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The studies on the pharmaceutical development of dosage
forms with silver and gold nanoparticles for use in dentistry
and surgery

In dentistry and surgery a special role belongs to medications of the local action that possess the antimicrobial and
anti-inflammatory properties and can stimulate the tissue regeneration.

Aim. To study the antimicrobial activity of colloidal solutions of silver and gold nanoparticles in vitro, estimate their
pharmacological activity in vivo and substantiate the composition and technology of 3 dosage forms based on them —
a hydrophilic ointment, gel and solution for wound cleansing.

Materials and methods. Colloidal solutions of spherical silver and gold nanoparticles with the particle size of
30 nm and the concentration of 8.0 mg/ml and 77.2 pg/ml nanoparticles, respectively, were used to develop dosage
forms. The antimicrobial activity of colloidal solutions of silver and gold nanoparticles was determined using the test
strains of Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus subtilis, Enterococcus faecalis,
Candida albicans, Proteus vulgaris, as well as clinical isolates of pathogenic strains of microorganisms isolated from
patients with purulent inflammatory diseases of the maxillofacial area. The therapeutic efficacy of colloidal solutions of
silver and gold nanoparticles in vivo was studied on the model of the jaw abscess of the experimental animals (Wistar
rats). Technological methods were used to make dosage forms in accordance with the general rules for the manufac-
ture of liquid and semi-solid medicines.

Results and discussion. It has been found that silver nanoparticles in the concentration of 0.16 mg/ml and their
combination with gold nanoparticles in the concentration of 0.08 mg/ml for Ag and 1.93 pg/ml for Au exhibit a high level
of the antimicrobial activity against all test microorganisms. Gold nanoparticles as independent antimicrobial agents
within the concentration range of 1.93-38.6 ug/ml exhibit a weak antimicrobial activity. The combination of silver nano-
particles with gold nanoparticles exhibit the marked anti-inflammatory action and contribute to decontamination and
healing of the wound in the studies in vivo compared to the effect of silver nanoparticles only. The studies conducted
made it possible to substantiate the choice of the concentration of colloidal solutions in dosage forms.

Conclusions. According to the results obtained the marked complex action (antimicrobial, anti-inflammatory, re-
generative) of the combination of colloidal solutions of silver and gold nanoparticles in the treatment of purulent-inflam-
matory diseases of the maxillofacial area has been determined. The composition and technology of 3 dosage forms
based on them — an ointment, gel, solution for wound cleansing, which can be promising for application in dentistry
and surgery, have been substantiated.
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C. B. Binoyc, I1. C. PesHiyeHko, C. M. [lubkosa, A. B. Pubauyk, T. I. KanuHiok

HocnigxeHHA 3 hapMaLeBTUYHOI PO3POOKM NikapCbkux oOpM 3 HaHOYACTUHKaMM
cpibna i 3onota AnA 3acTocyBaHHsA y cTomaTtonorii i Xipypril

Y ctomatonorii i Xipyprii ocobnvea ponb HanexuTb 3acobam MicLeBoi Aii, siki BONoaitTb aHTUMIKPOOHUMYM Ta NPoTU-
3ananbHUMK BNacTUBOCTAMMU, @ TakoX 34aTHI CTUMYNIOBATU NpoLecu penapakwlii.

MeTta po6oTu. BuBunTtn aHTUMIKpOOHY Ait0 KOMOIAHMX PO34MHIB HAHOYACTUHOK cpibra i 30110Ta B 4OCHIOKEHHAX
in vitro, ix dbapmakornoriyHy akTUBHICTb in vivo Ta OBr'pyHTyBaTu Ckrag i TEXHOMOTIi0 3-X NikapCbKnx hopM Ha iX OCHO-
Bi — rigpodinbHOI Masi, reno Ta po34nHy 45151 NPOMUBAHHS PaH.

Matepianu Ta metogu. [Insi po3pobku nikapcbkmx 3acobiB BUKOPUCTaHI KOMOIAHI PO34MHM HAHOYACTMHOK cpibrna i 30-
nota cdpepuyHoi hopmu i3 cepeaHiM po3amipom YacTnHoK 30 HM Ta KOHUEHTpaLieto HaHo4acTUHOK 8,0 mr/mn i 77,2 MKr/mn
BiANOBIAHO. AHTUMIKPOOHY aKTUBHICTb KOMOIOHWX PO34MHIB HAHOYACTUHOK cpibna i 3omoTa BU3Havanu Lwoao my3en-
HUX LWTamiB MikpoopraHiamiB Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus subtilis,
Enterococcus faecalis, Candida albicans, Proteus vulgaris, a TakoX KniHiYHMX i30M5TiB MATOreHHWX LWTamiB MiKpoopra-
Hi3MiB, BUAINEHNX BiJ XBOPUX Ha FHiHO-3anarbHi 3aXBOPHOBAHHSA LLIENENHO-NNLEBOI AiNsHKN. EekTuBHIiCTL hapma-
KOMorivHoi Aji in vivo KoNnoigHMX po34MHIB HAHOYACTMHOK cpibna i 3onoTa gocnigKyBanu Ha Mogeni abcuecy LwenenHol
[iNsHKM gocnigHux TBapuH. [ns BUrotoBneHHs nikapcbknx (oopmM 3aCTOCOBYBasnu TEXHOMOriYHI METOAM BIAMOBIAHO A0
3aranbHUX NpaBuUi BUTOTOBINEHHSA PIAKMX | M'SK1X NiKapCbKknx 3acobis.
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Pe3ynbraTy Ta ix o6roBopeHHs. BctaHOBMNEHO, L0 HAHOYACTUHKKM cpibna y KoHueHTpauii 0,16 mr/mMn Ta ix Kom-
6iHauia 3 HaHOYacTMHKaMu 3onoTa Y KoHueHTpauii 0,08 mr/mn 3a Ag Ta 1,93 Mkr/mMn 3a Au BUSIBNSAIOTb BUCOKWI PiBEHb
aHTMMIKPOGHOI akTUBHOCTI BiAHOCHO YCiX AOCMiIAKYBaHUX TECT-KYNbTYp MiKpOOpraHiamiB. HaHo4acTuMHKM 30mnoTa sk
CaMOCTIiNHI aHTUMIKPOOHI areHTu B KOHUeHTpauiiHomy AianasoHi 1,93-38,6 mkr/mMn 3a meTanom BUSBISAOTL crnabky
AHTUMIKPOOHY aKTUBHICTb. Y AOCNIMXEHHSX in Vivo BCTAHOBIEHO, L0 KOMOGIHALIA KONOIgHOro pO34MHY HaHOYACTUHOK
cpibna i 3onoTa BUSIBNSIE BUpaxeHy NpoTusanarbHy Ait0 i CNpUsie 3He3apaXeHHK Ta 3arOEHHI0 paHu MOPIBHSIHO i3
XapakTepoMm BMNivBY MOHOAMUCNEPCIT HAHOYACTUHOK cpibna. MpoBeaeHi OCNIAKEHHST Aany MOXIMBICTb OOI'pyHTYBaTU
BMOIp KOHLEHTpAaL,ii KONOIAHNX PO34MHIB HAHOYACTUHOK Y NiKapCbKuUX hopmax.

BucHoBku. 3a pesynsratamun npoBegeHnX AOCMiAKeHb BCTAHOBIEHA BUPaXXeHa KOMMIEKCHa Ais (aHTuMikpobHa,
npotm3anarnbHa, pereHepatmBHa) koMbiHaLii KONOIOHMX PO34MHIB HAHOYACTMHOK Cpibna i 3omoTa npy NiKyBaHHi THin-
HO-3ananbHMX 3aXBOPOBaHb LenenHo-nuueBoi AinsgHkM. O6rpyHToBaHO cknag i TexHomnorito 3-X nikapcbkux opm
Ha X OCHOBI — Maai, refnto, po34nHy AN NPOMUBAHHS PaH, WO MOXYTb OyTV NepCnekTUBHUMU AN 3aCTOCYBaHHS Y
cTomaTornorii i Xipypril.

Knroyoei crioea: HaHoYacmuHKU cpibna; HaHoYacmuHKU 30510ma; pO34UH Oisi MPOMUBaHHS paH; Masb, 2€/1b

C. B. bunoyc, J1. C. PeaHundeHko, C. M. ObibkoBa, A. B. Peibauyk, T. I. KanbiHiok

UccnepoBaHusa no hapmaueBTUYECKON pa3paboTke nekapcTBeHHbIX opm
C HaHoYacTULaMU MeTansoB ANs NPUMEHEHUA B CTOMaTONOrMn U XMpyprum

B ctomatonorumn n xupyprum ocobas ponb oTBeAeHa CpeacTBamM MECTHOrO AeNCTBUS, KOTOpble 0b6naaarT aHTu-
MUKPOOHBIMW 1 NPOTUBOBOCMANMUTENbHBIMU CBOMCTBAMMU, @ Takke CNOCOOHbI BMMATH HA MPOLECChl penapaumu.

Lenb pa6oTbl. N3yuntb aHTUMUKPOGHOE AENCTBME KONMOUAHbLIX PAacTBOPOB HaHoYacTul, cepebpa 1 3omnoTa B
uccrenoBaHusix in vitro, x dhapMakonorM4eckyo akTMBHOCTL in Vivo 1 060CHOBaTL COCTaB M TEXHOMOTMIO 3-X JIeKapCTBEH-
HbIX POPM Ha MX OCHOBaHUU — MMAPOUNBHOM Ma3u, refist U pacTBopa AN NPOMbIBaHUSA PaH.

Matepuansbi u metopbl. [Ins pa3paboTku nekapcTBeHHbIX CPEACTB UCMOMb30BaHb! KONMOMAHbIE PacTBOPbl HAHO-
yacTtuy cepebpa 1 3oroTa cepryeckor hopmbl Co cpeaHM pa3mepoM vyactuy 30 HM 1 KOHLEHTpauMe HaHo4YacTuy,
8,0 mr/mMn n 77,2 MKr/mMn COOTBETCTBEHHO. AHTUMUKPOBHYHO aKTUBHOCTb KOMMOUAHBLIX PACTBOPOB HaHOYacTuUL, cepebpa
1 30M0Ta Onpeaensny Ha My3erHbIX LTaMMax MUKpoopraHmamoB Staphylococcus aureus, Pseudomonas aeruginosa,
Escherichia coli, Bacillus subtilis, Enterococcus faecalis, Candida albicans, Proteus vulgaris, a Takke KIUHUYECKNX
N30nsiTax NaToreHHbIX LUTAMMOB MUKPOOPraHW3MOB, BblA€NEHHbIX OT 60MbHbIX THOMHO-BOCNANUTENbHbIMKU 3aboneBa-
HUSIMW YentoCTHO-NNLLEBOM obractn. OhdeKTMBHOCTbL hapMakonormyeckoro 4eNCTBUS in Vivo KONMMOWAHbIX pacTBoO-
pOB HaHo4acTuL, cepebpa 1 30roTa uccrneaoBany Ha Mogeny abcuecca YentCTHOMo y4acTka NoAoNbITHBIX XKMBOTHBIX. s
N3roTOBIEHNS NEKapCTBEHHbIX (POPM NMPUMEHSNM TEXHONOrMYeckne MeToabl B COOTBETCTBUM C 0OLLMMM NpaBunamMmu
W3roTOBMEHUS XXUOKNX N MATKUX JIEKAPCTBEHHBLIX CPEACTB.

PesynkTathl M ux ob6cyxaeHue. YCTaHOBINEHO, YTO HaHoYacTuLbl cepebpa B koHueHTpauum 0,16 Mr/mMn 1 ux Kom-
BuHaLus ¢ HaHoYacTuLamm 3onoTa B kKoHueHTpauummn 0,08 mr/mn no Ag u 1,93 mkr/mn no Au NposiBRsOT BbICOKUI ypo-
BEHb aHTUMUKPOOHOW aKTMBHOCTW B OTHOLLEHMU BCEX UCCIEAYEMbIX TECT-KYNLTYP MUKPOOPraHn3mMoB. HaHoyacTuupl
3010Ta Kak CaMOCTOATENbHbIE aHTUMUKPODOHbIE areHThbl B Ananas3oHe KOHUeHTpauui HaHovactuy, 1,93-38,6 mkr/mn no
MeTanny nposBnsAT crabyto aHTUMUKPOOHYH akTMBHOCTL. B nccnenoBaHusix in vivo yCTaHOBNEHO, YTO KOMOBrHauua
HaHo4acTuy cepebpa 1 30M10Ta OKa3blBaeT BblpaXeHHOE NPOTMBOBOCNANMTENBHOE AEWCTBME U CnOCcOOCTBYET 06e3-
3apaXMBaHWUIKO 1 3aXKMBIEHMIO PaHbl MO CPABHEHUIO C XapakTePOM BIUSIHUSI MOHOAMCNEPCUM HaHoYacTuy, cepebpa.
[MpoBeaeHHbIe nccnenoBaHMs MO3BONUINM 0OOCHOBATL BbIGOP KOHLIEHTPALIMUN KONMMOWAHbIX paCTBOPOB HaHOYacTuL, B
nexkapcTBEHHbIX (hopMax.

BbiBoAbl. 1o pesynstatam NpoBefeHHbIX UCCNefOBaHUM YCTaHOBITEHO BbIPaXKEHHOE KOMIMIIEKCHOE BO3OEeNCTBME
(aHTMMUKpPOBHOE, NPOTMBOBOCNANUTENBHOE, PEreHepaTBHOE) KOMOMHAaLMM KONNMOWAHBIX PaCTBOPOB HaHO4acCTwUL, ce-
pebpa 1 30roTa npu neYeHnun rHoMHO-BOCNanMUTENbHbLIX 3a00neBaHnii YentoCcTHO-NMLEeBol obnactn. O60CcHOBaHbI
COCTaB N TEXHOMOrMsi 3-X NeKapCTBEHHbIX POPM Ha MX OCHOBE — Ma3W, refsi, pacteopa Afsi NPOMbIBaHUSA paH, KOTOo-
pble MOryT ObITb MEPCNeKTUBHBIMU AN NPUMEHEHNSI B CTOMATONOMMN U XUPYPIrn.

Knroveenlie croea: HaHo4Yacmuubl cepebpa; HaHoYacmuubl 30110ma; pacmeop 071 MPOMbI8aHUsI paH; Ma3sb, 2elb

In dentistry and surgery, an alternative to the anti-
microbial medicines that are available at the pharma-
ceutical market for the treatment of infectious diseases
is creation of new drugs based on silver and gold nano-
particles considering their high biological activity: anti-
microbial [1, 2], anti-inflammatory [3] and the ability to
stimulate the tissue regeneration [4, 5, 6].

Among dosage forms in dentistry today it is important
to use semi-solid preparations, in particular in the prac-
tice of maxillofacial surgery and for the treatment of gin-
givitis and periodontitis since purulent-inflammatory di-
seases constitute a significant percentage among such
patients. Annually, this percentage increases due to the

expansion of multi-resistant strains of microorganisms
to the traditional antibiotics and weakening of the im-
mune status of patients [7, 8].

In the complex treatment of periodontal diseases it
is important to use local medicines having the ability to
inhibit the pathological process to avoid complications
due to antimicrobial and anti-inflammatory properties,
as well as to be able to stimulate the regeneration pro-
cesses [9, 10].

To achieve the desired effect of local therapy of the mu-
cous membrane of the oral cavity it is necessary to take
into account not only the pharmacological properties of
the active substances, but also the properties of excipi-
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ents, namely the base of the medicinal product. When
developing such medicines it should be considered that
hydrophobic ointments have an occlusion effect, they
are difficult to wash off with water and not mixable with
the exudate; when using emulsion products in dentistry
the concentration of active substances rapidly reduces
due to their dilution with saliva, medicinal substances
are washed into the lower gastrointestinal tract, and this
is not acceptable in the case of wound processes in pha-
ses Il and III and inflammation of the oral mucosa [11].
Therefore, development of solutions for wounds cleansing
and semi-solid preparations on hydrophilic bases, espe-
cially in the form of gels intended to be applied to the wound
surface of the mucous membrane of the oral cavity is
relevant.

The aim of the work was to study the antimicrobial
action of colloidal solutions of silver and gold nanopar-
ticles in in vitro, their pharmacological activity in vivo
and substantiate the composition and technology of 3 do-
sage forms on their basis for the use in dentistry and
surgery — a hydrophilic ointment, gel and solution for
wound cleansing.

Materials and methods

To develop medicines for dentistry and surgery col-
loidal solutions of silver (AgNP) and gold (AuNP) nano-
particles with an average particle size of 30 nm and the con-
centration of 8.0 mg/ml and 77.2 pg/ml nanoparticles,
respectively, were synthesized by the method of chemi-
cal condensation in the aqueous medium according to
the original protocols.

Colloidal solutions of silver and gold nanoparticles
were characterized as biosafe by indexes of cytotoxici-
ty, genotoxicity, mutagenicity and biochemical markers
in accordance with the criteria of the Guidelines “Safety
assessment of medical nanopreparations” approved by
the Scientific Expert Council of the State Expert Center
of the Ministry of Health of Ukraine (Recoed No. 8, Sep-
tember 26, 2013).

The antimicrobial activity of the colloidal solutions
of silver and gold nanoparticles was determined in the stu-
dies in vitro according to the standard protocol for the me-
thod of serial dilutions in agar according to the guide-
lines for susceptibility testing of microorganisms to anti-
bacterial agents [12]. The test-strains of microorganisms of
Staphylococcus aureus MRSA ATCC 43300, Pseudomo-
nas aeruginosa ATCC 27853, Escherichia coli ATCC 2592,
Bacillus subtilis ATCC 6633, Staphylococcus aureus 209P,
Enterococcus faecalis G35 No 4-410, Escherichia coli
No 25, Pseudomonas aeruginosa ATCC 27853 (F-51),
Candida albicans, Proteus vulgaris HX 19 No. 222 from
the ATCC Collection and from the Collection of the State
Scientific Control Institute of Biotechnology and Strains
of Microorganisms (Kyiv, Ukraine), as well as pathogenic
clinical isolates of microorganisms isolated from the pa-
tients with purulent-inflammatory diseases of the maxil-
lofacial area were used to estimate the antimicrobial ac-
tivity of the metal nanoparticles synthesized in vitro.

The therapeutic efficacy of silver and gold colloidal
solutions in vivo was studied on the model of the jaw
abscess of Wistar rats. The studies in vivo were conduc-

ted in the vivarium of the Institute of Veterinary Medi-
cine NAS of Ukraine (Kyiv). All experiments with ani-
mals were carried out according to the accepted ethical
norms and standards.

The jaw abscess was modeled according to [13] by a
subcutaneous injection of 0.5 ml of the suspension con-
taining a daily culture of Staphylococcus aureus clini-
cal isolate (5 x 107 CFU/ml) and the activated carbon
powder with a mass fraction of 9 % in the suspension;
it was injected in the submandibular area of laboratory
animals. The opening of the abscess was carried out by
the skin incision over the center of infiltration on the 4th
day after injection; the length of the cut was not less
than the length of the infiltrate. Irrigation of the opened
abscess by colloidal solutions was done once a day for
3 days, at the rate of 4 ml of each solution per animal.
There were the following animal groups in the experi-
ment (10 animals in each group): group 1 — control
group — healthy animals, group 2 — control group of ani-
mals with opened untreated abscess, group 3 — irrigation
of the abscess with a colloidal solution of silver nano-
particles (AgNP) in the concentration of 0.8 mg/ml,
group 4 — irrigation of the opened abscess with a col-
loidal solution containing the combination of silver and
gold nanoparticles (Ag/AuNP) in the concentration of
0.8 mg (Ag)/19.3 ug (Au) per 1 ml.

The therapeutic effectiveness in vivo was assessed
by the results of the histological studies. For the histo-
logical study the affected areas of the mandibles were
isolated. Fixation and preparation of histological sec-
tions were performed according to the generally accep-
ted protocols [14]. The specimens of histological sec-
tions were stained with hematoxylin-eosin. The speci-
mens for histological studies were taken on day 5 after
the last irrigation of the opened abscesses under the ge-
neral anesthesia.

Technological methods were used for preparing of
dosage forms according to the general rules for the manu-
facture of liquid and semi-solid preparations.

Results and discussion

To select the optimal concentration of silver and gold
nanoparticles in the preparations developed for dentistry
and surgery their antimicrobial activity in vitro was stu-
died at the first stage of the research. Test strains of micro-
organisms — representatives of the main types of patho-
gens isolated in patients with purulent inflammatory di-
seases of the maxillofacial area were used to assess the anti-
microbial activity of nanoparticles.

Colloidal solutions of silver nanoparticles with the con-
centration of 0.08 mg/ml and 0.16 mg/ml (dilution of
the initial dispersion 1 : 100 and 1 : 50, respectively)
were used for the study based on the literature data, the mi-
nimum inhibitory concentration of silver nanoparticles
for S. aureus was in the range of 8-80 mg/L, and for
P. aeruginosa was in the range of 8-70 mg/I [15].

When assessing the antimicrobial activity of gold
nanoparticles in vitro, due to the existing controversial
literature data in this area of research, the proven safe
concentration of such nanoparticles for eukaryotic cells
was chosen [16]. Gold nanoparticles in the concentra-
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tion range of 1.93-38.6 ug/ml (dilution of the initial so-
lution 1:40,1:25,1:10,1:4 and 1 : 2, respectively)
were used.

The results obtained showed the complete inhibition
of growth for all pathogenic test strains examined under
the effect of silver nanoparticles in the concentration of
0.16 mg/ml in the culture medium. A single colony growth
was observed only for C. albicans and B. subtilis test
strains with the seed doses of 10° CFU/cm? and silver
nanoparticles with the concentration of 0.08 mg/ml by
metal in the detection medium (Tab. 1).

Gold nanoparticles as an independent antimicrobial
agent showed a weak antimicrobial activity in the simi-
lar study. There was no pronounced growth inhibition of
all test strains in the nanoparticles concentration range

of 1.93-38.6 pg/ml in the detection medium. The study
of the antimicrobial action effectiveness of gold nano-
particles in the higher concentration range was conside-
red to be inappropriate because of the significant increase
in the potential final cost of the drug based on these nano-
particles.

Compared to the antimicrobial activity of the mono-
dispersion of silver nanoparticles the combination of sil-
ver and gold nanoparticles (Ag/AuNP) in the concentra-
tion of 0.08 mg/ml (Ag) and 1.93 pg/ml (Au) revealed a
pronounced bactericidal effect against all test strains and
for all seed doses studied (Tab. 1). Thus, it is possible
that gold nanoparticles without their own expressed anti-
microbial activity have the ability to increase the anti-
microbial activity of silver nanoparticles in the mixture.

Table 1
The antimicrobial activity of the colloidal solution of silver nanoparticles (AgNP)
against pathogenic test strains of microorganisms
Seed dose of Concentration of AgNP in the detection Control of
Test-strain a test-strain, medium, mg/ml by metal the test strain

CFU/cm? 0.08 0.16 growth

103 I I ++++

Staphylococcus aureus MRSA ATCC 43300 10 I I ++++

10° I I ++++

10° I I ++++

Pseudomonas aeruginosa ATCC 27853 10* I I ++++

10° I I ++++

103 I I ++++

Escherichia coli ATCC 2592 10* I I ++++

10° I I +4++

10° I I ++4+

Bacillus subtilis ATCC6633 10% I I ++++

10° + I ++++

10° I I ++++

Staphylococcus aureus 209P 10* I I ++++

10° | | ++++

103 I I ++++

Enterococcus faecalis G35 No. 4-410 10 I I ++++

10° I I ++++

10° I I ++++

Escherichia coli No. 25 10* I I ++++

10° I I ++++

10° | | ++++

Pseudomonas aeruginosa ATCC27853 10* I I .
(F-51)

10° I I o+

10° I [ ++++

Candida albicans 10 I I ++++

10° + I ++++

10° I I ++++

Proteus vulgaris HX 19 No. 222 10* I I ++++

10° | | ++++

Note: “I"- total inhibition of the test strain growth; “++++"- intensive growth of the test strain; “+” - a single colony growth on the Petri

dish; CFU - colony-forming unit.
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The antimicrobial activity of silver nanoparticles and the combination of silver
and gold nanoparticles against pathogen clinical isolates of microorganisms

Table 2

Growth of strains in the presence | Growth of strains in the presence
Clinical isolates of AgNP in the concentrgtion of Ag/AuNP in the concentration ConFroI of the
of 0.08 mg / ml by metal in the | of 0.08 mg/ml (Ag) and 1.93 pg/ml | strain growth
detection medium (Au) in the detection medium

Staphylococcus aureus [ | 4+
Micrococcus I I ++++
Escherichia coli | | 4+
Pseudomonas aeruginosa I I +4+++
Candida albicans [ | ++++
Yeastlike microorganisms I | ++++
Staphylococcus epidermidis I I +H++
Enterobacter aerogenes I | -+
Staphylococcus haemolyticus I I +H++
Haemophilus influenzae [ | -+
Klebsiella spp. | | 4+
Enterococcus faecalis I | ++++

Note:“I” - total inhibition of the test strain growth; “++++"— intensive growth of the test strain.

However, with an increase in the gold concentration from
1.93 pg/ml to 19.3 pg/ml there were no significant dif-
ferences in the antimicrobial activity of the nanopartic-
les in the mixture.

Thus, silver nanoparticles in the concentration of
0.16 mg/ml and their combination with gold nanoparticles
in the concentration of 0.08 mg/ml by Ag and 1.93 pg/ml
by Au exhibited a high level of the antimicrobial activity
against all test strains studied.

At the next stage of research the level of the antimi-
crobial activity of nanoparticles against clinical isolates
of microorganisms isolated from the patients with puru-
lent-inflammatory diseases of the maxillofacial area was
determined. The results obtained are shown in Tab. 2.

The total inhibition of growth for all pathogen clini-
cal isolates studied was observed in the presence of sil-
ver nanoparticles in the concentration of 0.08 mg/ml in
the medium, as well their combination with gold nano-
particles in the concentration of 1.93 pg/ml.

The therapeutic efficacy of the colloidal solutions of
silver nanoparticles and their combination with gold nano-
particles in vivo was studied taking into account the pos-
sibility of the solution dilution with saliva, as well as
washing out of the medicinal substances in the lower
gastrointestinal tract. Therefore, the concentrations of
nanoparticles that were in 10 times higher than the ef-
fective concentrations determined in the studies in vitro
were used. Thus, for irrigation of model abscesses after
their opening the colloidal solution of silver nanopar-
ticles in the concentration of 0.8 mg/ml by metal and
gold nanoparticles with the concentration of 19.3 pg/ml
by metal was used.

It was found that in animals with the experimen-
tal abscess treated by colloidal solutions of silver and
gold a significant stimulation of wound healing with
fast transition of the inflammatory process to the stages

of proliferation and organization of affected areas was
observed.

Thus, when irrigating the model abscess with the col-
loidal solution of silver nanoparticles (AgNP) in the area
of the infectious agent administration the suppression
of the inflammatory process was observed. A large mass
of foreign bodies was found in macrophages. Among
histiocytes around the abscess there were fibroblasts and
tissue basophils. Collagen fibers were well visible in the cap-
sule of the abscess.

When the experimental abscesses were rinsed with
the mixture of silver and gold nanoparticles (Ag/AuNP)
during the histological studies the marker particles of
the activated carbon powder were found in a short dis-
tance from the surface of the skin where they occupied
a small area (Fig. 1).

The edema of adjacent tissues was insignificant, in
the microenvironment of the abscess macrophages and
fibroblasts dominated among the cells; there were only

Fig. 1. Photomicrography of tissues around the abscess on day 12
of formation after 3-time irrigation with the combination of silver
and gold nanoparticles. Hematoxylin-eosin, x 200
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a few leukocytes. Blood vessels sprouted to the central
parts of the infectious lesion where fibroblasts were also
found, indicating the organization of the damaged areas.

Significant acceleration of the inflammatory process
transition to the stages of proliferation and organization
of the damaged areas in animals with the experimental
abscess rinsed with colloidal solutions of metal nano-
particles may indicate destruction of the infectious agent.
It should be particularly noted when using the colloidal
solution with the combination of silver and gold nano-
particles (Ag/AuNP) the healing process was accelera-
ted (Fig. 2).

The results of the marked complex therapeutic ef-
ficacy of the mixture of silver and gold nanoparticles
obtained in vivo may indicate the synergism of the anti-
microbial and anti-inflammatory action of silver and gold
nanoparticles.

Conclusions concerning the possibility of the thera-
peutic efficacy intensification due to the action of gold
nanoparticles are confirmed by the literature data, in par-
ticular about the presence of the antimicrobial activity,
the expressed anti-inflammatory effect and the ability
to stimulate the tissue regeneration in gold nanopartic-
les [3, 5, 17-20].

For the first time in official medicine aurotherapy
(gold treatment) was applied in 1929 for the treatment
of rheumatoid arthritis and polyarthritis [19]. Aurothera-
py is still one of the effective treatments for rheuma-
toid arthritis, along with the use of non-steroidal anti-
inflammatory drugs [21].

Since in the treatment of infectious and purulent-
inflammatory diseases in dentistry and surgery not only
the antimicrobial effect of drugs was important, but also
their anti-inflammatory action, the combination of silver
and gold nanoparticles based on the given active con-
centrations was used for development of drugs for den-
tistry and surgery.

To develop a solution for wound cleansing in den-
tistry and surgery the combination of silver and gold nano-
particles was used in the concentrations, which thera-
peutic efficacy was confirmed by the results of the histo-
logical studies in vivo on the model of the jaw abscess
of laboratory animals taking into account the results of

b

the studies in vitro. Thus, it was experimentally confir-
med that the concentration of silver nanoparticles in the so-
lution for wound cleansing was 0.8 mg/ml, and of gold
nanoparticles it was 19.3 pg/ml.

The neutral pH was therapeutically acceptable for
the use of the drug developed; therefore, the concentra-
tion of a buffer agent (disodium phosphate) was selec-
ted experimentally. As a solvent purified water was used.
The solutions were packed in 10 ml containers and clo-
sed hermetically. According to the State Pharmacopeia
of Ukraine preparations used for wound treatment should
be sterile; therefore, the solution was sterilized at 121 °C
for 8 min.

The technological process of manufacturing the so-
lution consists of the preparatory stage, dissolution of
the active components and excipients, packing of the so-
lution in the containers, sterilization, packaging and la-
beling of the solution.

Taking into account that in the semi-solid dosage forms
the base affected the release of an active substance, and
therefore, required the use of higher concentrations of
the active pharmaceutical ingredient (API) than the given
minimum antimicrobial concentration in solutions we
used the combination of colloidal solutions of silver and
gold nanoparticles in the concentrations that were 2.5;
5; 10 and 20 times more than the active concentrations
established for preparing semi-solid preparations for den-
tistry. Since adding significant amounts of colloidal so-
lutions into compositions of semi-solid preparations crea-
ted certain technological complications and required the use
of a significant amount of excipients, colloidal solutions
with the initial concentration of silver nanoparticles of
8.0 mg/ml and gold nanoparticles of 77.2 ug/ml were
concentrated. For concentration the initial aqueous dis-
persions of metal nanoparticles were lyophilized using
an ALPHA 1-4 LD-2 lyophilic dryer with the preliminary
freezing of the samples for 12 hours at -55 °C. To pre-
pare semi-solid preparations the colloidal solution of sil-
ver and gold nanoparticles with the concentration of sil-
ver 4 mg/ml and gold of 0.15 mg/ml was used.

To develop a hydrophilic ointment with the compo-
sition of silver and gold nanoparticles a traditional macro-
gol base providing the osmotic and dehydration action

Fig. 2. The effectiveness of the model abscess treatment after 3-day irrigation with: (a) — colloidal solution of silver nanoparticles;
(b) — colloidal solution of the combination of silver and gold nanoparticles compared to (c) — the initial state of the opened abscess
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Table 3
The composition of semi-solid preparations with silver and gold nanoparticles
Quantity
Name of the component Ointment
1 2 3 4
Solution of silver and gold nanoparticles
(C,. =4.0 mg/m, C,, 015 maymh >ml 10ml 20ml 40ml
Macrogol 400 60.0 55.0 450 25.0
Macrogol 1500 30.0 30.0 30.0 30.0
Propylene glycol 5.0 5.0 5.0 5.0
Gel
1 2 3 4
Solution of silver and gold nanoparticles 5ml 10 ml 20 ml 40 ml
(Cpe =4.0mg/ml, C,,=0.15 mg/ml)
Carbopol 0.5 0.5 0.5 0.5
Ammonium hydroxide solution 25 % topH 7.0 topH 7.0 topH 7.0 topH 7.0
Macrogol 1500 5.0 5.0 5.0 5.0
Glycerol 5.0 5.0 5.0 5.0
Purified water to 100.0 to 100.0 to 100.0 to 100.0
Concentration of active substances Cyg 0.2 mg/ml Cpy 04 mg/m Cy, 0.8 mg/ml Cyg 1.6 mg/ml
calculated with reference to metals Cu, 7.5 pg/ml Cyy 15 pg/ml C,, 30 pg/ml C,, 60 pg/ml

and accelerating the time of wound healing was used.
To reduce the drying effect of the ointment propyle-
ne glycol in the concentration of 5 % was added into
the composition.

When developing the gel as a gelling agent carbopol
allowing to obtain transparent non-sticky gels was used
in the concentration of 0.5 % [22]. In the composition
of the gel developed this component formed a protec-
tive coating and promoted prolonged release of active
ingredients. Macrogol 1500 was introduced into the com-
position in order to increase viscosity and the osmotic
activity of the gel. The compositions of the semi-solid
preparations studied are given in Tab. 3.

The technological study showed that the introduc-
tion of 40 ml of colloidal solution of nanoparticles into
the composition of semi-solid preparations (ointment 4
and gel 4) was problematic since a stable ointment and
gel could be obtained with a maximum 20 % colloidal
solution; therefore, for further studies the ointment and
the gel composition 3 with the concentration of silver
nanoparticles of 0.8 mg/ml and gold of 30 ug/ml were
selected.

When preparing the ointments and gels studied the ge-
neral rules for manufacturing semi-solid preparations were
used. According to the results of the study the flowcharts
of the ointment and gel production were developed.

To introduce silver and gold nanoparticles in semi-
solid preparations the colloidal solution of nanopartic-
les was mixed with propylene glycol (ointment) or gly-
cerol (gel) and then added by stirring to the base of the oint-
ment or gel, respectively.

When manufacturing an ointment and a gel the bases
were firstly prepared; they were a fusion of macrogols

and carbopol gel, respectively, to which non-aqueous sol-
vents and the colloidal solution of nanoparticles were
introduced. The first step in the gel base preparation was
swelling of carbopol in purified water at room tempera-
ture. Since in the case of using carbopol, gelling occur-
red after changing the pH of the carbopol solution to a
neutral value, the gel base was thickened by 25 % solu-
tion of ammonium hydroxide to pH 7.0.

The experimental samples of semi-solid preparations
in the laboratory conditions were prepared using a labo-
ratory homogenizer at a stirring rate of 3000 rpm (oint-
ment) and 2000 rpm (gel); the homogenization time was
15 min. The effect of the rate and time of emulsification
on the stability and homogeneity of semi-solid prepara-
tions was determined visually. The samples of semi-so-
lid preparations studied were assessed by organoleptic
(appearance, color) and consumer properties (ease of ap-
plication, stickiness, absorption rate, sensation and the skin
condition after application of semi-solid preparations).

CONCLUSIONS

1. According to the results of the study conducted
the marked complex action (antimicrobial, anti-inflam-
matory and regenerative) of the combination of AgNP
and AuNP colloidal solutions in the treatment of puru-
lent-inflammatory diseases of the maxillofacial area has
been determined.

2. The composition and technology of three dosage
forms based on the combination of silver and gold col-
loidal solution (ointment, gel and solution for wound
cleansing) have been substantiated; it can be promising
for the use in dentistry and surgery.
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