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Abstract: Today, the most common method for wound treatment is to use engineered wound dressings. In the
present study, a film wound dressing based on xanthan biopolymer, containing niosomal nanocarrier, was prepared
for the local release of spirulina algae extract. Niosomal nanocarriers containing the spirulina extract were prepared
using thin film hydration method. Then, a film wound dressing was produced by uniformly combining xanthan,
glycerol emollient, and niosomes containing spirulina. According to scanning electron microscopy, the
morphology of the niosomes were spherical with an average size of about 200 nm, and the percentage of drug
loading within the niosomes was 72%. Moreover, 25% of the drug was released from the structure of the film
containing niosomes within 20 days. Additionally, the wound dressing containing niosomes exhibited a 35%
weight loss within 20 days. Through cytotoxicity testing conducted within 24 hours, it was revealed that up to a

Niosome concentration of 200 pg/ml of the spirulina drug, cell viability remained higher than 80% compared to the control
sample. In summary, the results of this study indicate that the niosomal carrier within the xanthan film structure
could serve as an effective local drug delivery system for wound treatment.
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1. INTRODUCTION

The skin plays a pivotal role as the primary barrier,
defending the body against infections. Therefore, swift
wound repair becomes imperative following a deep skin
injury to prevent the infiltration of pathogenic
microorganisms into the body. Currently, the
predominant approach to wound treatment revolves
around the application of engineered wound dressings.
These dressings are meticulously crafted to expedite the
healing process by facilitating the local, targeted, and
sustained release of potent therapeutic compounds at the
wound site (Behvyari et al., 2021).

In this research, a wound dressing film has been
innovatively developed using xanthan biopolymer
embedded with niosomal nanocarriers for the precise
release of spirulina algae extract. The methodology
involved the extraction of spirulina, formulation of
niosomal nanocarriers containing the extract through the
thin film hydration method, and the fabrication of a film
dressing by seamlessly blending xanthan, glycerin, and
spirulina-loaded niosomes.

1. MATERIALS AND METHODS
Xanthan powder and Spirulina powder Were procured

from Kimia Pasha (Tabriz, Iran) and Spirulife (Tehran,
Iran), respectively. Sorbitan monostearate (Span 60) and
cholesterol were acquired from Sigma (Germany) while
ethanol was supplied by Merck (Germany). PBS and
glycerin were purchased from Temadkala (Tehran,

Iran). Fibroblast cells were sourced from Pasteur Cell
Bank (Tehran, Iran), and the culture medium, trypsin,
tetrazolium bromide salt, and dimethyl sulfoxide were
obtained from Merck (Germany).

The aqueous extraction of Spirulina followed the
protocol established by Choi et al. (Choi et al., 2017).
Niosomes were synthesized using the thin film
hydration method (Pando et al., 2015), and the drug
loading in the niosomal nanocarriers was quantified.
The wound dressing films were prepared in three states:
without nanocarrier and drug, containing free drug, and
with niosomal nanocarrier as well. Characterization was
conducted using a scanning electron microscope, and
the size of nanoparticles was determined. Various tests,
including the amount of drug released from the niosomal
carrier, water absorption and biodegradability levels,
release of the drug from the film in in-vitro, and
cytotoxicity, were performed.

3. RESULTS AND DISCUSSION

The morphological analysis of niosomes revealed
that the size range of nanoparticles falls between 173-
231 nm, and the drug encapsulation within the niosomal
nanocarriers system was 72%. The results from the
drug-release test revealed that after 20 days, only 50%
of the loaded drug had been released, exhibiting a
continuous behavior with a constant concentration
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profile. Moreover, the water absorption capacity of the
xanthan film was found to be 24 times its initial weight,
with a degradation rate of 47% observed until the 20th
day, indicating its effectiveness in managing wound
exudate. The drug delivery release analysis indicated
that the presence of xanthan led to a slower release of
the drug. Additionally, the double encapsulation of the
drug in both the niosome and the xanthan hydrogel
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resulted in a significant decrease in the drug release rate
and an extension of the release interval. The cell
viability test using MTT revealed a concentration-
dependent effect of spirulina on cell viability. The
survival rate exceeded 80% with the concentration of up
to 200 pg/ml. Beyond this concentration, a decrease in
cell viability was observed, which is likely attributed to
the disturbance of the cell culture medium (Figure 1).
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Figurel. Cell viability percentage of different drug concentrations after 24 hours

4. CONCLUSION

In this study, a xanthan film incorporating niosomal
nanocarriers loaded with spirulina was synthesized with
the aim of promoting wound healing through controlled
release. In vivo tests were conducted to assess its
characteristics. The test results confirmed that the
samples exhibited promising elasticity and flexibility.
Notably, the swelling rate of the xanthan film surpassed
those of both the xanthan film with the drug and the
niosomal system. In contrast, the degradability
percentage was lower than that of the other two samples.
Importantly, no burst release was observed from the
niosome system. Furthermore, up to the concentration of
200 pg/ml, the spirulina extract showed no toxic effects.
These findings indicate the potential of the synthesized
xanthan film with niosomal nanocarriers loaded with
spirulina for wound healing applications, showcasing its
controlled release properties and biocompatibility in in-
vivo conditions.

5. ACKNOWLEDGEMENT

The authors extend their sincere appreciation to the
laboratory authorities of Amirkabir University of
Technology for generously providing access to the
laboratory facilities and equipment, crucial for the
successful execution of this research.

REFERENCES

1. Behyari, M., Imani, R., & Keshvari, H. (2021). Evaluation of Silk
Fibroin Nanofibrous Dressing Incorporating Niosomal Propolis,
for Potential Use in Wound Healing. Fibers and Polymers, 22(8),
2090-2101. https://doi.org/10.1007/512221-021-0973-
2/METRICS

2. Choi, J. Il, Kim, M. S., Chun, G. Y., & Shin, H. S. (2017).
Spirulina extract-impregnated alginate-PCL nanofiber wound
dressing for skin regeneration. Biotechnology and Bioprocess
Engineering, 22(6), 679-685. https://doi.org/10.1007/S12257-
017-0329-3/METRICS

3. Pando, D., Matos, M., Gutiérrez, G., & Pazos, C. (2015).
Formulation of resveratrol entrapped niosomes for topical use.
Colloids and Surfaces B: Biointerfaces, 128, 398-404.
https://doi.org/10.1016/J.COLSURFB.2015.02.037



https://doi.org/10.1007/S12221-021-0973-2/METRICS
https://doi.org/10.1007/S12221-021-0973-2/METRICS
https://doi.org/10.1007/S12257-017-0329-3/METRICS
https://doi.org/10.1007/S12257-017-0329-3/METRICS
https://doi.org/10.1016/J.COLSURFB.2015.02.037

\-\¢ 4(\2'Y QLL....&)) & a)l.a.@ AY 0,93 szﬁ L;Lhd)jujﬁ‘y R WY

w}dﬁ ‘5\.&‘5)‘9\:3‘9:“9.0 asllad

Journal Homepage: www.jamt.ir

&

& &
d//l: }//AM/?

05 e f 03 028

T ot l 1y agb T lesl ey Cesl) e 555

Il g (g5 ST ) S ol i ol Kl (| S gy | pooclips 0 lSCils o purlid 157 (4 ey
Ol g (g5 ST oS sl o oKy o S pencligs 0dSiils loale]
Il i (i ST ) S ol i ol Kl o Sy penclign 0dSCiils (5,553 (S pzeniils "

e e el Y o5 3l Do 53 il by il O ST a5 Gl il Cyy 0 kS
el o ptige Glatgmast Sl eslinal o35 Olays gl s G Sdsle il ssd atls ol
055 oot MR 03 K 2 il S el e DS 5 sy 5 e SLIL L b e
4 bl el Sl o jliae 50 Siala, Gl o058 Jolb 50 ol OIS aa ey lony odd o
ki et e LA 485 S0 Wb O gl pden s b W sl oplas (g5l a5 0 sle Jol 5L S
o ) el s a4 U el (g5l sleesiss s el ediSe 3 esle O CHESS 0SS5
SR S S Sla s a4 A LS bl Sl L) ool elieg mets S
0553 31> GIELL doys 5 3 sl Yoo s 3l SOle b (65,8 Slapsiss amldons ()
Al ol 535 T b s sl ol slotle 51 sls Ao ss YO e el s 4 o3 VY Lap 35
S Cao g3l il b das e OLES 15 Ao 3 YO 035 2alS 555 Yo b psigd sl et esdlen,
Loanslis 5 ad g Plek l;cj‘,ﬁ.:.a\ aJLar«)'\);:JL;.:»/r)f))_{?»YH chle U as s jasio coll VE Q.la
ool PJ:EJL:}L.,: 03 P35 Jal= 45 das e 0L adlas - @L”J o o sl Az p3 Av (YL 28 4 gl

35 el o5t 0Ly Sl cmlin g g0 Ol 13 Wbl Ol gty IS5 oo

d

https://doi.org/10.30501/jamt.2023.364845.1272 URL: https://www.jamt.ir/article_186031.html

1l a5l
VEY/ON /Y sl s
VEOY/08/YE 1 S5

VESY/N Y0 ks 5

:\Aajb.l.‘.ls
)

ol —
‘@Jmﬁl osbas
el xS sala,

P35

(Frykberg & Banks, s>5i o 635 ‘e Y5 5,LLY/0

aode —)

Al ja Koty U3 & Erers Dssd (opioman 2015)
Sy s Ol basdiseaml 51 doss V05 s e (5 jim
sl s, 3l S .(Richmond et al., 2013) s o s
R S ) sl S ol Lau.i:ﬁv.&-)’)'\ uu;w\}'_;; Obeys
o= (Mitragotri, 2005) >33 50 o gume o5 Olajs o
@ aS LS e ol 68 dsls b |y e b Sp

23 0y s glael il 5l sS e blis gl vy

(Saghazadeh et ol Jaowecaw; Jho=l ol b ilie
b ool dle 0555 285 plg 53 S ., 2018)
53 bl isls e i35 5 g5lesl ClB a5l S
Slaess dile e Sl 5o b s 5 Gree sl
S il reb e 043 e Sl 20 S Al
o Blo) 53 5 (S pdh 03 5 35 o ennd (5Ll

S e VL Lo S8l Olays g 358 pad Olays

Sl le; 10K Hlsedgs

TR0 0 2yl o Sy ks oSS ¢ oS el inis oIS chpams OLL (55 il OULSEO 5 (Ol pl 2 SLES

r.imani@aut.ac.ir ; ,\& ol


http://www.jamt.ir/
https://doi.org/10.30501/jamt.2023.364845.1272
https://www.jamt.ir/article_186031.html

0 \-\¢ ;(\i'Y QL"M....A)) & c)w NY 092 wj.l\..i 6(.&6)}\;5‘3:‘}6 uuﬁa.e/ul)&.@jm)ﬁuﬂﬁ\

el (P ) T by ss 5 VY o ossay ol s il
5553 Jbcs s slge (g5l L5 el (Choi et al., 2017)
3 ol 215l glaans 53 el iy 3Ll o
a3 g S oS ol 0 pime 5050 5 (5053 Sallls
) el s e 0L 1 oLl el s Ly e
L gyl il Ll oS ol 0ld jasein (Olallhs
(Patias et al., 2018) =l 0T _SluST 51 1 s Boes
e o ok s 5 el ALk OB pee
Jdsa Ol 4 4 55 ses L(Nishinari et al., 2000) <!
A 5 Bl e de LSl ol
oxlinl LT SV g A 5 53 015l 03l ol (5 iy
0> e A3 S5 3 ey pamie gla Shy (s Bsa s a5
DA g oy SBL pwlige 5 (S o) o AL
elascbale Ol goa C"t“p el s OBl e Lol 4 S
L Ogdpel oiSTam 5 oeasds ble ol Ol
(Brunchi et al., 2016; Garcia-s s o e3litwl O godlovs gn
.Ochoa et al., 2000)
S il STy S s sla Jel= 5L
S Olpeas LS 5 ple b dspdS L S 8 lo i
o35 ol Lﬁpjﬁ.} “\'*’Td“ Cwd & ‘.s'.’T b 53 oS

{"“‘tjft"’ LS)U‘iLi 4.&.:15)}.,\;.&35« ub\_/,.e\ b oJ\_.fSJ)\) 6})\3
@.}h‘a_}:«w‘.\:ﬂﬂs‘ﬁ‘ﬁ)bujuuCA&A{UJJ)\.):.LQ&J{‘)
B QMJJI.S wl.h) B wﬁw) 46)@)\-«:;“#«4“) ‘U’?iki

Desmet etal., 2017; ) dutes Aol 1S 5 3 5 ¢ 5 Anadits

¥ obtle 05 sla el 5L .(Pando et al., 2015
o 85 s 5 SOl e Gy Cepal e G L e
1S Sl Glad e L cillses g 3 Css
Sl an 53,8 el B JT Slad e b e g o
Sropb ol a5 b opd e gols Ul els 4
Sl i 3 3 ek IS0 asls Sl e s
wpsiss Sl Jol 50 Colre dhar 3l ul opl &S s VL
(Geetal., 2019) LT . L
0SB S Sladlls 53 s sbasacdy 5 by ol LS 5
o557 ol 5o Sldlas Sl galiad a4 canlsl js .ol sl oy
S OUISL 2016) OlKan 5 omisy Ssdie ssldl

s b Y e 5 gk 1) Wy sl 5 08N 8

23 Oy Gl s (L phe D50 53 350 00 e b
(P A0 13 s ey Dl g se | LS ke Sl Shae
ol 03 Kiph e Sogie LS Eel 5 XS e S e 2y
S 5 b s Rl o5 Ol Oy s Jsb o 50
Slaisess (Sehgal etal., 2019) 555 o Jool> L= L
Lt 4y oy 5 (2 gme b ) LS G Juls z
o o2zl (S5l (6 S sl slitens o5 0S5 51
Bl sl oS s 4 bt Sl g8 cnl L5
Sl 8l (Fon SOl Ygoma isls 5L Il iy
slye Olgear b Cadr Sl mshe L Six 5 g
o S0l oS il 53 e eslinal o o553
Sl s e Lieg o5 Sl b e s sl 4 506
LS o 1 ol sl Teodia 4 iy LS 5 Ll e A
Sl il Jols i sla g0 5 (Zannis et al., 2009)
Sl sy 5 1ol Jaad Ll Glandd (s AdHlS (S
025 S S s b et £ 5 onl & drea [l Jans a5
on S8 Dl sl e by L Lels JUl 5
O rlee SRl 0t 0 (Shreds (S e 5 0
.(Dhivya et al., 2015; White, 2005) L )15 0,4y
S Nd e ag Slad glaed Sl Gl glagld
5 3L Sl S s 0S| ol Sl Uil Ol

Sl Ok o5 o ok 035 Sl o o s
s e ol 31 o3l 53l ol Ol oyt 5
oS Sl b GeseS 5 e (35 Ol il sl
(White, 2008) 5 5 s 4 5
Fse LS 5 ) eslina W5 o Sheslaal LS s
et B S e e 3 O lamitad 5 055 o 5 3
D s 03 A DS S b mle Sl ssde 0
Sl 53 & G — ol S by el o)l 4 015 s
Sl ol 28 gl S o s ot ST s LB 5 S
S5mse g s oA SIS a0 eSS Ol el e o
o 22 L e Ll Sl ey b Ll
5 St S35, Lyl (Shinde et al., 2018) .5
T T R e T W e e DR 1 E P LG N EP

LS 5 (ol o3sm) Jias slsm e gladeul (8L



Y=V ¢ c(\i'V Ql.:..we)) & o)L«;..fu AY 09> 4.".9)..:.?3 6@6)}[}..5‘5:\}4 Muﬁaﬁ/db&.@ﬁ)a:brﬂu)jﬁ\ h\

&_})ﬁ L;Lad.at}-fb S Cowl ok eslad j)\.: &.LA)

s e 6l S s baable ol alas

(Malektal g:,..ﬂl ol [ Q;b; C)u.:iz; L L;’Lw)j)lb
.etal., 2021; Nour et al., 2022)

okl (..La shaasin o ol s pl 5l Gda

_})‘J ‘J.ALP- ‘DLALw DL o..l.«j:d‘)‘g)l{ LSL".I’]}M‘ OJW 6}[7-

5 e 03 38 psleas s ey LB L e s
GMEL b S Jbos s LS 5 48 (g sb e ol
55 ol r.lts 0503 eddanas pg] s ool alel 0595 0
3o o 3 b Rolay o5 e 3 sl Sl ol
andllas 055U odldolonil Dl & 4z 55 L 330 055 e
05 eslanal glateay Ly ol /O S S o e

o is 4.5‘)\ v}) V.:AJS

G gy 9 3l g ¥
3l ga =YY

5351 5 QOlpl ) Sronlas &S50 50 0K D g
S (Ol Olg) Ny sl 2S5 51 55 Ly el
S0 3 do S 5 (i) Solial e Ol g S
3 PBS 5L ol S e oS 2 5l dsbl oWl 5i8 L
LS ol = (Ol OLg) YSsls &S 5 5l o el
(01l Ol ) S5l Jske SOL 51 Cudly i glad sl
5 kb psd oSl B Sl i 5 Slad s (L3S Lo

L 4 Ol S e 8 0 5l St il o Lzess

Ud s gl 31 (5 S0 luae Y=Y
J=lre e o3 el 35y 005 AL e
o3l W el ol Sl el o3Y 2ty ol b
Yo Sl U T plowe 1l Wy el o 5las g (51 135
VE ety 5 Al ag Wyl oy 51 2 ke /p 8 s
(01! Alpha digital D500) ..blss O5en 5, Csla
Olabl (gl T s w0 50 Jloes b s o3ls ) 3
o= 3 akds Yo Sleas e (e oS
Vo et 55 e e ¢ e o 0313 513 S5 gl

I Fuge M12P) 5, le adds j5 it o Yevn a5 Ladss

Sl OV SUIEE LS s ey
Ok 0S8 L SUIEE L aslie a el
L gl sl 5 0ls DL 1y sk el (L
Goo 5 Sy d sladhe (St Ol (Rl e
5 oS (Brunchietal., 2016) .2 o jls 4 i she 3585
035 e ey 05 5315 g el o lse (2017) 01
oslas (505 ke 5 sl OLi Oldles ol 5y
5SS 3 obsbime 56 ass v/ 50N Clale b L s el
S g Slad pioman 5515 1929 o5y g b slad Sl
Ogesl 5l eslial U 33 15 1929 o5, slad b (555 o
6 3 el By il ol 035 s 1 sk g
Gunes et) Li> S 3 xe D a3 oSl pdsl 2 |y
Jista (2010) OLKea 5 sple (al, 2017
b ol o5 il sl eddpdlol atlts - Ol
5 0B J3ssdes (s opl bl jsleas L5 ST )
Lo L gl Slandlog 5l = b 5V
ke Ol LI JSsodes pl e NS i Lo e
Gadidsh 5 J5 Seda e 3l 5 A3 iy Sliviliag 5
Jom sl e ple 3L Gl 5 a8 Lol a5l
sz L (S8 lad S ol Lyl Sl (sol ol
L Bl s sd Jisoder (nl Aoy ol bty
ool analld = QL5 J5 a5 das oo DL 5515 L 4 4t
o 0L 0T 08 5 a0l Shlay (sl Asudl il ol
Ui s (2021) 01 Kas 5 5k (Shalviri etal., 2010) s
L odman poise bl ol als pl s b SUISU
addlas opl s s S0 oLl D e 2 bl shiea
Wl 0355 ls (ols olndil Jiala, 5l 6,8 sl shaieny
il s BN 03 Glabs s 5 b S 0935
5305 el L e sa ool asl3 as s bl .l el
Sk iy s il el il e amas
dsde <=L<.>=:~u\ et A V.A\J_‘) L929 o5, oDy,
o i Wbl sl e ol ol SUIGL ls
L o5 Ol sl oS el s Jidg ol 5 A
.(Behyari et al., 2021) »l>
5o Ol s S Wl Gilay s ke
55 St e il ey U8 slasble 1 015 e



V-\¢ ;(\i'Y QL‘L.....A)) & c)w NY 092 wf;.‘i 6@6}}\3)3‘}» uuﬁa.e/ul)&.@jm)ﬁuﬂﬁ\

Jsloea b A 63031 3 _iblin O3an (55, 433 10 Sokos
Syt b ekl Bl JSU 5 s Jolb sl
oy 53 aids £ ooy )50 Ol s (ulg s
Digital-4820-CD ultrasonic cleaner) sl Jsl plo
FSES L el (g5l o5 Wlela 5 A5 S 5 (e

.(Ajji et al., 2005) .

5215 G185k Olpme cymeni Y0
oldoslainl (gols rL«S (Cl jasiia oS sbola
ool g 5 35 el s pame Blole 0555 paisd JSIT Sl
P P P PO NOPNS T FCS PP FERIR >
Solae 1l 0l (g IS L (55015 Ol e armslows 512 500205
G V0 5 Ladds NV Dodeds 555 O gl g
S (S aols Sl e JSRAT g5 A gy Sl a3 5o
3331 sl Slie 5 558 etiel ol o pumay 058U
S e 035 25 ¢ pen ile o 3L LU 5 e
Camspec ) _hiul b miwcih olSaws lany of Bl s
S 4y Wl 750 dsb 53wl luds (IS5 m350
Sl wmdale - S 1ol s gad KaS b ¢ s ol oo
JS Sl Sl eslinal b oZalgiss 3 pd e armlone 15T (555
033 5503 S,k 033L (V) dlasly 5 eddans S84 (550
.(Abaee & Madadlou, 2016) » 3 o assloes (BE) o555
%E = e/}, x 100 () dslas)
Sldie 5 el 1S ,L (sasls sldis b e Dy 5 De oS Il 5

M)&QL@\)})‘JJS

P slagkd g -Y
O35 53 g Jlome Il (odd o5 4 shen,
23 a8k S e 5 e Jis des b L ki O
Ol eS¢ g il (s 453 £ Sl
$i e Vo Chle byl cdiSCS S 5 eSS

CobL s Gsely Sl plall 5l ey A (4ndl 3 Neuation
Sz Jshome (ulgiys S SIS L5 s LS))TC‘"?
Christ) (gslezsl (S oKis 53 Cole A e
a5 orl 3 33 G2 eslas b A esls 3 (0L

.(Choi et al., 2017; Jung et al., 2016) &1 Cwss 4

R P G R e N o B PPN e e
wble o daly g a5 LY 056 el
g dsb o2 OF by s ik Sl Ol 5 Jsle
sl s 1y d e pgome hile 015 o (el
© sl 3OS S slcdle oy gl .(Swinehart, 1962)
il Jsbomn 1l (ot Slalllas sl b 5 0 25 S50
T o 5 b g ) e/ S Joe ) CllE L L o
4 e Doy pots IS o 5 il Jkome 51 ) s £5 Y
Chle b oS aladdhee 5 s ekl 2 oo 0 g
el s w1 e fp S5 S Yoo des er Ave gl
VA zse Jsb 5o Wad s 51 elS o IS Cdor s
Olje 5 A ol (Rl b nih oSos bs 250
Ls et OF 3 gy ity Ol &S rge b s s
clle - Cla bl el gy gl Sl s

285 1E

SHU o Osemlyder Fos & s e —Y-E
RBTY AT PRI 25 P PR KT BT I
Opd S5y oele Y8 Odeas 5 A J> PBS &) e
ohponts Ve el S e e (e el 15 bl
bl ke Tt (F &Y o) U S oS o £
o3y 13 Colu § Sl cwblian Oien (55 5 LS Wl
S I s o ] sty 5 sl G
Gbs) s SKaSay 5 A3 Jame 5 S b 4 Vel
Yo+ L33 55 (04l Heidolph Laborota 4000) 4! .5l
(56D I ¢ spds azmpa £0 (Slos 5o 5 alds 5o ot o
S el 5 S Lol S5 Y S i
L syl 5 PBS (6 3L Jsloms Ole3 o) o 1S5 I

L fame e ys O bbb 4 e 5 LAS LS L 4



Y=V ¢ c(\i'V Ql.:..we)) & o)L«;..fu AY 09> 4.".9)..:....3 6@6)}@})\}» MM/Q\)&&A)anMu)jJﬁ\ A

LS edalice <SEM) Lf‘:"%}) ij.}ﬁ‘ %)j.{.uj;{.:ﬂ

ImageJ ,l}élf,: L ol)3 50 o 5hl avwlons —Y-A

4 s (5 ,Seslul Image) DRle 5 b ol 5t el
o5 orl 03 B A 53 edias S SEM pylal &S 55
L ‘)lf\cf uffsb J‘j" )\ oalaiul L: SR )L; )\f‘
a\jueww&w@)\};:\w\ﬁ;éspw
Ikl Olgea 5 As a5 Lol s asie dlol lids
Sl o3Il e 4o 8 1nl ol s esls 15 (g S5l
LS)))?J"L‘;JJU Lg]”fa)\,b‘ J}‘)}WWU)M
35T gl oK sy 50 Cannd e S lasl S
Sorot Ll dlal as ol Sl 5 as s W Se L
eJLﬂ.»w\LcWJ}dew“rg}yd\fc)ly\jﬂw:x:)‘
d:itl.f} A L;ﬁ;o)\.b‘ Qb.}fbjla:& géﬁga)l.b‘ 4..4..; )‘
A sl LaOT a3

99 Jobm 314l Lola, g o)ls Olgme pwy o —Y-4
Il go 950 alalas 31 g5l lolay Ol o 2 2
st Lol cp 5558 = Wl s sl Ospilis g Sl (rlis o
Sacts ole ddds Ve deds ad3s 5 S - V0 s L LS
4 PBS (S Joms (e A3 ol SILL g 5 a2
O sl g a3l o Sl Olas 4 bt 63330 Gl
- (PBS) ey e 0955 gals wlelr (ol s da
R TS| IS ESP RIS PRI T SES | A PV TS
033 L 038 e Sl sy b ey ko jasile Jbg
Lo b g Ll andls 4l 3s )0 Ddeas ad3s 55 At 100
ok e JHIE A Sl L s,
D3 gad SaSa (SRl B = e g b oSais b s,
e 4l ol (ool Ol (ke — Ode sl

(Sharma et al., 2015) .

Sl e Ol gy Y-
Om3l dadi pad O pste Ol pbaasilie ) shas,

Ois Ml & (sosbay b oy 3o, Yo ey ST Ol

plom )3 aids Tr deay Jsloes 35m 50 glacls 38
OBl o wg lp walgns 38 15 Sl I
Aol Cod Cele YE Cdeas (O dazmie 3l A Jgle
L (Bilanovic et al., 2016) =3 3 3 gslamsl iullix
axils |y coslin (GG gm0 5 00 S &Sl 4 a5
s ol eSS Lale a3l

@ Ll ool ol bl SIS ) sl
w5 #l D3 e dBSIIS L U s el 5 25T S 5
Jshomn 35 331 g asls Sl s b o338 kb 5 et
U 5 el S5 oo OF 4 e 4 VL g5 40 O
25550 0353 (el e 5 A e [0 S e 0 e
et blae Dpea LSS OAs CH S Sl sy
Syt SIS lendl LSS Aal B o g0t

sl Wyl - paiss dlle 025381 6l
3330 0303 )l GMHELL 035b dnlns Sl a8 o e
Ao lp S e 0Ll sl Slale cpl 5l il
3 35d e 03558 e diaS iy, 4 edda 0Ll Jdews w0
Olon & akd g0t 5258 o0 S 5 eS8 L il

J‘inf Cowd @ oddausS J:‘.’})

R g N O T - T U e S
90
03535 O gl s Il g 55 500 5l L dalin (61 5
O gl g Sl il S0 000 &S ()b A 35, o
Sl ey e A2 a0 Sl a3y 5 A V0 s Liegssd
PBS S 3l Jsbows Ik V0 S e 05 b
5 axdls Lt Jsoen 51 e ) oo 0 Wil 0T &
Jsbes b e A 3Ll PBS Jylowe 2 Juo A 0T &
p5550 B 288 58 Sl Al plam 5o SV S 33,
W3S dezeie Sl Ol e e s lpd s o
Ve Sdeds galemsl St olKaus 53 sl sty J sl
Loda i lapsisei sl IS 5okl 5 28 5 15 csle
ALS-21008erron ) iy, 5,8 Sy S oS
sle oLyl gl A edalis (55K Technology
ols g S b e glaaised nl G et

b baipad glasltlag ) 5 mhw owlidlon ) e 5 LS



q V-\¢ ;(\i'Y QL‘L.....A)) & c)w NY 092 wf;.‘i 6@6}}\3)3‘}» uuﬁa.e/ul)&.@jm)ﬁuﬂﬁ\

FO9p Bz 55 WL 51 g5l ala,mY-NY
Ssols sl @b lanl sy 501 Ol s s 2 (81
okt s Sl g el = s ol b 5 Sl
fr 55 b e pasiie oIl L oladad 4 O 05 Sl 5 J5 5,00
3151 g 30l sl 015 oo o3l Dololows plonil 5 4505 035 4
Jds Olgoas 1y old Sa 5o lae o550 53 3 5o (S auls e |y
Slaaskad 1w Sl Cews 4 skl Al S
5,8 o ) EPBS Lasis ldde o P 3 pasia
VOrv 55 53 03,5 Sat il b el Sl slaosl 5o
adls 5 ilay lases 4ads Vv Sl alds y S
S a el Ssde el L PBS L sy
ot 5Bl ey 5l Ol AT s 3 eddesls e

MTT 05051 Ja 5 (J s G (g 2 =YY

4 2t Jaee 3 0l slad she slias MTT e
e (Sl 5 055 Cnp e b s Ol K03 ls
P 038 O3y Sl (o et (pl 53 AS e yasla )
o 0 Ll gl cele ey L el
L L R P R SR 1P = P
S de s g ol Bl s s 2 e /e S5 Sea Yeee
o3 badhe (uh 929 s b slad sk ol 5 S
L ol ey 2 e /d sk V01 IS L glal=a 2k
Jhows (s L o3ls 2S Cole YE Sea SES
Are 0 Gl b wdS e b addd,) bl o
Ll e /p 85 Sa e @nv e Yoe (You (Yeu oo
a5 BB s 03553 sk 4 25 Sn Vo (sloe o
03 e J RS Wpel Ulgea Jsene SIS Lame S 2l
Jsloes sl (5IL arlons (1 S o3litul son 5 o
Ad Lol Gl s 4 1) e /e S5 Se 0 C Bl L MTT
(o smda a3 YV Glos 55 Ol 4 SO Cele Y31 A
AeST sl o Jra(ss ads See Ver L MTT (S J sl
23 oh Sl S LAl el Qe 5 Gl s
Sleedis deops olgiys d skl e gl OV 2 ge b
Nur et al.,) A& awl=s & aaly, bl s (V%) WJ sl
(2015

L g An sl 1) bl & et 51 S S slaes
b gas 5 Ad (g Selll /e ) 3 b Jhoes 3305
)}Ja«“u 9 AL ol )(Jj PBS djlm J::J‘-;L:A Vo SEBE
umiMaLUﬁudick.ﬂcgﬁk:mﬁ)bbé‘j)‘j)‘é‘);#
s Jlie b ad ols 13 glo S (g5, ol o
5 A5 Sl b pad 385 U35 s 355 o BLS
ijAW}M@JQ}db—l{wL&):Qj)Q\jxjj
QJLUU.,\.:)) d‘i‘ A esls )‘J.E S csle U PBS Ja.:m
O om0 dawy Culi (gl e 4y Ll ges 055 45 5 S 1y 4l
bl}f‘%L@)).Jﬁ‘v\ﬁ:‘;’!j_}M4&3.&:?#)3&;)‘9
(Shemesh dal cows 4 ¥ el 51 esbizad L (SW) T ol

.& Zilberman, 2014)

LY (¥ dles)

0
O35 Wo 5 O3 o) 520 5|y Wi gl O35 Wa alasly ol s S
sl S & gl

SRRt AE ) gy =N

el 50sn keme 53 ca S 00l el sy
B Y Sl m e e Sl 1) bl 4 S S 4 g (3l
ol 015 5 ST s sl Okl pls Ok O
oS 035 S o3l S e A e Wy el = 05550
A 3505 PBS Laws 55 Wi yad /00 0 ) 233 L Loy
2> s i 0 dedyy Lok sad b pled 45550
WS A0y Ll s Sl el Sl slaesl
Lk K alS ks gos gslamil LE K dyl b o
ol o3 033 L2alS Olge B 6l 035 Tsdome Wt gas «0T31 e
ol WI(%)) (505 2 dame 53 OAS o 5 a5 A
Vimala et al., ) ss& acsloee ¥ oadal, vy OS5y 3
(2011

Wi-wg

W, %= %100 (* Jsles)

wi

o 503 035 Wi 5 sl (sladd gad 055 Wil ol 5o &S

sl s B3



V=\¢ ‘(\i'Y QLZM.&)) & e)Lq..fu AY 09> mf:..ﬁ 6&6})@})\}4 ML@/Q\)K@A}Q}‘)MG)}Jﬁ\ \K

(Barbosa De ol 4l 2alS s gl sanl ol andllas ol 55
L Almeida et al., 2010; de Morais Lima et al., 2017)

sl 0l 33 OLES Y S s gy cpl s edd s OIS
Sl Gl Ol (L3 5 e edalie JSE 53 485 boles
O3y Slad ol YL g pdioilanl 5 L2ES r&}r.:.w‘ E
L o5 OAS adys Ol 0351 oal 3 Wsa g0
03 oA ok S 5 SlaS Lps sdalie 5 Sl

SN @SR Son o g g 5Ks Sor sl N S
ol (G‘QL:;U (o T L;La”jxj (Al Gay,
Wlols Lol jam 013 (3 5 33T ) gt Ly el (5005 L ol o

305

QLZ:‘)('..‘.:&AJ\.I:JZM,J LSL&M}M (&_J)&..Q.S‘YJ&—:/

£2398 093 o) grazus (59513 Ol o —¥-Y
x5 S Sle law s Wap s (mssmy 5l Ay

5 b alows ST gl Olzan ) adaly 515 A3 0l el

%v="¢/, x100 (8 dslas)
Wi g IR ape ol Ul G S8 Ao s Al S
5 e aw Sioleil dachle 51 Ko gl ol ) 350
ol dos 3l Sl 5 sl Ol sl i oy A 1SS

o g s Y
aaged cwldcsu; g b3 lus, o)y p —Y-)
A e QLS 1y Lap g0 pmlidicsn (D)) 1L
e ol gl YWY o S 5L ple esgdoee oS
Lol e aulp o 5 SuS o b sl Ot
Ol Wb gladi sl o pulidcsy ;) S 338 oy
L olran Ol ok 3T ) soar aols b ol en 015 o
OS5 o a6 gos s g0 OLES 53 1y L el = 55 500 el
U= s s sl e Lol en Ol b b sl
gl s sdalin (m)) SO 55 o8 ol OB ol
Lol pon 5 Silo s 3T (gl b olyan 0I5 oL & 50
IS s 5 cl eS8 S Sl s gl s (S
ol o bgdds g el e ol o5, LB ()
slad e Ol 5o a8 sl Ly el J 5050 5 g2 4505
LS o 1o 0Ll slad She o alols 55,8 e 13 O
5 OLS S5 mhaw oliSe 5 O men (63, 5es L o
L) g sl - o555 bl Ll an Qu\jrl:_édﬁck.ﬂ.»;
33 51 &S Gl gl s (05 Sl DR Lol jen il
5 e bdEl G- K8 col xeS Hls S I
3,8 o 513 015 slad sShe Ole L 5 ol g3l (5505
A ol 1 OBl J3ssdes slagslsenl jpa ol s
gyl = p i bl b olian O o3 (s e &
i sdasoli slas s ol oSG T o
delin 53 OISl sddiag Lok sad (sl slsa T oeba
L ol e LSl Jgj)?aksriﬁédﬁuasg;,w\&,iﬁgwuml{

Sldlas 53 g ply B b Ole S ale slse Lo

Glos 1S 5 )15 oS ol 3 gladls 3 ekl 5 ST s

Sl i s old g o2



AR V-\¢ ;(\i'Y QL"M....A)) & c)w NY 092 wj.l\..i 6(.&6)}\;5‘3:‘}6 uuﬁa.e/ul)&.@jm)ﬁuﬂﬁ\

.al., 2020
ol (14 54 355 sl oS ol pl ol el s
WS 03555 ot Cemd 53 L g sl S35 (5515 oS
£ AL Jsbme 358 L g em 5 Al e pls 4 0T g3
ol (Ge et al, 2019) &S e Iy ila, olle O
ol 038 1y ialay weal 5 il b w el el
e sladshe 4 gols O3S spdome 5 5ol 5l Lhables
€l 425 51 o (Khoee & Yaghoobian, 2017) s 45 .
Ll 55 e BT Oty sl e (,.Le O3 suls Jul>
S 53 el LS eal 3 1 ot Oleys sl s 5SSl
e s 5 Sauls sala,y (2015) O)ea 5 Olas ) a5 ol
Aoy B0 bl ol cele 55 ) passs Sble 0

.(Rahman et al., 2015) WLlesls 3,158

SN gad] dea

e 5 83 3 Al

el S

o Yo AR-] T~‘
280

LthJAl}j.yLa Q})J )‘ t:sjml})‘) &Lﬁ))‘)}.«.’: Y'J.(.z

5o Ve dsb s s

Sl Sl Ol s Y-t
3 8 Soson OBl Wb ey 8 Olpe £ S s 5es
ok Gl 2l s O ges s oo OLES 1y 5131 (65505 Lol o
Sl Y b o5 Ol cnl 5 ol ) 035 0 TE OS5
S ok PBS Jaws 035351 b Ol m 5 e s
O35 52 w50 055 el 5 S (oL AS ad dr | Lo
OLES Ol ses ol sl ool s 4 0556 8 o 030 3 4l
c:,,?d&ur}jélﬂjwl:l;_joul)'r.ktépjsé.u:‘_;a
b 8l e Ol el slie Hls Ll e (513555
ol ohd a5l 035 2l VE L 35T (sl Lol e 015
3151 Sl ol L ol yon QU153 o 51 015 oAb 5 Ol e
oW Ol i Ol bdSssds (IS sbe ol 2oy

0553 e M85l g a0ls Ulpe B S (S 551> IS s
0555 5503 OAd jgame 0330 O 31 day 355 1y Lap g3
L5 3 dosn VY L ol Slde o) oS 8 b g3 s
2l Slgen Sladllas Sos 53 0y guamme 55,05 Ol
Cewgsol gols (2015) oLKas 5 Ol Jie sl
SIS aST Ol sl sasise sl 0555 | (s S
VAL s bl 03 5,15 sl O game 033 45 L3 S
ol Kimss 5l Kos a5 S (Rahmanetal., 2015) 55 Ao s
Sl oo wbla 0o alie 2, Ly e sS85 o)l
Rl 0ad Hpame o33k 5 L5 S (S0 a5 Oless

.(Shehata et al., 2021) ol ol 35158 Ao 30

ls Gl 51 il hla, gasls Ol e —YF

JERE TRt { RPN R R v PR S v I R
e I3 ged 5 A el o3l g)ls Llis cal
o Besies Ol 5as Voo ode ps b ey gl e
e Ol o3a,Y e Sleyesl s ) Jlulay Ol ¥ ISSE LS
S S apde edis s lay Mgy 4 e s Lo
Slale 51 ol ,108 4L (aols 3l Aoy 00 aib 55, e 38
Lol clle b o) ulay 5 ol il ls,
ol — ol S Jie 1 Sl ) ilay il S s b
(0) alaly S o S5 H/ATOE Uslas (0 poand 5 L
s e O 1y el = el S Ja
MJ/M = kt" (6 aslas)
5 Sl T Ol 5o a5l eddla; (551 Cns MM 45
K 5 sl Saula,y S 55k sdmasolis 5 558 o N Ol
AR XS o S O1 S| Shas cn) o ladslas . e 26

M,/M = 0.372 x t%0° (N dslee)
il s 348 S5l (ASL 0 5 v o gaden laie S
4.3'/'% Lj\fnu;a}}_, L'ﬂl)zjdmw‘;}‘:_})‘b&u))b
)\ Lﬁjjﬁﬂ‘ é})\) u.:.LLa) )ls})Lﬂ M.?L::.;)J C,..A‘ cJ.AT Cewd

Laracuente et) coul fole 3 9358 wlod 5 0950 abeles



Y=V ¢ c(\i'V Ql.l....c)) & o)L«;..fu AY 09> wr:.ﬁ 6@6))\.;.5‘5 :\}A ML\.LA_Q/ Ob&.@.ﬁs) a:l)(..w\})b_e\ \'Y

Ol 53 00 oy K2l 5 &S sboles cdas o 0L
5385 ool Aoy BV Ol jn 4 ey 25 B OBS15 (b oy 55
Sl s 0L slad 55 50 Olis alos 3 PBS J 5le
Vo o208 Sl e lJcnll e ok o B 5 sy
3 5ty o gLl o bl 3 PBS i Ol s,
035 a8 adas w8153 3 g8 el sdalie (5 Satr o 55
G S s b 55 O3l 5 Al e BWS) Ul 5, G
ss e ohd Sl ool hlay oy 5o el cpl s 0 i
Oljee 288 L5 55, Yo C2dS 51 s S das e OLES
2y b ol Rl Ol e e 5
Lol pon OIS gl gad oy 25 Ol el Golas
JS Al Ll o5 OF Ol 4w a5 B 55T sl
Ol 5 A8l o BUS1 Jgl 55, Y0 B o 55 odas (LS
OLES Hlosed 33 anglie 34y 0 sl (6 S o b g 55
315 3 g5 L g ol 45 a0 (ohd o 5 Ol S e
ol YE 3 b wped el plgsa OB W 51 xi
Zob 5 by SIS L Ll das e OLES 15 5 58 pus U
B P P P 2 WA L PO UK W
S R S s sie ST L 0T OdE s 2 b
el oo ol 4 axsls 5ol (g5l & gas
Slbe b ohan 6sad o 55 Ol 5l Jol> il
Sy abold 5 psisd Hslm Jdoay cdas oo OLL o) 50
5 el 1S W8 05,5 4 PBS 3,4 Ol GG 5l s
oLl odd 5 013 ol Sl passe ol odd o 55 Ol
s 2l Gl el oS Sl a8 ST g5 Lol e
B sland s 4 Huboles 5 ol sl
V.L:::C)j)bAsuxliluﬁcbr}jf}‘)ﬂbﬁu)b‘}:ﬁcﬁo)u|
Siala 5ols SOl s 6ol S Sue 3 STl S el ) 3
& i Jol sl Sl eslial 0pd oy 5 4 ped S Iy
V'L“‘é o PO Ol das e Ol @L:} b bl s e S
Sl 5l e ;3 Y0 5 el o ya YO QMJJJUBU,'):;

b e SRl dsed opl 3 eI L

Sl VU s s pl o eslials,se Jissdes a5
o 485 s el sl e ddaniS slag 3 gl a2l
Glaos S sgs s dSsses YU Sl Ol s
bl e S Gl sl 5 015 L Cangaol bele
Fols gy S 0 d5ssden Koo 55 o s 00 Sl L
05,5 Sols 015 3ls Ko sltlir 43 3 4 g0 gla s
L g el 15 035380 b s el sl 5 Jdsdes sl
=5 03 0Ll Olgee Sl el Shsess ol 035 Lo Ll
Sele Glaes S Ol 5l plaly ssde S i
22 SR L bl (B Sl s e wnlS s
et & ey 38 e ey s s als el el
53 SN Sl Al o bl 3 O s (s
Sl L g sl S aulo S5l b 5o QL1 S55 doss rals
St O b b anslis o Aoy b oy 8 &5 als
J3e,0a o5 Ol (Bueno & Petri, 2014) 5,5 0 LS
05 Olgeas eslinals ) so slad5 s e slo b avglis 3 0L
4 S PVP 5 PVA 15k YL ol Cds &y L 2y
OLES s o s cpl 5 sl mdis el o 55158 Ll Y 500
S g3 L3, Sl OB sliS )l sdal il o dins

-.(Ajji et al., 2005; Kokabi et al., 2007) ..l

Ladigai pyai ol jue

P55 eyd Gliue

oll3 pled 085 Oljes
.>|)'T 69310 Lol e il o lad pyg8 oyl juwe =

ol pemas O3 Wb 5 OLl3 Wb T lor Ol gy 8 JSC

ST gl

Ld3s,dp s pdicm PO (gwyp —T-0

)'_5)“' dkﬂ)b\)b)bb L‘ﬁﬂ\.:).&.: A_a.i}>r.? U‘ﬁ“o Jga:/



'Y \-\¢ ;(\i'Y QL"M...A)) & c)w NY 092 4..".9).;..3 ébﬁé)juj J‘}A MLLA.&/ O‘)&M} e:br_wu)i)_e‘

AJL: g_):"f“je\ B} ‘)J‘J Q:"iLA) Cj; 4\.>}5J4L5 J;AS e QL;J‘)

) ol &.LA)

MTT O ge30 —¥-V
Slesis 0sa31 plowil 5 S Larl 3 (g luesll 51
Sased Do amd wldag slanld sl s Jol
RIC VS PV H PIP H S WO UL B W W2 i W LW
Shas Hsboles das o QLIS ) Ly cnl Soslae slac ke
o3 Olae Ly ool 31 o glane sl ale 55 (sl 1oy 15 sl
g Ly 0355l Lol Sgline bl s b
dnglin 53 Sleodis S Shin o S5 S Vv a2 U lad sk
il 53l Ll ol Uy LB oS ool s Ar 1 i J RS
Jsho 28 Loyl sy b 4 o e3le ol BB 2l
e e 0L LS_):‘<"‘:‘> 3l Gleolkiy Ao s 5 350 0 La
sy LS 5 ol S ppde 5 ad ghe Ol 055 LI
5 g0 b SLS 5 dies Ll g sl o jlas 5o 5>
Slinie S 5 oder Soobiws desd Al L el o jlae s
JspmdlS Jonlis Jon s oS5l 5o 5 0 hdsland a5
23 ey S Lgls 05 e 50 ol #b(SQDG)
o3 ladshe iy gy od b S glass, (2L aslsl 50
a5 WJ S W balie 5o o)l b chls s
Jsho Sleedsy ulal w5 Ve pla 53 (oman 355 3 5
o OS5 3925 Jdoas Ly ol a5 il 0l o)L s

(Gunes etal., 2017) 3,15 35 (5 s b (Jd

ek gl 25
AT
(R LWy
o Fog
] 1.r A5Y
2, va.Ys
3 A P
5 FTAY s ys T
5
37
4"
3
1.
& T T VR O T
() el 55 5e00) iy

uﬂ.;})\.) C)}u.l'.a L;Lﬁ@.kLOLLAJ)LNQJuLaa-L)M)J -\Ji.l

cele VE 3l

S S a4

G b el Ol g ok Rasn opl 0

Bdigai cu y55 3500

sesvee
.
e
P
.

Ll pled w55 w )y

Ol pled 55 Ol
351 ype0 43 9515 ol pad il dad sy 55 l3ah 10w e w
oinl Jol il §1A55L b ol ped 315 lad s 55 Gl jan o

D13 o D15 (b (8 g S5 Olan g 0SS
Bl (55l 015 whd 5 53T st Ll s ol (53015 (551

P

Wi gad 31 5,0 sl gy —F)

ol oy 3BT (Sl el U olyan Wb Wgad )
53 3 50 Syl e S 5> 0L sl ploni] lslons
3003 p 8 s VAT Gl cpl 51 a8 sl 0 5 Juo Yo (s
Lo Sl BT sals boohan Wb 51 5y Yo Sl ey
Vo e 53 cokd 53 s e sl IS Sl Lo B ey
sl o 35T 0T 51 5y

ol Wl - psise ol ol s
e Yor ad e pl s ealitals ) ge s 055 S S Jol
s bl 0553 5ol MELL Ol xS s 3 p S
ot el s a0 S e VoA (s el 1E L (sl
el 5 PBS lams 0553 ol 55 13 5l 55, Yl
e Sk VAL ol asl il ool i (Dl
5ol 3 Aoy YO Gy Yo ClidS Gl e m tAS JJ)TJ.,
Sl sy

s saabela 5l lulay 55550 50 p) anslis
] s ol OIS s sk
Loamlie 53 ols Saal (b, Sl 0BG sl )
3580 o3 Wbl 5l gols la
3 dal 54 e V.L:ﬁ 55 sl Oy geds gyl oS Jali;m Y
ey (il ol (6180 asse wlle 05 oS WKs
S 258w Ol e el s e OLE ) S e

J3soder e 5 p33ss 0500 sl W5 05N 5SS



Y=V ¢ c(\i'Y Ql.:...wc)) & o)L«;..fu AY 09> wr:.ﬁ 6@6))[.;.5‘5:\}3 MM/Q\)K&A)M‘)MG))J?‘ Ve

S Bl —0
ol ool OV e 1 il o 355 ks QELLIS

S SE5 gl el sl AL

by

1. Abaee, A., & Madadlou, A. (2016). Niosome-loaded cold-
set whey protein hydrogels. Food Chemistry, 196, 106-113.
https://doi.org/10.1016/J.FOODCHEM.2015.09.037

2. Ajji, Z., Othman, 1., & Rosiak, J. M. (2005). Production of
hydrogel wound dressings using gamma radiation. Nuclear
Instruments and Methods in Physics Research Section B:
Beam Interactions with Materials and Atoms, 229(3-4),
375-380. https://doi.org/10.1016/J.NIMB.2004.12.135

3. Barbosa De Almeida, C., Catelam, K. T., Lopes Cornélio,
M., Francisco, J., & Filho, L. (2010). Morphological and
Structural Characteristics of Zein Biofilms with Added
Xanthan Gum. Food Technology and Biotechnology, 48(1),
19-27. https://www.researchgate.net/publication/41764895

4, Behyari, M., Imani, R., & Keshvari, H. (2021). Evaluation
of Silk Fibroin Nanofibrous Dressing Incorporating
Niosomal Propolis, for Potential Use in Wound Healing.
Fibers and Polymers, 22(8), 2090-2101.
https://doi.org/10.1007/S12221-021-0973-2/METRICS

5. Bilanovic, D., Starosvetsky, J., & Armon, R. H. (2016).
Preparation of biodegradable xanthan—glycerol hydrogel,
foam, film, aerogel and xerogel at room temperature.
Carbohydrate Polymers, 148, 243-250.
https://doi.org/10.1016/J.CARBPOL.2016.04.058

6. Brunchi, C. E., Bercea, M., Morariu, S., & Dascalu, M.
(2016). Some properties of xanthan gum in agueous
solutions: effect of temperature and pH. Journal of Polymer
Research, 23(7), 1-8. https://doi.org/10.1007/S10965-016-
1015-4/METRICS

7. Bueno, V. B., & Petri, D. F. S. (2014). Xanthan hydrogel
films: Molecular conformation, charge density and protein
carriers. Carbohydrate Polymers, 101(1), 897-904.
https://doi.org/10.1016/J.CARBPOL.2013.10.039

8. Choi, J. I, Kim, M. S., Chun, G. Y., & Shin, H. S. (2017).
Spirulina  extract-impregnated alginate-PCL  nanofiber
wound dressing for skin regeneration. Biotechnology and
Bioprocess Engineering, 22(6), 679-685.
https://doi.org/10.1007/S12257-017-0329-3/METRICS

9. de Morais Lima, M., Carneiro, L. C., Bianchini, D., Dias, A.
R. G., Zavareze, E. D. R., Prentice, C., & Moreira, A. D. S.
(2017). Structural, Thermal, Physical, Mechanical, and
Barrier Properties of Chitosan Films with the Addition of
Xanthan Gum. Journal of Food Science, 82(3), 698-705.
https://doi.org/10.1111/1750-3841.13653

10. Desmet, E., Van Gele, M., & Lambert, J. (2017). Topically
applied lipid- and surfactant-based nanoparticles in the
treatment of skin disorders. Expert Opinion on Drug
Delivery, 14(1), 109-122.
https://doi.org/10.1080/17425247.2016.1206073

11. Dhivya, S., Padma, V. V., & Santhini, E. (2015). Wound
dressings-A review. BioMedicine (Netherlands), 5(4), 24—
28. https://doi.org/10.7603/S40681-015-0022-9/METRICS

12.  Frykberg, R. G., & Banks, J. (2015). Challenges in the
Treatment of Chronic Wounds. Advances in Wound Care,
4(9), 560-582.
https://doi.org/10.1089/WOUND.2015.0635/ASSET/IMA
GES/LARGE/FIGURE4.JPEG

13.  Garcia-Ochog, F., Santos, V. E., Casas, J. A., & Goémez, E.
(2000). Xanthan gum: production, recovery, and properties.
Biotechnology Advances, 18(7), 549-579.
https://doi.org/10.1016/S0734-9750(00)00050-1

14.  Ge, X., Wei, M., He, S., & Yuan, W. E. (2019). Advances
of Non-lonic Surfactant Vesicles (Niosomes) and Their
Application in Drug Delivery. Pharmaceutics 11(2), 55.
https://doi.org/10.3390/PHARMACEUTICS11020055

o328 lay 5 o5 e S b Lyl - e 550
S S5s on Sl oY 505 Glalesl 5 s sl
el s @ﬂj@uj.ufl;u'lQT

b sl s 015 (b G il (6l gy ale )
Sllanl 5 228 b cble pl s 5l Sis Ao d
o O 5 el el e 530l e G
S o ol 03535 S 1 0 550

L 303 (6 s P s 5 T o Oljoe ) 2 =
L ol o 0513 b 51 015 ok o5 Ol 5 s o 0L
5 ol i Wl pa3s0 SLL 5 ST (sl
S b 5358 50 OIAS,L L el pen OLl5 ol oy 55 O
el s s 55 5l
o Ol sl 03555 3 bl el Sls Ltlay Olee Y
o3 00 85 (5 sbas o5 el edalie (ool Sla 5 A3
SISl asls ey 5 Lb e SRl 0 55,5 6 5l
VO (a5 Uiy ol LS p 5500 ) Seeal ke 53 0l
s Judaas sls el [ilay b e e 5ol 5l ds s
5 ol 0l ls Il s iy sl o el a5 el
03,5 paal Iy gils Ghlay Ls, O J5 s (oo
sl
U s ol 0 )las Conpde Jsho Gloodis 0050 planil -t
Lo ST edas o 0L 1) s [ S5 Ko Yoo 2lle G
e Dl s sl Wil 03 Sl anal x5
3L bdske & 2les 5 20l o W el o las )
23 8 Sl iy cls sl s Jske sl pws 4
b dal s S5 ST sl
S, s S el ol ey mE il
03 ebdag e el foily 1 OLS 5ol hls,

.J)l.:r.&-)'m.cj slas 8

15.  Gunes, S., Tamburaci, S., Dalay, M. C., & Gurhan, I. D.
(2017). In vitro evaluation of Spirulina platensis extract
incorporated skin cream with its wound healing and
antioxidant activities. Pharmaceutical Biology, 55(1),
1824-1832.
https://doi.org/10.1080/13880209.2017.1331249

16. Jung, S. M., Min, S. K,, Lee, H. C., Kwon, Y. S., Jung, M.
H., & Shin, H. S. (2016). Spirulina-PCL Nanofiber Wound
Dressing to Improve Cutaneous Wound Healing by
Enhancing  Antioxidative =~ Mechanism.  Journal of
Nanomaterials, 2016.
https://doi.org/10.1155/2016/6135727

17.  Khoee, S., & Yaghoobian, M. (2017). Niosomes: a novel
approach in modern drug delivery systems. Nanostructures



https://doi.org/10.1016/J.FOODCHEM.2015.09.037
https://doi.org/10.1016/J.NIMB.2004.12.135
https://www.researchgate.net/publication/41764895
https://doi.org/10.1007/S12221-021-0973-2/METRICS
https://doi.org/10.1016/J.CARBPOL.2016.04.058
https://doi.org/10.1007/S10965-016-1015-4/METRICS
https://doi.org/10.1007/S10965-016-1015-4/METRICS
https://doi.org/10.1016/J.CARBPOL.2013.10.039
https://doi.org/10.1007/S12257-017-0329-3/METRICS
https://doi.org/10.1111/1750-3841.13653
https://doi.org/10.1080/17425247.2016.1206073
https://doi.org/10.7603/S40681-015-0022-9/METRICS
https://doi.org/10.1089/WOUND.2015.0635/ASSET/IMAGES/LARGE/FIGURE4.JPEG
https://doi.org/10.1089/WOUND.2015.0635/ASSET/IMAGES/LARGE/FIGURE4.JPEG
https://doi.org/10.1016/S0734-9750(00)00050-1
https://doi.org/10.3390/PHARMACEUTICS11020055
https://doi.org/10.1080/13880209.2017.1331249
https://doi.org/10.1155/2016/6135727

Vo

\-\¢ L(\i'Y QL"M...A)) & c)km.fl AY 093

il slag,sls g sl g MM/O‘)&M}O}‘).F‘AB)}JA‘

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

for Drug Delivery, 207-237. https://doi.org/10.1016/B978-
0-323-46143-6.00006-3

Kokabi, M., Sirousazar, M., & Hassan, Z. M. (2007). PVA-
clay nanocomposite hydrogels for wound dressing.
European  Polymer  Journal,  43(3), 773-781.
https://doi.org/10.1016/J.EURPOLYMJ.2006.11.030
Laracuente, M. L., Yu, M. H., & McHugh, K. J. (2020).
Zero-order drug delivery: State of the art and future
prospects. Journal of Controlled Release, 327, 834-856.
https://doi.org/10.1016/J.JCONREL.2020.09.020

Malektaj, H., Imani, R., & Siadati, M. H. (2021). Study of
injectable PNIPAAm hydrogels containing niosomal
angiogenetic drug delivery system for potential cardiac
tissue regeneration. Biomedical Materials, 16(4), 045031.
https://doi.org/10.1088/1748-605X/ABDEF8

Mitragotri, S. (2005). Healing sound: the use of ultrasound
in drug delivery and other therapeutic applications. Nature
Reviews Drug Discovery 2005 4:3, 4(3), 255-260.
https://doi.org/10.1038/nrd1662

Nishinari, K., Yamatoya, K., Shirakawa, M., Phillips, G. O.,
& Williams, P. A. (2000). Handbook of hydrocolloids.
Woodhead Publ, 247-267.

Nour, S., Imani, R., & Sharifi, A. M. (2022). Angiogenic
Effect of a Nanoniosomal Deferoxamine-Loaded Poly
(vinyl alcohol)-Egg White Film as a Promising Wound
Dressing. ACS Biomaterials Science and Engineering, 8(8),
3485-3497.
https://doi.org/10.1021/ACSBIOMATERIALS.2C00046/S
UPPL_FILE/AB2C00046_SI_001.PDF

Nur, P., Syarina, A., Karthivashan, G., Abas, F., Arulselvan,
P., & Fakurazi, S. (2015). Wound Healing Potential of
Spirulina Platensis Extracts On Human Dermal Fibroblast
Cells. EXCLI Journal, 14, 385-393.
https://doi.org/10.17179/excli2014-697

Pando, D., Matos, M., Gutiérrez, G., & Pazos, C. (2015).
Formulation of resveratrol entrapped niosomes for topical
use. Colloids and Surfaces B: Biointerfaces, 128, 398-404.
https://doi.org/10.1016/J. COLSURFB.2015.02.037

Patias, L. D., Maroneze, M. M., Siqueira, S. F., de Menezes,
C. R., Zepka, L. Q., & Jacob-Lopes, E. (2018). Single-Cell
Protein as a Source of Biologically Active Ingredients for
the Formulation of Antiobesity Foods. Alternative and
Replacement Foods, 17, 317-353.
https://doi.org/10.1016/B978-0-12-811446-9.00011-3
Rahman, S. A., Abdelmalak, N. S., Badawi, A., Elbayoumy,
T., Sabry, N., & Ramly, A. E. (2015). Formulation of
tretinoin-loaded topical proniosomes for treatment of acne:
in-vitro characterization, skin irritation test and comparative
clinical study. Drug Delivery, 22(6), 731-739.
https://doi.org/10.3109/10717544.2014.896428

Richmond, N. A., Lamel, S. A., Davidson, J. M., Martins-
Green, M., Sen, C. K., Tomic-Canic, M., Vivas, A. C.,
Braun, L. R, & Kirsner, R. S. (2013). US-National
Institutes of Health-funded research for cutaneous wounds
in 2012. Wound Repair and Regeneration, 21(6), 789-792.
https://doi.org/10.1111/WRR.12099

Saghazadeh, S., Rinoldi, C., Schot, M., Kashaf, S. S,
Sharifi, F., Jalilian, E., Nuutila, K., Giatsidis, G., Mostafalu,
P., Derakhshandeh, H., Yue, K., Swieszkowski, W., Memic,
A., Tamayol, A., & Khademhosseini, A. (2018). Drug
delivery systems and materials for wound healing
applications. Advanced Drug Delivery Reviews, 127, 138—
166. https://doi.org/10.1016/J.ADDR.2018.04.008

Sehgal, P. K., Sripriya, R., Senthilkumar, M., & Rajendran,
S. (2019). Drug delivery dressings. Advanced Textiles for
Wound Care, 261-288. https://doi.org/10.1016/B978-0-08-
102192-7.00009-6

Shalviri, A., Liu, Q., Abdekhodaie, M. J., & Wu, X. Y.
(2010). Novel modified starch—xanthan gum hydrogels for
controlled drug delivery: Synthesis and characterization.
Carbohydrate Polymers, 79(4), 898-907.
https://doi.org/10.1016/J.CARBPOL.2009.10.016

Sharma, V., Anandhakumar, S., & Sasidharan, M. (2015).
Self-degrading niosomes for encapsulation of hydrophilic
and hydrophobic drugs: An efficient carrier for cancer multi-
drug delivery. Materials Science and Engineering: C, 56,
393-400. https://doi.org/10.1016/J.MSEC.2015.06.049
Shehata, T. M., lbrahim, M. M., & Elsewedy, H. S. (2021).
Curcumin Niosomes Prepared from Proniosomal Gels: In

34.

35.

36.

37.

38.

39.

Vitro Skin Permeability, Kinetic and In Vivo Studies.
Polymers, 13(5), 791.
https://doi.org/10.3390/POLYM13050791

Shemesh, M., & Zilberman, M. (2014). Structure—property
effects of novel bioresorbable hybrid structures with
controlled release of analgesic drugs for wound healing
applications. Acta Biomaterialia, 10(3), 1380-1391.
https://doi.org/10.1016/J.ACTBI10.2013.11.025

Shinde, S., Lavale, S. A., & Nagare, K. (2018). ‘Spirulina’as an
Additive for Better Nutrition. Int. J. Curr. Microbiol. App. Sci,
7(5), 143-147. https://doi.org/10.20546/ijcmas.2018.705.018
Swinehart, D. F. (1962). The Beer-Lambert Law. Journal of
Chemical Education, 39(7), 333-335.
https://doi.org/10.1021/ED039P333

Vimala, K., Mohan, Y. M., Varaprasad, K., Redd, N. N.,
Ravindra, S., Naidu, N. S., & Raju, K. M. (2011).
Fabrication of Curcumin Encapsulated Chitosan-PVA
Silver Nanocomposite Films for Improved Antimicrobial
Activity. Journal of Biomaterials and Nanobiotechnology,
02(01), 55-64. https://doi.org/10.4236/JBNB.2011.21008
White, R. (2005). Evidence for atraumatic soft silicone
wound dressing use. Wounds UK, 1(3), 104-109.
www.dressings.org/Dressings/mepitel.

Zannis, J., Angobaldo, J., Marks, M., Defranzo, A., David,
L., Molnar, J.,, & Argenta, L. (2009). Comparison of
fasciotomy wound closures using traditional dressing
changes and the vacuum-assisted closure device. Annals of
Plastic Surgery, 62(4), 407-409.
https://doi.org/10.1097/SAP.0B013E3181881B29



https://doi.org/10.1016/B978-0-323-46143-6.00006-3
https://doi.org/10.1016/B978-0-323-46143-6.00006-3
https://doi.org/10.1016/J.EURPOLYMJ.2006.11.030
https://doi.org/10.1016/J.JCONREL.2020.09.020
https://doi.org/10.1088/1748-605X/ABDEF8
https://doi.org/10.1038/nrd1662
https://doi.org/10.1021/ACSBIOMATERIALS.2C00046/SUPPL_FILE/AB2C00046_SI_001.PDF
https://doi.org/10.1021/ACSBIOMATERIALS.2C00046/SUPPL_FILE/AB2C00046_SI_001.PDF
https://doi.org/10.17179/excli2014-697
https://doi.org/10.1016/J.COLSURFB.2015.02.037
https://doi.org/10.1016/B978-0-12-811446-9.00011-3
https://doi.org/10.3109/10717544.2014.896428
https://doi.org/10.1111/WRR.12099
https://doi.org/10.1016/J.ADDR.2018.04.008
https://doi.org/10.1016/B978-0-08-102192-7.00009-6
https://doi.org/10.1016/B978-0-08-102192-7.00009-6
https://doi.org/10.1016/J.CARBPOL.2009.10.016
https://doi.org/10.1016/J.MSEC.2015.06.049
https://doi.org/10.3390/POLYM13050791
https://doi.org/10.1016/J.ACTBIO.2013.11.025
https://doi.org/10.20546/ijcmas.2018.705.018
https://doi.org/10.1021/ED039P333
https://doi.org/10.4236/JBNB.2011.21008
http://www.dressings.org/Dressings/mepitel
https://doi.org/10.1097/SAP.0B013E3181881B29

