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INTRODUCTION

In sophisticated neurophysiologies it is of greater 
significance to analyze the structures and functions of neurons 
as well as the mutual relationships of glia cells [1]. Researches 
have recently shown that glia cells play a prominent role in 
terms of the morphology and function of the brain. These cells 
also take part in the tasks, defense and transformation of some 
substances (especially energy and water-ion transformation) 
[2,3]. When neurons functions proliferate in number, the amount 
of glia cells proliferates as well. At the same time, energy 
changes accelerates. In such a mechanism glia cells are in a 
prominent activity [4,5]. Galambus [6] and Paez et al., [7] have 
shown that glia cells accompany in the integration functions of 
the brain. Cicera and Provine [8], Hyden and Ewen [9] have 
pointed out that 100-S, a protein responsible for intelligence 
is synthesized in the cytoplasm and nucleus of glia cells. In 
addition to such synthesis, glicoproteins such as 10-B, GFA and 
Alfa-2 are also synthesized in these cells [10,11]. Hyden and 
Lange [10] and Radic et al., by microchemical methods [12] 
pointed out that satellite glias form the functional metabolic 
system together with neurons, respond the requirements of 
neurons towards biologically active substances and creat some 
biochemical processes.

This study has been conducted in order to analyze the 
condition of the proteins in accordance with the data reviewed 
in this literature in the centers of hypothalamus in the various 
periods of the state of hunger.

MATERIALS AND METHODS

We have conducted our study using 50 male rats of same 
age and weight. Ten of them constituted the control group; 
these rats were given abundantly of food and water. The rest 
weres divided into four groups, each consisting of ten rats. 

These rats were kept without food for 1-2-3 and 5 days except 
for water given to them; after this process, the animals were 
decapitated in the final hours of the day. The brains of these 
animals were entirely fixed by Carnoy’s fixative. After paraffin 
blocks were prepared and pieces ranging ten microns of scale 
were taken, these pieces were stained with the modification 
of Geyer method [13] which is another version of Gerstein 
and Ball method [14]. This method provides us some means 
for dying proteins of neural and glia cells in a single pieces at 
the same time and for discerning of the glia cells on a basis of 
distinctly dyed cells.

In this study, the Para-ventricular (PV), Supraoptic (SO), 
Lateral center (LC), Ventromedial (VM), Dorsomedial (DM) 
and Mamillarmedial (MM) centers of hypothalamus have 
become the chief focus of our concern. 

RESULTS

While carrying out all these processes we found that neural 
proteins in the centers of the hypothalamus of the normal 
animals and the other proteins in the cytoplasm and nucleus 
of their glia cells had been colored in blue. By the aid of 
the method mentioned above, the cytoplasms and nuclei of 
oligodendroglias, a different type of glia cells, were observed 
to have been dyed in dark red color. The nuclei of astroglia 
were observed to have been colored in light red. The nucleus 
chromatin was observed to have been colored slightly in red, 
microglias were in dark blue, and neuropilles in a reddish 
yellowish color in all preparations we designed. In the pieces 
taken from the control group, neural and glia cells in almost all 
of the centers of hypothalamus were found to have been colored 
at the same rate. Hyper and hypocrome cells were also observed 
in all of the phrase (Fig.1).

After a day of deprivation from food, the activity in the 
reactions in the neural and glia cells was usually observed to 
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have shown no alteration. Darkly-colored cells were found 
in ventromedial and dorsomedial centers. But no distinctive 
changes were observed in glia cells whereas some changes 
were found in the neurons in lateral centers. A scattering was 
characterized in the chromatin of the nuclei of these neurons. 
The nuclei of neurons as well as some protein vacuums 
characterized in lateral and ventromedial centers were found 
to be localized in an eccentric way whereas no drastic change 
was observed in the neurons and the glia cells in supraoptic and 
paraventricular centers. 

On the second day of deprivation, some morph-functional 
changes were observed in the neurons in the medial centers of 
hypothalamus (VM and LM). Proteins have been localized at the 
edges of cytoplasm and have been scattered in different regions 
of membrane whereas these proteins showed a heterogenic 
distribution. We have also observed that the membranes of 
the cells in the lateral, ventromedial, mamillarlateral and 
mamillarmedial centers of hypothalamus have vanished in an 
intermittent way and that some presence of hypocrom cells 
became predominant. But we observed no change in microglia 
cells, the chromotophile substance in with cells of great 
magnitudes (SO and PV) shrank to the periphery of the midst 
of cell. As far the structural elements of the glia cells no change 
has been recorded in them (Fig. 2).

On the third day of deprivation, further morphological 
changes were recorded in the neurons of lateral and ventromedial 
centers of hypothalamus. The basophile substance in the nuclei 
of the cells was observed to have been coloured much less. 
Vacuoles of different magnitudes were seen in the cytoplasm. 
Nuclei of most of the neurons were found to have been localized 

in an eccentric way, whereas the nucleoli were found to have 
been dyed much less.

Proteins were localized at the edges of neurons. The amount 
of proteins in the bottoms of the neurons in all of the centers 
of lateral of hypothalamus (anterior, medial, posterior) was 
observed to have been decreased. The amount of chromatin 
in the nuclei of glia cells especially in oligodendrocids was 
found to have increased. Whereas hypercromatizm continued 
to exist at minor neuronal centers of hypothalamus (VM, 
MM) it become activated in oligodendrocites to the last 
degree. All of the neurons in supraoptic and paraventricular 
centers showed the same degree of reaction. Though the 
amount of protein decreased in a small number of neurons, 
this amount did not change in a great number of them. A sort 
of change resembling a bulging form in the cytoplasm of some 
of astrocyts at mamillar medial and mamillar lateral (MM, 
ML) center of hypothalamus was observed. Within one-three 
days of deprivation from hunger no change was observed in 
microglia (Fig.3).

In the fifth day of deprivation the amount of protein was 
observed to have decreased in all of the neurons of the lateral 
center of hypothalamus. Some hiydropic changes occured 
in neurons of middle and large scale. In addition to all this 
changes, the speed of protein reactions in glia cells as well as 
the amount of protein in the neurons of ventromedial centers 
also increased. Whereas the amount of protein at supraoptic 
(SO) and paraventricular (PV) centers of hypothalamus with 
large neurons was observed to have decreased the amount 
of nucleoproteins and proteins in the nucleus and nucleolus 
increased.

Figure 1.  Identifying the proteins in neural and glia cells of the hypothalamus of the normal animals.
a) The periphery of lateral center b) Lateral preoptic center
c) Supraoptic center d) Paraventricular center X630.
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DISCUSSION

Within the course of our experiment some morphological 
changes in the aspects of proteins in the nuclei and the 
cytoplasm of neurons in lateral hypothalamus in the early stage 
of deprivation were observed. This morphological change 
suggest that lateral hypothalamus functions as a center of 
hunger and neurons play an active roll in the functioning of the 
structure involved in food motivation. In this case, lateral center 
behaves as a pacemaker, that is to say, impulses passing through 
pacemaker spread across the hemispheres of cerebral cortex by 
the aid of reticular formation of the brain.

Anohin et al. [15] and Harel et al. [16] reported that 
this system constituted the basis of the neuropsychological 
mechanism of hunger satiety and appetite. In another study 
conducted by the same researchers, It was argued that the mice 

reacted appropriately benefiting from their living experiences 
and genetic intelligence wrought by afferent synthesis in the 
circumstances of dominant food motivation [11,17].

Such a food motivation activates same distinct regions of 
genetic code of neuron cells. And this is believed to accelerate 
the synthesis and secretion. Thus neuropeptids stimulate the 
genesis of food motivation as an important factor.

In the first day of deprivation from food an increase was 
observed in the amount of oligodendrogliocyts and hypercrom 
cells in the neurons of ventromedial center. According to the 
studies conducted about these phenomena such a research 
prevented the animal from the motives of hunger, accelerating 
the peptide synthesis involved in satiety of food like a center 
functioning for this mechanism [18,19]. The increase in the 
number of oligoastrositar glia cells in this region is a criterion 
that neurons are in a functional activity [4,20].

Figure 2.  The determination of the amounts of proteins in the neural and glia cells of hypothalamus after two 
days of deprivation from food: a) Lateral outer center b) Paraventricular center c) Supraoptic center 
d) Mamillar lateral center e) Mamillar medial center X630.
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As it became evident in the course of our study, the food’s 
functional system is under the control of afferent synthesis. 
Dominant food motivation system shapes the behavior of the 
animal towards the food. The impulse aroused from hunger 
activates a distinct region of the genum, spreading up to 
the genetic memory in molecular levels. This impulse also 
accelerates the synthesis of specific peptides involved in mRNA 
and satiety of food [21,22].

İbrahimova reported that the amount of proteins increased 
in cytoplasm and nuclei of pyramidal neurons of the third layer 
of the cerebral sensomotor cortex in the first day of hunger in 
mice. The same researcher also noted that this type of neurons 
in the brain received impulses coming from the afferent system, 
providing the associative interaction and forming the afferent 
synthesis of the functional system involved in feeding [23].

Findings obtained in this study are coherent with those 
reported in the previous studies based on such phenomena. In 
the second day of hunger some concrete morphological changes 
were observed in the neurons of the VM and LM centers of the 
hypothalamus. Proteins were observed to have localized on the 
sides of cytoplasm and membrane; they were scattered in the 
nuclei of the neurons in these centers equally. On the second 
they such statuses of these proteins show that food motivation 
is at its peak and the sensitivity of neural receptors at the 
centers responsible for hunger and satiety increases. Genetic 
code accelerates the synthesis of specific peptides (gastrin and 
holocytokinin), providing appropriate behavior designed for a 
purpose.

The shrinkage of chromotphyle substance to the periphery 
of cytoplasm of the neurons of SO and PV centers during this 

Figure 3.  Determining proteins in neural and glial cells of hypothalamus after three days of deprivation of hunger.
a) Front lateral center  b) Medial lateral center  c) Outer lateral center X630.

stage of hunger and the increase in the number of glia cells 
also show that the receptors of all these neurons are in a higher 
activity [24,25]. it has been reported that all of these neurons 
respond to hunger with a higher neurosecretional function 
[26,27]. Such data confirm the results obtained in this study.

In the third day of hunger much more morphological 
changes were observed in the neurons of lateral VM centers of 
hypothalamus. The nuclei of neurons were generally observed to 
have eccentrically localized and proteins were poorly stained.

These findings are indicator of the fact that food motivation 
is at its peak during the third day of hunger. They also show 
that proteins in neurons are passed through pericaryon to 
axodentritic synapses by the mechanism of axoplazmatic 
current and utilized for establishing short interactions between 
neurons. Askerov and Alekperova [27] reported that during the 

establishment of such mechanism, proteins, which are soluble 
in water, decreased whereas structural proteins increased in 
cytoplasm and nucleus. 

In the fifth day of deprivation from food the amount 
of protein in most of the neurons at the lateral center of 
hypothalamus decreased. But it  (protein amount) increased 
in the neurons at ventromedial, supraoptic and paraventricular 
centers. At the same time the amount of nucleoproteins 
in the nuclei of the cells at supraoptic and paraventricular 
centers decrease. The speed of protein synthesis in glia cells 
accelerated. 

Such findings showed that lateral center is involved in the 
mechanism related with hunger and thus is stimulated in the 
prolonged states of hunger. It was seen that the rate of catabolic 
reaction in these neurons is much higher than anabolic reaction. 
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The increase of protein in the neurons of ventromedial centers 
induces an inhibitory phenomenon to block the feeling of 
hunger on the part of the animal. For this reason, there occurs an 
acceleration of specific protein synthesis in neurons, especially 
in their nuclei.

In another study conducted by Askerov [28], in the fifth 
day of deprivation from food, an increase in the activation 
of acid and peptide hydrolyses in the homogenate cytosol 
and mitochondria functions of hypothalamus was observed; 
in that study of rats, the researchers reported a decrease in 
the amount of proteins. This researcher also reported that 
the amount of water-soluble-proteins increased in nucleic 
fractions.

In this study conducted by us, morphologically remarkable 
changes in the amount of protein in all of the centers of 
lateral hypothalamus were observed. In the light of such 
findings we came to the conclusion that lateral hypothalamus 
functioned as a center operating processes involved in hunger; 
and specific changes occurred in the amount of the protein 
in neurons of lateral hypothalamus in the first phases of 
hunger. Such changes were also observed in the neurons of 
ventromedial center in the first stage of hunger. In the first 
stages of hunger we have come to the conclusion that lateral 
hypothalamus (LH) functioned as a center of hunger and 
that specific changes occurred in the amount of proteins in 
its neurons. Such changes were also obscured in the neurons 
of ventromedial center. In such phases, the changes in the 
protein synthesis the neurons in hunger and satiety centers 
and specific peptides (gastrin, holocytocinin) are synthesized 
in the neurons of the centers of hypothalamus responsible for 
hunger and satiety of food. These peptides are involved in 
such process as the establishment of relationships necessary 
for functional system of food. Due to such phenomena, the 
amount of the proteins, which are soluble in water, is decreased 
in cytosol fraction whereas the amount of all of the proteins in 
nucleus is increased.

In the third day of hunger, the amount of structural proteins 
in nucleus and cytoplasm was observed to have increased. Such 
findings suggest that proteins play a role in the occurrence 
of morph-functional changes in neurons are due to the close 
interactions between the functional process of these cells and 
the physico-chemical processes in their protein molecules. 
For this reason some morphological changes occured in the 
neuronal and glia cells of lateral center (responsible for hunger) 
ventromedial center (responsible for satiety of food) in various 
stages of food motivation. And this proves that proteins played 
the most imported role in the machinery of food functional 
system in the stage of hunger.

From this finding, It can be inferred that the integration 
processes carried out in central nervous system are based on the 
plasticity of proteins in the neurons of this center.
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