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T off S F8ste] A Wl AR 7hee AxF HAAE AlxsiGith. Wi o ko] A F&
EollA 80% o’ Aokt A4S GCMS T:*ﬁ% E3) 213}932 HPLC(high pressure liquid chromatography)

9} FTIR(Fourier transform infrared spectroscopy), E (energy-dispersive X-ray spectroscopy) 443 F=20]%]
Avjoler} #hE Ae ST, AAAEE ST A7 YolRe FHEE 1234045 kPa Jrio] AW 32

EollME 27.85+0.45 kPa® 3tigtole] A o J shgo] ou] =2 THE HAEE v =2 A8 s Riv}.
o] Fatol FAsle] ARsAo] 71ed UL HIBIHRIL AlxEA o] glon Az HIAw &8 71sEe
zA g4 e S Felsiinh

Abstract: In this study, we present the preparation of the glue from fish by-products extract and evaluation of its use as
a absorbable soft-tissue adhesive. The contents of natural amino acids over 80% were confirmed in the fish by-product
extracts. In addition, chondroitin sulfate was identified by HPLC (high pressure liquid chromatography), FTIR (Fourier
transform infrared spectroscopy) and EDX (energy-dispersive X-ray spectroscopy). The adhesive strength analysis
showed that the higher the amino acid content, the higher the strength. The fish by-product extracts were confirmed to
be biodegradable. Histological evaluation confirmed that it was not cytotoxic and could be used as a soft tissue adhesive.

Keywords: fish byproduct, absorbable, soft tissue, bioadhesive.

M = (acrylic acid), polycarbophil®} cyanoacrylate derivatives]
carbomer®]|TF, A I RAF HEZA = W S 2 polysac-
A3 H 2 (bioadhesionyS Q2 sh= AJA| o] F-HEo] A charides, cellulose derivatives, hyaluronic acid, chitosan,
2 RS ddstke AR A, oA gelatin o] &delA Uk? YA J2A 9] 7P T3 a4
(hydrogen bonding), 337 $H(salt bridging), ©]-27Z 3(ionic = 543ke 244 AR=3 A5, 44% 7548 2 A
bonding) & TIFEH 8IS0l ol FFAh F&A L] A= o] aydrk
o wlg} A H&A (natural adhesive), 3“4 Z2A (synthetic ZFH (collagen)ol| A 7HE3lsle] A2 Atele AYE3|
adhesive), JFH] 2| (semi-synthetic adhesive) Al 7FA] & A, A AR, R RaE, A%, fek, g 2 A
FE et 348 A JZA = poly(acrylates), poly o] 548 7L o] AE, ofokE, s T ohds 4t
Aol ARSH AL Tk 2 o) F STl gk #ilo] 7
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7h R ek gel=e) gdo] Aol

AHFE Gl g 5 shE Flojfe= oluE
E29H golu 71, 99 F FdEFS ARkl HEA
2 AR $ith. 53], vlojEele thEe] dejelo] shy
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eAke] ghgol =5 A o] dET= Bavt 9)
SR RE, Rloj = gho] HIMAL og] o] o] ojus &
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Grhro(yellowfin tuna) 7d-F- o8 o] #F38] S7hskaL
Kow A FxE F Wy Hd 53 42 FAHEo]
o st el = o] FRakA UL wEolA
= AR FE2 |31 o] E(chondroitin sulfate)<}
142K hyaluronic aicd)e] =0} Ut} F=Ro]X1A4
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Aok & TYZ. Tof | (croaker swim bladder, CSB)2} &
t}go] A2 (tuna skin, TSy FEA1 GEtollA
stAth A Lo 2 AP HARE AHE-E = 2-octyl
cyanoacrylate Z=4J 2] Dermabond(Ethicon Inc, Somerville,
NDE ARE-SI3ATE. o]9fol] BE Aok BAZA §lo] AME
HAom, =2 32k SR A ETE ARSI

07 F&2 M=. AgelM U3t CSBE EF1x7]0
A 108 AZAA AFE CSBE 3% Ak 2o &9 &
TES AANAT FAE A ), 10072] 02N oA EA
(acetic acid)ell B WA (4~8°C) 6417+ B<t A7 ¥
ATt oo WEE CSBE 7AWl 32+ =2 1247 5
Z3IA AT Z3IA17] CSBY| 4u] B8 A718t 5 60~70 °C
oA 3~4A7F TR TR 5, & ol 23 B¢
E AAE Sl A (filter paper)E AFE5Io] oJFE X3y
itk st 8N A 60~70 °CollA 7HEAIA 54
o7 EH% 7] FARE SFAF 5 T Z 22 (cutoff)
Alo]Z 12~14 kDa W E Q] FH (membrane tube)= ©]-&-3}
o] 4°CollA SFRG(IL, 23], ~10AZH3])E F41& Z1eskd
o e Ee] EeEo] AAE FEES sEAXS 2
FHE B TSE 919 22 WHOo R F555 o

T A=A H2A N 373
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Alolelel] Hatate] g g3t

GC-MS MEZ 24. ofF F=E9 A% &AL fIsk gas
chromatography/mass spectroscopy(GC-2010, Shimadzu Co.,
Kyoto, Japan) 7171& &3l #2319t} 7 FE252 A&
of Al T, A4 7E o]&st FRES AlASA
vlAl FH (045 pm)= A Fste] FH|SHATE A 42 o
23} ke A0 7 F3YsIItE. ZHS BD-5(60 mmx0.25 mm
x0.25 mm), carrier gas=+ He(l mL/min), injection <%=
250°C, oven &%=+ 50~300°C, 3°C/% <<, injection
volume< 1 uL, injection mode+= split ratio 10:1 3271 o] A]
AR 222 31992 ™, MSD(mass selective detector)l] A]
mass range 28~550, acquisition mode= scan mode 102
Attt e 2 Wiley librarye] w13-S F3l &
2 a3t

Mool At B2 E™, AR B2 05gS 18mL A3
o A&sled 6N HCl 3 mLE 713+ the AP HZE o] g3}
o A@H-S kSt Wl gk AlE3-2 121 °CE heating
blockoll A 24A17F 783 AIZ1 F, 50 °C, 40 psi®] rotary
evaporatorZ A A| At F sodium loading buffer2 10 mL
AEet 2, ©] 5 1 mLE 3] membrane filter(0.2 pL)
2 ofF}alo] oln]AkEA 7] (S433-H, SYKAM, Germany)=
Ao B4 HHE-2 cation separation column(LCA K06/
Na)$ ARSI, 29 71 4.6x150 mm, 2H %% 57-
74 °C, flow rate|*] buffer= 0.45 mL/min, reagent= 0.25 mL/
min®| 2™, wavelength= 27} 440 nm3} 570 nm©| At}

ZE20|ZIMHO0|E &% FH. Chondroitinase ABC=
Sigma AHEL )M FUSFH ™ HLPC 48 913 A
£ WatersAF2] 515pump, controller, 486 UV detector 2
column- Phenomenex Luna C182 AR&-3lo] #293}% ).
HPLCE TS B CSB &< 4ot & 34 2 5=
o & FolE TYZE Helste] Bkt o]sFeEE
MeOH:KH,PO,=1:4 v/v& A3 oM, A5 B FFEA
HPLCE 91| 0.1, 02, 0.4, 0.8 wt%E =] #40] o83}

CEE wE WA s AREsiiTh

FTIR =E2Y. 3559 3¢ 725 dEspy] slsf 4
SPESFF A (FTIR spectroscopy, Shimadzu-IR Prestige-21,
Japan)E o]&-3}o] 4315t KBr pellet2 THEo] AJH S
AzstA o, A 89k KBre AR 1110022 2 E3tsle]
pelletS A2 60 °CAA 12417F B9t 1t AZXE o] &
slo] FE-S A AT T 4000~500 cm? FollA =BT}

&2 8. "S5k dA9 A Alelo] FHH (surface
tension)°l] F&S o v FHe| 24 (wettabililty)S-
el HE2 ARE &, J570] $e75 3174
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(hydrophilicity)e] 2.3, %7k0] %252 444 (hydro-
phobicity)o] = 202 & 4 Stk a1k §2) ol whulge)

21978, 254 4AS ) S8l 74 FEE 5%E SRl
2351 petri dish(150 mm)el] -0 50 °CollA] 4AZF AZ 3
Aozl wt PFejol] YA F] =S "ol 3% & =W
<3 S el olF A 2] JES S8
=7+ =7 7171 (Phoenix-Smart(A), Surface Electro Optics,
Korea)g ARE-ste] 7} 54 SAste] Htghe it
HIZE §E. 4 diE 2525 100 55414 UM
FHE Fgolo] JHAAEE ST 7t @il 55
o] FAE H7FE S8l E5AolA =] AE Fst] A
Yol ALgsisitt. B SRTE AA T U2 A 20°C
oA 45 Qtel] ALgstATh Aol AT w 0.9%(W/V)
NaCte ok Ae]ddaglol 25+0.5 °Coll 3087 A
3} Al H Z 25mm, 4°] 70mm % AZ Zo] 25 mmE
ASTM D5868-019] 1145 3aLse] Ad5871E 11sisirt.
MEZESY. ofF @i 24 J2A9] A B7EE fIs)
ISO 10993-501 A= ol whe} F71e JyeiSiet. =
M| 325=23) (Korean cell line bank:KCLB)IA 8t A-fof
AIPE L-929= 10% FBS9} 1% penicilin®] ¥ DMEM Hj
AlollA 37°C, 5% CO, 2718t A mj et AsE= vl
Aol 24K T 24 HHAS 24007F FF 5x10%cells/
well Wl FE plateol] #2]8te] MTT assayS A 8F3A T
ELISA reader(Biotex, USA)S ©|-83}¢] 570 nm 24N &
BEE ST F AZAASES At 72t AES BF
Al A ekt
MENY It SAETZSP T 71=(1SO 10993-6)00 AA]
B Aoz H3r1sk3ith. Sprague-dawley rat(Orient bio,
Kyeonggi, Korea)(75F%, 220g)2] backside2] 3| &}%7%]
(subcutaneous tissue)oll = FE2] &4-S 23G FA| v
2 FAsidh ool =Y £ o2 =] Hest A=)
o A=E Hrkstar tidA 2] 53 e Rlskiith
SEAE. 3071212 SPF/VAF male ICR mouse(85-5, A|
T 3035912 1599 87k AR H A"l ARl
o} AAluEA R Alfaxan(50 mg/kg)?t Rompun(10 mg/kg)S

R o719

Egsle] ARSI o] F 5 U] DS AIASAL 20 mm
Afete] HEA XA o] A FEE X
{2, thwt: FA2)F BEAAK(13,6,98 )0 e
IA|EIATE & Aol AAgE BE A3 AdThst
A S U39 AR < o] F, Adtigta
1A o] (specific pathogen free, SPF) A3 5%
SPF $H¢] HAAF{ ARG Adthehae] 23
&t skt UM CNU IACUC-
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GCMSZE =M. CSBé} TS FZE4] S 54 24,
5 Al5oA Aol =2kl glyeyl-L-proline(C;H,,N,05) *3
o] 85% ol e 2 ERleitt. 2 ¥k palmitic acid,
propenoic acid(unsaturated liquid carboxylic acid), cyclopen-
tane Aol TS Al FEolA &= ATHFigure 1, Table 1).

Tdoto| ik BE opv| At S B4 S A £
100 g4 CSBS 328 g, TSS 61.92 go] 74 ofm]iibo] 3
frEol e Ae EEAT TSAA 2817 o B2 F o}
vtbe] SHaRs SISt v alF Aok Blash A3t
e, 7ithego] 9 grigo] Golx F opn|Aike] S H
Wl A3} 7o) e 20 g, FhR] ¢ 20 g, WEIY
< 18g To] Bk & wHsh depde 187
opiAto R FAE o] glom 4 witfolaw o] AeelS 7t
TEINS w glycine(21.4%), proline(12.4%), hydroxyproline

o

(a) CSB

]

Figure 1. GC-MS chromatogram of CSB and TS extracts.
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Table 1. Components Identified by GC-MS of CSB and TS
Extract

i Area (%
Peak Real ime Compound $
(min) CSB TS
1 2415 Pyrrol1dm-2-yl—prop10n1c 3.59 365
acid
2 25.24 Glycyl-L-proline 87.59  85.15
3 28.33 H-Purin-6-amine 3.29 3.15
4 33.33 Propenoic acid - 1.75
5 34.35 Cyclopentane - 5.61

Table 2. Amino Acid Composition of CSB and TS Extract

(unit: g/%)

Sample component CSB TS
Aspartic acid 6.71 5.68
Threonine 3.35 5.03
Serine 2.99 3.02
Glutamic acid 11.59 6.41
Proline 14.03 8.47
Glycine 26.22 4.58
Alanine 12.2 6.1
Cystine 0.27 11.41
Valine 241 43
Methionine 2.165 7.31
Isoleucine 0.91 3.54
Leucine 2.44 4.14
Tyrosine 0.55 5.76
Phenylalanine 2.04 6.8
Histidine 0.85 2.7
Lysine 3.96 5.47
Arginine 7.31 9.3
Total 100 100

(11.9%), glutamic acid(10.0%), alanine(8.9%), arginine(7.8%),
aspartic acid(6.0%), serine(3.6%) 52] o] X 1w T}

CSB+ glycine(26.22%), proline(14.03%), alanine(12.2%)
o] & ulg7 IRIF oM, TS= cysteine(11.41%), proline
(8.47%), phenylalanine(6.8%) =o.2 o}n|=ARS- EHl5ITH
(Table 2).

HPLCEA Z1}, thdiel F=Ro|xdeo|Ex A Wiof
A, 97, HE T 2gxA gEY de Aeelth |
A BAHZ Atelr = ez ol EZ A W HEH
A2 e A7 Bt ek FERC|ZIEH 0| ES
TS Wrtelr] Sls FERCIIAAHCIES R 34
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Figure 2. HPLC chromatograms and EDX spectra of CSB and TS
extracts.

O|E S AT & AUt 71871(y=1.213,651x+237,435)

g A28t A7 CSBE 4.7%, TSE 22%2] o
2R wek 3= Qi) B3k EDS 24 23 €SB} TSollA
Shato] &(S)o] ZHzt 7.1%, 12.54%9] shS A#algl om
CSB¢} TSl FERo|xAH 0| EV} SHi-Elo] 25 F9l
& 4 U TH(Figure 2).

FTIR =& Il F==2o|x1490|E 2F=9] FTIR &
HEZL 3446.79, 1643.35, 1251.8, 1064.71, 994.43 cmol|A]
2 932 BYon 1423.52, 114836, 809.50 2 586.36 cm™
dMe F7F 2719 735 Yepl} £3], 850 ecm™ (*)F=
9] ¥+ glucose, galactose, mannose2] C-O-C skeletal -
Z2 o] B8 vehd}, Al 255 73§ 3425.58,
1649.14, 1246.02, 601.36, 559.36 cm™o|A] & T=E B O
™, 2887, 1544, 1449 cm™el|X F7+27] I 37T ER1= A
CSBS} TS AlZollx] Aefele] o 129} 7R 91%] 3468.01,
2968.45, 1689.64, 1242, 18,601.79 cm™ oAl & A Z,
1650.32, 1120.11, 984.04, 850,750.25 cm™ &7+ =71¢] 1=
£ 74z} YeRH L JQItHFigure 3). £3], 1700-1500 cm™ -
= F= amide [ 12 £3sl= opregt 2 whld Al
o] sl3tE 287171 FRI=ATE 1652 em™'= amide I, 1688
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Figure 3. FTIR spectra of CSB and TS extracts, pure chondroitin
sulfate, and gelatin.

=} 1638 cm’! antiparallel B-sheetE LERYH,
1649 em= TEE WFIgit). 1663-1630 cm™e] P
am1de I bandol AolH, 1738 cm™2 A&, 2900 cm’’
(CH,, amide B)3} 3400-3440 cm'(amide Ay 7—?—.‘ amide-N
3 g Ne| A E2 AFEE 4 ok 223 850 em’ (%)
2o vHe FEROIRIANCIE s YER=t] CSB
&} TSellM 7 o] =7 A=A
HEZ 8. HFo] dolpr] Salix= J&A7E 22 HA|
o] Bojof it HEA AA A SR E B A
2HA| o} S 2HA] FAEe] AHA Aol F W dojuf=
Aoltt. HF2 o] 90 ofstold A do] Ukl Aekst
Th CSB 24 #h2 3542, TSEA 92 41+3°92 CSB X
go] 4 Agdo] o w2 218 A 5 AUTH(Figure 4).
HHZE F3. A7l Wi== BAH A derma bond
= 2641+£1.27kPa, CSB 73 % 12.3+0.45 kPa, TS 27.85+
0.45kPa2] H=Z8S e Y. N-vinylcaprolactam 3} 2-
hydroxyethyl methacrylate®l] A1 Z2]#& catechols A%
3t ZE-A} hydrocaffeic acidS ATA1Z] F2Al= H2
4_7]- 243+4 kPa%] S UERd o TS A8 &4
< Folgk 4= S tHFigure 5).'¢

FeR-IS)

P =

Figkdy

Aﬂ_._%g. 58 MR 5S W] AT AE=EY Y
QIS 180 109993-5 S #8819 s ofF i 5L 4
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(b)

Figure 4. Water contact angle of CSB and TS extracts.
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Figure 5. Comparison of bonding strength of derma bond, CSB and
TS glue.

A e] A EE3S 7tttk 2t 200 80% o1de] A
Z&8 AH3UTE IRFoE AAZ) nfeEE 5_/\4 A

ﬂxiu 35, 10 mg/mLolA 78.2+12.23%2] A& E;“’ 5

2L, 2 Hre] FEellA = 80% ool AE o}
Atk o188 skt FAAe] thHEA S A= *l%ﬁ‘r OEL%!
o] Ex M EA] 2 Aol MESdo] AN Al

Hj kS 10HE 314 A A 2542
(viability)®] X% CHFigure 6)."
MEHM TIL 5% TS7F GAE FAE WA ¢

backside 3| &l FAFSFATE. FAF 302 Fof] WA E 3|AYA|

70% ])\1-_/] xgz Lai

A 5t THS BRI} 282 $ AAE v)stuHe [
AL ARANE 22 SRS, 223 BB T 0 day

RE 93 PAOR 2Hg

g0l 24 el M43l F

A25ke] BAE A9 G2
5lo] Balsle AL AAS

th 53, 2719] GFAEE ARkl Al uteh ks
s A A fol o @ sl A2
S A APl Fom AR} TFse AAS s
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Figure 6. Evaluation of cell viability of garlic glue, CSB and TS
extract on L-929 cell line.

rN

18] 231517 ek Foleleith(Figure 8(a). TS A2l
620] AsEEA tlazur) o me B3 Bl
0] Aske it Fehe Adepsict. S

Wy Rdorlr

T3 AxA HJEA AL 377

2 53712 Qe 245 97} A9 TS A2zl 4
MAe] Bto] ul$ SSaIlom Hoje} SolzAe] 3zo|
QYT 912G Bolat & I Lee o) Aol 3
% Dermabond®] 34+ 22e] 22544 wvje} vlmalS
w) WlZegk o] THAEITHFigure ).

4 =

e

2 e o
/‘é ;g;‘d-xﬂ

Frefl 249 AFAES o188k S
Azt o7 ke FEES o=
AHReR FEEC] B ek SAe 1%-._}6}1 olF &
A= M 7Fs73E Bkl S8l s=ddS A
T3k HPLC, FTIRZ} EDXE 53 ZE=20]3] Ao|E /\6]
S ZRlsiinh. jloj e nn) o] A4 FEEA 2
W7} =2 ofmlizate] ohifo] AFE NN A 7S FE3
@Zh AgoIM= 207} =2 HAETE ERIENS. =
o83 v =4 Hriek H3Y HrE AR A su)
%‘J Fride] FEEd x4 AR 28 T

dsilon g HHARE &8 7Fed Zlos 7=t

_l'OH"ﬂJ

Figure 7. Photos of subcutaneous injection into backside tissue of SD rats (left); H&E staining of histological evaluation at 0, 7, 14, 28 days

after injection of TS extract (right).

Control

Experimental

Figure 8. Representative macroscopic pictures of wound from non-treatment and TS glue-treated group (a.c). H&E staining of re-epitheli-
alizing wound (b,d). The scale bars represent 1 mm. The red line indicate the wound edges.
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