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ABSTRACT

In this study, we try to give fundaments to neurophysiologic patterns of a
two-phase model of the sleep-wake cycle through implementation of a
closed-loop biological system. Some biological assumption are taken into
account, mainly different neuron groupsdifferent discharge profiles, firing
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rates and inhibit sleep-promoting behaviours during NREM and REM sleep.
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INTRODUCTION

Most of theavailable d eep-wake model sare based
onthesemina two-processmode sof deep regulation,
which wereconjointly developed by Daan et al.™™ and
Borbély™?. Such models state that sleep and wakeful -
ness dynamicsaregoverned by two basic mechanisms:
acircadian processtha modul atestime-dependent deep
pressure® and ahomeostatic processthat buildsand
dissipates pressure for sleep during wakefulnessand
deep periods, respectivel 4.

The past three decades have brought meaningful
progressinidentifying the neural fundamentsof deep
regulation’>1%, The present model is based on ase-
lective choiceof relevant neuron groupsinvolvedina
hypothal amic sleep-wake switch along with the con-
cept of thearithmetical difference. Thisconcept states
that waking neurobehavioral functions can be pre-
dicted through arithmetical differences betweenthe

seep-related and wakeful ness-rel ated respective ho-
meostatic and circadian pressures. The resol ution of
the enhanced governing equations system has been
carried out using an experimented and widdy discussed
polynomial scheme.

MATERIALSAND METHODS

Theworksof Boissard et al.[”, Phillipset al.® and
Plazzi, et al.¥ stressed thet five groupsof neuronshave
the determinant rolesinthe NREM-REM dternation
scheme. Basal forebrain GABAergic neurons, VLPO
(GABA,GAL) . e, areassumed to be s eep-promot-
ing neuronsaccordingto their dischargeprofiles, while
neuronsin LC/DR, and PPT/LDT seemto havesmilar
and relevant dischargefeaturesand important regul at-
ing rolesaccording to their loci and neurotransmitter
nature*¥, The main neuronal groups interaction
schemeispresentedin Figure 1.
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Figurel: System global scheme

The presented mode lieson an ODF system:
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X, : ratioin thegroup LC/DR(NA,5-HT)

X, : ratioin thegroup PPT/LDT(ACH, non-ACH)
with : <X, : ratioin thegroup TMN(HIS)

X, : ratioin thegroup VLPO(GABA,GAL)

Xg : ratioin thegroup LHA(ORX)

where a|_ . and b| _ . are model’s constants and

represent theaveragefiring activity (Figure 2)
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Figure2: Neuronefiring schemeexample

inddeaof oneneurongroup, or ratio of activated neurons
(Figure 1) among agiven neurona group (0<x <1).
Accordingtothebiologica meaningsof ¢;; 14 jeLs
the condition g, = 0| isequivalent to asituation of no-
proj ection between neuroneswith ratiosx, and X. The

overal biologicd conditionson these coefficientsare
gatheredin TABLE 1.

TABLE 1: Biological conditionsfor coefficients €; 14joLs
al,, ,andb|

i=1.5 i=1.5

Parameter &y €1, €14 €5 €1 €2 Exu &3 &n a3 & b
Condition <0>0<0>0<0>0<0>0<0<0>0>0

INVESTIGATIONSAND RESULTS

For given values of the coefficients sij|

i=1.4,j=1.5"
a|_, . and b _, ., theresolution of Eq. (1) iscarried
out using the Boubaker polynomiad sExpansion Scheme
BPES.

The BPES*#+* s applied through setting the ex-
pressions.

i=15

,t ZO;“k,i xB, (ret) 2

0 k=1

X (t)=

where B, arethe4k-order Boubaker polynomids, tis
thenormalizedtime, r_are B, minimal positiveroots,

N, isaprefixed integer, 7“k,i|t<==11“-sN0 are unknown pon-

dering redl coefficients. Consequently, it comesfor Eq.
(1) that:
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The BPES protocol ensuresthevalidity of therelated
boundary conditions expressed through biologica con-
ditions, regardlessmain equationfeatures. Infact, thanks
to Boubaker polynomidsfirst derivativesproperties: [o]x[] = [B]
" 0., - 01
;Bm (x) 0 =-2N=#0; with: [e]=| - 0., . @
X= (4) e . . e .
N . .
8.0 =0
q=1 _ }Ll,i Bl
o Mo | B.
ph=| ™ b Bl<|
i B _, Ao Bro
e dx | o The system (7) is solved using Househol der(3+3
and: 1 dB 0] & ®  dgorithm, detailedinAPPENDIX.
' Z =2Hq v i
= dx | & Incrementing N,,.
‘ v' Testing the convergence of the coefficients
n l(f?l') k=1.Ng
ar [2-12]x > B3, (r,) L
with:H, =B, (r,) = oo +4r} Thefinal resultishence (for N, = 79):

B4(n+1) (rn)

boundary conditionsareinherently verified.
The BPES sol utionisobtai ned through four steps:
v Integrating, for agiven vaueof N, thewhol e ex-
pressionsgiven by Eq. (3) dongtimedomain.
v Settingthesubsequent fivesystems (for i=1..... 5):

0., O.no Y Au B,
o 92§2 A‘2,i - BZ (6)
er\;;ﬁl ) eN(.).;N(J l’NQJ BNO
with thematrix standard form:

X0 =5

Z?v(s‘)' IBy (1, 1) 8

okl

DISCUSSION

Inthiswork, thefirst assumption cons sted of con-
sidering thecircadian rhythm asa24-hour periodic ex-
terna signa for NREM-REM dternations. Thecirca
diansignd, whichisoriginatedinthesupra-chiasmatic
nucleus (SCN), servesasthebrain’s master clock (Fig-
ure 1), asit establishesthe 24-hour rhythmfor al other
physiologica rhythmsin the organism-%,

For reaching afull understanding of the neuronal



RRBS, 6(3) 2012

K.Boubaker 95

activity profiles, thefive neurons groups have been
distinctively characterized. Noradrenaline (NA) neu-
ronsarelocalized inthelocus ceruleus (LC) of the
ponsand they havethe highest firing rate during wake-
fulness, decreasetheir firing ratein NREM dleep and
amost ceasefiringin REM sleep™. They do not only
act aswake-promoters, but al so take part in the sys-
tem permitting REM sleep by suppressing the cholin-
ergic REM-ON neuronsin brainstem. Serotonin (5HT)
neuronsarelocated inthe dorsal raphenucleus (DR)
and are more active during wakeful ness than sl eep.
PPT/LDT group gathers REM-ON acetylcholinergic
and monoaminergic REM-OFF neuronswith several
subtypes of neurons having different discharge pro-
filesand which reciprocally interact resultingin the
ultradian aternation of mammalian REM and NREM
sleep. Histamine (HIS) neurons are located in the
tubero-mammillary nucleus (TMN) of the posterior
hypothalamus. They play amgjor rolein maintenance
of wakefulnessand turn off during REM deep. VLPO
neuronsare situated in the hypothalamic preoptic area
(POA) and are strongly activated in responsetoin-
creasing sleep amount. Finally, Orexin neurons are
distributed inarestricted region of perifornical region
of thelateral hypothalamus. They areresponsible of
activating, during the entire wake period, apanoply
of ascending aminergic transmitter systemsimplicated
intheregulation of arousal, including serotonergic,
noradrenergic, cholinergic, histaminergic and dopam-
inergic systemg“,

Plots of the solution obtained with the present
method are presented in Figures3and 4.
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Figure4: Solution plots: Neuronefiringrateduringawhole
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It can be noticed that the activity of neuronsin
VLPO, which doesn’t maintain a constant value, is at
itsapogee during NREM phase (Figure4). Thisfirst
featureisingood agreement with theresultsof Massmini
et al.¥ and Tononi et al . who recorded that there
wasareciproca inhibition between neuronsin VLPO
and LC/DR, the oscillations of REM-OFF (LC/DR)
and REM-ON neuronsaffect theactivity of VLPO and
causeittooscillatedightly (Figure 3, 4). A gradua de-
crease of the VL PO neurons activity during sleep has
been also recorded.

A second noticeablefeatureisthe duaity between
the Noradrenaline (NA) group and the 5SHT- GABA
groups. Infact, Nitz et al .9 stated that NA neurons
can be excited by ORX, ACH and HIS neurons and
inhibited by 5SHT and GABA in preoptic area. Inthe
same context, Siegel*Y noted that Serotonin (5HT)
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Figure5: Solution plots: Conjoint firingrate<represented
in(x,x,)-plane>
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Figure7: Solution plots: Conjoaint firingrate<represented
in (x,,x,)-plane>

neurons can beexcited by ORX, monoamine-contain-
ing neurons, such as HIS and NA and inhibited by
GABA inbrainstem and the preoptic area. For illus-
trating these patterns, additiona binary diagramshave
been performed, respectively, in (x,,X,), (X,,x,) and
(X,:X)-planes: (Figures5, 6 and 7).

APPENDIX

Householder [d gorithm consists of establishing a
defined,

serial of orthogonal squarearrays [H ]V
at astagev, by rdation (A.1).

v=1.Mgo

000 Uy
] o I ORI
001 3 (A1)

with [@]= |H|J|H||H| JH], R} V1= {9} {Q} H kznl_luf =1

According to Househol der algorithm, thearray [H] v
verifiesthetriangulating rel ation:
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'
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[H], =
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0 a
0 a,,
0
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Applying the same method to minor order remaining
aray[A]”:

IA] [ a

and to next minorsleadsto thefinal equation (A.4):
[@]w 0

[Al=[HLIHL-IH]. . [H ], [R]= [, [R]

with*** orthogonal and [R] upper triangle;
Equation (11) is easily solved by stepping back

proceduresincearray [R] isupper triangular:

(Bl = [RI*Q]*[B] = [R]*[][B] (A5)

The convergencetest isperformed usingtheMinimum

SquareMethod (M SM). Thismethod consistsof stop-

pingiterationswhenthefunctiona amount (A.6) isinfe-
rior to apreset standard valuee,,.

I TAIX[Bl,, — [B] lI< &,

a23

a4 (A3)

(A4)

(AB)
CONCLUSION

Inthiswork we havetried to giveto givefunda-
ments to neurophysiologic patterns of a two-phase
mode of thed eegp-wake cycdethroughimplementation
of aclosed-loop biological system. Some biological
assumption have been taken into account, mainly dif-
ferent neuron groupsdifferent discharge profiles, firing
rates and inhibit sleep-promoting behaviors during
NREM and REM dleep. Further studies should focus
ontheanaysisof specificrolesof each kind of neuron
group in NREM-REM dterationswith more compre-
hensivemodd structures.
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