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# # 5470576421 : MAJOR BIOMEDICAL ENGINEERING

KEYWORDS:
TEPPARIT WONGPAKHAM: EXTRACTION OF COLLAGEN FROM PORCINE
ACHILLES TENDON FOR PREPARATION OF COLLAGEN/THAI SILK FIBROIN
BLENDED FILMS. ADVISOR: ASST. PROF. SORADA KANOKPANONT, Ph.D., CO-
ADVISOR: PROF. SUTHILUK PATUMRAJ, Ph.D., 171 pp.

This study aimed to extract collagen from porcine Achilles tendon and to
evaluate its physicochemical properties and its potential to use with Thai silk fibroin.
Acid soluble collagen (ASC) was extracted from porcine Achilles tendon using 1 M
acetic acid. ASC was then extracted in gastric proteinase pepsin solution at different
temperatures (4 and 25°C), times (24 and 48h) and enzyme/collagen weight ratio
(1/10, 1/30 and 1/50) to telopeptides, yielded pepsin-treated ASC (PSQ). Yields of ASC
and PSC extracted were at 76.43+0.69% and 74.07+2.80 (wt), respectively. The
isoelectric points of ASC and PSC were estimated at 5.61+0.02 and 7.15+0.03
respectively using zeta potential measurement. Amino acid composition, SDS-PAGE,
and Fourier transform infrared spectrometry (FTIR) analysis confirmed that PSC were
mainly composed of type | collagen. SDS-PAGE analysis revealed the presence of 1
and 02 chain as well as B and Y chain of collagen type | at Mw of 127, 110, 230,
and 300 kDa, respectively. Further analysis with FTIR confirmed the presence of triple
helix structure of collagen type |, similar to commercially available collagen. The
denaturation temperatures of ASC and PSC were 75.33 and 72.50 °C, respectively,
using Thermogravimetric Analysis. However the denaturation temperature evaluated
from Differential Scanning Calorimeter of ASC and PSC were found at 92.63 and 97.50
°C, respectively. The extracted Thai silk fibroin (SF, Lueangpiroj) solution was
prepared using LiBr. Collagen/silk fibroin (C/SF) films were prepared at the ratio of
99/1, 95/5, 90/10 and 80/20 (wt). Water contact angle on C films were higher those
of C/SF films and SF films indicating higher hydrophobicity of films.

Field of Study: Biomedical Engineering  Student's Signature

Academic Year: 2015 Advisor's Signature

Co-Advisor's Signature



AnRNSsUUsZNA

Wenfinusatuildnigarved Inglasurnutemiouazativayuainyana

VA8V {988V UNTEAM HYIMERT13158 09.1ATAN NUANIUU 813158NUSNY

(Y 6

WINUSEN warFanI1913e AT.aNSaNYA UNUI1Y 01958NUSNYTINeNtnuss i 9

Talrlanaendefneulded srudsdaazinatoulianluniswuzindasunazliausne

Y

[ a

Tun15Y1MAINeINUS N159DARUU IBAULAZLUINIINITANTUINUITY A1TATIFDUA LY

Weinug wagmseusulinnuiaieg Mifeitesiuauidel, veveunssanueunmg

s
a [

3.0 FBYINIA, T83MANTI158 AT.ATNT A159ANFNG, AT.9M1UA TAuITINTE

waz 05.08yy §AAAeTA Alalauuzilunisaeulasesiaingrinusiniuniuasla

%9 9

a8 UTA1UNTINAD VNS TNUST

o/ (3

YBVBUNTEAN ANAATIANTENUALING 75.UT2ENT Mdud a1advin1ednia

Doy

[

mans auzviuaumemans dimsuaueyiasziladiiledefiividsvemy (1929),
YovouAnl AuMUY iawls Alvimnueergidulnuuazveveunugudnioulnsiady
wizifesh aufanszna i diifnssusustusn Smiuassedn foynsensln
, YBUBUANM ANANIYE] JUNU7 i’amﬁgqam%ﬂﬁaqﬂﬁﬁami%ﬁaﬂmqmﬂw5‘1/1ﬂ1/hu

dusumuIneiaziuziln sauvirnNTsmdoluaIURIge

yevounues RN T Tanmensunmd, quiinieaileddeinenmansuas
wialulad PanIalumIng se, wmaﬂﬁﬁ’aﬂﬂiﬁ%’ﬂﬂﬁiﬁiqu‘é?jaﬂwwLﬁaui’mﬂisumq
AAN ANsLNdYANERS, heufuRnsnane austndvenans, vosu jURnsmuIeTLAll
AAIVIATTINGT AULFAILNNYAARS, @us’im%qﬁaﬂmﬂ (Chula MRC) #1833y Ay
WMeFans, iedseuazusnsiasesiionans WedeuinnTTunsInnIsteya an1du
wAluladnszanunandnnunmsatnnsedy, AugnagaukazuIngInel an1duive

Wenmansuavimaluladuisszmealng uaziesufuiinisnedwesuazianaoulndy

AMPRYTIAINTTUYAAIMNNT AULIAINTTUATENS UMIINIFLNTULN Useinasand

v
¥ = va 1 o U

gavnedl HiTevansiuveunsEAn Aue Auud dmsunislvlentauay

&

Y YA v 1

atdvayulunisfiney sanelinddanazidunsandndulidideaunsaniuiuguassa

Y

1 Yo & 1 3% al = a v A g o w Y
aeqlridniaqalulaned suianinnnauluaseuaianluidsdlaundidenaenin



UTIAREBA NG T e eee e e ee s e ee s eees s eseseseees s eeesseseseseeens N
UNART BN TIIDUN Y. oo 3
I N T THUTEN NPl oo Q
BNTUEY oo Y
B TTURR T N ettt eessss et 9
V13T U2 L N
UTITE L UV oo 1
L TN YO NIIRY oo 1
1.2 TOQUITAIAVDIIIUITE e 3
1.3 UDULUFIIUTTE oo e ee e e e seeeees 3
UNT 2 NUAUAEIMATITUAIITOD oot 6
2.1 3rmnssutietde (Tissue engineering) War33a0 (Biomaterial) ..........wvvrrrerrrrrreis 6
2.2 ADBATEDU oo ee e e e ee e e e s ee s e e e e e s e e 8
2.2.1 TAS9a3 1A ST TIUDIADIAWDU oo 16

2.2.2 YUAUDIADARATEDU 1o 16

2.2.3 AUURUDIADARTDUe oo esee e s e e s 18

2.2.8 AVTAARABAR DU ¢eveoeeeeeeeeeeee e eseee e eeee e se e eeeeeeeeeee e eesesesean 22

2.2.5 MIUTLYNAITITUADAANAU e 25

2.2.6 MSTAFUTIIDINGD (SLEAUZALON) e 28

2.2.7 ANSUASTAGITOIUIIUITY oo 32

2.3 TNTUTBUINNLNG (Thai SiLk FIBIOIN ... 35

2.3.1 AUURUDUEU N UTBUIIAY oo, 43



UNT 3 TAAUAEITINITAUTUIIUIT 1o 51
3.1 FARMATANTUAL oo 51
B2 BUNTOL. e 52
3.3 PUADUNITA LI TUITY oo 55
3.4 MIFANTUINUIVE oo 56

3 [y < v
3.4.1 TUABUNTANAADAA UIUDNNLOUTDININYANT ecovvvvrrrerreerreererrneeeninnssssseses 56

< v

N ANTUENLDUTBUNIVIENT cerrrrvevvvveeeeennsssssssssseeseeeessssssssssssssssssssssse s sssssssssssssssssenans 56
9. MIANNABAANIUIINLOUTDENNEANTAIENTABZTRAN oo 57
A. N1ININADAANAUAOULILUUTU oo 59
3.4.2 ANYIANGULAUTAUDIADAAWAU coovvoooeeeeeeeeeeeeeee e 60
0. SOUAZHALA (YIEA) oo 60
9. MR mEnlanaveasreaaaumemaila Sodium Dodecyl Sulfate

Polyacrylamide Gel Electrophoresis (SDS-PAGE)........cccccoviuininieniininininn. 60
A. UsunalazesAliznauveinInoziluresensazalonsaailau mewala High

Performance Liquid Chromatography (HPLC) .....ccooviiiiiriiecececiee 63
3. ANUALALUFY (INEANSIC VISCOSIEY) vvvooreveeeeee e 63
2. MTTAUTUIUTUTAUAIITT LOWIY oo 64
2. Myiesgidilindumemaliayisesnsudresudunsusaaialnsalad

(Fourier Transform Infrared Spectroscopy, FTIR) sglnun Attenuated

Total Reflection (ATR).....cvvieceeeeeeceee e 66
9. NFIANITANIATNQUNNN 37 DIAUIALTEE -.eeoeeeeeeererreeeereresnceneerennenees 66
. MTIATIERAIMATALTIAINSOU A6 Differentitail Scanning

Calorimetry (DSC) waz Thermogravimetric Analysis (TGA) ...c.ccoveveieeeienne. 67

3.4.3 M3u938ua15aa S NTUTBUMANING oo 67



N AIFANIANTIIAL oo 67
. A3 TEUENTZA I IWTUTBUIN oo 68
A. NMTIATIEAUIINALaz DAYz NOUTDINTABEIlUY MmewAlla High

Performance Liquid Chromatography (HPLC) .......ccccoverininierenininercnn, 69
1. MANELEN (Zeta Potential) FTOTAIT 3-6 oo 69
3. MyeTgdminluanalmolecular weight) vaslnlusdumeinaia

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-

PAGE) wag Gel Permeation Chromatography (GPQO)........ccceveiiviirieiniinnn. 70
2. MyaTzvvyilindumemaianisesnsudnesusunsisaaUalasalal

(Fourier Transform Infrared Spectroscopy, FTIR) fglnun Attenuated

Total Reflection (ATR) ...ttt 71
% NMTIATERAMALATIIAIINTOU A283D Differentitail Scanning

Calorimetry (DSC) wag Thermogravimetric Analysis (TGA) ......cccccovveeeevenaes, 72
3.4.4 MsfnwantRvesasazatenanvesneaaau (C) wazlwlusduluu (SF)..... 72
n. MANSEN (Zeta Potential) AMEOYTIITI 38 oo 72
U, MyATsinyilsidumewmaiiansesvsudresudunssaaalasalad

(Fourier Transform Infrared Spectroscopy, FTIR) fglnun Attenuated

Total Reflection (ATR).....cvci e 72
3.4.5 MywATIERaNiANNN e NLataiivesiauasaaau (C) wazlnlusdu

LT (SF) oo 73
N. MITUFUNEUADAATNAUMALINTUTEU e 73
9. myuduiavenivuiiduaeaanIukazlnlusduluulne (Contact Angle)............ 73
3.4.6 MynaaeueEn AUl wAuwadLledoR sy (L929).......... 74

n. N198ALNNE (Attachment) wagn1stasayLiule (Proliferation) vesiwaaltiole

FHIMTUBINY (L929) oiieiicereeneeeeeceeeesessssssisiisssssssseeeecesessssss s 75



2

3.5 ANTIATIEIAVVEDG ooooooeoeoeeeeeeeeee oo 77
UNT 4 HANITVINADY UAENITIATIEIRANITVIARDD e ereeeseeeerseerseessesseersereseee s 78
4.1 ANIANUAUDIADAAWD U, 78
01, FOUAZNALA (YIELA) 1o 78
2. madngiimdnlanavesnsaaiausiemaia Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE)..........cccoenienierieniennes 82
A. Usinanazesausenavvesnsneziiluluaisazatgasaaiiau meweila High
Performance Liquid Chromatography (HPLC) .......ccoeeiininieeninineenn, 87
3. ANUALATUAY (INEFNSIC VISCOSIY) 1orvvvvvveee oo 90
2. MTIAUTUIUTUTAURIITT LOWIY oo 92
2. miLﬁmwammﬂaamwuﬁqmmﬁ 37 DIANYAGUE WO 7.8 93
Y. ANANIIYAIUDIANTATANYADAAMAU oo 95
%, MyIATinyilsidumewmaiianiSemaudnesudurssaaalnsalad
(Fourier Transform Infrared Spectroscopy, FTIR) fglnun Attenuated
Total Reflection (ATR)...oovoiiieieiiceeece e 97
. MTIATEmewatiaenuseu fegds Differential scanning calorimetry
(DSQO) waz Thermogravimetric analysis (TGA) ..o 100
4.2 M3AnaN WU ENURUDINIUTBULALING oo 103
N UTHUNTILRUGATOIINITV o 103
2. UsinaunazesausenavuesnsnosiluluasazanglWlusdulvig o 104
A. AANIEA1UDETATAUINTUTIULAN oo 107

3. Myweswvmdilindumemaiiayisesvsudresudunsusnaalasalal
(Fourier Transform Infrared Spectroscopy, FTIR) fglun Attenuated

Total RefleCION (ATR) .. oottt ee e ee e 109



U
3. Myegdminiuanavedllusdulnusiematia Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) wag Gel
permeation chromatography (GPC) ........ccoieirrieinieereeeeee e 111
2. MTIATERmLmATATIAINSaU 875 Differential scanning calorimetry
(DSQO) ey Thermogravimetric analysis (TGA) ... 114
4.3 Msfnwantivetasazatenaaay (O naudulwlusBulug (SF) . 118
N, ANANELEAT (ZEta POTENHIAL) o oovveeeoeeeeeeeee oo 118
9. Auninvesarsazatsaoaatad (O) NaulWlusdulay (SF) e 119
A. MstAneavesansaraneneaaay (O wanlnlusdulya (SF) fgamadl 37
DIFWGALTEIR ..o 120
4.4 msAnwaudRinenenmiaziadvesiaursaanau (O wanlwlusdulnu (SF) ... 121
n. Ayuduavenivuiaureaauwaslnlusduluilng (Contact Angle)......... 121
U, MFATeinylsitumewmatianisesniudresudunsisaaalnsaled
(Fourier Transform Infrared Spectroscopy, FTIR) fglnun Attenuated
Total Reflection (ATR).....cvoiieeeeeeieeie e 123
4.5 minpaeumuinulimstinmivwadidodeimisvesy (L929)............. 124
UNT 5 SFUNANTTNAABIATTBLAUBNUE ..o 125
5.1 ATUNAATTNRRDY .o 125
5.2 UOLAUBIUL oo 127
TN ITONIBN oo 129
VPRI D). oo 139
AVPRIUIN U oo 145
AVPRIUIN B oo 147



RN
AVANTIIN D oo eeeee s 151
AVANTIIN B oo e eeeee e s 153
AVARTIIN D oo e eseee el 157
AVARTIIN B oo e ee e 158

UTETAFUUEUINGVINUS 1 171



A13URYA1519

15199 2.1 Sevazesrusznauvainsaezilueaslursaatauinuluisdovesdn?

VEIRNA I ULYTAGNI ..o 11
A1519% 2.2 98 19UNNYRAVDIADAA AU NUIVEBYUALAWAUITNU .ooveoeeeeeerees 17

M13199 2.3 gaunillunisidvanmyeineaaiiauuazuiiinlensendlnsauainuas

B o eeeeee e 19
A5197 2.4 Aiegdauesdivesaaa el BUEI ARG oo 21
A9eil 2.5 ATUANYUENNNEAINYBIMBAR MU oo veveeeeennrnsssserreereesessssseessssssssssee 22
519 2.6 asUTENsUAzAn 1 lUN T ADATEADRANAY e 32
sl 2.7 $evazesdusynevvesnsnesiluludulelilusdueslvaanefugeinn.. ... 42
A9 2.8 asUdNnEn1n e NRINIUTBUIAN. . o 45
M9l 2.9 MalFeuisuanidanasihadulellusdulnafudfandu ... 45
A9 4.1 a5U03AUTENBUVDIRRR NAUIIEUAN 79

a Y PRI o v A o v N | ~
M1919% 4.2 iaBagmalﬂmauqﬁUﬂLL‘VNGU@Qﬁ@aa’]LQuwaﬂﬂﬁnﬂﬂiﬂ (ASQ) IR N W

10U 1.5 NQMUNOT 25 B UGALTEE......ovvrrecrrvncerrerresesssnesssseesssesssssssess s sesssssssssssssssssneens 80

A19199 4.3 SovazualarolMuNLAII0IARaaNAUTININMBLIUUTY (Pepsin-treaated

ASC) TIANTIZANY WY 112 1o ess e 81

A15199 4.4 USunadazesrusznauvadnsnaziluinulumlaiuingaineeaaiaud

ANAAIINTAAZTIINATEEUUTU <. 85

A15799 4.5 WniinliianavesreaaIuianamensa (ASC) wasnsneieUuauy
(Pepsin-treaated ASC) ian13g199 IAEAUINAINTUN 4.1 INNTIRTEEELAL

WIBUBUAUNTINUIRNTTIIUAIARUIN FUT UL oo 86

15199 4.6 Sevazlneluaveslsunnazainlsenauvednsaesiluluaisavalunoaan

uitatadensn (ASC) uagyndBlUTu (Pepsin-treaated ASC) ... 89



BN

M19199 4.7 Anamialudivesreaanauainlduseevineansfianamansa (ASC), 13
PELUUTU (Pepsin-treaated ASC) LazAsaaay BM luasazaiansnosdinainy

N 0.1 Wans Wley 3.28+0.05 NN 25 BIAUYATYE .ovevvrrrrcveerrerscncerrrsinenens 91

A15199 4.8 SevazUsunalusauluansaratsmoaaau (Hadnsumaiaaans) 91NN
mgs Lowry Ingldansazaiy Bovine Serum Albumin (BSA) tuansazaslusau

BITRTTIU cevveeeeemmemmssessseee s eeess s 92

M13199 4.9 1AlUNSIARRATeIENTAZANEARAALIY oY 7.4 RN i 37 B9
walgea lngihgun 4.3 11AUINAINNAIASIMIYRIAIN1IANAUAAAAUAINIINEY

WBIIFTTBIO ..o eeeeeeessssssssss e 94

i [ I A @ Y A o v
M19319 4.10 G]']LLWL!QWﬂﬂ?i@ﬂﬂﬁu%@ﬂﬂ@aaqlﬁ]uf\ﬂﬂLE]‘IJiE)‘EJ“VT’J’]'EJE‘ZﬂiVlﬁﬂ@@’JEJﬂiﬂ

(ASQ), n3NELUUTU (pepsin-treated ASC) UA¥ABAANAU BM ..cccvvvvvrrrrecrrrreseccssivvceeeeen 99
A15199 4.11 Uninlrnunauwazriasnisiannlnukarsesazlagtiininvesniilug ... 103

A15199 4.12 SevazlaeluauSunauarasrusenauvaansnasiluluaisazatelulusdu

Tniugua o lnlsauas MUGUINTBUATUZNY Lo 105

=] ° o & a o & A ¢ Y 1y q
M19191 4.13 GnLLM‘UQWﬂﬂ']i@@ﬂaum@ﬂl%ﬂui@ul‘muWUﬁqLVia@QlWIiQULLagwuqu’]qu@ﬂﬂi

15 E2 T OO OO 110

AN5199 4.14 ANnuniinvesasazateneaatay (O) waslwlusduluy (SF) Anududy

Seway 0.5 gt miln WaY 3.39+0.12 NQUNAN 25 DI UYALTUE ...vvvcvrrrrercvecrrrrres 119

A15199 4.15 N1suiaLRavesasazatsaaatay () naulwlusduluy (SF) anutudu

$988Y 0.5 NRUNDI 37 DIFWYATYR ..oovcvvrrreesivecerrerressesimeesnensessessessssssesseesseessseees 121

M19199 4.16 Auduavesuuilduasaaay (C) waglWlusdulvy (SF) vian 15

M13197 2.1 Favarn1sdainie, 8nTNBaSyRulad g (L) wagliainiswusivien

(PDT) veuwaalileigelmtlavamy (L929) MASIUUNAUYTAANC) ..oovrreceereerecreereen 156



dsUygunm
gﬂﬁ 2.1 FunoulaealUre eI mNTTITODO. . 7
SUT 2.2 TASIAFMUBIADAAIMTY oo 13
Ul 2.3 UjisenladaoendinaiiAnnsideniululnsInaonaiion ... 15
Ul 2.4 lniudivdestnlsand U108 x wsane) wazlassadrsvesdulelvm ... 37
U 2. 5 Tassasnsnsi3osdrdunsnordlululTusBulm oo 39
U 2.6 Tassaaduwsiundnvielassadauuuiun@n (B - pleated sheet) ... 41
Ul 3.1 AU AU ATORIATINT e 55
gﬂﬁ 3.2 Gﬂ'y’umauﬂ’mmzLﬁﬁ@W?W?jﬂi .................................................................................. 57
SUT 3.3 M3aRAABARILINNEUSBEMNEANTIENTADLEAN .o 58
SUTt 3.4 Sumountsianoaa AU OUIBUURY o 60
U 3.5 UATEN SIS aUSAURIETS LOWNY.oo 65
SUT 3.6 FunauniaindonasasansTUTBUIV .o 69
g‘lJ‘i:/'i 3.7 (n). Sample Cell ¥n Disposable Zeta Cell (). \A384 Zetasizer Nano ZS...... 70
SUT 3.8 M IRAIIEE (0) YBSUN o 74

sUf 4.1 sUuuulUsAuvesreaaauiiiasisemaiia SDS-PAGE Tnglflaanedesa’
alud anudududesar 8 WewSsuifisuimiinluenaneaaiauiiatndeaniozdne
Tneuau 1:Aeaaau BM, 2:Avaaaufiainienie, 3-5:aeaaauiinangiowuduly
818U LWUGURABaalau 1: 10, 1 : 30, tag 1: 50 (min) ﬁqmm:ﬁ 4 93A"

LYALTEE LUULIAT 20 F3M0, oo ee oo 83

JUN 4.2 (n) sUsuuldsiuvesneanaunuiislaiaiamensauasnsnmeteuluduin

5UN 4.3 (N) A1N1IANAULEIYDIANTALAIUADAALIULAABAGIY BM Aadutuioy

ag 0.3 (¥) NAnudutusosay 0.5 oY 7.4 NQUNAN 37 BIMUYATYE ....oovvercvcerernne 94



JUT 4.4 Ardndieinvesansaralenean1ian ANuutuTesas 0.5 gaungil 25 a3

LRALTIE TINLDUYFNI oo 96

JUT 4.5 (n) awnasunsaaniuvesneaalauianamense, Ninmelluguuaznoan
1A BM Mrunszuumsiwisuudonuds udihlulessismemaiinyiSesnsud

Nasudunswsnalalnsalad (v) aLﬂﬂm%’mmi@mﬂﬁmamaamLﬁmmﬂLﬁuLmzLLazLSu

JUT 4.6 wialuunsy DSC vasnpaauafiainmensakasnsniUudu lagn1siasey
AE5 Differential scanning calorimetry (DSC) Tutiagaumail 30-340 aeAgaLTea
M3INTIIANUSEU 10 DeAwalduanauyl Lazensinsinaveswiadlulasiau 100

T RABITODUNTN cereeeeeeeeeeee oo oo e e e e e e 101

JUN 4.7 wioluunsu TGA ¥83R0aa1lauiainmiensaLasisnudy a1nnsiases
AE3T Thermogravimetric analysis (TGA) lugatgaumgil 30-300 aeAgaLTed 8n31N13

Tausau 10 asrwaoanaud kazensinisavaawialulasiay 100 Naddnsse

JUN 4.8 Ardndiivesansaratelnlusdulvuy anududuiosas 0.5 gaungil 25 aam

LYOTIE TIVLDTFINI oo s 108

UM 4.9 awnasunisgandurasilusdulnuiugvdedlnlsatduasiugunsiosasasiny
1 Aidunszuumsiuisuudonuds udrnhluleszimemeaiiaySesnsudnesy

BUN TS ABUALRITALAT oo e 110

sUf 4.10 sUuuuTUsAuveslilusBulvmiszishemaia SDS-PAGE Tnglfiaame
dova3anlud anudutusosas 15 (n) Lidulnuiugwasalnlsa, 2:5alnuiugvios
Iwlserd, 3:3slmiugunsonaiazing 1 (v) Weduanlvuiug Bombyx mori fifautas
WugnTH (HO1) uaglyumusssuud (WT) Alvuaylalli p-chloro-L-phenylalanine

(CLPRE) TUSZUZRIAUDU oo, 112

UM 4.11 nsnsenedvesmiinluanallustuanivuiudmiednlsaduagiuduns

TIDHIFITELLNI L v 113

JUN 4.12 wisluunsy DSC vashlusBulnuiudmdotinlsatuaziuduadoslasiny

1 lngn153AI89ine5 Differential scanning calorimetry (DSC) Tutasgaunail 30-340



DIANWAR YA DNTINITIAAINSU 10 DIATAERDUNT LAaLdRNIINTINaTRILAA

TUTATLAU 100 TARARTADUI v 116

JUN 4.13 weluwnsy TGA veslnlusdulnuiugmaedlnlsaduasiuduniesriasiny
1 1agNTIATILNET8 Thermogravimetric analysis (TGA) Tugasgaumigil 30-700 aan
Wwalgud onsn1shiANseu 10 ssrwaduanaundl uazsnnsinavesuialulasiau

100 TABABITADUIT oo e e e e e e e e e e s e s e e e 116

JUT 4.14 Ardndusinvesansazangmeaanaukaz inlusduluy anududuiesay 0.5

QU 25 DIFNYATYA BTN .ooveeeveeennecereressessmmiesneresssssssssssesssssessnsessenseses 118

JUN 4.15 awnesunispanauvespeaaauuas WlusBulruiinunssuIunsiui

wuuBenuda udnhliwssiiemaiagisesvsudrosudunsusaaalnsalad ....... 124
sui n.1 gunsal Mini P-4 Vertical Electrophoresis SyStem ..........ccccewvvcerrrerssssssne 139
JUN n.2 gUnsaidiinlnsin3Baiienafuuia et ndaliin e 143

JUN 2.1 nswlasgiuvesnsinmdnluanavedlUsiunnnsgiuainmsiiasigsinig
SDS-PAGE.....oiricecrccerecrene £ PRt Vet 145

a

JUN A.1 ANUnTlaluiivedansara1uneaa ey NYMON 25 BTG . oo crreee. 148

Y

FUN 9.1 N5 IMAINNTAANAULAIYDIARARAUTIANUILNTUT oA 0.4 NOULALMGAAA ... 149

JUN 9.2 N5 MAINTAANAULEAIYDIABAALINTIANTNTUS oA 0.4 iANE1IARY

340, 360 UAZ 550 UTULLAT 8 LIATANIT oo 150

SUN 2.1 NIMELNUNIANNEIATUTINTAANE AN TIAAINNTIAUTIULUTAY
A5 Lowry lndnansazatelusiuunsgiumeansazale Bovine Serum Albumin

(BSA) MAVANTY 1 TARATUABTATAT ovvvvvvrrrerrivcerrrrresesssmecensnesesssssssessssesssesneensnnees 152
JUT 9.2 n319100551UV8INTIAUTINUIUTAUAIETT LOWIY eovecreerecrsncerecrencnneae 152

JUN 2.1 nMssydivlnveswadiloiborntiiveamy (L929) Mdssuuilduiiasiieg 1Ju
a1 10 Ju (1) TCP, (1) Aaaauiidainmiensn (ASC) uagnanmerudu (Pepsin-

treated ASQ), (A) AvaanauIINBuUSaeelafiatnsense (BASC, Siema), (1) Asaan



JUN 2.2 nMssyiulnvesvadiloidermtiiveany (L929) Mdsauuilduiiaieg 1Ju

1381 10 U (1) C/SF99/1, (v) C/SF95/5, (M) C/SF90/10 wag (1) C/SF80/20

JUT 9.1 nsmlespiuvensindwiueadiloibol milavesvamy (L929) Aaes



uni 1

unun

1.1 NNIVINUIY

ARaaLaU (Collagen) AT NANYILNIAINAIMINTAAINAIIT “Kolla” Akdadn n1a Tu
a = ° ° o < v a <, 1Y) ~ ~ o
aRnlin1sinmlpemsumtsiaziduinuAgIunatedunig aunangiuinuiinisldau
nmdnwaziianni 8,000 Yuad Inelddudiuusenevlumsndndonuasnzndrauiie vl
< a ¥ LY | Y] % < 5 3 1 (=S
ANULTILTY wazinsldeunisluasuiourild nilsuazidutiuesaus novaulngidu
= ) a A a o Ao [y (% | = 96’ Y
Aoaaay Fadulusiunuinniaaludaindnseandunds wunnniwmilduaulaedmidn
veuilatdelusiulusranie 1Wussdusenounanluileidotiedwy (Connective tissue) @4
Juwmsndusnwad (Extracellular matrix, ECM) fidmisseiidulusiuduleladazateinyi
Y A & a v s et ] &g 4 X T
wihdulusiulaswuuliwaddanizsiinduusiwesiieibstuun wenanidalnig
< | dglj A a 1y | 1 a v < 1 %
wlawseuiiiloweineaiiumeg lnganzegegady Wudu nsean nszandeu fu wilivasn
A a Y M yal ' [ v 7 v a ] [y o k4 oA 1
Woauaznils Aeaanaulilafisusiadudulowintu dadsuiednuaedu taun Weusu
U9 egueniead (Basement membrane) wumIgs e dulelaeiin1ziunaINg
= o Y | [y @ A o Aa o o o a & A PN
Fovinhiuandeiuly reaanaududrfanniidnenndmsuiuiamnssutieldauinian
44' = wa Y o vy = d I | Aa =
Wesndauaudinudiulaniainin (Biocompatibility) N1sgagaaleNfiniadinIm
. . a & a o o v o V@ oA = A ° Y
(Biodegradation) finadudsiianiasusi dn1suian biiduiv Jsdinsiireaaaunldy
Useleviiueg1an 19w ameunsLnnguasnandunssy 1w uduuua drUauua
Aantaiey wiasnwiwnaan Aasnssunnuaaidinga Julunien a159eauIuuInLNg
waugaen Lusu (Friess, W. 1998)n151nund3nusiniminilsfedns lnganizusiiomiemi
] 1% v P a va v  a o ' I3 1 =2 v Ho
F09UNAN UHUIHIA LABLANTRRINTIUS IAINa1LALLaZLAIAlaeiuT uonantgadu
druusznavlupIesdrensingeiia wedunisnszdunisadereaanauluduiionilaniy
5550118 U990 (Parenteau-Bareil, R. uaganz 2010) AunUIIABaaaudusyan 29 ila
lagAoaaau ¥liadl 1 wunnitge dunumdidglunissydulawasiuauedtuveuaad

Tuilotgelni Avaanausdatdnvuinlutdunaziinnids 31nn193As1sRUSuILaY

asfusznavresnsaeziilulunszan Wulasvilwesdnivlaiieg WellSeuieuiuduuyed



wamuThuduywdlivinaueresrUssnaurensnesdlulndifesiuansun (Eastoe, J.
E. 1955) mandstuszAugaannnssuasiimia nseen wazduans Wadnroaanau laewdu

wagnsrantiulaudesRInnsineliiodannnszuiuniseintesndnianils uenaninis

afnAoaaIuINNIEgNTTURDUTEINNIINTTainaINdY WuanansTuluwnasingdiu

q

thaulalunmsinatareaaiauilosnmldieuagdumlunisuani uaziidneniniiay
thanafnuaznanluszdugnamnssy luuszmalnenisuanaeaatauitothluldausy
msunngdlifimsnanluszdugramnssy Sududesiionnsiiiinndassmesesa
fireuinsgednene

msafnasaaauaiunsavilivats Blasmluudraziuduannisdreien
azoningAvudivihlineaanauiifiegazarvoonunlaglinga 1wy nsnezdin andudy
0.5-1 Tuandudensléinsasauduieules Fedulngaslfoulaiiudduiiesnnanunsarheu
17 (pH) s (e 2-3) wardinnudinglunsindumlaulnddeusnasanaindu
duivinliAsmsuidothlulduselovdinensunng msadalagldnsasmiueulsiviiu
ilildreaanauiifivweluanadnninisasalasldnsafissediaisrninduiaily
ANAENOUBLINADARLUDBNI (Friess, W. 1998)

o [y

poaaauilifnannlunsduasuliwaddainizuaziasgivln uaddldedninluaiu

'
a o

wa ) 1 = A ) o= o & v ) v
Qmﬁll‘UmLsﬁﬂﬂam"lLLagﬂJ@miqﬂqiﬂaﬂﬁaqﬂw'NGU'Jﬂ'TWV]Li'ﬂ QQ"U']Lﬂu@]aﬂﬂiUUiﬁﬂIﬂﬂﬂqi%{Nqu

o A

FWAUTITanduY LediuRuandin1ananfLazn1sgasaaIen1ayINImngas dLdend

waulaluldauaelnlusduainsilunlneg Jetbumpenkul, P. uagaug (2012) ladnwinns
1 a 1 dy a a d' I Yo
gagaanenITININNLUans19N1eveLasuisstaalusduluylnenauaanfuilulaniu
a Ao ¢ = v v | I\ a aa A
NSLUIUNTTBNVIN Tuanzndieulatneaaidiua ANUUNY 1 nienaliadans nuang
v - o a W & a a ao '
Sevazininaurdawinnu 50 tasuassgaablusdulnu/aafunonsnaiu 40/60 @uise
gngeaanglanunnieluim 15 wil waglassdssgadlnlusdulvu/afudnsidiu

60/40 anunsagneesaatslanielunayszuna 8 Falus Fauansbiiuinlnlusduluudadu

IS =

INanNvIvvrasnstavaanglngnag

9

I duduleTusiusssumfnusznaumelusaundn 2 siia As IWlusdu (Fibroin)

Tudulowaziasdu (Sericin) Tunlvy lWlusdwdussrusenaundnlulusauluy Taeiinng



Wllduszlenilunane) suuenuiieannisihlldlugeainnssumedvwieldulvudy

[V VA
f§ o a A a 1

unanansuwnd vstidesananautiuaresduszneumaadinulululusdu 1wy A
Fumusieusiegs arandRmmAuliadinm msdesaanenadinwda daeidy
dsuvanuasus Innsudivn ldidufiv wazddnsnisdesaaronisdinwiidosldinamy
(Kaewprasit, K. uazauy 2014) mythlulddunsluulnlusdu ud@ahluldusslovilunu
99 1y nrstlulflueTesdenamanguszian wienisilulflugaaimnssueimis
uennilnlusduihunssuiunsinduarsasanevidertliogluguarsinlusduiiany
U3avisge nuadeiauelildautagnisnisunned wu viaeadeniiion Aaviuiien aouuna
wud Tanugnatensean (Bone graft) nseaniiley JanAuaNN1sNsELRIvede) 13en1sly

Jueulwdn3egu (Immobilized enzyme) Tusudululewwuigesuazausugnainnssy

2115 Wudu (Kundu, B. wazAng 2013)

v
v A=

nAuanTANfvesreaaaukagllusdutana ity 11ITeiiRdyagaaneiie

o < v ) | ) ¢ A o w = & | A o
afinreaaauNBUTaevEgnImensasuiueulydiieidawmlaiulng dadudiunvh
TAAANITWN Anw1auTRAIULAL TININ WAZAIBATNBALNTETITUNIIATUNITENNE TANS
Tgusuiulwlusdulvulve Wisndnlasaswsaa kuuNa LN MAaauANUUTULANI

Finmiuwadiledermidaveay (L929) luseAuriesfiRnns

1.2 IQUszaAYaIUITY

Wemannglunisainaeaanauaindudesnegnsuazldlunisnssuilduneaanaunay

Inlusduluulne

1.3 YAULUAIIUIY

[ @ 4 v aa [ 1 I3 1 I
1.3.1 afinroaataualniduseenngansmensnesdin Tudnsidudusrensaily 1:50 Loy
wwinlendeusunns ey 1.56 gauugll 25 esrnwaila Wuan 24, 48, uaz 72 4l

wantmeaaaunlalunsnaeuduluasazatansalalnsaassn Nonsiaueulaiuudu



sonaanIauYAY 1:10, 1:30, kag 1:50 Inginniin (w/w) ifies 1.18 gamgdl 4 uay 25
pernwadea Wunan 24 waz 48 9l AnwaudRdeoluil

- Sovazuald (Yield)
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- USunauuaresdusznauvesnsnasdlu diewa3es High Performance  Liquid
Chromatography (HPLC)

- anunilaluda (ntrinsic viscosity) ¥8sansazaignoaataulunsnosdfn A
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asaatauduldstiundninuludedoiioniu wuannlusisnievesdasfiduaslsid
nszgndunds Sefiuszanas 30% veslusiuianun tnsaznuminlufiavids 1By nsegn uas

nszangeau lneUsunupeaanauazuensiiulududuelinveuisitouazongvesdnd duu

U

anwazvesneaataulnemluadeadsiuazsinsiuissdntoslussrussneuvesnsnozily
d" <] ¥ va QIJ 1 [ [ o d‘ I aAa a A v s
Foilvnaaudmlneniluvesreaanauieiull Jadeddginuinddnsne fe areiuguas
wilauediilode
= § & a aa ¢ 3 Y a Y =

AeaaLuditoweles duNGeITaND Uninluanadseuna 300 Alamasdu Jau
g13UTEI 2,800 SeanseuuazilidusiuaudnalUseinu 14-15 dsanseu Usenaumigany
wodUlnd 3 ane usiazaneiSendt argueann (a-chain) LazQNATIAUIINAITTIAUVDY
anelgnadiuulng (Polypeptide) 10 wila Ao al(l), ai2(), ou(ll), oL (lll), oul(V), al(V), a3(V),
a1(XD), a2(XI), kaz o3(XIl) unazalaUsznaumensnozilluuinnii 1,000 Aasenu (Eyre, D.
R. uawany 2008) Ingluilleiavesdniifeagnimeunyilafieg Jesausenouvesnsnosily
Ineiady dalanslunised 2.1 lnenluagusenaume nsaeziily vslialnadiu (Glycine, Gly)
Useuad 1 Tu 3 vaensaesiluianualuluanameaanay wasiinsnoviily vialnsiu
(Proline, Pro) Seway 12 uaglansendlusau (Hydroxyproline, Hyp) Sovag 11 §sdnwuy

a U al a o 96’ % 1 1 [

MsiseemveInInoviiluasiidnwuyang Aues -Gly-X-Y- lng X uwag Y d@wulngagnuidu
Insaunazlansendlnsdunuainu uwaawmnsaidunsnesiilusdndulauiu sniu nsd
Ty (Tryptophan, Trp) nisdaasizilansendlnsauluneaaiauindundsainnis
dupsgvianenadiuulnduds lnglnsduazinufisenlansendiatu (Hydroxylation) &gn
salmeteulusilnsdulensendiaa (Proline hydroxylase) iinidulansondlnsdu uagioans
nsaueannstn (An1dud) dmsunisvinteuveseulsl n1saednfiudinliaeaaiauasng
ulelalauysal vibiiAslsadndadnila (Scurvy) lansendladunigluneaanaudnegly

'
v v

sUnTuiuanslulawsnse wu nglaawazniuaning (Galactose) lnedduiuasiulainse
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snsfulumurdndode 1wy nslnasaaiau vlad 9 %aﬁagi’tmauém daslulainse
wnnedait 1 fvnenduduie 18 v
aeveamedilulndurazatsaziudundgiluniadne (Left-hand helix) egiusy
lelasiau Feusazseuindeuseneviudensnoziily 3.3 § uasiiszovsineseninanasn
WinAu 0.87 WIlWLUAT é’aLLamﬂu'gUﬁ 2.2 (n) MntuanemediuUlngsia 3 ane wusousudu

\NA8IUVN (Right-hand helix) lnadinusglalasiauildenseninsarsnedilulnaudazans

[
1

Senanalulnandnsmiu 3 aeiin nslnaoaailau (Tropocollagen) Hsgzr193 1IN

ndeaUsEann 8.6 WIlLAs ALY 300 Wiluluns SduruaudnatsUssaa 1.5 wily

[

e Aawandluguil 2.2 (v) wenanddadiuinailidadundeasenuinaili wlawdlnd
lou (Telopeptide zone) Asuandlugui 2.2 (A) nslnasaanauazisesivuiuiulaingg
¢ ¢ a . 44' ]
WIULAs1ad (Vander Waals force) waglalasliin (Hydrophobic) L@esseninglnsln

0o Yva o 3 v ) A Ql'
Aoaaau Mnliandnvauziudulovesneaanau dwandusui 2.2 () luananeaaaud
Weduenasandiiulareaaaulvuia (Collagen fibri) wazmoaanaulusasiuiudu

Aoaaaulniues (Collagen fiber) (Friess, W. 1998)

<)

wodllUlnavesaeaanau dnlugidundstauas sniuivatsusazAuues

WNAYILAAMULANA1IINIATIAS1960a3FANT (a-helical structure) Falaseasnakoanisd

=

a eda = v oy A S 1w a I 6 _aa
aﬂ%uuﬂ’s’mmﬂﬂiﬂﬂwaqlﬂLuaﬂﬁlﬁﬂwgi%%ﬁwaﬂ‘v\ﬁau %QLUH’NLLWJUIWSE@@H

¥
v A v

(Pyrrolidine) fvwnaluey nantioanainiu usnaniddinuse lalnsauAnTuuNTE nIamwe

aulndng 3 ane Tnefivy N-H votlnadududilvlalasiauwazmy C=0 vudnareniudu

v o

fr5ulalasiau AAvesnuszlalnsiaufIaINAuLUIg1999a@18 NS INAaaIAY UBNANT

v P

nyjlansendavedlansendlnsdudidujduiusivluianavesiinegasusou Fetieasul

1
a

lassasnslifiafiosnmunndu (Lee, C. H. uagauy 2001) Wosnneeaalaugauliimelans
an@lnsau (Hydroxyproline, Hyp) wazlnsau (Proline, Pro) duduminidnluasnunsnlu
lasaaseneandand Luianaveneaaaulztyauda iUl uuTIsens (End to end) wag

v I~ v E Aov Y] [ =~ a @ b4
aSadudulyroaanau 1@UleADAAIUUINIALTBIABUVVUIUAY LNDLALAINN LTS L9
1YY bvu iy seenaiinauinuazdmseeiilidiluseideu wu Tumis wagainnisi

roaataululusfiuriinfeigaulusmelansendlnsdu FafluinfeUszundosas 10 109



[

11

Aoaalauludnildssaniisun wavlansendlnsduesasnululusfiuviindusgUiuuoy

(Lee, C. H. wazmady 2001)

A1519% 2.1 Sevazesrusenauvainsaaziluraslursaanauinuluislovesdn

peunstineY (Eastoe, J. E. 1955, Lin, Y. K. uaganiz 2006)

(%

Jaeean

Y

L4

vilnvaansnasiily aga e E = & 3 %«v = é
§ z ;é “g e g u% e %:(E

nsmevilluilaifids
Alanine, Ala 8.88 14.51 15.17 11.31 9.23 11.05 9.10
Glycine, Gly 21.39 40.75 39.22 33.13 21.86 32.30 21.85
Valine, Val 2.24 1.20 2.04 2.02 2.52 2.53 2.47
Leucine, Leu 3.32 3.67 4.23 2.32 3.05 2.60 3.14
Isoleucine, Ile 1.46 2.65 2.75 0.61 1.59 1.11 1.06
Methionine, Met 0.67 1.20 1.01 1.03 0.71 0.57 0.89
Proline, Pro 12.43 4.93 5.14 12.62 12.96 12.62 12.50
Hydroxyproline, Hyp 11.92 13.31 12.39 10.30 11.95 9.19 11.05
Phenylalanine, Phe 2.43 1.16 1.33 1.211 2.11 1.41 2.41
nsmerilufifdaudlaiius
Serine, Ser 3.58 0.24 0.20 3.43 3.44 3.68 3.72
Threonine, Thr 2.13 1.08 1.19 1.72 1.99 1.84 2.18
Tyrosine, Tyr 0.47 0.27 0.42 0.30 0.73 0.36 0.66
Cysteine, Cys fewan | 0.24 | 031 | wesuin | desuan | dewuin | dewuin
nsmerilufiftauazdivszauan
Lysine, Lys 4.42 5.46 6.29 2.4 4.25 3.04 4.45
Arginine, Arg 7.77 2.58 2.66 4.85 7.45 4.89 8.08
Histidine, His 0.81 1.00 1.27 0.51 0.81 0.54 0.71
nsnowilufiidaueeiivszqau
Aspartate, Asp 6.00 3.99 3.42 4.65 5.68 4.83 5.95
Glutamate, Glu 10.06 1.82 0.98 7.57 9.66 7.44 9.78
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INM15197 2.1 waEnasesazesrUsenauvedansnaziluadslunsaataunnuly

o

\elgavesdniifgagnimeunvilafieg wui lanavesreaaaulsznaumensnesdlund

Aanuldvauiiuseuiusesas 70 uar ninezliluidanuveviiUssunnosas 30 uay
& = as Ao & ' ay Ao |

roaanauludulaznszgniinnerilunduszailuauuinniinsnesdluniiuszuin dwu

roaatauluniliinsmesilunduszqduuinuinniinseesiluniivszqauy

3

1%
ot a

Inaduinuuuarawedilulndlunng duvdsiaududuladenugiuvenisii

<9

a1l 1

WNAgIEINEY Lpsanauluranndgilnsinasaalaulendenunn T9e9inanalianie
wflgdnaveslnadu Falvuadniigaintu nsnezdludidugiumledanivunalngesnty
pgauuanIBUNFIINTINADAA LAY Fadiulaan iﬂaf*‘?juLﬂuﬂimazﬁiuﬁﬁmumLﬁﬂﬁqmwi
A2 Ao 61 9] - @ o e a a A Y
upianiliiselosinelassadteslusuauiy dnwaziguiinululusausidndus e
wiu TAlun3UTu (Chymotrypsin) nsnanesiugiiudsulnadulureaanawdunsaesiluyia
9u danalimlnslneoaaraulasuly auddinrs@inndildsulusme vy Tulse
osteogenesis imperfecta @vinlbiinisasianssgninunduasyilinszgniusie Jusu

(Eyre, D. R. azAady 2008)
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(n) OH
(o] H gﬁ\ I|21 | (o] IIRZ (o]
| Jk
CH _N CH _N
At N
I I |
:L o H o) H H o] H
pro y gly x hyp
()

Procollagen (prototype)

‘ C-propetide

N-telopeptide C-telopeptide
N-propetide F_p’_p\ g:' ¥ p\ i
# T Mannose

Procollagen- (Tropo) collagen Procollagen- -rich O.S.

N-Proteinase C-proteinase

O] Tln
&67nm
| E > T 1.5nm

—

——— 300nm —M8M88

© Collagen X1
@ Collagen 11
@ Collagen IX

g‘dﬁ 2.2 1As9as1evsneaaiau (Friess, W. 1998, Von Der Mark, K. 2006, Eyre, D. R. uag
Ay 2008)

(n) APUVBINTALBTI LU (1) 1598519909 nsInAnaaau

() Taseasraadlusmeaaau (1) nsaasesivadinslneeaatauduidulonsaaiau
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nmsaseeaanauluwadgnasiadulsreaaau (Procollagen) fis @1weanign
aftulnsuindamiuegiivats N uay C wasidognandluluiaumeulananda
(Endoplasmic reticulum) azdiouleilnsda-a-lensendiag (Prolyl-d-hydroxylase) wazla
Falansengiaa (Lysyl hydroxylase) uiduvylansendaliunlnsiunazlafiuuneia uazdl
ﬂmawgﬁwma (Glycosylation) Mg udanawearh 3 ane Useneutudndulusreaaiiau
‘wé’qmﬂLszjaéwé"ﬂﬂiﬂaamLauaaﬂgil,uw%ﬂeﬁuaﬂwaé 1Us7iua (Proteinase) 2 wlALUNIARA
nlulvddiutans N was C sanlidulnsineeaaau dielnslnaeaanaudnsesindy
wule laGaeending (Lysyl oxidase) %L'ﬁ'aﬂﬁﬁ%m‘LﬁLﬁmmiL%auﬁ’uizijmdmﬂwmam
LU éﬁ’mamlugﬂﬁ 2.3 grefudoulalasdlwifiilon (Hydroxypyridinium crosslink) seing

Y ~ [ Yo o v v = < &
Wuagmsvadlnsinaeaaauiieglnanu sivbiduledinnuudawsa¥u (Eyre, D. R uagane

2008)



Precursors
Telopeptide Helix Telopeptide
Lysine Hydroxylysine Hydroxylysine
NH. H
QS& i Hz ;ZSZSEI NH2
(QHga I ; ?Hz (CHo)
NH, |: H CH SITETE
(CHo) (':HOH
6% %% ?Hz
Lysyl Oxidase Nk
Lysyl Oxidase
Lysyl Oxidase
Products
Telopeptide Telopeptide
Allysine Hydroxyallysine
| |
(CHa)g (CHa),
CHO CI:HOH
CHO

Divalent (initial)
Cross-links

Hydroxylysino
A norleucine

Hydroxylysino-
Ketonorleucine

Lysino
Ketonorleucine

+ Lysino- +
ketonorleuci

Trivalent (mature) {fiecively
o an addition
Cross-links of a second
hydroxy-

allysine)

Hydroxylysyl Pyrrole Hydroxylysyl Pyridinol

o,
?HOH
(?Hz)z

R

€aN
[l
=b.

2008)

(effectively
an addition
of a second
hydroxy-
allysine)

ine Lysyl Pyridinoline

(N} OH %OH

I
(?th

S

2.3 Ufiseladasendinaniinnisweniululnsinaeaaiiau (Eyre, D. R. LavAny

15
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2.2.1 Iasddauazntinfivesnoaatau

(%

nuAAmnssuiilawde (Tissue Engineering) 1un1sAnwnideiiieasnaileidonay

alvlninawnuuaz/mIeduasuiuiiloidatareiotziiiuvesthe Fallauasyinimi

28190 U lUATR UL TRedin1sYTINNSIFUNARLASHALLYAaTMIELULUUSISUIRNINUNY

a a o o

Waranniluszansamansuidulasuasagasiunuaiuicnssuiiderds vislutude

poaanau Judulsiuinuanianluiunouasiiussdusznoundnuesmindueniead
AoaaLaugntdag1auNIvany sisluvosuFoRnag (n vitro) uaglusrenie (n vivo) uazld
wandliiuhilanaudhimzavdmiudulasudonsad Avaanauiiunummiiiinate
agnamelusiesne uinthiiilanwiy fe niiiniana (Mechanical function) uananildad
wihieatuiiede Ao Wulasdiwading dreduasuliioadiodyivln waztrodouus
wad AeaaewRtesfumsminiveaioidefiunndnei Wy Tuduwdu (Tendons or
ligaments) Tngluiloidoveuduisy ABAALAUTUNUINIUNTITAILTITENTNINTEANULAE

¥ [ [

AU oLarAAAUNS I UEUAY Faunuinvetroaatautududs iy wsizanliiingg

]

[y

arafiusEninanseankaznauilenieneaatay lasenseanazldaruisandoulnala

=3)

dﬂl U dsj dl 1 4’ dﬂl d‘ 1 dgj 1 >

u@ﬂ'ﬂ]']ﬂi‘!ﬂ@aa']LF\]UENWUELULU'E]LEJ@ LYU Wu ﬂigaﬂ %QIUL‘U@LEJ@LM@TUQ@@@']Lf\]uiﬂgﬁ)giﬁmﬂU
aa 2 o a ¢ . =~ A | v

asnianuudsdwanlansendezwilud (Hydroxyapatite) Asaalaudsiunumaisliniim
a oo A A v o o =
Uﬂﬁquﬂ‘ULu@LﬁJ@ﬂigﬂﬂLLagﬁu LLaSﬁqumquﬂqiLLmﬂWﬂﬁU@ﬂﬂigﬂﬂ UNITNU QN‘UV]‘U']V]IU
& A A 1 | v & ~ ! v & = » N 1 LY
bUDLYUDBUS LTU IUﬂigaﬂ@@‘ULLagﬂaquu@ LW@%'JEJI‘V]LU@LEJ@LV@']HEJWVTQ‘U wagedu

a ad a  a

druusenaunanaeatuii HTei3endned1ein wsIAU (Keratin) Snthnasnsnnundasaas

ANNEAneU aaTAulutuRIanae FuinIIT0swreiBTuuUTURY wonaNt LATIRU G
Y a v a | I RY] a a | Y A A | S v &

nthadrennugavgulndivaonidon Jduwdislunisasindegalnd saunsdadu

AUUTENBUVDWEDNTLINATLALLAUAAIA I

2.2.2 YUNVDIADAALIU

Jagduanunsauvireaanausonidu 29 aia lnsuwismuaiduasinsnazily

witnluiana duuseneuvesmiigges (Subunit) ANEIYRsAEERNT AuaNTRLAY
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v
a s %

gunvesdniilididudand (Non-helix portion) (Parenteau-Bareil, R. wazAniz 2010) Snwia
uismuteyadduiiduieuay/m3elusiu (Von Der Mark, K. 2006) fauandlunnsnad 2.2
Wy peaaau vlad 1 1Juneaaauria heterotrimer Usznoutuainaewedvlng
al() 2 @18 waz 02() 1 & G?f’uﬂmaaana]uﬁwumaﬁqm Uszana 90 % wulsviasianie
sniulunsegneeu Wuduusznouvdnilimnuudausdunszgn arwdemeuluiovids s
Lﬁ?}amiaimé’mﬁuuazé\’u%amﬁg@ﬂ (Ligament) poaatay vinfi 2 Wuneaaiauvile
homotrimer Usenausme alll) 3 a1e wulunszangau Ns¥ana1 (Comea) wagium
(Vitreous humor) Aeaaniau ¥indi 3 1ursaaausia homotrimer Usznausae aul(ll) 3
a1e wulundaenidenuaziinazegTiuiunoaaliau ¥iiadi 1 drunsaanau viiadi 4 1Ju
ADAANAUTEA heterotrimer Usenauaiy al(lV) 2 a@1suag 02(V) 1 &g inlilAauKunT

[l < U :.JI 1 (3 a 6 3
el L‘Uuﬁ']ui@ﬂiUﬂUizﬁ’JNL%ﬁﬁLLﬁSLﬂJWiﬂ%U@ﬂL%aa

AM5199 2.2 F9gNUNTNATDIADARILIY NUILEDULALALALININU (Von Der Mark, K.
2006)

wia | widgdey | gduuuluana RN AMANYMIE
1| o) 020 0L1(1),012 nsEan MV 1dudy wiilenunsefiege
(ligaments) LY N5zANA1
IS VAT() o1, it 1ieftu (dentin) Wulee
2o (o1, nszqnaau (Cartilage) Tuln dnlvgdunszgnaeu

AasA (notochord) aaUszaman | dnduludulefiineaan

WU YA 9 way 11

3| o [oL 1310, dllesraunveadodednivg | dnlngnuduiu

Tuden ¢y sy Bnteatuntlany | Asaaau ¥ie? 1

NilIaoRALden
5 | a1v) o2() | [oLw)l, \wadUen N3¥ANm NIEgN de ayTIUADAA1LIY
o3(V) [O1(V)L,03(v) | vismsnluassd Wad 1
11 | a1 [OL1(XI) 02(X)) | NTEANSau Jum1 Nszen AdemRaaNIY BiAT
a2(X)) QL3(XI)] 5

oL3(X1) (o1 (Xn],02(v)
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2.2.3 duUAYDINDARIU

msilassaiiswesneaaauiidnuazidundeiaiuans fagud 2.2 (1) Tnoiliuse
lelnsiaudow vilvireaanauliannsnararetld Fannuufeussvesreaanaulinanad
Annnnsadatussifeudetuianelusazsenineuiana (ntra waz inter molecular
cross linkage) Aoaanaudulusiuiildazarelunsardeiuaienis ussswassuazidonnu
Fuduveansavideludinniuazinliautinisaraneiiiu osniuszidonvesnoaaau
gnviangunsdu wiitanmzdunans reaanautzilassadafiviunasinnuudusann
uiluanaifengfidsanunsauendoenunld Tasn1sananaduvesannunsilessy (onic
strength) Wagiilow LUu NSAozdAn 0.5 luans FnsnUnines (Citrate buffer) wionsalalas

a = < % a Y ~ 1 13
AaeIN ey 2-3 Wunalireaaawinnisnesmnazavarsluiian egrelsianuluana

aAaa 6

AHINANGIAIENINALAY (Native form) Ao §9Asand 3 maagjLLaw'mﬁﬂﬁamwﬁmdn

o

[y [ & a @ < vl [y a 1a [
ﬂﬁUNW@QIUﬁﬂW?%@QL@ﬂJ ﬂ:ummwulﬂ"l,mmaamLau%mmmﬂauqamwmu ALY

a s a

v a A % = a = q‘ ! =
FNVANLAYIAITUIDUY Lu@ﬂ'ﬂqﬂaaﬂeﬂf\]gLﬁf‘JaﬂquqmwﬂﬂJigﬂjqﬂ 15-65 9yALYaLlYud

Y

[
= = ]

gauniin1sideanmiusgiusiinvesunasnuiresneaatau fuanslunised 2.3 lag

9unIN13LduanIW (Denaturation temperature) ?JENﬂEJaaWLﬁ]u%%ua‘;"Jjﬁuﬂémmmm

]

e

n3A83ilu (Imino acid) fie Insduwazlensendlnsiu nedusgivusuaveslansendlnsiu
WINNNUTUVDILNTEY ABAAAUNIUSIUNIABLTUAN Aziduan nigamgiinininaneaan

Y

Wuninsndiiluas IneUsununindilukazanuiadosdoninuiouvesneaaavludnivin

'
a a

#eq Tanuduiusiugampivesdanndeuiienduey Uiunalnsdunazlansondinsauly
wuszienluluiananazszwinaluiana (Intra and intermolecular  crosslinking) 2]
Anuduiusivgaumgiinisideanmuaifalanuduiusiuanunsiivesdandvesisazany
wodulnavesinslumeaanauiiy lnelnsduasilvlassaseddndaivaioiaiios g
Jostiumsnyuiivesiiuse N-C uazlansondlnsduidievinliluananeaanswaios du

AnuAsivadlnslneeaaufetosiuiusylalasnukasiswwnesNadsznindluana

(Lee, C. H. lagAtuy 2001)
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A13197 2.3 gaunilumaideaninvesreaaiauuazysinalensendlnsiuainunassiieg

. | Vunailansend | gumgiinns
G Y ENT
. A8NUg Insau Heanw | unaededs
0y 1
(residues/1000) (=)
dmiun ny (Wistar rat) LHudu 94 65 (Fathima, N.
N9 N. LayA
2004)
1A R 99 41 (Ekblom, B.
1970)
M Wil 94 40.8 (Ilkoma, T.
ans (Sus Nl 93 37 uaTAMY
domesticus) 2003)
Uanide | Yandanmeuazlan | inda 83 gy 84 36.5 (Pati, F. ey
nszlvme (L. Aeus 2010)
rohita &C. catla)
Uanila \Nan 83 35.7 (Ikoma, T.
(Oreochromis AE A
niloticas) 2003)
Uanundadu (Uan TS 84 34.5 (Rodziewicz
alu) -Motowidto,
(Hypophthalmicht S. hazAMY
hys molitrix) 2008)
vanlu (Cyprinus w1l 76 28 (Duan, R.
carpio) \Nan 77 28 UAYAY
nszan 80 28 2009)
Yanzla | Yannswaiag AR 73 29.9 (lkoma, T.
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(Pagrus major) AT ALY
2003)
Jarmean DN 77 28 (Senaratne,
(Lagocephalusglo L. S. @
veri) Ay 2006)
UanUnidude N 67 16.1 (Nagai, T.
(Takifugu rubripes) LAYAMY
2002)
Uaung (Sebastes N 64 17.1 (Wang, L.
mentella) \nan 65 17.7 uAYANLY
n3zan 61 17.5 2008)
Jamen (Gadus N 53 15 (Sadowska,
morhua) M. LazAeuy
2003)

'
a [ o

Aamsalunsgosaatenis@rnmmiudsnddgdmsunisldanudidan lae
AoAALAINISadeEaatsteulslineaanIiua (Collagenases) Fulumsnaivinlinoaal
wuduidenlunisldnumenisunmdedninineeine snswesnmstesaansaunsaniunule
Y aa = | a - a4 @ A 1% 1%
A83TN15NMaINTAY YU mAlANITIPeNYINN NaUTuldsulasaaiiediuans
epigallocatechin-3-gallate (EGCG) n1sgpgdalsvanaaaudmsun1sldanuauiemnssy

a [ 3

X A Y a A o ° A A & 1
Lu@LEJE]"U’JEJTV]Lﬂ@ﬂqiwuwuiﬂi\iﬁﬁ']\iLLaSﬂ'ﬁ‘W’N'}u"U@QLu@L?J@ UBDNITNAUNIRNNUNITNNTITEDY

4a19909ADAALAUN YRAN 1 89 3 Fetniliiianisasiaugaadsiaduly (Human
fibroblasts) A8 (Gelse, K. wazAnuy 2003)

ppaanauswiuludule 1Sendn aeaanaulviues (Collagen Fiber) Falidnwouy
I~ a aa 1 P VY] aa v a I~ 1
Juangindendviheluananeaiuiuunnuig lneundiintslireaanawdudiulsenau

CY S|

agunediunssausaianazdangulaaniulume reaanauldlafiegNimdsdiuuanivintu
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atuzneluinnieifineaansuludiulsznoveguin laun Weila (Fascia) nsegneeu
(Cartilage) 11 (Ligaments) 18U (Tendons) waznszgn (Bone) Lilolvianuudussuaz
duarnuBanguliituiiodemant duloroaanauasioundusiugudnans faud 10-500
uluns audidsnavenduloneaanau vdafl 1 andumany sxliduegdavesds
(Young's modulus) 5-11.5 3ngUraaa ‘Lummmazﬁqmmﬁﬁaq (Wenger, M. P.E. wag

U

Az 2007) lenegevaudfldnaveaduloneaanaunaziliouiisuruegaavesdaludu

dninInaae3Bineg AvuaLduuAUgna1 50-200 urluluns fananslunisei 2.4 uaz

anwEnNNIENIMTBIRRaaIUATUR AR WA 2.5

AN5199 2.4 @imaaﬁmmE'Tﬁﬁuaqﬂaamwuimﬁuﬁ'miﬂiﬁmm6] (Wenger, M. P.E. lagaale

2007)

ANNDQAHVDE.

ulensaaiiau wadAN133n danmzvauduly )
(GPa)

Rat tail tendon Indentation Different dehydration states 3.75-11.5
Rat tail tendon Brillouin In 0.15 M NaCl solution 9.0
Rat tail tendon Brillouin At 30% relative humidit 14.7
Rat tail tendon Brillouin At 0% relative humidity 215
Rat tail tendon Brillouin In 0.15 M NaCl solution 5.1
Rat tail tendon Brillouin At 50% relative humidity 11.9
Bovine Achilles tendon X ray In 0.15 M NaCl solution 2.96+0.1
Bovine Achilles tendon Spectroscopy At 0% relative humidity 2-7
Bovine Achilles tendon Spectroscopy In phosphate buffered saline 0.2-0.5
Sea cucumber Tensile test In water 12 (high strain)
Sea cucumber Indentation <45% relative humidi 1-2
Collagen-like peptide Simulation - 4.86+1.0
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A19197 2.5 aFUANBAUENNNENNVBIABA LAY

wiinlaana 300 fAlanasiy (Friess, W. 1998)
NIRANGULES (Lin, Y. K. uaz@z 2006)
ADARNLAUIINIUA 190-340 W1 luLuns

ADAANIUINUTNAY 190-270 W1 luLuns

ADAANAUIINMINTI NSNS 190-240 w1lung

LAZUTNRAY

gauMiInTsdean W 15-65 paALALTE (lkoma, T. wazAgue 2003)

2.2.4 N15ENANDAAILIU

nsanareaaauaInIavinlaraglslneMluialnzisuduaInmMsMinesnlsznay
d‘ Qll [ 1 a 1 o w C% 1% al a A s
duq nlilvreaaausenliidunou lnalaniznrsndnluiumeezdlaulazlaeiiadines

wdvhlireaaauniegazarueenu NMsnsvudiegnaunsainneaaaulaeiy

v v A

aa X a a v ¢ PR ' v
naeislagedvuiuingauisusuinlesadsenauiludesnisuinvinls anunsaasdlane
FUItl N198199I1ANUALDIA N1SANIALUSAUUS IR n1sAaaluty N15ATAA

a o w A A A 9 1 . [ Y @
wpaweu nsmanlusiuduililirsaaiau (Non-collagenous proteins) kazn1smdndng

(Pigments) (Friess, W. 1998) daunisafinneaaauiiiegliavarseanunnvilivaieidivey

Y

[

LY v ¢ a d’lj A (Y QHIJ
ﬂ‘U’e]']EﬁJ’eNﬁWJLL@%GU‘UWU@QL‘LJBLEJ@VIIGBELUﬂ’ﬁﬁﬂW PNU

A A

n. N1sanAReaaAuAedsavateindaitiunats (Neutral salt soluble collagen)
roaaauvinilaviegieevieluiisluilogouazararargliluaisazarsindol

& a A A va & D ¢ a I3

Junane msiinfeaudidunats anudutuuszunn 0.1-1 luans 1w leheunaslsn

ALY 0.15-2 Tuans asinusafegnseninalosaurasnaaaiaulasinge vilikshmgn

Y

1
=

sgnindluanavesneaalIuLazAeaalauanal Lunalilinisaraigveinoaaauiuiy
Us1ngnisalilisend salting in wenanildslinisldnsnes@Rnieanesiueie Wy a1sazany
loiennaslsn aauduty 1 Tuarswag Tris-HCL Anududu 0.05 Tais Wiew 7.4 1183310

a X A A A v iadov 1A A . Y] Yy o
ﬂaaa']LﬂusﬁuﬂuW‘UﬁLULuaLEJ@V]aﬁWQIVQJWEN"LNQJﬂ'ﬁLGU@NGU'J'N (Crosslink) I@ﬂﬂ"lﬁﬁﬂﬂﬂgma\iiﬂ
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a o 1 a

NSATUALYUNAL SasmsweuazUsunsvesansazanefildatadeiiode maﬁwﬁqwé

aoaaaufiadaliudlnensvilaezlad (Dialysed) nMsnnaznousazn1stuwies (Friess,

W. 1998, Yu, J. C. hazanz 2010)

9. NMsanARBaaIlAUfITa15azaeansa (Acid soluble collagen)
nndiuseandnmlunisannreaaauannnInnsidansazanainie lnenuse se1iNg

Luanavziandalaensadeans vinliusequulnslnaeaanaundniu lassasisveduly

ADAANLAUANITNGIAT ADAANAUTIALANYDNNIIUANTALANINTALTDDN LTU NTABETAN

ALY 0.5 Tuans Bmsninines (Citrate buffer) wiensalalasaassn NesUssunu 2-3

(Yu, J. C. aganly 2010)

A. MyafinreaanaudlseulesiiuuBu (Pepsin soluble collagen) fign1azanandunsa

WY 2.5

o a A v & Ao A 4 4 o a v |
ﬂqiaﬂ@%UWUImWWQﬂ@aaqLG\]UV]NIULUE)LEJ@LﬂEJ'JWUV]ai’NIMﬂJ (Pre-mature) wagy

@ A

& A4 4 v A a % = Y 19 ~ |
Weodaneiuiaiyiuiudl (Mature) Iesinnsadnnoaataulaunisldniaiesegis
a [ 14 Ao a A aM 1A U [ a A ' 1 (3
Wenagyililareaaaundsnsivinailddanudiuniunien Msenin daumladulne
= a (% 1 ) 1 A o Y a v A o ¥ L3 & @ gj ~ )
Fausnaminaridudmnviliiiinnisui Werhlulduselesinisnisuwng asduiveunis
Yastutgymasnardsldeuluilunsidamlaidung daeuledndenlddiulng wwu Tus
@ (Pronase) LUUTu (Pepsin) waglalun3udu (Chymotrypsin) 1udu toulwiiuuduiu

Usznaumeaenedulvdineivanseesiiludiuiu 321 ér Juninluana 35.5 Alana

=

fiu ueuluisdaeulaUuiivng (Endopeptidase) Fsazdnneluanenediullng anig

WiLnzausaniIseasluremiey 2 -3 Fadurintndtfgadufiveenldlunisada 1wy nsaosd

a

An Anudnty 0.5 Tuans e 2.5 Ingldeulediuldusoduamsmyiniu 1:10 igaugil 4-

Y

15 aemwaidua 1uan 4-72 Hlus reaataussnesiwlidunlaulndgnidaladng

v

YU Wududwsulwindanusinizlunisdanusziluinanaedusiensaosdlusdaniig

WU (aromatic amino acid) wiu Afaszardu nlsdunasnsulamy wiazsllgosnussily

v Y al

Inansatumensazilurinndu szardukaslnadu Inednndiudarsvednsinasaaiau

yl9Uane N- wag C- 9anUszuiad 18 wag 25 nule druthJuduninsaezilunlisauiii

[

Aoudege inbildduvenddlndidngazaneey daumlawllndazgnindnesn Faiinad Ao
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duivilAiAnnsuignidn uazmsadalaelinsnsmivieululivuduwhlildneaaauis
waluanainninisaialaeldnsniiesegades (Friess, W. 1998)

AsnadevauTRvesneaaay ¥afl 1 a1u ASTM F2212 (2008) fawandly
AARLIN 9 NMInedeuauAmiafiuaznisnmvesreaatauiatalifeuinsgiuny
ASTM fuun Tne3snsnadeunsaaiauazfosiniedowazfuiivensulaeiall dmsu
oaaauiiduasaransasdesdimiuuiavidosay 98-99 fMednuvazaudiannsiesiz
sesellil ﬁmﬁfﬂimaqaé’w SDS-PAGE, sUuuumsisessivaadulng (Peptide mapping),
A duduluniisindndeusunsuiotniindetindn, n1siiasizRusutuLas
29AUSENBUVRINTABLILY Mg HPLC, ﬁ’gﬂmﬁqm‘ﬁg%qaﬁaza’mﬁw SDS-PAGE G’Tawﬁﬂg
LOUVDIABAANLAY BiATt 1 NIDMINYBLADARNIUMEADAAITLUALAITIUTINUAUTUIAY,
ﬂaﬂmlﬂu‘%qwgaﬂﬂﬂﬂiﬂuLfﬂyauiumiazmaﬂaamwu MII9F0UMNIETS Western blots 138
ELISAs ‘1/1‘%@3%3146] Usenaunie danddy, Endotoxin %5 miﬁwﬁﬁagﬁnmﬁmuamm
NULYRAUDILUATILS S WATUA Lﬁagﬂﬁﬁawﬁlzﬂa'aamiﬁwaaﬂm, Tnalpeziilulnawau,
Tasfu, Host cell, Tangwiin, wuaiiSouazlaga, Thsaldaunssniay, ansidensnazioulssd,
@ﬂﬁﬂi%ﬂE]U?J@ﬂﬁ’ﬁﬁgﬂi‘ﬁﬂﬂ’]iﬂﬁﬂ VI NSA FINALANY @NTaALIIRIRD, NISIATIEN
ANaNURNIIANTOUMEY DSC, ANUVlA, Yayadau DNA lngn1suanieanyedgu COL1AL
%39 COL1A2

auUAvonoaanau ¥la% 1 Aoaaauvdainuunludy nIranLarnie 4
Tassasafundendang dwdnluanausana 300 Alanasdu Usgnaudenodiulnda
a0 Ao @10 ol 2 @18 uay 02 1 @18 uraraleinsneziluSesreny 1,024 §1 Fuinain
nsiSesnveinsnesilufiidnvarsiques Gly-x-y Tng X way Y dnidulnsdunazlonsend
Wnsaumuanu taelsnsidrulnadulnsdu:lonson@lnsdu lneusrunandu 30:10:10
Usthadiulate N uay C finsneziiludossofulszaia 16 way 25 f dassnindiunla

[
o

Willne fumdnluanadszann 5 Alannadu
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2.2.5 Mmivszgnaldanunaaaay

dsihiauladmivaeaanalunmstunlfidutagmadinin de aoaanauduian
fu'1ﬂﬁiimwaﬁﬁﬂﬁﬁ@mmﬁﬁwLLazé’aLﬂuaaﬁﬂszﬂauﬁugmmaaiwmaag}ué”s ADAAILIU
aunsandnulglavatesuiuy 1w uruidy wWosh (Sponges) re ieansavaredmiudn
Hudu danuathin Ul lunudiuniswng venandudianuisaussgndldlusnududng
Inen anussuiauradnuinsseutaunalrlud Snviiesenuastaislunsaiaiede Wudy
(Friess, W. 1998)

Aauppaaau (Collagen film/ sheet/ disc) finunuIUseunn 0.01-0.5 Aadiuns
ﬁmémmﬂﬂaamLauﬁlﬂﬁﬁau%uﬂaLﬂﬂlwﬁLLazﬁgULmeanmﬂa'aaé’fam@éwﬁ’m Fie
wanianusaladnluluiiduneaanau lnsordeiusylelnsiou Wusslamaududonsindu
Tulaseadns (Entrapment) @unsarunisviliusaanidsld deianisdosaans
(Hydrolyzation) zfipssnwnpnuuiusieiaznudonisldnu et fiduneaaauuily
fuanan Tlduagndesaaeetsauysalnondenisidom 56 lua (Lee, C. H. uazame
2001) Fidupoaanauidldlumsinuidedeniandols wWu edenszanaindonseusise
Fiu Imami%’ﬂmﬁm%mmﬂmam%af\]ﬂ%’miﬂﬁ%auz LU gentamicin way tetracycline
TdlUufduneaaau navasn1slfidumoaanauiifians tetracycline Wu31a11500599NY
tetracycline Tumaraunduiiaininnin 7 5u mendsnisneassldlunsedie (Minabe, M.
LazAny 1989) dnsumssnvunde Hduneaanauarldansdudasde (Ectopocide (VP-
16)) WuNENIadnIsERUAMIL LT uYe ssReiUS T vane (§u) Bldunutiu (Sato, H.
LazAnE 1996) uananiflaunoaanaudslfidushvudsdy (Gene delivery) l88ndne wu
ﬂﬁﬂizﬁumsﬂ%ﬁﬂﬂiz@fﬂ:%w recombinant human bone morphogenetic protein 2
(rhBMP-2) uazApaaiay wuinislyd rhBMP-2 s1ufiumeaa1iauasiing lun1snseunsasa
nszan lneroaaauildutilunsBamieuvadinquasdeldwtglunadennszgn us
inlfiiiespeanauegnfraylifinalunisasiansegn

ABARLAUTAA (Collagen shields) Qﬂ’e)@ﬂLLUULﬁaLﬂuéﬂﬂﬂﬂizﬁ]ﬂmﬂ (Corneal

bandages) #anunsaazanglalunszana 1iensEAUNITINWIVIALEANENSINITUgNaeY

nszanm (Corneal transplantation) #39n15KH6ANTZaNA1 (Radial keratomy) ADAAILAU
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Fandmiuaunmwananilleleiangnavy e ndluananeaaliauaaigiuneanl

UYDINIALNIN AuFuTANIINIE nvetneaaaulanfe desiudiuniiveinszanm

' (%
a o v w v w1

(Comneal epithelium) NMAITNBINNNITNTENUVBINTINN BNNIEIIBNTEAUNITINYIAIY

Mﬁ’maqﬂimﬂmmﬂmiﬂgﬂzhaﬂsza]ﬂmLLazﬂ’ﬁmé]’mmmﬂm ANSVUFIAIYIVDIADAANIU

[
[y

FamavduiuUSInaesarmsUanUdosvesdas dmsuienfiazastnle Taseadn
ﬂaaamu%ﬁmﬁwﬁmﬁauﬁﬁﬂLﬁ’uLLazf?f’;m%Qné’fﬂ%’Ulﬂuszim’j’mmimaa%’mﬂaamLﬁ]u
widmsusheniiliavaneihfenazdluswiusdas vaefidelnasoninandasuazdas
dovaaarITiture e e SeminivasauRvMtuen annnsideadue sty
A5%ANAN LRLIAINTAUNETENINF B UNTEINALAE TSN BIdIUNTITeINT AN
agslsinunisldmeantauTamdumvudesnenddivesinaalsedn Wy anALauIse
lunsuaiu Lﬁaqmﬂmimﬂ’qu,azizsgnmﬁasﬂw%umﬁwuméﬁ SnvanatiaLAgses
oaaaudad Faldmenuimsldneaaaudadiunvesnszieuasnynzinmadiliens
Lansadufivnsoonaiinainnsenausazaonldaeaaaudas nmssnauiintuly
NseaeRntundensaonld 7 Su ﬁ"JwU’e]leLéGISLﬂ?l%L’Jﬁ?U’]Uﬂ’j’l"Li”u (Lee, C. H. uazAg
2001)

AoaaLaULUUNBIUY (Collagen sponges) fwuldlunissnwruiaunalnluduas

ANUAIUIALHE N15VAaadlusERUBIUuRnIs (n vitro) nuitlinad Aeaa1lauluunesi

(%
v v

a ) E Y a ° v Y Y
fanuanunsalunisgaduveamainniieelausinamnniilviunauwis 8nviedadesdiunis
nszuNNRaN1sAne reaatauwuuneshddldaduiuudiitendmineinuinde Taedl
v d' 1 1 dy a 1 A dy d‘
TaflusaiNsmuaNnTUanUaayansd oo InartIgannIsseAeAovenilaite Avaan
H = ° v | < A aa
BULUUNBIE NS aLmS oA LA N1 SYLALU UYL B NULU9YB 981 TaL 8N SANS BAINE
AORALIUNDIIREUTEINMT oA 0.1-5 FAUTAAMUAANUNTUTBIARAA WU UN DI
TPufruAAMULTNTUTRIRRaaLaLluAITaZANELAE RTINSV UULTLE BNWTY (Patino,
M. G. lazAue 2002)
NSLUINTSNEUIALEATUNA bNTIta U AgI Yo UL U LTI INENA8BENT T

JesTUUnIANTY NT2UAUNITTNEUIAKATANNTanUelaldu 3 d1ufe haemostasis

process kag inflammation process, proliferation Wag maturation qwﬁﬁaﬁa remodeling
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process deinununaiundndonazesnuiandu subendothelial collagen \Hunalifiin
naswfiiureandaidenuarnseduliindaifentiudsududeunumin (Coagulation)
sio3 fibrin clots %Qﬂa%ﬁqeﬁu F4 fibrin clots HiausifusenisUauiaunadinsiie
WS HUASNIATIAS IV LAAAIE LT neutrophil, monocyte, fibroblast Wag endothelial
cell uenanideiinsifinanuaiuisalunisduriuveinaendennisuanddosans
prostaglandin, chemotactic substances, complement factor, interleukin-1, tumor
necroticfactor-a (TNF-a) e transforming growth factor-p (TGF-B) Fudu bacterial
product Imaﬁmaiﬂmzﬁumimﬁaué’w neutrophil lUSsuauNanIuiienisiadoudne
macrophage, lymphocyte laz fibroblast aua16u wound macrophage 1911910 blood
macrophage 7iAdouNIEIUSHIMUIALNE macrophage SUnuMEFFaNsEUUNITI LAY
(Inflammatory process) fibroblast azwrdeuiiluitoriuinunaiiioasuazazalnala
lUsAunazAoaaILaY mim?{auﬁméwﬁdaﬂmyﬁ]uwamm macrophage derived cytokines
LU TGF-B, epidermalgrowth factor (EGF) Wag platelet derived growth factor (PDGF)
(Parenteau-Bareil, R. azany 2010)

NFIRINAAUIALKNE  2-3 fuﬁm?jaﬁmm%msLﬁﬁﬂtcjﬂiw’gumﬁw%gglﬁuim
(Proliferation) Ine fibroblast Wag endothelial cell figlndquinunasziFuutsinas iy
Frurdadunasin growth factors, cytokines derived platelet Wag activated
macrophage #11 endothelial cell az3uasraduidontosuasnasusiufiuionisqnie
endothelial bud dwihlidonladeuldtnass waddaidenunasidng apoptosis wazgn
macrophage  80¢ Fsiulian1sfnwiuinunaiianysnifsarstauiaunadieYandd
epidermal analogues Wag dermal analogues fnausieenly %ﬁﬁ&]ﬂﬁum dermal layer
dnilvndueyiudaneeaaiauniensaanauiidendiumrindusnisaduinduy 1wy lna

o o

lpegdlulnauway, nsnlagngseda uenanAeaataudsdanudrAylunsiveudaiead N3

o

v L%

WiulanaznsiUfsusUasaawaduds wninduenwaddillguaudivalgagiugu awnse
JanUdagansniignisivousansesdu fibroblast proliferation wagnsesu fibroblast

differentiation 8n¢28 (Khan, R. kagAng 2013)
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2.2.6 N5y liUsaaa ke (Sterilization)

o

nmsylrusrn@eiinnudfyed1edduniansunmg wmsgidunseuiunisi

Iiduvsd sauvie 1asa wuaiiise Wes wazavesvedeuuaiiise 0navuleusgluniusiom

[
&Y

MMM tiunne wseliauisaveneiugladndely wilunsjiailenranqdunidas
wideeglundnduaiuaznisnageuauUTIAINAe (Sterility test) Faldaunsanaaeunn
NUIYHARAUNTIADINNUATEAUNTEDNTUNANTIYINIAUTIAINLAD (Sterility Assurance

[

Level, SAL) lumsnsunmdiohilnnuddyednads Tnsiawizndnsaeifussgansaatudu
Fen viendnsueifiduiaioiionielusinie msiliusrendesediniseng fe
Fasmanienw wu Faildanudeu 1eun msvhlisiranidelngldanudeuud (dry
heat sterilization) n1svilusiAani@elaenislélerh (Steam sterilization) 1udu was™s
Alail¥anudou 1dun nsvinldusiaanielaenislésed (lonizing radiation) nsvinly
Usiennidielagnisnsed (sterilization by filtration) wagdanisyaesl msvilduseenide
Inen1shinne (Gas sterilization) (Rutala, W. A. kagmuy 2008)
nslisrandelagldnnuteuusts e msvildusimnidelaglderniaisou

Falifhmiselouney insasdenldeu (Hot air oven) lngldaamall 160 esrnaadoa 1Ju

[
[y [

a0 2 ki enaldgaumgiinaziianiunneeaini Jusgiundnduandeanisinlisieain
& ° v & aad Vo a o ¢ al ' a [y Y]
Weo mMsvinlviuseannelslagldiundndamninudesnmaliaeld wu ansiedivseieiung
¥l sV lUTIA AR rtat e AUNER AN TEIUUTE N DUV NAERNUINTRA
aa a PN a a o ¢ o | v o o ° v
ninsdsan mgamgligs ndndueidimingaglad wu Kney @18 ws1esvinlilug
Swqy o8 v & ° ' %] a A A g Y
wananiddlansiliusmmnnaeiasinateaisneld (Pyrogen) Tuiasosieduuiiiay
lane 1Wu MyuzussgedInnet n3stng Uindu i Wudeen Ingldeumnglingsndn 220
paAEaLTEd WU gl 250 eemwaldua [ulaan 30-45 wnil (Matthews, | P. uagaouz
1989)
nsiliusaandelagldleun Wunisvildusimannivelegldlerndusiniels

o A A dgyoa Y = o % a = =
ARG LATeelleild Ao nileiladn (Autoclave) Tngldomumgil 121 asrwaloa NIy

' Y Y
[y = [y

fu 15 Yaudsien3neila Wunian 15 uil enaldgamalinaziianiiuansisainiiduediv

a o eay o § v & o § v & aad Yo o A
dndugindesnisitlvlsiaainide nsilvsaaneisiazldivednneglugy

>



29

a ¢

asazaneuaziianuaiigumniigs nandueyinilduuseneuretsauaznaIainuI19Yilai

)

Linudegamgias Ussansamvesnisviliusiaanaelagldniuieou Jusgivammg

e

a1 kagAudy nldgamaliaanzldnaiides uazvnuanduniaiuiusganeasl

= Aa

gaumglifidnas nalalunissnidie e Anufeuswililusiuluwadqauvidnnng neuralz it

a o

Aruuegine fatumsilinminidelaglflotdeivssansnmini uasldgmngiis
ninnsidanuiouniia (Alder, V. G. 1987)
msvlsusannidelagldsadidunsiaregaunidenisldndsnudmiiuan
TinduavessguisviaiivanUdeseenin sndwlngfanzasiunsziusfegaseniig
Tnseuiulusnouluinedoainomung willuadoavesoznonundalinei Wy sxnou

Y9IA15UBU-14, LAUDan-60, TWBeu-137 uazgisiilen-235 Liielosnaunii Tuafeasy

v

Uaoendinuduiuesnuiluguaduwimaniii (Electromagnetic radiation) laun 593
LN (Gamma ray) ¥3833@1n4G (X-ray) n3aUdagayniAu1ewila (Particulate radiation)
LU BUNIALUAT (Beta particle) n3pauNIAKBaY (Alpha particle) wsoaun1Alnsou

(Neutron) 1Jusiu Fafidrunanzqnzalsinuinglaas Wemudilvlusnanslaaglavihla

q

v
) i A 5 D] vddlldud

fananatuldsuduanssed sedundndugnniunisatesedqluisdnnaraazliiingg
dranvessed nshlvunenierile Inenislesadunuun Usuna 10-50 Alawnsd 9Ins79)

1AUDan-60 LLaz%’qﬁmﬂLﬂ‘%@qmﬁmﬁwLLaQSLﬁﬂmauwé’Nmaa Wusnnanslunisvinliusiaann

[y

Wo \leqdunidduiatused sgvhliiAnnnsloosulud IinnmenszdusednUsznousinag

agngluwad vinlianseineg meluwadgniinate 1wu Wikunnaznau iiansAnlEYe3

[

DNA RNA vaaiwadqaunsduazaneluiian nsinlviusiaaineisiagldiunan dousinlinu

G]I@QEHMQQQQLLQ E]\‘iﬂ’ﬁ‘i/iaﬂLaENﬂ’]ﬁ‘WUG]ﬂﬂ’NVH]uLﬂﬂaﬂu?\]’]ﬂﬂﬂimﬂﬁﬂi’]ﬂ‘mﬂL%@@’JEJFI’]"UL@

aa s a o & P a a a e a asa o
Wau@@ﬂl“ljﬂ Iﬂﬂﬂiﬂqmiﬂa@@ﬂaUﬁﬂaﬂﬂaﬂﬂsuqmﬁ]‘aumiﬂ LLazﬁ;aum V]WWSL'ViLﬂﬂiﬁﬂ Av 10

Y Y 9

1%

Alaunsd nMsvililsimaneneSadiussansningninnsaenidenieisaus i n1seu

MEAUTU s SadaunsoilindadaurinianisundifaunnuinUasnels lnewanis

[ Y

a cala ] % a & an s |
Naﬁﬂm‘m'ﬂﬂzﬂiqﬁ HAaUYUYDU LLawag”lumeini sUu’q@ ']EJL?EJ‘U?'E’)EJLL@'J IWEJ UITVIY

Josfumsuulou MAnanmsusseiiviestsldna nanfmusimianisunmdiiting vinls

[

Uaaaemesedll 3 nqulvalq As Lduel Wy 19 wanadn lwaglaa Uil sIubwEnsiuni
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Tnsafeans 1w n3esdioluiossin ane ludeu Wuduuua nszuendnen AUALKE LAz
wsadlinatafinluesuJuRnTg naaAnNNIBNdunIsN LU 81 @588 UNNED TIUNY
drulsznoudus NldNdnen [oldoandiunieg 19319 enlEsneuInLKNaNLAn1nAL

Seuvsensuanaeeivdy Wu nTean Weviauaasiants (Munarin, F. uazAnly 2013)

[y a

syl sIAINITEAMeNIsNTRRdUNISIdRaUNISoananatsazatslas ey

q

nspuuuusuNTvwIngnsulaiiu 0.22 luaseu lnvavldiuaisazarenlinusegumgias

[y

HENAITINIUNITNTBIET FLHBIUTTYAIUNYULUTIINUTIAINTED wavTaninnivue

U359MgnAllaUane 99eInIuANN1ITUaan e neluseninan1INToIkasn1ussy

[ v A £

o ' a fala o9 v & | aa o oA
Mo andniurteuvinliusiaanielaen1snses 1wy erUfTius Tadu donisszds fe
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® AN Y0IADARNIUNITEN Uon Yoide §1989
o
EtO Wa:UssEMIARLTLELTING | Talvhane \AREIANANY (Geutjes, P.
pray 50-80 71 35-45 o 1Assasng AsTglRAne J. uazAuy
Wunan 24 . Triple helices | se8 tAANNSUA | 2010)
Wostn-USTNIARNTY R ERIGENGE (Faraj, K. A.
duinssenaz 50 71 33 oy e LAz MUY
Wuan 16 . wazusu 2011)
Auduimsdudesas 80
71 43 oq 1Juan 72 v,
59 Wwa:USunsed 20 Alawnsd | LifissdanAns | iieAnuseulas | (Geutjes, P.
WANEN | 37nlAUBAT-60 waglidsed manglaseasny | J. uazAue
avauuaziia | Triple helices 2010)
Woarn:Usinased 15 vive T S TLPa, (Faraj, K. A.
25 Alainsg nlauean-60 LaTANY
2011)
g | wewi:USinal 15 vide 25 LifiSd@nnae | ineanusoulas | (Faraj, KA.
A1 Alawnse wagludsed Manelaseasne | wavay
agauuaziia | Triple helices 2011)
AsLdea
H,O, | 19a:Aududu 6 Jaansuse | kivihaney - (Geutjes, P.
305 91 35 o5 LHuan 30 JEERGERN J. wavAMy
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2010)
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L1U99WasU Claudio Menicagli (Menicagli, C. 1990)

ﬁ?‘iaﬁw% J75 PROCESS FOR THE PREPARATION OF COLLAGEN AND OBTAINED PRODUCT
Wufeannelagninliadnneaaiiau Ineyiniswenduieeningainyiuazuwen

lusfupanannidu anuhiduluusferiesuauardraduiivauddeihlsaanysey 3

%1 wagmuieansavanelefeuaaslsd anudududesar 1-10 Taeuiin $1uu 3 ads

wazdnunethUsmnUszqdnase dnduiuaudildaisazaionsnezdin aududu 0.1-5

Tuans Wneldansiarnudusensaidu 0.1:1 89 0.01:1 Ghwdnsausuing) wazduniuduan

a

24-72 Flya Ngaumilliliiu 25 ssmwaldva arsavaeiaialauilunsesmenzunsuues
50 Wialiladiunla lnefedrunliazane antudulaieumaslsa 250-1,000 nsu Tu
-dl % d! a o v = v = 1
ansazaneiinsadld AoaalILITANAZNOURBNINTITlaN v Ad 1B MeInd1eene 1Yy
N39UDINLNIUABAANIUIBAZUNTAUDS 40 A1FLNBUMEUIUTIAIINUIEY ATNOUADAR

wugnihlazanglunsnesdin anudy 0.1-0.5 Tuans asazareasaanaugniiuinwlin

QUUQI 4 BIALALTYA

a a v

AvsUinsanizewidng 20080118947 Al T 2013
LWNUDINAIU Ji-Chul Yu, Jae-Deog Jang, Cheong-Ho Chang, Sea-Bom Lee, Se-Geum
Yeo wag Chang-Kwon Ko (Yu, J. C. wazang 2010)
FoaAn3UNT METHOD OF SEPARATING COLLAGEN FROM THE VARIOUS ANIMAL TISSUES
FOR PRODUCING COLLAGEN SOLUTION AND SOLUTION PRODUCT USING THE SAME
dadedninarssiingmitnatnaoaaau dmiundsraisazaisneaaliauuas
Wllduselemilususine Inevhnisadnaeaaauainnszen nszgneeu nils wWukasLdy
fnda (ligament) vasgns Buarniudaidedsfind1nun dredretusmandsey Lovuea
wazerdlau ntusmdutudnguuin 1-500 lunseu wdadedeleniueawazinseen
UszqBnate ndmnduiidedeildluudluasaraensalalnsaasin anududu 0.5 ues
wea thunueeiuiiiseu 10-100 seusiowit Wuian 24 Falus ndutihiuddldadiy

luansazargmednsduuudusiaiilowde 1:10 81 1:50 (neudnuddulyldnu wWudugn

avareluansazatensnlalasaassn ANuuTU 0.1 wasuea) Junutduan 2-3 Ju 91ntiu
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ARAaa AUt I UA19AELENIUDE ANULTUTE 95% 11U 1-2 ATI DINUUANNABAALIUALY
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Ansizidmtnluanamemaia SDS-PAGE wuiiusinguaulusiuved al wag a2 lagd
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dmdnluana 140 waz 130 Alamadu auanu laewau al deududuaesvinves o2
Faduduldinduneaanau vied 1

AnsUnsansgewsni 8512756 B2 U 2013

WNUDINAIU Sherry L. Voytlk-Harbin, Seth Kreger, Brett Bell wag Jennifer Bailey
(Voytik-Harbin, S.L. kazAny 2013)

FoAN3TNT COLLAGEN PREPARATION AND METHOD OF ISOLATION

nsafneeaaIauIINKlEans BuanhuidgnsasmneinusmnUussquasandu
ay I3 a o v d' o v I Y @ = 4 )
FUENGUEIN 1 esieuiiuns dntdsidaudluudludiiu -80 semwaidod uaitiuiun
Tululpsiaumailesldasnua dndunuawaruinidalusaunlulinoaalaumeaisazans
T AeNLTAN AMUTUTU 0.5 Tuans sresnsidrunilaseansazatewdu 0.125:1 (U1ndinee

a

U31109) Nigaungdl 4 eemwaded Wulian 24 Tl ansiadaiiemdalusiunlaly
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Aoaa U duAIBsinILEIsU 2000 SoUsBUNT Tigamindl 4 ssmiwaldea 1ulian 60
unit Tnefsdanlauazimidsgnsilduvhdludunout 3 ey andudmidsansitldludna
fhetusmnUszdu 2 afa wasinilignsfiuaudldlumsararsleden finsm A
gy 0.075 Tuan§ dedwsidmuniatearsazatedu 0.125:1 (thndndeuiums) i

a

ansazaneiaialaludumiesiamnusiseu 9,750 sousioundl Neamall 4 esrmwaided Uu

a1 60 Wit Tnaviudwlalivazsinlulaezlad lneldgilaezladiid MWCO 12,000-14,000

luansaraelalyfedlalasiauneawn anududy 0.02 luais Meumgll 4 esrwadya

MntuhEsarateiiunisinesladlulumisfianuiiseu 2000 seusiewd figamagil 4
= <) a v o v v H

pergaea Lwan 60 Wil agldnznaunaaaukastnluanameunUsieanUseuas

wiasazarsneaaauludumieiausIseu 2000 sousewd Naamall 4 e iwadua

[~ a o 901 gj % g.’/ o aa
Junan 60 uiit g lutuneaun1sans 2 ase agnaumeaataugniiluazatslunsnesdan

Ay 0.1 lwans ansavatspeaaaugniiusnwlingamal 4 samwaldes

2.3 Tlusduluulve (Thai Silk Fibroin)

v ¢ v a A g a Ay Y]
nsrunulsElerivedlnuduivgruindudumausniaununisailvueanainds
Weuszana 4,700 Yuuad Trsndudulelusiusssuvmvemedielusinueesnunainvuey
TnuszezlanuTaiioviorusiuar Ueadudngluvasinueulnuaenasunataidudnuiuazlyi
A av vy v [ [ YY) . s .
asanfounle LﬁuIEJI‘ViiJQﬂﬁi’NﬁﬂﬂLLN@QIU@U@U (Order) Lepidoptera 23f (Family)
Bombycidae #3aluutnu (Mulberry silk) wag Saturniidae w3aluudn (Non-mulberry %30
wild silk) nudhupulundeulusinis dulmidfuluiisviingu wu luasanseludu
d1lznas I duwuaandniswasuulasgusisuuuauysal (Completely Metamorphosis
Insect) wasTInvaslnuuvinanmdy 4 szay Taun 1o (Silkworm egg) snuauy (Silkworm)
Anue (Silk Pupa) wazdideluy (Silk moth) fiflssszuzMripuyinluniueIIsLagil
aa ! 1 1 a 1% a a 1 ' =
a1somsnfleglulundeuludisaiuainanisasqyivle lneriunisgesuaznisgaduly

U3unas 1 lu 3 vesansenmsviaiun Asmilsedusiungaduazgniluldndntudule luy

[
=

Negnansviameiuiuediuiuiuiauazassyradlny wu nnlueou nuluwneugy
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Inuiuanuny dusudsemalnedsegluwnfouasiinugivunilneannasnl (Polyvoltine)

Ly

gblngazddnvazmziwnnaaniugivuluaneugu Jsaunsoutsoanidu 3 viie

9

Ao lnuiugvenudu Wuiugisfueiiaiinldesnldnsd, lnuiugivegnuay \dulnuvia

(%
= s

Polyvoltine into bivotine winaflnlieenlivialuarlnuiudgnnay \Wulwuwia Bivotine fln
lioanTay 2 as

dulelmiuusznoudensnozilufisediuanelyen (Long chain) Feiimnuunnsig
flluosduszneu TassaauaanandRmuuasiiny dvuadurugudnatsussann 10-
25 lulasiues wdulglnmnuueulnuusenaumelusiu 2 dyu fe Wsaulnlusdu (fibroin,
CisHaeNeOg) 2 1éu AnfuthwiinUssanadosas 70-80 Tnevmin waznlnuvdowsdu
(sericin, C1sHysN:Og) Uszanaudosay 20-30 Tngvimiin v didunalnuedouidulels
Tusduasaidulvieginiu duandlusud 2.3 uennidUsEnouRieasau taun wind
(Wax matter) Uszanadesas 0.4-0.8 Tngtmin arslulswasa (Carbohydrates) Uszana
Yovar 1.2-1.6 Iaginiin odun3eing (norganic matter) Ussannidosag 0.7 tnevniin
LLazﬁﬁUimgmuﬁﬁmﬁ (Pigment) Uszaneusosag 0.2 Tnevmin (Mondal, M. hazmeuy
2007)

nTusBuannsnduguldvarnvans 1oy 1aa ke 1l uazidevia (Membranes) ol
Tusdulisuniseeususdanirsnaiielddmivriiaiesdronsuaz ingidevuoms uaz
Fsumsumululinundhidnenmluduinermansfmaumduagimnssy iosan
anantRvsnnilaaisu lusduldsumnualannn esnfinaassfeuidAuléds
fuitlaife nsdesaaemsTinmiituaziianssnautios shlililusdugninanldidulass
Avagaddmivmimnsaniade dmsmenuilesuisasadivlusdugninlyfeead
a¥adule (Fibroblasts) lwadai1anszgn (Osteoblasts) uagiwaadduiiiln easnsaiiia
UszansnnlunisBanie nsesaiulawazniswdsuwlaeneadiudnvasiindradu

1AsLa8aainana1NAeaaau (Kundy, B. waymny 2013)
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Tnuiugidosinlsal

Polymer

perUsznavvedlushunegludulelny

JUN 2.4 Tnaiugivdesinlsad (U108 x unae) uazlassasraveadulelmy

11 nsumdeulny waz (Shang, S. wazAy 2013)

Uszwalneduuamdalvalvesiaunmuisiangn iwethluldlugaamnssudans

Fafimsdeslnuvainuanganeiuguidunatenuulaeanizegddunenziusenides
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Y
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WIADY W87 WAL wetes tudu deunldiSunTomuaniui nutiu d1ua 816N
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Jardadiinu wu vuswta Wedana Wi nulnedaeglulmdesansiug Bombyx mori

Fatlmnuunne1aanlng Bombyx mori 8u9) Ao Silullngazinialuu (Sericin) annninluy

v Ao %

Besilndu SildnvaiGduniondy sumanies TUsunUszuiudosas 20 dusuiug

s A

Inulnegnuaudunisdndenuazusulssaneiug ielilasslnundaunmuazsiianau
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N 1 a b4 o & = ' [ Vo v ¢
wgauivgduasilmnunsnsiilides dadunsnauseninluaneiuginewniulvasiug
AeUsEINe

U 2553 nsumsioulny lnsgudnisulnuaiunssiissfaufanszunand dsng

e} v s

WIrUINTWHUIe aseys Wwediunisideseusnduasimuiiugivulnegnaanain luasiug
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v 6

wianenauiuludduiug J108 Salldnvaznanidun wezasteiiodufssfuneSuiingy

v 9
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[ [

1 A & a o Y v ¢ = 4 = aa
nloulvuauwsn Ao wiglnlsad dudngey Wmdulvuiugmdeddnlsad Salldnvauenausd

v q

(%

A ! = g a o U g d‘ g ! g a
wiiesgeu Waendamu diwidnSeaaiade 1.37 nfuseds eUseau 3.5 WUAATLAY
nUsEane 1.5 wufues divinsauden 23.84 lwufindi wasiesidudiiudenss 17.47%
(% ! § = & ! ¥ aa ¢ v
Selyuandie wWesidudaniig 82.00% vwnidulvy 2.21 Audles wduleniussuim 745.27

| v ! v 6 = qg,’/ I % 4’1’ = q'
LRSHETY 81INTIINUGHINTEILBIEIUTELU 500-600 1AT TIVIEINIINUGIneNULLTR e

= ' Yo a a I o & -
giles 250-350 wins nsuvsleulvlamiliunmmaasuuasndnldlnaliinunsnsifeaite
manegeulunuTmindunl uasswaN Soedn unasANy AaLNY AsdunsT giiusIll

Y a Ya U 6 v s 1 dy
wazdunys melananssueydnduazveeiuivdeulny lnenanisnaaeuifesivuain

v

neasnsnuitlinaluseauiiiinels lnsangegganyasnsludmintuginmelauinse
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=

g AN v a v AV v g ] < v a
nsvaedluy AdulnunazdSunandulnanlesy Wesanvuaulvudesding wiwss Tinanan
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Silnuffuazinunin Tanununiudegumgias duanyn Anudugelaamunziuann
amelulszinalve Fuduiuglumiianumuzaufissdaasulmnuasnsidessaly (nsu
il NseEnTINYRsWarannsnl) 31nNsUTuUTEneiugvaslruiugmaedlnlsaudans

Aunulaiu idslidsenudnvarauiivednuiugilunwide
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[

InufiveandAynateaudioisudulusausindu 9 Feaglauraniileidevss

o

s s

dail#Anduiliduanssug (Specie) LB (Allogeneic) n30a1ndsdFAns1aanofus
(Xenogeneic) #sivgaInaruidsslunisindodmivTannaniuiaudululige
nszvaumslumsnaniliansenandaisauns iesniamidunelunszuumsuen
Tusfunaznsvinlviuians luuedilvuanusadnmeidulouasnandulodnuinndulses
Tunn¥ FsgnihunUssgnaldlumanisunnd dewdndulglniluldnudeninismannilng
sroanamIetoulerl iesaneidudaduannsudnvesdgmanuduldiudeddie
(Biocompatibility) LLazﬂﬁﬁ%mmiLLﬁ%ﬁﬂﬁ 1 (Type | allergic reaction) va3s19n1efifise

vy (Altman, G. H. wagane 2003)

OH
.9 r . C'JHS L0 c':H3
H H H
O 0] o™n
Gly Ser Gly Ala Gly Ala

UM 2. 5 lassafunmsiesasunsaeziilululnlusdulug

(fi :http://commons.wikimedia.org/wiki/File:Silk_fibroin_primary_structure.svg)

Inlusduluy ﬁﬁﬂwﬁﬂ‘lmaqaﬂizmm 391.367 Alaanasy (Datta, A. Lagagy 2001)
Ilusduluuusenaume 3 weges Ae heavy chain (H) light chain (L) waglnalalusfiu
(glycoprotein) wun 25 Alamiadiu Jai1 P25 lae H-fibroin L-fibroin waz P25 Usenaufiu
3 Tnefiensnaan 6:6:1 Tulyutu (Kundu, B. wazany 2013) Tag heavy chain (H) tJuane
Tolusiu fidwidnTuanadszana 350 Alanafu Usznoudonsnegiilu 5263 6 Tdud
Inadu (Glycine, Gly) Ussunnsesas 43, avaiu (Alanine, Ala) Ussunudouay 30, 35U
(Serine, Ser) UssanaSesay 12 LLazﬂi@asﬁIuﬁuﬁ@ﬁuq Tnednsideudosenusyladalny
(Disulfide bond) s¥ninsnsneziludamdusiuviieil 20 Frumgasuenda 3o Cys-c20
(twentieth residue from the carboxyl terminus) 98¢ heavy chain (H) AunsnozdludaEwn

Busunafl 172 Se Cys-172 w81 light chain (L) 34 light chain (L) ﬁ?uﬁﬁmﬁfﬂimaqa
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Uszaa 25 Alannadu Usznaumensneziilu 262 da laun ezardu (Alanine, Ala)
Uszanausesay 14, ¥3u (Serine, Ser) Usennadesay 10, lnadu (Glycine, Gly) Usennasoy
av 9 warnsmerdilurinduy (Mondal, M. wazaniz 2007) U%nmﬂawé’mﬁﬁwzﬁuyjm%
Uanda 13un31 Uaned (C terminal) @ P25 Usznaumeneaildlng (Polypeptide) wazle
alnudnanlsd (Oligosaccharide) dausznauetmaluanaiien 210 luiana lngnu
dnilnajazidutmauuulug (Mannose) %Ls?iauagjﬁ'umd'azﬁimt,aamiﬁu (Asparagine,
Asn) melusiuszidlng 3 sundauazazidoudaiu H-L complex feluanadiluvoui
(Hydrophobic interraction) a':;uLeﬁ%uﬂizﬂauéhaﬂmazﬁiuﬁﬁ%ﬂuﬁm’muﬁqa 9NN
lnadiu exanfiuuazduuds witudelsenaudig niangaidin (Glutamate, Glu) n3lediy
(Threonine, Thr) waglnls@u (Tyrosine, Tyr) ﬂwazﬁiumﬁhﬁazdm“ﬂuﬁmmaé’mgm
(Amorphous) TWlusduvesdulelvuduiinainufiseanisamuutuves o-amino  acid
naneduiusziulng ﬁuﬁmmmiﬁmﬁwéfmmﬂimazﬁimﬂuwm%gﬁG]ﬁ’u A Gly-Ser—
Gly- (Ala),~Gly-[Ser-Gly—(Ala-Gly), Js-Tyr (o n 18u 2 waue) (Mhuka, V. agag 2013)
fauansgudl 2.5 uazlimsidonseruseiusylalasiaussnitayaivendaiuvyiefiues
nsnowdilu 2 duaziiandnsaeidud 1 Tuana sliidnvaslasaadunuuuiungs
V3olASaaE1UUULUANTN (B-pleated sheet) sflaflaneiUulndaiunisiy (Anti-parallel) §a
uandluzuit 2.6 Tnswrundnlwlusdulmuusazunuazdouviuiufousawunesnad (Van
der waals forces) sgniaisuiiaiaiunuudassdnmaniase ilidulelwlusdulmd
amaudaussgunnuasisiazansldveanudlndfinaldseut (Hydrophobic) g1 Tassadn
ulnuudlaidu 3 wuu fio wuulum@n (Bsheet) ndeauaari (arhelical) azagludui
Huwdn (Crystalline) uarlassadiandeddu (Random coil) avegludwiiiuedagiu
Tnssassedng i dudmivhmihidumeninlassuvendulelnuuazlassaeiidu
mﬁﬂLﬂud’mﬁﬁﬂﬁﬁﬂﬂwﬁmmufﬁamaLLazﬁmm@‘WEju (Altman, G. H. wagmme 2003,

Sashina, E. S. azagy 2006)
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H-bond amino acid
side chain
hydrogen ‘P

N R
carbon

PR
®s f“% °:.’.‘12;;n
pepndew ? ﬂ” 30

bond \’
oxygen go

‘ .{ o
5 ?u
\\»og\ ’w\
P R A s
B0

JUN 2.6 lassasraduwiundnisolassasnanuuiunn (B - pleated sheet)

(Fian: http://www.ehinger.nu/undervisning/index.php)

Ilusduluudszneumensaezilu S1uiu 18 siln lavilnsnezdluiidfy 4 wia
Taun lha@u (Glycine, Gly) UssanaiSowas 43, axanilu (Alanine, Ala) Usssnasesay 30, ¥
3U (Serine, Ser) UszanauSesay 12, Inls@u (Tyrosine, try) Uszanuiosas 5 uagnsnoiilu
%ﬁmﬁuﬂﬂ%mm’%’@ms 10 (Mhuka, V. kazane 2013) lngsauarpinlsenauvaensnasiily

TudulelnlusBuvaslnunlaunanlnuaneiugsinegduanddunisen 2.7
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M19199 2.7 Savaresrusenevvaansnesiiluludulelnlusduveslmuaneiugaingg (Mhuka,

V. azatuy 2013, Kaewprasit, K. wagany 2014)

WUgU1S
WouATaz Wuggu WugIu wuguwansna | Wuguamaawn | Wugdudun
afiansaaziily N 1 (Antheraea (Antheraea Gonometa Gonometa Gonometa
(Bombyx yamanai) pernyi) postica rufobrunnea rufobrunnea
mori)
nsnozdlufiliiids
Alanine, Ala 34.29 31.26 29.39 28.14 26.02 28.36
Glycine, Gly 38.32 33.00 35.76 36.89 33.15 35.12
Valine, Val 1.15 1.67 1.53 1.60 1.42 1.61
Leucine, Leu 0.27 0.38 0.43 1.47 1.24 1.42
Isoleucine, Ile 0.20 0.31 0.32 0.82 0.71 0.81
Methionine,
0.08 0.13 0.10 0.31 0.30 0.32
Met
Proline, Pro 0.42 0.64 0.64 2.54 2.30 2.38
Tryptophan, Trp 0.21 0.33 0.45 - - -
Phenylalanine,
0.98 1.69 1.39 0.77 0.65 0.68
Phe
nanoviluifdauslaiivsey
Serine, Ser 13.42 16.87 16.30 12.10 13.10 13.36
Threonine, Thr 0.80 1.08 1.08 0.87 0.66 0.77
Tyrosine, Tyr 5.75 7.66 7.16 8.29 9.17 10.88
Cysteine, Cys 0.00 0.00 0.00 0.08 0.08 0.11
nanoviluifidauasiivszquan
Lysine, Lys 0.20 0.26 0.30 1.06 0.92 1.00
Arginine, Arg 0.30 0.31 0.44 6.54 591 5.35
Histidine, His 0.83 0.81 1.02 0.23 0.25 0.27
nsnoviluifdauasiivszgau
Aspartate, Asp 1.63 2.08 2.18 4.22 2.96 2.55
Glutamate, Glu 1.15 1.52 1.51 1.16 1.15 0.93
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w38y (Sericin) Wuldsaufidauveuti (Hydrophilic protein) waeurdulelwlu
58u dmnlananauszanm 20-310 Alanadu Wulelnuiiiduuszanaiesay 20-30 lng
vt widuiiausilunisazaneldluifeu arsavarensavdeiva wisteuludesiusiy
Tudulelruuvaduaosdiu Ao woanteSTu (a-sericin) LazluaLa38u (B-sericin) lng

weariIuaregluiituuen dnnuneiduaregamuly weanieidulaudilunisazane

U

¥
[ 1

TwihSaulafniun a3ty WanaNUEIE U TawU LS TUANUTURIVDNYITY 1A8LUINNRD

Fuuenidiaulu idu 3 wile loun 158U | Ao w3Tutuuen aunseazaigeonitagasie

o
1% I (Y

11%ou WS || Ao wSBUTUNans anusaazatulaluaisazatemdunieoou waztesau

oY

Ao witwtuly [Wuestudundanuunudulnllnlusdu anunsoazanelaluaisazaneiiu
ANBaU LLsBUTY 3 ¥ila HdnsrdruntsazateUssunn 40:40:20 lngduediugungiives
d1sazany (Mondal, M. llagAtuz 2007)
[ A o & I a ~ o W ~

nsasnnmnudunsyuiunisusnidanudndusgrsdaienidnnrilug iesainie
aa & v | v o A A A Ada MY o8 va 19 1
SFullawigineagliansnsadiiuiletiovesdadidinlg vinlviAnnisuimuan wenani
v & o v a A 4' ~ = I o/ | oA = A oa
gadunisidndudevudus Nenaliegludulelvy 1wy arsvaeduns sansyuiiuacluly
:’; a <) L7 = [V A o o 1 a goj C” & aa
Tuppunskanludune n1snensednd wseminduazess danysn Uduniednens
Woudnuluseniranssuunsuasieibndulslnufnanudiuuasyuuia n15aenni?
Inuw3e silk degumming Aie Msfdndsanysnifegluidule wannisasnnilv As n1s
lelasladnnlnunioiareiuszivulndvesnlwilinduluanaidng fazaedile wu
ninegiilulazlodlnuesvesnsneziilu nslalasladnmiluurilavaleds wu nslansa ang

wulwivisewsinsevianisidufioamaliginieldninueiu

2.3.1 auvunvawdulylWlusduluy

a v

dulelwlusdulvadudulesssuuAnlanwusnIanN1g A NG ILANIA1SI9N 2.8

= a a o w A o w oa a PRy ! P
nszvunswseulilusdulnusuainnismiannvaiiemdndaievunilegludulelyy
nduihblusdulnuiilauasangludvhavarenmungay wilassaiamiegiveslnlusduy
yawuuLndsweaninaziundniwuselalasiauidusiuirunin dulelnlusduluud el

a11150aza18u1 n1swwseuansazatslnlusdumealdmiiazaleiaiuisarinatewusy
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lalasiaunelulpssadredesvinazaneiivarssinnesvitazatondesdunidluii
(Aqueous-salt) Frvinazareindeedunidluinauiiviazaredunid (Aqueous-salt-
organic) uazfvhararedun3e (Organic solvent) luanmzfiuansanasmuzay nsiasey
arsazanglnlusBulvusmieivhagaredunsd nsadaysn (Sulfuric acid) nsanesiin (Formic
acid) Laﬂ%WQaaIﬂaIﬂWiW’maa (Hexafluoroisopropanol;HFIP) fiA1uL WUz dUTiD e

Wesnilanuaiunsalunisyiazatelwlusdusuasiduaisnansou niswseullusduluy

a

éhaé’f’;ﬁwazmsmﬁaaﬁuw%é‘iuﬁwmmﬁmﬁuqq Wy waat@eulumse (Calcium nitrate) &
Benluslug (Lithiumbromide) &daulslolweniun (Lithium thiocyanate) waat@usnaslsa
(Calcium chloride) wazuaaifounaalsn-toniuea (Calcium chloride-ethanol) Ludu
(Wadbua, P. wazanz 2010) Tngsvinavanediiealusludduideianunsawniouarsazans
Tulusdulndlviianududugedelosas 20 Taenhmiin wazdawilinisazanetweslnlusdy
fodouldfenuatososvhazasgs lotuareon@auannsosld fenuannsoluns

gosgatenstinmlaeiouledlnlsdiua (tyrosinase) nelustsnieazansageslnlusdu

[ ca & a

InulamunalnnisidadawdanUasuiidigsienie lngldifandndamnnduiviugaduas

Joymlunszurumswaiveddulusienie denudfuldsuddi@iadeiluvandielu

Y

319018 nefinsnevaussegiifuiuiisn lineliiAnn1saesuainwadduduaunnves

q

[y & v a v < N 1 vy 1 v
NNI8ALAU ‘Ll@ﬂzmﬂuLﬁusL‘EJVLWIUSE]uvLﬁZJENZJﬂ’J’ISJLL‘ZNLLNQQLL&%&WNW?OHWMQTA‘IQW wudule

o A

I~ i = vy 1A a a o R v
Nﬂ?qmﬁqmqiﬂIUﬂqiwum@LL?Q@QI@@ﬂTﬂﬂJ@LUiﬂ‘ULV]EJ‘Uﬂ‘U'Ja@@us] LLG]U@EJﬂ'J"ILaUELFJLLQJQEEIQJ

q

wazsdulowenans dusuanuaiunsalunisnusawsenauuaulellusdulrnya1u1sanuws e

naldfnittaguneiinsesasuiainnszgnintu lesaudidnavondulelalusdulng

=) ] v a o d =
LUiEJUL‘V]EJUﬂUﬂJ’J’Jﬁ@@u"] LL’d@QlUG]’]ﬁ’NVI 2.9
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M13199 2.8 aguanvasnamennveslnlusduluu (Zhou, C.Z. wagansy 2000,

Kaewprasit, K. bazany 2014)

itinluana 391.367 Nlanasu
NIRANGULES 180 - 400 W LULUAS

gauninTsAUANUEAREUAT 136-144 pariaaLTea

gauuiInTsdeanIw 165 afLwaLgYa

ANFNELYAT (e 7.4) -2.88 fiaalan

58.7 939AN

ALFIREYE I UUTAY

M13197 2.9 MalSeuiiguantideanassnihadulellusdulvuduiadandus (Altman, G.

H. lazAnde 2003, Ude, A. U. Lazatly 2014)

Ultimate Tensile Modulus
Material

Strength (MPa) (GPa)
Bombyx mori silk (with sericin) a1naUu 500 5-12
Bombyx mori silk (without sericin) 91naUu 610-690 15-17
Bombyx mori silk 650-750 16
N. clavipes silk 875-972 11-13
Collagen 0.9-74 0.0018-0.046
Collagen X-linked a7-72 0.4-0.8
Polylactic Acid (PLA) 28-50 1.2-3.0
Tendon (comprised of mainlycollagen) 150 1.5
Bone 160 20
Kevlard9 3600-4100 131
Synthetic Rubber 50 0.001
Cotton 287-597 5.5-12.5
Sisal 155-635 9.2-22.0
Coir 175 4.0-6.0
Jute 393-773 26.5
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Kaewprasit, Kiazang (2014) lavinnsidSeuiisuaui@nienienin maaiinag
Anuiulamatinmluseauriesljuansvesulusduainlnudiu 3 aneiug loud ane

WuguetoeeSaziny 1 (NN) @1e9uguassIvdun 1 (K1) wazaigiuguassivdun 2 (K8) na

(%
v

n1sAnwnemalla SDS-PAGE way FTIR wudn lnlusBuveslnunia 3 angiug dum

Y

)

Luanawiiukaglinuanuuandsvedassasimisaiivesiaulnlusdunsagaieiug

v v

uiaveniuuidylnlusdunut fdullusduaneitus K1 faviflaneteditfoddyde
\figuAuaneiiug NN udlinuanuuandailefisufuaeiug k8 iWlefinnsanyImamas
asRUsznovvensneviluluatsazarglvlusdunuhaisazaislulusduiug K1 demasy
Sovarlnluavesnsnesdlunguiiinnusevtunnitarsasarslnlusduiug NN &
aonAdastunamnTesiayuduiavesihuuiidulnliusdu vildannsoagulFnlnlusdu

a o (Y

aneviug K1 daniuveviiannitanegiiug NN eg1elidud1dy nan1sfinwin1sganiznis

>

a a

WiAvlnveuwad L929 wagwaanuindalunszgnuesny (MSC) vuildulnlusdulying
donnaeIny Ao Naulwlusduaieiug K1 Juwldudaasunisdanisveseadlanniiiaul
Tusdudnaesaneiug nansdnwinisildsuwladldiduwadnszgnueswaddunilale
a s a DTS ¢ a = PN
nsganveyuuilaulnlusBunuwnlduinuSianeules ALP uasUSuuumraigeuiiayas

vuiaulnlusduaeiug K1 darunninfldululusduaieiug NN uazaaug K8 dntae

[V
Y

satoradunainaniidulnlusbuaneiug K1 fautRinrureuiunnnitaieiug NN uas
K8 sethullusduaneiug K1 SuwilduteduaiunisBanzuasnsasuuadluiduad
nszanlannInaneiug NN uagaienug K8

Chamchongkaset, J. Lagang (2008) lﬁﬁwuﬂmqLgmmaﬁlﬂ/\lim@ulmﬁuéﬂm
fusunstiosaiaziny 1 lsnfsseadgnuandeisnsmdandeson wunaouginadie

a a A a wa = & a & I
LARTIRUYUALD LWE‘TU'JEJLW@JHN‘UWW'N%'JI]']W%@QI@?QLaENL"'UaﬁWLWIUﬁauvLWNIVIEJ Iﬂﬁﬂl’a INISBG!

¥
A A

TlusdulnulneniinisusugaiuiiamenisreuginaaafuiinIsieusiovelaseased
L9459 IAERAIINANBRAVIILTINATINAIFITU 93% uazdigledanasun1sdniniznis
L3LAulnueawaa Mouse osteoblast-like cells (MC3T3-E1) uulasadeaiwaalanninlass

eawad lusduluulne
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Vachiraroj, N. kagaadz (2009) 15ﬁ’lﬂ’1§ﬁﬂ‘lﬂ’lﬂ’l§%ﬂ§ﬂﬁ7\|émLLﬁ%Iﬂ'NLg"dﬂLsﬁﬁé‘\]’lﬂ%i
Taneine lawn lensendueurlng/lnlusdulvulne wardw/Inlusduluilne lansenduoun
ndaandin/Inlusdulualne waglansenduounlnd/lalaeu vluidsasadiiiennasy
Anadfulanenmlusgdure sl jianisiagldiwadnszgn Mouse preosteoblast cell
line (MC3T3-E1) wazlwadnunilialunszanveany (rat bone marrow-derivedmesen
chymal stem cells) wuinluan 5 $u duuazlasadoneadiniouanaaniu/nlussu
nlnedu wadaemiaansodanizuaziaiagdulaléafan sosanfofldunasiagg
Aoaadiieiouanleasendueunlndsaanfiu/lnlusdulvalne nsdsuudasiuidy
nsranlaen1TinTenaInananssuveeuludueanilatnearing (Alkaline Phosphatase
activity, ALP) wazUSinansazasesuaaiion wui lunan 29 $u fiduuaslasdoseaddi
wisnlensendueurlng/Aaaiu/nlusdulvilneliegeaeiadasd,

Okhawilai, M. wagae (2010) 151/?’1miﬁﬂmf]ﬁﬂﬁﬁmaﬁiamiﬁugﬂLLcJuLé’uISIWIU
sulv/afulagrunszuumstumglniiadn weihlulflunsmuaunisUanydss
ans Yadeiinw 16un eushedndmalalin (15-25 Alaliad) uazdnsdnlnlusdulmuie
a1 (10/90 - 50/50) nuudlermsnedngnslaiinfsdurlivaduiugudnatses
Gulvanauagdmardnlilusdulnutiosniriosas 50 Tnstmidn suimduiiugudnais
asveaduluanas fimsnszaneiwenduloeglutisiuay Weiiudnsndmvedlnlusdy
iy sunaduhuguinanadovosduloaziintu udhuiudulslwlusdul i
aAufisnINdIn 50/50 30/70 way 10/90 umadeuMsLesaatenaTIn LUl
aaniua wuwsiuduly 10/90 finsdesaanevnsdanmiideutrada ukudile 50/50 i
nMsgesaaenIstinwiniian esnniviinanedilusdulvunnideiumaasunis
muaunslanUdosans Tngldasfiduseaenatu 2 vlia Ao Azo-casein Aifluszqauuas
Methylene blue AifUszqUan wuiiiaan 72 $alus wiudulefindnldamnsonuaunis
Uanuaes Azo-casein lngdnsnisantdesiifuilosnniiusygaumilousunsudulely
Tusdulun/iaaniu JainuseaniuyinliiinisuanUaeundn9insa @u Methylene blue

sggnaaduuuwiwduleiewinduseansetiuduududulelnlusdulvu/iaafiusasgn

UanUaoumusnsinisuogdaalsnisdininvesiuuduluagedi
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Tungtasana, H. wazmug (2010) lavinnis@nwinisgesaarsniedininlusgeiu
WosljuRnisuazludninaaes srudenisvaaeuanuiluiivaswadludnivaasiniy

s

11A3§1U 1SO 10993 Part 6 vulasadsusadandatan 3 wiin lHun Wlusdulnuaneius
untienrdaziny 1 waiuuaglansenduotilng Tnstugulasaisasadaninlusdu Inly
s8w/eadu InlusBw/lansendueinlng Tlusduiaaniu/lensendueunlng wan1sfinw
anuannsalunisgesaanenisdanin nulasadsaeadinlusdu/leasendueuilng i
anuanunsalunsgesaarsnadinmluseduiesufuanasladiian iiesainiinisiden
¥219maai (EDC/NHS)  wagnisifienvanamnsanuiou daunisdesaatevisdnninly
dnivnans Wenakiuly 12 &aninutilasudsseadlnlusdunnedadnisdesaaienis
Frowludnineansih dmsumamassuanudufivlumy wuilasedoneadita 4 ndu Tl
anuduiivioiwadudn vaaenuuInsgIu 1ISO10993 Part 6

Jetbumpenkul, P. tazanz (2012) Ig@AnwuasiUSoudisulasuasnsadinlussy
Tuulneaandulusnsidrulnlusdulvulnesaraanduvindu 0/100, 20/80,40/60, 50/50,
60/40, 80/20 wag 100/0 nunarsazarglwlusduluulne/aaduludmnsndn 50/50 dan
nduilndiAsrudvidluasazanetesiiifies 5.6 uarfiio 7.4 Fauandliifiuingng
dunaudandmnelfAnanuaugavessyaluaisazaisvediilusdusiuieaiiu uenani
Trsedeaaadlnlusdulmlnenauaaiaulusnsidru 40/60, 50/50 wag 60/40 SA1A2
fhumunssnagaisannzwisason deFeuieuiulasadsnsadludnsdnduuay
Tsudsseadinlusdulvinesaaiulusnadiu 50/50 fanrudiuniusseinageaalu
anzlen dnsunismaaeunsdinmluseauresluinsmewadauniinlunsegnues

1Y (rat bone marrow-derivedmesenchymal stem cells) nulassdeagaslnlusdulng

Ine/vanfulunndndrudisativayuliaadaiunsadanisiaziasoyivlala

Maghdouri-White, Y. wazang (2014) loviinis@nwinistuguusudulelnlusdy
Tva/reaaau vied 1 ANUutusesay 7 nsuwmin aeonsidrulwlusduliu/aeaan

L9 100/0, 95/5, 90/10, uay 85/15 Ingrunszurunisiusaelniiadn weurluidulase

(% '

WWeswadiloldoyiauywe (Human mammary epithelial cells, MCF10A) Wu31lAT9La8

3 q

waa blusdulvy deuegdavesan ndangu 35 wnsUianiauasnsansvedadseuny
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70 warlesaisagadllusBuluu/moaanau 95/5 uag 90/10 feuegdavesanniangu
40 wnzdhananasziisesarnsiainizveseadiviniu 90 waslasudsuead Ilusdulnwy
AORALAY 85/15 flAnuegdavesanniavgu 25 wnvlranauaIosazniseanzvesas
WU 80

Fauzi, M. B. wagawg (2016) lavhnsaneinisainaeaaiauaindulngmeniney
Bin Anadudu 035 lwand gamgd 4 esriwaidoa Wuinan 24-48 dalus 91ndusily
anmznoudelafeunaslsuarinerlad udnireaanauiiadnldazarslunsnosdfinan
dudu 0.35 Tuansuazthansavarsaeaanaunnaiouly 12-well culture plate wieyly
LﬁymL%élﬁ@L%ﬁwﬁawwéﬁwmwwmLLu'u 1000 LadsonsauRiuns wuiiina 6
s Yovaznsdanizueieadgindt 90 uaildnsnsiasydvladumzainiuil 1 e 7
Uszanas 0.07 siodhlas Tnedimnuuansnonsadidiossudisufunsidosuunmmziaes
wadneddlsiulazaoaaauniuay Wednnanainsusimiga wuindinatly
TwUsvIAn 9.90 Flug

Kim, S. H. wagae (2016) levins@nwinisainaeaanauainyinidasiensadsn

wanthunaunullusduluy anutudusavay 4 Tnsumin lusnsidiuneaaaunaulnlu

soulvdu 100/0, 50/50 uaz 0/100 udnhluibiuiwuuBenuduiieuguilulasuass

¥
A a CE

waduuuonh udnhlldeavadiied Aaviasigeuvesny (primary mouse embryonic
fibroblast cells, NIH/3T3) wuinlassidsawadneaaiau 4n1siesazn1sdanaznis
SSydvlnvessadganiilasuionvaddnansia ietiluugndsuudmynuiilasadss
wadiinsgevaaelnelasuasaradlnlussulnuuazaeaaiau/nlusdulw 50/50 13

gR8EANYUNY 21 TU LaLlASIALLYARADAANLIY LNNSURsEaY 14 U
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VaRUarITN1ISATUNUITY

3.1 Taauazansiall

- ulmaneiuslnegnaauiiiiunsandeodisn Giudmdesinlsat, Idsuainaudivu
fiansly rdaileTuil 29 funa 2557 anuiindntueus suneiiies Smiadugi) uasss
lnuiugivdesnlsaduagiuguiniovasasviny 1 (Msuangudndoulnuiadunseiiess
aufanszunadnasifnszussdtun Smiaunssudn)

- Wuesnmegns (Wnansaneananaugu urluduiuleamall -40 esrwaldea)
- Acetic acid (Grade AR, Qrec Chemical Co., Ltd., 3%uaus, cat# A1020-1-2501)

- Acetone (Grade AR, Qrec Chemical Co., Ltd., ﬁa%LLauﬁ, cat# A1084-1-2501)

- Acrylamide Eectophoresis reagent (Sigma-Aldrich, @13geLsn, cat# A3553)

- Bromophenolblue (Merck, \WBUY, cat# 1081220005)

- CO, gas (Labgaz Co., Ltd, ln)

- Collagen BM (Pepsin soluble collagen from porcine skin, AULULTY 5.3 Jadniuss
Jaaans e 3.1, Nitta Gelatin Inc., ajﬂu, cat#140918)

- Collagen from Bovine Achilles tendon (Sigma-Aldrich, @13§aLu3nn, cat#C4387)

- Collagen Solution (Type I, Calf Skin, Sigma-Aldrich, aw%’gmﬂﬁm, cat#C8919)

- Deionized Water pH 5.5 (DI water)

- Dialysis tube (MWCO 12,000-16,000, Viskase Companies, Inc., ﬁ'ljﬂu)

- Dulbecco’s modified eagle powder medium (D-MEM, Hyclone, aw%ﬁauﬁm, cat#
SH30003.02)

- Ethanol 99.9% (Qrec Chemical Co., Ltd., T@uaus, cat# £7025-1-2501)

- Fetal bovine serum (FBS, Hyclone, ﬁw%’gam%m, cat# SV30160.03)

- HEPES free acid (OmniPur®, EMD Chemicals Inc., aw%’gam%m, cat# 5310)

- Hoechst 33258 (Invitrogen™, Thermo Fisher Scientific, am%’gam’%m, cat# H1398)

- Hydrochloric Acid 37% (Qrec Chemical Co., Ltd., 2%uaus, cat# H8040-1-2501)
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- Liquid N, gas (Giss Marketing Co., Ltd., ne)

- Lithium bromide (Sigma-Aldrich, @n3geissn, cat# 213225)

- B-mercaptoethanol (Sigma-Aldrich, #13§814i3n1, cat# M6250)

- Pepsin from porcine gastric mucosa (Powder, slightly beige, 600-1200 U/mg, lot
result 683 U/mg, Sigma-Aldrich, @135e1i5n, cat# 77160)

- Penicillin-Streptomycin solution (Penicillin 10,000 units/ml wag Streptomycin 10,000
ug/ml, Hyclone, @13§8La3n1, cat# SV30010)

- Phosphate buffered saline (PBS, Bio basic inc., WAW1IA1, cat# PD0100)

- Precision Plus ProteinTM Standards (Bio-Rad Laboratories, Inc., aw%’gam‘%m, cat# 161-
0363)

- Silver Stain Il Kit (Wako Pure Chemical Industries, Ltd., z:j‘t!u, cat# 291-50301)

- Sodium choride (Loba Chemie, 8uLiy, cat# 0582001000)

- Sodium dodecyl sulfate (SDS, Merck, \WoSUL, cat# 822050)

- Sodium dodecyl sulfate lysis buffer (SDS, Bio basic inc., WAW1IA1, cat# SB0485)

- Sodium hydroxide (Loba Chemie Pvt. Ltd., duLAe, cat# 0590001000)

- Sodium carbonate (Ajax Finechem, 0AWSLAY, catH 463)

- Sodium hydrogen carbonate (NaHCOs, Bio basic inc., WAW1IA1, cat# SB0482)

- Tissue culture dish, 10 cm (Costar®, Corning, aw%’gmm‘%m)

- Tissue culture plates, 24-well wag 96-well polystyrene (Corning®, ansgeLIni)
- Tris (hydroxymethyl) aminmethane, Tris (Merck, lwasuil, cat# 108387)

- Trypan blue stain 0.4 % (Gibco, @n3geLsnn, cat# 15250-061)

- Trypsin/EDTA (0.25 % Trypsin in EDTA.4Na, Hyclone, @13384i3n1, cat# SH30042.02)

3.2 gunsal

- napsanegy (D5000, Nikon, zijﬁu)
- Lﬂéaq‘fjumﬁmmi (Centrifuge, Universal 320R, Hettich, teo51l)

d ° v v ®
- \ASRYYuIaRI8AULEY (Freeze dryer, CHRIST , Loasuil)
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- fut 4 srniwaBea (NR-BU343, Panasonics, Uw)

- gutudsgaumall -20 aspwaidua (Sandenintercool, Tne)

- fudulanangll -40 aseaaided (Haier, 31)

- fudulanangll -80 asrgaLded (New Brunswick scientific, ansgeiu3nn)

- g’fﬂaam‘%@ (Laminar Flow) (Cabinet, ScanLaf, Mars 1800, LAu115n)

- éj@]mm’m%u (Patron, tHniw)

- g’TwaL%@Uiﬁmmﬁm%uaulmaaﬂlszjﬁ (CO, incubator, HEPA CLASS 100, @#%3g0t3n1)

- fBULIAY (Binder, twasuil)

- ViaeAnAaed IR 15 waz 50 Hadans (Centrifuge tubes, Jet Biofil®, 3u)

- Chemical Fume Hood (Dac 2005 plus, ProLAB laboratory Fume Hood, WAu1a1)

- Contact angle meter (Goniometers, JYSP-360, 3u) A9ATIEYT e Tanazusng
iesesilonans gdouinnssumsinnistona antumaluladwszassndniinamms
GRGREFAN

- Differential Scanning Calorimeter (DSC, TA Instrument, &@%3§@43n1) AL
WesujUAn1snediuesuasianAaulndn A1AIYIIAINTIUNAINNT AMLIAINTSUAIENS
UNMINEIRBLNIUle 891a

- Digital balance (AL204, Mettler TOLEDO, @3geLi3n)

- Fluorescence microplate reader (FLUOstar Omega, BMG LABTECH, Lwosul)

- Fourier transforms infrared spectroscopy (FT-IR, Spectruum GX, Perkin Elmer, 84ng)

[y

diAseii gudiniesiioldvinermansuazimalulad Pnansalumnineds

- Hemocytometer (Counting Chamber, Boeco, Loa5uil)

- High performance liquid chromatography (HPLC) g1 LC — 10A (Shimadzu, iﬁﬁu) 5N
AnngifiquivaaeulaziasIne antiddeineimansuazeluladuisussmelne

- Inverted Microscopes (Eclipse TS100, Nikon, f,ijﬁu)

- Micropipette (Pipetman P20, P200, P1000 and P5000, aw%’gam’%m)

- Magnetic stirrer / Hot plate (RCT Basic, lka labortechnik, BRERGI)

- NanoDrop 2000 UV-Vis Spectrophotometer (Thermo Scientific, am%’gauﬁm)



- Sieve (OSAKA IIDA Co., Ltd., )
- Serological pipet, Nonpyrogenic (Costar®, Corning, aw%’gam%m)
- pH-meter (Mettler TOLEDO, @#3geLi3nn)

- Pump (Model: DOA-P504-BN, Gast Manufacturing Inc., aw%’gam’%m)

54

- Thermogravimetric analyzer (TGA, TA Instrument, @13geLisnn) %Lﬂi’lzﬁﬁﬁawgummi

wodluosuazianAaulndn A1AIYIAMINTTURAAIMNIT ANEIANTINAIENS UMINeTTY
wsule 8and

- Vortex (Chemoscience, )

- Water bath (SUB6, Grant, 84n1)

- Zetasizer Nano ZS (Malvern, 83ngy)



3.3 JUADUNITAIUUIIUIFY

LREINNTALTUIIWIFYNILATING LLamﬁquﬁ 3.1

3.4.1 afinAoaanauaInduiesnegn e
N5ADLTANLALNINA8LUUTUY ey 1.56
onsnarueulydiUuTu - Aeaaau 1:10, 1:30,

wag 1:50 Tngiwisdn (w/w) 7 4 wag 25 o 1y

nan 24 way 48 4la

3.4.3 anmansavanglnlusduluulne ain

Inuiugivdesinlsad

\ 4

A 4

3.4.2 Anwanvazauinveg
ABAALIU

- Sovazwala (yield)

- ihwtinlaana (SDS-PAGE)

- USunaunayeanusenauued
nsmayilly

- ANl N 25 o

o

- AFndLeRn (Zeta
Potential)

- YSunaulushusneis Lowry
- ns\AnLeail 37 oo ey 7.4
- MyATIEving Rty (FTIR)
- MTIATIEIRIEMATALT

AMUSou (DSC way TGA)

v

- ANANY

3.4.3 Anwianwasauvnveslnlusdu
- USunauuazeanusenauueensnoaziluy
A1 (Zeta Potential)

- dhwiinlaana (GPC, SDS-PAGE)

- Myasgivgitandu (FTIR)

- MFAATIEIMIENATALTIAILTBU

(DSC uay TGA)

3.4.4 \W3PUAN5ATANLADAAN
Wi (C) : Inlusduluulng
(SF) 9m51d3u 99:1, 95:5,

90:10, uay 80:20

A\ 4

3.4.4 Anwanwalgauun
NGRFAERUE)

- Aindien

~amundla 71 25 o

- oY

- ASKRLeE 9 37 o1

3.4.5 W3suNay C/SF 1ag

ASYIAIAI8BINE (Air

dry)

3.4.6 NadauANUTNUle

MBI MAUES L929

3.4.5 Anwdnuazaud
UBNIGH

- Ay

- MYRAT MYt

(FTIR)

5UN 3.1 urudansaniliuaidenslasenis
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3.4 N15AIUIIUIY
3.4.1 YuRBUMIEIADANLIUINDUSBEVIENT

msafinneaaauansavilinay s lneduanmsdahanuazeningiuudide
ﬁﬂﬁﬂaamLwﬁﬁagaza’]aaaﬂuﬂmﬂ%ﬂsm WU ASAREFAN AMINTY 0.5-1 Ta1susenns
T¥nsasuiuieules (Friess, W. 1998) dvdulngjagldioulesiiuudy fosannaunsariia
Igfifews (Fow 2-3) wazdrmudmnzlunsindrunladnddeusnasinarndudiud
dlnAansuiiieluldusslosiniensunmg (Lee, C. H. wazmng 2001)

n. NsueNBuTaeeEns

NIUYNLBUIBYNINYFNT LINAUUNNTIGNTINVBIINTTULIVY NIV 77 4ag 79 panndn
1 o ¢ o % al [y 4 < Y
a1wgu (ansey 25 dUasi Wmtin 100-105 Alansu nanunsiunisy) waziuliludidu

9auMQI -40 samigaed ninaraefigumn)iivies AeiAnuaze1nnIg1usImINyseq

Y 9

(Deionized Water, DI) lnglduniuaamall 4 ssmgadea uaniwingnsluudlueniuea

70% lngldonsdrueniuea 1 dnseethutngingns 1 Alansu wedialiidunan 30 wiil 14

1Y

~ s o & O v & v 1% v Y v & a
UAARNLABINIAUUILAL LANLCLDUDDNUT VIUTNUNLDU I@IEJL‘V]']Qﬂﬁ 1 219 VL@u']MUﬂLa‘ULUEJﬂ

Uszanal 15-20 n$u In1suentdusesninuans saanslusun 3.2 lnsnntusnaulunisuen
9 U 9

a a

& v o o = & v 2 o P
LQUiBHMUWUQﬂiquQQJVIﬂN 25 ayAaLged LLaBL@u3E)EJ‘Vn']EJQﬂLﬂUiﬂwajﬂqmﬂﬂN -40

Y Y

asAaLReanaulluannreaaay



57

wihgnsiuludlfugamgl 40 o wWihansudluenuea  MsgnsgnnInnieiiouay
™ a v v v % =~ o 2
AEANYNPUVNUNDY kasaNmgul - 70% Juwan 30 widl LZlRUR BN

UsiAandseq

uminiduiosnne lnewinanst 919 angns

91gUsan 25 dUant (Umdnuseanns 250

n$u) azladulseunm 15-20 ndu Wwinlden)

WBuseennegns

= g % v
E‘U‘VI 3.2 GUUG]E]'Uﬂ']iLa']gLE)‘U?E)EJW'J']EJ?:mi

9. N3afinABaALILAINOUSEEINBENIIILNIABLTRN

nsafareaaLILIINEuTeEMNEgNS Finudasan (Ho, HO. wasamy 1997) (s
ndaimindu 2 nfu dadaensslng emvszan 1 fadums udwalululnsauwsan lag
wilulnsiaumaaduasnuaeniifidusguildanunauaziden fdnlufufiegludusmeesd
Tou Inelddnamordlau Uinns 10 feddesretmindenveadu 1 ndu thidugnsadly
wiluodlaudunan 2 Falus flgamgd 4 esmuwaidoa 1ndumerdlausenudiudosiisly
Trezdlnussmooanluanidu unan 10 wifl luggaatu dadudedunamnusey au

mgarsazarglufeunastss Anuudy 1 Twans lagldonsidruansazaneladounanlse

v
J o % [

U319 20 19aansAaU1nunLewTen 1 NSU oA 1LaBAkaraIdnyUsn 1UIU 3 ASINID
AUNINBUTENWULVITR YLOUNUAKELLENTABETFRN AUTNTY 1 Tuans Wew 1.56 Lag

Fasdmvadusansa 1 : 150 (Wviinsausuing) wazduniuseainuisisau 200 50U
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a

Wil 1wnan 24, 48, uaz 72 $3lus Ngaungll 25 esrwailded ieainAeaaIILeeNwn

)
Mntuhansazaneitainldunsesdenzunsesuia 100 lulaswns welildduila Tnefia
duilivdesguuszings Uiusfllorvesansazansfinsedldmemsazaeludvlonsonles
(NaOH) annuaudu 1 twans Tilade 7.4 LﬁamﬂmzﬂauﬂaamLﬁ]uﬁazmaaq'iuﬂsm ABAAN
uiinnezneuldiludumissiianuiasey 9,000 soudound fgamndl 4 ssmiwaldea
Huan 20 i ieusnaeaaaulinnasifunasannass antudiandessnainaeaan
Laué’aaﬁmimmﬂﬂizq 100 fadans tharsazasaeanauludumios finnusiseu 9,000

oUADUNT Noauund 4 pemwalded 1Wual 20 u1fl ¥iN91n15a19Na03 U 4 ASY

9 Y

Tupunsanafauandluzui 3.3

k4 [y Y v 19 £ & o v v -
Wufoemnedns 2 nsu Andudiensslng wiualy  A1UOUIUALAINIEUIUTIAIN
1UlASIAUYA) LazASs Uszquazansazanslaiunag

lasiumyasaley 150 Weddenkazasandsn

I = = O \ : =i H Y] , o 1 aa
Uuiies 91 4 ° 9000 59UAD  nspaeduiiliazanzeonuda Juduldnsaazamin
Y9 Wuan 20 wiazans USuaieudu 7.4 ane i 25 o
WNADBININNABARNIUMLUT  ansazanslaseulensanlas

Usiannuseq 4 A3 iielireaaauanaznow

JUN 3.3 N15ainAeaa NN U BeNEaNTAIENIABETRN
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A. N5NINADAANAUMELEU LY UUTUY

N1snInAeaataumslouleliuudu daudasann (Yu, J. C. Lagatg 2010) laeg
roaaauiildainnisatagensnesdfnlute v. gninuwauivatsazatensalalaaaein
(HCL Armdudi 0.1 Twans fitey 1.18 Inednsaiuvesnoaaiausonsa 1:150 (midnse
Usu1m9) wazteulealiuudu lnednsidiuveuludusennaailau 1:10, 1:30, way 1:50

a

(hwittn) Junaudaeanuiiseu 200 seusiowdt \Hunan 24 uax a8 Falus gamgd 4
way 25 ssrnwaliua Usumfilerresaisaranefiatnseansazanelionlonsonles A
Wutu 1 lwans ladies 7.4 Lﬁ@lﬁﬂaaaWLauﬁazawaaeﬂuﬂmmmﬂau AOAALIUT
anmznauldinludumies fenudiseu 9,000 souseund ﬁqmmﬁ 4 paAnwaLdea 1Ju

1787 20 WU LBLENADAAMAUIANNAINAUNADANAADY 1NUUALNFDDDNAIINADARNIU

a A

methUsmnUsey thasavarsaeaaauludumisanannusiseu 9,000 sousewnd 1
a = < = o 3 I v A o I
gaungdl 4 emwa@ua 1Jwaan 20 Wil neviignlutuneuni1sanaunie iy 4 A3
nduireaanIulante v. uazde a. Wazanglunsnesd@in Anududu 0.1 Tuans 1
a1sazangAeaalunanalalunANINTUYeEnTaraelAuNITO UL gl 60 83
=~ & Y - H o v Y v v v
waldea Wunan 24 Flu tiendmdnuia anududuvedaisazatenoaallaunlag
! 2/ H Y < v P a
AlszTovay 4-5 lasdmdn arsazatgaeaaaugniiusnulifigaumgil 4 o9
IS ] g/’ a ¥ L3 a
waldea Wy 3.32+0.04 Tunasaneass Tusauluniiminaeaanaumelouludilugy

uandlusuil 3.4
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ngnaumpaaaugnazaglunsalalaseaesn Ty Usuardiendu 7.4 deludele

nudulian 24 waz 48 .. 9 4 uag 25 °% asanlas WislrineaalaunnNAznNau

AN5a¥aNUARAAAY  ANNNARPPNINNABARLIU JUNEd 71 4 °g 9000 SoUABUNT

Tunsneszafn MeUsmINUsEy 4 a5 Huian 20 Wil iileuenmeaa Ay

5UN 3.4 Tunpun1sAnAeaaaumslouleiluUTy

3.4.2 AnY1anwasauURUIADARNLIU
n. Savaznala (Yield)

Sovaznalavoimvaaiaunaiala AnaniintnAoaallauwiILaziNunLeusay

v ° A v vy & v = o v a
WINYLLYAN I@Uu']ﬂ@aa%%u‘mﬁﬂ@l@LLaSLE)UTE]EJ‘VVNFJQﬂﬁLUEJﬂ 2 N34 VL‘UE]‘ULL'V‘\T N mVi.Qll 60

]

1%

e gaLRea tunan 24 a9 usSssnneNeuwiadiiviin 0.88+0.02 nsu wauly
ANUIANNAUNTTN 1

Y ININADAALIULIG

Sovaznald (Yield) = ———— — X 100 oo, (1)
UNNRUNLBUITDYWAINYLLN

¥ NMFATIgRdmdnluanavesreaaltIunleinalla - Sodium Dodecyl Sulfate

Polyacrylamide Gel Electrophoresis (SDS-PAGE)

s

nsuenlushumsmaila Electrophoresis et luiUssulisulaziiasznsluuy

Y

(Pattern) ve9f19E19lUTAUIINLUBLE DU DLUAATINIAINLNAIGE) LiNDATIVEDUANLEAUNR
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s
a a LY

ve4lUsiu nsuenuazyliuigns n1sveasvRuautivelusiuniainegiiauiy

(Immunology) LLazmimﬁmﬁfﬂIuLaqamaﬂﬂiau (Molecular weight) pagLaanodazaian
lud (Polyacrylamide Gel) ainanuiizennsdenynaveseusiuesozaiarludiduae
Tde1auazidonduidulaseinefefusslaniaud Taednyilsddu 2 ny Bifunctional
pompound) 1y N,N’-methylene bisacrylamide Imimqa%ﬁﬁé’ﬂwmzL%gW@ﬁﬁ%mm
uanssfumarunvedlianaveslusAufidesnsuen nisunlusiusneiaanedesaiarlud

menseualniivililuanalusiugndAnuenmensunsiauidd nsindeunvedluanalusiu

walngFeinduadn lnegnuretaanedezasailudssuusnnduiuanududuves

%
a =

ozasatlud drnrmdudureseraianludifinty suingnuuasdndiuresanndonyna
Tn59978 Bisacrylamide 2zanas lunsufjdadnduarsifensndlassdisasiimasinas
UszAnsnmvesgnsuasildsuutaslumunisdonldmnududuresezaiadlud nisuen
Wsfuagltiaafifienuituturesesaialudoglutisiosas 5-15 wanilaranduduveoye’
aluddnagiinnagngulvgmngfunsuenlusiuifvunelnaliidusausenssualain
mnifisenududusesezasarludhliuenTusuiifioumdnlddt
vdnmsuonlusiusemaiin Gel electrophoresis Ao TUsAufiTiuszqaz syl
weuiluauslwilugsdalnihiifussansedna nsiedeuiigndudisufatenseninsans
fusaungnguvesaa maladeufiveslusfuiuagfurun U9 uasUszqavdvaslusiu
msuenlusAuseanedesaialudiansszuy Ao szuuilivilslusiudeanin awise
ihldsauiiunldlungiam Activity 16 usliannsansnanuunninewessusng surnuay
UszquadlUshuld uagszuuiivinlilusiudeanm aansavendwidnlnanaldusliamnse
ihlunadaum Activity 18 nsuenisilaun 33 SDS-PAGE msuenlusiusnenssualiiiuy
wanedozaianludiid sDs udiudszneu (JudsildnsreaeuanuuIansveslusiu
serianszuaunsilusiuliuians uardaduisildlunisAnviuasmidminlanaves
TWsAundentrogon (Subunit) veslusiu Tay SDS Faifuarsanussiiivinnils

= a

(Detergent) NilUszRavazluimeAulusiu vlilushunmuaiivseqau Wshunnutindaden

1%

ANMUAULUUVDIUTLARNDUNMUINTUSAUMYINAY wana1nd SDS davinluanevaslusfumben

q

I3 Y = )~ = A i H o
2N UULAUNTS I‘Uﬁ(ﬂu@%llﬂ"lﬁLﬂﬂ@u%luau"llllWﬁ'] NIUAINU LL@]ﬂm']\isUaQU']MUﬂIN Laqa 270
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%’jaiw%aulﬂaj%ﬂﬂﬁwaﬂiué“mwmuwmTuf’fUﬁh log wastiwiinluana fauandluannisi 2
Tng Rf Aoszeznisiedeudivecwaulusiu/szoznisiadouiives loading dye front Tng
szpvmaifaduduiuaed uuaavena viamsUnguesuaulUsiuudvinn sTnssey
uaztiluaiansmsenine log MW wag Rf liloafisnsmianasgiudaduanuduiusids
Funsasziing log MW uag Rf Tag m 1unnuduidnfiuau wa b ugadauuunu y iile
niuszeyaiadeuiiveslsfuiidenismudrannsomidmiinluanavesiusiuldan
dwiinlanavedlusfusnasgiuiinsudniinlaanauds (Hames, B. D. 1998) nsUsing
vowunulUshufisunuifierlu SDS-PAGE ludustisnnuuIaniveslusiu
LOg MW = MRF + D oo 2)
FBszuan degralusiuazgrilideanimlaennufouiioamni 100 e
wardua Wunan 2-5 unit luasazanedil SDS aniAuneuazdasUssinnlveaa (Thiol)
Juesduszneu 1wy 2-Mercaptoethanol Litevinaneiuse ladialns (Disulphide bond) Tu
Tusfiu meldannegdinani sps axduiulusiulusnsdwlasdminaed (1.4 nfuves
sDs seweAulng 1 n$u) Mnthnirdhesslusiuusasiedsldluusasosweusuaane
dovasanluduasilunendenszualii Tnsaauay buffer fildlunisuen & sps 1w
osdUsznavegig dundmaaulusiufiuoneenaniuasusngludledoudied o 3
Auudug (Coomassie Blue) 30 Silver Stain n1susnTusfuvuaaivildlneifioudimin
Tuanaserinelushushesnafulusiusnmsgiu Tunsdfifiladnimdnesiusiuiidesnis
wANARINIUsALAL egedhnn asaseniusivuueaiiothlufnwesrussneuls Tne

[

ﬁlﬂﬁaqLﬁauﬁ’uiﬂﬁﬁummgmﬁmwﬁgmﬁﬂimLaqaLLé’i (Hames, B. D. 1998) lngi3dy
naaeuiivihefoAnsifeamagritinmiieninnssunisaddn (Bioactive Resources
for Innovative Clinical Applications Research Unit) Aedglndeans @Wﬂaﬂﬂiiﬁ
WININIFY wazosU URNIIBTIAT MATYETTINGT AMdmILNMEAIans JaInTel

UNNINYIAY
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A, UTNIaLeEIAUTZNRUYIRINTABIIUTIDIAITAYANEADARILAU AlELVALlA High
Performance Liquid Chromatography (HPLC)
ATAnwIUTNIULAEIAUTENDUTDINTADEHlUYRIADAR LAY ABLALla High
Performance Liquid Chromatography (HPLC) Sianudndniilosanaeaaauiiadndense
wazUBuinaseUsunauazesdusznouvensnesiilu Tnsthneaanauiiazaslunsney
Fanludrunszuaum st suudenudwasihaisdieg alinseidiendes  High
Performance Liquid Chromatography (HPLC) ImﬂdﬁmiwﬁﬁquﬁwmauLLamﬂmﬁwa’l
aoudseInemansuazinaluladusisUssinelne d9 HPLC  dufumeadanisuen
a15Uszneu (Substances) TngonfndnnIsANLANAIaITRIINISIAEsUTivasasUsENaU
Tuwlada (Stationary Phase) vaspadui Inefiinaindeud (Mobile Phase) 8usamily e
fodiu Detector azaunsansratnasfioanuiainaedutl (Analyses or Solutes) iagns
foLiled mmmmmﬁm‘ﬁy&@q@mmw (Qualitative Analysis) wagl¥aUsuna (Quantitative
Analysis ) lailsenaidenldldfvenunainarvesuds uaziaindoufionadunianie
vouvadfld Juaiawesreduiifildlunisnaaeufe Shim-pack ISC-07/51504Na uazia
waouiisl 3 4ila W Toieudmsalueniuea anududu 2 vesuea Moy 3.2 Tofeud

WTH AMULINTY 0.6 UDSUIANAUAUNTAUDIINAMNUIUTY 0.2 Tuans fvey 10 way

a1sazanglaneulansanlonanuuty 0.2 luais (Bondar, B. waymuy 2008)

3. Anuntlalus (ntrinsic viscosity)

&

Anuvilaludivesansazatunoaaiaulunsnesdin ANLINTY 0.1 Tans 7
gl 25 esriwaded lngldinsetinAnnunilnyiln Ubbelohde Aauviaduandfinil
a d’( = d‘ A = o [ % IS v I
voswadlna nTudleluianavesvelyainfouiudsiuwasiu ssliussiuniunenisivg
! ] a X A = & | Ay v o =
Jeniatu (Layer) meluveamaiintu anumildadumilaannsiausadsaniunielu
YoV AANuAUIURen1svavestuniltvesveslravudntuniauegiutadusiigg
loun usefsgeseninduiana dmdnluana lassadauwasguisvesluanavesvesivatiu
naendu gl anuau uiu anuniiavesweanaiulsiulaenssiunainvesnailng

HunanAIlaans N1sInANURLalagNISIASINEITaZANUIIDINTAMNTNTUAISY 8819
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'
=

tfow 4 A (e luasans ) Tneldmrmidududiligs vinnsinflgamgiiasi nnsinaina
nilavesdiazarsuianilasfuandeveuvadlvaiudainuiiasiuduaitaas
Brnsvhnistalnewniouaisararseoaanauanuiduduiesay 00503 Tagtmiin lu
n3AezdAn A 0.1 Tuans filew 3.28+0.05 deantiUnansazareiiadosliadluieios
Ansgianuniinvia Ubbelohde (Nl 50120) lngta3osimuauTuinsildialissanm
15-20 fadans ntugandiUdesansazatsil tiedunafiarsaraisiegnaadoudiinn
nagnAdaats gumgd 25 esmiwaidea uastufindrdenan lnevien 3 ads udamn

(%} l [ A a | )= LY
"% AU c way % fU ¢ WaRasuAIAundaludiues

ALRAY LaraI1aNIINTENINg
A1388A18NYAGALNY y NAIINNITATNAUNITEUATIVBI Huggins (3) wae Kraemer (4)

Aua1eu (Kahn, L. D. wazAtue 1996) mudun1saIuans
- o r,Sp S 2
Huggins equation: —= = Ml +kuyMml*Co (3)

1
Kraemer equation: % =ml—-kiMml%c (4)

We ¢ AD ANNLTNTUTDIANTAZAUAI0LNY
A Ql‘ £y 1 -'-ﬂl d' 1 a a
t Ap LIaYiaTazauReg AR UNHIURaIAAUaa"S
t, B LIANAIVNazaI8LARoUTINUaenAUaATS
n A9 AMUREALUAT (intrinsic viscosity) UsaNTaranefIDgNg

ky ey k, Ao A1A¥ives Huggins Wag Kraemer mugasiu

2. MFTAUSUULUTAUMILID Lowry

nMs¥aUsinalusiuiinunvesnoaaaufiadaldluaisazaionsnesdiin fae33
Lowry 8.813%va1 Lowry, O. H. uazmmz (1951) 33nmsiavlilnenausiegetuaisazans
ToReuansusiun (Na,CO,) pnudududesas 2 Tnstmiinseusunns luansasanelniole
asanbes (NaOH) AUdNTY 0.1 Tuans, a1sazanalanaunismse (CiHgNa,Og) AUTINTU

a

Sovay 4 lneumunaoUsunes wava1sazatemeUivastannsoqud (CuSO.5H,0) A

q

Wutusesay 2 Inetninsedsuins andutnaisazatenlalunausvaisazatelngy (o

Adu-Faom1alyn (Folin-Ciocalteau) n3atnaoNedlWluduianvoalniadginm
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(Phosphomolybdate Phosphotungstate) egluguansazatensa) anuidudu 1 uasuea
a1sazarelvauduaisazansdwdesiaunsaldsudiduasazateduitulaiiatinnissu

SannTou

aaa 1Y a

NaNN15U8INTIUTUIALUSAUMETT Lowry Aalusauludegnsiu)iseniugusa

Y

. 2 § d‘ 1 Qll lej aQ
looau (Cupric : Cu”™) vevansazanspaUesdanluanzidusi fiannezlgUialoseu

[
==

Y a v a 1% 1 (%  a IS
l@sudidnnseu 1 é7 \ialuausaleseu (Cuprous : Cu ) lnvgusalesouiintud

anuannsalunsiuiunyiedulunsaeziiluvedlusiu Waluaisazatelndudsuild

o¥

[ = a

widesadll vhlwansazanelnduldsudidnaseu 1 funguialeseu wazdswdudiniy
(Heteropolymolybdenum Blue) vilansazaneanuniidniiy Imﬂg‘jﬁ‘%mﬁﬁmﬁmmm
Tugui 3.5

TUshulsazslalinnuiluvesdunnatsiuaanty %uasjﬂ%mmmmgﬁiﬂuiﬂiau
mMsfnalnalusiuszwnnAmmganduuasanmsawnulagliannugnadu 750

uluns nesesaalalnlednes wazldaisazate Bovine Serum Albumin (BSA) 1Tu

ansavaelUsiuuInsgIu

R R Horo
| | }* ‘g_.{ y

””” CH—C—NH—CH—C—NH---- d
| I Y
o o]
eptide OH- |tetradentate Mob+/ W6+ _
pbopnlds * 0u?t ——=|  Cu¥ — BLUE
Complex Folin reagent
2 Q (phosphomolybdic/

Il [ phosphotungstic acid) ~ Amax= 750 nm
----- (|3H—C - NH—(‘:H—C—NH
R R

protein

gih?'i 3.5 UsensInusunailusiunie s Lowry (Lowry, O. H. uagane 1951)
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v

2. Myiaszinyilandusiemataniseinsudvesudunsisaaalnsalal (Fourier

Transform Infrared Spectroscopy, FTIR) sglnun Attenuated Total Reflection (ATR)

[

n1seTgivyilandumenaiayiseinsudnesudunsusaalalasalal 19

Y

VANNIINTLAUATAIENGINULE LiTBUAIBNTUIA (Infrared) NHA1ANNEIIAAUANSHIUETS

v
a I v d

duild ftuszieluluanavesansazganaundsuiiiianuenadunils deyatlazgnusvana
Tnereufinaeslaonislidaunisinmlesisudea (Differentail Equation) #itdenin Fourier
transform sazAnamdsnuresarauennduLazLsiasenuduaUng Suvesansi
foglugndeyaiielifguiondnuaiiasdelinvesasuaslnssaduaeluresarsidinng
Wasuwamilaiduly Tnsluanaidesneussuintunagdiusysnsiu Wy C-H, C=0
way O-H %@mﬂﬁu%’ﬁﬁumwLi@ﬁmm?{mﬁmmﬂﬁmaLﬁuamﬂm%’m IR N15AN¥LATIAT
19Ad (Chemical Structure) wasppaanau lngiaisazatsaoaataulUdunszuIunITy
wiskuutdanuds lUAmsne9iaae3s Fourier transform infrared spectroscopy (FTIR) Aag
Iyiun Attenuated Total Reflection (ATR) ‘3Lmﬁzﬁ1u‘lh<‘u,a%ﬂ§u (Wave Number) 4,000-
500 \ileAasrzvidiaialud (Amide) LéuA 3,300 (Amide A), 3,100 (Amide B), 1,690-1,600
(amide 1), 1,575-1,480 (amide 1) way 1,301-1,229 (amide IIl) (Movasaghi, Z. whagmeuy

Qv a (4

2008) lngdinsein AudinseslodTeinermansuazinalulad Pnansaluning sy

9. MFINSIAARaNMMNHE 37 samiwaLtes

ansaratgpeaaauAuTuSerar 0.3 uaz0.5 Tnstmiin lunsaezdinaay
WuYY 0.1 Tuans waudu PBS Auludy 10 win laelednsidiuaisasaigneaallaune
PBS 1u 8 : 1 Usumifieniiu 7.4 seansazarslaioulansonlas aududu 1 luand 7
gl 37 ssmwaldoa IaA1nnsgandunaNiinNeIAAY 360 WluINAT FIBLATes
NanoDrop 2000 UV-Vis Spectrophotometer lagdiniiasann (Suzuki, Y. wazanz 1999)

Lz InNIANRaINAS LRI AN TAANAULAL LT UDE AT UNAY
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. NMTAATIZAABINATATIIAIINTIU A8 Differentitail Scanning Calorimetry (DSC)

Az Thermogravimetric Analysis (TGA)

DSC Humalian1sAnwusunumnusaukazn1siuasulUasiiuanaiaiuainnisid
NaIUN U Tua5iI98197 U1 59199 9 UUSTENNA LRSI AUURNI9ANUSIUVDIFIBENS
MudguwUasmiugumngiiazgnasiaiawazulsna n1siasieilagldasaaiaunau

) ¥ = @ a 6" le I 1
NsTUIUM IR UULEonLTTuargnIAszilag DSC gaumgiintdlunisnaaeuaglugae
30-340 D9ANALTYE DNIINISIALSDUY 10 DIALYATUAABUITILAL NSNS bAaveILAd

1ulp519u 100 HaATNATADUNT d1u TGA [WUMATIANTITIASIZFANULEDETUDIETF081915D

| '
(3 IS

Yo ¥ U 901 £ 1 1 -dl ¥ d‘ I
lasuAnusou IfﬂEJﬂ’]i'J@M’WiUﬂ@EJ’NG]E]LU@\‘I@’JEJLﬂi@ﬂ%ﬂﬂuﬂi)’mlﬁgﬂ (Thermobalance) Tu

a Y 1

JENINMTIAT BN veIfiIeg 1T iinTued1wmaLladluusseniaunfavIefiiedeoy

Y

A A

nsgaydsvinluYIwsNYeINITIATIEY Y3eTgumaiinne1aina1NN1SIEevelIn3e

q

a v a

Fvinazany wingaumgigeiniinainnisaanedivesnediues Milnszilagldnoaaiaui

Y Y

I ) v & 3 a 6 Q-’-NI |
HIUNTEUIUNTTILRILU UL Nud kA gnIATIzvlag TGA gauuglinldlunisveaaeuey
Tyt 30-300 aerwaLtod THansIN1SiAUSeu 10 9 aLRsaRa U TkasdnsIN1S Ma

Y9auwnalulnsiau 100 Jaddnsaoun?

3.4.3 nswwssuansazate lnlusduluulne

. NNSANIANIILAL

1%
(=] [

a v ¢ A L3 [ [ U ! Y
nswiseulnuiugmaetinlsl nuusidulnuaneiuginegnuanseninelvuiug

9 9

wiatswaziugUu 1108 lnadudulnuniiiunisametedisnilasuainauaivu fian

9 9

o

o a A o oA a A a v v ° A ) ) a )

Jig wdnlaIui 29 duew 2557 anuiindadiuriieus suneiiies Janiatugll uasselny
o ¢ A v ¢ 1 a a a < Y aanaf aa
Wugwdeslnlsainfunnaudnisulnadunssifiosh aufanssuaindsnianssususadl
U150 JIRIAUATINVEUN SunNsTaFulrLar Iy Wmin 40 ASY ARSI UNRTBNY
vy ddulnusarSalvulusuluasavanelaisuansuaiun (Na,COs) AMUNTY 0.02 Ta
815 medndnhminduluuseaisazatelyifounisuaiun 1:25 Neaumgll 100 03

waded Wuwan 20 Wi (Chamchongkaset, J. uazaug 2008) dndulmundulidnsiaeu
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U5179nUs¢q (Deionized Water, DI) 4 - 5 34 wiardantiluueen vignlutuneuiingty
18nase widulnulurdiuidudganiuduiad 2 u Gedulnuuisudiludasie

A55L05 81USEUN 1 WURWAS WiawSeuvinaisazanglwlusdulvu

2. nMswssuansazanelwlusduluy

[y

dulelvunnunisianniluudimin 8 nsu dhunaratsluansazaneddeulustun

(% ]
a

(LiBr) A2t 9.3 Tuans wwtin 24 n3u wanhlulvienuseuiioamall 60 saraides

U

Duvan 1.52+0.20 $alus thansazarglvlusduluuluinnislaezladlagldgelaesladnd
MWCO 11U 12,000 - 16,000 TuinusiAandseq iemdnadeulusiug Gawdasain
(Kim, U. J. wagaiz 2005) Tnguusniudeuiinn 20 w1 31uiu 3 Ase Tudeuufeud 3
3 1 v &S % [y I3 1 ) g d‘ 1 4 Y a1 1 [y} 1
AR YU AD W1 Naniu waztdy auAn s i vesiit1unsleeslagualianvinduen
msihlniwesiusendsey dansazanglnlusdulnuludumissineaiuiiseu 9,000
) A A a a & A A o W | H
sausiauNl Mgaunadl 4 ssmwaldea Wwan 20 Wil iemdnnznouuaziuazead 3101y
ansararglnlusdulnulumanududuresaisazaglagniseuuwis Ngamall 60 o3
~ & ) A 4 o P v v a AV va
warted LJuan 24 kU9 ierumtnwiig Feanuduturesansazaglilusduluuiled
il g LY a o a < a
ANUSTUN 7.37+0.19% taeunnidn ey 6.16+0.05 waziiaisazatelwlusduluuiiu A

gl 4 esmwaldea Tussulunisasnnniluuuasmswseuasazatelnlusdulny uans

Tugui 3.6
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AR

Gulva 40 nfu dudulniluansazane &adetusmann
- 4 = g & g
(Hugwdeslnlseyd) ludouniveiun 1unan Us¥q 4-5 A% ‘

20 U %1 2 AT

——

audulylnlusduluuly

asavanelnlusdu Inogladluin ansarvareileldg ,
v o . asazanedSeulusiun 7
ALY 7.39%  UsimainUsyy wWasu laozlad (MWCO
a &)
Y y ® n o 1
Taenimiin udunan 3 Fu 12000-16000) RAMQH 60 °4 Lluias

1.52+0.20 42139

JUN 3.6 Tumaunsinseuansazanglnlusduluy

A. NMTIATIEAUTILaT8IAUTENaUTDINIAREALUL AemATla High Performance Liquid
Chromatography (HPLC)

nsUTunaaresrusznavvesnsneziluveslnlusdulu lnsthasazaulnlu
sBulmiluszveelrdosndussiveuiauumsu (Rotary Evaporator) auldmnududusos
av 20 Ingthmiinuazinansiegeddiinssidienies Hish Performance Liquid
Chromatography (HPLC) twuLfgnfiuiute 3.4.2 A ImdﬁmmxﬁﬁQuémaamaxmm

Inen annvuddeImeneansuazinaluladuiaussmnalne

1. AEnSLEn (Zeta Potential) fidelutiag 3-6

o

& Y & J ! 3 1 PN !
ndwindunnuwandveslsegliihsenistuanunnuiuredlessunagseus
aun1AkazUszglurevatiiegdousey nsmardndsvinlalaenisingnsnislunis

ieuivetaunia Wesdneldsnsnavesauulnii Ingldinalln  Laser Doppler

Velocimetry (LDV) n153tas1gsiA1Usganislniivesansazanelnlusduluy Suainiy
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ansazanglnlusdulnuluiFonsdeiunmnnussaliliviinameswesuisrudosas 0.5
Tngtmedn easarududuuazanumia Fap1atinaresninilunisadeuiiveseynia
arsavanglnlusdulundiiealuaig 3-6 lngusuiiteunisaisazaronsalalasaasnsn A
Fudu 0.1 Twand wazansavanslaieulansonles mnududu 0.1 Twans dleusufenase
wdrUimansazarulnlusduluy Usuies 1 Jadans Tdlu Sample Cell wiln Disposable

! v 6

Zeta Cell ﬁﬁgﬂé’mLi‘]um%aaﬁuazﬁasi'fﬂifﬁﬂmsﬁqaaqsé’mLﬁ@iﬁlﬂ/\lﬂwmmmaé’u TaAEne

a

WFnenBLATeY Zeta sizer ignumgdl 25 ssmiwaldua sauanduzuil 3.7 lnevhnsiaiinie
UFiRnInan Azndumans quiasnsaiuniinerds antuiadndisini nldiifien
#1499 InadansmsEieUsEgnsliihfudfioveesmsazanglnlusdulu ileuszana
A1galeleBLinn3n (soelectric Point, IEP) watansavaglnlusdulvy (Lu, Q. uazAuy

2011)

(n). ().
31]17; 3.7 (n). Sample Cell ¥n Disposable Zeta Cell (). \A384 Zetasizer Nano ZS

1%
o

mtinluana(molecular weight) vadlnlusdumisinaila Sodium Dodecyl

3

. NMTIATILNY
Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) hag Gel Permeation
Chromatography (GPC)

nsfnwdminluanavesinlusdy dewmadia  Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) tutfgafiute 3.4.2 9. lagldiaane

dozasanlunAudNtusesas 15 @1u Gel Permeation Chromatography (GPC) %38 Size
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exclusion chromatography (SEC) ilumafianlddwiunsrmmhwinluianands wazns
nsveumtnluanavesnediwes Ingefendnnisuenluianan uvuinfia1eiu Juinty
melupeduiniussyeeunmaniisngu dwlngdusanedaleiuiilasainuuusauwigs

(Highly crosslinked polystyrene) Unfieuniavesiaaisnsufifivuineglugas 0.5-10° wly

9 Y 9 U

(%

wnT anansouenwedmesfiTuminluanasening 10% 4x10” 1 nsiiasesidaeas GPC
AnsgiivesufUAnsnediuesuazfagaeulndn nadviimanssugnainnis Ay
Fmnssueans iivendemnsuln Ussmednd suainthansazarglnlusdulnuniess
Fuasaraneandoui (mobile phase) Wilnuidududesay 0.05-0.8 Inethninde

USums uddnansavanefananasiuneduilfill Shodex SB8OSHQ tHuinans? (stationary

'
a

N o dll = a = aa | N A a =~
phase) lngiignsinsiadeuivednaindoun 1 Iaddnsreuyl Noumvall 27 asrgaidus
wazinusuiuveslnlusduluuiiefeuiiniuaeduuiiaueIndu 224 uiluwns 91Ny
Wisuisunisiadeuiiveslnlusduluuiunisimdeunvedlysiuuinsgu Liedinsnening
nsraruiveslaluanavedlnlusdu lngasazanaandeunusenaumeansavalye.se
(urea) NidlANTNTY 4 Tuans ansazanensa (Tris) NUTuRieweasazaensalelasaasin

v . v v a  a ¢ a sala Yy v
e (Tris-HCD Anuidudu 20 adluans wazansazaneloifounaslsnninaududy 0.15

lua1s fikey 7.5 (Bondar, B. kagmuy 2008)

2. MyiAseinylandusiomatanisesnaudnesudunsusaaialasalal (Fourier
Transform Infrared Spectroscopy, FTIR) sgllium Attenuated Total Reflection (ATR)
nsAnwlAsTIas1amIaail (Chemical Structure) voslnlusdu nethaisazatsluly
soulunrunszurunsyiuiswuuBenuds TUias1eaaeds Fourier transform infrared
spectroscopy (FTIR) fmeluun Attenuated Total Reflection (ATR) tuteInude 3.4.2 a.

[y

lpgdalaseni AudinIedlaldeInermaniuazivalulad RansalumIng sy
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%. ANTAATIEAMNATATIAIILTOU #1830 Differentitail Scanning Calorimetry (DSC)
Az Thermogravimetric Analysis (TGA)

NILATIZRAEIT DSC way TGA utwiieniude 3.4.2 « Tnglnlusdulvu finau
nsruUNswiskuulonuiagninluiinsiedilae DSC naaeuieanzituLieaiude
3.4.2 % du TGA gamgiildlunismaaeueglurig 30-700 ssmiwaldea uazldaninzdus

WULALINUUD 3.4.2 %

3.4.4 N1SANENENURYRIANTazaNeNaNVBIRRaa1au (C) wavinlusduluy (SF)

Lerdchai, K. kagande (2016) lovinnns@nwimnuaiuisalunisgesaalaniadnin
vodlalasialnlusBulvalvenaiiunwenvnwienamisanled aAnududusesas 0.2 lag
v go’ L% = U 7 6 =)
annfesaziminaunisvedlalasinandiudiigluarsazarsiouludneaaidiug Ay
WUty 1 ndesadadnsy nunnsililussuluuiiesssyay 5 awaieveasn1seosaansvad
warduleegs lneisevaziindnuieaundstiuduain 67 Wu 80 uiTedidnay
ansazanglWlusdulvaiiesdosas 1-20

n. ANFNELA1 (Zeta Potential) Ntaxlusig 3-8

nyATeAsEInsinihvesasazatereaaaulaeidoatslunnes@dnuasl
TusBulny fifluunmesvesudesudosay 0.5 Tastwmin fowdas 3-8 gaugil 25 e
waldea snsdau 99/1, 99/5, 90/10 way 80/20 thlusnAdndiudsieLn3es Zeta sizer
segdRidudaiude 3.4.3 ¢ lngvhnmsiafimieufiRnisnats augindvmans qunasnsal
UGy

¥, NTATeRndanduiismaiialisesnsudne sudunsusaawalnsalal (Fourier

Y

Transform Infrared Spectroscopy, FTIR) shglnun Attenuated Total Reflection (ATR)

A5AN®ILATIES 19T (Chemical Structure) ¥asppaaaunadlnlusdu Tngti
asaratenauvaInaatauas lusduluniunszulrunisviwiskuutdanuds Tudiasiz

p1e75 Fourier transform infrared spectroscopy (FTIR) éneluum Attenuated Total
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[

Reflection (ATR) Wuldediute 3.4.2 2. lagdadinseni gudiniesdleIfeinermansuay

wAlulad YaInsalunivedy

3.4.5 N15IATITRENUANIINEAINLazATivasidumaaaau (C) wazlwlusduluu (SF)
n. M3TugUaunoaanauuazlnlusdy

mstugUTidunsaniauuarinlusduihasararsnsaniauuarlnlusduluiFonsiid
UTinaveaudesmdosar 0.5 Tnstwiin nanfuludngidau 99/1, 99/5, 90/10 uag 80/20
flov 3.43+0.13 flgamndl 25 ssmiwaidea lnstlunuduna 15 wiit nifuharsazane
waveeaaan/nlusduln 100 lulasans Diumadumamizidonsadounn 24 vaw (24 -
well polystyrene tissue culture plate) udandslivlnglduatediun Aaliliuredae
ane (Air dry) Wuan 1 5u lugaeaiunardnssiag PBS 3 afs RsAlRukadapenne (Kim,

E.Y. uavAguy 2015)

9. myuduiaveshvuilduneaanautaz lnlusdulvulneg (Contact Angle)

MeAsIedAgududa (Contact Angle) wasituuiiduneaaiauuarlnlusdy
fauUadann Kim, E. Y. wazane (2015) Ingldthnduduansildlunsveasu denisvenii
ndu Usuns 20 luTAsans asuuiiuinresiegeiiAdeuunLNunsEan vum 2.5 x 7.5
wuian M1sTuzUTiduneaaauuarWlusduln Tnsdusinavomwesuderuiosay 0.5
Tnethwiin Tudnsndan 99/1, 99/5, 90/10 uag 80/20 NsLARoUaNTazasARaaTLA KAl
TusBulvuuuudunszan Suannauaisazarspeaatautazinlusdulng Tusnsaussi
naieiiu Veansazatenay Uunns 2 Sadans venasuusiunszan udalduanefivindey
Tansazanenszagauyusunsyan Wusunszanildlilrursseeinilugaaniu Wunan
26 33 udnhAlduuislUnAsudusia (0) voshfideuly Auuduiavesingntniudiii
wenadll wazinanditan 15 3uni QaUNNI 25 BIANYALTYALAYANUAUUTTYINIAUNG

n1sinAududavesdn uansdsgun 3.8 Iagldls Static sessile drop felA3@e Contact
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angle meter lagdilATIERINUILITBUALUTNISIATIEBNANY INYIRIUIRNTIUNITIANT

toya antumaluladnszasuinandaummisaianseds

5UN 3.8 Myineyududa (0) vea

3.4.6 nMsnagauaNuiiuldmeinniviwadiladai misvamy (L929)

n1snegeuAfulandInmiulgadideiBolmiaveany (L929) ag¥iing
nageuIoAnwIN18ALNNE (attachment) WagdnsINITLRSUAUTATUNE (L) VoUTAd
\elgermiavey (L929) Tlumawmnsideseaduuin 24 vigu (24-well polystyrene tissue

d‘ = a t % v 3 v
culture plate) Mpdsurvaataunaulwlusduln anutuduresvslsIusosay 0.5 lay
Yl Tusmsidu 99/1, 99/5, 90/10 waz 80/20 n1simaevansavatsnaaalaunaulnlus
duluy Sunnavansavarsneaaauwarlusduluy Tudnsidrusannanidnasuy Yla
asavanenay Usuins 100 lulasing venasuuaaumnzidsusaduiasvay wadbduaneiy
a v Y ) g &t Y v v v @
indeliansaganenseaemnuvay wdhnnmsidsseadisliviuisgenidlugaaa iy
Wuwaan 24 Hlus antiushanaunnzidsaeadanasiganazaie PBS Usuins 500 tulasans
' A v aa a s ° I ° & = Y v v
ovau WadnannesdRnuuEay 311 3 ASY wavthannisiisagad bRl
4 [ I~ ) 1 o .:’1’ 6 v .:’4’ I3

a1neludaaniu Wuian 24 Flus dsuthoismigidsagad ldmisidewyad an
wgidssgadgninluyiliusannaelegldingenfueenles (Fauzi, M. B. uazaue

2016)
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n. AN30ALNTY (Attachment) Lagn1sLasegytAule (Proliferation) vasiwadiilaldoRmilsves

7y (L929)

N138ALNTEZ (Attachment) wazn1stasaAule (Proliferation) vediwaaLiloldoRInils
vaany (L929) lunamzidssgaduuin 24 vqu Miadeureaanaunadlnlusdulvy lu
M@ 99/1, 99/5, 90/10 wag 80/20 LTUAINNITHATHULAALAYNITINIZIAIIAALUDLED

Rniavesny (L929) menisineadiududslululasiaumaiiaumgl -196 esawalde

a

PaNINAEATIUNTIgUNQI 37 BerLyaLTYa Wunan 2 uil wd i wadlulaesseanisa

3

1@89 93n Dulbecco’s-modified Eagle’s medium (DMEM) 7ingaiessy 109% fetal bovine
serum (FBS) twil@adu (penicillin) AN3LUNTU 100 wilsaladans wavamsuladedu
(streptomycin) Aty 100 lulasnsudediadans Noaumngil 37 asangadua nels
U Aoy s &Y dy LY v Y
anmeanufuusIsINAnifingasusulaeenlensesas 5 wazanududuinsieuas 75 Ty
T25 tissue culture flask lngldemnsideaeadusuins 5 1adans wasdeuomnsgn 3 Ju
RN EEUTATAUTOUULTAE (subculture) Ingansiwadeae PBS nau 9 nuutiue
Trypsin USu1a5 0.5 18885 Ansdudusovas 0.25 lawinutn 8 EDTA Anutdutuioy
az 0.02 gt wiin aglulu flask dhluvungamall 37 ssewalea aelaanizanudiu
e s &4 4 o v sy = =
ussenAndieasueulaeenlensesas 5 uaranuiuduinsiesas 75 1uaa1 5 Wil
Tnsuvagadsnsidu 1:3 wanhluideduguusazmnzideaduna 3 Ju iieliliusuim
14 v °
waRauTIfaINsUlUnagey
& s & A a @ o % & da
nsidgwadilagerviavamy (L929) IneyiNIsinIsloadaauuaInl NIzl eenil
[J s 4 € 1 4 & 1 a o ¥ ¥
IIIUAET 2x10 Lwadsenau (1x10 wadsens1wuduns) drluidesduninnisiaes
waRwIn 24 vy Nvndeunsaataunatlusdulng luduumeemsideuead Ysunsg 1

Taddnsdevay Ineemnsnldides ¥ia Dulbecco’s-modified Eagle’s medium (DMEM)

NANLSL 10% fetal bovine serum (FBS) indi@adu (penicillin) A3adudu 100 wiese

Y v

faddns wavalnsUladedu (streptomycin) anududy 100 lulasniudeiiaddng Ny

)}

37 asAnwaLdua nelaannganusuussenendfgesusulaeanlansosay 5 way
ANMUTUFUNNSITO8AL 75 WIBATIVADUINUIULIAATALNILTLIAN 6 TALUS WAZITUIULTAAT

Wwigivlanian 1, 2, 3, 4, 5, 7 uaz 10 1u lagisn19inusunaasaan1e35 DNA assay T4
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1Y

At sUsznunsiasunlasvesussnnsiwadeonisldaseauasiinuandidu
1umzifu DNA 19U Bisbenzidine (Hoechst) fnjniinluanasuin 53388 lnsdeuudion
wa AT TWiFewasldnelfuamigoaisamudii nnsnszdusennnud 340-380 uiluluns
uazUanUaesndanuuasil 430-450 ulutums (Paul, J. H. wazany 1982) lnedname PBS
U3uns 1 daddns lundazvay ndufnansazans SDS 1 iadans asluusiaznqu lng
d13azany SDS w3sulaa1n Sodium dodecyl sulfate 20 fadnsu waundvansazaty SSC
Ysuns 5 1adans LLazﬁwﬂimmﬂUszq U3uns 95 1adans wavimleuansazatey Hoechst
33258 Fun3oua1nnnsth Hoechst Using 20 lulasing tiusimainyszq U3uns 19
1a88n3 war SSC Usung 1 1addns wauny mﬂﬁ'uﬁﬁaﬁmmgmuazﬁaaEJNI‘LJ’E'WLJ%mm

a

DNA Tagthdegniiuiigamall 20 esrwaded unazatefioaumvall 25 esrneaidea U
Waasazareludiege Usuies 100 lulasdns nauduaisazaty Hoechst 33258 Usuins
100 lulasdns wanluTausuias DNA Aaela3es Fluorescence microplate reader 479
ANNETIAAY 350-460 UTUIAT LazyUSUIMIDUYad LA iBUAUNTINNIATFIUYOLTAR
508a¥N1T0ALN1ZVOIYAALAZENTINITLASYLAUIAT L NIZ VD ILYAAANAINANNITAIUENY
(Monod, J. 1949)

- Sogazn 13BNz veTad (% Cell attachment) Auinildainans

% Cell attachment = (N3/Ng) X 100 ..ot (5)
dll & ° fa v
Wo Ny A d1uuwasisusu
= ° s & <, Y

N; A9 Fruuraaiomizidsadunan 6 il

- 9p91NSLSYAULRT Iz VeNAE (Specific growth rate, W, WUI: fiotalug)
Auanlaan

In Xz— In X1

u= T ............................................................ (6)
A & ° ¢
We X, Ap WIUadIian t
= ° ¢l
X, A9 UIUWAaNLIAT t,
- sgegnamwaaiiugwuIudu 2 Wi (Population doubling time, PDT, nue:

Flug) Anadldangns



e

3.5 N15HATIZANIEDA

[y

NATIINTIeTERteyan19aii tielUSeuiiguatauuansvestaya tnedl

ANSYNT108719T08 3-5 ASI BALNNTIATILAUIDE19TVDINNATITNTVINTUNEIATILAED a7

o v 1

hdeyaumAnady (Average) WagAn1stleuulIAT31U (Standard Deviation, SD) tiie

a v

Anwiinteyaianuunnsreiuegeidedrdgrield lneldnsimszianuwdsysiu

>

(Analysis of Variance : ANOVA) felusunsufiflunu (Minitab 14) fiszduauideiu 95%

(P-value < 0.05)



Ui 4

NANISNAADY WAZNN5IATIZHNANISNAADS

4.1 AnwauUAVDIADAANLAU

n. Sevazuale (yield)

SovazualavnimvaaaunanalaanatnuiniinAsaallauLRILazNulndusee

a

vmewis lngtheeaaaudiadalsiazidudesmnoansiden 2 n3u Teuusts figuvgil 60
psrnwalded Wuan 24 $alus Budesnediounisudafivmin 0.88+0.02 n3u fevas
wald (yield) sermtnuiawesreaanauiiaiafaensa (ASC) waznsndaeiudu (Pepsin-
treated ASC) ﬁam’mhm (n=4) uanslunsad 4.2 way 4.3

Aparecida de Aro, A. uazan (2012) limenuiiduuyuiusznaudetihyssanm
§auay 55-70 way voIuda (Solid) UszunaSesay 30-45 dneaaauJussAusynay
Uszanadosas 60-85, asaatauniadl 1 Ussanadosas 60, Aoaanauwindi 3 Ussanases
av 0-10, Aeaanausilad 4 Ussunadesay 2, WWsalelnauay (Proteoglycan) Uszuaison
ay 1 waztduledana@u (Elastic fibers) Ussunausosay 2 Lin, T. W. kazang (2004) WU
WunywdUsznaumenoaaaulszinaiosas 86, lUshlolnaweulszunausosas 1-5, uazd
aaAulsraiusesay 2 Wang, J. H. (2006) ﬁsmmhLﬁuuywéﬂszﬂauﬁaaﬂaamwu
Uszanaderay 60 Tnoroaanauadad 1 Ussunudosas 95 uas aoaanauwinil 3 uas 5
Uszunudosaz 5 Mos, M.de uazmn (2007) 51897137 1uSaenineuyue Usenaudiein
Useanasenay 66.2 azveauwdisouay 33.8 Insilneaanauilusirusenoulssainsoay
64.5 Schulze-Tanzil, G. wazAny (2012) wulLdugnsiimeaaaulszuiusosas 95 lng
M3 EgUoIAUTENOUTDIADaa AUl WA U9 Fauanslunis1edi 4.1 n1sadnnoaalauy
thi Techatanawata, S. wavAny (2011) lgAnwnisainreaaauaINd U myLazidusae
yelameoulediuuduludnsdueulediuududaidu 1:20 Tuaisavaensalalasaaasn

a

Aududy 0.5 ans e 2 gl 4 serwaidea Wunian 24 9alue isesasnald

Y

21.8+14.9 uay 5.4+0.40 Mua1AULaEN13ANIU8Y Nagai, T. wagang (2002) wuin1sana
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ADAANLAUINNLAUNING Yezo Sika AenTnasdin Anuudu 0.5 a1 tJutan 3 Ju T
SpvazHale 41.8 haztduNNaNNISANAN8NITALNENAFREMELUUTY ANULTUTUSDE

az 1 (3,085 viesolaansy) luaisazaiunsnazdan AMUYLTY 0.5 1uans Wunan 2 Ju

nunlisosaznale 35.7 lngmsaalaunlsainnisanaisasdissiududesazuald 77.5

M19199 4.1 aglesduszneuvespeaatauludusige

wiasTiun | aeduszneu 91984

WBunywd | Avaa I 86%, LUsAlolnauau 1-5%, uazdan | (Lin, T. W. uay
AR 2% Aty 2004)

WBunywe | ADaaLIu 60% TneUsznousiereaanausidnd 1 | (Wang, J. H. 2006)
95% wavAoaaauuiad 3 waz 5 5%

Uy 11 66.2% uazuoiuis 33.8% lasUsznousae | (Mos, Mde uas
ADARAU 64.5% Ae 2007)

Busywd | 11 55-70% wazvesnds (Solid) 30-45% law | (Aparecida  de
Uszneudneneaaial 60-85%, Aoaanausindl 1 | Aro, A uazma
60%, ARAANAUTRAT 3 0-10%, Aoaatauvilndl | 2012)
4 2%, Wshlalnaway 1% wavwauledaianiu 2%

WBuans | Avaanlau 95% (Schulze-Tanzil, G.

kazAtle 2012)
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a

msafnreaaaumenIneydin Anududy 1 lwa1s aamgll 25 ssrwaded 10y
181 24, 48 WAy 72 TG ALARNILUAITIN 4.2 WU BLNSEazalun1SanA YN LS o8
aznalainuty Inefisesaznale 58.20, 69.38 waz 76.43 ANATGU kazAvaaaunaialdy

v A

wan 72 e aglisevasnaligeiign lnadudsnanlndifesiupeaanaufinuludu

Y

wulszanuiosar 60-85 vanniinuia nsanalvlasevagralaiuindumnldiiailunis
afawau Migdelidenisnisatnaeaaaumensaesdindunan 72 $ilus felifesay
Halngedn ntursaanaugniluvsvalgeuleiludu Aednsduveuluiudenaaal
19U 1:10, 1:30 wag 1:50 (Wmtin) Ngamgdl 4 waz 25 esrneaidea Wuiiad 24 uag 48
Falag WU Wekiiunian eamgiiuasUSinanuuiu asinlniesasnalaanas IneSevazuals
agluYae 68-74 dauanslunnsed 4.3 anfesaznalalunisainnsaanaudusunalndifes
[y A [ [ = k4 H % Y = [ 1%
fupeaaauniegludy Fullneanaulszanaiosay 60-85 vesminuis Feeaiduldle
! ¥ va o & = a ! & s 7 o w

NMmsfegazralanataiulinalusiulilineaaaunmun wenandlutuneunisfiidn
laduluduneunisatalaenisldesdlaudaduiviazaiedunid duavinlilassadaves

Wsfudsuulasuaziinnisanaznau anavinlireaanauniegluduanadld vinlidovas

Nalranasniy (Ho, H.O. wazmy 1997)

a Y PRI o v A o v N | ~
M1919% 4.2 5@BagmalﬂmauqﬁUﬂLLV'\‘]GU@Qﬁ@aa’]LQuwaﬂﬂﬁnﬂﬂiﬂ (ASQ) EIAIRNE) WEDY

1.5 Ngaumindl 25 sarwaLiea

nandilFlumsania (@2lug) fouaznala
24 58.20+1.66"
a8 69.38+1.27"
72 76.03+0.69°

'
v o [ IS

(a-C WAAIAMULANANNDE1ITBE Ay NaiATITEAUAMILTNUY p<0.05)
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A19199 4.3 Sovazialarau muNLAI0IReaaLaUTININABLUUTY (Pepsin-treaated ASC)

Nanzenee) ey 1.12

naitldlunisaia| gamgiinldlunisain | Usunauuudusie Sauaznald
(FT319) (o%) poaaauily (ww)*
24 q 1:10 73.10+2.54°
1:30 73.73+1.52°
1:50 74.07+2.80°
25 1:10 70.25+1.35™
1:30 70.87+1.25"
1:50 71.80+0.92°
48 q 1:10 72.03+1.12%
1:30 72.65+1.32°
1:50 73.30+1.60"
25 1:10 68.67+2.29"
1:30 70.62+3.13"
1:50 71.11+2.08"

“aulydi@unielionssinieny (Pepsin from porcine gastric mucosa) ng 1
faansuusznaumeaulesiiuudu 683 wihe

o w LY

(a-d wansAMUEANAIseE TN EaRTisyfuAMLTesi p<0.05)
wulediugudueulediivhaulddfiiewh Wnewldudueulesivdaueluwein
(Monomeric enzyme) SsUsgnausieanenedilulvdfissaneaiieinazidndnveinsnesd
Tu (Amino acid residue, nanezdlufigndsluanavesiwilsluianalaglelnsaulesauan
vyjorillunazlensenluslessuainmimiuonda) gs Ussanas 43 §9n 327 1 Geawyilid
nleledLann3n (Isoelectric Point, IEP) A1 Uszanad 1 (Guzman, M. L. uagany 2016) 16

FeuUPEAIEIvIzauianlun1svinualenisitasslunszimige1nis (Simulated
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gastric fluid) ke 1.2 gaungil 37 asmwaidua lneteulediuguangnsinuldvansay
AtorUszanm 1-2 karitealugig 2-4 nsviteuveseulesiiiuduazlufinasenisvineu

WialUAgugumaiisening 4-37 asrmgadiss 1ideiidadenannlunisadinneaaauie

WuSunney 1.2 wWugutudusulsinianudnwizlunisdaiussidUinanseduaie

AsARelurdaniiiawniu (aromatic amino acid) 19U Wilasza1fu lsTutaznsulainy

v A

wiaz llgaenussilUlnannanumensnazilusiinindy srarfduwazbnadu lnadnndliu
Uanevednsinasaanau viavate N- waz C- aonuszanal 18 wag 25 iy duiidudiun
finsnezdlufiliveuihaeudnegs vihlilddwvealulnddngazaeey dauwlaiulvdazgn

AN998DN

9. MFATeiimtnlianavetneaaausemalin Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE)
sUsuulUsiuvesneaaauninseimemaila SDS-PAGE lngldiaanediovasan
lud Anududuiosas 8 fauwansguil 4.1 FannABALAUNANAMILNITADETAN LAY
Mg UTumLguil fiey wasliansniulIguiieuiuaeaatay BM a1nnilansiania
eUudu (Nita Gelatin Inc., @1Uw, cat#140918) Aoaanauainnigniakazduiesniale
(Sigma) LazAAaINIINIINENINNINMEUTY nuate al war 02 Judussdusznay
Y} a A = = v oA v A v a
wanvedneaatau ¥linf 1 (n3UN 4.2) azmuladudieldhnauazgamaiilunisadaiy
g9u anuduvemaulusiuvvesay al, a2,  (awesvesany a) uag vy (nswesvesane
) MNas MIatpmensnedinldneaaauniuininluanageniinisvindetoulsdy
Fu wazn1snsnmeeuledil uguiianududugaasyibinussiddlnd uisdiugndnsenly
] oy a A Y ¥ o ' Y v a 1 &
WINNININInmeUUTuRaNududuingy nedunalaainuaulusiuusinguavdosdu
(% ! A v a ! (% | 9(1 L% d' a
AausauABRaRUNnINmeUTuRereaanauludns @ 1:10 (Uniin) Meumall 4 uay
25 samwaidua 1unan 24 $3lu9 aziusaulushugesusingiuann wazwaun 17 Fudu
ARAANLIUIINNTIGNINININAEUTUlugnTdIuUUTusaAaaa1aL 1:10 (Wnin) 9

gl 25 esrmwawded [Wua 48 Hlue peaanaugnandudlng uaulusiuiiusing

= a 1 1 ] Y [y =3 d'
ﬂﬂﬂJLLﬂUEJ’EJEJUU@Q%ﬂﬂ ?1’]‘14?’1’&]aa’]L?\]UQﬁﬂMUQQﬂ’J’JLLazLE’J‘Uﬁ@EJM’J’]EJIﬂ Tudauil 15 uay 16
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(Sigma) tuuaUlUsAuTaIARaa1LINAINBUNTIUTINYUAUTDIEY Ol Uag a2 TIU1NIN
wargnuatimewaulusiugesauiounun lneuoulusAuvesneaanauainiduiesniela
wUsINQUaUTRdaNY al wag 02 Ndunalatalaundt uidirsgnuademeuaulsiugess

(%
o

meguiy AnuduvetautuuIuenieUiiavediusiuniuminiuanaseglutianudu

IUIUUIA
Y kDa
\F!E T ™ - :
B%_HM— ﬂ.- ZSO\Q :
150 ~Q Fy
ale.— a. - 130 — l
— —
a2 -7 .. - 100 > '
75 T> )
, 50 T8
37 T -
’ T
1 2 34 5 6 7 8 9 Marker 10 11 12 13 14 15 16 17

JUN 4.1 sUnuulUsiuvesneaanauiinseisiematla SDS-PAGE ngldiaanadozasan
e pnudutusosas 8 WS umsudminluananeaaaunaiamean iz loy
WU 1:A9A81LAU BM, 2:A0881aUNdnnnense, 3-5:A08aaunnsnaigudulusnsiaiy
a 1 H g t:l' a = <
WiTusiapeaaay 1: 10, 1: 30, wag 1 : 50 (Wwitn) Naaumnil 4 asreaidoa Juiia
24 Flal,

6-8:AvaaLAUTIINMsIUUTUluS AT @ U uREARaa LAY 1 ¢ 10, 1 : 30, WAy 1 : 50
(mein) ﬁqm‘mqﬁ 25 sarwaldua Wuan 24 Falu,
9-11:Apaaauininaeudulusnsidiuludusenoaanau 1: 10, 1: 30, waz 1 : 50
(men) ﬁqmmﬁ 4 psrnwaldua 1Wuan 48 Falu,
12-14:peaanaufininoidulusnsdiuuudusenoaaau 1: 10,1 : 30, wag 1 : 50
(mein) ﬁqmm:ﬁ 25 sarwaldud Wuan 48 Falua,

15:Collagen Solution fafngense (Type |, Calf Skin, Sigma),
16:reaanauINBUSesnnelafiatadensa (Sigma),
17:peaanaunvlansivindeuiulusandmiududensaaniau 1 : 10 (dwin) 9

gaumall 25 asrwaided Wuan 48 4ilug



84

Sato, K. kazanse (2000) levinnsainaoaatauanvialasiensansnasdnan Ay

a

\du 50 fadluans Moy 4.2 gaungll 4 esewalded [Wuan 3 Tu uanheeaaiaud

U

analaluviliiawuuidenudanazihanvinmeiouludauasialaun wWudu Yndu (Papain)
wasnsenwia (Proctase) Ingldneaaau anududy 2 fadnsusefiaddns vhnisatanini
gamgdl 4 esmwaldua unan 3 3u msvisndeouludivuduianududu 0.2 fadnsu
fodladdans lunsAoLdAn ANLNTY 0.5 Tuans n1synsnalsteulginsanng ANy
0.2 fadsureiiadanslunsanismsn (Tartaric acid) AMALTNTU 0.1 TANS-lBAEUNISNLTA
(Sodium tartarate) AM3LINTUW 0.1 Tuans fey 2.8 wagn1snsnalsiouledundu Ay

a a a

Nt 0.2 Tadnsusediaddng lu Tris-HCL anuidudu 50 fadluas fiey 7.5 Ngaumad 20
= 1 a 1% '3 o o . . o |
aarwaldea wuhmsvsnaeeulvdnsenmarililasasne Triple Helices gnvinany dau
a v 3 o ¥ \ z ° | a
nmsnsnaeteuledulu inlilaseasns Triple Helices gnvitaigunediufieans a2 uaznis
a v ¢ a Y | A . . o Vo A &
nInmeeuleiiuuiu lasiasiwesneaaiauduiidu Triple Helices Fansaguidiuiniy

wladlndgniangly daiansgy 4.2 (n) WellTeuiieuivdnluianavespeaaiauinin

1%
o Y

¥ L4 a A QOI £% 1 ] v A I

mueuleliuvguiazyunuindidminluanalusdazany o wiriuee ag al Juwin
lwana 137 Alamadu wazaty o2 Bwmidnluana 125 Alanadu lneguuuulysiuves

o A o v o v ¢ a1 Y a

AeaalauIInuislANainfensakar nInsaeeulelvlinm1eg IunsEaiunsaesiiluly
lassaf1avesneaanay dawandlugui 4.2 reaaaunaiamensaiulunlaulnadinsney
1y 44 ¢ wazAvaaIUIINAmeWUBuinsaesiiluanaunde 21 fa laegnsnsenly 23
i wazuminlanavesnlaulndanasain 5,437 anasu Wy 2,415 anasu auaiau
USinaazasausenauvensnesiilulumladlvdvesneaanauiainmensawasninee

WUy dakandlunisad 4.4 viaveansaeriluluneaaaunainmensailagnvsvaigiuy

FuynlvinsaeziluuavianNanad



200K—

117K—

[0}

£ £ 3

0o 2 8 %

< 2 &8s

— - Y

By
= =< B1,1()
WERem =< p120)
- a(lll)

. < 1(])
- < 02(])

(n)

ASC

pepsin

papain

proctase

aminotelopeptide l triple helical region

-

>

s
|pQLSYGYDEKSTGISVE

GPMGPSGPRGLOGPOGAOG

LSYGYDEKSTGISVP

GPMGPSGPRGLOGPOGAOG

PQFDARGGGP | GPMGLMGPRGPOGASGAOG

[ ISVP | GPMGPSGPRGLOGPOGAOG

DEKSTGISVP | GPMGPSGPRGLOGPOGAQG
DAKGGGP | GPMGLMGPRGPOGASGAOG

ISVP!GP]

ISVEP | GPMGPSGPRGLOGPOGAOG
MGPSGPRGLOGPOGAQG
GGGP | GPMGLMGPRGPOGASGAOG

| ISVP | GPMGPSGPRGLOGPOGAOG
ISVP | GPMGPSGPRGLOGPOGAOG

| LMGPRGPOGASGAOG

()

[GLOGPOGAGG
GLOGPOGAOG
GPOGASGAOG
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JUN 4.2 (n) sUsuulUsiuvesreaaaunriltlananiamensauasisnaisiouledviingnee

() anunsnezillululaseas1vesneaaiau (Sato, K. kavmuy 2000)

A15199 4.4 USunaazesrusenauvadnsnaziluiinulumlaluineainmeaaauianneie

nsALayINMIEUTY (Sato, K. tazAag 2000)

Y3ununsaaziily (72)

Sryanwaivag . .
N invaensnazily wlaulndanaeaaaudianna wlawulndanaeaaiaus
nInazilu - . _

NWNTNA NI UG
P Proline 6 3
Q Glutamine 3 -
L Luecine 2 -
S Serine 6 3
Y Tyrosine [ -
G Glycine 7 4
D Aspartic 3 2
E Glutamic 2 1
K Lysine 3 2
T Threonine 2 1
| Isoleucine 2 2
\ Valine 2 2
A Asparagine 1 1
F Phenylalnine 1 -
ﬁmﬁfﬂimaqa (m@ad) 5,437 2,415
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Fothuaulusaiuiildaingud 4.1 vinmsinszezuaziluaiisnsmiszwingd log Mw
uway Rf lay Rf Aesvarnisindeuiivesuaulusiu/szeznisindoudives loading dye front
ImaL%'u"imzasmqéﬂqLwiﬂmaé’muuqmama Weadansmunsgudaduanuduiuside
WFunsasziing log Mw uag Rf Tag m usuduiidnduau uay b iiugedauuunu y iile
niuszoyaiadeuiivedlsfufidosnismudrannsanainluanavestusiuldann
dwiinluanaveddusiuinasgruiinsudmidnluanauds nsmanasguseniag log Mw

wag Rf vedlusiunnnsgiu dwansdunianuan ¥.1 wazimtnluanavesnoaanay wandly

A9 4.5

A15199 4.5 dmtinluianavespeaaliauiiannmiensa (ASC) waznInmesudu (Pepsin-
treaated ASC) Man1g6i199 lagAwInaInguyl 4.1 :anmsinsseziavilTeuiieuiunsi

wnsgulunanun JUN 2.1

wliavasaaam [naitldluns | guugfiilély | Vswnanuudude  |dutinluana twiinlaana
Ly afn (F9lu9) | nsafa (ox) |Avaanaudild (ww) | vas a1 (kD) |v8s @2 (kD)
ADRAILIU BM - = - 126.96 108.16
ASC 72 25 % 129.61 110.90
1:10 124.09 109.55
4 1:30 126.38 110.66
1:50 126.96 110.66
24
1:10 124.09 108.16
25 1:30 125.52 109.40
1:50 128.42 110.66
PSC
1:10 121.38 107.83
4 1:30 126.35 106.70
1:50 126.35 107.83
48
1:10 123.06 107.83
25 1:30 125.69 107.83
1:50 127.02 107.83
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11307 4.1 uansuaulusiuvesaeaanauiininderuduludndmduduse
AoAaNaY 1:50 gaunadl 4 sseniwaldea Wunan 24 Halus Usinguavadeiuaeaaiay
BM 31n#iga wazaInaanafl 4.3 nuiireaaauivinssuiulusasduluiusionsaan
wufuaneaiy SdmiinluanalndiAssiu arnnsdamdnluanavesneaaiiaulae
aulalanznoy ol woe o2 uazAnarndmdnluianaes ol 2 @18 wag a2 1 a1y wut
poAALILTiafndensntmiinluanaUsrana 370 Alanadu wavaeaaauiivandaeid

1

FuludnsdnnuuTusionsaaniau 1:50 gaumall 4 esrnwaidea WWuan 24 Halus dumin
Luanaanasriie Useanu 365 Alanadu dweeaaau BM Judmitinlauanadssunn 362
Alanasu dminluianafianasvesreaaiauiainmeugugenaqeaiuiminluianaves

wilaildlnanlaainnisfinwives Sato, K. wazany (2000) wniUSeuiiguinniinluanaves

v
a a o £

ABARLAUAUNATET wueeaatauInvitlafidametuguidminluanavesans al
| @ % d‘ L% a 3 r-:gl’ d‘

Wag 02 aandAeaaaUINEUIeEYEENSIRAMeUTY silidesanluanaveaniay

Inafuateves Triple helices vduvauniony wagann1sAnwives Sato, K. uazAMy

(2000) NsfineeUUTusetulildanenuks Ui lihninluanareineaaauanas

wnuIeLinuaugesduINLIn JIdedaudenaneiilunisadianeaanaulagnisainnig

dnsaluTusionsaaiau 1:50 gaumall 4 esrnwaidea WWuan 24 4l

A. Usinaunazesausenauvesnsnesiiluluaisavatsaoaaiiau mewaila High

Performance Liquid Chromatography (HPLC)

AN5AATIEVUNUSUNULALRIAUTENBUTRINTABL I lulua1SaLa1uADaALAU A2e

Cs

wallA High Performance Liquid Chromatography (HPLC) lngliasizvififudnaaauiay

1195381 dannuddeIneneansuazmaluladuiausesnalng medadnelun1sIATIERI

MFUNBIATIRELT USUNaraInlsenauraInsaaziluluansazaignsaaaunannmignse
N v a Y] P a & A A ’N ~

WaLNINAMIEUTU AILanIlunIs199 4.6 31nn15IAsIznUINTnsaesdlursialnaduunn

a a O & I3 =3 A o P

ign Inelnaduiudussdusenevnildluanuvansnasiilunanunluneaanau auaelng

Aunazazariumuansu Tnglinunsulamulasdawdu Jawdutudainlinululaseasia

voemoaa1au 3liaf 1 uiengnnulaidndeslupeaaauiiatinmensauazaiameudy
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a

dovingRuiiininarineiadiBanaiu (Elastin) Alsiazarsiieggauasdiamsaaraisegly
ansavansindslunszuiumsananeuaeaaay (Moreno, H. M. wazmase 2012) Uonaint
gaNUN Ia%uiuﬂaamLwﬁaﬁ’mé’wmmﬁﬂ%mmﬁqam'maamLﬁ]uﬁw%wé’wmﬂ%u ilogan
ﬂimazﬁiu%ﬁmﬁwwWﬂslu?i’sumiaLUinﬁLLaz%gﬂm%‘maamiﬂéﬁmﬂﬂ%u lagudadivsuno
anaslureaaauinIng Uy uenaniiududadueulsdidanusunzlunissn
WusziUlnefinetusonsaosilurdaiifhauwmiu (aromatic amino acid) wu filaszaiiy
Inls@u wagnsulainu e?faﬁa&ﬂuﬂaamLﬁ]uﬁaﬁ’mé”saﬂm%ﬂaz 2.50 uazanadindesosay
2.04 Tursaaauiinindoudu dwnsneziluvdnlensendlnsaudadunsnezdluiing
innluroaaautii mﬁmiwﬁﬁﬁfﬂmquémaauLLazmmﬁmmhﬂé’ﬁ’]mi‘ﬁmwﬁﬂ%mm
nseezilurdniaalildsenulunuise
dlowSeuileusasdusznindlnadunsduezariy nuireaanauiiainsiense
LaznIngUUTuisnsIdiu 2.97:1.07:1 waz 3.08:1.11:1 mugdeu Tnefidnsiarui
Tndidesity aguldhnsataraaiauiensauasiuuduhlisandiunsnosiluauviad
WasunUastiesun Nagai, T. uazauy (2012) I@atnnoaaauiiatadeludu (Pepsin
soluble collagen, PSC) INLBUNI Yezo sika WUIUSUIULaLe9AUsENoUYaINIAasily
IndiAseiuauddoil Tnouandumsiei 6.4 wazilerSouiisudnsidusswindnadulng
Auozaniiu wuiniidnsnau 2.90:1.09:1 FelndiAssiuneaaauiiaindionsaluandded
wenani Sato, K. kazAne (2000) nunadiumlaulnelunsaaiauainuialanoukas e

nsafacmelUzu Tonsdiuseninglnadulnsau:ezaiiu 1anadain 7:6:0 vu 4:3:0

ANUAINU
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A15199 4.6 Sevarlngluaveslsununareirusenaureansaesiluluansaralenoaaaud

annAenIn (ASC) wagnanameludu (Pepsin-treaated ASC)

- - Pepsin-treaated PSC 21n18uN119
JUnvoInsnazily ASC
ASC Nagai, T. hazauy (2012)

nneviiluiivyledreiilifiviasiluesdidn

Alanine, Ala 11.78 11.89 11.5
Glycine, Gly 35.00 36.61 33.2
Valine, Val 2.89 2.96 2.2
Leucine, Leu 2.47 1.90 2.5
Isoleucine, Ile 122 1.31 1.1
Methionine, Met 0.63 0.38 0.6
Proline, Pro 12.59 13.14 12.5

nnezdlufingledraduezlsundn

Phenylalanine, Phe 1.82 1.68 1.3

Tyrosine, Tyr 0.73 0.36 0.2

nsnaylundvialifivsey

Serine, Ser 4.21 4.29 3.1
Threonine, Thr 2.17 2.29 1.9

Cysteine, Cys - - -

2
o

nsnezllunivinariusequan

Arginine, Arg 6.01 5.72 5.1
Histidine, His 0.77 0.66 0.4
Lysine, Lys 2.89 2.63 2.4

ay Aad a
nsnezdiluniitinasiivszqau

Aspartate, Asp 5.79 5.64 4.5

Glutamate, Glu 8.97 8.49 7.2
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3. Anuntalusi (Intrinsic viscosity)

a1saratgasaallauAudusesar 0.05-0.3 lngumin gninanunialy

a

a1sazanenIneydan ANty 0.1 Ta1s Neaumgil 25 esrwaidea ey 3.28+0.05 (n=

Nsp »,

3) NMIANUNLALUAY (Intrinsic viscosity) @111509lAINA1TE519N T INTENIN —E iy c

Innye @ =4

uay = fu c diefinsandmuniialufivesasazarenngadinunu y lagldasazane

(% (% s

wodiwasludvazarefifivareanududu Iy 1,, nieaunidaduing (Relative
viscosity) mldanszezinandiansasarenoaanaulvariuasnnlaai3nessesnarifar
azale (NTAezddn) luadiuvasaa1aans du ng, wisanuniladinig (Specific
viscosity) wldananamuniinduimsaudenis thavisaesluatuinsmuagmandauy
wnu y Aglaanunialud Inedndieduiiaddnsdensunsednsronsy Amnunialusives
Aoaaaufiadndiense, NiNdeUUduLazaeaallay BM fawandlunisadl 4.7 wuin

ARAaLAL BM danunialuda (Intrinsic viscosity) 1,802.08+12.08 iadansnonsu Aoaal

a |

RUNENARILNTA TANUNLALUGL 1,107.04+13.60 1adansADNTY WALADAANIUNNING Y

' ]
o A

WUBY Tenunialusi 1,060+9.17 Tadansnansy F9A10AN9d0 LH89I91NADAANAUNNNIN

9 Y

meoulsdivuguinliiminlaanaanas Aanuvialuiidwiniireaanaunainiiensa

v &

Aunialudlvesarsavatenadiuesidsandianuduiusivuininluiana

(Viscosity-average molecular weight, Mv) #1ua1n13999 Mark-Houwink fio 1 = kM, Tneg

'
a =

k uae a LﬁuﬁwmﬁmwwzﬁumLLﬁiazﬁjwaaLmﬁLLazﬁaﬁﬂazawﬁqmmwmG] (Kahn, L. D.

Y

wazANy 1996) AnHanTInAumialuiivesneaaliay BM giniineaaaudnasvila s

vanfsmeaanan BM Suvtinluanagindy nedanalaansuuuuveddusiunaui 1 903U

a d ~ v A A a ada o 1 O & o
N 4.1 ABDLLUNAMULVNUIN LLa@\‘i'ﬂquﬂﬁaJ']msU@QIﬂ3G]UV|3J‘U']'V1UﬂIlILaf]‘aolusﬁ'NUULUuzﬂ'WU'ﬂu

wnuazdadiuau p Fndulawesves a NanuduuInme n1sinuninluanasiuees

1%

) o o 4 a o o
ﬂ’f]aa’]L‘UULUUﬂ’ﬁ’]WMﬂVJﬂI&ILﬁf}aiuﬂﬂaa’]lﬁﬂu Mlimoaaiiau BM uumuﬂimaqaqa bbe e

d' ~ = i = o A o v a v a !
Lll'f]LU?EJ‘ULVlSUﬂqﬂqqﬂﬂu@Iumﬁmaﬂﬂ@aaqLQUVI&ﬂﬂ@UBﬂiﬂLL@ZW?VI@?SLUU%‘UWU'J'] ABDAAN

1% '
o L% a

wuadaslenindanunialudigandt dsvendalminluanaiaindl wazaingluwuy

9 Y Y

Tsfudausinguau g uag o Mduuazlifiuaudesiinvunsuaiauay a dnie Tuvaei
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LOUYBIRRaALIUNININmIBIUUT UL agaua1aLaU o agunn dmtnluianasiuis

AN

i ~ Y 2 v A v v a v
M990 4.7 QQWNWUWIHWU%aQﬂaaaWLﬁ]uqnﬂLauﬁaﬂﬁ’]f]S?jﬂiVlaﬂ@@?Elﬂiﬂ (ASQC), NINMNIY

WU (Pepsin-treaated ASC) Lazaoaaau BM Tuaisazaiensnozdfnanududu 0.1 1

a

815 oY 3.28+0.05 Ngaunil 25 peraldea

Y

YUAVDIADARILIY Arrunialuf (ladansaansy)
ASC 1,107.04+13.60°
Pepsin-treaated ASC 1,064.96+9.17"
ABAALAU BM 1,802.08+12.08°

'
o w aaa

(a-C LAMIAMULANANNDENITBd A NaRATITTAUAMILTBNUY p<0.05)

<

91NN5ANWIB9 Oechsle, A. M. wagAny (2016) dslgvinnisaneimnuminlusa
yosansarasreaaaLIINLaznszgnln finnadidiu 0.1-0.4 n3usiodns anuwilaly
1 0.31 uaz 0.13 Ansiansy mudu IneduinaInaunis Husgins wazdiomuingie
aun1s Kraemer wudndatadunialudi 0.28 waz 0.13 dnsronsu audidu vile

Wisuisuiuasaaauanlanilivlaiulnesi (Telopeptide-poor collagen) fiA1A7a

A o ¥

nialuAndlaAIUINAI8@NN1T Huggins LAy Kraemer 1Ju 3.26 way 3.16 ansfansy

a A

ANAIRU 1T EDNINUNEITNITDIABAANIU NITANAAILTTNRANFAINTY 2unHl TLeY

Y
waziriasnliidudminazans sauismdnluanafiunnsne deiliaianundaluss

WANANIAY WBNANH Kahn, L. D. wazAe (1966) WWANYIANUNLALUSIv89815aLaNY

a

AeaalauInntagnIludinsadvines Wiew 3.44 wudlgumgil 25 eeALgaLTd
a a a = A a (% v 6 !

ansarateaeaalulngAnssunsinawuuiilaieufovedlvainsmauduiussening

pAudaunazdnsdeuludunsy Wetharsazarepeaanauainuignilunisiany

PUAUAINAN1IEAINENT WUILAIANUNLALUGD 2.7 AnSeanTy WiafgunuAnaaaIaud
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anmluanudfednunaaunialusnleia1ainin MateNAt NN YLaEAYINazane

Pupneneniu

2. MyIaUTulUTALAEIS Lowry

a [y

n157nUSuulusAumeds Lowry Aalushuludiegrsvinujasendugusalessu

U

<) J al' ¥

(Cupric : Cu™") vesansazansnetivosdamaluannziidusng fannziauialosouldsu
Budnmseu 1 iiaduauialessu (Cuprous : Cu'™) Tnspuialesoufiintudinrmanunsn
Tunsdufumgiofiuvestusiu nisiauimalusiuduiiolinsesiauuiandveslusiud
afaldiuiuasazatslsiuinnsgiufeatsazats Bovine Serum Albumin (BSA) a7
dudu 0.2, 0.4, 0.6, 0.8 uaz 1 Tadndusiefiadng uazansaratsreaanaulunsaesdind
ananlgnsALaNINAILUUTY, ABaalau BM wazasaalauaindusesninela (Sigma)

ANULIUTUSPEAY 0.1 Laguuln M58 1 Haansunaliagans wazinusunalusaulag

WisuWleuiuansaranslusiunnnsgiu dauanslunisnan 4.8 (n=3)

A1519% 4.8 SovazUsunalusiuluansazarvmeaaiau (ngunin) 9nn15InRe30 Lowry

Inglda1sazane Bovine Serum Albumin (BSA) 1uansazanelusiunnnsgiu

YUAYIADAALIUY FowazuUsunaulushu
ABAANLAY BM 88.75+1.02°
ASC 51.46+1.41°
Pepsin-treaated ASC 59.60+1.69"
ARAALAUANEUSEEWIElA (Sigma) 48.85+9.88"

'
v o [ IS

(a,b uaAIAULANF1IRY T AN ERATISEAUAMILTNU p<0.05)

WatSeusuusunalusiulunsaaaukiazsis wuin A9aaay BM hazaAsaan

UL USesunele JUSuulUsAusasay 88.75+1.02 LAy 48.85+9.88 a1UaAU tag
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AoaANLaN BM tuiiviunalusiugeiian dwuaeaanauainiduiesnneansniainsiensa
wagnINeeUUTY AUSUalUsAU 51.46+1.41 wag 59.60+1.69 AuaIU talUTeuLiigy
meadanuhUsnalusiulureaaaunnidusesnnelatazaeaaauandusosnuEns

(%
o w a o

fatnsensawaznindevduiulifianuwanaisededteddyniceda einsia
USunadlusfiusaeds Lowry enafianunaimadowiesainnisldaisazans Bovine Serum
Albumin (BSA) tuasazanslusiuninsgiu lae BSA filassadailumnsenan (Globular
orotein) Faunnansaniasiadrsvesreaaauiivlu Triple helices matAuansatunig
Juszninauialessuiunyioduves BSA geninlureaaiau nMsinusunalysiuieeaiin
auaa1Ladeuls ﬁ’jﬁﬁﬁ’aﬁi’mﬂ%mmiﬂiauﬁw‘i% Bradford usldanunsatnlaiiiasan
ABAALAUANALNDY I1NNITINBNUVBS Fauzi, M.B. warane (2016) Lavinnisinlusauneds
BCA isufiu Collagen Sircol assay WUIUSHIRDaa AL NS ULNETUS U aAN I
Uswaulusiu fio 1.2 waz 1.5 fadnsudedadans mudiiu Jsdaduesas 80 veauiuna

1UsAU uonannsInvsunalusivlureaataulain1sinusunulensendlnsaunaiuisnyi

Iouiutleminusunulensendlusiuluneaanauieguszunuiosas 10

a t:l' a IS I~
2. ASNALIRTVDIADARNLIUNYUNLA 37 2IALYRALYEE WeaY 7.4

nmsAnaduguantinisvesnoaaau Insluanavesnsaaauilasaiied
swsauihldATanaeduaa n1sfneavesreaanauty Wallace, D.G. wagame (2003)
TainisAnulaenisusuiitesuazanuuslooou (physiological ionic strength) waali
Audeuiigamgil 30-3¢ ssrnwaidea Wunan 199lus AvaatauIznateidulaa TneiSen
WAl Heat gel poaanaudionanaiduaa Fagguiwiliansninnininaaldanmsda
AMUYU N1sdanisiinaalagldaisazangnoaanau amnudutusovas 0.3 wag 0.5 lng
whwiin Tunsnes@Rnaududu 0.1 wans waufu PBS Anududu 10 wih tnelddnd
ansazansmeaaausie PBS Ly 8:1 UsuAritendu 7.4 figamadl 37 esriwaidea udrin

An1sganausatlaifauandlugun 4.3 wasiatlumsuaawandlunisad 4.9 (n=3)
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1.5 - a _

S &

b %

= =

= < 3

(@] 1 o

_ S

= = 2

g g

& 02 T 03% &

&- o> -

= 7 0.3% ARaalau BM c

£ =

< 0 T T T T <« 0 T T T T
0 10 20 30 40 0 10 20 30 40

1287 (W) 1387 (W)

(n) ()

5UN 4.3 () A1N1IQANAULENYBIANTALANEARARLAULALABAANIY BM Auidudusesay

0.3 (v) ANUINTUTegay 0.5 oY 7.4 Neauniil 37 sermiaaidea

M19197 4.9 1a1lunsiinlRavesansazaleneaalay Way 7.4 Namail 37 ssmwaldua

lagth3uil 4.3 1AUIUIINLIAIATIMITIYBIAINTSAANAUENEAaUAINTSNAULEIAER

SovazanutuduvesAeaaaL | aitunsiiaea (W)
03 26.33+0.29°
0.5 13.90+1.02"
ADARILAU BM A uiNTusesay 0.3 14.17+1.44°
ADARAILAU BM AuLdNTusesas 0.5 13.67+1.26"

CY [

(a-C WAAIANLANANNDY T AN ERATITZAUAILTNU p<0.05)
LIALUNITLAALAAUIUBNDIANNAIUITAUNNTLTBUABAUYD AN I NDALUDS LaY
AUINAINASINTITOIATTAINITAANG ULAITLANTLDE19IALTT d1TavaeneaalauLin
a2 NAMUITLTUYRIANTazaNs TagaNsaralgAeaaaunAMuNTuSaay 0.3
wag 0.5 1 Tneuvdn Tavanlunisiinea 26.33+0.29 wag 13.09+1.02 U9 ANUE1PU WAL

ADAALAU BM A1 9UTUSo8aY 0.3 way 0.5 ttiantun1siineea 14.17+1.44 way
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13.67+1.26 W19 AIUEIRU 91NSI89UVBI Suzuki, Y. wazany (1999) lavinnisAnyinisiia

o |

198799ARaa1LULAs T 1TAYA8ADARLAUINULY (ASC) AMULTUYU 0.5 Tadnsuse

a A

fiadidns wawriu PBS Anududu 3 wih Usuaiendu 7 udilimnuseuiigangll 37 wse

U

30 9ALTALTYE ﬁﬂlﬂ’i@ﬁhms@mﬂﬁmmﬁmmm’m?{u 530 %38 520 UILULLUAT LLAALEA
Tunalszuna 15 wifl wasdlelSoufisuiunsaanauanidudesrnouazAeaaltay BM
wuldanlunisiiaealndifssiusaneaanaua nntsldnnudududiniuan ¢33
amuansalunsideusetuvesaslenediuoslfiianit N151ineare9neaa1LauAn9IN

Tuanareaaausuimiuiazieunefululassswaudd lnededeiinasenisiiaea

a

laun Anuwssloou (ionic strengt) fitow aaunall LUWAY nsiAnlIaveIARaa LN YTaTl 1

9 Y

g X d‘ a a IS < IS a
SEIIVULNBLNUJEUNNNAN 20 9AnaaLTed LU 28 D9AYALYUH ASTINANDUNRHUA

WwareaaauIznanaduansyany (Gomez-Guillén, M. C. wagmtuy 2011)

. AANSWA1YD9E1TaTaANUADARLIY

mlasziaUssanaliivesasavaisneaaauanududusavas 0.5 lunsnes
Fin anududu 0.1 lwans ey 5-8 (n=3) Amdndwdndunnuunnisvesyszqlui

JEMINTUANULILILYedlaRauTegsau auNALarUsYYlueIvaagdousay A1Ang

Y

LBAND9A1TAEAIUARAANIUNNLOYA) UaneraguT 4.4 lngArdndwivasansazany

a 1w 6 Y a1

AEAaNaRaLlaNeURNTY karaziliuTERUINVTeAUgVTgIvTaAININgaiAdAnNEIwAEeT

o =

| ¢ = a & v a1 @ ¢ a & a . .
wihiueue geganAdnduaiidauiniugudviagalolediinn3n (Isoelectric Point, IEP) v84

A o v a1 a a =
A198%819A9AALAUNENANILNIANANNLEYUTEUIU 5.61+0.02 @1582a189ADAALAUNNIN

oA

pelUgudmnesUsyunn 7.15+0.03 d@iud1saraisnaailay BM wazansazaignoaan

a1 oA

LU uSaselaNanfasensaTLduaIsazaIsnaa I AUNIINITAT TANNLYUTEU6

7.04+0.04 Uag 5.66=0.06 A1UA1GU AEaaLIuTainmenIaliyaleledianniniianinin
AoaaIuTIVSIAMEUTu s nduminUlndgnindneenlumeuiu msiUasuna
U U 6 %4 =) 1 g v
AfndivseUszansliihvesaisazateasiuegiuanuaunavesserauuazysey
U MadsuAsgansaratensalalasaaesaliialvnieviasiu lianaveslalnsnasine

wandliuszquan vinlienusganalnihfianduuindefievsias waziliausuaiienln
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a1

gumeansazanglalfeylansenlen luanasvuandiliuszgau Adseanmalniindadien

vHuuan
5 =
- ‘\;\
= ' \ \\\
&
@ 1 T ' Pepsin-
e 1 5 55
@ 3 treaated ASC
N
%
"2 ] T Collagen BM
T L
Ry
ASC
_9 |
11 Moy
BASC
-13

JUN 4.4 Anfndieinvesansaraleneanay ANudLtuSesas 0.5 gaungil 25 aafm
=~ g ]
CREEERATOLERNG

*BASC : Acid soluble collagen from bovine achilles tendon, Sigma-Aldrich

1nN15ANWIVRY Oechsle, A. M. Lagaty (2016) NUINEITaTaI8ABAAILIUINNLAT

finlalulndn (Telopeptide-poor  collagen) HqnleladidnninfiAfitovdszuno

4.62+0.07 duansazateneaanauannszgniasvialn galeledidnniniiAievuseunn

[ 72N 7
U v a A

5.09+0.09 uag 6.54+0.32 A1ua1AU Neililoswnanunainiuiuazisnsatnneaaaui
! v Ao & A o v a a a ° ! A o ¥
uwanieiy AneideireaanauiaiamensaiialeleBidnvsnainiineaatauiinineme
WU laannnInesiluniuseau 1 weanieamn ngatun Anuusnamlaidnduay
dlegnindneenlumeudu Uszgauisanas yaleleBiannindaavu Ineusuawesnsnes
Tlunfivszyavlumeaaauianamensa Seuaz 14.76 wavanasviae 14.13 lunsaanaud

N3N UTY
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v

. N17AsgnglandumeinalianiSesniudnesudursusaaidalnsalal (Fourier

Y

Transform Infrared Spectroscopy, FTIR) sglnun Attenuated Total Reflection (ATR)

nsaszinyilandusiemaliayisesnsudneiudunsisaaalasalal (Fourier
Transform Infrared Spectroscopy, FTIR) fgluun Attenuated Total Reflection (ATR)
Lﬁ'aimiwﬁwyjﬂqﬁ%’maqﬂaammuﬁaﬁ’ﬂé’aaﬂm, nIneellUTuLazADaalan BM lagniu
NSLUIMTUAU UL DU LLamé’fﬂugﬂﬁ 4.5 mﬂmm%’zmwammﬁmamaamLﬁ]uﬁgaam
yiausngiiansaaniuman 5 i e Lalua A, talud B, talud |, talud I, uag wolud
Il fwvnisielusd A vesreaaauiaiafionse, nindeliulaznoaaau BM Usingdia
fawmau 3300, 3309, uay 3307 Aelrudiuns auandu Tnaelud A Hedestunisiia
ituszlelasiauiisoumds N-H mindundsilsiAetusylalasiau (free N-H) azdsingfianis
ganduluriaavadu 3400-3440 Aelwufitums wagidunis N-H iintustlalasiaussiin
ﬁﬂmiamﬂﬁuﬁ'Lamﬂ?{uﬁwaﬁﬂizmm 3300 sowufung funduolus B vesneaanaui
anmeensm, N3NAIEUUTULALADARLIY BM Ui’lﬂgﬁﬂﬁlm%ﬂgu 2924, 2925, way 2941
AowuRng auasiu Tnetelus B tisadesiunisiasuuuliauuinsves CH, sumniae
lua | Y89ARARLAUANARILNTA, NINMBLUUTULALADAALIU BM Uiﬂﬂgﬁﬂﬁmsﬂﬂgu 1634
sowuiuns Tnawlud | 119nnsduazfiouaInnIsEafives C=0 wazn1snasives N-H
Fufedesiulasiairmioglivesneaaiiou Ao woavhdand suviuelud Il vesreaaay
fmﬂLﬁu%’aamﬂaqﬂsﬁaﬁ@éﬁhaﬂm, NINAEUUTULALADAAILAY BM ﬂiﬁﬂgﬁﬂﬁmﬂmﬁu
1539, 1553, uay 1547 Aowuiiuns auaisu Tnetelus Il 1isadesiun1sieses N-H uag
nsEafwes N wazdumiuslud Il vesroaanaufianndionsa, nindeudunas
ABAANLAY BM Uﬁﬂgﬁﬂﬁmmﬁu 1235, 1239, LAy 1236 AolUALLAS Auanu tagiolus
Il Aedestunmsinsives N-H waz C-N Jauansdalassadranisiauaisvosnoaaay oy
GTﬂmeﬂﬂmiQmﬂﬁmmﬂaamwuﬁaﬁmﬁ’mﬂim, NINAUUUTULALADARLIU BM AaLdn

Tum5797 4.10
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Amide |l

Amide A Amide |—— ‘ Amide Il
‘ Amide B

J\,\,Qaammu BM

=
1G
—
g?
& T\ Pepsin-treated ASC
>
=
&«
B s
I T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
LavAAY (ReLTURLINT)
(n)
1632 1548
= OTC
8 — Rat tail col |
C
8 ."..: n
< / ! VYA
‘.' ‘\‘ " ‘:‘ v“ ."
o'. "." :. ' %ﬂw"‘ 3 =
4000 3500 3000 2500 2000 1500 1000 650
Wavelength (ecm )

() (Fauzi, M. B. lazatuy 2016)

sUN 4.5 (n) allnasunsganduresneaaauiainaliense, ninmeuduwazaoaanau
BM finunszuaunsviiwuuionuds wanhlulnsgiimemetiaysesvsudilosy

dunsusealalnsalal () aL‘Uﬂm%’mmsmmﬂﬁumamaaamumﬂLSuLmzLLazLSummu
Y Y
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i o | A a <& v A o v
MN195191 4.10 (FnLLMHQWﬂﬂqiﬂﬂﬂaum@QﬂaaﬁflmuqlflﬂLauaaﬁlﬂﬁqﬂ?jﬂﬁmaﬂ@@?ﬂﬂﬁﬂ (ASQ),

N3NmBLUUTU (pepsin-treated ASC) WazAsaa1lay BM

lavARY (AalTuRiuns)
- Pepsin- v ee
N3QANAY | AdAEN il
ASC treated
AU BM
ASC

L@k A 3307 3300 3309 A158mFv89 N-H
alun B 2941 2924 2925 AsiamakuuldanuInsves CH,
wlua | 1634 1634 1634 AN58AFITDY C=0 Larn15hARIYa9 N-H
wlua Il 1547 1539 1553 N159989 N-H Lazn15en@ved C-N
whua Il 1236 1235 1239 A15999949 N-H kazn1séinsuad C-N
Pyrrolidine . -

1451 1452 1405 WU nsauLazlansandlnsauy
ring

Nagai, T. hagAy (2011) $1897U3IABAANIUINNLOUNING Yezo Sika Naindieily
a aal = ° | ¢ a a
Fu Anansganduvesiundselud A, B, I, Il, wag Il Miiavadu 3306, 2964, 1640, 1541
way 1235 solgudlins muaau laedieandand, e, lwaisuwazdussovay 15,
33, 22 kg 24 ANUARU d3UNISANYIVDY Fauzi, M.B. kazaAny (2016) 518971U31A08A1L9U

< aa & ° ! I3 a A

NBULNEINANITANAUveILrUaelud A, B, I, I, uag Il iiavadu 3302, 2923, 1632,
1548 uag 1237 dolsufiuns anua1du Jaifianisgandulndifesiunoaaiauainidunig
ny fananslusy 4.6 (¥) wagn13AnwIves Silva Junior, Z. S. wagAny (2015) 5189

Y] ! a ! ° ' I3 v a a A ] a
@miWaQUﬂqﬁﬂﬂﬂau33Vi'}qﬁmqLL‘VI‘NQL@I&I@ I AUNANLAYAAU 1450 ABLgUALUAT (F9LLATU

pyrrolidine vaslnsdudazlanson@lnsdu) vesavaaiau AaA1Uszana 1.03+0.01 wu1ed

¥ '
= =

= 1% ) . . a a o v Y %
moaanauillasiairalu Triple Helix namsliasigilunuideilneaaaunainiiense fin
MuLUUBU uazAaaal BM nuidhsdiunisganausenitsiundselud Il fuinress

WU pyrrolidine fAinfiu 1.07, 0.51 wag 0.89 AUAWU AATDIILWIU pyrrolidine g
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U'waﬂﬁaﬂ'%maﬂ,wﬁuLLaQLaﬂﬁaﬂ%‘[mﬁuﬁqaéh&J NTNTIEIUNTAATUTENINFUNULD
Tud Il fufirveaisunsu pyrrolidine lursaanaufiadadonsadanyiniu 1.07 wanein
Tassadrevesnoaaaudadu Triple helices Inadnsnaruiliidanaslunoaaiiay BM uay
AoaaURvENEUTUTAaR uansinlassaina Triple helices giangluuisdu 3
donndastusndmedinadulnsauerariiu TunsaanaufiadadensauazningoiUy
Fu wiriu 2.97:1.07:1 uaz 3.08:1.11:1 nuirSunaldnsaulureaanaufiningoiluiud

BNTNEIULNLYVU

. MTATERMeWATAeANNSoU et Differential scanning calorimetry (DSC) uag
Thermogravimetric analysis (TGA)

MTATIZAEIATATIANSDUA87D Differential scanning calorimetry (DSC)

dl U % a ¥ a U d‘ a 6"
YDIARAANIUNAANAILNTARALNINAIBIUUTY Aananslugy 4.6 Walarsamesluunsy
DSC lugegaungil 30-150 aeAgaLTLd 9wy Endothermic peak #samsiudsuulasiuy
Annasa TngAgamaiinaslsngnisal Endothermic ¥e3ARARNLAUNANANIENTALAL VTN
FelUUTU 1WINNU 92.63 LAy 97.50 DIALYALTYE ANNANNU TIFUNUSAUNISLEAN VD
1As3a519A0aaaUIN Triple helices \Ju random coil msidsanmvesreaaaudy
PRV v Y ° Y a a o | Y a v Y

nszuIUNINTugaulaun1stiausourluiAnfialngLazn1ng oI 1InAD I lINa 9
FuruuInlunIsaa1enusy lalasautarksIiulAesI1a Ul ASIAS 19UBIABARTLAU
(Uskokovi¢, V. uazamiz 2003) lnggaumgillunisideaninveineaanauivassyiniad
ThaLAseniu

N1TATIZRAIENATIATIAIINSBUAI83T Thermogravimetric analysis (TGA) U84

AEaAIUNANRMENIAkaINGIEUTY Awandug 4.7 TGA Wunsinseianuades

=

vaeTanielasuauieu lasn1sindminvesdangndsusUaddunsiazditeamalisagy

d' o aa H o a o
Lﬂiaﬁsﬁﬁmﬂﬂjjmlqaﬂ ‘U']ﬂL‘Vl@ﬂllLLﬂﬁllsUa\'i TGA UNMUNYDIADAALAUNANRIUTS LIS DAY

v '
= ] a

10 1inannnisaaneuszradlaanaudlviln bound water laglindunigamail 75.33 uag

9 Y

72.50 asmiwaidea Tuneaaauiladinmensawazninmenudu sudugumgilunisdey

ANTNVDIABAALIUNIYTD TGA (Uskokovic, V. wazaaue 2003)
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1% '
a o Y P

widmeaaaunvInmeilUduiivminlunaianas udliieliasiziauaudinig

q

Anufeuumeamailumsideaninlilianawnuininluana WewinUsualansendlng

[

duuarlnsiu vellensuiuinndiily ddndiugdulaedunalaainnisineiay FTIR

[
a = v 1

rilianspenduvednsiuiarlansendlnsduniindudalaunazgeaninfinvesneaaaud

ANPA8NIA UBNINTNITIATIZINUSUIULALDIAUTENDUVDINTABE I UTINUINTADAANLIU

[
= ¥ =

AN3N928 U UTULUTUNUINSAUNNT UMY 31NANSAN®IVDY koma, T. warAmue (2003)

(% [ Y

wuinsmerdludessdaiiiini wiusivguuiilunisideanin winasaalauduIum
nandflusvlionmailudsanindniireaanauiifinandilugs fsogaguludnii
wagludaiunvedivSunansndiilugs dwaliaamgiilunisideanings IneUsuiansedily
wazanuafisienufeurasnoaaauludniviindagdy fianuduiusivaumgives

a 1% Ql' o A = = = Y = ]
dwndeuiiondvey Usualnsduuazlensendlnsduluiuszioululianatasssniig

luana (Intra and intermolecular crosslinking) agdanuduiusivaaumgiinisideanin

gaun il (s LaaLdea)

O | | I | | | 1
50 100 150 200 250 300 350
= 02
c — ASC
&
E 04 -
S
z 06 -
ke
L
© -08 -
I
1
12650 up

5UN 4.6 wasluunsy DSC v83A0aalauaTiannnIenInkas nsnUUgu lnenilasieialg
7% Differential scanning calorimetry (DSC) Tutasgaungil 30-340 earwalfiea 805N

ANUSDU 10 D9FLYalTUaRauUT kazdnsINTsmaveawialulnsiay 100 Naddnssaud
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° 100+ —— ASC
1G
=90 — Pepsin-treated ASC
1=
S
W& 80 -
®
S
& 70 -
&
aye
60 T v T T T T 1

0 50 100 150 200 250 300
gl (eermivalfes)

JUN 4.7 wasluunsy TGA vaspeaaauiiaiamensakasnsnudy annslasesinie
78 Thermogravimetric analysis (TGA) Tugegaumgil 30-300 ssmwaidua dnsinislvinn

39U 10 D9ANALYYAFRDUNT kardnsInN1savewialulnsiau 100 Haddnssauni

(Bozec, L. wamtuy 2011) lavinn1s@nwinisidedaninaiendusesy (Thermal
Denaturation) YadneaaauiainmenInaIndunanyiiiunszuIunsiwiawuugen

- a a = a a a PR aa v
e wuidlgamaiilunsideaniniigamgil 6510 asrgadvd Fulugumgiinlalndifus
U a o ‘:"j
VUL

o 1% a <& oA ) Yy v
ASANAMDARLAUAILNTATLIAT 24-72 Flad NUIN a0 72 Tludlasavasnale

a =~ A 1Y) & a Yy PN ) | a '
HINNER Judenmoaaauanmsanauaneiluninmsuduniesnsidiuvealidune
ARAANLaY 1:10, 1:30 uaz 1:50 (Wwiin) Neamall 4 uaz 25 saruwadea Lwnan 24 uax
48 Flus wud Wewiuiian gauniikasUsinanuudu asvilvsevavnalaanas Inesosas
Halnoglugae 68-74 Wonswiniinluianamy SDS-PAGE Apaalauivinmewuduly
gnTIdUUTUsRARAALAU 1:50 QNN 4 BIRLYALTYA Wuan 24 $lus wau al, a2
way B Fedulaseads Triple helices Tuppaaiau wfiaf 1 FepaneadsiumeaaLauLda

A a0 a a PN P-4 o ) ¢ 1a

widwdhundseuiisuinniae wasdiuminluanaanasainnisdamladulng Usunu
waradAUsEnavvaInsaelulaSeuisudnsidiuseninalnadulnsau:ara1iy wuin

ABAANLAUNANANIYNTALAZNINAIBLUUTULDINI1EIUNLNAALINUAD 2.97:1.07:1 WAy

3.08:1.11:1 @wa1diU MTIATIAlATIadanIsAinuImInA1dnTIdIuN1TAANaU sENINa
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sunustolua Il Aufinvasisuniu pyrrolidine (ulwsdunazlonsondlnsau) daruseanm 1
Aeaaaudaiilassasnadu Triple Helix wagkaanNIsIATIEINUIIARaaLIUTa A EnTA
warn3neeudy Jardnsnduiidu 1.07 uaz 0.51 MuaIPU waneIlAsIEs19veIARAaN
A v v v & . . i A a v a a1 ]
Wunanamensadudu Triple helices waluADAAILIUNNINABLIUUTUTAGAAS LEAII
Triple helices gniiangluunsdu galelediannin (Isoelectric Point, IEP) wa9a138za1e

ADAANAUNANAPENTATATNLEYUTZA 5.61+0.02 hazifinduwdu 7.15+0.03 Tuasazaie

ADAALAUNNI VAL UUTU

4.2 msfnwanwazantivesiwlusaulvalng
n. Usunaunnalmuiuguidesinlsad

dothdulnuiriunsanieiieuay falvaiugidssinlsailuiiunsguiunisindn
Al nuifesaslnetmiinveaniiluuanssivaduiinadasndt nalnaludulu &
wandlunsned 4.11 Wneselnuiifosasianthmdnuesniilug 29.05+0.07 uazduluuiifes
aglneniminuesnnl 23.19+0.31 iesanidulnuiiiunisandeiiofenisiudae

Fou ilinnalnuunsdiugnitdneenty Segarlagdmidnvesniiluudatesndt liesain

(%
U YA o

Iesudulnunduduunnuaznalwuundugnidneentuuds duludideddladenidu

Tnululslunswseuansazaneglwlusdulrussld

AN5199 4.11 dninlrunauwaznainisnaanukassesazlaetiininvasniiluu

Uyl (819u89) (n=25) | S9luy (n=4)

Swinlnuneurdanla (n3) 40.04+0.05 40.01+0.01
S luvdardanil (%) 30.75+0.33 28.38+0.07

Zavazlagimtinvasnilu 23.19+0.31 29.05+0.07
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2. YSuausazesrdsznaurednseaziluluansazarglnlusduluy

mMaATzimUsinaazesnUsznavvesniaeziluluaisazatslulusdulng fae
wAdA High Performance Liquid Chromatography (HPLC) E‘iﬁLﬂiwﬁﬁ@uéwmaULLaz
1M TINET aoTuIdEInmansuazialuladuisussmelng Mmeveininlun1TIAIIz9ag
fimsiduiisindaden Tnevsinauaresdussnevvesnsaesiluluasazaelnlusdulm
Fauandlunnsned 4.12

YSunamaresAusenauveansnesiiluluamsavanglnlusdulnuiugivieslnlssiuas
Wugudesriueiny 1 (Kaewprasit, K. wazAmy 2014) adewmnaila High Performance
Liquid Chromatography (HPLC) fauanslumisnsdi 4.12 Tlusdulnusznaudiensnezily
$au 18 ¥fin Inefinsnesdludid iy ¢ 4fia fe lnadu ezandiu Funarinlsdu Tnglulv
TusBulvaiugmaasinlsd wuddl lnadu Seuas 47.82, avanilu Seuay 28.32, F3u Jouas
11.02, nls3u Sevay 4.76 LLazﬂimzﬁIuﬂjﬁmﬁuﬁaaaz 8.08 iswssuifisusulnlussu
Imtugunstesfasiny 1 adulnuaetusinews wuihuTnuweansaesilurineyariu
uazlnadugenin dutiinavesnsneriluviadiunaglnlstuini WeRlnsandinames
nsmeriiluiitimnuweuiuazdmnuldvouivedlnlussulmisassuianuin Tnlussuluy
fufindedlnlsaiivinunsnesdluiiianuldveutiosas 84.83 (nelua) wazdiua
nanoedlufifienuweuinfesas 15.18 (Iaelua) mudidy dawlwlusdulnaiuguisliosss
aninw 1 fiUSnansaesiluiiiinruliveuidosas 81.67 (nelua) wazUSinansnesiilui

Jpnurautisesay 18.33 (Inelua) Amuainu
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A15199 4.12 Sevazlasluavsunauaresrusenauveansnaziluluaisazatelwlusdulvy

Wugdedlnlsatiasiuguateyriueiny 1

Sauazlnelua

a a v ¢ =) 4 v g % =)
YnvaInNsnazily wugmaealnlsay wuguetoeAIusing 1

(Kaewprasit, K. waznae 2014)

o

nsnerfiludnyledneiilidfivanaziluezdvidn

Alanine, Ala 28.32 34.29
Glycine, Gly 47.82 38.32
Isoleucine, Ile 0.43 0.20
Leucine, Leu 0.37 0.27
Methionine, Met 0.04 0.08
Proline, Pro 0.37 0.42
Valin, Val 1.99 1.15

nnevdlufingledradueylsundn

Phenylalanine, Phe 0.55 0.98
Tyrosine, Try 4.76 5.75
Tryptophan, Trp 0.18 0.21

nnerilundviuelifiuseq

Serine, Ser 11.02 13.42
Threonine, Thr 0.84 0.80
Cysteine, Cys 0.00 0.00

2
o

nsnezilluniviariussquan

Arginine, Arg 0.37 0.30
Histidine, His 0.23 0.83
Lysine, Lys 0.23 0.20

ay Aad a
ﬂimazﬂuwumuawﬂiaﬁm au

3

Aspartic acid, Asp 1.46 1.63

Glutamic acid, Glu 1.03 1.15
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Goto, Y. uazamy (1990) laanwusunuuaresrusenaunsnesiiluveslnlusdulvu
seEneduillasunlnns1i (Column chromatosraphy) wudlwlusduluaiiwIeugesamh
avaudiseulsleleeun (Lithium thiocyanate, LiSCN) Tugnizunnstsdudiusunaay
saRUsznevvaInInailuliwnnaneiu Ssaenadesiu Tsukada, M. wazame (1990) WU
TlusdulnufimSeudiadiviazatedideulusludluaniizuansieiud Usunauas
peaUsEnaunInTnosiluliunna1eiu dau Furuhata, K. wagatg (1994) vinn1simseu
ansazangllusdulunmeansazatedu,ou-laiuiaszionilug (N,N-dimethyacetamide,
DMA) Lag@avinazansdiseunaslsa (Lithium chloride, LiCl) Taginngnoulnlusdulnu
dwiin 5 fadnu azaedensalalasrassn (Hydrochloric, HCl) A1uidudu 6 uasuea
U3ums 4 Taddns igamgll 100 ssaneadea ilunan 20 dalus wdaisliarsazane
Fananuse uazinzneutiutavaresidiensalelnseansn anududu 0.1 ussuea
USU1ns 2 Hadans uanieanewieaisazatsdseudmsauviinas (Lithium citrate buffer)
0% 3.5 WiieArsziUSInaaresdUsynauesnsaesilusgisresulasuninnsil Tneld
AOULTT Lithium-type cation-exchange resin Dulansdi (Stationary phase) Wag
asaranediSuudmsniliesilumawndeud (Mobile phase) nuinSuiauarasdusenay
nsneriluresnzneulnlusduluusisassduunnseiudntos Tnonzneulnlusduaindsl
drufiaunsaazaredeiiiiazaisfina1nd Usunaazesnusynouveinsnesiludiil
anureUthunnImeneullussuandslnuduiildaiuisoazarediefinazaisvie
LRI

dlewFeuflsusamdiunsneriluiiddy ¢ wia fe tnadu szaniu Tuwaylnlsdu
wunllusdulvuiugvdedlnlset I8nsan 10:6:2:1 dwlnlusdulnuiugustoseias
nw 1 f8asdn 7:6:2:1 iWleifisuiulnlusdulug Bombyx mori anlvalulunougy
Suzuki, Y. (1997) la¥inns@nwiuSunamaresrusenauvaansnasiiululnlusduluuann
Uszmadunuindnsndu Tnadu evanilu Funaginlsdu 1Ju 9:6:2:1 FslndiAssiulnly

6

a A= ¢ A = & v ¢ 9 @
sBuanuiugmdednlsnd Wesnnluiugvioadulnuiuggnuananiusinewas iug

]

gUu ilrdianuedneadeiuluesdussnavveansaesiluiuiainmuiugaguy wenanil

Tusdulnmiugivdednlsatdlnadugand llusdulnuiugualosaSasing 1 lnglnaguiy
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I as oA & o = [ v a a = o ag o
Junsneslilundnianlosglulasiadiavesilusdulvy aviinnsiSesdivensneziilud

Fafuuntu lassasnwestilusdulnuisdanuudusas

A. AEneLA1veasazatgllusduluy

EN

nyiesgviaUsEaneliinvesansazangllusdulnuiugmdoalnlsatuasiug
untionrdaziny 1 eundudufenas 0.5 luthusimnuszq gamnfl 25 esriwaidea 7
0% 3-6 lngusuillevmeaisazatensalalasaassn Anuidudu 0.1 luais uazansazane
lodeulansanlad aududu 0.1 Wans (n=3) lnaardndiwsindunnuwandiaeslszy
1‘1/\|‘1N’15wdw%’jum’1wmLLﬂummlaaauﬁagiaUs]aqmmt,azﬂizﬁﬂusummmﬁagjé’amau A
ndiivesasavanelnlusdulvauandlusud 4.8 Tnsrrdndiwduesasazaislnlusdu
lnuanandlefeniiudu anfdndisiiaviifugusnioqaloledinnin (soelectric
Point, IEP) vasansasaislnlusdulnuiugindedlnlsaulinfivevussunns 4.04+0.02 du
asazaelnlusdulnuiuguedeseiasiny 1 IAMvUssunns 4.06+0.01 AULANAI
vosUszgliilwiedndiedmosansazanslilusdulvatuegfuauaugaresUszquanuas

Usrgauiegluluana malaseialseanelnivesasazanglilusdulvulagnisusud

alimasieansazaensalalasnaesn daaswandililusnouiiuantussquan Amdndiasn

[
= ¥

A a ° = A 1 dll LY oA 14 a s
ilefileyinasiadiauin uazleusuAfieylvigsumearsazangluifeulansonled deaz
wandalduszgavanylensendadwmalirdndwinfivevasdlinnduau arsavarglnly
a a |a ay Ao = a a ' o
sBullUSinunIneziiluniiusyaau fe nsaueanfALaznIanganila g4ndNIaniluseauIn

bigalelediann3nilunsasig
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—o— Tugimaeslnlsayl

v 6 %4 )
— B - NUTUNUBYATIAINY 1

({iadlad)
N
1

ANANELYAN

JUN 4.8 Andndiivesansaraelnlusduluy anududuiosas 0.5 gaungil 25 aam

WAL eE NLaYAIN9)

91NN15ANYIVBY Ayub, ZH. uazamz (1993) lavinisAinwigaleledianninves
arsazanglwlusdulvy Fudulnuainussmadu Tnsnistharsazarglnlusdulug Ay
dududosay 3 Inevmidn Mev 7.6-7.9 uuSuAitevdsaisazarsnsalelasnasinuie
ansavaneluioulonsonles Ihilaftes 1.5-13 udislvarsazanedildnareduaai
gaunnfl 20 asrwadua AnuTuduinsienay 56-64 wuiasazaslulusduluiifios
Tugesanananazneu lnsasazarelWlusduluunneznoudifivey 3.8-3.9 uanslifdiuii
mﬁazmEJIV\IIUiSulwmﬁﬁ;mVLaIGUSLﬁﬂ%’%ﬂﬁﬁwﬁﬁ Feaonndaaiun1sdneues Malay, O. uay
Az (2007) lvinnsfnengalelediannsnvesansazanglnlusdulumuainussinansi Tnein
ansavanglnlusdulnuiifianudududosar 0.1 Tnsthwiin luansazanesinunadonnaslss

a

. . v v -3 s o a 6 1 i
(Potassium chloride, KC) ansidutu 10~ tuans dildinsgsianuszanialnil Ngaumad

Y

20 sarwaiBed nulasasarelilusulvuiiiey 3.8-4.2 daszamalihwindueud &

[d a a [ 1
LUUQWIBI%@Lﬁﬂ%iﬂ%@ﬂﬁ?iﬁ%ﬁ?ﬂ@lﬂﬂﬁﬂ’]
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Ly

1. Myeswvinglandumeinaliayisesnsudnesudunsusaadalasalad (Fourier
Transform Infrared Spectroscopy, FTIR) sglvun Attenuated Total Reflection (ATR)
nsaszinyilandusiemaliayisesnsudneiudunsisaaalasalal (Fourier

Transform Infrared Spectroscopy, FTIR) fgluun Attenuated Total Reflection (ATR)

a

eAnsevingilsidunesveslilusdulnuiugimdesinlsatiuasiusursioseiazing 1 7
siunszvIunuiuuiBonuds wansdeguil 4.9 awnetunisganduveslwlusduluais
dodaneniug lnedduniaelug | veslnlusduluuiugmaednlsaluaviuguiadosiaving
1 Usingiiaflilavedu 1644 uaz 1641 delwufiuns audidu laotolud | 11910013
duazifleuninnisBaiives C=0 uazmsvammes N-H Suderdesiulassadimaonivesl
lusdulvy A random coil fuvtaelug I vasllusdulnuiugivdednlsnluagiugung
YorTaziny 1 Usngfinfliavadu 1515 uay 1514 delwufiuns aud sy tnoielud I
Redosiunsseves N-H uazmsdasves C-N Aflassaiauuuiud®n uagdumisiolus
il vedllusdulvaiugindeslnlsniuasiususdosadasine 1 Usingiefauadu 1234
way 1230 selufiuns auddu Tagiolud Il Aeadostunisdaives N-H way C-N G
wanafielaseasne random coil anwanITAAsIsikandiiuITlinuauuansseIny

Hadduanlnlusdulnuisaesviia Ingdunisianisaanduvesinlusdulvuiugivies

InlsatuaziiuguneoseSasiny 1 uanInim1s19n 4.13
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Amide |l

Amide | ——

. Amide Il
Amide A ‘

‘ Amide B

‘ v 6 A L3
MquwaaqlwIiau

=

AINIINNNAU

WugUToyAsasINY 1

4000 3500 3000 2500 2000 1500 1000 500
LAVARU (FOLTURLLAT)

JUN 4.9 awnasunisganduresinlusdulruiugivdesdnlsatduasiugunsiosasasing 1 9
! o b4 S < Y o a2 ¢ v a a 6 3 § a
HUNsSEUILMTIAUBEenLT udnhludesgimemedaniFesvsudnesudunsise

awalnsalal

a ° A & a v & A ¢ Y v =
M1919% 4.13 G]’]LL‘WLN‘Wﬂﬂ'ﬁ@@ﬂauﬁUENVLWIUSE)uVLVQJWUﬁQLVaENIWI?@]ULL@%WU@UWQU@EJFﬁﬁS

Ny 1

LaYAAY (AOLYURLUAT)

N3 Bombyx mori ﬁuﬁ: v . v o
o - WUIUIIUDY vyl ey
AANAY (Silva, R. wag YBRN .
AESING 1
Az 2016) | lwlsau

e | 1640 1644 1641 58RI C=0 WagnIsNARIUDd N-H

whus Il 1517 1515 1514 1599909 N-H wazn1sinsivee C-N

wolue i 1236 1234 1230 1599909 N-H wazn1sinsivee C-N
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Silva, R. wawamg (2016) laAnwinyilandumemeaiin ATR-FTIR vadlnlusdulny
INUsEAeasull Nannannalsazanedseulusiun AN 9.6 TUA1S WaLYiLAILUU

Wanuds Insnuiavanalua | 11 waz Il Mavady 1640, 1517, wag 1236 AoLURLUAT

'
[y =

AUEEU F95TlAT9aE19UUU random coil, LUBnTW way random coil mMuERy Feaennaes
AT E dvsudiunisveaelud | infiavedu 1650 setsufmng tudulasadng
randomn coil wasi 1630 owwufiuns Wulassad1auidn drusundeesslus I fiad
LauAaY 1540 sotgudiuns L9ulaseadng random coil wasdi 1520 sowwufiuns 1Ju
TA59a3190UETN waziuniaveselus Il infiauaau 1230 dowuiuns Wulaseadi

random coil waz# 1270 dawumung tulassasrsudiam

2. meeseitmdnluanavesiilusdulvadiewmaiia  Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) ika¢ Gel permeation chromatography
(GPQO)

sUnuulUsAuveslwlusdulvuiiiasiesisnemain SDS-PAGE Ingltinanedozaian
lud mnudududesas 15 wansiagud 4.10 (n) TaethlnlusuainidunasSslnuiugivios
nlsatiuazanslvaiusunstosriasiny 1 Wiesgidleisuiisuiminluana wu
woulusufiusngiidnumsduioy Smear saudiminluana 43 Alamaduiuly Tasuny
Smear saust 130 Alanaduiuluagddnvurduniovdudu Tnsareinduunuues
Heavy chain deiltdviinlaanayszanm 350 Alamasiu woudsnamiusnglusiegias

auvile wazliwaulusAudsngimihuidnluiana 26 Alaniadu Inetduwaue Light chain

[
o I3

Feduminluanalsesuia 26 Alanadu wauiusinglulilusduainidusas Saluunug

9

Ly

widadlnlsad lnslivsinglulnlusduainsiluuiuguisdesasasing 1 n13n32a1867989
dwiinluanalngusinngfuuau Smear sausimiinluana 43 Alanaduiuly S 200
Alamadiu FaAnangidelfidonmuduturesaanederaialudfiuaninaainnidsves
Teramoto, H. wazAaug (2014) @"ﬁuamiugﬂﬁ 4.10 (1) Aidawalsinnsuenlnlusduludeiad
Falanansovinld daunshiesgiiminluanavedinlusdulnudewmeia GPC Kauansly

U7 14.11 wuhiinisnsganedveniminluanadudiniie nglilddnisnszqndves
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dminluanandauduineiiunediuesdunsgnniiniinegadaauy

kDa
180

sericin content in the cocoons
Lo s0 20 37 31 (%)

130 kDa —
250 — e

72 2 100— «
43 _
. 2ﬂ o
26 —> W. L

25— B s e — FibL
17 —>

20—

ClPhe + — + -
Marker 1 2 2 HO1 WT
(n) (@) (Teramoto, H. Lazany 2014)

a

UM 4.10 sUsuulUsiuvedlvlusdulmuniassvimemaia SDS-PAGE lngldaanedosas
alud eududusavas 15 (n) Ldulnuiugmdesinlsn, 255 lwuiuguwisalnlsad, 3:59
Tnuiuguadesesasing 1 (v) WsAuanlwuiug Bombyx mori Nifauwdadiiugnssy (HO1)

warlnumusssuwd (WT) Alfuarldlif p-chloro-L-phenylalanine (ClPhe) lussassaviuauy

NN3AnwIves Wadbua, P. kazanie (2010) wuinn1swsenasazaslnlusduainsy
TnulveiuunedesrSazing sedvinazalswazan1izsneg ludnsidiu 1:30 (Umidnse

U311n3) AD @158LANNANTENINLAATELAADLSA-LaNIUDE (BRTIAIULARLTEUAADLIA:LD

Vuea:1 WAy 1:2:8) Ngaumnll

Y

80 BIFLALTEE, d@15aratdLsuulslalueun AL

WU 9 Tuais 7 aam 1 40 parLwalded, asazanedisulusiun ANy 9 luans 9

]

a

gaunll 60 asrnwaLded, asazatedituunastsd anudutuiovay 60 wag 75 Neumnnd

Y

a

40 paraed Lag a1savalufiseunanlsn AudNlusesay 85 Naaungl 40 uag 60

Y

=

e naaLded Tinean15n3eullusduluumisansaransNaNs s nINLAALTEUAAD bSM -4D

P Y
a o

uea Wufamisasnwinlusdunsassasls lneusinguavlusiunuminluians
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Uszanag 350 uaw 25 Alamasu diumsiiiseuansazanslilussulnudefviazanesutiy
Usnguitssuaudarauiiiwiinluana 25 Alamadu lensiasgidntinluanavesinly
soulvumesiheaiu

Teramoto, H. wagaai (2014) léAnwviinveslusfuarnlmuiug Bombyx mori 1
danvasiusnssy (H01) waglyunusssued (WT) Alviuaglailik p-chloro-L-phenylalanine
(ClPhe) Tuszasfviueu Wevweulnmudleosnuudnhdulefldlasdannlnumiow
SHunatnansazaslniusdu Wnsazaneduansazareddonluslud anududu 8 Tuans 7
gaunil 35 asrnwaldea uanhluiiasgviaiginalia SDS-PAGE lagusinguaulusiuves

Heavy chain (FibH), Light chain (FibL) wagia3au dminluanaussuna 350, 25 uag 250

Alanasy AuaIau

0.08
'ad
= | - WuguetosrSaziny 1 Lo,
ﬁ v ¢ A L4
S 006 | ——siugmaeslnlsad
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N
=004 -
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=
1G
& 002 -
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e
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Wmtinluana (anasi)

JUN 4.11 nsnsenevesiminluanalilustuanivuiudmfednlsaluasiugusies

AsazLNY 1

nsnszviumnluanavedivlusdulnuiewmaiia Gel permeation chromato

a wa a [

graphy (GPQ) siananslugy 4.11 Inglinsigvnviesljuanisnediuesuaziannoulnan

AAIYPIAINTIURNAINNT AMLIAINTTUANENT WnInedemsuls Useinedand wudala
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TusBulmumniugivdedinlsaifvwinTuanalasedoaaimin (Mw) 372,021 arady,
dwiinlaanalaeidenusiuau (Mn) 199,372 madu uazdvdnisnszaedainvemed
s (Polydispersity index, PDI) 1.87 d@wlnlusdulnuainiugunsioseasiny 1 fimedn
Tuanalasiadenuiiniin (Mw) 355,738 anad, dwidnluanalasiadeausiuau (Mn)
183,354 anasiu warduinisnszaretminvanediues (Polydispersity index, PDI) 1.94
A1 PDI 18ATIEIUTENIN Mw Uag Mn 1Agn131n Mw = EE((NT“:;) oy Mn == e N e
$ruulinanaluansiesns wag M Ao dvinlinanavesusazarsley (Crowley, TJ. way
Az 1997)nHaNTT AU vasaesaneiug i1 PDI Ussanm 2 uansdn Mw fidy

1INN31 Mn 2 11 910 PDI JenlndtAss 1 Nnatsveanadwesiulilusduiialnaifseiy

v v
v

watlen Mw wag Mn aslnlusBuainlunuiugivdednlsataindiAn Mw uag Mn vaalnly
a v 6§ 3 a ! = go’ C% a v ¢ I L3 1
sBuiusunleeaueiny 1 Ysventadminluanavedlnlusdulnuiugvdednlsaigand
TlusBuainlruiuguisdesasasiny 1
= Y o = a
INN15ANIYRS Cho, H.J. wazgame (2012) lavinnisAnwanaluanavesinlusdu
Tngihllusdulnusnasaemeansazansgise Anududy 4 lwans danududuiosas 0.1
lgthwindeUsuns wanhlviwsgidminluanallusduluumedsaeduilasunlnns,
7l Tneldnoduniiill Superdex 200 10/300 GL tJuwlanafl uazansazanegisefiinududu
4 Tuan$ \Juairdoun snsinisiedeuniveaa 0.5 daddnsdewd uazinusuamedluly
a a o A v ea a ' a Ql' a v o
sBulvafiadeuniuasdutnaNueTIAgY 280 wiluuns wuilnlusdulnuiieiounied

1%
o

iazanedneuluslug dumddnluana 450 Alaaadu

2. MTLATIEIMIEWATAGIAINSoU 1875 Differential scanning calorimetry (DSC) wag
Thermogravimetric analysis (TGA)

MMTILATIERREWATAGIANS DU A183T Differential scanning calorimetry (DSC)
yoalilusdulmuugindesinlsaduaziudurstosadasiny 1 dauanslugud 4.12 il
s nesluwnsy DSC vadlnlusdulnuiugindesinlsatduasiuduratesedasiny 1
Tugegaumgil 30-150 aeANgALTYd eNU Endothermic peak M%@ﬂﬁiLUﬁauLLUaQLLUUQQ

NFU FaAnannsaateiuszatluanativiin Non-freezing bound water Tulwlusdu
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Ly

Iny IneAngaumgiivesusingnisal Endothermic vaslnlusdulnuiugivdoslnlsatiuagiug
wndeAIaziny 1 11U 96.47 Wag 99.47 BeALwalBed AUA1GU Y9gumnall 150-200
p3ALwALToa 2N Exothermic peak #138M151UABULUATLUUAIINS191UT8 Glass
transition vien1Asuaniugadiouta Inewugumpivesusngnisaiivesilusdulu
Wugiwdeslnlsaduaziudunadosaasing 1 AU 179.14 uag 179.17 aeAlwaidud
MINEIRU Y98N 200-250 BeFnEALTEa JwNU Exothermic peak vasgangiilunisnn
nanu3e Crystallization temperature MNvaIdsnaaninduresdanguadioens lnany
Agaungiinesusngmsnitveslnlusdulmuiudindedinlsniuasiugursionaiasiny 1
Winiu 223.41 uag 222.44 2IAEALTEE MIUAIAU WAXYIQUNE 250-300 BeANYALTEE
3¥NU Endothermic peak vesgaumgilunisaangdivie Degradation temperature lngny
Agungiinesusngnsnitvedlnlusdulmuiudindedinlsniuasiuguisionaiasiny 1
Winilu 285.42 Uag 282.66 BIALYALTEA AUAGTY

NTIATIERAIENATALTIANTDU AI875 Thermogravimetric analysis (TGA) #1g
wansluguil 4.13 1Wefiarsanmesluunsuves T6A wuiludisgamgliinindt 100 e
wwaudya anAnnsgaudetminnnnsaaiefvedinanath Sadufvinasanelwlusdulu
uazdragamail 200-300 ssrwaldua aziAnainnisaatssvedduianalnlusdulm ¥
gaungilunsaanesvise Degradation temperature vaalnlusdulnuiugivdednlsaiuag
WuguosrSaziny 1 wi1iu 289.67 war 282.83 asrwaldud mua1au lagiinainnis
aanevaaumdnlulilusdulvuasiialnaifesivgaumgilunisaatediannineluwnsy
DSC waganmlasevisemaiadimiuiouisansds nuhinlusdulvaisaosanewus

' LY a @ o/ a v A &l a Y !
AuwanAiuisintes Inglnlusdulnuiugmdesnlsadliamaiilunisaaieiigandn

TlusBulmuiuunstesriasiny 1



116

0.2 - {\ gaun il (asriwaLies)
0

0.2 ¢
-04 -
-0.6 -
-0.8 -

1
-1.2 -

Y 6 1 o

Heat Flow (3panansd)

—— Wugmdsalnlsay \
14 !

— — —Yuduatieursaziny 1 \
-1.6 : \/

-1.8 -

Fxo un
UM 4.12 wesluunsy DSC vashvlusdulnuiudivdosnlsaduasiuuradoseSasiny 1
lngn15ATwIIeIeTs Differential scanning calorimetry (DSC) lugtgaumngil 30-340 991
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JUN 4.13 wasluunsy TGA vesllusdulnuiugmiednlsaluasiudundesaiasing 1
1gN15ILATIENAETS Thermogravimetric analysis (TGA) Tutsgaumgil 30-700 a3
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s

Mhuka, V. kazany (2013) ladnwauddnisainussuvealwlusdulug aewus

)

Bombyx Mori a1nUsginelensnila sewaiin TGA way DSC laginasiuwnsy DSC Tuais

v '
o A

WSNAgNU Endothermic peak nN1saa1giuszvesluanaiIfouniidindi 100 a1

9

\aLTed Wagwu Endothermic  peak %aﬂqmwgmumiaawéf’m%a Degradation
temperature lngnumgamgivesusngnsaliin 320 ssmwalded FuinI1NN1TAALH7
vodlassassiuuiumanlulnlusdulvy diume luunsy TGA Nigaumagiifinda 100 o3

walded aziinn1sgayden wargamaiilunisaaigdinie Degradation temperature U84

a

TlusBulvy Noamall 350 semeaed @ Lu, Q. wazaAn (2010) yinsAnwaudinig

U

AnuTeuvasiaulvlusduluuainusenaglu mewaiia DSC lnawasluunsy DSC Tuyag

1 ] '
o A

WINIENU Endothermic peak 31AN1sAREUsEY0dlUlanaunfigumnlaIndl 100 4

9

\wALTYE Y990 i 200-220 BeALYALTYE 9zNU Exothermic peak vesgaumngiilunisnn

= A . . < 1 % ) =l 1 [
Nannse Crystallization temperature ‘ﬂ’]ﬂGUENLL‘EJ\‘iﬂﬁ']EJLLﬂ']LIJ‘U‘ZJENEJWWQUﬁa’]EJEJN Tngnu

[

A 213 parmLaaldea Lagyd9aamngil 250-300 o9ALYaLTLAL

L3

AgugiivessINgnIsal

WU Endothermic peak votamaiilun1saaisfanie Degradation temperature lagWuA1

9 Y

1

= ~ =% a Y v %
UABD 257 DIANLYALYYH GZNLﬂ@l"ﬂ’]ﬂfﬂiaaWSWU%@QI@?Q@T‘NLLUULCUGY]

3

gaungivesUsngnisu

Fnlulnlusduluy drumesluwnsy TGA Mgamgiinindt 100 ssriwaidea azinn1sayde

Y

(%
o

U1

s

MnmeTidnunzantivesilusdulvariaesaneiug wuiilalusdulnaiug
widsdlnlsauunnansniugusoseasing 1 Ae lusdulmuiudindeslnlsaulivsuiu
lnaduuagiminlaanagenilnlusdulnuiufindedinlsed lneddnvuzautfidu
Tassamaniiuazaaleledidnminiliunnaaiu waglwlusdulniudivdosnlsatiinny
adneadaiulnlusdulmandgiulussdussnounazuiinaveininozilu warnmantiie

% = v & A ¢ v &al
Aufou Wesnnlruiugvidodinlsalidulnugnuavanlnuiugydu
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4.3 n1sAnwauURvasE1Isazatgnaaatau (C) naunulwlusdulwu (SF)
. AAngwan (Zeta Potential)

e TgviaUsEansinihvesansaraeroaaauANiutuTesas 0.5 lunsaey
AN ANUINTY 0.1 Twans wauduatsazaelwlusduluy anuutusesas 0.5 Tudnsiaiu

99/1, 95/5, 90/10, WA 80/20 fifitey 3-9 (n=3) lnerdndisndsuanduguil 4.14

20 -
—=—C
25 -
—a—C/5F99/1
o 20 - . C/SF95/5
(=3
% ——C/SF90/10
c 15 4
< s C/SF80/20
ST
(X 7] —a—5F
o)
%
S 5
&
0 .
5
10 - Mo

JUN 4.14 Ardndisinvesansazangneaanaukaz inlusdulng anudutusesas 0.5

QAUNQI 25 BeFLYALTEd NLDYA1Y

n1sfnwiAUsEamsliinvesatsarateaeaaaunauatsazarelnlusduluy g
wanadeAUsyanelnihusnussunulewretouniafiuvIuasyegluansavatenay lagin
gonuntuguAnnuAndndseniedndliinusaiuineymeafiudngliivesaissaenay
Ingrdndiivetansazaneroaanaunfieviindy 7 danduuin mdndwivesansazaty
roaaauNadllusdulnuluasirmanauiiefieviintu lngasiiusyquinvseaugrsawmise
o 1 A1 v ¢ Y a1 w ¢ N AN =D o s a & a
pnIgededndiginianiniueug lnegeedndiindanviiuaudnieqaloledidnysn
(Isoelectric Point, IEP) Y@%@5agansnaaaau A1fiovUseunn 7.15+0.03 lneqnaloled

Ann3nanandes) enavarsazarelnlusdulnudalu fie C/SF99/1, C/SF95/5,
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IS =

C/SF90/10, C/SF80/20, way SF umwiayUszunas 7.13+0.04, 6.17+0.05, 6.11+0.03,
6.09+0.01, WA 4.04+0.02 amddiu ilosanlilusdulnuiviinunsnesiluiivszgau
H1 woamLem ngaam snnninsaesiluiiiuszquin Wenanasazanelnlusdudluly

ansaraeAoaa U IUsIunsnevllunlivszauiingatu galeledidnvirdanas

9. ANunlnvesansazatemeaaau (C) waulwlusduluy (SF)

AMNUNEAYBIEITazaNgARaa U (C) waglwlusdulu (SF) laannisinAAnunie

LWUUAIUN1TYYU (Rotational Brookfield Viscometer) lnginansazatganuidudusesay

a

0.5 Tneninmiin ludnandau 99/1, 95/5, 90/10, wag 80/20 % 3.39+0.12 figamgi 25

Y

= = a Y} ~
DIALY ALY & ﬂ’J'uJMu@?J@Qﬁ’ﬁagaqﬂﬂaaaqLQULL@SlWI‘Ui@uVLﬂlI (n=3) @QLLﬁ@QIuﬁWi’NW

4.14

A15197 4.14 Anuniavesansarateneaatay () waslnlusduluy (SF) anududusaseay

0.5 i miln Aoy 3.39+0.12 Mgl 25 sr ALty

R AMURLA (URAWBYE, cP)*

vilnvasansazans % ) d
Mgaumgdl 25 ssrwaded

ARAAIUTiatnENsA (ASC) 14.17+.076"
ARAAIUTINIVMELIUUTY (O) 12.00+0.08"
ADAANIY BM 70.23+0.50°
AeaaauINduieenela (Sigma) 15.53+1.51°
C/SF99/1 11.38+0.10™
C/SF95/5 10.30+0.02™
C/SF90/10 9.83+0.08™
C/SF80/20 8.16+0.11°
SF 1.00+0.04'

[y

(a-e LEAMIALLANANDENHTYEIANSEDANTE AU p<0.05)
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* wawd (Poise, P) tumihg¥amnumila (Viscosity) vesveamailusyuuminin e

2 A -1 -1 A o v Aad A4 v o
1P =1dyneseccm %@ 1P =1gcm .sec Tnendunssivilivesnainiifusininga 1
ANTNLURLIANT VU1 1 LURIAT WPARUNMEAMNEY 1 wuiasaaiund Juuldnuie

¥

centipoise ANuniiaveiuTaNsNMMNIviesllAsan 1 centipoise

g1sazaureaalauilnuninlugig 12-70 wuinesd lngmeaniay BM danuniia
g9an fie 70.23+0.50 iwufnesd lnsreaanauainidusosvela, Avaaaudiainsensa,
wagyINesUuTu () daunila 15.53+1.51, 14.17+.076, wag 12.00+0.08 L@ uAnoud
AU ARRAUTVENAsI T uviinanauiesandrunladlng Gefidhnin
Lanauseann 5,437 anasu Qm/l%‘vlaaﬂﬁ’mw%uﬁﬂﬁﬁmﬁ'ﬂimLaqaamm APUNLAT
anassy Wenanarsazarslnlusduludnliaziliruniinanasdn esanaisazane
TWlusdulnuiinuninsni Tneflanuniafios 1.0040.04 wufinosd

a

A. Nsiinavedansazatenaaau (C) naulwlusduluu (SF) Neaumgll 37 ssrgaidea

Y

asavansaeaaa () uazllusdulu (SF) anududuiosas 0.5 Tnerinin Tu
BRIEI 99/1, 95/5, 90/10, wag 80/20 Wa% 3.39+0.12 WANAU PBS AINMLINUY 10 41
Tnglddmandmansazarsnoaanausie PBS 1 8:1 Usuariienidu 7.4 igauvgil 37 eaen
waidea wdrinAmaganduuadld mndusanaluniniaeedddmfuandunised

4.15 (n=3)
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A15199 4.15 N1siAaRavesasazateaaatay () naulwlusduluy (SF) mnudududae

ag 0.5 Uil 37 aervaLdea

FUAVDILIA ranlunmsiiaa (uifi)
ADAANLIU BM 13.67+1.26°
C 13.90+1.02°
C/SF99/1 14.17+1.44°
C/SF95/5 15.50+0.87"
C/SF90/10 16.500.50°
C/SF80/20 21.67+3.82°

o w

(a,b LAAIAIULANFDY A TIEAYNNARATITZAUANLTDNU p<0.05)

<

a & wa = ™ o Y A v o 3

nssinalunuautiviiedusiu lngluanavesusiuilasasiansiusanui

197 Wiesawdiiuasiiaduea flaseadawuvaadiandniuinlinelulassadadadianvae
< = < a I a = =3 o 14 [y

Juvesnauds ansararsaeaalaunaullusdulvy Wefiaaa Fazyuiuvilaiunsaianis

1

Analaainnisinanugu InemuinainAsmdwe wiaiiAn1sgandukasiliiuuagng

v [l
v A

590157 nafildlunisiiaealiifinuuansieiu Tnedfiss C/SF80/20 wintudisinailunis
Anmafiunnmannsnsdiusy Tnonatlunsineaussunn 21.67+3.82 Wfl siiaLea
yesansarasAvaaauinnluanavesdulovesreaaaudoudefumeiusylelasiau
dlonaulwlusduluudnly reaansunazlWlusduluulylddousefuseiuss unlnlusdu

Tnuanaud luaglurnenisiianusslalasiauluasaanau vibiisatiag

4.4 nMsAnwautAnsnen nuaziadivesilaunsaanau (C) waulwlusduluu (SF)
n. Ayududavenhuuiiaunsaaauwazinlusduluulve (Contact Angle)

AyudNdavasluuiauaaaaau (O uwagllusduluy (SF) Awanslunisnei 4.16
Wan1sAnwAuddavesduuiiduneaaay (C) uarlnlusduluy (SF) Awanslunisned

lneayudulavenivuiiduasaaiaunainalensawaznInmeudu (0), Apaalau BM
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LATADAAILIUINLOUTOENIElA TA1 104.28+2.19, 93.30+1.96, 96.07+3.96, A
101.52+1.57 a3 puadiu Wewaulnlusdulnuiuasaanau aupduiavosivuiiduay
Aoy anasnINdnTIduvesinlusdulu Tne C/SF99/1, C/SF95/5, C/SF90/10, way

C/SF80/20 firuuduifaotn 92.33+4.20, 89.08+0.64, 88.26+3.78, waw 84.04+3.11 03

(%
v @ o

mua1eu lngeuuduiavenihuuiaullusdulyy e 67.99+1.90 aem

1
o

AyudIRave s RmaIVURTIanIrUtuanitauve Ul Ikar ALkl ve ULITe IR

1
[y v v [ d o v v

Tan Ingyududavesvasvaiiddegviveniiiiaginuve vl uastyuduiaves

9

1 1 a o IS

Youvailageuavendsiiyianianulidveui FamyudulavesveamnaiiAnviiugudesm

q

=3

1 =2 a o IS 901 1 1 v
VIUDNOINMIFAUAINUYDUUININ Yuan, V. asAU (2013)5WEJQWU’JW®’13{3JE’13JNE‘1‘UE)\‘1“UENLM@’J

q

LY S

1A1581379 0 D19 90 8ap1 Usuandeilidandanuyeui dAyududaveave nadilen

[ a LY =

11NN 90 e 150 aeen Usueniisinianianuldveui uazmAyuduiavesvoamaiile

q

1IN 150 o9 Usvenieiinianianuliveutiuin Welasananayuduiavesiives
Hauvliasneaznuireaanaulianuliveuiianinlilusdulvy a1nn1s@nwives Friess,
| ) ) & . . A o A
W. (1998) wuilassasnsvesmeaaiauiidnwaziu Triple helices Tneiinuselalasiauitou
= 1 g 1 v a 1 Y & =l a
AoaaaUIkansaaraein dulaseasiellusduluuuulaidu 3 wuu Ae wuutUANTIN
(B-sheet) indewean (a-helical) azagludwiilundn (Crystalline) waslasasrandedy
(Random coil) avegludruiiduedugm Inelassasraundeduianululnlusduluuanuise

,OI IS 9Oj a a [ o L4
avangiuasiinnuveuln Msmssuasazatglnlusdulvudunisyianelassasiswuuiun

] a

FnlmdundeaguitauiseazarsunldnieaisazaiedSoulusiug Inlus duluudad
L4 L 9°J a1 OI

ANUYDUUININTY danabiayuduiaveliae Wetreaanaunaullusduvinlaaiyy

3

LYY

Fuiavesirvuiduanas IANuvauEININTULteau1anlassas1evealnlusduluy wile
a ~ A v v N v a ' A o v A o
LUSHUNEUADAANIUNANANIUATALALNSNAIYLUUIUNUINABARAUNNITNAIELU UL UL
H ' o Y A ° v A PR ' - o w
A21UYDUUININAIN L‘Ll’e]\‘imﬂﬂ’]ﬁ@]ﬂﬂ’)EJL‘U‘U“ziu%ﬂ‘vmiﬂ’ejzNITWI%JV’YM&JI%J%@UU’]Q?Wmfﬂ@

2anlU ABAALAURINAMUTBUTNUINTY
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M19197 4.16 Auduiavenuuilduaeaaau (O) waglWlusdulvy (SF) Mvian 15 Jui

vinvasau Anyuduiavasi (aedn)
AoAaNIuTianadiens (ASC) 104.28+2.19"
AoAANIUTIVENGIBUUTY (O) 93.30+1.96™
ABAAILIY BM 96.07+3.96™
ARAALANANLEUSREWIElA (Sigma) 101.52+1.57°
C/SF99/1 92.."’)."’)14.20bc
C/SF95/5 89.08+0.64°°
C/SF90/10 88.26+3.78"
C/SF80/20 84.04+3.11°
SF 67.99+1.90'

'
o w aaa

(a-f wARIALLANAIDETTIA AR ISERATIZAUAULTIIU p<0.05)

>

Kim, E. Y.uazany (2015) lavihnsfinwayuduiavesivuiidunsaaaunasinly

spulvy IWusdulLwaza AL ALLYRATINARANNNBAFLATU WU DIRLNIZLASUYARI]

1 v v

anuauinunnNWlusdulnuwazeeaaaunalllusdulry Tneivian 0 ud Anuudud

3

o

Yasnuuiaumeaaaunaulilusdulug (C/SF50/50), Tnlusdulrunasaannyidoagaai

14
a U W

A1UTEL 80, 78 Uag 74 8amauaIRU kavivian 1wl daryududavesussuin 77,
74 WAz 60 99AANNEIAY kastilaatkulUuANduREaveIUNIzananey ) Uavaniaildy
vosnaaanan/Inlusuluuiinisgaduin

v

¥, NTATeindanduiismaialisesnsudnesudunsusaawalnsalal (Fourier
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AANUIN .

nsemziiminluanavesusiudaemaiia Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Avaaeuimis fiRnsidemmagvstanmiteuinnssmseaia (Bioactive
Resources for Innovative Clinical Applications Research Unit) Auztndg@Ians
PANTUNINGRY UagralJURNMInULTNaT MeInNEsTINeT Angdnunnea1ans
PHAINTUNINGHY
mawsengUnsailtlunisvih SDS-PAGE fauandlugudl n.1 Fsusznousie
1. Cell with electrode assembly
2. Casting Stand
3. Casting Frame
4. Short Plate
5. Space Plate (0.75 mm, 1.0 mm)
6. Combs 10 wells (0.75 mm, 1.0 mm)
7. Razor Blade or Gel Releaser

8. Sample Loading Guide

g'dﬁ n.1 guUnsal Mini P-4 Vertical Electrophoresis System

9
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mawssugUnsallunsslsuusiueanedesaiatlus 3uainnisianuazeaHy
n3zan (Short Plate Wag Space Plate) w21 (Casting Stand) Lagnsaua19 (Casting
Frame) A8Loanagoanuldudu 70% Ihazonlazlitsnauviin1susznaulNunszan
M usunsEan 2 wiu iusznuiy Tnenanszanuruduliuy Spacer Plate 7ifian
U1 0.75 Hadluns I@EJ(%QLLN"Lm38%ﬂﬁﬁ@jﬂﬂi%§ﬂl§ﬁ’MUu WEhusunsEanta 2 WY 198
Tu Casting Flame Tngnauriudu (Short Plate) 13@umth Casting Flame Tsiuaneiuy
nsvanTsde wanefuiietesiunis nduresqnadondie Prassure Cams FaeA
sedinse e InsznszaneauanaNNIsUsenauliidngy wastn Gel Cassette Assembly i
Usgnoulu Casting Flame 279Uu Casting Stand 7ifl Gray Casting Stand Gasket ’iaﬂ@gj
puans lnenadau Spring Loaded Lever 11 Gel Cassette Assembly LuvEdnuar RNty
Casting Stand 91NTURTI988UNT VB LALN TN Imai%ﬁwﬂmmmﬂﬂizf\mmaamﬁ%”mm
wriunszan flidunandszana 5-10 wiil wisiinnis$tu seauilusiunszanazanas
mnnszanlisudlildliussiniasefunnugeuesdau Separating Gel Tngliiinugeving
PNUAINTTANUNULEN 2 wwuRuns waziiademungll

nsneueanederasatlus msu Separating Gel mnududutenay 8 (miinde

USums) d1msunszan Spacer Plate Miilaunun 1 Sadiuns lnewnisuusuinsiaasiu 10

=

8803 Favzlawiuiag 2 uiu lawseuaninusaanyseq Usuins 4.6 addns waufu
a1sazangarAsanlus ANUNTUSaYay 30 (Undnfausuing) (exAsalun ANULTUSaY

ay 29.2 (UntlnmsUsuimg) way NN-Methylenebisacrylamide A11uLN9Uso8ay 0.8

(%
o CY J

(WmdnmeUsung) Usues 2.7 Tadans waAnasaza® Tris-HCL anutuau 1.5 luans
filow 8.8 U3uns 2.5 1adans antulivansazats Soduim Dodecyl sulfate (SDS) Ay
Wududevar 10 (midndeusunns) Usuins 0.1 fiadans audleaisavais Amonium
Persulphate (APS) audududesas 10 (hmidndedsuins) Usuins 0.1 Saddns (a9
wisuludiaue) wazaisarany N,N,N' N-Tetramethylethylenediamine (TMEDA  or
TEMED) U331%5 0.006 fladans wasliidrfulneldvinliiannes anntdiunarsazaisldas
Tudosinssenausiunszan sefaodliiinlosennia aunseiaaiinnugasinfussogsin

w3 nunelIdmsudIu separating gel 1NUIUTIAAINUSEY LU ULRINELAA Le LA
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(% '
a %4 a [ a

Ravthaideu saislidunan 25 wit mihnduiidafvdweasadis dunefiiomiineass
Sevaiiaye

nswspLeanedezasanlus dmsu Separating Gel Arududusesas 15 (Whudn
HoUsums) d1msunssan Spacer Plate filanuvun 0.75 fadwns lnawseuuiunnsioas
10 fadans dearldukuian 3 uiu Tnawdeuamirnannuszg Usinas 2.3 faddns nay
fuasazargezaianlud anududufovay 30 (winseusinms) (exa3anlus Anududy
Zawaz 29.2 (vtinreUsinns) uag N,N-Methylenebisacrylamide anudududasas 0.8
(Einseusinmns) Usums 5 fadans udivansavane Tris-HCL avandadu 1.5 Tuans
0% 8.8 USu1ns 2.5 flaaans 9 ntuiinaisazats Soduim Dodecyl sulfate (SDS) A1
Fuduewar 10 (hmdndousuns) Usuns 0.1 Jadans ausiedisazate Amonium
Persulphate (APS) avudududasay 10 (hwinded3uins) Usuims 0.1 Jadans (A3
wisulriiaue) wazansazane N,N,N',N'-Tetramethylethylenediamine (TMEDA or
TEMED) U313 0.006 fiadans waulsdniulagldviliaanes annduliunansazaneldas
Tudosinssgninausiunszan szfeodliinlosennia aunseiisvaiinnmgasinfuszogsin
wSosmnglidmiudiu separating el Lawj’lﬂi’lm’mﬂizﬁ; wWuuRImMLaa Lield
Awthieaseu saneliifunan 250 imhnduiidefandhveceaitc dunefiRanteasy
Sevaiiaue

nMsmseULlIanefnrAsallun §1115U stacking gel ANLINTUSegas 5 (U inme
U31193) d1m15unszan Spacer Plate fiflaunun 0.75 fadiuns lnewdeuuiuingaasiy ¢
fiadans d1m3uiaa 3 wiu TaowdouantsaanUse USuims 2.2 faddns waudy

ansazangarAsanlus ANuNIUsaray 30 (Uundnaausunng) (exasalun ANULTUSaY

ay 29.2 (UntlnmaUsuimg) way NN-Methylenebisacrylamide A11uLu9uso8ay 0.8

£%
o CY J

(WmdnnaUsuIng)) Usuns 0.67 Jadans waAuansazae Tris-HCl aauudy 0.5 luais
ftev 6.8 Usu1ms 1.0 fadans a1nduiinaisazats Soduim Dodecyl sulfate (SDS) A4
WuduFosas 10 mdnaeUsuing) Usuins 0.04 fadans Ausiuansazas Amonium
Persulphate (APS) Anadudufosay 10 (midnseusuins) Usuns 0.04 fadans (A3

wisuludiaue) wazaisarany N,N,N' N-Tetramethylethylenediamine (TMEDA  or
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TEMED) U313 0.006 fadans naulidniulaglivinldinnes andudiunansazatea
anedevmsalud @y stacking gel TutoeIsEHIUALNTZAN AUNTETIvUTuVes comb
Tne21e comb Wnss aglsiinesenna senslsliaaudes Wunan 25 il dowwaudei
W&1 A9 comb 98N WazA1 sample well é’wﬁwﬂsflﬁmﬂﬂizw% running buffer 1oy
ANNTOVURUNTZANIN AT stand Aeuld Tunsdiviaavanswsiu
mMsUsznouuaiiuAIes Electrophoresis Tngtin Gel Cassette Assemblies
90n310 Casting Stand W& lusewdiu Electrode Assembly 3aziiusinu Short Plate
299 Gel Cassette Sandwich 197AuluATIEIUVDS U-shaped Gaskets i gel
cassette sandwiches W@ electrode assembly douldudlulu clamping frame wagnm
electrode assembly aslu clamping frame W%@mﬁ’jﬁﬂﬂﬁ@ﬂﬁ’w cam levers LilaUsznau
vJudau inner chamber w&11@u Inner Chamber nlUgnsludn Mini Tank wagww
running buffer aslu upper buffer chamber U315 125 333805 aunseiadeseduionans
wunszan Tnedanainddinues running buffer $w3eld waan running buffer U3ums
200 #adan3 aslu lower buffer chamber 989 MiniTank wazlawesainiaeanlviviug
nmsmsenasazasUesdmsunisnanalsazatesiedny (Loading buffer) lag
wisuansazany Tris-HCL arundudy 0.25 Tuand Tnsavane Tris-base twiin 3 ndu fet
U597971nUseq 100 Taddns USuiilewrodaisavaluninanimeansazalensnlalasnassn
(HCY) Aaudy 6 luans TudaAnvniu 6.8 wau Sodium Dodecyl Sulfate (SDS) 4 nsu v
wlasd 10 NS fwansavany Tris-HCL ALyt 0.25 lans USuing 50 1adans waaldy
d158zan8 bromophenol  blue  auldaisavarsdiniudy nanaisavaty 2
mercaptoethanol adluansazanefindenlddesnsidi 1 : 9 Aeunsmeaswiuil 91nty
wIsuaITazatsUniesd1msuiiegs (sample buffer) lagtnIeuansazalesiieg19ain
ansazansreaanauiiwIedldliianududy 1 fadnfudedadans iennumuizausonis

1%

AATILIAITAIDE19 WAINANANTAZANUUNIEEITAZA1UUNLNBTA NS UNISHANAITAL A
o819 (Loading buffer) Aednsidiuwindu 1:10 Tduilewnendu drarsazaronauil

wisewldunlinusounionmgl 95 esmaadea 1Wuian 5 wii wevinlilusiudeanin
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] o v ! y = = < | a & = =
NUUUIA1TALANYAINAIUITUUILINANLTITOU 5,000 52UMDUIN LUULIAT 5 U9 LD

LAULANIZANTAZA18AI0819UILATIZI

JUN n.2 gunsaldidnlasln3Baiidesaiuuasindalni

mMawSenasazataiiiesdnsunisindoufiveslusiu (Running buffer) Tnemas
Tris-base Ymtin 1.515 n$u fulnadu tinidn 7.2 n%u way sodium dodecyl sulfate (SDS)
thiin 0.5 n¥u fedUsmInUszUImng 500 faddns n1sviiaadidnlasinda (gel
electrophoresis) lngUsznaugunsald1msudianlnsln3daduunuiaauaziin Sample
Loading Guide NesEraeaaedludnves Electrode Assembly wiieldsog ANl
WeanslusfunnsgIulsuns 1.5 lulasdns wasasfiednalsuing 15 lulasdns Tdasluy
Fosmiogausiazdes Insflansazanetninesdmiunsindeuiivestusiuviaueg ash Lid

Ul Mini Tank siaangtalnildnssdiuves Banana Plugs wag Jacks ligneaditouse

gunsaldmsudianlaslnidaiuuasindalni Inedsinanunadng 120 1oad dauandlu

v
2 =

SUN n.2 15usuni1svin SDS-PAGE tnedannd tracking dye 13uwpdouiliduuau (band) &
131 bromophenol blue IMNYIAUAIFTIVIN UIT0IAAITUINTTIU WALATITAIBEUNARBUTN
AWIUNIMLAVAUIUILLATDUNIULABUDIVOUAUA VDI WA LIS FelTiianuszunu 80

Wi Imgansvinaadiantasnida a1ntutaaeenaIn Gel Cassette Sandwich uagin
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SEN19N1TLARouTIved tracking dye densldliiussiate iielufuiam relative
mobility lnau1uiy gel aananLEUNTEANAe plastic gel releaser vglunisuanuey
n3¥andDILNUBENIINAY uarsinda stacking gel Meluuaviinaalufond
ns8eudlushusedd silver staining 1519701 fixing solution | FaUsznaufEwmM
uoa Uuns 25 Uaddns, nsnezdsn Ysuns 5 Jadans, LLazﬁ’lﬂ’i’lﬁﬁl’lﬂUizﬁl UY3uns 20
adans lnouduswaaluaisazaroduian 10 Wil aantus fiing solution Il @4
Usznaumsiuyiuea Usung 23.75 fadans, ninezdsin Uiung 4.75 adans, a1vazany
fixing reagent U3u1ns 2.5 Uadans, LLawE’lUi’lﬁmﬂUi%fq USN105 19 Hadans lasugunu
waluaisazareidunan 15 Wil W enhancing solution FUsENOUMEIIVILEA
U3ums 23.75 1adanT, @15a2a18 enhancing reagent Uu1ns 2.5 ladans, wavii
Useaniszq Usuns 23.75 fiadans lnsududuaaluaisazateiduiian 10 wil wazdna
LLNuLaaﬁaafwﬂﬂmmﬂizq U305 100 08805 1uaan 5 unit 9anduii silver staining
solution F3UsENEURIBATTALANY staining solution A U3u1ns 2.5 Uadans, a1vazane
staining solution B U311%15 2.5 Uadansg, LLﬁ%lE’lUi’]ﬁ’i]’mUi%ﬁ! USums 45 1adans Laawy
wiutaaluansazatounael 15 widl LLazﬁwLwiuwaé’haﬁwimmﬂﬂizfg Uums 100
faddns Wunan 5 Wit $1uan 3 ase 9ndui developing solution &3Usznaudie
#15aza1e developing stock solution Usums 2.5 {adans ﬁ’uﬁﬂﬂimmﬂﬂizﬁg U3umg
47.5 fiadans lnouwduiuaaluansazatsauninasusnguaulUsAUULLLLLIE 08 19 TRLAULAY
\Wuansazane stopping solution Usuas 2 fiadans aslu tWuaan 2 udl STt

ademeuUsIMeInUseq Usuns 100 Jaddns unan 2 uil dauau 3 seu
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AANUIN Y

nemlinasgIuvasnsiatutinlanaannmsiineesiday SDS-PAGE

uoulUsAuildannsiiasizisng SDS-PAGE uminnsinsezuaztiluadiansiw
Serean log MW waz Rf Iag Rf fesseznisindeudivecwaulusiu/szoznisindoudives
loading dye front Tagszegnet I3 usauslatefuuLanvesaa nansUTINgU8ILAY
TWsAuudinnisTassezuaziiluadensinseninee log MW way Rf iieadiensu
upspudadunnudiiusidadunsasening log MW wag Rf Iy m 1unnuduidnduay
uag b (Jugadauuuny y ensiusseznisadeuiiveslsiuiidesnsmudiaiunsan
dwiinlanaveslusiuldaniminluanaveslsfiuinnsguiinsuimidnluanauwds
(Hames, B. D. 1998) waulUsiusnasguiléainnsiiasizvisng SDS-PAGE luguil 4.1 gn

Wnaansmlinmnsgutawandlugui .1

30 -

y = -1.2248x + 2.4827
R? = 0.9967

OO T T T T 1

0.0 0.2 0.4 0.6 0.8 1.0
Rf

U .1 nevunsginvesmsindmtnluanavedlUsiuansgiuannsiasieinig SDS-

PAGE

TWsfunnsguildlunisiadiminluanasnimdnluanadnanislugan
L%‘aﬁﬁﬁﬁummqﬂm% 791 25kD:Triosephosphate isomerase, 37kD:Carbonic anhydrase,
50kD:Ovalbumin, 75kD:Bovine serum album, 100kD:Phosphorylase b, 150kD:fB-

Galactosidase, kag 250kD:Myosin
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e?hashqﬂ’ﬁmﬁwﬁfﬂiuLaqamaaﬂaamwu
W Rf 970 R = szezn1sindoudivesuaulsiu/szeznisndouiives loading dye front
SzezMsAdeuives al: 190 fadwns, 02 225 faduns, B: 57.5 dadlung
SzuzMTAAeuTives loading dye front 1W1AU 615 JaALUAT
ety al, Rf= 190 /615 = 0.31
02, Rf= 225 /615 = 0.37
B, Rf=57.5/615=0.09
AUNSLEUNTIINNTINUNTTINAD y = ~1.2248x + 2.4827
x = Rf 983 al, a2, p = 0.31, 0.37, 0.09
y = log MW

WIUAYIN MW al = 107= 10 22200+ 2927 _ 199 15 kD

o2 = 10—142248(0437) +2.4827 - 108.29 kD

-1.2248(0.09) + 2.4827

B =10 = 233.45 kD
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AARNUIN A

n133nANunRlalufIvaaIsaTaIEADAAILIU
nsinanuuilalaenisinsenasaza1ulloaNNANUITNTUINY) a8ley 4 A1 Lag

a

Tiaanduduiligs viinsinfigamgiind msinmnuniinvesiuhazaisuiqslasdunam
dlovesmadlnanudninusunasfiutuadaans SansvhnsTalnewIualsazaloneaan
wuenududutesar 0.05-0.3 Tagtmidn lunsaezdin Anududy 0.1 Tuand sesdiua
asavansimsouldasluadosiiasesiauniaeida Ubbelohde (No.ll 50120) TneLa3os
fuaUsIn ST TAlSUsENe 1520 fadans mﬂuummmfmaaamia aei ileduiand

v ! d‘l d‘ 1 a =) d a IS L = - !
A190¥AN800U1LARDUNHNIURDAANUARNT NYUnNNU 25 A LEALYYE LasUUNNAININETT

Y

1899 3 AS9 WAINAILREAY LAZES1I9NIINTENIN "S” AU C way ZT” fu ¢ iiiofansa

AANUninlufvedaIsaraIuaINAFARAL v ﬁlmﬁ]’mmiaiwammﬂé’umwm Huggins

(A.1) Wag Kraemer (.2) nua19yU faanslugy .1 (Kahn, L. D. wazAnsz 1996)

77
Huggins equation: —~ = [n] + ky[n]?c

1
Kraemer equation: % = [n] — k;[n]%c

We ¢ Ao ANNINTUYBIEITaEa86eEN

= t:ll £y 1 d‘ d' 1 a a

t Av La1vasazaUieg1uAfRUNHIUNaRnA1UaaNS
a Ao o ::4' A a =

t, B LIANAIVNaza8LARUTINUManAUaATS
n A9 AMUREALUAT (intrinsic viscosity) UB9aNTarangRIDe1g
ky Way k, Ao A1A¥ives Huggins Wag Kraemer mugadiu
nsp A8 Specific viscosity wiieladanssansy

Nrer AB Relative viscosity wiluliadansnensu



Nsp/c (mL/g), In(Nrel)/c (mL/g)

Huggins
3500 -
y = 599408x + 1044.3
3000 - R? = 0.9953
2500 -
2000 -
Kraemer
1500 -
y =-109738x + 1076.3
1000 - R? = 0.9945
500 -
O | | | | | 1

0 0.0005 0.001 0.0015 0.002  0.0025  0.003

a

ANMUINTUYDIADAANAY (NSUABTAAANT)

JUN A.1 Anunilaluiivesansaraiunean1iay Mgamgil 25 ssmwaided

*Nsp/c (ML/g) tduuu wag (n (Mrel)/c (mL/g) éuans
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AARNUIN

NIMAIMIAANAULHIYDIABARNIUNDULALNAUIA
finnudududonas 0.4 Grsanue1IAEY 220-650 WITLLLAT

NFALNUAINTAANGULAIYDIATALAIIABAAUIUNDULAL NAILIA Fanududuses
a% 0.4 993a11u81IAAY 220-650 wiluiuns 1neld Quartz Cuvette wazindeLades
NanoDrop 2000 UV-Vis Spectrophotometer %Qﬁ]ﬂﬁﬂi’ﬁ/\lﬁi’m’li@jﬂﬂﬁmmﬂ é’QLLamiugﬂﬁ
1.1 \iloneaanawinnsiea m3@ﬂﬂﬁuuaaﬁmmmm?{w‘?m’h 340 wiluuns danldiates
%qLﬁaﬂﬁ’]ﬁhﬂﬁ@jmﬂﬁuuaaﬁmmmfm?{uqaﬂfjfl 340 WIlULIAT WE519NTINANUFUNUS
FENINUIAALAINITAANAUKEAD WAZIINNTANYIVES Suzuki, V. uazAmE (1999) olg
MNTANEINITLAALIAVDIABAA LAY Imifmﬂmi@mﬂﬁmmﬁmmmaﬂﬁu 530 %38 520 U
TULRS ﬁé’sﬁﬂéfamLﬁaﬂﬁ'ﬁmia@ﬂﬁuLLaﬂﬁﬂ’g’mmm?{u 340, 360 Wag 550 WILULUAST 1N
afansmansiiusszrinsnaiuasAnsganduuas fauanslugudl 4.2(Suzuki, Y. uazan
1999)(Suzuki, Someki et al. 1999)(Suzuki, Someki et al. 1999)(Suzuki, Someki et al.
1999)(Suzuki, Someki et al. 1999)(Suzuki, Someki et al. 1999)(Suzuki, Someki et al.
1999)(Suzuki, Someki et al. 1999)(Suzuki, Someki et al. 1999)(Suzuki, Y. wazmtuy

1999)(Suzuki, Y. LagAtdy 1999)(Suzuki, Y. LagAy 1999)

AINITANAULLE

PAA

ADULIA
O T T T T

220 320 420 520 620

ANE1AAY (WITULHAS)

JUT 9.1 nsiAnsganfuuasvesneaa1auinintusegay 0.4 NeuLaynauaa
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o 340 W LUUAT
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c 360 WLULUAT
&>
)
e 1 7
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&
0.5 -
WSSO WULINT
4
O T T T 1
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A15197 2.1 Fewaznsainig, 8ns1n1siasaAuladinig (W waglIaInNshuiInIan

(PDT) vouwadiiloidaimiavamy (L929) Mdssuuilauviingneg

yiaueddan |Lag time|$a8avn1380 [BRIINLASYAULS| L381N15HUIRT | Log phase
@) | g | Suwne Gletalag) | wiga @ilus)
TCP 72 [101.76+0.31° 0.0190+0.0004° | 36.59+0.82° | 72-168 w3,
ASC 96 |107.98+0.39° 0.0209+0.0001° | 33.20+0.05" | 96-168 %,
Pepsin— a cd fg
96  96.20+1.02°| 0.0237+0.0001° | 29.27+0.17" | 96-168 .
treated ASC, C
BASC 96  |96.55+4.55°| 0.0204+0.0006" | 33.97+0.93" | 96-168 %,
Collagen BM 120 162.82+14.507 0.0277+0.006° | 25.85+6.00° |120-168 %,
C/SF99/1 96  102.44+2.79° 0.0222+0.0005° | 31.25+0.65"° | 96-168 %,
C/SF95/5 96  100.57+3.46° 0.0209+0.0019° | 33.28+3.02" | 96-168 %,
C/SF90/10 96 98.18+1.90°| 0.0206+0.0011° | 33.66+1.73" | 96-168 %,
C/SF80/20 96 |96.77+1.31°| 0.0207+0.0019° | 33.61+2.91% | 96-168 %,

[y

(a-e LAMIALLANANDENLTYEAYNEdATTE AT p<0.05)
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Standard Guide for

Characterization of Type ! Collagen as Starting Material for
Surgical Implants and Substrates for Tissue Engineered
Medical Products (TEMPs)'

This standard is issued under the fixed designation F2212; the number immediately following tixc designation indicates the year of
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates tiiz vear of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

€' Nom—Mercury warning was editorially added in April 2008.

INTRODUCTION

Collagen-based medical products are becoming more prevalent, especially in the area of soft tissue
augmentation. The use of collagen in surgery dates back to the late 1800s, with the use of catgut
sutures, human cadaveric skin, and fascia. More recently, collagen has been used in hemostatic
sponges, dermal equivalents, injectables for soft tissue augmentation, as a matrix for cell-based
products and as a vehicle for drug delivery. It is because of the versatility of collagen in medical
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applications that specific characterizations should be performed as a way to compare materials.

1. Scope

1.1 This guide for characterizing collagen-containing bio-
materials is intended to provide characteristics, properties, and
test methods for use by producers, manufacturers, and re-
searchers to more clearly identify the specific collagen mate-
rials used. With greater than 20 types of collagen and the
different properties of each, a single document would be
cumbersome. This guide will focus on the characterization of
Type I collagen, which is the most abundant collagen in
mammals, especially in skin and bone. Collagen isolated from
these sources may contain other types of collagen, for example,
Type HI and Type V. This guide does not provide specific
parameters for any collagen product or mix of products or the
acceptability of those products for the intended use. The
collagen may be from any source, including, but not limited to
animal or cadaveric sources, human cell culture, or recombi-
nant sources. The biological, immunological, or toxicological
properties of the collagen may vary depending on the source
material. The properties of the collagen prepared from each of
the above sources must be thoroughly investigated, as the
changes in the collagen properties as a function of source
materials is not thoroughly understood. This guide is intended

! This guide is under the jurisdiction of ASTM Committee FO4 on Medical and
Surgical Materials and Devices and is the direct responsibility of Subcommittee
F04.42 on Biomaterials and Biomolecules for TEMPs.

Current edition approved Feb. 1, 2008. Published March 2008. Originally
approved in 2002. Last previous edition approved in 2007 as F 2212 - 02 (2007) <.

to focus on purified Type I collagen as a starting material for
surgical implants and substrates for tissue engineered medical
products (TEMPs); some methods may not be applicable for
gelatin nor for tissue implants. This guide may serve as a
template for characterization of other types of collagen.

1.2 The biological response to collagen in soft tissue has
been well documented by a history of clinical use (1, 2)* and
laboratory studies (3, 4, 5, 6). Biocompatibility and appropri-
ateness of use for a specific application(s) is the responsibility
of the product manufacturer.

1.3 Warning—Mercury has been designated by EPA and
many state agencies as a hazardous material that can cause
central nervous system, kidney, and liver damage. Mercury, or
its vapor, may be hazardous to health and corrosive to
materials. Caution should be taken when handling mercury and
mercury-containing products. See the applicable product Ma-
terial Safety Data Sheet (MSDS) for details and EPA’s website
(http://www.epa.gov/mercury/fag.htm) for additional informa-
tion. Users should be aware that selling mercury or mercury-
containing products, or both, in your state may be prohibited by
state law.

1.4 The following precautionary caveat pertains only to the
test method portion, Section 5, of this guide. This standard
does not purport to address all of the safety concerns, if any,

2 The boldface numbers in parentheses refer to the list of references at the end of
this standard.

Copyright @ ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory requirements
prior to use.

2. Referenced Documents

2.1 ASTM Standards: *

E 1298 Guide for Determination of Purity, Impurities, and
Contaminants in Biological Drug Products

F 619 Practice for Extraction of Medical Plastics

F 720 Practice for Testing Guinea Pigs for Contact Aller-
gens: Guinea Pig Maximization Test

F 748 Practice for Selecting Generic Biological Test Meth-
ods for Materials and Devices

F 749 Practice for Evaluating Material Extracts by Intracu-
taneous Injection in the Rabbit

F 756 Practice for Assessment of Hemolytic Properties of
Materials

F 763 Practice for Short-Term Screening of Implant Mate-
rials

F 813 Practice for Direct Contact Cell Culture Evaluation of
Materials for Medical Devices

F 895 Test Method for Agar Diffusion Cell Culture Screen-
ing for Cytotoxicity

F 981 Practice for Assessment of Compatibility of Bioma-
terials for Surgical Implants with Respect to Effect of
Materials on Muscle and Bone

F 1251 Terminology Relating to Polymeric Biomaterials in
Medical and Surgical Devices

F 1439 Guide for Performance of Lifetime Bioassay for the
Tumorigenic Potential of Implant Materials

F 1903 Practice for Testing For Biological Responses to
Particles in vitro

F 1904 Practice for Testing the Biological Responses to
Particles in vivo

F 1905 Practice For Selecting Tests for Determining the
Propensity of Materials to Cause Immunotoxicity

F 1906 Practice for Evaluation of Immune Responses In
Biocompatibility Testing Using ELISA Tests, Lymphocyte
Proliferation, and Cell Migration

F 1983 Practice for Assessment of Compatibility of
Absorbable/Resorbable Biomaterials for Implant Applica-
tions

F 2148 Practice for Evaluation of Delayed Contact Hyper-
sensitivity Using the Murine Local Lymph Node Assay
(LLNA)

22 IS0 Standards:*

ISO 10993-1 Biological Evaluation of Medical Devices—
Part 1: Evaluation and Testing

ISO 10993-3 Tests for Genotoxicity, Carcinogenicity and
Reproductive Toxicity

* For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

* Available from International Organization for Standardization (ISO), 1 rue de
Varembé, Case postale 56, CH-1211, Geneva 20, Switzerland, hup://www.iso.ch.

1SO 10993-9 Framework for Identification and Quantifica-
tion of Potential Degradation Products

ISO 10993-10 Biological Evaluation of Medical Devices—
Part 10: Tests for Irritation and Delayed-Type Hypersen-
sitivity

ISO 10993-17 Methods for Establishment of Allowable
Limits for Leachable Substances Using Health-Based
Risk Assessment

ISO 13408-1 Aseptic Processing of Health Care Products—
Part 1: General Requirements

ISO 14971 Medical Devices—Application of Risk Manage-
ment to Medical Devices

2.3 EN (European Norm) Documents:

EN 124421 Animal Tissues and their Derivatives Utilized
in the Manufacture of Medical Devices—Part 1: Analysis
and Management of Risk

EN 12442-2 Controls on Sourcing, Collection and Han-
dling

EN 12442-3 Validation of the Elimination and/or Inactiva-
tion of Virus and Transmissible Agents

2.4 U. S. and European Pharmacopeia Documents:®

United States Pharmacopeia (USP), Edition XXX (30)

USP 30/NF 19 Viral Safety Evaluation of Biotechnology
Products Derived from Cell Lines of Human or Animal
Origin

European Pharmacopeia 5.0

2.5 Code of Federal Regulations:’

21 CFR 312 Investigational New Drug Application

21 CFR Part 820 Quality System Regulation

Federal Register Vol. 43, No. 141, Friday, July 21, 1978

21 CFR Parts 207, 807, and 1271 Human Cells, Tissues and
Cellular and Tissue-Based Products, Establishment Reg-
istration and Listing

Federal Register, Vol. 66, No. 13, Jan 19, 2001/Rules and
Regulations, p. 5447

Federal Register, Vol. 72, No. 8, Jan. 12, 2007, pp.
1581-1619, Proposed Rule: Use of Materials Derived
from Cattle in Medical Products Intended for Use in
Humans and Drugs Intended for Use in Ruminants

21 CFR Part 1271, Part C Suitability Determination for
Donors of Human Cell and Tissue-based Products, Pro-
posed Rule

Current Good Tissue Practice for Manufacturers of Human
Cellular and Tissue-Based Products, Inspection and En-
forcement. Proposed Rule. Federal Register/Vol. 66, No.
5Aanuary 8, 2001/Proposed Rules, pp. 1552-1559

Guidance for Screening and Testing of Donors of Human
Tissue Intended for Transplantation, Availability. Federal
Register/Vol. 62, No. 145/July 29, 1997/NoticesDraft
Guidance for Preclinical and Clinical Investigations of
Urethral Bulking Agents used in the Treatment of Urinary

5 Available from European Committee for Standardization (CEN), 36 rue de
Stassart, B-1050, Brussels, Belgium, hutp://www.cenorm.be.

 Available from U.S. Pharmacopeia (USP), 12601 Twinbrook Pkwy., Rockville,
MD 20852-1790, hup:/fwww.usp.org.

7 Available from U.S. Government Printing Office Superintendent of Documents,
732 N. Capitol St, NW, Mail Stop: SDE. Washington, DC 20401, htip://
WW W.ACCESS.ZPO.ZOV.
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Incontinence. November 29, 1995. (ODE/DRARD/
ULDB), Document No. 850

Guidance for Industry and for FDA Reviewers, Medical
Devices Containing Materials Derived from Animal
Sources (Except for In Vitro Diagnostic Devices), Novem-
ber 6, 1998, U.S. Department of Health and Human
Services, Food and Drug Administration, Center for De-
vices and Radiological Health

CFR 610.13(b) Rabbit Pyrogen Assay

2.6 ICH Documents:®

ICH M3 Guidance for Industry M3 Nonclinical Safety
Studies for the Conduct of Human Clinical Trials for
Pharmaceuticals 62 FR 62922 (1997)

ICH S2A Guideline for Industry S2A Specific Aspects of
Regulatory Genotoxicity Tests for Pharmaceuticals. 61 FR
18199 (1996)

ICH S2B Guidance for Industry S2B Genotoxicity: A Stan-
dard Battery for Genotoxicity Testing of Pharmaceuticals
62 FR 62472 (1997)

ICH S5A Guideline for Industry S5A Detection of Toxicity
to Reproduction for Medicinal Products. 59 FR 48746
(1994)

ICH S5B Guidance for Industry S5B Detection of Toxicity
to Reproduction for Medicinal Products: Addendum on
Toxicity to Male Fertility. 61 FR 15360 (1996)

ICH SIA Guideline for Industry SIA The Need for Long-
term Rodent Carcinogenicity Studies of Pharmaceuticals.
61 FR 8153 (1996)

ICH S1B Guidance for Industry S1B Testing for Carcino-
genicity of Pharmaceuticals. 63 FR 8983 (1998)

ICH S1C Guideline for Industry SIC Dose Selection for
Carcinogenicity Studies of Pharmaceuticals. 60 FR 11278
(1995)

ICH SIC(R) Guidance for Industry Addendum to Dose
Selection for Carcinogenicity Studies of Pharmaceuticals:
Addition of a Limit Dose and Related Notes. 62 FR 64259
(1997)

ICH Q1A ICH Harmonized Tripartite Guidance for Stability
Testing of New Drug Substances and Products (September
23, 1994)

U.S. Food and Drug Administration (FDA and Committee
for Proprietary Medicinal Products (CPMP), 1998 Inter-
national Conference on Harmonization (ICH), Quality of
Biotechnological Products: Viral Safety Evaluation of
Biotechnology Products Derived from Cell Lines of Hu-
man or Animal Origin, Consensus Guideline ICH Viral
Safety Document: Step 5

2.7 FDA Documents:’

FDA Guideline on Validation of the Limulus Amebocyte
Test as an End-Product Endotoxin Test for Human and
Animal Parenteral Drugs, Biological Products and Health-
care Products, DHHS, December 1987

% Available from International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human Use (ICH), ICH
Secretariat, ¢/o IFPMA, 15 ch. Louis-Dunant, F.O. Box 195, 1211 Geneva 20,
Switzerland, http://www.ich.org.

* Available from Food and Drug Administration (FDA), 5600 Fishers Ln.,
Rockville, MD 20857, http://www.fda.gov.

U.S. Food and Drug Administration (FDA) Center for
Biologics Evaluation and Research (CBER), 1993 Points
to Consider in the Characterization of Cell Lines Used to
Produce Biologicals

U.S. Food and Drug Administration (FDA) Center for
Biologics Evaluation and Research (CBER), 1997 Points
to Consider in the Manufacture and Testing of Monoclonal
Antibody Products for Human Use, 94D-0259

FDA Interim Guidance for Human and Veterinary Drug
Products and Biologicals, Kinetic LAL techniques,
DHHS, July 15, 1991

2.8 AAMI Documents:'®

ANSI/AAMI/ISO 11737-1: 2006 Sterilization of Medical
Devices—Microbiological Methods—Part 1: Estimation
of Bioburden on Product

ANSI/AAMI/IISO 11737-2: 1998 Sterilization of Medical
Devices—Microbiological Methods—Part 2: Tests of Ste-
rility Performed in the Validation of a Sterilization Process

AAMI TIR No. 19-1998 Guidance for ANSI/AAMUIISO
10993-7: 1995, Biological Evaluation of Medical
Devices—Part 7: Ethylene Oxide Sterilization Residuals

AAMI/ISO 14160-1998 Sterilization of Single-Use Medical
Devices Incorporating Materials of Animal Origin—
Validation and Routine Control of Sterilization by Liquid
Chemical Sterilants

AAMIL ST6T/CDV-2: 1999 Sterilization of Medical
Devices—Requirements for Products Labeled “Sterile”

2.9 Other References:

Draft Guidance for Preclinical and Clinical Investigations of
Urethral Bulking Agents Used in the Treatment of Urinary
Incontinence, November 29, 1995. (ODE/DRARD/
ULDB), Document No. 850"

Council Directive 93/42/EEC, with Respect to Medical
Devices Using Tissues of Animal Origin'?

Commission Directive 2003/32/EC, with Respect to Medi-
cal Devices Manutactured Using Tissues of Animal Ori-
gi]‘l|2

EMEA/410/01-rev.2, Committee for Proprietary Medical
Products, Note for Guidance on Minimizing the Risk of
Transmitting Animal Spongiform Encephalopathy Agents
via Human and Veterinary Medical Products'?

The European Agency for the Evaluation of Medicinal
Products, (EMEA), Committee for Proprietary Medicinal
Products (CPMP) Guidance Document for Decision Trees
for the Selection of Sterilisation Methods (CPMP/QWP/
054/98 corr 2000) and Annex to Note for Guidance on

1% Association for the Advancement of Medical Instrumentation, 1110 N. Glebe
Rd., Suite 220, Arlington, VA 22201-4795.

" Available from the FDA, 5600 Fishers Ln., Rockville, MD 20857. hup://
www.fda.gov/edrhiode/oderp850.html.

"2 Available from Office for Official Publications of the European
Communities—European Law, 2, rue Mercier, L-2985, Luxembourg, http:/feur-
lex.europa.ew/en/ index.htm.

3 Available from European Medicines Agency (EMEA), 7 Westferry Circus,
Canary Wharf, London E14 4HB, UK., http://www.cudora.org/lemea.html, and
http:/fwww.emea.europa.eu/pdfs/human/bwp/ TSE%20NFG %204 10-rev2.pdf.
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Development Pharmaceutics (CPMP/QWP/155/96)'*

3. Terminology

3.1 Definitions:

3.1.1 adventitious agents, n—an unintentionally introduced
microbiological or other infectious contaminant. In the produc-
tion of TEMPs, these agents may be unintentionally introduced
into the process stream or the final product, or both.

3.1.2 biocompatibility, n—a material may be considered
biocompatible if the material performs with an appropriate host
response in a specific application (7).

3.1.3 collagen, n—Collagens form a family of secreted
proteins with predominantly structural function. At least
twenty genetically different family members have been iden-
tified so far. Several groups of collagen molecules have been
classified based upon protein domain structures, macromolecu-
lar assemblies, and exon structures of the corresponding genes.
All collagens have a unique triple helical structure configura-
tion of three polypeptide units known as alpha-chains. Proper
alignment of the alpha chains of the collagen molecule requires
a highly complex enzymatic and chemical interaction in vive.
As such, preparation of the collagen by alternate methods may
result in improperly aligned alpha chains and, putatively,
increase the immunogenicity of the collagen. Collagen is high
in glycine, L-alanine, L-proline, and 4-hydroxyproline, low in
sulfur, and contains no L-tryptophan. When heated (for ex-
ample, above 60°C), the helical structure of collagen is
denatured irreversibly to single a chains with some 3 and vy
bands (gelatin). At each end of the chains are short non-helical
domains called telopeptides, which are removed in some
collagen preparations. Through non-covalent interactions with
sites on adjacent helixes, fibrillogenesis is achieved. Subse-
quently, non-reducible cross-links are formed. This gunide will
focus on the characterization of Type I collagen, which is the
most abundant collagen in mammals. Type I collagen is part of
the fibrillar group of collagens. It derives from the COLIAI
and COL1A2 genes, which express the alpha chains of the
collagen. Type [ collagen can be associated with Type I1I and
Type V collagen and also with the other non-collagenous
proteins like elastin and other structural molecules like gly-
cosaminoglycans and complex lipoproteins and glycoproteins.

3.14 degradation, n—change in chemical, physical, or
molecular structure or appearance (that is, gross morphology)
of material.

3.1.5 endotoxin, n—a high molar mass lipopolysaccharide
(LPS) complex associated with the cell wall of gram-negative
bacteria that is pyrogenic in humans. Though endotoxins are
pyrogens, not all pyrogens are endotoxins.

3.1.6 medical product, n—any diagnostic or therapeutic
treatment that may be regulated as a device, biologic, drug or
combination product.

3.1.7 microorganism, n—bacteria, fungi, yeast, mold, vi-
ruses, and other infectious agents. However, it should be noted
that not all microorganisms are infectious or pathogenic.

' Available from European Medicines Agency (EMEA), 7 Westferry Circus,
Canary Wharf, London El4 4HB, U.K., http://www.eudora.orglemea.html, and
hitp://www.emea.curopa.cu/pdfsthuman/gwp/005498en.pdf.

3.1.8 solubility, n—a measure of the extent to which the
material can be dissolved. Any colloidal system without
obvious phase separation can be considered soluble. In the
context of collagen, refers to the dissociation of the fibrillar
aggregates of collagen molecules into a solution. Native Type
I collagen, which is soluble in dilute acids, but not soluble at
physiological conditions, is termed “insoluble” or “acid
soluble,” while simple aggregates of non-fibrillar collagen
soluble in neutral salt solutions are termed “neutral salt
soluble.” Post translational surface charge modifications may
alter the solubility of collagen in neutral pH condition.

3.1.9 sterilization, n—the destruction or removal of all
microorganisms in or about an object, as by chemical agents,
electron beam, gamma irradiation, or filtration. If the medical
product collagen permits, terminal sterilization is preferential
to aseptic processing.

3.1.10 suspension, n—the dispersion of a solid through a
liquid with a particle size large enough to be detected by purely
optical means.

4. Significance and Use

4.1 The objective of this guide is to provide guidance in the
characterization of Type I collagen as a starting material for
surgical implants and substrates for tissue engineered medical
products (TEMPs). This guide contains a listing of physical
and chemical parameters that are directly related to the
function of collagen. This guide can be used as an aid in the
selection and characterization of the appropriate collagen
starting material for the specific use. Not all tests or parameters
are applicable to all uses of collagen.

4.2 The collagen covered by this guide may be used in a
broad range of applications, forms, or medical products, for
example (but not limited to) medical devices, tissue engineered
medical products (TEMPs) or cell. drug, or DNA delivery
devices for implantation. The use of collagen in a practical
application should be based, among other factors, on biocom-
patibility and physical test data. Recommendations in this
guide should not be interpreted as a guarantee of clinical
success in any tissue engineered medical product or drug
delivery application.

4.3 The following general areas should be considered when
determining if the collagen supplied satisfies requirements for
use in TEMPs. These are source of collagen, chemical and
physical characterization and testing, and impurities profile.

4.4 The following documents relating to the production,
regulation and regulatory approval of TEMPs products should
be considered when determining if the collagen supplied
satisfies requirements for use in TEMPs:

FDA CFR:
21 CFR 3: Product Jurisdiction:
http:/iwww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcir/
CFRSearch cfm?CFRPart=3
21 CFR 58: Good Laboratory Practice for Nonclinical Laboratory Studies:
http:/fwww.accessdata fda.gov/scripts/cdrh/cfdocs/cfctr/
CFRSearch cfm?CFRPari=58

FDA/CDRH CFR and Guidances:
21 CFR Part 803: Medical Device Reporting:
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcir/
CFRSearch.cfm?CFRPari=803
21 CFR 812: Investigational Device Exemptions:
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http://www.accessdata fda gov/scripts/cdrh/cfdocs/cicir/
CFRSearch.cfm?CFRPart=812
21 CFR 814: Premarket Approval of Medical Devices :
http:/Avww accessdata fda.gov/scripts/cdrh/cfdocs/cfcfr/
CFRSearch.cfm?CFRPart=814
21 CFR 820: Quality System Regulation:
http:/ Awvww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/
CFRSearch.cfm?CFRPart=820
Design Control Guidance for Medical Device Manufacturers:
hitp:/ Avww fda.gov/cdrh/comp/designgd .pdf
Preproduction Quality Assurance Planning Recommendations for
Medical Device Manufacturers (FDA 90-4238):
http:/ Avww fda.gov/cdrh/manual/appende_html
The Review and Inspection of Premarket Approval Applications under the
Bioresearch Monitoring Program—Draft Guidance for Industry and FDA
Staff:
http:/Awww.fda.gov/cdrh/comp/guidance/1602.pdf

FDA/CDRH Search Engines:
CDRH Guidance Search Engine:

http:/Awww.accessdata.fda.gow/scripts/cdrh/cfdocs/cfggp/search.cfm
CDRH Premarket Approval (PMA) Search Engine:

http:/Avww accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMA/pma.cim
CDRH 510(k) Search Engine:

http:/ Avww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/pmn.cim
CDRH Recognized STANDARDS Search Engine :

hitp:/ Avww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/
search.cfm

FDA/CBER CFR and Guidances:
21 CFR 312: Investigational New Drug Application :
http://wvw.acce ssdata. fda.gov/scripts/cdrh/cidocs/cfcfr/
CFRSearch.cim?CFRPari=312
21 CFR 314: Applications for FDA Approval to Market a New Drug:
http://wvew.acce ssdata. fda.gow/scripts/cdrh/cidocs/cfcfr/
CFRSearch.cim?CFRPart=31
21 CFR 610: General Biological Products Standards:
http://wvw.accessdata. fda.gov/scripts/cdrh/cidocs/clcfr/
CFRSearch.ctm?CFRPart=610
21 CFR 1271: Human Cells, Tissues and Cellular and Tissue-Based
Products:
http://wvew.accessdata. fda gov/scripts/cdrh/cidocs/ctefr/
CFRSearch.cim?CFRPart=1271
Cellular & Gene Therapy Guidances and Other Publications:
hitp://www.tda.gov/cber/genetherapy/gtpubs. htm
Human Tissue Guidances and Other Publications:
hitp://www.fda.gov/cberftissue/docs. htm
CBER Product Approval Information:
hitp://www tda.gov/cber/efoi/approve.htm
21 CFR 600, 601 BLA Regulations:
http://www.access.gpo. govinara/cfriwaisidx_07/
21cfrv7_07 himl
21 CFR 210, 211 GMP Regulations:
http://wvew.acce ss.gpo. govinara/cfriwaisidx_07/
21cfr210_07.html

5. Chemical and Physical Characterizations

5.1 These methods are suggested assays; however, other

validated assay methods may be used. Selection of assay
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systems will vary depending on the configuration of the
collagen (that is, soluble or insoluble). The user should ensure
that the method selected is reliable and commonly accepted in
protein chemistry. A review of collagen materials may be found
in Li, 2000 (8), while a review of the collagen family of
proteins may be found in Refs (9-14 ). When selecting an
appropriate test method, the user should note that impurities in
highly purified collagen are low or lower than 1 to 2 %, so
sensitive test methods need to be utilized. For soluble collagen,
the following represents a non-inclusive list of assay systems
available: Sodium Dodecyl Sulfate Polyacrylamide Gel Elec-
trophoresis (SDS-PAGE); peptide mapping; and physico-
chemical analysis. A similar list for insoluble collagen may
include, but not be limited to, assay methods for hexosamine
(that is, detection of glycoproteins), lipid, total sugar, desmo-
sine (that is, elastin), and amino acid composition (that is,
collagen composition profile; non-collagenous amino acids).
Additionally, methods such as transmission electron micros-
copy may be helptful in characterizing the collagen fibers or
collagen superstructure.

5.2 The concentration of collagen should be expressed in
mass/volume or mass/mass. Colorometric assays or amino acid
analysis for hydroxyproline are commonly used methods to
measure collagen content.

5.3 Amino acid analysis will provide information on the
composition of the amino acids of collagen (that is, the amino
acids must be within the range of published data for highly
purified collagen preparations, generally in the acid soluble
form). Amino acid analysis is routinely performed on hydro-
lyzed collagens by reverse phase High Performance Liquid
Chromatography (HPLC). This method can be used to quantify
hydroxyproline, tyrosine, tryptophan, and cysteine. There are
other methods available for amino acid analysis.

5.4 Purity of soluble collagen can be analyzed by SDS-
PAGE, either on the collagen directly or after digestion of the
collagen with purified bacterial collagenase to detect any
remaining proteins.

5.5 Elastin Assay—Elastin can be a component of the
impurities in an insoluble collagen preparation. One method to
assay for elastin, although other methods are available, in-
volves the detection of desmosine (15). These impurities can
be detected by Western blots, ELISAs, and other types of
assays.

5.6 Peptide mapping is one possible method to identify Type
I collagen. The most commonly used peptide mapping method
utilizes Cyanogen Bromide (CNBr) digestion. The digest can
be analyzed by SDS-PAGE or HPLC.

5.7 Impurities Profile—The term impurity relates to the
presence of extraneous substances and materials in the col-
lagen. These impurities can be detected by Western blots,
ELISAs, GC-MS, and other types of assays. The user is also
directed to Guide E 1298 for additional information. If there is
a concern for the presence of processing aids or other impuri-
ties associated with the collagen, they should be addressed with
the supplier. The major impurities of concern include, but are
not limited to the following: endotoxins, glycosaminoglycans,
elastin, lipids, improperly aligned collagen molecules, host cell
contaminants, cell culture contaminants, heavy metals, biobur-

den, viruses, transmissible spongiform encephalopathy (TSE)
agents, cross-linking and enzymatic agents, and components
used in extraction or solubilization (for example, acids, surfac-
tants, solvents, and so forth). Type I collagen may also be
associated with Type I collagen. While its presence may have
no adverse effect on product quality, levels should be evaluated
and controlled for lot-to-lot consistency. At minimum, any
protein impurity of greater than | % in the final collagen
preparation should be identified and quantified.

5.8 Crosslinking Reactions with Collagen—Collagen is a
very stable protein due to its triple-helical structure, imparting
resistance to most proteolytic enzymes. It is still sensitive to
collagenase, however. The stability can be enhanced by
crosslinking the molecule by physical or chemical means. Both
inter- and intrachain crosslinking can occur due to propensity
of collagen fibers to naturally crosslink. Crosslinking agents
and methods include aldehydes, carbodiimides, epoxides, di-
isocyanates, non-enzymatic glycosylation, dehydrothermal
treatment (DHT), radiation (for example, gamma, electron
beam) and ultraviolet light. For chemical crosslinking, excess
crosslinker should be removed and quantitated before or at the
final product stage. A crosslinker may be cytotoxic and any
component in the final product needs to be quantitated. There
are several methods available, including, mass spec (MS),
GC/MS, or other assays. A cytotoxicity assessment will also
provide a measure of acceptable crosslinker levels. Physical
crosslinking may result in unwanted changes to the structure of
the collagen molecule and should be assessed with qualifica-
tion assays appropriate to the clinical indication under consid-
eration. Direct measurement of collagen crosslinking can be
performed looking at the altered amino acid composition and
using methods appropriate for the crosslinker. One method, for
example, (other methods exist) to measure degree of crosslink-
ing when lysine residues are involved include detecting free
lysines and hydroxylysines by labeling the e-amino acid groups
with 2.4.6 trinitrobenzenesulfonic acid (TNBS), where the
TNBS-labeled amino acids absorb at 345 nm with a molar
absorptivity of 1.46 X 10" L/mole X ¢cm. Amino acid compo-
sition can also be examined by analysis of sodium
borohydride-treated collagen. The thermal denaturation char-
acteristics can also be measured by Differential Scanning
Calorimetry (DSC) (16). The thermal denaturation character-
istics can sometimes be correlated with the crosslink density.
The % water uptake (% swell), using the equation (W —Wp)/
Wy, where W, = dry weight and Wy, = wet weight, is also an
indirect measure of collagen crosslinking. The tensile strength
can be altered by crosslinking. Measurements using an Instron
or a rheometer will note a change in properties after crosslink-
ing. Collagen crosslinking imparts a resistance to the pro-
teolytic enzyme collagenase. Collagenase is the one enzyme
that will digest triple-stranded collagen. When collagen is
crosslinked, it is more resistant to breakdown and extensive
crosslinking will afford the greatest resistance to collagenase.

5.9 Endotoxin Content—Endotoxin contamination is diffi-
cult to prevent because it is ubiquitous in nature, stable and
small enough to pass through sterilizing filters (0.22 pm).
Endotoxin tests for collagen include the gel clot, endpoint
assay and the kinetic assay. The gel clot test is the simplest and
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easiest of the Limulus amebocyte lysate (LAL) test methods,
although much less sensitive than the kinetic assay. The
quantitative kinetic assay, which measures the amount of time
required to reach a predetermined optical density, is the most
sensitive (Food and Drug Administration, Guideline on Vali-
dation of the Limulus Amebocyte Test as an End-Product
Endotoxin Test for Human and Animal Parenteral Drugs,
Biological Products and Healthcare Products). Each new lot of
reagents should meet acceptance criteria established by appro-
priate qualification or validation studies (for investigational or
licensed/cleared products, respectively). The endotoxin level in
collagen will ultimately be critical to its use in biomedical
applications where there are regulatory limits to the amount of
endotoxin that can be implanted into humans. Relevant FDA
guidance for allowable levels and information regarding vali-
dation of endotoxin assays should be consulted if human trials
are contemplated (Interim Guidance for Human and Veterinary
Drug Products and Biologicals). The user is also directed to
CFR 610.13(b) for information pertaining to the rabbit pyrogen
assay.

5.10 Heavy Metal Content by the USP Method—This test is
provided to demonstrate that the content of heavy metal
impurities does not exceed a limit in the individual product
specification. This method is based on <231> Heavy Metals,
Ist and 6th Supplement USP-NF. Substances that typically
respond to this test are lead, mercury, bismuth, arsenic,
antimony, tin, cadmium, silver, copper, and molybdenum.
Under the specified test conditions, the limit is determined by
a concomitant visual comparison of metals that are colored by
sulfide ion with a control prepared from a Standard Lead
Solution. Additional heavy metal contaminants may be present
due to processing. If necessary, the user may detect these
contaminants by various methods that may include, but are not
limited to, spectrographic, chromatographic, and flame atomic
absorption techniques.

5.11 Microbiological Safety—Bacteria, viruses, and fungi
are also contaminants that can arise in an a biological sample.
User will validate sterilization and characterize its effect on the
product. The presence of bacteria may also contribute to the
presence of endotoxins. The following Microbiological Tests in
USP 30 are of particular relevance: Microbial Limit Tests
<61>, Sterility Tests <7 1>, Sterilization and sterility assurance
of compendial articles <12211>, and the Biological Tests and
Assays: Bacterial Endotoxins Tests <85>. The user should also
consider other relevant standards, such as, but not limited to,
Association for the Advancement of Medical Instrumentation
(AAMI) standards and international standards, of which the
following are examples: ANSIVAAMIISO 11737-1: 2006;
ANSI/AAMI/ISO 11737-2: 1998; and 1SO 13408-1. The col-
lagen is first dissolved in a sterile, aqueous solution, then
filtered using sterile techniques through a 0.45 pm membrane
filter. The filters are subsequently incubated on Tryptic Soy
Agar to determine the presence of bacteria, and on Sabouraud
Dextrose Agar to determine the presence of yeast and mold. If
collagen products are intended to serve as a barrier to micro-
organisms, this function will need to be validated with specific
experiments.

5.12 Carbohydrate analysis of collagens can be carried out
by classical gas-liquid chromatographic methods or spectro-
photometric methods. If using a novel source, then glycosyla-
tion of proteins may need to be considered.

5.13 Trypsin Susceptibility will detect that portion of col-
lagen that has been denatured during purification steps such as
acid and base treatment, solvent treatment, and so forth.
Trypsin will digest that portion of the collagen and can be
measured by assaying the hydroxyproline content of the
supernatant. Triple helical collagen is resistant to digestion by
most proteases. Susceptibility to trypsin or other appropriate
proteases is determined by exposing the collagen to the enzyme
and assaying the digest for degradation. There are several
methods for this test.

5.14 Differential Scanning Calorimetry (DSC) determines
dissociation temperature of collagens in fibrils, as well as
detecting microfibrils and denatured collagen at lower melting
temperatures. (See also 5.8, crosslinking reactions with col-
lagen).

5.15 Viscosity is more applicable to gels or suspensions but
may be useful with collagen configured in forms such as, but
not limited to, pastes or films (17). Viscosity of collagen-based
materials depends on a number of factors which may include,
but are not limited to, the following: solution or dispersion/
suspension, concentration, temperature, operating condition,
and so forth. It is not feasible to determine the viscosity of
films. This is a routine test performed with a viscometer (not a
u-tube). The user must clearly state the conditions of the test.

5.16 Transmission electron microscopy may be used to
show the quality of collagen fibers. Unraveling or changes in
banding will be obvious.

5.17 DNA sequence data on recombinant or transgenic
source cells: Verify sequence data for expression gene, that is,
COLITAI or COL1A2.

5.18 The collagen material shall have specifications for an
extensive set of chemical and physical properties such as, but
not limited to, those listed in Table 1. The table represents
methods which may or may not be appropriate for character-
izing a particular collagen sample. Not all the methods listed
may be required to characterize the sample, and the specificity
and sensitivity vary among the methods listed. The user should
be familiar with the limitations of the appropriate test methods.

5.19 Analysis for Type I, IV, and Other Collagens—Tissues
commonly used to isolate Type I collagen typically contain
some Type III collagen which coexists in many tissues. Type II
collagen is found primarily in cartilage, while Type IV collagen
is found in basement membranes and has been associated with
Goodpasture’s Syndrome (Wieslander, J.. et al, (18)). The
purity of collagen is important in determining the potential for
safety problems and providing criteria for the consistency of
the manufacturing process. For example, skin collagen is
composed of approximately 90 % type I, 8-10 % type III, and
the reminder is made up of trace amounts of the less abundant
collagens, primarily type IV, V, and VI (Holbrook and Smith,
(19)). As all collagens contain triple helical domains, the
properties of different collagen types can be very similar.
Detection by Western Blot analysis, therefore, requires the use
of antibodies that recognize epitopes in the more diverse
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TABLE 1 Characterization Methods for Type | Collagen

Characterization Method

Applicable to

Chemical

Appearance

Concentration

Purity

Amino acid analysis

Peptide mapping

Impurities profile, includes
Heavy Metal Analysis

Carbohydrate analysis

Trypsin resistance

Collagenase resistance

pH of implantable
Additives (cross-linkers, lubricants, drugs, sterlents)

Physical

Shrink Temperature (DSC)

Viscosity

TEM

SDS-PAGE

Moisture Content (5 to 20 %), dependent
on storage environment

Electron Micrograph (native banded 640 A
structure for fibrils)

Biochemical
Endotoxin level
Bioburden
% Type | collagen/Total Protein
% Other Types Collagen and List of
which Types present
Total DNA (ppm or %)
Total Lipid
% native collagen (by trypsin resistance,

Soluble or Insoluble
Soluble or Insoluble
Soluble or Insoluble
Soluble or Insoluble
Soluble or Insoluble
Soluble or Insaluble

Soluble or Insoluble
Soluble or Inscluble,
Mainly Insoluble
Soluble or Inscluble,
Mainly Insoluble
Soluble or Insoluble
Soluble or Insoluble

Insoluble

Mainly soluble
Insoluble

Soluble or Insoluble
Insoluble

Insoluble

Soluble or Insoluble
Soluble or Insoluble
Soluble or Insoluble
Soluble or Insoluble

Soluble or Insaluble
Soluble or Insoluble
Soluble or Insoluble

circular Dichroism)

Abbreviation in Table:

DSC = Differential Scanning Calorimetry

TEM = Transmission Electron Microscopy

SDS-PAGE = Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

non-helical regions. Antibodies are available for Types I-VI
collagens, and possibly others, for use in Western Blot analyses
following SDS gel electrophoresis. The extent of analysis
required will depend upon the risk of other collagen types
being present as impurities in a particular collagen product.

6. Product Development Considerations

6.1 Storage Conditions/Shelf Life Stability of Collagen—
For collagen, the most relevant stability-indicating parameters
are those related to the functionality of the polymer. Dependent
upon what function the collagen will have in the final formu-
lation, parameters such as viscosity (apparent and intrinsic) and
biological activity, along with other parameters deemed rel-
evant, may also be considered. Storage conditions are of
importance, especially for collagen solutions. International
Conference on Harmonization (ICH) guidance documents
should be consulted for information on stability testing of
pharmaceuticals (that is, [CH Q1A ICH).

6.2 Sterilization Method, if Applicable, and Effects of Ster-
ilization on Product—The user should verify that the steriliza-
tion method does not adversely effect the collagen end product.
Collagen can be sterilized by gamma irradiation. electron-
beam, or by ethylene oxide, or prepared using aseptic process-
ing steps. Potential degradation of the collagen or sterilization
residuals should be evaluated to determine the impact on the

product. Solutions of collagen may be (/) filter sterilized if the
viscosity of the collagen solution permits; or (2) gamma-
irradiated. Any changes in viscosity may reflect an alteration of
the molecular mass and should be evaluated. The method of
sterilization is primarily dictated by the effect on the product
effectiveness. The method chosen must be validated to deter-
mine the effectiveness of sterilization. The reader should refer
to the most current version of the relevant standards regarding
the sterilization of healthcare products by radiation, steam and
ethylene oxide gas, such as AAMI TIR No. 19-1998; AAMI/
ISO 14160-1998; and AAMI ST67/CDV-2: 1999; The Euro-
pean Agency for the Evaluation of Medicinal Products,
(EMEA), Committee for Proprietary Medicinal Products
(CPMP) guidance document for Decision Trees for the Selee-
tion of Sterilisation Methods (CPMP/QWP/054/98 corr 2000),
and Annex to Note for guidance on Development Pharmaceu-
tics (CPMP/QWP/155/96).

6.3 Sourcing—The criteria to consider for safe sourcing
include appropriate human or animal donor selection and the
tissue collection procedures to assure that the source material is
unlikely to contain TSE infectivity. Additional information can
be obtained from the following documents: EN 12442-],
EN 12442-2, EN 12442-3; 21 CFR Parts 207, 807, and 1271,
21 CFR Part 820, and 21 CFR Part 1271, Part C; Federal
Register Vol. 43; Federal Register Vol. 62; Federal Register
Vol. 66, No. 5, January 8, 2001, pp. 1552-1559; Federal
Register, Vol. 66, No. 13, January 19, 2001, p. 5447,
ISO 13408-1. Council Directive 93/42/EEC with respect to
medical products using tissues of animal origin; Commission
Directive 2003/32/EC with respect to medical products manu-
factured using tissues of animal origin; EMEA/410/01-rev.2:
Committee for Proprietary Medical Products, Note for guid-
ance on minimizing the risk of transmitting animal spongiform
encephalopathy agents via human and veterinary medical
products. Additional documents may be available. The user
should verify the most current version of the document.

6.3.1 For further information, the user is referred to Appen-
dix X2, Sourcing Issues: X2.1 Tissue for collagen or collagen-
containing devices; X2.2 Requirements for a closed herd; X2.3
Documentation for the tissue.

6.3.2 The collagen can be isolated from tissues or cell
cultures by any method, including, but not limited to extraction
by dilute acids or dilute salt solutions or by enzymatic
digestion of the tissue (20-23). The user should be aware that
even though Type III collagen is less abundant, it is often
associated with Type L, except in bones and tendons. Type V
collagen is also associated with Type L

6.4 Viral and Transmissible Spongiform Encephalopathy
(TSE) Agent Inactivation—Viruses and TSE agents can be
introduced into a product as a result of raw materials sourcing
or through adventitious means. Appropriate measures should
be taken so that the resultant product is free from viruses and
TSE agents. For further guidance on viral or TSE clearance, or
both, the user is directed to the references throughout this guide
as well as USP 30/NF 19 <1050>, and other pertinent refer-
ences, as appropriate. Additional information may be found in
the following FDA Guidance Document, FDA points to con-
sider and International Conference on Harmonization (ICH)
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documents: Guidance for Industry and for FDA Reviewers:
Medical Devices Containing Malterials Derived [rom Animal
Sources (Except for In Vitre Diagnostic Devices); U.S. Food
and Drug Administration (FDA and Committee for Proprietary
Medicinal Products (CPMP), 1998: “International Conference
on Harmonization (ICH), Quality of Biotechnological Prod-
ucts: Viral Safety Evaluation of Biotechnology Products De-
rived from Cell Lines of Human or Animal Origin.” Consensus
Guideline ICH Viral Safety Document: Step 5; U.S. Food and
Drug Administration (FDA) Center for Biologics Evaluation
and Research (CBER), 1993; “Points to Consider in the
Characterization of Cell Lines Used to Produce Biologicals;
U.S. Food and Drug Administration (FDA) Center for Biolog-
ics Evaluation and Research (CBER), 1997; “Points to Con-
sider in the Manufacture and Testing of Monoclonal Antibody
Products for Human Use.” 94D-0259. The European Pharma-
copoeia 5.0 has a monograph describing methods to minimize
TSE risks (5.2.8 Minimising the Risk of Transmitting Animal
Spongiform Encephalopathy Agents Via Human and Veteri-
nary Medicinal Products).

6.4.1 Viral Clearance—The sources of raw materials from
humans or animals should be screened for known viral
pathogens to reduce or eliminate the potential infectivity. Viral
clearance methods can include, but not be limited to methods
such as detergent treatment, high or low pH, urea treatment,
other chemical treatments, and filtration or other purification
methods. However, even these harsh treatments may not ensure
complete viral inactivation. Viral clearance should be demon-
strated by an appropriately validated viral clearance study
protocol. The user should verify that the viral clearance
procedure is compatible with the starting material or the
configured end product. For human tissue sources for manu-
facturing into collagen, the observance of Good Tissue Prac-
tices should be considered.

6.4.2 TSE Clearance—Due diligence should be made to the
sourcing of raw materials, process design to remove potential
TSE agents and treatments to inactivate TSE agents for those
products which can withstand the harsh treatments required to
inactivate TSE agents. The user is referred to the “Meeting
Report, International Workshop on Clearance of TSE Agents
from Blood Products and Implanted Tissues,” (24) and the
FDA Guidance Document “Guidance for Industry and for FDA
Reviewers: Medical Devices Containing Materials Derived
from Animal Sources (Except for In Vitro Diagnostic Devices)”
for additional guidance on recommended practices for sourcing
and for TSE clearance. Technology is under development for
quantitation of TSE agents in biological materials. The follow-
ing references are cited as examples of two of the many
methods for detecting TSE agents (25, 26). The user should be
aware that although detection of the protease resistant form of
the ubiquitous prion protein in a tissue generally indicates that
it contains the transmissible agent and is not suitable for
preparing collagen for human or animal implantation, the
converse is not necessarily true. Therefore, a negative test for
the protease resistant prion alone may not be sufficient to
assure that the source material is safe for producing collagen.

6.4.3 Source Documentation—Guidance for viral inactiva-
tion validation and CBER guidances. See also the following
Reference Sections for additional information: Section 2.1
(Guide E 1298); Section 2.3 (EN 12442-3); Section 2.4 (USP
30/NF 19); Section 2.6 (U.S. Food and Drug Administration
(FDA and Committee for Proprietary Medicinal Products
(CPMP), 1998 International Conference on Harmonization
(ICH), Quality of Biotechnological Products: Viral Safety
Evaluation of Biotechnology Products Derived from Cell Lines
of Human or Animal Origin, Consensus Guideline ICH Viral
Safety Document: Step 5); and Refs (27, 28). Additional
resources may be available, as this list is not comprehensive.
The user should use the current version of all documents.

7. Safety and Toxicology Aspects of Collagen

7.1 The safety of collagen in biomedical and pharmaceutical
applications and in TEMPs should be established according to
current guidelines such as ISO 10993 and Practice F 748.
Suppliers of collagen may have such documentation on file.
Preclinical safety studies specific to the clinical application
under consideration must be done in accordance with 21 CFR
312.

7.1.1 A database generated to support the safety of collagen-
containing pharmaceuticals should reflect consideration of the
proposed clinical route of administration and product formu-
lation, although it may be appropriate for certain studies to
involve a route of administration or formulation which differ
from the clinical situation. Guidance on the need for, timing,
and conduct of the nonclinical toxicology studies is available in
the ICH (International Conference on Harmonization) guide-
lines on the respective topics. Such studies may include but are
not limited to: acute toxicology testing, repeated dose toxicol-
ogy testing with a treatment regimen and duration that is
relevant to the proposed clinical use (ICH M3), hypersensitiv-
ity testing, and genetic toxicology testing (ICH S2A and
ICH S2B). Additional studies that may be relevant to a
proposed pharmaceutical use include reproductive/
developmental toxicology testing (ICH S5A and ICH S5B) and
carcinogenicity testing (ICH S1A, ICHSIB, ICHSIC, and
ICH S1C(R)). Additional testing may be specific to the route of
administration, for example, application or injection site irri-
tation, ocular irritation, dermal carcinogenicity testing, or
studies of photoirritation and photo co-carcinogenicity poten-
tial. Other testing may be appropriate, depending on the results
of early studies and the intended clinical use of the product. For
instance, the user may consider the following, among other
documents: Practice F 2148, or Draft Guidance for Preclinical
and Clinical Investigations of Urethral Bulking Agents Used in
the Treatment of Urinary Incontinence. Specific guidance on
the development or marketing of drug products, biologics, or
medical devices in the United States may be obtained by
contacting the Center for Drug Evaluation and Research,
Center for Biologics Evaluation and Research, or the Center
for Devices and Radiological Health, respectively, of the U.S.
Food and Drug Administration.

7.2 Biocompatibility:

7.2.1 Many materials have been shown to produce a well-
characterized level of biological response following long term
clinical use in laboratory animals. There are few interspecies



167

4y F2212 - 08!

differences in the structure of Type I collagen. The extensive
similarity in primary and higher-order structure of Type I
collagen may explain why collagen obtained from animal
species is acceptable as a material for human implantation (8).
When new applications of a material, or modifications to the
material or physical forms of the material are being considered,
then the recommendations and test methods of the following
standards should be considered: Practices F 619, F 748, F 749,
F 756, F763, F813, F981, F 1439, F 1903, F 1904, F 1905
and F 1906, as well as Test Method F 895, Terminology
F 1251, and ISO 10993-1, ISO 10993-9, Part 9,
ISO 10993-17, EN 12442-1, EN 12442-3.

7.3 Immunogenicity—The immunogenicity of the collagen
may vary depending on the source material (that is. extracted
versus recombinant collagen), though, for reasons noted in the
preceding paragraph, immune reactions due to species differ-
ences alone are uncommon. Products from different manufac-
turers may vary in properties such as, but not limited to, fiber
quality and percentage hydroxyproline. The user should be
aware that differences in collagen structure and chemistry may
result in potential variability to the immunological responses.

The manufacturer should ascertain to what degree modifica-
tions of the structure of native collagen (for example, by
chemical crosslinking or methods not limited to biomimetics)
may modify (enhance or reduce) immunogenicity when im-
planted in vivo. When new applications of a material, or
modifications to the material or physical forms of the material
are being considered, then the immunogenicity testing should
include the following standards for testing potential skin
sensitizers: Practice F 720 and 1SO 10993-10.

7.4 Collagen for use in biomedical and pharmaceutical
applications and in Tissue Engineered Medical Products
(TEMPs) should ideally be documented in a Device or Drug
Master File to which end users may obtain a letter of cross
reference from suppliers of collagen. Such a Master File should
be submitted to the US FDA and to other regulatory authorities,
both national and international. ISO 14971 should also be
referenced when appropriate.

8. Keywords

8.1 biomaterials; characterization; collagen: natural materi-
als; TEMPs

APPENDIXES

(Nonmandatory Information)

X1. BACKGROUND

X1.1 Background

X1.1.1 This short review of the collagen family of proteins
is largely based on two review papers (1, 2). Please refer to
these articles and their listed references for further details.

X1.2 Overview/Introduction

X1.2.1 Collagens form a family of secreted proteins with
predominantly structural function. At least twenty genetically
different family members have been identified so far. Several
groups of collagen molecules have been classified based upon
protein domain structures, macromolecular assemblies and
exon structures of the corresponding genes. This classification
will be detailed in a later section of this appendix. Collagen
types are indicated by Roman numerals (for example, collagen
Type 1), the associated polypeptide chains (or subunits) as
alpha chains with arabic numbers (for example. alpha2(I)) and
the genes by COL[arabic numeral]A[arabic numeral] (for
example, COLIA2Z).

X1.2.2 Several inherited and acquired diseases have been
linked to these proteins and emphasize the importance of
collagen molecules (3). Among those diseases are osteogenesis
imperfecta, some forms of Ehlers-Danlos syndrome, epider-
molysis bullosa, Goodpasture syndrome, Alport syndrome and
relapsing polychondritis.

X1.2.3 The basic structural entity contains three polypep-
tide chains of left-handed helices that form a right-handed
triple helix. In order to form such a triple helix, the basic
building block of the polypeptide chain is an amino acid triplet
of the general sequence Gly-X-Y with prolines often occupy-

ing the X position, and hydroxyproline in the Y position. The
high amount of proline and hydroxyproline allows for the
formation of the left-handed helix (polyproline helix II). In
order to form a triple helix, every third position has to be taken
by glycine. since the size of any side chain other than a
hydrogen atom would interfere sterically with the close prox-
imity of the three chains. Hydroxyproline, forming intramo-
lecular hydrogen bonds, is important for the stability of the
triple helix. Underhydroxylation of prolines results in lowering
the temperature at which the collagen triple helix destabilizes
or “melts.”

X1.2.4 It is important to clarify that other proteins contain
collagenous domains, but are not classified as collagen family
members. Among these proteins are the complement subunit
Clg. acetylcholine esterase, Type I macrophage scavenger
receptor and the mannose-binding protein.

X1.2.5 The biosynthesis of collagen molecules has been
studied in most detail in fiber forming collagens (Type 1, I, III,
V, and XI). Collagen polypeptide chains are synthesized in the
rough ER: hydroxylation of proline and lysine side chains
occurs concomitantly with chain elongation and continues until
the triple helix forms. This formation in the ER requires
cis-trans isomerization of the hydroxyproline residues and is
catalyzed by an enzyme. Non-collagenous domains are found
at the N- and C-termini of the formed triple helices. Collagen
molecules are glycosylated and exported to the extracellular
space. Further processing, consisting of lysyl oxidation and
proteolytic cleavage of the non-collagenous N- and C-termini,
is catalyzed by specific extracellular enzymes and results in the
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formation and stabilization of collagen fibers. Crosslinks form
non-enzymatically between lysine and oxidized lysine residues
and connect alpha chains of different triple helices. See (1) for
further details. Not all of these processing steps occur for all
collagen types.

X1.3 Collagen Classification

X1.3.1 As indicated above, the members of the collagen
family are grouped according to protein domain structures,
macromolecular assemblies and exon structures of the corre-
sponding genes. Six groups are currently identified (2):

X1.3.2 Fibrillar Collagens—This group contains collagens
Type L II, 111, V, and XI, important for the mechanical support
of multicellular organisms. These collagens (formed by either
homotrimers [Types II and III] or alpha chain heterotrimes)
participate in the formation of staggered fibrils of varying
diameter. The central triple helical domain (around 100kDa
size) usually contains 300 repeats of the Gly-X-Y triplet,
forming long, rigid structures. After extracellular processing,
the single collagen molecules aggregate to fibrils. Extent of
processing may be important in determining the diameter of the
fibril.

X1.3.3 FACIT Collagens—The fibril-associated collagens
with interrupted triple helices (FACIT) collagen group is
comprised of collagen Types IX, XII, XIV, XVI, XIX, and XX.
Collagen IX has been shown to be associated with Collagen 11
and XI fibrils. Collagen Types XII and XIV have been
associated with Collagen 1 fibrils. FACIT collagens contain
large non-collagenous domains connecting relatively short
triple-helical domains. Their associations with fibrils are
thought to be important in regulation of fibril diameter and
connection of fibrils with other extracellular molecules.

X1.3.4 Short Chain Collagens—Collagen Types VIII and X
contain short triple helical domains of 50 to 60kDa flanked by
globular domains. Collagen Type VIII forms the backbone of
the hexagonal network in Descemet’s membrane, Type X is
found in hypertrophic cartilage matrix. Both are thought to
provide open structures resisting compressive forces.

X1.3.5 Basement Membrane Collagens—Collagen Type IV
forms the network structures found in basement membranes.
Triple helical domains are frequently interrupted by non-
collagenous domains, allowing for flexibility within the rod-
like molecules. The triple helices interact at the N- and
C-termini forming a three-dimensional network; collagen Type
IV also directly binds to other basement membrane molecules
like laminin and BM-40. Six different alpha chains have been
identified for Collagen Type IV. The most prevalent collagen
Type IV is formed by a heterotrimer of two alphal and one
alpha2 chain. Specific basement membranes (kidney glomeru-
lar basement membrane, neuromuscular junction, and so forth)
contain heterotrimers containing the alpha3-6 chains. The
exact composition of these heterotrimers is not clear. Good-
pasture and Alport syndromes have been associated with
Collagen IV (4, 5). Collagen Type VII (see below), although

not classified as a basement membrane collagen, forms tight
associations (anchoring fibrils) with basement membranes in
skin, the oral mucosa and the cervix.

X1.3.6 Multiplexins—Collagen Types XV and XVIII have
been grouped as Multiplexins (collagens containing multiple-
triple-helix domains with interruptions). Both collagens are
expressed widely. A fragment of Collagen XVIIL, called
endostatin, has been shown to inhibit angiogenesis.

X1.3.7 MACITs—Two members form the group of
membrane-associated collagens with interrupted triple helices.
Types XIII and XVII both contain triple helices in the
extracellular domain and globular domains with transmem-
brane domains, attaching the molecules to the cell surface.
Type XIII is widespread, and Type XVII is found in hemides-
mosomes. It also presents as an autoantigen in the blistering
disease bullous pemphigoid.

X1.3.8 Other Collagens—Collagen Types VI and VII do not
belong to the other classifications and have been grouped
separately. Collagen Type VI is the major component of beaded
microfibrils. The heterotrimeric molecule contains a central
triple helix flanked by globular domains. Dimers and tetramers
are formed by disulfide exchange. Collagen Type VII is the
major component of anchoring fibrils connecting the basement
membrane in stratified squamous epithelia with adhesion
plaques in the papillary dermis. The acquired and dystrophic
forms of epidermolysis bullosa are associated with collagen
VII (15).

X1.4 Occurrences

X1.4.1 Table X1.1 summarizes the location of major col-
lagen types (1). Collagen Types XIII-XX are less well char-
acterized and are excluded.

X1.5 Sources

X1.5.1 Major sources of collagens are skin, tendon, carti-
lage and placenta, both from animals (bovine and porcine for
larger quantities) and human tissues. More recently, human cell
cultures and recombinant collagen from yeast and insect cell
cultures have become potential additional raw material
sources.

TABLE X1.1 Occurrences of Types I to XIl Collagen

C(zrl;ap%en 3']2?:5 Distribution

I at-2(1) widespread; skin, bone, tendon, cornea, etc.
I at(iy cartilage, vitreous body of the eye

m at(m) skin, tendon, aorta, cornea

v at-6(1v) all basement membranes

\' a1-3(V) widespread; skin, bone, tendon, ligament, etc.
Vi at-3(v1) widespread; skin, bone, cornea, etc.

Vil at(viy skin, oral mucosa, cervix

Vil at-2(vi) Descemet’'s membrane

1X a1-3(Ix) cartilage, vitreous body

X atl(x) hypertrophic and mineralizing cartilage

Xl a1-3(X1) cartilage

Xl at(xy all collagen type | containing tissues
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X2. SOURCING ISSUES

X2.1 Tissue for Collagen or Collagen-Containing Medical
Devices

X2.1.1 Tissues which have been obtained to produce col-
lagen or collagen-containing medical products must be care-
fully selected, tested, and controlled. The age of the tissue may
affect the degree of crosslinking of the collagen as well as the
quantity of collagen. Using tissues from the same species and
age will provide better process controls for collagen produc-
tion. The safety of the animal tissues is also of utmost concern.
Reference to 9 CFR 113 (FDA) for animal sourced material
should be considered, as well as reference to 1SO 12442
(current version). The United States Food & Drug Administra-
tion implemented new guidelines in 2007 to minimize the
danger of contamination of transmissible spongioform en-
cephalopathies (TSE’s), Proposed Rule: Use of Materials
Derived from Cattle in Medical Products Intended for Use in
Humans and Drugs Intended for Use in Ruminants (Federal
Register, Vol. 72, Number 8, Jan 12, 2007, pp. 1581-1619).
These include:

X2.1.1.1 Elimination of risk materials including skull,
brain, trigeminal ganglia, eyes, vertebral column, spinal cord,
dorsal root ganglia of animals over 30 months of age and the
small intestine and tonsils of cattle of all ages.

X2.1.1.2 Any material from “downer” cattle—those that
cannot walk.

X2.1.1.3 Use of advanced meat recovery methods to pre-
vent spinal cord contamination.

X2.1.1.4 Prevention of air-injection stunning.

X2.1.2 Animals must be subjected to ante and postmortem
inspection and be fit for human consumption.

X2.2 Requirements for a Closed-Herd

X2.2.1 Tissues obtained from animals should be obtained
from well documented herds. It is highly desirable to use
closed cattle herds to maximize biosecurity. A closed cattle
herd preferably includes the following:

X2.2.1.1 Enclosed property which is chosen to minimize
exposure to environmental hazards around the land including
the soil and water supply.

X2.2.1.2 Animals born, raised and live their entire lives in
the closed herd in isolation from other cattle, sheep, pigs, and
deer and elk.

X2.2.1.3 The source and lineage of each animal is docu-
mented.

X2.2.1.4 The female parent of each new animal is a member
of the herd.

X2.2.1.5 Artificial insemination from registered stock is the
primary breeding method.

X2.2.1.6 Animals forage on closed herd pastures. Only
purchased grain or hay from selected sources may be used to
supplement closed herd pasture forage.

X2.2.1.7 The animals have never been fed ruminant
(animal-derived) protein and therefore have not been exposed
to the primary suspected source of BSE infection.

X2.2.2 Animal parts are harvested and controlled under
documented procedures to minimize contact with brain and
spinal cord tissues.

X2.3 Documentation

X2.3.1 Animal tissues serving as the raw material for
downstream processing or fabrication into medical products
should be well documented. A description of the animal
species, the specific tissue used, and the geographical history of
the animal need to be fully disclosed. Maintenance of the herd
is important to the consistency and quality of the raw material.
As such, information on the long term health of the herd,
frequency and type of veterinarian inspections, breeding his-
tory, animal traceability, animal feed history records, absence
of TSE disease, and standard vaccinations such as live modi-
fied viruses which could co-purify in the desired tissue should
be documented. Animal feed has the potential for introducing
adventitious agents and the animal feed composition, diet, and
labeling of feed composition at distribution locations should all
be documented.

X2.3.2 When the animal is sacrificed the age of the animal
should be documented, as well as the USDA status of the
slaughter house, measures taken to reduce the risk of contami-
nating non-TSE tissues with material from tissues that could
contain TSE, and the results of the pre and/or post mortem
inspection. The test used (o release the tissue for further
processing or incorporation into other tissues or medical
products should be disclosed as well as the Certificate of
Analysis. Records of the test results for each lot of material
should be maintained at the manufacturing facility and submit-
ted in regulatory documents when appropriate. Methods for
maintaining records of the source material and testing should
be disclosed in regulatory submissions.
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