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Purpose: To evaluate the potential beneficial and synergistic effects of oral intake of a fixed combination of citicoline 500 mg plus homotaurine 50 mg (CIT/HOMO) on retinal ganglion cell (RGC) function in subjects with glaucoma using pattern electroretinogram (PERG) and to investigate the effects on visual field and quality of life.

Methods: Consecutive patients with primary open-angle glaucoma with controlled IOP (<18 mmHg) receiving beta-blockers and prostaglandin analogs alone or as combination therapy (fixed or un-fixed); with stable disease (progression no more than −1 dB/year at the visual field MD); and an early to moderate visual field defect (MD < −12 dB) were randomized to: arm A. topical therapy + CIT/HOMO for 4 months, 2 months of wash out, 4 months of topical therapy alone; arm B. topical therapy alone for 4 months, topical therapy + CIT/HOMO for 4 months, 2 months of wash out. All patients underwent 4 visits: complete ocular examination, visual field, PERG and quality of life assessment (NEI-VFQ25) were performed at each visit.

Results: Fifty-seven patients completed the study: 26 in group A and 31 in group B. At the end of the intake period, PERG's P50 and N95 waves recorded a greater amplitude. The increase was statistically significant in the inferior and superior P50 waves amplitude: 0.47 μV (95%CI, 0.02–0.93; p = 0.04) and 0.65 μV (95% CI, 0.16–1.13; p = 0.009), respectively, and in the inferior N95 wave amplitude 0.63 μV (95% CI, 0.22–1.04; p = 0.002). A significantly shorter peak time of 3.3 μV (95% CI, −6.01– −0.54; p = 0.01) was observed for the superior P50 wave only.

Conclusions: Daily oral intake of the fixed combination CIT/HOMO for 4 months improved the function of inner retinal cells recorded by PERG in the inferior and in the superior quadrants, independently from IOP reduction. This interesting association could represent a valid option for practicing neuromodulation in patients with glaucoma to prevent disease progression.
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INTRODUCTION

The term “glaucoma” includes a group of diseases characterized by progressive optic nerve degeneration that results in irreversible blindness. Glaucoma is a progressive and multifactorial neurodegenerative disease involving retinal ganglion cells (RGCs) with their axons and can be considered a neurodegenerative disorder involving both the eye and the brain. The eye, infact, is an extension of the central nervous system (CNS) and its degenerative diseases lead to progressive loss of vision recognizing, for glaucoma, causes other than intraocular pressure (IOP) such as genetic predisposition, environmental factors, metabolic alterations and inflammatory processes (1).

This explains the need for new diagnostic methods and biomarkers and the use of alternative options to treat glaucoma. Research focuses primarily on the role of inflammation in the development of glaucoma and, consequently, on neuroprotective and neuromodulatory treatments to prevent or avoid disease progression.

Currently, the main strategy to treat glaucoma is the lowering of IOP, since this treatment has proven effective in preserving visual function in both the early and late stages (2–5). However, it is not always effective and sufficient to avoid the progression of glaucoma: for this reason, experimental models of glaucoma have been studied and have shown that RGCs die from apoptosis and that their fate is determined by factors, other than IOP, depending on a cross-dialogue between proapoptotic signals and survival promoters (6).

Based on this experimental data, several compounds have been studied and have shown to be neuroprotective in experimental animal models of glaucoma, but there is a lack of clinical studies on humans to confirm in vitro effects (7).

Citicoline has shown a neuromodulator effect in patients with “controlled IOP” glaucoma treated with citicoline oral solution (500 mg/day, daily for 4 months divided by 2-month non-treatment periods) who achieved a reduction in the rate of progression of the visual field defect (8): this effect has been explained to the enhancement of the RGCs function and neural conduction along the postretinal visual pathways due to citicoline assumption. Other previous studies have shown that citicoline acts as a neuroenhancer in both the central nervous system and the eye (9–13).

Regarding homotaurine, it acts against oxidative damage to DNA, exercising antifibrillogen activity, antinociceptive and analgesic activity, and resulting as a neuprotector and neutrotropic molecule; moreover it is able to inhibit the formation of the β-amyloid plaque (14) responsible for neuronal cells apoptosis and for numerous neurodegenerations in the CNS, but also in the ophthalmic field (15).

Given that the degeneration of the neurons of the RGCs occurs due to various factors (16), it is probable that by combining several neuromodulatory molecules, which act on the various causes of cell death, it is possible to obtain a synergistic action and an increase in their neuroprotective efficacy. For these reasons, studies are underway to evaluate the potential of associations of molecules with different mechanisms of action and verify their real synergistic effects in neuromodulation.

Some in vitro studies on mixed retinal cells from Wistar rats have shown a synergistic action of citicoline and homotaurine in reducing cytotoxicity and apoptosis (17) in an in vitro model of neurotoxicity, but studies on humans have yet to be done.

To date, in Italy, Homotaurine and Citicoline are substances allowed as food supplements (Ministry of Health “Other nutrients and other substances with nutritional or physiological effects”, Revision February 2017) and a fixed combination of these two molecules is available in tablets.

The main objective of the present study was to evaluate the potential beneficial effects of supplementing a fixed combination of Citicoline 500 mg plus Homotaurine 50 mg on RGCs function in subjects with glaucoma treated with topical medical therapy alone by electroretinogram; and evaluate any effects on visual field examination and vision-related quality of life.



MATERIALS AND METHODS

A multicentre, randomized, 2-sequence, 2-period, 2-treatment crossover study (Figure 1) with blind outcome assessor was conducted. A cross-over study was designed to limit intraindividual variability. Blinding was not considered because the patient cannot interfere with the measurement of the pattern-electroretinogram (PERG).


[image: Figure 1]
FIGURE 1. Study design.


The study was conducted according to the recommendations of the Declaration of Helsinki (revision 2000, Edinburg) and of the Italian legislation of Good Clinical Practice (Ministerial Decree of 15 July 1997 and subsequent amendments) subject to the approval of the Ethics Committee of the IRCCS Policlinico San Matteo Foundation of Pavia (prot. 2015000565); it complied with CONSORT 2010 guidelines (Figure 2) and it was registered on ClinicalTrials.gov (NCT identifier 04422743).


[image: Figure 2]
FIGURE 2. CONSORT flow diagram.


Patients were enrolled from the “glaucoma center” of four Italian Eye Clinics: Pavia, Turin, Bari and Brindisi.

All eligible patients were asked to complete the study and sign the informed consent form: signed informed consent was obtained from all individual participants included in the study. The study was not supported by any industry nor received any other form of financial grant or sponsorship. At the request of the Ethics Committee, FB vision (the Italian company that produces the CIT/HOMO fixed association) provided free all product packages, for all patients in the study, for the entire duration of the study. Patients who no longer wished to participate after signing informed consent or any other condition that, in the investigator's clinical judgment, made further study participation unacceptable for that individual patient were withdrawal criteria.


Eligibility Criteria

Inclusion and exclusion criteria are shown in Figure 3.


[image: Figure 3]
FIGURE 3. Inclusion and exclusion criteria.




Objectives
 
Primary Objective

To compare the effects of adding to standard topical therapy the fixed combination of Citicoline 500 mg plus Homotaurine 50 mg (CIT/HOMO; Neuprozin®), one tablet per day, on PERG after four months of therapy, compared to topical therapy alone (standard of care = SOC).



Secondary Objectives

To compare the two treatments (CIT/HOMO+ SOC vs. SOC alone) in terms of:

• visual acuity over time

• visual field changes over time

• quality of life perception (NEI VFQ25 questionnaire) over time

• safety (incidence of adverse events)




Study Treatments
 
Standard Treatment, Currently Available in the Clinical Practice

The treatment of glaucoma is based on the reduction of IOP, the standard treatment of glaucoma consists in the administration of eye drops that reduce the intraocular pressure, in particular by prescribing prostaglandine derivatives and beta-blockers which are the most effective agents (1). As defined in the Eligibility Criteria (Figure 3), selected patients were required to be on topical therapy with beta-blockers, twice daily (carteolol 2% or timolol 0.5%) and/or prostaglandin derivatives, once daily (bimatoprost, latanoprost, travoprost or tafluprost) for at least 1 year.



Investigational Treatment

Patients were randomized (1:1) into two arms (= treatment sequences) (Figure 1):

• Arm A: CIT/HOMO + topical therapy followed by no supplement, other than the standard treatment

• Arm B: no supplementation followed by CIT/HOMO in addition to the standard topical treatment

The dosage of CIT/HOMO was one tablet per day, in the morning, for 4 months.

Ultrapure Citicoline is a molecule normally contained in our body and plays a fundamental role in the processes of formation and repair of the membranes of nerve cells and in the propagation of nerve impulses with a facilitating effect on the cerebral energy metabolism (12, 13, 16).

Homotaurine is an amino acid extract derived from algae that can reach the central nervous system and contribute to the propagation of the nerve impulse (14, 15).




Detailed Study Procedures
 
Study Design and Scheduled Visit

Four visits (V0-V3) were planned for each subject on a 10 months period, as resumed in Figure 1.

V0 = randomization

V1 = Arm A: end of SOC+ CIT/HOMO (4 months)

Arm B: end of SOC (4 months)

V2 = Arm A: end of wash out (2 months)

Arm B: end of SOC+ CIT/HOMO (4 months)

V3 = Arm A: end of SOC alone (4 months)

Arm B: end of wash out (2 months)

The statistician (DSA) generated the random allocation sequence. One resident (PE) delivered CIT/HOMO to patients based on randomization.



Screening Procedures

The inclusion/exclusion criteria were verified after careful examination of the patients' medical records. If suitable, at the first clinical visit following the start of the study, the patient was informed of the protocol and his/her written consent was required both for participation in the study and for the use of his /her clinical data for scientific evaluations.



Planned Assessments

At all visit (V0–V3) all patients underwent the following routine procedures:

• complete eye examination

° Visual acuity (VA) (decimals)

° Anterior segment evaluation (anterior chamber, lens and angle)

° IOP (Goldmann tonometry)

° evaluation of the optic nerve with indirect lens (Volk 90)

• pattern electroretinogram (PERG)

• visual field examination (Humphrey 24-2 sita- standard)

• quality of life assessment by NEI VFQ 25 questionnaire.



Other Variables

Other variables collected for each subject at baseline/over time were: date of birth (month/year) and gender, therapy (systemic and topical), medical history (systemic and ocular, i.e. previous laser/surgery).



Single Blind Procedures

All personnel involved in performing the ophthalmic examination, the visual field examination, optic nerve evaluation, IOP measurement, and PERG test were blind to the patient's treatment period; the data analyst was also blind to the treatment group.




Adverse Events

Adverse events (AEs), both systemic and topical, were collected at each visit, and patients were asked about the comfort of therapy and any side effects.

For each AEs the following information were recorded in the patient's medical chart: nature of adverse event: date and time of occurrence and disappearance (i.e., duration); intensity: mild, moderate or severe; frequency: once, continuous or intermittent; decision regarding study: continuation or withdrawal; relation to the study medication; measures undertaken to treat it.

AEs were treated according to the usual clinical practice. In the event of a serious adverse event the drug was discontinued.



Study Definitions and Diagnostic Criteria
 
Glaucoma Diagnosis

Diagnosis of glaucoma required: IOP > 21 mmHg on at least two consecutive visits at the time of first diagnosis, presence of a glaucomatous optic nerve head (ONH) confirmed by expert examination, and at least three reliable full-threshold Humphrey 24-2 visual field performed on different days showing a glaucomatous defect or a suspected glaucomatous defect.

The diagnosis was made (or confirmed, if the patient is referred from another center) by a senior ophthalmologist who worked at the Eye Clinic of each Center.



Ocular Examination

Visual acuity was determined in decimal units (Snellen).

The anterior and posterior segments, with particular attention to the retina and the appearance of the optic nerve, were performed with the slit lamp.

The IOP was measured with Goldmann tonometer. The ophthalmologist who measured the IOP was blinded to the treatment period.



Visual Field Examination

The Humphrey Visual Field is a special automated procedure used to perform perimetry; the test measures the entire area of peripheral vision that can be seen while the eye is focused on a central point. During this test, lights of varying intensities appear in different parts of the visual field while the patient's eye is focused on a certain spot. The perception of these lights is charted and then compared to results of a healthy eye at the same age of the patient in order to determine if any damage has occurred. This procedure is performed quickly and easily in about 10 min, and is effective in diagnosing and monitoring the progress of glaucoma. Main parameters to evaluate damage and progression or not are: mean defect and pattern standard deviation (MD and PSD, decibels), Glaucoma hemifield test (GHT, qualitative description of the examination defined normal, borderline, outside normal limits), and the visual field index (VFI, a global index that assigns a number between 1 and 100% based on an aggregate percentage of visual function with 100% being a perfect age-adjusted visual field).

All patients were submitted to 24-2 SITA-Standard Humphrey Visual Field examination.



Pattern Electroretinogram (PERG)

PERG is an objective and direct measure of inner retinal function correlated with RGCs activity, it has been shown that PERG is able to document and predict early glaucomatous changes (18, 19).

The PERG is a retinal biopotential evoked when a temporally modulated patterned stimulus (checkerboard or grating) of constant mean luminance is viewed.

PERG is a very small signal, typically in the region of 0.5–8 μV depending on the characteristics of the stimulus, and PERG recording is technically more demanding than conventional ERG.

PERG was recorded according to the International Society for Clinical Electrophysiology of Vision guidelines, using Retimax®, glaucoma Hemifield PERG test (CSO, Florence, Italy), a device that has a large 55' screen with an hardware which eliminates the luminance influence on PERG and that repeats the stimulation twice in each session, using a specific software (hemifield stimulation) that allows the intra-individual variability assessment. The test records the wave in the center, in the superior and in the inferior hemifield.


Transient PERG

At low temporal frequencies (six reversals per second or less, equivalent to 3 Hz or less i.e. 1–2 Hz) a transient PERG is obtained.

The waveform is characterized by a small initial negative (N) component, at approximately 35 ms, which will be referred to as N35. This is followed by a later and larger positive (P) component (45–60 ms) which is typically denoted as P50. This positive portion of the waveform is followed by a large negative component at about 90–100 ms (N95) (Figure 4).


[image: Figure 4]
FIGURE 4. Normal PERG. In this normal subject the P50 latency is 53 ms, the P50 amplitude is 2,5 μV, the N95 latency is 97 ms and the N95 amplitude is 4,6 μV: PERG amplitudes and latencies of P50 and N95 waves are within normal limits.


For the transient PERG, amplitude measurements are made between peaks and troughs: The P50 amplitude is measured from the trough of N35 to the peak of P50; the N95 amplitude is measured from the peak of P50 to the trough of N95. Latency measurements should be taken from the onset of the stimulus to the peak of the component concerned. The highest absolute amplitude point on a waveform will not always be appropriate for the definition of the peak if there is contamination from muscle activity or other artifacts.



Steady-State PERG

At higher temporal frequencies [15 rev/s (7.5 Hz)], a “steady-state” PERG is evoked.

A horizontal bars stimulus with a spatial frequency of 1.6 cycles/degree is presented on a plasma display that underlies the 30 central degrees at a distance of 100 cm.

The waveform becomes roughly sinusoidal, and Fourier analysis is required to determine the 15 Hz peak, the second harmonic, that is, the harmonic that has a frequency twice that of the stimulus.

The second harmonic contains the information of the bioelectric signal generated largely by the retinal ganglion cells, namely the amplitude (expressed in μV) and the phase (in pico-rad), whose values are automatically provided by the instrument.



Clinical Protocol: Patient Preparation

Pupils: PERG was recorded without dilating pupils to preserve accommodation.

Fixation: A central fixation point was located at the center of the screen

Refraction: Because of the nature of the stimulus, PERG examination was performed with optimal visual acuity at the testing distance. Patients wear the appropriate optical correction for the test distance.

Recording: Proportional distribution was used until a stable waveform was obtained. It included a minimum of 150 responses (more would be needed in a “noisy” subject). At least two trials for each stimulus condition should be obtained to confirm reproducibility.

The system complies with the European directive 93/42 technical standard IEC 601-1 CEI 62-5 quality system UNI EN ISO 9001

The DTL electrodes for PERG (Bionen S.a.s. Firenze) were used to register the examination.




NEI VFQ 25 Item

The patients' quality of life was examined with the Italian version of the 25 item National Eye Institute Visual Function Questionnaire (20). The 25 item NEI-VFQ is a vision-targeted non-disease-specific instrument designed to measure the impact of some ocular disorders on vision related quality of life. Depending on the item, responses to this questionnaire pertain to the frequency or severity of a symptom or a problem with the functioning. The NEI-VFQ scores can range from 0 to 100 with lower scores indicating more problems or symptoms.




Statistical Issues
 
Primary Endpoint

Amplitude of P50 wave at 100 cm distance, at the transient PERG, as measured at the end of each study period.



Elements for Sample Size Calculations or Study Power

A two-sided t-test achieves 81% power to infer that the mean difference is not 0 (zero) when the total sample size of a 2x2 cross-over design is 66, the actual mean difference is 0,5, the square root of the within mean square error is 1,0, and the significance level is 0,05. (Estimates from: Parisi et al. Evidence of the neuroprotective role of citicoline in glaucoma patients. Prog Brain Res. 2008;173:541-54. 10.1016/S0079-6123(08)01137-0.)

Considering the potential for losses to follow-up, we plan to enroll 72 patients (36 per arm=sequence). Due to COVID-19 pandemy, the enrollment was interrupted at 62 patients.



Analysis Plan

Sequence influence and period influence was preliminary tested by a mixed model with random effects per eye, patient and period, and fixed effect for interaction between treatment and sequence; if the interaction was not significant (p <0.05), this indicate no carry-over effect and the primary endpoint was compared by means of t-test.

Full statistical analysis plans (SAPs) was developed prior to data analysis, as for GCP. Briefly, descriptive statistics were obtained for all variables assessed in the study population. Mean and standard deviation were used for normally distributed variables, mean and interquartile range for skewed distributions, proportions for categorical variables. Groups were compared by means of parametric or nonparametric tests for quantitative variables and Pearson's χ2 test (Fisher exact test where appropriate) for categorical variables. In all cases, two-tailed tests were applied. P < 0.05 was considered significant.

Multilevel generalized linear models were used to assess the effect of treatment, sequence and period of:

• PERG variables other-than-primary-endpoint

• visual acuity

• visual field changes over time (yes vs no)

• NEI VFQ25 total score and individual subscales

We also fitted models including age, visual field, IOP and type of therapy (combined or monotherapy) and their interaction with NP to assess whether the effect of NP varied based on these parameters. These models are also multilevel (eyes and patients) to take into account the clustered nature of the data.





RESULTS

Sixty-two patients were enrolled and signed informed consent, but five patients left the clinical trial: three in arm A (two for difficulty swallowing, one for nausea) and two in arm B (one for nausea and one withdrew consent after the second visit because he didn't want to repeat all the required examinations) (Figure 2).

A total of 57 primary open angle glaucoma Caucasian subjects completed the study: 26 in group A and 31 in group B. The overall median age was 66.5 [61.3–73.2] years, 29 patients (51%) were female. Most patients had one or more systemic diseases, in particular 20 (36%) subjects had systemic hypertension, 15 (26.3%) hypercholesterolaemia, seven (12.3%) vascular disorders (i.e. acute myocardial or cerebral infarction, cardiomyopathy), four (7%) diabetes (Table 1). At baseline, most patients (44 subjects, 77%: 20 in group A and 24 in group B) had an early glaucomatous visual field defect, the others had a moderate defect; visual acuity was very good and intra-ocular pressure was generally well controlled (Table 2).


Table 1. Baseline demographic data of group A (current topical therapy + CIT/HOMO one tablet a day, in the first period) and group B (current topical therapy alone, in the first period).

[image: Table 1]


Table 2. Baseline clinical characteristics of group A (current topical therapy + CIT/HOMO one tablet a day, in the first period) and group B (current topical therapy alone, in the first period).

[image: Table 2]

Baseline demographic and clinical characteristics were well balanced between the two arms (Tables 1, 2), with no statistically significant differences.


Function
 
Electrophysiology

Regarding the transient PERG examination, at the end of the intake period, patients had P50 and N95-waves amplitude higher than those on topical therapy alone. Statistically significant increase was observed in the inferior and superior P50-waves amplitude, respectively of 0.47 μV (95% CI, 0.02–0.93; p = 0.04) and of 0.65 (95% CI, 0.16–1.13; p = 0.009), and in the inferior N95-wave amplitude of 0.63 μV (95% CI, 0.22–1.04; p = 0.002) (Table 3).


Table 3. Pattern electroretinogram (PERG), transient and steady state, examinations by period (pre and post): current topical therapy alone OR current topical therapy + CIT/HOMO one tablet a day.

[image: Table 3]

A significant shorter peak time of 3.3 μV (95% CI,−6.01–−0.54; p = 0.01) was observed only for superior P50 wave.

About Steady State PERG, no significant changes were recorded (Table 3).

All these effects were independent from age, gender, visual field defect, IOP values and kind of therapy.



Visual Field

Mean deviation was not statistically different between the periods in which patients took CIT/HOMO or not (Table 4); while PSD significantly improved (p = 0.003) when CIT/HOMO was added to topical therapy, independently from age, gender, kind of therapy.


Table 4. Visual acuity and visual field (VF) examination by period (pre and post): current topical therapy alone OR current topical therapy + CIT/HOMO one tablet a day.

[image: Table 4]



IOP

The mean IOP did not change significantly when patients took the study tablet of CIT/HOMO.




Quality of Life

During the period in which CIT/HOMO mg was taken, patients had higher NEI-VFQ25 scores in all the subscales, reaching statistical significance only for the VSD item score (p = 0.04) (Table 5). Scores were independent from age, gender, visual field defect, IOP values and kind of therapy.


Table 5. Quality of Life examined by 25-item National Eye Institute-Visual Function Questionnaire by period (pre and post): current topical therapy alone OR current topical therapy + CIT/HOMO one tablet a day.

[image: Table 5]



Adverse Events

Two (3.5%) patients reported mild nausea after taking the tablet of CIT/HOMO and asked to leave the study.




DISCUSSION

The present study found a positive significant effect of the oral fixed combination of Citicoline 500 mg plus Homotaurine 50 mg on the retinal function and the neural conduction along the visual system in stable primary open angle glaucoma patients with well controlled and stable intraocular pressure. Secondarily, our data pointed out an improvement in the visual field and in the quality of life, examined by NEI-VFQ 25, in the period of CIT/HOMO intake.

Glaucoma is a multifactorial and complex, degenerative and progressive disease of the optic nerve that affects not only the eye with a damage to the RGCs but also the postretinal visual pathways; therefore glaucoma is an eye disease that compromises also the integrity of the visual brain structures.

The increase in IOP is the main and best known risk factor for the development of glaucoma: several studies have shown and support that the reduction of IOP has a positive effect on the progression of the disease. Since glaucoma is a disease of the entire visual system, the reduction of IOP acts not only by reducing the topical compressive effect of pressure on the ocular structures but also as “indirect neuroprotection”: the IOP reduction limits the neurodegenerative processes of the retinal ganglion cells and, backwards, of the cells of the visual system.

A recent review by Gandolfi (21) resumes the pathogenesis of the visual defect in glaucoma. Briefly, the elevated intraocular pressure causes strain and stress on the axons of the RGCs disrupting the axonal transport. The damaged RGCs cause a process of trans-synaptic degeneration, independent from IOP values, that affects the extracellular microenvironment and the other retinal cells, involving the mitochondrial pathway and leading to programmed cell death, called apoptosis, and optic neuropathy.

Previous literature supports the fact that the degeneration of the RGCs is due to several events, some of which have been known for years such as increased IOP, oxidative stress, glutamate excitotoxicity, ischemia or impaired microcirculation; while others have recently been recognized: mitochondrial dysfunction, autoimmune dysregulation, activation of neurotrophic growth factor, activation of microglia and astrocytes, protein misfolding (16, 22, 23).

All these evidence support the need for novel therapeutic approaches to act early on glaucoma progression using drugs other than IOP-lowering molecules with the aim of improving and modulating neuronal and retinal cell survival.

Some new substances have been studied for the treatment of glaucoma and others are being studied: to date, citicoline has been widely recognized as having neuroprotective properties in glaucoma. It is a precursor of the neurotransmitter acetylcholine and other components of the neuronal membrane such as phosphatidylcholine and sphingomyelin. Citicoline (cytidine-5′-diphosphocholine) mediates neurodegenerative events by restoring membrane integrity (24), improving mitochondrial function (25), improving axonal transport deficits (13), reducing glutamate excitotoxicity (26) and oxidative stress (27), elevating the neurotrophin level (13).

There is therefore evidence that citicoline acts as a neuroprotector, but it is now equally evident that the mechanisms underlying ganglion cell apoptosis are multiple and therefore it is assumed that the neuroprotection of ganglion cells may also require the use of different molecules able of act synergistically on the causes of apoptosis.

In the present study, a fixed combination of citicoline and homotaurine was investigated.

Homotaurine (3-aminopropanesulfonate) is a small natural aminosulfonate compound identified in various species of red marine algae and subsequently chemically synthesized and introduced into clinical use under the name of tramiprosate. It has been shown to have a wide range of effects (14). Experimental studies, in vitro and in vivo, have shown that homotaurine can interfere with various cellular pathways due to the activation of GABA type A receptors: it exerts effects against oxidative damage to DNA, antifibrillogen activity, antinociceptive and analgesic activity, finally acting as a neuprotector and neutrotropic molecule (14, 28). It also reduces amyloid aggregation by preventing the neurotoxicity of the Aβ peptide (29).

The literature has highlighted a potential role of amyloid in the development of RGC apoptosis in experimental models of glaucoma (30, 31) making homotaurine potentially useful as a potentially effective treatment in glaucoma.

A recent study showed that the fixed combination of citicoline and homotaurine exhibits potent neuroprotective activities through distinct molecular mechanisms, demonstrating a synergistic effect, in cultured retinal cells, of the two compounds in reducing the proapoptotic effects associated with exposure to both glutamate and high doses of glucose (17).

The present study examined the effects of this fixed combination in vivo to evaluate / test its usefulness also in clinical practice.

We hypothesized that PERG could represent the most indicative test to verify a potential effect of the fixed combination of citicoline and homotaurine on the function of internal retinal cells, given that for years it has been known that glaucoma causes a dysfunction of the inner retinal layers with consequent abnormal responses in the PERG recordings (32–34), that can be reversible (35).

Therefore, the main purpose of the study was precisely to investigate whether there was, in vivo, a positive effect of the assumption of this new association on internal retinal function, recording amplitudes and latencies of the main waves of the PERG recordings.

The literature data on the neuroprotective effects related to the intake of citicoline alone on the PERG refer to the research of Parisi and collaborators who tested the effectiveness of the intake of citicoline 1,000 mg by intramuscular injection (9) and the effects of the intake of 1,600 mg of citicoline orally (36). Authors recorded improvement both in the latency of p50 wave and in the N95 amplitude (Table 6). Our data are in agreement with these observation; in addition, a significant improvement in the amplitude of the p50 wave was also recorded in our patients, indicating an improvement in ganglion cell function.


Table 6. Comparison of our data and data from literature.

[image: Table 6]

By directly comparing our data with those reported by Parisi on the amplitude of N95 and the latency of P50, we observed one thing worth noting: the extent of the improvement obtained was similar to that observed by the other researchers but this effect was obtained by us with less than half a dose of citicoline (500 mg). In our opinion, having obtained numerically comparable improvement to that of our colleagues using a reduced dose of citicoline could be an indirect evidence of the synergistic effect of homotaurine added to citicoline, confirming the usefulness of using different molecules with different mechanisms of action in the prevention of apoptosis and in the development of neuromodulation.

Obviously these data must be confirmed, with studies conducted on a greater number of patients and perhaps with studies that use the individual components, although we are very encouraged to observe that the association of 500 mg of citicoline with 50 mg of homotaurine allows to obtain the same results that are obtained with 1,000 mg of citicoline in the muscle or 1,600 mg orally, with an economic saving for the patient who has to take a lower dose of citicoline to obtain the same result.

It should be noted that our study differs from the previous ones by Parisi et al. on electrophysiology for 2 characteristics: 1. we examined both the transient and the stationary (steady state, SS) PERG component and 2. the instrument we used, the Retimax, allowed us to examine not a single response of the PERG but the response for 3 quadrants (upper, lower and central).

Out data showed that the more peripheral (lower and upper) contingents of RGCs improve in transient PERG registration during the period in which patients take NP, both in the luminance component (P50) and in the contrast component (N95). This improvement concerns an improvement of the areas that are typically altered in glaucoma which is a pathology that mainly affects the periphery and not the center (upper and lower fibers, with typical upper and lower arciform perimetic defects).

The steady state gives a stable response: before this is altered, the center must also have greater impairment, our patients did not have a central impairment as shown by the inclusion/exclusion criteria, this could explain the discrepancy between PERG transient improvement and stability of the SS. We suppose that, for the central ones to improve, longer observation periods are likely required. The stable component (SS) is less influenced then the transient one, by definition. In fact, the response recorded from the steady state is a frequency response, it is a stable response.

However, regarding electrophysiological changes recorded, what can be stated with certainty is that the neuroprotective effect on the PERG trace is due to the assumption of the fixed association under study and is independent of a possible effect linked to indirect neuroprotection due to IOP reduction, given that the IOP did not undergo significant changes when taking citicoline and omotaurine.

Regarding our secondary endpoints, MD remained stable and PSD significantly improved during oral intake of CIT/HOMO: these observations support the potential neuroprotective effect of these molecules, as it is known that PSD may be a useful index for detecting the progression of glaucoma that is equal to, or even better than, MD (37).

Our data are in agreement with previous literature which found a reduction in the mean progression rate of MD after 2 years of treatment with Citicoline (8, 36), although our patients had better visual field defects (mean MD value at baseline: −3.5 ± 3.3 dB) compared to the sample reported in the literature (mean MD value at baseline: −9.2 ± 6.7 dB) and therefore the results are not fully comparable. It is in fact widely known that the sensitivity values of the visual field depend on the subjective visual detection of the stimuli, and therefore are influenced by various factors in addition to the RGCs such as irregularities of the pre-retinal media, integrity of the visual system, greater visual processing, time of reaction and attention, and the severity of the visual field defect affects all of these factors. Some Authors have described a possible increase in the consciousness level (38) of subjects during the assumption of citicoline and this could explain the improved psychophysical responses evaluated by visual field analysis observed in our patients, even if, using electrophysiological methods, it was observed that citicoline may induce an enhancement of the ganglion cell function and neural conduction along the postretinal visual pathways leading to an improvement of visual function in glaucoma independently from the increase in the consciousness level (36).

A final comment in this regard is inspired by a recent work on the CIT/HOMO association: the study showed an improvement in contrast sensitivity in the period in which glaucoma patients took the CIT/HOMO association. Although the precise mechanism of action is unclear, it has been hypothesized that the effect is likely due to both its dopaminergic action and a direct action of the retina (39). An improvement in contrast sensitivity could, in part, explain an improvement in the execution of the visual field and therefore in its result.

However, it should be kept in mind that any variation on visual field changes requires several years of observations to establish a reliable trend as reported in the work of Krupin et al. (40) therefore the observed data on PSD variation are interesting but need to be further investigated. Infact, even if our study noted some effects on the visual field, the possible effect on the visual field was a secondary, exploratory aim, and the study was not powered to detect this.

Finally, regarding the vision-related quality of life, its role is increasingly central in the management of glaucoma, so much so that the concept of quality of life is part of the definition of the therapeutic objectives of glaucoma in the guidelines drawn up by the European Glaucoma Society who recognized that the goal of treatment is the preservation of visual function and quality of life. The methods of improving this are not yet fully understood, and the challenge of the researchers is to identify molecules that can improve patients' vision related quality of life. A previous paper has shown that the fixed association CIT/HOMO can improve the quality of life as examined with the GQL-15 questionnaire (39), our data are in agreement with these observations even if the questionnaire used to evaluate quality of life was different.

In general we found that all the scales improved during the intake of citicoline and omotaurine, even if only one significantly: after all, it is known that the quality of life in glaucoma is strongly influenced by the severity of the perimetric defect and having 80% of our patients with an initial perimeter defect, we did not expect to see large effects on quality of life.

In fact, the only scale that has significantly improved is that of “vision specific dependency”, this in our opinion is very important because the intake of these molecules has been able to reduce the symptoms of dependence of patients on other people and therefore to give patients a greater sense of independence from others since it has improved symptoms related to these three statements: 1. “I stay at home most of the time because of my vision”; 2. “due to my vision, I have to depend too much on what other people tell me”; 3. “I need a lot of help from others because of my vision”.

Of note that the impact of vision-related quality of life on glaucoma patients is widely recognized: our study suggests that vision-related quality of life may change, improving, while taking one tablet a day of CIT/HOMO, even if the absence of a placebo group could be a limit in the quality of life assessment. A possible pathogenetic hypothesis could lie in an effect of citicoline and homotaurine at the CNS level that could improve patients' perception of quality of life but there are still no specific studies on these two molecules.

Anyway, a specific study aimed and powered at assessing the quality of life should be done to confirm our data, considering a longer follow up period.

Our study has limits, some have already been listed, we want to remember here the two main limits which are: the first is that we examined a fixed combination and therefore we are not able to quantify the effects of the individual components; the second is that the study has a short follow-up and a longer study is mandatory to evaluate effects on long term of these potential neuroenhancer and neuromodulators since glaucoma is a chronic disease and the therapy should be chronical too.



CONCLUSION

Daily oral intake of the fixed combination of citicoline 500 mg and homotaurine 50 mg for 4 months improved the function of inner retinal cells recorded by PERG independently from IOP reduction and positively influenced the visual field and the perception of quality of life.

This interesting observation needs to be verified but represents a valid option for practicing neuromodulation in patients with glaucoma to prevent disease progression.
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