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Abstract: Mucoadhesive property is the major function as an adhesive for medical devices, and therefore, these days
many researches have conducted to develop polymers having this property. Recently, biomimetic technology has been
used for developing mucoadhesive polymers. Among many technologies, mussel-inspired approaches have received
noticeable attention because of its thread’s strong adhesive characteristics. In this study, we synthesized mucoadhesive
biomimetic polymers employing catechol structures which are abundant in mussel adhesive proteins, and their structures
and molecular weights were characterized by using nuclear magnetic resonance spectroscopy and gel permeation chro-
matography. To evaluate in vitro mucoadhesive strength, the sheet type of the small intestinal porcine submucosa was pre-
pared. Compared to commercial fibrin glue adhesives, catechol-containing mucoadhesive polymers showed enhanced
adhesive strength. The study of adhesive strength with considering diverse factors, such as temperature, pressure, and oxi-
dant amount indicated that mussel-inspired mucoadhesive polymer could be a promising candidate for an adhesive in var-

ious biomedical applications.
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o 73] FEst=d o] AEL 34-dihydroxy-L-phenyl-
alanine(DOPA) 7H1Z A1 S @o| x3kslar Qe o)y

ls o].”_g D‘_%l—‘g_ o]_Q_fﬂ— /K(E 74] 1—511 ifq DOPAE= xlxﬂ;gl

A g AAHRAR AR Sk’ B3 DOPAE 1Al
Falaty Huke2 A °l wapA derhal defA Ao’
el Aol Tdsks A7l i ¥ad vviiE

olal= o7 o]Fo]x|A| 3}91 u, Aol o] EAlsk=
DOPA =o] AtshAul g4l ofste] 318 3 Ag el ¢
a3l FZ o] A7Ivkal Harxo] gt

2 AFolM = o3 AAZ 538 2 DOPAS] 7F
BlZ (catechol) 77} =UE H&E 1EAE Jfgdslad =
A& Tt DOPA 727F FHel HAehs A2 9414
oz 72 W 7HEe] F =S4 (hydroxyly17F =2 %9

of A%staz, 1 5 Abstol] oz F=(quinone)> = HH™

= B2 31 S 2 DOPAS] dajolnlsl =]
AN VEYA FANHE-S &3l o] Fo] Xt} B3 H= 7}
HE 259 ¥ hydroxyl 252 Hute] FEo|Zx2H|l9]
ST 20k ZHE 3 multiple TAA S e ATEAL
7F AJTH? wEbs TS 7 B9 AR AEe
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2L 249 F AECE EYste Aol AH=HIU

B AgME 7HIE TR EYE S AR
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Alef. Dopamine hydrochloride, sodium borate(Na,B,O,),
sodium bicarbonate(NaHCO;), methacrylate anhydride, PEG
methyl ether methacrylate(M.W.: 1100) (PEG-MA), sodium
periodate (NalO,), ferric nitrate, 1-ethyl-3-(3-dimethylamino-
propyl) carbodiimide hydrochloride(EDC)+=  AldrichA}
(Milwaukee, WDOIA gt & F7HAQ1 A G §lo] Ak
4319 T}. Azobisisobutyronitrile(AIBN)2 AldrichAFol| A -
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93t 3 methanololl A A ZAA 8 & AL31T) Ao ALE
B E2 MilliQ Plus 71712 A3l ZFH3IAL, & o3}
e}

A7 F, o ARESQY WHoll 23l AASKATE. Ethyl acetate(EA),
hexane, tetrahydrofuran(THF), methanol, N,N-dimethylform-

amideG)MF) 9] BuiE 23 S A e 5+
o] AJekS ALEEIYL) FEHAFRE BaxteIOﬂ/ﬂ T A
&3k D}

&l +=8M 112Kt 8. Catechol Monomer(Catechol-
MA)e| &tM: F3¢to] 7Fs3) catechol 3HES 45 9
3] catechol methacrylamide(Catechol-MA)E 3173 3F$3 o}
Dopamine hydrochloride(50 g), Na,B,0,(100 g), NaHCO;(80 g)
< SHF(D.W.) 500 mLell $A &3l AA7FAE 20
E 5ot HEHE = 3, 58N methacrylate anhydride
(49 g)2] THF(250 mL) €12 3] Hol=xlt}. 1| M NaOH
£ AMESl] pH 8= BRE 3 14A47F Bt A4 7RA Sl A
2|4 RESAIAATE A EL filteringS F5F] vwkg- £
E2 AASIAZ, EAQR5 mL)E washing 3ttt A ES 6 M
HCIE AFQ——BM pH 22 WHSo] & 3 EA(1000 mL)Z F&

AT F7 MgSO,Z &= 78 A AS F rotary
evaporator®. EAE A|7sle] HEH3E 500 mLE THEUTH

2 F AYES hexanedl| I o2 dof, WA A AA 3}
A ZTh AHES filtering- &2 Aol T EAM00 mL)ol| 3
o] 3L T}A] gh¥ hexaned] A|FAHAZAE Lojdl AHES

filtering 5~ “d-2ollA] 213 ZAZAIA HE A=< catechol-

Catechol-MA2t PEG-MA2S| &g} Bt2: Catechol2- T
Sk ey 2y 84 HA} poly(catechol methacrylamide-
co-EG methacrylate) (CA-PEG)E $/d3l7] $130 catechol-
MAS} PEG-MAS AHrettZd SRb-go 2 F5dAIZAH
PEG-MAS DMFe|| &3jA]Z] & catechol-MAZS &M 23]

AR L F 255 60°CE T & UL AAR
AIBNS 37V3lal 3A17F &<9F 600 rpm S =2 stirringS SFSAT -
S Bof] 25 Aeoz W & ukS-E-S diethyl ether
oA IO Ao filtering F-°ll OP%oﬂ/q AFAZSI F
% AAEQ CA-PEG IEAE AT

TASX [ SHEEH, 9% catechol-MAS} CA-PEGS]
TZ B4 g 3o R = proton nuclear magnetic resonance
(IH NMR) 2~HEHS B3 dolslgt), 248 AZze g8
2} 10 mge- dimethyl sulfoxide-d, 1 mLoll &3jA]# F1]s}
%3 400 MHz NMR spectroscope(Bruker Avance 400)E ©]
g3t S48kt

MENF20ETMHE(GPC). AFAIZvETHIE 5
3l CA-PEG®| A%} A1 BAl=E F430t. GPC
53 o THRS: AHgslals, A% e 2 0mee
THF 1mLel galsted vlal A% 242 +asisinh
GPC #2412 Waters® 2414 refractive index detector, 515
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high performance liquid chromatography(HPLC) pump, and
Styragel® high-resolution(HR) columns(HR1, HR2, and HR4)
o] F=HE GPC 71715 AHE3ISAAL, THFE 632 slo]
I mL/min®] 45 ol§std 46t £ 2 B
¥ = ZPAEH 2Rt es ARgste] Akt

CA-PEGS| 7t 4 It 7t 545 H7ieh7] <18l
CA-PEGE D.W.el 600 mg/mL =2 83|A]7]2, ALEA}
FgHol| Nal0,20 mL, 500 mM)S Hol& T 4o]FUth
2 % 50°C 8] 3A17F 53t WolETh 3417 § 7o
AR} Fgdo] &7 vialg vertical 91X = FFHo] 0]
UE AARIA = f-5740] §le A (gelation)F “JENR]
A5 ARSI

IEXte| MEZT TIL SIS Sheete] FH|: Hx] ¢
jejunums B F Hol] B2 AS AASIAL 10em 7=
Zehd % saline solution® 2 A& s}Th ! Fuk} 288
A|A3IAL saline solution® & TRA] A& gk Fof| -55°CollA 48
AIZF Bt SANXE ST A% g | freezer mil
Z -198°CollA 10~20 um Z71E THE ¥, 10 mL vial*] 3%
acetic acid?} 0.1% pepsin®] 3 A= 48417F F<F stirring
shaA Zele] vistsuAT2E A AT SIS solution
< silicone HEE o] 834 Yshe BRYSE R & &
10mM EDC7} 37Fel D.W.&} ethanol(5/95, viv) &3+
A 247178 5 7k W5 SISITE 225 40°C =l E
= F 54 7AxsIth AxE SIS sheets ATHAIH A2k
A&l Figure 13} 7H0] 1x0.5cm 2712 22} S=¥])E A}

HEH A|EO| &IZ}: Titanium(Ti) plateS ©]-&-dfe] &-21e]
HAZI=E B7kel7] 218 AlRe A&t 4, Ti plate
2 5x0.5cm I7]E RE3L SISE Figure 29} 20| ¢ o}
Ti¢] 8k 2 Eoll cyanoacrylaterll H&AI¢1 Krazy Glue(Elmer's

Figure 1. Preparation of SIS sheet.
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Figure 2. Preparation of lab shear joint.

Products Inc., Columbus, OH)Z ZA3IAZt}. ¢ oFd Ti
platel] FZH SIS Atelol] 2 AAje] F8HS =Ysh
T UTMS ARgate] ohefst 7oA et 2188 kst
AT},

HAZE £3: CA-PEGE 600 mg/mL =2 D.Wel &
XA 15 ulE Fg T 849 0.3 M NalO,, 0.3 M ferric
nitrate, D.W.E Z}Z} 3 LS o] M7kR] 2719 Egde
A Z3F3TE. Ti substrated] SISES &< AJH 271 Alo]of] Al
7 Z2712] Eg) = fibrin adhesive 18 uLE Hol&E ¥
38°C 2Eof 3A7F &<t Btk AlxE v 74 F2EE
() I E-—AZF, (i) CA-PEG + D.W,, (iii) CA-PEG + Fe**,
(iv) CA-PEG polymer + 10,)°] =¥ A]H-L universal
testing machine(Instron 5544, norwood, MA)S & Ath3-2lS
7kt ASTM D1002 standard methodZ ©]-&3) =4
siglom Zhzke] AlEE 8AIZ F 2 mm/mind] S22 A
AAXZTHN=3).

Clkst CIx} Hsto mE HAYE 3. 25 Hselo|
B MAUT &X: CA-PEGE 600 mg/mL FE& D.Wol| &
AIZL &, 15 uly Al AES F3 03 M Nalo, 584 7}
ZF 3uly wol &S AZ3F T Ti substratedl] SISE
Krazy GlueZ FH2A1Z1 & AJH 7ol Az Al 714 27
o] &3t 18 uLE ¥ %, 25, 37, 45°C QB9 377§
S FuTt. o]FA Az Al 74 HFEH(CA-PEG + 10,
at 25 °C (i), 37°C (ii), 45°C (ii))°o] EYE A|HE UTMS
2 A% s Frlsiaict. 27+ Al 2784171 $ 2 mm/
min?] £EZ ARAATHN=3).

ot sl e HAUT It A7 AFE A}
sl A& s &, AlAE lfel Axzg ] 7] 2
3l 18 uLE WolFE H 37°C B9 3417k Bk ¥l
oA Az vl 714 J2EZ(CA-PEG without pressure
(i), CA-PEG with pressure(300 g) (ii), CA-PEG + 10,
without pressure (iii), CA-PEG + 10, with pressure(300 g)
(v)el =UE AES UTMO 2 Ats3S Hrlslict. 2+
Z+e] Al S TAAIZ F 2mm/ming] £E2 AXNA| AT
(n=3).

LhSHM| o HStof| M2 MEAZT "It CA-PEGE 600
mg/mL FEZ D.Wel| =51 3 15 ulA ] AES F 3l 50,
100, 200, 300, 500 mM FFO = HSAA 7FH NalO, &
NS Z47F 3 ulA o] T3NS A 23T Ti substrate]]
SISE Krazy GlueZ 271 $ AlA 7ol Azt oAl 7t
A 2710 A 18 uLE Foli H 37°C 220 3A3F &
S Fich. oAl Azt vl 7EA] H2E2(CA-PEG with
50 mM NalO, (i), 100 mM NalO, (ii), 200 mM NalO; (iii),
300 mM NalO, (iv), 500 mM NalO, (v))°] =4 % A|HE
UTMO &2 A= srtstint. 712he] A AS gzl
¥ 2mm/min?] =2 AXAIHTHN=3).
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Catechol &5 E&E 84 TEXl . Catechol-MA
o g ¥ BY: {2 5AS 2= catechols 784 AL
2F¢1 PEGSF 8417 CA-PEG polymerES | %317] 9,
-4 dopamine methacrylate anhydride®} ¥-3-A1# catechol-
MAE 331903 WH58-2 80%= UojFT}. Catechol-MA
+ dopamine ¥lAl 9] 3 2 4¥ 9% S =FA IFS
boron® &2 ZEHEAste] 1338 AAG F, basicgh Z7100
2] dopamine®] Yz}oF10] methacrylate anhydrideE &2 3}
= L Sl P AK(Figure 3).

Dopamine> &Z-2] pHOllA catechol 31 =22 15| 7
=02 HStE = 4SS F3l self-crosslinking®] Hofut
= EAlo] glom g Na,B,0:S ARE3l] catechol 3| =24
2579 4stE JAAIZ & RkgEte Aol Fa skt
Catechol-MA2] +Z%42 'H NMRS 53l =331t} 2
ZA 3} catechol benzene ring(6.21~6.81 ppm)3 metha$] %] 2]
CH; (1.81 ppm) % o5 A% 4521 ® 5.72 ppm)e] &
g 53 catechol-MAS] 725 EIsIth

CA-PEGe| &M U &4: Catechol-MA T2} PEG-
MAS] gtz 353 B3l CA-PEGE 3J3191tt. Catechol-
MAS} PEG-MAE o}=d oS4 o|Fol4 7] W&
o] 60°CollX AIBNE AMg-stH Aet]Z S3o= 9ol
7Fs8FH(Figure 3). Catechol-MA®} PEG-MAE AIBNS &
g 593t & 'H NMRS &3l 725 41313 tH(Figure 4).
1 A3} catechol?} PEGE A E IEA +FE 3Is3
32, catechol®] benzene ring®] 4742(6.24~6.78 ppm)2} PEGS]
T4(3.55 ppm)S] AEpke Sl s 88 FREAk
9] catechol 27301 27 wt% = &Ittt H2H5430] H
oft ZetehiAe] 49% F catechol 37} F 30 wi%
AZ e e Aoz dEA vk’ H2Es wdshe
H catechol +X7} & 984S sl E, Y IEAE AT
o Zgchdo) $k5-% catechol $H#YHE catechol %2
=S TRl sk Aol F8sital & 4 Utk 2 A
Tl A= DOPA 7% 71F22 27 wi%ZHA] TS S7H

HO HO
Ho NH, |L o J H ’?')H(
T H
o o

g,
e U S - Ny
. DMF, 60°C
HO E"H‘/ o) 0-6/\035 o

OH

Ho~°

Figure 3. Synthetic scheme of CA-PEG.
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Figure 4. '"H NMR spectrum of CA-PEG.

Z 4 At} 7129 star § PEG ©ito| DOPA %25 =
A A7 AE, DOPAGHEC] 6 wi% B L o3l=
7e] SUTE wEbA] E Aol o] =& HE
o] IRAE Azxsl=d -85kl AlsETh

GPC 4% &3l CA-PEGS] A 2 A% 2 & &
5k3Ath CA-PEGE T+ wARF(M,)°] 32000 g/molZ
ZAEom Bk BEE(M/M)= 3218 1=k

CA-PEGe| 7t §M T} -840l A CA-PEGE A
shAl EA) st 7tak-g-o] 7hsskA €tk BE NalO,,
Fe(NO,), 59| 4tslAE #7514 catechol 215-2] d|=S4]
aF0] Fw= o= uHA A oR vt whgo] o
AUHA Ett. webA] EARe] FETF B2 Al ASHAIE A
7ValAl =9 shelrkal ghgo] oy slol=24 27}t
FAEA E}. Figure 5= AFIAI] Nalo, H7F d 2 A7t
$9] CA-PEG 899 A5S 2AFs 190t} Nalo, 3
7 Al 7kt frdEE fE/dol fle AsE dojuA H
H, HEshes W Ag HEZ o] dojuAl 2 Zo=E 7|
Hrt. ook, AlAE Hoodo g ARF WA =W mHH
570 A= catechol slo|=54 T50] F=O R 100% ¥
Al ik wEbA] o] A= 3 HREA o] W EA
F8taL, At Ar 8o YA Rt 7k rE dojuhs ddo]

Figure 5. Formation of adhesive gels: before (a); after (b) oxidation.
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= g7t Al Ak & WSl wE AES sk
IEXe| MEZE Wit CA-PEGe] ’é‘lmﬁ S Wk
CA-PEG®] AUtz EA48 H7tstr] flal, o= 2
ole HRAQ] FEASTFo] Fupgatezt vlaws) ®okeh A
HH LS Jab shear tensile stressE =734 adhesive forceS
=Hsto 2M v H7s th(Figure 6). =74 7S£ 2=
ASTM D1002 7 WS o83ttt -+ 7H¢] Ti-SIS plate
Al Atolo)] A Ex= FREHE HASF, CA-PEG +
D.W, CA-PEG + F&*' 2 CA-PEG + 10, A AIZE o]&
3 AdAsIATE 91714 10, catechol®] S|=5471E &
2o 2 ASIAAX 7P ek HRES UER O, Fe't &
Sk catechol®] S =FA7E AMSAIFI S 24 TtwAlA 1 th
& As HAAES JERTE AAH AR 2ol FEAF
F, "o R 2SS H7ISHA] 2 CA-PEGe] 7P
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=
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(b)

Fibrin glue | CA-PEG + DW | CA-PEG + Fe™ | CA-PEG +10,

Adhesive

strength (MPa) 0.52 0.29 0.78 119

Figure 6. Adhesive strength of mucoadhesive polymer in various
conditions (a); load-extension plots of the samples’ adhesive
strength (MPa) tests (b).
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< JFESs etk SrEe He 9 U=

BHZFEHRT HZ=EHo] 100% ©]4 sAtE HubygzisE s
CA-PEG7} itk #elt}. 53], 4lshA] S/l we 2}
2 wiskE s < QU %Eﬂ, Eﬁ}f’%‘ o] oFgk Fe¥' o] &

H Al CA-PEG A9 HAHS °F 170% F7HAIZ e, 7
Z3t 2bslA)l 10,5 M% 739, CA-PEG A}A¢] Hate R
o 7 310% o S7He FEHE o] B

=2 #stof [E}E HEZE &H: HAY 22 A2
(25 °CyellA el HAEA MRt ofgt, A QIAA8Ale] 25
(37°C) % 45 °C°ﬂ/\1-4 HAEA S HrlekT). Ti-SIS plate

Al Atolel] 2rol= HAEAR 10,71 7 FAY LR
A} 8-H(CA-PEG + 10,y AHg-3te] ARS F3dth
Figure 70l S.oFe we} o] 27} Aol what Huhy
22 AJiH o g FFETe AHE AUt o] A= 2
5 A%o] IS =R A8E FANA PHEYS
Z7PIZ AT AR LRAL A Lol FuE

AES BAEA Bk AL A HHEAe] Py
ERoR A A AE A el AugE 54 3
2718 R0 dZH,

e WHetof ME MEAZE FH: AAol F&x= HE
Aol aejlojof & M A& Ee 8L 7]F B =
Qe AL QA Ag F WA He AEAGolrh. o]
Q13 whe A EAuT) o 27} A9 Az EALS Hr}
Fomn FAYES Mag 5 Yok vl Ay 3
TAF A o] Fhistel e A= Bt 5 AL 10,
A A AR TRl s me JHE %
7Fe SIS TiSIS plate A1 Aol 2xol= H2HE4
2 CA-PEG+D.W. (no weight), CA-PEG + D.W. (weighted),
CA-PEG + 10, (no weight), CA-PEG + 10, (weighted) 4

A AeE ol g8l At

¢
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r
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M o

Adhesive Strength (MPa)
o
o«

0.4
0.0
25 °C 37 °C 45 oC
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CA-PEG + 10, pe
25 °C 37 °C 45 °C
Adhesive
strength (MPa) 119 125 141

Figure 7. Adhesive strength of mucoadhesive polymer at various
temperature.
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-Applied pressure (300 g)-
2.0
& 161
<
£ 1.2
{=)]
c
=
w 0.8+
2
8 04
2
0.0
CA-PEG CA-PEG +10," CA-PEG CA-PEG +10,"
CA-PEG CA-PEG | CA-PEG +10, | CA-PEG + 10,
(No weight) | (Weighted) | (No weight) | (Weighted)
Adhesive
strength (MPa) 0.29 0.52 119 1.69

Figure 8. Adhesive strength of mucoadhesive polymer with or with-
out applied pressure.
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FEA] A HFAAETF 029 MPal oy ¢t o) 71|
FIEZLE] AL 0.52 MPag 79.3%%] S7HE HAREE
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2siA o] o] mE JAE B0l A G A €t
O Ade B3l 10,5 AR Aol 8 HER =L
TEEonz 10,9 Fepistel mE Haiee] Hils
ZAFekSAT. Figure 9914 B uhel 7o AkskA|¢l 10,9
3HES- 50, 100, 500 mME Z7HAA 238 A3}, 50 mM 4F
A 22 Al 0.95 MPa2] HE74=71 100 mM AHekA] 24
Al 1.19 MPaZ 25% o S ERIgh = Aot

ole 7] Muhxwst 7HEE HEe AAEHHEA, H2
A WA 7R 18k 2t o] tE o] YEhE
Aoz AlgH weir AtsiAle] S/ HREe S
712 olofH S & F AUth TH R S F7HEQ Atst
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