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Multi-stimuli responsive hydrogels derived from hyaluronic acid

for cancer therapy application

Yijun Jo

Department of Smart Green Technology Engineering,

The Graduate School, Pukyong National University

Abstract

One of the most promising strategies for the controlled release of therapeutic
molecules i1s stimuli-responsive and biodegradable hydrogels developed from
natural polymers. Hyaluronic acid is a natural polymer which can uptake a
large amount of biological fluids and has been recognized as a safe and highly
biocompatible material. In this study, multi-stimuli responsive hydrogels based
on hyaluronic acid were prepared for the controlled release of doxorubicin
(DOX). Hydrogels were rapidly formed via a reverse electron demand
Diels—-Alder click chemistry by using a norbornene functionalized hyaluronic
acid and a tetrazine cross—linker containing diselenide bonds. To achieve
desirable properties, we prepared hydrogels with different crosslinking densities.
The formulated hydrogels demonstrated high swelling ratios, good mechanical
strength, and higher drug loading capacities (up to 92%). The hydrogels
showed minimal DOX release in physiological mimicking buffer, however rapid
and sustained release of DOX was observed in 10 mmol DTT. To further
confirm the oxidation—dependent cleavage and DOX release from hydrogels,
DOX release experiments were also conducted in 0.5 % H202, and showed the
burst release of DOX. In a parallel experiment, indocyanine green (ICG) dye
was encapsulated into hydrogels along with the DOX. The DOX-ICG-loaded
hydrogels showed a sustained release of DOX after NIR light exposure. The
cytotoxicity experiments with human embryonic Kkidney cells showed that
HA-Nb, crosslinker, and the formulated hydrogels were highly biocompatible
(> 90% cell viability). The in vitro anti-tumor assessment experiment

demonstrated that DOX-loaded hydrogels induced similar anti—tumor effect as



compared to that of the free-DOX. Furthermore, DOX+ICG loaded hydrogels
increased the efficacy of DOX after NIR treatment owing to the combine

anti—tumor and photothermal effect.

KEYWORDS: hyaluronic acid; multi-responsive; hydrogels; inverse electron

demand Diels—Alder reaction; photo—thermal therapy.s
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#el 808nm 3¢ NIR-laser photo diode # 9SS AF&3sl$lal, =H37HY

3% 2W/em? o2 AA s At
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33 944 % 4d 89

H
5 (b) _NHzHCI N___oO
O s e ae o o T T
DI H20, Tsé Na >L )j\ )’L k —
0 °C , (e} [s] (o] |
1h
Triethyl amine

Acetonitrile
\N! RT, 24h

BOC-4AM

Na,COj;, RT-60 °C,
12h N o
~NHz \ﬂ/ \K Zinc triflate,
formamidine acetate,
‘ Oxalyl chleride, hydrazine (anhyd.),

MeOH, sodium nitrite,

o | H Rl 240 DMF, DI water,
J\ N - RT, 24h
HO. ’-._‘_/,,Se_\sé,/\,\/ o ‘
i DSe-DPA '}""“' "‘/ N
N N N‘a_:._\/,k
Tz-amine BOC-Tz
(c)
EDC, NHS, DMSO,
THF, 0 °C-RT, 72 h
T ¥
1 g L T
PN /JH\/..\SE,SB sl N s
Ay I
N Sl = DSe-DTz
Lk

% DOX+ICG-loaded
" N?,,, hydrogel

& T N IEDDA,

N~ Q/EN‘/O)‘ fooHgy Physiological /' ;
N N\',O,H %’Dw conditions

LN N + _— - .
InAllaAr W OH

NH
0—< DOX/CG
Diselenide-ditetrazine |r|
(DSe-DTz) B cc
@ pox

Hyaluronic-nerbornene .
(HA-Nb) Trigger

(a)DTT R—5e Se—R messi R-—Se-H
L )
o .' .

W Y V0
Trigger —— (D)NIR ?’T/(T/

’ DOX release

(c) H;0, R 5¢ 5S¢ R m=sp R—Se-0O-OH

[Z29 4] 9AS 884 sol=229 Az 2 vhe 33
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3.4 DSeDPAY 34

DSeDPAS] 4§ olde] Z2EZFd ma} FAA=HJFUG32] Adw 9
¢ H(2.36g, 30mmoDE 27 Foh2=olA 10mLe] "olol A Z
71 %, NaBH4(2.27g, 60mmol)E 25mLe] #7}& o4 &3 7]

Az stol AdE Aol Arlskgith AL 0ToIA 0% ok E:
A gl QoA WA WAL dgow, e el Adw %

- H(2.36g, 30mmol)E A#w =] HItstAoh oF whg HopiA
o £x & 106T=E 30# &<k == A4 §do] dojd w7t F7HAI A
o °l% Na2CO3 &5 ol&ste] &fe] pHE 8= XA F
3-bromopropionic acid(9.18g, 60mmol, DI water 30mLel| &3))E = 7}s}t
ATt W ZIFES AA ool A2ddA 12413 F<F wnkskTh 1 %
AES 12 5 37l =AY d8dS ofgstn &4 JHdES
3tk th5 oAl E4lell E (ehthyl
acetate) 100mLE 23] AR&ste] FEsSAth ololA, ¥ #F7FTS
100mL2] DI water 23] % 100mLe] A= 13 AlZ#skar, MgSO4(F5)
ol AxA7IAL oAt dE o ® F7S (oA EANE 3 A
) W ¥ol A AAS AU wix Mo w AAES oyt 7t
%  Hxste] DSeDPAE  AAtHEFE  65%). 1H  NMR(400MHz,
DMSO-d6) 6=12.35(s, 1H), 3.05(t, 2H), 2.71(t, 2H).

IN HCI& A}&3ted pH 3= 4t

o

3.5 4-(BOC-amino) benzonitrile® g4

S EYolEY  50mL s 4-(elvlxddE) wixyEL diddg,
593mmol)S gl FEaAdA wRketh. Egtoldd o}RI(0.9g,

_15_



89mmol)& Zet2=o ¥ WEES d4 S5kl 168 &<k ksl
o Ot H-tert-5F¥ Y IFHE U0 E(1.29g, 5.93mmol, 5mLe] o}A &
olEdo| {3lE)E THEL WEES A2 24rF FQF wwkgich
W AIZE 3 S ASHVIE oMEUCE- S A7, Aozl A&
DI water 100mLel] =°]3, 1M HCIS A}83te] pH 3-4= 4k 318l sit)
%5 BAHES 100mLY oM EAt YR FE3daL, 100mLe] di water®
33l MHsta, 4 MgSO4= Axsta, oaetal, &ujE ddstel A7
3Fo] 4-(BOC-amino) benzonitriles A H90% &). 1H NMR(400MHz,
DMSO-D6) 6=7.8(d, 2H), 7.54(t, 1H), 7.4(d, 2H), 4.2(d, 2H), 1.38 (s, 9H).

3.6 Tetrazine-BOCY 34

4mL¢] DMF°| 4-(BOC-amino) benzonitrile(1.33g, 5.74mmol)S &3&l 3t
zinc(II) trifluoromethanesulfonate(5mol, 0.105g, 0.287mmol)¥} formamidine
acetate  salt(5.98g, 57.44mmol)E  H7Idtt. Y& S =  anhydrous
hydrazine(4.6g, 143.6mmol)& A3 7ttt Adst 7~ W&
EFES 30TAAA 2443 wkatet. o] F ol AMNMUYEF 8 9q(7.97g,
1155mmol)& ZHeh~ad Yt vg Fe23E 0C=E ¥4s & 1M
HCl €95 H7Hgt HCl &4 7k~ @Alo] W31l pH7F 302 "ol
A w7tA] A& "7 e R ofA EAtE 100mLE 33 F&
3lo] digs 100mL= 33 M&H3 & MgSO4(FF)= Axs & A4 587
£ ol&dl s Axd F ¥ oM Hxsan EF
(tetrazine-BOC), 1H NMR(400MHz, DMSO-D6) 6=1058(s, 1H, 2.57D),
8.57H, 857H, 8.57H, 857H, 8.57H,

_16_



3.7 Tetrazine amines 47| 1% BOC-7]1¢ & H3F HI-&

BOC-719] & H & W3S A tetrazine-BOC(1.11g, 3.9mmol) S v &=
(20mL)°ll 833t ¥ oxalyl chloride(2.476g, 19.5mmol)E ZAl 2~ A o]
e Ao =Z 24A17F Jbg3 ¥ AwFe] DI H7Eshal oM EYU|EHY

o

oA 33 AARI}E T3l & HAPAE(EETH A4S 22 H AT &
BoA 23| tetrazine amines AATHTE 60%). 1H NMR(400 MHz,
DMSO-D6)6=10.63(s, 1H), 855(t, 2H), 853(d, 2H), 7.78(d, 2H), 4.18(s,
2H).

3.8 Diselenide-ditetrazine(DSe-DTz) 7} Al A

DSeDPA(147.2mg, 0.12lmmol)E ZAZA& #917] 2 Wzt 3o THF(10mL)
of A FHghaAe| &ajAIHTE ©o]F EDC(204mg, 0.267mmol, 4 %<
DMSO°] &3l) ¥ NHS(122.96mg, 0.267mmol, THF 1mLel &3))& #7}
Stal 0TColl Al 1A &9t wHESIE T th3 92 tetrzine amine £ <
(200mg, 0.267mmol, DMSO°l &3})& w& &3 = H7letdot k&
= WA 0TAA 1IAZE &S agkgl thg A2oA 39 &<k wnkskgi
olF I HAFEV|E o] &ste] THFE A7t A4 LAE vz
glQlo] Folan FHZu A "olFr 33 AHIAH. F7SS
MgSOA(F57) 7ol A Axetar o st Aoz #7] 85 2
gtol  7xste]  DSe-DTz 7huAlE  F5ATH49% F+&). 1H
NMR(400MHz, DMSO-D6) 6=10.58(s, 1H), 861(t, 1H), 845(d, 2H),
7.56(d, 2H), 4.42(d, 2H), 3.06(t, 2H), 2.71(t, 2H).
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3.9 HA-Nb9 34

3] 4 F Z A E F(800KDa, 500mg, 0.00062mmol)S DI 50mLoll &3 3]
. ggow 3J|EFEA £9¢ EDC HCI(118.85mg, 0.62mmol) ¥}
NHS(71.35mg, 0.62mmol)E H3altl. 1417 wwksk & DMSO 5mLel &3
¥ 5-norbornene-2-methylamine(76.38mg, 0.62mmol)< 3 7}3lth. b9
A 24X % kel B hEre] ofAlEC R HNHAIY AL, o aAE WAF
Q8 AxAZ H Zol&(DD EGOmL)E Aagtstal, 14kDaMWCO
A SFE AHEEl DIs 1Lel el FA ST A Eo R o] dAE RS F

A Az, A4 AS=7F 20%¢] AF HA-NbS I ATHIHNMR =4).
3.10 sloj=229 AZX L EA3

DSe-DTz 7} Al¢t HA-NbE 24 &g st theksk 23 Azks zh
28 7tu stole2 AL P4t sol=2 A EF 8ty AAE
Brrsl7] s & 1] el mpep 2o ol 7kl 2o shol=

AS A A s A, PBSolAle] HA-Nbel 2% (w/v)<! 200
LY DMSO®NA S ZhaAle] Zhg  =8](10/25, 10/5, 10/10 Nb/Tz)&
vortexE o] &3 &I HDMSO:PBS=1:10 v/v). sto]==z 2] A3} A7t

e o wholg st UAE A7 2471 olgte] J|SHon, £t

T

rr

o

dern el os F7kz 2lE At
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[¥ 1] HAHG 3lol=2 49 Az v &3 A A7+

Gel Mol.Feed ratio(Nb : Tz) Gelation time(s)
HAHG-A 10 © 25 509
HAHG-B 10 : 5 372
HAHG-C 10 : 10 155

* (Gelation times recorded by invert-vial test.

311 & =9 2 #E 47

Eppendorf X9 1mg/mL¢ DOX T+ 1lmg/mL¢ DOX + 1lmg/mL2]

ICGS} HA-Nb &(2%)e &sto] oF=o] 215 HA sto|l==aL5 Al
Z3o oz Astd %o 7HaA(DMSOe &3E)E 7t wlo] gl H

ot vortexE ARESte] FERA uykstgivt

1
¥, slelERAs sAd2AZY. 2W A% v =SsiA 5

N
E
ol
ot
e
ftlo
S
P
oft

Z¥ stol=2 A4S PBSO @7t AAR»H. AEode @
g UEE UV-7HA % 233350 48nm 33)S Algste S4st9 &
=9 &% DOX e ALY DOX7F gHre stel==72e] Ag
W oFE s HUke AlEdelA | Aestd g4 (PBS, pH 7.4), AHd g
AS 2k AlEgeld H b4 74 (PBS, pHb), U4 MDTT 10mmol)
, 183 05% H2020 4.0l 3=t =g DOX+ICG7E 29
slol=2 A4S AW Aol A 158 &<k NIR Fol =FA12 &
AFS FRYAFHE BE oFE s A4 E ddE sAdxY Sol=rA
S 54 935K MWCO)ol 2+ 5mLe] 2zt wjXe] w<t thg 37°C ¥
100rpmel A 30mLe] Z+zte] W& ufAlo] s F4 A5y AE02ml)S
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| 2
UV-VisZ o
3 2 FEA(AY A = 485nm)E DOX S FA

Bz Azrel AHsha 2

{23t PBS =+ 10mM<e DTTolA DOX<

W}

[e)
A

312 AT A ¢ stol=E2A ANFHA W AE HIEA

o

AZE wjol A AEMHEK-293) ¥ BT-20 ¢ AlEFelA WST
(EZ-cytox, ¥=)S Ab&3le] HA-Nb, DSe-DTz 7}l 2 HA &to]l==
Aol NXE AYPAHE AL o]F 93] FBS(10%) 2 1% FAA -7+
godo] xg¥E DMEMOA 10470 AE/he] Ax =
o]Eo|A] 37°C, 5% CO2°A 2413t HSt AXE WLk o=,
mi < wiA ahal thFE F=e HA-Nb(100, 500, 1000, 1500 =
A(25, 50, 75, 100ug/mL)S
ot g3 100 pL¢ PBS® 23] A% 3}

AUt B U

)=
LRS

ol
ol

s HER 489
Al

=

==

o

-

m

5
]

T 3T = =] -
=V Z3tsle

20001g/mL)
LA AT 244 7H

= M2 wA =
>r=
(¢}

1

R

A, Hl sto

H:l

| #13 BT-20 AZE 4

F9stal BT-20 Al2Z2E 10mmol GSH
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& Frshe AR iAok A wiketth 1A -, GSH 3+ WA &
AAsL AEE DOX-2HH sto]l==224 9 {8 DOXE 24A7F &<t
Aglstdh HE AdolA, BT-20 AlEE NIR Z2AHS08 nm, 2%, IW
)t 3 DOX+ICG =9 stol==A3 34 wjdE vt DOX-21
/DOX+ICG-29 ¥ 3sto]=24 3 f3 DOXS FTY% S floA A
gk WST 45 A&3te] AlabE Sl

3.14 A1@# W ROS A=

bl

ROS9| Alg# uf AL 13-tudolamlZZeH(DPBF) #4& AME3S
of 713tk o= 98 10uLe DPBF &< (3.7mmol, DMSO)S 41¢) A
W 3mLe] DI watere} 37 20uge] ICG £+ HAHG-B slol==24&
shatE 100pL 8o F713th o] F Al&o] NIRUW #A2)S 1583t
AFEITH o] 410nmell A o1 7] ¥ 4207700nm WSOl M Ao HFFEE

=4k e},

5

BN
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A NG 23 2 nF

4.1 DSe-DTz9 &4

[EDDA £ w&§ DSe-DTz 7FilAl= DSeDPAS] 7H844F 719 HE
2hX opl ] ofil 7] 7He] JiETolm= AZY kgl ofs FA EH AT
ol2 ¢9ldl HEZH olvl& WA  agromatic nitrile 4-aminomethyl-
benzonitrile hydrochloride(4-AM)ZF-H A= Atk o] d AFo A 4-AM
o] ofxl 2-g7|7} stel=efxlH W & dvkal B alE 7] w ol [45],
ek whe A BOC ZE& &3 obvl #8871+ B Ht BOC-4-AM
o] 32 proton NMRe <3 A=A ew, BOCe -CH3 1&F9
proton ¥ o d|Fst= 1.388ppmollA S A 5t4 o] e
ofufo]=7]2] -NH-9} #H¥H 3}st4 o]F52 754ppmollAl et Wb,
BOC-4-AM$] W&k g sfFste= 3184 ol 7.424-7.8 ppmol A
el ok 4 gl A, BOC-4-AMS] YolEd 287+ EFotud o}
Aol Ee] &4 stoll 54 =l zinc(ll) trifluoromethanesulfonate % 5
T etol=egkl e F8f HED -2z A& AT tetrazine-BOCS] 473
© proton NMRZ #2135}l ).

ErEAE BOC 159 -CH39 1H NMR 3}3H4 o]F& o]FstA &
22 91X(1.388 ppm)oll Al YEFSA R HEZ X 18] -CHel 3133
A= 10.58ppmeoll A A =& 3F8H4 o] Fo] yEh HIEZX 2] e] g o]
AP 5S A 5 dAdA, Sa4E F2gol=eke] W82 BOC
715 ddsta ofl7]E @ ®Bsste] IH NMR 4l s 2eld npeot
2ol HEZGH-olR(60% T&)s AUt FAASE HEHZIR Y 1H

o
N

O
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NMR Z#HEF A= HEZGoWS -NH2 g3t M= =7t
85ppme 2 UEMGETE ¥bA BOC 8o 3t 3182 wses 9443 Abgt

A 10.63ppm o= o]F3 HEZZ ofvls FAo Aae Aoz gk
k. HEZZ ofvle] FxE FTIRA 98 F7l2 EA5E9o9, 3066
cm-1914 1%} o}l A%S YeEp AL, 2977 cm-1 2 1432 cm-1o A %3k
& a9 C-H A% 3 C=C 2%, z47]. =3, "HE 12e] C-H o
A, C=N 2l 9 C-N dxlo] zkzk 2858 1612 % 1506 cm-1914 & H
b=

7Fa A (DSe-DTz) 4= 9138 DSeDPAC 7F&EA4H I#S EDC %
NHS 335 3 @433 o HEZ  ofRlFg BEEA|A
DSe-DTz(49% &) A AT 7FuAle] -CH2-CO- % -Se-CH2-°l
A Fsts 3184 o5& 1H NMR A~ E# A zHzE 28 2 3. 1ppmol A
vebgth w3 HEHGR aFd &8t -CH 23¢9 proton ¥ IE

10.6ppmoll A Q1= A3, -NH- 232 86ppmolA &1 o] DSe-DTz9]

1240cm-194 #&Z=HAFU g 59], DSe-DTz ~FEH -2 3291cm-19]
A 2xf ol 2E#AS HAFIAT ol Aup= vtuAlel dEAQl F

CEIOES TARIeY
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£, 8.
(a} Ly e EDomIOM, e s
£ .
a
a c f
] d
'i’ L
EEE g g g
LR - -
8.0 7.5 T.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 Z5 2.0 1.5 1.0 1o 80 B0 O G0 SO 40 30 20 10
1 (ppm) g M {ppm)
_.-"'ﬂﬁ 1oe Teamime . A 5
£ ® Had RSB {d) - DT et
a . g w | [ ey
- -. (IR
b b £ s |
b.e ' E J Waery | .
] : E pe S s B2 |
nES 161
l N (=" |‘
I M. M e =
| o Pl s - Y A o 50 1505143;_
g g = g ol W N |
1500 3000 ZEOD 2000 1500 1000 500
05 95 B85 7.5 65 55 45 3.5 2.5
 (ppm) Wawenumber {cm)
w7 O TNISE-B,
1 { 100 D%eDTz
g
§an 5 i I
£ 3zg1 Ly
E 1543 | eor Wl
& g
k. |
i o . [
o 65 e 120

1500 3000 2500 2000 4500 1000 800
Wavenumber [cm)

[Z2¥ 5] 7 BAE 2 DSe-Dtz 7FuAe] EA3}. (a)
BOC-4-AM<¢] 1H NMR 2" &4 (b) BOC-Tz¢ 1H NMR

= EY (e-f) 1H DSe-DTz 7}nA ¢ NMR % FTIR &HEH

4.2 HA-Nb9 34

HA= 71414 54, A=, &34, A, d=d4 SA4= £dst= 54
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2 AN e SEHow WFAUG HA FEAE FRAY, He

Az AAE ZEEu FARez HAY 2Ry 2 Fabv)e

ofufo] = o ~¥ T oH|Z AFS FA st Aol s HA xH

& 5 JATH291. o] el HAYE Ele 27|, WEadAr], &71/oA = o
EE ddstel=r)eh 2E o A= digt 8-S MAsy] fls Z

A 7s o2 A EATH2646]. 1Y w2

o] HA 7153z FE7F ¢l IEDDA 28 wEgo] w3317l

IEDDA Z3% Wk&o] 7F3 HA-Nb A+AE 4371 918 HAE EDC

ON

0%
d

o

olf
ox

¢} NHSE AH&3l 7l2HYeln= AZFY ¥& B3 5-=2Ru-2-vd
ofvlo® 7|3ttt =2HW(NDb)¢ o|&4 A= (DS)e 50%E HiE=
gk 4Al"¥ HA-Nbel F+%= 1H NMR¥ FTIR E3w¥oz ®43d.
2R DSE HAC :2Hule Z2=3 HeEr]E |H NMR A3 E
How F3ste] A4e A3 20% 2 UEst HA-Nbe F2E FTIR
o3 F7t= gl=ERen 3300ecm-19] HA F2tb7]e) 5440 2% s
S YERT 1612em-19] A1g W=l 1405cm-19] A7 W= 77
COO-9] vl & 214z 3y 4ol 7]Astth 663cm-12] dAS FAE

Az AR G2 BT FFuo] HATE ALe] mEud vl £4E
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15.64+

=]
=
ol

6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6

f1 (ppm)
(b} {c)
100, HAND TR L i e,
\
J/ TA
o LA ] -
= § a0l WYL A
£ a0 « 1405 pi] - 141:3'5 l' \
E 1612 E 1616 | aga!
w (2] (1] 11 |
E E | '*,I,:
- 60 - \
&= = 404 |
40 ; ; - ] 20 : . -
3500 3000 2500 2000 1500 1000 500 3500 3000 2500 2000 1500 1000 500
Wavenumbers cm-1, Wavenumbers cm-1

[2% 6] HA-Nb R A|F3d ste|=2 A 4. (a) TTa
A3t E e A HA-Nbe 1H NMR =¥ E%, (b) HA-Nb9] FTIR

2HEH D (¢) EAAZXH dto]=249 FTIR &2HEH

4.3 stol=E2A9 Ax B 543}

A4 HA-Nbe} DSe-DTze] &wH|[(ZF 10 : 2.5 10 : 5, 10 : 10, Nb :
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Tz, Bu)E WA 3%FF9  slo|==A(HAHG-A, HAHG-B,
HAHG-C)& Az3d. webd =23d a253 ez a5 Alold
I[EDDA &9 w9 2

Atk DSe-DTz Fge] H&45 st Alzte] Wapx= Aoz ety
=H, o] IEDDA g ukgo]
wjZolth, HA sto]=2 79 FTIR
F5uE JEld HA-Nb¢t DSe-DTz %+ IEDDA W3S &3 7hale

=

44 o=z A% AT 2 A 54

stol=rAe] - Wy A ¥ Hio|d HAEE ALE-3le] 7] 5 EH

Roew Z-A Wy AL a7 339 yek ) sel=Ae 2k

b0 2 Q18] 1557509 M9 Ast AHE YEld= w2

A FAFEAT. AFstE slojmz Aol Z-A W3 A7 2 ) AE EAL

g P E & AMEste] @A A 2 A Faed geERA 44 A% BE
=

H2a(G) 2 & REYAGHE ZAHTo

==

M F7EE ke AT v
FAE, 7t W2 DSe-DTz &< 71zl dtol=272 HAHG-AE G’}
G'el nagor TAHE AAH F 500x9 A3 AHE el @#
dto]=2 A HAHG-B9 HAHG-CS A3} A7he & 7
ol 380%, 200% = ATt dtol=g Al JAA Ay JFuAe] B
g T7MARe wE AT FAA R, Fag ¢ HAECA, )
ol=7 A HAHG-A, HAHG-B¢] A% =% HAHG-CE= zHzt 750, 2500,

-

wA el o w

3000dyne/ai = ZAE ATk o5 ATAE hwAl FHgel BEF5E U

S % solenAe A44ATE nad oldel A7ATe} fArsTHION



HrG & HasisE HaktG
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[Z% 7] ste|=22¢ Ut 54, (a) AFsE stol==22 9
-2 Y2 BdFE AR, (b-d) do]|=2 A HAHG-A, HAHG-B
2 HAHG-C9 A Frz2Ae A REgds R &4 EEH&,
(e-g) dtol=24 HAHG-A, HAHG-B ¥ HAHG-C9 Z F39

FTEANY AY REHE D &4 REHA

45 sfol=rde] AFE AT

stol=rle] FEAde TF FEMeR 2AY o8 fld vd A



g Ax stol=rAs A2 PBSOl HAGH. RE stol=rAL %7

1

4AZE Abelel F A3 e FES WERTE 2443 Foll A FY A
of e]2%lal, FAA 2= HAHG-A, HAHG-B, HAHG-CE #7 At

BaE 1,800%, 1,200%, 900%E5 YEFHITE ol g Ad= st

)
b
N
Hir

A B EFUt AgEe] 9lormg slojlmgAe] mEE YES A 7|
gt ZhaAle] EH|7E Fohstel] wet wi e Sfol=m A WEEo] A

F2 thera,

2400 | =*=HAHG-A

| —e—HAHG-B
2100 L e=lil= HAHG-C

~ 1800 f

S

O 1500

it

©

14

o 1200

£

© 900

3

n

600

300

0 L | L | L | L | L | L | L | L | L | L |
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Time (hours)

[2¥ 8] PBS(pH 7.4)9 4] 3slol==2 A9 AH EA
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46 sol=2Ae Yud THEA

stolmm el Ao wel Ve mAFEE guth B TEE

AmAFe] AgE sty WAUZA, w2uds gEGD Ao
IEDDA Wg o2 F4E N, 7}27h slol=aa o] s J4AA @

24 549L d5% 5 Atk TAGOR, BE AP sol=
2] Wy prE el mskou, sludel Busk Frbgd we
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