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acid in the retina and exerts trophic and neuroprotective actions in cellular and animal models.
Likewise, a recent Science paper indicates that taurine deficiency is a driver of aging and that
taurine supplementation may be an effective treatment for age-related diseases.

Case Description: A dry AMD patient (F.A., male, 62-yr old) presented a Snellen best corrected
visual acuity of 0.15 on the Right Eye (RE) and 0.2 on the Left Eye (LE) in June 2013, together
with central retina atrophy and reduction of central macular thickness to 144 um (RE) and 159
un (LE) (OCT analysis; Topcon 3D OCT1000). Oral taurine intake (600 mg t.i.d.) arrested
macular degeneration over a 5.5-yr period and moderately improved visual acuity and macular
thickness after doubling the dose from 1.8 g/day to 3.6 g/day in December 2018. This
improvement remained stable until last control visit in January 2023.

Conclusion: Taurine may have disease-modifying properties in dry AMD at the dose used. The
present observations add to existing literature to foster proof-of-concept clinical trials using a
high oral dose of taurine for the treatment of AMD.

Keywords: Age-Related Macular Degeneration; Photoreceptors; Retinal Pigment Epithelium;
Taurine; Visual Acuity

Introduction
Age-related Macular Degeneration (AMD) is one of the leading causes of vision loss and
blindness in older adults worldwide [1,2]. Its prevalence is higher among Europeans and North

Americans, than among Asians and Africans, suggesting the involvement of gene x environment interactions [1]. Due to the
growth in elderly population, AMD prevalence is expected to increase worldwide, from 196 million people in 2020 to 288 million
people in 2040 [1].

AMD is associated to dysfunction and loss of Retinal Pigment Epithelium (RPE) and has a still poorly understood pathogenesis,
likely involving a complex interaction of genetic, functional and environmental factors [2-4]. This makes it difficult the
identification of therapeutic targets and the subsequent development of treatments to prevent/arrest RPE neurodegeneration.

Very few therapies area available for the treatment of AMD. Among them, antioxidants are frequently prescribed [5,6] under an
unclear rationale. Their effectiveness is more than controversial and their use has not been recommended [7]. Oligonucleotide-
based therapies (aptamers) have been developed for the treatment of the neovascular or “wet” form of the disease. Their
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intraocular administration inhibits the synthesis of the Vascular Epithelial Growth Factor (VEGF), to prevent an excessive blood-
vessel formation in the retina [8,9]. Likewise, anti-VEGF therapies based on monoclonal antibodies have also been developed,
both strategies improving visual outcomes in neovascular AMD [9].

However, the non-neovascular or “dry” form of the disease, more prevalent than the neovascular form, still lacks appropriate
treatment. Besides to antioxidants, with poor or no effectiveness, novel stem cell-based strategies have been developed in order
to promote retinal cell growth yet their complexity prevents a widespread use [7,10].

Taurine is the most abundant amino acid in the retina and plays a major role in retinal function, including photoreceptor survival
[11]. Taurine depletion impairs vision in animal models whereas its administration prevents retinal excitotoxicity induced by
antagonists of N-methyl-D-aspartate (NMDA) receptors in rodents [12,13]. Trophic effects of taurine have also been reported,
such as the promotion of cell growth in retinal cell cultures and neurite outgrowth and synapse formation in the central nervous
system [14,15]. Likewise, its systemic administration provides neuroprotection against retinal photoreceptor degeneration and
visual function impairments [16].

Unfortunately, very little information is available on the potential neuroprotective/trophic effects of taurine in humans, although
a few studies published indicate a positive role. Hence, individuals with a genetic deficiency of the SLC6A6 taurine transporter
-which leads to a dramatic fall of its efficacy and of taurine levels (to ~15% of control values) - show childhood cardiomyopathy
together with retinal degeneration and vision impairment. Interestingly, a 2-4-month high-dose taurine treatment (100
mg/kg/day p.o.) corrected cardiomyopathy, arrested retinal degeneration and improved vision [17].

Likewise, a recent Science paper shows that circulating levels of taurine markedly decline with age in mice, monkeys and humans
and that taurine supplementation enhanced the health span (the period of healthy living) and life span in mice and health span
in monkeys [18]. This suggests that taurine supplementation may be an effective treatment for age-related diseases.

Here we report on a long-lasting stabilization and subsequent moderate improvement of vision and macular thickness and retinal
pigmentation by oral taurine intake in a case of dry AMD. One of us (FA; https://orcid.org/0000-0002-5880-5720) was diagnosed
of dry AMD in 2013.

Having a long-lasting research experience in Translational Neuroscience and being aware of the role of taurine in retinal function,
the patient started to take oral taurine as a dietary supplement in 2013, under the careful supervision and control of his
ophthalmologist (JCP).

Case Report

A 62-year-old male patient attended ICOA consultation on June 2013 presenting a Snellen best corrected visual acuity of 0.15 on
the Right Eye (RE) and 0.2 on the Left Eye (LE). The Ocular Coherence Tomography (OCT) analysis (Topcon 3D OCT1000) of
fundus eye revealed a bilateral dry AMD with central retina atrophy and a reduction of central macular thickness to 144 um (RE)
and 159 un (LE) (Fig. 1,2). The patient started to take taurine supplement 600 mg t.i.d. p.o. (1.8 g/day in total; 27 mg/kg/day;
Bonusan Labs (Alicante, Spain) and followed annual control. In December 2018, the dose was doubled to 1.800 mg b.i.d. (3.6
g/day in total; 54 mg/kg/day; the night dose was suppressed), without any side effect. In January 2020, the patient had an objective
improvement on Snellen visual acuity to 0.2 (RE) and 0.3 (LE), together with an increase of macular thickness to 166 um (RE) and
206 um (LE) (Fig. 1,2), which remained stable until last control in January 2023. Likewise, an enhanced pigmentation of the whole
retina in both eyes was also observed (Fig. 1,2).
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Figure 1: Topcon 3D OCT1000 image of the fundus of RE. Upper and lower row panels correspond to June 2013 and January
2020, respectively. Macular thickness was 144 um in June 2013 and 166 pm January 2020, showing an increase of 11 pum of
macular thickness in central map difference.
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Figure 2: Topcon 3D OCT1000 image of the fundus of LE. Upper and lower row panels correspond to June 2013 and January

2020, respectively. Macular thickness was 159 pum in June 2013 and 206 pum in January 2020, showing an increase of 79 pm of
macular thickness in central map difference.

Discussion

AMD is a highly prevalent disease, being the main cause of vision loss in older adults [1,2]. Due to the growth in elderly
population, the number of affected individuals is expected to rise globally, from 198 million people in 2020 to 288 million in 2040
[1]. AMD involves a progressive decrease in visual acuity and macular thickness resulting in in severe vision problems that
dramatically worsen the quality of life of affected individuals. The neovascular form of the disease can be treated with
oligonucleotide (aptamers) and monoclonal antibody therapies to reduce the expression of VEGF, thus preventing excessive
blood-vessel formation and rupture within the retina [8,9]. However, there are no effective treatments for the dry form of the
disease, more prevalent than the neovascular or “wet” form.

Despite being a single case observation, the present results suggest that a high dose oral taurine may be a useful disease-
modifying therapy in dry AMD, given the remarkable arrest of macular degeneration and vision loss for over a 10-yr period.
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This was accompanied by a mild improvement in visual acuity and macular thickness after doubling the dose from 1.8 to 3.6
g/day (from 27 mg/kg/day to 54 mg/kg/day). Likewise, taurine markedly increased pigmentation in the whole retina. These
observations are in accordance with accumulated preclinical evidence indicating a neuroprotective and tropic role of taurine in
the retina (see Introduction). Likewise, they parallel the remarkable improvement of vision after a high oral taurine dose (100
mg/kg/day) of individuals with a genetic deficiency of the SLC6A6 taurine transporter, resulting in low taurine levels,
cardiomyopathy, retinal degeneration and vision impairment [17]. Moreover, the present observations fully agree with a very
recent report showing that circulating levels of taurine markedly decline with age and that taurine supplementation at high
doses increases health span and life span (when examined) in mice, monkeys and humans [18]. Taurine reduced cellular
senescence, protected against telomerase deficiency, suppressed mitochondrial dysfunction and decreased DNA damage, among
other functions, suggesting that taurine supplementation can be an effective treatment for age- related diseases [18].

Within this overall context, the present study is the first one showing that a high taurine dose may have disease-modifying
properties in AMD. To our knowledge, no similar observations have been reported elsewhere, let alone for such an extended
period of time (10 yr). A much lower dose of taurine (400 mg/day) was used in the TOZAL study, which reported moderate but
significant increases of the visual acuity in 37 patients with dry AMD [19]. That study used a combination of antioxidants in
addition to taurine (Omega-3 Fatty Acids, Zinc antioxidant, Lutein), which makes it difficult to clarify the exact role of each
individual component and of their possible interactions. Given the improvement of visual acuity and macular thickness observed
after doubling the dose (from 18.8 g/day to 3.6 g/day) observed in the present case report, doses higher than 400 mg/day are
likely required for the treatment of dry AMD.

Hence, given the excellent tolerability, lack of side effects and easy use of oral taurine, the present observations add to existing
literature to foster the development of a proof-of- concept, phase Ila clinical trials on taurine-particularly at high doses- as a
therapeutic agent in AMD [11,18]. Taurine may be particularly beneficial in “dry” form of AMD, lacking effective treatments.
Moreover, unlike expensive oligonucleotide or monoclonal antibody strategies, taurine can be an affordable treatment
worldwide.
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