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Acidic pH «— pl = 11.25 — Basic pH

Figure 5. Isoelectric point of lysozyme at different pH
[21]

cation

neutral
species

monoanion

dianion

Figure 6. Electrical change of fluorescein at different pH [18, 19, 26]
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2.1 AQF
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FAzE =89 2F0] o
% 7]=3}= poly(ethylene glycol)(Multi-Arm PEG-NB)1} 9FZ @wtio] mpo] 2=
7158 PEG(HS-PEG-SH) ¥ 47j9] &to] xpo]Z= 7|52t PEG(4-Arm
PEG-SH)7T Ar&E 9}t ©=FA|¢l 8-Arm PEG-Norbornene (PEG8NB, 10, 20
kDa)?} 4-Arm PEG-Norbornene (PEG-4NB, 10, 20 kDa), HS-PEG-SH (3.4,
10 kDa), 4-Arm PEG-SH(5, 10 kDa)2 Creative PEGWorks USAOJ|A] —LOj5}
K[t Aol=o] 7|lsshd PEGY disulfide Zg9] AS S TEAlz
Tris(2-carboxyethyl)phosphine Hydrochloride (TCEP, TCI, Japan)7} AH&-%] 9}
C}. sfoj= 274 T539] LIAA 2= Lithium Phenyl(2,4,6-
trimethylbenzoyl)phosphinate (LAP, TCI, Japan)?} AF&E|Qitt &X|=S ]St oF
22 Z2 YA (Fluorescein, Sigma-Aldrich)¥t 2}o]AX}(Lysozyme,
Roche, Germany)2 AEs5t3CH 2lo|AARFAC] A=FS Q]st Bradford assayf]
AleFO & Coomassie Brilliant blue G 250(Sigma-Aldrich, Canada)g& AH85t%

o},



2.2 stol==7 AR Al

stol=22 AAE AEst7] $fsi Fst 70 “Coll B Multi-Arm PEG-NB}
HS-PEG-SH 2 4-Arm PEG-SHZ Table 1a} 2o k%2 15 ml Ofo]iz &
H(microcentrifuge tube, E-P tube)o] EE8lAM(Vortex-Genie 2, Scientific
Industries, Bohemia) ¥ HAE2]7|(Frontier™ 5000 A]g]= 10|y, Ohaus,
Germany)g ol &ste] 8alstAiL, ol 4°CoA 22 FOF WEste] A& 4 9
t}. disulfide bond?9] A9l TCEPZ} I7RA|A|Ql LAPE Th:IZHA] &2 Table 1
1 FLstA &olistlar, uiwl Al JElR AREStRien 55 LAPE W =&

A s st

Table 1. Preparation of monomers, TCEP and LAP

) Molecular weights Concentrations
Materials
(g/mol) (M)
Monomer
10,000 1.0x10°!
8-Arm PEG-Norbornene
20,000 5.0x107?
10,000 1.0x107!
4-Arm PEG-Norbornene
20,000 5.0x107?
3,400 1.0x10°!
HS-PEG-SH
10,000 1.0x107"
5,000 1.0x10°!
4-Arm PEG-SH
10,000 1.0x107"
Tris(2-carboxyethyl)phosphine
286.64 7.0x107?
Hydrochloride
Lithium Phenyl(2,4,6-
294.21 2.0x107

trimethylbenzoyl)phosphinate




2.2.1 #o]&-qll mo]x] stol=Ez7 MLA AX

sfol=2 70| chofgh UEQS WSS 145 ¢stel Table 29 2ol 4ol
o] 71%3He PEGY] Yabe xAWston] olo] whet LAP X FR4E £t
o} TCEPS oz sk Fatyi, 7 8942 0.5 mL nfoliz Huof
o ZFYstel BElA U ANEIIE A
SA= 554, Multi-Arm  PEG-NB,

HS-PEG-SH(E 4-Arm PEG-SH), TCEP, LAPo|t}. LAPS 4Y7| XME mt

2Eq2 18, 9AEY7]R 20& E¢F S5t cH(Table 2).
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Table 2 Preparation

of thiol-ene photopolymerized PEG hydrogel

precursor. Total volume of precursor is 10 pL

(n =0, 1, 2, 3, 4. Step in which the equivalent weight increases. e.g. 1.5

eq is O step and 2.0 eq is 1 step)

Volume Volume
A B
(uL) (uL)
Distilled water 5.5-0.5n Distilled water 6.25-0.25n
10 kDa PEG-8NB 1 10 kDa PEG-8NB 1
4-Arm 5, 10 kDa
HS-3.4, 10 kDa PEG-SH 1.5+0.5n 0.75+0.25n
PEG-SH
TCEP 1 TCEP 1
LAP 1 LAP 1
Volume Volume
C D
(uL) (uL)
Distilled water 4.5-0.5n Distilled water 5.25-0.25n
20 kDa PEG-8NB 2 20 kDa PEG-8NB 2
4-Arm 5, 10 kDa
HS-3.4, 10 kDa PEG-SH 1.5+0.5n 0.75+0.25n
PEG-SH
TCEP 1 TCEP 1
LAP 1 LAP 1
Volume Volume
E F
(uL) (uL)
Distilled water 5.75-0.25n Distilled water 4.75-0.25n
10 kDa PEG-4NB 1 20 kDa PEG-4NB 2
HS-3.4, 10 kDa
HS-3.4, 10 kDa PEG-SH 1.25+0.25n 1.25+0.25n
PEG-SH
TCEP 1 TCEP 1
LAP 1 LAP 1
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2.2.2 =2 O] slolm 27 MIAF AR

of=2 FAIY stol=2 AFAE AMEs7] A, oFes FAIst7]o] gAolal

Wegol Aol Actn werd £YL J1F0R slo] AIAE AxstGct. ot

ox,

o= 2710] %L PEG-8NB 10 kDai} HS-PEG-SH 10 kDa 1.5 ZaFg &
ab so] = 27(10PEGSNB)¥} PEG-8NB 20 kDai} HS-PEG-SH 10 kDa 1.5 %
}o] = 2 71(20PEGSNB) 2 ZAJ51oict. MLA|= Table 20] Z542

ol
o
ox,
!
ol

215k, 0.5 mM fluorescein @ 5 mM lysozyme&
2 EYstoct. 84S FYshe #AE SHA, 8-Am

PEG-NB, HS-PEG-SH, TCEP, ¢}=, LAPo|tKTable 3).

Table 3. Preparation of drug encapsulated PEG hydrogel

Distilled water Fluorescein, Lysozyme
10PEG8NB 4.25 pL
2 uL
20PEG8NB 3.25 uL
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2.3 sloj= 27 shA

stol=27 MRS opo]22 mzZiiez 200 pL m3l HS ARESH] 80 uLel AH
2 10 pL¥ Fetich. MpAl Sojgle mE =g AERE mo] mAste] UV
lamp(SUPRATEC HTC Ultraviolet lamps, Osram, Germany)S AX|st Q20
Y, UVol wEste] BEES As%THFigure 7). Table 59 o] HreiA|o)
FEolu Al et =& ARES 2SI UV lampQ] AR Table 49F

2t

E -

O
[e]
o._h_ot! § SH -~ [0}~ hy g

SH s o

s
Z
L]
..

& A
PRy 1
Photoinitiator [ AL xS

o
PEG-4NB HS-PEG-SH N

Figure 7. Photopolymerization of thiol-norbornene PEG Hydrogel

Table 4. Specifications of UV lamp

Wattage Voltage Rating Peak Wavelength

P
roperty W) V) (nm)

Value 460 230 315

_13_



Table 5. UV exposure time depending on hydrogel precursor

Molecular Molecular ) Exposure
. . . Equivalent .
Norbornene weight Thiol weight time
(kDa) (kDa) (eq) (s)
3.4 1.5, 2.0, 10+2n
HS-PEG-SH 2.5, 3.0,
10 35 12+2n
10
A-Arm 5 0.75, 1.0, 12+42n
1,25, 1.5,
PEG-SH 10 1.75 14+2n
PEG-8NB
3.4 1.5, 2.0, 12+2n
HS-PEG-SH 2.5, 3.0,
10 35 14+2n
20
4-Arm 5 0.75, 1.0, 14+2n
1,25, 1.5,
PEG-SH 10 175 16+2n
3.4 195 15, 10+2n
10 HS-PEG-SH
10 L75 12+2n
PEG-4NB
3.4 195 15, 12+2n
20 HS-PEG-SH
10 L.75 14+2n
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2.4 sfol=27 714 57

sfol=2 0] YES To] a2 st AFS mobsty] ¢lste] 24 (stiffness)e
Aotoict. stol=2789] 7L pHsb b2 phosphate $5 8ol 2447t 5

b

2

WG A|7] stole27A8 31X 9 eu]E(Rotational rheometer, REA A3 &
QUJE|, Anton Paar, Austria)g AtEsto] 74, 1A E 20 59 Algo] A3
PP(Plate & Plate) A|AHEIO|A] A& EFAA 4 (Storage modulus, G)ES
t}. PP A|AEIOA 9] £ H2]= A St ERo]EoA AlgE o ¥
Foz BHA7IAA AlRel G
o 54, & stol=27lo] |1 9l AA| ofuix] Fol Aol AR w ot
RIS 2 9ty Alge oF 22 “ColA
Shear strain 1%9] dAst ZFro 2 Angular FrequencyS 0.1~100 rad/sZ %
7FAIZIH A R1985H i TH(Figure 8).

rte
2]
ol
A
oX
ol
ok
@ o &

djm
ox,

S Boleks Zolch. A% EgARE 1A

A= dYAlolH olg Fsll 44

ﬂJlo

(9%)ureqys ieays

v <] [ Angular frequency(rad/s)

Figure 8. Rotational rheometer and PP system
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2.5 stolE 27 AMJA mesh size Bl

stol=z7o] YEQI Yo TE mesh sizeg Hluwst?] ¢Jsto] AAM HF

B @&&PGAX]|(Micro-CT, Bruker, Belgium)& ©o]&5to] &5t tHFigure 9).

UEYI U HuE 3t sto]=2782 HS-10 kDa PEG-SH 1.5 eq?t 10 kDa

PEG-8NBE $/dst stol==274aF 20 kDa PEG-8NBy gHAdsh stojl==27

HS-10 kDa PEG-SH 3.0 eq®} 20 kDa PEG-8NBi} $H/d3h stole=27a2 ZAX st
:

91, 015S FAAR O HYSIYL

Figure 9. Micro-CT
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S|

2.6 Sfol=27 Wag 27

PEG stoleg279] YEQ T 9 pH7} #&E&(swelling ratio, SR)O| O]x]= &
= ZARSH] S5t AgE AlSgstict. ©/dd stol=2783 pHZE 242F 5.0, 7.4,
8.291 0.1 M phosphate €584 200 pLoj|Al 24417t 59t *WwstTt. o] A
e stol=z7A9 Ao JF2 2715 AAT H, WEH FAWsweling, Wo)E
28 HALN-&(Explorer™ Analytical, Ohaus, USA)2 &AsIIt}t. W &4
sk stol=27 e =AA X Y|(Freeze Dryer, EYELA, Japan)Z o] &35to] AXAI7]
<, 521 xd stolE229 FA(Warea, Wa)E &F75H] ool Als &5l B=
22 Tolgici2e]
Swelling ratio(%) = WX 100

W, = 244170 59 Bed stol=ze] 2

W, = 2759 stoj=ae] 27
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2.7 stol=27 f gAld 22 UE e 574

stol=z70] YEHS % pH g0l GAIH =9 ¥E 750 vxle 4=
ZASEATE oFzo] EX|E stol=278-% pH 5.0, 7.4, 8.29] phosphate &%&
ol 2ol A widet &, FoiAl Aot} et FEEHS 25 713l 100 p
LA ofo]a 2= o]E g f(Spactramax M2 microplate reader, Molecular
Devices, USA)E o0]8&3}o] &£A59c}. sto|E 2742 rhA] AlASH & Q000 uj
o] TAEE §REE FSAct BLeANAL FF 1 A(peak)t of7]
H(excitation peak)’l 490 nm, ®= 1] 3(emission peak)’} 520 nmo]|c}. 2to]
ARFAL Commassie Brilliant blue G 2500]2t= HARQFO] =it w X}o]S o] &
o O FFYQl Bradford assay[23]5 &stol AIFsidt 58 M=
595 nmolch. Z2 QAT afol ARt pHol met Bo A7|7t wstets]

4, 82014 WA FHAst HJAFAHS LUAHFigure 10,

(Cumulative release, %)= AArsHY T}

48

Cumulative Release(%) = ”*;m X 100

Mn = /*\C-)]a-ﬁﬁ ]\]7 %O H]—%a %KE]Q“I %_}F‘ (n = Or 1! 2, 3! 24! 48)

M: = @A]E AF] 24 (Fluorescein: 5 nmol, lysozyme: 1.5 nmol)
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A = pH5O B e pH74

¥=567.86x—122.84 ] y=7100.5¢-1331.2
6000 { R2=09995 800001 R2=09917 .
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5000 -
§0000 -
£400 5 50000 .
e =3
8 3000 4 8 40000
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< <
30000
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0 ; . . ; r [ r r , . -
0 2 4 ] 8 10 0 2 4 8 8 10
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80000 Re=0994 .
70000 -
60000 -
5 50000 - a
=S
g 400001
<
30000 -
20000 -
10000 -
o T T T T T
0 2 4 6 8 10

Concentration (M)

Figure 10. Calibration curves of fluorescein at A)pH 5.0, B)7.4 , C)8.2
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Figure 11. Calibration curves of lysozyme at D)pH 5.0, E)7.4, F)8.2
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m. 2x 1:71! T A

u

3.1 sfol= 271 3y 57

3.1.1 PEG-8NB, PEG-4NBQ9] EAX}=F, HS-PEG-SH, 4-Arm PEG-SHQ] EA}=F
U ol wato] hE 2 5%

stol=z79] YEYI Bro Thg ZsHgelation)E =HQlst7] #stof 22 *Cof
Al Shear strain 1%°2] dAst Yo 2 Angular Frequency=S 0.1~100 rad/sz
70710 oMY OnlES olgdl MR BHAAG)E SAstaon], 54
glo]Ej= Table 6, Table 7, Table 80f UERYQICT,

MA], PEG-8NBY] T2 1 eqz2 2% AAsSHA 1743t AEfjoA] PEG-8NBY]
AT} HS-PEG-SHO| RAlg} @ ool wighs £9100] pH 74004 B84
71 sto]=r780] ARF ©/g7AI49] Mel= 870.578 ~ 1564853 kPaz ZHFE Tt

(Table 6, Figure 12). 2AFgo] doifoz W2 Zuf 2 A& vlast

o
(o] ix O O =
242 7ol Zasts o= sholEQich. 3 HS-PEG-SH| dafo] 5713
2% ol F71stEnt

PEG-8NBut OR7EA]2  PEG-4ANBY| Hs wAdst AJHAA A 2
HS-PEG-SHO| T&o] ¥gts Flon], stoj=2710] A4 EdALo WY e
265.790 ~ 3903.87 kPaz =X & 9ltHTable 7, Figure 13). PEG-8NB1} =s}
Al FATZo] EOobA]AL HS-PEG-SHO| T&o] 57tgas 4= Sttt

PEG-8NBO] G5 1AsH HHIA 2AIF 2 4-Arm PEG-SHO| ZAt&o] W
stz zglom sto|m@Mo] MR EHAL0] WMol 527524 ~ 32744.2 kPaz
573 %itHTable 8. Figure 14). A Al@e] ZAipel UMIXIZ 4-Arm

PEG-SHY| BA1Y ¥ 3ol 371842 4= @71 Z716h 2o Ued,
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ol TAlel AIY L ggo] 371842 Af(chain)o] J7|92 sfol= 2

of YEAI B=rt £LsHA]7] miZoleH24].

Table 6. Storage modulus(G’) of PEG Hydrogel photopolymerized
PEG-8NB and HS-PEG-SH at pH 7.4 (mean+SD)

Molecular Molecular )
i ) i Equivalent Storage modulus
NB weight Thiol weight (eq) (kPa)
e a
(kDa) (kDa) d

1.5 870.578+78.471
2.0 2071.01+£222.18
3.4 2.5 3209.87+£523.90
3.0 4712.79+343.53
3.5 4469.87+648.90

10 HS-PEG-SH
1.5 1057.96+184.73
2.0 3849.79+122.94
10 2.5 5033.47+304.48
3.0 7238.05+160.43
PEG-8NB 35 10129.8+571.32
1.5 1757.14+131.06
2.0 3875.08+378.64
3.4 2.5 5504.28+503.66
3.0 6822.55+184.46
3.5 6062.00+£662.47

20 HS-PEG-SH
1.5 2083.21+176.23
2.0 4589.41+173.17
10 2.5 8094.69+128.65
3.0 10370.1+1204.5
3.5 15485.3+1569.7
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Table 7. Storage modulus(G') of PEG Hydrogel photopolymerized
PEG-4NB and HS-PEG-SH at pH 7.4 (mean+SD)

Molecular Molecular )
i ) ) Equivalent Storage modulus
NB weight Thiol weight
(eq) (kPa)
(kDa) (kDa)
1.25 265.790+£5.5140
3.4 1.50 331.895+7.7692
1.75 278.160+£10.036
10 HS-PEG-SH
1.25 226.770£35.009
10 1.50 860.351+£78.596
PEG-4NB 1.75 2104.87+31.183
1.25 1158.35+£26.988
3.4 1.50 1229.74+33.764
1.75 2064.48+146.77
20 HS-PEG-SH
1.25 1021.39+£75.390
10 1.50 2910.66+£47.188
1.75 3903.87+330.95
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Table 8. Storage modulus(G') of PEG Hydrogel photopolymerized
PEG-8NB and 4-Arm PEG-SH at pH 7.4 (mean+SD)

Molecular Molecular )
NB weight Thiol weight Equivalent Storage modulus
(kDa) (kDa) (ea) (kPa)
0.75 5275.24+151.16
1.00 8515.22+1506.7
5 1.25 13134.3+158.56
1.50 16213.3+303.14
4-Arm 1.75 15481.2+591.28
0 PEG-SH 0.75 4315.46 +288.52
1.00 8639.97+1105.6
10 1.25 13091.2+1638.2
1.50 18069.3+504.82
PEG-8NB 1.75 19525.8+912.52
0.75 12327.5+23.594
1.00 19461.3+917.58
5 1.25 21289.8+360.27
1.50 23434.7+1789.7
20 4-Arm 1.75 24208.3+2451.3
PEG-SH 0.75 10831.9+698.03
1.00 17124.2+£910.52
10 1.25 22123.5+1272.7
1.50 24829.9+519.47
1.75 32744.2+1036.7

_25_



—=— 10PEGSNB+HS3 4PEGSH

—e— 10PEG8NB+HS10PEGSH

i —A— 20PEGSNB+HS3.4PEGSH

18000 - —v— 20PEG8NB+HS10PEGSH
16000
14000
12000 -

o
T 10000 -
O 8000 -
6000 -
4000 -
2000 -
0 : : : . : , : , .
15 2.0 25 3.0 35

Equivalent

Figure 12. Storage modulus(G’) of PEG Hydrogel photopolymerized
PEG-8NB and HS-PEG-SH at pH 7.4 (p-value "p < 0.05, "*p < 0.01, n=3)
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—m— 10PEG4NB+HS3.4PEGSH
—e— 10PEG4NB+HS10PEGSH
—&— 20PEG4NB+HS3 4PEGSH
4500 —v— 20PEG4NB+HS10PEGSH
4000 -
3500 -
3000 -
© i
& 2500
\x/ p
tn 2000 -
1500
1000 - %
500 -
] — = —
O . T ¥ T T T T T * T ¥ 1
1.2 1.3 1.4 15 16 1.7 18
Equivalent

Figure 13. Storage modulus(G’) of PEG Hydrogel photopolymerized
PEG-4NB and HS-PEG-SH at pH 7.4 (p-value "p < 0.05, "p < 0.01, n=3)
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T T T T
0.6 0.8 1.0 1.2

Equivalent

1.6 1.8

Figure 14. Storage modulus(G’) of PEG Hydrogel photopolymerized
PEG-8NB and 4-Arm PEG-SH at pH 7.4 (p-value *p < 0.05, p < 0.01,

n=3)
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3.1.2 PEGY] 7gte] %o npe 7 5%

PEGO] EAfsts AEvred 189 20| oot wstels A UEYI0) Ues
Table 6, Table 7, Table 82 #Ati15}o] H] 1519 tHFigure 15, Figure 16).

PEG-8NBY.C} 7}2h 47} A2 PEG-ANBO 2 @HA4st sto|=2710] 734do] oF &
i A= 32 Zjoz EALQtHFigure 15). 3t PEG-8NB1} HS-PEG-SH %

O

4-Arm PEG-SH= g/det sto]=z2789] 14435 vlugia o, 7t9 +7F o W2
stol

=]
4-Arm PEG-SHQ] 7}AJo] oF 2 5~58) AL =2 7oz 3

9 YEY I Azt &7ts6H7] i 2ol WHECH
PEG-8NB
PEG-4NB
12000
10000 - I
8000 -~
g
=~ 6000 A
© -
4000 ~
2000 ~
0 2 v |
1.5(1.25) 2.5(1.50) 3.5(1.75)

Equivalent
Figure 15. Storage modulus(G’) of PEG Hydrogel photopolymerized HS-10

kDa PEG-SH and 10 kDa PEG-8NB, and PEG-4NB at pH 7.4
(p-value "p < 0.05, "p < 0.01, n=3)
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K] 4-Am PEG-SH

L | HS-PEG-SH
35000 -
] T
30000 - \
25000 - 5
- ] I \
©
@ 20000 1 N\
E I
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O 15000 | N\
- )
10000 4 [N I -
5000 -
3 st _ . . |
150.75) 2.0(1.00) 25(1.25 3.0(1.50)  3.5(1.75)
Equivalent

Figure 16. Storage modulus(G’) of PEG Hydrogel photopolymerized 20 kDa
PEG-8NB and HS-10 kDa PEG-SH, and 4-Arm PEG-SH at pH 7.4
(p-value "p < 0.05, “p < 0.01, n=3)
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3.13 pH Wialo] 012 4 57
s e 5U% &

gh5 =str] Ystol A
%7 dlo]E|= Table 90], ~12j

Al
pH7} Watatol wet gojojgt et

=2

pHO[| & stoj==z780

g BASG)E 545t eH

(o3 5 C 2 A0] ZFAl O
170 YEfIct. stol=g789] Z1d
o}ot
ol x| Qrolr}.
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Figure 17. Storage modulus(G’) of PEG Hydrogel photopolymerized 10 kDa
PEG-8NB and A) HS-10 kDa PEG-SH, and B) 4-Arm PEG-SH at pH 5.0, 7.4,

8.2 (p-value *p < 0.05, "p < 0.01, n=3)
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Table 9. Storage modulus(G’) of PEG Hydrogel photopolymerized 10 kDa
PEG-8NB and HS-10 kDa PEG-SH, and 4-Arm PEG-SH at pH 5.0, 7.4, 8.2

(mean+SD)
. Storage modulus
Thiol Equivalent (kPa)
(eq) pH 5.0 pH 7.4 pH 8.2
1.50 1125.01+60.015 1057.96+184.73 973.624+61.366
2.00 4694.27+246.63 3849.79+122.94 3424.20+199.28
HS-PEG-SH 2.50 5271.01£367.98 5033.47+£304.48 5325.33+105.93
3.00 7370.68+£202.15 7238.05+£160.43 8058.93+266.06
3.50 9024.06£902.41 10129.8£571.32 10140.5+730.46
0.75 5338.91+£151.30 4315.46+288.52 4497.56+351.37
1.00 8679.27+1644.0 8639.97+£1105.6 9020.62+£1362.6
4-Arm
1.25 13239.8+£357.90 13091.2+£1638.2 13413.5+2466.4
PEG-SH
1.50 17022.3+1779.4 18069.3+504.82 16475.0+2361.2
1.75 19676.8+2703.8 19525.8+912.52 19450.3+367.44
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3.2 sto]E279] AI)A mesh size B]1L

stole 270l YEQI Yo TE mesh sizeg Hluwst?] 9Jsto] AAM HF
B @3 ITAIMicro-CT)E o]&sto] st th(Figure 18). 1.5 eq®] HS-10
kDa PEG-SH®} 10 kDa PEG-8NBE 3§45t stol= 271} 20 kDa PEG-8NBS
&35t stolz 271 9 HS-10 kDa PEG-SH 3.0 eq®} 20 kDa PEG-8NBS §H4d

&t slo|l= 2L ¥|wsl7|2 AASIE T, o] =AARG o &odstoct

2

SANEG slolc2ale Y A, PEG-8NBY EAlgol 26) of & ol
2o oy e oush] AXA g o= selHgch.

EG- sfol=2719] w3 271 WY AoiAly 2L
golstgic). o] 4TS Sslof TR LAFL stolS 2o ta] 7o) 2

e AR T TR FYyol F7IekE o 277t AR AE L 4 AY

N
T
()
ot
off
e
N
=
=)
rlo
ol

Figure 18. Micro-CT image of PEG Hydrogel polymerized with 1.5 eq of
HS-10 kDa PEG-SH and A) 10 kDa PEG-8NB, B) 20 kDa PEG-8NB, and C)
3.0 eq of HS-10 kDa PEG-SH and 20 kDa PEG-8NB.
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3.3 sfo]=279] BPra wist

PEG slolEg27190] YEQ 3 U pH 70| stolez7lo] G g (swelling ratio,
SR)o| O]R]= FF2S ZARSH] {5t Table 52F o] /=l sto|=274ZF pH
.0, 7.4, 8.29] phosphate ¢ZF8MoA| 2447t & W&E X SZAARSIo] T

A5t

o

Mo
Mo

o
=2

Jon

o

3.3.1 PEG-8NB, PEG-4NB9] ®At%, HS-PEG-SH, 4-Arm PEG-SHQ| 2A}&
U Fgol Wslo] 42 Beg Wl

9A], PEG-8NBY 3o 1 eq2 W5 URsHA 1A AejolA PEG-8NBO]
wbeal HS-PEG-SHO| BAlg 9 dabo] Wets 9lo0] pH 7.4014 stol=
270 &0l HYYE 606.813 ~ 2631.18%=2 =74 %} Table 10, Figure

19). EAO] ddiA oz W2 v g2 e Hlaskils O AF0l sotEa

5

= Wegol /15t e B 4 Agdon, WU BAP] UeAS BWege
Zashe o2 aQlEct. 3 HS-PEG-SHY Fyol 571842 Bege
Zastact

PEG-8NBxt ORI7EA] 2 PEG-ANBO| T&fs /gdeh AJEidlA A
HS-PEG-SHO| Gt Hets HQlow, stojl=z739] B9 He = 2088.46
~ 3527.37%=2 =X & ¢tHTable 11, Figure 20). PEG-8NBx} ZUstH EAF
o] o] HS-PEG-SHO| dafo] Wollas Mege 37hstac.

PEG-8NBY| ek wst AlEjolA BAl @ 4-Arm PEG-SHe| Brtajo]
st F9lon, sfol=g7l0] HWR-go] W= 628.095 ~ 1342.40%= Z7JE Y
CHTable 12. Figure 21). oA Al3lo] Aute} nhrt7HA|2 4-Arm PEG-SHQ| &
Atgol S7tstAY B0l dages Beer S7ite Aoz UERH o=
HFAIS] EARgel S7tstE Swst] Aolle tiafe] Z717F A ER|TE st
HA TFAIC] Aot DojR|A HEr WA 7|7t F7tske Zlo]7] miwo]

&}

T owEsteich, B¢ 94 Micro-CT #92 531 & 4 Aol Fgol Yo

©
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22 sfol=2719] w2 27)7t AR7] G2olct.

Table 10. Swelling ratio of PEG Hydrogel photopolymerized PEG-8NB and
HS-PEG-SH at pH 7.4 (mean+SD)

Molecular Molecular ) ) )
. . . Equivalent Swelling ratio
NB weight Thiol weight (eq) (%)
e
(kDa) (kDa) 4 °
1.5 1016.48+53.317
2.0 924.132+19.223
3.4 2.5 868.465+32.799
3.0 790.278+42.150
3.5 606.813+£87.627
10 HS-PEG-SH
1.5 1176.22+71.461
2.0 1135.54+48.453
10 2.5 1068.00+£96.167
3.0 1021.23+96.567
PEG-8NB 3.5 864.286+74.751
1.5 1860.00+£73.169
2.0 1641.30£97.315
3.4 2.5 1394.74+3.7216
3.0 1319.33+£79.472
3.5 1305.84+£50.522
20 HS-PEG-SH
1.5 2631.18+22.888
2.0 2177.27+64.442
10 2.5 1734.62+48.954
3.0 1585.98+40.780
3.5 1433.66+53.358
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Table 11. Swelling ratio of PEG Hydrogel photopolymerized PEG-4NB and
HS-PEG-SH at pH 7.4 (mean+SD)

Molecular Molecular ) ) .
i ) ) Equivalent Swelling ratio
NB weight Thiol weight
(eq) (%)
(kDa) (kDa)
1.25 2457.78+267.11
3.4 1.50 2269.09+78.814
1.75 2088.46+195.36
10 HS-PEG-SH
1.25 3553.97+£193.04
10 1.50 2770.83+252.59
PEG-4NB 1.75 2322.22+23.570
1.25 2747.22+121.78
3.4 1.50 2322.22+86.424
1.75 2268.75+26.517
20 HS-PEG-SH
1.25 3527.37+95.273
10 1.50 3095.08+192.66
1.75 2157.97+41.323
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Table 12. Swelling ratio of PEG Hydrogel photopolymerized PEG-8NB and
4-Arm PEG-SH at pH 7.4 (mean+SD)

Molecular Molecular

NB weight Thiol weight Equivalent Swelling ratio
(kDa) (kDa) (eq) (%)

0.75 986.667+65.997

1.00 871.111+54.886

5 1.25 748.485+5.2486

1.50 677.137+28.091

A-Arm 1.75 628.095+32.899

10 PEG-SH 0.75 1302.42+37.284

1.00 1266.67+106.93

10 1.25 1066.88+64.716

1.50 887.619+57.915

PEG-8NB 1.75 839.583+38.302

0.75 1287.00+70.111

1.00 1038.57+64.159

5 1.25 917.917+36.579

1.50 907.895+22.536

2 4-Arm 1.75 852.505+34.200

PEG-SH 0.75 1342.40+22.786

1.00 1085.49+78.950

10 1.25 1019.49+80.855

1.50 921.061+98.713

1.75 910.447+29.102
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Figure 19. Swelling ratio of PEG Hydrogel photopolymerized PEG-8NB and
HS-PEG-SH at pH 7.4 (p-value "p < 0.05, "p < 0.01, n=3)
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Figure 20. Swelling ratio of PEG Hydrogel photopolymerized PEG-4NB and
HS-PEG-SH at pH 7.4 (p-value "p < 0.05, ""p < 0.01, n=3)
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Figure 21. Swelling ratio of PEG Hydrogel photopolymerized PEG-8NB
and 4-Arm PEG-SH at pH 7.4 (p-value "p < 0.05, ”p < 0.01, n=3)
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Figure 22. Swelling ratio of PEG Hydrogel photopolymerized HS-10 kDa
PEG-SH and 10 kDa PEG-8NB, and PEG-4NB at pH 7.4
(p-value "p < 0.05, "p < 0.01, n=3)
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Figure 23. Swelling ratio of PEG Hydrogel photopolymerized 20 kDa
PEG-NB and HS-10 kDa PEG-SH, and 4-Arm PEG-SH at pH 7.4
(p-value *p < 0.05, p < 0.01, n=3)
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Figure 25. Swelling ratio of PEG Hydrogel photopolymerized 10 kDa
PEG-8NB and A) HS-10 kDa PEG-SH, and B) 4-Arm PEG-SH at pH 5.0,
7.4, 8.2 (p-value "p < 0.05, "p < 0.01, n=3)
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Table 13. Swelling ratio of PEG Hydrogel photopolymerized 10 kDa
PEG-8NB and HS-10 kDa PEG-SH, and 4-Arm PEG-SH at pH 5.0, 7.4, 8.2

(mean+SD)
. Swelling ratio
Thiol Equivalent (%)
(eq) pH 5.0 pH 7.4 pH 8.2
1.50 1488.41+48.089 1176.23+71.461 1154.86+94.643
2.00 1290.77+12.089 1135.54+48.453 1060.24+134.50
HS-PEG-SH 2.50 1270.64+111.75 1068.00+£96.167 1073.94+98.215
3.00 1199.52+77.135 1021.23+96.567 1050.09+16.747
3.50 1146.11+188.38 864.286+74.751 956.076+35.255
0.75 1435.00+77.782 1302.42+37.284 1305.15+57.426
1.00 1295.00+£63.640 1266.67+106.93 1236.36+12.856
4-Arm
1.25 1106.41+44.245 1066.88+64.716 1053.53+53.940
PEG-SH
1.50 1001.47+56.724 887.619+57.915 915.079+75.905
1.75 917.506+86.681 839.583+38.302 750.077+68.529
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Table 14. Fluorescein release(%) of PEG Hydrogel photopolymerized
HS-10 kDa PEG-SH and 10, 20 kDa PEG-8NB at pH 7.4 (mean+SD)

Cumulative Release

Time
(h) %)
10PEG8NB 20PEG8NB
0 0.000+0.000 0.000£0.000
1 31.12+2.637 45.31+2.530
2 48 .59+2.386 68.81+3.569
3 54.42+3.339 79.76+£2.747
24 57.16+3.742 86.82+2.103
48 57.16+0.000 86.82+0.000

Table 15. Lysozyme release(%) of PEG Hydrogel photopolymerized HS-10
kDa PEG-SH and 10, 20 kDa PEG-8NB at pH 7.4 (mean=SD)

Cumulative Release

Time
(h) %)
10PEG8NB 20PEG8NB
0 0.000+0.000 0.000£0.000
1 47.78+1.766 53.2949.442
2 66.41+1.693 72.22+9.298
3 77.92+1.691 81.76£8.029
24 88.07+1.561 94.12+7.276
48 88.07+0.000 94.12+0.000
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Figure 26. Cumulative release of fluorescein from PEG Hydrogel
photopolymerized HS-10 kDa PEG-SH and 10, 20 kDa PEG-8NB at pH
7.4 (p-value *p < 0.05, "p < 0.01, n=3)
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Figure 27. Cumulative release of lysozyme from PEG Hydrogel
photopolymerized HS-10 kDa PEG-SH and 10, 20 kDa PEG-8NB at
pH 7.4 (p-value "p < 0.05, "p < 0.01, n=3)
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Table 16. Fluorescein release(%) of PEG Hydrogel photopolymerized
HS-10 kDa PEG-SH and 10 kDa PEG-8NB at pH 5.0, 7.4, 8.2 (meantSD)

Cumulative Release

Time (%)
(h)
pH 5.0 pH 7.4 pH 8.2

0 0.000+0.000 0.000+£0.000 0.000+0.000
1 7.515+2.206 31.12+2.637 38.06+3.234
2 24.21+1.816 48.59+2.386 52.11+2.630
3 36.23+2.045 54.42+3.339 56.99+2.559
24 49.09+2.213 57.16+£3.742 58.88+2.234

Table 17. Fluorescein release(%) of PEG Hydrogel photopolymerized
HS-10 kDa PEG-SH and 20 kDa PEG-8NB at pH 5.0, 7.4, 8.2 (mean+SD)

Cumulative Release

Time (%)
(h)
pH 5.0 pH 7.4 pH 8.2

0 0.000+0.000 0.000+0.000 0.000+0.000
1 8.356+1.398 45.31+2.530 47.38+2.428
2 27.35+2.795 68.81+3.569 72.59+3.831
3 42.76+1.977 79.76+2.747 85.20+3.269
24 60.86+0.068 86.82+2.103 94.59+2.707
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Table 18. Lysozyme release(%) of PEG Hydrogel photopolymerized HS-10
kDa PEG-SH and 10 kDa PEG-8NB at pH 5.0, 7.4, 8.2 (mean=SD)

Cumulative Release

Time (%)
(h)
pH 5.0 pH 7.4 pH 8.2

0 0.000£0.000 0.000£0.000 0.000£0.000
1 42.22+2.408 47.78+1.766 51.10£1.193
2 60.60+£3.439 66.41+1.693 64.49+1.155
3 75.01+3.935 77.92+1.691 73.51+1.344
24 91.03+4.466 88.07+1.561 81.59+1.552

Table 19. Lysozyme release(%) of PEG Hydrogel photopolymerized HS-10
kDa PEG-SH and 20 kDa PEG-8NB at pH 5.0, 7.4, 8.2 (mean=*SD)

Cumulative Release

Time (%)
(h)
pH 5.0 pH 7.4 pH 8.2

0 0.000+0.000 0.000+0.000 0.000+0.000
1 40.61+5.441 53.29+9.442 46.21+1.138
2 64.39+6.583 72.22+9.298 64.71+4.298
3 79.52+£7.225 81.76+8.029 73.79+£5.570
24 96.42+6.471 94.12+7.276 82.29+5.972
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Figure 29. Cumulative release of A) fluorescein from 10PEG8NB and C)
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Physical properties and drug release of thiol-norbornene

photopolymerization-based PEG Hydrogel

Hyeonbi Jung

Department of Chemistry
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Jeju National University

Abstract

Poly(ethylene glycol) (PEG) hydrogels have garnered attention as versatile
biomaterials in various biomedical applications. These hydrogels can be
formed by cross-linking PEG with different polymers or molecules.
Among these PEG hydrogels, thiol-ene photopolymerized PEG hydrogels
have been extensively researched for diverse biomedical applications
such as cell encapsulation, drug delivery, and regenerative medicine.
However, information regarding the effects of various factors on these
hydrogels is still insufficient. In this study, PEG hydrogels with different
network densities were synthesized using thiol-norbornene photo-click
chemistry, and the properties and drug release kinetics of the hydrogels
were investigated based on their cross-linking density. Additionally, to
study drug delivery behavior, lysozyme and fluorescein with different
charges were encapsulated in PEG hydrogels, and variations under
different pH conditions were observed. Through this experiment, we

provide recent research insights into the relationship between the
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cross-linking density of thiol-ene photopolymerized PEG hydrogels and
drug release. Furthermore, we believe that this research contributes to
the advancement of applications in drug delivery systems by allowing the

design of monomers based on specific drug requirements.
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