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Abstract. Substantiation of the ethiopathogenic choice of substitution therapy medications for the dry eye
syndrome. Kryvoviaz O.V., Tomashevska Yu.0., Makarenko O.V., Kudria V.V. The purpose of the study is to
substantiate the personalized selection of substitution therapy medications with the consideration of the pathogenesis of
dry eye syndrome development in each patient. In order to achieve the set goal, we conducted a content-analysis of the
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information from nomenclature on active ingredient as well as on the mechanisms of action of substitution therapy
medications provided in the prescribing information and labeling of the medications. After that, we performed a
pathogenetic ranging of substitution therapy medications depending on the way they influence a certain aspect of
disorder of the tear film renewal process in dry eye syndrome. The information received in the course of the conducted
research makes it possible for an ophthalmologist — basing on information on the disorder in the quantitative and
qualitative correlation between the tear film layers received with the help of modern diagnostic tools to prescribe
targeted dry eye syndrome treatment taking into account the necessary point of application of the substitution therapy
medications, considering their composition and action mechanism of the active ingredients which they contain.

Pedepar. OOrpyHTYBaHHSI eTiomaTOreHeTHYHOro BHOOPY 3aco0iB 3amMicHOI Tepamii CHHIAPOMY CyXOro oka.
Kpusop’s3 O.B., Tomamescska 10.0., Makapenko O.B., Kyapsa B.B. Memow pobomu cmano obrpynmysarnns
iHOUI0yaniz08ano2o 8ubOPy 3acobis 3amMicHOi mepanii 3 ypaxysarHHAM NAMo2eHe3y PO3GUMKY CUHOPOMY CYX020 OKd 8
KOJICHO20 OKpemozo nayicnma. /s docsieHenHss nocmaeienoi memu 0yn0 30[ICHEHO KOHMeHm-aHani3 ingopmayii 3
HOMEHKIAMypu aKmueHux iHepedicnmie ma mexauismis Oii 3acobie 3amicHoi mepanii, HageOeHoi 8 IHCMPYKYIAX OnA
MEOUYHO20 3ACMOCYBAHHSA NIKAPCbKO20 3Aco0y, THCMPYKYIAX 3 GUKOPUCMANHHA MeOUYHO20 8UpOOY ma iHCMPYKYIAX i3
3acmocysanns. Hacmynnum emanom pobomu 6yno 30iticnene namozenemuune pamgicysanns 33T 3zanedcno 6io0 ix
BNIUBY HA NEGHY JIAHKY NOPYULEHHS NPOYECy OHOBNEHHsL CLI3HOT NAIBKU NPpU cUHOPOMI cyxoeo oka. Ompumana 6 pesyib-
mami npoeeden02o 00CHiOdCen s inopmayis dae MOACIUBICID TIKAPIO-0DMATLMOI02Y, 6A3YIOUUCL HA Pe3YTbMamax
NOPYUeHHsl KINbKICHO20 mMa AKICHO20 CNIGBIOHOWEHHS WIAPI8 CNI3HOI NAIBKU, OMPUMAHUX 34 OONOMO2010 HOGIMHIX
3ac00i8 JiaeHOCMUKU, NPUYLILHO 30TUCHIO8AMU JIIKYBAHH CUHOPOMY CYX020 OKA 3 YPAXYB8AHHAM HEOOXIOHOI mOouKu

npuxnadants 0ii 3acobis 3amicHOI mepanii, 36axCarOyUu Ha 6MICI MA MeXaHI3M Oii AKMUBHUX [HEPEOIEHMIB ) HUX.

The international medical and pharmaceutical
community notice the increased influence of the di-
seases of civilization on people’s health and quality
of life. Particularly, the dry eye syndrome (DES) has
become especially important over the last decade [4,
5, 8]. This is proved by the data on the spread of the
stated pathology. Thus, it is noted that 10-30% of
laboring population suffer from DES. In addition,
about 75% of the patients who visit an ophthalmo-
logist, claim to have at least some symptoms of this
syndrome [7]. Moreover, the establishment and
active work of the working groups with the partici-
pation of health care specialists from all continents
also confirm the increasing level of specialists’
interest 5, 6, 7, 8, 9, 10].

According to the definition, adopted at the 2017
International Dry Eye Workshop II in 2017, DES is
characterized by a loss of homeostasis of the tear
film (TF), and accompanied by ocular symptoms, in
which tear film instability plays an etiological role
[5]. Ukraine is no exception.

Despite the spread of DES in ophthalmological
patients and a wide spectrum of DES substitution
therapy medications (STMs) present on the national
market [1, 2, 3], the treatment of this category of
patients is predominantly empirical, without the
consideration of the pathogenetic mechanism of
disorder of the tear film renewal process. However,
modern diagnostic tools allow to determine the
pathogenetic mechanisms of DES development,
particularly, to determine the layer (layers) of the
tear film, the disorder of which caused the deve-
lopment of DES in this concrete patient. Based on
this data, it is possible to make personalized selec-
tion of substitution therapy medications [5, 6, 9, 10].
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Tear film is composed of three layers: mucin
layer, aqueous layer and lipid layer, each of which
performs certain functions [5, 10]. A thin mucin
layer contacts with corneal epithelium and has a
metabolic (ensures the delivery of nutrients to
corneal epithelium as well as the removal of meta-
bolites; facilitates corneal epithelium regeneration;
ensures hydration of epithelial cells) as well as light-
refracting functions (evens out the surface of the
outer membrane of corneal epithelium; keeps the
tear film on the outer membrane of the corneal
epithelium and conjunctiva) [6, 10]. In addition to
the functions described above the aqueous layer,
which is the largest in volume, performs a protective
function. The metabolic function of the aqueous
layer lies in transport of oxygen, nutrients and a
removal of metabolites, dead epithelial cells; in
facilitation in corneal epithelium regeneration in
ensuring the hydration of epithelial cells. The
aqueous layer is the basis of the natural “contact
lens” presented in the form of pre-corneal tear film,
which ensures its light-refracting function. The pro-
tective function lies in the mechanical removal
(washing off) of foreign bodies from the surface of
corneal epithelial; in the anti-bacterial and anti-virus
activity; in restoration of pH-level of the tear liquid
in case when weak acids and/or alkali penetrate the
conjunctival cavity [9, 10]. The lipid layer is
external and has a protective (prevents various
aerosols from penetrating the corneal epithelium,
including the airborne infections pathogens;
provides thermal isolation of the corneal epithelium
and conjunctiva; decreases the evaporation of the
aqueous layer) and light-refractory (evens the outer
surface of the tear film) functions [5, 9, 10].
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That is why the purpose of the study is to
substantiate the personalized selection of substitution
therapy medications with the consideration of the
pathogenesis of DES development in each patient.

MATERIALS AND METHODS OF RESEARCH

In order to achieve the set goal, we conducted a
content-analysis of the information on active ingredient
from nomenclature as well as on the mechanisms of
STMs action provided in the prescribing information
and labeling of the medications. After that we
performed a pathogenetic ranging of STMs depending
on the way they influence a certain aspect of disorder
of the tear film renewal process under DES.

RESULTS AND DISCUSSION

STMs’ action in DES is determined by the pre-
sence of hyaluronic acid in their composition in the
form of sodium hyaluronate (either in a clear form or
in combination with propylene glycol and guar),
carbopol, methyl cellulose derivatives (hypromelose
and carmellose), polyquad, povidone, polyvinyl alco-
hol, dexpanthenol with taurine, trehalose, vitamin
complex with amino acids, ectoin, Omega-3 [1-4, 8].

Hyaluronic acid has a chemical structure, mole-
cular mass and rheological properties similar to a
component of human tears, namely, mucin. Because
of its properties, hyaluronic acid moistures the eye
not affecting the vision. In addition, its ability to
bind water allows to keep the ocular surface lub-
ricated. When applied locally, hyaluronic acid
increases the stability of the pre-corneal tear film,
positively influences the epithelial layer, facilitates
the increase in the tear liquid volume and corneal
wetness, decreases tear evaporation from the ocular
surface as well [3, 8]. Carbopol is a high-molecular
carboxyvinyl polymer that increases the viscosity of
the tear liquid. A drop of the medication creates a
protective and moisturizing film on the cornea [3, 8].
Hypromelose is soluble in water and is a derivative
of a natural polymer of cellulose. It has high
viscosity, thus slowing down liquid outflow and
increasing the period of its contact with the cornea.
It is a protector of corneal epithelium, it improves
tear film stability, increases the contact period
between the cornea and other active ingredients.
Hypromelose facilitates the regeneration, stability
and renewal of optic characteristics of the tear film,
stimulates the regeneration of the ocular mucous
membrane, normalizes cell metabolism, speeds up
mitosis and increases the strength of collagen fibers,
facilitates the improvement of energy processes,
stimulates reparative processes in dystrophic
disorders, normalizes the processes, distortion of
which is accompanied by a considerable changes in
the metabolism of ocular tissues, moisturizes and
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preserves the physiological properties of the ocular
mucous membrane in condition of tear liquid
insufficiency due to a quick onset of action and a
long-lasting effect [3, 8]. Poluquad (polyquaternium-
1) is a high molecular polymeric compound (4,600 —
11,000 Dalton) with a high charge density, which
tends to increase liquid viscosity, thus influencing
the influencing the biological accessibility of the
medication and without having a pharmacological
effect [3, 8]. Physico-chemical properties of povi-
done ensure its lubricating effect and the ability to
absorb on the ocular surface, to lower the surface
tension and increase the viscosity of water solutions.
Spreading on the surface of cornea and conjunctiva,
povidone acts as mucin substitute and prevents the
development of eye irritation and, consequently,
corneal epithelium dehydration [3, 8]. Polyvinyl
alcohol has properties similar to the properties of
mucin (substances that are produced by ocular
conjunctiva) [3, 8]. Taurine is a sulphonic acid that
the body synthesizes from the cysteine amino acid
and plays a significant role in the tissue regeneration
process. Taurine helps to improve the energy
processes, stimulates the reparative process in case
of dystrophic disorders, normalizes the processes,
the disorder of which is accompanied by a con-
siderable change in ocular tissue metabolism [3, 8].
Trehalose is a disaccharide that has protective,
lubricating, regeneration and anti-oxidant properties.
It is a key factor of dehydration processes (slowing
down metabolic processes in conditions of hydration
deficiency), a natural osmoprotector and bio-pro-
tector [3, 8]. Ectoin is a natural cell protecting
molecule, which has membrane- and lipid-stabi-
lizing properties, lowers the level of inflammation
caused by irritation or conjunctiva dryness, which
are the key symptoms of the dry eye syndrome. It
lubricates the ocular surface and prevents its further
dehydration. It stabilizes the lipid layer of the tear
film and protects ocular cells from hyperosmolarity.
It facilitates the regeneration of the dry and irritated
conjunctiva [3, 8].

As dry eye syndrome often causes the lipid layer
thinning, the substitution of lipids with lipid con-
taining tear substitutes and sprays is well grounded.
That is why while choosing “artificial tear” for cases
of increased evaporation of the tear film, one should
first focus on medications which have a prosthetic
effect on the lipid layer of the tear film, such as
STMs containing omega-3 [3, 8]. Hydroxypropyl-
guar attracts water and keeps it on the ocular
surface, facilitating the even distribution of the STM
drop on the ocular surface, covering the affected
segments like a protective plaster [3, 8]. Dexpan-
thenol is a Bs pro-vitamin, a derivative form and an
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alcohol analogue of pantothenic acid. Dexpanthenol,
which is a component of an STM, stimulates the
regeneration of the mucous membrane of the ocular
surface, normalizes cell metabolism, speeds up
mitosis and increases the strength of collagen fibers.
Thus it causes the regenerative, metabolic and a
weak anti-inflammatory effect of the drops. After
linking with coenzyme A, which is a co-factor of
various reactions, catalyzed by ferments and accom-
panied by acetyl group migration, pantothenic acid
acts as a vitamin [3, 8]. Propyleneglycol stabilizes
the tear film, shortens its break-up time [3, 8].

In addition, STMs may contain a complex of
vitamins, amino acids and phospholipids. Namely,
vitamin A normalizes tissue metabolism, takes part
in oxidation-reduction processes, synthesis of
mucopolysaccharides, proteins and lipids, stimulates
cell regeneration. Vitamin E is a natural anti-oxi-
dant; it protects cell membranes from oxidation
related changes. Phospholipids distribute themselves
on the ocular surface and form a film, which
duplicates the lipid layer, acts as a barrier, decreases
the evaporation of the aqueous layer of the tear film

[3, 8]. Vitamins A and E have a calming and
softening effect and in combination with pho-
spholipids provide functional support of the lipid
component of the eyelids and stabilization of the
lipid component of the tear film, which plays a
crucial role in the protective function of the tear
liquid and control of its evaporation [3, 8]. L-prolin
is one of the most important components of the
collagen protein — the basis of all human body
tissues. It supports the normal state of the
conjunctive tissues (sclera of the eye, vessels). L-
glycine is a central inhibitory neurotransmitter,
improves metabolic processes. L-lysine has an anti-
inflammatory, anti-swelling and painkilling effect.
L-leucine participates in protein synthesis, activates
cell and humoral immune response, increases the
function of phagocytes, activates the processes of
biosynthesis of amino acids, their predecessors and
metabolites, prevents metabolic disturbances, which
occur under stress [3, 8].

Thus, generalizing the above mentioned infor-
mation, we have sorted the STMs by their influence
of the tear film layers (table).

Influence of the dry eye syndrome substitution therapy medications corresponding tear film layer

Name of the STM

Influence of the corresponding
tear film layer

aqueous mucin lipid
SUPEROPTIC™ KOMLIT eye drops 10 ml vial No.1 + + +
LAKRISEK OFTA PLUS eye drops, 8 ml vial, sterile, No.1 + - +
SYSTEIN BALANS ZASIB DLIA ZVOLOZHENNIA OCHEY 10 ml, No.1 + + +
KRAPLI OCHNI AY-TI EKTOIN 0.5 ml ampulla, No.10 + + +
KRAPLI OCHNI AY-TI EKTOIN PRO 0.5 ml ampulla, No.10 + + +
KATIONORM KRAPLI OCHNI 10 ml emulsion, No.1 + + +
VIDISIK ocular gel 0.2%, 10 g in a tube; 1 tube in a card box + + -
OFTAGEL’®, ocular gel, 2.5 mg/g, 10 g in a vial; 1 vial in a card box + + -
OFTAGEL’® UNO ocular gel, 2.5 mg/g + + -
SIKAPOS ocular gel, 2 mg/g, 10 g in a tube, 1 or 3 tubes in a box + + -
SHTUCHNI SLIOZY eye drops, S ml, or 10 ml, or 15 ml in a “Drop-Tainer®” dropper vial; 1 " + _

dropper-vial in a box made of card
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Table continuation

Influence of the corresponding

Name of the STM tear film layer

aqueous mucin lipid
TEALOZ® DUO ROZCHYN OFTALMOLOHICHNYI 10 ml vial, sterile, No.1 + + -
OPTINOL 0.21% or 0.4% eye drops 10 ml + + -
OPTINOL® INTENSYYV eye drops 10 ml No.1 + + -
SUPEROPTIK AKVA eye drops 5 ml vial, No.1, 2 + + -
AKVILA KRAPLI OCHNI eye drops 0.18 % polymer container 0.4 ml, sterile, No.10 + + -
OKUTIARZ eye drops 10 ml vial, No.1 + + -
OKUKHIL C KRAPLI OCHNI ZAKHYSNI solution 10 ml, No.1 + + -
ARTELAK® SPLESK POZCHYN ZVOLOZHUYUCHYI DLIA OCHEY I KONTAKTNYKH + +
LINZ 0.24 % solution, 10 ml vial, No.1 .
KHILO-KOMOD eye drops 1 mg/ml, 10 ml in a multi-dose container, equipped with an air-tight " . _
pipe and closed with a cap, 1 container in a card box
KHILO-KOMOD FORTE eye drops, 2 mg/ml, 10 ml in a multi-dose container, equipped with an + + _
air-tight pipe and closed with a cap, 1 container in a card box
SYSTEIN ULTRA ZASIB DLIA ZVOLOZHENNIA OCHEY 10 ml vial. No.1, 0.7 ml container, + . _
No.30
ZASIB DLIA ZVOLOZHENNIA OCHEY SYSTEIN® gel solution 10 ml No.1 + + -
SYSTEIN AKVA ZASIB DLIA ZVOLOZHENNIA OCHEY 10 ml, No.1 + + -
ZASIB D/ZVOLOZHEN. OCHEY SYSTEIN 10 ml vial, No.1 + + -
OPTIVE® eye drops in 3 ml, 10 ml, 15 ml dropper vials No.1 + + -
VIAL’® SLIOZA drops 10 ml polyethylene vial, No.1 + + -
HIPROMELOZA-P, eye drops 0.5%, 10 ml dropper-container, No.1 + + -
UNITIRS eye drops 10 ml vial, No.1 + + -
ARTELAK® eye drops, solution, 3.2 ml/mg 10 ml in a vial with a dropper; 1 vial with a dropper in + . _
a box
VIZILOTON ZASIB OFTALMOLOHICHNYI 10 ml, No,1 + + -
OFTOLIK eye drops, 5 ml or 10 ml in a plastic dropper-vial; 1 dropper-vial in a card box + + -
VET-KOMOD eye drops, 20 mg/ml 10 ml in a multi-dose plastic container, equipped with an air- + . _
tight pipe; 1 container in a card box
KHILO®-KEA eye drops 10 ml multi-dose container with a pipe and a cap, No.1 + - -
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CONCLUSIONS

The information received in the course of the
conducted research makes it possible for an
ophthalmologist to prescribe targeted DES treatment
taking into account the necessary point of
application of the substitution therapy medications
considering their composition and mechanism of
action of the active ingredients which they contain

basing on the information on the distortion in the
quantitative and qualitative correlation between the
tear film layers receeved with the help of modern
diagnostic tools.

Conflict of interests. The authors declare no conflict
of interest.

REFERENCES

1. [State Register of Medicines of Ukraine]. [Internet];
2019. Ukrainian. Available from: http://www.drlz.com.ua/-
ibp/ddsite.nsf/all/shlist?opendocument

2. [State Register of Medical Equipment and Medi-
cal Devices]. [Internet]; 2019. Ukrainian. Available from:
//dls.gov.ua/wp-content/uploads/2018/07/%D0%A0%D0%-
B5%D0%B5%D0%B5%D1%81%D1%82%D1%80.pdf

3. [Medicines Reference Compendium]. [Internet];
2019. Ukr. Available from: https://compendium.com.ua/uk

4. [Dry eye syndrome. Evidence-based clinical gui-
dance]. [Internet]; 2019. Ukrainian. Available from:
http://mtd.dec.gov.ua/index.php/uk/haluzevi-standarty-ta-
klinichni-nastanovy/item/421-syndrom-sukhoho-oka

5. Craig JP, Nichols KK, Akpek EK, Caffery B, Dua
HS, Joo CK, et al. TFOS DEWS II definition and clas-
sification ~ report. ~ Ocul.  Surf.  2017;15:276-83.
doi: https://doi.org/10.1016/].jt0s.2017.05.008

6. Wolffsohn JS, Arita R, Chalmers R, Djalilian A,
Dogru M, Dumbleton K, et al. TFOS DEWS 1I diagnostic

methodology report. Ocul. Surf. 2017;15:539-74.
doi: https://doi.org/10.1016/].jt0s.2017.05.001

7. Stapleton F, Alves M, Bunya VY, Jalbert I, Le-
khanont K, MaletF, etal. TFOS DEWS I1II epi-
demiology report. Ocul. Surf. 2017;15:334-65.
doi: https://doi.org/10.1016/].jt0s.2017.05.003

8. Jones L, Downie LE, Korb D, Benitez-del-Castil-
lo JM, Dana R, Deng SX, et al. TFOS DEWS II mana-
gement and therapy report. Ocul. Surf. 2017;15:575-628.
doi: https://doi.org/10.1016/j.jt0s.2017.05.006

9. Bron AJ, dePaiva CS, Chauhan SK, Bonini S,
Gabison EE, Jain S, et al. TFOS DEWS II patho-
physiology report. Ocul. Surf. 2017;15:438-510.
doi: https://doi.org/10.1016/j.jt0s.2017.05.011

10. Willcox MDP, Argiieso P, Georgiev G, Holo-
painen J, Laurie G, Millar T, et al. TFOS DEWS II
tear film report. Ocul. Surf. 2017;15:366-403.
doi: https://doi.org/10.1016/.jtos.2017.03.006

CIIMCOK JIITEPATYPHU

1. JepxaBHuIl peecTp JiKapchbKuX 3aco0iB YKpaiHu
2019.  URL: http://www.drlz.com.ua/ibp/ddsite.nsf/all/-
shlist?opendocument.

2. JlepxaBHUI peecTp MEAUIHOT TEXHIKH Ta BHPOOIB
MeanuHoro mpm3HadeHHs 2019. URL: http://dls.gov.ua/-
wp-content/uploads/2018/07/%D0%A0%D0%B5%D0%-
B5%D0%B5%D1%81%D1%82%D1%80.pdf

3. JloBimHuk mikapcekux 3aco0iB Kommenaiym 2019.
URL: https://compendium.com.ua/uk

4. CunapoMm cyxoro oka. KiiHiyHa HacTaHOBa, 3a-
cHoBaHa Ha jgokasax, 2019. URL: http://mtd.dec.gov.ua/-
index.php/uk/haluzevi-standarty-ta-klinichni-
nastanovy/item/421-syndrom-sukhoho-oka.

5. TFOS DEWS 1II definition and -classification
report / J. P. Craig et al. Ocul. Surf. 2017.Vol. 15. P. 276-
283. DOI: https://doi.org/10.1016/j.jt0s.2017.05.008

20/ Vol. XXV/ 2

6. TFOS DEWS II diagnostic methodology report /
J. S. Wolffsohn et al. Ocul. Surf. 2017. Vol. 15. P. 539-
574. DOL: https://doi.org/10.1016/j.jt0s.2017.05.001

7. TFOS DEWS 1I epidemiology report /
F. Stapleton et al. Ocul. Surf- 2017. Vol. 15. P. 334-365.
DOI: https://doi.org/10.1016/].jtos.2017.05.003

8. TFOS DEWS II management and therapy report /
L.Jones et al. Ocul. Surf. 2017. Vol. 15. P.575-628.
DOIL: https://doi.org/10.1016/j.jt0s.2017.05.006

9. TFOS DEWS 1II pathophysiology report /
A.J.Bron et al. Ocul. Surf. 2017. Vol. 15. P. 438-510.
DOI: https://doi.org/10.1016/j.jtos.2017.05.011

10. TFOS DEWS 1II tear film report /
M. D. P. Willcox et al. Ocul. Surf. 2017. Vol. 15. P. 366-
403. DOI: https://doi.org/10.1016/j.jtos.2017.03.006

The article was received
2019.12.13

97



