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Abstract Cellulose has been widely applied into various medical fields including scaf-
folding, tissue engineering and tissue formation. In this study, we manufactured cellulose
medical fiber from Styela clava tunics(SCT-CS) and analyzed the tensile strength, elon-
gation at break, fluid uptake and surface morphology. And then, the biocompatibility and
toxicity of SCT-CS were measured in Sprague-Dawley(SD) rats after the implantation for
30, 60 and 90 days. The level of tensile strength and fluid uptake were lower in SCT-CS
than chromic catgut(CCG), while elongation at break level were maintained the higher in
SCT-CS. Also, the roughness with pronounced surface patterns as a result of in vivo
degradation was significantly greater in CCG than this of SCT-CS although these levels
gradually appeared with time in both groups. After implantation for 90 days, SCT-CS and
CCG was successfully implanted around muscle of thigh without any significant immune
response. Furthermore, no significant alterations were measured in serum parameters
and the specific pathological features induced by most toxic compounds for liver and kid-
ney toxicity. Therefore, these results suggest that SCT-CS showing good biocompatibility
and non-toxicity can be successfully prepared from cellulose powder of SCT as well as
has the potential for use as a powerful biomaterial for medical sutures.

Keywords medical fibers, cellulose, Styela clava tunics, physical properties, biocom-
patibility
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HoFo] Ao 0101*1 TQ S3po|py, ol 2ljt FoA
= Al oA Al 60 ol 17
== S4A BgAHabsorbable sutures), ©]4
604 o] Fol = JFAEE FAoh= Bl ET A
(non—absorbable sutures)2 &% T}, S
3 T = TR 2 ARl et d Anatural)
H3HALe) A (synthetic) B8ALR LR HT, E3]
chromic catgut(CCG)< 7Hg &3] AHEE= A &
b‘L/\].o]q- AzZbsk 22 Y vhee o 07]_,_ Ed4 E
3 0] - ol A &2 Q7= (tensile strength)

W Q7] wizel vkt ol A-8-5h=d A7}
9loms8  Zabl(collagen), 7] € (chitin), 7] EAF
(chitosan) Eg 3HA|7} Q1o &I} d gk |
HE&A 5 AE A3 silk), Y E(nylon), Z2d
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of &ot= HFVERA T, A2, FHY A8, =
T, Forl g7, FH e gkl 5
= %1_—;.1% /;at;].e,n,lz)

e g o] 7422 F2 proteoglycan &2 -4 F o]
Q131 chondroitin sulfate, glycosaminoglycan &
o WelBAEAS Teela k. 5ol ol E Y
(Styela clava tunic; SCT)OIA AA] & d=AER
oA BEI(WP) AEZ A0 =3t B_1’4
gluc031de TERE 2 9lom¥ =2 o—cellulose

£(94%)& YEFU I, Polyvinyl alcohol(PVA)
9} AANLEA T Egeto] B, AEResd
& sheadis Fom Aadol 840l eadan
13710 3k SCT AEZ AT SCT £ stol=
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Ab(cellulose medical sutures from Styela clava
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AL, 9045t ARl sEol o Asto] A A3 =4
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2.1 SCT 22| Hj=
SCTEEL o &of =FoA &2 % o] whet A
Zahgepe 92 WA SCTE= A AFollA s}
A3 F 10%(V/V) 2ot Pi FEHof 244
A B AASHL, oA 3%(W/V)
2 AFALE AASA XPT 2z HFY A
= 0.1%9] AAHE 8A 02 WA A F3}20] W
A2 *Ji*éd—‘.ii oI5l th(Figure 1A).
% ISR AE 10%(0OWF) 2
A7) A 19%(W/V) $=AESH

EFY dZe|gYo= 6}0% 4] 1:10, %= 98CE
1AIZE A ] et & 2Ak0 &2 F3} A2l 38

H SCT+ g4 7Ax3to] A2(20T) Al 24417 A
SBEQ0T)O A 5A17F SoF Azl

3] AxH SCT+ pin milling machine(DM -
120, Youngin, Korea)< ©]-83}o] 30 mesh — 120
mesh — 120 mesh®] <A 2 33] Hafjslglony 2
AR} oF 75%+= 80-388 ume] A7 & I
tH(Figure 1C).

2.2 SCT-CS| =
SCT-CSE A z3l7] Y8, WA SCTEZ(15¢, 5
wt%)2} o] 24 N A (300g) 500ml 4+ HH-g-Zof F
7¥staL, AFsER| Al (polypropyl gallot) 0, 1%} Q12
g RAg v o Aa7tAs HAsEA 10T
A 8 A7k Eot wytate] g8t cHFigure 1D).
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Figure 1. Manufacturing process from the powder of SCT to SCT—CS. (A) Original dried SCT, (B) Blenched SCT,
(C) 2nd milling powder of SCT, (D) Dissolving SCT powder in [Amim]Cl ionic liquid, (E) Extrusion of SCT-CS from
SCT solution, (F) SCT—CS as final products.

&3l & AR FeEnEor goff W EelA = o, E81E AREH] G S ol g of| A ARk 7]
et eto] e E eelstelom | A 46| g SCT Al = YA oA AP ] Rlo] Hlug AFHEE A}
E2 228N 250 mesh® HE o]&3}o] n]g-3f &oto] WAt o = RE 7|25 &S] A AT
H E8s AASHAH, AxH &Holl Dimethyl sul— gixs A3 FAE A Dope)s WAHEE 7] (Auto
foxide(99.5%, Daejung chemical, Korea)(100 g) clever)o] %7131 HAZ 50-60CE F+A3H7] Y3l
¢} PVA(Sigma—Aldrich Co., USA)(10 g)= &7Fst 7|72 ¥ 228 7AW E Faketal 2siqleh. WA
o] 50-607T, 130-140pm/min® 27 &2 WHIS}3L L7)o 4HE& F718t7] Y38l compressor® 5719
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< 6kg/m’Z %3 ¥ Ceramic =& F3f WAl
tHFigure 1E).

WAFE Mono filament Hlgh&o] g8
Yuishe, F2E A R AUFFL AL F

X}‘ﬂ 53‘—5‘}0:] FZH o2 A5t thFigure 1F).

2702 AHEE CCG2 B. Braun(Germany)2
B Tl == AlTA1E(4-0 chromic catgut)e 7+1H
sho] ARg-5F3IT

2.3 SCT-CS2| =28 M& 2M

SCT-CS9 ¢ A7 & (tensile strength)?} A=
(elongation at break)s= Steering system test
machine(United Calibration Corp., USA)& o]&
gto] 300mm/min®] £E2 ZA3kal, o} ] Al(1)
S OEREE e P

Tensile strength(MPa) = Pmax/ Ao =+ (1)

(Li—Lo/Lo) X 100
- (2)

Elongation at break(%) =

where,

Pmax © The maximal pressure
Ao : The initial area

Lo : The initial length

L1 ¢ The measured length

SCT-CSY 44 (fluid uptake)2 270 Al2&
o8k 31X phosphate buffered saline(PBS) ] 4
A o2 24413 59t FA WSS 25 23+37C,
FHEE 401 10% 2N AAAES o83t =

(e} =]

Aahar, ofef o] 4] 8)—% o] gsto] AkEsth. HF
B4 GHe 217 % 3814 sl 248 ARkl
Bate Ah=sksiT

Fluid uptake(%) = [(Ws—Wa)/Wa] X100 -+ (3)
where,

Wi : The weight of dried film
Ws : The weight of swollen film
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2 A FAY e s A& 93 (PNU-
IACAU) 28 peldat &Aool tigt HAMHE AA
SAE UM S PNU-2015-0756) ot 423§ = 3l
th. SD HEGFE, +H )= e vho] @5 g]of
(Korea)oll A -4 stof WA 2AHE A& (Purina
Mills Inc., USA)E AHFA8t =S 319, 12417
o] 2% +7](08:00-20:00)& specific pathogen
free(SPF) ¢l Fatthetn F YA T sEAEH (R
22+1C, AHEE 50+ 5%) A AHS8Eglch, FAA
A5 EAE = AFrEdAA ] sH(EFHD:
000231 % e  AAALAC International®] 915
QISR Z 001525) ot W] &= AH-sEA Aol

294 9] SDI;E=(n=45)2 37} 15No T&En=15),
CCG ©]4]1&(n=15), SCT-CS °]4] & (n=15)<

225k, 7 282 30, 60, 90Y A 1E(n=5)
o8 BERoth Nodlse the 153 sYsHA &
S ABSHAI L SIALE o] A SHA] QLT o] Ao A
$E A EE T0% olgh-&o] 253 & 1xPBSe] Al ¥
slo] FH|SGITE, MA, F&-2 Zoletile(50mg/kg
body weight)& &H7FAsHo] nh38kaL & of ¥ F
o HS A7 =7]E o] &ato] Al ATt AXH 7
HL 70% et 2 A2&E31 1-2em 2 Oli A 743tk

F 4 ARE 248 1S ol g3te] T8 AR
4

2.5 SEM(Scanning Electron Microscopy)

SD ST 9] 2o o] A5 SCT-CS9] EHo| FH
shA A5 93], 30, 60, 90Y Fof Ad s EZEH
2 A RE ol 22 tf7]AF=ol| A Sputter coater
(Jeol JXA-840A, UK)E °]&3to] 120% 5< #=
© 2 F¥3 3 Field Emission Scanning Electron
Microscopy(FE-SEM: S-4700, Hitachi Ltd.,
Japan)= ©]-8-31¢] 5kVe] Aol A 1,000x2} 10, OOOX
o] vi&= st
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SCT-CS7F AHE9] Z522 o u]2]= *}iiﬂ&% 3t
7H g AR n] 2= B4L g7l Y } D=
2HE Zh79] 2215 A FHsto] 10% 22U g

7|2 Actsto] 7}*1]—‘5_01] 4
2 & A A 27| (Shandon Citadel 1000, Shandon
Scientific Ltd., UK)E o]-&3dto] LA Z T 14 H
Z 2] 2 Paraffin Embedding Station(Leica Mi—
crosystems, Germany)& AHE-8H] A7 3 Ro—
tary Microtome(Leica Microsystems, Germany
Nussloch GmbH, Germany)& A-&-3}o] B3I}
Z22 Y Al 59 HatE #aEstr] 95ke] hema-
toxylin and Microtome(Leica Microsystems) & 44
S AT, P 23S xylened] 3E4 3WH,
100% alcoholdll 2zt 28, 15 © & 95%, 80%,
70% alcohololl 247} 18 3024 G 5o B2 17 A
213t 7 hematoxylin(Sigma—Aldrich Co., USA)°|
3%, 1% acid—alcohol®l| 30%, 10% scott s tap water
(Sigma—Aldrich Co., USA)9| 1% eosin(Sigma-
Aldrich Co., USA)o|| 3852t AHefato] 22 G
AAsHg T, A E 222 BAl 70%, 80%, 95%,
100% alcohol®] A 2 Yby S A 3L upR|Eo 2
xyleneol] 354 3¥ A3} c), ofA SO 2 kanad-
abalsam®} xylenes 4> LA E o]&3lo 24&
SefolEofl LA 3 Axshet, F524] Wl o]
A% SCT-CS9] #3t= BX50F-3 @174 (Olympus,
Japan)= o|-&sto] #2st] o | Suite (Leica Mi-

crosystems, Germany)E ©|-&-sto] HA]8}3lct,

2.7 88 MaIst 2
PEEE L EMEREREENER R L
FFL TAE AL ML Yokl oF 4N B
o AAJsto] CO 728 o] g 3to] SretAle F HoL
BHSsic, Helg B g2 oA 308 Fb YA
O

Analyzer, Hitachi Ltd., Japan)& o]-&sto] 57 &
o] tfsto] 245kt

2.8 SHBI 24
283 48 1EN FAH 94 One-

.|| PSEIPN| 121

way ANOVA(SPSS for Windows, Release 10,10,
Standard Version, USA)E ©]&3lo] E 43 &
Turkey post hoc t—testE ©]-&sto] HFsFct, &
= Aol A, p<0.055 ool = #e = UE
o A% A= meanstSDE A AIBFAICEH

3.1 SCT-CS2l E4

SCT-CS9] &4 44d-& £4317] 9std, ol&
Az A=, Al 9 F4AS A5k

SCT-CS9 ol A7} =L 54 33+8.23MPal &
CCG(456.17+103.22MPa)ell v]3lo] fojz oz o
A SAEAAN, AEE 31.93£15.08%2 CCG
(24.97£3.87) Hr} 2 o2 SA S H(Figure
2A).

i

T 4AZE A Fagol

24 A7 Zofl 50%E 2
vetyi ok, AR 71 A2 CCGol
M G, 18y A F4E&2 SCT-CSe9t
vl 3 sto] CCGollA 123% &2 F&S UeEty it
(Figure 2B).

SCT-CS9| 2|4 4o gt A+ A= SCT}
PVAZ £33lo] NMMO/H:0S o] &3to] A3t &
TGO AT 2.2-2 6g/d, A= 10.5% 9 w9
SAVSFETHY . 28y SCT AER Q. AE 0] &35} A
2% 22 AT 2 99MPa, A%E 27 68%F 2}
o7} om0 MEZ QA golvent N-methyl-
2-pyrrolidone(NMP)E F7}sto] A 2E HF oA
£ A E 0.19MPa, A% 31%2 SHEAH?, 3}
O|ERZRo|E8} SCTE E¢sto] A3 HCM-
SCTHFO] Q1A= oF 1 99MPa, AlEE 302%=

ZHEJTHY, EFF SCTEHS o] &3o] ThE w o
2 Az¥ 3714 E(SCT-CM, FSCT-CM, ASCT-
CME A A =7F 0.19N/mm?, 1.63N/mm?

0.77N/mm?Z ZAEom Alxl 31%, 25%,
94%= S E AT, o3t Ail= SCTHERE LA
1S o] gsto] AxH F3ALY] B Sufe] Ao
of oJaA= ¥t G N HrbEo|u =2 Mt
U =2 e wge] g3l @2 2po]E Y-S o
4 ik,

Textile Coloration and Finishing, Vol. 30, No. 2



122 S48t XS - AZY - YR - 00| - SB - 00IF - UBY - OIS - YR - BUIH - HIH
a
Tensile strength (MPa) Elongation at break (%)
CcCG 456.17+103.22 24.97+3.87
SCT-CS 54.33+8.23 31.93+15.08
b C
600 1 50 1
=
o 500 A l o .:o: 40
= o e
E = 400 A - 30 -
@ B &3 I
S 2 5% 20/
% 200 A = =
= 100 A 10 1
0 . . 0
CCG SCT-CS CCG SCT-CS
a b
® Fluid uptake (%) L
CCG SCT-CS 9
R 90 4
0 0+0 0+0 P
1 75941575  40.83+22.39 £
2 88.96+10.9  43.654427 = ]
4 90.52+8.69 46.67+4.71 5
18 90.42+4.12 58.23+7.22 1
16  85.73+10.75 50+0
24 93.75:8.84 50+0 YO . ;2 i
Time (h)

Figure 2. Physical properties of SCT—CS derived from the powder of SCT. (A) Tensile strength and elongation
at break of CCG and SCT-CS, (B) Fluid uptake of CCG and SCT-CS, Data represent the mean = SD of three

replicates.

3.2 SCT-CS2| HM|LH 0[4] AjZtoi| [ HESX H
SCT-CS9 AW o] 4 A7kt Fefjeb2] Hafe
HAE &45t7] Hell, SCT-CSE SDHES
of o]A8te 30, 60, 90 At 5 3]sto] AL
HE FARAAA 0] & o] &) TEBIATE. o] 4
SCT-CS+&= CCGH 7)Ao ‘ﬁ‘ ot Y-S WEb

H,:QHLL%
L o

r_l_. 091_, —lﬂ: FE‘

_|>~

o, COGol Hi3iof Y LAL Hehi g A
Zve) Astel wpet, £ 744 ARE HAHOR BHle)
ARV F7hEE AR SRl m 0% o] 414

27t 7P =2 FHAATE

g o v ek, e ole)
gk TUAH 7] SCT-CSoll Hlate] COGoflA] < =

kg Sk A A 30 A 23

A FEE JHFigure 3).

SCT-CS9| 2= o] 4| 7 vhefet FH
o HEgAF, 25 T WS FASk T NMMO/
Q—EM SGTH T PAVE EF5t0] A
3t + e FHE et el
w16, NMMO/HZOMHOH SCTeEe =9 A=
5% FARE FEHE YR UTHY, E3F o] 2/
Al-gmfoll SCTEH= 5o AlxT A9} AERL
2 solvent?l N-methyl-2-pyrrolidone(NMP)E
F7Fet 01%“ WA E o] &5t AxH AFVlA®

2 Uehyolet, olst Aake ST

’

= n|

SAR AT
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30 days No implant

60 days

BT o L T

Figure 3. Surface morphology of SCT—CS. Ultrastructure of the surface of CCG and SCT—CS after implantation
was observed by SEM at 1,000x(left corner) and 10,000x magnification as described in the Sect. 2, Three to five
sutures per group were assayed in duplicate by SEM analysis.

ER2QARTS o] 85to] A|l2H BIAY] AR E T EF A% 94 (rregular phase)? &3 (coag—
A2ES Feu 7Y 7ol daglol €443 3 gregation)©] S715+= 2102 I,
H S ety S AlAISEAL tt a8 o] g3t A= SCT-CSE 90Y 7k o4 &

Eﬂafﬂ ZIJWI L3l 2eE TR o) 7F QIgith, FHER| B4
3t oAb} SRR SCT-CRO A =7 22ty

i SCT-CSo A= vl 2 A 2= 3.

)
o
to
2
2,
__>t‘_‘,‘
luf
o
@ Do
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Figure 4. Biocompatibility of SCT—CS based on histological analysis. (A) Implantation process. Each suture was
inserted into a thigh muscle around each incision using medical needle, (B) Histological structure of SCT-CS
implanted muscle. H&E stained sections of muscle tissue surrounding the SCT—CS implanted in SD rats for 30
days (a—c), 60 days (d—f) and 90 days (g—i) were observed using a light microscope at 400x magnification. Ab—
breviation; Mf, Muscle fiber; Mc, Macrophages; Fc, Fibrous capsule; L, Lipid pore.

3.3 SCT-CSe] MAEE A o] B e 45,
SCT-CS9 522 W A AL S B716t7] 9 au Azte] AetEA ESAlEE FXHes
Hol| Al ARAZOZE AR = Ao 2 T3k

sto] | A= 7t o]AlE 8-S A F sl H&E FAS A Amola = -
At 22) e 4 AE  Hsich 59, 0045 ol % FRoIH, SCT-CSe)
SCT-CS7t o4 € L%im TEEOHA% oF7bo] = FWz oML AN EE o] wekE] = Ao| g
A=t ATES SN =3 oo CCGw Hekglo] ArgstA = Atk (Figure

-

S AN 7131515 X] A 30A A 2%
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Figure 5. Effects of SCT—CS on liver toxicity in SD rats. (A) Serum parameters for liver toxicity were measured in
the serum sample from SD rats after the implantation of SCT—CS for 30, 60 and 90 days, (B) Liver tissues of SD
rats in subset group were stained with H&E and a variation on the histological structure was viewed at 400X

magnification.

4E). gol BREYA AukHOo R FE AAATAL

NMMO/H08 )% o] §3ho] A8 SCT-CR= 1] Ureh gk Lefuf SOTRES o] gaho] Alzat %
sherolq o149 AFAEY Aaglol SATA TAFL ERAL] et AR AR AT AB7A
AL L}Emw o, ol *é EEEER

sto] A=

€ RE e si
2 wrebA] 2 Are] Ak SCT-CS9] YA g4 of
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Figure 6. Effects of SCT—CS on kidney toxicity in ICR mice. (A) Serum parameters for kidney toxicity were meas—
ured in the serum sample from SD rats after the implantation of SCT—CS for 30, 60 and 90 days, (B) Kidney
tissues of SD rats in subset group were stained with H&E and a variation on the histological structure was viewed

at 400X magnification.

dhat Hzo) AFATE AN gom SCT-Cs7h
943 AA AL hebd e A AT ik,

3.4 SCT-CS2 =4

SCT-CS7} 7H} AAEA o n] x| GaFS wHaba)
7] §18te], SCT-CSE 30, 60, 90952t o] A3 A=

g7 A) A 502 A 25

of @Rl H 7t AGEA ol 3t A | =g 57
stglom, Zh Az x 9] Wake B,
T AT AREA] AS SCT-CSE o] 43t HE

o] A of|A] alanine aminotransferase(ALT), as—
partate aminotransferase(AST), alkaline phos—
phatase(ALP)9] ¥ %= th 237 CCGE o] A3t A
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Tof fAbeHA HEE Gl o | AJ7HY] Aol = Fo] ]
¢l Hsh= W= A Sk TH(Figure 5A).

SCT-CSE °olAet A=Y AN A = HF(in-
flammation), Al AH(necrosis), AlZAHHapop—
tosis), MlZ4-53Hfibrosis) 5 22 ¢l ¥ 2 W3}
= WEEA gotor | 271 CCGE °]Algt HE
O] Tt A = FARSHA B E $lth(Figure 5B).

tEo] A=A H$-, SCT-CSE o]Ag A=
Ao A blood urea nitrogen(BUN), creatinine
(CRE)Y] e 27T} CCGE o] Ae A=9f A
s JEEAAINE, 30, 60, 90 A2 257l Aol
= WEE S (Figure 6A).

SCT-CS, CCGE )47t HEQ A=A O] AR
A (glomerulus)@t Al T (renal tubes)oll Al &= E 3}
(degeneration), A3 AHnecrosis) 5 427 <l ¥
2] & ot B2 A ttH(Figure 6B).

shd o] 3t A2 SCTELE 0|83t A
Tt A E 82 e A 2 Eof High o] H Q) =/dwA]
oF fAFstTE, NMMO/H:08 W & o] &3te] A

Z3t

A3}

z¥
SCT-CF+ Ttz 2] o 43252t o] A3 Bof 9% 2l
AT AREALS FHEehA] Fgkomn o] 24
A& AMEste] A2 EE 30, 60, 90Y FoF
o] &gt FEAME Ao 7hit A=A S Fate)
2] okt 3 SCTHERE QAE o] &3t A %3t
27} SCTES sho|ER2F20|E uhg =9 A4t
119 32 1495 A2t A= F24d 547
A EAAE FaFatA] ggkohe ol get Ayl
SCT-CSE E33t thoFdt SCTH-eAHE S o] §9 %]
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