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ABSTRACT

Background: Saccadic eye movements (SEM) have proved to be a valuable marker of central nervous system (CNS) function. Circadian rhythm
progressively influences the saccadic eye movements. Agomelatine, a melatonergic antidepressant improves quality of sleep by resynchronization
of'the circadian rhythm. Hence, this study was designed to evaluate the effect and safety of single dose of Tab. Agomelatine 25 mg on saccadic eye
movements in healthy human volunteers.

Methods: After approval from IEC and after taking writtern informed consent, 12 healthy subjects were randomized to receive either single dose of
Tab. Agomelatine 25mg or placebo in a crossover design. Saccadic eye movements were recorded using electro-occulographic (EOG) method at 3
time points — pre-drug (baseline), 90min and 150min post drug at 10° - 60°. The primary efficacy parameters were changes in saccade duration, peak
saccadic velocity and latency period.

Results: In the agomelatine group, compared to baseline, at 90 and 150min post drug, there was a significant increase in saccade duration (SD)
(p<0.05) and significant reduction in peak saccadic velocity (PSV) and latency period (LP) (p<0.05). No significant change was observed in
latency period at 90min post drug . There were no significant changes in efficacy parameters with placebo. When agomelatine was compared to
placebo at 90 min &150min post drug, SD significantly increased (p<0.05), PSV significantly decreased (p<0.05). At 150min post drug only
latency period significantly decreased at 60°(p<0.05). Agomelatine was well tolerated.

Conclusion: Saccadic eye movement analysis provides a novel method of assessment of CNS function. The administration of single dose of
Agomelatine 25mg significantly altered saccadic eye movements in healthy volunteers as determined by the electro-oculographic recording.
However, further studies in larger number of subjects are required to confirm this effect.
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Introduction:

Agomelatine has various evidences available suggesting that
disruption of the circadian rhythm is an important underlying cause of
depression and insomnia, and manifestations of the abnormal
circadian rhythm in depression include delayed sleep, shortened
latency to rapid eye movement sleep, fragmented sleep, and early
waking. Thus, normalization of circadian rhythm is a potential target in
the treatment of depression. " Melatonin secretion exhibits a robust
circadian rhythm." In humans, plasma levels of melatonin begin to rise
about 2 hours before habitual bedtime and remain elevated during the
dark hours. The melatonin rhythm is the best peripheral index of the
timing of the human circadian pacemaker. >

Two major effects of melatonin are sleep induction and phase-shifting
of the circadian clock. The sleep-promoting effects are mediated by
MT1 receptors. Melatonin advances the endogenous circadian rhythm
in humans. ¥ The phase-shifting effect of melatonin is mediated by
MT2 receptors in SCN neurons. These neurons are sensitive to
melatonin only during specific phases of the circadian cycle, reflecting
circadian variations of melatonin receptor expression in the SCN
under control by the molecular clock. **

The circadian rhythms influence progressively the saccadic eye
movements. “'Sleep deprivation for 24 h has been reported to impair
peak velocity of saccades and lead to deficits of accuracy and latency.
SEM has proved to be a valuable marker of central nervous system
(CNS) function. Saccadic eye movements are used continuously
during normal visual activity and impairment is likely to have
important consequences on visual acuity. "' Peak saccade velocity is a
sensitive indicator of sedation and is particularly sensitive to the
sedative effects of benzodiazepines, opiates, barbiturates,
carbamazepine, and ethanol. " Diazepam, reduces both the duration
and velocity of saccadic eye movements, and increases saccade
latency.

Agomelatine (N-[2-(7-methoxynaphthalen-1-yl) ethyl] acetamide)
belongs to a unique class of antidepressants as it is a MT1 and MT2

agonist and SHT ,, antagonist drug. Thus it shows both melatonergic
and serotonergic modes of action and has been approved by the Drug
Controller General of India (DCGI) on September 10, 2012."'" Peak
level in plasma is achieved 1-2 h after oral administration. The
elimination half-life of drug is 2-3 h."" This has given rise to melatonin
agonist and selective serotonin antagonist (MASSA) concept."” The
incidence of insomnia in depression is up to 80%. ""”

Being a melatonergic agonist, agomelatine may affect the saccadic eye
movement because of its proven chronobiotic (i.e. substance that
adjusts the timing or reinforces oscillations of the central biological
clock) action secondary to its agonist activity on melatonin receptors
MT1 and MT2 in the suprachiasmatic nucleus (SCN)."” Hence the
present study was planned to determine the effects and safety profile of
25mg Agomelatine Vs placebo on saccadic eye movement using EOG

"in healthy human volunteers.

Materials and methods:

Study subjects

Twelve healthy participants of either gender aged 18-45 yrs, who were
willing to give the written informed consent and comply with study
procedures, were selected for the study following a full medical history
(including smoking habits), physical examination, haematological and
biochemical screening, and an electrocardiogram. Volunteers were
excluded if there was any evidence of hypersensitivity reactions to any
active excipients of the test drug, history of migraine, and liver,
cardiac, renal and any psychiatric diseases. Chronic smoking,
alcoholism and history of substance abuse in last 30 days, intake of any
beverages within 12 hours prior to the study and any medication, which
may affect the study, taken within previous 1 week of the study were
also excluded.

Study procedure

Written informed consent was taken from all the subjects after a full
explanation of aims, procedures and risks of the study. The study was
approved by the Institutional Ethics Committee and conducted in
conformity with the Declaration of Helsinki. Three sets of practice eye
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movement tests were conducted after the medical examination and
prior to the test day to introduce the subjects to the test procedure and to
make them familiar with the testing device. Data acquired in this
training session were recorded, but not included in analysis. Alcohol,
nicotine, chocolate or caffeine containing drinks were prohibited
atleast 12hours prior to study day and during the study day. All the
recordings were carried out during the period between 8:00 AM to
12:00 PM after a standard breakfast.

After screening for eligibility, 12 healthy human volunteers were
randomized equally into 2 groups to receive either Tab. Agomelatine
25mg or identical placebo in a cross over design with a washout period
of 7-10 days. EOG Recordings and VAS for sedation recordings were
made immediately before (baseline), 90 min and 150min, after drug
intake .Subjects were provided with standard breakfast and lunch
during study day.

Saccadic eye movement analysis
Saccadic eye movement analysis was conducted as per the method
standardized in the department of clinical pharmacology, NIMS. "

Hardware of the Electrooculo-graph

Figure 1 shows the configuration of a hardware system that obtains and
stores images for measuring eye movement. The system is responsible
for: Saccadic stimulus generation, EOG signal pickup and signal
conditioning.
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Figure 1. EOG diagnostic system

Visual analog scale (VAS) - Procedure

VAS is a subjective procedure in which subject will be instructed to
mark intensity of sleep on VAS for sedation of 100mm, by a vertical
line. Distance on VAS is recorded as mm [0 indicates not sleepy and
100 indicates extremely sleepy]. Three readings were taken at
baseline, post 90min, and post 1 50min.

Statistical analysis

Data was expressed as mean + SD. Paired t-test was used to compare
the differences in Saccade duration, Peak saccade velocity & Latency
period within the treatment group and to compare the differences in
saccade duration, peak saccade velocity & latency period between the
treatment groups (Agomelatine Vs Placebo). All statistical analyses
were performed using Graph Pad Prism 5.

Results:

In our study, the saccadic eye movement was recorded in 12 healthy
subjects (8 males, 4 females), with amean age 0f29.54 +3.98 yrsand a
mean BMI of 22.4 + 2.7 kg/m’. SEMs at saccade amplitudes of
10°,20°,30°,40°,50° and 60° were recorded using EOG method. The
mean values of saccadic eye movements (Saccade duration, Peak
Saccadic velocity and Latency period) of subjects in the agomelatine
group at baseline, 90 minutes post-drug and 150 minutes post-drug
from 10° to 60° amplitudes are shown in Table I. The mean values of
saccadic eye movements (Saccade duration, Peak Saccadic velocity
and Latency period) of subjects in the placebo group at baseline, 90
minutes post-drug and 150 minutes post-drug from 10° to 60°
amplitudes are shown in Table I1.
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TableI: Effect of Agomelatine on Saccadic Eye Movements

Agomelatine

Time |Angular [Mean Saccade |Mean Peak Mean Latency
Displace|{Duration (sec) [saccadic period (sec)
ment velocity ("/sec)

Ohr [10° 0.04 + 0.008 256+70.79  |0.228 +0.044
20° 0.045 +0.004 [444.17+43.1 [0.181 +0.022
30° 0.060 £ 0.003 [527.34+36.5 [0.176+0.02
40" 0.0697 + 0.007 [582.03 +67.82 [0.189 + 0.02
50° 0.090 +0.007  [590.21 +46.16 [0.195 +0.023
60’ 0.093 +0.005 |649.67 +40.20 [0.196 + 0.026

90 |10 0.042+0.008  [256.02+70.9 [0.225+0.035

min (20’ 0.050 +0.009 [394.08 +61.4" [0.181 +0.016
30’ 0.07+ 0.009**" [446.56 + 61.9 *'[0.18 + 0.014
40" 0.086 + 0.006**Y483.73 +44.01°'[0.178 + 0.018
50 0.099 + 0.009**%508.31+ 49.6 ' [0.194 + 0.031
60’ 0.01 £ 0.011%*% {58245 +68.15"(0.175 + 0.023*

150 |10 0.041 +0.009 [251.85+72.8 [0.204 +0.024

min (20’ 0.05 + 0.005**% {371.56+34.28" [0.184 + 0.017
30 0.08 + 0.003**% {407.16 + 85.4" [0.175 + 0.039
40" 0.087+ 0.008%*%(473.54 + 43.4"" [0.174 + 0.026'
50" 0.105 + 0.015%*Y484.15 +75.77'[0.173 + 0.033'
60’ 0.11 £0.013* *%{538.17 +69.10"'[0.161 + 0.032™*

Data represented as Mean+SD
Agomelatine compared to baseline
Saccade Duration = ** p< 0.05, Peak Saccadic Velocity = *’<0.05,

Latency Period =

'P<0.05,

Agomelatine compared to placebo
Saccade Duration = * p< 0.05, Peak Saccadic Velocity = " p<0.05,
Latency Period =*P<0.05.

Table II: Effect of placebo on Saccadic Eye Movements

Placebo

Time|Angular Mean Saccade |Mean Peak Mean Latency
Displacement |Duration (sec) |saccadic period (sec)

velocity ("/sec)

0hr [10° 0.036 +0.003 |280 +27.8 0.24+0.11
20 0.046 +0.005 |441 +£48.6 0.17+0.07
30° 0.06£0.011 [480.37 +83.6 [0.2+0.06
40’ 0.077 +£0.009 |527.78 +56.1 [0.19 +0.05
50° 0.085 +0.009 [594.43 +79.46(0.19 + 0.06
60’ 0.98+0.009 [620.1 +58.56 [0.19 +0.04

90 [10° 0.036+0.003 |282.82+27.7 [0.19+0.1

min [20° 0.05+0.009 [439.85+71.26/0.18 +£0.03
30° 0.06+0.004 [492.8 +31.29 [0.19 +0.05
40’ 0.069 +0.007 |581.54 4+ 58.19[0.19 + 0.06
50° 0.084 £ 0.006 |593.36+46.91 0.2 +0.02
60° 0.097 +0.011 |628 £66.17  [0.22 +0.04

150 [10° 0.037+0.003 [270.1£21.92 [0.21 +£0.12

min [20° 0.049 + 0.005 |415.47 +45.84[0.16 + 0.1
30° 0.06 £0.005 [487.8+41.4 [0.18+0.04
40° 0.073 +0.018 [553.17+55.70 [0.19 + 0.02
50° 0.088 £ 0.006 [582.45 + 68.16[0.17 +0.02
60" 0.99 +0.009 [609.4 =48.79 [0.2+0.05

Datarepresented as Mean+SD

Saccade duration:

When the mean saccade duration values in the agomelatine group were
compared with baseline, a significant increase in Saccade duration was
observed 90min post-drug at 30°(p=0.002), 40°(p=0.004),
50°(p=0.001), 60°(p=0.001) amplitudes and 150 min at 20°(p=0.001),
30°(p=0.001), 40°(p=0.003), 50°(p=0.001), 60°(p=0.001) amplitudes.
There were no significant changes in the mean saccade duration values
in placebo group.

When agomelatine was compared with placebo, a significant
difference was observed in saccade duration 90min post-drug at
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30°(p=0.01), 40°(p=0.01), 50°(p=0.01), 60°(p=0.04) and 150 min at
20°(p=0.04), 30°(p=0.01), 40"(p=0.02), 50°(p=0.02), 60°(p=0.01)
amplitudes..

Mean percentage change (MPC) for saccade duration between
agomelatine and placebo was significant at 20"to 60 °post 90min and
150min of drug administration (p<0.05).

Figure 2 shows the mean percentage change of saccadic duration of
agomelatine compared to placebo
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Peak saccadic velocity:

When the mean peak saccadic velocity values in the agomelatine were
compared with baseline, a significant decrease in peak saccadic
velocity was observed 90 min post-drug at 30°(p=0.001), 40°(p=0.01),
50°(p=0.01), 60°(p=0.01) and 150 min at 20°(p=0.01), 30°(p=0.002),
40°(p=0.003), 50°(p=0.001), 60°(p=0.001) amplitudes.

There were no significant changes in the mean peak saccadic velocity
values in placebo group. When agomelatine and placebo were
compared 90 min post-drug, there was a significant difference in peak
saccadic velocity at 20° (p=0.04), 30°(p=0.03), 40°(p=0.04),
50°(p=0.002), 60’ (p=0.05) and 150 min at 20°(p=0.05), 30°(p=0.03),
40°(p=0.03), 50°(p=0.002), 60°(p=0.02) amplitudes.

MPC for peak saccadic velocity between agomelatine and placebo was
significant at 30°, 40°, 50 °,60° post 90min and 150min of drug
administration (p<0.05).

Figure 3 shows the mean percentage change of peak saccadic velocity
ofagomelatine compared to placebo
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Latency period:

Compared to baseline, a significant decrease in the mean latency
period (LP) was observed 150 min post-drug at 40°(p=0.01),
50°(p=0.01), 60°(p=0.001). No significant changes were observed
90min post-drug.

There were no significant changes in the mean latency period values in
placebo group.

When compared to placebo, agomelatine showed a significant
decrease in Latency period 90min post-drug at 60° (p<0.01) and 150
min post-drug at 60°(p=0.02).

Mean percentage chang for latency period between agomelatine and
placebo was significant at 50°& 60° post 90min of drug administration
(p<0.05).

After 150min there was significant difference at 60" between two
treatment groups.

Figure 4 shows the mean percentage change of latency period of
agomelatine compared to placebo.
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Visual analog scale (VAS) for Sedation

The results of VAS for sedation are summarized in Table I11. When the
VAS scores for sedation of subjects in the agomelatine group were
compared with baseline, a significant increase in the sedation scores
were observed 90min post-drug (p=0.001) and 150min post-drug
(p<0.001). However, there were no significant changes in the VAS
scores for sedation in the placebo group.

When the VAS sedation scores were compared between agomelatine
and placebo groups, significant differences were observed 90min post-
drug (p<0.001) and 150min post-drug (p<0.001).

Table III: Visual analog scale (VAS) for sedation in agomelatine
group

Agomelatine Placebo

Predrug [Postdrug |[Postdrug |Predrug |Postdrug |Postdrug
(90min) [(150min) (90min) [(150min)

1.75+1.35|10. 58 18.75+6.9 |1.91£1.82 |2.25+2%** [2.91
+5.16%  |* +2.38%*

Datarepresented as Mean=+SD
Compared to baseline (p<0.001)*
Compared to placebo (p<0.001) **

Adverse effects

No adverse drug reactions (ADRs) were observed, except two subjects
in the agomelatine group reported mild headache and one subject had
drowsiness. In placebo group one subject reported headache. All the
adverse effect resolved without any treatment.

Discussion:

The present study was conducted in 12 healthy volunteers evaluating
the effect and safety of Agomelatine 25 mg on saccadic eye
movements. The study population was homogenous with no
significant changes in the baseline parameters.

Saccade is a quick, simultaneous movement of both eyes between two
phases of fixation in the same direction. " This phenomenon can be
associated with a shift in frequency of an emitted signal or a movement
of a body part or device. Cerebellar disorders and degenerative
disorders of the CNS and drug abuse e.g. antidepressants, sedatives,
and anticonvulsants can often be diagnosed through saccadic testing.
The 3 saccadic parameters most relevant include peak saccade velocity
(PSV), saccade duration (SD) and latency period (LP). "“In our study,
the 3 saccadic eye movements were recorded using the EOG method
from 10°to 60°.

In healthy volunteers when the effect of agomelatine 25 mg single dose
on SEMs was evaluated, there was a significant increase in SD and
decrease in the PSV at post drug 90 min and 150 min from 20’ through
to 60", compared to baseline. Agomelatine when compared to placebo,
significant increase in SD & decrease in PSV were observed at 90min
and 150 min post drug. Further, it has been shown that increased SD
and decreased PSV lead to saccade slowing. Such a pattern of SEM is
observed with drugs like antidepressants, sedatives, anticonvulsants
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and some CNS disorders."” In our study, Agomelatine, a melatonergic
antidepressant produced the pattern of SEM that is consistent with the
available evidence from the existing studies.

With regard to the latency period (LP) in our study, Agomelatine 25 mg
single dose significantly decreased LP at 150 min compared to baseline
from 40° through to 60°. No significant changes were observed at 90
min post drug. However, when agomelatine was compared to placebo,
a significant decrease in LP was observed at 90min and 150 min post
drug at 60°. Latency period is calculated from the difference in the time
between target displacement and the onset of the 1" saccade toward the
new target position. Prolonged latency period is associated with
certain disease process like basal ganglia disorders. In most instances
this finding has no diagnostic significance because LP is sensitive to
mental state of the subject."” There is no disease process that causes
shortening of latency; accordingly this finding is always related to
technical error or lack of cooperation.

Saccadic eye movements are progressively influenced by circadian
rhythms of the body. As melatonin increases 2hrs prior to onset of
sleep, it leads to decrease in peak saccadic velocity. As pointed out in a
study, saccade duration increases approximately linearly with saccade
amplitude, whereas PSV increases with amplitude at a decreasing rate.
"I The findings of our study correlated well with the findings of the
above mentioned study.

In a study it was reported that agomelatine improved sleep continuity
and quality. It normalized the distribution of slow-wave sleep and delta
power throughout the night"” Agomelatine improves disturbed
sleep—wake cycles and daytime functioning in Major depression
disorder "” and demonstrated sleep electroencephalographic changes
consistent with desirable sleep architecture improvements, as well as
improved subjective sleep quality within the first week of

administration accompanied by an improvement in daytime alertness.
(20]

In a study conducted by Raveendranadh Pilli et al , 24 healthy
volunteers were given zolpidem Smg, caffeine 500mg and placebo
,Zolpidem produced statistically significant decrease in PSV
compared to placebo at all the angular displacements at 1 & 2hrs. In
contrast, caffeine produced non-significant increase in PSV at all
angular displacements at 1hr. Similarly latency period (LP) increased
with zolpidem and decreased with caffeine compared to placebo."“In
our study, when compared to baseline and placebo, agomelatine
increased SD and reduced PSV and latency period.

In another study, there was reduction in PSV following single and
repeated administration of 5 mg, 10 mg and 20 mg zolpidem. *" A
significant decrease in PSV following administration of 10 mg
diazepam and 20 mg temazepam, that persisted for 9 hrs was reported
in Bittencourt, P. R et al study .”” Similarly Hopfenbeck J. R et al
reported a decrease in PSV and increase in latency period following
intravenous administration of diphenhydramine. *”

In our study, agomelatine was evaluated for its sedative effect with
visual analog scale for sedation. When compared with placebo, a
significant sedative effect was observed with agomelatine at 90min
(p=0.001) and at 150 min (p<0.001). Further, it has been shown in a
study that agomelatine improved sleep continuity and quality and it
normalized the distribution of slow wave sleep. "”

In our study, agomelatine a melatonergic antidepressant produced
significant sedation in VAS for sedation procedure and this is in
consistent with the available evidence from the existing studies.

The safety profile of agomelatine was evaluated by recording the
adverse effects observed with the drug. In our study, among 12
subjects, 2 subjects reported mild head ache, and one had drowsiness
and in placebo group only one subject had headache.

Conclusion:

Saccadic eye movement analyses provides a novel method of
assessment of CNS function and are progressively influenced by
circadian rhythm of the body. Agomelatine, a melatonergic
antidepressant, resynchronizes the circadian rhythms and thus affects
saccadic eye movements. In this study, administration of single dose of
agomelatine 25mg in healthy volunteers significantly increased
saccade duration, decreased peak saccadic velocity and latency period

from baseline and compared to placebo, suggesting its antidepressant
and sedative effects. Hence, testing saccadic eye movements by the
electro-oculographic recording can be used to demonstrate the
antidepressant and sedative effects of agomelatine. And Electrooculo-
graph recording can used as a tool in the early drug development
studies for these class of drugs.
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