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:LWK KHDUWIHOW VHQVH RI JUDWLWXGH, I WDNH WKLV RSSRUWXQLW\ ZLWK LPPHQVH 

SOHDVXUH WR WKDQN DOO WKRVH ZKR FRQWULEXWHG IRU WKH VXFFHVV RI WKLV VWXG\. 

 I ZRXOG OLNH WR H[SUHVV P\ KHDUWIHOW JUDWLWXGH DQG UHVSHFW WR P\ VXSHUYLVRU 

DU. PUDEKD D NDLU, SFLHQWLVW G (SG), DLYLVLRQ RI TLVVXH EQJLQHHULQJ DQG 

RHJHQHUDWLRQ THFKQRORJLHV, BMT ZLQJ, SCTIMST, IRU KHU UHOHQWOHVV HIIRUW DQG 

HQFRXUDJHPHQW WR PH WKURXJKRXW WKH FRXUVH RI WKH UHVHDUFK. HHU JXLGDQFH, FULWLFDO 

HYDOXDWLRQV DQG FRQILGHQFH KDYH KHOSHG PH WR HYROYH LQ VFLHQWLILF ILHOG. M\ ZRUGV DUH 

QRW HQRXJK WR WKDQN KHU IRU EHLQJ WKHUH IRU PH DW DOO SRLQWV GXULQJ WKH FRXUVH RI P\ 

VWXG\.  

I DP JUDWHIXO WR PURI. MDUN BUDGOH\, SFKRRO RI CKHPLVWU\, UQLYHUVLW\ RI 

EGLQEXUJK, UK IRU KRVWLQJ PH DV KLV VWXGHQW IRU WKH CRPPRQZHDOWK SSOLW-SLWH 

SFKRODUVKLS 2016-2017. HLV YDOXDEOH VXSHUYLVLRQ RI UHVHDUFK ZRUN KDV KHOSHG PH WR 

DFKLHYH QHZ GLPHQVLRQ RI SUHVHQW UHVHDUFK VWXG\. I DP WKDQNIXO WR PURI. BUXQR 

PHDXOW, MRC-SFRWWLVK CHQWUH RI RHJHQHUDWLYH MHGLFLQH, UQLYHUVLW\ RI EGLQEXUJK 

IRU DVVRFLDWLQJ ZLWK P\ UHVHDUFK DQG VXSHUYLVLRQ RQ P\ SURMHFW GXULQJ P\ SHULRG DW 

UQLYHUVLW\ RI EGLQEXUJK.  

 I WKDQN PHPEHUV RI WKH GRFWRUDO DGYLVRU\ FRPPLWWHH, DU. A. MD\D 

NDQGDNXPDU, DLYLVLRQ RI MLFURELDO THFKQRORJ\, DU. RR\ JRVHSK, DLYLVLRQ RI 

PRO\PHULF MHGLFDO DHYLFHV DQG DU. SULQLYDV GRSDOD, BLRFKHPLVWU\ SCTIMST IRU 

WKHLU WLPHO\ VXJJHVWLRQV, FULWLFDO FRPPHQWV ZKLFK HQFRXUDJHG PH WR LPSURYH P\ 

SURMHFWV DQG WKH TXDOLW\ RI WKH  UHVHDUFK SURMHFWV IRU WKH PKD WKHVLV. 

 I WKDQN SCTIMST - IQVWLWXWH FHOORZVKLS IRU WKH IHOORZVKLS SURYLGHG GXULQJ 

P\ GRFWRUDO VWXGLHV. I WKDQN CRPPRQZHDOWK CRPPLVVLRQ, UK IRU VHOHFWLQJ PH DV 

CRPPRQZHDOWK SFKRODU 2016-2017 IRU WKH CRPPRQZHDOWK VSOLW-VLWH IHOORZVKLS 

ZKLFK KHOSHG WR FRQGXFW D SDUW RI P\ WKHVLV DW UQLYHUVLW\ RI EGLQEXUJK, UK. I WKDQN 
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DHSDUWPHQW OI SFLHQFH AQG THFKQRORJ\, IQGLD, DHSDUWPHQW RI BLRWHFKQRORJ\, IQGLD 

DQG CRPPRQZHDOWK FRPPLVVLRQ, UK IRU WKH WUDYHO VXSSRUW IRU DWWHQGLQJ FRQIHUHQFHV 

DW CDQDGD DQG UK. 

 I DP WKDQNIXO WR WKH DLUHFWRU, SCTIMST DQG TKH HHDG, BMT :LQJ IRU WKH 

VXSSRUW SURYLGHG GXULQJ WKH FRXUVH RI ZRUN. I ZRXOG DOVR OLNH WR WKDQN IRUPHU HHDG, 

BMT :LQJ DU. C.P. SKDUPD IRU JXLGLQJ PH GXULQJ WKH FRXUVH RI P\ MRLQLQJ DW WKH 

IQVWLWXWH. AOVR  VLQFHUH WKDQNV WR WKH DHDQ, WKH AVVRFLDWH DHDQ, WKH DHSXW\ RHJLVWUDU 

DQG VWDII RI DLYLVLRQ RI AFDGHPLF AIIDLUV IRU WKHLU WLPHO\ DVVLVWDQFH. 

 I H[SUHVV P\ VLQFHUH JUDWLWXGH WR DU. UQQLNULVKQDQ M, IRUPHU CDUGLRYDVFXODU 

TKRUDFLF SXUJHRQ, CDUGLRYDVFXODU TKRUDFLF VXUJHU\ DHSDUWPHQW, SCTIMST  IRU 

SOD\LQJ D PDMRU UROH LQ GHYHORSLQJ WKH YDVFXODU JUDIW DQG KHOSLQJ LQ VXUJLFDO 

LPSODQWDWLRQ RI WKH VDPH. I  DOVR WKDQN DU. P.R. UPDVKDQNDU, DU. SDFKLQ J SKHQR\ 

DQG VWDII RI DLYLVLRQ RI IQ YLYR PRGHOV DQG GHYLFH WHVWLQJ IRU WKHLU IUXLWIXO LQ SXWV 

GXULQJ GHYHORSLQJ WKH JUDIW , VXUJLFDO LPSODQWDWLRQ DQG DIWHU VXUJHU\ DVVLVWDQFH. I 

WKDQN DU. HDULNULVKQDQ 9.S DQG VWDII RI DLYLVLRQ RI LDERUDWRU\ AQLPDO SFLHQFH IRU 

KHOSLQJ GXULQJ VPDOO DQLPDO VXUJLFDO SURFHGXUHV. 

 I WKDQN MU. C.9. MXUDOHHGKDUDQ DQG MU. RDMHHY A IRU WKHLU KHOS LQ 

PHFKDQLFDO WHVWLQJ, MU. :LOOL PDXO, FADDS  IRU  CRQIRFDO RDPDQ PLFURVFRSLF 

HYDOXDWLRQ. DU. SDEDUHHVKZDUDQ A, MV. SXOHNKD BDE\, MV. SDQGK\D DQG MV. 

GD\DWKU\ RI HLVWRSDWKRORJ\ DLYLVLRQ IRU SDWKRORJLFDO HYDOXDWLRQ DQG PCR PDFKLQH. 

MU. NLVKDG K.9, RI  BLR FHUDPLFV ODERUDWRU\ IRU SEM, E-SEM. DU. LLVV\.  K. 

KULVKQDQ, DU. AQXJ\D BKDW, MV. PUL\DQND, MU. AQLONXPDU, TRU IRU 

KHPRFRSDWLELOLW\ VWXGLHV. DU. KDOOL\DQD KULVKQDQ K, MV. LDNVKPL, DU. RHQMLWK P 

NDLU, DHQWDO SURGXFWV ODE IRU PLFUR CT H[SHULPHQWV. MU. RHQMLWK KDUWKD, TRU IRU 

FACS DQDO\VLV, MU. RDPHVK BDEX DQG VWDII RI PUHFLVLRQ IDEULFDWLRQ IRU 

HOHFWURVSLQQLQJ DFFHVVRULHV. DU. RHNKD M.R DQG VWDII RI BST  IRU QDQRGURS DQG 

VKDNHU LQFXEDWRU. DU. K. SULQLYDVDQ, MU. HDUL, MV. SKDQWKLNULVKQD A RI PRO\PHU 

DQDO\VLV ODE IRU WKHLU KHOS LQ FT-IR DQG GPC. 
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I LPPHQVHO\ WKDQN WKH VWDII RI RDMLY GDQGKL CHQWUH IRU BLRWHFKQRORJ\, 

TULYDQGUXP IRU JLYLQJ DFFHVV WR CRQIRFDO ODVHU VFDQQLQJ PLFURVFRSH, FACS, PCR 

PDFKLQH. 

I DFNQRZOHGJH HDFK DQG HYHU\ SHUVRQ DW UQLYHUVLW\ RI EGLQEXUJK, UK IRU 

VXSSRUWLQJ P\ UHVHDUFK DQG MR\IXO VWD\ WKHUH. I HVSHFLDOO\ WKDQN DU. HXD DRQJ, DU. 

SHVKDVDLODP 9HQNDWHVKZDUDQ, DU. NXVUDW KKDQ, DU. JLQ GHQJ, DU. MDWWKHZ 

OZHQV IRU WKHLU WLPHO\ LQSXWV WR P\ UHVHDUFK. I WKDQN PURIHVVRU AQWKRQ\ CDOODQDQ, 

MU. TLP BXUWRQ IRU KHOSLQJ LQ PHFKDQLFDO WHVWLQJ. DU. AGULDQD TDYHUHV DQG MU. 

CDUORV IRU PLFUR CT H[SHULPHQWV. I ZRXOG OLNH WR WKDQN P\ IHOORZ ODE PDWHV DQG 

IULHQGV ZKR KHOSHG WR KDYH D SOHDVDQW DWPRVSKHUH DW WKH UQLYHUVLW\ RI EGLQEXUJK. 

I GHHSO\ DFNQRZOHGJH P\ ODE PHPEHUV DW DLYLVLRQ RI TLVVXH EQJLQHHULQJ DQG 

RHJHQHUDWLRQ THFKQRORJLHV. DU. NHHWKX MRKDQ, DU. DKDQ\D GDQJDGKDUDQ IRU 

WHDFKLQJ PH WKH EDVLFV RI FHOO FXOWXUH H[SHULPHQWV. DU. DKDQHVK 9, MV. GHHWKD K IRU 

HOHFWURVSLQQLQJ DQG SRO\PHU V\QWKHVLV. DU. DKDQDVRRUDM D IRU WKH EDVLFV LQ PROHFXODU 

WHFKQRORJLHV. DU. L\QGD 9 TKRPDV IRU KHU VXSSRUW. M\ IHOORZ PDWHV MV. JLMR :LOVRQ 

J, MU. RDKXO 9.G, DU. BDELWKD S, DU. SKLQ\ 9HOD\XGKDQ, DU. NHHQD AORVK\LXV, DU. 

BLQGX P NDLU, DU. PUDNDVK S.P IRU WKHLU IULHQGVKLS DQG VXSSRUW. MV. NLPL N IRU 

WHFKQLFDO KHOS. DU. 9.P. SLYDGDV, DU. APULWD NDWDUDMDQ, MV. SK\QD DQG MV. 

KDULVKPD IRU WKHLU VXSSRUW.  

 CKHHUV WR DOO P\ IULHQGV DQG ZHOO-ZLVKHUV DW SCTIMST DQG TKH UQLYHUVLW\ 

RI EGLQEXUJK. TKDQNV WR VWDII RI YDULRXV DGPLQLVWUDWLYH, DFFRXQWV, VWRUH & SXUFKDVH, 

KRXVHNHHSLQJ GHSDUWPHQWV DQG OLEUDU\ RI WKH IQVWLWXWH DQG IHOORZ VWXGHQWV LQ WKH 

FDPSXV. I WKDQN DOO WKRVH EHDXWLIXO ODERUDWRU\ DQLPDOV. 

I WKDQN P\ IDPLO\.  
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ASMA : Alpha SmooWh MXVcle AcWin 

bFGF : baVic FibUoblaVW GUoZWh FacWoU 

BSA 

CABG 

: BoYine SeUXm AlbXmin 

: CoUonaU\ aUWeU\ b\paVV gUafWing 

cDNA : ComplimenWaU\ Deo[\ Uibo NXcleic Acid 

CD : ClXVWeU of DiffeUenWiaWion 

CPCSEA 

 

CVDV 

: CommiWWee foU Whe PXUpoVe and ConWUol of SXpeUYiVion of 

E[peUimenWV on AnimalV 

: CaUdioYaVcXlaU diVeaVeV 

DAPI : 4,5-diamidino-2-phen\lindole 

DMEM-HG : DXlbecco¶V Modified Eagle MediXm-High GlXcoVe 

DMF : DimeWh\l foUmamide 

dNTPV : Deo[\ NXcleoWideV WUiphoVphaWe 

DPX : DiVW\Uene, a plaVWici]eU and X\lene 

ECV : EndoWhelial CellV 

ECM : E[WUacellXlaU maWUi[ 

EDTA : EWh\lene Diamine TeWUa AceWic Acid 

EGM-2 : EndoWhelial gUoZWh media - 2 

EGF : EpideUmal gUoZWh facWoU 

E-SEM : EnYiUonmenWal Scanning ElecWUon MicUoVcop\ 

EWCO2 : End-Widal CaUbon dio[ide 

FACS : FlXoUeVcenW acWiYaWed cell VoUWing 

FBS/FCS : FoeWal BoYine/calf SeUXm 

FITC : FlXoUeVcein iVoWhioc\anaWe 
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FT-IR : FoXUieU TUanVfoUm-InfUaUed VpecWUoVcop\ 

GAPDH : Gl\ceUaldeh\de-3-phoVphaWe Deh\dUogenaVe 

GPC : Gel peUmeaWion chUomaWogUaph\ 

GV : GelaWin-Yin\l aceWaWe 

H&E : HaemaWo[\lin and EoVin 

Hb : Haemoglobin 

IEC : InVWiWXWional EWhicV CommiWWee 

IAEC : InVWiWXWional Animal EWhicV CommiWWee 

IC-SCRT 

IMA 

: InVWiWXWional CommiWWee foU SWem CellV ReVeaUch and TheUap\ 

: InWeUnal MammaU\ aUWeU\ 

MSC : MeVench\mal SWem Cell 

MicUo-CT 

NCDV 

: MicUo-CompXWed TomogUaph\ 

: Non commXnicable diVeaVeV 

NG2 : NeXUal glial facWoU-2 

Na Cl : SodiXm ChloUide 

PBMNC : PeUipheUal blood mononXcleaU cellV 

PBS : PhoVphaWe BXffeUed Saline 

PCR : Pol\meUaVe Chain UeacWion 

PCL : Pol\-H-capUolacWone 

PDGF : PlaWeleW deUiYed gUoZWh facWoU 

PE : Ph\coeU\WhUin 

PEUU : Pol\-eVWeU UUeWhane XUea 

PDI : Pol\ DiVpeUViW\ Inde[ 

PRP : PlaWeleW Rich PlaVma 

PVSc : PeUiYaVcXlaU cellV 

RAMSC : RabbiW AdipoVe deUiYed MeVench\mal SWem cellV 

RBC : Red blood CellV 

RPM : ReYolXWionV peU minXWe 

RNA : RibonXcleic acid 

RT-PCR : ReYeUVe TUanVcUipWaVe-Pol\meUaVe Chain ReacWion 

RT : Room TempeUaWXUe 
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SD : SWandaUd deYiaWion 

ShMSCV : Sheep MeVench\mal SWem CellV 

SMMHC 

SV 

: SmooWh MXVcle M\oVin HeaY\ chain 

: SaphenoXV Yein 

TCPS : TiVVXe CXlWXUe pol\VW\Uene 

TEVG : TiVVXe EngineeUed VaVcXlaU GUafW 

TGF : TUanVfoUming GUoZWh FacWoU 

THF : TeWUah\dUofXUan 

UV : UlWUa YioleW 

VEGF : VaVcXlaU EndoWhelial GUoZWh FacWoU 

YWF : Yon Wilde BUand FacWoU 
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ANNOTATIONS 
% 
0 C 

: PeUcenWage 

: DegUee CelViXV 

< : LeVV Than 

> : GUeaWeU Whan 

D : Alpha 

E : BeWa 

H : EpVilon 

Pg : MicUogUam 

Pl : MicUoliWUe 

Pm : MicUomeWUe 

PM : MicUomolaU 

a.X : AUbiWUaU\ UniW 

cm : cenWimeWUe 

g : gUam 

kDa : Kilo DalWon 

kg : KilogUam 

kV : KiloYolW 

mg : MilligUam 

M : MolaU 

ml : MilliliWUe 

Mn : NXmbeU aYeUage molecXlaU ZeighW 

MZ : WeighW aYeUage molecXlaU ZeighW 

MY : ViVcoViW\ aYeUage molecXlaU ZeighW 

mM : Millimole 

N : NoUmal 

nM : Nanomole 

nm : nanomeWUe 

(Z/Z) : WeighW/ZeighW 

(Z/Y) : WeighW/YolXme 

(Y/Y) : VolXme/Yol 
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S<NOPSIS 

CaUdioYaVcXlaU diVeaVeV conWUibXWe Wo moUe Whan fifW\ peUcenWage of deaWh and 

diVabiliW\ caXVed dXe Wo non-commXnicable diVeaVeV ZoUldZide. The deaWh caXVing 

caUdioYaVcXlaU diVeaVeV like coUonaU\ aUWeU\ diVeaVe and ceUebUoYaVcXlaU diVeaVe iV 

caXVed b\ aWheUoVcleUoWic naUUoZing of Whe lXmen of WheVe YeVVelV Zhich aUe Vmall 

diameWeU (< 6 mm inWeUnal diameWeU) in naWXUe. The inYaViYe WUeaWmenW opWionV of blood 

YeVVel aVVociaWed diVeaVeV inclXde YeVVel UeplacemenW oU b\paVV gUafWing. EYen WhoXgh 

Whe golden choice of UeplacemenW iV paWienW¶V aXWologoXV YeVVel like VaphenoXV Yein oU 

inWeUnal mammaU\ aUWeU\, WheUe iV a lack of aYailabiliW\ of WheVe YeVVelV dXe Wo donoU 

ViWe moUbidiW\ and Vecond Wime haUYeVW iV noW poVVible. MoUeoYeU, Whe Yein gUafW 

paWenc\ decUeaVeV dUaVWicall\ oYeU \eaUV. The V\nWheWic gUafWV mXch pUeYalenW in laUge 

YeVVel UeplacemenWV iV noW applicable in Vmall diameWeU VcenaUio dXe Wo WhUomboWic 

complicaWionV. TiVVXe engineeUed Vmall diameWeU YaVcXlaU gUafW WhXV offeUV a pUomiVing 

appUoach Wo addUeVV WhiV XnmeW clinical need. VaVcXlaU WiVVXe engineeUing folloZV Whe 

baVic WUiad pUinciple ± cellV, Vcaffold and biomechanical cXeV.  

Taking in Wo conVideUaWion Whe blood YeVVel aUchiWecWXUe - Cell and e[WUacellXlaU 

maWUi[ diVWUibXWion and iWV d\namic naWXUe, engineeUing a Vmall diameWeU gUafW iV highl\ 

challenging. IW iV YeU\ UeleYanW foU Whe VXcceVV of WiVVXe engineeUed gUafW Wo be 

aVVembled baVed on dimenVionV of paWienW¶V YeVVel and ZiWh cellV deUiYed fUom Vame 

paWienW. ThiV foUmV Whe baViV of peUVonali]ed blood YeVVel UegeneUaWion. TiVVXe 

engineeUed gUafW baVed on diUecW Vcaffolding meWhod and adipoVe deUiYed meVench\mal 

VWem cellV poVWXlaWeV Wo be VXpeUioU VWUaWeg\ WoZaUdV WhiV. BaVed on WhiV iW haV been 
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h\poWheVi]ed WhaW WiVVXe engineeUed Vmall diameWeU YaVcXlaU gUafW deYeloped fUom 

elecWUoVpXn Vcaffold and adipoVe deUiYed meVench\mal VWem cellV ZeUe e[pecWed Wo 

haYe VXpeUioU fXncWional efficienc\.   

The WheViV haV been diYided inWo Vi[ chapWeUV. The chapWeU I giYeV geneUal 

inWUodXcWion WhaW pUoYideV Whe aZaUeneVV of Whe VWXd\ Wopic - VaVcXlaU WiVVXe 

engineeUing and iWV UeleYance in clinical VcenaUio. The chapWeU on inWUodXcWion alVo 

coYeUV Whe deWailV of aUchiWecWXUal needV of blood YeVVel and XndeUl\ing caXVe of blood 

YeVVel paWholog\. The chapWeU II e[WenViYel\ VXUYe\V Whe cXUUenW liWeUaWXUe WhaW 

highlighWV appUoacheV WoZaUdV blood YeVVel fabUicaWion and iWV eYalXaWion, if an\. The 

chapWeU alVo pinpoinWV Whe cXUUenW limiWaWion WhaW haV Wo be addUeVVed foU concepWion of 

fXncWional gUafW ZiWh UegeneUaWion capabiliWieV. The chapWeU endV ZiWh deVcUipWion of 

majoU objecWiYeV pUopoVed foU pUoYing Whe h\poWheViV. GeneUall\, Whe e[peUimenWal 

deVign iV baVed on WZo VWUaWegieV commonl\ encompaVVing Whe idea of cell and 

Vcaffold-baVed WiVVXe engineeUed Vmall diameWeU YaVcXlaU condXiW. The fiUVW one 

adopWed iV oXWVide in VWUaWeg\ ZeUe an elecWUoVpXn Vcaffold iV fabUicaWed and aXWologoXV 

adipoVe deUiYed meVench\mal VWem cellV ZeUe diffeUenWiaWed Wo VmooWh mXVcle cellV. 

ThiV gUafW iV eYalXaWed foU iWV in YiYo endoWheliVaWion and paWenc\ in oUdeU Wo addUeVV 

Whe inflXence of cellXlaUiVaWion of gUafW. In Whe Vecond oU inVide oXW VWUaWeg\, endoWhelial 

cell fUiendl\ Vcaffold maWeUial iV choVen, and adipoVe deUiYed peUiYaVcXlaU VWem cellV 

aUe co-cXlWXUed ZiWh endoWhelial cellV foU eYalXaWing iWV angiogenic capabiliW\ in Yitro.  
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The majoU objecWiYeV inclXde:  

i. S\nWheViV of pol\meU and fabUicaWion of Whe Vame inWo WXbXlaU Vcaffold b\ 

elecWUoVpinning. Ph\Vicochemical and mechanical chaUacWeUi]aWion of 

fabUicaWed Vcaffold foU iWV VXiWabiliW\ Wo be XVed aV YaVcXlaU gUafW.  

ii. IVolaWion and chaUacWeUi]aWion of adipoVe deUiYed meVench\mal VWem cellV and 

endoWhelial cellV. EYalXaWion of biocompaWibiliW\ and blood compaWibiliW\ of 

Vcaffold.  

iii. DiffeUenWiaWion of adipoVe deUiYed meVench\mal VWem cellV Wo VmooWh mXVcle 

cellV on Vcaffold and chaUacWeUi]ing foU conWUacWile naWXUe. EVWabliVhing co- 

cXlWXUe of adipoVe deUiYed peUiYaVcXlaU cellV and endoWhelial cellV on Vcaffold 

and eYalXaWing Whe angiogenic poWenWial.  

iY. In YiYo implanWaWion of VmooWh mXVcle cellV diffeUenWiaWed Vcaffold in Lapine 

and OYine model ZiWh emphaViV on endoWheliVaWion, paWenc\ and UegeneUaWion.  

The WhiUd chapWeU elaboUaWeV Whe maWeUialV and meWhodV embUaced in oUdeU Wo 

achieYe Whe objecWiYeV. The Zhole chapWeU iV diYided inWo WhUee majoU VecWionV and each 

VecWion diYided inWo WZo paUWV. The SecWion I deVcUibeV Whe Vcaffold fabUicaWion. 

GeneUall\ elecWUoVpinning WechniqXe iV adopWed foU Vcaffold fabUicaWion. The paUW I of 

WhiV paUW deVcUibeV Whe V\nWheViV and fabUicaWion of gelaWin-Yin\l aceWaWe-Pol\-İ-

capUolacWone dXal VoXUce co elecWUoVpXn Vcaffold. ThiV inclXdeV V\nWheViV of gelaWin 

Yin\l aceWaWe, chaUacWeUi]aWion of pol\meU. SWandaUdi]aWion of co-elecWUoVpinning of 

pol\meUV Wo obWain gUafWV of diameWeU-3mm and 5mm UeVpecWiYel\. The WXbXlaU gUafWV 

ZeUe chaUacWeUi]ed foU iWV poUoXV naWXUe, VZelling, degUadaWion and mechanical 
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UobXVWneVV. The paUW II deVcUibeV Whe V\nWheViV and chaUacWeUi]aWion of acU\laWe-baVed 

pol\meU foU YeVVel cUeaWion. ThiV pol\meU iV fXUWheU fabUicaWed Wo WXbXlaU dimenVionV 

and chaUacWeUi]ed foU iWV ph\Vicochemical pUopeUWieV aV deVcUibed aboYe.  

The VecWion II of compUiVeV Whe in Yitro cell baVed VWXd\, Zhich iV again diYided 

inWo WZo paUW baVed on Whe choice of Vcaffold maWeUial. The paUW I inclXdeV Whe iVolaWion 

and in Yitro chaUacWeUi]aWion of adipoVe deUiYed meVench\mal VWem cellV fUom Lapine 

and OYine animal modelV. ThiV alVo inclXdeV Whe biocompaWibiliW\ VWXdieV of UeVpecWiYe 

cellV ZiWh WXbXlaU gelaWin-Yin\l aceWaWe - Pol\-İ-capUolacWone Vcaffold. The cellV aUe 

alVo diffeUenWiaWed Wo VmooWh mXVcle lineage on Vcaffold XVing TGF-ȕ1 mediaWed 

pUoWocol. The diffeUenWiaWed VmooWh mXVcle cellV on Vcaffold iV chaUacWeUi]ed foU iW 

conWUacWile naWXUe baVed on maUkeU e[pUeVVion WhUoXgh PCR and immXno-VWaining. The 

blood compaWibiliW\ of Whe Vcaffold iV alVo deVcUibed heUe. The paUW II compUiVeV of 

iVolaWion and chaUacWeUi]aWion of hXman adipoVe deUiYed peUiYaVcXlaU VWem cellV-

AdYenWiWial cellV and peUic\WeV along ZiWh endoWhelial cellV. A co-cXlWXUe V\VWem iV 

eVWabliVhed of WheVe UeVpecWiYe cellV ZiWh endoWhelial cellV afWeU iniWial biocompaWibiliW\ 

eYalXaWion. AngiogeneViV aVVa\ fUom co-cXlWXUed cell VecUeWome iV anal\Ved foU 

fXncWional efficienc\ of Whe cellXlaUiVed gUafW.  

The VecWion III deVcUibeV Whe in YiYo fXncWional eYalXaWion of Whe fabUicaWed 

gelaWin-Yin\l aceWaWe-Pol\-İ-capUolacWone YeVVel gUafW ZiWh adipoVe deUiYed VmooWh 

mXVcle cellV. The paUW I inclXdeV Whe implanWaWion pUoWocol adopWed foU implanWaWion of 

Whe gUafW (3 mm) in common caUoWid aUWeU\ inWeUpoViWion UeplacemenW in Lapine model. 

The angiogUaphic and hiVWopaWhological eYalXaWion ZeUe done afWeU e[planWing. The 

paUW II compUiVeV of Whe eYalXaWion Whe Vame gUafW in OYine caUoWid aUWeU\ UeplacemenW 
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model ZiWh XnVeeded Vcaffold conWUol foU 3 monWhV. The angiogUaphic, 

hiVWopaWhological and immXnohiVWochemical anal\ViV of e[planW iV caUUied oXW foU 

paWenc\ eYalXaWion, endoWheli]aWion and UegeneUaWion of gUafW.  

The chapWeU foXU deVcUibeV Whe majoU findingV obWained. The chapWeU iV again 

diYided inWo WhUee VecWionV and each VecWion inWo WZo paUWV in accoUdance ZiWh Whe 

meWhodologieV adopWed. The paWenW naWXUe of gelaWin-Yin\l aceWaWe-Pol\-İ-capUolacWone 

YeVVel gUafW ZiWh adipoVe deUiYed VmooWh mXVcle cellV in oYine model iV Whe highlighW 

of Whe UeVXlW VecWion.  

The chapWeU fiYe inclXdeV Whe diVcXVVion of Whe UeVXlWV and coUUelaWion of Whe 

Vame ZiWh pUopoVed h\poWheViV. The chapWeU alVo poinWV WoZaUdV Whe UeleYance of 

cXUUenW VWUaWeg\ foU geneUaWion of WiVVXe engineeUed YaVcXlaU gUafW. The UelaWed VWXdieV 

in Whe Vame compaUed and conWUaVWed. CXUUenW limiWaWionV of Whe pUeVenW VWXd\ aUe 

indicaWed heUe.  

In chapWeU Vi[, Whe UeVeaUch ZoUk iV VXmmaUi]ed, and majoU conclXVionV ZeUe 

dUaZn. The fXWXUe peUVpecWiYeV aUe alVo VWaWed. The WheViV endV ZiWh bibliogUaph\, liVW 

of pXblicaWionV and oWheU UeVeaUch oXWpXWV.  
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CHAPTER 1 

INTRODUCTION 
 

1.1 BACKGROUND 

CaUdLRYaVcXOaU dLVeaVeV (CVDV) aUe a gURXS Rf dLVeaVeV WKe affecW KeaUW aQd bORRd 

YeVVeOV. VaVcXOaU dLVeaVeV beLQg a VXbgURXS Rf CVD LQcOXdeV YaVcXOaU dLVeaVeV Rf bUaLQ 

aQd RWKeU dLVeaVeV Rf bORRd YeVVeOV (HeaUW DLVeaVe aQd SWURNe SWaWLVWLcV²2019 USdaWe: 

A ReSRUW fURP WKe APeULcaQ HeaUW AVVRcLaWLRQ.). NRUPaOO\. TKe KeaUW, a PXVcXOaU RUgaQ 

SXPSV bORRd WKaW caUULeV R[\geQ WR dLffeUeQW SaUWV Rf WKe bRd\. BORRd YeVVeOV WaNeV XS 

WKe SXPSed bORRd aQd ZLWK WKeLU RZQ SK\VLRORgLcaO PecKaQLVPV deOLYeU bORRd WR 

dLffeUeQW RUgaQV. TKe bORRd YeVVeOV aOVR SXPS bacN WKe bORRd WRZaUdV KeaUW fRU 

R[\geQaWLRQ fURP WKe RUgaQV. HeaUW PXVcOe acTXLUe LWV RZQ R[\geQaWed bORRd b\ WKe 

cRRUdLQaWed acWLYLW\ Rf cRURQaU\ aUWeULeV. SLPLOaU WR KeaUW RWKeU PaMRU RUgaQ Rf KXPaQ 

bRd\, WKe bUaLQ, UeceLYeV LWV RZQ bORRd VXSSO\ ZLWK WKe KeOS WZR PaMRU aUWeULeV UXQQLQg 

aORQg WKe VLdeV Rf WKe QecN- caURWLd aUWeU\. A OacN Rf bORRd VXSSO\ WR WKeVe WZR PaMRU 

RUgaQV eYeQ fRU feZ VecRQdV caQ Oead WR deaWK RU dLVabLOLW\. AV a cRQVeTXeQce Rf dLVeaVe 

aVVRcLaWed ZLWK WKeVe bORRd YeVVeOV, CVDV UePaLQV WR daWe aV WKe OeadLQg caXVe Rf deaWK 

LQ WKe ZRUOd (WHO - GORbaO aWOaV RQ caUdLRYaVcXOaU dLVeaVe SUeYeQWLRQ aQd cRQWURO, 

2011).  

 

BORRd YeVVeO aVVRcLaWed caQ SURYe WR faWaO WR OeVV VeYeUe. TKe deaWK caXVLQg 

dLVeaVeV LQcOXde LVcKePLc KeaUW dLVeaVe RU cRURQaU\ aUWeU\ dLVeaVe (e.g. P\RcaUdLaO 

LQfaUcWLRQ), ceUebURYaVcXOaU dLVeaVe (VWURNe), dLVeaVeV effecWLQg aRUWa RU RWKeU aUWeULeV 

(e.g. K\SeUWeQVLRQ, SeULSKeUaO YaVcXOaU dLVeaVeV). TKe RWKeU dLVeaVeV LQcOXde cRQgeQLWaO 

KeaUW dLVeaVe, UKeXPaWLc KeaUW dLVeaVeV, caUdLac P\RSaWKLeV aQd caUdLac aUUK\WKPLaV.  

APRQg PRVW Rf WKe faWaO CVDV, WKe XQdeUO\LQg dLVeaVe SURgUeVV LV dXe WR QaUURZLQg RU 

bORcNage Rf bORRd YeVVeOV dXe WR aWKeURVcOeURVLV (HeaUW DLVeaVe aQd SWURNe SWaWLVWLcV²

2019 USdaWe: A ReSRUW fURP WKe APeULcaQ HeaUW AVVRcLaWLRQ).  

APRQg WKe QRQ-cRPPXQLcabOe dLVeaVeV (NCDV), CVDV cOaLP PRUe deaWKV (48 

%) eYeU\ \eaU WKaQ aQ\ RWKeU dLVeaVeV OLNe caQceU, dLabeWeV PeOOLWXV RU RWKeU UeVSLUaWRU\ 

dLVRUdeUV, FLgXUe: 1.1.  
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                                    FigXUe 1.1: NRQ-cRmmXQicable diVeaVe VWaWiVWicV 

 

ReceQW VWaWLVWLcaO UeSRUW cRQfLUPV WKaW CVDV accRXQW fRU PRUe WKaQ 17.6 PLOOLRQ deaWKV 

SeU \eaU LQ 2016 aQd LW LV e[SecWed WR UeacK a QXPbeU Rf 23.6 PLOOLRQ deaWK b\ 2030. 

APRQg WKe CVDV cRURQaU\ KeaUW dLVeaVeV ZaV WKe PaMRU caXVe (43.2%), Rf deaWKV, 

fROORZed b\ VWURNe (16.9%), KLgK bORRd SUeVVXUe (9.8%), dLVeaVeV Rf aUWeULeV (3%) aQd 

RWKeU CVDV (17.7%) (HeaUW DLVeaVe aQd SWURNe SWaWLVWLcV ² 2019 USdaWe: A ReSRUW fURP 

WKe APeULcaQ HeaUW AVVRcLaWLRQ). MRUeRYeU, CVD caXVed fRU 14% Rf WRWaO KeaOWK 

e[SeQdLWXUe aQd PedLcaO cRVWV Rf CVD aUe e[SecWed WR LQcUeaVe WR $749 bLOOLRQ LQ 2035. 

TKe VceQaULR SUeYaOeQW LQ IQdLa cRQceUQed Rf CVDV aUe QR dLffeUeQW cRPSaUed WR WKe 

ZRUOd.  TKe gORbaO bXUdeQ Rf CVDV LV PaLQO\ SURQRXQced LQ ORZ- aQd PLddOe-LQcRPe 

cRXQWULeV OLNe IQdLa PaLQO\ dXe WR SRSXOaWLRQ e[SORVLRQ, SROOXWLRQ aQd age-UeOaWed facWRUV 

(PUabKaNaUaQ eW aO., 2018). IW ZaV eVWLPaWed WKaW, LQ 2016 62.5 PLOOLRQ deaWKV Kad 

KaSSeQed dXe WR CVDV LQ IQdLa. IVcKePLc KeaUW dLVeaVe aQd VWURNe accRXQW fRU 15% WR 

205 Rf aOO deaWKV (PUabKaNaUaQ 2018). TKeUe LV a VWaWe ZLVe dLffeUeQceV LQ CVD aVVRcLaWed 

PRUbLdLW\ aQd PRUWaOLW\ ZLWK KLgKeVW Rf KeaUW dLVeaVe SUeYaOeQW LQ PXQMab aQd KLgKeVW Rf 

VWRNe LQ WeVW BeQgaO. TaNLQg LQ accRXQW Rf aOO WKeVe, WKe UQLWed QaWLRQV decOaUaWLRQ Rf 

NRQ cRPPXQLcabOe dLVeaVeV, WKe WRUOd KeaOWK RUgaQL]aWLRQ VeW WKe gORbaO gRaO WR UedXce 

ULVN Rf CVDV b\ 2025 aQd UedXce WKe SUePaWXUe PRUWaOLW\ bXUdeQ fURP NCDV b\ RQe 

WKLUd b\ 2030 (PUabKaNaUaQ eW aO., 2018). 
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1.2 UNDERLYING PATHOLOGY OF BLOOD VESSEL DISEASES ± 

ATHEROSCLEROSIS 

 

TKe dLVeaVe SURceVV WKaW UeVXOW LQ daPage Rf bORRd YeVVeO LV NQRZQ aV 

aWKeURVcOeURVLV. AWKeURVcOeURVLV LV a cRPSOe[ SaWKRORgLcaO dLVeaVe SURgUeVVLRQ SURceVV Rf 

bORRd YeVVeOV ZKLcK WaNeV \eaUV WR deYeORS. IQ WKLV, faWW\ PaWeULaO RU cKROeVWeURO aUe 

deSRVLWed LQVLde OXPeQ Rf PedLXP-aQd OaUge-VL]e aUWeULeV. TKeVe deSRVLWV RU SOaTXeV 

caXVeV WKe LQQeU VXUface Rf bORRd YeVVeO WR becRPe LUUegXOaU aQd QaUURZ, KLQdeULQg WKe 

VPRRWK bORRd fORZ WKURXgK LW. TKLV OeadV WR OacN Rf bORRd UeacKLQg WKe deVLUed RUgaQ. 

MRUeRYeU, WKeVe SOaTXeV caQ UXSWXUe WR fRUP bORRd cORW (WKURPbXV). If WKURPbXV RccXUV 

LQ cRURQaU\ aUWeU\ LW OeadV WR KeaUW aWWacN RU Lf LW LV LQ caURWLd RU bUaLQ aVVRcLaWed aUWeU\, LW 

OeadV WR VWURNe. FRU XQdeUVWaQdLQg WKe SURceVV Rf aWKeURVcOeURVLV, Ze Qeed WR deeSO\ 

XQdeUVWaQd WKe aQaWRP\, SK\VLRORg\ aQd eYeQ WKe PLcURVWUXcWXUe Rf bORRd YeVVeO 

(SaNaNXUa eW aO., 2013). 

 

1.3 THE BLOOD VESSEL 

BORRd YeVVeOV aUe RUgaQL]ed VWUXcWXUeV, ZKLcK aUe abOe WR aXWRQRPRXVO\ UegXOaWe 

bORRd fORZ, ZKLcK KeOSV WR SURYLde R[\geQ VXSSRUW, QXWULeQWV aQd effLcLeQW ZaVWe UePRYaO 

fURP WLVVXeV. IQ KXPaQ beLQgV, bORRd YeVVeO fRUPV a cORVed cLUcXOaWRU\ V\VWeP (EbOe aQd 

NLOaQd, 2009). AUWeU\ caUULeV bORRd aZa\ fURP KeaUW. IW bUaQcKeV fXUWKeU WR VPaOO YeVVeOV 

aUWeULROe aQd WKeQ eYeQWXaOO\ LQWR caSLOOaULeV. NXWULeQW aQd ZaVWe e[cKaQge KaSSeQ aW 

caSLOOaULeV ZKLcK WKeQ cRPbLQeV ZLWK YeQXOeV, WKeQ WR YeLQ aQd fLQaOO\ MRLQV WKe KeaUW. 

TKeUe aOVR WZR W\SeV Rf cLUcXOaWLRQ - V\VWePLc aQd SXOPRQaU\. IQ WKe V\VWePLc cLUcXLW, 

aUWeULeV caUU\ bORRd ULcK LQ R[\geQ ZKLcK LV deOLYeUed WR WLVVXe aQd deR[\geQaWed bORRd 

fURP WLVVXeV UeacKeV KeaUW WKURXgK YeLQ. IQ SXOPRQaU\ cLUcXLW, aUWeULeV caULeV bORRd 

ZLWKRXW R[\geQ e[cOXVLYeO\ WR OXQgV fRU R[\geQaWLRQ, ZKLcK LV WKeQ WUaQVSRUWed bacN WR 

KeaUW b\ YeLQV. BaVLc XOWUa-VWUXcWXUe Rf aUWeULeV aQd YeLQV UePaLQV VaPe, bXW ZaOOV Rf 

aUWeULeV aUe PXcK WKLcNeU LQ RUdeU WR ZLWKVWaQd WKe KLgKeU SUeVVXUe e[SeULeQced dXULQg 

bORRd fORZ. TKe PaMRU deaWK caXVLQg bORRd YeVVeO dLVeaVeV aUe aVVRcLaWed ZLWK cRQdLWLRQV 

WKaW affecW aUWeULeV. AUWeULeV e[KLbLW a WUL-Oa\eUed aUcKLWecWXUe, caOOed WXQLcV, QaPeO\ fURP 

WKe LQQeU PRVW Oa\eU WR RXWeU, WKeVe aUe WKe WXQLca LQWLPa, WKe WXQLca PedLa, aQd WKe WXQLca 

e[WeUQa. TKe WXQLca LQWLPa cRQVLVWV Rf eSLWKeOLaO ceOO OLQe ZLWK LWV cRQQecWLYe WLVVXe. IQWLPa 

cRQWaLQV VSecLaOL]ed VLPSOe VTXaPRXV eSLWKeOLaO ceOO, WKe eQdRWKeOLXP. TKe eQWLUe 
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YaVcXOaU WUee LV OLQed b\ eQdRWKeOLXP aQd LW¶V WKe VLWe ZeUe bORRd cRQWacW ZLWK LWV YeVVeO. 

DaPage WR eQdRWKeOLXP, e[SRVeV WKe bORRd WR LWV baVePeQW PePbUaQe Rf cROOageQ aQd 

fRUPV baVLV LQLWLaWLRQ Rf caVcade Rf effecWV WKaW OeadV WR YeVVeO daPage. TKe baVaO OaPLQa 

Rf eQdRWKeOLXP cRQQecWV WKe ceOOV WR LWV XQdeUO\LQg aUeROaU cRQQecWLYe WLVVXe. TKe 

cRQQecWLYe WLVVXe cRQWaLQV cROOageQRXV aQd eOaVWLc fLbeUV. IQ PedLXP aQd OaUge VL]ed 

aUWeULeV KaYe LQWeUQaO eOaVWLc OaPLQa WKaW deOLQeaWeV LQWLPa ZLWK WKe Qe[W Oa\eU Rf bORRd 

YeVVeO, WKe WXQLca PedLa. TKe OaPLQa aOORZV WKe YeVVeO WR VWUeWcK aQd SeUPeabOe ZLWK 

RSeQLQg WKaW aOORZV e[cKaQge Rf VPaOO PROecXOeV beWZeeQ WXQLcV. TKe WXQLca PedLa LV 

WKe PLddOe Oa\eU Rf bORRd YeVVeO aQd LWV WKLcNeU I aUWeULeV WKaQ YeLQV (TeQQaQW aQd 

McGeacKLe, 1990). IW cRQVLVWV Rf cRQceQWULc Oa\eUV Rf VPRRWK PXVcOe ceOOV ePbed 

cRQQecWLYe WLVVXe Pade Rf cROOageQRXV aQd eOaVWLc fLbeUV. TKe YeVVeO d\QaPLcV LV PaLQO\ 

SURYLded b\ WKLV Oa\eU ZeUe cRQWUacWLRQ RU UeOa[aWLRQ Rf VPRRWK PXVcOe ceOOV PaLQWaLQV 

WKe OXPeQ dLaPeWeU aQd WKeUe b\ caXVeV WePSRUaO SUeVVXUe YaULaWLRQ WKaW aOORZ VPRRWK 

bORRd fORZ. TKe YaVRcRQVWULcWLRQ RU YaVRdLOaWLRQ LV XQdeU dLUecW cRQWURO Rf NeUYL 

YaVRUXP, WKe VPaOO QeUYeV Rf bORRd YeVVeOV aQd aOVR ORcaO KRUPRQaO RU cKePLcaO cRQWURO. 

TKe PedLaO Oa\eU aOVR UegXOaWeV WKe RYeUaOO KeaOWK Rf bORRd YeVVeO b\ e[cKaQgLQg VPaOO 

PROecXOeV ZLWK eQdRWKeOLXP aQd b\ SURYLdLQg a VXLWabOe QLcKe fRU eQdRWKeOLXP WR 

VXUYLYe. BaVed RQ PedLaO WKLcNQeVV, aUWeULeV caQ be dLYLded eLWKeU LQWR eOaVWLc RU PXVcXOaU 

aUWeU\ (FLgXUe 1.2). TKe eOaVWLc aUWeULeV RU cRQdXcWLQg aUWeULeV aUe WKRVe QeaU WR KeaUW. IW 

caQ be dLffeUeQWLaWed fURP PXVcXOaU aUWeU\ aV LQ VKRZV UeOaWLYeO\ KLgKeU aPRXQW Rf 

cROOageQ aQd eOaVWLQ bXQdOeV LQ WKe WXQLca PedLa (AObeUWV eW aO., 2002).TKeVe aUWeULeV 

UeVSRQd cULWLcaOO\ WR SUeVVXUe cKaQgeV aQd e[KLbLW WLQdNeVVeO effecW, ZKLcK KeOSV WKe 

aUWeU\ WR PaLQWaLQ a cRQVWaQW SUeVVXUe deVSLWe WKe QaWXUe Rf SXOVaWLQg bORRd fORZ WKURXgK 

SaVVLYe cRQWUacWLRQ afWeU e[SaQVLRQ Rf WKe aUWeU\. UVXaOO\ OaUge dLaPeWeU aUWeULeV OLNe 

aRUWa, SXOPRQaU\ aUWeU\ (LQWeUQaO dLaPeWeU <10PP) aUe cRQVLdeUed eOaVWLc, VPaOO dLaPeWeU 

aUWeULeV OLNe cRPPRQ caURWLd aUWeU\, cRURQaU\ aUWeU\ aOVR faOOV XQdeU eOaVWLc QaWXUe 

(LQWeUQaO dLaPeWeU <6PP). TKe PXVcXOaU aUWeU\ RU dLVWULbXWLQg aUWeU\, RQ WKe RWKeU KaQd 

aUe PedLXP VL]e aUWeULeV WKaW RULgLQaWed fURP eOaVWLc aUWeULeV aQd e[aPSOeV aUe WKe VSOeQLc, 

UadLaO, fePRUaO aUWeULeV. TKe PXVcXOaU aUWeU\ KaV VPRRWK PXVcOe Oa\eU aOORZLQg fRU 

LQYROXQWaU\ cRQWURO Rf YeVVeO caOLbeU. IW LV LPSRUWaQW WR QRWe WKaW aQ\ daPage WR WKeVe 

eOaVWLc aUWeULeV dXe WR aWKeURVcOeURVLV caXVe SRWeQWLaO YeVVeO LPbaOaQceV WKaW LPSaLUV WKe 

fXQcWLRQ Rf YaVcXOaU V\VWeP. 
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FigXUe 1.2: MajRU W\SeV Rf aUWeU\ - ElaVWic aQd MXVcXlaU aQd Whe WUi-la\eUed 
VWUXcWXUe. 
 

TKe RXWeUPRVW Oa\eU Rf aUWeU\, WKe TXQLc e[WeUQa (TXQLca adYeQWLWLa) LV VKeaWK Rf 

cRQQecWLYe WLVVXe cRQVLVWLQg Rf cROOageQRXV fLbeUV ZKLcK bOeQdV dLUecWO\ ZLWK WKe 

VXUURXQdLQg cRQQecWLYe WLVVXe. TKe Oa\eU KaV dLVWULbXWLRQ Rf adYeQWLWLaO ceOOV ZKLcK KaV 

VWeP ceOO OLNe SURSeUWLeV. TKe adYeQWLWLaO Oa\eU SOaceV WKe bORRd YeVVeO LQWacW LQ SRVLWLRQ 

aQd WKXV KeOSV QR dLVUXSWLRQ LQ LQWeUQaO bORRd fORZ. BORRd YeVVeOV aUe QRXULVKed ZLWK LWV 

RZQ VXSSO\ Rf bORRd YeVVeO, YaVR YaVRUXP, ZKLcK aUe VPaOO caSLOOaULeV ZKLcK KaYe 

eQdRWKeOLaO ceOO WXbeV LQ cORVe cRQWacW ZLWK SeULc\WeV (20.1 SWUXcWXUe aQd FXQcWLRQ Rf 

BORRd VeVVeOV _ AQaWRP\ & PK\VLRORg\). 

 

1.4 THE PROCESS OF ATHEROSCLEROSIS 

 

AWKeURVcOeURVLV SURgUeVVLRQ RU aWKeURgeQeVLV LV a cRPbLQed LQWeUacWLRQ beWZeeQ 

YaULRXV ULVN facWRUV, WKe ceOOV Rf aUWeU\ ZaOO, bORRd aQd LWV cRPSRQeQWV LQ UeVSRQVe WR 

PROecXOaU LQWeUacWLRQ beWZeeQ WKeVe. WKeQ aUWeULaO eQdRWKeOLXP eQcRXQWeUV a SRWeQWLaO 

ULVN facWRU fURP a dLYeUVe UaQge aV d\VOLSLdePLa, K\SeUWeQVLRQ LQdXced YaVRcRQVWULcWRU 

KRUPRQeV, gO\cR[LdaWLRQ aVVRcLaWLQg K\SeUgO\cePLa, SUR-LQfOaPPaWRU\ c\WRNLQeV RU aQ\ 

RWKeU e[WeUQaO facWRUV OLNe bacWeULaO SURdXcWV, SROOXWaQWV, WKeVeV VSecLaOL]ed ceOOV e[SUeVV 

adKeVLRQ PROecXOeV WKaW aWWUacWV bORRd OeXcRc\WeV WR aWWacK WR LQQeU UegLRQ Rf aUWeULaO ZaOO. 

TKe OeXcRc\WeV-PRQRQXcOeaU SKagRc\WeV aQd T O\PSKRc\WeV-cRPPXQLcaWe ZLWK 

eQdRWKeOLaO aQd VPRRWK PXVcOe ceOOV, aQd aV a UeVSRQVe WR WKLV, WKe VPRRWK PXVcOe ceOOV 

PLgUaWe fURP PedLa LQWR LQWLPa (ScRWW, 2004). TKeVe ceOOV SUROLfeUaWe aQd SURdXce ULcK 

e[WUaceOOXOaU PaWUL[. AV WKe OeVLRQ SURgUeVV, caOcLfLcaWLRQ RccXUV aW WKe VLWe. IQ addLWLRQ WR 

WKLV, WKe deaWK Rf OLSLd-cRQWaLQLQg PacURSKageV OeadV WR e[WUaceOOXOaU PaWUL[ deSRVLWLRQ 
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Rf WLVVXe facWRU (TF) LQ WKe LQWLPa aQd fRUP WKe OLSLd ULcK ³QecURWLc´ cRUe Rf 

aWKeURVcOeURWLc SOaTXe. DLVUXSWed SOaTXe OeadV WR WKURPbRVLV LQ VeYeUaO Za\V, eLWKeU WKe 

e[WUaceOOXOaU PaWUL[ Rf WKe SOaTXe caQ LQLWLaWe SOaWeOeW acWLYaWLRQ ZKeQ cRQWacW ZLWK 

cROOage. TKe WLVVXe facWRU SURdXced b\ PacURSKageV aQd SMCV acWLYaWeV cRagXOaWLRQ 

caVcade. TKe acWLYaWed SOaWeOeWV eQWUaSSed fLbULQ PaNeV WKe cOaVVLc ZKLWe aUWeULaO 

WKURPbXV ZKLcK OeadV WR decUeaVe RU bORcN LQ OXPeQ dLaPeWeU aQd WKeUe b\ dLVUXSWLQg WKe 

bORRd fORZ, FLgXUe: 1.3. (LLbb\ PeWeU aQd TKeURX[ PLeUUe, 2005) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FigXUe 1.3: PURgUeVViRQ Rf aWheURVcleURViV (AdaSWed fURm (HigaVhi, 2015), iQ VeW 
hiVWRlRg\ Rf aUWeU\ befRUe afWeU aWheURVcleURWic QaUURZiQg). 
 
 

1.5 MEDICAL MANAGEMENT OF BLOOD VESSEL DISEASE 

 
AV CVDV UePaLQV aV WKe SULPe caXVe Rf deaWK ZRUOdZLde, WKe PedLcaO 

PaQagePeQW Rf WKe dLVeaVeV aUe XQdeUgRLQg LPPeQVe UeVeaUcK fRU SaVW PaQ\ decadeV. 

TUeaWPeQW PRdaOLWLeV Rf bORRd YeVVeO aVVRcLaWed dLVeaVeV VSaQ fURP LPSURYLQg WKe 

dLeWaU\ aQd OLfeVW\Oe Rf WKe SaWLeQWV, adPLQLVWeULQg SKaUPaceXWLcaO aQd/RU eYeQ VXUgLcaO 

LQWeUYeQWLRQV. A cRPPLWPeQW WR fROORZ KeaOWK\ OLfeVW\Oe SUeYeQWV CVDV WR aVVRcLaWe 

ZLWK beKaYLRUaO ULVNV. DeSeQdLQg XSRQ WKe dLVeaVe VeYeULW\ aQd cXUUeQW VWage, a 

SUacWLWLRQeU cRXOd adYLce a SaWLeQW WR eaW KeaOWK\ fRRdV, e[eUcLVe UegXOaUO\, UedXce 
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ZeLgKW, UedXce VWUeVV aQd TXLW VPRNLQg. HRZeYeU, dXULQg adYaQced VWageV Lf dLVeaVe RU 

LQ WKe caVe Rf geQeWLc SUedLVSRVLWLRQ facWRUV, dUXgV caQ be adYLVed. TKe SaQeO Rf dUXgV 

LQcOXde cKROeVWeURO-PRdLf\LQg PedLcaWLRQV, beWa bORcNeUV, caOcLXP cKaQQeO bORcNeUV, 

aQgLRWeQVLQ-cRQYeUWLQg eQ]\Pe LQKLbLWRUV aQd aQgLRWeQVLQ II UeceSWRU bORcNeUV, aQWL-

SOaWeOeW ageQWV, aQWL-WKURPbRWLc ageQWV eWc., aOO WKeVe LQcOXde WKe QRQ-LQYaVLYe RSWLRQV 

fRU WUeaWPeQW Rf CVDV (BeUgKeaQX eW aO., 2017). 

 

HRZeYeU, ZKeQ UeTXLUed, YaVcXOaU VXUgeU\ Pa\ be RSWed aQd LW LQcOXdeV 

SURcedXUeV ZKLcK aUe PLQLPaOO\ LQYaVLYe OLNe aQgLRSOaVW\, VWeQW LQVeUWLRQ, aWKeUecWRP\ 

eWc., WR ZLdeQ a VWeQRVed bORRd YeVVeO RU WR UePRYe WKe SOaTXe deSRVLWed, FLgXUe: 1.4 A. 

AOWeUQaWLYe WR WKeVe eQdRYaVcXOaU SeUcXWaQeRXV LQWeUYeQWLRQV, ZKeQ a YeVVeO LV 

cRPSOeWeO\ RbVWUXcWed RU WKe bORRd fORZ LV e[WUePeO\ QaUURZ, a YaVcXOaU UeSOacePeQW 

VXUgeU\ KaV WR be SeUfRUPed. IQ WKe YaVcXOaU UeSOacePeQW VXUgeU\ RU b\SaVV VXUgeU\, a 

SRUWLRQ Rf bORcNed bORRd YeVVeO aUea LV eLWKeU b\SaVVed RU cRPSOeWeO\ UeSOaced ZLWK 

YaVcXOaU gUafWV. VaVcXOaU gUafW-baVed VXUgeULeV fRU WUeaWLQg CVDV LV YeU\ SURPLVLQg aV 

WKLV LV WKe RSWLPaO cKRLce fRU SaWLeQWV WKaW UeTXLUe ORQg-WeUP UeYaVcXOaUL]aWLRQ VROXWLRQV. 

TKe OLfe e[SecWaQc\ Rf CVD SaWLeQW cRXOd be eQKaQced b\ gUafWLQg. IQ b\SaVV gUafWLQg, 

eVSecLaOO\ LQ cRURQaU\ aUWeU\ b\SaVV gUafWLQg, a VXUgeRQ UeSOaceV RU b\SaVV a bORcNed 

YeVVeO ZLWK a cRQdXLW VeOecWed fURP SaWLeQWV¶ RZQ bRd\, FLgXUe: 1.4 B.  

 

 
FigXUe 1.4: TUeaWmeQW mRdaliWieV Rf CVDV. (A) CRURQaU\ VWeQWiQg. (B) CRURQaU\ 
b\SaVV gUafWiQg (AdaSWed fURm Ma\R cliQic UeVeaUch RUgaQi]aWiRQ). 
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TR WKe daWe, WKe PXcK-faYRUed UeSOacePeQW gUafW faYRUed LV SaWLeQWV¶ aXWRORgRXV 

aUWeULeV RU YeLQV. TKeVe aXWRORgRXV bORRd YeVVeOV becRPe WKe gROdeQ VWaQdaUd LQ WeUPV 

Rf YaVcXOaU gUafW SURcedXUeV, KRZeYeU WKeUe aUe VRPe OLPLWaWLRQV fRU WKeVe bLRORgLcaOO\ 

RULgLQaWLQg YaVcXOaU cRQdXLWV. TKe XVe Rf aUWeULeV OLNe LQWeUQaO WKRUacLc aUWeU\ (LefW 

LQWeUQaO PaPPaU\ aUWeU\, LIMA) RU UadLaO aUWeU\ LV aVVRcLaWed WR WKeLU e[WUePeO\ 

VXSeULRU SaWeQc\ RZLQg WR aUWeULaO VLPLOaULW\, LW LV VaSKeQRXV YeLQ (SV) WKaW LV cRQVWaQWO\ 

XVed fRU b\SaVV gUafWLQg. TKLV LV becaXVe aUWeULeV aUe YeU\ OLPLWed LQ aYaLOabLOLW\ aQd 

PRVWO\ KaUYeVWLQg aQ aUWeU\ caXVe PXcK VeULRXV dRQRU VLWe cRPSOLcaWLRQV WKaQ 

KaUYeVWLQg a YeLQ. VeLQ gUafWV, deVSLWe beLQg a SRSXOaU cKRLce fRU b\SaVV gUafWLQg, WKe 

SaWeQc\ Rf WKLV QRW VR aSSUecLabOe (PUaSaV eW aO., 2014). TKeUe LV deWULPeQWaO decUeaVe LQ 

WKe SaWeQc\ Rf YeLQ aXWRORgRXV gUafWV XVed bRWK fRU CABG aQd fePRURSRSOLWeaO b\SaVV 

gUafWLQg VKRZLQg a faLOXUe SeUceQWage Rf aOPRVW 50% RYeU 10 \eaUV. TKeUe LV RWKeU 

cRPSOLcaWLRQ, aV VLPLOaU WR aUWeULaO gUafWV KaYe OLPLWed aYaLOabLOLW\ ZKeQ LQWeQded WR 

KaUYeVW VecRQd WLPe aQd aOVR e[WUacWLRQ caXVeV dRQRU VLWe PRUbLdLW\ LQ geQeUaO (RX� eW 

aO., 2009). 

 

S\QWKeWLc bORRd YeVVeO UeSOacePeQW LV PXcK SURQRXQced LQ WKe caVe Rf OaUge 

dLaPeWeU YeVVeO UeSOacePeQW OLNe WKaW Rf aRUWa, ZeUe LQWeUQaO dLaPeWeU LV aOPRVW 10PP 

RU PRUe. GUafWV Pade Rf DacURQ, ePTFE SeUfRUPV e[WUePeO\ VaWLVfacWRULO\ eYeQ LQ ORQg 

WeUP aSSOLcaWLRQ LQ WKeVe OaUgeU YeVVeOV (>8 PP LQWeUQaO dLaPeWeU). TKe SaWeQc\ LV 

aURXQd 90 % ZLWK e[WUePeO\ ORZ faLOXUe UaWe LQ aRUWRLOLac VXbVWLWXWeV. HRZeYeU, LQ WKe 

VceQaULR Rf VPaOO (< 6 PP LQWeUQaO dLaPeWeU) RU eYeQ PedLXP (6 ± 8 PP LQWeUQaO 

dLaPeWeU), WKeVe V\QWKeWLc gUafWV faLOed WR PeeW WKe VWaQdaUdV. VaVcXOaU gUafW faLOXUeV LQ 

VPaOO dLaPeWeU YeVVeO UeSOacePeQW aUe cRPPRQO\ aVVRcLaWed ZLWK WKURPbRVLV UeOaWed 

cRPSOLcaWLRQV, LQWLPaO K\SeUSOaVLa, gUafW aWKeURVcOeURVLV RU LQfecWLRQV. TKURPbRVLV 

RccXUV aV a UeVXOW Rf OacN Rf ZeOO-defLQed eQdRWKeOLaO ceOO OLQLQg WR WKe gUafW, ZKLcK OeadV 

WR adKeUeQce Rf bORRd SURWeLQV aQd WKeUeb\ acWLYaWLQg WKe cORWWLQg caVcade (PaVKQeK-

TaOa eW aO., 2016). TKe LQWLPaO K\SeUSOaVLa, KRZeYeU, LV LQLWLaWed b\ VPRRWK PXVcOe 

PLgUaWLRQ aQd WKeLU e[WeQVLYe LQWLPaO SUROLfeUaWLRQ. TKLV cRXOd RccXU aURXQd WKe 

aQaVWRPRVLV beWZeeQ gUafW aQd QaWLYe YeVVeO Lf WKeUe LV YeVVeO dLaPeWeU PLVPaWcK, OacN 

Rf eQdRWKeOL]aWLRQ, VXWXUe OLQe VWUeVV, KePRd\QaPLc facWRUV RU aQ\ RWKeU gUafW UeOaWed 

WUaXPa. GUafW aWKeURVcOeURVLV RccXUV Pa\ be \eaUV afWeU LPSOaQWaWLRQ aQd LW LV QRW 

LPPedLaWe caXVe Rf faLOXUe. TKeUe aUe PaQ\ OLPLWaWLRQV faced aW WKLV SRLQW LQ YeVVeO 
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gUafWLQg aQd aQ RSWLPaO cKRLce LV VWLOO aQ XQPeW Qeed. TKLV KaV Oed WR VeaUcK Rf QeZ 

UeVeaUcKeV LQ WKLV fLeOd aQd ZLWK WKe ePeUgeQce Rf WLVVXe eQgLQeeULQg cRQceSW LW LV 

e[SecWed WR VROYe WKe VcaUcLW\ (HaQVeQ eW aO., 1995). 

 

1.6 TISSUE ENGINEERING 

 
TKe OLPLWaWLRQV Rf cXUUeQW bORRd YeVVeO UeSOacePeQW cRQdXLWV, WKe aSSOLcaWLRQ Rf 

cRQceSWV Rf WLVVXe eQgLQeeULQg WR WKe fLeOd Rf YaVcXOaU bLRORg\ SURYLdeV a SRWeQWLaO 

VROXWLRQ LQ WKe fXWXUe WR VaYe WKe OLfe Rf SaWLeQWV b\ YaVcXOaU VXUgeU\. TLVVXe eQgLQeeULQg 

aV cRQceSWXaOL]ed WRda\ LV ³aQ LQWeUdLVcLSOLQaU\ VcLeQWLfLc fLeOd WKaW aSSOLeV WKe 

SULQcLSOeV Rf eQgLQeeULQg aQd OLfe VcLeQceV WRZaUdV WKe deYeORSPeQW Rf bLRORgLcaO 

VXbVWLWXWeV WKaW UeVWRUe, PaLQWaLQ WR LPSURYe WLVVXe fXQcWLRQ RU aV a ZKROe RUgaQ (LaQgeU 

aQd VacaQWL, 1993). IW XWLOL]eV WKe LQWeUSOa\ beWZeeQ WKe VcaffROdV, ceOOV aQd RWKeU 

bLRPecKaQLcaO cXeV aQd fRUPV WKe baVLc WLVVXe eQgLQeeULQg WULad (O¶BULeQ, 2011). TKe 

Ldea Rf WLVVXe eQgLQeeULQg KaV SURgUeVVed VR faU ZLWKLQ UeceQW \eaUV WKaW, WKe eQgLQeeULQg 

Rf WLVVXe KaV beeQ adRSWLQg VWUaWegLeV Rf SeUVRQaOL]aWLRQ. TKLV fRUPV WKe baVLV Rf 

SeUVRQaOL]ed WLVVXe eQgLQeeULQg, ZKeUe dLPeQVLRQ aQd PaNe Rf VcaffROd PaWcKeV WKe 

SaWLeQWV¶ RUgaQ dLPeQVLRQV aQd ceOOXOaUL]aWLRQ deSeQdV VROeO\ RQ ceOOV RULgLQaWed fURP 

SaWLeQW, FLgXUe: 1.5. IQ WeUPV Rf bORRd YeVVeO eQgLQeeULQg, WKe Ldea Rf SeUVRQaOL]ed WLVVXe 

eQgLQeeULQg LV KLgKO\ UeOeYaQW. 
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FigXUe 1.5: The cRQceSW Rf WiVVXe eQgiQeeUiQg 

 

 

1.7 VASCULAR TISSUE ENGINEERING 

 
A WLVVXe eQgLQeeUed YaVcXOaU gUafW (TEVG) ZLWK WKe abLOLW\ WR UegeQeUaWe aQd 

UeSaLU LQ YLYR KaV cOeaU adYaQWage fRU YaVcXOaU VXUgeU\ aQd ZRXOd be KLgKO\ beQefLcLaO LQ 

WKe VceQaULR Rf VPaOO dLaPeWeU bORRd YeVVeO eQgLQeeULQg. VaVcXOaU WLVVXe eQgLQeeULQg 

cRXOd be geQeUaOO\ defLQed aV µGeQeUaWLRQ Rf WXbXOaU cRQdXLWV WKaW LQcRUSRUaWe WKe 

fXQcWLRQaOLW\ Rf WUL-Oa\eUed aUWeU\, ZLWKVWaQd SK\VLRORgLcaO VWUeVVeV aQd SURPRWe 

LQWegUaWLRQ LQ KRVW WLVVXe ZLWKRXW PRXQWLQg LPPXQRORgLc UeMecWLRQ¶. A TEVG VKRXOd 

VaWLVf\ a QXPbeU Rf deVLgQ VWaQdaUdV fRU beLQg SOaced aV aQ LQWegUaO SaUW Rf YaVcXOaU 

QeWZRUN (SRQg eW aO., 2018a). TKe SULPaU\ LPSRUWaQce Rf WKe gUafW LV WR VXSSRUW VPRRWK 

fORZ Rf bORRd aV WKLV LV a dLUecW bORRd cRQWacWLQg deYLce. TKe gUafW VKRXOd QRW be VeOf-

WKURPbRWLc, c\WRWR[Lc RU LOOLcLW QegaWLYe LPPXQRORgLcaO UeVSRQVe, VXcK aV cKURQLc 

LQfOaPPaWLRQ, cRPSOePeQW caVcade acWLYaWLRQ RU adaSWLYe LPPXQe V\VWeP WULggeULQg 

(DKXOeNaU aQd SLPLRQeVcX, 2018). MRUeRYeU, LW VKRXOd SRVVeVV adeTXaWe SURSeUWLeV WR 

ZLWKVWaQd WKe SK\VLRORgLcaO VWUeVVeV e[SeULeQced dXULQg bORRd fORZ. IW PXVW be abOe WR 

NeeS LQ cRQWURO WKe SUeVVXUe YaULaWLRQ ZLWKRXW beLQg aQeXU\VPaO LQ QaWXUe. IW VKRXOd aOVR 

SRVVeVV VXLWabOe cRPSOLaQce ZLWK QaWLYe YeVVeO aQd QR VWUeVVeV aW aQaVWRPRVLV WKaW LQdXce 

XQdeVLUabOe fORZ SaWWeUQV. ASaUW fURP WKLV fURP a PedLcaO deYLce SRLQW Rf YLeZ, a gUafW 
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VKRXOd be VXLWabOe fRU LPSOaQWaWLRQ ZLWK eaVe ZLWKRXW NLQNLQg aQd VKRXOd KaYe abLOLW\ WR 

be KaQdOed aQd VXWXUed. IW VKRXOd be abOe WR PaVV SURdXced LQ deVLUabOe dLPeQVLRQV 

(OeQgWK, dLaPeWeU eWc.,), VWRUed aQd TXaOLW\ cRQWUROOed. MRUeRYeU, LW VKRXOd be ecRQRPLcaO 

aQd eaVLO\ aYaLOabOe (CKaQg aQd NLNOaVRQ, 2017a). 

 

1.8 DEFINITON OF THE PROBLEM 

 
TLVVXe eQgLQeeUed VPaOO dLaPeWeU YaVcXOaU gUafW KaV YaULRXV adYaQWageV aV a 

UeSOacePeQW RSWLRQ LQ YaVcXOaU UecRQVWUXcWLYe VXUgeU\. HRZeYeU, WKe cRQceSW Rf VPaOO 

dLaPeWeU bORRd YeVVeO eQgLQeeULQg LV VWLOO LQ LWV LQfaQc\ aV a P\ULad Rf facWRUV VKRXOd 

LQWeUSOa\ fRU LWV VXcceVVfXO aSSOLcaWLRQ. MRUeRYeU, LW KaV WR be VSecLfLcaOO\ SeUVRQaOLVed 

WRZaUdV WKe YeVVeO UeTXLUePeQW Rf eacK SaWLeQW. IQ RUdeU WR acKLeYe WKLV, WKe SURbOeP 

defLQed LQ WKe SUeVeQW VWXd\, LV WR eQgLQeeU a VPaOO dLaPeWeU YaVcXOaU gUafW baVed RQ 

aXWRORgRXV ceOO VRXUce RQ VXLWabOe SRO\PeULc VcaffROd aQd WR eYaOXaWe LWV fXQcWLRQaO 

effLcac\ LQ aQLPaO PRdeO. 

 

AXWRORgRXV ceOOV, VXcK aV adLSRVe WLVVXe deULYed PeVeQcK\PaO VWeP ceOOV RU 

YaVcXOaU ceOOV dLffeUeQWLaWed fURP WKeVe ceOOV KaYe YaULRXV VcLeQWLfLc aQd eWKLcaO 

adYaQWageV. TKe SURSeUWLeV Rf SRO\PeULc VcaffROdV cRXOd be fLQe-WXQed LQ RUdeU WR acKLeYe 

WKe SURSeUWLeV deVLUabOe fRU YaVcXOaU gUafW. IQ WKLV cXUUeQW bacNgURXQd, WKe VWXd\ 

K\SRWKeVLV ZaV deYeORSed LQ RUdeU WR addUeVV WKe SURbOePV RU UeTXLUePeQWV aV VWaWed 

abRYe fRU VXcceVVfXO geQeUaWLRQ Rf WLVVXe eQgLQeeUed VPaOO dLaPeWeU YaVcXOaU gUafW. 

 

1.9 HYPOTHESIS 

 
TLVVXe eQgLQeeUed VPaOO dLaPeWeU aUWeULaO gUafW fabULcaWed b\ aXWRORgRXV adLSRVe 

WLVVXe deULYed PeVeQcK\PaO VWeP ceOOV RQ eOecWURVSXQ WXbXOaU VcaffROd LV e[SecWed WR 

KaYe VXSeULRU fXQcWLRQaO effLcLeQc\. IQ RUdeU WR WeVW WKe K\SRWKeVLV, WZR VWUaWegLeV Rf ceOO-

VcaffROd baVed WLVVXe eQgLQeeULQg KaV beeQ VWXdLed. TKe RXWVLde-LQ VWUaWeg\ Rf aQaO\VLQg 

WKe effecW Rf adLSRVe VWeP ceOO deULYed SeULYaVcXOaU VPRRWK PXVcOe ceOO Veeded WXbXOaU 

VcaffROd fRU LWV fXQcWLRQaO effLcLeQc\ in YiYo VSecLfLcaOO\ RQ SaWeQc\, eQdRWKeOLVaWLRQ aQd 

UegeQeUaWLRQ caSacLW\. TKe RWKeU VWUaWeg\, LV LQVLde-RXW VWUaWeg\ ZKeUe aQ eQdRWKeOLaO ceOO 

fULeQdO\ VcaffROd ZaV VeOecWed aQd cR-cXOWXUeV ZLWK adLSRVe WLVVXe deULYed SeULYaVcXOaU 



12 
 

VWeP ceOOV OLNe adYeQWLWLaO ceOOV aQd SeULc\WeV UeVSecWLYeO\ ZLWK eQdRWKeOLaO ceOOV ZeUe 

eVWabOLVKed. TKe fXQcWLRQaO effLcLeQc\ Rf WKLV cRQceSW LV defLQed LQ WeUPV Rf LWV aQgLRgeQLc 

SRWeQWLaO in Yitro. 

 

1.10 OBJECTIVES  

 

TR e[SeULPeQWaOO\ SURYe, WKe abRYe VWaWed K\SRWKeVLV, WKe VWXd\ SURgUeVVeV baVed 

RQ fRXU ZeOO defLQed RbMecWLYeV. TKe RbMecWLYeV ZeUe fXUWKeU VXbdLYLded aQd aUe aV 

fROORZV: 

1.  ScaffROd fabULcaWLRQ 

x  TR V\QWKeVLV aQd cKaUacWeULVe SRO\PeUV VXLWabOe fRU VcaffROd fabULcaWLRQ. 

x TR fabULcaWe WXbXOaU YaVcXOaU gUafWV Rf VPaOO dLaPeWeU ZLWK WKe V\QWKeVLVed 

SRO\PeUV aQd/RU LWV cRPbLQaWLRQV ZLWK RWKeU SRO\PeUV b\ eOecWURVSLQQLQg. 

x TR cKaUacWeULVe WKe SURSeUWLeV Rf fabULcaWed YaVcXOaU gUafWV- SK\VLcR-cKePLcaO, 

PecKaQLcaO, bLRcRPSaWLbLOLW\ aQd KePRcRPSaWLbLOLW\. 

2. CeOO VRXUce 

x TR LVROaWe aXWRORgRXV adLSRVe WLVVXe deULYed PeVeQcK\PaO VWeP ceOOV, 

SeULYaVcXOaU VWeP ceOOV-adYeQWLWLaO ceOOV, SeULc\WeV aQd WR LVROaWe eQdRWKeOLaO ceOOV. 

x TR cKaUacWeULVe adLSRVe deULYed ceOOV, SeULYaVcXOaU VWeP ceOOV-adYeQWLWLaO ceOOV, 

SeULc\WeV aQd eQdRWKeOLaO ceOOV fRU WKeLU SRWeQWLaO WR be XVed fRU VWeP ceOO baVed 

WLVVXe eQgLQeeUed YaVcXOaU gUafW. 

3. VaVcXOaU WLVVXe eQgLQeeULQg VWUaWeg\ 

x TR eVWabOLVK WKe RXWVLde-LQ VWUaWeg\, adLSRVe deULYed PeVeQcK\PaO VWeP ceOOV aUe 

dLffeUeQWLaWed WR YaVcXOaU VPRRWK PXVcOe ceOO OLQeage RQ eOecWURVSXQ SRO\PeULc 

VcaffROd, FLgXUe: 1.6. 

x TR cKaUacWeULVe WKe dLffeUeQWLaWed ceOOV RQ VcaffROd fRU LWV cRQWUacWLOe QaWXUe baVed 

RQ geQe e[SUeVVLRQ, e[WUaceOOXOaU PaWUL[ deSRVLWLRQ. 
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FigXUe 1.6: GUaShical UeSUeVeQWaWiRQ Rf OXWVide-iQ VWUaWeg\  

 

x TR eVWabOLVK WKe LQVLde-RXW VWUaWeg\, adLSRVe deULYed SeULYaVcXOaU VWeP ceOO- 

adYeQWLWLaO ceOO aQd SeULc\WeV aUe cR-cXOWXUed UeVSecWLYeO\ ZLWK eQdRWKeOLaO ceOOV 

RQ eOecWURVSXQ SRO\PeULc VcaffROd, FLgXUe: 1.7. 

x TR cKaUacWeULVe WKe ceOOV, VWaQdaUdLVe cR-cXOWXUe aQd WR aQaO\Ve WKe in Yitro 

aQgLRgeQLc SRWeQWLaO Rf eacK cR-cXOWXUe V\VWeP RQ VcaffROd. 

 

 
FigXUe 1.7: GUaShical UeSUeVeQWaWiRQ Rf IQVide-RXW VWUaWeg\ 
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4. In YiYo eYaOXaWLRQ Rf WKe gUafW. 

x TR eYaOXaWe WKe fXQcWLRQaO effLcLeQc\ Rf YaVcXOaU gUafW fabULcaWed baVed RQ 

RXWVLde-LQ VWUaWeg\, ZKLcK LV VPRRWK PXVcOe ceOOV ceOOXOaULVed eOecWURVSXQ WXbXOaU 

VcaffROd gUafW, WKe gUafWV ZeUe LPSOaQWed LQ LaSLQe aQd RYLQe aQLPaO PRdeOV aV 

cRPPRQ caURWLd aUWeU\ LQWeUSRVLWLRQ gUafW. 

x TR eYaOXaWe WKe SaWeQc\ Rf gUafW b\ aQgLRgUaSK\. 

x TR eYaOXaWe WKe UegeQeUaWLRQ SRWeQWLaO Rf WKe gUafW LQ WeUPV Rf eQdRWKeOLVaWLRQ, 

e[WUaceOOXOaU PaWUL[ deSRVLWLRQ, QeR-YaVcXOaULVaWLRQ. 

TKe e[SeULPeQWaO deVLgQ ZaV Pade baVed RQ RbMecWLYeV aQd cKaSWeUV LQ WKe WKeVLV 

aUe aV fROORZV. TKe CKaSWeU 1: IQWURdXcWLRQ, ZKeUe WKe cRQceSWV aUe LQWURdXced aQd 

K\SRWKeVLV ZaV fUaPed. TKe CKaSWeU 2: LLWeUaWXUe UeYLeZ, ZKLcK VcUeeQV WKe PaMRU 

fLQdLQgV LQ WKe fLeOd Rf VPaOO dLaPeWeU YaVcXOaU WLVVXe eQgLQeeULQg fURP SaVW VWXdLeV 

SXbOLVKed, ZLWK ePSKaVLV RQ RbMecWLYeV XQdeU VWXd\. TKe CKaSWeU 3: MaWeULaO aQd 

PeWKRdV, WKRURXgKO\ SUeVeQWV WKe PaMRU PeWKRdRORg\ XVed WR acKLeYe WKe RbMecWLYeV. TKLV 

cKaSWeU LV dLYLded LQWR WKUee VecWLRQV aQd eacK VecWLRQ LQWR WZR SaUWV. TKe SaUW I Rf VecWLRQ 

I aQd VecWLRQ II deVcULbeV WKe PeWKRdRORg\ adRSWed WR acKLeYe WKe RXWVLde-LQ VWUaWeg\ Rf 

YaVcXOaU gUafW fabULcaWLRQ. IQ WKLV a QaWXUaO-V\QWKeWLc SRO\PeULc K\bULd VcaffROd LV 

fabULcaWed b\ dXaO VRXUce cR-eOecWURVSLQQLQg aQd dLffeUeQWLaWLRQ Rf adLSRVe deULYed 

VPRRWK PXVcOe ceOOV RQ WKe VcaffROd LV eVWabOLVKed.  

TKe SaUW II Rf VecWLRQ I aQd VecWLRQ II deVcULbed WKe PeWKRdRORg\ adRSWed WR 

acKLeYe WKe LQVLde-RXW VWUaWeg\, WKe cR-cXOWXUe baVed deYeORSPeQW Rf YaVcXOaU gUafW, 

ZKeUe a V\QWKeWLc eQdRWKeOLaO fULeQdO\ SRO\PeU LV V\QWKeVLVed aQd fabULcaWed WR fRUP 

WXbXOaU VcaffROd. CR-cXOWXUe Rf SeULYaVcXOaU VWeP ceOOV ZLWK eQdRWKeOLaO ceOOV ZeUe 

VWXdLed.  

TKe VecWLRQ III deVcULbeV WKe in YiYo eYaOXaWLRQ Rf gUafW fabULcaWed baVed RQ 

VPRRWK PXVcOe ceOOV aQd cR-eOecWURVSLQQLQg aQd KaV WZR SaUWV, PaUW I deVcULbeV in YiYo 

eYaOXaWLRQ LQ LaSLQe PRdeO, SaUW II  deVcULbeV in YiYo eYaOXaWLRQ LQ OYLQe PRdeO. 

TKe CKaSWeU 4: ReVXOWV, WKe PaMRU UeVXOWV RbWaLQed aUe fXUQLVKed aQd SaWWeUQ Rf 

cRQYe\aQce LV VLPLOaU WR WKaW aV deVcULbed LQ CKaSWeU 3.  

TKe CKaSWeU 5: DLVcXVVLRQ. TKRURXgKO\ aQaO\Ve aQd cULWLcaOO\ eYaOXaWe WKe PaMRU 

UeVXOWV RbWaLQed.  
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CKaSWeU 6: SXPPaU\ aQd cRQcOXVLRQ. TKe cKaSWeU VXPPaULVeV aOO PaMRU 

acKLeYePeQWV aQd cRQcOXde WKe PaMRU PLOeVWRQeV aQd OLPLWaWLRQV Rf WKe SUeVeQW VWXd\. 

 

1.11 SIGNIFICANCE OF THE STUDY 

 
TKe VWXd\ VLgQLfLeV WKe UeOeYaQce Rf WLVVXe eQgLQeeUed VPaOO dLaPeWeU YaVcXOaU 

gUafWV, LWV fabULcaWLRQ VWUaWegLeV aQd fXQcWLRQaO effLcLeQc\. TKe gUafW deYeORSed baVed RQ 

ceOO-VcaffROd WLVVXe eQgLQeeULQg cRQceSW LV e[SecWed WR SeUfRUP beWWeU LQ WeUPV Rf LWV 

SaWeQc\, aQgLRgeQLc SRWeQWLaO aQd UegeQeUaWLRQ caSacLW\. TKe gUafW fabULcaWed b\ 

eOecWURVSLQQLQg Rf SRO\PeUV aQd adLSRVe deULYed ceOOV KaV VKRZQ WR VXSSRUW SRVLWLYeO\ 

WKe YaVcXOaU ceOOV aQd KeOSV LQ LQ YLYR UegeQeUaWLRQ. TKe aSSURacK aQd fLQdLQgV KaYe WKe 

SRWeQWLaO WR be e[WUaSROaWed LQ WKe fXWXUe WR VROYe WKe XQPeW cOLQLcaO Qeed Rf VPaOO 

dLaPeWeU YaVcXOaU gUafW. OXU ORQg WeUP gRaO LV WR acKLeYe WLVVXe eQgLQeeUed VPaOO dLaPeWeU 

YaVcXOaU gUafW WKaW KaV LWV abLOLW\ WR gURZ, UePRdeO aQd UeSaLU in YiYo 
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CHAPTER 2 

REVIEW OF LITERATURE 
 

2.1 STRATEGIES FOR VASCULAR TISSUE ENGINEERING 

 
CaUdLRYaVcXOaU dLVeaVe cRPSOLcaWLRQV aVVRcLaWed ZLWK bORRd YeVVeO daPage dXe 

WR aWKeURVcOeURWLc SURgUeVVLRQ aQd WKURPbRWLc cRPSOLcaWLRQV UePaLQV aV WKe OeadLQg caXVe 

deaWK aQd dLVabLOLW\ ZRUOdZLde (WaQg eW aO., 2016). TR daWe, WKeUe LV aQ LQVLVWeQW dePaQd 

fRU VXLWabOe bORRd YeVVeO UeSOacePeQW gUafW eVSecLaOO\ LQ WKe cRQWe[W Rf VPaOO dLaPeWeU 

bORRd YeVVeO UeSOacePeQW. SeYeUaO VWUaWegLeV ZeUe aSSOLed b\ WKe UeVeaUcKeUV aOO RYeU WKe 

ZRUOd LQ RUdeU WR PeeW WKe ULVLQg Qeed Rf YaVcXOaU gUafW, bXW aQ LdeaO WLVVXe eQgLQeeUed 

gUafW VWLOO UePaLQV aV a ³KRO\ gUaLO´ LQ WKe fLeOd Rf caUdLRYaVcXOaU WLVVXe eQgLQeeULQg. MRVW 

Rf WKe cXUUeQW OLWeUaWXUe aQaO\VLV VKRZV WKaW WKeUe aUe VeYeUaO VKRUW cRPLQgV aVVRcLaWed 

ZLWK deVLgQLQg aQd fabULcaWLRQ Rf a VXLWabOe aUWeULaO UeSOacePeQW. TKe KLVWRU\ Rf 

eQgLQeeULQg VPaOO dLaPeWeU aUWeULaO bORRd YeVVeOV daWe bacNV WR 1986 ZKeQ fLUVW WLVVXe 

eQgLQeeUed YaVcXOaU gUafW (TEVG) ZaV cRQVWUXcWed b\ cROOageQ cRaWLQg Rf WKLQ DacURQ 

PeVK aQd VeedLQg bRYLQe eQdRWKeOLaO aQd VPRRWK PXVcOe ceOOV. EYeQ WKRXgK WKe Ldea ZaV 

a bUeaNWKURXgK, WKe VXcceVV Rf WKLV gUafW ZaV OLPLWed dXe LWV e[WUePeO\ SRRU PecKaQLcaO 

SURSeUWLeV (WeLQbeUg aQd BeOO, 1986). IQ RUdeU WR eQgLQeeU a YaVcXOaU cRQdXLW, a WXbXOaU 

VWUXcWXUe KaV WR be LQLWLaOO\ cUeaWed aQd YaVcXOaU ceOOV KaV WR be aUUaQged RQ WKe WXbe VR 

WKaW WKe\ PLPLc aQd SeUfRUP VLPLOaU WR WKaW Rf QaWLYe bORRd YeVVeO, aOVR WKe fLQaO YaVcXOaU 

WXbeV VKRXOd SRVVeVV aOO WKe deVLUabOe SURSeUWLeV UaQgLQg fURP aQWL-WKURPbRWLc QaWXUe WR 

PecKaQLcaO VWUeQgWK VXcceVVfXO WLVVXe eQgLQeeUed VPaOO dLaPeWeU YaVcXOaU gUafW. 

 

TKe geQeUaWLRQ Rf WXbXOaU VWUXcWXUe LQYROYe PaLQO\ WKUee PeWKRdV ZKLcK Pa\ RU 

Pa\ QRW LQYROYe WKe XVe Rf bLRPaWeULaO. TKeVe aUe ceOO-VKeeW UROOLQg RU PROdLQg WKe 

PaWeULaO LQ WXbXOaU PROdV (WLVVXe eQgLQeeULQg b\ VeOf-aVVePbO\), [eQRgeQeLc YeVVeO 

VRXUce OLNe WKaW Rf deceOOXOaUL]ed YeVVeOV fURP aQLPaOV RU dLUecW VcaffROd WecKQLTXe. TKe 

WXbXOaU VWUXcWXUeV cUeaWed cRXOd eLWKeU be XVed aV ceOOXOaULVed RU aceOOXOaUL]ed gUafW ZLWK 

RU ZLWKRXW YaVcXOaU ceOO VeedLQg, FLgXUe: 2.1 (SRQg eW aO., 2018b). 
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FigXUe 2.1: FabUicaWiRQ VWUaWegieV Rf WiVVXe eQgiQeeUed Vmall diameWeU YaVcXlaU gUafW 
(AdaSWed fURm HH SRQg eW al., 2018) 
 

TKe WLVVXe eQgLQeeULQg b\ VeOf-aVVePbO\ PeWKRd dReV QRW UeO\ RQ VcaffROd RU aQ\ 

RWKeU VXSSRUW fRU cUeaWLQg WXbXOaU VWUXcWXUeV. TKe fRUePRVW cOLQLcaO WULaO Rf TEVG LQ WKe 

caVe Rf VPaOO dLaPeWeU YeVVeO UeSOacePeQW ZaV VKeeW-baVed WLVVXe eQgLQeeULQg LQ ZKLcK 

aXWRORgRXV fLbURbOaVWV aQd eQdRWKeOLaO ceOO VKeeWV ZeUe Oa\eUed RQ WXbXOaU PaQdUeO ZLWK 

ePSKaVLV RQ SURdXcWLRQ Rf OaUge aPRXQW Rf e[WUaceOOXOaU PaWUL[ b\ WKeVe ceOOV (PecN eW 

aO., 2012). IQ WKLV cOLQLcaO VWXd\ aV KePRdLaO\VLV acceVV, KRZeYeU RQO\ 4/10 gUafWV ZeUe 

SaWeQW RYeU 20 PRQWKV. IQ aQRWKeU VWXd\, TEVG ZaV cUeaWed b\ ZUaSSLQg VKeeWV Rf 

cXOWXUed VPRRWK PXVcOe ceOOV aURXQd WXbXOaU PaQdUeO ZKLcK ZaV WKeQ fROORZed b\ 

fLbURbOaVW Oa\eU. TKLV ZaV cXOWXUed LQ a bLRUeacWRU cRQdLWLRQV aQd eQdRWKeOLaO ceOOV ZeUe 

Veeded LQ WKe OXPeQ. HRZeYeU, WKe dLVadYaQWage Rf WKLV VWXd\ ZaV LW WRRN aOPRVW PRUe 

WKaQ a PRQWK WR deYeORS WKe deVLUed VWUXcWXUe Rf WKe gUafW (L¶HeXUeX[ eW aO., 1998; 

L¶HeXUeX[ aQd McAOOLVWeU, 2008). ReceQWO\ a VWXd\ ZaV UeSRUWed LQ ZKLcK aQ aQQXOaU 

PROd ZaV XVed WR geQeUaWe a gUafW Pade Rf ceOOV. TKe gUafW ZaV LPSOaQWed LQ OaPb PRdeO 

(S\edaLQ eW aO., 2016). DeVSLWe PaQ\ VWXdLeV, WKeUe aUe PaQ\ OLPLWaWLRQV fRU WKLV PeWKRd. 
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TKe SULPaU\ dUaZbacN Rf WKLV PeWKRd LV WKe e[WeQded WLPe UeTXLUed WR cXOWXUe ceOOV aQd 

OacN Rf aWWaLQLQg deVLUed PecKaQLcaO LQWegULW\ eYeQ afWeU WKaW. 

 

TKe SURceVV Rf deceOOXOaUL]aWLRQ LQYROYeV WKe cRPSOeWe UePRYaO Rf LPPXQRgeQLc 

ceOOXOaU aQd RWKeU SURWeLQaceRXV PaWeULaOV fURP QaWLYe YeVVeO ZKLOe SUeVeUYLQg WKe 

e[WUaceOOXOaU PaWUL[. CKePLcaO ageQWV OLNe deWeUgeQWV, acLdV/baVeV RU eQ]\PeV aQd 

SK\VLcaO PeWKRdV OLNe abUaVLRQV RU SUeVVXUe aUe XVed fRU deceOOXOaUL]LQg WLVVXeV.  MRVWO\ 

bORRd YeVVeO, XUeWeU RU VPaOO LQWeVWLQe VXbPXcRVa Rf aQLPaO RU KXPaQ cadaYeU RULgLQ aUe 

XVed fRU geQeUaWLRQ Rf WLVVXe eQgLQeeUed gUafW. TKe adYaQWage Rf WKLV PeWKRd LV WKe QaWXUaO 

e[WUaceOOXOaU PaWUL[ Rf WKe WLVVXe LV NeSW LQWacW ZKLcK Pa\ fXUWKeU KeOS LQ aWWaLQLQg 

PecKaQLcaO SURSeUWLeV RU aLd LQ eaV\ UeceOOXOaUL]aWLRQ. TKeUe aUe PaQ\ cRPPeUcLaOO\ 

aYaLOabOe deceOOXOaUL]ed gUafWV- S\QeUgUafW 100 (BLbeYVNL eW aO., 2017), PURCRO (ScKPLdOL 

eW aO., 2004), AUWegUafW (LLQdVe\ eW aO., 2018). TKeVe [eQRgeQeLc RULgLQ gUafW KaYe ORW Rf 

OLPLWaWLRQV LQcOXdLQg faWaO LPPXQRORgLcaO UeacWLRQV eYeQ WKRXgK deceOOXOaUL]aWLRQ 

UedXceV WKe aQWLgeQLcLW\ Rf gUafW, cRPSOeWe e[cOXVLRQ Rf fRUeLgQ ageQWV LV dLffLcXOW WR 

accRPSOLVK. GUafW geRPeWU\, OacN Rf PecKaQLcaO UeOLabLOLW\, eWKLcaO cRQceUQV aQd cRVW aOVR 

OLPLWV WKe XVage Rf deceOOXOaUL]ed gUafWV (SKLUaNLgaZa aQd IMLPa, 2017). 

 

2.2 SCAFFOLDS IN VASCULAR REGENERATION 

 
WKeQ cRQVLdeULQg WKe dLVadYaQWageV Rf abRYe PeWKRdV WR geQeUaWe YaVcXOaU gUafW, 

WKe dLUecW VcaffROdLQg PeWKRd XVLQg bLRPaWeULaO-baVed VcaffROd KaV YaULRXV adYaQWageV. 

VaVcXOaU ceOOV ZKeQ cXOWXUed in Yitro aUe QRW abOe WR VeOf-RUgaQLVe WKePVeOYeV LQWR WXbXOaU 

VWUXcWXUeV. TKeUefRUe, VXSSRUW Rf VcaffROd KeOSV WKeP WR aUUaQge WKePVeOYeV YeU\ VLPLOaU 

WR QaWLYe bORRd YeVVeO. TLVVXe eQgLQeeUed VPaOO dLaPeWeU YaVcXOaU gUafWV cRXOd be Pade 

fURP a UaQge Rf bLRPaWeULaOV eLWKeU QaWXUaO, V\QWKeWLc RU eYeQ K\bULd aQd fabULcaWLRQ 

WecKQRORg\ YaU\ fURP caVWLQg WR eOecWURVSLQQLQg RU bLR-SULQWLQg. TKe SURSeUWLeV Rf 

VcaffROd cRXOd KeQce be fLQe-WXQed VR WKaW LW e[acWO\ PaWcKeV ZLWK cKaUacWeULVWLcV Rf 

e[WUaceOOXOaU PaWUL[ Rf WKe bORRd YeVVeO (TKRWWaSSLOOLO aQd NaLU, 2015). 
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2.2.1 EXTRACELLULAR MATRIX OF THE BLOOD VESSEL 

 

TKe VRSKLVWLcaWed e[WUaceOOXOaU PaWUL[ Rf WKe bORRd YeVVeO aWWULbXWeV LQ a OaUge Za\ 

WR WKe fXQcWLRQaO effLcac\ Rf WKe YeVVeO. TKe ECM cRXOd acW aV VcaffROd WKaW PaLQWaLQV WKe 

aUcKLWecWXUe Rf bORRd YeVVeO ZKLcK LQ WXUQ deWeUPLQeV WKe fXQcWLRQ. TKe PecKaQLcaO 

SURSeUWLeV aVVRcLaWed ZLWK WKe bORRd fORZ LV PaLQO\ cRQWUROOed b\ WKe e[WUaceOOXOaU PaWUL[ 

SURWeLQV Rf WKe bORRd YeVVeO. TKeUe LV YeU\ LQWULcaWe QeWZRUN Rf cROOageQV aQd eOaVWLQ fLbUeV 

ZLWK WKeLU aVVRcLaWed SURWeLQ WKaW UegXOaWe WKe cRQWUacWLRQ-UeOa[aWLRQ c\cOeV Rf bORRd fORZ 

aQd SUeVVXUe YaULaWLRQV. TKe ECM acWV aV a VWRUage UeVeUYRLU Rf PaQ\ VPaOO PROecXOeV 

OLNe gURZWK facWRUV, PLcUR-YeVLcOeV WKaW UePaUNabO\ cRQWULbXWe WR WKe SUROLfeUaWLRQ aQd 

PaWXUaWLRQ Rf YaVcXOaU ceOOV. BORRd YeVVeO UegeQeUaWLRQ dXULQg LQMXU\, KeaOLQg aQd gUafW 

UePRdeOOLQg LV aOVR KLgKO\ cRQWUROOed b\ WKe e[WUaceOOXOaU PaWUL[ (EbOe aQd NLOaQd, 

2009b). HeQce deVLgQLQg a VcaffROd WKaW PLPLc WKe QaWLYe YeVVeO ECM LV KLgKO\ 

cKaOOeQgLQg. IW VKRXOd WKXV SRVVeVV VeYeUaO SK\VLcRcKePLcaO SURSeUWLeV WKaW PaNeV LW LdeaO 

fRU bORRd YeVVeO eQgLQeeULQg, PRUeRYeU LW VKRXOd aOVR facLOLWaWe gUafW UePRdeOOLQg. 

TKe PaMRU SURWeLQ Rf bORRd YeVVeO e[WUaceOOXOaU PaWUL[ LV cROOageQ aQd eOaVWLQ 

fLbULOV aORQg ZLWK RWKeU SURWeRgO\caQV, FLgXUe: 2.2. 

 

 

 
 

FigXUe 2.2: BlRRd YeVVel e[WUacellXlaU maWUi[ cRmSRQeQWV (AdaSWed fURm Eble aQd 
NilaQd, E[WUacellXlaU maWUi[ Rf BlRRd YeVVel, 2009). 
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BORRd YeVVeO cRQVLVWV Rf WKUee Oa\eUV aQd ECM SURWeLQ dLVWULbXWLRQ LQ eacK Oa\eU 

LV KLgKO\ dLYeUVe. TKe WXQLca LQWLPa PedLa LV WKe eQdRWKeOLaO Oa\eU WKaW UeVLdeV RQ 

baVePeQW PePbUaQeV. TKe PaLQ cRPSRQeQW Rf WKe baVePeQW PePbUaQe LV cROOageQ W\Se 

IV ZKLcK fRUPV a SecXOLaU WZR-dLPeQVLRQaO QeWZRUN LQWeUcRQQecWed b\ WKeLU 7S aQd NC 

dRPaLQV. TKLV cURVVOLQNed VWUXcWXUe cRQWULbXWeV PaMRUO\ WR WKe PecKaQLcaO VWabLOLW\ Rf WKe 

PePbUaQe. OWKeU W\SeV Rf cROOageQ aUe W\Se XV aQd XVIII ZKLcK PedLaWe WKe baVePeQW 

PePbUaQe VWabLOLVaWLRQ WR XQdeUO\LQg PedLaO cRQQecWLYe WLVVXe (K�KQ, 1995; MaUQeURV 

aQd OOVeQ, 2005; P|VcKO eW aO., 2004). OWKeU SURWeLQV OaPLQLQV aUe Qeeded fRU RUgaQLVaWLRQ 

Rf baVePeQW PePbUaQe (SP\WK eW aO., 1999) aQd QLdRgeQV cRQQecWV OaPLQLQV aQd cROOageQ 

IV (HR eW aO., 2008). YeW aQRWKeU LQWegUaO cRPSRQeQW Rf baVePeQW PePbUaQe aUe SeUOcaQV 

(ZKRX eW aO., 2004) aQd VecUeWed SURWeLQ acLdLc aQd ULcK LQ c\VWeLQe (SPARC RU 

RVWeRQecWLQ) (PKaQ eW aO., 2007). BRWK WKeVe PROecXOeV VeeP WR aVVRcLaWe ZLWK gURZWK 

facWRUV OLNe FLbURbOaVW gURZWK facWRU, VEGF, SOaWeOeW deULYed gURZWK facWRUV aQd 

PRdXOaWe aQgLRgeQeVLV. TKe YRQ WLOOebUaQd facWRU (YWF) LV aOVR SUeVeQW ZKLcK bLQdV WR 

SOaWeOeWV aQd bORRd cORWWLQg facWRU VIII (EO]RUNaQ\ eW aO., 2018). DXULQg eQdRWKeOLaO 

d\VfXQcWLRQ, e[SRVXUe Rf bORRd WR cROOageQ aQd YWF WULggeUV SOaWeOeW acWLYaWLRQ. 

EQdRWKeOLaO ceOOV aUe aQcKRUed WR baVePeQW PePbUaQe WKURXgK LQWegULQ aQd V\QdecaQ 

cRQQecWLRQV (EcKWeUPe\eU eW aO., 2001; WaOOe] aQd HXbeU, 2008).  

 

TKe WXQLca PedLa Rf WKe bORRd YeVVeO KaV KLgKO\ YaULabOe ECM ZLWK dLffeUeQce LQ 

eOaVWLc aQd PXVcXOaU aUWeULeV. EOaVWLQ fRUPV a PaMRU cRPSRQeQW Rf PedLa aQd aUe aUUaQged 

LQ cRQceQWULc Oa\eU ZLWKLQ ZKLcK YaVcXOaU VPRRWK PXVcOe ceOOV UeVLde. TKe eOaVWLQ LV 

VecUeWed b\ VPRRWK PXVcOe ceOOV aV WURSReOaVWLQ aQd VeYeUaO eOaVWLQ PRLeWLeV aUe cURVV-

OLQNed WR fRUP a QeWZRUN b\ O\V\O R[LdaVeV. TKe PaMRU VWUXcWXUaO UROe Rf bORRd YeVVeO 

eOaVWLQ LV WR PaLQWaLQ LWV dLPeQVLRQV dXULQg bORRd fORZ. TKe UeVLOLeQce Rf bORRd YeVVeOV 

dXULQg SXOVaWLOe fORZ LV dXe WR WKe abLOLW\ Rf eOaVWLQ fLbUeV WR VWUeWcK WR a OeQgWK 220% Rf 

LWV RULgLQaO OeQgWK aQd UecRLO WR WKe RULgLQaO VWaWe ZLWKRXW aQ\ defRUPaWLRQ (MLWKLeX[ aQd 

WeLVV, 2005). IW LV aOVR UeSRUWed WKaW eOaVWLQ UegXOaWeV VPRRWK PXVcOe ceOO SUROLfeUaWLRQ 

(BURRNe eW aO., 2003), addLWLRQaOO\ WKe fLbULOOLQ aQd fLbXOLQ SURWeLQ OLQNeUV WKaW cRQQecWV 

eOaVWLQ OaPeOOae aOVR SaUWLcLSaWe LQ TGF-E VLgQaOOLQg (RLfNLQ, 2005). DXe WR WKe LPPeQVe 

UROe SOa\ed b\ eOaVWLQ LQ bORRd YeVVeO VWUXcWXUe PaLQWeQaQce aQd ceOO UegXOaWLRQ, LW LV aQ 

LQeYLWabOe cRPSRQeQW Rf cUeaWLQg a WLVVXe eQgLQeeUed gUafW. EOaVWLQ deSRVLWLRQ RU 
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eOaVWRgeQeVLV LV PaUNeU Rf PaWXUed gUafW aQd LWV UegeQeUaWLRQ abLOLW\ (PaWeO eW aO., 2006). 

TKe cROOageQ aOVR fRUPV a PaMRU SaUW Rf WXQLca PedLa eVSecLaOO\ W\Se I aQd III. CROOageQ 

fLbULOV aUe LQWeUVSeUVed ZLWKLQ eOaVWLQ QeWZRUN aQd dReV QRW UecRLO; KRZeYeU, cROOageQ 

OLPLWV WKe e[WeQW WR ZKLcK eOaVWLQ cRXOd defRUP. TKeUe aUe LQWeUQaO aQd e[WeUQaO eOaVWLc 

OaPeOOae WKaW deOLQeaWeV PedLa fURP adYeQWLWLa aQd LQWLPa. OWKeU W\SeV Rf cROOageQ VeeQ 

aUe cROOageQ VI aQd VIII (M\OO\KaUMX aQd KLYLULNNR, 2004). TKe WXQLca adYeQWLWLa 

e[WUaceOOXOaU PaWUL[ cRQVLVWV Rf fLbULOOaU cROOageQV aQd YeUVLcaQ (WLgKW aQd MeUULOeeV, 

2004). 

 

2.2.2 NATURAL POLYMER BASED VASCULAR GRAFTS 

 

NaWXUaO SRO\PeU baVed YaVcXOaU gUafWV KaYe beeQ e[WeQVLYeO\ UeSRUWed. TKe 

adYaQWageV Rf a QaWXUaO bLRPROecXOe-baVed gUafW aUe WKaW WKe\ e[KLbLW aSSUecLabOe 

bLRcRPSaWLbLOLW\ RU OacN Rf WR[LcLW\. TKe bLQdLQg VeTXeQceV PLPLcNLQg VLPLOaU WR WKaW Rf 

QaWXUaO ECM PROecXOeV, WKe YaVcXOaU ceOOV fLQd QaWXUaO VcaffROdV a beWWeU SOace WR aWWacK 

aQd fXQcWLRQ. FLbULQ baVed VcaffROdV ZeUe XVed LQ dLffeUeQW VWXdLeV ZKeUe VPRRWK PXVcOe 

ceOOV ZeUe Veeded aQd SMCV PaLQWaLQed WKeLU cRQWUacWLOe SKeQRW\Se (YaR eW aO., 2008). 

IQ aQRWKeU VWXd\, deUPaO fLbURbOaVWV ZeUe Veed RQ fLbULQ-baVed gUafW aQd PaWXUed LQ a 

bLRUeacWRU cRQdLWLRQ. DeVSLWe Rf WKe adYaQWageV, bRWK WKeVe VcaffROdV faLOed WR PeeW WKe 

PecKaQLcaO SURSeUWLeV cRPSaUabOe WR WKaW Rf QaWLYe YeVVeO (S\edaLQ eW aO., 2011). IQ 

aQRWKeU UeSRUW VLON fLbURLQ ZaV XVed b\ eOecWURVSLQQLQg, LUUeVSecWLYe Rf gRRd degUadaWLRQ 

beKaYLRXU, WKe gUafW dLd QRW e[KLbLW aSSUecLabOe PecKaQLcaO VWUeQgWK. IQ aQRWKeU VWUaWeg\ 

Rf geO VSLQQLQg Rf VLON fLbURLQ aQd gUafW ZaV LPSOaQWed LQ UaWV (LRYeWW eW aO., 2010). TKeUe 

ZaV SaWeQc\ XS WR fRXU ZeeNV aQd YaVcXOaU UePRdeOOLQg, KRZeYeU, fXUWKeU fROORZ XS daWa 

ZeUe QRW aYaLOabOe. H\aOXURQaQ baVed PaWeULaO (K\aff-II) LPSOaQWed LQ SRUcLQe PRdeO, 

VKRZed UePRdeOOLQg ZLWK RQO\ 7/10 gUafW RccOXVLRQ (ZaYaQ eW aO., 2008). RecRPbLQaQW 

WURSReOaVWLQ baVed YaVcXOaU gUafWV b\ eOecWURVSLQQLQg VKRZed e[ceOOeQW aWWacKPeQW Rf 

bRQe PaUURZ eQdRWKeOLaO RXWgURZWK ceOOV in Yitro (JRUdaQ eW aO., 2007). IQ aQRWKeU VWXd\, 

PXULQe SMCV ZeUe Veeded RQ NQLWWed cKLWRVaQ WXbe cRaWed ZLWK geOaWLQ ZKLcK VKRZed 

aSSUecLabOe bXUVW SUeVVXUe Rf 4000PPHg (ZKaQg eW aO., 2006). CROOageQ baVed VcaffROd 

KaV added adYaQWage Rf beLQg VLPLOaU WR WKe ECM Rf bORRd YeVVeO. HRZeYeU, WKe PaMRU 

dUaZbacNV LQcOXde OacN Rf PecKaQLcaO VWUeQgWK, LPPXQRgeQLcLW\ aQd KLgK cRVW. IQ a VWXd\ 

ZKeUe cROOageQ geO eQcaSVXOaWed ZLWK SRUcLQe SMCV aQd ECV ZeUe XVed, WKe bXUVW 
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SUeVVXUe RbWaLQed ZaV YeU\ ORZ (BRccafRVcKL eW aO., 2007). FUee]e dULed cROOageQ aQd 

eOaVWLQ WXbeV ZeUe Veeded ZLWK XPbLOLcaO SMCV XQdeU PecKaQLcaO VWLPXOaWLRQ fRU 

LPSURYed WeQVLOe VWUeQgWK (EQgbeUV-BXLMWeQKXLMV eW aO., 2006). 

 

2.2.3 SYNTHETIC POLYMER BASED VASCULAR GRAFTS 

 

S\QWKeWLc YaVcXOaU gUafWV KaYe added adYaQWageV WKaQ QaWXUaO RQeV aV WKeVe VKRZV 

LPSURYed PecKaQLcaO SURSeUWLeV, WXQeabOe fabULcaWLRQ VWUaWegLeV aQd eYeQ VORZeU 

degUadaWLRQ UaWeV. HRZeYeU, WKe dLVadYaQWageV Rf WKLV OacN Rf ceOO cRPSaWLbLOLW\ aQd 

UegeQeUaWLRQ caSabLOLW\. IQ a VWXd\, PRO\ gO\cROLc acLd PeVK WXbeV Veeded ZLWK SRUcLQe RU 

KXPaQ YaVcXOaU ceOOV LQ a bLRUeacWRU ZeUe LPSOaQWed LQ babRRQV ZKLcK VKRZed SaWeQc\ 

XS WR fRXU ZeeNV. TKLV ZaV OaWeU, deceOOXOaUL]ed aQd LPSOaQWed LQ babRRQV WR RbWaLQ 

SaWeQc\ fRU VL[ PRQWKV. IQ aQRWKeU UeSRUW ZKeUe PRO\ eVWeU XUeWKaQe XUea (PEUU) gUafWV 

ZeUe Veeded ZLWK VWeP ceOOV RU SeULc\WeV, LPSOaQWaWLRQ LQ PXULQe PRdeO VKRZed SaWeQc\ 

fRU 8 ZeeNV (NLeSRQLce eW aO., 2008a). PRO\ gO\ceURO VebacLc acLd (PGS) aQd PRO\-H-

caSUROacWRQe (PCL) baVed VcaffROd ZeUe SaWeQW XS WR 90 da\V LQ UaW aRUWa aQd WKe VcaffROd 

ZaV aceOOXOaU. TKeUe aUe VeYeUaO VWXdLeV XVLQg PCL baVed YaVcXOaU gUafW, ZKLOe PaQ\ Rf 

WKeVe VWXdLeV cOaLPV gUafWV VKRZed SaWeQc\ LQ VPaOO aQLPaO PRdeO, WKeUe ZaV QR fROORZ 

XS VWXdLeV LQ eLWKeU (HLRb eW aO., 2016). IQ RQe VWXd\ PCL gUafWV ZeUe eOecWURVSXQ RQ WR a 

2PP PaQdUeO. TKe gUafW Kad e[ceOOeQW PecKaQLcaO SURSeUWLeV KRZeYeU, ZKeQ LPSOaQWed 

LQ UaW XQWLO VL[ PRQWKV bXW afWeU WKaW a cOeaU UegUeVVLRQ aQd caOcLfLcaWLRQ ZaV RbVeUYed. 

TKeVe ZeUe aceOOXOaU gUafWV. IQ aQRWKeU UeSRUW, KeSaULQ ZaV LPPRbLOLVed RQ PGS WXbe aQd 

fXUWKeU ZUaSSed ZLWK PCL Oa\eU. TKeVe gUafWV ZKeQ LPSOaQWed LQ UaW fRU WKUee PRQWKV 

VKRZed QR aQeXU\VP RU VWeQRVLV, aQd WKeUe ZaV fRUPaWLRQ Rf cRQfOXeQW eQdRWKeOLaO OLQLQg. 

PRO\ (O-OacWLde-co-İ-caSUROacWRQe) gUafWV ZeUe LPSOaQWed LQ UaW abdRPLQaO aRUWa fRU12 

PRQWKV b\ ZKLcK WKe gUafW UePRdeOOed ZLWK SXOVaWLRQ aQd PecKaQLcaO SURSeUWLeV (ZKX eW 

aO., 2018). IQ RQe VWXd\ cR-eOecWURVSXQ PCL/PU QaQRfLbURXV gUafWV ZeUe fabULcaWed ZKLcK 

VKRZed WKaW WKe gUafW cRPSOLaQce ZaV LQcUeaVed WR 43% b\ aOWeULQg WKe SeUceQWage WR 

90% aQd in YiYo eYaOXaWLRQ VKRZed fRUeLgQ-bRd\ gUaQXORPaWRXV UeacWLRQ (JLURfWL eW aO., 

2018). 

 

TKeUe aUe eQdOeVV VWXdLeV LQ WKe fLeOd Rf VcaffROd deYeORSPeQW fRU YaVcXOaU WLVVXe 

eQgLQeeULQg XVLQg bRWK QaWXUaO aQd V\QWKeWLc VcaffROd. TR daWe, aQ LdeaO bLRPaWeULaO WKaW 
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PeeW WKe SURSeUWLeV fRU PaNLQg a VXcceVVfXO gUafW KaV QRW \eW beeQ RbWaLQed. CRPSaULQg 

aQd cRQWUaVWLQg WKe SURSeUWLeV Rf V\QWKeWLc aQd QaWXUaO YaVcXOaU gUafW, WKe QaWXUaO SRO\PeU-

baVed VcaffROdV cRXOd SURYLde UePRdeOOLQg cKaUacWeULVWLcV eYeQ ZKeQ cXOWXUed in Yitro 

ZLWK YaVcXOaU ceOOV dXe WR WKeLU e[ceOOeQW ceOO cRPSaWLbLOLW\. BXW WKeVe VcaffROdV LQ PRVW 

VWXdLeV KaV faLOed WR PeeW WKe PecKaQLcaO VWaQdaUdV. SRPe QaWXUaO SRO\PeUV aOVR e[KLbLW 

aQWLgeQLcLW\ aQd UeTXLUePeQW Rf e[WeQVLYe cURVV-OLQNLQg. S\QWKeWLc SRO\PeUV RQ WKe RWKeU 

KaQd KaV WXQeabOe PecKaQLcaO SURSeUWLeV bXW dReV QRW VKRZ aSSUecLabOe bLRORgLcaO 

SeUfRUPaQceV. WKLOe WKe QaWXUaO SRO\PeUV VKRZ WKe WeQdeQc\ WR degUade faVWeU in YiYo. 

TKe V\QWKeWLc SRO\PeUV OLNe PCL KaV VORZeU degUadaWLRQ SURfLOe ZKLcK ZLOO gLYe 

VXffLcLeQW URRP fRU YeVVeO UegeQeUaWLRQ.  

 

2.2.4 HYBRID NATURAL - SYNTHETIC SCAFFOLD BASED VASCULAR 

GRAFTS 

 

CRQVLdeULQg WKe adYaQWageV aQd dLVadYaQWageV Rf bRWK V\QWKeWLc aQd QaWXUaO 

SRO\PeUV KaYe Oed UeVeaUcKeUV WR deYeORS K\bULd VcaffROd-baVed V\VWeP WKURXgK YaULRXV 

UeLQfRUcLQg PeWKRdV Rf WZR dLffeUeQW bLRPaWeULaOV. TKe UeVXOWLQg cRPbLQaWRULaO 

bLRPaWeULaO VcaffROd V\VWeP Pa\ SRVVeVV SURSeUWLeV aWWULbXWed b\ WKe SaUeQW SRO\PeUV aQd 

XVXaOO\ aQ LPSURYed fXQcWLRQaO beKaYLRXU LV e[SecWed. S\QWKeWLc SRO\PeUV aUe eLWKeU 

cRaWed ZLWK RQe RU PRUe QaWXUaO SRO\PeUV WR LPSURYe LWV ceOO cRQdXcLYe SURSeUWLeV. IQ 

RQe Rf WKe VWXdLeV, cR-SRO\PeUV Rf L-OacWLde aQd D-OacWLde NQLWWed VWUXcWXUe ZaV cRaWed 

ZLWK fLbULQ geO aQd SMCV ZKLcK ZaV WKeQ cR-cXOWXUed ZLW ECV aQd fLbURbOaVWV. SL[ 

PRQWKV fROORZ XS LQ VKeeS KRZeYeU VKRZed VWeQRVLV aQd WKeUe ZaV QR LQdLcaWLRQ Rf 

PecKaQLcaO SURSeUWLeV Rf WKe gUafW (KRcK eW aO., 2010). IQ aQRWKeU caVe, PCL/PLA 

eOecWURVSXQ WXbeV ZeUe cRaWed ZLWK cROOageQ aQd Veeded ZLWK aRUWLc eQdRWKeOLaO ceOOV LQ 

bLRUeacWRU cRQdLWLRQV. TKLV ZaV fXUWKeU LPSOaQWed LQ UabbLW fRU VeYeQ ZeeNV ZLWKRXW 

eQdRWKeOLaO ceOOV (aceOOXOaU) WKeUe ZaV QR bORRd OeaNage aQd QR ceOO LQfLOWUaWLRQ (He eW aO., 

2009).A bOeQd Rf PCL/CROOageQ W\Se I/eOaVWLQ ZKLcK ZeUe eOecWURVSXQ LQ WKUee cRQceQWULc 

Oa\eUV, ZLWK eacK Oa\eU dLffeULQg LQ cRPSRVLWLRQ, VKRZed bXUVW SUeVVXUe Rf 3000PPHg, 

bXW QR VWXdLeV UeOaWed WR VcaffROd ceOO cRPSaWLbLOLW\ ZaV UeSRUWed (McCOXUe eW aO., 2010). 

IQ aQRWKeU VWXd\, a cROOageQ PLcUR VSRQge aQd WXbe Pade Rf PRO\ OacWLc acLd aQd SRO\-

gO\cROLc acLd fabULcaWed b\ aLU MeW VSLQQLQg Veeded ZLWK XPbLOLcaO YeLQ eQdRWKeOLaO ceOOV 

ZeUe LPSOaQWed LQ dRgV. AfWeU 1 \eaU, WKe gUafWV ZeUe SaWeQW VKRZLQg QR VLgQV Rf 
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aQeXU\VPV, eQdRWKeOLVaWLRQ aQd deSRVLWLRQ Rf eOaVWLQ (YRNRWa eW aO., 2008). OXU gURXS KaV 

UeSRUWed VeedLQg Rf UaW aRUWLc SMCV RQ geOaWLQ PRdLfLed ZLWK YLQ\O aceWaWe XQdeU SXOVaWLOe 

cRQdLWLRQV. TKe SMCV ZeUe cRQWUacWLOe LQ QaWXUe aQd WKeUe ZaV eOaVWLQ deSRVLWLRQ 

(TKRPaV aQd NaLU, 2012). RGD SeSWLde VeTXeQceV ZeUe LPPRbLOLVed RQ PCL gUafWV aQd 

2PP gUafWV ZeUe LPSOaQWed LQ UabbLW caURWLd aUWeU\. TKe gUafWV VKRZed SaWeQc\ aQd 

eQdRWKeOLVaWLRQ (ZKeQg eW aO., 2012a). A ceOO fUee QaQRfLbeU PCL/cKLWRVaQ VcaffROdV 

VKRZed e[ceOOeQW UegeQeUaWLRQ ZLWKRXW QeR-WLVVXe fRUPaWLRQ aQd VWeQRVLV LQ VKeeS PRdeO 

(FXNXQLVKL eW aO., 2017).A KeSaULQ ORaded PCL/geOaWLQ gUafW ZaV fabULcaWed b\ 

eOecWURVSLQQLQg aQd LW ZaV VKRZQ WR UegXOaWe WKe SUROLfeUaWLRQ Rf VPRRWK PXVcOe ceOOV aQd 

KeOSV LQ eQdRWKeOLVaWLRQ (HRUaNRYa eW aO., 2018). IQ aQRWKeU UeceQW VWXd\, a gUafW ZaV 

geQeUaWed b\ dLffeUeQW eOecWURVSXQ Oa\eUV Rf SRUcLQe geOaWLQ/ PCL aQd KXPaQ 

WURSReOaVWLQ/PCL aQd ZaV ZeOO cKaUacWeULVed aQd a cRPSXWeU aVVLVWed deVLgQ RSWLPLVaWLRQ 

VcKePe ZaV dedXced LQ RUdeU WR fabULcaWe gUafWV baVed RQ WaUgeW geRPeWU\ aQd cRPSOLaQce 

(TaPLPL eW aO., 2019).TKe OLVW Rf bLRPaWeULaOV XVed WR fabULcaWe bORRd YeVVeO LV 

cRQVLdeUabOe. TKe K\bULd VcaffROdV LQcRUSRUaWLQg WKe SURSeUWLeV WZR RU PRUe SRO\PeULc 

PaWeULaOV LV WKe UeceQW deYeORSPeQW LQ WKLV fLeOd aQd LV cRQVLdeUed aV VPaUW bLRPaWeULaOV 

fRU YaVcXOaU WLVVXe UegeQeUaWLRQ. TKLV KeOSV WR VXbVWaQWLaWe WKe PecKaQLcaO, degUadaWLRQ 

aQd RWKeU WXQeabOe SURSeUWLeV Rf a V\QWKeWLc PaWeULaO. AOVR, WKe ceOO cRPSaWLbOe QaWXUe aQd 

bLRPecKaQLcaO QLcKe SURYLded b\ WKe QaWXUaO SRO\PeU SaUW (CaWWR eW aO., 2014). DeVSLWe 

Rf VeYeUaO VWXdLeV, WKeUe LV a VWLOO aQ LPPeQVe VeaUcK fRU WKe ³SeUfecW gUafW´ WKaW PeeWV 

bLRPLPeWLc cULWeULRQ (CaUUabba aQd MadeddX, 2018; PaVKQeK-TaOa eW aO., 2016). 

 

2.3 FABRICATION OF VASCULAR GRAFT - ELECTROSPINNING 

 
TKe WXbXOaU VKaSe Rf YaVcXOaU gUafW caQ be acKLeYed WKURXgK YaULRXV fabULcaWLRQ 

VWUaWegLeV. TKe VeOecWLRQ Rf PRVW VXLWabOe fabULcaWLRQ VWUaWeg\ fRU a gLYeQ bLRPaWeULaO LV 

e[WUePeO\ LPSRUWaQW fRU WKe VXcceVV Rf YaVcXOaU gUafW. TUadLWLRQaO PeWKRdV Rf SRO\PeU 

fabULcaWLRQ OLNe fUee]e dU\LQg, PRXOd caVWLQg, VaOW OeacKLQg cRXOd be XVed fRU deYeORSPeQW 

Rf gUafW aQd WKeUe aUe YaULRXV UeSRUWV RQ WKLV. HRZeYeU, LQ RUdeU WR fLQe WXQe WKe SURSeUWLeV 

Rf bLRPaWeULaOV, WKeVe PeWKRdV RfWeQ faLO. TKeUe LV QR XOWUa-VWUXcWXUaO VLPLOaULW\ Rf WKe 

gUafWV fabULcaWed WKURXgK WKeVe SURceVVeV VLPLOaU WR QaWLYe ECM. OWKeU SURSeUWLeV OLNe 

SRURVLW\, PecKaQLcaO VWUeQgWK LV QeYeU RSWLPaO fRU WKe gUafWV fabULcaWed b\ WKeVe 

VWUaWegLeV. OWKeU WecKQLTXeV OLNe 3D bLR-SULQWLQg aUe VWLOO LQ LQfaQc\ LQ WeUPV Rf YaVcXOaU 
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WLVVXe eQgLQeeULQg. FRU fabULcaWLRQ Rf PLcURYaVcXOaU WLVVXe 3D bLRSULQWLQg KaV beeQ 

e[WeQVLYeO\ XVed. A VWXd\ LQdLcaWed XVLQg SRO\(SURS\OeQe fXPaUaWe) 3D SULQWed b\ dLgLWaO 

OLgKW VWeUeR OLWKRgUaSK\, aceOOXOaU gUafW SeUfRUPaQce LQ VKeeS YeQa caYa fRU VL[ PRQWKV, 

eYeQ WKRXgK WKe gUafW ZaV SaWeQW aQd VXSSRUWed YeVVeO UegeQeUaWLRQ, WKe LPSOaQW  cKRVeQ 

ZaV Rf OaUge dLaPeWeU (MeOcKLRUUL eW aO., 2016).IQ aQRWKeU VWXd\, cRQWUROOed QLWULc R[Lde 

UeOeaVe ZaV RbWaLQed fURP PRO\eWK\OeQe gO\cRO-PCL-S-QLWURVR-N-AceW\O-D-

PeQLcLOOaPLQe baVed 3D SULQWed VcaffROd ZKLcK Kad aQWLbacWeULaO aQd SOaWeOeW LQKLbLWLQg 

SURSeUWLeV (KabLULaQ eW aO., 2019). HRZeYeU, 3D SULQWLQg KaV QRW \eW SURYed WR be 

adYaQWageRXV WKaQ aQ\ RWKeU fabULcaWLRQ VWUaWeg\ LQ WKe fLeOd Rf YaVcXOaU WLVVXe 

eQgLQeeULQg. 

 

EOecWURVSLQQLQg LV a YeUVaWLOe SURceVV WKaW aOORZV fabULcaWLRQ Rf gUafWV. TKe 

SURceVV aOORZV fLQe WXQLQg Rf gUafW SURSeUWLeV. TKe ECM Rf bORRd YeVVeO LV fLbURXV LQ 

QaWXUe XQdeU PLcURVcRSe, aQd eOecWURVSXQ VcaffROd cRXOd PLPLc WKLV XOWUa-VWUXcWXUaO 

feaWXUe. MRUeRYeU, WKe eaVe Rf PeWKRdRORg\ aOORZV WR cRPbLQe dLffeUeQW SRO\PeULc 

bLRPaWeULaOV LQWR a VLQgOe VcaffROd. A SUecLVe cRQWURO RYeU VcaffROd PLcUR-aUcKLWecWXUe, 

gURVV dLPeQVLRQ, bLRcRPSaWLbLOLW\ aQd PecKaQLcaO SURSeUWLeV aUe Pade SRVVLbOe b\ 

aOWeULQg cRPbLQaWRULaO SaUaPeWeUV Rf eOecWURVSLQQLQg SURceVV. AOVR, WKe SURceVV SURYLdeV 

VXLWabOe QLcKe fRU YaVcXOaU WKaW facLOLWaWeV WLVVXe UegeQeUaWLRQ aQd KRVW LQWegUaWLRQ. TKe 

baVLc VeW XS Rf eOecWURVSLQQLQg aSSaUaWXV LV e[WUePeO\ VLPSOe. TKe SRO\PeU VROXWLRQ LV 

ORaded LQWR a bOXQW QeedOe V\ULQge aQd PRXQWed RQ WR a SXPS WKaW aOORZV WKe cRQWUROOed 

e[WUXVLRQ Rf SRO\PeU. PRO\PeU XQdeU LQfOXeQce Rf KLgK YROWage aQd LWV LQWULQVLc 

YLVcReOaVWLc SURSeUWLeV caQ be dUaZQ LQWR a cRQe VKaSe, caOOed WKe Ta\ORU cRQe. WKeQ WKe 

SURYLded YROWage e[ceedV WKUeVKROd Rf VXUface fRUceV, a QaUURZ SRO\PeULc MeW LV LQLWLaWed 

ZKLcK geW deSRVLWed RQ aQ RSSRVLWeO\ cKaUged cROOecWRU. TKe VROYeQW V\VWeP Rf SRO\PeU 

VROXWLRQ eYaSRUaWeV RQ LWV Za\ WR WKe cROOecWRU, FLgXUe: 2.3. TKe baVLc VeW XS Rf WKe 

eOecWURVSLQQLQg cRXOd be PRdLfLed LQ PaQ\ Za\V WR SURdXced aOLgQed RU QRQ-aOLgQed 

fLbUeV, PXOWL-Oa\eUed gUafWV, K\bULd WUL-cRPSRQeQW gUafWV, gUafWV VKRZLQg VXVWaLQed UeOeaVe 

Rf bLRPROecXOeV, ceOO-baVed eOecWURVSLQQLQg. TKe eOecWURVSLQQLQg SaUaPeWeUV OLNe 

VROXWLRQ YLVcRVLW\, cRQdXcWLYLW\, fORZ UaWe, aSSOLed YROWage, WLS WR cROOecWRU dLVWaQce, 

WePSeUaWXUe aQd UeOaWLYe KXPLdLW\ affecW WKe fLbUe dLaPeWeU (HaVaQ eW aO., 2014a). 

HRZeYeU, daWa LQ WKe OLWeUaWXUe LQ WKLV UegaUd LV KLgKO\ YaULabOe aQd caQQRW be eaVLO\ 

geQeUaOLVed. 
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FigXUe 2.3: BaVic elecWURVSiQQiQg VeW XS ZiWh URWaWiQg c\liQdUical maQdUel aV Whe 
cRllecWRU 
 

TKe adYaQWage Rf K\bULd VcaffROd Pade Rf WZR RU PRUe dLffeUeQW SRO\PeUV LV 

LPPeQVe LQ WKe fLeOd Rf YaVcXOaU WLVVXe eQgLQeeULQg. DXaO VRXUce cR-eOecWURVSLQQLQg 

SURceVV facLOLWaWe WKe fabULcaWLRQ Rf K\bULd VcaffROd aV LW RffeUV WKe feaVLbLOLW\ Rf 

eOecWURVSLQQLQg WZR SRO\PeULc VROXWLRQV. TKe SK\VLcR-cKePLcaO aQd bLRORgLcaO 

cKaUacWeULVWLcV cRXOd be PRdXOaWed b\ VeOecWLYeO\ cKRRVLQg WKe SRO\PeUV. TKe RYeUaOO 

SURSeUWLeV Rf WKe K\bULd VcaffROd ZLOO aOVR be QRYeO (TRUULceOOL eW aO., 2014). IQ RQe VWXd\ 

gUafWV ZeUe fabULcaWed fURP cR-eOecWURVSLQQLQg PCL, geOaWLQ aQd SRO\YLQ\O aOcRKRO aQd 

WKeQ LPPRbLOLVLQg ZLWK KeSaULQ. TKe gUafW e[KLbLWed KLgK ceOO LQfLOWUaWLRQ aQd in YiYo 

UeVXOWV VKRZed eQKaQced eQdRWKeOLaO ceOO SUROLfeUaWLRQ aQd ZaV aQWLWKURPbRgeQLc (HaQ 

eW aO., 2011). IQ aQRWKeU VWXd\, gUafWV ZeUe fabULcaWed b\ cR-eOecWURVSXQ cRPSRVLWe Rf 

PCL/PRO\XUeWKaQe aQd ZaV LPSOaQWed LQ UaW aQd VKeeS PRdeOV. TKeUe ZaV QR eYLdeQce 

Rf aQeXU\VP, WKURPbRgeQeVLV aQd LQWLPaO K\SeUSOaVLa (PaQ eW aO., 2017). OQce a VXLWabOe 

bLRPaWeULaO LV LdeQWLfLed aQd fabULcaWed LQWR WXbXOaU VWUXcWXUeV, ceOOXOaULVLQg WKe 

bLRPaWeULaO LV e[SecWed WR eQKaQce WKe VXcceVV UaWe Rf WLVVXe eQgLQeeUed VPaOO dLaPeWeU 

YaVcXOaU gUafW. 
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2.4 CELL SOURCE AND VASCULAR REGENERATION 

 
A ceOOXOaULVed YaVcXOaU gUafW XVXaOO\ dePRQVWUaWed beWWeU fXQcWLRQaO beKaYLRXU LQ 

WeUPV Rf SaWeQc\ aQd UegeQeUaWLRQ in YiYo. TaNLQg LQWR cRQVLdeUaWLRQ Rf WKe dLffeUeQW W\SeV 

Rf ceOOV Rf bORRd YeVVeOV ± PeULYaVcXOaU ceOOV OLNe VPRRWK PXVcOe ceOO, SeULc\WeV aQd 

adYeQWLWLaO ceOO aQd eQdRWKeOLaO ceOOV, YaULRXV VWUaWegLeV ZeUe ePSOR\ed WR ceOOXOOaULVe WKe 

gUafW.  DLffeUeQW ceOO VRXUce, W\SeV aQd cRPbLQaWLRQV ZeUe acWLYeO\ LQYeVWLgaWed fRU 

RSWLPaO SeUfRUPaQce Rf gUafW.  APRQg WKe ceOOV, eQdRWKeOLaO ceOO OLQLQg LV WKe dLUecW bORRd 

cRQWacWLQg VXUface aQd ZeOO-eVWabOLVKed eQdRWKeOLXP LV a VLgQ Rf gUafW UegeQeUaWLRQ aQd 

WKeUeb\ VXcceVV Rf WKe gUafW. A VPRRWK EC OXPLQaO OLQLQg LV QRW WKe RQO\ UeTXLUePeQW WR 

UecaSLWXOaWe WKe VWUXcWXUaO aQd SK\VLRORgLcaO feaWXUeV Rf QaWLYe YeVVeO. SRXUceV Rf 

eQdRWKeOLaO ceOOV fRU YaVcXOaU WLVVXe eQgLQeeULQg LQcOXde XPbLOLcaO YeLQ, VaSKeQRXV RU 

UadLaO YeLQ, adLSRVe WLVVXe PLcURYaVcXOaU aQd bORRd SURgeQLWRUV. VaVcXOaU gUafW 

UegeQeUaWLRQ caQ be acKLeYed WKURXgK PaQ\ VWUaWegLeV OLNe VeedLQg eQdRWKeOLaO ceOOV RQ 

WR gUafWV SULRU WR LPSOaQWaWLRQ, PRdLf\LQg WKe VXUface cKePLVWU\ Rf gUafWV WR caSWXUe 

cLUcXOaWLQg eQdRWKeOLaO ceOOV RU SURgeQLWRUV, SeULYaVcXOaU ceOO baVed QLcKe cUeaWLRQ aQd 

eQdRWKeOLVaWLRQ (ZRX eW aO., 2016).TKe SeULYaVcXOaU ceOOV aQd eVSecLaOO\ VPRRWK PXVcOe 

ceOOV PaLQWaLQ WKe fXQcWLRQaOLW\ Rf WKe gUafW. TKeVe ceOOV aUe aQ e[ceOOeQW cKRLce fRU 

UeSRSXOaWLQg bORRd YeVVeO gUafW dXe WR VaPe aQaWRPLcaO ORcaWLRQ, LPSURYe YeVVeO VWabLOLW\ 

b\ PaLQWaLQLQg WKe bORRd SUeVVXUe, LQcUeaVed eOaVWLQ VecUeWLRQ ZKLcK PaLQWaLQV WKe YeVVeO 

PecKaQLcV, aQd decUeaVed OeaNage. MRUeRYeU, SeULYaVcXOaU ceOOV aQd eQdRWKeOLaO 

cURVVWaON WKURXgK WKe UeOeaVe Rf VPaOO PROecXOeV LV VR cUXcLaO LQ PaLQWaLQLQg PaWXUe 

SKeQRW\SeV Rf bRWK WKeVe ceOOV. TKLV KeOSV LQ LQcUeaVed PaWXUaWLRQ, SUROLfeUaWLRQ aQd 

PLgUaWLRQ Rf eQdRWKeOLaO ceOOV RQ WKe gUafW (AYROLR eW aO., 2017). PeULYaVcXOaU ceOOV WKXV 

KeOS LQ PaLQWaLQLQg a VXLWabOe QLcKe fRU eQdRWKeOLaO ceOO VXUYLYaO aQd/RU KeOSV LQ KRPLQg 

Rf eQdRWKeOLaO ceOO WR gUafW dXULQg in YiYo LPSOaQWaWLRQ, FLgXUe: 2.4. 
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FigXUe 2.4: TiVVXe eQgiQeeUed YaVcXlaU gUafW aQd URle Rf SeUiYaVcXlaU cellV (AdaSWed 
fURm AYRliR et al, 2017). 
 

 

TKe UROe Rf VPRRWK PXVcOe ceOOV LQ geQeUaWLRQ Rf WLVVXe eQgLQeeUed YaVcXOaU gUafWV 

LV PXcK aSSUecLaWed LQ PaQ\ VWXdLeV. A UeceQW VWXd\ LQdLcaWed WKaW aQ eOecWURVSXQ 

geOaWLQ/PCL VcaffROd ORaded ZLWK TGF-E2 KeOSV LQ PRdXOaWLRQ Rf SMC PLgUaWLRQ aQd 

PaWXUaWLRQ fRU YaVcXOaU WLVVXe eQgLQeeULQg (AUdLOa eW aO., 2019). IQ aQRWKeU VWXd\, 

WecRSKLOLc baVed VcaffROd ZaV cRaWed ZLWK fLbURQecWLQ aQd geOaWLQ, LQ ZKLcK geOaWLQ 

adVRUbed gUafW VKRZed decUeaVed SUROLfeUaWLRQ Rf VPRRWK PXVcOe ceOOV (VaWaQNKaK eW aO., 

2017). SWLffQeVV baVed aOLgQed eOecWURVSXQ fLbeUV Rf SRO\ (O-OacWLde-cR-caSUROacWRQe)/SRO\ 

(O-OacWLc acLd) LQ VKeOO-cRUe WXbXOaU gUafW SURPRWed cRQWUacWLOe SKeQRW\Se Rf VPRRWK 

PXVcOe ceOOV. TKe PaWUL[ ULgLdLW\ LQfOXeQceV WKe SKeQRW\Se Rf VPRRWK PXVcOe ceOOV (YL eW 

aO., 2019) aQd cRQWUacWLOe SKeQRW\Se LV aOZa\V SUefeUUed. SPRRWK PXVcOe ceOOV e[SUeVV 

dLffeUeQW PaUNeUV aQd e[KLbLW SKeQRW\SLc SOaVWLcLW\. IQ PaWXUe YeVVeO, WKe SMCV aUe 

TXLeVceQW, cRQWUacWLOe LQ QaWXUe aQd SURdXceV eOaVWLQ, FLgXUe: 2.5 (R]XcLdOR eW aO., 2007). 
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FigXUe 2.5 PheQRW\Sic SlaVWiciW\ Rf VmRRWh mXVcle cellV aQd majRU chaUacWeUiVWicV 
(AdaSWed fURm R]XcidlR eW al, 2007) 

 
 

PeULc\WeV aUe aQRWKeU LPSRUWaQW SeULYaVcXOaU ceOO WKaW LQWeUacWV dLUecWO\ ZLWK 

eQdRWKeOLaO ceOOV LQ caSLOOaU\ aQd KeOSV WKe fRUPaWLRQ Rf YaVR YaVRUXP Rf bORRd YeVVeOV. 

TKeVe ceOOV VKRZ SURgeQLWRU ceOO cKaUacWeULVWLcV ZLWK UeVWULcWed SUROLfeUaWLRQ ZKLcK 

WKeUeb\ UedXceV WKe ULVN Rf WXPRULgeQeVLV. EYeQ WKRXgK WKeLU XVe aV ceOO fRU YaVcXOaU gUafW 

fabULcaWLRQ-baVed VWXdLeV aUe OLPLWed, SeULc\We baVed gUafWV aUe LPSUeVVLYe LQYeVWLgaWLRQaO 

URXWe fRU YaVcXOaU gUafW UegeQeUaWLRQ. IQ a VWXd\ KXPaQ SeULc\We Veeded PEUU VcaffROd 

ZKeQ LPSOaQWed LQ UaWV VKRZed e[ceOOeQW UegeQeUaWLRQ Rf gUafW (He eW aO., 2010). IW LV 

UeSRUWed WKaW SeULc\WeV UegXOaWe eQdRWKeOLaO ceOO PaLQWeQaQce LQ WeUPV Rf SUROLfeUaWLRQ, 

PLgUaWLRQ aQd PaWXUaWLRQ b\ VecUeWLQg a SOeWKRUa Rf gURZWK facWRUV. SXcK eYeQWV LQ 

YaVcXOaU gUafW VceQaULR KaV dLUecW effecW RQ gUafW UePRdeOLQg (CKeQ YLNXaQ eW aO., 2013). 

TKeUe LV aOVR LPPXQRPRdXOaWRU\ effecW fRU SeULc\WeV ZKLcK KeOSV LQ gUafW UegeQeUaWLRQ. 

IQ aQRWKeU VWXd\, VaSKeQRXV YeLQ SeULc\WeV ZeUe Veeded RQ WR SeSWLde fXQcWLRQaOL]ed PCL 

gUafWV. TKLV ZaV cR-cXOWXUed ZLWK eQdRWKeOLaO ceOOV aQd ZaV RbVeUYed WKaW VcaffROd ZLWK 

SeULc\WeV eQKaQced eQdRWKeOLaO ceOO deQVLW\ aQd SUR-aQgLRgeQLc gURZWK facWRU UeWeQWLRQ 

RQ WKe VcaffROd (CaPSagQROR eW aO., 2016). AdYeQWLWLaO ceOOV aOVR VKRZ VWeP ceOO QaWXUe 

aQd KaV SRWeQWLaO WR cRQWULbXWe WR bORRd YeVVeO UegeQeUaWLRQ. IQ a VWXd\, adYeQWLWLaO VWeP 
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ceOOV ZKLcK ZeUe Veeded RQ PRXVe YeLQ gUafW VKRZed e[ceOOeQW QeRLQWLPa fRUPaWLRQ 

(CKeQ YLNXaQ eW aO., 2013).  

 

DeVSLWe Rf WKe adYaQWage Rf WeUPLQaO YaVcXOaU ceOOV fRU bORRd YeVVeO eQgLQeeULQg, 

WKeUe LV QR VXLWabOe VRXUce WR RbWaLQ WKeVe ceOOV. TKe e[WUacWLRQ Rf WKeVe ceOOV fURP bORRd 

YeVVeOV LV XVXaOO\ aVVRcLaWed ZLWK dRQRU VLWe PRUbLdLW\. AOVR, WKe QXPbeU Rf ceOOV RbWaLQed 

LV YeU\ OeVV fURP aXWRORgRXV YeVVeOV VR WKaW LW LQcUeaVeV WLPe fRU e[SaQVLRQ LQ cXOWXUe. 

TKeVe dLVadYaQWageV KaYe Oed WR WKe LQYeVWLgaWLRQ Rf VXLWabOe ceOO VRXUce aQd YaULRXV VWeP 

ceOO VRXUceV aUe e[SORUed fRU geQeUaWLRQ Rf YaVcXOaU gUafW (ZRX eW aO., 2016). APRQg WKe 

YaULRXV VRXUceV, adLSRVe WLVVXe deULYed VWeP ceOO KaV beeQ a VXLWabOe VRXUce fRU LVROaWLRQ 

Rf adXOW VWeP ceOOV. LLNe aQ\ RWKeU VWeP ceOOV, adLSRVe deULYed VWeP ceOOV VKRZ fLbURbOaVW 

PRUSKRORg\, PXOWLSRWeQW aQd SUROLfeUaWLRQ caSacLW\. AOVR, LVROaWLRQ Rf WKeVe ceOOV LV 

aVVRcLaWed ZLWK OeVV eWKLcaO OLabLOLWLeV. TKe baVLV Rf aXWRORgRXV ceOO-baVed WLVVXe 

eQgLQeeULQg RU SeUVRQaOL]ed WLVVXe eQgLQeeULQg LV WKe abLOLW\ Rf adLSRVe deULYed VWeP ceOOV 

WR SURYLde RSWLPaO SeUfRUPaQce ZKeQ Veeded RQ VcaffROdV (GLPbOe JeffUe\ M. eW aO., 

2007). TKe adLSRVe WLVVXe caQ be e[WUacWed fURP SaWLeQWV ZLWK OeVVeU dLVcRPfRUW VR aV WR 

LVROaWe ceOOV fURP WKeP. TKe PLcURYaVcXOaWXUe Rf WKe adLSRVe WLVVXe LV aOVR a VRXUce Rf 

SeULYaVcXOaU ceOOV aQd eQdRWKeOLaO ceOOV, FLgXUe: 2.6 (LeUPaQ eW aO., 2016; PaVKQeK-TaOa 

eW aO., 2016). 

 
FigXUe 2.6: IVRlaWiRQ Rf adiSRVe deUiYed VWem cell VhRZiQg Whe diffeUeQW cell W\SeV 
iVRlaWed (AdaSWed fURm DRld eW al., 2012) 
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AdLSRVe deULYed VWeP ceOOV caQ be dLffeUeQWLaWed WR VPRRWK PXVcOe aQd 

eQdRWKeOLaO ceOO OLQeage. TKe dLffeUeQWLaWLRQ Rf adLSRVe VWeP ceOOV WR VPRRWK PXVcOe ceOOV 

LV facLOLWaWed b\ gURZWK facWRUV OLNe bRQe PRUSKRgeQeWLc SURWeLQ, TUaQVfRUPLQg gURZWK 

facWRU beWa, WKURPbLQ, SSKLQgRVLQe SKRVSKaWe, FLgXUe:2.7 (GXR aQd CKeQ, 2012a). 

 

 

 
 

FigXUe 2.7 DiffeUeQWiaWiRQ Rf VmRRWh mXVcle cellV fURm VWem cellV -TGF-E SigQaliQg 
(AdaSWed fURm GXR, 2012) 
 

 

2.5 ANIMAL MODELS FOR EVALUATION OF VASCULAR 

GRAFT 
 

PULRU WR WKe cOLQLcaO aSSOLcaWLRQ Rf VPaOO dLaPeWeU YaVcXOaU gUafW, LW LV QeceVVaU\ WR 

WeVW LWV effLcac\ LQ a VXLWabOe aQLPaO PRdeO. EYeQ WKRXgK dLffeUeQW aQLPaO PRdeOV aUe 

aYaLOabOe, defLQLQg a VLQgOe PRdeO PRVW VXLWabOe fRU aSSOLcaWLRQ Rf gUafW LV QRW SRVVLbOe. 

DLffeUeQW aVSecWV Rf gUafWV LQcOXdLQg WKURPbRgeQLcLW\, SK\VLRORgLcaO d\QaPLcV 

ZLWKVWaQdLQg abLOLW\, PecKaQLcaO cRPSOLaQce, UegeQeUaWLRQ abLOLW\, LPSOaQWabLOLW\, cRVW-
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effecWLYeQeVV, aQLPaO aYaLOabLOLW\ KaV WR be NeSW LQ PLQd befRUe cRQVLdeULQg aQ aQLPaO 

PRdeO. AOVR, aV SaUW Rf VXUgLcaO LPSOaQWaWLRQ cRQdLWLRQV OLNe KaQdOLQg Rf aQLPaO, eaVe Rf 

VXUgLcaO SeUfRUPaQce, VXLWabOe VLWeV fRU LPSOaQWaWLRQ aQd PRQLWRULQg WecKQLTXeV OLNe 

aQgLRgUaSKLcaO eYaOXaWLRQ VKRXOd be feaVLbOe. 

 

APRQg VPaOOeU aQLPaO PRdeOV, UaWV aQd PLce aUe XVed deVSLWe Rf WKeLU XQPaWcKed 

cLUcXOaWRU\ SURfLOe ZLWK WKaW Rf KXPaQV. IQ PRVW caVeV, dLaPeWeU OeVV WKaQ 2PP ZaV 

eYaOXaWed LQ UaW PRdeOV. IQ RQe VWXd\, PacUR-SRURXV PCL gUafWV VKRZed UegeQeUaWLRQ 

ZKeQ LPSOaQWed LQ UaW abdRPLQaO aUWeU\ fRU ORQg-WeUP (WX eW aO., 2018). AQRWKeU ORQg-

WeUP VWXd\ ZaV cRQdXcWed UeSOacLQg WKe abdRPLQaO aRUWa Rf UaW PCL baVed gUafW ZLWK 

aOLgQed fLbeUV Veeded ZLWK VPRRWK PXVcOe ceOOV. TKe gUafW VKRZed QR WKURPbRVLV RU 

aQeXU\VP (LL eW aO., 2018). RabbLW PRdeOV aOORZV WKe LPSOaQWaWLRQ Rf 1-4PP dLaPeWeU 

gUafWV. IW KaV bORRd YeVVeO SK\VLRORg\ aQd WKURPbRgeQLcLW\ PecKaQLVPV cRPSaUabOe WR 

KXPaQV KRZeYeU RQO\ OLPLWed VKRUW WeUP VWXdLeV cRXOd be SeUfRUPed LQ WKeVe aQLPaOV. IQ 

RQe UeceQW VWXd\, LQWeVWLQaO PXcRVa gUafW (2PP) ZeUe cRaWed ZLWK KeSaULQ aQd LPSOaQWed 

LQ UabbLW caURWLd aUWeU\ fRU WZR PRQWKV. APRQg WKe dLffeUeQW gURXSV, VeYeUaO gUafWV ZeUe 

SaWeQW bXW QRW aOO (FaQg eW aO., 2019). A cRPSRVLWe gUafW Rf PCL/geOaWLQ fabULcaWed b\ 

cRa[LaO eOecWURVSLQQLQg ZeUe LPSOaQWed aV caURWLd LQWeU SRVLWLRQ fRU WKUee PRQWKV. TKe 

gUafW e[KLbLWed aQWL-WKURPbRgeQLcLW\ aQd SaWeQc\ KRZeYeU ceOO LQfLOWUaWLRQ ZaV PLQLPaO 

(JRKQVRQ eW aO., 2019). IQ aQRWKeU VWXd\, SRO\ (O-OacWLde-cR-caSUROacWRQe) gUafWV ZeUe 

LPSOaQWed LQ cRPPRQ caURWLdV Rf UabbLW. AfWeU VL[ PRQWKV, WKe gUafWV ZeUe SaWeQW ZLWK 

eQdRWKeOLaO UegeQeUaWLRQ. HRZeYeU, VeYeUaO gUafWV faLOed WR be SaWeQW dXe WR KLgK 

degUadaWLRQ UaWe Rf WKe SRO\PeULc PaWeULaO (HRUaNRYa eW aO., 2018).  

 

IQ WKe caVe Rf OaUge aQLPaO PRdeOV OLNe caQLQe, SLgV aQd VKeeS PXOWLSOe 

LPSOaQWaWLRQ VLWeV aUe aYaLOabOe. IQ caQLQe VXbMecWV WKeUe LV UeSRUWed WR be a OacN Rf 

eQdRWKeOL]aWLRQ ZKLcK LV RbVeUYed LQ WZR RWKeU PRdeOV. CaQLQe WKURPbRgeQLcLW\ aQd 

LQfOaPPaWRU\ PecKaQLVPV dLffeUV fURP KXPaQV. PLgV, RQ WKe RWKeU KaQd KaV VLPLOaU 

YaVcXOaU SK\VLRORg\. BXW LPPXQe UeVSRQVe aQd UaSLd aQLPaO PaWXUaWLRQ OeadV WR 

XQaPbLgXRXV daWa. SKeeS RQ WKe RWKeU KaQd KaV caUdLRYaVcXOaU VLPLOaULW\ aQd 

WKURPbRgeQeVLV PaWcKLQg WR WKaW Rf KXPaQV. EQdRWKeOL]aWLRQ LV aOVR RbVeUYed WR be 

VLPLOaU WR KXPaQV. IQ RQe VWXd\, SRO\eVWeU ZaV cRaWed ZLWK cROOageQ WR PaNe a gUafW ZKLcK 

ZaV LPSOaQWed LQ VKeeS caURWLd aUWeU\ aV bLOaWeUaO b\SaVV fRU 161 da\V. TKe SaWeQc\ UaWe 
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ZaV 92 %. TKeUe ZeUe ORcaOL]ed WKURPbL. MLcURVcRSLc RbVeUYaWLRQ VKRZed aSSUecLabOe 

UegeQeUaWLRQ aQd VOLgKW QaUURZLQg Rf WKe OXPeQ (GUXV eW aO., 2018). IQ aQRWKeU VWXd\ bRQe 

PaUURZ VWURPaO ceOOV ZeUe Veeded RQ PXOWLOa\eUed gUafW fabULcaWed b\ eOecWURVSLQQLQg Rf 

cROOageQ-cKLWRVaQ ZLWK KeSaULQ eQcaSVXOaWLRQ. TKe gUafW afWeU LPSOaQWaWLRQ VKRZed 

SXOVaWLOe bORRd fORZ fRU RQe PRQWK. TKe dLaPeWeU ZaV cKaQgLQg aW aQaVWRPRVLV aQd WKeUe 

ZaV VOLgKW LQWLPaO K\SeUSOaVLa. EQdRWKeOL]aWLRQ ZaV SRRU LQ aceOOXOaU gUafW aQd WKe VWXd\ 

cRQcOXded WKe UeOeYaQce Rf VWeP ceOOV RQ SRO\PeULc gUafW eQKaQce UegeQeUaWLRQ 

(MadKaYaQ eW aO., 2018). IQ a VWXd\, a SRURXV gUafW Rf SRO\eVWeU baVed RQ WKe VeOf-

cRPSOePeQWaU\ XUeLdR-S\ULPLdLQRQe (UP\) TXadUXSOe K\dURgeQ-bRQdLQg 

PRWLf abVRUbabOe gUafW ZaV LPSOaQWed LQ SXOPRQaU\ aUWeU\ fRU RQe \eaU. TKe gUafW 

SRVVeVVeV 92 % SaWeQc\ ZLWK UePRdeOOLQg aQd eQKaQced bXUVW SUeVVXUe (BUXgPaQV eW aO., 

2019). DeVSLWe VeYeUaO VWXdLeV aQd feZ SURgUeVVLQg cOLQLcaO WULaOV, acWLYe UeVeaUcK LV 

RQgRLQg LQ WKe fLeOd Rf VPaOO dLaPeWeU YaVcXOaU gUafW geQeUaWLRQ b\ WLVVXe eQgLQeeULQg fRU 

LdeQWLf\LQg WKe beVW RSWLRQV.  
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CHAPTER 3 

MATERIAL AND METHODS 
 

3. SECTION I ± SCAFFOLD FABRICATION AND 

CHARACTERISATION 
 

3.1 PART I ± SYNTHESIS, FABRICATION AND CHARACTERISATION OF 

GELATIN-VINYL ACETATE/POLY-ܭ-CAPROLACTONE SCAFFOLD 

 

3.1.1 SYNTHESIS OF GELATIN- VINYL ACETATE (GV) 

 

TKe geOaWLQ-YLQ\O aceWaWe cR-SRO\PeU ZaV V\QWKeVL]ed accRUdLQg WR SUeYLRXVO\ 

SXbOLVKed SURWRcRO (TKRPaV aQd NaLU, 2013). BULefO\, GeOaWLQ fURP PRUcLQe VNLQ (T\Se 

A, bORRP YaOXe 300, SLgPa-AOdULcK, USA) ZaV dLVVROYed LQ de-LRQL]ed ZaWeU SXUged 

ZLWK QLWURgeQ gaV aW 400C. AfWeU WKe cRPSOeWe dLVVROXWLRQ Rf geOaWLQ, YLQ\O aceWaWe 

PRQRPeU (SLgPa- AOdULcK, USA) ZaV added aW a ZeLgKW UaWLR Rf 71.5:28.5 ZLWK cRQVWaQW 

VWLUULQg aW 300 USP. TKe fUee UadLcaO cR-SRO\PeUL]aWLRQ ZaV LQLWLaWed b\ addLQg 0.1 % 

(Z/Z) Rf N, N'- a]R bLV LVR bXW\URQLWULOe (AIBN). TKe UeacWLRQ ZaV caUULed RXW aW 600 C 

LQ aQ LQeUW QLWURgeQ aWPRVSKeUe ZLWK cRQVWaQW VWLUULQg aW 300 USP fRU 4 KRXUV. TKe 

V\QWKeVL]ed SRO\PeU, afWeU cRROLQg, ZaV SUecLSLWaWed ZLWK e[ceVV YROXPe Rf aceWRQe aQd 

aLU dULed fRU 24 KRXUV. TKe SUecLSLWaWed SRO\PeU ZaV WKeQ VXbMecWed WR PeWKaQRO baVed 

VR[KOeW e[WUacWLRQ fRU UePRYLQg KRPRSRO\PeU fRU 21 c\cOeV. TKe gUafW UaWLR aQd gUafWLQg 

effLcLeQc\ ZeUe caOcXOaWed aV gLYeQ beORZ: 

 

GUafW UaWLR = (WeLgKW Lf cR-SRO\PeU / WeLgKW Rf geOaWLQ) ««««««««ETXaWLRQ 1  

 

GUafWLQg effLcLeQc\ (%) = [(WeLgKW Rf cR-SRO\PeU befRUe e[WUacWLRQ) - (ZeLgKW Rf cR-   

SRO\PeU afWeU e[WUacWLRQ) / (WeLgKW Rf cR-SRO\PeU befRUe e[WUacWLRQ)««.....ETXaWLRQ 2 
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3.1.2 CHARACTERISATION OF GELATIN-VINYL ACETATE 

 

3.1.2.1 FOURIER TRANSFORM -INFRARED SPECTROSCOPY  

 

TKe SRO\PeU ZaV cKaUacWeUL]ed b\ fROORZLQg PeWKRdV, WKe FT-IR VSecWUa Rf eTXaO 

ZeLgKW Rf VaPSOeV ZeUe cROOecWed RQ BUXNeU AOSKa VSecWURPeWeU, USA fLWWed ZLWK 

dLaPRQd ATR acceVVRU\, aW URRP WePSeUaWXUe ZLWK a VcaQ UaQge Rf 4000-500cP-1aQd 

SURceVVed ZLWK OSXV VRfWZaUe.  

 

3.1.2.2 TNBS ASSAY 

 

TKe SeUceQWage Rf fUee aPLQe gURXS LQ geOaWLQ befRUe aQd afWeU SRO\PeUL]aWLRQ 

ZLWK YLQ\O aceWaWe ZaV deWeUPLQed XVLQg 2, 4, 6-WULQLWURbeQ]eQeVXOfRQLc acLd (TNBS) 

(SLgPa- AOdULcK, USA). EacK VaPSOe, 5 Pg Rf fLQeO\ SRZdeUed geOaWLQ-YLQ\O aceWaWe aQd 

geOaWLQ, ZaV WUeaWed ZLWK eTXaO YROXPeV Rf NaHCO3 (AYUa, IQdLa) VROXWLRQ, 4 % (Z/Y) 

aQd 0.05 % (Z/Y) TNBS VROXWLRQ fUeVKO\ SUeSaUed fRU 3 K aW 400C. TR WKLV WKULce WKe 

YROXPe Rf 6N HCO ZaV added aQd K\dURO\Ved fRU 30 PLQXWeV aW 600C. TKe caOLbUaWLRQ 

cXUYe ZaV dedXced fURP gO\cLQe (SLgPa-AOdULcK, USA) VWaQdaUdV SUeSaUed LQ NaHCO3 

cRQceQWUaWLRQ UaQge fURP 1Pg PO-1 WR 25 Pg PO-1. TNBS bOaQNV ZeUe VeW aQd VXbWUacWed 

fURP VaPSOe YaOXeV. TKe RSWLcaO deQVLW\ Rf WKe VROXWLRQ ZaV Uead aW 349 QP LQ ASYS 

340P, UK PLcUR SOaWe VSecWURSKRWRPeWeU. TKe e[SeULPeQWV ZeUe dRQe LQ WULSOLcaWe. 

 

3.1.2.3 GEL PERMEATION CHROMATOGRAPHY 

 

WeLgKW aYeUage PROecXOaU ZeLgKW dLVWULbXWLRQ Rf SRO\PeU V\QWKeVL]ed ZeUe 

RbWaLQed b\ geO SeUPeaWLRQ cKURPaWRgUaSK\ (GPC, WaWeUV GPC V\VWePV, USA). UOWUa-

K\dURgeO cROXPQ 2000/ 1000/ 500 ZeUe cRQQecWed LQ VeULeV aQd PRbLOe SKaVe XVed ZaV 

0.5 M VRdLXP aceWaWe/aceWLc acLd bXffeU (MeUcN, USA). FORZ UaWe ZaV 1 PO/PLQXWe aQd 

VaPSOe LQMecWLRQ YROXPe ZeUe 20 �O (RKeRd\Qe LQMecWRU, 1 Pg PO-1). TKe UefUacWLYe LQde[ 

deWecWRU 2414 ZaV XVed WR deWecW WKe VaPSOe. ReOaWLYe caOLbUaWLRQ VWaQdaUdV ZeUe de[WUaQ 

VWaQdaUdV (MS: 900000, 48600) aQd PRO\eWK\OeQe GO\cRO (MS: 400). 
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3.1.3 FABRICATION OF GELATIN-VINYL ACETATE/ POLY-ܭ-

CAPROLACTONE SCAFFOLD 

 

3.1.3.1 DUAL SOURCE CO-ELECTROSPINNING OF POLYMERIC 

SOLUTIONS-STANDARDISATION OF ELECTROSPINNING 

 

IQ RUdeU WR LQcRUSRUaWe WKe SURSeUWLeV WZR SRO\PeUV LQ a VLQgOe VcaffROd, dXaO 

VRXUce cR-eOecWURVSLQQLQg WecKQLTXe ZaV ePSOR\ed. IQ WKLV WecKQLTXe fabULcaWLRQ Rf 

VcaffROd ZaV SeUfRUPed b\ eOecWURVSLQQLQg WZR SRO\PeULc VROXWLRQV ± GeOaWLQ-YLQ\O 

aceWaWe aQd PRO\-H-caSUROacWRQe (PCL), VLPXOWaQeRXVO\ RQ WR a VLQgOe cROOecWRU. TKe 

eOecWURVSLQQLQg aSSaUaWXV cRQVLVWed Rf a KLgK-YROWage SRZeU VXSSO\ WKaW caQ SURYLde aV 

PXcK aV 40 NV, ZLWK WZR eOecWURdeV, V\ULQge SXPSV, aQd a cROOecWRU (HROPaUc, IQdLa). 

GeOaWLQ-YLQ\O aceWaWe, 15 % (Z/Y) ZaV dLVVROYed LQ VROYeQW V\VWeP gOacLaO aceWLc acLd: 

eWK\O aceWaWe: ZaWeU (4:4:2, MeUcN, USA) aQd PCL (20 %, MZ: 70,000 WR 90,000, SLgPa 

AOdULcK, USA) LQ cKORURfRUP: PeWKaQRO VROYeQW V\VWeP (7:3, MeUcN, USA). TKe VROXWLRQ 

ZeUe ORaded LQWR WZR VeSaUaWe V\ULQgeV (BD bLRVcLeQce, IQdLa, 10 PL, 21G) aQd PRXQWed 

RQWR WZR VeSaUaWe V\ULQge SXPSV. TKe SXPSV ZeUe SOaced aW WKe RSSRVLWe SROeV Rf WKe 

URWaWLQg VWeeO PaQdUeO, ZKLcK acWed aV a cROOecWRU. TKe cROOecWRU ZaV URWaWed aW UaWe Rf 

2000 USP aQd Kad aQ e[WeUQaO dLaPeWeU Rf 3 PP (RabbLW LPSOaQWaWLRQ VWXdLeV). FRU LQLWLaO 

VWaQdaUdLVaWLRQ Rf eOecWURVSLQQLQg cRQdLWLRQV, 3 PP cROOecWRU ZeUe XVed. CROOecWRU Rf 

5PP ZeUe XVed LQ RUdeU WR SUeSaUe gUafWV VXLWabOe fRU VKeeS LPSOaQWaWLRQ VWXdLeV. 

DLffeUeQW SaUaPeWeUV ZeUe VWaQdaUdLVed baVed RQ eOecWURVSLQ-abLOLW\ Rf VROXWLRQV, VPRRWK 

fLbUe geQeUaWLRQ aQd eaV\ UeWULeYe abLOLW\ Rf VcaffROd fURP PaQdUeO. TKe VcaffROd 

cRPbLQaWLRQ ZeUe aOWeUed baVed RQ fORZ UaWe Rf geOaWLQ-YLQ\O aceWaWe VROXWLRQ. TKe 

YROWage aSSOLed acURVV WKe eOecWURVSLQQLQg V\VWeP ZaV VWaQdaUdLVed WR 10.5 NV. TKe 

WePSeUaWXUe aW ZKLcK eOecWURVSLQQLQg ZaV caUULed RXW ZaV aW URRP WePSeUaWXUe (<250C), 

TabOe: 3.1. 
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Table 3.1: SXmmaU\ Rf elecWURVSiQQiQg SaUameWeUV 

 

 

TKe fORZ UaWe Rf geOaWLQ-YLQ\O aceWaWe ZaV RSWLPLVed beWZeeQ 1- 3 PO SeU KRXU, 

baVed RQ SURdXcWLRQ Rf VWabOe SRO\PeULc MeW aQd VPRRWK bead-OeVV fLbUe SURdXcWLRQ. TKe 

PCL fORZ UaWe ZaV NeSW cRQVWaQW aW 1PO SeU KRXU. TKe cRdeV ZeUe aVVLgQed baVed RQ WKLV, 

TabOe: 3.2. TKe UeWULeYed VcaffROd fURP PaQdUeO ZaV WKeQ aOORZed WR aLU dU\ aW URRP 

WePSeUaWXUe fRU 24 KRXUV. TKe geOaWLQ-YLQ\O aceWaWe aQd PCL aORQe VcaffROdV ZeUe aOVR 

fabULcaWed ZLWK VaPe fORZ UaWe aV WKaW Rf K\bULd VcaffROd bXW ZLWK YROWage Rf 13 NV aQd 8 

NV UeVSecWLYeO\. 

 

 

 

 

 

 

 

 

 

 

PARAMETER GV (15%) PCL (15%) 

SROYeQW GOacLaO aceWLc acLd : WaWeU : 

EWK\O aceWaWe (4:2:4) 

CKORURfRUP: PeWKaQRO 

(7:3) 

S\ULQge 21G 21G 

FORZ UaWe 1-3 PO/KRXU 1 PO/KRXU 

TLS WR cROOecWRU dLVWaQce 10 cP 8 cP 

MaQdUeO VSeed 2000 USP 2000 USP 

VROWage 10.5 NV 10.5 NV 
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Table 3.2: CRmbiQaWiRQV Rf Whe VcaffRld fabUicaWed 

 

3.1.3.2 CROSSLINKING  

 

TKe WXbXOaU VcaffROd ZaV ZaVKed LQ VWeULOe Lce-cROd PKRVSKaWe BXffeUed SaOLQe 

(GLbcR, FLVcKeU ScLeQWLfLc, UK) WZLce aQd WKeQ WUeaWed ZLWK 0.5% (Y/Y) gOXWaUaOadeK\de 

(LabRUaWRU\ UaVa\aQ, IQdLa) LQ PBS fRU 24 KRXUV aW URRP WePSeUaWXUe. AfWeU WKe WUeaWPeQW, 

VcaffROd ZaV WKeQ TXeQcKed ZLWK 0.1 M GO\cLQe (SLgPa-AOdULcK, USA) bXffeUed VaOLQe 

fRU RQe KRXU. FXUWKeU, VcaffROd ZaV ZaVKed LQ VeYeUaO cKaQgeV Rf deLRQL]ed ZaWeU aQd 

WKeQ LQ 70 % eWKaQRO. E[ceVV VROYeQW ZaV UePRYed b\ bORWWLQg aQd RYeUQLgKW aLU dU\LQg. 

FRU VWeULOL]aWLRQ VcaffROdV ZeUe UV WUeaWed aQd VWRUed aVeSWLcaOO\ fRU aOO ceOO cXOWXUe-

baVed VWXdLeV.  

 

3.1.4 CHARACTERISATION OF ELECTROSPUN SCAFFOLD 

 

3.1.4.1 TNBS ASSAY - DETERMINATION OF PERCENTAGE GELATIN-

VINYL ACETATE IN DUAL ELECTROSPUN SCAFFOLD 

 

TKe SeUceQWage Rf WRWaO geOaWLQ-YLQ\O aceWaWe SUeVeQW LQ WKe dXaO VRXUce cR-

eOecWURVSXQ VcaffROd (UQcURVV-OLQNed) ZaV deWeUPLQed b\ XVLQg TNBS aVVa\. 3Pg Rf 

VcaffROd (Q=3) ZaV fLQaOO\ PLQced LQ WR SRZdeU OLNe SLeceV aQd e[WUacWed ZLWK NaHCO3 

VROXWLRQ cRQWaLQLQg TNBS. TKe SeUceQWage aPLQe gURXS ZaV eVWLPaWed agaLQVW VWaQdaUd 

caOLbUaWLRQ SORW Rf gO\cLQe. E[SeULPeQWaO UaWLR Rf geOaWLQ-YLQ\O aceWaWe WR PCL ZeUe 

cRPSaUed ZLWK WKeRUeWLcaO UaWLR. 

SAMPLE 

CODE 

GELATIN-VINYL 

ACETATE (G) 

FlRZ UaWe (ml/hRXU) 

PCL (P) 

FlRZ UaWe 

(ml/hRXU) 

THEORETICAL 

RATIO 

(G:P) 

G1P1 1 1 50:50 

G2P1 2 1 67:33 

G3P1 3 1 75:25 
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3.1.4.2 FOURIER TRANSFORM INFRARED (FT-IR) SPECTROSCOPY 

 

FRU cKePLcaO gURXS aQaO\VLV Rf cR-eOecWURVSXQ VcaffROd, FRXULeU WUaQVfRUP LQfUa-

Ued (FTIR) VSecWUa (LQ ATR PRde) Rf VcaffROd cRPbLQaWLRQV - G1P1, G2P1,G3P1, PCL 

ZeUe WaNeQ XVLQg TKeUPR NLcROeW 5700 VSecWURPeWeU ZLWK DLaPRQd ATR AcceVVRU\ 

DTGS (DeXWeUaWed WULgO\cLQe VXOfaWe) deWecWRU, USA. TKe VcaQ QXPbeU ZaV 

aSSUR[LPaWeO\ 50 ZLWK a UeVROXWLRQ Rf 4 LQ UefOecWaQce PRde. TKe VSecWUa ZeUe WaNeQ LQ 

WKe fUeTXeQc\ UaQge Rf 4000±400 cP- 1. TKe VSecWUa ZaV Uead XVLQg OPQLc VRfWZaUe aQd 

fXUWKeU aQaO\Ved. 

 

3.1.4.3 FIBER MORPHOLOGY ANALYSIS BY SCANNING ELECTRON 

MICROSCOPE 

 

TKe PLcURVWUXcWXUe Rf WKe VcaffROd ZaV cKaUacWeUL]ed XVLQg VcaQQLQg eOecWURQ 

PLcURVcRS\ (SEM). TKe WXbXOaU eOecWURVSXQ VcaffROd cRPbLQaWLRQV- G1P1, G3P1, G3P1 

ZeUe VSXWWeU-cRaWed ZLWK gROd aQd e[aPLQed ZLWK SEM (JEOL JSM 6390LV, JaSaQ) 

RSeUaWed aW 15 NV XQdeU KLgK YacXXP PRde. TKe aYeUage fLbUe dLaPeWeU ZaV LQfeUUed 

fURP SEM LPageV XVLQg IPage J (NIH, USA) VRfWZaUe b\ aQaO\VLQg aSSUR[LPaWeO\ 25 

UaQdRP fLbUeV fURP LPageV. 

 

3.1.4.4 WATER CONTACT ANGLE  

 

SXUface ZeW abLOLW\ Rf G1P1, G2P1, G3P1, GV, PCL VcaffROd (Q=3) ZeUe 

cKaUacWeUL]ed ZLWK ZaWeU cRQWacW aQgOe PeaVXUePeQW b\ VeVVLOe dURS PeWKRd. 2�L dURSV 

Rf MLOOL Q SXULfLed ZaWeU SOaced LQ HaPLOWRQ V\ULQge, ZeUe caSWXUed RQ WR VXUface 

VcaffROd cXW RXW SaVWed RQ WR gOaVV VOLdeV. TKe LPageV Rf WKe dURSOeW RQ WKe VcaffROdV ZeUe 

YLVXaOL]ed WKURXgK WKe LPage aQaO\VeU (OCA15 SOXV, OSWLcaO CRQWacW AQgOe S\VWeP; 

DaWa PK\VLcV, GeUPaQ\). WaWeU cRQWacW aQgOe Rf WKe dURSV ZeUe caOcXOaWed XVLQg SCA 

20 VRfWZaUe. 
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3.1.5 FABRICATION OF TUBULAR SCAFFOLD FOR VASCULAR GRAFT 

 

TKe baVLV Rf SeUVRQaOLVed YaVcXOaU WLVVXe eQgLQeeULQg VceQaULR, fabULcaWLRQ Rf 

gUafW WKaW PaWcKed WKe UecLSLeQW bORRd YeVVeO dLPeQVLRQ LV YeU\ cUXcLaO. TaNLQg WKLV WR 

cRQVLdeUaWLRQ, fRU LPSOaQWLQg WKe YaVcXOaU gUafW LQ UabbLW aQd VKeeS aQLPaO PRdeOV, 

dLPeQVLRQV Rf caURWLd aUWeU\ Rf WKeVe aQLPaOV (UabbLW LQWeUQaO dLaPeWeU: 3 PP aQd VKeeS 

LQWeUQaO dLaPeWeU 5 ± 6 PP) ZeUe XVed WR fabULcaWe gUafW. AccRUdLQgO\ URWaWLQg PaQdUeO 

Rf 3 PP aQd 5 PP e[WeUQaO dLaPeWeU ZeUe cKRVeQ fRU eOecWURVSLQQLQg. TKe SaUaPeWeUV 

Rf dXaO VRXUce cR-eOecWURVSLQQLQg ZeUe VaPe aV VWaQdaUdLVed. 

APRQg WKe dLffeUeQW cRPbLQaWLRQV a fORZ UaWe Rf 3 PO/KRXU geOaWLQ-YLQ\O aceWaWe 

aQd 1 PO/KRXU PCL (G3P1) ZeUe cKRVeQ fRU fXUWKeU fabULcaWLRQ Rf gUafW baVed RQ SK\VLcR-

cKePLcaO SURSeUWLeV. TKeRUeWLcaO ZeLgKW UaWLR Rf geOaWLQ-YLQ\O aceWaWe/PCL ZeUe fL[ed aV 

75:25 baVed RQ LQdLYLdXaO SRO\PeU feed UaWe (G3P1) ZKLcK aOORZV LQcRUSRUaWLRQ Rf 

Pa[LPXP aPRXQW Rf QaWXUaO SRO\PeU PaNLQg LW ceOO fULeQdO\.  

 

3.1.5.1 MORPHOLOGY OF TUBULAR SCAFFOLD 

 

GURVV PRUSKRORg\ Rf WXbXOaU VcaffROd-  G3P1 ± 3 PP aQd G3P1 ± 5 PP ZeUe 

aQaO\Ved fRU LWV dLaPeWeU, OeQgWK, WKLcNQeVV ( BaNeU WKLcNQeVV PLcURPeWUe gaXge, IQdLa), 

cRORXU aQd We[WXUe. TKe PLcURVWUXcWXUe Rf WKe VcaffROd VecWLRQV ZeUe aQaO\Ved XQdeU 

ScaQQLQg eOecWURQ PLcURVcRSe (JOEL, JaSaQ) aQd fURP WKe LPageV UaQdRP fLbeUV (Q=25) 

ZeUe VeOecWed WR LQYeVWLgaWe WKe fLbUe dLaPeWeU XVLQg IPage J VRfWZaUe (NIH, USA). 

 

3.1.5.2 POROSITY ANALYSIS 

 

FRU eYaOXaWLQg WKe SRUe VL]e, a SRUWLRQ Rf WXbXOaU VcaffROd, G3P1 - 3 PP aQd 5 

PP, ZaV cXW LQWR 0.5 PP ZLdWK aQd 1 cP OeQgWK. TKe SRURXV QaWXUe ZaV eYaOXaWed aQd 

LPaged XVLQg KLgK-UeVROXWLRQ MLcUR-CRPSXWed TRPRgUaSK\ (ȝ-CT-40, ScaQcR MedLcaO, 

SZLW]eUOaQd). A 3D LPage ZaV geQeUaWed e[KLbLWLQg WKe SRURXV VWUXcWXUe aQd deQVLW\. 

FURP WKLV WKe aYeUage SRUe VL]e, SRUe YROXPe aQd SeUceQWage SRURVLW\ ZaV deWeUPLQed. 
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3.1.5.3 MEDIA UPTAKE ABILITY 

 

PUe-ZeLgKed VcaffROdV - G3P1 ± 3 PP, G3P1 - 5 PP, GV, PCL Rf dLPeQVLRQ Rf 

0.5 cP [1 cP (Q=6), ZeUe LPPeUVed LQ PBS SH 7.4 LQ SUe ZeLgKed cRQWaLQeUV fRU NQRZQ 

LQWeUYaOV Rf WLPe. TKe PedLXP ZaV caUefXOO\ ZLWKdUaZQ aW LQWeUYaOV aQd e[ceVV ZaV bORW 

dULed. TKe ZeW ZeLgKW Rf VcaffROd ZaV PeaVXUed aW dLffeUeQW LQWeUYaOV XQWLO WKe ZeLgKW 

eTXLOLbUaWed ZLWK WLPe.   PeUceQWage VZeOOLQg ZaV caOcXOaWed XVLQg WKe fROORZLQg fRUPXOa. 

 

SZeOOLQg SeUceQWage = [(fLQaO ZeLgKW-LQLWLaO ZeLgKW)   X 100] / IQLWLaO ZeLgKW...ETXaWLRQ 3 

 

3.1.5.4 DEGRADATION ASSAY 

AQ in Yitro degUadaWLRQ aVVa\ SURfLOe Rf WKe PaWeULaOV - G3P1 ± 3 PP, G3P1 ± 5 

PP, GV aQd PCL ZaV deWeUPLQed b\ LPPeUVLQg WKe VaPSOeV LQ SKRVSKaWe-bXffeUed 

VaOLQe (PBS) aQd PeaVXULQg PaVV ORVV ZLWK UeVSecW WR WLPe. TKe VaPSOeV ZeUe LQcXbaWed 

LQ PBS ZLWK 0.1% VRdLXP a]Lde (SLgPa-AOdULcK, USA) aW 370C fRU 3 PRQWKV (Q=6). TKe 

UeVSecWLYe VaPSOeV afWeU eacK ZeeN ZeUe UePRYed aQd dULed LQ RYeQ. TKe PaVV ORVV ZaV 

caOcXOaWed b\ cRPSaULQg WKe LQLWLaO PaVV (W0) ZLWK WKaW aW a gLYeQ WLPe SRLQW (WW).  

 

MaVV ORVV (%) = [(W0 -WW) / W0] [ 100«««««««««««««««ETXaWLRQ 4 

 

3.1.5.5 MECHANICAL PROPERTIES OF ELECTROSPUN GRAFTS 

 

ThickQeVV meaVXUemeQW:  TKe eOecWURVSXQ gUafWV - G3P1 ± 3 PP, G3P1 ± 5 PP ZeUe 

cXW RSeQed LQ RUdeU WR RbWaLQ fOaW VKeeWV. FURP WKLV 0.5 cP X 0.5 cP VTXaUe VaPSOe cXW 

RXWV ZeUe Pade WR PeaVXUe WKe WKLcNQeVV. EacK VaPSOe ZeUe PRXQWed RQWR TKLcNQeVV 

gaXge (BaNeU gaXge, IQdLa) aQd WKLcNQeVV ZeUe PeaVXUed (Q=6). 

 

UQia[ial WeQVile WeVWiQg: BORRd YeVVeOV e[SeULeQce VWUeWcK ± UeOa[aWLRQ c\cOeV bRWK 

a[LaOO\ aQd cLUcXPfeUeQWLaOO\. TKe eOecWURVSXQ WXbXOaU VcaffROdV - G3P1 ± 3 PP, G3P1 ± 

5 PP (Q=4) ZeUe VXbMecWed WR PecKaQLcaO VWUeQgWK aQaO\VLV XVLQg UQLa[LaO TeQVLOe 

V\VWeP (IQVWURQ, USA). FRU a[LaO VWUeWcKLQg, 3 cP ORQg VcaffROd ZeUe cOaPSed beWZeeQ 

WKe KeadV Rf WKe PacKLQe ZLWK a VWXd\ dLVWaQce Rf 1.5 cP. TKe UaWe Rf dLVSOacePeQW ZaV 

5PP/PLQ ZLWK fRUce Rf 100 N. CLUcXPfeUeQWLaO WeQVLRQ Rf geOaWLQ YLQ\O aceWaWe aQd PCL 
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WXbeV ZeUe aOVR aQaO\Ved. FRU WUaQVYeUVe WeQVLOe WeVWLQg Rf WKe WXbXOaU gUafW, 5 PP OeQgWK, 

ULQg VaPSOeV ZeUe cXW aQd fL[ed beWZeeQ WKe KeadV XVLQg SRO\eVWeU VXWXUe Rf VL]e 0. FRU 

bRWK WeVWV, VaPSOeV ZeUe eTXLOLbUaWed LQ SKRVSKaWe bXffeUed VaOLQe fRU 370 C fRU 10 

PLQXWeV befRUe begLQQLQg Rf WKe WeVWV. A dLVSOacePeQW UaWe Rf 5PP/PLQ aQd ORad ceOO Rf 

100 N ZeUe XVed. 

 

BXUVW PUeVVXUe: TKeRUeWLcaOO\, bXUVW SUeVVXUe Rf eOecWURVSXQ VcaffROd WXbeV ZaV 

caOcXOaWed fURP WeQVLOe VWUeQgWK Pa[LPXP, b\ WKe LaSOace OaZ UeaUUaQgePeQW 

cRQVLdeULQg WKe WXbe aV WKLQ-ZaOOed KROORZ c\OLQdeU XQdeU SUeVVXUe effecWV; WKe eTXaWLRQ 

fRU WKeRUeWLcaO eVWLPaWLRQ Rf bXUVW SUeVVXUe LV aV fROORZV (GaXYLQ eW aO., 2011): 

 

BXUVW PUeVVXUe eVWLPaWed = 2 ([Ma[LPXP TeQVLOe VWUeQgWK X WaOO WKLcNQeVV]/IQWeUQaO YeVVeO 

dLaPeWeU) «««««««««««««««««««««««««...«ETXaWLRQ 5 

 

 SXWXUe UeWeQWiRQ fRUce: TKe VXWXUe UeWeQWLRQ fRUce Rf WKe eOecWURVSXQ G3P1 WXbeV ZeUe 

PeaVXUed accRUdLQg WR ISO 7198:2016 CaUdLRYaVcXOaU LPSOaQWV aQd e[WUacRUSRUeaO 

V\VWePV -- VaVcXOaU SURVWKeVeV -- TXbXOaU YaVcXOaU gUafWV aQd YaVcXOaU SaWcKeV. TKe 3 cP 

ORQg VcaffROdV ZeUe SUe-eTXLOLbUaWed LQ PBS baWK VeW aW 370 C fRU 10 PLQXWeV. OQe VLde Rf 

WKe WXbXOaU LV cOaPSed LQWR WKe fL[ed Kead Rf WKe WeQVLOe PacKLQe. TKe RWKeU eQd Rf WKe 

VcaffROd ZaV SLeUced ZLWK 6/0 SUROeQe VXWXUe (EWKLcRQ, IQdLa) 2PP dRZQ WKe eQd aQd WKe 

VXWXUeV ZeUe cOaPSed LQ beWZeeQ WKe PRYabOe Kead Rf WKe PacKLQe. TKe PRYabOe Kead 

ZaV dLVSOaced aW a UaWe Rf 150 PP/PLQXWe XQWLO WKe WXbe VOLW. TKe Pa[LPXP fRUce aWWaLQed 

befRUe WeaULQg ZaV UecRUded (Q=3). 

 

3.2 PART II - SYNTHESIS, FABRICATION AND CHARACTERISATION OF 

POLY (ETHYL METHACRYLATE-CO-DI ETHYL AMINO ETHYL 

ACRYLATE) SCAFFOLD 

 

3.2.1 SYNTHESIS OF POLY (ETHYL METHACRYLATE-CO-DI ETHYL 

AMINO ETHYL ACRYLATE) 

 

PRO\ (eWK\O PeWKacU\OaWe-cR-dL eWK\O aPLQR eWK\O acU\OaWe), 8g7 ZaV V\QWKeVL]ed 

b\ fUee UadLcaO SRO\PeUL]aWLRQ Rf eWK\O PeWKacU\OaWe (EMA, SLgPa-AOdULcK, UK) aQd 2-
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(dLeWK\O aPLQR) eWK\O acU\OaWe ( DEAEA, SLgPa-AOdULcK, UK).TKe SRO\PeUL]aWLRQ LV 

LQLWLaWed b\ XVLQg 2, 2¶-a]RbLV (2-PeWK\OSURSLRQLWULOe) (AIBN, SLgPa-AOdULcK, UK).TKe 

LQKLbLWRUV fURP PRQRPeUV ZeUe UePRYed XVLQg acLdLc aOXPLQa cROXPQ (SLgPa-AOdULcK, 

UK). TKe SRO\PeUL]aWLRQ ZaV caUULed XQdeU LQeUW QLWURgeQ aWPRVSKeUe RYeUQLgKW XQdeU 

cRQVWaQW VWLUULQg. TKe UeacWLRQ cRQdLWLRQV ZeUe UeSUeVeQWed LQ WKe gLYeQ LQ WKe TabOe: 3.3.  

AfWeU WeUPLQaWLRQ Rf UeacWLRQ, WKe V\QWKeVL]ed SRO\PeU ZaV SUecLSLWaWed LQ a SRRU 

VROYeQW Ke[aQe ZLWK cRQVWaQW VWLUULQg LQ RUdeU WR RbWaLQ VROLd- UXbbeU\ SRO\PeU. TKe 

SRO\PeU RbWaLQed ZaV ZaVKed LQ VeYeUaO cKaQgeV Rf Ke[aQe aQd dULed fRU fRXU KRXUV aW 

400C LQVLde WKe YacXXP RYeQ (PeUQagaOOR eW aO., 2012). 

 

 
Table 3.3: ReacWiRQ cRQdiWiRQV fRU V\QWheViV Rf PRl\ (eWh\l meWhacU\laWe-cR-di eWh\l 
amiQR eWh\l acU\laWe), 8g7 
 

3.2.1.1 DETERMINATION OF MOLECULAR WEIGHT OF POLY (ETHYL 

METHACRYLATE-CO-DI ETHYL AMINO ETHYL ACRYLATE) BY GEL 

PERMEATION CHROMATOGRAPHY 

 

ASSUR[LPaWeO\ 1 - 3 Pg/PO Rf WKe V\QWKeVL]ed SRO\PeU LV dLVVROYed LQ GPC gUade 

N-dLPeWK\O fRUPaPLde (DMF, FLVcKeU VcLeQWLfLc, UK) aQd fLOWeUed XVLQg 0.44 �P fLOWeU 

LQWR GPC YLaOV. TKe eOXeQW XVed ZaV DMF (fORZ UaWe: 1PO/PLQ) aQd GPC ZaV caUULed RXW 

RQ PLgeO ML[ed-C cROXPQV (5 �P, 300 X 7.5 PP) fRU 2 KRXUV aW 600 C. TKe GPC V\VWeP 

ZaV caOLbUaWed XVLQg SRO\VW\UeQe VWaQdaUdV. TKe PROecXOaU ZeLgKW aQd SRO\ dLVSeUVLW\ Rf 

dLffeUeQW baWcKeV Rf V\QWKeVL]ed SRO\PeU ZeUe cROOecWed XVLQg WKe daWa aQaO\VLV VRfWZaUe 

Rf AgLOeQW GPC V\VWeP, UK). 

 

 

 

PRl\meU MRQRmeU 

(mRleV) 

MRQRmeU UaWiR 

(mRl %) 

IQiWiaWRU 

(gUamV) 

SRlYeQW 

(VRlXme %) 

8g7 EMA: 0.216 

DEAEA: 0.0915 

70/30 0.062 TROXeQe (50) 
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3.2.1.2 FOURIER-TRANSFORM INFRARED SPECTROSCOPY (FT-IR) OF 

POLY (ETHYL METHACRYLATE-CO-DI ETHYL AMINO ETHYL 

ACRYLATE) 

 

TKe cKePLcaO VLgQaWXUe cKaUacWeUL]aWLRQ Rf WKe V\QWKeVL]ed SRO\PeU ZaV 

cRQfLUPed b\ FT-IR VSecWURVcRS\ (BUXNeU TeQVRU 27 VSecWURSKRWRPeWeU, USA) Rf WKe 

SRO\PeU. TKe SeaNV ZeUe RbWaLQed b\ IR aQaO\VLV Rf WKe SRO\PeU XVLQg OPUS VRfWZaUe. 

 

3.2.2 FABRICATION OF POLY (ETHYL METHACRYLATE-CO-DI ETHYL 

AMINO ETHYL ACRYLATE) TUBULAR SCAFFOLD BY 

ELECTROSPINNING AND CHARACTERISATION 

 

TKe SURceVV Rf eOecWURVSLQQLQg Rf WKe SRO\PeU KaV WR be VWaQdaUdL]ed fRU 

RbWaLQLQg a VPRRWK bead fUee fLbUeV. TKe LQLWLaO VWaQdaUdL]aWLRQ Rf eacK SaUaPeWeU ZaV 

dRQe RQ eOecWURVSLQQLQg RQWR fOaW VWaWLRQaU\ cROOecWRU aQd fXUWKeU SURgUeVVLRQ ZaV caUULed 

RXW afWeU PLcURVcRSLc cRQfLUPaWLRQ Rf cROOecWed fLbUeV. TKe eOecWURVSLQQLQg VeW XS 

cRQVLVWed Rf KLgK YROWage V\VWeP aQd V\ULQge SXPS ZLWK gURXQded cROOecWRU (SSUa\ baVe 

eOecWURVSLQQLQg, IUeOaQd). A ZLde UaQge Rf VROYeQWV ZeUe VcUeeQed fRU WKe VROXbLOLW\ Rf WKe 

SRO\PeUV fURP 30 - 80% (Z/Y). TKe VROYeQWV LQcOXde eWKaQRO (MeUcN, UK), PeWKaQRO 

(MeUcN, UK), cKORURfRUP (MeUcN, UK), cKORURfRUP : PeWKaQRO (7:3), N-dLPeWK\O 

fRUPaPLde (DMF), TeWUaK\dURfXUaQ (THF), DLPeWK\O fRUPaPLde : cKORURfRUP (1:1) 

DLPeWK\O fRUPaPLde : TeWUaK\dURfXUaQ (1:9 WR 9:1). VaULRXV VROXWLRQV LQ dLffeUeQW 

VROXWLRQV ZeUe aQaO\Ved fRU eaVe Rf VROXbLOLW\, da\V UeTXLUed fRU cRPSOeWe dLVVROXWLRQ Rf 

WKe SRO\PeU aQd eOecWURVSLQQLQg abLOLW\ ZLWK VWabOe MeW fRUPaWLRQ. SLPLOaU WR WKLV WKe effecW 

Rf dLffeUeQW YROWage aQd fORZ UaWe RQ fLbUe deSRVLWLRQ aQd fLbUe PRUSKRORg\ ZeUe aOVR 

VWaQdaUdL]ed. AfWeU VWaQdaUdL]aWLRQ RQ fOaW cROOecWRU, WKe SaUaPeWeUV ZeUe WKeQ WeVWed RQ 

WR WXbXOaU URWaWLQg cROOecWRU ZLWK PaQdUeO dLaPeWeU Rf 5 PP aQd VSeed Rf 2000 USP. TKe 

WLS WR cROOecWRU dLVWaQce ZaV 15 cP aQd VROXWLRQ ZaV ORaded LQ WR 5 PO OXeU ORcN V\ULQgeV 

fLWWed ZLWK WXbe aQd 21G bOXQW QeedOe (BUaXQ, UK). TKe PaQdUeO ZaV cRaWed ZLWK 7% 

(Z/Y) SRO\YLQ\O S\UUROLdRQe (SLgPa-AOdULcK, UK) dLVVROYed LQ 70% eWKaQRO. TKe WXbeV 

ZeUe UeWULeYed b\ LPPeUVLQg WKe PaQdUeO LQ ZaWeU. 
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3.2.2.1 SCANNING ELECTRON MICROSCOPY  

 

TKe XOWUa-VWUXcWXUe Rf fLbUe PaWV SURdXced dXULQg VWaQdaUdL]aWLRQ Rf 

eOecWURVSLQQLQg SaUaPeWeUV aQd WXbXOaU VcaffROd ZeUe LQYeVWLgaWed b\ SEM LPagLQg. TKe 

aLU dULed eOecWURVSXQ PaWV aQd/RU VcaffROdV ZeUe affL[ed RQ aOXPLQLXP VWXbV ZLWK caUbRQ 

WabV aQd VXbMecWed WR VSXWWeU cRaWLQg ZLWK gROd SaOOadLXP (20 QP). DLffeUeQW aUeaV RQ 

bRWK VLdeV Rf WKe VSecLPeQ ZeUe VcaQQed XQdeU SEM (CaUO ZeLVV SIGMA HD VP FLeOd 

EPLVVLRQ SEM EOecWURQ SRXUce: ScKRWWN\ WKeUPaO fLeOd ePLWWeU, AcceOeUaWLQg YROWage 

UaQge: 0.02 WR 30 NV, ReVROXWLRQ: 1.9QP aW 1 NV, 1 QP aW 15 NV, UK).TKe WKLcNQeVV Rf 

WKe ZaOOV Rf WKe WXbXOaU VcaffROd ZeUe aOVR PeaVXUed b\ XVLQg VSecLfLc VWXb fRU PRXQWLQg 

VSecLPeQ VLdeZa\V. TKe SEM LPageV ZeUe LQYeVWLgaWed XVLQg LPage J (NIH, IPage 

SURceVVLQg VRfWZaUe) fRU fLbUe dLaPeWeU caOcXOaWLRQ b\ VeOecWLQg UaQdRPO\ 25 fLbUeV fURP 

LPageV (Q=3). 

 

3.2.2.2 WATER CONTACT ANGLE 

 

TKe ZeW abLOLW\ Rf VcaffROd ZaV aQaO\Ved XVLQg ZaWeU cRQWacW aQgOe (KUaXV 

DS30dURS VKaSe aQaO\VeU, USA). ScaffROd VecWLRQV fURP WXbeV ZeUe RXW LQ WKe dLPeQVLRQ 

Rf 5 cP X 0.5 cP aQd fL[ed RQ VXUface Rf cOeaQ gOaVV VOLde.18G HaPLOWRQ V\ULQge ZLWK 

XOWUa-SXUe ZaWeU ZaV ORaded WR SeQdaQW dURS WeQVLRPeWeU aQd aLU-ZaWeU cRQWacW aQgOe 

LPageV ZeUe caSWXUed aW WLPe SRLQWV OLNe ]eUR VecRQd aQd RQe PLQXWe. 

 

3.2.2.3 WATER UPTAKE ABILITY OF TUBULAR SCAFFOLD 

 

TKe ZaWeU RU PedLa XSWaNe abLOLW\ Rf WKe VcaffROd LV cUXcLaO aV WKe VcaffROd VKRXOd 

be cRQdXcLYe fRU ceOO adKeVLRQ aQd SUROLfeUaWLRQ. IQ RUdeU WR acceVV WKe ZaWeU XSWaNe 

abLOLW\ Rf VcaffROd, SUe-ZeLgKed VcaffROd VaPSOeV aUe LPPeUVed LQ PKRVSKaWe bXffeUed 

VaOLQe (SH: 7.4) aW dLffeUeQW WLPe SRLQWV UaQgLQg fURP RQe PLQXWe WR 1 KRXU. TKe 

SeUceQWage VZeOOLQg Rf WKe VcaffROd LV caOcXOaWed aV PeQWLRQ abRYe (ETXaWLRQ 3) 
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3.2.2.4 MICRO-CT ANALYSIS OF TUBULAR SCAFFOLD ± POROUS NATURE 

 

PRURXV QaWXUe Rf WKe VcaffROd LV e[WUePeO\ cUXcLaO LQ WeUPV Rf ceOO LQWeUacWLRQ ZLWK 

VcaffROd aQd PecKaQLcaO SURSeUWLeV Rf WKe VcaffROd. MLcUR-CRPSXWed TRPRgUaSK\ 

(MLcUR-CT, SLePeQV HeaOWK caUe, USA) SURYLdeV aQ RSWLRQ fRU QRQ-deVWUXcWLYe 

eYaOXaWLRQ Rf VcaffROd aUcKLWecWXUe WKUee dLPeQVLRQaOO\. IQ RUdeU WR aQaO\Ve WKe SRURXV 

QaWXUe Rf WKe eOecWURVSXQ VcaffROd, 1 cP ORQg VcaffROd ZeUe XVed. TKe VcaffROd ZaV 

PRXQWed RQ WR cXVWRP Pade KROdeU aQd e[aPLQed fRU LWV SRURXV VWUXcWXUe. TKe VaPSOeV 

(Q = 4) ZeUe VcaQQed b\ URWaWLQg ZLWK UeVSecW WR X-Ua\ VRXUce aORQg YaULRXV a[eV aQd 

WRPRgUaSKLc aOgRULWKP-baVed LPage VOLceV ZeUe geQeUaWed. TKeVe LPageV ZeUe 

UecRQVWUXcWed XVLQg WKe V\VWeP VRfWZaUe. A bLQ fUeTXeQc\ YaOXe ZaV cUeaWed fURP WKe 3D 

UecRQVWUXcWLRQ. TKe aYeUage SRURVLW\ (PRUe YROXPe/VSecLPeQ YROXPe X 100 %) aQd SRUe 

VL]e (PeaQ SRUe dLaPeWeU) ZeUe WKeQ caOcXOaWed. TKe LQWeUcRQQecWLYLW\ Rf WKe SRUeV ZaV 

aOVR RbVeUYed fURP WKe LPage geQeUaWed. 

 

3.2.2.5 MECHANICAL PROPERTIES OF TUBULAR SCAFFOLD 

 

TKe PecKaQLcaO cKaUacWeUL]aWLRQ Rf a WXbXOaU VcaffROd WKaW LV LQWeQded WR be XVed 

aV a bORRd YeVVeO UeSOacePeQW LV e[WUePeO\ UeOeYaQW. IQ geQeUaO, WKe bORRd YeVVeO 

e[SeULeQceV KePRd\QaPLc fRUceV aORQg LWV ORQg a[LV aQd cLUcXPfeUeQWLaOO\ WKaW LV aURXQd 

WKe a[eV. TKe bORRd SXPSed fURP KeaUW LV fRUced WR PRYe fXUWKeU dXe WR WKLV 

VSaWLRWePSRUaO aWWULbXWed b\ WKe ceOO aQd PaWUL[ aUUaQgePeQW. IQ RUdeU WR PecKaQLcaOO\ 

cKaUacWeUL]e WKe fabULcaWed VcaffROd, LW ZaV VXbMecWed WR PecKaQLcaO WeQVLOe VWUeQgWK-baVed 

PeaVXUePeQW (UQLYeUVaO WeQVLOe PacKLQe, IQVWURQ, USA). FRU WKe PeaVXUePeQW Rf 

ORQgLWXdLQaO WeQVLOe VWUeQgWK, VcaffROd Rf 3 cP X 0.5 cP UecWaQgXOaU WXbe cXW RXW ZaV 

cOaPSed beWZeeQ WKe KeadV Rf WeQVLOe PacKLQe. A 50 N ORad ceOO YaOXe ZaV XVed WR SXOO 

RQe Kead Rf WKe PacKLQe aW a UaWe Rf 0.5 PP/PLQXWe. TKe WKLcNQeVV Rf WKe VcaffROd VaPSOe 

ZaV QRWed befRUe eacK PeaVXUePeQW ZLWK VeUQLeU caOOLSeU (Q = 6). TKe dLVWaQce beWZeeQ 

cOaPS Kead befRUe VWUeWcKLQg LV aOVR adMXVWed WR 1 cP. TKe VcaffROdV ZeUe VWUeWcKed XQWLO 

WKeUe ZaV fUacWXUe. TKe ORad aQd dLVSOacePeQW ZeUe LQfeUUed fURP WKe VRfWZaUe geQeUaWed 

cXUYe (BOXe KLOO). SLPLOaU WR ORQgLWXdLQaO WeQVLOe VWUeQgWK, cLUcXPfeUeQWLaO WeQVLOe VWUeQgWK 

RQ WKe ULQg VaPSOeV ZeUe caUULed RXW. 0.5 cP ORQg ULQg VaPSOeV Rf eTXaO ZaOO WKLcNQeVV 

(Q = 6) ZeUe PRXQWed beWZeeQ SaUaOOeO URd-baVed cOaPS KeadV Rf WeQVLOe PacKLQe. A 50 
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N ORad ceOO ZaV XVed WR VWUeWcK WKe ULQg VaPSOeV XQWLO ORad faLOXUe. FURP WKe daWa geQeUaWed 

b\ WKe VRfWZaUe, WKe XOWLPaWe WeQVLOe VWUeQgWK, YRXQg¶V PRdXOXV, eORQgaWLRQ aW bUeaN aQd 

WKeRUeWLcaO bXUVW SUeVVXUe ZeUe caOcXOaWed aV SeU WKe eTXaWLRQ PeQWLRQed LQ WKe SUeYLRXV 

VecWLRQ (ETXaWLRQ 5). 

SXWXUe UeWeQWLRQ fRUce Rf WKe VcaffROd ZeUe PeaVXUed b\ WeQVLOe VWUeWcKLQg Rf WKe gUafW 

VecWLRQV (Q=6) cOaPSed WR WKe PacKLQe Kead b\ 6-0 SUROeQe VXWXUeV. TKe VcaffROd VaPSOeV 

ZeUe LQLWLaOO\ VXWXUed aQd eQdV Rf WKe VXWXUe ZeUe WLed RQ WR WKe cOaPSV. TKe VWUeWcKLQg 

Rf WKe VcaffROd ZaV SeUfRUPed XVLQg ORad ceOO Rf 50 N aW PP/PLQXWe. TKe Pa[LPXP ORad 

aW faLOXUe ZaV QRWed WR be WKe UeWeQWLRQ fRUce. 

 

SECTION II ± IN VITRO CELL BASED STUDIES 

3.3 PART  I ± DIFFERENTIATION OF ADIPOSE DERIVED 

MESENCHYMAL STEM CELLS TO SMOOTH MUSCLE CELLS ON 

GELATIN-VINYLACETATE/POLY-H-CAPROLACTONE SCAFFOLD 

3.3.1 ISOLATION OF RABBIT ADIPOSE DERIVED MESENCHYMAL STEM 

CELLS (RAMSCS) 

ETHICAL STATEMENT  

TKe VWXdLeV LQYROYLQg aQLPaO VXbMecWV ZeUe cRQdXcWed aV SeU WKe eWKLcaO 

gXLdeOLQeV aQd UecRPPeQdaWLRQV cRQceUQLQg WKe PXUSRVe Rf CRQWURO aQd SXSeUYLVLRQ Rf 

E[SeULPeQWV RQ AQLPaOV, IQdLa aQd WKe IQVWLWXWLRQaO AQLPaO EWKLcV CRPPLWWee aSSURYed 

fRUP B QXPbeU: SCT/IAEC-187/JANUARY/2018/89. FRU cRQdXcWLQg VWeP ceOO-baVed 

UeVeaUcK ZRUN aSSURYaO ZaV RbWaLQed fURP IQVWLWXWLRQaO CRPPLWWee fRU SWeP CeOO 

ReVeaUcK aQd TKeUaS\ XQdeU WKe QXPbeU: SCT/IC-SCR/21/OCT 2014. 

FRU LVROaWLRQ Rf VXbcXWaQeRXV adLSRVe WLVVXe fURP VXSUa-VcaSXOaU UegLRQ, NeZ 

ZeaOaQd ZKLWe UabbLWV ZeUe VeOecWed (\RXQg adXOW, eLWKeU Ve[eV). AfWeU aQaeVWKeWL]LQg WKe 

aQLPaO, a 4 cP LQcLVLRQ ZaV Pade LQ WKe VXSUa-VcaSXOaU UegLRQ. AdLSRVe WLVVXe ZaV 

VXUgLcaOO\ LVROaWed aQd WUaQVfeUUed aVeSWLcaOO\ LQ DXObeccR¶V SKRVSKaWe bXffeUed VaOLQe 

cRQWaLQLQg 1X aQWLbLRWLc aQd aQWLP\cRWLc (GLbcR, TKeUPR FLVcKeU, USA). TKe WLVVXe LV 

ZaVKed LQ aQWLbLRWLc cRQWaLQLQg PBS WKULce aQd PLQced LQWR VPaOO SLeceV. TR WKLV 
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CROOageQaVe T\Se II (GLbcR, USA) eQ]\Pe LQ WKe cRQceQWUaWLRQ Rf 0.075 % (Z/Y) SeU 2g 

Rf LQLWLaO ZeLgKW Rf faW LV added LQ DXObeccR¶V PRdLfLed EagOe¶V MedLXP HLgK gOXcRVe 

(DMEM-HG) ZLWKRXW fReWaO bRYLQe VeUXP (FBS).TKe faW WLVVXe SLeceV LV dLgeVWed LQ WKe 

PedLXP aW 370C fRU 40 PLQXWeV aQd WKeQ ceQWULfXged aW 2500 USP fRU 10 PLQXWeV aW 

40C.TKe VXSeUQaWaQW LV UePRYed aQd SeOOeW cRQWaLQLQg ceOOV LV Ue VXVSeQded LQ DMEM-

HG ZLWK 10 % (Y/Y) FBS (GLbcR, USA), 1X AB/AM (GLbcR, USA) aQd SOaWed RQWR T25 

WLVVXe cXOWXUe gUade fOaVN (NXQc, TKeUPR FLVcKeU ScLeQWLfLc, USA). TKe fOaVNV ZeUe 

PaLQWaLQed LQ LQcXbaWRU aW 370C ZLWK 5% CO2 (ESSeQdRUf, USA). TKe ceOOV aUe aOORZed 

WR aWWacK, aQd PedLa ZaV cKaQged RQ eYeU\ aOWeUQaWe da\ WLOO cRQfOXeQce. TKe ceOOV ZeUe 

VXb-cXOWXUed fXUWKeU XVLQg 0.25% TU\SVLQ-EDTA (GLbcR, USA). TKe ceOO VeedLQg deQVLW\ 

LV fL[ed aW 2 [ 104 ceOOV/cP2 Rf VXUface aUea b\ TU\SaQ bOXe cRXQWLQg LQ KePR-c\WRPeWeU. 

TKe PRUSKRORg\ Rf WKe ceOOV ZaV cRQfLUPed b\ YLVXaOL]LQg XQdeU SKaVe cRQWUaVW PRde Rf 

PLcURVcRSe (LeLca GeQeULc, GeUPaQ\). 

 

3.3.1.1 POPULATION DOUBLING TIME 

 

A cRQVWaQW QXPbeU Rf ceOOV ZeUe SOaWed RQ WR T25 fOaVNV aQd afWeU 90% 

cRQfOXeQce, ceOOV ZeUe KaUYeVWed b\ WU\SVLQLVaWLRQ aQd cRXQWed b\ TU\SaQ bOXe d\e 

(IQYLWURgeQ, USA) baVed KePR-c\WRPeWeU cRXQWLQg. TKe WRWaO WLPe fRU dRXbOLQg Rf 

PeVeQcK\PaO VWeP ceOOV ZeUe caOcXOaWed XVLQg WKe fRUPXOa: 

 

 DRXbOLQg WLPe = (T X LRg 2) / (LRg NW ± LRg NL) ««««««.««««. ETXaWLRQ 6 

 

T LV WKe WRWaO WLPe SeULRd LQ cXOWXUe, NW LV WKe QXPbeU Rf ceOOV aW WLPe T aQd NL LV WKe 

QXPbeU Rf ceOOV LQLWLaOO\. TKe dRXbOLQg WLPe ZaV caOcXOaWed fURP PaVVage 1 WR SaVVage 

12. BaVed RQ WKLV RAMSCV beWZeeQ WKe PaVVage 3 aQd 6, LV RQO\ VeOecWed fRU aOO WKe 

fXUWKeU ceOO cXOWXUe UeOaWed e[SeULPeQWV.  

 

3.3.1.2 MORPHOLOGY OF RAMSCS 

 

TKe ceOOV ZeUe Veeded RQ fRXU ZeOO WLVVXe cXOWXUe SOaWeV aW a deQVLW\ Rf 1 X 104 

ceOOV/cP2. AfWeU UeacKLQg 60% cRQfOXeQce, ceOOV aUe VWaLQed fRU c\WRVNeOeWaO AcWLQ. 

BULefO\, PedLa LV UePRYed fURP SOaWeV aQd ceOOV aUe ZaVKed geQWO\ ZLWK PBS WZLce. TKe 
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ceOOV aUe WKeQ fL[ed ZLWK 4% PaUafRUPaOdeK\de aW URRP WePSeUaWXUe fRU 10 PLQXWeV, 

ZaVKed agaLQ ZLWK PBS. CeOOV ZeUe SeUPeabLOLVed ZLWK 50% Lce cROd PeWKaQRO (MeUcN, 

USA). PKaOOadRLQ-FOXRUeVcLeQ LVR WKLRc\aQaWe 488 (IQYLWURgeQ, AOe[a FOXRU 488, USA) 

ZeUe dLOXWed LQ PBS (1:100) ZeUe added WR ceOO PRQROa\eU aQd LQcXbaWe fRU 1KRXU LQ WKe 

daUN. TKe QXcOeL ZeUe cRXQWeU VWaLQed ZLWK HRecKVW (SLgPa-AOdULcK, USA). TKe LPageV 

ZeUe caSWXUed b\ LQYeUWed fOXRUeVceQW PLcURVcRSe ZLWK UV fLOWeU (OO\PSXV MLcURV\VWeP 

BH2, JaSaQ). 

 

3.3.1.3 FLOW CYTOMETRY AND IMMUNOFLUORESCENCE STAINING 

 

AOO SURcedXUeV fROORZed aV SeU IQWeUQaWLRQaO SRcLeW\ fRU CeOOXOaU TKeUaS\ fRU 

LPPXQe fXQcWLRQaO aVVa\ fRU PeVeQcK\PaO VWURPaO ceOOV (DRPLQLcL eW aO., 2006). TKe 

PeVeQcK\PaO VWeP ceOO LPPXQR-SKeQRW\SLQg ZaV aQaO\Ved b\ FOXRUeVceQW aVVLVWed ceOO 

VRUWLQg baVed RQ e[SUeVVLRQ Rf CD PaUNeUV RQ ceOO VXUface. CeOOV ZeUe gURZQ WR 

cRQfOXeQce LQ T25 fOaVNV, WU\SVLQLVed aQd ZaVKed ZLWK PBS. IQLWLaOO\ ceOOV ZeUe fL[ed 

ZLWK 4% PaUafRUPaOdeK\de fRU 10 PLQXWeV aW URRP WePSeUaWXUe. TKe ceOOV ZeUe WKeQ 

ZaVKed aQd WUeaWed ZLWK SULPaU\ XQcRQMXgaWed aQWL bRdLeV Rf CD44 (1:100, AbcaP, 

USA), VLPeQWLQ (1:100, AbcaP, USA) aQd QegaWLYe PaUNeUV CD34/45 (1:50, BD 

BLRVcLeQceV, IQdLa), LQcXbaWed fRU RQe KRXU aW URRP WePSeUaWXUe. TKe ceOOV ZeUe agaLQ 

ZaVKed ZLWK PBS aQd WUeaWed ZLWK FITC-CRQMXgaWed VecRQdaU\ aQWLbRdLeV aQd LQcXbaWed 

fRU 30 PLQXWeV aW URRP WePSeUaWXUe. AfWeU ZaVKLQg WKe SeUceQWage SRVLWLYLW\ Rf ceOOV ZeUe 

aQaO\Ved b\ fORZ c\WRPeWU\ ZLWK cRUUeVSRQdLQg LVRW\Se cRQWUROV (BD FACS CaOL bXU, 

USA). A PLQLPXP Rf 10,000 ceOOXOaU eYeQWV ZeUe UecRUded fRU eacK VaPSOe. TKe daWa 

RbWaLQed ZaV aQaO\Ved FACS DLYa VRfWZaUe, USA. 

IPPXQRVWaLQLQg Rf ceOOV gURZQ LQ PRQROa\eU ZeUe aOVR SeUfRUPed. A VXb 

cRQfOXeQW ceOO Oa\eU ZaV ZaVKed ZLWK PBS aQd fL[ed ZLWK PaUafRUPaOdeK\de. TKe ceOOV 

ZeUe WKeQ WUeaWed ZLWK CD44, CD90 (1:100, AbcaP, USA) aQd CD34/45 aQWLbRdLeV aQd 

LQcXbaWed RYeU QLgKW aW 40C. TKe ceOOV aUe WKeQ ZaVKed WZLce ZLWK PBS aQd WKeQ WUeaWed 

ZLWK FITC-CRQMXgaWed VecRQdaU\ aQWLbRd\ (AbcaP, 1:50). TKe ceOOV ZeUe WKeQ 

cRXQWeUVWaLQed fRU QXcOeL ZLWK HRecKVW. TKe LPageV ZeUe caSWXUed LQ OO\PSXV 

PLcURV\VWeP BH2, JaSaQ. 
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3.3.1.4 MULTI-LINEAGE DIFFERENTIATION OF RABBIT MESENCHYMAL 

STEM CELLS 

 

IQ RUdeU WR eYaOXaWe WKe PXOWL-OLQeage SRWeQWLaO Rf LVROaWed PeVeQcK\PaO VWeP 

ceOOV. TKe ceOOV ZeUe dLffeUeQWLaWed WR adLSRgeQLc, RVWeRgeQLc, cKRQdURgeQLc OLQeageV b\ 

cXOWXULQg WKeP LQ UeVSecWLYe LQdXcWLRQ PedLa. CeOOV ZeUe Veeded aW deQVLW\ Rf 2 [ 104 

ceOOV/cP2 LQ cXOWXUe SOaWeV ZLWK adLSRgeQLc LQdXcWLRQ PedLa (DMEM-HG,10% FBS,1X 

aQWL bLRWLc-aQWL P\cRWLc,0.5 �P IVRbXW\O PeWK\O [aQWKLQe, 1 �M de[aPeWKaVRQe, 10 

�g/PO IQVXOLQ, 200 �M IQdRPeWKacLQ,14 da\V, SLgPa-AOdULcK, USA) aQd RVWeRgeQLc 

PedLa (DMEM-HG, 10% FBS, 1X aQWLbLRWLc-aQWLP\cRWLc, 0.1 �M de[aPeWKaVRQe, 10 

PM ȕ-gO\ceURSKRVSKaWe, 0.2 PM aVcRUbaWe-2-SKRVSKaWe, 21 da\V). FRU CKRQdURgeQeVLV, 

ceOO SeOOeW cXOWXUe PeWKRd ZaV adRSWed LQ 15PO SRO\SURS\OeQe WXbeV b\ ceQWULfXgLQg 1 [ 

106 ceOO SeU WXbe. TKe ceOO SeOOeW ZeUe gURZQ LQ cKRQdURgeQLc PedLXP (DMEM-HG, 10% 

FBS, 1X aQWL bLRWLc-aQWL P\cRWLc, 50 �g/PO acRUbaWe-2-SKRVSKaWe, 100 �g/PO VRdLXP 

S\UXYaWe, 40 �g/PO PUROLQe, 1.4 PM L-gOXWaPLQe, 100QM De[aPeWKaVRQe, 0.1PM QRQ-

eVVeQWLaO aPLQR acLdV, 10 Qg/PO TGF-ȕ2, 21 da\V). CeOOV gURZQ LQ cRPSOeWe PedLa 

ZLWKRXW addLWLRQaO facWRUV VeUYed aV WKe cRQWUROV. MedLa ZeUe cKaQged eYeU\ aOWeUQaWe 

da\. AfWeU VSecLfLc WLPe SRLQW, AdLSRgeQeVLV aQd RVWeRgeQeVLV Rf WKe ceOOV ZeUe aVVeVVed 

b\ OLO Ued O (SLgPa-AOdULcK, USA) VWaLQLQg fRU OLSLd YacXROeV aQd AOL]aULQ Ued S (SLgPa 

-AOdULcK, USA) VWaLQLQg fRU caOcLXP deSRVLWLRQ UeVSecWLYeO\. TKe SeOOeW Rf 

cKRQdURgeQeVLV LV caUefXOO\ fL[ed aQd ePbedded LQ WLVVXe fUee]LQg PedLa aQd cU\R-

VecWLRQed. TKe VecWLRQV, 5 �P, ZeUe VWaLQed ZLWK SafUaQLQe O fRU gO\cRVaPLQRgO\caQV. 

3.3.2 ISOLATION OF SHEEP ADIPOSE DERIVED MESENCHYMAL STEM 

CELLS (ShMSCV) 

ETHICAL STATEMENT 

TKe VWXdLeV LQYROYLQg aQLPaO VXbMecWV ZeUe cRQdXcWed aV SeU WKe eWKLcaO 

gXLdeOLQeV aQd UecRPPeQdaWLRQV cRQceUQLQg WKe PXUSRVe Rf CRQWURO aQd SXSeUYLVLRQ Rf 

E[SeULPeQWV RQ AQLPaOV, IQdLa aQd WKe IQVWLWXWLRQaO AQLPaO EWKLcV CRPPLWWee, 

SCTIMST aSSURYed fRUP B QXPbeU: 71VW CPCSEA/25/9/2019 aQd SCT/IAEC-

292/JAUARY/2019/99. FRU cRQdXcWLQg VWeP ceOO-baVed UeVeaUcK ZRUN aSSURYaO ZaV 
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RbWaLQed fURP IQVWLWXWLRQaO CRPPLWWee fRU SWeP CeOO ReVeaUcK aQd TKeUaS\ XQdeU WKe 

QXPbeU: SCT/IC-SCR/50/SEPTEMBER/2018 

ANAESTHESIA 

TKe aQLPaOV ZeUe VXbMecWed WR ZKROe bRd\ geQeUaO aQaeVWKeVLa. A cRPbLQaWLRQ 

Rf AWURSLQe VXOSKaWe (0.01 Pg/Ng bRd\ ZeLgKW), X\Oa]LQe (0.3 Pg/Ng bRd\ ZeLgKW) aQd 

KeWaPLQe (7 Pg/Ng bRd\ ZeLgKW) ZeUe XVed WR LQdXce aQaeVWKeVLa LQ aQLPaOV. TKe VKeeS 

ZeUe WKeQ LQWXbaWed ZLWK a cXffed eQdRWUacKeaO WXbe (VL]e 9) afWeU adPLQLVWeULQg PURSRfRO 

bROXV (3 Pg/Ng bRd\ ZeLgKW) LQWUaYeQRXVO\. VeQWLOaWLRQ ZaV LQLWLaWed ZLWK a WLdaO Rf 10-

12 PO/Ng bRd\ ZeLgKW WR acKLeYe aQ EWCO2 aW 30-35 PP Rf H2O XQdeU LVRfOXUaQe 

PaLQWeQaQce.  

SURGICAL PROCEDURE: ADIPOSE TISSUE COLLECTION 

UQdeU geQeUaO aQaeVWKeVLa aQd VWaQdaUd aVeSWLc SUecaXWLRQV, abdRPLQaO aUea ZaV 

SUeSaUed fRU VXUgLcaO LQcLVLRQ. A 3 cP ORQg LQcLVLRQ ZaV Pade RQ VNLQ aQd VXbcXWaQeRXV 

faW WLVVXe ZaV e[cLVed. TKe WLVVXe ZaV cROOecWed LQ VWeULOe PBS fRU ceOO LVROaWLRQ. TKe 

VXUgLcaO ZRXQd ZaV cORVed b\ VXWXULQg ZLWK PRQRfLOaPeQW Q\ORQ VXWXUeV. TKe aQLPaO ZaV 

WKeQ aOORZed WR UecRYeU fURP aQaeVWKeVLa. AfWeU UecRYeU\ WKe aQLPaO ZaV PRQLWRUed daLO\ 

aQd ZRXQd ZaV dUeVVed URXWLQeO\. TKe VXUgLcaO ZRXQd ZaV aOORZed KeaO aQd aQLPaO ZaV 

NeSW LQ LVROaWLRQ WLOO WKeQ. LaWeU WKe aQLPaO ZaV Wagged aQd KRXVed LQ geQeUaO VKeeS KRXVe 

WLOO LPSOaQW aVVRcLaWed VXUgeU\. TKe VXbcXWaQeRXV adLSRVe WLVVXe cROOecWed fURP VKeeS 

ZaV ZeLgKed aQd VXbMecWed WR CROOageQaVe T\Se II dLgeVWLRQ (GLbcR, USA). TKe SURWRcRO 

adRSWed ZaV YeU\ VLPLOaU WR WKaW XVed fRU UabbLW PeVeQcK\PaO VWeP LVROaWLRQ aV 

PeQWLRQed SUeYLRXVO\. TKe ceOOV ZeUe LQLWLaOO\ Veeded RQ T25 fOaVNV fRU SURSagaWLRQ. TKe 

dLffeUeQce e[SeULeQced KeUe ZaV ceOOV aSSeaUed VeYeQ da\V OaWeU WR LVROaWLRQ. PRSXOaWLRQ 

dRXbOLQg WLPe Rf WKe VKeeS ceOOV ZeUe caOcXOaWed aV SeU WKe eTXaWLRQ 6. FRU 

cKaUacWeULVaWLRQ Rf ceOOV, WKe SURcedXUeV aV SeU IQWeUQaWLRQaO VRcLeW\ Rf VWeP ceOO ZeUe 

fROORZed aV dLVcXVVed LQ SUeYLRXV VecWLRQ VLPLOaU WR UabbLW. TKe dLffeUeQce LQ caVe Rf 

WULOLQeage dLffeUeQWLaWLRQ Rf SKMSCV ZaV LQ cKRQdURgeQLc OLQeage ZeUe PLcUR PaVV 

cXOWXUe ZaV adRSWed. HeUe, 5 [ 105 ceOOV ZeUe VSRWWed LQ aW a VLQgOe SRLQW RQ WLVVXe cXOWXUe 

SOaWe aQd aOORZed WR gURZ LQ cKRQdURgeQLc PedLa fRU 21 da\V. AfWeU WKLV, cXOWXUe ZaV 

VWaLQed ZLWK AOLcLaQ bOXe VWaLQ (SLgPa-AOdULcK, USA) aQd SKRWRgUaSKed. 
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3.4 CELL - MATERIAL INTERACTIONS 
 

3.4.1 CYTOTOXICITY STUDIES: DIRECT CONTACT TESTS WITH L929 

FIBROBLASTS AND ADIPOSE DERIVED MESENCHYMAL STEM CELLS- 

RABBIT, SHEEP 

 

TKe in Yitro c\WRWR[LcLW\ Rf UV VWeULOL]ed VcaffROd ZaV cKecNed ZLWK dLUecW cRQWacW 

Rf VcaffROd ZLWK PRXVe fLbURbOaVW ceOOV (ISO 10993 - PaUW 5) aQd RAMSCV. BULefO\, bRWK 

ceOOV ZeUe gURZQ WR cRQfOXeQW PRQROa\eU LQ cRPSOeWe PedLa aW 370 C, 5% CO2 LQcXbaWRU. 

ScaffROdV LQ dLPeQVLRQ Rf 1cP2 aUe SOaced LQ cRQWacW ZLWK WKe ceOOV b\ caUefXOO\ SOacLQg 

WKeP RQ WRS Rf WKe ceOOV. TKe ceOOV ZLWK VcaffROdV ZeUe LQcXbaWed fRU 48 KRXUV. AfWeU WKLV, 

ceOO VXUURXQdLQg WKe VcaffROd LV e[aPLQed XQdeU SKaVe cRQWUaVW PLcURVcRSe fRU UeVSRQVe 

WRZaUdV WKe VcaffROd. TKe PRUSKRORgLcaO cKaQgeV, ceOO deaWK ZaV RbVeUYed aQd VcRUed. 

TKe QaWXUe Rf WKe ceOOXOaU UeVSRQVe ZaV cRPSaUed ZLWK SRVLWLYe c\WRWR[Lc SRO\YLQ\O 

cKORULde dLVcV aQd QegaWLYe QRQ c\WRWR[Lc KLgK-deQVLW\ SRO\eWK\OeQe dLVcV. 

 

3.4.2 MTT ASSAY 

 

TKe LQ dLUecW TXaQWLWaWLYe eYaOXaWLRQ Rf c\WRWR[LcLW\ Rf VcaffROd ZaV aVVeVVed b\ 

e[WUacW PeWKRd. MTT [3-(4, 5-DLPeWK\OWKLa]RO-2-\O)-2, 5-dLSKeQ\OWeWUa]ROLXP bURPLde, 

SLgPa-AOdULcK, USA] aVVa\ ZaV SeUfRUPed XVLQg LVROaWed RAMSC, SKMSCV aQd L929 

ceOOV. TKe VcaffROd e[WUacWV Rf 1 da\, 3 da\V, 7 da\V aQd 14 da\V ZeUe cROOecWed (3 cP2 

/PO Rf VeUXP fUee PedLXP). TKe ceOOV ZeUe Veeded LQ 96 ZeOO SOaWeV aQd gURZQ WLOO VePL-

cRQfOXeQce. TKe PedLXP LV WKeQ UeSOaced ZLWK fUeVK PedLa cRQVLVWed Rf VcaffROd e[WUacW 

aQd cRPSOeWe PedLa LQ UaWLR Rf 7:3 (TeVW PedLa). TKe L929, RAMSC, SKMSCV ceOOV ZeUe 

LQcXbaWed LQ WKe WeVW PedLa fRU a SeULRd Rf 24 aQd 48 KRXUV. AV a SRVLWLYe cRQWURO, DMSO 

(5 % Z/Y LQ PBS) aQd QegaWLYe cRQWURO cRPSOeWe ceOO cXOWXUe PedLa ZaV XVed. AfWeU 

LQcXbaWLRQ PedLa ZaV UePRYed aQd ceOO ZeUe geQWO\ ULQVed RXW LQ PBS. 200 �L MTT 

VROXWLRQ (5 Pg/PO LQ PBS) ZaV added LQWR eacK ZeOO aQd LQcXbaWed aW 370 C fRU 4 KRXUV. 

TKe MTT VROXWLRQ ZaV WKeQ UePRYed aQd 100�L Rf DMSO ZaV added LQ RUdeU WR 

dLVVROYe WKe fRUPa]aQ cU\VWaOV, LQcXbaWed fRU 30 PLQXWeV. TKe RSWLcaO deQVLW\ ZaV 

PeaVXUed aW 540 QP (630 QP UefeUeQce) LQ SOaWe UeadeU (ASYS HLWecK GPBH, 340M, 

USA). BOaQNV ZeUe aOVR VeW, aQd SeUceQWage ceOO YLabLOLW\ ZaV caOcXOaWed aV  
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PeUceQWage CeOO YLabLOLW\ = [(AbVRUbaQce Rf WeVW) - (AbVRUbaQce Rf bOaQN)/ (AbVRUbaQce 

Rf cRQWURO) - (AbVRUbaQce Rf bOaQN)] [ 100««««««««««««««ETXaWLRQ 7 

 

TKe daWa ZaV cRPSaUed ZLWK cRQWUROV aQd XQWUeaWed gURXS YLabLOLW\ ZaV VeW aV 

100%. AOO WKe YaOXeV aUe UeSUeVeQWed LQ PeaQ � VWaQdaUd deYLaWLRQ Rf e[SeULPeQW 

WULSOLcaWeV. 

 

3.4.3 CELL SEEDING ON TUBULAR SCAFFOLD 

 

CeOOV ZeUe Veeded RQ dU\ WXbXOaU VcaffROdV aW VeedLQg deQVLW\ Rf 2 [ 104 ceOOV/cP2 

Rf e[WeUQaO VXUface aUea. TKe WRWaO e[WeUQaO VXUface aUea Rf WKe VcaffROd ZaV caOcXOaWed 

XVLQg WKe fRUPXOa 2ʌK (R + U); ZeUe K LV WKe KeLgKW Rf WKe WXbe, R LV WKe e[WeUQaO UadLXV 

ZKLcK LQcOXdeV WKe WKLcNQeVV Rf WKe VcaffROd aQd U LV LQWeUQaO UadLXV. TKe ceOO VeedLQg LV 

dRQe b\ dLYLdLQg WKe WRWaO ceOO VXVSeQVLRQ LQ cRPSOeWe PedLa LQWR 100 �O eacK. OQ WR RQe 

VLde Rf WKe VcaffROd SOaced LQ VWeULOe gOaVV SeWUL SOaWe, 10 dURSV Rf 10 �O ZeUe added OeQgWK 

ZLVe aQd LQcXbaWed fRU 30 PLQXWeV fRU ceOO aWWacKPeQW. FXUWKeU, WKe VcaffROd ZaV URWaWed 

agaLQ 900 aQd Veeded agaLQ. TKe SURcedXUe ZaV UeSeaWed fRXU WLPeV XQWLO WKe fXOO VXUface 

ZaV Veeded ZLWK ceOOV. TKe ceOO Veeded VcaffROd ZaV aOORZed WR fORaW LQ WKe PedLa fRU 

ceOOXOaU gURZWK. 

 

3.4.4 CELL VIABILITY ASSESSMENT 

 

VLabLOLW\ Rf RAMSC aQd SKMSCV ceOOV Veeded RQ WXbXOaU VcaffROdV ZeUe 

aVVeVVed b\ LIVE/DEAD VLabLOLW\/C\WRWR[LcLW\ KLW fRU PaPPaOLaQ ceOOV (L3224, 

TKeUPR FLVcKeU, USA). AfWeU 3, 7, 14 da\V Rf ceOO gURZWK RQ VcaffROd, WXbeV ZeUe cXW 

RSeQ aQd 1cP2 SLeceV Rf VcaffROd ZaV ZaVKed caUefXOO\ ZLWK PBS. TKe SURcedXUe fRU 

VWaLQLQg ZaV LQ accRUdaQce ZLWK PaQXfacWXUe¶V SURWRcRO. BULefO\, WR SUeSaUe WKe VWaLQLQg 

VROXWLRQ, 5 �L Rf CaOceLQ AM (494/517 QP) aQd 20 �L eWKLdLXP KRPRdLPeU-1 (528/617 

QP) ZaV PL[ed LQ 10 PO PBS. TKe VROXWLRQ ZaV added RQWR ceOO Veeded VcaffROd aQd 

LQcXbaWed fRU 15 PLQXWeV aW 250C. C\WRVNeOeWaO RUgaQL]aWLRQ aQd VSUeadLQg Rf WKe ceOOV 

RQ VcaffROd RQ da\ 14 ZaV YLVXaOL]ed b\ AcWLQ fOXRUeVceQce b\ VWaLQLQg ZLWK PKaOOadRLQ-

AOe[a FOXRU 488 (IQYLWURgeQ, USA) afWeU fL[LQg WKe cRQVWUXcW LQ 4% SaUafRUPaOdeK\de. 
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AfWeU LQcXbaWLRQ, WKe cRQVWUXcWV ZeUe VKLfWed WR gOaVV bRWWRP dLVKed LQ PBS aQd LPaged 

XVLQg cRQfRcaO OaVeU VcaQQLQg PLcURVcRSe (NLNRQ A1RVL, JaSaQ). TKe deSWK SURfLOe 

dLagUaP ZaV aOVR geQeUaWed fURP OLYe ceOO LPage aW da\ 14 XVLQg NLNRQ VRfWZaUe LQ RUdeU 

WR aVVeVV WKe deSWK Rf ceOO SeQeWUaWLRQ LQWR WKe VcaffROd. 

 

3.4.5 CONFOCAL RAMAN SPECTROSCOPIC STUDIES  

 

RAMSC aQd SKMSCV Veeded G3P1 cRQVWUXcWV (Da\ 3) ZeUe VXbMecWed WR RaPaQ 

VSecWURVcRSLc PaSSLQg b\ cRQfRcaO RaPaQ PLcURVcRSe (WLWec IQc. aOSKa300R, 

GeUPaQ\). FRU WKe PeaVXUePeQWV a fUeTXeQc\ dRXbOed NdYAG OaVeU: O = 532 QP ZaV 

XVed. TKe e[cLWaWLRQ OLgKW ZaV SROaUL]ed KRUL]RQWaOO\ (LQ WKe [-dLUecWLRQ) ZLWK UeVSecW WR 

WKe RaPaQ LPage. AOO PeaVXUePeQWV ZeUe SeUfRUPed XVLQg a SP2300L VSecWURPeWeU aQd 

bacN LOOXPLQaWed CCD caPeUa DU401A. TKe ceOO Veeded G3P1 VecWLRQ ZaV LQYeVWLgaWed 

XVLQg a 20 [ NLNRQ (NA=0.4) RbMecWLYe. TKe VaPSOe ZaV LOOXPLQaWed aQd fRcXVed ZLWK 

WRS OLgKW. TKe dLVWULbXWLRQ Rf cKePLcaO VSecLeV RQ WKe VaPSOe ZaV RbWaLQed LQ RaPaQ 

VSecWUaO LPagLQg PRde. IQ WKLV LPagLQg PRde a cRPSOeWe RaPaQ VSecWUXP LV UecRUded 

(LQWegUaWLRQ WLPe Rf 0.5V) aW eYeU\ LPagLQg SRLQW (120 [ 120 SRLQWV fRU 50 [ 50 �P2), 

OeadLQg WR a 2D aUUa\ Rf RaPaQ VSecWUa. BacNgURXQd VXbWUacWLRQ, cRVPLc Ua\ UePRYaO, 

aQd aYeUagLQg a ceUWaLQ UegLRQ PaQXaOO\, aQd VSecWUaO de-PL[LQg ZeUe SeUfRUPed RQ WKLV 

2D aUUa\ Rf RaPaQ VSecWUa XVLQg WLWec PURMecW SOXV VRfWZaUe. TKe dLVWULbXWLRQ Rf WKe 

RaPaQ VSecWUa RYeU WKe e[aPLQed VaPSOe aUea LV cRORXU cRded baVed RQ WKe cKaUacWeULVWLc 

SeaNV Rf PCL (bOXe) aQd GeOaWLQ-YLQ\O aceWaWe (\eOORZ), ceOO c\WRSOaVP(gUeeQ) aQd 

QXcOeL(Ued).  

 

3.5 DIFFERENTIATION OF MESENCHYMAL STEM CELLS TO SMOOTH 

MUSCLE CELL ON SCAFFOLD-RABBIT, SHEEP 

 

RabbLW PeVeQcK\PaO VWeP ceOOV aQd SKeeS PeVeQcK\PaO VWeP ceOOV ZeUe 

VXbMecWed WR dLffeUeQWLaWLRQ WR VPRRWK PXVcOe ceOOV bRWK RQ WLVVXe cXOWXUe SRO\VW\UeQe 

SOaWeV (TCPS) aQd G3P1 VcaffROd. TKe ceOOV ZeUe Veeded RQ G3P1 VcaffROdV aV PeQWLRQed 

abRYe aQd gURZQ LQ VPRRWK PXVcOe LQdXcWLRQ PedLa (SMIM) fRU dLffeUeQWLaWLRQ. TKe 

dLffeUeQWLaWLRQ PedLa ZaV fL[ed baVed RQ SURWRcROV deYeORSed b\ YaULRXV gURXSV aQd 

cRQVLVWed Rf WZR VeWV Rf PedLa fRUPXOaWLRQ. TKe ceOOV afWeU VeedLQg RQ VcaffROd aQd TCPS, 
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ZaV LQLWLaOO\ gURZQ fRU 3 da\V LQ QRUPaO cRPSOeWe PedLa. OQ da\ 3 PedLa ZaV cKaQged 

LQWR VPRRWK PXVcOe LQdXcWLRQ PedLa I (SMIM I) cRQVLVWLQg DMEM-HG, 3% FBS, IX 

AB/AM, 10 Qg/PO TGF-ȕ1 (HXPaQ UecRPbLQaQW, SLgPa-AOdULcK, USA), 30 �M aVcRUbLc 

acLd-2-SKRVSKaWe (SLgPa-AOdULcK, USA), 100 U/PO KeSaULQ VRdLXP VaOW (SLgPa-AOdULcK, 

USA) fRU 7 da\V. AfWeU WKLV agaLQ WKe PedLa cRPSRVLWLRQ ZaV cKaQged fRU aQRWKeU 7 da\V 

WR VPRRWK PXVcOe LQdXcWLRQ PedLa II (SMIM II) ZKLcK ZaV deYRLd Rf aVcRUbLc acLd aQd 

UedXcLQg TGF-ȕ1, 5 Qg/PO. TKe PedLa ZaV cKaQged eYeU\ aOWeUQaWe da\. 

 

3.5.1 QUANTITATIVE REAL TIME PCR 

 

TKe e[SUeVVLRQ SURfLOe Rf VPRRWK PXVcOe ceOO VSecLfLc geQeV ZaV TXaQWLfLed b\ 

UeaO WLPe PCR UeacWLRQ. TRWaO RNA ZaV LVROaWed fURP ceOOV afWeU dLffeUeQWLaWLRQ XVLQg 

TRL]RO UeageQW (GLbcR, USA). TKe cRQceQWUaWLRQ aQd SXULW\ Rf WKe LVROaWed RNA ZeUe 

aQaO\Ved XVLQg NaQR dURS VSecWURSKRWRPeWeU baVed RQ abVRUbaQce UaWLR Rf 

260QP/280QP. 1 �g Rf WRWaO RNA ZaV UeYeUVe WUaQVcULbed WR cDNA (HLgK caSacLW\ 

cDNA UeYeUVe WUaQVcULSWLRQ NLW, ASSOLed BLR-V\VWePV, USA) XVLQg UaQdRP SULPeUV aQd 

dNTP PL[ RQ WKeUPaO c\cOeU (ESSeQdRUf MaVWeU C\cOeU, USA) SURgUaPPed accRUdLQg 

WR PaQXfacWXUeU¶V SURWRcRO. 

FRU UeaO WLPe SRO\PeUaVe cKaLQ UeacWLRQ, 100Qg Rf V\QWKeVL]ed cDNA LV added 

LQWR UeacWLRQ PL[ cRQWaLQLQg VSecLfLc fRUZaUd aQd UeYeUVe SULPeUV. SYBR gUeeQ PaVWeU 

PL[ (FaVW SWaUW UQLYeUVaO SYBR GUeeQ MaVWeU (ROX), RRcKe OLfe VcLeQceV, GeUPaQ\) 

ZaV XVed WR VeW XS WKe TPCR UeacWLRQ SURgUaPPe accRUdLQg WR WKe SURWRcRO fRU 40 

aPSOLfLcaWLRQ c\cOeV ZLWK aQ LQLWLaO acWLYaWLRQ VWeS aW 950 C fRU 10 PLQXWeV (ASSOLed 

BLRV\VWeP QXaQW SWXdLR 5, USA). TKe KRXVe NeeSLQg cRQWURO ZaV GAPDH aQd PeOW 

cXUYe aQaO\VLV ZaV dRQe LQ RUdeU WR eQVXUe VSecLfLcLW\. FROd cKaQge ZaV caOcXOaWed afWeU 

GAPDH QRUPaOL]aWLRQ fRU eacK VeW Rf e[SeULPeQW cRPSaUed WR caOLbUaWRU ZLWKRXW 

VcaffROd aQd LQdXcWLRQ PedLa, XVLQg 2-ddCW fRUPXOa (ScKPLWWgeQ aQd LLYaN, 2008). A 

PLQLPXP Rf WKUee UeSOLcaWeV ZeUe dRQe fRU eacK gURXS. IQ WKe caVe Rf dLffeUeQWLaWLRQ Rf 

VKeeS PeVeQcK\PaO VWeP ceOOV WR VPRRWK PXVcOe ceOOV, E-AcWLQ ZaV XVed aV WKe 

caOLbUaWLRQ cRQWURO. TKe PCR UeacWLRQ ZaV caUULed RXW XVLQg WKe SULPeUV, TabOe: 3.4, aQd 

SYBR gUeeQ PaVWeU PL[ (RRcKe, GeUPaQ\) accRUdLQg WR PaQXfacWXUeU¶V SURWRcRO. 
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    Table 3.4: DeWailV Rf SUimeUV XVed fRU RT-PCR 

 

3.5.2 IMMUNO-STAINING FOR SMC SPECIFIC MARKERS 

 

CeOOV afWeU dLffeUeQWLaWLRQ bRWK RQ VcaffROd aQd TCPS ZeUe fL[ed ZLWK 4% 

SaUafRUPaOdeK\de. TKe ceOOV ZeUe SeUPeabLOLVed 0.05% (Y/Y) TULWRQ X 100 (SLgPa-

AOdULcK, USA) cRQWaLQLQg PBS fRU 10 PLQXWeV aQd bORcNed ZLWK 0.5% (Z/Y) BSA LQ PBS. 

PULPaU\ XQcRQMXgaWed aQWLbRdLeV VSecLfLc WR ASMA (AbcaP), SM22Į (AbcaP), aQd 

SMMHC (MeUcN MLOOLSRUe, USA) ZeUe dLOXWed LQ WKe UaWLR Rf 1:100 LQ PBS ZLWK 2% 

(Z/Y) BSA LQ PBS aQd LQcXbaWed RYeUQLgKW aW 40C LQ PRLVW cKaPbeU. SecRQdaU\ 

NR GENE NAME 

 

PRIMER SEQUENCE 

(FORWARD/REVERSE 5¶-3¶) 

1 GAPDH (UabbLW) TCACAATCTTCCAGGAGCCA 

CACAATGCCGAAGTGGTCGT 

2 TAGLN (VKeeS/UabbLW) 

(SM22Į) 

TCACTCCTTGCTGCGAAT 

GCTCCTCGTCGTACTTCT 

3 CNN3(VKeeS/UabbLW) 

(CaOSRQLQ) 

AGACCTTCGCAACTGGATT 

ATGAGTTCGCAGAGGATGAT 

4 CROOageQ 1A2 (UabbLW) TCTGAAGTCTCTGAACAACCA 

GTGACCACTGCTCCACTCT 

5 MYH11(VKeeS/UabbLW) 

(M\RVLQ KeaY\ cKaLQ 11) 

ACAACTACACATTCCTCTCAAA 

GCTGCTCCTCTTCACTGA 

6 ACTA2(VKeeS/UabbLW) 

(SPRRWK PXVcOe acWLQ) 

GTTCCAGCCCTCCTTCAT 

GAGAGCACATTGTTAGCATAGAG 

7 EOaVWLQ(UabbLW) CTTGGAGTTGGTGCTGGT 

TCCGTATTTCGCTGCCTTA 

 
 

8 

CROOageQ W\Se I aOSKa 2 cKaLQ 

(SKeeS) 

GCTGGTCAGCCCTGTAGAAG 

AACATGGTGATCAAGGTGC 

9 EOaVWLQ (VKeeS) CTTTGGAGTCTGAGAGCACCC 

CCATCCCTCAAAGTGCTTG 

10 BeWa -AcWLQ (SKeeS) CAGTCGGTTGGATCGAGCAT 

AGAAGGAGGGTGGCTTTTGG 
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aQWLbRdLeV ZeUe added LQ dLOXWLRQ Rf 1:50 afWeU ZaVKLQg aQd LQcXbaWed aW URRP 

WePSeUaWXUe. TKe ceOOV aUe WKeQ cRXQWeU VWaLQed ZLWK HRecKVW (SLgPa-AOdULcK, USA) aQd 

LPaged XQdeU cRQfRcaO OaVeU VcaQQLQg PLcURVcRSe (VcaffROdV, NLNRQ A1RVL, JaSaQ). 

 

3.5.3 ESTIMATION OF EXTRACELLULAR MATRIX PROTEINS 

 

TKe WRWaO VROXbOe cROOageQ cRQWeQW Rf WKe e[SOaQW ZaV eVWLPaWed XVLQg SLUcRO 

VROXbOe cROOageQ aVVa\ NLW (BLRcRORU OLfe VcLeQceV aVVa\, UK). SWeSV ZeUe fROORZed 

accRUdLQg WR PaQXfacWXUeU¶V SURWRcRO. BaUe G3P1 gUafW VeUYed aV bOaQNV fRU QRUPaOL]LQg 

WKe YaOXe. TKe cROOageQ VWaQdaUdV gLYeQ LQ WKe NLW (500 Pg/PO Rf bRYLQe RU UaW WaLO cROOageQ 

W\Se I LQ 0.5 M aceWLc acLd) ZeUe XVed fRU SORWWLQg WKe caOLbUaWLRQ cXUYe. TKe LQLWLaO ZeLgKW 

Rf eacK VaPSOeV ZaV UecRUded. CROOageQ ZeUe LVROaWed fURP WLVVXe VaPSOeV b\ XVLQg WKe 

acLd QeXWUaOL]LQg ageQW (0.5 M aceWLc acLd ZLWK SeSVLQ) aQd cROOageQ cRQceQWUaWLRQ 

UeageQW (PRO\eWK\OeQe gO\cRO ZLWK TRIS-HCL bXffeU SH 7.6). AfWeU e[WUacWLRQ, WKe 

cRQWeQWV ZeUe WUeaWed ZLWK SLUcRO cROOageQ bLQdLQg d\e. TKe abVRUbaQce ZaV UecRUded aW 

555 QP LQ PLcURSOaWe UeadeU (ASYS SOaWe UeadeU). TKe cRQceQWUaWLRQ Rf VaPSOeV (Q=4) LV 

eOXcLdaWed fURP caOLbUaWLRQ SORW. 

FRU eVWLPaWLRQ Rf eOaVWLQ FaVWLQ EOaVWLQ aVVa\ NLW (BLRcRORU OLfe VcLeQce, UK) ZeUe 

ePSOR\ed. AccRUdLQg WR PaQXfacWXUeU¶V SURWRcRO, eOaVWLQ LQ WKe VaPSOeV ZeUe cRQYeUWed 

WR VROXbOe fRUP Rf D-eOaVWLQ b\ KeaWLQg WKe VaPSOeV ZLWK 0.25 M R[aOLc acLd (LabRUaWRU\ 

UaVa\aQ, IQdLa) fRU 2 KRXUV aW 1000C. EOaVWLQ VWaQdaUdV SURYLded ZeUe XVed fRU SORWWLQg 

caOLbUaWLRQ cXUYe. TKe d\e XVed fRU bLQdLQg eOaVWLQ ZaV 5, 10, 15, 20-WeWUaSKeQ\O-21H, 

23H-SRUSKLQe WeWUa VXOfRQaWe. TKe abVRUbaQce Lf WKe VaPSOeV ZeUe PeaVXUed aW 513 QP. 

TKe cRQceQWUaWLRQ Rf VaPSOeV (Q=3) ZeUe deWecWed fURP WKe caOLbUaWLRQ SORW. TKe 

e[SUeVVLRQ Rf e[WUaceOOXOaU cROOageQ 1 W\Se A 1 aQd eOaVWLQ ZeUe aOVR aQaO\Ved b\ 

TXaQWLWaWLYe RT-PCR b\ SURWRcRO deVcULbed abRYe. 

3.6 IN VITRO HEMOCOMPATIBILITY OF THE SCAFFOLD 

HePRcRPSaWLbLOLW\ Rf fabULcaWed VcaffROd ZaV aQaO\Ved LQ deWaLO aV WKe eQd 

aSSOLcaWLRQ Rf WKe VcaffROd ZaV WR be XVed aV WLVVXe eQgLQeeUed YaVcXOaU gUafW. AOO WKe WeVWV 

ZeUe caUULed RXW aV SeU ISO 10993 - 4 baVed SURWRcROV. HXPaQ bORRd ZaV cROOecWed fURP 
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SeRSOe ZLWK LQfRUPed cRQVeQW aQd b\ aXWKRUL]ed SeUVRQQeO. TKe bORRd cROOecWLRQ ZaV 

aSSURYed b\ IQVWLWXWLRQaO EWKLcV CRPPLWWee, ECR/189/INST/KL/2013. 

3.6.1 PERCENTAGE HAEMOLYSIS STUDY 

TKe fabULcaWed VcaffROd aQd LWV effecW RQ O\VLV Rf Ued bORRd ceOOV RQ cRQWacW ZLWK 

ZKROe bORRd ZaV aQaO\Ved WKURXgK dRLQg KaePRO\VLV aVVa\. BORRd fURP KXPaQ YROXQWeeU 

ZaV cROOecWed LQWR cRQWaLQeUV ZLWK AcLd cLWUaWe de[WURVe aQWLcRagXOaQW (ACD). TXbXOaU 

VcaffROd VaPSOeV (Q=6) Rf dLaPeWeU 3 PP aQd OeQgWK 1 cP ZeUe SOaced LQ SRO\VW\UeQe 

SOaWeV cRQWaLQLQg PBS. TKe VaPSOeV ZeUe ZaVKed b\ agLWaWLRQ fRU 5 PLQXWeV. AfWeU 

UePRYaO Rf PBS, 1.5 PO Rf bORRd ZaV added Rf ZKLcK 0.5 PO ZeUe dUaZQ RXW LPPedLaWeO\ 

fRU LQLWLaO aQaO\VLV. TKe UePaLQLQg bORRd ZaV agLWaWed ZLWK VaPSOeV aW 70 r 5 USP fRU 30 

PLQXWeV aW WePSeUaWXUe 35r20 C RQ VKaNeU (EQYLURQ Lab-OLQe LQVWUXPeQWV IQc. USA). AV 

UefeUeQce, WKUee ePSW\ SRO\VW\UeQe WXbeV ZeUe e[SRVed ZLWK bORRd. FURP WKe LQLWLaO bORRd 

VaPSOe dUaZQ, WKe WRWaO KaePRgORbLQ ZaV aQaO\Ved ZLWK aQ aXWRPaWLc KaePaWRORg\ 

aQaO\VeU (S\Pe[-K4500). FURP WKe 30 PLQXWe e[SRVed bORRd VaPSOe, SOaWeOeW-SRRU 

SOaVPa ZaV LVROaWed WR acceVV WKe fUee KaePRgORbLQ UeOeaVed. TKLV ZaV PeaVXUed fRU eacK 

VaPSOe ZLWK WKe KeOS Rf DLRde aUUa\ SSecWURSKRWRPeWeU (HeZOeWW PacNaUd 8453, 

GeUPaQ\). TKe SeUceQWage KaePRO\VLV fRU eacK VaPSOe ZeUe caOcXOaWed b\ fROORZLQg 

eTXaWLRQ: 

HaePRO\VLV (%) = (FUee HaePRgORbLQ / TRWaO HaePRgORbLQ) [ 100««««ETXaWLRQ 8 

3.6.2 HEMATOLOGY ± LEUCOCYTE COUNT, RBC COUNT, PLATELET 

COUNT AND PLATELET ADHESHION ASSAY 

TKe VcaffROd VaPSOeV (Q=6) ZeUe e[SRVed WR ZKROe bORRd LQ RUdeU WR aQaO\]e WKe 

cKaQge LQ LQLWLaO aQd fLQaO SeUceQWageV Rf OeXcRc\WeV, RBC aQd SOaWeOeW SUeVeQW afWeU 

e[SRVXUe. TXbXOaU VaPSOeV ZeUe NeSW LQ SRO\VW\UeQe dLVKeV aQd e[SRVed WR 1.5 PO ZKROe 

bORRd, 0.5 PO Rf bORRd ZaV ZLWKdUaZQ LPPedLaWeO\ afWeU e[SRVXUe aQd UeVW ZaV agLWaWed 

ZLWK VaPSOeV aW 70 USP fRU 30 PLQXWeV aW 370C LQ VKaNeU. PRO\VW\UeQe WXbeV ZeUe XVed aV 

UefeUeQce. TKe bORRd cRXQWV ZeUe aQaO\Ved LQLWLaOO\ aQd afWeU 30 PLQXWeV e[SRVXUe WR 

VaPSOeV XVLQg HaePaWRORg\ AQaO\]eU (S\Pe[-K 4500). TKe eTXLSPeQW caOLbUaWLRQ ZaV 

YeULfLed ZLWK LQWeUQaO TXaOLW\ cRQWURO. PeUceQWage cKaQge Rf OeXcRc\WeV, RBC aQd SOaWeOeWV 
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ZeUe caOcXOaWed fRU bRWK LQLWLaO aQd fLQaO VaPSOe aQd cRPSaUed ZLWK UefeUeQceV. 

UQceUWaLQW\ Rf PeaVXUePeQW ZaV r 5%. AfWeU WUeaWLQg WKe VcaffROd ZLWK ZKROe bORRd fRU 

30 PLQXWeV, WKe VcaffROd ZaV WKeQ ZaVKed geQWO\ ZLWK deLRQLVed ZaWeU WZLce aQd fL[ed 

ZLWK 3.5% gOXWaUaOadeK\de VROXWLRQ fRU RbVeUYaWLRQ Rf adKeUed SOaWeOeWV aQd RBCV Lf aQ\ 

XQdeU VcaQQLQg eOecWURQ PLcURVcRSe (JOEL, JaSaQ). 

 

3.7 PART II ± CO-CULTURE OF PERIVASCULAR STEM CELLS 

AND ENDOTHELIAL CELLS ON POLY (ETHYL 

METHACRYLATE-CO-DI ETHYL AMINO ETHYL ACRYLATE) 

SCAFFOLD 

3.7.1 ISOLATION OF HUMAN ADIPOSE DERIVED PERIVASCULAR STEM 

CELLS AND ENDOTHELIAL CELLS 

ETHICAL STATEMENT 

AOO SURcedXUeV fRU cROOecWLRQ aQd fXUWKeU SURceVVLQg Rf WKe adLSRVe WLVVXe VaPSOeV 

ZeUe SeUfRUPed ZLWK SeUPLVVLRQ gUaQWed LQ UQLYeUVLW\ Rf EdLQbXUgK b\ WKe SRXWK EaVW 

ScRWOaQd ReVeaUcK aQd ReVeaUcK EWKLcV CRPPLWWeeV. PaWLeQW VXbMecWV ZeUe LQfRUPed 

abRXW WKe WLVVXe cROOecWLRQ aQd ZULWWeQ cRQVeQW ZaV RbWaLQed. 

TKe cROOecWed WLVVXe LV VWRUed LQ VWeULOe VWRUage cRQWaLQeUV ZLWK PBS (SLgPa-

AOdULcK, UK) cRQVWLWXWed ZLWK 5% (Y/Y) FReWaO caOf VeUXP (FCS, GLbcR, UK) aW 40 C. TKe 

ZKROe faW RbWaLQed fURP abdRPLQRSOaVW\ ZaV WKRURXgKO\ PLQced LQWR VPaOO SLeceV XVLQg 

a VcaOSeO. TKe ScaUSa¶V faVcLaO Oa\eU ZaV LQLWLaOO\ UePRYed. TKe adLSRVe WLVVXe SLeceV ZeUe 

WKeQ cRPbLQed ZLWK PBS (150 PO WLVVXe ZLWK 100 PO PBS) aQd PL[ed PaQXaOO\ fRU 30V 

b\ LQYeUWLQg. 50 PO Rf WKe dLgeVW ZaV WKeQ WUaQVfeUUed WR 50 PO ceQWULfXge WXbeV aQd WKeQ 

ceQWULfXged aW 2000 USP aW URRP WePSeUaWXUe fRU 10 PLQXWeV. AfWeU ceQWULfXgaWLRQ, WKe 

WXbe ZLOO KROd a WKUee-SKaVe cRQWeQW Rf ZKLcK WKe PLddOe Oa\eU ZaV caUefXOO\ WUaQVfeUUed 

LQWR a QeZ WXbe. TKe XSSeU Oa\eU cRQVLVWed Rf faW aQd ORZeU ZaV WKe bORRd Oa\eU. TKe 

PLddOe Oa\eU ZaV WKeQ PL[ed ZLWK 25 PO Rf PBS ± 2% (Y/Y) FCS aQd ceQWULfXged agaLQ 

aW 200 USP fRU 10 PLQXWeV aW URRP WePSeUaWXUe. TR WKe VWURPaO YaVcXOaU fUacWLRQ (SVF) 
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SeOOeW, 25 PO dLgeVWLRQ VROXWLRQ ZaV added aQd PL[ed geQWO\. TKe dLgeVWLRQ PedLa 

cRQVLVWed Rf DMEM-HG (GLbcR), 0.5% (Z/Y) BSA (SLgPa-AOdULcK), 1 Pg/PO 

CROOageQaVe T\Se II ± S (SLgPa-AOdULcK), 0.5 Pg/PO CROOageQaVe T\Se IV - S (SLgPa-

AOdULcK). TKe WXbeV ZeUe WKeQ NeSW fRU VKaNLQg LQ a ZaWeU baWK VeW aW 370C, 150 USP, aQd 

45 PLQXWeV. AfWeU WKLV WKe WXbeV ZeUe fXUWKeU ceQWULfXged aW 2000 USP, 10 PLQXWeV, URRP 

WePSeUaWXUe. TKe VXSeUQaWaQW ZaV dLVcaUded, aQd WKe SeOOeW ZaV WKeQ VXVSeQded LQ 25PO 

PBS ± 2% (Y/Y) FCS. DLVUXSW WKe SeOOeW b\ SLSeWWLQg XS aQd dRZQ geQWO\. LaUgeU cOXPSV 

KaYe WR be PaQXaOO\ UePRYed b\ XVLQg VWeULOe 3PO PaVWeXU SLSeWWe. FXUWKeU SaVV WKe SeOOeW 

VXVSeQVLRQ WKURXgK WKe 400 PP VWUaLQeU (CaPbULdge BLRVcLeQceV, UK), WKeQ fLOWeU fXUWKeU 

WKURXgK 100PP aQd 70PP ceOO VWUaLQeUV (BD bLRVcLeQceV). TKe fLOWUaWe ZaV WKeQ added 

ZLWK e[ceVV aPRXQW Rf PBS ± 2% (Y/Y) FCS aQd ceQWULfXged aW 2000 USP fRU 10 PLQXWeV. 

TKe aVSLUaWe ZaV WKeQ dLVcaUded, aQd SeOOeW ZaV WKeQ VXVSeQded LQ 10 PO RBC O\VLV 

VROXWLRQ. RBC O\VLV VROXWLRQ cRQVLVWed Rf VWRcN I (8.3g APPRQLXP cKORULde LQ 1-OLWeU 

dLVWLOOed ZaWeU) aQd VWRcN II (20.59g Rf TULV BaVe LQ 1L dLVWLOOed ZaWeU, SH 7.65 adMXVWed 

ZLWK 1M HCO). TKe fLQaO VROXWLRQ ZaV Pade b\ PL[LQg 9 SaUWV Rf VWRcN I aQd 1 SaUW Rf 

VWRcN II, adMXVWLQg WKe fLQaO SH aW 7.65 ZLWK 1M HCO. IQcXbaWe WKe ceOO SeOOeW VXVSeQVLRQ 

LQ RBC bXffeU VROXWLRQ aW URRP WePSeUaWXUe fRU 5 PLQXWeV. TR WKLV, 20 PO Rf PBS ± 2% 

(Y/Y) FCS ZaV added aQd fLOWeUed WKURXgK 40 PP ceOO VWUaLQeU. FXUWKeU add WR WKe fLOWeUed 

VROXWLRQ ZLWK PBS ± 2% (Y/Y) FCS aQd ceQWULfXge aW 1500 USP fRU 10 PLQXWeV aW 40C. TKe 

VXSeUQaWaQW ZaV WKeQ dLVcaUded, aQd SeOOeW ZaV VXVSeQded LQ 5 PO Rf PBS ± 2% (Y/Y) 

FCS. TKe VXVSeQVLRQ ZaV cRXQWed b\ WUeaWLQg ZLWK TU\SaQ bOXe (GLbcR) LQ aXWRPaWed 

ceOO cRXQWeU (BLR-Rad). TKe VXVSeQded SeOOeW ZaV WKeQ VXbMecWed WR FACS baVed VRUWLQg 

Rf ceOOV. 

3.7.1 FACS SORTING OF CELL SUSPENSION 

TKe ceOO VXVSeQVLRQ ZaV LPPXQe-VWaLQed fRU aQWLbRd\ SaQeO-baVed VRUWLQg Rf ceOOV 

SUeVeQW LQ WKe VWURPaO YaVcXOaU fUacWLRQ. PULRU WR VRUWLQg, WKe ceOO VXVSeQVLRQ ZaV WUeaWed 

ZLWK bORcNLQg bXffeU cRQVLVWLQg Rf PBS, 0.1% BSA, 1X KXPaQ IgG. TKe cRQceQWUaWLRQ 

ZaV fL[ed aW 5 [ 107 ceOOV/PO. TXbeV ZeUe SUeSaUed aV gLYeQ LQ WKe WabOe beORZ, TabOe: 

3.5. 
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TXbe Name AQWibRd\ (DilXWiRQ) Cell VXVSeQViRQ 

(Pl) 

TXbe 1 UQVWaLQed NR aQWLbRd\ 100PO 

TXbe 2 UQVWaLQed NR aQWLbRd\ 100PO 

TXbe 3 FXOO VWaLQed CD146 BV711(1:100) 

CD34 PE (1:100) 

CD45 V450(1:400) 

CD56 V450 (1:100) 

CD 31 FITC (1:100) 

400PL 

TXbe 4 FOXRUeVceQW PLQXV RQe 

CD146 

 

 

CD34 PE (1:100) 

CD45 V450(1:400) 

CD56 V450 (1:100) 

CD 31 FITC (1:100) 

100 PO 

TXbe 5 FOXRUeVceQW PLQXV RQe 

CD34 

CD146 BV711(1:100) 

CD45 V450(1:100) 

CD56 V450 (1:100) 

CD 31 FITC (1:100) 

100 PO 

TXbe 6 FOXRUeVceQW PLQXV RQe 

CD45/CD56 

CD146 BV711(1:100) 

CD34 PE (1:100) 

CD 31 FITC (1:100) 

100 PO 

TXbe 7 FOXRUeVceQW PLQXV RQe 

CD31 

CD146 BV711(1:100) 

CD34 PE (1:100) 

CD45 V450(1:400) 

CD 56 V450 (1:100) 

100 PO 

Table 3.5: AQWibRd\ SaQel XVed fRU cell iVRlaWiRQ 
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CRPSeQVaWLRQ beadV ZeUe aOVR SUeSaUed fRU eacK aQWLbRd\ b\ XVLQg eTXaO 

YROXPeV Rf SRVLWLYe aQd QegaWLYe beadV LQ 2% (Y/Y) FCS. IVRW\Se cRQWUROV fRU eacK 

aQWLbRd\ ZaV aOVR SUeSaUed. TKe XQVWaLQed aQd LVRW\Se cRQWURO ZeUe XVed fRU 

cRPSeQVaWLRQ. AfWeU bORcNLQg, eacK WXbe ZLWK ceOOV ZeUe LQcXbaWed ZLWK cRUUeVSRQdLQg 

aQWLbRdLeV aV VKRZQ LQ WKe WabOe fRU 20 PLQXWeV aW 40C. WaVKLQg ZaV dRQe afWeU LQcXbaWLRQ 

b\ ceQWULfXgaWLRQ aQd WKe VWaLQed ceOOV ZeUe VXVSeQded LQ DMEM -HG ZLWK 20% (Y/Y) 

FCS. TKe ceOO cRQceQWUaWLRQ ZaV PaLQWaLQed aW 1[107 ceOOV /PO.  JXVW befRUe VRUWLQg, WR 

eacK WXbe YLabLOLW\ cRPSeQVaWRU DAPI d\e ZaV added (IQYLWURgeQ, 1: 10000). SWeULOe 

VRUWLQg Rf WKe ceOOV ZaV caUULed RXW LQ BD LSR FRUWeVVa KLgK-VSeed ceOO VRUWeU ZLWK VSecLaO 

RUdeU fLYe-OaVeU (633, 561, 488,405 aQd 355 QP) XVLQg BD DLYa Y.6.0 VRfWZaUe, USA. 

TKe UaWe Rf VRUWLQg ZaV fL[ed QRW WR e[ceed 8000 ceOOV/ VecRQd WKURXgK a 100PP QR]]Oe 

aW 23 SVL SUeVVXUe SRZeU ZLWK fRXU-Za\ VRUWLQg SUecLVLRQ. IVRW\Se cRQWUROV ZeUe XVed WR 

cRXQWeUbaOaQce WKe VSecWUaO RYeUOaS aQd fOXRUeVceQW PLQXV RQe cRQWURO ZeUe XVed WR 

eVWabOLVK defLQLWe VRUWLQg gaWeV. TKe fRUZaUd aQd VLde VcaWWeU baVed VLQgOe ceOO VRUWLQg ZaV 

LQLWLaOO\ dRQe fROORZed b\ e[cOXVLRQ Rf dead ceOOV aQd KePaWRSRLeWLc ceOOV baVed RQ DAPI 

aQd CD45 fOXRUeVceQce UeVSecWLYeO\. TKe eQdRWKeOLaO ZeUe deWecWed aQd cROOecWed baVed 

RQ CD31+/CD 34+ ceOOV LQ cROOecWLRQ WXbe. TKe adYeQWLWLaO ceOOV baVed RQ CD34+/CD146- 

aQd SeULc\WeV baVed RQ CD146+/CD34- ZeUe cROOecWed LQ VeSaUaWe cROOecWLRQ WXbeV. 

AQaO\VLV ZeUe dRQe XVLQg FORZJR VRfWZaUe Y.10.0. TKe cROOecWLRQ WXbe cRQWaLQed 3PO Rf 

DMEM-HG ZLWK 20% (Y/Y) FCS. TKe cROOecWed ceOOV ZeUe WKeQ SOaWed WR 2% geOaWLQ 

cRaWed SOaWeV ZLWK DMEM-HG ZLWK 20% (Y/Y) FCS fRU adYeQWLWLaO ceOOV aQd SeULc\WeV, 

EGM-2 (LRQ]a, UK) fRU eQdRWKeOLaO ceOOV. 

TKe LVROaWed ceOOV ZeUe SaVVaged afWeU cRQfOXeQce b\ WU\SVLQL]aWLRQ XVLQg 0.25% 

TU\SVLQ EDTA (IQYLWURgeQ, UK). AW eacK SaVVage WKe SeULYaVcXOaU VWeP ceOOV -AdYeQWLWLaO 

ceOOV aQd PeULc\WeV ZeUe RbVeUYed XQdeU SKaVe cRQWUaVW PLcURVcRSe (EVOS M5000 CeOO 

IPagLQg V\VWeP, IQYLWURgeQ, USA) fRU LWV cRQfOXeQce aQd fLbURbOaVWLc PRUSKRORg\. BRWK 

ceOOV aW PaVVage fRXU ZeUe XVed fRU fXUWKeU VWXdLeV. HRZeYeU, WKe LVROaWed eQdRWKeOLaO ceOOV 

Kad OeVVeU SUROLfeUaWLYe caSacLW\ aQd dXe WR WLPe cRQVWUaLQWV, WKe fXUWKeU VWXdLeV ZeUe 

caUULed RXW b\ OaWe eQdRWKeOLaO RXWgURZWK ceOO LVROaWed fURP SeULSKeUaO bORRd aQd ZaV 

gLfWed fURP CeQWUe fRU CaUdLRYaVcXOaU VcLeQceV. TKeVe ceOOV ZeUe SURYed WR beKaYe aV 

eTXaOO\ WR QaWLYe eQdRWKeOLaO ceOOV OLNe HXPaQ XPbLOLcaO YeLQ eQdRWKeOLaO ceOOV (TXUa eW 
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aO., 2013). TKe ceOOV ZeUe beWZeeQ SaVVage 3-6 aQd VKRZed cRbbOeVWRQe PRUSKRORg\ 

XQdeU SKaVe cRQWUaVW PLcURVcRSe (EVOS). 

3.7.2 CELL SEEDING ON THE SCAFFOLDS 

TKe VcaffROdV ZeUe LQLWLaOO\ VWeULOL]ed b\ UV WUeaWPeQW. FRU VWaQdaUdL]aWLRQ Rf 

ceOOV VeedLQg Rf eacK W\Se Rf ceOOV-AdYeQWLWLaO ceOO, PeULc\WeV aQd EQdRWKeOLaO ceOOV, RQ 

PRO\ (eWK\O PeWKacU\OaWe-cR-dL eWK\O aPLQR eWK\O acU\OaWe) VcaffROd, 8g7, aQd WKe 

VcaffROdV ZeUe cXW RXW fURP WKe WXbeV aQd OaLd fOaW aW WKe bRWWRP Rf ceOO cXOWXUe dLVK. IQ 

RUdeU WR SUeYeQW WKe XSOLfWLQg Rf VcaffROd, ZKeQ PedLa ZaV added, VWeULOe cORQLQg 

c\OLQdeUV ZeUe fLWWed fLUPO\ RQ WKe VcaffROd aQd ceOOV ZeUe Veeded RQWR VcaffROd e[SRVed 

LQVLde c\OLQdeU. TKe ceOO VeedLQg deQVLW\ Rf 2 X 105 ceOOV/ cP2 Rf WKe VcaffROd VXUface ZaV 

fL[ed fRU eacK ceOO W\Se. TKe ceOOV ZeUe WU\SVLQLVed fURP cXOWXUe fOaVNV, cRXQWed b\ WU\SaQ 

bOXe VWaLQLQg befRUe VeedLQg. TKe ceOOXOaUL]aWLRQ Rf WKe VcaffROd aW dLffeUeQW WLPe SRLQWV 

ZeUe YLVXaOL]ed b\ QXcOeaU VWaLQLQg ZLWK DAPI.  

3.7.3 CELL COMPATIBILITY OF SCAFFOLD ± LIVE / DEAD ASSAY 

CeOOV ZeUe Veeded RQ VcaffROd aQd WUeaWed ZLWK LLYe / dead aVVa\ VWaLQLQg NLW 

(IQYLWURgeQ) LQ RUdeU WR YLVXaOO\ aQaO\]e WKe OLYe ceOOV aW da\ 3 aQd da\ 14. CeOOV afWeU 

VeedLQg ZeUe ZaVKed WKULce LQ PBS LQ RUdeU WR UePRYe WUaceV Rf VeUXP SURWeLQ. AVVa\ 

ZaV caUULed RXW aV SeU PaQXfacWXUe¶V SURWRcRO. TKe OLYe VWaLQLQg UeageQW CaOceLQ AM ZaV 

PL[ed ZLWK dead VWaLQLQg UeageQW eWKLdLXP KRPRdLPeU LQ PBS aQd ceOO Veeded VcaffROd 

ZaV LQcXbaWed LQ WKe UeageQW fRU 15 PLQXWeV aW 370C.  AfWeU WKe LQcXbaWLRQ, WKe ceOOV RQ 

VcaffROd ZeUe LPaged XQdeU cRQfRcaO OaVeU VcaQQLQg PLcURVcRSe ZLWK ]-VWacNLQg Rf 

dLffeUeQW fOXRUeVceQW SOaQeV (LeLca PLcURV\VWeP, GeUPaQ\). TKe caSWXUed LPageV ZeUe 

SURceVVed aQd aQaO\Ved b\ IPageJ - FIJI VRfWZaUe (NIH, USA). 

3.7.4 MTT ASSAY  

CeOOV aW deQVLW\ 5 [ 103 ceOOV ZeUe Veeded RQWR VcaffROd cXW RXW SUeVV fLWWed LQWR 

WKe bRWWRP Rf 96 ZeOO SOaWeV (AUea: 0.8 cP2). AfWeU cXOWXULQg WKe ceOOV fRU WLPe SeULRdV ± 

3, 7 aQd 14 da\V, WKe PedLa ZaV UePRYed aQd 200 PO Rf 1 Pg/PO Rf fLOWeU VWeULOL]ed MTT 

VROXWLRQ LQ PBS (SLgPa-AOdULcK, UK) ZaV added WR eacK ZeOO. AV SRVLWLYe cRQWURO, ceOOV 

Veeded RQ WLVVXe cXOWXUe SOaWeV ZeUe VeW. BOaQNV ZeUe aOVR VeW aV VcaffROd ZLWKRXW ceOOV. 
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MTT VROXWLRQ ZaV LQcXbaWed LQ WKe SOaWe fRU 4 KRXUV LQ WKe CO2 LQcXbaWRU. TR eacK ZeOO 

200 PO Rf 1 % (Y/Y) DMSO (SLgPa-AOdULcK, UK) ZaV added aQd LQcXbaWed fRU 30 PLQXWeV 

ZLWK YLgRURXV VKaNLQg fRU 1 KRXU. AfWeU LQcXbaWLRQ, WKe VROXWLRQ fURP eacK ZeOO ZaV 

SLSeWWed LQWR a fUeVK 96 ZeOO SOaWe. TKe abVRUbaQce ZaV Uead aW 570 QP LQ SOaWe UeadeU 

(BLRWeN V\QeUg\, UK). TKe ceOO YLabLOLW\ ZaV caOcXOaWed XVLQg WKe eTXaWLRQ: 

CeOO YLabLOLW\ (%) = (AbVRUbaQce Rf WeVW ± AbVRUbaQce Rf bOaQN) / (AbVRUbaQce Rf cRQWURO 

± AbVRUbaQce Rf bOaQN) ««««««««...«««««««««.«..««ETXaWLRQ 9 

3.7.5 SCANNING ELECTRON MICROSCOPY OF CELLS ON SCAFFOLD 

TKe ceOO Veeded VcaffROd aW da\ 14 ZaV ZaVKed LQLWLaOO\ ZLWK PBS aQd WKeQ WZLce 

ZLWK deLRQL]ed ZaWeU. TKe VcaffROd ZaV WKeQ fL[ed ZLWK 3.5% SaUa fRUPaOdeK\de 

RYeUQLgKW. AfWeU fL[aWLRQ VcaffROd ZaV ZaVKed geQWO\ ZLWK deLRQL]ed ZaWeU aQd fUee]e-

dULed RYeUQLgKW (VLUWLV fUee]e dU\eU). TKe fUee]e-dULed VaPSOeV ZeUe caUefXOO\ PRXQWed 

RQWR VWXbV Rf ScaQQLQg eOecWURQ PLcURVcRSe ZLWK caUbRQ WaSeV aQd cRaWed ZLWK SaOOadLXP 

gROd fRU LPSURYed cRQWUaVW. TKe VaPSOeV ZeUe WKe YLVXaOL]ed XQdeU KLgK YROWage SEM 

(CaUO ZeLVV SLgPa HD, UK). 

3.7.6 E-ACTIN AND IMMUNOSTAINING OF CELL MARKERS ON THE 

SEEDED SCAFFOLD 

IQ RUdeU WR aQaO\]e WKe ceOO adKeVLRQ aQd VSUeadLQg Rf WKe ceOOV RQ VcaffROd, WKe 

AcWLQ c\WRVNeOeWRQ Rf WKe ceOOV ZeUe deWecWed b\ LPPXQRfOXRUeVceQce-baVed VWaLQLQg. 

TKe LdeQWLW\ Rf eacK ceOO RQ VcaffROd ZeUe aOVR cKecNed b\ LPPXQR-VWaLQLQg ZLWK 

cRUUeVSRQdLQg ceOO PaUNeUV. AfWeU 14 da\V Rf cXOWXUe, WKe ceOO Veeded VcaffROdV ZeUe 

UeWULeYed caUefXOO\, ZaVKed geQWO\ LQ PBS WZLce aQd fL[ed ZLWK 4% PaUa fRUPaOdeK\de 

VROXWLRQ (SLgPa-AOdULcK) fRU 20 PLQXWeV aW URRP WePSeUaWXUe. TKe SaUafRUPaOdeK\de 

ZaV WKeQ UePRYed, aQd VcaffROdV ZaV ZaVKed ZLWK PBS cRQWaLQLQg 0.01% (Y/Y) TZeeQ 

20 (SLgPa-AOdULcK), PBS-T. IQ WKe caVe Rf aQWLgeQV bRXQd LQ WKe c\WRSOaVP 

SeUPeabLOL]aWLRQ ZaV caUULed RXW b\ WUeaWLQg ZLWK 0.5% TULWRQ X 100 (SLgPa-AOdULcK) LQ 

PBS fRU 10 PLQXWeV aW URRP WePSeUaWXUe. TKe TULWRQ X ZaV WKeQ dLVcaUded aQd ZaVKed 

WZLce ZLWK PBS-T. IQcXbaWed ZLWK SURWeLQ bORcNeU (IQYLWURgeQ) fRU 45 PLQXWeV aW URRP 

WePSeUaWXUe. TKe SULPaU\ aQWLbRd\ ZaV dLOXWed LQ aQWLbRd\ dLOXeQW (IQYLWURgeQ) aQd 
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added WR cRYeU WKe VcaffROd, LQcXbaWed RYeUQLgKW aW 40C. AfWeU LQcXbaWLRQ, WKe SULPaU\ 

aQWLbRd\ ZaV ZaVKed aZa\ ZLWK PBS-T aQd VecRQdaU\ aQWLbRd\ ZaV aSSOLed (1:300 

dLOXWLRQ), LQcXbaWed fRU 1 KRXU. TKe VecRQdaU\ aQWLbRd\ VSecLfLcLW\ ZaV dLffeUeQW fRU WZR 

ceOO W\SeV. TKe VcaffROd afWeU ZaVKLQg ZaV WKeQ WUaQVfeUUed WR gOaVV VOLde aQd added DAPI 

fOXRUeVceQW PRXQWLQg PedLa (LLfe WecKQRORgLeV) fRU 10 PLQXWeV. A cRYeU gOaVV ZaV 

caUefXOO\ SOaced RYeU VcaffROd. TKe LPageV Rf WKe VcaffROd ZeUe WaNeQ b\ cRQfRcaO OaVeU 

VcaQQLQg PLcURVcRSe (LeLca MLcURV\VWeP) ZLWK cRUUeVSRQdLQg e[cLWaWLRQ aQd ePLVVLRQ 

ZaYeOeQgWK Rf VecRQdaU\ aQWLbRd\ b\ ]-VWacNLQg WKe UeWULeYed LPage SOaQeV. TKe LPageV 

ZeUe cRPbLQed aQd aQaO\Ved b\ XVLQg IPageJ-FIJI VRfWZaUe (NIH). IPPXQRfOXRUeVceQce 

Rf ceOOV cXOWXUed RQ TLVVXe cXOWXUe SOaWeV ZeUe aOVR caUULed RXW LQ caVe Rf adYeQWLWLaO ceOOV 

aQd SeULc\WeV fRU VWeP ceOO PaUNeUV fROORZLQg WKe SURWRcRO deVcULbed aV abRYe. TKe SOaWeV 

ZeUe aQaO\Ved b\ eSL-fOXRUeVceQce VePL-cRQfRcaO PLcURVcRSe (CaUO ZeLVV). 

3.8 CO-CULTURE OF PERIVASCULAR CELLS WITH 

ENDOTHELIAL CELLS ON SCAFFOLD 

IQ RUdeU WR VWaQdaUdL]e WKe cR-cXOWXUe Rf SeULYaVcXOaU ceOOV ± adYeQWLWLaO ceOOV aQd 

SeULc\WeV UeVSecWLYeO\ ZLWK eQdRWKeOLaO ceOOV RQ WXbXOaU VcaffROd, WKe ceOOV ZeUe LQLWLaOO\ 

gURZQ WR cRQfOXeQce RQ WLVVXe cXOWXUe SOaWeV. TKe SaVVage Rf adYeQWLWLaO ceOOV aQd 

SeULc\WeV ZeUe aW P3 ZKLOe WKaW Rf eQdRWKeOLaO ceOOV ZeUe aW P2. TKe ceOOV ZeUe cXOWXUed 

WLOO 14 da\V RQ VcaffROd ZLWK VeedLQg deQVLW\ Rf 2 [ 102 ceOOV / cP2 WaNLQg LQ cRQVLdeUaWLRQ 

Rf WXbXOaU VcaffROd WRWaO VXUface aUea. DLffeUeQW UaWLRV Rf adYeQWLWLaO WR eQdRWKeOLaO ceOO 

(1:1, 1:2, 1:3, 1:4, 1:5) ZeUe aQaO\Ved. IQ WKe caVe Rf SeULc\WeV UaWLR WR eQdRWKeOLaO ceOOV 

(1:1, 1:2, 1:3) ZeUe aQaO\Ved. DRXbOe LPPXQRfOXRUeVceQce Rf PaUNeUV e[SUeVVed RQ bRWK 

ceOO W\SeV (adYeQWLWLaO/eQdRWKeOLaO ceOO - CD44/CD31, SeULc\WeV/eQdRWKeOLaO ceOO - 

CD146/CD31) ZeUe XVed WR aQaO\]e eacK UaWLR aQd WKe fLQaO UaWLR ZaV fL[ed aV adYeQWLWLaO 

ceOO WR eQdRWKeOLaO ceOOV aV 1:5 aQd SeULc\WeV WR eQdRWKeOLaO ceOOV aV 1:1. TKe ceOO cXOWXUe 

PedLXP XVed ZaV EGM-2 ZLWK 10% (Y/Y) FCS. AfWeU 14 da\V, WKe VcaffROd cXW RXWV ZeUe 

fL[ed aQd dRXbOe LPPXQRVWaLQed fRU VSecLfLc PaUNeU WR cRQfLUP WKe eVWabOLVKPeQW R cR-

cXOWXUe. TKe LPageV ZeUe WaNeQ XQdeU cRQfRcaO OaVeU VcaQQLQg PLcURVcRSe aQd SURceVVed 

ZLWK IPage J-FIJI VRfWZaUe 
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3.8.1 ANGIOGENESIS ASSAY 

TKe WLVVXe cXOWXUe PedLa cROOecWLRQ fURP WKe cR-cXOWXUe V\VWePV ZeUe dRQe aV 

fROORZV. IQLWLaOO\ ceOOV ZeUe cR-cXOWXUed fRU 14 da\V RQ VcaffROd aV UeSRUWed abRYe LQ 

EGM-2 PedLa cRQWaLQLQg 10 % (Y/Y) FCS (Q= 12 fRU eacK V\VWeP). OQ da\ 15, WKe PedLa 

LV UePRYed cRPSOeWeO\, ceOOV ZeUe ZaVKed WZLce ZLWK EGM-2 PedLa ZLWKRXW VeUXP RU 

aQ\ RWKeU VXSSOePeQWV. TKe ceOOV ZeUe cXOWXUed fRU RQe da\ LQ WKLV PedLa aW VWaQdaUd 

cXOWXUe cRQdLWLRQV. TKe cXOWXUe PedLa ZaV WKeQ cROOecWed aQd VWRUed aW -800C. TKe cR-

cXOWXUe VecUeWRPe ZeUe aQaO\Ved b\ SURWeRPe SURfLOeU HXPaQ aQgLRgeQeVLV AUUa\ NLW 

(R&D S\VWePV, ARY007, USA) accRUdLQg WR WKe PaQXfacWXUeU¶V LQVWUXcWLRQ. TKe PedLa 

ZaV WKeQ fLOWeUed XVLQg 0.22PP V\ULQge fLOWeU (MeUcN MLOOLSRUe) aQd ceQWULfXged aW 500 

USP aW 40 C fRU 5 PLQXWeV. TKe VecUeWRPe ZaV added RQ WR aQWLbRd\ bRXQd PLcURaUUa\ 

VKeeW SURYLded aQd LQcXbaWed aV SeU WKe PaQXfacWXUeU¶V SURWRcRO. TKe VLgQaO ZaV deWecWed 

LPPedLaWeO\ afWeU LQcXbaWLRQ XVLQg LLCOR Od\VVe\ Fc deWecWLRQ V\VWeP, USA e[SRVLQg 

eacK aUUa\ PePbUaQe fRU 5-10 PLQXWeV. TKe LPageV ZeUe caSWXUed ZLWK LLCOR VRfWZaUe 

aQd TXaQWLfLed fRU SRVLWLYe VLgQaOV (IPage SWXdLR LLWe VRfWZaUe, LLCOR). TKe SL[eO 

LQWeQVLW\ Rf eacK SURWeLQ VSRW ZaV caOLbUaWed agaLQVW aYeUage LQWeQVLW\ Rf QegaWLYe cRQWURO 

VSRWV. TKe fLQaO VLgQaO LQWeQVLW\ Rf eacK SURWeLQ VSRW ZaV WKeQ SORWWed LQ RUdeU aQaO\Ve WKe 

dLffeUeQce LQ eacK cR-cXOWXUe V\VWeP LQ WeUPV Rf SURPRWLQg aQgLRgeQeVLV. 

SECTION III ± IN VIVO EVALUATION OF GELTIN-VINYL 

ACETATE / POLY-H-CAPROLACTONE ELECTROSPUN 

SCAFFOLD, G3P1 

3.9 PART I ± IN VIVO EVALUATION IN RABBIT MODEL 

ETHICAL STATEMENT  

TKe VWXdLeV LQYROYLQg aQLPaO VXbMecWV ZeUe cRQdXcWed aV SeU WKe eWKLcaO 

gXLdeOLQeV aQd UecRPPeQdaWLRQV cRQceUQLQg WKe PXUSRVe Rf CRQWURO aQd SXSeUYLVLRQ Rf 

E[SeULPeQWV RQ AQLPaOV, IQdLa aQd WKe IQVWLWXWLRQaO AQLPaO EWKLcV CRPPLWWee aSSURYed 

fRUP B QXPbeU: SCT/IAEC-187/JANUARY/2018/89. FRU cRQdXcWLQg VWeP ceOO-baVed 

UeVeaUcK ZRUN aSSURYaO ZaV RbWaLQed fURP IQVWLWXWLRQaO CRPPLWWee fRU SWeP CeOO 

ReVeaUcK aQd TKeUaS\ XQdeU WKe QXPbeU: SCT/IC-SCR/ OCT 21/2014. 
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ANIMAL WELFARE 

TKe KeaOWK VWaWXV aQd geQeUaO ZeOO-beLQg Rf WKe LQ-KRXVe aQLPaOV VXbMecWed WR 

UeVeaUcK-baVed e[SeULPeQWaWLRQ ZeUe cRQVWaQWO\ PRQLWRUed. AQLPaO KRXVLQg cRQVLVWV Rf 

LQdLYLdXaO ZeOO-YeQWLOaWed cageV. AQLPaOV ZeUe PaLQWaLQed aW WePSeUaWXUe Rf 22r50C, 

UeOaWLYe KXPLdLW\ Rf 55r10% aQd eTXaO 12-KRXU daUN aQd OLgKW c\cOeV. RabbLWV ZeUe fed 

ZLWK cOeaQed SURceVVed YegeWabOeV aQd dULQNLQg ad libitXm. TKe KeaOWK ZaV PRQLWRUed aV 

SeU FedeUaWLRQ fRU AQLPaO ScLeQce AVVRcLaWLRQV (FELASA) gXLdeOLQeV fRU SaUaVLWRORg\ 

aQd UegXOaUO\ VWaPSed fRU LQfecWLRQV Lf aQ\. 

3.9.1 SURGICAL REPLACEMENT OF RABBIT COMMON CAROTID 

ARTERY WITH G3P1 SCAFFOLD CELLULARISED WITH DIFFERNTIATED 

SMOOTH MUSCLE CELLS 

ANESTHESIA AND SURGICAL PROCEDURE 

 

FRU LPSOaQWaWLRQ VWXdLeV, WKe aQLPaO PRdeO VeOecWed ZaV NeZ ZeaOaQd ZKLWe 

UabbLWV Rf eLWKeU Ve[eV Rf bRd\ ZeLgKW UaQge Rf 2.5- 3 Ng bRd\ ZeLgKW. TKe aQLPaOV cKRVeQ 

ZeUe WKe VaPe aQLPaOV ZKLcK Kad XQdeUgRQe adLSRVe WLVVXe UeWULeYaO SURcedXUe fRU VWeP 

ceOOV LVROaWLRQ. TKe LPSOaQWaWLRQ ZaV cRQdXcWed WKUee PRQWKV afWeU WKe WLVVXe UeWULeYaO 

cRQVLdeULQg WKe fXOO KeaOWK Rf WKe aQLPaO. AQLPaOV (Q=2) ZeUe aQaeVWKeWL]ed ZLWK aWURSLQe 

VXOSKaWe, [\Oa]LQe, PLda]ROaP aQd KeWaPLQe (AQNeW, NeRQ Oab, IQdLa) LQWUaPXVcXOaUO\. 

AQaeVWKeVLa ZaV PaLQWaLQed eLWKeU ZLWK cRQWLQXRXV SURSRfRO LQfXVLRQ WKURXgK PaUgLQaO 

eaU YeLQ aQd SURYLded ZLWK aQ R[\geQ PaVN RU b\ LVR-fOXUaQe deOLYeU\ afWeU eQdRWUacKeaO 

LQWXbaWLRQ.  

TKe aQLPaOV aQaeVWKeWL]ed ZLWK [\Oa]LQe- PLda]ROaP- NeWaPLQe cRPbLQaWLRQ aQd 

ZaV cRQWUROOed LQ VXSLQe SRVLWLRQ. TKe aUea aW WKe YeQWUaO QecN ZaV SUeSaUed aVeSWLcaOO\ 

aQd a PLd-YeQWUaO LQcLVLRQ VKaOO be Pade RQ WKe QecN WR e[SRVe aSSUR[LPaWeO\ 1.5 ± 2.0 

cP Rf WKe caURWLd aUWeU\. HeSaULQ 100 IU SeU Ng ZaV adPLQLVWeUed LQWUaYeQRXVO\ aQd WKe 

SUR[LPaO aQd dLVWaO cOaPSV ZaV aSSOLed RQ WKe caURWLd aUWeU\ 1.5cP aSaUW. ASSUR[LPaWeO\ 

2 cP ORQg VegPeQW Rf WKe caURWLd aUWeU\ ZaV e[cLVed aQd UePRYed aQd 3 cP Rf G3P1 

WLVVXe eQgLQeeUed YaVcXOaU gUafW ZaV LPSOaQWed b\ eQd WR eQd aQaVWRPRVLV ZLWK 6/0 

PUROeQe VXWXUeV (EWKLcRQ). PULRU WR LPSOaQWaWLRQ, WKe VcaffROd ZLWK VPRRWK PXVcOe ceOOV 

ZeUe aVeSWLcaOO\ WUaQVfeUUed WR WKe RSeUaWLRQ WKeaWUe fURP cXOWXUe cRQdLWLRQV. TKe gUafWV 



69 
 

ZeUe geQWO\ ZaVKed ZLWK VWeULOe PBS WKULce WR UePRYe WKe WUaceV Rf PedLa. TKe VNLQ 

LQcLVLRQ ZaV cORVed LQ Oa\eUV. AQLPaOV ZeUe cORVeO\ PRQLWRUed aQd gLYeQ aQWLbLRWLcV aQd 

aQaOgeVLcV fRU fLYe SRVWRSeUaWLYe da\V.  TKe UabbLWV ZeUe gLYeQ WZR dRVeV Rf LRZ 

MROecXOaU WeLgKW HeSaULQ aW WKe UaWe Rf 1 Pg/Ng bRd\ ZeLgKW VXbcXWaQeRXVO\ aW 12 KRXUV 

LQWeUYaO. AVSLULQ ZaV aOVR be adPLQLVWeUed SRVW RSeUaWLYeO\ aW WKe UaWe Rf 2 Pg/Ng bRd\ 

ZeLgKW fRU WZR ZeeNV.  AQLPaOV ZeUe XQdeU daLO\ YeWeULQaU\ LQVSecWLRQ aQd ZaV gLYeQ 

LQWUaPXVcXOaU LQMecWLRQV Rf aQWLbLRWLcV (cefWULa[RQe) aQd aQWL-LQfOaPPaWRU\ (PeOR[LcaP) 

fRU 5 da\V SRVWRSeUaWLYeO\. SXWXUeV ZeUe UePRYed RQ VeYeQWK SRVW-RSeUaWLYe da\. 

AQLPaOV ZeUe WKeQ caUed fRU aQd fed ad OLbLWXP feed aQd ZaWeU. TKe WRWaO SeULRd Rf VWXd\ 

ZaV WZR ZeeNV. 

 

3.9.2 ANGIOGRAPHIC EVALUATION OF THE IMPLANT 

 

AfWeU WKe LPSOaQWaWLRQ SeULRd, WKe UabbLWV ZeUe aQaeVWKeWL]ed aV deVcULbed abRYe 

aQd WeUPLQaO aQgLRgUaSKLc eYaOXaWLRQ ZaV caUULed RXW LQ RUdeU WR acceVV WKe bORRd fORZ 

WKURXgK WKe gUafW. TKe cRQWUaVW d\e ZaV LQMecWed LQLWLaOO\ WKURXgK WKe VaPe VLde Rf WKe 

LPSOaQWed gUafW b\ WKURXgK LQcLVLRQ Pade LQ WKRUacLc aUWeU\ aQd WUaLOLQg WRZaUdV WKe 

LPSOaQW VLWe LQ caURWLd aUWeU\. FXUWKeU eYaOXaWLRQ ZaV aOVR dRQe b\ LQMecWLQg WKe d\e 

WKURXgK OaWeUaOO\ RSSRVLWe caURWLd aUWeU\. TKe aQgLRgUaSKLc LPageV ZeUe caSWXUed ZLWK 

KeOS Rf UadLaWLRQ VRXUce fLWWed abRYe WKe WabOe (GE KeaOWK caUe V\VWePV, UK). 

 

3.9.3 GROSS OBSERVATION OF THE IMPLANT 

 

  TKe aQLPaO ZaV eXWKaQL]ed afWeU aQgLRgUaSKLc eYaOXaWLRQ Rf WKe LPSOaQW b\ 

adPLQLVWeULQg e[ceVV dRVe Rf WKLRSeQWRQe VRdLXP. TKe aQLPaO ZaV WKe VKLfWed WR aVeSWLc 

URRP aQd feOW WKe QecN fRU LPSOaQW. A 5 cP ORQg LQcLVLRQ ZaV Pade caUefXOO\ aORQg WKe 

QecN e[SRVLQg WKe caURWLd aUWeU\ ZLWK LPSOaQW. TKe gUafW ZLWK VXUURXQdLQg caURWLd aUWeU\ 

ZaV e[cLVed. TKe gURVV RbVeUYaWLRQ Rf WKe gUafW ZaV Pade ZLWK ePSKaVLV RQ VWUXcWXUe Rf 

gUafW, LWV dLPeQVLRQV afWeU LPSOaQWaWLRQ aQd SRVLWLRQaO cKaQge Lf aQ\. TKe gUafWV ZeUe WKeQ 

fL[ed ZLW 10% (Z/Y) QeXWUaO bXffeUed fRUPaOLQ (NBF) fRU fXUWKeU KLVWRSaWKRORgLcaO 

eYaOXaWLRQV. 
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3.9.4 HISTOPATHOLOGICAL EVALUATIONS 

 

FURP WKe e[SOaQW, WLVVXe SLeceV fURP bRWK SUR[LPaO, dLVWaO aQaVWRPRVLV aQd PLd 

gUafW UegLRQ ZeUe WaNeQ, SURceVVed URXWLQeO\, ePbedded LQ SaUaffLQ. FLYe-PLcURQ WKLcN 

VecWLRQV ZeUe WaNeQ b\ cXWWLQg WKe bORcNV LQ PLcURWRPe. TKe VecWLRQ ZaV de-SaUaffLQL]ed 

LQ [\OeQe aQd VWaLQed ZLWK HaePaWR[\OLQ aQd ERVLQ (SLgPa-AOdULcK, UK). TKe VecWLRQV 

ZeUe RbVeUYed XQdeU PLcURVcRSe (LeLca MLcURV\VWePV, GeUPaQ\) aQd eYaOXaWed fRU WKe 

degUee Rf ceOOXOaUL]aWLRQ, W\SeV Rf ceOOV, e[WUaceOOXOaU PaWUL[ deSRVLWLRQ. 

3.10 PART II ± IN VIVO EVALUATION IN SHEEP MODEL 

ETHICAL STATEMENT 

TKe VWXdLeV LQYROYLQg aQLPaO VXbMecWV ZeUe cRQdXcWed aV SeU WKe eWKLcaO 

gXLdeOLQeV aQd UecRPPeQdaWLRQV cRQceUQLQg WKe PXUSRVe Rf CRQWURO aQd SXSeUYLVLRQ Rf 

E[SeULPeQWV RQ AQLPaOV, IQdLa aQd WKe IQVWLWXWLRQaO AQLPaO EWKLcV CRPPLWWee aSSURYed 

fRUP B QXPbeU: 71VW CPCSEA/25/9/2019, SCT/IAEC-292/JAUARY/2019/99. FRU 

cRQdXcWLQg VWeP ceOO-baVed UeVeaUcK ZRUN aSSURYaO ZaV RbWaLQed fURP IQVWLWXWLRQaO 

CRPPLWWee fRU SWeP CeOO ReVeaUcK aQd TKeUaS\ XQdeU WKe QXPbeU: SCT/IC-

SCR/50/SEPTEMBER/2018 

ANIMAL WELFARE 

IQ RUdeU WR PaNe VXUe WKe KeaOWK Rf OaUge aQLPaOV. TKe aQLPaOV ZeUe gURXS KRXVed 

XQdeU QaWXUaO cOLPaWLc cRQdLWLRQV aQd cORVeO\ PRQLWRUed fROORZLQg WKe gXLdeOLQeV Rf 

CPCSEA. COLQLcaO KeaOWK Rf aQLPaOV ZaV URXWLQeO\ cKecNed b\ aQaO\VLQg WKe 

KaePaWRORgLcaO aQd bLRcKePLcaO SaUaPeWeUV. TKe VKeeS ZeUe fed RQ LQ-KRXVe Pade 

VSecLaO feed cRQVLVWLQg Rf cUXde aQd URXgKageV. WaWeU ZaV gLYeQ ad-libitXm. 

PRE-EXPERIMANTAL EVALUATION OF ANIMAL SUBJECT 

FePaOe VKeeS, adXOW, 25-45 Ng bRd\ ZeLgKW (Q=3) ZeUe NeSW XQdeU RbVeUYaWLRQ 

ULgKW afWeU adLSRVe WLVVXe LVROaWLRQ fRU a PLQLPXP Rf WKUee PRQWKV. FRU LPSOaQWaWLRQ Rf 

gUafW, WKe VaPe VKeeS ZeUe LdeQWLfLed ZLWK eaU Wag aQd cRQdLWLRQed fRU RQe PRQWK. BRd\ 

ZeLgKW, RWKeU cRQdLWLRQV OLNe LOOQeVV RU SUegQaQc\ ZeUe aYRLded. 24 KRXUV SULRU WR VXUgeU\, 
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cOLQLcaO e[aPLQaWLRQ Rf WKe aQLPaOV ZaV caUULed RXW fRU cKecNLQg aQ\ abQRUPaOLW\ LQ WKe 

KeaOWK aQd beKaYLRXU Rf WKe aQLPaOV. TKe aQLPaOV ZeUe VWaUYed fRU a da\ SULRU WR VXUgeU\ 

aQd LVROaWed LQ WKe SRVW-RSeUaWLYe URRP ZLWK aVVLVWaQce. 

ANAESTHESIA 

TKe aQLPaOV ZeUe VXbMecWed WR ZKROe bRd\ geQeUaO aQaeVWKeVLa. A cRPbLQaWLRQ 

Rf AWURSLQe VXOSKaWe (0.01 Pg/Ng bRd\ ZeLgKW), X\Oa]LQe (0.3 Pg/Ng bRd\ ZeLgKW) aQd 

KeWaPLQe (7 Pg/Ng bRd\ ZeLgKW) ZeUe XVed WR LQdXce aQaeVWKeVLa LQ aQLPaOV. TKe VKeeS 

ZeUe WKeQ LQWXbaWed ZLWK a cXffed eQdRWUacKeaO WXbe (VL]e 9) afWeU adPLQLVWeULQg PURSRfRO 

bROXV (3 Pg/Ng bRd\ ZeLgKW) LQWUaYeQRXVO\. VeQWLOaWLRQ ZaV LQLWLaWed ZLWK a WLdaO Rf 10-

12 PO/Ng bRd\ ZeLgKW WR acKLeYe aQ EWCO2 aW 30 -  35 PP Rf H2O XQdeU LVRfOXUaQe 

PaLQWeQaQce.  

3.10.1 SURGICAL PROCEDURE: VASCULAR GRAFT IMPLANTATION 

TKe aQLPaOV VWXd\ gURXSV (Q=3) ZeUe VeOecWed LQ VXcK a Za\ WR PLQLPLVe WKe 

QXPbeU Rf aQLPaO VXbMecWV. TKe ULgKW aQd OefW caURWLd aUWeU\ Rf WKe VaPe VKeeS ZeUe XVed 

WR LPSOaQW ceOO Veeded VcaffROd (G3P1 + SMC VXbgURXS, Q=3) aQd baUe VcaffROd (G3P1 

aORQe VXbgURXS, Q=3).  

TKe G3P1 WXbXOaU gUafW Rf 5PP LQWeUQaO dLaPeWeU aQd 7 cP OeQgWK ceOOXOaULVed 

ZLWK adLSRVe deULYed VWeP ceOO dLffeUeQWLaWed VPRRWK PXVcOe ceOOV ZeUe SUeSaUed fRU 

LPSOaQWaWLRQ. TKe aQLPaOV VWXd\ gURXSV ZeUe VeOecWed LQ VXcK a Za\ WR PLQLPLVe WKe 

QXPbeU Rf aQLPaO VXbMecWV. TKe ULgKW aQd OefW caURWLd aUWeU\ Rf WKe VaPe VKeeS ZeUe XVed 

WR LPSOaQW ceOO Veeded VcaffROd aQd baUe VcaffROd. TKe LPSOaQWaWLRQ ZaV caUULed RQ Da\ 

15 afWeU 14-da\ dLffeUeQWLaWLRQ Rf ceOOV. OQ WKe da\ Rf LPSOaQWaWLRQ, WKe WLVVXe eQgLQeeUed 

gUafW aQd VWeULOe baUe gUafW (XQVeeded cRQWURO VcaffROd aORQe) ZeUe ZaVKed LQ VWeULOe PBS 

WZLce MXVW SULRU WR LPSOaQWaWLRQ. 

UQdeU geQeUaO aQaeVWKeVLa aQd VWaQdaUd aVeSWLc cRQdLWLRQV, WKe VKeeS YeQWUaO QecN 

aUea ZaV SUeSaUed fRU VXUgeU\. IQLWLaOO\ VLde cRUUeVSRQdLQg WR ceOOXOaULVed VcaffROd 

LPSOaQWaWLRQ ZaV SUeSaUed. A ORQgLWXdLQaO LQcLVLRQ ZaV Pade LQ WKe VXSeULRU bRUdeU Rf 

WKe MXgXOaU gURYe OefW RU ULgKW WR MXgXOaU YeLQ. TKe e[SRVed MXgXOaU YeLQ LV UeWUacWed 

dRUVaOO\, aQd caURWLd aUWeU\ ZaV e[WeULRUL]ed. TKe aQLPaO ZaV KeSaULQL]ed, aQd 5 cP OefW, 
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RU ULgKW caURWLd aUWeU\ ZaV e[cLVed fROORZLQg cOaPSLQg XVLQg bXOOdRg YaVcXOaU cOaPSV. 

ELWKeU WLVVXe eQgLQeeUed gUafW RU baUe VcaffROd gUafW LV SRVLWLRQed aQd VXWXUed LQ eQd WR 

eQd aQaVWRPRVLV faVKLRQ WR caURWLd aUWeU\ XVLQg 6/0 SUROeQe VXWXUe. AfWeU VXWXULQg, bRWK 

WKe eQdV, WKe cOaPSV aUe VORZO\ UePRYed fRU bORRd fORZ. AQ\ OeaNage Rf bORRd RYeU gUafW 

ZeUe RbVeUYed. TKe VXUgLcaO ZRXQd ZaV WKeQ cORVed LQ Oa\eUV aQd aQLPaO ZaV aOORZed WR 

UecRYeU fURP aQaeVWKeVLa. TKe aQLPaO ZaV VKLfWed WR SRVW-RSeUaWLYe caUe URRP aQd 

aOORZed WR UecRYeU. TKe ZRXQd ZaV dUeVVed URXWLQeO\ ZLWK aQWLVeSWLcV aQd aQWLbLRWLc 

LQMecWLRQV (SWUeSWR-SeQLcLOOLQ-PeOR[LcaP) ZeUe gLYeQ fRU VeYeQ da\V. TKe VWXd\ SeULRd 

ZaV fRU 3 PRQWKV.  

3.10.2 ANGIOGRAPHIC EVALUATION OF THE IMPLANT 

 

AfWeU WKe LPSOaQWaWLRQ SeULRd Rf WKUee PRQWKV, WKe VKeeS ZeUe aQaeVWKeWL]ed aV 

deVcULbed abRYe aQd WeUPLQaO aQgLRgUaSKLc eYaOXaWLRQ ZaV caUULed RXW LQ RUdeU WR acceVV 

WKe bORRd fORZ WKURXgK WKe gUafW. TKe cRQWUaVW d\e ZaV LQMecWed aORQg WKe caWKeWeU SaWK 

WKURXgK fePRUaO aUWeU\ Rf WKe VKeeS. IPageV Rf bRWK LPSOaQWV ZeUe UecRUded. 

 

3.10.3 GROSS OBSERVATION OF THE IMPLANT 

 

  TKe aQLPaO ZaV eXWKaQL]ed afWeU aQgLRgUaSKLc eYaOXaWLRQ Rf WKe LPSOaQW b\ 

adPLQLVWeULQg e[ceVV dRVe Rf WKLRSeQWRQe VRdLXP. TKe aQLPaO ZaV WKe VKLfWed WR aVeSWLc 

URRP aQd feOW WKe QecN fRU LPSOaQW. A 7 cP ORQg LQcLVLRQ ZaV Pade caUefXOO\ aORQg WKe 

QecN e[SRVLQg WKe caURWLd aUWeU\ ZLWK LPSOaQW. TKe gUafW ZLWK VXUURXQdLQg caURWLd aUWeU\ 

ZaV e[cLVed. TKe gURVV RbVeUYaWLRQ Rf WKe gUafW ZaV Pade ZLWK ePSKaVLV RQ VWUXcWXUe Rf 

gUafW, LWV dLPeQVLRQV afWeU LPSOaQWaWLRQ aQd SRVLWLRQaO cKaQge Lf aQ\. TKe gUafWV ZeUe WKeQ 

fL[ed ZLW 10% (Z/Y) QeXWUaO bXffeUed fRUPaOLQ (NBF) fRU fXUWKeU KLVWRSaWKRORgLcaO 

eYaOXaWLRQV. 
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3.10.4 ENVIRONMENTAL SCANNING ELECTRON MICROSCOPY OF THE 

IMPLANT 

 

SecWLRQ fURP WKe PLd UegLRQ Rf WKe SaWeQW LPSOaQW ZeUe VXbMecWed WR E-SEM 

LPagLQg. BRWK OXPLQaO aQd abOXPLQaO aUeaV ZeUe VcaQQed LQ RUdeU WR cKecN WKe ceOO 

dLVWULbXWLRQ aQd PRUSKRORg\.  

3.10.5 HISTOPATHOLOGICAL EVALUATION OF THE IMPLANT 

TLVVXe VecWLRQ fURP SUR[LPaO, dLVWaO aQd PLd gUafW UegLRQ ZeUe e[cLVed, URXWLQeO\ 

SURceVVed aQd ePbed LQ SaUaffLQ bORcNV. PaUaffLQ bORcNV Rf QaWLYe caURWLd aUWeU\ aQd ceOO 

Veeded G3P1 gUafW ZeUe aOVR Pade. SecWLRQV Rf fLYe-PLcURQ WKLcNQeVV ZeUe WaNeQ RQ gOaVV 

VOLde ZLWK KeOS Rf PLcURWRPe (LeLca V\VWeP, GeUPaQ\). TKe VecWLRQV ZeUe de-

SaUaffLQL]ed LQ cKaQgeV Rf [\OeQe (SDFCL cKePLcaOV, IQdLa), UeK\dUaWed LQ decUeaVLQg 

SeUceQWage Rf eWKaQRO (AYUa, IQdLa) aQd VWaLQed ZLWK KaePaWR[\OLQ (EOecWURQ PLcURVcRS\ 

V\VWePV) aQd WKeQ ZLWK eRVLQ (MLcURVcRSLcaOV, SDFCL, IQdLa). TKe VecWLRQV afWeU VWaLQLQg 

ZeUe deK\dUaWed LQ eWKaQRO, [\OeQe cOeaUed aQd PRXQWed ZLWK cRYeU gOaVV ZLWK DPX 

PRXQWaQW (SSecWURcKeP, IQdLa). TKe VWaLQed VecWLRQV ZeUe RbVeUYed XQdeU OLgKW 

PLcURVcRSe (LeLca DM4000, GeUPaQ\) fRU ceOO dLVWULbXWLRQ, QeR-YaVcXOaUL]aWLRQ, 

eQdRWKeOL]aWLRQ aQd LQfOaPPaWRU\ UeVSRQVeV. 

3.10.6 PICROSIRIUS RED STAINING OF COLLAGEN FIBERS 

AV SURceVV Rf UePRdeOOLQg Rf WKe LPSOaQWed gUafW, cROOageQ fLbeUV ZLOO be 

deSRVLWed RQ WKe LPSOaQW. IQ RUdeU WR RbVeUYe WKLV VecWLRQ Rf LPSOaQW ZeUe VXbMecWed WR 

SLcURVLULXV baVed VWaLQLQg Rf cROOageQ. UQdeU OLgKW PLcURVcRSe, WKe cROOageQ fLbeUV aSSeaU 

Ued ZKeQ VWaLQed ZLWK SLULXV Ued aQd VKRZ bLfULQgeQce XQdeU SROaUL]eU PLcURVcRSe. TKe 

VecWLRQV ZeUe deSaUaffLQL]ed aQd UeK\dUaWed aQd VWaLQed ZLWK SLULXV Ued VROXWLRQ LQ SLcULc 

acLd (SLgPa-AOdULcK, USA) fRU RQe KRXU. NXcOeL ZeUe cRXQWeU VWaLQed ZLWK WLegeUW¶V 

KaePaWR[\OLQ (SLgPa-AOdULcK, USA) fRU 10 PLQXWeV. TKe VOLdeV ZeUe WKeQ ZaVKed ZLWK 

acLdLfLed ZaWeU (gOacLaO aceWLc acLd LQ ZaWeU), deK\dUaWed LQ eWKaQRO aQd [\OeQe. TKe 

VecWLRQV ZeUe PRXQWed ZLWK cRYeU gOaVV ZLWK DPX PRXQWaQW. TKe VecWLRQV ZeUe RbVeUYed 

XQdeU OLgKW aQd SROaUL]eU PLcURVcRSeV (LeLca DM 4000, GeUPaQ\). 
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3.10.7 VERHOEFF¶S -VAN GEISON STAINING FOR ELASTIN FIBERS 

TKe eOaVWLQ deSRVLWLRQ Rf WKe LPSOaQW LV a KaOOPaUN WR cRQfLUP WKe UegeQeUaWLRQ 

SRWeQWLaO WKe YaVcXOaU gUafW. TKe deSRVLWLRQ Rf eOaVWLQ fLbeUV ZaV RbVeUYed b\ VWaLQLQg WKe 

WLVVXe ZLWK VeUKReff¶V-VaQ GeLVRQ VWaLQLQg SURWRcRO. TKe SaUaffLQ-ePbedded fLYe-PLcURQ 

WKLcN VecWLRQV ZeUe de-SaUaffLQL]ed LQ [\OeQe aQd UeK\dUaWed LQ VeYeUaO cKaQgeV Rf 

eWKaQRO gUadLeQW aQd LQ dLVWLOOed ZaWeU. SecWLRQV ZeUe VWaLQed LQ VeUKReff¶V VROXWLRQ (5% 

(Z/Y), AOcRKROLc KaePaWR[\OLQV (EOecWURQ PLcURVcRS\ V\VWePV, IQdLa), 10% (Z/Y) FeUULc 

cKORULde (SDFCL), 8% (Y/Y) Rf WLegeUW¶V IRdLQe) fRU RQe KRXU XQWLO WKe WLVVXe VecWLRQV 

aUe cRORXUed daUN. AfWeU ZaVKLQg ZLWK ZaWeU, WKe VecWLRQV ZeUe dLffeUeQWLaWed ZLWK 2% 

(Y/Y) feUULc cKORULde fRU 2 PLQXWeV. DLffeUeQWLaWLRQ ZaV VWRSSed ZLWK b\ XVLQg VeYeUaO 

cKaQgeV Rf WaS ZaWeU. TKe VOLdeV ZeUe WUeaWed ZLWK 5% (Z/Y) SRdLXP WKLRVXOSKaWe 

(LabUaVa\aQ LWd.). WaVKed aQd cRXQWeUVWaLQed ZLWK VaQ GLeVRQV¶V VROXWLRQ ZLWK fRU 5 

PLQXWeV. SOLdeV ZeUe deK\dUaWed ZLWK 95% aOcRKRO aQd WZR cKaQgeV Rf 100% aOcRKRO. 

COeaUed LQ [\OeQe aQd PRXQWaQW ZLWK DPX PRXQWaQW. TKe VecWLRQV ZeUe RbVeUYed XQdeU 

OLgKW PLcURVcRSe fRU WKe SUeVeQce Rf bURZQ-bOacN eOaVWLQ fLbeUV ZLWK bOXe bOacN QXcOeXV. 

3.10.8 IMMUNOFLUORESCENCE STAINING 

IQ RUdeU WR aQaO\Ve WKe eQdRWKeOL]aWLRQ LQ WKe PLd-VecWLRQ Rf LPSOaQWed gUafW, 

LPPXQRfOXRUeVceQce VWaLQLQg Rf eQdRWKeOLaO ceOO VSecLfLc CD31aQWLgeQ ZeUe SeUfRUPed. 

AOVR, WKe dLVWULbXWLRQ Rf VPRRWK PXVcOe ceOOV RQ WKe VecWLRQV ZeUe aQaO\Ved b\ D VPRRWK 

PXVcOe acWLQ VWaLQLQg. MLd VecWLRQV Rf SaWeQW gUafW LPSOaQWV ZeUe aQaO\Ved. TKe SaUaffLQ 

ePbed VecWLRQ ZeUe LQLWLaOO\ deSaUaffLQL]ed aQd UeK\dUaWed. AQWLgeQ UeWULeYaO LQ fRUPaOLQ 

fL[ed VecWLRQ ZeUe dRQe b\ WUeaWLQg WKe VecWLRQV eQ]\PaWLcaOO\ ZLWK WU\SVLQ VROXWLRQ 

(0.5% (Y/Y) TU\SVLQ (GLbcR), 1% (Z/Y) caOcLXP cKORULde (AQaO\WLcaO UaVa\aQ) LQ dLVWLOOed 

ZaWeU, SH 7.8). SecWLRQV ZeUe ZaUPed aW 370C ZLWK WU\SVLQ VROXWLRQ LQVLde a KXPLdLfLed 

cKaPbeU fRU 30 PLQXWeV. AfWeU WUeaWPeQW WKe VecWLRQ aUe ZaVKed LQ PBS cRQWaLQLQg TZeeQ 

20 (PBS-T). TKe VecWLRQV ZeUe WKeQ bORcNed ZLWK 0.5% (Z/Y) BRYLQe VeUXP aObXPLQ LQ 

PBS fRU 20 PLQXWeV aW URRP WePSeUaWXUe. TKe SULPaU\ XQcRQMXgaWed aQWLbRd\ (CD31 

1:200, AbcaP aQd DSMA 1:100, AbcaP) ZeUe dLOXWed LQ PBS ZLWK 2% ( Z/Y) BSA aQd 

VecWLRQV ZeUe LQcXbaWed RYeUQLgKW ZLWK aQWLbRdLeV aW 40C.TKe VOLdeV ZeUe WKeQ ZaVKed 

ZLWK PBS-T aQd LQcXbaWed ZLWK VecRQdaU\ aQWLbRd\ cRQMXgaWed ZLWK FITC ( 1:500, 

AbcaP) fRU 1 KRXU. AfWeU LQcXbaWLRQ WKe VecWLRQV ZeUe ZaVKed aQd WUeaWed ZLWK QXcOeaU 
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VWaLQLQg UeageQW HRecKVW (SLgPa-AOdULcK) fRU 10 PLQXWeV. SOLdeV ZeUe ZaVKed aQd 

PRXQWed ZLWK DPX. TKe VWaLQed VOLdeV ZeUe YLVXaOL]ed XQdeU cRQfRcaO OaVeU VcaQQLQg 

PLcURVcRSe ZLWK ]-VWacNLQg (NLNRQ ALU PLcURV\VWeP, JaSaQ). 

3.10.9 TOTAL COLLAGEN AND ELASTIN ESTIMATION 

TKe WRWaO VROXbOe cROOageQ cRQWeQW Rf WKe e[SOaQW ZaV eVWLPaWed XVLQg SLUcRO 

VROXbOe cROOageQ aVVa\ NLW (BLRcRORU OLfe VcLeQceV aVVa\, UK). SWeSV ZeUe fROORZed 

accRUdLQg WR PaQXfacWXUeU¶V SURWRcRO aQd aV deVcULbed abRYe. TKe e[SOaQWV, QaWLYe aUWeU\ 

aQd G3P1 gUafW SULRU WR LPSOaQWaWLRQ ZeUe aOVR aQaO\Ved. BaUe G3P1 gUafW VeUYed aV 

bOaQNV fRU QRUPaOL]LQg WKe YaOXe. TKe cRQceQWUaWLRQ Rf VaPSOeV (Q=4) LV eOXcLdaWed fURP 

caOLbUaWLRQ SORW. 

FRU eVWLPaWLRQ Rf eOaVWLQ FaVWLQ EOaVWLQ aVVa\ NLW (BLRcRORU OLfe VcLeQce, UK) ZeUe 

ePSOR\ed. TKe e[SOaQWV, QaWLYe aUWeU\ aQd G3P1 gUafW SULRU WR LPSOaQWaWLRQ ZeUe aOVR 

aQaO\Ved. AccRUdLQg WR PaQXfacWXUeU¶V SURWRcRO, eOaVWLQ LQ WKe VaPSOeV ZeUe cRQYeUWed 

WR VROXbOe fRUP Rf D-eOaVWLQ b\ KeaWLQg WKe VaPSOeV ZLWK 0.25M R[aOLc acLd (LabRUaWRU\ 

UaVa\aQ, IQdLa) fRU 2 KRXUV aW 1000C. TKe cRQceQWUaWLRQ Rf VaPSOeV (Q=3) ZeUe deWecWed 

fURP WKe caOLbUaWLRQ SORW.  

 

3.11 STATISTICAL ANALYSIS 
 

AOO daWa ZeUe UeSUeVeQWed aV PeaQ � VWaQdaUd deYLaWLRQ. TKe daWa ZeUe aQaO\Ved 

fRU VWaWLVWLcaO VLgQLfLcaQce b\ RQe-Za\ ANOVA fROORZed b\ TXNe\ SRVW-KRc WeVW fRU 

PRUe WKaQ WZR WeVWLQg cRQdLWLRQV. TKe aQaO\VLV ZaV SeUfRUPed XVLQg VaVVaU VWaW: ZebVLWe 

fRU VWaWLVWLcaO cRPSXWaWLRQ. TKe VLgQLfLcaQce Rf WKe daWa VeW ZaV SURQRXQced b\ P YaOXe 

aQd ZeUe VSecLfLcaOO\ PeQWLRQed LQ eacK aQaO\VLV. 
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CHAPTER 4 

RESULTS 

 
SECTION I ± SCAFFOLD FABRICATION AND 

CHARACTERISATION 

 

4.1 PART I ± SYNTHESIS, FABRICATION AND 

CHARACTERISATION OF GELATIN-VINYL ACETATE/POLY-ܭ-

CAPROLACTONE SCAFFOLD 

 
4.1.1 SYNTHESIS OF GELATIN-VINYL ACETATE (GV) 

 

TKe V\QWKeVLV SURWRcRO Rf geOaWLQ-YLQ\O aceWaWe ZaV eaUOLeU UeSRUWed (TKRPaV aQd 

NaLU, 2013). BULefO\, geOaWLQ, a QaWXUaO SURWeLQ ZaV PRdLfLed ZLWK YLQ\O aceWaWe b\ fUee 

UadLcaO PecKaQLVP accRUdLQg WKe UeacWLRQ PecKaQLVP VcKePe aV gLYeQ beORZ, ScKePe: 

1. AfWeU UeacWLRQ geOaWLQ-YLQ\O aceWaWe (GV) SRO\PeU ZaV SUecLSLWaWed, KRPRSRO\PeU 

UePRYed b\ SR[KOeW e[WUacWLRQ, aLU dULed aQd VWRUed aW URRP WePSeUaWXUe. A ZeLgKW UaWLR 

Rf 71.5:28.5 (GeOaWLQ WR YLQ\O aceWaWe) KaV beeQ cKRVeQ fRU V\QWKeVLV aV SeU VWaQdaUdL]ed. 

TKe gUafWLQg UaWLR ZaV fRXQd WR 0.49 ZLWK aQ effLcLeQc\ Rf 49.7 � 0.7%. 
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Scheme 1: S\QWheViV Rf gelaWiQ-YiQ\l aceWaWe 
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4.1.2 CHARACTERISATION GELATIN-VINYL ACETATE (GV) 

 

4.1.2.1 FOURIER TRANSFORM - INFRARED SPECTROSCOPY AND TNBS 

ASSAY 

 

TKe ATR FTIR Rf geOaWLQ YLQ\O aceWaWe LQ cRPSaULVRQ ZLWK geOaWLQ, VKRZV WKe 

SUeVeQce SeaNV Rf aPLde I (1641 cP-1) aQd aPLde II (1536 cP-1) aQd LQWeQVe C=O VWUeWcK 

aW 1754 cP-1, ZKLcK cRQfLUP WKe gUafWLQg UeacWLRQ. TKe SeUceQWage aPLQe gURXS Rf geOaWLQ 

LV 70 � 1.2% ZKLOe geOaWLQ-YLQ\O aceWaWe LV 49�2% ZKLcK ZaV eYaOXaWed WKURXgK TNBS 

aVVa\, FLgXUe: 4.1 A, B. 

 

 
FigXUe 4.1: (A) FT-IR SSecWUa Rf GelaWiQ aQd V\QWheVi]ed GelaWiQ-YiQ\l aceWaWe. 
 (B) TNBS AVVa\ Rf gelaWiQ aQd gelaWiQ-YiQ\l aceWaWe (*S<0.01). 
 

4.1.2.2 GEL PERMEATION CHROMATOGRAPHY 

 

GeO SeUPeaWLRQ cKURPaWRgUaSK\ Rf geOaWLQ aQd geOaWLQ YLQ\O aceWaWe VKRZed aQ 

LQcUeaVe LQ PROecXOaU ZeLgKW aQd SRO\ dLVSeUVLW\ fRU geOaWLQ YLQ\O aceWaWe. TKe ZeLgKW 

aYeUage PROecXOaU ZeLgKW (MZ) ZaV LQcUeaVed fURP 47 NDa WR 95 NDa. TKe SRO\ 

dLVSeUVLW\ Rf geOaWLQ YLQ\O aceWaWe KaV aOVR beeQ LQcUeaVed WR 2.63. TKe LQcUeaVe LQ 

PROecXOaU ZeLgKW cOeaUO\ LQdLcaWe WKe YLQ\O aceWaWe KaV beeQ gUafWed RQ WR geOaWLQ, TabOe: 

4.1 
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Table 4.1: Gel SeUmeaWiRQ chURmaWRgUaSh\ VhRZiQg QXmbeU aYeUage (MQ), WeighW 
aYeUage (MZ), ViVcRViW\ AYeUage (MP) aQd PRl\ diVSeUViW\ Rf gelaWiQ aQd gelaWiQ -
YiQ\l aceWaWe 
 

 

4.1.3 FABRICATION OF GELATIN-VINYL ACETATE/ POLY-ܭ-

CAPROLACTONE SCAFFOLD 

 

4.1.3.1 DUAL SOURCE CO-ELECTROSPINNING OF POLYMERIC 

SOLUTIONS - STANDARDISATION OF ELECTROSPINNING 

 

TKe adYaQWage Rf dXaO VRXUce cR-eOecWURVSLQQLQg LV WKaW, WKLV WecKQLTXe aOORZV WKe 

LQcRUSRUaWLRQ Rf WZR RU PRUe SRO\PeUV LQWR a VLQgOe VcaffROd V\VWeP ZLWKRXW 

cRPSURPLVLQg WKe LQdLYLdXaO SURSeUWLeV. FRU VWaQdaUdLVaWLRQ Rf eOecWURVSLQQLQg, LQLWLaOO\ 

VROYeQW V\VWeP fRU geOaWLQ-YLQ\O aceWaWe ZaV VeOecWed. TaNLQg LQWR cRQVLdeUaWLRQ Rf 

gUeeQeU cKePLVWU\ aQd cRVW, KLgKO\ fOXRULQaWed cRUURVLYe VROYeQWV OLNe 

He[afOXRURLVRSURSaQRO aQd WULfOXRUR eWKaQRO ZaV aYRLded. AOVR, ZaWeU aV VROYeQW V\VWeP 

ZaV QRW faYRXUed aV KLgKeU SeUceQWage Rf geOaWLQ-YLQ\O aceWaWe LQ ZaWeU VKRZed UaSLd 

geOOLQg beKaYLRXU aW URRP WePSeUaWXUe. GeOaWLQ-YLQ\O aceWaWe LQ gOacLaO aceWLc acLd aORQe 

VKRZed QRW VR aSSUecLabOe eOecWURVSLQQLQg aQd VcaffROd UeWULeYe-abLOLW\ ZaV dLffLcXOW 

RZLQg WR LWV VWLcN\ QaWXUe. A cRPbLQaWLRQ Rf gOacLaO aceWLc acLd aQd eWK\O aceWaWe VROYeQW 

V\VWeP fRU eOecWURVSLQQLQg Rf geOaWLQ KaV beeQ UeSRUWed, KRZeYeU fRU geOaWLQ-YLQ\O aceWaWe 

KaV OeVV VSLQ abLOLW\ LQ WKLV. IQ RUdeU WR PaNe WKe VROYeQW PRUe PLVcLbOe, ZaWeU LQWeUface 

ZaV added beWZeeQ gOacLaO aceWLc acLd aQd eWK\O aceWaWe PaNLQg LW VXLWabOe. TKe VROYeQW 

VKRZed dLVVROXWLRQ Rf geOaWLQ-YLQ\O aceWaWe aW YaULRXV SeUceQWage ZLWK KLgKeVW aW 20% 

(Z/Y). TKe SeUceQWage Rf VROXWLRQ Rf geOaWLQ-YLQ\O aceWaWe ZaV fL[ed aW 15% (Z/Y) beORZ 

ZKLcK LW dLd QRW geQeUaWe cRQVLVWeQW fLbUeV ZKeQ VSXQ VLPXOWaQeRXVO\ ZLWK PCL. TKe 

VROYeQW V\VWeP ePSOR\ed fRU PCL (CKORURfRUP: MeWKaQRO, 7:3) ZaV ZLdeO\ XVed aQd 
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ZeLgKW SeUceQWage ZaV fL[ed baVed RQ VROXbLOLW\. TKe fORZ UaWe Rf geOaWLQ-YLQ\O aceWaWe 

eOecWURVSLQQLQg ZaV fL[ed beWZeeQ 1PO/KRXU- 3PO/KRXU. AQ\ fORZ UaWe abRYe RU beORZ 

dLd QRW SURdXce VWabOe MeW. TKe fLbUeV Rf geOaWLQ-YLQ\O aceWaWe aSSeaUed aW 6NV ZKLOe WKaW 

Rf PCL aSSeaUed aW 8.5 NV. HRZeYeU, XS WR 10 NV fLbUe MeW ZaV KLgKO\ dLVcRQWLQXRXV aQd 

cRQWLQXRXV MeW aSSeaUed aW 10.5 NV WLOO 12 NV, abRYe ZKLcK WKeUe ZaV VSLWWLQg OLNe 

SKeQRPeQRQ. TKe PaQdUeO cKRVeQ ZaV Pade Rf VWeeO aQd URWaWed aW VSeed Rf 2000 USP. 

TLS WR cROOecWRU dLVWaQce ZaV fL[ed baVed RQ fLbUe cRURQa dLaPeWeU VR WKaW fLbeUV VSUead 

aQd aWWacK XQLfRUPO\ RQ WR WKe PaQdUeO. SXPPaU\ Rf VWaQdaUdLVed SaUaPeWeUV aUe gLYeQ 

beORZ, TabOe: 4.2.  

 

 

Table 4.2: SWaQdaUdiVed elecWURVSiQQiQg SaUameWeUV 

 

 

 

 

 

 

 

PARAMETER GV (15%) PCL (15%) 

SROYeQW GOacLaO aceWLc acLd : WaWeU : EWK\O 

aceWaWe (4:2:4) 

CKORURfRUP: 

PeWKaQRO (7:3) 

S\ULQge 21G 21G 

FORZ UaWe 1-3 PO/KRXU 1PO/KRXU 

TLS WR cROOecWRU dLVWaQce 10 cP 8 cP 

MaQdUeO VSeed 2000 USP 2000 USP 

VROWage 10.5 NV 10.5 NV 
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4.1.4 CHARACTERISATION OF ELECTROSPUN SCAFFOLD 

 

4.1.4.1 TNBS ASSAY - DETERMINATION OF PERCENTAGE GELATIN-

VINYL ACETATE IN DUAL ELECTROSPUN SCAFFOLD 

 

TKe cRPbLQaWLRQ Rf VcaffROdV fabULcaWed ZeUe baVed RQ WKUee dLffeUeQW fORZ UaWeV. 

TKe VaPSOeV aUe QaPe cRded accRUdLQgO\ aQd TNBS aVVa\ SeUfRUPed VKRZed WKe aPRXQW 

Rf geOaWLQ-YLQ\O aceWaWe LQ 3 Pg Rf eTXaO dLPeQVLRQ VcaffROd. TabOe: 4.3 VKRZV dLffeUeQW 

VaPSOeV aQd UaWLR Rf geOaWLQ-YLQ\O aceWaWe WR PCL LQ cRPSaULVRQ WR caOcXOaWed WKeRUeWLcaO 

UaWLR. TKe UaWLRV ZeUe PRUe RU OeVV VLPLOaU WR WKeRUeWLcaO UaWLRV. EOecWURVSXQ VcaffROd 

cRPSRVLWLRQ: GeOaWLQ-YLQ\O aceWaWe cRQWeQW Rf WKe WXbXOaU VcaffROd ZaV eVWLPaWed WR be 

71�3% b\ TNBS aVVa\ ZKLcK aSSUR[LPaWeV WR WKaW Rf WKeRUeWLcaO UaWLR baVed RQ feed UaWe 

(G:P-3:1 YV. 2.4:1). IW LV LQfeUUed WKaW geOaWLQ-YLQ\O aceWaWe fLbeUV LQ WKe G3P1 VcaffROd LV 

SUeVeQW LQ PRUe QXPbeUV WKaQ PCL fLbeUV 

 

SamSle 

cRde 

GelaWiQ-YiQ\l 

aceWaWe 

(G) 

FlRZ UaWe 

(ml/hRXU) 

PCL 

FlRZ UaWe 

(P) 

(ml/hRXU) 

TheRUeWical 

UaWiR 

(G:P) 

E[SeUimeQWal 

UaWiR 

(TNBS 

ASSAY) 

G1P1 1 1 50:50 55:45 

G2P1 2 1 67:33 62:38 

G3P1 3 1 75:25 71:29 

 

Table 4.3: SamSle cRde aQd UaWiR Rf VcaffRld cRmbiQaWiRQV 

 

4.1.4.2 FOURIER TRANSFORM INFRA-RED (FT-IR) SPECTROSCOPY 

 

TKe FT-IR daWa cRQfLUPV WKe SUeVeQce Rf WZR SRO\PeUV LQ WKe VcaffROd aQd WKXV 

VXbVWaQWLaWe WKe feaVLbLOLW\ Rf WKe WecKQLTXe LQ cUeaWLQg bL-cRPSRQeQW VcaffROd, FLgXUe: 

4.2. FT-IR aQaO\VLV Rf VcaffROd VKRZed cKaUacWeULVWLc cRPbLQaWRULaO fLQgeUSULQWV Rf 
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geOaWLQ-YLQ\O aceWaWe (APLde I: 1628cP-1aQd APLde II: 1540cP-1) aQd PCL (C=O VWUeWcK 

aW 1722cP-1) LQ aOO WKe VcaffROd cRPbLQaWLRQ.  

 

 
FigXUe 4.2: FT-IR SSecWUa Rf VcaffRld cRmbiQaWiRQV 

 
4.1.4.3 FIBER MORPHOLOGY ANALYSIS BY SCANNING ELECTRON 

MICROSCOPE 

TKe VcaQQLQg eOecWURQ PLcURVcRSLc LPageV VKRZV VPRRWK, bead-OeVV fLbeUV Rf WKe 

SRO\PeUV. AQaO\VLV Rf fLbUe dLaPeWeU VKRZed WKaW RQ LQcUeaVLQg WKe fORZ UaWe Rf geOaWLQ-

YLQ\O aceWaWe, WKe dLaPeWeU UaQge decUeaVed fURP PRUe WKaQ 1PP WR 0.7 PP. TKe fLbUe 

dLaPeWeU LQ WKe caVe Rf G3P1 cRPbLQaWLRQ ZaV 0.73 r 0.03 PP, ZKLcK ZaV WKe ORZeVW 

aPRQg WKe WKUee. 
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FigXUe 4.3: SEM Rf diffeUeQW VcaffRld cRmbiQaWiRQV aQd fibUe diameWeU ±  
G1P1 (A&B), G2P1 (C&D), G3P1 (E&F) 

 

4.1.4.4 WATER CONTACT ANGLE  

SXUface ZeW abLOLW\ Rf G1P1, G2P1, G3P1, GV, PCL VcaffROd VKRZed WKaW WKe 

cRPbLQaWRULaO VcaffROd ZeW abLOLW\ faOOV beWZeeQ WKe SaUeQW cRPSRXQdV. AV WKe fORZ UaWe 

Rf geOaWLQ-YLQ\O aceWaWe LQcUeaVeV, WKe cRQWacW aQgOe decUeaVeV. WKLOe ORZeU fORZ UaWe 

VcaffROd ZaV PRUe LQcOLQed WR K\dURSKRbLc QaWXUe, KLgKeU fORZ UaWe ZaV WR K\dURSKLOLc 

QaWXUe. TabOe: 4.4, VXPPaULVeV WKe ZaWeU cRQWacW aQgOe YaOXeV aW WLPe 10 VecRQdV. 

A B 

C D 

E F 

SEM FIBER DIAMETER 
G

1P
1 

G
2P

1 
G

3P
1 
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                                        Table 4.4: WaWeU cRQWacW aQgle 

 

TKe VcaffROd cRPbLQaWLRQ VeOecWed fRU fXUWKeU fabULcaWLRQ WXbXOaU YaVcXOaU gUafWV 

ZaV WKe RQe SUeSaUed WKURXgK WKe fORZ UaWe Rf 3PO/KRXU Rf geOaWLQ-YLQ\O aceWaWe (G3P1). 

TKLV ZaV VeOecWed dXe WR LWV RYeUaOO SURSeUWLeV aQd fRU LQcRUSRUaWLRQ Rf Pa[LPXP aPRXQW 

Rf QaWXUaO SRO\PeU WR PaNe VcaffROd PRUe cRQdXcLYe fRU ceOO gURZWK. TKe cURVVOLQNLQg 

ZaV caUULed RXW ZLWK 0.5% (Y/Y) Rf gOXWaUaOdeK\de. TKe VcaffROdV ZeUe VWeULOLVed b\ UV 

WUeaWPeQW RYeUQLgKW RU aW OeaVW 1 KRXU b\ WXUQLQg eacK VLde Rf WKe VcaffROd aQd VWRUed LQ 

VWeULOe cRQWaLQeUV aW URRP WePSeUaWXUe. 

 

4.1.5 FABRICATION OF TUBULAR SCAFFOLD FOR VASCULAR 

GRAFT 
TKe WXbXOaU YaVcXOaU gUafW ZaV fabULcaWed b\ dXaO VRXUce eOecWURVSLQQLQg Rf 

geOaWLQ-YLQ\O aceWaWe (fORZ UaWe 3 PO/KRXU) aQd PCL (fORZ UaWe 1 PO/KRXU). TKe PaQdUeO 

dLaPeWeU ZaV 3 PP aQd 5 PP aQd KeQce QaPed aV G3P1 ± 3 PP aQd G3P1 ± 5 PP 

UeVSecWLYeO\. 

 

4.1.5.1 MORPHOLOGY OF TUBULAR SCAFFOLD 

 

GURVV PRUSKRORg\ Rf WXbXOaU VcaffROd- G3P1 - 3 PP, ZaV aV VXPPaULVed LQ WabOeV 

gLYeQ beORZ, TabOe: 4.5. TKe ZKLWe eOecWURVSXQ WXbe Kad a WKLcNQeVV Rf 200  r  100PP 

aQd WRWaO OeQgWK aSSUR[LPaWeO\ 5 cP. TKe SEM LPage VKRZV WKe fLbURXV ZaOO Rf WKe 
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VcaffROd ZLWK ZeOO LQWeUcRQQecWed SRUeV aQd fLbUe dLaPeWeU ZaV aQaO\Ved WR be 890 r 50 

QP, FLgXUe: 4.4, 4.5. TKe gURVV PRUSKRORg\ Rf G3P1 ± 5 PP ZaV agaLQ VXPPaULVed LQ 

TabOe: 4.6, WKe VcaffROd KaV a OeQgWK Rf 7 cP aQd ZaOO WKLcNQeVV Rf 300 r 100PP. TKe 

fLbUe dLaPeWeU ZaV 729 r 23 QP, FLgXUe: 4.6, 4.7. 

 

GROSS MORPHOLOGY OF GRAFT G3P1-3mm 

SKaSe TXbXOaU 

CRORXU WKLWe 

IQWeUQaO DLaPeWeU 3 PP 

WaOO WKLcNQeVV 200 � 100ȝP 

TRWaO OeQgWK 4 cP 

 

Table 4.5: SXmmaU\ Rf mRUShRlRgical chaUacWeUiVWicV Rf G3P1-3mm gUafW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FigXUe 4.4: MRUShRlRg\ Rf G3P1 - 3mm ± (A) DiameWeU (B) LeQgWh (C, D) SEM   
image VhRZiQg WXbe, fibUeV 

A B 

C D 
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FigXUe 4.5: FibUe diameWeU UaQge Rf G3P1 ± 3 mm (fURm SEM, figXUe 4.5 D) 

 

          

 

 

 

Table 4.6: SXmmaU\ Rf gURVV mRUShRlRg\ Rf G3P1 ± 5 mm YaVcXlaU gUafW 

 

 

 

 

 

 

 

 

 

 

GROSS MORPHOLOGY OF GRAFT G3P1-5mm 

ShaSe TXbXlaU 

CRlRXU WhiWe 

IQWeUQal DiameWeU 5 mm 

Wall WhickQeVV 300�100 ȝm 

TRWal leQgWh a7 cm 
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FigXUe 4.6: MRUShRlRg\ Rf G3P1 ± 5 mm ± (A) DiameWeU (B) LeQgWh (C, D) 
SEM image VhRZiQg WXbe, fibUeV 
 

 

 
         FigXUe 4.7: FibUe diameWeU UaQge Rf G3P1 - 5 mm (fURm SEM, figXUe 4.7 D) 
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4.1.5.2 POROSITY ANALYSIS 

 

MLcUR-CT aQaO\VLV Rf VcaffROd VecWLRQV (SKRZQ bOXe LQVeW) VKRZed ZeOO 

LQWeUcRQQecWed SRUeV, FLgXUe: 4.8. IQ WKe caVe Rf G3P1 ± 3 PP, WKe SRUe VL]e ZaV 36 PP 

(32 %) aQd fRU G3P1 ± 5 PP, LW ZaV 24 PP (41%).  

 

 

 
 

FigXUe 4.8: MicUR-CT Rf gUafWV- (A) G3P1 ± 3 mm. (B) G3P1  - 5 mm (BlXe IQVeW - 
3D mRUShRmeWU\ VhRZiQg iQWeUcRQQecWiYiW\) 
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4.1.5.3 MEDIA UPTAKE ABILITY AND DEGRADATION ASSAY 

 

MedLa XSWaNe abLOLW\ LQ WeUPV Rf VZeOOLQg SeUceQWage Rf G3P1 ± 3 PP, G3P1 - 5 

PP, GV, PCL LQ PBS SH 7.4 fRU 48 KRXUV (2880 PLQXWeV) ZeUe PeaVXUed LQ dLffeUeQW 

WLPe LQWeUYaO. WKLOe GV VKRZed LQcUeaVed VZeOOLQg RYeU WLPe PCL Kad YeU\ OLWWOe 

VZeOOLQg abLOLW\. TKe VcaffROd Rf bRWK dLaPeWeU VKRZed a VZeOOLQg SeUceQWage Rf 160 r 

43% (G3P1 ± 3 PP) aQd 173 r 20% (G3P1 ± 5 PP) ZLWKLQ 15 PLQXWeV UeVSecWLYeO\ afWeU 

ZKLcK WKeUe ZaV QR aSSUecLabOe VZeOOLQg, FLgXUe: 4.8 A. 

 

TKe degUadaWLRQ Rf VcaffROd RYeU a SeULRd Rf WKUee PRQWKV (12 ZeeNV) VKRZed 

PXcK VLPLOaU UeVXOWV fRU bRWK gUafWV aV 38 r 4% (G3P1 ± 3 PP) aQd 42 r 2% (G3P1 ± 5 

PP) SeUceQWage ZeLgKW ORVV UeVSecWLYeO\, FLgXUe: 4.9 B. PCL VKRZed a OLWWOe degUadaWLRQ 

RYeU 3 PRQWKV ZKLOe GV degUaded PRUe WKaQ 70%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

 

        FigXUe 4.9: (A) SZelliQg SeUceQWage Rf VcaffRldV. (B) DegUadaWiRQ aVVa\. 

 

A 

B 
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4.1.5.4 MECHANICAL PROPERTIES OF ELECTROSPUN GRAFTS 

 

TKe PecKaQLcaO SURSeUWLeV Rf bRWK gUafWV ZeUe PeaVXUed LQ RUdeU WR acceVV WKe 

URbXVWQeVV Rf WKe gUafW WR ZLWK VWaQd KePRd\QaPLc fRUceV. TKe SeUceQWage eORQgaWLRQ, 

XOWLPaWe WeQVLOe VWUeQgWK ZaV PeaVXUed, aQd YRXQg¶V PRdXOXV ZaV caOcXOaWed fURP WKaW. 

TKeRUeWLcaO bXUVW SUeVVXUe ZaV aOVR eVWLPaWed, FLgXUe: 4.10 A WR D. TKe WabOe: 4.7 

VXPPaULVeV WKe YaOXeV LQ cRPSaULVRQ ZLWK SURSeUWLeV Rf VaSKeQRXV YeLQ (SV) aQd 

IQWeUQaO PaPPaU\ aUWeU\ aV UeSRUWed fURP OLWeUaWXUe. FRU bRWK VcaffROdV, WKe YRXQg¶V 

PRdXOXV cLUcXPfeUeQWLaO (C, FLgXUe: 4.10 A) LV LQ beWZeeQ WKeLU SaUeQW cRPSRQeQWV ± GV 

± 3 PP aQd PCL ± 3 PP. TKe VXWXUe UeWeQWLRQ fRUce fRU G3P1 ± 3 PP ZaV 2.3 r 0.7N 

aQd G3P1 ± 5 PP ZaV 2.9 N. 

 

 
 

FigXUe 4.10: MechaQical SURSeUWieV Rf WXbXlaU VcaffRldV-GV, G3P1-3mm, G3P1 
5mm, PCL ± (A) YRXQg¶V MRdXlXV -C: ciUcXmfeUeQWial, L-lRQgiWXdiQal (*S<0.01, 
**S<0.001). (B) PeUceQWage elRQgaWiRQ (CiUcXmfeUeQWial Q.V: QRQ-VigQificaQW). (C) 
UlWimaWe WeQVile VWUeQgWh (MPa). (D) EVWimaWed bXUVW SUeVVXUe (mmHg). 
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Table 4.7: SXmmaU\ Rf Whe mechaQical SURSeUWieV Rf fabUicaWed YaVcXlaU gUafW 

 

4.2 PART II - SYNTHESIS, FABRICATION AND 

CHARACTERISATION OF POLY (ETHYL METHACRYLATE-CO-

DI ETHYL AMINO ETHYL ACRYLATE) SCAFFOLD 

 
4.2.1 SYNTHESIS OF POLY (ETHYL METHACRYLATE-CO-DI ETHYL 

AMINO ETHYL ACRYLATE) AND MOLECULAR WEIGHT 

 

PRO\ (eWK\O PeWKacU\OaWe-cR-dL eWK\O aPLQR eWK\O acU\OaWe), 8g7 ZaV V\QWKeVL]ed 

b\ WKe ScKePe 2 gLYeQ beORZ. TKe PROecXOaU ZeLgKW (MZ) Rf WKe V\QWKeVLVed SRO\PeU 

ZaV fRXQd WR be cRQVLVWeQW ZLWKLQ dLffeUeQW V\QWKeVLV baWcKeV aQd ZaV 11NDa ZLWK SRO\ 

dLVSeUVLW\ Rf 3.28, TabOe: 4.8. 

SamSle UlWimaWe 

WeQVile 

VWUeVV 

(MPa) 

PeUceQWage 

elRQgaWiRQ 

YRXQg'V 

mRdXlXV 

(MPa) 

BXUVW 

PUeVVXUe 

(mm Hg) 

SXWXUe 

ReWeQWiRQ 

fRUce 

(N) 

GV 0.54�0.06 266�91 0.3�0.06(C) 675�77  

PCL 1.2�0.67 253�110 1.5�0.16 (C) 3120�270  

G3P1-

3PP 

3.38�0.51 534�47 2.87�0.38(C) 

1.21�0.27(L) 

4680�540 2.3�0.17 

G3P1-

5PP 

5.15�0.7 300�100 5.5�0.6(C) 

2.1�0.6(L) 

1545�840 2.9�0.93 

IMA 4.1  7.3(C) 2000  

SV 2.25  4.3 1680-

3900 
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Scheme 2: FUee Uadical SRl\meUi]aWiRQ Rf PRl\ (eWh\l meWhacU\laWe-cR-di eWh\l 
amiQR eWh\l acU\laWe), 8g7 
 

Table 4.8: Gel SeUmeaWiRQ chURmaWRgUaShic YalXeV Rf 8g7 MRlecXlaU ZeighW 

 

4.2.1.1 FOURIER TRANSFORM INFRARED SPECTROSCOPY (FT-IR) OF 

POLY (ETHYL METHACRYLATE-CO-DI ETHYL AMINO ETHYL 

ACRYLATE) 

 

TKe FT-IR VSecWUa Rf WKe V\QWKeVLVed SRO\PeU VKRZV LWV cKaUacWeULVWLc SeaNV fRU -

C-H VWUeWcK aW 2974 cP-1, -C=O VWUeWcK aW 1721 cP-1, -C-N aW 1141 cP-1, FLgXUe: 4.11. 

 

 
                           FigXUe 4.11: FT-IR VSecWUa Rf V\QWheViVed SRl\meU 

 

SamSle 

 

MQ 

 

MZ 

 

MS 

 

PD 

 

8g7 

 

35634 

 

116944 

 

120949 

 

3.28 
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4.2.2 FABRICATION OF POLY (ETHYL METHACRYLATE-CO-DI ETHYL 

AMINO ETHYL ACRYLATE) TUBULAR SCAFFOLD BY 

ELECTROSPINNING AND CHARACTERISATION 

 

TKe effecW Rf dLffeUeQW VROYeQWV RQ WKe VROXbLOLW\ Rf WKe SRO\PeU ZaV VWXdLed aQd 

LW ZaV fRXQd WKaW WKe SRO\PeU ZaV VROXbOe LQ VROYeQWV OLNe DLPeWK\O fRUPaPLde, 

TeWUaK\dURfXUaQ, cKORURfRUP, PeWKaQRO, eWKaQRO aQd WKeLU cRPbLQaWLRQV. HRZeYeU, 

cRQVLdeULQg WKe eaVe Rf VROXbLOLW\ eYeQ aW KLgKeU SeUceQWage ZLWKLQ VKRUW WLPe aQd VWabOe 

fLbUe SURdXcWLRQ, a VROYeQW V\VWeP Rf DMF: THF Rf UaWLR 9:1, TabOe: 4.9 ZeUe VeOecWed. 

     

SOLVENT SOLUBILITY 

OF POLYMER 

ELECTROSPINNING 

ABILITY 

FIBRE 

MORPHOLOGY 

DLPeWK\O fRUPaPLde SROXbOe YeV Beaded fLbUeV aW ORZ 

cRQceQWUaWLRQ, 

VPRRWK fLbUe aW KLgK 

cRQceQWUaWLRQV 

  

TeWUaK\dURfXUaQ EaVLO\ VROXbOe aW 

aQ\ ZeLgKW 

SeUceQWage 

NR, NR FLbeUV 

EOecWUR VSUa\LQg 

CKORURfRUP EaVLO\ VROXbOe NR VWabOe MeW, dULSSLQg NR FLbeUV 

MeWKaQRO SROXbOe NR  

EWKaQRO SROXbOe YeV, NR fLbUe cRQVLVWeQc\, 

fLbUe bUeaNLQg LQWeUPLWWeQW dULSSLQg  

CKORURfRUP : 

PeWKaQRO (7:3) 

SROXbOe NR VSLQQLQg  

DMF : ChlRURfRUm 

(1:1) 

EaVLO\ VROXbOe, 

4 Da\V 

YeV SPRRWK fLbUe, ML[ed 

fLbUe dLaPeWeU 

DMF:THF 

(5:5,4:6,3:7,2:8,1:9) 

EaVLO\ VROXbOe, 

1 da\ 

NR, EOecWUR VSUa\LQg NR FLbeUV 
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Table 4.9: SXmmaUiVeV Whe effecW Rf VRlYeQW V\VWem RQ elecWURVSiQQiQg Rf 8g7 

 
 

IQ WKe DMF: THF (9:1) VROYeQW V\VWeP dLffeUeQW ZeLgKW SeUceQWageV Rf SRO\PeU 

ZeUe VXbMecWed WR eOecWURVSLQQLQg. AOO ZeLgKW SeUceQWageV abRYe 30% (Z/Y) SURdXced 

fLbUeV. HRZeYeU VPRRWK bead-OeVV fLbUe SURdXcWLRQ VWaUWed RQO\ aW 60% (Z/Y), FLgXUe: 

4.12. WLWK UeVSecW WR fORZ UaWe fLbUeV ZeUe LQLWLaWed fRUP VWabOe MeW aW 0.3 PO/KRXU XS WR 4 

PO/KRXU. AW KLgKeU fORZ UaWe fLbeUV ZeUe VKRZLQg fOaW PRUSKRORg\, ZKLOe aW fORZ UaWe OeVV 

WKaQ 0.5 PO/KRXU WKeUe ZaV XQVWabOe fLbUe SURdXcWLRQ. TKe fORZ UaWe ZaV WKXV fL[ed aW 0.5 

PO/KRXU, FLgXUe: 4.13. 

 

 
FigXUe 4.12: SEM imageV - EffecW Rf SRl\meU cRQceQWUaWiRQ RQ elecWURVSiQQiQg. (A) 
30% SRl\meU VRlXWiRQ. (B) 40% SRl\meU VRlXWiRQ (C) 50% SRl\meU VRlXWiRQ (D) 
60% SRl\meU VRlXWiRQ. 
 

 

DMF:THF 

(5:5,6:4,7:3,8:2) 

EaVLO\ VROXbOe, 

1 da\ 

YeV, LQWeUPLWWeQW eMecWLRQ 

Rf fLbeUV 

 

DMF:THF(9:1) EaVLO\ VROXbOe, 

1 da\ 

YeV, VWabOe MeW SPRRWK bead fUee 

fLbeUV 
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FigXUe 4.13: SEM imageV -EffecW Rf flRZ UaWe RQ elecWURVSiQQiQg. (A) 0.3ml/hRXU. (B) 
0.4 ml/hRXU. (C) 0.5ml/hRXU (D) 1ml/hRXU (E) 2ml/hRXU (F) 3ml/hRXU (G) 4 ml/hRXU 
  

TKe effecW YROWage RQ eOecWURVSLQQLQg ZaV LQYeVWLgaWed aQd LW ZaV fRXQd WKaW bead-

OeVV fLbUe ZaV SURdXced fURP 7 NV RQZaUdV. FLbUe ZeUe ULbbRQ OLNe afWeU 14 NV. TKe 

VSLQQLQg ZaV VWaQdaUdLVed aW 10.5NV. FLgXUe: 4.14 A & B (PKaVe cRQWUaVW PLcURVcRSLc 

LPage), C WR K (SEM LPageV). 
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FigXUe 4.14: BUighW field MicURVcRSic aQd SEM imageV -EffecW Rf aSSlied YRlWage RQ 
elecWURVSiQQiQg. (A) 5 kV (BUighW field). (B) 6 kV (BUighW field). (C) 7 kV (D) 8 kV 
(E) 9 kV (F) 10 kV (G) 10.5 kV (H) 11 kV (I) 12 kV (J) 13 kV (K) 14 kV. 
  
 

TKe eOecWURVSLQQLQg SaUaPeWeUV ZaV VXPPaULVed aV gLYeQ LQ WKe TabOe: 4.10. A 

URWaWLQg PaQdUeO Rf 3 PP aQd 5 PP ZeUe XVed aV cROOecWRU. A ZKLWe cRORXUed WXbXOaU 

VcaffROd ZaV SURdXced Rf WKLcNQeVV 200 PP aQd OeQgWK 7 cP fRU 5 PP dLaPeWeU. FXUWKeU 

cKaUacWeULVaWLRQ ZaV dRQe ZLWK 5 PP WXbXOaU VcaffROdV aV WKe VWXd\ ZaV LQdeQWed WR be 

in Yitro RQO\, VR a OaUgeU dLaPeWeU ZaV cKRVeQ fRU eaVe Rf KaQdOLQg (8g7 - 5 PP).  TKe 

SEM LPageV VKRZV WKe WKLcNQeVV Rf VcaffROd aQd aOVR VPRRWK fLbURXV ZaOO. TKe fLbUe 

dLaPeWeU Rf 8g7 - 5PP ZaV eOXcLdaWed fURP SEM aQd ZaV 4.3 r 0.1PP, FLgXUe: 4.15. 
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           Table 4.10: SXmmaU\ Rf elecWURVSiQQiQg SaUameWeUV Rf 8g7 

 

 

 
FigXUe 4.15: MRUShRlRg\ Rf 8g7 gUafW: 8g7 - 3 mm (A) 8g7 ± 3 mm. SEM Rf cURVV- 
VecWiRQ Rf WXbe.  8g7 - 5 mm (A) 8g7 ± 5 mm (B, C) SEM Rf CURVV-VecWiRQ Rf WXbe, 
WhickQeVV. (D) SEM Rf WXbe Zall VecWiRQ aQd gUaSh VhRZiQg fibUe diameWeU 
fUeTXeQc\. 

PARAMETER 8g7 (60%) 

SROYeQW DMF:THF (9:1) 

S\ULQge 21G 

FORZ UaWe 0.5 PO/HRXU 

TLS WR cROOecWRU dLVWaQce 15 cP 

MaQdUeO VSeed (DLaPeWeU) 2000 USP (3 PP, 5 PP) 

VROWage 10 NV 
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4.2.2.1 WATER CONTACT ANGLE AND WATER UPTAKE ABILITY OF 

TUBULAR SCAFFOLD 

 

TKe ZaWeU cRQWacW aQgOe Rf WKe WXbXOaU VcaffROd VecWLRQ ZaV 104 r 80 PaNLQg WKe 

VcaffROd WR be K\dURSKRbLc. HRZeYeU, ZLWKLQ 1 PLQXWe WKe ZaWeU dURSOeW ZaV abVRUbed 

b\ WKe VcaffROd, FLgXUe 4.16: A, B. TKe SeUceQWage VROXbLOLW\ Rf WKe VcaffROd ZaV 

caOcXOaWed WR be 56 r 3 % ZLWKLQ 10 PLQXWeV ZKLcK UePaLQed PRUe RU OeVV cRQVWaQW RYeU 

WLPe, FLgXUe: 4.16 C. 

 
FigXUe 4.16: WaWeU CRQWacW aQgle Rf 8g7 - 5mm (A) 0 VecRQd (B) OQe miQXWe  
(C)  PeUceQWage VZelliQg Rf 8g7 ± 5 mm. 
 

4.2.2.2 MICRO-CT ANALYSIS OF TUBULAR SCAFFOLD ± POROUS NATURE 

IW ZaV eYLdeQW fURP WKe SEM LPageV WKaW VcaffROd ZaV KLgKO\ SRURXV. TKe PLcUR-

CT aQaO\VLV VKRZed a VcaffROd ZLWK aYeUage SRUe VL]e Rf 36 r 2.3PP ZLWK a SRUe YROXPe 

SeUceQWage Rf 42 r 4.34%, FLgXUe:  4.17. 

 

 

 

 

 

 

 

 

FigXUe 4.17: MicUR-CT 3D UecRQVWUXcWed image VhRZiQg SRURXV QaWXUe Rf VcaffRld 
(black YRid VhRZV aWWeQXaWiRQ Rf aiU WR ZhiWe SRUWiRQ Rf VcaffRld). 
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4.2.2.3 MECHANICAL PROPERTIES OF TUBULAR SCAFFOLD 
 
 

TKe VcaffROd VKRZV YRXQg¶V PRdXOXV Rf 6.6 r 1.8 MPa LQ cLUcXPfeUeQWLaO 

dLUecWLRQ aQd 3.64 � 1.4 MPa LQ ORQgLWXdLQaO dLUecWLRQ. TKe XOWLPaWe WeQVLOe VWUeVV 

(CLUcXPfeUeQWLaO) ZaV 4.93 � 0.4 MPa. TKe VXWXUe UeWeQWLRQ fRUce ZaV 2.3 N. TKe 

eVWLPaWed bXUVW SUeVVXUe ZaV YeU\ KLgK cRPSaUed WR QaWLYe YeVVeOV aQd ZaV 3000 r 614 

PPHg. 

 

SECTION II ± IN VITRO CELL BASED STUDIES 

4.3 PART  I ± DIFFERENTIATION OF ADIPOSE DERIVED 

MESENCHYMAL STEM CELLS TO SMOOTH MUSCLE CELLS ON 

GELATIN-VINYLACETATE/POLY-H-CAPROLACTONE SCAFFOLD 

4.3.1 ISOLATION AND CHARACTERISATION OF RABBIT ADIPOSE 

DERIVED MESENCHYMAL STEM CELLS (RAMSCV) 

RabbLW adLSRVe WLVVXe deULYed PeVeQcK\PaO VWeP ceOOV aWWacKed aQd aSSeaUed RQ 

da\ 2 RQ WLVVXe cXOWXUe SOaWeV, FLgXUe: 4.11 A.  TKe ceOOV becaPe cRQfOXeQW ZLWKLQ RQe 

ZeeN. AcWLQ-c\WRVNeOeWaO VWaLQLQg Rf ceOOV VKRZed WKe fLbURbOaVWLc aSSeaUaQce Rf SOaVWLc 

adKeUeQW ceOOV, FLgXUe: 4.11 B. PRSXOaWLRQ dRXbOLQg WLPe caOcXOaWLRQ Rf ceOOV VKRZed WKaW 

ceOOV WRRN ORQgeU WLPe WR dLYLde LQ LQLWLaO SaVVage, ZKLcK decUeaVed WLOO P6 aQd fXUWKeU 

LQcUeaVed afWeU WKaW. TKXV, fRU aOO WKe VWXdLeV, ceOO beWZeeQ SaVVageV P3 - P4 ZaV XVed, 

FLgXUe: 4.11 C. IPPXQR-SKeQRW\SLQg Rf ceOOV baVed RQ FACS cRQfLUPV SRVLWLYLW\ Rf VWeP 

ceOO PaUNeUV - 93% (VLPeQWLQ), 68% (CD44), aQd 0.5% (CD34/CD45), FLgXUe: 4.11 D 

WR G. IPPXQRfOXRUeVceQce VWaLQLQg aOVR MXVWLfLeV WKe SUeVeQce Rf VWeP ceOO PaUNeUV, 

FLgXUe: 4.11 H WR K, WKXV SURYLQg WKe µPeVeQcK\PaO VWeP ceOO QaWXUe Rf WKe LVROaWed ceOOV. 
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FigXUe 4.11: ChaUacWeUiVaWiRQ Rf RabbiW AdiSRVe MeVeQch\mal SWem cellV. (A) CellV 
aV aSSeaUed RQ TCPS afWeU iVRlaWiRQ (PhaVe cRQWUaVW, Scale BaU - 50�m). (B) AcWiQ-
PhalladRiQ VWaiQiQg Rf iVRlaWed cellV (FlXRUeVceQce, Scale BaU - 100�m), (C) 
PRSXlaWiRQ dRXbliQg Wime Rf CellV. (D WR G) FACS aQal\ViV Rf maUkeUV-VimeQWiQ, 
CD44, CD34 /45 cRmSaUed WR XQVWaiQed cRQWURl. (H WR K) AQWibRd\ VWaiQiQg Rf 
maUkeUV VimeQWiQ, CD44, CD90 aQd CD 34/45, NXclei VWaiQed ZiWh HRechVW 
(FlXRUeVceQce, Scale BaU - 100�m). 
 

 

MeVeQcK\PaO VWeP ceOOV LVROaWed ZaV VXbMecWed WR dLffeUeQWLaWLRQ WR adLSRgeQLc, 

RVWeRgeQLc aQd cKRQdURgeQLc OLQeageV b\ VSecLfLc dLffeUeQWLaWLRQ PedLa. AfWeU 14 da\V Rf 

dLffeUeQWLaWLRQ, WKe adLSRgeQeVLV ZaV cRQfLUPed b\ OLO Ued O VWaLQLQg, FLgXUe: 4.12 A, B. 

OVWeRgeQeVLV afWeU 21 da\V ZaV cRQfLUPed b\ AOL]aULQ Ued S VWaLQLQg fRU caOcLXP 

deSRVLWLRQ, FLgXUe: 4.12 C, D. TKe e[WUaceOOXOaU gO\cRVaPLQRgO\caQV ZeUe VWaLQed ZLWK 

SafUaQLQe O fRU cRQfLUPaWLRQ Rf CKRQdURgeQeVLV, FLgXUe 4.12 E. 
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FigXUe 4.12: TUi-liQeage diffeUeQWiaWiRQ Rf RabbiW meVeQch\mal CellV. (A, B) Oil Ued 
O VWaiQiQg fRU AdiSRgeQeViV aQd cRQWURl (BUighW field, Scale baU - 100�m). (C, D) 
Ali]aUiQ Ued S VWaiQiQg fRU calciXm QRdXleV iQ OVWeRgeQeViV aQd cRQWURl (BUighW 
field, Scale baU - 100�m). (E) SafUaQiQe O VWaiQiQg fRU chRQdURgeQeViV QRdXle micUR-
VecWiRQV (BUighW field, Scale baU -200�m). 

 

4.3.2 ISOLATION AND CHARACTERISATION OF SHEEP ADIPOSE 

DERIVED MESENCHYMAL STEM CELLS (ShMSCV) 

SKeeS PeVeQcK\PaO VWeP ceOOV ZeUe LVROaWed b\ cROOageQaVe WUeaWPeQW. TKe ceOOV 

aSSeaUed RQ da\ 7 aQd becaPe cRQfOXeQW RQ da\ 14. TKe\ VKRZed fLbURbOaVW OLNe 

aSSeaUaQce RQ cXOWXUe SOaWeV, FLgXUe: 4.13 A, B. BaVed RQ SRSXOaWLRQ dRXbOLQg VWXd\ ceOOV 

beWZeeQ SaVVageV P3-P6 VKRZed OeVV dRXbOLQg WLPe aQd ZaV VeOecWed fRU fXUWKeU in Yitro 

VWXdLeV, FLgXUe: 4.13 C. FACS aQd LPPXQRfOXRUeVceQce cRQfLUPed WKe VWeP ceOO OLNe 

QaWXUe Rf WKe LVROaWe ceOOV, FLgXUe: 4.13 D WR J. 
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FigXUe 4.13: ChaUacWeUiVaWiRQ Rf SheeS AdiSRVe MeVeQch\mal SWem cellV. (A) CellV 
aV aSSeaUed RQ TCPS afWeU iVRlaWiRQ (PhaVe cRQWUaVW, Scale BaU - 20�m). (B) AcWiQ-
PhalladRiQ VWaiQiQg Rf iVRlaWed cellV (FlXRUeVceQce, Scale BaU - 100�m), (C) 
PRSXlaWiRQ dRXbliQg Wime Rf CellV. (D WR G) FACS aQal\ViV Rf maUkeUV - CD44, 
CD90, aQd CD34/45 cRmSaUed WR XQVWaiQed cRQWURl. (H WR K) AQWibRd\ VWaiQiQg Rf 
maUkeUV VimeQWiQ, CD44, CD90 aQd CD 34/45, NXclei VWaiQed ZiWh HRechVW 
(FlXRUeVceQce, Scale BaU - 100�m). 
 

 

SLPLOaU WR UabbLW VWeP ceOOV, VKeeS VWeP ceOOV aOVR VKRZed WUL-OLQeage 

dLffeUeQWLaWLRQ. OLO Ued O VWaLQed RLO YacXROeV cRQfLUPed adLSRgeQeVLV cRPSaUed WR 

XQdLffeUeQWLaWed cRQWURO, FLgXUe: 4.14 A, B. OVWeRgeQLc dLffeUeQWLaWLRQ ZaV VWaLQed 

SRVLWLYe b\ AOL]aULQ Ued S VWaLQLQg Rf deSRVLWed caOcLXP QRdXOeV, FLgXUe: 4.14 C, D. 
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AOLcLaQ bOXe VWaLQLQg ZaV XVed WR cRQfLUP WKe SUeVeQce cKRQdURgeQLc QRdXOeV, FLgXUe: 

4.14 E, F. 

 
FigXUe 4.14. TUi-liQeage diffeUeQWiaWiRQ Rf VheeS meVeQch\mal VWem cellV. (A, B) Oil 
Ued O VWaiQiQg fRU AdiSRgeQeViV aQd cRQWURl (BUighW field, Scale baU - 100�m). (C, 
D) Ali]aUiQ Ued S VWaiQiQg fRU calciXm QRdXleV iQ OVWeRgeQeViV aQd cRQWURl (BUighW 
field, Scale baU - 100�m). (E) PhRWRgUaSh Rf AliciaQ blXe VWaiQiQg fRU 
chRQdURgeQeViV QRdXle iQ micUR-maVV cXlWXUe 
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4.4 CELL - MATERIAL INTERACTIONS 

 
4.4.1 CYTOTOXICITY STUDIES: DIRECT CONTACT TESTS AND MTT 

ASSAY WITH L929 FIBROBLASTS AND ADIPOSE DERIVED 

MESENCHYMAL STEM CELLS - RABBIT, SHEEP 

 

In Yitro c\WRWR[LcLW\ aVVa\ b\ dLUecW cRQWacW Rf VcaffROd ZLWK L929 aQd RAMSC 

ceOOV VKRZV QR PRUSKRORgLcaO cKaQge RU dead ceOOV ZKeQ cRPSaUed WR SRVLWLYe aQd 

QegaWLYe cRQWUROV, FLgXUe: 4.15 A WR D. SLPLOaUO\, SKeeS MSCV LQ cRQWacW ZLWK VcaffROd 

ZeUe aOVR VKRZed QR VLgQV Rf WR[LcLW\, FLgXUe: 4.16 A WR D. TKe WeVWV ZeUe cRQdXcWed 

accRUdLQg WR ISO 10993 - 5:2009 - BLRORgLcaO eYaOXaWLRQ Rf PedLcaO deYLceV - PaUW 5: 

TeVWV fRU in Yitro c\WRWR[LcLW\.  

TKe PeWabROLc acWLYLW\ Rf bRWK L929 aQd RAMSC ceOOV ZeUe VeeQ WR be PRUe WKaQ 

70% RQ 24 KRXU aQd 48 KRXUV cRPSaUed WR XQWUeaWed cRQWURO. TKe PeWabROLc acWLYLW\ LV 

fRXQd WR be LQcUeaVed WR 80% fRU RAMSC ceOOV RQ da\ 7. TKe UeVXOWV WKXV VKRZV WKaW 

VcaffROd e[WUacW aW YaULRXV WLPe SRLQWV LV QRQ-c\WRWR[Lc, FLgXUe: 4.15 E, F. TKe WLPe SRLQWV 

fRU e[WUacW LV cROOecWed b\ NeeSLQg LQ PLQd WKe dLffeUeQWLaWLRQ WLPe SRLQW Rf PeVeQcK\PaO 

VWeP ceOOV WR VPRRWK PXVcOe ceOO OLQeage. HRZeYeU, VKeeS MSCV VKRZed PRUe WKaQ 80 

% YLabLOLW\ RYeU bRWK 24 KRXU aQd 48 KRXUV WUeaWPeQW Rf VcaffROd e[WUacWV cROOecWed aW 

WLPe SRLQWV da\ 1, da\ 3, da \ 7, da\ 14, FLgXUe: 4.16 E. 
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Fig 4.15. In Yitro c\WRWR[iciW\ Rf G3P1 VcaffRld, DiUecW CRQWacW aVVa\, (A) L929 cellV 
cRQWacW ZiWh SRViWiYe cRQWURl (Scale baU - 10�m). (B) L929 cellV cRQWacW ZiWh QegaWiYe 
cRQWURl (Scale baU - 10�m). (C) L929 cellV cRQWacW ZiWh G3P1 VcaffRld (Scale baU -
100�m). (D) RAMSCV iQ cRQWacW ZiWh G3P1 VcaffRld (Scale baU - 100�m). MTT 
AVVa\ (E) L929 cellV WUeaWed ZiWh VcaffRld e[WUacW fRU 24 hRXU aQd 48 hRXUV 
(*S<0.01). (F) RAMSCV WUeaWed ZiWh VcaffRld e[WUacW fRU 24 hRXU aQd 48 hRXUV 
(*S<0.01. # S<0.05). 
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FigXUe 4.16. In Yitro c\WRWR[iciW\ Rf G3P1 VcaffRld, DiUecW CRQWacW aVVa\, (A) L929 
cellV cRQWacW ZiWh SRViWiYe cRQWURl (Scale baU - 10�m). (B) L929 cellV cRQWacW ZiWh 
QegaWiYe cRQWURl (Scale baU - 10�m). (C) L929 cellV cRQWacW ZiWh G3P1 VcaffRld (Scale 
baU - 100�m). (D) ShMSCV iQ cRQWacW ZiWh G3P1 VcaffRld (Scale baU - 10�m). MTT 
AVVa\ (E) ShMSCV cellV WUeaWed ZiWh VcaffRld e[WUacW fRU 24 hRXU aQd 48 hRXUV 
(*S<0.01). 
 
 
4.4.2 CELL VIABILITY ASSESSMENT 

 

TKe OLYe/dead ceOO LPagLQg VKRZV WKaW ceOOV ZKeQ RQ WKe VcaffROd fRU dLffeUeQW 

WLPe SRLQWV OLNe 3, 7 aQd 14 da\V ZeUe PRVWO\ YLabOe, FLgXUe: 4.17 A, B, C. VLabOe ceOOV 

ePLW gUeeQ fOXRUeVceQce LPSaUWed b\ CaOceLQ AM ZKeQ cOeaYed b\ ceOOXOaU eVWeUaVe. TKe 

dead ceOO WaNeV XS eWKLdLXP KRPRdLPeU aQd ePLW Ued fOXRUeVceQce VLQce WKeLU ceOO 

PePbUaQe ZaV dLVUXSWed. TKe ] - VWacNed cRQfRcaO LPageV Rf bRWK RAMSCV aQd 

SKMSCV, Da\ 14, FLgXUe: 4.18 A, RQ VcaffROd VKRZV PRUe WKaQ 95% VcaffROd ZaV 

cRYeUed b\ OLYe ceOOV. AW da\ 14, WKe deSWK SURfLOe Rf RAMSCV LQ WR WKe VcaffROd ZaV 

aQaO\Ved b\ cRQfRcaO PLcURVcRSe VRfWZaUe aQd LW VKRZV WKaW ceOOV SeQeWUaWe LQWR WKe 

VcaffROd fRU a deSWK Rf abRXW 110�P Rf VcaffROd, FLgXUe: 4.17 D.  
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TKe ceOO adKeVLRQ aQd VSUeadLQg RQ VcaffROd deWecWed b\ acWLQ/QXcOeaU VWaLQLQg. 

TKe ] - VWacNed LPage VKRZV WKaW ceOOV VSUeadV RQ WKe VcaffROd aQd SeQeWUaWe deeS WKURXgK 

SRUeV, FLgXUe: 4.17 E, 4.18 B. TKe SKMSCV acWLQ VWaLQLQg LPage ZaV XVed WR aQaO\Ve WKe 

deSWK WR ZKLcK ceOO SeQeWUaWeV LQWR VcaffROd aQd LW ZaV RbVeUYed WKaW SKMSCV PLgUaWed 

XS WR 35 - 45PP LQWR WKe VcaffROd, FLgXUe: 4.18 C. EQYLURQPeQWaO ScaQQLQg eOecWURQ 

PLcURgUaSKV aOVR VKRZV WKe VXUface Rf WKe VcaffROd cRYeUed ZLWK MSCV, FLgXUe: 4.17 D, 

4.18 D. 

 

 

 
 

FigXUe 4.1.7: Cell IQWeUacWiRQV RQ VcaffRld. LiYe /Dead aVVa\ Rf UabbiW meVeQch\mal 
cellV RQ G3P1 VcaffRld fRU da\ 3(A), da\ 7 (B), da\ 14 (C). LiYe gUeeQ cellV aUe VhRZQ 
(CRQfRcal Z-VWacked flXRUeVceQce image, Scale baU - 20 �m). (D) DeSWh SURfile Rf 
cellV RQ VcaffRld baVed RQ liYe cell (gUeeQ) flXRUeVceQce. (E)AcWiQ-PhalladRiQ VWaiQiQg 
Rf RAMSC RQ G3P1 - 3mm VcaffRld, QXcleXV VWaiQed blXe (CRQfRcal Z - VWacked 
flXRUeVceQce image, Scale baU - 20 �m). (E) E-SEM image Rf VecWiRQ Rf cellV RQ 
VcaffRld (Scale baU - 200 �m). 
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FigXUe 4.18: Cell IQWeUacWiRQV RQ VcaffRld. (A) LiYe / dead aVVa\ Rf VheeS 
meVeQch\mal cellV RQ G3P1 ± 5 mm VcaffRld fRU da\ 14. LiYe gUeeQ cellV aUe VhRZQ 
(CRQfRcal Z - VWacked flXRUeVceQce image, Scale baU - 10 �m). (B) AcWiQ-PhalladRiQ 
VWaiQiQg Rf ShMSC RQ G3P1 ± 5 mm VcaffRld, QXcleXV VWaiQed blXe (CRQfRcal Z-
VWacked flXRUeVceQce image, Scale baU - 10 �m). (C) DeSWh SURfile Rf cellV RQ VcaffRld 
baVed RQ AcWiQ flXRUeVceQce. (D) E-SEM image Rf VecWiRQ Rf cellV RQ VcaffRld (Scale 
baU - 30 �m). 
 

 

4.4.3 CONFOCAL RAMAN SPECTROSCOPIC STUDIES  

 

TKe RaPaQ VSecWUa Rf WKe VaPSOeV - RAMSCV RQ G3P1 aQd SKMSCV RQ G3P1 

ZeUe acTXLUed b\ VeOecWLQg WKe aSSURSULaWe aUeaV RQ WKe VcaffROd cRQWaLQLQg ceOOV. TKe 

LQdLYLdXaO VSecWUa ZeUe WKeQ aQaO\Ved fRU WKe cKaUacWeULVWLc cRPSRQeQWV RQ WKe VcaffROd 

aQd fRU WKe ceOOV. FURP WKe VSecWUaO SORW Ze caQ Vee WKaW WKe PCL aORQe VKRZed QR 

cKaUacWeULVWLc abVRUSWLRQV afWeU 3000 cP-1 cRQfLUP WKaW WKe aUea Rf VcaQ cRQWaLQV RQO\ 

PCL. TKe VSecWUa Rf GV, GVPCL (LQdLcaWed KeUe fRU G3P1) aQd WKe ceOO (c\WRSOaVP 

PaLQO\) KaYe WKe aPLQe VWUeWcK aQd YLbUaWLRQV ZKLcK ZeUe UecRUded UeVSecWLYeO\ LQ WKe 

fLgXUe. FRU fXUWKeU aQaO\VLV Ze aUe fRcXVLQg WKe cKaUacWeULVWLc SeaNV SRVLWLRQV LQ WKe UaQge 

fURP 500 cP-1 WR 2000 cP-1RQO\. TKe GVPCL (G3P1) aUea VKRZed WKe cRPbLQaWLRQV Rf 

cKaUacWeULVWLcV SeaNV Rf GV aQd PCL. TKe QeZ SeaNV aW WKe aPLde UegLRQ (1637 - 1648 

cP-1) ZeUe abVeQW LQ PCL aQd ceOOV VKRZed WKe cKaUacWeULVWLc SURWeLQ aQd DNA VWUeWcKLQg 

YLbUaWLRQV, FLgXUe: 4.18 A WR D. TKLV RaPaQ PaSSLQg cRQfLUPV WKe SUeVeQce Rf WKe 

LQdLYLdXaO cRPSRQeQWV (PCL, GV) aQd WKeLU cRPbLQaWLRQ (GVPCL / G3P1) aV WKe 

VcaffROd ZKLcK VXSSRUWV WKe ceOO gURZWK, FLgXUe: 4.19 A WR C. 
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FigXUe 4.18. RamaQ VSecWUa, aQal\ViV Rf RAMSC RQ G3P1 VcaffRld (A) Cell Veeded 
VcaffRld XQdeU cRQfRcal RamaQ micURVcRSe (Red bR[: aUea VcaQQed). (B) 
Chemicall\ cRlRXU cRded image Rf aUea VcaQQed (BlXe: PCL, YellRZ: GV, GUeeQ: 
C\WRSlaVm, Red: NXcleXV). (C) RamaQ SSecWUa dedXced fURm image. (D) Peak 
labelled ]RRmed VSecWUa. 
 
 
 
 
 
 
 
 

 



111 
 

 
 

FigXUe 4.19. RamaQ VSecWUa, aQal\ViV Rf ShMSCV RQ G3P1 VcaffRld (A) Cell Veeded 
VcaffRld XQdeU cRQfRcal RamaQ micURVcRSe (Red bR[: aUea VcaQQed). (B) 
Chemicall\ cRlRXU cRded image Rf aUea VcaQQed (BlXe: PCL, YellRZ: GV, GUeeQ: 
C\WRSlaVm, Red: NXcleXV). (C) RamaQ SSecWUa dedXced fURm image.  
 

 

4.5 DIFFERENTIATION OF MESENCHYMAL STEM CELLS TO 

SMOOTH MUSCLE CELL ON SCAFFOLD ± RABBIT 
 

RabbLW PeVeQcK\PaO VWeP ceOOV aQd SKeeS PeVeQcK\PaO VWeP ceOOV ZeUe 

VXbMecWed WR dLffeUeQWLaWLRQ WR VPRRWK PXVcOe ceOOV bRWK RQ WLVVXe cXOWXUe SRO\VW\UeQe 

SOaWeV (TCPS) aQd G3P1 VcaffROd.  FRU LQdXcWLRQ LQWR VPRRWK PXVcOe OLQeage, TGF-E1 

cRQWaLQLQg bLRcKePLcaO cRcNWaLO ZaV XVed fRU 14 da\V, ScKePe: 3.  
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Scheme 3: MeWhRdRlRg\ XVed fRU VmRRWh mXVcle cell iQdXcWiRQ (RAMSCV RQ TCPS 
WRZaUdV SMCV deSicWed). 
 

4.5.1 QUANTITATIVE REAL TIME PCR AND IMMUNO-STAINING 

 

IQ WKe LQLWLaO VWage Rf dLffeUeQWLaWLRQ, TGF-ȕ1 acWLYaWeV SPad SaWKZa\ aQd OeadV 

WR WKe e[SUeVVLRQ Rf eaUO\ PaUNeU geQeV OLNe aOSKa VPRRWK PXVcOe acWLQ (ASMA), SM22Į 

(TUaQVgeOLQ), CaOSRQLQ (CNN3) eWc., TKLV LV LQ cRQcRUdaQce ZLWK SUeVeQW SURWRcRO WKaW 

UabbLW PeVeQcK\PaO VWeP ceOOV Veeded RQ G3P1 VcaffROd ZLWK LQdXcWLRQ PedLXP VKRZV 

33 fROd LQcUeaVe LQ ASMA e[SUeVVLRQ, FLgXUe: 4.20 A, 55 fROd LQcUeaVe LQ WUaQVgeOLQ 

e[SUeVVLRQ, FLgXUe: 4.20 B aQd 12 fROd LQcUeaVe LQ acLdLc CaOSRQLQ (CNN3) cRPSaUed WR 

ceOOV RQ TCPS ZLWK cRQWURO PedLXP, FLgXUe: 4.20 C. TKe e[SUeVVLRQ SaWWeUQ Rf SMC 

geQeV LV XQdeU WKe LQfOXeQce Rf LQdXcWLRQ PedLXP RQ TCPS ZeUe aOVR fRXQd WR be 

LQcUeaVLQg bXW OeVVeU e[WeQW cRPSaUed WR VcaffROd. IQ addLWLRQ WR LQcUeaVe LQ WKe eaUO\ aQd 

PLd-PaUNeUV Rf SMCV WKeUe LV aQ LQcUeaVe LQ WKe e[SUeVVLRQ Rf OaWe PaUNeU P\RVLQ KeaY\ 

cKaLQ, MYH11 RQ G3P1 VcaffROd, FLgXUe: 4. 20 D. WKLOe WKe e[SUeVVLRQ Rf WKe PaUNeU LV 

QRW VR SURQRXQced RQ TCPS ZKLcK LV OeVV WKaQ baVeOLQe caOLbUaWRU. TKe SaQeO Rf aQWLbRd\ 

VWaLQed fRU ASMA, SM22Į, SMMHC cRQfRcaO OaVeU VcaQQLQg PLcURVcRSe aOVR VKRZV WKe 
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SRVLWLYLW\ Rf ceOOV fRU eaUO\ VPRRWK PXVcOe ceOOV PaUNeUV. SMMHC LV WKe VROe PaUNeUV 

WKaW LV QRW aVVRcLaWed ZLWK fLbURWLc QaWXUe Rf PeVeQcK\PaO VWeP ceOOV aQd e[SUeVVLRQ Rf 

WKe VaPe cRQfLUPV WKe cRQWUacWLOe QaWXUe Rf dLffeUeQWLaWed VPRRWK PXVcOe ceOOV, FLgXUe: 

4.21 A, B, C. 

 

 

 
 
FigXUe 4.20: GeQe e[SUeVViRQ SURfile Rf diffeUeQWiaWed VmRRWh mXVcle cellV RQ WiVVXe 
cXlWXUe SlaWe aQd G3P1VcaffRld cRmSaUed ZiWh calibUaWRU (----).(A) FRld chaQge Rf 
ASMA geQe.(B) FRld chaQge Rf TUaQVgeliQ geQe.(C) FRld chaQge Rf CalSRQiQ 
geQe.(D) FRld chaQge Rf SM-MHC geQe.(*S<0.01,Q.V:QRQ VigQificaQce). 
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FigXUe. 4.21: CRQfRcal laVeU VcaQQiQg imageV Rf ImmXQRflXRUeVceQce (gUeeQ) Rf 
diffeUeQWiaWed SMCV RQ G3P1 VcaffRld-(A) SM AcWiQ, Scale baU-10�m. (B) SM22Į, 
Scale baU-20�m. (C) SM-MHC Scale baU-10�m. NXcleaU HRechVW aQd FibeUV (BlXe). 
(CRQfRcal Z - VWack flXRUeVceQce). 
 

 

4.5.2 ESTIMATION OF EXTRACELLULAR MATRIX PROTEINS 

 

BORRd YeVVeO e[WUaceOOXOaU PaWUL[ SOa\V a cUXcLaO UROe LQ PaLQWaLQLQg WKe RYeUaOO 

SK\VLRORgLcaO fXQcWLRQ Rf WKe YeVVeO. TKe cROOageQ geQe e[SUeVVLRQ SURfLOe Rf SMCV 

dLffeUeQWLaWed RQ G3P1 VcaffROd VKRZV a 147-fROd LQcUeaVe aQd 42-fROd LQcUeaVe RQ TCPS, 

FLgXUe: 4.22 A. TKLV eQKaQced dLffeUeQce LQdLcaWe WKaW WKe dLffeUeQWLaWed ceOOV SURdXce 

cROOageQ W\Se 1aQd YaVcXOaU gUafW WKaW LV cRQdXcLYe fRU in YiYo UegeQeUaWLRQ RQ LWV RZQ. 

TRWaO VROXbOe cROOageQ e[WUacWed fURP VcaffROd LV aVVa\ed WR be150 �g/Pg Rf ZeW ZeLgKW 

Rf WLVVXe b\ SLUcRO aVVa\. AQRWKeU UeOeYaQW cRPSRQeQW Rf bORRd YeVVeO e[WUaceOOXOaU 

PaWUL[ LV eOaVWLQ. OXU UeVXOWV VKRZ aSSUecLabOe XS UegXOaWLRQ Rf eOaVWLQ geQe RQ G3P1 

VcaffROd ZKLOe LW¶V OeVV WKaQ baVe OLQe RQ TCPS, FLgXUe: 4.22 B. TKe WRWaO eOaVWLQ 

eVWLPaWLRQ SURYLded aQ aPRXQW Rf 15 �g/Pg ZeW ZeLgKW Rf eOaVWLQ deSRVLWLRQ RQ VcaffROd. 
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FigXUe 4.21. (A) E[WUacellXlaU maWUi[ geQe e[SUeVViRQ Rf CRllageQ. (B) ElaVWiQ. (C) 
SiUcRl cRllageQ eVWimaWiRQ (D) aQd FaVWiQ ElaVWiQ eVWimaWiRQ (*P<0.01, #P<0.001, 
**P<0.0001, Q.V: QRQ-VigQificaQW). 
 

 

4.6 DIFFERENTIATION OF MESENCHYMAL STEM CELLS TO SMOOTH 

MUSCLE CELL ON SCAFFOLD ± SHEEP 

 

SKeeS PeVeQcK\PaO VWeP ceOOV Veeded RQ G3P1 VcaffROd dLffeUeQWLaWed WR VPRRWK 

PXVcOe ceOOV fROORZLQg WKe VaPe SURWRcRO aV PeQWLRQed LQ ScKePe 2. CRPSaUed WR 

caOLbUaWRU geQe e[SUeVVLRQ, WKeUe ZaV aQ LQcUeaVed e[SUeVVLRQ Rf ASMA geQe bRWK LQ 

WLVVXe cXOWXUe SOaWe aQd G3P1 VcaffROd, FLgXUe: 4.22 A. HRZeYeU, WKe OaWe PaUNeU geQe 

SMMHC (M\K 11) VKRZed a WZR-fROd LQcUeaVe LQ e[SUeVVLRQ RQ G3P1 VcaffROd WKaQ RQ 

cXOWXUe SOaWe, FLgXUe: 4.22 B. TKeUe ZaV LQcUeaVed e[SUeVVLRQ Rf cROOageQ geQe aOVR LQ 

cXOWXUe SOaWe WKaQ LQ G3P1 ZKeQ ceOOV ZeUe dLffeUeQWLaWed, FLgXUe: 4.22 C. We cRXOd 

MXVWLf\ WKLV aV, bRWK ASMA aQd COL1AI ZeUe aOVR PaUNeUV Rf SUROLfeUaWLYe SKaVe Rf 
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SMCV, VR RQ SOaWeV eYeQ WKRXgK dLffeUeQWLaWed WR VPRRWK PXVcOe OLQeage, ceOO ZLOO be VWLOO 

LQ SUROLfeUaWLYe VWage ZKLcK ZaV OeVV eYLdeQW RQ G3P1 VcaffROd. IPPXQRfOXRUeVceQce aOVR 

cRQfLUPV WKe dLffeUeQWLaWLRQ, FLgXUe: 4.23 A WR C. 

 

 
 

FigXUe 4.22: GeQe e[SUeVViRQ SURfile Rf diffeUeQWiaWed VmRRWh mXVcle cellV RQ WiVVXe 
cXlWXUe SlaWe aQd G3P1VcaffRld cRmSaUed ZiWh calibUaWRU (----). (A) FRld chaQge Rf 
ASMA geQe. (B) FRld chaQge Rf SMMHC geQe. (C) FRld chaQge Rf CRllageQ geQe. 
(*S<0.01, Q.V: QRQ VigQificaQce). 
 

 

 
FigXUe. 4.23: CRQfRcal laVeU VcaQQiQg imageV Rf ImmXQRflXRUeVceQce (gUeeQ) Rf 
diffeUeQWiaWed SMCV RQ G3P1 VcaffRld-(A) SM AcWiQ, Scale baU-10�m. (B) SM22Į, 
Scale baU-20�m. (C) SM-MHC Scale baU-10�m. NXcleaU HRechVW aQd FibeUV (BlXe). 
(CRQfRcal Z VWack- FlXRUeVceQce). 
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4.7 IN VITRO HEMOCOMPATIBILITY OF THE SCAFFOLD 

 
TKe bORRd cRPSaWLbLOLW\ Rf WKe VcaffROd ZaV VWXdLeV aV SeU WKe ISO VWaQdaUdV. IW 

ZaV VeeQ WKaW WKe YaOXeV RbWaLQed fRU SeUceQWage cKaQge LQ KaePRO\VLV, LeXcRc\We cRXQW, 

RBC cRXQW aQd SOaWeOeW cRXQW ZeUe ZLWKLQ WKe OLPLWV SUeVcULbed fRU bLRPaWeULaO 

LQWeUacWLRQ ZLWK bORRd. TKe YaOXeV RbWaLQed ZeUe VXPPaULVed LQ TabOe: 4.11 (AcceSWabOe 

YaOXeV gLYeQ LQ bUacNeW LQ WKe WabOe). TKe SOaWeOeW adKeVLRQ RQ WKe VcaffROd ZeUe VcaQQed 

XQdeU SEM aQd WKeUe ZeUe OeVV eYLdeQW SOaWeOeWV adKeUed WR VcaffROd ZLWK VSaUVe RBCV 

FLgXUe: 4.24. OYeUaOO WKe bORRd cRPSaWLbLOLW\ VWXdLeV LQdLcaWe WKaW WKe bORRd cRPSaWLbOe 

QaWXUe Rf G3P1 VcaffROd LQWeQded WR be XVed aV YaVcXOaU gUafW. 

 

TEST PeUceQWage chaQge (AcceSWable YalXe) 

HePRO\VLV  0.05 � 0.01% (<0.1 %) 

WKLWe bORRd ceOOV cRXQW 3.05 � 0.9% (<5 %) 

Red bORRd ceOOV cRXQW 0.68 � 0.4% (<5 %) 

POaWeOeW cRXQW 7.13 � 1.3% (<10%) 

Table 4.11: In Yitro hemRcRmSaWibiliW\ Rf G3P1 VcaffRld 

 

 

FigXUe 4.24: PlaWeleW AdheViRQ aVVa\. (A, B) G3P1 VcaffRld VhRZiQg adheUed SlaWeleWV 
aQd RBCV (WhiWe aUURZ). 

 



118 
 

4.8 PART II ± CO-CULTURE OF PERIVASCULAR STEM CELLS 
AND ENDOTHELIAL CELLS ON POLY (ETHYL 
METHACRYLATE-CO-DI ETHYL AMINO ETHYL ACRYLATE) 
SCAFFOLD 

4.8.1 ISOLATION OF HUMAN ADIPOSE DERIVED PERIVASCULAR STEM 

CELLS AND ENDOTHELIAL CELLS 

AfWeU KXPaQ adLSRVe WLVVXe dLgeVWLRQ b\ cROOageQaVeV, WKe fORZ c\WRPeWU\ 

PedLaWed LdeQWLfLcaWLRQ aQd LVROaWLRQ Rf SeULYaVcXOaU VWeP ceOOV QaPeO\ adYeQWLWLaO ceOOV, 

SeULc\WeV ZeUe LVROaWed. EQdRWKeOLaO ceOOV ZeUe aOVR LVROaWed. IQLWLaOO\ afWeU cRPSeQVaWLRQ 

aQd gaWLQg dead ceOO SRSXOaWLRQ fURP ceOO VXVSeQVLRQ ZaV UXOed RXW. CD45/CD56 VLQgOe 

ceOOV ZeUe WKeQ VeOecWed aQd fURP WKLV CD34+/CD31+ eQdRWKeOLaO ceOOV ZeUe cROOecWed 

(16 r 2%). LaWeU, CD34+/CD146- adYeQWLWLaO ceOOV (37 r 12%) aQd CD34-/CD146+ 

SeULc\WeV (19 r 1.3%) ZeUe VRUWed, FLgXUe: 4.25 A WR D. TKe eQdRWKeOLaO ceOOV VKRZed 

cRbbOe VWRQe PRUSKRORg\ aQd SeULYaVcXOaU ceOOV VKRZed fLbURbOaVW OLNe PRUSKRORg\, 

FLgXUe: 4.26 A WR C. PeULYaVcXOaU ceOOV beWZeeQ P3 - P5 ZeUe XVed fRU fXUWKeU e[SeULPeQWV. 

EQdRWKeOLaO ceOOV KRZeYeU VKRZed OeVVeU SUROLfeUaWLRQ caSacLW\ afWeU P4 aQd WKeUe ZaV a 

OacN Rf eQRXgK QXPbeU Rf ceOOV. TKe VWXdLeV ZeUe WKXV caUULed RXW b\ OaWe eQdRWKeOLaO 

RXWgURZWK ceOOV. TKe gURXS Rf SeULYaVcXOaU ceOOV ZeUe a VXb SRSXOaWLRQ Rf PeVeQcK\PaO 

ceOOV aQd VKRZV VWeP ceOOV OLNe SURSeUWLeV ZKeQ cXOWXUed in Yitro ZKLcK ZaV VWaLQed 

SRVLWLYe fRU CD44/CD90 aQd SeULc\We VSecLfLc CD146, FLgXUe: 4.27 A WR C, RQ WLVVXe 

cXOWXUe SOaWeV. 
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FigXUe 4.25: FlRZ c\WRmeWU\ Rf adiSRVe WiVVXe digeVW. (A) Dead cell e[clXViRQ b\ 
DAPI VWaiQiQg. (B) CD45/CD56 cell VelecWiRQ aQd e[clXViRQ. (C) IVRlaWiRQ Rf 
eQdRWhelial cellV. (D) IVRlaWiRQ Rf SeUiYaVcXlaU adYeQWiWial cellV aQd SeUic\WeV. 

 

 

FigXUe 4.26: PhaVe cRQWUaVW micURVcRSic imageV Rf iVRlaWed cellV Rf adiSRVe WiVVXe 
digeVW. (A) AdYeQWiWial cellV. (B) D) IVRlaWiRQ Rf SeUiYaVcXlaU adYeQWiWial cellV aQd 
SeUic\WeV (Scale baU - 20Pm). 
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FigXUe 4.27: ImmXQRflXRUeVceQce Rf PeUiYaVcXlaU CellV - AdYeQWiWial cellV (A) 
CD44/DAPI (Scale baU - 100Pm). (B) CD90/DAPI (Scale baU - 100Pm). PeUic\WeV (A) 
CD44/DAPI (Scale baU - 100Pm). (C) CD90/DAPI (Scale baU - 100Pm). (D) 
CD146/DAPI (Scale baU - 100Pm). 

 

4.8.2 CELL COMPATIBILITY OF SCAFFOLD ± LIVE / DEAD ASSAY AND SEM 

LLYe / dead aVVa\ VKRZed WKaW WKe ceOOV RQ VcaffROd ZeUe OLYe aW dLffeUeQW WLPe 

SRLQWV. LLYe ceOOV ePLWWed gUeeQ fOXRUeVceQce cRPSaUed ZLWK dead ceOOV ZKLcK ePLWWed 

Ued fOXRUeVceQce, FLgXUe: 4.28 A WR B SaQeO. TKe VcaQQLQg eOecWURQ PLcURVcRSLc LPage aW 

da\ 14 Rf WKe WKUee ceOO W\SeV VKRZV WKaW WKe ceOO cRYeUed aOPRVW ZKROe aUea Rf WKe 

VcaffROd. HRZeYeU, LW ZaV eYLdeQW WKaW eQdRWKeOLaO ceOO Kad ORZ SUROLfeUaWLRQ caSacLW\ 

cRPSaUed WR adYeQWLWLaO ceOO aQd SeULc\WeV RQ VcaffROd. TKLV ZaV PXcK VLPLOaU WR ZKaW 

ZaV RbVeUYed LQ WLVVXe cXOWXUe SOaWeV, FLgXUe: 4.28 C SaQeO. 
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FigXUe 4.28: Cell IQWeUacWiRQV RQ 8g7 VcaffRld. (A) LiYe /Dead aVVa\ Rf AdYeQWiWial 
cellV, SeUic\WeV aQd eQdRWhelial cellV RQ Da\ 3. LiYe gUeeQ cellV/ dead Ued cellV aQd 
fibUeV aUe VhRZQ (CRQfRcal Z-VWacked flXRUeVceQce image, Scale baU - 50 �m). (B) 
LiYe /Dead aVVa\ Rf AdYeQWiWial cellV, SeUic\WeV aQd eQdRWhelial cellV RQ Da\ 14 (Scale 
baU - 50 �m). (C) SEM image Rf cellV RQ VcaffRld (Scale baU - 200 �m, 500 �m, 400 
�m). 
 

 

4.8.3 MTT ASSAY  

 

CeOO YLabLOLW\ SeUceQWage VKRZV WKaQ ZKeQ adYeQWLWLaO ceOO gURZQ RQ 8g7 VcaffROd 

aW aOO-WLPe SRLQW ceOO YLabLOLW\ ZaV gUeaWeU WKaQ 80%. IQ WKe caVe Rf SeULc\WeV WKe YLabLOLW\ 

gUadXaOO\ LQcUeaVeV RYeU WLPe SRLQWV aQd aW da\ 14 LW ZaV abRYe 80%. EQdRWKeOLaO ceOO, aW 

da\ 3 YLabLOLW\ ZaV PRUe WKaQ 60% ZKLcK LQcUeaVeV RYeU 80% RQ da\ 7 aQd RQ da\ 14 



122 
 

ZaV 78%. CeOO YLabLOLW\ aVVa\ cRQfLUPV WKaW VcaffROd ZaV ceOO gURZWK cRQdXcLYe, FLgXUe: 

4.29 A WR C. 

 

 
 

FigXUe 4.29: Cell IQWeUacWiRQV RQ 8g7 VcaffRld. (A) MTT AVVa\ Rf AdYeQWiWial cellV. 
(B) MTT aVVa\ Rf PeUic\WeV. (C) MTT AVVa\ Rf EQdRWhelial cellV. (**S <0.001). 
 

4.8.4 E-ACTIN AND IMMUNOSTAINING OF CELL MARKERS ON THE 

SEEDED SCAFFOLD 

TKe ceOO adKeVLRQ RQ 8g7 VcaffROd ZaV SURYed b\ acWLQ-c\WRVNeOeWaO VWaLQLQg. TKe 

adYeQWLWLaO ceOOV, SeULc\WeV aQd eQdRWKeOLaO ceOOV e[KLbLWed aWWacKPeQW aQd VSUeadLQg RQ 

WKe VcaffROd, FLgXUe 4.30 A, B, C, D. TKe LdeQWLW\ Rf eacK ceOO RQ VcaffROd ZaV LQYeVWLgaWed 

b\ LPPXQRfOXRUeVceQce VWaLQLQg. TKe ceOOV VKRZed SRVLWLYLW\ ZLWK UeVSecW WR aOO PaUNeUV 

VSecLfLc WR WKeP LQ a VLPLOaU faVKLRQ Rf ZKaW WKe\ e[KLbLW ZKeQ cXOWXUeV RQ WLVVXe cXOWXUe 

SOaWeV, FLgXUe 4.30 A, B, C, D. TKeVe e[SeULPeQWV SURYe WKaW eOecWURVSXQ 8g7 aOORZ 

aWWacKPeQW, SUROLfeUaWLRQ aQd PaUNeU e[SUeVVLRQ Rf WKeVe ceOOV ZKeQ cXOWXUed RQ VcaffROd. 
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FigXUe 4.30: FlXRUeVceQce Rf PeUiYaVcXlaU CellV aQd eQdRWhelial cellV RQ 8g7 VcaffRld 
± AdYeQWiWial cellV (A) AcWiQ-ShalladRiQ VWaiQiQg (Scale baU - 50Pm). (B) CD44/DAPI 
(Scale baU - 50Pm). (C)  CD90/DAPI (Scale baU - 50Pm) PeUic\WeV (A) AcWiQ-
ShalladRiQ VWaiQiQg (Scale baU - 50Pm). (B) CD146/DAPI (Scale baU-50Pm). (C) 
NeXUal glial facWRU-2/DAPI (Scale baU - 50Pm). (D) SmRRWh mXVcle acWiQ/DAPI 
(Scale baU - 50Pm). EQdRWhelial cellV (A) AcWiQ-ShalladRiQ VWaiQiQg (Scale baU -
50Pm). (B) CD31/DAPI (Scale baU - 20Pm). (C) VaVcXlaU eQdRWhelial gURZWh facWRU-
1/DAPI (Scale baU - 50Pm). (D) CD144/DAPI (Scale baU - 50Pm). 
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4.9 CO-CULTURE OF PERIVASCULAR CELLS WITH 
ENDOTHELIAL CELLS ON SCAFFOLD 

CR-cXOWXUe V\VWePV ± AdYeQWLWLaO ceOOV: eQdRWKeOLaO ceOOV aQd SeULc\WeV: 

eQdRWKeOLaO ceOOV ZeUe eVWabOLVKed RQ VcaffROd afWeU VWaQdaUdLVLQg dLffeUeQW cRQdLWLRQV. 

TKe PedLa XVed fRU cR-cXOWXUe ZaV EGM-2 aV WKLV PedLa VXSSRUWed WKe gURZWK aQd 

SUROLfeUaWLRQ Rf SeULYaVcXOaU ceOOV aQd eQdRWKeOLaO ceOOV. TKe UaWLRQ Rf eacK ceOO W\Se ZaV 

fL[ed b\ WULaO aQd eUURU Rf dLffeUeQW UaWLRV. IW ZaV eYLdeQW fURP WKe cR-cXOWXUe WKaW 

adYeQWLWLaO ceOOV aOZa\V SUROLfeUaWed faVWeU aQd RXWQXPbeUed eQdRWKeOLaO ceOOV ZKeQ 

cXOWXUed LQ eTXaO RU ORZ eQdRWKeOLaO ceOO QXPbeUV. TKe eQdRWKeOLaO ceOOV ZeUe eYLdeQW aQd 

ZaV abOe WR eTXaOLVe ZLWK adYeQWLWLaO SUROLfeUaWLRQ ZKeQ WKe UaWLR Rf adYeQWLWLaO WR 

eQdRWKeOLaO ceOOV ZaV 1:5. TKe ceOOV cR-cXOWXUed aW WKLV UaWLR ZeUe cKaUacWeULVed b\ VSecLfLc 

PaUNeUV, FLgXUe: 4.31. AW WKLV UaWLR Rf 1:5 eQdRWKeOLaO ceOOV aSSeaUed RQ da\ 3 ZKLcK ZaV 

RbVeUYed b\ dRXbOe LPPXQRfOXRUeVceQce VWaLQLQg Rf CD31/CD44. BRWK ceOOV SUROLfeUaWed 

aQd e[SUeVVed WKeLU PaUNeUV RQ da\ 7 aQd da\ 14. PeULc\WeV, RQ WKe RWKeU KaQd VXSSRUWed 

eQdRWKeOLaO ceOO gURZWK eYeQ LQ ORZeU UaWLR. A 1:1 UaWLR Rf SeULc\We WR eQdRWKeOLaO ceOOV 

KeOSed bRWK ceOOV WR VXUYLYe aQd e[SUeVV WKeLU PaUNeUV, FLgXUe 4.31 A, B, C aW dLffeUeQW 

WLPe SRLQWV. 

 

FigXUe 4.31: CR-cXlWXUe Rf SeUiYaVcXlaU VWem cellV ZiWh eQdRWhelial cellV RQ 8g7 
VcaffRld. CRQfRcal laVeU VcaQQiQg ]-VWacked imageV (Scale baU - 50Pm). 
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4.9.1 ANGIOGENESIS ASSAY 

AQgLRgeQeVLV aVVa\ ZaV SeUfRUPed ZLWK WKe cR-cXOWXUed ceOO VXSeUQaWaQW (deYRLd 

Rf VeUXP aQd VXSSOePeQWV) LQ RUdeU WR aQaO\Ve WKe effLcac\ Rf cR-cXOWXUe V\VWeP WR LQLWLaWe 

aQgLRgeQeVLV. TKe cRQdLWLRQ PedLa cROOecWed fURP eacK cR-cXOWXUe V\VWeP ZaV SRROed 

aQd fLOWeUed. TKe VecUeWRPe aQaO\VLV b\ aQgLRgeQeVLV SURWeRPe SURfLOeU VKRZed WKaW 

VecUeWed aQgLRgeQeVLV SURPRWLQg gURZWK facWRUV OLNe aQgLRgeQLQ, SOaWeOeW deULYed gURZWK 

facWRU - AA/BB, YaVcXOaU eQdRWKeOLaO gURZWK facWRU ZaV KLgKO\ VecUeWed b\ SeULc\We-

eQdRWKeOLaO ceOO cR-cXOWXUe V\VWeP UaWKeU WKaQ adYeQWLWLaO ceOO-eQdRWKeOLaO ceOO. HRZeYeU, 

OeYeO Rf bRWK eSLdeUPaO gURZWK facWRU aQd WKURPbRVSRQdLQ ZaV OeVV fRU SeULc\We-

eQdRWKeOLaO V\VWeP cRPSaUed WR adYeQWLWLaO-eQdRWKeOLaO V\VWeP. TKLV faLUO\ VKRZV WKaW WKe 

eQdRWKeOLaO ceOO PaLQWeQaQce ZaV PRUe SURQRXQced LQ adYeQWLWLaO-eQdRWKeOLaO V\VWeP aQd 

aQgLRgeQeVLV ZaV PRUe LQ SeULc\We-eQdRWKeOLaO V\VWeP, FLgXUe: 4.32 A, B. TKe VWXd\ WKXV 

KLgKOLgKWV WKe UeOeYaQce Rf eacK ceOO-ceOO LQWeUacWLRQ RQ 8g7 VcaffROd aQd WR cRQcOXde a 

WUL-cXOWXUe V\VWeP PLPLcNLQg in YiYo cRQdLWLRQV KeOSV bORRd YeVVeO VWUeQgWK aQd LQWegULW\.  

 

FigXUe 4.32: AQgiRgeQeViV aVVa\. (A) AQgiRgeQeViV aUUa\ deYelRSed afWeU VecUeWRme 
WUeaWmeQW (LiCOR iQWeQViW\ image). (B) GUafW VhRZiQg Whe Si[el iQWeQViW\ Rf 
diffeUeQW gURZWh facWRU iQ VecUeWRme Rf WZR cR-cXlWXUe V\VWem deUiYed fURm 
aQgiRgeQeViV aUUa\. 
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 SECTION III ± IN VIVO EVALUATION OF GELTIN-VINYL 

ACETATE / POLY-H-CAPROLACTONE ELECTROSPUN 

SCAFFOLD, G3P1 

4.10 PART I ± IN VIVO EVALUATION IN RABBIT MODEL 

4.10.1 SURGICAL REPLACEMENT OF RABBIT COMMON CAROTID 

ARTERY WITH G3P1 SCAFFOLD CELLULARISED WITH 

DIFFERENTIATED SMOOTH MUSCLE CELLS 

TKe G3P1 ± 3 PP gUafW ZLWK VPRRWK PXVcOe ceOOV ZeUe XVed WR aV UabbLW cRPPRQ 

caURWLd aUWeU\ LQWeUSRVLWLRQ gUafW. AfWeU UeSOacePeQW WKeUe ZaV QR bORRd OeaNage aQd 

UabbLWV UecRYeUed KeaOWK\ SRVW-RSeUaWLYeO\. HRZeYeU, WKe 3PP dLaPeWeU gUafW VKRZed a 

PLVPaWcK aW aQaVWRPRVLV aQd LW ZaV eYLdeQW dXULQg LPSOaQWaWLRQ. TKe VcaffROd Kad gRRd 

KaQdOLQg SURSeUWLeV aQd VXWXUe abLOLW\, FLgXUe 4.33 A WR C. AfWeU WZR ZeeNV Rf WKe VWXd\ 

aQgLRgUaPV UeYeaOed a bORcNage LQ bRWK gUafW aQd WKeUe ZaV QR fORZ Rf d\e ZKeQ LQMecWed 

LQ WKe RSSRVLWe VLde Rf gUafW. BXW WKeUe ZaV faLQW fORZ d\e LQ WKe VecRQd UabbLW ZKeQ 

LQMecWed LQ VaPe VLde Rf WKe gUafW LPSOaQWed. TKLV Pa\ be eLWKeU dXe WR SaUWLaO RccOXVLRQ 

Rf WKe gUafW RU Pa\ be dLVORdgePeQW Rf WKURPbXV ZLWK SUeVVXUe Rf LQMecWLRQ, FLgXUe: 4.34.  

 

FigXUe 4.33: ImSlaQWaWiRQ Rf G3P1 ± 3 mm iQ UabbiW. (A) GUafW SUiRU WR 
imSlaQWaWiRQ. (B, C) GUafW UeSlaciQg caURWid aUWeU\ (black aUURZ). 
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FigXUe 4.34: AQgiRgUaShic eYalXaWiRQ Rf imSlaQW. (A) OSSRViWe Vide iQjecWiRQ iQ 
UabbiW RQe (B) Same Vide iQjecWiRQ iQ UabbiW RQe (C) OSSRViWe Vide iQjecWiRQ iQ UabbiW 
WZR. (D) Same Vide iQjecWiRQ iQ UabbiW WZR (D\e flRZ SaWh ZhiWe aUURZ). 

 

4.10.2 GROSS OBSERVATION OF THE IMPLANT  

 

TKe e[cLVed LPSOaQW ZaV cXW RSeQ aQd RbVeUYed afWeU aQgLRgUaSKLc eYaOXaWLRQ. IW 

ZaV VeeQ WKaQ bRWK WKe gUafWV ZeUe RccOXded aW aQaVWRPRVLV. TKe PLd UegLRQ Rf gUafW ZaV 

faLUO\ cOeaU LQdLcaWLQg PLQLPaO bORRd fORZ. TKe VL]e Rf WKe LPSOaQW KaV beeQ cRQVLdeUabO\ 

UedXced aQd LW ZaV VXUURXQded b\ WLVVXe, FLgXUe: 4.35 A, B. HaePaWR[\OLQ aQd eRVLQ 

VWaLQLQg aOVR cRQfLUPV WKLV, FLgXUe: 4.34 C, D. 
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FigXUe 4.35: GURVV RbVeUYaWiRQ Rf gUafW e[SlaQW. (A, B) The e[SlaQWed gUafW ZiWh 
UabbiW caURWid aUWeU\ (Black aUURZV VhRZV aQaVWRmRViV aQd lXmeQ). (C, D) The 
H&E VecWiRQV Rf gUafW VhRZiQg RcclXded aQaVWRmRViV aQd QaUURZed lXmeQ (Black 
aUURZV, Scale baU ± 1 mm). 
 

 

4.10.3 HISTOPATHOLOGICAL EVALUATIONS 

 

TKe SUR[LPaO aQd dLVWaO aQaVWRPRVLV cRQWaLQed a Oa\eU Rf RXWeU cRQQecWLYe WLVVXe 

ZLWK cROOageQ fLbULOV aQd fLbURbOaVW VXUURXQdLQg WKe gUafW. LXPeQ Kad fLbURXV WLVVXe ZLWK 

fLbURbOaVWV aQd VSLQdOe VKaSed ceOOV/MRdeUaWe gUaQXORPaWRXV LQfOaPPaWLRQ cRQWaLQLQg 

SRO\PRUSKRQXcOeaU ceOOV aQd fRUeLgQ bRd\ gLaQW ceOOV ZeUe RbVeUYed. TKe PLddOe gUafW 

UegLRQ UePaLQed ePSW\ ZLWK QR eYLdeQce Rf bORRd fORZ. MRdeUaWe gUaQXORPaWRXV 

LQfOaPPaWLRQ ZaV RbVeUYed. TKe aQaVWRPRVeV ZeUe cRPSOeWeO\ RccOXded. TKe eYLdeQce 

fURP KLVWRORg\ aOVR VKRZV WKaW WKeUe ZaV dLaPeWeU PLV-PaWcK beWZeeQ gUafW Rf 3 PP 

ZLWK OeVVeU dLaPeWeU UabbLW caURWLd aUWeU\ ZKLcK PLgKW KaYe aOVR Oed WR aQaVWRPRWLc 

RccOXVLRQ, FLgXUe: 4.36 A WR D. 
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FigXUe 4.36: HiVWRSaWhRlRgical eYalXaWiRQ Rf imSlaQWed G3P1-3mm YaVcXlaU gUafW 
e[SlaQW fURm UabbiW. (A) PUR[imal UegiRQ gUafW, lXmeQ iQdicaWed b\ black aUURZ. 
AQaVWRmRWic eQd b\ \ellRZ aUURZ (Scale baU - 100Pm, 10[). (B) LXmeQ Rf SUR[imal 
UegiRQ black aUURZ iQdicaWiQg SRl\ mRUShRQXcleaU cellV (Scale baU - 100Pm, 40[). 
(C) Middle UegiRQ gUafW, lXmeQ iQdicaWed b\ black aUURZ. AQaVWRmRWic eQd b\ 
\ellRZ aUURZ (Scale baU - 100Pm, 10[). (D) LXmeQ Rf middle UegiRQ (Scale baU - 
100Pm, 40[). (E) DiVWal UegiRQ gUafW, lXmeQ iQdicaWed b\ black aUURZ. AQaVWRmRWic 
eQd b\ \ellRZ aUURZ (Scale baU - 100Pm, 10[). (D) DiVWal Rf middle UegiRQ (Scale baU 
- 100Pm, 40[). 
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4.11 PART II ± IN VIVO EVALUATION IN SHEEP MODEL 

4.11.1 SURGICAL PROCEDURE: VASCULAR GRAFT IMPLANTATION IN 

SHEEP COMMON CAROTID ARTERY 

TKe G3P1 WXbXOaU gUafW Rf 5PP LQWeUQaO dLaPeWeU aQd 7 cP OeQgWK ceOOXOaULVed 

ZLWK adLSRVe deULYed VWeP ceOO dLffeUeQWLaWed VPRRWK PXVcOe ceOOV LPSOaQWaWLRQ. TKe 

LPSOaQWed aV LQWeU SRVLWLRQ gUafW LQ VKeeS cRPPRQ caURWLd aUWeU\ PRdeO, FLgXUe: 4.37 A 

WR L. TKe baUe gUafWV acWed aV cRQWURO. TKe gUafWV ZeUe LPSOaQWed RQ bRWK caURWLd aUWeU\ 

Rf WKe VKeeS. PRVW-RSeUaWLYeO\, VKeeS UecRYeUed KeaOWK. TKe VecRQd VKeeS VKRZed PLOd 

LQfOaPPaWLRQ aQd VZeOOLQg aURXQd WKe QecN ZKLcK gUadXaOO\ VXbVLded afWeU RQe ZeeN, 

FLgXUe: 4.38 A WR C. TKe gUafW KaQdOLQg SURSeUWLeV ZeUe aSSUecLabOe ZLWK gRRd VXWXULQg 

abLOLW\. TKeUe ZaV QR bORRd OeaNage fURP gUafW afWeU LPSOaQWLQg aQd gUafW VWaUWed SXOVaWLRQ 

ZKeQ WKe bORRd fORZ ZaV UeVXPed. AfWeU 3 PRQWKV WKe aQgLRgUaSKLc eYaOXaWLRQ Rf WKe 

gUafW ZaV caUULed RXW. IW ZaV RbVeUYed WKaW WKeUe ZaV bORRd fORZ WKURXgK WKe gUafW 

LPSOaQWed aQd d\e SaWK ZaV cOeaU LQ bRWK ceOOXOaULVed aQd baUe gUafWV. TKe gUafW Rf VKeeS 

WZR ZaV KRZeYeU bORcNed. TKeUe ZaV aOVR aQ aQeXU\VPaO bXOgLQg RbVeUYed LQ LPSOaQWed 

gUafW, FLgXUe: 4.39 A, B PaQeOV. 
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FigXUe 4.37: VaVcXlaU gUafW G3P1 ± 5 mm imSlaQWaWiRQ iQ VheeS. (A, E, I) GUafW SUiRU 
WR imSlaQWaWiRQ. (B, F, J) GUafW iQ Whe haQdV Rf VXUgeRQ. (C, G, K) ImSlaQWed cell 
Veeded gUafW. (D, H, L) ImSlaQWed baUe gUafW. 

 

FigXUe 4.38: SheeS UecRYeUed SRVW-RSeUaWiYel\ afWeU imSlaQWaWiRQ Rf gUafW. 
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FigXUe 4.39: A, B - AQgiRgUamV Rf G3P1 gUafW imSlaQWed iQ VheeS (black aUURZ 
iQdicaWiQg Whe blRRd flRZ). 

 

4.11.2 GROSS OBSERVATION OF THE IMPLANT 

 

FRU SKeeS 1 aQd SKeeS 3, LQ gURVV RbVeUYaWLRQ Rf WKe e[SOaQWed G3P1 ± 5 PP 

gUafW, WKe gUafW aSSeaUed bXOged. NaWLYe LQWacW YeVVeO ZaV VeeQ RQ bRWK VLde aQd QRQ-

RccOXded gUafWV. SXWXUe PaWeULaO ZaV YLVLbOe aW aQaVWRPRVLV ZLWKRXW PLcURWKURPbL. FRcaO 

dLVcRORUaWLRQ Rf OLPLQaO aUea ZaV QRWed.  IQ baUe gUafW, OXPeQ ZaV SaUWLaOO\ RccOXded 2 

cP fURP SUR[LPaO aQaVWRPRVLV. AW dLVWaO aQaVWRPRVLV QR YLVLbOe WKURPbL aQd QaUURZ 

OXPeQ ZaV aSSUecLaWed. IQ VKeeS 2, WKe gUafW aSSeaUed bXOged aQd OXPeQ ZaV cRPSOeWeO\ 

RccOXded. NaWLYe YeVVeO ZaV VeeQ RQ eLWKeU VLde, FLgXUe: 4.40 A, B PaQeOV. 
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FigXUe 4.40: GURVV RbVeUYaWiRQ Rf gUafW imSlaQWed iQ VheeS. 

 

4.11.3 ENVIRONMENTAL SCANNING ELECTRON MICROSCOPY OF THE 

IMPLANT 

 

 E-SEM VcaQQLQg Rf PLd UegLRQ Rf WKe SaWeQW gUafW VKRZed cRbbOe-VWRQe 

PRUSKRORg\ OLNe ceOOV. TKLV RbVeUYaWLRQ VKRZV WKaW WKeUe LV eQdRWKeOLVaWLRQ Rf LPSOaQWed 

gUafW. TKe abOXPLQaO VLde VKRZed ceOOV Rf fLbURbOaVWLc OLNe aSSeaUaQce aQd LW ZRXOd be 

eLWKeU VPRRWK PXVcOe ceOOV RU fLbURbOaVWV, FLgXUe: 4.41 A WR C. 
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FigXUe 4.41: E-SEM image Rf Whe G3P1 ± 5 mm ZiWh SMCV YaVcXlaU gUafW e[SlaQW 
(A) E[WeUQal VXUface VhRZiQg fibURblaVWic VhaSe cellV (Scale baU - 50�m). (B) Mid 
gUafW UegiRQ Rf VheeS 2 cRbble-VWRQe mRUShRlRg\ like cellV. (Scale baU - 100�m). (C)  
Mid gUafW UegiRQ Rf VheeS 1 cRbble-VWRQe mRUShRlRg\ like cellV (Scale baU - 200�m). 
 

4.11.4 HISTOPATHOLOGICAL EVALUATION OF THE IMPLANT 

HaePaWR[\OLQ aQd eRVLQ VWaLQLQg Rf e[SOaQWed gUafW, QaWLYe aUWeU\, aQd G3P1 -5 

PP VcaffROd ZaV URXWLQeO\ dRQe LQ RUdeU WR aQaO\Ve WKe ceOO dLVWULbXWLRQ aQd RWKeU 

feaWXUeV. FLgXUe: 4.42 A, VKRZV WKe VWaLQLQg SeUfRUPed VKeeS QaWLYe cRPPRQ caURWLd 

aUWeU\. FLgXUe: 4.42 B VKRZV WKe G3P1-5PP ZLWK SMCV SULRU WR LPSOaQWaWLRQ. TKe 

PLddOe UegLRQ VecWLRQ Rf (M) Rf baUe VcaffROd (E[SOaQW 1: G3P1) VKRZV YeU\ OeVV eYLdeQce 

Rf OXPeQ eQdRWKeOLVaWLRQ. TKe LPage Rf ceOO Veeded VcaffROd (E[SOaQW 1: G3P1+ SMC) 

VKRZV eQdRWKeOLVaWLRQ (LQVeW). AfWeU LPSOaQWaWLRQ Rf bRWK baUe aQd ceOO Veeded VcaffROd 

eQdRWKeOLVaWLRQ ZaV SURQRXQced LQ ceOO Veeded VcaffROd eYLdeQW fURP KLVWRORg\, FLgXUe: 

4.42 C, D. TKe OaVW SaQeO Rf WKe FLgXUe: 4.42, E, F VKRZV QeR-YaVcXOaULVaWLRQ aURXQd 

LPSOaQWV. TKeUe ZaV caSLOOaU\ fRUPaWLRQ aURXQd WKe gUafWV (BOacN aUURZ) ZLWK aUWeULaO aQd 

YeQRXV SaWWeUQ YLVLbO\ deYeORSed aURXQd ceOO ± Veeded gUafWV. TKe UeVXOWV VXggeVW WKaW 

UegeQeUaWLRQ Rf gUafW afWeU LPSOaQWaWLRQ KaV RccXUUed aQd LW ZaV PRUe SURQRXQced LQ gUafW 

Veeded ZLWK VPRRWK PXVcOe ceOOV. TKe VWLWcKed LPageV UeSUeVeQWLQg WKaW Rf ceOO Veeded 

gUafW VecWLRQ VKRZLQg SaWeQW OXPeQ, FLgXUe: 4.42 G. 
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FigXUe 4.42: HiVWRlRgical eYalXaWiRQ Rf Whe G3P1-5mm YaVcXlaU gUafW. (A) SheeS 
cRmmRQ caURWid aUWeU\ (Scale baU - 100Pm, 10[). (B) G3P1-3mm VcaffRld befRUe 
imSlaQWaWiRQ ZiWh cellV (Scale baU - 100Pm, 20[). (C) G3P1 gUafW afWeU imSlaQWaWiRQ 
(P, Scale baU - 100Pm, 20[). (D) G3P1 + SMC afWeU imSlaQWaWiRQ (Scale baU - 100Pm, 
20[). (E, F) NeR-YaVcXlaUiVaWiRQ RbVeUYed (Black aUURZ, Scale baU - 10Pm, 20[). (G) 
IQVeW VhRZiQg lXmiQal eQdRWheliVaWiRQ (Scale baU - 10Pm, 10[). 
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DeWaLOed KLVWRSaWKRORgLcaO eYaOXaWLRQ, FLgXUe: 4.43 A WR L SaQeOV, Rf WKe gUafW 

e[SOaQWV gaYe WKe fROORZLQg RbVeUYaWLRQV. IQ caVe Rf VKeeS 1 aQd SKeeS 3, WKe gUafW ZLWK 

SMCV ZKeQ aQaO\Ved VKRZed QR PLcURWKURPbL aW aQaVWRPRVLV Rf bRWK SUR[LPaO aQd 

dLVWaO UegLRQV. EQdRWKeOLXP OLNe ceOOV ZeUe SUeVeQW aOO aORQg WKe gUafW. TKe PLd-gUafW 

UegLRQ VKRZed WKLcNeU QeRLQWLPa. GUafW PaWeULaO degUadaWLRQ ZaV RbVeUYed ZLWK fRUeLgQ 

bRd\ gLaQW ceOOV LQfLOWUaWLRQ-YaVcXOaULVaWLRQ ZaV RbVeUYed. NeRadYeQWLWLa ZLWK cRQQecWLYe 

WLVVXe ZaV RbVeUYed aOO WKURXgK Rf WKe gUafW. DLVWaO aQaVWRPRWLc UegLRQ VKRZed 

KaePRUUKage RYeU gUafW PaWeULaO aQd YacXROLVaWLRQ ZLWK YaU\LQg VL]e ZeUe aOVR QRWLced. 

IQ baUe gUafW aORQe e[SOaQW, WKe SUR[LPaO aQd dLVWaO aQaVWRPRVLV Kad QR 

PLcURWKURPbL aQd WKeUe ZaV QeRLQWLPa fRUPaWLRQ. EQdRWKeOLVaWLRQ ZaV RbVeUYed aQd 

QeRLQWLPa cRQVLVWed Rf fLbURbOaVWV aQd gURXQd VXbVWaQce. PRO\PRUSKRQXcOeaU ceOO 

LQfLOWUaWLRQ ZaV RbVeUYed LQ QeRLQWLPaO UegLRQ. SeYeUe gUafW degUadaWLRQ aQd fRUeLgQ bRd\ 

gLaQW ceOO LQfLOWUaWLRQ ZaV RbVeUYed. HePRVLdeULQ OadeQ PacURSKageV aQd PRQRQXcOeaU 

ceOOV ZeUe RbVeUYed. NeRadYeQWLWLa aQd QeR YaVcXOaULVaWLRQ ZaV RbVeUYed. VacXROLVaWLRQ 

ZaV RbVeUYed LQ gUafW ZaOOV. TKe PLd UegLRQ cRQWaLQed VRPe WKURPbL aWWacKed WR ZaOO 

ZKLcK cRQWaLQed RBC, SRO\PRUSKRQXcOeaU ceOOV, YacXROaWed ceOOV aQd fRUeLgQ bRd\ gLaQW 

ceOOV. NeRadYeQWLWLa ZaV RbVeUYed. TKe LQfOaPPaWRU\ ceOOV SUeVeQW aW baUe VcaffROd afWeU 

WKUee PRQWKV ZKLcK ZeUe QRW QRWLced LQ ceOO Veeded gUafWV LQdLcaWe WKe UegeQeUaWLRQ ZaV 

PXcK faVWeU LQ ceOO Veeded gUafW WKaQ LQ baUe gUafW aV WKe baUe gUafWV ZeUe VWLOO XQdeUgRLQg 

acXWe LQfOaPPaWRU\ UeVSRQVe. TKeUe ZaV aOVR SUeVeQce Rf WKURPbXV LQ baUe gUafW LQ PLd 

UegLRQ ZKLcK ZaV abVeQW LQ Veeded gUafW. AOVR, WKLcNeU eQdRWKeOLaO OLQLQg ZaV RbVeUYed 

LQ PLd-gUafW UegLRQ RQO\ LQ ceOO Veeded gUafW. 
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FigXUe 4.43: HiVWRSaWhRlRgical eYalXaWiRQ Rf imSlaQWed G3P1-3mm YaVcXlaU gUafW 
e[SlaQW fURm VheeS iQ deWail (PaWeQW gUafW - SheeS 1 aQd 3. (A, B, C) PUR[imal, 
middle, diVWal UegiRQV Rf G3P1 alRQe gUafW Rf VheeS 1. (D, E, F) PUR[imal, middle, 
diVWal UegiRQV Rf G3P1+SMC gUafW Rf VheeS 1. (G, H, I) PUR[imal, middle, diVWal 
UegiRQV Rf G3P1 alRQe gUafW Rf VheeS 3. (J, K, L) PUR[imal, middle, diVWal UegiRQV Rf 
G3P1+SMC gUafW Rf VheeS 3. (Scale baU - 100Pm, 40[).  
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4.11.5 PICROSIRIUS RED STAINING OF COLLAGEN FIBERS 

TKe SUeVeQce Rf cROOageQ fLbUeV LQ WKe SaWeQW gUafW ZaV aQaO\Ved b\ WKe abLOLW\ Rf 

WKe fLbULOV WR bLQd SLUcRO d\e. TKe bULgKW fLeOd aQd SROaULVeU PLcURVcRSLc LPageV Rf WKe 

gUafW VKRZed e[ceOOeQW deSRVLWLRQ Rf cROOageQ aURXQd WKe gUafW. HRZeYeU, W\Se I cROOageQ 

(OUaQge XQdeU bLUefULQgeQce) ZaV RbVeUYed OaUgeO\. EYeQ WKRXgK WKLV gLYeV aQ LQVLgKW WR 

WKe UegeQeUaWLRQ caSabLOLW\ Rf gUafW, LQfOaPPaWLRQ PedLaWed cROOageQ deSRVLWLRQ caQQRW 

be UXOed RXW. TKeUe ZaV adeTXaWe deSRVLWLRQ Rf fLbULOV ZKeQ QeR adYeQWLWLa LV fRUPed, 

FLgXUe: 4.44 A WR H. 

 

FigXUe 4.44: PicURViUiXV Ued VWaiQiQg Rf cRllageQ SheeS 1 (A) BUighW field image Rf 
cRllageQ G3P1 alRQe (Red fibUeV) (B) BifUiQgeQce Rf Image A (C) BUighW field image 
Rf cRllageQ G3P1 aQd cellV (Red fibUeV) (D) BifUiQgeQce Rf Image C. SheeS 3 (E) 
BUighW field image Rf cRllageQ G3P1 alRQe (Red fibUeV) (F) BifUiQgeQce Rf Image E 
(G) BUighW field image Rf cRllageQ G3P1 aQd cellV (Red fibUeV) (H) BifUiQgeQce Rf 
Image G (Scale baU-100Pm,40[). 
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4.11.6 VERHOEFF¶S -VAN GEISON STAINING FOR ELASTIN FIBERS 

TKe deSRVLWLRQ Rf eOaVWLQ ZaV cRQfLUPed b\ bURZQ cRORXUed fLbUeV RbVeUYed b\ 

VeUKReff¶V VWaLQLQg. EOaVWLQ deSRVLWLRQ LV PaLQO\ aWWULbXWed aV fXQcWLRQ Rf VPRRWK PXVcOe 

ceOOV, VR WKe G3P1 ± 5 PP gUafW ZLWK ceOOV ZeUe VWaLQed aQd cRPSaUed ZLWK VecWLRQ Rf 

QaWLYe aUWeU\. IW ZaV VeeQ WKaW LQ VKeeS 3 e[SOaQW WKeUe ZaV cOeaU fRUPaWLRQ Rf LQWeUQaO aQd 

e[WeUQaO eOaVWLc OaPLQa ZKLcK ZaV QRW PXcK RbVeUYed LQ RWKeU e[SOaQWV, FLgXUe: 4.45 A 

WR D. TKe bURZQ fLbUeV KeUe LQdLcaWe eOaVWLQ aQd Ued fLbUeV ZeUe cROOageQ. 

 

FigXUe 4.45: ElaVWiQ VWaiQiQg (A) NaWiYe aUWeU\. (B) SheeS 1 e[SlaQW. (C) SheeS 2 
e[SlaQW. (C) SheeS 3 e[SlaQW (Scale baU - 100Pm). 

 

4.11.7 IMMUNOFLUORESCENCE STAINING 

TKe eQdRWKeOLVaWLRQ Rf WKe PLd gUafW UegLRQ Rf SaWeQW e[SOaQWV (G3P1 ± 5 PP ZLWK 

SMCV) ZeUe cRQfLUPed b\ LPPXQRfOXRUeVceQce VWaLQLQg Rf CD31 VSecLfLc fRU 

eQdRWKeOLaO ceOOV. CRQfRcaO PLcURVcRSLc LPageV VKRZQ WKaW CD31+ ceOOV ZeUe SUeVeQW LQ 

WKe OXPLQaO OLQLQg Rf WKe SaWeQW gUafW. TKXV, WKe VWUaWeg\ Rf gUafW fabULcaWLRQ VKRZed 

VXcceVVfXO UegeQeUaWLRQ aQd in YiYo eQdRWKeOLVaWLRQ SRWeQWLaO ZKLcK PLgKW KaYe 

cRQWULbXWed WR LWV SaWeQc\. TKeUe ZaV SUeVeQce Rf AOSKa VPRRWK PXVcOe acWLQ SRVLWLYe 

ceOOV abOXPLQaO ZKLcK Pa\ be eLWKeU WKe VPRRWK PXVcOe ceOOV UecUXLWed b\ eQdRWKeOLaO 

ceOOV RU fLbURbOaVWV, FLgXUe: 4.46 A, B PaQeOV. 
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FigXUe 4.46: ImmXQRflXRUeVceQce VWaiQiQg Rf G3P1-5mm ZiWh SMCV. (A) ShaVe 
cRQWUaVW Rf VcaffRld VecWiRQ. (B) HRechVW QXcleaU VWaiQiQg (C) CD31 RU ASMA 
VWaiQiQg (WhiWe aUURZ, Scale baU - 100Pm, 10 [). 

 

4.11.8 TOTAL COLLAGEN AND ELASTIN ESTIMATION 

TKe WRWaO cROOageQ eVWLPaWLRQ Rf dLffeUeQW e[SOaQWV, QaWLYe aUWeU\, gUafW befRUe 

LPSOaQWaWLRQ VKRZV WKaW WKeUe LV cRPSaUabOe deSRVLWLRQ Rf cROOageQ, cRPSaUed WR QaWLYe 

aUWeU\, gUafW ZLWK ceOOV SULRU WR LPSOaQWaWLRQ VKRZed RQO\ 4 Pg /Pg Rf cROOageQ. TKe 

RccOXded gUafWV (E[SOaQW 5, 6) VKRZed KLgKeU deSRVLWLRQ Rf cROOageQ WKaQ QRW RccOXded 

gUafWV. CRPSaULQg beWZeeQ ceOO Veeded aQd baUe gUafW Rf QRW RccOXded gUafWV (e[SOaQW 1 

aQd e[SOaQW 3) WKeUe LV LQcUeaVed aPRXQW Rf deSRVLWLRQ Rf cROOageQ (11 Pg /Pg aQd 16 Pg 

/Pg). NaWLYe aUWeU\ KaV 32 Pg /Pg Rf WRWaO VROXbOe cROOageQ, FLgXUe: 4.47. 
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FigXUe 4.47: TRWal cRllageQ eVWimaWiRQ (*S<0.001, Q.V: QRQ-VigQificaQW) 

EOaVWLQ deSRVLWLRQ ZaV aOVR cRPSaUed LQ VLPLOaU Za\ aV WKaW Rf cROOageQ. HeUe, 

WKe QRW RccOXded e[SOaQWV (E[SOaQW 1 aQd e[SOaQW 4) VKRZed PRUe eOaVWLQ deSRVLWLRQ WKaQ 

aQ\ RWKeU e[SOaQWV, 3Pg /Pg aQd 2.3 Pg /Pg UeVSecWLYeO\. HRZeYeU, WKe YaOXeV ZeUe OeVVeU 

WKaQ QaWLYe, 9.45 Pg /Pg. TKe RccOXded gUafWV VKRZed eOaVWLQ deSRVLWLRQ WKaQ gUafW SULRU 

WR LPSOaQWaWLRQ, ZKLcK Pa\ be aWWULbXWed b\ YaVcXOaU ceOOV LQfLOWUaWed WKe gUafW in YiYo, 

FLgXUe: 4.48. 

 

FigXUe 4.48: EVWimaWiRQ Rf elaVWiQ deSRViWiRQ RQ gUafWV aQd QaWiYe aUWeU\ 
(*S<0.001, Q.V: QRQ-VigQificaQW) 
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CHAPTER 5 

DISCUSSION 

 
TKe PaMRU UeVXOWV RbWaLQed fRU WKe VWXd\ ZKLcK aUe eOXcLdaWed LQ CKaSWeU 4 aUe 

dLVcXVVed LQ WKLV cKaSWeU. TKe UeVXOWV RbWaLQed aUe cULWLcaOO\ aQaO\Ved aQd cR-UeOaWed ZLWK 

UeceQW fLQdLQgV aYaLOabOe LQ OLWeUaWXUe. IQWeUSUeWaWLRQV aUe Pade aQd OLPLWaWLRQV aUe 

QRWLfLed Lf aQ\. FXWXUe SeUVSecWLYe Rf WKe cXUUeQW VWXd\ LV QRWed aW WKe eQd Rf WKLV cKaSWeU. 

 

TKe deaWK aQd dLVabLOLW\ aVVRcLaWed ZLWK caUdLRYaVcXOaU dLVeaVeV KaV LQcUeaVed 

WKe dePaQd Rf YaVcXOaU UecRQVWUXcWLYe RU b\SaVV VXUgeU\. IQ WKe caVe Rf VPaOO dLaPeWeU 

YeVVeO UeSOacePeQW, WLVVXe eQgLQeeUed YaVcXOaU gUafWV SURYLdeV a feaVLbOe RSWLRQ. 

HRZeYeU, bORRd YeVVeO eQgLQeeULQg UeTXLUeV cULWLcaO XQdeUVWaQdLQg Rf WKe bORRd YeVVeO 

VWUXcWXUe aQd SK\VLRORgLcaO acWLYLW\ Rf WKe VaPe. TaNLQg LQWR cRQVLdeUaWLRQ Rf aOO facWRUV 

LV dUaZLQg a OLQe LQ fabULcaWLRQ Rf VPaOO dLaPeWeU YaVcXOaU gUafW LV a gUeaWeU cKaOOeQge. 

HRZeYeU, bLR PLPLcNLQg WKe QaWLYe aUcKLWecWXUe aQd d\QaPLcV LV KLgKO\ cRQceLYabOe. AV 

a SaUW Rf acKLeYLQg WKLV, dLUecW VcaffROdLQg ZLWK ceOOV, baVed VWUaWeg\ SURYeV WR be YeU\ 

SURPLVLQg aV WKe VcaffROd VXSSRUWV WKe aWWacKPeQW, gURZWK aQd dLffeUeQWLaWLRQ Rf ceOO 

aORQg ZLWK aLdLQg WKe UegeQeUaWLRQ in YiYo. A VXLWabOe VcaffROd aQd ceOO VRXUce WKaW cRXOd 

VaWLVf\ WKe Qeeded Rf YeVVeO UegeQeUaWLRQ LV e[WUePeO\ LPSRUWaQW LQ WKe VXcceVV Rf YaVcXOaU 

gUafW. MRUeRYeU, WKe deVLgQ cULWeULa Rf VPaOO dLaPeWeU bORRd YeVVeO eQgLQeeULQg YaU\ fURP 

SaWLeQW WR SaWLeQW aQd LV KLgKO\ SeUVRQaO. PaWLeQW deULYed aXWRORgRXV ceOOV RU ceOOV 

dLffeUeQWLaWed fURP aXWRORgRXV VWeP ceOOV aUe RQe SOaXVLbOe ceOO VRXUce WKaW caQ PLQLPL]e 

WKe gUafW UeMecWLRQ. TKe VcaffROd SURYLdeV VXLWabOe QLcKe ZKLcK LV e[WUePeO\ LPSRUWaQW fRU 

WKe gURZWK Rf WKeVe ceOOV. TKe PLcUReQYLURQPeQW SURYLded b\ WKe VcaffROd VROeO\ deSeQdV 

RQ LWV SK\VLcR-cKePLcaO SURSeUWLeV. TKe SUeVeQW VWXd\ cKRVeV a ceOO-VcaffROd baVed 

aSSURacK WR fabULcaWe VPaOO dLaPeWeU YaVcXOaU gUafW aQd WKe fXQcWLRQaO eYaOXaWLRQ Rf WKe 

VaPe SURYLded SURPLVLQg UeVXOWV. 
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5.1 SYNTHESIS, FABRICATION AND CHARACTERISATION OF GELATIN-

VINYL ACETATE/POLY-ܭ-CAPROLACTONE SCAFFOLD 

 

TKe fLUVW OLQe Rf VXcceVV Rf SeUVRQaOL]ed WLVVXe eQgLQeeUed gUafW deSeQdV RQ 

LdeQWLfLcaWLRQ Rf VXLWabOe bLRPaWeULaO aQd fabULcaWLQg WKe VaPe LQWR WKe dLPeQVLRQV Rf 

bORRd YeVVeO LQWeQd WR be UeSOaced (CKaQg aQd NLNOaVRQ, 2017b). TKe e[WUaceOOXOaU PaWUL[ 

Rf bORRd YeVVeOV cRQVLVWV Rf cROOageQ aQd eOaVWLQ W\SeV Rf SURWeLQV ZKLcK cRQWULbXWeV WR 

bLRPecKaQLcaO SURSeUWLeV Rf YeVVeOV. TKe YeVVeOV e[SeULeQce YaVcXOaU d\QaPLcV ZLWK 

VWUeWcK-UeOa[aWLRQ c\cOeV fRU bORRd fORZ. TKXV, WKe VcaffROd PaWeULaO Rf cKRLce VKRXOd 

SULPaULO\ cRQWULbXWe WR SK\VLcRcKePLcaO, PecKaQLcaO aQd bLRORgLcaO fXQcWLRQV (RKRdeV 

aQd SLPRQV, 2007). NaWXUaO SRO\PeULc bLRORgLcaO PROecXOeV aQd LWV deULYaWLYeV OLNe 

cROOageQ (LXR eW aO., 2018; PaUeQWeaX-BaUeLO eW aO., 2010), eOaVWLQ (MLUaQda-NLeYeV aQd 

CKaLNRf, 2017), WURSReOaVWLQ (CReQeQ eW aO., 2018), geOaWLQ (AOdaQa aQd AbUaKaP, 2017; 

JR\ eW aO., 2018; SKaOXPRQ eW aO., 2015), cKLWRVaQ (HLOd eW aO., 2015)  aUe cRQVLdeUed WR be 

gRRd cKRLce LQ WeUPV Rf bLRcRPSaWLbLOLW\ KRZeYeU cRPSURPLVeV KaV WR be dRQe UegaUdLQg 

WKe PecKaQLcaO VWUeQgWK aQd  LPPXQRgeQLcLW\ (DeeSWKL eW aO., 2018). S\QWKeWLc SRO\PeUV 

cRXOd be WaLORUed WR SeUfRUP beWWeU PecKaQLcaOO\, bXW abLOLW\ WR eQKaQce ceOO LQWeUacWLRQ 

aQd dLffeUeQWLaWLRQ LV OLPLWed (S\a]aQa aQd SXNPaQa, 2016). A cRPbLQaWLRQ Rf QaWXUaO 

bLRPROecXOe aQd V\QWKeWLc SRO\PeU-baVed VeOecWLRQ Rf PaWeULaO LV SURSRVed WR 

cRQYeQLeQWO\ addUeVV WKe OLPLWaWLRQV Rf LQdLYLdXaO PaWeULaO cRPSRQeQWV (WRQg eW aO., 

2013). 

 

NaWXUaO bLRPROecXOeV e[KLbLW RSWLPXP SURSeUWLeV eQcRXUagLQg ceOO bLQdLQg, 

SUROLfeUaWLRQ aQd dLffeUeQWLaWLRQ. CROOageQ fRUPV WKe PaMRU e[WUaceOOXOaU cRPSRQeQW Rf 

bORRd YeVVeOV aSaUW fURP eOaVWLQ. GeOaWLQ ZKLcK LV deULYed fURP cROOageQ KaV SURPLVLQg 

SRWeQWLaO fRU WLVVXe eQgLQeeULQg aSSURacKeV. CKePLcaOO\, WKe eYLdeQW SUeVeQce Rf 

aUgLQLQe-gO\cLQe-aVSaUWLc acLd (RGD) VeTXeQceV LQ geOaWLQ PaNeV LW cRQdXcLYe fRU ceOO 

aWWacKPeQW aQd gURZWK (DaYLdeQNR eW aO., 2016; GaXWaP eW aO., 2013; ZKaQg eW aO., 2005). 

TKe VROXbLOLW\ aQd OacN Rf PecKaQLcaO VWUeQgWK, KRZeYeU, PaNeV geOaWLQ a OeVV aWWUacWLYe 

caQdLdaWe fRU YaVcXOaU WLVVXe eQgLQeeULQg ZKLcK RWKeUZLVe UeTXLUeV e[WeQVLYe 

cURVVOLQNLQg (VaQ VOLeUbeUgKe, 2016). IQ cRPSaULVRQ WR cROOageQ, geOaWLQ KaV added 

adYaQWageV aV a VcaffROd caQdLdaWe ZKLcK aUe aWWULbXWed WR LWV LQKeUeQW VLPLOaULW\ WR 

cROOageQ cKePLVWU\ ZLWK PRdLfLabOe abLOLW\, OacN Rf LPPXQRgeQLcLW\, e[ceOOeQW 
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c\WRcRPSaWLbLOLW\ aQd ORZ cRVWV (Ma eW aO., 2005). HRZeYeU, WKe PecKaQLcaO VWUeQgWK aQd 

VROXbLOLW\ Rf XQPRdLfLed geOaWLQ UePaLQV a cKaOOeQge. OXU gURXS KaV PRdLfLed geOaWLQ 

ZLWK fUee UadLcaO SRO\PeULc gUafWLQg Rf YLQ\O aceWaWe PRLeWLeV RQ WR geOaWLQ (TKRPaV aQd 

NaLU, 2013). TKRXgK WKLV PaWeULaO KaV added adYaQWage Rf LPSURYed VROXbLOLW\, XWLOL]aWLRQ 

Rf ORZ SeUceQWage cURVV-OLQNLQg ageQW aQd QaWLYe YaVcXOaU VPRRWK PXVcOe ceOO 

SUROLfeUaWLRQ, WKe PecKaQLcaO VWUeQgWK LV OeVV cRPSaUabOe WR WKe bORRd YeVVeOV. PRO\-ܭ-

caSUROacWRQe (PCL) LV ZLdeO\ XVed aV a bLRdegUadabOe aQd bLRcRPSaWLbOe WLVVXe 

eQgLQeeULQg VcaffROd aQd LV aOVR FDA aSSURYed PaWeULaO. IW KaV a VORZ K\dURO\WLc 

degUadaWLRQ SURfLOe RYeU PRUe WKaQ a \eaU cRPSaUabOe WR WKaW Rf cRPSOeWe Ue-

YaVcXOaUL]aWLRQ. EYeQ WKRXgK WKe K\dURSKRbLc QaWXUe Rf PCL PaNeV LW OeVV cRQdXcLYe fRU 

ceOO gURZWK, PecKaQLcaO URbXVWQeVV PaNeV LW aQ aWWUacWLYe VcaffROd PaWeULaO (WaQg eW aO., 

2009). 

 

IQ WKe SUeVeQW VWXd\, Ze fabULcaWed a cRPbLQaWLRQ gUafW Rf geOaWLQ-YLQ\O aceWaWe 

aQd SRO\ caSUROacWRQe WKURXgK a dXaO eOecWURVSLQQLQg WecKQLTXe fRU addUeVVLQg WKe LVVXe 

Rf beWWeU ceOO adKeVLRQ aQd PecKaQLcaO VWUeQgWK.  We PRdLfLed geOaWLQ ZLWK YLQ\O aceWaWe 

WR eQKaQce LWV SURSeUWLeV LQ WeUPV Rf VROXbLOLW\ aQd VWabLOLW\ b\ fUee UadLcaO PecKaQLVP 

accRUdLQg WR SUeYLRXV SURWRcRO (TKRPaV aQd NaLU, 2013). A ZeLgKW UaWLR Rf 71.5:28.5 

(GeOaWLQ WR YLQ\O aceWaWe) KaV beeQ cKRVeQ fRU V\QWKeVLV. TKe gUafWLQg UaWLR ZaV fRXQd WR 

0.49 ZLWK aQ effLcLeQc\ Rf 49.7 � 0.7%. TKe AT-IR FTIR Rf geOaWLQ-YLQ\O aceWaWe LQ 

cRPSaULVRQ ZLWK geOaWLQ, VKRZV WKe SUeVeQce SeaNV Rf aPLde I (1641 cP-1) aQd aPLde II 

SeaN aW (1536 cP-1) aQd LQWeQVe C=O VWUeWcK aW 1754 cP-1, ZKLcK cRQfLUP WKe gUafWLQg 

UeacWLRQ. 

 

GeO SeUPeaWLRQ cKURPaWRgUaSK\ Rf geOaWLQ aQd geOaWLQ-YLQ\O aceWaWe VKRZed aQ 

LQcUeaVe LQ PROecXOaU ZeLgKW aQd SRO\ dLVSeUVLW\ fRU geOaWLQ-YLQ\O aceWaWe. TKe ZeLgKW 

aYeUage PROecXOaU ZeLgKW ZaV LQcUeaVed fURP 47 NDa WR 95 NDa. TKe SRO\ dLVSeUVLW\ Rf 

geOaWLQ YLQ\O aceWaWe KaV aOVR beeQ LQcUeaVed WR 2.63. TKe LQcUeaVe LQ PROecXOaU ZeLgKW 

cOeaUO\ LQdLcaWe WKe YLQ\O aceWaWe KaV beeQ gUafWed RQ WR geOaWLQ ZKLcK ZaV fXUWKeU 

cRQfLUPed b\ TNBS aVVa\ XVLQg gO\cLQe aV VWaQdaUd ZKeUeLQ, LW ZaV dedXced WKaW WKeUe 

ZaV a UedXcWLRQ LQ SeUceQWage Rf aPLQe gURXS LQ V\QWKeVL]ed geOaWLQ-YLQ\O aceWaWe. TKe 

SeUceQWage aPLQe gURXS Rf geOaWLQ LV 70 � 1.2% ZKLOe geOaWLQ-YLQ\O aceWaWe LV 49 � 2%. 
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ReceQW \eaUV KaV VeeQ WKe adYaQcePeQW LQ eOecWURVSLQQLQg WecKQRORg\ LQ 

PaQXfacWXULQg Rf VcaffROdV fRU WLVVXe eQgLQeeULQg. TKe PaMRU KLgKOLgKW Rf WKLV YeUVaWLOe 

WecKQLTXe LV WKe abLOLW\ WR SURdXce SRO\PeULc fLbUeV ZLWK dLaPeWeU UaQgeV Rf QaQR-aQd 

PLcUR VcaOe (HaVaQ eW aO., 2014b). B\ VWaQdaUdL]LQg WKe VSLQQLQg SaUaPeWeUV, a ZLde UaQge 

Rf QaWXUaO, V\QWKeWLc aQd cRPbLQaWLRQaO eOecWURVSXQ PaWeULaOV caQ be Pade (WaQg eW aO., 

2013). TKe VcaffROdV cUeaWed aUe WKUee dLPeQVLRQaO aQd KLgKO\ SRURXV LQ QaWXUe ZLWK 

QaQR-aUcKLWecWXUe, PaNLQg LW bLR PLPLc WKe QaWLYe aUcKLWecWXUe Rf e[WUaceOOXOaU PaWUL[ 

(PRSU\adXNKLQ eW aO., 2017). IQ WKe caVe Rf bORRd YeVVeOV, WKe bL- cRPSRQeQW e[WUaceOOXOaU 

PaWUL[ KaYe fLbURXV aUcKLWecWXUe PLcURVcRSLcaOO\. EOecWURVSLQQLQg KaV beeQ ZLdeO\ XVed 

WR PaNe VcaffROd ZLWK dXaO cRPSRQeQWV b\ PRdLfLcaWLRQ Rf WKe baVLc WecKQLcaO VeW XS 

(AgaUZaO eW aO., 2008). DXaO VRXUce cR-eOecWURVSLQQLQg PeWKRd XWLOL]eV WKe abLOLW\ WR VSLQ 

WZR dLffeUeQW SRO\PeULc VROXWLRQ RQWR VaPe fLbUe cROOecWRU fURP dLffeUeQW VSLQQeUeWV 

UeVXOWLQg LQ a bL-cRPSRQeQW VcaffROd ZLWK bRWK SRO\PeUV LQWeUVSeUVed (DX eW aO., 2017; 

XX eW aO., 2012). TKe SRO\PeUV cRXOd PaLQWaLQ WKeLU LQdLYLdXaO SK\VLcR-cKePLcaO aQd 

bLRORgLcaO SURSeUWLeV LQ WKeVe VcaffROdV. MacURVcRSLcaOO\, WKe RYeUaOO QaWXUe Rf WKe 

VcaffROd ZLOO be WKe cRPbLQaWLRQ Rf LWV LQdLYLdXaO cRPSRQeQW (HaQ eW aO., 2011). AOVR, WKe 

eaVe Rf fabULcaWLRQ LV WKaW cR-eOecWURVSLQQLQg aOORZV WKe fUeedRP WR XVe PXcK cKeaSeU 

VROYeQW V\VWeP WKaQ XVed fRU cKePLcaOO\ bOeQdLQg WKe SRO\PeUV (WaQg eW aO., 2015). 

MRUeRYeU, WKe cRQceQWUaWLRQ Rf eacK SRO\PeU cRPSRQeQW caQ aOVR be aOWeUed b\ cKaQgLQg 

WKe feed UaWe Rf LW (Ladd eW aO., 2011; TRUULceOOL eW aO., 2014). DXaO VRXUce cR-

eOecWURVSLQQLQg LV e[SecWed WR add adYaQWage Rf QaWXUaO aQd V\QWKeWLc SRO\PeUV aV ZKROe 

WR VcaffROd ZKLOe cKePLcaOO\ NeeSLQg WKe LQdLYLdXaO LdeQWLW\ Rf SRO\PeUV (NLeSRQLce eW 

aO., 2008b; ZKaR eW aO., 2013). IQcRUSRUaWLRQ Rf SRO\PeUV XVLQg WKe SUeVeQW VROYeQW 

V\VWePV OeadV WR a PXcK cRVW effecWLYe aQd gUeeQeU fabULcaWLRQ VWUaWeg\. MRUe aPRXQW Rf 

geOaWLQ YLQ\O aceWaWe SUeVeQW LQ WKe VcaffROd PaNeV WKe VcaffROd PRUe cRQdXcLYe fRU ceOO-

baVed LQWeUacWLRQ. 

 

IQ WKe SUeVeQW VWXd\, geOaWLQ-YLQ\O aceWaWe aQd PCL SRO\PeUV KaV beeQ VeOecWLYeO\ 

LQcRUSRUaWed LQ WR VcaffROd. TKe VcaffROd RbWaLQed VR LV e[SecWed WR KaYe SURSeUWLeV Rf 

bRWK LQdLYLdXaO SRO\PeUV. TKe aPRXQW Rf geOaWLQ-YLQ\O aceWaWe LQ WKe K\bULd VcaffROd b\ 

TNBS aVVa\ VKRZed LQ G3P1 cRPbLQaWLRQ Kad WKe KLgKeVW aPRXQW (PRUe WKaQ 70% Rf 

geOaWLQ-YLQ\O aceWaWe). AOVR, WKe ZaWeU cRQWacW aQgOe Rf VcaffROd cRPbLQaWLRQV VKRZed 

WKaW WKe G3P1 KaYe cRQWacW aQgOe 740. IW KaV UeSRUWed LQ VeYeUaO VWXdLeV WKaW WKe cRQdXcLYe 
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VcaffROd ZeWWabLOLW\ fRU PeVeQcK\PaO VWeP ceOOV WR aWWacK aQd dLffeUeQWLaWe LV LQ beWZeeQ 

600- 800 (WaQg eW aO., 2014). TKLV LV e[WUePeO\ LPSRUWaQW aV WKe VcaffROd LV LQWeQded WR 

be XVed aV SOaWfRUP fRU dLffeUeQWLaWLRQ Rf VWeP ceOOV WR VPRRWK PXVcOe ceOOV. TKe PCL 

SRO\PeU fLbUeV cRQWULbXWe LPPeQVeO\ WR PaLQWaLQ WKe cXUUeQW QaWXUe Rf VcaffROd PaNLQg 

LW PRdeUaWeO\ K\dURSKLOLc WKaQ XVLQg geOaWLQ-YLQ\O aceWaWe aORQe. TKe K\bULd QaWXUe Rf WKe 

VcaffROd ZaV eYLdeQW fURP WKe FT-IR VSecWURVcRS\ WKaW VKRZV bRWK SeaNV Rf geOaWLQ aQd 

PCL. CURVVOLQNLQg VWUaWeg\ Rf XVLQg 0.5% gOXWaUaOdeK\de VROXWLRQ ZaV UeSRUWed WR be 

QRQ-c\WRWR[Lc (A]aPL eW aO., 2010; TaPLPL eW aO., 2016). MRUeRYeU, YLQ\O aceWaWe 

VWabLOL]aWLRQ Rf geOaWLQ SULRU WR VcaffROd fabULcaWLRQ aOVR PLgKW KaYe decUeaVed WKe Qeed 

Rf e[WeQVLYe cURVVOLQNLQg Rf geOaWLQ ZLWK LQcUeaVed aPRXQW Rf cKePLcaOV ZKLcK ZRXOd 

RWKeUZLVe be WKe caVe (HeOOLR aQd DMabRXURY, 2006). 

 

FRU ceOOXOaULVaWLRQ Rf VcaffROd, WKe XOWUaVWUXcWXUe Rf VcaffROd SOa\V a YLWaO UROe. 

MLcURVcRSLcaOO\ WKe VcaffROd VKRZed VPRRWK fLbeUV aQd KLgKO\ SRURXV QaWXUe ZKLcK LV 

WKe cKaUacWeULVWLcV Rf eOecWURVSXQ VcaffROdV. TKe fUeTXeQc\ KLVWRgUaP b\ LPage J VKRZV 

WKe aYeUage fLbUe dLaPeWeU Rf G3P1 - 3PP ZaV 894 QP aQd G3P1 ± 5 PP ZaV 729 QP. 

TKe UeSRUWed cROOageQ fLbUe dLaPeWeU b\ UeSRUWed XOWUa-VWUXcWXUaO aQaO\VLV Rf cROOageQ 

fLbeUV LQ QaWLYe aUWeULeV LV 1800 QP (DaYLdeQNR eW aO., 2016).  CeOOV RQ VcaffROd QeedV WR 

SeUfRUP SK\VLRORgLcaO fXQcWLRQV OLNe SUROLfeUaWLRQ. E[cKaQge Rf QXWULeQWV aQd ZaVWe. 

MRUeRYeU, gaVeRXV e[cKaQge WR deeSeU SaUW Rf WKe VcaffROd LV facLOLWaWed b\ SRUeV (DLbaQ 

aQd SWaPaWLaOLV, 2011). FURP PLcUR CT aQaO\VLV Rf WKUee-dLPeQVLRQaO aQaO\VLV Rf VcaffROd 

VecWLRQ SURYLded deWaLOed aUcKLWecWXUe Rf eOecWURVSXQ VcaffROd. TKe SRUe dLVWULbXWLRQ RYeU 

a UaQge Rf 12 - 60 �P. TKe aYeUage SRUe VL]e 48 �P. FRU eQgLQeeULQg a bORRd YeVVeO, 

VPaOO SRUeV OLPLW WKe LQfLOWUaWLRQ Rf VPRRWK PXVcOe ceOOV, aWWULbXWed WR VL]e, KRZeYeU 

eQdRWKeOLaO ceOOV UeTXLUe PXcK VPaOOeU SRUe VL]e WKaQ SMCV. TRR OaUge SRUe VL]e gUeaWeU 

WKaQ 200�P OeadV WR KLQdeULQg Rf ceOO PLgUaWLRQ aV LW dReV QRW SURYLde WeWKeULQg SRLQWV 

ZKLOe RQ WUacWLRQ. AOVR, LW LQcUeaVeV YeVVeO SeUPeabLOLW\ aQd bORRd OeaNage. IW LV UeSRUWed 

WKaW SMCV WeQd WR gURZ ZeOO LQ VcaffROdV ZLWK [SRUe VL]e UaQge Rf 38 ± 100 �P (ZRUOXWXQa 

eW aO., 2009). TKe VcaffROd VKRZed a VZeOOLQg SeUceQWage LQcUeaVe WR 160 - 172% ZLWKLQ 

fLUVW 15 PLQXWeV ZKLcK UePaLQ VWabLOL]ed RYeU WLPe fXUWKeU. HRZeYeU, WKeUe ZaV QR 

e[WeQVLYe dLPeQVLRQaO cKaQge Rf VcaffROd YLVLbO\ aQd LW LV aVVXPed WKaW VZeOOLQg LV caXVed 

b\ ZLcNLQg acWLRQ Rf VcaffROd KROdLQg PBS LQ LWV e[WUePeO\ SRURXV XOWUaVWUXcWXUe. TKLV 

aOVR accRXQWV fRU WKe VWabLOLW\ Rf VcaffROd LQ PedLa ZLWK SH 7.4. TKe cKaUacWeULVWLc ZeLgKW 
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ORVV Rf VcaffROd RYeU WLPe SeULRd LV aWWULbXWed WR LWV in Yitro degUadaWLRQ. TKe VcaffROd 

VKRZV 38 - 42% ZeLgKW ORVV RYeU 12 ZeeNV. CRPSaUed WR PCL ZKLcK VKRZ PLQLPaO 

ZeLgKW ORVV (<10%), LW ZaV aVVXPed WKaW 70% ZeLgKW ORVV LV e[SeULeQced b\ geOaWLQ-YLQ\O 

aceWaWe aORQe. BORRd YeVVeO UegeQeUaWLRQ aLPV UeSOacLQg WKe LPSOaQWed VcaffROd ZLWK 

QaWLYe WLVVXe RYeU WLPe. TKe LPSOaQWV aUe e[SecWed WR degUade ZKLOe ceOOV Oa\ dRZQ WKeLU 

e[WUaceOOXOaU PaWUL[ (CXL eW aO., 2008; DXOQLN eW aO., 2016). PCL degUadeV LQ ORQg WeUP 

aQd WKe degUadaWLRQ LV b\ K\dURO\VLV. HRZeYeU, geOaWLQ YLQ\O aceWaWe caQ degUade bRWK b\ 

K\dURO\VLV aQd eQ]\PaWLc aQd KeQce ZLOO be WKe fLUVW cRPSRQeQW WR degUade RXW Rf 

VcaffROd. TKe LQLWLaO PaVV ORVV Rf WKe VcaffROd Pa\ be KeQce be dXe WR degUadaWLRQ Rf 

geOaWLQ-YLQ\O aceWaWe fLbeUV ZKLcK LV adYaQWageRXV aV ceOOV aWWacKLQg WR WKe VcaffROd ZLOO 

SURdXce LWV RZQ cROOageQRXV e[WUaceOOXOaU PaWUL[ aQd cRPSeQVaWe geOaWLQ baVed ORVV. 

WKLOe deVLgQLQg a YaVcXOaU gUafW, WKe PecKaQLcaO VWUeQgWK Rf WKe PaWeULaO KaV WR be 

aVVeVVed WKRURXgKO\. DXULQg WKe in YiYo aSSOLcaWLRQ Rf gUafW, LW ZLOO be XQdeUgRLQg WKe 

KePRd\QaPLc VWUeVVeV aQd VcaffROd VKRXOd ZLWKVWaQd WKe SUeVVXUe Rf bORRd fORZ (GaXYLQ 

eW aO., 2011). TKe aYeUage WKLcNQeVV Rf VcaffROd ZaV PeaVXUed WR be 200 �P fRU G3P1-3 

PP aQd 300 �P fRU G3P1 ± 5 PP. TKe ZaOO WKLcNQeVV Rf KXPaQ VaSKeQRXV YeLQ LV 

aURXQd 250 �P aQd KXPaQ aUWeULeV UaQge fURP 300 ± 700 �P (AQdeO eW aO., 2003). A 

bORRd YeVVeO cRQdXLW e[SeULeQceV VWUeWcK±UeOa[aWLRQ c\cOeV bRWK ORQgLWXdLQaOO\ aQd 

cLUcXPfeUeQWLaOO\. RLQg WeQVLOe VWUeVV Rf G3P1 VcaffROd SUe ZeWWed LQ PBS aW 370 C VKRZed 

a YRXQg¶V PRdXOXV Rf 2.9 � 0.3 MPa (G3P1 ± 3 PP) aQd 5.5 MPa (G3P1 ± 5 PP) 

UeVSecWLYeO\ cRPSaUed WR geOaWLQ-YLQ\O aceWaWe aQd PCL cLUcXPfeUeQWLaO WeQVLOe VWUeQgWK 

Rf 0.27 � 0.06 MPa aQd 1.5 � 0.5 MPa UeVSecWLYeO\. TKe bL-cRPSRQeQW VcaffROd VKRZV 

LQcUeaVed WeQVLOe VWUeQgWK cRPSaUed WR SaUeQW SRO\PeUV. TKe ORQgLWXdLQaO WeQVLOe VWUeQgWK 

ZaV 1.2�0.2MPa fRU WKe G3P1 ± 3 PP aQd 2.1MPa fRU G3P1 ± 5 PP VcaffROd. TKe YaOXeV 

aOVR LQdLcaWe WKaW WKe PecKaQLcaO SURSeUWLeV Rf gUafW YaU\ ZLWK WKaW Rf LWV LQQeU dLaPeWeU, 

KRZeYeU LQ WKLV VWXd\ WKe SaUeQW SRO\PeU WXbeV aUe Rf dLaPeWeU 3PP. BORRd YeVVeO LV 

geQeUaOO\ YLVcReOaVWLc LQ QaWXUe. AV WKe SUeVVXUe LQcUeaVeV WKe eOaVWLcLW\ gUadXaOO\ 

decUeaVeV aQd YeVVeOV becRPeV PXcK VWLffeU. TKe XOWLPaWe WeQVLOe VWUeQgWK gLYeV dLUecW 

LQdLcaWLRQ Rf bXUVW SUeVVXUe. TKeRUeWLcaO eVWLPaWLRQ Rf bXUVW SUeVVXUe cRQVLdeULQg WKe ZaOO 

WKLcNQeVV Rf 250 �P LV 4680 PPHg fRU G3P1 ± 3 PP aQd 1545 PPHg fRU G3P1 ± 5 

PP. TKe VaSKeQRXV YeLQ aQd LQWeUQaO PaPPaU\ aUWeU\ aW SK\VLRORgLcaO SUeVVXUe KaV aQ 

eOaVWLc PRdXOXV Rf 4.5 MPa aQd 7.3 MPa UeVSecWLYeO\. AccRUdLQg WR ISO 7198:2016 

IQWeUQaWLRQaO VWaQdaUdV Rf caUdLRYaVcXOaU LPSOaQWV - TXbXOaU YaVcXOaU SURVWKeVLV, a 



149 
 

YaVcXOaU gUafW VKRXOd SRVVeVV PecKaQLcaO VWUeQgWK aW OeaVW cRPSaUabOe WR VaSKeQRXV YeLQ. 

TKe G3P1 VcaffROd SURYeV WR be PXcK PRUe PecKaQLcaOO\ URbXVW ZKeQ cRPSaUed WR 

QaWLYe YeVVeOV. TKe adYaQWage Rf WKLV caQ aWWULbXWed WRZaUdV VcaffROd¶V abLOLW\ WR ZLWK 

VWaQd SK\VLRORgLcaO SUeVVXUe d\QaPLcV eYeQ XQdeUgRLQg degUadaWLRQ aQd UegeQeUaWLRQ 

VLPXOWaQeRXVO\. OWKeU aVSecW Rf PecKaQLcaO SURfLOe Rf VcaffROd LV VXWXUe abLOLW\ Rf WKe 

VcaffROd. AccRUdLQg WR ISO VWaQdaUdV 7198:2016 aV PeQWLRQed abRYe, a gUafW VKRXOd 

SRVVeVV PLQLPXP UeWeQWLRQ fRUce Rf 2.5 N fRU WKe VXUgeRQ WR KaQdOe LW ZLWK eaVe dXULQg 

LPSOaQWaWLRQ. TKe VXWXUe UeWeQWLRQ fRUce Rf G3P1 ± 3 PP VcaffROd 2.3 N aQd 5 PP ZaV 

2.9 N  

 

5.2 DIFFERENTIATION ADIPOSE DERIVED MESENCHYMAL STEM CELLS 

TO SMOOTH MUSCLE CELLS ON GELATIN-VINYL ACETATE/PCL (G3P1) 

TUBULAR SCAFFOLD 

 

IQ RUdeU WR dLffeUeQWLaWe PeVeQcK\PaO VWeP ceOOV WR VPRRWK PXVcOe ceOOV, WKe VWeP 

ceOOV ZeUe LVROaWed fURP adLSRVe WLVVXe Rf bRWK UabbLW aQd VKeeS b\ cROOageQaVe WUeaWPeQW. 

TKe LVROaWed ceOOV e[SUeVVed PeVeQcK\PaO VWeP ceOO PaUNeUV - CD44, CD90, CD34/45 

(QegaWLYe) ZKLcK ZaV cRQfLUPed b\ fORZ c\WRPeWU\ aQd LPPXQRfOXRUeVceQce VWaLQLQg. 

TKe daWa LV LQ accRUdaQce WR PLQLPaO cULWeULa fRU defLQLQg PXOWL-SRWeQW PeVeQcK\PaO VWeP 

ceOOV b\ IQWeUQaWLRQaO VRcLeW\ fRU VWeP ceOO WKeUaS\ (DRPLQLcL eW aO., 2006). TKe ceOOV aOVR 

VKRZed dLffeUeQWLaWLRQ WR WKUee OLQeageV XQdeU VXLWabOe PedLa fRU adLSRgeQeVLV, 

RVWeRgeQeVLV aQd cKRQdURgeQeVLV. 

 

TKe G3P1 VcaffROd ZaV c\WR-cRPSaWLbOe aQd ZaV eYLdeQW fURP WKe VeW Rf ceOO-

PaWeULaO LQWeUacWLRQ e[SeULPeQWV cRQdXcWed. MRXVe fLbURbOaVW aQd PeVeQcK\PaO VWeP 

ceOOV VKRZed QR VLgQ Rf ceOO deaWK RU cKaQge LQ PRUSKRORg\ ZKeQ LQ dLUecW cRQWacW ZLWK 

VWeULOe cURVV-OLQNed VcaffROd. TKLV LQdLcaWe WKaW VcaffROd LV ceOO fULeQdO\. MRUeRYeU, WKe 

YLabLOLW\ Rf ceOO ZKeQ WUeaWed ZLWK VcaffROd e[WUacW Rf da\ 14 ZaV PRUe WKaQ 80% fRU bRWK 

UabbLW aQd VKeeS PeVeQcK\PaO VWeP ceOOV. TKLV cRQfLUPV WKe c\WRcRPSaWLbLOLW\ Rf WKe 

VcaffROd. TKeVe UeVXOWV aUe agUeeLQg ZLWK WKe SURcedXUeV aV SeU ISO VWaQdaUd fRU in Yitro 

ceOO cRPSaWLbLOLW\ Rf WKe bLRPaWeULaOV. A QeZ WecKQLTXe Rf aQaO\VLQg ceOO LQWeUacWLRQ RQ 

WKe VcaffROd ZaV ePSOR\ed LQ WKLV VWXd\ aQd WKaW LV cRQfRcaO RaPaQ LPagLQg Rf WKe ceOO 

Veeded VcaffROd. RaPaQ VSecWURVcRS\ ePSOR\V PLcURVcRSLc aQd cKePR PeWULc aSSURacK 
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LQ RUdeU WR aQaO\Ve WKe bLRcKePLcaO cKaQgeV Rf ceOOV RQ VcaffROd. SLQgOe ceOO LPagLQg RQ 

VcaffROd LV SRVVLbOe b\ WKLV WecKQLTXe aQd RXU UeVXOWV VKRZV WKaW XQdeU WKe LQfOXeQce Rf 

cR-eOecWURVSXQ G3P1 VcaffROd, PeVeQcK\PaO VWeP ceOO VKRZV QR bLRcKePLcaO YaULaWLRQ. 

TKe VSecWUa aOVR cRQfLUP WKe K\bULd QaWXUe Rf VcaffROd (BaOdRcN eW aO., 2019). 

 

BORRd YeVVeO LV WUL-Oa\eUed, aQd WXQLca PedLa cRQVLVWV Rf VPRRWK PXVcOe ceOO 

Oa\eUV. PUeVeQce Rf VPRRWK PXVcOe LQ bLReQgLQeeUed bORRd YeVVeO LV YeU\ cUXcLaO aV WKeVe 

ceOOV dLUecWO\ cRQWULbXWe WR WKe PecKaQLcaO VWUeQgWK Rf YeVVeO aQd PaLQWaLQLQg WKe YaVcXOaU 

WRQe LQ V\QcKURQL]aWLRQ ZLWK eQdRWKeOLaO OLQLQg (GXR aQd CKeQ, 2012b). IW LV ZeOO NQRZQ 

WKaW TGF-ȕ1 PedLaWed dLffeUeQWLaWLRQ Rf VPRRWK PXVcOe ceOOV. TKe gURZWK facWRU SOa\V 

VLgQLfLcaQW UROe LQ VPRRWK PXVcOe ceOO dLffeUeQWLaWLRQ dXULQg ePbU\RQLc deYeORSPeQW aQd 

SKeQRW\SLc VZLWcKLQg Rf SMCV (GX eW aO., 2018). IQ WKe LQLWLaO VWage Rf dLffeUeQWLaWLRQ, 

TGF-ȕ1 acWLYaWeV SPad SaWK Za\ aQd OeadV WR WKe e[SUeVVLRQ Rf eaUO\ PaUNeU geQeV OLNe 

aOSKa VPRRWK PXVcOe acWLQ (ASMA), SM22Į (TUaQVgeOLQ), CaOSRQLQ (CNN3) eWc., IW LV 

ZeOO NQRZQ WKaW ASMA PaUNeUV dR QRW VROeO\ defLQe WKe SPRRWK PXVcOe OLQeage faWe Rf 

VWeP ceOOV aV WKeVe aUe aOVR e[SUeVVed LQ RWKeU ceOOV (WaQg eW aO., 2010). TKLV LV LQ 

cRQcRUdaQce ZLWK SUeVeQW SURWRcRO WKaW PeVeQcK\PaO VWeP ceOOV Veeded RQ G3P1 VcaffROd 

ZLWK LQdXcWLRQ PedLXP VKRZV 33-fROd LQcUeaVe LQ ASMA e[SUeVVLRQ, 55-fROd LQcUeaVe LQ 

WUaQVgeOLQ e[SUeVVLRQ aQd 12-fROd LQcUeaVe LQ acLdLc CaOSRQLQ (CNN3) cRPSaUed WR ceOOV 

RQ TCPS ZLWK cRQWURO PedLXP. TKe e[SUeVVLRQ SaWWeUQ Rf SMC geQeV LV XQdeU WKe 

LQfOXeQce Rf LQdXcWLRQ PedLXP RQ TCPS ZeUe aOVR fRXQd WR be LQcUeaVLQg bXW OeVVeU 

e[WeQW cRPSaUed WR VcaffROd. TKe SaQeO Rf aQWLbRd\ VWaLQed fRU ASMA, SM22Į cRQfRcaO 

OaVeU VcaQQLQg PLcURVcRSe aOVR VKRZV WKe SRVLWLYLW\ Rf ceOOV fRU eaUO\ VPRRWK PXVcOe ceOOV 

PaUNeUV. OXU UeVXOWV VKRZ WKaW, LQ addLWLRQ WR LQcUeaVe LQ WKe eaUO\ aQd PLd-PaUNeUV Rf 

SMCV WKeUe LV aQ LQcUeaVe LQ WKe e[SUeVVLRQ Rf OaWe PaUNeU P\RVLQ KeaY\ cKaLQ, MYH11 

RQ G3P1 VcaffROd. WKLOe WKe e[SUeVVLRQ Rf WKe PaUNeU LV QRW VR SURQRXQced RQ TCPS 

ZKLcK LV OeVV WKaQ baVeOLQe caOLbUaWRU. SMMHC LV WKe VROe PaUNeUV WKaW LV QRW aVVRcLaWed 

ZLWK fLbURWLc QaWXUe Rf PeVeQcK\PaO VWeP ceOOV aQd e[SUeVVLRQ Rf WKe VaPe cRQfLUPV WKe 

cRQWUacWLOe QaWXUe Rf dLffeUeQWLaWed VPRRWK PXVcOe ceOOV. TKe LQfOXeQce Rf TGF-ȕ1 RQ 

dLffeUeQWLaWLRQ Rf VWeP ceOOV LQWR cRQWUacWLOe QaWXUed SMCV LV KLgKO\ SURQRXQced 

(KRWKaSaOOL eW aO., 2009). TKe dRZQ UegXOaWLRQ Rf WKe geQe LQ TCPS Pa\ be dXe WR 

eQKaQced PRdXOXV Rf TCPS (30GPa) aV WKe VWLffQeVV Rf PaWeULaO dLUecWO\ LQfOXeQce WKe 

ceOOXOaU beKaYLRXU (GLObeUW eW aO., 2010). A QaWXUaO bLRPROecXOe-baVed VcaffROd V\VWeP 
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WKXV KaV aQ added adYaQWage. PKeQRW\SLc PRdXOaWLRQ aQd SUROLfeUaWLRQ Rf SMC caQ aOVR 

be aWWULbXWed WR KeSaULQ (GRKda eW aO., 2001). TKe cRQWUacWLOe QaWXUe Rf SMCV LV cUXcLaO 

fRU WKe VXcceVVfXO aSSOLcaWLRQ Rf WLVVXe eQgLQeeUed YaVcXOaU b\SaVV (HXaQg eW aO., 2016a). 

CRPSaUed WR UabbLW ceOO dLffeUeQWLaWLRQ, VKeeS ceOO dLffeUeQWLaWLRQ YaULeV LQ e[SUeVVLRQ Rf 

ASMA LQ TCPS aQd G3P1, KeUe dLffeUeQWLaWed VKeeS ceOOV e[SUeVV WKe ASMA LQ KLgKeU 

fROd RQ TCPS WKaQ RQ G3P1. HRZeYeU, WKLV daWa SURYeV WKaW ceOOV RQ G3P1 LV cRQWUacWLOe 

LQ QaWXUe WKaQ SUROLfeUaWLYe SMCV, ASMA geQe LV aOVR VROe PaUNeU fRU SUROLfeUaWLYe 

QaWXUe Rf SMCV aQd WKLV PaUNeU LV eYeQ e[SUeVVed LQ fLbURbOaVW ceOOV WKaW aUe KLgKO\ 

SUROLfeUaWLYe. SR, WKe G3P1 VcaffROd cRXOd aOVR RffeU WR decUeaVe WKe V\QWKeWLc SKeQRW\Se 

Rf WKe dLffeUeQWLaWe SMCV ZKLcK LV aQ added adYaQWage. TKe cRQWUacWLOe QaWXUe Rf VKeeS 

SMCV ZaV fXUWKeU cRQfLUPed b\ WKe fROd LQcUeaVe LQ e[SUeVVLRQ Rf SMMHC RQ VcaffROd 

WKaQ RQ TCPS. 

 

BORRd YeVVeO e[WUaceOOXOaU PaWUL[ SOa\V a cUXcLaO UROe LQ PaLQWaLQLQg WKe RYeUaOO 

SK\VLRORgLcaO fXQcWLRQ Rf WKe YeVVeO. TKe PaMRU cRPSRQeQWV fRUP cROOageQ aQd LWV W\SeV. 

BORRd YeVVeO PecKaQLcaO WeQVLOe VWUeQgWK LV PaLQO\ SURYLded b\ CROOageQ W\Se I aOSKa I 

ZKLOe eQdRWKeOLaO baVePeQW PePbUaQe LV Rf cROOageQ W\Se IV (HXaQg eW aO., 2016b). TKe 

e[SUeVVLRQ aQd dRZQ UegXOaWLRQ cROOageQ W\Se I aVVRcLaWed geQe LV aQ LPSRUWaQW eYeQW LQ 

YeVVeO UePRdeOOLQg. TKe degUadaWLRQ aQd WXUQRYeU Rf cROOageQ VXbXQLWV SUedLcWV WKe YeVVeO 

UegeQeUaWLRQ aQd SURgUeVVLRQ Rf aWKeURVcOeURWLc LQfOaPPaWLRQ (AURUa aQd McCXOORcK, 

1994). SPRRWK MXVcOe ceOOV SURdXce cROOageQ LQ bORRd YeVVeOV aSaUW fURP SeULYaVcXOaU 

fLbURbOaVWV. AVcRUbLc acLd LQ WKe dLffeUeQWLaWLRQ PedLa LV SURSRVed WR be a SRVLWLYe XS 

UegXOaWRU Rf cROOageQ V\QWKeVLV. TKe cROOageQ geQe e[SUeVVLRQ SURfLOe Rf SMCV 

dLffeUeQWLaWed RQ G3P1 VcaffROd VKRZV a 147-fROd LQcUeaVe aQd 42-fROd LQcUeaVe RQ TCPS. 

TKLV SURQRXQce WKaW dLffeUeQWLaWed ceOOV SURdXce cROOageQ W\Se 1aQd YaVcXOaU gUafW LV 

cRQdXcLYe fRU in YiYo UegeQeUaWLRQ Rf LWV RZQ. TRWaO VROXbOe cROOageQ e[WUacWed fURP 

VcaffROd LV aVVa\ed WR be 150 �g/Pg Rf ZeW ZeLgKW Rf WLVVXe b\ SLUcRO aVVa\. AQRWKeU 

UeOeYaQW cRPSRQeQW Rf bORRd YeVVeO e[WUaceOOXOaU PaWUL[ LV eOaVWLQ ZKLcK fXQcWLRQV aV 

cUeeS VWabLOL]eU Rf SXOVaWLOe bORRd YeVVeO (WRQg eW aO., 2013). EOaVWLc fLbUeV KeOSV YeVVeO 

UecRLOLQg ZLWK YaULaWLRQ LQ SUeVVXUe-fORZ fXQcWLRQV Rf bORRd. OXU UeVXOWV VKRZ 

aSSUecLabOe XS UegXOaWLRQ Rf eOaVWLQ geQe RQ G3P1 VcaffROd ZKLOe LW¶V OeVV WKaQ baVe OLQe 

RQ TCPS. TKe WRWaO eOaVWLQ eVWLPaWLRQ SURYLded aQ aPRXQW Rf 15 �g/Pg ZeW ZeLgKW Rf 
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eOaVWLQ deSRVLWLRQ RQ VcaffROd. TGF-ȕ1 LV SRWeQW eQKaQceU Rf eOaVWRgeQeVLV RQ WKUee-

dLPeQVLRQaO VcaffROd b\ acWLYaWLQg SPad SaWKZa\ (DaYLdVRQ, 2002). 

 

TKe UeVXOWV Rf WKe in Yitro KePRcRPSaWLbLOLW\ WeVW caUULed RXW fRU G3P1 VcaffROd 

accRUdLQg WR WKe ISO VWaQdaUd LQdLcaWe WKaW WKe VcaffROd LV bORRd cRPSaWLbOe. TKe PCL 

cRPSRQeQW LQ WKe gUafW PaWeULaO LV K\dURSKRbLc aQd Pa\ KaYe WeQdeQc\ WR adVRUb PRUe 

SURWeLQV ZKLcK Pa\ Oead WR acWLYaWLRQ Rf bORRd cRagXOaWLRQ caVcade. HRZeYeU, WKeUe aUe 

VeYeUaO VWXdLeV WKaW bORRd cRPSaWLbLOLW\ Rf PCL baVed VcaffROd cRXOd be eQKaQced b\ WKe 

effecW Rf RWKeU QaWXUaO SRO\PeUV (CRUUeLa eW aO., 2016). TKe K\bULd VcaffROd SRVVeVV 

PLQLPaO KaePRO\VLV aQd SeUceQWage cKaQge Rf cRXQWV Rf OeXcRc\WeV, RBCV aQd SOaWeOeWV 

LQ WKe bORRd XSRQ e[SRVXUe WR VcaffROd LV ZLWKLQ WKe SUeVcULbed OLPLW. TKe WKURPbRgeQLc 

PecKaQLVP LV LQLWLaWed b\ aWWacKPeQW Rf OeXcRc\We RQ gUafWV ZKLcK LQ WXUQ UecUXLW SOaWeOeWV 

aQd RWKeU LQfOaPPaWRU\ ceOOV. TKe SOaWeOeW adKeVLRQ aVVa\ VKRZV WKe VcaffROd dReV QRW 

VXSSRUW SOaWeOeW aggUegaWLRQ. EYeQ WKRXgK WKe UeVXOWV LQ WeUPV Rf bORRd cRPSaWLbLOLW\ Rf 

G3P1 LV KLgKO\ SURPLVLQg, WKe e[acW beKaYLRXU Rf aQ\ bORRd cRQWacWLQg gUafW caQ be 

e[SORUed RQO\ WKURXgK LWV in YiYo eYaOXaWLRQ LQ WKe cLUcXOaWLRQ. 

 

5.3 SYNTHESIS, FABRICATION AND CHARACTERISATION OF POLY 

(ETHYL METHACRYLATE-CO-DI ETHYL AMINO ETHYL ACRYLATE) 

TUBULAR SCAFFOLD BY ELECTROSPINNING AND CHARACTERISATION 

 

LRQg-WeUP SaWeQc\ Rf YaVcXOaU gUafW deWeUPLQeV LWV XOWLPaWe VXcceVV. TKe SaWeQc\ 

LV UeOaWed WR bLRcRPSaWLbLOLW\, QRQ-WKURPbRgeQLcLW\ aQd QRQ-K\SeUSOaVLc QaWXUe Rf WKe 

YaVcXOaU gUafW. TKe aQWL-WKURPbRgeQLc aQd KaePRcRPSaWLbOe OXPLQaO VXUface Rf gUafW LV 

PaMRUO\ aWWULbXWed b\ WKe SUeVeQce RQ cRQWLQXRXV eQdRWKeOLaO ceOO OLQLQg. TKXV, 

eQdRWKeOLVaWLRQ YaVcXOaU gUafW LV e[WUePeO\ LPSRUWaQW aQd LV aQ eVVeQWLaO VWeS (SiQcKe] eW 

aO., 2018). TKeUe aUe dLffeUeQW VWUaWegLeV WR eQdRWKeOLaOL]e WKe YaVcXOaU gUafW b\ 

fXQcWLRQaOLVLQg YaVcXOaU gUafW WKaW LQcOXde b\ aWWacKLQg aQWLbRdLeV, SeSWLdeV, 

ROLgRQXcOeRWLdeV RU PagQeWLc PROecXOeV WKaW LQWeQd caSWXUe cLUcXOaWLQg eQdRWKeOLaO 

SURgeQLWRU ceOOV fURP bORRd VWUeaP (MeOcKLRUUL eW aO., 2013). TKeVe VWUaWegLeV UeTXLUe 

LQWULcaWe fabULcaWLRQ SURcedXUeV aQd OacN ceOO VSecLfLcLW\. A bLRPaWeULaO WKaW KaV LQKeUeQW 

SURSeUW\ WR VeOecWLYeO\ bLQd WR PaWXUe RU SURgeQLWRU eQdRWKeOLaO ceOOV KaV beeQ LdeQWLfLed 

fURP aPRQg 354 SRO\PeULc PLcURaUUa\ aQd WKaW LV SRO\ (eWK\O PeWKacU\OaWe-cR-dL eWK\O 
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aPLQR eWK\O acU\OaWe), 8g7 (PeUQagaOOR eW aO., 2012a). TKe SUeVeQW VWXd\ fRcXVeV WR 

deYeORS WKLV PaWeULaO LWVeOf LQWR VPaOO dLaPeWeU YaVcXOaU gUafW WKURXgK eOecWURVSLQQLQg 

ZKLcK LV e[SORUed fRU fLUVW WLPe. MRUeRYeU, WKLV PaWeULaO aOVR e[KLbLWed PLQLPaO SOaWeOeW 

aWWacKPeQW. 

 

IQ aQRWKeU VWXd\ LQYROYLQg SRO\ (eWK\O PeWKacU\OaWe-cR-dL eWK\O aPLQR eWK\O 

acU\OaWe), 8g7 WKLV PaWeULaO ZaV cRaWed WR WKe LQQeU VXUface Rf deceOOXOaUL]ed caURWLd aUWeU\ 

aQd WKe\ KaYe SURYed LW VXSSRUWed Ue-eQdRWKeOLVaWLRQ Rf LQ cRaWed aUWeU\ cRPSaUed WR QRQ-

cRaWed aUWeU\ (LySe]-RXL] eW aO., 2017). TKe SRO\PeU 8g7 ZaV WKXV V\QWKeVLVed accRUdLQg 

WR WKe SURWRcRO (LySe]-RXL] eW aO., 2017; PeUQagaOOR eW aO., 2012b). TKe PROecXOaU ZeLgKW 

Rf WKe SRO\PeU ZaV LQ accRUdaQce ZLWK UeSRUWed ZeLgKW Rf 110000 NDa. TKe FT-IR VSecWUa 

Rf WKe V\QWKeVLVed SRO\PeU aVVLgQed WKe SeaNV aW -C-H VWUeWcK aW 2974 cP-1, -C=O VWUeWcK 

aW 1721 cP-1, -C-N aW 1141 cP-1 cRQfLUPLQg WKe SRO\PeULVaWLRQ. 

 

TKe SURceVV Rf VcaffROd fabULcaWLRQ b\ eOecWURVSLQQLQg RffeUV WKe abLOLW\ WR 

geQeUaWe WKUee dLPeQVLRQaO KLgKO\ SRURXV VXbVWUaWe WKaW PLPLc WKe QaWLYe e[WUaceOOXOaU 

PaWUL[ Rf WLVVXeV. TKLV XQLTXe PLcUR-aUcKLWecWXUe Rf VcaffROd SURYLdeV VXLWabOe QLcKe fRU 

ceOOV YeU\ VLPLOaU WR WKeLU in YiYo cRXQWeUSaUWV aQd aOORZ WKeP WR VSaWLaOO\ LQWeUacW, 

UeSOLcaWe aQd UePRdeO cRPSaUed WR WZR-dLPeQVLRQaO cXOWXUe VXbVWUaWeV (S\a]aQa aQd 

SXNPaQa, 2016). EOecWURVSLQQLQg WecKQLTXe XWLOLVeV KLgK YROWage eOecWULc fLeOd WR geQeUaWe 

XOWUa-fLQe SRO\PeULc fLbeUV WKaW UaQgeV LQ LWV dLaPeWeU fURP QaQRPeWUeV WR PLcURPeWUeV. 

TKe UeVePbOaQce Rf WKeVe fLbUeV WR WKe fLbULOOaU PRUSKRORg\ Rf e[WUaceOOXOaU PaWUL[ PaNeV 

WKe ceOO PRUe cRQdXcLYe WR WKe ceOO - ECM LQWeUacWLRQV, adVRUSWLRQ Rf ceOO adKeVLRQ 

PROecXOeV, PaLQWaLQ ceOOXOaU SKeQRW\Se, acWLYaWe aSSURSULaWe VLgQaOOLQg SaWKZa\ WKaW 

SURPRWeV dLffeUeQWLaWLRQ Rf VWeP ceOOV. TKe bORRd YeVVeO LQWLPa LV Pade Rf cROOageQ W\Se 

IV fLbUeV RQ ZKLcK eQdRWKeOLaO ceOOV aWWacK aQd fXQcWLRQ. 

 

TKe cULWLcaO SaUaPeWeUV WR be VWaQdaUdLVed dXULQg eOecWURVSLQQLQg a SRO\PeU 

VROXWLRQ aUe PaQ\. BRWK LQWULQVLc aQd e[WULQVLc SaUaPeWeUV VKRXOd ZRUN WRgeWKeU LQ RUdeU 

WR RbWaLQ fLQe fLbUe. TKe eOecWURVSLQ-abLOLW\ Rf a VROXWLRQ deSeQdV XSRQ LWV YLVcRVLW\ aQd 

cRQdXcWLYLW\ ZKLcK LV LQ WXUQ deSeQdeQW RQ VROYeQW VeOecWed aQd cRQceQWUaWLRQ. 8g7 

SRO\PeU ZaV VcUeeQed fRU LWV VROXbLOLW\ LQ YaULRXV RUgaQLc VROYeQWV. BaVed RQ VROXbLOLW\ 

aW YaULRXV cRQceQWUaWLRQV, eaVe Rf eOecWURVSLQQLQg LQ SURdXcLQg a VWabOe MeW Rf fLbUeV 
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ZLWKRXW VSUa\LQg RU VSLWWLQg aQd aOVR cRQVLdeULQg WKe WLPe UeTXLUed fRU dLVVROXWLRQ Rf WKe 

SRO\PeU, a cRPbLQaWLRQ DMF: THF (9:1) ZaV VeOecWed. TKe SRO\PeU ZaV eaVLO\ VROXbOe 

LQ THF WKaQ LQ DMF, bXW eOecWURVSXQ-abLOLW\ ZaV SRRU cRPSaUed WR DMF. IW Pa\ be 

aWWULbXWed WR dLeOecWULc YaOXe Rf DMF. BXW DMF aORQe Kad SRVed SURbOePV Rf SURdXcLQg 

cRQVLVWeQW fLbUeV. EYeQ WKRXgK aW ORZeU cRQceQWUaWLRQ fLbUeV ZeUe SURdXced, a bead OeVV 

PRUSKRORg\ ZaV RbWaLQed aW 60% cRQceQWUaWLRQ. AOVR, fLbUeV ZeUe SURdXced ZeOO aW 10.5 

NV aW 0.5 PO/KRXU fORZ UaWe. TKe eOecWULcaO fRUce WKaW dULYeV WKe VROXWLRQ WR fLbUeV LV 

deSeQdeQW RQ aSSOLed YROWage (BeacKOe\ aQd WeQ, 2009). A KLgK YROWage cKaQgeV WKe 

PRUSKRORg\ Rf fLbUeV aQd aW ORZ YROWage WKe VROXWLRQ Pa\ QRW VSLQ. TKe PaQdUeO XVed WR 

cROOecW WKe fLbUeV ZeUe 3 PP/5 PP LQWeUQaO dLaPeWeU. HRZeYeU, 5 PP VcaffROd ZeUe 

fXUWKeU XVed fRU cR-cXOWXUe e[SeULPeQWV.  

 

TKe SEM LPageV Rf VcaffROd VKRZed VPRRWK fLbURXV ZaOO cKaUacWeULVWLc Rf 

eOecWURVSXQ VcaffROd. IW VKRZed KLgKO\ SRURXV QaWXUe. TKe aYeUage fLbUe dLaPeWeU ZaV 

aURXQd 4PP. IW ZaV UeSRUWed WKaW SRUe VL]e LQcUeaVeV ZLWK LQcUeaVe LQ fLbUe dLaPeWeU 

(WXONeUVdRUfeU eW aO., 2010). FURP WKe PLcUR-CT LPageV Rf WKe WXbXOaU VcaffROd LW ZaV 

dedXced WKaW WKe SRURVLW\ ZaV aURXQd 36 PP. TKe WKUee-dLPeQVLRQaO aQaO\VLV Rf WXbXOaU 

VcaffROd LV KLgKO\ facLOLWaWed b\ QRQ-deVWUXcWLYe LPagLQg WecKQLTXeV OLNe PLcUR-CT. 

E[SRVLQg WKe VcaffROd WR VPaOO TXaQWLWLeV Rf LRQLVLQg UadLaWLRQ aQd PeaVXUePeQW Rf 

abVRUSWLRQ ZaV dRQe LQ WKLV WecKQLTXe. TKe UeVXOWLQg gUe\ VcaOe LPage fURP VeTXeQWLaO 

VOLceV aUe UecRQVWUXcWed WR RbWaLQ a deQVLW\ PaS Rf WKe VaPSOe aQd SRURXV QaWXUe Rf WKe 

VcaffROd cRXOd be dedXced fURP WKLV. CeOO gURZWK, PLgUaWLRQ aQd LQWeUacWLRQV aUe 

PRdXOaWed b\ VSaWLRWePSRUaOO\ LQWegUaWed bLRSK\VLcaO PecKaQLVPV WKaW aUe LQfOXeQced 

bRWK b\ bLRcKePLVWU\ Rf ECM aQd LQWUaceOOXOaU VLgQaOOLQg. SSecLfLc ceOO UeTXLUeV dLffeUeQW 

SRUe VL]e fRU RSWLPaO fXQcWLRQLQg. IQ caVe Rf bORRd YeVVeO eQgLQeeULQg, KRZeYeU WKe SRUe 

VL]e KaV WR be fLQe-WXQed QRW RQO\ WR VaWLVf\ ceOOXOaU UeTXLUePeQW, bXW aOVR VKRXOd SUeYeQW 

bORRd OeaNage. SWXdLeV KaYe UeSRUWed WKaW WKe aYeUage SRUe VL]e VKRXOd be aOZa\V OeVV 

WKaQ 100PP fRU VXcceVVfXO bORRd YeVVeO eQgLQeeULQg. FRU eQdRWKeOLaO ceOOV, PLcUR SRUeV 

(<80PP) LV PXcK SURQRXQced, bXW fRU ceOOV OLNe fLbURbOaVWV RU VPRRWK PXVcOe ceOOV SRUeV 

Rf UaQge 60-150 PP LV adeTXaWe (WaQg eW aO., 2014). 

 

SXUface K\dURSKRbLcLW\ Rf VcaffROd aOVR SOa\V a cUXcLaO UROe LQ gRYeUQLQg ceOO 

UeVSRQVe. TKe aLU-ZaWeU cRQWacW aQgOe PeaVXUePeQW gLYeV a faLU Ldea UegaUdLQg WKe VXUface 
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ZeWWabLOLW\ QaWXUe Rf VcaffROd aQd ORZeU WKe cRQWacW aQgOe PRUe K\dURSKLOLc WKe VXbVWUaWe. 

SeYeUaO UeSRUWV VXbVWaQWLaWe WKaW a PRdeUaWe K\dURSKLOLcLW\ LV cRQdXcLYe fRU ceOO gURZWK 

aQd aWWacKPeQW. TKLV LV becaXVe a K\dURSKLOLc VXUface WeQdV WR UeVLVW SURWeLQ adVRUSWLRQ 

aQd a K\dURSKRbLc VXUface adVRUbV PRUe SURWeLQV. CeOO adKeVLRQ RQ VXbVWUaWe UeTXLUeV cR-

RUdLQaWed acWLYLW\ Rf VeULeV Rf SURWeLQV WR eVWabOLVK VWabOe cRQWacW VLWe (DXbaQd aQd TKLeU\, 

1990). HRZeYeU e[WUePeO\ K\dURSKLOLc QaWXUe aOVR facLOLWaWeV adVRUSWLRQ Rf SURWeLQV WKaW 

LQLWLaWeV cRagXOaWLRQ caVcade aQd WKeUeb\ caXVeV WKURPbRWLc cRPSOLcaWLRQV LQ bORRd 

YeVVeO eQgLQeeULQg. IW ZaV UeSRUWed WKaW a K\dURSKRbLc-K\dURSKLOLc baOaQced dRPaLQ 

VXSSUeVVeV SOaWeOeW acWLYaWLRQ aQd PaNe WKe VcaffROd QRQ WKURPbRgeQLc (ONaQR eW aO., 

1986). TKLV LV LQ cRQcRUdaQce ZLWK SUeYLRXV VWXdLeV UeSRUWed UegaUdLQg WKe 8g7 VcaffROd 

(PeUQagaOOR eW aO., 2012b). TKe cRQWacW aQgOe aW ]eUR VecRQd RQ 8g7 VcaffROd ZaV RbWaLQed 

aV 104 r 80aQd eYeQWXaOO\ ZaWeU dURSOeW ZaV abVRUbed b\ WKe VcaffROd ZLWKLQ RQe PLQXWe. 

TKLV VKRZV WKe VcaffROd PRdeUaWeO\ K\dURSKRbLc QaWXUe. A cRQWacW aQgOe beWZeeQ 600 aQd 

800 LV ZeUe Pa[LPXP adKeVLRQ ZaV UeSRUWed fRU fLbURbOaVWV (CKaQg aQd WaQg, 2011). 

HRZeYeU, WKeUe LV QR cOeaU LQfRUPaWLRQ abRXW WKe LQWeUacWLRQ Rf SeULYaVcXOaU VWeP ceOOV RU 

eQdRWKeOLaO ceOOV ZLWK VcaffROd ZLWK YaULRXV cRQWacW aQgOeV LQ WKe VceQaULR Rf bORRd YeVVeO 

eQgLQeeULQg. TKe SeUceQWage VZeOOLQg Rf WKe VcaffROd LV PRUe WKaQ 50% PaNLQg WKe 

VcaffROd VXLWabOe fRU ceOO gURZWK aQd e[cKaQge Rf QaWXUaO PROecXOeV (TKabXUeW eW aO., 

2004). 

 

BORRd YeVVeO e[SeULeQce cRQVWaQW cRQWUacWLRQ aQd UeOa[aWLRQ VWUeVV c\cOe ZLWK 

SUeVVXUe cKaQgeV. IQ RUdeU WR ZLWKVWaQd WKe SK\VLRORgLcaO d\QaPLc acWLYLW\, WKe fabULcaWed 

YaVcXOaU gUafW VKRXOd SRVVeVV eQRXgK PecKaQLcaO VWUeQgWK. TKe aQaO\VLV Rf WKe 

PecKaQLcaO SURSeUWLeV VKRZed WKaW WKe PRdXOXV Rf WKe WXbXOaU VcaffROd ZaV cRPSaUabOe 

ZLWK WKaW WR QaWLYe YeVVeO aQd VcaffROd VKRZed KLgKeU WKeRUeWLcaO bXUVW SUeVVXUe Rf 3000 

PPHg WKaQ WKe QaWLYe ZKLcK cRPeV aURXQd 2000 PPHg. TKe VXWXUe UeWeQWLRQ fRUce Rf 

2.3 N aOVR LQdLcaWed WKaW WXbXOaU VcaffROd Pa\ KaYe gRRd KaQdOLQg SURSeUWLeV ZKeQ 

LQWeQded WR be e[WUaSROaWed fRU in YiYo LPSOaQWaWLRQ Rf WKe VcaffROd. 
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5.4 CO-CULTURE STUDY 

 

MeVeQcK\PaO VWeP ceOOV KaYe SURPLVLQg SURSeUWLeV WKaW PaNe WKeP aWWUacWLYe LQ 

UegeQeUaWLRQ Rf WLVVXe, eVSecLaOO\ adLSRVe deULYed ceOOV SURYe WR UeOLabOe aXWRORgRXV 

VRXUce Rf WKeVe ceOOV. HRZeYeU, WKe ceOOV cRQWaLQed LQ WKe VWURPaO YaVcXOaU fUacWLRQ afWeU 

adLSRVe dLgeVW LV KLgKO\ KeWeURgeQeRXV aQd WUXe QaWXUe Rf WKeVe ceOOV KaV beeQ RbVcXUe. 

MeVeQcK\PaO VWeP ceOOV aUe YLUWXaOO\ SUeVeQW LQ aOO RUgaQV aQd bORRd YeVVeOV aOVR aUe 

aVVRcLaWed ZLWK WKeVe ceOOV. TKeVe PeVRdeUPaO SURgeQLWRUV aUe SUeVeQW LQ WXQLca adYeQWLWLa 

Rf bORRd YeVVeOV aQd aOVR aURXQd WKe caSLOOaU\. PeULYaVcXOaU ceOOV- adYeQWLWLaO ceOOV, 

SeULc\WeV, VPRRWK PXVcOe ceOO cRQWULbXWeV WR RYeUaOO PaLQWeQaQce Rf KeaOWK\ bORRd YeVVeO 

b\ LQWeUacWLQg eLWKeU dLUecWO\ RU LQdLUecWO\ ZLWK eQdRWKeOLaO ceOOV (GeUKaUdW aQd BeWVKROW], 

2003). APRQg WKe SeULYaVcXOaU ceOOV- adYeQWLWLaO aQd SeULc\WeV aUe SURYed WR be WKe in 

YiYo cRXQWeUSaUWV Rf MSCV RbWaLQed LQ cXOWXUe fURP YaULRXV RUgaQV. EYeQ WKRXgK WKeVe 

ceOOV KaYe VLPLOaU ORcaWLRQaO RULgLQ, WKeVe ceOOV KaYe dLVWLQcW SKeQRW\SeV aV ZeOO aV 

dLffeUeQW beKaYLRXUV in Yitro (TaUaOOR eW aO., 2012). E[SUeVVLRQ Rf dLffeUeQW PaUNeUV RQ 

VXUface Rf WKeVe ceOOV PaNeV WKe LVROaWLRQ Rf WKeVe ceOOV SRVVLbOe aQd KeQce OLNeO\ WR KeOS 

LQ e[SORUaWLRQ Rf WKeVe ceOOV LQ UegeQeUaWLRQ Rf WLVVXeV. TKeVe ceOO XQOLNe cOaVVLc 

KeWeURgeQeRXV SRSXOaWLRQ Rf MSCV KaV aSSUecLabOe UegeQeUaWLRQ SRWeQWLaO aQd PRUe 

cKURPRVRPaO VWabLOLW\. PeULc\WeV aQd adYeQWLWLaO ceOOV ZeUe VXcceVVfXOO\ LVROaWed fURP 

adLSRVe dLgeVW baVed RQ SaQeO Rf PaUNeUV aQd LV eYLdeQW LQ FACS aQaO\VLV. TKeVe ceOOV 

aOVR PaLQWaLQ WKeLU cKaUacWeULVWLc PaUNeUV RQ 8g7 VcaffROd ZKeQ Veeded aQd cXOWXUed LQ 

DMEM-HG cRPSOeWe PedLa ZLWK FBS. SLPLOaUO\, eQdRWKeOLaO ceOOV aOVR PaLQWaLQ WKeLU 

cKaUacWeULVWLc PaUNeUV RQ VcaffROd, aQd WKe\ ZeUe PaLQWaLQed RQ EGM-2 PedLa (SRX]a 

eW aO., 2018). TKLV gLYeV WKe Ldea WKaW WKe 8g7 VcaffROd KeOSV WKe ceOOV WR PaLQWaLQ WKeLU 

LdeQWLW\ RQ VcaffROd VLPLOaU WR WKaW Rf RWKeU LQ YLWUR ceOO cXOWXUe PeWKRdV XVed WR PaLQWaLQ 

WKeVe ceOOV. 

 

TKe c\WRcRPSaWLbLOLW\ Rf WKe VcaffROd ZaV eYLdeQW fURP WKe VcaffROd LQWeUacWLRQ 

ZLWK WKe ceOOV. BRWK SeULYaVcXOaU ceOOV aQd eQdRWKeOLaO ceOOV ZKeQ Veeded RQ VcaffROd ZeUe 

YLabOe ZLWK PLQLPaO ceOO deaWK. AOVR, RQ da\ 14 WKe QXPbeU Rf ceOOV VeePed WR be 

LQcUeaVLQg ZKLcK ZaV eYLdeQW fURP WKe OLYe/dead ceOO LPageV RQ WKLV da\. TKe YLabLOLW\ Rf 

ceOOV RQ VcaffROd ZaV aOVR cRQfLUPed b\ MTT aVVa\. IW ZaV eYLdeQW fURP WKe aVVa\ WKaW 
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PeWabROLc acWLYLW\ Rf WKe ceOOV ZaV QRW LPSeded b\ WKe VcaffROd aQd eYeQ LQ da\ 14, ceOOV 

ZeUe acWLYe. 

 

TKe cR-cXOWXUe Rf WKe SeULYaVcXOaU VWeP ceOOV deULYed fURP adLSRVe WLVVXe aQd 

eQdRWKeOLaO ceOOV ZeUe eVWabOLVKed LQ EGM-2 PedLa. IW ZaV UeSRUWed WKaW SUe-cRQdLWLRQLQg 

Rf adLSRVe deULYed VWeP ceOOV LQ EGM-2 PedLa eQKaQce WKe SUR-aQgLRgeQLc SRWeQWLaO Rf 

WKeVe ceOOV WKaQ RWKeU cRQYeQWLRQaO PedLa (SRX]a eW aO., 2018). IW ZaV RbVeUYed WKaW 

adYeQWLWLaO ceOOV ZKeQ cR-cXOWXUed ZLWK eQdRWKeOLaO ceOOV aW ORZeU UaWLRV Rf eQdRWKeOLaO 

ceOOV aOZa\V RYeUSRSXOaWed aQd dReV QRW VXSSRUW WKe gURZWK Rf eQdRWKeOLaO ceOOV. TKLV 

cRXOd be aWWULbXWed WR LQcUeaVed SUROLfeUaWLRQ SRWeQWLaO Rf WKeVe ceOOV RQ VcaffROd aV 

cRPSaUed WR eQdRWKeOLaO cRXQWeUSaUWV. TKe eQdRWKeOLaO ceOOV KRZeYeU PaLQWaLQed LWV 

QXPbeU adeTXaWeO\ ZKeQ cXOWXUed fLYe WLPeV PRUe LQ QXPbeU WKaQ adYeQWLWLaO ceOOV. IQ a 

SUeYLRXV VWXd\ LW ZaV UeSRUWed WKaW KXPaQ YaVcXOaU adYeQWLWLaO ceOOV UeTXLUe 1.5 da\V fRU 

dRXbOLQg (HRVKLQR eW aO., 2008) aQd eQdRWKeOLaO ceOOV Pa\ UeTXLUe PXcK ORQgeU WLPe 44.5 

KRXUV fRU fLUVW 3 WR 5 da\V aQd 23 KRXUV fRU Qe[W 6 WR 8 da\V (YaQ eW aO., 1996). IQ WKe caVe 

Rf SeULc\We-eQdRWKeOLaO cR-cXOWXUe KRZeYeU eTXaO QXPbeUV Rf bRWK ceOOV ZeUe UeTXLUed LQ 

RUdeU WR eVWabOLVK a VXcceVVfXO V\VWeP. TKLV Pa\ be dXe WKe LQ YLWUR dRXbOLQg WLPe Rf 

SeULc\WeV ZKLcK LV 45 KRXUV (CaWKeU\ eW aO., 2018). TKe fXQcWLRQLQg Rf eQdRWKeOLaO Oa\eU 

LV KLgKO\ LQfOXeQced b\ WKe SeULYaVcXOaU ceOOV. AbVeQce Rf VXLWabOe SeULYaVcXOaU-

eQdRWKeOLaO LQWeUacWLRQ OeadV WR eQdRWKeOLaO ceOO Oa\eU degUadaWLRQ, fROORZed b\ aSRSWRVLV. 

BORRd YeVVeO VWabLOLVaWLRQ LV a cRPSOe[ SURceVV LQ ZKLcK eQdRWKeOLaO ceOOV LQWeUacW ZLWK 

LWV SeULYaVcXOaU cRPSRQeQWV LQ a VeTXeQWLaO PaQQeU. TKeVe LQcOXde WePSRUaO VecUeWLRQ Rf 

aQgLRgeQLc facWRUV, fRUPaWLRQ Rf e[WUaceOOXOaU PaWUL[, ceOO SUROLfeUaWLRQ aQd PLgUaWLRQ 

(MeUfeOd-COaXVV eW aO., 2010). GeQeUaOO\, fRU aQgLRgeQeVLV, eLWKeU gURZWK Rf eQdRWKeOLaO 

ceOOV LQ K\SR[Lc eQYLURQPeQW RU WUaQVfecWLQg ceOOV ZLWK aQgLRgeQeVLV SURPRWLQg geQeV 

OLNe VEGF LV caUULed RXW. TKeVe LQdLUecW PeWKRdV KaYe LWV RZQ OLPLWaWLRQV aQd aUe OeVV 

aSSOLcabOe LQ YaVcXOaU WLVVXe eQgLQeeULQg VceQaULR. EVWabOLVKLQg a cR-cXOWXUe V\VWeP WKXV 

KaV LWV RZQ added adYaQWageV. IQ RXU VWXd\, ZKeQ ceOOV ZeUe cR-cXOWXUed aQd WKe 

aQgLRgeQLc SRWeQWLaO Rf VcaffROd ZaV aQaO\Ved, LW ZaV RbVeUYed WKaW SeULc\WeV aUe PRUe 

SUR-aQgLRgeQLc WKaQ adYeQWLWLaO ceOOV RQ 8g7 VcaffROd.  IW KaV beeQ UeSRUWed WKaW adLSRVe 

WLVVXe deULYed VWeP ceOOV KaV SUR-aQgLRgeQLc acWLYLW\. AdLSRVe WLVVXe LWVeOf SURdXce 

aQgLRgeQeVLV acWLYaWRUV aQd LQKLbLWRUV (PaQLQa eW aO., 2018). PeULc\We fXQcWLRQ LQ 

UegXOaWLQg WKe SeUfXVLRQ SUeVVXUe, eQdRWKeOLaO SUROLfeUaWLRQ aQd RYeUaOO PaLQWeQaQce Rf 
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YaVcXOaU WRQe (TaUaOOR eW aO., 2012). EYeQ WKRXgK WKeUe aUe UeSRUWV RQ adYaQWageV Rf 

adYeQWLWLaO ceOOV LQ aQgLRgeQeVLV, WKe SUeVeQW cR-cXOWXUe daWa VXggeVW WKaW gURZWK facWRUV 

aQd RWKeU aQgLRgeQLc facWRUV VecUeWed aV UeVXOW Rf cR-cXOWXUe Rf adYeQWLWLaO ceOOV aQd 

eQdRWKeOLaO ceOOV RQ 8g7 VcaffROd ZaV cRPSaUaWLYeO\ OeVV WR WKaW Rf SeULc\We baVed cR-

cXOWXUe. TKe SUR-aQgLRgeQLc facWRUV aQaO\Ved ZeUe aQgLRgeQLQ aQd VEGF-1, bRWK WKeVe 

bLRPROecXOeV cRQWULbXWe VXbVWaQWLaOO\ LQ aQgLRgeQeVLV aQd bORRd YeVVeO VWabLOLVaWLRQ. 

HRZeYeU, LQ WKe adYeQWLWLaO ceOO-eQdRWKeOLaO cR-cXOWXUeV WKeVe facWRUV ZeUe OeVV. SLPLOaUO\, 

acLdLc aQd baVLc SOaWeOeW deULYed gURZWK facWRU beWa ZaV VecUeWed LQ LQcUeaVed aPRXQW b\ 

SeULc\We - eQdRWKeOLaO cR-cXOWXUe RQ VcaffROd. TKe UROe Rf SeULc\WeV LQ SK\VLRORgLcaO 

aQgLRgeQeVLV LV YeU\ eYLdeQW. 

5.5 IN VIVO EVALUATION OF GELATIN-VINYL ACETATE / POLY-H-

CAPROLACTONE ELECTROSPUN SCAFFOLD IN LAPINE AND OVINE 

MODELS 

FRU VXcceVVfXO aSSOLcaWLRQ Rf fabULcaWed WLVVXe eQgLQeeUed YaVcXOaU gUafW UeTXLUe 

WKe in YiYo eYaOXaWLRQ Rf WKe VaPe. EYeQ WKRXgK WKe LQ YLWUR cKaUacWeULVWLcV Rf a YaVcXOaU 

gUafW LV aSSUecLabOe, WKe beKaYLRXU Rf gUafW ZLWK UeVSecW WR SK\VLRORgLcaO VWUeVV aQd 

UegeQeUaWLRQ caSabLOLW\ Pa\ YaU\. AQaO\VLQg WKe SUe-cOLQLcaO RXWcRPe LV WKXV e[WUePeO\ 

UeOeYaQW fRU e[WUaSROaWLQg WKe YaVcXOaU gUafW WR KXPaQ VXbMecWV. NRUPaOO\ a bORRd YeVVeO 

e[SeULeQceV KeaY\ ORad Rf YaVcXOaU d\QaPLcV aQd WKLV LQ WXUQ effecW WKe SaWeQc\ Rf 

LPSOaQWed gUafW. AOVR, in YiYo bORRd cRPSaWLbLOLW\ LV aOVR LPSRUWaQW (FXNXQLVKL eW aO., 

2016). TKe effLcLeQc\ Rf WKe G3P1 WXbXOaU VcaffROd Veeded ZLWK adLSRVe VWeP ceOO deULYed 

VPRRWK PXVcOe ceOOV, WR ZLWK VWaQd fXQcWLRQaO cRPSOLaQce aQd WR fURP ZeOO-RUgaQLVed 

QeR-WLVVXe WKURXgK YaVcXOaU UePRdeOOLQg KaV WR be acceVVed. 

A UaQge Rf dLffeUeQW aQLPaO PRdeOV aUe VXbMecWed WR YaVcXOaU gUafW LPSOaQWaWLRQ 

fRU eYaOXaWLQg LWV fXQcWLRQaO effLcLeQc\, KRZeYeU QR VLQgOe aQLPaO PRdeO VaWLVfLeV WKe 

RSWLPaO SeUfRUPaQce cULWeULa UeTXLUed. APRQg WKe VPaOO aQLPaO PRdeOV OLNe UaW, PLce RU 

UabbLW, UabbLW PRdeOV KaYe adYaQWageV Rf eaVe Rf KaQdOLQg, abLOLW\ WR LPSOaQW 1-4PP 

dLaPeWeU gUafWV, PXOWLSOe LPSOaQWaWLRQ VLWe OLNe caURWLd aUWeU\, abdRPLQaO aRUWa aQd aOVR 

KaV UegeQeUaWLRQ PecKaQLVP PRUe RU OeVV VLPLOaU WR KXPaQ beLQg.  HRZeYeU YaVcXOaU 

SK\VLRORg\ aQd d\QaPLcV eQWLUeO\ OLPLWV LWV aSSOLcaWLRQ aQd RQO\ VKRUW-WeUP VWXdLeV aUe 

RQO\ SRVVLbOe (ZKeQg eW aO., 2012b). IQ WKe SUeVeQW VWXd\ WKe G3P1 ± 3 PP gUafW ZKeQ 
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LPSOaQWed LQ WKe caURWLd aUWeU\ ZaV RccOXded ZLWKLQ WZR ZeeNV. IW KaV WR LQfeU WKaW WKeUe 

ZaV dLaPeWeU PLVPaWcK beWZeeQ gUafW aQd YeVVeO dLaPeWeU Rf WKe UabbLW. TKLV PLVPaWcK 

PLgKW KaYe Oed WR aQaVWRPRWLc WKURPbRVLV Rf WKe gUafW aV WKe KLVWRORgLcaO aQaO\VLV UeYeaOV 

WKaW WKe YeVVeO ZaV RccOXded aW bRWK LWV aQaVWRPRVLV aQd WKeUe ZeUe QR WUaceV Rf bORRd 

fORZ LQ WKe gUafW PLd UegLRQ. HeUe, Ze KaYe WR cRQcOXde WKaW UabbLW PRdeO LV QRW feaVLbOe 

WR eYaOXaWe WKe SURSeUWLeV Rf G3P1 VcaffROd bRWK LQ WeUPV Rf LWV SUacWLcaO aSSOLcabLOLW\ RU 

UegeQeUaWLRQ SRWeQWLaO. HRZeYeU, WKe KLVWRORgLcaO aQaO\VLV Rf WKe gUafWV SURYLded a cOeaU 

Ldea Rf WKe LQfOaPPaWRU\ PecKaQLVPV aVVRcLaWed ZLWK WKe bLRPaWeULaO. TKe LQ YLYR 

LQWegUaWLRQ aQd UegeQeUaWLRQ Rf YaVcXOaU gUafW LQ WR KRVW cLUcXOaWRU\ V\VWeP LV a cRPSOe[ 

PecKaQLVP aQd LV VWLOO KLgKO\ QRW e[SORUed. SeYeUaO eYLdeQceV cOaLP WKaW WKe KRVW LPPXQe 

ceOOV OLNe PacURSKageV, PRQRc\WeV aQd QeXWURSKLOV SOa\V a PaMRU UROe LQ gUafW 

UePRdeOOLQg. WKeQ G3P1 ± 3 PP gUafWV ZeUe LPSOaQWed LQ UabbLWV WKeUe ZaV SUeVeQce Rf 

PRdeUaWe gUaQXORPaWRXV LQfOaPPaWLRQ cRQWaLQLQg SRO\PRUSKRQXcOeaU ceOOV, 

PRQRQXcOeaU ceOO aQd fRUeLgQ bRd\ gLaQW ceOOV. TKeVe PecKaQLVPV aUe W\SLcaO UeVSRQVe 

Rf bORRd cRQWacWLQg bLRPaWeULaOV aQd WKLV daWa caQQRW gLYe a cOeaU Ldea UegaUdLQg WKe 

XOWLPaWe UegeQeUaWLRQ SRWeQWLaO Rf WKe YaVcXOaU gUafW. TKe LQVLgKWV fURP UabbLW VWXd\ ZaV 

QRW eQRXgK LQ RUdeU WR eYaOXaWe WKe effLcLeQc\ Rf G3P1 gUafWV dXe WR UeaVRQV VWaWed abRYe. 

EYeQ WKRXgK, WKe gUafW ZaV QRW SaWeQW LQ UabbLW, RXU LQfeUeQce LV WKaW faLOXUe UaWe ZaV 

PRVWO\ aWWULbXWed b\ WKe aQLPaO PRdeO cKaUacWeULVWLcV WKaQ WKe gUafW SURSeUWLeV. TKLV KaV 

Oed WR LPSOaQWaWLRQ Rf WKe gUafW LQ VKeeS caURWLd aUWeU\ PRdeO aQd bRWK SMC ceOOXOaULVed 

G3P1 ± 5 PP gUafW aQd baUe gUafW ZaV LPSOaQWed. TKe SaWeQc\ Rf WKe gUafW ZaV 67%. 

OYLQe PRdeOV aUe aWWUacWLYe cKRLce fRU eYaOXaWLRQ Rf YaVcXOaU gUafWV. TKe caUdLRYaVcXOaU 

SK\VLRORg\, WKURPbRgeQLcLW\ aQd eQdRWKeOLVaWLRQ PecKaQLVPV aUe VLPLOaU WR KXPaQ 

beLQgV. AOVR, WKe gUafW VL]e cRPeV LQ beWZeeQ 4 -6 PP fRU VKeeS. HXPaQ caURWLd aUWeU\ 

dLaPeWeU LV aOPRVW 6 PP aQd cRURQaU\ LV 4 PP. SKeeS PRdeO SURYLdeV ORQg QecNV 

VXLWabOe fRU LPSOaQWaWLRQ Rf gUafW LQ WKeLU caURWLd aUWeU\, aOVR ORQg-WeUP VWXdLeV aUe aOVR 

SRVVLbOe. HRZeYeU, WKe dUaZbacN Rf VKeeS PRdeO LV WKeLU WeQdeQc\ Rf K\SeUcRagXOabLOLW\ 

aQd cRVW (PaVKQeK-TaOa eW aO., 2016). 

TKe gURVV eYaOXaWLRQ Rf WKe e[SOaQWed G3P1 ± 5 PP gUafWV VKRZed WKaW WKeUe ZaV 

eQOaUgePeQW Rf YeVVeO dLaPeWeU WR PRUe WKaQ 7 PP Rf WKe gUafW. AQeXU\VPaO bXOgLQg Rf 

WKe gUafW LV aWWULbXWed WR LWV PecKaQLcaO SURSeUWLeV aQd SRVVLbLOLW\ Rf a WKLQQeU VcaffROd 

PaWeULaO. CRPSaULQg WKe in Yitro bXUVW SUeVVXUe Rf 1568 PPHg, WKe gUafW Pa\ KaYe WR be 
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LPSURYed fRU LWV PecKaQLcaO URbXVWQeVV WR ZLWKVWaQd WKe SK\VLRORgLcaO VWUeVVeV. TKe 

KLVWRORgLcaO aQaO\VLV Rf WKe e[SOaQW VKRZed WKaW gUafW VKRZed e[ceOOeQW UegeQeUaWLRQ 

beKaYLRXU. AV VWaWed eaUOLeU, WKe LQfOaPPaWRU\ PecKaQLVPV Pa\ PedLaWe WKe YeVVeO 

UegeQeUaWLRQ. BRWK LQ ceOO Veeded aQd baUe VcaffROd gUafW, WKeUe ZaV SUeVeQce Rf 

LQfOaPPaWRU\ ceOOV OLNe PRQRQXcOeaU ceOOV. AQ\ bLRPaWeULaO ZKeQ LPSOaQWed eOLcLWV 

ceOOXOaU aQd WLVVXe UeVSRQVeV. TKe PaMRU eYeQWV PedLaWLQg WKLV aUe LQfOaPPaWRU\ SURceVV, 

ZRXQd KeaOLQg UeVSRQVe, fRUeLgQ bRd\ UeacWLRQ aQd fLbURXV eQcaSVXOaWLRQ Rf WKe LPSOaQW 

(SKeLNK eW aO., 2015). HLVWRORgLcaOO\ WKeVe LQLWLaO UeacWLRQV ZeUe eYLdeQW LQ WKe LPSOaQWed 

gUafW. HRZeYeU, LQ WKe dXe cRXUVe Rf LPSOaQWaWLRQ, WKeVe LQfOaPPaWRU\ ceOOV aUe WKe 

PedLaWRUV Rf gUafW UePRdeOOLQg aQd UegeQeUaWLRQ. AfWeU LQLWLaO LQfOaPPaWLRQ PRQRQXcOeaU 

ceOOV Pa\ UecUXLW PRQRc\We (RRK eW aO., 2010). MRQRc\WeV SUeVeQce ZeUe deWecWed LQ 

bORRd YeVVeO gUafWV eYeQ afWeU PaQ\ ZeeNV Rf LPSOaQWaWLRQ VXggeVWLQg WKaW WKeVe ceOOV 

Pa\ SaUWLcLSaWe LQ UegeQeUaWLRQ (BXUQ eW aO., 1994; HReUVWUXS eW aO., 2006). AOVR, WKeVe 

ceOOV ZKeQ Veeded RQ VcaffROd aQd LPSOaQWed KaV VKRZQ WR UecUXLW VPRRWK PXVcOe ceOOV 

aQd eQdRWKeOLaO ceOOV (RRK eW aO., 2010). TKe RWKeU feaWXUeV Rf gUafW UegeQeUaWLRQ aUe 

eQdRWKeOLVaWLRQ, QeR-YaVcXOaULVaWLRQ aQd e[WUaceOOXOaU PaWUL[ deSRVLWLRQ. TKeVe 

cKaUacWeULVWLcV ZeUe PRUe SURQRXQced LQ G3P1 ± 5 PP gUafW Veeded ZLWK VPRRWK PXVcOe 

ceOO Oa\eU. EYeQ LQ WKe PLd UegLRQ Rf WKe gUafW WKeUe ZaV QeRLQWLPa Oa\eU fRUPaWLRQ. TKe 

VWXd\ SURYeV WKaW VPRRWK PXVcOe ceOOV KeOSV LQ eQdRWKeOLVaWLRQ Rf YaVcXOaU gUafWV. TKe 

e[WUaceOOXOaU PaWUL[ aQd RWKeU bLRPROecXOeV VecUeWed b\ WKeVe ceOOV Pa\ KeOS LQ cUeaWLQg 

a QLcKe faYRXUabOe fRU eQdRWKeOLaO SURgeQLWRU ceOOV adKeVLRQ aQd PaWXUaWLRQ. 

EQdRWKeOLVaWLRQ ZaV eYLdeQW fURP LPPXQRVWaLQLQg Rf CD 31 aQWLbRd\ aQd aOVR fURP 

SEM. GUafWV Veeded b\ aXWRORgRXV ceOOV Pa\ XQdeUgR PRdeUaWe LQfOaPPaWLRQ 

PecKaQLVPV ZKLcK Pa\ cRQYeUW WR UegeQeUaWLRQ PecKaQLVPV eaVLO\ WKaQ WKe XQVeeded 

gUafW. EQdRWKeOLVaWLRQ ZaV RbVeUYed WR be cRPSOeWe LQ aOPRVW 12 ZeeNV¶ WLPe LQ VRPe 

SUeYLRXV VWXdLeV ZKLcK LV LQ cRQcRUdaQce ZLWK SUeVeQW LPSOaQWaWLRQ WLPe. TKeUe ZaV aOVR 

adeTXaWe deSRVLWLRQ Rf eOaVWLQ LQ gUafW ZLWK ceOOV ZKLcK LQdLcaWe WKaW LPSOaQW VcaffROd KaV 

in YiYo UegeQeUaWLRQ caSabLOLW\ (PaVKQeK-TaOa eW aO., 2016). 
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5.6 LIMITATIONS  

TKe SUeVeQW VWXd\ KaV ceUWaLQ OLPLWaWLRQV, WKe in YiYo eYaOXaWLRQ Rf G3P1 VcaffROd 

ZaV caUULed RXW RQO\ fRU WKUee PRQWKV, VR WKe RXWcRPe Rf WKe gUafW afWeU WKLV WLPe SRLQW 

caQQRW be dedXced. TKe PecKaQLcaO SURSeUWLeV aQd geQe e[SUeVVLRQ aQaO\VLV Rf WKe 

e[SOaQW ZeUe QRW cRQdXcWed. MRUeRYeU, WKe LQfOaPPaWRU\ PacURSKageV ZeUe QRW 

LdeQWLfLed afWeU e[SOaQWLQg WKe gUafW. TKe cR-cXOWXUe VWXd\ RQ 8g7 VcaffROd KaV WR gR fXUWKeU 

LQ WeUPV Rf LWV LPSOaQWaWLRQ SRWeQWLaO aQd LQ YLYR aQgLRgeQeVLV caSacLW\ ZKLcK LV QRW 

addUeVVed LQ WKe SUeVeQW VWXd\. HRZeYeU, WKe SUeOLPLQaU\ RbVeUYaWLRQV Rf WKe UeVXOWV Rf 

bRWK gUafWV VXggeVW WKaW aXWRORgRXV SeULYaVcXOaU ceOOV LPPeQVeO\ cRQWULbXWe WR 

eQdRWKeOLVaWLRQ aQd WKeUeb\ VXcceVV Rf WKe VPaOO dLaPeWeU YaVcXOaU gUafW. 
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CHAPTER 6 

SUMMARY AND CONCLUSION 

6.1 SUMMARY 

TKe SUeVeQW VWXd\ LQWeQded WR eYaOXaWe WKe fXQcWLRQaO effLcLeQc\ Rf VPaOO dLaPeWeU 

YaVcXOaU gUafW deYeORSed b\ WKe dLUecW VcaffROdLQg aQd ceOO-baVed VWUaWeg\. FRU WKLV, WZR 

dLffeUeQW SRO\PeULc gUafWV ZeUe SUeSaUed LQ RUdeU aQaO\Ve WKe UegeQeUaWLRQ SRWeQWLaO Rf 

eacK gUafW. OQe VcaffROd ZaV cKRVeQ baVed RQ LWV abLOLW\ WR VXSSRUW gURZWK aQd 

SUROLfeUaWLRQ Rf VPRRWK PXVcOe ceOO (GeOaWLQ-YLQ\O aceWaWe/SRO\-H-caSUROacWRQe cR-

eOecWURVSXQ VcaffROd, G3P1) aQd RWKeU baVed RQ abLOLW\ WR VeOecWLYeO\ bLQd eQdRWKeOLaO 

ceOOV (PRO\-eWK\O PeWKacU\OaWe-cR-dLeWK\O aPLQR eWK\O acU\OaWe, 8g7). DeVSLWe Rf LQWeQVLYe 

in Yitro VWXd\ Rf bRWK gUafWV aQd VWUaWegLeV aSSOLed, RQO\ RQe aPRQg WKe gUafW ZaV RQO\ 

VWXdLed LQ in YiYo cRQdLWLRQV aQd WKaW gUafW e[KLbLWed adeTXaWe UegeQeUaWLRQ caSabLOLW\. 

TKe LQLWLaO VWUaWeg\ Rf geQeUaWLQg VPaOO dLaPeWeU YaVcXOaU gUafW ZaV WR adRSW aQ 

RXWVLde LQ VWUaWeg\ ZeUe VPRRWK PXVcOe ceOOV deULYed fURP SaWLeQW¶V RZQ adLSRVe VWeP 

ceOOV RQ VcaffROd LV ePSOR\ed. TKe VWXd\ ZaV WR LQYeVWLgaWe ZKeWKeU WKe gUafW geQeUaWed 

ZLOO KeOS LQ PedLaWLQg WKe UegeQeUaWLRQ aQd UePRdeOOLQg ZKeQ LPSOaQWed. IQ RUdeU WR 

acKLeYe WKLV, WKe fabULcaWLRQ Rf VcaffROd ZaV dRQe b\ dXaO-VRXUce eOecWURVSLQQLQg Rf 

geOaWLQ-YLQ\O aceWaWe aQd SRO\-H-caSUROacWRQe. TKe geOaWLQ-YLQ\O aceWaWe ZaV LQLWLaOO\ 

V\QWKeVLVed aQd cKaUacWeULVed. TKe V\QWKeVLVed SRO\PeU ZaV WKeQ cR-eOecWURVSXQ ZLWK 

PCL. TKe cRQdLWLRQV aQd SaUaPeWeUV Rf eOecWURVSLQQLQg ZeUe VWaQdaUdLVed. VaU\LQg WKe 

fORZ UaWe dLffeUeQW cRPbLQaWLRQ Rf K\bULd VcaffROd ZaV fabULcaWed Rf ZKLcK WKe 3 PO/KRXU 

fORZ UaWe Rf geOaWLQ-YLQ\O aceWaWe aQd 1 PO/KRXU fORZ UaWe PCL VcaffROd cRPbLQaWLRQ ZaV 

VeOecWed fRU fXUWKeU gUafW fabULcaWLRQ baVed RQ LWV SURSeUWLeV (G3P1). IQ RUdeU WR fabULcaWe 

WXbXOaU VcaffROd Rf LQWeUQaO dLaPeWeU 3 PP aQd 5 PP, UeVSecWLYe cROOecWLQg PaQdUeOV 

ZeUe VeOecWed. TKe WXbeV fabULcaWed - G3P1 ± 3 PP aQd G3P1 ± 5 PP ZeUe e[WeQVLYeO\ 

cKaUacWeULVed fRU LWV SURSeUWLeV OLNe gURVV PRUSKRORg\, PLcUR-VWUXcWXUe, SRUe QaWXUe, 

VZeOOLQg, degUadaWLRQ aQd PecKaQLcaO cKaUacWeULVWLcV.  
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FRU dLffeUeQWLaWLRQ Rf VPRRWK PXVcOe ceOOV RQ VcaffROd, adLSRVe WLVVXe ZaV LVROaWed 

fURP UabbLWV aQd VKeeS. TKe cKRVeQ aQLPaOV ZeUe fXUWKeU XVed fRU LPSOaQWaWLRQ VWXd\ aW 

WKe eQd. TKe PeVeQcK\PaO VWeP ceOOV ZeUe cKaUacWeULVed fRU e[SUeVVLRQ Rf VWeP ceOO 

PaUNeUV aQd fRU dLffeUeQWLaWLQg WKeP LQWR YaULRXV OLQeageV. TKe bLRcRPSaWLbLOLW\ Rf WKe 

VcaffROd ZaV fXUWKeU cKecNed ZLWK WKeVe ceOOV aQd ZaV fRXQd WR be c\WR-cRPSaWLbOe. TKe 

c\WRcRPSaWLbLOLW\ VWXdLeV LQcOXded dLUecW cRQWacW aVVa\, MTT aVVa\ aQd RaPaQ PaSSLQg 

Rf ceOO Veeded VcaffROd. FXUWKeU PeVeQcK\PaO VWeP ceOOV ZeUe dLffeUeQWLaWed WR VPRRWK 

PXVcOe OLQeage RQ VcaffROd (G3P1 ± 3 PP fRU UabbLW aQd G3P1 ± 5 PP fRU VKeeS) XQdeU 

WKe LQfOXeQce Rf gURZWK facWRU cRcNWaLO WKURXgK TGF-E1 PedLaWed SPad SaWKZa\. TKe 

dLffeUeQWLaWed ceOOV ZeUe aQaO\Ved fRU WKeLU cRQWUacWLOe QaWXUe RQ WKe VcaffROd b\ PCR 

aQaO\VLV Rf PaMRU geQeV aQd LPPXQRfOXRUeVceQce. DaWa VXSSRUWed WKaW WKe dLffeUeQWLaWed 

VPRRWK PXVcOe ceOOV PaLQWaLQed WKe cRQWUacWLOe SKeQRW\Se b\ e[SUeVVLQg VPRRWK PXVcOe 

KeaY\ cKaLQ SURWeLQ. TKe e[WUaceOOXOaU cROOageQ aQd eOaVWLQ VecUeWed ZeUe aOVR aQaO\Ved. 

In Yitro bORRd cRPSaWLbLOLW\ Rf WKe VcaffROd ZaV SeUfRUPed accRUdLQg WR ISO VWaQdaUd aQd 

VcaffROd VeePed WR be bORRd cRPSaWLbOe. TKe G3P1 ± 3 PP gUafW ZLWK dLffeUeQWLaWed 

aXWRORgRXV VPRRWK PXVcOe ceOOV ZaV LPSOaQWed LQ UabbLW cRPPRQ caURWLd aUWeU\. AfWeU 

WZR ZeeNV WeUPLQaO aQgLRgUaP VKRZed RccOXded gUafW, KRZeYeU WKLV ZaV aV e[SecWed aV 

WKeUe ZaV dLaPeWeU PLVPaWcK dXULQg LPSOaQWaWLRQ aQd WKeUeb\ aQaVWRPRWLc RccOXVLRQ Rf 

gUafW. IQLWLaO LQfOaPPaWRU\ UeVSRQVe Rf WKe gUafW ZaV dedXced fURP WKLV VWXd\. TKe G3P1-

5 PP gUafW ZLWK aXWRORgRXV dLffeUeQWLaWed VPRRWK PXVcOe ceOOV ZaV LPSOaQWed LQ VKeeS 

PRdeO b\ UeSOacLQg a SaUW Rf caURWLd aUWeU\. BRWK ceOOXOaULVed aQd baUe VcaffROd aORQe 

gUafWV ZeUe LPSOaQWed. AfWeU WKUee PRQWKV WKe aQgLRgUaSKLc eYaOXaWLRQ VKRZed 67% 

SaWeQc\ Rf WKe gUafW. TKe e[SOaQW ZaV KLVWRORgLcaOO\ eYaOXaWed fRU LWV UegeQeUaWLRQ 

caSabLOLW\. TKe VPRRWK PXVcOe ceOOXOaULVed gUafW VKRZed LPSURYed UegeQeUaWLRQ SRWeQWLaO 

WKaQ WKaW Rf baUe gUafW, ZKLcK ZaV eYLdeQW fURP WKe eQdRWKeOLVaWLRQ, QeR YaVcXOaULVaWLRQ 

aQd eOaVWRgeQeVLV Rf WKe e[SOaQW. TKe ZRUN KeUe caQ be VXPPaULVed aV aQ aSSOLcaWLRQ Rf 

RXWVLde-LQ VWUaWeg\ Rf YaVcXOaU gUafW geQeUaWLRQ, ZeUe VPRRWK PXVcOe Veeded VcaffROd 

PedLaWeV WKe eQdRWKeOLVaWLRQ Rf gUafW aQd WKeUeb\ UegeQeUaWLRQ Rf RccOXded bORRd YeVVeO 

ZKeQ UeSOaced. 

 

TKe VecRQd VWUaWeg\ Rf acU\OaWe-baVed VcaffROd fabULcaWLRQ LQYROYed WKe V\QWKeVLV 

aQd cKaUacWeULVaWLRQ Rf WKe PRO\-eWK\O PeWKacU\OaWe-cR-dLeWK\O aPLQR eWK\O acU\OaWe, 

8g7). HeUe aV SaUW Rf LQVLde-RXW VWUaWeg\, aQ eQdRWKeOLaO ceOO bLQdLQg PaWeULaO ZaV cKRVeQ 
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WR SUe-eQdRWKeOLaOL]e WKe gUafW. HRZeYeU, WKe effecW Rf eQdRWKeOLaO ceOOV RQ VcaffROd ZKeQ 

LQWeUacWed ZLWK SeULYaVcXOaU ceOOV OLNe SeULc\WeV aQd adYeQWLWLaO ceOOV ZeUe aQaO\Ved 

WKURXgK cR-cXOWXULQg. EOecWURVSLQQLQg Rf WKe SRO\PeU ZaV fLUVW UeSRUWed LQ WKLV VWXd\. TKe 

eOecWURVSLQQLQg Rf WKe SRO\PeU ZaV VWaQdaUdLVed, aQd WXbXOaU gUafW ZaV fabULcaWed. TKe 

fabULcaWed gUafW ZaV aQaO\Ved fRU LWV SURSeUWLeV OLNe VXUface ZeWWabLOLW\, VZeOOLQg, SRURVLW\ 

aQd PecKaQLcaO SURSeUWLeV. AdLSRVe deULYed PeVeQcK\PaO VWeP ceOOV ZeUe LVROaWed fURP 

KXPaQ adLSRVe WLVVXe fRU cRQdXcWLQg WKLV VWXd\. HRZeYeU, WKe VWeP ceOO LVROaWed ZaV 

PXcK SXULfLed YeUVLRQ Rf RWKeUZLVe KeWeURgeQeRXV SRSXOaWLRQ Rf PeVeQcK\PaO VWeP 

ceOOV. TKe ceOOV LVROaWed ZeUe SeULYaVcXOaU LQ RULgLQ - AdYeQWLWLaO ceOOV aQd SeULc\WeV. TKe 

c\WRcRPSaWLbLOLW\ Rf adYeQWLWLaO ceOOV, SeULc\WeV aQd eQdRWKeOLaO ceOOV ZeUe VWXdLed RQ 8g7 

VcaffROd b\ MTT aVVa\, OLYe dead aVVa\ aQd aOVR b\ aQaO\VLQg WKe e[SUeVVLRQ Rf VSecLfLc 

PaUNeUV Rf eacK ceOO W\Se RQ WKe VcaffROd. TKe eOecWURVSXQ VcaffROd ZaV fRXQd WR be ceOO 

cRQdXcLYe. FXUWKeU cR-cXOWXUe Rf adYeQWLWLaO ceOOV ZLWK eQdRWKeOLaO ceOOV aQd SeULc\WeV 

ZLWK eQdRWKeOLaO ceOOV ZeUe VWaQdaUdLVed RQ VcaffROd. TKe VecUeWRPe Rf eacK cR-cXOWXUe 

ZaV SURfLOed fRU LWV abLOLW\ WR LQLWLaWe aQgLRgeQeVLV aQd LW ZaV fRXQd WKaW SeULc\We-

eQdRWKeOLaO cR-cXOWXUe Kad adYaQWageRXVO\ facLOLWaWed VcaffROd-baVed aQgLRgeQeVLV WKaQ 

WKe RWKeU V\VWeP. HeUe, WR VXPPaULVe, WKe LQVLde RXW VWUaWeg\ Rf VeedLQg eQdRWKeOLaO ceOOV 

aQd SeULYaVcXOaU ceOOV aOVR KeOSed LQ eQdRWKeOLaOLVaWLRQ Rf gUafW aQd ZKLcK ZaV PRUe 

SURQRXQced LQ SeULc\We-eQdRWKeOLaO cR-cXOWXUe PRdeO. 

TKe SUeVeQW VWXd\ LQYROYed WZR VcaffROd V\VWeP aQd WZR dLffeUeQW VWUaWegLeV WR 

aSSURacK WKe fabULcaWLRQ Rf WLVVXe eQgLQeeUed VPaOO dLaPeWeU YaVcXOaU gUafW. TKe daWa 

RbWaLQed agUeeV ZLWK feaVLbLOLW\ Rf bRWK VWUaWegLeV KRZeYeU G3P1 VcaffROd-baVed gUafW 

defLQLWeO\ KaV aQ XSSeU KaQd dXe LWV aSSUecLabOe SeUfRUPaQce in YiYo.  
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6.2 CONCLUSION 

 
1. TLVVXe eQgLQeeUed VPaOO dLaPeWeU YaVcXOaU gUafW Rf dXaO VRXUce cR-eOecWURVSXQ 

geOaWLQ-YLQ\O aceWaWe ± PRO\-ܭ-caSUROacWRQe VcaffROd ZLWK adeTXaWe bLRPecKaQLcaO 

SURSeUW\ aQd bORRd cRPSaWLbLOLW\ ZeUe fabULcaWed. 

2. AXWRORgRXV adLSRVe ceOOV dLffeUeQWLaWed WR VPRRWK PXVcOe ceOOV RQ WXbXOaU 

VcaffROd VKRZed 67% SaWeQc\ ZKeQ LPSOaQWed LQ VKeeS cRPPRQ caURWLd aUWeU\ 

UeSOacePeQW PRdeO. 

3. TKe eQdRWKeOLaO fULeQdO\ acU\OaWe baVed eOecWURVSXQ WXbXOaU VcaffROd SURPRWed 

aWWacKPeQW aQd fXQcWLRQLQg Rf SeULYaVcXOaU VWeP ceOOV aQd eQdRWKeOLaO ceOOV. 

4. TKe cR-cXOWXUe Rf ceOOV RQ VcaffROd cRQcOXded WKaW SeULc\We ±eQdRWKeOLaO 

LQWeUacWLRQ LV PRUe SURQRXQced LQ aQgLRgeQeVLV. 

5. TKe SaWLeQW VSecLfLc YaVcXOaU gUafW deYeORSed b\ eOecWURVSXQ VcaffROd aQd 

aXWRORgRXV adLSRVe deULYed VWeP ceOOV KaV WKe abLOLW\ WR SeUfRUP beWWeU aQd Pa\ 

be fXUWKeU e[SORUed. 

 

6.3 FUTURE PERSPECTIVES 

 
   TKe SUeVeQW VWXd\ KaV LPPeQVe VcRSe Rf SeUVSecWLYeV WR be caUULed RXW fXUWKeU. 

TKe G3P1 VcaffROd cRXOd be LPSURYed fRU LWV PecKaQLcaO URbXVWQeVV aQd VKRXOd be 

LPSOaQWed LQ a gUeaWeU QXPbeU Rf aQLPaOV. MecKaQLVPV Rf VPRRWK PXVcOe baVed 

eQdRWKeOL]aWLRQ Rf G3P1 VcaffROd VKRXOd be eOXcLdaWed. TKe acU\OaWe-baVed VcaffROd 

VKRXOd be fXUWKeU e[SORUed fRU LWV cR-cXOWXUe VWXd\ Rf SeULc\WeV/VPRRWK PXVcOe ceOOV ZLWK 

eQdRWKeOLaO ceOOV aQd WKe in YiYo SRWeQWLaO KaV WR be e[SORUed. HRZeYeU, a cRPbLQaWLRQ Rf 

bRWK geOaWLQ baVed aQd acU\OaWe baVed VcaffROd LV cRQVLdeUed WR KaYe a SURPLVLQg fXWXUe 

ZKLcK Qeed WR be fXUWKeU e[SORUed. 
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