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Myopia, its prevalence, current therapeutic strategy and recent developments:

A Review
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Myopia is a widespread and complex refractive error in which a person’s ability to see distant objects clearly
is impaired. Its prevalence rate is increasing worldwide, and as per WHO, it is projected to increase from
22% in 2000 to 52% by 2050. It is more prevalent in developed, industrial areas and affects individuals of all
ages. There are a number of treatments available for the control of myopia, such as glasses, contact lenses,
laser surgery, and pharmaceuticals agents. However, these treatments are less beneficial and have significant
side effects. A novel molecule, 7-methylxanthine (7-MX), has been found to be a highly beneficial alternate
in the treatment of myopia and excessive eye elongation. Many preclinical and clinical studies showed
that 7-MX is effective for the treatment of myopia and is presently under phase II of clinical investigation.
We have also investigated preclinical toxicity studies such as acute, sub-acute, sub-chronic, and chronic on
rats. In these studies, 7-MX was found to be non-toxic as compared to other reported anti-myopic agents.
Moreover, as an ideal drug, 7-MX is observed to have no or low toxicity, brain permeability, non-allergic,
higher oral administration efficacy, and low treatment costs and thus qualifies for the long-term treatment
of myopia. This review article on 7-MX as an alternative to myopia treatment will highlight recent findings
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from well-designed preclinical and clinical trials and propose a potential future therapy.
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The term “myopia” derives its meaning from the Greek word
“muopia,” thatis, to close the eyes. It is a more common visual
refractive error also known as near-sightedness. Both genetic
and environmental factors further make it a complex disease.
While numerous studies have shed light on the causes of
myopia, the exact cause of myopia remains unknown.™ This
occurs when parallel light rays from an object fall on the eye
and pass through the lens and converge in front of the retina in
the vitreous body. It means that light rays bend through the eye
so that the picture can be transmitted to the brain. As a result,
the eye is unable to see distant objects clearly; however, close
objects can be seen. In contrast, in a normal eye, the light rays
fall on the eye and converge on the retina at fovea centralize,
which is the most light-sensitive part of the retina in the eye.
The retina is the only part of the central nervous system that can
be seen by an ophthalmoscope. On the contrary, when the light
rays from the object fall on the eye and pass through the lens
and converge behind the retina, it is called hyperopia. Myopia
is characterized as a refractive error of more than 0.25 or 0.50
D.2l When myopia is greater than 6 D, the risk of blindness is
increased, which is known as extreme myopia. Most infants are
hyperopic at birth, and when they get older, their hyperopia
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reduces as the eye grows with age, the eyeball elongates, the
lens is thin, and the cornea flattens. Normal axial growth of
the eye in children is 14-24 mm, but in the case of myopia,
the axial length increases from 24 mm to 28 mm at the age of
14. Myopia is first noticed in children after the age of 6 years,
accompanied by excessive elongation of the axial length of
the eye, and steadily increases until the age of 14, after which
it gradually decreases® and stabilizes in the early twenties.”
Myopia is caused by the elongation of the eyeball and reduction
in the focal length of the eye lens, resulting in the eyeball taking
on a long or “egg” shape.! Refractive errors such as retinal
detachment, cataract, macular degeneration, and glaucoma are
more likely with increased axial duration.”! Increased eye axial
length is connected with changes in the sclera.” Changes in the
sclera composition occur when the connective tissue synthesis
and collagen 1 decrease. The increased occurrence of myopia
is due to the weakness of scleral tissues. When compared to
non-inflammatory diseases, inflammatory diseases such as
juvenile diabetes (7.9%), uveitis (3.7%), and systemic lupus
erythematosus (3.5%) are responsible for a higher prevalence of
myopia in patients.[’ Myopia also has protective effects against
diabetic retinopathy in population and clinical-based studies. In
myopic eyes, when a spherical equivalent of <-5 D decreases,
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the axial length increases in each millimeter and decreases the
risk of developing diabetic retinopathy.”

There are currently no successful therapies that effectively
stop and slow down the development of myopia without
causing side effects.® Various forms of laser surgery, spectacle
lenses, contact lenses, and prescription agents such as atropine
and pirenzepine have also been studied recently. However,
they have significant side effects and minor benefits. The
development of myopia and axial eye growth is also minimized
by pharmaceutical agents available in the market, such as
atropine (non-selective antagonist) and pirenzepine (selective
antagonist, M1).”% However, they have significant side effects
and small benefits. Atropine and pirenzepine mechanisms
have not been identified but are supposed to be independent
of their action on lodging and can depend on receptors of the
retina or sclera.”!

A novel molecule, 7-methylxanthine (7-MX), has been found
to be beneficial in the treatment of myopia development and
excessive eye elongation. In young rabbits, 7-MX, caffeine,
and theobromine metabolite have been shown to increase the
thickness, content of collagen-related amino acids as well as
the diameter of the collagen fibrils in the posterior sclera.!""*
In guinea pigs, 7-MX has been shown to minimize myopia form
deprivation associated with eye elongation and counteracts the
posterior sclera and collagen fibril thinning.[" This review article
focuses on the use of 7-MX as a myopia treatment alternative,
highlights recent findings from well-designed preclinical and
clinical trials, and proposes a potential future therapy.

Prevalence

Its prevalence rate in the last few years has increased and
varied through regions and races in various parts of the world.
Peoples in developed countries are more myopic due to strong
environmental and competitive educational systems.[!#1%
Increased risk factors for myopia have been identified as more time
spent on near-sighted work (computer, cell phone, video game),
time spent indoors, higher educational standards, and a family
history of myopia. The incidence is even higher in urban areas
and East-Asian populations' such as Taiwan and Singapore, with
25% of Americans and 50% of Europeans affected.!"”!

The prevalence in Asian children, especially in the Chinese
population, is higher than that in the western population.l" It is
also much more prevalent in urban and developed areas than
in non-industrialized and rural areas.™ The rate of myopia
rises in all groups of individuals and increases with age.™ In
2014, Rajendran et al.™! has been published, upto 80% adult
population suffered from myopia to 0.5D and 41% suffered
with 1D myopia in India. In Taiwan, the prevalence rate in 7-,
12-, and 18-year-old children was 5.8%, 21%, and 10.9% (1983),
and increased to 36.7%, 61%, and 21%, respectively, in 2000.
In a recent population-based study, it was found that more
time spent outside, near work, lifestyle, and reading behavior
are responsible for the development of myopia in childhood
and significantly a faster onset at a younger age.?” In the
United States, the prevalence of myopia was 28.1% for whites
and 19.4% for blacks in the Baltimore Eye Survey, 21.9% in
African-Americans aged 40-84 years in the Barbados Eye Study,
26.2% in the Beaver Dam Eye Study, and 26.2% in the Los
Angeles Latino Eye Study for those aged 40 years and older.['*!]
The high prevalence rate seen in these studies suggests that
myopia is on the rise, as are the challenges of permanent
blindness conditions such as retinal detachment, macular

degeneration, and glaucoma.”? According to the World Health
Organization (2015), the prevalence of myopia in 2000 was
projected to be 22%, and by 2050, it is expected to affect 52%
of the global population. Table 1 lists several additional studies
that indicate the prevalence of myopia.

Types of Myopia

Myopia has been labeled in a variety of ways. Different
researchers have proposed classification schemes for myopia.
Myopia has been classified in different ways. According to the
clinical entity, myopia is classified into five groups by Gross
and Eskridge (1987): basic (simple) myopia, nocturnal myopia,
pseudo-myopia, pathological myopia, and induced myopia.
Myopia was defined by Grosvenor and Gross (1999) based on
the age of onset (i.e., congenital, youth onset, early adult-onset,
late adult-onset) and degree (i.e., mild, medium, or high) given
in Table 2. Every form of myopia has a different diagnosis and
treatment plan.

Classification of myopia according to the clinical entity
Simple myopia

Simple myopia depends on the crystalline lens, the optical power
of the cornea, and the axial length.*! Simple myopia appears
in childhood and becomes severe.®®! The rate of progression
of childhood myopia is 0-1.0 D per year. Its rate of progression
ceases or becomes slow in the middle of teenage years.*"!

Nocturnal myopia

It is also called night myopia. It occurs in darkness or under
low illumination conditions.’ Over a number of days, the
accommodative dark focus tends to be relatively constant.
Night myopia is characterized by blurred distant vision in
dim light. Patients may complain about trouble seeing road
signs at night.[%>63

Pseudo-myopia

Pseudo-myopia is due to ciliary muscle spasm or unrelaxed
accommodation system. Pseudo-myopia generally occurs in
younger patients due to excessive close work.!* A distant blur
is transient, especially greater after near work, which may
indicate pseudo-myopia.

Degenerative myopia

Itis linked to degenerative changes in the retinal periphery and
posterior pole. Swelling of the eye in degenerative myopia can
damage the optic nerve. The retina is stretched away from the
optic nerve temporarily. Blur distant vision occurs because of
the significant degree of myopia.”!

Induced myopia

Induced myopia refers to myopia that occurs by some external
pharmaceutical agents or diseases. It depends on the initiating
conditions or agents. This type of myopia is referred to as
reversible and temporary myopia. Patients also report blurred
distant vision.’” There are some pharmaceutical agents that
induce myopia mentioned in Table 3.

Classification of myopia according to age

Pathological, school-age, and adult-onset myopia are the three
broad categories of myopia [Tables 2 and 3].

Pathological myopia

Pathological myopia results from atypical and severe
elongation of the axial length of the eye, and it usually occurs
before the age of six.®”]
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Table 1: Contd...

Study ID

Degree of Myopia

Prevalence Rate

Age (Year)

No. of
Participants

Study design (Country)

<-05D

28.0%

>40

3400

Cross-sectional study in Singapore

Indians (Singapore)

Pan et al.®?

<-05D
<-05D
<-05D

46.7%
51.47%

20609

National health interview survey (Taiwan)

Study on school children (India)

Guo et al.53

10-12
3-14

68
1215

Rajendran et al"®!

3.5%

Cross-sectional clinic-based study, medina (Saudi
Arabia)

Hansen et al.’®®

<-05D

25%

16-17

1443

Prospective, population-based, observational

study (Denmark)

Alemam et al.54

Table 2: Classification of myopia based on different

entities

Classification

Cause

Based on clinical entity
Basic (simple) myopia
Nocturnal myopia
Pseudo-myopia

Pathological myopia

Induced myopia

Based on age
Congenital myopia
Youth onset myopia

Early adult-onset
myopia

-- (<6 D) hinge on axial length, optical
power of the cornea, and crystalline
lens of the eyel®57]

-- Low illumination of light and
darkness are responsibles8!

-- Due to ciliary muscle spasm or
unrelaxed accommodation system

-- Associated with degenerative
changes at the posterior pole and
retinal periphery

-- Occurs by some external
pharmaceutical agents or by disease
conditions. It is reversible.l*”

--At birth to whole life
--From 5 to 20 years
--From 20 to 40 years

Late adult-onset myopia  --After 40 years
Based on degree
Low myopia <-3D
Medium myopia -3to<-6D
High myopia >-6D
School age myopia

Between the ages of 6 and 18 years, school-age myopia occurs,
which usually stabilizes by the late teens or early twenties,*®!
higher intelligence, and increased reading time.["”#8 Urban
and industrial areas have a higher prevalence of school-age
myopia.l*’]

Adult-onset myopia

This myopia may develop between the ages of 20 and
40 years (early adult-onset) or after the age of 40 years (late
adult-onset). It is linked to concentrating issues and jobs that
need a lot of close vision, including computer work."!

Risk Factors of Myopia

Near-sightedness is caused by a combination of environmental
and hereditary factors.”! When compared to non-myopic
children, children who have myopic parents are more likely
to develop myopia.l’¥ Twin studies show that monozygotic
twins are significantly more concordant in myopia as well
as three ocular components (axial length, corneal radius
of curvature, and lens power) than dizygotic twins." In
genetic studies, several different types of myopia have
been identified for a variety of myopia severities.[”” The
environmental factors responsible for the development of
myopia include indoor activities such as more time spent
near the TV, mobile phone usage, playing games, and reading
books from less than 30-cm distance. Multiple reading styles
and long periods of reading in low illumination are also
factors in the progression of myopia.'”! A study also shows
that outdoor activities protect against the development and
progression of myopia in children and university students.[”!
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Table 3: List of myopia-inducing pharmaceutical agents

Class Pharmaceutical agents

Cholinergic agonists  Acetylcholine, Neostigmine, Physostigmine,

Pilocarpine

Antibiotics Tetracycline, Sulfonamides, Isoniazid
Antihypertensives Adrenergic drugs, Thiazide diuretics
Hormonal agents Corticosteroids, Oral contraceptives
CNS agents Opium, Morphine

Stature, parental smoking, and intelligence quotient are other
predictable environmental risk factors that may also affect
myopia.l[®

Current Available Treatment for
Controlling Myopia

Myopia can currently be treated with glasses, contact lenses,
laser surgery, and pharmaceutical agents.”™ According to
the findings of these studies, the vast majority of myopia
treatments provide only minor treatment benefits that last only
for a short time and have significant side effects. While these
treatments correct myopia, they do not slow the accompanying
eye growth or physiological changes caused by excessive axial
elongation. The WHO has set a goal of eliminating preventable
blindness caused by refractive error, including myopia, by the
year 2020.7¢!

Eye glasses and contact lenses

The most straightforward treatment option preferred by the
majority of near-sighted patients is dependent on the degree of
myopia. Either the patient requires a full-time need of glasses,
contact lenses, or when clear distant vision, such as typing,
reading from computer, driving, watching a movie, or looking
at a chalkboard. Myopia can be corrected with spectacles or
contact lenses. However, they are powerless in preventing the
eye from lengthening.

Laser surgery

Surgical options are available, but they are more expensive and
may pose a greater risk than wearing contact lenses. To remove
small amounts of tissue from the cornea, these procedures
use laser technology or manual incisions. Laser surgery is
typically performed as an outpatient procedure, which does
not necessitate an overnight stay in the hospital. The three most
common types of laser surgeries are listed below.

Photo-refractive keratectomy (PRK)

In this procedure, a small portion of the surface of the cornea
is removed with the help of the laser to change the form of
the cornea.

Laser epithelial keratomileusis (LASEK)

The treatment is identical to PRK, except that alcohol is used to
loosen the cornea’s surface until it is lifted out of the way. Itis used
to alter the form of the cornea in the same way as PRK is used.

Laser in situ keratectomy (LASIK)

The most common laser refractive surgery is LASIK. The
treatment is similar to LASEK, except that it includes a small
corneal flap. A surgical knife is used to cut the corneal flap,
which is then folded back into place and kept in place by natural
suction rather than being removed.

Pharmaceutical agents used for the treatment of myopia

Myopia development and axial eye growth can be
minimized with the use of topical muscarine antagonists
viz. non-selective antagonist (atropine) and M1-selective
antagonist (pirenzepine).'**!' However, they have significant side
effects and small benefits. The mode of action of atropine and
pirenzepine is assumed to be dependent on the retina or sclera
receptors.” Reduced pupillary accommodation and dilation are
an issue with atropine and, to a lesser extent, with pirenzepine.

Atropine

Atropine occurs naturally in plants and is used topically
either as an eye drop or ointment in the treatment of the
eye. It is a non-selective muscarinic acetylcholine receptor
antagonist. These muscarinic receptors M1-M5 are present in
the ciliary body and pupillary spinture. Atropine competitively
blocks these muscarinic acetylcholine receptors and inhibits
acetylcholine from attaching to these receptors. Doctors use
atropine for pupil dilation to examine the eye. Atropine has
been shown in a number of studies to slow the development
of myopia and axial elongation. Several preclinical studies on
guinea pigs, rats, mice, monkeys, chicken, tree shrews, Syrian
hamsters, and clinical studies on humans have shown the
inhibitory effect of atropine on myopia.! In recent years, several
clinical studies and trials demonstrating the effectiveness of
atropine in reducing myopia progression have been reported.’”®!

Dyer et al.”) compared the atropine community to a group
of children wearing only glasses for a span of 2-8 years in
their study, “The Role of Cycloplegics in Progressive Myopia.”
They reported that 1% atropine was successful in slowing
the development of myopia and there can be a permanent
reduction in the degree of myopia.

Yen et al.®! compared the effect of cycloplegics atropine (1%)
and cyclopentolate (1%), on myopia with the control group.
A total of 96 people were included in the report. Atropine and
cyclopentolate are both involved in slowing the development of
myopia, according to the findings. Though the effectiveness of
atropine was reported to be better than that of cyclopentolate,
all the patients on atropine treatment had photophobia as a
side effect.

Chou et al.®B" looked at the use of 0.5% atropine once per
night for treating myopia in 20 Taiwanese children aged
7-14 years who had high degrees of myopia (>6.0 D). They
discovered that atropine at a lower concentration of 0.5% had
a constrictive effect in regulating high degrees of myopia (>6.0
D) and was effective in controlling its progression.

Shih et al.® compared the effects of different doses of topical
atropine on regulating myopia in myopic children (0.5%, 0.25%,
and 0.1%). Myopic children (n = 186) between the ages of 6 and
13 years were chosen for this research and were treated for 2 years.
They found that the mean myopia development was -0.04 D/
year in the 0.5% atropine group (n = 41), —0.45 D/year in the
0.25% atropine group (n =47), —0.47 D/year in the 0.1% atropine
group (n =49), and -1.06 D/year in the control group (n = 49).
When compared to the control group, all atropine groups showed
less mean progression of myopia. Atropine (0.5%) was found to be
more effective than other concentrations, indicating that atropine
has a dose-dependent effect.

Shih et al.,’® in a randomized 18-month clinical research
on a total of 227 school children aged 6-13 years, studied
myopia progression reduction by using atropine and/or
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multifocal lenses. They discovered that combining 0.5%
atropine with multifocal lenses slows the development of
myopia as compared to using multifocal lenses alone or a
control group.

Chua et al.'") examined the effectiveness and safety of topical
atropine (1%) in Asian children in their study, “Atropine for
the treatment of childhood myopia.” A total of 400 children
aged 6-12 years with refractive error 1-6 D participated in
the research, with 346 completing the two-year study. When
comparing the atropine-treated group to the placebo group, the
mean development of myopia was reduced by 77%. In Asian
children, a higher tolerance and effectiveness of topical atropine
in slowing low and moderate myopia development and ocular
axial elongation was observed. Atropine was well tolerated in
this study with no significant side effects reported. Chua et al.
in 2012 studied the safety and efficacy of lower atropine doses
of 0.5%, 0.1%, and 0.01%. Children (n = 400, aged 612 years)
with myopia were administered 0.5%, 0.1%, and 0.01% doses
of atropine for 2 years. They discovered that 0.01% atropine
has fewer side effects than other higher doses used and that it
is statistically different from 0.5% atropine in terms of efficacy
in controlling the progression of myopia.

Lee et al.® compared and estimated the effectiveness of
0.05% atropine-treated group with the untreated control
group. A total of 57 school children between the age of 6 and
12 years were chosen and divided into two groups. They found
statistically decreased mean myopia progression in the 0.05%
atropine-treated group (0.28 + 0.26 D/year; n = 21) compared
to the control group (0.75 + 0.35 D/year). They concluded that
0.05% atropine reduces the mean myopia progression in school
children. Group A (n = 21) received 0.05% atropine eye drops,
while group B (n = 36) received no treatment. They found that
the 0.05% atropine-treated group had a statistically lower mean
myopia progression rate (—0.28 = 0.26 D/year; n = 21) than the
control group (-0.75 +0.35 D/year). They concluded that 0.05%
atropine slows the development of myopia in school-aged
children.

Fan et al."® studied the effectiveness and protection of
1% atropine ointment in children with moderate to extreme
myopia compared to a control group in terms of retarding
myopic progression and axial length. In this study, a total of
23 children aged 5-10 years were chosen for each group (1%
atropine and control group). After a year, they found that 1%
atropine is safe and successful in reducing mild to extreme
myopia development and axial duration in infants. The 1%
atropine group (+0.06 D/year) had a lower mean progression
rate of myopia than the control group (-1.19 D/year) after
1year. In the atropine group (0.09 mm), axial length growth was
also significantly slower than in the control group (0.70 mm).

Liang et al.®! compared the atropine group alone to the
combined treatment of atropine and auricular acupoint
stimulation. In this study, school children were randomly
assigned to one of three groups. Group 0.25A (n=22) received
0.25% atropine alone, group 0.5A (n = 23) received 0.5%
atropine alone, and group (0.25A + E) received 0.25% atropine
with auricular acupoint stimulation. They discovered that in
the atropine group 0.25A, the mean myopia progression was
0.38 +£0.32 D/year, in the 0.5A atropine group, it was 0.15+0.15
D/year, and in the 0.25A + E group, it was 0.21 +0.23 D/year. The
0.25A + E group was more effective than the 0.25A group and
nearly as effective as the 0.5A group, indicating that stimulating

auricular acupoints increases the effect of 0.25% atropine and
is nearly as effective as 0.5% atropine.

Fang et al.® found the efficacy of 0.025% atropine solution
on pre-myopic children and compared it to the control group
in their retrospective cohort study. A total of 50 children were
chosen, with 24 (avg. age: 7.6 years) receiving 0.025% atropine
treatment and 26 (avg. age: 8.2 years) receiving no treatment.
The mean spherical refraction myopia in the 0.025% atropine
group was -0.14 + 0.24 D/year, which was significantly lower
than that in the control group (-0.58 +0.34 D/year) (P =0.0001).
They discovered that using 0.025% atropine eye drops on a
daily basis for 1 year can prevent myopia onset and change in
pre-myopic children.

Lin et al.® compared the low-dose atropine 0.125% with the
orthokeratology lens group and analyzed the effect of atropine
and orthokeratology lens on reduction in the mean myopia
progression and elongation of axial length. The study was
conducted on 210 subjects: 105 patients treated with low-dose
atropine 0.125% and 105 treated with orthokeratology lens for
3 years. Over 3 years, the increase in myopia in the atropine
0.125% group was 0.31 +0.19, 0.35 + 0.25, and 0.32 + 0.23, and
0.29 +£0.31, 0.27 £ 0.24, and 0.28 + 0.31 in the orthokeratology
lens group. In 3 years, the axial length of the atropine group
was 0.38 + 0.09, 0.37 + 0.12, and 0.36 + 0.08, while the axial
length of the orthokeratology lens group was 0.28 + 0.08,
0.30 £ 0.09, and 0.27 + 0.10. They found that orthokeratology
lenses are more effective than atropine at reducing mean
myopia progression and axial length elongation over a
three-year period.

Clark & Clark®! compared the 0.01% atropine eye drops
with the control to slow childhood myopic progression in Asian
populations over a wide range of myopia. Children (n = 60)
aged 6-15 years were enrolled for this study. As compared
to the control group (-0.6 + 0.4 D/year), the atropine-treated
group had substantially (P = 0.001) lower mean development
of myopia (0.1 + 0.6 D/year). They discovered that atropine
0.01% significantly decreases the rate of mean progression of
myopia over a year with few side effects.

Lee et al.® studied and compared the effects of different
concentrations of atropine (0.125% and 0.25%) on intraocular
pressure measurements and myopia progression in school
children aged 6-12 years for 1 year in Taiwan. Lower
concentrations of atropine were shown to be effective in the
treatment of myopia.

Yam et al.®® compared the efficacy of 0.05%, 0.025%, and
0.01% atropine in a double-masked study for 2 years. In
this study, 383 randomly selected children aged 4-12 years
with -1.0-D myopia were administered different doses of
atropine for 2 years. They discovered that 0.05% atropine has
double efficacy as compared to 0.01% atropine and reduces the
progression of myopia.

Pirenzepine

Pirenzepine is a selective M1 muscarinic antagonist. This has
been shown to slow the development of myopia in children.
While the precise location of pirenzepine’s action is unknown,
numerous studies have shown that it acts in the sclera. Stone
et al.’l demonstrated that pirenzepine is effective in reducing
myopia progression in chicks with form-deprivation myopia.
As compared to atropine, pirenzepine is less effective at
the dilation of the pupils. Other studies have shown that
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pirenzepine can minimize type-deprivation myopia and axial
length elongation in animals."%%>%4

Leech et al.®¥ determined the effect of different doses of
pirenzepine administered by injection through intravitreal
and subconjunctivally. The intravitreal injection had six
groups (n="7 in each group), which were injected with different
doses of pirenzepine such as 3.5, 20, 100, 200, 250, and 500 pg.
Subconjunctivally injected had six groups (n=6 in each group);
the doses administered were 3.5 ug, 500 ug, 750 ug, 1 mg, 5mg,
and 7.5 mg, while the control group received 0.9% saline only.
They demonstrated the daily intravitreal injection was more
effective in preventing form-deprivation myopia. The dose of
500-ug pirenzepine administered through intravitreal injection
showed prevention in deprived induced myopia (+0.9 D vs.
-13.7 D) and axial length elongation (-0.14 mm vs. +0.32 mm).
Pirenzepine was more effective through intravitreal injection
as compared to the subconjunctivally injected, and pirenzepine
may be effective on the muscarinic receptors present on the
retina and choroid.

Cottriall and McBrien® reported that M1 muscarinic
antagonist pirenzepine reduces the experimentally induced
monocularly deprived myopia in tree shrew as compared to
sham-injected and saline-injected groups.

Siatkowski et al.®™ conducted a retrospective study to find out
the efficacy of pirenzepine in school-aged myopic children aged
8-12 years with a spherical equivalent of —0.75 to —4.00 D. The
patients were split into two groups, administered 2% pirenzepine
gel (n=117) and a placebo control (n=>57) in a 2:1 ratio for 1 year.
After 12 months, the mean myopia progression was 0.26 D in the
pirenzepine-treated group and 0.53 D in the placebo-controlled
group (P=0.001). They showed that pirenzepine is effective and
safe for the treatment of myopia, with a 50% reduction in mean
myopia progression after one year.

Tan et al."! conducted a 1-year double-masked study on
myopia school children (n =353, aged 6-12 years) to assess the
safety and efficacy of M1 muscarinic antagonist pirenzepine.
The mean increase myopia progression in 2% pirenzepine gel
was 0.47 D, significantly less as compared to that for placebo/
gel (0.70 D) and placebo/placebo (0.84 D). They demonstrated
that 2% pirenzepine gel effectively reduces the mean
progression of myopia and is safe over 1 year.

In another randomized, double-masked, placebo-controlled
study by Siatkowski et al.,!'! parallel safety and efficacy of
2% pirenzepine ophthalmic gel in myopic children were
estimated for 2 years. In the second year, they found that the
pirenzepine group had a 0.58-D reduction in mean progression
myopia compared to the control group, which had a 0.99-D
reduction (P =0.008). They demonstrated that 2% pirenzepine
is effective and well-tolerated in school-aged myopic children
over the 2-year treatment period.

A recently found ideal molecule for myopia treatment,
7-MX has emerged as a novel molecule of prime interest. In
preclinical and clinical studies, 7-MX has been reported to
inhibit the progression of myopia and axial length of the eye
without any significant side effects.

7-MX
7-MXis anovel molecule that has been shown in phase II clinical

trials to be effective in the treatment of myopia. 7-MX is an
anti-myopic agent that is a non-selective adenosine antagonist.!'?!

7-MX s a metabolite of various methylxanthines (theobromine,
theophylline, and caffeine). It is found naturally in cocoa fruit. It
is a purine base component that is commonly found in human
tissues and fluids. It belongs to the class of methylxanthines
that are consumed daily in diet such as tea, coffee, chocolate,
and beverages. In the last few years, a number of experiments
have been conducted to study the pharmacological actions
of various methylxanthines in various human disorders such
as respiratory, cardiac, nervous, renal, and male fertility
and obesity.® However, 7-MX is the first molecule from the
xanthines family to be used for the effective treatment of myopia
development and axial length of the eye [Fig. 1].

7-MX is a methylxanthine that has a similar structure
to theobromine (3,7, dimethyl xanthine) and caffeine (1,3,7
trimethyl xanthine). Theobromine, the main ingredient of
chocolate, is more closely related to 7-MX. Both plants and
humans naturally metabolize theobromine to 7-MX. 7-MX has
been shown to be successful in treating myopia development and
excessive eye elongation in both preclinical and clinical trials.¢%!
Myopia is a progressive condition that can begin as early as
the age of six and progress until the age of 14 or 16 (childhood
myopia), necessitating long-term care. As a result, anideal drug
should have no or low toxicity, brain permeability, non-allergic
properties, oral administration efficacy, and low treatment costs.
7-MX satisfies nearly all of the ideal properties of the drug for
the chronic treatment of myopia because it occurs naturally in
the body as a metabolite of theobromine and caffeine.

Acute and sub-acute toxicity studies [Table 4] were
conducted to evaluate the maximum tolerated dose (MTD) and

Table 4: Preclinical toxicity studies of 7-methylxanthine
conducted on animals

Study ID  Study name/design Animal Inference

used
Singh Acute, sub-acute, and Ratsand 7-MX was found
et al.®d cellular uptake toxicity — Mice to be non-toxic
Singh Sub-chronic and Rats 7-MX was found
et all®’) chronic toxicity to be non-toxic

Table 5: Summary of preclinical and clinical studies in
which 7-MX showed effective results in the treatment of
myopia

Study ID Study name/  Animal used Inference
design
Trier etal™  Preclinical 30 pigmented 7-MX was
rabbits (age: found to be
8 weeks) effective.
Trier et all® Clinical study 68 myopic children 7-MX was
(86-month (mean age: found to be
pilot study) 11.3 years) effective.
Cui et all™ Preclinical 20 guinea pigs 7-MX was
(3 weeks old) found to be
effective
Nie et al.l"?l Preclinical 16 pigmented 7-MX was
rabbits (age: found to be
10 days) effective.
Hung et all'™®  Preclinical 16 rhesus monkeys  7-MX was
(age: 2-3 weeks) found to be
effective.
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Figure 1: Flowchart shows the 7-MX preventing excessive eye elongation

LD50, which is necessary for the toxicity evaluation in rodents
compared to the other clinically used xanthines, that is, caffeine
and theobromine. In the acute toxicity study, 7-methylxanthine
was administered in a single dose. This study was done on two
different species, namely Wistar mice and rats, as per the OECD
guideline no. 423. In this acute toxicity study, both rodent species
did not show any form of morbidity or mortality upon 7-MX
administration, while 66.6% (mice) and 33.3% (rat) mortality
was observed on treatment with caffeine and theobromine
groups, respectively. There were no significant changes in body
weight and feed intake after administration of 7-MX, which
were similar to those treated with caffeine and theobromine. In
the sub-acute study, 7-MX was orally administered daily for a
period of 28 days at the dose of 250, 500, and 1000 mg/kg. Each
group comprised 10 animals, with 5 males and 5 females in
each. Body weight was monitored weekly, and feed intake was
monitored daily. The blood biochemistry and hematology were
done on the 0" day and 28" day. There were no changes in body
weight and percentage body weight during the experimental
period. A histopathological study done on the 28" day did not
reveal any pathological changes in any animals sacrificed, and
animals did not show any toxicity sign and mortality at any
administered doses of 7-MX.F!

In another study, sub-chronic (90-day repeated dose
toxicity) and chronic toxicity (180-day repeated dose toxicity)
evaluation, 7-MX was found to be non-toxic as compared to
caffeine and theobromine as per the OECD guidelines 408 and
452. The data obtained from these toxicity studies showed
that 7-MX is non-toxic in nature and can be used clinically for
the chronic treatment of myopia. As per regularity guidelines

for new molecules, toxicity sub-chronic and chronic toxicity
study is mandatory for a drug developed for long-term
administration. 7-MX is developed for long-term treatment
of myopia starting from the age group of 6-8 years and up to
16-18 years.""!

In Table 5, several preclinical and clinical studies illustrate
that 7-MX halts myopia progression and eye elongation. It also
demonstrates that 7-MX is safe and has no side effects. 7-MX
has emerged as a promising new molecule. 7-MX is a purine
component of urinary calculi, which is a methyl derivative of
xanthine. It is a methylxanthine metabolic byproduct (caffeine,
theophylline, and theobromine). Caffeine metabolism is
primarily catalyzed by CYP1A2 and xanthine oxidase, which
results in the formation of 14 different metabolites, including
7-MX.*

In the preclinical study, the effects on the ultrastructure and
biochemical makeup of rabbit sclera were examined for the first
time. The collagen concentration and collagen fibril diameter
in the posterior sclera increase. In mammals, experimental
myopia involves a decrease in proteoglycan and collagen scleral
levels with reversals during regeneration. A rear sclera dilution
and an increase in the number of small collagen fibrils are found
in mammalian models of high myopia. Thus, 7-MX was used to
determine its effect on the posterior sclera in form-deprivation
myopia for pigmented rabbits in another study. The previous
results were confirmed and myopia formation in pigmented
rabbits was prevented.!" 7-MX has also been found to reduce
myopia (by around 50%) and eye elongation by counteracting
the thinning of the fibril sclera and collagen in the back sclera
in a model of deprivation of the shape.["”
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Adenosine receptor in the progression of Myopia
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Figure 2: Flowchart showing the mechanism of 7-MX in preventing the progression of myopia

In addition, the 7-MX clinical studies showed promising
results in the treatment of childhood myopia. In a primary
study report, 68 children were hired and received either 7-MX
or placebo for 12 months, followed by all 7-MX participants for
the next 12 months. Lengths at -6, 0, 12, 24, and 36 months were
measured. In children receiving 7-MX during 24 months, axial
growth reduced compared with children who received only
for 12 months. The growth of myopia and axial eye growth
was delayed in the 7-MX therapy, while it continued with
treatment stoppage. There was, therefore, a recommendation
that 7-MX treatment should be continued until the age of 18-20
as myopia generally stops around this age.”! 7-MX has been
in clinical use only in Denmark since 2006 under the rule of
Magisterial Pharmacy. According to this rule, only two local
pharmacies have permission for dispensing 7-MX to children
with myopia by the Danish Medical Agency. Therefore, the
preclinical and clinical toxicity evaluation is unavoidably
crucial for the registration of 7-MX as a new drug entity as
the majority of applications of the NDA require toxicity data,
which are compulsory to register and use any drug-related
molecule.

Methylxanthines have been shown to modulate GABA
receptors, inhibit phosphodiesterases, and mobilize
intracellular calcium by acting as an antagonist for
adenosine receptors.'” 7-MX is a non-selective adenosine
receptors antagonist that acts as a competitive inhibitor for
adenosine receptors due to its structural similarity with other
methylxanthines (caffeine, theophylline, and theobromine).
In humans, there are four subtypes of adenosine receptors:

Al, A2A, A2B, and A3. These adenosine receptors have been
found in the sclera, retinal pigment epithelium, choroid, and
retina from guinea pig, rat, and human eyes. The sclera is the
main part of the eye that maintains the visual apparatus and
biochemical properties and may lead to excessive elongation
of the eye. Collagen is responsible for the strength and rigidity
of scleral tissues. Collagen accounts for up to 80% dry weight
of the sclera."! The axial length of the eye is connected to
the remodeling in the sclera, reduction of scleral tissues,
and increased collagen degradation, resulting in the altered
composition of the sclera. Smith et al.”! showed that the
photoreceptors and retinal pigment epithelial of the retina
play a role in the modulation of eye growth by sending signals
to scleral tissue remodeling. Adenosine receptors are directly
involved in eye growth.P!

Adenosine receptors also play a role in the activity of
various retinal neurotransmitters in form-deprivation myopia.
Acetylcholine and dopamine orchestrate downstream events
by acting on adenosine receptors, which can be responsible
for myopia. 7-MX competitively blocks the muscarinic
acetylcholine or dopamine adenosine receptors. These
receptors are directly involved in modulating the various
retinal neurotransmitters observed in form-deprivation myopia
or drug-induced experimental myopia, which interferes with
neurotransmission as demonstrated in Fig. 2. 7-MX inhibits
the progression of myopia and axial length induced by
form-deprivation myopia in guinea pigs and pigmented rabbits
and increases the collagen fibril diameter and concentration in
the posterior sclera.!""%
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Conclusion

As we know, the treatment of myopia is long. To cure myopia,
the treatment should be effective and non-toxic. As per the
present review and data compiled from currently available
studies, treatments have small benefits with some adverse
effects. Only 7-MX, which is a new molecule, has been found
to be effective and non-toxic in both preclinical and clinical
studies. An ideal drug should have no or minimal toxicity.
7-MX achieves almost all the required properties of a drug for
the long-term treatment of myopia. 7-MX may thus provide
another pharmaceutical treatment option for myopia. In
support of this new pharmaceutical molecule, many published
preclinical and clinical studies showed that 7-MX is effective
in myopia progression and eye elongation.
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