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STUDY ON THERMOSENSITIVITY OF CHITOSAN SCAFFOLD AND ON ITS EFFECTS ON
FIBROBLAST PROLIFERATION IN CELL THERAPY FOR SOFT TISSUE AUGMENTATION

Jung-Ho Kim, Jin-Young Choi
Department of Oral and Maxillofacial Surgery, College of dentistry, Seoul National University

Traditional surgical method or injection using filler is performed for soft tissue augmentation. Surgical methods have disadvantage of surgical mor-
bidity. Commercially available injectable materials have the disadvantages such as resorption, short-term effect. repeated application and hypersensi-
tivity. Significant shortcoming of cell therapy using autologous fibroblastsis delay of treatment effect.

Chitosan/g-glycerol phosphate (GP) solution has thermosensitive property and allows sol-gdl transition at physiologic pH and temperature. These

properties may resolve the delay of treatment effect.

The purposes of this study are to evaluate the viscosity and pH changes of chitosan/B-GP solutions and to evaluate the effect of chitosan/g-GP solu-

tion on fibroblast proliferation and production of collagen.

We measured the viscosity and pH as function of temperature, of the solution containing 1:0.7, 1:0.75, 1:0.8 chitosan (1, 10, 100, 700 kDa) /8-GP.
Fibroblasts from ears of 5 rats were cultured in chitosan/B-GP solutions for 3 weeks. Cell proliferation and collagen contents were measured every
week with WST (water-soluble tetrazolium salt) assay and Collagen assay respectively.

The Results are 1) Chitosan(100 kDa<)/$-GP solution (1:0.75) showed sol-gel

transition at physiologic pH and body temperature and injectable

properties. It will enable to resolve the delay in treatment effect 2) Cell proliferation and total collagen contents of the control group were increased
with time. However, these decreased after the 1st week in experimental group 3) Collagen contents in the experimental group are higher than that of
control group. Chitosan/B-GP solution may provide favorable conditions for cell function

Key words : Soft tissue augmentation, Chitosan/B-glycerol phosphate, Fibroblast, Thermosensitive, Scaffold
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1. 7|E4te| X2k p-GP 29|
2 M =X
— = o

L 25 W] o

B-GP (Glycerol 2-phosphate disodium salt hydrate, Sigma,

USA) 11.25 g3+ = &4 13.75 g2 £33} 45% (wiw) B-GP
Qo 14, 15, 1.6 mE Ex}2Fo] 1, 10, 100, 700 kDacl 2%
(wiv) 71 EAF (228 7] EAF, degree of deacetylation 95%, in
1IN HCI, Korea) 2 ml ¢} 4°Col A 7tz £33l 1:0.7,
1:0.75, 1:0.8 ¥] & 9] 7] EAHB-GP L9 S A 25t} o] &
Aol Lr Ao W2 Hr = CP 1/40 mm diskst A X oj
Alolol]l A8 200 WS 7}ty 1 HzZ2 AN AFHA 1°C/
o EEE 20°Co A 40°C7HA] L& S AI7IHA A
E 7 (Bohlin Instruments Inc., CVO 100, England) & A}-£ 3
=489

2. 7|ELtnt p-GP 2US| 25 H3t0f| MHE pH FH
2% WSt M2 pH WS AF 19 A%E BN
¥ = B-xzl2ko] 700 kDagl 7] E4HB-GP £ vt 1° C/&
2 10°Coll A 50° C7HA] %Eg A 7IHA pH 54
$3kel ZHFAL 9 F

ke A3kt

do

X o

3 MREMZe| 22| Y B

A% 250 g W 9 ¢] 1257 Sprague-Dawley %, 25| 5 1}
2 Aol A EEL A 5} th. 5% penicillin-streptomycin
(P/S, Gibco, USA)7} & 7}% phosphate buffered saline (PBS,
Gibco, USA) 40 miol 4 el & #) 7, 7-88] o] A% 5 2]
zZhgkth A= A AE 98 4 mg/ml dispase (Gibco, USA)
20mlE 7} 3 4°Coll A overnight vl oF Al A o} 3] 9} 2
v & sl ZA A2 3 3 mg/ml collagenase Type I
(Gibco, USA) 20 ml 7} 3 2A]1 7+ =91 37°C, 5% CO,ol| 4]
uj ok A]Z . 20 ml F-uj %] [Dulbecco’ s Modified Eagle
Medium (DMEM, Gibco, USA) : F-12 =3 : 1 + 10% Fetal
Bovine serum (FBS, Gibco, USA) + 1% P/S|E 3 7} & 70 gm
I ¥ (BD Falcon, USA)ol A € H & & 313 1100 rpme. 2 5
7 94 g (Hanil, UNION 32R PLUS, Korea) & A] 3}
3FS T} Pellets T75 =243 (Nunk, Denmark)ol] 20 ml F-
W A & 37} 5 37°C, 5% CO0l A il & A A Tt

129 FF 2o wi 3 AR EA2E 33 7bA A o &
= AAEAT ARFEAEE dold & 0.5 ml 7| E4,
0.375 ml B-GP¢} 0.5 ml F-uj 2| & ¥ & 24 well plate (Nunk,
Denmark) ¢} 0.5 ml F-uj x] 7+ ¥ 2 24 well plate?] 571 ¢
welloll ztzF 1x 10%well 7] o] A2 A 22 HEA AT 7)
Eabe] BAF3 B-GPe] G A 19 20 AHE BEUj 2
700 kDa2] A3} 1:0.75 Q1 &< & AHg-s i ot

4 MRBHES| Z4| BE

HE 3 AHAGFEAEE 37°C, 5% CO0 A 0, 1, 2, 35 Hj
% & M X =28 WST (water-soluble tetrazolium salt,
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DOJINDO Lab, Cell Counting Kit-8, Japan) 71 A} 2 323} 9]
th. o] & {3 ul st Azl ul 2] 200 g4l <} CCK-8 (Cell
Counting Kit-8) 20 45 7}3} 44 t}. WST-8 [2-(2-methoxy-4-
nitrophenyl)-3-(4-nitrophenyl)-5-(2,4 disulfophenyl)-2H-tetra-
zolium, monosodium salt]+= 4ol 1= M XZ 9 gF4ha s
o oz g o QA& w= WST-8 formazan® &
WA doh @ Eﬂxl*ﬂ © & W3d AJ§E 37°C, 5% CO9l
24 241 7F vl &k 5 200 w4 96 well plate (Nunk, Denmark) ol
o] 2kt vl 2] 9} CCK-8< 10:12 412 blank 200 4
£ 75 9] 450 nmof| A ELISA reader (BIO-TEK Instrument
INC, Power Wave x 340, USA)E E3] 3L 2 =437
RE FAE TS0l A XS4 A7 Ao} 7| EAHB-GP
g% P ANES 447 2RE FFH R v 23

Atk
5. HiRE J[Zto| WE Z2tdl SLeEY £F

FA 23U =45 93] Collagen assay (Biocolor,
Sircol collagen assay, USA)E A3 &l ich 22 Wi o g
Wk A EAA Sl %ﬂoﬁ Ul 71 ]oH Sircol dye
reagent 1 mlS 7} 82 4087}
10000x goll A LA E 2] & A
letzh w3 A1 7

o‘«l—‘

5 i AIkaI| reagent 1mE peI—
oW § RS uE AR E 200 M
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1. 7|E4te] ST f-GP S| &kt 2= Halof

7)1 EAF B 22Fo] 1 kdaz}t 10 kdaol A &F 7o A &z} 2k
HE SR 5T he FEt Lt $ES BY

3L B-GP £ o] o] Aol Aty oA ok A
T 7S ©F 0.00129] A 0.0017 Pase] W 9lE Heoamn &
T gl #AGl AA AU E FASAT. F, 25 A

<ol &A glo] sol-gel ¥ 3H-S B o] x| ekt (Flg 1(a), (1)

100 kdaz} 700 kda®] 7% &% Ao whal AT Zro] oF
500 kPas ¢] ¢S FATFo2H Asrt dojds #&T
F ARG F, 2= F5ol whet sol-gel W3to] dojys
FdS Bt 100 kDa 71 EAFF} B-GP &9 ] v &o
1:0.7, 1:0.75, 1:0.89 7% 7}z oF 37, 36, 34° Col| A] A 3} 7}
o] 5t t}. 700 kDa 7] E4F3} B-GP &9 ¢] vl & o] 1:0.7,
1:0.75, 1:0.8% A% 7}7} oF 37.5, 36.5, 34° Col| A] A 8} 7} &
o] 5kt 53] 700 kDa 7] E4F3} B-GP &9 o] v] & ©] 1:0.75
A A AA 29k vlszgh oF 36.5°Coll A At o
= 32 2 F Ao (Fig 1(c), (d)
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Fig. 1. Viscosity changes of chitosan/B-GP solutions as function of molecular weight of chitosan and amounts of 8-GP. (N=2)

(rectangular: chitosan

©p-GP=1:0.70 / dark circle: chitosan : ~-GP=1:0.75 / triangular: chitosan

1 B-GP=1:0.80)

(a) 1 kDa chitosan (b) 10 kDa chitosan (¢) 100 kDa chitosan (d) 700 kDa chitosan
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2. 7|ELtnt p-GP 22U 2 W30 ME pH X

700 kDa 7] EAF 3} B-GP &< o] v]§-0] 1:0.7, 1:0.75, 1.0.8
A A4S 25 Aol we pHF oA A sE Fde B
A 1:0.8 71 EAH B-GP &1 9] A 97} 1:.0.7 7] EAHB-GP
Gdo AR} 5, B-GPL Jo] F 1] BSFE pH W3}
7t & T b S Btk =3 pHYE WekE WelE
glo] A2 % pH W ¢lel 7.25-7.46 4 =7}

115491%%7 3t Aok (Fig. 2)
3 MREAMEZe ZA! E

AREAZE SH AR A5 ARk vl 8 A A&
A Hl o 7t Zﬂﬂ% FdE B 7 EAE-GP
15 AMAE

F5H 3T

u}. (Fig. 3)

A EA

HI‘ —{N —10 rﬂ'.

Z 7Hiﬂ¢7} S 7Fek A
ANA WA G A s Fe

4. HiCE 7|710| W2 2o Zursiok =X

T.20
chileean 3P 1. 0. TOj
= R ; il il el e300, T )
- e 2 S BN 3D B0
.40 . T i
= e G o
T.38 % i\
| = - =
T ...
Cl g ) :
T.28- g L
1 =0 E 1 A B
Tarrgp mraburs O

Fig. 2. pH changes of chitosan(700 kDa)/B-GP solutions as
function of temperature (N=2).

(rectangular: chitosan : -GP = 1 : 0.70

dark circle: chitosan : B-GP = 1 : 0.75

triangular;  chitosan @ f-GP = 1 : 0.80)
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Fig. 4. Collagen contents as function of time (N=5).
(blank circle: only fibroblast
dark circle: fibroblast mixed with chitosan (CS)/B-GP
700 kDa chitosan, chitosan : 8-GP = 1 : 0.75)
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5. Bl MRENE 2 Bekiel waHY

w9 A frobAlE (1x10° cells) F Z2hall o TE ol M
EARRAZE S4 A2 A$E 25 AR E A H2A
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Fig. 3. Fibroblast proliferation as function of time (N=5).
(blank circle: only fibroblast
dark circle: fibroblast mixed with chitosan (CS)/8-GP

700 kDa chitosan, chitosan : f~-GP = 1 : 0.75)
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Fig. 5. Collagen contents/10,000 cell as function of time (N=5).
(gray: only fibroblast
black: fibroblast mixed with chitosan (CS)/8-GP

700 kDa chitosan, chitosan : 8-GP = 1 : 0.75)
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