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Resume: the article presented reflects the current results of the pharmaceutical development of antimicrobial
and anti-inflammatory eye drops based on the Safflower seed extract with the addition of gold nanoparticles
that are anticipated to have enhanced antibacterial activity due to the properties of gold nanoparticles and
presumably cause minimal to no side effects. The combination of the plant-based eye drops that had been
proven to exhibit antimicrobial properties with the known antibacterial agents such as gold nanopatrticles is
predicted to enhance the effectiveness of the proposed product that can therefore potentially be commensurable
with the existing synthetic antimicrobial eye formulations in performance and demonstrate better safety in
comparison with those mentioned. The development is also intended to broaden the effective use of gold
nanoparticles as antimicrobial agents to contribute to the resolution of the antibiotic resistance problem in
ophthalmology. In this article, the developed formulation is being assessed according to the state pharmacopoeial
requirements and the results regarding organoleptic properties (such as transparency, color and clarity),
identification, pH indication, viscosity and osmolality show the potential ability of the obtained eye drops to
be effective for the delivered digits fall in the control range and thus correspond to all the acceptance criteria.
Key words: gold nanopatrticles, eye drops, antibacterial, Carthamus tinctorius L., standardization, transparency,
pH, zeta-potential, viscosity, osmolality.

A.A. ToknaHoBa, A.A. TyprymbaeBa, X. A6yoBa, K.[l. Paxumos,
P.H. TyneeBa, I.C. TaTtbixaHoBa, A.E. [)xycynkanueBa
an-®apabu ambiHOarbl Kasak ynimmabiK yHU8epcumemi

C. 4. AcpeHdusipoe ambiHOarbl Kaszak ¥Ynmmabik meduyuHa
yHuUsepcumemi

K. . Combaes ambiHOarbl Ka3ak yimmblK mexHUKarbIK 3epmmey
yHuUsepcumemi

MAKCAPbI T¥KbIMbIHbIH CbIfbIHObICbI
HErI3IHAE ANTbIH HAHOBOJILWWEKTEPI

BAP MUKPOBKA KAPCbl K©&3 TAMLLBITAPbIH
OAWBbIHOAY XXOHE CTAHOAPTTAY

TyWiH: yCbiHbINFAaH Makanaga antblH HAHOGenLWeKTepi KOCbInFaH
MaKcapbl TYKbIMbIHbIH CbIFbIHABICHI HETi3iHAE MUKPODKa Kapchl Xxa-
He KabblHyFa KapcChbl KO3 TaMmLUbINapblH a3ipreyaid kasipri dpapma-
LieBTUKAIbIK HOTWXXENEPIH KepceTe OTbIPbIN, XoFapbl bakTepusiFa
Kapcbl 6benceHainikTi 6aranay xaHe xxaHama acepnepin kayniH 6a-
pbiHLWa a3anTy. ©ciMaik HeridiHaeri KabbiHyFa Kapchbl k63 TamLblna-
PbIHbIH anTblH TOpi3ai HaHOGenwWweKTepai KypanTbliH 6enceHai 6ak-
TepusiFa KapCbl areHTTEPMEH YINeCyi YCbIHbINATbIH OHIMHIH, TUiMAj-
NiriH apTTblpaTbiHbl @HbIKTaNAbl, HOTWXeCiHAEe Bomkamabl CUHTE-
TrKanblKk MMKpOOKa Kapcbl NpenapaTtTapra acepi Typanbl 6omkay-
fa bonaabl. ke3aep, coHbiMeH Bipre kayinciaaik npoduniH xakcap-
Tagpbl. O3iprey CoHbIMEH KaTap aHTMONOTUKTEpre Te3iMainik mace-
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NONYYEHUE N CTAHOAPTU3ALUA MMA3HbIX
KANENb C HAHOYACTULAMU 30J10TA C
AHTUMUKPOBHOW AKTUBHOCTbIO HA OCHOBE
CEMSAH CA®JIOPA KPACUITBHOIO

Pe3tome: B npeAcTaBneHHoN cTaTbe OTpaXeHbl TEKyLUMe pesynbra-
Tbl (hapmaLieBTU4ECKON pa3paboTkM NPOTUBOMUKPOOHbBIX 1 NPOTU-
BOBOCMNANMUTENbHbIX MMa3HbIX Kanernb Ha OCHOBE 3KCTpaKTa CeMsIH
Cadpnopa kpacunbHoro ¢ gobaBneHnem HaHo4acTuy, 30M0Ta, Ko-
TOpble NoTeHUnansHo obrnagatoT NOBbILLEHHOW aHTubakTeprarnb-
HOWM aKTUBHOCTbIO N MUHVMU3NPYIOT PUCK BO3HUKHOBEHMS NOGOY-
HbIX adpchekToB. Npegnonaraercs, YTo 06beanHeHe NPOTUBOBOC-
nanuTenbHbIX MasHbIX Kanenb Ha pacTUTENbLHOM OCHOBE C M3BECT-
HbIMW aHTUbakTepuanbHbLIMU areHTamu, TakMMU Kak HaHOYaCTULLbI
30r10Ta, NOBbLICUT 3PPEeKTUBHOCTb NpeanaraemMoro npoaykra, Ko-
TOpbIN B pe3ynbrate NoTeHuManbHO MOXeT ObiTb CONOCTaBMM MO
[EeVCTBMIO C CYLLECTBYOLLVMY CUHTETUYECKMMMN NPOTUBOMUKPOOHbI-
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TEXHOJIOTMA ®PAPMALIEBTUYECKOI'O TTPOM3BOJACTBA

NecCiH WeLly yLwiH MUKpobKa KapeCbl areHTTep peTiHae anTblH HaHO-
OenwekTepiH nanganaHyabl keHenTyre barbiTTanFaH. byn makana-
Aa dapmakonessnblk Tanantapfa corkec nHankaumanay yLwiH gapi-
nik npenapaTtTbl a3ipnereH 6aranay copmMynachl KENTiPIAreH xaHe
opraHonenTuKanblk kacueTTepi (Mengipniri, TyCi XXeHe MexaHuka-
nblK KOcnanapablH 6onmaybl), cankecteHgipy, pH, TYTKbIPrbIK >a-
He 0CMOoMApIbIK CUSKTbI NapameTpnep 60MbiHLLA HaTWKENepAi any,
OHIMHIH, bIKTUMan aneyeTTi TIMAINiri, BUTKEHI WbIFapbInbIM pykcaT
eTinreH wekrepre Tyceai, byn 6apnbik kKabblngay KpUTepunnepiHiy
opblHAanfFaHblH kepceTesi.

Tywninai cespep: anTbliH HAaHOOBNLIEKTEPI, KO3 TaMLLbINapbl, bakTe-
pusFa kapcel, Carthamus tinctorius L., ctangaptTay, mengipnik, pH,
3eTa noteHumanbl, TyTKbIPIbIK, OCMOMSAPbIK.

Introduction

This article contains the method of preparation of gold
nanoparticles and standardization of eye drops with ad-
dition of the preliminarily obtained gold nanoparticles. The
standardization parameters observed in the article include
transparency, color, clarity, identification (zeta-potential),
pH, viscosity and osmolality. The purpose of the work is to
deliver on the current results of analysis of the developed
eye drop samples to establish their eligibility. The main ob-
jectives pursued by the given article include characterizing
the obtained samples of the described eye drops through
the above listed standardization parameters and there-
fore pick the sample acceptable for following analysis.
Experimental

Materials and methods:

Single-stage chemical reduction synthesis; zeta-potential
analysis; organoleptic analysis; viscosimetry; osmometry;
microwave reactor Monowave 50 Anton Raag; WALLIS ze-
ta-potential analyzer; HI2020-02 pH analyzer; capillary vis-
cometer (d = 0.84 mm); K-7400S osmometer-cryoscope.
Results and Discussion

Generation and stabilization of gold nanoparticles
The synthesis of gold nanoparticles was carried out us-
ing single-stage reduction by heating a mixture of 0.33 ml
(100 mg /1) of HAuCl4, 4 ml of 0.5 M KOH and 0.5% and
4% polymer solutions at 100 °C in a microwave reactor
(Monowave 50 Anton Raag, Austria). This led to a color
change from yellow to wine-red or purple due to the for-
mation of gold nanoparticles. The natural polysaccharide
gellan was used as both stabilizer and reducing agent [1].
Characterization of gold nanoparticles

The synthesized gold nanoparticles were characterized
by their zeta potential [2] using zeta-potential analyzer.
The zeta potential measurements of nanoparticles were
measured on a WALLIS zeta analyzer (UK). The results
are depicted in the Figure 1.

Preparation of eye drops samples with gold nanopar-
ticles based on the Safflower seed extract

The obtained gold nanoparticles were mixed with the

MW npenapaTtamu Ans rnas v B To e Bpemsi NPoAeMOHCTPUpoBaTh
ynydLeHHbIn npodunb 6e3onacHocTn. PagpaboTka Takke Hanpas-
fnieHa Ha paclumpeHue cnekTpa 3 dEeKTMBHOIO NCNOMNb30BaHNS Ha-
HoYacTwWL, 30M0Ta B Ka4eCcTBe aHTUMUKPOOHbIX areHToB ANs peLle-
HYS NpobnemMbl aHTUBMOTUKOPE3UCTEHTHOCTU. B faHHON cTaTbe npo-
BOOMTCA OLeHKa pa3paboTaHHON nekapCTBEHHON POpMbl Ha COOT-
BETCTBME C rocy4apCTBEHHbIMU hapmakonenHbiMu TpeboBaHNsaMU
1 Nony4YeHHble peaynbTaThbl N0 TakMm napameTpam, kak opraHonen-
TUYeckne CBOMCTBA (NPO3paYHOCTb, LIBETHOCTb U OTCYTCTBUE MeXa-
HUYECKNX BKIOYEHNI), naeHTndunkaums, nokasarens pH, BA3KOCTb
1 OCMOTSANBbHOCTb, A@MOHCTPUPYIOT BbICOKYHO MOTEHLMarbHYo ad-
heKTUBHOCTb NPOAYKTa, NOCKOSbKY BbIXOAHbIE AaHHbIe nonafatoT
B JOMYCTUMbIE Npeaerbl, YTO FOBOPUT O COOTBETCTBUM BCEM KpuTe-
pVSIM NPUEMIIEMOCTM.

KntoueBble cnoBa: HaHO4YaCTWLbI 30M0Ta, IMa3Hble Kannu, aHTnbak-
TepuanbHbin, Carthamus tinctorius L., ctaHgaptusaums, npospad-
HoCTb, pH, A3eTa-noTeHumnan, BA3KOCTb, OCMOSANBHOCTb.

pre-prepared standardized ophthalmological solution of
the following composition: Safflower seed extract, hyal-
uronic acid, nicotinic acid 1%, boric acid 1.9%, water for
injections [3]. Overall, three different samples were ob-
tained by introducing the concentrated solution of gold
nanoparticles in different quantities to see which one per-
forms best. The quantitative composition of the three sam-
ples is given in the Table 1.

Standardization of eye drops samples with gold
nanoparticles based on the Safflower seed extract
Organoleptic analysis: the three samples were assessed
regarding the following parameters — transparency, col-
or and clarity. According to the results of the organoleptic
study, the Sample 2 out of the three is the only one that
meets the state pharmacopoeial requirements, which is
why all the following quality control parameters are ana-
lyzed regarding the Sample 2 that turned out to be trans-
parent with a hint of color.

Identification: to identify the presence of gold nanopar-
ticles in the Sample 2 its zeta potential was also deter-
mined using the earlier established method. The results
of the Sample 2 zeta potential analysis are presented in
the Figure 2.

pH: the HI2020-02 pH analyzer determined the pH of the
ophthalmologic solution in the Sample 2 as 7.40+0.05,
which matches the acceptable range [4].

Viscosity: the viscosity of the solution was determined
by the method of capillary viscometry at 20 + 0.1°C and
equaled 12-15 cSt. The flow time from one mark of the
viscometer to another was measured with a stopwatch
with an accuracy of one fifth of a second [5].

Osmolality: osmotic mass concentration was measured
using the K-7400S osmometer-cryoscope. The scale of
the equipment was set to zero value using water. It was
then calibrated by putting standard solutions into the mea-
suring cell and starting the process of system cooling. To
prevent hypothermia, measuring device is usually pro-
grammed to work at temperatures lower than the expect-
ed cryoscopic reduction temperature. The corresponding
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Sample Name: Au-+gellan 1
SOP Name: SIZE1.sop
File Name: HaHouyacTuusl 2onoTa.dis Dispersant Name: Water
Record Number: 995 DispersantRL: 1,330
Material R: 1,33 Viscosity (cP): 0,8872
Material Absorbtion: 0,010 Measurement Date and Time: 31 maprta 20211 16:14:45
Temperature (°C): 25,0 Duration Used (s): 10
Count Rate (kcps): 2716 Measurement Position (mm): 465
Cell Description: Disposable sizing cuvette Attenuator: 11
Size (rnm): % Intensity Width (rnm):
Z-Average (ram): 1331 Peak 1: 1319 100,0 34,06
Pdi: 0,242 Peak 2: 0,000 0,0 0,000
Intercept: 0,955 Peak 3: 0,000 0,0 0,000
Result quality : Refer to quality report
Size Distribution by Intensity
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Figure 1 - Gold nanoparticles zeta-potential

Table 1 - The composition of the obtained eye drops samples with the addition of gold nanoparticles

. Quantity in Quantity in Quantity in
AT Sample 1. ml Sample 2, ml Sample 3, ml

Safflower seeds extract | active ingredient 1.70 1.70 1.70
Gold nanopartlcles. active ingredient 1.20 0.90 0.60
(concentrated solution)

Hyaluronic acid prolongator 1.10 1.10 1.10

PRSP N
Nicotinic acid 1% eye Ieng energy 119 119 119
metabolism stimulant

Boric acid 1.9% preserving agent 0.01 0.01 0.01
Water for injections solvent to 6 ml to 6 ml to 6 ml

device indicates that the balance is achieved. Before each
measurement, a cell is rinsed with the appropriate stan-
dard solution. The same operations are carried out with
the sample solution. The cuvette is rinsed before each
measurement with the sample solution [6]. The results
shown by the osmometer totaled in the range between
286 mOsm/kg and 308 mOsm/kg.

The obtained results are summarized in the Table 2.
Conclusions

The executed work and its results presented in the arti-
cle determined the optimal composition of the proposed
eye drops out of the three prepared samples and the re-
sults of the following analysis of the eligible sample 2

meet all the corresponding requirements regarding the
mentioned parameters, which proves its total acceptabil-
ity for further standardization and analysis. The deliver-
ables of the work provided the data regarding the eye
drops’ description via organoleptic analysis, which deter-
mined that the solution in Sample 2 is liquid, transparent
with no visible particulate matter with a hint of color; pH
that equaled 7.40+0.05; viscosity that resulted in 12.0-
15.0 cSt; and osmolality which is 286-308 mOsm/kg. All
of the reported digits fall in the acceptable range in cor-
responding parameters and identify the Sample 2 as the
one suitable for further assessment.
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Sample Name: Cadnop J3eta2
SOP Name: ZETAsop

File Name: Dispersant Name: Water
Record Number: 33 Dispersant RE: 1,330
Date and Time: 31 mapra 20211, 12:34:02 Viscosity (cP): 08872
Disp t Dielectric C 785
Temperature (°C): 25,0 Zeta Runs: 10
Count Rate (kcps): 354 Measurement Position (mm): 4,50
Cell Description: Zeta dip cell Attenuator: 10
Mean (mV) Area (%) Width (mV)
Zeta Potential (mV): -1,92 Peak 1: -192 100,0 873
Zeta Deviation (mV): 873 Peak 2: 0,00 0,0 0,00
Conductivity (mSiem): 0,0115 Peak 3: 0,00 0,0 0,00

Result quality : See result quality report

Zeta Potential Distribution
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Figure 2 - Sample 2 eye drops and gold nanoparticles zeta potential

Table 2 - The results of the standardization - summary

Parameters Results

Description (transparency and color) Transparent clear liquid with a hint of color
pH 7.40£0.05
Viscosity 12.0-15.0 cSt
Osmolality 286-308 mOsm/kg
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ABTopnapabiH yneci. bapnbik aBToprnap ocbl MakanaHbl xasyfa TeH Aspexeae KaTbiCTbl.

Mypaenep KakTbIFbICbl — MAMiMAENTEH XOK.

Byn marepuan 6acka 6aceinbimaapaa xxapuanay yiiH 6ypbiH ManimaenvereH xsHe 6acka 6acbinbiMaapablH kapaybliHa YCbIHbINIMaraH.
OcCbl XXyMBICTbI XYPridy Ke3iHAe CbIpTKbl YbiMAAP MEH MeALMHAnbIK eKingikTepaiH kKapXblaHablpybl XXacarnfaH oK.

KapxbinaHabipy Xyprisinveai.

Bknapn aBTOpoB. Bce aBTOPbI MPYHMMany paBHOCUIbHOE y4acTue Npu HanMcaHny aHHOW CTaTbu.

KoHdnuKT nHTepecoB — He 3asBreH.

[aHHbIn MaTepuan He 6bin 3asBreH paHee, AnA Nybnvkauum B gpyrnx nsgaHnsax u He HaxoaMTCs Ha pacCMOTPEHUW ApPYrMMU nsgaTenb-
cTBaMU.

Mpn npoBeaeHn gaHHoW paboTbl He BbINo PUHAHCMPOBaHMSA CTOPOHHVMM OpraHn3aumsaSMyi U MeaULMHCKMMN NpeacTaBUTENbCTBAMM.
®dDurHaHCUpOBaHWe — HE NMPOBOAMIIOCH.
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