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¢ Active dressings
° Systemic
* Extracellular matrix
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' Microenvironment
" Granular wounds
" Exudate
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¢ Thermoplastic
* Hydrated
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' Viscosity
" Pathogene
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" Trypsin-EDTA
¢ Dimethyl sulfoxide (DMSO)
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' MTT assay
" Fetal Bovine Serum (FBS)
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! Fourier Transform Infrared Spectroscopy



db&aﬁ 9 Cmﬂjbg')t.w?-‘

A3 Vol g b A3 0 oty pl 5 b

Aoy Vo r,.‘__.'ﬁlo.::‘u:_.i

O R oy ey

VY s

w1 P iy

£:) S

et gl

Vi S

eadanS1 e il

o 51 OLS 5 51 Glas gommn 16y Goo s Sl o AeeST S5k 5L slad sl ol b a2l ) S
Lo K b 5l gl ol ol 0313 OLES r}...ﬂjp;‘djl(_gl.a;é{:));éc,éﬁ)\)é J':.iLaﬂ:J_}.ai:\ ERE AR T XCIN

2D ‘J._::M)i

— -
— e SN,
..}
C—

feve Yoo TYee YA Yies Yauo

e

A¥ee Aes fan

b Bl ey D03 sl (g ab s S e el e 5 el sl Sl sl sl s b a8 LS i b YIS

33 i iSCH o5 8 bgye e sl s Yoes BYAL
o ls S paman el bl lae 5 e slaey S
wbgye e Sl S IVYY EVNYY ab 3ot d alb
Sale slaey S 55 iSC=0 5 e N-H slaos S
BRI U SN 1> PUE SRCOUIE [ WV WV S|

LV

by e tle pTRee BYTVee alpnodd alb S
Sl 53 3 el Jale o S 55 i 2SNH w
53 edd all g S e Il s b S
055 4 b e ol YT LYo U

BL) Y8 S JAUQ LS")"} 6[.&)‘}.: ] (OH) J.:_M.s‘}).l?h



Vv JLG.: Y OJLQ-.:Y Mo 092

Ol 13585 YU s U sl g oy [WV] s | 138
a1y 0T 513 slge a5 5 Jiosden s & (sdke 315
—wlie o3l cdlizie gla fa g )3 [VA] L 1s ol ea
g sledlad 5 (Sdp glas Slas g D i
Gl ol (55158 ey Sa VAYEY s 03 guos 55 (5L
Sao p el plsl (68 oSy S Dllllas ) [VA]
Oeomad 5 gy S VAV Ol a0 31l L gt syl
ol Gl &S Sl Ao 3 AC B S s s
(Glra slge s Oluls fo ol ol s jls O3 5
VL sl J ol bt | 138 5 e s
0dd ST S shes 50 5 0l o) s b Ole 2l S5 0
A S Sl UL 5 ST ol sl 4 e
sdallie LBY SO 55 LS sbay 4 &8 culod s
S Sl 53 Ble 5l peal e S sbey ]
ladSosder O35 5 sl (ot pl 9 b 5 )l U
GV ds s bl s e 0L 1y ke Jlast gl
S5 eaS SaS 33 O3St 5 0lse SVole & JliS
O Ko 5 sbas Sles 5 ol o digo sl 1y o Lo

.wla;;;l;,_:\r}')‘v.:ﬁf?

oo S Nt ‘5)‘3\}5 S )

Gl s by e sl Ve L5180 ol s
g il ods dST gl 56 sl s Sles]
C-N a bye o mle o VYY0 el 3ol b s
s edd all pdom glajls g sltle 5o s se L
5 Camdse & bse e Sl p8ee BVer (Gles giloe
S LS ol Sobesyl adl> (g5, » sl 1 S
bds A6 e sl VA el s el alh 05
SVTVA 4l s el s ol e Sy «pimar el
aeslio b | 5l 53 CHs o S 4 by e e ilos
Colw ) Ol e 53 &S 555 o0 o in S ¥yl
5l 4 S ) o Cilisis laey S Ol Jlasl o i
aad g i Oy cpl s K des CUd Sle e 4
A 55 aci b

Sl plaseis Y-¥

o mssls Jd5 Ol 5 Ol i (g ) VY-
XL X

Aol B s bdisde 550 Ao 5 Ol i oIl
Sl s J Sz lee gy 55 5 2138, 5 e
Jasl 5 sk ws;y 5 Jlasl (ol i o310 5 sl [V

Ll il LSS Al gy aS AS o oS 1) 3l g0

SFazySeadr

AP s /095N 518y (© 0555 58 o (A1) 58 sy Son 5 oaliinl b bajlsles Ol i ) o ¥ IS
dS'| )‘,L.-_,.;‘JJMJJ 0 ("‘:‘*4"3‘ oﬁs,m.é/o_,:SY;,;\SgL; G R ST Al {"'i‘-'-ﬁ”b-’;syv’ﬁt‘sbfl‘l. (CAJ«':'- denS'|

A

PR



O 5 Cawssle]

4 i
_l.‘
J - - - -
A TEes &
t Y a
AR 3
EETERCIN
1.
\ -
= 5 * * * s s
< P
v T T T T T T 1
ALl hs ° 1 va 2 Vo2
(akds) Ol
L -
i 1 r
> .
i;‘ Yii 300000000000000006000000000000¢
- ©0000000000000000000000000000%
T e L

sssssssss
1 Al

(5 0) Lalew
7 g

e G A S Sl

o S el e el
= o, S L
ecbbieS] e Sy e ) s e L e 55N S

« & 0 0 »

PRI U WY Ey UL LA Fyeer PR PRTE PRSP TS e S P
PR U WP UL NPT § EPWECPREE PR TC-S FRSC g spur L RO
bt gl e b S

SR AS st e

Oy 5L S8 g

S O3SV A8 Gy OF) 55V 58 (V) e aeeST 55Ma iU 5 0 ol s b (V) slasliln LS (65518 ol £ IS

IS s 03e3T (0 5 ) S5 53 0l ey LS ke St (2 ok AeST S5l 56 5 oyl

5 ALl L g e ol sl 4 s
SUI3 Gl a5 il o5 (S5 53 Sy il
o5 Olgear b JLiS (65,01 5 ol 5 ol
Ll g

30 S9N QK Kn §13 1 p g5 T-TF
S s b Pl Ol oy (S RE h slacls
IS 3 S 5 el esls s b
e Lol 5l calises gla ol SHp b iy, b S
0 Ko 8 8 e Dl o3Il Ol s
Ol 1) jres S VAY o3Il da sze b o SKen &l i 03100
Slazses olal o J5L 5 a8 ol OF LS 5 das e
et 5 Sy on 3l 5 o3 S S > ezl e
o e Jlasl Y des 3 5l ol )l K e

.w‘euhi)‘)}ﬁuliule-éﬁ.\i)jda_w

AN

BT SRECTO NI SRPTSTA st

P3G ol o esls DLt At S s S sl
b el ) Uoss s el Ll oles b s bl
Erevaone Gl g BB sba Gl ;) el b
el 6 s e 0L il ol el asily il 531 JISely
S5 53 0S5 B8 Ll (5ab s Ol e
e o b denST ks 5U 5 ol ol 5 b J5 0o o
Nt 5l S 5 5 s ol sl 4
Al st e VL e Ll S 215
sl s b cce ) 31 i shsabss Ol e
el el iy e YLl

Ol omt S8 50 a8 shilen (1S ol a5
CO8SYs S b Sl s s il e a3l
o dhd o S1 ke 5B ol s b 105V S
S50 S cp i edules &S U _oyn Ve S G



\e¥ JL@% Y OJLQ-\:O Mo 093

o S Nt 6)3\}5 S )

O35 ok 5 abse ol Ol 558V I8 b (el Sl 055N 8 b (sl sy (50 S0 s Km0 0 IS

o .L:WS\ JJ}LA}JL’} Loy g V":-.’.J" JZ"‘}J‘?&

b S s 0553 45 das e OLS Cuadly
SEpd 5 o0 LGl sl Glaes S pam lea
SUlss wls 55 s oo SRl e yls T ldor
i g 4 edd il il OT L iles
£ Y0 S1JAY] Lalls s s YU sl e
0353 Cpmen (el w3l JRAlS 10 4 VYT
i o 3 Sl Coo bt oy s A ST U
3 O g e ST L 65 423 15 neb S g0 45 3 shes 36
osde ol SEalS el (kS e g il s bt
a5 s ooy [AL] sy 5 e ONE £ £°
Gl Gles S s pds 4 by 058V
OS5 8 L oS e 551 5 (o 5o (2 s Il
5 QRS s e el L e e m s 0
Gl sl e e 5 e S Sl | Jbw oL
ol LSS s 3 [A0] 355 o 5L g5l
)3 et 3 Ses s 4 30 S (2
Wl 3 L Cueal (i a i 20 b
o3l | SUSS (pl Ole 3 S o Ty 0L s g
L OV alS ok oS 5 S s Slsas
b 36 5 o ) s el ST Lo sechy
O s Sl s eSS Olsea el S|
s 8 Gl Csllas ol Gl Eel (SIS is

IMAAY] el ol all b

Sad o5 5 SHigh s ol 1-V-T
S S 5 Sk Gl sl CJM JZMJJJ
353 sl C'LA Oeemen 5 [M] ol Sl cule
sl IAY] s i e o5 550 (SAiS 5 36
SRS Olseay Cow | S 3 s yls Gdali;_a (el
SOW POVRVH - B SR I JUNPY C PR
S S Y Gk o 0als s 5l
s g 35t p e Ty Sl Gl
s calie 308 ol (gl O Sl eSS S
O ot 55 bl Sl conl b L5 n 8 5
S Sl esline 1l eled 15 (S o3l ol ol
A el ke 5 edd 13305 S (5 )5 S 0 b
Shrs o Ol Tl (gl el Ll oSSk
el o dd o303 QLT IS )5 ab g e slad Lol s
ool asly i edalln T IS 55 oS shiles
+4° 50 0S5 8 b cn s gl sel s
B NURRCIEINES Pt SNV N POR PRSI R 4 Vi
Oloas (s b slhaul O Cdls ey 5 KT
A5 s ol s anl els )
Oy S ls w555 (63L5 Ol 4 ok Ao S
Ol S e 104/4 £ Y0 O O uled a5l 5555 0

ol e e OLES ) Ol o das a5 S53 5 51 ool

! Epidermis



Vv JL@.: Y OJM NE 092

(amm0) b Slial uled w sl
]

oo S LSRN Sosbd cws)

-

e -
A -
R0 -
I -
AL -

e

55 LS CAVIASA NS M g 0 S
IR Sk o e J‘-I)l-‘J'I'L" sl e JRESE Py
s 1,__‘_!‘__:I sl S st a . J}.L.-_,.ZU
esle t.f
ujuuclg.ﬂg_gh,uwu a1 S

33 2 Gl SSY  cnls il e sl
ol AT sl 50 5 0l ol 5 e I3 550 4 5e
celo .,u>_.-ulaj4;.i|><=)j5l.,\:;_\)sgl~..§i%,.:.i L
AR O PR U IR NP AN LI F
@;ﬁﬁu_md G )]s 3540 53 ‘_.j ode il
Ll s s g 2l sl ezl VE 5l o 55000
3035 Al dald i e e L VY )y
ala

LaY] o 1S Sy o L, pals
Sge sz o Dlagle 358 Ol ool Dl b s pdpo 8
AS o pasialy OS5 osktle 4 Wl slse 5 sdse
Sl eolasle 358 Ole 5 2 e 2l [AY]
bl o5 ,—2 Gl ssls S35 » s Sleoi
Ll odd J RS G pdips 5 |5 el dBS aa 3l
ST 5l G Sltle dds o 25 5 0dd s sl
IAV] s das GV 55 e ol Ll s
Llod g wlie |5l lls ad 5 0 & PRSI
b (S5 0058 Aol 5 0T ki (5 e 5
5 Sl O5emSl ol 5 15 5 die ol ge o

el ol o b i

sshiles 5 Sl Lo ls g pdips 5 @ by eV ISS
GOl 55 o) 5 S (el ol o3ls OLES ol 4 as
ol Jsa Oley 338 L bl ol o355 YL 4l
Sl S s o lSls 5y sladiasdea slerd ily
sl opl s il 2als Of e v O il
e L ST SN U PPCUE PRI
el 5 ol ool e A8l 5 e 5 s sl
) S elll sl slaas L Bl [A] dS
SR e P ST RN W AT WU S PP WA PP L,

35 N B 5 5 e 005 4 e o i3l O

r—*-’"*-:ﬁ‘&:jbm-é :
5 &S o s YLl sl Ossr S 4 e 55 kS

Lol a4 &S ool Uy S nkip) 55 sl a3

e o SVl Ol o sl placd slaes S
Sl ele O Dl 5 s Rlip)s Saols sl
O g Mo ST 31 ey sk S0 S e 5 mmman [V]
Ll Gl ol Ve B fon S5 8 slaes S bl

Limsls s pdips s I3 5 g il &S A



\e¥ JL@J. Y OJL«.& Mo 093

o33 OLLIA IS 3 basjle 6y 555 05051 s

NG P W
Vour
- ; A
]' \ — *‘ FS
= re
)
3{\ S
— L ]
™ T T T T T 1
1] 12 24 36 48 60 72
(cell) ol

o S Nt AS)JL"} S )

SRHM P o3 O g1 0T

& LA
sdtdoS| koo i3 ol s O 55 A M
b sl oyl ek of gy 052N S

v eSS e U el s d ol e OSN AS

(6 i o) 710 5593 8 Ly (OF) 0t A1 3 570585 118y (1) 0V 108 L (V) sl el s s VIS
ol oS S5k U6 5 ol b b 10 5N S

Yoo _
x
.1‘ A L]
) 1 b
:,L '
., 1 T
} N
~ i. =
’." :
Y4 7
T
= ®
. T T T T 1
0 7 14 21 28 35

(Gas) Ol

0S¥ RS Lk
A el e 05 S
TEe el g e ol ey SSNS AAE

sk S| kgl 5 T e s ek s e S A

(\ﬂ) ol .L:MS‘JSJL.A}JL:/U}:SYJﬂSQA{ (Y) u}:‘syﬁﬁsgfki (\) 6@)&}@ LSJi'h ""i‘)": [GSveny) &Li))l A ‘}g.;r
ol ST g 50 5 0o b s e 1O SN RS s (8) sl bl O 5SS

53 el ol m’j Sl Bl Jowe clale 5 anil
S el G Cd Kl e oS s b
Cls o g S ol AT WL e sl s, S
s (i 5l S Bl w5V
Sk ess GRIBIL U5 b O S s
b e | S3 s 4] 5 S a5 0T 25
el S5 rerk endy 0 Olegen
S i Gy 2 GRIH & e SN A

2 Enzyme cleavage

oY

YV o gles 55 5 gsl—wn sl O35 5 sleal s g@l;j o
ﬁ;ﬁg ssl>= (pH=¢/v) PBS s :\dezl_.ﬂ a5
YO YA NN NV 3 e Gl e oo gy Vove)
2 TV op S A8t (63 s 55 0) 0l 4 STl s
ol b iz 5 (0T CB 160 BINDER ol 3 sl
o 3 0 Odor glal g A (¢l ‘emd{h;oﬁ
S Slos SV L s o 5 Ao sl
SRl sd o wn BT b perks £5 50 5L S e
Ol e (5 e 5 Olpee LT 035380 L 5 il o

! Deionized Water (DI)



dbb/\@ 9 C,.ijQLW;-\

BINDER o3l 8 sl a3 TV cds s o S eS|
Lo 035 ol Sl e 5 5106 (OWJT CB Y
asSIMTT S b ad ke daosla o ol o 4 ot S
"ol s g Sllad Glls 5 03 slad sk ) i
S, S s sk 4 EREBIRY Sy sy S
Jeto 63 0353 b e 5 (3,8 Lo 5 O3l 58
s hLE e Ol gl sk aSals 4t S 5il e
O3 i Olgee) A sdal i Gy i iDL
L Sloodiy o ys 05 YL KLl aSals
oSl S L a8l 080 3 Ll g ([44] s |
Thomas) Bio Tek-ELX800 &b -S—ul al> por
& yai oJ 55 (G4 ged 3 (6 S o3Il (K 1 Scientific
dadissdes jl= Ol o iS Lo 0500 ad sl
s s ad S b s Ve Sledi Olgsa
S350 53 5 et OF pola | o bt gas ple Sleods
L Sleodss Ao cpmomend ool o enls 0LiS 4 I3
| LA g0l Cnans ple odiS il 0 adasly 5l eslaiad
LVee]

oy sladsha JS slaws = 0

Sd sl (Sls X 235y X O sl g o2

Yol x okl
Lad b a5 LB Sl 5 Cn)ls Conw oo
Ol b raman 5 PH=Y 035 s b 45 &) 5o
50k edd o slassh clsw iy K55 002
Ao 53 dslie 5 addgad Ol s b S Do s
e At DU 28 gl s sl Sleoi
Olyee Gl P L as 58 Bl il o Sls 5o 51015 4
Colled Al b b s s 5o, B bd sl g 59
S b e g I 51 g5 OIS ol (I shon 2S5
sbadis L o2 5o a8 Cwds b lad s o

g e 5l iU laas] el 5l Sl 5 S S

2 Metabolic

oy

e G A S Sl

L 0] cul s 5 ] SR s ek
S s 0S8 L ksl Seiil S e ol
C—ls 53 1y 6508 i 25 e oy sl
NHz Jlile slaos S 0lo san 5525 |5 S o slony]
laculw Wlg o el -5k g5, »OH 5, COOH
—e il OBl 6l L BT sl 3L ol
Jl azia 55 e ls € g0l aan [AN] LS sl asle
ohay 4 02an 5o 5l sl BLL ) § ks oy 5
e band s ol 58l (g hlsliae oy 4w S5 Ao 3
535l T Bl eSS ¢ g e nen
N PYRPRCIW NN ¥ P PO PV IV
p> aia b ol gy ,8 a0l o 5 onis 5y, 5l Ll
S pshilen ol ol o A sl Bl e 4 S5
53 s DSl ke $U 5 Lyl el sl )
B 355 oo 55 4 g s sbas Sl L oL Lo
Sy gt Ll S o 25 0 VAT 55
OySYs S L i 3wl Skl s Ll JAVAY]
ol el a3l e B 4 = wda B ) Loy opl
Al 3 (Ol L sl gk o S
aw Ol Sdeay Canls 53 3 g 9o B8l o311 5 sl
Condls b ad5 00 g 5T o 1 L (s
Sl 0553 a8 ol lad 550 0 slows Jyl alay 5 oS
P g 3 oo e 5 483l Rl L e e
TAAT 3 55 o il im0

Sl Johe Oldlas ¥o¥

Slekiy (g 2 V-T-Y

SV YO s sbelas MTT 0l plonil g
sl dd— ol Caly 050 4 s ol
DMEM S Lams 03,3 edd G S Cdly s pud

©$20) 5L SOl O ol YE ode 4 5 A 03538

! Phisiologic



\e¥ )L@J. Y oJM Mo 093

Ol o 1y Wolas 3luslsl Sl b Sleois Lol
3 i Ot SadSasdes o S5 F S B, YL s
Sl Loz &S qada 5y, 5l el d St Il gl
53 [V 0] s S o al 3 sk oo
o2 Sop bl b edsine Sl slaesl S5
3okl 53 J o 358 55 Sl L5 e sy
JUs) opman 5 sl a sdie sl yo JUisl 4y S

LDV 558 5l s g L5 5l 40

Voo o KK **

I e B I
: |

7

3" i

)

-~

N

3 o

LSTT

u)bbéjjfudjlm L;}LAD./\J) LM._V.LE.Aq Jg.&

Vs Y

P WPTIA RSP0 B
T ey $Las 5l e aw lacsls L 6l
G5l sy 3l o e slas 8 (L sk
Do 255 5 Sleedi 53 a4 sl ey S
Sialesl Gda o tege onl ol [V V] 558 oL, b
Slad s 6la 5l cula 53 ot W55 (sla s 5 Shes
S o Sk 25 55 T GUls bl s Sl b
ooy andllas [V oA] il Sl Cdb —wdige 3
3DAPI 5l b 5l oy ) 2 S
s bd Con sy el 5 Ul el a3 J6
OCD (5,5 oS 5,5 ko 35 OT 51 (6515 5 a3
eizas 5 (0L T KERN & Sohn GmbH) 825
OLYMPUS) IX81 Inverted <o ;56 S 5 Ko
sdalie BB Ve IS0 s bl oS s el (0nl3
oslizal b sk (ol slajlitlu 501K, (g vl

i00000am

J

uﬂJJA%; om'.ﬁ 6)}\;5 C--\-l}

S s o pd e bl LS Lame 55 0l il S b
s o S LSl ar Db Sl
o3 5doen 3 PH B (gl 3L S Olpea &S sk SiU
i S o s Wb 5 (el o b ol
3o S ke s Con i ladised plod 2l Gl okl
d.’:b‘ Ql:ﬁu':iu) Cpimad LNV Y] el o ol
e s el sla LS 2als 5o sl il s S
e els ety G L ol slad gl bk

[Veg] sl

e

-

OV 25

o tlenST s ol g 055V RS

Y o ) s s e dB S Sl o ey 05V RS
110 b il s 3 oA Sl il ol e 055N S
TN et Al s e 0 dBdenST e iU ol e 055V 25
T s ol s b 5 e didenS| lpha U ol g 0525 s 25

0¢

S0 podd sdalie Sleeiz A K5 sl b sulas
o3 Q0 spd 3 0S8 L S ls
53 01 s pe adins LA 3550 45 ol sl 318
S o Osppdl ol ol adige slas )8
Ao ST sl 50 izman 5 s ol i s b Slads s

R o g GV S S el o2

@ gos Ay Sl il 581l O sl Lol sl 05 50 Sleel
ool oo bl el ks 1 oSN S L
2N gad e Jleodi (bl o e 525
3 el s 105N B8 s (s
33 2 Olpen 5yl ool ST st
Aok S0 s doa b ol il G 5d) ek Joods
bbb @l 5 ol Ol o iy (edd LS

el o3l LA 3 55 51 Gley sl oL



dbb/\o.b 9 C,.ijQLW;-‘

;;.’):‘SYJJ:ZSJL“_ Slacasls a by o b caisy Ve J—ﬁw
V":"*U"-" o9 5l e slads 3 Lol esls Ay
LS @ ol jasetn S5 s oS shailes 5 ol
LS ool S VU 85 sy e b
5 Cmpls 4y a8l Jlasl slad ghu slaas 2158l Cor 50
Wl aeo s Sl basl i o Lol Slees il

Al g Rl Ol
S g a8l ClS gladshe 4 by e 0 iy Ve IS
ol dewS| Il 5b w0 wxzsl 5 sSV5 )8 L cnls
Gy Dot o 5L S Gl V 5T (Glags, oo
tglie 53 sk (5 2 sliad Gl 56 (VL (685l
sasBls Sl S als e ol L
R R g U Py PYRESLA R PR oY
3P 0 3 e a e Sleedis 5 aly Jlal]
s 1o Bb bl oy dshe 5550 e edaliee

il S Iy

t
“J

333 a 19
Py, (S aalP X bl

00

e G A S Sl

Sladase lunl V5 ¥ 0 555 55 B 5 s SO,
31 6uS s 6 bl 4 e 5 A Gl LT i
£ S SPBS L (3,0 sbadsl w0l s i
5 oY gns S
Llbadd v s 6}:‘1&) slr Al s Spkds

<3, «diamidino-2-phenylindole £

RIIRREEE
s S1 65l Gl e A 45 PBS s
sl 53 e 53 0 85 S AV 235 L S U
S w0l Bl 5l s 54 Ao 5 ) wtfrﬂ
S Ao 53 0) 4SOl (Sl s akds ¥ e w o J
(CB 160 BINDER | S _sle 4,3 TV (1 S Ao S|
253 s A SPBS L lajl v e 5 (OWT
OLYMPUS) X81 Inverted o ;55 oS 5 Ko
P OLEY 5 5 sy Ve K edalie (15
Gl Sy 2 Jshs oS slad g3 &S aa s
53 bad e Oles Ll o ul atils 3L 58V 8 L
Bl ool Sy g oo ol 53 a5 05w S5 b

.Ju'\o.JJS \J..;;_ LSJ"

55

(!

)



\i"‘)\.@fﬂ' eJ\A..foc\O 69 uﬂ)hﬁﬁ;emb‘s)juwj

PP -CAR D
f}' T — (s

L)W)jbcéjyg}iﬂjf@ﬁ)aajbujﬁYJﬂS& (C‘u <l :6));30.&1 a:l;g:,.,.lgc,.w')’\{)ﬂ,:é 6LAJ},L~\' J.>/\..2
(o s glado ;3 b oty ol (s b 4 22T 055V 1S L (5 1ot U b (5l b iy 5 5 gl b (550l
\_‘Jjg.mjj.{yﬂ}”ajbo.u J.:.«S‘JJ).L»};L‘F J.,,a))f,' r..:..lj.:\ wj}f:j/dj:sy)ﬁlséi (ch ol .,\:MS\JJ))M};L/UJQSYJJZ:\SLA{

RIS RSO [E PR U U PR TR W L PR ARNE E RS

01



ubb/\a.b 9 C,.ijQLW;-\

*K * % *k
Voo b1 | I
T _I
oy T
3 4 -
_j \
-‘J) -
A
1
T o 4
| | '8
Y 5, Yo, LTy

YA

e

oomoooan

e G A S Sl

RTS PP

) et ol e OS5 25
o st ol e Y R

TN gl g e o oy O3SV 25
T iyl g et o gy O3SV 25
oikenS] I g ol a0 5Y5_A5
b eS| J'J_JJ...-_’;-U 3 hie s | g e 3 e .:;}‘.'5\'_;‘.%5;_51._:

6));3@@;;35@")&{)]:5&\.&‘}% @uaxjjlw;w))b %ﬁwjﬁfjgjji %j&jﬁfﬁjwjlqus&)bf\\ Ji&

Ctl3 2 s ad gl ey s Aia L
1.52v, NIH ) ImageJ 33l 5 5l ealazl b pioman
Ll s s NV A ) oS & oy (Sl
Lawslie js canjls Sleoliy jls ome JAulsil enis
el Sl el e s J oSV B8 L 4 ges
QAN

Sl Ogal YY-Y
&:Q)M@w,pm)ym@wiw\cw@ﬁ
KERN & ) AY0 (5,5 o35 s Sen Sl eslital b o(slasY
Cele YE 5 jio Sl osb 53 3 (olJT Sohn GmbH
5oas |

acjm"_’k n\)w

LesT 5l o3l 4 o)
Al 00 s S Dzl s ad b Se
S5 S B eon dage S Sl s B
S Sshilen 5 by e sl oS sailes [1IYS)V0]
ohd i8S gad sl el ol osls OLEINY KS s
Ot 5 edkd LSt sk S e slae (g5l aee )3
Hsba sl 53 S I Glad s sn 5,5 G0 o oty
5 S e sl sl b eled bt sl &S
sl Jd ool 5 Jbe St da s
30k RlBl oo et ) s e S R e
4 e LS oo Wl CIUN s 5555 5 581 O gD id

5 oSl 1 St ke e sl oS i

Lkl

ov

OB ol el Bua A SV 5T sy Ve IS
Cmssld (55 5 S Dg b Sladshe ClS Sl
b a3 8 S e el s
Ol 53 4 ol ey ) (b 5 0 A S Sk 0
Sl gl d Lt Csls 4 gt 4 b
3pdisr o dalin s 4 3 0 5 p s Sa) 5 Lad sk
LSt J ol sU sl 8 J 1S gladised (s 2 b s
R e N . ¥ S P JP R W
Sl 4 b e Ol e |y sk slas il il ol
Cils b ok 53 ol 5 3L S
Sl e S5 5 5 ol s S [40]
s dd SLERT ST s Olp e 1, Sl lw
Sl D] el s S 4 slaasl
33 sl Sl oy S b slad
Sl s s el Gl s b U
Sy obls 1 s «SGT L aaS e 358 s gla
ola T[N J el o) 58 Jsb 5o gda (e |
s copl e L o 35l Cmyls 4 )
03 5 S A, WLy a5 Sl sbay LS e
Ao o QLS S ol W] sl 2S5 s 0503
Ol gy lodiS 5l sduel (slaasy S ¢ ol saolenily &S

3L ple g g aw Joke i andlae gl (5t



\e¥ )L@f Y GJLA-:A Mo 099>

o S &l S9Ld Sy

IS apad 53 A2 sl Olej 5 el Y2 0L L
dojls O eSS b 5 ead ST Jw & e
23 dske (S5l edle ol (g i DLy SIS
ol b 0 Oy GBI L 5 A e oy
DYV &S o Glmiy o5 2 OAS atemy 51 oS o]
il glajlotle sl stias Ol Slasli s ol

V-:AJ: C..:.L:u u.l‘jL.:}V})dM Qm{@f.\..:)bo.,\.\i

ol T s

Dlads v o rles cd b o2l OIS 555,
T30 Y SOV S WU P = R S L g 5t |
dngle 3 ool 2 Al ad (Soa 5 s Wl cdly
S ls rizman 5 o5las 0Ud BLS1 O5d) b el L
Lo Lladls g ity &8 > (b 055V 8
S el A L acaslio 53) celw YE Ol cidS
(el ods 1S S5SNI hy wsed 4 b e

BE cJ.ru.A BEI [\\-\—\Y'] .\.'._..»:kad Jl}- aaleis Caw

(

Yé J‘w}<%wji_3l~45>&‘}>-bl>g| Qlﬂ)))uilf Q)ﬂ)i)l@b\.ﬁm\b)b}-bda)wv}) (":"jﬁ‘gh‘.ﬁ"?\‘l Jg,&/
o)l...aﬁ (CQ}’SYjﬂS& LSAJLAG (u JJ'J.S 4.;)»;' (gd.“ Z(W\)Wﬁ)l«aj) LbeJLAJ« QLS ULJ\‘)‘ celw

ol g el AT ) s U0 55V 5



ubb/\a.b 9 gL.ijQL.,,;—\

e G A S Sl

shdas Jlasl puman 5 03l 5 ol wdr gl B
SMTT e K dsesl 5laalad w51 318
(opds s s SOy e L Sl S, B
s Sl b slad sl 2T 5 Al Slasdis
Sl pl 0500 Bl o alee Ol (5 315 Ol
Osls Olis bdisodes Sles sl O3l s Ul
e 3 Sl Celw ) (goaab g Ol e o g
Lo bkl S5l 51 Sl 88 oole
b 5 3g 0 b 5y ey RelT 5 oLl
35015 ol 5 el (aslis Jol Sl
Sl olis s 3l = Olenily & s p’\f PsS
oSl sl 5l U8 sdas Ol b S5 oyl g soores

r.?') ('.Aﬂj: CJ_MJ LS‘_)" e)LiZ_.w‘)) Y8 WNe .,\.J}: QL@._M;LJ
]
@\JA—O

[1] Sun, W, Liu, Z., Xu, J., Cheng, Y., Yin, R,,
Ma, L., ... & Zhang, H. (2023). 3D skin models
along with skin-on-a-chip systems: A critical
review. Chinese ~ Chemical  Letters, 34(5),
107819.

[2] Rogers, A. P., Mileto, S. J., & Lyras, D.
(2023). Impact of enteric bacterial infections at
and beyond the epithelial barrier. Nature
Reviews Microbiology, 21(4), 260-274.

[3] Zhang, S., Liu, H., Li, W., Liu, X., Ma, L.,
Zhao, T., ... & Liu, W. (2023). Polysaccharide-
based hydrogel promotes skin wound repair and
research progress on its repair
mechanism. International Journal of Biological
Macromolecules, 125949.

[4] Popescu, V., Cauni, V., Petrutescu, M. S.,
Rustin, M. M., Bocai, R., Turculet, C. R., ... &
Mastalier, B. (2023). Chronic Wound
Management: From Gauze to Homologous
Cellular Matrix. Biomedicines, 11(9), 2457.
[5] Yang, Y., Li, M., Pan, G., Chen, J., & Guo,
B. (2023). Multiple Stimuli-Responsive
Nanozyme-Based Cryogels with Controlled NO
Release as Self-Adaptive Wound Dressing for
Infected Wound Healing. Advanced Functional
Materials, 2214089.

04

S S aomit
Jooden (o5 Olandly (slas )8 sl e a3y onl 02
5o old A STl 5B s ksl s S S
Sl SV L glac s 4 A by Olsew
b wlo! gam aw Sl oS s 3lesliz | Lol
5 SV Rk Sls (SO ol Sl Ol ses
oslizn ) s b ek 55 (85l s Lol
St Sl i My b Glad b g 5 52
Shaan ts s As e iS Wl Gy i
s 35 QLS a8 S Oge3l s gl
oS ol Glaaly Sl O s Jlowe i
7w Pkl gl e S o
S 315 0L gl b A S a5 S eslinad
b Lok AewST ko 5U oS S S (2 e
S g 0t Ao ST sk 50 51 2t oS 2y
JIRCRACINEINCE S RURIW PR S B PN 3
Rl Ol Dde o g 5 Sl dmpa B ol b S 5
El ol el ) (oseb ) (3l e
el sl |l 5l S Sy 55
b ladiode O S ea g8l S s 08 S L
QL.:_}jchm;_,.w\;L;ﬁ.lipjj o Blate 5 ol
()}»ﬂ el dmys A (YL g..JT Ol (6 4z ek
Sl Sl ol S ol 0L gl o 5
S e 3l Gl e (il b (sls el
ssba s (win g b do s A Sl L) Lo 4
Ol (slle 6y o P8 ) Lol S
‘_’.(_,.vﬁ Glas )8 5o Wl o ol ol aS Las e
S5 A0 e B R s o e P
b2l Sl e 5 5 Olays oy05 b 51 ey Jisodes
Sl 5925 (o5 LSy S pslal Sl esli
A Al Ao ;3 A0 IS s 5 (6 e S0 VA S5

Sl oS o B sy gy D i ol 3y &S



\e¥ JL@J. Y BJM Ao 099>

Research Part B: Applied Biomaterials, 111(1),
220-233.

[15] Zhou, B., Jiang, X., Zhou, X., Tan, W.,
Luo, H,, Lei, S., & Yang, Y. (2023). GelMA-
based bioactive hydrogel scaffolds with
multiple bone defect repair functions:
therapeutic strategies and recent
advances. Biomaterials Research, 27(1), 86.
[16]Almajidi, Y. Q., Gupta, J., Sheri, F. S.,
Zabibah, R. S., Faisal, A., Ruzibayev, A., ... &
Farhood, B. (2023). Advances in chitosan-
based hydrogels for pharmaceutical and
biomedical applications: A comprehensive
review. International Journal of Biological
Macromolecules, 127278.

[17] Reizabal, A., Costa, C. M., Pérez-Alvarez,
L., Vilas-Vilela, J. L., & Lanceros-Méndez, S.
(2023). The New Silk Road: Silk Fibroin Blends
and Composites for Next Generation Functional
and Multifunctional Materials Design. Polymer
Reviews, 1-64.

[18] Wuran, W., Aihemaitijiang, X., Zhu, T., &
He, H. Application of silk fibroin composite
scaffold in bone tissue engineering.

[19] Sun, X., Zhang, Y., Cui, J., Zhang, C.,
Xing, C., Bian, H.,, ... & Su, L. (2023).
Advanced multilayer composite dressing with
co-delivery of gelsevirine and silk fibroin for
burn wound healing. Composites Part B:
Engineering, 253, 110549.

[20] Liu, Y., Zhang, Z., Zhang, Y., Luo, B., Liu,
X., Cao, Y., & Pei, R. (2023). Construction of
adhesive and bioactive silk fibroin hydrogel for
treatment of spinal cord injury. Acta
Biomaterialia, 158, 178-189.

[21] Tiwari, N., Kumar, D., Priyadarshani, A.,
Jain, G. K., Mittal, G., Kesharwani, P., &
Aggarwal, G. (2023). Recent progress in
polymeric biomaterials and their potential
applications in skin regeneration and wound
care management. Journal of Drug Delivery
Science and Technology, 104319.

[22] Mikhailidi, A., Ungureanu, E.,
Belosinschi, D., Tofanica, B. M., & Volf, I.
(2023). Cellulose-Based Metallogels—Part 3:
Multifunctional Materials. Gels, 9(11), 878.
[23] Mohammadi, S., Jabbari, F., &
Babaeipour, V. (2023). Bacterial cellulose-
based composites as vehicles for dermal and
transdermal drug delivery: A

UAJJA C‘-;J.J: om'.ﬁ ‘SJJL.J’ b’--ul}

[6] Pita-Vilar, M., Concheiro, A., Alvarez-
Lorenzo, C., & Diaz-Gomez, L. (2023). Recent
advances in 3D printed cellulose-based wound
dressings: A review on in vitro and in vivo
achievements. Carbohydrate Polymers,
121298.

[7] Nguyen, H. M., Le, T. T. N., Nguyen, A. T,
Le,H.N. T., & Pham, T. T. (2023). Biomedical
materials for wound dressing: Recent advances
and applications. RSC advances, 13(8), 5509-
5528.

[8] Solanki, D., Vinchhi, P., & Patel, M. M.
(2023). Design Considerations, Formulation
Approaches, and Strategic Advances of
Hydrogel Dressings for Chronic Wound
Management. ACS omega, 8(9), 8172-8189.
[9] Jose, J., Khot, K. B., Thomas, S. P., Chopra,
H., Gopan, G., Bandiwadekar, A., ... & Vora, V.
(2023). Advances in microneedles-based drug
delivery system on promoting wound
healing. Journal of Drug Delivery Science and
Technology, 105163.

[10] Tan, Y., Yang, Q., Zheng, M., Sarwar, M.
T., & Yang, H. (2023). Multifunctional
Nanoclay-Based Hemostatic Materials for
Wound Healing: A  Review. Advanced
Healthcare Materials, 2302700.

[11] Jayakumar, A., Mathew, S., Radoor, S.,
Kim, J. T., Rhim, J. W., & Siengchin, S. (2023).
Recent  advances in  two-dimensional
nanomaterials: properties, antimicrobial, and
drug delivery application of
nanocomposites. Materials Today
Chemistry, 30, 101492,

[12] Uchida, D. T., & Bruschi, M. L. (2023).
3D Printing as a Technological Strategy for the
Personalized Treatment of Wound
Healing. AAPS PharmSciTech, 24(1), 41.

[13] Zboinska, M. A., Samfors, S., &
Gatenholm, P. (2023). Robotically 3D printed
architectural membranes from ambient dried
cellulose nanofibril-alginate
hydrogel. Materials & Design, 112472.

[14] Saraiva, M. M., Campelo, M. D. S,
Camara Neto, J. F., Lima, A. B. N., Silva, G. D.
A., Dias, A. T.D. F. F., ... & Ribeiro, M. E. N.
P. (2023). Alginate/polyvinyl alcohol films for
wound healing: Advantages and
challenges. Journal of Biomedical Materials



dbb/\o.b 9 C,.ijQLW;-\

e G A S Sl

in Tissue Engineering: A
Review. Materials, 16(12), 4267.

[33] Budharaju, H., Suresh, S., Sekar, M. P., De
Vega, B., Sethuraman, S., Sundaramurthi, D., &
Kalaskar, D. M. (2023). Ceramic Materials for
3D Printing of Biomimetic Bone Scaffolds—
Current state—of—the—art & Future
Perspectives. Materials & Design, 112064.
[34] Li, N., Khan, S. B., Chen, S., Aiyiti, W.,
Zhou, J., & Lu, B. (2023). Promising New
Horizons in Medicine: Medical Advancements
with Nanocomposite Manufacturing via 3D
Printing. Polymers, 15(20), 4122.

[35] Zeng, J., Xiong, S., Zhou, J., Wei, P., Guo,
K., Wang, F., ... & Wu, D. (2023). Hollow
hydroxyapatite microspheres loaded with
rhCXCL13 to recruit BMSC for osteogenesis
and synergetic angiogenesis to promote bone
regeneration in bone defects. International
Journal of Nanomedicine, 3509-3534.

[36] Wang, L., Qu, Y., Li, W., Wang, K., &
Qin, S. (2023). Effects and metabolism of fish
collagen sponge in repairing acute wounds of
rat skin. Frontiers in Bioengineering and
Biotechnology, 11, 1087139.

[37] Popal, Z., Nickel, K. F., Woltje, M.,
Aibibu, D., Knipfer, C., Smeets, R., & Renné,
T. (2023). Polyphosphate-loaded silk fibroin
membrane as hemostatic agent in oral surgery:
a pilot study. International Journal of Implant
Dentistry, 9(1), 1-8.

[38] Xu, H., Sanchez-Salvador, J. L., Blanco,
A., Balea, A., & Negro, C. (2023). Recycling of
TEMPO-mediated oxidation medium and its
effect on nanocellulose
properties. Carbohydrate Polymers, 319,
121168.

[39] Wang, K., Ma, Q., Zhou, H. T., Zhao, J.
M., Cao, M., & Wang, S. D. (2023). Review on
Fabrication and Application of Regenerated
Bombyx Mori Silk Fibroin Materials. Autex
Research Journal, 23(2), 164-183.

[40] Yang, C., Yao, L., & Zhang, L. (2023).
Silk sericin-based biomaterials shine in food
and pharmaceutical industries. Smart Materials
in Medicine.

[41] Lin, Y., Ou, Y., Xu, M., & Chen, J. (2023).
Enhancing bone regeneration with bionic
hydrolysis and biomimetic polydopamine
coating on 3D-printed PCL scaffolds: A

W

review. International Journal
Macromolecules, 124955.
[24] Raut, M. P., Asare, E., Syed Mohamed, S.
M. D., Amadi, E. N., & Roy, I. (2023). Bacterial
cellulose-based blends and composites:
Versatile biomaterials for tissue engineering
applications. International Journal of Molecular
Sciences, 24(2), 986.

[25] Jongprasitkul, H. (2023). Tailoring the
Printability of Photocrosslinkable Polypeptide
and  Polysaccharide-based  Bioinks  for
Extrusion-based 3D Bioprinting.

[26] Wu, Y., Fang, J., Wu, C,, Li, C., Sun, G,
& Li, Q. (2023). Additively manufactured
materials and structures: A state-of-the-art
review on their mechanical characteristics and
energy absorption. International Journal of
Mechanical Sciences, 108102.

[27] Elgarahy, A. M., Eloffy, M. G., Guibal, E.,
Alghamdi, H. M., & Elwakeel, K. Z. (2023).
Use of biopolymers in wastewater treatment: A

of Biological

brief review of current trends and
prospects. Chinese  Journal of Chemical
Engineering.

[28] Du, H., Chen, Z., Gong, X., Jiang, M.,
Chen, G., & Wang, F. (2023). Surface grafting
of sericin onto thermoplastic polyurethanes to
improve cell adhesion and function. Journal of
Biomaterials Science, Polymer Edition, 1-16.
[29] Zhao, L., Zhou, Y., Zhang, J., Liang, H.,
Chen, X., & Tan, H. (2023). Natural Polymer-
Based Hydrogels: From Polymer to Biomedical
Applications. Pharmaceutics, 15(10), 2514.
[30] Rahimkhoei, V., Padervand, M., Hedayat,
M., Seidi, F., Dawi, E. A., & Akbari, A. (2023).
Biomedical applications of electrospun
polycaprolactone-based carbohydrate
polymers: A review. International Journal of
Biological Macromolecules, 126642.

[31] Emadi, H., Karevan, M., Masoudi Rad, M.,
Sadeghzade, S., Pahlevanzadeh, F., Khodaei,
M., ... & Lotfian, S. (2023). Bioactive and
biodegradable polycaprolactone-based
nanocomposite for bone repair
applications. Polymers, 15(17), 3617.

[32] Vach Agocsova, S., Culenova, M., Birova,
I, Omanikova, L., Moncmanova, B.,
Danisovic, L., & Alexy, P. (2023).
Resorbable Biomaterials Used for 3D Scaffolds



\e¥ JL@J. Y BJM Ao 099>

films. Composites Part C: Open Access, 12,
100393.

[50] Divakaran, D., Suyambulingam, I.,
Sanjay, M. R., Raghunathan, V., Ayyappan, V.,
& Siengchin, S. (2023). Isolation and
characterization of microcrystalline cellulose
from an agro-waste tamarind (Tamarindus
indica) seeds and its suitability investigation for
biofilm formulation. International Journal of
Biological Macromolecules, 127687.

[51] Elakkiya, K., Bargavi, P., & Balakumar, S.
(2023). Unveiling pro-angiogenesis and drug
delivery using dual-bio polymer with bio-
ceramic based nanocomposite
hydrogels. Chemosphere, 341, 140131.

[52] Liu, H., Chen, H., Han, Q., Bin, S., Liu, Y.,
Zhang, A., ... & Wang, J. (2023). Recent
advancement in vascularized tissue-engineered
bone based on materials design and
modification. Materials Today Bio, 100858.
[53] Khan, M. U. A., Aslam, M. A., Abdullah,
M. F. B., Hasan, A., Shah, S. A., & Stojanovi¢,
G. M. (2023). Recent perspective of polymeric
biomaterial in tissue engineering-a
review. Materials  Today  Chemistry, 34,
101818.

[54] Kisti¢ M., Ibri¢ S. , Self-nanoemulsifying
drug delivery systems (SNEDDS) and self-
microemulsifying drug delivery systems
(SMEDDS) as lipid nanocarriers for improving
dissolution rate and bioavailability of poorly
soluble drugs. Lipid Nanocarriers for Drug
Targeting, 2018. p. 473-508.

[55] Dhania, S., Rani, R., Kumar, R., & Thakur,
R. (2023). Fabricated polyhydroxyalkanoates
blend scaffolds enhance cell viability and cell
proliferation. Journal of Biotechnology, 361,
30-40.

[56] Behm, D. G., Alizadeh, S., Daneshjoo, A.,
& Konrad, A. (2023). Potential Effects of
Dynamic Stretching on Injury Incidence of
Athletes: A Narrative Review of Risk
Factors. Sports Medicine, 1-15.

[57] zhang, K., Wang, H., Huang, C., Su, Y.,
Mo, X., & lkada, Y. (2010). Fabrication of silk
fibroin blended P (LLA-CL) nanofibrous
scaffolds for tissue engineering. Journal of
Biomedical Materials Research Part A: An
Official Journal of The Society for
Biomaterials, The Japanese Society for

Y

UAJJA C‘-;J.J: om'.ﬁ ‘SJJL.J’ b’--ul}

comparative study. Materials Today
Communications, 37, 107262.
[42] Eivazzadeh-Keihan, R., Farrokhi-

Hajiabad, F., Aliabadi, H. A. M., Ziabari, E. Z.,
Geshani, S., Kashtiaray, A., ... & Mahdavi, M.
(2023). A novel magnetic nanocomposite based
on alginate-tannic acid hydrogel embedded with
silk fibroin with biological activity and
hyperthermia application. International Journal
of Biological Macromolecules, 224, 1478-
1486.

[43] Park, J., Kim, T. Y., Kim, Y., An, S., Kim,
K. S., Kang, M., ... & Seo, J. (2023). A
Mechanically Resilient and Tissue-
Conformable Hydrogel with Hemostatic and
Antibacterial ~ Capabilities for  Wound
Care. Advanced Science, 10(30), 2303651.
[44] Wong, S. H. D., Deen, G. R., Bates, J. S.,
Maiti, C., Lam, C. Y. K., Pachauri, A., ... &
Dodda, J. M. (2023). Smart Skin-Adhesive
Patches: From Design to Biomedical
Applications. Advanced Functional
Materials, 33(14), 2213560.

[45] Rodrigues, T. Z. L., Flor, J. C. D., Palermo,
L. C., & Mansur, C. R. Evaluation of the
polymer hydrogels as a potential relative
permeability modifier. Journal of Applied
Polymer Science, e54879.

[46] An, Y., He, F., Ye, Q., Fan, S., Zeng, Y.,
Tang, M., ... & Li, K. (2023). Identification of
CpbZIP11 in Cyclocarya paliurus Involved in
Environmental Stress
Responses. Forests, 14(10), 2104.

[47] Balachandran, A., Choi, S. B., Beata, M.
M., Matgorzata, J., Froemming, G. R., Lavilla
Jr, C. A, ... & Okechukwu, P. N. (2023).
Antioxidant, Wound Healing Potential and In
Silico Assessment of Naringin, Eicosane and
Octacosane. Molecules, 28(3), 1043.

[48] Karimi, T., Mottaghitalab, F., Keshvari,
H., & Farokhi, M. (2023). Carboxymethyl
chitosan/sodium carboxymethyl
cellulose/agarose hydrogel dressings containing
silk fibroin/polydopamine nanoparticles for
antibiotic delivery. Journal of Drug Delivery
Science and Technology, 80, 104134.

[49] Mamudu, U., Dufresne, A., & Lim, R. C.
(2023). Synthesis and characterization of
phosphorylated cellulose nanocrystals for
enhanced UV stability of epoxy nanocomposite



dbb/\o.b 9 C,.ijQLW;-\

e G A S Sl

linker type and cross-linking
density. Macromolecules, 33(11), 4291-4294.
[67] Liang, L., Bhagia, S., Li, M., Huang, C., &
Ragauskas, A. J. (2020). Cross-linked
nanocellulosic materials and their
applications. ChemSusChem, 13(1), 78-87.
[68] Depan, D., Shah, J. S., & Misra, R. D. K.
(2013). Degradation mechanism and increased
stability of chitosan-based hybrid scaffolds

cross-linked with  nanostructured carbon:
Process—structure—functional property
relationship. Polymer degradation and

Stability, 98(11), 2331-23309.

[69] Smith, R. C., Leung, A., Kim, B. S., &
Hammond, P. T. (2009). Hydrophobic effects in
the critical destabilization and release dynamics
of degradable multilayer films. Chemistry of
Materials, 21(6), 1108-1115.

[70] Bartnikowski, M., Dargaville, T. R,
Ivanovski, S., & Hutmacher, D. W. (2019).
Degradation mechanisms of polycaprolactone
in the context of chemistry, geometry and
environment. Progress in Polymer Science, 96,
1-20.

[71] Spicer, C. D. (2020). Hydrogel scaffolds
for tissue engineering: The importance of
polymer choice. Polymer Chemistry, 11(2),
184-219.

[72] Dai, R., Meng, L., Fu, Q., Hao, S., & Yang,
J. (2021). Fabrication of anisotropic silk
fibroin-cellulose nanocrystals cryogels with
tunable mechanical properties, rapid swelling,
and structural recoverability via a directional-
freezing strategy. ACS Sustainable Chemistry
& Engineering, 9(36), 12274-12285.

[73] Sapudom, J., Kongsema, M,
Methachittipan, A., Damrongsakkul, S.,
Kanokpanont, S., Teo, J. C., ... & Thongnuek,
P. (2023). Degradation products of crosslinked
silk fibroin scaffolds modulate the immune
response but not cell toxicity. Journal of
Materials Chemistry B, 11(16), 3607-3616.
[74] Tajvar, S., Hadjizadeh, A., & Samandari,
S. S. (2023). Scaffold degradation in bone tissue
engineering:  An  overview. International
Biodeterioration & Biodegradation, 180,
105599.

[75] Mariggio, M. A., Cassano, A., Vinella, A.,
Vincenti, A., Fumarulo, R., Muzio, L. L., ... &
Favia, G. (2009). Enhancement of fibroblast

v

Biomaterials, and The Australian Society for
Biomaterials and the Korean Society for
Biomaterials, 93(3), 984-993.
[58] Thomas, B., Raj, M. C., Joy, J., Moores,
A., Drisko, G. L., & Sanchez, C. (2018).
Nanocellulose, a versatile green platform: from
biosources to  materials and  their
applications. Chemical reviews, 118(24),
11575-11625.
[59] Tommasino, C., Auriemma, G., Sardo, C.,
Alvarez-Lorenzo, C., Garofalo, E., Morello, S.,
& Aquino, R. P. (2023). 3D printed
macroporous scaffolds of PCL and inulin-gP
(D, L) LA for bone tissue engineering
applications. International Journal of
Pharmaceutics, 123093.
[60] Bartolo, P., Domingos, M., Gloria, A., &
Ciurana, J. (2011). BioCell Printing: Integrated
automated assembly system for tissue
engineering constructs. CIRP annals, 60(1),
271-274.
[61] Resetco, C., Hendriks, B., Badi, N., & Du
Prez, F. (2017). Thiol-ene chemistry for
polymer coatings and surface modification—
building in sustainability and performance.
Materials Horizons, 4(6), 1041-1053.
[62] Yang, K. Y., Wloch, D., & Lee, K. Y.
(2021).  TEMPO-oxidised  nanocellulose
hydrogels and self-standing films derived from
bacterial cellulose nanopaper. RSC
advances, 11(45), 28352-28360.
[63] Arnsten, A. F. (2015). Stress weakens
prefrontal networks: molecular insults to higher
cognition. Nature neuroscience, 18(10), 1376-
1385.
[64] Shefa, A. A., Taz, M., Lee, S. Y., & Lee,
B. T. (2019). Enhancement of hemostatic
property of plant derived oxidized
nanocellulose-silk fibroin based scaffolds by
thrombin loading. Carbohydrate polymers, 208,
168-179.
[65] Guo, Y., Bae, J., Fang, Z., Li, P., Zhao, F.,
& Yu, G. (2020). Hydrogels and hydrogel-
derived materials for energy and water
sustainability. Chemical Reviews, 120(15),
7642-7707.
[66] Lee, K. Y., Rowley, J. A, Eiselt, P., Moy,
E. M., Bouhadir, K. H., & Mooney, D. J. (2000).
Controlling mechanical and swelling properties
of alginate hydrogels independently by cross-



\e¥ JL@J. Y BJM Ao 099>

[84] Attiogbe, E., Larochelle, S., Chaib, Y.,
Mainzer, C., Mauroux, A., Bordes, S., ... &
Moulin, V. J. (2023). An in vitro autologous,
vascularized, and immunocompetent Tissue
Engineered Skin model obtained by the self-
assembled approach. Acta Biomaterialia, 168,
361-371.

[85] Nayak, P., Bentivoglio, V., Varani, M., &
Signore, A. (2023). Three-Dimensional In Vitro
Tumor Spheroid Models for Evaluation of
Anticancer Therapy: Recent
Updates. Cancers, 15(19), 4846.

[86] Marijuén, P. C., del Moral, R., & Navarro,
J. (2013). On eukaryotic intelligence: signaling
system's guidance in the evolution of
multicellular organization. Biosystems, 114(1),
8-24.

[87] Karbowniczek, J. E., Berniak, K.,
Knapczyk-Korczak, J., Williams, G., Bryant, J.
A., Nikoi, N. D., ... & Stachewicz, U. (2023).
Strategies of nanoparticles integration in
polymer fibers to achieve antibacterial effect
and enhance cell proliferation with collagen
production in tissue engineering
scaffolds. Journal of Colloid and Interface
Science, 650, 1371-1381.

[88] Bacakova, L., Pajorova, J., Bacakova, M.,
Skogberg, A., Kallio, P., Kolarova, K., &
Svorcik, V. (2019). Versatile application of
nanocellulose: From industry to skin tissue
engineering and wound healing. Nanomaterials,
9(2), 164.

[89] Chutipakdeevong, J., Ruktanonchai, U. R.,
& Supaphol, P. (2013). Process optimization of
electrospun silk fibroin fiber mat for accelerated
wound healing. Journal of Applied Polymer
Science, 130(5), 3634-3644.

[90] Radstake, W. E., Gautam, K., Van
Rompay, C., Vermeesen, R., Tabury, K,
Verslegers, M., .. & Baselet, B. (2023).
Comparison of in vitro scratch wound assay
experimental procedures. Biochemistry and
Biophysics Reports, 33, 101423.

[91] Venugopal, J. R., Zhang, Y. &
Ramakrishna, S. (2006). In vitro culture of
human dermal fibroblasts on electrospun
polycaprolactone collagen nanofibrous
membrane. Artificial organs, 30(6), 440-446.
[92] Sergi, R., Cannillo, V., Boccaccini, A. R.,
& Liverani, L. (2020). Incorporation of

¢

UAJJA C‘-;J.J: om'.ﬁ ‘SJJL.J’ b’--ul}

proliferation, collagen biosynthesis and
production of growth factors as a result of
combining sodium hyaluronate  and
aminoacids. International Journal of
immunopathology and Pharmacology, 22(2),
485-492.

[76] Dalton, C. J., & Lemmon, C. A. (2021).
Fibronectin. Molecular structure, fibrillar
structure and mechanochemical
signaling. Cells, 10(9), 2443.

[77] Ye, Z. H., Ning, K., Ander, B. P., & Sun,
X. J. (2020). Therapeutic effect of methane and
its mechanism in disease treatment. Journal of
Zhejiang University. Science. B, 21(8), 593.
[78] Masle, J. (2000). The effects of elevated
CO2 concentrations on cell division rates,
growth patterns, and blade anatomy in young
wheat plants are modulated by factors related to
leaf position, vernalization, and genotype. Plant
Physiology, 122(4), 1399-1416.

[79] zarei, M., Sayedain, S. S., Askarinya, A.,
Sabbaghi, M., & Alizadeh, R. (2023).
Improving physio-mechanical and biological
properties of 3D-printed PLA scaffolds via in-
situ argon cold plasma treatment. Scientific
Reports, 13(1), 14120.

[80] Barmshuri, M., Kholdebarin, B., &
Sadeghi, S. (2023). Applications of comet and
MTT assays in studying Dunaliella algae
species. Algal Research, 70, 103018.

[81] Madappura, A. P., & Madduri, S. (2023).
A comprehensive review of silk-fibroin
hydrogels for cell and drug delivery
applications in tissue engineering and
regenerative  medicine. Computational and
Structural Biotechnology Journal.

[82] Singh, S., Yadav, S. K., Meena, V. K,
Vashisth, P., & Kalyanasundaram, D. (2023).
Orthopedic Scaffolds: Evaluation of Structural
Strength and Permeability of Fluid Flow via an
Open Cell Neovius Structure for Bone Tissue
Engineering. ACS Biomaterials Science &
Engineering, 9(10), 5900-5911.

[83] Hasanzadeh, R., Mihankhah, P., Azdast,
T., Rasouli, A., Shamkhali, M., & Park, C. B.
(2023).  Biocompatible  tissue-engineered
scaffold polymers for 3D printing and its
application  for 4D  printing. Chemical
Engineering Journal, 146616.



dbb/\o.b 9 C,.ijQLW;-\

e G A S Sl

[94] Oppenheimer, S. B. (1978). Cell surface
carbohydrates in adhesion and migration.
American Zoologist, 18(1), 13-23.

[95] Evans, N. D., Oreffo, R. O., Healy, E.,
Thurner, P. J., & Man, Y. H. (2013). Epithelial
mechanobiology, skin wound healing, and the
stem cell niche. Journal of the mechanical
behavior of biomedical materials, 28, 397-409.

1o

bioactive glasses containing Mg, Sr, and Zn in
electrospun PCL fibers by using benign
solvents. Applied Sciences, 10(16), 5530.

[93] Martinez-Mora, C., Mrowiec, A., Garcia-
Vizcaino, E. M., Alcaraz, A., Cenis, J. L., &
Nicolés, F. J. (2012). Fibroin and sericin from
Bombyx mori silk stimulate cell migration
through upregulation and phosphorylation of c-
Jun.



\i"‘)\.@fﬂ' eJL«fog\O 69 uﬂ)h&ﬁ;emb‘s)juwj

3D-printed polycaprolactone scaffold coated with
silk fibroin and oxidized nanocellulose for wound
dressing applications

Afsaneh Ehsandoost?, Elnaz Tamjid 2*

1. PhD candidate, Department of Nanobiotechnology, Faculty of Biological Sciences, Tarbiat Modares
University, Tehran, Iran.
2. Associate Professor, Department of Nanobiotechnology, Faculty of Biological Sciences, Tarbiat
Modares University, Tehran, Iran.

tamjid@modares.ac.ir

Receipt: 2024/03/10 Accepted: 2023/12/23

Abstract

In recent years, significant efforts have been focused on advancements of
novel biomaterials based on natural polymers and utilization of efficient
methods such as skin tissue engineering for wound treatment. In this study, a
3D printed polycaprolactone (PCL) scaffold coated via immersion in a 1:4
blend of 40% silk fibroin from Bombyx mori cocoons and TEMPO-oxidized
nanocellulose was developed. The pore size and the porosity were 180 um and
85%, respectively. The results demonstrated an enhancement in exudate
absorption (swelling and water uptake of 1342% and 80%, respectively),
improvement in storage modulus (G’) from 500 to 4000 Pa, as well as
viscoelasticity up to 60%, which all are favorable for wound dressing
applications. Moreover, the wettability and biodegradability studies revealed
an overall increase in contact angle and degradation rate of 19.9°+3, and 95%,
respectively. Cell viability and migration studies on fibroblastic cells (L929)
using MTT assay, DAPI/ Phalloidin staining, and scratch test showed over
90% viability up to 7 days and complete scratch repair within 24 hours. These
findings show that 3D printed PCL scaffolds coated with silk fibroin and
oxidized nanocellulose are promising for wound healing applications and
might pave the way to natural polymer-based wound dressings.

Keywords: 3D printing, Polycaprolactone, Silk Fibroin, Oxidized

Nanocellulose, Wound Dressing, Viscoelasticity, Cell Viability, Cell
Migration
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