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Modelling form deprivation myopia in experiment
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Background

Background. Myopia, leading to visual function impairment, is one of the most topical
issues in eye pathology. Although myopia is a common disease, its pathogenesis has a
set of questions unstudied, which is why it is crucial to develop an axial myopia model
on animals, a clinical picture of which is maximally similar to human and makes it
possible to study both pathogenesis and treatment of myopia. So, the purpose of the
present paper was to study certain parameters of the visual organ when modelling
form deprivation myopia in rats under different light conditions.

Material and Methods. Group 1 (10 animals) consisted of intact rats. Group 2 (15
animals) consisted of the rats, both eyelids of which were sutured to induce form
deprivation myopia. Group 3 (15 animals) were rats with eyelids sutured to induce
form deprivation myopia which, unlike Group 2 rats, were kept under poor light
conditions for 14 days. Within the same period, animals of Groups 1 and 2 were kept
under natural light conditions. Once a 14-day period expired, sutures were taken out
from the eyelids. After suture removal, all the animals were performed ultrasound
scanning, tonometry (Maklakov applanation tonometer, a 2 g and 4 mm plunger)
to measure intraocular pressure, and pachymetry (Handy Pachymetr SP—100) to
measure corneal thickness. At two weeks after removal of sutures from the eyelids, the
animals were sacrificed under general anesthesia and the eyeballs were enucleated.
Objective criterion for myopia development was elongation of anterior-posterior
dimension (APD) of the eyeball which was measured using ultrasound scanning (in
vivo) and a digital sliding caliper (Topex) with 0.02 mm accuracy (post mortem).
Data obtained were processed using the non-parametric Kruskall-Wallis and Mann-
Whitney tests using a software program (Statistica 5.5).

Results. Our data on changes in visual organ parameters (intraocular pressure,
corneal thickness, anterior-posterior dimension of the eyeball) in young rats when
modelling form deprivation myopia under different light conditions showed more
rapid progression of myopia when lighting was poor. Thus, the changes in the
parameters involved in myopization were significantly more pronounced in the rats
with an axial myopia model induced under poor light conditions as compared to
those in experimental myopia under natural lighting (IOP was higher by 15.0%, APD
was longer by 5.0%,).

Conclusions. Form deprivation myopia which is induced by eyelid suture in two-
week-old rats in the period of eyeball growth under poor light conditions can be
recommended for studying structural and functional characteristics of progressive
myopia and developing pathogenetically-oriented treatment methods for the disease.

Myopia, leading to visual function impairment, is
one of the most topical issues in eye pathology. Social
significance of myopia is important since the disease can
develop in school and teenage children and rapidity of
disease progression leads to limited choice of professional
specialization and incapacitation [1-3].

Although myopia is a common disease, its pathogenesis
has a set of questions unstudied, which is why it is

crucial to develop an axial myopia model in animals
whose clinical picture is maximally similar to human.
Investigations in such a model will enable to study both
pathogenesis and treatments of myopia. Currently, myopia
models of different complexity which can be induced in
young animals have been developed [4-6].
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There is a model of myopia progression with
fibroblast transplantation on sclera [7]. In a number
of studies, a relationship of accommodation disorders
and hemodynamic processes with structural and optical
changes in the eyes with progressive myopia has been
shown [8—10].

Progressive myopia can be modelled by reducing
a level of regional hemodynamics and short-term
increasing the intraocular pressure through administration
of nicotinic acid into rabbits during their growth period
[11, 12]. Another model of myopia in rabbits is by papain
solution administration under the conjunctiva into equator
area in four segments [13]. Of a special interest is a
pathogenetically substantiated form deprivation model
of extreme myopia in chicks using spectacles (-20D), an
essential fault of which is a bilaminar scleral structure of a
chick eye [14]. The most sensitive period for development
of experimental form deprivation myopia in chicks is first
days of life. In rats, this period starts at 15th Day when
their eyelids are open [15].

It is known that retinoic acid ingestion in chicks
also induces elongation of the eyeball [16]. In a form
deprivation myopia model in guinea pigs and primates,
retinoic acid levels in the retina and choroid correlated
with ocular elongation [17].

Experimental studies have proved that the peripheral
retina plays an important role in the development of
form deprivation myopia. Moreover, defocus of the eye
makes it myopic; defocus develops independently of
accommodation and under local control and is followed by
local changes in the choroid and sclera [18, 19]. Nowadays,
retinal neurotransmitter receptors are believed to stimulate
the development of experimental form deprivation myopia.
Some authors have reported on the retina (Muller cells, to
be more precise) as an eyeball growth inductor [20].

However, most of the models described are difficult
to access. That is why, as a basis, we used a model of
form deprivation myopia induced by tarsorrhaphy of the
right eye in the period of intensive eyeball growth [5].
This model has been described in regard to a character
of structural and functional disorders in eyeball tissues
[21] and structures of scleral collagenic fibrils [22, 23] —
scleral thinning and degenerative changes in the retina [ 19,
23, 24]. In addition, we experimentally studied an effect
of overburden modelling conditions, keeping animal in
poor light conditions, in particular, since there is evidence
showing that eyeball growing under poor lighting can
contribute to axial elongation [25-27].

The purpose of the present paper was to study certain
parameters of the visual organ when modelling form
deprivation myopia in rats under different light conditions.

Material and methods

The experiment involved two-week-old Wister rats
and followed the General Ethical Principles of Animal
Experiments (approved by the Third National Congress
on Bioethics Ukraine, Kyiv, 2007) and European
Convention for the Protection of Vertebrate Animals Used

for Experimental and Other Scientific Purposes from the
European Treaty Series (Strasbourg, 1986).

Group 1| (10 animals) consisted of intact rats. Group
2 (15 animals) consisted of the rats in which both
eyelids were sutured to induce form deprivation myopia
(Beuerman R.W. et al., 2010) [5]. Group 3 (15 animals)
were the rats, both eyelids of which were sutured to induce
form deprivation myopia, which were kept under poor light
conditions for 14 days. Within the same period, animals of
Groups 1 and 2 were under natural light conditions. Once
14-day period expired, sutures were taken out from the
eyelids.

After suture removal, all the animals were performed
ultrasound scanning, tonometry to measure IOP, and
pachymetry to measure corneal thickness.

Ultrasound scanning of rats’ eyes was made using
Cinescan (Quantel Medical) with a 20 MHz B probe for
anterior eye. The eyelids of the rats were pulled with fingers
to drop in a local anesthetic agent. A 10 mm ultrasound
gel portion was put on an eye kept open. Thanks to the
gel, the probe focus was managed to place in the center of
rat’s eye inside a big crystalline lens. An axial B-scanning
image clearly visualized contours of the cornea (anterior
and posterior contours), anterior chamber, anterior and
posterior lens capsule, and vitreoretinal borders. Caliper
positioning in a “frozen” image was with a step of 0.1 mm
and velocity of 1 550 m/s. The eyeball length was measured
along the axial length between the anterior corneal contour
and the vitreoretinal border.

Maklakov applanation tonometer was used to measure
IOP; we used a 2 g plunger, 4 mm in diameter. The
procedure was made under topical anesthesia.

The corneal thickness in the experimental animals
was studied by pachymetry (Handy Pachymetr SP—100,
Japan). Data were presented in pm.

At two weeks after removal of sutures from the eyelids,
the animals were sacrificed under general anesthesia and
the eyeballs were enucleated.

Objective criterion for myopia development was
elongation of anterior-posterior dimension (ARD) of the
eyeball which was measured using ultrasound scanning (in
vivo) and a digital sliding caliper (Topex) with 0.02 mm
accuracy (post mortem).

Data obtained were processed using the non-parametric
Kruskall-Wallis and Mann-Whitney tests using a software
program (Statistica 5.5).

Results and Discussion

In modern literature there are contradictory reports on
a correlation between refractive status and both intraocular
pressure and corneal thickness [28—30].

Our data are presented in Table 1 showing that IOP
level was significantly increased in the experimental rats
with myopia compared with the intact rats. Thus, the rats
with form deprivation myopia (Group 2) and in the rats
with form deprivation myopia under low light conditions
(Group 3) had IOP increased by 12.4 % (p<0.001) and by
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29.2% (p< 0.001), respectively, compared with control. In
addition, IOP level in Group 3 was significantly different
from that in the rats with myopia induced under natural
lighting, being higher by 15.0% (p<0.001).

Thus, the data obtained give evidence showing a
significant relationship between myopization at an early
age and an IOP level in animals.

It should be noted that the corneal thickness in the
rats with form deprivation myopia under natural lighting
almost did not differ from that in the intact animals (Table
2). The form deprivation myopic rats under poor lighting
were noted to have corneal thickness loss compared with
control, which can be associated with a more pronounced
stretching of an outer coat of the eyeball when linear sizes
of the eyeball are changed [2,31],

Literature data refer to a possible effect of daylight
duration on myopization. It has been shown that eyeball
growth under poor light conditions can facilitate axial
length elongation [25-27].

Our data on anterior-posterior dimension of the eyeball
are given in Table 3, Figures 1, 2, and 3. Thus, this value
was significantly increased in the rats with an axial myopia
model under poor light conditions: by 21% as compared
with the intact animals and by 5% (p<0.001) as compared
with the rats with experimental myopia under natural
lighting.

Thus, our data on changes in visual organ parameters
(intraocular pressure, corneal thickness, anterior-posterior
dimension of the eyeball) in young rats when modelling
form deprivation myopia under different light conditions
give evidence of more rapid myopia progression when
lighting is poor. The myopic rats being kept under poor light
conditions had significantly more pronounced changes in
all studied eyeball parameters involved in myopization
compared with those under natural light conditions.

Conclusions

Form deprivation myopia which is induced in two-
week-old rats in the period of eyeball growth by eyelid
suture under poor light conditions can be recommended
for studying structural and functional characteristics of
progressive myopia and developing pathogenetically-
oriented treatment methods for the disease.

References

1. Ferfilfain IL, Kryzhanovskaia TV, Alifanova TA, Topka
EV. [Children disability associated with eye pathology in
Ukraine, its causes and prevention] Oftalmol Zh. 1994;1:1-5.
Russian.

2. Avetisov ES. [Myopia]. M.: Meditsina; 2002. 288 p. Russian.

3. Ivanova NV, Kondratiuk GI. [Acquired myopia: integration
of risk factors of development and progression]. Tavricheskii
medico-biologicheskii vestnik. 2013;16(3):171-176.
Russian.

4. Howlett MHC, McFadden SA. Form—deprivation myopia
in the guinea pig (Cavia porcellus).Vision Research.
2006;46:267-283.

5. Beuerman RW, Maw SS, Tan DT et al. Myopia: animal
models to clinical trials. Singapore World Scientific, 2010;
390 p.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

Schaeftel F, Feldkaemper M. Animal models in myopia
research. Clin. Exp. Optom. 2015;98(6):507-17.

Shinohara K, Yoshida T, Liu H et al. Establishment of
novel therapy to reduce progression of myopia in rats with
experimental myopia by fibroblast transplantation on sclera.
J. Tissue Eng. Regen. Med. 2017;11. doi: 10.1002/term.2275.
Bunin AYa. [Hemodynamics of the eye] Moscow: Meditsina;
1971. 196 p, Russian.

Levchenko OG, Drukman AB. [Relationship between
anatomical-optical and functional parameters of the eye in
myopia development]. Vestn Oftalmol. 1982;5:36-9. Russian.
Sorokina EV, Krasnogorskaya VN. [Research results of
hemodynamic of eye for patients with high myopia and
refractive amblyopia]. Dalnevostochnyi med. zhurnal.
2012:;4:79-81. Russian.

Zavgorodnyaya NG, Baranovskaya TN. [Modelling of
progressive myopia in experiment]. Oftalmol Zh. 1999;6:424-
8. Russian.

Barkovskay TN. [Role of disorders of hemo- and
hydrodynamics in the eye and development of their correction
method (clinical and experimental study). Dissertation for
Cand. Sc. (Med.): 14.01.18. Zaporozhye State Institute for
Doctor’s Postgraduate Training]. Zaporozhye; 2001. 151p.
Russian.

Pankov OP, Komarov OS, Lebkova NG. [A method of
myopia modelling: USSR Patent No 1573466, MPK: MIIK:
GO09B 23/28]. Otkrytiia i izobreteniia. 1990;23:220. Russian.
Wallman J, Turkel J, Trachtman J. Extreme myopia produced
by modest change in early visual experience. Science.
1978;201(29):1249-51.

Napper GA, Brennan NA, Barrington M et al. The duration
of normal visual exposure necessary to prevent form
deprivation myopia in chicks. Vis. Res. 1995;35:1337-44.
McFadden SA, Howlett MH, Mertz JR et al. Acute effects
of dietary retinoic acid on ocular components in the growing
chick. Exp. Eye Res. 2006; 83(4):949-61.

ChenZQ, LinJJ, Ye PPetal. Coexistent choroidal neovascular
membrane and macular hole in pathologic myopia: a long
follow—up clinical outcome and literature review. Internat. J.
Ophthalmology. 2013;6(6):884-7.

Shih Y-F, Fitzgerald MEC, Norton TT et al. Reduction in
choroidal blood flow occurs in chicks wearing goggles
that induce eye growth toward myopia. Curr. Eye Res.
1993;12:219-27.

. Ulyanova NA, Venger LV, Dumbrova NE, Molchanyuk NI.

[Ultrastructural changes in the retina in a form deprivation
myopia model]. Visnyk morfologii. 2014;20(2):293-5.
Russian.

Wildsoet O, Wallman J. Choroidal and scleral mechanisms
of compensation for spectacle lenses in chicks. Vision Res.
1995;35(9):1175-94.

Ulyanova NA. [High axis myopia: pathogenesis, diagnostics,
prevention, and treatment (clinical and experimental study):
Author’s thesis for Dr. Sc. (Med.): 14.01.18 Ophthalmology].
Odesa; 2015. 32p, Ukrainian.

Fang F, Pan M, Yan T et al. The role of cGMP in ocular
growth and the development of form—deprivation myopia in
guinea pigs. Invest. Ophthalmol. Vis. Sci. 2013;54(13):7887-
902.

Ulyanova NA, Dumbrova NI, Molchanyuk NI
[Morphological changes in the sclera in a myopia model].
Morfologiia. 2014;8(2):72-6. Russian.

52



Journal of Ophthalmology (Ukraine) - 2018 - Number 2 (481)

24.

25.

26.

27.

28.

Lin Z, Chen X, Ge J et al. Effects of direct intravitreal
dopamine injection on sclera and retina in form-deprived
myopic rabbits. J. Ocul. Pharmacol. Ther. 2008;24:543-50.
McMahon G, Zayats T, Chen YP et al. Season of birth,
daylight hours at birth, and high myopia. Ophthalmology.
2009;116: 468-73.

Wang Y, Ding H, Stell WK et al. Exposure to Sunlight
Reduces the Risk of Myopia in Rhesus Monkeys. PLoS ONE.
2015;10(6):¢0127863. doi:10.1371/journal.pone.0127863.
Scott A, Collins MJ, Vincent SJ. Light Exposure and
Eye Growth in Childhood. Invest. Ophthalmol. Vis. Sci.
2015;56:6779-87.

Khoshang KhA, Soldatova AM. [Retinal sensitivity and
thickness in progressive myopia]. Oftalmol Zh. 2001;6:42-4.
Russian.

29.

30.

31.

Elsheikh A, Gunvant P, Jones SW, Pye D, Garway—Heath D.
Correction Factors for Goldmann Tonometry. J. Glaucoma.
2013;22(2):156-63.

Jesus DA, Majewska M,  Krzyzanowska—Berkowska
P, Iskander DR. Influence of eye biometrics and corneal
micro—structure on noncontact tonometry. PLoS ONE;12(5):
¢0177180. doi.org/10.1371/journal.pone.0177180.

Iomdina EN, Bauer SM, Kotlyar KE. Neroev VYV, the Editor.
[Biomechanics of the eye: theoretical aspects and clinical
appendencies]. Moscow: Real Time; 2015. 208p. Russian.

53



Journal of Ophthalmology (Ukraine) - 2018 - Number 2 (481)

Table 1. Level of intraocular pressure (mmHg) in rats with experimental form deprivation myopia

Group 1 Group 2 Y
Statistical . . Form deprivation myopia
Control Form deprivation myopia . Lo
parameters _ _ under poor light conditions
(n =20) (n=30) (n = 30)
Mzm 18.2£0.30 20.45+0.40 23.52+0.71
% 100.0 112.4 129,2
o - <0.001 <0.001
%, - 100.0 115
P, - - <0.001

Notes: n — number of eyes; p — significance of differences compared with control; p1 — significance of differences compared with
the group of rats with form deprivation myopia

Table 2. Corneal thickness (um) in rats with experimental form deprivation myiopa

Group 1 Group 2 G
Statistical . . Form deprivation myopia
Control Form deprivation myopia . o
parameters _ _ under poor light conditions
(n =20) (n=30) =
(n=30)
Mzm 165.10 £ 2.27 162.50 + 1.53 158.9 + 1.98
% 100.0 98.4 96.2
p - >0.05 <0.05
%, - 100.0 97.8
P, - - >0.05

Notes: n — number of eyes; p — significance of differences compared with control; p1 — significance of differences compared with
the group of rats with form deprivation myopia

Table 3. Changes in anterior-posterior demension of the eyeball in rats with experimental form deprivation myopia (mm)

Statistical (SR | e Form de ?':\7;?0?1 myopia
Control Form deprivation myopia p . y_ p
parameters (n = 20) (n = 30) under poor light conditions
(n=30)
Mim 4.34 £ 0.06 4.98+0.05 523 £0.07
% 100.0 114.7 120.5
p - <0.001 <0.001
%, - 100.0 105.0
P, - - <0.01

Notes: n — number of eyes; p — significance of differences compared with control; p1 — significance of differences compared with
the group of rats with form deprivation myopia
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Fig. 1. A sonogram of the anterior-
posterior axis of a rat before myopia
induction
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Fig. 2. A sonogram of the anterior-
posterior axis of a rat with form
deprivation myopia under natural lighting
conditions
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Fig. 3. A sonogram of the anterior-
posterior axis of a rat with form
deprivation myopia under poor lighting
conditions
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