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Abstract. Main agent orange-red coloured pigment of henna is a molecule called Lawson which is responsible for anti-
microbial, anti-tumor, anti-inflammatory and analgesic activity. Chitosan is a biopolymer with high strength, biocom-
patibility and biodegradability, non-toxicity and antimicrobial properties. Electrospinning is a method of producing su-
bmicron polymeric fibers with high porosity and high surface/volume ratio. In this study, electrospinning of chitos-
an/polyethylene oxide (Chit/PEQ) nanofibers with the addition of henna extract to create nanofibers with antimicrobial
properties were examined. Nanofibers was constructed by electrospinning of polymeric solution with proper size and si-
ze distribution of Chit/PEO with a ratio 90/10. Then, Lawsonia inermis (henna) extract as an additive to Chit/PEO co-
polymer was added and electrospined on the surface. After characterization of nanofibers using SEM, the antimicrobial
properties of polymeric solution and nanofibers were investigated. The scanning electron micrographs showed that Ch-
it/PEO nanofibres with a low percentage of henna extract have suitable diameters and size distribution similar to Ch-
it/PEO nanofibres without adding extract. In bacteriological studies, it was found that chitosan polymer solutions cont-
aining 1% of henna extract has bactericidal properties against Staphylococcus aureus, Escherichia coli and Pseudo-
monas aeruginosa bacteries better than polymer chitosan solution without adding the extract.

Keywords. electro-spinning, chitosan, polyethylene oxide, lawson, antibacterial effect

.

YRRV
Comi 4 015 o O a1 o 580 0T 3 g gl gl Voo 5 a8l LoliS Bl (slassty (U0

23 GOl bl Vb ol oz @ el (VU Sl s bl Y 6 g 4w 5 (55 4 s
5 ) Jo S s Shee 5ol Jile ooy & Ol gt S o Iy Al el 4 OUI ks oS LKs


mailto:zs.mirei@yahoo.com
mailto:zs.mirei@yahoo.com
http://dx.doi.org/10.21859/acadpub.nbr.3.3.210
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.3.4.2
https://nbr.khu.ac.ir/article-1-2685-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.24236330.1395.3.3.4.2 ]

[ DOI: 10.21859/acadpub.nbr.3.3.210 ]

211/¥\y

Mirei et al. The effect of nanofibers containing henna

$U sl DUt 310K 5 slo e

lges W5 bl 53, (SaS k5 O5S ad
U558 Jslomn (g5 2SI AT 3 5 03505 Jor Hile (2wl
(Li & Xia, 2004) 4L Jges 1,

#! Lawsonia inermis L. .l ob L (henna) L
$las St Lo st s S 41y 5 bl as (o3 Sens
o s s ol Caglie Sols slag ST wite o 8
El-) asls b jodes 5 eSS (o STL Sl o S cla 6
(o) 84S uws O ol oiils L g (Hag et al., 2007
-eldl «(Borade et al., 2011) 05 slaxilis Olansl T
(Sas s «Evangeline et al., 2011) (035 Bl
5 o2l (s ol elus (Alia et al, 1995) Gl
Oleys gl Ll e (Zumrutdal et al., 2008) oW uis
S ekl 3)pe Sate eSS dse 5 e sl
L Calibe (slaoslas (g5, Soakid Clab 33053 Gl 13,5
4y o L Sylas s Sads Sl o e das e OLES
sph 4§ L oS o8 5l Sl blas S LT s Cons
Aol (Jszile slyls > 5 las .(Abulyazid et al., 2013)
ol IS g0 ol O sy 5 PDose (SIE sl (S
F o) oS kY Slsle b OguwsY b il e K,
sdgs 5 55 b g3 s ol R ST Ll 0S8
Jsa 05w s Sads Il (Dev et al., 2009) s,
bS5 obly a8 ol 0T 53T suase (la JouS 550
S ok 5ol 533550 G 5 O S
LS Jlab b 5 T 05T ool 4 JLasl L L5 oo 5 3,15
(Al-Rubiay et al., 2008)

4 0G5S sk SUISL Ag ash ol 0 b O
Sasw b slas zlzl L PEO) wLLSIHLI L o pen
Slogas o 5 O S5dpise on (oS

el OT g9 Seeds

&&3} 9 6'9.0
buge S50 055 L OG5S ok p3s Aasn ol 03
INO=A* & gDzl 65 (\a+  kDa)

g/mol J S50 055 b LLSToAS1 L eds 535 (Aldrich

Sigma-)

S

&l Y sene (Reneker & Chun, 1996) s 5" o il ( Sluis”
R ST N BT P T e N P
4 S Jlesl L) Ole (sla o b s pacdy slad glone 255
2 Sl OUI s & YU 35U b Gy Sl eslizal L 5 U
5l eslezal 3 b 51 .(Jayaraman et al., 2004) »,,T .
o SR (ol s pesdle OUl Ay 5 5L g)sle
(e 3lasl 3 S, 5 0T wuja 4 ar gl 1) eslizals) 4o
Sl dals als

bty b 0538y Gl s ma O ST jad g
Oseditnlg3 1 S Cal uaT S 8 il Ny TS5
Aol Ol nS AT Cse mS all
Sl e 5 Ol e ISl 3 &S el gl Sl de Canb
(Dai et al, sy50 il s Kx s 5 S 057
5ol 53 Lsls skl ol e caiaT (gl gmme (2011
035 $2bai O w5 & ol O35S oland sS5 50 ol
0353 5 SNl Siader Sladisy LS 6l 1, 0T 5
s S5 (Zhang et al., 2010) sjl . OLT S5
S RSE A PP g5 WCHIVE SAPJON A T
Sl 1o 0T (03 5 i 5 78BS 5 S s ol
wtle diad i)l o Cpmmen 5 (Sip o osils glas S
s L3 SOl Clew DHAS (g5 Sl Sl
Sl W@,ljﬁ,ﬂ ot i g pdls s ol
G/ G 9/0) (gl bns Loma 53 013 25 (Dai et al., 2010)
Lo ol 53 Sl s 1y 09 Seeds Sl o i
ST Sd e b L35 o 5 Lter G55 el (Slaes S
(Liuetal., 2001) was 2815 Jsho pelawe 53 55 50

WIS e sl ooy gl S8 S el
Jolse (95500 Lsm sloul ShB 5 01558 VU 4 S s
A 0558 s fSIS WLgy o sledias (glodiS s guos
5l s Jiang et al.,, 2004) 1S o axlpe JSie LIy
S eslizal 557 4gs U5 o 255 UL olewa DS
o S S i LLSTOLIL 0 s ek
o Siade ks 5l @ F 5 0l aS e )

o2} G (Soasded sy 5 wnlS 01558 lae o)


http://dx.doi.org/10.21859/acadpub.nbr.3.3.210
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.3.4.2
https://nbr.khu.ac.ir/article-1-2685-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.24236330.1395.3.3.4.2 ]

[ DOI: 10.21859/acadpub.nbr.3.3.210 ]

212/¥\y

Nova Biologica Reperta 3 (3): 210-217 (2016)

VYN 5t X il ) psle 58 cng (slaasily

S eslimal b s S gy S Jool U s IS
(SEM) sy 3 S 385 Ko s b 5515 5 1 58
4 303 ek (jluesleT i s Cam Scan MV2300 J.
odins i g olKaws Law g SEM (6415 5 gai gl DU 4L
Oun A pll E5200 AUTOSPUTER Ju.. coater
s Image J il 5l eslisly OUI ki o SKke 5 o5l
= 5 &, o Digimizer
SUIgib Sl g Pl T gw (HT Cand

—@ S el i b s Shis Slle aST o))
JSe 4 SUist (Kong & Jang, 2008) ws bl sl
ooy VO J 561 UL g osls 3y e oo O Jlab ey slao 4ls
OuaeSis 5 Odd bl S e sd e bl CelueS
5 okh @t MlS 0T bl b sy, 0T e OT (W1 5L
Nie et al., 2011) 5,5 i b a3 5 15 38 55 o
o il S0 STy Gk LET Oz Jse 28 L
Ma:isw})@)éﬁ&})sou‘}{f“\j\w).u
¢l sl ST g 3l oslizal b b T s el oy goas b
S a5 e o Clale b o5 Sir a0 grilons 5o |
Loy b5 Ladl mpasl eSS sl s ST
S b ol Sl ay 2 Listian T elisesssw
Saases T 51 da i ploil ar Cs1pK i8S GET
-4 Chit/PEO UsWI b .z osls 13 oy (655 » oWl sk
dals Ol ged i SN el eSus 5 e dals Ol e
23556 3 Cela A-YF e el s iolejT it
o) CidE G e ki 815 S sl Gy YOYY (sles
i g, S eIl i s blag STL A, pde dla s b

Syouly S Jogkxo (Sl g P15 g HT s
> Las CHIIPEO/LI J ylows CCHIIPEO 4+ 21+ J ylos

b plaS e (e dald) 00 Sauldwl 5 (Ste dald)
250> okt i T e Joa 0 a8 b el SO sy s
ol oy S a4 g3 o ks S SalS 54
Lo 5l Sl b 655 2 SIS S one Jol 8 55
-LSJ‘.';LLW C_..ﬁ.'l.fs:))}.psu oMc:.a}')lfT Lal> oS
S s Listian T olisnsssm 5 A Ly 21 a0 5 Gla
2l 5 88 5 uwsl s S hili] e 0 8

iy b JedeSanlaat «(Sigma-Aldrich) 4.+ +s»
«(Merck) #:/.6 g/mol JsSs 055 5 7AUA Lols
(bl ) b 8 IS 6 las (Merck) Ax 55
—lslea) & SU (Merck) SBT Dz Je S Lo
ATCC, ) I Lty .2/ (ATCC, 6538) g ysf o sSsS
5550 (ATCC, 27853) [isjsnT elisesosw 5 (35401
25 5 15 eslinal
4+:1+ Chit/PEO (5 youls Jalono 4@

- dowl 53 LSS L WY 5 015 528" WY (glad sl
U s b o s gy 6810 &K JY e 070 S
03531 b 5 cbgies (PEO —005528) samom— ooz \* 4
L1y OT o3 5wy o355 b & s A o35 VIV 7o
— G o) sl ) g elean Sdey ey G314
L OWIT IKA 57,5 cxl RET basic Jus oblis
Ctl oSS Jlos b s 23j02 YVOC (gles 5 00+ IPM s e
AT Cwsa
b> &)las ol (S pouls Jokxo g8

Calibes s 4 L 3,lae CHI/PEO 442\ s J glows &
Co o by il Colvan Sdeas g oddadlsl S597YF 57 )
Codo ghaien 0LL 53 .23 8 15 ¥VOC gles 5 0+ rpm
slos s Celugs Sdea sddag bdsbw bol> |l
Ldbesls ol al Loses
b Jgloes w29 40!

oyampds 5 spa= 53 ChIt/PEO Jgows o5 Sl
ES1000 Jue s ys, S oiws 1 oslizal L L 5 lae
W25 8 plowl (01 ¢ e gl O1y5T 3 oS ,5) Electroris
1> L) 6l on & (Sadhy K 3 i g0 s
4 Y e 5H(U50) 05 K 4 5w (e s \Y/7
b 0w Aol i fuate 18-gaUGE 631061 L (ol oS 55 K5
A2 UL G5 Cs e s e Bl Ve 0diST mer i
Sy Jleel Ly Coluler Sdoty (s, S ks @ 8
ehladl IV Codo | ghtess 2T 5 .08 S50 Y0 KV
U1 gles 3 Celugs ey BUISE (g3l ont JT o 52
NENFRNS
SEM 9las tg


http://dx.doi.org/10.21859/acadpub.nbr.3.3.210
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.3.4.2
https://nbr.khu.ac.ir/article-1-2685-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.24236330.1395.3.3.4.2 ]

[ DOI: 10.21859/acadpub.nbr.3.3.210 ]

213/v\v

Mirei et al. The effect of nanofibers containing henna

$U sl DUt 310K 5 slo e

Chit/PEO/Li OUigst (0B JSK8) Wl o sl st
Gl (g e g gl SUI > slas LY (sl
OC JK8) S o sloul e gl PR b5 o Sla b 505
535 QU > oyles V¥ (g5l ChIt/PEO/LI CoUist
S SE VRN s o SSe Lo 8 slls 5 S e oS
L 5 )las /¥ 5 1Y Gsl= UL &S T 51.(0D JSK2) o
Cllasl g5y Ll S uS s sl 0 5 sl ls U
S 5035 s ,m 0T 3l eslital L8 aalsl (gl cditun
551 ST SUIGE s L Slae 1Y ol 0¥ se 2
A oslitl Sl J 53 BB (55555500 5 (158G 5 S
SUIgib o170 (ST

gl S35 g 3l Ol OUIGE pl 8 e ST G b
K Chit/PEO/LIi7Y sUi st 5 Chit/PEO CsUi b
2l LSS Sla g &S s Jes ol i sbel o ST
2 OIS Osale gy 5500 Ay pde Al leT
By edi 185 QBT ol i Lass
b Jghoeo oI 590 5T

Sladshme (5ol seSs (5SS Sl )y mls
L p 3 <o ol o sS5S hilie] G S (6l eaeSias
Gyas 53 Tl 0TV Jgir 55 Listfs T pulisogssm 5 A
S b S Fopd A sdalie (s pde Al $Saulin!
5 okd s Sauldonl glgms JS i ady dsoms 055
Oy oo I s Ol o9 e sla 2ol T s eSCaalinl i)
o F1 e a Bro 5 s 53 0eT Consey gl 5 S Lol
1Y sl S e Jlos ol b bylae S5 esle
ops 4 LS ade o o9 Sd Sloy L blas
AL s LT elisesssn e 8 slas ST

il
sl 6 SLAs 15l jss e e 650 1 Gl
L= 5ylas (6, S Lds Jl g b 5ylas BB 01558 (6 s
4 &SSsp Js foS lesT s s5m ite p S sla STh iy 3
25 L Sylas ol U5 55T (6 oy shoes S
Chit/PEO/Li BW1g56 MBC g MIC ymss
UL MIC) (Sasylasl clale fslas sl oL baodtali

0 S ol WW-YF Sew 3l 8 sle Gy ¥O-TY (les
O gl 31 0lo3 5 bo2) LSS Tl d b o i lesT plas s
LSS LY Bl 5 288 il (o 5 oS Lo
(Patel et al., 2015)

Sl =y 9y 4 MBC g MIC (yoni

Bl 5 oml Olsea (MIC) Swylsil chile Jolas
VP oGlsl o L SL wh, (B gl &S ssh e
Jorlly s & a5 L ) ol el 5L 05l ST sl
A bl CLSD (a&alT 5 b skl aneje
UL Calthes  clals, 2015)
XY PG/MEG /0N s sa adsl s s Chit/PEO/L
2 93 Opmibwsm 2l da Vgl (RLST slad d o
Vox VY CRUIMI lyls & &l 0 ga Jge S Lo

(Patel et al,

SileST 9 6 s Bl g st S T olisasisw s St
Cote dals Ol gea (6,51 H8B) UL 5 CoiS lases (g3l
o Bl 4 ST s CiS e ol JleST S
ples s oslial ite dald Ol ey (OIS ) o )beS
YE 5l e s 4SS ¥VOC by Cou ioleiT lad g
ol (§ S A 5l (6 B S ad ) el
5 A odalie 5,508 OT j5 a8 hle o -l s 13
dy Gy A a3 8 s MIC ol g 4 55 Colis SLlS
CiS e Sy 3 0T Jdle Ay 55 s MIC Clale (g5l
J5lus) MBC oms (sl 5 o5ls CtS HET O st Jse ol
i 4 sSSIPVOC Glos jo ColoYF S (A8 sSTL lale

(Umar et al., 2013

Fad’s
(SEM) SBUWgil slisluyy vy

Chit/PEO Jjlows o y5, 1 51 Jol= SEM , 5las

5 g 0S5 Olo JUISL &l 0T S0b 402
JSK8) ol ot sl e 6 VVOEYA L3 - Sila Lo 8 0t
5 Chit/PEO (g 0l Jshoes @ L> 3)lae /) 03558 .OA
A s SUISL cod 573 Lol 5o OT 1 g5 S
MEIA b S0k b gllas 568 3 st S5 U s


http://dx.doi.org/10.21859/acadpub.nbr.3.3.210
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.3.4.2
https://nbr.khu.ac.ir/article-1-2685-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.24236330.1395.3.3.4.2 ]

[ DOI: 10.21859/acadpub.nbr.3.3.210 ]

214/v\¢

Nova Biologica Reperta 3 (3): 210-217 (2016) YV 6,Led ¥ alr i pole 10 (ng slaaily

1¥ :C Chit/PEO/Li7) :B &+21+ ChIt/PEO (A ot s y5 2SI (5 yods BUI5E SEM) sy g iU o 5Sns Soo s =) S
Chit/PEO/Li7y :D Chit/PEOILI.

Fig. 1. Scanning electron microscopy (SEM) photographs of electrospun polymeric nanofibers. A: Chit/PEO 90:10, B:
Chit/PEO/Li 1%, C: Chit/PEO/Li 2%, D: Chit/PEO/Li 3%.
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Table 1. Results of antibacterial activities of dried solutions.
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Fig. 2. Results of antibiogram test for dried solution discs of Cit/PEO (1), Chit/PEO/Li (2) and acetic acid (0) on: A:
Pseudomonas aeruginosa , B: Escherichia coli and C: Staphylococcus aureus.
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