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Abstract

Background: Nanomicrobial cellulose is an important biopolymer with a three-dimensional structure that is
produced by some microorganisms and has been widely used in medicine. One of the unique properties of
microbial cellulose is its very high water absorption, which can be used to produce modern wound dressings.
But after drying, it’s three-dimensional structure collapses and the amount of water reabsorption decreases.
Accordingly, the aim of this project was to preserve the three-dimensional structure of nanomicrobial
cellulose by networking it and improving the water reabsorption properties of this biopolymer. In addition,
the cell viability, proliferation, and cell growth of the modified structure and untreated microbial cellulose
were also studied.

Materials and methods: In this study, microbial cellulose was produced, purified, and neutralized using
stationary culture. The samples were then treated with different concentrations of citric acid/sodium
hypophosphite and crosslinked. Finally, the characteristics of treated and raw samples were studied by
various tests including ATR-FTIR, MTT, SEM, water absorption and in vitro and in vitro tests.

Results: According to the results, it was found that the cross-linking operation prevents the collapse of the
structure and not only does not cause toxicity, but in addition to increasing water uptake, it also increases
viability, adhesion, and cell proliferation in the modified cellulose.

Conclusion: Cross-linked nanomicrobial cellulose has high potential as a modern wound dressing.
Keywords Nanomicrobial cellulose, Cross-linking, Modern wound dressing, Cell viability, Proliferation,
High water absorption.

Cited as: Abbasi Geravand S, Khajavi R, Rahimi MK, Shamsini Ghiyasvand M, Meftah A. Investigation on cross-linked
nanomicrobial cellulose properties as modern wound dressing. Medical Science Journal of Islamic Azad University, Tehran Medical
Branch 2022; 32(1): 11-20.

Correspondence to: Ramin Khajavi

Tel: +98 9126359223

E-mail: Khajavi@azad.ac.ir

ORCID ID: 0000-0003-0375-2550

Received: 1 Sep 2021; Accepted: 12 Jan 2022


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1401.32.1.11.6 ]

[ DOI: 10.52547/iau.32.1.11]

OLP DV o) Ol 4 od (g A (299 K0 Halweil ol 3T oBLiils Sy pale aloxo VY

ol 3131 oliils S jy pole almo Original
Yo Ud) Obrio VFe) Ll o) o,lad Y 0,00 Article

P R ) Olee 4 oudd 1Al (29,50 Yelwgil olgs (wyy

AL;?L:A.O Cyeol cfé«-’yb-‘: (St e Gt ¢ Yu;".‘.") 5 oo ¢ TcSS".‘S'& Ooly ‘\"‘59‘; by

Ol ol osiz Gl 9ty (oodll Sl3T olSils ((Siigy puige 09,5 (paatS (55 symiils
Ol el sz Gl 9ty oSl Sl3T olSils 2 lad 5 yardy (suigs 09,5 pgmdyyy |

Ol el sodl Sl3T olStils (ol g5 (S ke ¢ SKbzy 0uStils ¢ quilidh g Sw 09,5 leils”
Ol Ol wosiz ol 9oy codlusl ol3T olSadls ( Sy (cwiigs 09,5 o bolil”

Ol ol cosiz ol 9ty oadlol Sl3T olSils ( (2las 5 yary (oudige 09,8 lolinl ©

oS

9 5 9550 T Lol o0 (P sy 45 Sl (kg e JL s (S o podis S5 (03500 sl 1B0d g adslu
Asd (sl i o 45 el T Yo s o b 4 0950 oo 3,5 b pamio Sloopas I S el £ (0005 )5 Ky
o bl o 2ol ) O e b e 5 0 c0 508 T sk e JLFlo il SiF g bl 055 00l ke slo s 03
b ol ooy Gl o o b Dleopar i) 5 T 50,5 SaSs S5 4 29,50 b sl sty a Lo Lid i yiagy o
A3 dellae o ok Jos 5 0 Mol 19,50 Pl JLF o (55, (Ialo Ay 5 S s ilo 0 lie oo w03de

Bl b lodipad e i (g jle (2 5 panli by Sl Se2S T 00litnl b o950 Joles indond ol )0 iomy 2 09)
$laggejl b pb 5 o Jor (slodipes Slaogas ol 0 . Lkd (SIS 5 odd Jor o Coladipet /0 i dowl gl
A ey T 390 5 g lislo;T 5 T i SEM MTT. ATR-FTIR Lol cilisto

Cocomw Cutl o5 i g LS 0 (5,5 al Ll (Libg,8 5] oo pe digo Slou] Sldas A oo odo] Caws 4 golis ol o :basdl,
20 o g3l o EMol lales 40 iy (ko iS5 Sk o 0ij Slie ol o Glio S5 0 05)e AL w055 o
el ko e 93 Ol @ Yo el (0 c0dd (6] 4D 0950 ok 16 S Ama

Mo ol o Joleo oS5 1 Sile 0 ke Sy 05 1558 Nt 090 Holoosil islS UTSlg

i Bl slews gl ;00 IS g lownily SLoyo hyges doodio

)
Sl T Lo 45 (s Se Fobos RS liins ol
S9y = 035 638wl JT oass!] lomail G lgie 4 ogllas
MC) (9,50 gk ing—25 (Sojoto slo lomuily
sl Bw b oy e we 5l S Bacterial Cellulose

O S 3l 65 s o3 pledl S 6l 03 ey
2 Sl 3zl g o] 4 o (o3 (b Sis el

oS Oloy (b (FYob Sl dzmis (0 9 Wigd oo S (S

. i e | . . . - oo Ol Al el ST oKl s 5 ey g 03,8 D45 2 s okt 5 o3
.(\”—V) el M; )‘)3 ATy )90 ‘-”S'Mf (:"'L“’ J ‘_1‘99)&” (email: Khajavi@azad.ac.ir) s =1 ol

ORCID ID: 0000-0003-0375-2550
VP /2N e adlae S s '@Ju

VAT e By sl


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1401.32.1.11.6 ]

[ DOI: 10.52547/iau.32.1.11]

W oo g wighyd cwle yxw

1f+) )LQ-) L \G)Lo.& oYY 6,99

iz ol e b Cend v az g L) o3 Ol 5
Bl (Gigme lasisn 9929 e & izmen )5
35 Sl A )8 392 (29,500 ok )3 2V oy plSoei]
S92y azgi b ogdle 4 0yl 0 Jos 4 ol o] S5
e plyte a0l o ol 3l 5 05250 (5 iesll Sl
g anl loo 4 gk las Sk glgl alam ply 0 (b
9 Jd5S (S5 cojlal Gl e pShgil ) Ll ol
(10) 3,5 JrS] (99,50 oke Y Culns

Lo )5 sl (9,500 Jols 08 4y pazmin (elys 0929 L
LSl @ Ol als Ewd 5L porhion cnl (i S
U BTl 5 995000 o 5 4585 52 0 53 Gl (s A
me ot o)l ol ol (5SS byl 5 ol 5l ke
Holows 31 Sy 0si o chnd bl Sy Gl |y O Oy
sl O7) Gl Son 5 92l (all o Zesdls (99,50
Mty e Jl sl LB st schnsd ol ks
Sk (A jooliiwl L (9,800 Job JESlo (13500
Liio |y g Seo Palas SLIgh (guiny das s dniond
ol S cd b wasl sl 4 as g b s
diged dy S 0 Pl (09,0 gk oSS 5 )55 (s
Ao s g LB Ll pls

O i Bd8 Sladod dalol jo ¢ gl ol o o pen @
9 S (@l plg (omyp ym odle Sl ol
Ply aalllas d oad (SlaSd (09,500 Joko (Su3slsd 9
o 5 09° 5 5 0o lasly) Sl ool b o (Ss
gb sy g Lo o) S lgae

Letgy 9 Slgo
950 Yolw gilw (AL 9 pow

A__cgezme jl oo a_p3) Komagataeibacter  xylinus

S o ool al (0l s oKzl Lty el g Seoo
ilize glie mlie o o 0y Cgzr sl caiiSudys
CiS I Sl gt (ol 5o polite e 4 el aiaejls
Jol—& (Hestrin-Schramm :HS) - o o—p L& S
Sl ¢ (=2 50 0,5 VIY) Cliid 39 )0 md LS 5
Sy 9 G )3 25 0) i « G 50 25 VN0) Gy
WoiS aoe agd 3l e S colail (i j0 0,5 +/0) oy
O 005 Joydl 5 029,500 sl (Sogll 0 1 51 j5kaie &,
435 0, (Ao Fo [ol,F il a0 VY- slos) ISyl S

Sl S g ok d cony SO USCE @ enlig 0
Wl e o5 6L Sy S msi bl iSlgnal wiile il
{(Error! Bookmark not defined.) 55 oo 0

b e il Sl 5 Ll das S i sl b b 4o
I LSS —F o) Ly L slmo omis 5 05,8 e |, CeiS
TS & Jsko gl 5l gdle Lawgs bo 2y aialed o0 95
03S1y S Jasme o BLI gL Q;Twﬁbwagbjc&;
SRS & oLl Tules 5 SUI b e I3 b 305 n
YU Sl Caglio Ly iV g cipl) (goms ds a¥ 5
&3ls ;o (Error! Bookmark not defined.) s oo JoSCi5
LS Shsb a5l sloarts Bl 511 g3 5es ko
e plSoial il L S 5 VL osls 5l Ll el
A el )09 2 6yt (s Sl 5 98

5 Wlsi go a5 el LI (gotmy s JLSles Sy g ,See b
Soanly ol 098 ol ) a olge calizes glgil b oS 5
() 9= s (S loo )5 sl cenlio S joralSTsil
0y g Jols Jlail sl i gany ds fny G (pmizmen
S5 ol Sigie slonl jl g 0iS oo @l | Ggml Il
bl e s (Error! Bookmark not defined.) oS’
oy sl qilie 5 Oloie 4 pockign cnl 23 ol s
OF) ol @285 15 aslllas 550 Jshos calises gl
iz 5 5ol o SLoe sl Ban b o) o5 ol 2
I alssS ploj S slan Ol S by b )b s
FB 090 mdge Zush, ShalS Zel g 005 i 1 035 (990
Ol e aales 035 ) Olewdl (e 4 e g Mgl o0
US55 cmalin (glosla e g Koo sl a5 ol Jb o
908 oo cdiblore g g 9 g e alos i ;5 000
) 31 525 (o 1555 (59, 2 Sonie

bl (sl (9,50 Hobow &5 sy o0 Sl 4 Wl (e
Rl 035 69y 2 Sy SlaS 5 aile 5 (adlee il
Olye 4 (99,50 Hoko . (VF) Cosl Ll Cungy (6l (onnlie
ogd ol o gl (slosls Polus gsl w5l Jy S
Ao e o Gl o950 Jelu 10 05250 BLIT Gl
ol 31 JSte sl oy perdy S b alio )5 55Vl oo
053 51 6 3YL ol Gas cdyls a s 050l 5 aits aLS
78+ 5l G alhous (g3lslu slie G oS 6,9k 4y taims lis

3 s S8 o lySoe Sl et 2 el T 233


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1401.32.1.11.6 ]

[ DOI: 10.52547/iau.32.1.11]

P P ) Olgne 4 oud gl Al (395w Yolweil

Mwlol3T sl Kiils Sy pole alxo 1F

e e YOS - 1SS 030l e0game) Jluzud yieg,Se
Gl s o oolainl Cwbes dnule sl (ACCUD &S i
753 sl i Silos L 3 (605 05l igas calisee alai Vo o

Sladige O i (i 5 (Swisd 5 ol (o) pslate 4
a5 5 0 (BS 3449: 1990) Ssbiwl (5,5 abosé (y305] o,
Sl G 5 0028 (9 St sl diged o9 (nl 53 S
Lavdiges (s 2o 59 dbgé e Of j0 sasin oy oo
a8 3 Ladsgas 0900 Oligl dhowg 0 Bl Ol g (5 o>
dlre (gl g Wl 2395 abye Sladised g g S
(V) aJolee 5l (Water absorption WA) ol Cd > oy o
A oolazul
M) WA = (W2-W1) / W1) * 100

Ladged 5 o359 0didd lid W g Sas 59 odims lid Wi
Ll

O R T 1
b o o el Sy oSl B S0 ol

il sl b o o8 s 5 ol 5o ok pges ) S

&N 09 o

sk i

1929 (NCBI sla ol oy sl joiwl ducwgo Jok STL 5
S8 ST o o 5 a0 5l e b Jghes .o 4y C161)
SIS i a1 L S e sl S0 28
10 L ,g5beSSl o 1y T s 092 (Fetal Bovine Serum FBS)
asisls 8018 il ax 0 YV sles 1o Cugb, 10 5 5]
AY)

wghw (Flo 0y (ow)yy

MTT i i ) o 5| Latigad ks s o
VTl a3 8 plosl ado e a0 Gialojl cpl i o)
9ol Ay, Salx e 0 i ae g e Ve g Joles
csanme ol i L ol ) 8 sl ax 0 YV slos jo ,55LeSSl o
Celw VY g FA VY 5l s g 0l 00ls |18 CO2 970 yumd]

B9yl 4 il ale 5 (651 gemilige (3953 g S
3 Sl iy Mol S By, b po 5 ol plonil 090 5 p0 CiS
a0, 8 il azs oYY sles o ciS By, b dl> o
G593 V0 3l e g Nl (oSS eilasSl s (S B j50
Do (55] gez S La e ol (s3lsbw slaaY
A a0 30 0y o il ) dgax LAY lhugie Culis)
75 la Ll (g5 Jobw slaa¥ adss jshais 4
oadle Bl Blal dlge plu yizren g BLlgl oy o colidl
3 esmsSen Jobow sam aw LSl (g)0 0 oS e
Jsbna ) it (ot oy it 468,500 LIS (535
(g lod ;0 a8 B e Sdo 4y Jlog o) mudes dnS g 000
A oolo gt Hlade Ol b ladiged Colys 4o 9 ol ool
Vo (g il (i Sl Sl b L diged 5 3 al> e p0
.(Error! Bookmark not defined.) o1 c.ews & pH: £#-Y b
S e &8 sl S Jase 00l lge a5 el S3 a4 p3Y
4t gplHleSins 2850 Sl (olord Slge plo g 03 (5l >
19758 Fobo 395 (SIS

03 Jlail eale ylgie a4 (Citric Acid CA) G s !
(Sodium hypophosphite :SHP) sow Cobwdgud 5 o8
5 Sn Fslsls Loy JLatl sl 555008 oyt
alize glaclale o oad i 09,5 Holuw ol colatul
50 YO oz [ Hyg soo,0) Wals 9 abbge CA [ SHP
To o X o Ly Cidgn s 5 S s gl V-
Y Jlal gl e (Sl YT St @y 0 8 il a0
a ol S le az 3170 led )3 baaiged ¢ 9,800 ol sl
00ld gt yhaie O Loyl 5 o g Qo o aiB0 O Ske
2 Loasges s o ol 5l am sl cavs 4 pH :0-F b wias
Error! Bookmark not ) (\ &) wad S 56l gles
(defined.

S9r5w Holw Cluogas owyy

9 00— J_a.c ‘5-39)&“ )le_».t ‘S:L\M.u &_)Lv«éj.«d’ axlllas 6‘1.:
Perkin Elmer model Frontier; ) ATR-FTIR S_uSs 5l ols

o oolatwl (USA

Flpasons ($55099)90 9 (P Sloasiin svalive sl
(SEM VEGA \\ TESCAN) s, s 25| osSnsg ;Sio
Polw dLadsiges g5l oolel (gl ol eoliiwl (S (5 900>
Db Sl L e Llpd Cod (Jgene g 0sd Joo (29,50
Al oiligy ooVl


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1401.32.1.11.6 ]

[ DOI: 10.52547/iau.32.1.11]

10 1 o)y 0 g wiglyS owle pxw

1f+) )LQ-) L \G)Lo.& oYY 6,99

slos, § olwliss gl ATRFTIR s i 5|
ooliil (o9,See b (ol (1Al 5lan 5 L (60 Sloe
Gl 45 ams o i |, lmaisas cinbs ¥ S
Loy, 5 gl oYY —YFe om? o alin slasy
CHy _Lole 05,5 45 Logsye VEV -1 E8e OMT ¢ LouS's oen
Vepeomt g, Sla Sen gl VYooY emt
Jlo o 53 aits silske slo om0 5o (K elSn
Jds 4 (CA T SHP) sus St S sladiges ils o
oLl e JLail Al 5l ey a5 (COO-) il wises
YV AF) 0,0 059 WY emt s atiie S S Wl

Y

102
““xmh I.“:-‘""“"U
-. In
o7 ' |
% WS L} 4 (K W PR TR JUTED
& -1
\; ) TEecm CHZ ol 0gyf eagine ‘l
3 ! \
2 s Framt |
" I
2
£ |
] |
) EETCRR S R |
— el betys (1 .
~
7
3600 3100 2600 2100 1600 1100 500

Wavenumber (cm-1)

oS I (9955e ok 508 gole pl S sy il ¥ S
P (29,500 Hoku g 0ot S

9) 95N gy 5

wssSee Hoke BUIGL il] saims las ¥ S
Sl opdle 4 sl 2agl Voo 5l a8 bailshe ol LI
Gl il b el oad odls lis pygla o a5 b
Error! Bookmark ) ol oo (yiol3dl mlaw d8ls ,lad CA
Conle s 4 Gy sl (] » ogdle .(not defined.
Ylail an s (b yo slosil 55, » Wl o0 955 Go!
Holoo SoBLIgl el 39 oo conms 5 3,88 3l o0
ARSIV R WIPIVA S VR S W TR TR oo
Bk pl (29,500 ek 5l 5 @l load Joe

2 Ladobw (Sloe 0ay 9 (ges—0e ($T5T58)50 y5e—nlisS]
(B J58) wis 5 )18 bl 0550 5 oaline (695 gSung S
9938 5l s g 00l )5 Johes (xbans Jarome waay Al e )0
4> 0 VY gLl olws ;o MTT  Jodowe ;59,500 O
L5 o ool a3z L Jshas s cels 8 b ¥ s 5 01,55
Ber g ad adlyy 99) glo s W3S 0pdglie | podgsl 25

Dimethyl  DMSO0) oS silows o 65 52y Seco
535 = il U5 oo 5 adlsl Sal> e 4 (Sulfoxide
i (5] ez Biged (upes

523 L Lt Jol e b ol «Saly o 55, ol
4 e O A b ol gl OV e Jsbo b oo,
Sl s I Sl Sy o JelS 0y Lasme 48 el S8
CV) sl sls 0usy 3l (gao o lgae 4 boadl ol aid §
(V) ¥ +) Wlosds dpslone Y aolas ;3 5 s (Cell Viability
CV (%) = (OD Sample — OD Blank) / (OD Control — OD
(Y) Blank) x 100%

0990 R

g (S5 g Wl

o Dl o1 K5 psle olEils bavgs  lse> lalllas
A—b ol (IR.IAU.PS.REC.1400.101) L=l oS Lo
3l sbotde 3,5 L (CrTac: NCr-Foxnlnu) o sla ybse
Tz g Sy (Plo Wah Ghste Jgs 9 k) e0melS
Sl (o 5 2ia e 05 1Y+ SN ke slol
Sl 4 5y s (oVgd LBl oolainl b gy 4l o S
Slowl s o) Liex ol 0 dids ) SoeaaS e ol )
S g g 1035 (yloys

Lol 5l (K5 o5 dloml 5l Gy (S0l (659 g 99
L o S g sl 952 ay o Lo s (sl b oslin
P o> 2oyd 10 g (poliy (coxx> 1)) 0dd (5:5, (poly
Felmo L gl Ghg 0 (Ggiead 055 Joro (b Jlo s
Sloss 0al (gl aSed (29,50 ok b pad (9o 9 o5 (09,50
ot s S 50 o 085 )18 oo L g aials
(B3 39y 3 N (6 ltSS Al )50 4 00k e
O (gl diges o hge | Sy o (i ge o35 4l 5l il
(YY) 285 &y50 il (555 2 S53lgilgimnd (o (g 5

yaisy
058 H9obe (i b


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1401.32.1.11.6 ]

[ DOI: 10.52547/iau.32.1.11]

0 P ) Olgre & oud (gl Al (19550 Wolweils

oMuwlal3T olKils Sy pole alxo /15

Bged Sy p o) S she Slawi Azl )0 09b oo Jobo
ol F USE ad oy cele VY 5 FA G YF o b
S35 » ok ol oy (poe SYLal &S Bas e
&2 opl poodle Wl sgu Sl oads S!S slodiges
Ceodlg ynd yaile 0aiy 5 i cdwlive b diged ;0 Seew
Hoko Sl sy ool Sl b aiged (g5, » 1929

g ple (29,500

—o= (o) e

s
(| i sy
w
&

ige
=95 Jolw) V aigei ol Gz 5 Culis anlie F JSG

Sl + (9,5 )Y asai 5 (10 Cuddgn o g
(A RIENE IR TVSE I NEWAPY/A KIS VS iow

b Sl
g S lazme 135 leys (lyee bamme g0 0 1) e
@ Oldlae 5l (gl ;o ol Jl o Ll iosbye lazes
Cobye e S50 05 Sgne 45 Wdew, axd
S g b by 0pS e Sjge Sre NI
Ngy Moo Jatd |y o9me wlp 035 0 Cugb,
Rl 95 wogbye Ghsy 4o o3OS A 5 gl il
il JSas g adh Rl RIS ol ead e e
5 s b ddzr (S9> Bo,e LA g b oo Sy AT

(YA) 5,5 o0 O yg0 (6 puian Suls
Fobos Gloys aig) g co camliv V JSb j0 a5 jsbolen
5 Sl 48,5 Djs0 Sy Glowdly 4 o ol (5,500
S Fge ol SlulS asye Voo g9, el 5
Hobo azmi po wls ploxl 1) leys pls (29,5 ke
L 3o 6y o oy Sipbul S oo Yo g Sas

Ll (8 i w5.b) G‘J‘QJ"':""'B‘))“))‘}

e Ol e b S e il
2955 Fologil 5l ciag; (59,8l g8y Ko yrguai Y S
295w Joko (@ pl> (09,50 ok (Al ool laSils 5 ol
019,50 Poko (z VIO Coidyd o 5 /0 oy el +

(1) Cobadgmd w5 117 G i Sl +

ol g Of i ()

Ao, ol sl Lol odaline ji ) S j0 a5 468 len
Ul i 5 00 i Uiges Caslieds «oS e Sl
SLad b 05,5 oo cozge yol (ot il o0 RIB) 5
DI sl oad Joo (9950 ke lo Y o (s i
slaigel ol iz ol Gl 4 e g 0l o9y 4 O
(FUS2) 098 o0 o5 (029,500 ok b auslio 0 00l Joe
Sr—inr ol 0ad SLLulS 05,50 sk bl (ran
ol 5 0800 St 00 5 03905 (e 355 50,
Ds @y Ay yoie A5 3,00 929 03 gel i (6
g0 035 Gleys

5 SOy Sl 1 eolainl b STy aS ol lis E.\Lu
ofs b o9 See loke twgs O 5 ol Sl
JeSo e byl loeg 5 ol (3l bocnlnbe
5 S Doge a4 g95ee ol (wsnl (S sl
Hobo 5l oslanal )3 Wl so ol (ul g 8l Aal8l oloeed
(O ) aS ol sbile Gl lgre 4y 29,50

b S

5 055 Olemsly Jobo ile ousy (2l sl By cn!
3 ey Coons 05 g0 oolainl Gl gwaige H0 Cewg)ls
Syocel ploy GBI L5 WS (0 6T ol Jobo 5SS


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1401.32.1.11.6 ]

[ DOI: 10.52547/iau.32.1.11]

W ol g wigl S cwle oo

¥+ )LQJ. ° ‘O)Lo.& oYY 0,90

)

() Jr=S Salz 5 () Jsbo olyom & con)ls (6,58 95ms ;Sn gl B S50

120

100

80

60

40

20

Relative Cell Viability%

MTT

Samples

®72h ®m24h mA48h

Control

sk 9 10 Sy el 4 (29,500 Foke)) Aiged t0dd GlaSel 5 a5 (29,500 Hslugil slacewls (Jobo Coan (o) n P S0
TY o S Sl + (29,500 Jla)V diged (0 Coudgud oo 9 1) 0 S duml + 09,500 Jol)V Aiged (V0 Cobudgn
(P (25,50 ) digei 9 (1) ¢ Cbdgn o

233198 39,

3 39)

o 39

P 39)

+ 2l U Hlalw
Y e S s ]

pl b U3l

ek Slo diges (KiFgm slapds 0b Wi 5 @2335L U pow lajs) (Sloy alald 13 (o35 (2l 035 29 pslas WV S5
03 h.ih-:-l-ﬂ)‘; M)b Y. 9 fl.’> 6;5)5.“


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1401.32.1.11.6 ]

[ DOI: 10.52547/iau.32.1.11]

P P ) Olgne 4 oud (gl Al (395 Polweil

oolsl3T LRl (i pole aloxo VA

L1y ol sl eolatal azs )0 5 058 0 o) O (5,100 i
Lol 03,5 905, 2l Al

plnl i opl Mol gz o Glllas ol s o
555 ol Slsie 2 1 g, ks ol b o o
o iiSTy s lisle Sl b oalex S sl
o3Sen ol L 3 s (sl S L an
o b9 mger w8 sk 5o ol oo |y Mol (ol oS
YQ) ols plosl ol 5l

SIS B b b cewl oad (B Wby, ol 5o &g o
a9l SlaS 5 o093l Goyb 5l See Folo o o
s Heke 63l o Shy i b Canga]
by Sgae o yix (gojluil g S al8l alex

Foko aiey o 23l Glo Jlo o a5 Glllas azg b
(F-F5 XY 1) alodl o3 ool Olgie 4 g S
O w2 DYlal sbml boas 6 Rk onl o
Gl U195 S sl eslinul b deke slao oo
oyl lowaily a1y TL ol 5,1 o1 Ol Cd 5L yo jeudy g
Gl ) (K ge 05 S50t Sy 5 S o 055
g Mlo Laa> aS 0l adeie odel Caws 4 @bl aws
5% bl G e 29,500 ok e pile )3 am 4 JlSLs
S syhin el Comyat ol 3)s ol i Sl Joted
s &5 ep5 Glomsly Gloe & oslinal (sl (229,50 Hsho
S S gle o35 lp aSh e sl w35 Gln
ol @ dgnte Sln ) (orilie Jaszme 9 ABL 0uiiS” ol
Slol Ol i Jl e 0 g wlad o2l 3 b 155 g4
Sl 7 29500 sl Gl asS Qd 53 ) ez
Jodly a5 sl 03 @ jazie (9055 cole G 0ad
I o2 el alea 51 (S slao )5 sl (VL

J > Kg 5l G slaps) alex 5l daes elal
1 by locdl e clapiares 5 |, ol Las ol
lp oS fise olge Gl 51 aiS (0 Sy Ol el
o J59 0 0,5 o 18 eoliinl 5,90 L3 £55 cnl pleoyo
aiey ;0 3 o35 Ol Olpe 4 losyiS 5k 4
Sagb, @ly ,o S oo )13 eslitul 3550 Z3l cwiigs
P gk Ny 5o olel bele S da g 00 e
Se ol @ (29,5 Hsbe Cangeze (bl ren el
CA U057 3 pamie Pl S 4ol U5,
e e Gl o] e 5 L
Jre w ol e o sl slauTis
SRlr S o s S et gl e
dyore 5 2ok sl planil plo 6l ladr0 4 (9)de
5 oo Bags by Lams sl 5 |z ol
Slont 353 5035 gyl 1) Sgate Mgy Wlgi oo (229,50 sl
Q20 als

sp>) ol @ln cbe (Siislan dlge 0505 &
ssb aoanl p3 e sla 1) Sl (nl (29,5 ek (ol
oalaiwl 0590 v 3l Cudlie jo adel cole laie 4y 00 il
Sl

0P & pazie Jigp0e0 950 el LI gL oS
(£35S0 )lS 53 Sam s JliSle &) 4z g3 L 4
rorkism ol el 4Bl S8l w5 035 Oley o,
5 S o gl sl ol pmes o @ ad Sas il
Sl lghe 6ok Glooyeay (S ey Az o
N8, Cowd 5l Ay i g aed co Cewd (1) 0g5 (go A

REFERENCES

. Czaja W, Krystynowicz A, Bielecki S, Brown RM Jr. Microbial cellulose--the natural power to heal wounds.

Biomaterials 2006;27:145-51.

2. Meftahi A, Khajavi R, Rashidi A, Sattari M, Yazdanshenas ME, Torabi M. The effects of cotton gauze coating with

microbial cellulose. Cellulose 2010;17:199-204.

3. Gorgieva S, Tréek J. Bacterial cellulose: Production, modification and perspectives in biomedical applications.

Nanomaterials 2019;9:1-20.

4. Khajavi R, Meftahi A, Alibakhshi S, Samih L. Investigation of Microbial cellulose/Cotton/Silver nanobiocomposite
as a modern wound dressing. Adv Mater Res 2014;829:616-621.

5. Lin D, Liu Z, Shen R, Chen S, Yang X. Bacterial cellulose in food industry: Current research and future prospects.

Int J Biol Macromol 2020;158:1007-1019.

6. Bianchet RT, Vieira Cubas AL, Machado MM, Siegel Moecke EH. Applicability of bacterial cellulose in cosmetics
— bibliometric review. Biotechnol Reports 2020;27:e00502-e00502.

7. Kumar A, Cardia R, Cappellini G. Electronic and optical properties of chromophores from bacterial cellulose.

Cellulose 2018;25:2191-2203.


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1401.32.1.11.6 ]

[ DOI: 10.52547/iau.32.1.11]

14/ o) 0p g Wigl)F cwle o 1FeY Sl @ Yo,lols @YY 0,90

8. Rosyida VT, Indrianingsih AW, Hayati SN, Apriyana W. The effect of different drying temperature on crystallinity
and morphology structure of bacterial cellulose. IOP Conf Ser Earth Environ Sci 2020;462.

9. Cao Y meng, Liu M yu, Xue Z wei, et al. Surface-structured bacterial cellulose loaded with hUSCs accelerate skin
wound healing by promoting angiogenesis in rats. Biochem Biophys Res Commun 2019;516:1167-1174.

10. Eslahi N, Mahmoodi A, Mahmoudi N, Zandi N, Simchi A. Processing and Properties of Nanofibrous Bacterial
Cellulose-Containing Polymer Composites: A Review of Recent Advances for Biomedical Applications. Polym Rev
2020;60:144-170.

11. Picheth GF, Pirich CL, Sierakowski MR, Woehl MA, Sakakibara CN, de Souza CF, et al. Bacterial cellulose in
biomedical applications: A review. Int J Biol Macromol 2017;104:97-106.

12. Sharma C, Bhardwaj NK. Bacterial nanocellulose: Present status, biomedical applications and future perspectives.
Mater Sci Eng C 2019;104:109963.

13.Lynd LR, Weimer PJ, Zyl WH Van, Isak S. Microbial Cellulose Utilization: Fundamentals and Biotechnology
Microbial Cellulose Utilization : Fundamentals and Biotechnology. Microbiol Mol Biol Rev 2002;66:506-577.

14.1 .Huang Y, Zhu C, Yang J, Nie Y, Chen C, Sun D. Recent advances in bacterial cellulose. Cellulose 2014;21:1-30.

15.Wang J, Zhu Y, Du J. Bacterial cellulose: A natural nanomaterial for biomedical applications. J Mech Med Biol
2011;11:285-306.

16. Meftahi A, Khajavi R, Rashidi A, Rahimi MK, Bahador A. Preventing the collapse of 3D bacterial cellulose
network via citric acid. J Nanostructure Chem 2018;8:311-320.

17. Zahedi E, Esmaeili A, Eslahi N, Shokrgozar MA, Simchi A. Fabrication and characterization of core-shell
electrospun fibrous mats containing medicinal herbs for wound healing and skin tissue engineering. Mar Drugs
2019;17:1-13.

18.Qiu Y, Qiu L, Cui J, Wei Q. Bacterial cellulose and bacterial cellulose-vaccarin membranes for wound healing.
Mater Sci Eng C 2016;59:303-309.

19. Mosmann T, DNAX. Rapid colorimetric assay for cellular growth and survival: application to proliferation and
cytotoxicity assays. J Immunol Methods 1983;65:55-63.

20. Sayed SM, Jia H, Jiang Y, Zhu Y, Ma L, Yin F. Supporting Information Photostable AIE Probes for Wash-Free,
Ultrafast, and High-Quality. J Mater Chem B 2021;9: 4303-4308.

21. Ciecholewska-Jusko D, Zywicka A, Junka A, Drozd R, Sobolewski P, Migdat P, et al. Superabsorbent crosslinked
bacterial cellulose biomaterials for chronic wound dressings. Carbohydr Polym 2021;253:117247.

22.Mohamad N, Loh EY X, Fauzi MB, Ng MH, Mohd Amin MCI. In vivo evaluation of bacterial cellulose/acrylic acid
wound dressing hydrogel containing keratinocytes and fibroblasts for burn wounds. Drug Deliv Transl Res
2019;9:444-452.

23. Gil Giraldo GA, Mantovan J, Marim BM, Kishima JOF, Mali S. Surface Modification of Cellulose from Oat Hull
with Citric Acid Using Ultrasonication and Reactive Extrusion Assisted Processes. Polysaccharides 2021; 2:218-
233.

24. Awada H, Montplaisir D, Daneault C. Cross-Linking of Papers Based on Thermomechanical Pulp Fibers by
Polycarboxylic Acids: In fl uence on the Wet Breaking Length. Ind Eng Chem Res 2014; 11: 4312-4317.

25. Widsten P, Dooley N, Parr R, Capricho J, Suckling I. Citric acid crosslinking of paper products for improved high-
humidity performance. Carbohydr Polym 2014;101:998-1004.

26. Grande CJ, Torres FG, Gomez CM, Troncoso OP, Canet-ferrer J, Martinez-pastor J. Development of self-assembled
bacterial cellulose — starch nanocomposites. Mater Sci Eng C 2009;29:1098-1104.

27.Wang J, Wan YZ, Luo HL, Gao C, Huang Y. Immobilization of gelatin on bacterial cellulose nano fi bers surface
via crosslinking technique. Mater Sci Eng C 2012;32:536-541.

28. Herndon DN, Editor. Total Burn Care. Amsterdam, Netherlands: Elsevier; 2012. P.808.

29. Sulaeva I, Henniges U, Rosenau T, Potthast A. Bacterial cellulose as a material for wound treatment: Properties and
modifications: A review. Biotechnol Adv 2015;33:1547-1571.

30.Khalid A, Khan R, Ul-Islam M, Khan T, Wahid F. Bacterial cellulose-zinc oxide nanocomposites as a novel
dressing system for burn wounds. Carbohydr Polym 2017;164:214-221.

31. Dmitrovi¢ S, Matovi¢ B, Tasi¢ N, Maksimovi¢ V, Sosnin M, Radoti¢ K. Bacterial cellulose-lignin composite
hydrogel as a promising agent in chronic wound healing. Int J Biol Macromol 2018;118:494-503.


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1401.32.1.11.6 ]

[ DOI: 10.52547/iau.32.1.11]

P P ) Olgne 4 oud gl Al (395 Wolweil ol 3131 oLl Sy pole aloxo /Y

32.Rodrigues P, Sousa F De, Saska S, Barud H, Lima LR De, Amaro Martins V De, et al. Bacterial Cellulose /
Collagen Hydrogel for Wound Healing. Materials Research 2016; 19: 106-116.

33.Lin WC, Lien CC, Yeh HJ, Yu CM, Hsu SH. Bacterial cellulose and bacterial cellulose-chitosan membranes for
wound dressing applications. Carbohydr Polym 2013;94:603-611.

34.Volova TG, Shumilova AA, Nikolaeva ED, Kirichenko AK, Shishatskaya El. Biotechnological wound dressings
based on bacterial cellulose and degradable copolymer P(3HB/4HB). Int J Biol Macromol 2019;131:230-240.

35. Cacicedo ML, Pacheco G, Islan GA, Alvarez VA, Barud HS, Castro GR. Chitosan-bacterial cellulose patch of
ciprofloxacin for wound dressing: Preparation and characterization studies. Int J Biol Macromol 2020;147:1136-
1145.

36. Wichai S, Chuysinuan P, Chaiarwut S, Ekabutr P, Supaphol P. Development of bacterial cellulose/alginate/chitosan
composites incorporating copper (l) sulfate as an antibacterial wound dressing. J Drug Deliv Sci Technol
2019;51:662-671.


http://dx.doi.org/10.52547/iau.32.1.11
https://dor.isc.ac/dor/20.1001.1.10235922.1401.32.1.11.6
http://tmuj.iautmu.ac.ir/article-1-1937-en.html
http://www.tcpdf.org

