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ABSTRACT

ypothesis: The skin is the largest organ and outer covering of the body,
Hwhich acts as a barrier against microbial invasions as well as mechanical

and chemical damage. But, sometimes the skin does not have the ability to
regenerate the tissue on its own. In this context, tissue engineering (TE) is a promising
and reconstructive solution for repairing serious skin tissue damage. This article refers
to the importance of electerically conductive scaffolds based on tragacanth gum (TG)
for skin TE owing to non-toxicity, metabolic compatibility, and the non-hazardous
nature of its degradation products as well as the effect of electerical conductivity of
the sacffold in performance of skin TE.
Methods: Electroconductive nanofibrous hydrogel scaffolds composed of
tragacanth gam-polyaniline blend (TG-B-PANI) and poly(vinyl alcohol) (PVA) were
fabricated with a weight ratios of 30:70 and 20:80 by electrospinning method. Their

physicochemical and biological properties for skin TE application were studied by

various experimens.
Findings: The fabricated scaffolds were tested using FTIR, SEM, TGA, UV-Vis,
BESEN Ly and cyclic voltammetry (CV). SEM images indicated the achievement of uniform
tragacanth gum, fibers within their nano-scale domain. The cytocompatibility and cells proliferation
characteristics of the scaffolds were approved by MTT assay using L929 mouse
fibroblast cells. The fabricated scaffolds exhibited excellent hemocompatibility and
conductive polymeric scaffold, human serum albomin adsorption capacity. The fabricated scaffolds showed proper
skin tissue engineering physicochemical and biological properties for skin TE. The scaffold made with 20%
(wt) of TG-B-PANI showed higher potential in adhesion and proliferation of L.929
mouse fibroblast cells than those of scaffold with 30% (wt) of the above polymeric

blend.

electrospinning,

(*)To whom correspondence should be addressed.
E-mail: m_jaymand@yahoo.com

bakhshailm@yahoo.com
Please cite this article using:
Najafian S., Jaymand M., Massoumi B., Conductive Nanofibrous Scaffolds Based on Tragacanth Gum, Polyaniline, and
Poly(vinyl alcohol): Fabrication, Characterization and Exploring Their Potential Application in Skin Tissue Engineering, /ran.
J. Polym. Sci. Technol. (Persian), 36, 259-279, 2023.



5 O oty S s (Al 53l (5ol SUACaca
LaoT 3,18 Calild (oo s 9 (oabosloads sl :(JSI S 9) A
T 8 C:SL\ ‘;n.u..\.t@.o gL

! o gans aise Tl sdge SOl DL
VAYA0-FFAY ey 53 ¢ ot 03 S < she 0aSCiils 5 50 ply o2 015 )
PVTFFIVIFA oy S oltile S Sy psle oS80S oliile S

u’ij"“:""‘; QU.:E:J 4.:2»5—\‘ c};U LF.'L““J))‘; C)Li:i‘».}'}sja (M LS))u om‘;}i—\’

VEYENAT 5 DFR YT sl s

21 o9 b Glaien € sl Gus aLlB Gl 0 g alail (p B85 gy b
sl 5l s A Ll WS e Jae pliard 5 (S5lSe glacal 5 S slasales
Lg‘)lshl‘) C_\.&L} u.a.udlq.A :C)t:ux Qe‘ BE .JJ‘_\S ‘J C_\.él.} (5:)\.“1:)‘.3 C_\:J..sl:ﬁ 01“'4;:4'3 C“"'“J"e‘ :hmd‘;“’
i Hlo cneal G yuala dlis .ol gy 28b soa slaci] eSS 50 w5 Salub
(O Jalods i gy 2l (i 5o el Gl 5 15K panb sadly Sl sadiag UL, JERVIEISTH
S Sileay 3150 5 0T i) 5 Jeala oY smne (8 sace 50K 3 laciunn )
.JJ‘JbJL}:‘:C&&#CﬁL?Wuﬂ@JJJS.‘AL)}MJ‘J

1S 5 JSife iy S sBla, A9l J5sous slacanls a5y (ol Lo Laghg,
SV (355 sl b wait (PVA) (JSI e s) sl 5 (TG-B-PANT) calsT l b e
@il pnige slos WG (G 5 (pliasds (S5 (ol 5 s oSl Giss LAY
:(TGA) ‘;.;‘N.UO:)JLO‘; ‘L.s:).g LSLAL.)J‘“:)“- L.s oaddGA (SLACA.‘.‘J..:J‘J ua‘\g..; K} Jt‘s&La.u L&&Lj
—otdld 5 (FTIR) 4,88 Jousd e 8505 (adeacibs (SEM) (cdge S0 o iS5 Sae
Loyl o Laal Slesws) bl 5 6,8 luauw ) olo GLas 1 5ie sl oplal b cal oS
Gl ,ls (Oxinan i wnl (590 L929 il 5 5md sladials 5 suliind LMTT Sy, b
by Ol 1) (sa (Sladl p e el s Ola 5 et s caals sasaile
Saws 93 C.\S‘A U—a—ué.t@.a (5‘)4 ‘J UT“'“LM U:""“f; 9 U:ﬁl:t.A:\.ai—USi):ﬂ &‘P saddiA Ly (_;LAC.\.A.u.\J‘d
Iy ity culils TG-B-PANI (5 asly i3l 31 555 Yo7 b saddii b o lo ials oLas
B3 L929 il g 58 sladials sloswsy 5 (Sawcun 553 51 255 V7 b oo ylo 0 cus
als Gl

)K.:rl:.l ‘CJL;KA UY)LM #
m.jaymand@yahoo.com
bakhshailm@yahoo.com




o )3 9 (o3l i b (ST Jadsg) b 9 s Tohs dyais sl 53 S2adg3l (sLilw)y (slacmuu )l

o3k o ol e w0 e il U G 1S
Ol o3 ECM L sdiazsile glacam s b Ko calis
5 S dge &g Jam ol Juol (ol (om0 L
[0-V] wyls 1y pws plmglal 5 lastl obls )l oo
o Wl el S cald e sdee sbay (g ey U
Copls Gl jshway e 5 sl ECM 0338 Ul
€ ey b Lol LJ.<.3..$ S 3 s Cow gy Sl wkige sl
5 Jal g kb Jsb sl 53 0 sba Lil5 e Bide Gl
o3 eslazal LB gla oy s A5 e SO ol
A3 eSS SR bk e WS o)l W
WCoamb 53 5 e ol Sl b Glacls il il 1) o
Ol gS 5 Sl sl O asbea bl 5 LS Ol O
Wl Sen Gl b oS Sl Jl 3l Ld e 4
aild OB me Cosgdome gl Llodd 1L andls o mes Cos gde
3 S5l s Bl S 0aLS 5l ool anb (gla ey il
Ll S Ll s ol s 0955 g0 5 S A5
o2 cplaS s sl gdoee gy SO glac LB 5 6k
IAQ] 358 00 185 S5 Sla ok b oS 5 5o 53 (o
dile s 5,8 s SOl Sl e S Lsa
5 Celmantl o BL el o bL (S
lals Sl gl Bl sla oy 51 oslinal glasly 385
oz 3l S S Gblay gla oy ool a2 S 513 ax 5 555
ol (e Sl Wow ol 5 Jsm b b5k
el Gl gl sl gl (85l 5 s sl e
S R B e e
SrSol ot Julsl s Jase bl Wsa PANT Ol
5ok S5 gla eyl balie 3 o g pdhtil b 5 il
bl slacanl cotle Gl Gowle B lecags 5
Slr b ol cnl pms bl clis ey (S
Lol sl axsls g mie o8 lecan ) Cal wdigs Clial
3 855 G b mb Sla ey (555 SN s 5 S
e ool 5 I s OLS 5L 05 Say pdhs Ao
INVOY] dres T L s ol s @l LK,
oS el Casls Sl s Ul e S anb sla s
(el 1S Ol slizel 4 ol S
O 2 aliteen 5 2Ol i s Bl (e
Bpden el A3 Gl el Laes sl Loy 5 5,10 Ol
S den Ol Slitie 5 e Sl L 51 S5 65 S s oo

f?\ VEY 29 b= 313 0 ¥ 0 plouds cuiadig w0 Jw croily S39I9isS 9 ol (sole dlxe

.

o0
A Bls 53 5 b i oS I s Dleay e
gy Sl )l gl Lo Else 2l oo 04 bl A
@b glaatl W5 500, laatl s Ll sst oils b
St Cew g 4 o)l ol Q_ALf bl kS o gl s
L3 e e Sl Ul e Rld pl sl Al
o lom 38 4 S8 Gl (S5 g O el 5 Ol e
i b G S50 5 baatly bl ool @ &S 25 5
5 A Liesl slocKw ol Sl e o3 s Cil s
(extracellular matrix, ECM) glastlos 5 o 5l sl SaSa
5 dlol 1 cilite GadlS 5 Lpd o Shablns 5 (5 1K
5 oW O Wl e slaand V] S e il
JSE L 0k latbls s e Sle Sl Sledes i 055
s bl SO Sl 5 okt s g ol 5 s e
3008 Gty O 518 Wpde wtl Gl b BLl o e
Coppls LS 0SS 05 250 5 lal Sy, syl b w
LS5 L5 e | ECM bl L & (2l oo 8l JTol
DS 8 das e el ECM &1, (ool s Shas 4l (s
S 5 Wl S iy ae el opl pled 5l B S
Sl Pl o g § 50 50 gt 48 il old 3L utige
LY=F1 058 e r L 5 G edis

w0ddd 1S o ot syls AL skaie s Jledyl el
3 S Xz Rl Gl e sl s sl 5,850
Dol 0355 o il (S i A el 2SS
SO ol b e w0 e s b ks ol e
elialS Ll b 4 g LSl s Dl 5 b
Jll b by gy coln i sbl bl GUILL
3 St Gl Bl s alends (Ssd s aes B
GUI st & 358 kil bl 3106 1, sl 3G
| dor BCM 55 5 5 i (il 423105 | ol 553
Sl 25 s Sl Do po (pl 53 &S Las e el mhw (655
L el JTodl Sl 53 35 Aal g5 ibie 3L ki
Al 5 il Lk 05 B sl gl ct 5K o) son
(Aol Olpess (o3 2SN ASL o Sl Sln b
Gd Gy Sl gl s il 5 Sl
Bl ane f Sl dige il plsl gl S0l 5 SU sl o
Slo i 2,08 4 Ol o s S 50 sl Sy 5l
ColbB (055 o0 g e Ly bl )3 Jdae dﬂ slge



99 9 (3wl e b (ST Jadsg) by 9 s Tk dysis sl 5o SRalg3ls (sLilw)y (slacmaug )l

See Y1 B YL (OTNOL BV s 1S 5l 65,8 )5S s
DOVl 35 5508k 5 s (oldin 5 ali3 Y 5 S
el s el OLES 1S JS0pe sl b ) = b s
5 odid 28 Gl ids sl b eck ol 5l ol U
Jors baat s 8 gl S el a5 gl ol elas 55
37 G A IS8 Bl 5 Bl Lol e plad iSO S
s s 2l 3k Db JsSse 055w ar s Ll Sl
Cod o s aie opl 5o p3Y ol 5l A el (S
L S Sl bl b g ol o o 358 Olai |
ok oS 038U S Sl s e ke b fuS ) ol
I e 53 5 S J oS50 035 b ladad 03y slcmsay 5 1,8
R N T W I IO PR W
e e 3, gy b 1S BUISL 1SS sl V4] o
axbls 1S o ol e dylone (65,015 5 IS0 (Siden s
S Samenss Sl LS gl sl s bossT b o
el 58 SUI LSS 0 8 50 e b s
203 AN Wl p 4 SaS 5 (28> US(em a2 onl Rl
bdswe [Saay (PVA) (S v s) Lk 51, ciass IS 5o
(USI i s) 51 eslind cpmman 5 wslinal ks ey ol L
St 3ol e B s p8 e Sl (3] (6 ok Ol e
Al s Sl SO ol s el Gl UL

Als oS glaclle sl S0 S b SV pame U5 LB
s o atlis s > Tragacanth Gum  ole fb L oas |,
(Astragalus spp) 035 oS J suams 0l it s Dbl 5
53 5 baysiS ol bl js Clel &S ol glazes 53 05 .ol
5 OlSt Oldladl OLd gy 5 Bl e aS 5 Ol sl glal o
L85 8 3515 935 sl 51358 055 LS 358 oo 3L s
A o O8Nt | S W sa OT 568 Ve 01l
s Oler 53 1S OBNS 5l o s 2l 15 1S ¢ 5
oS (glaadlor 5 4l s 1S oo 50 it 4y 50 5 4S5
DIV o ol s 1 O i 5 315 sl b 3 3 55 oo 4535
Sl Gadl Dhdan S bt Slsle B35 1S
s AYeevr g/mol sy JiS05e 03 L RKenl 5 ol 5 SOL
Jdses Ll ol Jslmal T s Ly 1S ol sl Sl
i 33 3 S S e bl i J5 5 355 0 s g5 0T Sl L
basso-) oy sl b el KB 5 Jl Gro il ol LSS
3 e Skl el O s Jskeel < aS (gnl 52) (rin
335 Sl el S5 Vel ssd aS 55 pl asls 1, J5 eSS
35 o iS4 o el ol lales IS 5505 J5S5e
eose OF 53 e Ll el Jglonal 3 O 0350 O s oS
Ol s a8l (S5s N 35d>) 8815 033 it s
S e opl s e e A8 IS e sl 4 5 el >

Alfa-D-galacturonicacid

HOOC HOOC HOOC HOOC
O O (0]
MW~ O /%/
O~
HO HO

Beta-D-xylose

HO

HO HO
OH
OH OH
HO

Alfa-L-fucose Beta-D-galactose

HO HO

Scheme 1. Chemical structure of Tragacanth Gum [18].
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Table 1. Composition of developed electrospun nanofibers.
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Fig.10. Fibroblast 1.929 cells viability/proliferation via MTT
assay for samples in time periods of 24, 48, and 72 hours (Neg-
ative control: untreated and Positive control: DMSO 5% (v/v)).
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Fig. 11. Proliferation of mouse fibroblast cells on S1, S2, S3, and S4 scaffolds.
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Fig. 12. (a) Hemolytic potential of the samples at varying concentrations and (b) HSA adsorption capacities profiles of scaffolds.
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Dimethyl sulfoxide
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Fourier-transform infrared spectroscopy

Human serum albumin
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