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ABSTRACT

Background and Aim: Nowadays, research in the field of tissue engineering has increased
widely. Scaffold production is important for regulation of the morphology of the tissues. The
purpose of producing these scaffold is to make a uterine endometrial scaffold. Therefore, the
fibers with different diameters and morphology were synthesized to produce an optimal
scaffold.

Materials and Methods: In this study, electrospun hybrid fiber scaffolds made of
polycaprolactone (PCL), gelatin (G) and polydimethylsiloxane (PDMS) with different optimal
ratios and different morphologies were produced by electrospinning collector changing for
tissue engineering applications. Physicochemical properties of fabricated scaffolds were
evaluated using scanning electron microscopy, the immersion of scaffold samples, attenuated
total reflectance Fourier transform infrared and tensile strength analysis. Cytotoxicity analysis
of scaffolds and human foreskin fibroblasts on the scaffolds were assessed by 3-(4, 5-
dimethylthiazoyl-2-yl) 2, 5-diphenyltetrazolium bromide assay. Proliferation and growth of
the cells on the scaffolds were evaluated by hematoxylin-eosin staining.

Results: Layer-by-layer scaffold, cotton-like scaffold, mixed cell scaffold, flat scaffold and
control sample showed reduced cell growth and proliferation. Therefore, layer-by-layer
scaffold and cotton-like scaffolds are the best options for cell growth and proliferation. Also,
the mechanical properties of layer-by-layer scaffold and cotton-like scaffolds were better than
those of other scaffolds. The cotton-like scaffold was better than other scaffolds in terms of
porosity and was suitable for cell penetration into the scaffold. Although layer-by-layer and
cell-mixed scaffolds showed suitable cell penetration due to placement of the cells among the
fibers.

Conclusion: The morphology and characteristics of the PCL / G / PDMS hybrid scaffolds are
adjustable by inducing change in the electrospinning collector. The PCL/ G/ PDMS hybrid
scaffolds characteristics showed that these scaffolds were suitable for tissue engineering
applications especially engineering of elastic tissues.

Keywords: Scaffold morphology, Nanofibers, Fibroblasts, Tissue engineering,
Electrospinning collector

Received: May 2, 2021 Accepted: Dec 20, 2021

How to cite the article: Mahdieh Dehghan, Mohammad Khajeh Mehrizi, Hbib Nikukar .Production of
Polycaprolactone / Gelatin / Polydimethylsiloxane Hybrid Nanofibers with Different Morphologies as Potential

Scaffolds for Tissue Engineering .5JKU 2023;27(6): 37-53.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access
article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0
(CCBYNC), where it is permissible to download, share, remix, transform, and buildup the work provided it is
properly cited. The work cannot be used commercially without permission from the journal


mailto:mostafa1372@yahoo.com
mailto:mkhajeh@yazd.ac.ir

BRV-0R/11Ce) siawl g gag) / Cxin § Cuny 8)9s / lws)S 5y eole sEimils (ale alas

U Ol gl oo (58 M/ WY )/ 9 g b5 (N (s g ST 9 W g3
Ol (wiigo (51 3 098l (ST 319 (lgis 4 ilike (Sl 539999 590

"I 9505 > ¢ (S 3 500 4195 oxe | RS wuge
e VSTV F e QP SIS Ol e 03 oK1 (b pnkige odSCE5 06 ST a6 )

Se e VSPTYASVYYA 1S 08T e ¥R-YIYYYOA) skl imkhajeh@yazd.ac.ir (e s s o Oyl e 03 o8ils ¢ arlus pikige 0dSiils yLisls .Y
~~~~~~~~ V-AYYO-F 14 AU 0l al ey 005 (oo g Slays (2illg St 5 (S psle oty ( (K 56058 bskal ¥

o

a5 L s g ol 4l 53l les 28 by CoBl cikige (a3 Ba g5 055l IBAR 9 A
B8 53 i Gl L sl oy el G s St L byl A 55 51 Ot ol ol il a5l (540585 50
238 ) g iy Sl LS5 g 0 2 (gla 3

K 5 (G) V5 PCL) 0S5 5L (3ol oo 55 2SI (b ot O (Slaans sl candllan nl 55 1l 3595 9 S0
g o A S paz ok Lo g Calies (S 00 b 5 iy Calies b L PDMS) 0LS sl J2o (s
9 S s oo Sl o3liial L (55l o (Slaam 1> (gl 5 6K 53 ol 55 Tl 0l A 5 L pilige slas )8
350 kS el 5 (ATR-FTIR) # s a5 6 s (A5 DLk e ls (sls 6305 (55 54b 55 (SEM) i,
MTT 5l osbizal U La Cmal5 (695 ym Ol dizt o gy (6l LoDl g b Ly 5 i y13 Sk Coror .25 8 13 gy
Lz b HEE) (550 - oS gilen (65001655, b aamn s (555 gl 2S5 5 iy Ad gy

5y bl A ST 4 el s ek Syl (s b b glen 15 (e 4y Syl Y 4 Y el [ 4Bl
Jobo 25 5 dd) g 4 5 o i dile 4y S ls 5 0¥ @ Y G ls ol 6l adls 2als Sl Joh 5SS
Sl o il g S0 (Sl 3 & o ey Sl 5 Y Y s (SO ol e
sa¥ ¥ ot pa Sl cnlie Sy Jo1s 4y Jsha 358 1 5 Sl g bl )ls 4 4 o ASle 4y
3,8 o Doge s or LOT )3 dske 358 OUI o b (6,551 s & oo b b o 15

RO J{Bw”,&)law@q-nﬁyPCL/ G/ PDMS (s o G s sla S35 5 655595 30 18 05 4l
S ,)lS Cgr Ll 5 o blawyls pl S das o 0L PCL/ G/ PDMS oy 4w 1o W5 (gl yls Slas sas
AL onlin Sl (glapl il e 3 3L puikigs

203 AN 0l ez (I3 gurnkign (Dl b (U L ()13 (555 55 50 1S T Olods”

VP /YA 5 L0 VF e ATV g 4Dl VP /Y Y idlie J g


mailto:mail@mail.com

P9 spyes anled sons

95 55 ) Sl 8 5 )15 53 g0 L ki
b 5Lid 5 5 sl Rl 0 sk 201 PCL &
ad gl Ll s 00 95 o 428l 5,5 (B 5 S 0 Cuaslie
oy o5 Flel) Cools Sl 5 ey s
losill Gl LI PCL o sime podds ¢opl o ¢(A) o

Gladle b .(A) Conl S3L wilige slas )8 (sl
sodigs &1 PCL 5 Jl o j 3150 oS 5 4 a2 S
ol LSS Gk S Gl byl 5 ZdL
() 05 (1Y) Sl 3T ) Slawd (V+) eSSy
(VF) Y5 PCL ot jls 5 Sl ol (3L 5 a5
Y5 sl Ol 1) el slacaass (V) Ol S
O3S 0us J 25 1m0 L sy s S
el o3 ECM Lol g1t 51 (S 5 558 oo als
Sl 5 phas (SKidsm ool el oY
5 Sl a5 oks K5l 85k
o5Y5 s (SKan s bty 53 6ol slas S
ST el 535,T el 51 Sl sl
oo 3l 5 55 (S Eel 1, (RGD)
Lol b Y5 ulaly S (0 B> sl
e Saiamls 538 bl (S5 sla ek
eSSl sl oY pmen Ll 1) 3L
oSan 55V ol pl g 35h e U U s Ll
S OF) il ke sk (St 25155 (s ol
(Polydimethylsiloxane, PDMS) ols sl fe 55
Ol 53 &S gre opl ol SV S s o &S5
ad (Sl wle K w5le (VL glos L) GV b 0L >
L) oS OL = Ol 53 Wb pl b aS o Jos Juus
S and @Szl el sl ¢ dile (ol glos
bt S o ae ] Crols S o e
OV ol ly (S ST Gla ey s 53 &S
G 35l e 536 1) ek (I PDMS  SGISG Sls gt
Sl gas ol 4 T 5l ssh 85l o gime o L
ok ol S ls D ke alse ST oo

doddo

LSS5 Al Sl (g5busl s Sl pmikign slags 1 2l
S sdsle 5 LIS 5 lem Sl
ol SOl e Gl ls ol ad Ly
Lloks 4l (ECM) Joho )b oy 5o a8 JUT
Syt (1) Wl S sl | Laphtih 5 Lol jriw o
3l gdige t5le (S (53 I8 51 g5k s L
A7) Lzer Olde 5L5L

75 5 6B Sl a5 (S ol s 5L sl L
S 5 (S 4 plas 5 25 ECM alin (55050
bbb s edss conT glacils =F sy bdsls
Slp A3 Skl Ol 4 (oS 5 S5 5l sm 2lse 5
sl bl glajlas L(F) Wlods atlis ol wdige
5 S e (S 055 bl (S5
Sl e 55 LS, (s 52 AT el
Slge e 55 b el 45T (V) ol il b M;&”J
e Segl> Sl 5 e 5 BB o sb 4 (S5 e
4 6 ok (Sl I3 (F) Ll S 15 a5 5,40 3L
R N P P B L e AR
S S Sl Bl o3I L sl sl (685
Lol Gl cmle (K3 5 S ol
s nlie SSL gl

G5l gy Bl el o simn eI sla ek
Y Sl Sy 5 e sl 5 ol
5 b e S lply s 5L pekiee
ol Bl o S slST Gl s sbul (ol o sae
s LS, oS5 gl aS Je 1) b
Gl s cwlie [22ST hyls osiae sl el
sk .0) ;
k¢ (Polycaprolactone, PCL) oSy, .58
s s a5 ) el SGWIT et (S5
5 S ol L U5 B ol

Lo, Gl sols 5 Jske Gpdidss 5 S5

1101 idwl g 0083 / Cada § Cuwy )93 / olw)S (Sibjy eole sl8iils (alc alss



- a1 36 s)g3 Ko

S S5 SMse glad e CiST (6l (6 e Ol s
G I3 (YY) 355 oslizal SVae Sdb owdige s,
sl & Olge 4 Ll o PDMS  Jadsee 5 SLe
Loy Jobe 05 gy 3L Oleily (6l oSl st
S s 0y S ol (VD) 57 Jos b
PDMS/ PCL Wil ol (6,8 5l s 5 5 JSCo alail>
&y @lodiS ylgael Glaan 5 B s o ojll WOT &

VD) Wi il g5kl
PCL/ G/ S5 SU clat)ls aslllas ol s
Sl b oSl eslizal L PDMS
e Bk 45l g 59 S S paz kS | il
S 3 SO Slosasr (ki (8
iy 38 I o s salels 8L
U513 (535 oy s b sk 558550 5 2SS
3l pdige S S e S L))
¥l 5 ozl Sl oy 3L 358 e o)
sl OIS oy ool L i ALl 55 5 o
330 o SSBG ol op S s (5 ad O3S
4 5n s Lol el nlin J sk Ay 5 250 Cogr o
rork 51 ol s €0s 0 4 05 ,Re OIS 5L Sl
o SV ot 0357 03,57 5 g PCL 0 s
3y o SawVl ol Ws 4 PDMS ¢ svs
A eslial Joe g dd) 5 2SS S o5V ek

sl oo TY S5 55 ey dw (g bl J 5 6

0
t:-—-{{‘ll_.}—-!l -q-? !E_..’i_c...._.%_g
5 “l & H E H !

Polyeaprolactone . i "

3

Fa

g

2

=g

—
= -2

I

=
I-:

!

=2

1

|

=M=

3

Gelatin

PDMS (S ;b .(VA) Gl OLT b 53 4 ot
s (glos S jsb a4l ol S @ eSKauY s
n;“é,ours-‘uxs‘}{ls@}\)gswum
S 5 by @ an Ll Dl plad s 5l
St a8 (b5l el 1y el LS e
5550 bdshe diy 6l e Olge & Ll 5 s PDMS
23 B Kgm oS15 O Sslize 3,8 5 eslizal
23 SO Sl sas & 358 o Lol g ad S8
Gl ls a5d V..:E.:J o) sl wlin (glosgdoes
S s b Gl S Ll ol e
Sl gz 5 15U Slsy 55 5 ail SO gla S5 s
5o S5l b (S s abed (S5
«Drlge b ) 6o Shes Gl 4 e Solus
S s3SI (10) S sl gl 3l 5 (St
LS5 ) LaT 58 (555 S O e 4 0,18 en ST
V) Gl g g ol 5 bkl (LS 5 L 56 O
gl 6l OT VU Jeuiley Ol gt 4 (g 5 S ¢ immen
Olge & (SKij Caw) blan)ls alax 1 oo ,,l8
(YY) Sl s a3 8l 53 ¢ e DU M5 gy o
o Ll 5 o SIS (s 13,1518 5 550 ¢ 55 45
5 SO ol s ke Sl Gl S s

VYY) S ol 315 s BB (S5 se
9o L PCL/ Gelatin o508 OoUIst conls
Jsbo 155 5 a3 608 5l sl W15 o s 55,5

4 &l 5 PCL/ Gelatin Ui st ¢ piman .(V8) s

HN~5i-04 Si-0}-8iI" ™" NH,
1 ‘m
Polvdimethvlsiloxane

Ol sk o 63 5 Y5 0V 1 (A oy o ol Jpe 3 ) S

110 sidwl g ags / Crbe § Cayy 8)93 / oliws)S (Sibly eole alSils (alc alas



€1 Shps aled sone

oslizal O 56 655850 ot S Jsho b bslins
A g

03 A8 Gl 0 iiS o

013 o513 (Sltomias oS oz (51513 prlams o5
el ool 55 L o) s oS g oY v al
O Sol Jlsasl; auu;f@? ©hls wile a4y S yls
Slamio ol maxr Sls Jsho b bgiee Coyls
R

el By s aomis 5 45T (glamin oS max
Bloy Glimio oS maz Olos SIF)sm ol mer
235 5 0T sy Sile &S5 8 4 Flsm oo bl
Elos 8 (5 5lee 4l oS Bl JU ail b g0 ol
3,8 )5 Elose Sa) ail (pu s /S fisn 5 o
S sk ST g0 550 (5 sT e a6, SUIG
305 (oo au ) S )13 G55 Jhe o 5 oyl Y
0 I3 5 et g sk ey g )15 e Uy
oiST maxr bl dprs 4 aY 4 Y Cals Ul
1S o Bl )b sy 1 aomin &G 0 g (55l 134315
SLaljsm o Ul 5 ods s OT 53 Llay Gla0)5m
Sal Gl ls Lgh o mezr Ll 4y &) pos bl
ol b o olitul Glamino oS mex Olea ) e
Gole S Lses (OU w5 S e ST sl
535900 Sl Sl 6oy OUN S5 53 o Jsle
Slp sh o M dshe sl Sl W5l
Ll i b8 Lme Ll 5 Jghe g5l U g
A sl 51 S

HART-FTIR) & s 54,8 Lus

L &S ey 4w b3l Aoy 51 ATR-FTIR Cab
Cab s o o ATR-FTIR J K ge 5l a3z
(Equinox 55, Bruker, Germany) Gz se ) s
(C)PCL ATR-FTIR Cab .55 o Gserem™ i

B w9y 930
3- (4<5-dimethylthiazoyl-2-yl) PDMS G PCL

<> 5 (MTT) 2¢5-diphenyltetrazolium bromide
<5 s ®Sigma-Aldrich ;1 (DMSO) s.s” sa) v Juze
5 LUT,6 JE(TFA) (C2HF302) sl ¢Sl 4l
®Merck «s5 i 51 H&E) 58k s sles
Dulbecco’s Modified Eagle .ius g,lb =
5\ (FBS) 58 o> o, Medium (DMEM)
50 (pH = 7.4 PBS) sl 5L ¢S ®Gibco
dl &Szl 15 mebs Sl /e 55 ®INOCION
LAl gl = ®Bio-ldea ;1 (EDTA / s 5)
€ Sy Sy d) Sl Sy slad e
Slidss 55,0 50 (Y 3Lb ¢ YhFF # 8 ¢ 55 oLl
b, E sy Je a5 psle odSanss ool glad ke
LPDMS 5 5554050 LG ¢ S55 4wy Ve LPCL
@ aRd> 53 59300 53 cwblie O5ea b (S55 Aoy V
53 (LF Sle a3 YAEY) GBI glos 53 Cole ¥ Do
S el o3 (6 el U shes ags 51 s s = TFA
«:4:RSM 331, 3 L TFA U5 ,5 PCL: G: PDMS
cpl 05 aS edeT Cws 4 Ao ys o 2 5 (YR, VYY) L
O L V5 co s ¥ LPCL i eslizal OT 1 andlas
(C3G5D2) 55 ez duoys Y+ LPDMS 5 i )5
cols Jlosl Sy dile s S Calies ola zal )l
Wy slp oS ol 5 O S s Ol
N T IV P RUAG [
A ) 53 ey Jsloen 4085 e e L5 S
gor ol b 055w &S 5 5 Iy SLSTYY Sy ccela o
b oS mexr g g B el s 4 g Sl VP S
Cgr JoFhsmipbine Culs A5 S Slamie
S Oogm sl Dbasly @Y 4 oY Cawyls Al g

Copls M5 S mhas 5 b 4y Syl Ay

11e) sidwl g gy / Crbe § Gy 8)9s / olws)S (Sibjy eole alSiiily (ol alas



e B0 30 s3)g3 1P

OL 5L g o sl €0 A Joldom b0y e e
3 85 a3l 30wy 2SI

sl ciS

/e 2 7V sFBS 7Y+ U DMEM s s ooty b
TPP) il i 5 G 5 eesbesy gl
Sylkwl S by b 8L s (0WIT Biochrom AG
S AaSTes ke 70 5 5l 8 sl a3 YV gles s
«confluency) 7A+Jple Kowsm 53 L3S As,
Ltrypsin/ EDTA J glows b cits a2 PBS L laJ 5o
0SB s 5 L lelas (VIV) wsys /00 /070X
42350 S Ve TPM Cos 55 S0 Sle 5551
Cows & (Jsho Cguny a0 050 CAST Lams L5 ST gy
Sioled Jslo slaws 5 A8 LSl 5 aas Sle 31 e oe]
LS

Yo o a UV g 5 s acawyls b mul 51 e
ldshe 8 5 Salr YF 5 Ul U caiss
S Sl a ys Jghe Ve (ST L Sl
a3 WY sl 3 by HSLS 5 bde Las
¥ oa oS bow s 5l CO2 7o L sl 8 sl
Slp s Vs ¥ O S e based LAs Sse iy
31 S L e ik 6537 e HRE (65T,
laeSale 4 doys V0 WlTHLE 5 o) beSals
LaeSals 5 i lsl o ls g, b she Cols Cg
b S 515 5 S e amys Fogles s Cele ¥ gl
PCL/ G/ cujpmlS slacunls 55 Joho S bt
55 5 sy 355 SEM L.g PDMS
53 ol [ sk Ve (ST L Bl b sad sl
slos 53 gL SOl &K s ad sl s CiS o ls
b § 51 5C02 wwysd clile b sl & slo a3 ¥V
Y/0 A:SVUT)U}KJC)B laeSala I CtS Lasws
el ls 555 bdghe Coff gz LSl 4 Lo

a3 F gl jo Celu ¥ gl beSals 5 us sl

PCL30%/ Gel50% (Gel) Gelatin
PCL70%/ s (C3G5D2) /PDMS20%
A& <5 (C7D3) PDMS30%
sl (59855
(ZEISS® ) SEMU 58 CoUl b (5505050
slias olzs W L (LT [DSM 960A Oberkochen
(o> ppsas Sl S Sl edd wy s Sy STA
sl 51 g6 Ol Jhs uds 2S5 Wb Ll Cayls
Imaged, ) » sai Jlos 1 le 5 <SS Sl eslizl L SEM
SUY e Bl L ge h 4l 4l (VErsion 2018
(£g0 2 $lp (oL gl aw) p gl 2 55 S
Ol ke Olgie 4 5 Ad pdl K900 ,a sl
s 15 (SD) syt
@l o) Sl eslizal b g o SUI U ST s
D 3 g sl s &G L(YR) i (6 S o1l ol
Al ol lad el (6 94k 55 (51 s (V1) J b1 ol puns
VP e 4 A48 b1 5 cole YP Gte 4 b
Bl 4 3,8 0l b Ldd 6, S S g9, el
03 4b gt i b JSU1 S pom e 2L 42815 5
5 odkd ol ik 1 acwls (V2) i &S o310
Jobs 53 (V) i (g8 o310 J T oilesdly o
Gyed S o2 4 (VI - V3) Bile e s U ()
() A dmlons (V2 - V3)

g = [(V1—V3)/(V2—-V3)] X 100
LSS ol
s &S Sl oslimal U SULI 45U (Lol yls j2iS
Instron s o&s) Tabletop s b oS s
& ~N20 o553 05 ows SANTAM-STM-20
booe Lyl 5 55 iS5 53 pre e ¥ 2SSl s

Foox Ve bl js Cnyls Glads god 5 35 s 03l

110 sidwl g ags / Crbe § Cayy 8)93 / oliws)S (Sibly eole alSils (alc alas



€W (shys aslod sons

(ART-FTIR) # 055 4,5 hs

PCL/ G/ PDMS (s ur o s FT-IR Y S5
DS e 4y s o 0L 1) Caliies SlasS 50 b
s S LEES jle CHy L2280 il CH,
COC iS5 4 0, COC it (CC ,CO _nis
cm™ YAy cm™ s PCL aseie Ll ki Olize
cm™®, avra cm™ o yvar cm™T avya ecm’t vase
(kT oo NH 2287 (ol i sdalie 5 5 4 VIV
vaem? s 5o NH sl € =0 e
o35 0Lt 3 5 4 SYF CM g hors em™t aseacm™
Va$ CM™ 5 syl 53 PDMS aaein sladil s
SN VA emT v em i Si-C s i)
(Si-CH3) Asv cm™ ;o8 cm™ (Si-0-Si zz8
FTIR Cab s s 0 oSy ples (M) b odalie
U 56 FTIR Cub s PDMS (G PCL s o
Cds bds Ols .4 saalie PCL/ G/ PDMS
PPCL & uas .« 0l PCL/ G/ PDMS .yl
b 3 1) LoT JSUs sle PDMS 5 5V

RS ad RS

5 Bds azd PBS L 0T 1 s 51551 5 sl
s S 4k O e 4 Ve 5 /A8 Ve SUIL
3,50 SEM Ly 5 odd slilig Mo L e S yls
A S 15

1 ke Oile 03 s

G 0dd SiS Sl b glad b Sle ok Ol e
a2V 30 L, s MTT Sl oslizal b b s
Voo gladsn J&s U oSl 4% s ad e s
a3 TV las 5o b, 5 5L SOl s 5 Lus caS
S 5, SN s 1SS CO2 70 | sl 8 st
o Sl a o Gl e 53 08 e OMTT J s
a0 5L 53 sl Sl ey s LS EiS oo
Jj_bmv_?w-r_hjubﬁMTdelmcﬁ;ﬁme e
2 Jle /Y el 6 IS5 508 5 gl sl MTT
P50l s aids P Sde 4 g U LS| Sals
Sl o 3l eslitul U s & 503 odir Ol jpe .23 S
At oLl e gL PY OV =y a s b s ELISA
(EcAustria (Asys Hitch (Expert 96)

sl
1016, 1080, Si-O-Si PCL
Gel
o CT7TD3
1255, Si-CH3
—08. Si-C C3GsSD2
3
fry 1536, N-H bending
Wﬂ—
3308, N-H 1648, C=0
o
~ 2865, symmetric CH2
29043, asyvmmetric CH2 1 T2E, OO & O
Fees A A T TNews AT T AT

(cm1l)  s=ge i
ke a5 d 58,50 LPCL/ G/ PDMS CoUl slacas s ATR-FTIR slacalb ¥ S

(F JS2) ! 4l bl 5557l g ST e
O Sol= Hlsa sl awcﬁq—&\)\guu%wﬁ
oS mer (11> sk b byls e ls 5 (0 JS)

Ll (7 JK2) lamie

LS e G )ls (S5 50
L o9 S 5l eslizal L PCL/ G/ PDMS o s

shyls da....» ol ol as b Calides lag i o 5550

‘\.iy 4 4..:_& L;\)b C_..«J.)‘J G(V Jgo:‘) LQ‘W Ov\:\:\f @?

11e) sidwl g gy / Crbe § Gy 8)9s / olws)S (Sibjy eole alSiiily (ol alas



B g0 sg3 KK

. QUS gar g5 1%
&) axio sniss f e
(2935 o (59,
Slaxio ouis” x> V' S

310 Zlygew 00liS mox gl 4l ool 53l

S8 o (555 513

23 P8I oS (53
Sldal> bl 5917 b 518 F1gm oiss” zea . S

19 gl 0usS gasr SIS poxr (558 18
Qdg b (ot 09 SN s (53,
Oigw (Sl 104915 owiss” rea O IO

110 sidwl g ragy / Crba § Cayy 8)93 / oliws)5 (Sibjy eole alSkils (alc alas



€0 s wlgd sans

-

B

(YA) Joko b bolseo caw 318 aldgi Kigy 0818 lis (8l p Cilad £ IS

5 oslize g5ds,5e 3 SEM slas v S s el 0 438 S Syl ke O 53 s s du

el 0 0315 OLES syl s T s Kl 5 (6,8 03Il b ds g a3

Y @ AN G 10

,.L..;b.b,.lmw,lo

? N / \ i
l e |
% Aa@'&"i‘iﬂs k %i‘ﬂ

ot 35 SN Caltiun (5l 55358550 4 PCLY G/ PDM .S 5 (sl s 5 SEMJ},L; VJL

dle s S 15 ol adedin i3 ge5 31 45T (5, sbOken sl d s, LPCL/ G/ PDMS CoUl Lo e s
Sl U3 5V gl (P < 0.05) ot s osls Olas A IS 55 Calises

0] sidw! g gy / Crdo § Cuny 8)9s / oliws)5 ¢Subjy eole alSkils (alc alas



W0F+ 1Y

1Fremd

(o) Sl 1 s
3

L L L LI LA L LI LA BNLE LN B

Yre+ Yo

ACERt

——

e

anaz 5l s 5l

Jslo b bylse

oL £SD (* P<~/~D)&:§J\7~ REPRW Y @Lﬂ ks slagil s, 50 LPCL/ G/ PDMS oWl ks gla s 505 A JQ&

RGO PRV

S e el J3ds

|y Caltee slas3 oo b LI s sl & JSC8 s (6,8 03101 e gloml 3 31 ealital b gy on U il

.

G
Yoo
q.
A+
¥V
e
A
f.
Y.
Y.

(%)

T T r T 7T T T T T P T P T T T T T 717

Syl

s

Syl

Y ay ey

AY = OIY

S yls

S 13

ool bylie

aoile ausy

OLESD (* P</40) (:Kike &y g0 4 =Wl glag5 )5, 50 LPCL/ G/ PDMS sl Jalsws Jlsses 8 JSC

RGO PR

4 Al el Gl Sl da sk b b gline Sl
Coppls oo a a0 Bl o RS o 2 D1
Soge FIal) Seals JFs b 348 3L 2y
S E s 4 sk b bshine S ls 3 3,8 0
Jsho 358 5 Sl Bl falS Joulss Cols G b

2 aY 4 e Gl 85 Sy g S o

G s e bl (S ayls s R Jle
b 5> PCL/ G/ PDMS 1 g5l el 5 TFA
o33 QLA S 53 a5 sboles sl BUI W 5 unT
B )ls s ASle 4l Cayls Joedss (ol 0s
g5l 02 OU i Jh8 s 4l el i

K] da‘“a C;-w.:)‘.) m_‘)! “ 4-1‘9 C_,......:)‘: R \:a-n-w!)‘)

110 sidwl g ags / Crbe § Cayy 8)93 / oliws)S (Sibly eole alSils (alc alas



€V s awlgd sanes

Ale sy S l3 5 b (S5 Comals i (5,815
PR3 gl 93 0 o U b 035 5L 5 s o
Sl A3l (o 6 5V b bl g plSonnal Il
o 3 S Lomn (68 )15 s 4 gk b b sl
03 Aol (e 2T 0T b a3l 5 el (e 5 2SI
0 Yyl UL s 45 Sl o VY S

L}.Buw)‘bijch&wa)b LAJ_Y

558 3,8 o )15 ey @Y a o Jsbe S s 0

D oo dlaul oyl pl o J gk

SN S Cw s (Sl ol
oL s (55N S8 (gl (28 oSl 1+ S
(Y EENCI PR S A PRI | B LGS -

W sV Sl s e 0Lis |y Calies sla g5 5058550

‘b}_liuw" J‘J}dﬁ..—.ﬂ@.{)b‘&ib%%)b‘ﬁy

caVaaVowlh b e e CS S e dse b

wi 3
wl
wl
nh i
- 1

Al . . . .

S yle S yls S yls S yls
Ths Ay a ary dile arly Jsbs by balse
OLESD (* P</48) 5Kk &y oo 4 = b slas5 85 50 LPCL/ G/ PDMS CoUl pasS” plSownal N+ S

(JSuly Ba) o

el ol
Yy- | I *
v b l
oAb l\
3
Voo |
3
2 e}
\WwWe
Yoo |
A 1
St 31 Cs 310 S 31 [PV KY
e ay A Y wile sy Jslus b bslse

oks 0L ESD (* P<+/20) 5 Kls Sy o i il glag 5,50 LPCL/ G/ PDMS CsUl J b sLsji Y S

el

11e) sidwl g gy / Crbe § Gy 8)9s / olws)S (Sibjy eole alSiiily (ol alas



w31 36 s)g3 IEA

.| *
AO-_
—}h I
3 v i)
2 1
g orr i
_— J.
g o
-_l}‘
J T
9 T"- /é
Yo o
S 10 S 10 AR K S yd
el ¥ aay aile ai Jab b balsee
25 0L ESD (* P</00) (Kike &) g 4 gl il slags 58550 LPCL/ G/ PDMS Lol o5t Jseke N Y JSC
el
L;u%p\),\f.urwj,,v,on 55 d ghe (g5l PCL/ Gl lac—u s 55 Sl 355 5 00k 0
JS) s eslizal dals Ol se 4 S yls 136 (glais PDMS

LPCL/ G/ PDMS .S 5 slaca,ls b Cudls i

clacanyls ) MTT L;.\_lbjT el sla g5l 58550

\iY
\IY
Al

B oot
O «Yaaycwls
b s s
[ st bylie conslo
s

+/a
A
Y
I
o
+[¥
Al
Y
1

(709l BY+) wi

Js! 39, P8~ 395 A8 g
eI (595 Jphw <eidS (yloj
Sopo (sl aies bl 558) J 287 45 se5 s PCLI GI/PDMS (glacusjls 55 (Joho 1285 5 0l oi; WY JSC
sl 03 Oy £SD (* P<1/00) Kb

110 sidwl g ags / Crbe § Cayy 8)93 / oliws)S (Sibly eole alSils (alc alas



€9 spe anled sans

Loy ST 4 G prlas Syl ol 208 ke 2y
S5l b G MTT i sl e 1255
4S 315 OLid dals 4505 L OT awlin 5 aCaw)ls b Jska
5253 (o (S ot U Glalanls

Bl S35 Sy b S s S s
ik slass 8, 0 LPCL/ G/ PDMS

b blals oy b wa) 5 255 (S
¥ o) 5l e HEE (65T, b Ciien slas 50 55550
VS A gboles W38 5 msp s )
Calien G550 585 50 b a1 pleS 53 Sl jainte
Ll 031 5y sk 2S5 5 Sk

sl o313 0L SEM sla ol §5 S 53 457, bolen
S35 550 0 3 e b Cadls b (00 SB) Sl
Llos STy 5 o (S yd SlA )l

Gl eyl b e s o (5,805l (gla elyl duslia

el 0 deT Y J g 5 i sladllin

R R

: ‘ E

Calisee gla g5 5 85 50 b e 13 (55, g

U1 PGP FPRU N WRCE-U RNV P PRRpT:
Lo 45 65,5 Oljm) o OV 53 s b Jsba
Jld S gl L5 51487 Sla sk slimd 5 S oy
340 dd .L_.;_‘U (5,05 r.:.i.'.....a szl (o) slad shu) s
oA el Wl el 5 4 @ Y el
23 e Aoy 5 Sl akd il 53 S 2S5

Al 4Bl BV g n b
o) S5l blae s Sk 2S5 1B e )
wa¥ a ¥ glbaiagls 5o (sl OVe zse Jsb s
Wl J b 2 355 9 a1 o b (6815
358 005 s s 4 Aole 4y el e
Lo ys Cpoman g Syl S35 Sobo ;35 5 Lb ) J ke
S ope o 4 OV e Jb s Ol
O Jsho 0 558 o8 e b L bline ols
Ll 255 5 ) 25,8 o 515 5Us (5 e 53 lad ks

¥ @Y eyl 53 510V s dsb 55 Ol do )

Jkes & bsle ol IS
N B

\
.29

” m £ ::VA‘;‘:\A. 20 pm

,;L;uJ,AMH&E L;T&', N S

110 sidwl g ags / Crbe § Cayy 8)93 / oliws)S (Sibly eole alSils (alc alas



Jshoh bsbte cousfs s

Caliien sl s5 958550 b )5 55 Cady b sl sl SEM s slas Vo S

alie sladlas gla el L dlas js 0uis ‘_;j:foj\.,b'l sl elyl aolin Y Jgue

Lo3) Sk 25 bl N
da.u s:,..«.u‘b
(d= (1) Jsb (Mpa) ) (nm)
PCL60/ Gel40 _sui
VF - - ALE
%)
PCL50/ Gel50 _sUi
- N b Y-
(vy)
/A Yo A #Ys  (vo) PCL70/ PDMS30 _sUi
PCL90/ Gel10 LU
N - - A £V
(\ D]
PCL70/ Gel70 Ui
| YA | Y.
)
PCL50/ Gel50 _sUi
7 4. Yo/A 4 \oF
(ol i)

Coed Jolis (21530 ol by Sy OU 2ty
ol Cayls i oo Lol ol dlawyls plo
I 8 )3 558 0 Syl 55 &0 Jsho 2 358
358 5 o S el dsha b bhis il o
P o dshe @Y g a¥ Canls 5ol ol d gl g
38 o Do L)1 53 sk 3k 5 515 o> Y
Sl 4 Ll 3L e gl Jrbne Glaals
B N L ey
b byl (S Dl oz (FY) LS oo slie Ly,
SB35 et dsn 4 o S eslial
5IPDMS 4PCL .(v0) s 15 s SUI 56 lass

o
Pl a ey Lol Ol Sl G mls
Loars bl ol el oled S5
Cle C8L wdige S AlF e DI Ol s
PCL/ lacuw ls Cls slaals ,ol> andllas s .l
G PCL JSss skl 5" aas s 0lis G/ PDMS
355 . PCL/ G/ PDMS s 5 ,- PDMS
Wile asy Coyls U s ) g (YY) ol
Sels 53 ol Jlo il SUE kS o 5L sl
g ol el s TRA e 5es Sl 4 ol (S
ks sl OUl g T b, PCL/ G/ PDMS

110 sidwl g ags / Crbe § Cayy 8)93 / oliws)S (Sibly eole alSils (alc alas



Ol SR aslod sans

Asy » ol 3G ¢l ,PCL/ G/ PDMS s 5 Ul
o il (Slaiawls sl LOT (558,50 5 2SS o she
S el 0303 BLES gl S ) L ki ST
Sl )ls 338550 5 ol ( SEKG Sl s
RS s Aiy Aol Julge dex 51 PCL/ G/ PDMS
Coppls 5 ¥ @ ¥ Gyl s 1> )3 sk
5 gl els SO ol kAl ay
Llaca)ls plod )3 il o e dsbe ol ol
osb 4 e ladse (ol Glajed 4 ey
e 5 okd hate ilaw)ls mhu pls 4 los 28
S 5 Ay J RS wged b alie 55 5 Al e b 5S

Ll (6 e
o Sl s ( (SO ol (S5 sm 4 a5 b
L;\ﬂr_ag_w\d,_ﬁuuw)uauuw)u&bu@
Asle Sl gla Pl e 1 3l wdige (gLl
oy ool (s dom 55 (b e (G aSS >

Sl ke 5yl ge ple 5 O3l

S1ey8 g i

5 OV SKeags 5l Colem oo Sl e ol 08 i
AVAFFP5 = bojlad) b Syl o5 5587 015575
et IS oo (6| Sl Lzl 0dge 15055
5L e 5 (S SIS SL Sliios S
Jie 5 e 0aSin g ol sadshe Sl S e
Gy 3y oKuils ol 0uSliils Slidss S 0 5 35
S e S G pl 53 (5K

33 (Y0, Y8) Sl Sloye5 5 o5 (SSSG Slas sas
om bdshe 6,555 s 4 a¥ @ oY glacals
S35 bdshe 225 5 Jlail ad e g 3585 5 e s
3L Jala s 4 usle 4y Gyl il g Sl
1> S35 S Fshor S5 5 iy sk gy 354
adshe © g 3585 08 e Jsh b b gline Cols il
S 5 diy L, e 1S S o me 55 sk O
el 28 Wl a5 aY a4 AN Cawyls s LOT
IS 4 S s S s 4 Ll 55 5 Jlas!
saY 4 e Gl G Ol st ol g
S s M) Jsbe g 358 s 4 Al ahy Sl
G s Lz a s s Cals 53 4 G o5
0T 53 Jsko 358 A5 0udlSn 4y 4 57 s o J s (551
e 5> sk 658 s e Ul 6,8 e s
L s ¢ (YA & e Sl S ad sl 51 (g ,1die 5l
BYYRRCIM -V I SV RN C IR U-SRy P
s JB ook 4 Bl b (oS 5 et s
Jds a O GU o 2 I 4 oS sl e S
S U i [FANANYV] US e oSS s oS
7S S el s o3 S s 2T D50
Coopn b Sl S 5 sl azils (6 zaS Sk ST L

L[] lss g o miaw

S 5 Ao
5 oY PCL S5 Ul glacaw )ls candllas o s

buy Sb 8T Sl Gilkse g5 F L PDMS

ot 5508 Slosasr dd wle s Sl

(t_.glao

1. Dhandayuthapani B, Yoshida Y, Maekawa T, Kumar DS. Polymeric Scaffolds in Tissue
Engineering Application: A Review. Int J Polym Sci. 2011;2011:1-19.

2. Habibi N, Kamaly N, Memic A, Shafiee H. Self-assembled peptide-based nanostructures: Smart
nanomaterials toward targeted drug delivery. Nano Today. 2016;11(1):41-60.

11e) sidwl g gy / Crbe § Gy 8)9s / olws)S (Sibjy eole alSiiily (ol alas



e AL 630 g3 oY

3. Wang P, Zhao L, Liu J, Weir MD, Zhou X, Xu HHK. Bone tissue engineering via nanostructured
calcium phosphate biomaterials and stem cells. Bone Res. 2014;2(1):14017.

4. Piskin E. Biodegradable polymers as biomaterials. J Biomater Sci Polym Ed. 1995;6(9):775-795.

5. Coenen AMJ, Bernaerts KV, Harings JAW, Jockenhoevel S, Ghazanfari S. Elastic

materials for tissue engineering applications: Natural, synthetic, and hybrid polymers. Acta Biomater.
2018;79:60-82.

6. Hajiali F, Tajbakhsh S, Shojaei A. Fabrication and Properties of Polycaprolactone Composites
Containing Calcium Phosphate-Based Ceramics and Bioactive Glasses in Bone Tissue Engineering: A
Review. Polym Rev. 2018;58(1):164-207.

7. Han J, Branford-White CJ, Zhu LM. Preparation of poly(e-caprolactone)/ poly(trimethylene
carbonate) blend nanofibers by electrospinning. Carbohydr. Polym. 2010;79(1):214-218.

8. Hench LL. Bioceramics: From Concept to Clinic. J Am Ceram Soc. 1991;74(7):1487-1510.

9. Bhat S, Chen C, Day DA. Effects of a Polycaprolactone (PCL) Tissue Scaffold in Rattus norvegicus
on Blood Flow. MRS Proc. 2013;1498:27-31.

10. Zhao P, Gu H, Mi H, Rao C, FuJ, Turng L. Fabrication of scaffolds in tissue engineering: A
review. Front Mech Eng. 2018;13(1):107-119.

11. Heydari Z, Mohebbi-Kalhori D, Afarani MS. Engineered electrospun polycaprolactone
(PCL)/octacalcium phosphate (OCP) scaffold for bone tissue engineering. Mater Sci Eng C.
2017;81:127-132.

12. Kundu J, Shim JH, Jang J, Kim SW, Cho DW. An additive manufacturing-based PCL-alginate-
chondrocyte bioprinted scaffold for cartilage tissue engineering. J Tissue Eng Regen Med.
2015;9(11):1286-1297.

13. Zhang YZ, Venugopal J, Huang ZM, Lim CT. Characterization of the Surface Biocompatibility of
the Electrospun PCL-Collagen Nanofibers Using Fibroblasts. Biomacromolecules. 2005;6(5):2583-
2589.

14.Ren K, Wang Y, Sun T, Yue W, Zhang H. Electrospun PCL/gelatin composite nanofiber structures
for effective guided bone regeneration membranes. Mater Sci Eng C. 2017;78:324-332.

15. Jing X, Mi HY, Wang XC, Peng XF, Turng LS. Shish-Kebab-Structured Poly(e-Caprolactone)
Nanofibers Hierarchically Decorated with Chitosan—Poly(e-Caprolactone) Copolymers for Bone
Tissue Engineering. ACS Appl Mater Interfaces. 2015;7(12):6955-6965.

16. Gautam S, Dinda AK, Mishra NC. Fabrication and characterization of PCL/gelatin composite
nanofibrous scaffold for tissue engineering applications by electrospinning method. Mater Sci Eng C.
2013;33(3):1228-1235.

17. TH. Courtney, Mechanical Behavior of Materials. New Delhi: McGraw Hill Education (India)
2013.

18. Rogers JA, Nuzzo RG. Recent progress in soft lithography. Mater Today. 2005;8(2):50-56.

19. Nalwa HS, Ed. Handbook of photochemistry and photobiology. Stevenson Ranch, Calif: American
Scientific Publishers 2003.

20. Xue J, Wu T, Dai Y, Xia Y. Electrospinning and Electrospun Nanofibers: Methods, Materials, and
Applications. Chem Rev. 2019;119(8):5298-5415.

21. Sagitha P, Reshmi CR, Sundaran SP, Sujith A. Recent advances in post-modification strategies of
polymeric electrospun membranes. Eur Polym J. 2018;105:227-249.

22. Hasan A, Memic A, Annabi N, Hossain M, Paul A, Dokmeci MR, Dehghani F, Khademhosseini
A. Electrospun scaffolds for tissue engineering of vascular grafts. Acta Biomater. 2014;10(1):11-25.
23. Kim MS, Jun 1, Shin YM, Jang W, Kim SI, Shin H. The Development of Genipin-Crosslinked
Poly(caprolactone) (PCL)/Gelatin Nanofibers for Tissue Engineering Applications. Macromol
Bioscience. 2010;10:91-100.

24. Varshney N, Sahi AK, Vajanthri KY, Poddar S, Balavigneswaran CK, Prabhakar A, et.al.
Culturing melanocytes and fibroblasts within three-dimensional macroporous PDMS scaffolds:
towards skin dressing material. Cytotechnology. 2019;71:287-303.

110 sidwl g ags / Crbe § Cayy 8)93 / oliws)S (Sibly eole alSils (alc alas



0P Sips asled sanes

25. Kai D, Prabhakaran MP, Chan BQY, Liow SS, Ramakrishna S, Xu F, et.al. Elastic poly( ¢ -
caprolactone)-polydimethylsiloxane copolymer fibers with shape memory effect for bone tissue
engineering. Biomed Mater. 2016;11(1):015007.

26. Dehghan M, Khajeh Mehrizi M, Nikukar H. Modeling and optimizing a polycaprolactone/ gelatin/
polydimethylsiloxane nanofiber scaffold for tissue engineering: using response surface methodology. J
Text Inst. 2021;112(3):482-493.

27. Dehghan M, Nikukar H, Khajeh Mehrizi M. Optimizing the physical parameters of
Polycaprolactone-Gelatin- Polydimethylsiloxane composite nanofibr scaffold for tissue engineering
application. J Industrial Textiles. 2022;51(9):1445-1466.

28. J. Stankus J, Soletti L, Fujimoto K, Hong YA, Vorp DR, Wagner W. Fabrication of cell
microintegrated blood vessel constructs through electrohydrodynamic atomization. Biomaterials.
2007;28:2738-2746.

29. Guan J, Fujimoto KL, Sacks MS, Wagner WR. Preparation and characterization of highly porous,
biodegradable polyurethane scaffolds for soft tissue applications. Biomaterials. 2005;26(18):3961-
3971.

30. Gryshkov O, Klyui NI, Temchenko VP, Kyselov VS, Chatterjee A, Belyaev AE, et.al. Porous
biomorphic silicon carbide ceramics coated with hydroxyapatite as prospective materials for bone
implants. Mater Sci Eng C. 2016;68:143-152.

31. Chang EJ, Phan TT, Lim 1J, Zhang YZ, Bay BH, Ramakrishna S, et.al. Evaluation of electrospun
PCL/gelatin nanofibrous scaffold for wound healing and layered dermal reconstitution. Acta
Biomaterialia. 2007; 3:321-330.

32. Ghasemi-Mobarakeh L, Prabhakaran MP, Morshed M, Nasr-Esfahani MH, Ramakrishna S.
Electrospun poly(3-caprolactone)/gelatin  nanofibrous scaffolds for nerve tissue engineering.
Biomaterials. 2008;29:4532-4539.

33. Pereira RF, Carvalho A, Gil MH, Mendes A, Bartolo PJ. Influence of Aloe vera on water
absorption and enzymatic in vitro degradation of alginate hydrogel films. CarbohydrPolym. 2013.
98(1):311-320.

34. Xue J, He M, Liang Y, Crawford A, Coates Ph, et.al. Fabrication and evaluation of electrospun
PCL-gelatin micro-/nanofiber membranes for anti-infective GTR implants. J Mater Chem B.
2014;2(39):6867-6877.

35.Ren K, Wang Y, Sun T, Yue W, Zhang H. Electrospun PCL/gelatin composite nanofiber structures
for effective guided bone regeneration membranes. Mater Sci Eng C. 2017;78:324-332.

36. Chiono V, Tonda-Turo C, Trends in the design of nerve guidance channels in peripheral nerve
tissue engineering. Prog Neurobiol. 2015;131:87-104.

37. Stankus JJ, Freytes DO, Badylak SF, Wagner WR. Hybrid nanofibrous scaffolds from
electrospinning of a synthetic biodegradable elastomer and urinary bladder matrix. J Biomater Sci
Polym Ed. 2008;19:635-652.

38. El-Kurdi MS, Hong Y, Stankus JJ, Soletti L, Wagner WR, Vorp DA. Transient elastic support for
vein grafts using a constricting microfibrillar polymer wrap. Biomaterials. 2008;29:3213-3220.

39. Sell SA, McClure MJ, Garg K, Wolfe PS, Bowlin GL. Electrospinning of collagen/ biopolymers
for regenerative medicine and cardiovascular tissue engineering. Adv Drug Deliv Rev. 2009;61:1007-
10109.

40. Hashizume R, Fujimoto KL, Hong Y, Amoroso NJ, Tobita K, Miki T, et.al. Morphological and
mechanical characteristics of the reconstructed rat abdominal wall following use of a wet electrospun
biodegradable polyurethane elastomer scaffold. Biomaterials. 2010;31:3253-3265.

11e) sidwl g gy / Crbe § Gy 8)9s / olws)S (Sibjy eole alSiiily (ol alas



