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ABSTRACT

Silver-O-carboxymethyl glucomannan nanocomposites (Ag-CMG
nanocomposites) were synthesized via reduction of [Ag(NH,),]JOH by
NaBH, and HCHO reductant agents in the presence of water-soluble car-
boxymethyl glucomannan as a stabilizer. The characteristics of Ag-CMG
nanocomposites were investigated by transmission electron microscopy
(TEM) and UV-visspectra. Theresults shown that both NaBH, and HCHO
reductant agents could be used effectively for preparing the Ag-CMG
nanocomposites, and carboxymethyl glucomannan substrate could be used
as a good stabilizer for nano-system. The average particle size of silver
nanoparticleswas ranged between 2+25nm and 10-20nm when reductive
agents were NaBH, and HCHO, respectively. The characteristic surface
plasmon resonance band of silver nanoparticlesin the two cases centered
at about 384+425nm. In vitro antibacterial activities of Ag-CMG
nanocomposites were evaluated against Escherichia coli (Ec); Proteus
mirabilis (Pro); Shigella flexneri (Shi); Salmonella typhi (Sal) and
Pseudomonas aeruginosa (Pseu), which are Gram-negative bacteria, and
Saphylococcusaureus ATCC 1128 (Sa); Bacillus cereus AT CC 9946 (Bc);
which are Gram-positive bacteria. The results shown that the Ag-CMG
nanocomposites could inhibit the growth and multiplication of the tested
bacteria, especially to Ag-CM G with smaller particles.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

KEYWORDS

Sliver;
Carboxymethyl
glucomannan;
Nanoparticles;
Antibacterial;

Nanocomposites.

Inrecent years, silver nanoparticles haveattracted
much attention dueto their diminutive sizeand novel
material properties. With their nanometer scalesize,
whichwasrespons blefor different propertiesconcern-
ing thebulk materia rendersthem suitablefor applica
tions. Therefore, many approaches have been used to

preparesilver nanoparticlesfor arapidly growing list of
catalysis, eectronic, non-linear opticsand biomaterial
gpplications. Asbiomaterids, colloida slver solutions
haveanincreasedinterest duetother antibacteria prop-
erties, with large appli cationsincluding pharmacol ogy,
human and veterinary medicine, food industry, water
purification¥, For along timesilver hasbeen known
to haveadisinfecting effect and hasfound applications
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in traditional medicines culinary items*® silver has
known to be ametal that come into use even before
neolithic revolution. Thusnanoparticlesof silver have
aptly beeninvestigated for their antimicrobial proper-
ties®. Nanoparticlesof silver havethusbeen studied as
amediumfor antibiotic ddivery!®. Antimicrobid activ-
ity of silver nanoparticleshave been studied by various
researchersespecidly on E. coli, S. aureus® .

Dueto the aboveimportant applications, the syn-
thesisof silver nanoparticlesstill need to study for en-
largeahility of itsapplications. Redlity, alargevariety of
chemical processesisinvolvedinthe preparation of sil-
ver nanoparticleswithawell controlled size. Many re-
ports haveaddressed silver ionsreduced by reductants
and stabilizing or protecting agentsto prevent these
nanoparticlesfrom agglomeration®# 7. In processfor
preparing of silver nanoparticles, thestabilizer play an
important rolein preventing naoparticlesfrom aggre-
gating. So polysaccharides such as chitosan have been
used for preparation of nanocomposites. Dueto the
i nteraction between the amino groupsin chitosan and
meta nanoparticles, chitosan was chosen asaprotect-
ing agent in synthesisof silver nanoparticles. Paul et al.
investigated theeffect of thereducing sugar of dextran,
another kind of polysaccharide, ontheformation and
stability of dextran-coated ultra-small
superparamagneticiron oxides; they demongtrated that
reduction of theterminal reducing sugar could havea
sgnificant effect on particlesize, coating stability, and
magnetic properties™?.

Although, thesynthes sof dlver nanoparticlesusing
carboxymethyl glucomannan substrateasastabilizer has
not been reported el sewhere. For thisreason, theaims
of thiswork wereto synthesize and characterize of sil-
ver-CM G nanocompositesand to evauatetheitsanti-
bacterid activitiesinvitro.

EXPERIMENTAL

Materials

Carboxymethyl glucomannanwassynthesized usng
themethod mentionedin reference™. Sodium hydrogen
carbonate, slver nitrate, ammonia, formic ddehydeand
sodium borohydride were purchased from Merck
(Germany). All other chemicalsand reagentsusedin
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experimentswereof andytica grade.

Bacteria strainsboth gram positive: Saphyl ococ-
cusaureusATCC 1128 (Sta); BacilluscereusATCC
9946 (Bc); and gram negetive: Escherichiacoli ATCC
25922 (Ec); Proteus mirabilis BV 108 (Pro); Shi-
gdlaflexneri DT 112 (Shi); Salmonellatyphi DT 220
(S4); Pseudomonasaeruginosa VM 201 (Pseu) which
were multi drug resistant strains provided by Hanoi
Pharmaceuticd University-Vietnam cultures. Thesebac-
teriaweremaintained at 4°C on nutrient agar dants.

Synthesis and characterization of silver-
car boxymethyl glucomannan nanocomposites

A solution of CMG (1g/100ml) in distilled water
with stirring until a clear solution was obtained.
[Ag(NH,).]OH agueous solution was prepared by re-
action of AgNO, solution with an excess amount of
NH, solution. The preparation of silver-CMG
nanocompositeswas quitesimple; ingenera, silver
nanoparti cleswere obtained by chemical reduction of
slver complexestoyied thecorresponding zero vaent
silver nanoparticleswith NaBH, or ddehyde. Inatypi-
cal procedure, 20.1ml of 1mM [Ag(NH,),]OH aque-
ous sol ution was mixed with 100ml of 1.0g/100ml of
CMG themixturewasstirred for 30 min, then agqueous
solution of NaBH, (0.5ml, 0.2mM) wasadded quickly
to the mixture, the reaction was carried out at room
temperature and kept stirring for another 30min until
the entire reduction of silver complexes (inthe case
HCHO (0.5ml, 0.2M) reductive agent was used, the
reaction was carried out at 70°C). Thesilver-CMG
nanocompositeswere collected by precipitation and
washing many timeswith 90% ethanol solution. Then,
slver-CM G nanocompositeswereredissolved indis-
tilled water for obtaining colloidd silver solutions. The
nanocomposites obtai ned werekept at room tempera
turefor further characterization.

Transmission el ectron microscopy of Ag-CMGs
were carried out with aJEOL -2000EX TEM operat-
ing at 80 kV. Specimensfor inspection by TEM were
prepared by slowly evaporating one drop of prepared
nanocomposites at room temperature on a400 mesh
copper grid, which was covered by acarbon supported
film. UV-vis absorbance spectraof Ag-CMGswere
collected usngaUV-visspectroscopy, Cintra40 GBC,
Shimadzu Co., Japan.
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Evaluation of antibacterial activity in vitroof Ag-
CMGs

TheAg-CMG nanocompositesweretested against
multi drug resistant strains by diffusion method accord-
ingto the method off*2, Zonesof inhibition weremea-
sured after 24 h of incubation at 35°C. The compara-
tivestability of discscontaining penicillinwasmade.

RESULTSAND DISCUSSION

Synthesis and characteristics of Ag-CMG
nanocomposites

Thestructureof the carboxymethyl glucomannanis
like carboxymethyl cellul ose, which possessesalot of
negative carboxyl groups. SowhenAgNO, wasmixed
with carboxymethyl glucomannan solution, Ag*ions
could be bound to carboxymethyl glucomannan mac-
romoleculesprobably viadectrodtaticinteractions. This
reason would make carboxymethyl glucomannan pre-
cipitate and caused difficulty for synthesizing silver
nanoparticles. However, this could be overcome by
using diamine silver (I) precursor complex
([Ag(NH,),]OH) instead of AgNO,. By forming com-
plex withammoniamolecul e, the el ectrostaticinterac-
tionsof pogtived|verionswithnegative carboxyl groups
wasreduced. Therefore, the system wasin homoge-
neous state, so thereductive reaction of silver ionsoc-
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Figurel: UV-visspectraof Ag-CM G nanocomposites: Agl
(ImM) and Ag3 (20mM ), usng NaBH4 reductive agent.

—= Ful] Paper

4.5

ALk -
AL s

434 — Hodat

n7s AgL-3

Apl-1

S0
Figure2: UV-visspectraof Ag-CM G nanocomposites. Agl-1
(ImM) and Agl-3(20mM), using HCHO reductiveagent.
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curred easily for forming silver nanoparticles. Dueto
the high viscosity of carboxymethyl glucomannan,
nanosystem obtai ned was quite stablefor severemonths
without aggregationsobserved.

The UV-vis absorption spectraof theAg-CMGs
wereshownintheFigureland Figure2.

Figure3and Figure4 showntypica TEM images
of Ag-CM Gs nanocomposites. Theimagesrevealed
monodisperseof silver nanoparticles, which were ho-
mogeneoudly distributed in the nanocomposites. The
particleswerefoundto be spherical withanarrow size
distribution; the average particle diameter was about
2+20 nm (NaBH, reductant agent) and 5+30nm
(HCHO reductant agent). Silver nanoparticlesinthese
nanocompositeswere very stable and no aggregation
of silver nanoparticleswere observed by TEM after 6
months.

AsshowninFigure3, when NaBH,wasused asa
reductant agent, virtually highly dispersed silver
nanoparticleswere obtained at 1ImM [Ag(NH,),]OH.
Anda arelatively low concentration of [Ag(NH,),JOH,
slver nanoparticeswith abimodd szedidributionwere
obtained (the particlesizewasabout 2+-5nm). At 10mM
and 20mM [Ag(NH,),]OH, theparticlesizeincreased
dramatically, somesilver clusterscould beobservedin
additionto spherica silver nanoparticles. Therefore, it
was possibleto control thesizeand sizedistribution by
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Figure3: TEM imagesspectraof Ag-CM G nanocomposites.  Figure4: TEM |mag$spectraong-CM G nanocomposteﬁ
Agl (1mM); Ag2 (10mM) and Ag3 (20mM), using NaBH,  Agl-1 (ImM); Agl-2 (10mM) and Agl-3 (20mM), using
reductiveagent. HCHO reductiveagent.
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adj usting the concentration of silver ionsin solution.
Meanwhile, when HCHO was used as a reductant
agent, virtudly highly digoersed Slver nanoparticleswas
dsoobtanedat 1mM [Ag(NH,),]OH (theparticlesize
wasranged between 10+15nm). At 10mM and 20mM
[Ag(NH,),]OH, the particlesize of silver nanoparticles
increased dightly. Inthiscase, the particlesizewasabout
15+20nm and there were no clusters to be observed.
Thus, theaverage particle size of silver nanoparticles
obtained from reducing silver ion by HCHO agent was
slightly affected with the concentration of
[Ag(NH,),] OH added.

Antibacterial activity of silver-carboxymethyl
glucomannan nanocomposites

Theantibacterid activitiesof penicillinand various
Ag-CMGs with the bacterial strains were shown in
TABLE 1.

TABLE 1: Zoneof inhibition of Ag-CM G nanocompositesand
penicillin

Samples Diameter of inhibition (mm)

Bc Sta Ec Shi Pro Pssu SA
Agl 11.87 10.46 11.55 11.73 12.84 13.88 11.89
Ag3 10.93 9.080 10.94 11.26 12.40 13.02 10.07
Agl-1 10.77 11.13 10.64 12.37 12.17 12.63 9.790
Agl-3 10.67 10.47 10.40 11.93 11.07 9.60 9.070

Penicillin 17.17 21.37 16.72 12.56 18.12 10.33 17.31

It wasfound that these samples shown effectively
antibacterial activitiesagainst seven bacteria trains,
which were used in thetest, athough differences ex-
isted among them. Generally, the sampleshad more f-
fectiveinhibition on Shi and Pseuthan the others. How-
ever, the antibacterial activities of Ag-CMG
nanocompostesfor seven abovebacteriawerelessthan
that of penicillin. Theresultsalso shownthat thesize
particlesof silver nanoparticlesincreased the antibac-
terial activity decreased. The mechanism of thebacte-
ricidal effect of Ag-CM Gsagaingt bacteriawasnot very
well-known. Silver nanoparticlesmight attach to the
surface of the cell membrane and disturbed its power
function such as permeability and respiration. It was
reasonableto statethat the binding of the particlesto
the bacteriadepended on the surfaceareaavailablefor
interaction. Smaller particleshavingthelarger surface
areaavailablefor interaction would give more bacteri-
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cida effect thanthelarger particles.

CONCLUSIONS

Silver-carboxymethyl glucomannan
nanocomposites have been synthesi zed viathereduc-
tionof silverionsby both NaBH, and HCHO agent in
the presence of carboxymethyl glucomannan asasta-
bilizer. TheAg-CM Gswere characterized by TEM and
UV-vis spectra. The results shown that the average
particlesizeof silver nanoparticleswasranged between
2+25nm and 10+20nm when reductive agents were
NaBH, and HCHO, respectively. The characteristic
surface plasmon resonanceband of silver nanoparticles
in thetwo cases centered at about 384+425nm. The
antibacteria activity of Ag-CMG nanocomposites
againgt seven bacterid strainsof both gram positiveand
gram negative strainswastested in vitro. Theresultsof
this study clearly demonstrated that the Ag-CMGs
nanocomposites could inhibit thegrowth and multipli-
cation of the tested bacteria, especially toAg-CMG
withsmdler particles.
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