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Instructions for journal editorial boards

Gyrus is scholarly journal that publishes reviewed articles from different
fields of biomedicine and public health. Emphasis is put on fields that deal
with nervous system. Primarily disciplines of Neurology, Neuroscience,
Neurosurgery and psychiatry. All articles published in Gyrus are original
and reviewed, thus for any further publishing of the same article written
consensus of editorial board is needed.
All written works are submitted in one sample written in two columns (30
lines per page) in digital form in Word format (Font: Times New Roman, size
12). With every article author(s) are obligated to fulfil Application Form (Prijavni obrazac) as well as Text Form (Obrazac teksta). Both forms are available
on journal web pages. Article with all needed forms filled out is to be sent
on following e-mail address: prijava.gyrus@outlook.com.
With every article key words, and abstract are to be attached. Additionally
title, abstract and key words are to be sent in both Croatian and English. Abstract is to have from 150 to 300 words. Recommended length of the article
is 5 to 10 standard pages (1 standard page = 1800 characters with spaces.
Recommended number of key words is 5 – 7 which are to be listed alphabetically and are standardized according to MeSH online base of appellation.
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Article Form

Articles are written in clear scholar form with introduction, developmental part, discussion and conclusion. For transparency subtitles are recommended with appropriate multi-level headings.
Standard abbreviations are allowed and do not need further explanation (Ex.:
mRNA, ATP etc.). However when using specific abbreviations full term is to
be written and then abbreviation can be used (Ex. Scientists from Institute
Ruđer Bošković (IRB) came to the following conclusions… …Thus IRB is one
of leading scientific institutions in that field.)
When naming different species their Latin names are to be used according to
standard taxonomy. Binominal nomenclature Latin name is to be written in
Italic style (Ex. Mouse – Mus musculus). Full naming is necessary only in first
mentioning and can be later on be denoted as abbreviation (M. musculus).
Ganus is to be written in capital while species are writen in small latter.
Genes and proteins are to be written according to conventions. Additionally
genes are written in italic.
Literature
Reference literature (up to 20 references) are quoted on separate page and
numerated according to quotation in text. Quote is numerated after period
and without space. References are cited according to Vancouver declaration
with shortening of titles according to International Periodical Title World
Abbreviations which is used in Indeks Medicus. Wishfully allude to sources
not older than 5 years.
Attachments
Any illustrations are turned in in original format or are digitalized in on of
typical forms (TIFF, JPEG, or at least in PDF resolution 300 dpi). Charts are
to be printed to Word with possible template in PPT pr Excel etc. Tables
should be prepared in text form with usage of tabulators with additional
explanation of how a table should look like. All illustrations are to be denoted
with a number that links them to text. Description of each attachment is to
be put on a separate paper and concise so that the illustration whould be
understandable without reading a full text. Text should contain up to 5 illustrations (images, charts and tables) or more if that is the nature of the article.

Journal Form

Gyrus journals are composed out of three parts: scholar part, regular columns and appendix.
Scholar part is subdivided into 5 additional fragments: Theme of the Issue,
Psychiatry/Psychology, Neurosurgery, Neuroscience and Neurology:
THEME OF THE ISSUE. This section is edited by the editor in chief. At the
beginning of the year he releases all the themes for the upcoming journals
in the year or semester. This section should have 4 to 5 articles per issue.
PSYCHIATRY/PSYCHOLOGY. This section is edited by member of editorial
board. Topics in this field can be proposed, however it is desirable for authors
to come up with their own ideas. Advantage will have works from fields of:
social, biological and forensic psychiatry, psychotherapy, child and adolescent
psychiatry, alcoholism and other addictions, clinic psychology and general
psychology. This section should have 4 articles per issue.

NEUROSCIENCE. This section is edited by member of editorial board.
Topics in this field can be proposed, however it is desirable for authors
to come up with their own ideas. Advantage will have works from fields
of: neurobiology and neuroanatomy. Special advantage will have articles
that connect newest achievements with their implementation in clinics
and articles that connect neuroanatomical and neurobiological problems
with newest molecular achievements on gene level. This section should
have 3 to 4 articles per issue.
NEUROLOGY. This section is edited by member of editorial board. Topics in
this field can be proposed, however it is desirable for authors to come up
with their own ideas. Advantage will have works from fields of: cerebrovascular diseases, pain, tumors of nervous system, paroxysmal personality disorders, motion disorders, demyelinating diseases of CNS, vertigo,
spinal syndrome, neuromuscular diseases, cognitive disorders and CNS
inflammation diseases. This section should have 3 to 4 articles per issue.
NEUROSURGERY. This section is edited by member of editorial board.
Topics in this field can be proposed, however it is desirable for authors
to come up with their own ideas. Advantage will have works from fields
of: general neurosurgery, tumor neurosurgery, spinal surgery and neurosurgery in children age. This section should have 2 to 3 articles per issue.
Regular columns contains: introductory word, editor’s choice, issue interview, clinical case, book review, info graphics, announcement of congresses
and symposiums, announcement and report of SSNZ activities. This section
is edited by the editor in chief. This part of the journal should account
for 25% of total length.
Appendix contains all educational texts and supplements. Content of this
part of the journal doesn’t necessarily have to be according to the theme
of the scholar article. In arrangement with editor in chief, journal redaction
and graphic editor will help all authors of educational texts in design and
realization of any escorting illustrations and graphics to the text. This part
of the journal should account for 15% of total length. Supplements are
exception due to the fact that their number of pages is not counted into
the length of the whole journal. This enables all authors to write more
extensive texts of this nature without restrictions.
How should an article look like?
Title
Title has to clearly state topic of your text. Its intention is to give a reader
rough image of issue that you will be presenting in your article. Title may
have up to 25 words even though it is recommended to make it as short
as possible.
Authors
Beneath the title authors are listed in the alphabetical order. Right below
the names of the authors institutions from which they are coming should
be listed.
Example:
Ivan Horvat1, Zdenka Matić1, Marko Župić2
1Medicinski fakultet Sveučilišta u Zagrebu,
2Medicinski fakultet Sveučilišta J.J. Strossmayera u Osijeku
Abstract
Abstract is found between the title and the beginning of your text. Abstract shortly presents main arguments of the text. Most of the readers
firstly read the abstract and based on that decide whether they will read
the whole text. Thus abstract should be concise without long sentences
and with as little numerical information and abbreviations as possible. Its
length is 120 to 150 words. Abstract should be submitted in both Croatian
and English. The two have to be identical with the same content (Ex.:
Translate from English to Croatian or vice versa)
Key Words
With each text authors are obliged to send 5 to 7 key words. These words
must be written in Croatian and English and need to be alphabetically
organized. They must be standardized according to MeSH online base of
medical appellation.
Text
From mentioned guidelines clear instructions have been given on how
to write the text. Common mistakes have been emphasized. For further
information reread chapter “Article Form”.
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Letter from the Editor
Riječ urednika

Emotions,
instincts, stress
and the accompanying neuroendocrine response all
affect immunity
and disease protection, and vice
versa.
All the way back in the 19th century,
Louis Pasteur reported that coldinduced stress lowers anthrax resistance in poultry. In the 1930s, Hanse
Selye described the hormonal changes
involved in acute and chronic stress
reactions, thus forming the foundations of modern neuroendocrinology.

connected with both each other and
all of the organs and tissues in the
body. Their close interrelation is intended to protect the integrity of the
organism under exposure to different
kinds of internal and external stressors. These stressors can sometimes
overpower and surpass the capacity of
homeostatic mechanisms.
What is stress? Is it a helpful or
harmful phenomenon? Is its harmfulness simply a matter of dosage? One
thing that it is certainly true is that
stress affects every organ and tissue,
eliciting numerous intricate responses.
The central nervous system in general
and the hypothalamus in particular is
arguably the first step in the body’s
reaction to stress. The hypothalamus
produces releasing and inhibiting
factors that regulate the function of
the adenohypophisis, which in turn
secretes hormones that stimulate every
other endocrine gland in the body.
Among other effects, this activates the
secretion of adrenaline and cortisol
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(c) Ino Kermc

We have long since wondered what it
is that connects the nervous system
with the endocrine, gastrointestinal, reproductive and other systems.
Neurotransmitters influence neural
activity, either exciting or inhibiting
it. By structure, they can be categorized as monoamines, amino acids
or neuropeptydes. In the topic issue,
we describe in great detail the role of
each one, associating them with clinical findings in patients. The presentation and progression of diseases
depends on biological factors such as
the physical fitness of the organism,
genetics, the influence of mechanical and chemical noxious agents and
infection. The relevance of mental,
social and socioeconomic factors is
less frequently mentioned, but their
role is significant, as they determine
the likelihood of high-risk behavior
and success of preventive measures.
What is the role of the immune
system? The immune system and the
central nervous system are intricately

Letter from the Editor
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in the adrenal gland and production
of cytokines which prompt the release
of serotonin and noradrenaline in the
brain. Serotonin and noradrenaline are
the two neurotransmitters commonly
associated with the pathogenesis of
depression. How strong is the link
between stress and depression? What
role does stress play in the regulation
of pain? Could the stress connection explain why chronic pain is the
leading comorbidity of depression?
In our interview section, we brought
these questions to Associate Professor
Marijana Braš MD, PhD, who specializes in psychosomatic medicine. Of
course, the true depth of this area
of medical expertise far exceeds the
limited scope of what we were able to
cover in a single issue of our journal.
Several terms for this field are used in
scientific literature: neuroimmunology,
psychoneuroimmunology, psychoimmunology, neuroendocrinology etc. We
settled on the broadest possible term –
psycho-neuro-endocrino-immunology.
This is the first issue of Gyrus to
be published entirely in English. We
bring you 17 review articles exploring
a multidisciplinary approach to the
interconnection of bodily systems. I
would like to extend my sincerest gratitude to Professor Rudolf Gregurek for
contributing the student educational
text on psychoneuroimmunology. We

believe it to be invaluable in bridging
the gap between the basic science and
clinical science perspectives on this
subject.
The past trimester was an extremely
fruitful one for our journal, producing
two supplements. The first one was a
booklet of abstracts from the congress
„Depression in the Century of the
Mind“, while the second one covered
the abstracts from the 5th NeuRi
student congress. I would especially
like to emphasize the high percentage
of student-produced content in both
supplements, with our Student Society
for Neuroscience members being especially active. The editors of Gyrus have

These stressors
can sometimes
overpower and
surpass the capacity of homeostatic
mechanisms.
been highly active in the popularization of science, as well as the promotion of reading and writing culture.
We actively participated in almost
every science popularization event in

Foto:
Friends from Student Neuroscience Section from University J.J. Strossmayer Faculty of Medicine, Osijek

the past trimester. The next issue of
Gyrus, coming this September, will be
dedicated to the 25th anniversary of
the foundation of the Croatian Institute for Brain Research.
Starting from this issue, we are proud
to welcome our dear colleague Monika
Mudrovčić to the editorial board. We
hope she will enjoy her time working
for Gyrus and that her energy will
help make our journal even better and
higher in quality. On behalf of the
editorial board, I would like to thank
all of our colleagues from the University of Zagreb for the abundance
of submitted content. As many as
5-6 articles compete for a single spot
in our printed edition. I would also
like to thank the students from other
Croatian universities for their contributions, especially the J. J. Strossmayer
University in Osijek’s Society for
Neuroscience.
Lastly, we would like to express our
deepest gratitude to our home institution, the University of Zagreb School
of Medicine, for all their help and
financial assistance. It is due to their
generosity the Gyrus remains free for
all readers.
Editor,
Filip Đerke

Editor’s Choice

Manipulating
memory
Igor Radanović
It is not yet known how different pieces
of information are stored in out brain.
However, in a study published in Cell
Reports, authors have come closer to
understanding how memory is accessed
and what can potentially be done to
cure some psychiatric diseases (such

You can hold approx. 7 items in
short-term memory for about 20
to 30 seconds

Source: http://www.cell.com/cell-reports/
abstract/S2211-1247(15)00270-3
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as post- traumatic stress disorder).
Inokuchi and Noriaki Ohkawa of the
University of Toyama, the authors
of this study, hypothesized that firing
two different neuronal networks at the
same time, which are related to different memories, generates a link between
these two networks. This leads to an
association between two originally
independent memories. They used
two groups of mice, who spent some
time in two different environments.
Electrical shock was then delivered
to the mice in the first environment.
Later, during secondary exposure only
mice that were re-exposed to that same
environment were frozen in fear.
The researchers then stimulated populations of memory-related neurons of
hippocampal CA1 region and the basolateral amygdala, which were activated
during the learning phase. That caused
mice to spend more time frozen in fear
when put in an environment where
no electrical shock was given. Therefore, they concluded that the entirely
artificial activation of two separate sets
of neuronal ensembles (in the absence
of new sensory input) is capable of
connecting two independent events.
Next step is to try to dissociate memories that are physiologically connected,
for the purpose of treating disorders
which arise from unnecessary associations between unrelated memories.

Editor’s Choice

Fatal uncoupling in
the epileptic brain
Janja Šušnjar

Epilepsy as a very prevalent neurological disorder is also a big therapy problem because one third of patients are
resistant to currently available therapies.
It is also known that temporal lobe
epilepsy has even a higher rate of therapy
resistance. That’s why neuroscientists
from the University of Bonn conducted
a research where they observed human
brains from patients who had temporal lobe epilepsy to find a morfological
reason why this happens. They found
that astrocytes in those brains were
uncoupled at an early stage of disease
and because of that potassium ions and
neurotrasmitters, such as glutamate,

were more likely to accumulate in that
area. They suspect that uncoupling
of astrocytes is mediated by inflammation and can be reversable at early
stages. This may mean if you discover
epilepy at early ages you could cure it.

http://www.sciencedaily.com/releases/2015/03/150318074401.htm
014.11.026

The secret to memory?
A good night sleep
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Janja Šušnjar
Altough most of us think that staying
awake during the night and working
or studying for a test will help us get
better results, a new wave of research
find that it is better to sleep on it. It is

REM or rapid eye movement where
the dreaming occurs. Researches found
using EEG to examine the human
brain that activity in the hippocampus
grows up when people slip into a deep,

because sleep helps strenghten memories formed troughout the day and link
new memories to older ones. Most of
us already know that sleep consists of
three stages: light sleep, deep sleep and

dreamless stage called slow-wave sleep.
During this stage, the hippocampus,
which is a temporary memory storage
fires signals to the neocortex, which
is a long-term memory storage. These

slow-moving waves are thought to
alter the strengths of the connections
or synapses between nerve cells.
Researchers at the University of
California, San Diego also found that
sleep restructures information to help
people see new patterns, linking new
information with prior knowledge.
They said that sleep is an ideal time
for the “undistracted” brain to link
new information to related memories,
because when it is awake during the day,
it seeks out obvious connections, things

that seem to go together. But sleep gives
the brain time to find and build more
distant associations that can ultimately
lead to the inspiration of creativity. So
if you want to get another cup of cofee
to stay awake, rather go to sleep.
Source: http://www.brainfacts.org/sensingthinking-behaving/sleep/articles/2015/thesecret-to-memory-a-good-nights-sleep/

Editor’s Choice

Unhappy marriage- maybe
it’s not really your fault
Janja Šušnjar

A new study suggests that low levels of
glucose in the blood may be connected
with anger and aggression between
spouses. Scientists found a connection
between glucose and self-control. University of Kentucky and the University
of North Carolina gave married couples
blood glucose meters, voodoo dolls and

Both men and
women have higher
life expentancies
when married than
single or divorced
51 pins. The couples had to use meters
to measure glucose levels every morning before breakfast and every evening
before bed for 21 days. They also had
to evaluate how angry they were at their
spouse at the end of the day by sticking
pins into their voodoo dolls. Spouses

with lower evening glucose levels
showed more anger and aggression toward their partners, as measured by the
voodoo dolls. So scientists concluded
that it looks like low blood glucose
levels can be one of many factors that
predispose to aggressive behavior.

Source: http://news.sciencemag.org/
brain-behavior/2014/04/unhappymarriages-due-low-blood-sugar

Gut bacteria play
a role in mood
and emotion
Ana Vrbanović

bacteria could have effect on humans
so they took a small group of human
volunteers that were taking a combination of Lactobacillus helveticus and
Bifidobacteriumlongum for 30 days.
What they found was that volunteers
had reduction in depression and anxiety.
Speculative theory has been made:
Our gut bacteria may play a key role in

developing early humans’ social personalities. The logical explanation was
that the better human host became at
socializing, the more likely they would
multiply. Therefore there is more real
estate for bacteria. This could mean
that in the future we could feel happier and maybe even cure depression
just by manipulating our microbiota.
Source: http://www.theatlantic.com/
health/archive/2014/09/when-yogurt-affects-the-brain/380542/
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Our gastrointestinal tract is inhabited
with thousands of species of bacteria. Some scientists found that these
microbes can alter our brain chemistry.
They are assuming that is happening
through the vagus nerve. The bacteria
stimulate vagus causing the production
of neurotransmitters.That is why scientists wanted to see whether this could
affect our emotions. They studied a
group of mice raised in sterile environment. Mice express autistic-like social
traits. After looking at their brains they
found changes in the serotonin system.
Other study showed that feeding mice
with a certain probiotic reversed autistic
symptoms. Then they wanted to see if

Editor’s Choice

Brain regions responsible for anxiety in
nicotine addiction withdrawal indentified
Luka Turkalj

which causes symptoms of withdrawal, both anxiety and physical ones.
The anxiety-neurons are stimulated
by nearby brain regions by activating
Recently published article in Nature
corticotropin releasing factor (CRF)
Communications has elucidated our
and glutamate receptors. Since there
knowlege of neural basis of anxiety
are already drugs that block effects
in smoking cessation. Scientists have
of CRF, it might help in alleviating
discovered a novel brain circuit which is symptoms of withdrawal and thus help
considered to be responsible for induc- in smoking cessation. Furthermore,
ing anxiety in withdrawal from nicotine CRF receptors have already been linked
addiction. The interpeduncular nucleus with anxiety and depression, so this
is considered to be principal brain region findings might influence the understaning of these conditions in general.

Neural stem cells might improve remyelination in
demyelinating diseases
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Luka Turkalj
Neural stem cells have great potential
in treating a number of neurological
conditions. Significant progress has
been made in this field , yet there is a
lot to be done before its therapeutic
applications. Recently published article
in Nature reported two drugs, miconazole and clobetasol, to have significant effect on oligodendrocyte precursor cells (OPC). OPCs are a class of
endogenous neural stem cells present in
adult human brain, and a main source

of myelinating oligodendrocytes.
These cells are abundant in demyelinated regions of multiple sclerosis (MS)
afflicted CNS, yet fail to differentiate.
The drugs are shown to promt OPCs

Source: http://www.neuroscientistnews.com/
research-news/brain-circuitry-responsibleincreased-anxiety-smokers-trying-quit-identified

Ana Vrbanović

those people can develop Alzheimer’s
disease five years earlier than others.
But if you treat your snoring problems,
you decrease the possibilities of gaining MCI and Alzheimer’s. So if you
can’t sleep because someone you share
your bed with snores loudly during the
night, now you have a justified reason
to make them treat their problems.

Source: http://www.sciencedaily.com/
releases/2015/04/150415203338.htm

to enchance remyelination and reverse
neurological
Source:
http://www.the-scientist.com/?articles.
impairments in mice
model of MS. Current treatment of
view/articleNo/36126/title/Worried-Sick/
MS targets immune processes, thus the
promotion of remyelination by neural
stem cells provides a novel approach
in treating demyelinating diseases.

Miconazole and clobetasol are already
approved by FDA as topical medicines
in treating skin diseases. Systemic
administration of this or modified
drugs might in future bring improvement for patients suffering from MS.

Source: http://www.neuroscientistnews.
com/research-news/drugs-stimulate-body-sown-stem-cells-replace-brain-cells-lost-ms
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The American Academy of Neuroscience conducted a study that shows
how snoring and other sleep breathing
problems can be related to earlier appearance of mild cognitive imparement
(MCI) and Alzheimer’s disease. What
they found was that people with sleep
breathing problems developed MCI
nearly 10 years earlier than those who
didn’t have the same problems. Also,

Editor’s Choice

Heavy snoring can be linked
to memory and thinking
decline at an earlier age

Editor’s Choice

“Nocebo” (meaning “i shall
harm”) is the dastardly sibling
of placebo (“i shall please”)
Ana Vrbanović
Placebo effect is a phenomenon in
which a fake treatment can sometimes
improve a patient’s condition. Expectation plays a potential role. Researchers
are learning that the reverse phenomenon is also common: negative expectations can actually cause harm. It is
called nocebo. Scientists are exploring
its meaning and effect. They started a
research in which they asked people
with lactose intolerance to ingest
lactose, but gave them glucose. Almost 50 percent of those with lactose
intolerance and almost 30 percent
without it had experienced stomach
pain. Also they told men treated for
enlarged prostate that the drug may
cause erectile dysfunction and decreased
libido. They were more than twice
more likely to experience impotence
than those who were not so informed.
All this studies suggests that psychological effect play one of the important role
in our physical health and that nocebo
effect is as important as placebo. That
is why the doctors should learn how to
talk to patient that are ill in order not
to predict them side effects of illness
because some side effects could be a
result of nocebo, not the illness itself.

Source: http://www.the-scientist.com/?articles.view/articleNo/36126/title/Worried-Sick/
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CSF findings in certain diseases

Neuronobel
Edit and write: Ivan Mlinarić

SANTIAGO RAMÓN Y CAJAL
In the last Gyrus, we wrote about Camillo Golgi, a famous Italian scientist, who shared the Nobel Prize in Physiology or Medicine in 1906 with a Spanish scientist, Santiago Ramón y Cajal, who will be featured in this issue. They were awarded ‘’in recognition of their work on the structure of the nervous system’’.

A crucial event in his scientific career
happened in 1887, when Luis Simarro
Lacabra, a psychiatrist, showed him
some nervous tissue impregnated with
the Golgi staining (which had been
discovered 14 years prior to this). Cajal
was completely overwhelmed with that
material and he started to research the
retina, the cerebellum, and the spinal
cord, applying this new stain and some
of its modifications. Two years later,

syncytial system made of a widespread
network of nervous fibers and filaments
in continuity. Cajal fiercely opposed this
theory and, over time, he was proven
to be right. He also defined ‘’the law
of dynamic polarization’’, in which he
showed that the neurons are polarized.
This was very important for understanding the receiving and conducting
nerve impulses. In addition, he made
elemental observations of the development of the nervous system and its
reactions to injuries.

Cajal attended the Congress of the
German Anatomical Society in Berlin,
where he demonstrated his results to
leading scientists in the field. He followed ‘’the cell theory’’ (enunciated in
1838-1839 by Schleiden and Schwann)
and his own observations, and came to
the conclusion that the nervous system
is made of a billion individual cellular
elements (which Wilhelm Waldeyer
enunciated as ‘’neurons’’ in 1891). A
famous Swiss histologist, von Kölliker,
gave Cajal an acknowledgement of his
presentation and became a supporter of
his work and ‘’the neuron theory’’.
On the other hand, Golgi believed that
his results support ‘’the reticular theory’’
(enunciated by von Gerlach), which
postulated that the nervous system is a

Cajal and Golgi met in Stockholm in
1906, to receive the Nobel Prize and
give their Nobel lectures supporting two
already-mentioned, entirely contradicting theories. This, however, does not
underestimate their passion and attention for scientific research, for which
they were awarded. They left a legacy to
the academic community.

References:
1. “The Nobel Prize in Physiology or Medicine 1906”.
Nobelprize.org. Nobel Media AB 2014. Web. 18.1.2015.
http://www.nobelprize.org/nobel_prizes/medicine/
laureates/1906/
2. “Camillo Golgi - Biographical”. Nobelprize.org. Nobel
Media AB 2014. Web. 17.1.2015. http://www.nobelprize.
org/nobel_prizes/medicine/laureates/1906/golgi-bio.
html
3. “Life and Discoveries of Camillo Golgi”. Nobelprize.
org. Nobel Media AB 2014. Web. 17.1.2015. http://www.
nobelprize.org/nobel_prizes/medicine/laureates/1906/
golgi-article.html
4. “Santiago Ramón y Cajal - Biographical”. Nobelprize.
org. Nobel Media AB 2014. Web. 17.1.2015. http://www.
nobelprize.org/nobel_prizes/medicine/laureates/1906/
cajal-bio.html
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Santiago Ramón y Cajal was born on
May 1st, 1852, in Petilla de Aragón in
northeastern Spain. As a young man, he
wanted to become an artist, but his father (at that time a professor of Applied
Anatomy at the University of Saragossa) persuaded him to study medicine
instead. He graduated with a degree in
medicine at the same university in 1873
and started his service as a medical officer. He then joined an expedition to
Cuba where he contracted malaria and
tuberculosis. After his return in 1875,
he was appointed to the position of
assistant at the School of Anatomy in
Saragossa where he started his scientific
career. In 1877 he bought an oldfashion
microscope for his research and in 1880
he began publishing his scientific papers
in Spanish, French, and German. After
several teaching positions, in 1892 he
became a Professor of Histology and
Pathological Anatomy at the University
od Madrid, where he stayed until his
death on October 18th, 1934.

Pride of Medicine
Ponos medicine

doc. MARIJANA BRAŠ, dr.med.
Razgovarao: Filip Đerke

U ovom izdanju Gyrusa velika nam je
čast ugostiti gospođu doncent Marijanu
Braš, specijaliticu psihijatrije. S doc.
Braš razgovaramo o njezinim studentskim danima koji su, u najmanju ruku,
bili iznimno sadržajni i zanimljivi. U
drugom dijelu intervjua bavimo se psihosomatikom, palijativnom medicinom
i komunikacijom u medicini.
Doc. Braš vrlo je cijenjena predavačica
među studentima kako medicine
tako i ostalih sastavnica Zagrebačkog
sveučilišta. Sekciji za neuroznanost čast
je imati ovakvu mentoricu na svom
popisu. Doc.Braš mentorica je niza
diplomskih radova, istraživanja, a ako
zatreba ona je i izvrstan psihijatar.
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Doc.Braš rođena je u Osijeku
1971.g. Diplomirala je na Medicinskom fakultetu Sveučilišta u Zagrebu

Ispred publikacija koje je izdao CEPAMET, u 5 godina postojanja izdano je 7 knjiga,
te niz napisanih poglavlja u udžbenicima i časopisima

1995.g., a dobitnica je nagrade «Drago
Perović» kao najbolji student Medicinskog fakulteta Sveučilišta u Zagrebu u
akademskoj godini 1995/96. Tijekom
studija bila je stipendistica Sveučilišta u
Zagrebu kao jedna od najboljih studenatica Medicinskog fakulteta Sveučilišta u
Zagrebu te aktivna na nekoliko projekata
iz područja ekperimentalne biomedicine na Institutu «Ruđer Bošković» u
Zagrebu.
Članica je nekoliko domaćih i
međunarodnih stručnih udruženja gdje
sudjeluje i kao članica međunarodne
radne skupine za izradu smjernica o
liječenju kronične boli, a uključena je
unazad deset godina i u mentorski program vodeće svjetske udruge iz područja
neuropsihofarmakoterapije te joj je mentor prof.dr. Lukasz Konopka, psiholog
iz Chicaga.

dr.sc. Lovorka Brajković, prof. Veljko Đorđević, prof. Robert Cloniger i doc. Marijana Braš.
Sjedište WHO u Ženevi; pokret: Medicina umjerena osobi.

Tako je, još od mladih dana postojao
je interes za biologiju i prirodoslovne
predmete. Tada su, u bivšoj državi, još
to bila savezna natjecanja i ja sam redovito sudjelovala. Nekoliko puta sam bila
i prva. Više su me zanimala područja
kemije i biologije, nego fizika. U trećem
sam razredu, zahvaljujući prvom mjestu
iz biologije u Jugoslaviji, bila pozvana na
„Institut Ruđer Bošković“. Na Ruđeru
sam otkrila jedan potpuno novi svijet,
jako mi se tamo svidjelo, a znanstvenici
su mi rekli da ako se odlučim studirati u
Zagrebu i ako upišem medicinu, da im
se slobodno mogu javiti. Meni je do tada
molekularna biologija bila prvi izbor, pa
mi je tek tada nastala zbrka. Otišla sam
do jednog profesora na PMF-u kako bih
se konzultirala što upisati. Medicinu ili
molekularnu biologiju? Konačna odluka
je pala kada su došli rezultati oba prijemna, na medicini sam bila druga i tada
sam shvatila da je to to.
Promjena mišljenja Vam nije nikada
pala na pamet?
Zapravo ne znam. U medicini me
zanimala molekularna medicina, od
prvog dana sam bila na Ruđeru, učila od
stručnjaka. Prof. Mislav Jurin mi je puno
toga pokazao i naučio me. Na drugoj
godini medicine, nisam imala mira pa
sam upisala ipak i molekularnu biologi
ju. Tako da sam paralelno slušala 2.g.
medicine i 1.g. molekularne biologije. U
međuvremenu sam ipak shvatila da je
medicina pravi odabir.
Iako dolazite iz Osijeka na studij u
Zagreb, jako ste se dobro snašli u
novoj sredini.

Zapravo već od prvog dana u Zagrebu
sam se dobro snašla. S Ruđerom sam
potpisala ugovor o stipendiji odmah
na početku studija. Sjećam se da sam
se tada osjećala jako bitnom jer sam i
počela raditi istraživanja na Institutu
u laboratoriju za eksperimentalnu medicinu. Tamo su me prihvatili kao aktivnog
člana tima,

Jeste li kada pomislili i ostati u inozemstvu?
Bilo je to dosta teško vrijeme. U Osijeku
grante, poginuli i ranjeni, u Zagrebu
studij medicine i kolege s fakulteta koji
pomažu izbjeglicama, a vani u inozemstvu potpuno drugačija priča. Tada sam
samo nastojala što više govoriti o tome
što se događa u Hrvatskoj.

učila sam od najboljih učitelja, dobila
sam propusnicu pa sam mogla i ručati u
njihovoj menzi okružena znanstvenicima. Sve je to bio snažan poticaj za mene,
posebie činjenica da su se osobe koje su
bile hijerarhijski iznad mene ponašale
ravnopravno i prijateljski.

Pamtite li neki veći događaj u bogatom iskustvu u međunarodnim
aktivnostima?

Ne trećoj godini medicine zbog
spleta okolnosti u državi, početka
rata, smanjujete intenzitet aktivnosti
i posvećujete se nečem novom.

Ima ih jako puno. U rujnu 1995.g dobila
sam poziv da održim govor na generalnoj skupštini nevladinih udruga UN-a.
Poslije mene je govorila Hillary Clinton.
Kad sam primila poziv, prvo sam pomislila o čemu da ja pričam? S obzirom
da sam diplomirala u ožujku iste godine,
razmišljala sam iz perspektive mladog
liječnika. U kolovozu te godine je bila i
„Oluja“. Na kraju sam odlučila govoriti optimistično, o povezivanju mladih
iz cijelog svijeta, ujedinjavanju preko
društvenih mreža – koje tada još nisu
postojale.

Da, tada je dekan bio prof. Kostović, on
je uključio gotovo sve studente medicine
u aktivno pomaganje. Svaki student,
sukladno kompetencijama, pomagao
je osobama u ratu. Od tečajeva prve
pomoći, kroz udruge studenta, prihvat
izbjeglica,... Ja sam znala jezike i koristiti
računalo pa sam se uključila u prikupljanje podataka i pisanje izvješća. Preko
udruga mladih, uspjela sam postati
voditelj sekcije za zdravstvo organizacije
Young European Federalist (YEF). To
je bila vodeća udruga mladih u Europi
u kojoj se educirao kadar za Europsku
uniju, većina današnjih ministara u EU
su bili članovi YEF-a. Tamo sam naučila
kako se pišu deklaracije, rezolucije, što

with

Na kraju, kao mlada liječnica,
odlučujete se ipak za kliniku.
Da, to je bila dosta velika i teška odluka.
Rat jednostavno promjeni poglede.
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Plakat s Europskog kongresa
o boli u Hamburgu 2011.g.
Na kongresu je doc. Braš osvojila nagradu od Europskog
udruženja za bol za jedan on
5 najboljih plakata, vrijednost
nagrade je 20 000 €.

je to lobiranje i sl. S druge strane, ja
sam informirala mlade u Europi što se
događa u Hrvatskoj. Nosila sam podatke
iz Zagreba na sjednice u Bruxelles, u
Stockholm, Oslo... I onda me YEF kao
predstavnicu mladih iz Europe poslao
u tajništvo UN-a u New York. Tamo
sam upoznala kako funkcionira nevladin
sektor, udruge. Sa stečenim znanjem,
s nekoliko kolega u Hrvatskoj smo
osnovali Hrvatski klub za međunarodnu
suradnju. Naš je klub prepoznao UN te
smo postali članica UNDP-a.

– Nemojte čekati
zadnji dan studija da
se negdje uključite.
Nađite svog mentora
što prije!

T404

Pride of Medicine

Poštovana doc. Braš, u osnovnoj ste
školi bili jedna od najboljih učenica,
u srednjoj matematičkoj gimnaziji
osvajate prirodoslovna područja.
Biologija Vam je bila u malom prstu.
Na kraju ste ipak upisali medicinu.
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Pride of Medicine

Nisam se mogla baviti ni molekulama,
ali ni međunarodnim poslovima kada
je u isto vrijeme mojim kolegama i
prijateljima potrebna pomoć. Tada sam,
usprkos svim ponudama i pozivima,
odlučila da trebam otići u kliniku. Već
sam počela stažirati te kroz staž sve se
više pronalaziti u klinici. Nakon staža,
usprkos dobrim ocijenama, nagradi
Drago Perović i drugim priznanjima,
gotovo godinu dana nisam mogla dobiti
specijalizaciju, sjećam se da je tada 800
liječnika bilo na burzi.

zanimanje za PTSP došlo slučajno ili
stjecajem okolnosti?

Kako je pala odluka na psihijatriju?

Dolaskom u Zagreb na Kliniku za
psihološku medicinu, počinjete raditi
u Psihoonkološkoj ambulanti. U to
se vrijeme sve više bavite kroničnom
boli i psihosomatikom.

U glavi su mi bile struke koje se bave
mozgom i neuroznanosti ili obiteljska
medicina. U Osijeku sam razgovarala s
prof. Nikolom Mandićem, on je bio šef
psihijatrije u KBC Osijek, a poznavao
me još s natjecanja iz srednje škole.
Ponudio mi je specijalizaciju i ja sam u
roku 30 sekundi pristala. Vratila sam se
u Osijek, među svoje prijatelje gdje sam
im sa svojim znanjem i vještinama mogla
pomoći iz prve ruke. Ne mogu izreći
riječi kojima sam zahvalna kolegama iz
Osijeka na svoj edukaciji, prenesenim
vještinama i svim vidicima koji su mi se
tamo otvorili. Posebno bih se zahvalila
prof. Mandiću na mentorstvu.
Kasnije ste nastavili s postdiplomskim studijem.
Da, to je nekako bio prirodan tijek, ali
nisam htjela upisati postdiplomski dok
nisam postala specijalist psihijatar. Bilo
bi mi iznimno neukusno biti mr.sc. iz
psihijatrije kao specijalizant psihijatrije.
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U psihijatriji ste poseban interes
pokazali za liječenje PTSP-a. Je li

Tada sam u Osijeku imala jako puno
pacijenta s PTSP-om, a nismo imali nikakve smjernice kako ih liječiti. Upravo
iz tog razloga sam se odlučila pozabaviti
ovom problematikom. Što je to kronični
PTSP? Što je to krivnja preživjelog?
Kako se liječi? Na kraju sam obranila
disertaciju na PMFu koja se bavila
patofiziološkim mehanizmima PTSP-a.

Psihosomatika nakon svog prethodnog
iskustva sve više dobiva na važnosti.
Počinjem sve više shvaćati i razumijevati
važnost povezanosti mozga s tijelom,
ponašanjem i drugim aktivnostima organizma. Razumijevanje silaznih putova
koji koče impuls boli, u njima vodeću
ulogu imaju noradrenalin i serotonin, ti
su neurotransmiteri vodeći i u depresiji.
Samim time izraženija bol kod depresivnih osoba dobiva i patofiziološki
smisao. Kasnije je neuroznanost pokazala afektivne i kognitive centre za bol u
mozgu, plastičnost mozga, i niz drugih
malih koraka. U konačnici dolazimo
do zaključka da je neuropatska bol u
mozgu, a ne na periferiji. S druge strane
psiha može mijenjati osjećaj boli. Ovim
spoznajama otkrivate novi svijet.
Smatrate li da studenti danas dovoljno znaju o boli?
Nije sve jako crno, ali puno prostora

doc. Braš predstavlja dr. Franji Tuđmanu krilaticu: “Prijateljstvo sa svijetom, život u Hrvatskoj”; 2.lipnja 1995.g.

ima za napredak. U inozemstvu postoje
već dugi niz godina klinike koje se bave
isključivo liječenjem kronične boli. U
njima, u multidisciplinarnom timu radi
i anesteziolog, i neurolog, i psihijatar, i
psiholog. Uz njih tu je još niz pomoćnog
stručnog osoblja. Njihovi rezultati su
obećavajući, a sve počinje na razumijevanju povezanosti psihe i tijela, na
psiho-neuro-endokrino-imunologiji.
Možemo li uspoređivati bol kod jednog pacijenta s boli kod drugog? Ima
li ta bol, iako je različita dijagnoza,
neke zajedničke komponente?
Ovo je pitanje na koje još uvijek
nemamo konačan odgovor. Postoje
istraživanja koja se time bave, današnji
dosezi u neuro-imagingu, ponajprije
fMRI, nam uvelike pomažu. Ja sam se
pitala: ako akutna bol ima mehanizme
pretvaranja u kroničnu, je li u mozgu
identičan put pretvaranja akutnog
stresa u kronični. Jesu li ti putovi slični?
Zašto govorimo o fibromialgiji kao
poremećaju samo u žena, jer nam je
ta bol vrlo slična kao bol kod PTSPa? Zašto je bol vodeći komorbiditet u
PTSP-u? Ova sam pitanja postavila i u
Hrvatskoj i u inozemstvu, neki kolege
(koji imaju puno bolju infrastrukturu)
su se kasnije godinama bavili ovim
pitanjem. Kasnije su me nazvali da se i
zahvale na ideji razmišljanja jer im je to
uvelike pomoglo u njihovom radu. Kada
ubacimo i treću dimenziju, evoluciju,
onda bol i strah možemo promatrati kao
najstarije evolucijske mehanizme.
U razumijevanju psihoneuroimunologije, potrebno je dobro poznavanje i povezivanje klinike s bazikom.

doc. Braš s predsjednikom Juniorske komore mladih Japana,
1995.g. u Zagrebu

– Medicina je jedna
jako lijepa struka,
dobro ste odabrali,
ali ne zaboravite da
je i privatan život
jako važan. Za zdravlje studenta treba
imat i hobi i ispušne
ventile. Budite kompletni ljudi.
znanje psihofarmakologije i skombinirala lijekove koji bi u roku nekoliko dana
pacijentu ukinuli bol, a koja je prije toga
trajala 10 godina. Individualan pristup
pacijentu, razgovor, psihoterapija i u
konačnici dogovor s pacijentom oko
terapije ključ su dobrog i kvalitetnog
liječenja.

Mene su oduvijek privlačile nepoznate
stvari, uvijek sam voljela probijati led.
Zapravo, palijativna medicina je došla
nekako prirodno. Ako gledate moj put,
bavila sam se depresijom, boli, kasnije
onkološkim pacijentima i njihovim
psihijatrijskim komorbiditetima, sada je
red došao na smrt. To je jedno iznimno
kompleksno područje. Puno je energije i
učenja trebalo kako uspjela razumjeti bol
i depresiju. Posljednji trenutci pojedinca

prof. Veljko Đorđević, Elanie Valdov iz New Yorka (UN), mr.sc. Mario Cvek,
doc.Marijana Braš i Stjepan Milinković. Hrvatski sabor , 2012.g.

Mislite li da bi studenti medicine
trebali više znati o palijativnoj medicini?
Ne da bi trebali, nego moraju. U svijetu
postoje posebne ustanove u kojima rade
na stotine stručnjaka, članova palijativnog tima. U nekim državama postoji
i specijalizacije iz palijativne medicine.
Kod nas se osnivanjem CEPAMET-a
stvari ipak pokreću. Studenti engleskog
studija već imaju palijativu kao obvezni
predmet, studenti na hrvatskom studiju
će od nagodinu u obveznom kurikulumu
imati i kolegij iz palijative. Veseli me i
to što je Vaša Sekcija pokazala veliki
interesza tečajeve i druge oblike učenja o
palijativi na CEPAMET-u.
U procesu liječenja, jedna od važnijih
komponenti je i komunikacija. Koliko je po Vama važna dobra komunikacija s pacijentom? Znamo li zašto
je komunkacija važna?
U kontekstu psiho-neuro-endokrinoimunologije, mi gotovo možemo
pratiti kako komunikacijom „mijenjamo
mozak.“ Mi smo u Hrvatskoj tek na
početku, nedavno smo osnovali kabinet
komunikacijskih vještina. Vani su ovakvi
kabineti duboko ukorijenjeni. Recimo
na primjer, u onkološkoj klinici u New
Yorku je kabinet vještina na 1000
kvadratnih metara. U Freiburrgu 80 sati
godišnje svi doktori i sestre moraju proći
komunikacijske vještine od zaposlenja
do mirovine.
Zašto je komunikacija toliko važna?
Pokazalo se da komunikacija može
promijeniti ishod liječenja. U praksi
možemo vidjeti pacijente koji zbog

krive riječi liječnika napuštaju liječenje,
isto tako možemo vidjeti i pacijente koji
zbog dobre komunikacije s liječnikom
uzima redovito terapiju, suradljiv je i po
pitanju životnih navika. Ovaj drugi pacijent u konačnici pokazuje iznimno dobre
rezultate, u odnosu na prosjek. A razlika
je jedino u komunikaciji. Nije tu toliko
važno znanje, stručnost, jer možete biti
jako stručni i pametni, ali ako ne znate
to prenijeti pacijentu ništa neće vrijediti.
Može li se komunikacija naučiti?
Vidite li Vi razliku između studenata
koji su prošli dio edukacije TLU u
odnosu na starije generacije nisu
slušale TLU?
Komunicirati više-manje svi znamo.
Problem je strah, neznanje što, kako
da ja to sad kažem, kako će pacijent
reagirati, a što reći obitelji i sl. Nekako
pravilo do sada je bilo da se iskustvom
to sve nekako naučilo, ali trebalo je steći
iskustvo, a naučene vještine su isto upitne. Danas studenti već od prve godine
uče kako komunicirati bilo verbalno,
bilo neverbalno. Studenti danas znaju
započeti razgovor, znaju razliku između
otvorenih i zatvorenih tipova pitanja.
Studenti četvrte godine već uče priopćiti
lošu vijest. U komparaciji sa starijim
generacijama, mislim da je pomak jako
vidljiv. Prvenstveno po pitanju straha
od pacijenta i komunikacije. Baš sam
nedavno imala studente šeste godine, i
kad bi stavili zajedno studenta druge i
šeste godine. Ovaj mlađi bi bolje znao
formu komunikacije, dok bi stariji bolje
znao samu materiju, medicinu. Naš je
cilj da budući studenti znaju jako dobro
medicinu, ali i da je znaju prenijeti
svome pacijentu.
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Ove godine CEPAMET slavi pet
godina postojanja, Vi ste voditeljica
odjela za palijativnu medicinu. Dugo
se već bavite i pokušavate institucijalno uvesti palijativu u Hrvatsko
zdravstvo. Odakle interes za ovom,
za većinu studenata nepoznatom,
granom medicine?

ne smiju biti ispod
dostojanstva,
mi moramo,
kao liječnici, u
tim trenutcima
znati pristupiti i s
razumijevanjem
pokušati smanjiti
simptome. Ponajprije bol. Moram
priznati da me
ovih zadnjih nekoliko godina bavljenja palijativnom
medicinom najviše
obogatilo, kako
profesionalno tako
i kao osobu.

Pride of Medicine

Upravo to. Bez znanja temelja neuroznanosti, bez znanja fiziologije, kasnije i
patofiziologije, ne bi bili u stanju ni postaviti ovakva pitanja. Mi smo još prije 12
godina postavljali ova pitanja, tragali za
odgovorima. Imam iznimnu čast da u
Svjetskoj udruzi za biološku psihijatriju
vodim grupu koja se bavi boli. Upravo
povezanost kliničke prakse, u kojoj sam
imala preko 1.000 pacijenata s PTSPom i boli, te znanje i razumijevanje
bazičnih predmeta omogućuje svim
kliničarima koji se bavimo boli da uistinu
razumijemo povezanost i kompleksnost
problema koji ima naš pacijent. Nema
veće sreće od one kad bih povezala
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Cushion the person’s head and

Turn the person on his side
Time the seizure
Loosen tight clothing
especially ties and collars

Put anything in the person’s
mouth
Panic. Stay calm, and call 193 if
necessary
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remove dangerous

Hold the person down

Case Report

Intractable hiccups, nausea and vomiting as the
presenting symptoms of a neurological disease
Monika Mudrovčić
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A previously healthy 56-year-old woman
presented with intractable hiccups,
nausea,vomiting and mild epigastric pain.
No abnormalities were found during
physical examination. Initially, a gastrointestinal cause was suspected, so a full
gastroenterological work up was done.
However, the results offered no plausible
explanation for the symptoms. In the following month, the patient also developed
a depressive demeanor, forgetfulness
and excessive daytime sleepiness and was
subsequently referred to a neurologist.
Aside from mild cognitive impairment (MMSE = 25), the neurological
examination was unremarkable. While
CT results were normal, her brain MRI
showed hyperintensive lesions in the
brainstem, hypothalamus and periventricular white matter surrounding
the third ventricle. Spinal MRIs were
also obtained and showed an extensive
hyperintense lesion spanning 10 spinal segments, from C3 to Th3 level. A
lumbar puncture was performed and
showed an abundance of lymphocytes
in the CSF, along with oligoclonal
bands, both of which indicate inflammation in the CNS. As these findings
are somewhat consistent with neuromyelitis optica, NMO serology was done
and came back positive for NMO-IgG.
The diagnosis of an NMO-spectrum
disorder was consequently established.

Additionally, the patient’s sleep, cognition
and autonomic functions were tested. An
overnight polysomnography was conducted and showed sleep fragmentation,
low sleep efficiency and diminished percentage of N3 and REM sleep stages. An
MSLT was also performed and showed a
Mean Sleep Latency of 3 minutes, indicating excessive daytime sleepiness. Cognitive testing revealed a mild impairment
in the domains of attention, verbal memory and executive functions. A tilt-table
test, along with serum cathecholamine
analysis, revealed an asymptomatic postural orthostathic tachycardia syndrome
(POTS). The
patient received
five consecutive
days of intravenous corticosteroid therapy, after
which her mood
and sleepiness
showed subjective improvement.
Her hiccups were
succesfully treated
with chlorpromazine 3x25 mg. She
was discharged
with the recommendation to
take immunosuppressive medication.Follow-up

MRIs taken three and six months
later showed no signs of disease
progression and the patient remains free of any new symptoms.
Discussion
Neuromyelitis optica (NMO), also
known as Devic’s disease, is a type of
demyelinating disease of the nervous
system in which the damage is caused
by a humoral autoimmune reaction.
Patients typically present with visual
impairment (due to optic neuritis, an
inflammation of the optic nerves)

Case report

along with a motor and sensory deficit
consistent with a spinal lesion (due to
transversal myelitis, an inflammation of
the spinal cord). Traditionally, for NMO
to be diagnosed, along with these two
clinical features, a spinal MRI showing
a spinal cord lesion that extends for
at least 3 segments was needed, while
lesions on a brain MRI on presentation,
especially those resembling multiple
sclerosis (which can also cause optic neuritis and transversal myelitis),
pointed to a different diagnosis.
However, in the past decade, the
antibody that is most likely the key to
the pathogenesis of NMO was identified. This antibody, labeled NMOIgG, is highly specific for NMO, so
much so that it enabled many atypical
presentations with seemingly unrelated neurological symptoms, but
positive NMO-IgG, to be recognised
as part of an NMO spectrum.
The molecule NMO-IgG binds to is
aquaporin-4, a type of water channel found in the CNS. Areas with the
highest concentration of AQP-4 are the
grey matter in the spinal cord, periventricular regions and the hypothalamus
–precisely the areas which showed
lesions on this patient’s MRI.The
circumventricular organ area postrema,
located in the brainstem and believed to
be the center for visceral reflexes such
as vomiting and hiccups, is particularly
rich in AQP-4. Affection of the area
postrema would easily explain the patient’s gastrointestinal symptoms, while

hypothalamic lesions explain her sleep
disturbances and autonomic dysfuncion.
To summarize – keeping in mind the
patient’s NMO-IgG positivity and the
distribution of AQP-4 in the CNS, her
lesions and symptoms make perfect
sense. In fact, it is not at all uncommon
for patients with NMO-spectrum disorders to have hiccups, nausea, vomiting,
sleeping difficulties, cognitive impairment or vegetative disorders. However,
it is highly unusual for these to be the
only presenting symptoms. Cases such
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Case provided by Barbara Barun, MD, PhD

as this one, therefore, present a true diagnostic challenge. It is especially problematic since the behaviour of the disease is unpredictable and can progress
to cause severe disabilites very quickly if
immunosupressive therapy isn’t started
early. Establishing a timely diagnosis
is essential for the patients’ well-being.
When treating somebody with intractable hiccups, nausea and vomiting, one
should suspect a neurological illness
and certainly include NMO-spectrum
disorders in the differential diagnosis.

Student Society for Neuroscience
Stuentska sekcija za neuroznanost

JANUARY
21st
Basics of surgery - Lecture: Marko Zorić
29th
Introduction to central nervous system
Neuroanatomical workshop: Marko Zorić
FEBRUARY
3rd
Neurological examination
Workshop: Prof. Zdravka Poljaković
12th
Kanabis- medical and recreational purposes
Lecture: dr. Romac
19th
Brain and creativity
Lecture: academician Vida Demarin
24th
Deep brain stimulation (DBS)
Lecture: dr. Fadi Almahariq
26th-28th
Depression in the age of mind
Society is a partner of the Congress
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MARCH
6th
Microscopic structure of nervous system
Neuroanatomical workshop: Dinko Smilović
7th
Clinical implementation of fMRI
Students: Filip Đerke, Marko Zorić, Karlo Toljan
11th
Journal Club: Marko Zorić
16th-22th
Brain Awareness Week
62 Lectures and Workshops

1st
Outer brain morphology
Neuroanatomical workshop- Nikola Prpić
13th
Brain vascularization, meninges and ventricle
system
Neuroanatomical workshop: Marko Zorić
7th
Genes, cancers & new drugs
Lecture: prof. Igor Štagljar
7th
World Health Day
Celebration (M. Zorić, F. Đerke)

Student Society for Neuroscience

APRIL

11th
World Parkinson Awareness Day
Celebration
15th
Journal Club: Marko Zorić
20th-25th
Science festival; Lecture: Filip Đerke
23th
Book night
Through book we maintain and cure our brain
Lecture: Filip Đerke, Karlo Toljan
24th-26th
NeuRi- Student Congress

MAY
1st-3rd
Regional DBS Meeting
Students: Marko Zorić, Filip Đerke
1st

7th-11th
Meeting of the European Society of
Neurosonology and Cerebral Hemodynamics
Students: Marija Živaljić, Ivana Trivić, Filip Đerke,
Luka Filipović-Grčić
20th

26th
Vulnerability of brain
Lecture- academician Ivica Kostović
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14th-17th
WFNS course 2015
Students: L. Dumbović, N. Prpić, M. Zorić, I. Jelčić,
S. Gojković, N. Njirić, F. Đerke

Editor’s Choice

Love and Brain
Barbara Brzić
“What is to love?” Shakespeare once
asked. This question has been bugging people for ages. Different cultures define love the same way. Love
seems to have a univeraal form. Sweaty
palms, hearth beating and “butterflies” in the stomach etc. We all know
that feeling, but why do we feel it?
A study conducted by Helen Fisher,
biological antropologist has shown there
are differences between fMRI images
of college students who were shown
pictures of their lovers and those who
were shown photographs of colleagues.
The brain scans showed that the mere
sight of our loved ones activates brain
regions rich with dopamine. Dopamine
is the so-called feel-good neurotransmitter and is found in in areas of
caudate nucleus and ventral tegmental
areas. They have been known as neural
correlates of romantic love. When in
love, primitive parts of brain become
activated, precisely the brain’s reward
circuit (and the ventral tegmental
region is a part of it). Sex, drugs and

Sweaty palms,
hearth beating and
“butterflies” in
the stomach etc.
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food can easily activate the reward
circuit which is very sensitive to any
behavior that induces pleasure. Maybe
that is why people say “The way to a
man’s heart is through his stomach.”
Phases of love:
Fisher divided love into three phases
and Richard Schwartz and Jacqueline Olds studied how it evolves
through the time. The first phase
is driven by sex hormones and it
is the phase of pure animalistic attraction. The second phase of love is
attraction. That feeling of love-struck
releases high levels of dopamines
which are stimulating the reward circuit
and trigger an intense rush of pleasure, comparable to use of alcohol or

cocaine (study conducted at University
of California, San Francisco, published
2012 in Science). Our hearth is racing,
palms are sweating, and we feel anxiety
and passion as a result of high levels
of cortisol which is characteristic for
the initial phase of falling in love. As
cortisol levels rise, serotonin levels are
decreasing and Schwartz describes that
as “intrusive, maddeningly preoccupying thoughts, hopes, terrors of early
love”. The third phase is attachement
in which the most important hormones
are vasopressin and oxytocin (the
cuddle hormone). Those hormones
are released during skin-to-skin contact
and sex, and after orgasms. Oxytocin
deepens the feeling of attachement,
security and calmness after sex.It is also
released during pregnancy and nursing to strengthen the emotional bond
between the mother and her child.
That is why test animals with a blocked
natural release of oxytocin reject their
own offspring and those injected with

oxytocin adopt others females young,
snuggle and protect them as their own.
Vasopressin is associated with longterm commitment and monogamous
relationships. Prairie voles (rodents that
like people tend to have strong bonds
between partners) that had suppressed
vasopressin effects showed deterioration of commitment towards their
partner. According to Schwartz, at
this stage, cortisol and serotonin levels
return to normal so the passion is still
there, but the stress caused by it is gone
and the attachment grows. That doesn’t
mean that couples love each other less.
A study conducted at Stony Brook
University in New York in 2011 showed
that love doesn’t have to decrease over
the years. MRI scans confirmed the
same level of activity in areas full of
dopamine in new couples and in those
that have been for decades together.
But for some people that are together
for a long time love can become
routine, couples do not have sex as
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regularly as they used to for various
reasons. In order to light that fire again
Olds suggests increasing the sexual
activity because it increases the levels
of oxytocin, dopamine which activate
the brain’s reward circuit. As a result,
the couple bonds more and more and
feels desire for each other again.
Love is blind
Positive emotions are influenced
by love. But what is with the negative ones? They are two neurological pathways. The positive emotions
pathway connects the prefrontal cortex
with the nucleus accumbens and the
negative one connects the nucleus
accumbens with the amygdala. While
we are in love, the positive pathway
becomes active and the negative shuts
down. That is why we idealize the
person we love, we do not see their
flaws and we are not capable to think
rationally or to make critical judgment.

Magic love potion
Even though love seems simple from
the chemical point of view, and many
scientists have done research in love,
it remains a mystery. Psychotherapists
were trying to invent a love recipe, so
they suggested couples whose love was
depriving to engage into activities that

Positive emotions
are influenced by
love. We idealize
the person we love,
we do not see their
flaws and we are
not capable to think
rationally or to make
critical judgment.

could raise dopamine and oxytocin
levels. Although the rate of falling in
love was somewhat bigger, the magical love potion that can make you fall
in love is still non-existent, no matter
how hard we are trying to recreate the
neurochemistry of love. It seems that
there is more to love than we know.
Fisher maybe gave the best definition of love: “Romantic love is not
emotion, in fact I always thought it
was series of emotions, but actually it
is a drive that comes from the motor of the mind. People live for love,
they kill for love, they die for love.”

Sources:
http://neuro.med.harvard.edu/harvardmahoney-neuroscience-institute/on-the-brain/
and-the-brain-series/love-and-the-brain
TED.COM Talk Video- Helen Fisher:
The brain in love, filmed 2008.
http://www.brainhq.com/brain-resources/
brain-facts-myths/brain-in-love
http://dailyalchemy.com/wp-content/uploads/2013/05/brain-love-300x245.jpg
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Book review

DO NO HARM
Stories of Life, Death and Brain Surgery
Henry Marsh
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Karlo Toljan
Brain surgery is often a process in which
not only the organ is affected after the
procedure, but the individual as a person
as well. The risks are always present and
the stakes are high. A procedure in which
every step is vital and not a single one is
like the one before. In fact, one of the
main reasons why Henry Marsh opted
for neurosurgery is that there is no daily
routine in which you can just sink in after
a certain amount of time. Currently a
Consultant Neurosurgeon, Marsh initially
started in completely different direction
in his education and started to study
medicine only after a set of his own
life-decisions and a few, some might say
lucky, events. As it is not rare that neurosurgeons possess a wide range of talents
and skills, Henry Marsh as a writer presents his thoughts about everyday life, but
heavy medical decisions also, in a concise
manner and with carefully chosen words
which are clear for non-professionals
but stays enough in the medical terminology for doctors. Each chapter’s
title is a diagnostic medical term and
through each of these patient’s stories
and particular memories he shares, we
get to know what goes inside a neurosurgeon’s head and what kind of reality
surrounds him. The writer expresses
his criticism with ease and there are no
euphemisms used for the sake of leaving
a falsely perfect world, a world in which
one would imagine a neurosurgeon lives.
He’s constantly presenting the moral and

human dilemmas that he encounters in
his daily life and no reader could stay
indifferent when certain problems are
being tackled. Brain injuries don’t leave
just a physical scar on the tissue, the personality might be tremendously affected,
even by a single small artery burst in a
precise anatomical region of the precious
organ. As a senior doctor Marsh tries to
explain that good decision making is the
key for achieving a favorable outcome
for both the patient and the family he
belongs to. Death might not be the
worst outcome after such a decision. The
reader is confronted with two quotes
at the beginning of the book, the first
one is a typical classical one taken from
Hippocrates, the father of medicine, and
which also gives the title to the entire
book, while the other depicts the daily
burden which surely haunts Marsh. He
is aware that mistakes and accidents do
happen, but is not willing to ignore them
and present himself as a God-like figure
who saves lives with ease. By reading
this book you’ll get a true glimpse of a
neurosurgeon’s life and all the sacrifices
it carries, but also the moments in which
real kindness and humanity prevails, e.g.
Marsh visits Ukraine regularly where
he performs the most complicated
operations as a sort of a penance to
bring back peace to his mind and soul
as he states in the book. A movie titled
‘The English Surgeon’ was filmed which
shows Marsh’s work in Ukraine and his

cooperation with a local neurosurgeon.
One of the striking experience through
reading this book is the impression a
reader gets about the current dehumanization of the medical care and a new
arising system is in which the process
of saving a person’s life is seen only
through the costs it brings with it. Even
though Marsh cycles every day to work
in order to keep fit, he still doesn’t
wear a helmet. A detail which shows
we’re still all human after all! The writer
definitely isn’t ashamed to be one of
us ‘regular mortals’ with his own habits
and hobbies! After easily reading this
book, you’ll get the feeling like you just
spoke with Henry Marsh in person.
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Basic Principles Of Psychoneuroendocrinology
STUDENT EDUCATIONAL MATERIAL

rudolf gregurek sr1, rudolf gregurek jr2
1university of zagreb School of medicine; 2university of rijeka school of medicine
DOI: http://dx.doi.org/10.17486/gyr.3.1013

Psychoneuroendocrinology is a new approach to six fundamental parts of human medicine which together form it, this
branch of medicine combines psychiatry, psychology, neurology, neurobiology, neurosciences, and endocrinology. This new
part of medicine focuses on finding answers in the function
and dysfunction of the nervous and endocrine system on the
change in the psychological status of the patient. It also tries to
show how in the same way the psychological dysfunction can
affect the bare physiology and cause problems on the nervous
and endocrine system. The emerging branch of psychoneuroendocrinology emphasized the importance of exploring the
inter-relationships between mind, brain, and hormones1.
A very good show case of the power of psyche on the neuralendocrine is the phenomena of psychological dwarfism.
Dwarfism is caused by irregular emission of the HGH (human growth hormone) in the system, which in result causes
slower growth and irregular height in children. It was discovered that the cause of irregular emission of the HGH in some
cases of dwarfism was because of emotional deprivation or
unfavorable emotions placed on children. Because of these in
general bad conditions for children the psyche started to affect
the neural-endocrine which subsequently caused lower emissions of the HGH and the deprived children started to grow
in height slower than other children that where the same age
but where not in such life conditions. Researchers than took
the children which were in unfavorable conditions and placed
them in homes where they got all the attention and care they
needed, after just a few days the neural-endocrine emission of
the HGH started to raise back to normal at a steady and slow
rate in a way proving the effect of the psyche on the neural
endocrine and the body2.
Stress which we already know to have many affects on the human body also can causes problem in neural-endocrine secretion and illnesses which are associated. Although stress is an
illness which is accepted and treated in many counties of the
world the problem scientists have with it is the perception of
stress. Because each individual can experience stress from different things it is hard to find situations in which people have
the same amount of stress, it is also important to note not only
that the levels of stress can’t be measured because of individualism but also that the effect of stress on people varies. Some
people who claim that are under stress describe chest pain and
edginess while other describe different symptoms1. Because of
this difference between people and their individual responses
to stressful situations it is hard to generalize effects of stress to
neural-endocrine secretion and find the roots of dysfunction.3,4
A complete understanding of the effects of stress on endocrine
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functioning not only requires knowledge of the basic neuralendocrine mechanisms regulating the secretion of glucocorticoids via the hypothalamic-pituitary-adrenal (HPA) axis, but
importantly requires knowledge of the interaction between this
neural-endocrine system and the neurophysiologic evaluative
functions that are crucial in experiencing stress. 5
Stress
The term stress or the symptoms that are associated for stress
appear in medicine since the 13th century. Over the last 30 to 40
years a considerable empirical basis has been established for the
role of cognitive factors for stress in man and animals. Ignoring these results in many claims of relationships between stress,
strain, and health are simply not true. Today to define stress
we use CATS (cognitive activation theory of stress), which is
a more precise and specialized term for the same illness but is
not so widely used because it can be rooted to medical information and facts.
History of stress:
Hans Selye is frequently claimed to be the father of the stress
concept. However, in his pioneer 1936 paper6; a brief note in
Nature, the term stress was not used. According to tradition,
this was because the medical establishment (and the referees
in Nature) found the term too unspecific, and too much used
as a nonscientific attribution concept by the untrained public7.
In his original 1936 paper, Selye simply described general, nonspecific adaptation and maladaptive phenomena in rats exposed
to various nocuous agents like cold, surgical injury, spinal shock,
or sublethal intoxications. His rats progressed from a general
non-specific alarm, through an adaptation phase to maladaptation and death. In his first paper, the syndrome was dramatic
with a rapid (6–48 h) decrease of thymus, spleen, lymph glands,
liver and fat tissue, erosions in the gastrointestinal tract, edema,
loss of muscle tone, fall in body temperature, and changes in
the adrenals.
He compared the condition with histamine toxicoses or surgical shock. After 48 h, there was some improvement which he
attributed to a shift in pituitary secretion from growth hormone, gonadotropic hormones and prolactin, to thyrotropic
and adrenotropic principles. If the treatment continued, the
rats would shift from this adaptation stage to maladaptation
and death. Stress and stressors appear later in his work. From
1949 or 1950 stress is his main theme 8. Since he used the term
stress on the response rather than the more proper word strain,
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he had to invent a word for the load or stimulus that triggered
this response. This is the origin of the term stressor 9.
Hypothalamic–pituitary–adrenal axis
The hypothalamic–pituitary–adrenal axis (HPA or HTPA axis),
also known as the limbic–hypothalamic–pituitary–adrenal axis
(LHPA axis) is a complex set of influences and feedback interactions among three endocrine glands: the hypothalamus, the
pituitary gland, and the suprarenal glands.
When these three organs interact together they form the HPA
axis the most important part of neuro-endocrine system which
controls the reaction to stress. Besides controlling stress it also
controls other major body functions such as: digestion, immune
system, emotions and sexuality. The physiological role of the
HPA axis and corticosteroids in stress response is so fundamental
that analogous systems can be found not only in invertebrates
but as well in unicellular organisms as well.
Today we know that a lot of types of stress exist and all of
them have an effect on the HPA axis. Stressors can be of many
different types—in experimental studies in rats, a distinction is
often made between “social stress” and “physical stress”, but
both types activate the HPA axis, but through different pathways.
The regulation of the HPA axis is done through several neurotransmitters but the most important are: dopamine, noradrenalin, and serotonin. Experiments are also now showing that the
neurotransmitter oxytocine, which is associated with positive
emotions and social contact have a suppressing effect on the HPA
axis causing the stress to be suppressed. HPA axis hormones also
certain skin diseases and skin homeostasis. There is evidence
shown that the HPA axis hormones can be linked to certain stress
related skin diseases and skin tumors. This happens when HPA
axis hormones become hyperactive in the brain.
Developmentally-programmed sex differences are also seen in
the hippocampus 10. Suppression of dentate gyrus neurogenesis
and atrophy of dendrites of hippocampal pyramidal neurons are
produced by chronic psychosocial stress, involving the actions of
adrenal steroids acting in concert with excitatory amino acid neurotransmitters. As far as we can tell, these changes are reversible
as long as stress is terminated after a number of weeks. However,
there are also reports that longer duration of psychosocial stress
leads to permanent loss of hippocampal pyramidal neurons. In
the human hippocampus, MRI studies along with neuropsychological testing have revealed memory impairment and atrophy of
the hole human hippocampus in some individuals as they age5.

Types of stress and the HPA axis
Prenatal stress (or prenatal maternal stress) is exposure of an
expectant mother to distress, which can be caused by stressful
life events or by environmental hardships. The resulting changes
to the mother’s hormonal and immune system may harm the
fetus’s (and after birth, the infant’s) immune function and brain
development. This type of stress causes the HPA axis to activate in the mother and in response harming the fetus. After
birth babies which were exposed to their mother HPA axis hormones show lower cortisol levels than other children born from
mother which had not had such an emotional pregnancy. Low
cortisol levels in babies also activate the HPA axis hormones
which causes the baby to be in a state which is similar to stress
in older age. The mother can shift all her emotions to her child,
because of this a happy and fulfilled pregnancy mothers often
give birth to healthier and more mental stable children than
stressed and unhappy mothers. Mothers which had HPA axis
hormones released throughout the pregnancy also have a problem in life after birth; because of the prolonged exposure to the
hormones (9 months or less) they require longer time to drop
back to normal levels. This type of stress after birth is called
prenatal stress. Case studies in which mother reported stress
show that their children developed slower and have problems
or learn slower how to talk or walk than children from mother
who reported no stress and happiness. Also in later life children
who were taken care by mothers who had prenatal stress show
behavior disorders such as attention deficits, schizophrenia,
anxiety and depression; self-reported maternal stress is associated with a higher irritability, emotional and attention problems.
All these problems are caused in the child because the mothers
HPA axis hormones affected it and in consequence caused the
childes HPA axis to be disrupted and not work properly7.
The other type of stress presented is called early life stress. The
role of early life stress in programming the HPA axis has been
well-studied in animal models. Exposure to mild or moderate
stressors early in life has been shown to enhance HPA regulation and promote a lifelong resilience to stress. In contrast,
early-life exposure to extreme or prolonged stress can induce a
hyper-reactive HPA Axis and may contribute to lifelong vulnerability to stress2.
The most widely replicated experiment which show the effect
of early life stress is in which rats were subjected to moderate
stress levels caused by frequent human handling during the
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STRESSOR
REACTIVATION OF UNCONSCIOUS
CONTENTS
ID
aggression
love-sexuality
competition-survival
dependance

• death of a close person
• birth of a child
• beginning of a new
realtionship
• illness
• natural disaster

SUPER EGO
loss of control
rejection-destruction
shame-guilt
humiliation-vengance
CONFLICT
ANXIETY

EGO DEFENCE MECHANISMS
PSYCHOTIC
projection
denial
distorsion
delusion

IMMATURE
projection
somatization
conversion
hypochondria

first two weeks of life had reduced behavioral and hormonal
HPA axis mediated stress responses as adults. The other part
of this experiments was on done on rats which were subjected
to extreme levels of stress in early life and also maternal separation displayed later in life sever stress response and behavioral
problems. There are a lot of hypothesis on which way early life
stress can affect us for the rest of our life, but the most convincing one is defiantly that in the first weeks of life is stress is every
day present and hormones are released through our blood stream
our HPA axis gets calibrated or used to such high levels of these
hormones and causes lifelong problems because of abnormal
calibration. One experiment has shown that, even in the absence
of any environmental stressors, early-life exposure to moderate
levels of corticosterone was associated with stress resilience in
adult rats, whereas exposure to high doses was associated with
stress vulnerability.
Though animal models allow for more control of experimental
manipulation, the effects of early life stress on HPA axis function
in humans has also been studied. One population that is often
studied in this type of research is adult victims of childhood
abuse. Adult victims of childhood abuse have exhibited increased
ACTH concentrations in response to a psychosocial stress task
compared to healthy controls and subjects with depression but
not childhood abuse.
Heim and colleagues have purposed that early life stress, such as
child abuse causes a very high sensation in the HPA axis which in
result cause stress induced CRF to be released. If the exposure to
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NEUROTIC
dissociation
displacement
regression
isolation

MATURE
humor
sublimation
altruism
anticipation

stress is repeated over time the HPA axis get stimulated to hyper
secrete CRF from the hypothalamus. Over time, CRF receptors
in the anterior pituitary will become down-regulated, producing
depression and anxiety symptoms11.
In animal examples it was also shown that maternal care such as
licking and grooming causes the suppression of the HPA axis
activity. The lower hormone levels caused by lower HPA axis
activity and maternal care improve cardiac response, sleep/wake
rhythm, and growth hormone secretion in the neonate12.
Stress and the glucocorticoid receptors
It was mentioned earlier that size of the response of the tissues
and cells depended on the sensibility of the glucocorticoid receptor. In an experiment it was demonstrated that when the levels
of cortisol where suppressed (lowered) by using dexamethasone
the glucocorticoid receptor expressed polymorphism, the participants also had higher body mass index (BMI) and less dense
bone structure because of this. From this it can be concluded
that the hippocampus, adipose tissue and bone tissue react to
cortisol if polymorphism exists in the body. In a broader sense
we can expect individual differences concerning the response
of specific glucocorticoid receptors. The size of the response
those not only depend on the sensitivity of the receptors for
cortisol but also on the activity of the whole cortisol signaling
pathway which among many things includes enzymes which are
responsible for the metabolism of cortisol in the synaptic gap
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and other co-activators, compressors etc 13.
Variances in all of these segments of the cortisol signaling pathway might have a protective but also harmful effects, it all depends on which receptor they are acting on. In the case of a
generalized type of glucocorticoid resistivity we will find that
compensatory mechanisms will be activated, like for instance the
increase of adrenocorticotropic hormone (ACTH) and cortisol
levels in the serum, but without signs of Cushing’s syndrome.
HPA axis in these patients is not sensitive on suppression by
exogenous glucocorticoids but the regular response to stress is
still preserved in this case.
Higher levels of ACTH lead to hyper excretion of androgens
from the cortex of the adrenal gland (especially DHEA, DHEAsulfate, testosterone and delta 4 androstenedione) but also steroids are excreted form the cortex of the adrenal gland in this
case such as corticosterone and deoxycorticosterone 14.
Clinical manifestations are different and they vary from asymptomatic states to highly expressed clinical symptoms like chronic
fatigue, hypertension with hypokalemia and with or without alka-

losis hyperandrogenemia. In women higher levels of androgen
can lead to baldness, formation of acne, irregular menstrual
cycle, the loss of ovulation and infertility.
Conclusion
In stress the body undergoes complex endocrine and metabolic changes. Stress is characterized by intensified activity
of the HPA axis and the Sympathetic nervous system. Over
secretion of cortisol has many negative consequences on the
organism which is shown throughout this whole paper.
The sensitivity of glucocorticoid receptors (which depends
on genetic polymorphism) and the whole cortisol signaling
pathway is responsible for the size of the response of the
cell or tissue. Cortisol excretion control, lifestyle change and
emotional disorder treatment are all types of intervention
which can stop the appearance of unfavorable and potentially dangerous consequences of high cortisol levels on the
body.
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Summary: Epigenetics has engendered a renewed enthusiasm and appreciation for the capacity of the environment to modulate gene
expression. It is clear that epigenetic modifications serve as the molecular basis for environmental signals that influence behavioral
outcomes and, as such, provide a bridge between the psychosocial world and the biological. This is congruent with psychoneuroimmunology, which seeks to understand the impact of environmental stimuli, especially psychosocial stimuli, on behavior, emotions,
neuroendocrine stress responsivity, and immune function. Illustrative examples of recent scientific developments are highlighted
to demonstrate the influence of epigenetics in areas of research relevant to those who investigate phenomena within the scientific
discipline of psychoneuroimmunology. These examples are presented in order to provide a perspective on how epigenetic analysis
will add insight into the molecular processes that connect the brain with behavior, neuroendocrine responsivity and immune outcome.
Keywords: Epigenetics, Psychoneuroimmunology, Behavior, Suicide, Post Traumatic Stress Disorder, Breast cancer
A remarkable growth in the understanding of epigenetics and
the impact of epigenetics on contemporary biology has occurred in recent years1. As well, the study of epigenetics has
fueled research in the behavioral sciences, as recent work demonstrates that epigenetic modifications shape behavior, modulate stress responsivity, and alter immune function. This facet
of epigenetics seeks to understand the interactive linkages that
connect the psychological and social environment with the epigenetic processes that modulate gene expression and influence
behavior2.
The psychosocial context of the environment can substantially change behavior and alter nervous, endocrine and immune
function3. Recent findings within the realm of behavioral epigenetics demonstrate that stressors and/or adverse psychosocial
environments can affect gene expression by altering the epigenetic pattern of DNA methylation and/or chromatin structure.
The vast majority of existent evidence within the scope of
behavioral epigenetics emanates from investigations of early life
adversity that produce epigenetic modifications within relevant
brain regions that influence behavior. Emerging evidence shows
that, adults also respond epigenetically to environmental signals,
which in turn influence behavior, physiological outcome, and
disease risk4.
Epigenome
Epigenetics refers to a variety of processes that affect gene
expression independent of actual DNA sequence. Epigenetic
information provides instruction on how, where, and when,
genetic information will be used. Most importantly, epigenetic
information is susceptible to change, and as such, represents
an excellent target to understand how the environment may
impact physiological function. While epigenetics refers to effects on single and/or sets of genes, epigenomics refers to
global epigenetic modifications that encompass the entire genome. Epigenetic information provides instruction for the use
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of that blueprint, permitting an ordered and regulated gene
expression pattern.
Epigenetically regulated gene expression is a consequence of
small covalent chemical modifications, which mark the genome
and play a role in turning genes on or off5. Such a marks are
DNA methylation, histone modification, etc.6 For example, histone deacetylation results in transcriptional repression. Conversely, histone acetylation, which involves the covalent addition
of acetyl groups to the lysine moieties in the amino terminal
histone tails, results in an increase in gene expression. These
distinct types of modification include: acetylation, methylation,
phosphorylation, ubiquitylation, sumoylation, deimination and
proline isomerization5.
Illustrative Epigenetics
The majority of research concerning epigenetic modification,
which impact the interactions among brain, behavior, and immunity, rests predominately within neuro-epigenetics. Early life
experiences influence brain function and alter neuroendocrine
set-points. These alterations can result in detrimental effects
that impact behavior and health throughout life7. It is now apparent that epigenetic processes can mediate the effect of early
life experiences on the brain and can influence neuroendocrine
stress responsivity. Evidence that the epigenome is responsive
to the psychosocial environment originates from seminal studies
of maternal care behavior. The fetal and early postnatal periods
are times of dynamic physiologic change and developing organs and tissues are extraordinarily vulnerable to environmental
influences. During sensitive periods of development adverse
events such as stress or maltreatment can more readily trigger
epigenetic alterations which can adversely affect physiological
function and behavior through adulthood8,9.
Behavior Throughout Generations
In rodents, variations in maternal care behavior are transmit-
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Fig 1. Epigenetic processes, DNA methylation and histone modification

ted across generations, such that lactating adult offspring of
high levels of licking and grooming (HLG) mothers will also
exhibit HLG behavior toward their young; whereas, offspring
of low level of licking and grooming (LLG) mothers provide
low levels of pup-directed LG10,11. The apparent enduring
effect of maternal care originates from modifications of the
neuroendocrine processes that oversee oxytocin mediation of
maternal behavior. Oxytocin strongly influences maternal LG
behavior by interacting with dopamine and serotonin systems
within the brain that mediate this behavior12.
Suicide and Epigenetic Modification
The foregoing studies demonstrate the effect of rodent maternal behavior on epigenetic modification of the glucocorticoid receptor (GR) and raise the question as to whether, in
humans, the postnatal and/or childhood environment might
instill similar epigenetic modifications that alter adult stress responsivity and behavior. Indeed, childhood adversity in humans
is associated with altered hypothalamic-pituitary-adrenal (HPA)
axis responsivity, which is linked to greater risk for psychopathology, including suicide13,14,15. To understand whether
epigenetic modification of brain GR expression contributes
to suicide risk, a recent study evaluated the epigenetic profile of
postmortem brain hippocampal samples. The brain specimens
were obtained from the Quebec Suicide Brain Bank, a brain
repository that also contains the victim’s psychological and developmental history, including history of childhood abuse or
neglect. Findings revealed that suicide victims with a history
of childhood abuse had significantly reduced total GR mRNA
transcript from GR1F exon (the homolog of exon 17 of the rat)
and increased GR gene (NR3C1) promoter DNA methylation.
Given that this methylation state was restricted to suicide cases
with a history of childhood abuse, implies that it emerged from
childhood adversity rather than suicide per se. It is of interest that the observed changes in DNA methylation mirror the
changes reported in methylation of genes encoding for the GR
in the hippocampus of rats subjected to LLG16.
Prenatal Depression, Epigenetics and Infant Stress Response
Infants of mothers with prenatal depression exhibit an increased cortisol response to stress and are at risk for future behavioral disorders17. Mechanisms underlying these observations
remain unknown. However, new findings link maternal prenatal
depressed mood to altered methylation status of the newborn’s
GR gene (NR3C1) in umbilical cord blood mononuclear cells.
That study showed that infants of mothers with depression
had increased methylation of DNA at the predicted NGF1-A

binding site on NR3C1. These preliminary results suggest that
at an epigenetic level maternal mood shapes the infant’s future
stress responsivity.
Aging-Associated Memory Impairment
Aging is associated with cognitive impairment and a decline
in memory18. An epigenetic theory of aging-related cognitive dysfunction has been proposed, in which disruption of
epigenetic regulatory mechanisms leads to the accumulation
of aberrant epigenetic marks that disrupt neural plasticity and
memory formation19. The hippocampus is central to memory
formation and is affected during early stages of dementia20.
Recently, aged-associated memory impairment was shown to
result from altered chromatin remodeling in the hippocampus
when aged mice were tested in a contextual fear conditioning
paradigm21. Aged mice exhibited memory impairment that was
not a result of major changes in brain structure. However, the
aged mice were unable to up regulate H4K12 acetylation within
the hippocampus after fear conditioning, as compared to young
mice. This was functionally linked to a decrease in the expression of learning induced genes.
Post-Traumatic Stress Disorder and Epigenetics
Psychosocial context influences brain stress response pathways
and modifies stress-related behavior. Evidence from an evaluation of individuals with post traumatic stress disorder (PTSD)
suggests this to be a possibility. Individuals with PTSD have
altered stress reactivity, as well as distinct expression for genes
involved in immune activation22,23. Findings from a recent
study support a biologic model of PTSD etiology in which a
traumatic environmental event generates downstream alterations in immune function by reducing methylation levels of
immune-related genes24. That study evaluated whole blood
derived DNA samples from individuals with PTSD compared
to those without this condition. Analysis of CpG sites from
more than 14,000 genes revealed a set of uniquely unmethylated genes that encode for immune function, particularly inflammatory and innate immune response genes, in individuals
with PTSD compared to control subjects. Interestingly, affected
genes were significantly and negatively correlated with traumatic
burden (i.e., number of traumatic event exposure). Moreover,
the observed epigenetic variability in immune function in those
with PTSD was also associated with differences in immune response (greater antibody response) to cytomegalovirus, a latent
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Fig 2. Psychoneuroimmunology Model Integrating Epigenetic and Genomic Factors with a
view to personalized medicine in nursing for psychoneurological symptom clusters in women
with breast cancer

herpes virus. These findings imply that immune dysfunction observed in those with PTSD may be related to epigenetic profiles
suggestive of immune activation, as well as by an absence of
epigenetic profiles consistent with the development of normal
brain-immune interactions25.
Breast cancer in Women
Although advances in treatment have substantially increased
rates of survival for women with breast cancer (BCA), the
women often report a number of distressing symptoms that
worsen over the course of treatment, and may persist in survivorship26,27. The most common, severe, and distressing symptoms that co-occur throughout the treatment trajectory and
after treatment include depressive symptoms, anxiety, cognitive
dysfunction, fatigue, sleep disturbance, and pain. This set of
symptoms, which has been termed the psychoneurological (PN)
symptom cluster28, has been reliably associated with reduced
quality of life29,30,31.
Several studies have found an association between symptoms
and dysregulation of the hypothalamic-pituitary-adrenocortical
(HPA) axis32,33,34. In addition, studies using a cytokine-induced
“sickness behavior” framework have provided some evidence for
the association of inflammation with physical and emotional
symptoms commonly experienced by women with BCA35,36,37.
More recently, research focused on variability in symptom severity and persistence led to investigations focused on the contributions of genetic factors and epigenetic modifications that
occur due to psychosocial stressors, the disease process and

treatment38,39. Variability in the stress response system can occur due to genetic polymorphisms that alter neuroendocrineimmune signaling pathways, thereby leading to disruption in
homeostatic regulation and increased vulnerability to persistent
symptoms40,41,42. Recent studies on gene-environment interactions demonstrate how genetic variants that regulate the stress
response system can influence persistent symptoms. The FK506
binding protein 5 (FKBP5) gene codes for the protein that
binds to glucocorticoid receptors and modulates glucocorticoid
sensitivity43. In adults with a history of childhood trauma, DNA
methylation of one of the FKBP5 polymorphisms was found
to increase the risk of developing psychiatric disorders, including symptoms of post-traumatic stress disorder44.
The proposed concepts will help bring nursing research and
personalized medicine together, in hopes that this hitherto neglected and understudied area of biomedical research convergence may ultimately lead to the development of more targeted
clinical nursing strategies in those illustrative examples with
psychoneurological symptoms.
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Psihoneuroimunologija i epigenetika
Sažetak: Epigenetika je izazvala povratak entuzijazma i zahvalnosti za mogućnosti okoliša u moduliranju ekspresije gena. Jasno je
da epigentske promjene mogu poslužiti kao molekularna podloga za signale iz okoliša koji utječu na ishode u ponašanju i, kao takva,
ona je most između psihosocijalnog i biološkog svijeta. To je u skladu i s konceptom psihoneuroimunologije, koji želi razumjeti
utjecaj okolišnih podražaja, osobito psihostimulusa na ponašanje, emocije, neuroendokrini odgovor na stres i imunološki sustav.
Ilustrativni primjeri nedavnih znanstvenih otkrića, u ovom su tekstu navedeni, kako bi se istaknuo utjecaj epigenetskih modifikacija
u područjima istraživanja psihoneuroimunologije. U tekstu su odabrani primjeri koji daju uvid u epigenetsku analizu i molekularne
procese koji povezuju mozak s ponašanjem, neuroendokrini odgovr i imunološki ishod.
Ključne riječi: Epigenetika, Psihoneuroimunologija, Ponašanje, Samoubojstvo, Post-Traumatski stresni poremećaj, Rak dojke
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Summary: Psychosocial factors, like stress, have direct effect on tumor progression while their possible effect on tumor development
is questionable. Psychoneuroimmunology (PNI) can be applied in oncology by understanding the effect of psychosocial factors on
immunosurveillance of tumors. PNI could therefore provide explanation of possible mechanisms by which psychosocial factors
can induce tumor growth. Studies have shown that stress can disregulate function of NK- cells as one of the most important parts
of immunosurveillance process. There is also explanation for possible mechanisms on direct effect of stress on tumor growth that
is not mediated by immune system. Understanding these mechanisms could be beneficiary for understandig of importance of psychosocial support as one of therapeutic methods for cancer patients. Exact mechanisms of stress effect on NK-cells and its possible
effect on other immunosurveillance mechanisms such as adaptive and humoral response remain to be elucidated.
Keywords: Cancer, Immunosurveillance, NK cells, Psychoneuroimmunology, Stress
Effect of psychological stress as one of the risk factors for development and progression of different types of cancers is considered as fact among general population.1 Although there really
is evidence and there are known mechanisms that directly link
psychological stress to cancer progression2, science community is
still very sceptical about the role of stress in cancer incidence. One
of several pathways by which stress could directly induce tumor
growth is immune modulation. It is one of the best examples how
psychological changes affect immune system and therefore cause
suitable environment for tumor development and it’s progression.
With development of psychoneuroimmunology (PNI), as one of
relatively new sciences, there is significant number of researches
that are trying to find mechanisms of this connection between
CNS, immune system and malignant cell alterations. One of the
important things to keep in mind is that in the history of studies of these connections a unidirectional approach was present
for a longer time period, i.e. researchers have been trying to find
mechanisms how psychosocial factors affect immune system and
therefore change risks for developing cancer. On the other hand,
psychoneuroimmunological connections have bidirectional nature3;
immune system can affect behavioral and psychological processes.
For example, if one knows he is suffering from cancer he will sure
enough suffer from certain amount of stress. Understanding this
connections and its mechanisms could be beneficiary for determining psychological risk factors (if they even exist) leading to cancer
development and it’s progression, finding new therapeutic methods
for and predicting the outcomes of cancer diseases.
Nevertheless, it should be always kept in mind that effect of immune system on cancer also varies between different tumors. Best
example for that is that in immunocompromised patients like the
ones who suffer from AIDS disease or the ones on immunosupresive therapy have significantly raised incidence only for some types
of cancers while for the other types incidence difference is not so
significant4. This article, however, does not engage with this topic.
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Tumor survellance
Several mechanisms that possibly have close connection to prevention of tumorigenesis can be affected from CNS. We can
divide them in two groups: immunosurveillance and nonimmune
surveillance. CNS can modify cellular apoptosis and DNA-repair
processes as mechanisms of nonimmune surveillance. On the
other hand, it can modify functioning of immune system and
thus modify process of immunosurveillance.
There is several ways how human immune system, in process
calledimmunosurveillancecould be deffending from malignant
diseases. One of first strong evidences for immunosurveillance
theory, which has been present for decades, was the one published in year 2001 showing that interferon-γ (IFN- γ) together
with lymphocytes prevent primary tumor development5. Among
involved lymphocytes, in great part of literature that is discussing
this issue, natural-killer cells (NK-cells) have been highlighted.
NK-cells were discovered to play one of the most important
rolles in destroying tumor cells. Namely, IFN- γ together with
other cytokines such as interleukin-2 (IL-2) induces activity of
NK-cells and thus contribute to destruction of tumor cells6. Few
researches have shown that stress can cause drop in INF- γ and
IL-2 blood levels, modify NK-cells response to these cytokines
or can diminish NK-cells cytotoxicity. First one to mention
was conducted among medical students in their examination
periods. It has shown that their blood level of IFN-γ dropped
significantly in those periods of examination comparing to other
parts of year that hadn’t been so stressful7. One other research
among marriage couples showed that those one who were behaving more negative during discussion about their marriage
problems showed noticeable drop in NK-cell activity8. Few
other researches studied effect of prolonged stress to level of
NK-cell and their cytotoxicity. Examples of that stressful situations were caregiving for severely ill (Alzheimer’s disease, or cancer) spouse or being bereaved caregiver. Comparing to control,
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noncaregiving, group, caregivers had either normal peripheral
blood levels of NK-cells with their normal cytotoxicity but
NK-cells were significantly less responsive to their stimulators
such as recombinant IFN-γ (rIFN-γ) and recombinant IL-2
(rIL-2), or either both NK-cell cytotoxicity and their rIFN-γ
and IL-2 response were lowered. Furthermore, caregivers with
lower values for this observed parameters reported significantly
less social support for their life situation9.
As mentioned earlier few other mechanisms other than immune system response could be also important for preventing
tumor development. These belong in group called nonimmune
surveillance. Some researches have shown that the CNS has
some kind of effect on DNA-repairment process as well as
on process of cellular apoptosis. Namely, essence of neoplastic changes are changes in cellular DNA. These changes can
disregulate cell function and thus cause its transition form
normal to malignant one. DNA-repair process activates
when this change occurs and thus prevent tumorigenesis. If
DNA-change is too big to repair, process of cellular suicide
called apoptosis is activated and the cell dies. There are some
evidences that show how CNS can affect listed mechanisms
without mediation of immune system. Specimens of peripheral blood leukocytes from non-medicated, newly diagnosed
psychiatric patiens have been exposed to radiation and after
that compared to specimens of healthy controls which had
also underwent radiation exposure. Leukocytes from healthy
controls after some time showed significantly smaller damages
of DNA10. Other research assesed DNA repair capacity in 16
healthy medical students during their vacation and examination periods. Results showed that DNA repair capacity was
significantly higher during the exam period than after vacation, suggesting a positive association between subject stress
levels and DNA repair capacity11. Although these two research
results may seem contradictory at first glance it is very important to take in consideration many other differences between
studies like acute stress in one and chronical stress in the other.
Nevertherless both studies prove direct connection between
psyhological stress and DNA repair capacity.
As mentioned before, stronger relationships have been observed between psycho-social factors and cancer progression
than between psycho-social factors and cancer incidence. Reason for that certainly is in fact that there are other known
pathways by which tumor cell growth can be stimulated which
do not include immune mechanisms. For example, raised level
of catecholamines, associated with stress, could induce production of VEGF which can then improve blood supply to
tumor cells and therefore provide them with more nutrients

for therir growth2. Since the topic of this article is primarily
PNI, immune mechanisms or mechanisms that are in tight
connection with immunity will be elaborated.
CNS Affects surveillance mechanisms
Now, after we discussed which are the most important components of immune system in process of surveillance over
possible malignant cell alterations and tumor growth and which
of these components are sometimes changed under psychological influence. However, there is another important question
to consider. It is important to answer how exactly can CNS
affect tumor relevant immune components. Hormones play
akey role in this process i.e. catecholamines and glucocorticoids. Both of these groups coud be released from suprarenal
gland but there are also adrenergic nerves terminating in the
lymphoid organs12.
Glucocorticoids haven’t only been discovered as immunomodulators, but they have already been used for considerable
amount of time as drugs in different kinds of immune diseases.
Glucocorticoids can alter different components of the immune
system such as lymphocyte proliferation, cytotoxic and fagocytic activity, antibody and cytokine production, and redistribution of immune cells among the different lymphoid organs.
Therefore their ability to suppress cellular immune functions,
including the cytotoxic activity of natural killer cellsis not
questionable. Unfortunatellythe exact molecular mechanism
how glucocorticoids supress cellular cytotoxicity mediated by
NK-cells, which has been highlighted in tumor supression, is
not yet understood. One research suggests that cortisol is able
to regulate NK function by disablinggranzyme A synthesis13.
Granzyme A belongs to group of serine proteases and is released from NK-cells to induce the process of apoptosis in
target cells. Therefore, lack of this enzyme disables NK-cells
to preform their cytotoxic function.
Adrenergic receptors have been discovered in different types
of immune cells. Therefore cateholamines certainly have an
effect on immune system. Most of researches, however, have
been concentrating on their effect to inflammatory response.
Therefore their importance for immunosurveilance remains
to be elucidated. On the other hand cateholamines can induce
tumor growth by direct effect on adrenergic receptors on tumor cells14, but as mentioned before, topic of this article is
brain-immune system-cancer connection so this direct effect
will not be discussed.
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Therapy applications
Ideal treatment for cancer has to remove every cancer cell while
sparing normal, healthy cells. Even the best radiation therapy,
surgery, or chemotherapy is unable to complete that task. The
only hope for achieving this goal is by using the immune system15. It could be achieved by interventions that would augment
immune responses to cancer. Understanding that psyhosocial
factors can reduce this response could help in development
of new therapies that will be aimed to psyhosocial status of
cancer patients.
From previous paragraphs it is understandable that stress could
be one of the cancer development risk factors and certainly is
a cancer progression risk factor. From objective reasons it is
very hard to discuss how could stress-reduction in everyday
life be beneficial for cancer prevention but it is very possible
to discuss how stress-reduction could and can be beneficial for
cancer patients.
There is a significant amount of researches that show how
psychosocial intervention, besides conventional therapy (chemotherapy, radiation, surgery), in cancer affected patients has
effect on cancer survival rates and its outcomes. Improvements
in psychological status among those patients have been connected to an improved physiological profile during and after
treatment, which may increase the odds for disease-free survival
in some cancers. Although this therapy method is immaginable without participation of PNI, PNI can certainly help in
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better understanding of this therapy mechanism. One study
conducted among stage I and II melanoma patients, which had
not been receiving any therapy after surgical excision of their
tumor, showed positive effect of psychosocial intervention on
their immune status. Namely, patient who had learned stress
managment techniques and had received psychosocial support
showed significant increases in the percentage of NK cells, as
well as an increase in NK cell cytotoxic activity, lesser tumor
recurrence and smaller mortality rates compared with controls16.
The other study in group of healthy older adults showed that
those adults which were involved in stress relaxation training
or social support showed significant enhancement in NK cell
activity while the others who served as controls showed no NK
cell acitivity change17.
Problem with these kind of researches is that they have been
inconsistent. In several ocassions replication of latter studies
showed different results. For example in patients with breast
cancer psychosocial support had no effect on survival rate18.
This inconsistency can be result of multiple reasons like therapy
compliance and general health behavior. As mentioned before
results can also depend on role of immune system in specific
tumors.
Most of the recent studies of this topic have been focused on
mechanisms that are part of an innate immunity (NK cells).
Further studies should, however, aim on adaptive immune responses including humoral antibody response and tumor-specific
T-cell response.
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Psihoneuroimunologija i onkologija
Sažetak: Dokazano je da psihosocijalni čimbenici, kao što je stres, imaju izravan utjecaj na napredovanje tumora prisutnog u organizmu, ali mogućnost da oni potaknu sam nastanak tumora i dalje je upitna. Razumijevanje mehanizama kojim psihosocijalni
čimbenici utječu na nadzor imunosnog sustava nad tumorima predstavlja primjenu psihoneuroimunologije u onkologiji. Psihoneuroimunologija stoga možda može objasniti kako psihosocijalni čimbenici mogu potaknuti nastanak tumora. Istraživanja su pokazala
da stres može poremetiti funkciju NK stanica koje su jedan od najvažnijih medijatora imunosnog nadzora nad tumorima. Također
postoje objašnjenja kako stres izravno utječe na napredovanje tumora. Razumijevanje ovih mehanizama moglo bi koristiti za razumijevanje i primjenu novih terapijskih metoda kod pacijenata oboljelih od tumora kao što je psihosocijalna pomoć. Ostaje i dalje za
razjasniti koji je točan mehanizam djelovanja stresa na NK stanice kao i na druge dijelove imunosnog sustava kao što su stečeni i
humoralni koji bi također mogli biti važni u nastanku tumora.
Ključne riječi: imunosni nadzor nad tumorima, NK stanice, psihoneuroimunologija, stres, zloćudni tumor
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Ssummary: Psychoneuroimmunology is a challenging approach in biomedical sciences. It combines the field of psychology, neuroscience, neurology, genetics, biology, endocrinology and immunology. The increasing knowledge in the field of neuroscience, together
with better research tools and techniques, enables the possibility to comprehend the true nature and etiology of processes that lead
to modern epidemic of depression, obesity, hormonal dysfunction etc. With the outspread of Western diet the general population
lacks adequate daily omega-3 fatty acid intake to satisfy the favorable ratio to other polyunsaturated fatty acids, such as omega-6. The
disproportion of certain food components because of unfavorable dietary habits together with maladaptive reactions to stressors
results in a state of overstrained homeostatic mechanisms- allostasis. In the case of persistent stressors this allostasis can’t cope with
the intensity and a real illness occurs. By replenishing dietary intake of omega-3 and maintain a favorable omega-3 to omega-6 ratio,
a significant step would be made in terms of lowering inflammation and supporting the processes of healing.
Keywords: Psychoneuroimmunology, Omega-3, PUFA, stress, HPA axis, DHA, Western diet
Psychoneuroimmunology (PNI), represents an integrative approach in tackling and understanding various human diseases
and disorders, especially the ones carrying the prefixes ‘autoimmune’, ‘idiopathic’ or ‘psychosomatic’. The areas of research
focus on the existing connection between the mind and the
body, mainly through the central nervous system (CNS) and
autonomic nervous system (ANS). With the development of
neuroimaging techniques in recent decades, it is now possible
to non-invasively visualize the human brain and measure its
activity in different states, including non-primary illnesses of
the CNS according to clinical classification. Moreover, this
approach focuses on elucidating and confirming the role of
neural component in diseases which manifest as somatic and
are treated symptomatically, while remaining oblivious to the
etiology. Thus, understanding the true nature and cause of the
symptoms will ultimately lead to a path for correcting the unbalance of the internal milieu. The intersection point for the mind
(psycho), CNS or ANS (neuro) and immunological component
is the brain. Through the prefrontal cortex, limbic system and
ultimately the hypotalamus-pituitary-adrenal (HPA) axis, the
brain represents an integrative center for neural, hormonal and
immunological communication and response.1 A disruption in
any of the components leads to adaptive mechanisms which
either overcome the noxious stimuli or succumb to a state of
prolonged inflammation that ultimately results in a psychiatric
or somatic condition.
Polyunsaturated fatty acids (PUFA) receive much attention in
the recent years due to the observed connection between the
Western diet and an arising epidemic of metabolic disorders in
the general population.2 It has been shown that the Western
diet contains much less omega-3 fatty acids and a lot more
omega-6. It is estimated that the ratio omega-3 to omega-6
used to be 1:1 in the hunter/gatherer era of humankind and in
the Western diet it is closer to 1:50 in favor of omega-6.3 Both
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omega-3 and omega-6 represent essential fatty acids and neither can be chosen as a strictly negative or strictly positive one.
The balance of the ratio is what is important and by keeping it
closer to one to one , metabolic syndrome incidence might be
halted.4 The ratio of PUFA is not only important in somatic,
but also in psychiatric conditions such as depression and dementia.5,6 Both mark a constant rise in incidence and both are
linked to neuroinflammatory state in the brain.7, 8 ,9, 10 By daily
consumption of the food that belongs to the Western type
diet, a state of chronic low grade inflammation is achieved.
If other negative habits such as smoking, sedentary lifestyle
and immoderate alcohol consumption are also present in an
individual, the pathophysiological mechanisms are amplified
and the state of homeostasis is seriously compromised. An allostasis is achieved, a state of homeostasis with marked usage
of coping mechanisms which ultimately puts an individual in a
less favorable state to counter noxious stimuli.
Effects of dietary PUFA
Plasmalogens are ether phospholipids. Ethanolamine, choline
and serine are the most notable polar head group. They also
contain a vinyl-ether bond at the sn-1 position and an ester
bond at the sn-2 position. This particular sn-2 position can be
occupied by different fatty acids, including PUFA. The synthesis
occurs in peroxisomes and endoplasmic reticulum. The starting molecule is dihydroxyacetone phosphate and its glycerol
component as a main central part. In the first step of synthesis,
an ester is formed with a fatty acid catalyzed by the enzyme
dihydroxyacetone phosphate acyltransferase (DHAPAT). The
fatty acid ester is then exchanged for a fatty alcohol and thus
forming an ether-bond at the sn-1 position. The enzyme needed
for this reaction is alkyl dihydroxyacetone phosphate synthase
(alkyl-DHAP synthase). Both of these enzymes are found in
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peroxisomes. The next part of the synthesis takes place
showed to be useful in treating depressive symptoms.20
cardiovascular
risk
PUFA can’t presently be recommended as a single treat
in the endoplasmic reticulum (ER). Firstly, the alkylment for any of above mentioned disorders, but current
DHAP is reduced at the position sn-2 to form a hydroxyl
research show a boosting effect on health when used as a food
group. Secondly, a fatty acid forms an ester at the previously presupplement. The entire mechanisms aren’t clear yet but some of
pared sn-2 position by the action of alkyl/acyl-glycerophosphate
them are known; activating PPAR-α and promoting transcrip(GPA) acyltransferase. This position is important for integrating
tion21, activating PPAR-γ22 , directly activating ion-channels.23
PUFA into the structure of plasmalogen. Thirdly, a polar head
One of the discoveries, regarding DHA brain derivative, is also
group such as ethanolamine or choline is added at the phosphate
worth mentioning. Synaptamide, or docosahexaenoylethanolpart of the molecule. The final step is the dehydrogenation
amide, represents a structural analog of the endogenous canprocess at the alkyl group bound on sn-1 and a vinyl ether is
nabinoid – anandamide. It stimulates synaptogenesis and neurite
formed. The plasmalogen molecule is now complete.
growth in hippocampus.24
The dietary intake of PUFA will dictate the availability of omega-3 or omega-6 to be present for the synthesis of plasmalogens
Psychoneuroimmunology and PUFA connection
and ultimately for incorporation in the cell membranes. Plasmalogens constitute 15-20% of total phospholipids in the cell
Since PUFA have an undoubtedly important function in premembrane, especially in the brain (22%), heart (25%), kidney
serving general homeostasis, but are also very much implied as
(20%) and skeletal muscle (20%). Certain areas of the brain
a factor in proper brain functioning, it shouldn’t be incredibly
contain more than 80% phospholipids in the membrane made
hard to grasp the interconnection between the PNI as a concept
from plasmalogens.11 Delivering of the specific PUFA type as a
and the importance of PUFA when approaching a certain psyplasmalogen results in different local effect. Linoleic acid (LA),
chiatric or somatic disorder and its pathophysiology. A common
arachidonic acid (AA) and dihomo-γ-linolenic acid (DGLA)
underlying cause of most main diseases affecting the modern
belong to omega-6 fatty acids and linolenic acid, docosahexaeman is a deficient or dysfunctional immunological system. A
noic (DHA) and eicosopentaenoic (EPA) belong to omega-3
significant prevalence of autoimmune, malignant, idiopathic or
fatty acids. The metabolic products of DGLA, DHA and EPA
functional disorders is present. If the PNI approach is applied,
produce generally favorable and anti-inflammatory effects (e.g.
it all starts with the mind, i.e. brain functioning.
neuroprotectins, resolvins), while on the other hand AA is a
Firstly, a noxious stimulus must be present. It can be generated
precursor for mostly inflammatory metabolites. PUFA are not
from the environment (natural disaster, accident, work related
to be divided on good and bad, the ratio between them is imstress, childhood trauma) or self-generated as a consequence
portant. In the countries where the Western diet prevails, there
of having bad or inadequate coping skills. The person ends up
is a chronic deficiency of omega-3 fatty acids resulting in an
dwelling on negative thought over and over again. The repeatunbalanced cell membrane composition and contributing to
ing process translates to a dysfunction at the highest cortical
the state of chronic low grade inflammation.12 DHA shows
levels and proceeds to lower – limbic, until finally reaching the
direct positive effect on neuronal health in forms of preservHPA axis and thus affecting the entire body. Daily cortisol levels
ing LTP synaptic transmission13 and hippocampal growth in
could serve as a significant marker in psychiatric disorders25, but
mice.14 Taking supplements that contain omega-3 fatty acids
also in patients who suffer from a metabolic26 or cardiovascushows positive effects regarding symptoms of depression and
15,
16,
17
lar27 illness. A state of permanent alarm overflows the body and
cognitive impairment.
However the studies were carried
homeostatic mechanisms begin to fulfill their role acutely until
out in hundreds rather than thousands of examinees and further
they become chronically purposeful, even self-damaging. The
large-scale research are needed to yield stronger evidence. There
autonomic system shifts the entire body in sympathetic pathway,
is also an interest in the field of neurodevelopment for the efglucocorticoid secretion is elevated and the normal HPA axis is
fects of omega-3 and the importance of PUFA in regular and
broken, diurnal rhythm is compromised, immunological system
healthy neural growth. The mere percentage of plasmalogens
is overreacting, the liver shifts its metabolism to acute inflammapresent in the CNS and actual researches carried out show a
tory pattern, endocrine glands functioning and hormone levels
great importance of PUFA for processes like myelination and
are disrupted.28 The symptoms that are developed in an afSchwann cell differentiation.18 Daily omega-3 intake reduced
fected individual reflect the underlying pathophysiological proanxiety symptoms in a study conducted in student population
cesses present. This allostatic state perfectly sets up the body for
during exams 19 and another randomized controlled trial
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Table.1 Physiological and somatic consequences of chronic stress28
Stimulation/ Up regulation

Inhibition/ Down regulation
CNS

Hippocampus (HPA feedback
Leptin axis
loop dysregulation)
Somatotropin axis
Amygdala
Gonadotropin axis
Mesolimbic-cortical
HPA axis
HYPERTENSION
Vasoconstriction mechanisms
-sympathetic tone (RAAS)
Vasodilation mechanisms
-vasopressin
-endothelin
VISCERAL FAT/ METABOLIC SYNDROME
Insulin resistance
-Gluconeogenesis
-Hyperinsulinemia
-Fat cell growth
LDL-cholesterol, FFA
Coagulation processes

Peripheral utilization of glucose
Glucose tolerance
HDL-cholesterol
Thrombolytic processes

OTHER
Atherosclerosis
Cardiovascular risk
Osteopenia/Osteoporosis
Immune insufficiency
IL-4, TH2 response

Osteoblast activity
TH1 response

developing metabolic syndrome and other endocrine disorders
(e.g. eutyhroid sick syndrome29) or autoimmune reactions which
also produce atopic and allergic reactions, dermatological conditions30 and other organ dysfunctions. Once in an ill state, an
individual exhibits sickness-behavior which shows that the brain
is also affected by the inflammatory response pattern present in
the periphery. The brain isn’t considered to be such an immunologically privileged organ as it once was.31, 32 The entire process
can start in the mind/brain as a maladaptive response to stressor
and induce an inflammatory response in the periphery, just to
return back to the brain as a neuroinflammation. A vicious
cycle is formed! Where do PUFA come here? As the currently
confirmed and observed pleiotropic effects of dietary PUFA
show, with their application a proportion of the inflammatory
state could be reduced and more importantly, have a protective
effect on the brain itself – the central organ.33 Reduction of the
inflammatory state makes way for other techniques. In order
to start with managing stress-related disorders, it would sound

prudent to have an as-close-as-you-can healthy situation in the
organ you need the most. The rise in, e.g. depressive disorder
follows the technological development and lifestyle changes that
come with it.34 Obesity and diabetes type 2 are mostly lifestyle
consequences, but from the PNI perspective it should be addressed as a mind/brain and peripheral organs dysfunction, thus
the therapeutic approach should be integrative.
Conclusion
PNI is surely a promising field due to development of neuroscience and with increasingly available techniques for research,
namely the neuroimaging techniques and easily made blood
test. This concept might enable medicine, as an interdisciplinary
profession it has become, to extend the knowledge even further
and finally figure out what lies behind the prefix ‘idiopathic’.
PUFA deficiency is a result of spreading the Western diet
among the globalized world and consequently the countries
mark an increase in metabolic, cardiovascular and malignant
diseases, but even more prominently in psychiatric disorders,
e.g. depression (second leading morbidity by 2020!).35 This all
can not be attributed to mere aging of the population, because
depression affects mostly middle-aged working people.36 A
common feature of metabolic and depressive disorder is that
they put an individual at greater risk for developing concomitant
diseases. Surely PUFA deficiency isn’t the only brick in the wall,
but by correcting the shortage of this nutrient in the body, a
valuable resource is replenished.
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Psihoneuroimunološki pristup učincima unosa višestruko nezasićenih
masnih kiselina u prehrani
Sažetak: Psihoneuroimunologija je izazovni pristup u biomedicinskoj znanosti. Stapaju se područja psihologije, neuroznanosti, neurologije, genetike, biologije, endokrinologije i imunologije. Rastuće znanje u području neuroznanosti, zajedno sa boljim istraživačkim
metodama i alatima, omogućuje bolje razumijevanje etiologije procesa koji su doveli do modernih epidemija depresije, debljine i
hormonalne disfunkcije. Raširenošću zapadnog tipa prehrane dnevno se ne unosi dovoljno omega-3 esencijalnih masnih kiselina u
odnosu na omega-6. Nesrazmjer stanovitih komponenti u prehrani uz loše prilagodbene reakcije na stresore vodi u stanje prenapregnutosti homeostatskih mehanizama- u alostazu, stanje ravnoteže uz povećane metaboličke zahtjeve. U slučaju da stresor perzistira,
alostaza ne može održati ravnotežu i manifestna bolest postaje prisutna. Zadovoljavajući dnevni unos omega-3 masnih kiselina i
zadržavajući povoljan omjer za omega-6 masnim kiselinama, učinio bi se zanačajan korak u smanjivanju upale i podupiranju puta
cijeljenja i ozdravljenja.
ključne riječi: psihoneuroimunologija, omega-3, višestruko nezasićene masne kiseline, stress, osovina HHN, dokozaheksaniočna
kiselina, zapadni tip dijete
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Summary: It has long been considered there is no immune activity in healthy brain due to intact blood-brain barrier (BBB). This
changes only when it is disrupted by trauma of infection. The latter promotes secretion of pro-inflammatory cytokines by immune
and neuronal cells that in turn cause neuroinflammation. In quiescent conditions these cytokines together with prostaglandins,
the hypothalamic-pituitary axis and the sympathetic nervous system facilitate processes of neuroplasticity, memory consolidation
and neurogenesis. However, this beneficial effect easily turns to harmful one when the immune system is strongly activated. This
activation, especially if it becomes chronic, leads to impaired hippocampal neurogenesis, inhibits the formation of LTP and causes
memory disturbances. New evidence support the hypothesis that immune processes play an important role in pathogenesis and
clinical manifestation of several diseases, AIDS and Alzheimer’s disease being one of the most researched. This research gives hope
to finding a effective cure or prevention of these diseases.
Keywords: AIDS, Alzheimer’s disease, Blood-brain barrier, Cytokines, Learning, Memory, Neurogenesis
Blood-brain barrier and immune system
Blood-brain barrier (BBB) is a diffusion membrane consisting
of endothelial cells, astrocyte end-feet and pericytes. It limits
excessive interaction between CNS and the periphery, immune
system being an important part of it 1. One of the key components of the barrier are tight junctions between endothelial
cells which make it impermeable to large molecules and cells
circulating in the bloodstream 2. [Fig. 1.] Moreover, it is thought
that immune-cell activity in the brain is also restriced by constitutive expression of different ligands on neurons, which induce
cell death by apoptosis (Fas-ligand nad TRAIL, members of the
TNF-alfa super family)2. It is proposed to actually consider BBB
as a system of parallel barriers – vascular BBB; choroid plexus as
a blood-cerebrospinal fluid barrier and the tanycytes which form
a barrier around circumventricual organs (third brain ventricle).
All of them, in their own specific manner regulate and restrict
efflux of the sustances between the blood and the tissues1.
It was long thought that immune-cell activity does not occur
in healthy brain, only under inflammatory conditions such as
infection or sepsis that cause BBB disruption. However, it is now
believed that BBB disruption is linked to various neuroinflammatory events such as multiple sclerosis, neurotrauma, vascular
dementias and stroke 1.
Additionally, some of the studies showed that 80% of the cells
present in the cerebrospinal fluid of a healthy individual are
memory T-cells (CSF) 2. There are T-cells specific for CNS
antigens that have a neuroprotective role following brain injury although they might also lead to autoimmune disease if
their response is exaggerated. Under quiescent conditions their
autoimmune activity is supressed by CD4+CD25+ regulatory
T-cells but can be activated by a ‘danger signal’, e.g. brain injury.
When such a signal is transmited, it activates antigen presenting cells (dendritic cells and microglia in the brain) which then
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interact with disinhibited CNS-specific T-cells. As a consequence,
those activated T-cells secrete neurotrophic factors that induce
microglia to exhibit a neuroprotective phenotype 2.
Neuroplasticity and immune system
Neuroplasticity is an ongoing process in the brain which makes
sure that neural circuits that undergo changes are efficiently
functioning, accurate and fine-tuned3. It involves neuronal apoptosis, degradation of both processes and individual synapses
thus leaving debris that may interfere with normal functioning if not cleared out. Therefore, adequate activity of immune
mechanisms is crucial for proper efficiency and functioning
of these processes. Furthermore, it is suggested that immunemediated brain remodeling processes are essentialy triggered by
neuronal activity. They involve non-neuronal cells within brain
parenchyma (mainly microglia, but also astrocytes and possibly
mast cells) and endothelial cells, perivascular macrophages and
T cells that are a part of brain vasculature, choroid plexus and
meninges, as well as complement system and molecules that are
a part of major histocompatibility complex class I (MHC-I)3.
The influence of T-cells, cytokines and prostaglandins on learning and memory under quiescent conditions
As above mentioned, CD4+ T-cells directed toward a brain
antigen can be neuroprotective. It is believed that T-cells are
situated in meningeal spaces. Experiments on mice with SCID
(severe combined immune deficiency, deficient in both T and
B cells) and nude mice (deficient in mature T cells) showed
impairments with hippocampal dependent memory and learning. What is more, if nude mice or SCID mice were injected
with T cells derived from WT (wild type) mice or received bone
marrow transplantation respectively, their memory and learning was improved. In addition, one study displayed there is an
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Fig. 1. One of the key components of the barrier are tight junctions between endothelial
cells which make it impermeable to large molecules and cells circulating in the bloodstream.
(reproduced from: Banks WA. The blood-brain barrier in neuroimmunology: Tales of
separation and assimilation. Brain, Behavior and Immunity. 2014; 44: 1-8; http://
dx.doi.org/10.1016/j.bbi.2014.08.007 )

improvement in learning and memory tests in trangenic mice
with excess of brain specific T-cells, unlike transgenic mice with
excess of T-cells directed against an irrelevant (non-self) antigen
which had worse results in such tests. Alongside these studies on
mice, we can observe cognitive impairments related to immune
deficiency (including T-cell decrease) in certain common cases
– aging, HIV infection and chemotherapy. Furhtermore, it may
be possible that boosting T cell immunity by physical exercise
and calorie restriction could lessen cognitive impairment that
come with aging3.
Under quiescent conditions, level of produced IL-1 is very low,
even below the threshold of detection. Studies showed that
IL-1 levels increase during learning process and if a low dose
is applied there is a significant improvement in functioning of
hippocampal-dependent memory. On the other hand, pharmacological or genetic modification which inhibits IL-1 signaling
leads to impaired memory functioning. It is suggested that IL-1
mediates up-regulation of NMDA receptors on hippocampal
neurons thus participating in formation of LTP and long-term
memory3.
A study that involved systemic lupus erythematosus and surgical patients showed that high levels of IL-6 have a neuroprotective role on declarative memory impairment no matter the
interpersonal differences in age, gender, pain experienced or
baseline ability3.
Although their is ample evidence that TNFα has a detrimental
effect on memory processes under healthy conditions, certain
studies indicate it may have a protective role when brain homeostasis is disturbed3.
The influence of prostaglandins on memory was studied by
peripheral or intracerebroventricular (i.c.v.) administration of
either selective COX-2 or non-selective COX inhibitors. The
results showed that inhibition of COX-2 caused impairment
in spatial memory and non-selective COX inhibition caused
contextual fear memory impairment3.
Immune processes and modulation of neural plasticity and LTP
It is supported by extensive research that memory formation
in hippocampus and other brain areas relies on synaptic plasticity and LTP3. When it comes to influence of inflammatory
cytokines on LTP, IL-1 seems to have a crucial physiological
role on its maintenance. Research on mice reported that IL-1β
might have sinergistic effect together with cortisol on memory
performance. This is in line with evidence that low levels of glucocorticoids have beneficial effect on hippocampal-dependent
memory, neural plasticity and neurogenesis.3
Furthermore, there is evidence that endogenous IL-6 may take

part in physiological termination of LTP. In vivo studies reported there is an increase in IL-6 gene expression following
LTP induction by HFS that also correlated with longer maintenance of LTP.
Moreover, immunoneutralization by administration of anti-IL-6
antibodies showed that IL-6 probably affects maintenance of
LTP only in its late phase.3
TNFα might not participate in acute plasticity, but rather in
processes of long-term plasticity in adult brain called synaptic
scaling. It is a process that stabilizes neural networks functioning
by modyfing the strengths in all synapses on a cell if change in
its electrical activity is prolonged. Moreover, it was found that
TNFα involved in that process is secreted only by astrocytes3
Lastly, it is suggested that prostaglandins synthesized endogenously by COX-2, not COX-1 could play an important role in
promoting long-term hippocampal synaptic plasticity3.
Immune activity and neurogenesis
In healthy adult brain neurogenesis (proliferation and differentiation of neuronal stem cells) takes place in two locations
– subventricular zone of the lateral ventricle (SVZ) and subgranular zone of the hippocampal DG (SGZ). Neurogenesis
is considered to be an important aspect of learning, memory
and neuronal plasticity most likely because of hyper-plasticity
of young neuronal cells in hippocampus3.
T-helper cells that express a CNS-specific receptor support neurogenesis by producing IL-4 and IFN-γ that activate microglia.
In addition, activated microglia produces neurotrophic factors
such as insulin growth factor (IGF-1), TGF-β (in adrenalectomized rats), IFN- γ which promote proliferation or differentiation of neuronal precursor cells.3
Furthermore, microglia has a high expression of COX-2. If
COX-2 is inhibited, neuronal proliferation in both hippocampus and SVZ is reduced by 40-90% which implies that prostaglandins play an important role in neurogenesis, most likely in
an indirect way. Another pro-inflammatory cytokine, TNF-α,
enhances neuronal proliferation in subventricular zone, but it
has no effect on differentiation3.
Recent studies indicate that astrocytic activity regulates neuronal excitability and synaptic strength by producing various
gliotransmiters, facilitates memory consolidation by producing
lactate and promotes LTP induction by producing D-serine
which binds to neuronal NMDA receptors3.
It is known that brain derived neurotrophic factor (BDNF) secreted by neurons, astrocytes and microglia affects both neural
and behavioural plasticity – hippocampal-dependent memory,
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Fig. 2. A systemic model of complex interactions between the brain, peripheral immune cells,
the SNS and the HPA axis.
(reproduced from: Yirmiya R., Goshen I. Immune modulation of learning, memory, neural
plasticity and neurogenesis. Brain, Behavior and Immunity. 2011. 25, 181-213.)

be interpreted cautiously, because many of the symptoms exhibited may be a part of general sickness syndrome, rather
than the result of a specific detrimental effect of the immune
process on learning or memory3. Paradigms used for the assessment of influence of the immune processes on learning
and memory are the water maze test (assesses hippocampaldependent spatial learning), active and passive avoidance task
(also hippocampal-dependent learning) and fear conditioning
test (hippocampal-independent)3,5.
Adverse effects of cytokines and prostaglandins on learning and memory
LTP and neurogenesis. It is suggested that immune activity
that involves CNS-specific T-cells and IL-4 stimulated astrocytes induces enhanced BDNF production which in turn has
a positive effect on memory and learning3.
The influence of immune processes on learning and
memory under inflammatory conditions
As mentioned before, a delicate balance between neural and
immune processes is crucial for brain plasticity, neurogenesis,
learning and memory. This delicate balance is easily disrupted
by infectious diseases, brain trauma, neurodegenerative diseases, acute or chronic stress. In these conditions, the immune
system is strongly activated and complex neural and immune
cell interactions occur, resulting in the secretion of high levels
of pro-inflammatory cytokines (IL-1, IL-6 and TNFα). Peripheral autonomic and sensory nerve fibers which surround
immune cells secrete neuropeptides such as corticotropin
releasing factor (CRF) and substance P (SP), initiating the
immune response. These immune cells (e.g. the mast cell) are
then incited to secrete pro-inflammatory cytokines4. When
these cytokines are secreted in various parts of the brain, they
induce further cytokine production in microglia and astrocytes.
Moreover, this “cytokine storm” arising from the brain and
peripheral immune cells activates the hypothalamic-pituitaryadrenal axis (HPA) and the sympathetic nervous system (SNS),
resulting in elevated levels of cortisol, adrenalin and strong
activation of brain monoaminergic pathways. Altogether, these
processes cause impairments in neurogenesis, learning and
memory. [Fig. 2.]
Several experiments, mostly in rodents, were carried out to
assess the influence of immune activation on some forms of
learning and memory. The results of such experiments should
68 | gyrus vol III no 2 | june 2015

Most of the experiments focused on the effects of the following cytokines: IL-1, IL-6 and TNFα. We concluded that
they can facilitate the processes of learning and memory when
produced at basal, physiological levels under quiescent, noninflammatory conditions. Extensive cytokine production during stress or inflammation easily turns this beneficial effect
into a harmful one.
The studies showed that both intracerebroventricular and peripheral application of IL-1β damaged spatial, hippocampal-dependent learning in the water-maze test. Similar impairments in
hippocampal-dependent spatial and long-term contextual fear
memory were found when the effects of chronic transgenic
over-expression of IL-1β were analyzed. These impairments
are probably the result of neuroinflammation induced by the
elevated levels of IL-1 β. The results of other experiments
confirmed the connection between bacterial lipopolysaccharide (LPS) application (which serves as a model of infection)
and memory disturbances. This negative effect on memory is
again mediated by elevated levels of IL-1β. Administration
of IL-1 receptor antagonist (IL-1ra) immediately after LPS
suppressed this detrimental effect, which is another strong
proof of the essential role which IL-1 plays in processes of
learning and memory. Aging and exposure to stressors are
also connected with neuroinflammation and elevated levels
of pro-inflammatory cytokines, particularly IL-1.
IL-6 is another cytokine which plays a significant role in processes of learning and memory. Increased levels of this cytokine are associated with aging, so it is hypothesized that IL-6
is connected with age-related memory deterioration.
The data collected so far about the effects of TNFα is inconsistent. It may only be concluded that the effects of TNFα on
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Fig. 3. Neuropathological characteristics of Alzheimer’s disease-amyloid plaques and neurofibrillary tangles. (reproduced from: Alzheimer’s Disease Research, a program of the American
Health Assistance Foundation. http://www.ahaf.org/alzheimers)

memory and learning are apparently dose and age dependent,
meaning that TNFα can have both beneficial and harmful
effect. The studies which assessed the influence of prostaglandins focused mainly on the effects of the application of
COX inhibitors. The results showed that their application had
reduced memory impairments caused by conditions associated
with neuroinflammation, such as aging, stress, traumatic brain
injury, LPS administration3.
Adverse effects of immune processes on hippocampal
LTP and neurogenesis
Infection, brain trauma, stress, natural aging and neurodegenerative diseases inhibit LTP along with memory deterioration.
All these states are marked by the elevated levels of IL-1β in the
hippocampus, which mediates this inhibition. Moreover, exposure to psychological stress strongly activates microglial cells,
inducing the production of high levels of pro-inflammatory
cytokines. This excessive, unregulated brain immune activity
leads to impairments in learning, memory and neurogenesis
that may eventually lead to hyper-excitability, neurodegeneration, excitotoxicitiy and apoptosis. Several studies showed that
neural plasticity and neurogenesis are damaged during inflammation due to reduced production of neurotrophic factors or
their disturbed signaling3. Immune activity may possibly influence hippocampal-dependent declarative and episodic memory
through its influence on hippocampal neurogenesis. One study
found that the ablation of hippocampal neurogenesis caused
by an anti-mitotic drug damaged the rodents’ performance in
trace eyeblink conditioning2.
The effects of immune processes on memory deterioration in humans
High levels of pro-inflammatory cytokines were found in autoimmune diseases, such as lupus and multiple sclerosis. One
study observed patients with multiple sclerosis, finding that
there is a connection between higher levels of IL-6 and poor
cognitive abilities. However, research on patients with chronic
hepatitis C or type-2 diabetes who usually exhibit moderate
cognitive impairments showed no correlation between cytokine levels and memory disturbance. An interesting crossover,
double-blind study was conducted in healthy male volunteers.
The volunteers were expected to complete psychological questionnaires and neuropsychological tests after LPS or saline
administration. LPS had no effect on the physical symptoms
of illness, but it caused mild fever and significantly raised

the levels of IL-1ra, IL-6, TNFα, and cortisol. Following the
intravenous injection of endotoxin, a massive deterioration
of memory functions was spotted during all testing periods,
which correlated with the production of pro-inflammatory
cytokines. On the other hand, the same procedure showed
that endotoxin administration had enhanced working memory
performance (measured by the Digit Span Backward Test).
This enhancement was mediated by changes in cholinergic
transmission, rather than cytokine secretion3.
Another experiment was carried out to assess the influence of
peripheral inflammation on human spatial memory. 20 healthy
male volunteers went through fluorodeoxyglucose positron
emission tomography (FDG PET) scanning before and after
typhoid vaccination or saline control administration. After each
scanning session, participants had to complete a spatial and
procedural memory task. FDG PET scanning sessions revealed
an acute reduction of glucose metabolism in the medial temporal lobe (MTL) after the inflammation. The inflammation
damaged spatial, but not procedural memory, showing that the
inflammation in structures of MTL mediated its effects on
spatial memory. The conclusion that peripheral inflammation
causes memory impairments could serve as a possible explanation of the pathophysiology of neurodegenerative diseases,
most notably Alzheimer’s disease (AD). AD shows the same
pattern of cognitive impairments like those described in the
aforementioned study: MTL-related memory, including spatial
memory is damaged, while procedural memory is preserved7.
Alzheimer’s disease as an example of complex interactions between the immune system, neurogenesis and
hippocampal-dependent memory
Alzheimer’s disease is the most common cause of dementia
in elderly people. Neuropathological characteristics are the
formation of senile plaques and neurofibrillary tangles. Senile
plaques consist of aggregated amyloid beta-peptide (Aβ), while
neurofibrillary tangles are intracellular clusters of microtubulerelated protein tau. Fig. 3. Recent studies have shown that the
immune processes play an important role in the pathogenesis
of AD. Inflammatory cytokines like IL-1, IL-6 and TNFα may
induce Aβ formation6. Amyloid beta then activates microglia
to express cytotoxic phenotype which damages neurogenesis
2. One research demonstrated that treatment with an antiinflammatory drug, sulindac sulfide in this case, prevented
LPS-induced amyloidogenesis, memory impairment and neuronal death in vivo in mice6. New studies show that microglia
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could have a protective role because it restricts senile plaque
formation in murine models of AD2.
The effect of HIV- caused neuroinflammation on memory
and learning
HIV is a neurotropic virus that is transported through BBB
either as a free virus by binding via glycoproteins to endothelial
surface glycoproteins and transcytosis or within an infected cell
through disrupted BBB. Infected immune cells that prevail in
the brain during infection are monocytes/macrophages whose
activity results in neuronal death and functional loss. When it
comes to T-cells there is evidence that lower levels of CD4 T
cells are associated with greater neurocognitive decline implying they could have a protective role. On the contrary, there
is also evidence they have an important role in pathogenesis
of HIV- associated neurodegenerative diseases8.
Activated HIV-infected monocytes/macrophages and T cells
that accumulate in the brain promote neuroinflammation
processes which induce astrocytosis and microglial activation.
Those processes of neuroinflammation initially take place in
the hippocampus, entorhinal and temporal cortices. Furthermore, activated microglia releases neurotoxic substances such
as TNF, IL-β, glutamate and quinolonic acid which lead to
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neuronal damage and cognitive dysfunction8.
Although antiretroviral therapy successfully suppresses peripheral viral replication the same does not apply to CNS. HIV-1
enhances activation of brain-to-blood transporter thus inhibiting accumulation of antiviral drugs in therapeutic levels. It is
suggested that constant, even low, viral activity in the brain
causes neuroinflammation and leads to neurocognitive decline8.
Conclusion
Although neuroimmunology is nowadays one of the most
interesting topics in neuroscience, further research is needed
to fully understand the complex interactions between the
brain and the immune system. This research should especially concentrate on finding the possible pathophysiological
mechanisms of neurodegenerative diseases such as Alzheimer’s
disease. Ample evidence suggest the protective role of antiinflammatory agents, giving hope to finding a cure or effective
prevention of this disease. Furthermore, with AIDS being one
of the biggest public health concerns, new research should
focus on finding the antiretroviral drug which will successfully
inhibits viral replication in CNS, preventing neurocognitive
decline.
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Utjecaj imunoloških događanja na neurogenezu, učenje i pamćenje
Sažetak: Mozak se dugo doživljavao imunološki privilegiranim organom u kojemu nema aktivnosti imunoloških stanica zbog krvnomoždane barijere koja tim stanicama nije dopuštala ulaz u središnji živčani sustav. Trauma ili infekcija narušavaju tu barijeru te potiču
imunosne stanice i neurone na lučenje proupalnih citokina. U mirnim uvjetima ti citokini, zajedno s prostaglandinima, hipotalamohipofiznom osi i simpatičkim živčanim sustavom, olakšavaju procese neuroplastičnosti, neurogeneze i konsolidacije pamćenja. U
stanjima snažne aktivacije imunološkog sustava taj se pozitivan učinak lako pretvara u štetan. Kada snažna aktivacija imunološkog
sustava postane kronična, ona dovodi do otežane neurogeneze u hipokampusu, inhibicije stvaranja LTP-a te uzrokuje teškoće s
pamćenjem. Novi dokazi podupiru hipotezu da imunološki procesi imaju važnu ulogu u patogenezi i kliničkoj slici nekoliko bolesti
među kojima su AIDS i Alzheimerova bolest najviše istraživane. Ova istraživanja mogla bi pomoći u otkrivanju učinkovite metode
liječenja ili prevencije ovih bolesti.
Ključne riječi: AIDS, Alzheimerova bolest, citokini, krvno-moždana barijera, neurogeneza, pamćenje, učenje
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Summary: Available literature suggests that melatonin has many important physiological functions in human body, but this review
will focus on its role in immune system functioning. Existence of a relationship between melatonin and the immune system has been
observed in a great number of studies in various species, including humans. The role of melatonin in circadian rhythm regulation,
sleep-promotion and its ability to buffer immune system makes it interesting and unique from immunology perspective. It has been
shown that melatonin acts as an immunostimulant under basal or immunosuppressive conditions, but as an anti-inflammatory compound in the presence of exacerbated immune responses. This characteristic function, as well as its antioxidant, antiviral, antibiotic,
anti-parasitic and other properties make it also attractive as pharmacological target.
Keywords: melatonin, immune system, immunostimulation, sleep, leukocytes, circadian rhythm, therapeutic applications of melatonin
Melatonin is N-acetyl-5-methoxytryptamine, a simple mehoxylated and N-acetylated product of serotonin produced by the
pineal gland, as well as by retina, gut and immunocompetent
cells including both bone marrow cells and lymphocytes. In
vertebrates, it is primarily produced at nighttime by the pineal
gland and it is known that it has vast physiological functions in
bacteria, eukaryotes, plants and all phyla of multicellular animals.
It is because of its ancient origin that this highly conserved
indoleamine derived from tryptophan possesses numerous
functions acquired throughout evolution. Many important biological effects of melatonin are produced through activation of
melatonin receptors, but its powerful antioxidant properties and
potential role in the protection of nuclear and mitochondrial
DNA should not be forgotten. Melatonin was first isolated and
named in 1958 by dermathology professor Aaron B. Lerner.
His research was driven by a discovery from 1917 made by
Carey Pratt McCord and Floyd P. Allen who found that feeding
pineal gland extracts to tadpoles lightened their skin by contracting their dark epidermal melanophores. In 1993 antioxidant
properties of melatonin were discovered. Afterwards melatonin
became a popular topic of research and it was soon patented
as a sleep aid. A lot of studies followed showing its potential
beneficial effect in many diseases and its important physiological role. Melatonin synthesis in humans follows a serotonin
pathway. It involves four enzymatic steps starting with hydroxylation of indole ring of dietary amino acid L-tryptophan resulting in formation of 5-hydroxy-L-tryptophan (5-HTP) by an
enzyme tryptophan 5-hydroxylase. 5-hydroxy-L-tryptophan is
decarboxylated by 5-hydroxytryptophan decarboxylase to produce serotonin. The key enzyme for production of melatonin
is aralkylamine N-acetyltransferase (AANAT) which is activated
to convert serotonin to N-acetyl serotonin, main substrate for
melatonin production. The final step is methylation by the
enzyme acetylserotonin O-methyltransferase. It is important
to point out that aralkylamine N-acetyltransferase (AANAT),
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the key regulator of melatonin synthesis from tryptophan, is
directly influenced by photoperiod 1. It is believed that melatonin production is controlled by the light signal that reaches
the suprachiasmatic nuclei (SCN) from retinal photosensitive
ganglion cells of the eyes. Although available literature suggests
that melatonin has many important physiological functions in
human body, this review will focus on its role in immune system
functioning.
Melatonin, the circadian rhythm regulator
Melatonin is well-established as a chronomodulator of biological systems. Circulating melatonin, which is derived exclusively
from the pineal gland, follows a circadian rhythm, being at maximal levels during the dark period of the 24-h cycle, regardless
of whether the species is diurnally or nocturnally active. The
nocturnal synthesis and release of melatonin by the pineal gland
are tightly controlled by the suprachiasmatic nuclei and inhibited by light exposure. It is proposed that the light signal first
activates photoreceptive retinal ganglion cells (ipRGCs) and
controls SCN via the glutamatergic retinohypothalamic tract
(RHT) projection.3. Even though light signal greatly changes
SCN activity its role is just modulation of cell-autonomous
oscillatory function seen in these neurons.4 We can therefore
conclude that the essential role of retinohypothalamic tract
(RHT) projection is, in fact, regulatory in nature and phaseadjusting function that synchronizes the clock oscillation with
environmental cycling conditions such as light/dark cycle is the
way organism can adapt to its environment. After its secretion
melatonin distributes to the multitude of tissue targets expressing melatonin receptors. It is important to notice that due to
expression of melatonin receptors on SCN ,endogenous melatonin is also able to feedback onto the master clock, although
its physiological significance needs further characterization.5
Expression of melatonin receptors on suprachiasmatic nuclei
is pharmacologically interesting because of potential for re-
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Fig 1. Synthesis and CYP metabolism of melatonin in the CNS 2

synchronization of SCN clock after treatment with exogenous
melatonin which has been reported in several studies.6,7. After
its distribution to vast number of tissue targets melatonin activates or synchronizes tissue oscillatory activity. The way melatonin regulates tissue oscillator activity is through regulation
of core clock components which are defined as genes whose
protein products are necessary for the generation and regulation of circadian rhythms within individual cells throughout
the organism.8 At the molecular level the clock mechanism
consists of a network of transcriptional–translational feedback
loops that drive rhythmic expression patterns of genes9. Its
role in synchronization is particularly interesting in pregnant
women. Opposed to maternal circadian rhythm where SCN
is the master clock, the fetus has no master clock of its own.
The available data points to the fact that the fetal SCN and
fetal tissues may be following orders from maternal circadian
signals10 . Furthermore, emerging evidence shows that maternal
rhythm of melatonin plays a role in adjustment of fetal and
neonatal circadian rhythms needed for life in future environment after birth. Some researchers also point out that maternal
melatonin has an effect on fetal adrenal glands activity and fetal
development overall11. N.Mendez et al. showed that maternal
melatonin supression in rats resulted in fetal growth retardation,
changes in mRNA of Per2, Bmal1, StAR, Mt1 and Egr1 and
corticosterone content in adrenals. Another important finding
is that exogenous melatonin successfully reversed the changes
in intrauterine growth in light exposed rats12.
Role of circadian rhythm in immunity
Circadian rhythm and the immune system are highly intertwined.
It is hypothesized that changes in cortisol levels, sympathetic
nervous system activity, growth hormone, prolactin, melatonin
and other hormones that show systematic fluctuations during
24-hour period play an important role in regulation of both the
number and the activity of leukocytes, lymphocyte proliferation,
humoral immune response and cytokine levels13,14. The most
important changes that originate from a combined influence of
circadian system and sleep on number of serum lymphocytes
that were reported during daytime are: quantitative increase in
granulocytes, macrophages, natural killer (NK) cells, extrathymic T cells, γδ T cells, and CD8+ subset. The most important
changes in number of leukocytes during nighttime was: increase
in number of T cells, B cells, αβ T cells, and CD4+ subset15.
Sympathetic and parasympathetic nervous system probably play
an important role in observed difference in leukocyte count
since humans are active and show sympathetic nerve domi-

nance in the daytime and granulocytes and lymphocyte subsets
with the daytime rhythm were found to carry a high density
of adrenergic receptors. On the other hand, lymphocyte subtypes with the nighttime rhythm carry a high proportion of
cholinergic receptors15. Cytokines also show circadian pattern.
The available evidence seems to suggest that proinflammatory cytokines like interleukin 12 (IL-12) peak during nighttime, whereas anti-inflammatory cytokines such as interleukin
10 (IL-10) peak during daytime13. M.R.I.Young and colleagues
described that serum levels of cytokines like tumor necrosis factor alpha (TNF-α), granulocyte-macrophage colony-stimulating
factor (GM-CSF) and interleukin 10 (IL-10) follow biphasic
temporal pattern. Serum peak of TNF-α was at 7:30AM and
at 1:30 AM. IL-10 levels also exhibited a biphasic pattern, with
one peak at 07:30AM and the second at 7:30AM. GM-CSF
were last to rise with first peak at 1:30AM and the second at
7:30AM. IL-2 had a single peak at approximately noon 16. On
top of that, several studies report autonomous fully functional
circadian clockworks within immunological compartments like
the spleen or lymph nodes. There are also results that provide
confirmatory evidence that local, immune cell intrinsic clocks
exist. Keller M. and colleagues demonstrated that, on the molecular level, >8% of the macrophage transcriptome oscillates
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in a circadian fashion, including many important regulators for
pathogen recognition and cytokine secretion14.
Melatonin and sleep
The endogenous circadian rhythm of melatonin, driven by the
suprachiasmatic nucleus, exhibits a close association with the endogenous circadian component of the sleep propensity rhythm
and the endogenous circadian component of the variation in
electroencephalogram (EEG) oscillations such as sleep spindles
and slow waves. A closer look at the available data indicates that
melatonin might have important role in regulating latency to sleep
onset and sleep consolidation hence some researchers define it
as circadian regulator of sleep. Moreover, administration of high
doses of melatonin (5mg or more) before nocturnal sleep results
in an increase in rapid eye movement (REM) sleep 17. It is interesting that only high doses were able to achieve nighttime increase
in sleepiness. By contrast, it seems that daytime administrations
of melatonin induce increased sleepiness, even at doses that do
not increase plasma levels of melatonin beyond its physiological levels18. Since melatonin receptors are found in vast number
of tissues and because melatonin is a liposoluble molecule it is
hard to determine specific mechanism by which melatonin exerts
its sleep promoting effect, but some scientists suggest that the
sleep-promoting and sleep/wake rhythm regulating effects of
melatonin are attributed to its action on G-protein coupled MT1
and MT2 melatonin receptors, especially receptors present in the
suprachiasmatic nucleus (SCN) of the hypothalamus19.
It is also suggested that melatonin exerts its hypnotic effects
through thermoregulatory mechanisms. Lowering of body core
temperature reduces arousal and increases sleepiness. Hypothermia associated with sleep induction can also be seen in treatment
with benzodiazepines although it should be stated that increase in
sleepiness is linked to peripheral skin vasodilatation rather than
the decline in core body temperature per se. Also, core body temperature decline is a consequence of heat loss and not a primary
cause of sleepiness induction20.
Finally, melatonin might modify brain levels of monoamine neurotransmitters, thereby initiating a cascade of events culminating in the activation of sleep mechanisms21. Regardless of the
mechanism of action, melatonin promotes and sustains sleep
in humans.
Sleep and immune function
Sleep and the circadian system exert a strong regulatory influence
on immune functions. It is difficult to dissect the influence of
74 | gyrus vol III no 2 | june 2015

sleep on immune function from that of the circadian rhythm
or behevioral changes that follow similar circadian pattern but
studies such as ones that compare effects of nocturnal sleep
with 24-hour wakefulness help us understand effect of sleep on
immune parameters. For most of the lymphocyte subsets, sleep,
in contrast to wakefulness, was shown to reduce cell counts in
blood during the night, whereas this decrease is compensated
by increased cell numbers during subsequent daytime. This was
shown for: Th cells, cytotoxic T lymphocytes CTL, activated T
cells as well as NK cells. On the other hand B cell numbers did
not show a compensating enhancement during the following day.
Monocyte counts were also lower during sleep compared with
nocturnal wakefulness. However, some newer studies highlight
the importance of immune cell subtypes affected by sleep. In
this regard, Dimitrov and colleagues showed that sleep reduced
CD14dimCD16+ monocytes capable of noninflammed tissue
invasion, while CD14+ CD16− monocyte counts remained unchanged during wakefulness. Similarly, cytotoxic NK cells were
suppressed during sleep, while the immuno-regulatory CD16−
CD56bright NK cells with low cytotoxicity remained constant
22. Similar to circadian rythm, sleep selectively modulates some
leukoyte subsets, while others remain unaffected. It is important
to highlight that the reductions in leukocyte numbers observed
during regular sleep should not be mistaken for general immunosuppression. Researchers suggest that this reduction s most likely
represent a redistribution of the cells to different extravascular
compartments or an enhanced margination to the endothelium
of postcapillary venules23.
Several studies also show that sleep has effect on cytokine production. There is consistent evidence that sleep favours the production of proinflammatory and Th1 cytokines. Sleep strongly
induced the production of IL-12 which is a key cytokine for Th1
type adaptive immune response and suppressed production of
anti-inflammatory IL-10 by monocytes. Interestingly, the difference between early and late sleep was observed. During early
sleep there is a dominant Th1 cytokine production and during
late sleep the production is shifted towards Th2 cytokine production. It should be stated that sleep does not non-specifically support production of proinflammatory cytokines in all cells. Sleep
has a reducing effect on interferon γ (IFN-γ) as well as tumor
necrosis factor α (TNF-α) production by cytotoxic T lymphocytes
(CTL). However, some scientists suggest that this reduction could
reflect the fact that due to a sleep-associated drop in epinephrine
levels, cytokine producing effector leukocytes marginate to the
vessel walls and are no more available for blood sampling and
flow cytometric cytokine assessment. Another exception to the
rule that sleep promotes proinflammatory cytokine production is
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serum level of IL-6. Moreover, another studies did not show any
effect of sleep on herpes simplex virus 1-stimulated production
of IFN-α. Other proof of selective effects of sleep on immune
function is enhanced production of proinflammatory IL-7, which
supprots T cell growth and the differentiation of memory T cells.
On the other hand, membrane bound IL-15 sharing some of the
functions of IL-7 remains uninfluenced. Amongst the studies
regarding effects of sleep on cytokine activity, there are some
discrepant findings mostly attributed to differences in the assessment of cytokine activity. Nevertheless, despite the variety in the
procedures used for assessing cytokine activity, the overall picture
arising from these studies shows that sleep enhances proinflammatory cytokine production specifically by immune cells contributing to the development of adaptive immune responses23.
Previous studies indicate that sleep can also modulate immune
function through cytokine receptors. Dimitrov and colleagues
have proposed that sleep strongly enhances concentrations of
the soluble IL-6 receptor, while membrane-bound type of IL-6
receptors remained unchanged. They concluded that sleep serves
to enhance trans-IL-6 signalling in cells that can receive IL-6 signals but don’t carry membrane receptors24. It is interesting that, in
this way, IL-6 can through its soluble receptor also influence other
cells and systems including the brain. This possibility represents a
potential feedback loop and, according to some authors, the way
by which cytokines promote slow-wave sleep23. Sleep can also
affect immune function during ongoing immune response. For
several years great effort has been devoted to the study of effects
of sleep on the response to vaccinations. A lot of studies have
demonstrated that sleep promotes the adaptive immune response
against the invading antigen. Lange and her team reported that
sleep after vaccination doubled the frequency of Ag-specific Th
cells and increased the fraction of Th1 cytokine-producing cells
in this population. Sleep also increased Ag-specific IgG1. They
emphasise the importance of slow-wave sleep and accompanying levels of immunoregulatory hormones (increased growth
hormone and prolactin, decreased cortisol release). The most
important finding regarding enhancement of adaptive immune
response after vaccination is that these immuno-enhancing effects of sleep were still present at a 1-year follow up indicating
that sleep affects not only initial formation of an adaptive immune response, but also maintenance of the antigenic memory25.
Melatonin and the immune system
The idea that melatonin is involved in regulation of the immune
system is not new. Bergman and co-workers gave the pineal
gland extract to cats as far back as 1926, showing that it can

enhance immune function.
The first study that suggested that melatonin is involved in
regulation of immune system was performed by Csaba and
Barath in 1975. They demonstrated that pinealectomy causes
a depression in the immune system and that thymic cells stop
proliferating after surgical removal of the pineal gland26. Other
scientists successfully demonstrated that thymus gland shrink
after pinealectomy in mice. Correlation between depression of
the immune system and pinealectomy was confirmed by Beskonakli and co-workers after they proved that the removal of
pineal gland results in a reduction in the number of lymphocytes, erythrocytes and leukocytes 27. Many other experiments
show that any procedure that inhibits melatonin synthesis and
secretion, such as exposure to constant illumination, pineal
denervation or ablation, depresses both, cellular and humoral
activity. There are also numerous studies that demonstrate that
such depressive immunological state can be partly counteracted by exogenous melatonin28. Available research indicates
that melatonin exerts its immunomodulatory function through
several mechanisms such as: action on T-helper lymphocytes
(Th), action on T-lymphocyte precursors, modulation of both
natural killer (NK) cell and monocyte function, regulatory role
in endocrine system and others.
Melatonin receptors in the immune system
Two membrane bound melatonin receptors are identified and
characterized, MT1 and MT2. Both of them belong to the
family of G protein-coupled, seven transmembrane receptors.
Some authors also reported potential MT3 receptor but this
biological target of melatonin was found to actually be the cytosolic enzyme, quinone reductase 2. The MT1 receptor is 350
amino acids in length and coupled to Gi, specifically Giα2, Giα3,
and Gq/11. Current literature indicates that MT1 receptors
are expressed in the brain (predominantly in the hypothalamus,
cerebellum, hippocampus, substantia nigra and ventral tegmental area), cardiovascular system (including peripheral blood vessels, aorta and heart), immune system, testes, ovary, skin, liver,
kidney, adrenal cortex, placenta, breast, retina, pancreas and
spleen 29. MT2 receptor is 60% homologous to the MT1 receptor and consists of 363 amino acids. The MT2 receptor is also
a G-protein related and couples to the activation of Gi. MT2
has been found in the immune system, brain (hypothalamus,
SCN), retina, pituitary, blood vessels, testes, kidney, gastrointestinal tract, mammary glands, adipose tissue, and the skin29.
Although MT3 receptor (quinone reductase 2) has not yet been
found in humans, it is expressed in the hamster’s liver, kidneys,
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Fig 2. Melatonin signaling through MT1, MT2 and nuclear receptors.1

heart, adipose tissue and the brain and in retina of the rabbit.
Melatonin may also exert its effects through retinoid orphan
receptors/retinoid Z receptors (ROR/RZR ) nuclear receptors.
Melatonin And Lymphocytes

sible pathophysiological mechanism underlying development
of degenerative diseases19. Another important mechanism by
which melatonin increases monocyte activity is its ability to
increase monocyte sensitivity to stimulants like IL-3, IL-4, IL-6
or GM-CSF19.
Melatonin and NK cells

Melatonin was shown to stimulate T-lymphocyte proliferation
30, enhance antigen presentation by macrophages to T cells by
increasing the expression of major histocompatibility complex
class-II molecules, activate splenic, lymph node and bone marrow cells, stimulate antibody-dependent cellular cytotoxicity and
augment both innate and adaptive immunity28.
Correlation between melatonin in several diseased states has
been established. In ischaemic stroke patients, an impaired
nocturnal urinary melatonin excretion was found to be associated with a decreased cell-mediated immunity, a prevalence of
anergic status and changes in lymphocyte subsets, with an overall decrease in the number of circulating CD3+ lymphocytes.
In HIV-1 infected patients reduction of melatonin secretion is
in correlation with disease progression and scientists suggest it
may be related to the impairment of Th1 mediated immunoresponses 31. Literature also suggests the possible connection
between IL-2 and melatonin in human lymphocytes. Lymphocytes produce IL-2 and IL-2 receptor (IL-2R) after melatonin
administration. Moreover, inhibition of melatonin synthesis in
leukocytes results in decrease of both IL-2 production and
IL-2R expression28.
Potentially important alternative effect on lymphocytes is also
engaged in its immunomodulatory actions.
Melatonin also prevents apoptosis of T-cell precursors in the
thymus. It appears to act on T-lineage cells throughout all their
developmental stages.

Because NK cells are well-established killers of virus-infected
cells and a wide variety of tumour cells, possible stimulatory
activity of melatonin on NK cells is of particular interest. Melatonin is known to stimulate NK cells lytic function in vivo, but
it remains unclear whether this is the result of direct stimulation through NK cell-surface receptors, or indirect stimulation
through increased IL-2 production28. There is evidence that
suggests melatonin ingestion quantitatively augments cells involved in tumour immunosurveillance (NK cells and monocytes)32. Anti-tumour potential of melatonin due to activation
of NK cells should be observed in context of tumor etiology.
Two interesting studies demonstrate this. First one was done
by Currier and Miller who intravenously injected tumour cells
to mice to induce erythroleukemia. They started administrating
melatonin to mice at the time of leukemia onset. Melatonin
administration resulted in 2.5-fold increase in NK cell number at 9 days. By the 27th day all mice in the control group
(untreated) were dead. On contrary one-third of melatoninconsuming mice remained alive at and beyond 3 months after
tumour initiation, indicating long-term survival33. Other study
reported a negative influence of melatonin on the development
of a tumor of hemopoietic origin (a T-cell lymphoma) which
is understandable since melatonin is a strong T-lymphocyte
stimulus34.

Melatonin action on macrophages and monocytes

Melatonin and B lymphocytes

As previously stated, melatonin can enhance antigen presentation by macrophages to T cells. The main mechanism by which
melatonin does this is increasing the expression of major histocompatibility complex class-II molecules. The ability of melatonin to enhance inflammatory cytokine production (including
IL-12) from human monocytes and macrophages is in coincidence with previously interpreted data and points to the fact
that the most relevant role of melatonin in the enhancement of
T-cell immunity is in the control of the Th1 response28. Other
authors demonstrated that melatonin is capable of reducing the
generation of nitric oxide in stimulated murine macrophages
which is important in context of excessive NO production, pos-

The role of melatonin in modifying humoral immunity, or cells
of the B-lymphocyte lineage that are responsible for mediating
humoral immunity still remains controversial. High turnover
rate is specific for B lymphocytes and some studies investigated
role of melatonin in B- leukocyte production and apoptosis in
mice. The results indicate that melatonin could inhibit B-cell
apoptosis in the earliest stages of B-cell differentiation35. While
it appears that melatonin treatment would result in a greater
quantity of B lymphocytes produced, such excessive production
could permit genetically aberrant B cells to evade the normal
deletion process with defective B cells entering the circulation
as preneoplastic cells potentially leading, thus, to frank B-cell
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lymphoma28.
Melatonin in disease and potential therapeutical application
Some scientists consider melatonin to be the immune system
buffer because it acts as an immunostimulant under basal or
immunosuppressive conditions, but as an anti-inflammatory
compound in the presence of exacerbated immune responses,
such as acute inflammation. This immunomodulatory function
as well as its antioxidant properties make it potentially interesting therapeutic agent.
1) Potential role in tumor therapy
Because serum levels of melatonin become lower with advancing age the potential clinical use of exogenous melatonin could
be of benefit for maintaining, prophylactically, youthful levels
both of melatonin and of cells mediating tumor immunosurveillance but potential encouraging effect of melatonin on Bcell lymphomas could also be taken into account.
Because IL-2 has been used clinically to enhance T-cell immunity in patients with AIDS or cancer, melatonin was also used
in an attempt to see whether it would enhance T-cell immunity
in cancer patients. Literature suggests melatonin synergizes with
IL-2 anticancer action36. Moreover, importance of melatonin
in inhibition of early tumour growth was proved when it was
discovered that melatonin shows oncostatic effect on some
human tumors in vitro even in physiological concentrations37.
Correspondingly, decreased nocturnal plasma melatonin levels was reported in patients with some tumors (such as breast
cancer38).
2) Antiviral properties
In recent decades, melatonin has been reported to possess important functions as an antiviral, antibiotic and anti-parasitic
molecule39.
Several studies reported that melatonin can reduce viral levels
after administrated to immunocompetent but not to immunocompromised animals. It is believed that melatonin exerts
its antiviral activity through increasing serum levels of TNF-α,
IFN-γ and especially IL-1β because IL-1β antibodies completely
neutralized the protective role of melatonin40. Administration
of melatonin also showed antiviral effect in several other studies against different viruses including: HIV-1, encephalomyocarditis virus (EMCV), parvovirus, Semliki Forest virus (SFV),
West Nile virus (WN-25). Several publications have appeared
in recent times documenting potential melatonin use in Ebola
treatment. Since NK cells play important role in surviving

Ebola virus infection some scientists suggest melatonin is a
readily available treatment option. Moreover, under conditions
of challenge, melatonin increases heme oxygenase-1 (HO-1),
which inhibits Ebola virus replication. Melatonin has also
protective effects in cases of septic shock, which, although
bacterial, has similar end-point presentations involving blood
vessel leakage 41,42.
3) Antibiotic properties
Melatonin in combination with isoniazid resulted in a marked
reduction in bacterial loading in cultured strain of Mycobacterium tuberculosis while administration of either isoniazid
or melatonin alone did not have any effect on macrophage
mortality or viability39. Studies have also shown that peaks in
M. tuberculosis infection coincide with both the end of winter and the beginning of the summer season suggesting that
seasonal changes in the immune system caused by annual fluctuations in melatonin levels could be involved. Some literature
also suggests that plasma melatonin levels are lower in people
with infection. Melatonin is also reported to inhibit chlamydial
infection and proposed mechanism is synthesis of IFN-γ.
In vitro, melatonin exerts anti-microbial activity against various
bacteria: Chlamydia trachomatis, Chlamydophila pneumoniae
and Chlamydophila felis (50% reduction), multidrug-resistant
Gram-positive and Gram-negative bacteria, methicillin-resistant Staphylococcus aureus, carbapenem-resistant Pseudomonas aeruginosa and Acinetobacter baumannii39 . This field of
research could be of additional interest since melatonin seems
to have anti-microbial activity against some of the common
nosocomial pathogens. In recent years research on potential
benefit of exogenous melatonin in treatment of sepsis has
become very popular. The mechanisms of melatonin action in
sepsis reflect the pleiotropic capacity of the molecule. Melatonin blocks the overproduction of pro-inflammatory cytokines,
especially TNF-α, increases IL-10, increases the weight of the
spleen and counteract sepsis-induced apoptosis in the spleen,
neutralises inflammatory infiltration in different tissues of septic
animals, increases antioxidant capacity, decreases reactive oxygen
species (ROS) and reactive nitrogen species (RNS) important in
pathophysiology of sepsis and protects against sepsis-induced
mitochondrial damage. Interestingly, septic patients hospitalized in intensive care units were found to have altered circadian
rhythms. Nocturnal plasmatic melatonin levels were found to
inversely correlate with illness severity and exogenous melatonin
has also been shown to improve clinical outcome for septic
newborns by reducing lipid peroxidation, white cell counts, neutrophil counts and C-reactive protein levels43.
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4) Anti-parasitic action
TNF-α, IFN-γ and IL-12 are important for an efficient adaptive
host response in parasite infections. Therefore, several studies
have examined the effects of melatonin combined with other
drugs in the control of parasite infections. In experimental models of T.cruzi infections the combined treatment with melatonin
and meloxicam significantly enhanced the release of IL-2 and
INF- γ. Furthermore, the blockade of PGE(2) synthesis and
the increased release of NO by macrophage cells in infected
animals contributed to regulate the production of Th1 subset
cytokines significantly reducing the parasitemia44. Other studies
reported that melatonin and dehydroepiandrosterone (DHEA)
reduced parasite load in blood and tissue and that melatonin in
combination with zinc could induce thymocyte proliferation in
rats inoculated with T. cruzi. The focus of some recent research
has been on melatonin modulation the P. falciparum cell cycle45.
5) Melatonin in other diseases
Due to its pleiotropic capacity, melatonin could be of benefit for
various diseased states. Moreover, it is hypothesised that dysfunction of melatonin in the body can lead to various health problems.
Some studies indicate that melatonin could play a role in some
autoimmune diseases, although evidence is often contradictive.
Carrillo-Vico and colleagues described potential role of melatonin in rheumatoid arthritis (RA), multiple sclerosis (MS), systemic
lupus erythematosus (SLE), type 1 diabetes (T1D) and inflammatory bowel disease (IBD), psoriasis, autoimmune hearing loss
and autoimmune glomerulonephritis. Melatonin has also been
proposed to increase the humoral responses to vaccination. This
powerful immune response originating after the administration of
melatonin might be explained through two primary mechanisms:

melatonin could effectively augment the antibody response by
enhancing antigen presentation to immunocompetent cells46, or
melatonin could modulate cytokine production at the beginning
of the immune response and could therefore control important
cellular responses. It has even been suggested as an adjuvant in
vaccines against prostate cancer39. Melatonin has also been observed in the context of organ transplantation. Melatonin could
prolong graft survival, inhibit the immune response, reduce
apoptosis and necrosis in graft, inhibit cellular damage caused
by surgical stress and ischemia-reperfusion injury, increase GSH
and decrease oxidative stress39. Potential usefulness of melatonin
is definitely present in many diseases, but regardless of immense
number of studies on melatonin, further research is needed to
fully understand its actions in human body. The role of melatonin reduction in ageing on many age-related pathophysiological
conditions, such as increased susceptibility to infectious diseases,
neoplasia, metabolic diseases, osteoporosis and autoimmune diseases that are directly associated with immunosenescence is an
exciting field of research that could give us answers about both
melatonin function and ageing.
CONCLUSION
Currently, the available data shows that melatonin immunomodulatory role is undeniable. Melatonin is an important part
of the complex immune system network and its deficiency can
result in a failure of immune system functioning and might
lead to various pathophysiological conditions. Having this in
mind, further research on melatonin and its role in immune
system could lead us to exciting new physiological insights and
pharmacological options.
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Melatonin: imunološki aspekt
Sažetak: Dostupna istraživanja pokazuju da melatonin ima mnogo važnih uloga u ljudskom tijelu, ali ovaj članak bit će usmjeren na
ulogu melatonina u imunosnom sustavu. Mnoga istraživanja upućuju na to da postoji veza između melatonina i imunosnog sustava
u mnogo životinjskih vrsta, uključujući i čovjeka. Uloga melatonina u regulaciji cirkadijanog ritma, poticanju spavanja i sposobnost
da puferira imunosni sustav čini ga zanimljivim i jedinstvenim iz imunološke perspektive. Melatonin pokazuje imunostimulacijska
svojstva pri bazalnim ili imunonedostatnim uvjetima, a protuupalna svojstva u prisutnosti pretjerano aktivne imunosne reakcije.
Ova karakteristika, kao i antioksidacijska, antivirusna, antibakterijska, antiparazitna i druga svojstva čine melatonin atraktivnom
farmakološkom metom.
Ključne riječi: Melatonin, Imunosni sustav, Imunostimulacija, Leukociti, Cirkardijalni ritam, Terapeutska primjena melatonina
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Psychological stress and wound healing

Iva čarapina

DOI: http://dx.doi.org/10.17486/gyr.3.1019

Summary: Stress and different mental states have a significant effect on the progress of wound healing. It has been shown that stress
can change the production of cytokines and thus interfere with the healing process. Interesting studies with animals, stressed students, married couples, Alzheimer caregivers, depressed, anxious individuals, people with anger issues and other uncover a significant
influence that stress has on the progress of wound healing. Wounds created with punch biopsy, tape striping and blister wounds are
often used to measure this influence. The importance of intervention methods used for decreasing stress and its impact are discussed.
Keywords: Stress, Wound healing, Psychoneuroimmunology, Cytokines
Over the years as the field of psychoneuroimmunology progressed, it became evident that experiences of stress and stress
related emotional states can affect the immune system. Developing connections between mental states and health provided
a clear practical value for the treatment of diseases and injuries.
The contribution of this data can be seen when examining the
effect stress and different mental states have on the progress of
wound healing. Disruptions in the wound healing process can
prolong hospital stay, create greater discomfort for the patient,
increase the risk for wound infections and delay the return of
the patient to regular life activities .
Stress can interfere with the immune system. To be more precise,
it can restrain the production of proinflammatory cytokines and
chemokines, such as interleukin (IL)-1α, IL-1β, IL-8, IL-6, IL-2,
and transforming growth factor β (TGF-β), vascular endothelial
growth factor, tumor necrosis factor α TNF-α . Consequently,
the stages of the wound healing process are disrupted. Wound
healing progresses through several overlapping stages and any
delay in any one of these stages can slow down the complete
phase of the wound healing process. This is especially true for
the first stage since the success of later phases is immensely
dependent on previous phases. The factors mentioned above
act as attractants for the migration of other cells to the site.
Thus starts the second phase that involves the recruitment and
replication of cells that are needed for tissue regeneration and
capillary regrowth. Finally, the third step, wound remodeling,
can continue for weeks or months.
Measuring stress
There are many definitions of stress. Cohler, Kessler and Gordon point out that they vary in the way they evaluate stressful
events, responses or individual appraisals of situations as the
central characteristics of stress. Stress is commonly described
as a state in which events or environmental demands go beyond an individual’s perceived ability to cope. When assessing
the influence that stress can produce, there are three main approaches. The environmental approach focuses on assessment

of environmental events and experiences that are objectively
associated with substantial adaptive requirements. This can include giving participants a check list of stressful life events.
The psychological approach focuses on individuals subjective
evaluations of their abilities to cope with the demands posed
by specific events or experiences. Instead of just listing events,
a subject can evaluate how much he felt overwhelmed by them.
The biological approach focuses on activation of specific physiological systems that have, in lot of studies, been shown to
be modulated by demanding conditions. For instance, this can
include measuring cortisol levels.
Analysis of any immune parameter should be viewed in the
context of other parameters. It is generally assumed that suppressed immune indicators represent impaired immune function. Even so, increased levels of an immune indicator are not
necessarily a result of a competent immune response. Heightened immune parameters may imply that the immune system is
dysregulated which can lead to injurious to health
Health related behaviors
Besides measuring stress levels, in this line of research it is of
major importance to track a number of health related behaviors
such as sleep, alcohol intake, caffeine intake or exercise. This is
because when under a lot of stress people often change their behavior. A student will probably drink more coffee and exercise
less when taking exams. Or people might use more alcohol or
smoke more when they are under emotional stress. This might
slow the wound healing process, but cannot be attributed to the
sole effect of a stressful state.
Creating wounds and measuring healing
The most compelling evidence of the effect stress has on
wound repair is provided by studies in which standard wounds
are created experimentally and researchers monitor the healing
process. The healing of the wound is measured by extracting
and examining fluid from the wound or by measuring the time
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Fig 1. Punch biopsy tools
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it took for the wound to heal. The latter can be done by taking
pictures of the wound and measuring the changes objectively.
Experimentally made wounds are a great tool for measuring the
body’s immune reactions, since, as we mentioned, measuring
immune parameters alone, could be tricky to interpret.
There are three methods of creating small wounds that are
used to study the effect of stress on wound healing. One of
the methods, often used, is tape stripping. Participants may be
subjected to repeated application of cellophane tape to remove
a layer of epidermis cells. This causes a disruption of the stratum corneum barrier function of the skin. The procedure affects epidermal permeability. Wound healing is then assessed by
measuring the rate of recovery of the skin barrier using Transepidermal Water Loss measurements. Damage to the stratum
corneum and superficial skin layers not only results in physical
vulnerability, but also results in an excess rate of water loss that
is observed. Another method of creating a wound commonly
used in this kind of research is punch biopsy. Punch biopsies
can be used to inflict standard full thickness dermal wounds
as well as mucosal wounds. This is a low risk technique which
provides very similar wounds between participants. Wounds
are usually between 1.5 and 4 mm deep. Healing is examined
with daily pictures of the wound or in some cases with daily
response to hydrogen peroxide. They provide the material to
quantify the changes in wound size over time. Wound healing
can also be assessed using more advanced techniques such as
ultrasound biomicroscopy. Finally, there are experiments which
consist of creating blister wounds and measuring their healing
process. The wound is created by using a vacuum pump on the
forearm. This pump creates a separation of the epidermis from
the dermis. The created suction is gentle and takes about an
hour to create a wound. With this method, data on cytokine production can be collected at the wound site. During this method
wound healing is also observed by measuring transepidermal
water loss. Water loss is measured by the use of a Computerised
evaporimetry instrument, such instruments measure the vapor
pressure gradient above the surface of the skin.
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Garg, Chren, Sands, Matsui, Marenus, Feingold and Elias carried out a research on twenty-seven medical, dental and pharmacy students. Students were subjected to tape stripping on
three occasions: after their winter vacations, after their spring
vacations and during their final examination week. During the
examination period skin barrier healing was notably prolonged
at 3, 6 and 24 hours after the tape stripping procedure compared
with the winter and summer vacation periods. Students who
reported experiencing less stress during the examination period
had faster recovery in skin barrier function than those who
reported that they were under more stress. In another research
using punch biopsy, 11 dental students underwent this procedure during their summer vacation and again three days before a
major exam. Mucosal wounds were created on their hard palate.
Wounds inflicted before exams healed on average 3 days longer
(40% longer) than those made during summer vacation. What
is even more remarkable, no student healed as fast throughout
the duration of exam period as during the vacation. Decrease
in IL-1β mRNA levels was found in stimulated peripheral blood
leukocytes of students under stress. In a similar study using
punch biopsy, it was calculated that the correlation between
perceived stress and wound healing was -0.59.
It seems that a common stressor such as taking an exam can
have a significant influence on wound healing. Comparable to
such stress, undergoing an interview in an experimental setting
has also been shown to prolong wound healing. A research involving tape stripping technique was conducted on 25 healthy
women. After a task where they had to talk about why they are
the best candidates for a job and answer additional questions
from interweavers, there was a increase in their plasma cortisol,
norepinephrine, IN-1 , IN-10, TNF-levels. Also, there was an
increase in circulating natural killer cell activity and natural killer
cell number.
Another sizeable source of stress can be encountered by some
married couples. A troubled marriage with hostile marital interactions can affect body’s immune response. Despite the fact
that considerable early local production of proinflammatory
cytokines helps with enhanced healing, greater systematic creation of proinflammatory cytokines can indicate a maladapted
response. In this crossover trial, forty-two couples went to a
hospital unit for research purposes lasting 24 hours. During the
first stay they had a social support interaction and on the second
visit they had to talk about a disagreement in their marriage that
troubled them. Before interactions they were administered eight
small 8mm blister wounds. Besides wound healing and changes
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in proinflammatory cytokine production, couples interpersonal behavior and other characteristics were assessed. Wounds
healed more slowly following the disagreement interaction than
after the social support interaction. Subsequently, local cytokine
production of IL-1 β, IL-6 and TNF-α was lower at the wound
site in the same comparison. It is interesting that couples that
were classified as hostile healed 60% slower than low-hostile.
Taking care of an ill relative is another recurrent source of
stress. Kiecolt-Glasser, Marucha, Malarkey and Glaser investigated the effects of stress caused by taking care of a relative
with Alzheimer’s disease on wound healing. A punch biopsy
wound was administered to 13 women caregivers, as well as
to 13 women of the control group matched for age and income. Wound healing process took on average 9 days longer
(24% longer) in caregivers than in the control group women.
Periphetal-blood leukocytes from caregivers created significantly
less interleukin 1β mRNA after lipopolysaccharide stimulation
than did controls cells.
How to put this knowledge to good use?
In one study , in an experimental setting, individual writing
sessions of 20 minutes were scheduled for 36 participants over
three consecutive days. Two weeks after the first session they
received a punch biopsy wound. The experimental group was
instructed to write about a traumatic and upsetting event in
their life with the advice to dwell deep in their emotions. The
ontrol group was instructed to write about time management.
This low cost and brief intervention showed that participants

who wrote about traumatic experiences had significantly smaller
wounds 14 and 21 days after the biopsy compared to those who
wrote about time management.
These studies have shown that stress can delay the healing of
an experimentally created wound. Another study looked into
the influence of naturally stressful emotional conditions such
as anxiety and conditions like depression, which can also impact
the inflammatory system and wound healing. Delayed healing
of a punch biopsy wound was correlated with a higher score on
the Hospital Anxiety and Depression Scale. Patients that were in
the top 50% of total HAD scores, were four times more likely
to experience delayed healing than the other half.
This indicates the possibility of using interventions or even
medication to relive negative emotional states and stress for
securing better wound healing and overall recovery after injuries
or surgeries. Results in a study conducted on animals, using
fluoxetine, show that pharmacological stress reduction can also
improve wound healing. Also, it has been shown that serotoninspecific reuptake inhibitors (SSRIs) can incite the progress of
inflammation. They can inflect the interleukin and interferon
production . Hence, SSRIs therapy could also be considered as
a possible wound healing treatment.
Social support has also been shown to quicken the healing
process. The punch biopsy wounds healed slower in mice that
were housed alone than mice which were living in pairs. Interventions on humans that have generally produced positive
endocrine and immune changes include cognitive behavioral
interventions, exercise, relaxation, classical conditioning and
self-disclosure. Relaxation techniques can include progressive
muscle relaxation, focused breathing, guided imagery and visualization, meditation techniques, massage, lying quietly with
closed eyes, saying “so” and “hum” on inhalation and exhalation, biofeedback, hypnosis, hypnosis with immune altering
suggestion or just watching a funny movie.
Other specific interventions, such as those used to help people
manage anger, could also be beneficial for wound healing. In a
study examining certain patterns of anger expression, the anger
control variable predicted wound healing better than it could
be predicted by variability in hostility, negative affections, social
support and health behaviors. In addition, subjects who were
less able to control anger showed higher cortisol reactivity during the administration of a blister wound. The increased cortisol
levels were in turn related to longer healing time.

Fig 2. Study stress
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Fig 3. Relaxing

Conclusion
Stress does significantly impair wound healing. It has also been
showed that psychological intervention decrease stress. It was
William James who once stated: “The greatest weapon against
stress is our ability to choose one thought over another”. Having that in mind, it is sufficient to say that psychological interventions should be more frequently incorporated into the health
care system in view of the fact that they can enhance the wound

healing process, preserve mental well-being and lower the overall cost of long hospital stays.
Future studies should concentrate on discovering which of
these techniques are most efficient and practical in the case
of boosting the wound healing process. This should be done
by taking into account individual differences, since not every
intervention can be considered equally appealing to everyone.
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Psihološki stres i zarastanje rana
Sažetak: Stres i različita mentalna stanja imaju značajan učinak na zarastanje rana. Pokazano je da stres može utjecati na produkciju
citokina i tako djelovati na proces zarastanja. Zanimljiva istraživanja sa životinjama, studentima pod stresom, bračnim parovima,
osobama koje se brinu o bližnjima oboljelim od Alzheimerove bolesti, depresivnim, anksioznim i osobama sa problemima sa ljutnjom otkrivaju utjecaj stresa na tijek zarastanja rana. Za mjerenje tog utjecaja često se koristi punch biopsija, opetovana primjena
ljepljive trake na koži i namjerno stvoreni plikovi. Naglašava se i važnost primjene tehnika intervencija za smanjivanje stresa i boljeg
zarastanja rana.
Ključne riječi: Stres, Zarastanje rana, Psihoneuroimunologija, Citokini
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Summary: While cure for Alzheimer’s disease is still unknown, many medications whose primary function is to ease the symptoms
of AD are in a widespread use. Some epidemiological studies have shown the possibility of various anti-inflammatory drugs to
belong to that group of medications. Nonsteroidal anti-inflammatory drugs have been thought as drugs with most potential in the
prevention and treatment of AD, since many studies involved patients who suffered not only from AD, but also from some inflammatory illness that was treated precisely with NSAIDs. However, clinical trials demonstrated almost exclusively negative results, in
strong contrast with previous findings, both in prevention and treatment of AD. Even though the criticism of both clinical and
epidemiological studies exists, there is still not enough data to conclusively approve or disprove either of them.
Keywords: Anti-inflammatory drugs, Alzheimer’s disease, NSAIDs, Clinical trials, Preventive trials, Epidemiological studies

Given the unfortunate fact there is still no cure for Alzheimer’s
disease (AD), most of efforts are directed at finding the medication to ease and/or delay the very onset of the disease. There
are many suspected causes for Alzheimer’s cases, so naturally
several hypotheses about its mechanism of development exist,
such as tau, amyloid and cholinergic. Even though the environmental factors and age are thought to play a causal role in AD,
genetics is, however, considered as a predominant factor, with
the inheritance of E4 allele of apoliprotein E being probably the
best known risk factor1. Most of today’s drug therapies are based
on cholinergic hypothesis, which postulates that Alzheimer’s
disease is caused by the lack of neurotransmitter acetylcholine2.
Donepezil, one of those medications, aims to block the enzyme
which would normally breakdown acetylcholine.3 Memantine,
on the other hand, acts as a NMDA receptor antagonist on
the glutamatergic system4. Glutamate, although an important
neurotransmitter, can lead to an unwanted excitotoxicity if it
accumulates in excessive amounts in the brain5. Those drugs
had moderate success, due to several side-effects, and in most
cases are administrated together, with only donepezil showing
benefits when used to treat advanced AD6. Additionally, recent
studies have demonstrated the possibility of the role anti-inflammatory drugs could play in treatment, and also prevention,
of Alzheimer’s disease.
Overview of NSAID mechanism of action
Nonsteroidal anti-inflammatory drugs, commonly known as
NSAIDs, are a class of drugs that provide wide range of effects,
including antipyretic, analgesic and of course, anti-inflammatory. Their main mechanism of action is inhibition of enzyme
cyclooxygenase (COX), which then leads to the inhibition of
prostaglandins synthesis. Cyclooxygenase exists in two major
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isoforms, COX-1 and COX-2, while COX-3 has been described
as a splice variant of COX-1.7,8 Both COX-1 and COX-2 are
very similar in structure, the main difference being that COX-1
is constitutively expressed in tissue, when COX-2 is not expressed under normal circumstances (COX-2 expression is a
part of inflammatory response). Furthermore, different levels
of these isoforms are present at different stages of AD, and it
was suggested that COX-2 might be involved in regenerative
pathways in the brain, while COX-1 could play a role in inflammatory pathway 7,9.
Based on these isoforms are also two classes of NSAIDs, one
which acts as a non-selective COX-inhibitors (aspirin, ibuprofen,
naproxen, indomethacin) and another which specifically targets
COX-2 (celecoxib, rofecoxib)9.
Effects of anti-inflammatory drugs on AD
Even though not all anti-inflammatory drugs are NSAIDs, most
of studies directed at this matter focused primarly on them, due
to their availabilty and known mechanism. Other drugs will
also be mentioned in this article, in contrast, or more likely, in
confirmation of their potential in treatment, as well as prevention, of AD.
When it comes to NSAIDs, it seems that the type of drug plays
rather important role. NSAIDs without aspirin compunds have
been proven to show more protective effects when compared to
the patients who were using aspirin9. Moreover, a cohort study
published in 2004, that followed 1301 dementia-free participants
over the course of 6 years, showed that subjects administered
with non-aspirin NSAIDs for around three years did not developed AD in the next three years10. Most studies that include
NSAIDs involve patients who suffer not only from AD but
also from inflammatory diseases such as arthritis. The study
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Drug

Dose (mg/day)

No. patients

Main outcome

Reference

Indomethacin

Treatment
duration
6 months

100-150

44

Beneficial effects

Indomethacin

1 year

100

51

Beneficial effects

Diclofenac

6 months

50

41

Beneficial effects

Nimesulide
Prednisone
Dapsone
Hydroxychloroquine

3 months
1 year
1 year
18 months

200
10
100
200-400

40
138
201
168

Neutral effects
Neutral effects
Neutral effects
Neutral effects

Celecxoib

1 year

400

285

Neutral effects

Celecoxib

1 year

400

425

Neutral effects

Rofecoxib
Rofecoxib

1 year
1 year

25
25

351
692

Neutral effects
Neutral effects

Naproxen
Ibuprofen

1 year
1 year

440
800

351
132

Neutral effects
Neutral effects

Tarenflurbil

1 year

800-1600

210

Neutral effects

1600

1684

Neutral effects

1600

840

Neutral effects

Rogers et al.
(1993)
De Jong et al.
(2008)
Schaarf et al.
(1999)
Aisen et al. (2002)
Aisen et al. (2000)
Bain (2002)
Van Gool et al.
(2001)
Sainati et al.
(2000)
Soininen et al.
(2007)
Aisen et al. (2003)
Reines et al.
(2004)
Aisen et al. (2003)
Pasqualetti et al.
(2009)
Wilcock et al.
(2008)
Green et al.
(2009)
Wilcock (2009)

Tarenflurbil
Tarenflurbil

of McGreer et al, published in 1990, reviewed 7490 hospital
discharges and insinuated the idea that anti-inflammatory drugs,
corticosteroids and other anti-inflammatory agents help ease the
effects and the irreversible neurodegenerative process of AD. In
addition, Japanese patients who suffered from leprosy also exhibited lower incidence of AD, which is atributed to them being
treated with dapsone, an antibiotic whose mechanism of action
also includes anti-inflammatory activity8. Also significant to
mention is the study from 1994 by Chui et al that showed lower
levels of beta-amyloid plaques in patients who suffer from both
AD and leprosy.11 Another important study, conducted at Johns
Hopkins Alzheimer’s Disease Research Center in 1995 showed
that patients who were taking NSAIDs on a daily basis at a study
entry12, not only experienced later onset of symptoms, but also
showed reduced severity of symptoms after adjustment for age
and duration of disease and – most interestingly – displayed
slower progression of symptoms upon longitudinal evaluation
of wide variety of neuropsychological measures8. As many of
those studies mainly focused on reviews and documentation of
patient’s history, the need of clinical trials arose.
One of those trials, conducted in 1993 by Rogers et al, was
double-blind, placebo controlled study in which patients were
administrated 100-150mg of indomethacin over a course of 6
months. The study was concluded with positive results, however
since high number of patients receiving indomethacin abandoned the trial, the results could be considered biased or rather
problematic to explain13,8. Subsequent studies followed, but due
to a low number of participants and, again, high number of
desertion of active group recipients, the studies showed only
favourable indications8. Another important study was 1-year
long double-blind, placebo controlled study which primarily
concentrated on celecoxib, but the drug did not show any ability
to slow down cognitive decline. What’s more, no other study
carried out so far hasn’t had a positive result linking any of
selective COX-2 inhibitors and beneficial treatment they may
have in AD. Additionally, long-term studies with non-selective
COX inhibitors also haven’t given positive results in patients
with mild to moderate Alzheimer’s disease9. Tarenflurbil underwent extensive clinical trials, all of which conclusively showed

18 months
18 months

no relation whatsoever between the administration of the drug
and its supposable beneficial potential.9,14 Also, studies with
other anti-inflammatory agents produced completely negative
results as well9.
Preventive studies of NSAIDs have similarly produced negative
results, despite being designed to last for longer period of time
and having evidently more participants9. Possibly the largest
of those studies was a trial conducted in 2001 with more than
2500 partakers who were all at risk for AD. They were divided
in three groups, one of which received naproxen, another celecoxib, while third group took placebo. Although planned to
last for 7 years, the trial ended after only 3, and analyses showed
increased hazard ratios for AD compared to placebo with both
celecoxib and naproxen9,15. However, recent analysis showed
that people from naproxen group were actually protected from
the onset of AD when compared to those in placebo group.
Those results refer to people whose brain was still disease free
in the beginning of the trial, and were taking naproxen for 1 to
3 years. On the other hand, taking NSAIDs turned out to be
not only futile, but also to aggravate the condition of people, in
whose brain the disease process has already started, no matter
if symptomatic or not9.
Conclusion
Even though all long-term clinical trials failed to produce wanted
results, those failures could be attributed to wrong timing, low
doses and wrong class of drug administrated, or perhaps, too
short time to conduct a significant study. One theory suggest
that anti-inflammatory drugs cannot reduce effects of AD
once the disease starts, even when the disease still shows no
symptoms at all. In addition, NSAIDs have considerably severe
gastro-intestinal side-effects, which occurred in already mentioned studies with tarenflurbil9.
To sum up, it’s hard to give a final conclusion about the role
anti-inflammatory drugs play in treatment and prevention of
Alzheimer’s disease, mainly because almost all published studies
contradict themselves in one way or another. While epidemiological studies have shown that prolonged exposure to NSAIDs
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may lead to delayed onset and serve as a protective factor in
AD, clinical studies paint rather grim picture and show us that
some of the anti-inflammatory drugs could even worsen the
symptoms9. However, it’s important to notice that ibuprofen,
the most promising subject of epidemiological studies16, has
been studied only in a single small trial with patients who suf-

fer from AD17, and no preventive trial has been conducted. So
even though these results may seem discouraging, many new
trials should be established in order to conclusively determine
the role anti-inflammatory drugs play in the process of Alzheimer’s disease.
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Noviji pronalasci u prevenciji i liječenju Alzheimerove bolesti s
protuupalnim lijekovima
Sažetak: Iako ne posotji apsolutni lijek za Alzheimerovu bolest (AB), koriste se mnogi lijekovi s kojima se mogu smanjiti simptomi
te bolesti. Neke epidemiološke studije su pokazale mogućnosti za različite protuupalne lijekove koji bi se mogli koristiti u tu svrhu.
Smatralo se da nesteroidni antiinflamatorni lijekovi (NSAIL) posjeduju najviše potencijala za prevenciju i liječenje AB te su u brojne studije bili uključeni pacijenti koji su koristili terapiju NSAIL-ima zbog neke druge upalne bolesti. Ipak, klinička istraživanja su
pokazala gotovo isključivo negativne rezultate za prevenciju i liječenje AB i što je protivno prijašnjim pronalascima. Usprkos kriticizmu koji postoji i za klinička i epidemiološka istraživanja, još uvijek ne postoji dovoljno podataka za konačno odluku o upotrebi
ili odbacivanju ove skupine lijekova.
Ključne riječi: Protuupalni lijekovi, Alzheimerova bolest, NSAIL, klinička istraživanja, preventivna istraživanja, epidemiološke
studije
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Summary: Pain is an unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in
terms of such damage. While acute pain has a physiological role in alerting people about ongoing pathological processes, chronic pain
has lost this role and serves no physiological function. Chronic pain associated with some comorbidities and affect a person’s quality
of life. According to the available algorithms for the treatment of pain, drug therapy should start with the application of non-steroidal
anti-inflammatory drugs. If the pain persists or worsens it is necessary to start the usage of opioid analgesics. Therapy should start
with the lowest possible dose and used in the shortest possible period in order to avoid any unnecessary side effects. Successful
treatment of pain requires a good knowledge of the pharmacokinetics and pharmacodynamics of every drug used in the therapy.
Keywords: Chronic pain, NSAID, Opioids, Pharmacotherapy
Pain is an unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in terms
of such damage. 1 It’s a subjective feeling and even considered
as a fifth vital sign. 2 For many patients the word ˝pain˝ has the
meaning of disease and suffering.1 Each person’s reaction to
pain is individual and the severity of pain does not correlate
with the actual degree of tissue damage.3 The emotional state,
circumstances under which the pain was acquired, and whether it
is perceived as a threatening signal, can modulate the perception
of pain. Acute pain doesn’t represent a public health problem
and it isn’t related to a reduced life quality, while chronic pain can
significantly affect a person’s quality of life. It’s related to many
physiological and social alterations, including sleep disturbance,
loss of appetite, decreased libido, fatigue, mental exhaustion, depression, anxiety, irritability and reduced social life.1 According
to the World Health Organization (WHO) study in primary care
settings across the world, approximately one-fifth of all primary
care patients suffer from persistent debilitating pain, and they are
four times more likely to have comorbidities like anxiety or depression than pain-free primary care patients.4 The treatment of
acute and chronic pain has an important place in clinical medicine.
This review is focused on the pharmacological methods of pain
treatment because this approach is the first and most common
method used by physicians in their everyday practice.
Pain mechanism and classification
There are two main types of pain, nociceptive and neuropathic
pain. Nociceptive pain is caused by direct stimulation of peripheral nerve ending by noxious stimulus such as trauma, burns or
ischaemia.3 Nociceptors are simple structures found at the end
of nerve fibers in the skin, periosteum, joint capsule, meninges,
pleura, peritoneum, organ walls and other structures. After stimulation impulses are transmitted to the dorsal horn of the spine,
where they synapse with the dorsal horn neurons in the substantia gelatinosa and ascend to the brain. The basic pain sensation

occurs in the thalamus, which is connected to the cortex and to
the limbic system.1 Neuropathic pain is caused by a dysfunction
of the pain perception system within the peripheral or central
nervous system as a result of injury, disease or surgical damage.3
It’s commonly associated with diabetes, chemotherapy, herpes
zoster infection, chronic alcohol abuse and other idiopathic conditions, such as idiopathic small fiber neuropathy and trigeminal
pain.5 Pain can also by divided into acute, which lasts less than 3
months, and chronic, which lasts more than 3 months.1 Chronic
pain persists beyond the expected normal time for healing and
serves no useful physiological purpose.6
Pharmacotherapy of pain
Many of the principles or algorithms for pain management can
be applied to any type of pain, but there are distinct differences
between the management of acute, chronic and palliative pain.
Acute pain should be treated with medication that causes no
unnecessary side effects or any additional risks for the patient.
Chronic non – malignant pain is more difficult and even impossible to relieve all pain without causing any side effects. Pain management should be more orientated towards non pharmacological
methods.3 Opioids are commonly used for chronic malignant
pain and for palliative care. Multi-target pharmacology is probably
the best way to treat pain, because it affects more than a single
pathogenetic mechanism and allows keeping a much lower dose
of a single drug that could otherwise cause some side effects in
higher doses. Drugs with a dual mechanism of action, such as
tapentadol, should be prefered for management of chronic pain.6
WHO published in 1986 and 1996 a conceptual model to guide
the management of cancer pain called the WHO pain ladder. It’s
also used as a guideline for the treatment of non – cancer pain.
The ladder proposes the use of non-opioid medications as a first
line treatment. A weak opioid drug must be administrated if the
pain persists or worsens. The next step is the use of a more powerful opioid drug. Taking two drugs of the same pharmacological
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Non – selective
COX inhibitors

Dose

Aspirin

40-80 mg/d
( antiplatelet )
1g/ 4-6h
( anti-inflammatory )

Strong Agonists
Phenanthrenes

Table 1 – NSAIDs and the recommended dose. 8,15

Table 2 – Opioid analgesics
and the duration of analgesia.8, 15

Phenylheptylamines
Phenylpiperidines

Duration of
analgesia ( hours )
Morphine

4-5

Hydromorphone

4-5

Oxymorphone

3-4

Methadone

4-6

Fentanyl

1-1.5

Sufentanyl

1-1.5

Paracetamol

500 mg/ 4 x d

Indomethacin

50-70 mg/ 3 x d

Alfentanyl

Ibuprofen

600 mg/ 4 x d

Remifentanyl

Ketoprofen

70 mg/ 3 x d

Naproxen

375 mg/ 2 x d

Sulindac

200 mg/ 2 x d

Diclofenac

50-75 mg/ 4 x d

Piroxicam

20 mg/ d

Meloxicam

7.5-15 mg/ d

Selective COX – 2
inhibitors

Dose

Celecoxib

100-200 mg/ 2 x d

category should be avoided. The analgesic ladder also includes
the possibility of adding adjuvant treatments for neuropathic
pain or for symptoms associated with cancer (steroids, anxiolytics, antidepressants, hypnotics, anticonvulsants, antiepileptics
and other types ).7 It is vital that the patients concerns about
opioids are explored. Patients should be reassured that, when
they are used for pain, psychological dependence and tolerance
can develop, but are extremely rare in patients with no previous
history of addiction.3
The cornerstone of the WHO document rests on 5 simple recommendations for the correct use of analgesics to make the
prescribed treatments effective. Analgesics should be administered per os and given at regular intervals. The prescription
must be given according to the level of the patient’s pain and
not according to the medical staff ’s perception of the pain. The
dosing must be individual and the patient, including his family,
must receive detailed instruction about the drug and schedule
of administration.7
Non – opioid analgesics
Non – opioid medications include paracetamol (acetaminophen)
and non steroid anti inflammatory drugs (NSAID). The main
mechanism of action include inhibition of the cyclooxygenase
enzymes (COX).8
Paracetamol is one of the most popular and most commonly
used analgesic and antipyretic drug around the world. It’s available without a prescription, both in mono- and multi-component
preparations.9 It is a weak COX-1 and COX-2 inhibitor in the
peripheral tissue with no significant anti-inflammatory effects.8
Other possible mechanism include inhibition of COX-3 in the
central nervous system (CNS) and modulation of serotonergic
descending neuronal pathways, L-arginine/NO pathway and cannabinoid system.9,10 It is most commonly administered orally 325
– 500 mg four times daily8. Dosing should not exceed 4 g/d, but
for chronic use the dose can be limited to 2,5 g/d because of the
higher risks for side effects.11 The more recent availability of a
preparation for IV infusion has increased its usefulness, especially
in the perioperative settings10. Paracetamol is a hepatotoxic drug
that can in lower doses cause a mild elevation of hepatic enzymes,
but in doses higher than 4 g/d, especially with excessive alcohol
consumption, serious hepatic damage can occur. 8,10 Liver failure
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Morphinas

Meperidine

2-4

Levorphanol

4-5

Mild to moderate
agonists
Phenanthrenes

0.25-0.75
0.05 ( 3-4 min )

Duration of
analgesia ( hours )
Codeine

3-4

Dihydrocodeine

3-4

Hydrocodone

4-6

Oxycodone

3-4

Phenylheptylamines

Propoxyphene

6

Phenylpiperidines

Diphenoxylate

12-14

Loperamide

7-14

can occur with a one-time ingestion of high doses of paracetamol
( >12 g in an adult or 250 mg/kg in a child ).12
NSAIDs are a large group of medications that have antipyretic,
analgesic and anti-inflammatory effects (table 1). All NSAIDs are
essentially COX-2 inhibitors with a different degree of COX-1
inhibition that can be considered as a “side effect”. Drugs that
inhibit COX-1 and COX-2 with equal potency are known as
nonselective COX inhibitors, while drugs with a intermediate
or highly COX-2 selectivity are called selective COX-2 inibitors
or ˝coxibs˝.13 All NSAIDs have similar side effects that occur
as a result of COX-1 inhibition. Prostaglandins (PG) regulate
gastrointestinal (GI) blood flow and mucus secretion, exhibiting mucosal protective functions. By inhibiting PG production
NSAIDs induce small intestinal injury.14 Some NSAIDs can have
different pharmacologic effects depending on the dose. Asprin
(acetylsalicylic acid ) has only anti-aggregatic effects on the thrombocytes in lower doses ( 40-80 mg/d ), but in higher doses higher
it has an anti-inflammatory effects ( 1g every 4-6 hours ).15
Selective COX-2 inhibitors have less GI side effects and inhibit
the COX-2 enzyme more effectively than non selective COX
inhibitors, but at higher doses have an increased cardiovascular
risk and should only be taken for a short period.8,13
Opioid analgesics
Opioid analgesic bind to specific G-protein coupled receptors (
µ, δ, and κ) in the CNS wich are involved into the transmission
and modulation of pain. Their complex mechanism include inhibition of voltage gated presynaptic Ca2+- channels, opening
of K+-channels and inhibition of adenilat cyclase. Opioids are
known for many dose dependent side effects like euphoria, sedation, respiratory depression, miosis, truncal rigidity, nausea, vomiting, cough suppression, constipation, hypotension, antidiuresis
and bradycardia.6,8
Opioid drugs can be divided into strong agonists and mild to
moderate agonists (table 2). They can be administered per os,
parenteral, intravenous, transdermal and as a spinal opioid therapy.
The oral route of administration should always be the first choice
(codeine, oxycodone, hydrocodone). The usage of transdermal
patches is appropriate in the setting of continuous pain in patients
who cannot use the oral route of administration ( terminal illness ).
In opioid-naive patients, opioids should be started at a low dose
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Pain persisting
or increasing

Pain persisting
or increasing

Strong opioid
+/- non opioid
Mild to moderate
opioid

Non – opioid
+/- adjuvant

+/- adjuvant

+/- non opioid
+/- adjuvant

and titrated slowly, to minimize risk of opioid related side effects.
Long-acting opioids could provide more consistent control of
pain and a lower risk of addiction or abuse.16,17
Tramadol is a weak μ – receptor agonist and a norepinephrine
and serotonin reuptake inhibitor. It’s effective in the treatment
of mild to moderate pain, but is less effective for severe and
chronic pain. The recommended dosage is 50–100 mg orally four
times daily.8,15 Tramadol is more appropriate than NSAIDs for
patients suffering from gastrointestinal and renal problems. It is
considered as a safer drug than other opioids because respiratory
depression, cardiovascular side effects, drug abuse and dependence are less frequent.18
Ketamine is a phenylpiperidine derivative and a weak opioid
receptor agonist. Most of its effect is achieved through the inhibition of N-methyl-D-aspartate ( NMDA ) receptors, but it
also interacts with the muscarinic and monoaminergic receptors.
Ketamine is often administered together with opioid analgesics,
post-operatively and in the treatment of chronic cancer pain.

It acts synergistically with opioids and improves their efficiency.
Recent evidence show that ketamine has potent antidepressant
qualities and produces almost immediate antidepressant effects
(within 1 hour ). Ketamine has psychedelic side effects that limit
its clinical use.19
Conclusion
Pharmacotherapy of pain is a complex problem in the everyday
practice of physicians. Successful treatment of pain requires a
good knowledge of the pharmacokinetics and pharmacodynamics. A good cooperation with the patient is required in order to
avoid misunderstanding about the proper drug dosing. It is also
important to spot the possible side effects on time and to avoid
adverse interactions with other medications. Additional caution
is required in the application of opioid analgesics because of the
possible development of tolerance and dependence.
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Farmakološko liječenje boli
Sažetak: Bol je neugodno osjetno i osjećajno iskustvo povezano s pravom ili potencijalnom ozljedom tkiva. Dok akutna bol ima svoju
fiziološku ulogu u upozoravanju osobe o nekom patološkom zbivanju, kronična bol je izgubila tu ulogu. Kronična se bol povezuje i s
nekim komorbiditetima i s lošijom kvalitetom života. Na temelju dostupnih algoritmima za liječenje boli, farmakoterapija treba početi
s primjenom nesteroidnih protuupalnih lijekova. U koliko bol perzistira ili se pogoršava potrebno je u terapiju uključiti opioidne analgetike. Treba započeti s najmanjom mogućom dozom i koristiti u što kraće mogućem razdoblju kako bi se izbjegla pojava neželjenih
nuspojava. Za uspješnu terapiju boli potrebno je dobro poznavanje farmakokinetike i farmakodinamike lijekova korištenih u terapiji.
Ključne riječi: farmakoterapija, kronična bol, NSAID, opioidi
gyrus vol III no 2 | june 2015 | 91

topic issue | psychiatry | neurology | neuroscience | neurosurgery

Severe epileptic encephalopathies in children: West
and Lennox – Gastaut syndromes
Ivona Šijan, Ivana Božić, Jakov Milić
Josip Juraj Strossmayer University of Osijek, Faculty of Medicine Osijek
DOI: http://dx.doi.org/10.17486/gyr.3.1022

Summary: Epileptic encephalopathies are epilepsy syndromes in which the epileptiform abnormalities themselves are believed to
contribute to a progressive disturbance in cerebral function. The two most important syndromes in this group are West and Lennox–Gastaut syndromes. West syndrome frequently occurs in the first year of life, in clusters with consequences such as developmental arrest and mental retardation. It characteristically presents with the triad of infantile epileptic spasms, developmental delay
and hypsarrhytmia. The treatment is ACTH, prednisolone or valproate. Lennox–Gastaut syndrome typically presents with multiple
seizure types, slow spike–wave complexes in the EEG and impaired cognitive function. It is treated with felbamate, lamotrigine,
topiramate and rufinamide with poor response to treatment.
Keywords: Epilepsy syndrome; Epileptic encephalopathy; Lennox – Gastaut syndrome; West syndrome
Epilepsy is a condition that affects nearly 50 million people
worldwide1. It can be defined as a brain disorder with recurring and unpredictable episodes of seizures caused by excessive and abnormal synchronous neural activity of the cerebral
cortex, which can be induced by cellular or molecular defects
in cerebral tissue2,3.
Based on the 2010 report by the International League Against
Epilepsy (ILAE), epilepsy syndromes are defined as sets of
signs and symptoms that define a unique epilepsy condition.
They are classified as idiopathic focal epilepsies of infancy
and childhood, familial (autosomal dominant) focal epilepsies,
symptomatic (or probably symptomatic) focal epilepsies, idiopathic generalized epilepsies, reflex epilepsies, progressive
myoclonus epilepsies, seizures not necessarily requiring a diagnosis of epilepsy and epileptic encephalopathies.
Epileptic encephalopathies are defined as conditions in which
the epileptiform abnormalities themselves are believed to contribute to a progressive disturbance in cerebral function. They
include early myoclonic encephalopathy, Ohtahara syndrome,
West syndrome (Infantile spasms), Dravet syndrome (previously known as severe myoclonic epilepsy in infancy), Myoclonic
status in non-progressive encephalopathies, Lennox–Gastaut
syndrome, Landau–Kleffner syndrome, and Epilepsy with
continuous spike–waves during slow-wave sleep. West and
Lennox–Gastaut syndromes are the most recognizable ones
in the group because of their frequency and severity4. In this
review, we will present the most relevant features of these
two syndromes.
West syndrome
West syndrome (Infantile spasms; IS; Blitz–Nick–Salaam–
Krämpfe, jackknife convulsions) is a serious form of epilepsy
that mostly presents in infants and young toddlers. This severe
epileptic syndrome was first described in a 1841 Lancet article
titled “On a peculiar form of infantile convulsions.” Dr. WJ
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West, a British general practitioner at the time, wrote a letter to
the editor describing, in minute detail, the symptoms his own
son, James Edwin, suffered from. His report is still regarded
as a classic. He reported a type of spasms which frequently
occurred in the first year of life, appearing in clusters with
consequences such as developmental arrest and mental retardation. Unfortunately, dr. West’s letter did not fulfill its intended
purpose, which was to find an effective treatment for his son’s
condition, since ACTH was identified as the drug of choice a
century too late to help young James Edwin5, 6, 7.
The incidence of infantile spasms is between 2 and 3 per 10,000
live births8,9. In approximately 90% of the affected infants the
spasms surfaced during the first year, with a peak incidence
between 4 and 8 postnatal months9,10. In some cases, infantile
spasms are known to affect newborns, but very rarely does
the disease have a late onset and occur in older children11,12.
The condition is somewhat more frequent in male infants. A
family history of infantile spasms exists in 3-6% of the affected
children9.
In a minor percentage of cases, infantile spasms affect infants
who are otherwise healthy, with no identifiable etiological factor
and no growth or psychomotor impairment preceding the diagnosis. Such cases are classified as idiopathic or primary forms
of infantile spasms and tend to have a better prognosis.13,14,15
However, in more than 70% of the affected infants a specific
cause can be identified.. In these secondary or symptomatic
forms of IS, it is enormously important to recognize the underlying disease which led to IS, due to the possibility of introducing an effective specific etiological treatment, therefore
influencing the course and outcome of the disease and reducing its consequences.7
For this reason, as soon as infantile spasms are diagnosed, the
next step should be ordering a full diagnostic workup to investigate if there is a specific cause for this epileptic syndrome.
Tuberous sclerosis is one of the underlying diseases commonly identified in infants with infantile spasms, being present
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in 7-25% of these infants16,17. Infantile spasms are the first
manifestation of disease in more than two-thirds of the infants
with tuberous sclerosis, according to some studies18,19. There
are also other causes of infantile spasms, for example: focal
cortical dysplasias and other cortical development anomalies (usually in the posterior quadrants of the brain), hypoxicischemic injury, cystic encephalomalacia, trauma, metabolic
diseases, meningitis and encephalitis in newborns, congenital
infectious diseases (such as toxoplasmosis, herpes simplex
infections and rubella), chromosomal conditions such as Down
syndrome and genetic syndromes such as Aicardi’s syndrome
20,21,22,23,24. A triad characteristic for West syndrome includes
infantile epileptic spasms, developmental delay (such as mental
retardation) and hypsarrhytmia in the EEG. Before the onset
of spasms, development can be normal or delayed, depending on the underlying condition25. The form of the spasms
is usually very distinctive: sudden and brief contractions of
flexors lead to the flexion of the neck and torso, accompanied
by shoulder adduction, arm extension and variable flexion of
the lower extremities. These seizures last for about a second
and often appear in clusters.
The clinical appearance of the spasms may vary in intensity
overtime. For example, in the beginning the spasms may be
very subtle and are sometimes even thought to be normal Moro
reflexes. But, after some time, they usually become more obvious and easier to diagnose7, 26. The EEG is consistently
pathologically altered27. The characteristic interictal EEG finding of hypsarrhythmia, a highly chaotic EEG pattern with
high amplitudes, sharp waves and slow waves associated with
spikes, is present in two thirds of patients. In the remaining
third, a focal surge can be found25. In 2% of the patients with
West syndrome the EEG shows no interictal abnormalities. If
spasms occur without pathological EEG patterns, the diagnosis of benign infantile myoclonus should be considered28.
Moreover, since this epileptic syndrome is often caused by an
underlying condition, further investigations have to be done.,
Neuroradiological imaging such asMRI should be performed.
Some studies report that brain MRIs are abnormal in approximately 80% of children with this diagnosis15. Functional neuroimaging techniques such as PET scans can be performed to
identify areas of glucose hypometabolism, which usually correlate with the epileptogenic zone or focal cortical dysplasia.
Before deciding on the therapeutic regimen which will be given
to the patient, it is crucial to know if there is an underlying
condition causing the syndrome and if the condition itself is
treatable. If so, the patient should receive specific etiological

therapy. Furthermore, the prognosis and expectations regarding the successful effect of the therapeutic regimen on the
patient’s development should be defined and explained to the
patient’s parents in advance.
Therapy goals in the treatment of West syndrome differ from
those in other types of seizures. The only way for patients with
West syndrome to achieve normal psychomotor and cognitive
development is by establishing complete control of seizures, as
well as normalization of the interictal EEG pattern. However,
it is important to note that more than two-thirds of the affected infants also have an underlying condition, which not only
induces the appearance of seizures, but also impairs normal
development by itself. In these cases, a normal development
is simply impossible to achieve. Keeping this in mind, therapy
goals often have to be lowered to just controlling the seizures7.
The current drugs of choice used for the treatment of infants
with West syndrome differ from the therapeutic regimens for
other types of seizures. Adrenocotricotropic hormone (ACTH)
is the most common firstline therapy given. It has the most
evidence of efficacy, reportedly reducing infantile spasms by
50-65%29. Some studies report that high doses of oral prednisolone are equally efficient but less expensive than ACTH30,31.
Valproate is another drug used in treatment and seems to
be more effective in patients with tuberous sclerosis32. Other
treatment strategies are being developed, but there is currently
not enough evidence of their efficacy. For example, it seems
that a ketogenic diet might lead to a good outcome in 20 to
35% of cases otherwise resistant to therapy30. Moreover, a
study showed good therapeutic response to high-dose intravenous immunoglobulines, especially in infants with idiopathic IS,
but further research into these regimens is still needed33. Surgical treatment should be considered for patients with underlying
intracranial lesions10. The prognosis of West syndrome varies
from case to case, depending on the etiology of the epilepsy
and the therapeutic regimen administered34,35. Most infants
have a poor prognosis. Around 15 to 30% of infants with
idiopathic West syndrome develop normally with a satisfactory therapeutic response, leading to complete control of seizures. Limited natural history studies report that spontaneous
remission occurs in as many as 30% of infants with infantile
spasms36.Unfortunately, 20% infants with IS die before the
age of 5, while more than 75% of the survivors experience
learning difficulties. 50% have seizures that continue into
adulthood.I. In one-half of them West syndrome evolves to
Lennox-Gastaut syndrome26.
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Lennox – Gastaut syndrome
Lennox – Gastaut syndrome (LGS) is undoubtedly one of the
most important severe generalized epilepsies of early childhood37. The condition was first described by Lennox and
Davis in 1950 and then by Gastaut in 1966.I It was classified by the International League against Epilepsy Classification Commission in 198938. LGS is an age-related epileptic
encephalopathy, with a peak incidence between the ages of 3
and 5. Onset is usually before the age of 8, although rare cases
have also been reported in adolescence38, 39. The syndrome is
quite rare, with an annual incidence of 0.2–2.8/10,000 births
in European countries40. The prevalence rate is in the broad
range between 1 and 10% of all childhood epilepsies, which is
probably a consequence of unclear diagnostic criteria39.
The etiology of the disorder is heterogeneous. Two major
groups can be differentiated 39,40. Approximately 1/4 of cases are considered to be idiopathic, while the remaining 3/4
is symptomatic – most commonly the result of brain injury
(i.e. developmental malformations, hypoxic – ischemic injury,
infection)39, 40. The age of onset is usually somewhat later in
cryptogenic cases40.
West’s syndrome is presentas a predisposing condition in 1/5
of cases41. The etiology, pathogenesis and pathophysiology
of LGS are still largely unknown39,42. Three factors can be
blamed for our incomplete understanding of this subject:
lack of an animal model, slow progress in identifying genetic
factors and variable pathological substrates39,42. Lennox–
Gastaut syndrome is usually characterized by multiple seizure
types, including tonic seizures, atypical absence seizures, tonic
or atonic falls („drop attacks“) and frequent non - convulsive
status epilepticus; slow spike – wave complexes in the EEG
and impaired cognitive function37, 38, 43. Tonic seizures are
the type most commonly associated with LGS and they represent a diagnostic criterion, even though they are not always
present at onset38, 39. They can vary in severity. Mild ones
can only affect movements of eye muscles or contractionof
facial muscles with flexion of the neck, but there are also
severe attacks that can involveaxial muscles or almost the
whole body (global tonic attacks39). Atypical absence seizures
are associated with a brief lapse in consciousness. They can
sometimes be truly challenging to recognize, as they are often
very subtle and the patients they occur in often already have
deteriorated cognitive function (one of the hallmarks of this
syndrome)38. “Drop attacks” or sudden tonic or atonic falls
are not diagnostic criteria for LGS, but appear in approximately
50% of patients. Unexpected falls usually follow a myoclonic
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jerk and can lead to multiple injuries39. Approximately 65%
of patients experience non–convulsive status epilepticus that
usually consists of consecutive atypical absence seizures with
brief episodes of tonic seizures41. The classic EEG feature
is a slow (≤2.5 Hz) spike–and–wave pattern with abnormal
background activity. Bursts of generalized fast polyspikes (10
Hz), that usually occur during non–REM sleep and are connected to tonic attacks, are also a diagnostic criteria in the EEG
profile38, 39, 41. However, these changes in the EEG are not
pathognomonic for the disorder38.
Cognitive impairment is present in 20 – 60% of patients at
the onset of LGS. The reason for some of the children’s
developmental delay is a preexisting condition such as West
syndrome38,39,41. Within 5 years of the onset, 75 – 95% of
children develop severe cognitive disabilities38, 39. Psychiatric
disorders, such as psychosis, can also occur38, 41.
Another distinguishing trait of LGS is its generally poor response to standard anticonvulsive medication. The various
seizure types that can take place in LGS limit treatment possibilities. Felbamate, lamotrigine, topiramate and rufinamide
are the only 4 agents that are approved by the U.S. Food and
Drug Administration (FDA) for the treatment of LGS. Felbamate, which was the first agent to receive FDA approval, inhibits the glycine N-methyl-d-aspartate (NMDA) receptor and
potentiates γ-aminobutyric acid (GABA)–evoked responses.
Considering the fact that the side effects of therapy with this
agent can be aplastic anemia and hepatic failure, the use of
felbamate has been limited to patients unresponsive to other
treatment43. Lamotrigine blocks sodium channels, but it is implied that this agent may also have supplementary mechanisms
of action such as stabilizing neural membranes and inhibiting the release of excitatory neurotransmitters (glutamate and
aspartate)40,43. Use of lamotrigine has been associated with
nystagmus, dizziness and rashes ranging from simple urticaria
to serious conditions, including Stevens-Johnson syndrome
and toxic epidermal necrolysis. Topiramate modulates sodium
channels and reduces GABA uptake. Side effects such as acute
glaucoma and oligohidrosis have been reported, but use of this
agent has not been connected to any life – threatening events
yet40. Rufinamide is an orphan drug used in the treatment
of LGS. Its mechanism of action is largely unknown, but it
is suggested that it limits the activation rate of voltage-gated
sodium channels43. Common adverse effect associated with
rufinamide include headaches, somnolence, fatigue, tremor and
vomiting40,43. Despite these treatment options, development
of optimal therapy for LGS still remains as an open question
and long – term prognosis is poor for most patients.41,43 The
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epilepsy itself tends to ameliorate over time, but seizures always remain present to a certain degree and cognitive deterioration usually becomes more apparent with age41.
Conclusion
West syndrome and Lennox – Gastaut syndrome are severe
epileptic encephalopathies that most commonly affect small
children. Their etiopathogenesis is unclear and their response
to therapy is poor.
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Teške epileptične encefalopatije u dječjoj dobi: Sindromi West i
Lennox – Gastaut
Sažetak: Epileptične su encefalopatije epileptični sindromi kod kojih se vjeruje da su same epileptiformne abnormalnosti čimbenik
nastanka progresivnih poteškoća u cerebralnoj funkciji. Dva najznačajnija sindroma u ovoj skupini su sindromi West i Lennox–
Gastaut. Westov sindrom se učestalo pojavljuje u prvoj godini života s posljedicama kao što su zastoj u razvoju i mentalna retardacija.
Trijas karakterističan za ovaj sindrom čine infantilni epileptični spazmi, zastoj u razvoju i hipsaritmija. Uobičajeno se liječi s ACTH,
prednizolonom ili valproatom. Za Lennox-Gastautov su sindrom tipični različiti oblici konvulzija, spori šiljak-val kompleksi u
EEG-u i oštećena kognitivna funkcija. Liječi se felbamatom, lamotriginom, topiramatom i rufinamidom uz slab odgovor na liječenje.
Ključne riječi: Epileptični sindrom; epileptična encefalopatija; Lennox-Gastaut sindrom; West sindrom
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Summary: Major depressive disorder is common mental disorder nowadays. It affects both men and women, especially when
25-44 years old. Person with MDD cannot function normally and experience typical symptoms of major depression such as
psychomotor and emotional retardation. Recently, habenula has emergead as an important brain structure in many peripheral
and cognitive functions like prediction of reward information, stress, pain processing and depression. On the one hand various
studies showed that medial habenula has crucial role in motor function, primary reinforcement and hedonic state, while on the
other hand the importance of lateral habenula lies in memory, reward prediction and depression. Although, most of the experiments with habenula were performed on mice, they built an important foundation for further research.
Keywords: habenula, depression, immunohistochemistry, neuroanatomy
The word “habenula“ originates from the Latin habena, meaning
rein.1 In general, the habenula is a relatively small nucleus situated in the diencephalon. Little is known of the physiological
functions of habenular nuclei but it has been suggested that the
nuclei participate in sleep mechanisms, learning and memory,
outcome prediction, maternal behavior, stress3. There are several
studies that have shown increased habenular activity in patients
suffering from depression.
Neuroanatomy
The habenula is a phylogenetically old brain structure and has
evolutionarily been very well preserved ever since the amphibian
era. It is a part of the epithalamus and it is divided into the lateral
(limbic) and medial (motor) part. The medial habenular nucleus
sends efferent fibres to the interpeduncular nucleus (IPn) of the
midbrain and to the pineal gland. It receives afferent fibres from
the septofimbrial nucleus interfascicular nucleus of the ventral
tegmental area (VTA) as well as from the locus ceruleus.1 Most
of the pathways end in the lateral nucleus. The lateral habenular
nucleus sends fibres to the raphe nuclei and the adjacent reticular
formation of the midbrain, to the pars compacta of the substantia nigra (SNc) and the ventral tegmental area (VTA) and to the
hypothalamus and basal forebrain.11 Furthermore, the lateral habenula is a powerful monoaminergic modulator and functions as a
relay station for various inputs.7 According to a research study at
Harvard University, connection tracts to the habenula come from
caudate, putamen, hypothalamus, frontal cortex and NAc – these
are afferent fibres. As opposed to that, efferent connections are
found with IPn, periaqueductal gray (PAG), Raphe, VTA, SNc.
Physiology
Although little is known about the physiological functions of
the habenular nucleus, scientists are certain that it is a centre of
integration of diverse visceral and somatic afferent paths, such

as pain processing, voluntary activity, motor function, sleep
mechanism, stress responses and learning. 11 For example,
researches demonstrated bilateral habenula activation during
noxious heat stimulation which proved its function in pain processing.2 Hyperactivation of the habenula causes anhedonia
(inability to experience pleasure from activities usually found
enjoyable), extensive change in motivation and social interaction.
For instance, social isolation induced c-fos expression in rat
habenula and temporary inactivation of the habenula reduced
social play behaviour in rats. It may be concluded that neuronal activation in the habenular nucleus is reduced after social
interaction. Moreover, there is a correlation between the lateral
habenula (LHB) and reward processing. Also, coherence in theta
waves between the LHB and the dorsal hippocampus suggests
a role in spatial memory.9
Learned negative motivational value of stimuli and prediction of reward information
Humans and animals have the ability to predict future events.
In humans, the habenula has shown to code negative emotional
value attributed to a cue; the response profile of the right habenula to increasingly aversive cues was linear suggesting a role
of the habenula in conditioned behavior. This appears to be
lateralised in the right habenula. However, researchers aren’t
sure whether that’s due to the shocks (negative cues) having
been administered to the left forearm.10 At the Laboratory of
Sensimotor Research, researchers performed an experiment on
monkeys. Two monkeys were taught to choose between different
types of cues that carry information about a reward. Then they
received either a big or a small reward based on the information
carried by the cue they had chosen. During that test they were
recording the neuronal activity in the lateral habenula. They
found a subpopulation of neurons in the lateral habenula that
signalled both types of prediction errors: excitation for negative
prediction errors and inhibition for positive ones. Moreover, the
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activity of neurons depends on the value of the cue. However, it
seems that the effect of habenular activation isn’t the decisionmaking itself but a reaction to an already made decision.5
Pain processing
While habenular function in pain processing has been shown
in the animal literature, there are several studies that report habenular activation in response to noxious stimulation in humans.
According to a research study at Harvard University, the habenula
is included in processing pain information. Seven out of eleven
subjects reported pain during the noxious heat stimuli. Individual
subject maps showed the habenula activation in 10 of the 11
subjects. Also, they noted an afferent connection from the putamen, a basal nuclei involved in pain processing. Furthermore,
the habenula has an efferent projection to PAG, through which
it could affect pain modulation.2
Stress
Learned helplessness is based on the concept that some individuals, who perceive their environment as out of their control and
unmanageable, lose the ability to cope with future stressors. That
loss can result in anxiety and depressive symptoms. The researchers
from New York hypothesized that the metabolic dysfunction in
habenula could be related to helpless behaviour. Because the study
was conducted on rats, it is not a very favourable model to be applied on humans. They examined metabolic signatures associated
with the depressive-like behaviour induced by uncontrollable stress.
They identified the habenula and the lateral septal nuclei as central
brain structures whose activation during uncontrollable stress leads
to helpless behaviour. Over-activation of the habenular and septal
neurons has been shown to lead to depression. Furthermore, the
lateral septum contains highly interconnected GABAergic projection neurons. Therefore the metabolic increases may result from
enhanced excitatory input and glutamate recycling with recurrent
inhibitory collaterals leading to escape deficits causing depressive
episodes. The researchers also concluded that habenular hyperactivity reduction through DBS could be utilised as a treatment for
depression and proved so in a case.4
Social play behaviour
Many studies indicated an important role of the habenula in the
processing of positive and negative social information. Imbalance in its activity may lead to several psychiatric disorders. It
has been proved that habenula was activated after 24 hours of
98 | gyrus vol III no 2 | june 2015

social isolation in rats and that subsequent social play interaction reduced neuronal activity in the medial parts of the lateral
habenula, moreover after 3.5h of isolation 50% of the peak activity was observed. In addition, it has been proved that stressful
stimuli enhance neuronal activity in the lateral habenula which
leads to decreased activity of dopaminergic and serotoninergic
neurons. Thus, the conclusion is that habenula was activated as
a consequence of the negative emotional effects of social isolation which may lead to depression. However, pharmacological
inactivation of the habenula led to reduced social play behaviour,
probably through the depression of serotonin and dopaminergic
pathways ceasing positive social behaviour prolongation and
solicitation, thus the habenula can encode both positive and
negative valence of social behaviour.7
Major depressive disorder
Major depressive disorder (MDD), also known as major depression or clinical depression is one of the most prevalent mental
disorders. It affects both genders. People with MDD experience psychomotor retardation, loss of emotional expression,
depressed mood, sleep disturbance, insomnia or hypersomnia,
fatigue or loss of energy, feelings of worthlessness, psychomotor agitation or restlessness. Furthermore, it has a significant
potential of morbidity and mortality, contributing to suicide.13
Recently, the lateral habenula, a nucleus that relays information from the limbic forebrain to multiple monoamine centres,
has emerged as a key brain region in the pathophysiology of
depression.8
The role in depression
The lateral habenula receives projections from the limbic forebrain, making this structure critically positioned to receive information from a number of reward and anxiety relevant structures. Neuroimaging studies have identified increased habenular
activity in the depressed state. There are several studies that
tried to find correlation between the increased activity in the
lateral habenula and depression. A study at Shanghai Institute
compared habenular protein (βCaMKII) expression of wildtype control and congenitally learned helpless rats, a model
of depression. It was noticed that βCaMKII was significantly
upregulated in the habenula of congenitally learned helpless rats.
Habenular protein samples increased to 1.86-fold of the control
level. Furthermore, immunohistochemically, it was proven that
the βCaMKII protein level increase occurred in the lateral part
of the habenula. Also, chronic antidepressant treatment with
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imipramine caused significant down-regulation of βCaMKII
protein in the habenula of congenitally learned helpless rats.8
They also investigated to what extent the change of βCaMKII
levels in lateral habenula is necessary to cause depressive behaviour. βCaMKII overexpression also caused anhedonia, evident
from a reduction in the preference for the sucrose solution and
wheel turning time. GluR1 is a downstream molecular target of
βCaMKIIand the inactivated form GluR1Ct delivered into the
habenula through viral vectors caused rats with overexpressed
βCaMKII to perform normally in stressful conditions.8 At the
Medical University of South Carolina scientists performed an
experiment on rats which were stressed by the elevated plus
maze and the shock probe burying test. Also, researchers noted
inactivation of the lateral habenula supressed stress related behaviour only under conditions of heightened anxiety produced
by yohimbine. In addition, the lateral habenula does not appear
to directly impact cocaine seeking unless it occurs in the context
of heightened anxiety. Using optogenetic stimulation the medial
habenula (MHB) has shown to facilitate a hedonic state, whereas
the silencing of the MHB caused acute place aversion. Its main

efferent target is the interpeduncular nucleus. Thus the MHB
is a part of the pathway which regulates hedonic states and
motivation and could be a vital part of the circuitry responsible
for primary reinforcement.3
Conclusion
Considering its numerous connections to the limbic systems and
monoaminergic projections it isn’t surprising that the habenula
has an immense influence on emotions, learning etc. The MHB
regulates mood states and primary reinforcement whereas the
LHB has been proved responsible for depression, anxiousness,
memory, and reward prediction. Results of various experiments
show that the habenula is a promising target for the treatment of
severe depression, furthermore one treatment-resistant case has
already shown progress, however when the DBS was discontinued there was a recurrence of depressive symptoms. However
promising the results of the experiments maybe, one must take
in consideration that most of them were done on mice and so
far no treatment aside from DBS has been proposed.
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Habenula - uloga u depresiji

Sažetak: U današnje doba, depresivni poremećaji se javljaju često. Zahvaćeni su i muškarci i žene, osobito u dobi između 22 i 24
godine. Osoba koja pati od depresije pokazuje tipične simptome kao što su psihomotorna i emocionalna zakočenost. Habenula se
ovdje pokazala kao važna komponenta te se osim s kognitivnim funkcioniranjem povezuje i s procesima kao što su: predviđanje
nagrade, stresnom reakcijom, moduliranje boli. Medijalni dio habenule ima važnu funkciju u motoričkim zadacima i procesiranju
ugode, dok lateralni dio pokazuje veću važnost za pamćenje, sustav nagrađivanja i nastanak depresije. Iako je većina istraživanja
temeljena na mišjem modelu, ta saznanja predstavljaju temelj za buduće proučavanje.
Ključne riječi: habenula, depresija, imunohistokemija, neuroanatomija
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Summary: Molecular subgrouping signifies a new era in medulloblastoma treatment. The four molecular variants of medulloblastoma
(WNT, SHH, Group 3, Group 4) show distinct characteristics. Studies on large groups of medulloblastoma patients demonstrated
the clinical and molecular differences between these groups. These insights have a huge impact on better understanding of medulloblastoma, and provide many possible opportunities in treating this disease. Surgery is still the cornerstone of treatment, but one
day it could perhaps become obsolete, if biological therapy evolves in a way where it would be the most cost- and overall effective,
and the least toxic modality of treatment. Sonidegib, an inhibitor of a Shh signaling pathway component is the first step in that
direction, and is currently undergoing phase III clinical trials. Differences regarding molecular subgroup could also be employed
in radiation therapy protocols. This article is a synthesis of recent achievements in medulloblastoma therapy, with special attention
devoted to subgroup-specific differences.
Keywords: medulloblastoma, molecular subgroup, treatment, therapy, perspectives
Medulloblastoma is the most common malignant CNS tumor
in children and accounts for about 15-20% of pediatric CNS
malignancies, with an incidence rate of 0.49 per 100000 personyears. It is less common in the adult population and comprises
2% of adult CNS malignancies. The incidence of medulloblastomas in adults is 0.05 per 100000 person-years.1
It is an infratentorial tumor of embryonal origin, classified as
grade IV by the WHO, and includes five histological subtypes:
classic medulloblastoma, desmoplastic/nodular medulloblastoma, medulloblastoma with extensive nodularity, large cell
medulloblastoma, and anaplastic medulloblastoma.
Some histologic features (such as presence of nodules/balls and
fine fibrillary stroma) signify better 5-year survival rate while
others, e.g. necrosis, high rate of anaplasia and prominent nucleoli, indicate a worse prognosis. 2 The Chang staging system for
medulloblastoma is based on spreading (T1-T4) and metastases
(M0-M4). A risk stratification based on clinical criteria (patient’s
age, extent of resection and metastasis stage) divides patients
into two groups: average-risk and high-risk. The average-risk
group involves patients over 3 years of age, without metastatic
disease (M0) and with a surgical residue smaller than 1.5 cubic
centimeters. All other patients are thought to have high-risk
disease. 3
The histologic and clinical parameters influence the extent of
chemotherapy and radiotherapy applied in treating a medulloblastoma patient. It was noted that the correlation of these
parameters with the actual severity of the disease is not high
enough. The consequence of this disconcordance is that some
patients, with a more severe type of medulloblastoma than diagnosed, get under-treated and vice versa, resulting in disease recurrence and unnecessary amount of side effects, respectively.4
Due to the need for better severity stratification, additional
characteristics of the tumor were explored to identify novel
markers. Four molecular subgroups were identified: WNT, SHH,
Group 3 and Group 4. The WNT subgroup carries the best,
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and Group 3 the worst prognosis, while SHH and Group 4
have an intermediate one.5
The goal of this article is to analyze recent achievements in
the individualization of therapy for medulloblastoma patients,
through the implications of the molecular subgroup on surgical
treatment, chemotherapy and radiotherapy.
Subgroup-Specific characteristics
In 2012, M. Kool et al. performed a meta-analysis on 550 medulloblastoma patients from seven studies to distinguish age
and sex representation, metastatic potential, genetic abberations and prognosis between the four molecular subgroups. 6
Overall, the most common subgroup was Group 4 with 34%
of total cases. SHH was slightly more common than Group 3
(28% vs. 27%). The WNT subgroup was represented by 11%
of cases. Considering gender distribution, medulloblastoma
occured 1.5 times more frequently in males than in females.
WNT and SHH subgroups displayed a male:female ratio of 1:1,
whereas in Group 3 and Group 4 the ratio was 2:1.
Patients were distributed into three age groups (infants, aged
<4 years; children, from 4-16 years; and adults aged >16 years)
which showed distinct subgroup distribution, metastasis occurence and overall prognosis. The median age for all patients
was 7.3 years, with a range from 0.3 to 52 years. The infant
group represented 21% of all cases, 67% of all patients were
children and 12% were adults. The WNT subgroup incidence
peaked at ages 10-12 and 16-18, without almost any ocurrence
in infants. The SHH subgroup had a bimodal distribution, with
occurence in infants and adults, bypassing the children group.
Group 3 was most common in children under the age of 6,
showing a steady decline with the increase in age. Group 4 was
mostly represented in the children group.
Metastases were most commonly found in Group 3 and Group
4 (30% and 31% of tumors in these groups, respectively), par-
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Fig 1. Image from: Nortchcott PA, Korshunov A, Witt H et al. Medulloblastoma Comprises
Four Distinct Molecular Variants. J Clin Oncol. 2011; 29:1400-1407 doi:10.1200/
jco.2009.27.4324

ticularly in the infant population of these subgroups (47% and
36%). In the SHH subgroup metastases occured in 17% of
infants and 22% of children, while none occured in adults. The
WNT subgroup was the least likely to develop metastatic disease
(9%), and all affected patients were children.
Molecular subgroups also showed differences in overall survival.
The WNT subgroup signified the best prognosis, with a 95%
5-year and 10-year overall survival in children and a 100% 5-year
overall survival in adults. SHH carried a better prognosis in infants (77% 5-year and 10-year overall survival) than in children
(68% 5-year overall survival and 51% 10-year overall survival)
and adults (75% 5-year overall survival and 34% 10-year overall survival). Group 3 was associated with the worst outcome,
with infants having a 45% 5-year overall survival and 39% 10year overall survival and children having a slightly better 58%
5-year overall survival and 50% 10-year overall survival. Group
4 showed a homogenous 10-year overall survival around 60 %
in all age groups.6
Oncogene amplifications were also shown to be subgroupspecific. Nuclear beta-catenin overexpression, which is a characteristic of the WNT subgroup signified an excellent prognosis.
MYC amplification was mostly identified in Group 3 tumors
and was associated with a dismal prognosis. In Group 4 and
the SHH subgroup, the most characteristic oncogene amplification was that of MYCN, and was also an indicator of worse
prognosis.6
Implications on surgery
Location of medulloblastoma in the brain is also subgroup-specific, because of distinct developmental origins of medulloblastoma cells. A study by P. Gibson et al. analysed the association
between the molecular subgroup of medulloblastoma and its
location by using magnetic resonance imaging, intra-operative
reports and mouse models of human medulloblastoma. The
results of the study proved the general belief, that medulloblastomas arise only in the cerebellum, to be wrong. WNT subgroup
tumors were shown to emerge from the dorsal brainstem, while
SHH subgroup tumors originate from the external granule cell
layer of the cerebellum, and are located within the cerebellar
hemispheres.7 The cells of origin of Group 3 tumors are the
postnatal cerebellar progenitor cells.8 It is now hypothesized
that SHH subgroup tumors may arise from the brainstem as
well.9
The surgical approach to medulloblastomas is the midline
suboccipital craniotomy, with a C1 laminectomy if the tumor
spreads inferiorly, which is rare. If the tumor extends superiorly,

the inferior part of the cerebellar vermis is resected, whereas if
the tumor extends more laterally (to the foramina of Luschka),
the resection of the vermis can be avoided by using the telovelar
approach. The tumor is excised maximally, with residue under
1.5 cubic centimeters considered to be prognostically equal to
total excision, allowing the tumor mass strictly adhered to the
brainstem to be left behind. 10
Implications radiotherapy
After surgical excision of the tumor, all patients receive irradiation of the entire craniospinal axis, with dosage depending
on risk group (average-risk group is given 23.4 Gy irradiation,
whereas high-risk patients receive 36 Gy), and a boost of 54-56
Gy to the posterior cranial fossa. In children under the age of
3 radiotherapy is postponed or completely omitted, due to its
devastating effects on the developing nervous system.11
A study of medulloblastoma recurrence, by Ramaswamy et al.,
has shown that different molecular subgroups display distinct
recurrence patterns. It was demonstrated that none of the tumors showed a change in subgroup at the time of recurrence,
putting an end to the hypothesis of the subgroup shift, in which
SHH and Group 4 tumors were thought to transform into a
more aggresive, group 3 tumor. Due to the low recurrence of
WNT subgroup tumors leading to a small sample, data collected for this group was not statistically relevant. SHH tumors
displayed almost invariably a local recurrence pattern, while
Group 3 and Group 4 mostly recurred as metastases. These
results imply that in SHH tumors emphasis should be put on
local irradiation, with potential sparing of the neuraxis, whereas
in Groups 3 and 4 craniospinal irradiation should be intensified.
8 Numerous clinical trials of WNT subgroup tumors have the
goal to identify if the irradiation should be de-escalated, and to
what extent, to maximally reduce side effects while still achieving remission.
Implications on chemotherapy
Chemotherapeutical management of medulloblastoma varies in
different research groups and hospitals. Children under the age
of 3 benefit from intensified, radiation-sparing chemotherapy,
with or without stem cell rescue therapy. Older children and
adults receive chemotherapy concurrently with radiotherapy.
The most common protocols include the Children Cancer
Group vincristine, lomustine, prednisolone (VCP) protocol,
and the Pediatric Oncology Group protocol which utilizes
vincristine, cyclophosphamide, etoposide and cisplatin. The
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Fig 2. Image from: Adamski J, Ramaswamy V, Huang A, Bouffet E. Advances in managing medulloblastoma and
intracranial primitive neuro-ectodermal tumors. F1000Prime Rep. 2014; 6: 56. doi: 10.12703/p6-56

consequences of chemotherapy are many, with endocrinologic
defficiencies, hearing loss and neurocognitive deterioration
among others.12 Therefore novel agents are sought after to
help decrease these treatment sequelae.
The most advanced steps in achieving effective, molecular
subgroup-based therapy, have been taken in the SHH subgroup. Inhibitors of Smoothened, a receptor in the Shh signaling pathway have been synthesized (Vismodegib (GDC-0449)
and Sonidegib (LDE225)). Sonidegib is currently in phase
III trials.13 Groups 3, 4 and the WNT subgroup lack specific
biological agents that are involved in clinical trials at the moment (no such trials can be found on www.clinicaltrials.gov).
Discussion
Molecular subgrouping of medulloblastoma represents a giant
leap in improving the care for medulloblastoma patients. The
imminent issue is the fact that further advances in specifying
different subgroups inside subgroups will lead to even smaller
groups of patients, which will make the design of clinical trials
very complicated.
Pharmacological therapy is the treatment modality that is expected to receive most benefits from molecular subgrouping of
medulloblastoma. Advances are anticipated in identifying new
molecular targets in each of the subgroups, with smoothened
currently being the only target whose inhibitor is undergoing
clinical trials. By reducing chemo- and radiotherapy side effects,
biological therapy should bring substantial improvements in
the quality of life of medulloblastoma patients, the same way
Gleevec did in chronic myelogenous leukemia patients. The
study of medulloblastoma recurrence patterns by Ramaswamy
et al. has suggested some important alterations in radiotherapy
protocols, which are subgroup specific. Future clinical trials
are needed to find an optimal risk/benefit ratio of dosage and
location of irradiation. Proton therapy, which employs protons

as opposed to standard radiotherapy, which utilizes photons, is
becoming widely used as it more precisely delivers radiation to
the tumor site, sparing the healthy tissues. 14
Subgrouping of medulloblastoma did not lead to differences in
surgical excision of the tumor. The extent of resection should
perhaps be reviewed to see if patients with more favourable
prognoses (WNT subgroup) would benefit from less radical
surgery if the tumor is located in very sensitive parts of the
posterior fossa, such as the dorsal brainstem. New, supplementary methods are being developed, such as intra-operative,
tumor-specific fluorescence agents which would increase the
precision of surgical resection. The agent already tested in vitro
is called hypericin and is derived from Hypericum perforatum
(St. John’s wort). It accumulates specifically in medulloblastoma
cells and increases fluorescence intensity in a superior fashion
than 5-aminolevulinic acid (5-ALA), used in high-grade gliomas.
It is also photocytotoxic meaning it sensitizes tumor cells to
photodynamic therapy which utilizes light of high intensity to
destroy them.15
Conclusion
Molecular subgrouping of medulloblastoma substantially widened the perspectives in medulloblastoma treatment. It explained the age-specific differences in overall survival and in
the potential for tumor recurrence and metastasis. Numerous
molecular targets for biological therapy are being elucidated,
which could eventually put an end to the use of highly toxic,
non-specific chemotherapeutic agents. Subgroup specifics demonstrated implications, albeit minor, on radiotherapy and surgery as well. These new acknowledgements are paving the way
for clinical trials whose aim is to eliminate toxicity and further
increase overall survival.
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Meduloblastom- mogućnosti liječenja pomoću molekularnog
grupiranja
Sažetak: Molekularno grupiranje označava novu eru u liječenju meduloblastoma. Četiri molekularne podgrupe meduloblastoma
(WNT, SHH, Grupa 3 i Grupa 4) pokazuju značajne razlike. Studije velikog uzorka pacijenata oboljelih od meduloblastoma demonstrirale su kliničke i molekularne specifičnosti unutar tih podgrupa. Ova saznanja imaju veliki značaj u boljem razumijevanju meduloblastoma, pružajući mnoge potencijalne mogućnosti u liječenju ove bolesti. Kirurško liječenje tu još uvijek ima najznačajniju
ulogu, no jednog dana bi moglo postati potpuno zamijenjeno biološkim lijekovima, nastave li se razvijati u smjeru u kojem bi postali
ekonomski i medicinski najučinkovitiji, s istovremeno najnižom razinom toksičnosti. Sonidegib, inhibitor komponente signalnog
puta Sonic hedgehog, predstavlja prvi korak u tom smjeru i trenutno je u trećoj fazi kliničkih ispitivanja. Razlike u molekularnim
podgrupama bi također mogle biti korištene u izradi novih radioterapijskih protokola. Ovaj članak je sinteza nedavnih istraživanja
mogućnosti liječenja meduloblastoma, sa posebnim osvrtom na razlike vezane uz molekularne podgrupe.
Ključne riječi: meduloblastom, molekularna podgrupa, liječenje, terapija, perspektive
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Summary: Stroke is the leading cause of disability in the U.S. and is responsible for 4.4 million deaths per year worldwide. Only 10%
of stroke victims are able to recover almost completely while the vast majority either die or are left with severe impairments requiring assisted living. The fixed neurological deficits are difficult to treat and because of this, even slight improvements are considered
valuable. Studies have shown that stem cell therapy can provide trophic support or cell replacement in the infracted areas and
improve the recovery and quality of life for patients. This article describes the possible candidates for stem cell repair in ischemic
strokes and its mechanism of action. It discusses the advantages and disadvantages of each candidate, including the health hazards
involved. Even though the use of stem cells to treat strokes in humans shows flourishing promise, there are still some obstacles and
theoretical reasoning that need to be assessed in further detail in order to make it more effective. With an increased attention in using
stem cells to treat ischemic strokes over the past 5 years, the process is soon to be incorporated into standard medical procedures.
Keywords: clinical application of stem cells, embryonic stem cells, ischemic stroke, mesenchymal stem cells, neuronal stem cells,
stem cell
The current treatments available for stroke recovery are limited, such as one method using tissue plasminogen activator
based therapy2 which is only effective if given within the first
few hours of incident. In order to improve the somatosensory
cognition and motor function of stroke ischemia in the brain,
researchers are now focusing on utilizing stem cells (SC) as a
novel new pathway to recovery. However, the mechanisms
for utilization of these types of treatments are largely mysterious and needs to be elucidated further in order to start
clinical trials on humans instead of animal test subjects. It has
not yet been demonstrated if the implanted neurons or the
endogenic neurons themselves repair the old connections or
make arbitrary ones. Additionally, the capacity of self-renewal
is not great enough for full neuroregeneration3. It is essential
that not only neurons, but also oligiodendrocytes, astrocytes
are formed. An intrinsic advantage enables asymmetric division of SC by allowing creation of new differentiating cells
while simultaneously retaining additional progenitor cells for
continued proliferation.
General Information
The basis of the mechanism can be determined by the observation of how the brain tries to compensate for the loss of
function in the injured area. The are two large zones in the
brain where the majority of neural stem cells can be found, the
subventricular zone (SVZ) lining the lateral ventricle and the
subgranular zone (SGZ) of the hippocampal dentate gyrus.4
In the healthy human brain these neural stem cells (NSC) can
move via the rostral migratory stream (RMS) toward the olfactory bulb (OB). However, during a stroke, the cells utilize
different migration methods in order to transport themselves
to the site of injury and assist in the rejuvenation of the damaged area. One of the largest obstacles to overcome in this
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repair system is circumventing glial scar formation. The glial
scars can exert this effect by physically forming a matrix that
blocks NSC movement to injury site, it also releases chemical
to debilitate the NSC migration and it transmutes promigratory cues into inhibitory cues. This thus slows down the
rate of recovery and makes it impossible to recover totally.4
The second great problem is that, human neuroblasts do not
travel in a column of cells like in rodents, instead they travel
individually because of longer axons. Thus, the results might
not translate well from non-human to human experiments.
Neurogenesis and Migration
The mechanism of action is that the injured area releases
trophic factors which induce differentiation and migration
of NSC towards it. The movement of neuronal cells to the
site of injury is influenced by a myriad of cytokines and chemokines such as GABA, VEGF, BDNF, PSA-NCAM, netrins,
ephrins, β1 integrins.4 The most important of them is stromal
cell-derived factor 1 (SDF-1) that is expressed by migrating
neuroblasts which functions in tandem with cysteine X cysteine chemokine receptor 4 (CXCR-4) receptor to reach its
destination. SDF-1 changes the RMS-OB pathway of NSC towards the injured region. Figure 1 presents this schematically4.
Sources of SC for clinical treatment
There are 3 sources of NSC that can be used for therapeutic
use: embryonic stem cells (ESC), adult-derived neural stem
cells (aNSC), bone marrow or mesenchymal stem cells (MSC).
These 3 types are briefly presented in Figure 25.
ES are advantageous in regards that they are multipotent, selfrenewing and a high rate of proliferation. On the other hand,
the caveat of this method is the formation of teratomas and
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Fig 1:The production of SDF-1 functions as a positive feedback loop from
the peri-infarct regions. SDF-1 increases the expression of VEGF which
increases the angiogenesis, thus providing an increased nutritional supply to
the damaged region. These extra vasculature structures allow for improved
migration of NSC.(4)

ethical concerns considering the harvesting process. The risk
of teratomas can be reduced by decreasing the density of donated ESC and using xenotransplants instead of homologous
to prevent teratocarcinomas. The last solution of to predifferentiate ESC in vitro.
aNSC can be found SVZ and CGZ. These aNSC will proliferate when exposed to growth factors such as fibroblast growth
factor (FGF) and epidermal growth factor (EGF). They form
into either neuronal or glial cells. In different animal stroke
models it has been shown that SVZ NCS were able to differentiate into neural and glial cell types in the hippocampus
of ischemic stroke subjects. The recovery led to increased
learning and memory function when compared to control
test subjects. The genetic modification of NSC can augment
the effect of regeneration process and allow the expression
of a non-default phenotype6. The tumorgenic potential of
this method is minimal compared to the ES method. A disadvantage for this type of SC is that they have a limited selfrenewal capability compared to ESC. MSC studies have shown
that when injected into an ischemic stroke region the neurons
exhibit an increased regeneration, survival and function rate.6
MSC are able to penetrate the blood brain barrier (BBB) allowing this therapy to be administered intravenously into the
subject. Theoretically MSC activate supporting repair functions by activating neurotrophic factors rather than actually
replacing the damaged cells. The transplantation efficiency
and safety has not yet been well explored and is in need of
further assessment before therapeutic usage.
Clinical Data
To determine the best course of treatment each cellular strategy must prove firstly by premedical models, followed by type
I and II clinical trials and avoid hemorrhage inducement, viral and bacterial infection, tumorigenesis, inflammation, and
seizures.
The greatest problem in these clinical studies has been the
safety of patients because this technique is still in the nascent stages and the mechanisms are still convoluted. One
of the safety precautions being that the induced cells were
programmed in a way that apoptosis could be triggered if
necessary. Stem cells are engineered with a suicide gene that
can be switched on and prevent adverse effects like tumor
formation. In one clinical trial, an intraparenchymal route was
used to deliver the stem cells of primordial porcine striatum
–type of ESC7.
Friedrich et al. have conducted clinical trial involving intra-

arterial infusion of MSC, which was taken from bone marrow,
to patients with ischemic strokes of varying severity. The
study graded the progress of therapy recovery based on National Institutes of Health Stroke Scale (NIHSS) where measurements are recorded using electroencephalogram (EEG).
Improvement was defined as a change of 4 or more points
on NIHSS. The success rate after 90 days can be noted as
satisfactory with 6/20 of the patients claiming significant improvement, with 8/20 showing good improvement. The MCS
were administered to the patients within hours of the stroke
incident, this allowed for presumably maximum efficiency of
treatment.
The clinical trial was executed with the intra-arterial method
instead of the stereotactic implantation because it is lessinvasive and contains a greater MSC cell count. While the
actual mechanism is only theoretical, it is assumed that the
added MSC stimulate the production of cytokines and trophic
factors and do not replace endogenic cells at the ischemic
site. Additionally these cells are thought to revascularize the
ischemic tissues and increase angiogenesis and endothelium
reconstruction. Thus allowing for a higher nutritional supply
of the damaged tissue for enhanced effectiveness.
Serial reevaluations were screened via CT and MRI. The results showed no greater anatomical or structural inauspicious
effects nor did any additional medical problem arise from the
treatment itself8.
Another clinical study aimed to discern the health safety and
efficacy of intravenous autologous mesenchymal stem cell
transplantation was performed by Jin Soo Lee et al. The
known secretion of cytokines, growth factors, and trophic
factors causing neurogenesis, angiogenesis and synaptogenesis
by MSC were the basis of the experimental treatment. Another
premise was to discover if the quantity of SDF-1α and CXCL
12 protein expression from the infarcted brain region has an
effect on the quality of recovery. The study also wanted to
determine if the usage of fetal calf serum or fetal bovine
serum to incubate the stem cell culture would cause to any
adverse effects from the xenogeneic compounds.
For the experimental patient group, 5mL of bone marrow
was placed into the posterior iliac crest, which contained approximately 5 x 107 autologous MSC. This procedure was
again repeated 2 weeks afterwards.
The group used the modified Rankin Scale (mRS), a method
of quantitatively measuring the disability of patients with a
neurological disability. The scale ranges from 0 (no symptoms) to 6 (dead). A mRS observer-blinded diagnosis was
performed on the control and experimental MSC groups, 2.7gyrus vol III no 2 | june 2015 | 105
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Fig 2. The theoretical benefits and mechanisms of action for different possible approaches in
therapy.5

al. performed a single-blind clinical trial in which ten patients
were treated with intra-arterially injected 1.59 X10 8 bone
marrow mononuclear cells versus ten control patients. The
mRS scores improved by less than or equal to 2. Again, this
study focused on the feasibility and safety of future clinical
procedures rather than on the efficacy, so mRS scores were
the main way to grade the effectiveness.11
4.9 years after stroke incident. In the control group, 13/36
patients received a positive mRS score, indicating alleviation
of symptoms. In the experimental MSC group, 11/16 patients
received a positive mRS score. Figure 3 graphically outlines
results.
Results found that the levels of SDF-1α at the time of MSC
treatment positively correlated to a better mRS score after 1
year. This could mean that SDF-1αcould serve as a marker to
determine if MSC treatment is a vital course of action. None
of the experimental or control group experienced myoclonus,
dementia, ataxia or prion diseases. However, it is believed
that the risk of zoonoses from using fetal bovine serum could
lead to a higher risk of an immunological reaction against the
injected cells, or even an autoimmune reaction against the
patient’s own stem cells. Due to the decreased mortality rate
in the experimental group and lack of directly contributable
adverse effects, the group’s data concluded that MSC therapy
is an effective and safe method based on 5 years of follow up.9
A different method attempted by Sprigg et al., consisted
of using granulocyte-colony-stimulating factor (G-CSF) to
stimulate the growth of hematopoietic stem (CD34+) cells
in order to regulate neutrophil progenitor proliferation and
differentiation. Preliminary data in mice showed that it was
effecting in bringing more neural progenitor cells to the ischemic site, reducing cerebral edema, improving survival and
increasing sensory and motor recovery. It was shown that 5
daily doses of 10µg/kg G-CSF provided the largest increase
in blood CD34+ levels, and provided some degree of clonal
expansion and transdifferentiation of these cells into neurons, glia and vascular cells. Exact values using mRS were not
measured, as the study focused on the safety of administering
this method.10
A positive correlation has been observed between the number
of CD34+ cell levels and ischemic stroke models of mice due
to its ability to produce better neurological improvements. It
increases β-nerve growth factor which is essential for increasing brain plasticity, axonal sprouting, synaptogenesis, neurogenesis and angiogenesis. Due to this information, Moniche et
106 | gyrus vol III no 2 | june 2015

Conclusion
From the researcher’s analysis of the stem cell treatment and
biological background it can be surmised that while treating
ischemic strokes by this method does seem promising, much
more clinical and application work still needs to be done, especially on a larger scale. Also, the underlying mechanism on
how the stem cells bring about a beneficial effect to the injury
should be further deduced. The conflict between whether
implanted cells merely stimulate the environment or actually
renew the old cell neuronal circuits is still up to debate. Never
the less, results from animal trials and early clinical trials have
shown optimistic results for further study. Further analysis
of the types of progenitor cells should be researched for determination for which type of cell line could prove to be most
effective for clinical therapy. There are still many barriers
considering the amount of stem cells needed to be injected
into the injury as well as the time window in which therapy
needs to be started in order to see beneficial results.

Fig 3: The results of the follow up observations for the control and MSC group.9
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Terapija matičnim stanicama kod pacijenata koji boluju od moždanog
udara – dosadašnja dosezi
Sažetak: Moždani udar je vodeći čimbenik invalidnosti u SAD-u te godišnje uzrokuje 4,4 milijuna smrti u svijetu. Samo 10% ljudi
koji su doživjeli moždani udar doživi skoro potpunu rehabilitaciju dok velika većina stradalih ima smrtni ishod ili trajne motoričke i
kognitivne poremećaje koji zahtijevanju svakodnevnu skrb. Stagnirane neurološke defekte je veoma teško liječiti i najmanje poboljšanje
stanja je smatrano dragocjenim. Studije su pokazale da terapija matičnim stanicama može trofički poduprijeti regeneraciju ili čak
nadomjestiti odumrle stanice oštećenog predjela mozga i tako poboljšati oporavak i kvalitetu života pacijenata. Ovaj članak opisuje
moguće kandidate za terapiju matičnim stanicama pacijenata akutne ishemije mozga. Raspravlja o prednostima i manama potencijalnih kandidata za tu vrstu terapije te mogućnosti smanjenja opasnosti za pacijenta. Još uvijek postoje prepreke kojima je potrebno
posvetiti dodatna istraživanja. Potrebno je više kliničkih ispitivanja na većoj populaciji i dodatnih teorijskih objašnjenja za ovu perspektivnu terapiju.
Ključne riječi: akutna ishemija mozga, embriološke matične stanice, klinička aplikacija matičnih stanica, matične stanice, matične
stanice mezenhima, živčane matične stanice
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Summary: Recently, there has been a rising interest in exploring the role of the insular cortex and its vast connections with other
brain regions. New studies describe it as a multisensory node that constantly receives information from the periphery, processes
it and then forwards it to the superior parts of the cortex. It has been shown that insula participates in a large number of various
cognitive processes including integration of perception, gustation, regulation of food intake, social interactions, empathy, pain
processing and even takes part in pathogenesis of some neuropsychiatric disorders including anxiety, obsessive compulsive disorder
and schizophrenia. All these findings open up possibility for developing new and improved treatment methods, as well as for better
understanding of complex brain networking mechanisms.
Keywords: insula, insular cortex, integration, perception, interoception, emotions,

Not so long ago, insular cortex and its functions were only at the
margins of scientific interest and little attention was given to the
examination of its role in all the cognitive processes it may be a
part of. However, things have changed and advances in science
created the possibility to explore this secret lobe that was hiding
in the depths of the Sylvian fissure all along.
Recent studies of insular cortex show its multimodal functions
and portrait it as some kind of integrative center or, better, a
multisensory node that receives information from the periphery,
processes it and then forwards it to the superior parts of the
cortex. With new studies that keep flooding in, it has become
clear that insular cortex participates in integration of perception,
interoceptive awareness, social interactions, expressing empathy
towards others, gustation, regulation of food intake, cognition,
pain processing and many more functions that should yet be
thoroughly examined.
In this review, I will try to summarize some of the most interesting new findings involving the insular cortex which will help us
understand how it is tightly woven into our neural network and
how it participates in our everyday cognitive processes.
Neuroanatomy and functions
Insular cortex, that often forgotten lobe of the mammalian brain
takes its place in the depths of the lateral sulci in each of the
cerebral hemispheres. It is hidden from the surface of the brain
by three opercula: frontal, parietal and temporal and is positioned
between piriform, orbital, motor, sensory and auditory cortices
of higher order1. Central insular sulcus morphologically divides
the insula into two parts: anterior and posterior2. The insula is
interconnected with anterior cingulate cortex, rostral and dorsolateral prefrontal cortex, regions of the parietal and temporal
lobes, as well as entorhinal cortex, amygdala, hypothalamus and
dorsal thalamus. Accordingly, it is involved in viscerosensory, visceromotor, somatosensory, and interoceptive functions 3,4(Fig.
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1). This specific location and projections sent by insula to other
parts of the brain show us once again a diversity of its functions
in processing various inputs from the outside world as well as
form the inside reflecting our inner state.
Considering insula’s cytoarchitectural composition in the primates’
brains, it can be divided into three cytoarchitectural subregions
based on the granularity of neurons in the cortical layer IV 5 (Fig.
2). According to this distinctive discrimination the ventral and anterior part of insula is part of agranular neocortex, posterior and
dorsal insula show significant granularity while the middle insula
shows dysgranularity. Also, worth mentioning is that great apes
and humans display a subdivision of the agranular insular cortex
in the very part of the ventral anterior section. This subdivision
of insular cortex is positioned right next to the orbital cortex and
is therefore called frontoinsular cortex (FI). In the frontoinsular
cortex we can find clusters of neurons called von Economo
neurons (VENs)6. It is believed that von Economo neurons in
frontoinsular cortex together with agranular insular cortex of
the anterior and ventral insula are involved in social awareness
while granular and dysgranular insular cortices are important for
receiving input about body’s inner homeostatic state, as well as the
somatosensory input from the periphery. Anterior part of insular
cortex is also a major site of processing emotional, motivational,
cognitive and sensory stimuli, as well as gustation. The intermediate dysgranular part of insula is widely connected with all the
other parts of the insula and is involved in motor, somatosensory
and pain processing7, while the posterior granular part of insula
forms a representation of our body’s state constantly receiving
information about our autonomic functions. This input is then
carried to the anterior part of insula which integrates interoceptive
input with the cognitive information adding subjective feelings
to the experienced sensation8.
Taking to consideration all of the above, it is clear that insula has
a lot to offer and serves as a relay center of our brain, connecting
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Fig 1. Subdivisions of the insula and their connections to other regions. The anterior insula,
in blue, consists of the agranular and anterioventral dysgranular cytoarchitechtural portions of
the insula and projects mostly to sensory and limbic parts of the brain. The posterior insula, in
red, consists of the granular and dorsoposterior dysgranular cytoarchitechtural portions of the
insula and connects to visual, auditory and somatosensory areas. Thalamic and intra-insular
connections are observed in both areas. (Wylie & Tregellas, 2010)

and integrating information into one collective and undivided
experience.
Insula and food related processes
Primary gustatory cortex consists of two substructures: the anterior insula on the insular lobe and the frontal operculum on the
inferior frontal gyrus of the frontal lobe. That is a place where all
the inputs from the oral cavity become integrated and cognitively
processed. Our decision whether to take food or reject it depends
not only on taste of the food, but also on its texture, temperature
and odor. Neurons that are involved in our perception of taste,
also receive somatosensory and olfactory projections from our
oral cavity, as well as the input about body’s energetic state from
the periphery9. Projections from higher cortical centers make
connections on those exact multimodal neurons and interfere
with our perception of food and modulate the ways we feed.
The evidence that supports the theory about multisensory neuronal responses in the primary gustatory cortex was observed during
electrophysiological recordings on monkeys10. In the experiment
only one small group of neurons responded exclusively to taste
stimuli (~6.5%) while ~23% of neurons responded during jaw or
tongue movements. Recent studies seem to support these findings
in humans as well. Maybe one of the best examples of somatosensory and gustatory integration of the received input is the fact
that human anterior insular taste cortex becomes activated even by
tasteless viscous stimuli (carboxymethylcellulose, CMC) 9. It has
also been noted that water produces similar neuronal responses in
the human taste cortex11 which shows us an evolutionary aspect
of eliciting responses in the taste cortex by substances important
for modifying behavior and survival.
As mentioned earlier, the primary gustatory cortex doesn’t just
respond to basic stimuli which accompanies our experience of
ingesting food (taste, texture, temperature, odor) but is also influenced by the input coming from higher-ordered brain structures
involved in more advanced cognitive processes.
Simmons et al. 12 made an fMRI event-related experiment in
which subjects were shown pictures of appetizing food and for
comparison, pictures of locations. What they observed was that
while both types of pictures activated the visual pathway, only
pictures of food elicited the response in the gustatory cortex as
well. Moreover, the image showing activated sites in the gustatory
cortex was highly coincidental with the purely-taste elicited activity
13. Besides appearance, motivational value and desirability of food
(‘’food cravings’’) can elicit responses in human taste cortex just
by imagining the properties of our favorite foods. Craving specific

type of food increases activity in the brain rewarding pathways
revealing intertwining connections between insular cortex and
limbic structures14.
Another fMRI human taste study done by Nitschke et al.15 found
that neuronal activity in our gustatory cortex can change dependent on our expectation of a tastant. They misled their subject
into thinking that an aversive bitter taste would actually be less
repugnant than it really was. After that, subjects reported the taste
to be less aversive than when they had a truthful information
about the nature of the taste. Brain imaging also showed reduced
activity in the primary gustatory cortex.
Similar study referring on the modulation of our taste perception
while expecting to detect taste16 involved human subjects trying
to detect taste in tasteless solution. The primary gustatory cortex
was here also activated, proving that other cortical regions which
are focused on finding and cognitively processing taste can also
activate taste cortex even when there is no taste to be detected.
Input coming from visceral organs after food ingestion modulates
neuronal activity in the taste cortex similar to one coming from an
external stimuli or higher cognitive centers. These signals interfere
with the cumulative data that is converging to the taste cortex
and regulate our future food intake. This association between
somatosensory and postingestive stimuli forms ‘’memory trace’’
in the taste cortex which is responsible for differentiation between
noxious and harmless food.
Gutierrez et al. experimented on rats in order to study the nature
of neophobia (decrease in the intake of a solution where a novel
taste was presented). This effect gradually disappears and the consumption increases from the second encounter with the taste. If
gastric malaise is induced after first intake, rat will be opposed to
taking the solution again and will develop long-lasting aversion to
the tastant. After blocking muscarinic but not NMDA receptors
in the taste cortex rat expressed aversion regarding the novel taste
even though it was not harmful and did not elicit malaise. These
findings suggest muscarinic receptors are the key in attenuation
neophobia and formation of memory trace in the taste cortex.
Same behavioral patterns can be observed in humans. For instance,
if we experience nausea after eating certain type of food, we
will associate that food with feelings of illness and discomfort
and begin to avoid it in the future. These responses are partially
reversible and depend on the gustatory cortex plasticity.17
Information regarding body’s energetic balance has impact on
insular activity as well. Neuroimaging shows different patterns
of cortical activities during experiencing feelings of hunger and,
in contrast, satiety18. These studies provide evidence that in hugyrus vol III no 2 | june 2015 | 109
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Fig 2. Lateral view of insular cortex. In (A) we see the left insula after the overlying opercula
had been removed. (B) and (C) show cytoarchitecture of the insulae in Homo sapiens and
Macaca mulatta. Both images display insular similar portions of granular (Ig), dysgranular
(Id), and agranular (Ia) regions . The central sulcus of the insula (csi) is observed in humans.
Other notations: Anterior limiting sulcus (ALS); first (s1), second (s2), and third short gyri
(s3); first (l1) and second long gyri (l2); inferior limiting sulcus (ILS); orbitofrontal operculum
(ofo); frontoparietal operculum (fpo); temporal operculum (to); piriform olfactory cortex (poc);
superior limiting sulcus (SLS). (Bauernfeind et al., 2013)

mans, the insular cortex regions display stronger activation in
cases of nutritional deficit whereas during satiety and overindulgence those regions are deprived. Another study showed negative
correlation between level of insular cortex activity and insulin
plasma concentrations19, while other demonstrated that insular
responses to pictures of foods decrease with satiety and increase
again after intravenous administration of ghrelin, an orexigenic
gut hormone20.
Dispropotion in insular cortex activity can be seen between lean
and obese subjects, in which the latter have increased resting
insular activity 21 that leads to overindulgence in food and in the
end – obesity. Such individual variation in representing body’s
internal state and regulating food-relating processes can represent
one’s susceptibility for gaining weight easily.
Insula, emotions and social awareness
New studies keep pointing out the role of insular cortex in emotional awareness. This means it is involved in processes of attributing emotional feelings to information coming from within
our body22. Emotional awareness couldn’t be achieved without
interoception which is described as the sense of physiological
condition of the body23.
Many cortical regions, such as the anterior cingulate cortex, amygdala and ventromedial prefrontal cortex have been associated
with interoceptive and emotional awareness, but insular cortex
has been found to have the crucial role in these processes. Studies conducted on subjects who had focal epileptic seizures in
anterior insular cortex reported heightened emotional awareness
and feelings of wellbeing suggesting anterior insular cortex is the
key part of insular cortex where this integration of input occurs
24. Although anterior insular cortex has a dominant role in these
processes, we should not forget that posterior insula recieves
incoming data coming from all the tissues in the body and sends
it over to anterior insula which adds a cognitive dimension to it.
Gu et al. 25 suggested dual-process model in which anterior insular cortex has two major functions: 1) integration of bottom-up
interoceptive prediction error signals with top-down predictions
from higher-ordered cortical structures and 2) providing output
of interoceptive predictions to visceral systems that serve as a
point of reference for autonomic reflexes (Fig. 3). The integration
of bottom-up and top-down signals is crucial to one’s subjective
awareness and consciousness 26. We can say that anterior insular
cortex acts as a correction switch correcting input coming from
the viscera and sending it downwards again in order to re-adjust
the settings of the previously flawed function.
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Perceiving your own body state and being emotionally aware of
processes occurring in order to maintain your inner balance is very
important from the aspect of social interactions as well. That is
because we recognize the same subjective feeling states we once
experienced in others. It is a basis in applying empathy towards
others and building strong intersocial connections inside a group 5.
Social awareness end empathy are just two of many cognitive
processes that take their place in the anterior insular cortex and
are observed to be correlated with the presence of clusters of
von Economo neurons in frontoinsular cortex and the size of
insular cortex compaired to the brain size.
Bauernfeind et al. made a study in which they examined the relative size of insula and components of its cytoarchitectural subdivisions in humans and other primates to support the idea of evolved
insular cortex in species with highly organized social structures.
Point of interest was the presence of large spindle-shaped projection neurons with a single basal dendrite (von Economo neurons)
that form a subdivision of agranular insular cortex (frontoinsular cortex) and are observed only in great apes and humans 6.
In addition to the theory that connects von Economo neurons
(VENs) and social awareness, it is notable that a severe loss of
VENs and degeneration of this region are observed in patients
with the behavioral variant of fronto-temporal dementia, a state
in which an individual can not recognize the effect of his or
hers actions on other’s emotions. It has also been noted that the
predominant activation of left or right insula depends on the
types of emotions that an individual is currently experiencing.
Therefore, the predominant activation of the right insula is associated with negative feelings and sympathetic function while
the predominant activation of the left insula is associated with
positive feelings and parasympathetic function27.
In the previously mentioned study the main hypothesis was that
the size of cortical area, in this case particulary the size of insular
cortex, is directly proportional to the amount of information being processed in that region which is then observed as enhanced
functional output. This improved functional output in species with
highly evolved insular cortex may be of extreme importance for
regions involved in processing social interactions.
Bauernfeind et al. observed positive allometric relationship between the insular cortex and total brain size, meaning that, as
primate brain increases, the total insula volume tends to increase
in size moderately faster than the rest of the brain. Insula in largebrained primates, great apes and humans, is also bigger than it is
predicted by isometry and the anterior agranular insular cortex
shows increase in its size at a greater rate than the dysgranular
or granular insular cortices. Anterior portions of insular cortex
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Fig 3. Proposed role of insula and emotional awareness. Similar to the role of sensory cortices
in exteroceptive processing and motor cortices in proprioception, the anterior insular cortex
integrates bottom-up prediction errors from lower-level structures with top-down interoceptive
predictions from high-order brain regions such as the anterior cingulate cortex (ACC) and
the prefrontal cortex (PFC). (Gu, Hof, Friston, & Fan, 2013)

show enlargement similar to one of the frontal cortex which is
also disproportionally larger than the other non-frontal brain
regions. In addition, the size of a social group has also showed
an impact on the total insula size complementing the fact that
living in complex social systems demands advanced information
processing in insular regions underlying social awareness.5
Evolution of insular cortex as a result of complex social interactions enrich our lives with possibilities of showing empathy
toward others, acknowledging other individual’s mental states and
acting in a cooperative manner.
Insula and pain perception
Insular cortex is very important in modulating afferent information and integrating it with cognitive mechanisms of higher order.
This integration of incoming information constructs individual’s
subjective sensory experience. Being aware of and acknowledging
differences in sensory input is of crucial importance in our everyday life. One of the most valuable sensory modalities designed
to save us from harmful experiences is the perception of pain.
Activation of insular cortex has also been correlated with the
intensity of noxious stimulation and so it may be that this brain
region possibly takes part in pain intensity coding28.
If there is an impairment in processing afferent nociceptive information from the periphery, our perception of pain differs from
one observed in healthy individuals and may lead to asymbolia, a
condition where individuals can detect noxious stimuli as painful
but can not tell the significance of such stimuli and because of
that they show inadequate responses regarding pain 29.
Starr et al. conducted an experiment in order to describe the
importance of insular cortex in pain processing. A focus of the
study were two male patients with large left middle cerebral artery
(MCA) strokes with lesions involving insular cortex and different parts of adjacent brain regions. In contrast, fourteen healthy
subjects were studied as well.
They wanted to find out if there was a difference in pain perception between affected (right) side and unaffected (left) side of
the body while applying heat in a various range of temperatures
as a noxious stimuli. Although both patients exhibited some differences in their responses to noxious stimuli which is probably
due to diversity of their lesioned brain areas (Fig. 4), they both
experienced elevated pain ratings and sensitivity.
In control group, with each noxious stimulus the insular cortex
showed bilateral activation, whereas the stimulation of affected

(right) side of the body in patients with left insular lesions did
not produce ipsilateral insular activity. These results suggest that
contralateral insular activation seems to be necessary in order to
produce ipsilateral insular activation.30
Both patients also exhibited greater responses in primary somatosensory cortex (SI) during stimulation of affected (right) side of
the body when insular activation was not present. In absence
of the insular function it is possible that other brain regions, in
this case mostly the primary somatosensory cortex (SI), help in
processing of nociceptive information that can not be properly
handled without the insular contribution of signal transduction.
Even though this information suggests insular cortex is not necessary for cognitive confirmation of pain, it is obvious that it has
a major role in modulation of incoming nociceptive signals and
tuning the activity of somatosensory cortical regions accordingly.
It is also a possibility that insular lesions are responsible for loss
of descending inhibitory projections since insular cortex is connected to regions like anterior cingulate cortex and dorsolateral
prefrontal cortex 31 that activate the periaqueductal gray (PAG)
within the tegmentum of the midbrain which is the primary control center for descending pain modulation.
Another possibility is that insular cortex has impact on various
cortical regions involved in pain perception and is involved in tuning down the incoming pain signals via its multiple cortical-cortical
interactions30. Some studies even suggest that top-down signals
involved in pain modulation can be altered due to our internal
knowledge regarding the nature of the stimuli. That way insular
cortex and its projections can tune down cortical responses if they
decide that the noxious stimulus is safe. Cognitive states that are
directly linked to this information processing pathway are mood,
previous experience, expectation and emotion. Obviously, when
the insular function fails, that process can no longer be observed
and in contrast results in elevated pain ratings30.
Insula and neuropsychiatric disorders
Insular cortex is extensively connected with many cortical areas
and limbic system so it is hard to say it has a paramount role in
any of the various neuropsychiatric disorders that are thoroughly
being studied these days.
Integration of external sensory input with the subjective cognitive input from higher-ordered cortical regions is the basis for
experiencing the awareness of your own body’s state. Many deficits that are observed in neuropsychiatric disorders, especially in
cases of anxiety, obsessive compulsive disorder and schizophrenia,
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Fig 4. MR imaging pictures showing the extent of the lesions. Both patients had the severe left
middle cerebral artery (MCA) strokes within the insular cortex. Patient 1’s lesions involved
large portions of the insula, parts of second somatosensory cortex (SII), basal ganglia, and
white matter. Patient 2’s lesions were more extensive than patient 1’s and involved large portions of the insula and SII, parts of basal ganglia and white matter. Patient 2 also suffered
from hemorrhagic transformation of the ischemic stroke.(Starr et al., 2009)

show a mismatch in these functions and could possibly relate to
insular pathology.
Although findings and studies regarding insular role in these disorders have barely scratched the surface, there is some encouraging evidence suggesting that insular cortex has certain impact in
their pathology.
Altered interoception could be one of the main reasons for experiencing elevated rates of anxiety and is seen in people who
exhibit an inadequate interoceptive prediction signal. That means
that they detect greater difference in observed and expected body
states which ultimately leads to augmented rectifying top-down
signals. These signals trigger an increase in anxiety, worrisome
thoughts and other avoidance behaviors.32
One of the most debilitating anxiety disorders is surely the obsessive compulsive disorder (OCD). Due to amplified rectifying topdown signals, patients experience high rates of anxiety, worried
thoughts and compulsive repetitive behaviors that are needed to
attenuate the anxiety.32
Neuroimaging studies in unmedicated OCD patients with predominant checking symptoms showed morphometric differences
in insular subregions where anterior insular cortex was enlarged
and the posterior insular cortex reduced in volume. In contrast,
healthy control group, as well as OCD patients with predominant
cleaning symptoms, didn’t show any morphometric alterations in
volumes of insula’s subregions.33
Differences in volume of insular subregions may be the result of
disrupted neurodevelopment. Insular cortex is the first cortical
region that develops in the human fetal brain and the anterior and
posterior parts of insula differentiate from each other between 27
and 28 gestational weeks 34. If something is to disrupt the course
of this natural process, insular cortex will develop differently and
that will have repercussions on total neuronal networking and
brain functioning. When the posterior insular cortex is reduced
in size, it can be expected that the anterior insular cortex will be
larger in order to compensate for declined neural growth in the
posterior portion. Greater number of neurons in the anterior
insula are the reason for increased cortical activation in this region
which in the end leads to exaggerated interoception as the main
cause of obsessive behaviors seen in those patients.
Pathology of schizophrenia is also linked with insular malfunctioning, but the very nature, as well as the etiology of the disease
still remains unknown.
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One of first associations that comes up in mind while talking
about schizophrenia is probably the inability of patients to
discriminate between ‘the self ’ and ‘non self ’. Considering
the insular role in self-awareness and self-recognition it becomes clear why it is postulated that insula could have greater
impact in development of the disease than it was previously
thought. Patients with schizophrenia have difficulties recognizing pictures of their own faces from that of strangers and
perceiving their own body35. Another problem arising from
lacking sense of self awareness is the inability to differentiate
between self-generated and externally-generated sources of
sensory stimuli which could be the reason why some patients
actively experience hallucinations35.
Structural magnetic resonance imaging often shows decreased
gray matter in the insular cortex which is usually observed
bilaterally, but can also be absent. Bilateral decrease in insular
gray matter shows positive correlation with the severity of
hallucinations. These hallucinations are the result of faulty
processing in the insular cortex involved in discrimination
of visceral input from external input and attributing internal
sensations to some external source.
Insula-related symptoms and functions that are often altered in
patients with schizophrenia also include inability to recognize
other people’s emotions and facial expressions, inability to add
an emotional dimension to any visual or auditory information
and inability to express empathy toward others.35
Although many more research and studies need to be conducted in order for us to better understand the underlying causes
of neuropsychiatric disorders and to improve methods used
in treatment of these disorders, it is more and more obvious
that insular cortex and its vast connections to other cortical
regions play a key role in some of the leading symptoms that
are the hallmarks of previously mentioned conditions.
Insula and ‘phantom limbs’
Insular role in self-awareness can be affected in many conditions and not only in neuropsychiatric disorders. This so called
self-evident status can easily become altered after brain damage
involving the insular cortex.
This condition is called ‘anosognosia’ and is observed in patients who had recently suffered from a stroke and are unable
to realize that their limbs are not functioning normally or they
may even experience their own paretic limb as something that
no longer belongs to them. Such patients often try to push
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their paralyzed limb out of bed because they are convinced it
belongs to some other person. State in which patients attribute
ownership of their own limb to someone else is called ‘somatoparaphrenia’.36
Mapping of 27 stroke patients with right brain damage showed
overlapping results of serious cortical damage in the area of the
posterior right insula which led to a conclusion that posterior
insula is involved in experiencing our own contralateral body
parts being involved in a movement and is crucial in processing
of our self-awareness36.
That is not surprising taking to consideration its multiple connections with somatosensory cortical areas and constantly receiving
afferent information from the periphery. Some studies have presented evidence it is connected to motor areas as well 37.
The impairment in function of the right posterior insula is not
commonly observed in hemiplegic/hemiparetic patients without
anosognosia36.
Supporting evidence, which explains the role of the posterior
insula in acknowledging a movement of the limb as your own,
comes from the experiment where healthy volunteers had to indicate whether movements they saw corresponded to their actual
executed movements or were controlled by someone else. Subjects
used a joystick to drive a circle along a T-shaped path. They were
told that the circle would be driven either by themselves or by the
experimenter. In this study, Farrer et al. observed decreased activity in the posterior insula when subjects stated the feeling that they
did not control the movement. In that case, decreased activity is
a result of the mismatch between what the subjects did and what
they saw. On the other hand, the activity of the posterior insula
was high when the visual input matched the afferent information
coming from the limb that executed the movement.38
The present data suggest the right posterior insula, commonly
damaged in patients with anosognosia, is of crucial importance for

eliciting awareness of our own contralateral body parts and their
movement. But we should always keep in mind the limitations
of the conducted studies and scarce data which are still not providing enough evidence or answering why the right hemisphere
is more commonly affected in patients with anosognosia. The
answer could also lie, not only in deficits of the posterior insula,
but also in the widespread and disconnected regions of the right
hemisphere that might also contribute to the pathogenesis of
the disease36. We can only hope that future studies will answer
some of these questions.
Conclusion
Insular cortex is a versatile anatomical structure involved in many
neural processes needed in our everyday lives. It processes sensory information coming from external stimuli as well as visceral information coming from within our body. It is involved
in experiencing all modalities of taste, texture and odor of food
we eat; participates in regulation of food intake and could be
responsible for some types of obesity; processes tactile, thermal
and nociceptive input arriving from the outside world; enables
us to show empathy toward others and cooperate with them in
large and complex social structures; provides us with the feelings
of self-awareness and ability to differentiate ‘the self ’ from ‘nonself ’. Not to mention its possible role in pathogenesis of various
neuropsychiatric disorders including anxiety, obsessive compulsive
disorder and schizophrenia.
All these findings are the basis for improving current treatment
methods and to explore further the field of this often forgotten
brain region. Acquiring new data, conducting large number of
studies and raising interest in this subject could really help unveil
the remaining mysteries of the insular cortex. Hopefully, new
insights on this matter could help us better understand brain networking mechanisms, as well as their role in proper body functioning and conditions in which these mechanisms are compromised.
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Inzula - pregled
Sažetak: Nedavno se pojavilo veliko zanimanje vezano za ulogu inzule i njezine povezanosti sa ostalim regijama mozga. Nova
istraživanja opisuju je kao mjesto gdje pristižu informacije sa periferije, zatim se ondje obrađuju i potom šalju dalje prema
nadređenim dijelovima korteksa. Pokazano je kako inzula sudjeluje u velikom broju različitih kognitivnih procesa među kojima
su: integracija percepcije, doživljaj okusa, regulacija hranjenja, društveni odnosi, empatija, doživljaj boli, kao i sudjelovanje u
patogenezi nekih neuropsihijatrijskih bolesti poput anksioznosti, opsesivnog kompulzivnog poremećaja i shizofrenije. Sva ova
dostignuća omogućuju nam razvoj novih i poboljšanih metoda liječenja, ali i bolje razumijevanje složenih neuralnih mehanizama.
Klučne riječi: inzula, inzularni režanj, integracija, percepcija, interocepcija, emocije
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Summary: Epilepsy is a chronic disease that affects the nervous system and is characterized with seizures. It can be treated in the
great majority of patients with antiepileptic drugs (AED). Unfortunately, there is a smaller group of patients, according to some
researches about one third of patients, who have pharmacoresistant epilepsy and they cannot be treated even with a combination of
two AED. These patients should be considered as potential candidates for neurosurgical treatment. A detailed neurological evaluation with functional and structural procedures like MRI (magnetic resonance imaging), EEG (electroencefalography), ictalSPECT
(single photon emission computed tomography), positron emission tomography (PET), magnetoencephalography (MEG) is essential
before conducting surgery. Some studies show promising results in neurosurgical treatment in the majority of cases but in the future
bigger randomized studies from multicentric epilepsy centers should bring guidelines and standards for the choice of candidates for
neurosurgery which will contribute to better outcomes.
Keywords: Pharmacoresistant epilepsy, MRI, EEG, ictalSPECT, PET, MEG
Epilepsy is one of the most common neurological diseases. According to statistics from the Epilepsy foundation it is in the 4th
position, only migraine, cerebrovascular stroke and Alzheimer
disease are affecting more people1. It affects people worldwide
with an estimated number of 50 million, and most of them
are in developed countries. Epilepsy is a chronic disease that
affects the nervous system and is characterized with seizures.
Seizures are caused by the impairment of the electric activity of
the brain or hyperstimulation. That triggers the excitation of
some groups of neurons which we see as a seizure with tonicclonic cramps but there can also be other symptoms such as
lost of consciousness, sensations and auras1. According to the
International League Against Epilepsy (ILAE) there are two big
groups of epilepsy: partial seizures (simple or complex partial
seizures,secondarily generalizing partial seizures) or generalized
seizures (typical absence, atypical absence, mioclonic, tonicclonic, tonic, clonic and status epilepticus)1. Seizures can also
lead to death of millions of neurons because of the excitotoxic
hyperstimulation, which must be taken seriously. Every seizure
is a general risk for the health, chronic and repeatiosly seizures
can cause serious brain damage and cognitive impairments.
Epilepsy can be treated in the great majority of patients with
antiepileptic drugs (AED)1. There are several groups of them
depending on their mechanism. The biggest problem is how to
choose the proper dose, because the principal goal is to minimize
the side effects and the seizures. Most patients can live without
seizures while using AED, in general they use one but sometimes even two AED. Unfortunately, there is a smaller group
of patients, according to some researches about one third of
patients who develop pharmacoresistance and they cannot be
treated even with two AED2. In that moment they should be
considered as possible candidates for surgery. There are several
reasons why they should have the option of surgery.
One of them is that every seizure is a very harmful condition
that causes injuries, brain damages, vehicle accidents and sudden

unexpected deaths in epilepsy (SUDIP) with an mortality rate of
1% per year2. The quality of life is, of course, very low because
they cannot go to work, drive vehicles and many other activities,
and that can lead to development of psychiatric disorders like
depression, aggression or anxiety2. One of the most important
factors is also the time or the duration of this condition. Because
it is not the same if the surgery is made in the early stages of the
disease when the results are much better and there are less functional and neurological impairments due to the seizures, or if the
procedure is made after 10 or 20 years2. The surgical technique
in the past 20 years has experienced many new breakthroughs
and findings, so it is not considered as a very dangerous and
high risk operation. A lot of epilepsy centers, which follow new
trends in the treatment, have been established worldwide. Today
is the risk of mortality for epilepsy surgery under 1% which is
an average for neurosurgical procedures. Some complications as
infections or unexpected bleeding do not differ from any other
neurosurgical procedure and vary depending of the region2.
In addition to that, the problem with farmacoresistant epilepsy is
the definition which differs from one center to another, depending on the frequency of the seizures, their intensity, number of
AED and the duration of unsuccessful medical treatment, use of
AED after surgery, etc3. That can be the limitation in the results
of surgery because we cannot compare two different groups
or studies because of their very different parameters. That is
why there is presently a definition which should be taken as the
golden standard: Farmacoresistant epilepsy causes strong and
frequent seizures that cannot be treated after a maximum dose
of 2 AED in duration of at least 2 years3.
Neurological evaluation
The presurgical evaluation and diagnostic protocol is also a
problem, because there are no golden standards and there hadn’t
been any major multicentric studies that would give further
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instructions in what to do if a patient has pharmacoresistant
epilepsy. The question is how to choose the proper candidate
among them, how good are the results of surgery, what are the
potential risks and complications and what to do as a preoperative neurological and cognitive evaluation2.
In the beginning it is very important to have an open and proper
interview explaining the possible options and make realistic
expectations for the surgical treatment2. It is also crucial to
clearly explain the benefits and risks of the operation and give
the opportunity to the patient to decide, or their parents and
family if it is a child or a person with intellectual impairments2.
The next step after the agreement is to assess the status of the
patient and the disease which includes objective parameters (the
number and intensity of the seizures, use of AED and their side
effects) and subjective parameters (the patients view on their
disability and the influence on their quality of life). After that
the diagnostic and preoperative evaluation begins. The main
goal of this step is to determine which type of epilepsy the
patient has and in which region the “origin” of epilepsy is. In
other words using various diagnostic tools we are trying to find
the epileptogenic zone (EZ)2.
Functional and structural diagnostic procedures
Firstly, an interview with the patient or the family or someone
who witnessed the seizure can help a lot in localizing the epileptic foci depending on the preictal symptoms, auras etc2. A
very useful tool in this case is electroencephalography (EEG),
a neurophysiological procedure that detects and measures the
electric activity of the brain using electrodes positioned on the
scalp. This procedure can be also invasive if these electrodes are
placed subdural or in the depth of the brain which is called stereoencephalography (SEEG). This invasive procedure is more
commonly used in unclear situations when there is no obvious
epileptogenic zone. For example, subdural electrodes can help
in the detection of foci in cortical structures and SEEG in deep
structures of the frontal and parietal lobe or the insular cortex2.
Another interesting and helpful method is the video EEG monitoring which is a simultaneously long-term recording of the
electric activity of the brain during sleep, awareness, the preictal
and ictal period and it can lead to the localization of the EZ.
The problem of this specific method are seizures that origin
from the depth of the brain because, in that case, the video
EEG monitoring can be misleading2.
MRI (magnetic resonance imaging) is a diagnostic procedure
to visualize the EZ and exclude some other causes of seizures:
arterio-venous malformations, tumors or cortical dysplasia. A
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high quality MRI imaging requires a 3 Tesla MRI device and
a neuroradiologist experienced in epilepsy who knows how to
choose adequate sections and thickness2. The fMRI is necessary
if the EZ is in an eloquent region e.g for speech, vision, sensorimotoric cortex and intraoperative brain mapping during the
surgery should be considered as an option. It also helps to predict the dominant language hemisphere which could replace the
Wada test in the future2. Wada test is a very invasive procedure
of applying intracarotidal amytal to determine the dominant
side for language and potential memory decline, which is very
important for temporal lobe epilepsy especially for patients
with mesial sclerosis2.
A major role in future could be played by the ictalSPECT (single
photon emission computed tomography). In these images ictal
discharge zones are hyperperfused and surrounded with hypoprefused zones2. These findings, in correspondence with interictal images and together with MRI findings data called SISCOM
(subtraction ictal SPECT coregistered with MRI), could help
to precisely determine the EZ. Positron emission tomography
(PET) using flurodeoxyglucose (FDG) shows the cell metabolism with the utilization of radioactive glucose2. Studies showed
that in interictal periods lobes of hypometabolism are mostly
lobes of ictal discharge and their importance lays in cases when
MRI images do not show morphological abnormalities as a
cause of epilepsy. A multichannel magnetoencephalography
(MEG) is vastly improved in the last decade, and provides new
data about the localization of cortical spikes in Landau-Kleffner
syndrome and epileptogenic tubers2. Aside from that, this procedure does not involve the use of radioactive agents and it is
less stressful than MRI which especially helps with children.
Surgical procedures, outcomes and results
The surgical types can be roughly divided into resective and
functional surgery4. If we have the localization of the EZ the
goal is to remove that zone via lobectomy or multiple subpial
transaction which will lead to the disappearance of seizures. The
other type is functional surgery which is used when we try to
disconnect some structures like the corus callosum – callosotomy, thus disabling the spreading of the seizure into generalized
types4. The second option for functional surgery is deep brain
stimulation (DBS) which can be used in patients with no main
or unclear EZ, mostly by implanting the electrode in the hippocampus, anterior thalamic nucleus or by vagal nerve stimulation4.
These respective procedures in the temporal lobe have a high
success rate and 70-80% of patients are seizure free whereas
patients which underwent extratemporal procedures are 60-70%
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seizure free4. Unfortunately, partial success is observed with
procedures such as callosotomy, DBS or MST, in which case
only 50% of patients show a lower frequency of seizures4.
A Swedish national prospective study showed promising results5.
They did a 5 and 10 year follow up of 278 patients after epilepsy surgery, and patients which didn’t undergo surgery were
the control group. The results showed that 62% of adults and
50% of children which underwent surgery were seizure free in
comparison to the control group where 14% of nonoperated
adults and 38% of nonoperated children were seizure free5.
Among these, there is a possibility to treat epilepsy with radioneurosurgery- gamma knife3. Some neurosurgeons tried to treat
mesial scloresois with this option when patients didn’t want to
undergo surgery or had contraindications3. The first results were
promising without neurological deficits but brain swelling due
to radiation had to be treated with dexamethason. Longer and
bigger studies haven’t been conducted but this option could be
taken into consideration in the future3.
Something that should also be taken care of are preoperative
seizures due to lowered AED serum concentration, besides that
it is more preferable to take the AED’s enteral or intravenous before the scheduled neurosurgical operation, and some researches

showed that anesthetics in low doses are proconvulsive but in
higher doses they have anticonvulsive effects2. Other drugs
can also affect the threshold for seizures for example opioids
are strictly proconvulsive6. If the patient is undergoing other
non-neurosurgical procedures, diagnostic or therapeutic, with
local or general anesthesia (tonsillectomy, biopsies, etc.) these
things should be discussed between the anesthesiologist and
neurologist6. Good assessment and evaluation by the neurologist can avoid almost all potential preoperative seizures and
complications without any risk of seizures after the surgical or
diagnostic procedure; they require also no special AED’s and
benzodiazepines are enough for profilaxy6.
Conclusion
To summarize, epilepsy surgery has made big improvements
and the number of the types of epilepsy which can be successfully treated is rapidly growing. The goal of the neurological
evaluation is to use all these methods in order to give answers
to several questions: is this seizure epileptic, where is the cause
of it or EZ and is it treatable with AED or surgery. If the answer is surgery the next step is to choose which type of surgery
could be curative and what are the potential outcomes. In the
future new multicentric studies from specialised epilepsy centers
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Operacija epilepsije - kandidati, priprema, rezultati
Sažetak: Epilepsija je kronična bolest koja zahvaća središnji živčani sustav i karakterizirana je epileptičkim napadajima. U većini
slučajeva se može uspješno liječiti lijekovima - antiepilepticima. No nažalost postoji dio pacijenata, oko jedne trećine koje imaju
farmakorezistentni oblik koji se ne može liječiti niti s kombinacijom dva antiepileptika. Njima bi trebalo ponuditi mogućnost
neurokirurškog liječenja. Detaljan neurološki pregled koji uključuje niz pretraga kao što su MRI, EEG, iktalniSPECT, PET i MEG
su ključni prije samog zahvata. Studije pokazuju uspjeh kod većine neurokirurški liječenih pacijenata ali u budućnosti bi trebale velike
multicentrične studije dati jasne smjernice za pristup i izbor kandidata za operativno liječenje.
Ključne riječi: Farmakorezistentna epilepsija, MRI, EEG, ictalSPECT, PET, MEG
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Summary: Malignancies of the central nervous system (CNS) are the most common solid tumors of childhood, constituting approximately a quarter of all pediatric tumors. Despite the advances being made in the field of pediatric neuro-oncology, they are still the
most common cause of cancer-related deaths in children (Ross et al., 1996; Ullrich and Pomeroy, 2003). Deficits and impairments
caused by cerebellar tumors affect children not only while the tumor is present, but some also remain even after the tumor itself is
removed, leaving a child with permanent damage not easily compensated or recovered from. Modern neuroimaging coupled with
intra-operative guidance imaging has led to earlier diagnosis, better understanding of the anatomical relation between a tumor and
surrounding functional structures, as well as to a safer and more extensive surgical resection of a tumor. As a result, more than one
third of patients with a benign fourth ventricle tumor will need no further post-operative treatment, such as radiotherapy or chemotherapy. As well, more than 50% of malignant fourth ventricle tumors are nowadays curable using radiation and chemotherapy.
Keywords: Cerebellar Neoplasms, Cerebellum, Child, Cognition, Neuroimaging, Pediatrics
Malignancies of the central nervous system (CNS) are the most
common solid tumors of childhood, constituting approximately
a quarter of all pediatric tumors.1 Despite the advances being
made in the field of pediatric neuro-oncology, they are still the
most common cause of cancer-related deaths in children.2,3
Nowadays, it is becoming more and more evident that the cerebellum is essential in a wide range of not only motor, but also
higher cognitive functions, leaving cerebellar tumor patients
(mostly children) with a vast array of deficits and impairments,
as well as psychological changes. Such deficits and impairments
affect children not only while the tumor is present, but some
also remain even after the tumor itself is removed, leaving the
child with permanent damage not easily compensated or recovered from.
Functions of the cerebellum
Even though the cerebellum has originally been associated with
just motor function, especially movement coordination, Jeremy
D. Schmahmann and Janet C. Sherman4 broke new ground
when they coined the term ‘cerebellar cognitive affective syndrome’. The term pertains to a clinical entity including impairment of spatial cognition as well as visual–spatial organization
and memory; difficulties with executive functions such as verbal fluency, planning, abstract reasoning and working memory;
language deficits including agrammatism and dysprosodia; and
even personality changes accompanied by disinhibited and inappropriate behavior. Schmahmann and Sherman noticed the
aforementioned deficits and impairments performing neurological examinations, bedside mental state tests, neuropsychological studies and anatomical neuroimaging on 20 patients with
cerebellar lesions. As a conclusion, the deficits were attributed
to the disruption of neural circuits linking the cerebellum with
prefrontal, posterior parietal, superior temporal and limbic cortices.
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By that time, Schmahmann had already come across some findings regarding the cognitive aspect of the cerebellar function, in
his 1996 study on nonhuman primates.5 He had concluded that
the anatomical basis of the cerebellar contribution to cognition
and emotion in fact lies in the incorporation of associative and
paralimbic pathways into the cerebrocerebellar circuit. He had
also noted that within the cerebellum, cognitive and behavioral
functions are organized topographically. For instance, he attributed affective and autonomic regulation and memory that
is emotionally relevant mostly to the archicerebellum, vermis,
and fastigial nucleus. To the cerebellar hemispheres and dentate nucleus he attributed executive, visual-spatial, language, and
other mnemonic functions.
Many other groups of scientists have reported similar findings. For instance, Levisohn et al.6 found that children who
had undergone excision of cerebellar tumors, later experienced
problems with visual spatial functions and expressive language.
Furthermore, they reported that 8 of 14 patients with damage
to the vermis, that had previously been stable personality-wise,
presented with dramatic mood swings and uncharacteristic
giddiness. Also, patients with early infantile autism have been
reported to have abnormalities in the cerebellum on both morphometric and neuroimaging studies.7
Most recently, a detailed neuro-psychological examination has
been conducted, by Gottwald et al. in 2004, of 21 patients
with cerebellar lesions due to hematoma or tumor, as well as of
21 controls. Their study has in part confirmed that lesions of
the left cerebellar hemisphere lead to non-verbal deficits, while
those of the right lead to verbal ones. Patients with a lesion of
the right hemisphere presented mostly with a greater impairment than those with a left-sided lesion, which was explained
as a result of the contralateral connection of the cerebrum and
the cerebellum. To be exact, the cerebral hemisphere crucial for
right hand movements and dominant for language functions, i.e.
the left hemisphere, is connected with the right hemisphere of
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Fig. 1 Diagrammatic representation of cerebrocerebellar circuity (J.D. Fix, 1994)

the cerebellum.
The discovery of the role of the cerebellum in both cognition
and affect came as no surprise, since it is well known that more
than half of all the neurons in the brain are in fact located in the
cerebellum, as well as the fact that the cerebellum is connected
to nonmotor cortical and subcortical areas including the limbic
system, the prefrontal cortex and the brain stem nuclei.8 Cortical areas such as parietal and superior temporal, as well as the
dorsolateral prefrontal cortex, project to the cerebellum via the
pons, forming the corticopontocerebellar pathway. Also, deep
cerebellar nuclei connect with certain cere-bral areas through
the cerebellothalamic tract, as well as via the red nucleus.9
There are three functional subdivisions of the cerebellum in
regard to the connections that the cerebellum makes with other
central nervous system (CNS) structures: vestibulocerebellum,
spinocerebellum and corticopontocerebellum (also known as
cerebrocerebellum). Vestibulocerebellar fibers connect the
lateral vestibular nuclei with the flocculonodular lobe of the
cerebellum, which is, together with the lingula, the oldest part
of the cerebellum, also known as archicerebellum. The function of the vestibulocerebellum is self-explanatory - it is involved in vestibular reflexes, spatial orientation and postural
maintenance. The spinocerebellum is phylogenetically known
as paleo-cerebellum. Spinocerebellar axons end in the vermis
and the intermediate zones of the cerebellar cortex, as well as
in the fastigial and interposed nuclei of the cerebellum, delivering proprioceptive input from muscles, joints and tendons.
Spinocerebellum, therefore, integrates sensory input with motor commands so as to produce adaptive motor coordination.
It projects output fibers to rubrospinal, vestibulospinal, and
reticulospinal tracts.
Cerebrocerebellum (or corticoponto-cerebellum) is phylogenetically the newest part of the cerebellum and is therefore known
as neocerebellum. It is also the largest of the three functional
subdivisions of the cerebellum. It comprises the lateral hemispheres and the dentate nuclei. This part of the cerebellum is
extensively connected with the cerebral cortex: afferently via
the pontine nuclei and efferently via the ventral lateral (VL)
nucleus of the thalamus. Its role lies in in the planning and
timing of movements, as well as in cognitive functions of the
cerebellum.10
Tumors of the cerebellum
The posterior cranial fossa is the most common location of
childhood CNS tumors, while in adults only 5% of all CNS
tumors originate in that area. The adult tumors that do arise

there are usually aggressive, as opposed to the lower grade of
the majority of childhood CNS tumors. 11
The most frequently found childhood CNS tumors are astrocytomas, medulloblastomas and ependymomas. They all typically
originate in the cerebellar area. Other CNS tumors, such as choroid plexus papillomas and germ cell tumors, can also appear in
children, but much less frequently. Interestingly, meningiomas
and metastatic lesions, which are a relatively common occurrence in the adult population, are exceptionally rare in children.
The three most common childhood cerebellar tumors will be
further discussed in this article.
Astrocytoma
Astrocytomas are the most common CNS tumor in children.
They are a type of gliomas, comprising 75% of them. Microscopically, astrocytomas are divided into 4 grades, according to
their level of differentiation. The lower the grade is, the better
is the differentiation, and vice versa. Astrocytomas of higher
grades (II – IV) are found more often than those of grade I.()
Diffuse astrocytomas range from grades II – IV and are mostly
found in adults, typically in the cerebrum.. On the other one,
pilocytic astrocytomas (grade I astrocytomas) predominantly
appear in the cerebellum of children.12 For the purposes of
this article, only pilocytic and diffuse cerebellar astrocytomas
will be further discussed.
Pilocytic astrocytoma
Pilocytic astrocytoma is the most common childhood tumor
of the CNS.13,14 It is mostly a noninfiltrative, low-grade tumor.
However, when a pilocytic astrocytoma appears in an adult, it
is more likely to be high-grade than low-grade. The low-grade,
noninfiltrative ones constitute approximately 10% to 20% of all
childhood primary CNS tumors and 30% to 40% of all posterior fossa tumors. They are most often diagnosed by the end of
the first decade of life and in the first half of the second, with
the average age at diagnosis being 13.. Macroscopically, they are
either solid or cystic, the latter being more common.
Histologically, two types of cells can be found in pilocytic astrocytoma: elongated, bipolar neoplastic astrocytes clustered
in fascicles (“pilocyte” literally means “hair cell”) or sparse and
often microcytic stellate astrocytes. Rosenthal fibers and eosinophilic granular bodies (“protein droplets”), indicting chronicity
and degeneration, are also typically found. Nuclear atypia is
not uncommon and can lead to a benign pilocytic astrocytoma
being incorrectly graded as malignant.
The signs and symptoms of pilocytic astrocytoma are dependent on the location of the lesion. Early stages of the illness are
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Fig. 2 Cerebellar homunculi ilustrating the somatotopic organization of the cerebellar cortex.

usually dominated by unsteadiness and dysmetria, followed by
unilateral appendicular ataxia and finally truncal unsteadiness as
the tumor progresses from lateral regions of the cerebellum toward the midline. In later stages, however, cerebellar symptoms
are usually clouded by signs of increased intracranial pressure
(due to fourth ventricle blockage and hydrocephalus), such as
headache, nausea and vomiting. However, if the tumor is originally located in the vermis or elsewhere in the midline of the
cerebellum, both truncal unsteadiness and signs of increased
intracranial pressure will occur earlier in the course of treatment.
Anorexia, developmental delay and, later, regression of intellectual and motor abilities of the child have also been found to
occur. Nystagmus, palsies of the abducens nerve, papilledema
and head tilt are also not uncommon at the time of diagnosis.
Increased intracranial pressure may also cause a phenomenon
called the “sunsetting sign” which manifests in infants and very
young children. In those children, upgaze is impaired and the
eyes seem to be forced downward.
Surgical treatment of pilocytic astrocytoma offers a very successful outcome, since the tumor can usually be resected in
total. In such cases, no further treatment is required in the vast
majority of children. However, if a cystic infiltrative astrocytoma is misdiagnosed as a typical cystic pilocytic astrocytoma,
parts of the cyst wall may get overlooked and left behind, in
which case a recurrence of the tumor is to be expected unless
further treatment is initiated. In case a truly noninfiltrative cystic
pilocytic astrocytoma is not resected in total, other treatment
modalities may still not be necessary. Instead, a second attempt
of total resection is preferred in case of progression (although
there is no certain evidence to support a second resection being more beneficial than radiotherapy, as concluded by Leibel
et al. in 1975 and Garcia et al. in 1990). The reason for such
preference may be the fact that the efficacy of radiotherapy in
managing both incompletely and completely resected pilocytic
astrocytoma is unproven. There is even less evidence that would
support the use of chemotherapy in children with pilocytic
astrocytoma.
Diffuse cerebellar astrocytoma
This infiltrative type of astrocytoma is usually found in adults,
ranging from grade II to IV (glioblastoma multiforme (GBM)).
They are poorly circumscribed and highly infiltrative. Vascularity
and necrosis is often evident in GBMs. Histological characteristics of GBM include hypercellularity and mitoses.
The signs and symptoms vary depending on the site and grade
of the tumor, but are in general similar to those caused by
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pilocytic astrocytoma. Low-grade diffuse astrocytomas have a
more subtle presentation than pilocytic astrocytoma, but tend
to cause earlier and more pronounced midline cerebellar deficits.
Higher grade lesions usually cause a more abrupt progression
of signs and symptoms, especially in case of glio-blastoma multiforme in which signs and symptoms of increased intracranial
pressure are often dominant over cerebellar deficits.
Both low and higher grade diffuse astrocytomas are unlikely to
be resected in total because of their infiltrativeness. Nevertheless, the extent of resection is highly indicative of the outcome
and long-term prognosis. It was reported by Campbell et al. in
1996 that patients who underwent total resection had a median
survival of over 60 months, while those who underwent limited
resection had a survival rate of only 10.5 months on average. A
multi-institutional trial carried out by Children’s Cancer Group
between 1985 and 1991 concluded that post-operative radiation
and chemotherapy was twice as effective (in terms of survival
rate) in patients who underwent a greater than 90% resection
than those who had less than 90% of the tumor removed.15,16
Evidence suggesting a positive effect of radiotherapy on survival rates and long-term disease control in patients with subtotally
resected low-grade diffuse astrocytoma, is scarce. On the other
hand, it has been observed to be effective in relapse control of
higher grade diffuse astrocytoma.
Several studies reported that chemotherapy was beneficial only
in patients who underwent tumor resection, as opposed to tumor biopsy17. Intensive chemotherapy administered prior to
radiation was most beneficial in patients who had a gross tumor
resection.18,19,20
Medulloblastoma
Medulloblastoma is a malignant tumor of childhood. It is the
most common malignant brain tumor in children and the second most common of all CNS tumors in children (after pilocytic astrocytoma).21 They make up as much as 16% of all
primary childhood CNS tumors o. These tumors can present
in young adults as well, but rarely after the age of 30.
According to the current World Health Organization (WHO)
classification, there are four morphologic variants of medulloblastoma: classic medullo-blastoma, desmoplastic medulloblastoma, medulloblastoma with extensive nodularity and advanced
neuronal differentiation, and large cell medulloblastoma. Rarely,
two other related neoplasms can be found: melanotic medulloblastoma and medullo-myoblastoma. In those two forms, tumor
cells differentiate into melanocytes or myocytes, which indicates
that medulloblastoma cells are indeed multipotent embryonic
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Fig. 3 CT scans of cystic astrocytoma. A: Preoperative. B:
Postoperative. (Levisohn et al., 2000)

cells. All medulloblastoma variants are malignant.
Medulloblastomas typically appear in the vermis but can also
appear in the cerebellar hemispheres. They are mostly well circumscribed. Necrosis can often be found. Medulloblastomas
are known for their ability to grow rapidly and infiltrate the
fourth ventricle. They often metastasize to other parts of the
CNS (via cerebrospinal fluid) and, rarely, outside the CNS.
Histologically, the neoplastic cells that form medulloblastomas
are in fact neuroectodermal cells. It is a typical “small-roundblue-cell” tumor, named so because of the hyperchromatic
nuclei and scant cytoplasm of the neoplastic cells. The cells
may organize in various patterns, such as unstructured nests
or pseudorosettes (commonly referred to as Homer-Wright
rosettes). Indications of glial and neuronal differentiation can
also be noticed. Since it is a highly malignant tumor, mitotic
figures are usually numerous. Atypical teratoid/rhabdoid tumor
(ATRT) can sometimes resemble a medulloblastoma, especially
the large cell variant, leading to a misdiagnosis. Immunophenotyping techniques can be used to distinct the two, as well as the
fact that medulloblastomas are in general less heterogeneous
and pleomorphic than ATRTs. The most common signs and
symptoms that patients with medulloblastoma present with include headache, vomiting and ataxic gait. In this case, vomiting
often occurs when the child awakens. Aside from headache and
vomiting, increased intracranial pressure (due to the obstruction
of the fourth ventricular outlet) can also lead to lethargy, nausea,
papilledema and sight difficulties. As a manifestation of ataxia,
speaking and movement coordination can become impaired.
Medulloblastoma located in the cerebellar hemispheres (more
commonly found in adults more than in children) can result in
progressive clumsiness, as well as difficulty standing and walking
alone. The tumor can also damage the cranial nerves, especially
the abducens and facial nerve, resulting in palsy. Medulloblastomas have also been found to cause hydrocephalus and, in
case of a hemorrhage in the tumor, even acute neurological
compromise up to and including coma. It is approximated that,
at the time of diagnosis, as much as one third of all children
diagnosed with medulloblastoma will present with disseminated
disease. This percentage is even higher in children younger than
2 years of age at the time of diagnosis. In adult patients, the
estimated rate of dissemination at the time of diagnosis varies
from 10% to 20%.
The treatment of medulloblastoma includes a therapeutic triad
consisting of surgery, radiotherapy and chemotherapy. The goal
of surgery in treating medulloblastoma is complete resection,
since total or almost total removal of the tumor leads to the
highest 5-year survival rates. Of course, this only applies if

the tumor had not metastasized. Solely removing the tumor is
sometimes not enough. Permanent ventriculoperitoneal (VP)
shunting will be required after surgery in as much as 30% to
50% of children diagnosed with medulloblastoma, so as to treat
or prevent hydrocephalus. Establishing a diagnosis early, while
the tumor is still small, minimizes the need for such shunting.
It is important to stress that ventriculoperitoneal shunting itself
can cause certain complications, especially in young children.
These complications include CSF infection, intraventricular
hemorrhage22, VP shunt perforations of the gastrointestinal
tract23 and bilateral papilledema24 to name a few. Therefore,
some surgeons prefer placing a catheter between the third ventricle and cisterna magna at the time of surgery, so as to avoid
the aforementioned complications. Furthermore, shunt modification may be required in young children to keep pace with
growth. External ventricular drainage can be of help in patients
needing CSF diversion before or immediately after surgery.
Medulloblastoma is a relatively radiosensitive tumor. Since it
usually spreads through CSF, irradiation is craniospinal and aims
to involve the entire subarachnoid space.
Medulloblastomas are much more sensitive to chemotherapy
than they are to radiotherapy. In fact, according to Friedman and
Oakes, they are “one of the more chemosensitive brain tumors
of the pediatric population”. The German Oncology Group
recently carried out a randomized study which concluded that
treating medulloblastoma with radiotherapy and chemotherapy
during and after radiation, resulted in “excellent” survival rate.
On the other hand, pre-radiation chemotherapy has not, to date,
proven beneficial to patient survival. Using chemotherapy as
the primary treatment for medulloblastoma in children younger
than 3 years of age has also proven disappointing.
Risk assessment is done by taking into account three factors:
the patient’s age, localization/dissemination of the tumor and
successfulness of the resection. Patients older than 3 years of
age whose tumor had not disseminated by the time of diagnosis
and was resected totally or nearly so are categorized as patients
with average-risk disease. After undergoing craniospinal and
local radiotherapy, those patients have a 60% to 65% chance
of 5-year progression-free survival (PFS). They account for the
majority of medulloblastoma patients - approximately 60% to
70% (possibly more in adults).
Patients with disseminated disease at the time of diagnosis or
those whose tumor could only be partially resected, as well as
children under the age of 3, are categorized as patients with
poor-risk disease. They have an approximately 40% likelihood
of 5-year PFS after treatment with craniospinal and local radiotherapy. Positive CSF cytology 2 to 3 weeks after surgery
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Fig. 4 MRI scans of medulloblastoma. A-D: Preoperative T2-weighted axial scans, from caudal to rostral.
E-H: Postoperative T1-weighted parasagittal scans 9
mm left of midline (E), 3 mm left of midline (F), 3
mm right of midline (G) and 9 mm right of midline
(H). (Levisohn et al., 2000)

is associated with poorer outcome, even though free-floating
tumor cells found after surgery have been known to disappear
spontaneously in some patients. The methods of detecting freefloating tumor cells include lumbar CSF cytology and ventricular fluid analysis, with the former being the more sensitive one.
Ependymoma
Ependymomas arise from ependymal cells that line the ventricular system25,26 and can originate anywhere throughout the
CNS. They occur in both children and adults. They are the third
most common brain tumor in children, constituting 10% of all
primary childhood CNS tumors and between 10% and 20% of
the posterior fossa tumors in patients younger than 15 years of
age. Approximately two-thirds of childhood ependymomas are
located infratentorially and one-third supratentorially, and vice
versa in adults.
Pediatric ependymomas often extend throughout the fourth
ventricle, with possible penetration of the foramen of Luschka.
They have even been found to expand through the foramen
of Magendie to the dorsal aspect of the spinal cord. They are
usually circumscribed and easy to distinguish from adjacent
brain parenchyma.
Histologically, ependymoma tumor cells form two characteristic
arrangements: anuclear perivascular pseudorosettes and true rosettes that encircle a central lumen, with the former being more
common than the latter. Anaplasia can also be found. More
than 5-10 mitoses per high power microscopic field, alongside with leptomeningeal metastases, can be associated with
increased malignancy.27,28
Ependymomas present with various clinical signs and symptoms, which are initially nonspecific and nonlocalizing. Signs
and symptoms secondary to increased intracranial pressure can
occur early in the course of illness. Otherwise, ependymomas
may sometimes mimic brainstem lesions, in which case they
can cause multiple cranial nerve palsies prior to the appearance of signs and symptoms of increased intracranial pressure.
If they induce cerebellar deficits, they may clinically resemble
medulloblastomas, making it difficult to tell the two apart. Since
infratentorially located ependymomas tend to infiltrate the upper part of the cervical cord, they may prompt neck stiffness
and head tilt.
As it was in patients with astrocytoma or medulloblastoma, both
prognosis and survival rates for ependymoma patients are proportional to the extent of tumor resection, concluded Sutton
et al. in 1991. It has been reported by Perilongo in 1997 that
ependymoma patients that underwent a total resection had ap122 | gyrus vol III no 2 | june 2015

proximately a 30-80% better chances of 5-year PFS than those
with a subtotal resection. The fact that ependymomas almost
always recur at the primary site of the tumor, (implying that they
develop from residual ependymoma cells) also indicates that a
total resection should be done. However, a third of all ependymomas infiltrate adjacent brain structures or envelop cranial
nerves, rendering them unavailable for total resection. Postoperative radiation is generally considered the adjuvant therapy
of choice when treating ependymoma. Local radiotherapy is
generally recommended, even to patients whose tumor was
resected in total. Chemotherapy has proven beneficial only in
delaying radiotherapy in very young patients. When added to
surgery and radiotherapy, chemotherapy has not been found to
increase survival rates in children older than 2 years of age, as
reported by Grill in 2001.
Functional recovery after tumor resection
Whether or not brain surgery is better compensated at a young
age, resulting in better restitution of function has been a matter of debate for quite some time now. Different studies and
reports have reached different conclusions. For instance, both
Little (1862) and O’Donoghue (et al., 1986) concluded that
‘’lesions in the cortex or in subcortical regions such as the cerebellum experienced at a young age had less effect on later
functioning than similar lesions occurring later in life’’. On the
contrary, studies conducted by Dennis et al. (1996, 1999) suggested that recovery is not necessarily linearly dependant on
the age at which the injury happened. They also noted that the
type of cerebellar function and the localization of the cerebellar lesion need to be taken into account when interpreting the
connection between age and recovery.
More recently, an elaborate and extensive study by Konczak et
al. in 2005, that included 22 cerebellar patients and 14 healthy
controls, set out to determine the connection between recovery
and age at which the brain damage had happened, as well as if
and how recovery depends on the site of the lesion. Among areas of examination, they took close interest in working memory,
postural control and upper limb function. The results of the
study demonstrated that damage which happened at a younger
age is not better compensated than the one that happened in
later childhood or adolescence. Hence, they concluded that age
at surgery is a poor indicator of functional recovery. In fact,
the site of the lesion proved to be a much better predictor of
recovery. Specifically, they found that the lesion site with the
worst compensation were the deep cerebellar nuclei, regardless
of the age at which surgery was conducted.29
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Fig. 5 Sagittal postsurgical scan of a patient with medulloblastoma (dark area in the
middle of the cerebellum is where the medulloblastoma was located before it was resected).

Furthermore, the neuropsychological aspect of cerebellar (or
any other, for that matter) brain tumors, should not be overlooked. For instance, a 2014 case study reported a patient who
presented only with a headache and personality changes, including pronounced pensiveness and apathy, as well as suicidal
tendencies (which he had not experienced previously), without
any other neurological disturbance. A computed tomography
(CT) scan revealed a mass located in the left frontoparietal and
left cerebellopontine angle. After a successful surgical resection of the tumor, the patient no longer experienced suicidal
tendencies, but the personality changes persisted. In conclusion,
pharmacological and psychological treatment ought not to be
excluded from non-surgical management and post-operative
treatment of brain tumors, since psychiatric and psychological
condition is crucial in regard to the quality of life of both the
patient and his family.30
Advances in diagnosis and treatment
Cerebellar tumors are a complex medical issue, primarily because of their prevalence in the young population. Consequently,
tremendous effort is being put into finding and developing new
techniques in all related fields. The aims vary – from establishing
an earlier diagnosis with more effective surgery and adjuvant
therapy, to achieving a faster and more complete recovery, to
a higher quality of life and helping patients and their families
deal with the disease and its consequences. A multidisciplinary
team of experts is usually required in order to diagnose, treat
and overall help such patients.
Knowledge of genetic and molecular pathogenesis is crucial
in better understanding the underlying causes of cerebellar tumors in order to treat such tumors the best way possible. Molecular studies have also been quite useful in the improvement
of tumor diagnosis, due to newly identified molecular tumor
markers. Additionally, a promising new treatment option lies
in gene therapy.
The evolution of imaging technology has - been a turning point

in a majority of disciplines dealing with cerebellar tumors. The
invention of magnetic resonance imaging (MRI) served as a
milestone in radiology and led to the development of numerous different imaging techniques, now used in many aspects of
neuro-oncology, including diagnosis, surgical assessment and
evaluating the response to therapy. It is now possible to identify certain tumors based solely on their MRI characteristics.
MR spectroscopy has proven useful in distinguishing between
different types of tumors, as well as between the tumor and
normal brain tissue. Metabolic imaging techniques, such as
positron emission tomography (PET) and single photon emission computed tomography (SPECT), are able to assess the
quantity of cellular metabolism of the tumor which indicates
proliferation and can help distinct low from high grade tumors.
Functional MRI and magnetoencephalography (MEG) are used
to distinguish a tumor from surrounding functional and vascular
structures, which has proven more than useful in pre-operative
mapping and image-guided neurosurgery. Intra-operative MRI
and ultrasound systems are also used to such effect, helping
improve safety during surgery, as well as the extent of tumor
resection.
Conclusion
Modern neuroimaging coupled with intra-operative guidance
imaging has led to earlier diagnosis, better understanding of
the anatomical relation between a tumor and surrounding
functional structures, as well as to a safer and more extensive
surgical resection of a tumor. As a result, more than one third
of patients with a benign fourth ventricle tumor will need no
further post-operative treatment, such as radiotherapy or chemotherapy. Addiotionally, more than 50% of malignant fourth
ventricle tumors are nowadays curable using radiation and chemotherapy. Even so, there is still room for improvement. In that
regard, further multi-disciplinary collaboration is sure to yield
even better results in the future.
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Summary: In this article attention is drawn to the causes of BPD (Borderline personality disorder). It is becoming a frequent disease,
indeed, almost 2% of the general population suffers from it. Often called „Emotional instability“, the key trait of BPD is instability
in areas such as relationships, behavior, mood and self image. People with BPD were once maligned by the clinicians as difficult or
attention seeking, but recent research in brain anatomy, neurobiology and genetics has offered a more comprehensive look on the
causes of this disorder. Sveral theories about the etiology of BPD have emerged over time: Genetic theory, Neurotransmitter and
hormone theory, Neuroanatomical theory and Environmental theory. It appears that genes are in many ways linked to every specific
theory and thus may help in building a more consistant picture of BPD genesis. It is also likely that genetic predisposition is the most
important factor in developing BPD. However it is not an independent factor, as it requires environmental influence to develop BPD.
Keywords: BDNF, BPD, Child abuse, Genes, Neuroanatomy, Serotonine,
The term „borderline“ might mislead one to think Borderline
personality disorder (BPD) borders with normal personality,
however, that is not the case; it originates from the time experts thought of BPD as a borderline verion of other known
disorders. Today, many advocate for a more accurate term, such
as “emotional regulation disorder” or “emotional dysregulation
disorder.” Indeed, in ICD-10 (International Statistical Classification of Diseases and Related Health Problems) it is recognised
as Emotionally unstable personality disorder.1 DSM 5 follows
similar pattern. According to the DSM 5 (Diagnostic and Statistical Manual of Mental Disorders) there are three clusters
of personality disorders, where Borderline personality disorder
(BPD) is listed among Cluster B disorders, of which each is
characterised by specific patterns of dramatic, emotional or
erratic behavior. BPD is a cluster-B personality disorder, the
essential feature of which is a pattern of marked impulsivity
and instability of affects, interpersonal relationships, and selfimage.2 The pattern is present by early adulthood and occurs
across a variety of situations and contexts. The key feature
of BPD is instability in areas such as relationships, behaviour,
mood and self-image. It is estimated that 1.6% Americans suffer from BPD whilst women are three times more at risk of
developing BPD than men. The disorder is only made worse
by the fact that 85% of people with BPD also meet the diagnostic criteria for another mental illness among which are major
depression, anxiety disorders, post traumatic stress disorder or
eating disorders. Also, an increasing number of incarcerated
population is now being diagnosed with BPD.1
Causes of BPD
The exact cause of BPD remains unknown, however, four
major theories have emerged over time. Those are: Genetic
theory, Neurotransmitter and hormone theory, Neuroanatomical theory and Environmental theory. Each of them advocates
for a different factor as a decisive one for the development of

BPD. Genetic theory claims there are specific genes responsible
for certain traits of BPD such as impulsive aggression or inhibitory control. Neurotransmitter and hormone theory sugguests
that changes in hormonal and neurotransmitter physiology
may be linked with BPD. Neuroanatomical theory argues that
the certain abnormalities in brain sructures are responsible for
emotional response regulation such as hippocampus, prefrontal
cortex and amygdala; that may underlie the development of
BPD. Last but not least, the environmental theory sees the main
cause of BPD in troublesome childhood. This may include
child abuse (sexual, physical and emotional) and unresolved fear,
anger and distress from childhood.3 Detecting the right cause
of BPD is made more difficult by the fact that many of the
above mentioned factors are involved in pathogenesis of other
mental illnesses, many of which co occurred with BPD. For
instance, abnormalities in amygdala structure and function can
be found both in depression and BPD. However, many recent
studies have come to associate genes and their abnormalities
with all all of the other theories.
Genes and neurotransmitters
Over the last decade or so an extensive research in the genetic
anomalies underlying the BPD has been undertaken. So far, the
findings suggest there is a link between genetic abnormalities
and some BPD traits. A multinational, large-scale twin study
implicated genetic factors play a role in individual differences
in BPD features in Western society. Genetic influences explain
42% of the variation in borderline personality disorder features
in both men and women and that this heritability estimate is
similar across The Netherlands, Belgium and Australia. Unique
environmental influences explain the remaining 58% of the
variance. 4 A further study into the genetic covariance structure
among the four main features of BPD (affective dysregulation,
cognitive disturbance, disturbed relatedness and behavioral dysregulation) suggested that a single genetic factor underlies most
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of the genetic variance in BPD symptoms.5 The two studeies
basically show that genes are responsible for the main symptoms of BPD, and that it is probably a specific yet unknown set
of genes. Bearing this in mind, another study was conducted
on 711 pairs of siblings and 561 additional parents. The study
identified the genetic material on chromosomes 1, 4, 9 and 18
to be linked with BPD. Among those, chromosome 9, more
precisely the region 9p24, had the highest linkage peak. What is
interesting is that genes responsible for other mental disorders
are located on the same chromosomes near the assumed genes
that influence BPD, namely, areas on chromosomes 1 and 4
were linked to schizophrenia, and areas on chromosome 18
with bipolar disorder. Schizophrenia and bipolar disorder also
have areas associated with them on chromosome 9, very close
to 9p24.6 This finding may account for the overlap of the BPD
symptomes and those of bipolar disorder. However, the specific genes responsible for the BPD symptomes haven’t been
identified, but the search has non the less been narrowed to
distinct chromosome areas. On the other hand there are some
specific genes which may offer a different insight in the etiology
of BPD. A study about genes for BDNF (Brain derived neurotrophic factor), a nerve growth factor important for survival of
existing neurons, and growth and differentiation of new neurons and synapses has shed some light on the development of
BPD. An increased methylation of BDNFgene promoters has
been noticed among patients suffering from BPD. The methylation is associated with down-regulation of BDNFgene. A further positive correlation between child maltreatment and higher
DNA methylation of BDNF was discovered. In addition to that,
patients who underwent an intensive dialectical behavioural
therapy (therapy concentrated on helping patients identify their
strengths and build upon them, identifying impairing thoughts,
beliefs and assumptions and learning new ways of thinking and
acting that will help the patients to live a more functional life.7)
and had a positive response to it, showed a decrease in methylation. Accordingly, they showed positive changes in depression
scores, hopelessness scores and impulsivity.8 This research is
important because it showed that changes in epigenetic status
of certain genes may underlie changes in cognitive functions
related to BPD, that these changes can be brought about by
the experience of child maltreatment, and that they can be
corrected through psychotherapeutic approach. Genes linked
to serotonin (5-hydroxytryptamine (5-HT)), a neurotransmitter
involved in the regulation of mood, appetite, and sleep, have
also been the subject of some studies that associated them with
BPD susceptibility. Among several genetic mutations that were
brought into connection with BPD, the most significantly as126 | gyrus vol III no 2 | june 2015

sociated were those discovered in 5-HT2C and TPH2.9 (5HT2C
is a serotonin receptor that regulates mood, anxiety, feeding, and
reproductive behaviour through the release of dopamine, and
TPH2 is an enzyme in the serotonergic neurons of the brain
that regulates the synthesis and levels of serotonin). A study
from 2014 showed how vital the interaction between the two
enzymes could be. The study first determined the importance
of TPH2 abnormalities for deficits in cognitive flexibility, a
symptom observed in number of different mental illnesses.
The expression of loss-of-function mutant TPH2 in mice was
associated with impairments in reversal learning and cognitive
flexibility, accompanied by perseverative behaviours similar to
those observed in human clinical studies . When the mice were
treated with 5HT2C agonist the production of serotonin was restored, thus reducing cognitive deficit. This suggests a potential
avenue to explore for the personalized treatment of cognitive
symptoms in humans with reduced 5-HT synthesis and TPH2
abnormalities.10 Thus far, genes prooved to be related to variety
of symptoms diplayed in BPD and also for specific anomalies
in function of some neurotransmitters.
Genes, neuroanatomy and environment
Genes are also closely intertwined with neuroanatomical and
environmental aspects of BPD. Since the beginning of BPD
exploration numerous studies have implied there are neuroanatomical discrepancies between the brains of healthy individuals
and those suffering from BPD, particularly in the regions involved in emotional regulation. One of the more recent studies
supports these claims and reports that processing of negative
emotions in BPD might be subserved by an abnormal reciprocal relationship between limbic structures representing the
degree of subjectively experienced negative emotion and anterior brain regions that support the regulation of emotion.11 An
earlier study associated a functional polymorphism (a genetic
anomaly) of the 5-HTR1A gene (gene for the serotonine receptor vital for neuromodulating) with structural changes of
the amygdala in patients with BPD. They confirmed that BPD
patients showed a smaller amygdala (a structure crucial for experiencing emotions) volume in the presence of this anomaly.
Second, evidence was provided that effects of MDE (Major
depressive episode, which often coocurres with BPD) on amygdala volume in BPD might be modified by this 5-HTR1A polymorphism. In conclusion, their results support the assumption
that both MDE and 5-HTR1A polymorphism are moderating
factors that might affect amygdala volume in BPD and may
therefore contribute to discrepant findings regarding structur-
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al amygdala alterations in previous studies of this disorder.12
Genes can be linked to yet another important factor for BPD,
the environment. Indeed they form a kind of a bridge between
the environment and hard, structural changes that occur in BPD.
Child abuse is of particular importance since it has been associated with the onset of BPD for a long time and has often been
opposed to genetics as a leading cause of BPD. New research
shows that there is indeed connection between child abuse and
reduced volume of right ventrolateral prefrontal cortex (part of
the brain that controls emotions).13 As mentioned in the paragraph above, child abuse can affect the mathylation and thus the
expression of BDNF, an important factor of neuroplasticity.8
Another research sougt to investigate the popular idea that BPD
occurs in people who had been treumatised as children, but
only if they are genetically predisposed for the disorder. The
scientists focused their research on TPH1gene, a gene for one
form of an enzyme crucial in serotonine synthesis, just as the
afore mentioned TPH2. The study showed that abnormalities
in TPH1gene moderate the association between a history of
childhood abuse and the risk for developing BPD later in life,
and that increasing severity of abuse may be associated with
increasing BPD risk in those carrying the TPH1abnormalities.
In addition, the interaction between abuse history and individual
genotypes, not only increased risk for a BPD diagnosis, but also
seemed to influence severity of psychopathology, as indicated
by the number of DSM-IV diagnostic criteria met for BPD.14 A

different study implied that the association between childhood
abuse and BPD traits stems from common genetic influences,
which is inconsistent with the widely held assumption that
childhood abuse causes BPD, and suggests that BPD traits in
adulthood are better accounted for by heritable vulnerabilities.15
Thus, the genes seem to be decisive in the eventual development
of BPD as a reaction to difficult childhood.
Conclusion
So far, genes proved to be of major importance in understanding many aspects of BPD. They help to explain symptoms, their
variety and genesis. They also offer a link with other theories
about BPD, suggesting an ovelap among of all of them. Genes
seem to be the only thing that links everything else what is
known about BPD. Perhaps the most important question they
hepled to answer is wether environment or genes is deciseful for
the onset of BPD. However, that only seems for the time being,
before new evidence comes to light. It doesn’t imply childhood
abuse plays no role in BPD, but rather identifies it as a trigger
that helps to set in motion the mechanisms already prepaired
in people’s minds. However, further research is required for
better understanding of their role in BPD, as well as in other
mental illnesses.
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Genska podloga graničnog poremećaja ličnosti
Sažetak: U ovom članku pokušava se objasniti genetska pozadina BPD-a (Borderline personality disorder), tj. graničnog poremećaja
ličnosti. BPD je unazad nekoliko godina postao česta dijagnoza i procjenjuje se da otprilike 2% opće populacije boluje od ovog
poremećaja. Poznat i kao emocionalna nestabilnost, njegova ključna osobina upravo je nestabilnost u području emocionalnih veza,
ponašanja, raspoloženja i slike o samom sebi. Osobe s BPD-om su nekoć bile objeđivane od strane liječnika kao nemoguće, teške
osobe koje zahtjevaju pažnju, ali istraživanja iz neuroanatomije, genetike i neurobiologije pružila su sadržajniji i porptuniji poged
na uzroke ovog poremećaja. Nekoliko teorija o etiologiji BPD-a se razvilo tokom vremena: Genetska teorija, Neurotransmiterska i
hormonska teorija, Neuroanatomska teorija i Okolišna teorija. Činise da su geni zajednički nazivnik svih navedenih teorija i stoga bi
mogli pomoći u stvaranju kompletnije i konzistentnije slike postanka BPD-a. Također je izgledno da je upravo genetska predispozicija
najvažniji faktor za razvoj BPD-a. Međutim, oni nisu neovisan čimbenik, već im je za razvoj pormećaja nužan poticaj iz okoliša.
Ključne riječi: BDNF, BPD, Geni, Neuroanatomija, Serotonin, Zlostavljanje djece
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Conference

Depression in the age of mind
Luka Filipović-Grčić
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Depression in the age of mind was
the name of scientific congress about
prevention and rehabilitation in psychiatry held in Zagreb from 26th to
28th February 2015. The main idea of
the congress was to draw together all
the forces that may contribute in the
struggle against depression, a disease
that reached epidemic proportions in
the 21st century which we often call the
century of mind. The congress was organised by professors Veljko Đorđević,
Marijana Braš and Lovorka Brajković.
For the first time the collaboration with
the Student society for neuroscience
was acchieved with help of Filip Đerke
and Luka Filipović-Grčić, thus enabling

Prof. Marijana Braš, Filip Đerke and Luka Filipović-Grčić

the students of University of Zagreb
(primarily from School of Medicine
and Faculty of Humanities and Social
Sciences) to take part in this congress.
The successful collaboration with
the Academy of Fine Arts in Zagreb
was continued, primarily organised by
Vlatko Šagud. The venues of the congress showed the diversity of experts
that took part in the afore mentioned
stuggle against depression. Sessions
were held in CEPAMET (Center for
Palliative medicine, Medical Ethics and
Communication Skills) at Zagreb school
of Medicine, at Academy of Dramatic
Arts, Musical Academy, Zagreb Youth
Theatre, and Zagreb Institute for

Health Culture. Between the regular
presentations there were art exibitions,
musical and theatrical performances,
two Meet the expert sessions with two
most prominent neuroscientists in
Croatia, prof. Vida Demarin and prof.
Ivica Kostović. The significance of
this congress lies within the fact that it
brought together such a wide array of
experts from the most different fields
of interest and joined their forces in the
common goal, which is fight against depression from all corners of our society.
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1st Regional DBS Meeting Zadar
Marko Zorić

In Zadar, from the 1st till the 3rd of
May, the 1 st Regional DBS Metting
was held in collaboration with two
university hospitals, the University
Hospital Dubrava, Unit of functional
Neurosurgery, Unit of Neurology and
the University College of London,
Sobell Department of Motor Neuroscience and Unit of Functional Neurosurgery, Queen Square, London.
Deep brain stimulation (DBS) is a
neurosurgical method used worldwide
in more than 120 000 patients with
refractory movement disorders. This
congress was concieped to discuss the
pontential possibilites and outcomes
for neurosurgery, and also to help
neurologists to choose the proper
and valid candidates for surgery and
to outline what could the future of
this method be. Many interesting
new targets were discussed, such as:
Centromedian-parafascicular complex
(CM-Pf), Ventral intermedius nucleus

(Vim), pedunculopontine nucleus
(PPN) ,nucleus
basalis Meynert,
zona incerta, and
many others.
Nevertheless, new
possible indications were also
proposed, for
instance obssesive-compulsive
disorder (OCD),
chronic pain or
intractable epilepsy. The use of these procedure
for the last 30 years shows promising
results and in the future the growing
potential of the procedure in addition with the better understanding
of the background of neuropsychiatric diseases and sophisticated
technology could be even bigger.

Marko Zorić, president of SSN and Filip Đerke,
editor-in-Chief of Gyrus

We would like to express our gratitude to Prof. Darko Chudy PhD.
MD., University Hospital Dubrava and the whole organizing
board for their kind invitation.

Course

WFNS Course 2015
Slaven Gojković

Bertalanffy from Germany, professor I.
S. Florian from Romania, professor M.
Choux from France, professor K. Rotim from Croatia, professor A. Antunes

from Brasil, and professor Y. Keravel
from France. Second topic, peripheral
nerve surgery included lectures from
professor L. Rasulić from Serbia, profes-

Niko Njirić, Filip Đerke, Leo Dumbović, Ivan Jelčić, Nikola Prpić, Slaven Gojković, Marko Zorić, Nikolina Sesar
and Prof. Krešimir Rotim
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From May 15 - 17 the World Federation of Neursurgical Societes (WFNS)
educational course has been kept in
hotel Valamar Lacroma in Dubrovnik,
Croatia. As a place of gathering, of
exchange in various neurosurgical traditions in practice
and ideas, this course rallied
many eminent neurosurgeons of today to perform a
series of organized lectures
to professionals, residents
and medical students.
These lectures have been
organized in three main
topics over a two day period.
The first topic concerned
posterior fossa lesions, and
was carried by professors H.
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sor M. Socolovsky from Argentina
and professor S. Feraressi from Italy.
Third topic in functional neurosurgery included lectures by professor C.
diRocco from Italy, Dr. Tomislav Sajko
from Croatia, professor S. Nishizawa
from Japan, professor F. Acar from
Turkey, and professor Y. Keravel from
France. Course also included two case
discussions, which included various

complicated clinical problems from
related topics.The course was organized
by the WFNS in conjunction with
the Southeast Neurosurgical Society
(SeNS), Croatian Society for Cerebrovascular Neurosurgery and Department
of Neurosurgery of the University
Hospital Center ''Sestre Milosrdnice'' in
Zagreb, under high auspices by Croatian
Ministry of Health.

Students from our Section also participated in the course, as well as have
students from other medical schools in
Croatia.
We are indeed grateful to professor
Krešimir Rotim and residents form the
University Hospital ''Sestre Milosrdnice'' in Zagreb for all their support in
student participation in this Course.

Summer School

7th Zadar Summer School of Neurosonology and
Stroke Management

Branko Malojčić and Zsolt Garami demonstrate on hands-on tutorial
(Top-left photo) Luka Filipović-Grčić trainee on hands-on tutorial
(Left photo) Luka Filipović-Grčić, Marija Živaljić and Ivana Trivić

Conference

20th Meeting of European Society of Neurosonology
and Cerebral Hemodynamics

xxx | Gyrus Vol III No 2 | June 2015

Luka Filipović-Grčić

The 20th meeting of ESNCH was by
all standards an unique event. The
organisers, B. Malojčić, A. Mrdjen,
S.Kalanj, K. Duka-Glavor, L. Unušić
and S. Juren Meaški created a rich
programme, consisting of Zadar
summer school of neurosonology
and stroke management, with lots of
hands on training, „meet the expert“
hands on tutorials, and numerous
poster sessions, oral presentations,
case reports and lectures. Among
many experts from around the world
such as Z. Garami (USA), N. Bornstein (Israel), A. Alexandrov (USA),
E. Vicenzini (Italy), to mention just

a few, some of our students got the
chance to participate as well. We
witnessed the performing of Bubble
test (developed to confirm PFO),
and got the chance to do a bit of
neurosonology ourselves. We also
served as models for doctors in summer school to learn new skills, and
were educated ourselves in the same
process. During sessions we were
able to learn some new information
in diagnostics, skills, treatment and
other possibilities of neurosonology,
such as the application of neurosonology in cognitive impairment.
Even with such an intensive program

our hosts made it sure that their
guests experience the atmosphere
in Zadar, enjoy croatian cuisine and
fall in love with Croatia. All of them
were very satisfied with the congress
and we can't but agree and add that
it was also great experience as well as
lasting memory.

News & Education
Students of Student Society for Neuroscince are grateful to Prof. Branko
Malojčić and Organizing Committee
for support in student participationa in
Summer School and Conference
Prof. Branko Malojčić (Conference Chair), Filip Đerke, Prof. N. Bronstein (President of ESNCH), Ivana Trivić, Marija
Živaljić and Luka Filipović-Grčić

Ars Medica
Science, clinical
practice and art
iuc.hr
1 – 5 July 2015
Dubrovnik

9th Conference of the
European Pain
Federation EFIC
efic.kenes.com
2 - 5 September 2015
Vienna, Austira

5th Croatian
Neuroscience Congress
hdn.hiim.hr
17 - 19 September 2015
Split

sszn.hiim.hr
November 2015
Zagreb, Cro
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10th Anniversary of Establishment of
Student Society for Neuroscience

News & Education

Brain Awareness Week 2015
5
days
62
workshops
48
volonteers
5
locations
74
classes
16 - 22 March 2015

Student Society for Neuroscience as a
partner of Croatian Institute for Brain
Research organize and produce 62
wokshops and lectures for students of
primary and secondary schools. Student
Society also participate in activities on
the other faculties of the University of
Zagreb.
On behalf of Student Society for Neuroscience we would like to thank all the
volunteers who have helped us in the
popularization of neuroscience.
List of volonteers:

xxxii | Gyrus Vol III No 2 | June 2015

Ana Beganović
Ana Milinović
Andrija Meštrović
Barbara Tomić
Božidar Nikša Tarabić
Bruna Skapin
Dinko Smilović
Dubravka Pešorda
Emina Horvat Velić
Filip Đerke
Gabrijela Kolđeraj
Hrvoje Galić
Ines Kovačić
Iva Paradžik
Iva Vukojević
Ivana Lujić

Ivona Horvat
Ivona Jerković
Ivona Puškarić
Jan Homolak
Jerko Anđelić
Julijana Lana Prah
Karlo Toljan
Katarina Pera
Kristina Jerković
Lana Heim Šarko
Lara Domović
Leo Dumbovic
Lucija Fusić
Luka Filipović-Grčić
Marko Zorić
Marta Dugonjić
Marta Kovačević
Martina Štrk
Mateja Lučić
Niko Njiric
Nikola Prpić
Nikolina Šaravanja
Nina Fajs
Petra Ćaćić
Ružica Tokalić
Sara Strelec
Saša Preradović
Sonja Mikulec
Tamara Pikivača
Tihana Katić
Uršula Fabijanić
Vanda Vrkić Božić

>2000
students

Next issue

The next Gyrus will be published in September 2015.
It will be The Special Issue, Gyrus Vol III No 3.
Topic issue:

25 years of Croatian Institute for Brain Research

The 25th anniversary of establishment of Croatian Institute for Brain Research.
The Croatian Institute for Brain Research (CIBR) is an independent research and educational affiliate of the University of Zagreb Medical School. CIBR is responsible for multidisciplinary research and interuniversity teaching in the field of neuroscience. The initiative for the foundation of the Croatian Institute for Brain Research coincided with the “Decade of the Brain,”
which started in 1990. One of the primary objectives of CIBR today is research on the neurobiological basis of cognitive
development and cognitive disorders. An additional role of CIBR is to bridge the gap between basic neuroscience research and
clinical experience.
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e-Pretplata
Primajte bespltno najnovije brojeve Gyrusa na na Vašoj e-adresi.
Gyrus izlazi četiri puta godišnje (u ožujku, lipnju, rujnu i prosincu).
Kako se mogu e-pretplatiti?
Možete se pretplatiti putem obrasca na web stranici Gyrusa.
Link se nalazi na stranici www.mef.unizg.hr.
Možete se pretplatiti i putem e-adrese.
Javite nam Vaše ime i prezime, ustanovu iz koje dolazite i e-adresu
na koju želite primiti najnovije brojeve Gyrusa.
Navedene nam podatke pošaljite na adresu: pretplata.gyrus@outlook.com

Postanite član naše redakcije
Želite li pisati? Zanima Vas kako to nastaje novi broj? Želite li proći obuku u pisanju stručnih radova?
Pozivamo sve zainteresirane studente da nam se pridruže u našoj redakciji. Javite nam se i rado ćemo Vam odgovoriti.
Javiti se možete uredniku na mail: urednik.gyrus@outlook.com
U pismu uredniku svakako nemojte zaboraviti napisati svoje kontakt podatke!
Tražimo fotografe!
Pozivamo sve zainteresirane studente koji se bave fotografijom i koji bi željeli sudjelovati u stvaranju novih brojeva kroz fotografiju da nam se jave. Javiti se možete na mail: urednik.gyrus@outlook.com
Tražimo lektore za hrvatski i engleski jezik!
Pozivamo sve mlade koji vladaju hrvatskom/engleskom gramatikom i pravopisom da nam se pridruže. Sljedeći broj izlazi na
engleskom jeziku te bi nam jako dobro došlo pojačanje u lektorskom kolegiju zaduženom za engleski jezik. Svi lektori prolaze
kratku obuku o tome kako se radi u stručnom časopisu te dobivaju potvrde o aktivnom sudjelovanju i radu.
Javiti se možete na mail: urednik.gyrus@outlook.com

Učlanite se u Studentsku sekciju za neuroznanost
Zanima Vas neuro-područje?
Pokazujete interes za neuroznanost, neurologiju, psihijatriju, psihologiju ili pak neurokirurgiju?
Želite naučiti više o funkcji mozga?
Želite postati član jedne od najaktivnijih studentskih udruga na Zagrebačkom sveučilištu?
Ako ste potvrdno odgovorili na prethodna pitanja,
pozivamo Vas da se pridružite velikoj obitelji Studentske sekcije za neuroznanost.
Učlaniti se možete tako da nam na adresu: ssneuroznanost@gmail.com
pošaljete svoje ime i prezime, studij s kojeg dolazite,
godinu studija i područje neuroznanosti koje Vas zanima (ako ono postoji).
U najkraćem roku stići će Vam odgovor sadržaja: Dobrodošli u našu Sekciju!
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