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characteristic, hydrogels can provide a suitable environment to accelerate cardiac cell proliferation.

Keywords: Polyaniline/multi-walled carboxylated carbon nanotube (PAni/c-MWNT) was prepared using Sodium Dodecyl
Chitosan/Gelatin, Sulfate (SDS) emulsion. To prevent the interaction between the PAni/c-MWNT nanocomposite and hydrogel,
PAni/c-MWNT, the nanocomposite was coated with gelatin to form polyaniline/carboxylated carbon nanotube/gelatin
Thermosensitive Conductive (PAni/c-MWNT/G). The PAni/c-MWNT/G nanocomposite was then dispersed to provide electrical signals
Hydrogels, throughout the hydrogel. The gelation time, gel temperature, and mechanical properties of the hydrogel were

Cardiac Tissue Engineering measured using a theometer. FTIR spectroscopy results revealed that the interaction between the aniline and

¢-MWNT/G could change the position of the quinone and benzene peaks. The conductivity of hydrogel-
containing nanocomposite was found to be higher than that of ¢-MWNT and PAni. Scanning Electron
Microscopy (SEM) confirmed the uniform distribution of PAni/c-MWNT/G nanocomposite throughout the
hydrogel. The degradation rate of conductive hydrogel is lower than that of pure hydrogel. The MTT assay test
showed the biocompatibility of the cell-hydrogel. Finally, Mesenchymal Stem Cells (MSCs) were cultured in
the hydrogels for 14 days. Cell adhesion, cell viability, and proliferation were also examined. This study utilized
PAni/c-MWNT/G, for the first time, to enhance the electro-conductivity of chitosan/gelatin/glycerol phosphate
hydrogel. This conductive thermosensitive injectable hydrogel can be used to regenerate cardiac tissue and other
electroactive tissues.
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1. INTRODUCTION with a polymer matrix is a suitable method for
enahncing the properties of these materials [4, 5]. The
present study investigated the design, fabrication, and
evaluation of the injectable polymer scaffolds
containing mesenchymal cells optimized with
nanocomposites to increase their conductivity.

Tissue engineering is an emerging topic in medical
engineering that has shown great promise to develop
biological substitutes for damaged tissues, implants, and
prostheses. Biomaterials play an important role in tissue
engineering. For instance, polymeric scaffolds have
attracted much attention due to their unique properties

including high surface-to-volume ratio, high porosity 2. MATERIALS AND METHODS

with very small pore size, biodegradability, and suitable In this study, first, carboxylated Multi-Walled
mechanical properties [1, 2]. One of the most important Nanotubes (MWNTSs) were prepared based on the
challenges in preparing a scaffold for heart regeneration insturctions given in the previous research. Then,
is ensuring its ability to transmit electrical pulses polyaniline-carboxylated carbon nanotube
between heart cells. A variety of methods have been nanocomposite was prepared through the emulsion
investigated so far to produce a steerable scaffold. In method. In addition, SDS was wused as an
research, scaffolds based on chitosan, fibrin, and poly- emulsifier/doped agent and followed by adding
caprolactone are usually used for heart reconstruction ammonium persulfate to the mixture, the polymerization
[2, 3]. Polyaniline is a conductive polymer that is reaction started. Chitosan/gelatin and beta-glycerol
generally characterized by three structures. Formation of phosphate gel were prepared in the next step.
nanocomposite materials by mixing carbon nanotubes Subsequently, PAni/c-MWNT nanocomposite was
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added to chitosan/gelatin gel, and the final product was
prepared [6-8]. Finally, FTIR, sample electrical
conductivity, rheological properties, morphology, water
absorption, hydrogel degradability, cell viability, and
cell adhesion were investigated to evaluate the
composite structure and properties.

3. RESULTS AND DISCUSSION

Since the gelation process in hydrogel depends on the
interaction between the glycerol phosphate salt and
protonated chitosan, salt concentration was investigated
as one of the effective factors in this process. The results
indicated that upon increasing the salt concentration, the
solution pH would increase while the gelation time
would decrease. A solution of 2.5 % (w/v) of chitosan,
0.8 % (w/v) of gelatin, and 7 % (w/v) of glycerol
phosphate was prepared, considering the gelling time (3
minutes) and an acceptable cost of this system for
injection in the desired place. FTIR spectral analysis
cofirmed the interaction between polyaniline and carbon
nanotubes that ultimately increased the electrical
conductivity in PAni/c-MWNT [9]. The conductivity of
the nanocomposite was 65-70 % higher than that of
polyaniline, thus having a significantly increased
conductivity compared to the carbon nanotube. To date,
no study has ustilized PAni/c-MWNT/G nanocomposite
as a material for scaffold conductivity and as a
conductive material in  chitosan/gelatin/glycerol
phosphate injection gel for making conductive scaffold
and application in cardiac pacemaker area. According to
the results from different research studies, the value of
internal longitudinal and transverse cell conductivity
was in the range of 0.36-0.6 S/cm, and that of
longitudinal and transverse external conductivity of the
cell in the range of 0.24-0.62 S/cm [10]. Fabrication of
scaffold with the weight percentage of 7 % by bringing
the conductivity value close to 0.7 S/cm provided the
conditions for the growth and regeneration of the heart
cells. Examination of the rheological properties of the
samples showed that after placing the sample in the
rheometer and raising the temperature, it would be
gelled at 32 °C. The gelatin in this gel intensifies the
hydrogen bonds between the chains, helps the chitosan
chains come closer to each other, and ultimately leads to
the gel formation. Analysis of nanocomposite
distribution by SEM confirms that nanotubes are well
distributed throughout the scaffold. The observations
also showed the porous structure of the scaffold with
interconnected holes. The study of hydrogel degradation
showed that the degradation rate of the pure scaffold was
faster than that of the conductive scaffold. While 60 %
of the hydrogel had been destroyed after four weeks, the
conductive scaffold had a lower degradability rate, i.e.,
only 25 % weight reduction. The results from the
scaffold water absorption capacity showed that the water
absorption rate was quite fast in the first 20 minutes.
However, after that time, the rate of water absorption
capacity decreased. @ The biocompatibility of
chitosan/gelatin hydrogel has been proven in other
reports using different cell lines. This study investigated
the biocompatibility of chitosan/gelatin scaffold
containing PAni/c-MWNT/G nanocomposite on
HUVEC cells (NCBI C554). In this study, as in previous

studies, no significant difference was found between the
viability of cells in the sample and control groups. The
adhesion test results confirmed that the system supports
adhesion, proliferation, and cell growth. The results
showed that the cells were well placed on the scaffold
that ensured their proper adhesion and morphology with
the control condition.

4. CONCLUSION

In this research, an injectable temperature-sensitive
hydrogel composed of chitosan and gelatin was
combined with PAni/c-MWNT/G nanocomposite and
investigated to be applied in the cardiac pacemaker
fields. In addition to the electrical conductivity, both
gelation time and structural analysis were investigated.
According to the results from the PAni/c-MWNT
nanocomposite investigation, this nanocomposite, as a
generator of conductive electrical currents, can create a
new path for use in the field of heart tissue.

5. ACKNOWLEDGEMENT

This study was a master's thesis. All the people related
to this work in University of Tehran are thanked and
appreciated.

REFERENCES

1. Peng, Z., Shen, Y., "Study on biological safety of polyvinyl
alcohol/collagen hydrogel as tissue substitute (I)", Polymer-
Plastics Technology and Engineering, Vol. 50, No. 3, (2011),
245-250. https://doi.org/10.1080/03602559.2010.531438

2. Meyer, U., Handschel, J., Wiesmann, H. P., Meyer, T. eds.,
Fundamentals of Tissue Engineering and Regenerative
Medicine, Vol. 1, Springer Berlin, Heidelberg, (2009).
https://doi.org/10.1007/978-3-540-77755-7

3. Spinks, G. M., Shin, S. R., Wallace, G. G., Whitten, P. G., Kim,
1. Y., Kim, S. I, Kim, S. J., "A novel “dual mode” actuation in
chitosan/polyaniline/carbon nanotube fibers", Sensors and
Actuators, B: Chemical, Vol. 121, No. 2, (2007), 616-621.
https://doi.org/10.1016/j.snb.2006.04.103

4. Jiang, Q., Fu, G., Xie, D., Jiang, S., Chen, Z., Huang, B., Zhao,
Y., "Preparation of carbon nanotube/polyaniline nanofiber by
electrospinning", Procedia Engineering, Vol. 27, (2012), 72-76.
https://doi.org/10.1016/j.proeng.2011.12.426

5. Ding, L., Li, Q., Zhou, D., Cui, H., An, H., Zhai, J., "Modification
of glassy carbon electrode with polyaniline/multi-walled carbon
nanotubes composite: Application to electro-reduction of
bromate", Journal of Electroanalytical Chemistry, Vol. 668,
(2012), 44-50. https:doi.org/10.1016/j.jelechem.2011.12.018

6. Cheng, Y.-H., Yang, S. H., Su, W. Y., Chen, Y. C., Yang, K. C.,
Cheng, W. T. K., Wu, S. C., Lin, F. H., "Thermosensitive
chitosan—gelatin—glycerol phosphate hydrogels as a cell carrier
for nucleus pulposus regeneration: An in vitro study", Tissue
Engineering Part A, Vol. 16, No. 2, (2010), 695-703.
https://doi.org/10.1089/ten.tea.2009.0229

7. Cheng, Y. H., Yang, S. H., Lin, F. H., "Thermosensitive chitosan-
gelatin-glycerol phosphate hydrogel as a controlled release
system of ferulic acid for nucleus pulposus regeneration",
Biomaterials, Vol. 32, No. 29, (2011), 6953-6961.
https://doi.org/10.1016/j.biomaterials.2011.03.065

8. Yang, K. C., Wu, C. C., Cheng, Y. H., Kuo, T. F., Lin, F. H.,
"Chitosan/gelatin  hydrogel prolonged the function of
insulinoma/agarose microspheres in vivo during xenogenic
transplantation. in transplantation proceedings", Elsevier, Vol. 40,
No. 10, (2008), 3623-3626.
https://doi.org/10.1016/j.transproceed.2008.06.092

9. Oroojalian, F., Jahanafrooz, Z., Chogan, F., Rezayan, A. H.,
Malekzade, E., Rezaei, S. J. T., Nabid, M. R., Sahebkar, A.,
"Synthesis and evaluation of injectable thermosensitive penta-
block copolymer hydrogel (PNIPAAm-PCL-PEG-PCL-
PNIPAAm) and star-shaped poly (CL— CO— LA)-b-PEG for


https://doi.org/10.1080/03602559.2010.531438
https://doi.org/10.1007/978-3-540-77755-7
https://doi.org/10.1016/j.snb.2006.04.103
https://doi.org/10.1016/j.proeng.2011.12.426
https://doi.org/10.1016/j.jelechem.2011.12.018
https://doi.org/10.1089/ten.tea.2009.0229
https://doi.org/10.1016/j.biomaterials.2011.03.065
https://doi.org/10.1016/j.transproceed.2008.06.092

73

M. Kazemi et al. / Journal of Advanced Materials and Technologies (JAMT): Vol. 11, No. 2, (Summer 2022), 71-87

wound healing applications", Journal of Cellular Biochemistry,
Vol. 120, No. 10, (2019), 17194-17207.
https://doi.org/10.1002/jcb.28980

. Chogan, F., Mirmajidi, T., Rezayan, A. H., Sharifi, A. M.,

Ghahary, A., Nourmohammadi, J., Kamali, A., Rahaie, M.,
"Design, fabrication, and optimization of a dual function three-

layer scaffold for controlled release of metformin hydrochloride
to alleviate fibrosis and accelerate wound healing", Acta
Biomaterialia, Vol. 113, (2020), 144-163.
https://doi.org/10.1016/j.actbio.2020.06.03 1


https://doi.org/10.1002/jcb.28980
https://doi.org/10.1016/j.actbio.2020.06.031

V\—Av g(\i'\ QLLMJL)gv O)l&«':’ L\\ 092 4;3)..:.._:” LSL&LS‘)‘)LJ)J“}A MLJWGJ

435’2.3 ‘5\.@')‘9\.'5‘9:“9.4 MM

Journal Homepage: www.jamt.ir

ar & b
(f//ﬂ ] M!‘oL/.’/;

MERC

g S Al

L oddang (Sland J g a1/ ¥ 5/ 0lw suS) bis 4 wle 20,5 J55 08
odige 53 53k sk (53l (VSS9 S 1 S AP HU/ ST el U

P e s T3 ) g g *D‘C}) FTOLLS ) e o S 08 s 515 B e

L,‘//.f/‘d//,gi ‘J/J{J ‘J/Jgﬁ :KJJ/A ‘Q;’_}J ujﬁﬁ‘;f_}lﬁ o LS ;Q.CW.JJ 'Ajl.c ‘;w.l..y U/f‘.uj/wl;;')g‘;ﬁ‘zb !

Ol Ol Ol Ol ol i D85 5 psle 0SSl o i p sl i 05,5 S Ltils|
Il s Ol g (g ol Kl 3l g0 5 (Mo pocligro 0dSCiils ylolea]”
Ol s O Ol (S sl ol (Ol g 5 Dl oy Slisions 55 0 el

el B 3L kige 53 e Mt AL axdls 1) S ahas ol S ALE ik eSS
Slind Jg S 5 5VH Ol 28 glos 0 polom 5 s B J3oodes Corls b (Gaios opl 51 Ga
Ll p 3 S o g (S S sla Wl LT Ll B Sl Ul 5 s pdicaia ol (gl oS ol
oS 5 S o)l patin p S ST b o sl U lnl 3 pd B 3L bl 5 I slad sl A
255008 56 «J55,0a b PAN/c-MWNT o 5alS 56 2815 5l 6 Sk (gl o 52 (PANi/c-MWNT)
dus) ol yo 53 PANI/C-MWNT/G o 500lS 56 s . Aol 53 PANI/C-MWNT/G IS5 0 5 03ls 2815 55 L
iasen SolKe gla Sis 5 0d I3 0leg 5 e otiST S0 xS0l slaalas &) ghinaay (5Y5 Ol S
Sy Camdge S AU 5 Gl RS ea s sls DL FTIR Cid i (6, o3l e g8, Sl eslizul b
skl Sl e i Al gla ey b aolie 3 o pelS U g pducalie ol eals a5 1 O 5 058
N g T 3 W O R A PRCE P S ORI P I TIC TP
3 d sk b U5 550 (O 5lec 3 s a0l MTT 2les] s il o 28 allst s 4 o
S obodsl @lp asdlas cpl 53 dd esly C2S 555 VE Ode 4 erilie ook ladshe gl J5g oA
5 Grdecalts a5l skied (PAN/C-MWNT/G) oV adeoS 0 S op S b/ sl b o pmlS sb
Bl 5 I3 ol il sl aalisl Blo s Gyl ctlos (g1 lind J g 8/ 5V 0l 2S5 ) 55

Bl 18 ealinal 3550 5815 5 il s ppramen 5 8 b (3Ll OS5 e I

https://doi.org/10.30501/jamt.2023.311513.1199 URL: https://www.jamt.ir/article 166486.html

dlae %Ju
AEARVARVA R SN P NG
VENV/Y/0E s S dd il s

VEAN e i

ILhajb.\:.lS

BN TR WA 4

oS I AT

des 4yl Bloy 550000

dodae —)

eebige [V]300840 Jlu s Ko Oloys gl 5 5o S g 53 5 5eb 5 p et e S Ol wkige

ﬁ}&égﬂiﬁm@m&)édwwmﬁ

Ll sl fe bl g S el
03 5 sloul gloslal s sl Lais o 5 aaliasl odbsau]

OLlo ) i o 1K Sls sdge™

= 503 e VVAVATYVA Sl s psle dign o3 Secn s O3 5 pske sdSCE O oIS 0L O Ol S

ahrezayan@ut.ac.ir :,L(S(:Lﬁ.


https://doi.org/10.30501/jamt.2023.311513.1199
https://doi.org/10.30501/jamt.2023.311513.1199
mailto:ahrezayan@ut.ac.ir
http://journals.merc.ac.ir/
https://www.jamt.ir/
https://doi.org/10.30501/jamt.2023.311513.1199
https://www.jamt.ir/article_166486.html

Yo Y\-AY L(\i.\ g_}b.w;l;) Al GJL«...; AR 092 4\:.9).:..__:_ 6[.&6)}\.\.9)3‘},4 Muw/d‘)&aﬁ}wblsﬁf

OF sled 5 SO olst & sls 0lis «(Pu-AP-PCL)
LS o oGl 1) LB lad s i &S ol sla Sa
[

bl Sl Csls 4 53 e il o S 5 S
B sladshe o (S AN gl dit ULy oS
S, il phosle Ll can)l (i Lol
b S 5l s 2 350 pliiolis ol sl gl il
IV] Tl Jon sols 5o ey b S 5 ela 3l e

aw gy S, sba & cbla; Lo O T L
Aol e sl
el i b (S5 K a8l K (CeHaN,
ol Blid 5 Ky o oS e S ) (CsHINH),
5o e S, w0 &S el ([CeHsNH]L[CeHaNTo)n
Al o

Ok &) s« Pernigraniline <> s LS JJJ
Ul Sl 6y s pdicalia bl pl 55 5 Sl
bl 53 51 ek Ll B sl 5L oS Ty (6 ducglia
- ,LS 43 5 s, sb 4 Leucoemeraldine ; Pernigraniline
&y 555 Emeraldine 4 a5 U 0,8 51 3 (ssles 5sbas
Aol b S sl kil s 1 Skl ol Ol Sl
SV bl b T U 28 S50 sl roch
slpe K54S dal el o aslsl ps aS sl
s b S bt Bl b Sl s elS 0
s sl ol ol Gl sl S ooy S ey
Sla S5 0del 357 s Eely ol (San oS 5 cpl 4D
Sl S (Sl 53 L8 AT 355 Lol J 56 515 ey e
Bloy sl yarh U olan dd gl 51 Lilie (glacy 5elS L
350 eeSIS3 Sl s S il 318 sl
v Gl S Ll 5l S D] Ll S8 e
a5 a8 )13 )3y 9e PAN/MWNT o 5ulS 60
W died CujeelS ol Cole ol atils Ol

¢ Aniline Pentamer (AP)
" Polycaprolactone (PCL)
8 Pernigraniline

® Leucoemeraldine

10 Emeraldine

Frean b b plice 2 Jelsn sl S
Olpeds s )ls o L 53 4S8 055 o 0l oy sls &S
Sl apdige 033 Lgm Llen 4 bl 3Kl L
J5ss 55 5 ol ol gy Slasiti L a1
dgam LB (ks glacanls 3 Cd g il Ss s
S e sl Sl wdige 3 pege 8 3l el
o 51 OLEs By yamein ol aanl s (6 pady (Slan s
S St oL YL oo VL e ) sl
g aomlbe (SO ol 5 ki AT S S
YT Wles S om0 15 5L
RS 53 el o plandl s el 3 i Sl
e alia ol oS 45 b ol sS alal s Cosls
Solla I gl b S o sl S s sl b
2 L 5 " Kilgs 1] 5y ol eslizad S S
B sladhe 6l 1 canls A sla S5 Sk
R G oy d G (pl 53 ks 18 e 5
L allan ) 5 Jols ol A ey O3S 5 U35l
$aas banslis 53 1S, il Cel byl 3 oS 5l
A 5 TS o [E] s e Dlind S L J xS
A8 ealinad LB 5Lk 6l ol slad s (YY)
ol Sl SOl pble S bl ke
sladshe Sl gladshe pla Las 53 )8 5lecan;
Lgl.adjl.w sla olas c:l:; A ealaal Lj.SL.MJ\ L;o.:..:i‘}ﬁ sl
Sy odkdesls S (AMSCs?) Sl aniilpe (ool
AP0 N L canls (SSUl sl slaaY
5 S5l Sss 2 S @S (PLC/ONTY) oS
Getos L 5 ol Vo Jle s [o] Wyls s
b G LT Lsls S5 s p 3550 1) BB 3L s
J y aspena Bile LSty SO c )l ol
S 55 Kod hyd 5 PEG 51 b sles 5l eslinal b el 28
5581 A e ls ) E (g Swvn, 5 pdaed i

Vg)j;symksJg;“fu;i@;g;iwumm,ﬁdg;l&gm

! Huang

2Yi Liang

3 Human Mesenchymal Stem Cells

4 Polycaprolactone/Carbon Nanotube
3 Polyurethane


https://pubmed.ncbi.nlm.nih.gov/?term=Liang+Y&cauthor_id=23530764

V\—/W n(\i'\ QL:.M;L)«Y aJL«.,..‘Z A\ 092 wr:.ﬁ 6@6)}\.‘3})\};1 MM/Q‘)&&A}@]&SV{JA V-\

sl s plerd Ol ek Gk 3l ST
MTas S Js

oS 15 25 4456 A Y=Y
43l S WU il S selS 56 A5 sl

O WISl el il eldsb el WL
J)‘J)\j;é{clpo‘jjiéfi.g&.ib})ﬁ‘d\}j}t}cwﬁ;
ol S S e S ) Sl Open 4 e
J= s L)lﬁwq&))ﬂyw\jﬁmalﬁjj\d&b
bl dn\je\__: (,.:ML... Qtﬁuﬁ A Sl O3, e
25855 o g a3 Yo 5 Ly oS J st Lol G5
9 okl atals &= <=LQ.>- O3, 55 o a3y 0 plilay A
g azmpn Yo gles s 4B Y Ole 4 48 e
BWAPEI] d&w‘g@lﬂg}ﬁogimﬁ.xﬁ R
wblys s 8 sl - Ko aids 10 Ceas bylie
Tl bt T wnSIol Jlome 5 latal b sl
4 eile Bl oy DUy el sty s a0
oS SIS 0dias0lis Gl sdalin ps) b 6Ll b ylos
S eslinad b sddakinS 5 S It (ol plty Sl
4i33 10 3l day iy 5 553 VYor 53 b 5k sl oS
OTPH b s e p ST sy ol 35 algins 5
iy il 053 Jols g ey (25 Y a5 4
R N ol&ius 5l eslinal L aids V0 Codeas 5 S
ol Y e ) K305 g 353 ol omilie kS G
St b eals 13 Dt 050 5 g a3 53 A (glas o

[Y\ jY']J}J

oS APl sl ) gl —Y-Y-Y
oS 58 o S - il o5 alS 5L A 5
amd ol Jsloee SO Ml s AL o Snd el A5 Sy 4
S Sou Sl ) e A 5 SDS ¢J§V‘\0/o S e
035 ol 2 -MWNT Slp $0/V 67 Jlaie 5 02 4 ¥ e
2 Sl s abese elieg ddgl e
5! ¢J§ YITY s S sy 4283 V0 Ol 4 O genilon o
O sl g 2 0332 42385 s s 0330 B Ol plam 03 48 ]
503 b bl Ojen Gy o bylsue &S s s wLil

JolS 15 0T e il oy 5 0,8 o 513 S 0 s 5 aniils
) S o bl |y ates S atey LSl 5 esls i
el Gba Sy b 2 sl clea cujsnlS st
Sh eVl o [NAY] cal Lol slas )8 (6l
0586 .l 0z o3lie] PANI/C-MWNT/G 5008 530
el 0l oslizal 1 S Il 5 T L o pelS 5l Lais
SoF it 4 Y5 el Gl s s
Ol Lad b e 5 3 BLS1 Slind g ,ealS/0L 25
o dIssdes W5 gl olinsd s S/ 5V y 0l 28
CoiselSHL Sl 5l A s ln Al esliad Ll
oSle eI L a3 eS80 (Jiss s L PAN/C-MWNT
o553 sl s 5e el 5 PANI/C-MWNT/G S5 4 5 o3l
SR S I P I N i T
Slind g S/ Ol 28 sles & pulem lad3s e
£y ol 5 PAN/c-MWNT/G 0l 4slsl C/GP
A eas!yy S sl glaailis @l skieay 3V Ol S
St b s bl bl s ol s o
5333080 2,58 s 5 izman 5 LU kg oip 0 e
sotle (b PNEWV] e las Oboys 5 ol o) 5>
sladshe o= GuF B ek sl SLo)l
Sl sl bl Sl L edang el

AT JCEE Tl

G5 gy g ol se =Y
3l g0 V=Y

CS 5 YEYAOY aulid) doys A1 Sawd el
S ph 3T Sl Jowssd e (ol LS
s ol s oalieel (LK s YEYYAL anlis) il 5 (LK
G sled 5 LS &S 5 51 OleszS 5 55 dhax

.Jﬁﬁjfcﬁfi)'\ B 5 w\);ﬁs oslaiul 55 40

labg, —Y-Y
L Slegalls ke elbeg Gl jesise
o5 50T K, 6w s L os St i o&aws ahws
S8 sk agise S i (K550 Slid a4 oS
A S sy 053 ST BB Ces (G s



Vv Y\-AY L(\i.\ g_}b.w;l;) Al GJL«...; AR 092 4\:.9).:..__:_ 6[.&6)}\.\.9)3‘},4 Muw/d‘)&aﬁ}wblsﬁf

plo= 0353 53 5 0dd 4 (B-GP) Sl J g Sty J loms
o gt g 453 8 3500 gles 4 B LS w3l 13
sl dolos Wy glos b5 & o 5 b ylos 45 e
bslse oS A s o abe Jab o)yt Dlied S S
plasl 5l day s L1 (A o 035 on ablae O b
LYY 03 5 513 Oyen () 43310 Sows b sls S
oS ) U/ T by —§-Y-Y
(PANI/c-MWNT/G) 55Y 5/ 4k 5 S
2SS ST el Sl s
S AS5den 52 SDS lp 8 e Vel VY alnS 5 S
Voo Sdew Vo Has b blie Open (655 LY 50K
CoselS 8Ll ¢J§ VAL IR PR
L Lol Jsls & L3 o 3 eddergs PANi/c-MWNT

S gl

SlAde .@ﬁjlﬁoy\;e@wsoj)zﬁdﬁbb Sdeds
Slos b O gan S35 ok o 5lgs f s (5V5 0 8 e
eV 5 el QP/)M\S PPICES WRNGINVEVIRUN WIPE ST X
et o L] e 4 03508 - 3 5 el 0l J
BTN W T LU\ JU RGPV e oKas (3,5 53 4dds T Dodea
OB 0w S s el YE ol b s (il 5 OLL
s el (5Ll G s S
CTL e 5 W o Sl o236 2y 5alS 530
Veren s b5 Sl o 3l eslitd U A% et lake
b A e 55l SU adds V0 Dl adds j3 4
Sl olgn s S IS ad e Al
a5\ les 53 M 051 s sdelewsas PANi/c-MWNT/G

4 PAni/c-MWNT/G & 508 86 03 S 4L5) —0-Y-Y
Y30l S U3
S asie LMEe JS ad sly asbslys
YV el Sl ke A s eddengs PANI-MWNT/G
oKy 3553 sl K ot b les 5 s S WLl Y e
a3 JolS 5 sbe Pani/c-MWNT/G b A esls ) 3 &yl 3
4 OleaS o Ske Trr e 358 i Sl A
U.,Lim)'ruhcﬁ)}whéj) Cole VY Sl 0y lsl b gl

OV 3l eddags Jsloee Culgns o 02,55 o Jl= 50 VL
o glo ks gt Ve SISl 5 APS Sl e S
O30 Sy s 48 yomme (bl 53 0D LN gl 5
038 WLl 5l da 5 YL 015 L 03y 55 0 Il 55 b line
Jalme S el ) wgl‘.‘”%“%owrﬂﬁfﬁjﬂ
STy a5 a0l 4 5 S My i 05 e 4 ol
A 03 jas Cole N Cdedy 40 gamme AL o O sl 3 e
Bl 3L cele VE ey LA 03,555 00 gy o
e ol Y8 oS 5l ey 355 olS O gl 1 pachy S2ST
S gy oA 5 ey Ui Ll (O gnul) J 561 ol
L G sl olSzws Sl eslizel b ol il L g
BIE e S RS AR S A S IS T LI ARG SE
LYY YT dd ool i O gl Javs 5
— 33/ U sl oo Olgsa SDS I G ol
S S 35 s ol o3 Sl el eslinad (doped) oS
52 SDS @ pesise Jso Land o2 5 ¥ ediSl 4y posise
Sl g war b ol Je ol AS B 5 s s /8
YYAY WV ] el el csas sdiad 5 T L S U

LYY &

J5 4 PANI/C-MWNT &y 5 508 56 03 S 5Ll —¥-Y-Y
O LRI W 4
s sl Ll glacanl cole ¢l
ke A4 PAN/C-MWNT  CujnlS 5L Sl oasiie
Colo K Sdeas B8 b glsen 5 Ll [V s /) ol Sl
ssba Pani/c-MWNT b i S 13 &gl b ol&aws 030
e Yo e 55 s Sael Al 0555 S
Oyen 3l oslizad b ol VY Soasy 5 ok a3l Ol S
Jool 5 bl bz 03 oa Vb g b bl
Wlal 345 byl w0 V] o 8 e Ve s walslys 55
Erogles 53 Sos ol T ey 03508 Slles 5 A5 S
sty ) S LS b glsva B axdls aslsl o godes 43
a3 Y0 gles L oSl s sdelcsa bgse Ll
A esls 305 S b xal jsleas 4d35 Y0 Sloj 5w gaeds
ls & b 238 13 a of plam s sdslosa bl

W@@)jwvay.wﬁwwqjsiwb



V\—/W n(\i'\ QL:.M;L)«Y aJL«.,..‘Z A\ 092 wr:..\i 6uéjjl;.§j)\jﬁ MM/Q‘)@}@]&S(%JA V/\

)\ A=y J.\ZL;A 63} VA J.m:lah:u QJAA .la...a}S Jajlz-.a “J}lm
S5 (1) Jod [V T sy 2565 b s
Jols baddsad das o OLAS 1, addlaes ;50 slad pos (sl
oo Dl 5 @l ) yoas CIG/GP J55,48 Sl
L PAni/c-MWNT/G  yjsmlS5b L ol wa C/G/GP

Al o Dland Uy S 51 ilise lads s

4 oS S ke T e 308 ol (S bl
53 sdalise S 5 s e kS b etd Lol S 3
T A o R T N ) el
oS-l S p S e e Jliie diy osendes
0203 58 sk 5 0dd o Jhiac] e Y0 Sl
ww.«?ﬁz;gbduwuuuu)\;@guu}
Jsle clideny plos Jolas 4 bl 5 J gloms a5 Slej s
a s b sles 3 lelad &) o Slind Jg 8-l

alaes s go slawged gl oS 5 Y Jgd

(o= 4 $59 20,3) GP 4w ;s | PARi/c-MWNT/G ( 555 42 ,3) sles 3,
v ) GP3NCO \
o . GP5NCO Y
v . GP7NCO v
q . GPONCO .
» v GP3NC7 R
6 v GP5NC7 1
v v GPINC7 v
N v GPINC7 N

Gged S S Cyldn —A-Y-Y
i )Lé‘? —I 0 )‘ oslail l; 4.;}».'. ‘_;<-ij:-<-” CAM‘JJA
)‘ LS{LAM)A.: LwLJ B 6‘).: A LSJ"§°)L’\“ J)\-/\.’LA.AA‘
L PAni/c-MWNT , PAni MWNT (¢sla o3l g5 aw
MLE&»))}.&‘@&UMG}LAQ}VA A @j}élﬁ“))
SlapY (g5, bt sai 5l S50 glapds 6,8 13 e n s
YV sbes 5 gladid glaadal ad esls 2b e (glalld
WolS b L o3l B{FEJRGI2 § SLINVPURNSUIN WO T
Sl o eslaal b b s Sl colias sl S
A2 S e 1Ll Keithle (Model 196 System DMM, USA)
o 2o Nl 0L K s b sl 85 Canslia

Al Sty S5 s G bl S Sl

PP gl -A-Y-Y
ati';wb )\ i l.s 4Lﬁdj_}).l¢.& g_;’l)‘}])j) L?’L“)J\
> (MCR501, Anton Paar, Germany) Physica Jis e 4,

Odd J35 Obey —-Y-Y
Al e e sSas ) bl e g o 5 Ol
laied gladls s esbel dlows 51 2 e ) ed 5 5ba
w3 YV) ologr S e 3 Jls b sy S s Al s
Ol 5 &) oo 2 b 0d J5 a3 5 515 (G s
RICTPUNIPRTE SNV TSI S
bl Bl 5 S gl s andls QLSS e e ) ples
SSasls 3 ey el oS Gla3 5 OLSG et el plas (51
doloes OAS J5 Olej Olyeay S o0 g 0L a5
Syan alin ams Ll 5 Sy aieed s 53 Lnkd g o

[YA] a3 S 513 ) 5

§ s gincie VY-
Sl 5l olens Slrle )y sk
T dsb easdoee 55 b i 5l el wstls
S eslatal b pseds 4z 5 YO gles js fer—00e cm!

[VE] 1 eslewsl Shimadzu-FTIR spectrometer oK



VQ Y\-AY L(\i.\ g_}b.w;l;) Al GJL«...; AR 092 4\:.9).:..__:_ 6[.&6)}\.\.9)3‘},4 Muw/d‘)&aﬁ}wblsﬁf

L‘Mu.}w. C))'_gcj))rl' }Y\ NE N qul,a)c).u(;\jwu
Minimum Essential Medium i8S Laoes .0 (5,50 310)
)}—,92- L' 6\3% )L:w_' dﬂ‘ﬁyﬁ ‘(Alpha MEM)
ol sl Ol s S dend dasln el (gladd
b 518 Led 5l ad s 5l gma s b Al (6l 5 Lo
s Alpha MEM (lad o 35 5 iy 6l cCons 2l 5
(e 235 00 G Oludl slo gDl lad sl 5 g 4]
& @de\ﬁ.wlwm(ﬂuﬁ)qvgﬁ slaoss

g g oslinal 5 dse b 5l dJssdes g pdig 59

Degradation rate (%) = (Wi-Wd) / Wi x 100 ™)

Cesls 05y 5 adsl S 035 S S Wd o5 W

w‘:mu:;&:.})\wga.)\&wﬁ

T S00p Bl pd 53 Johe sl byl SAY-Y-Y

HUVEC (NCBI C554) Jslo 5 Lhass ol U3
SN L Ol ey ) sk SSL Sl el 2
Coesls S5z bl 5 Sk slgsasl el
Ly Ll B 5 L pod oo oy ey s slin
i) 3okl alul s oS lae dnl b dad sk iS5
A bl el wsed a4 O b & A plnil 01444
s lol CiS e 1) e SO Slae eyl <=det:,,o
S5 sl sl JolS T 5 o ls (g5l slacly aslsls
ki S 15 Jgke 3 Jl LS s ok ol )
CiS Lama 3l e e A e3lel Sl A sal a5l
Ui on S S w35 B 5o ald Olpea 50
Jededals Jeess 0pl S e 2SS
A oalial (MTT?) dylos 055315

S Sk 09051 -V E-Y-Y
Yooor sl Jhe St 005l plosil ) shieey
o b 2l U5s,008 (55, » HUVEC (NCBI C554) J L.

3 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide

55 g0 O3l 513 LG T L Jsde 5 G e, LS
380 5 Y0 51 Les 03 YU 5 e s, olKius (65l 5o dmin
Wyod 93 Sl alds 5 gred a3 0 /0 F 5L ek
Sl ol ol eames A5 arslss GPTNAT ; GPTNCO
Wby e b o gendr a3 YV UL Glos 5 4500 93 ol

L35 A o 2

S s GaAN Sy S pslas -V oYY
FESEM' s

SSSS D5 ged s Sl ) 2 gl
g b eSS mle 0550 0055 e 5 S NS
SIFESEM sl 5 b el ik g S 5l eslinel | anS
o sheas Imagl l5dle 5 5l Ad 4SS Cb.uchw
i o3lited SEM 5lss (g5, 31 il i o511

ol Cda 03051 —VV-Y-Y
5 S 35 2 Bl sl s b ol
Ceisls o585 Olgee psbie s AL S5 Jslo & rles
sy A 6 S eIl ol sl 51 ol Ol e
G e 3 S ValS St S 053 Sl 2
YV los 53 PBS Jgome 05,5 it o s (W) s S
Olsde CidS 5l A 5 Ad edls I3 psedes 4z
Jslowe Sl (aul sie 4 O, b3 U -l V0) jasin
L3S i5 eoliss 5 i WS O mlaw T s ol
055 Zad Sl Sle S QM) )5 o (W)

Sl 5 daly G S Cls 05 4 sddodr
Qm (%) = (Ws - Wd) / Wd x 100 )

3900 s pdyam 55 035851 -\ Y-Y-Y
Ml J5odes S pdi 55 F 50 Sl sk
55 g S e A et 055 Loy S a5l 4 e 4
alpha-) W ¢ e S8 Jases 31 2 Lo ¥ 55 Lot sad s
VY Sl slaesl s 5 L 554k ¢ (MEM, Gibco, 3256

! Field Emission Scanning Electron Microscope
2 In Vitro



V\—/W n(\i'\ QL:.M;L)‘Y AJL«J A\ 092 wj.:...i 6@6))[.’..5})\};1 MM/QUK&A}&[S(’{}A A

b S 5l g by bl l (s ndiGus 20ls o e
Y5 s ys il b aKoll Ll esls OLES Y Gfb O o
sly 2alS 1 Oy b sles s Slela 0 J5 0les 0l 55 e
G 58 salinal (5 08 lid g S ke 51 s S onds
ol VL slaclale bl ey o sslanul j2aS o Slme 03 5ds |
Gy aamtnn 5 26 dsbe 5,015 Rl 4 e ey

[Y4] 3 g o0 dlgdg 5 edl SUs s

12
Yy
3 10 I <A
58 I
9 6
e}
z I
g 2 I

0

3 5 7 9
Gp ke (% wiv)

20
e}
5 16 <
)
D12
3
e}
: . N
g

3 5 7 9

Gp cLble (% w/v)

clle b oV 0l s 0ad I3 0l ol s (1Y IS
Ol Ol e (O (F=1 S5 5luws) (Gp) liwd s S S
PAN/C-MWNT/G a5 3008 56 L ol yan V3 0l 528 0s J3
Sl J g oS S 5l om0 G55 o Vbl L

(F=,1 S5 5las) (Gp)

sl Sl M ey Gl sl s

s slads,s s J5 0l s, » PAN/c-MWNT/G

P33 S N3 3550 J5 53 S aelS 5L ) alia

SOl gmS @ cad S35 oy Q 5V 0 sk el Sley S

sy 05 cxle ¢l PANVCMWNTIG &yl 5U
2 S 18 eslanl

L &S s edalie d(em)) 5 (QilE)) K8 amylie |

J5 4 PAni/c-MWNT/G o860 035 aslal

ol Bl os J5 Ol wolind J ST Y Ol 1S

lacls OF Gas 2 bdhe Odemy Cogr 5 A3 23S
YV gl b Jsho i85 55001 Gg)s cole YE Sodea
A3t 5 o SueSlgs 58 Ao 550 (gl ¢ smandan 4o
Lo codldsl Oloy O (6 o 3 o LA 033 )l 3 0o 5b
ol g s S C)b'- ok Sl Al A s s se S
Lall0 IS do sV sl Jsbomn 2 s ) lad b 03 S
Sles 53 yodd sy i)y o) p a3 V-1 e
Db G5 0 b oy i S e
G5 Ol L4 ioasls 5 Lalli b8
slackle Lo ja Kl Gy day d e 3 s e
oslatal 5550 Aoys 00 50 Ve A Ay AT Sl Calise
L St sga s i ls Sl e g3 5 28 8513
Ul b 5 badile sldcsy, o p S
S kel glacenls w4 LT St
30 SN QS S ramed 5 So 5 DS S
Loy bowgls (S ol ke A esland

D] B asls b S 5 S5 b slanY

Cou g @‘b -y
CUmpelsl chle S sy Y
O J5 0b) p Sland J g el Soi/PARI/c-MWNT/G

o WJides e 0dd JS Wl Sl 4 e sl
3055 Ol stS 5 Dland oS S iSs
ol 03 S Jelse 51 G Ol S 2l ol (Say
X slacbile (bl cul 53 . S 15 ey 55 Al b
Sldsls & S ez 4 S35 e 4 5V 0
polae s 4 Ve /) SOl ISl s VYOl S
Vo sl maS) Al Ol Sles e sdee 53 Kl ol 03558
DL s S8 bl e B (o 4 S35 o3
0oy 5 il Jshoes pH (Kas clale 253l L S duns o
Al SRl Ous )

a3l 53 oS Ak 4 S el ol il (slive
5 Ol siS (e & 535) ho 3 Y/0 Jslous 5l ol ol
w5 e Vs oY (e 4 S3s) Aol t/A
Oley cbols ol Ogmr 0358 onlitsl Slind J g pddS (Lo
Joe 03 g sl I LB 65,018 5 (a@da ¥) 0d U



M Y-AVY L(\i.\ g_}b.w;l;) Al GJL«..:J AR 092 4:.9].:..__:_ 6&6}}‘«9)3‘},4 MLM/Q‘)&AA}&]&GV.LJA

Sl G5S laadl 0500 sl A €555, & b e
Slr obme a5 555 e alis S Sl S8 Olgew
S oS onl Sl tela0 s xSl aal pde a3
g Jsb 53 et el G il e sl Sl aasiie
S ol SDS US040 518037 05 8 4 by e 040 cm!
Sl T s 035 ls Sllae 0351 poalnd n ebiasoliss
[VA-Y+]

LG glacsls PAN/e-MWNT o L. il
w by i s s e 0l T L 4 s |y g
O 4 0SS, wdd PANi/c-MWNT 5568 55U
ol s el b S el Cllas ol (6L S8 5 o ol i
Ao ol sl sdd S b G S il 4 e S
b SS ail Jltle on S IS0 5 il o S s
5 O3 3 05 Sy Tomd o omad ol o303 )31
b 53 N-H K0 3550 50 s csls .ol o2 S
SH 5 ok Sl b s Sy cnl AdL e YAAL om!
Sy onl e g ey ST 5 Sl )s e
o e S Wil S AISL 5 ST L o RS
) o o e 3 Jla!

Shas s ol Sl selie s (Ve sl e
3l il edeslized PAN/C-MWNT/G oy lS 5
esbizal laysls o35 55 3 onl 168 Ve s s s
DL I3 03 il sl J5 L sl gl oS 5 o o
Cel oJ5 4 Geady ol OUS Wlol IS gbay 558 e

Ire=ro] 55 8 o 0as J5 0ley il 3l

Eresf gk Y-¥
Sl Tl & b FTIR' Cib
Sl sdd esls ke (V) KS s PAni/c-MWNT
VAT D0V (slaggo Ik s 1 ool Sy kil
sl S8 L as clesls olas Ve em™ 5 V1Yo YV
sl mll gacsly [Yr-YE] 5 oy cillas Kos pudize
5 e 4= CN Wso a4 by, VEA cm! 5104V s
Ly e Voavem! s ons alb S S sba (ol S8
a4 by e VEA em! s el all S 5SS ad
e Ve em! 5 VYV s end s S ol S
LBae 545l Sleg,l ol N 528 Kgn w0 bgye

WYo em! s el el Sy il e Sl C-H bes

000 Ay e
"y PR | Y
i A @ ~
— = S
LT ~ =1 =
y 2 =
. \ ~ b
. T L, .
- w y N .
S 2 . Y o
w95 = o = — =
= = = ~ i
»s B &8 2 %
- ~ =
.a}l o
] e
A w2
J .,
903
s89-
588
00 00 e 0 2000 1500 00 500
* T — —— | T, =
> g J 2 ¥
% - o 1
E I =
g 2 I
E B3 T =
% o =
‘3 o 3] 8
+J =
i
J E
£
E
L
PO
ard
2000 2500 o 500

zredse

PANi/c-MWNT (& 5 ol L (il 4 by o FTIR Cib Y S

! Fourier Transform Infrared Spectrometer



V\—/W n(\i'\ QL:.M;L)«Y aJL»..‘Z A\ 092 wr:.ﬁ 6&6)}[.‘..5})\};1 MM/Q‘)&AA‘;&]&SV{JA

AY

S35l 50 (6 pditalia 5 s edins OLES s i S 51 3
Sradcala cl Jall gla ads L oanslis s eldag
G 50 i T L 5l dsa Ve 516 o508 50
35 055U ol axls glaba=e B il ) o S 50 o
Olgeas PANI/C-MWNT/G o5l 560 51 (sladlin =
23 3 el Olgen 50 5 oy g pdiolie Gl lesle
Cole gl land J a8V 0l S a5 J)
oS eslanal B SLil o 4l 5o 5 558 5 Ll ey yls
03531 5 glad she (g plucolia i (V) Jsdr 5 ool
Sl Ol e 015 o ilisis Oliies ol 4 5k el 0
Olme 5 /M V=2 AS/em (o |y Sk o, 5 Job s
e

[FY]l s § ks s +/YE—+/AY S/em

o b

TRV O[OV ROV I PROVPS JOS PE I Vel S VP POV
) onl il sl JUEl e s YO em! s S
&ﬁuiisr.aﬁas.l.ndaotii (oo Sy S ol s
5058 s 1y L JUsl aul b (o S dst 5 sl L
u,'"..ibélbc:i:jl;@:eﬁ?ﬁjjs_;jﬂd}jj&ﬂ)\_)j;w\r\p@):
53 Sl Rl Gl 4 e Colgns 4 ool esls
Lo Gl @b cpl AT ol ot PAN/c-MWNT

3 3 pd g Ol Fskr 53 68 Sl il ml

G gl S S gl —Y-Y
A) e iy sado s b olad] Guiss pl s
5 ¢-MWNT PAni/c-MWNT I ( 555 do)y5d 5V 0 ¥

[FY] s Cilon slaamb slad sl S s gl Olsn Y J g

(o dze) (58 Sb S5 ol
P
giL gir Gel. Ger

Clerc, J. Physiol, 255:335 Y AT Y VYE

Roberts et al., Circ Res, 44:701 YA /ey oYY Y

Roberts & Scher, Circ Res, 50:342 .23 /e Y eAe

3l Ky s S sa
Gi (S/m) Ge (S/m) f a (um) b (um) G (nS)

Roth, AnnBiomed Eng, 16:609 \ \ Y% Vo s v
Neu & Krassowska, 1993 o/t Y «/AD Voo v/0 /0

GPINCO «sa5 slos ol 5 SGle ol

13 51 e GPTNCO 4505 oS 51 0L gl A5 )

b a3 YT (glos 53 e 03 VL L 5 e, 53 8 S

OVl l58l o J5 ol 53 ssmse sV AS U5

Ol o5 lp 1y a5 0l (o s ule S5

SaS JS JSES w Salgs s ean OlesaS sl o
LS e

J5 6l G 555y 5 G KoVl oo i

G" 5 G Idzl 3 sl ol 63,51 (£) K5 55 50 GPTNCT

olie L 558y dsde 5 Ll 26 5 S S olis

Odd J5 abai s by il L o) S e 51 2

cole () IS s sdelsy = el

S Sadiiala sbml b G55 doss ¥V Olge b el
B glad e ilsl 5 La, ¢l 1 ll s /Y Slem «
ok 5l S5 o s Ve )~|nuswus@yﬁswivﬁl;
S i 53 e Ul e pl ol 4 3B LleSa
dos Y s ges Lol Lo § s LK 5 Ul L s
Ll OlagnS Sl eddag Capls 4 oz @ S35
boanglin 53 a8 auS sl +/E Slem 4 Kos 3 (6 pdocalis

IFE 5 YT el 08 Sl 0k 45 T 3p0lS 516 bl

b ad (K558, ol —£-F



AY Y-AVY g(\i'\ QL“.M.;U) Al A)L;.\Z AR 092 423}..2..:_{ 6&6}}%})“}# MLLA.&/U‘)&AA}&LGV{JA

PAni/c-MWNT/G C,.“:)}:Als};b C:“)‘)S L}ﬁl}d}d’l)}d ﬁ\))ﬁ )j.]aﬂ\.: 9 okl ‘)}gﬁw.“:) J}v\ﬂ )‘ j:-‘:":’ &.::,,M J_}Jw
JSE s a8 sbolen .25 8 515 sz 3550 SEM 50 S e Iy A58
u.'_y-m C-.u|b J"’"‘j‘"‘ BE) L‘-hdj_})y\.’ ‘3-5";@ sdalie (0)
o —&—Pani/c-MWNT MWNT —=>¢=PAni
Aol isy
1.0E+01
E
3 10801
3\; 1.0E-03
T 1.0£-05
2
2
1.0e-07 |
1 6
(Y%owt) clile
0 ) 50,5 PAni/c-MWNT s MWNT PAni S Sl colas ¥ K3
3o 53 S350 50 w555 5ISEM  5ai 0 IS5 C/G/GP-2NC kil lul
oY Ol S

5000
cﬁw)‘SEMﬂf.ajC,ﬁJf)‘}w)féj_}ASEMﬁM 4500
S Aesn VL eddatle b S dais 4000
LY )jl?dla.h ol ol 020y OLES () K,i BE) C'-j‘)};wlel; . 3500
3000
Jotte ety Sl i b ol (sl gyl 355 e etaline -3
S 2500
o
BN ~
e 2000
1500
1000
500
0
20 30 40 50

(©) s
Storeg Modulus

Lo o GPTNCT 4505 5l sk i £ S

Loos Modulus

sl sles 53 G 558y 5 G SVl ke Sl i

L3S I3 g a0 Oley SIS L e geads a5 TV
S 5 B e a3 Oy S| g Lad slone o 5l 0L il
YV les 53 5B TY0 5 YY) 3 i Sa g g 5o B8

Amirkabir University

G i G L RS S o o
305 ol S5 aiaela I SEM 5l 1 K3 beg  CiaelSHl WSS s

s ST LS (G 00 LS5 (LU GPINCT 25 G FN  Ss S



V\—/W n(\i'\ QL:.M;L)‘Y AJL«J A\ 092 wj.:...i 6@6))[.’..5})\};1 MM/QUK&A}&[S(’{}A /\i

oy 035 WLl aS das e 0L adlllas pl o

G ls (6 8Ll il Eel PANi/c-MWNT/G sUla
YL @Lﬁ)‘( Ssd e 65 SYsb Dde 4 PBS Jglos 5s UL,
G I3 L oy selS 5l bl a8 5 8 blazad Ol

U RS- LA PRUAT PR W gy

5050 o5 U, (gwyp V=Y
ol b Ol ey Cols T il 2 b mb
35538 5boles .ol sl o3ls 0L (V) S s ao]
55 8 &l 353 edslis GPTNCT 5 GPINCO & se
5ol Sl ol aids Yo s Of Codor Ol e eyl
el il Sl T Ol B s a3 Ol OF 1 ey
e VL b B S ol Ol Ol Sy Slados
onle Jsas ol s 3 VH Ol g2 o goalS a5
Al Y3 s Ol sS s srse hale lass S ras]
L - A
el PADI 5 ST Cuals PANI/C-MWNT/G o 5l 50

[T 578 AA]

MTT) 5,8 5 Siolosl —A-Y
5 GPINCT & s05 3 oddangs S ls (L85l
S e 505, < s MTT bl sl eslizd L GPTNCO
58S E s a)se ke iS5l 558 cllS
MTT el plil 51 Coda sl o ol 0L (A) JST5 53
Crlia) sl Ul Casls Sl )
5ot G 5lecan o (Joke c2S gl 0T 05
lad sho 5l eslinal b O1SSs sba o158 55 V5 70k S
Gl adlas pl 3 el sy SU 4 il
VYol s Gyl

sor @B S JE e n 3, se PAN/C-MWNT/G

S spelS S0 Sl

L b sad (g5 ammls (A) K3 03 508 (LBl
ik G5, p oS edas0lis ol Ot das o OLES
PAN/C-MWNT/G  Coj5alS 56 ol Y0l 1S
oYY Ol 1S 5suder G SS e lasOliS e 3 0 i

Colgd CiS aes s kasOLLS (6 tuS I O g

59,48 o o Y
TP s odalis (W-Y) S8 s &8 sbokes
el 5 o Bl Cols 4 Cnd Gl s ls g 55
sld u S Of Aoy v wiia £ i3S Sl e 4S g, sba
Sl S5 cr Loy Cansls &8 ol Jb s ol sl
Lo 3 VO Ll (50l 55U 51 S35 Aosa VL 5 o)k (6 %S
g s JB S b aS das e 0L ) O alS
5 GPINCT sl Jol aia s Sl Sa sol odd
el 0 8 035 S2alS Aoy YO 5\ Y 5 54 GPTNCO
Sali A ol s 5 S
0Lz ol s S s 1y V3 /0l 1S Ay5 S ls
s JolS b wie VU s bocels &S Ll

IV 5l (Ko 5 Ol S o5l S 5 olins
100 -
—&— GP7NC7 il
80 +
—@— GP7NCO0

0 r r 3
0 10 . 20 30
(D) ol
6 =
<
5 4
4
EN
< 3 -
) —e—GP7NCO
1 —@— GP7NC7
0 T T 1
0 5 10 15
(cel) Ol

J e 5 sddatle glacan s ol Gl s, (o GPTNCT

o sk 453 YV (cles ;5 PBS



Ao

Y\-AY ‘(\i'\ QLZM._:U) Al a)Lg.\fa AR 092 4\23}..2.:_{ 6&6}}@})‘};1 “M/U‘)&M}wblsv{f

. . . . 04
Sl e g ladshe wbibcsy )y ) Sy .
S ediell glacen s mhe a4 Lol Saes 03

3
30 S9N Sy Ko 5 (A JSK2) (505 55 S i
5

‘_;“y\nﬂ ‘_;v\-m{ -4-¥ 045

02
S L O3l 51 ol s Y] eslinad (V0 JS05) o1s
(S 3 bl & Sl Cllae sl e (10) K3 5 o1
0.05
ASMJQAQWGL’L:JS&QL;}LAJLAMJJJ:I&? 0
_ L R Control ~ mWithout nanocomp.  ®With nanocomp.
5 S L 5 Ll S 13 C)ls s, » e ladsh

Jsbe ol gladi sl mhans 51 (6550 sy Ko pslad & IS

Amirkabir University

Amirkabir University AIS 23000 ND=B5 70.0kV X725 10um Amirkabir University

(a5, Sa 005 )+ LS55 L GPINCT oY & 50



V\—/W n(\i'\ QL:.M;L)«Y aJL»..‘Z A\ 092 wf:.ﬁ 6@6)}[.‘..5})\};1 MM/QU&».A}&]&SV{}A /\-\

“ éjigj\ ;g.ifﬁ u;l:)) B J}ﬁf: oalaal Pl 6LAJ}.LA
YIRS fL'o.ﬂ Cloy Canyls

S Fls =0
c.l.\.z‘)\ ‘_;.,:L.,L)(S MLJUL.:.L»' A_JL; DL chvabu‘ CJL’JU&A
208 ol b dad e sl adS 5l ag O Kiass bu s

J}.Jsk;c LF'.‘JJJ"; E) jg.;: cQ\J@J a&i.;\:

ey

1. Peng, Z., Shen, Y., "Study on biological safety of polyvinyl
alcohol/collagen hydrogel as tissue substitute (I)", Polymer-
Plastics Technology and Engineering, Vol. 50, No. 3, (2011),
245-250. https://doi.org/10.1080/03602559.2010.531438

2. Meyer, U., Handschel, J., Wiesmann, H. P., Meyer, T. eds.,
Fundamentals of Tissue Engineering and Regenerative
Medicine, Vol. 1, Springer Berlin, Heidelberg, (2009).
https://doi.org/10.1007/978-3-540-77755-7

3. Martins, M., Eng, G., Caridade, S. G., "Electrically conductive
chitosan/carbon scaffolds for cardiac tissue engineering",
Biomacromolecules, Vol. 15, No. 2, (2014), 635-643.
https://doi.org/10.1021/bm401679q

4. Huang, N. F,, Yu, J., Sievers, R., Li, S., Lee, R. J., "Injectable
biopolymers enhance angiogenesis after myocardial infarction",
Tissue Engineering, Vol. 11, No. 11-12, (2005), 1860-1866.
https://doi.org/10.1089/ten.2005.11.1860

5. Crowder, S. W., Liang, Y., Rath, R., Park, A. M., Maltais, S.,
Pintauro, P. N., Hofmeister, W., Lim, C. C., Wang, X., Sung, H. J.,
"Poly (g-caprolactone)-carbon nanotube composite scaffolds for
enhanced cardiac differentiation of human mesenchymal stem
cells", Nanomedicine, Vol. 8, No. 11, (2013), 1763-1776.
https://doi.org/10.2217/nnm.12.204

6. Babheiraei, N., Yeganeh, H., Ai, J., Gharibi, R., Ebrahimi-Barough,
S., Azami, M., Vahdat, S., Baharvand, H., "Preparation of a porous
conductive  scaffold  from  aniline pentamer-modified
polyurethane/PCL blend for cardiac tissue engineering", Journal
of Biomedical Materials Research, Part A, Vol. 103, No. 10,
(2015), 3179-3187. https://doi.org/10.1002/jbm.a.35447

7. Spinks, G. M., Shin, S. R., Wallace, G. G., Whitten, P. G., Kim, 1.
Y., Kim, S. I, Kim, S. J., "A novel “dual mode” actuation in
chitosan/polyaniline/carbon nanotube fibers", Sensors and
Actuators, B: Chemical, Vol. 121, No. 2, (2007), 616-621.
https://doi.org/10.1016/j.snb.2006.04.103

8. lJiang, Q., Fu, G., Xie, D., Jiang, S., Chen, Z., Huang, B., Zhao, Y.,
"Preparation of carbon nanotube/polyaniline nanofiber by
electrospinning”, Procedia Engineering, Vol. 27, (2012), 72-76.
https://doi.org/10.1016/j.proeng.2011.12.426

9. Ding, L., Li, Q., Zhou, D., Cui, H., An, H., Zhai, J., "Modification
of glassy carbon electrode with polyaniline/multi-walled carbon
nanotubes composite: Application to electro-reduction of
bromate", Journal of Electroanalytical Chemistry, Vol. 668,
(2012), 44-50. https://doi.org/10.1016/j.jelechem.2011.12.018

10. Blanchet, G. B., Fincher, C. R., Gao, F., "Polyaniline nanotube
composites: A high-resolution printable conductor". Applied
Physics  Letters, Vol. 82, No. 8, (2003), 1290-1292.
https://doi.org/10.1063/1.1553991

11. Kondawar, S. B., Deshpande, M. D., Agrawal, S. P., "Transport
properties of conductive polyaniline nanocomposites based on
carbon nanotubes", International Journal of Composite
Materials, Vol. 2, No. 3, (2012), 32-36.
https://doi.org/10.5923/j.cmaterials.20120203.03

12. Jeevananda, T., Kim, N. H., Heo, S. B., Lee, J. H., "Synthesis and
characterization of polyaniline-multiwalled carbon nanotube
nanocomposites in the presence of sodium dodecyl sulfate",
Polymers for Advanced Technologies, Vol. 19, No. 12, (2008),
1754-1762. https://doi.org/10.1002/pat.1191

S a4

JSize a5 sles a4 pele 5 s Gos ol o
PANi/c-MWNT/G o5 salS 56 L V5 5 OluszS Sl
30 ol SLlOb e 4l s el gl s Al S S
(S Gl e e Gaiss ol 55 8 S 13 e
o O el CL‘ O T WU R WA S VY
5505 56 ol S sls OLES PANI/C-MWNT oy 5alS 5
e K15 r e 2Bl (S S LAk o s Sl Ol iy
Rl o3 S slml B Sl o s el L 1) s
(s Cesls ol gl Y5 5 Ol iS5l Gt
2 00,8 38 5 sy o ) ol sla Sy les
A el ( (S cwdigs

5 oY OlesS Kol s SVl 5 e
5 GRSl GLUESern pemes (Dlid Uy nlS
S, s p OlesnS Glae iy G SOaodes sladisy
J5 0l &S ool 51,108 e 5t bes 4 ule J3s,n
Slaasie 5l (o v o A5 JJssde S0
D3 s 2550 O3 nl G ol 03 e Slaas g
ol Eel s ol sla S5y cleas Y5 s S
J50hs Blal proman 358 0 oI5 att N CM‘
Gk s e Jissde OAS U Ol el el 5V
ooy e 048 J5 Gl b Olej il Sla s
LAl e 00 JJ Gl p a0l a3 ¥ lais 50 4l o
- TS RSN S PR WA PRGNS PV g U RSP I
3 Ll e Sl 00 I3 Oley (J5 5 oS SL
e 4 s dens Vo 0as3l Loas sl Ol s
sl azds ¥ ous J3 0bey b J5 018 0 Slad s pdS
Olal eslial 035 s 5 e J5aden opl JS5bas 5 S
B Jooded s o 4 3L 5 LS e el B 1 ol
B SO e (6351 ge oo Ll8 e Ul Sles @ bl
Sl kg gLz )8 s 5 e glacil 6l b
S I3 sl 5, e

Sl hoF b a4 el IS ol &S il
pdgr dlgdy (el 4B S G 5 ) p 2550 bondsl
350 5Ll s slad sl sl )3 sddantle ol

Sl Ulay 35 Jiaodes ol 31 pamen 5,8 513 w5


https://doi.org/10.1080/03602559.2010.531438
https://doi.org/10.1007/978-3-540-77755-7
https://doi.org/10.1021/bm401679q
https://doi.org/10.1089/ten.2005.11.1860
https://doi.org/10.2217/nnm.12.204
https://doi.org/10.1002/jbm.a.35447
https://doi.org/10.1016/j.snb.2006.04.103
https://doi.org/10.1016/j.proeng.2011.12.426
https://doi.org/10.1016/j.jelechem.2011.12.018
https://doi.org/10.1002/pat.1191

AV

Y\-AY L(\i'\ g_}b.w;l;) Al GJLA.A; AR 092 4:.9].:..__:_ 6&6}}‘«9)3‘},4 MLM/Q‘)&AA}&]&GV.LJA

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

pulposus regeneration: An in vitro study", Tissue Engineering,
Part A, Vol. 16, No. 2, (2010), 695-703.
https://doi.org/10.1089/ten.tea.2009.0229

Cheng, Y. H., Yang, S. H., Lin, F. H., "Thermosensitive chitosan-
gelatin-glycerol phosphate hydrogel as a controlled release system
of ferulic acid for nucleus pulposus regeneration", Biomaterials,
Vol. 32, No. 29, (2011), 6953-6961.
https://doi.org/10.1016/j.biomaterials.2011.03.065

Yang, K. C., Wu, C. C,, Cheng, Y. H., Kuo, T. F., Lin, F. H.,
"Chitosan/gelatin  hydrogel prolonged the function of
insulinoma/agarose microspheres in vivo during xenogenic
transplantation. in transplantation proceedings", Elsevier, Vol. 40,
No. 10, (2008), 3623-3626.
https://doi.org/10.1016/j.transproceed.2008.06.092

Haider, S., Park, S. Y., Saced, K., Farmer, B. L., "Swelling and
electroresponsive characteristics of gelatin immobilized onto
multi-walled carbon nanotubes", Sensors and Actuators, B:
Chemical, Vol. 124, No. 2, (2007), 517-528.
https://doi.org/10.1016/j.snb.2007.01.024

Dizaji, B. F., Azerbaijan, M. H., Sheisi, N., Goleij, P., Mirmajidi,
T., Chogan, F., Irani, M., Sharafian, F., "Synthesis of
PLGA/chitosan/zeolites and PLGA/chitosan/metal  organic
frameworks nanofibers for targeted delivery of Paclitaxel toward
prostate cancer cells death", International Journal of Biological
Macromolecules, Vol. 164, (2020), 1461-1474.
https://doi.org/10.1016/j.ijbiomac.2020.07.228

Saladin, K. S., Miller, L., Anatomy & Physiology, New York,
WCB/McGraw-Hill, (1998), 1248.

Kempe, S., Metz, H., Bastrop, M., Hvilsom, A., Contri, R. V.,
Mider, K., "Characterization of thermosensitive chitosan-based
hydrogels by rheology and electron paramagnetic resonance
spectroscopy", European Journal of Pharmaceutics and
Biopharmaceutics, Vol. 68, No. 1, (2008), 26-33.
https://doi.org/10.1016/j.ejpb.2007.05.020

Zhao, Q. S., Ji, Q. X,, Xing, K., Li, X. Y., Liu, C. S., Chen, X. G.,
"Preparation and characteristics of novel porous hydrogel films
based on chitosan and glycerophosphate", Carbohydrate
Polymers, Vol. 76, No. 3, (2009), 410-416.
https://doi.org/10.1016/j.carbpol.2008.11.020

Roth, B. J., "The electrical conductivity of tissues", The
Biomedical Engineering Handbook, Second Edition., 2 Volume
Set, edited by Bronzino, J. D., Boca Raton, CRC Press, (2000).

Fathinejad, J. H., Javidfar, M. R., "Study on effect of aluminum
nitrate on conductivity properties of hydrogel nanocomposite
based on acrylic acid/CNTSs", Journal of Advanced Materials and
Technologies (JAMT), Vol. 7, No. 2, (2018), 57-61.
https://doi.org/10.30501/jamt.2018.91467

Malekimusavi, H., Ghaemi, A., Masoudi, G., Chogan, F., Rashedi,
H., Yazdian, F., Omidi, M., Javadi, S., Haghiralsadat, B. F.,
Teimouri, M., Faal Hamedani, N., "Graphene oxide-l-arginine
nanogel: A pH-sensitive fluorouracil nanocarrier", Biotechnology
and Applied Biochemistry, Vol. 66, No. 5, (2019), 772-780.
https://doi.org/10.1002/bab.1768

Cheng, Y. H., Hung, K. H., Tsai, T. H., Lee, C. J., Ku, R. Y., Chiu,
A. W. H., Chiou, S. H., Liu, C. J. L., "Sustained delivery of
latanoprost by thermosensitive chitosan—gelatin-based hydrogel
for controlling ocular hypertension", Acta Biomaterialia, Vol. 10,
No. 10, (2014), 4360-4366.
https://doi.org/10.1016/j.actbio.2014.05.031

Manafi, S., Mirjalili, F., Joughehdoust, S., "Synthesis of FAp,
Forsterite, and FAp/Forsterite nanocomposites by sol-gel method",
Advanced Ceramics Progress, Vol. 6, No. 2, (2020), 35-42.
https://doi.org/10.30501/acp.2020.109549

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

Zhang, X., Zhang, J., Liu, Z., "Tubular composite of doped
polyaniline with multi-walled carbon nanotubes", Applied Physics
A, Vol. 80, No. 8, (2005), 1813-1817.
htttps://doi.org/10.1007/s00339-003-2491-z

Chogan, F., Mirmajidi, T., Rezayan, A. H., Sharifi, A. M.,
Ghahary, A., Nourmohammadi, J., Kamali, A., Rahaie, M.,
"Design, fabrication, and optimization of a dual function three-
layer scaffold for controlled release of metformin hydrochloride to
alleviate fibrosis and accelerate wound healing", Acta
Biomaterialia, Vol. 113, (2020), 144-163.
https://doi.org/10.1016/j.actbio.2020.06.031

Mirmajidi, T., Chogan, F., Rezayan, A. H., Sharifi, A. M., "In vitro
and in vivo evaluation of a nanofiber wound dressing loaded with
melatonin", International Journal of Pharmaceutics, Vol. 596,
(2021), 120213. https://doi.org/10.1016/j.ijpharm.2021.120213

. Basiri, Z., Rezayan, A. H., Akbari, B., Aghdam, R. M., Tafti, H.

A., "Developing new synthetic biomimetic nanocomposite
adhesives: Synthesis and evaluation of bond strength and
solubilization", Reactive and Functional Polymers, Vol. 127,
(2018), 85-93.
https://doi.org/10.1016/j.reactfunctpolym.2018.04.004

Abbasizadeh, N., Rezayan, A. H., Nourmohammadi, J.,
Kazemzadeh-Narbat, M., "HHC-36 antimicrobial peptide loading
on silk fibroin (SF)/hydroxyapatite (HA) nanofibrouscoated
titanium for the enhancement of osteoblast and bactericidal
functions", International Journal of Polymeric Materials and
Polymeric Biomaterials, Vol. 69, No. 10, (2019), 629-639.
https://doi.org/10.1080/00914037.2019.1596913

Oroojalian, F., Jahanafrooz, Z., Chogan, F., Rezayan, A. H.,
Malekzade, E., Rezaei, S. J. T., Nabid, M. R., Sahebkar, A.,
"Synthesis and evaluation of injectable thermosensitive penta-
block  copolymer  hydrogel (PNIPAAm-PCL-PEG-PCL-
PNIPAAm) and star-shaped poly (CL— CO— LA)-b-PEG for
wound healing applications", Journal of Cellular Biochemistry,
Vol. 120, No. 10, (2019), 17194-17207.
https://doi.org/10.1002/jcb.28980

Farboudi, A., Mahboobnia, K., Chogan, F., Karimi, M., Askari, A.,
Banihashem, S., Davaran, S., Irani, M., "UiO-66 metal organic
framework nanoparti- cles loaded carboxymethyl chitosan/poly
ethylene oxide/polyurethane core- shell nano fibers for controlled
release of doxorubicin and folic acid", International Journal of
Biological Macromolecules, Vol. 150, (2020), 178-188,
https://doi.org/10.1016/j.ijbiomac.2020.02.067

Singh, C., Srivastava, S., Ali, M. A., Gupta, T. K., Sumana, G.,
Srivastava, A., Mathur, R. B., Malhotra, B. D., "Carboxylated
multiwalled carbon nanotubes based biosensor for aflatoxin
detection”, Sensors and Actuators, B: Chemical,Vol. 185,(2013),
258-264. https://doi.org/10.1016/j.snb.2013.04.040

Kar, P., Choudhury, A., "Carboxylic acid functionalized multi-
walled carbon nanotube doped polyaniline for chloroform
sensors”, Sensors and Actuators, B: Chemical, Vol. 183, (2013),
25-33. https://doi.org/10.1016/j.snb.2013.03.093

Wu, T. M., Lin, Y. W, Liao, C. S., "Preparation and
characterization of polyaniline/multi-walled carbon nanotube
composites", Carbon, Vol. 43, No. 4, (2005), 734-740.
https://doi.org/10.1016/j.carbon.2004.10.043

Wu, J., Su, Z. G., Ma, G. H., "A thermo-and pH-sensitive hydrogel
composed of quaternized chitosan/glycerophosphate",
International Journal of Pharmaceutics, Vol. 315, No. 1-2,
(2006), 1-11. https://doi.org/10.1016/j.ijpharm.2006.01.045
Cheng, Y. H., Yang, S. H., Su, W. Y., Chen, Y. C., Yang, K. C.,
Cheng, W.T.K., Wu, S. C., Lin, F. H., "Thermosensitive chitosan—
gelatin—glycerol phosphate hydrogels as a cell carrier for nucleus


https://doi.org/10.1016/j.actbio.2020.06.031
https://doi.org/10.1002/jcb.28980
https://doi.org/10.1016/j.ijbiomac.2020.02.067
https://doi.org/10.1016/j.ijpharm.2006.01.045
https://doi.org/10.1089/ten.tea.2009.0229
https://doi.org/10.1016/j.biomaterials.2011.03.065
https://doi.org/10.1016/j.transproceed.2008.06.092
https://doi.org/10.1016/j.snb.2007.01.024
https://doi.org/10.1016/j.ijbiomac.2020.07.228
https://doi.org/10.30501/jamt.2018.91467
doi:%2010.1002/bab.1768

	3 Assistant Professor, School of Metallurgy and Materials Engineering, University of Tehran, Tehran, Tehran, Iran
	4 Professor, Tehran Heart Center, Tehran University of Medical Science, Tehran, Tehran, Iran

