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The effectiveness of exogenous melatonin versus
transcranial magnetic stimulation on the quality of
sleep, memory and mood of young adult people

Abstract

Melatonin is a neurohormone that is secreted in the brain and which is associated with
the sleep cycle, its clinical uses have been focused on sleep disorders, as well as on the
improvement of cognitive performance and people’s mood. Likewise, Transcranial
Magnetic Stimulation (TMS) has been used in the same areas. The objective of this research
was to analyze for two weeks, in young adults with an average age of 24 (the minimum
age was 18 and the maximum was 32), which of the two treatments was more effective in
inducing improvements in sleep quality, memory and mood. Four groups were formed, the
placebo group (n=28), the sham group (n=28), the melatonin group (n=25) and the TMS
group (n=16). All groups had a pre-test evaluation of sleep quality, memory, depression
and anxiety. The experimental phase lasted 2 weeks and consisted of placebo exposure,
sham stimulation, melatonin consumption (10 mg) and TMS (128 Hz). After this period, the
post-test evaluation was carried out. The results showed that both treatments were equally
effective in improving sleep quality, although TMS was more effective in improving
memory and anxiety symptoms. It is inferred that both treatments are effective, although
the question arises about their long-term use and the maintenance of the improvements.
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Introduction

Melatonin (N-Methyl-5-Methoxytryptamine) is a neurohormone
that is synthesized in the pineal gland as well as in other organs of
the body and their functions are crucial to vertebrate’s life since they
include the regulation of circadian rhythms by facilitating sleep and
being a free radical scavenger in the brain.'® Moreover, the intake
of exogenous melatonin has been associated with more complex
functions such as being effective in improving the conditions of
animals in depression/anxiety models as well as in patients with mood
disorders.” '

In addition to being effective in treating insomnia problems in
older adults," melatonin is also effective in improving cognitive
functions such as memory.'>"!> Although it is not clearly known how
exogenous melatonin promotes such improvement, both in humans
and in laboratory animals, it has been found to promote the expression
of antioxidant enzyme,'® the increase in concentration of trophic
factors' as well as increased neurogenesis in the hippocampus.!’

On the other hand, it is also known that transcranial magnetic
stimulation is effective in treating similar disorders in which
melatonin has been effective.'®2 That is the reason why the question
arises of which of the two therapies is more effective in treating
both sleep disorders and cognitive functioning. Thus, the objective
of this investigation was to evaluate the independent effect of the
administration of exogenous melatonin and transcranial magnetic
stimulation on the quality of sleep, memory and mood in young adults.

Material and methods

Participants; 100 young people from the city of Ensenada, Baja
California were asked to participate in the research, which was then

submitted to the ethics committee of the School of Health Sciences
of the Autonomous University of Baja California. Each participant
was given an informed consent where he or she was aware of
the objective of the investigation and was told that it could be
distributed randomly in the different experimental conditions. The
average age of the participants was 24, the percentage of women
and men was 36% and 64%, respectively. Participants who were
under psychopharmacological and/or psychological treatment were
excluded from the study.

Materials/equipment

To evaluate the working memory, the computerized version of
the memory span and digit span tests were applied using the PEBL
platform. To measure the quality of sleep, a Pittsburgh sleep quality
inventory was applied. Burns inventories were used to detect levels of
depression and anxiety. The anxiety inventory has a score of 0 to 100
and the classification of minimum anxiety (0-4), limit (5-10), light
(11-20), moderate (21-30), severe (41-50) and extreme (51-100). The
inventory of depression has a score of 0 to 100 and is classified in
the categories of non-deprecated (0-5), normal but unhappy (6-10),
minimal depression (11-25), moderate depression (26-50), severe
depression (51-75) and extreme depression (76-100).%!

Melatonin: 10 mg sublingual melatonin tablets from the Eurovital
nutraceuticals brand were used. Participants were asked to ingest the
pill a few minutes before sleeping for two consecutive weeks.

Transcranial magnetic stimulation: The portable version of the
Actipulse Home-depression device was used. The stimulation protocol
consisted of placing the diadem to the participants for 30 minutes a
day, from Monday to Friday for two weeks. The electromagnetic
impulses generated by the main unit of the stimulator are square
waves with an emission frequency of approximately 128 Hertz (Hz).
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Procedure: the participants were randomly distributed to one of the
following groups (it was a double-blind study); 1. Placebo group
(n=28) (this group only received strawberry flavor pills and had
psychometric tests); 2. Sham group (n=28) (this group wore the
stimulation headband and it was placed without any current and
the tests were performed) 3. Melatonin group (n=25) (this group
received 10 mg melatonin tablets that were ingested a few minutes
before sleeping for 2 weeks, the formerly mentioned tests were
applied before and after the experiment) and 4. TMS (n=16) (this
group received transcranial magnetic stimulation through a diadem
30 minutes a day for two weeks and the tests were also applied before
and after the experiment). All groups had a pre-test evaluation of sleep
quality, memory, depression and anxiety. The experimental phase
lasted 2 weeks and consisted of placebo exposure, sham stimulation,
melatonin consumption (10 mg) and TMS (128 Hz). After this period,
the post-test evaluation was carried out.

Statistical analysis

The two-factor ANOVA was used where the dependent variables
were quality of sleep, memory, depression and anxiety: the factors
included in the analysis were “time” (that is, before and after the
experimental intervention) and the “experimental condition” (that is,
the group to which it belonged to). For multiple comparisons the data
was analyzed using the Tukey test. The statistical program Graph Pad
Pris 8 for Mac was used.

Results

In the applied quality of sleep scale, values close to 0 indicate
quality of sleep while those close to 21 indicate poor quality of sleep.
According to the cut-off point of the instrument, values above 5
indicate poor sleep quality. As can be seen in Figure 1, both in the
placebo group and in the sham group the average quality of sleep
exceeds the cut-off point and remained similar in the pre-test and
post-test phase of the experiment. In the melatonin and TMS groups,
an improvement in sleep quality was observed in both groups, with
both of them approaching a 5. The two factor ANOVA showed that
time, experimental condition as well as interaction of both groups
were significant [F(3,80)=7,285, p<0.01]. The analysis of multiple
comparisons confirmed that the melatonin and TMS groups showed
the reported improvement in sleep quality.
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Figure | Shows the quality of sleep in the four groups before and after
receiving the treatments; In the melatonin and TMS groups there was an
improvement in sleep quality. The interaction between the “time” factor and
“experimental condition” was significant in these groups [F (3,80) = 7,285].*
Versus control, p <0.001

Regarding the execution of the memory tests, it can be seen in Figure
2 that in the memory span test the placebo, sham and melatonin
groups had similar averages in the pre-test and post-test phases;
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however, the TMS group showed significant differences in the post-
test phase [F(3,60)=6,92, p<0.01], which indicates an increase in
the ability to remember images. In the digit span test, no significant
differences were found due to the time factor, experimental condition
or the interaction of both, however, an increase in the average of items
remembered can be seen (see Figure 3). For example, the Melatonin
group had an average of 5.5 and 6.5 of items in the pre-test and post-
test evaluations, respectively; on the other hand, the TMS group had an
average of 5.8 and 8 items before and after stimulation, respectively.
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Figure 2 Shows the average of correct answers in the Mspan test in the
four groups before and after receiving the treatment. While in the placebo,
sham and melatonin groups there are no changes in the pre-test and post-test
evaluations in the TMS group, the two-way ANOVA revealed a significant effect
of the “experimental condition” factor [F (3, 60) = 6,922]. * Versus control, p
<0.001
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Figure 3 Shows the average number of correct answers obtained in the Dspan
test in the four groups before and after receiving the treatments. Statistical
analyzes did not reveal significant changes after treatments. However, it can be
seen in the experimental groups a tendency to improve in the execution of
said test. *Versus control, p <0.001

The average levels of depression found in the pre-test phase in the
four groups were similar and according to the interpretation of the
Burns depression inventory corresponded to the levels of moderate
depression (Figure 4). In the post-test phase, this trend was maintained
with the exception of the melatonin group, where there was a
combined effect of the “time” factor and “experimental condition” to
significantly reduce depression values [F(3,98)=3,103, p<0.01]. The
average levels of depression in this group after melatonin treatment
corresponded to those of minimal depression.

Anxiety in the placebo and sham groups was similar in the pre-test
and post-test evaluations (Figure 5). According to the classification
of the Burns anxiety inventory in both groups, it was detected that
the average score corresponded to a moderate level of anxiety. In the
case of the melatonin group, the pre-test evaluation showed moderate
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anxiety and in the post-test evaluation the participants’ scores
corresponded to those of light anxiety. Statistical analysis showed
that the experimental condition factor had a significant reduction in
anxiety in the TMS group [F(3, 96)=4,23, p<0.01].
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Figure 4 Depression levels in the melatonin group significantly decreased
after the two week treatment [F (3,98) = 3,103]. *Versus control, p <0.001
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Figure 5 Shows the anxiety levels before and after the experimental phase.As
can be seen, anxiety levels had a decrease in the TMS group; Statistical analyzes
showed that the experimental condition factor had a significant effect on [F (3,
96) = 4,227]. *Versus control, p <0.001

Discussion

Sleep quality is a condition that was affected in all participants
of this research. However, the melatonin treatment as well as the
magnetic stimulation treatment was effective in improving the quality
of sleep as reported by the participants. This data is consistent with
reports where exogenous melatonin is useful and widely used to treat
sleep disorders.?? Thus, for example, there is evidence where relatively
low doses of melatonin (1mg/day) administered for 5 weeks (of which
2 received placebo) were effective in reducing the difficulty of waking
up, reducing sleep during school hours and increasing sleep time in
adolescents whose ages ranged from 14 to 19.2 Our data also agreed
with studies where patients who were in a treatment against heroin
addiction and who underwent a 10 Hz stimulation protocol for six
weeks reported a significant improvement in sleep quality.>* While
melatonin was more effective in improving sleep quality, statistical
analyzes did not show that one treatment was more effective than the
other. These results could be explained because melatonin has the
natural function of regulating sleep cycles, increasing the REM sleep
cycle and decreasing sleep latency.? In the case of TMS, it has been
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shown that it induces the propagation of slow waves, similar to those
of the deep sleep phase.”

Memory improvement can be clearly seen in the memory span
test in the group that received TMS for two weeks. These results
agree with reports where TMS in the motor cortex is able to improve
the learning of motor sequences in 22 year olds.>® Similarly, they
agree with memory improvement in mice exposed to microgravity
conditions (which causes cognitive damage); in that case, 15 Hz TMS
was applied for 14 consecutive days.?” In this investigation, memory
improvement was associated with an increase in dendritic spine
density of the dentate gyrus of the hippocampus, as well as an increase
in the expression of postsynaptic proteins NR2A, NR2B, PSD95
(associated with memory formation ) as well as an increase in BNDF/
TrkB growth factors. On the other hand, although melatonin was not
able to significantly improve performance in memory tests, although
if there is a tendency to increase the average number of successes in
both tests and it seems that the effects on this function are observed
with more days of treatment, at least for two more weeks.?

The depression variable was the one that got benefited the most
by the melatonin treatment. This is consistent with research in which
mice that received the 10 mg/k intraperitoneal injection of melatonin
and that had been pretreated with liposaccharides had a reduction
in depressive symptoms induced by such drugs. This improvement
was associated with the increase in glutathione antioxidant enzyme,
increase in BNDF and decrease in TNF-a in the hippocampus.”
On the other hand, these results are consistent with the fact that
the administration of 10 mg/k melatonin in rats was able to reverse
depressive symptoms induced by continuous stress. Neurochemical
analyzes confirmed that this improvement was related to an increase
in norepinephrine levels in the hippocampus.®® Furthermore, our
results agree with preclinical studies where melatonin has shown
antidepressant properties. Although statistical analyzes did not show
a reduction in depression levels in the TMS group if a tendency to
decrease can be seen, which would be consistent with reports of the
effectiveness of this treatment for depression.>'*

Anxiety showed high values in all the groups evaluated and
decreased with experimental conditions. This data is consistent
with reports where TMS was effective for the treatment of anxiety
disorders.>? Tt should be noted that the group that had higher levels
of anxiety before the experiment was that of TMS and after that
treatment the anxiety levels decreased significantly, so it is likely that
TMS use has higher anxiolytic properties than that of melatonin’s.

Conclusion

After two weeks of treatment, both melatonin and TMS were
effective in improving the sleep quality of young adults. TMS was
more effective than melatonin for relieving anxiety symptoms and
for improving memory test scores. On the other hand, the melatonin
treatment was more effective in reducing the symptoms of depression.
However, there is still the question of knowing how the effectiveness
of such treatments would be long-term (one or two months) and
knowing if these effects are maintained after the end of the treatment.
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