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ABSTRACT

The neuron doctrine, formally expressed by Waldeyer,
fiercely attacked by Golgi and defended by Cajal, was and
continues to be a powerful tool for neuroscientists. Altho-
ugh it has been described as “one of the great ideas of
modern thought, comparable to the quantum theory, re-
lativity, the cell theory, or the theory of evolution” (Shep-
herd, 1991), Bullock et al. Wrote in Science in 2005: “The
doctrine… no longer encompasses important aspects of
neuron function.” and “Information processing in the ner-
vous system must operate beyond the limits of the ne-
uron doctrine ….” 

This lecture will explore some of the historical backg-
round for understanding what the neuron doctrine cla-
imed and why it was attacked by Golgi and other “reticu-
larists”. I will consider where the neuron doctrine has be-
en a powerful conceptual tool for neuroscientists, how it
relates to the cell theory and where modern knowledge
about the nervous system is contrary to one or another
aspect of the doctrine. I shall argue that we still need the
neuron doctrine and that it is may be important to teach
our students about its strengths and its weaknesses.

Key Words: Neuronist, reticularist.
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ABSTRACT

Life flows over time, the fourth dimension of life,
which shapes our days, months and years and clocks tick
in the brain to measure time. In mammals, biological
rhythms are controlled by the suprachiasmatic nuclei (SCN)
of the anterior hypothalamus which function as a master
biological clock. The SCN thus governs the sleep-wake
cycle, as well as of endogenous rhythms in behavioral, hor-
monal and immune functions. Other neural cell groups act
as “switches” of biological functions. For example, orexin-
containing neurons in the dorsolateral hypothalamus play
a key role in wake regulation and are involved in circuits
underlying the transition from sleep to wake. Despite the
wealth of knowledge accumulated in the last years on the
regulation of the SCN and brain “switches”, the effect
exerted by inflammatory signalling on these cell groups
has been relatively neglected, though it can be implicated
in diverse pathological and physiological conditions. Para-
digmatic is, in this context, a severe neuroinflammatory
condition represented by African trypanosomiasis or sle-
eping sickness. This neglected parasitic disease, which is
fatal if uncured, is hallmarked in humans by alterations of
the sleep-wake cycle. Findings which implicate a dysregu-
lation of brain clock/s in experimental models of this dise-
ase will be discussed. On the other hand, in the context of
physiological conditions, a number of data in the last years
have pointed out that normal aging is hallmarked by low-

grade chronic inflammatory activity, with increased pro-
duction of proinflammatory cytokines peripherally and in
the brain and decreased anti-inflammatory mediators. A
puzzling aspect of aging is represented by the frequent
dysregulation of endogenous biological rhythms, and es-
pecially of the sleep/wake cycle, and data will be presen-
ted on aging-related changes of brain clock/s. The talk will
thus delineate an itinerary of research focusing on neural-
immune interactions in the brain timing machinery.

Key Words: Suprachiasmatic nucleus, sleep, neuroinf-
lammation.
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ABSTRACT

One of the most fundamental questions in modern
neuroscience in general and in dementia research in par-
ticular is the relationship between the clinical phenotypes
of neurological diseases, as observed by the medical prac-
titioners, and the underlying pathological changes, as
revealed by the basic scientists. Under the influence of the
principle of parsimony, often referred to as “Ockham's
razor”, the predominant tendency for many decades has
been to assume that a specific clinical picture must ulti-
mately be caused by a specific pathology et vice versa.
However, our increasing knowledge of the more subtle
aspects of dementia as well as the enormous progress in
basic sciences over the last decade has led to a much
more complex picture, with multiple and not always
straightforward correspondences between the phenotype
and the pathology. In my talk I will try to interpret this
apparent chaos, focusing in particular on the relationship
between language, movement and cognition.

Key Words: Clinico-pathological studies, dementia,
neurodegeneration.
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ABSTRACT

The basal ganglia are a group of subcortical nuclei
that are involved in a variety of functions including mo-
tor, cognitive and mnemonic behaviours. Central to ba-
sal ganglia function is the relationship between the glu-
tamatergic projection from the cortex to the striatum,
and the dopaminergic innervation of the same region
from the substantia nigra. Thus excitatory corticostriatal
afferents mainly innervate the spines of medium-sized
spiny neurons (MSNs) that in turn give rise to the direct
and indirect projections to basal ganglia output nuclei.
The response of MSNs to the cortical input is modulated
by the release of dopamine at the neck of the spine. The
mechanisms underlying the modulatory role of dopami-
ne are numerous and dependent on a variety of factors
including the type of dopamine receptor and the activity
of dopaminergic neurons, but the net outcome is a faci-
litation or attenuation of the excitatory transmission (1).
The striatum also receives a major glutamatergic projec-
tion from the intralaminar thalamic nuclei that is of simi-
lar magnitude to the corticostriatal input (2). Extracellu-
lar recording and juxtacellular labelling revealed that
thalamostriatal neurons in the central lateral and para-

fascicular nuclei have distinct electrophysiological and
morphological properties (3). Double-immunolabelling
to reveal vesicular glutamate transporters 1 or 2 as mar-
kers of cortical and thalamic terminals respectively, and
tyrosine hydroxylase to label the dopaminergic axons,
has revealed similar relationships between thalamic and
dopaminergic terminals and cortical and dopaminergic
terminals (4). Furthermore, similarly-sized structures wit-
hin the striatum are equally likely to be apposed by a do-
paminergic axon. Thus the input from the thalamus un-
derlies a rich and diverse complexity of function on a par
with that of the corticostriatal projection. Thalamostri-
atal and corticostriatal terminals are equally likely to be
influenced by released dopamine and that the nigrostri-
atal projection is organised in such a way that every stri-
atal structure has the potential to be influenced by do-
pamine. 

Funded by the Medical Research Council UK, the Par-
kinson’s Disease Society (UK) and the European Union
(FP7). 

Key Words: Corticostriatal, thalamostriatal, dopa-
mine.
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ABSTRACT

As the name indicates, spinothalamic tract (STT) ne-
urons send sensory information that comes into the spi-
nal cord to the thalamus; from there the sensory informa-
tion is sent to various cortical regions. Recent studies ha-
ve shown that the number of STT neurons in laminae VII
and X of spinal segments L1-5 is sexually dimorphic with
males having a larger number of these lumbar STT ne-
urons than females. These lumbar STT neurons are situ-
ated among the L1,2 preganglionic sympathetic neurons
and extend to the L5 preganglionic parasympathetic ne-
urons. This population of laminae VII and X lumbar STT
neurons co-contain the neuropeptides galanin (GAL) and
cholecystokinin-8 (CCK-8) which are involved in proces-
sing nociceptive information. Studies show that the quali-
tative amounts of these two peptides are sexually dimorp-
hic (male > female) and controlled by androgen titers; ma-
le rats with non-functional androgen receptors (testicular
feminization mutation) have qualitative levels of GAL and
CCK-8 that are female-like. This sexual dimorphism, which
is part of a spinal-supraspinal-spinal sexually dimorphic pa-
in circuit, may provide an anatomical basis for the sex dif-
ferences in the affective and motivational component of

somatic and visceral pain perception in pelvic diseases
such as cystitis and irritable bowel syndrome. The presen-
ce of these lumbar STT neurons among the spinal autono-
mic neurons suggests that they may contribute to the se-
xually dimorphic functions of the autonomic nervous sys-
tem to the pelvis.

Key Words: Spinothalamic neurons, Sexual dimorp-
hism, Nociception.
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ÖZET

Cinsel uyar›lma ve istek cinsel iliflkinin önemli bir bölü-
münü oluflturan haz›rl›k dönemi olup, bir seri fizyolojik ve
davran›flsal de¤iflikli¤i içerir. Cinsel uyar›lma s›ras›nda olu-
flan fizyolojik yan›tlar›n birço¤u iyi bilinmektedir. Örne¤in;
kardiyovasküler, solunum ve cinsel bölge yan›tlar›, endok-
rin ve ba¤›fl›kl›k sistemi de¤ifliklikleri gibi. Cinsel uyar› kor-
teksin aktivitesinde de de¤iflikliklere yol açar. Sesli-görsel
cinsel uyar› baz› bölgelerde serebral kan dolafl›m›n› art›r›r.
Vücut kas sisteminde penis sertleflmesi ve pelvik taban
kaslar› kontraksiyonu d›fl›nda di¤er kaslar›n cinsel uyar› s›-
ras›nda nas›l etkilendi¤i fazla bilinmemektedir. Kavrama
gücü üst ekstremitenin kas gücünü ölçmede klinik olarak
kullan›lan güvenilir bir yöntemdir. Bu yöntem cinsel uya-
r›lman›n motor sistemini nas›l etkiledi¤ini belirlemede kul-
lan›labilir (1).

Di¤er yandan, dokunma duyusunun cinsel uyar›lmaya
katk›da bulundu¤u önerilmifltir. Dolay›s›yla, dokunma ve
vibrasyon duyular›nda oluflan de¤ifliklikler cinsel fonksiyo-
nu etkileyen faktörlerden biri olabilir. Penisin ve genital
bölgenin cinsel uyar›lma s›ras›nda oluflan dokunma duyu-

su de¤iflikliklerini araflt›ran baz› çal›flmalar yap›lm›fl olmak-
la birlikte di¤er bölgelerde bu duyular›n nas›l etkilendi¤i iyi
bilinmemektedir. Ancak parmak ucunun vibrasyon alg›la-
ma efli¤i ölçümleri cinsel uyar›lma s›ras›nda önemli de¤iflik-
likler oldu¤unu göstermifltir (2).

Sertleflme ifllev bozuklu¤u önemli ve yayg›n bir t›bbi
sorun olup, yeterli bir cinsel iliflkiyi oluflturacak düzeyde
sertleflme olmamas› veya devam ettirilememesi olarak ta-
n›mlan›r. Bu sorun ileri yafllarda daha s›k görülse bile yafl-
l›l›¤›n kaç›n›lmaz bir sonucu de¤ildir. Sertleflme ifllev bo-
zuklu¤u genelde organik ve psikolojik olmak üzere iki ka-
tegoriye ayr›l›r ve birçok t›bbi durumda görülür. Yap›lan
bir seri çal›flma sonucunda organik olmayan sertleflme ifl-
lev bozuklu¤u hastalar›n›n kavrama gücü ve vibrasyon al-
g›lama efli¤i ölçümlerinden elde edilen sonuçlar›n sertlefl-
me sorunu olmayan sa¤l›kl› kiflilerden farkl› oldu¤u sap-
tanm›flt›r (3).

Anahtar Kelimeler: Cinsel istek, sertleflme ifllev bo-
zuklu¤u.

Cinsel ‹stek ve Sertleflme ‹fllev Bozuklu¤u
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ABSTRACT

Sexual arousal is an important part of sexual activity
and is a particular state of readiness, characterized by a
series of adaptive physiological and behavioral changes.
Many physiological responses to sexual arousal have been
well-documented, e.g. cardiovascular, respiratory and ge-
nital responses, changes in endocrine and immune sys-
tems. Sexual arousal also results in changes in cortical ac-
tivity. Cerebral blood flow increases in various regions in
response to audio-visual erotic stimulation. However, litt-
le is known on muscular responses to sexual arousal, alt-
hough some musculatures have been found to join and
facilitate sexual activity, such as penile erection and the
pelvic floor contraction during sexual arousal. Grip
strength is a reliable and valid method of measuring up-
per limb muscle strength in clinical and physical procedu-
res. This method could be used to determine the influen-
ces of sexual arousal on the motor system (1).

On the other hand, it has been proposed that tactile
sensation contributes to sexual arousal. Consequently,
changes in tactile and vibration sensitivity may be a factor
that influences sexual function. A number of studies have
investigated the changes in penile and genital tactile sen-
sation during sexual arousal, but the effects on non-geni-
tal areas have not been well-documented. However, vib-
ration detection threshold measurements at the fingertip
reveal significant alterations during sexual arousal (2).

Erectile dysfunction (ED) is an important and common
medical problem and is defined as the inability to achieve
and/or maintain an erection sufficient for satisfactory se-
xual performance or intercourse. Although the incidence
of ED increases with age, it is not an inevitable consequ-
ence of the aging process. ED can be generally classified
into two categories; organic and psychological (non-orga-
nic), and is the result of many conditions. The results of
grip strength and vibration detection threshold measure-
ments obtained from patients with non-organic ED during
sexual arousal have been shown to be different to results
obtained from individuals without ED (3).

Key Words: Sexual arousal, erectile dysfunction.
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ABSTRACT

Development of temporal lobe epilepsy (TLE) can be
triggered by various brain insults, including traumatic bra-
in injury, stroke, or status epilepticus. Injury is followed by
a latency phase (i.e., epileptogenesis), and finally, appe-
arance of spontaneous seizures (i.e., epilepsy). During epi-
leptogenesis, brain tissue undergoes remodeling, inclu-
ding neurodegeneration, gliosis, axonal injury and spro-
uting, vascular damage and angiogenesis, and degradati-
on of extracellular matrix which can be monitored in vivo
by MR imaging. This has provided an opportunity to se-
arch surrogate markers that would predict structural and
functional outcome after brain injury in clinically relevant
experimental models. Here we summarize our recent da-
ta that has focused on understanding how the severity of
axonal rearrangements in the hippocampal circuits moni-
tored with Mn-enhanced MRI, DWI, or DTI associate with
risk of epilepsy in rat models of TLE. The data obtained
will be discussed in context of human data available, and
how to facilitate translation of experimental findings to
clinic.

Key Words: Epileptogenesis, status epilepticus, surro-
gate marker, traumatic brain injury.
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ABSTRACT

Pituitary adenylyl cyclase-activating polypeptide (PA-
CAP) is a widely-expressed neuropeptide that closely re-
sembles vasoactive intestinal peptide (VIP), a neuropepti-
de well known to inhibit macrophage activity, promote
Th2-type responses, and enhance regulatory T cell (Treg)
production. Administration of PACAP, like VIP, has been
shown to attenuate dramatically the clinical and patholo-
gical features of murine models of autoimmune diseases
such as experimental autoimmune encephalomyelitis
(EAE) and collagen-induced arthritis. However, specific ro-
les (if any) of endogenous VIP and PACAP in the protecti-
on against autoimmune diseases have not been explored.
Here, we subjected PACAP-deficient (KO) mice to myelin
oligodendrocyte glycoprotein (MOG35-55)-induced EAE.
MOG immunization of PACAP KO mice resulted in heigh-
tened clinical and pathological manifestations of EAE
compared to wild type mice. The increased sensitivity was
accompanied by enhanced mRNA expression of proinf-
lammatory cytokines (TNF-α, IL-6, IFN-γ, IL-12p35, IL-
23p19 and IL-17), chemokines (MCP-1/CCL2, MIP-
1α/CCL3, and RANTES/CCL5) and chemotactic factor re-
ceptors (CCR1, CCR2 and CCR5), but down-regulation of

the anti-inflammatory cytokines (IL-4, IL-10 and TGF-β) in
the spinal cord. Moreover, the abundance of CD4+ CD25+

FoxP3+ Tregs in lymph nodes and levels of FoxP3 mRNA
in the spinal cord were also reduced. The reduction in
Tregs was associated with enhanced proliferation and
decreased TGF-β secretion in lymph node cultures stimu-
lated with MOG.  To examined potential cellular sources
of TGF-β, we FACS-sorted MOG-induced lymph node cul-
tures from immunized and non-immunized WT and PA-
CAP KO mice by real time RT-PCR. In WT mice, MOG im-
munization resulted in an induction in TGF-β gene expres-
sion in macrophages (CD11b+), dendritic cells (CD11c+)
and Th cells (CD4+). However, the up-regulation in CD4+

and CD11c+ cells was completely blocked in PACAP KO
mice. These results demonstrate that endogenous PACAP
provides protection in EAE, and identify PACAP as an int-
rinsic regulator of Treg abundance after inflammation.

Key Words: Multiple sclerosis, PACAP, VIP.
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ÖZET

‹deal dünyada, ölçümler her zaman mükemmeldir.
Bütün ölçümler kesin de¤erlere sahiptir ve bu nedenle bu
ölçümlerle yap›lan hesaplamalar da basittir. Ne yaz›k ki,
deneyler ideal dünyada de¤il de gerçek dünyada yap›l-
maktad›r. Gerçek dünyada yap›lan ölçümler asla mükem-
mel olamaz. Ölçü aletlerinin, ölçmelerde her zaman du-
yars›z olduklar› ve do¤ru ölçmedikleri s›n›rlar gibi s›n›rla-
malar› vard›r.

Bütün deneysel ölçümlerin özünde var olan mükem-
melsizli¤e belirsizlik ad› verilir. Yap›lan her ölçümde her
zaman belirsizliklerin var oldu¤u göz önünde bulundurul-
mal›d›r.

Ölçme, bir büyüklü¤ü standart olarak kabul edilen bir
büyüklükle karfl›laflt›rma eylemidir. Bu eylemin sonucu, a)
büyüklü¤ün standard›n kaç kat› oldu¤unu gösteren ölçü
say›s›, b) birim ve c) ölçmedeki belirsizli¤i içeren hata te-
rimleri flekilde yaz›l›r. Ölçüm sonucunda ölçü say›s› ve bi-
rim bulunmazsa, eksik ifade edilmifl olmaz, hiçbir fley ifa-
de edilmemifl olur. Hata terimi, tek veya çok say›da yap›-
lan ölçümlerde, ölçümün duyarl›¤›n› yans›tmaktad›r. 

Ölçü say›s› kullan›lan ölçü aletinin duyarl›l›¤›n› do¤ru
göstermelidir. Bir ölçüm say›s›nda bulunmas› gereken say›-
lara anlaml› say›lar ad› verilmektedir.

Bir ölçümün duyarl›l›k ve do¤ruluk olmak üzere iki ni-
teli¤i vard›r. Do¤ruluk, ölçülen de¤erin gerçe¤e yak›nl›¤›-
n›; duyarl›l›k ise tekrar eden ölçümlerin birbirlerine yak›nl›-
¤›n› ifade etmektedir. Do¤ru olan bir ölçüm duyars›z ola-
bilir, duyarl› olan bir ölçüm de do¤ru olmayabilir.

Duyarl›l›k, ölçenin ustal›¤›, aletin ve yöntemin duyarl›l›-
¤› ve kalitesini içine alan ölçme iflleminin kalitesini; do¤ru-
luk ise sonucun gerçe¤e (standarda) olan yak›nl›¤›n› yans›-
t›r. Do¤ruluk sonucun kalitesi ile duyarl›k ise bu sonucu el-
de etmek için kullan›lan ifllemin kalitesi ile ilgilidir.

Ölçmenin duyarl›l›¤› standart sapma veya standart ha-
ta fleklinde yaz›l›r. Standart sapma bir ölçümün duyarl›l›¤›-
n›n, standart hata ise ortalama de¤erin gerçek de¤ere ya-
k›nl›¤›n›n bir ölçüsüdür.

Deneysel sonuçlar amaca göre standart sapma veya
hatadan biri kullan›larak, birim ile birlikte anlaml› say›larla
ifade edilir.

Ölçüm Sonuçlar›n›n Do¤ru ve Anlaml›
Rakamlarla ‹fade Edilmesinde Uyulacak Kurallar
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ABSTRACT

In an ideal world, measurements are always perfect.
All measurements will have exact values and hence, calcu-
lations involving measurements will be simple. But, expe-
riments are done in a real world, not an ideal world. In
the real world case measurements are never perfect. Me-
asuring devices have limitations such that there will al-
ways be imprecision and inaccuracies in measurements. 

The imperfection inherent in all experimental measu-
rements is termed an uncertainty. In the laboratory, un-
certainties must always be considered every time a me-
asurement is taken. Measurement is a comparison with a
standard. In the end of measuring operation, result is re-
ported as: a) figures that are equal the times of standard,
b) unit, and c) error, uncertainty associated with measu-
rement. If there are not figures and unit in the reporting
result, we just say not incomplete, we say nothing. Error
reflects the precision of a single measurement or repe-
ated measurements.

Figures must represent true resolution of an instru-
ment. Significant figures are all the digits in a physical qu-
antity that have meaning or agree with the accuracy of
the measurement of those physical quantities.

There are two features of a measurement: accuracy
and precision. Accuracy reflects how close the result is to
the true value. Precision is the ability to get the same re-
sults repeatedly. An accurate measurement may be imp-
recise and a precise measurement may be inaccurate.

Precision is the degree of refinement in the perfor-
mance of an operation, or the degree of perfection in the

instruments and methods used to obtain a result. Accu-
racy is the degree of conformity with a standard (the
"truth"). Accuracy relates to the quality of a result, and is
distinguished from precision, which relates to the quality
of the operation by which the result is obtained.

In a repeated measurement, precision expressed as
standard deviation or standard error of mean. Standard
deviation is the degree of precision of a measurement
and standard error of mean is the degree of closeness of
the mean value to the true value.

Usually experimental results have to expressed toget-
her significant figures, unit and error terms.
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ÖZET

Aksonal rejenerasyonu engelleyen proteinlerden No-
go-A inhibisyonunun omurilik ve beyin hasar› sonras›nda
beyin plastisitesi ve fonksiyonel iyileflmeyi art›rd›¤› bilin-
mektedir. Bununla beraber bu proteinin inhibisyonunun
beyin hasar› sonras›nda akut reperfüzyon hasar›na olan
etkileri ve mekanizmalar› bilinmemektedir. Nogo-A knoc-
kout fare ve bu proteinin farmakolojik (anti-Nogo-A anti-
body:11C7) olarak inhibisyonu metotlar› kullan›larak yap›-
lan çal›flmalarda, beyin hasar› sonras›nda ölüm oranlar›n-
da ve buna paralel olarak da apopitotik hücre ölümünde
anlaml› bir art›fl gözlenmektedir. Yap›lan protein analiz ça-
l›flmalar›nda, Nogo-A proteininin fonksiyonel oldu¤u fare-
lerde RhoA’n›n aktif, Rac1 ve RhoB’nin ise inhibe oldu¤u
gözlenmektedir. Bunlara paralel olarak da stres kinazlar-
dan p38/MAPK, SAPK/JNK1/2 ve bunlara ilaveten
PTEN’nin aktivitelerinde düflme gözlenmektedir. Nogo-A
proteininin inaktivasyonu sonras›nda ise RhoA’n›n inhibe,
Rac1 ve RhoB’nin aktive oldu¤u, bunun sonucu olarak da
p38/MAPK ve SAPK/JNK1/2 aktivitelerinde de art›fl göz-
lenmektedir. Aktivitesini kaybeden RhoA; Rock2 üzerin-
den PTEN’nin (Phosphatase-and-Tensin Homolog) uyara-
rak Akt ve ERK1/2 yolaklar›n›n inhibisyonunu takiben p53

üzerinden hücre ölümüne neden olmaktad›r. Yap›lm›fl
olan bu çal›flmalar Nogo-A’n›n Rac1/RhoA dengesini kont-
rol ederek sinir hücresinin stres koflullar›nda hayatta kal-
mas›ndaki kritik rolünü göstermektedir. Ayr›ca aksonal re-
jenerasyonu uyaran moleküller ile yap›lacak olan klinik ça-
l›flmalarda bu etkilerin göz önünde bulundurulmas›n›n
önemini vurgulamaktad›r. Bu sunumda yukar›da bahsedi-
len ve henüz yay›nlanmam›fl çal›flmalar tart›fl›lacakt›r.

Anahtar Kelimeler: Nogo-A, beyin felci, beyin plasti-
sitesi, hücre içi sinyal iletimi ve apopitozis.

ABSTRACT

Nogo-A glycoprotein is an oligodendroglial neurite
outgrowth inhibitor, the deactivation of which enhances
brain plasticity and functional recovery in animal models
of spinal cord trauma and ischemic stroke. Nogo-A’s role
in the reperfused brain tissue was still unknown. To eluci-
date this issue, we examined the effect of Nogo-A deacti-
vation after transient focal cerebral ischemia. In mice, in
which Nogo-A was constitutively deleted or inhibited with
a neutralizing antibody (11C7) that was infused into the

Nogo-A’n›n Beyin Felci Sonras›nda Hücre
Yaflam›na Olan Etkileri

Role of Nogo-A in Neuronal Survival in the 
Reperfused Ischemic Brain  
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lateral ventricle 24 hours prior to stroke, we show that
Nogo-A deactivation goes along with decreased neuronal
survival. Using protein expression and interaction studies
we demonstrate that in the presence of Nogo-A the small
GTPase RhoA is active, whereas Rac1 and RhoB are inhi-
bited. As a consequence of Rac1 inactivation, stress kina-
se p38/MAPK, SAPK/JNK1/2 and phosphatase-and-tensin
homolog (PTEN) activities low. Deactivation of Nogo-A,
on the other hand, inhibits RhoA, at the same time ove-
ractivating Rac1 and RhoB, the former of which activates
p38/MAPK and SAPK/JNK1/2 via direct interaction. RhoA
deactivation in turn stimulates PTEN via its downstream

effector Rho-associated coiled-coil protein kinase2
(Rock2), thus inhibiting Akt and ERK1/2, and initiating
p53-dependent cell death. Our data suggest a novel role
of Nogo-A in promoting neuronal survival by controlling
Rac1/RhoA balance. Clinical trials should be aware of po-
tential injurious effects of axonal  growthpromoting the-
rapies. Thus, Nogo-A antibodies should not be used in the
very acute stroke phase. The above mentioned and un-
published studies will be presented.

Key Words: Nogo-A, stroke, brain plasticity, signal
transduction and apoptosis.
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ABSTRACT

Area specific and relatively higher frequency EEG oscil-
lations are increasingly shown to be nested in and modu-
lated by more widely synchronized slow rhythms. The res-
pective phase and power relationships determine the
rhythms’ impact on several important brain functions and
possibly the still mysterious impact of sleep on epilepsy
(1). Brain activity during Non-Rapid-Eye-Movement
(NREM) sleep is characterized by widely synchronous lar-
ge slow waves, like K-complexes (KC) and delta waves.
We observed two new phenomena suggesting that these
slow waves may contribute to the generation of rhythmi-
cal activity of higher frequencies: (a) EEG time frequency
analysis centred around the negative peak of the KC reve-
aled that KC usually (in 812/1130) trigger spindles, which
have significantly higher frequency (mean= 14.99 Hz)
than that of spontaneously occurring fast centroparietal
spindles (14.13 Hz; p< 0.00002) and of course slow fron-
tal spindles (12.02 Hz). When KC occur during spontane-
ously running fast spindles (n= 400) they invariably inter-
rupt them and replace them by a short slower rhythm (~
theta) before they trigger (135/400) a new spindleo
rhythm of invariably higher frequency (by m= 1.17 Hz).
(b) Magnetic Field Tomography analysis of MEG records
during NREM sleep “core” (i.e. CAP-B) periods revealed

very high gamma frequency activations localized in the
left dorsomedial prefrontal cortex, developing in parallel
to the NREM stages to culminate in NREM-4 and expan-
ding laterally in REM. Both spindles and gamma frequency
rhythm are considered to be paced by thalamocortical cir-
cuits. The time (a and b) and space (b) characteristics of
the two described phenomena suggest that both may de-
velop from a mechanism of cortical disinhibition affecting
thalamocorical pacing circuits and expressed as a rebound
in time after the inhibitory negative phase of the KC (in a)
or as lateral disinhibition in space promoting the genera-
tion of gamma activity in the centre of areas with highest
delta activity (in b). The above findings are respectively
considered in the context of efforts to explain two types
of epilepsy: absence seizures in relationship to thalamo-
cortical circuits generating sleep spindles and frontal lobe
nocturnal seizures in relation to gamma frequency activa-
tion of midfrontal regions during NREM sleep. 

Key Words: Sleep, rhythms, epilepsy.
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ÖZET

Mevsimsel hayvanlar ya¤ dokular›nda, besin al›m›nda
ve enerji metabolizmalar›nda y›ll›k sikluslar gösterir. Bu sik-
luslar melatonin hormonunun diürnal profilinin oluflmas›-
na ve nöroendokrin yollar üzerinde etkili olmas›na neden
olan d›flsal gün uzunlu¤u sinyallerindeki de¤iflimler taraf›n-
dan tetiklenir.  Hayvanlar mevsime özel birçok de¤iflik dav-
ran›fl ve fizyolojik adaptasyonlar gösterir.  ‹ki tip endojen
(içsel) zaman koruyucu mekanizma hayvanlar›n mevsimle-
re göre adaptasyonunu sa¤lar; bunlardan biri zamanlay›c›
olarak adland›r›lan yap›d›r ki bu aylar›n aral›klar›n› ölçer, di-
¤eri de saat olarak adland›r›l›r ki bu da  y›ll›k periyodu he-
saplar.  Burada zaman koruyucu mekanizmalara ait temel
prensipleri ve moleküler yap›lar› tart›flmaya çal›flaca¤›m;
ayr›ca bunlar›n güvenilirli¤ini ve çevresel faktörlerin mev-
simlerle olan ifl birli¤ini anlataca¤›m.  ‹lk bafllarda bu 2 sa-
at mekanizmas›n› birbirinden ay›r›p yap›lar›n› aç›klamak
faydal› olduysa da, karfl›laflt›rmal› hayvan fizyolojisindeki
bulgular özellikle leptin sal›n›m›nda, ortak noktalar› iflaret
etmeye bafllad›.  Beyaz ya¤ doku hormonu olan leptin
mevsimsel hayvanlarda vücut a¤›rl›¤› mekanizmalar›n› dü-
zenler ve dolay›s›yla sal›n›m›nda mevsimsel de¤iflimler göz-
lenmektedir.  Mevsimsel üreyen Suriye hamsterleri labora-

tuvarlarda çok kullan›lan bir hayvan modelidir, çünkü; sir-
kadiyen ritimleri düzenleyen saatin (SCN) enerji metaboliz-
mas› üzerine, ifltah›n düzenlenmesine ve fliflmanl›¤›n kont-
rol mekanizmalar›n› ayd›nlatma konusunda yap›lan çal›fl-
malara k›sa zamanda yan›t vermektedir. Yapt›¤›m›z bir ça-
l›flmada de¤iflik dozlarda verilen leptin hormonu Suriye
hamsterlerinde faz kaymalar›na neden olmufltur. En bü-
yük kayman›n ise direkt SCN bölgesine yap›lan uygulama
ile oldu¤u görülmüfltür.  SCN ve leptin aras›ndaki iliflkiler
yeni yeni ayd›nlat›lmaya bafllanm›fl olup, sonuçlar obezite
aç›s›nda umut vericidir.  

Anahtar Kelimeler: Fotoperiyod, melatonin, leptin,
SCN.

ABSTRACT

Seasonal animals exhibit annual cycles of adiposity, fo-
od intake and energy metabolism. These cycles are driven
by changes in the external daylenght signal, which gene-
rates a diurnal melatonin profile and acts on neuroendoc-
rine pathways. Animals have evolved many season-speci-
fic behavioural and physiological adaptations that allow
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them to both cope with and exploit the cyclic annual en-
vironment. Two classes of endogenous annual timeke-
eping mechanisms enable animals to track, anticipate and
prepare for the seasons: A timer that measures an inter-
val of several months and a clock that oscillates with a pe-
riod of approximately a year. Here, I discuss the basic pro-
perties and biological substrates of these timekeeping
mechanisms, as well as their reliance on, and encoding of
environmental cues to accurately time seasonal events.
While the separate classification of interval timers and cir-
cannual clocks has elucidated important differences in
their underlying properties, comparative physiological in-
vestigations, especially those regarding seasonal leptin
secretions, hint at the possibility of common substrates.
The white adipose tissue hormone leptin reflects overall
adiposity in seasonal mammals, and consequently under-
goes significant seasonal fluctuations in secretion.  The se-
asonally breeding Syrian hamster is a convenient labora-
tory model to study the effects of a seasonal time-keeping
clock on energy metabolism, appetite regulation and the
control of adiposity.  We have shown that administration
of exogenous leptin in different doses induces significant

phase advance in hamsters kept in constant darkness.
The biggest phase advance was observed in intra-SCN in-
fusion and the smallest was in ip injection hamsters.

Key Words: Photoperiodism, melatonin, leptin, SCN.
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ABSTRACT

Prolonged reductions in muscle activity and mechani-
cal loading (e.g., bed rest, cast immobilization) result in
dramatic reductions in muscle strength and function. We
have previously reported that 3-weeks of immobilization
results in a decreased ability of the nervous system to ma-
ximally activate muscle (1), and that these deficits acco-
unt for ~50% of the between-person variability in the loss
of strength following 4-weeks of lower limb unweighting
(2,3). Our most recent work has evaluated the time cour-
se of these neural adaptations, and determined specific
adaptations in corticospinal properties. This presentation
will detail our findings regarding human neuroplasticity
associated with disuse. This work utilizes a combination
of techniques involving nerve stimulation and transcranial
magnetic stimulation to assess changes in central activati-
on of muscle, along with spinal (H reflex) and corticospi-
nal excitability (i.e., motor-evoked potential amplitude, si-
lent period) and contractile properties of healthy humans
undergoing 3-4 weeks of forearm cast immobilization
and/or lower limb unweighting. Collectively, this work
has indicated that immobilization results in deficits in ne-
ural activation of muscle, and illustrate the profound

physiological and functional effect of immobilization on
the human nervous system as evidenced by the alterati-
ons in corticospinal excitability persisting for over 1 week
following cast removal. 

Key Words: Immobilization, bed rest, strength.

REFERENCES

1. Clark B, Issac LC, Lane JL, et al. Neuromuscular plasticity during
and following 3-weeks of human forearm cast immobilization.
J Appl Physiol 2008;105:868-78.

2. Clark BC, Fernhall B, Ploutz-Snyder LL. Adaptations in human
neuromuscular function following prolonged unweighting: I.
Skeletal muscle contractile properties and applied ischemia ef-
ficacy. J Appl Physiol 2006;101:256-63. 

3. Clark BC, Manini TM, Bolanowski SJ, et al. Adaptations in hu-
man neuromuscular function following prolonged unweigh-
ting: II. Neurological properties and motor imagery efficacy. J
Appl Physiol 2006;101:264-72.

Dazed and Confused: Corticospinal
Reorganization Associated with Disuse Atrophy 

KONFERANS/CONFERENCE

Brian C. Clark

Director, Institute for Neuromusculoskeletal Research, Asst Professor of Physiology, Department of Biomedical Sciences,
Ohio University, College of Osteopathic Medicine, USA

Turk Norol Derg 2009; 15(Ek 1): 20



21Turk Norol Derg 2009; 15(Ek 1): 21

ABSTRACT

It is often assumed that group interaction or team-
work enhances creativity or innovation, especially in cases
where the group or team members have diverse experti-
se, perspectives, or backgrounds. Much research has fo-
und that this assumption is often not warranted. Our re-
search in the past 20 years has examined the factors that
enhance and inhibit creativity in groups. This has led to
the development of a social-cognitive model of group cre-
ativity. For groups to excel in the creative process, group
members need to have both the capability and motivati-
on to process the shared ideas and information and to
combine these in unique ways to develop useful innovati-
ons. Most of our research has focused on the idea sharing
aspect of group creativity. I will summarize our major fin-
dings and their theoretical implications. In particular, I will
discuss the relevance of our work for interdisciplinary te-
amwork. I will also highlight recent efforts by our team to
understand the neural underpinnings of the group creati-
ve process. 
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ABSTRACT

Immature brain activity influences the course of its
development. For example, extreme patterns of activati-
on or lack of activation may cause aberrations from nor-
mal brain maturation that can be experimentally or clini-
cally detected in adult brain. Epilepsy, a brain disorder ca-
used by the propagation of brain waves of highly
synchronized excitatory potentials is manifested in in-
fancy or childhood; moreover, certain epileptic syndro-
mes are associated with cognitive deficits in adulthood.
Experimental epilepsy models provide the means to study
the impact of overly synchronized CNS neuronal activity
in brain development, by comparing a variety of functi-
onal or anatomical indices in naive versus “epileptic” age-
matched animals.

Brain cholinergic receptors are involved in cognitive
processes, and changes in their numbers or properties
have been detected in dementias. The work of my gro-
up focuses on the long term effects of early life seizures.
These are provoked by the administration of pentylene-
tetrazol (PTZ), a GABAA receptor antagonist at postna-

tal day 20 rat pups, while experiments take place in
adult animals. Our findings include the following, (a) we
have established that changes in cholinergic (muscarinic)
receptors occur, by recording electophysiological poten-
tials in vitro in rat brain slices; (b) we have investigated
the cellular mechanisms of the observed effects; (c) we
have tested for differences in the behavior of adult PTZ-
conditioned rats by using specific tests such as open fi-
eld activity, object recognition and “depressive-like beha-
vior”. In two of the three axes of our research (b,c),
where we also differentiated between male and female
conditioned animals, we detected gender associated dif-
ferences. 

We expect that our findings will contribute towards
understanding the effects of early life seizures on the ba-
sic (cellular) level of adult brain function and also towards
linking such changes to behavior. By doing so, we also ho-
pe to unravel some of the mechanisms that underlie the
activity-dependent immature brain plasticity. 

Key Words: Hippocampus, immature brain, muscari-
nic receptors, electrophysiology.
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ÖZET

Beyin yafllanmas›, nöral plastisitedeki de¤ifliklikler veya
bu de¤ifliklikleri etkileyen mekanizmalardaki farkl›laflmalar-
dan dolay› duyularda, idrak kabiliyetinde, bellek ve motor
kontrolde azalmayla birlikte görülür. Normal yafllanma süre-
cinde gerçekleflen fonksiyonel de¤ifliklikler ve bu de¤ifliklik-
lerin selektif biliflsel bozukluklara ve ileri yafllarda oluflan nö-
ronal plastisiteye nas›l katk›da bulundu¤u biyolojinin yo¤un
çal›fl›lmas› gereken alanlar›ndan biridir. Postmortem insan
beynindeki çal›flmalar gösteriyor ki beyin a¤›rl›¤›nda
%0.1/y›l gibi küçük bir azalma olmaktad›r. Bu azalma 50
yafl›ndan sonra çok daha h›zl›d›r ve beyin a¤›rl›¤›ndaki bu
h›zl› azalma beynin beyaz cevherinde difüz ve düzenli fakat
gri cevherde bölgesel de¤ifliklikler göstermektedir. Örne¤in;
frontal ve pariyetal korteks temporal ve oksipital korteksten
daha fazla etkilenir. A¤›rl›kta oldu¤u gibi beyin hacim azal-
mas› da yaflla (yaklafl›k %0.1-0.5/y›l) artmaktad›r. ‹lk bafllar-
daki çal›flmalarda, araflt›rmac›lar yaflla esasl› bir nöron kay-
b›n›n olufltu¤unu rapor etmifllerdir. Ancak son zamanlarda-
ki çal›flmalarla yaflla nöron kayb›n›n çok az oldu¤u sonucu-
na var›lm›flt›r. Özellikle beyin korteksinde, yaflla nöron boyu-
tu da azalmaktad›r. Dendritik spine say›s›nda yaklafl›k %50
düflüfl ve dendritik dallanmada anlaml› ölçülerde büzüflme

saptanm›flt›r. Ayr›ca, astrosit ve mikroglialar›n say› ve boyu-
tu yaflla artmaktad›r. Bunlar aktive olduklar›nda baz› durum-
larda nöroprotektif oldu¤u gibi patojenik de olabilir.

Beyin yafllanmas›ndaki di¤er önemli bir neden de bir
organizman›n yaflam süresi boyunca nöronlar›n yüksek
enerjiye olan ihtiyaçlar›d›r. Nöronlar›n enerjiye olan yüksek
ihtiyac› onlar› yafllanmaya karfl› kolayca duyarl› hale getirir.
Nöronlar›n büyük boyutlar› nedeniyle; çok genifl membran
yüzeyleri; molekül ve organallerin hücrenin uzak yerlerine
transportu ve impuls iletiminde kullan›lan elektrik aktivite-
si için gerekli iyon gradiyenti onlar› yüksek miktarda ener-
jiye ba¤›ml› yapar. Mitokondride enerji üretiminde görevli
elektron transport sisteminde meydana gelen süperoksit
iyonunun s›zmas› sonucunda hidroksil radikalleri, peroksi-
nitrit ve hidrojen peroksit gibi yüksek reaktif oksijen türev-
leri meydana gelmektedir. Bu moleküller proteinleri, ya¤-
lar› ve nükleik asitleri okside ederek beyinde oksidatif ha-
sara sebep olur. Oksidatif stresin belirgin etkisi mitokond-
ride görülebilir, çünkü serbest radikallerin ço¤u bu orga-
nellerde üretilir. Koruyucu histonlar›n eksikli¤inden dolay›
özellikle mitokondriyal DNA hasar görebilir. Bu yüzden
yafllanan beyinde, mitokondriyal fonksiyon bozuklu¤u ve
kompleks I, II ve mtNOS gibi beyin mitokondriyal enzim
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aktivitelerinde azalma görülmektedir. Bu enzimlerin aktivi-
teleri; nörolojik performans ve yaflam süresi ile pozitif, mi-
tokondriyal ya¤ ve protein oksidasyon ürünleri ile negatif
korelasyona sahiptir. Yafllanan beyinde mitokondri kalsi-
yum gradiyenti de¤iflmifltir ve mitokondri depolarizedir.
‹mpuls iletimi sürecinde bu iyonun konsantrasyonu yüksel-
di¤inden mitokondriyal membranlar sitozolden kalsiyum
iyonunu al›r. Yafllanan mitokondri özellikle eksitasyondan
sonra olmak üzere kalsiyumu depolayamaz ve bu yüzden
sitozoldeki kalsiyum konsantrasyonu yükselir. Eksitasyon,
sa¤l›kl› genç nöronlarda da voltaj ba¤›ml› kalsiyum ve
NMDA glutamat reseptör kanallar›n› açar ve hücre içi kal-
siyum seviyelerinde geçici yükselmeye sebep olur. Bu nor-
mal yafllanmada artm›flt›r. Hücre içi kalsiyum seviyelerinde-
ki yükselme hücrelere zarar veren kalsiyum ba¤›ml› kas-
pazlar› aktif hale getirebilir. Hatta apopitozla hücre ölümü-
ne sebep olabilir. Ancak muhtemelen apopitozun dendrit-
lerle s›n›rl› kalmas›na sebep olur. Yafllanan beyinde, bozul-
mufl kalsiyum homeostaz›, impuls transmisyonunu ve nö-
rotransmitter sal›n›m›n› bozamaz, fakat beyni hafif hipok-
si gibi stres durumunda kolayca hasarlara aç›k hale getirir.
Yafll›lar›n ço¤u genellikle geçici hipoksik epizodlara sebep
olabilen serebrovasküler ve kalp rahats›zl›¤›na sahiptir. Hi-
poksi, postsinaptik membranlarda NMDA reseptörlerini
açan ve sitozolik kalsiyumu yükselten glutamat sal›n›m›na
sebep olabilir. Apopitoz yafllanmayla birlikte nöron kayb›-
n›n sebebi olan nöron ölümünün tek yolu de¤ildir. Ayr›ca,
özellikle dendritik spine kayb›nda muhtemelen apopitoz
d›fl›ndaki di¤er nöron ölüm yollar› etkili olmaktad›r.

Demir ve lipofussin yaflla birlikte beyinde birikir. Yük-
sek miktarda demir ayr›ca oksidatif stresi de art›r›r. Lipo-
fussin proteinlerin lizozomal parçalanmas›ndan üretilen
maddelerden oluflur. Lipofussin birikimi otofaji sisteminin
bozuklu¤uyla ilgilidir. Bu yüzden otofaji beyin yafllanma-
s›nda çok önemlidir.

Yafllanmayla ilgili di¤er bir de¤ifliklik de “advanced
glycated end products AGEs”lerin oluflumudur. AGEs nük-
leik asitler, proteinler, lipidlerin amino gruplar› ile indirgen-
mifl flekerler aras›nda nonenzimatik olarak meydana gelen
çapraz ba¤lanmalarla üretilir. AGEs beyni de içeren farkl›
dokularda kolayca büyük kütlelere agrege olabilir ve pro-
teozomal protein y›k›m›n mekanizmas›ndan kaçabilir, so-
nuçta oksidatif stres oluflumuna neden olur.

Sinaptik fonksiyon ve plastisite, veziküler transport,
kalsiyum homeostaz›, nörotropin sinyal iletimi, nöronal
ubiquitin-proteozom sistemi, mitokondriyal dinamik ve
fonksiyonunu içeren pek çok genin ekspresyonu 40 yafl›n-
dan sonra azal›r. Di¤er taraftan; protein katlanmas›, stres
cevab›, antioksidan savunma, metal iyon homeostaz› ve
inflamatuvar yan›t› içeren genlerin ekspresyonunda art›fl
baz› son çal›flmalarda gösterilmifltir.

Nörodejeneratif hastal›klarda, mutant ve yanl›fl katlan-
m›fl proteinler, bunlar›n ubiquitin proteozom sistemi tara-
f›ndan yetersiz y›k›l›m› sebebiyle hücrelerde birikir. Nöro-
dejenerasyonun moleküler patogenezinde bu sistemin ak-
tivitesinin kritik bir rolü vard›r. Ubiquitin proteozom siste-
minin sinapslar›n devam ettirilmesinde de rolü vard›r. Bu
sistem göreceli olarak yafllanan hücrelerde hasar görmüfl-
tür. Bu yüzden proteinler agrege olur ve bu agregatlar
ubiquitin proteozom sistemine hasar verir, akson trans-
portunu ve sinaps fonksiyonunu bozar.

Kalori k›s›tlamas›n›n, mayadan insana kadar çeflitli or-
ganizmalarda maksimum yaflam süresini sa¤lad›¤› bilini-
yor. Son çal›flmalar ayr›ca göstermifltir ki kalori k›s›tlamas›
beyin yafllanmas›n› geciktiriyor ve yaflla oluflan nörodeje-
neratif hastal›klar›n oluflmas›n› erteliyor. Kalori k›s›tlamas›-
n›n yararl› etkilerini taklit edecek tedavi giriflimlerinin gelifl-
tirilebilmesi için, kalori k›s›tlanmas›n›n nöroprotektif etkile-
rinde rol oynayan mekanizmalar›n ayd›nlat›lmas› gerek-
mektedir. Kalorik k›s›tlamas› BDNF gibi nörotropinler,
transkripsiyon faktörleri (FOXO, PPAR), sirtuinler ve nöro-
genezi art›r›r. Obezite, fazla kalori al›m›, yüksek serum li-
pid, kolesterol, homosistein düzeyleri ve yüksek kan bas›n-
c› metabolik sendroma sebep olur ve serebrovasküler has-
tal›klar ve Alzheimer için risk faktörleridir.

Egzersiz, poliansature ya¤ asidi kullan›m›, B12 vitami-
ni, folat beyin fonksiyonlar›n› olumlu etkileyen di¤er fak-
törlerdir. 

ABSTRACT

Brain aging is associated with decline in sensation,
cognition, memory and motor control due to the changes
in neural plasticity or alterations that affect mechanisms
of plasticity. Functional alterations that occur during nor-
mal aging and how these age assosiated changes might
contribute to the selective cognitive impairments and ne-
uronal plasticity that occur in advanced age is the area of
biology that should be intensively studied. Studies of post
mortem human brains indicate that there is a small loss of
brain weight of about 0.1%/year. This lost ›s much more
rapid after age 50 and more rapid brain weight decrease
is diffuse and uniform in cerebral white matter but shows
some regional differences in grey matter. For example
frontal and parietal cortex more affected than temporal
and occipital cortex. Same as weight, brain volume reduc-
tions is also increases with age (about 0.1-0.5%/year). In
initial studies, The researches reported that substantial ne-
uron loss occurs with age. However recent Works conclu-
ded that neuron loss with ageing is very low. Neuron size
is also decrease with age, especially in cerebral cortex. Ap-
roximently 50% of reduction in spine number and signifi-
cantly shrinkage of dendritic trees have been determined.
The number and size of astrocyes and microglias are also
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increase with aging. They can be pathogenic when activa-
ted as well as neuroprotective in some conditions.

Another important cause in brain aging is high need
of energy of neurones during the life span of an orga-
nism. The high energy need of neurones make them vul-
nerable to aging. Because the big size of neurones, their
very large membrane surface, transportation of molecules
and organels to distant parts of the cell and ion gradient
nesesary for the electric actity required for impulse trans-
mission makes them dependent on high amount of ener-
gy. The leakage of superoxide ion radical occured in elect-
ron transport system during the production of energy in
mitochondria and lead to generation of highly reactive
oxygen species, such as hydroxyl radicals peroxynitrite,
hydrogen peroxide. These molecules oxidize proteins, li-
pids and nucleic acids causing oxidative damage in the
brain. The profound effect of oxidant stress can be seen
in mitochondria because most of the free radicals is pro-
duced in these organeles. Especially mitochondrial DNA
can be easily dameged because of the lack of protective
histons. Therfore aging brain ›s associated with the impa-
irment of mitocondrial function and decreased activities
of brain mitochondrial enzymes such as complexes I, II
and mtNOS. The activities of these enzymes have pozitive
correlation with neurological performance,life span and
negative correlation with mitochondrial lipid and protein
oxidation products. In aging brain mitochondria calcium
gradient across mitochondrial membranes altered and mi-
tochondria are depolarized. Mitochondrial membranes ta-
ke up calcium ion from the cytosol when concentration of
this ion increased during impulse transmision. Aging mi-
tochondria failed to store calcium and therefore the con-
cetration of calcium in the cytosol is increased, particularly
after excitation. Excitation opens voltage-dependent calci-
um and N-methyl-D-aspartate (NMDA) glutamate receptor
channels and leads to a transient rise in intracellular calci-
um levels, even in healthy young neurons. This is incre-
ased in normal ageing. Elevated levels of intracellular cal-
cium can activate calcium-activated caspases, damage the
cells. Even cause cell death by apoptosis. However it pos-
sibly cause apoptosis limited to dendrites.In the ageing
brain, disrupted calcium homeostasis can not disturbe im-
pulse transmission and neurotransmitter release, but ren-
ders the brain very vulnerable to damage if there is a
stressful condition like mild hypoxia. Most of elderlies usu-
ally have cerebrovascular and heart diseasewhich can ca-
use transient hypoxic episodes. Hypoxia can lead to relase
of glutamate which open NMDA receptors on post synap-
tic membranes and increase cytosolic calcium. Apoptosis
isn’t the only mode of neurone death responsible for the
loss of neurone with aging. Other mode of neurone de-
aths is also effective especially in dendritic spine loss. 

Iron and lipofuscin are accumulated in the brain with
age. Increased amount of iron can also give rise to oxida-
tive stres. Lipofuscin is consist of substanses that produ-
ced from lysosomal degradation of proteins. Lipofussin
accumulation is related to failure of autophagal system.
Therfore autophagy is very impotant in brain aging. 

Another change with with aging is production of ad-
vanced glycation end-products (AGEs). AGEs are product
of cross-links non-enzymaticaly generated between amino
groups of nucleic acids, proteins, lipids and reducing su-
gars. AGEs can be easily agregate into big messes in dif-
ferent tissues including brain and escape from proteoso-
mal protein degrading machinery leading to generation
of oxidant stres.

Expression of many genes involved in synaptic functi-
on and plasticity, vesicular transport, calcium homeosta-
sis, neurotrophin signaling, neuronal ubiquitin-proteaso-
me system, mitochondrial dynamic and function were re-
duced after 40 years old. On the other hand , expression
of the genes involved in protein folding, stres response,
antioxidant defence, metal ion homeostasis and inflama-
tory responce was shown to be increased ‹n some recent
gen expression studies.

In neurodegenerative diseases, mutant and misfolded
proteins accumulate in the cells because of insufficient
degredation of them by ubiquitin proteosome system.
The activity of this system has a crutial role in the molecu-
lar mechanism involved in pathology of neurodegenerati-
on. Ubiquitin proteosome system has also a role in the
maintenance of synapses. This system is relatively disrup-
ted in aging cell. Therefore proteins agregate and this ag-
regates further distrupt this system and affect the axonal
transport and the function of synapses.

Caloric restriction is known to extend maximum lies-
pan in several organisms from yeast to human. Recent stu-
dies also showed that caloric restriction delay brain aging
and retard neurodegenerative diseases with aging. Mole-
cular mechanisms involved in neuroprotectiv effect of ca-
loric restriction should be investigated due to therapeutic
interventions aimed at mimicing the beneficial effect of ca-
loric restriction. Caloric restriction increase neurotrophines,
such as BDNF, transcription factors (FOXO, PPAR), sirtuins
and neurogenesis. Obesity, excess calorie intake, increased
serum lipid, cholesterol, homosistein levels and high blood
pressure lead to metabolic syndrome and are risk factors
for the cerebrovascular and Alzheimer’s diseases.

Exercise, usage of polyunsaturated fatty acids, vitamin
B12, folate are other factors that positively effects brain
functions.
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ÖZET

Hareket etmek (lokomosyon) hayvanlarda canl›l›¤›n en
önemli davran›fllar›ndan biridir ve paleozoik evreden bu
yana evrimleflen canl›larda gözlenmektedir. Yürümek, be-
den kütlesinin basitçe bir yer de¤ifltirmesi de¤ildir; bilinçli
bir davran›fl ile “bir yerden bir yere gitmek”tir. Böylesi bir
“amaç”l› davran›fl için serebral korteksten kol ve ba-
cak/ayak kaslar›na kadar bir dizi organ ve sistem iyi orga-
nize edilmifl ve uyumlu ifllev gösterir.

Yürümenin en alt birimi miyotatik refleks ark› olup ge-
rilme reseptörü olarak grup Ia lifleri ile sa¤lan›r. Yürüme
esnas›nda ayn› ekstremitede iki miyotatik ünit antagonis-
tik olarak çal›fl›r. Kontralateral identik kaslarda da agonist-
antagonistik mekanizma ifllev görür. Böylece bir bacak
ad›mlaman›n sal›n›m faz›n› yaflarken di¤er bacak basma
faz›n› sürdürebilmektedir. Segmental aferent ve eferent-
lerden oluflan miyotatik refleks ark›, yine omurilik düzeyin-
de bir sentral patern jeneratöre sahiptir. Bu ifllev yürüme
hareketlerinin ard›fl›k sürdürülmesini sa¤lar ve insanda da
gösterilmifltir. Tek baca¤›n bu flekilde ritmik hareketleri
“yar›m merkez” kavram›yla aç›klanm›flt›r. Bu flekilde, bir
baca¤›n fleksörü ile di¤er baca¤›n ayni segmentteki eks-
tensörü -senkronize bir flekilde- aktive olmaktad›r (co-acti-

vation). Spinal patern jeneratör düzeltici ifllevlere de sahip-
tir. Yürümede denge ve postüral adaptasyon ile ilgili sere-
bellar ve vestibüler sistemlerden gelen inici etkiler de çok
önemlidir. 

Deneysel olarak ön bacak aferentlerinin arka bacak
motor nöronlar›yla ve arka bacak aferentlerinin de ön ba-
cak eferentleriyle do¤rudan ve oligosinaptik bir ba¤lant›
içinde oldu¤u gösterilmifltir. Bu k›sa intraspinal ba¤lant›
sistemi insanda da gösterilmifltir. Biped yürüme halindeki
insanda da yürüme esnas›nda kol ve bacaklarda çapraz
koaktivasyon (sol baca¤›n fleksiyonu esnas›nda sa¤ kolun
fileksiyonunun sa¤lanmas› gibi) oluflmaktad›r. 

Miyotatik refleks ark› ve sentral (spinal) patern jenera-
törün fizyolojik yürümeyi sa¤lamada yetersiz kald›¤› bilin-
mektedir. Süperior kollikulusun alt›ndan kesi yap›ld›¤›nda
yürüme band› üzerinde hayvanlar yürüyebilmekte hatta
koflabilmektedirler (Hinsey ve ark. 1930). 3 mm daha afla-
¤›dan kesi yap›ld›¤›nda ise bu yetenek ortadan kalkmakta-
d›r. Mamillotalamik bölgenin elektriksel uyar›mlar› ile yürü-
me gösterilmifltir. Mezensefalonda yap›lan uyar›mlarla da
yürüme oluflturulabilmifltir. Bu alandaki hücrelerin pedin-
kulopontin nükleus içindeki nöronlarla kolinerjik ba¤lant›-
lar göstermifl olmas› önemlidir. Bu hücrelerin efernetleri
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ise BSRF içinde özellikle nucleus retikülaris magnocellularis
ve gigantocellularis’e ulaflmakta ve burada yo¤un bir flekil-
de retikülospinal yollar ile ventral omurilikte ilgili segment-
lere ulaflmaktad›r. Bu sistem sadece ritm yarat›c› de¤ildir;
yürümede gereken kuvveti de yönlendirir. Nitekim, bu
hücrelerdeki boflal›mlar›n yürüme fazlar› ile iliflkili oldu¤u
gösterilmifltir. Serebellum eferentleri de bu sistem üzerin-
de etkindir. Piramidal hücreler spinal pattern generatörde
siklusu etkilemekte ve ritmi modüle edebilmektedir. An-
cak, piramidektomize hayvanlarda k›sa bir süre sonra yü-
rümenin yeniden kazan›ld›¤› gösterilmifltir. Bu gözlem ise
yürümenin kortikal düzeyde piramidal sistem d›fl›ndaki di-
¤er motor hücreler taraf›ndan da kontrol edildi¤ini göster-
mektedir. Piramidal hücrelerin becerili yürümede rolü ol-
du¤u bilinmektedir. Sensoryel korteksin de bu beceride ro-
lü oldu¤u bilinmektedir. Bu flekilde korteksin bilinçli kor-
rektif davran›fllar› ve yürümenin modunu belirledi¤i anlafl›l-
maktad›r.

Anahtar Kelimeler: Lokomosyon, postür, spinal pat-
tern jeneratör, yürüme.

ABSTRACT

Locomotion is a complex behaviour and, seen in ani-
mals since paleozoic ages. Gait is, however, not a simple
transfer of the body mass; conversely, it is a conscious
and purposeful behaviour as “going to somewhere from
another”. A well-organized anatomo-physiological sys-
tem(s) from cerebral cortex to the leg muscles is establis-
hed for this purpose. 

The lowest unit of stepping is myotatic reflex which is
mediated by group-I fibers. Flexors and extensors in the
same and contrlateral legs innervated reciprocally cont-
ract or relax during stepping; so, one of the legs moves in
swing phase while the contrlateral one stances. The cyclic
phase of stepping is organized by central pattern genera-
tor (CPG) within the lumbosacral spinal cord. The presen-
ce of CPG in humans has been demonstrated by clinical
and electrophysiological studies. The cyclic pattern of leg
movements in one extremity is explained by “half center”
hypothesis. CPG, furthermore, has corrective control of

stepping. Descending cerebellar and vestibular influences
on the organisation of posture and gait have also great
importance.

Direct, oligosynaptic circuits between the afferents
and efferents of fore-and hindlimbs of animals have been
demonstrated. This short interlimb assembly has been
shown in humans as well. Crossed co-activation of leg
and arm muscles in humans, walking bipedally in erect
posture, is coordinated by this anatomo-functional orga-
nisation.

It is obvious that neither CPG nor myotatic reflex unit
can simply and uniqely make possible normal gait altho-
ugh experimental animals could walk and run on the tre-
admill even when transected at the level caudal to supe-
rior colliculus. If a second transection at the level 3 mm
more caudal was made the animals can not walk any mo-
re. Electrical stimulation of this mamillothalamic area, cal-
led as subthalamic locomotor area, produce walking mo-
vements in animals. Similarly, electrical stimulation of so-
me mesencephalic neurons (mesencephalic locomotor re-
gion) that have synaptic relations to those located in pe-
dinculopontin nucleus of which efferents involve the des-
cending influences of reticulospinal tract via the nucleus
reticularis magnocellularis and gigantocellularis provides
stepping in experimental animals. This system affects mo-
tor performance, rather than cycling of stepping move-
ments. Cerebellar efferents have also been considered in
this performance. On the other hand, pyramidal cortical
cells take over the control on CPG and regulates the
rhythm and cycle of the stepping although reorganisation
of stepping and gait has been observed after removal of
pyramidal cortex (pyramidectomized animals). These ob-
servations suggest that cortical control of gait is provided
not only by the pyramidal system but also by some other
neuronal systems such as those located at the primary
sensory cortex and prefrontal cortex.

Key Words: Locomotion, posture, central (spinal) pat-
tern generator, gait.

28

Sarıca Y.

Turk Norol Derg 2009; 15(Ek 1): 27-28



29Turk Norol Derg 2009; 15(Ek 1): 29-30

ÖZET

Psikolojinin en önemli araflt›rma konusu zihinsel fa-
aliyetin nas›l meydana geldi¤ini ve bilginin beyinde nas›l
temsil edildi¤ini anlamakt›r. Bu konu yüzy›llarca bilim in-
sanlar›n›n ilgisini çekmifl ve buna bir cevap bulmaya ça-
l›flm›fllard›r. Zihinsel faaliyetin, beynin çal›flmas›n›n ürü-
nü oldu¤u bilinmekle birlikte, beynin bunu nas›l olup da
gerçeklefltirdi¤i yak›n zamana kadar bir bilmece olarak
kalm›flt›r. 

Yapay nöron a¤lar›, birbirlerine çok say›da sinaps ile
ba¤l› ve bu sinapslar arac›l›¤›yla birbirlerine uyar›c› ya da
bast›r›c› sinyaller gönderen bir grup nöronun bilgiyi na-
s›l iflledi¤ini (nas›l kompütasyon yapt›¤›n›) araflt›ran bir
çal›flma alan›d›r. Bu konunun temelleri, 50 y›l kadar ön-
ce, biliflsel fonksiyonlar›n nöronal aktiviteye nas›l dayan-
d›r›labilece¤i üzerine kafa yoran 2 araflt›rmac› olan
McCullogh ve Pitts taraf›ndan at›lm›flt›r. Bu çal›flmac›lar,
özel bir yap›ya sahip ve basit yapay nöronlardan oluflan
bir a¤›n, bütün mant›ksal ifadeleri temsil edebilece¤ini,
yani -kuramsal olarak- genel amaçl› bir bilgisayar gibi
davranabilece¤ini göstermifllerdir. Yapay nöron a¤lar›,
biyolojik a¤lar›n bilgisayarda yarat›lan basitlefltirilmifl
modelleri olup,

1. Bilgiyi depolayabilirler ve ça¤r›fl›msal bellek gibi gö-
rev görebilirler. 

2. Yeni fleyler ö¤renebilme yetene¤ine sahiptirler ve
bunun için e¤itilebilirler. 

3. Yapay nöron a¤lar› hataya son derece dayan›kl›d›r-
lar. Nöron ya da sinapslar›n›n küçük bir k›sm› yok edilse bi-
le, bir miktar performans kayb› ile çal›flmaya devam edebi-
lirler. 

Bu konferansta yapay nöron a¤lar› girifl düzeyinde ele
al›narak tan›t›lacakt›r. De¤iflik örneklerle, bua¤lar›n bilgiyi
nas›l kodlad›klar› ve kodlamadaki de¤iflikli¤in a¤›n ifllevini
nas›l de¤ifltirdi¤i üzerinde durulacakt›r.

Anahtar Kelimeler: Yapay nöron a¤lar›, zihin-beden
sorunu.

ABSTRACT

Psychology’s most important research problem is the
mind-body problem, that is to understand the way the
mind is related to the body. Though it’s known that men-
tal activity is the result of the working of the brain, the
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way the brain accomplish this task still remains a mystery.
Artificial Neural Networks (ANN) is a relatively new
branch of the cognitive sciences, which claims to have an
answer to that mystery. ANN’s are mathematical models
of biological neurons which consist of a group of proces-
sing units with a large number of interconnections and
send each other excitatory or inhibitory signals. The field
is started in 1943 by McCullogh and Pitts, in an effort to
understand how mental processes arise in the brain. They
showed that any finite logical expression could be imple-
mented by an appropriate net of simplified artificial ne-
urons. That is they can act (in theory) as general purpose
computers.

ANN’s have interesting properties which resembles
the human brain:

1. They can store knowledge and act as associative
memories. Information is represented in the strength (the
ability of a synapse to transmit its incoming signal) of the-
ir synapses.  

2. ANN’s are capable of learning and can be trained.
They can generalize, learn characteristics of a category by
seeing only a small number of specific examples.

3. ANN’s are highly fault tolerant. They can continue
working, only with a slight deterioration of performance,
even after a small number of its neurons and/or synapses
are removed. The loss in the performance parallels the
number of the neurons removed. This property is highly
reminiscent of the clinical picture seen in degenerative de-
mentias like Alzheimer’s disease.

Key Words: Artificial neural networks, mind-body
problem. 
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