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: Transarterial chemoembolization (TACE) is the first-line

treatment at present when liver cancer can’ t be cut, but
no have the ideal embolic agent currently. In this project
we designed two embolic agent systems for TACE - First, we
prepared the chemoembolization microsphere (GG/Gra/DOX)
composed of gellan gum (GG), graphene (Gra) and anticancer
drugs (doxorubicin, DOX) by the emulsification process. In
this system, gellan gum with good biocompatibility and
suitable as the embolic agent for TACE, grapheme with the
function to combinate with DOX and physically penetrate the
cell membrane. The nano amine-modified grapheme is formed
by the grapheme-oxide which is made by the Hummer s
method, mixing the ferric chloride, glycol, sodium acetate
and ethylenediamine with the high temperature and pressure.
The size of nano Gra was 1564nm by the Laser Diffraction
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Particle Size Analyzer. The size of the microspheres
(GG/Gra) were ranged from 200-400 «m by the Laser
Diffraction Particle Size Analyzer. The size of
microspheres was affected by various gellan gum
concentration. The scanning electron microscope found the
surface of microsphere changed from smooth to reticular
after adding the Gra. The delta-potential of Gra was
positive electricity than GO and Gra mixed DOX was stable
in the positive state. The cellular uptake test, found that
nano Gra could be uptake into HepG2 cells by endocytosis
after co-incubation for lhr, 3hr , 6hr and 9hr.

Another system, the chemoembolization agent is based on
gellan gum (GG) microspheres which contain
hyaluronan/polyethylenimine-doxorubicin nanoparticles
(HH/PH-DOX). Hyaluronan conjugated with histidine (HH) and
Polyethylenimine conjugated with histidine (PH) were
synthesized, 1H NMR spectrum showed that the peaks of HH
were at 8.064 ppm (-N=CH-) and 6.979 ppm (-N-CH=C-) which
were ascribed to the methenyl group located in imidazole
group of Histidine. The newly appeared peaks at 7.714 ppm
(-N=CH-) and 6. 959 ppm (-N-CH=C-) revealed that PH was
successfully obtained. From the change of zeta potential,
we found the doxorubicin can encapsulate into HH/PH matrix
successfully. The gellan gum microsphere contain HH/PH-DOX
were fabricated using a W/0 emulsion method, and the
diameter of these microspheres was 300+ 100 um. The
cellular uptake test, results showed that HH/PH-DOX could
be into HepG2 cells by endocytosis after co-incubation for
24h. From these datas, the GG/Gra/DOX, GG/HH/PH-DOX
microspheres have the potential as the chemoembolization
agent in the future

Gellan gum, Transarterial chemoembolization agent,
doxorubicin ~
hyaluronan ~ polyethylenimine
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1.1 & &

10X trypsin-EDTA(Gibco: 9002-07-7) ~ 10%FBS(Gibco: 10437-028)~ = & - 14
% (Gibco: 15140122) ~ &4 #(Sigma: 71010-52-1) ~ # 4 4 (Sigma: 8042-47-5) ~
sodium phosphate dibasic (Na2HPO4)(Sigma: 7558-79-4) ~ potassium phosphate
(KH2PO4)(Sigma: 7778-77-0) ~ % it 4F (Sigma: 7048-04-6) ~ potassium chloride
(KCI)(Sigma: 7447-40-7) ~ sodium chloride (NaCl)(Sigma: 7647-14-5) -
MEM(Gibco:41500-034) -~ sodium bicarbonate(Sigma: 144-55-8) ~ sodium
pyruvate(Sigma: 113-24-6) ~ 95 % alcohol(F K| F ¥£: 64-17-5) ~ 3 fk (K| F %£:
67-64-1) ~ Span85(Fluka: 85549) ~ 4 -k JF## (J.T. baker: 64-17-5) ~ I¥ f# % (Alfa Aesar:
25316-40-9)~ & &4 (7 L %5 Ok R ) S AR A (FRA 1 190-02899) ~ AL (B3
I F) s FEET (S AER)EF L (FHEL 080-00955) ~ & H4B(H A E
&)~ ¢ = fx(Applichem panreac 603-027-00-1) ﬁiﬁ' fadph(FRH %1 190-01345)e =
32(ACROS 118420010) - Hyaluronic acid (Mw: 5300D, LIFECORE) ~ Branched
polyethylenimine (Mw: 25 kDa, Sigma 408727) ~ L-histidine (His, Sigma H8000) ~
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) >
N-hydroxysucci-nimide (NHS, Sigma 56480) ~ Formamide (Riedel-deHaen 33272) ~
Triethylamine (TEA,Sigma) - MEM (Sigma) ~ Fetal bovine serum (FBS, gibco) -
Penicillin-Streptomycin (PS, gibco) ~ Mineral oil (Sigma M3516) ~ Span85 (Fluka,
85549) ~ Glutaraldehyde solution ~ Xylazine (Sigma) ~ Zoletil 50 (Virbac) ~ DMSO
(Sigma) °

12 % B A

FTIR(Bruker Vertex 80v,Tensor 27)~ Heating blocker (#r #% 4, Corning PC-420D)

’

pH meter (Mettler Toledo) ~ Spectrophotometer (Hitachi U-3000) ~ Vortex (Genie SI-2) ~
F 1T 4 45 (Coulter LS230) ~ & & 7 = (Malvern, Zetasizer Nano) ~ ## :* & + & iic
4 (JeoL JSM-7800F Prime)~ /4 i 32 % ¥ (Heto FD4)~ It = % 5k &g et (ZEISS
AXioskop2) ~ 42 F i % % $#(Sunnex) ~ 325 #$(G-100R) ~ - % (sn?z * KN-70)
‘mie 3y & fa(NUAIRE) ~ 3 B £ ~ & P ANR 4. c 8 (5415R) ~ -1 g R 4 B
(TM-328) ~ /A4 % & iF 'k i# B (B-211 ~ SB301) ~ 3 & £ #& % 3# ik (Agilent



Technologies DD2) ~ it = ¥ 3k &g #ic45.(ZEISS AXioskop2) ~ /4 ik 52 % #% (Lypholyzer:
Heto FD4) ~ § &t & & +7 ik (Laser Diffraction Particle Size Analyzer: Coulter
LS230)~ #5 fg k4o 2 7k 2 J o & 4 7 ik (Particle Size and Zeta Potential
Analyzer: Malvern, Zetasizer Nano) ~ & + 4| # # % T & & #c 4t (Hitachi
TM-3000) -
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1.13 Hyaluronic acid / polyethylenimine-doxorubicin nanoparticles (HH/PH-DOX) &
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PRI R AR p RS SRR RS 5 G RPLE TRT
A R R K B R A B P A BT R % A
7 g K-t veps o W2 HA o PEL & 2 & 557 & RIS+ /RBP4 > F] 5 2R

BT ARk A T b opH ERB TV A WEFRoE S T bk i
Mm% M PEl A R AR E R v knimie d o gLt ”ﬁ’ A ek
FERPS AP BEF R S k/MokpI Er b e a 24 0 8
% 4> Doxorubicin 7= ¥ F i E K/ KA T (T e IR FAF &5 BEE o

1.14 HA £ Histidine (& '=fs) £ $= & = &2 HH
Brimsh HA (0.662) 3% 150ml ch= =k o 2K is % pH B2 5 5.5 ot ph ok
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; EDC (0.48048g) v



N-hydroxysucci-nimide; NHS (0.28842g) 4c » it 4 F & 30 ~ 45 > 30 ~ 45is £ #
%k pH £33 7.4 & ¥ 4~ L-histidine (0.5181g) > #F >R T F Ji 24 /]
PF o 24 [ BFEES 5 BRI REFHAT 0 & * MWCO 3500Da #% 47 8 ~ = =R iF
AR CBPFRACEEZBZREFT L RITE > RS R L R nE Sy o
'HNMR 2 /i & § =A 4587 -

1.15 PEI ¥ Histidine (%2 %%fk ) ¥ 4= & = 24 PH

B~ L-histidine (1.32g) ~ EDC (2.452g) = NHS (1.472¢g) % ** = = -k 150ml
vor#-pH BB I 5.5 F J& 30 ~ 48030 4 4815 4r » Branched polyethylenimine ;
B-PEI (Mw25kDa) Iml> £ #-pH E# 1 741 » 3R> FETF K24/ o
24 | FEHS 0 MF RARIETEH 0 # 7 MWCOL4k Da 54555~ = =k iF 5 54
R BT R A BRI R E A RICE RSB A KR DA S 2 THNMR

LR X

1.16 Hyaluronic acid/polyethylenimine-doxorubicin nanoparticles (HH/PH-DOX) &
A
B~ Doxorubicin hydrochloride; DOX-HCI (5mg) §= TEA (1ml) ;% ** formamide
(4ml) © > @k F g 22 | pF 22 /| FF{s > 4v » PH (20mg) * &2 /| FF > 2 ]
PFisiE T4 47 0 € * MW3500Da %547 &% > PBS (pH74) it ird472 % » &
Az R wokmERrE- 2 - 34521 > ¥ 2% PH-Doxorubicin
(PH-DOX) %% » 2 (6 £ 52 Z K HFBi%3 R 1 20ml & Best 3 4 5ot 4 6 2
o B fs v # PH-DOX 7% % f HH(/4 352 % HH ™ mg/ml /33t = = -K)iB iR 14
v 578 & > {8 Hyaluronic acid / polyethylenimine-doxorubicin ( HH/PH-DOX )
nanoparticles 5Kz R BT A e m AP F R FEFREA TR T A 470

% 5t ts ¥4 & 9 HH/PH-DOX -

1.17 HepG2 !wrz FEP~7 %

#-HepG2 * % im™ th3s % Ao M Fa ¥ 1 0 2 3P R 230 10
2/ dish oo % HepG2 »t gt i F £ 3 ~ &% 18 ¥ chmedium 5] % BRI
i P~ HH/PH-DOX 3% (1lml) (W& > 235 233> 2 AFk* Q3 RAET

JopE) AL R b 2 (8 e » AT medium (9ml) 3¢ dish P £ & - B



4] pEis > % PBS &gl # kwikizi® ¥ ¥ B glutaraldehyde solution 1ml i& {7 %
FAS A4 1S S4BT i8> — R % PBS kwikizif » hfsde gty Hig ¥
2 ¥ s e IR G o

1.18 % Gellan gum Hoke 8 &%

ek B % ch o BgR o okt i2 (water-in-oil emulsion) ki {7 0 F ¢ R
ik b Ap S AR deoe 0 @ gellan gum ok R B 5 kAR 0 2R s A ook ap 2 10
1 et G (7R fodds » $309 b Prepde » L8R3 Ca’ (F V4T CaCly) 73
2 B E A B {8 @ gellan gum CK ¥ A5 S & 0] R e Aok o B~ Gellan gum( 0.12g)
v 40ml enz =R P o fRoRAe# T = 2B R S{e * dropper v > @ FEHL T S0
C ehggd» i ¢ (400ml) > *+ 400rpm T F i o 10 A 4815 > 40 » % — = 1.25%(W/V)
chg 1474 % (10ml) fo Span85 (Iml) » # 24 R (5 FHIL 1 J o1 | pF
TS b r B2 K 1.25%(WV)Eg 4T GR (10ml) 0 et A R 10
A48 10 4 418 B B IR 7 ol gl B R i@ * 25540550270 f- 170mesh
G TEE > TP A frfos -k kv wash #- 2 oo REIT D ok
¥ oo i size SPBCR FRIRT A 4T 00 2 R T R g SC R BB BRI E -

1.19 Gellan gum Agk ¢ % HH/PH-DOX 2% 3 3g4 %l &

4 Gellan gum( 0.12g )3 *+ 40ml &= =c -k @ » %8 14 4c » HH/PH-DOX( 0.04g) -
Fe-R4e 03 = 273 f&075 f215 * dropper FE S F » @ FE# 1 50 C ehdh 47 i (400ml)
P dr {830 400rpm T OF B 10 A48 0 10 A 4B 1S 0 e xR - =X 2%ng TV ATR R
(10ml) 2 %2 Span85 (Iml) > 2 {8 2 341} FF o 1 /] FEF{8 » 4e 2 % 2 =X 2%
F 473 % (10ml) - P2 PR o2 DS A o 2K
7 Mo B R A w1 25 540 ~ 50 ~ 70 i3 170mesh ehéF BT 0 @
fefe= -k kw wash 4 8 0 B {SRE G KR P o B e size dick B RRE A

WLE R R ST e B R

120 Gellan gum #c#-¢ % HH/PH-DOX i {7 48 *F 2 3 8 2c 5t

% HH/PH-DOX 2 i 34 gellan gum gk & 7 %2 size (&6 (F 2% 2
2:6) 0 RFAGIELIE B RBIETIES S 2D (ZEH ) k%
4e » 2ml sh PBS (pH7.4)> % *+ 37 °C e F-kig £ ¢ (100rpm ) i& {7 2 4+ #3< »



EB AP 0 E S 46 % o feBe TR hoT LB {15 F KB KB
AL DT ovortex B 3FL o @ HIRfo- 0 2 S 3w 15 2 48 (4000rpm ) 0 R B~}
#Fi% lml & » eppendorf # - &R OD B L 15 F ¢ £ & f 4v » A7 1 PBS
(Iml) &3 > & & - ¥ B8H & 5045 & 2ml > 572 3 ¥ ) Doxorubicin % 3+
2

2

121 3it 7 &4 18~ 3R Jn e G B

MAFfphm e 30 R o fagiimie 2 K 3 T8 418 0 #0.001 BRI T B
e r 210 FH i AR o P RFABRT 1S LRRBE T > L
Bl 30609 ) Pt o i MRAL R e BRI T B DR

BT e (HepG2) &t 10 2 A % B AT &1 0 #0.001 sui=it 7
EWAR 10w iRy P RFART L PR R A W
S A 35951224 EEF 0.05 %t Fev fER-mEe 3T T 0 R B AR Y ok Ji
MLy > BHY - A 1.5 A e 4 Fg(Eppendorf) & &F‘z{%{ﬁ,ﬁ’* :
Mo me R R s T R ,—;‘-,,z % 1 A PBS BRI UK R LS
3 WBmE ~ s e & (Flow cytometry » FLOW) o gt F 5k £.3% ¥ 0 35 dm e &

Todf Ao BLBL B ol o 7e B iR B B DR o

100 5 mee 5 55 5

#HepG2 % 3 963 4% ¢ » & — B3I 3x104 B % (R 5 80 )+ 4 »
27.2 (425-300 fic o profecrieit 7 EF A R AR R) ~ 55.2 (] ¥ 212 fie ok pofen
it 7 B HE R AR R )0 749w g/ml (710-425 Bk Mok ciic 7 5 0 8 R
kR )R B B AR10 2 ) 2w a1 {02 % pE4e ~ 10 fic? ¢ PrestoBlue

WAl 3T REA 2L R PIAE STO R KamkiE o

123 " imbe k= 225

Melm e fEY S GVAE 0 K VA AX105 it o 1A 1 X (84~ B > fe ] 317
LM (425-300 ficst fokoefe k% R MR R) ~ 235 oM (o] % 212 Bk Mo
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Doxorubicin release (ug)

Cube root of doxorubicin release (ug)
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213 HH 2 NMR %% A 4

1% & B+ PEs R FRCHNMR) k5 & P ik (HA ) fe viepit (Histidine )
LA HH #F iRl > 2 #2 F R4 3 330 DO ¥ > R GiEs + 7 ahd
Ak A kAT B DRt o b 8.064ppm(-N=CH-)1 %
6.979ppm(-N-CH=C-) ! . 4% § i + (proton ) X 3 E » &
methenyl & 8] 27 % 3%fs ek ek 7 (imidazole ) A 2 7 F Ji 0 7 —‘F%”)é 2L (FE
22)
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2.14PH 2. NMR & % 4 {5
F1* & R+ P+ 4R %3 R('HNMR )4 F e % & #%=(PEI )¢ ‘2 r%=pé (Histidine )
<457+ PH A4 » FW"#-PH 2420 DO i&d A 4754

BE AT &
g5 e § o o 7.714ppm(-N=CH-) 2 2 6.959ppm(-N-CH=C-) % .47 e +
(proton) 4 & &+ @ 1 R e 4 & #% (PEI) freripi (Histidine) .2 5 £ fi »

= F3 PH (B 23)-
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B] 23.PH & = 2. NMR B -

215 h G 7 =
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Bl eng $HE=>% 2 30 0 Fpld 5 SAE R T Adr: [ 30=> Rl s

PRI ORI EREENE>L 2T EP R AT REE G T A
FEkFwE - R SE ST G AB LR 4
PH-DOX - HH » HH/PH-DOX = € 4§ 7@ ehL i5igfcdl SD & o jiJf] 24A * ¥
F P #E AL s £ 28-102mV e @ PH & 246 § =5 45.1mV (H

24B) > #-3 ¥ f ]4“ A- A2k R8> AF PH-DOX fia 7 %% 35.6mV (B

2 % Doxorubicin ~ PH ~

vTiExH AR T ES

24C)  izEF LRI o B 24D 5 HH & =7 %
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% 2. Doxorubicin (DOX)~HH & = ~PH & = -~ PH-DOX ¢ = -~ HH/PH-DOX 7

BOG R EARE R L DR R -

DOX PH PH-DOX HH HH/PH-DOX
Runl -9.29 434 33.6 -43.5 -25.5
Run2 -10.5 47.8 35 -42.7 -25.8
Run3 -10.9 |- 38.3 -40.4 -24.9

MeantS.D  “-10.2%0.8" “45.112.4” 35.612.4 “422%1.67 2541057

Zeta Potential Distribution Doxorubicin
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Zeta Potential Distribution  [H/PH-DOX
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2.16 HH/PH-DOX #js & 47

#-HH 4v PH-DOX & = 4 %12 4(80ml )+t 1(20ml)=nt ;8 & (7 HH/PH-DOX
23R T Ed R ELATEZ £4FBEAS B 5 140.5 dnm ~ 139 d.nm ~
140.1 dnm> * 3218 %) 5 140£0.8 dnm- @ $ 4 474y #(polydispersity index ; PDI)
% 0.099 > % < % & ‘Ei#ﬁﬁt@j{z? HH/PH-DOX % 3t 3gkk s — ot (B

25) (C. Senthil Kumar., 2015)

Size Distribution by Intensity HH/PH-DOX
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2.17 ¥ % B ™ HepG2 #P~ HH/PH-DOX % 3 3 #-ihi-2)

Aot PP R TR &0 P AR 5457 LR P doxorubicin 97 A
K€ F § U BT 9] HepG2 ¥ REF o B 26A & #7412 - & F 26B 7 %
‘e R e 4 S B HepG2 v k0 £ 8] b i d| e ndna 2 4 e » 1ml e03 f 3
#ip R o 10ml > %5 & 4 dmedium s @ B 26B F S 2R EF 4 » Iml 7% F
$E% % fr 9ml o medium o 74 e o F B R £ i 24 [ PRS0 kB
et 400 BARTF T 5 F LR 56%_9_4)3 EEVEAR IRCRE B eh B Sl o U R L
Bl Tsan Foarimee d o APy L g T E_HH/PH-DOX 3 A 3 st & 53
B 7 HepG2 ‘¥ > HH/PH-DOX 2 5t $f422? medium % F 32 % 24 /| P8 » 2 3
PR T A AT 2T HepGRim®e ¥ o )b B % g _§ 4= R 3 pFerH F {8 0
% ¥ HH/PH-DOX -k {* it Jx % 4 doxorubicin %%,’EJ Bwgie® i~ 3 HepG2 ‘m¥ »
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2.18 gellan gum ok E ELHE]

PR 2 2-51# % 03% gellan gum ;%3 ;% >t 400rpm T 1 ] X 20
AdEo T2 A (S A 2 X 1%eng (VAR R T A T - o 4 §T e gellan
5 EEREA, R Rk o 2 (e E-Z ok R A 254050 ~70~ 170
g

% 3]-] mesh & héFp:&(FiE & o x&,_? * %t 25mesh Gk F £ fmA o (L

ﬁ@?’;‘m%q‘#m%ﬁﬂ < RERRBY AT (B27) F AT T A

I gt 2 WA gellan gum Mok £ 7 700 330 H 8 0] 3 25mesh Gk

> %) 5 25~40mesh ~ 40~50mesh ~ 50~70mesh ~ 70~170mesh + = ﬁ% Bl > B)iE-—

CANrN

Hagd RIS A E s - PRI 4 > 2 SEM T e BAI G frd B B

o

B 27. + > 25mesh 1/ } % gellan gum g E BLE] ©

4.19 gellan gum Ao 4 45 3% & + BEACEL™ P ELAI B 2 4 6 B
] 28A 40 28C & 4 gellan gum Aok s 45 55 © & BIACKL ™ ¢17F BLA] /i » ] 28A
% 250 & &> ¥ 3% if scale bar fe vk 7 ok T 9 5 200-300um; B 28C 5 700 i F >

A

FAE 5 5 100-200ume % iE Bl 28B r 29D ¥ i 4 gellan gum Ao s & B

WA 351k BRI Ak B YRR EL T P43 Q%‘« 2Rk T e A )
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B 28A-D. # gellan gum #cd > SEM T b LAl ir o 6 %fﬁ o

420 gellan gum Bk fs & 47 B

#-0.3%¢ gellan gum ;3 ;%3 400rpm T #FF 1 ] FFEX 20 2450 2 s F HiET
3 I mesh B chiE R iE A 5 25405070~ 170 4 * F| | ki& (7B > £ ¥
Wh e MR SED SHAF L KRR R ZEF AT o & B mesh §F
o5 Z EAF R R B TI0E (T F 4rig 7 b mesh SR T TR A ehR S 4]
dopt T E PR Tk okt o (e 3) e Bl 29A & 70~170mesh # ]
#-= EAF AT ehiE T 3518 17 184.57+3.20um ; B] 29B i 50~70mesh %%} JE N |
4§ #7118 eniE T 3514 17 285.23£2.96um ; B 29C 3 40~50mesh % Rl = 4571
enig T 3915 17 388.80£1.56um ; B] 29D B] & 25~40mesh %ﬂ Bl %= £4 7 F hiE
T3t 1§ 481.57+22.40pm - F & B FR I < ] 354 100um o E RS A 45
“TR|E ehiEfor B3 mesh & 45 R 5 AP



# 3. Gellan gum #cf+HH/PH-DOX % # 3f#.7 2 ® «t F R RZ €47 5ip 2

HIT32E4+SD E -

/um 70~170mesh  50~70mesh  40~50mesh 25~40mesh
runl 2443 364 464.1 454.7
run2 246 367.5 498.5 641.8
run3 238.4 358.1 424.9 356.9

MeantS.D 242.9%4.0 363.214.8  462.5136.8 484.5%144.8

Differential Volume
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Differential Volume
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4.21. Gellan gum #c-& % HH/PH-DOX % i 3pf 2 3 fa 5\ T F BAcsL ™ ceh i
ERURLE ] 2

#-0.3%¢= gellan gum ;% /% ¢ » 0.04g 7 HH/PH-DOX 3 X #g 4 % >3t 400rpm
T3 LA 10 A F (54 A B S 2% AT R S D - 1A
e[ E4 > 12 gellan gum % PERE 7] €A = Mok o B 30A - 30C 5 ¢ % HH/PH-DOX
e gellan gum Bok >t 4 38 T F BaksL™ b LA i B 30A @) 30C ¥ 5 110
T HuLTF ¥ 15 3F scale bar 422 7 Aok T K 5 700-750um fr 500pum = % o [
30B v 30D % 3¢ % HH/PH-DOX & gellan gum fci 2. % & 4 0 & 3 & 20k
BRIA4A0k B ERBRK T ¥ 4P R ‘T“z‘« B A A T KR - HEVF o ot

¥ 1 {8 5 HH/PH-DOX 7 st 3 #cr4e » » 2 ¢ B2 58 gellan gum B £ o ek Sk
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(4) (B)

500um S4800 10.0

213
130 A-D. ¢ § HH/PH-DOX % # 34 gellan gum fcfe> SEM T &%k 219 fi

'fr%\» ] “",—"f# °

4.22 o Js A F7

#-0.3%¢5 gellan gum ;% 7% 40 ~ 0.04g 57 HH/PH-DOX 2 3 3% % >3t 400rpm
THREZ PR 10 A4 X S 2 B X 2%% VAT BiEF L C BT
¥l E4 > 12 gellan gum % FERE B 2 A S ok o 2 (S L BT /A7 F mesh &
iR RE 5 25405070170 d * 3|/ RBEFHEHF > £ BB G T e Bk &
BB FMI AR TREEETAI o F B mesh FFIDG = £47 R E
B T30 is wE A % b omesh BT TR A P K] o et TE E B
TR 1 (40% 3)- B 31A 52 70~170mesh %@ v = AT T D
T $5(5 F 242.9+4.0um ; B 31B % 50~70mesh [ » #-= £ 4f (¥ i T ¥5 15
¥ 363.2+4.8um ; B] 31C 5 40~50mesh %Fﬂ Bz AT E BT B F
462.5+36.8um ; B 31D B] % 25~40mesh % Bl > Bz 47 F e 5 F



484.5+144.8um » T 355  f Flop i 5 ] 324 100pum > 2 T A 45 40 R] E ehiE

fow B 3 b mesh & 4 F™ 5 0¥ o
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4.23 Gellan gum #ci ¢ % HH/PH-DOX g *t % 4 8 2 5t
‘% @ Doxorubicin %% & 4

AT 3 #-0.075mg ffe i E @ % PBS A 7R 0 54 451Inm LK #-2 frin 6
Bk B (75%10° ~ 37.5x10° ~ 18.75x10° ~ 9.375x10° ~ 4.6875x10° ~ 2.34375%x10°)
RISk TE > SRS 1T SR fF AR R (oW 32) 0 FER TR

Hes 3k & %~ f 7§ % Doxorubicin £ o

®— Doxorubicin (PBS)
Fit liner

0.9 -
08 .
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06 -

0,5- /
i Y =0.00126+0.01078X

0.4 4

4 = ( OR
_ / R = 0.99981
02- /

0.1 4 P
0.0 4

Absorbance (451 nm)

MN—_—
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Doxorubicin concentration (ug/ml)

@B 32. Doxorubicin (451nm) 2z {&#& & R [F] -

424 Ryt B d SARE)

4o 33 #7010 EEF A ARG T35 242um ) Gk (G 70~170mesh %Eﬂ ) k=
¢ @ MG T 363um < ] ek (b 50~70mesh §5 ] )5 S 4 AR5 T35 462um

<o) ek O 40~50mesh§3='l?fl) d O R R L E A AR B
#-Doxorubicin (1} B2 FHREL o RAE E NE L T3ug2.7ug~ 1.7pg
#3007 (1) 4pk £ & e gellan gum Aok > FUZAR ] > £ 5 AL > Fpt g
Doxorubicin 8 3z F A% (2) gellan gum Akof S 4% o Bo-K 18 B s g 4%
P& > i3 & Doxorubicin izt FA%F o pL b AR %S 2 2-8 (B AR



Tk )¢ AP F T K 242um ¢ FHcRE R o Fl4t B R 2% model
W B 242 ~ 363 ~ 462um 0 APIF R iR A4 o

——242um
~—-363um

k= 462um

Doxorubicin(pug)/Gellan gum microspheres (mg)
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Day

B 33 = &~ /] & gellantHH/PH-DOX #ck % 1~ 2 d L[| o

425 B AR b 3 6 5

W2 A ) ok Al R 2 BRI R e 3 A U H
34 chi % T U iE A 552 pg/ml it B RG AN -~ o X Sfeindled 2
MF L2715 pgmlaneit 2 5% 25 - A3 22V ¥ LB 7494 p
giml eP=it T 5 G a8 - ~ 2 X FEFHFHLE 22715 pgml dreit 7 &5

AR REAMHENERZEMTNLH N

C.S.Park % A er#7 3 » i i % ASA9 (a§ M2 5% ~L - %§ 2 5% B R
N R EY O RARRATEYF PR ORR BRI S BT R R
3-25 pgml ¢ &2 Ffrenime 3 440 @ 50-400 g/ml RBIE_A 4 7] chimre &
(Park et al., 2015) » A F s ® * ¢0127.15 pg/ml 4> 8 B fofoyl 7] mie & ek
B oo 552 pug/mlir 7494 pg/ml kR 3t R mie & ok R o BEAR R ¥
im e Pk e B RGOS A AR R 0 R R e % 2 A F e dn 2 o

bR - ALt L8 B



B Control

B Gra-NH, 27.15 ug/ml
— 1 Gra-NH, 55.2 ug/ml
[ | Gra-NH, 74.94 ug/ml

100 o

80 —

60 —

40 —

Cell viability (%)

20 o
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Bl 34~ st T B HIFR e R A S o ® % ttest #ardl e d &m0 R
*RRL o LY B F A R (p<0.001) -

4.26 w3\ e R EIFR e enim e

% s R0 Annexin V/PL k3= 88 o x4k B 0P R F okl
TR H TR e F S o ip B Z S ] Ao e kot o W)
35(A)B I R mre RF P R R B B IR e inmre = R 0 19
P53 B35BT 0 1.57 uMenfe gk frirdlet EEFLE - @ 235 uM e 3.17
uMeafr gk Z R G 224 ¥ L B 1395 B 35(C)% 7 552 pg/ml{r 74.94 1 g/ml
R T B dley EFEALR R SR T U b ae
R A= 2 25 A M: # o Z APk E fr 55.2 pg/mlfr 7494 pg/ml ez
i F G f AR 0 A e B o



< Control - DOX- .57 pM & DOX-2.35 uM - DOX-3.17 uM
2% 016 27008 27024
o« ™ ™
E 2y o1
Toy Loy Toy
& o 48197 - § o781 . § o470.17
o w [
% =] o
=) 1fls7o, P-u MBso 1. Sy
2% 1 3 A AT i 02 3 a1 B . o 3 4 .
10 1 102 108 10 10 10! 10 10% 10 10° 10! 10 10 10 102
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< Control - Gra-NH, 27.2 mg/ml < Gra-NH, 55.2 mg/ml <« Gra-NH, 74.9 mg/ml
=3 .00 =4 T .60 =4 e 2.12 27015 .01
()
%]

o 7091

B 35(A)~ P i foieit 7 &% P o e B = Rt mie RBl o i % Annexin V
e Pl kglored= R FELIZBRREES TR0 - 2 EDREEE

TSR T RFRT FR - X SRR

| I 24HDOX |

50

Apoptosis (%)

Control DOX DOX DOX
1.57 um 2.35uM 3.17uM

Bl 35(B) ~ F7 il & ¥ o2 fn v = din N e hE SR o ¥ Z A kA D
Pl E o L R me - X (5 b N e RenE (5 o % ttest B d| 2o

Bl 0t 0 ¥ 4om B E L B (p<0.05) 0 *** 4 7 2L B ¥ £ B (p<0.001) o



70 o
| Il 24HGra-NH,

60

Apoptosis (%)

Control Gra-NH, Gra-NH, Gra-NH,
55.2 ug/ml 27.15ug/ml 74.94 ug/ml

B] 35(C) ~ =it % _%;_JTF i mre e = dyi e REER o Y 267 Rk
Roeveit T B 0 A PR - X 18 F iR e Rk GER] o @ % ttest

Fllefod oot o ¥4 7 B F L R (p<0.05) -
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2 EEWEMRLRE (Day0)e 2 H > RERLF 4T UFR AR A1 B
Repp e FAEE > 24T AL (F36B)ed ¥WEF & 4 2 $%pF > AL EF
Bl F enia > Birdle (22) fefi s (L2) FL P Bad 23 8E
+ 3w m %«p—% Pl &2 B 2P m 228
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