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Abstract
Introduction. This article provides a tentative justification of use of soft contact lenses as a carrier of ophthalmological solutions to eye tissues. 
Aim. The aim of the research is to develop the composition of the ophthalmic transport system for the treatment of glaucoma. Also, the proposed 
manufacturing algorithms were proposed for drug loading ophthalmological solutions.
Materials and methods. Preparation of sodium hyaluronate solution was carried out based on the methodology described in EP 7.0 [01/2011:1472] 
(Sodium hyaluronate).
Results and discussion. The conducted investigation with the purpose to justify a concentration of sodium hyaluronate helped to determine its 
concentration that gives the viscosity level as close to the upper limit stated in Russian Pharmacopoeia as possible. Buffer solution was chosen with 
criteria to use as less components in ophthalmological solution as possible. Also, it was found out that the more components are added to the 
viscous solution, the more viscosity level is decreased. Thus, initial viscosity of solution containing sodium hyaluronate was 149.59 mm2/s, and after 
addition of active pharmaceutical substance it dropped down to 88.49 mm2/s and 81.36 mm2/s for model solution number 1 and 2, respectively. 
After addition of citric acid and disodium hydrophosphate, the viscosity of model solution was found to be 78.11 mm2/s and 75.28 mm2/s for model 
solution number 1 and 2, respectively.
Conclusion. As a result of the studies, two alternative model compositions of an ophthalmic solution for the saturation of soft contact lenses for the 
treatment of glaucoma were proposed. The choice of active pharmaceutical substances, and excipients has been justified. Technological procedure of 
preparation of model solution was described and explained, where the most attention was paid on dissolving of sodium hyaluronate in purified water.
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Резюме
Введение. В статье представлены данные по предварительному обоснованию применения мягких контактных линз в качестве носителя 
офтальмологических растворов и их доставки к тканям глаза. 
Цель. Цель исследования – разработка состава офтальмологической транспортной системы для лечения глаукомы. Также предложены 
алгоритмы изготовления лекарственных препаратов для загрузки офтальмологических растворов.
Материалы и методы. Приготовление раствора гиалуроната натрия. проводили по методике, описанной в Европейской Фармакопее 7.0 
[01/2011: 1472] (гиалуронат натрия).
Результаты и обсуждение. Проведенное исследование с целью обоснования концентрации гиалуроната натрия позволило определить 
его концентрацию, дающую уровень вязкости максимально приближенный к верхнему пределу, установленному в Российской фармакопее. 
Буферный раствор был выбран с учетом критериев использования как можно меньшего количества компонентов в офтальмологическом 
растворе. Также установлено, что чем больше компонентов добавляется в вязкий раствор, тем больше снижается уровень вязкости. 
Таким образом, начальная вязкость раствора, содержащего гиалуронат натрия, составила 149,59 мм2/с, а после добавления активного 
фармацевтического вещества она снизилась до 88,49 мм2/с и 81,36 мм2/с для модельного раствора № 1 и 2 соответственно. После добавления 
лимонной кислоты и динатриевого гидрофосфата вязкость модельного раствора составила 78,11 мм2/с и 75,28 мм2/с для модельного раствора 
№ 1 и 2 соответственно.
Заключение. В результате проведенных исследований были предложены две альтернативные модельные композиции офтальмологического 
раствора для насыщения мягких контактных линз для лечения глаукомы. Обоснован выбор активных фармацевтических субстанций и 
вспомогательных веществ. Описана и объяснена технологическая процедура приготовления модельного раствора, где наибольшее 
внимание уделялось растворению гиалуроната натрия в очищенной воде.

Ключевые слова: мягкие контактные линзы, мукоадгезивные полимеры, доставка лекарственных средств, фармацевтическая технология. 
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Вклад авторов. Е. Т. Жилякова и Д. К. Наплеков разработали подход к изучению свойств мягких контактных линз как носителей 
лекарственных веществ. Согласование предложенной стратегии эксперимента было осуществлено Е. Т. Жиляковой, О. О. Новиковым, 
Н. Б. Деминой и Р.  А. Абрамович. Измерение вязкости раствора натрия гиалуроната было осуществлено Д. К. Наплековым. Подбор активных 
и вспомогательных компонентов раствора для насыщения мягких контактных линз был выполнен А. В. Бондаревым и Д. К. Наплековым. 
Количественная оценка процессов насыщения и высвобождения мягких контактных линз гравиметрическим и УФ-спектрофотометрическим 
методами была проведена Д. К. Наплековым, А. Ю. Малютиной и А. В. Бондаревым. Обработку и обзор полученных результатов осуществляли 
О. О. Новиков, А. Ю. Малютина и Е. Т. Жилякова. Заключение о результатах эксперимента было согласовано с Е. Т. Жиляковой, О. О. Новиковым, 
Н. Б. Деминой и Р. А. Абрамович. Все авторы в одинаковой степени участвовали в написании и согласовании текста статьи.
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INTRODUCTION
Since the first mention of soft contact lenses (SCL) in 

the context of prolonged delivery of active pharmaceuti-
cal substances (API) to the eye tissues, a number of me- 
thods have been developed to date that allow saturating 
the lens with pharmacologically active agents. Among 
the very first and simplest methods for saturating SCL, 
one can distinguish such as soaking SCL in an ophthalmic 
solution immediately or several hours before use, instil- 
ling eye drops (ED) on the surface of contact lenses al-
ready worn on the eyes [1]. Currently known methods 
of achieving a prolonged effect utilizing SCL, have not 
proved their significant advantage over the use of ED. 
This is primarily due to the fact that SCL are different in 
structure, the features of which determine the volume of 
a contact lens reservoir capable of absorbing drug mo- 
lecules [2]. However, along with the drawbacks of mo- 
dern methods of saturating contact lenses, there is also 
an advantage – the ability for the patient to independent-
ly prepare their SCL for the drug delivery process. In this 
regard, the method of soaking contact lenses in an oph-

thalmic solution does not lose its relevance, and the 
search for new approaches to its improvement is a pro- 
mising direction in the development of ophthalmic thera-
peutic systems [3].

It is presumably possible to explain the low efficiency 
of SCL drug loading by soaking, root cause of which is a 
low viscosity of the ophthalmic solution, which probably 
leads to excessively fast leaching of the drug substance 
from the lens surface into the external environment. At 
earlier stages of this research work, it was found that pro-
longed saturation of SCL with an ophthalmic solution 
leads to irreversible binding of drug molecules to the sur-
face of the carrier. The solution to this problem can be an 
increase in the viscosity of the ophthalmic solution for 
saturation by introducing mucoadhesive substances into 
the composition, which, by increasing the viscosity, can 
also increase the residence time of drugs on the surface of 
the SCL [4]. Currently, a wide range of mucoadhesive sub-
stances is known, which by their nature are hydrophilic 
polymers and are used in the manufacture of prepara-
tions of the «artificial tear» group. Such substances in-
clude synthetic derivatives of cellulose: methyl cellulose, 
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hydroxypropyl methyl cellulose, sodium salt of carbo- 
xymethyl cellulose, hydroxypropyl cellulose, etc. In addi-
tion, other hydrophilic polymers are known that are used 
as ophthalmic dosage form prolongers, among which 
carbomer, polyvinyl alcohol, sodium hyaluronate [5].

For the development of ophthalmic therapeutic sys-
tems based on SCL, it is desirable that, in addition to mu-
coadhesive properties, the hydrophilic polymer also has 
pronounced lubricating properties. According to litera-
ture data, such requirements are met by sodium hyaluro-
nate [6].

Thus, by introducing mucoadhesive substances into 
the composition of the ophthalmic solution to saturate 
the SCL, the saturation of the lenses is expected not pri-
marily as a result of intermolecular interaction of the po- 
lymer surface and the drug, but as a result of adhesion 
(adhesion) of a viscous ophthalmic solution with the lens 
surface [7]. Upon completion of the saturation process, by 
the time of use, the patient will receive contact lenses uni-
formly coated with a thin drug layer [8].

In addition to simple methods of using SCL as a 
means of drug delivery, there is an extensive group of 
high-tech methods for introducing drug molecules di-
rectly into SCL itself, usually at the stage of polymeriza-
tion of its material: introducing colloidal particles (lipo- 
somes, nano/microemulsions, nanosuspensions) [9]; the 
inclusion of ligands in hydrogels; inclusion of the drug 
itself (molecular imprinting) in the polymer’s SCL struc-
ture  [10]. A common drawback of modern methods of 
introducing into the lens of the drug is the lack of the 
ability for the patient to independently perform this ope- 
ration. Among other negative aspects of high-tech me- 
thods for saturating SCL, labor intensity, time consu- 
ming and, as a result, the high cost of the final product 
are separately singled out [11].

Speaking about the development of the composition 
and technology of the ophthalmic therapeutic system, it 
is the ophthalmic solution that is meant to saturate SCL as 
the most critical component of the system. It is assumed 
that the patient fills the SCL container with the drug solu-
tion and places the SCL there for a certain period. For 
some time, due to the high viscosity, the solution of ac-
tive substances binds to the surface of the SCL, which is 
then removed from the container and placed on the af-
fected eye for wear during the day. Thus, the release of a 
viscous solution from the surface of the SCL and its distri-
bution over the surface of the eye is initiated, from which 
the start of the absorption process and the emergence of 
a therapeutic effect are expected.

The purpose of this fragment of a large-scale study 
was to develop the composition of an ophthalmic solu-
tion for saturation of SCL.

MATERIALS AND METHODS
Preparation of sodium hyaluronate solution. The 

preparation of solutions was carried out based on the 
methodology described in EP 7.0 [01/2011:1472] (Sodium 
hyaluronate). Accurate samples of the substance were 

weighed on an electronic balance with an accuracy of 
0.001 g in accordance with the planned concentration of 
the solution, 25 mL of water for injection was measured 
in each heat-resistant chemical beaker. Chemical glasses 
with water for injection were placed on the heating plat-
form of a heated magnetic stirrer and the heating func-
tion was turned on. When the temperature of the wa-
ter for injection reached 50  °C, the heating function 
was turned off and stirring was turned on at low speed. 
Weighed portions of hyaluronic acid, corresponding to a 
certain concentration of the solution, were gradually 
introduced in small portions into a beaker. After the hya-
luronic acid was added, stirring was continued for 30 min. 
Next, the beakers with solutions were removed from the 
heating element of the magnetic stirrer, their contents 
were transferred to volumetric flasks, rinsing the bottom 
of the beaker with water for injection to avoid loss of 
hyaluronic acid concentration, after which the solution 
volume was adjusted to 100 mL with water for injection. 
The solution was considered correctly prepared if gel par-
ticles were not visually detected in the transmitted light 
in the solution [12, 13].

The calculation of the osmolarity of the studied solu-
tions was carried out according to the formula 1.

C
m n

Mosm
i i

i
=

⋅ ⋅∑ 100
,  

where Cosm – osmolarity of solution, mOsm/L; mi  – sub-
stance content in solution, g/L; ni – total number of ions 
formed from a single molecule of a solute as a result of 
dissociation; Mi – molar mass of the substance, g/mol.

RESULTS AND DISCUSSION
A study was conducted of model solutions of so- 

dium hyaluronate of various concentrations in order to 
select the optimal viscosity of the solution to saturate 
SCL as part of an ophthalmic therapeutic system.

In General Pharmacopoeia Monograph 1.4.1.0003.15 
«Ophthalmic dosage forms» the recommended viscosity 
for eye drops is from 5 to 15 mm2/s. However, if it is neces-
sary to ensure higher mucoadhesiveness of the ophthal-
mic solution, a viscosity of up to 150 mm2/s is justified. 
The higher the value of the viscosity of the solution for 
drug loading, the greater the specific work required for its 
separation with the surface of the SCL. And this is impor-
tant to ensure the prolonged action of the drug.

Based on the data presented above, it is rational to 
choose a hydrophilic polymer to increase the viscosity 
of an ophthalmic sodium hyaluronate solution. In addi-
tion, it is one of the most popular substances used in the 
manufacture of artificial tear preparations [14–16]. There-
fore, the ophthalmological therapeutic system acquires 
an additional positive property to wetting the surface of 
the eye and, accordingly, reducing the likelihood of de-
veloping adverse events associated with wearing SCL. In 
this regard, model solutions of sodium hyaluronate were 
prepared in concentrations from 0.05 % to 1.00 % in incre-
ments of 0.05 %.
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Figure 1 shows the dynamics of changes in the vis-
cosity of the solution with increasing concentration of 
sodium hyaluronate.

As can be seen from the data presented in figure 1, 
with an increase in the concentration of sodium hyalu-
ronate, an increase in the viscosity of its solution was al-
so observed. In order to meet the requirements of gene- 
ral pharmacopeia monograph ОФС.1.4.1.0003.15 and at 
the same time ensure the maximum possible degree of 
binding of the ophthalmic solution to the surface of the 
SCL, a 0.5 % sodium hyaluronate solution with a viscosity 
value of 149.59 mm2/s was chosen.

The following drug combinations in recommen- 
ded doses were proposed as active substances in an oph-
thalmic solution for saturating SCL: brimonidine tartrate + 
pyridoxine hydrochloride and betacolol hydrochloride  + 
pyridoxine hydrochloride. The use of both compositions 
suggests a decrease in intraocular pressure and a simulta-
neous regeneration of eye tissues.

The physicochemical properties of model solutions 
containing the active components were measured, in-
cluding with the aim of choosing the amount of buffer. 
The results are presented in table 1.

As follows from the data presented in table 1, the 
viscosity of model solutions with active components is 
less than in placebo solutions of sodium hyaluronate. 
It amounted to 88.49 mm2/s and 81.36 mm2/s for mo- 
del solution 1 and 2, respectively. Based on the obtained 
pH data, both model solutions are acidic mixtures with 
close pH values. In this regard, it was rational to introduce 
a buffer solution into the composition in order to main-
tain a pH level that is comfortable for the eye tissues. Con-
sidering the purpose and availability of the components, 
a phosphate buffer having the following composition 
was selected for the composition of the ophthalmic solu-
tion being developed: 82.4 mL of disodium hydrophos-

phate solution (71.5 g/L) and 17.6 mL of citric acid solu-
tion (21 g/L). It was experimentally found that in order to 
achieve acceptable human eye pH values of model solu-
tions with a volume of 100 ml, 0.0085 g of citric acid and 
0.0290 g of disodium hydrogen phosphate are required.

Table 1. Compositions and physicochemical parameters  
of model solutions

Таблица 1. Составы и физико-химические параметры  
модельных растворов

Composition of model solution

Physicochemical 
parameters

Viscosity, 
мм2/с

pH

Model solution 1

88.49 4.17
Brimonidine tartrate 0.006 g
Pyridoxine hydrochloride 0.009 g
Sodium hyaluronate 0.015 g
Water purified for injetions up to 3 mL

Model solution 2

81.36 4.82
Betaxolol hydrochloride 0.017 g
Pyridoxine hydrochloride 0.009 g
Sodium hyaluronate 0.015 g
Water purified for injetions up to 3 mL

In its turn, the theoretical osmolarity of the develo- 
ped compounds was calculated, taking into account the 
requirements of the general pharmacopoeia monograph 
ОФС.1.2.1.0003.15 «Osmolarity», where solutions meeting 
the osmolarity range of 239–376 mOsm/L are considered 
isotonic.

The results of calculating the theoretical osmolarity of 
the proposed solutions are presented in table 2.

From table 2 it follows that all formulations meet 
the recommended requirements for osmolarity, and 
the osmolarity of model solutions 1 and 2 varies slight-
ly, is 304.03 and 366.42 mOsm/L, respectively. The grea- 

Figure 1. The dynamics of the viscosity of solutions with increasing concentration of sodium hyaluronate

Рисунок 1. Динамика вязкости растворов с увеличением концентрации гиалуроната натрия
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test influence on the osmolarity of the proposed mo- 
del solutions is exerted by one of the components of the 
phosphate buffer, disodium hydrophosphate, whose os-
molarity is 272.46 mOsm/L.

Based on the theoretically calculated osmolarity va- 
lues for all the proposed model solutions, the introduc-
tion of an additional amount of sodium chloride for the 
purpose of isotonization was not required.

Table 2. Theoretical osmolarity values of model solutions

Таблица 2. Теоретические значения осмолярности  
модельных растворов

No Component

Model solution

№ 1 № 2

Osmolarity, mOsm/L

1 Brimonidine tartrate 12.17 –

2 Betaxolol hydrochloride – 32.57

3 Pyridoxine hydrochloride 29.17 29.17

4 Citric acid 29.56 29.56

5 Disodium hydrophosphate 272.46 272.46

6 Sodium hyaluronate 0.67 0.67

7
Summarized osmolarity, 
mOsm/L

344.03 364.42

Table 3 presents the results of a study of the physico-
chemical properties of the proposed solutions.

Table 3. Physico-chemical properties of model solutions

Таблица 3. Физико-химические свойства  
модельных растворов

Parameter
Model solution

№ 1 № 2
Transparency and turbidity Transparent Transparent
Color Colorless liquid Colorless liquid
pH 7.34 7.47
Viscosity, mm2/s 78.11 75.28
Theoretical osmolarity, 
mOsm/L

344.03 364.42

From the data given in table 3, it follows that both 
model solutions according to physicochemical para- 
meters meet the requirements of General Pharmaco-
poeia Article 1.4.1.0003.15 «Ophthalmic dosage forms». 
Thus, the compositions of the proposed model ophthal-
mic solutions are presented with the results of calcula-
tions of API and excipients in table 4.

In laboratory conditions, model solutions were pre-
pared as follows.

Phosphate buffer solution: 50 mL of water for injec-
tion was measured into a 100 ml beaker and the mix-
ture was heated. Upon reaching a temperature of 30  °C 
with constant stirring, the components of the borate buf- 
fer were added in the following sequence: citric acid  – 
0.284  g, disodium hydrophosphate  – 0.967 g. The next 
component was added after complete dissolution of the 
previous one.

Simultaneously, in another 100 mL beaker, a 30  mL 
sodium hyaluronate solution was prepared according to 
the procedure described above.

Table 4. The proposed compositions of the ophthalmic solutions  
for drug loading of SCL

Таблица 4. Предлагаемые композиции  
офтальмологических растворов для лекарственной нагрузки  
мягких контактных линз

Composition per 100 mL
Model solution 1

Brimonidine tartrate 0.2 g
Pyridoxine hydrochloride 0.3 g
Citric acid 0.284 g

Disodium hydrophosphate 0.967 g

Sodium hyaluronate 0.5 g

Water purified for injetions up to 100 mL
Model solution 2

Betaxolol hydrochloride 0.56 g
Pyridoxine hydrochloride 0.3 g
Citric acid 0.284 g
Disodium hydrophosphate 0.967 g
Sodium hyaluronate 0.5 g
Water purified for injetions up to 100 mL

In 50 mL of a solution of phosphate buffer with 
constant stirring, the amounts of APIs presented in table 
4 were added. The mixture was stirred until complete dis-
solution of the active substances, after which stirring was 
continued for 30 minutes. 

To 30 mL of sodium hyaluronate solution was ad- 
ded 50 mL of a solution containing phosphate buffer, bri-
monidine tartrate and pyridoxine hydrochloride, after 
which stirring was carried out for another 10 minutes. 
The resulting solution from the beaker was transferred 
to a 100 mL volumetric flask, the volume was adjusted to 
the mark with water for injection, rinsing the bottom and 
walls of the beaker with the aim of transferring the full 
volume of the components included in the solution. The 
transparency of the solution, the absence of visible gel 
particles, pH, and viscosity were controlled.

CONCLUSTIONS
As a result of the studies, two alternative model com-

positions of an ophthalmic solution for the saturation of 
SCL for the treatment of glaucoma were proposed. These 
developments are planned for further use in the process 
of creating an ophthalmic transport system. The choice 
of active pharmaceutical substances, and excipients has 
been justified. Technological procedure of preparation 
of model solution was described and explained, where 
the most attention was paid on dissolving of sodium 
hyaluronate in purified water. The conducted investiga-
tion with the purpose to justify a concentration of so- 
dium hyaluronate helped to determine its concentration 
that gives the viscosity level as close to the upper limit 
stated in Russian Pharmacopoeia as possible. Buffer solu-
tion was chosen with criteria to use as less components in 
ophthalmological solution as possible. Also, it was found 
out that the more components are added to the viscous 
solution, the more viscosity level is decreased. Thus, ini-
tial viscosity of solution containing sodium hyaluronate 
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was 149.59  mm2/s, and after addition of active pharma-
ceutical substance it dropped down to 88.49 mm2/s and 
81.36 mm2/s for model solution number 1 and 2, respec-
tively. After addition of citric acid and disodium hydro-
phosphate, the viscosity of model solution was found to 
be 78.11 mm2/s and 75.28 mm2/s for model solution num-
ber 1 and 2, respectively. All studies were conducted in 
accordance with the regulations of State Pharmacopoeia 
of The Russian Federation, XIV edition.

The results were obtained under state grant 
No. 12.6429.2017/BCh «Complex research of plant-origin ob-
jects in the process of creating targeted dosage forms for 
proctology».
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