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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 mm?/s, and after
addition of active pharmaceutical substance it dropped down to 88.49 mm?/s and 81.36 mm?/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 mm?/s and 75.28 mm?/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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Pesiome

BBepeHwme. B cTaTbe npefcTaBneHbl faHHbIe MO NpefiBapuTeNIbHOMY 060CHOBaHMIO MPUMEHEHWA MATKMX KOHTAKTHBIX NIMH3 B KayecTBe HOCUTENA
opTanbMoNornyeckmx pacTBOPOB U X JOCTaBKM K TKaHAM rnasa.

Llenb. Llenb nccnepoBaHns — pa3paboTka cocTaBa 0$pTabMONOrMYECKO TPAHCMOPTHOW CUCTEMbBI ANA JIEYEHUA MayKOMbl. TakxKe NpeanoxeHbl
anropuTMbl U3roTOBNIEHNA NEeKapCTBEHHbIX NPenapaToB A1A 3arpy3Kn opTaibMONOrMYeCKnX pacTBOPOB.

Matepuanbl n meToabl. [pnrotossieHne pacTBopa ruasypoHata HaTpyA. NPOBOAUN NO MeToAMKe, onncaHHo B EBponelickont Gapmakonee 7.0
[01/2011: 1472] (rnanypoHaT HaTpus).

Pe3synbTaTtbl n 06cyxpaeHune. [lpoBefeHHOe UCCNeA0OBaHNE C LieNblo 060CHOBaHUA KOHLIEHTPaUMUW rmanypoHaTa HaTpus Nno3BosinIo onpeaenuTb
€ro KOHLEHTPaLUIo, AaloLLYI0 YPOBEHb BA3KOCTY MaKCMalbHO NMPUGNVMKEHHBIN K BEpPXHEMY Npefieny, ycTaHoBNeHHOMY B Poccuiickon dapmakonee.
BydepHblii pacTBOp 6bin BbIOPaH C yUETOM KPUTEPUEB NCMONIb30BaHNA Kak MOXKHO MEHbLLETO KOMMYeCTBa KOMMOHEHTOB B 0PTarbMONOrMyeckom
pacTBope. Tak»Ke YCTaHOBJIEHO, YTO YeM 6orblue KOMMNOHEHTOB A06aBNAeTCA B BA3KWUIA PacTBOP, TeM GOMbLUE CHUMXAETCA YPOBEHb BA3KOCTU.
Takum o6pa3om, HayanbHas BA3KOCTb PacTBOpPa, COAEP KALLEro rmanypoHaT HaTpus, cocTaBuna 149,59 mm?/c, a nocne fobaBneHns akTUBHOTO
bapmaLeBTMUECKOTO BeLLeCcTBa OHa CHu3mnach Ao 88,49 mm?/c n 81,36 mm?/c ans mofenbHoro pacteopa N2 1 1 2 cootBeTcTBeHHoO. [Mocne fobasneHns
NIIMOHHOW KACNIOTbI U AVHATPUEBOTO rmapodocdaTta BASKOCTb MOAENBHOO pacTBopa cocTaBuna 78,11 Mm2/c u 75,28 mm?/c ans MofienbHOro pacTBopa
N2 1 1 2 COOTBETCTBEHHO.

3aknioueHme. B pesynbrate npoBeAeHHbIX MCCNeoBaHMI Obinv NpefnoXKeHbl ABE anbTePHaTVBHbIE MOAENbHbIE KOMMO3ULIMY OGTaNbMOSIOrMYECKOro
pacTBopa AN1A HaCbIWEHNA MATKUX KOHTaKTHBIX JIMH3 /1A fleyeHuns rnaykombl. O60cHOBaH BbIGOP aKTUBHbIX GpapMaLieBTUYECKMX CybCcTaHUmi 1
BCromoraTenbHbIX BewecT. OnncaHa n o6bACHEHa TeXHOMOrMyeckas npoueAypa NpUroToBIeHNA MOAENbHOrO pacTBopa, rae Hanbonbluee
BHMMaHWe yaenanocb pacTBOPEHUIO ralypoHaTa HaTpuaA B OUNLLLEHHON BoJe.

KnioueBble C/10Ba: MATKME KOHTAKTHbIE NIMH3bl, MyKOAAre3nBHble MONMMepbl, AOCTaBKa IeKapCTBEHHBIX CPeACTB, bapMaLieBThYecKas TEXHONOTUS.
KoH$NUKT nHTepecoB: KOHGVKTA UHTEPECOB HeT.

Bknap aBtopos. E. T. XKunakosa un [l. K. HannekoB pa3paboTanu Moaxopa K M3yUYeHWI0 CBONCTB MATKMX KOHTAKTHbIX JIMH3 Kak HocuTenen
nekapcTBeHHbIX BeljecTs. CornacoBaHvie NpeasioKeHHOW CTpaTerun sKcneprmeHTa 6bino ocylectsneHo E. T. XKunakoson, O. O. HoBukoBbIM,
H. b. lemunHoii n P. A. AbpamoBuu. Vi3mepeHrie BA3SKOCTU pacTBOpa HaTpwsA rmanypoHata 6bino ocywectsneHo [. K. Hannekosbim. Moa6op akTUBHBIX
1 BCMIOMOTraTe/IbHbIX KOMMOHEHTOB PacTBOPA AJNIA HACbIWEHUA MATKUX KOHTAKTHBIX IMH3 6bin BbinosnHeH A. B. bonaapesbim 1 [l. K. Hannekosbim.
KonunyecTBeHHas oLeHKa NPOoLeCCOB HACbILEHNA 1 BbICBOOOXKAEHNA MATKUX KOHTAKTHBIX JIVH3 rpaBuMeTpuyeckum n YO-cnekTpopoToMeTpryecKkm
meTopamm 6bina nposepeHa [l. K. Hannekosbim, A. 0. ManioTuHoi u A. B. BoHaapesbim. O6paboTKy 1 0630p NonyUYeHHbIX Pe3y/bTaToB OCYLLEeCTBIIANM
0. 0. HoBukos, A. 10. MantotuHa u E. T. XXrnskoBa. 3aknoueHue o pesynbTaTax dKcnepumeHTa 6bu1o cornacosaHo ¢ E. T. >Kunakoson, O. O. HOBUKOBbIM,
H. B. lemuHon v P. A. AGpamoBuy. Bce aBTOpbI B OAMHAKOBOW CTEMEHM Y4aCTBOBaIN B HaN1caHWUM 1 COrNacoBaHnmM TEKCTa CTaTby.

Ona yutupoBanua: Hannekos [. K., *Knnskosa E. T., Mantotuna A. 0., bongapes A. B., lemuHa H. b., Hosukos O. O., Abpamosuy P. A. HoBblin
NnoAxoA K AOCTaBKe fieKapCTBEHHbIX CPeACTB B 0PTarbMONOIMYECKO NpakTuKe: pa3paboTka KOMNO3NTHOrO o$pTasbMONOrMYeckoro pacTBopa
ANA NeKapCTBEHHON Harpysky MATKUX KOHTaKTHbIX NNH3. Paspabomka u pecucmpayus nekapcmeseHHoix cpedcms. 2020;9(4):15-20. https://doi.
org/10.33380/2305-2066-2020-9-4-59-64

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

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-

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,



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
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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.

m.-n.-100
Coom = ) —— YR

I

where Coom osmolarity of solution, mOsm/L; m, — sub-
stance content in solution, g/L; n, - total number of ions
formed from a single molecule of a solute as a result of
dissociation; M. — 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 mm?/s. However, if it is neces-
sary to ensure higher mucoadhesiveness of the ophthal-
mic solution, a viscosity of up to 150 mm?/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 O®C.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 mm?/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 mm?/s and 81.36 mm?/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

Ta6nuua 1. CoctaBbl U pU3NKO-XUMMYECKMe NapamMeTpbl
MopAeNbHbIX PaCTBOPOB

Physicochemical
Composition of model solution " p?rameters
Viscosity,
Mm?/c pH
Model solution 1
Brimonidine tartrate 0.006 g
Pyridoxine hydrochloride 0.009¢ 88.49 417
Sodium hyaluronate 0.015g
Water purified for injetions | up to3 mL
Model solution 2
Betaxolol hydrochloride 0.017 g
Pyridoxine hydrochloride 0.0099g 81.36 4.82
Sodium hyaluronate 0.015¢g
Water purified for injetions | up to3 mL

In its turn, the theoretical osmolarity of the develo-
ped compounds was calculated, taking into account the
requirements of the general pharmacopoeia monograph
O®C.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-
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Figure 1. The dynamics of the viscosity of solutions with increasing concentration of sodium hyaluronate

PucyHoK 1. [InHaMunKa BA3KOCTU PacTBOPOB C yBeNIMYeHeM KOHLeHTPaLuu ruanypoHaTa HaTpusa



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

Ta6nuua 2. TeopeTuUyecKme 3Ha4eHNA OCMONIAPHOCTU
MOAenbHbIX PacTBOPOB

Model solution
No Component Ne 1 Ne 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 i:.lér;rr:j[ized osmolarity, 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

Ta6nuua 3. DusnkKo-xummnyeckne cCBONCTBa
MopAeNbHbIX PAaCTBOPOB

Model solution
Parameter

Ne 1 Ne 2
Transparency and turbidity Transparent Transparent
Color Colorless liquid Colorless liquid
pH 7.34 7.47
Viscosity, mm?/s 78.11 75.28
Theoretical osmolarity, 344.03 364.42
mOsm/L

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

Ta6nuua 4. NMpegnaraembie KOMNoO3MLUN
odTanbMonornyecknx pacTBopoB A4/if NeKapCTBEHHOI HarpysKu
MArKUX KOHTAaKTHDbIX JINH3

Composition per 100 mL

Model solution 1
Brimonidine tartrate 029
Pyridoxine hydrochloride 039
Citric acid 0.284 g
Disodium hydrophosphate 0.967 g
Sodium hyaluronate 059
Water purified for injetions up to 100 mL

Model solution 2
Betaxolol hydrochloride 0.569
Pyridoxine hydrochloride 039
Citric acid 0.284 g
Disodium hydrophosphate 0.967 g
Sodium hyaluronate 059
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 mm?/s, and after addition of active pharma-
ceutical substance it dropped down to 88.49 mm?/s and
81.36 mm?/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 mm?/s and 75.28 mm?/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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