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< SUMMARY >

| AEWE | D-02

1. Purpose of Study

Purpose: Development and commercialization of biomaterial using collagen

derived from duck feet

1) Mass production of high-purity collagen derived from duck feet and

development of medical raw materials using it

2) Development of collagen bio-bone and musculoskeletal biomaterial

from duck feet

3) Development of medical biomaterial for otolaryngology using collagen

derived from duck feet

2. Contents of the Study

Purpose& * Establishment of mass production system of high-purity collagen
Contents . . . -
derived from duck feet and construction of production facility
* Commercialization of collagen derived from duck feet
* Development of medical collagen biomaterials and scaffolds derived
from duck feet
* Safety / efficiency evaluation and prototype biomaterial production
using collagen derived from duck feet
* Development of artificial tympanic membrane, soft tissue substitute,
and hemostatic agent using collagen derived from duck feet
*  Mass production of collagen-based biomaterials and prototype
development
* Establishment of collagen extraction process and mass production
system
*  Characterization of collagen properties (physical, chemical and
biological property)
* Commercialization of collagen derived from duck feet (registration of
International Cosmetic Ingredient Dictionary, registration of Drug
Results

Master File, commercialization of raw material)

Development of natural / HAp biomaterials using collagen derived from
duck feet and evaluation of biocompatibility and efficiency
Establishment of optimal environmental condition for induction of bone
regeneration and establishment of animal model (prototype production)
Development of artificial tympanic membrane, soft tissue substitute,
and hemostatic agent using collagen derived from duck feet

Evaluation of biocompatibility and efficiency of collagen biomaterial




derived from duck feet

We achieved the first mass production system that extracts collagen
from duck feet, so we can commercialize the industry using collagen.
Especially, we will utilize it in research, food, health functional food,

Expected cosmetics industr
Contribution ) y.' o ) )
We will also continue to develop and commercialize medical devices
that can be wused in otorhinolaryngology, orthopedics, and tissue
engineering / regenerative medicine fields.
, tympanic Tissue
Keywords Duck feet Collagen Bone substitute . i
membr ane engineering
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oo HEFE ae 23hd % 3 E A
A7 AA w3 62,150 86,388 110,626 179,891
AR FEs 2,352 3,269 4,186 71,35
R 204 283 362 619
3 A 64,706 89,940 115,174 187,645

ok A1Eskel et 7hsd

o FEHle AEAF FRE A 12.3%9 =2 AAES Hold, 20109 FAE 1.2x%
9 AL 2017 27% Ao AR HAHE Row sy Qo T AFS A
AA A2l 2% (3= GDP, AAA 2%) 2 ost 4= lom, o] 2017dl= 5409

= FEHle] AR

2 e dRAgo]l g4T Aow BUH. ot R EOT AHEY
o

o, SR 9 A Zokel AgEvd ¢ HE Ade A8 ¢ =

3
® 2. 84 A5 2 A% A F AE e AR (2010~2017, @91 B $).

AL

r 3 2010 2011 2012 2013 2014 2015 2016 2017 (zoclg(_;l;g"l?)

A3 Age 1.19 1.34 1.51 1.70 1.91 2.15 2.40 2.69 12.3

AEZ QA 0.96 1.06 1.17 1.29 1.42 1.56 1.72 1.89 10.0

718 0.91 1.01 1.11 1.22 1.35 1.49 1.63 1.80 10.1

g0 E 0.65 0.69 0.74 0.79 0.84 0.89 0.94 1.00 6.2

3| LR EAL 1.27 1.44 1.63 1.85 2.10 2.37 2.68 3.03 13.1

A 4.98 5.54 6.16 6.85 7.61 8.45 9.38 | 10.40 11.0

PN
»
ok
)
>
r
1o
r (
o,
a
1%

O 2FHlle A= AP/

7k A= Ak F

« 201497HR] AAAIAR S Z 10093702 22 Fsr W s dH sAbEo] 1509979
pipelines &/dste] AU DANFE AlA FuEl Sl xﬂ%”}ﬂ Waksl sk
[Global Regenerative Medicine Market, Frost & Sullivan, 2014 5¢]

« AAEstE 2AFEAAY divkrr =44 (Musculoskeletal) 2 Bl A
(Non—healing wound)°ll X934 3l [Global Regenerative Medicine Market,
Frost & Sullivan, 2014 5€]
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Tissue Engineering Regenerative Medicine Segment: Per cent Breakdown of Commercially
Avallable Products by Therapeutic Area, Global, 2013
A - 0% marrar Ahance fot Regeereins Madone. Frost & Lol

35
30

21.0%

Per cent Breakdown (%)

9 0%
1 5 o5

5 A% 30% 30% ggn apw 20%  20%
H M O e o |

J««}ﬁ @?ﬂﬁ;&;ﬁif

19 3. &8std 23Fs AT £l

+ 20128 49 ~ 20133 49714 22 JAIEY AT

o
ui
dlo
krl
ke
o
.
dlo

Timeline of Key Events, Global, 2012

Stratatech Corp. Cytomedix Inc. Harvard Bioscience Inc.

Announced positive prefiminary On-going RECOVER-Stroke trial, Harvard's “in Ereath” bicreactors

results for StrataGraft in the Phase 2 study of ALD-401, can be were emplayed for the world's first 2

treatment of severe burns continued as per the review of the Data successful laryngotracheal implants
Safety Monitoring Beard

AxoGen Inc. J tas Th i
First g tolits uventas Therapeutics T
e AOMAAG PO Advarch Active enrolment of Shameilie e
Merve Grafl, to Ausiria patients with Rutherford Initiation of Phase 1/2 trial
Class 4 or 5 CLI for far HUCHD-5C in
Phase 2a study of JSW- Geographic Atrophy
100
= B Osiris Therapeutics Inc.
romethera Biosciences )
First 2 patients treated with Osiris Therapeutics Inc. Rsutond appociatl iem
HepaStemn, an allogeneic adult Received marketing Gﬂvemgem o NT'?;ZEGH;;E’ .
liver stem call therapy authonsation from Health mErsal Rrochy| far 2

Canada for Prochymal for the
treatment of GyvHD
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TiGenix

Timeline of Key Events, Global, 2012

MNeuralstem Inc,

. Cytori Therapeutics

First patient enreiment in pivotal
Phase 3, ADMIRE-CD tral for
Cx801 in Crohn's disease

Completed Phase 1 of NSI-566 for
ALS therapy with the 18th patient
freated

Received approval from the

| Japanese Ministry of Health for a
| clinical study based on its Celution

'

| system using human stem cells

September

Shire Ple.

DERMAGRAFT received
regulatory approval from
Health Canada as a class |V
medical device for diabetic
foat ulcer therapy

AlloCure Inc.

Initiatian of Phase 2 trial for
ACOET in-acute Kidney injury

rheurnatoid arthritis

‘bluebird bio

Raised 360 million in D-senes
funding from experienced life
science investors

Timeline of Key Events, Global, 2012

uniQure
MNovartis
EMEA approval of Callaborated with
Glybera for LPLD University of
2 A Pennsylvania for
TiGenix .
. -modifiad T-call

Completed patient bl

enroiment for Phase 8 sl

2a study of Cx&11 in

Pluristem Therapeutics Inc.

Received approval from Paul-Ehrlich-Institute,
Germany, for the initiation of a Phase 1/2 study
using its PLX cells for the regeneration of
injured gluteal musculature in hip replacements

Healthpoint Biotherapeutics
Initiation of Phase 3 irial of
HP202-247 for the treatment of
venous leg ulcers

Calimmune

Received FOA clearance ta launch
Phase 1/2 trial of Cal-1-cell-
mediated gene therapy for HIV

Cardio3BioSciences

Received FAMHP autharisation to
initiate Phase 3 trial for C385-

CQR1 in Belgium

October

Cytori Therapeutics

Initiation of ATHENA study for

its cell therapy in chronic
myccardial ischemia

ISTO Technologies Inc.

Initiation of Phase 2 frial of NuQu
cell therapy

MNovember

December

Shinya Yamanaka

Received Nebel Prize for
Physiology or Medicine for
genetlic reprogramming of

Fate Therapeutics Inc.
Initiation of Phase 2
study of ProHema for
hematelogic malignancy

Cytomedix Inc.
Signed an agreement
with the NIH for a Phase

somatic cells into an
embryo using 4 refroviral
vectars

Histogen Inc.,

Statistically significant results observed

from on-gaing study of its Hair
Stimulating Complex

2 study in patients with
intermittent claudication




Timeline of Key Events, Global, 2013

Mesablast

Pregression of NeoFuse to Phase 3
trial fellowing successful completion
of Phase 2 study

.

January

!

euralstemn Inc.
FDA approval to commence
Phasze | trial for NSI1-566 in
chronic SCI

Shire Regenerative Medicine

Initiaticn of Phase 3 study of
ABHDMin Epidermalysis Bulloza

ImmunoCellular Therapeutics

FDA granted IND application for
ICT-140 for ovarian cancer

ol = I
Arteriocyte

FDA approval for Phase 1 trial using
Magelian System technology in thermal

Gamida Cell

Successful completion of Phase
112 study of NiCord

StemEx reached primary endpeoint
in Phase 2/3 study for treatment
of leukaemia and lymphama

InVivo Therapeutics

Received "Humanitarian Use
Device Designation’ for
biopolymer scaffolding reatment

l in SCI {
February March April
BrainStorm Cell Therapeutics T
Began Phase 2a trial of its bluebird bic
MurCrwn stem cell therapy Collaboration with Celgene for
candidate in ALS the development and

commercialisation of novel,
disease-altering gene therapies
in ancology

" Kiadis Pharma B.V.

Received "No Objection Letter
from Health Canada for Phase 2
clinical study of ATIR

bum wounds

o A wFoA] JAAIE Fol AES F 19670 Db (YA 14 597, 24 9674, 34
417), A4 gl e AEs 112711011 ol2E T w2 AFel MY F

© AR, AT, o} REF 5 tiE Alks|AbEo] AEAEA 7= MOU e 3
S E8 AR Ao AEst lor g 5wy Ao Ryt ¢ F1E How
oA

D AEA A B FF

o Foo|A EAE MEAEA AEF FT 107] AFOE vToA 87 AFo] FAIEAL
EUS dEofx Zhzt 171 AlFo] EA15 o] 9l [MFDS Press Release, 2010]

« o]o] Hlg FuUeA FAIE MEAFAE T 1470 AFoE, el w8l MEXEA
gl s 44 g s s ges & T e

o U - QoA FAlE AEAEA AFEL UFE AAEE o] g5t w nkdt AlE
EEA AE F3 W 2A43TH WY 5 o] &3 Hd AES sl

« F7INEAEA S A, HE =l FCB o date] 4 f8 AAE7IAEE o] 838t
AEEY ABAE AL o] Ao, wWtEZAEALY] Cartistem ¥ F=E 412
Cuplstem%E Al e, wotE7 Mz B9 vl Al (Geron) oA HFE4 gt

= o N de w86t

@ *Ml 2A-z2AFs A A 5

© A AARCE =AFE 712 50070 o) delH, I T AX 5= (E, 5, 4=, Z
2 A3 9 7ol 3007H o= A [Swedish Possibilities within Tissue

Engineering and Regenerative Medicine, 2009]

T A A RS YA M BANBYC] B BALAT FHOE o] Fof
Az e, ARG AT A AR2A% ATAL AW B 3] 9 240

st AFo] dEs AHlE Sl
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- =W A EEde (el E) 3 ZER/ZIEAN(GAEE) $o LA 2AE ol
b AE, 3L/ AAEE IFAE weF AEEARIAY), FEhs o] &8 Qg (ule]
eHE) I AEAE 7 ARELVE G ol A=A AATEAZERD T A
Ax2A S IR o] &3 AlEo] AE3EANS

L AR A T
O AgE #HH A %ﬁok
2010 AAels A MAANG FE= A7) #FE AF(3,5009 P S E§Ek]
+ A178(2010d oF 8,2509 ) b= AA|RE vy

darEe dEaA dA 2 AR #d g8 A T 2T
TTEO|H, AlEE VIHte R k= A mV]Ee] =3 & A% 2007d oF 3209 € R
A 2017 9k 9809 Ey=® oF 3n) Ax S Ao oAtE [Cell Therapy, Jain
PharmaBiotech 2008]
@ AEAZA Al s
A3 G AEXEA okl A AAAG EE 20099 °F 69.49 oA
2018dell= oF 318.5¢ &Y rEE AT Aoz oig(E 3) [2010 MedMarket
Diligence, LLC]
E 3. 2338 9 AXXEA AF FE (2009-2018)
Total Market ($millions) Growth (%)

2009 $6,937
2010 $8,307 19.8%
2011 $9,959 19.9%
2012 $11,954 20.0%
2013 $14,236 19.1%
2014 $16,967 19.2%
2015 $20,237 19.3%
2016 $23,525 16.2%
2017 $27,364 16.3%
2018 $31,849 16.4%
2009-2012 19.9%
CAGR 2012-2015 19.2%
2016—2018 16.4%

© 2009d AT/ AEZAEA AF699 e = A8 FopHE A FP eI Fof
(435 Z) }7} 2 A3 95(6.89 28, ¢4(4.99 g8) @ HEHU.7e] G) &
of slom, FF olg FFe] A&E ZAow o [2010

MedMarket Diligence, LLC]
2R SVNE A ¥ 24.29%% AEstel ‘11d 262.39 EdelA T 189
1195.19 <] 1EE A7dEw Alx SFEE JAS7IAE A7) 84.2% (2219 1)),
Add® Hotrlg7t A|ofo] 59% (1564.8% He) = 7 & HS AAsy Al A &
5 SHoM = FRSETIAE ok} obrJol Aol THE wEA e Zlow Ay
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HEERSE T

Inuc e Rat neeal
Phripotest  Stem Cally  Very Small
Sheen Cells . 20 e
2% __ Lik# Shemn
~ el
L%

2007 Human
150
100 1 11 T

58

H
. B H

2010 2m1 2012 2013 2014 2015 2016 2017 2018

m

a9 4. 2EE FVIAE ANZEE 2 A

@ A A A A

- AR EER A 2AY A AA AIF FEE 20099 2259 ZEjolu 2014 o= 581
o gejg F4£3 AAgo] AN 5) [Market & Market, 2009]

© 20099 AJA A AlelA AEEE = JF ]9 (38%) 9k HEHBTR) ot M
/\]%1—2 63/\%3]-*1 9}2

c A AAERE 20099 55 A9 A R RS 3AR, 5 a2t zF 249 A
2 AEIF 558 AT Ao odE

_ 581
o 7~
: e /
o u.'g’ ;
[ ey
3 {g.' i
= r
g J
=
=
m
) l
2014

< Market & Market 2009 >
a9 5. AIEE A AA A FE(2007-2014).

o Feps o] g5 AAl Al W olE 83 ET|AE/AA L E Ak 5 Force w4
o =d ZeA A el diste] waEAk, ek Ak Ul AN oAl 719 57 dHgell o
sto] 5 Force 415 AAlstal o] #AE& 7 'L(Z"J 6)

* 5 Force w41 A3}

e
middle, low?] 374 & &
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A% Fl0] FHBUYTE
AR7ISY ¥

I4 6. FHHS £A=

22

* 5 Force

AR S EESD

-Big 2 Fejig 7|

-CH A A TR Al
HEHN HEH MUAE
(EH75 8 2lzapEey)

AFR0| YRS HE
224 axfAbe] A AR
ﬂﬂimmﬂﬂﬁﬂﬁa
= =3

M TR

2| ELTNS| AHEE T
Eoel 22 FEHES
Hexdog

Had re, 28 52
-"'*‘H?}ﬂJEWﬂE ojH
ks

@ Hioh risk

M middle Risk

':?f;; Low Risk

3 Z7|AE/ABYE AP 2] 5 Force Analysis.

= ZER A A Ve Ablel gigt

Strength), °F4 (W, Weakness), 7]13] (0, Opportunity) 2 €& (T, Threat) 2] 47}4]

2 BFae] SWOTEA 9 7%

Aaz Fg3H(E 4)

E 4. 5 Force 49 AAH &,

@© A W) AR - A 24 AR AR £ T
(9] BAA) - FelolM Tl 1EEIE AR T
() . 2R Aokl el e} 0
@ FFA a¥H - mY gD AP R S
Gl 719/« T2 A TG GAR ATER TR 954 oy W
(H) - AWVEY REow AF/ANE AAY Ft W
® 1A T4 .« Zekl A A7 ok 7h 0
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(1) 2014 term stem
Characterization and effect of inflammatory reaction of duck—feet derived

collagen/plga hybrid scaffold

CHARACTERIZATION AND EFFECT OF INFLAMMATORY REACTION OF DUCK-FEET DERIVED
COLLAGEN/PLGA HYBRID SCAFFOLD

S. M. Kim', H. Kuk', E. Y. Kim', J. E. Sorg', G. Khang'
' Dept of BIN Fusion Tech of Chonbuk Natfonal University, Republic of Korea

Collagen consists of about 30% among proteins of body. As a extracellular matrix, collagen fs
important factor and affects on attatchment, proliferation, differentiation, and migration of cells.
&p, we extracted collagen from feet of duck (DC) as a new coilagen source and mixed with
potyilactic-co-glycolic acid) (PLGA), synthetic polymer approved by FDA as a biomaterial. DC/PLGA
hybrid scaffold were fabricated and evaluated to confirm possibility as a construction for diverse
application iIn tissue engineering. Collagen extracted from feet of duck |s composed of mast
collagen type |. Duck-feet derived collagen based scaffold showed excellent compressive strength
and poraosity to be able to apply as a scaffold for bone regeneration. Moreover, anti-inflammatory
study was conducted for in vivo application. As results, adding DC s affected on mechanical
properties and cell proliferation, pesitively. Futhermore, inflammatory response was significantly
reduced by adding DC. Thus, these results demonstrated DC has a potential as a material for tissue
engineering.

: This reseasch was supported by NRF-20120M3A9CA050204, Beo-induatry Technology Develogment Program
(MMFAFF, 112007-05-1-SB010) and the Brain Korea 11 PLUS Project, NRF.

(2) 2014 term stem

Wound healing using duck feet—derived

scaffolds

collagen and polyvinyl

(T524)
WOUND HEALING USING DUCK FEET-DERIVED COLLAGEN AND POLYVINYL ALCOHOL SCAFFOLDS

4. H. Shin,' J, €, 5ong,' D. Lee’ and G. Khang '

" Deptef BIM Fusion Tech, Polymer Fusion Res Center & Dept of Polymer Nano Sci T
#ch, Chonbuk N i
567 Baekje-daern, Jeonju, Worea S&1-756 i

Skin consists of the epidermis and the dermis. Also it Is the soft cuter covering of body to protect
Inner tissues from external stimulus. Therefore, damaged skin such as from trauma, bum and
chronic disease should be performed clinical treatment, For this reason, regeneration of skin has
been focused as an important medical lssue. In tissue engineering, the scaffold (s wually used and
studied as & frame of tissue formation. A comman approach has been used biodegradable scaffolds
to sustain and guide cell growth through the regeneration process. The role of the scaffold 15 to
provide an artificial environment enabling cell adhesion, migration, and spreading thus allowing
cell proliferation and extracellular matrix (ECM) synthesis. The purpose of this study was to develop
a wound dressing made from a duck feet derived collagen (DC) which has enhanced healing effect.

The cross-linked hydrogel was prepared with poly{vinyl alcohol) (PVA) and DC using a freeze-
thawing method, We prepared DC/PVA scaffolds contained 0, 10 wi% of DC and performed
compressive strength, SEM analysis, swelling test and FT-IR for mechanical property and
marphology of DC/PVA scaffold. For biocompatibility test, NIH/3T3 mouse fibroblasts were cultured

alcohol
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(3) 2014 term stem

Evaluation of the effect of hydroxyapatite (HAP) coated duck's feet
scaffolds for bone tissue engineering

collagen

(T525)
EVALUATION OF THE EFFECT OF HYDROXYAPATITE (HAP) COATED DUCK'S FEET COLLAGEMN
SCAFFOLDS FOR BONE TISSUE ENGINEERING

5. R. Cha," E. Y. Kim,' J. E. Song' and G. Khang'

'Dept of BIM Fusion Tech & Polymer Fusion Res Center B Dept of Polymer-Mano 5ci Tech, Chonbuk National
Univ , 567 Baekje-deero, Jeonju Korea 361-756

Im this study, we carrled out the possibility of the application of duck’s feet derived collagen from
livestock waste for bone tissue engineering. We fabricated 2 and 3% DC sponges and then compare
with hydroxyapatite (HAp) coated DC scaffolds. To analyze physical properties and morphology of
Hap/DC scaffolds, compressive strength and scanning electron microscope (SEM) were conducted,
Assays of 3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT) are carried out to
measured the attachment and proliferation of bone marrow stem cell (BMSc) in DC content of
HAp/DC composite scaffolds. Polymerase chain reaction (PCR) was performed to confinm the BMSc
specific genetic marker, Overall, this study shows that HAp/DC scaffold have biocompatibility and
good physical properties. Also HAp/DC scaffolds show having the possibility to use 1t as bone graft
materials for tissue engineering application.

Acknowledgment: This research was supported by MRF-2HIMIASCE050204, Bio-industry Technotogy Develapment Program
[WMFAFF, 112007-05- 2-5B0M0) arsd the Brain Karea 21 PLUS Praject, NRF.

(4) 2014 term stem

Evaluation of the duck's feet collagen

(T529)
EVALUATION OF THE DUCK'S FEET COLLAGEN

H. K. Jeong.', 5. E. Lee.', J. e. Song.', D. Lee,' and G. Khang'

"Dept of BIM Fusion Tech, Polymer Fusion Res Center B Dept of Polymer-Mano Sci Tech, Chonbuk National Univ,
54T Baek je-daero, leonju Korea 561-756

Collagen has properties that help migration, proliferation of cell. Also help construction of cell
structure in formation, In collagen relation study, the collagen is known to have an effect of anti-
inflammatory and antioxidant but it is too expensive. Therefore we extracted collagen from duck's
feet. To evaluate the purity assessment of collagen, we performed 5D5-page and GAG test. And the
antioxidant effect of the duck’s feet collagen is measured by DPPH test. This study was designed to
imvestigate the effect of duck's feet collagen as a natural material on the local inflammatory
reaction, The RT-PCR results showed specific mRMA expression related with immune response
factor. and the possibility of cell proliferation were evaluated using an NIH/3T3 cells were seeded
into duck's feet collagen substrate. Cell proliferation and viability were measured by MTT assay
after 1, 2 and 3 days. As a result, the duck's feet collagen appear to be a promising approach for
tissue engineering application due to excellent biocompatibility and anti-inflammatory effects.

Acknowledgment: This research was supported by NRF-20012MIASCH0S0204, Bio-Industry Technology Develepment Program
[KMFAFF, 112007-05-2-5B010) and the Brain Korea 21 PLUS Project, HAF,
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(5) 2015 Spring Meeting of the Korean Society for Biomaterials
Duck's Feet Derived Collagen Scaffolds for Bone Tissue Engineering: In vitro
and in vivo Study

PO-87

DUCK'S FEET DERIVED COLLAGEN SCAFFOLDS
FOR BONE TISSUE ENGINEERING: IV FITRO AND IY
Ko sTuUDY
S¢ Rom Cha ',.‘iln. M Him',lnlmg Eum FHIHLl'I., Chan Hum I“nrl::'1
Do Sam Suh’ aml Gilsan Khang"”

"Deptaf BN Fusiea Tech, Polyrner Fussn Res Certer & Dept of
Palymer Mama Sci Tech, Chonbuk Natiomsal Undy, gskhangiésbnu.nc ke
“Depraf Dwrhinedsyngolegy-Head amd Neek Susgery, Chuschecn
Sacred Heart Hospital, College of Medicine, Hallvm Liniversity. 1-1
Ohchgan, Chuneheom, Gangwon 200-T02, Karea
'RM5 Division, SewonCellontech Co,, Led, 501, Wooyeung Techine
Center. 273-15 Seomngea 2-Ga 3-Dong, Seongdong-Gu. Seoul 133-831,
Korea

Inv this sy, we corried oo the Pl,‘n’.'\-lhlﬁf.:.' af the J.]1p:-i|,'.'lli|'||1 of duck's
Teel derved collagen from livestock wasie far bone nesue engineering.
We fabricaied 2 and 3% DO sponges and then compared with
hl.dnn:.:lpnlih.' |H_-1.§1| copted T scaffolds. To anabves ;lh_',-:in;'al
properties ond morphology of HApTAC seaffolds, FT-IR and SEM
were conducied, Assavs of MTT are carmied oul o mensared the
atinchment and profiferstiom of bone marmes stem cell (BMSc) in D
comiend of HANDC compoite scalTolds, RT-FCR was performed u
eomfinm  the  HMS:  spedilic genelse marker. Fir the
immunchistochemisary stming, HEE and von Kossa sladnmyg were
carried oul. Uhamall, this sudy shows ihat HApDC scalTald have
mccomgatibilite and good phiysacal properises. Also HARDC scaffokls
shuny having the possibility (o wse i a5 bome grall matenals lor e
enginoering application,

This reseanch wis supponied by the Brain Korea 21 FLUS Project, NRF
aml Techmalogy Commervialization Support Program (KMIFAFF
B14003-03- | -HDO2 0y

(6) 2015 The Polymer Society of Korea Spring Meeting
Evaluation of Duck's Feet Derived Collagen Scaffolds for Bone Tissue
Engineering

1PS-305 042

Evaluation of Duck's Feet Derived Collagen Scaffolds for Bone Tissue Engineering
Ol AIMIE, 2O, AN, WS, NS4, 2z Audshe; eeldie A UdEd
In this study, we carried out the possibility of the application of duck s leet derived
collagen from livestock waste for bone lissue engineering. We fabricated 2 and 3%
0C sponges and then compared with hydroxyapatite (HAp) coated DC scalfolds. To
analyze physical properties and morphology of HAp/DC scatiolds, FT-IR and SEM were
conducted. Assays of MTT are carried out lo measured the altachment and proliferation
ol bone marrow stem cell (BMSc) in DC content of HAp/DC composite scaffolds. RT-PCR
was performed to confirm the BMSc specilic genetic marker. For the immunochisiochemisiry
staining, H&E staining were carried out. Overall, this study shows thal HAp/DC scaftold
have biocompatibility and good physical properties. Also HAp/DC scatfolds show having
the possibility to use it as bone gralt materials for lissue engineering application. This
research was supported by the Brain Korea 21 PLUS Project, NRF and Technology
Commercialization Support Program (KMIFAFF 814005-03-1-HDO20).
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(7) 2015 The Polymer Society of Korea Spring Meeting
Characterization and Fabrication of Duck Feet—Derived Collagen and Polyvinyl

Alcohol Scaffolds for Skin Regeneration

2P5-287 MIiE

Characterization and Fabrication of Duck Feel-Derived Collagen and Polyvinyl Alcohol
Scafiolds for Skin Regeneration

AMGE. SHE, OIFH, UHE| NS, 22N Audqete; 'vYdstE qudee
The purpose of this study was 1o develop a wound dressing made from a duck leel
derived collagen (DC) with enhanced healing effect. The hydroge! was prepared wilh
poly(vinyl alcohol) (PVA) and DC. We performed compressive strength, SEM, swelling
test and FT-IR for mechanical property and morphology of DC/PVA scafiold. For
biocompatibility test, NIH/3T3 mouse fibroblasts were cultured in the DC/PVA scafiold
for 3days. Cell proliferation and viability were measured via MTT assay. 10% DC/PVA
scaffold showed a higher biocompatibility in vitro and the better ability of cell adhesion
and growth, compared to PVA scatfolds. The in vivo assay also revealed the belter
results in 10% DC/PVA scatfolds and improved the wound healing process in rats. In
conclusion, the 10% DC/PVA scallold is a potential wound dressing with enhanced
wound healing effect. This research was supported by the Brain Korea 21 PLUS Project,
NRF and Technology Commercialization Support Program (KMIFAFF 814005-03-
1-HDO20).

8) 163 @ 2ATE A4t
Collagen Extraction from Duck's Foot and Fabrication of Collagen—based
Scaffolds

Collagen Extraction from the Duck's Foot
and Fabrication of Collagen-based
Scaffolds

oo Hyeon Kim', Chan Hum Pork’

Mann P Brgererie Medeal Instiniic, Faliym
Urserrmty; “Dhepartment o (hortarslarymgology Had
and Mk Sergery, School of Medicew,
Hallym Linfeersiry, Komoa

Collagen constlisting Bw extra orflular masm
{ECM) has bwen witdely wsed as biocomypatibde ma
wrsals foe human mse In this connection, collagen
Pl been isoliwed fram Bovew, porcing snd e
mame s few, However, all these methods are prov
ing o be ecomomically wnfessible. Thensome, calls
e s corsklernd a8 most exparsive  biomaterial
which had limited ils use only in fescasch labe asd
gl ol e placs whesy palents pequining can be
benefitted. In this study, we have carefully selecied
diick foot which s & vestock weete which can po-
sertially salve this buming tssoe & @ had Solaly
po use in amy other industry. A simpile method s
wiilizing $he e of harsh chemical had been em
ploved #o extzact collagen brom duck foots. The
fabvication of collagen-ased scaffolds msing ool
gen estractd brom the dock foot waste. The ool
o exirachnd fren the dock fool waste had bees
analyred for SS-PACE and collagenase reaciin
wst Wo companed the charscteristios of vach sl
folil v stracteral aralysis esing scanning dectrm
microscopy [SEM), Foumer mars{orm Infrarod  spos
Eescopy (FTIRL cell infilkration snd ool viabil
(CCK-%), To imvestigate the degradation ol nad
watiohfs n wiow, they were implantsd  suhoute
repusty i cals and harvisted 1, I 3 woeks
satgeey, Thise fesults ssgpest thal estracied ool
gen ia hincosmpatihle and ¢s having  resemb
wigh that of collagen availalde moen other s
In concluseon, we can eviract collagen froen duck!
food wrivichs i ecomomically. Reasibis than boving
fremane (ollaggn
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(9) 2015 TERMIS WORLD CONGRESS

Effect of DC/PLGA Scaffolds on the Attachment and Proliferation of Costal
Cartilage Cells

826. Effect of DC/PLGA Scaffolds on the Attachment and
Proliferation of Costal Cartilage Cells

S.Cha', S. Kim', J. Song', C, Park?, D. Sub?, G. Khang;

'Chonbuk National Univiversity, Jeonju, KOREA, REPUBLIC OF,
‘Hallym Univ., Chuncheon, KOREA, REPUBLIC OF, Sewon
Cellontech, seoul, KOREA, REPUBLIC OF.

(10) 2015 TERMIS WORLD CONGRESS

Collagen Extraction from the Duck's Foot and Fabrication of Collagen Patch

for the Repair of Acute Tympanic Membrane Perforations

100 am-1115 am

148. Collagen Extraction from the Duck’s Foot and
Fabrication of Collagen Patch for the Repair of Acute
Tympani¢c Membrane Perforations

S. Kim, ( Park

Hallym University. Chuncheon, Republic of Korea

(11) 2015 TERMIS WORLD CONGRESS

Evaluation of the effect of Bone Differentiation of Bone Marrow Stem Cells on
DC/DBP Sponges

848, Evaluation of the effect of Bone Differentiation of Bone Marrow
Stem Cells on DC/DBP Sponges

H.Jeong', W. Lee!, S. Cha', J. Song', C. Park®, D. Suh?®, G. Khang',
'Chonbuk National Ur*.i&,-:—:-rsit}.r, JEOI‘L[;, KOREA. REPUBLIC OF,
‘Hallym University, Chuncheon, KOREA, REPUBLIC OF, “Sewon
Cellontech, Seoul, KOREA, REPUBLIC OF,
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(12) 2015 FALL MEETING OF THE KOREAN SOCIETY FOR BIOMATERIALS
Osteogenic Differentiation of Bome Marrow Stem Cell in Mg—Ca Particles and
Synthetic Body Fluid Loaded Silk Fibroin Scaffold

PO-54

Osteogenic Differentiation of Bone Marrow
Stem Cell in Mg-Ca Particles and Synthetic
Body Fluid Loaded Silk Fibroin Scaffold
Mo _keum Jung', Nirmalya Tripathy', Jeong Eun Song'
aml Gilson Khang"”

Breps ol B Fusion Tech, Palymer Fusion Res Center 8 [t af Palymici™ara
e Tech, Chonbok Mational Univ, E-mait: gskhangdiijbo.ae ke

An ideal tissiee engineering scaffold following churacieristics sich
05 biocompatibility, suitable  porosity,  pore sime,  sufficient
mechanical sirength and  mood cell affinity, Silk as 8 tissue
enganeering material las excellent biocompatibility, bioactivite, low
immunity and ease of fabrication. On the other hand, We were also
attraction atention from scientist a5 Mg-Ca allovs o biodegradable
biomuatersats for orthopedic applications. In this study, zilk-fibroin
hard and sofl condition seaffolds wese prepared coated with Mg-Ca
particies Synthetic Body Fluid sobution for bone tissue engineering,
Strisctored  mechanical characteristics all conted and non-coated
samples by Gross image, 11K, SEM, Compressive  strenoth
analysis. Chteomenic differentiation of Bone Marmow Stem Cells was
further confirmed through MTT, ALE RT-PCR, SEM. Resuls
sugpest that Me-Ca/'SBE solution helps osteazenic diferentiation of
BMSC, and can be considened for potential applications as seaffolds
for future fissue regeneration, This research was supported by the
Brain Kotex 21 PLUS Project, NRF. Bio-industry Techisobopy
Development  Program (112007-405-3-88010)  and  Technolomy
Commercializugion  Suppon  Program (8 14005-03-1-HDO2D),
Ministry for Food, Apgrculture, Forestry and Fisheries, Republic of
Kaorea,

(13) 2015 FALL MEETING OF THE KOREAN SOCIETY FOR BIOMATERIALS
ANTI-INFLAMMATORY EFFECT OF LOW—-ACYL GELLAN GUM SPONGES
COATED BY COLLAGEN SOLUTION

PO-55

ANTHINFLAMMATORY EFFECT 0F
ACYL GELLAN GUM SPONGES ©
BY COLLAGEN SOLUTION
Seon Ewl Leel, Jeong Eun Somp'. Dong Sam

andl Callesn Khang'
mer Fusion Bes Cérile & Dhepr of

il: gekbang;
echne vemer, 173515 5o

and the impregnated LAGU spo
mierapheengraphs fo compan: pori
sponpes and impregnated | ALA sponpes, MIFHAT
spanges and exemired o ovalume the dogree of cell +

nd pralileration. We confimeed he ellioc of 2

arli-m mmatory. and cell affindy. mENAg such = GA
CON-L IL-If o |L-6 s confirmcd in ondsr 3

inflanrmulory cyinkines. Histologhenl and immunceytocks
was ureil b evaludie the inllammatony responses by g
seebhim of spoces afier | und 4 weeks of intglant
Ladeiz spanges dlagen salution bocume minre s
pralifeation and differentation of cells-than he LAGG

=

result, iy sudly suggests thal the LAGO sponpes developed
has passihil ity ol appications for medical marerials of s
with lony indlammmtery respoises,

[his research was spported by Bio-indusiry Teckmaloss
Program (R F, TEIO0T-NA-2-5800 0, Technology Com
Suppent Prog BIH05-03-[-HD0HI) 2nd the Hraln Ko
Prodect, NEF
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(14) 2015 FALL MEETING OF THE KOREAN SOCIETY FOR BIOMATERIALS
IN VITRO&IN VIVO STUDY USING DC/DBP SCAFFOLDS FOR BONE
DIFFERENTIATION OF BONE MARROW STEM CELL

PO-56

INVITRO & IN VIVO STUDY USING DC/
DEP SCAFFOLDS FOR BONE
IMFFERENTIATION OF BONE MARROW
STEM CELL
S¢ Rom Cha', Jeomg Euo Song', Chan Hum Park’,
D Sam Suh® and Gilson Khamg'

e ol BIM Fosion Tecly, fabmer Fusion Res Center & Dep od Polymer®ano

e Teeh, Clpnbid ational 1 .
e II' EHorhinolangokesy-Hixl i Mgk -‘*1:|.J-I Ll Honed

St | lospial, Collepe -.'-I"‘\.I-.\_a.lrn. 1z m. Liniversity

WM Diveson, Sewonlellortech Co, Lid.

Woaalcrdh fir bine thse ergeeering wah high  hieaivity -and
Scosganiility wo highly reguined. U s it b b the o ool
Semiding meterials ml] dinv
S cxcellent hiocompatibi
T '\u."l\.l'ﬂ adhesion

d it exbraction process Ghe
o properties [ sohae this
Im.-cl Bope pankle (EP)
wraiviinl which poagefully. finhige
o hone growth. DIP & compased of collagen, calcium and progeu I-wl'l
% this sy, we ibricated sl hinmaterial spangesused I make DO

S composite porwder with different atios of DCDHP & e 553, 121 and 123
B sl on [ I:I|LI' EpInges and

hane - forming i v

Pmalicl by histological

il w T [ ..{l staiiting fesniliE S

o provide suilahle covicmenent o BMSC - amd proper sonten allécasd an

e mﬂdlm o |||||1m' £ hooe |J||u'n:rJ.|-.|||-.||
ad k

ciry  Technolog

A ATy
hw A 21 PLUY Praee,

al 'mm,_u anl Ui Hrad

(15) The Polymer Society of Korea Fall Meeting
Silk Fibroin Scaffolds as a Transporter to Deliver Demineralized Bone

Particles for Bone Defect Treatment

1rs-248 =
Silk Fibroen Scafelds as a Transporter o Debver Dermineriized Bane Parlicles for Bone
Diefiact Treatiment
OB e Mralvs Trgaiby, SU2, FuM Mgt
Sk Wpin hag bean '-'|l|:|El'5.' uaed i figaue engingesing due fo ils ﬂ.q;cwpmihilil:,l Brd
hiodegredatility. Demiraralized bone perticle (ORE] B wel-krows as an indusss ol
osleoganssis, Heren, we howe desoned sitk Roroin scatiolds loades with BEP lor bona
et Irasiment. Struchursl properfeg wene perfonmod wsing SEM, And call prolifaraton
actvily and gsbeogeness were eveiualed by MTT and ALP assay. Manous mRRS from
scaflolds were aleo gollecled and shdied, Furlhermore, hislological - stainirg
pemorsrated arhanceman in the ruciealion siles ol Bane mamow mesenchyma slem
calls, Cotactively, e eriancement in mechanical popsries resull i orskon of baoe
raline and ces grawdh Ireugh astablishment of struchirsd cannectivity o the tebricatad
Gilk IEbroin—-DBP scaflolds, This reseanch was supporied by Bio-indusiny Technalogy
Developmen! Program (112007 -08-3=-5B8014] Tecrnalogy Commercisfization Suppor
Program (214005-03-1-H0020) and ihe Bran Korea 21 PLUS Projecd, NRF
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(16) The Polymer Society of Korea Fall Meeting
Effect of PLGA/Duck Feet—derived Collagen and hydroxyapatite Scaffolds for
the Bone Tissue Engineering

2PS-266h HTEE

Etkect of PLGA/Duck Feet~derived Collagen and Hydicryapalia Scatioids for the Bone
Tssue Engineering

LUER, OCHR. AP RHS WHE| MR BuM Hdciern: e tHE
e

Collagen has been widely used 85 & pof o poornstenal, Caolagen hag low immndy,
high bocompatiblily, In II|‘= alughy, we fat tedd PLGA and Duck Feet-derived cofagen
RC) basad scalfalas 10, 20, 40, 60, B0 ware produced by sall leaching metheds
And we contem chamclenslics ol PLEA and DG soabiols by FT-IR, Compressive slknalh,
SEM, ang EDS, Also, osleogerc: dilferanlialon ol rebbit bone marrow mesenchyms
stem ceffs (rBMECS] cultured In scallold was evataled by using alkaline phosphatase
LALF), WTT, RT-PCR. SEM, Thes study supnests bt PLGA art DG scalialds of sasty
produces ared e possibily ol apglicalions lor lulure wsage. in bone Niases enginesrng
This research was -supporied by Beo-indusig Technology Dewelopmanl Program
I M2007-{5—3-5BM0), Technology Commenziaization Support Program (B14006-03-1-
HOO20), Republic ol oo,

(17) The Polymer Society of Korea Fall Meeting
Characterization of Silk/B8 —Tricalcium Phosphate Scaffolds for the Bone
Tissue Engineering

IPS-267 MIE

Characierization of Silk/-Tricalcium Phosphale Scatolds tor the Bone Tissue
Engineerig

AN, O[OE. &2, wAE. Yy AsoR: wedee

Silk ie 2 poterdial materia fof iomedical appdications, To Increase astecconduchivily
st oslaainductivity, we modified ihe mechanical properly and cslecconductivity o
gk wnhy f=TCF e Crckoaacd (he plgsical and chamical charascsorizalions o sikie—T0s
scafiolds usng SEM, compressivg sirengin, and FTIR, sie, Also, osteogernic dilerenliston

(18) 21z} oJH|IF-3 FH=H 3
o[H|IF-I} GeJoll M ARG Thsdt et FE Il 9 A 53 AXA S TN

Rl 15 40~15:50

Olu|2i%a} HHoM ALK 7HEE! 2EIW $8& el W A3 S8 X|xiMe
T

plicHelm onjcy el EMMAMY ojH|QIg-S AR DA DA
LicHiO |2 e Bl A7

uiEAlt, 4P LR, HiSE 0IFES UET, HHE"

(19) 21%} olv|A¥7} Fst=d) 3]
Comparison of methods for repair of acute tympanic membrane perforations:

Duck feet derived collagen patch vs. paper patch

Compansnn of methnds for the repair of acute tympanic membrane
perforations: Duck feet derived collagen patch vs. paper patch
Departmenl of Clorkinolanynoolcd w—Head and Meck Surgery, SChoo! ol

tecing, Haihym Unversiy
L Mo Les™. Soohweon lom, Dong—Hyu Kim, Hae Sang Pare, Cran Humicark
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(20) 2016 SPRING CONFERENCE OF THE KOREAN SOCIETY FOR

BIOMATERIALS

Effects of Duck Feet—derived Collagen/Poly (lactic—co—glycolic

acid) /hydroxyapatite Scaffolds for the Bone Healing

PO-91

Effect of Duck Feet-derived Collagen/
Poly{lactic-co-glyveolic acid)yHydroxyapatite
Secaffolds for the Bone Healing

h:_i.;:n_l__[u Dae Hoon Lee'. Jae Han Shin', Yeon Ji
Kook', Yoo Shin Jeom', Jeong Euwn Song', Chan Hum
Park’, Dong Sam Sul’ and Gilson Khang'*

al BN Fusion Techeodkogy, Po
Deparsrent ol | weran Seinook: Technn
F-erail: pskhangirjbnuac kr

Thepertmerl of { Rordsnola
ey Cellonicch, 80 \
Sonhpdony i, Soeal | 51551

oo Rgsrch Lenter,
Uhenbui Satioral Lsiversity,

Dt

by -Hnd e ek Saarmery, [l B brwrvemsiny

rg iechno cenier, 273 | 5 Sangsn 2gn Jodom,

Collagen has been wiklely used as 2 potential biommierial, Collagen
han Bow immumity, bgh biocompatibilin,. However, collagen & a
Iack of mechonical propertics considerably, Polyvilactic-co-ghyoolic
ackl HIMLGA) §s relatively Biocompatible and biodegradable and has
high mechamical strengih, Im this study, we Fabricaled PLGA
Hydmavapatitel HAp) scafTolds contninimg differens ratios of Duck's
fevt-derved collageniDiC). And then, they were prodoced by salt
lesching metheds. Aml we check churactenization of DOPLGATHAp
sallivkds using FT-IR, ponosity, Compressive strength and SEM. Also
anteapends dillerentiation ol rabba bone marmow mesenchymal sben
cells (rAMSCs) cultured in scoffold wes aesessed by afkobine
phosphatise (ALF), MTT, RT-PCR and SEM. In these resules
Bt 17PN Hap scalfohls were higer cell vinbality and
differemiiation in con '||',|nw|| with ogher proaps; This susdy suggesis
that Biwts DOPLGAHAp scalfolds of casity produced and has
possibility of applicatons for future wsape i bone tissue enginecra
This research  was  supponed by Bic-indusiry  Technology
Development Program (12007054500 10), Technology Commer-
cinlizanon - Suppor |"||!;||||‘:| (B H05-03-2-HIN2E), Rpewbiic of
Koz

(21) TERMIS—EU 2016 Conference
Potency of duck’ s feet—derived  collagen/poly

acid) /hydroxyapatite scaffolds for bone tissue engineering

o el el L e 1] B | T s P [l ]

Peteanes of diwl"s Joet-derts odd coBrarn ol (bict co-gl ol
I:Hjhblml;rlpqlun sl Ear Bamma Hlveny enpmririsg
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A t..,.g_.pmm. P Pfewnaction S o Sokimi 04 Fisnbk Cia
Aevbac Awiornd Crrer s 887 airdiors [l Mo, Srobbal e 300
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(lactic—co—glycolic
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(22) TERMIS—EU 2016 Conference

Osteogenic differentiation evaluation of quercetin—functionalized silk fibroin
/hydroxyapatite scaffolds

Fimine b s kil 1011 Sl |, 58 s P

Enlrvgenbe @b e csaliation of i s Taiictbislicd Gk Bheles
thrdrcsapathic seaffolds
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(23) Termis EU 2016 Conference

Fabrication of

engineering

duck's feet collagen—silk hybrid

Vs s el My W, 71, Byl 1. 304 g o) Pt s s

Fibeioation of dick's [oit coBegenallh Iu.l:-li Harmdterisl for o -mnm-m

= Trchembigy | e
e b Mol |

. iwlagen L4
T
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biomaterial for tissue
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(24) Termis EU 2016 Conference

Development of an Artificial Dermis Using Duck's Feet Extract Collagen

Tinnam | s g BT S T T
FIETTIE ] e d Facis ey W1

Booen DO, OF

ey Y Loy Himng

YOT-08
Duvelopmer of Thees-drmmmsionil Cardls Trsue Conitruct Usirg Decelulanted Gastrointessine and

Ce® Shessl Technology
Vimike Tahe

Taror |
Liveer Regenaranon Uumg 30 Printed Shyoml baked Baoasgradabie Scaffod

hia-Lim Teng

woF-an

Spontanenul Sei-arganizing Malecule with Angiogsnic Peatide @ Tofunctonslised Hydrogal for
Ceraral Mervius Syscom Segereration

Kal-Chish Chang

(25) 2016 Termis AP
Evaluation of Osteogenesis from Duck's Feet—derived Collagen/Hydroxyapatite

Sponges Immersed Medium with Dexamethasone

1o B M-207

Evaluation of Osteogenesis from Duck's Feet-derived CollagenHydroxyapatite
sponges Immersed Mediom with Dexamethasone

o Hiom Lt . % i i Wean 1 Yoo Shin Jeow', Joe Geun Cha', Domg Sam
" T Ciilsar I
bicigal LIl
1 Cellintect
{LE] i
1 b prove e one of the pliermative therapes lor
| e feEeneraton. some [Eiors dre needed such s o

entinki i weserichvmal stem cells (RS SAMTieTEsl vie
b iy a0 wnd s o, Cpliggen has been widely nsed as a biopalymers for

of collogens gre pulled ouf from tssies ol animeals becoake hey
fube corpars of animads and himens. So, aest of cofligens have properties of by infTammintory

f hiocompatibility. Dexamethasnee is o symihetse glococorticead hot has been ised

sivimatory dreug. 18 bas boen repuarted S BMSUs allivwed o prodilerne under

Hydrox o

e | eyl vsteopenie diffcrentiation

piall becawse of bz high hiod;

MFerentiation o BMSCs

sed capacily of esieogeiiic. di

Hap apotige  mmerssd  mediuom with  dexomethasons

oups In this study were 100 g DOTHAR s

mimersed

ind DC'HAp eroup) and wiih dexpmethsason en-DH ani
wynical pnd chemical choracierieniions ol DO AR
v {SEMI. FT-IR and six

ol by .o

ranseriprlon-POR (RT-PCHY, MTT = W, These

howed that Des-DOHAP grmip incrensod cell prolife ¢ differamialion of

INISE p duting 2R dass, Poom these nesulis, Des-DE THAD e applicd as one il

tepitli naetin ur bone regeterntion. This rewcorch was supporied by Bio-indunirs

lechmalogy Nevelopment Program § 11 2E17-05-L-53010), Technology Commercialization Support
400 L2HDO020), Rpeublic ol Koren
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(26) 2016 Termis AP

Effect of Duck's Feet Derived Collagen and Ploy(Lactic—co—Glycolic Acid)
Scaffold on Bone Regeneration in Rat Calvarial Defect Model

Effect of Duck’s Feet Derived Collagen and Polyv{ Lactic-co—Glyeolic Acid)
ScafTold on Bone Regenerntion in Rat Calvarial Defect Model

Hun Shin, Dae Hoen Lee'. Jie Cean Cha . Chian Hom Pack”, Doeks Sam Saby’
bl
I
I . et ahoul el b palursl i malerinl, b T
Ll 15 1 m upring | 1
oy o plone coffold muterial is not possible becans
1 | prape I e mechamical propemies, we labeicated 0
WPLCEA scallodd by mixing podyy lncts wlvoodse aoid) (PLGA) ond collagen
i m the duck's Mippers (MR} using selvonl casting/sall leaching methond. The results ol
| burinl for hone regearstion, it was confirmed that S0 wite DOALGA
leny e« W WA R FORmenl werelon
I ¥ 1 i e L . |o crthser words, ths siudy evaluabed the capabiliiy
i . | L Id wl 1o miit calvarial defect model,. Also, Rablsii
leyml dbein ¢ HNESI eeded in seaffolds of two types. AL 24, 8
T ] ¥ il il i i i
Phad Hiy PLLA scallold with rIAMSL resenled
i il Al K i | 1 v
1 ferin fuuar o T 1 ismnx; This research
[ [ ymercink 1 Sapysut | T | & HINEZ L, Mimsery |
ey and | 1, Republic of Korea

(27) 20th Anniversary Internatilonal
Biomaterials 2016
Drug Release Behavioural Study

Microsphere

Symposium of the Korean Society for

of Olmesartan—Loaded POX/PLGA Blend

PO-91

Drug Release Behavioural Study of
Olmesartan-Loaded PON/PLGA Blend
Microsphere

1 vim'. Ya Sung Song', 11 Nam Choe',
Do Kyung Kim', Nirmalya Tripathy',
Jeong Eun Song', and Gilson Khang'”

Department of BIN Convergence Technology, Polymer Fusion
Research Center, Department of PolymerNano

Screnced Technology, Chonbuk Matienal University

E-mail: gskhangidjbou e kr

Cimeesarian s an i|r'._u'||,|IL'|1'\.|r| ] FEQeOr iull.ll_'nni'\.l; which has Ev\'rn
wsed for the reatment of high blood pressure. For initinl release and
sustnined release, microspheres were prepared by (VW solvent
evaporation methods with varous blending ratio of polvoxalate and
poly(lnctic-co-glveolic ackd), This study investigates the releass
behavior according 10 the blending mtio of POX and PLGA,
Morphological and Physiochemical properties of microspheres were
characterized by scanping clectron  microscopy  (SEM),  X-ray
diffraction (XRDY, differential scanning calorimeter (DSC) and
Fourier trunsform  infrared (FT-IR). The release behavior of
olmesartan wis investignied Tor 27 days i vire by HPLC, The
results showed that the drug release behavior and encapsulation
efficiency (EE) and size of olmesartan loaded microsphere can be
controlled by various blending rutio of POX and PLGA

This rescarch was supported by Technology  Commercialization
Support  Progrom  (S14005-03-2-HIKZ0),  Minstry for Food,
Agriculture, Forestry and Fisheries, Republic of Korea,
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(28) 20th Anniversary Internatilonal

(29)

Biomaterials 2016

Improved Dissolution Behavior of Blonanserin Loading with PVP k—30 Using

Rotary Evaporation

PO-89

Improved Dissolution Behavior of Blonanserin
Loading with PVP k-30 Using Rotary
Evaporation

Won Taek Lee, Sung Hyun Jeon, Bo Ra Sim,
Hyeon Park, Jeong Eun Song and Gilson Khang

Department of BIN Fusion Technolowy, Polymer Fusion Research
Center, Department of Polymer™ann Scienced Technelogy,
Chonbuk National Lniversity, E-mail; gakhangijhnuac kr

BlonanseriniBLK) = a refatively new drug commercialized by
Duinppon Sumitamo Pharma in Japan ond Korea for the imeatmen
aof schizaphrenin, BLN is an antipsychotic drug having poor agueous
splubility, Therefore, reduced number of doses can be achieved by
stsstivined release formulation of the drug, PV is the most importanm
hydrophilic carrier used for the preparation of oral controlled drig
delivery sysems, We analyzed surface of solid dispersed sample by
scanning electron microscope{ SEM) and  X-ray  diffraction XRD)
wits used 10 analyze the crystallinity. Also the change of structure
and crystallinity * charactenistic of solid dispersion tablet were
analyzed by fourier-transform  infrared specioscopy(FI-1R). We
prepared tablet with solid dispersion by direct compression and
observed in vitro release behavior of solid dispersion frim 1ablets in
EASITIC e

This research was supported by Technology  Commercialization
Support  Program  (814005-03-2-HDO20Y, - Ministry  for  Food,
Agnculiure, Forestry and Fisherses, Republy: of Korea.
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Preparation of Celecoxib—loaded Polyoxalate Microspheres with Blending

Condition for Control Release

PO-87

Preparation of Celecoxib-loaded Polyoxalate
Microspheres with Blending Condition for
Control Release

, Chang Hyun Kim, S0 Young Kim,
1 l‘HII'ITI UIII-L. Do Kyung Kim, Ha Yan Joon,
Dong won Lee and Gilson Khang”

-"\-[‘|Ir||'|ri.| Lol BIM Conve JyUs ] Technobe ay, Py '\-|'L||'||_ Fusion
esearch Center, Departiment of Py ~|:\.-|1'||_|\.||'n-

‘-l-.'l'r.;{‘ﬁ."la.‘l.hi'lnl Chonbuk Mateonal University,

Eamnil- skheang o

The purpose ol this stedy was o prepare asd evaluale eelecaxib-
saded microspheres from varieus camhbination ratic of twe [A1X
AN molecalar weights i e, 30K and 100K POX was synthesized
an aliernative loe manulaciuri L ..||'I,,||_ lnaded '"“-”'"F'l'l"l and it
could be successfully designed by EVW [pil-ip-waker] solvent-
svapesation melhids Celeconib-loaded POX microspheres  were
chamcterized for drsg leading, size distribufion, meassrement ol
mirlecular weight, outinner surface marphology and in vitro druig
selease. Physicochemical characrers and marphology of prepared
"-'\ microspheres were evaluased by X-ray diffraction [(XR1),
differential s nning calorimeter (D50, Founer ransform infrared
(FT-IRT ond scanpine eleciron  micrascopy  (SEM). Alsa, the
degradation of microspheres by SEM and the drug relense patiems
were obtained from the in vitre fesd for 12 days. Through the sty
tesults, it shows that the source of the skin lnver of cebecoxib-loaded
'I'IA":IS-'IIMH-" s comprised of POX and celecoxih was encapsulated
within the microsphens,
Ihis reseorch was supported by Technology Commercialization
Suppart  Program  (RE4005-03-2 J-HDOZ0). Minstry  fir  Food,
Agriculture, Foresiry and Fisheres, Republic of Korea,
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Effect of quercetin—functionalized duck's feet collagen/hydroxyapatite scaffolds
using bone marrow—derived mesenchymal stem cells for bone healing

Effect of quercetin—functionalized duck's feet collagen/hyd-
roxvapatite scaffolds using bone marrow—derived mesenchymal

stem cells for bone healing

Yeon Ji Kook', Jas Geun Cha', Yoo Shin Jean' Joong Eun Somgg’, MNirmalya Tripathy,
Chan Hum Park®, Dong Sam Sub”, Gilson Khang'

I i1
[, i ' | v k
I 1" S 1 ¥
ey o @ Ddomenerial maxdi L i [ s i
Ioccpetibnlivg ol edegradatiline, Guercouniian typa of flavemesdn fooed m fry |
vpartes] v EilTert b mitabedemn, For inervisling oateogenmic Siffersslintem, tn sms s i oomldont
with cuilligen ne sealTolde, Hyvdsoavapmtitedlan s odogsdable mnd stocosdoet W dlutermingd th
phyeacal mnd chomiol chommciermlion End DCHAD senlloliba sming 32M, conmprossis 1, ey
O e 2 T tregmic dfferemtintion of Fabblt booe morrew atom ool lslEEMSUsb cultisesd |
senlTodd wue evaliiitod inie ALF spaay, MTT wey, HT-PCH, nnal 5EM. Thene renulin ohorernd. this 25000
GEn/ T HAD wewwe incresed cull proliferstion sl oshiogen [Teremtiation M y witrn dartng 4
rusiiglls, i L il e QT HAR spa piliead
potontinl biomatorinks for e regonontion,
Acknowlmlgments! 1l rmnreh Wi mported by Béo— iy echnoiney Devedopum
Progrumd EMEAFF, | 1007 (- - S00000, Tachnoligy Compseecinlmtson Support. Frogromi# 15008 552 HOr

(31) TERMIS-EU

Evaluation of silymarin/duck's feet—derived collagen/hydroxyapatite scaffolds
for bone tissue regeneration

P215 Evaluation of silymarin/duck's feet-derived collagen/hydroxyapatite scaffolds for bone tissu regeneration
w—— ; 2
YooShin Jeon, Hansol Kim

(32) TERMIS-EU

Effects of quercetin—functionalized collagen/hydroxyapatite composites for

enhancing osteogenic differentiation of bone marrow—derived mesenchymal
stem cells

PO15  Effects of quercetin-functionalized collagen/hydroxyapatite composites for enhancing osteogenic differentiation
=== of bone marrow-derived mesenchymal stem cells

Yean |1 Kook, Jang Ho Park, Ok Kyun Choi, Jae Geun Cha, Jeong Eun Song, Mirmalya Tripathy, Chan Hum Park, Dong Sam Sub, Gilson Khang
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(33) FBPS'2017
A Comprehensive

Study on Cartilage

Gellan—Gum.Chondroitin Sulfate Hybrid Hydrogel

PO-17
A Comprehensive Study on Cartilage Regeneration Using
Gellan-GumfChondrodtin Sulfate Hybrid Hydrogels

linamChed, koagEin Song, bongsean Bask, Ha¥an Jeon, and Gilson
Khang"”

| Departneent of BIN Fusion Technology, Polypmer Fusion Ressarch Contes,
Departement af PofprmerMano Scencel Techaoiogy Chanbuk Nmtiomal
Liniversity
[*gskhong@@hno ac kel

Gellan gum 13 a heterosaccharde componed of rhamnooso,
ghicwonic acid and ghacoso, 11 15 2 colarkess tasteless odosess powder
extrached frgen aquatic plams in Ersdiem. 1L s a biormaberial mainly wed
im modern tlssue engneering. The chondsestin sulfate{CS) has been
found to nduce slow, sustaned reled for csteoarthoitis{DR) patiors
woaidwido, 18 has Been alke proven siructurally improwed arthrits drig
Bt fan felieve, defay of stabilive gint inflammation in many animal
expenimerds and clinical triaks, thus providing symgitam relief in long
term I this sbudy, we immstigated the effect of gellan guns wcaliplds
cortgireng chandeoitin for ealing ostecerthils in vire. The conient of
chandroitin bybeide in the scaffolds were set fo 10, 20 and 30%, and
scafiolds was propaned By hpdeoged type, SEM wak perfarmed o
charactedire the scallohds, The cell adhesian and prolileration rate were
conlirmed by MTT asany and gene expression by BT-PCR. In addion, the
compeessive  strength dest were perfomed o confiern mechanical
sirengih. Owverall results showed that?0N0C50G6 saffolds was  best
siiltable lor sdhesion, pralileration rate ard gene expiediion and can be
pobentially sppled for cartiage regeneration

This research win wupported By fic-imdusiry  Technology
Drervlcafarnian i Program {11 3007-05-4-S8000), Technology
Commeialization Suppoet Program [814005-03-2-M00230}, Republe of
Karpa

(34) FBPS'2017

Regeneration Using

Evaluation of Silymarin/Duck's Feet—Derived Collagen/Hydroxyapatite Scaffolds

for Bone Tissue Regeneration

PO-19
Evaluation of Silymarin/Duck's Feet-Derived
CollagenHydroxyapatite Scaffolds for Bone Tisue
Aegeneration

¥oe Shin Jeon, Yeon 1 Kaok, Has 5ol Kim, Jesag Eun Sang, Nirmalys
Tripathy snd Gitson Khang*

I Departienr of Palymerivond Soence and Techniagy. Deparfment of
WM Fuddon Techaalogy, Chonbul Mapkinm akversity, 567 Doskie-dosio
Deakiy, Mo 54896 Raoubale of Koren
{* gsbhangEybre oc kr, Tell +82-10-9711- F570)

Tiszue ergarveered scatlolds are promesing aliemaive e S
iageneration. In this siudy, we hove desgeed Diocompsibis o
bodegradable  collagen  sponges by bBlending  silymaic  aee
Fpfngyagoiie @4 an  slednslive  For  Bane  egenerstion.  The
morphalogicsl and struciural propedties of w0afiold were andlyred ey
scanmng  electron  microscoge  (SIM), louted  trapslorm et
spectrodcogy (FTIN) and BT musay Tor cell profifemtion, AP s S
osteagenic differsntistion of cell. reverse banscription polymerase ches
reaction [RT-2CR] for expression of mENAs and histological anatess.
Furthavmore, in vito bolsgical compatshily was stadisd diing i
Bane marrow stom cells (fAMSCE), The preparod scaffold (hawed S
porasity and had a ypange - ke compressve sirangth, Rt Eoe
that the Sme/DCfHAR scalold efficdently onhances ihe sl
adherence, growth and mairtaine cell morphology, fermates o
puncrioas ard gene expression required for functional FRASCY. Thee S
regghs sag@est that collsgen sporge has anm excolen! ervinnesss =
carmes gl silymann playd & role 16 mpeove biolapcal propertes. Dl
resufts showed that incorporation of Smn/B0/HAD can bBe pesiess
spplied =y suable alternative for high level bore tssue sopansiss e
fransprantation
Acknowledgment: Tha rmsearch was soppornd by Tectesnge
Commercialization Support Progmm (B14005-03.3-HDOJD], s
Repubilc of Karea
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Smart Scaffolding Using Nature Originated Materials&Bioactive Molecular for
Regenerative Medicine

PO-57
Smart Scaffolding Using Nature Originated
Materials & Bioactive Molecular for Regenerative Medicine,

Yoon Ji Kook, lingwen Tian, Min loung Chai, leong Eun Song and Gilson
Khang*

Departmwnt of Pobymerdano Soerce and Technology, Departmant of BN
Fusion Technology, Chanbuk Naticnal Unbwersity, 567 Baokje-dapro,
Deakjin, leonp 54856, Republic of Korea
[*gskhang @ jbou.ac. kr, Tel: +82-10-9111-7579)

Cusrcetin |0tn| & a Navonoid materials and s krown Tor
erhancng the osteagenic differentiotion of adipose-dorived stom cell
ardl asteablaste MCITI-E] cells. Colagen & mainly wsed far cartilage,
ane and skin regeneration due 1o ity well-known Biocompatibary,
bindegradatility We prepared duck’s leet collagen solution and mised
nuercetin with differert ratios and then lophilined. We evalusted
parsity, campeessve sirength, MTT assay, ALP assy SEM, AT-PCR, ard
oic, We found tendency refsted decrease in porosity with increasing Gtn
combert @ e sporges. In Contrst, campressive strength was inoressed
Moably, e proliferston and asteogenic differertistsan are highest in
2hpM. BT-PCR nesult showed that real-tsme quantitative (RO) vahes of
OCH, BUME-2 arsd COLL on the 25um Gin/D0HAp sponges displiyed
Highest pxpressions, in vive test showed that 2504n/DCHAR &5 highest
bone valume and bore micsral deesity. Conclusivaby, 25pM/0C HAR
spamges can be envisiored A promisng biomaterisd for bone
TRERTTATHIR.

Acknowledgment: This resesch  was  supponed by Techrology
Commercigheation Support Program  [814005-03-3-HOG20),  BAIFAFFE,
Republic of Koraa

(36) FBPS'2017
A Comparative Study on Duck’ s Feet and Porcine Collagen for Prompt Bone

Regeneration

PO-59
A Comparative Study on Duck’s Feet and Porcine Collagen
for Prompt Bone Regeneration

Tripathy, and Gilson Khang*

Department af PolymerNone Scence ard Technmlogy, Department of 8iM
Fugion Techhnologly, Chonbuk Matiomn University, 557 Boekje-doern,
Digokiin, Jearie SI896, Republic of Kored
" askhang@iba oe. kf, Tel 482-10-9111- 7579

Collagen, n the formm of wafious  sructures and  in
commliitations, have Deen used in lssue engingering stedies since
coftsgen netwsrks dofine most buman tssues and can lorm thiee-
dimoraional architecture to ontrap other ingredionte. In this study, we
presemnd 3 comparatiee sudy on the officiencles of defferent types of
coliagern Le, duck’s feet (DC) & porcine collagen (PC] for baone
regeneration in vitro, Both BC and PC sponge hawe shown elliptical pore
merphodogy with a higher porasity for DC sponge compamd to the PC
sponges. Furthermone, we performed in vitro analysis such as MTT assay,
ALP assay, HT-PCR and histological ossay, fesults showed that coli
viability and ALP activity of DC sponge have similarities with PC sponges.
However, the in wwo sicemes demonstrated that the PC sponges
pramptly stimidated formation of mew bone in S0 et moded than DC
sponges with insigrilicant bone valume diflersnces betwesn DC and PC
sponges. Collectively, DC sponges were suggested as patential candidates
for bong [ssue regeneration
Ackmowledgment: This research  was  supported by Tedhnology
Commercialization Support Program  (B14005-03-3-HODO20), MIFAFF,
Republic of Korea
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Chondrification:Role of Pore Size and Porosity

PO-RO
Three-Dimensional Duck's Feet Collagen/PLGA Scaffold
far Chondrification: Rale of Pare Size and Porodity

Jeung Eun Sang', Mirmalya Tripathy', Su Bom Cha?, Sung Hyun lean®,
Soon Yong Hweer', Dorg Sam Sah® sod Gilson Khang',®

' Depaviment of BIN Convergence Technology, Depantiment of Paiymer
Wang koience & Fechnology ond Polymer Fusion Research Cendey,
Chonbuk Wotianol Univernity, 567, Beackie-doern, Deokiv, feonj, 561
758, Republk of Korea
“Pepavimimt of Grifapedic fpery, Meouwido SE Mg s Bopitad, Cetholic
dniveraty of Kored, B2 Teowa-dong. MEOngOeAsgpo-gu, Senn 150-808,
Aepuldi of Korea
Seweon CeNontech, 801, Woopoung deches center, 273-15 beanpsi, Jgo
F-dong, Seongadonp go, Seow 133-83], Aepebiic of Noned
| " asitnr gl e o b, Tl 82 10S11L-7570)

In this sudy, reee-dimenonal safiokh Based on beed
dock's feet collagen |DC) and Poly (Licticco-ghoolc acd) (PLGA] s
dMerenl pode sints bo, B0- 18D, TED-T50, J50-355 and 355405
prepared using sebenl castingfsall leaching approachk. Asf
watlnkh wene charsctoraed by M pore e and porosty. The
peoliteration and gerne Expresson were investgated afier caltuning
ehandiooytas an dach salfolds usey 3[4, 5-dimetlylibaasst 38
diphemdtetracoium  bromide [MT7] assay and gRT-PCR. =
Hatological slaineg was performed = nuds mice s model
binlogcal evakation showed 3 pore-siee dependent chondrificates &
dlprenl lime points Fipacialy, the 3554 pm DOPLGE scaSal
showed a highest positive impact on maetenance of cefl prokfemnses
cowTal ChosdrncyTe (heotygs Snd increased GAG aceumu iion e B
othor grougs. These resufts sdicaied that DC/PUGA wcaMolds with pees
we fangeg lrom PO0-ATS pm o can be conkSeied ad highly- ot
constructs for enfanced chandrification
Acknowledgmant: This reisarch wat  wpponed by Technomgs
Cormmercialzation  Sepport - Program (R1A005-05-§-HECO0), MRS
Rrpublic of Loms

(38) FBPS'2017
Evaluation of quercetin loaded silk fibroin/hydroxyapatite scaffolds for bone

tissue engineering

PO-61
Evaluation of Quercetin Loaded Silk Fibroin/Hydroxyapatite
Scaffolds for Bone Tissue Engineering

Jeong Eun Song, Das Hoon Les, Ninmalya Tripathy, Yeon )i Kook, las
Gaun Cha, Gllson Khang®

Oppariment of BN Convergenor Technology, Department af Polymes
Mano Saence & Technodogy and Podymer Fusion Research Cender,
Choatrak Motional University, 567, Beackje-taern, Degdqin, feonji, 581
756, Bepuwbhic of Nored
{*pekhong @ ihnwoc b, Tef, «22-10-9211- 7579}

S w a wollsiuded blomaterial for venous bomedics
applcations  owirg 1o s properties  biocompanbiby  and
ticdegradahility. Quercetn [Qan| & a type of favorolds, mostly Toand in
onikon and appe skin, and has been reported o sffect odeogenesis, ants
inflammatony and antioedart . Hydroeyapatioe [HAR) & biodegradabls
and aspo-conductive bamatenial, widely used in tissue engineoering, In
wrder 10 Incroase osteagenic differentiation; 0, 003, 0.0% and &1 w1k
Orim-functonalized silk filbroin/HAp scaffold was fabricated for bone
rogeneration study, In this study, celf probferatan was found 1o decrease
wilth an screased Gin conbent in the scaffolds, as shown by ALP, MTT, BT
PCH, @nd SE84 rosults. In contrast, ceteogenic diffprentiation strength was
increased. However, osteogenic diferentlation s higher m Qin/SFMHAR
scafiolds than SF/HAR scaffolis. Notably, ostecgenic ddferentiations ane
highest in 003 wik CiEn/SF/HAR scaflold
Acknowledgment: This study was the Bio & Maodial Technology
Deswiopmerd  Program  (NAF-2012MIASCE0STI04) and  Technology
Commercialization Support Program [H14005-03-3-HOO20], Ministry far
Food, Agriculture, Fosestry and Flsherios, Republe of Kooea

_64_




(39) TERMIS—AP

Bone Regeneration Using Quercetin/Duck's Feet Derived

Collagen/Hydroxyapatite scaffold

Bone Regeneration Using Quercetin/Duck’s Feed Derived Collagen/
Hydroxyapatite Scaffold

Jeong Eun Song

Department of BIN Convergence Technology

Quercetn (i} 15 a favoncid materials and is known for enhancing the osteogenic differentiation of adipose-
derived stem cell. Collagen is mainly used for cartilage, bone and skin regencration due to its well-knows
biocompatibility, biodegradability, We prepared duck’s feet collagen selution and mixed quercerin with differens
ratios and then lyophiliced. We evaluated porosity, compressive sirength, MTT assay, ALP assay, SEM, BT
PCR, and ete. We found tendency related decrease in porosity with increasing Qtn content in the sponges. In
contrasl, compressive strength was increased. Notably, cell proliferation snd osteogenic differentiation e
highest in 25puM. RT-PCR result showed that real-lime quantitative (RO} valees of OUN, RUNX-Z and COL
on the 25uM Qun/DCHApP sponges displuyed ghest expressions, In vivo test showed that 250imDCHAp &
highest bone volume and bome mineral density. Conclusively, 25MDCHApP sponges can be envisioned ag s
promising biomaterial for bone regeneration. Acknow |n._'d|:l|1'||:|'|'_: This research was supported by |;:._'|'|r|;|'i|-:__-.
Commercialization Support Program (8 14003-03-3-HD0O20), MIFAFF, Republic of Korea.

(40) 2017 F=AAAESS FA st U F3

o},

Comparison of the bone regeneration effect of collagen derived from f{lippers
and collagen derived from porcine

PO-106 Comparison of the bone regeneration effect of collagen derived from flippers and colk
from porcine

Min Jfoung CF
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TH,
e

- Colagen Sheot
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g DEPARTMENT OF HEALTH AND HUMAN SERVICES
Tt and g, mmimiestioe

Silver Spring M 28}

DIMF 03165%
DM ACKNOWLEDGEMENT
: _— DMF#  |STATUS |TYPE  |SUBMITDATE |HOLDER SUBJECT
SEWON CELLONTECH CO, LTD
ATTENTICN: BOON HO L fN.AGFJ!
ACHARACRD, SEDNCIDONED 31655 A Il 202017 AMING GMBH BETAINE PHARMACEUTIC]
SRRl MRS P S LU RERRREY 65 A il 4417 INTERQUIM SA DE CV FOSFOMYCIN TROMETAMY
Dear Joon Ho Lee, PRINTED/PLAIN COATEDA]
nh;ﬂrma.namug Adminisiration sckmowlodges eceipt of the following Drsg Master File (DMF} 316857 A 1l 4472017 PRECISE FLEXIBLES PVT LTD STRIP FOILS FOR PHARMA
l Wisdion;
LMBER ASSIGNED: :;;i‘:" Sk 31658 1A i 53172017 SEASONS BIOTECHNOLOGY (TAIZHOU) CO LTD _|MAGITENTAN
DAMETICE; ' 51659 A Il 3282017 SEWON CELLONTECH CO LTD ATELOCOLLAGEN-DF.
SURFECT (HITLEL Atetocouacixor:
; EWON CELLONTECH 3660 A il 52412017 HUNAN NORGHEM PHARMACEUTICAL CO LTD _|5TR
CORPORATION 3661 A I 452017 JIANGX! SYNERGY PHARMACEUTICAL COLTD | MIRABEGRON
A ioqot concapondtn o thls M shoull b ontilicd with e Wloemasion 3 providd 31662 1A Ii 432017 RIOCARE INDIA PRIVATE LTD SIMETHICONE 50% POWD|
abene. One crlgmal and ane dulicate copy abauld be ubrsied tothe following adiess 3663 A Il 450017 JIANGX] SYNERGY PHARMACEUTICAL GO LTD _ [VILDAGLIPTIN
Faod and Drug Adriistration s A Il 4202017 ALEMBIC PHARMACEUTICALS LTD MAGITENTAN
Center for [ug Evaluation and Research
Gentl Dot R 31665 A ii B/16/2017 ALEMBIC PHARMACEUTICALS LTD RIOCIGUAT
A e
501 Ammendale Rosd s A i 41172017 NIHON MATAI CO LTD LAL SERIES

Dehuvidlo MD 20705-1266

Yoar DMF will be reviewed oely in connection with a New Dreg Applestion. Abbrevisted New Drug
Apgplicasion. Investigasional New Ding Application, Biological Licens AppSication, New Animal
Thug Application, Abbeeviated New Animal Drug Application, Investigations! New Aniral Trg
Application. or DMF it iv intended to suppart when a Letwer of Ausharization (LOA) is submitted ta the
OMEF and a ¢y of the LOA s subminied in the spplication .g., 1A, that references the DMF.
Currenely, there i nio requirement b submat of revubr DMFs in any sheetronic format, Howéver,
wtarting May 3, 201K, new IIMF's, a5 well ey any wobemisstons to the existing IIMFx mast be submitted
ehectronically in eCTL {ebecironic Commen Techalcal Documsent) lormar speedicd by FDA in the

<G B9IE MNIAE TF &85>
(2}: DMF £= 34, 9: DMF list)

(https://www.fda.gov/drugs/developmentapprovalprocess/formssubmissionrequirements/drugmasterfilesdmfs/default.htm)
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1. =28 & =24 oiZF BA AA 75
s Az Yste] eudzRE Febds R -4
St 3 93 & pilot scale(28]® %2 100 g, working volume: 4.5 L, A
/batch 7]5) A2 AAE 59 ©] F pilot scales 7|WFe® df
g, working volume: 300 L, Az Z&tdl AAeF 400 g/batch 715°)
sl wAdel thsh Weuol S ¢ksslE

o ©
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(1) 22T 98 g1
b 9 ¥ AA
e AT ABEYEy sy 7Y AEYR(FAEIETAA)D
©oTal AFA E*.ZJ ww:i 567 A= tetu (561-756)

« ISO ¢1=: 20059 05€ 1SO9001 QA= (TUVAH
* HACCP ¢1=: 2008 03<¥ HACCP QZ(dH5AER 2008—-8813%)
(W) 2oy 35

aved disck feet

Frozen duck feet
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E LA EI D g4 A PHoz B3 o8 A 54 vu
It Acid soluble Pepsin soluble
em
duck feet collagen duck feet collagen
Isolated collagen wt.
. 0.21 ¢ 042 ¢
(per 5 g wet tissue)
Color Ivory Ivory
Collagen contents (wt. %) 495 £ 1.0 715 £ 0.8
SDS—PAGE band form a1, as, B ay, as B
Trypsin resistance Y Y
Collagenase digestion N Y
Moisture contents (%) 6.9 = 0.9 71 £ 1.0

SDS-PAGE & Enzyme resistance analysis

(A) Duck feet acid soluble collagen (B) Duck feet pepsin soluble collagen

kDa M 1 2 3 4

M 1 2 3 4

M : Marker, 1:Sample, 2 : Sample + collagenase, 3 : Sample + trypsin, 4 : Sample + heating + trypsin

¥ 5. SDS—PAGEE ©| &3 4 &9 / 54 A 282 FFHA9 &

B

3) 28T F4 gAY 75 ¢ % FHE AT I AA
c FHeRe] &S VATV S8 24 dAE 39 AF AE 3 A AT 23
c FHepe] =2 E 7RIV A 3R W A Al Ao A8
b el A8 dA-g WA WA e Fehl FE & Y % 7 ofF &4l
s oY 24 Adyst A WA
AP gdlo] w=EEHE dWAe S 8 eds u AL AV|E AHsgt
(4 A9 A7%: 4.0 ~ 15.0 mm — 0.5 ~ 3.0 mm)
ZFople] Ax Tl 0.21 gollA 1.27 go 2 &8 F&°] oF 64 S7Hg
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Process change (Lyophilized collagen wt.)

After (Collagen dry wt. = 1.27 g)

Before (Collagen dry wt. = 0.21 g)

o

L AAE ol&
SDS—PAGE

0

o
ol
7o
To°

b3

)

4
LQH_

o
il

—_
fie)

iz
ol

—

N

B

M : Marker 1:Sample 2 : Sample + collagenase
+ trypsin

3: Sample + trypsin 4 : Heating

B)

A} Lyophilized duck feet skin acid soluble collagen
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B) M : Marker 1: Sample

A) Lyophilized duck feet skin acid soluble collagen

2 SDS PAGE &4 ZA#

pig

T
B!

g

ojiy

5 g9 24

(1% 9)

KX
=1

0.73, 0.77, 0.74 go|2)

1t g A

9]

9

Mo

ol

Acid solution treatment period (Lyophilized collagen wt.)

5 days (Collagen dry wt. = 0.77 g) 7 days (Collagen dry wt. = 0.74 g)

3 days (Collagen dry wt. = 0.73 g)

a9 9. A &9 AE 7|3t w229 52
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pig
<

A go

Zt pH 2.0, 2.5, 3.0¢

0.69, 0.53, 0.40 g (29 10)

Mo

ol 283

Acid solution pH condition (Lyophilized collagen wt.)

pH 2.5 (Collagen dry wt. = 0.53 g) pH 3.0 (Collagen dry wt. = 0.40 g)

pH 2.0 (Collagen dry wt. = 0.69 g)

ny
3
.-w
T
[a}
ol
oo
e
S
i
TR
1

MIEE

A

(NaCD &

o3
=

Ton

0.0 mOsm/kg (

0.6, 1 =

10 =

13]oA 3%

el
=

Mo

oI
=

Osmolality (mOsm/kg)

Desalting times

1.0

1,457

1.0

175

0.6

10

0.0

+
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oAb &A A Ao o3t A d/Fe e FebA e 3 9 EeE ZeHA
o B4 WEF(E 3)
E 3. 39 AN /39 54 mLE
It Duck feet Improved duck feet
em
collagen isolation process collagen isolation process
Tissue size 4.0 ~ 15.0 mm 0.5 ~ 3.0 mm
Material Total duck feet Duck feet skin
90% Et—OH crushing &
Fat removal process - .
washing
Acid solution pH 2.5 ~ 3.0 2.0 ~ 2.2
Desaliinng Gies 1 (175.0 + 1.0 mOsm/kg) 3 (1.0 + 0.0 mOsm/kg)
(Osmolality)
Isolated collagen wt.
) 0.21 g 0.68 ¢
(per 5 g wet tissue)
Color Ivory White
Collagen contents (wt. %) 495 £ 1.0 56.4 £ 0.2
SDS—PAGE band form a1, as B ai, as B
Trypsin resistance Y Y
Collagenase digestion N Y
1. Pilot scale A4t AA +=
e FeHdlS 8 g = IAE Ad8E ol&37] Y5t == iAol QG EH A,
scale #¢ el F2H A AAE FE5619 =

(1) 28 45 g1 AA3

©BE Y B4 IR dRE o83
at7] Wio] ‘HACCP <15 QA=F

b 94 FK
- A B EARed
© 2AA deEE S A Ely] 950
© A8 AT AFEZAYSY
+ Q1 AFg HACCP (19 11)
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SYIHsEY) :
S M (sEY) -

F- b | x| FEEE =Heal e selR] geK| nsusaekk]
HE oF:ASEIHY
BEC 98 mEs '

= o # 2 H: CP-1B J=EsH HEE 4
CCP-2P S5HS
CCP-3B 2HHlZ JHE=2a
s 7l Zt: 201498 038 31€SE 201792 038 30 2UXI

FAATOOTE

=

CIMTI IS (RIRYT - L - BF)

(HACCP) 2IEAM

ol M =
FaERE2e]

oo T UOT T

TEAME fMuEEH, MoExeE W Z2 Y AFTE mM7=23
Hieg! - Mi7et - Mog = M7ZE2ISHI5E - Megol u2t erxigalels
(EHHE - g4 - sE(HACCPI=22 it 2ol eISEch

2014 | 02

SiEAUTAUSYATH

24 &

I8 11. 282 FFPA@AETFLE]) S HACCP AF5A
(2) F2 8 348 M ¢ AEs)
c Yug Fedor F§ /e nen o FoAS Eeler] g8 #u 3AS
N sk =
< 71ES U8 TEEZNE FEps 2Eshe 7l Adststr] A8 e fd ZE
A FE Nes MG
b 2 e 4 AR
o FEpAo =x7F A A7 FA vlE B4 A 3 w=3d A dE ui
o7 4% olg3 Tl W ¥HE MAT
« T3 Q50 544 27 volyAEs EFslelr] st ¥ X ojof glom 3
A Y] viol A B3 S A gt #AS MNAT (I 12)
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% 22
f I me =% ga|
ey ? Mz oo s e e
T0% Et-oH treatment : 1 virus inactivation step
= ¥
Low pH treatment : 2 virus inactivation step
oL MEY
1% oqa
Salt-out
Macl
HB2E B9 He|
High pH treatment : 3™ virus inactivation step
wE
& Ot
s 58 U Suu=
;y;r;g—wm e < >7
ol %8 Al# aEw = Q| sy |— 01§
Hi MEd :,; 2| He O | BB
CEIL TS BT Q| == |V #a8

9 12, e 2 £ 3=

g 559 band*é(éh, as B)oOl ﬁoL gomn Aks ﬂﬁlﬁ
%%94 bandE ©]99 bandE°] TEEHAS. ¥ aALE A3

LLASS MOﬂ B A Ak
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kda M 1 2 M 3 4
a . -"B;"
140 e ——
- - L e—— B
e 1
o
100 —
o -
¥ 13. 23 =84 SDS—-PAGE ¥4 A

(M: Marker, 1: 22% a4 AHg ZHd, 20 e AF A
A, 30 =39 84 A FEA, 40 =39 AF A2 ZF2kA)

9= telopeptide’} A
% A Oi gl

=
2 EAS] el &
o] =4 YeRS (% 4)

me.

1 B band® &rEF

5]
o~
‘-:o(:
B
EE
i

ZHals} Ak A E2HA va

' Ag FA A A Feal
Atelo Collagen Native Collagen

(AteloCollagen + Telopeptide)




=+ M A 33 A F
AA ZHA = (%) ZAA 24 +%= (%)
Total duck foot . .
) 495 * 1.0 N/A N/A
acid soluble collagen
Duck foot skin . i
) 56.4 £ 0.2 N/A N/A
acid soluble collagen

Total duck foot Total duck foot

. 715 £ 0.8 ) 928 £ 1.4

pepsin soluble collagen pepsin soluble collagen

Duck foot skin Duck foot skin

] 93.2 £ 0.5 . 99.2 £ 3.7

pepsin soluble collagen pepsin soluble collagen
* N/A : Non—Application

120
£ 00 -
z
£
-]
£ 60
B
=
g I I I
=
o 30+
L)

D T T T T T
Total acid Skin acid Total pepsin Skin pepsin Total pepsin Skin pepsin
g2 3Y AN T 22 RN 5

(K

79 14. 22 29 34 AL A% F9 2 §F 19

o e Ao WAAE ARSI AR AYAA fElds AATOEN REALS
=99 gEo ZgH WA glo]l F5EE =Y T UEF g e EN Apdstd
e FE Vles g

© 25 kGy9 Fmbdo]l zAkE eujd Ao RN EH HEH g FE&2 b
= x%ﬂovl ke AN 43.2 £ 3.8 (wt./wt) %7} F74eta, A 2D A

Al Wﬁﬂxl ASE z“ﬂébi%(:m 15)
« wEbA o] & et FEhl Blo] ARRE s gl 2AS 25 kGy o AvbAdS
Abste] el AAS L ZEHAe] HA glo] FEES Y F AEF A
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Gamma- ray Gamma- ray
intensity (kGy) 0 5 15 » intensity (KGy) 0 5 is s
Total bacteria Total bacteria
caunt (cfu/ml) RS g 0 ¢ count {cfu/mi) HaLxan 19-50 o 0
Total yeast & meld 5 Total yeast & meld i
cadik (el s i g @ ceunt {efuimi) e 7 g e
160.0 kda M 1 2 3 4
% 1200 240 1.8 B B B
T
= T
7 800 a
E 100
E 40.0
0
1] 5 15 i
Gamma-ray intensity (kGy) M: Marker, 1: 0 kGy, 2: 5 kGy, 3: 15 kGy, 4: 25 kGy

2% 15, AMEE A ew zHoery +51 Tahde 54 B4 Ay

(3) A Adul 7=

- 71E Zod By Y AEstE aex: FHAS B2 ¢ e 34 E g9
<, T3 A F(pilot scale) & AnjE 5 W e FpAlS AAS

b 3+ A F (pilot scale) o] AH] G5
* 1 batchel] 100 g9 g yF AL 0] 3t 4.5 L9 working volume® &
°k 10 g/batch?] Ze}tA WA & ilot scales 153+
* Pilot scale T7Fof Algd du]&= % 6.34 2o, ¥4 352 19 16.% &S

g Mo N
N
HN f
HU
’O

E 6. 233 Z4 pilot scale AH] FAE

No. R A S
AHE 53 T

1 Blade mixer e 2243 1
2 pH meter pH 574 1
3 B € ] kg 2
4 A& A5 FAS7 1
5 W 45 2 1
6 YEa 45 3 9 54 1
7 Bottle roller WRE 2 kg 1
8 A 7] oA 5 1
9 Autoclave 7V ALA) E 1
10 Clean bench 24w 1
11 Peristaltic pump el g o3} 1
12 TANZT Zepl AlE st 1




SLUGE
I
‘ SLUGE
AGIATOR
—) — —
N —
VESSEL
s —
STEP 2 : DISOLUTION STEP 3 : FILTERING STEP 4 : CENTRIFUOE

L 5L

-

3
STEP § : MICRO FILTERING

— — BLISTER
= FREEZE DRYER PACKER
= — ==l
sTEP 8 :0RY STEP 7: MILLING STEP 8: PACKING :“
) m’ ELLONTECH CO. LD,
T T T T T T T T T T T T % T w.--::-
1% 16. Pilot scale 34 3%
* Pilot scaleZFE Aatd ez ZepdlS v-9r B A Blol s (2H
17)
L Hed Bl oud TEas B4 Az A WAg Hgon, ool Sf9 ol
ZASHA %k
C o e oEd Tehe WEAL QE FEE S0 oA EAdA 2uke
ol AF E}O!

n2 EfY)
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o diF A AA 7=
Pilot scale?] ez b2l 28 33 WEozE Ayt 7hest 2o g gAr
(e8] 24 6.6 kg, working volume: 300 L, Az A AAHF 400 g/batch 715)
o

A< FHeiaL, 4w dehelds ¢

o4

1) u=F A 8 F
< U= AR AA 9
* Pilot scale (2.
g/batch 7|#) Bt ¢F 66 S7hst e disF AAab(egd x3
Az Z5A AAEF 400 g/batch 715 AAE 53

552 pilot scale 83 sLUsA PR

%
%21 100 g, working volume: 4.5 L, A% &
A6

e ok N

volume: 300 L, Ax &
c o] F BAZQ oud Febal 483 AFIAE TEE F AN FHL B At
& 39

TEE NAdske] 7] AdgstE ZERE 7 AAH AN F9E A

b W= A 34 9 A 2

@ L7 dZo gupAd z=AF
c AR (e AADA 25 kGyo AvpA FAF

@ ey 98 24 29
- Ao RRE 95 24 R

ok

® A83
CAR(REMW), A g, WAl
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*« 70% Et—OHelA overnight w4}k

= ol&3ato] wnk gl Al

@ 94

NaCl solution ¢ % wyt

=}
=2H 5
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CHEEEIEE
© NaOHE F7hse] #5480 Zeba

A
©® =24
c FES F
NaOHE H7}
7} REE)
Al o7

© 2eE Fehalol b edlS Fheke] 34

At A3 el E o]Fsto] Al o3t

O ¥
+ olsbg Zehzl ool NaOHE A7kake] 94
2 ¥ 5E
@ nH

© HCl= H7ksto] pHE Ao = WA F 33
B

-

B

rr

A Axste] 1A FEHE AL A
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e
Hok E4t

ny =3 g2

HlE S e
o 70% ET-OH treatment : 1* virus inactivation step

& Ma|
Low pH treatment : 2 virus inactivation step

i, 489

o1}

Salt-out

MaCl
714 29 Ha|

High pH treatment : 3" virus inactivation step

@

Hia o}

s Q| 23 |— 0jE
s v Al ae | O | 2uma@n
Fop O =« | o B
I3 18. = A 729 g A B AR

2 gehd 4Rt B9 429 90 B A Bdow TRl 4ug

Ut EFQ)

Theracol-0O.F.

Cailagen hom tuck dner whr

THERACOL DF

Lt e e | b e s b
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(2) 38 o)A
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file)
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e

ol

tel e ekZebal 3 Lotell

o
AxdzHe 36 ML

B 212 ~80)EH

W &

5

.mo
N

il i
)
K .
mo
Wk

s,

A=A

A

fo z1e

3l

> 0.1%

|

1.5 ~ 5.5
°
3

A= h

< 0.5 EU/mL
—

Collagenase©l] 2J&l
Trypsin®ll

3 Lot #F

[e)

=4

J

koS
=1

Al

=2} (Duck Feet Collagen)

=l
=

LA

A=

ol —

0|

kel
pal

pH

Collagenase/
Trypsin Resistance

7€ Y AFArRE A

i

ol
o

Q

N
AHE-7]

A
3L
=

1) Al

2) HH
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s
ol
o
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oy

100

o FASA vAL
o wet 7
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d
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~
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Salt-out
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Hydroxy-pro. &8
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elgEed Az T F BFE 2F FTA] o]FoA e TS IAAE TH C
5. &9 A (Class 100,000) A ejolm Fzz FAo] o|Fofx FH] HYE v A
(Class 100), B (Class 10,000) o]t}
7+ 3R AW F FA AF AJxAE @981 74 Lot B AE /=30
B
LA I 41?];"\ ZF }_Zj
B ST 4 1 Lot 27 ot 3 Lot
SIP &% > 122C > 122TC > 122C > 122C
SIP Azt 16 2 16 & 16 & 16 &
A W Aol 3} Hoj ozt < 2 bar 1.9 bar 1.7 bar 1.8 bar
v o7 g2k < 5.36 3.62 3.64 3.67
° mL/cm? mL/cm? mL/cm?® mL/cm?
EEREG < 60 # 45 37 & 44 B
rpm 5,500 + 500 5,300 6,000 5,500
5 A7} (min) > 3 5 6 5
25 (C) 25 + 5 22 22 22
L i Agdy 4 34
3L A A & B A& 7= -
8% ke 1871 15" Lot 2" Lot 3 Lot
P [ s A A A
e s =43 | @43 | @9
. g Ee A% A% EE
°° B gl (%3) (%3) (¥3)
S 1 e A g
A % . ; .
" s E2% | @3n | @83
e el 4% ER:
A== < 0.5 EU/mL
/m (0.050) | (<0.050) | (0.143)
NE g o s EE: ER: B
u Az} (4.8) 4.7) (4.4)
e | g [ FHATT > 0.1% 426D | 4860 | 48149
L R
A4 N < 10% Aeh(2.3) | A(1.9 | AF(3.3)
N s A A% EE
Z 1A =
o = @a3) | @33 | @an
Collagenase®ll
. &) ¢k
Collagenase/Trypsi aw ool . / Aa Aa Aa
Resist
n Resistance Trypsine] )
w357 gotok 3
egldEebdl 3 Lote ZF ¥ FHE7F AAZA el olFoxion Ay Art
8. A& D5 2 Hges gsigith o224, eadFed $e¥4Y Az JE
o] A& FAY AEL ABHA AxTE A=A
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b

2. 2% 5 A 54 8
ey FEAel EAS WEeA Hshr] Yk ASTM F2212-11 (Standard

Guide for Characterization of Type [ Collagen as Starting Material for Surgical

l

Implants and Substrates for Tissue Engineered Medical Products)’ & FAF 2 E4

of 283t dld Al AAHA e AFHHES 2AZR egd e 9 &8 - 3}

shA - A EshA B4 A4S dRSla, e AP AdAe we 72t 1) 3Ed 2)
4

o
LN =
292 293 HYRNE BP0 BRE JURAS

7. 38ty EA 24 2
‘ASTM F2212-11" oA AAst= A E 7Fe-d Zep9] 3tsty 545 s -
v el

HE Y 9% 24 99 4 24 5
1 The concentration of Hydroxyproline assay
collagen (wt./vol. or wt./wt.)
2 Purity of soluble collagen SDS—PAGE (collagenase)
. . . High Performance Liquid
3 Amino acid analysis Chromatography
4 Heavy Metal Content USP Method
5 Elastin Assay Western blots or ELISAs
6 Glycosaminoglycans (GAG) ELISAs
7 Trypsin Susceptibility SDS—PAGE (Trypsin resistance)

(1) The concentration of collagen
* Hydroxyproline %8S o] &3t A3 standard curve®s E3a e b4l
of g% hydroxyproline &&= F4sH3aL, Al A3 11.00 £ 0.16%%= 7|+
(10.0 ~ 15.0%) <1 A&at3d= (1" 20)

Curve Fitting Results

Curve Name Curve Formula A B Rz
Curve Y=A"X+E 0.0585 0.115 0.957
Powder
Mame Conc/Dil  concenfration X dilution F‘-::-wd&r ........................ Std Dev  CW (%)
RMS GoliagenaD.F. 160219 50 1082.60 10.83 11.00 D.16 1.45
50 1101.90 11.02 |
50 111412 11.14

I3 20. 282 8419 Hydroxyproline &% A& ZAx}

- 100 -




(2) Purity of soluble collagen
e ZFepAs

Fepal vl

(83) Amino acid analysis
< ek Fepze ofw| w4k
stalw. e eyt =]

Ao Fd= R

/Kg xﬂ J__,_x]_g;d B2 }\] S El (O}U]

wAPRAAEA 7)) S o8kl Ald el whek A g
e Sskla, &Este =AiA A va 24
e e ofviAt SR A FAbeklaL, FERAl 5

el Agekala (R 8)

= (& 8. ¥

(Collagenase) = A& & A7|9&S P 43}
Collagenase® A& g > B @ido] #ajjuo] Fepzl o]l whuizo] 2oy
of A A5S IJAT(TH 21)
kda M 1 2
>y
240 = B
140
= > 0O
> 0o
100
70 ..
50 L ]
1: ea|d Szt
35 2: 229 Z2Hl + Collagenase
I% 21. SDS—-PAGEE ©|&% 24 €% A8 2F

E 8. 28y FHAH HX ZEA9 ofn|xAt AF A3
. . 2 Feha = ZAl
B 1
Amino Acids (MOL%) (MOL%) |t
Alanine (ALA) 10.8 10.7 .
Arginine (ARG) 4.9 5.3
Aspartic acid (ASX) 4.7 4.9 .

. Collagen Type HIoA #Z %= ofu]-Ato 2

Cysteine (CYA) 0.0 0.0 worad] oo
Glutamic acid (GLX) 7.6 7.6 .

. TZ22 I AT BAE otnAto R
Glycine (GLY) 32.1 32.8 % ofuliware] oF 1/3 WS XX i 9e
Histidine (HIS) 1.0 1.1 .

d o 1 10.3 Zepll L7 ofu|Ato R F ofu| ALY
Hydroxy PR - ~ o 1/9 Ml &g AXet g&
Isoleucine (ILE) 1.3 1.0 .
Leucine (LEU) 2.5 2.2
Lysine (LYS) 2.7 2.8
Methionine (MET) 0.8 0.5
Phenylalanine (PHE) 1.7 1.3

. T4 1 AT BAE opn|xeAto R
Proline (PRO) 11.9 12.1 % olu]wAbo] oF 1/0 H|&S A\ ah 9L
Serine (SER) 2.9 3.4 .

Threonine (THR) 1.9 1.8

Tryptophan (TRP) 0.0 0.0 Hod w3 AA " O]'“] Ao R XA oS
Tyrosine( (TY%() 0.2 0.1 Hd Sy AAE O}U]i*Poi Ao E3H3A] dH
Valine (VAL 1.7 2.1
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(4) Heavy Metal Content

F24 A% A8

ORE =
gl A% ]'/3\%(1‘3‘ 22)

d

TEST REPORT

T IHI0 7N HEA RENE W (3UE) TEL (022164-0011 FAX (02]253-1008

HEMHE: TAE- MRS R4 260 039 8%
s R 20161 (0% 2%
T (el
5 MET DA e S0 SE T HE
08,405,085, 502.593,504 505,06
Al B © 92l B2l R AMS Collagen-0.F. 160019
AlE %
NEEE BN | NETE | FEE] A
B S e s TSP(23T) meiac?

(75 mafhg G1t

*BE FETAE

|

Sang Cfan -@’5-
5am xe
E=-mail gunho2BT@k i or e
26 DE 21
o
KTR sgeisn
: i EEER
i FME YPIE OF code
Page! 1ot
KTR Hee KIR-GR-TORF-Ga7) izt ¥ 20

a9 22, 2@ 2ol £34 AW A%

(5) Elastin Assay

o

- USP (231) method2oﬂ w}a} olE #4713 sh=rsleg Al A AT (KTR) ol A
L Mol Bl AR} R SHA

. Ag} ¥ =74 7] (Elastin assay kit ((Biocolor, BlyscanTM),

Spectrophotometer) & ©] 83} 1% 2% Fehd fHo] A5t Ag 8-S
Ae. 1% 2w Zepa v} 19 )

detlar, g3k A ZERl Bl A )

=

A ZepAdl gMo= deypAElo]l 2+t 1.68 £ 0.67 ug/ml, 2.09 £ 0.21 ug/mlo]

=

AN (2™ 23)

Fl
ot
L)
2

E“ a5 - Sample Elastin (ug/ml)
B
g o 1% o2|% 2347 29 168 + 0.67
-E y = 0.0094x = 0.0383
2 B Rz = 09913
1% EfA] S2pd 89 209+ 021
0 . : . . T
1] 20 40 &0 80 100 120

Elastin concentration {ug,/mf)

a4 23 deka® 24 2
(3 AehsE EBE FA, $ AA Aeknw

ok
off
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(6) Glycosaminoglycans (GAG)
« GAG &4 #Ad](GAG assay kit ((Biocolor, BlyscanTM), Spectrophotometer)%

o] g3ste] 1% 22 3’—6}7%1 G| EAstE GAGE 54k, Aestd A =2t
A vl FAEAS. 1% 22 Zebd $99 1% A Fd §9e= GAGTY
27+ 0.85 £ 0.03 ug/ml, 0.95 = 0.08 ug/mle] F3e] U= (1 24)

GAG Standard curve
E‘ i Sample G.A.G. (ug/ml)
E-
)
g oos 1% S22 =opAH B9 0.85 + 003
'E y = 0.1965% + D.0261
8 = RZ = 09973
1% =hX| S2Hd 39 095 t 0.08

1] 1 2 3 4 5 €
GAG concentration (ug/ml)

% 24. Glycosaminoglycans ¥4 A3
(3 GAG F =4, - #2A9 GAG &)

(7) Trypsin Susceptibility

« ot FEbale oA B a4 (Trypsin) 2 A2 T X8 & did 23 &
A (Trypsin) & A gsto] A7 103%73: A8t A3} trypsinC® &3t +& kA 1
#el 54 AL 2] Wi BARA dport, dAste] T2E WYT ¢
- BEE ddoe] FE A (2" 25)

kda M 1 2

........ >y
240 ey ———————————— > p
140

N > o

.......... = o
100
70 .
50 D it

1: Q2% Z2H + Trypsin
35 2: 2z Z2p + €42 + Trypsin
1% 25. SDS—-PAGEE ol &% 984 Ealasr AFAH A3
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(1)

g4 B4 ¥4 23
‘ASTM F2212—11" oA A= AlPE 7hed 2219 284 SAS 1198 -
Al sl NS WAL B IR E 8.7 2
£ 8 2UAY BIA 54 F9L A% 24
EE 24 g5 24 9y 2L 24 §
1 Viscosity Viscometry
2 T;?irésrgqsligg); (erlreEclt/l[”)cm Quality of collagen fibers
3 Moisture contents Dependent on storage environment
Fourier transform infrared A =51 B A
4 spectroscopy (FTIR) L
5 X—Ray Diffraction (XRD) T4 8 F7F 74
Viscosity
A% =74 A¥] (Programmable Viscometer RVDV—II+PRO)E o]&3sty 2% 2.8

W FabA g0 HEE 2% w320 ~ 500) o wEl S3eda, Agsty #HA
ZeA} vlw BAERS
F2(20 £ 50)°lA 2% e ZeA g9 A 705 cPolRleH, 2% HA|
Zebd g9 AEE 670 cPE #FlH o, HErl 0 cP7l HE(Zglo] HA Y
B) L5E 2% g Febd g9 A9 41.8T, 2% =HA FepA N AS
39.3C=E 1" (29 26)

800

6500

Viscosity (cP)

30 35
Temperature (*C)

15

I8 26. 2% 28 4 939 29 HA Z#A L9 AT XY Ay
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(2) Transmission electron microscopy (TEM)
» F3dAEY 4 (Tecnai G2 Spirit Twin, FEI Company, U.S.A)& ©]&3}o]
Discharge option (Amp: 10mA, Time: 30s), Negative staining (carbon film 200
mesh copper grid, A5 5 ul, 1% uranyl acetate staining)® F7Hdo=Z <z F

amu AR 2= gdeolstda, g3ty =X Zebdy va 2435192
. e Febl A Fedle B SA pH el fAReE FEfe At =7

J&“E}El A= (29 27)

TEM images of collagen fibers
Duck feet skin collagen

Porcine skin collagen

a9 27, e8| A HR 49 TEM A8 2+

(3) Moisture contents
. Z=nalg

TFE3 =771 (IR—-30, DENVER INSTRUMENT)ZE o]£€3o 130T, 10 min<9
ZHaow gy FoA Iy R dHS =H3 4y, 87 g 7.1 +
1.0% (wt/wt.) 2 715(20% ©l3p el s (13 28)

a9 28, FEYE 54 A
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(4) Fourier transform infrared spectroscopy (FTIR)

* FTIR %4 AWM (JASCO, FT-IR 4100)& o]&3slo] A2 E=: ATR mode, #3ll%&:
4 cm™!, Scan 7 329 xAo® oyt Tl FxE A, AE3E HA
Zeba ) vl A

- el Fepay =ix] Feplol BEEE I AT ALY FARSE Ao E ERlE
7] el e b =1 Fepae] 27 AR gRlEklS (2 29)

100
B
£l T
- . T =
3 3
§' % T o P -g
4 2 g
£ 2 £
& 5 E B
8 % g * T i
= = E
<
=
8
piagl =
£ <
E
s . : : ; . e : . . — s i
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber{cm) Wavenumber{cm-1)
+  Amide A- N-H stretching, Amide B: CH; stretching
+  Amide I C=0 stretching, Amide I N-H bending, C-N stretching, Amide I: N-H deformation, C-N stretching

a9 29. e8| A9 HR 249 FTIR A1 23

(6) X—Ray Diffraction (XRD)
 XRD 574 4] (D8 ADVANCE (Bruker AXS GmbH (Germany))& ©]&3}o] Step
size : 0.02 ° , Range : 10 ~ 90 ° ¢ xzio= oz Fahald &= 444
=4 S48, 483 A Fepag v FAE0 S
o 1 A3 B AFEE grid®] background$t ER1E ST, AHAY EA
e FRIEA o}, el Fezly =HA Fehlels ELEE B
o] ZFE o] QA e IlsiAdS(2H 30)

st o
=

£00 £00
e x| 2242

400

1] w

£ £

S §
200

10 2 5.:. 40 o0 &0 7:- 5 2 10 0 L a 0 &0 70 20 20
2 Theta (degrees) 2 Theta (degrees)

I9 30. 82 FEAF A FEHdle] XRD AE A
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. AESH 5Y B4 g%

‘ASTM F2212-11" oA AAsk= Alds 7k S =3ty 545 w19
gl BAYe Yol WS Adetdn ¥4 GBS k0.9 2L
E 9. 2909 JEF B4 FHL 9% FAY
B 24 95 iR
Endotoxin Content Gel clot test (Using LAL test)
2 Microbiological Safety Bacteria, fungi and Virus
3 Analysis for Type II, III, Interrupted SDS—PAGE (Type IID
IV, and Other Collagens Western Blot (Type II, IV)
4 Total lipid NEHZE FEH

(1) Endotoxin Content

CAEEA REEOS olgale]l AT HEFAT vEH (gel B HEES 340 nmo]
A oeE wEEd 34)& olgste] calw Tee] xgE ALmA IS S
A1, AEsE A4 Zeban 92717 A8 A% $F/1F0.5 EUml ©|8h 3} )

- oE Fabhe Bl kS 00540 + 0.0069 EU/ml, #A Fale) dlw=al

& 0.0598 * 0.0169 EU/mIZ FR1€ (3 10). 22 ez =1 F2a9] <
EEAL g FAREl e, AdR5T)7] A8s A% #9719 0.5 EU/mI oJstz EA)
S =
10. 22 A =Hx] F2e] d=EEA 24 Zd3
Sample AE=EA (EU/ml)
e e 0.0540 *= 0.0069
A ZF2h7 0.0598 *+ 0.0169

(2) Microbiological Safety

(7P Bacteria and fungi &4

c ey Fepales e o

35C Z7olA 14 o1 wiok =

£33l 20 ~ 25T AN 149
HEEA AGF(GE 11

11, e=d FH49 uAE F2 4 29

r
‘10
oy
o
o
§
AC)
m%ﬂ

AR AL T(AIE wReE wiA]) = o]8-skol 30 ~
HF7hA 3 AA A (D W F W= & o
& A Ay mAE R Be Al 20l

T & NAE e ZFE S wiA 1 7 IHA| AL 3} O A Hl A
kel AA A e A =
3d 0/6 0/2 0/6 0/2
7d 0/6 0/2 0/6 0/2
14 0/6 0/2 0/6 0/2
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() Virus 4]
TE U AR o 4RE AT AY T sEF ddE npoj e i
S Aok
74E = el AR nlolY s =83} #Y S MEoR of ARENE
FeHll S Eelhe FAd o8 nlole Aol AlojES wholels BE3 AHS Fa
U=
& A Asd FdEte] gATE AAsto] SRS
AT AE et e Rl thE wpole s BE3 2 AT

2 HaAoA = 2 thEr]de] fEs A7 (et FHAE Axste 3 Qs
AT ZA | 22 47 nolyd A5 agAc B&3t A1) BgA Q= TAS g8 AAH
Ags PHow sAsdeAE A #n
I LRkl w472
2. 31:'/]‘?:_]' Qe | TH AOM TN | U ER R > 70% ET-OH treatment: 15tvirus inactivation step - Low pH treatment : 21 virus inactivation step

) 9N 29 72| ] _
— o |— - — oUle ol —| €9 (— o= =20 SHAT [— g 21
1701 Salt-out High pH treatment : 3¢ virus inactivation step == 2% 0 enEeses 2oy 22

1. volel A~ =83 34

T E A A Al ZE
34 1 70% CeE A 2473%
34 2 7+ A2 (pH 2.2 ©]3}) 7273
34 3 471 A (pH 12 °1%) 8AIRE

2. 47 3% #d 27

EMEA. International Conference on Harmonization (ICH) Q5A. (1998).
Guidance on viral safety evaluation of biotechnology products derived from cell
lines of human or animal origin.

CPMP/BWP. (1996). Note for guidance on virus validation studies: the design,
contribution and interpretation of studies validating the inactivation and removal
of viruses (268/95).

ISO 22442-3. (2007). Medical devices utilizing animal tissues and their
derivatives, Part 3: Validation of the elimination and/or inactivation of viruses
and transmissible spongiform encephalopathy (TSE) agents.

World Health Organization (WHO). (2004). Guidelines on viral inactivation and
removal procedures intended to assure the viral safety of human blood plasma
products (Technical Report Series No. 924).

AE ookt A. (2014). FE FH gokE vbold A A B Thel=ael

A E o oREerAE M. (2013). & Fdll A AR AR =771 wlolel A =
&3t Al 7hel =]l

OLE

AFIFEFAA. (2006). FFEHAA § woldx 4F Brbtol=
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3. AE dd 25 8 volgis A4
¥ A 27
AL 2F AdZFAA | A AAFReE BEXFo] glon ANEF, ofAEXF g1
o] 2] (LPAIV _H3N2) ASER T OET =7 Fol FHHE vl Y
ALY 7V lﬁﬁ FE EIE gREY xR FAZ (355,
vlo] 2] ~ (NDV) 287 AAF S Ao 7)= vo]e] 29
o A9 71BA 2ol FA4, velead 157 AE dovle dedAol
vho] 2] A (IBV) W Aol ul$ e npolEAg
oa 7hed 359 olgte] ez WA, e At wEu
nfo] E?’\(LD‘;IV) AL 52 AHE Yor]E upole g
- oA e 19859 o2 FA7A Byt S
4. A5 W
2FANZ9 2HAZ29 =
zot =4 Al |f‘> e B A E"> N
(Cytotoxicity test) (Interference test) = ==
5. A% 7+
nlolei A 283 45 715 = 4 log reduction
ontzl o7 nlolgl A B3 g8 AZL ME ZTAHE9 log reduction factorE g3k
gow EHEH, =H 9 log reduction factor?] ¥o] 4 log reduction g T o]A9]

ghol Yo ol ag asasd arda 44 Aol ¥ 4 vk,
Ref.: CPMP/BWP. (1996). Note for guidance on virus validation studies: the design, contribution and
interpretation of studies validating the inactivation and removal of viruses (268/95).

4, A+ A3t

L 34 ARe ¢ 54 A9 2%

— 70% olere Aw, A4 Ae aET 497 Ae TAL AN ABSE REEd
ol ATt
Titrati

A AlE SPF & lira 1%2~210 Tange
o qae A7 7o1%] 20
e Qg 23 1099 20
s A A9 7e17] 20

o 27 1047 2°
o Fe7) A9 7e1%] 20
B o mea gRaz 1093 20

2. T4 A8 4 a7 AY A3

— e A S AL 4F Y npolel A oTte] g wAA FTh

- o Fehd HHES NDV, IBV 183 DHVS B
LPAIVE N 8E = o FFE HAA

ER PN
A= (EIDso/mL) Virus
Hl-o 2 A
Fol2 & T 15 LS RSk B 3 A7 control
F A=
10 Qalar ZA ul o 10° 10°8 l
LPAIV L — T 57 10°°
Sk et Fepbl AR A= 10 10>
10 Q - }_zj' 334 ol 100 106.3
NDV E]a “q: ’“ID 5 = 106.3
1 et Feba AXAE 10 105
By 10 EEEXE ) 10° 10°° 1055
gy | oW Fekl dAAE 10° 10%°
7 2 =4 o 10° 10°7
DHV sl 24 A4 = 5 5o 10%7
o] % e Fepl dHAE 10 10
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3. vpolg A B3 AY A
4 | A

log reduction factors= 5 ©]7%+9] & UYEHSY] wiiel & 3482 /HE FARew

Evoldass aR4oR 54383 7 dsS gl A7 <

7

A
reduction factor® LPAIV=4.3, NDV=4.2, IBV=4.2, DHV=3.7% &<l5 3t}

7} LPAIV 583} A5 Alg 49

alo]E A 7} (logioEIDs0/mL)
23 FAAE A TAAE & Log reduction
LIS RS £ nlo] ZH A £ factor
2 (mL) = (mL)
o gkg A g 5.6 300 < 0.3 300 > 53
pARN b 1| 5.5 3000 < 0.3 3000 > 5.2
a7 A= 5.8 400 1.5 400 4.3

ato] H A 97} (log10EIDse/mL)

77 TAAE A T3AE ¥ Log reduction
Hlo] & A L% glo] g A £ factor
L (mL) = (mL)
g g 6.1 300 = 0.3 300 > 5.8
A el 5.8 3000 =< 0.3 3000 > 5.5
a7 A e 6.0 400 1.8 400 4.2

o BV E&s A5 AlE 49
uto]E A 7} (logioEIDso/mL)

2% F3A= A TAAE & Log reduction
wro] g A £ uto] FH A £ factor
FE (mL) = (mL)
o gk A7 5.6 300 < 0.3 300 > 5.3
Ak 2 5.5 3000 < 0.3 3000 > 5.2
371 A# 5.6 400 1.4 400 4.2

2k, DHV &3} #H5 Alg 49
dro] gl A 97} (logioEIDse/mL)

2% TAAE A TAAE F Log reduction
Ho]# A £ wlo] g A £ factor
= (mL) 5 (mL)
o gh-& A g 6.0 300 < 0.3 300 > 57
A A 5.6 3000 = 0.3 3000 = 5.3
A7) A 6.1 400 2.4 400 3.7

5.

L 95 Q78 A8e Azdista soltsel s dY 5 AT 113
g BBE Ae] QPHE 74 9 slolEalES 2AR gYd dTE AAstn
FYstd e St

7t el ARl A9 b ol AES BEl, ATl 4FF npole]
5% AR

W 2t wpolelse] o) whet ol Wikt F4 Tela ok 2 W S TR

sto] AAGoEM AT ATE AANAL

o vhole 2 937k #elo] A Wl (ogio) E Hholel s A AHE EISHATh

Kol

o
1o
ofi
ol
2
o
Iz
o

FEAA FAs] LA,

showele oh S GBS VA £ b JIHecES 4
s
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2. 2#d FgA i FHANA F4E log reduction factorg? 7}
LPAIV=14.8, NDV=15.5, IBV=14.7, DHV=14.7 o]glt}. o] & nlolgiAE &3
ka7l ayHel A FAolet AEE 7159 4 log reduction HTF °F 3.5 ~

4.0 ¥l =2 FAR, AFE wol A =23 FHSL HolYAE 283} el T

r N

3 fasi,

3. 918 A A% Bel celd xAowRE FTepe gatets $4o] vloleag 2
Bt AENEAE Aoddond FANS HAT 5 b AL AAH]
ol B9 THES o Tkl A THOE Agete] e AW

|
Ho,

u}
e
-
N
=)
FQ
H| o
=
Lot
=
1o,
re
-
>
%
iib)
o
R
ol\
o
)
Al
et}
Iz

EERCEECE

AT RF: AT AN REES

|
g N3 |

AT MY AZNStw S Doyt

we 34 (@5

(3)

Analysis for Type II, IV, and Other Collagens

oot FEHdle] YR edd AN Aoy, AF xHd= type II, IV ZeHAlo]
EZAHA] 7] witell ZFeHA type IMIol sk A7 283k

FEles A719Esta Type [ ZEHA9 1f 4= Ao W=7t ey
disulfide bond”7} &A= Type I ZF2HAS> B —mercaptoethanols F7H8 02
?J38to] disulfide bondE AlAsof ME=7E e, o] § AHHo0R AV|Fss 1
3te] Type 1 E2b413 Type II F&h W=7 glyw zF =0 WAS AAbsto]
T8 & (%) S F<lsk= WY (Interrupted SDS—PAGE method) &2 28

=4 Ay et el dA ZFAl F 9F 98.0 £ 0.1%9 type I collagen3}
2.0 £ 0.1%9 type III collagen® 2 FAF o] A (18 31)

d
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kda M 1 2 3 4 5

240

| 4
140 =

100

70 — y !

1:22)% SatH, 2: 22| 224 + 2 ul mercap, 3:22% Z22H + 2 ul mercap,,
4: 2|9 S + 2 ul mercap. 5: 2% S2HH + 2 ul mercap.

a9 31. 28 Z849 Interrupted SDS—PAGE 4] A%

(4) Total lipid
e Fd ZekAle] E£38H total lipid (RAH) TS ofHEFEHS o] L3
S48, gt =HA FeA Y vlw S5

o A SR oy Ak el & AakE
- ZAN (%)= (W;—Wy X 100/ S
(Wo : ¥ 2% A, Wy 2AYS FE310] A2A170 B 153 54, S A4 AF 4D
« B4 Ayl et FepAdle AW S 0.0%, HA A9 =AW S 0.1%
2 Sl (E 12)
¥ 12, 8 Z2pA T A F2HA9 X 24 A9
Sample ZA " 3 (wt.%)
e A 0.0
== Zeha 0.1

2t 243 AIE &9
ASTM F2212-11" oA A= AldE 7hwd 22
A &Aoo 7 STyt Q7= 48 B A

=
FRN FHL A% FABAPAA B FAAAS(E 14)
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E 14, e Il 449 A Y
AE AlE sFE Al S == AU =i ] 5
b= 18 35 18 7€ FHAAHYHA FH
T
g % ol m ey go e
A =4 = ZE MY
pH 15 ~ 55 ATELOCOLLAGEN-D.F.
AT =2 < 0.5 EU/mL v HEUX: 2017. 07. 14,
_ v ANEUR
ZeAl = > 0.1%
Vv oEE 0
ATELO Ao A v A
COLLAG %%41\_ &Jiq’ %léPX] 10%_0}_0]: W #2& (Controlled)
EN-D.F. s} O H|®2/E (Uncontrolled)
— - (MHEH: BULFHM)
Collagenase °f 2] 3
%};ﬂ %gﬁﬂ 01 o]: @'— o| Bk EMEATHN 2N MPEME £HELLLL
0] EMD| UF T MEo| BE =AU YAES
SOHRAH P2} olde] AHSUE Woio BT
Collagenase / AEEY Yol M7 BAB B FRolL AAsIETY HmEo)
Trypsin . } | BACAC T R oIzt mANY, BASl MBS MO sLict
P Trypsin °l 2|3}
= e
resistance B« orolo} I Hedzy
o A £ 9o A
- s
Ao A2 HlmA Q] = x| ka8 A
ZLas A Z18}F#] ¢rolo
o AR sk goker ATELOCOLLAGEN-D.F. Powder
st}
Hydroxyproline
_ 10.0 ~ 15.0% v HHYLXE: 2017. 09. 01
3
v U
ATELO A < 2.0% P — 5
COLLAG
EN-D.F u] Ag% }\]@ < 100 CFU/g H 22 (Controlled)
e O HI#2/2 (Uncontrolled)
Powder Collagenase °l 2] 3} HEN: SURERA)
2hd EalEofofF g
o EME EMEPRHN oSy JYEME ERELC
o BMo| WR Te HEs| S5, =i 9 e yEs
Collagenase / EOIZA H2F) 048] AHMSLE Wojot B
. AEEY Yol 47 BAB B PRl AAsIETY HimEo)
Tr'ypsm Trypsin o )3 | BAUHO] B BE oL BAY, SAEl MBS MO e
resistance Ba = kool I A

ul, A&
« ASTM (F2212_11D) A AAEt Q= A4 A)dES 2

o S - AEE S4S Q8

[e] [m=
- =AY =9 - EetA - AEstd 54 24 dyE T8 e S22k 97% o
type I o2 P45 Slas AT (R 13)
- oo TR kA FaAdS ASHeR SHE ¢ RS dF Y @
A A dEoR AAs] AlE Al A vt IS oG
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% 13. o 29 42 B4 29

Type I Type III =] vk A
GlycosAminoGl v )5
24 Zahal (Lipid) ycosAminoGlycan | o, . | F71E
97.0% ol& | 2.0% 0.0% 0.0085% 0.0168% | 0.00%
3. L3¢ 54 A FE3t
e 58 FEhA2 AGE 95, EE A48 a8 o5E 948 o8 AE3E 9

7F FA sSEE 4EH A
e ZFepAe pEFE dRsE Hsl vle dFE @3 (PCPC; Personal Care
Products Council) olA 27tsleE =A4] 3% 83 (ICID; International Cosmetic
=

Ingredient Dictionary)°l SA4E ¢+

(1) FA 33F 454 54 A8
+ eEw Fell ATANE wEow PCPCoA Wikl ICIDY WAl HHE AR
A5 A% ARE F0G
AR AE BF O A5 AR B AR, @ AAA BRF AR, @ A8 e
A= (19 32)

Duck feet skin ]

Enzyme treatment ]
v

Salt out
+

2°4 Filtration
Desalting
* "
*
RMS Collagen-D.F. 1 BUL Calugun O f + Colagunien

21 WU Cotagun 2

¥ 32, =4 #3EE 948 SAE A" AR 74

Fesub
hata
i
i
0o

™
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(2) =4 32F 453 A ¢=
INCI Name: Collagen

INCI Monograph 1D: 592
On—Line =4 34# 954 &
* Off—Line =14 3}4%

EERE L

= 20169 04€
2018 4¢¥

25 (19 33)
Z (2w} whay)

A <
o]

Lt
Collagen

= FRCT Marme: Collagean

= RCI Monograph I0: =

= WCRP Raporisd Narrn
Colipnn

« CAS Mo
D007~ 142

Dafinktion: Collagen is the
¢ ¥

: ten € Tanafen) |
+ Roported Functions: i1 fioreray A
L Fﬂlpu-h l i"ru-ducl i'.clh.-pmllu T

= Ingrediant Somrcefsl Ammal
= Tochnkcal Nﬂrne![ﬁ:
" /4

- Trmcie M {4
= Tymchs Mo n.u.nm.q.p
B hnntl'-uﬂnrl

EIRECS |
2ETEST -4 (1)

canrt

Personal Care ﬁ Products Council

On-Line INFOBASE >> Ihgredient Dalabasse

s wilindaw [E]

VERP Freguaoncy of Use as of 0172015
S42

1) 1§ ELING S (L)

iacps mrd othet connecie inssss i prurroks

i, TSOA

On-Line INFOBASE >> ingrediant Databoss

46w

=

closm wir

719 33. 282 24 On-Line 4| 34F

424 54 9=

(www.personlacarecouncil.org)

1. 48 o%F (DMP) 54
ot Fehlle 5§
Administration) &] 3= & oF#

a8

1t

Al 31

(1) 989F AIAE A =
* Drug Master File (DMF) 0]%
A AFEE EA- ek AR 1

s}
I A% (DMF; Drug Master File)o] &2 9453

= 9 v=AEFok= (FDA; Food and Drug

dd A5 Axed, ¥4, Ax, AL, £, A%
T XEFekE =AY
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c oE e ATARY UF AN TS wHEoE 9T 4

k

g T3kl DMF %5

FEA AR, @ AzA] B AR, @ AZ Y I
Az w87 Bd A4, © e Fehi
et 2ehle Ax B4, ® F& A5 B3

2 e 2

TE— Eonaten Dosrpaoe.  SEWORE CELLONTYCH £0, LD maefemrs AsS ool

0 i ik
Fevsing oo, L oecheuligy inchirins irebuting plis, gl i by besiee e SEVPOH iniac iy e S5 Helr T
CELLONTECH 80, LD W 5
CELLOWTECH &0, LD srestet orea .._Jmp'icr.'ktb:uﬂwngcv;faTnn Us dpet P T———
bl e of each busmety Sees, i 18 miegping i coialilosh bl e grows: el s . "
e L K Mg Mo Com 4, Atunan . Smgang e s W Axxes 1514 R P Lakewoo, WA SEI3R1SA
B S i i - Frone 3118867
16 MR Fen BRI - 5
Comfdmadey ke ot m on DA o copddetd ev S bt 1 Cortact piryart Wk M Gaum Kwen
maa [ TCr— o Gl Sy

CELLONTECH CO., LTD Ineraduction Adosdnstrative Information

T

.

Hebder namp SEWONCELLONTECH GO, LTD
Hoder aired 506 Wogyoung Teohno Cerér, 144,
Achaann, Seorguong-gu
St D4TER, Souh ey
Holgerprone. B3-24E0-2057
Fker CONEAC! pRrson: J OO MO, Lee/ MSraper
CONEACE DoV S0n'S i i TR MnSIAG Pa LM

[ F wtathid u dghiy o, promes abdstolge wek optomd b ocornpahiliees B o
ot i bkl i S o s Bl

Brssm Descnpiimy Foneied ursden the e of Mieen Mewvp Machrery o smcriare
Wik sy ekt B el e of Miwon e (Decig Grog) = 1971,
SEWCH CELLRTECHE 00, LD (ichnies b row icd vk o b
s ireed v vl el thalavely, prmang o rpecsicre acimido of m di Soane wm

confiderpal [nferaon froe S Br dhal sot be grov e b ey waaibamas] parmoet Emad sihedy  mgheuncaidign i con
tzhons G writn oostens f SEWCH CELLOWTECH 00, LTD

4 S T R

R i T S Manufactiring Process

[ Aiviorolegtn DI, 1. Bamatanaing Prosams of Mo oolages [,

g
e —
Wiy C) VTt wasmmmams 1 1 st imseprasian nep
I _C) S —
fyn ity T ——
el e il
L) e
L] !
frnag whas 1

£
L AL e
]
[ | mmim [ | et
it I T
——V lal=lel =
e L S -

19 34. 9EYSF AuAE TFE 9% AE 74

DMF type: II
=219 ATELOCOLLAGEN-D.F.
=4 98 A8 SEWON CELLONTECH CO., LTD.
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-
{ @nu‘nm\mﬂ OF HEALTH ANDIUMAN SERVICES

DMF 031659
DMF ACKNOWLEDRGEMENT
DMF#  |STATUS |TYPE  |SUBMITDATE |HOLDER SUBJECT
SIV-\\UHU\'"(II( I|'|
NAGER
RO, SEONGDONGOL 31655 |a I V282017 AMIND GMEH BETAINE PHARMAGEUTIC
PR ST RN ORI 31856 |A it 42017 [INTERQUIM S DE €V FOSFOMYCIN TROMETAN
P Join Hi | | | PRINTED/PLAIN COATE DA
The Food and Drug Administration scknowledpes receipt of the following Dneg Master File (DMF) 31657 A 1] 442017 PRECISE FLEXIBLES PYT LTD STRIP FOILS FOR PHARM,
DME NUMBER ASSIGNED: 031639 31858 A 1] 5312017 SEASONS BIOTECHNOLOGY (TAIZHOU) CO LTD _|MACITENTAN
DATE OF SUBMISSION MARCH 26,2017
; 1 31659 |A Il Veez07 SEWON CELLONTECH GO LTD ATELOCOLLAGEN-D.F
SUBSECT {TITLE) ATELOCOLLAGEN-D F
R SEWON CELLONTECH CO. LT0 31660 | it 5242017 HUNAN NORCHEM PHARMACEUTICAL COLTD _|STR
B T Tea LD 3661 A I 452017 JIANGK! SYNERGY PHARMACEUTICAL COLTD | MIRABEGRON
it DME should be il wih he iforason  rided o6z lA i 432017 RIGCARE INDIA PRIVATE LTD SIMETHICONE 50% FOWD
ooy shouk Kl ik bt o 663 |A i 252017 JIANGX] SYNERGY PHARMACEUTICAL CO LTD  [VILDAGLIFTIN
Jeed A It 4282017 ALEMBIC PHARMACELUTICALS LTD MACITENTAN
31665 A i} 616/2017 ALEMBIC PHARMACEUTICALS LTD RIOCIGUAT
31666 |A il 41172017 NIHON MATAI CO LTD LAL SERIES

a9 35. dRYIGE ANuAE T5 g8
(#}: DMF &% #2914, $: DMF list)

(https://www.fda.gov/drugs/developmentapprovalprocess/formssubmissionrequirements/drugmasterfilesdmfs/default.htm)

o AAE AL D AR 483
g A AnERE Azd el Tele QT8 W SEE Amz gesago
W, SEE An s AAARE@AA 7] FEHIYE ANAUe TSI S

(1) 947 3¢ o4 4835

© ATE e Feps Eststr] Qs sy B9

« 990 B g FeplE 299 Fehall &dE T
A7|2 Adeto] ZekAaE §7)o £3ste] A (2d 36)

« AFE g FoHAlS membrane, implant, gel Z18]3. hydrogel 52 = A%
atol in vivo A8 HHOR2E AR TS

o TESE AEHlF, ME AY =4, 3D ZHE §9] §EE AR s

« ATg g Fopdl 98 =4 <1 3] (International Symposium on Frontiers
in Biomedical Polymer)?% &% J1E Z3] = - 9] A7 W 7|GAo] 53
A A el Febals SRI(TH 37)

Theracol-D.F.

I% 36. 78 e I 948
(F e Ze e oluA|, - EAlE o]n A
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Biocompatible collagen for raw material

TheraCOF(RMS Atelocollagen)

Highly purified sterile atelocollagen
Nearly non-immunogenic collagen solution

Biocompatible collagen

High Biocompatibilty with Triple-Helix Structure
Manufactured with Propriety Technologies

The Least Immunogenicity with Telopeptide Cleavage
Highly Purified Porcine Type | Collagen

Advantages of RMS Atelocollagen

Advanced manufacturing processes Safety verification Wide variety of uses
Telopeptide cleavage with pepsin for removal
of antigenicity

Used as medical devices and for research due

Ensuring safety of raw materials through strict
o to the medical grade raw materials

certficate, Siaugh

Low temperature processing andfreeze-cry
ing for a stable triple helix collagen struct

y of forms such as sponge, fim, hydrogel

\mune-free collagen
Striot management of mar o
ment (1013485 and GMP for
ces)

Introduction of validated virus inactivation pro
cess

ne grafting material, ligament
dressing, hemostasis, as 3D
s, a coating materia, artificial
cosmetics, and many more

Application of RMS Atelocollagen

Membrane Implant

Cell culture Cell Delivery Vehicie (CDV) 3D print Bio-ink

Products
Product

Porcine skin

Liquid / Powder.

F. Duck Feet skin Liquid / Powder

heracol-D.F. was supported by Ministry for Food, Agriculture, Forestry and Fisheries, Republic of Korea (814005-3).

Medical System) is the Bio-division of RM: GMP g atits own facility on a foundation of
inology. RMS is the leader of innovative biological products in the field of ] 3 gineering,
‘and so forth).
- 404 Wooyoung Teehno center, 144, Achasan-ro, Seongdong-Gu, Seoul, Korea

Regenerative Medical System Tel: +82(0)2 4603282 (Domestic), +82(0)2 460 3257 (Oversea) / Fax : +82(02 439 2865

JE-mail contact m  wwwmsbio.net CosLitzadF }
1% 37. 478 28E 94 98 FE AR

S|
&

ATLE o ZgAL 20179 10€ 7= 479 v
1,417.8 29l (X 15)

>

o] 9l

¥ 15. 978 24 g3t A3

Rl

WES 7199& (%)

e

T (A4)

AFE XY

e

1 e Zepl 2016.04.01. 1,200 100 =4k
2 g Zepal 2016.04.01. 4,800 100 =4k

2016.04.01. 6,000 100

H
(2

2017.10.19. 2,178 100

H
2
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(2 }FE d5 8 A &3t
© BE AnE FeS FEE) 8 o vl oo FeAs Az
c ool EQle) e Febae 199 Tebdl g2 Zepad 7)o Eete] wujd
(1% 38)
c g E 958 el o] A ARFS X 16.9 S
¥ 16. 3AF 485§ o= FehA AE AN
3= e
Appearance A Colorless, clear and viscous liquid
Sterility (bacteria) Negative
Endotoxin 1 EU/mL
pH 1.8 ~ 3.5
Heavymetals Negative
Concentration of
09 ~ 1.1%
collagen
Osmolarity < 200 mOsm/kg
© S ARV ofd $AIFORE V| 23PEE (LES Feka) o AR (NovoFill-D.F.)
S Az (2™ 39). NovoFill-D.F.+ Microneedle Therapy System (MTS) ¥} H
Fatel ALRF A9 W Bl Tk T AFY

- 119 -



I¥ 39. g 2 V% 3FE AlFE

/A FE Y dEY AES FuF Adoly 35 T JIsAY AR
o] B7I3t H7te IFE IRz el fH S £E37] Y3 '2017 Korea

Brand Entertainment Expo (KBEE) — JAKARTA'S] A|&#& AAS (2" 40)
ALdEeEe] shdd 2=l Mgy FRES E3 KBEECl 22 oAl
= @Y AFor TR, dd AZTH THs H

+ 53] "AA olFelA FEIF FeHlS AREete] sEe Alxstn Sl A

==

‘TRINITY PRATAMA’ A= 28] 84l =2 #S B

2017

SE RS 2 'f
JAKAR TA ] g e BIOCOUAGEN
P 7 B LCHD GEL

aNVHE YFE0N
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FAY: ou fo) Fepzl volomsl 2 FAAL 4 A AR AL

A TEERA ARG o BEE oW fd Ong Fehs olgw 2244 A
A AZ R A 2 ek ol gd AA 24 97 /1% W AT ek, ARE
AAA Y FEA B D AAFS ALSE ATFHEOR Gt o] ATE 3
9%

1. 22% f¥ Zehdo] FHE AY AF

7h 284 FH AW 4T

(1) SBF £ oA FFo|EZAoluElo) E(HAp) 7F I E 22w F2HA(DC) A¥X] <)
= A ¢ F7}
(7B Similar body fluid (SBF) € Wo]A HApE FH 3 DC A A A Az
@ DC ~#A Az

LG = FxrEel @b 24417 E< A= AAT

st Bree AZE dyd = 4410000 rpm,
A FEstar Fehzeke] 3uiQl ¢3S gol 94 +83(1500 rpm, 15 min)
AT WY JAAE FellEs BEobA SRl &3 & w4 dxste] DC #
s 9
* 3A TRTO 3%eHNEAT 0.1% HAlE st &9 DC %S 2 wt.%, 3
Foof A 48A17F wHE & 48 well plateel] a2 W 4417 W5 447 B

2
o R
offt i
o
rlo

i
o~
KN
et

0.25% =FEtdHstol =R 443 9k F3AZ § 33 SRFE 1083 39 A%
T T4 Axst] B (14 1)
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NaOH Citric acid

. . X Centrifugal process
@ ) r’f’\“i:‘\ ERE

= Washing |
h — ! = f’ \ )

Freeze-drying

—_— \‘m-.,______'__/
Sponge Freeze-drying Freeze-dryi gk.//( ':

Cross linking

1% 1. DC 238A AXA Az =

@ SBF §Welx HAp 119
« 3 Lo Yebd A9 £AE2 ¥ SBF &9 AAAE @7F A5tuHlol Bl el A

2413t <k Agste] A A Aol HApE HAAA AT (1d 2, 3)
© 3 SRR A F AdRCA Axd FH o FE jlo] diAAlolE o] Bt

¥ 1. SBF €9 A%xY

Reagent Weight(g/L) % %@

NaCl 12.063

Nay304 0.108

1
A IH X G = I

2 NaHCO, 0.533 neegnl °*°'§gﬁ'§£“f§'x|§7}

5 KCl 0.3 Incubation

4 KHPO4-3H,0 0.347

5 MgClp6H,0 0.467 1;‘-,‘1:' 2. HAp 54_1%] "Q"ﬂ

8 M Hel B0mL

7 CaCl 0% 2%DC  2%DC/HAp = 3%DC  3%DC/HAp

8

9

(CH,CH),CNH, 8.177 : -
10 IM HCL 8.5mL ' ) ) i ) S

a3 3. 2 wt.%, 3 wt.% DC,
DC/HApA A A AFA
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b =94 54 4
DC ¥ DC/HAp AAA 2] s gelsty] flaiA FT-IR +45 Al18E. 1 A7
DC ;q AA M= FepAe] A e daz 1650, 1560, 1235 cm oA Amide
[, I, 7k vebdar, g2k @3e] S7H45 3352 cm™ "ol OHZI7F 5719
DC/HAp A A A M= 566~605 cm Lol A PO, =7t gl (1d 4)

2% DC

2% HAp/O

3% DC

% Transmittance

N

3% HAp/O

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm’™")

I%¥ 4. DC € HAp/DC AAAE FT-IR &4

Fepl el mE DC 9 DC/HAp AAAL] vy 2715 glst7] 9@ SEM=
2o 8 Zela stgo] Zr1ErE gE 97)= Zolxon 2 wt.% DC & AKX

A= 283~295 mm, 3 wt.% DC &= X xA|= 231~235 m=z thae =7)7F &2
=(1dY 5)

=

il
o
d

d

2% v 2% DC/HAp 3% DC 3t DC/HAp

Lo [

72 5. DC ¥ DC/HAp AAAQ t+& 37 &9

X 100

FahA skeko] wE DC 2 DC/HAp A A A &=E5S =43
1

4 6)

.}

Porosity (%)
5 5 1
E

o
2% DC 2% DC/HAR 3% DC 3% DC/HAR

1% 6. DC % DC/HAp AAA 9 $=E &<l
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(th MEZ 5213 mRNA 23 E &<l

* DC 4 DC/HAp AAA ML Az S5} & £3F 5o vpr]o 2d=E st
71 95k, Alxzd AAAE A5 7 mm, T4 3 mmE AT F H

Yo E719 vyl FE3 Bone marrow stem cell (BMSC)S 1x10°

cell/scaffold & 3}53&

« AXEE= 37T, 5% COy QIFHo]H oAl wjekstgl o, ke 20% FBSS 1%

antibiotics= X&3%t o —~MEME AFE3 L w2 1 ml1¥ 3Yo 1¥W Zols

1, 3, 7, 10, 14, 21, 28¥Y & Al¥ 52 ES MTT assay=s &3l 13

o 71— E]_ol HLO]Eoﬂ}ﬂ AHET Hﬂo‘ton o=z _u_Zﬂ < Ho]: ﬂ/] 1/1@ mlJ MTT Q_oﬂo
4AZF FRE 37T, 5% COp <QIFtHlolEelA A7 F &I AAsta
Dimethylsulfoxide (DMSO)E A g3t & ELISA reader’]E AFg3+o] 570 nm I}
For SH%

© 1 AH AZro] AR AE FAES ST, 3 wt.% DC AAA Ktk

I & 2 wt.% DC AAAet HAps IQellE AAA AN AES

« 919 sdskA BMSC= 28¢Y woF vikst & = #3td Alxe 54 mRNA @&
-5 dotrr] £8 RT-PCRe AAIE

* PCR ¥ %% DNAE otz Ao AV|dss 3 5 44
slod AlZbal sllom™, 300 nm AQA FAIE ARKES
osteocalcin, Type I collagen, Runx—2 Xz}o|n|o] i3l wi=2]

* [ —actin house keepmg genel @ WSS X F3IAA v W

« AEZFAEC] 7 FEAE 2 wt.% DC/HAp A A Al oA 9
HAE7}b A o %}E A= AL Fdola (73 8)

=
~

[t
| b
B
[—Ei

[J2% DC
4 [ 2% HAp/DC
I 3% DC
I 3% HAp/DC

=}
=)

=
o

Momnalization by p-actin

ormalization by f-actin

=}
S

S
w

Optical Density (570nm)

=)
[}

=}

=]
1=}

Pormalization by p-adin

10D 14D 21D 28D
Time

[P €006, P <001, P £0.001)

¥ 7. MTT assays o|&3%

MNEZFHE &
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@D In vivoeld AAAS = AN &3

2 wt.% DC AAAE HAp mH & AAA ALE H58 AAAG AL 5
4 ge AXAA T AY BAE MRFY 9, 10)
SD rat $EEAL 1k F TR AERET AA F Aw® AAAE A

4 ae

2, 4, 85 &<t
o} 7 EF 14 @ﬂroﬂH AEE oFE 2
g gs 7o, 85 EQ 75% = @40

wt. % DC/HAp X]X] A7
| o] Fol =

2 AFE F3A AFE DC/HAp AAA= = 24 QS A 24z &8 =

2 wt.% DC/HAp

a% 9. DC/HApAA A Micro—CT 2z

2 wt.%
DC/HAp+BMSC

2 wt.% DC+BMSC

AR 224 {L: AR A, v: Blank)

a7
[1Blank
85 4

Volumetire Density (BV/TV, %)
a g u
g a4 @

[ 2% DCK) 54

£ 2% DCIHARDX) -
® | EEE2%DC(o) ”E i
gn— I 20 DCIHApI(D) E ]
5 °
E ooz Z 3
E W )
Lol il
]

414 14

98 B . T T

Bone Mineral Density (BMD) Bone Volume

7% 10. DC ¥ DC/HAp AAANA L & A
(DC(X) v+ BMSC7} 355 A] 42 o+

]
4
4
s L T
2w

(BV) Volumetric Density (VD)

AN 58 #FAS Y3 Micro—-CT A3
DC(O)+: BMSC7} #E£8 )
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(2) Dexamethasone®] DC, DC/HAp AR Ao A kst ZFHE7|AEY ZE 3} v

Ae %

« 2 wt.% DC FE&NSE 48—well plateo] #F3to] E=AAXHES o] &3to] DC AHXA
= Az

DC ¥ ¥ SBF &9 2% &<l
Azskolem, AA A& DC, DC/HAp 2R E ©]§35+3)

S 3o DC/HAp AHAE
(2% 11D

ﬂ
iy
N
.
=
o
2 K

e

AzH 2% Y3y
BMSC <k
Axd A7 falom el 77]1%= DC/HAp
AHEA T} Y

100x

200x

¢ 217} B2 w9 244 719 DC, DC/HAp ARA N BHl, BE P4 AZE
o

Jojykon TIFoAE Dex(+)—-DC/HAp AHA| oA A|EFA

A
=
¢ 5 AU (1Y 13)

- 126 -



7 day Dex(—)—DC Dex (=) —-DC/HAp Dex(+)—-DC Dex(+)—-DC/HAp

500x
¢ 10{um
o -
S0pum
28 day Dex(—)—DC Dex (+)—-DC/HAp
o . . | -
1000x

3 A3Ee SEMEY

2}z & vk el A 71 DC, DC/HAp 2~HXA oA, Dexamethasone®] X3H%
1 71 AE7} o F2o] & dojwtal, IFo|AE Dex(+)—-DC/HAp A
|

»)
[©)]
%
oS)
3
D
@
jmy
aQ
wn
o
jm)
(¢
o)
==
1%
(i,
=
o2
B
2
X
=
o2
ro
Y
==
iy
1o
ff
T
b
N
N
nj
it
4
2
3L
H
i

8] Dex(+)—DC A oA wjekst A2 =&37F o & dolw= (1% 15)

Optical Intensity (570nm)

1.0
{ Il Dex(-)-DC 024 [l Dex(-)-DC
= I Dex(-)-DC/HAD 0.22 -| Il Dex(-)-DC/HAp
05 I Dex(+)-DC i3i.] I Dex(+)-DC .
| I Dex(+)-DC/HAp " ] B Dex(+)-DC/HAp
0.7 o E 0.18 o
1 & 0.16 1
0.6 5
1 ERE Z 0144
0.5 A L %
] 5 0.12 4
0.4 = 0.10
o5 ] E- 0.08
0.2_' S 0.06
4 0.04 4
0.1 4 0.02 4
a.o- 0.00
1day 7 day 14 day 21 day 28 day 1day 7day 14 day 21 day 28 day
Time Point (Day) Time Point (Day)
I% 14. MTT assayE ©]&%t 1% 15. Dex—DC/HAp AR Al A
Dex—DC/HAp AAANA L AEFHE BMSCs? ALP #4% &4
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(3) DC/DBP A# A9 & B3 58 Fr}
(7H) DC/DBP A#A]| A A A Az HH

3%OMAIEA 0.1% AL 47 §olo] DC w3 DBP (dnlulgsis 238

RS 10, 13, 31 VSR EFW BA AF 2 weed FE/t HEZ E@5]

oA 4847 AL o F EREL 48 well plates] Fi WF 447 WF 4
1t

DC/DBP =
o] %l

100
giad 92.8%

80

60

Porosity (%)

40

Compression strength (MPa)

i DBP DC 3(DBP):1(DC) 1(DBP):3(DC) 1(DBP):1(DC)
DBP DeC 3DBPY1(DC) 1(DBP)Y.3DC) 1(DBP)1(DC) (P*<0.5)

1% 17. DC/DBP A¥ A9 ¢+=7= 1% 18. DC/DBP A#AXA 9 FTZ&
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(th MEZFS2EY ALP 4% 4]
DC/DBPAAA| oA 8] Az TAEZ ALP &4
AE A5 7 mm, 74 3 mm=Z Ast &
1x10° cell/scaffold® 3538t

1, 3, 7, 14, 28 &<t A S ES &3 Ay Alflo] Ad4H AX SHES

c=
Hske] 48wellol ‘jI’_ BMSCE

[e) 1. L
7kl om, 53] DC AHA| A ME F2E°] 7H =9k
DC/DBP &3~ #HA|+= 7.—;—3— H &2 A Z2H FoA 53 AX FHES XY (O9
19)

DC/DBP ~A#X]o] BMSCE w53ta, ALP SAEE AX 35 1, 3, 7, 14, 284
of #A% A¥, thxaQl DBPeA 7% et @A Yebst e, DC/DBP &
AR = T2 HEE AxE oA 58 GYEE 2RI (1 20)

2 AFE S3lA AFE DC/DBP 23 AA A= AXE S2o] $8ta, B0l F
ZFE Q7] el = A8 AAAE S AR 8d F s Aol ARd

0501 psp mf - 040
T — DBP
I 3(DBP): 1(DC) 035 =
£ 0w ERIDEPIH00 - + 3(08P)1(DC) 3
5 0354 030+ 1(DBP):3(DC)
° ks = —e— 1(DBP):1(DC)
£ 030 = =
B r‘ el & o025
3 025 T
(o] ki
= =
© i3 ‘@ 020
£ 020 = -
g as a 4
O o154 g 015
8 i
0.104 i 2 P
© 410 ,J/
0.05 4 P
0.00 . . . 005
1D 3D D 14D 28D

T T T T T
Culture time(days) 1D 3D s} 14D 28D
(P*<0.05, P**<0.01, P*¥*<0.001) Culture time(days)

1% 19. MTT assays o]-g3t

NEZHNE S

¥ 20. ALP 4% ¥4

. A AA BE AE AT

(1) o3 DC/PLGA A A A A 5dF AN 58 F2
(7b ©34 DC/PLGA AAA Az W
o3 DC/PLGA A A A= &l AAE/A FAER el o8l Az
1 g9 PLGAZE 4 mL9 methyl chloride (MC)ell €ald &, t}xsA
NaCl& 90~180 um, 180~250 um, 250~355 um 355~425 um =17] HZ PLGA
ol 9ui(9 @) 7 == H7Ie ¥ 80 wt.% DC 238 H71g
27 7 mm, ¥°] 3 mme ATF ETo Yi ZHAMH-50Y, CAP 50 tons,
o] §-3te] oA 60 kgf/cm®?] §HO& 24417 FF 7FeE
Qe 3% F=FTE 6AIE WA sHHEA, 48A7F &< NaClE =%
CE T3] AAs] fIs8te] A& dFY o] 25T AF oA A

Japan)
-
-

£ 1o

O, o

%
&

=il OH
do = o mlm
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oy A7]e] & 80 wt.% DC/PLGA XA|Ae] xwWd&S 98 SEM #4935 ¢
A3, AAA Y 2H2 AAF e g HE YehdH, vy 2782 XA Az

H((ad 21, 22)

80 wt% DC/PLGA Scaffolds
90~—-180 pm _ 0~2 pmn 250--355 pm 355~425pm

a9 21. o 37EE A|Z" DC/PLGAXI A A SEM AR

© Ty AVIEE Ax® DC/PLGA AAAS e=8s S48 A9, v A717F 71
2 90~180 ym AAAE 71.8%, 180~250 pm AA A= 73.9%, 250~355 /m A

!
A= 80.8%, 355~425 um AAAE 84.3%= thyA717F E257F AAAY F5F
wE SRS (1Y 22)

100

80 -

60

40

Pore Size (um)
Porosity (%)

20

‘ —
9&45‘)\’““%“450\’ 150#355\»“‘35?“5»‘“

5,..&7-5‘““
80 wt% DC/PLGA Scaffolds

oue pu s
oA g0 25 0P s
80 wt% DC/PLGA Scaffolds

19 22. DC/PLGA AA AL v& 37 & F2E

(th E7] 594 Axe S48 =

* DC/PLGA AA|A oA e Az F2Ee FRlst7] flste] Axd AAAE

mm, 77 3 mm=Z A T HiFste] 48welld] Wil E7|9 SEHoA F
AF AEE 1X10° cell/scaffold2 53

[ X =

S
of\ ©

A5

_llf' N

=
=<
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« ANXEE 37T, 5% CO, AFFH|oleloA] Hjekstg on, wjekale 10% FBSS 1%
antibiotics, 1% ascobic ac1dE X3 o —MEM (Gibco) S AFE3I 3L wjokale
1 ml® 3o 1 Zol+43l

* 1, 3, 7, 14 &<t A=z Z*—l% S A3 AAALY a7 |7F A3, 39FE
ol 7F8 =9kd 355~425 ym DC/PLGA A A AN AEF2AE] 7 w #S
eSS (29 23)

(A) E | C—190~180 m i
= [ 1180~-250 m =
= 1.6 EEEN 250-355 m
w, . 355425 m
:E' 1.2
= 1
5 0.8 |
=
e 0.0- 4 - =3 =3 3 =3
N \hy&‘ﬂ 2 8% 1:569?5
(B) 90~180 180~250 um 250~355 pm 355~425um
=
=
=
[+ =]
o1 X
I3 23. DC/PLGA AAA g 5d&F THE &4
(A) MTT assay, (B) SEM image

« B —actin, Aggrecan, Type I, II collagen®] T3l Mi=9o] W == selsl Ay} o
= B Eo] §4A wdo] 355~425 um DC/PLGA A AA|ToA thEF HUp =
< HE S Holes AL #ESAS (1™ 24)

> N
ROM oM e% "f’
\$“;L,’:DQ", ’3)
p-actin
Aggrecan E
Col-1 =
Col-II
15| ] 90-150 ym m_:|9o~1§4_}mm
~ |C0180~250 pum El%_fﬂmw
- 1_5,-:‘?”55"‘“ hls-=;ii::::
= 355425 pm ) B B
"';1.2— %ﬂl"’ 1 =2
E'”’ Ens_

Normalization by b-actin
®
&

7 days pram 7 days 28 days 7 days 28 days

% 24. DC/PLGA AAA Y 59F A &d £4
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« T3 o3 DC/PLGA A A Al A A3t oA 355~425 mm DC/PLGA A A A
oA A7) AEdFEE FF (G Aol B HE) 2 GAG (safranin—0% Ao
A F2MoZ FAERF) o wdo] Frbek s #dd 4 S (1H 25)

@ 80 wt% DC/PLGA Scaffolds
90~180 pm  180~250 um  250~355 pm
. e AT Y R

355~425um

R

2 5
s =]
E‘ =
i [=T1]
2z
. = S
ol S
o E
=N - =
=] g
@ =
o0
=
=
=
=]
‘=
e
7]
]
=
@» -l
3 E
S
o z
« 8
> | o
3 =
1 =
Loy =
S
7]
d =
= =
= =
%
= 3
@

R Y 4
PR W e (T . =
I3 25. DC/PLGA A A A9 H&E, Alcian blue ¥ Safranin—0 €A A} (a)
2 3] o]n] ] (b)
(w25 9l GAG 2 B9

(2) oM F=23 ZIA3 PLGA/HApE EFT AXA A EFUHFE7IAXY &
3 58%F7t
b eEEe A F&3 Fepl® PLGA/HApE 83 AA4
« AAAGG 7AF A= R W ox A FEHE FTHES fd 28@ZeEaD0),
PLGA, HAp= T 9 AR A& AxE
« PLGA 1 g& 7]9%% methyl chloride (MC) 4 mLel] HApE 0.1 g, NaCl
(250~355 /m) 9 g, 28l Z+Z} DCE 0, 0.1, 0.2, 0.4, 0.6, 0.8 g= &3 &

silicon molds (A& 7 mm, =°] 3 mm)°l Y=
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* Moldell AHYH A A AE Carver Press (MH-50Y, CAP 50 tons, Japan) & AR
3ol 4841759k Aol A 60 kgf/cm?] o= 4HS 743

- dE AAA ] FE &l 9 NaClE AAsH] 28 SRl 9 243 nad
6AIZE AR SRHTE wAstH, Az AXAE -80TAA T4 A7 ¥, 54

AZxE dsto] TS BF AA & 489 AAAE d2olA A (" 26)

PLGA/HAp 10 DC/PLGA/HAp 20 DC/PLGA/HAp 40 DC/PLGA/HAp 60 DC/PLGA/HAp 80 DC/PLGA/HAp

z4
e FepAdlS E8Hsk PLGA/HAp A A A v e gl 9 SEMS o] &
sfo] B3 A XA AR Al AFEE NaCle] A A7)+ 250~355 m

BE ARTAN GRS A7) A AFsdon, et Fead Fgo] ol
9

kel

3

rir

© ol AR e FERAY ol MRS vy FHlel & Zehzlo] w7
=)

29 27. DC/PLGA/HAp XX A SEM olu]d
Haw =4 A gzl PLGA AA A6 vlate] e#w Tehzlo] 80 wt.o%
9 AAAE A e U AN 1§ & GEEE Grhdon, o] 482
=

i Zepalo] dAd PLGA/HAp A A o] AES F2lstr] ¢ FT-IR &
Ak 1 Ay e A oA PLGAZF 7FAlaL @l carbonyl groupd i 33
7} 1750~1760 cm™'Atol el A vERE o™, HApSl 544 9=<l PO’ 94 &
1000~1100 cm™'ellA]l &1 & F7F 5. =3k e ZFepze] 9320 Amide |
2 1801 cm™!, Amide II3&= 1692 cm™!, Amide IIIZ 1399 cm ‘oA &eldt
wepA e AE Fol PLGA, HAp, et Zebdle &t dles &9 +
ARS (17 29)

ol
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PLGA/ HAp
10 DC/ PLGA/ HAp
100 - P1.GA/HAp I 10% DC/PLGA/HAp [ 20% DC/PLGA/HAp bt M TR Y P e
00 [ 40% DC/PLGA/HAp [ 60% DC/PLGA/HAp [_180% DC/PLGA/HAp 20 DC/ PLGA/ AP \“J lL,"’ S0
80 il o
| - |40 DC/ PLGA/ HAp ‘
70 8 W AN
. S |60 DC/ PLGA/ HAD
~ 60 =
g z
z S0 S |80 DC/ PLGA/ HAp
g = A A NS e W
£ 404 = AV v
; - N J \/
D°4 £ PLGA NV
30
DC
20 4 e D e e e AA
USSR Vi A
104 HAp =
o] | W\\’/‘———\/\ﬁv\[\
T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

g 28. DC/PLGA/HAp AXAY 2% 18 29. DC/PLGA/HAp AX A FT-IR
(+x P<0.05, * P<0.5) =4 A3}

A A A €] 171 AZ BHAE 9 AL F25 ALP =3
AAA L] %271 H]E BAT U HE 2258 #asly] 98 MTT assays A3
A

| Z
A A= Hd T 48 wello]l ¥, 1 x 10°¢] BMSCE z}zhe] A A Ao B33
1, 7, 21, 28] MTT H7}= AAg
ALP 57 Al MTT9 & 271 2 Bl EQIECA A3
MTT =4 A3} Aj7re] Ao w2 /A9 egw =2t
AZZ=AFo] o AL Folstde (18 30)

ALP S87s} 2 1, TS ARER AolE B fslor, 149 ol el
3 e 16 = -

toRE A" Pl e 2aae) deo] SMESE ALPRlo] /e BelE

(14 31)

i'g_ I PLGA/HAP [ 10DC/PLGA/HAp NN 20DC/PLGA/HAp 1.6 -| NI PLGA/HAp N 10DC/PLGA/HAp [N 20DC/PLGA/HAp

2'6_ [ 40DC/PLGA/HAp [ 60DC/PLGA/HAp [ ]80DC/PLGA/HAp [ 40DC/PLGA/HAp [N 60DC/PLGA/HAp []180DC/PLGA/HAp

’ ikl 1.4
24
e = 1

~22 wxx - N - N
S 207 wxx o wn " | E 12 . ‘
e il Al
Z 14 r r E 0.8 *
1 el
&) &)

04 0.2

02

’ 1Day 7 Day 14 Day 21 Day 28 Day 1day 7 day 14 day 21day 28day

Time Point (Day) Time Point (Day)
19 30. MTT assays ©] &3t 1% 31. DC/PLGA/HApA| A A of| A ¢

DC/PLGA/HApA A A oA 8] MEF2HE ALP 4% #4
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(#H) micro—CT #4] 9 =A% H7} 574
* SD rat sEEEE vH F Tz AEFE A F dad AAAE At
bd FHste] 2, 4, 85l AAAE 355t micro-CTE Y&
© AAAE olAsHA S AgRdo|A = =y Aol AL dojubA] ASkAIRE A A A
= o)Ae AgrdeMds gl WFH e, 53] 80 wt.% DC/PLGA/HAD
AAAE o] 2 s AR deA =30l 7 Eo] dojgs & F AU (" 32)

PLGA/HAp 80% DC/PLGA/HAp

4 weeks

8 weeks ! S

<3D image> <2D cross—sectional image>

1% 32. DC/PLGA/HAp AAAZ o)A 3 Agdrdo|x 2 3D, 2D o] X

- AFH A, AAAE o] A k> AR A= bone mineral density
(BMD), bone volume (BV), percent bone volume (BV/TV (tissue volume))©]
ALl F7FskAl kAN, AXAE o] g AR Ee|A = BMD, BV, BV/TVe] %
b em, 53] 80 wt.% DC/PLGA/HAp AAAE olA g Agrdeo)A 37k4 gk
o] 7bg ol Tt & F AU (TH 33)

I PLGA/HApD Lid N P1L.GA/HAp I PLGA/HAp
0451 I 80 DC/PLGA/HAD . 1 20| M 80 DC/PLGA/HAD T 30 DC/PLGAHAD

Percent Bone Volume (%)

1week 4weeks 8 weeks 1week 4 weeks 8 weeks

Time Point (Weeks) Time Point (W ceks) Time Point (Weeks)

<Bone mineral density> <Bone volume> <Percent bone volume>

1% 33. DC/PLGA/HAp AAAS] & A 58 #ZEAS A3 Micro—CT AZF A3}

- AgREe] o]Ag XA AN AAH R APl F dojua, T EepA
Aol & o]Fol R AR, 53] 80 wt.% DC/PLGA/HAp AA A 2z Zetzl
ol 7HE & ol Fofde & ¢ NS (1™ 34)
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4weeks |

8 weeks .

e

<Hl&:40x; scale bar: 1mm>
MTS Blank PLGA/HAp 80% DC/PLGA/HAp
1 week
4 weeks
8 weeks

(a)

scale bar: 300 xm) (MTSiigé&.](loox);éale bar: 300%&1)
(b)

(H&E 94 (100x);

3 34. o]&% DC/PLGA/HAp A A AC H&E ¥ MTS 9MS =3 %75tz F7}
(a) 2AE34Y (b) AR g AR
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« Agrrdo A o]ag XX AgA ATHES FJsHY, 80 wt.% DC/PLGA/HAp
A2 A el A ASAE7E PLGA/HAp AAA R @ AAEHNSS &lste], DCE &
F& AR} A5 FAETE 2L & 5 ARAS (1™ 35)

PLGA/HAp 80 wt.% DC/PLGA/HAD
“hei T o
8 weeks : ;1

13 35. 0]4 3 DC/PLGA/HAp AA A9 ED-1 |44 A3z}
(100x, scale bar: 300 g#m)

2. B2 EAS A7re 28d 7 2 AAAY ALY B L &5 F7F 2

7h 3 FEAS TR 2T FE AAA N W A

‘Water Uptake (%)

Compressive Stren,

E

- DC 3%+ H

= V‘"‘\fvm

£

AIYA

&

w0 | 3w e | asto | w00 1s0 | 1000 | s
Warenumber feni )

FT-IR FEAEA

29 36. AR A FEZE, FTIR, $EIAEA H7}

il

3
3} 58S sk (a9d 37, 38)
AT AYE EFA AFE 3 wt.% DC+H AA A= & 24 AL Y3t A
]

4§ 9 & e Zole ARE

- 137 -



DC 3% DC 3% + H

Scaffold

1% 37. SEM o|u|x| & F% ]x];]] 79 J4-7:<_=,_ ]x];q]oﬂ ,4745] BMSC2 AZ gql

EEDC 3% mm DC 3%
[C1DC3%+H DC3%+H

0.3 -

01+

Optical Density (57 nm)
=2
Optical Density (405 nm)

0.0 14D

D D Dnys 14D 28D Dﬂys
MTT assay ALP assay
a% 38. 3 wt.% DC%} 3 wt.% DC+H A A A& BMSC AE 54 € & £3 59

37}

E
5

pia

. Querceting 3% 2 4l AAA AN Y EFAFE7 AT S£3}
* Quercetin (Qtn)> AEZE AFAA, = AT ZEEHE Alofsh=

3+ RANKL (Receptor activator of nuclear factor kappa—DB ligand) = A
ol 2eA 9. RANKLS Zopx ®3t5 F7HA7]122, BMSCe| =#3h&
93l AHE-3F S (Phytomedicine, 20(8—9):683—90 (2013))
2 wt.% DC &) 50 mM Qtn &= EFsto, 72+ 0, 25, 50, 1¥]a 100
¢M Qtn/DC 89S Az & 217 Qtn/DC 892 48—well plateo] #5735}
EAAZS] DC AHAE A%
AxE Qtn/DC ~¥A= SBF g9 14 st &@7F HApE FH3FY Qtn/DC/HAp
2A\AE A xRS (2" 39)

o{N
o to o

ox 12 off
M > % 3

M o

7

_
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o HF7IZE Fobel AMES FAo] HRbHom Frtskglow, IFeME 25 pM
Qtn/DC/HAp 2~ A 7} A2 S0 7H 4] debds & 5 AS. T3 =83}
Al 25 M Qtn/DC/HAp 28Ao 7 %2 21s &< & = AAS (T 41)

1.2
1.6 | I DC/HAp i’ I DC/HAp
R 25Qtn/DC/HAp B 25pM Qto/DC/HAp
’E‘ 1.4 - I 50Qtn/DC/HAp = 1.0 I 50pM Qin/DC/HAp
- I 100Qtn/DC/HAp E 0o NN 100pM Qtw/DC/HAp
£ ] E o] ;
.% o T o7 . - Lo 1
‘.5, 0a ? osd 1 1
s % 0.5
E 0.6 _g 0]
_; 04 = o034
B o2 g 0.2
o 00 - s‘ 9417
1day Tday 14day 21day 0.0+
Time point(day) 1day Tday 14day 21day
= Time Point(day)
3% 41. Qtn/DC/HAp AAA oA e BMSCsHEFA 5 () 2 SE35EHE7HS)
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o AgulA (Silymarin, Smn)S /-3 2 F&A A AN 7] FF w0 &7
AXY 3% 3 F A T8 H7)

—_—

A vtd (Silymarin, Smn)<  Silybum marianus L.8] FAZ5E

polyphenolic flavonoid &4 A& 9%, polyphenold] &A4FstAl= ¢+

2 FEE T glow, 1k Vs R, #abst, Sl a9t e Flew

I . TS Smnd = Al &t vt A s

« wbA, Smn/DC/HAp AA A &=+ FH=7|AMEE dEad, = A =314
I Qo= 71y Efe B A™S AAENS

* Smn/DC/HAp AAA= 2 wt.% DC £ 0, 25, 50 @ 100 M Smng &3}
o], Smn/DC A~#AAE A23t & HApES FHEI] AZX3AS (198 42 (a)

* SEM ¥z A3 Alxd Ee AAA el tyo] wdsiA 2 dAEe & 7 A
om, 3o A= & AolE HolA &k (TaH 42 (b))

) ‘DcjuAp .1 25%M Smn -~ 50.4M Smn. - “100uM Sma

IcM 1 2 3 4 5

(b) DC/HAp 25 pM Smn/DC/HAp 50 uM Smn/DC/HAp 100 pM Smn/DC/HAp

X100

x200

1% 42. Smn/DC/HAp A A A (a) gross ©]v|x] ¥ (b) SEM #Z o]u]x]
« FT—IR A, AZFH A A A Agntdy Hydroxyapatite?} 5 2 wjgtso] Q=
AE e o, Smn o] Sk we thaide] SUMES & 4 e ®

& GHAE A Smn Tl TRl Wk B5HS % 5 AR (TH 43)

Mo e g
DCHAp | : : 160 - 040 4
- EEEDCHAp
A I DCHA,
25 M SmaDCHAp 140 | HEZS pMSom/DCHAD 035 4 T B ms:mmc-‘mp
- i 50 M 5o/ DC/HAD N 50 M SmnDC/HAp
|alESmpHAy, it I 100 JM S/ DCHAp = 03 =] St/
G 128 4 = 030 100 P Son/DCHAp
g 100 pM Smn/D CHAp 2 . §'
i S H = sas
% DCsponge | : . 1o g 02
z - : £ 5
E |Hydroxyaparice " £ o g 020
i —\v/—”—\m“ M\ ¥ “;
£ : 2 @ 5 0154
-] & ] 015
Silvmarin H
W\J—\ 40 B o0
’W §
[5]
20 005
w0 350 3000 00 10 1000 500
[ 000

Wa mnmbeu( 2]

1% 43. Smn/DC/HAp® FT-IR , 3% ¥

2
Hlr
N
3y
M
1%
i
1)
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o
(7

T 9%310‘:'1 ECM =3 7+ H“*O{L]J]-L S stolta S

DC/HAp 25 pM Smn/DC/HAp 50 pM Smn/DC/HAp 100 pM Smn/DC/HAp

X100

x200

T e y - « s L._' T e
I3 44, 28%_1 Zo} Smn/DC/HApoﬂfﬂ H) & P rBMSC® SEM ## o]n]x

2E AAAANA rBMSC 35 & M FAES Aol wep F7hskglon,

100 #M Smn/DC/HAp AAAANA HE FAE] 7} & e FAg A=A Y
A rBMSce =3t JE= wdste wetel A3 S4ge o & qdslew, 100 p
M Smn/DC/HAp A A A ellA rBMSCs®] &=3}7F v @Wo| Y= (1™ 45, 46)
:;_ N DC/HAp o N DC/HAp
I 25 uM Smn/DC/HAp 018 1 25 pM Smo/DC/HAp e
114 NS0 pM Smn/DC/HAp e s | =fgﬂmp;ds;:‘n’?]c)cﬂ;f:p m

B 100 pM Smn/DC/HA 1
—3 1o - "M P £l
1

Optical Intensity (405nm)

1 day 7 day 14 day 21 day 28 day

1day Tday 14 day 21 day 28 day Time Point (Day)
ime Point (Day,

Tima Point (Day)

I3 45, MTT assays o] &3 I3 46. Smn/DC/HAp A A Aol A
Smn/DC/HAp R A A A9 AEZFAE rBMSCs9 ALP 84 % £4

BE AXANA w7t wet & B3t 54 F32(Col 1, OCN) & o] F7lsh

T

%, 53] 100 M Smn/DC/HAp A A AANA 7H B2 Fdx7F S = (718 47)

] mmEpcmap
| D25 pM SmaDCHApP
50 pM Sma/DC/HAp

GAPDH 164 HEE100 pM SmaDC/HAp

Col |

OCN

ColT folead Ronxd

13 47. Smn/DC/HAp A A A oA Blkst rBMSCse mRNA @3 A
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ke
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100

Blank DC/HAp

(a

100 pM Smn/DC/HAp

DC/HAp

Blank

(b)

SHRM T

SHM ¥

SHIIM 8§

2 Micro—CT=

g o)y

49. T/ A<€E2 99 Smn/DC/HAp A A A
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(a) 2D, (b) 3D o]u|A
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- A=A F4AY, AAAE ol sHA] @2 AFE A A= bone mineral density,
bone volume, percent bone volume (BV/TV (tissue volume)), bone surface”}
ALl F7FstAl AN, XA AE o)At AFgRdor = BT SIS, 53] 100
1M Smn/DC/HAp AAAE o] A st oA 7P 52 X5 HAFAS(2H 50)

@)
ada
N 5iaat
43z | N DCHAp
I 100 AL Sma /DC/HAR
i
B
)
&
£
2
&
=
P
g
=

2 Wk £ Wi Wt
(€ - (C)
I 50 L
s~ [l ocEAp o | HEEDCHEA
I 10 ot e/ DC/HAR B 100= M SmeDC/HAR
a0
s

= oas .
475 Y|
H FERT 35 Py =
ERELE E
i i. . 4
- i g
H = £ =
& ] 2

] 15
g . H
: ’ﬁ -
= ta

w

4 Woecks 2 Weeks 2 Weeks 4 Weeks 2 Wesks

1% 50. F/E d€2do] Smn/DC/HAp AAAE o]4 F Micro—CTE 4%t

A=A A3
o AR AE o]t Agtndloa A or FAFAdol & dojvta, bl P4 FEsh
ZF Z o] FoHAE. E3] 100 M Smn/DC/HAp A A AZS o]ast melox, 7b34 %
ot AP Febdl FAdo] o] FoA RS (1 51)
H&E MTS
X ﬁ‘“ -l A
~ A
-

ESEET -

;.7:2,-

1% 51. H&E %
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ke
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et o Fehdls ol 8% = AR AlAlE (DC, DC/HAp) & Al12H8h7] ffsto],
w718 (AL AZEE) oA BAE e Fd FEAld V=9 Ad8ste HA kAl
(A AEZ86E) & o]g3ko], AAA s=2d

i
2
.
o
it
oX,
g
[m
2,
M
>

MeOH:
Chlorofor(3:1)
‘

Acetone

Ethanole

v
= ZHC} sL =54 33 M oL

N _ EEp ‘
e | EEES
' — , =) —)
10000rpm, = =
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S =
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TMmooOD >

4
uich

R I PR
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2
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s
)
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>
i
N
2
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N
i

DCE o] g3}e], 2 wt.% DC spongess AZFS. AxH 2

wt.% DC sponges AH-Z SBF&e] @7} HAp ZHE 39S, Uz A A
A A F3 2 wt.% spongesE ©] €39S
A A 1AF ALAZEFANA FE3 2 FepAlS o] 8-3te] XA AE A 2s}t

of wlush A3, AAA

A8 =717} FolA

%)
ol 5] A|Z3 DC sponge®t DC/HAp sponges FEFHAO 7
AFAZE o] B DCE A F3t DC sponge DC/HAp

sponge: FHFAA §lo] RS FAFF S (19 53)
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138 53. DC/HAp A A A gross ©]7]|A|

(2) AAE Az D B 7}

« F AL AAE(DC, DC/HAP) & A&6H7] 9lato] AldAze o) gast e e
el Feban 719 destE HA FEas o]gste], 2 wt.% DCgF 2 wt.% PC
2A\AE A & HApgsE IWHSHA &4 3 Id"e vor, F 4707 (DC,
DC/HAp, PC, PC/HAp, A7 7 mm, 7 3 mm)< Ax 2D vl #4893, &<k
2 SEM ¥4 gt A¥, Alxd AAA dFel vo] ddsA & I8ESE & T
Aow thEe Z7]E= DCAAAZ PCAAARG How, DC/HAp, PC/HApS *
el HApZE 5-2He Z21& glsiels
AeA gy o r 4% A, FepdlelA YelE 3300 cm oA 424k}
71(-OH) 9} 1634 cm 'ol4 Amide I, 1544 cm 'o|A Amide II7} Yelstow,
1100 cm '&A oA HApel PO* ¥ =7l @25, weld 3exow EAWME glo]
= oE & Y A4S @dsible. A5 54 A¥, DCel Hls PCAIAA £

DC/HAp PC PC/HAp

Dc &
14
2 w
& DC/HAp % 124
i o £
AT W B g
g [re | £ 3
] v e 2
H 2 i
= w 0 o
2
PC/HAP g,
(L ey &
‘ W
3500 3000 2500 2000 1500 1000 500

]
Wavenumber(cm) [ PCHAp e DCHAp PC PCIHAP

1% 54. DC, DC/HAp, PC, PC/HAp AR A gross ©]u]|A], SEM, FT-IR, A XA

AF2E, ITE B4 29
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(3) AAEY in vitro B7}

* In vitro oA AEAEES ol EAs . A A A A
7] =5 il E7IAEE SFete] 79 Wi = AEES ##E A3, DCo PC
A S AME ASES BloH, HAp A = AUFe® FAE0]

=
AS (18 55). MTTEA S SME TUe A74=2 3ls)

POV
M i

1:10

= (14 56, #)

© AlZbe] wWE F B3 AxE EAstr] flske], ALP activity® 4 3$H A3, DC
PCA A A oA ZE3I7F o= FJ= SA3tE AT HApE FHSIAS w, 71 Aol
FR5H F7tele] 2R3 ¢ ZAES g9 £ AR (19 56, )
16 |l OC 5

(. DG HAp

| —PC

|l PC/HAD
T T

Oplicale density(570nm)
Optical density(405nm)

1day Tday 14day 21day 1day Tday laday 21day
Time point{day) Tme pointiday)

13 56. Z AAANA E7| F5 F2 SVAEY AZAEE(H, MTT assay) &
ALP 8AZE($) &4 27

(4) AAZEQ in vivo 7}
* SD-RATE] Frlh=el AAAE o]
A, AAAE o] A ekA e AT
AAE olAe RdoA= = 63*30] 12 = 3l

A A A Zhel] = 2Fo]7F (L3
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3D oluA =

2w

4w

8w

=]

DC/HAp

PC/HAP

¥

g 4]

< = AAS B3, DCs
W (713 58)

E:zi:-B'a"k 7 mmEEk
gu.za-=gg I DC
5225 I DC/HAp §25_ =gg/HAp
2 ,, | EEPCHAp E B PC/HAP
Qom S 27
[CRORE o
:E‘ms -‘%"5_

£ om S
T 012 g
£ o010 s 104
E oo .
2 004 >
@ 002

0.00 o

2w Aw 8w
Time point(week) Time point(week)
% 58. Micro—CTE #9% 3D o|9|A2 A%3 A7

In vitro®} in vivo A8E& T3] A A3, 2 A et fH A
(DO) e.& A&t A AFES 71Ee) Agstd AFD =A Fd FeAPO) Bk A
A7, o B B ANE WS med, oot fd Tehl (DO o A
AAFELS =2 AP AAFENE 7HsAdol Attal dekE
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EH S o] &% oH|AFHE 58 A A= 4R

1. o)X e Fgd &
1) 2 S &
eYAERY vFepd G, A W EeE 5 AAS] f8 egdtE Al
% 0.5 M NaOHell ¥ir 4TelA 24A17F &<F wrtate] Ak A A g Aol AA
H 279S Methanol:Chloroform (3:1), acetone, 70% Et—0H % ZHF+=Z A%
8. 5% citric acidoll Wil 4TColA 48A%7F FoF wHEsE H Abzolul =780
N

_4

o v .U—\__ ] =
12,000 rpm, 4T, 15%3F @4Zdst] Asdes I+ o4 Asd= 100%
Et—OHell F-o] 4TeolA 48A17F &2t AANS. ATHE AAstL Ad=S FA3
3,500 rpm, 4T, 5 ¢k dAest] dSdS AA ¥ Id=s #ddxs 3
THoR Axd Fepls 5" D
<> s> LS
Removingduds s faat ‘t’i;&
| I J )
>
Removefat Acid treatment Centrifuged acid treatment Precipitation reac tion
solution

¢

7
@ \ {— Denafnwed collagen
— Et-OH

Collect the i i
— Collagen precipita
Call Fiaisdiging collagen precipitation

I3 1. 89 FHA 5 33

A
A

(2) g% =4 54
(71) SDS—PAGE #4]
SDS—PAGE 4] A%, egldeA FE¢ Fepae] A2 4% 110, 130 kDa
o] F JMe a@-—chain (ai, a2 A 235 kDa® 3¢ B —chain®] YERE.
et FepAlo] Type I 2418 2433 fAR Z21S g1 (a2 2)

Hm

(1}) Collagenase reaction A&

e FE3 ZFepAly =i ZFEAle] collagenaseE 1A]7F E9F WES A1
A3}, collagenases *8]5kA] &2 ol =2l Type [ WH=7F AAA 02 el
Wi, collagenases *E|st oA =7l Type 1 Wi=7} YA ¢ka o @&

wApee] Mgk et (19 3)
o]t sX FepA} gol, W FF TeAE collagenasedl sl Halu 2
A Efe AL T e Row e,
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2l Ccllagenase HE|E
(kDa) =2t Mw 222 i 222 X
(kD} E5A A =9 E2rA

240

140
139

n [ ] E
& 0 L— :
50
i
70 .
23 30
0 [ —
- — =
5 .
1% 2. SDS—-PAGE A3} 13 3. Collagenase reaction 23}

(1) i‘j/]a]' Z4 sz 9] A FFY (ARA EHY)

L z Z A4S 0.5 M acetic acidoll €3iA1A 4%2 <zt
2 Z 49 Qe e}l 89 petri disholl €] -80CeA 12
A &9t 4%, &3] F49 samples 24A1%F 3t 4 Axste] #A W 5
T= AAZ. Fo] AA" el FepAl A9 acetic acidE AAsH7] Sl
Et—OH (100, 80, 50, 30%) & A=A TFHIFZ T3] AZ s T -80TeA 124
st w4 H, w4 dxsto] e e A E S (" 4)

19 4. o8 2 R (284 B9
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(2) g% g A9 Fx B4
s e Fepl e F2E vl gRlsty] flste] =iA ZFekAl, A, eed Zet
A, o2t FepA/AaE o) gste] A S AT F FAF AR A A S o] g5t #
&3F Zehl 7INke] s X (1A FebAl, ey b, el EekAl/ A a) 7 HAA
S® A% 4R ¥ F2E 2T e Ao #FEE ol A Al AX E
Adial 9 7kAwgle] folgh 53] e e/ A A A #ds JEe =
AW S zk3 Q= AR #EHE (I H)

(3) FT-IR &4

c wHA FeA, Aa, e b, e Fepl/ A X e dEs glsr] 9t
o] FT-IR ¥4& Al 1 A3 ##x Fea Ao M = 3316 em ' oA Amide
A, 1634 em ! oA Amide I, 1550 em oA Amidell, 1237 em ‘oA Amide 1T
3 S Yehdigla, e Fekl sjXeA = 3292 em ! oAl Amide A, 1628
em™ ' oA Amide I, 1555 em™ 'ol4 Amidell, 1233 cm 'olX Amide O = 3t
S YES. A ZFekaa o] et FEplel = Amide A, I, II, 119 f+AF
st 9a s g F AR (2™ 6)
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(4)

— T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm)

I9 6. 23 F#H4 HX9 FT-IR &4

712 €4 HAE

s Fepdl, A4, e e, el FepA/Ada XY A 5A4E& vlust

71 93l Porosity, Swelling ratio, Water uptakeES =743 Porosity =4 A3 =X

b e Febal/Aa X F=EC] P sden, Aast el FepA
o] FFEo] vlwA ¥ Zo7g Fel¥. Swelling ratio =4 A3 x| Ay

e FepAl A9 BEert = FAE JEhglew, At et Fepa/AAa
o H&EE Feba Ao vl Blwd Fe FxE eSS, Water uptake

54 A% B A NA 94% o13e] B FTEE UEHUAS (2 7)

109 b 100
bl
B0
.
A B ¥ g
£n i i
: i
i i
=10 - Z
3
@ 5
0 - 0 : Y
< 3 DFCS 5 DFC *
Porosity Swelling ratio Water uptake
p ’ Duck’s Feet Collagen Duck’s Feet Collagen
Porcine Collagen (PC) Silk (S) (DFC) Jsilk (DEC/S)
Porosity(%s) 88.55+4.66 59.92+10.80 68.89+10.18 90.30+6.86
Swelling Ratio 20.73+£2.73 18.30+3.09 22394595 16.92+3.07
Water Uptake (%) 05.36+0.534 04.72+0.93 95.50+1.31 9430+£1.01

a9 7. o8y Za4 X2 Porosity, Swelling ratio, Water uptake =% A3}
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1}. Membrane B9 ] A=
1) 239 F2+4 membrane WH 9 F+F
« #1® ZF2H membrane WA ¢} 2 FebAl membrane WH O FERE Hlw
st7] Skl FAF AAF du) A S o] gste] #EF. #H %] F&H membrane X7} vl
¢ oy AS AT 5 s, 28 ZF22 membrane WA E =HA] Fhzl
membrane X2} fFAFSHA wj11el AE &R

|
[

Scale bar = 10 pm

7% 8. &4 membrane SEM #Z o]m]X]
A, CO) 282 Z24 membrane %], B, D) #A Z2}4 membrane X

(2) 28 F84 membrane X FT-IR =%

- o ZgA, Hx F2bd membrane X9 RS &lEy] 98t FT-IR #4
S ABE 7 Ay e Fe7 membrane I o= 1637 em ! oA Amide I,
1542 em™'elA AmideIl, 1237 em 'elA Amide II 33 & Yelisla, A &
2} membrane | F| A= 1627 em ! oA Amide I, 1546 c¢m 'olA Amidell,
1237 em™'ollAl Amide II 33 #& YeERAS

22id Sepl
membrane

1237

1542

X Sopl
membrane

1627

S T o r L ¢ L@ _1 1 —
2000 1800 1600 1400 1200 1000 800 600 400

Wavenumber(cm ')

2% 9. 214 membrane FT—-IR 4 A3}
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3) AFA=
NAA gAe QF mrtel J1EAQ 24 FW 3 s Q4% 54 A% ¢
2 2ol membrane AA S A$ 3.4 MPacl 9% & Ve, HA 2
7l membrane A9 A 5.8 MPaJ o1F SES e, .
membrane W x|= 20.8%%5 WEFWNSL, A Z2H membrane
< Yerd (¥ 10)

—DCM
—PCM

Strain (%)

78 10. 284 membrane H X9 JAARE =X A7

3. 28 3 A AAA BAATE 2 17 AF A A E

7b 284 g3l A

(1) Alx =4 HAE 2 ¥3% #F
e FepAdl A AE AEE Y 54 HAES] 98ke] CCK-8 assays %13
e ek vjwshr] fstel Zzbe] #jX= AE 6 mmE A Abste] Hat
96wellel 21, cell& NIH 3T3 cell& AFEsdom 2 x 10* cell/ml9 cell& 7t

Zrol s Ao 100 pl A FF393. Cell? o] 4= 308 F<F 37C, 5% COy
AFH|o)E oA vjUsty W & A ZEF medias 100 p1® ¥ ¥ols. Cell medias
DMEM (10% FBS, 1% A/A)& AFE3tlar, 2] A A2 media® w354
37C, 5% CO; QlFHlolE A 1, 5, 7‘2 Hjekgk, Zh7ke]l #E A]7]e] CCK-8
solution?} medias 1:92 £33t media® WA & 2417 EF<F wjekstHA celle] HE
+S F5%. Wkso] 95 ¥ solutiong ZHZE 100 41 AR 96 wellol
ELISAE AFE3te]l 450 nme] 3Hgelx S84 54 A, 7|3kl wet A2
< Ao wA AXA 9 AE 540l S I I FelA gl Fepal
o [e)

(i

é% ofN o
2 xR

U —

1
o AE FABC b S AL FAT 5 QNS (1Y 11)
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Control Collagen Paper

Scale bar=300pm

19 14. Rat 218 HF EdA H&E stain #Z

. Membrane E}FY] 9 33

1) 28 Z84 membrane X2 AE ZA
« g FbAl membrane WA ME S5AHS HAES Y] 3] CCK—8 assays
e g ZEHl membrane A9} Hlws7] f3te] Fol] A9} #HH Fehal

membrane A& A5 6 mm=z A&t Hste] ARESH Z47Ho] #x= 96 well
of Wil cell®& NIH 3T3 cell& A&t om, 2 x 10! cell/ml? cells Z+z+o] )
2o 100 ul® 73 Celle] F-2o] fE5 30% 53k 37C, 5% COy Ql5FHlo]E
A afeksta W AlE® media® 100 ul® F7}gk. Cell medias= DMEM (10%
FBS, 1% A/A)E& AH&3Fqlar, 2e] & W% A2 media® w33t 37C, 5%
COy <ltulelg el 1, 5, 7€ wisiids. zH2he] @& Al7]e] CCK solution®}
medias 1:9%2 %3t media® WA|gE § 247 F3F vjeFstdA celld ¥H&s %
3. HESo] =¥ solutions ZHZF 100 ul® AMEL 96 wello] ¥il ELISAE
ARE-3Fe] 450 nme] IHgelA SAF SH A, vzt wet AE R SIHE
| Slas A8l (298 15)




sl
in
]

O Paper EPCM B DCM

ODat 450nm
b ra w
I ¥ T I 7~ T, B Y

=]
in

=]

1 DAY 5 DAY 7 DAY

Hom, #x Zebd membrane HX = HF FYZFEH w9l

a9 15. Z24 membrane X8 CCK—8 assay

Z3}4 membrane M X in vivo test
w2 A3 Fol| R = FAL FHol oy HY HYoA "ol Q= Ao
A 7

=
Q= Aol #AH WA 9wt ZEkAl membranel A$ HE 9 9
i=]
1 Day
3 Days

7 Days
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The mean percentage of healed area after ThM

perforation in 3 groups
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=

4. A8 ZZ AL 28 73 4 AR A AZF DU jn vitro, in vivo test
e 2 FEAE o] gste] e f Ay I AAR AFE Ths AR T3

S 51 in vitro, in vivo testE Al g+

7h, ARz 9§ =
- e f e AR = 0.5 M acetic acidell 4% (w/v)2 TE= &
A et Fepal o R AAsh 4% o FEHl §NE petri dishell ¥
= -80TelA 12717 &< 54F. &3] F4% samples 24417 &<t 4 Ax

o

R
f
kD
oy
fllo

sto] AR WYo FEE AAT FRol AARY g - FekaA AHA 9 acetic
acid® A A7 g8 Et—0H (100, 80, 50, 30%) & A|HE, o] & Z={FF

A8k & -80TeA 1247 Bt 54 W 54 Axste] gy 8 =
Az (2™ 19)

Thera Form Duck’s feet collagen

Scale bar = 1mm

A AL g 5 A A¥X 9 AE3d ZHAEFFA
249 B Al ©|2+E (TheraForm)

I
o
©
L
I
N

o
I
2
T

BzA gAZRA AT AXA Uz AEge) we 2437 XA Afo] A
AL BAYA 9 AAsmde] olg e fo

7L Fe T3y AW S zhy ¢l Ao dAzd

fot
Bop
ofo
Ru/ S
O
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Thera Form

Ducl's feet coliagen

: " o ¢

el f

A 2~f1A 9} HekE (TheraForm) & =814 542 vlustr] Sl

Swelling ratio®} Water uptakeE =743t

Swelling ratio 7% 43},

e & 2

Zehll ARA 7L HEE R s

Zt= Aow Yepd (29 21, 3

« Water uptake 574 A3 HgE2 90.76%2 =

A= 77.59%2] &

Swelling ratio
2

ST =
| =

2

e

o~
T

)

-10 ot

UERE (1" 21,

Water uptake

9.8428
10 f

120.00%

100.00%

77.5%%

80.00%

60.00%

40.00% -

20.00%

a9 21 8 7 EEA &

2 AEX 54 HAE
- o /e A
23l CCK—8 assays

~H
=

HolE 5, 37TColA 48A17HE
A# A medias AFE3H

96well plateol] Z} welln}t} 5 x 10® cell/ml2] cell&

a AA=HN = =,

A (DFC) ¢+ H2F5 (TF) & AlxZAyE

A%

0.00%

DFC

#HX] (DFC) & HI#+E (TF) 9 Swelling ratio (&), Water

uptake (%)

= u] A.ﬂﬁ =S

= A Ald S

=

= =
A8 mediall 5% FAWE ZFaHAS
oF BAgh Hx ok

gt 7} samples
sample syringe filterE ©|&
NIH 3T3 cell& ARg3ste] Al@stl o,
Cell mediaw= DMEM

==
=5t
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(10% FBS, 1% A/A)S A&8F L, 290 A A2 media® w38y 37T,
5% COy QlFtuHlolHelAl 1, 3, 5, 7¢ &<k wFg. zH2he] #& Al7]e] CCK-8
solution®} medias 1:92 £33t media® A 3 2A]7F FoF vjkadbd A cello] wh
+2 5. WEgo] ¢xFE solutions 727 100 p1¥ AMER 96 welle| Yl
ELISAE A}83}o] 450 nme #pFex =43

713k WE AEe FAE IO RN

e FA ~#A (DFC) & MEFAEC] 7 £2 A4S g3 (a9 22)

Collagen Scaffold CCK-8 assay(NIH3T3)
5

4

E

=

GEI

[Ty |

qz = —

e

m +

B 1

o aa il _-

ElE|d BIER BIEIE EIE Y
£ gl g o £ o € [
=] 5] [ ]
[ L) L") ()
1Day 30ay SDay Thay

Times

a9 22. e 3 Fg 29X (DFC) ¢ HEE(TF) 9 CCK-8 #4 A

vl ey Fd ZEA XA A TE EES o|&3 in vivo test

(1

(o]

1

)

o
>
X
o
LGl
o
=
2
S
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o ZAA HAk A i F 1, 2, 45 AT ES EARAIA A AAZE 23
" 2Ae AFsL, 10% 5744 22T Gl 243 ugs ¥, B TdE S
st AHE FHotol g7 Al gt E5o] 2ald 2AS 5 m FAE 24 A
HI71E o]l&ste] Adst thF slideo 29 st AA 92 FFA4HES AR F
Hematoxylin—Eosin 923} Masson's trichrome &G-S 2AAgh JME F28o 33t

(7h) Hematoxylin—Eosin (H&E) staining
c TE ZAOREE AMEZ AFHsFe] 4% paraform aldehyde (PFA) £9of 48A]7F

(\}b) Masson’ s trichrome (MT) staining

(2)

LI

3w 7 (Eclipse 80i, Nikon, Japan)< ©]&3}o] 4z

st & g A7l g B Eojdh AFHs 249 g 555 5 m

AZAA sepd AdAs A4S gadd 39S 98 60T &
ol A 30+, ALeleA] 10%3F 29, 100% ole-2olA 587 18, 90% of gh-& ol A
5%7F 1, 80% ol&&oA 5&3F 1, 70% ogrEoA 5&7F 13 RESAIZ &
2+ & 53%F AlZE. Harris hematoxylin® =2 3#37F HESAIZl & Fof 537
A 38FaL, Eosin® & 2%3F WESAIZD & = 1083 AlFe. 70% gk 3%3F
ZE 1, 90% oflgbEol 3+ 1, 100% eolgbsol 347k 1
19 u

F$A171 ¥ Synthetic Mountant (Thermo scientific,

—

19, 80% olet&el 3
H, 2 de] 1087t 2}
USA) & F]lsto] Fetdv|dow A33

N

- g BAgE YE 60T EolA 30+, AFLleA 1023F 29, 100% of &
oA 5E3E 19, 90% eleh&olA] 5izF 1H, 80% el&h&olA 53k 19, 70% e
oA 5E3F 1W REgAIZ & 52 Foll 5% AAHE 60C Bouins (IMEB,
USA) gdof] 1A 11, 32+ &9 10¥7F A&, Hematoxylin (IMEB, USA) &
2 537 19, & 103+ MlF, Biebrich scarlet—acid fuchsin (IMEB, USA) ©.
2 57 14, Eo] 10%%t A%, Phosphomolybdic—phosphotungstic acid
(IMEB, USA)® 10%7F 19, Anline blue stain solution (IMEB, USA)° % 10&
1w, B2+ =l 1023F AlF, 70% oleZel 331t 1H, 80% oflgk&el 371t

19, 90% ol&-Ee] 331 1, 100% olgbsol 37 19, zd=le] 107 193
HF-$-A)71 3 Synthetic Mountant (Thermo scientific, USA) 2 %<]3d}o] 338+ n]
oz st

& A 58 #F XF WA v

oAToA AE et o FekA 1 (DFC) &) A¥] Ay axE glstr|

e, ey dE mdoAe] v A8 ans A

Fb4 #z Ay, g2 (ControD) & 27 A el IF FFAdo] AetA &
AEol FEH7F A AS EAF 4 U, HEkE (Thera Form) A2l 54 o] %
AA A7 ot v FHFAG] A= 2 AT 7 UAw. AAAZ wEA =
obx] I Aol Ao Z o] FoXH] ke ASE & F Qe

Hide] el e Febal AAA S A 7IE g’ AAA ) A4 ga FRE
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T Ael7h oy Aol A
T AANE (1™ 24)

7day

1l4day

I¥ 24, 9F A& BdoA e F Fd A9A 9 Ay AN Y #F
(h =+ (Control), ®l#}F3%(TheraForm), 2.8 2 =2bal ~HX] (DFC)

c IR AE FHE VEE #Este] A f W8S

« 149x7+A " kg Aol e 43.48%, thERTolAE 50.51%, <@ o =
A AHA] At 51.25%2 HEE Holdto] 7MY wmE X$dAS e, @
gk FepAdlo] M =2 AFHA S YERd

|\

4

« 219 = HEE A do] 35.08%, thERvo] 36.07%, L@ & A AH
A Aol 29.51%%2 A 27| e Fd FEb AHA Aol gE Ao
v Hluwd =& AfF T8 IRAT, AF VR ASEE g8 o vlE wEA

A= A g = S (1" 25)

The mean percentage of healing area after removed

NS
RN
70 \%\;\

. IR\
. N\
. AN

The percentage of healed area

30 T
20
Oday 3day Sday Fday 14day Ziday
—_—con 100 81.12 78.06 73.82 S0.51 36.07
—TF 100 75.93 7365 67.05 43.48 3508
~——DFC 100 85.38 79.62 75.79 51.25 2951

a3 25, 95 A& R A AH WE FF 1=
(thx+: Con, HEHE: TF, e 8 24 ~#AXA: DFC)
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<

A
o

zek 3,5, 7, 14, 2144 IF
=il /\'ﬂx]:fL(DF

)ol
WRF nEe TS 2t

1 A] X
TheraForm (TF)te] B8] X8 %zo] ga=z L
AE FAT 5 U
Ay 42384 DFCo dixaol s w2, TES= FARE Z A4 ads
Bols (19 26, x10M)
1% 26. Rat ¥ A& Rl H&E ZAsHE 44 A3
(%3 Con, HEFE: TF, ¢au o8 Ze7 A#A: DFC, #$: x10)

. E3] x20 ) ojuH o= A WA} o]AlH Alolo] =W 2A AATAA 5
AA DFCIollA TFw R wAl dato] oAz et 507k s &g = 3l
Qe 2194 4 274, DFCTZoA A 48 2 Axe] 43 U 3= 427 ¢
of BlwA FdxzA} FALSHA Aol ol FojFla (1™ 27)
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H&E stain

3day

Sday

14day

21day

200um)

19 27. Rat I A& 2o H&E 2F 83 4 #Z A5
(Jx=: Con, HIZFE: TF, 22 f& 2k ~AX]: DFC, Hl&: x20)

« Rat ¥¥ A& 7Y A2 Masson' s Trichrome @2 o g 33+

« 3,5, 7, 14, 2144 ﬁ%—“% A A3y 24S MTE |43 43, et
A A% AR AAF R AgE 21UA “ﬂ%oﬂﬁ H Lo FHepa A
= &3, 240] A ABEE= AS E T 7 UNS. ole FAdo] AA
N FEE AA wEE 2SS YS9 28, 29)
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MT stain

3day

13 28. Rat ¥¥ AL oA Masson' s Trichrome (MT) &8z A
(= Con, HEHE: TF, 28 fd 24zl 29 A): DFEC, #&: x10)
MT stain DFC — TF i . Contro
3day
Sday
7day
14day
21day
2= 300mm)
% 29. Rat 3F A& Edo)A Masson' s Trichrome (MT) ZZAsHF oA

(tHz=: Con, HZhE: TF, e o =2 A~ DFC, #&: x20)
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7vo e fH F2H AEA AR

0.1 M HCIl 3%° &= edw s A 83 89 40 mlE

gdo 5 R0)ToA] 24A17F E9F =43 A3d] =43 AXAS 247 =9 =474
19AS 7haskz] 218l 0.25%

J—O}Oﬂ AAA e FiEs AAT. e Fed A"
glutaraldehyde (95% gkl 3|4 %) o HAA| 2ol 24A7F
SHTE A" 3 0.1 M Glycineol] 24413 A=A & 37
AL AAAE 5T, Aa/ezpdzabd AAAE 1
AT v H R XAAE=E 6% AA yBH=EA £ 40 mlES petri
-80TCelA 24113t TF AT,

o

AAA e e AAF. sdxdxd AAAL 7tus S8 Et-

%7 Axso] A

40{.

80, 70 and 50%) 2 A3 FHIFZ F7} AlF

AGAL 8T Fd A AHF Q] FXE vlw sty 9
A3 suzel 294, Fel/Aa JuEe A

=)o 92 X3
A4de

1L

o

e A
=Rl

o

FAF AAF AuAF g 9]
T2 by Q= RAow wAYY, A/ A
5

Gl AH u A Azt
1 EE EF44 A%,

Hek S A7

dishel €& %

Hd3) EAE AXAS 2447 B ARz

OH (100, 90,
AAE ST
i EaR R N

=
sto] #EF. e AAAES dAHoR FT

Aol F= A7}

apol= A4

I¥ 30. 2@ o Sk o &F AEA AP #F

(A) Avitene, (C) Duck's feet collagen (DFC), (E) Silk and (D) DFC/Silk (Scale
Bar: 1 mm). SEM images of (B) Avitene (D) Duck's feet collagen (DFC), (F) Silk

and (H) DFC/Silk
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Y. In Vitro B7}

1) 1= EA 371
(7H FTIR &%
g Fepd, A3 dBEge, Fepal/Aa XAA, Avitened RS Fdt7] §
st FT—-IR 45 Adg. O 43 ez o AAA= 1650 cm™ 'ollA
Amide I, 1553 em '°lA Amidell 33 S YEeERNR I, Avitene 1653 em !
o)A Amide I, 1547 em 'olA Amidell 33 S JeFHS. SilkE 1628 em ™!
A Amide I, 1520 cm 'olX Amidell, FHA/HAE 1629 om ! A Amide
[, 1523 em 'olA Amidell 3 #< HERNS. S st oz E44HE flo]
EgAo R 239 RS gl (19 31)

K

Amide I II III

1 ]
1 (]
1 ]
] ]
1

]

Avitene W
Silk [\ Y E
DFC/Silk W

2000 1800 1600 1400 1200 1000
Wave number (cm™)

a9 31. 299 3 ekl AEAY FTIR B4

W 358 % = FT%
AdA Y] F=ES N3 % e (liquid displacement process) & ©]-&3to] 743,
A4 FH FHRFWD AHAE 10 # < JAS & (A FAE SFHRF
o FyE e CL?;}(VZ) AAHANA A HAFE AA & FS THRTY FIHE 54

]_ﬂ] /\1 o7 7;”/\}01_0% 22'161—

P (%) = (Vi=V3)/(Vy—V3) X 100

ZF AdA e = FFEE Qle] flete] AxdHe] AEAe FAE S4T +
(Wa), A8AE SFTel 3 ARE & JAAT. S8 JAE AdA 219 T/T
= AASE T FAE SHAFW). ojlu BEEst = FT5+ otd Aoz Aitsto]
=R

Water uptake(%) = (Ws—Wgq)/Ws X 100

ZF AAA L] FEES S Ay, Fep/ A AAA AN M w8 FEES B
A(73.79 £ 5.38). A BRI Il wiet Zepl AAA AL F=E FE

S W (18 32, A)

- 168 -




= ST EY e, BEe AAAAMY 90% olde FAE Holal glow, Zb AXAA
o

ko] 3 Apol: Mol (1Y 32, B)

A B
E
100-
e s
801+ e e ——— —
T PO
s‘].
60+ T £
) T 2 60
£ £
F 40 T E
5 :
"
=
204 20-
" Avitene DFC  Silk DFC/Silk " Avitene DFC  Silk DFC/Silk

a9 32. 8% FH FA AEAY (A) FFE, B) B FFE

(th) #3l=
o AEATE A Helx] AH g whgate] e =
AN in vitro 7delA EAE AES HAAlste] &
AE YA FT (e aa7F 2308 W) o
24 AN 3 2} AEA Y A7) A
st
« 11 A3 2E AAAA 24A7F o] PBS £oA o EajEo] TEEAE A
o] YEbA] 95 (2% 33)

Avitene

. PBS &)X <]
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datd AEAE 474 8 mme d3C®E 143t s v NIH 3T3 AxE 1719

wellel 2 x 10719 UE=Z HFs A FAE Transwell culture Systemiﬂ =
of YAIAIF. 71 & transwell culture system= A3 vjek v Ao %71 & 1, 3, 5

=
7 WFet §E 20 AE S CCK-8 BAME o] gahe] AT
o AT A7) e AEY Tl FABE FAFoEH AAA AL 54| ¢

1 M Control
{ B Avitene
1 B DFC

1 I silk

1 B DFC/Silk

Absorbance (450nm)
= = N W £ th & =1 o2 -]

1D 3D 5D
Days

a9 34. 289 F FHd AEA Y CCK-8 +4

(3) ANEAY 8 1 g
AEA (0.5 x 0.5 cm? el 0.2 ml citrated bloodE HojrEgal 0.2 M CaCly (20
u) & ket dAS SuAA 37T, 30 rpm AR EEOFUA 1087 vl
% 25 ml & 9o SaHA &> dAS L. 1 F 200 ulE 96 well plateel
74 540 nmellA 3 (D) S S543E Negative controlZ+ 0.2 ml dd& 25
ml & %9 &3z D) S AFEE. g 144 (Blood Clotting Index: BCD & th
=3 #Zo] Akt
BCI = Ds / D,
gl S sHol =2 A5 Yehd. BCI &< Ay, /A
2](0.03 £ 0.003)F YetdllSs. Zehdl, A3 95 AAA R
o 89 1 s9e Belew, A4 HUF £ o 1 5
ol &= HW% Ao= p_oﬂﬂ
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* 0.9
0.06+ sk ok ns - Avitene
0.8- ~ DFCISilk
g 0.5 07
& 5
£ 0.041 08
@
= Q 0.5-
£ 0.03 ©
£ 0 0.4
c g
< 0.024 003
= <
2 0.2
2 .01
0.1
0.004 1
Avitene DFC  Silk DFC/Silk 0 5 10 15 20 25 30 35 40 45 50

Time (mins)

a9 35, e F ZFEA AE8A €Y 1 AY
(A) Z+ A A A2l BCI A4+, (B) whole blood clotting kinetics

t}. In Vivo %7}

A AP AT 250 ~ 300 g 3 Sprague—Dawley & WX & dis= &
o EEAS 25 £ 109 £ER 2deq, Weke Fob 12 ARt A% 243 E3 Aln
g =& AFEA AFsES & RE AdEE2 olaERd IFHIIE ol8dte] A
AL AR $, 72k WA el A5 AEFE Aste] diE dWE =g F &
g ol ge s Adste] Fde F2E 1 x 1 cm2 719 AEAE EFF ol
93 5 No| 93F g4ES sbe] e A% 9 17] (Digital Push Pull Gauge,
SUNDOO, China) w3 (1" 36)
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a9 36. @ 28 EEoA 9 RE 57 HAE UH
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* Avitene® A Edo] &3] WF1, ¢ Tl dEo] A dee Felsile
O, Zepd, A3 vEee AL 28] 9ds] WA 2 Fo] wol e
< 3:]—0]6’1-

.« =
=

Avitene DFC Silk DFC/Silk

I¥ 37. 22T 7 FFA AGAY FF E2olM Y AE a3 <

cooeld 2o AAAE FESE 2o AAAG vlasl® W fAare AL A8
W B4 FAd 4aE WA 49 9 $3 Y W APaIt Srehe
Ao e ol @ oW fdl ek AAAZ olgetel APAow AU
540 £S 20w poy

6. 2% w3 EHA YA A= YAHPTE B L &5 F7t

o

AR e ] A @ S =
- e frel FERlE 0.1 M HCIe 3 ofﬂ %’;—Ei ks %o_q 40 mle petri dishol
Lo B 80T 2447 EoF =438 oAz =

Z3t] AR A W FES AAT. g Fabdl XAAES 7]"”_01_7] H?SH 0.25%
glutaraldehyde (95% olgh-&o] A g) o] AXAA AL 2447 EoF HF-SA| 7.
ZR47 33 A" T 0.1 M Glycineo] 24417 AR To| ZHFZ 33 Ax & &
A Azxste] AAAZS A =3k
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Colladerm

iy Iday Sday Tday 14dsy  21day
Days

39 42, 9% A& BEN 2w 4 Ta AXAY A9 A 5 B2
A) S4B B) 94 =4

« Rat 9% A& 29 2A4S H&E dAMo=w #2433, 5, 7, 14, 2194 9% =4S
H&EZ A2 Adoa e fd bl AA AT (DFC) ¥ et oA xf4
Ao AR g IRT wF FAE e As @A £ oS

« ZATA A7 DEC oA tizxtel vls] wE A X4 axs Holu ZEtyde
= 2 FE 9] AT A

=

fHAReE dabs B x10m). 744 DFC A#i& FRzAoR
1 G Aol wEEs v FEbd AXA T SRIHA odE 14 A
s 1 AN Fehd TR
T AN 219A A
g slol, wlaA ggxes
?F DFC A A A|7F

o

=Q Jlow

o}

&7, DEC ZolA A8 43 3 A5 5% 9 75
s fabekAl Aol ool R adS mel. ol 2

A

i)
ﬂ',

FEE fAGe] Fal dYow A ¢ FHo

(719 43)
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I% 43. Rat 9§ A& 2dox H&E A 83 44 #3 A7
(A) x10, (B) x20 (yellow arrow: A% 3= black arrow: & %)

* Rat ¥4 A& 29 %A Masson' s Trichrome @20z w23t
« 3,5, 7, 14, 2194 IAF F 24 MTZ @43 A3}, 743 22 f =
el AAA A (DFO) ol A Zepadl ko] B Hglom, 1493 2193l &
A DFC AgatellAl ZFebzl HAzbo] #E= Q3. DFCO A% dAA o=z FA A
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MT stain Con Colladerm DFC

3 days

14 days

21 days

"~ (Scale bar = 300 um)

19 44. Rat 9% A& 2doA Masson’ s Trichrome(MT) ZZA &2 A B3 Ay}

T -2

(h = Con, Z&49 (Colladerm), 28]t 3 =2 A A A: DFC), (black arrow: =z}2l)

© o Zeba AXA G FERE A 2ebA(Febd) o B4 W AAAGH A 2
B wage A A AR A3E B B mddde 34 A% Eve A
AFl @ Af B} 0 FL Row A o e ekl AXAE of
g3l P RAGOE FEIL 5T Ao Bay
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A7 RGBS sta)

1. eEdoA F=E3 Ze47 PLGA

rulru
gg
o

T AXA NN = E3e Bt

7F. 80 wt.% DC/PLGA AXA Az
« AAAL NAA A BRE W = A 59 FFS A8 e (DO), PLGAR
TE AAAE Az
* PLGA 1 g& 7] ° =% methyl chloride (MC) 4 mL®] NaCl (250 ~ 355 m) 9 g,
83 DC 0.8 g2 &3 % silicon molds (A% 3 mm, %°] 3 mm)°l] AY=
* Moldell A= A A AE Carver Press (MH—-50Y, CAP 50 tons, Japan) & A}&-3}
o] 48417+ = ALoA 60 kgf/cm?e] o= oS 7}
« AdE AAA N F& &l @ NaCls AAs] fal S/l 29 ARG
S wASH, AxE AAAE 80TAA T4 2 T4 Hdxs
of AAAE Ax F F2oA BaAT(d 1)

1
— ... —1 O Q0
*" S48 s

NaCl PLGA (1g) Collagen Pour into silicone mold  Salt leaching in deionized PLGA or
“g) + water for 48h 80 DC/PLGA scaffolds
Methylene
chloride

(@)}
>
oL
)
)
|o
il
o|\ a
Juor
> )
[t

7% 1. PLGAS} 80 wt.% DC/PLGAR A A A=z 19

. In vivoel A AAAY = A &3 g2l
2 ATl AZE 80 wt.% DC/PLGA A #Ae] A48 axs &Rlstr] 93, rat
calvaria defect & R @A = A 95 AT
AY sES SD-Rat AE AR o, ntH & Frl=el A
EHE AAT (O 2)

ulil
W
8

8

1o
o,
ol
{o,
iind

\ i¥
\ ¥

Blank Séaﬁgm )

N,

9% 2. 9 FAZ AR AAA) oARg
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AAY  FE9ol PLGA, 80 wt.% DC/PLGA, PLGA+BMSC, 80 wt.%
DC/PLGA+BMSC (K& 4 mm, ¥°] 0.5 mm) AAAS 4] st 9z 53
ey
o] & 8FIF ARSEte] 2, 4, 8 T+ mith Micro—CTE #9 ¢
Micro—CT 2zt Azl A#RE Sal Add AAA FHE] A4S dEepalon,
PLGA A A A2} DC/PLGA AAAZE v]WsR-S w DC/PLGA A A A S &+ AA 50l
23 Hojd As dEEAS
AA A BMSCE 353t o3 3F8h4] e 2 ¥usls o, BMSCE &3t

=
A A A Tto] AR ARE o]t FRU = Aol X Hoygds #HASES. ol
BMSC #AA7F 2418 Ees vte A2 &8 & (1% 3)
A) PLGA PLGA+rBMSC 80 DC/PLGA  80DC/PLGA+BMSC

I3 3. Micro—CT9 (A) ©d ¢ (B) 3D o]n]X

Micro—CT ZA#E EUZ BMD(bone mineral density), BV (bone volume),
percent bone volume #< =743%

BMD #tellAl PLGA A XAl vl PLGA/DC A A A7} ¥ %> BMD #-& e
E3k BMSCE #53t3ls Wk PLGA/DC AAAZE %2 @& deWlen 8Fat=
deE 132 Frkske Ale B wEbd = W vl Ee] SUkeke Ble S
BV2} percent bone volume ZZ#|3 Zk T3 BMDS} AR & ey, whabAa
BMSCE &3 PLGA/DC AA A7 74 =2 = AAEE Y= (19 4)
Az or & AFolA AztE DC/PLGAA A A= F7F A9 MAAA S 83t
oo gkow A AR AAAER oyt AF A4 =4 Ay FEA L = o]

AA TeE &8 d ¢ s AR ddy
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A 7T ek ] ® 1-2 | o Blank
0.6 { = PLGA T I — PLGA
. G0 DO PLGA 1.0 - mm =0 DC PLGA
0.5 | I PLGA-TBNSC | PLGA-TBMSC
B 50DC PLGA-TBMSC 0.8 -| EEEE S0DC PLGA-rBMSC

Bone Mineral Density (glem )

Bone Volume (mm')

0.4
0.6 5
0.3 4
K
6.2 0.4
0.1 0:2 =
0.0 | | L] 0.0 1— Bl ] |
2 weeks 4 weeks 8 weeks 2 weeks + weeks B weeks
(C) 45

- Blank

40 - m—PLGA

35| EEEN 50 DC PLGA

I PLGA-TBMSC

30 | I S0DC PLGA-rBMSC

Percent Bone Volume (BV/TV, %)

2 wecks 4 weeks 8 weeks

% 4. micro—CT #4
(A) bone mineral density, (B) bone volume, (C) percent bone volume

LA

2. 0¥ ZetAE ol g3t} THAXY 34 H

g

X 37}

7}. Cell Proliferation assay
« MTT assays Z&3s}o] 24 h, 48 h, 72 h, 96 h 18]11 144 heollA e A

NS

N

Z4

S
=

* Duck collagen 0.1 ~ 0.5 wt.%E #|Z3}9] plate welld] = T MXEE HEAF
1

24 h 7YA° =2 144 h7tA @)=
[e)

b Az AAF A3 0.1 wt.%elA 0.3

wt. %72 AES XS Z2a8o] E7s9 o™, 0.4 wt.%, 0.5 wt.%oAE HXE

o
o] TA&o] AAa (1 5)

Cell proliferation
2
1.8 1
1.6 -
E 1.4 - W 24h
5 12 ® 48h
€ 1-
é _— | B 72h
g o5 - = 96h
«< o4 - . B 144h
0.2 - i
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Y. ALP activity assay
« ALP activity assayE &3t 3 day, 7 day, 14 day? A3E &<lsh
- 21 HE 01 wt.% ~ 0.3 wt.27hA= 3, 7, 14 dayeld 8] SUbehE S
HAoH 0.4 wt.%, 0.5 wt.% Zekzl A Ao A= ALP activity7} control Xt} 7+
Ashes AEe YeEkdE (29 6)

ALP Activity

(5]

L =
imops n
1 1 1

T
=
(151
(=]
e
= B 3Day
805 o
: ay

& 5. i
3. & 14Day
%1.5 z
o 1

ol i all ‘ ‘

5 _ﬂ ﬂ_

L 01% 02% 0.3% 0.4% 05%

a9 6. 3% ZA AA A A SEAHEL ALP activity ¥4 23

}. Migration assay
* Migration assay®lA+ plate low chamber o}g] vf=o] <@z k4
5% upper chamberel HFE AA Ax7p Zeplow dvprkEe] o]

A gkelst

« AXE AF 24 h o A¥S QY3 A} controlelA 0.1, 0.2, 0.3 wt.%oZ 4
% o|Fdl= MR Fbeke A9E Bow 04, 0.5 wt.% Fehdo] =uE 7
F AE olEe] FTF v A Ags A" 7)

| DC 0.2% |

DC 0.4%

a3 7. 289 ZA A A A A FEAHEL migration assay 2
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2}. Cytoskeleton (Actin Filament)
e ZFEd HFAZI MC3TC-E1l celld AX=4%S |
Rhodamine phalloiding A|3Eel] @Msto] &lst Ay}, actin 7x27F dAHo= Z
AT AT (TH 8)

Control DC 0.1% DC 0.2%
DC 0.3% DC 0.4% DC 0.5%

a9 8. 23y ZA A A A A vjFst S EAE2 Cytoskeleton &<l A3}

v}, Real Time PCR
Osteoblast Maker2]

i

rdS Felstr] YAl collagen type I, Ostepontin,
Osteocalcin®] ¥&S Ag3t 23}, controlaXtl 0.1 ~ 0.3 wt.%] ZFebal A A A
ol A wjoFet AlaefA Wdo] Frkshs S HoH, 0.4 wt.%, 0.5 wt.% F&f
A A A A v Fe Mz E 238]H fHAskes s B (39" 9)

upepa] A EZe] F2F o S = 0.1 ~ 0.3 wt.% Zgd AR AN AHaE

=

U?‘Jm

Real Time PCR

B Collagen Type |

B I B Osteoponitn

1 Csteocalcin
15 -
s
1 - I I _
I
il -
o . ___ . __ . ) - i
CTL 0.1% 0.2% 0.3% 0.4% 0.5%

a3 9. 23 ZZAloA] wikst FEAX S Osteoblast Maker?] @& A3}

mRNA level




3. 0w Tapal AAANN FRAE F4 A

E?L‘

X4 37}

7}. Cell Proliferation and Alkaline phosphotase activity

MTT assays X835t 24 h, 48 h, 72 h, 96 h 18|31 144 held 9 Ax T4 &
H] w8k

Duck collagen (2 wt.%)= Zﬂié}cﬂ plate welld] &2 F A¥XE HEAA 24 h
A SR 144 hhA] e Sepzl A A A oA A5 2]

Tk AL FAEo] TS (2E 10. 2

« ALP activity assayE A83}e] 7 day, 10 day, 14 day? A= elgh
S

Duck collagen (2 wt.%)S #|Z3}o] plate wellol =% & AXE HEA7 A3 7,
10, 14 dayelA T3] S7kste = 18 (24 10. %)

Cell proliferation ALP activity

16 - 14 -
B Control e
CNLro|
14 7 DC 2% ._. I 12 -
"DC 2% 1 -
12 -

0.8
0.6 7 1
i :
04
_ ST
2 B
i | o 1 menlll -

120h 144h 7d 10d 14d

I3 10. 8 4 A A A A ZEAEL Cell Proliferation (&) 9}
Alkaline phosphotase activity (%)

. Real Time PCR and Cell double stain

2 bl AAA A 7L weFE AlE= RNA levelol A iz ﬂhﬂ] ALP,
Collagen type I, Runx 2 gene® Wdo] Srlstes AS &Qstd (19 11, D)
Cell double stain A3 control tiH] 2teld= AE7} g Feba A ]Zﬂf’ﬂ/ﬂ s
= F¢oE sl (24 11, )
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Cell double stain

Real Time PCR Control DC 2%

Control

DC 2%

ALP Collagen type I Runx2

a9 11 8% 2 AXANA wFE FRAZY Real Time PCR ()
4 Cell double stain (%) A3

t}. Migration assay
* Migration assay©lX+= Plate low chamber o}#] vldo] gt ZFajal o=
% M3EFE upper chamberel] & AlA Ax27} o s e o] Fdh=
S =

« A HF 6 h, 24 h §of AYS A3 A3} control Bt} 2 wt.% e A
[e)

=
A]

L i)
ro o

2

o)A olgste= AlEF FrtsklS (1H 12)
Control-6h DC 2%-6h
Control-24h DC 2%-24h
100x 200x 100x 200x

a9 12. 23 4 AAA (2 wt.%) oA SEMES migration assay 23
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