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Summary

Introduction: Eye movements are closely related to
cognitive and emotional functions. Information on saccadic
dynamics during certain tasks may indicate disorders of mental
functions, which can help to explain the neurobiology of
sensory-motor systems and can be useful in neuropsychiatric
diagnosis.

Aims/ Objectives: The study aims at assessing
the impact of a single therapeutic dose of methadone on eye
movements (saccades) dynamics in HIV(+) and HIV(-) opioid
addicted subjects.

Methods: Sixty patients from the substitution
program were examined. The Latency Test (LT), carried out
with the use of saccadometer diagnostic system, was conducted
twice: before and 1.5 hours after the administration of a
therapeutic dose of methadone. In both parts of the test mean
peak velocity, mean latency, mean duration, mean amplitude
were measured.

Results: The mean duration of latency in HIV(-)
subjects measured by LT after the administration of a

therapeutic dose of methadone was statistically significantly
increased whereas the mean peak velocity was decreased.
The mean peak velocity latency in HIV(+) subjects is not
statistically significant. The mean duration and the amplitude
of latency after the administration of a therapeutic dose
of methadone is statistically significant in opioid addicted
HIV(+) subjects . It was found that the mean peak velocity
before the administration of a therapeutic dose of methadone
was statistically significantly different in HIV(-) subjects as
compared to HIV(+) ones.

Conclusion: An increase in the values of saccadic
refixation parameters in opioid addicted subjects after the
administration of a therapeutic dose of methadone was
observed. An improvement in saccadic refixations parameter
in HIV(-) subjects after the administration of a therapeutic
dose of methadone was concluded.

Streszczenie

Wstep: Motoryka gatek ocznych jest $cisle zwigzana
z funkcjami poznawczymi i emocjonalnym dlatego informacje
dotyczace dynamiki sakad podczas wykonywania okreslonych

zadan moga §wiadczy¢ o fizjologii badz zaburzeniach funkcji
psychicznych co moze pomdc w wyjasnieniu neurobiologii
uktadow  sensoryczno-motorycznych 1 by¢ przydatne
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w diagnostyce neuropsychiatrycznej.

Cel: Badania maja na celu stwierdzenie czy podanie
pojedynczej dawki leku substytucyjnego wptywa na dynamike
sakad oraz czas latencji u 0sob uzaleznionych od opioidow
HIV(+) i HIV (5)

Materiaty i metody: Zbadano 60 pacjentdw programu
substytucyjnego. Wykonano test refiksacji sakadycznej
- Latency test (LT) za pomocg systemu diagnostycznego
Saccadometr dwukrotnie: przed podaniem oraz okoto 1,5
godziny po podaniu leczniczej dawki metadonu. W obu
czgéciach testu zmierzono predkos¢ sakad, Sredni czas
latencji, sredni czas trwania sakad, srednig amplitude sakad.
Wyniki: W grupie 0s6b uzaleznionych od opioidow HIV(-) w
tescie LT stwierdzono, Ze $redni czas trwania sakad byt istotnie
statystycznie (p<0,01) dtuzszy, a predkos¢ maksymalna sakad

Key words: opiates, methadone, saccadic refixation, saccades HIV.

mniejsza po podaniu metadonu. Natomiast w grupie 0sob
HIV(+) uzaleznionych od opioidéow nie stwierdzono istotnej
statystycznie roznicy w predkosci maksymalnej. Wykazano w
grupie 0s6b HIV(+) po podniu matadonu istotnos¢ statystyczng
w czasie trwania skad oraz amplitudzie sakad. Stwierdzono,
ze predko$¢ maksymalna rozni si¢ istotnie statystycznie przed
podaniem metadonu u oséb HIV(-) leczonych w programie
substytucyjnym w poréwnaniu do oséb HIV(+).

Wnhioski: Wyniki badan potwierdzaja zmiany w
dynamice sakad, a takze zmiany w latencji odpowiedzi na
bodziec po podaniu pojedynczej dawki metadonu w grupach
badanych. Stwierdzono poprawe parametrow refiksacji
sakadycznej 0s6b uzaleznionych od opioidow HIV (-) po
podaniu leczniczej dawki metadonu.

Stowa kluczowe: opioidy, metadon, refiksacja sakadyczna, sakady, HIV.

INTRODUCTION:

Addictions are based on a complex mechanism
consisting of activation, modification and stimulation of
opioid receptors, changes in the metabolism of opiates and
many other factors that are not fully elucidated. Opioids are
among the group of psychoactive substances with very strong
mental and physical addictive potential [1,2]. Taking opioids
is associated with adaptive changes in the nervous system
[3,4]. The increase in tolerance is associated with increased
doses, often far in excess of the initial toxic dose of opioid [5].
After weaning an opioid substance withdrawal syndrome is
observed, characterized by hyperactive neurons compensation
[5,6]. Using an opioid leads to changes in the brain’s
neurotransmitter balance (dopaminergic signalling), and hence
impairment in proper brain functioning, mainly affecting the
subcortical parts of the forebrain — the striatum and the basal
ganglia occurs [7,8]. This causes deterioration of psychomotor
abilities observable at the behavioural level. The striatum
plays a role of a relay station forwarding information from the
cerebral cortex into the basal ganglia —a group of subcortical
nuclei involved in motor, cognitive and emotional control [9].
Subsequently, the information is fed back into the cortex via
the thalamus. There are at least five such control loops linking
the subcortical nuclei with cerebral cortex: motor, oculomotor,
dorsolateral prefrontal, lateral orbitofrontal, and limbic. Any
dysfunction of these loops, as observed in several psychiatric
disorders, as well as in psychoactive substance addiction,
results in emotional, motor and cognitive impairment [9,10,11].

MATERIAL AND METHODS:

Sixty patients from the substitution program were
examined. The study included 24 women and 36 men (mean
age 3947.7 years) including 29 HIV(-) subjects and 31 HIV(+)
ones treated in methadone substitution program during an
average period of 53 months. The study was conducted twice:
before and about 1.5 hours after administration of therapeutic
doses of methadone. All the subjects performed the saccadic
refixation test twice.

In the research the effects of deep brain stimulation,
carried out in order to change the saccadic parameters, were
analyzed. Saccadometer is a diagnostic system enabling
identification of impairment of the central nervous system
functioning at the earliest (presymptomatic) stages of a disorder.
The analysis of oculomotor impairment allows determining
interrelations between motor, emotional and cognitive
functions. The system enables to perform strictly quantitative

evaluation of saccadic dynamics measuring eye movement
in the near infrared technology (Infra-Red Oculography)
[11,12,13]. The system measures eye movements in horizontal
axis with high temporal and spatial resolution. The eye stimuli
(for subjects’ visual system stimulation) are displayed using
miniature laser projectors mounted on the sensor forehead
plate. A visual stimulation allows carrying out a number of tests
for fast eye movements (saccades) research. In all the tests the
system gives opportunity to set numerous trials or test duration
according to the examination needs. The tests results (saccadic
latency, duration, peak velocity and simplified position profile)
are stored in the device’s memory and can be reviewed right
after the test is finished [12].

RESULTS:

The saccadic refixations test - Letency Test (LT)
was conducted twice: before the administration, and about
1.5 hours after the administration of a therapeutic dose of
methadone (mean daily dose of methadone: 71.9+(33.4)mg).
In both parts of the test saccadic velocity was measured, which
is perceived as a difference in time between the beginning of
a saccadic movement and the drop in the velocity of an eye
movement below 5 deg/s. Mean latency, mean duration, and
mean amplitude were also measured in the test. It was found
that the average latency time before methadone administration
was 204.2+(64.2)ms, whereas after the administration of
a therapeutic dose of methadone average latency time was
207.8+(58.9)ms. The statistical analysis shows that the mean
latency was not statistically significant.
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fig. 1. Comparison of the mean latencies of the Latency Test
before and after the administration of methadone.

ryc. 1. Porownanie sredniego czasu latencji w tescie refiksacji
sakadycznej przed i po podaniu metadonu.
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There was a statistically significant difference in the
average velocity of saccades (p=0.03) after the administration
of a therapeutic dose of methadone. The results were verified
by Student’s t test for dependent samples (t=2.24).

Vmax Vmax

fig. 2. Comparison of the mean peak velocities of the Latency
Test before and after the administration of methadone.

ryc. 2. Porownanie Sredniej predkosci maksymalnej w tescie
refiksacji sakadycznej przed i po podaniu metadonu.

It was observed that the mean amplitude of the test
decreased after the administration of methadone but the values
were not statistically significant.

Trials mean amplitude [deg] Trials mean amplitude [degl_

fig. 3. Comparison of the mean amplitudes of the Latency Test
before and after the administration of methadone.

ryc. 3. Porownanie Sredniej amplitudy sakad w tescie refiksacji
sakadycznej przed i po podaniu metadonu.

The increase of the mean duration values in opioid
addicted subjects after the administration of a therapeutic dose
of methadone was observed. The statistical analysis revealed
that the duration decreased significantly after methadone.
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fig. 4. Comparison of the mean durations of the Latency Test
before and after the administration of methadone.

ryc. 4. Porownanie sredniego czasu trwania sakad w tescie
refiksacji sakadycznej przed i po podaniu metadonu.

Among the members of the study groups who were
addicted to opioids HIV(-) and HIV(+) participants of the
substitution program were distinguished. Statistical analysis of
the same Latency Test parameters: mean peak velocity, mean
latency, mean duration, mean amplitude were performed. The
statistical analysis shows that the mean latency and the mean
duration measured by the Latency Test after the administration
of a therapeutic dose of methadone increased in both groups
but were not statistically significant.
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fig. 5. Comparison of the mean latencies of the Latency Test
before and afier the administration of methadone in HIV(+)
and HIV(-) subjects.

ryc. 5. Porownanie sredniego czasu latencji w tescie refiksacji
sakadycznej przed i po podaniu metadonu u osob HIV(+)
i osob HIV(-)
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fig. 6. Comparison of the mean durations of the Latency Test
before and after the administration of methadone in HIV(+)
and HIV(-) subjects.

ryc. 6. Pordwnanie sredniego czasu trwania sakad w tescie
refiksacji sakadycznej przed i po podaniu metadonu u 0séb
HIV(+) i 0s6b HIV(-)

Before the administration of methadone the mean
amplitude and the mean peak velocity of the Latency Test
differed statistically significantly in HIV(-) patients treated
with substitution drug compared to HIV(+) individuals from
the program.
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fig. 7. Comparison of the mean amplitudes of the Latency Test
before the administration of methadone in HIV(+) and HIV(-)

subjects.

ryc. 7. Porownanie Sredniej amplitudy sakad w tescie refiksacji

sakadycznej przed podaniem metadonu u osob HIV(+) i 0séb
HIV(-)
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fig. 8. Comparison of the mean peak velicities of the Latency
Test before the administration of methadone in HIV(+) and
HIV(-) subjects.

ryc. 8. Porownanie sredniej predkosci maksymalnej sakad w
tescie refiksacji sakadycznej przed podaniem metadonu u 0sob
HIV(+) i 0séb HIV(-)

The statistical analysis confirms the change in the
saccadic refixations parameter in opioid addicted subjects. A
therapeutic dose of methadone has a weak effect on subjects
infected with HIV virus. Interactions of antiretroviral drugs
and methadone can lead to changes in the blood methadone
concentrations influencing the regulation of oculomotor
activity at the same time.

DISCUSSION:

According to the concepts of regulation of mental
activity by cortico-subcortical loops, proper operation of all
the structures constituting the loop is a prerequisite for their
proper functioning [14]. The oculomotor loop participates
in the control of saccadic eyeball movements. Efferent
connections to the superior colliculus (Sc) from the cortical
areas of the brain and subcortical nuclei, especially the
reticular part of substantia nigra (SNr), make it possible to
control rapid eyeball movements through the inhibition of
movements disturbing the execution of a task [15]. Chronic
use of psychoactive substances can lead to structural and
functional changes in the central nervous system [16]. Opioid

addicted subjects may experience symptoms similar to those
in people with changes in the cerebral cortex [16,17]. In order
to investigate oculomotor disorders in people addicted to
psychoactive substances test, parameters of eye movements
were used as a marker to assess the impact of psychoactive
substances on the central nervous system (CUN) [18,19].
The study and the analysis of the Latency Test results have
confirmed that the mean peak velocity in opioid addicted
subjects is significantly shorter after the administration of
methadone. The mean duration increases significantly after
methadone in opioid addicted subjects. However, no statistical
significance was noticed when comparing the mean latency
and the mean amplitude after methadone. The results may
indicate that the administration of a therapeutic dose of
methadone reduces psychomotor functions in opioid addicted
subjects. This is consistent with the hypothesis that changes in
dynamics and latency time are observed in addicted individuals
after administration of a therapeutic dose of methadone. This is
confirmed by the results of other authors. A study was conducted
among individuals taking benzodiazepines, ethanol, opiates,
amphetamines [18,19,20]. It was demonstrated that there
were negative linear correlations between peak velocity and
visual-spatial coordination in subjects receiving psychoactive
substances. Changes in the mean peak velocity and the mean
duration after the administration of a psychoactive substance
were observed in all the subjects [18,21]. Chronic use of
psychoactive substances may lead to structural and functional
changes in the central nervous system that can cause cognitive
dysfunction [19,20,21].

Among opioid addicted individuals being treated with

methadone HIV(+) and HIV(-) subjects were distinguished.
A statistical analysis of the same latency test parameters was
performed. It has been found that the mean amplitude and
the mean peak velocity are statistically significantly lower
before the administration of methadone in HIV(+) patients
than after it. After the administration of methadone latency test
parameters are improved, but the changes are bigger in HIV
(-) individuals. These results might suggest impaired impact
of methadone on the saccadic refixation parameters values
in HIV(+) subjects as compared to HIV(-) ones. In people
with HIV infection impaired motor functions, which are a
consequence of the negative effects of the virus on the central
nervous system, were observed [21,22]. The results of other
authors indicate that HIV causes neurocognitive dysfunction
across infiltrating CNS in the initial phase, the consequence of
which is a damage in the hippocampus, caudate nucleus, and
basal ganglia [22,23]. Eyeball movements disorder is probably
related to the neurotrophic effects of HIV leading to damage
in the striatum, which plays an important role in psychomotor
functions. Furthermore, interactions of antiretroviral drugs
and methadone can lead to changes in the blood methadone
concentrations influencing the regulation of psychomotor
activity at the same time [21,24].
In the recent years in the research on addiction, studies using
brain neuroimaging method have been developed in particular.
Due to this it has been proven that addiction is not a disorder of
willpower, but a disease of the brain. These methods confirm
that both psychotherapy and drug therapy change the brain
activity by changing the severity of symptoms in psychiatric
disorders, also in the case of addictions [25].
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CONCLUSION:

- Lengthening of the average duration of saccades and a
reduced mean peak velocity after the administration of
methadone was concluded, which reflects deterioration in
psychomotor functions.

- Methadone influence saccadic dynamics parameters less in
HIV(+)than in HIV(-) drug users.
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