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Abstract
In this study, the effects of sleep disorders on the hippocampus 
mediated learning and memory were investigated. Forty-
eight Sprague-Dawley male rats in total, weighing 320-360 
g were divided into 4 groups including Control Group (C) 
(n=12), the REM deprivation Group (RD) (n=12), total sleep 
deprivation Group (SD) (n=12) and sleep fragmentation 
group (SF) (n=12). Rats were subjected to swimming training 
in the Morris Water Maze float assembly (learning period) 
for 4 times a day for 5 days period.  At the 6th day sleep 
disorders were begun to be implemented and sleep disorders 
were created for the SD group in the course of 3 days and for 
the RD and SF groups for 7 days. Probe test was applied to the 
animals for a period of 60 seconds by removing the platform 
from the assembly. Visible platform test was conducted 1 
day prior to experiment and 3rd days to the SD group and 
1 day prior to experiment and 7th days to the RD and SF 
groups. As the parameters of memory; swim period (sec) at 
the platform quadrant (2nd quadrant, target quadrant) swim 
distance (cm) at the platform quadrant (2nd quadrant, target 
quadrant), average swim speed (cm/sec), total swim distance 
(cm), and swimming time (sec) at the outer quadrant were 
evaluated. For all groups, statistically significant disturbances 
in the memory patterns were recorded (p<0.05). At the end of 
the experiment hippocampus tissues were removed and the 
levels of glutamate, serotonin, acetylcholine, and 8-OH-2’-
deoxyguanosine were determined by means of ELISA test, 
glutamatergic NR2A, NR2B, nAChR-α7 nicotinic cholinergic 
and serotonergic 5-HT2A receptor expressions were measured 
by using Western Blot analysis, and the levels of NO, 
TBARS, Ca2+, Mg2+ and Na+ were measured by a colorimetric 
method. Glutamate levels were found to be significant in SD 
and RD, SD and SF groups and an increase was observed 
in RD and SF (p< 0.05). Serotonin levels were found to be 
statistically significant between C and SD, SD and RD, and 
SD and SF (p< 0.05); while serotonin levels decreased in SD 
group comparing with control group, they increased in RD 
and SF groups comparing with SD group. In terms of 5-HT2A 
receptor expression, significant relationships were found in 
C  and SD, C and RD and C and SF (p< 0.05) and comparing 
with the controls the expression rates increased. In terms of 
Mg2+ level, statistically significant relationship was detected 
between C and SF, and it decreased in the SF group (p< 0.05). 

Özet
Bu çalışmada, uyku bozuklukluklarının hipokampüs 
aracılı öğrenme ve bellek üzerindeki etkileri araştırılmıştır. 
Ağırlıkları 320-360 gr olan Sprague Dawley cinsi toplam 
48 adet erkek sıçan, 4 gruba ayrılmıştır. Kontrol grubu (K) 
(n=12), REM Deprivasyonu Grubu (RD) (n=12), Total Uyku 
Deprivasyonu Grubu (SD) (n=12) ve Uyku Yoksunluğu 
Grubu (SF) (n=12). Sıçanlara günde 4 kez 5 gün boyunca, 
Morris su labirenti (Morris Water Maze) düzeneğinde 
yüzdürme eğitimi verildi (öğrenme dönemi); 6. günden sonra 
uyku bozuklukları uygulanmaya başlandı ve SD grubu 3 
gün, RD ve SF gruplarında 7 gün boyunca uyku bozuklukları 
oluşturuldu. Günlük düzenekteki platform çıkarılarak 
hayvanlara 60 sn süreyle probe testi ve ardından platform testi 
yapıldı. SD grubunda başlangıç günü ve 3. gün, RD ve SF 
grubuna başlangıç günü ve 7. günde görünür platform testi 
(visible test) yapıldı. Bellek parametresi olarak, platformun 
bulunduğu kadranda (2. kadran, hedef hadran)  yüzülen 
süre (sn), platformun bulunduğu kadranda (2. kadran, hedef 
hadran)  yüzülen mesafe (cm), sıçanların yüzdüğü ortalama 
hız (cm/sn), sıçanların yüzdüğü toplam mesafe (cm), dış 
kadranda yüzülen süre (sn) değerlendirilmiş ve tüm gruplarda 
bellek parametrelerinde istatistiksel olarak anlamlı bozulmalar 
saptanmıştır (p<0.05). Deney sonunda sıçanların hipokampüs 
dokuları çıkarılarak; Glutamat, Serotonin, Asetilkolin ve 
8-OH-2’-Deoksiguanozin düzeyleri ELİSA yöntemiyle, 
Glutamaerjik NR2A, NR2B, Nikotinik kolinerjik nAchR-α7 
ve Serotonerjik 5-HT2A reseptör ekspresyonlarına Wetsern 
Blot Analiziyle, NO, TBARS, Ca+2, Mg+2 ve Na+ düzeylerine 
kolorimetrik yöntemle bakıldı. Glutamat düzeyleri SD ve RD 
arasında, SD ve SF arasında anlamlı bulunmuştur (p<0.05) 
ve RD ve SF’de artmıştır. Serotonin düzeyleri, K ile SD, 
K ile RD ve K ile SF arasında istatistiksel olarak anlamlı 
bulunmuştur (p<0.05), SD grubunda azalırken, RD ve SF’de 
artmıştır. 5-HT2A reseptör ekspresyonu K ile SD, K ile RD 
ve K ile SF arasında istatistiksel olarak anlamlı bulunmuş 
(p<0.05) ve gruplarda kontrole göre ekspresyonu artmıştır. 
Mg+2 düzeyi K ile SF arasında istatistiksel olarak anlamlı 
bulunmuştur (p<0.05) ve SF’de azalmıştır. Ağırlıklar, SD, 
RD’de grup içinde istatistiksel olarak anlamlı bulunmuştur 
(p<0.05) ve gün geçtikçe azalmıştır. 
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Weights were found to be statistically significant in SD and 
RD groups (p< 0.05) and the weights gradually diminished.
  As a conclusion, it can be said that serotonin levels and 
expressions of serotonin 5-HT2A receptors increased in sleep 
disorders. Compansation of the impairment mechanisms 
related with memory was realized by this receptor. We 
conclude that in sleep disorders, serotonin reuptake inhibitor 
drugs (SSRIs) and 5-HT2A receptor agonists could be used.  
Keywords: Sleep Disorders, Learning and Memory, NMDA, 
α7, 5-HT2A, Glutamate, Serotonin, Acetylcholine.
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