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Abstract

Severe skin damage or defects can cause various problems in living animates, which
could affect a patient's life. Developing wound dressings with acceptable antibacterial
activity, besides biocompatibility and biodegradability, is essential in developing wound
healing applications for decreasing or limiting synthetic antibiotic abuse. The present
study aimed to design, prepare, and develop a functional hydrogel structure based on
chitosan (CS) containing clove extract (CEO) with enhanced antibacterial activity, non-
toxicity, and wound-healing potential. The hydrogel structure was studied using a
scanning electron microscope (SEM) and Fourier transform infrared (FTIR). In
addition, the cytotoxicity of the designed hydrogel was assayed by the MTT test. Based
on the SEM, adding clove extract increased the pore size of the CS hydrogel. FTIR
analysis confirmed the presence and mixture of clove extract with CS in the hydrogel
structure. Our investigations displayed that the clove extract-loaded CS hydrogel did not
have cytotoxic effects on the mouse fibroblast (L929) cells. In addition, the designed
hydrogel showed antibacterial activity against Staphylococcus aureus and Escherichia
coli. According to the results, CS/CEO hydrogel is a great potential candidate for
antibiotic-free wound healing applications.
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Table 1. Characteristics of the bacteria used in antibacterial testing

Bacterium name

Standard Number

Gram Reaction

Staphylococcus areus (S. aureus)
Escherichia coli (E. coli)

ATTC 25923 Positive
ATTC 1330 Negative

CS/CEO 5 CS Jjs,0un €ges 55 L5 el ol
em-! sl ode S lsel sl sl &1
O- s N-H slak g bl i8S @ by o TigE
YY) Ailo JomS st 5 el slaes S sl p H
i a N s vEe em! el sl (Y
Sadisg el Slaes S Bl S 4 by
Gl s ol als,l iis o, CN
Sydoa 53 (V) Cnl sdalie LB C-O (glak 5y
53 Jsisl 65,8 4 bae Y14 5 Yod) cm-!
LG ey oll 5 (Y0) Wil o S o las
Ol S oy 35ms b IS5 Jloped 53 sdalle

el 56 LB (CS/CEO) Suse o5las Lol an

ey

okl

SIS oS Se b Dk Sl
Skl cls pulas el (SEM)
ik Sltle (SEM) 55 S0l Oy S
SO 5 5SS sl b Bl 51l €S
Soe ojlas 013 wasl boaSIloys s
Cmemed Sl s S5 Lils o3Il (CS/CEO)
o lea.ﬂ sl CS/CEO Jj5g,0a Na sl o
CS Jiootes wgas bl il o iz 5 CndSS
Sl Gl 5 Gl sl 1

Fourier Transform Infrared  svwib

wd> cib b g2 s (FTIR) Spectroscopy



Q;&-_ﬁ.f:l} sliad N-VY Olap N E0E )Léf ‘€_’.w b)LA-:I ‘V.AM Jl ‘6)_,3\9.' wuﬁmﬁ)’

sl Gobe 4 Loy 1929 ladle
Jiooder b oodd Jlad aiped awslis 5o dil
5 A, Ay 3 SsW S 6 L CS/CEO
Sledis Ol 350 o0 o> d sk (55058550
aslie 53 MTT s 3l eslizad LLI29 (clad sl
S YD K3 53 J 2 6 L CSICEO U350
5 Ay L, andlas 3yse el 55 A el ol
Coele VY b osl s 1929 el G
ol 5log 1929 (sladsher il eyl &5 sl
LY o 1) sl As, Ly, CS/CEO Jjssde L
VY LTS aglin s Ksbas cins o 0L il
Aol e p <o) (gl e da.w shls celu
5 IS Gladise sk iy a5 el s ol
Sy CSICEO Jis5dn Lol Hlad b aslis
S slae 5y [l Ll e a5 cpl

(a)

T
—

Transmittance (%)

sbdindr  po St oW aL5)
clld aglis 5 bl skwa CS/CEO
€503 93 LCS/CEO ol 4y J5sodep o5 ,Sedd
CEO ) Sue ojlas 5 (CS) Ole S s
ol 3 S I3 adlas 55 30 (extract
e Ya b S 5 e &bl Sls el 5 slas
S. s E coli 5,56 55 ade o5 Suds C)leb
oS Sl edd sl ojlas 4 by aurous
S

Cld sy ax s JB S LSl
oolae (IE,L BB CS J3sues oL SLas
AL Coolt S WIE &Sl S
Ldists obsbas cdle wabe Olgss
E. ;SL ede Ko o)las 5 (CSICEO ;5 CS)

el 8. aureus s ;SU 3 xis coli
51929 Jglu Sbeeksy 5 (6,85l () 2
JB Ya polas oS5 ) kiles id5g,ue Oyl

Ls‘j" (SISO Y L3 CS/CEO djj)J.:A (ol odalie

——CS
——CS/CEO

1400 2400 3400

Wave length (cm-1)

Ove :ﬂ}w &L«j)j LCS/CEO 9 CS dudj)).l?h )‘ SEM ﬂ}LﬁS (a) S %A e 6[.&(_]5}))»:& JL&W - (_K":

.CS/CEO ;CS lad5s,0s FTIR Cib (b) .05 See

Fig. 1. The synthesized hydrogels characterization. (a) SEM images of CS and CS/CEO hydrogels
Magnification: 500 pm. (b) FTIR spectra of CS and CS/CEO hydrogels.
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Fig. 2. The antimicrobial activity assay of synthesized hydrogels. (a) Antimicrobial activity of images of
CS and CS/CEO hydrogels against E. coli and S. aureus. strains (b) Average diameter of inhibition zone
area on agar for E. coli and S. aureus after incubation of CS and CS/CEO hydrogels.
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Fig. 3. In-vitro assay. (a) Inverted microscopy images of 1929 cells on CS/CEO hydrogel after 24h
incubation. A plate well without hydrogel was used as a control. The magnification of images is 100x. (b)
The cell viability of mouse fibroblast cells (L929) was seeded on CS/CEO hydrogel and controlled after

24-72h incubation.
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