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OFEHIA A (drug delivery systems, DDS)ol& X5 EAS
sh7] flell Abgshs Aldoly AAE dAo, ofs W
=9 £, AR 9A T 2ATeEN FAES HAasteta A
589 E Y F Ut Fdo] vk [1]. H2ee
Aoz YA A e kst AP Yo E o] &3 o &
AEAAE 50 o] Folx 1 Ut yimlglol= 3ot Ao
U Hest 5o WHoR ofEs A & F glow, SolAel x4

2]
Z7] (targeting moiety) & F&3 0 ZH dsl= FY2 Addd 4

=
HU
ruﬁ

L
i
e
1o
i3

o & vAYSS 2e eSS Al dgdgoEN AmadE
SAA 7|1 F2G9 ALY S =Y & don 53], HAFH]
Al (doxorubicin) F A|A~Z2Fe (cisplatin) & Z&2 st Asa

HE yErdu s dH A v [3, 4], 5AF8[AE DNA Afole]
A4l (intercalation) AW MX deolA AF&tuzd-s FAdsH]



oFs Adg S AREe nEAY 2E2F (8], §AUxEFHE,
kst Ay 2L wa fd =2 (9, 101, Ak #&2 )
T AEAE o] &3t dAyE0] Eol
B Qled, 53] AATEAR] i AdAd S5
o AR ARAAEe 7P ERE obyet vekst ARUE
7EAI AL Qle] JfE o] golstr] wiEel &8 7bsAdol =k dAATEA
Z|EAROIY [12] &AMl E [13], 92ER [14] F9 7=
F§3t ofe] dg-E0] Ryt
HEAEZ @~ (methyl cellulose, MC)+= AEZ2A oHE
SARZ 2, 3, 6W B9 slo]EFAY] F RV WEr|E A gd
S 7K dfgr]e] Ao w St FHEHY X3 uf
AT R A5 Bl EddetA E4E s X

/d (amphiphilic) &] 112+ ol [15]. FHold AT S vt

:{o

:
o, 2

o® #3pAl, FHA, =G T FopolA tretA S&EHI
At

5| 4FE4t (hyaluronic acid, HA)-2 A8 7| 4o #4702 A
A& ol Hojur sto|=5A17]8k Ft25A7|E ZEAaL Qlo] 3}

A el golatrt [16]. #rRE ofye} bAoA 3 Bd ¥
CD44% H|33 vkt F8A 9 d3 2ol 7heall dAxsE %
O Fhz FEAGA TN FE&5HA AR |

ZgZFF 24 (poly (glutamic acid), PGA)& olm|= ZAstow
d¥ A AR AAZ Al Hojuar AIEA e SR EAIVE
ZEA AL glol v AHE7IY ofE T TRATE d4E 5 3l
FEAGAEA el &8H At [18]. 53] o ®aoA o=

2



5™ EE R ETEEEEEZ
> < ~ ™ s Sl s oy
S g ™ o L < T = S
0} ﬂ_AI — ) S froiat DT.c =1 my "
i o %P oo o N A W g
£ 7 J oo B P w A
o A y o7 o X ol R %o
Z ) o1 iz N o E = of
e R <] ok <) 5 =
5 Et ni Zl ET ! ﬂ_DI o| oF ,D_.:._ o}
W oy ™ @e m M i Wy B il =
g uox T .Q ﬂ_ol ~ -
S B do W woE o o o
S 0] oo E =M oy = O A 3
S 3 = ol o9
SN WOl R T e B
! Mo E O g o R i T
A T T X% P 2o T
0 ™ B o B = ol ot
G o T OF D oo W%
T 7o =) m_l ie) .ﬁ ,D_.:._ . Eo
MH HWO ,OI 110 Elm._ Zo n_Alo c.:v z.L e ‘Ul
o B o X fron B ol ® B o
S &l rEOS Y — R o
C @ g R PR 25 TG s
S R T T g a2
| o X o= n X
5 % & m X o ® 5% e o
wﬁ ) s ) T o ® E ~ M
1o O#E _ui - E.E =L ~n &O < T oI TS
ﬂ_AIO aﬂ —_— ‘7A| A ,OI 0 O oo EO ﬂ_0|
;%WW%@EMO T T
%@;@waﬂa%m%%w_a%
BE oo T %ﬂwxﬁv = o
b N T N Rl T
o W o 0 W ®Hr o

A



2.1 93FE o|&d FEHAIALH

2.1.1 HEAEZ QA 7|4t GEHIAAH

AZZeAE A EAsts M 73 dAudAE B
—(1-4)-FgFAE= A (glycosidic bonds) 0.2 AZAF o] Q)
[20]. 3}3td NS Fal gekd 249 2Hol 7bsdh] wEe
QY AFE] theFEE ofoll A o] B Ho| gtow, HTol= ARald
AAAGAo] Hojurhs Fe @4t A ARz SEstux
sk d=o] &bs] Ay vk [21].

gt AEzes oHEZ fFRA T sty HEdERes

thi= 540o] At (Figure 1) [22]. MC 7]REe] oFE A AH]
o FE 2ho g E-4 Wo] SAS &8et= A-¢7F ¥oh Li

A E|o}2AF (stearic acid) & 7§A 3 MC ol =2 RS A%
st FHIVAIQ] H®=3¥H|= (tenofovir) & HAEstazt 33lom
[23], Jamard -“s<&poly (N—tert—buylacrylamide) (PNtBAm)<
JepEESt] Az MC yYxeAls 4 ERE (dexamethasone)
Ao ARGSAT [24]. Yx=dA AFe k=g A4+ Kim2
FAre 2 s MC X4 7IHke] ok dEA|A®lY [25] Jeon
o WldrEAte® NAE MC #2A 7|6 oF& W {3z T4

SAAF o] Tk [26].



CMC
R =H or CH:2COOH

- CH,OR CH,0R -~
R ¢ R ¢
o o o
OR OR
HPMC

R =H or CH3 or CH2CH(CH3)OCH3

Figure 1. Chemical structure of methyl cellulose,

carboxymethyl cellulose and hydroxypropylmethyl cellulose.



MC #ox o8 AZSFR A FLi|Eo] s dEAAvoZ A}
EH=d, dxdor JtERAMEAEZ A (CMO) 9 dfol ==
Azzg dgdE2 e (HPMCO)7F 9tk Li 58 AT
BAA7Fs3 (bioeliminable) 544 @437 918 CMCE + A}
&% 3t (2—(2—-(2—methoxyethoxy) ethoxy)methyl) oxirane,
(ME.MO) 0.2 7jd3&te] HaFu| 23t dl=~El (endostar) & FA
A AJAgoZ o]&3}glor [27], Butun <& CMCY 7H=25A]
719 o] =FZAIVI7 S5 dAket st AsAgs TRIte HE
o] &3}o] sodium bis(2—ethylhexyl) sulfo—succinate), (AOT) %
AAGAAZ, divinylsulfone (DVS)E 7}aA|Z AR&sto] 24 7
oA FEAGAE Axskodct [28]. EH All 52 methylene
bisacrylamide (MBAc)Z 7} #|Z, benzoyl peroxide (BPO)S
2t AATA R AFE-ste] HPMCeoll wWEetoladA (MAC) S 1
g Este] FFAE Azt or WAl (venlafaxine) A

Az ARgsEAT [29].

2.1.2 3| LFEAL 7|0t EAGA A

| 4F&EAF (hyaluronic acid, HA) 2 AXQ7| A9 = FAHLA=R
D—glucuronic acid & N—acetyl—glucosamine? W& ©9 &
AE Yol mAfeltt [30]. stol=FA7]8F FFERAVE THA]
o s}st4] 7jdo] golgk ErE oy} W o &
NI, Hojdk AA AL IS 7HA 7] W] oFEA
Fosk o858 FokollA wdstAl &8 AY [16]. 53],
HAY bAoA ¥ dé s = CD44, LYVE-1, RHAMMY} #Z&

FEA9 Ags] WEZE (endocytosis) S FES 5 Q7] ufEo

-

30
o

4 K
ug

o



e BAOE ol FEAGAAROR HWol AgHa gl [17].
Fan 5 HAS 7t25A17]9F A A&etd (CDDP) 8 #a Aol 9
T A%e 3 pHel #3As 2 5FAE Axsdvh A =
Aelld 95 %2 CDDP7F a3 er WaEd e g Flsalon,
CD44el e FE¥e WxaE§o® s HA-CDDP =
°F 25" =& SHHE ZASE Hole s gt [31].
Pedrosa &< HA°l 4254 &<l 11-Amino—1—undecanethiol
hydrochloride (AT)E IZ#ZEsty o]t A3 (disulfide
bond) & 7M+=  1,4-Bis(3—[2—pyridyldithio] propionamido)
butane (DPDPB)& 7FuwAlZ ARG-8le] v AlS Al 23300 i
AL 278 dEd AFY (curcumin) @ AWEAEE
(simvastatin) & E&2 o2 X gom sddehde 75k
WE Ase BAY [32]. Zhao T FAEHA yx=dds T4
Z 37 (dopamine) ¥} QA EAJo}d7¥ (indocyanine green,
ICG), HAE ##= 3¥Ystel LBL (layer—by-—layer) T7%% 7}
2 Uxedas Azt dedx e 24 G ICG
o8 dE FE g (photothermal effect) 2} AESAAS B O

W CD44el o&] Fiss WEAGoR Q& w2 SAE

a9

X

32

ke
)
ot

2.1.3 718} g7 GSEAGAAHOZANS F&
MC, HA 9Jo%= A A gy A, &3
gredt 7124, dAo|ES} e thakd

Aagor &gH A QY [34]. Xu 5 WEFO shol=5A7] ¢
Eg



A
Huang &< 72852 wWEd7|=2 7iA 7| EAqkel] 7ieEdhs 53l

[Kl
(m
Oft
Lo
£
ok

22 FFEAE (poly (y—benzyl—L—glutamate) ) & 1}
xR o 7|EANY} SFEARY] whE Blo] mE 54
o] zPolE FRlstal, ©]E FITC—dextran® g o]&3}3itch
[12]. Jiang &< 2V|E F% (palmitic anhydride)= 7§ 3t
F|EALC R wlo]l Al (micelle) & A|F3sto] 4254 oFEQl o]FZE
# (ibupropen, IBU) A& AFEsls] o™ [35], Zhao &= 71A
o] Zgoddlo|nly dAYo]ER YnHFAE Alxste] Hs
of &l op7|H= B4 HAAROH, s - A SAAGA R

ARG8T [36].

polyglutamic acid, PGA) & o}n|= ZAsto =z 4
1 gAske] BALZARA AFoly I, odh, Al 2
ChFgh Lokoll Al FRA AREH L vk [17]. ofulY|7F FatE =
t25A718 A et et v F F7E isoforme 7HAEH|
(Figure 2), v—PGA & vpA&l A (Bacillus sp.)¢ 32 vhe|gfo}
of o3 AAEY, ¢ -PGAE FE y—$A7} AHE L-2F Ak
N—Carboxyanhydride (NCA)®] S&eol oa 4 €d [17].
v—PGAE D—¢} L—glutamic acid® TAE FE£449 Eg o=

N



oh [16]. F=2 A WAl Fdz2 55 ddstr] fe =
AHEEIAY [37, 38] 7R 7tng Bl A IS 9d 27

T2 AMEE I 3tk [39]. @ —PGAE y—PGAe°| H|&] ofn =4
g Atele] A7t g7 wiiel frast, 4 Ve ddow A

Fnk oplel "EgHgl e 553 FxREL Azt 7hsstrt
[16]. T3t Wdeddo] ¢la (non—immunogenic), &A% &l
ol wafE7]el Aggstrhs Ale] Sivh W oyl y-PGAA
H 7R RARG S FAMER 7] el Afel &olsta [40]
A pHelAd &4dstE wo] LBL &3 22 Fyz o] g5 3
ot [41].

2.2.2 FEAGNARANN EATFAY &

PGAE T2 =FHA Z7HA9 7t25A171& ol &8 44714
deAgoly 3RdEe Sl oS ©A st dgAE &8st
I QY Huang %S 7HAES Egelddlelwl  (poly
—ethyleneimine, PED <& S4 S % 3t Zg=FE4 (PLG) Y &
doldadZFe]= (poly(ethylene glycol), PEG)S <4sle] ¥ ®
% FeFAE FAHSATE PLG E52 AW pHelA A&
wo] sty dE<l Agadntol & (crystal violet, CV) ¥ =
AFHA (DOX-HCD = &880 2 A ssloH, pH7l A4S

(protonation) ¥ o] @%] ¥ #2527
WEshs S skt [42]. Song 52 EZdEdZglE-&
=

FeRb-Zg 9 dedeld (poly (L—phenylalanine), Phe) A%

Lo a_;rx_'! _CI:I_ 1_]|
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Figure 2. Chemical structure of @ — and 7y —poly (glutamic

acid).
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52 3 dAE Alzxstel AlaZekE (CDDP) ¥ sk el
(paclitaxel, PTX) ®A el o]&&Adt. PTX= W9
P (Phe) 2] A&7 528l gal] @A ¥, AAEeteo] F31t
°] P(Glwell AeolEs}t WA 7tus FA st F oFEo] SA4
9A # mlo]l S gAY CDDPY 7turt PTXS %719 4
gk W= (initial burst) & olFo] 34 ARadE 73 =&
Aol F okEo] AsadsEs e A3
o]5}3}Ad3stS zt= dithiodipropionic acidZ=

of S e EYdEdSyE-EY ST AAEHd
E}
=

Atlo RO AL T AEAEE BA S lon, W SAR
gk ol el HepG2 AE FoAl o= o] 45+ Phyxol® ¥
AR B3-S RS I8t [45]. Xiong 52 ol AE 3} =
F3 y-PGAE A (citric acid, CA) 6.2 /A 3sto] A AZEE
AEAE st MEdS Sl 7H25A7]9] o] F7hgtel

gt =7t F7hsla, Al AZEkelo] ok 65 %2 HS E8E HA
3

2=

©
o

X &
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S ofF7]sh= Woly Holeot 2 o] A sty HFAAS S55H
olE & ¥l ol thEekE A (multi—drug resistance, MDR)
T3 Qo] et AxadE &7 ofHu [47]. HE e

[e)
8
o b mE 1 olg FUAAT WA Folshs wyow 717

o
2924 (fluorouracil) &4 Ao o]&stdlew [44], Liu &
el A (PSH JArg okAlEste gAERE (AcDX) MlE
grg 748 YeSgdaAe 3884y 28vd (sorafenib),
HEE UM E (methotrexate) &A] Aol o]&stltt [61]. &
¢t Wang 5 TPGS20003% PEG2000-DSPEZ 3% &2t
o] Alg HAFH|AG AFE EA] Aol o]getlow [52],
Chin &< <HI™Y #4943 FHeol=2 JhET d=
(multi—walled) ®a24Yx=FE (MWCNT)E AlAZSd ) 54
HAL T2 Aol o] g3f3ltt [43].

- 12 - A 2 ]



2.3.2 S2FHAF AAETHEY FAAEGALE

Al FESA]SRA FUAE DNA Aol
ol O (topoisomerase I)2 XS A3l
stof DNA H75 #7u Abstebd ool A== Az
o AlEZutoluy A T EAIA dAEE oAl I (Figure 3)
[63]. Al~Eetele W kel 2719 Aash hryolrt wj9lH

_E J

b= e 9719k del DNASl &d3tE 753k DNA &
T WAYSEE WeiEl AEAFES opIRT [54]. HAFH|AII A
AEPEE 29 a2 o8 Aol AREEA Sled, =

Zgo}t7E8AF (poly(acrylic acid) 6.2 7§&3Fe] Polymer—Caged
Nanobin (PCN)& #|xstal, ofAl€g}o]l4l (acetyllysine) &% 7l

et AAZHgE AT oFES PCNF ddsto] gA A9 A A"S

Li & A4 (succinic acid) ® 7| st 9l ~EqE (Dex—SA) el
dA7A Ao R HS4aFHAS BASAL AL

Az ARESH] v IAE Azt AAZEEe] s F
Ui Ake] )bg A3t tolerability & FGAIZIOH,

Fl‘
SREAE Ad B AT AT} et RS slstgint



Cl// NH3 OCH; © OH 0 ) CH,

NH,

cisplatin Doxorubicin

Figure 3. Chemical structure of cisplatin and doxorubicin.

-
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[57]. Wu <& deetadaks @=FAZ, N, N-bis—

(acrylolyl) cystamine, BAC)E 7lw A2 sto] ofmaHAlF 7wkl

=]

AL A xstal, PEG—folate= ¢ MAE 3l F=ddAE s

st
oA, FETS ALFYL wol H TR B AL 3

15 - . Jﬂ kl 1_'_” i



Al 3F Az B ¥H

3.1 A=

Methy!l cellulose (15 cPs), triphosgene, hydrobromic acid
solution (33 wt.% in acetic acid) &+ Sigma—Aldrich (St. Louis,
US.A)oA FYstR o™ sodium periodate (NalO,), sodium
borohydride (NaBH,)+ Junsei (Tokyo, Japan) oA T%3}3it}.
Trifluoroacetic acid, L—Glutamic aicd 7y —benzyl ester= Alfa
Aesar (Haverhill ,U.S.A.), diethyl ether, n—hexane< Daejung
(Siheung, Korea), tetrahydrofuran, cis—diamminedichloro—
platinum (II) (cisplatin)< Tokyo Chemical Industry (Tokyo,
Japan) oA T3t Dimethylsulfoxide (DMSO)+ Merck
(Darmstadt, Germany), polyethyleneimine (brancehd,
molecular weight: 2000 Da)< Polysciences, Inc. (Warrington,
England) o4, 3—[4,5—dimethylthiazol—2—-yl—2,5—diphenyl
tetrazoliumbromide (MTT)+ Gold Biotechnology® (St. Louis,
U.S.A), doxorubicin hydrochloridet= MedChem Express®
(Kingston, U.S.A) A 43}t DO, trifluoroacetic acid—D
(D, 99.5%)+ Cambridge Isotope Laboratories (Tewsbury,
US.A)lA 99399, Dulbecco’ s modified Eagle s
medium (DMEM), Dulbecco’ s phosphate buffered saline
(DPBS), 0.25% trypsin—EDTA, Fetal bovine serum (FBS),
penicillin/ streptomycin< Invitrogen (Carsbad, U.S.A)°|A -
Attt

- 16 - ] 2



e

3.2 Agdy
3.2.1 HgAEZ A FEH 7|49 &R}
TS s dEFA 9 T4
/N8t =3+ (Ring Opening Polymerization, ROP)S o] &3+
N—7}2 E A7 (N—
3)
i=]
GE =5

3.2.1.1 7H§]_' TU=

A =
J3F k. NCAZ
3}

#9e g9
ester,

A2
Carboxyanhydride, NCA) &
AT-E vtg o JFsint [59]. BenzylZ| 2 &4 0]
v —benzyl

acid
(THF) ol &AA7]aL 7} ofu] =4k
A3

fi

(L—Glutamic

=g
tetrahydrofuran
of sjFat= ¥ t
&< ¢S
16A]%F &<F n—hexane °lA &v &4t (solvent diffusion) el <]

riphosgene/THF £912
3t AN AAE (recrystallization) E3 AATOZHN BGlu—NCAES

0CelA 33 &<t | FEsd w7hA] WAl

At [60].
0]4£3 MCPES &4
=34 (MCPEI2k) =

&S
HA T AEE &89 HEAEZ 2~ (methyl cellulose, MC) —
t} [61]. 4 8

3.2.1.2 /1%
Zgoddoldl (polyethyleneimine, PEI)
sttt @44 ML Kimel B

Lel 1 g9 MCE

o
il ﬁ
R
{0
:i
ko
o
iy

3

25

%2
n
o,

o =

)
a d
&l'm{g
wr e
2 40
2
T
i,
Y

e
Lo
m
il
2
2,
©
©
'y
o]
o

A
Qi

b
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sl ¥kg ¥ AYES AEReA FAT (MWCO:
6000—8000, Spectrum Laboratories, Inc., U.S.A) |4 2Y &<t
FAskel  AAEAT. FAo] dmy™ HE(CA: 045 pgm,
Minisart® Syringe Filter, Sartorius Stedim Biotech GmbH,
Germany) 2 A& ¥, 21X E Tl Lus|=r|7F A8k A
s} Al E 2 @A (oxidized methyl cellulose, OXMC) & AT,
olojA EAEF 2000 Da®l 7FA¥® PEI (PEIZK)E &°]7] sl

OXMC w35 2537249 oujdaFe] PEI2kE & +ARAAT
PEI2k FENS OXMC FEdd =g og YdojF & HS 2}
et AMEE 24417 FoF 18TColA wukskith HES A S Fo o

dal=7|5 A7 FYet olwlAS FAAIZIZ] HSl
OXMC w¢ =F3FeAs e = v FAhIeAUER
(NaBHy) FE9S “EHAos do] & § 12 oA 244
FEQE o WEEAIH T W TR T AERes FAY (MWCO:
6000—-8000)= o] &3l 104 1 FA4E& &
o] MCPEI2kE 99l

Ao 2 i S-S ol &ste] HMEAER e A-EEdglo]
W —-ZFF8A (Glutamic  acid, E) (MCPE)S A3t}
BGlu—NCA*= PEI9] o}l 7]4= ujn] 1/4& 7|50 = 1, 2.5, 54|
geFow Zuskdtt.  BGlu—NCA$F MCPEI2kE 77 10 mlL,
40 mL9  dimethylsulfoxide (DMSO)e°] &
MCPEI2k/DMSO &<l BGlu—NCA/DMSO £9& =FAow
Yootk 3Y37F 45T HESAIZL ¥ 193 £ (MWCO:
350005 &3l DMSOE AlAF ¥ #2471z 33tk BGluf

Benzyl7l| & AASH7] {3 5471x ¥ AAHES trifluoroacetic

JI

2/
>
N
o
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acid (TFA)°] =9 % 33% bromic acid in acetic acidE TFA
tu] 3:19 Fyn|2 Frlsta 455 o|g3ste] 0Tl 3413 =
Qb RES-8FA k. Diethyl ether FAE o] &sto] v wWhg&ES A7 8t

I 8 7 B4 F (MWCO: 3500) HZA7Ax ste] MCPEL,
MCPEZ2.5, MCPE5E &gt}

3.2.2 MCPE®] 54 &

3.2.2.1 'TH NMR& ©] &% 7284

ceFAlQl BGlu—NCA9 MC, OXMC, MCPEI2k, MCPE 7}7}+9
TEE H9A FA7IFEEE7] (H NMR) 2 glskltt. 7171=
600 MHz AVANCE 600 (Brucker, Germany)= °]&3 o™ &
= ©@=A+= TFA—d (Cambridge Isotope Laboratoreis, Inc.)

i

71 9]+ D,O (Cambridge Isotope Laboratories, Inc.) & A&
a3,

3.2.2.2 FT-IRE o]&s 7284

F7F4 91 MCPEIZ2k, MCPE1, 2.5, 59 Tz #4& 93] Fd
HE-Ael  F3F F47]  (Fourier Transform Infrared
Spectrometry; FT—IR)S o]&3l%t}. 7171+ ATR (Attenuated
Total Reflectnace) FT—IR (Nicolet 6700, Thermo Scientific,
USA)E o] &3ttt 4000-650 cm™'e] oH el 32 W&
2 8 em o] HAIHAC® A3t

3.2.2.3 SECE °]|&3t A= 574

7] wjA A=ZwE 23 (Size exclusion chromatography,

- 19 - M E8-T



SEC, YL-9100, Young Lin Instrument, Korea)& ©|&3}o]
w2k EAS ST AlEE 10 mg/mL FEE FH]5H
L= 1% X84 (formic acid) S AFE3F3ATh. Poly (ethylene
glycol) S  standard® A3} 31,  Ultrahydrogel™ Linear
(Waters, U.S.A) Zd= ol&ste] % #%5 0.6 mL/min®= =
gttt

al
al

3.2.2.4 MCPE9] A-<¢7] 3%

MCPE x##te] e+Zauts &elsty] g8 A-47] 44 43S
A&srdt, 247+l MCPE 12%E#F 20 mgs 20 mL 0.1 M NaCl
fde g8ttt 1 M NaOHE o] &3ste] wiak &4 pHE
112 9 % 0.1 M HCIS 25 p¢L A H7bske pH7E 3o]8t& 4
ofd w 714 AL WysTE §N° pH WE= pH meter
(SevenCompact™ pH/Ion meter S220, METTLER TOLEDO,
Switzerland) & ©l&3te] HAstoH, AW HAds st
MCPE #2529 2b583S gelskalth. MCPE 1#xke] ¢H5$
FE v e Ag o] &3ste] AAsiTh

dzger — AVHCIXO.IMxloO (%)

mﬂ[CPEpolyme rs

A4V HCI €99 pH7F 7.49014 5.17FA] Wateh= g oA Ab
¥ HCIe #9 (LE YWEHIL, muces polymerst= AHEH LA
°] 20 mg el EAsk= A3} 7 ofnle] =gl SFHAL
o] FFEEHAI7] &7 Folth

20 - ;J k'_. 1_]|



CPE2.59] Az
A g MCPE2.59] Az

MCPE2.5 ZF9At9] 712EA)7]2F EZ4AFH]A (doxorubicin,

oo
L\‘J
oo
0
rr’
ru{n
ru o
il
X
<
o <

DOX) oful17]1¢] Wx714 Fzage o saFnales 34 a3
o Y-S BT 25T WE Adst AE xyegiey WA a1

2 FA WiH] 10%, 20%2 DOX - HClS Z=F° %o 1 mg/mL
o FrE FH|EATh 5 mg/mL %2 MCPE2.5 €99 pHE

74 WE 5 QS 300 rpmOE WHHIAZIHA EAFH|A S
fde 77 = o JojFinh 2443 wRk § ohF E<t
A (MWCO: 350005 &8l v whg SAFHAE AlAsL 54

N
>
N
>,
S
=
N
N

o
N
i,
O
e,
ool
S
o1
~
>,
S
=
i
2
BN
_OL
32
o

3.2.3.2 AIAEHR-E FA S MCPE2.59 Az
MCPE2.5 =FE4ate] 7h25A7]¢k AlA2E5eE (cisplatin, CIS)
o] W (Pr) 9 Z#elE3S} (chelation) o] ol&] AlAZEHEHS FH
stk S 5 25TolA B Add A2 APty WA
=7 FEEEA7] gib] 2:1 o AAEEES SRl Ho] 1
mg/mLe FE=Z FH|33T. 5 mg/mL %2 MCPE2.

o] pHE 7.4% YWFE & £935 800 rpmOE WHEA7]

|

?

3.2.3.3 S4FHAH ANA2EHEE FAT MCPE2.59 A%
MCPE2.5 =784t 7t25A17] ¢} 5470410 ofnlr] o g



A a
Atk oA7IM Sasuiale B A FA b 20%% gt
R, AAEHE ] A9 27 7h2EA7] o] 2:1, 5
Hl&S GEste] 27H4] TR FEEAAE Azt o) 7
& FAMWCO: 3500)= Fafl 7] wWhg HAFHAIG AJAEE
g5 AAs 2 F2AZX A7 DOXe CIS7F &4 9x =
MCPEZ2.5/DOX/CISE Al z3}3] t.

3.2.4 MCPE2.5/DOX, MCPE2.5/CIS, MCPE2.5/DOX/CIS9]
EAEH

3.2.4.1 MCPE2.5/DOX9] E4FH|A &% <l

HA H SaFRAe] ke Flshy] flal SAFHAe 9
s =Aeteth. W4 DOX - HCI/DMSO £9¢ w5=¥Wa FH|st
o] 96 well black plate°] 100 LA =3t T 480 nm2 ¢17]
(excitation) IS FAFsFaL 500—700 nm HY A 3 FS
o] g2 ZHo|E8 7] (Microplate reader Synergy HI,
BioTek, USA)E o]&38l SHTo=N SaFrAe sEe 9%
o zre ZEEgeld  AXRE Fekglth olF  Alxd
MCPE2.5/DOX ¢t MCPE2.5/DOX/CISE DMSO| &3iA12 & ¥

ol



S =743t Drug loading content (DLC)®} drug loading
efficiency (DLE)= ofell 2= o]&38 S4s3ith

DLC (%) = (&A% oz FA/aw2ke] FA) X 100%
DLE (%) = (@A E °F&o] FA/AMES k5] FA4) X 100%

3.2.4.2 MCPE2.5/CIS¢| AAETHR FF &<

A | AAEGE ] e gle] s FRAEEe =R
ZFEX7]  (Inductively Coupled Plasma Mass Spectrometer,
ICP-MS) & o] &sto] AAEHEE Wa (P& A=kt 717
i Varian 820—MS (Varian, Australia) & AF&38F8l 0w AlA~Ze}
do] g o A= dYolE sty Mao Eaet S FEAY

2B A7) gu) = we Jeng Qo

3.2.4.3 FT-IR& ©]&3 MCPE2.5/CIS? A|AZetdl A olES)
gl

MCPE2.5¢] 7t23A7]8} A AZetd Pto] Ado]EstE #<lst
71 Slsto] o WE-A9 F #47] (Fourier Transform
Infrared Spectrometry; FT—-IR)& ©|&3%th 717l ATR
FT—-IR (Nicolet 6700, Thermo Scientific, USA)E ©] &332
™, 4000-650 cm™ 9] I thellA] 32% whE 8l 8 cm o] I
Ao R SAEAT

3.2.4.4 MCPE2.5/DOX/CISS E4Fn|A3 A|AZZE

A

wk

F &
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IV
N
i,
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R B
i
Ry
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il
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o
1o
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ol
flo
W
S
HN
~
W
S
HN
[\
o

Az

04 BYT CDMUE FERE AL EARE B FE-nP
A BgA GHERe ALEES Fol7] Y8 HFAG 5T

22 (hyaluronic acid, HA, 100 kDa)< 41¢] MCPE2.5/DOX/
HA, MCPE2.5/DOX/CIS/HA AAE Azttt k-4 &
FA o] E4AF0A FEE (05,1, 2,5, 10 gg/mL) 2 uEA &
2y 3|LFEAL =k B = 1:1 & 3t 30% %t incubationd}o]

AAE A zFAT,

r«{m

3.2.6 MCPE2.5/DOX/HA$ MCPE2.5/DOX/CIS/HA ¢ A}9]
E4 £4

3.2.6.1 DLSE o]&% MCPE2.5/DOX/HA% MCPE2.5/DOX/
CIS/HA 42¢] B¢ dA 7] 4 2dA3 &
MCPE2.5/DOX/HA, MCPE2.5/DOX/CIS/HAS] &9 2ol A <]
H dx =27 W mddsteE T4 FARA (dynamic  light
scattering, DLS) & ©]&3}o] F4 35t} 77|+ Zeta—size Nano
7S (Malvern Instruments, UK) & ©]&3}3ith. 5A4FHA 55 5
pg/mLE 7]FOo R st I wo uRA T s|gFEAY
F g 111 2 o] YdAE Az | S ke a71¢)

EAAshs 47 308 Sgskglct



3.2.6.2 MCPE2.5/DOX/HA$} MCPE2.5/DOX/CIS/HAS] H4F

0A B B}

—

MCPE2.5/DOX/HA, MCPE2.5/DOX/CIS/HAS] =AFH]A
=75 e Qs 98 wEAdES AT AdS 37ToAA
S Adst ez dAg=Eglen, 747 pH 7.4, 5.09 PBS
(phosphate buffered saline) &o|A X &stsitt. PBSS pHi=
1 M HCI# NaOHE °l&3te Stk 1 mLe] Z47pe] pHel @
Fati= W ool MCPE2.5/DOX, MCPE2.5/DOX/CISE HAFu|Al
% 71 0.1 mg/mLE =<l & A9 Ak dFF div] FA
H 19] s|&F&A4F 89 (1 mg/mL)<= 41°] 30+ t incubation
st dA= Azt o] § o] &= MWCO 6000-8000 +
Aupel] ¥2 5 Zp2be] pHell sldets Wy &4 10 mLo] 5913l
= IYAFB Y1 shaking incubatorE ©]€3] 100 rpmO.=
WHEAZ T G AIRPEE Iy AFEAA 100 LA FH3E F
AER W3 g 100 #LE F7HlFAT. HAS53 H g vlo]
AZEHCIEYHY|IE 7] 3 480 nme XA % 500-700
nm WLl g3 @S S4sklth. DOX - HCIS PBS 8-l 4]
of =g} ¥ @ e ZAeEeeld AXe st e i
sto] WEHa Atk

3.2.7 MCPEZ2.5/DOX/HA, MCPEZ2.5/DOX/CIS/HAS] A|=X4
3

3.2.7.1 AxEujek

MCPE ¢k A A|AEI0] A ZAFS Y& Al T/7 AMEFE

o] &3lFtt. AAEFEE A AT AFLAE (human cervical

- 25 - M2



carcinoma cells, HeLa) 2} 213t ¥ AdE AIAE (human lung
adenocarcinoma epithelial cells, A549)E AFg&stR 3L, 8] (FE) &+
MEFTEE F ZoFHE (mouse myoblast cell line, C2C12)E
Abgstelch. AlEE 10% FBS, 1% ¥4y /| AEEdto]al
(penicillin/streptomycin) ©] E°%l& #IX|& 37 T, 5% ©|Ats}gt
A 2 etellA wikglon, e Ad oA HeLa= DMEM+
GlutaMAX™ -1, A549¢} C2C12% DMEME 7H7h WA & A}-§-3)

e

3.2.7.2 MCPE9 AX tjA} 84 <l

MCPE 18#}2] AE thA} &2 MTT assays ©| &3t &9l
aHth oA xR O R PEI2OkE ARSI o™ C2C12, Hela,
A549 Ao A Z}2F 21 83EEQIth 96 well AlE wjeF Edo]Eo
AFEE 1x10" cell/well BEZ 100 pLA EF3 T welld
70-80% HERE FASIEF 24A17F wieFstAAch wiek &
AAsk 10, 20, 30, 40, 60, 80, 100 pg/mL ¥%° PEI25k
2 MCPE 112, HA7ZF 23 wj#] (FBS vw|X3hHE FH|eto]
100 pL/well2 4X13F 2] sF3Ath o] % thA] FBS7F E3He i A
2 ORYT wdse & 2447 b vkt v o w2, 7 welld]
2 mg/mLe MTT &85 256 pL¥ Agste] 2413F 71 wjekst
H A E BF AAS & well vttt A9 formazan 23S 150
£ L DMSO® &dfistivt. wiolazZeolELH7]E ©]&35t9
570 nm gl FHEE FAHst] AXE FAHS FIsGlTh
DEAE AskAl 2 AEY FFE ghel dig oAl Alx

A% (Relative cell viability, %) 2 YERom A3 3uj4



= 3t

3.2.7.3 MTTA¥S& £3 MCPE2.5/DOX/HA, MCPE2.5/DOX/
CIS/HAS SAEAIE Y H7}

Az¥ MCPE2.5/DOX, MCPE2.5/DOX/CIS$} MCPE2.5/DOX/
HA, MCPE2.5/DOX/CIS/HA®] Al ZAME 58S H7letr] 9]3ho]
MTT A38e 58 Ax FAEE A AX BFE= 96
well ZEo]Eo] 32529 £ oz APt wjeF F Hix
E AAStL 0.5, 1, 2, 5, 10 pxg/mLe FAFHA FXo wet
MCPE2.5/DOX, MCPE2.5/DOX/CIS, MCPE2.5/DOX/HA,
MCPE2.5/DOX/CIS/HAE AZstAaL olgA A 57t &l wi~|
(FBS v]¥%3) S 100 pL/well2 4A17F ¢k A&t a8lx
7}zhe] oAl e kel DOX7F X3t A E ZH|ste] T
Al 4AIZE HEstsith o] thAl FBS7F E3hE X Z w s+
T 2477 Fer miFssith ol MTT €9 Al A4
formazan 2% 3% 54 2 A3 Fg= thA 3.25.29 &
Al &kl ch,

T3 Axs MCPE2.5/DOX/CIS/HA®] s ads sty 93
7k 02 MCPE2.5/CIS/HAS] A< A3qeitt. 54714 5
7} 0.5, 1, 2, 5, 10 pg/mLY w MCPE2.5/DOX/CIS/HA®| X
P AAZER ] Fd wUs ool MCPE2.5/CIS/HAE 4 &3t
o] 9l e wHow MTTAES W3t

i,

ﬂL
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Al 42 8 uF

41 MCPES] #4 2 54 B4

4.1.1 MCPE9 &4

NCA (N-Carboxyanhydride) & a —o}7|=Ate} o]ibsbebas
(carbon dioxide group, O=C=0)°o.2 WA= 12 F
shE 2 uhekst xEA|eE vkg/do] ot JiEk SF ] dRAR ol
ARG [62, 63]. ©] AFolA= benzylZ| 2 FEERA]Z] O &4
S Adkst 2F8A4F (L-Glutamic acid 7 —benzyl ester, BGlu) <
o] g3t o —&AC] oful7] e} FtEHAY|OA 1E 3yt WAy s e
st BGlu—NCAE A|Z3stslth (Figure 4).

ZEe"dlolwl (Mw: 2000, 2k)& WEAERZO A AMER &9
ab7] 918l He et o] (1047) & AMSHAIE AFE-sto] Absnbg-&
At MEgAEZ A @A 2, 3¥ ©A8] tho]&o] F

A LHs|E71E FAskaL, o] Zeelddlolnle] dxfopnlo] wt

Y

SO0 2 M Schiff base® FAsHSItE o] o9l (imine, C=N) 3 Ej
o] Agre w9 EelAgsly] wio] HEHS ERZE Aol & (BHA) S

o
ofo
ol
2
iy}
>,
rict
o,
>,
\E
o
l
=X
o
S
o,
e
o
=2
i=)
%
=
=
™
(@)
Z
o
fluj
l

o) F WMYATE o Aol AAH Eelolguolne] Asfohrl e

WA A (macroinitiator) & 3Foy 718 =32 E3] MCPEE 443}
Soh. ZFdgwo]le] AA] ofle] 479 1& 7|+l ® 1, 2.5, 5

2 - SERE



a a a
w ClCo QCCly "
@/\q ] :"; A~ g \
THF
L-Glutamic acid-y-benzyl ester BGlu-NCA

Figure 4. Synthesis scheme of BGlu—NCA.
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ofg & TEH AR oAF ofRlolY L E, = Fol MAAR
AR Slov 1T datopnle] AEAdo] T Arety] wliel
S M= datelrls JHAIAIR st jeks g REso] Y
ot [64]. e F EYEFLEOMEANY 33% BEITE ol
al benzyl 27|15 AASNF] HFHCR o= dgor

kol ddd"  WEgAEReoAs-Zdddoyl-ZYZFHAt

(MCPE) = 343kt (Figure 5).

4.1.2 '"H NMR2 ©]£3% MCPE? 7z £4

NCA =4 3 MCPE n&EARe] 3% 242 A 37|+
w371 (H NMR)E o]gstqltt. WA 'H NMRE o]83}4
BGlu—NCA®] #/3& glstglty. NCA 7% 34 A BGlug o -
gt 3.8 ppmell A peak”} YEFHETE NCA 4 Fol= o —®4
peak”’} 4.5 ppmC.Z shift WA NCA &4 oJFE= Felg 4= 9l
Atk @Al AFEgE BGIu-NCAS] %+ 10095 &2l skt
(Figure 6).

BGlu—NCA; 'H NMR (TFA-d): 8 (~=COOCH:CsHs) = 7.3 (a),
8 (=COOCH,CsHs) = 5.2 (b), & (~CH,CH,COO-) = 2.7 (o),
8 (~CH.CH.COO-) = 2.2-2.4 (d), 6 (-NH.CHCOOH) = 3.8
(e) 6 (~CH,CHNHCOOCO) = 4.5 (f)

MCO 4tshi= 3.4 ppmell Y= HE7| 2 X=X 92 2HE
49 H(2-0H) peake] Atepxl RS &3l glstslon (Figure
7), MC2 peak$®} PEI peakE H|w3}od 9.6702] MC @A
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-
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Figure 5. Synthesis scheme of MCPE.
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Figure 7. 'H NMR spectra of (A) MC, (B) OXMC. (D0,

600MHz)
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170e] PEZE #&53l&S &gl (Figure 8).

MC, OXMC; 'H NMR (D;0): 6 H-1) = 4.4—-4.7, 6 (OH-2)
= 3.4, § (OMe—2) = 3.1-3.2, 6§ (HO—-3) = 3.5, § (OMe—3)
= 3.6, § (H-4) = 3.7, 6§ (H-5) = 3.5, 6§ (H-6) = 3.8—4.0,
8 (OMe—6) =

MCPEI2k; 'H NMR (D,0): 6 (MC) = 3.1-4.0, 4.4—4.7, §
(PED = 2.5-3.0

MCPE®] Z}7}e] peaki= T3 o] w48t ow, 42> MC
peak?} S FEALY peakE H]w3Fe] EIskA Yt (Figure 9).

MCPE; 'H NMR (D:0): &6 (MC) = 3.1-4.0, 4.4-4.7, ¢
(-COCHNH-) = 4.2-45 (a), ¢ (-CHCH.,CH,COOH) =
1.9-2.5 (b), (c)

MC w9jAlel F2¥ PEI AAl ofwle] 4% 12 7|$£o= 1,
2.5, bulEZEe BGlu—NCAE 4WolF3om o] FA oA Ag-F
PEI= #A% 2,000 Daf #A% PEIZ2 ®H& TX%
(~CH,CH,NH-)E ¢k 46.67] 7FAa vk wabd AA feed
ratiot= 11.6370, 29.171, 58.270 °|t}. 'H NMR =<l Az MC
G A F 247 0.5570, 1.3770. 4.57709 FFEAO] P

Aakdct. 9.67H¢] MC @9Al & atvhe] PEIZF 215

2 HETA o7 537, 13.27), 4479 FFeato] Bty AL 5

34 SERE
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Figure 8. 'H NMR spectrum of MCPEI2k. (D,0O, 600MHz)
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Figure 9. 'H NMR spectra of (A) MCPE1, (B) MCPE2.5, (C)
MCPES5. (D,O, 600MHz)
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o1ttt ZzF Ao BEAse ¢k 483 x 10* Da, 5.99 X
10* Da, 1.05 x 10* Da®Z AAral ow (Table 1), YWol&+ &%
eal geke) wel zbzbe] mEAE MCPE1, MCPE2.5, MCPES®

4.1.3 FT-IR< ©|&3% MCPEY 7x £4
Falo] We-AiF 247 FT-IRE o]gste] Frpdo=z
MCPE &4 x5 A48t (Figure 10). 914 OXMC 2
HAEGS A Ey, MC7F AbstE A A= g =7 C=0
peak’} 1730 cm el YEbd RS g9lEd 4= 9tk MCPEIZ2KS]
A9 PEIVF A WA A== C-N ofnl peak”} 1000—1350
cm oA YErEe | PEIS 1xF, 23 o}l peak”t 760 cm” !9k
1570 cm el YEbE s B3l PEIS =95 gl 5 9l
C S ZREARS Ads MCPE 1##ke] 4§ 1, 2.5, 5 7
o] A% BFIA PEIS] 14 ofvlz} SEAke] 728 A]7]of <
A H e ofv]= Ao C=0 peak?’} 1650—1670 cm ‘ol 1}E}
yon FFERA JF2 B A)719] C=0 peak’} 1550 cm oA e}

grelstaleh. ol& &3 MCPEI2kel] SF84te] 434 o

N

)

4.1.4 SECE °|&%& €A% 574

SECE ol&sd MCPE aixte] #A#e S48l PEGE
standard® g3 3, Zt uEAS ARviE R BAES
Figure 113 Table 2 o Yttt WA Al F72] Ak B5F

@83 (unimodal) 9] peak EF& vheklel $A GA7E & o]
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Table 1. Feed ratio, the number of glutamic acid per
MCPEIZk unit and molecular weight of MCPE unit. All

numbers are determined by 'H NMR

MCPE1 MCPE2.5 MCPE5

Feed ratio
(the number of 1 (11.6) 2.5 (29.1) 5 (58.2)
glutamic acid)

The number of
glutamic acid per 5.3 13.2 44
MCPEI2k unit

MW

4.8 X 10* .0 X 10* 1.1 X10°
by 'H NMR (Da) 8 0% 60 0 0
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=  ImcPe2.5 W
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L

Figure 10. FT—IR spectra of MC, OXMC, MCPEI2k, MCPE1,

MCPEZ2.5, MCPES.
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Figure 11. SEC chromatogram of MCPE polymers.
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Table 2. Molecular weight of MCPE polymers measeured by
SEC (PEG standard)

MCPE1 MCPE2.5 MCPES

Mw (Da) 1.0 X 10* 1.2 X 10* 1.6 X 10*
Mn (Da) 4.2 X 103 6.1 X 10° 9.5 X 10°

PDI 2.48 1.96 1.68
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FoHess & 4 A9tk =3 MCPEL, 25, 52 #AFE
MCPEIZk ©9A & SF &4k 71 5.3, 13.2, 447= S7tete
), olo] we} peak’} 9% o= ol (shif) st A& g
ARow FEFPH Aol 2+ 1.0 x 10* Da, 1.2 X 10! Da,
1.6x 10" Da 22 Z7}5+S <133t

4.1.5 MCPE9] 4-497] 3A
MCPE i14b= MC FAbSel EEelddlo|nla a5sake] 4
Hol = nRAEA Egoddolwle] 1x, 2z, 3z opWli =
FEAE 27190 T2 E A4 (carboxylate, COO7) 9] A=zt
o A== 9% &3 (Endosome buffering effect)S 7}F& <
Atk dEF % sk 52 pH W WA Fiole (H) &
ol - e A wetn [65]. AGAIE AE W olds
2 Y= ATPase azeof o3 d=F: YF= vgFe
=, ofm MEAF FdAst HHA 4ol
Y= FAF oo wel dste] e wFv] s Astol=9
kil

4
o B>
o
o
o
:{o
o
jﬂ

=
&F FFS SA3I Y Figure 12). MCPE &A1) g8
FgAe st ofmy SR EAY] B4 ¢ o 7hzF 19

20.21 %, 2047 %= YErHAT. SFEALY] BlEo] FUtE
Y A" el At FAAS 7 obvle] Ees A
ok m A e FFEAke] 1A WA pK, gko] #a of
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12
(A) L“*‘x - MCPE1
10 -
%%ODOOO
.
8174 00000
=
6151 0°°°°c.
00
4 OO%D%
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0.1MHCI (mL)
B) 12
( ) »  MCPE25
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10 1 b
O°°°°
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6 4 o,
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Figure 12. Acid—base titration of MCPE polymers. (A)
MCPE1, (B)MCPE2.5, (C)MCPES5.
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=
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Adde] Yol k& o] mikate] g@A ® ok=e] Hl&ES nlst
= drug loading efficiency (DLE)E A48 tE (Table 3). 11+
kel FAYE] 10%, 20%<] SaFhHAs eAZlEe o, 24
3.2, 4,4%°) DLC %= 33.06, 23.01%2] DLE

th olol wet, F5 A FEA AFEE HAFH ALY H]

A5k &
SaguAn AAZRE oA GRS BE wA 3 oo Sa
FHIAL vES 20 = A S

4.2.2 MCPE2.5/CIS¢ AlAZgd &% &9l

2

719] A#olEs  (chelation) & o]&d FES A Sk

MCPE2.5 A #8948 pHE 748 EF § wysly A|AE

el FEdS EEUaoR "oy o) o 7he] mwk Fet
o] ©A

W3 FhEEA7] S Aol Esgtel| ofs AlAEetd

mlo

7] = 4 d¥] 2:1 9 AAZSHES

ghel W Fo] Ak o 59 JFEEAY] gib] &

(Table 4). ¢F=—11AxF H3AY &9 A5 & (g) 0.034 mmol
o] wWigo] gxHE AL gl o, SF§AY] JtEEAY] &
thH] 70:1 2 A|AEeEo] HEgE Ao 2 UEFRLT

4.2.3 MCPE2.5/CISY AlAZztd ZYolEs &9l

Al 2~Zetel o] @7 W3] Ay o] Este] &gk 31917

i
X
[-‘O
off
=
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Table 3. Calculation of drug loading content (DLC) and drug
loading efficiency (DLE) values of MCPE2.5/DOX

(DOX weight/polymer

weight) X 100 (%) 10 % 20 %
DLC (%) 3.2 4.4
DLE (%) 33.1 23.0
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Table 4. Calculation of resultant molar ratio of [COOH]:[CIS]
and mole of Pt per drug—polymer complex (mmol/g) of

MCPEZ2.5/CIS. All numbers are determined by ICP—MS

Feeding Resultant Mole of Pt
molar ratio of molar ratio of per complex
[COOH] : [CIS] [COOHI : [CIS] (mmol/g)
MCPEZ2.5/CIS 2:1 70 1 0.034
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71 el Falol WME-AeRd 247 FT-IR)S ol &3t Az
§ MCPE2.5/CISE ®A4&t3ltt (Figure 13). AA~Eetd o] A4
AL SFEA AU AFERAE FAh AR XA -
Pt—00C— ZA3to] ¥d=+=d [68], o] Aoz <ld MCPE2.5
©] 1200 cm™'elA YEE C-09 stretch peak’} MCPE2.5/CIS

S gt [69]. o5 Tl AlxZEE ¢
A7y gy SFERAY] 2ol Ao R QlE olFoju AYS &

sheieh.

oA efeffA= A

o

4.2.4 MCPE2.5/DOX/CIS® Z4&Fu|AlF A|AZztd 35

r

SR AZRA G 2T okuste 3A71E YEAE,

AlaZetd Wk Aol Estel fs F okEe wAlel 'A &

@
iv
=
(@)
ge]
=
N
UI
1._‘
<1
L
_1
ofo
12
1o
o]
T
m
ﬂ
,.p
K
1=
5\
o
E
2=
_O|Lt
b
L

~
2R A 20% O SaFH FEe SR

ol 2:1, 511 o AlAEHE FEs

B, FHHOR 24A3kE WEAAFOEZN T

g MCPE2.5/DOX/CISE @S0tk WHeAIA = AIAETHEI Hl&
of weh T o

i
|
&
B
)
Az
%
2
&
=
=
O
s
ool
N
(@2
~
)
O
>
~

A %3 MCPE2.5/DOX/CIS?S] E4AFu|Az AAZgE dFe
4.2.13 4.2.2214 ¢ ¥ EAsA AxEg o HEAQQ A
= Table 5] YeEU St MCPE2.5/DOX/CIS(2:1) ¢ A =4
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Figure 13. FT—IR spectra of MCPE2.5, MCPE2.5/CIS.
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Table 5. Calculation of resultant molar ratio of [COOH]:[CIS]
and mole of Pt per drug—polymer complex (mmol/g) of
MCPE2.5/DOX/CIS (2:1) and MCPEZ2.5/DOX/CIS (5:1). All

numbers are determined by ICP—MS

Feeding Resultant Mole of DOX
molar ratio molar ratio Pt per
DLC / DLE
of [COOH] of [COOH] complex )
: [CIS] : [CIS] (mmol/g) 7
MCPE2.5/
4.4 / 23
DOX
MCPE2.5/ 2:1 70 : 1 0.034
CIS ' ' ‘
MCPE2.5/
DOX/CIS 2:1 47 : 1 0.047 8.7 / 47.6
(2:1)
MCPE2.5/
DOX/CIS 5:1 95 : 1 0.025 11.6 / 65.6
(5:1)
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Fo]4le] DLCS DLE+ ZH2t 8.7% 8t 47.6%% %+ A<= &lst

WAL, AAZTEHRE o —ad A 53A G d® T 0.047 mmol
of Mg = T FEERA] b 47:1 ¢ = W2 9kgdt

shelstgltt. MCPE2.5/DOX/CIS(5:1) 9 AS$ E=4F
DLC$ DLE+ Z+ZF 11.6%%F 65.6%°]1, AAZ#ES o)A

Y
o

F 0.025 mmol®] WMF FFL AW A=BAY] hu] 95:1 9
2 oz w3e AE Felch AnE wH, F b okEe] ¥

7Gx Hgs o (27 8.7%, 11.6%) =AFH| Ao =07
A " A (44wl vE o 2> DLCE Hols A& g
At} ol HAaFH[AlO] WA FGHVA HsAEoR oA FHal,

Fo| AlaZeEtdo] FrrHor Aol st HA 7kl (crosslink)

4o

rl

4.3 MCPE2.5/DOX/HA, MCPEZ2.5/DOX/CIS/HA ]

EA &4

4.3.1 MCPE2.5/DOX/HA$} MCPE2.5/DOX/CIS/HA Y] H#

AA 271 4 EAA

ohZ-1HA EgAY AEURzY A2 ase oy s %
M

CPE2.5/DOX$} MCPE2.5/DOX/CISE &#3&}e] 3|adF&=

b " _I;
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A Ao dAE Alxelor, F&d4dA MCPE2.5/DOX/HA
s} MCPE2.5/DOX/CIS/HA Aol #Hi# A A7)9 ®HAs S
St (Figure 14). Alsv 54270 55 5 pg/mLs 7l
TOoRE I wWe uRA FE LT FANIE 1o] HER
FHlEe. WA 2715 Asrd MCPE2.5/DOX/HAS 745
465.3 * 58.8 nm#, MCPE2.5/DOX/CIS(2:1)/HA$} MCPE2.5/
DOX/CIS(5:1)/HA®] Z% 7t7b 2435 £ 59 nm$} 211.0 +
1.7 nm& A =HE FAdste] FE-aEA HFA e S8
%

e AE FHete 2L
2

Y
et
é
)
o
@

o] BF X ¥ EFAZF Rup sty kA JdAE FAS
= A8 o F 9k W A= MCPE2.5/DOX/HAS] A -

DOX/CIS(5:1)/HA®S 7% Z+7F -23.0 = 0.9 mV$t -25.6 £ 0.9
At B@at Qs BW

4.3.2 MCPE2.5/DOX/HAS%} MCPE2.5/DOX/CIS/HAY &4

FH|A A& F7}

MCPE2.5/DOX/HA S} MCPE2.5/DOX/CIS/HAS] ¢kEHlE A%

AA 51 37T 7oA AAF AlAe]l pHeF AlEZ Ul o]
2

3] d=FE Wi-e pHE 27 Este] pH 7.4k 5.0

flo

i

j?‘_
24 A
%

B>
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Figure 14. Average sizes and zeta—potential values of
MCPE2.5/DOX/HA  and MCPE2.5/DOX/CIS/HA  particles.
(weight ratio of MCPE2.5 in drug—polymer complex /HA =
1)
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P o} (Figure 15). WA Hl of whel A
A58 Al pH 7.
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—s— MCPE2.5/DOX/HA
(A) 20 0. MCPE2.5/DOX/CIS(2:1)/HA

—«— MCPE2.5/DOXICIS(5:1)/HA
9
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o
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o
)
o Wt o eeaw __—
m -—’ —————— -;} 0
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E A
=
O
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Figure 15. Doxorubicin release profile of MCPE2.5/DOX/HA,
MCPE2.5/DOX/CIS (2:1)/HA, MCPE2.5/DOX/CIS(5:1)/HA at
(A) pH 7.4 (B) pH 5.0.
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71 4 it} kA g pH 740049 tEA @A " A AZEhd
o] oFo] W& MCPE2.5/DOX/CIS(2:1)/HA7F MCPE2.5/DOX/CIS
(5:1)/HA®] vla mE WEAsS HolH, 247 16.8%, 11.0% =

i)

Re o SAFNAL BER AL FAT & UG ok 2

T2 o 3 A A 9l
FEA FEEEA7] O] <kAtste] ot &= Wgt Wil Aow F
¥tk pH 504 W& AES WA u F A BT HHe]
Ak g FJAT 5 AdAEd, ols FFEEAITE FAE HwA
Aol T ek SANES S doFy] wEolt @A ®@ AAZ
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10, 20, 30, 40, 60, 80, 100 pg/mLe FLZ Fuston, a1
A2 A2 e wo] Ahd AL &4 % (relative cell viability,
%)E FAsATE (Figure 16, 17).

PEI25kS] A9 BEe AX FoA FE7F Zoldas Ax dA4-

-

C57- 2] L]



= 100

£ 50

K+

I

Z 60

[T}

Q

¢ 40 PEI25k

= —e— MCPE1

o —w— MCPE25

x 20 —s— MCPES5
0 ; - . . -

0 20 40 60 80 100

Polym er Concentration (ug/mL)
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MCPES for C2C12 cells at various concentrations (10, 20,
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Abstract

Synthesis and Characterization
of Methyl Cellulose
Derivatives Based Carrier for
Doxorubicin and Cisplatin

Co—delivery

Min Kyoung Lee

Department of Biosystems & Biomaterials Science and
Engineering

The graduate School

Seoul National University

In this study, methyl cellulose derivatives, as a backbone
polymer, was conjugated with glutamic acids for doxorubicin
and cisplatin delivery. After polyethyleneimine (PEI, 2000

Da) conjugation with oxidized methyl cellulose, poly (glutamic
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acid) (E) was further introduced to primary amine groups in
PEI by ring—opening polymerization. In this way, methyl
cellulose—polyethyleneimine —poly (glutamic acid) copolymer
(MCPE) was synthesized and its chemical structure was
confirmed by 'H NMR, FT-IR and SEC. The calculated
conjugation ratio of PEI was one per 9.6 of MC glucose unit,
and E was 5.3, 13.2, 44 per 1 MCPEIZk unit, respectively.
Hence, MCPE polymers were named as MCPE1l, MCPE2.5
and MCPES based on the feeding ratio of E. The DLC and
DLE of a complex containing only doxorubicin were
calculated as 4.4% and 23% respectively. When the cisplatin
was added, DLC and DLE of doxorubicin were 8.7%, 47.6%
and 11.6%, 65.6% respectively. For the cisplatin, 0.047 and
0.025 mmol of platinum were contained per drug—polymer
complex unit mass (g). After the chelation of cisplatin, it
was confirmed that the formation of crosslink increased the
efficiency of the doxorubicin encapsulation by preventing it
from escaping. Nanoparticles were manufactured by mixing
with hyaluronic acid (HA) to increase the uptake efficiency
of the complex into cells. The nanoparticles could form about
200 nm sized stable structure. MTT results showed that
MCPE polymers and HA have lower cytotoxicity than PEIZ25k
in almost cell lines. Finally, anticancer activity of
MCPE2.5/DOX/HA, MCPE2.5/DOX/CIS/HA were verified by

MTT test with wvarious doxorubicin concentration. It was
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found that MCPEZ2.5/DOX/CIS/HA has higher anticancer
activity than MCPE2.5/DOX/HA due to synergistic effect of
doxorubicin and cisplatin. These results show that MCPEZ2.5
has a potential for drug delivery systems which can be

applied to combination cancer therapy.

Keywords : Drug delivery systems, Methyl -cellulose,
Poly (glutamic acid), doxorubicin, cisplatin
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