Cytidine-5’-Diphosphocholine (Citicoline)
Improves Retinal and Cortical Responses in
Patients with Glaucoma
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Purpose: To evaluate the effects of cytidine-5’-diphosphocholine (citicoline) on retinal function and on
cortical responses in patients with glaucoma.

Design: Randomized clinical trial.

Participants: Forty patients with open-angle glaucoma were randomly divided into two age-matched
groups: citicoline group ([GC] n = 25) and placebo group ([GP] n = 15).

Methods: The GC patients were treated with Neuroton (citicoline, 1000 mg/day intramuscularly) for 60 days;
GP patients were treated with placebo (physiologic solution with additives) for 60 days. After 120 days of washout
(day 180), the GC patients were divided into two age-matched groups: in 10 patients (GC1 group) the washout
was prolonged for a further 120 days; in 15 patients (GC2 group) a second 60-day period of citicoline treatment
was followed by a second 120-day period of washout. At day 180, the washout was extended for another 180
days in GP patients. In all subjects, retinal and cortical responses were evaluated by simultaneous recordings of
visual evoked potentials (VEPs) and pattern-electroretinograms (PERGs) at baseline, after 60 days, and after 180
days. At day 300, VEPs and PERGs were also evaluated in GC1 patients, and at 240 and 360 days in GC2 and
GP patients.

Main Outcome Measures: Visual evoked potential parameters (P100 latency and N75-P100 amplitude);
PERG parameters (P50 latency and P50-N95 amplitude); and intraocular pressure.

Results: The GP patients displayed similar VEP and PERG parameters in all examinations performed. In GC
patients, the treatment with citicoline induced a significant (P < 0.01) improvement of VEP and PERG parameters,
and their values were significantly different (P < 0.01) with respect to those of GP patients (P < 0.01). Visual
evoked potentials and PERGs, recorded in GC patients after washout, revealed that although there was a
worsening trend, the electrophysiologic improvement was still maintained. After a second period of washout,
GC1 patients had VEP and PERG parameters similar (P > 0.05) to baseline ones and to those of GP patients. In
GC2 patients, a second period of citicoline treatment induced a further (P < 0.01) improvement of VEP and PERG
parameters

Conclusion: Citicoline may induce an improvement of the retinal and of the visual pathway function in
patients with glaucoma. Ophthalmology 1999;106:1126-1134

Patients with open-angle glaucoma show an abnormal viphysica method sud as visud field analysist? color vi-

sual function that develops together with clinical signs suchsion? ard contras sensitivity#—©

as ocular hypertension (intraocular pressure [IGP]21 The possibility of influencing the visual function may be
mmHg) and characteristic optic nerve head cupping. Thisa goal of ophthalmologists in the management of glaucoma.
impairment of visual function may be revealed by psycho-Towar this end Pecor Giraldi et al” suggeste atherapeu-

tic effect of cytidine-5-diphosphocholine (CDP-choline, or
citicoline) in patients with glaucoma, and they found that
Originally received: September 28, 1998. 75% of glaucomatous eyes s_howed a better perimetric con-
Revision accepted: March 8, 1999. Manuscript no. 98652. dition after treatment with this substance.
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function can be assessed by recordings of cortical responses GC1 group (10 patients, 10 eyes): the period of washout was
evoked by patterned stimuli (visual evoked potentials extended for another 120 days, and the follow-up was assessed
[VEPs])22 An index of the neura conductia in the post- at day 300.

retinal visual pathways expressed as “retinocortical time” GC2 group (15 patients, 15 eyes): a second 60-day period of

(RCT) can be derived by simultaneous recordings of VEPs Ppharmacologic treatment with citicoline was performed (181
ard PERGsL3:14 240 days, and each patient received another 20 unlabeled boxes

; ; : _with 3 vials each of citicoline, for a total of 60 vials) followed
ke)?sf, n;r;tg, ﬁheégggh%ﬁlﬁ Ig%lucl ;?S@Seerrtfgrzggg Igrcg;[;h:;noonq a by a seconddperiod of washout (241-360 days); the follow-up
showel anormd flash ERG and>* impaired PERG$°-2% was at 360 days.
and VEPs19203-2 Apnormd flash ERGs were observed It is worth noting that for all electrophysiologic parameters, no
in patiens with advancd glaucom&® and delayel RCTs  differences were found between GC1 and GC2 groups (see results
were found in glaucona patiens only 3° at 180 days).

This study was performed to establish, by electrophysi- In. GP patients, the period of washout was extended for an
ologic methods, what effects citicoline could induce on the2dditional 180 days.

retinal function and on the visual cortical responses in__ dD(ljJSrri]r? trt‘ﬁeevcﬂgiep\?vgc;ﬂgl‘:t”e:‘rti?de?ér"‘gltlh Tgbccogmzoggg%ibzo
glaucoma patients. 9 p g p :

other general pharmacologic treatments were given, but the topical
treatment with beta-blockers was continued.
Informed consent was obtained from each patient enrolled in
. this study, and the research followed the tenets of the Declaration
Materials and Methods of Helsinki. The study was previously approved by the local

. . . Ethical Committee.
Forty volunteer patients with open-angle glaucoma took part in the

study. In all patients enrolled, when the diagnosis of glaucoma was
made, the IOP was greater than 21 mmHg without any topica
treatment (range, 23-27 mmHg; mean, 25:£01.55 mmHg).

Each patient received topical treatment with beta-blockers only;n gp and GC patients simultaneous recordings of VEP and PERG
and an IOP less than 21 mmHg was observed (mean, 47138 \yere assessed at baseline (day 0), after the period of 60 days of
mmHg). Filtration surgery had never been performed in any of theyreatment with placebo or citicoline (day 60), and after the period
patients participating in this study. Other inclusion criteria were of washout (day 180).

glaucomatous optic nerve head cupping (cup:disc rati@®.5); Further electrophysiologic evaluations were performed in GC1
glaucomat.ou.s visual field defects (Humphrey 24-2 perimetry Wlthpatiems after the second 120-day period of washout (day 300); in
mean deviation between3 and —6 dB); best-corrected visual GC2 patients after the second 60-day period of treatment with
acuity of 20/20 or better; mean refractive error, when presentgiticoline (day 240), and after the second 120-day period of wash-
between—0.50 and+0.50 spherical equivalent; and no other oyt (day 360). In GP patients, VEP and PERG were also recorded
ocular, neurologic, or systemic disease. The mean age wast45.6 tyice during the extended period of washout (days 240 and 360).
4.3 years. ] o The electrophysiologic examinations were performed using a

The 40 patients with glaucoma were randomly divided into two previousy publish@ method30:3
age-matched groups: 25 were treated with citicoline (GC, 25 eyes), The subjects were seated in an acoustically isolated semidark
and 15 were treated with placebo (GP, 15 eyes). No differences ifoom in front of the display that was surrounded by a uniform field
the IOP measurements were found between GC and GP patlenzgzo_ X 120-degree) of luminance of 5 cdfniThe subjects were
(GC, 17.4* 1.3 mmHg; GP, 17.5- 1.5 mmHg). informed of the type of examination and its diagnostic uses.

Prior to the experiment, each subject was adapted to the am-
bient room in front of the visual stimuli light (see below) for 10
minutes, and because a little miosis occurs, the pupil diameter was
tabout 5 mm. Miotic or mydriatic drugs were never used.

The visual stimuli were checkerboard patterns (contrast ex-
pressed as hax — Lmin/ Lmin T LmaxWas 95 %, mean luminance
100 cd/nf) generated on a television monitor and reversed in
contrast at the rate of 2 reversals per second. At the viewing
distance of 114 cm the check edges subtend 15 minutes of visual
angle, and the screen of the monitor subtended 12.5 degrees. The

0-60 days: first period of pharmacologic treatment with citi- refraction of all subjects was corrected for the viewing distance.

coline or placebo; The stimulation was monocular, after occlusion of the other eye.

61-180 days: first period of washout and follow-up at day 180, = Visual Evoked Potential Recordings. Ag/AgCI cup-shaped

electrodes were fixed with collodion in the following positions:
Each GC or GP patient received 20 unlabeled boxes with 3 vialsactive electrode in Oz, reference electrode in Fpz, (EEG Interna-
each, for a total of 60 vials. The vials contained citicoline (for GC tional System 10—-2%), and ground on left arm.
patients) or placebo (for GP patients). In order to perform a The interelectrode resistance was kept below 3 kohms. The
double-blind study, the boxes were numbered by Nuovo Consorzidioelectric signal was amplified (gain 20000), filtered (band-pass
Sanitario, who knew the key, and the patients were tested by oné—100 Hz), and averaged (200 events free from artifacts were
examiner (VP), who was unaware of the contents of the vials. averaged for every trial) using the BM 6000 (Biomedica Mangoni,

Second Period. When we observed the worsening trend of Pisa, Italy). The analysis time was 250 msec.
electrophysiologic parameters (see results at day 180), we decided The transient VEP was characterized by several waves with 3
to randomly divide the GC patients into two age-matched groupspeaks, which in normal subjects and in our experimental condition

|Electrophysiologi(: Assessment

Pharmacologic Treatment

The pharmacologic treatment was performed at two differen
times:

First Period. A daily intramuscular dose of 1000 mg citicoline
(Neuroton, Nuovo Consorzio Sanitario, Rome, Italy) or placebo
(physiologic solution with additives) was prescribed following this
protocol:
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appeared after 75, 100, and 145 ms. These peaks had negative Glaucoma placebo treated eye Glaucoma Citicoline treated eye
(N75), positive (P100), and negative (N145) polarity, respectively.
Pattern-electroretinogram Recordings. The bioelectric signal basal
was recorded by means of Ag/AgCIl small cup-shaped electrodesodays
placed on the inferior eyelid. Monocular electroretinograms weretso aays
derived bipolarly between the tested (active electrode) and thesodays
patched (reference electrode) eye using the method described Ry qays
Fiorentiri et al.® The grourd electroe was on Fpz The interelec-
trode resistance was maintained lower than 3 kohms. The signal PERG
was amplified (gain 50000), filtered (band pass 1-30Hz), and . M
averaged with automatic rejection of artifacts (200 events free ™ y\/v.oﬁ\% o pesat
from artifacts were averaged for every trial) using the BM 6000. ﬂ\/\ﬁ ™ /J\\/&:’—"'* 80 days
The analysis time was 250 ms. 180 days 180 days
The transient PERG was characterized by several waves with 3=
peaks, which in normal subjects and in our experimental conditiorpe v v\/\/’\f—"‘
appeared after 35, 50, and 95 ms. These peaks had negative (N35),

positive (P50), and negative (N95) polarity, respectively. Figure 1. Layout of simultaneous VEP and PERG recordings in a patient

In the recording session, simultaneous VEPs and PERGs were, ) : . .
recorded at least twice, and the resulting waveforms were Superv_vlth glaucoma treated with placebo (GP) and in a patient with glaucoma

imposed to check the repeatability of the results. We accepted VElgeated with citicoline (GC). Electrophysiologic examinations were as-

. . : . ) . sessed at baseline and at 60, 180, 240, and 360 days after medical treat-
and PERG signals with signal-to-noise ratiog. The noise was ment with placebo or citicoline. The treatment with placebo was per-

measured by recording the bioelectric signals while the monitor,

was screened by a cardboard, and a neiel pV (mean 0.085 formed in_one 60-day period (0-60 days), followed by 300 days of
. - washout. The citicoline treatment was performed in two different 60-day
wV) was observed in all subjects tested.

For all VEPs and PERGs, the peak latency and the pea eriods (0—60 and 181-240 days), followed by two periods of washout

amplitude of each of the waves were measured directly on th 61-180 and 241-360 days). In comparison with the baseline condition
displayed records by means of a pair of cursors. Simultaneou%nd GP patient, in the GC patient the PERG and VEP recorded after the
recording of VEPs and PERGs allow us to derive the RCT as theciticol'me treatment showed a decrease in peak latencies and an increase
difference between the VEP P100 and the PERG P50 peak later™ amplitude, whereas in the GP patient the PERG and VEP layouts were

. similar to the baseline values.
ciests3t

VEP
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60 days
180 days
L

240 days

360 days

=

240 days
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i

360 days

L L '
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L. than those observed at baselife<{ 0.01) and than those observed
Statistics in GP patients® < 0.01).

. . Second Period of Evaluation. In GP patients at 240 and 360
The differences between GP and GC patients and GC1 and GC ays, unmodified electrophysiologic values were obser®ed (

patients and the differences observed in each group (GP, GC, GC 01

and GC2) with respect to the baseline condition and to the exa".‘" At.day 300, GC1 patients presented a further increase in P100

|r}at|or_1 preV|?ust perfo:jmed were evilm%%iby on;-wally anaIyS|speak latencies and a further decrease in N75-P100 peak amplitudes

8 Ovlarlance or_drepedatg _rpeasures ( ), an@ aalue < with respect to the values observed at day 180, and no differences
{01 was considered significant. between VEP parameters with respect to baseline and with respect

to those of GP patients were found & 0.01).

At day 240 in GC2 patients, a further decrease in P100 peak
latencies and a further increase in N75-P100 peak amplitiries (
0.01) with respect to the values observed at day 180 day were
] ] observed. P100 peak latencies were still shorter and N75-P100
Examples of simultaneous recordings of VEP and PERG beforg,eak amplitudes were still greater than those of GP patiéhts (
and after the medical treatment with citicoline or placebo areq g1). At day 360, GC2 patients showed an increase in P100 peak
displayelin Figure 1. The mean datand the statistichanalyssare  |atencies and a decrease in N75-P100 peak amplitudes with respect

Results

shown in Table 1 ard Figures 2—6. to the values observed at day 240. The values of P100 peak
Atbaseline, similar values for VEP and PERG pa‘r‘amel?rs( latencies and N75-P100 peak amplitudes were respectively still
0.09 in GC and GP patiens were observel (Figs 2-6 “basal”). shorter and still greater than baseline valugs<(0.01) and than

those of GP patient?(< 0.01).

Visual Evoked Potential Recordings

First Period of Evaluation. In GP patients at 60 and 180 days, no Pattern-electretinogram Recordings
significant changesP(> 0.01) of VEP parameters were observed First Period of Evaluation. In GP patients at 60 and 180 days,

with respect to the values observed at baselihe-(0.01). unmodified PERG parameters were observed with respect to those
In GC patients at day 60, a decrease in P100 peak latencies arabserved at baselind (> 0.01).
an increase in N75-P100 peak amplitudes<{ 0.01) with respect In GC patients at day 60, a decrease in P50 peak latencies and

to the baseline values were found. The GC patients displayed P10@n increase in P50-N95 peak amplitudBs<{ 0.01) with respect

peak latencies shorter and N75-P100 peak amplitudes greater thaa the baseline values were found. The GC patients showed P50

those of GP patientP(< 0.01). peak latencies shorter and P50-N95 peak amplitudes greater than
At day 180, an increase in P100 peak latencies and a decreaskose of GP patientd(< 0.01).

in N75-P100 peak amplitudes with respect to the values observed After 120 days of washout (day 180), GC patients showed an

at 60 days were found. The VEP parameters observed were stilhcrease in P50 peak latencies and a decrease in P50-N95 peak

shorter (P100 peak latency) and still greater (N75-P100 amplitudegamplitudes with respect to the values observed at 60 days. Nev-
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Table 1. Electrophysiologic Parameters Observed in Glaucoma Patients in Basal Condition and after Treatment with Citicoline

(GC, GCl1, and GC2 groups): ANOVA (A) versus Basal Condition, Examination Previously Performed and Glaucoma Patients

Treated with Placebo (GP Group)

A versus GP Group

Group Time Mean = SD A versus Basal A versus Previous (n = 15)
VEP P100 latency
GC basal 139.2 £ 9.30 £(1,38):0.03,P=0.860
(n = 25) 60 days (treatment) 125.7 £ 8.15 £(1,48):29.8,P=0.000 £(1,48):29.8,P=0.000 £(1,38):32.9,P=0.000
180 days (follow-up) 130.6 = 10.2 £(1,48):9.70,P=0.003 (1,48):3.52,P=0.067 £(1,38):12.3,P=0.001
GC2 basal 139.4 + 6.89 £(1,28):0.07,P=0.790
(n = 15) 180 days (follow-up) 131.6 = 8.02 £(1,28):8.16,P=0.008 (1,28):11.1,P=0.002
240 days (treatment) 122.7 £ 8.21 £(1,28):36.4,P=0.000 £(1,28):9.02,P=0.006 £(1,28):36.4,P=0.000
360 days (follow-up) 128.2 = 6.70 £(1,28):20.3,P=0.000 £(1,28):4.04,P=0.054 £(1,28):19.1,P=0.000
GC1 basal 138.6 = 5.95 £(1,23):0.01,P=0.972
(n = 10) 180 days (follow-up) 129.6 = 6.64 £(1,18):11.4,P=0.003 (1,23):16.1,P=0.000
300 days (follow-up) 1379 £ 6.32 £(1,18):0.07,P=0.802 £(1,18):8.19,P=0.010 £(1,23):0.52,P=0.478
VEP N75-P100 amplitude
GC basal 5.2 +2.70 £(1,38):6.23,P=0.636
(n = 25) 60 days (treatment) 8.1+ 245 £(1,48):15.8,P=0.000 £(1,48):15.8,P=0.000 £(1,38):14.2,P=0.000
180 days (follow-up) 7.1 = 2.10 £(1,48):7.71,P=0.008 £(1,48):2.40,P=0.128 £(1,38):7.29,P=0.010
GC2 basal 5.12 +2.01 £(1,28):0.37,P=0.550
(n = 15) 180 days (follow-up) 7.0 = 1.67 £(1,28):7.76,P=0.009 £(1,28):6.65,P=0.011
240 days (treatment) 8.3 = 1.39 £(1,28):25.3,P=0.000 £(1,28):5.37,P=0.028 £(1,28):19.6,P=0.000
360 days (follow-up) 7.2 +1.20 £(1,28):9.87,P=0.004 £(1,28):4.06,P=0.053 £(1,28):8.26,P=0.008
GC1 basal 52+1.93 £(1,23):0.20,P=0.657
(n = 10) 180 days (follow-up) 7.3 = 1.01 £(1,18):9.74,P=0.006 £(1,23):8.29,P=0.007
300 days (follow-up) 54+ 1.58 £(1,18):0.06,P=0.803 (1,18):10.2,P=0.005 £(1,23):0.18,P=0.679
PERG P50 latency
GC basal 69.3 + 2.85 £(1,38):1.07,P=0.308
(n = 25) 60 days (treatment) 62.3 = 3.10 £(1,48):69.1,P=0.000 £(1,48):68.1,P=0.000 £(1,38):72.6,P=0.000
180 days (follow-up) 64.2 = 3.60 £(1,48):30.8,P=0.000 £(1,48):4.00,P=0.051 £(1,38):38.6,P=0.000
GC2 basal 69.2 = 2.40 £(1,28):1.34,P=0.256
(n = 15) 180 days (follow-up) 64.0 = 2.75 £(1,28):30.4,P=0.000 £(1,28):47.0,,=0.000
240 days (treatment) 61.2 = 1.70 £(1,28):110, P=0.000 £(1,28):11.2,P=0.002 £(1,28):146, P=0.000
360 days (follow-up) 62.9 = 2.90 £(1,28):41.9,P=0.000 £(1,28):3.82,P=0.061 £(1,28):53.4,P=0.000
GCl1 basal 69.4 = 1.64 £(1,23):0.88,P=0.357
(n = 10) 180 days (follow-up) 64.3 = 2.40 £(1,18):30.6,P=0.000 £(1,23):38.8,P=0.000
300 days (follow-up) 68.2 = 2.28 £(1,18):1.83,P=0.193 £(1,18):13.8,P=0.002 £(1,23):4.47,P=0.046
PERG P50-N95 amplitude
GC basal 0.69 = 0.35 £(1,38):0.03,P=0.856
(n = 25) 60 days (treatment) 1.02 = 0.40 £(1,48):9.64,P=0.003 £(1,48):9.64,P=0.003 £(1.38):8.79,P=0.005
180 days (follow-up) 0.83 +0.45 £(1,48):1.51,P=0.225 (1,48):2.49,P=0.121 £(1,38):1.26,P=0.268
GC2 basal 0.70 + 0.31 £(1,28):0.01,P=0.930
(n = 15) 180 days (follow-up) 0.80 +0.31 £(1,28):0.78,P=0.384 £(1,28):1.07,P=0.310
240 days (treatment) 1.12 £ 0.27 £(1,28):15.6,P=0.000 £(1,28):9.06,P=0.005 £(1,28):17.2,P=0.000
360 days (follow-up) 0.92 +0.31 £(1,28):3.33,P=0.076 £(1,28):3.54,P=0.070 £(1,28):3.23,P=0.083
GC1 basal 0.68 +0.25 £(1,23):0.06,P=0.801
(n = 10) 180 days (follow-up) 0.87 £0.22 £(1,18):3.19,P=0.091 £(1,23):2.59,P=0.121
300 days (follow-up) 0.71 £0.25 £(1,18):0.07,P=0.794 £(1,18):2.27,P=0.150 (1,23):0.02,P=0.887
RCT (VEP 100 — PERG P50 latencies)
GC basal 70.7 £ 6.20 £(1,38):0.05,P=0.823
(n = 25) 60 days (treatment) 63.7 £ 6.21 £(1,48):13.4,P=0.000 £(1,48):13.4,P=0.000 £(1,38):10.6,P=0.002
180 days (follow-up) 66.3 + 6.22 £(1,48):5.04,P=0.029 £(1,48):2.06,P=0.158 £(1,38):7.06,P=0.010
GC2 basal 70.6 = 6.02 £(1,28):0.03,P=0.856
(n = 15) 180 days (follow-up) 66.6 = 5.81 £(1,28):3.44,P=0.074 £(1,28):5.34,P=0.028
240 days (treatment) 62.4 = 4.69 £(1,28):17.4,P=0.000 (1,28):4.75,P=0.038 £(1,28):21.2,P=0.000
360 days (follow-up) 65.8 = 3.49 £(1,28):8.42,P=0.007 £(1,28):3.96,P=0.057 £(1,28):8.65,P=0.006
GCl1 basal 70.8 = 5.12 £(1,23):0.07,P=0.797
(n = 10) 180 days (follow-up) 66.0 = 4.11 £(1,18):5.34,P=0.033 £(1,23):7.29,P=0.013
300 days (follow-up) 70.0 = 3.79 £(1,18):0.16,P=0.696 £(1,18):5.11,P=0.036 £(1,23):0.13,P=0.719

ertheless, the P50 peak latencies were still shorter than the baselifday 300), a further increase in P50 peak latencies and a further

ones P < 0.01) and than those of GP patierfis<€ 0.01), whereas  decrease in P50-N95 peak amplitudes with respect to the values

the P50-N95 peak amplitudes were similar to those observed abbserved at 180 days were observed. The PERG parameters were

baseline and similar to the GP valués ¥ 0.01). similar to those of GP and were not significantly modified with
Second Period of Evaluation. In GP patients at 240 and 360 respect to the baseline valudz ¢ 0.01).

days, unmodified electrophysiologic values were obserfRed-( In GC2 patients after the second period of 60 days of citicoline

0.01). treatment (day 240), a further decrease in P50 peak latencies and
In GC1 patients after a second period of 120 days of washout further increase in P50-N95 peak amplitudBs<( 0.01) with
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Figure 2. Mean values of VEP P100 peak latency observed in glaucoma
patients at baseline and after medical treatment with placebo (GP, @) or
citicoline (GC, ). The medical treatment with placebo or citicoline was
performed over a 60-day period (0—60 days, dashed lines) followed by 120
days of washout (solid lines, 61-180 days). At day 180 the GC patients
were divided into two groups: GC1 (A), in which the washout was
extended for another 120 days (solid lines, 181-300 days), and GC2 (A),
in which a second 60-day period of citicoline treatment (dashed lines,
181-240 days) was followed by a second period of 180 days of washout
(solid lines, 241-360 days). In GP patients, the period of washout was
extended for another 180 days and VEPs were also recorded at 240 and 380
days. Vertical lines represent one standard error of the mean. Statistics: vs.
baseline, *: P < 0.01; ns *: P > 0.01; vs. examination previously per-
formed, O: P < 0.01;ns O P > 0.01; vs. GP: #: P < 0.01, ns #: P > 0.01,
(ANOVA).
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Figure 4. Mean values of PERG P50 peak latency observed in glaucoma
patients treated with placebo (@) or citicoline (GC: O; GC1: A; GC2:
A). Vertical lines represent one standard error of the mean. Statistics: refer
to Figure 2.

Retinocortical Time

First Period of Evaluation. In GP patients after 60 and 180 days,
no changes in RCT were observe®l ¥ 0.01).

In GC patients, at day 60 a decrease of RCT with respect to the
baseline values was foung  0.01). At day 180, we observed an
increase in RCT with respect to the values observed at day 60, and
its values were not significantly modified with respect to baseline
ones P > 0.01).

Second Period of Evaluation. In GP patients at 240 and 360
days, unmodifiedR > 0.01) RCT values were observed.

In GC1 patients at day 300, a further increase in RCT with

respect to the values observed at 180 days were found. P50 pegkspect to the values observed at 180 days was observed, and no
latencies were still shorter and P50-N95 peak amplitudes were stilljifferences P > 0.01) with respect to the baseline values were

greater than those of GP patiens € 0.01).

At day 360, after a second period of 120 days of washout, GC2

found.
In GC2 patients at day 240, a decrease in REF(0.01) with

patients displayed an increase in P50 peak latencies and a decreaggpect to the values observed at 180 days was found. At day 360,
in P50-N95 peak amplitudes with respect to the values observed af, increase in RCT with respect to the values observed at 240 days

240 days. Nevertheless, the P50 peak latencies were still shortgjas observed; nevertheless, the RCT values were still shorter than
than the baseline one® (< 0.01) and than those of GP patients the paseline one(< 0.01).

(P < 0.01), whereas the P50-N95 peak amplitudes were similar to

In GC patients at days 60 and 180 and in GC2 patients at day

those observed in the baseline condition but significantly differenty40 the RCT values were reduced with respect to those of GP

from the GP onesR > 0.01).
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Figure 3. Mean values of VEP N75-P100 peak amplitude observed in
glaucoma patients treated with placebo (@) or citicoline (GC: O; GCl:
A; GC2: A). Vertical lines represent one standard error of the mean.
Statistics: refer to Figure 2.
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patients P < 0.01); at day 300, similar values between GC1 and
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Figure 5. Mean values of PERG P50-N95 peak amplitude observed in
glaucoma patients treated with placebo (@) or citicoline (GC: O; GCl:
A; GC2: A). Vertical lines represent one standard error of the mean.
Statistics: refer to Figure 2.
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msec The definition of open-angle glaucoma includes an im-
74T balane betwea blood pressue and ocula tensiorf® that
;g: fs # I i I mhay reSUtansisSC?Smt dam_ag%ngucirg an involvemern of

1 the retinaf®~° and postretinat®" structures.
;8 _(1)1- —l ‘/Tﬂ_“ The above-mentioned vascular pathogenesis of glau-
so1 t | l 1 l coma leads us to believe that such parallels with those
68+ I nse diseases in which the therapeutic effects of citicoline were
67+ \ ® TAT T observe®? 47 can be drawn
66+ 1\ 9 Y I A .
651 \#/111\ o f A possibe increag in the consciousnesleve could
641 J) nse \ # / @ explain the improved psychophysical responses evaluated
631 Ji "s,,° \L ne0 by visual field analysis observed in glaucoma patients after
62 1 treatmen with citicoline” To explan the improvemen of
gé' , . . . | VEP and PERG responses, other effects of citicoline (apart

basal 60 120 180 240 300 360 days from the increased consciousness level) must be evaluated
in those visual structures that are known to be involved in

medical treatment with placebo (@) or citicoline (GC: O; GC1: A; GC2: glaucoma and, in particular, at the retinal and postretinal

A). Vertical lines represent one standard error of the mean. Statistics: refer levels. o )
to Figure 2. That citicoline has effects on the visual system has re-

cently been suggested by the improvement of visual acu-

_ _ ity,35% VEP responsgsand contras sensitivity’® in ambly-
GP patients were found®(> 0.01); at day 360, GC2 patients opic subjects after treatment with this substance. In this
displayed RCT values still reduced with respect to those of GP5tar study, a dopaminergic-like activity has been suggested
patients P = 0.01). by similar results obtained in amblyopic subjects after treat-

During the whole period of treatment, no adverse side effects . 0—62 IS - .
were reported by any of the patients enrolled in the study. NoMert with levodop&® 2 or citicoline®®® and from studies

significant changes in IOP were found in any of the subjects tested?€rformed in patients with Parkinson disease in whom citi-
coline was usel as acomplemento levodoga therapy®3-°
As a result of this property it is possible to explain, at
least in part, the effects observed in our study. Visual
evoked responses were improved by citicoline in patients
The present study was designed to evaluate the retinal a \@I'th glaucoma, and these electrophysiologic data showing
r% at citicoline improves the cortical responses confirm all

visual cortical responses in patients with glaucoma treate hat was previo estd b choohvsideanalvsis’
with citicoline using simultaneous recordings of VEPs and was previ .usy suggeste by psychopnysicaanalysis
PERGS. . .In the VEP improvement, a.dopam[ngrglc—hke activity of
s(:ltlcollne could be proposed; in fact, it is known that levo-

We observed an improvement of cortical responsed ind horteni £ VEP lat i h ith
(VEP) in our glaucoma patients after treatment with citico- “0P& INAUCEs a shortening o atency in humans, wi
a possible retinal contribution considering that the PERG

line, together with an improvement of retinal responsesI ; I sh hi 56
(PERG) and an improvement of the index of neural con-/2{€NCIE are also shortend by this substance.

duction in the postretinal visual pathways (RCT). Because V_EP abnormalities have r_ecently been ascr_ibed
Although our results clearly show the effects of citicoline 0 @ dysfunction in the innermost retinal layers (ganglion
on the retinal and postretinal glaucomatous function, thec€lls and their fibers) related to an |n(1)pa|red neural conduc-
mechanism of action of citicoline on visual function is not tion in the postretinavisud pathways’® we als evaluated
entirely understood and speculating on this is more difficult.tN€ effects of citicoline on retinal function and on neural
Citicoline is an endogenous substance that represents &pnduction in the visual pathways. _
obligatory intermediary for the synthesis of phosphatidyl- _Retinal function was assessed by PERG recordings, and
choline, and it is a major phospholipid in the neuronal after treatment with citicoline we found an improvement of
membrané*—¥ It is also reportel tha citicoline, by acti- ~ PERG parameters. Given that in glaucoma a loss of gan-
vating the biosynthesis of structural phospholipids in theglion cells and their fibers has been documented by histo-
neuronal membranes, not only increases the metabolism dpgic studie$®~> and by objective methods of morphologic
cerebrastructure® but also inhibits phospholipil degrada- ~ evaluatia in vivo of the retind fibers>*=* the impaired
tion.3” A neuroprotectie effed of citicoline has bean sug-  PERG responses observed in patients with glaucoma could
gestel in situatiors of hypoxiaard ischemia®®¥ It hasbeen  be ascribed to a dysfunction of the innermost retinal layers,
proposed®—*! tha citicoline has a neuromodulatowide-  although a functional impairment of the preganglionic ele-
action spectrum availability increasing the level in the cen-mens has also been suggested’©8
tral nervous system of different neurotransmitters and neu- Our results indicate that citicoline improves bioelectric
romodulators, including noradrenaline and dopamine. Inretinal activity, but we are not able to demonstrate whether
several works, it has been observed that citicoline succesghere were other effects on the retinal fibers (i.e., an increase
fully increases the consciousness level in several brainn retinal nerve fiber layer thickness) because we have
disorders ascribed to vascular, traumatic, or degenerativevaluated only the retinal function and have not performed
processed? 4’ any morphologic examination.

Figure 6. Mean values of RCT observed in glaucoma patients after

Discussion
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the neural conduction in the visual pathways by measureileferences

ments of RCT. It is unlikely that RCT represents the real
transit time of neural conduction between the retina and the1.
visual cortex (we do not believe that bioelectric signals take
50 ms to travel from the retina to the visual cortex in normal
subjects as we previousy observed®® and as was previ-

ousl reportal by Celesa et al*#), but it could be considered

as an “index” of neural conduction in the postretinal visual 9
pathways.

After treatment with citicoline, a reduced RCT was ob-
served in our glaucoma patients. The reduced RCT could be
ascribed to an improvement in the retinal function with
consequent better neural conduction in the visual pathways
and relative increased bioelectric activity in those cells in 4.
which the cortical potentials have their source. All of this
could also explain the reduced VEP P100 latencies and the
increased VEP N75-P100 amplitudes observed after treat->-
ment with citicoline. An independent effect of citicoline on
neural conduction in the postretinal visual pathways or in
the visual cortical cells could be supposed, but for this
hypothesis we have no clear or conclusive appropriate ex-
perimental or written data.

As we have recently observed that perimetrical indexes
(mean deviation of Humphrey perimetry) are significantly
related to PERG and VEP parametes and to RCT®° it is
likely that the above-mentioned sources of cortical improve- 8.
ment could also be suggested as an explanation for the
better perimetric condition observed after treatment with
citicoline.’ 9.

In our study we assessed the long-term effects of citico-
line. In glaucoma patients in which only one period of
treatment was performed (GC1 group), after 120 days of
washout we observed that the therapeutic effects were still

present, whereas after 240 days of washout all electrophysit1.

ologic parameters were similar to those observed before the
start of the treatment. All this suggests that retinal and

cortical responses are still improved at 120 days from thel2:

end of the treatment, while it is not possible to observe any
therapeutic effect on retinal and visual pathway functions
after 240 days of washout.

In conclusion, citicoline is significant in improving the

retinal and cortical responses in glaucoma patients. Thigg.

effect cannot be considered specific for glaucoma patients.
In fact, an improvement of VEP responses has been previ-
ously observed after treatment with citicoline in normal as
well as in amblyopt eyes>®

Our results, together with those previously observed byl>-

visud field analysis’ indicake apotentid use for this sub-
stance in the medical treatment of glaucoma as a comple-
ment to hypotensive therapy. Toward this end and in agree; 4
mert with previous observatiosin similar studies3%-37:58.59

a positive step is represented by the lack of adverse phar-

macologic side effects reported from any of the subjectsi7.

participating in this study.
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