
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 nanoparticles 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 nanoparticles, eye drops, antibacterial, Carthamus tinctorius L., standardization, transparency, 
pH, zeta-potential, viscosity, osmolality. 
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Түйін: ұсынылған мақалада алтын нанобөлшектері қосылған 
мақсары тұқымының сығындысы негізінде микробқа қарсы жә-
не қабынуға қарсы көз тамшыларын әзірлеудің қазіргі фарма-
цевтикалық нәтижелерін көрсете отырып, жоғары бактерияға 
қарсы белсенділікті бағалау және жанама әсерлердің қаупін ба-
рынша азайту. Өсімдік негізіндегі қабынуға қарсы көз тамшыла-
рының алтын тәрізді нанобөлшектерді құрайтын белсенді бак-
терияға қарсы агенттермен үйлесуі ұсынылатын өнімнің тиімді-
лігін арттыратыны анықталды, нәтижесінде болжамды синте-
тикалық микробқа қарсы препараттарға әсері туралы болжау-
ға болады. көздер, сонымен бірге қауіпсіздік профилін жақсар-
тады. Әзірлеу сонымен қатар антибиотиктерге төзімділік мәсе-
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ПОЛУЧЕНИЕ И СТАНДАРТИЗАЦИЯ ГЛАЗНЫХ 
КАПЕЛЬ С НАНОЧАСТИЦАМИ ЗОЛОТА С 
АНТИМИКРОБНОЙ АКТИВНОСТЬЮ НА ОСНОВЕ 
СЕМЯН САФЛОРА КРАСИЛЬНОГО

Резюме: в представленной статье отражены текущие результа-
ты фармацевтической разработки противомикробных и проти-
вовоспалительных глазных капель на основе экстракта семян 
Cафлора красильного с добавлением наночастиц золота, ко-
торые потенциально обладают повышенной антибактериаль-
ной активностью и минимизируют риск возникновения побоч-
ных эффектов. Предполагается, что объединение противовос-
палительных глазных капель на растительной основе с извест-
ными антибактериальными агентами, такими как наночастицы 
золота, повысит эффективность предлагаемого продукта, ко-
торый в результате потенциально может быть сопоставим по 
действию с существующими синтетическими противомикробны-
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лесін шешу үшін микробқа қарсы агенттер ретінде алтын нано-
бөлшектерін пайдалануды кеңейтуге бағытталған. Бұл мақала-
да фармакопеялық талаптарға сәйкес индикациялау үшін дәрі-
лік препаратты әзірлеген бағалау формуласы келтірілген және 
органолептикалық қасиеттері (мөлдірлігі, түсі және механика-
лық қоспалардың болмауы), сәйкестендіру, рН, тұтқырлық жә-
не осмолярлық сияқты параметрлер бойынша нәтижелерді алу, 
өнімнің ықтимал әлеуетті тиімділігі, өйткені шығарылым рұқсат 
етілген шектерге түседі, бұл барлық қабылдау критерийлерінің 
орындалғанын көрсетеді. 
Түйінді сөздер: алтын нанобөлшектері, көз тамшылары, бакте-
рияға қарсы, Carthamus tinctorius L., стандарттау, мөлдірлік, рН, 
зета потенциалы, тұтқырлық, осмолярлық.

ми препаратами для глаз и в то же время продемонстрировать 
улучшенный профиль безопасности. Разработка также направ-
лена на расширение спектра эффективного использования на-
ночастиц золота в качестве антимикробных агентов для реше-
ния проблемы антибиотикорезистентности. В данной статье про-
водится оценка разработанной лекарственной формы на соот-
ветствие с государственными фармакопейными требованиями 
и полученные результаты по таким параметрам, как органолеп-
тические свойства (прозрачность, цветность и отсутствие меха-
нических включений), идентификация, показатель pH, вязкость 
и осмоляльность, демонстрируют высокую потенциальную эф-
фективность продукта, поскольку выходные данные попадают 
в допустимые пределы, что говорит о соответствии всем крите-
риям приемлемости. 
Ключевые слова: наночастицы золота, глазные капли, антибак-
териальный, Carthamus tinctorius L., стандартизация, прозрач-
ность, рН, дзета-потенциал, вязкость, осмоляльность.

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 / l) of HAuCl4, 4 ml of 0.5 M KOH and 0.5% and 
4% polymer solutions at 100 ºС 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 

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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Figure 1 - Gold nanoparticles zeta-potential

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

Name Function Quantity in 
Sample 1. ml

Quantity in 
Sample 2, ml

Quantity in 
Sample 3, ml

Safflower seeds extract active ingredient 1.70 1.70 1.70
Gold nanoparticles 
(concentrated solution)

active ingredient 1.20 0.90 0.60

Hyaluronic acid prolongator 1.10 1.10 1.10
Nicotinic acid 1% eye-lens energy 

metabolism stimulant 1.19 1.19 1.19

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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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
рН 7.40±0.05
Viscosity 12.0-15.0 cSt
Osmolality 286-308 mOsm/kg
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