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            Abstract

            
               
Circadian rhythm is a 24 hour or a day’s rhythmic oscillations with physiological and behavioural changes that is internally
                  governed by the brain. This activity is generally anticipated by the internal and external cues from the environment. In circadian
                  rhythm of our body is regulated by a transcriptional –translational Auto-regulatory loop which leads to the molecular oscillations
                  of our “core clock genes” at a specific cellular level. In the many mammalian and animal models, the master pacemaker is in
                  the hypothalamus at the suprachiasmatic nucleus (SCN) that can regulate downstream oscillations in the peripheral tissues
                  of the brain. The core clock genes are self- sustained and cell autonomous not only on the pace maker but also on the other
                  dissociated cultured cells and peripheral tissues. Here we can review the general mechanisms involved in the clock genes that
                  is responsible for the circadian rhythmicity in epileptic syndromes and these findings can elucidate the cell specific expression
                  of the clock genes in different syndromes. In the recent past there has been considerable amount of progress in elucidating
                  the molecular and cellular mechanisms that is involved in understand the core clock gene expression and the circadian rhythms
                  effects on epileptic syndromes. However, there is very little understanding on how these two mechanisms interact to cause
                  a core clock genes disruptions plays an important role. Recent studies in several animal models have shown the effects of
                  time of the day on the neurophysiology and path-physiology in the epileptic syndrome. Together, these evidences from the past
                  suggest that there can be a common mechanism underlying the circadian rhythmicity and epileptogenesis mechanism.
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               Introduction

            The circadian rhythms are very basic phenomena that is seen very obviously in all living organisms. They are influenced by
               factors called zeitgebers,1, 2, 3, 4, 5 they regulate various physiological process such as body temperature, cell cycle, feeding, metabolism and sleep –wake cycle
               and other cellular level activities. The very obvious relationship between circadian rhythm and epilepsy is far less understood.6, 7 The effects of the time-of-the-day effects and circadian rhythm disruptions on epileptogenesis has been learned for many
               decades, and there has always been a renewed level of interest in accounts of better understanding of the gene level, molecular
               level and structural level understanding of the complex interaction mechanism.8, 9 In many epileptic disorders the disruption of the circadian rhythms and interrupts the expression of core clock genes and
               cell specific signalling cascades that experiences the time-of-the-day cycle. Along with epileptic behaviour, these cell specific
               expression brings out environmental, behavioural, genetically and pharmacological resistances in many cases. The efficacies
               of Anti-epileptic drugs reduce due time-of-the day effect. Given the importance of the natural 24-hour light–dark cycle, an
               increased emphasis of the most common functional relationship between circadian rhythms and epilepsy has a broader implication
               in treatment and prognosis in epileptic population.10 In many animal model studies we have first describe the time-of-the-day neuronal activity and molecular pathways that are
               governed by the central pacemaker.11, 12, 13 Secondly, we present the work that shows the circadian dysfunction in brain cells that causes alteration of physiological
               processes that includes the synaptic plasticity (such as long-term potentiation) and on seizure propagation in nocturnal (at
               night) and diurnal (at day). The cyclic pattern of the molecular cascades are involved in seizure propagation, while the cyclic
               activation and reactivation of these molecular cascades are over the 24- hours, ideally 25 hours.14, 15 They are independent inputs of the core time-keeping cells that contribute to locomotors rhythm outputs.16 This Review article will expand on previously understood concepts of circadian effects on behavioural and physiological level,
               by considering the recent data that show the involvement of circadian rhythm in sleep phenomenon of specific molecular pathways
               in epileptic syndromes.
            

         

         
               Core Clock Gene Involvement in Circadian Rhythm 

            The circadian clock is responsible for the regulation of a wide variety of physiological and behavioural processes throughout
               an approximately 24 hour cycle. 17 While the circadian clock can have a number of hierarchies of oscillators. First is the suprachiasmatic nucleus (SCN) of
               the anterior hypothalamus in the brain. The SCN is responsible for the coordinating of all independent peripheral oscillation
               so there is a coherent rhythm. 18, 19 The organization of the core clock mechanism in the SCN and the peripheral oscillators are said to be similar in function
               at the molecular level. 19 The SCN consists of a network of TTFL transcriptional– translational feedback loops that are known to drive rhythmic, 24-h
               expression of gene patterns of core clock components.20 The Core clock components are defined by production proteins that are critical for the regulation, functioning and generation
               of the circadian rhythms within the every single cells of an organism.18, 19 The primary feedback loop, consists of two elements. In the positive elements there are the members of (bHLH) basic helix-loop-helix
               and PAS (Period-Arnt-Single-minded) transcription factor. 2, 3, 4, 5, 6, 7, 8, 9 The CLOCK and BMAL1 genes are heterodimerize and they initiate the process of transcription of the target genes in containing
               the E-box cis-regulator and enhancer sequences, this includes the Period and the Cryptochrome (Per1/Per2/Per3/Cry1/ Cry2)
               in the mice. 21, 22, 23 On the other hand the Negative feedback is achieved by the PER: CRY genes are heterodimers conjugation that is used in translocations
               in the nucleus to repressing the transcription by acting on the CLOCK: BMAL1 gene complex.17, 23 On the contrary, other regulatory loop are formed by CLOCK:BMAL1 heterodimers . They activate the transcription of the retinoic
               acid-related receptors. 23 These receptors subsequently end the process and the bind retinoic acid-associated receptor response elements that is present
               in Bmal1 gene promoter. 21 
            

            The circadian rhythm oscillation of core clock gene Bmal1 in SCN of the brain is both positively and negatively regulated.
               This process is involved in the precision of the core clock genes, these affect the stability and nuclear translocation core
               clock proteins. 21 Casein kinase (CK11 and CK1d) places a critical factor in regulation of the core circadian protein accumulation. 17, 18, 19, 20, 21, 22, 23 In recent practices, an ubiquitin modifier protein is used in modification of BMAL1 in the post-translational regulation.
               22 Casein kinase is said to have drastic effects on circadian periods of the post-translational functioning in the mechanisms
               of the circadian clock. Mutation of the Casein Kinase is said to have altered and caused alteration of circadian period in
               mammals. These mutations can also be seen in familial advanced sleep phase syndrome (FASPS) in human which results in altered
               sleep. 21

         

         
               Circadian Rhythms and Sleep in Epilepsy 

            Most of the data reviewed have a brief outline on the seizure occurring at different time period across the 24 hour circadian
               cycle. 24 Some of the seizure under studies (i). The temporal lobe seizures, the occurrence of seizures is syndrome specific, with
               different syndromes being more or less susceptible to the endogenous factors. 25 (ii). The Limbic seizures, is presented by mesial temporal lobe epilepsy and is seem in the animal models, occur mostly during
               the day and are slightly precipitated by sleep and other circadian cue or endogenous factors.26 (iii) The frontal lobe seizures that are types of non-limbic and cortical focal seizure. The epileptiform discharges mainly
               occurs at the night and are more susceptible during the non-rapid eye movement sleep (NREM) sleep. 27 (iv)In the generalized epilepsy, such as juvenile myoclonic epilepsy, is predominantly occur in sleep–wake transitions phase,
               especially during the morning awakening. 28 In the recent studies one of the complexity is that the temporal seizure occurrences have made a summation of different rhythm
               influences in epileptic seizures The ultradian periods of recurrence or < 24 hours, infradian >24 hours, and circadian rhythms
               that accumulate to a polyrhythmic and complex pattern. 29

         

         
               Inter-ICTAL Discharges and Sleep 

            The effects of sleep characteristic changes in neurological conditions are known for long. Especially in epileptic syndromes,
               the interictal discharges alters the sleep characteristics and bring about a circadian rhythm dysfunction. 30, 31, 32 The common relationship between sleep and epilepsy are very closely studied in the last few decades, however it is still
               unclear how the seizures bring out a time of the day peak during a 24 hour period. There are convincing evidence that recognizes
               sleep deprivation as a risk factor to seizures triggers. However Sleep deprivation is encouraged in some types of epilepsy
               for the diagnosis or pre-surgical assessments of epilepsy.31 There are many epileptic syndromes that’s has predominate EEG abnormalities which is seen only during sleep and its clearly
               evident that the sleep characteristics change due to the epileptic seizure .In Benign Childhood Epilepsy that presents Centrotemporal
               Spikes (BCECTS). It is the most common epileptic syndrome seen during infancy and it is considered to be a sleep-related epilepsy
               because of its 75% of all seizures occur only during NREM stages. 33, 34, 35, 36 In many nocturnal seizures the generalization of seizures can be done. While the EEG is normal during the awake period and
               abundant spike or spike wave discharges is seen in NREM N1 and N2 sleep staging. In cases involving Benign Childhood Epilepsy
               that has Occipital Paroxysms. It is Childhood epilepsy with occipital paroxysms, which is blocked when the eye is open during
               wakefulness, is clearly considered another syndrome that causes sleep character changes. 36 During which there is an increase of paroxysms response. In Frontal lobe epilepsy usually presents seizures during sleep.
               32, 33, 34, 35, 36, 37, 38 It is very important to make the correct diagnosis with certain parasomnias. The EEG findings are considered to be crucial
               evidences of seizures. The frontal epilepsy expresses a variety of clinical of clinical manifestations such as awakening,
               dystonia and complex motor behaviour. One of the most appreciated work on sleep and epilepsy is that when sleep facilitates
               the discharge in the prefrontal cortex, they are driven by the thalamocortical circuits that are sometimes associated with
               sleep spindle generation.
            

         

         
               Conclusion

            Since sleep typically occurs mostly during the “night”. It is quite difficult to differentiate the effects of sleep and the
               epilepsy that causes disruptions in circadian cycle. Many experimental designs that potentially unlink the influential attributable
               to sleep–wake state transition to that of the biological clock Is studied in animal epileptic models.39 While there is very few records of human model studied in order to know the circadian rhythm in epileptic populations. In
               general, during the NREM sleep there is the occurrence and spatial distribution of epileptiform discharges (IEDs); while in
               REM sleep tends to inhibits both.38, 40 Circadian Rhythm disruption from the molecular level tends to affect the sleep characteristics in syndromes 
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