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SLEEP AND WAKING ARE INSTINCT
BEHAVIORS AND THEY REPRESENT
STATES OF CONSCIOUSNESS

SLEEP IS AREVERSIBLE STATE
WHERE CONSCIOUSNESS REMAINS
IN A SUBDUED STATE
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BASED ON EEG AND EMG
SLEEP-WAKING WAS
OBJECTIVELY CLASSIFIED INTO
AWAKE AND SLEEP

ADDITIONAL PARAMETER,
CLASSICALLY AT LEAST EOG,
HELPED IDENTIFICATION OF

REM SLEEP (REMS)

(PGO AND HIPPOCAMPAL WAVES ALSO HAVE BEEN USED)
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EEG SLEEP-WAKING STAGES IN RAT

EOG Active Wakefulness

ISSN: 2167-0277

-

Hipp
Quiet Wakefulness

Slow Wave Sleep 1

Slow Wave Sleep 2

sl papafosiipefpymsapty e ibias oA Sdnfote iRl Ly ptetipanm At
| 100uVv
REM Sleep | =
BT T R T s et T o U T EARERTE S PTIE T IS SRR SR T R S e )
W—MMMWW I
MMMWWWWWWWWWWWWMW | 50pV

Kaur & Mallick 4 Sec



>€Eg‘w Journal of Sleep Disorders & Therapy

ST T Review in 3 weeks Publishing in 72 hours Open Access

ISSN: 2167-0277

HOW IS REM SLEEP (REMS)

REGULATED BY THE BRAIN?
(Neural Regulation of REMS)

Depending on the firing rate of neurons during REMS, In
the brain there are
A REM-ON neurons (those increasing firing)
and
A REM-OFF neurons (those decreasing firing/silent)
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REMNM-OFF NEUROMN

& ACh RECEPIOR

REMN-ON NELUROMN
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Hobson and McCarley, 1974;  Sakai, 1980

Based on recording of REMON and REM-OFF neuronal activities from isolated,
Independent studies it was proposed that for REMS

) activity of REM -ON neurons inhibit REM-OFF neurons;

) acetylcholine from REM-ON neurons inhibit the
Noradrenergic (NA-ergic) REM-OFF neurons
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QUESTIONS WE RAISED/ASKED

A |s cessation of NAergic REM-OFF
neuronal activities in locuscoeruleus(LC) a
pre-requisite/pre-condition for REMS generation

or it Is an associated phenomenon

A Activation of REM -OFF neurons in LC should
not allow REMS to happen

A Does acetylcholine inhibit the REMOFF neurons
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Mild sustained stimulation of LC reduced REMS

O—C Experimental

soo _, (O ®— ® _ontrol stimulation

600 - EETES

400 Cessation of
T 200 activities of LC-
= NA-ergic
§ REM -OFF
§ soo o, neurons Is a pre
: requisite for the
3 generation of

N REMS

200

O T T T 1

. f T
e B S PSA1 PS2 PS3 PS4

Singh and Mallick, Neurosci. Res., 1996
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Previously, activities of REM-ON and REM-OFF neurons
were recorded independently in separate animals,
In iIsolated experiments on different days.

For confirmation and to understand their temporal
correlation, we recorded in freely moving normally
behaving, surgically prepared chronic animals,
both REM-OFF and REM-ON neuronal activities
simultaneously along with electrophysiological
(EEG, EMG, EOG, PGO) waking-sleepREMS patterns
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SIMULTANEOUS RECORDING OF REM -OFF AND REM-ON NEURONS
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Mallick et al., Sleep Res. Online, 1998

Temporal correlation between REM-ON and REM-OFF neuronal
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Hobson andMcCarley, 1974;  Sakai, 1980

REM-OFF NEURONS MUST STOP FIRING FOR REMS GENERATION

In vitro studies showed that
Acetylcholine depolarized LC neurons
l.e. not inhibition (Egan and North, 198%
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Therefore, it was hypothesized

In LC, excitatorycholinergic input from REM-ON neurons was translated intan inhibition
on REM-OFF neuronsthrough GABA interneuron for REMS generation

REMNM-OFF NEURON

& ACh RECEPTOR
(-) P GABA RECEPTOR
GABA-INTERNEUROMN

o .
REM-ON NEURON

Mallick et al., Neuroscience, 2001

Challenge was to simultaneously gather information on
Neuro-Micro -Anatomo-Pharmaco-PhysiologiceaBehavioral aspects

It was overcome by microinjection of agonist/antagonist of one or more types o
receptors in LC in various sequence/combination
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Recording in behaving rats by modulating L.C neurons electrically or chemically

«to stimulator
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» Bilateral Chemitrode/Electrodeimplantation by Stereotaxic surgery
* in vivo studies in freely behaving surgically prepared chronic rats
* Stimulation of LC neurons

* Single or combination of agonist and/or antagonist microinjection
into LC with/ without simultaneous stimulation of PrH
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Effect of local microinjection of cholinergic antagonist (scopoloamine)
and agonist (carbachol) bilaterally into the LC on REMS

SCOPOLANMINE

CARBACHOIL
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Mallick et al., Neuroscience, 2001

REMS duration per episode was not affected, however,

frequency of REMS generation was increased
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Effect of local microinjection of GABA-ergic antagonist (picrotoxin) and GABA
bilaterally into the LC on REMS

PICROTOXIN

Mallick et al., Neuroscience, 2001

REMS duration per episode was significantly affected, however,

frequency of REMS generation remained unaffected
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Effect of local microinjection of cholinergic and GABA-ergic antagonist/agonist in various
combinations/sequences into the LC on REMS

PICROTOXIN+-CARBACHOL
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SCOPOLAMINE+-GABA

J“
SCOPOLAMINE+PICROTOXIN

Mabickeet al., Neuroscience, 2001 —
REMS could not be®ustained

REMS duration per episode was reduced in (A); it was increased in (B), while in
(C) REMS did not continue
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Other inputs

Mallick et al., Neuroscience, 2001



