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Giriş

Uyku, özellikli bir beyin elektrik aktivite modelini içeren, tersinir fizyolojik bir 
durumdur. Uykunun kontrol mekanizmaları genetik, biyolojik ve hücresel orga-
nizasyon düzeyinde kendini gösterir. Bazal ön beyin, talamus ve hipotalamusu da 
kapsayan birçok beyin bölgesi, uyku aktivitesini düzenlemede rol oynar. Farklı be-
yin bölgeleri arasındaki ve kortikal bölgelerden perifere olan sinyaller, uyanıklığı 
veya uykuyu teşvik ettiği bilinen çeşitli nöromediatörler aracılığıyla iletilir. Bunlar 
arasında serotonin, norepinefrin, histamin, hipokretin (oreksin), asetilkolin, do-
pamin, glutamat ve gama-aminobütirik asitin uyku nörobiyolojisinin esas meka-
nizmalarını yönettiği bilinmektedir. Uyanıklık, NREM (non rapid eye movement) 
uykusu ve REM (rapid eye movement) uykusu arasındaki geçişi ve sürekliliği 
açıklayan birkaç model öne sürülmüştür. Bu modellerin tümü, uykunun düzen-
lenmesinde rol alan anahtar merkezler arasında karmaşık/karşılıklı bağlantıda li-
gandlar olarak nörotransmiterleri içerir. Bununla birlikte, çeşitli çevresel işaretler, 
uyku-uyanıklık modelini desteklemek için kortikal bölgeler ve periferik dokularla 
bağlantı kurabilen, suprakiazmatik çekirdekte lokalize, merkezî bir senkronizör 
ile entegre edilmiştir (1).

1  Çocuk ve Ergen Ruh Sağlığı ve Hastalıkları Uzmanı, Ankara Şehir Hastanesi, e-posta: serminbilgen@
hotmail.com



Çocuk ve Ergenlerde Uyku ve Uyku Bozukluklarına Yaklaşım

∙  54  ∙

Yine de cevaplanması gereken birçok soru mevcuttur. Bu bağlamda, uykunun 
karmaşık nörobiyolojisinin daha iyi anlaşılması için daha fazla çalışmaya ihtiyaç 
vardır.

Kaynaklar

1. FalupPecurariu C, Diaconu Ș, Țînț D, et al. (2021). Neurobiology of sleep. Experimental and 
therapeutic medicine, 21(3), 1-1. https://doi.org/10.3892/etm.2021.9703

2. Buena Vista University (2011). Sleep and Brain. (20/08/2021 tarihinde http://web.bvu.edu/fa-
culty/ferguson/Course_Material/2011_Courses/Sleep_2011/Brain.html adresinden ulaşılmıştır.)

3. Berntson G, Shafi R, Sarter M. Specific contributions of the basal forebrain corticopetal choli-
nergic system to electroencephalographic activity and sleep/waking behaviour. Eur J Neurosci, 
16: 2453‐61, 2002. https://doi.org/10.1046/j.1460-9568.2002.02310.x

4. Deurveilher S, Semba K. Basal forebrain regulation of cortical activity and sleep‐wake states: 
Roles of cholinergic and non‐cholinergic neurons. Sleep Biol Rhythms, 9: 65‐70, 2011. https://
doi.org/10.1111/j.1479-8425.2010.00465.x

5. Anaclet C, Pedersen NP, Ferrari LL, et al. Basal forebrain control of wakefulness and cortical 
rhythms. Nat Commun 6: 8744, 2015. https://doi.org/10.1038/ncomms9744

6. Irmak S, de Lecea L. Basal forebrain cholinergic modulation of sleep transitions. Sleep, 37: 
1941‐51, 2014. https://doi.org/10.5665/sleep.4246

7. Jang S, Kwon H. The ascending reticular activating system from pontine reticular formation 
to the hypothalamus in the human brain: A diffusion tensor imaging study. Neurosci Lett, 590: 
58‐61, 2015. https://doi.org/10.1016/j.neulet.2015.01.071

8. Hyde J, Garcia‐Rill E. (2015). Ascending Projections of the RAS. In Garcia‐Rill E (Ed.), Waking and 
the Reticular Activating System in Health and Disease (pp. 107-128). San Diego, Academic Press.

9. Coulon P, Budde T, Pape H. The sleep relay the role of the thalamus in central and decentral 
sleep regulation. Pflugers Arch, 463: 53‐71, 2012. https://doi.org/10.1007/s00424-011-1014-6

10. Moore, R. Suprachiasmatic nucleus in sleep‐wake regulation. Sleep Med 8 (Suppl 3): S27‐S33, 
2007. https://doi.org/10.1016/j.sleep.2007.10.003

11. Yamashita T, Yamanaka A. Lateral hypothalamic circuits for sleep‐wake control. Curr Opin 
Neurobiol 44: 94‐100, 2017. https://doi.org/10.1016/j.conb.2017.03.020

12. Fujita A, Bonnavion P, Wilson MH, et al. Hypothalamic tuberomammillary nucleus neurons: 
Electrophysiological diversity and essential role in arousal stability. J Neurosci 37: 9574‐9592, 
2017.

13. Gaus S, Strecker R, Tate B, et al. Ventrolateral preoptic nucleus contains sleep‐active, galani-
nergic neurons in multiple mammalian species. Neuroscience 115: 285‐94, 2002. https://doi.
org/10.1016/S0306-4522(02)00308-1

14. Saper C, Cano G, Scammell T. Homeostatic, circadian, and emotional regulation of sleep. J 
Comp Neurol 493: 92‐98, 2005. https://doi.org/10.1002/cne.20770

15. Lu J, Greco M, Shiromani P, et al. Effect of lesions of the ventrolateral preoptic nucleus on 
NREM and REM sleep. J Neurosci 20: 3830‐3842, 2000.

16. Holst SC, Landolt HP. (2018). Sleep-wake neurochemistry. Sleep medicine clinics, 13(2), 137-
146.

17. Lee, MG. (2005). Cholinergic Basal Forebrain Neurons Burst with Theta during Waking and 
Paradoxical Sleep. Journal of Neuroscience, 25(17): 4365–4369. doi: 10.1523/JNEUROSCI. 
0178‐05.2005.

18. Baghdoyan HA, Lydic R. (1999). M2 muscarinic receptor subtype in the feline medial pontine 
reticular formation modulates the amount of rapid eye movement sleep. Sleep, 22(7): 835– 847.

19. Nissen C, Power AE, Nofzinger EA, et al. (2006). M1 muscarinic acetylcholine receptor ago-
nism alters sleep without affecting memory consolidation. Journal of Cognitive Neuroscience, 



∙  55  ∙

Çocuk ve Ergenlerde Uyku Nörobiyolojisi

18(11): 1799–1807. doi:10.1162/jocn.2006.18.11.1799.
20. Zhang L, Samet J, Caffo B, et al. (2006). Cigarette smoking and nocturnal sleep architecture. 

American Journal of Epidemiology, 164(6): 529–537. doi: 10.1093/aje/kwj231.
21. Foote SL, Aston-Jones G, Bloom FE. Impulse activity of locus coeruleus neurons in awake 

rats and monkeys is a function of sensory stimulation and arousal. Proc Natl Acad Sci U S A, 
1980;77:3033-7.

22. Aston-Jones G, Bloom FE. Activity of norepinephrine-containing locus coeruleus neurons in 
behaving rats anticipates fluctuations in the sleep-waking cycle. J Neurosci, 1981;1:876-86.

23. Berridge CW, Abercrombie ED. Relationship between locus coeruleus discharge rates and rates 
of norepinephrine release within neocortex as assessed by in vivo microdialysis. Neuroscience, 
1999;93:1263-70.

24. España RA, Vlasaty J, McCormack SL, et al. Aminergic inputs to the hypocretin/orexin neurons. 
Society for Neuroscience Meeting, Washington, DC, 2005.

25. Haas HL, Sergeeva OA, Selbach O. Histamine in the nervous system. Physiol Rev 2008; 88:1183-
241.

26. Sakai, K., el Mansari, M., Lin, J.S., et al. (1990). The posterior hypothalamus in the regulation of 
wakefulness and paradoxical sleep. In Mancia M, Marini M, (Eds). The diencephalon and sleep 
(pp. 171-198). New York: Raven Press.

27. Mochizuki T, Yamatodani A, Okakura K, et al. Circadian rhythm of histamine release from the 
hypothalamus of freely moving rats. Physiol Behav, 1992;51:391-4.

28. Lin JS, Sakai K, Jouvet M. Evidence for histaminergic arousal mechanisms in the hypothalamus 
of cat. Neuropharmacology, 1988; 27:111-22.

29. Monti JM, Pellejero T, Jantos H. Effects of H1- and H2-histamine receptor agonists and antago-
nists on sleep and wakefulness in the rat. J Neural Transm, 1986;66:1-11.

30. Trulson ME, Jacobs BL. Raphe unit activity in freely moving cats: correlation with level of be-
havioral arousal. Brain Res, 1979;163:135-50.

31. Portas CM, Bjorvatn B, Fagerland S, et al. Online detection of extracellular levels of serotonin 
in dorsal raphe nucleus and frontal cortex over the sleep/wake cycle in the freely moving rat. 
Neuroscience, 1998;83:807-14.

32. Schultz W. Predictive reward signal of dopamine neurons. J Neurophysiol, 1998;80:1-27.
33. Schultz W. Multiple dopamine functions at different time courses. Annu Rev Neurosci, 

2007;30:259-88.
34. Trulson ME. Simultaneous recording of substantia nigra neurons and voltammetric release of 

dopamine in the caudate of behaving cats. Brain Res Bull, 1985;15:221-3.
35. Trulson ME, Preussler DW. Dopamine-containing ventral tegmental area neurons in freely mo-

ving cats: activity during the sleep-waking cycle and effects of stress. Exp Neurol, 1984;83:367-
77.

36. Sakurai T, Amemiya A, Ishii M, et al. Orexins and orexin receptors: a family of hypothalamic 
neuropeptides and G protein-coupled receptors that regulate feeding behavior. Cell, 1998;92:1.

37. de Lecea L, Kilduff TS, Peyron C, et al. The hypocretins: hypothalamus- specific peptides with 
neuroexcitatory activity. Proc Natl Acad Sci U S A, 1998;95:322-7.

38. Peyron C, Tighe DK, van Den Pol AN, et al. Neurons containing hypocretin (orexin) project to 
multiple neuronal systems. J Neurosci, 1998;18:9996-10015.

39. Hagan JJ, Leslie RA, Patel S, et al. Orexin A activates locus coeruleus cell firing and increases 
arousal in the rat. Proc Natl Acad Sci U S A, 1999;96:10911-6.

40. Bourgin P, Huitron-Resendiz S, Spier AD, et al. Hypocretin-1 modulates rapid eye movement 
sleep through activation of locus coeruleus neurons. J Neurosci, 2000;20:7760-5.

41. España RA, Baldo BA, Kelley AE, et al. Wake-promoting and sleep-suppressing actions of hy-
pocretin (orexin): basal forebrain sites of action. Neuroscience, 2001;106:699-715.

42. Adamantidis AR, Zhang F, Aravanis AM, et al. Neural substrates of awakening probed with 
optogenetic control of hypocretin neurons. Nature, 2007;450:420-4.



Çocuk ve Ergenlerde Uyku ve Uyku Bozukluklarına Yaklaşım

∙  56  ∙

43. Carter ME, Adamantidis A, Ohtsu H, et al. Sleep homeostasis modulates hypocretin-mediated 
sleep-to-wake transitions. J Neurosci, 2009;29:10939-49.

44. Chemelli RM, Willie JT, Sinton CM, et al. Narcolepsy in orexin knockout mice: molecular ge-
netics of sleep regulation. Cell, 1999;98:437-51.

45. Lin L, Faraco J, Li R, et al. The sleep disorder canine narcolepsy is caused by a mutation in the 
hypocretin (orexin) receptor 2 gene. Cell, 1999;98:365-76.

46. Nishino S, Ripley B, Overeem S, et al. Hypocretin (orexin) deficiency in human narcolepsy. 
Lancet, 2000;355:39-40.

47. Peyron C, Faraco J, Rogers W, et al. A mutation in a case of early onset narcolepsy and a gene-
ralized absence of hypocretin peptides in human narcoleptic brains. Nat Med, 2000;6:991-7.

48. Thannickal TC, Moore RY, Nienhuis R, et al. Reduced number of hypocretin neurons in human 
narcolepsy. Neuron, 2000;27:469-74.

49. Crocker A, Espana RA, Papadopoulou M, et al. Concomitant loss of dynorphin, NARP, and 
orexin in narcolepsy. Neurology, 2005;65:1184-8.

50. Sherin, J. E., Shiromani, P. J., McCarley, R. W., et al. (1996). Activation of ventrolateral preoptic 
neurons during sleep. Science, 271(5246), pp. 216–9. doi: 10.1126/science.271.5246.216.

51. Suntsova, N., Szymusiak, R., Md. Alam, N., et al. (2002). Sleep‐waking discharge patterns of 
median preoptic nucleus neurons in rats. The Journal of Physiology, 543(2), pp. 665–677. doi: 
10.1113/jphysiol.2002.023085.

52. McGinty, D. J. and Sterman, M. B. (1968). Sleep suppression after basal forebrain lesions in the 
cat. Science, 160(3833), pp. 1253–1255. doi:10.1126/science.160.3833.1253.

53. Luppi, P. H., Fort, P. (2018). Neuroanatomical and neurochemical bases of vigilance states. 
Handbook of Experimental Pharmacology, in press. doi: 10.1007/164_2017_84

54. Saito, Y. C., Tsujino, N., Hasegawa, E., et al. (2013). GABAergic neurons in the preoptic area 
send direct inhibitory projections to orexin neurons. Frontiers in Neural Circuits, 7. doi: 
10.3389/fncir.2013.00192.

55. Rudolph, U., Möhler, H. (2006). GABA‐based therapeutic approaches: GABA A receptor subt-
ype functions. Current Opinion in Pharmacology, 6, pp. 18–23. doi: 10.1016/j.coph.2005.10.003.

56. Alam MN, Gong H, Alam T, et al. Sleep-waking discharge patterns of neurons recorded in the 
rat perifornical lateral hypothalamic area. J Physiol, 2002;538:619-31.

57. Koyama Y, Takahashi K, Kodama T, et al. State-dependent activity of neurons in the periforni-
cal hypothalamic area during sleep and waking. Neuroscience, 2003;119:1209-19.

58. Verret L, Goutagny R, Fort P, et al. A role of melanin-concentrating hormone producing 
neurons in the central regulation of paradoxical sleep. BMC Neurosci, 2003;4:19.

59. Bittencourt JC, Presse F, Arias C, et al. The melanin-concentrating hormone system of the 
rat brain: an immuno- and hybridization histochemical characterization. J Comp Neurol, 
1992;319:218-45.

60. Kilduff TS, de Lecea L. Mapping of the mRNAs for the hypocretin/orexin and melanin- con-
centrating hormone receptors: Networks of overlapping peptide systems. J Comp Neurol, 
2001;435:1-5.

61. Hassani OK, Henny P, Lee MG, et al. GABAergic neurons intermingled with orexin and 
MCH neurons in the lateral hypothalamus discharge maximally during sleep. Eur J Neurosci, 
2010;32:448-57.

62. Ahnaou A, Drinkenburg WH, Bouwknecht JA, et al. Blocking melanin-concentrating hormone 
MCH1 receptor affects rat sleep-wake architecture. Eur J Pharmacol, 2008;579:177-88.

63. Radulovacki M, Virus RM, Djuricic-Nedelson M, et al. Adenosine analogs and sleep in rats. J 
Pharmacol Exp Ther, 1984;228:268-74.

64. Benington JH, Kodali SK, Heller HC. Stimulation of A1 adenosine receptors mimics the elect-
roencephalographic effects of sleep deprivation. Brain Res, 1995;692:79-85.

65. Basheer R, Strecker RE, Thakkar MM, et al. Adenosine and sleep-wake regulation. Prog Neuro-
biol, 2004;73:379-96.



∙  57  ∙

Çocuk ve Ergenlerde Uyku Nörobiyolojisi

66. Porkka-Heiskanen T, Strecker RE, Thakkar M, et al. Adenosine: a mediator of the sleep-indu-
cing effects of prolonged wakefulness. Science, 1997;276:1265-8.

67. Halassa MM, Florian C, Fellin T, et al. Astrocytic modulation of sleep homeostasis and cogni-
tive consequences of sleep loss. Neuron, 2009;61:213-9.

68. Gachon, F., Nagoshi, E., Brown, S. A., et al. (2004). The mammalian circadian timing sys-
tem: from gene expression to physiology. Chromosoma, 113(3), pp. 103–12. doi: 10.1007/
s00412‐004‐0296‐2.

69. Gooley, J. J., Lu, J., Chou, T. C., et al. (2001). Melanopsin in cells of origin of the retinohypotha-
lamic tract. Nature Neuroscience, 4(12), p. 1165. doi: 10.1038/nn768.

70. Berson, D. M., Dunn, F. A., Takao, M. (2002). Phototransduction By Retinal Ganglion Cells That 
Set The Circadian Clock. Science, 295(5557), pp. 1070–1073. doi: 10.1126/science.1067262.

71. Blake, M. J. F. (1967). Relationship between Circadian Rhythm of Body Temperature and Intro-
version‐Extraversion. Nature, 215(5103), pp. 896–897. doi: 10.1038/215896a0.

72. Richter, C. P. (1922). A behavioristic study of the activity of the rat. Comparative Psychological 
Monographs, 1(2), pp. 1–54.

73. Colwell, C. S. (2011). Linking neural activity and molecular oscillations in the SCN. Nature 
Review Neuroscience, 12(10), pp. 553–569. doi: 10.1038/nrn3086.

74. Fuller, P. M., Gooley, J. J., Saper, C. B. (2006). Neurobiology of the sleep‐wake cycle: Sleep ar-
chitecture, circadian regulation, and regulatory feedback. Journal of Biological Rhythms, pp. 
482–493. doi: 10.1177/0748730406294627.

75. Hardeland, R., Cardinali, D. P., Srinivasan, V., et al. (2011). Melatonin‐A pleiotropic, orc-
hestrating regulator molecule. Progress in Neurobiology, pp. 350–384. doi: 10.1016/j.pneuro-
bio.2010.12.004.

76. Passani M, Giannoni P, Bucherelli C, et al. Histamine in the brain: Beyond sleep and memory, 
Biochem Pharmacol, 73: 1113‐1122, 2007.

77. Fuller P, Gooley J, Saper C. Neurobiology of the sleep‐wake cycle: Sleep architecture, circadian 
regulation, and regulatory feedback. J Biol Rhythms, 21: 482‐493, 2006.

78. McCarley R. Neurobiology of REM and NREM sleep. Sleep Med, 8: 302‐330, 2007.
79. Gompf HS, Anaclet C. The neuroanatomy and neurochemistry of sleep‐wake control. Curr 

Opin Physiol, 15: 143‐151, 2020.
80. España R, Scammell T. Sleep neurobiology from a clinical perspective. Sleep, 34: 845‐858, 2011.
81. Saper C, Scammell T, Lu J. Hypothalamic regulation of sleep and circadian rhythms. Nature, 

437: 1257‐1263, 2005.
82. Lu B, Zee P. (2010). Neurobiology of sleep. In: Sleep, an Issue of Clinics in Chest Medicine. 

Lee‐Chiong TJ, Mohsenin V and Yaggi HK (eds.) Elsevier Health Sciences, pp309‐318.
83. McKenna J, Zielinski M, McCarley R. Neurobiology of REM Sleep, NREM Sleep Homeostasis, 

and Gamma Band Oscillations. In: Sleep Disorders Medicine: Basic Science, Technical Consi-
derations and Clinical Aspects. Chokroverty S (ed.) Springer, New York, pp55‐68, 2017.

84. Schwartz W, Klerman E. Circadian neurobiology and the physiologic regulation of sleep and 
wakefulness. Neurol Clin, 37: 475‐486, 2019.

85. Dibner C, Schibler U, Albrecht U. The mammalian circadian timing system: Organization and 
coordination of central and peripheral clocks. Annu Rev Physiol, 72: 517‐549, 2010.

86. Perreau‐Lenz S, Kalsbeek A, Garidou ML,et al. Suprachiasmatic control of melatonin synthesis 
in rats: Inhibitory and stimulatory mechanisms. Eur J Neurosci, 17: 221‐228, 2003.


