[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

Iran South Med J 2019; 22(1): 29-40

/// s Th wbaligs

U’"JB @.\."'- ‘&ﬁ_cﬁd’} em"};
J.q.f&ﬁ "é‘.an d‘;&‘.kg.v QLoJ.é‘g é.w"]; f}lﬁ &Sl

(\YaA %5J|Jaﬁ3)‘$)§)*‘\_f' ae N ergfjajWJLw

S b JLSle 9 Ol IT (amb pouds (199381 (o y 3
o 39 31 Wit 93 38 IS his g b U5 Hlvcums

"PhD) (5 513 Sl JPhD) 3T Lo, T PhD) (5 skeas Hb g ¢ (MSO) fuol s Ny

Q'ﬂ‘ ‘Jé":'.’f ‘JaJUGbam‘b ;w&}ﬁjj@ G w.l..é,a 0 ASiS s 4@.:.3-: @"WJ’;"':‘
Olpl b g2 e Bl o8Bls ¢ cands o 5 58 (L pikign oSS (S pikige S
b‘ﬁ‘ ‘Jé":'ﬁ ‘Jq—\:ﬁ é-:-ﬁ f}lﬁ c\.{.ﬁ.ﬂ: ‘g&s‘:'ﬂ: IRCEH N L‘_gjul‘,SLa,L’e u.’.'.:'u'r

(VA e by —QV/8/Y tallie 3Ly ,55)

s S

sl YL oLl edle Adl e e Cu sl plididog 5 b mle ) esliial Sl ane § 5 G Sl Bad ) gliis @ 05l 4l
Sda b G ol 53 el 038 om0 5 4 1 ellne 4 D 4 (K550 0 ol ey s 4 0las cnl bl Gl 5 - U
Osmer 2bys gl 5l loges 45 ST ok (SUIGE 5880 » dalone Jalge 5T (s 5 KU sy SIS (5,8 5l 5
s L R e

— Sl O g 5 b Jld osle 5 Sy BT ey Do 930 (Cdale 1 gy ) sl 4y iliee glacdale [ SN b s s DU SG e B, 9 3l e
Sy 5 BUISL kS (g0 s 5 o)y ol ohan) G gy Koo pslas Gl el b g 0dd A5 g s AU 2y LA
A3 F b5l sy sadgowe (K555

Jolows 51 48 (go5b 4 aBl Gl Jlows au)gKmy romen 5 SUIGL b (g el Jglome il Rl31 L a5 ol 0L s tlaadly
e sn S s b sl 4 Sl ey 035581l 55 el 0 Mg S E SUISL S5y s Ve sl b Sl b s b
B imer s £ £l SUISE g a5 hess V0 S s b Jsbone B GBI L 8 s 8 s 51 il Ol
G35 23Vt 5P BB 3 s S s U plSe (s ey Jlon 4 Voo Sl Ds 5 ke U el D3350 31 s sl 0L
Al g d om0 5y 5 b 2SSl 36 o 4 S sk

62 Sl Glsgsls dhe 5l mleo (il 3 &5 AS dal g A gl SUISL o Jolge goud avgy Ll o 15 S 4o
g dal g

2235 Sl I (5855 0 Sl 3 (BUIGL g AdS OB 515

W)ﬂj)g G J‘“"\"ﬁ" 0SSN Lw)u@l}‘-b&i.}h »J@i}i;**
Email: osfouri@pgu.ac.ir

*ORCID: 0000-0002-9411-760X

**ORCID: 0000-0002-4111-8318


http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

¥/ S ) SUI Gkl ST ek e 03538 o p

O, Ken 5 ool o

Saolenil b anslie )3 (g ey Sl b glaolanily
Q) Wlesls 0L 555 31 S Db Ly S
Slaass 5 B Ga,e Dl sy sl
olgr 53 SUIEL 2,8 pamie Glas )8 ae
Glals sl s GUISL pman (1) dil e ol
505 dEl Oleds glasls oS AT
() Just st glagls (1) as sladsSIsn
e DLS S L5 (V) o5 e 5 2 f3e glasls
Gy aSle 5 (VY) (g5 b b OlST 2T

S o 13 eslizal 5,50 (OF)
3l oS Al 1y BUISE a5 0l W ey S
b & Oldlaz 55 5 5k ane 5 Sl e o 5
‘uoiwjéu;ﬂ&u&@,@qyﬂ}wj
Glare Sl s SUl s 4 i 4
VI N - T O U e S PR P GO P W
Sla oy s SUISL W5 Ol sl s
GOl g gl oy b alie 55 anb
wiws w4 Ygane 30 b 15 VL ol 5 e
Slopends baded 5 8Ly e, S
"3 Omad ALS Lt il5 e a8
TS Ogman Gla Lo Lt 85 5 ()
Foda gl ppd (OF) N3 00) TOPS ()
oS sen (558 sl e (515 () P
O35S (V) Slo Il asl wils ()7 508 5 0F)
sk sl abe 1 O04) Sl 5 (A
(eberd Coale Bl 5l o GUI e il e
Clr bl 5 Ol (KK sl

(8) s Ooglite 3 Sdme

1 Zein

2 Casein

3 Collagen
4 Silk fibroin
5 Elastin

6 Gluten

4o e
55 Fe SN paame U (658 0338055, 5 S L
S35t L sl b el sdd Wy U sl
Lo b daaka sl (SUISL (dny Jio 5l
AU 0) Gdn S sl dad s e st
Csmeren DY e opl e Sl Gday g3 Dlmio
s Sy e 4 SUIHL addS ans 55 s S s
33 DAS 4 Olhegie 5 58 4 e glas )8
503 GHS,L VL o33l Lila Sl 5 Oliioes 4 5
B O B R E L
sl W e 0 e o (1) 058 U
) el G SEKe ol 5 52 ol S
SULL il SUIEE b Shs  aex
S 3 B S50 03 5l s )8 S5l me s (Go3 gkoms
slpe Sl (I35 51,8 o s L (Ko
53 ke SUIGL U5 o S5 sl 5 ek
() sitd Gn Sl Dames olaws
(N sl gladhe (e gladde
OSUE Spe gt (1) s 2l () bacandbls
Mg e 5 by b Bl SLS Jdailr G5
2% o5y w il A ey SUISL 508 S
Chydy 4 g 5 0358 Sl e gladul
5 oeld Cusi OUISL Sy Ols s il
Sl gl (S s 53 5 (V) bacas s
Gt SBS e (P) (65t galis elinal |
SUISL slas )8 alexr 31 o35 Ol 5 V)

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

\YaA %A;‘j;ﬁ_.:)}ﬁ/\ a)w/r}:}g"mﬁdb

s b

Lk SLdS 5 pdics 29 s Qe
T3 s 5l 5 b5 sl s 4 S
L oo dlail Sopo 4 b (S slas )8 5o
Sl pad (TA) 552 eolinad K> b Sad
e Sk Jsle 4 b laedy 0355
b e 5 BUIEL 8 5l ) Gl il
slgdn Sl b glaeds 5l S oyl
Sl sk (oan oy 4 03558 Sl ol
Sl S Do 4 Connb 53 Ysans 5 AL
U OO P ey e
S Ypene & ol gLl 5 Sl
(YO spdo gl alos Slosgd el
5 JeeSaoder slaes S Gbls ayl s & oyl
Wil o 395 N ool g Jgb 55 ST S S
s b glews 0us lable gl Jles! Ol

(0 s dals (S s s oo Sl La ey
Sl s SN s SUISL Wy ke &
e 5 Sl B ke Jalge logis slas )8
5SSy (SBle (JSse 055 L ae
5 Jshme Jolse alam 510N Loy S SU0 UL
o 5 Ojsw S5 e abol 5 Gy 5 SW
5> pmzmen 5 il el ge 55 (FT) odiS e

il e e Jalse 53 (M) oed b
S 5L 8 sl il 3l s a4 andllas ol 55
S35 2 Sl b ey 035530 3 S e 5 b
O S el bl Al SUISL 54l
e (LS dalst 3 e 25e e s 2SI
02531 Jl eSS Calbhs b SU 4 plaws ke &
S50 5 VXK DS e (el W esle
Ll b 53 I o5l (8L (sl 5 S e B Sl

7 Sol-gel
8 Backbone

ol bty Sl eslizd b e S
SUL ke O gman) (rmbs 2l5e 5l eslinal O yzen
sbbss b (S ol bug (55,
Sl 5 (36 Sl G b 5L (F) pland
o b (YY) s (YY) Sllus s o(Y0)
S5 528 (Shas (V) 5 S (YY) (5
ol Obe o3 s S g (Vo) 5 Sy 5 ()
My Gle G miele s S e i,
Gl 5 janie slayltle b ol 5K GG
(8) demen Ll |y i oliie 53 A 5

SUISE A5 Sl S5 G S e S
SUISL e Gl S rl b cl e (ol Sl
oo Sl osliial s 53 il e sl b
el 50 S ghyls 5ol S BUISL (b (5 0k
s 4 el an Sy okl LIBIL 5 Al
GioF M8 (s ack Jsloms S 14658 4 L o 1531
Joes L Jx8 Jol @ s Loy el
Opmen alaisspl 3 eslinad b 05 4 s lS
5 e Il S b s o Jlab esle corls (SaS
S S s S W L ek SULL
Skl b e SBIE LI s e S
0350 ol ol a8 Ses 55 51 (T0) 5 8
Sesliad b (Solo 4y b 5)50 S5 S 5k 4 b
2RO Gl Ll Osmen (Ssd sla i)
iS5 3 o3litd b sl 23Y a8 Ll (19) 55 al
B
sl sy sl pberdiSoid ol
(V) 55 8

o3l SUISL M5 gl Lo ey o 53 2068 2 51 (S8
Frean ek ) sl S sk

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

Y/ Sl S 50 Skl ST b el 03553 )

O, Ken 5 ool o

31,8 Sl 4> 53 Y0 sles 53 Anton paar MCR 301
oK Lo 55 50 o sl oo 23S A5 (680310
435 58315 LAUDAITDIC Jike (s 2o oS
Kivs 3l ek SUISL Ws glp ezen
Full Option Lab 2ESH-II .., 53
ol @y s el (Nanoazma-Co./Iran)

e S D303 Sy Gl sl
Jaze (o oo +/85) VAG 055w 03101 L a5 5 ST
B O Sg kol (dylS Yo 55 Cod 5 03 S
2 Ak T Ol Sl 10 easSae
Aoy O pd Cogby s bow gl el
cHld gy ol el s S e S
e sy S S Sy S 5l SBUN (55 58550
A3 S eslinal (Serontechnologies <AlS2100)
Ladl

S e Wl e S OUIEE sl
Sy odol S5, Jels saul s Julse
Jolse 5 Obr 75 D55 Shd oS ez U0 5
b S (D g ey Sl O gan s
i3 b 38 513 Il oS 5 s 5 J sl
G O gman s Julse s Ba Ll ol
e heslinal b e AS  an Sy (obale
5 5 ek by S el ey 2l

S el L a o mlan Jleb esle 03558
S5 2 P Jes s sk BlE S S
sl dasie Ol eld ady GUIsL
Lo dasie Ol gy Gl o sSes See
£ 0,8 Ghols GUISL 51 kel ek clale 50530
Gosb 4 A8 oo i 08 s 5 5SS UGG
Vooshle b sl s b dse Sl eslind L oS

o3le 5 yodks S 03538 Sl A o A 3 5,
b Sy Sidgs kb, (b b
b S el 5l andllas 35 50 (5 el Slad sl

L S,y 93l

YOr+ lauge 458 s) Seudll dond e S
23 Gl s o 1355 403 ¥ 5 iy Sl
SaS (sl ek Olge 4 (515 Bl ax s YO
o3le 5 Wrr &gl iy pady am 5o b S L s b oy
O N S S UARED QUPT-E S P
Sl eslinad ilaalls Osk 5 6ol &
ad shoe aen (g3laesbel sl I Ol g 4 55 oo
b esle 5 o3Il 3 ) 2 5 gt 45 ys S oslin
aw 55 b ilesl OUISL ke g5y » odew
O A &) Il b sk Jhome cBle Jile
FRPSTIRWSEE JCAS L ORCH U SN A PR WR
Loy Vo chle Ve X G 5 mba Jl ol
A plnil o /o

Lok ) glac ke b plas U s b Jslos
los s Cell FBY Sote & oerblin O jon 51 el
o3 Y Jglows 3 S eslel 5l S sl 4 Av Sl
0> Mgy 035 o8 b 8 sgde O s ST 5
5 Ik Jslowe e 5 S S U1 glos
5 RS bk oa L) 4 ¥ e ool b Sl
eblae Oen bav g Cell Ve e 4 ool J gome
ol Sl gy gl cmen S Ken BT (gl
Coms LV X g0 5 oo b osle  mlaws Jle
Ao 53 edd 4l (S paeh Joloms 4 A3 ) e
Oyed Loy ol YUY oo w5 L 035380 L3
3 SSSAE el S (Ses bl

Jle e g, olKaus 31 eslizal b W gas aniSuss

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29]

\YaA %Aﬂ};ﬂaj})/\ GJM/r}A}%JL\ﬂ

A

55 OUIEL b8 dos Vb Ao 8l ack

RO PRI TRY JF PV -

i A5 (6 St 5K o 8Os SU G55 Ao

chle il boas das e ol El pres .l

$33 oV (2 5 A (e 8 (U Gl bond ey 0 U s SUISE sy S0 oS Son sl (0 IS0

Jolo ool 5l edd 0 S 0 SUISL W) 5 sl
b 03m S5 O RS anl b s oS B
Voochle s o GlS 4l andls sl par
aly S5l (glolil a5 S s ack 355 Ao
sanils |y sl 5Wy Jess oUls Jslous a5 ool
5edd kS max b O Clie Ul 00 i8S Esl,

ijfg;"kt‘:‘): ajfu).bulcj\

S e 5 BUIL bl 53 8 (6 505 ge Jole
S5 Bl e ey e a5y ool 3
o3l (6 packy lad shome 455K 5 oias OLL Y
(il ol esls OLES S 4 S0les LSl e el
ORI s S e s sy (s ey I sloms a5 5
LCPW ARG e TR PN BRI
SUL S8 5 Sk sladsbe ans S
Jsloes a5 s il 33l a8 das e OLES ol W 5

;1 :1

(450 ) Bl) a5 S s

VO
OV/asl) & &

(W) S5 doys Ve 5 (A)A(®) 5 slachale b IS s b w555 s slaslspes (VIS0

Sl s Sl Dpmer b gla e
u»Lw‘ U‘~’~| » JJS oalaul JM & L: alises

sbwl 5 o sere o ady Sleslatal Jals skt o

S5l Ol s e cnl i (e

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29]

FE /S e SUI SU ksl ST b ey 0353 s

O, Ken 5 ool o

Jsloes )5 alidy ol &S das o QLS o =T 5 5 -
o S Shy dops Ve sl L ST L s L
ol oy S SUIGEE A5 anl s s,
b esle 315 (07 S50 Ko (g g 5l il o 5 JS
ol A 5 SIS (55058 0 ) X O 5 (b
PRPSTIE ST LR N YRR S R I P E |
b alie s o OLES |y S35 deos Y Sl 3l
Ol piugy S oSy S 5 -V 5 2 T
A SO sk sy e I S s
23 2pmse Gbe S S edd Esl dopn V4 Ao

AL als sus 4 Ul

G b G55 Aoy ¥l L ol 3T el e,
S5 Nk an ek LY 0 e
SUISL Slsr n ok ek ) s
YO USE 88 R e 2o e s &S
05 e Jlb osle 5 ST 035381 3 avylis
OLE 1y 0l o550 BUI L (55058 50 50V 00 X
Ol o ¥ Ll T ol S alie s s
b SO e s b Jslomn Sl T 035380 S s s
Ll S spde o (Sh des Akl
U sl 2500 plail LolS ) g0 4 g 55 )
Sl IS5 alie fpizman 50 W56 S (L5 sl

A Jﬁ]k}& ;,,:SJJ (u LL;))" Loyd A JQ'J:.;_}& (<l LSLAC,JG.LG L: ol ‘_;""i,)"j:gl &JL:”‘,;L ;5“.""35) J}J’:{H &;_,i,,.‘,)ﬁ:»ﬁjl.\aj (v Jg,&
S5 (o) O s S sk i dens Y Sl i dons A Sl b s b oS5 (s e Y el 5 G5y A
Y ol S deoa Nt JSldes  S 5 (6 s s ¥ ST s desn Ve SO sk S (s g esn Ve S s

.L‘a_}:\ Qﬂj}&j}“))

a2l oS edd ity Sl 035330 s J s
Dy T 025531 48 ol e el Kol 1 IS

el 0 g 55 2SI Al 5 Olas o ge
A e b esle 35530 &S Aas e 0L gl
Sy dsboen (pl 4 5K o laledle L6

sl anjsSans 5 (e i8S ) Jsr
Og 5 o Jd osle b Sl 3T = IS J sk
Loaclie 5 s o Ol 1y of o 5 Ve X
o A ckle b Sl s b dslows a5 s
SRy Sl o e 258 e salin () IS2)

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

\YaA %A;‘j;ﬁ_.:)}ﬁ/\ a)w/r}:}g"mﬁdb

e ALY

sl 53 o 615 5y oo 255
B U bl O3 sl S sy 5 das o Lyl

238 0 Mo S 05 SUI 5 el s iS e
oslial a5 das o LAY Jgde CL‘ (nl pesdle
9> s IS S el s ek sl 3
o b e ek S s sl Bl
L S ies > e S lS S
> Sldes ik & s Soy Ao Fockle
s Ao Ve sl 5 Jhs Ao A glackls
saoien oWl ol sl s e DL 1) 2k oalS
5 L S ek sl ol Jb o3le 3T 05
oot Ly sbml AL Ssline ey S o
Ll o Ssrf el dlad esle (5 oy glone
5> I Ged 5 350 P> s Al Lol

258 SUIGL 3 e a5 Cor g s S 5

meu,ﬂg%SJ;JHUI%%”,\“M
sl 5 Ly o 2pdn Zol Gpnd ek
5o Sl 1 585 sl esle 53 cpl o S 2k
Sk Jsdn ol (elans Jlad esle 035351 51 s

AL Al gl LB Ol s a5
e Ve skl b ey Jse ot o
5 bl slite Jslee 55 JSII L sy ks
0355 o odalie Vgl 53 ol el OLA CLMJ
chle il e X G 5 odan Jb esle ) g
s a3 5y ol a4 ISl o s L (s e o0l
oo 5 Y USS o s e a5 el Ll
S 5 s il JalS ey 5,501 Al S 558
ok 35 e A ol Jske Lo & Lae S
(e d el s bl S s L

SR SR s el a7 S

OF Dy 5 o Jd a3l b JSUI s by 5 Slu T (8 5 Jghomn 45 5K s 5 (oebaw 23S (1 Jpor

Ve X ot VX ot Lo S 5
Ve X 05 bak VX S5 sk
(M)é\) (-\-«’Jé\)

Sl Sis s £ IS ey s L

(Vid (A Yyt.x [N\ELVAd ) < ? J- Jh’ QJ'
s A ¥

Sl S3s ey A S ey 5 L

\ /5 FYE/f INETG s A S
ESTESEA

S Sis deoys Ve ISl ks

V#/0 A7AR A\REEX¥i4 VYFE/A JJ e J‘ J‘A \)L
BT SR

5 oo Jled osle [l L K G b 51l
S oS 053 e Ll b (RIS S O w5
oS o a8 e b (S pocy Jphos
aeglis 550 A5 g SS5E SU 5 uS oS
o3le 31 oslizl oS das o OLES =Y 5 Y (gls IS
Voo 5l GUIEE s als Cel mba Jlé

el o 20 6 VNV ED 4 e gl

GUISL b3 o awlie saas Ol Y Juus
03533 5 Sl T Oy IS et sy 0 e 55,531
s e Ol ) Sl Sis dwns ¥ o
b el 03533l 35 e edalie &S bOles
ol el ek BUISL s sl el ooyl
i Sass Sl cle 4 OUIEE b3 il
Sl b ek 035381 51 ol (6 ack  sloms

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

Y8 /8 Sl ) S 50 Skl ST b el 035530 )

O, Ken 5 ool o

(o gl) Sl 0a 5 Sl T b S fin 5 b ook g 55 SN BN $6 Jans 20 b (Y Jgir

ESTRWPRS JOEIRH Sl o5 L3ud S 5
AvtY 2 i3 Ao ® S e s b
VY VY kY i3 Ao A S e s b
VPt Ty Sis o Ve IS s

Cope w Sk S5 Dol 53 sh s
W SUISE oy 2 e S 5 edd iy (5!
O Slaeals b ool ez = amlis 05 S
JSU s b sl Jlome L3 oS das oo OLES (YY)
S b S35 Ao ¥ ol 5 Gss Aoy Ve
ol Jlos! Jowily Ol l33l L) 0 b ez
GUIL U s (cdaskS Yeoa Sdgsks 0 )
sl VPR 4 el Yeu Sl edd s S

Al e el
Sy 5 chle &S s olas A&l =l
2 e b g 2 o (5 ady I plos
Loses ocoils dals OF GUIGL b3 5 ksl
SalS sl el gy e e esle 1 eslinal
Jsb 53 il (el (IIS 5 ads 5w
S Jslows 35w S50 e S Al 3
By e 4S5 by 26" 0T W aS el s b s
b GRS S O s S R
T b S5l S Al (el J e
Sl s A S sk L SIS > 0 S
S50 SUILE LS5 53 g Jolo Qs S
S 5 Al L I da Jle esle il e
S oy Jslee el 2S5 Ll o lLL
Jli 3lge LS 45 Codls am g Al das e ialS |
23 s Sel (M) Soosial 5 (PA) G o
dge s AS Ll S aely Jslome Gl L JB
ol VX D5 Dmer b ek
L35 o S aly Sl Sl Sl S o s

adlasil 5 o5k aad (Sl b Jbrle
ekl 5 ol 4 &S gl 4 (FF) L e
(Zhang) KI5 culis s 533505 |y sy 5,50
L sl 35 S kS A 35 Jlesl L (F0) 0L Kes
SUISL W5 @ ek Sis doss Al zie chle
i L bl oo 4 el 5t C S
S et Rl L G opl 53 d 5 Sy
V) VL kL s G e SIS Y
koo A cale Olea s (o guae ods Gl
o gL YEPE0 51 OUISL b 55 o sms ek )
5 SS30 Ol s cal ialS e gl VWYY o

ol ezt (g S| 5K
3 Soshnd Sl okl (S ey 5 Bl o,
O ol SO o8 s w5 (FF) o35 e
Sl Il S 5 51l s 5 Sl s w
3 -OH o S5 glakisy (Sl L L
Jpe ol -COO 5 -OH 5 Ul ks b
G 5o« S5ssdd Lsm L2 L .OP) 555
5 (V) 06,805 S 5 odens0 xSl 53 sVl S
WIS Jeus il s ol e S sl iSTs
(YY) &S o Chnd | S s b sk ol
o Sl Oagpl L Sl s e so!
O Alisn Rl P Jslme a5 s s S s Gl
(SOle ot 5 NS Gl g chnd ST s
S o ) Jlas S S s (5 el S 5

o.L:.iS a.\.;.'.sca:.- G O g 6}; )‘ du\fb 9 ol

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

\YaA %A;‘;w_:)}ﬁ/\ a)w/r}:}g"mﬁdb

e AN

W slos ol e [A2S 2alS Ll 3l s
Ol R4S L eds G GG 520 S A5 s
S s D (Sl s (s ey eale lale
Lalp s e esls I e
oS a5 e S 0sds SBUI 5 el ol 55 S
Jslomn b, oS sls 0L OUI 540500 ksl
Sl sl ey 5l o) Ve Sl L el
ool Sy AL e gdo s A 5 P sl kils
e s esle 055331 5b o s 4 J e
LooalaSs U 56 5 o8 515V X o5 5
skl g bl o 8l s g Sulslae S
b osle Gizmen 5 (b el (osae ey
ireS b cmle BUI SE B LS 0 SaS (b
dox Sl mlo ol 5 8 552 A5 oS

D}JM‘}}M)J‘)&JJ.:)SJL:‘MJ L;:L\AJJJ‘J

508 9 b
Sosld Ty arw s 3l Jlo ulem b sy
ol plil (6 g Luly Sosld 5 ele Sislas
5 ol e e Gl QBN 5 pmes
Ji“:’f’{‘}l& olf.i}\sé.ij'i ISls Sl s Sls a8
Coler g 0 ol e 1S3 BT Ol 5 gy

Cf’l:.a alas
Ol OBy by sl o)l &S
RGO P

References:

Lyl s cow (F) 0 Kes 5 (DOgAc) 815 .(FA)
et 3 6 peaky glad e CLle Bl 5 LSS
5 SaskS V0 Sy Jhel o 4 ey S Lol 35
IS s e s lu T Calises gl 3l oslinal
53 Gkl L OUISE 4 (Vere 00 vy
)LS )) 45 u\.J.BLi Cewd JSA};L: \°&~—Y‘V~ L;n;j_)\m
G pwzmads 3 YL Sy 51 eslad L sl
eyl 0ENN0 s b GBUISL ek 53 31 Ooslize
s AL QUL e S w4 S Wy

Al e A 5SS

& S domi
130 S9N S S pslal il s b
Sy SBUIEE s S S el
Srch o e 2S5 (S5
A S Sl sl p el s S s
5% g b (o kS e B 055 S5 abold 5 0L
OS5 Sy sl SalE) Jsle Ll e
s S edalis A5 e ot ek b
S by Jsloms 455K 5 ez 5 U5 SIS0
oy 0358 Ly ek Jse Bl IS L
3l Gl (e Dol 0 ST
Aoy Ve skl b STl b s J s 53 S gl S
A3 S g eSS 50 S O SU BU S
e Mo LB 3 e Jlab esle 03553
dopn AP e lle b6 el o an S s

1Li Z, Wang C. One-Dimensional
nanostructures: electrospinning technique and
unigue nanofibers. New York: Springer Science
& Business Media, 2013, 1.

2.Mitra A.K, Cholkar K, Mandal A. Electrospun
nanofibers in drug delivery, emerging
nanotechnologies  for  diagnostics, drug
delivery, and medical devices. New York: Wil-
liam Andrew, 2017, 190.

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

YA/ S sy DU 5L sl p ST and ek 03550 o)

O, Ken 5 Jool o

3.Nayak R, Padhye R, Kyratzis L, et al. Recent
advances in nanofibre fabrication techniques.
Text Res J 2011; 82(2): 129-47.

4.Dharani S, Mulmudi H, Yantara N, et al. High
efficiency  electrospun  TiO,  nanofiber
based hybrid organic—inorganic perovskite
solar cell. Nanoscale 2014; 6(3): 1675-9.

5.Fang X, Ma H, Shen M, et al. Facile
mmobilization of gold nanoparticles into
electrospun polyethyleneimine/polyvinyl
alcohol nanofibers for catalytic applications. J
Mater Chem 2011; 21(12): 4493-501.

6.Langenhove L. Advances in smart medical
textiles: treatments and health monitoring.
Netherlands: Elsevier Science, 2015, 59-62.

7.Thakkar S, Misra M. Electrospun polymeric
nanofibers: New horizons in drug delivery. Eur
J Pharm Sci 2017; 107: 148-67.

8.Hu W, Wu Y, Hu Z. The development of an
alginate/polycaprolactone composite scaffold
for in situ transfection application. Carbohydr
Polym 2018, 183: 29-36.

9.Ahmadi R, Osfouri Sh, Azin R. Synthesis and
Characterization of Nanoparticles from Cuttl
bone (sepia pharaonis) of Persian Gulf. Iran
South Med J 2018; 21(4): 287-96. (Persian)

10. Liu X, Nielsen LH, Ktodzinska SN, et al.
Ciprofloxacin-loaded sodium alginate/poly
(lactic-co-glycolic acid) electrospun fibrous
mats for wound healing. Eur J Pharm Biopharm
2018; 123: 42-9.

11.Biro K, Thacl D, Ochsendorf F, et al. Efficacy
of dexpanthenol in skin protection against
irritation: a double-blind, placebo-controlled
study. Contact Dermatitis 2003; 49(2): 80-4.

12.Tort S, Acarturk F. Preparation and
characterization of electrospun nanofibers
containing glutamine. Carbohydr Polym 2016;
152: 802-14.

13.Huang Z, Zhang Y, Kotaki M, et al. A review
on polymer nanofibers by electrospinning and
their applications in nanocomposites. Compos
Sci Technol 2003; 63(15): 2223-53.

14.Babitha S, Rachita L, Karthikeyan K, et al.
Electrospun protein nanofibers in healthcare: A
review. Int J Pharm 2017; 523(1): 52-90.

15.Badrossamay M, Balachandran K, Capulli A,
et al. Engineering hybrid polymer-protein
super-aligned nanofibers via rotary jet spinning.
Biomaterials 2014; 35(10): 3188-97.

16.Jalaja K, James N. Electrospun gelatin
nanofibers: A facile cross-linking approach
usingoxidized sucrose. Int J Biol Macromol
2015; 73: 270-8.

17.Ma G, Fang D, Liu Y, et al. Electrospun
sodium  alginate/poly  (ethylene  oxide)
core—shell nanofibers scaffolds potential for
tissue engineering applications. Carbohydr
Polym 2012; 87(1): 737-43.

18.Liakos I, Rizzello L, Scurr D, et al. All-natural
composite wound dressing films of essential
oils encapsulated in sodium alginate with
antimicrobial properties. Int J Pharm 2014;
463(2): 137-45.

19.Aydogdu A, Sumnu G, Sahina S. A novel
electrospun hydroxypropyl methylcellulose/
polyethylene  oxide  blend  nanofibers:
morphology and physicochemical properties.
Carbohydr Polym 2018; 181: 234-46.

20.Kiyak YE, Cakmak E. Nanofiber Production
Methods. Electron J Text Technol 2014; 8(3):
49-60.

21.Mendes A, Strohmenger T, Goycoolea F, et al.
Electrostatic self-assembly of polysaccharides
into nanofiber. Colloids Surf A Physicochem
Eng Asp 2017; 531: 182-8.

22.Xing X, Wang Y, Li B. Nanofibers drawing
and nanodevices assembly in poly(trimethylene
terephthalate). Opt Express 2008; 16(14):
10815-22.

23.Deng Y, Kuiper J. Functional 3D tissue
engineering scaffolds: materials, technologies,
and applications. United Kingdom: Woodhead
Publishing, an imprint of Elsevier, 2018, 204.

24.Bhardwaj N, Kundu S. Electrospinning: a
fascinating  fiber  fabrication  technique.
Biotechnol Adv 2010; 28(3): 325-47.

http://bpums.ac.ir


http://bpums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=29129734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nielsen%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=29129734
https://www.ncbi.nlm.nih.gov/pubmed/?term=K%C5%82odzi%C5%84ska%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=29129734
https://www.sciencedirect.com/science/article/pii/S0927775717306933#!
https://www.sciencedirect.com/science/article/pii/S0927775717306933#!
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

\YaA %AJ“;OA_JJ}J}/\ a)w/r}:}%g}b

e AN

25.Bhattarai N, Li Z, Edmondson D, et al. Algi-
nate-based nanofibrous scaffolds: structural,
mechanical, and biological properties. Adv Ma-
ter 2006; 18(11): 1463-7.

26.Fatemi MJ, Pegahmehr M, Khajerahimi AA et
al. Evaluation of Polyethylen- Vazeline guaze
and melolin on healing of graft donor sites in
rat. Iran South Med J 2014; 17(3): 298-306.
(Persian)

27.1slam M, Karim M. Fabrication and character-
ization of poly (vinyl alcohol)/alginate blend
nanofibers by electrospinning method. Colloids
Surf A Physicochem Eng Asp 2010; 366(1-3):
135-140.

28.Stone S, Gosavi P, Athauda T, et al. In situ
citric acid crosslinking of alginate/polyvinyl
alcohol electrospun nanofibers. Mater Lett
2013; 112: 32-35.

29.Lee K, Mooney D. Alginate: properties and
biomedical applications. Prog Polym Sci 2012;
37(1): 106-26.

30.Jain D, Bar-Shalom D. Alginate drug delivery
systems:  application in  context of
pharmaceutical and biomedical research. Drug
Dev Ind Pharm 2013; 40(12): 1576-84.

31.Bonino C, Krebs M, Saquing C, et al.
Electrospinning  alginate-based nanofibers:
From blends to crosslinked low molecular
weight alginate-only systems. Carbohydr
Polym 2011; 85(1): 111-9.

32.Varshosaz J, Jajanian-Najafabadi A,
Soleymani A, et al. Poly (butylene adipate-
co-terephthalate) electrospun nanofibers loaded
with 5-fluorouracil and curcumin in treatment

of colorectal cancer cells. Polym Test 2018; 65:
217-30.

33.Bonino C, Efimenko K, Jeong S, et al.
Three-dimensional electrospun alginate
nanofiber mats via tailored charge repulsions.
small 2012; 8(12): 1928-36.

34.Fan L, Du Y, Wang X, et al. Preparation and
characterization of alginate/poly (vinyl alcohol)
blend fibers. Macromol Sci Part A 2005; 42(1):
41-50.

35.Zhang C, Yuan X, Wu L, et al. Study on
morphology of electrospun poly (vinyl alcohol)
mats. Eur Polym J 2005; 41(3): 423-32.

36.Caykara T, Demirci S. Preparation and
characterization of blend films of poly (vinyl
alcohol) and sodium alginate. Macromol Sci
2006; 43(7): 1113-21.

37.Tarun K, Gobi N. Calcium alginate/PVA
blended nano fiber matrix for wound dressing.
Indian J Fibre Text Res 2012; 37: 127-32.

38.Zheng JY, Zhuang MF, Yu ZJ, et al. The effect
of surfactants on the diameter and morphology
of electrospun ultrafine nanofiber. J Nanomater
2014; 19

39.JiaL, Qin X. The effect of different surfactants
on the electrospinning poly (vinyl alcohol)
(PVA) nanofibers. J Therm Anal Calorim 2013;
112(2): 595-605.

40.Dogac Y, Deveci I, Mercimek B, et al. A
comparative study for lipase immobilization
onto alginate based composite electrospun
nanofibers with effective and enhanced
stability. Int J Biol Macromol 2017; 96: 302-11.

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.29252/ismj.22.1.29
https://ismj.bpums.ac.ir/article-1-1046-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-14 ]

[ DOI: 10.29252/ismj.22.1.29 ]

Iran South Med J 2019; 22(1): 29-40

Original Article

The Effect of Adding Alginate Natural Polymer on
the Structure of Polyvinyl Alcohol Biocompatible
Nanofibers in Electrospinning Process

M. Najafiasl (vsc)!*, S. Osfouri (php)!™, R. Azin (PhD)?, S. Zaeri (Php)®

! Department of Chemical Engineering, School of Petroleum, Gas, and Petrochemical Engineering, Persian Gulf
University, Bushehr, Iran

2 Department of Petroleum Engineering, School of Petroleum, Gas, and Petrochemical Engineering, Persian Gulf
University, Bushehr, Iran

3 Department of Pharmacology, School of Medicine, Bushehr University of Medical Sciences, Bushehr, Iran

(Received 8 Sep, 2018  Accepted 31 Oct, 2018)

Abstract
Background: Nowadays, in order to preserve the environment and sustainable development, the use of
natural and renewable resources is a priority for industries. High performance and specific structure of
nano-biocompatible materials has attracted researchers. In this research, alginate polymer, which is
generally obtained from marine sources such as algae, was added to polyvinyl alcohol nanofibers in order
to improve their biocompatibility and investigate the effect of solution parameters on their morphology.
Materials_and Methods: Polyvinyl alcohol nanofibers were produced in different concentrations by
electrospinning to investigate the effect of concentration, adding alginate polymer and Triton x-100
surfactant. The quality of nanofibers and rheology behavior of polymer solutions were evaluated using
scanning electron microscopy, rheometry and tensiometer.
Results: The results showed that increasing the concentration of polymer solution increased the diameter of
nanofibers, as well as the viscosity of the polymer solution, such that a polyvinyl alcohol solution with 10wt.%
concentration produced more uniform nanofibers. At first, adding alginate to the polyvinyl alcohol solution
deteriorated electrospinning, however, production of nanofibers was improved by increasing polyvinyl alcohol
solution to 10wt.%. Also, the results showed that adding Triton x-100 surfactant to the polymer solution
affected the dominant mechanism in electrospinning by reducing surface tension and viscosity of the solution
at polyvinyl alcohol solution 6wt.% and 10wt.%, respectively.
Conclusion: Under optimized conditions of solution parameters, suitable nanofibers will be produced,
which will be applicable in many industries, such as drug delivery.
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