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ABSTRACT

A new jodophor w
showed that chitosan jodine
e |mnwl 1oy be more effect

as desipned so that wdine 1 complexed with the canonie pniyr;m:«,l;;:ruin chitoran. The udy
complex (C1C) 15 readily dispersible in walcr and prsdually releases most of the free sedins.

ive antimicrobial agent than the wadely used povidone-odine (hetadine)

INTRODUCTION MATERIALS AND METHODS
Jodine has a rapid and broad antimicrobiol actvity Materials:
against bacterni mcludmg lll)’l.'l)h.‘l:,’lt.'ll.'l. funpt, viruscs, lodine was purcha‘.crl (rom  Andenen-Chemie
Protozoi, yeasts, and some spores LTS activity 1% Jess Fnpelhard &  Pantics b, Raboisen Hamburg

of Sigmia Chemical Co.
“) were

e matter than that of other halogens, . .
) Chitosan is the  product
St.Louis, MO, USA. Acelic acid  and Tween

abo Co, France. Betadine (107 wly

affected by orgs

but is decreased at alkaline pl

lodine is used as a skin disinfectant m hospitals, and obtained from Prol
also a domestic antiseptic. Among the disadvantages pnvidrmc-imﬁnc-) was the product of the NILE Co.for
which limit the use of iodine solutions we their staining pharmaceutical products, Cairo, Fpypt, Batch No.

J41.003, under License by Mundipharma A, Busal,

of skin and fabrics, and the possible occurrence of skin
swoth and agar and Sabouraud's

3
’ Switzerland. Nutrient |

reactions of irmtation
dextrose broth were the product of Oxoid, England.

lodine may be complexed by various nontonic and

cationic surface-active agents, the resulting preparations y p
. Microorganisms:

being known as iodophors, since they act as iodine o '
carriers. Active iodine is slowly liberated as the Ihe following standard strains were uscd in. this
complexes are dispersed on ditution Y. investigation: Staphylococcus  autens ATCC 6538,

lodophors are more slable and less reactive than [HCMMI“U , m.l.l “Al(‘(‘ 10536, .. .Faendoronas
ordinary iodine solutions. This diminished reactivity T:"f;"”f”'m AIC,(/ ‘102’{, Kleh.s'uf’l.la piemoRice i
results in lower oral toxicity, a reduced corrosive action Kids and Condldauclblceng ATEC 1925,
on metals, 1 decrease in skin urritation and staining, and Preparation of chitosan-iodine complex (CIC):

areduction in the volatility of iodine™. CIC was prepared by mixing stock alccholic iodine
solution with 1% chitosan solution in 1% acetic acid, o

The addition of a surfactant to a germicide solution
yield a final iodine concentration of 6.1% to 0.4%.

may be an important factor 1n bringing the solution into
contact with the organism @, Antimicrobial spectrum of chitosan-iodine complex
by agar diffusion'®:

Seeding the medivm: Agar diffusion technigue has bzen
used  successfully  for  determining  microbial

In the present work chitosan was utilized a$ indine
Adrre T . 5 4
carrier and the antimicrobial activity of the new

10do il e deds
phor (chitosan-iodine complex) was evaluated in

Lompanson wi . £ ‘ : . ciicmaptihili y
ith the commonly used povidone-todine susceptibility to the different anumicrobial agents. To

v”’(‘(nd" . . * .

| AdQInge ). Qs o . ' .. Qi . ¥

¢). Chitosan is a polyaminosaccharide derived pre-seed the medium; nutrient agar for bacterial strans
1M G ¥t 5

[lr-)n v . v
M chitin, It s b . . , .. :
is nontoxic biological polymer having and Sabouraud's dextrose agar for yeasisiwere melied
v ' . o

! {n\(”u* .
i e characteristic : :
1MICS  SUC T P . ‘ Ve . A
such as 1mmune  adjuvant ind cooled to 48°C. A suspension. of tested organism

Lactiviy biod ili
it e o s et aar (O s adde :
} y and biological compatibilit A7) was added to give a concentration of about 10 celis/ml -

.
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Miv well ang Pour into a9 eme Petri dish on a flat

Mithee. Dry the plates at room femperature for 1 hour,
Apar dopth of 4y s recommended. For yeast, a
2hhowr ol culture on Subouraumd's dextrose agar was
washed from the surface with a small amount of sterile
Wiker- The suspension was vigorously pipetted or
vortexed - break up large clumps of cells. Yeast
Suspension should contnin 10° yeasts/ml,

Test: Holes were made in the medium with a sterile
COtR borer (10 mm in diameter) and the agar plugs were
left vt carelully so that the surrounding medium was
not disturbed, Holes were completely filled with the
tested  antimicrobial - agents  and (e plates were
meubated for at least 4 hours at 37°C for bactera and
Yeast strains,

The size of the zone of mlbinon was used as a
measure of the depree of suseepubility of the tested
stiauns. The Luger the zone of minbinon, the more
suscephible the tested orpamsm
Evaluation of activity of chitosan «indine by Kelsey-
Sykes procedure! ™,

One ml ol the bacterial suspension prepared in broth
(tor elean) or in 55 (w/v) yeast suspension (for dirty),
as required, was added 10 3 ml of each disinfectant
dilution with gentle shaking. After 8 minutes a sample
of the mixture was removed and one drop was
transferred 1o cach of five bes of (he liquid recovery
mediim: contams 3% (w/v) tween 800 Two minutes
later, Le. 10 minutes after the first inoculation, the
disinfectant mixture was inoculated with a further | ml
of the bacterial suspension, and 8 minutes  later
subculware as before, A further 2 minutes later, 1e, 20
miutes after the first inoculation, repeat the process
agan. The imual test was carried out at 20 10 22°C, and
all subcaltwes were incubated at abour 32°C for 48
hours. The number of (ubes showing growth i the
hquid medium was recorded. No growth of the tested
Orgamsmon two or more of the five subculture tubes
after the second mcremental addition signified that the
dismfectant was sutsfactory  for use

In

wdentlied

the mmital

concentraton used meothe ges) othet words, a

satshictory  concentraton was where no

prowth was obtained i 409 or more of the wtal

nimber of tubes atter the second merement

The test should be repeated several times an

L'fY

Jifferent occastons and the mean vesponse t‘al!culak\!
for cach disinfectant dilution employed,

The 24-hour culture growth on agar slope shouly be
washed from the surface with a small amount of bro
or yeast suspension, as appropriate, and diduted 5y the

same lquid to give a concentration of 10° OrEanismypy

For tests simulating clean conditions, the Organism
were suspended in broth, whereas for those StMulating
dirty conditions, the organisms were suspended iy Sody
suspension,

All dilunions of disinfectant were freshly prepared iy
standard hard water (300 ppm hardness).

RESULTS
The antimicrobial activities of the chitosan-joding
complex (CICY by agar diftusion method 1 comparison

with that produced by Betadine and jodine solution ape
summanzed in table (1),

The data revealed that CIC has a wide spectium
activity and is more efficient as antimicrobial agent

than; the widely emploved iodophor; Betadine

On the other hand, CIC appears to be distinetly ley
potent than the free wdine preparation. Moreover,

chitosan exerted some inhibitory action againy the

microorganisms — under investigation  (table 1

Kelsey-Svkes test:

Since CIC 18 non-phenolic compound, it kas been
useful 10 evaluate 1ts activity in comparison with that
produced by iodine solution and Betadine by one of 1

official procedure for  evaluation  of von-phenolx

compounds, the Kelsey-Sykes procedure. The obtanad
results are summanzed m table (2). The table revealed
that, CIC 1s more efficient as anumicrobial agent thas

Retadine.

CIC passed the test at lower iodine concentiatior

against the tested nmucroorganisms  than  Betadie

- W sdued
However, the antiseptic activity was shghtly redue

AR oo
{table 2) by carrying out the test under dirty condited
. . ‘ . hin N IALS

Evidently, free iodine preparation was highly at
" . ;rw"&‘{

agamst the organisms investigated than the o)

prepaations (table 2.

DISCUSSION
iorpathy 2
' are used eafernat
wme tinctufe and solutions are us l
Todme 1\ i

, . ad mic
disinfectants and aotseptics for their bro w i
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Table (1): Antimicrobial activities of CIC, Betadine. iodine solution, and chitosan
by agar diffusion method.

AR— Diameter of Inhibition
A . ,' isms Zon . (mm
¢ ) ]

CIC**  Betadine lodine solution Chitosan]
Staph. aureus 22 mm 19 mm 24 mm 15 mm
ATCC 6538
Cundida albicans | 15 mm 14 mm 17 mm 12 mm
ATCC 10231
E.coli 1$mm 15mm 20 mm 13 mm
ATCC 10536
Ps. aureginosa 20mm  J6mm 22 mm 14 mm
ATCC 9027
K. pneumoniae 16 mm 15 mm 19 mm 13 mm
ATCC 10031

#=C1C = Chitosan -lodine Complex

ation of CIC, Betadine and iodine solution,

by Kelsey-Sykes procedure.

Table (2): Antimicrobial Evalu
CIC Betadine Iodine solution ‘
L]
Strain N Clean Dirty Clean Dirty Clean Dirty |
DAt o *Conc result Conc Result | Conc. Result Conc. Result | Conc. Result Conc. Result |
Staph. aureus 0.03% Pass 0.04% pass 0.04% Pass 005% Pass 0.02% Pass 0.03%  Pass |
ATCC 6538 !
Candida albicans 0.05% Pass 0.06% Pass | 0.06% Pass 0.07% Pass |0.04% Pass 0.05% Pass |
i
ATCC 10231 !'
E.coli 0.04% Pass 0.05% Pass 0.05% Pass 0.06% Pass |0.03% Pass 0.04% Pass |
ATCC 10536 i
0/ Qe 7 488 7 7 Y -2 y—t f
Ps. aureginosa  0.03% Pass 0.04% Pass 0.03% Pass 0.05% Pass 0.02% Pass 0.03%  Pass ?
ATCC 9027 i
KL pnewmoniae  0.04% Pass 0.05% Pass 0.05% Pass 006% Pass 0.03% Pass 0.04% Pass |
g, ‘
LATCC 10031 - !

* Cone.=Concentration of jodine con

tent

&1
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spectra against bacteria, fungi, viruses, protozos, and
y casts,

lodine s believed 1o destroy mucroorganisms by

machivation of - protein  through  iodination  and

ontdation (“.

For the sake of Tower toxicity and ritation, iodine
has been dispersed in vanous nononie and cationic
surfactants. These complexes are known as iodophors.
In this study, a sovel widophor which s chitosan-iodine
complex (CIC) has been tested for its antimicrobial
spectrum and activity by agar diffusion method and
Kelsey-Sykes test. CIC has been tested in comparison
with the commonly used iodophor, Betadine, as w ell as

the {ree todine solution,

Al preparations had equal iodine content, the only
ditference 1s the formulation of iodine content. In CIC,
jodine has been complexed with cationic biopolymer
chitosan in 19 acetic acid. In Betadine preparation,
jodine has been complexed with povidone (polyvinyl
pyrrolidone). Aqueous free 1odine has been prepared in
1% acetic acid solution. The antimicrobial activity of
1odophors, by using agar diffusion (table 1) and Kelsey
and Sykes (table 2) methods revealed that, they were
Jess reactive than ordinary iodine solution. CIC had a
more intubitory action upon the tested organisms than

by the povidone-iodine complex

that  exerted
(Betadine).

In addition, chitosan biopolymer exerted some
inhibitory action against the different organisms
(tablel).

Briefly then, CIC has an almost all advantages for
practical The
microbicidal action on a wide array of microorganisms,
and 1s miscible with water. In the use dilution, CIC

does not stain skin and neutral fabrics permanently.

use. complex  possesses  quick

Away from the previously mentioned advantages of
CIC which are usually shared by most iodophors
including Betadine, the biopolymer chitosan, has extra
benefits which gave CIC the priority in practical use.
Chitosan is an attractive candidate for a wound-healing
treatment because it forms a tough, water-absorbent,
hiocompatible film™" and this film can also be formed
directly on the burn by application of an aqueous

solution of chitosan acetate.  Surprisingly and

82

v. chitosan solutions in acidic water provig,
asant soothing effect when apphed o

age of chitesan i gy,

unexpected!

a cool and ple
(12) Apother advant
(s oxygen permeability. Thy,

f tissues which occurs

open wounds

wreatment of wounds 151

prevent mygcn-dcprivauon o

ample, when low permeability drops ar

the eye, for ¢x
used .

Chitosan is slowly degraded by lysozyme which
he wound area by the inflammatory cellg

r leucocytes), means that chitesay
pcriodicnll_v removed from the

transported to t
(polymor phonucled

film need not 1O be

wound at all (14),

ions demonstrated growth inhibiiory

Chitosan solut
anisms often encountered in

actions against the org

are aeruginosg

Pseudomonas
cius pyogenes as

burns  which
Staphvlococcus awreus and Streprococ
well as the intestinal bacterium E.coli and Candida
yeast which is usually present on human skin2).

Chitosan is a hemostatic agemus) and induces nssue
repair'®. The inductive and stimulatory activity of
chitosan
demonstrated, and it is suggested that chitosan could be

on connective tissue-rebuilding is clearly

considered a primer on which a norma! ussue
architecture is organized. The good healing produced

by chitosan provides evidence for satisfactory
biocompatibility™”. Toxicity tests of the chitin 1
sutures, including mutagenicity, —acute  toxicity,

pyrogenicity, hemolysis and skin reaction were negative
in all respectsus).

In conclusion, the hemostatic action, bum and
wound healing properties, as well as the bacteriostatic
and fungistatic characteristics of chitosan solution
provide us the initial idea of profitable commercial
utilization of this polyaminosaccharide in our nrovel

iodophor.
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