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Keywords: were first prepared and identified from the perspective of engineering and biology applications. The results of
Nanofiber Scaffold, this study showed that an alternative tissue with a suitable thickness and structure of nanofibers with suitable
Collagen/Silk Fibroin, engineering and biological properties was successfully prepared. In addition, a scaffold was prepared in this

Epidermal Growth Factor research for tissue engineering of the corneal epithelial layer based on silk fibroin and collagen containing aloe
vera and epithelial growth factor as the contributing factors and stimuli for better corneal repair. For this purpose,
nanofiber three-layer scaffolds were prepared by a combination of electrospinning and electrospray methods
characterized by engineering features, such as Scanning Electron Microscope (SEM), to study the degradability
for their weight loss, water contact angle, and growth factor. Release as well as static and dynamic mechanical
properties were also investigated. Biological characteristics such as cell binding and scaffold differentiation
potential were further explored. The results of this study showed the successful preparation of an alternative with
a suitable thickness and structure of nanofibers with suitable engineering and biological properties. The obtained
results confirmed the production of a proper scaffold with suitable thickness and nanofiber structure. Therefore,
the prepared product could potentially be used as a suitable alternative for repairing the damaged corneal

epithelial layer.
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1. INTRODUCTION

The corneal epithelium surface is the first barrier
against the external environment, and when a part of the
epithelial layer is damaged by physical, chemical,
inflammatory, autoimmune, and genetic changes, the
integrity of the underlying layers of the cornea will be
lost which in trun leads to opacity in the cornea due to
the lack of blood supply and disruption of the
spontaneous regeneration of the corneal epithelium
layer and Limbal Stem Cells (LSC). This condition may
lead to complete blindness in the patients diagnosed
with stem cell deficiency in the limbus region [1-4]. The
main objective of this research was to fabricate a
scaffold as a suitable alternative for the tissue
engineering of the corneal epithelial layer with a
nanofiber microstructure consisting of collagen and silk
fibroin as a base structure reinforced with Epidermal
Growth Factor (EGF) [5-6]. For this purpose, a three-
layer nanofiber scaffold was prepared by a combination
of electrospinning and electrospraying methods and
characterized by bioengineer and biological methods.
The obtained results showed the success in preparing a

replacement with an appropriate thickness and nanofiber
structure with mechanical and biological properties
suitable for corneal epithelium application [7-9]. This
tissue has an excellent cell viability and adhesion on the
surface of this scaffold and proper growth factor release.
Therefore, the prepared product can potentially be used
as a suitable replacement for repairing the damaged
cornea.

2. MATERIALS AND METHODS

In this research, silk fibroin from silkworm was
obtained according to the instructions given in the
previously published article [9, 10]. To this end, first,
the larvae were removed from the silkworm cocoons and
boiled in an aqueous solution of Na,COs with the salt
concentration of 0.02 M at a temperature of 80 °C for 40
minutes. Then, the fibers were boiled for tow and three
times. The samples were then washed with distilled
water for 30 minutes. The degummed silk fibers were
dried for at least 12 hours. In the next step, the
degummed fibers were dissolved in suitable dissolution
conditions in a 9.3 M LiBr aqueous solution at the
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temperature 70 °C and dissolution time of three hours.
The obtained solution was dialyzed for two days in a
cellulose dialysis tube containing distilled water until
the above salt molecules were removed from the
structure and dried using a freeze dryer. The used
collagen was extracted from the Achilles tendon
according to the published research [9, 10].

3. RESULTS AND DISCUSSION

The obtained results for different types of samples
revealed that the pure collagen, aloe vera, and fibroin
samples extracted in this study were used to effectively
produce the scaffolds and ensure their chemical nature.
Electrospinning technique is known as the most
common laboratory method for producing all kinds of
polymer nanofibers. The stress-strain diagram obtained
from the mechanical properties for different types of
nanofiber scaffolds was also presented. Based on these
results, the yield stress obtained from different samples
ranged from 2.85 to 11.5 MPa, and elastic modulus from
280 MPa to 1250 MPa, indicating the composition of the
fabricated materials as well as cross-linking. The cross-
linked silk fibroin sample was characterized by the
utmost mechanical properties while the non-cross-
linked fibroin/collagen/aloe vera sample had the lowest
values. Therefore, the obtained results confirmed that
addition of collagen and aloe vera decreased the
mechanical properties while the cross-linking of each
sample up to three times increased the strength and
elastic modulus of the samples. In the final product, the
yield strength elastic modulus of the cross-linked
fibroin/collagen/aloe vera sample were about 5.3 MPa
and 625 MPa, respectively.

4. CONCLUSION

In this study, the designed scaffold was prepared for
corneal epithelial layer based on silk fibroin and
collagen containing aloe vera and vascular growth factor
as the supporting and stimulating factors for better
corneal repair. For this purpose, a three-layer nanofiber
scaffold was prepared based on a combination of
electrospinning and electrospraying methods. The
samples were then characterized using Scanning
Electron Microscopy (SEM), degradability
investigation based on weight loss, water contact angle,
growth factor release, and static-dynamic mechanical
properties. Biological behaviour such as cell attachment,
cell viability, and differentiation potential of the scaffold

were also studied. The obtained results from this
research confirmed the successful preparation of a
suitable sample with nanostructure nanofiber
characterized by engisufficient biological properties.
Therefore, the prepared product can potentially be used
as a suitable candidate to repair the damaged cornea.

5. ACKNOWLEDGEMENT

The authors of the article are grateful for the valuable
guidance of the professors at Islamic Azad University
and their supports throghout this research.

REFERENCES

1. Ma, X.-Y., Bao, H. -J., Cui, L., Zou, J., "The graft of autologous
adipose-derived stem cells in the corneal stromal after mechanic
damage", PLOS ONE, Vol. 8, No. 10, (2013), e76103.
https://doi.org/10.1371/journal.pone.0076103

2. Borene, M. L., Barocas, V. H., Hubel, A., "Mechanical and
cellular changes during compaction of a collagen-sponge-based
corneal stromal equivalent", Annals of Biomedical Engineering,
Vol. 32, No. 2, (2004), 274-283.
https://link.springer.com/article/10.1023/B:ABME.0000012747.
97620.3a

3. Lin, H., Li, W., Dong, N., Chen, W., Liu, J., Chen, L., Yuan, H.,
Geng, Z., Liu, Z., "Changes in corneal epithelial layer
inflammatory cells in aqueous tear—deficient dry eye",
Investigative Ophthalmology & Visual Science, Vol. 51, No. 1,
(2010), 122-128. https://doi.org/10.1167/i0vs.09-3629

4. Holan, V., Javorkova, E., "Mesenchymal stem cells, nanofiber
scaffolds and ocular surface reconstruction", Stem Cell Reviews
and  Reports, Vol. 9, No. 5, (2013), 609-619.
https://doi.org/10.1007/s12015-013-9449-0

5. Rodriguez-Vazquez, M., Vega-Ruiz, B., Ramos-Zuiiiga, R.,
Saldafia-Koppel, D. A., Quifiones-Olvera, L. F., "Chitosan and its
potential use as a scaffold for tissue engineering in regenerative
medicine", BioMed Research International, (2015), 1-15.
https://doi.org/10.1155/2015/821279

6. Ciolino, J. B., Dohlman, C. H., "Biologic keratoprosthesis
materials", International Ophthalmology Clinics, Vol. 49, No. 1,
(2009), 1. https://doi.org/10.1097/110.0b013e3181924904

7. Griffith, M., Harkin, D. G., "Recent advances in the design of
artificial corneas", Current Opinion in Ophthalmology, Vol. 25,
No. 3, (2014), 240-247.
https://doi.org/10.1097/1CU.0000000000000049

8. Altman, G. H., Diaz, F., Jakuba, C., Calabro, T., Horan, R. L.,
Chen, J., Lu, H., Richmond, J., Kaplan, D. L., "Silk-based
biomaterials", Biomaterials, Vol. 24, No. 3, (2003), 401-416.
https://doi.org/10.1016/S0142-9612(02)00353-8

9. Hazra, S., Nandi, S., Naskar, D., Guha, R., Chowdhury, S.,
Pradhan, N., Kundu, S. C., Konar, A., "Non-mulberry silk fibroin
biomaterial for corneal regeneration", Scientific Reports, Vol. 6,
No. 1, (2016), 1-13. https://doi.org/10.1038/srep2 1840

10. Surjushe, A., Vasani, R., Saple, D. G., "Aloe vera: A short
review", Indian Journal of Dermatology, Vol. 53, No. 4, (2008),
163-166. https://doi.org/10.4103/0019-5154.44785


https://doi.org/10.1371/journal.pone.0076103
https://link.springer.com/article/10.1023/B:ABME.0000012747.97620.3a
https://link.springer.com/article/10.1023/B:ABME.0000012747.97620.3a
https://doi.org/10.1167/iovs.09-3629
https://doi.org/10.1007/s12015-013-9449-0
https://doi.org/10.1155/2015/821279
https://doi.org/10.1097/IIO.0b013e3181924904
https://doi.org/10.1097/ICU.0000000000000049
https://doi.org/10.1016/S0142-9612(02)00353-8
https://doi.org/10.1038/srep21840
https://doi.org/10.4103/0019-5154.44785

VoY 4(\2'\ jﬁ'ﬂl‘l) Y O)Lq..i'c\\ 092 4:.9).«:«.\.‘:' LSLA&‘))LJ))‘}AMM

435’2.3 6\.@.1)‘9\.'5‘9 :b.o MM
d/“‘/.l;ﬂ!‘o#‘/.’j;

MERC

Journal Homepage: www.jamt.ir

R JA[SUULA
45;}5 C;.%b e &5‘)‘.’ v.i‘gﬁ‘ &jﬁ/d}% dl.;.n_,;b ‘_;Lég‘;.we.j.: Jliw 9 ool

T A5 e (bl 3 peme KT slncanl wal3l S5 gilis
J//.:;/‘J/jg.;AJ/J.g.; ‘JA)'L,«/ J/j/‘a[.@’/) 4&@@”_} !AJJ.G J}(; 4‘;(«7/:/ 6[1%5)_;[41._; ﬁ}lﬁ o LS zu_(w"/.:: u,w./L.{;A "jj-(‘zfjf—’ ‘5‘}2-...2.;/: !
‘JZ};’/“J{}&; ‘J{)g.f ‘Jd){w/ )/j/‘:[{.ﬁi/} ‘Q&;‘i}:f‘; fa_}i& J}[; “),{..Jﬂ L;[A&Jjwj f»j[ﬁ o LS 3 ng u,w.«t\g.o :j;ulg)kw/r

Ol Ol Ol Ol Sy sl ol (S iy o of (Slacsyslid oS> (Sl peuilign 0,8 LT

(QUzgD) i Y ol wdige 3,58 gl Yt 55 (OBUISL glacasls canlllas ol 53 0K Wl e )b

“

g Y 3L e (s «OUIHL et ls Lts oLl s il s SO/ s b b a3 A

VE YAV s Sl s 3l s

VEATYY e b

S a5 oSy 5 ol g gy gy A 55SBs Lsd dT (slm OIS 5 et (b b p a3

3 s AN Gl s 5l S 5 L AUISE N glacls sliecn b i atle w3 g e 5 50

wL«J 4.1}\) ‘Q)} ﬂls R L(SEM) J:“‘.'j) d}fﬁ‘ \-fjg-«“}jg-:‘ &»Séu JLLMML} &MQ}&' Lhajb-\:.ls
QSLAL;),’J JEER W wa)).:j:.»uw)‘b dtm.i\ u‘i?’K‘ u_p‘P)é)LwaI «u:.q“Lh) J..:M%M)J}J\'Slﬁjui ‘JBL_J‘)JL: S yls
313 0L adllls ool gl LS L5515 sl pled Sl 5 ke Ole o5 (ke dlail dile 25 il sl O3S

e ool b SIS st s b b ol 5Kl 45 5 5 4 semmes oG b ol 4 Ol e oS s A 5556

e N =Ty IV RS )

https://doi.org/10.30501/jamt.2022.320220.1203 URL: https://www.jamt.ir/article 146959.html

el 5 Glasos By Sl 5 ssse a2 e

dsdae —
@l wtl 5 B s oY Gastan et gilesl o
S Ol ) e L a5 3 5 508 (LSC) Jled T RO E i (NS L3S JUCEIN T
el ole 4 Mie Ohles 5o oLl 4 cl (Ses TS P T RCIU R L oy $oLSSl 8 s
laslel el [V] sl (53 aS0) s pead 40U (50l S35 Sles Ll o e B sl s dlad O ol
Fo bl Osdoe YA 350 b o ¢ Sl il Closla s a5 5 (e sdinl) ik e A3l iy el
IY] ol 3 0 bgrse OF doys YO 5l 2ty oS das e wY Sl sy S s 5 cl G e s A
Sl St Cass ol iy Ypeme a3 Bl et (S s plpl kg T ki
Slp e 5 glible glagslen (ol b sl YR IV IR S LUV RO SCH VS PR UN P

! Epithelium
2 Epithelial Layer
3 Limbal Stem Cell (LSC)
4 Limbus
> Trauma
a|}5u§.~pi aab’] QUK« ,ls u-\.«.“—*

CVVEEATAAYY (ol ¢ Sy i 05 S ( Sy a5l 5 psle 0aSails liiond 5 pske Aoty (oDl ST o&ils g 0ol 0l ) 1 Sl
- ZJ@JJ-"

asefnejad@srbiau.ac.ir :,Lﬁ?rLﬁ


https://doi.org/10.30501/jamt.2022.320220.1203
https://doi.org/10.30501/jamt.2022.320220.1203
mailto:asefnejad@srbiau.ac.ir
http://journals.merc.ac.ir/
https://www.jamt.ir/
https://doi.org/10.30501/jamt.2022.320220.1203
https://www.jamt.ir/article_146959.html

VoY L(\i'\ j«.JL_).) Al o)w AR 092 4:.‘.3].:\..:.3 duéjjbjb‘}ﬁ MM/Q‘)KAAJﬁ)‘) 54_\5,; \A

((Glamino) Gdnrss Jlrle o ola S35 b as 3 o s
cder LBl SO ¢K§>=:...J Lol e (5 dyblan!
Loy 3 US| el 23 50 Jodoad (oBlad (b
DT sk adls ol (5 plyes 55
spaly 93OSt glasltle o 4 plaws gl
b slalis Gl oeslid ol ed as S Sa IS
Glasltle 5l eslinul 5 od b slalis L edis,sl 3
el 5 Jolie wdige Sla So) b oeddag Gdaso
S Sldlas 4 015 e «J sl 50l o seast 5.l
ciS L g, 1 a3 NIl glad b oS S 6Ll
4 Syl pl &S Gl esls QLA e fa g ol Giu Ay S
S 55 Sldlas 3 Y] 05 e el JLL 501 glad she
Gladshe (g5, o s il s eslizal (glaslaos)s o5, 5
bl Cls By b e (g5 IS 4 o JLL
8| I CONY 5 5 ab VY 5V AT ol ol onls OLES
L3S eslial 555 ras s o8 glastl  cab 5 Y Y
D0 5 V8] s el e O s oS
il cpl 53 3,8 p&Ks & J50T sla s 5l
elacus o Lol (Llesls DL 55 3 S iaia okl
5o 083 ady bl il 5 L SO r&;r_;w\ Lok
Sle o olaws glp osopll ol sl sdys O] s
(s slrle o8 3l ldlae 51 (ol 3 Sl
Il s sl s 5V 6 Kas e L BUIpL ) Kae
SIS das o Ol ba tags ol ol a3 S o, s
5 dls 1 (BCM) V glast by e Sl gilwand oUlg
Y] S o ad) g SUISE mhaw (55 g3l glaaly
Sl il geols cxle (s ol rleu.:\ BIIRERTY
Gl b oas 3 by aY Cil ke 5o 08
L - B R P I RNU > U Y ST [P
ez Ly oS L aS 5, e sleda ol b ()l

7 Bayyoud

8 Acellular

° Hydrogel

10 Topography

1 Extracellular Matrix (ECM)

S Ll Ll slme glacil ' aliscan] oY
358 bl corpe b i el ol @ Ll e oless
s b SOl S1S Ol (pl Oleys sl Sl ) (Y]
Lol il 5 a5 3 oduSTAAl 3 5108 o s 0l dlol Ll T 3
(b sl edd bas Sl Sl 4 as B e )
Sl p oadS fals Col S el sl Al
05 F edlea LI Wy Sl &S il il (gl slal
Ol 5 Cogie K b sl olse (DI e
g Sladsle b Gillieds « nae Glblads s 5l ey
cAae SUbl Gladshe b csln Shizpde omen
Sl ol 5l eslinad s ,5 cuoplil [E-1] K e
a8 bl Slo a8 3L Oleys 5 e 5 Sl el
5SS (HAM) T lsl slaalios,s sl WJle sl
SR s Salia SlhB ey e Sl Gl Sl
ST e 030wl 5 o Pl 4SS 5 ol
53 DslE WOss8 eyt 5 b SUISKs L el (S
oM 5 Sl dsas glasligs glalis cuis
s sl Jml 5 Sl ot x| (OB auSTaal
3L ol o oS 5 ek Sl o s Sl
s b 3l Oleys s e gl s Sless iss [V-4]
e b s nl &S el (ppeae Sl eslinad
s s DN ]l ol e f s liel LS Bllsleas
L ooddansle ad b 5l eslicad i3 lacawl Oloys 3
ot Sl eslinal b i o a3k 5 8l
CBL s 3 Bl e Lol s Y] el 2L
3 el T b ol bl 5 il b sdisgl
Loeombal cnl 2 185 V]l e s slace Kol
e ls G 5o Bl Ll e 0l se (8,5,
Sl LS ke dad e colis 5 Cules 6l (B s
oo LIl (ol Ak nl ol Lpd e ale L
Sl oo Sl o5 0l 53 cCls Sl g5 5 4l
Sl el Ca)ls (b 5 3 Sl @ g L V]

! Pathologic

2 Cornea Transplant (Keratoplasty)

3 Human Amniotic Membrane (HAM)
4 Fibrotic

3 Physiological

¢ Endothelial



\4 VoY g(\i’\ ﬁlﬁ) Al o)La..iw\\ 09> 4:.9),&.:.3 6@&)}&5})\}0 ML-LAJ/Q\)KA.Aj;)) &&;

st 3 5 S5 T Jsbone 53 (S5 b
Glos 3 SUIMS o 5T (sl sbome 55 0l 1530 5 oI b
D3Nl ) gy e lw VY ey ¢ gl a5 £
53 adds VSl edulce —wsas J3 O ) e o S
53 eddeslsn S mle 23S LN s L laily S
S Cslu YE ot o guandcs - j3 A e sles
S Sit 5l eslit il U ceddames o gzl 3 A3
sdalowsay O35S s i el (A Sodeas (galasl
Slaoslial (gl ¢ o gl 3 Yo e slos 5o il
oslae gl Al shiea A S (OIS b L (s
5 e 3 W oS Jol S 5 S el o 54
S A g ¢ S SIS ol g e O L
(oAl i J3 6 s e ol Gl J) 5l S L ol
2y g S Gl caed Slical (Sen iS Gr b
3 Sl sl b il il 551 e V0 s
s 5 s bl sl o500 of 5 sl 2 ]
e i el K ety 5 ay U
555 s 5 3L Ml el s J5 b as 03 ja
@35 L oai 3l J5 cdas a5 T cosay 3B bl
bl &S (g 5ba) Al a5 5 ol Al )
ool sty J5 ¢ (Lle L ISz 3 5l 5 O]
a3 8V g gles b Se S g ol A Sl
0313 1 3 (OIACnn S 5 (Gl Ren ke o sl
e a3 Y e (slas 3 sdel sy o jluae 5 A
dole o B s S (goleamsl (SSES U s 5 ez

gl esliial (gda

SIHE gl il Y-
ol e ae b cadllas ol s el al b e s
) A g s S T 5 235 S 5, S
Db ) O/ st Y K s S el e

7 Freeze Dryer
8 Shaker

? Centrifuge

10 Desiccator
' Heater

s Il olas 53 35 "ol 5 (EGF) '(Jbeydsl)
A P e Sl eSS o 5 S SS el e ey
=S 5L SUISL aVaw cals e b o gl e o 58
ot ks g b xS T s xS gla s
ol sl edelcwsa b s plaasie fan) s el
5 el Cubis U o 4y oS sl ol Jiash
B SR 5 ) 5 S ol L SUISL kel
o e 6o ol Je St 5 Gleedis Ll
035 ol jor Codbge bl 8B Cnle lay 5 Sl
o5l el WS ekdag Jpame nlply ol

.,\..LL oJ\iJWT ‘W_)-; (":")5 (5‘)‘.’ Lﬁ“tﬂ

GRS by, g ol =Y
381 o las 5 O3NS ) G ed ) Aol VY
DV 0L 5 Slgsy dlis ulial » candlas ool 5
Osbecndy A pl el ot ol e S ady Sl ats Bl 8 b
5 BAd b il e S (slarky 053 5l P laaa S
Chle L (NaxCOs) it Sl S ol Jslome 0555 oady
0 Do 5 gk a3 Av los 53 Ve 0 /0T S
Db s ad e e B oo OB LUs o LS g ad s
il SUL S a Jads L s ¥y ey
03 s S cell VY Coey Bl 0l 1o reo
(Dol s Ll 5 55 0 13 aeas (Sla b da > o
Ve sbes GV se A (LIBI) oid doe ol sl ol 3
Jsle Ll Jo ccele ¥ Il Oley 5w sk 4 5
SH a3y s Gy s Sodeds cedeliusa
Sl 5l S lad 550 B us <3181 5 e Of (g5l
S S galamil (SSES Sl ealitnl b s 5 550 2l
ol 3 ealinals s ge OIS A (gia ol e 5 eslinal o3l
gl (3 e e s il el 0L ) anllas

! Epidermal Growth Factor
2 Aloin

3 Electrospinning

4 Electrospray

> Larvae

¢ Dialysis



VoY L(\i.\ j«.JL_).) Al o)L«..i AR 092 4:.‘.3].:\..:.3 6LQ&)}L‘-9)3‘}‘ MM/Q‘)KAAJﬁ)‘) 54_\,5,:. Yo

Ll golomil (SSES g 5 L35 13 b
YIRS PICN R W sl (el L Oeey QLB s
S A3 Y 53 s sl Osk (s bl O5US) s
il 3,5 o J 28 1 o3 Yy adedlsl sy 56l
DS ele o Sdens ol Yl 3 QS cpl gl S

A

SIS gl 5 olge gbaaseis Y-V
0905 SaSa plewd  sladize oL, -V
(FTIR) 35355 4, Jids oemib

Sl AFTIR) 30 325 558 Jds w0505
SLS 5 5l s Lbele glaos S 5 Wsm canle plulis
Al Sl edelcse OUL ames 5 eddipl Sl
Lo hlesl slge olata opl sl plomil 5 Sl
0P A Ol S (e 5 bl (KBI) Py el
sem gy SKSE LB L i A g Jhis, s
Sl 4l 5 5005 b oS o se 208 0350

A el rr—fre s omT a AR Cib

PRy S SSa ldeSy, ey SYTY
(SEM) (pss, 59,

S Sen Sl el i) s 2 sk

A3 eslezs! (FESEM; Quanta 200F, U.S.) ™" iy gy Sl

S 6o sy se Comyls i) (st yod (g3lweslel | slanaes

54 Jlasl O 65y Wb 51 pidgs (e 23,8 13 4l

OSUSS Sl pleiS 5 53 s S Sl eslinad L il

Al edaline

Uy 5 bl Sl 55 SGKe Lol i anlllas —Y-V—Y
5 dsde o Gl bl SGSG ol 05050
Bb sl A el Cals RIS S
YoX Ve bl 3 e s ASTM D882-02 (2002) 5l

4 Fourier Transform Infrared Spectroscopy
3 Potassium Bromide
¢ Scanning Electron Microscope

0586 by S e (o)las L L K5 ol G5
Lle 5 'EDCNHS (sl s b fusnsy L
Il Y s S sl a g (SIS Y sdoms 55 S
el O S Ao A e 1l (O3IST 5 b
VY-S SRRTGIr Wi SECIN VIR WSS VIS SV S WO R
g Laee glos 53 s 3 s A o LT bl
Szl dowl 53 OIS S35 dopn VN Jslows (pizman S
o b pebliae G5en 5o, el ¥ Odeay ds )y YA
o b A g Jaee Glos 3 ks 3 5 W
3 ARES 55 e T L Sn b Al 53 s b gl
Sl Aol 3 OIS Jsloms g o ¥ 5 S 5lS Y SU
IS VY 3Ly 5 4h35 55 i /) F 5 L selsa
o 3l e Bl V0 Aol s Ol Wlss &) s
22 OIS &5 g e MRS o 5 S (oS o
orl s ediag Gladses Al a S Ly ) 4 Y Y ol
s g 154 T o slae Oy 5 osbas b azs 55 ol il o
las ol odd S amio 0351y oy
S35 M5>S Ik (s e JolS IVl 5 ey oLy T
50353 Saap dowl 53 s Jsloes 4 el oslae
Sl Joome g o & (G A a3 50n ol 53 Ddea
Voo Ik YY SWs 5 adds o o Y 5 Lo lae
23 e ) F5 L Sl el 53 OIS gl s o
53 lejan alilos oy goas (s SLSY S, 5 akds
A e S oS g i | el 10 alsl
ke S e s S ) 0§ a4 EDC s
53NHS o8 ke +/\ 5 EDC oS ks +/8 3, 555
s Y e A g 0B 015305 O 3 (L o
Olajen by 5 #8515 b (OIS Jgloes LEDC J sl
S3o ol 5 A bylos 500 am 43> 53 550 Ve 50 L
Ve ol 5 ks WS Lo s SO0 sl Y
0V s btele 5 e S 0L 5 s e Sl
ool s ol Sl sl o Sdea w@ids

ey Ve e gles Uojé 53 ek il 5 Sl Slds

! 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide/N-
hydroxysuccinimide

2 Magnetic Stirrer

3 Freezer



Y\ VoY g(\i’\ ﬁlﬁ) Al o)La..iw\\ 09> 4:.9),&.:.3 6@&)}&5})\}0 ML-LAJ/Q\)KA.Aj;)) &&;

S Cels 55 Wb Sl Olge (o) sk

bl Ll sl Sl «gasl cpl s i 03lizud MTT O a5
Bybr oo MIT gl oo * g3l o s gla el
ladshe 8 ol O s lome S555,5 Y5 5315 MTT
iy Sl sk D ot Ol 3 ol (slesle a1 0T o
5 J=DMSO s Oble,ss S o Jods & 0l3las s ol o
P e Y o A g FURN VI QIR T>
A g Sl a0 e db s Ml S
by eddasle OUIGL (Jde Conn wsp g
Verer Shle s B s ke ens bolies s Sl
LS 13 S L 2l Koo Ve s Salr 0 0 sk
(e d S Tale S s wele Y8 Slewy
A ety s Sleiss OSLS slacbls b UL
5 ol Al S 5l O b alg s Ll SIS cela
A et PBS 3l estial U dad e 5 GUI 5L ool Jama
Yo Ol 4 cdeoyy +/0 Clale ULMTT J gloes ey ad 0 0
53 30 cielu £ Saay 5 L DLl G b a4 i)y S
Ao S Vov Ol sle £ 51 g Al ciS Gl S
U aslin 53 O Cdr Ol 5 A 6Ls1 J yloee 4 DMSO
ol Sl S SR oo L oJ 58 05 8
SEM SaS' b ca)ls gl (555 Ladshe Jlail ks
GS o5 5 anls (s b g 23S Sl e A o
S Lams ((glmeslel (5l s ¥ Dders (LS Lo 3
L oland S b sk ol glacals 5 oo Lad sk
TSl L L 5 pd st i3 0 Sdens (5 Sl ol
b Lot 303 e S o Some e tlos S kot ooy 478
Ve Q\}:.uu_rLJSﬁ) Aoy Ver 540 A Ve 0 Y K
By 5 odiliy b gl 23 Loy 6 ST (aids

(LLE gy » SEM

i p g B dled ool glaasl ples £

8 Metabolic

? Tetrazolium

10 Formazan

! Microplate Reader
12 Incubator

13 Paraformaldehyde

oSl 6l e ale OF Sl i 5 1SS L
Jooss Osesl 51 by Sl s el SO ol
Col S5 0LLE A eslize] DMTA) 'Ly SO )~

A S LY SO 5 e il el &S

‘513.:\9:;:,.1)55%5 andllas —$-Y-Y

S adlae e
g.,.f.olr b Slawsd Kas .h:?u BE oddasla 6\.&%)\)

AR STR Ny

S b asiie Sl fuolg 53 s diesls )3 (PBS) T (s il
03 bdgas s b 9305 sl eslmad b Oy Ol ss catis
s a ol 5l GG (e s LS O Siales] gl
Sh S balie ad O s @u Jsloes 3l as ol 51
als s i e BN 056 Sl eslina b g Sl
b o 5 5l a5 U3 cedelsa 035 51 e ped 035

A wl;u ﬁ) J}ﬁjﬁ )\ ealaal
Weight loss (%) = (Wo — W1)/Wo x 100 % )

wﬂ)‘m‘jyuuw [))')cWZ )Wl wda.gb U'i‘ BL)

ERIg

G331 b g Ay H5SU hslay andlas —0-F-Y
N
sl Sl gy Ly 5B ey Ol
Mg 5 VS S eslinad b el i glace s
daml sbie s d (g Seslkl JIkls oS E el
L3 ey DSBS Glaclale 55 waS 5 ol ¥ ol e
Jels s wcsle $A 5 YE b O S anl sl Olpe s

A S el 6 AL ol b ilind s J s

Db JUail 5 o Ol gt gy o — VY'Y

! Dynamic Mechanical Thermal Analysis (DMTA)
2 Biodegradability

3 Phosphate-Buffered Saline (PBS)

4 Vacuum Oven

> ELISA Kit

¢ Spectrophotometer

7 Calibration



VoY L(\i.\ j«.JL_).) Al o)L«..i AR 092 4:.‘.3].:\..:.3 6LQ&)}L‘-9)3‘}‘ MM/O‘)KA—AJﬁ‘)‘) 54_\,5,:.

Yy

Coale Sl Oleabl ke 5 e glacels W5 sl
pats a3 7SI gy el 3 lin dal] plact
SUISL ¢l Wy sl ARnLT s on5dslbe
St gl 3l sdalisay ik 55 5sd e ald (Gl
SLS Sl (AU glaall faazme oS 350 e 0> (oSS
Lo S St ald 5 Lyl 13 SKasS LS s 08U S
S S Ol ol iy 555 ey dn 0L | s
FTIR 13 yab il 0352 (258 ¢ 5 51 1) o 03135 Lok

ol ol eals OLES Y Ji.,: 43 ré\e&.:«': Ly o

Laosls dowi g 43508 g,y —V-E-Y

Soeslaal Loolel B 5l bl gl =l
Oge3l 5" by Wbty Jobos Oge3T 5 SPSSisdle 5
Mt jasls bl @l M s T S
L a S Las s slslas P<v/v0

Cow g @\:J -y
X303 oS 5ls 0L s e ¢l (51 ool i =

caxllae u,:\ BE oJuZC‘fd.w‘ U.a.“?- L;:j)}.:.% 9 \)}Ajjﬂ uuj%

102
1014
wuuf
as—f
95—2
gr—f
95—5
951
94—2
ga—f
az—f
a11

% Transmittance

a0
891
881
o7+
81
851
B4+
834
821

T
3000

e —
3500

—_
4000

e —
2500

T — P —
2000 500

Wavenurmbers (cm-1)

Gl Gl os S o Sl 4 b e 3508 e 5 il

°)j§C}‘le’4"]‘fj‘L;‘;-a‘)j’“ASFTIR)\J}‘“J:‘l”;\ JS.;

SIS sy My S/ 548 JVOIIST 055 b 055058 (Slai sad 3 sdaliisns

o 35l SUISL )l $14STole (slad shu o5 sl
3 O Kiasn Kos 5 sl omzmen [V Lpd ol
Sl Ol e & L)y ams ) & (oo lags
o LalS O gzman plasls 65 55l BUISL Gyus 1y 58568
S A3y Gl st pramen 5 el S S (Ol
SIS O PA] S S Ly Cobge 4 LSl o
Oldlae s a3 il kg lp S cul SLS S
el YooV Jle 3 oS glandllan s .ol o eslinal 086 S

4 PolyGlycolic Acid (PGA)
> Holan
¢ Mesenchymal Cells

Al dle Ko Sl ey SGUISE By onl o

AK;'.V:J p<;_. 9 d‘)l_' k_i_l O éﬂj«‘ﬁ\ Q‘.L:a &1 JL&.&‘
Jia u;.:.la k;u)l?w )_}MLSA J.“S.wj QJL;.”)JL cJ.MSCq}
Joo iman ol boss o S5 L Y5 Ol s
SIS L s ded SSY L bl L S Lo L
Cygots s S sy 3l esliel L (PGA) Fal
Shesliad b 5L 5 ° e V] Lledsl s SUI L

OLES oy s PKH26 L ol lsolis * glasTole lad sl

! One-Way ANOVA
2 Tukey
3 Crosslinked



Yy VoY g(\i’\ ﬁlﬁ) Al o)La..iw\\ 09> 4:.9),&.:.3 6@&)}&5})\}0 ML-LAJ/Q\)KA.Aj;)) &&;

gy eSS sad sl slag &}»b- Ll e oS ol
LYV=YAT AL a5 3 Al 5bsl 02

(b slalie el LS 53 (ol Oladlas s
b glaslsla b oy 5 b bl ¢l51 5
G0 bl el el 4 3 s 5 (6l oS Sl
O ol s Sl g jskes sl
Glamio 45 55 oslinal glaY¥ g Sa, b ol s,
cglandllae 5 (Jla (gl S o slom ) Jdss s Jy Sl
S s S A esls i asl i OIS L 5V
S L A SR ) IR PRI sladde s s
el cis oy e 5 Yoske &S 5y K0
Ly o3l cpl 855 ot 53 s S eslizul JUL sl
SIS S S el b OIS Jre ke o Sl sl
Sy i S55158 gladisls V0] sy sy 1y bad sk
gaFis Lilg e 1y A8 JeSe JIs sl DNA - Lais
Gl Sy Ka)lS WS 5l eslid ol e s
s G ol el s dms e Gl s 1 ol
Shoesliad LS e oKl s dSDNA s s
03 S 6 glai 518 51 015 o « K55 OSUSS gl
S5 ok IS sl Coiben) Smta sbis
23S eslanal g Olan 53 s

L (SF) o pl (s b 03leomms 5 ol O K255
03B b e A3 5 s 2SS Gl e e
Slaala s gLad b alie 13" 5055 AT Ll 2
Gadsle 8 w5 ams Lol .03 5 L5, ol (AM)
S35 S g A s Al LAl e S
5 sl Slad sl b o3 28 SV L ol o o (555
AM L aslis 55 Lad iS5 5 Lz AM 5 SF o
Ol &g (dlid o 5l (s b 3 hay e o S5
St a5 i 4 15 0T (olon IS 1 513 03 s ke
OS5 el 03,5 Jdd 40 B edige 3L 5 o e S
Wi g sbdile pld 5 2SS 5 Sl et

¢ PolyEthylene Glycol (PEG)
" Madden

8 Probes

° Multiplex

10In Vitro

i L eipdlol S glads b s

o 32 Jskw Sk, » YIGSR (Tyr-lle-Gly—Ser—Arg)
03580 &8 WS padde (ragn cal 53 A s 485
it e sbd sl 2SS 5 Saeas il cel YIGSR
s es (5,50 slaiasy 0o D8] spde Gludl 453
s eSSl Wi e 5 S g s Sl OIS
sy 0l 5l S b anlie SusS L YA Jl s
VY (o LSSl gla oL (e S 5 5 O5S 53 ,a aS
1553 S gla et ls alie oS dzils Sl # g b
ol st b 5 Lol SO 5 plewd ol e Ol
T s Slolas 534S bolea 403 35 Ol 3 &S s
g odd B w2 55 a3 50 (68 Cdlad g 3 et
OIS 31 JSee azilS £ 5 55 a8 Winls 0L S el ply
Objee e B L Ll 5 el jsbas Ll 8 0 an 5 S 7 5
oSl s s kg el Hiba s s S
ladle oo [Y ] L0 a8 Jaiys a6 e fle 1 elie
P2l s S g5 OIS Sl eddantle Cls o5 ot
Rls s s Sl el (6 e sl e
B B el Sl S 5 i slad
Ca)ls g 5 S g OO Sl esliad [VV] Lo S
G5 03 e S a5l eslinal bl 51 UL
35 0131 (Sl el ol 0 ke 53 J1SGen 5 FL
S O UL wdslsn 2UIGL wlbdcsy, S
oS Sl edalisay (s b [TV ] 5003 Cogulie b 45 3 5
Sldlas 53 @i i gl Klr cole @l 5wl
T Jlo s e 50K ol sl oy etz
s e didsd b sl ol s b slaedd 50l
Sl s il P 03 Sb s Gk Sl eldeg
sl (i gladle s S s |, (PEG) MU SIS
s S eddantle glankd g5y 5 S & dlad iy
ok 4 sl Ol assy cpl e LS 4SS on
Olid Sl 5 Bl s losle oo P Sl

! Aminin-Derived Peptide

2 Fundus Examination

3 Corneal Stromal Cells (keratocytes)
4 Borene

> Higa



VoY L(\i.\ j«.JL_).) Al o)L«..i AR 092 4:.‘.3].:\..:.3 6LQ&)}L‘-9)3‘}‘ MM/Q‘)KAAJﬁ)‘) 54_\,5,:. Y¢

IYA] 55 03,5 eslizal Lysas T 51 aS 550 255 51 e 5
YO i G b s b slagds (Kos ey o
Sl ptnl G 4 s eslae G55 Aeys 0
@B A me @3 WA gladse WSy )
ladshe A3 5 Job (St Ol5n 0 g031 3 ealiawsay
) 6@49 53l QLS ol s 6@49 S 4o B JU sl
5l SR ke (528 (e (s e T
35 Aes50 sl lagld s Joke (S5 a8 s S
53zl el wdd S5 e S 5s b oaslie 53 el
Bilyd 0o Ghask ool @l ) edelownn gl ilS
Lol S35 doss ¥ ol bbb 50" (50003 ALl
D] ey s gy S 51 gt bl 5 cdlis
e lge 03 e Gl Sl (S W ol en Al gla, iSU
L oS (godate Ay gla,s8B oy 55 Lsd e alil 3L
dan 3 Ol o3l gl oa slael SEGF ijls b3 o5 s
Sl S o 3l gn ol el oslinal (e 5 (sl 3l
Al sl s Sl sl e s 2SS (b
Cosy 5 4 o oo Ly eldl 75 5 Wl o S5kl
LS S 5 e EGF 1] dis o m o
Sldsh SSE 5 25 Gl o (S D3 s
ol bl 8B Al 530 e 453 JL sl 5 S 51 S

VY] s o OLES 5 48 b 3Ll 5 A, 551

o s wlidcsy , -\ Y

5 iy, 05 0 SEM I Lol il ol
LS 5 5l edelcawsas SUISL o ls (bl 5 o5l
Sl S55lsio50 ¥ IS sl oS 58 aalllas | 0SS
ool 315 OLES |y ol s 55 2SI

Slaslstlo s sd 00 dyd 5 psal 534S (65 sbOles
GABLs Bolas w5 b e e Dok 5 Ct 5  BUI 5L
Jols a5 GV Wl 43 el Yoo B Ver
g0 53 et 5 ol OT 05 5 st T L s 8/ OIS

Lol ol ol OIS/ s, b lilg oS laVau

> Fibrosis
% In Vivo
7 Bead

S Lk ) 3 e aminie (B35 N asei s Sty
S ek Lol Ol ol Riasn s landlas 55 [YY-YV]
Gty A5 Sl b lie Jasms ol b 5 0
slal A8, 5 Ol 4 e 5Ll sl 1 f‘j
5 s IV S e wal 3 SLl a3 el ool
g R L IR SIS PR LR T} T RS~ PO
S L3S pdlel isls plal oyl s Sl edians L
rl§.>=:~u‘ 3 Ksd e el g el ol glacan s
V.viiﬁ\ e s b 5 ONS Sleslanal LS s [A] Wyl b
sbolas A shad 3 Canls 5o okl oole d peay
oolas ol ol eslizal 35 Lagl 5 Shee 35 &l 2 AL
e osbe i gl a0 T olS slaS 5l edelcsas
eS| g ¢S (0 gS1 T sl b e 51 sl
e slgs SE 5C A slapmalt s s 5SS Gl sams
Ll a5 eddpll glatass Sl (Solews 3 S ol
S P s Ko S m S 5 LS (ol o
el L G (B 5 Ty cl il
O3 3 (AV) s 1 5L Olas 5 S3U ealalis b akd
A3l (CECs) a5 3 JLL 501 slad sl sl (SF) 0l il
Ol B )l 53 ) Jsbe WAV J5 oS s 0558
Slapks 51> QL s 5 S his gt | O 3 Shas 55
Sl Lsn Gl b S0l Sl e AV (gl SF
LS 5 F S 4 6808 andllas 53 [YV] ail 4
WLl plmil 505 n AT Lyl d s TE L
455 o OABaey 5 e 53 ol U eslss iy
oS sl ol ol bl s sl ploil LIS b
L SIS S Gosb 3 sl el slachale
AL W Glagiis Co e GRIBs gpd i
(rl oo [YA] 3515 453 o 055 5 50 55 (et
s 3 1 a1 J5 5t Yeve Jl s 0l Kty
Slaige 5 ol Ko g Gl 45 3 sdome (il iy
L3, g OF amath a5 W3S amlie o b 2bs 5 e

03,5 oslimal L2 01 51 aS Jlojos 8 55 a3 il iy

! Phenotype
2 Hazra
3 Yung
4 Curto



Yo VoY c(\i'\ j:iLi) A o)Lm.‘ivc\\ 09> wf;ﬁ 6@6})‘(3):\}0 MM/Q\)KAA);)) ‘;”u.;

e A (gsls ls ot U5 ol 0L i

S dess 00 L gkt g 5l ads £ o30S S

ol 0 g_,u”j»_'; th:,\.w.ub

0.00025
0.0002
 0.00015
=
=
.20
Q
= 0.0001 —e—Scaffold1l
—e—Scaffold2
o—Scaffold3
0.00005 Scaffoldd
—e—Scaffold5
0

Dayl Day3 Day5 Day7 Dayl4 Day21l Day28

JDGM%‘ L;Ldﬂ\.vju r_}gwj: Q)} CJ\J::.!J U’:’il“” “JS.&

330 YA 3 da Sl 505 iy Sl o 55 0505

2l Sl Gl P A, Hesh e, YT
Ay 5 S/ 545 1/ oy g e/ O3NS
Cwppls 4 eddosgidl (Jy,e b, HpsU chle
et Ol QAELEE S g (SBLBL s 3 SUISE
Ol b 3 S5 onl Sl Olpe casonlil el
Dien s S35 5lemr sl sl £A 5 TE b ol
5 Lsw T Ao Yo 510) sy eSB Soslize o33l
EGF 0l Ol i Sls g0 of K3 53 dd andllas OT 05

el 0l o3ls Jialed el A 5 YE 3 sl ila

S as e sl adllas gl Llhds  LSKES b

o o5 G sy e Sl eddags SUI slacas ls

Al as S

SEM HV: 20.00 kV WD: 15.1260 mm
SEM MAG: 5.00 kx Det: SE 10 pm
Date(m/dfy): 07/14/20  supervisor

VEGAW TESCAN
-

Polymer & Petrochemical Institute n

OIS S5 L UL slai s SEM Ly Y S

A5 Sl ol s

o P Ol =YY
2 e ldagd Ca)ls £ 58 gy A5 Ol (S o5l
50 YA b basad 035 Ol e e 5 ,b 5l candllas ol
Sy goas candlln cpl Sladelsa s F IS sk ol
ol o3 &S HsbOlea Ll s esls OLES (O35 Ol id 15 sl

Ll )ls glsl ann sl Dl ad Lg) 500 0k &

e COL+5F EGF15% === COL+SF EGF30% === COL+SF+Alo2 EGF15% == COL+SF+Aloe EGF30%
G5
&0 S
—_— /—
= o
= 55 e
& T
& 50 /_’,.-.f /
3 as — -
=
= 10
=
L 35
2
=] 30
o
25
20
24 48
| e COL+5F EGF15% 32 46.73
| =@ COL+SF EGF30% 44.87 45.8
e COL+SF+Aloe EGFL15% 32.93 51.87
| = COL+5F+AlDe EGF30% 43.2 58.47
TIME(HOUR)

ol lwans



VoY L(\i'\ j’"’Ll) Al o)L«..i» AR 092 4:.‘.3].;\:.3 LSL@&)}L&))‘}A MM/O‘)KAAJﬁ)‘) 54_\5,; A\

Sl ol gt il sl 1 sa T 5 O3S 035581 45 S e
Sl plp an B dadi el 51 S5 p OASGISS 5 550
ool 355 o o god SVl ke 5 oSl 2ol 3l
Byed Olon o adllas opl 3 (olgiiny g pame oo
Jsde 5 0/F L ol ccenl (glaSi 150 1 O5IST o5 e
S I3 el Cosay JKLLE Y0 Ll 0T Sal
Loalr ok Sopon Olal b a3 ol
I Yo s s SaN dsde 5 YA £ v/t
3l ole Jgmamme S das o 0Ll cpl sl ol 3158
ol a3 il sl sl Y sl ((SGIK Ls
Lol Coiie Sl bl SO ol o3l e sdle
A s 35 O Gl Gl SO el sl
-5 b BTN
I s candllan ol 3 ediangs BGF/1 545 1/ oy 5 3/ O35S

L;\.QCMJJb

25 B eslizal col gles 5 5 Al S elis L iiS
ol 0 0313 las 0 ge5T cpl 5l edeln i 0SS
e B S ke 3 e o> © S5 3 o5 (55 bk
- ade 5ol plas ol 5 Ks s dade 51 YLl S A S
Ol Jsb s 5 3,1y GOV Jsames ol 5 55Ks sy 4 el
53 esle (§lly 1S s OLSG L Jsle 53 58 0505

S e ol 0l Jsb

=== STORAGE mpa

STORAGE/LOSS MODULUS(MPA)
=R W s D gy N 00 WD
888888888

o

el 0l e odos Wajls gad ol 53 4S5 sbOLes
Ol a5 3l g nie lay Ljls (g iy Ady ;380 &S
aslie 3 dysa T (gl Glacanls aSopl ens s o
o8SB i hlay el sa T s alie sladipel
9 V¢ Qujjsﬁ)hua,@fu&uﬂww.xu B3
S Sl 1 e eSS BT s csla $A
OLeS 5 5o Ay H 8B U pn Ve &S sladisad o o0l 52
Lo 53 ke 2 p S A0 B0 oy e 25 5 g
L3 S lay GlbI

sddags B yls Sl ol g —-¥
S ol Dga3l lssed (5 edias OLES 0 ST
(oS S s SO el (Jyﬂ 3l edal e L
ok e3> oled JUISL slacanls 0SUS ¢l5l sl
oo ool b ks 25 @l nl bl o
JKLLKa 1170 5 Y/AO 1 086 (lads yai 5l sdlalsa
s e Ol 1y JLLKL Yo B YA oy KL Jsde
AL O L OGS e 5 slijle Sge S5
‘L;l&..ir..ig_ﬁloéj)ﬁéd)aj.vu)bﬁ:u.a&{\):dj;miq;
s SO (s ges 5 SOl olsst o i
Al s ol Llasls [y sliel oy a8 sl

== loss mpa

TIME(MIN)

4.3.:;9) > QLAJWJJQ.L.Z eJ:;'-.S}@li LIZA\SJ}J.A éy&a u.p\j;- dy)T)‘ aJwTC,.stU_ GLU .0 JS»:

uﬁjjj‘“:ﬁ g:».wa)\) J“L‘:' axllln ui\ BE e.l,\::‘\.:.é;

s e QLS ) BUl e ls 4 4 3 Jlad (goly slaasly

SEM

s S OSSO G

SUISL ol #1555 ad e dlasl 3l ealmsa,



Yv VoY c(\i'\ j’:.’.Li) c“ o)La..‘ivc\\ 09> wf;:i Lsué)jujé\}a ML.LA.B/Q\)KAA);)) ‘;;”u..z

slacis jschas o LSS5 Ol a5 3 iy slad sher
sld e olim 5o 5 Ll Jaltl G S son 4
25 (Js bigd o SBL aeliS ul s 8 G s UGl
G'aS il e el pen gl slallal
ot eldlsn; Bl Sl 3l glad sl el
Ol 5 shatons . ditn S5 S35 5 7 (slodS 6 (slad sho 4
el o Sl edalwsa ool sbaesl coals )
Gadsle 4 a3 clasTols glad b s eslizal 3L
52 a8 s e &l BUISE Canyls g5 a0 p il
05,5 a5 Wadshu (sl .ol ol 3ls LISV s
sbdsle 5 pld CiS b Lol Ol s
o s adlas Gy VY Ddeas Sl (555 ekdieslaiS
o s be e ol S s i
Lo boodd sl sladshe o5 8 JKs a5 duns o 0L
Sadshe S Sl oddiag Cls (555 aldd; b s ples
ol oS dins e 0L e b ol iaS ol 058
sldshe 51T wsy 5 does Ll Condy 55 laey S
@l el el elilcde (snled be booddled
2L 03 eddag Ty QU5 i ol 53 sdalcinse,
Cawls ajls Y il adsle 4 ol glaaxly
Sl S cwl B3 Y ey Ll 4
Gl alols 5 sl 5 e b O3S G 31 3 5y et
Jsho L SIS Faas Yoo 5l i (ool oS il e LS
3 osbme Glaars a5 (5l elde 5o OIS SU Ll
s 48 Al wdige el sk UG 3l sen
ws S ka3 a3 pals Ol gl Aasdls 5 cle
5N Pl b be els (b VT ] 5
Slr 8 sl el s dske 5l culem gl o sllae plend
Cole Lol aoSlin Sl Gl wdige 3,558 €55 a
Pl b s il ailesl Jaul 5 s sl
slca)ls [FY-YA] cul i3 b ol Ll
LE Gln P e Bl i A SU L
Sl sllas ol g kg (b 40 3 Sl
SUISL b s ips ad S R Jele 2S5 Jlatl

3 Fibroblastic
4 Lamella

Wlazdl 5 DS 5 eyl den dese iy ol it

S5 s i a S al b Sl dLal gl s e
Ly 5586 (53l Sl ls pans 5 3530 sdalie O
S apdg 0> e ol 3 Semladsle Sl il By e
Sy 5 453 Jlad ol glaatl g8 SVl
Jae Lo ls ol 4 e bd ke ol Sl 3 U

.L‘&Qﬁ}&}j@ﬂé})}a“

SEM HV: 20.00 kv WD: 16.3780 mm
SEM MAG: 2.00 kx Det: SE 20 pm
Date(m/dfy): 07/13/20  supervisor

VEGAW TESCAN

Polymer & Petrochemical msmmen

anﬁsj;w)\owiw:m&}gmjﬁﬁﬂ}@ '\JS.:
5556 (gl 548 IV 155 b/ OIS e sls (555 W sl Sl

YRS

sk S 5 255 Ol
53 ey UL Gy Jloiml Co st sheny
Jols s IS s s sl MTT Oa30 5l candllas oy
o313 0L sk S8 555 Sl g o b oo 231
Slosdis o8 das o DL A S )3 sdadl)) s ol 0
Ot Jeld BUISL & pai Sl dadisas ol 5o lad sl
Sl sy L SU 5 s ST OIS Lol S5 b as S
O eamD s 5 Ao 3 A0 1 Lo Y 5 V0 S5 Ao s 93 o
Wil ool o8 ulal bl el g3 LB eSs ol
L oOMS/ ybgmd ol wsed Sloediy a5 Ud asiis
B ol sl ik 51 rie OF Oy 5 e
w3 Jdlad ol slaasl ' il el Sl Jol-

Comax 3l oS doys dsla pl &S pl 4y a5 L 0L

! Flow Cytometry
2 Colony



VoY L(\i.\ j:'f.L’:) Al Q)LA.\.:;' AR 092 4:.})..:‘:7: 6&6}}(.5})‘}.4 MM/Q‘)KMJ;)) L};_LE.:« YA

S5 S ekiag SULL el sbaases
O3l Shoslizal b B0 iy oS B/1, 585 JU OIS/ (5 pud
Loy HpSU o inla, Eou 3 el sld esls 0LE MTT
el SIS S o cls s 53 e NSl B e
5586 Bl s sdalia Jise nl S s S 6o sboles
VBT eddasle slakisel gl asl b, A,
ey Bl S A Sl e s p S
EGF 0l5s ¢ 25050 AKRLT Ll 2 53 3 sla o)l S
VoS i slad sk e 5 0l sln s
S 8 s o OLES el ol i e SSUTH L
03SL Ao ;510 (gsl) s Sl Al Jolay Al S
Sl S el s Sl b o3l s (Bsse A,
@3 Al e e QL ) (g sllae s Bty
SSosba il jasle pa i ol el 4 by
Lol 58t ol slacan s ) adlbedls glad sl
Wl OLES el 5wl Jladl mlaw 5355 5 i S
dlail 5 s b BUIAL Cls ) dad sl &S
ad shs ooy MTT O ga31 ulod s cosdloay ils 055
ol Dl anlllan ol 3 sl glacn )l ¢ 5l (55,
53 b edalin do s A0 Blu Sleedi oS 14 sSay s
b lie s (sl e i sl sla Sy LS
a B ol gl pled Sl OIS e B g5lol
Syl Slesa O e S S 3 iy sladsha
2led o e (el James Sl eslizad O Ll g S ls ()
SRl Sl el 8 K 05 S s glad sk
Cols Gl Sl piman s a5 ki L33
sls OLES sdel e 2 5 A8 ey addlln cpl 3 eddags
Sheslinal O 5 oleba o Ll 5 e eddag el &S
sladshe 4 ple Canas | ol sbarl (g pled s
3 edelCawsas EE paeme S nlply s Gpw iy
S Ao asedie cwdlas ol 3 esle oLl 0SUS e i,
sl gl s, ge Csllas gla S35 eddag ol
308 crl o3 sl bl rman 5 4 3 3L G3LsL

p’\? sl ol es 5 Shae OU | slaeay caddl 5505 1,

d’”:'."l’ Jjﬂaﬁ 9 Jg.& )‘ Ju\)SL;a ui:j) kﬁ‘ “ er'Tu.sz.‘jJ
IOVTA] 08 0l syl e il

JAT OIS 5 o S5 Ol n 5 s Oln stV JS2

L

ot
=
n

Viability %
2 8 % 32
Y —

C‘g& e\° o\° Q Q
§ LT ENEE
& S SIS S SR A
& xoo @G @G QQ Y>°
& &K XXX X

53 bdshe Sl dos ST Sl edels amss A IS
OSUS SLS 5 Sl eddag JUISE Gl sladi sad & slms
SFHCOLO IS/ (1 5y SF (s e ol
5 SFHCOIHEGF | 545 /037 oy 5 b

SF+Col+Alov+EGF 35 6 A, 5 5SU/ 1, 545 YT/ O 5ST 005 e

Sl b b i el Sl a5 L

b o L g OIS 55 S0 (s e OIS LI
sl G S s el Sl ol 4 liws ol
A U s Lk JUBl 5 iy saaY 5l adis ol
Cslrme 5 bde Sledsy s 51 edelss =l

! Mitosis



Y4

VoY g(\i'\ j:-’li) Al o)La..iw\\ 09> 42.9),.;.:.3 6@&)}[}3})\}»: ML-LA_‘J/Q\)K.«.A);)) é.iu.:/

10.

11.

12.

13.

15.

18.

19.

20.

21.

22.

23.

Ciolino, J. B., Dohlman, C. H., "Biologic keratoprosthesis
materials", International Ophthalmology Clinics, Vol. 49, No. 1,
(2009), 1. https://doi.org/10.1097/110.0b013e3181924904

Griffith, M., Harkin, D. G., "Recent advances in the design of
artificial corneas", Current Opinion in Ophthalmology, Vol. 25,
No. 3, (2014), 240-247.
https://doi.org/10.1097/1CU.0000000000000049

Altman, G. H., Diaz, F., Jakuba, C., Calabro, T., Horan, R. L.,
Chen, J., Lu, H., Richmond, J., Kaplan, D. L., "Silk-based
biomaterials", Biomaterials, Vol. 24, No. 3, (2003), 401-416.
https://doi.org/10.1016/S0142-9612(02)00353-8

Hazra, S., Nandi, S., Naskar, D., Guha, R., Chowdhury, S.,
Pradhan, N., Kundu, S. C., Konar, A., "Non-mulberry silk fibroin
biomaterial for corneal regeneration", Scientific Reports, Vol. 6,
No. 1, (2016), 1-13. https://doi.org/10.1038/srep2 1840

Surjushe, A., Vasani, R., Saple, D. G., "Aloe vera: A short review",
Indian Journal of Dermatology, Vol. 53, No. 4, (2008), 163-166.
https://doi.org/10.4103/0019-5154.44785

Atiba, A., Wasty, T., Abdo, W., Ghoneim, A., Kamal, T., Shukry,
M., "Aloe vera gel facilitates re-epithelialization of corneal alkali
burn in normal and diabetic rats", Clinical Ophthalmology, Vol. 9,
(2015), 2019-2026. http://dx.doi.org/10.2147/OPTH.S90778
Maurice, D. M., "The structure and transparency of the cornea",
The Journal of Physiology, Vol. 136, No. 2, (1957), 263-286.
https://doi.org/10.1113/jphysiol.1957.sp005758

Peterson, J. L., Ceresa, B. P., "Epidermal growth factor receptor
expression in the corneal epithelium", Cells, Vol. 10, No. 9, (2021),
24009. https://doi.org/10.3390/cells 10092409

. Bayyoud, T., Thaler, S., Hofmann, J., Maurus, C., Spitzer, M. S.,

Bartz-Schmidt, K. U., Szurman, P., Yoeruek, E., "Decellularized
bovine corneal posterior lamellae as carrier matrix for cultivated
human corneal endothelial cells", Current Eye Research, Vol. 37,
No. 3, (2012), 179-186.
https://doi.org/10.3109/02713683.2011.644382

Madden, P. W, Lai, J. N., George, K. A., Giovenco, T., Harkin, D.
G., Chirila, T. V., "Human corneal endothelial cell growth on a silk
fibroin membrane", Biomaterials, Vol. 32, No. 17, (2011), 4076-
4084. https://doi.org/10.1016/j.biomaterials.2010.12.034

. Rezvani, M., Alahgholiyan, E., Roshangar, L., "Synthesis of a

macroporous glass-ceramic scaffold containing fluorapatite
crystalline phase for bone substitutes", Advanced Ceramics
Progress, Vol. 6, No. 3, (2020), 47-54.
https://doi.org/10.30501/acp.2020.113603

. Last,J. A., Thomasy, S. M., Croasdalec, C. R., Russell, P., Murphy,

C. J., "Compliance profile of the human cornea as measured by
atomic force microscopy", Micron, Vol. 43, No. 12, (2012), 1293-
1298. https://doi.org/10.1016/j.micron.2012.02.014

Khalid, H., Igbal, H., Zeeshan, R., Nasir, M., Sharif, F., Akram,
M., Irfan, M., Khan, F. A., Chaudhry, A. A., Khan, A. F., "Silk
fibroin/collagen 3D scaffolds loaded with TiO, nanoparticles for
skin tissue regeneration", Polymer Bulletin, Vol. 78, No. 12,
(2020), 7199-7218. https://doi.org/10.1007/300289-020-03475-y

Yonesi, M., Garcia-Nieto, M., Guinea, G. V., Panetsos, F., Pérez-
Rigueiro, J., Gonzalez-Nieto, D., "Silk fibroin: An ancient material
for repairing the injured nervous system", Pharmaceutics, Vol. 13,
No. 3, (2021), 429.
https://doi.org/10.3390/pharmaceutics 13030429

Sadtler, K., Sing, A., Wolf, M. T., Wang, X., Pardoll, D. M.,
Elisseeff, J. H., "Design clinical translation and immunological
response of biomaterials in regenerative medicine", Nature
Reviews  Materials, Vol. 1., No. 7, (2016), 1-17.
https://doi.org/10.1038/natrevmats.2016.40

Michelacci, Y. M., "Collagens and proteoglycans of the corneal
extracellular matrix", Brazilian Journal of Medical and
Biological Research, Vol. 36, No. 8, (2003), 1037-1046.
https://doi.org/10.1590/S0100-879X2003000800009

Huo, Y., Jiang, B., Zheng, X., Chen, W., Xie, X., "Epidermal
growth factor protects against ultraviolet damage in human corneal
epithelial cells through inhibiting autophagy", International
Journal of Clinical Experimental Pathology, Vol. 9, No. 9,
(2016), 9008-9017. https://e-
century.us/files/ijcep/9/9/ijcep0022386.pdf

Shoulders, M. D., Raines, R. T., "Collagen structure and stability",
The Annual Review of Biochemistry, Vol. 78, (2009), 929-958.
https://doi.org/10.1146/annurev.biochem.77.032207.120833

.bj.f:obﬁ)GQ&JQ})JQ)yQJBMw)‘JM‘

S omi L
i g Y sl b Sl easls canlllae LB
5586 5 sl sl O3NS 5 ol s e il 45
Slr oS SG 25 5 o AiSSWS Jale dpea By e A
Ve Cols kel Gl S a8 e e S
s b S s s S s Sl S 5L BUISL
St P o SEM B cwdige gl plbaasia
5y Sl by (O eled asls 5y S s
A e b pbaasiie 5 Ly s kel SO ol
Copsls bl el 5 dghe Sledis ( Jsbo Jlas!
Lol 4 o ol 0L sy ool bt AS e
S 9 e ol 9 SUIEL bl ccle Cules
by el g eelecdise 38 cal Gl ol
e Sl sl 5 058l ol Al 5 s ekt g

Sph 4 S Las edscaml 45 )3

81wl -0
o250 Olslil 03l slaslazaly 31 Allie O s 5
Ca.“vl.o;- u:"‘ﬁ)}:’. U'i‘ “we o LY C)u:;;d' E) f}j& J.}-b chT

Ju)bﬁwh.w 9 O\))J} k:a{L@J& ccsls L;i{)}&

e

1. Ma, X.-Y., Bao, H. -J., Cui, L., Zou, J., "The graft of autologous

adipose-derived stem cells in the corneal stromal after mechanic

damage", PLOS ONE, Vol. 8 No. 10, (2013), e76103.
https://doi.org/10.1371/journal.pone.0076103

2. Borene, M. L., Barocas, V. H., Hubel, A., "Mechanical and cellular
changes during compaction of a collagen-sponge-based corneal
stromal equivalent", Annals of Biomedical Engineering, Vol. 32,
No. 2, (2004), 274-283.
https://link.springer.com/article/10.1023/B:ABME.0000012747.9
7620.3a

3. Lin, H., Li, W., Dong, N., Chen, W., Liu, J., Chen, L., Yuan, H.,
Geng, Z., Liu, Z., "Changes in corneal epithelial layer
inflammatory cells in aqueous tear—deficient dry eye",
Investigative Ophthalmology & Visual Science, Vol. 51, No. 1,
(2010), 122-128. https://doi.org/10.1167/i0vs.09-3629

4. Holan, V., Javorkova, E., "Mesenchymal stem cells, nanofiber
scaffolds and ocular surface reconstruction", Stem Cell Reviews
and  Reports, Vol. 9, No. 5, (2013), 609-619.
https://doi.org/10.1007/s12015-013-9449-0

5. Rodriguez-Vazquez, M., Vega-Ruiz, B., Ramos-Zupiga, R.,
Saldaia-Koppel, D. A., Quifiones-Olvera, L. F., "Chitosan and its
potential use as a scaffold for tissue engineering in regenerative
medicine", BioMed Research International, (2015), 1-15.
https://doi.org/10.1155/2015/821279


https://doi.org/10.1371/journal.pone.0076103
https://link.springer.com/article/10.1023/B:ABME.0000012747.97620.3a
https://link.springer.com/article/10.1023/B:ABME.0000012747.97620.3a
https://doi.org/10.1167/iovs.09-3629
https://doi.org/10.1007/s12015-013-9449-0
https://doi.org/10.1155/2015/821279
https://doi.org/10.1097/IIO.0b013e3181924904
https://doi.org/10.1097/ICU.0000000000000049
https://doi.org/10.1016/S0142-9612(02)00353-8
https://doi.org/10.1038/srep21840
https://doi.org/10.4103/0019-5154.44785
http://dx.doi.org/10.2147/OPTH.S90778
https://doi.org/10.1113/jphysiol.1957.sp005758
https://doi.org/10.3390/cells10092409
https://doi.org/10.3109/02713683.2011.644382
https://doi.org/10.1016/j.biomaterials.2010.12.034
https://doi.org/10.30501/acp.2020.113603
https://doi.org/10.1016/j.micron.2012.02.014
https://doi.org/10.1007/s00289-020-03475-y
https://doi.org/10.3390/pharmaceutics13030429
https://doi.org/10.1038/natrevmats.2016.40
https://doi.org/10.1590/S0100-879X2003000800009
https://e-century.us/files/ijcep/9/9/ijcep0022386.pdf
https://e-century.us/files/ijcep/9/9/ijcep0022386.pdf
https://doi.org/10.1146/annurev.biochem.77.032207.120833

VoY ;(\i'\ j’"’Ll) Al e)L«..i' AR 092 4\:}].;\:.3 6&&)}‘.5})‘}.# MM/Q‘)KAA}ﬁ)) é;_\i.; Ye

32.

33.

34.

35.

36.

37.

38.

(2000), 2506-2513.
https://iovs.arvojournals.org/article.aspx?articleid=2162181

Akter, F., "Principles of tissue engineering" Tissue engineering
made easy, Academic Press, (2016), 3-16.
https://doi.org/10.1016/B978-0-12-805361-4.00002-3

Esmaeilzadeh, J., Hesaraki, S., Borhan, S., "In vivo assessments of
the poly (d/) lactide/polycaprolactone/bioactive  glass
nanocomposites for bioscrews application", Advanced Ceramics
Progress, Vol. 7, No. 3, (2021), 17-22.
https://doi.org/10.30501/ACP.2021.286695.1061

Khalili, A., Naeimi, F., Fakhrizadeh, A. A., "Electrodeposited
hydroxyapatite/graphene oxide/zirconia oxide composite coatings:
Characterization and antibacterial ctivity", Advanced Ceramics
Progress, Vol. 6, No. 4, (2020), 8-14.
https://doi.org/10.30501/acp.2020.233349.1037

Holan, V., Javorkova, E., Trosan, P., "The growth and delivery of
mesenchymal and limbal stem cells using copolymer polyamide
6/12 nanofiber scaffolds", Corneal Regenerative Medicine,
Springer, (2013), 187-199. https://doi.org/10.1007/978-1-62703-
432-6_13

Oyegoke, T., Obadiah, E., Adah, F., Oguche, J. E., Timothy, G. T.,
Mantu, I. A., Ado, A. D., "Trends of progress in setting up
biorefineries in developing countries: A review of bioethanol
exploration in Nigeria", Journal of Renewable Energy and
Environment (JREE), Vol. 9, No. 1, (2021), 35-50.
https://doi.org/10.30501/jree.2021.278037.1197

Aydram, R., Haji Agha Alizade, H., Rasouli, M., Shadidi, B.,
"Simplex centroid mixture design for optimizing and promoting the
anaerobic co-digestion performance of sheep blood and cheese
whey", Journal of Renewable Energy and Environment (JREE),

Vol. 8, No. 3, (2021), 8-15.
https://doi.org/10.30501/jree.2021.251583.1151
Derakhshani, A., Hesaraki, S., Nezafati, N., Azami, M.,

“Fabrication and evaluation of physical and biological properties
of hydroxyethyl cellulose/hyaluronic acid-based scaffolds used for
second-degree (partial-thickness) burns wounds healing", Journal
of Advanced Materials and Technologies (JAMT), Vol. 9, No. 4,
(2021), 35-46. https://doi.org/10.30501/jamt.2021.226575.1086

24.

25.

26.

217.

28.

29.

30.

31.

Higa, K., Takeshima, N., Moro, F., Kawakita, T., Kawashima, M.,
Demura, M., Shimazaki , J., Asakura, T., Tsubota, K., Shimmura,
S., "Porous silk fibroin film as a transparent carrier for cultivated
corneal epithelial sheets", Journal of Biomaterials Science,
Polymer Edition, Vol. 22, No. 17, (2012), 2261-2276.
https://doi.org/10.1163/092050610X538218

Teichmann, J., Valtink, M., Nitschke, M., Gramm, S., Funk, R. H.,
Engelmann, K., Werner, C., "Tissue engineering of the corneal
endothelium: A review of carrier materials", Journal of
Functional Biomaterials, Vol. 4, No. 4, (2013), 178-208.
https://doi.org/10.3390/jfb4040178

Kong, B., Mi. S., "Electrospun scaffolds for corneal tissue
engineering: A Review", Materials, Vol. 9, No. 8, (2016), 614.
https://doi.org/10.3390/ma9080614

Merrett, K., Fagerholm, P., McLaughlin, C. R., Dravida, S., Lagali,
N., Shinozaki, N., Watsky, M. A., Munger, R., Kato, Y., Li, F.,
Marmo, C. J., Griffith, M., "Tissue-engineered recombinant human
collagen-based corneal substitutes for implantation: performance
of type I versus type 111 collagen", Investigative Ophthalmology &
Visual Science, Vol. 49, No. 9, (2008), 3887-3894.
https://doi.org/10.1167/i0vs.07-1348

Curto, E. M., Labelle, A., Chandler, H. L., "Aloe vera: An in vitro
study of effects on corneal wound closure and collagenase
activity", Veterinary Ophthalmology, Vol. 17, No. 6, (2014), 403-
410. https://doi.org/10.1111/vop.12163

Bardag-Gorce, F., Oliva, J., Wood, A., Niihara, H., Makalinao, A.,
Sabino, S., Pan, D., Thropay, J., Sota, H., Niihara, Y., "Microarray
analysis of oral mucosal epithelial cell sheet", Tissue Engineering
and Regenerative Medicine, Vol. 10, No. 6, (2013), 362-370.
https://www.sciencedirect.com/science/article/abs/pii/S00029394
05009104

Connon, C. J., Nakamura, T., Quantock, A. J., Kinoshita, S., "The
persistence of transplanted amniotic membrane in corneal stroma",
American Journal of Ophthalmology, Vol. 141, No. 1, (2006),
190-192. https://doi.org/10.1016/j.2j0.2005.08.027

Koizumi, N., Fullwood, N. J., Bairaktaris, G., Inatomi, T.,
Kinoshita, S., Quantock, A. J., "Cultivation of corneal epithelial
cells on intact and denuded human amniotic membrane",
Investigative Ophthalmology & Visual Science, Vol. 41, No. 9,


https://doi.org/10.1163/092050610X538218
https://doi.org/10.3390/jfb4040178
https://doi.org/10.3390/ma9080614
https://doi.org/10.1167/iovs.07-1348
https://doi.org/10.1111/vop.12163
https://www.sciencedirect.com/science/article/abs/pii/S0002939405009104
https://www.sciencedirect.com/science/article/abs/pii/S0002939405009104
https://doi.org/10.1016/j.ajo.2005.08.027
https://iovs.arvojournals.org/article.aspx?articleid=2162181
https://doi.org/10.1016/B978-0-12-805361-4.00002-3
https://doi.org/10.30501/ACP.2021.286695.1061
https://doi.org/10.30501/acp.2020.233349.1037
https://doi.org/10.1007/978-1-62703-432-6_13
https://doi.org/10.1007/978-1-62703-432-6_13
https://doi.org/10.30501/jree.2021.278037.1197
https://doi.org/10.30501/jree.2021.251583.1151
https://doi.org/10.30501/jamt.2021.226575.1086

	3 Associate Professor, Department of Tissue Engineering, Faculty of Advanced Medical Technologies, Tehran University of Medical Sciences, Tehran, Tehran, Iran
	3-3- رهایش فاکتور رشد عروقی از داربست نهایی کلاژن/فیبروئین/آلوئه‌ورا/فاکتور رشد
	شکل 6. تصویر میکروسکوپی به‌دست‌آمده از چسبندگی و کیفیت اتصال سلول‌ها روی داربست کلاژن/فیبروئین/آلوئه‌ورا/حاوی فاکتور رشد عروقی
	6-3- میزان تکثیر و سمّیت سلولی


