5 mg/mL CS solution) of epigallocatechin gallate
(EGCQ) to the TPP solution before mixing with CS solutions. EGCG
encapsulation efficiency, particles size and zeta potential of the
nanoparticles were investigated. Cross linking among CS, TPP and EGCG,
SEM and stabilities (at pH 1.2 and 7.4) of the nanoparticles were also

determined.

As result, a high encapsulation efficiency obtained in the following
conditions : at pH 4.7 and pH 9.0 for the CS solution and the TPP
solution, respectively, small CS Mw, high CS/TPP mass ratio and low
EGCG concentration while large nanoparticle size appeared in case of
small CS Mw, high CS/TPP mass ratio and high EGCG concentration.
The EGCG encapsulation efficiency changed in a range of 29-47%. The
nanoparticle size of CS-TPP-EGCG appeared at 244-438nm, and larger



than that of CS-TPP particle (226-315nm). FTIR analysis showed that
cross linking occurred between CS and TPP, but not between CS and
EGCG or between TPP and EGCG. All the nanoparticles showed positive
charge (+25.1-+28.8 mV). The nanoparticles were very stable in the pH
1.2 and pH 7.4 buffers for 2 hr and 6hr, respectively.

Key word: Chitosan hydrolysate, Sodium tripolyphosphate (TPP),
Epigallocatechin gallate (EGCG), Nanoparticles, Entrapment

efficiency, stability.
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HRPEZR S AR E (catechins ) @ #,3% catechin (C) »
epicatechin (EC) ~ epigallocatechin (EGC) ~ epicatechin gallate (ECG) &
epigallocatechin gallate (EGCG) » £ ¥ EGCG 4k 50 %A b ¢y 5 &

(Yang and Koo, 1997 ) e :f =R AR AR E L EGCG A EH A £ -
EGCG & L5 F iy F L 8L A I 38 & 4464 E 69 2045 A & SOD

(superoxide dismutase ) 8 6 1% (2% A > 2006) BEFFRBENE &
RO X B -RE - RREAHERF AT M (Koo
and Cho, 2004 ) £+ £ X B R ZHEAT > FI BB EN (ZFA
2005) A BAEAR A bRk (28 0 2007)

RFAFROREEANFHE @R BHEBBERLENLRT &
WATEARH - ERAFFHHEA 2@ F £ (Hollman,
2004 ) - Cai % A(2002)45 B & 90 % LA £ &4 52,55 F e 2% P AR 3B ik (22
N A& SKFHRERFE 9.0 mL/min) » 4 H ¥ K48 0 £ 0.5-4 e A4 o
T A3 R LK £ O AR A& B2 A A % (bioavailability )R A28 5 % (2-5%)
( Catterall et al., 2003 ) Fang % A.(2006) 32X liposomes 4 4 B[4 8k T2
deoxycholic acid (DA) & & EGCG #p#| & J§ /& 4= f2 > B liposomes % A5
EMME TR 5 SRR E R mip g 0 MY EGCG g% ~
) & I 4m B oA BBy ik BGCG &M FE A% - K Btk B 4545 A
EGCG 24 R %20 A4 -

& THEELH N-TEEEH &5 R (N-acetylglucosamine ) & %) &) #%
Bz (glucosamine ) PA B-14 & mmei o n T8 464 HER A WME
FME A B~ AW R R & #5482 (Chandy and Sharma,



1990) - HFRECHBZEANORENBRYERELALL - BAT
TEE 5 F #5 4R 2 -NH; group 5 7R 46 B 4a i & @ 38 e 5 2840 1 &4
735 (Thanou et al., 2001 ) » 75 =T % 8 64 37 B 4 B B4 14 44 tight
junction > 424# 4 H £ tm fa fa] (paracelluar) {%i% (Lin et al., 2007 ) »
WA BIF B ~ AN E R RS T E R -

ATREBMARZRORE RELHAT RBHAS RSB R
{237 AR R AL KX F 42 B Brid F 69 #8734 (Zhang and Kosaraju.,
2007 ; Hu et al., 2008 ) » 75 = 3% fu 53, KX E 89 %y (3R > 2003) o #E sk 4]
Ai&s T 24T REE R EGCG &4 EGCG &y R » ¥ H A2 E
Mo AR ABITHETREUEFKBRERR ST EXKEY
%o B AL T REE K- = Rk -EGCG 4k fak
( CS-TPP-EGCG nanoparticles ) » #£3t EGCG % & & % ~ H kg
Ko~ BBR K & @A A & CS-TPP-EGCG 2 3k 8k 2 32 T o



B SURK R
— A THEaAETHR
(=) BTHRATREHN

AT HRTFHERAAL 1799 F > & 3L B A Hachett #] /A 8% % 32

W BRRBINTH BRTELORRBYE R T EBRKE ,
{8 & B R %0 BT 4 8 (48 > 1979) - 42 1811 F7% Bl AE 4 £ % Braconnot
U EAC M B ISR A B R T F S 0 B IRA RN KGME 0 KR
44 % “fungine” 0 1823 £ R ALk MBI KB RBUME > &
w4 B%TH (chitin) R ELFRE “6E#H” x & (Ruiz-Herrera,
1978 )< % #b » 1859 % Rouget 4 % T 8 LUE & 8 bsnm it - R A
MG T A M BE 0 1894 4 Hoppe-Seyler ¥4 o4 8 4 % 2 % T 5 %

(chitosan ) °

ATHABARTH 2 ERWNEBEF AF Y ENRAS
SFRAY RASEMEREMNRE BEFREAETELIRATS
&% (mucopolysaccharide ) % X, (Zhangetal.,2002)- 4 TE £ &5 4
PR - RN R R EAREH AN @i > Bh Rl fo %
FrAEMM1ER (Allan and Hadiger, 1979) - £/ ¥mT 2%+ > &
HREFOABEERNER  ERBEEVEE GNBEREEZNT
ECEEGE BEF - ATHE -HEABENRL THAEKEFA
EASGHMEBEZHE > ARV IBIRF LA -



(=) ATHART REBLE

# T H # & 1000-3000 18 N-Z & %) % #% B (N-acetyl glucosamine

) B % # # 8 (glucosamine ) 34 B-1,4 445 M & 0 BL4EIK 5 BE R B4y -
— R RUBETOAN ST BBEFRRIZR 0 AR
C-2 & Eprday & oA ((NHCOCH;) =2 #taypc ik (-NH,) -
WA T E SR BOR R R 384T CERAEE A (deacetylation) 0 B3
W RDIMCEEA > KA eEL A EMI AL T REE - &
TE - RTERBAGHEFTHEREE  wB—FTF RTERETR
ALECHREEINEARE  BALTERBENTEFERLE S - A
Muzzarelli & Rocchett 42 1985 42 & 48 R EE R AME

(wiw) A b2 % T &k

(=) & THREBERZSFME

BTEREND—REBRERAMREE > BELRBENDRRT » REH
5% AL > f5l4o A ALEE (fluoroalcohol) - & T H B A & RIAM » {RIA
BRBERF HFEBARRETARHER - FHh%H  BARER
g BN R L -
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Fig 1. Structure of chitin, chitosan and cellulose.



ATREBTENBRMERFBEMEERY > O A KKK B 5
hoBEEE  F BE - ARER - AR - AREE - ARBMAIEIERE > HP T
B By AR AR o BT BB T AN BB IER T o 5] 4o B BL 4 187
Wik REBETEL %D AL B TREBARBRMERRY LW HE pKa
(pH~6.3) B » &7 A& £ & 47 849 B 44 ( A-NH;" group ) > 4w = >
LS MAE S AT R R A i e BT S R E S A By
RE A SE TOUE R T BB R 6 R 0 A3 e
7 H RED ) RAAER (Soane et al., 1999 )

(w) &THaE 24

A BRR B R R AR ST Y X CamARTAAT
TBE - B RRIFIA R BATRFRMERAG T L AT RES L THE
EgXBRRORE -BE -BREASHRAATRERAS N> T
BBERLOBE K7 REBARERGRME  FCHBRESREHE
AR ANBAR (#40 2001 5 47 2 2006 ) - B ik A A A & T B % T 8a#g (chitin
deacetylase) AR CEERA R B BEA T REE > AT EREHEATR
BE 5 T4k ik s R > IR A BRR B9 R R R FE B RE > 42 H A A B R B
REEZR K& BEERAS  ATACE A MBI (#2001 5 BREA
2000 )  #4 A Y17k XA A Aeromonas sp. Z A BT H X LA £ A5
B RJER B & THEE > RARErab i £ 54800 0 FRAELB AR E A
(FR% A > 2000 ; 3 > 2002) -
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= BT REEABMIEIR T Z A
Fig 2. Segment of chitosan molecule in acidic aqueous solutions.

(Liu et al., 2006)
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() By TFELTEEYUH

AETRBEALE T » R ARBEr FTEATRELZ S TE
ATREBOEBERE  BRFER EHRFA > BEREATRERSR
IBEETF o T4t amiEEAM (Qinetal,2004) XA B LT
REEAR G ARG AE S > B A M (Zengetal, 2007 ) o 7] 2A
bR BB E KRG TEXATRBE GRS TEXA T REE -

1A% %

B4 bRk A AR AT XA X > AR BB - EAHEE - 5.
SRBATERETRBEBETRUBRRELS T BIRE - KEH
M-BEFHLKRBEEAM FUHREXIHRE A GTERRNERE
IR IEB IR R AR T BBOKER B R 5% 2 F Ao T2
BRME - (ERBKRBRT EZRAMMALREER KB T ELEF
¥R o IR AR A BN (NaNO,) BATKMA T RaE » L ARBRIE
Wbl A A ERAN W A T REE 0 IR A BT RN X IR R JE > 3E 47 7
B-l4medst mAEALARA RTHREBEBKIER  HELARRMNA
2,5-anhydro-D-mannose 89474 M & A& 5 & T IR B8 5 ARk £ 1 35 7 74 40
REZ— B RMEM % (Allan and Peyron, 1995) - HKA4 ¥ 7T A&
BB EAHBRMEARENZIFE (RETRELEEIE A 0.03 ghke
LF) e
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2B Rk

KRR ERA A KAEA T E A& T REENEE XA % T 4 85 (chitinase )
B % T R &8s (chitosanase ) BH & F — M > L EXLE DT » R4
TAT¥ 2 ®HA (Jeonetal, 2000 ) - Pantaleone 2 A(1992)35 & A
10 #% %) W 8% 85 (glycanase) ~ 21 #&%& & & 4 ## 85 (protease ) ~ B 7 /%
feBg (lipase) fo—#& ¥ £ 85 (tannase) B A KME T REBZM & &
% — ° Yalpani & Pantaleone (1994)35 i 85 4 % B ~ F 44 585 - #hs
By~ RHAEE - RANBEEBEARA BAKBATRELRRZNE
THREERE - MEBEEKAETHHBERBRY FEATREEAY  THRMKRR
i 3% BE A B AN Y PR P AE X A 7 o
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Table 1. Enzyme for the degradation of chitinous materials.

Type Enzymes Sources
Glycanases Cellulase TV Trichoderma viride
Cellulase 300P Trichoderma reesei
Cellulase AP Aspergollus niger
Biocellulase Aspergollus niger
Hemicellulase Aspergollus oryzae
Bioxylanse Trichoderma reesei
Pectinase G Aspergollus niger
Pectinex 3XL Aspergollus niger
Dextranase S0L Penicillium Lilacimum
Fungamyl 1600S Aspergillus oryzae
C arbohydrates Lactozyme Kluyveromyces fragliils
Protease Pa]?ain Caffica papya

Acid-stable protease Rhizopus sp.
Fungal protease 3100 Aspergillus oryzae
Protease M Aspergillus oryzae
Protease N Bacillus subtilis
Protease 2A Aspergillus oryzae
Prozyme 6 Aspergillus oryzae
Peptidase A Aspergillus oryzae
HT Proteolytic 200 Bacillus subtilis
Protease S Bacillus sp.
Newlase Aspergillus niger
Proleather Bacillus subtilis
Fungal protease Aspergillus oryzae
Fungal protease S202 Aspergillus oryzae
Bacterial protease S203 Bacillus sp.
Rhyzome P41 Aspergillus oryzae
Rhyzome P11 Aspergillus oryzae
Rhyzome P64 Bacillus licheniformis
Thermoase Bacillus thermoproteolyticus
Alcalase 2.4L Bacillus licheniformis
Neutrrase 0.5L Bacillus subtilis

Lipase L%pase MAP-10 Mucor .ap. .
Lipase AIE Aspergillus niger
PPLipase Procine pancrease
Lipase 3TBU Aspergillus oryzae
Lipase Microbial Lipase

other Trannze Aspergillus oryzae

13

( Pantaleone et al., 1992 )




= ARAHE R 2 B A
(=) &k

RRFRA—ERFIER RAEEIRMCRHERAEZ BN
R B £ F 2k #H 3 H &) P (National Nanotechnology Initiative,
NNI) &9 € & > AR AL 845 RN 4 1-100 &k (nm) &7 F
DFRB TG RE - ARAMTeAMA Al RER—
BTN B R AR E RARENERE K3 AL BIERT
KoLy Eagae s (30 2004) c 2 AAREF=HARENE £ @
HMIE S RERRRETHIE (FEAN2006) AL NG 28
MR RBRTFHMS ABETMRG B TREBHE ) §E&R
TR AL R B AR BB Bl @B AR ibe RS
F B AR B BNCE ~ N S ARV RIETRS BRI K 0 3B A B
IR B RAMR N HE 1 116275 1 (Guan et al.,, 2006 ) o #1744 49 34 44
BE AR EEMENGENFE BRBTHEERLBAR
Yo GEABRREMBIENBR (B0 2007) B4 AXKBREA
Bigth R BmERMN > B HERHHE ENEIE - miE N (FREA
2006 ) °

(=) ®RENBREZ SR

PEHM R R R B EALEL P S TR 5 A2
T A AR AR HT o 2ok B I & 40T 46 o 1 B B 4 498
HoBFEDEHRETRAM  REENABTAE Aol

LM BERRREYERYBY c B BER RN IR EMERR
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MR T B AER RN E= (£ 52001)q Ri@BA ¥ Bk e EEXE
LR AKRBRGOKRD S BREATDEE (EMBRBMH-REoM ARG H
M) B BAE M E R E69 %% (Mohanraj and Chen, 2006) » B4 F

A LAERBH :

L FERLARLAE KD

TS R CE AR KRBT BRI A S e BOR B
g3k £ 1£ (Panyam and Labhasetwar, 2003 ) - Desai % A(1997) .3 A
100 nm & &k B Fak £ Caco-2 ta L X T Hémfp FiE4E Atk 1 um
IRk BFARRAF 5 2.54% ~ tb 10 um 9K BB FEAN S 6
fF o RS FRA G RR IR BB KEEARBAERA OB =
e o RA% 14 nm B FERLAE 2 548 N ) iE 0 M4 415 nm B RRML - B iF
BFfe] 30 2542 > Mg 1000 nm &) FEAL G0 & 0k @@ R 2L L R (3
2007 ) -

2. FEA R @A

WA e b mia R X B A5 H R AT AR AR 0 AT AR 7T
%2 5 W3k &y transcellular phahway BEFZ @l > mBEAKE > T&
FHBEFBBRAKME S @B > F £4& 4 paracellular pathway 38 i 4m
B > 4R paracellualr phahway % 2| tight junction &%) B A& FR 4] > 37, KM
SFHEUhbi@E @A e (4B =) o Tight junction 238 4E 8K M
SFEH PRl Ea 8ol BT REFEEE LR KLY
T8 F & e B FA (Ballard et al., 1995 ; Ward et al., 2000 ) - A7 LA 2R
AR @ ZEUKMEEE ST AR 5 098 e JR B N A IR P S R
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R BYRREBAT ERRR -
Table 2. The applications of novel drug delivery system.

% ) 1% IR BAiT

EFRAR

rOEL i

O B M RE B AR By 48 2

O #1k %

O & B 76 F BF 4% 8 PEAR 69 I 35 19 &
©F: -0V R ¥ N

ORNAE BB/ RER Aok d

R TR
©ix 5 B3/ 8 A %

Niosomes,

Non-1onic surfactant vesicles

O B B3 A% 40 42 3
CLYVEY 2 'F ¥
O % 1% %

2ok B Ol 1 B8 3 A% 0 4% 3
CLYEX -3 ¥ X"
O% w1k %
ok SRR CEX LY SN
CLYVEX -3 ¥ X"
O % 1%
5% Ak A O b 349y oty 3 41 FA 725 2 )
2B ORS T e o 10 3 3 B

Ontafig &k miLi HITHY

ADFPT, antibody directed

enzyme prodrug therapy

OFEX /Ly Tk - A0EE

REeMm-RnE oW

O#% &) M FE G AR By 4R 2
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(#LEE)

AL % OB B Je 7 AR 04 B 3R 2 A 4
O2FMWhEBRENIFTERERLAL
4 X 4 © M- 18 7% 41 B3 4 72 T3
©3% jo f J§ T 7% % a9 A BE T 4| A %
(% > 2001)
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Apical Carrier-  Transcellular Paracellular

mediated & &
Tight junction : ‘ *
§
\‘?( ! W
L% ¢ ,/1
¢ e H
'
— O™ ‘
Basolateral ¢ l &
» &

B= @b tiemp = FAEX -

Fig 3. Transport across intestinal epithelium. olecules cross the
intestinal epithelium into the blood primarily by three pathways:
passive diffusion across the cell membranes (transcellular pathway);
passive diffusion between adjacent cells (paracellular pathway);

and carrier-mediated transport (carrier-mediated pathway).

(Ward et al., 2000)
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MABTHEER  TUAYEWHTA G EH@BRBEORRAER &M
Y4 tight junction » 3% 54 8 ¢y @& M (Feng and Chien, 2003) o

HAREBRENBEBE XA LR EEY TRELOERE
oo M B0 6L T8 5 0 B RERR AN BE M 0 T AR T A T DR B A BB M
HREm AR IR - &k ad pl=48 " &%k pH>4.8 (—# %
HRT REER R BAIER pH A A 4.5-5.0) BEH&#HET 4T
(-CO0 ) ¢uATHRBMEEHN (NH") ZABRTIIHER %
ETHRELAKRBERG S EHRRS (Calvoetal, 1997) -

(=) ERA»EMER KRB o FHH

MER o AR A MG RRT WP E R Ak FRR R B AR A B

Ao MR RARMERA BN EDIEREA S - FREDBTERME AT
1% A 94 s g K b B A4 poly(D, L-lactide) ~ poly(lactic acid)
[PLA] ~ poly(glycolide) [PLG] ~ poly(lactide-co-glycolide) [PLGA] &
poly(cyanoacrylate) % & £ (£ »2001) - ML FR > RAKMZ S TR
RE A% T 5 8 (chitosan) ~ % 848 (sodium alginate ) & R B

(pectin) # PR Z A AP R 2R BB OMA - £ ER B4
HER LMy BEREMFEEMEE HARTCERFRGENRT
BB R AR e ey g er R (Heetal, 1998) -
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(w) A& nTHFERR Le9EE (% > 2008)

1. FAF&ME

SUA M AR LR A LR BUTME AR R A U D A b
BA Ao TiBAZ ~ 17 B AZ AR K A BKALBAIR Y § B H 1L & 4
WBE > 3w A BAIR £ o

2. YA FEMGR &

B GH FRAMB MR 3 HEKEH BARKEHE -
5B IBIKEE (520 %) MARBNAHE - THABE - ik
18 % Sh IR B 8 A0 T 45 4 Ak RSP SRR 1R A > T B ) el 44 R
R B R RS A B R BT R AR E 69 k%
SR EL R S F R

3. R ARAHFE

A B A A % (bioavailability ) & 45 — 48 8 & & /£ 82 P AL Bl Fo A
ReRRE - F5Mamy  wiEMEE - BRAES ETME » £XKA
PR BARHENTFENME BRI EABELRE
MR > FERABAARELRE (Besseetal, 2006) - #d %5 F
RO 25 25 MR B B RE AR b R 3RS 3R S AR AR M AR o B % B A
HEEMAFGEN R FHEQFGERN > 3 ke M E A
RN B R IERIREMAT ] AR ZH AR A A & (Heetal, 1998)
AMmESyTFHRT > BRBEELATREY LA 245 M (George and
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Abraham, 2006 ) °

(Z) BAFAZGR DML

BATAA ER N R EMBOAEAMZEFE TR AR K — R
SZE S BME EENRZEES BEHER o OREFMN
(40 ¥ 2 L& LDso) ~ tafnF R (4o MTT e o4 )~ 3 X
RIE (Jo IL-8 tmpii k47 ) % (30 2007) » 4p Bowg A K AHRE 4
MR8 KA B BRI F a8 (Livetal, 2006) - A 2438 -
LFEREEZLAELRERBEFE (W BF RSB RRREE)(FH
%A > 2006) o

ST AR F MRS F R B A F L R4 2 kK
Rl AR EER (H 0 2007)

1. P3RS0 H B4 48 T aRBn- LA RLAE A0 AR KONt~ R @Ak
WK~ Z@EM ~ THERERRERLSE -

2. BANRER-O i Ml E M - e AT REAREME -
3. BN RR-OUIERE —RITFFHERE > BALR ) Rémfadgfl - £ %R

P — BTG4 R M Bl E RS N LRAEBRER
PEIRAEE o
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ZNATREBEABMELX A %K EXERA

BRTHEaATRERABAE (biomass) FrEBRRAZH 5 T4
HoRstE AR mias A RFGBEE RATREAGETES
A F (B NHz' group) $1 2 it b Bt 1R 2L A5 2 4% % 1t

( mucoadhesiveness ) X 7 #% & #7182 4 #4 ( biodegradable ) ( Struszczyk
etal.,1991) > proA % F R B & (nontoxicity ) » B B & 4 #48 51

( biocompatibility ) (Chandy and Sharma, 1990 ) o & st 42 #% 451 A &%
BEHELS| FZEENER LBSFA% N CEBEAT RIER
NIER R ERKRIER B/ TIbk DGR T ERERLRLE EH
B k= (40 2001) -

(=) ATRENAEMHLEZEAR

BTREALNBEHHT B BARK > 0I5 FIES% 15
DS~ BB R BB N LR AE © R E BT~ R
P o JB B M ARHAEH]E (4 0 2001 5 Rinaudo » 2006) 4o 2 & Al
H@

1. A& & iE MR ATHE TS

ATHEHRATREERAAD £I&IEME - 95 IS 4 fo R IKHUM £
PR L B4R AE A o & Nishimura % A (1987) LA 550k iE 41 B BE BE 71 4
Wy RIE 4t L& 30 & 70 (DD 30% DD 70% ) 2 % TE/&TH
BE > BIRETEIL NG RN B e 0 4] Meth-A B2 4a i > 2L
R 3% 358 B # iU Escherichia coli Z & % - B Nishimura % A(1992)
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R -ARTERRTREZER -
Table 3. Application of Chitin and Chitosan.

) WED ;i
© F £ 1 894E %
© #-F171F
OF(/ERE:E
ORERE - FZHEK

AR REZI R
© &bt
O AR5 2 B2
OF XXX
© % 7% 71 3% 3% &l

R g fw T
Ok R Ak &
Ozhret g ~ B~ L4t
OB R
ORitEF

I & A
OfR A A Ju
© Hhrelt#F BB

© btk ot
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B2tz RA
© Huoms
© ipiEHIFEHK
© # kA
© Firse b8
© Fuikk f |
O HEMZEBER
O N&EEE
O© Hk %

H b e
OBAKRE: TEXBEK(E2EK)
O MLHE ~ MFEH L4k
OF% P31
© & ~ 58 ~ 4t
© & &k
© B x/LBE % ~ i
© L EH

(4 > 2001)



Fi—FEET > BERTFT apoheskeyidie RTH/ATRET
RAGHMBE AR E— ey %% RJE -Peluso F A(1994) #RAETHR
S Etmn it S E Byt — 8L R (NO) m— AL R
T A EAC B v 4o B S U B dm B P i i Y E R E 2 — > LA T &
TRESILE @i fibuiElER A M -

2. &t Ak R

BTREBAARERaNER 2L ONET RS BT
PEE G4k 4o o 3RB )N BR 5 TR B (AR AHK 02002 ) Hoekstra 2 A (1998)
HR S 4% T %88 (microcrystalline chitosan) 48 #1 £ 4645 % &

(18 wt % , chelated CaCl, ) #& P 75 ik B9 /KBS 4T B B 8yt fn & R4S OO
By i PR RN R T RETIREN K AR B L > LB —
B e n oAy R LA hEt -

3. AT KRBT B

GO RMARS Y R REIEE > F—REE R B oMET
sk o  AF XM ahReRELBFRIIRY > WA TR
BRI QR BANTHE R @it o ik 0 F B8R L35 4a
RAMEHE £ABEARE  ATREBOEET  TEG 0 5A
YER LT hoik B4 mip A B R ZE QR F > Wik o Rk
A ARG O ER KA 4695 % (Okamoto et al., 1995 ; AR R Hk -
2002) - M B AT RETHAMBERALERS > FH5E > FTARE
R EE BRI RGO —RIGE -
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TR £Y |

ATREERAR A MiaEMEREWT 5 A 3B 6B A 8T 45
Mo THEBBREE > ERMIEH AR ERBRZGER (AR
2002) HadtA (1) BEF0 &R ¥ X M5 4o Ribeiro % A(1999)
FRAAETREORIEELEY  TEHEERARERRTHER R
WhnB ey fa T Ao £ BEAIA F 5 (2) WREREM BRI (3) &
EREMFER (4) WRENEHE ST has -

(=) BTEBAEMEREL2 L L2 TZHEM

THRNEHGURESRAEAEN  SBRE - FUREN > £
D FEE b B Ei® E & s (intestinal epithelium > >200 m*) » #A
hREFR LG MBREBAR -M— Ry FTEFBLERlapiEAND
REPTHAH=BEERE 2 SHFERAEFB@EE (ranscellular
pathway ) ; b. 4%t ¥R #1818 AF U1 4m B ][5 1@ 38 (paracellular
pathway ) : c. 3% &y # 2% 1% 3% (carrier-mediated transcellualr pathway ) >
B A o — RN 0~ CO,~ K~y FholEfE - AABREIEEMN S
F o RB B A YT LAsg 5 i@ i@ transcellular pathway % 34 48 i » M 317K
AR FRRY Foka LA aRBEaHR Fhale  TITHA
paracellular pathway 3# A 4a iz, » 12 & #> paracellular pathway #9 tight
junction (Z G E4464 ) BEMEE » ERBAAKES>TFRAN T
A gbid FZmpAmZ T (Ward et al., 2000 ) ©
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Tight junction & & & 4% 44 /& & occuldin ~ claudin & cytoplasmic
plague proteins Ff 48 g, > ™ cytoplasmic plague proteins X & & Zonula
Occludens-1 (ZO-1) ~ Zonula Occludens-2 ( ZO-2) ~ Zonula Occludens-3
(ZO-3) & cingulin £ % G & At R » B w o ZO-1 £ occuldin #1
cytoskeleton il » f& 3 4% 4m fin Fu] [8 b & tight junction B EZ B /A T &4
7 &, (Furuse et al., 1994 ; Yamamoto et al., 1997 ) » @3 F tryosine
kinases ~ Ca** & protein kinaess C (PKC)J 284 ZO-1 » 4 tight junction
Z 4 B4 R JE(Collares-Buzato et al., 1998 ; Mullin et al., 1998 ; Tai et
al., 1996 ) -

BB tm BB P FA T o Ca”' B F N @ IE B RS E8 T RAY
%> THpi@Es (Wardetal, 2000) - % T REEENHHET RS
Yo AR T 0 AR R T AW BRI A9 3T B tight junction 0 32 5
#heyBidise s (Linetal, 2005) g A& T REET EE 4769 B2 A&
(-NH;" group) & 2 & E 7 ehéa il & £ RIMAER - & M4 tight
junction &) ZO-1 % G % > ¥ imimfo B ey mie ] fRi@E M > mA%
T REEL — A M B2 2 4) paracellualr permeability enhancers
(PPEs) (Thanouetal.,2001) #|FH & T X EE & &5 > 7T L o
MAKMEME AR T NGHBRY > BT ERTHE -
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Paracellular

space <«— Cell membrane

Cell 2

Actin filaments
of cytoskeleton

C-terminus of
occludin

Actin filaments
of cytoskeleton

g ~ Tight junction Z& & & 649 X A% 4545 -
Fig 4. Schematic representation of interactions among tight junction

proteins. (Ward et al., 2000)
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(Z) 8 TEBEAREHNELEBLEBEmibEmnY
Bh & ey B |

1. A %0 E %

BT I A4 A T R AA BT A BB A TH OB
Bitnfok @& A RN > SR H R GEN - RS TR

RS o
2. % ey 6947 B tight junction

AT REE L ey EE AT tight junction & £ 48 ZAF A - FAIE tight
junction #7 B » 48 B KM 5 F 3% KT F A /1 4#¢ paracellular pathway
BiE AR P o £ Caco-2 4a 0 F B > #| A /8] monolayers L
&9 transepithelial electrical resistance (TEER) 218 4X & 8+ F i@ L & 4=
B P i 2 Bl ey FEaRA2 L - AT LA R T BB 4T BA tight junction B » R
TEER #/&# & B & i@i8 & % fo o) 81 3 B 3% % M [$ /K ( Ward et al.,
2000) > 12 & T REEFS PR e fR 38 & 1% > TEER 348 7T BURAR > 3
/7 TEER #t18 » & T REERFZ M R e Ly AT REE
RAEFMSRATBO AP EBE R BF EEM & T REERA T # M AE tight
junction &5 %€ /7 (Lin et al., 2005 ; Lin et al., 2007 ) -
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g~ AT REER KR
(=) BT REBHOKR/Z R GRBR e WAk

Agnihotri 2 A(2004) 35 H T A A RE &Y FiE R B 44 T REEM
R/ FRR o RBHFER KON~ R E o At g e 2
URHEMIER D ERE  eAMERE - A8 H I k0T !

1. 3L/b X Bk (emulsion cross-linking )

FACK B R AA A AT R AM I A P ogBs A E 4 RIE -
BT REFABARFHRIEAEA (W/O BILED) > ho AR @ & PR
ZRIACKRE > BN BEE > ok =8 (glutaraldehyde) > &1L%
RARFE o FAMLARBIBIE - CEEERRSLIR > B AR AT REBMCK/ A
sk ga#k ( Akbugu and Durmaz, 1994 ) -

2. BB/ B % (coacervation and precipitation)

BB/ U AR MAE Ty R 0 B R R AR R AT REERIEN R
MIEROFNE > EAT RBEREMIRMEERE > §ELER B R/
B RE o FIA Z ARG T REBEREARMEER (4o
NaOH ~ NaOH-mathanol s, ethanediamine ) ¥ > B 4&&:8E & 2 R EEO
KR » ERBGeMEER > BP T34 T REBMCK/ 2 KBk

(Nishimura et al., 1986 )° st F ik 89 A A = R R B4 69 B /1 XA
RPIE ) R ) B RONER R R BB 69 AZ K o TR 7T e NS B
B LA o FERL 0GR FE o 8 =48 ik & 4% sodium sulfate JRERH AL T
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REBRMERY > BB ERE N XH R (glutaraldehyde ) » 3%
# 30 542 > BEBEESKEER > BITART REBEOR/ K Btk
(Berthod and Kreuter, 1996 )> st Fi: 2 ey fs € M tb L3l F — 48
Bkt 2B ZRRARKA

3. "& % 3% 7k (spray-drying)

BHEVIE ARG AT REREYEMAEBREERTY BT
EHRBR 0 AR FIIRRBACEE BRRRE L EFERER BN
SR EBFHBMERMAT o ER Y ASBRE RE TR

T

B
R Bp A& T REEMCKR/ A K4 (Heetal, 1999) -
4. FALH&® B 7% (emulsion-droplet coalescence method)

AL E R B E A A 1999 £ Tokumitsu £ AR R > ZF A
e By X B XM EEFRREEBRABE WA T R
#£ NaOH 2R+ & A B > maF o8 E X - HHET
REEFLAbR L4 T FE-NaOH ULk » B RER SRIFH - BEER
AR > BBBECKERAER > R AT REBACK/ AR BR

5. & B 8k (on gelation method)

BEFBBRARAOAT RBEAREGE T ARAFET AR
BETEHETEAILERBRIE - BA T RBEANEBREERY &7
B AN IE BTk (o @ Z RN ) BP T A3 4 T REBRUR/ 2R
a4k (Kawashima et al., 1985) °

30



7. i 4% 88 7k (reverse micellar method)

WM R AR K B RBERBAREERSY 0 UER
RERATHERE - BT ®EEEEARER RS B
RTRBARXBBIL  ERARBEEF N @EEE - BPTRRT REE
k12 ka4 (Leong and Candau, 1982) o

8. & £ (sieving method)

ik @ Agnihotri & Aminabhavi (2004)F7%8 & &) > &
FRZAER R EBHAT REBECR R G %k - F AT REBEN 4%49
B& B2 1% ° Au o\ glutaraldehyde @ R ZE R B KME > B RKDE
B 4944 0 Fak B A 0.1N NaOH & 4 glutaraldehyde » Bp <43 4 T
REEMOR 2R FRAL -

(=) BFXBEEHBATRES KR ER

BT EARBRRBBRRFERGT R KA TREE

FRCEBEER Y > AT REEAMMIBIRT FA EEHNZ-NH;" group 5
& T F 4T 8EF X B R & (Tonic cross-linking ) f & 4 2 3k 8k -
RERBZTEESTA=_FHE4m (sodium tripolyphosphate , TPP) >
TPP %% ¥ B A -OH &-P;010” $2 # T 88 2 -NHy 47 8 F 00 R B
(Mietal, 1999a) > B & - sbH AR ENEHBEZHE > B1EH
B BARFEERZBELRFERAARER  AFREFHE EH
&7 (Soppimath et al., 2001 ) -
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(a) Chitosan in acid solution

OH OH OH
0 8] 8]
0 0 0/
HO HO HO
NH3+ NH;* NHj3*
N
NH; NH,

NH,"

(b) Sodium tripolyphosphate (TPP)

Q O (@]

i I Il
‘O~P— O-—Il’—-o-lr—- O
J)‘ o O
O O

O_

(c) Chitosan-TPP crosslinking

A(a) BTRBEABRMERT NS TEH (b)) ZREifkmeg o
F 44 5 (¢) Chitosan-TPP crosslinking °
Fig 5. (a) Molecular structure of chitosan in acid solution, (b) that of
tripolyphosphate (TPP) and (c) ionic crosslinking between
chitosan and TPP. (Hsieh et al., 2008).
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Calvo % A(1997) A chitosan/polyethylene oxide - polypropylene
oxide (CS/PEO-PPO) % K faskt » 65 BSA » HAKFERRIE A
200-1000nm * gk %k & E 4 AH+20mV ~+60mV > &% BSA 2 8%
%1 80% > B A BHBGAS > KB TT A G K BSA —# 2 -

Fernandez-Urrusuno % A(1999) 24 £ T B & A& sk Ja4 A 2 4 3
BoOEMRBEE BRTREHBEERR  ERERAATREL KA
M ATREBERE TR ZFERELMAREEZH/REN -

Janes % AQOOD)H 45 & T REEA KAtk - L RIUE B
DOX (doxorubicin) » & %% 48 4= B 38 % F 2 B8 SMREACHY > BRAE ML)
Wy KA (burstrelease ) » £ EFRBRZLER IR FTEE@IBH N
%% %) (endocytic mechanism ) # A g > B DOX =] 4 4= jiL P9 FE7K >
i B 06 69 AL

Pan % A(2002) 00 % T R8s 2= K Bk 32 B A AR B B 2R A
BER  BEELOBESIL ERAVALTREBLAXBRIRSBREE
B AR 0 R MR B B RS > & F 21 LU./Kg
WPk B FREAR AR D 2 K 15 N EY 0 B AT AR ML R UES T K
5%#%149% L E o

Janes & Alonso (2003)#] Bl NaNO, [4#2 &% T H 88 5 7 & & #5185
FELTHRE By FELTHRBRTPPRTIIBRERCERSE
FoOMAREABUMIEZ AT REBAKBER  &RF40 > BAREA
280-360 nm * A @ EHFAH+4O0mMV ~+48mV > LB BEREEZ LR E
# 70-81 % o
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Xu B Du(Q003)RI45 8 E AR X LB EN AR - FEH TR
L WA R ORRR > H BSA W @B R0 RRIMEM T o & RAF 40
oFEAE (80-210kDa) £ &% R4 (18.8-54.4 %) > 2% RH#E
K E B FAR (73.9-17.6 %) -

Qi F AQ004) # 5 & T HEE 2 Kok 60 & BSA ¥ S MR
B ~pH {&F= CS/TPP thtp) » 4 TREBEALCHBEASLAREN S
FENHE > ATIEHBERNo#H - ELKpHE (pH3-5) E%
T EREMK -  ARM @ BEKERTARERALBO X -
ATREBAAMLAMN £ Qi FAQINEREEAT REBELKBER -
HeERPBRAE-FH A 40nm> k&@ T AT mV K@ Er %
T REERAFHR B AL -

Vila % A(2004) 72 % BB P> A AKSY T ES T R ég (Mw 23
38 & 70kDa) ¢, % Tetanus toxoid (TT) # 4 T REEE KBRS
BRI E o HAKBERAEL A 350 nm ~ & @ Ef7 4 AH+40 mV &
LR E R S0-60% > AERFHEXBEURERRIHE@BRERETR
BEARBRRATREZRAZN G EOHRK > AT RESX KA
RTHRIER R By ENBARLE > 2 REEHBHER -

Wu % A2005) A R Bl& 5 F = % T 3 8 ¢, & ammonium
glycyrrhizinate 78 2 K 2R A > H$Ekk 420y (5210 nm) - e 4E $5 F
% » # ¥] @ % ammonium glycyrrhizinate ;& & 3% 0.5 mg/mL > #27& ¢h
BRABA RBRER  ENGREBRRGA BIZEEBRA A -
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Deng % AQO06)FI A RE o F & & T HEE6 R lysozyme # # %

REEA KR SR FMETRES> T BB BMEE A
B [5AK lysozyme J& B ¥ 3% Au lysozyme &, 5 % (encapsulation efficiency,
EE %) AR IEHIBM M RAAE -

Qi % A(2006) 10 £ T % BE 2 3k SRk Hp 41 FT B 4 Bl o A2 S L3R BR
Hrf% 40 nm 2 % T R EEFRR T A AP HI AT e B SRR T 0 R
40 ~ 70 B 100 nm = £ T B & 2 K FaR 4 41 AT % 4a e, > A5 BUARLAE &)
HIpwl 8 ta o £ RAE N A& (WP HIAE N 5 5] % 61.7-58.9 & 349 %) -

Papadimitriou 2 A(2008) 24 £ T & 2 >k 8k & & dorzolamid Fv
pramipexole > 3% w2 47 f2 B /A BE b 64 GBS R 0 BLAE K B A RE KB
Mo ReEHZABANRE - MERMATREREN  LARER
PR B Fr R REART B OR B AR 0 T 4R 12 B EREHHR -

M~ AR E

WEES TR —HRBRMAET T AT REBHEN > Hw LT
FRRABERSORE XHAHFEOACEIARERE > R4
EHPIOARER  FETRARMA A EMEER > 2 ®EmEF
BAHE R BB B TRARFEAAL A5 FERHLRA
WHRFATH=ZRIFBRFETEEZ— ZENRTFT 2R ZHEARR
AP AR 5 0 BT AR AOR AR AL A SR AE AR (2R > 2006) -

(—) REWHILZ @R
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REVPTHEERTUEFELMEETN 3040% 424 > H PR
FRAFTBEMRSTERS R P TBEMERSRBEEART AT

RSB HG R P TAERRT BRI REH
RO EZRR - RBRAEEZELE  TRAUATERE  H¥ AKX
FARS B ERZ RS

oy

1.5 keBEE 48 (flavanols ) : X 4% 52 % £ 48 (catechins ) R X EF 2K
BE S LR AEBEN TS80% 0 HEB Ry ANGEEA M O
catechin (C) ~ epicatechin (EC) ~ epigallocatechin (EGC)=#& » A & &5
At #y 7% & F B (gallic acid ) % epicatechin gallate (ECG) A&
epigallocatechin gallate (EGCG)®#& > H + 2L EGCG 5 && 5 * 16
40~50% - LR FRZACZLEFHLE N c AR FRLAR G FHR%E
ZRIR

2. %8B 48 (flavonols) R E EeaEfd @ Mt BMILF J > BRw ek
i/é/fb/\#h ’ )!'t/ﬁﬂ(é&/ "*1%/—{&/}?{" °

3.4 &,jt & % (leucoanthocyanims) : jtHF E B AL AILEM » H4
ARSI At KROM‘G  TUABERSaEER » EFA
BRARIE 3 > AR BIREAALR hfo w58k -

4.8 & (phenolic acid) : 4v 7% & T & (gallic acid ) ~ & & & ( courmaric

acid) % o

5.8/ E RSB X5 H (theaflavin) ~ K48 (thearubigin) %
B RRFFREBEEFER AL ED -
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H
OH OH
Hm..“ H H
OH

OH OH OH
3

OH OH
EGCG OH ECG CH

H H
y ér““ ”
H OH
"OH
e COOH

OH OH

EGC EC GA

BN~ RRTHRARRFHRZACEEH -

Fig 6. Chemical structure of gallic acid and the four major catechins in
green tea: gallic acid (GA); (—)-epigallocatechin-3-gallate
(EGCQG); (—)-epigallocatechin (EGC); (—)-epicatechin-3-gallate
(ECGQG); (-)-epicatechin (EC). (Cabrera et al., 2006)
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(=) KA TRy EFEHRAENE

RBEANIIBERGARRE BERARFTENELANTROMEA
HEAL L A e REER -~ BILMa B FE - RN
A FHRE B RaR PEEEMMAEERESSE KBRS
T B EA SRR E S AR R R F e
MREE P M R R A A - E - FURRIUEBE S
mA R BX &% E4£ EGCG #9515 - EGCG A& R & ey 41 &AL
HL DNA 3815 ~ e st ~ JUm AU EB F 5K -

L HL K ~ L g 1 A

RRAFEABENTIEB TR L AE 2 £ F A IRFM RS
& EGCG ( Ahmad et al., 2000 ) - EGCG #p#] 7 BALB /3T3 a2 ¥+
i % (okadaic acid ) 3% % &4 B2 /8 3% 3£ B -+ 200 (tumor necrosis factor 2a,
TNF2a) &9 & A H 8 %% (Suganuma et al.,, 1996) - EGCG #E3p
| B v m i F & Bs % #% (lipopolysaccharide, LPS )#v F3% 2y(interferon
2v) % E 89 50 % A Euy NO & (Chanetal., 1995) £ E14n4 X%
+ , 1A EGCG fedp#l &2 4 %L E 2 LPS /) a9k % - EGCG
RAERE &R REME KRR (IL222/2 C5TBL/6 N& ) 84 B # %
Te M8y X E RJE (Varilek et al., 2001 ) - 54645 R % 88~ EGCG B4
LRGN °

A
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2. ¥ EAAER

CARENARENR > AR FFESZHILEME BA KRG A BAF
A - EGCG fu bR Z By e A ABM R AR A &= A HKE

( Staphyiococcus aureui ) ~ 15 £ FIK @A (Salmonella typhi ) ~ B £ 77

JE

i (Salmonella enteritidis ) ~ &8 Kon e @ (Shigeilaf lexneri ) ~
B KAE B (Shigella dysenteriae ) ¥%kEAZE @A ( Pseudomonas

aeruginosa )> X B #% B ( Escherichia coli )~ NEAZ @ ( Bacillus cereus )
R E#INE (Vibrio cholera) (Bandyopadhyay et al., 2005)* & % § /&
%~ B eydaFlERse42 B (Helicobacter pylorl) ( Yanagawa et al.,
2003 )~ #m A 02 RN 342 E (Clostridium botulinum ) » 3 % B 4b & 2k
wmA A RMEMA/E (Ishigami, 1991) - &K % %A% ™m=E » EGCG
Fo BCG | KA AR LA A X FRA IR B T wwRE

(tetracycline ) #v ¥ &4 % (vancomycin) R4F%k £1£ (Cheng et al.,
2007 ) °

3. HEAERA

REBEABREER B A (AAME®R) ZFi(&E% )
BB T = MEs (Ak) > FHiEE () $E8% > BRERS  F
PRt RarfE (Tr=BF > 1987) - 255 % » 4% % EGCG > B A/ A
BRAREER > HAR O LW E A TE (MeSH) ey Rib %
AR S B &k F4R4n (SCC) & (R\3x »1992)-
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4. [EAK AR5

-

AR EBEABRREEREG  IRSSEEEGYHL- B
ANEEDHH 33 LEELE > BERETFTS500 A5 EFLE (410 4

) @3EARMTLhAES R SROBEEBRRE LA %
1k o {2 % % B Be & G M Bl B2 R X B4 £ 9T (BR > 2005)

5. A dEE
PR FRRAERINH A 8E  BARECERA LR T TRABRRD

T TRREH ELH oYY EMMAEMELAZE - A
AP R ERER THT EHERESMEY SRR (B> 2005) -
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1B~ R Ty R
— ~ BE
AT H (E#% > Chitin) 4R : A SEEILDE > HiE &4 -

AR TFRXELRARTFEE (Epigallocatechin gallate » EGCG ) :
Sigma > £H -

1. B8 (Aceticacid > 17N) @ B TR BT A A3 > 64 -

2. @ A1t4n (Sodium hydroxide ) : Bf T/LZ BB A R /N3] > 54 -

3. Potassium polyvinyl sulfate soluteon (P.V.S.K) : ot 4h % > B K o 4

4. Toluidine blue : Sigma > £ B -

5. g 4B % (Cellulase from Trichoderma reesei ATCC » 6.9 units/mg
solid) : Sigma » £H -

6. = #i#k4n (Sodium tripolyphosphate » TPP) @ Foské4h % » B K o

7.

Folin-Ciocalteu’s phenol reagent (2N) : Sigma > £ & -

— 2 oo
- - %\/f S
~ s K

[S—

Btk Thp B B RERTERMAMRNS > 64 -

2. ¥ énsd - Tyler 42 2 38.#& &5 48 > Eedecotts /23] » 3L B o

3. Tas kA% - OCTAGONY ™ M000 A1 » Eedecotts 42 3] » 3 -
4, HEKXEBEH R  BT-350 > YihDer 23] » &% o

5. A7 R#MEM  EYELAFD-5N » Tokyo 22 3] » B & o

41



6. £4m% 35 E 3t 1 CANNON 50 & » Cannon 2\ 3] » £ 8 o

g

7. B KA LTV 4000 A > Tamson /A 3] » 4778 °

8. MLEARSikAE A4 ¢ CS 120GX A » Hitachi 22 3] » B K o

0. #F Kk tmhntT 24 * SONIFER > Branson /»~ 3] » &5 -

10. &4 &R B A2 B R & E AL 5 #7 4& - Zetasizer Nano 3000HS #! -
Malvern Instrument /23] > R o

11. #F+# X E F8aM%4% - JSM 7000F A > Jeol 58] » A A o

12. 18 31 ##@a4r s 48 638 4% IR Prestige-21 #! » Shimadzu 2 3) >
B o

= KSR
(—) THEEx 24#%

A& T BBk B o 15217 40-60 mesh Fakr 2 &
TH o 4%k (2004) 2% 55T E A 57 % (w/v) NaOH 5%
(20 mL/g chitin)> £ 100 2°C &% & T #4£ 160 min> % 4% %4 NaOH
FER B BE KPS T R EEE% NaOH 2 ¢4 pH» #2)% (80C - 8
hr) > Bl B & CEG A 3 RAF AW 85 %ok CLHEE Z H4 T &k -

(=) REITFEAL TR EH

%% Qin % A(2004) & Lin % AQQ005)4 4 B % K A2 % T REEX
TER R -BR lg 2 & T %8 (Mw 481.3 kDa)EM% 100 mL z 0.2M
BEER SR P B E 1 % (W/V)E T R BB 7% » s 4N NaOH 3 % 7%5.% pH
250 BEEAREEE (1.0~25+~50~7.5 % 10 mg/g chitosan )
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z 4 % (cellulase » 6.9 units/mg solid ) » » 37CKBEZRJE 12
JNEEAE 0 3% Ae#h (100°C > 15 min) SAfE L EBEEER A EiRAsr
EEB LA BRIEEKBIEIER > B A 4N NaOH HEx% pH £ 7.0 &
BTHREBHE HEWELBLERZREES (21000><g » 30 min ) ~ K%k
ZHRBREG SRR REES T EERFNME L, FTEXIAT REE
7K #24 (chitosan hydrolysates > CS) »

W~ BEAE

(—) & THEE-= 56y (CS-TPP) =&k Fhk
z H

%% Calvo EAN9NZ L& THERRBERYEHE I L £ THE
Z -NH;" group iE & 74 = &4 45 (sodium tripolyphosphate » TPP)
Z-P30y” ~ -HP;0y¢ & -OH group & & 4% & 4 & F W61k A
(ionic-crosslinking ) 7 sk & T F 85 & K 8k -

1. pH # CS-TPP % ¢ sk 5 % & 2 5%

AT HEE (Mw481.3kDa) B 1 % (VIV)Z BEBE P > {2 KB &
% 2.00 mg/mL > 3FHHE pH £ 3.4(original) ~ 4.7 % 6.0 ; 5 ¥4 TPP &
Wk aEFKE 0 % 0.84 mg/mL 2 R > 34§ TPP 7% 38 pH £ 3.0 ~
5.0 % 9.0(original) e & 7B 5mL 2 R pH (3.4-47 2 6.0) 2% T
BEE AR ENBA2mL 2 R F pH (3.0~50 & 9.0) TPP & ¥ »
145 CS/TPP £ &tk & 6/1 » Bk 1hr gt > BE AR FROER
AR B F&REEs (16000xg > 30 min > 15°C ) » #FL#kdh > Bp

43



CS-TPP Z 5K fak » 3R T Kok fg o

2. #THaEH T & CS/TPP £ 1L CS-TPP & K #k %
2

WBRE S F& (Mw481.3~ 35331632 & 852kDa) 24 T%H
BEAN 1 % (VIV)ZBESEE P 0 5% &E 0.67 ~ 1.00 ~ 1.34 ~ 1.68 & 2.00
mg/mL 2 JRE AR F pH £ 4.7 £H B SmL L& T REBER > &%
M A 2mLTPP ;%% (0.84 mg/mL>pH9.0) F » {54340k ¥ CS/TPP
FELA213/1-4/1-5/1 Z6/1> 34 1hr> pjon 1 mL 2 1% (v/v)
ik 0 BEHE S min 4% 0 8¢ (16000xg > 30 min > 15°C ) » 45 %% 4 >
B CS-TPP K %4 > B = HAng ~ A @ EH A SEM RAa B -

(=) & THhEE-=H 8 4m-EGCG (CS-TPP-EGCG)
ARk z HH

1. TPP iz Z pH R E - F 24 T R85 EGCG 2 %
& CS-TPP-EGCG % >k FBhrki 18 3 & 2 X8

% # Zhang & Kosaraju (2007) » BpiF R E »F& (481.3 ~353.3 ~
163.2 % 852kDa) 2 & T HREELFEN 1 % (vVIV)Z B B P > £ LR
A 2.00mg/mL > 33 pH £ 4.7 A 5 > 4 EGCG & 5] /m AR E) pH

(3.0~5.0 & 9.0)= TPP 7% (0.84 mg/mL )> 4 ¥ ;& & % 0.5 mg EGCG
/mL TPP solution » #§# 7542 10 min - ¥ 5mL Fii & T R LK
%12 %N\ 2 mL 4 EGCG z TPP &% > b8 EGCG ;g & CS/TPP &
b %] 4 0.2 mg/mL CS solution & 6/1:## 1 hrofjw A I mL 2 1 %
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(V/V)Hib 0 BiE4E Smin 4 0 &0 (16000xg > 30 min » 15°C ) » 43k
He4h > Bp CS-TPP-EGCG % sk # » R E# %A EGCG 48 > 3t H &

OB % BRT AR AR o

2.CS/TPP £ 2ttt H AR FE&THRESLR EGCG 2% %
& CS-TPP-EGCG % >k FBkrki 18 3 & 2 X8

# 1 mg 2 EGCG &% 2 mL TPP %% (0.84 mg/mL » pH9.0)
10 min - B 5 mL R B3& & (0.67 ~ 1.00 ~ 1.34 ~ 1.68 & 2.00 mg/mL)
2 RE) 4 F2(481.3+353.3+163.2 & 85.2kDa) = % T % &% (pH
47) &R 1% A 2mL 44 EGCG = TPP ik + » % EGCG/
CS solution & CS/TPP £ &tk 4% % 0.2 mg/mL & 2/1 ~3/1~4/1~5/1
B 6/1 #3 1hr> sun 1 mL 2 1% (v/iv)Hd > B3 S min £ > #
Rz mas (16000xg > 30 min > 15°C ) > 4544 » BF CS-TPP-EGCG
ZoRMBR > REFRMECGCG 22 " HEHCLELR > BT HBR
KiE ~ k@ E i & SEM #1288 48 o

EGCG4 47 — L&k ¥ A5 ZEGCGA &
EGCG & & £ (%) = X 100
EGCG# 45 &

E3)
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3. EGCGC BEEHAR »FE=L THEESE EGCG 234 % &
CS-TPP-EGCG 2 ¥ #akr ke sﬁ%;%@izzfﬁsﬁ

# 0.5+1.0~1.52.0 & 2.5 mg EGCG 4 %% 2 mL TPP &k
(0.84 mg/mL>pH 9.0 )% 10 min° & %] B 5 mL = F B o F & (481.3 ~
353.3+163.2 % 85.2kDa) = % T H a5k (2.00 mg/mL - pH4.7)
%1% mNaH EGCG = TPP &k + » sbo§ CS/TPP £ 2tb A 6/1 &
EGCG B E #5514 0.1~0.2~0.3~0.4 % 0.5 mg/mL CS solution » &3¢
Lhr 4% > pje A 1 mL 2 1% (v/v)H ik > B33 5 min 4 8.0 (16000xg »
30 min > 15°C ) » #F##4 » B CS-TPP-EGCG % K FA Ak B L F & A
EGCC 22 :tHEHOEE » AR HERIE -

B
I35

(Z) & TEEE-= R 4-EGCG &k B
% EX(A /& pH i%’-;‘:]‘i

1. CS-TPP-EGCG &k fakr = 2 #

# 1 mg EGCG 7% 2 mL TPP %% (0.84 mg/mL > pH 9.0) ¥ 10
min * £ 5 mL R E 5 F& (481.3+353.3+163.2 & 85.2kDa) % %
THEEER (2.00mg/mL > pH4.7) > %12 e\ 2 mL 4% EGCG %
TPP 753k ¥ > 4843 CS/TPP &2tk % 6/1> ¥4 1 hr 4% > & ( 16000xg >
30 min > 15°C ) » 4% CS-TPP-EGCG 2 3k #a4r » it B k7% &3] EGCG
4% > 3+ CS-TPP-EGCG %k #a4 ¥ EGCG 4%
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2. B E kP (pH1.2) 22 &M (Zhang and Kosaraju, 2007 )

# CS-TPP-EGCG 4k fakr B 7 6 mL 2 5% 4 #75 7R

(pH1.2) 2 50mL = 4R - WEBAKBEPER (37C 0 75
rpm) > 4285 0.5 1 & 2 /Bl 0.5 mL &4k & 0 A1 E # EGCG =
SERUATFI AKX HELER 24 EGCG 2 M £ > FEFHmE 0.5
mL B ER 42 AR ARAR S A — A AR -

Wn = CnxV + VSXE[C(a_l)]
Wn/W x100 = 857 24 EGCG BEx % (%)

Wn : 857 & # EGCG 424 %

E3)

W : CS-TPP-EGCG # X #a# + EGCG &4 =
na @ Bk R

C: % EGCG = £ &

Vi BIER A

Vs @ 3REUH oh i A
3. B P (pH7.4) 22 &M (Zhang and Kosaraju, 2007 )

# CS-TPP-EGCG % ¥ fa4 B 6 mL &g 4 5% (pH7.4)
2 50 mL = A s WAL R AR BAE & E & (37C 75 rpm ) > #5685 0.5
12345k 6 /eFEd 0.5 mL & &M4gE S B EH EGCG 24
FEUAEH AKX E R TR 24 EGCG 2 BM % Bl A huE 0.5 mL
R B AR IER 0 AR AR M A — T REAE -
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B AT TR

(=) BTHREXCHEEZAR

#HE0.02g AT REBASAEES  TsEBHEEEE BE
710 mL 2 0.2M Bi 8% F > £l T 84— N5 Ao 40 mL A48 K
FERE M B AZ ;B 5 mL AR S8 % 0 7 Z AT A Ao A 0.5 mL Z toluidine blue
353X % > LA N/400 potassium polyvinyl sulfate solution (P.V.S.K) 4T
M MEEBERBEEE AR S RONIEIREEH ELE o FIA
BREZZ AR FREFTRL LT EFE BT BB T ootk b &
+ & (Toei and Kohara, 1976 ) °

(=) #TERE,>FEZRE

%% Wang et al. (1991)#] A £ 4m & 35 3112 & T R EEAR S AR
FESREFY S FE o B8 0.10g % T R &4 LA 200 mL 2
0.2M CH3;COOH /0.1M CH;COONa &4+ » &% 0.01 ~ 0.02 ~ 0.03 -
0.04 #v 0.05 g/dL. A& & T REERZREE (Co g/dL) - BR 7 mL &4
BRA&ABRTmL b3 #% T REH LR EAEME S E 3 (Cannon) P >
Bl ERRABBE@EEL TR EFME > AT =E4  Ke¥mPF
¥ o 1B KIBAE R % E 30 £0.05C o T4FB| AT 5 & BdE

4% (0.2M CH;COOH /0.1M CH;COONa) ik i i £ 4m 4 4 b F 4
BT B  to

BT REEERERBB L E A LT R A E R o

BB ETREFE K

%4 (0.2M CH;COOH /0.1M CH3COONa) & %5 B * Nsolvent = Kio
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BT HEE A R IEREE . Nsolution = Kt
r8 ¥ 25 & * M= Nsolution Msolvent
EEZE B * Nsp = (Msolution —Nsolvent) /Msolvent
BREE * Nreduced=Nsp/ C
A bl B3 A Huggins Plot  (np/C V.S. C) #u Kraemer Plot
(In(m/C) V.S. C) » K4F4&R%E & (intrinsic viscosity) , [n ] e
(n]) =Msp/ C) c— 0 = Mreduced) C— 0 »
FriF e A s [(n]) B XA Mark-Houwink Equation BT K4F & T
BRI TE -

Mark-Houwink Equation Z £, :(n) = kMW *

k =1.64 x 10°°DD"

a=-1.02x 10 DD +1.82
AEXCHBEATREZ kKA afl wiE - LERKA I DT EE
Bz H%THREE -

AW AR A CEHBEATRBX kEf afl

Table 4. k value and a value of different deacetylated degree of chitosan

Solvent Degree of deacetylation (DD %) k (dL/g) a
0.2M 69 0.104x10°  1.12
CH;COOH 84 1.424x10°  0.96
/0.1M 91 6.589x107  0.88
CH;COONa 100 16.80x10° 081

(Wang et al., 1991)

49



(=) ARk BETZRE

AR 2R AR R & BAL 47 4k (Zetasizer Nano ) ] 5 72 K Bk
KANBAEBTH - BT RAAME R R B A T > T WA A
F AR E Rk S 045 um @8 B BE B E A KBk - 4% CS-TPP
%k FAA B CS-TPP-EGCG 4 Kk fak & 77> 3 mL 2 1 % tween 20 %
R 0 AR AR Ik dm B AT AR AR T B4R s (40% duty cycle ¢ 20 secs )
1EFAAR I G RN IER P 0 547 E 10-15 min 42 » B 1 mL b & sk
LA Eh RE 881417k (dynamic light scattering method ) B &k k48 K
s\ o 4% CS-TPP %k #a4 & CS-TPP-EGCG A&k B 7 SmL =
0.1 mMKCl JBZ& ¥ » PlRthEEBEMN c TABERZ =R K
H 3418 (mean+SD) »

(mw) EGCG 4 &A%

A 488y & »#r (total phenolic assay ) % folin-ciocalteu # /%

(Kujalaetal., 2000)" Bl L& &R T KB 2 EGCG 45 F - LA R
T8 (gallic acid ) A 4% % Jn #4778 € - B 0.5 mL & )& & (5,10,15,20
A 25ug/mL )% & FEEH 15 mL X% + e 0.5 mL % folin-ciocalteu
A (IN)REHHIEHFE 5Smin £ > R 1 mL 2 20% Na,COs £
B T4 E 10 min > 42 % 8o (1000 rpm » 8 min) 4 704 #2175
R B LR R FR AR o AKREERZ A K 730 nm X R ME
BARFIRABRZRTFHRBEEZHGREZE SR EE KX - Rk
s B RIARAZ R & 0 BARBBAR R 7 R EATRE SR AE B & - Bp o]
HHE EARTARBEAAZEEGCG 2 E -
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(Z) #THEE - =Tk mA EGCG Mz X a kR
( cross-linking )

CS-TPP £k #8241 & CS-TPP-EGCG % 3k S84 48 A R # 0% » BUF
oy KBt A o & CS K ~ CS-TPP KRBk K&
CS-TPP-EGCG # K FRs#y R 4 5] #2 KBr £ 1 : 99 |5 B i Fv - F)
B A st 4 s aR 3 b (FTIR) )8 9% $ 400-4000 cm™' 2 B
B R 3 o

() ## X T FBAMSE (SEM) BE

CS-TPP-EGCG Z KM A X 8EFK S RR BB CAKBMER > &
RikL PO EBE  ARBERAEEN InL 287Ky 2RETAESR
#FE & 30min 4% 0 SRR - Bk TRy T2 EHR (BMER
AT RS HIRm P ) BT HERSRGEE - RBERE
Ba ek > HREBRERA o

N~ BT
RERELIE SAS £ K 3pd i 4T 2 K % 2% 3T (completely randomized

desigin ) it 1A % & 447 (ANOVA ) & Duncan’s new multiple Range test
tbii#?ﬁ\% Faﬁi./ﬁ\-ﬁ‘ﬁ%al‘i ' p < 005 %%ﬁ‘ﬁ%‘%.}ﬁ\_ .
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P~ BRI

= o
(=) &THeaEx 2#H

ATHRBHERBRRIESL > GEAATEHLEHE LG CHA
(- NHCOCHj; > acetyl group ) 34 o 42 4% % B% 3k (-NH, > amino group ) °
BHERTHRE - AT 5H0 (2004) T8 % - REMA KRN85 %
F U 2 % T B & > 154 24 1g chitin/20mL NaOH (57 % > w/v) b
B4 100 £22°CHyR L F#HHF 160 min - ERTHATREBECHEESR
N%-dNdECEBERT REBERARMEER T  BA SR
F 2 T LR 3 B 2 R A0 R 7 DA BT W R e 4T B B 26 R b
&) tight junctions > & F| %4y ~ 2 F i '8 %% %l (Huang et al.,
2004 ; Lin et al., 2005) - Wu & Du (2003 5545 3w & T R EEE T
B (75.5-92 %) *T3§/w BSA 2 &/ % R 44K BSA 2 B % -

(=) AR TEATREZRMH

BUEBRFRBATRBEGEARARr FEATRE L5 -1
S RS BREXRME - RAETRR I %k CHhEZ KT REE(Mw
481.3kDa) #& 7K Bk E 2448 % (6.9 units/mg solid) (1.0 ~ 2.5 ~
5.0 ~7.5 & 10 mg/g chitosan ) K& 12 /\oF4% » THHE AR F =
2 BT HREE > 55 A 353.3-262.2~163.2~125.0 A 85.2kDa( @+t )
EREZ BAMNGE  THHES FEXHT REEKAY (chitosan
hydrolysates » CS) £ 852kDa- £ 225 & BgEMBEREEER
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Chitosan molecular weight ( kDa )
g S

0.0 1.0 2.5 5.0 7.5

Cellulase concentration (mg/g chitosan)

BB FREHATREBAREZDE -
Fig 7. Effect of cellulase concentration on the degree of chitosan

hydrolysis.

53

1.0



PHERSTFEZIETRE > BEAHERTMHE (Qinetal, 2004) &
% 7% /&P (Wuand Tsai, 2004 ) ZEzhig -

- & T EEE-= BRahitén (CS-TPP)
ﬁ*%ﬁzﬁ%

(") E%ﬁ,s’éﬁ,m

AT REINEEERE > ZRAEEH KA ((NH) £
&z pH #31 # pKa~6.3 » £-NH; & & & # & K % E 1 2-NH, - TPP
72K ¥ 8% > pH # % 9.0 (original) » HiE&k 23, 8 5 4-OH ~ -P;0”
B-HP;040" 5 % TPP i 4e pH 5.0 85 > Rl 237-P;0,0” &-HP;0,"
i TPP 7%k 4t pH 3.0 85 > 522284 PO - % TPP & TH

BEARILAN B AT L MR FRA TR -NH, 2 4 87
XEERE (Mietal, 1999a,b ; Ko et al.,, 2002 ) -

B\ (a) Fim & T REEZ &I pH 3.4(original) &%) 2 TPP 7%k
Z£PpH3.0-50RK90XZHHA (BAZA) BHETAHHEELERLSE
R ZREFR R KB AR CS-TPP A - sbTAE R A T REEL
pH3 4Ry » A&HERA RS ETH (-NHs" group) > ZARBEFF
EREFET REBEET R K&K REEFPRERE M TFER
R orFe@k (Mietal, 1999a) (4w /) » 1 TPP 2 & & 47814
TRERHELRTIEAAR > FHHWmESER - B\ (b) Aw
& T REERRAE pHAT 458 TPP 7% 4 pH3.0~50 % 9.0 X Z4F
A (dxs24k) aETARERIAABEMNILGER TR &
TETREESR TPP X ZAF MMM CS-TPP AR BA - b THRB A TR
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B~ % TREE- = Rt BRI RIEBRSH -

Fig 8. The suspension of CS-TPP nanoparticles by visual observation.

(a) CS solution’ pH 3.4 (original) and TPP solution’s pH 3.0, 5.0
and 9.0 (left—right); (b) CS solution’s pH 4.7 and TPP solution’s
pH 3.0, 5.0 and 9.0 (left—right); (c) CS solution’s pH 6.0 and TPP
solution’s pH 3.0, 5.0 and 9.0 (left—right).

(CS Mw: 481.3 kDa; CS/TPP mass ratio: 6/1)
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(a)

| | | I | 1 | |
NH;® NH:" NH3® NH3®  NH3® NH;®  NH:®  NH;

.
TP TPP  TPP TPP TPP TPP  TPP  TPP

NH:® NH:® NH:® NH:® NHs® NH;®  NHs®  NH;
L 1 L 1 1 1 L 1

Ladder

NH3 NH3 NH3 NH3 NH3
TPP TPP TPP TPP TPP
NH5" NH5" NH5" NH;" NH5"

s BT REEE = RASMNATRE pHET X 2EHL -
Fig 9. Ladder-loop transition of chitosan-TPP complex structures:

(a) ladder type; (b) loop type. (Mi et al., 1999a)
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BRI AE pH 4.7 85 > H 4k b %A 3 o0 6 R A28 2 iz A (-NH, group ) -
B ZRIL TR EEB P RIREESER AR T > M TPP
EETMAABRTRENAA > HHARESEEL (Mietal, 1999) (i
L) BA(e)Pf o~ & T R BBk 4 pH 6.0 &5/ #1 TPP 7% % £ pH 3.0~
50R90%Z4FH (bAZA) B VYA R ERTBAREARER
BREZ > BRRNNAE KRB ERZRE > BB NS AEE R
(A > 2004) - kst K2 R A > & CS-TPP R4 %% pH &
6.0~6.1 > BE & THEE2Z pKa~6.3 » (£ 4 T HBEES M » IR ME £ >
EABRGEHFEKR S ABOBRETRERRBRRN - £45 LHER
P40 h % T R EESR A pH4T T » CS-TPP 2 ik F & T REE sk
Bk o TPP sk#» pHOO B =4 8 E 4% (-OH ~ -P;0,0 &
“HP;0,0" ) ¥ E A BB THEEX-NH, 4 16R E4 % % CS-TPP

ok (HARBIR) -

(=) TPP x% pH1a - £ T X & »F+& - CS/TPP £
F tb ¥ CS-TPP & K Bt 2 % &

WEREBRBERE % THEEXRZ pH3.0 X pH6.0 REHH
CS-TPP &k #84 - U AETHRU T S UL THREERR pH4T A&

K3 R F pH 2 TPP 75k R R F) CS/TPP £ FWH R R FEA TR
B & 4 CS-TPP Ak fahkk i@ 2 B % o

1. TPP ;&% pH {& % CS-TPP & sk Bk 1& 2 B &

RBEFRTAR S TEZATREERER (pH4.7) &% 81 R F pH
(3.0~5.0 29.0) = TPP &R LA1EMA & & X R JE - CS-TPP
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RAE-RTEBY> T ERZRBER NS R pH #4 T R &g = Rk ikdn
ARBROBEZHE -
Table 5. Effect of CS molecular weight and pHs of TPP solution on the

particle size of CS-TPP nanoparticles.

Particle size (nm)

CS Mw (kDa) 85.2 163.2 353.3 481.3

TPP solution’s pH

3.0 2266487 242050 2535485 250.8+3.34°
5.0 250.5 +2.05%°  262.6 22.8 5% 24194818 237.1 24.95¢
9.0 (original) 3152 £3.1% 2977 £1.5"° 2789 +1.8%° 256.9 +5.9™

* CS solution: pH 4.7; CS/TPP mass ratio: 6/1.

* The result of particle size (nm) as mean £SD (n=3).
#A® mean in the same column (TPP solution’s pH) with different
superscripts are significantly different (p < 0.05).

*#24 mean in the same column (CS Mw) with different superscripts are

significantly different (p < 0.05).

58



HRBERRAE RN &R o &R 0 £ TPP k£ pH3.0 2 5.0
T A THRE>FEHN CS-TPP 2k kil AN RABEGER
M FARAZ 4 226.6-262.6 nm > 12 TPP 7%k 4 pH9.0 F » Bl 3 %
THEEN>FE & (481.3-85.2kDa) » CS-TPP 4 Kk Fak /& % F &
KR (256.9-3152 nm) > ERITRERMKS FEL T REBELZHA TPP &
A RE Sy TFadsm 0 BRG] LTPP A E R ERRE
YR TASHAEABETRBRE  E/FBaREa KR > B TPP
R F-OH ~ Pi01” A-HP;O0 sb =4 & B F R4 T REEZ
NH 44 > g AR @ A Z ¥ -

Mi % A(1999a) #1 % 45 it TPP 5% pH &% % TPP &) f2 k%

Ao % TPP ik pH9.0 8% » & ¥-OH ~ -P;0,0" &-HP;0,0" =%
BTN LB FRETEREZ-NH'E4 » O L4 TRz
NH;" i &6 F R R ®-P:0y 0~ #4& T HAE2-NH' 5 5
BIRBRE > mERXRZREER > BAAETRESRRE (BT )-
% TPP 7 fe pH 5.0 B » iR ¥ 75 4£-P3010" &-HP:Oy0" > @84 T
TEE2-NH;" Z 4 87 X0 RJE - & TPP 7k 4 pH 3.0 85 > TPP &
P RA P01 A > s T R 882 -NH: #2-P30,¢” % 4 8 7 %
& J& - Bhumkar & Pokharkar (2006)#% % T #8875 7% o % $2 TPP &%
£ pH3.0 B 9.0 R&REMEMA > #d SEMBEX T REE-TPP 1+
BhasAs > 2530 TPP /8 f£ pH3.0 85 > A A mEH B AT T » LK
o i TPP 28k 4 pH 9.0 55 > B & Mm@ A R0 FLIRER K -
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(a) Deprotonation

(b) lonic Crosslinking

T ATREBA =PSB NSRS C(a) EETHEA S (b)
BT AW o
Fig 10. Ionic interaction of chitosan in pentasodium tripolyphosphate
queous (a) deprotonation, (b) ionic crosslinking.

(Mi et al., 1999a)
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2. CS/TPP & &t ¥ CS-TPP & 3k $ahr k48 2 2 %

BAREE (0.67~1.00~1.34~1.68 & 2.00 mg/mL) %R [ %
FE&£TREEER(pH4.7 ) &% E A TPP 2% (0.84 mg/mL>pH 9.0 )
¥ o 45 CS/TPP £ Ftb A 2/1 ~3/1 ~4/1 ~5/1 B 6/1 > B+ A4ER » A4
CS-TPP Z Kk » Hufe KON RWE +— - K& TREX 5T
E A/ CS/TPP ZEtb @A > H CS-TPP £ RFRA R A K
C S A 232.8-315.2nm - H B E & CS/TPP & B b 05 » &7 &
THEE=Z ) -NH;"J5 ) > 48 CS-TPP-CS X Ht4E A R % % Mt 8]
Z CS-TPP s - Gan % A(2005) AR B2 EZ (0.05-0.3 % > wiv) %
BT RS REE LKA (0.7mg/mL) 2 TPP &% R E (CS/TPP
FEEA 3N-T/1) BeEATRBAKBARE > HEHERMG -

EATEB,FEXHEME » LCS/TPP £81LL 6/1 &% > £
AFEA (Mw481.3~353.3~163.2 & 85.2kDa) » HEAHr R /& &
A (256.9 27892977 & 315.2nm) > #BTHEEN> FEZLTE
B HIERFEERK LR 91 TPP 2 A RBAERA B2 4 2 4
2 o Ko % A2002)# R F o F & (2.5%10%-6.5x10° Da) Z & T % & 3
itk (O/W emulsion) " A TPP %% (pHS5.0) » ##% T REELUE
FEHK > HLAE KON A 500-710um » 3 — 5 7R E F A4 (SEM)
BEMCRBEREHE  BRRs T4 HRIPEHBBRR FLIEK -
AR E B 85.2kDa H R G & ETRRE AR » TRREEK -
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30 7 0 481.3kDa 0 353.3 kDa B 163.2KDa M 852 KDa » A
320 A
310 a B
300 - c
290 |

&

a
A
a

Ee

2/1 3/1 4/1 51 6/1
CS/TPP mass ratio

T ATERES TERATRB/IZFSABMNESLHAT REE-
E RN RIS X B -
Fig 11. Effect of CS molecular weight and CS/TPP mass ratio on the
CS-TPP particle size.
( CS solution: pH 4.7; TPP solution: pH 9.0)
AD mean in the same bar (CS/TPP mass ratio) with different
superscripts are significantly different (p < 0.05).

“d mean in the same bar (CS Mw) with different superscripts are

significantly different (p < 0.05).
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3. CS-TPP Z K Hk 2 % @ E 4

HEN 0 ThpiA CS-TPP 2R A @EMHATEE > H
HEHEL +25.1~4+288mV - £ TREHS FEZ A IHBEREADE
fT Z %5 3 ROA B - sb & R Wu F A(2005)48 42 > #F 4 24 24-360 kDa
Z KT R EEdL TPP 81 LB R & 45 CS-TPP & Kk £ A @ EH
HREEEEBEN > H+45mV £4 - CS/TPP €81t % 2/1 £ E i
H4e CS/TPP £ 2tb MRk > RALTREBRERIK (CSHEE
#%);CS/TPP €8t 3/1-6/1 £ > s THREEER v A& T
Frit A ER > WREATALT REEE TPP R B4 A FRALE
BTHRBAG T MR AR PR TPP T A THALTREZ
EEMRBERDZH -
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kN AT REBE-ZRABME R ARz A ABES (mV)-
Table 6. Zeta potential (mV) of CS-TPP nanoparticles.

Zeta potential (mV)

CS Mw (kDa) 85.2 163.2 383.3 481.3
CS/TPP mass ratio
2/1 26.0 £0.7°°  27.0204™ 251406  25.1 206>
3/1 27.920.7% 27602  27.4+1.0™ 275409
4/1 274205 274205 275+06™ 28.004™
5/1 27.9+02"°  27202% 270405 28805
6/1 27.8+1.4% 27308  272404™  27.9+04™

*CS solution: pH 4.7; TPP solution: pH 9.0.

xThe result of zeta potential (mV) as mean +SD (n =3).

#A"B mean in the same column (CS/TPP mass ratio) with different
superscripts are significantly different (p < 0.05).

2" mean in the same column (CS Mw) with different superscripts are

significantly different (p < 0.05).
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=~ BT FEE-= B 4-EGCG
(CS-TPP-EGCG ) & fafk =

(—) TPP 7% pH ~ CS/TPP & & tt & EGCG £ & #
AR FELTHEESLSE EGCGC 2 3%

1. TPP %% pH 2 % &

&t~ TPP % pH R Bl o F 2 4 T H & & & EGCG % %
(%) 2%% - £ TPP R34 pH ¥ > A pHO.0 H{E £ T HEEY
EGCG & & bdxd » M pH3.0 R pHS.0 £ @A E £ E - 4k

ThE g4 TPP 7% pH 9.0 85 > TPP X R MK 5 & T i+

(-OH ~ -P;01" &-HP:0y¢" ) #1#% EE#-NH 2 % T REE A R4F 4
A1 M A i BEGCG 6% - 5% 40 TPP ik pHO.O F » 5 F 8
BUNZ AT REERA BEGCG & 85X AMH 40 481.32383.3-163.2
% 852kDa ¥ EGCG LB RIK 4 4 413425426 % 47.1 % -
BLTHE B 85.2 kDa 42 7R ¥ 4 F 3L B & A a0 LIS R 36 B 3%
1& > 2 TPP 8 7T %5 A RE M A 284242 % 89 EGCG 2 ¥ -

Ko % A(2002)LA & 5] pH (2.0~ 5.0 & 8.6) TPP A% ¥ K ) - F
¥ (25x10°-6.5x10°Da) 2z # T R 88 & 4 X RIE > B4 5% T REEL
KRk o 42 SEM T8 SNE > B TPP &7k pH 2.0 B M 3R 35 8%
Rt B B k@ 2 RFK SHERAR % > @ TPP %% pH 8.6 5%
EfEiEx@m 2R A EBILRR SHBFAEE Ao TEATRE
BEREA SFEM S TPP R E#E L X B EZERALRF ~ FLIRE] >
B AR E- Rt TPP & pH 9.0 2 & T 88 85.2 kDa 4 (pH 4.7)

65



xE -TPP R pHH AR > FEL T HEE0E EGCG B F 2 BE -
Table 7. Effect of TPP solution’s pH on the encapsulation efficiency (%)

of EGCG on chitosans of different molecular weight.

Encapsulation efficiency ( % )

CS Mw (kDa) 85.2 163.2 383.3 481.3

TPP solution’s pH

3.0 32140150 3172088 309215 3154135
5.0 30.1 +1.75% 288135 2854155 2924075
9.0 (original) 47.122.7™ 42.6+1.8"° 425+04"° 413225

* CS solution: pH 4.7; CS/TPP mass ratio: 6/1.

* EGCG concentration: 0.2 mg/mL CS solution.

* The result of encapsulation efficiency ( % ) as mean =SD (n=3).

#A® mean in the same column (TPP solution’s pH) with different
superscripts are significantly different (p < 0.05).

% ab

mean in the same column (CS Mw) with different superscripts are

significantly different (p < 0.05).
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B4 M5 CS-TPP-EGCG Z KMk » H &R AR ~ LI K >
EGCG # # 3Lt €3 &5 & EGCG s AFAMILIRA T 2 23 v > 18 H ¥
EGCG &, & 3% juz # °

2. CS/TPP £ b2 %

B+ —#f~ > CS/TPP 2L ¥ R Bl 4 F = (481.3~353.3+163.2
% 852kDa) 24 THf 6% EGCG % F2F% - »» CS/TPP £ &tk
B21E51 T RTREZSTER]N REGCCaLARR® 2
B THEE)>F24% 2 CS/TPP €81k 1 EGCG &% & % b2 4
B4 BPATRBEZ 5T &8 483.3-852kDa > £ EGCG & &
R4y % 30-47 % - T CS/TPP £ &1L % 6/1 8% > % T % & &% EGCG
HMEERSAE AB 44T % iU, TFE2kDaHAF -
AETRES>FTERINECEZRSZ R A @tmtan Bp Lo+
SRR AR R 0 BIRRFEEIRATER o M CS/TPP &Ltk 4 6/1 >
#THEEM TPP 2 3T RIE& & K4 CS/TPP £ 21k 2/1-5/1 ¥% >
W H R EMIEIR EGCG »Fi& L 6B £ o o

Janes B Alonso (2003) A& 4 F & % T R &8 42 TPP &k 7 3 Bt
J&CS/TPP €8t A 6/l ZHMKREFX LR F:E70-81% Mk & F
BHE 85 %A ko W 31 H4 R A 11-21 % - Ko % A(2002)4# % T H &
-oil JRFn R AE H BEAREIEE TPPx&+ (110 & 50 %,
w/v) > & RBET 0 3w TPP BIRE - MOk Bk 42 & X (500-710
um) - GBS (92.7-98.2 %) - Deng % A(2006) Xk 1% 4o
BT RBERRBEN 0> BRIEMPWEAT > LA TEELR
lysozyme #E 77 % FE > ¥ A& B 78 /& F5 B K 3% A, lysozyme f2 78R F 43k
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EGCG encapsulation efficiency (%)
[UY)
(@)
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CS/TPP mass ratio

o A TRB/ZRSBRMNESLH AR FEATREBAR
EGCG % 2 %% -

Fig 12. Effect of CS/TPP mass ratio on the encapsulation efficiency of

EGCG on chitosans of different molecular weight.

(CS solution: pH 4.7; TPP solution: pH 9.0; EGCG concentration: 0.2

mg/ml CS solution)

AP mean in the same bar (CS/TPP mass ratio) with different superscripts

are significantly different (p < 0.05).

““ mean in the same bar (CS Mw) with different superscripts are

significantly different (p < 0.05).
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Ty -

3. EGCG R EZ %%

B+=pmr UARE s FTEATRECERREREZ EGCG #
EGCGC BB X2 %% - 52 EGCG Y ¥ h » RO B R RBAEW
THEAE - UARE S FEA&T REECLE EGCG > £3% EGCG RE &
&> 3928 85.2 kDa # & & 8 % sb R B $L 2 AT A7 48 ) » Bp 85.2 kDa
FEBERY TS ERES > LIRRIEBIL ¥ EGCG 7T %
SRA TR A IERE % EGCG 2 # - 24 85.2kDa Mm% » EGCG &
JE g4t (0.1-0.5 mg/mL CS solution) B » H &% £ 2 $F 50-33 % -

+ AR 0 B 85.2kD & T REE e KRR EZ EGCG #
EGCG B X R A BN HE - MMEEGCG oL ENMm RO B4
BREWTHAMY - M EGCG & & £ & A, EGCG 4% (mg/mg
CS)> k5% EGCG iR E¥ v > £ EGCG &2 A MAEM LAY -

Hu ¥ AQ00)A A TRELEAXFLORFRESH 24-53% -
Wu % A(2005)24 24 & 200 kDa = % T % &% ¢, & ammonium
glycyrrhizinate » 4 4% 403¥ s/v ammonium glycyrrhizinate ;8 & - 87 48
BorH BRI - Deng & A(000)2A 55kDa 2 4T #
(1 mg/mL )2 TPP (4 mg/mL );& & R JE ¢, & lysozyme’ g % lysozyme
B 0.23 mg/mL 3% 4w E 1.17 mg/mL » R fn B ¥ lysozyme &, & % A
4713 % TF % 144 % -
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55 :D 4813kDa [03533kDa E1632kDa W 85.2kDa
A

A A a

50 r A ab
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EGCG encapsulation efficiency (%)

20
0.1 02 03 04 0.5

EGCG concentration ( mg/mL CS solution)

+=EGCG REHFFA»TEAT R#a R EGCC 2 x4 % -

Fig 13. Effect of EGCG concentration on the encapsulation efficiency of
EGCG on chitosans of different molecular weight.

( CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass ratio: 6/1 )

AD mean in the same bar (EGCG concentration) with different

superscripts are significantly different (p < 0.05).

““ mean in the same bar (CS Mw) with different superscripts are

significantly different (p < 0.05).
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_%EE o
Fig 14. Effect of EGCG concentration on the encapsulation efficiency of
EGCG and EGCG content on the chitosan.(CS Mw: 85.2 kDa)
A€ mean in the same bar (EGCG concentration) with different

superscripts are significantly different (p < 0.05).
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(=) TPP 7% pH -~ CS/TPP € & tt & EGCG £ & #
RE 5 FE4THREE2 CS-TPP-EGCG 2 3k #
KRR 2 B

4% 0.5~1.0~1.5~2.0 % 2.5 mg EGCG % %)% TPP &% (0.84
mg/mL > pH9.0) (EGCG /R & %% % 0.1 +0.2~0.3~0.4 & 0.5 mg/mL
CS solution ) » & & 444 10min » 3 4§33 R AR > B F AR E »F
ERARFREXATREER (pH4.7) 4 CS/TPP F R F £ Z Lk
P RE 0 B B CS-TPP-EGCG 2 K Faskr > 38 78] € HoR 48 Ko

1. TPP %% pH # CS-TPP-EGCG 7 R Bk /2 2 3 &

F AP~ TPP 5k pH R B o F2 & T R & & & EGCG &k
BRRAERNZEE - AARARAPHXZ TPP AR T A THEBS»TER
N BRAR A ARAB o FARLRIAE 49 266.1-438.1 nm © R 7T A8 &K
TEATRBEIZ AN TPP R » RE 4 F4k4a > BAESLIEFGt
o B TPP A R KRR R ZAER » 7T Ium 69 & £ 8T B R JE >
ERBRAERK - A THEENTFE 85.2kDa % » ¥ TPP Ak
pH &K (pH3.0°5.0 & 9.0) #1425 %] & 331.9~314.8 & 415.8 nm -
Hor g Kov#x 163.2kDa &5y o # BT 45 85.2kDa & » 4 -F4R4a 0% -
RIER T EGCG e > @A TREBATPP REERAEREY
B sk o 42 TPP &% pH9.0 F » Hkr4& K- TPP /&% 4 pH3.0 &
5.0 FHRAF K o THE 42 TPP 5% pH 9.0 85 » TPP AR 3k % 4% &
Eir8EF (-OH ~ -P;0y" &-HP3Oy") 24 E &7 -NHy' 2 & T R g
K BRI EA1ER MR i EGCG &% » AABRRKZHAE -
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EANARTRES> TEAZREEMER pH $4 T R 8E-= R e il én
-EGCG &k Bt 2 2 %% -
Table 8. Effect of CS molecular weight and pHs of TPP solution on the
particle size of CS-TPP-EGCG nanoparticles.

Particle size (nm)

CS Mw (kDa) 85.2 163.2 353.3 481.3

TPP solution’s pH

3.0 331.9+0.15% 204335 27574538  266.1 8.2 8¢
5.0 314.8 420 3206+7.48 27984988 2733451°%
9.0 (Original) 4158 +1.8 "  438.1£9.4%  390.5+9.4%° 331.0+6.7 "

* CS solution: pH 4.7; CS/TPP mass ration: 6/1;

* EGCG concentration: 0.2 mg/mL CS solution.

* The result of particle size(nm) as mean+SD (n=3).
#AC mean in the same column (TPP solution’s pH) with different
superscripts are significantly different (p < 0.05).

24 mean in the same column (CS Mw) with different superscripts are

significantly different (p < 0.05).
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Wu & Du (200235 % &4 F 24 T K& (Mw210kDa) Hf&%
FEATHRE (MwB0kDa) ¥ BSA EABSWAEE  RA S,
TEATREEARK S TE4& o TatAR S mAM TPP
AMEVERE LY BSA @ F % > B ERARTHRERBITHER
BRIRRTRAR AL TREEYH EGCC AHERLE 54 FEL
THRERS Tk BRBEER > o TIX8EHEK 0 #E45 EGCG &
NFBHRLAE 1 L PR ©

2. CS/TPP % 2 b ¥ CS-TPP-EGCG &k i1 48 2 2 45

BB+ AT EE CS/TPP £ 2238w > HRABAE K - it
B A T B EEE B ho » CS-TPP-CS X BAE A 2% » R A /@ 4 X
ZBR -t PR TEH Y &% CS/TPP £ 2t & BEGCG JE B 2 o 4t
% THREBZ H5FEMEK (4813 ~353.3 & 163.2kDa) » 44
CS-TPP-EGCG ¥4 41 4& 3w » A CS/TPP € &tk %4 6/1 & EGCG &
B % 0.2 mg/mL CS solution 2] » H A& K/ MRAF & 331.1 ~390.5 &
438.1 nm ° bl ABARS FEL T REBX I EHFHRE] > KR
BE8AK > $2 TPP 874 EGCG ER B 4 A5k - 124 T REEFIKE
85.2 kDa 8§ » CS-TPP-EGCG #aAr /& A /N ek o gbTRE & T R &% 4o
FaE R4 0 RIERY A EGCG 74 » g4 T Rags TPP X 24
RAEEREDEMER -
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420 -
400 -
380
360 -
340
320
300
280
260
240
220
200

Particle size (nm)

21 3/1 41 51 6/1
CS/TPP mass ratio

TECATRES TERATRB/ZFBMNESLHAT REE-
= H 5B 48-EGCG Bk 12 2 H % -

Fig 15. Effect of CS molecular weight and CS/TPP mass ratio on the
CS-TPP-EGCG particle size.

( CS solution: pH 4.7; TPP solution: pH 9.0; EGCG concentration: 0.2

mg/mL chitosan solution).

AT mean in the same bar (CS/TPP mass ratio) with different superscripts

are significantly different (p < 0.05).

“d mean in the same bar (CS Mw) with different superscripts are

significantly different (p < 0.05).
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Janes & Alonso (2003)bA MK % FE & T R EE 8 TPP 8T X B RJE » &
B &% 15 CS/TPP £ 2L A 3/1 & 6/1 » ki@ XN E 55 4
200-250 nm & 280-360 nm « Wu & Du 2002)%F &40 F &4 T HaE

(Mw 210kDa) tbf&n FE4 T HEE (Mw80kDa) ¥ BSA B £ &
SHEEER RAZs FTEATRBAEARKY S TE42 Lo T42
AR LA R TPP AR AR # BSA 0 F % > mibEREL
Eh&RBMAR > HBRERTRAR AT REEYH EGCG A 432
MR o TEATRERS T&K  BREER > 4 FILBEH
A 0 1843 EGCG :EANFRRLAE N LR ©

3. EGCG ;2 £ ¥ CS-TPP-EGCG 8k k48 K|\ &5 &

B B + 757~ » EGCG i & #F CS-TPP-EGCG Ak 4148 2 35 % o
HETTAL ¥ EGCCREX A LB AEH FRZIMY -
b CS-TPP B # % EGCG 2 R R - % EGCG B & 0.1 38w %
0.5 mg/mL CS solution B » & T R & 5+ € X [$1& > CS-TPP-EGCG
PRk G e A RN PATREZ ) FEH 4813 %2
163.2 kDa 8 » CS-TPP-EGCG 4134 A4 K » & F & 85.2 kDa
F o ik 163.2kDa H# &/ o LT RE A T REE 5 T 42 K48 » R
ekt A EGCG 74 A TREATPP XA FRAAERERE
3K e
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Fig 16. Effect of CS molecular weight and EGCG concentration on
the CS-TPP-EGCQG particle size.
( CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass ratio: 6/1 )
AE mean in the same bar (EGCG concentration) with different
superscripts are significantly different (p < 0.05).

“d mean in the same bar (CS Mw) with different superscripts are

significantly different (p < 0.05).
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A5 BB+ AT AR ST E (48133633 ~163.2 & 85.2
kDa) #% T % &2 CS-TPP & CS-TPP-EGCG A /& 2 th#t - &3
5857 Pt /4 CS-TPP-EGCG #8441 48 34 Ltk %k &, & EGCG % CS-TPP #&#:
HAZBKR ©

+ AR Ao CS-TPP-EGCG %4 Kk #2842 SEM B - £ SEM B ¥

H Ak ERRRAR 7 100 nm o ph 8L A 2 K Bk RLAR A 45 AT R
YR 48 BN 0 R 48 A IR B5 R R 32 4% b4 SEM BB AR AR ER o
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O CS-TPP particles B CS-TPP-EGCG particles
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350 1
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Particle size (nm)
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t o~ BT REE-Z R R OR R R AR T - = Fah L 4N
-EGCG FaHL KR Z LR ©
Fig 17. Comparison of CS-TPP and CS-TPP EGCG particle size:
CS molecular weight 481.3 kDa, A; 353.3 kDa, B; 163.2 kDa, C;
85.2 kDa, D.
(CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass ratio: 6/1;
EGCG concentration: 0.2 mg/mL CS solution)
" mean in the same bar with different superscripts are significantly

different (p < 0.05).
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SEI 10.0kY X60,000 100nm WD 6.3mm

AN~ BT REE-= Ruii4n-EGCG 2k ok 2 37 8% X & T BMsE

W -
Fig 18. SEM of CS-TPP-EGCG nanoparticles.
(CS Mw: 353.3 kDa; CS solution: pH 4.7; TPP solution: pH 9.0; EGCG

concentration: 0.2 mg/mL CS solution)
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2

Y

B

(=) BEE- = B EiEs48-EGCG &k k2 & @

"
5y

&}

&P CS/TPP £ 2L AR 4 FE & T &k e f EGCG
%o EakBERkxExBEFZHEN - bl CS-TPP &Kk (AP k&
BEGCG) 2k mTHMERHAM A& BEFHLE 251281 mV B
@B EGCG #% > A& @ EMAT YT > REN BEGCG & % T H
1% o

ATREBIGETRSY LRt  CHEFTTAYSFM
6947 B tight junction > 32 &% #4094 :E 4 /1 (Linetal., 2005) - &7
ST REBAFLEN A (NH; group) #8284 B 6y ba i £ £ R
MAER > itk H ARG E LR GerR - M P4 tight junction k&
Zonula Occludens-1(ZO-1)&x &G g » ¥ wtmfa Eey@gz M > mA & TR
BE & — F& A 24 M B 4¢ 2 Y paracellualr permeability enhancers (PPEs)
( Thanou et al., 2001 ) o

Linetal. 2007) A %A E T X & T REEMST & T2 y-PGA
(poly-[y-glutamic acid] ) ‘&R > AREREZ & T FEEf y-PGA
HHETHRES R £ Caco2 afaiXBh > ERBTELTHRES
K FER & @ E AL A IR E T8 0 7 BAA K 84 IR 4K transepithelial electrical
resistance (TEER){& » %~ 4= i fd] (R &Y tight junction % % B A& 2% >
MmEA@EMEETAS > TEER A€ QK; MM E@EMSL EEN
F > TEER S & B Z Y - IARTATREBR KB ABEMEE
HRH RHepEzREARLS -

5
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A BT REE-ZREi84N-EGCC 2Bz 2@ EMN (mV) -
Table 9. Zeta potential (mV) of CS-TPP-EGCG nanoparticles.

Zeta potential (mV)
CS Mw (kDa) 85.2 163.2 383.3 481.3
CS/TPP mass ratio
2/1 267 +0.7™ 274 +03™ 25.1 04" 275 103"
3/1 272 02" 27.6 +0.8™ 274 103" 277 +0.9™
4/1 272 +0.4™ 271 +1.4™ 28.0 +0.6™ 28.1 +0.3™
5/1 27.3 40.6™* 28.0 +0.2™ 277 1.3 28.1 0.7
6/1 27.5 0.7 272 0.1 27.8 +0.5™ 279 0.7

* CS solution: pH 4.7; TPP solution: pH 9.0.

* EGCG concentration: 0.2 mg/mL CS solution.

* The result of zeta potential (mV) as mean +SD (n =3).

#AP mean in the same column (CS/TPP mass ratio) with different
superscripts are significantly different (p < 0.05).

% ab

mean in the same column (CS Mw) with different superscripts are

significantly different (p < 0.05).
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(vg) % T %8 - TPP & EGCG [ = % %% &R & (FTIR)

DETREBEH EA ((NHY) 8 TPP #F (P00 &
-HP;010") sk X RJE > # 45 CS-TPP 2k #Ek > AR K
EGCG ## CS-TPP-EGCG % #4r » #¢h FTIR %34 E RIEHLT
22 fE ~ CS-TPP 2 ¢ 284 & CS-TPP-EGCG 2 3 $Akr 2 AL 2: & 445 14 o

+AE AT REE - CS-TPP & K Faf & CS-TPP-EGCG % 5k
FaMr 2 FTIR 3@ » b T4 0 £ BIK 3300-3500 cm™ » & T H
BE LR P o A 3433 cm’ Xk & T J &8 2 -NH, Fv-OH & 64 ¥ 3k 3k
% ; 42 CS-TPP Ak Bk L3 B P4 2] 3400 cm™ » %% K> 2 K
4238 mrrgk (Yuetal, 1999); 42 CS-TPP-EGCG % 3k Fk 43 #5
E o o3P % 0 W EGCG #4754 OH & » 43 842 v ;
£ &3 1500-1700 cm™ » % T B &5 3% B F £ 3 1654 & 1558 cm™
4£ CS-TPP %k S 3B ¥ 1654 & 1558 cm™ 34 % » {14 & 1637
R 1541 cm™ > &£ B % T % & F ¢9-NH, (ammonium ion) #2 TPP # F
AEERBRIE ZRRIT 5 F R 5T Ney1ER F1 72k (Knaul et al.,
1999 ; Xu and Du, 2003 ) » H 4 CS-TPP-EGCG £ sk 8 LB + -
1654 B 1558 e 4034 % » A #5 % 1633 & 1539 cm™ « b FBrsE L0
Hu % A(2008)&49 4841 = Zhang B Kosargju (2007) Y& R 2 X &4
iR a4 ((-OHgroup) €& THREELH Lol ((NH;Y) &
kRO R EER © 128 T8 FTIR 4 £4%40 » CS-TPP-EGCG £ 3
#a ¥ 1539 cm” (-N-H bending ) & 484 8 % F 52 CS-TPP 4 X Bk
F 1541 cm’ KA —4 0 R & T HEER EGCG 2 M X ZAFA B/ -
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Fig 19. FTIR spectra of CS (a), CS-TPP nanoparticles (b) and
CS-TPP-EGCG nanoparticles (c). (CS Mw: 85.2 kDa; CS/TPP

mass ratio: 6/1; EGCG concentration: 0.2 mg/mL CS solution).
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o~ AT REE- = R 4n-EGCG 2 5K F8kL
22 T M2 R E

# 1 mg EGCG &% 2 mL TPP /%% (0.84 mg/mL > pH9.0) ¥
10min - &8 5mL R 5»F=& (481.3~353.3~163.2 % 85.2kDa) =
& THEEEK (200 mg/mL > pH4.7) &% wA 2mL 4% EGCG %
TPP J&i& # »4£4F CS/TPP £ &tt A 6/1° #5341 hr 44 - &2 (16000xg
30 min > 15°C ) » 4% CS-TPP-EGCG % fakt - # H 5 pH 1.2 & pH
74 BEmERT B E R GRZ pH BBEHL R -

(—) #EFry (pH1.2) 222 M

CS-TPP-EGCG 2 sk g8k B4 pH 1.2 &85 T 2 /65 AR A
REM o BB =—+Fw o FFR BN pH 1.2 BHERT 2 g
R EBERBREH3550% k74K 95 %k .z EGCG » fe A 24k
BENBERY FRERIMAE - ETREFEAR AREHAE
BETHERZES>FE (Mw 1632 & 85.2kDa) 2 & T H&E » R
FEEAR oFIa st Ak SH8 AR FLIRKR > E4558
R R Al 0 R g s £ 0 ATl A2 EGCG 5k d - 18 5
XA FRIE R A TREBERESERBRIERTA M wET R
BRFE (RN TEZXATREBRAZEEZAT REEsR) & TPP
ERAE > EFAA BB AR FE AR > R BRI (Koet
al., 2002 ; Deng et al., 2006) °
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Fig 20. The stability of CS-TPP-EGCG nanoparticles in the pH 1.2 buffer.
(CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass

ratio: 6/1; EGCG concentration: 0.2 mg/mL CS solution )
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(=) ##ppRT (pH7.4) 2T H

CS-TPP-EGCG 2 3% #a4r B# pH 7.4 (& 5% F 6 /o5 > AR A
GeE o B =+ —pFoR 0 R B2 pH 7.4 BATERT 6 N H
RERBRENHI3T66%  THEEBES>TELAR > HETaE
MENPH 1.2 BHEAR TR AL REE A0 L TREEKY> T
F (Mw852kDa) 2 & T HEE » R EAK > o FIagifEege ) H
B2 SRR AR LRR 5B RAAEE > Heehi £
A3 2 EGCG § B d -

— MR M EEE BHEHLR O FRAAF B AR
e R8T BB B R HLKRBIER > &b BE R e e R
WAA > AR FREZTZ pHER 4.0-62 £4 - #1§ W38 pH 448
EZHZE (019935 B> 1994) - fE A (2005) #HFLXEENKRE
pH &4 TF AAE# B &R (RaHibBEE ) BT » TS EHET
Peo 45 RBAT LR EAPHA8-68 F 1hrit » HAS &S wlF
# 91.7-96.7 %42 Shr 4% > EfE X T ¥ 8 %A 4 - e84t § & T (pH
13) 1~ 2 & 5hr#% > HEdcE 54 495457 B 402 % » 2%+
BEMER  ATAFAFABERPHAETRARBETY - ABRBHRT
(pH7.6) 12 B 5hr#4 » A= £ 53] % 85.0~79.1 & 69.8 % (4m
EH) SR RER  BBRFBHEEERTERABRMEERL
SRARFRIHTHERRE  MA pHRK A RIRILFF/TIHEE
AMOFR - Bt ORAFEFREDNBRBEREE > THZREBHE R
& pH THUE REILFZFAE NG FHERSZ  BEHHRBOT 8
BRI 0 AR e LR E ey A A A £ (bioavailability ) e
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Fig 21. The stability of CS-TPP-EGCG nanoparticles in the pH 7.4 buffer.
(CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass

ratio: 6/1; EGCG concentration: 0.2 mg/mL CS solution )
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Table 10. The recovery of tea catechins in artificial simulation gastric and

intestinal solution (the pH 1.3 and 7.6 buffer).

Recovery (%)
Time (hr) 1 2 3 4 5
Treatment
Water (contrast ) 96.5 93.8 91.6 90.7 89.2
pH 1.3 buffer 49.5 49.7 43.4 40.8 40.2
pH 7.6 buffer 85.0 79.1 75.6 72.7 69.8
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