ISSN : 0974 - 7494 Volume 10 Issue 2

Nano Science and fMano Technology

A Tndian ournal

Review

NSNTAIJ, 10(2), 2016 [083-097]

Problemsand prospectsapplication of silver nanoparticlesin medical
practice

Kh.E.Yunusov*, A.A.Sarymsakov, S.Sh.Rashidova
Polymer chemistry and physics research centre at the National University of Uzbekistan, 100128, Tashkent, str.
Abdulla Kadyiri, 7-”b”, (UZBEKISTAN)
E-mail: carbon@uzsci.net; haydar-yunusov@rambler.ru.

At the end of 80-years of the last century into
scientific terminology introduce a family of new
terms with prefix «nano» as: nanotechnology,
nanostructure, nanocompocite material, nanocl uster,
nanochemistry, nanophys cs, nanobi otechnol ogy and
etc. In all over countries there were editions, jour-
nalswhere published results devoted exclusively to
nanomaterialg*3.

Great number of articles, reviews, monographies
devoted to nanotechnology, nanostructures and
nanomaterials has been written. Scientific centers,
institutes, chairs and scientific school swhich solved
problems of nanotechnology have been created*®.
Frequently new knowledgewith prefix «<nano» were
appropriated for long time to known objects or phe-
nomena. However, exist, have taken root into use
and have taken worthy place and such concepts
which were not in an arsenal of researchers still
25-30 years ago and without whichit isalready im-
possibleto present devel opment of modern science
to which it is possible to carry nanoparticles (NP)
in al their diversification*7.

In this review possibilities obtaining, investi-
gation of physico-chemical, medico - biological
propertiesand structure of bactericidal preparations
contained nanoparticles of silver are considered.
Also results of investigation of authors at direction
of formation nanoparticles of silver in the structure

of cellulose and its ssimple aether Na - carboxym-
ethylcellulose (Na-CMC) arepresented. The choice
of the given objects depend on by easy of restora-
tion of silver ionstill nanoparticles, their high bac-
tericidal activity and possibility of regulationinwide
range of the sizes and forms nanoparticleof silver at
process of restoration.

Theincreasing aninterest to silver nanoparticles
it is connected, on the one hand by their high bio-
logical activity, and with another - occurrence of
resistance of an organism to an existent antibiotics
and many medical products an organic derivation.

Methods of obtaining of silver nanoparticles
nowadays continue to develop intensively. At the
present it is known two ways of obtaining of
nanoparticles of silvert37l;

Thefirst - physical, under the influence of ther-
mal or power factors,

Dispersion or mechanical crushing of massive
substance concern physical methods®.

Essence of these ways of obtaining NP of silver
consist in intensive thermal or power influence on
metallic silver and its compounds by such agents, as
plasma, laser radiation, stream of electrons, y -, IR -
and UV - irradiation, etc. Physical ways of obtain-
ing of NP it isthe most perspective asfar as prede-
termine obtaining of NP with increaseslevel of free
energy and allow obtaining the most pure on chemi-
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cal content of products.

The second — it is chemical method, consists in
restoration of compounds of silver under the influ-
ence of chemical reducers.

Chemical methods of synthesis of NP of silver
represent approaches inorganic, metalorganic and
organic synthesis with processes heterogeneous
phase formation in colloidal or other systems. The
basi c disadvantage of chemical ways, iscomplexity
of obtaining of pure NP doesn‘t contain an impurity
of reducer(:9,

However, the specified methods are enough dif-
ficult in technological aspect, and they doesn‘t al-
low to keep the form and the sizes formed
nanoparticle of silver. In process of decreasing in
values of sizes formed nanoparticles, their superfi-
cia energy increased s multaneously which promote
their agglomeration.

Careful control of parameters of process of res-
toration such as temperature, speed of mixing, con-
centration of reagents and stabilizing agent allow to
obtain of NP, with narrow distribution in sizes but
not always till necessary sizes and required stabil-
iy,

Synthesis and studying of metal nanoparticles,
stabilized in polymeric matrixes, today represents
perspective direction in chemica science. Metals
in an ultradisperse condition find out the unusual
properties opening new possibilities of their practi-
cal application*®. Therefore methods of reception
of NP cannot be separated from methods of their
stabilization. One of the most perspective methods
of stabilization of silver NP with stable properties
isformation their in the polymeric matrixes contain-
ingiongenic functional groups.

Scientists of theworld are engage in creation of
new materials from nanoparticles such metals, as
silver, copper, silicon, zirconium, aluminum, mag-
nesium, zinc, titan, etc. The particul ar interest isrep-
resented by workings out of preparations based on
the nanoparticles of silver??,

Pure silver - rather soft and plastic metal. At
specific density (10,5 g/sm®) concedes only to
lead3,

Oneof theimpotent propertiesof silver - itsbac-
tericidal and anti- virus, disinfection activity which
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considerably increases at using nanoparticlesin con-
sequence of increase in the area of its surface. Sil-
ver and itscompoundsin form nanoparticlesare used
successfully in medicine, agriculture and other field
of industries?.

The main method - of chemical restoration ions
of silver in the water medium at the conditions ad-
vantage to formation of small nanoparticles of met-
als. From chemica methods the most distribution
has obtained by restoration ions of silver from wa
ter solutions of salts of silver at the presence of dif-
ferent reducerg¥.

In point of fact isthat the chemica methods con-
sistsin restoration of compounds of metals, asrule,
from solutions by using of strong reducers. As re-
ducersfor preparation metal colloidsareused form-
aldehyde, phosphorus, hydrazineand itsderivatives,
borane akaline metals, hydroxylamine, hydrogen,
hypophosphite sodium, connectionsof thetitan (111),
etc®™. All used reducershave the characteristicsand
operate variousy depending on conditions of carry-
ing out of process. Among obligatory requirements
to reducer - high restoration potential (exceeding
potential of restoration of corresponding metal) and
high speed of restoration. To the greatest degreethese
requirementsis satisfy with tetragidroborat-ions (&,
=1,23)813,

In 1951 y. Turkevich with co-authord*® are stud-
ied methods of obtaining hydrophilic NP of silver
which consisted in restoration of nitrate silver
(AgNQ,) by citrate sodium at boiling in water solu-
tion. According to data of transmission electron mi-
croscopy (TEM), the obtained NP of silver had the
spherical form, narrow distribution in the sizesand
average diameter 20+ 1.5 nm.

It is natura that, for the obtaining stable during
long time NP of silver with required propertiesitis
impotent to carry out the process of restoration in
the environment of this or that stabilizer. Some as-
pects of coordination interaction of NP with mol-
ecules of stabilizer are in detail considered in re-
view7,

One of the most knowing today‘s examples of
obtaining of stable of NP silver with positively
charged surface is described in work*® where as
the stabilizer it was used dibromide bis (11-
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threemethyl- ammoniumundecanoilaminethyl) disul-
fide.

[Me,N*(CH,), .C(O)NH(CH,),S,(CH,),
NHC(0)(CH,) ,NMe](Br),.

At restoration with borhydride sodium in water
phase of disulfideit is restored to tiola which pos-
sesses the increased reaction ability in relation to
surface of metal NP. The obtained NP were stable
insolutionsat Hp from 5to0 9, but completely aggre-
gated at Hp 1 and 14.

Significant disadvantage of the majority meth-
ods synthesis nanoparticlein water environmentsis
theimpossibility of achievement of high concentra-
tion of NP of silver in final solutions (only <10*
mol) that is connected with their aggregate
unstability. Inthisrespect it has shown approach in-
terest at work!*¥ which consists in restoration the
concentrated solutionsof nitrate of silver borhydride
sodium in the attendance of syntheticinorganic ma-
terial laponite. The mechanism of stabilization con-
sistsin adsorption clusters on surface laponite, that
makeimpossibletheir aggregation. Unique method
of increase in sizes of particlesis growth at the ex-
pense of restoration of ions of silver on surface
adsorbed cluster. By this method it is possible to
obtain sol with the high content of silver (7.35102
mol-17) with the average size of particles 7-10 nm.

Disadvantages of chemical methods of restora-
tion of ionstill nanoparticle attitude to existence of
residue a reducer and a products as part of an final
product of itsoxidation that bring to determined dif-
ficultiesat purification of nanoparticles.

At the present time widely used methods of pho-
tochemical restoration for the obtai ning nanoparticles
of noble metal §2%. On the base of thisgiven method
stay the generation of strong highly active reducers
of type electrons, radicals and activated particles.
For the photolysistypical energy make lessthan 60
EV. Advantage of method before chemical restora-
tion consistsin formation nanoparticle, discriminate
large number purity, in the absence of the impurity
accompanying processeswith using chemical reduc-
ers?l, For the obtaining of similar particles from
corresponding water solutions of saltsunder thein-
fluence of light are formed active particles:

———  Revfew

H)O+hv__y e+ 0" __y o™ H + 'OH

Solvated electron interacts with an ions of sil-
ver and reduced it untill metal.

Ag+ + € (solv) —p Ago,ll_}'\go T € (solv) —P Agon,

Photostimul ated aggregations of particles of sil-
ver were investigate in many works. The aggrega-
tion mechanism is connected with occurrence under
theinfluenceof light of the particles having charges
of different signs. Appearance of such particles to
bring on an exchange of € ectric chargesoccur at the
results of photoemission. At result of an exchange
come into a remote-control the electric forces pro-
moting approaching of particlestill distanceswhen
appear forces of van-der-Vaalce moving to aggre-
gationi,

Successes in scientific investigation and using
nanoparticle of metalsat considerabl e step depended
on possibilities of methods of synthesis— from that,
allows chosen method to obtain the particles satis-
fying the requirements of the given scientific or prac-
tical goal. Thus, one of the significant problemsis
synthesis enough stable of nanoparticle specified
size, for long time keeping high chemical or bio-
logical activity!?3.

Possibly, any of using processes of restoration

of metalsin solutions passes stage formation of col-
loidal phases. The problem consists in preventing
spontaneous coagul ation of particlesand formation
of crystal structure of metals. Therefore obtaining
of colloidasinliquid environments demands atten-
dance of stabilizers. As the last used three basic
groups of substances: natural or synthetic polymers,
for example gelatin, an agar-agar, starch, polyvinyl
spirit, polyethyleneglucol, cellulose, polyvinylpyr-
rolidone, high-molecular organic acids or surface-
active substances, mainly cation type, or ligandsr -
acceptor type?4.
Stabilizers don‘t only increase aggregate stability
of systems, but gives a high reactionary ability col-
loidal particles, in particular, in attitude to oxygen
and other potential oxidizers. Cationic surface-ac-
tive substances and = - acceptor ligands, adsorbed
on surface komtonnseix particles, reducetheir high
regenerative potential (<-1).

For the limitation of increas and protection of
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particlesat thelast time are used method of growing
metal colloids directly inside synthetic micelle or
cavities of zeolited?!. Disadvantage of all listed
method of stabilization is that, obtained colloidal
step-by-step considerable degree lost his the
catalystic unique and biological activity.

Researches in this area shows that, macromol-
eculesdon‘t only stabilize disperse systems, but also
participate in their formation, control sizeand form
of growing nanoparticle?®!, A special place among
polymers occupy polyelectrolyte, in particular,
polycarboxilic acids acrylic family. Carboxylic
groups of polyacids are capable to form complexes
with cation metals, for example silver'?®, to restore
them under the influence of light!??, and also to co-
operate with positively charged cluster and atoms
of surface nanoparticles, providing their stabiliza-
tion?, [t meansthat, the one of the factors defining
disperse compound sol formed during photochemi-
cal synthesis of nanoparticle could be containing of
carboxylic groups and their relative positioning on
polymeric chaini,

In the report® haswritten methods of obtaining
and some properties a high dispersed hydrogelic
microgranules on the basis acrylamid and acrylic
acids which may be used as “nanoreactors” for the
synthesis of nanoparticles at various chemical sub-
stances which shows interest, first of all, from the
point of view of usingin medicine. This, in particu-
lar, nanodimensional of noble metals, possessing a
high bactericidal activity (for example, silver), mag-
netite, allowing to carry out purposeful transport of
the microgranulesfilled with it to target organ, hy-
droxyapatite, perspective from the point of view of
formation of bonetissues, and number of otherg®.

Polycarboxilic acids acrylic family due to oc-
currence ionized carboxylic of groupsinteract with
cations of metas, in particular silver, connecting
them in strong complex restore them under theinflu-
enceof light directly init complex and stabilize con-
sistently formed during synthesissmall charged clus-
ter and nanoparticles of metal(®Y.

At using heterochain of polyanions, in particu-
lar water-soluble of Na-CMC as agent at photo-
chemical restoration of ionsof silver till nanoparticle
appear on the one hand, possibility of obtaining
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nanoparticle silver which don‘t contain chemical
reducers and products of their oxidation and with
another - chosen polyanion of Na-CMC may act as
polymeric matrix at creation biodegradable bacte-
ricidal preparations and products®2.

Thus, dl process of formation nanoparticlefrom
initial cations till final nanoparticle proceeds im-
mediate contact with polymeric matrix. One of the
main factors defining given process, is contain in
polymer ionised carboxylic groups which can be
varied, changing molecular weight (M) polycarbonic
acids, degree of their ionisation or using copoly-
mers. Influence of these factors on the basic stages
of process of formation nanoparticle silver is con-
sidered in work!®,

By method of potentiometric analysis, it hasbeen
shown that connected cations of silver polyacrylic -
anions (PA) with molecular weight 450000 (PA . ,.)
and 1250000 (PA .., & degreeof their ionisation
a=1,0 occurs cooperative, i.e. with increasing con-
tent of silver in solution, increased concentration of
chains in limiting degree filled with ions of Ag'.
Theirradiation of water solution of complex Ag* «
PA, obtained in these conditions, full light of mer-
cury lamp of high pressure to bring on
photorestoration of cationsAg*. Thus, in the begin-
ning in spectrum appear absorption band with maxi-
mumat A -700 nmandshoulder inthefieldof A__ -
300 nm which can be carried to absorption small
charged clusters of silver belong to Ag,?*. For ab-
sence of UV-light clustersof Ag,* are stable during
keeping two weeks. Further irradiation is accom-
pany by disappearance of strips of absorption clus-
tersof Ag,>" and formation of larger clustersof Ag, ,**
and nanoparticle of silver, characterised by absorp-
tionstripsat A __-370 nmand A __ -460 nm, accord-
inglyt®4,

Obtained colloidal solutionis stableduring keep-
ing several weeks. Increasing total content of silver
in all region cooperative connecting causes propor-
tional growth of concentration clusters and
nanoparticles, but dynamics their formation don‘t
changed. Methods of TEM investigations showsthat
the obtained of nanoparticals of silver is spherical
form but their average size don‘t depend on content
of silver in al area of cooperative connecting and
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makes 1-2 nmin case of PA and 4-5nmin case

Of PA 1250000[34]'

The more huge attention of researchersisattract
composites based on polymeric hydrogels, function-
ality which considerably broaden at an immobiliza-
tion NP of metalsof transitive group. Nanoparticles
on hissizesto take up intermediate position between
materia sinvolumeand atomno-mol ecular structures
that causesessentia difference of sometheir physic-
chemical parameters from properties of total mate-
rials),

It is established that at changing of concentra-
tion of stabilising polymeric substrate of its degree
of substitution on functional groups and average
molecular weight, parametres and temperature of
physical factors of influence, as reducer, it is pos-
sible regulation the form and size of formed NP of
silver.

On the basis of results of our researches® it is
established that at introduction cations of silver in
water solutions of polysaccharides, containing car-
boxylic and carboxyl anion occur reaction of re-
placement with hydrogel formation polysaccharide.

Crossing solution of polysaccharideinto hydro-
gel condition could be explained by formation of
three-dimensiona structure at the expense of replace-
ment cations of silver at carboxyl- and carboxylat
anion of functional groups with simultaneous for-
mation intermolecular an ion-coordination bond at
the expense of unpaired d-electrons of silver ions.

At the consequent UV-irradiation of hydrogel
contained ionsof silver optic generated el ectron goes
to positively charged ions of silver connected with
carboxylic group and being round it, on following

eguation, in conformity of thetheory Gurney - Mott!®*
37] )

450000

R-COO +Ag" hv  R-COO™: Ag’,

R-COO': Ag°+ - R-COO™ : Ag",

R-COO :Ag’+Ag” hv.  R-COO: Ag’.
——

(1)
(2)
(3)
R-COO : Ag)° hv_ R-COO :(Ag"n.

Thus, in conformity of the approach of thetheory
Gurney - Mott photostimulated formation
nanoparticle of silver it is possible to consider as
el ectron-stimul ated atomic process.

Till present timeit isestablished that the NP con-

——  Revfew

sists of nuclei and capsule. The membrane of NP
alwayscontainseasy atomsasO.C.B.Sand etc. Itis
calculated® that NP of metalsin diameter of 10 nm
contains 103-130 atoms of metals. It is established
that in range of 1-30 nm on surface of separately
taken NP aways are available products of interac-
tion with the agent, making essential influence on
properties NP of silver. It is experimentally estab-
lished that for increasing stability of formed
nanoparticle of silver it is necessary to use water
liberate from dissolved oxygen during preparation
of solution Na-carboxymethylcellul ose.

Structure forming of nanoparticle silver at
greater degree will be defined by methods of ob-
tain. On spatial structure 3 classes nanoparticle in
polymers are known: three-dimensional - crystal
structures, two-dimensional - films obtained by
method molecular layering, one-dimensiona objects
- whiskers, nanotube and nanofiber. These objects
obtained by method of molecular layering, introduc-
tion of substances during cylindrical microporel,

At the present time the mgjority of methods al-
low to obtain nanoparticles with wide distribution
insizesand forms. Careful control of parameters of
reaction at certain degree alows to narrow distri-
bution in sizes forming of nanoparticle, but not al-
ways till desirable sizes. Only at correct choose of
methods of formation and stabilization nanoparticle
in pureenvironment probably monitoring of thesize
and distribution in the sizes turning out nanoparticle
silver.

We are considered peculiarity of formation of
silver nanoparticle in water solutions of Na- car-
boxymethylcellulose (Na-CMC), and a so possibili-
tiesof formation of hydrogel %9, filmg“% of NaCMC
and cellulosic fabricg*Y contained nanoparticles of
silver, possessing disinfection, bactericidal, bacte-
riostatic and antifungal actions.

Photochemical restoration of silver cationsand
formation nanoparticle metal was preceded by for-
mation polymer - metalcomplex of [CMC]+Ag"*. In-
fluence of degreeof ionisationNa-CMC,_,, . and Na-
CMC,,,,,on degree of replacement of ions of silver
wereinvestigated. Interaction of solutionsNa-CMC
by various molecular weight with cations of silver
Investigated potentiometric titration. It isestablished
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that degree of ionization of Na-CMC practically
doesn‘t depend on its molecular weight and de-
creases in process of reduction pH solutioni“2,

Investigated specificity of formation nanoparticle
inthe conditionsreplay to high efficiency of linkage
cationsof Ag* with CMC;, that is, in before-thresh-
old region of therelative content carboxylic groups.

On the basis of experimental investigation it is
established that by addition of ionsAg* in solutions
of CMC;, independently, itsdegree of ionisation, that
is at various values of Hp environments, there is
full replacement of ionsNa' to H* in carboxymethylic
groupsonionsAg* that confirmed to changing formed
Ag-CMCtoinsolublegel formation condition“2,

It has shown the obtained hydrogels contained
clusters of silver are stable within three months to
what absence of changes of band of absorption in
UV - gpecter. It is established that the increasing in
the content of silver at systeminrange 0,05<Q g£0,5,
that is in al area of co-operative linkage, occurs
linear growth intensity strips of absorption UV-spec-
traat A -340nmandA__-750 nm that specifiesin
simultaneousincrease of concentration both cluster
and nanoparticles*d, Formation of nanorods with
Sizes 230-700 nminlength, with thickness of 60-70
nm could be explained by aggregation nanoparticles
of silver in solution Ag-CMC, in the sub acid envi-
ronment that is caused by concentration decrease
carboxylate anions, contai ning connecting ion of sil-
ver, carrying out function «nanoreactors» where oc-
cur restoration and clusterization of silver (Ag®)“,

Probably, restoration of ions of silver outside of
“nanoreactors” promotes formation nanoparticle
which at increasein time of an exposition formed of
nanorod particles.

For confirmation of the given assumption, fur-
ther we conducted researches of reaction of replace-
ment ions of sodium to silver ions under ultrasonic
dispersion of solution Na-CMC in the alkalescent
environment promoting full ionisation carboxymethyl
groups with subsequent UV - an irradiation. Thus
were obtained nanoparticles of silver approximate
inform to spherical form, with sizes 10-30 nm,

On the basis of results of experimenta investi-
gation made aconclusion that depending on propor-
tion, concentration of CMC and AgNO, are changes
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size and form of silver nanoparticle, formed in wa-
ter solutions, during photochemical restoration of
ionsAgH=,

X-ray diffractioninvestigation have shown that,
CMC hasamorphous structure and gives amorphous
halo at 20 = 21,6. CMC, contained silver ions also
hasamorphousstructurewith theleast intensity amor-
phous halointhe same area. From X-ray diffraction
resultsof polymeric composite of CM C with restored
of silver nanoparticles two phases are revealed: (at
corners of diffraction 20=21,6) corresponding to
phase CMC which isin X-ray areas, and presence
of phase of metal silver. Silver with the cubic crys-
tal lattice having a=4.086 A gives crystal reflexes
in corners 2 6 = 38°, 44° 65° and 78° reflexions
concerning planes (n.o.) (111), (200) and (220)“4,

The size crystallites of silver has been calcu-
lated on broadening peaks. Results of calculations
have shown that the effective sizes crystallites of
silver, beingin matrix CM C and makes 15 nm#4,

Morphologica investigation have shown that
CMC ismorefavorable matrix for the obtain of sil-
ver nanoparticlewith the smaller sizesand high uni-
formity in the sizes. The size and the form of
nanoparticles metals depends on several factors,
such as the polymer nature, degree of polymeriza-
tion, degree of substitution, degree of purity and etc.
Than low degree of polymerization and high degree
of substitution, than alot of probability of obtaining
of nanoparticlewith the spherical form and the | east
size of particles metal.

One of the most perspective methods of obtain-
ing nanomaterials with stable properties is forma
tion of silver nanoparticlein matrixesvarioustypes.
The greatest interest is represented by heterochain
natural polymerswith carboxylic groupsasNa-CMC
which at introduction in an organism is subject bio-
degradation and resorption.

It is known that nanostructured biocomposites
of silver possess high antimicrobic activity. It is
proved that nanoparticle of silver disinfected more
than 650 kinds of dangerous bacteria, viruses and
fungug*s4,

About bactericidal propertiesof metal silver and
its compounds it is known from time immemorial.
At few concentration it is safe for human cells, but
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is pernicious for the mgority of bacteria and vi-
ruses, thereforeit waswidely adopted for water and
food disinfecting in life and in struggle against in-
fectionsat treatment of peopl €49, At the present time
unique antimicrobic and anti-virus properties of com-
pounds of silver are studied comprehensively“ and
to this question to some exhaustive reviews*® were
devoted.

Itisrepresented improbabl e that microorganisms
in the course of mutations are capable to develop
resistance to silver (except those cases when it ex-
istsapriori) asitsions attack considerable quantity
of various proteinsentity to cell. At the present time
thisvaluable property became especially actual with
the appearanceall of the grate quantity of strainsthe
pathogenic bacteria resistant against antibiotics of
narrow action and present seriousthreat for lifeand
health of people“?.

At the Institute of colloids chemistry and chem-
istry of water ASc of Ukraine under the direction of
Kulskogo researches on specification of the mecha-
nism of action of silver on microbic cell have been
extensive. It is known that absorption of metal by
cell can occur three different ways:

1. Adsorption of metal by cellular surface;

2. Active carrying over of metal to cell;

3. Two-phase process: the first phase-adsorption
whichisquickly replaced by the second phase -
«active transport» metal in cell, at determined
values of their dimension.

The experiments conducted by employeesof this
Institute, it has been shown that absorption of silver
by cages of microorganisms irrespective of their
specific structure goes on the third way.

It is established that, various kinds of microor-
ganisms have occur the high adsorption of silver by
microbic cell therefore the cell stopped to breathe,
and to die (shrink). Silver ions, adsorbed capsom-
ere (proteins) viruses campsites (covers) deprive
an ability virus to get into cages as the virus “be-
come heavy” from silver, its activity decreased and
at the end - the endsiit died“?.

Bactericidal properties of metallic silver are
connected with its slow oxidation and liberation of
ionsof Ag*in environment, thereforeis represented
perspective use of preparations nanosilver as spe-

——  Revfew

cial class biocides agents. Nanoparticles possess
high antibacteria efficiency dueto the devel oped of
surface providing the maximum contact with envi-
ronment. Besides, they are small enough and capable
to get through cellular membranes, to influence
endocellular processes from within(>%,

For ascertainment antimicrobial propertiesof the
ionised silver it is established that its bactericidal
effect considerably above, than at carbolic acids,
corrosive sublimateand chloric to exhaust. The spec-
trum antimicrobial action of silver is much wider
than many antibioticsand sulfanilamide. The bacte-
ricidal effect exhibit at the minimum doses*.

Silver possesses more expressed antimicrobic
effect, than penicillin and other antibiotics, and also
causes similar action to antibiotic resistant strain
bacteria. On gol dish staphylococcus, vulgar proteus,
bluesuppurative and intestinal stickssilver ionsren-
der various antimicrobial action - from bactericidal
till bacteriostatical“?.

Historically silver used asmetal, andinanionic
kind. The most widespread preparation of ionic sil-
ver - silver nitrate (AgNO,, lyapis). Protorgol - this
silver contents albuminous connection, brown-yel-
low or brown powder hasn’t odors, well solubled
in water. Content of silver therein - 7,8-8,3 %. Are
used to the same purposes, as collorgol. Theliquid
mix consisting from 0,2 g protorgol, 5 ml of glycer-
ineand 15 ml of water, are used for an irrigation of
vocal chords, and 1-3 % solution successfully are
treated by cold and conjunctiviti %Y.

With appearance of nanotechnology scientists
have become to conclusion about possibility of ap-
plication in medical practice preparations of
nanosilver. Obtaining nanoparticleat the end of XX
centuries has allowed to make preparations on ba-
sisnanosilver relatively safe for the person, and ad-
vanced nanotechnoogica workingsout have neutral -
ized barrier of high cost of such medicinesand have
made their accessible to treatment of various dis-
eases. Nanoparticles of silver due to the small size
are extremely active and could generate death of
bacteria, viruses, fungi on the large surfaces. They
have the large specific surface that increases area
of contact of silver with bacteriaor viruses, consid-
erably raising its bactericidal properties®.
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Thus, application silver as nanoparticle allows
to lower in hundredstimes concentration of metal at
keeping of al its bactericidal propertied®s.

Nanosilver reacts with cellular membrane of
activators of the infectious diseases, representing
structure from specia fibers (peptidoglycanes),
blocking their property to give oxygen into bacte-
rium cell that bring to death of microorganism. Thus
the action of silver is specific don‘t on an infection
(as at an antibiotic), and on cellular structure. It is
connected by that cell of higher organismshave mem-
branes of absolutely other type (not contained
peptidoglycanes). Therefore particles of nanosilver
haven‘t point of the appendix of the action on cell of
such organisms, including cell of the person(>¥.

By method of electronic microscopy it has been
established that NP of silver don‘t only are anchor
on cellular membrane, but are capable to get also
through it and to be distributed into bacterium. Such
capacity possessed only individua of NP, but not
their agglomerates. Besides, the sizes of NP con-
nected with membrane, as rule, didn‘t exceed the
sizesof the particleswhich arein cell. Onthisbasis
the conclusion has been drawn that only clusters,
capable to interaction with cellular cover, can in-
troduce into cytoplasmatic space.

The mechanism on which NP getsinto cells, up
to the end isn‘t clear. It was informed“” on strong
changes in membrane to structure of bacterium A.
coli, increase in its permeability and destruction of
microorganism at interaction from NP of silver. The
bacterial wall contains considerable quantity sulfur
- and phosphorous-containing the macromol ecules
co-operating from NPand losing the activity. Inside
bacterium, the NP can co-operate with DNA which
thus loses ability to replication,*¥ that also causes
itsdeath.

According result of electronic microscopy have
been made two main conclusions. First, it has ap-
peared that all of NP fixed on virus capsule, in al
experiments had the sizesfrom 1 till 10 nm. It con-
firmsthe conclusion about strongly pronounced di-
mensiona dependence of biological activity clus-
ters, made in work®®, Secondly, it is detected the
ordered spatia distribution of NP which are con-
nected with virus cover and being on distance ~ 28
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nm from each other isrevealed.

At the last time wide distribution has obtained
ready-made bandaging material contained colloidal
(ultradisperse, nanocrystalline) silver’™; numerous
Investigation confirm high antimicrobic and wound
healing properties of current products®, however
different in ways of manufacturing, concentration,
the sizes of particles, the material-carrier and so
make difficult correct comparison of products®.
Canadian investigation'®® has shown the improved
clinical parameters and decreasing of surface
bioloading of wound, at the sametimefloraof deeper
fabrics stay invariable. Authorg® al so confirm that
modern materias for bandage of wounds it is not
enough to haveonly antibacteria efficiency, required
the additional properties, accelerating healing of
wound; for example, the description material which
deletes products of metabolism of bacteriafrom zone
of processing and connects endotoxin, formed at
death of celll®2,

Compounds of colloidal (metal) silver with pro-
tein — trademarks “Argirol”, “Protargol”,
“Kollargol” and so on. Some of them (for example,
Argirol), obtained interaction silver oxidewith gela-
tin or albumen (the maintenance of silver of 19-25
%). Kollargol and Protargol are used external at
form of 1-2 % of solutions, as binding agent, anti-
septic, anti-inflammatory agent at clinic of an ear,
throat and nose; has shown possibility of applica-
tion of these compoundsin as antihypoxic'®l,

There are the polymeric preparations of silver,
occur salts polycarboxilic acids. So, scientists of
Irkutsk institute of chemistry namedA .E. Favorskogo
of SO RASci have developed preparation of
“Argakril”,[28 which represents silver salt
polycarboxilic acids. It rgjoin the general formula
(-CH,-CHCOOH), - (CH,CHCOO” Ag*-),, Where
n=9000-40000; m=100-3000, molecular weight
(MM) = 800000-3000000. It is shown that 1 % of
solution of “Argakrila” contained 4 % of silver, com-
pletely suppresses growth of such microorganisms,
as Pseudomonas aeryginosa, E. coli 25922, Bacil-
lus cereus, Proteus mirabilis, Staphylococcus
epidermidis. At increase in the content of silver its
antimicrobic activity increases- at 10 % the content
of silver it completely suppresses growth of all
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known microorganisms. This composition has an
essential disadvantage - silver ions easily oxidise
polyacrylate and silver drops out in sediment in the
form of metal (oxide). Similar process of formation
of nanoparticle silver in water solutions of
polyacrilic acids investigated in work®. However,
up to the end aren't studied toxicity preparation of
“Argakril” at the more concentration of silver in
preparation.

Inthe mgjority authors agreein opinion that, dif-
ference saltsof other heavy metals, silver isnot dan-
gerous at external and medical internal application.
Many scientists warn about risk of unlimited use of
the various products advanced on the market in the
form of biologically-active additives: «silver pro-
teinsy, colloidal solutions and other commercial
(nonmedical) preparations of silver®. Besides in-
sufficient efficiency, authors point in risk of forma-
tion argyros at perora application (argyria, argyro-
sis or argyrism, from Greek «argyros» - silver;
brown or black-grey pigmentation of skin, mucous
membranes, fabrics of an internal and the eyes,
caused by adjournment inthem of silver).

One of the last (2004 y.) researchesin the field
of toxicity of compounds of silver at external appli-
cation is summarised by authorg®. It is shown that
at using of silver at burns, chronic and diabetic ul-
cers can conduct to absorption of silver by system
of blood circulation and alocation on wound sites,
in liver, kidneys and other bodies. Despite it, the
risk of damage of fabric or functional infringements
practically is absent.

Silver in general practically «has no unfavor-
able effects for people; argyria it is rare also an
occasion mainly for cosmetic anxiety». In one of ar-
ticled® it is unequivocally shown that «... interest
to silver asto preparation for processing and treat-
ment of wounds tests the Renaissancey.

The analysis of literary data shows that silver
compounds, especially nanoparticles of silver with
narrow distribution on the size stabilized by poly-
meric systems represent huge interest at creation of
new generation of medical preparations and prod-
ucts with unique new properties. Especially more
interest represents creation bactericidal wound cov-
erings, contained nanoparticles of silver in struc-

———  Revfew

ture of biodecomposed water-soluble polymers.
Such polymers in the form of powders, hydrogels
and especidly films in appointed degree simulta-
neoudly carrying out functionsof skin, protect wound
surface and do not injure it, possess bactericidal
wound healing effect and are subject biodegrad-
abl e,

Preparationsonthe basisof silverion arewidely
used in medicine (“Kollargol”, “Protargol”,
“Poviargol”, etc.), working out of new methods of
synthesis highly stable nanoclusters of silver with
narrow distribution in the sizes for the purpose of
creation on their basis of new preparations antimi-
crobic, fungus, anti-inflammatory,
immunomodulatory action are actual.

We are generated nanoparticle of silver in poly-
meric matrix - NaCMC in the size of 10-30 nm
which content of silver make 0,01-0,006 %. It is
established that, the obtained hydrogels®8
“Bacsergel”, films!® “Nanoderm” and cellulosic
fiber™ showed high bactericidal activity against
widerange of bacteriaand fungi by their small tox-
icity.

On the basis of results of researches following
conditions of formation homogeneous in the sizes
nanoparticle of silver are chosen. Time of the UV-
irradiation of 30 minutes, content of CMC in hydro-
gel 0,08 mol, content of AQNQ, in hydrogel 3« 10
mol. In the chosen conditions are formed spherical
nanoparticle of silver with sizes 2-30 nm. The con-
tent of silver nanoparticlesin hydrogel “Bacsergel”
- 0,0066 %%,

For the purpose of determination of biological
activity nanoparticle of silver generated into
ctructure hydrogelsof CM C (Bacsergel), have been
investigated their microbiological properties on
strains Saphylococcus epidermidis and fungus Can-
dida albicans. As objects of examination have been
chosen 2 % - solution of CMC as control, water
solution of nitratesilver, 2% - hydrogel of Ag"CMC
and hydrogel of CM C contained nanoparticlesof sil-
ver (Bacsergd).

At theinvestigation of water solutionsof AgNO,
it has been established that, they show bactericidal
activity against fungus Staphylococcus epidermidis,
but don‘t show activity against fungus Candida
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albicansto what testified to their growth in nutrient
medium. The hydrogel scontained ionsof silver show
bactericidal activity against Staphylococcus
epidermidis of up to 30 %, than in case of nitrate
silver of similar concentration, and in case of fun-
gus Candida albicans don‘t show bactericidal ac-
tivity.

The hydrogels contained ions of silver show
bactericidal activity against Staphylococcus
epidermidis of up to 30 %, than in case of nitrate
silver of similar concentration, and in case of fun-
gus Candida albicans don‘t show bactericidal ac-
tivity. Comparatively high activity of ions of silver
in structure CMC to respect with ions of nitrate sil-
ver could be explained that ions of nitrate silver be-
cause of high mobility quickly incorporate to func-
tional groups of surface strainsand the protein com-
position inside bacterial cells as Saphylococcus
epidermidis and fungus Candida albicans. In case
of silver ionsin structure of CMC their mobility is
limited also they keep biological activity.

At investigation of hydrogels CMC contained
nanoparticles of silver (Bacsergdl) it is established
that, they show activity against strains of Saphylo-
coccus epidermidis three times above than in case
of water solution of nitrate silver and showed high
activity against fungus Candida albicans to what
absencein nutrient medium of growth of fungus.

Relatively high activity of silver nanoparticles
against to silver ions it is visible, it is connected
with that(56.581;

- nanoparticle of silver cannot form chemical bond
with functional groups of surface strains Saphylo-
coccus epidermidis and fungus Candida albicans
and the protein composition inside bacteria cells
and nanoparticles are capable to get into kernels of
thelir cell and to inhibit their growth and activity;

- decreasing in the sizes nanoparticles of silver pro-
motes increase of the total area of their surface and
acceleration of their ability to get into kernels of
cell above-stated strains;

- increasein the sizes nanoparticles and changing of
their forms from spherical to nanorods, on the one
hand, bring to sharp decrease in their total superfi-
cial areaand, on the other hand, bring to restriction
of their possibility of penetration into kernels of cell
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of strains Saphylococcus epidermidis and fungus
Candida albicans.

The most active against strain Saphylococcus
epidermidis and fungus Candida albicans is
hydrogels of CMC contained nanoparticles of sil-
ver with spherical structure and dimension of 2-30
nm (Bacsergel) that, explain the high values of area
of surface and ability of their penetration into ker-
nels of bacteriumeel,

Hydrogels CMC contained rods like of
nanoparticle with dimension 230-700 nm in length
and 60-70 nm in width are less activein relation to
the hydrogels (Bacsergel) contained nanoparticles
of silver with spherical structure and the high area
of surface, but they are more active then hydrogels,
contained connected silver ions. Low values of ac-
tivity of ions of silver connected with CMC prob-
ably explained that, at contact CMC, contained the
connected ions of silver with surface stated strain
by means of formation of coordination bonds with
functiona groups which are on surface strains oc-
curs to surface inactivation of silver ions. On the
basis of results medical - biological tests. acute
intragastric toxicity, toxicity at application on skin,
skin - resorptive action on skin and mucous mem-
brane of eyes, sensibilize and sensitizing action, con-
dition of mink reflex, the haemogl obin maintenance,
red blood cell, leukocytes and bilirubin in periph-
eral blood at repeated skin influence by preparation
of “Bacsergel” is made conclusion that the prepara-
tion nontoxic substance do not possessing skin - re-
sorptive, local irritation action, at repeated chronic
influence on skin it does not possess cumul ative ef-
fect, doesnot irritateinteguments both does not cause
sensitization and does not possess sensitizing activ-
ity.

By estimation wound healing effect of prepara-
tion of “Bacsergel” at modelling of erosive -ulcer
inflammatory process in uterus neck on white rats
and rabbits it is established that as well asin early
researches of preparation of “Bacsergel” has show
resorptive antiul cer and anti-inflammatory action at
its triple application on surface of an operational
wound. It is established, that speed of healing ero-
sion -ulcer on surface of neck of uterus more effec-
tivethan in control group. On the basis of results of
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medico-biological tests preparation of “Baksergel”
could be recommendedin surgical, obstetrics-gyne-
cologic practice and combustiology at treatment of
wounds and burns, after carrying out of clinical tests,
can be used astreatment drug.

Bactericidal activity of samples films of CMC
(Nanoderm)®¥, containing ions and nanoparticles
silver, studied on conditionally pathogenic test cul-
tures Saphylococcus epidermidis and Candida
albicans.

For the determination of antimicrobic action
samples put in test tubes with thioglycolic (for Sa-
phylococcus epidermidis) and Saburo (for Candida
albicans) mediumsinfollowing systems: 1. Film of
CMC-Ag° (C,,-0,0003 mol); 2. Film of CM CeAg°
(C,,-0.00003 mol); 3. Film of CM CeAg® (Cag
0,000003 moal).

At the result of microbiological investigation it
has been shown, that all samples possess to some
extent antimicrobic activity due to conditionally
pathogeni c microorganisms of the human. Samples,
films of CMC, contained nanoparticle of silver, are
most active against strains Staphylococcus
epidermidis and completely inhibited the growing
of fungus Candida albicans.

The bactericidal effect of the sample films of
CMC, contained ions of silver was shown, first of
all, inhibit the growing of fungus Candida albicans
but after 18-20 hours they continuous growing. At
strain Saphyl ococcus epidermidissamplesNo 2 and
No 3 inhibit growth of bacteria on 88,0 %, 99,9 %
respectively.

Thehigh bactericidal activity film of CMC, con-
tained 0,000003 mol Ag®, possibly, it is connected
by that, nanoparticle of silver with dimension of 5-
25 nm in films of CMC (Nanoderm) possess high
bactericidal activity at the expense of thelarge area
of their surface. Films of CMC, contained
nanoparticles of silver with dimension of 5-25 nm,
completely inhibit growth of strains Staphylococ-
cus epidermidis and fungus Candida albicans and
are the most bactericidal active. High bactericidal
activity of these films can be explained by the as-
sumed mechanism of action of hydrogels of CMC,
contained nanoparticles of silver which has been
presented in the previous section. The samplesfilm
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of CMC, contained rod like nanoparticle with in
length (1,=40-80 nm, in diameter 1,=5-10 nm), are
less active, than spherical structure of nanoparticles
with dimension of 5-25 nm that could be explained
with low values of their area of surface®.

Films of CMC, contained nanoparticle of silver
with the small dimension (2-28 nm) have appeared
also less active in respect of films of CMC, con-
tained nanoparticle of silver with dimension of 5-
25 nm®¥, Thisfact can be explained by that, the to-
tal content of silver nanoparticleinthissamplesfilm
of CMC has appeared almost 10 timeslessthanin
samples of films contained nanoparticle of silver
with dimension of 5-25 nm.

Thisfact can be explained by that, at concentra-
tion of ions of silver in hydrogels of CMC which
used for formation films of CMC is 0,031 % they
amost completely are connected with carboxylate
anions of CMC and because of restriction of speed
of their mobility formation nanoparticle of silver
occur with slow speed, it seems only in structure
«nanoreactors»®, Thus, it is established that, bac-
tericidal activity films of CMC against strains Sa-
phylococcus epidermidis and fungus Candida
albicansis determine both the form and dimension
of silver nanoparticle, and their total content in struc-
turefilmsof CMC.

At department of Combustiology Republican
Centre of science of Emergency Medical Aid of MH
RUz for local treatment of burn wounds at group of
patients at the age from 2 till 75 years have been
used polymeric films on the basis of water-soluble
polysaccharide of Na-CMC contained silver
nanoparticle. Obtained theresults of thelimited clini-
cal application wound coverings on the basis of
CMC, contained nanoparticles of silver show their
beneficia effect on current wound process, accel-
eration of timeepithelization superficia burn wounds
and preparation of area of deep burns for plastic
closingt™.

On the basis of results of medico-biological in-
vestigations obtained films of CMC, contained sil-
ver nanoparticle (Nanoderm) can be used in medi-
cal practice as bactericidal wound covering agent
for treatment of wounds and burns, after completing
of their clinical testd™.
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Bactericidal activity of the obtained samples of
cotton fabrics(c/f), processed by solutionsof CMC,
containing ions and nanoparticles of silver are stud-
ied on conditionally pathogenic test cultures Saphy-
lococcus epidermidis and Candida albicans at the
laboratory of Institute of Microbiology of ASci of
RUz.

At investigation on determination of bactericidal
activity of cotton fabrics processed by solution of
Na-CMC, contained silver nanoparticlesit is estab-
lished that, they show bactericidal activity against
Saphylococcus epidermidis on 80 % and more ac-
tive against control and in case of fungus Candida
albicans show bactericidal activity on 98 %.

The most active against strains Saphylococcus
epidermidis and fungus Candida albicansis cotton
fabrics processed by solution of Na-CMC, contained
silver nanoparticle with spherical structure in the
sizes of 5-35 nm that could be explained, by high
values of the area of surface silver nanoparticle™,

Cellulosic fabrics processed by solution of Na-
CMC, contained rod like structure nanoparticle of
silver with sizes 130-420 nm in length and 15-40
nminwidth, areless activein comparison with cot-
ton fabrics processed with solutions contained
nanoparticle of silver with spherical structure, but
they are more activein comparison with cotton fab-
rics which processed with solutions contained sil-
ver ions at the same concentration. At washing of ¢/
f contained nanoparticle of silver more than thirty
times, despiteinsignificant decreasing of contentin
it silver nanoparticle, all of them still show bacte-
riostatic activity against mentioned strains.

Thus, it isestablished that introduction in struc-
ture of cotton fabrics and products on their bases
stabilised silver nanoparticle promotes giving to
them bactericidal and bacteriostatic properties. Bac-
tericidal activity of cotton fabrics and products on
their basis is defined by content, form and dimen-
sion of silver nanopartcle. Stabilization of silver
nanoparticlesin structure of polymeric substrate pro-
motes preservation bactericidal and bacteriostatic
activity at repeated washing of cotton fabrics and
products on their basis.

Keeping of bactericidal activity of cotton fab-
rics subjected to washings, probably could by ex-
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plained CMC-AgP in structure of fabricsbecomean

insoluble condition and formation of coordination

bond between substrate and silver nanoparticles.

It is established high bactericidal activity and
optimum conditions of synthesisof preparations con-
tained silver nanoparticlelike solution (Polyardez),
hydrogels (Baksergel), films (Nanoderm) and cel-
lulosic materials.

Based on results of investigation it is possible
to conclude that, the polymeric systems contained
silver nanoparticles could be used as biodecomposed
and not decomposed nanostructured biopolymeric
materials — solution (Polyardez), hydrogels
(Baksergel), films (Nanoderm) and cotton materias
- pharmaceutical preparations for the treatment of
wounds and burns of various etiology with the high
disinfectant, bactericidal and antifungal activity.

In addition to that with advantages of
nanomaterials, contained nanoparticleof silver them
could beinherent and some assume deficiency which
should be eliminated or experimentally confirmed.
Such asestimated limitation concern:

- Very high relative surface of silver nanoparticle
which increases them adsorptive capacity,
chemical reaction capacity. It can bring to in-
crease in production of free radicals and active
forms of oxygen leading to damage of biologi-
cal structures (lipids, protein, nucleinic acidsin
particular DNA);

- Nanoparticle of silver in consideration of their
small sizes can contact nucleinic acids, proteins,
inter to cellular organella that can to lead to
change of function of biostructures;

- High adsorptive activity nanoparticle of silver
promotes absorption different contaminantsthat
can facilitate their transport to cell, raise ability
of their penetration through organism barriersre-
sulting probabilities of increase in toxicity of
thelast;

- Because of the small sizes of nanoparticle sil-
ver protective systems of an organism can them
don‘t recognize. They couldn‘t biotransforma-
tion and don‘t to become extinct from an organ-
ism. It probably can bring to accumulation
nanoparticlein an organism.
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CONCLUSIONS

The described method of synthesis dispersed
nanosilver without using of toxic reagents, high bio-
logical activity of their compositions with the low
content of metal allow to make preparations with
high bactericidal, antiseptic and disinfectant activ-
ity preparationsof new generation for applied medi-
cine, epidemiology and sanitary.

The exception of negative influence silver
nanoparticlesin an organism can bereached correct
choice of its concentration entered into an organ-
ism, by regulation of frequency rate of itsintroduc-
tion for full treatment of disease and choice of the
size of silver nanoparticle.

Despite the most possibilities of practical ap-
plication of silver nanoparticle in the pharmaceuti-
cal and medical industry it isnecessary carrying out
of advanced medical - biological testsprovidingtheir
harmlessnessfor living organism.
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