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ABSTRACT

Gamma-hydfo%ybutyrate {GHB) is a metabolitelof gamma-
aminobqtyric'acid Ghich occufs naturally'in mammalian brain.
The largest-concen ?ations of GHB have been observed
in the extrapyr nidal system, mainly in the caudate nu-
¢leus and nigroig}riatal pathway. Administration of
higﬁ doses of GHB is reported to be followed by increased
concentrations of éopamine (DA) ahd acetylcholine (ACh).
in these regions, in association with a decrease in the
firiﬁé'rate of DA®and ACh neurons and motor activation.
Low doses of GHB are reported.to be hypnotic and even
to facilitate paradoxical sleep (PS). The mechanism
of thi?'phenomenon is still cbscure,'but f; hypothesiz- .
ed to involve the pontine reticular formaticn.

Tonic imﬁobility (TI) is a natural and reversibie
behavior chatracterized in the rabbit by the absence of
movement, a rigidity of 1imb musculature and relative
unresponéiveness. Pharmacological studies in the*rabbit
during TI have associated an increased agtivity of DA
and ACh neurons with a decrease in TI duration. TI aﬂd
PS have been reported to share behavioral (motoric inac-

tivation and relative unresponsiveness), neuroanatomical
o ' ) -
(ponto-medullary reticular formation), neurophysiologi-

cal (ACh and noradrenaline neurcnal activity) characteris-

iv
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tics. PS and TI c?&;d thus be expected to posizively

covary. ~—

GHB (at 25, 50, 100, 150, 200, 300, 500, 750, and
1,000 mg /kg) along with two saline treatments (SL I =
300 mg/kg; SL II = 1,000 mg/kg) were admiﬁisfrated iov.
to three White and two Brown New Zéaiand male rabbits in
an attempt to reproduce effects on the sleep-waking cycle
repcrted in other species. Latenpies to slow wave slieep
(SWS) and PS onset were not diminished and time spent
in the drowsy stage (D), SWS and PS were not increas-
égz%élative to saline treatmenfs at any of the dose
levels. However, W was decreased‘at 1,000 mgfke relative
to 100 and 200 mg/kg, 'a.nd SWS was increased at 1,000 g
mg/ke relative to 200 meg/kg. Moreover, PS was abolished '
at 750 and 1,000 mg/kg. Analysis of electromyographic
(ENG) resulis revealed that the 750 mg/kg dose of GHB
was followed by increased motoric activation relative
to SL I and 300 mg/kg doses. Over all treatment levels,

W was found to exhibit the highest EMG levels oflactivity
of zll stage and state ecmparisons. No differences were
observed between samples (15 miﬁutes each) of EMG levels
of activity taken 2, 60 and 105 minutes after injection.

In a separate experimént designed to study the effects

of GHB on TI, GHB (at 300 and 630 mg/kg) and a saline N

——



solution (SL = 475 mg/kg) were admlnlstrated iw.e to a
Second groub of New Zealand White rabblts (n=5). Com-
parisons were‘maqirbetweeh these conditions and a non-
injéction sessiog (BL) according to a latin square design.
TI was induced just as' the ‘session was initiated, and re-
induced 40 and 120 minutes later. No dif ferences in TI
durations or in frequencies of unsuccessful attempts to
induce TI were observed across éonditions or time blocks.
However, GHB (at any dose) was observed to be followed
. by longer TI durations relative to the nonvdrug.sessions.

In both parts of the study, an alteration of elec-
troencephalographic patterns consisting c¢f the appearance
of slow, high amplitude waves in cortical and subcortical
leads;occurred at doses > 500 mg/kg. This activity,
uermea G-3SW," was superimpesed on otherwise characte-
rlstwc D cr SWS Datterns and became orogre551vely more
intense, with higher doses. Such EEG patterns could not
be observed in W episodes preceding TI induction at O
and 40 minutes after injection of 650 mg/kg, but com-
gietely replaced W after 120 minutes. &% all‘¢imes,
the EEG patterns of TI at 650 mg/kg were replaced by
G-SW. ’

hY

The ma jor conclusions emerging from the results of

this étudy are that:

M

1) The postulated sleep inducing cr PS enhancing

-

vi



. properties of GHB were not supported; |

2) The hypethesis that increasing doses of GHB
progressively depresses the ascending retiéular acti-
vating system was verified at doses > 150 mg/kg;

3) High doses (750 mg/kg) of GHB are associated:
with motoric activation while the highest dose (1,000
mg/kg) are followed by mbtoriq and behaviorél depression;

4) TI ip facilitated by GHB at 300 and 650 mg/kg;”

5) TI ig‘npt dependent upon a specific EEG patiern,
rather mpﬁorfcoﬁponents are most critical to TI;

§) PS and TI are not directly related, and relation-
~ships which do exigt may bé related more to tonic, rather

than phasic, events.

vii
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- INTRODUCTION . .
4 | - |
Gamma-hydroxybutyrate (GHB) is a recently identi-
fied subsiance which is present naturally in brain and
is thought to be a metabolite of gamma-amincbutyric acid

(GABA). GHB has been reported to exhidit a two-fold
dose-related effect on behaviof: at low doses, GHB has
been reported not oniy to have general hypnotic effects,
but alsc sleep-specific effects, i.e., enhancement of
paradoxical “sleep (PS?. At hiéhép doses, GHB adminis-
tration is followed by excitatory effects on the ‘cen-
tral nervous system (CNS),.particularly the motor system;
GHB 1s thought to work its hypnotic effects through ac-
tion on the pontine reticular formaﬁion, and its exci-
tatory effects on the dopaminergic system ahd basal gan-
glia, both of which are known to play a significant role
in motor contrel.

The present study examines the effects of GHB on
two behaviors in the rabbit, i.e., sleep and tonic immo-
bility (TI). Comparisons have been made between TI and
PS in_the past, and it has been noted that these states
share certain behavioral, electroencephalographic (EEG),
neurcanatomical and neurochemical characteristics, the
most outstanding of which is the reported inhibition of

motor activity during both conditions. The present



study was undertaken to provide a further comparison of
PS and TI by examining variations in these states sub-
sequent.to the administration of GHB. In addition; the
study will provide new information regarding dose-re-
lated effects of GHB on sleep-wakefulness states and
EMG levels of activity in the rabbit.

The literature review will cover fundamental as-
pecfs of the dependent variables, namely the sleep- )
wakefulness cycle and TI, including neuropHysblogical,
neurochemical, electrophysiological and behavioral cha-
racteristics. Literature pertinent to the utilization
of GHB as an independent variable will then be presént—
ed. Based on these reviews, the rationale for the pre-
.sent investigation will be stated, followed by the for-

mulation of hyrotheses.

-



REVIEW OF LITERATURE

1.1 Sleep and wakefulness
1.1.1 Neurophysiolegy of sleep

Since the identification of the e¢yclic occurrence
of rapid eye movement.periods dhring sleep (Aserinsky ~
and Kleitman, 1953), sleep research has gone rough
an extraordinarily fertile period qf investigatiwj.
The discovery of two distinct sleeéxstates. slow wave
sleep (SWS) and paradoxical (PS) or répid eye movement
(REM) sleep, in humans and then in lower mammals
(Dement, 1955; 1958) was followed by investigations
attempting to identify physiological mechanisms under—
lying each of the two states. Early studies using
stimulation and gross lesioning technigues generally
circumscrfbed structures responsible for. the control
of sleep o the brainstem reticular formation (see
Moruzzi, 1972). Subsequently, structures specifically
involved in the generation of the sleep states have
been localized te more discrete areas including the
raphe nuclei, the region of the nucleus locus coefuJ
leus and the giganteocellular fegmental field.

Initial investigations involving extensive lesions
oflthe raphe nuclei in cats suggested & critical role

for this system %un the triggering and maintenance of
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SWS (Jouvet, 1967; Jouvet, Bobillier, Pujol and Renaud,
196?;-Jouvét and'Renaud, 1966). However, recent re-
sults in rats with more precise lesions (Juvancz, 1980;

Mouret and Coindet, 1980) suggest instead that the post-

S

lesion effects resulted from the interruption of fibers

of passage. : °

4 more complex situation emerges with respect to
PS, and two different models of PS generation have been
coposed. One model, elaborated by Jouvet and his colla-
boraters and based on lesions as well as unit recording
studies, suggests that the nucleus locus coeruleus‘(ﬁc)

of the venitrolateral pontine reticular formation is the

triggering zone for PS (Jouvet, 1969; Sastre, Sakxal and
(=] =]

Jouvet, 1G79). However, evidence for LC as an exe?utive
generator of all aspects of ?S i1s inconsistent (Henley
and Morrison, 1974).

Another model has been proposed by #Hobson, .

McCarley and collaborators and- termed the "Reciprocal

=

nteraction Model"” (Hobscn, McCarley and Wyzinski, 19735;

ivaldi, McCarley and Hobson, 1980). This model pri-

<!

marily involves the neurons of the gigantocellular

tegmental field (FTG) of the brainstem reticular for-
mation as executive elements of PS. According to the
mcdel, these célls receive inhibitory inputs from the

-

dorsal raphe nuclei and LC. Again, however, some con-

L'tS



x \
tradictory results tend to diminish the apparentlcohesi-
veness of thehmodel.' For example, Hobson and McCarley's
studies were done in restrained animals; and FTG cells
were ia%er reported to be highly active during active
wakefulness, thus invalidating the pr0posed specificity
of these‘neurons to PS (Siegel and McGuinty, 1977).
Moreover, desﬁruction'of FIG cell bodies with kéinic
acid deoes not seem to alter nermal PS manifestation
(Sastre et al., 1979).

The elaboration of a comprehensive neurophysiologi-
callmodel for sleep-stage interactions continues to be =z
challenge, but it is now generally accepted that sleep
"i's not regulated through centers, but through a-variety
of interacting neuronal and biochenical systems (Jouvet,
1972; Steriade and Hobson, 1976). Indeed, activity of
all the neﬁronal structures explored above is modulated
by the presence of various neurotransmitté;s. Their
mode of action with respect to sleep and the above pro-
posed models will be briefly reviewed in the next sub-

L

sectioen. _ .

1.1.2 Neurochemistry of sleep
Neurophysiological processeés alene could not ac-
count  for many characteristics of sleép, such 'as the

periodijity of PS or the long-lasting PS rebound (up to
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several days) after selective PS suppressign (Jouvet, -

1972). Consequently, neurochemical processes, with
more extended temporal dimensions, were invoked to ex-
plain these phenomena. .Mapping of the monoamine sys-
tem in the central nervous systeﬁ (CNS) by Dahlstrim
~and Fuxe (1964) significantly advanced pharmacological
studies of behavior by giving an "anatomical dimesion”
fo neurcchemical pathways.

- " In sleep research, investigat&ons have subsequently
attempted to identiiy net only fhe "centers of sleep”,
but alsc their neurohumoral components. Three neuro-
chemical substaces, namely éerotonine (5-HT), syn-

thesized in the raphe nuclei, noradrenaline (NA),
synthesized primarily ;% e neurons; aﬂd-acetylcholine
(&Ch), whose site of synthésis is not localized, havea
been most extensgéely investigated with respect to
éleep‘mechanisms.

4 critical role for serctonine as a SWS promoting
agent (Brodie and Shore, 1957; Jouvet, 1969; Jouvet et
al., 1966; Ursin, 1972) or aé a PS inhibitor (Pujol,
Keane‘and Jouvet, 1978; Steriade—and Hobson, 1976;
vivaldi et al., 1680) has ofééﬁ been challenged (Gillin,
Mendelson, Sitaram and Wyatt, 1978; Mouret and Coindet,

1980; Weitzman, Rappaport, McGregor and Jacoby, 1968).

However, 5-HT is thought to play a significant role in
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sleep;wake cycle modulation in mammals (Grouillér,
Nioche, Barailler, Rocﬁe_and Pacheco, 1980) since spe-
cific manipulations of 5-HT‘synthesis or degradafion
consistently effect variations in sleep expreésioh
(Jouvet, 1972). 'Furthermore, studies suggest a modula-
tory role for serptonérgic agents on phasic PS evénts,
i.e., pénto—geniculo-occipital (PGO) spikes (Delorme,
Froment and Jouvet, 1966a; Jacobs, Henrickson and
Dement, 1972). |

Noradrenaline has been hypothesized as having an

executive role in the appearance agd‘maintenance of PS
desynchronized EEG activity and reduced‘muscle tonus
(Jouvet, 1972; Stern and Morgane, 1974%). However, sev-
eral neuropharmacclogical studies have failed to sup-
port such a specific relationship, and it has conse-
quently been suggested that NA 1s not essential.to PS
(Ramm, 1979), but rather has an interactive relation
with executive elements by contributing to the modula-

tion of their activity (Steriade and Hobson, 1976).

The importance of acetylcholine in sleep mecha-

nisms has been siressed in both the LC/Raphe model of

Jouvet (1969) and the Reciprocal Interaction model of

McCarley and Hobson (1975z, 1975b). Pharmacological

evidence, based on cholinergic agonist or antagenist

administration and direct ACh.injection in the CNS

M



(Domino'apd Stawinski, 197la, 1971b; George, Haslett.
and Jeﬁﬁen; 1964; Hernandez-Peon, 0'Flaherty and
Mazzuchelll - 0'Flaherty, 1967; Jouvet, 1962;
Silberﬁan,_Vilvadi, Gariield, McCarley and Hobson,
1980; Van Dongen, 1980), as well as measurements of ACh
gortical reiease during sleep (Jasper and Tessier,
1971), have linked ACh specifically to tonic events of
PS (muscle atonia, EEG desynchronization) as well as
to phasic evenis (vestibular-eye movement interaction)
(Pompeiano, 19%72). Mdreover, ACh.has been related to
behavioral depression (Karczmar, 1979) as wéll as ca-
tzlepsy (Ahtee and K4AriZinen, 1974) -- features that
may resemble tonic behavioral inhibition_seeﬁ in PS.
ACh has alsc been observed to inhibit SWS cortical
" spindle activity (8-12 Hz) triggered by perfusion of
dopamine (DA) in the caudate nucleus (Hall and Keane,
1975). ACh thus seems to be part of the intricate
neurotiransmitter interaction involved in the sleep-
wake cycle (Karczmar, %9?8&, 1978b; Roth and Bunney,
1976). ' -
The interaction of neurochemical systems in the
CNS has been extensively investigated (see Karczmar,
1978a). Not'only doe neurotrénsmitters share CErtain
common enzymes, such as tyrosine hydroxylase for NA

and DA synthesis, or monocamine oxydase (MAQ) for mono-
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amine catabolism (Jouvet,’}9?2), but specific fela—
tionships between neuroiransmitters have been esta-
blished.: With respect to sleep, 5-HT seems to have

an inhibitory effect on ACh (Pujol et al., 1978;
Harza, 1971) and ACh is thought to have a facilitatory
éffect on NA neurons (Vivaldi et al., l§;9; Jacobs and
Jones, 1978). Moreover, it is suggested that ACh,
rather than NA, is the pfimary neurochemical responsi-
ble for the atonia observed in PS (Van Dongen,
Broekkamp ‘and Cools, 1978). 1In fact, 'both major mo-
dels of sleep mechanisms agree that an interactive in-

* f
tervention of’ cholinergic and aminergic¢ mechanisms is

critical in the triggering and maintenance of PS.

1.1.3 Sleep stages: general behavioral and electro-
graphic characteristics in the rabbit

The rabbit, like other mammals, exhibits pred;ct—
able alterations of electrographic patterns correlated
with behavicral -states of wakefuiﬁess, drowsinéss and
sleep -- the latter being subdivided into SWS and PS.
Behéviorallxj sleep in the rabbit generally resembles
thaf in ﬁther mammals, i.e., the animal remains immo-
bile except for brief arousals marking state *ransi-
tion. The rabbit can often sleep with eyes paftially
opened, and, during SWS, the head can be ‘held erect,

despite reduced responsivity at fhis time relative to

10
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wakefulness.

Elecfrographically, sieep in the rabbit is-also
generally comparable to that in other mammals (see
Faure, 1962, 1963; Kawakami; Negoro and_Terésawa,
1965; Kawakami and Sawyer, i962; Khazan and Sawyer,

_1963; Nareb;ki, Tyﬁicz and.- Lewosz, 19569: Roldan and
Weiss, 1963; fhoman, Waite, Desantis and Dénenberg: -
,1979; Weiss and Roldan, 1964). Sleep onset is normal-
ly characterized by a pr&gressive slowing of EEG acti-
vity (3-7 Hz), both in cortical and subcortical leads,
relative to waking. Cortical electrodes also record

a low level of spindle activity that later on becomes
more prominent, aleng with a more sustained slowing of
the EEG. Concomitant with normal electrographic acti-
vity, monopolar leads refetrred to nasal bone often re-
cord a 2-3 Hz respiratory rhythm. Following this
drowsy or sleep onset EEG activity, SWS cccurs. 1In
both stages, i.e., drowsy and SWS, the electrooculo-
gram is generally stable and the electromxogram (EMG)
shows a decrease in muscle gftivity levels that corre—A
lates well with the behavioral guiescence mentiongd

" above. Usuaily within 20-60 minutes aftér sleep onset
rabbits enter the paradoxical phase of éleep which 1is
characterized by cortical low voltage fast activity

with a prominent .theta component, mxhile respiratory

/
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rhytnmé ip mggomélar leads feferred to nasal‘bone have
disappeared. EQG ?ecordings show rapid eye movements
~bursts,. and an.incompleté decrease in EMG amplitude
occur:s\?ivik, Sircar and Braln, 1981% Gene}ally,
the animai will awaken (W) after the PS eplsode and the
cyoldiwill be reinitiated. 8

1.2 Tonlc 1mmoblllty ‘ﬁ

~

1.2.1 Behavioral and electrographic Dronertles of tonic
immobility . ‘

Ti is a reversible and natﬁrally'occurring state
ﬁresent in a.variety of species ranging from coelente-
rates to mammals (Crawford, 1977; Gilman and Marcuse,
1949; Hoagland, 1928; Ratner, 1958) which is increas-
ingly difficult to elicit in higher mammals (Svorad,
1957) .

TI 1s thought to represént either an innate fear
reacticn (Gallup, 1974; Gallup, Nash, Donegan and
McClure, 1971y Woodruff, 1976) or a hypnotic state of
sedation (Draper and Klemm, 1967) which, however, is
different from the human "hypnotic trance” (Lerner
1962). TI induction is usually performed by rapid
dorsoflexion accompanied by & short period of res-
traint (Silva, Estable and Segundo, 1959).

In the rabbit, TI is characterized behaviorally by

L
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an gbsence of movements (motoric inactivation), alyoss
of ' the rigﬁting reflex, a rigidity of limb musculature
and relative unrgsponsiveness, even if .eyes may remain
open (Caq&54.1968, 1969a; Kiemm, 1966b). No characte-
ristic vériafions in heart rate or blood pressure have
been reported (Carii, 1974).

During electroencephalographic reéordings, neocor-
tical leads in rabbits show an arousal pattern, buf_
during more extended TI episodes a slower, more syn-
chronized EEG accompanied by spindles may appear '
(Carli, Lefebvre, Silvanc and Vierucci, 1976; Silva et”
al., 1959). If the episode is sufficiently preclonged,
periods ¢f PS may even be observed (Harper,.l9?l;

Hoskovec and Svorad, 1969).

. 1.2.2 Neurophysiologﬁ cf tonic immebility

Lesion studies have shown that the cortex, cere-
bellum, 8th nerve, iébyrinth, Ehalamus, hypothalamus
and hippocampus are not necessary for TI induction,
since absence of their respective influences do not mo-
dify the TI response in the rabbit (Carli, 1969b, 1971;
NcBride and Klemm, 1969; McGraw and Klemm, 1969).
Transection of the neuraxis above the superior colli-

culus did not abolish the TI response either. Since

units in pontine nuclei, FIG and medullary reticular

13
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formation have shown increased firing during TI
(Klemm, i969a), it has been hy@othesized that during
TI there is a descending inhibitory influence origi-
‘nating from'the.ponto-medullary feticular Tormation
upon spinal moéoneurong (Carli, 1969b, 1971, 1977;
Klemm 1969a, 1960b, 1971la, 1971b; MeBride and Klemm,
1969; McGraw and Klemm, 1969; Prestrude, 1977).

1.2.3 Neurochemistry and pharmacology ¢f tenic immobil-
ity | _

"+ Few attempts have been made to relate TI to a.spe--

cific neurotransmitter.
The first neurocchemical group assayed for TI-re-

lated action was the catecholamines (CA). Davis (1963)

found that chlorpromazine (CPZ) (a potent CA recep-

tor blocker) increased TI duration in the rabbilt.
‘Thege results were later confirmed by Klemm (19$65a)
who, in addition, observed no difference between

EEG recordings_following CPZ administration with

or without TI induction. Schaeppi and Rubin (1965) al-
so observed “increased TI duration with CPZ in the rab-
bit, but noted a greater variability in the response.
Other C& antagonists, e.g., a2lpha-methyldopa (a synthe-
sis blocker) énd reserpine ( a storage inhibitor), are

also reported to facilitate the TI response in the rab-

4 .
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bit (Scotti de Carolis, Carruyo and Longo, 1969).
Wallnau, Carwike and Dewey (1979) reportéd that halo- 2
peridol, which 'specifically blocks DA receptors, in-
creased'TI‘duration in the chicken. In the same study,
administration of a DA receptor stimulating agent (apo-
merphine) was reported o elicit fhe opp&éite effect.
The NA uptake blockers imipramine and amphetamine (also
a NiA efflux stimula%or) were observed to inhibif the TI
response too (Maser and Gallup, 1974; Scotti de Carolis
et al., 1969). It seems then, that an increased activity
of CA neurons is related to shorter TI durations whereas
Ca aﬁtagonists may facilitate the response.

The involvement of ACh in TI remzins obscure. In
fowl, scopolamine (a cﬁolonergic receptor blodker) de-
creases TI duration and physostigmine (which inhibits
the ACh breakdown by cholinesterase) facilitates the TI
response (Thompson 1977; Thoﬁpson Piroch, Gallen and
Hatton , 1974; Wdodruff, Hatton, Frankl and Meyer, 1976).
Howéver, the reverse~lis observed in guinea pigs and
rabbits (Hatton, Woodruf? and- Meyers 1975; Woodruff et
al. , 1976). |

Regarding 5-HT, only studies deazling with the ad-
ministration of parachlorophenylalanine (PCPA: a 5-HT -
synthesis blocker) have been reported. In the chicken,

a 5-HT blockade mechanism 1is th&ught to yield an inhibi-
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" tory efifect on TI since PQPA dqgf;ases ?I duration in
this spgcies (Hicks, Maser, Gallup-and Edson, 1975;
Masér Gallup, 1974; Wallnau andé Gallup, 1979).
However, PCPA showed no effects when injected in rab- -

bits (Scotti de Carolils et al., 1969).

Morphine and ‘morphine-like substances (beta-endor-

phine and met-enkephaline) have also been assayed to
evaluate the possible involvemgnt of TI iﬂ'the pain me-
chanism. Results do.not contradict such an assumption,
i.e., both types of SubStances in the chicken, and mor-
‘phine in the rabbit are consistent in inereasing TI du-
ration (Bloom, Segal, Ling and Guillemin, 1976; Davis,
1963; Hicks et al., 1975; Olson, Kastin, Lahoste, .
Olson and Coy, 1980; Peters and Hughes, 1978; Wallnau
and Géllup, 1679). Such pesults, however, are not con-
'clusive since administration of nalexone alone (an opi-
ate receptor blocker} does not have any effects on TI
duration (Galearo, Morcos, Cloutier, Desmarais and
Beaudry, 1978; Wallnau.and Gallup, 1979). |

The study of the neurochemistry of TI is relative-
1y new and there is a paucity'of'r;search in this area.
Accordingly, more investigation into this field is

needed to define mechanisms and parameters of TI.

16
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1.3 Paradoxical sleep and tonic immobility: &a compa-
rison :

-
‘Besides béhavioral_similaritiés such as motoric
inactivation and relative unresponsiveness (Carli,
1968, 1969a; Lievens, 1960; Sidis, 1908), there is
cther evideﬁce suggesting that the comparison between
TI and PS is z legitimate one. For example} both
states are na%urél and spontaneously occurring and
both share neurcanatomical and neurophysiological
characteristics that are.well-enough defined to suggest
a common base. Furthermore, lesion studies in the rab-
bit (Carli, 1¢69b, 1971) and in other'species ?&cBride _'
and Klemm,‘1969) have indicated that brainstem areas
essential to the expression of TI are similar to those
shown to be necessary for the elaboration of PS, i.e.,
the ponto-medullary reticular formation (Jouvet, 1972;
Jones, 1979). Polysynaptic as yell as monosynaptic
reflexes of both extensors and flexors are also report-
ed to be depressed during TI and PS in the rabbit
(Carli, 1968, 1949a}. Moreover, Morrison (1979) com-
pared PS and .TT on the basis that both could be an
exaggeration of the orlenting reflex. Changes in levels
of EMG activity have also been reported to be a feature
common t¢ both states (Carli, 1969z; Galeano, Leung,

Robitaille and Roy-Chabot, 1979; Pivik et al., 1981;



Van Reeth, 1963). Finally, major neurotransmitters
(ACh and NA) are involved in the mediation of both
states.

In other respects, however, these states differ
e

markedly. For example, epiéodes of PS are relatively
rredictible since they follow a natural cyclicity.

That is not the case for TI, which must be triggered

-—

by the appropriate stimulus from the environment. Al-

.

though both states are characterized by desynchronized
=3 ¥ M

cortical EEC activity, PS, but not TI, is accompanied
by the appearance of rapid eye movement bursts and

- N )
EMG twitches (Klemm, 1966; Carli, 196%a, 1%969b). Also,

hippocampal activity du

H

ing PS 1s of higher frequency
than that during TI (Harper, 19?1); and, whereas there
1s a widespread increase in CNS unit activity during
PS (Steriade and Hobson, 1976), such increases have

« ,

been reported to occur exclusively in the ponto-medul-

lary reticylar formation during TI (Klemm, 1969, 1971).

l.u‘Gamma—%ydroxybutyrate: state and event correlates

GHB is & short chain fatty acid in mammalian brain
thought to be a metabolite of G4ABA (Bessmgn and Fishbein,
1963; Dohefty, Hattox, Snead and Roth; 1978; Roth,

1970, 1976). Across various specles examined, en-

dogenous GHB has been found mainly in hippocampus,
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/
midbrain/diencephalon and cerebellum, with the highest
concentrations iﬁ the caudate nucleus (Doherty and .
Roth, 1976; Doherty et -al., 1978; Roth, 1970, 1976).
One study assayed GHB levels in ;he CSF during the -
sleep-wake cycle (Tabakoff and Radulovacki, 1976) and
reporged higher levels during wakefulness:.unfortunate—
ly, nothing was done to &ifferentiate.PS from SWS in
thiS'aﬁalysis.

GHB is described as a non-toxic and non-addictive
hypnotic (Mamelak, Escriu and Stokan, 1977; Vickers,
1969), which is also considered as an anesthetic
(Muyart and Laberit, 1977) and a-parasympatheticomime—.
tic (Lund, Humphries and Virtue, 1963).

Administration of Gﬁg has been reported to be
followed‘by increased concentration of ACh and D& in

whole brain and brainstem, with highest levels in the

extrapyramidal system (mainly caudate nucleus and

~-

%igro-striatal pathway) (Doherty et_al.,'l9?5? Gessa,

AN
Vergiu Crabai, Boerc, Cabbnu and Camba, 1966; Ciarman

and Schmidt, 1963; Muyart and Laborit, 1977; Roth,
1976; Roth, Salzman and Nowyck, 1978; Roth and Suhr,
1970; Sethy, Roth Walters, Marini and von Woert, 1976;
Stock, Magnusson and Andén, 1973). These increased
concentrations are thought-to be related tc a two-fold

mechanism effecting a. decrease in the firing rate of
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cholinergic and dopaﬁiﬁergic fibers and an‘increased
turnover of these substances (Anden Magnusson and
Stock, 1973; Roth: ~}«\falters and Aghaganlan, 1973; Sethy
et al., 1970).,/A csﬁnensatory increase in the synthe-
sis of the neurotr&nSmltter follows the termination

of transmitter release and accompanying decrease in

o
-

nerve-lmnulse transm1351on.

In addition to effects on DA and ACh GHB is re-
porfed to have contradictory and nonsignificant effects
‘upon levedls of NA and 5-HT (Gessa et al., 1968; Roth
and Suhr, 1970). Despite its origin, it also appears
that CNS effects of GHB are undoubtedly unrelated to
chances in CABA levels- (Jouvet, 1972; Roth and Gilarman,
196%; Walters and Roth, 1977).

Studiiizpffg;% blood and CSF levels in monkeys-
after i.v. administration of doses ranging up to 1,000
-ﬁg/kg have shown a peak in serum levels at around 40
minutes post~injection and a maximum in CSF after 2-3
hours. Traces were still detectable in serum and CSF
2L hours after injection,:while the elictrical record;
ings returned tc normal within 18 hours (Snead, Yu and

Huttenlocher, 1976).

*

Two types of "behavioral-electroencephalographic

dissociations" (Wikler, 1952) have been reported aftet

*a
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administration of GHB. In some studies, béhavioral.ae—
pression after adhinistration of this substance has
been acéompanied by. spike’ discharges indicative of epi-
leptiform activity (Snead'et‘al.. 1976); conversely,
awake and responsive human subjects have been reported
tc display theta and delta-rhythmg for 10 to 20 seconds
following GHB administration (ﬁetcalf, Emde and Stripe,
1966; Yamada, Yamamotb, Fujiki, Highikawa and Kaneko,
196?5. These paradoxiéal phenomena are not well under-
stood and have not been repiicated (Broughton and
Mamelak, 1979, 1980). It has been proposed that they
could result from differences in methodology, e.Z.
doses, rate and route of adminiétration, paired with
species differences (Deiay, Deniker; Perrier, Ginestet;
Sempé and Verdeaux, 1965; Metcalf et al., 1966;
Lettieri and Fung, 1979). |

GHB has recently been used in the treatment of
narcolepsy, & sleep disorder characterized by irresis-
tible sleep attacks usually accompanied by less of
muscle tone (Broughten and Mamelak, 1979, 1980; Mamelak
et al., 1977). GHB has been reported tc be assocliated
with the following effects on night sleep in humans:
increased slow wave sleep, decreased stage I, de-
creased amounts of short sleep episodes, reduced frag—

mentation and increased duration of PS periods, and



reduced latency to onset of PS. Thus, unlike synthetic
hybnotlcs, GHEB does not suppress but rather facilitates
PS8, and its w1thdrawal shows no rebound effects but a
return to pretreatment levels insteag (Mamelak et al.,
1977). This leads to a most igkeresting aspect of GHB,
il.e., its sleep-inducing effect.

Since 1961, GHB has successfully been used to in-
duce sleep. This effect occurs within a2 few hundred
seconds following administration in various specles in-
cluding chickens (Hayashi, 1967), mice.(Rizzoli, Agosti
and Galzigna, 1969), rats (Godschalk, Dzoljik and
Bon_*ca; 1977), cats (Heidt, Schl®r, Buss and Stoeck,
1975), dogs (Hayas@i, 1965) and humans (Appia, 1967;
Hoes, Vr;e and Guelen, 1980). pMost interestingly, it
has also been repcrted to induce true PS in cats in a
dose range varying from 50 to lOO‘mg/kg i.p. and from
150 to 200 mg/kg i.v. (Delorme, Riotte aﬁd Jouvet)
1966b; Jouvet, Cier, Mounier and Valatx, 1961;
Matsuzaki, 1968; Matsuzaki and Tagaki, 1967; Matsuzaki,
Tagakl and Tokizane, 1964; Stock, Heidt, Buss and
Schlbr, 1978; Vern and Hubbard, 1971). The sleep in-
ducing property of GHB has been hypothesized to be
related to a critical concentration of the substance
in CSF (Hayashi, 1967: Snead et al., 1976) -- an hypo-

thesis that would favour an intra-CNS locus of action
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for GHB hypnotic effects. In fact, this last hypothe-
sis is. substantiated by studies in catls with caudal
péhtine haemorrhage, midpontine lesions, pre-pontine
decerebration and pons isolation (Delorme et al.,
1966b; Jouvet et al., 1961; Matsugzaki, 1968). PS
could still b; induced by GHB only in preparét!ong
éxhibiting intaét nuclei reticularis pontis oralis
'and/or caudalis, i1.e., areas that are recognized as
being eritical for the normal appearance of PS3 (see
1.1.1).

GHé doses exceeding hypnotic levels are reported
to effect an increase in motoric actiéation (Matsuzakl,
1968; Stock et al., 1978) that can be related to epi-
leptoid epi%odes (Godschalk, Dzoljik and Bonta, 1976;
Snead, 1978). Thié observation can be related to the
fact that Da and ACh within the basal ganglia are known
to be involved in the modulation of both normal and ab-
normal mofor activities‘(Caols, Hendricks and Korten,
1975). Since it has Deen observed that GHBE inhibits
DA and ACh transmission in the caudate nucleus (see
above), and since the caudate nucleus is known to exert
inhibitory control over motor activity (Villablanca,

) Mafcus and Olmstead, 1976), a positive, but non-linear,
relationship between GHB and levels of motorié activa-

tion may exist.



There are only two studles on the effects of GHB ad-
ministration in rabbits (Schpgider,-Thomalske, Trautmann,
Smolarz and Sabbagh, 1963; Winter and Samson, 1956) and
they do not include anzlyses of effects on sleep-wake cy-
clicity and EMG levels of activity. In one study (White
and Samson, 1956), a single dose-level of 500 mg/kg i.v.
was uéed, and a "sleep-like.state" with slow waves and
spindle activity was observed. In the other study
(Schneider et al., 1963), although several i.v. dose-le-
_vels were used, the ranges within QOse groups used-to
describe EEG effects were so wide that no specific state-
“ment regarding dose-related effects could be made. How-
“ever, an interesting progressive dose-related model re-
lating the effects of GHB on the EEG was proposed in
which it was hypothesized’that'at lower doses (70-500 mg/
kg) the substance yields an early functional depression
of thalaﬁo-caudo-corticél structures during which slow
activity (2-3 Hz; 500 Uv) appears even though the animal
still responds to noxious stimulation. AT higher doses
(600-1,200 mg/kg), a progressive depression of the as-
cending reticular activating system was hypothesized
since animals would not respond to stimulation. It is
only at the higher doses (> 1,000 mg/kg) that the reti-

culo—spi\éi;igpzqF) systems are depressed.

The literature review suggests that GHB facili-

24
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tates PS, even if the reported effects are inconsistant

with activation of putative sleep mechanisms (decreased

firing of chelinergic fibers, no noticeable effects on
A

NA or 5-HT...). It is also known that GHB acts on the

dopaminergic system in the

same manner a2s do TI facili-

tators (i.e., decreased activity), even though the as-

tion on ACh (another putative TI modulator)is parado-

Xical and contradictory. The facilitatory effect of GHB

on motoric activation at higher doses in the rabbit has

alsc been noted (Schneider

The -present study has
systematlcally examine the
and PS enhancing effect of

evaluated in that respect;

fects of GHB on quantified

et al., 1963).

four main goals: first, to
reported'hypnotic property

GHB in a species not yez B
second, ¢ measure the ef-

motor activity: third, to

assay the effects of GHB on TI; and finally, fourth,

based on obtained results,

to examine the relationship

that is hypothesized to exist between PS and. TI.

1.5 Hypotheses

The present study will examine variations in

sleep patterns, levels of motoric activation and TI

following GHB administration. It is hypothesized

that:

1) Low doses (25-300 mg/kg) will facilitate the

-



occurrence of sleep, particu%arly'of‘PS (earlier onset
and/or greater duratiqnz; ' |

2) Higher doses (500-750 mg/kg) will evoke motor-
ic activation (higher EMG levels), more wakefulhess
and less sleep, while the highest dose (1,000 ng/kg)
will be assoéiated with motoric depression; _

3) TI duration will be facilitated by lower GHB
doses and decreased by higher doses (300 amd 650 mg/kg
respectively); |

' L) In view of the literature presented, PS and TI

will covary in a positive manner. -
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METHODOLOGY

2.1 Subjects and surgical procedures )

. Ten .adult New Zealand male rabdits (eight-wﬁite

and two Brown) weighing 3.8-4.2 kg at the time. of sur-
gery were used in this study. They were divided into
two groups of five fabbits each, one of which was used
in the stﬁdy 0f the effects of GHE administrétion on
eléctrographic‘(sleep—waking cycle) parameters, and the
other was used to examine the effects of GHB administra-

tion on the TI response. .

Animals were food deprived during twelve hours pre-

O

eding surgery. Thirty minutes before surgery, chlor-

promazine (Largactil, 0.4 mg/kg, i.m.) was administrated

o

s a pre-anesthetic sedative. The animal was shaved
over the head and neck surface to expose areas in which
electrcdes were to be implaﬁted. Sodium pentobarbital
(nembutal) diluted 1l:1 with distilled sterile water was
then injected i.v. through the marginal ear vein (0.5
ml/kg). Upon loss of the crossed extensor pinch re-
flex, surgery commenced and scdium pentebarbital wés
then delivered zs required to maintain this depth of
anesthesia. & mineral coriicosteroid (Decadron, 0.25‘
s
mg/kg, i.m.) was injected each three hours to counter-

balance the stress-induced depletion of this substance.

Animals were implanted for chronic EEG recordings

it

4
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- over right and left central motor cortex with a pair of
stainless steel flat-ended screws (# 0-80). Similar
screws were implanted bilateral;y for eye movement
(ECG) recordings in:the supréorbital bone ridge'énd in
the nasal bone fdr the reference (indifferent) elec-
trode. Three to four multistrand, teflon-coated
stainless steel wires wére plac;d deéply into the del-
told neck muscle for muscle activity (EMG) recording.

Followihg surgery, Penicillin (Penlong-S, 0.4 ml/
kg, i.m.) was administrated, and an antibiotic powder
(Dicloxacillin) was sprinkled over the wound before
closing with sterile catgut sutures.

. | -

2.2 Holding and recording environments

Holding and recording areas were maintained on a
12 hour light-aark schedule, with the light period ex-
tending from 7 a.m. to 7 p.m. Food and water were
provided ad 1lib and.all animals were held in indivigd-
ual cages and regularly checked for infections. Du-
ring the experimentation period, only ear mites _and
snuffles {common cold) were detected and were promptly
treated with medicated mineral oil (Hexamite) and an
antibiotic (Tetracycline, dissolved in drinking wa-
ter}, respectively. The holding area was kept at a

temperature of 23° C and 354% humidity.
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Aniﬁals were‘recordéd individually in cages light-
ed at an inteﬁsity of 100 Lux, sound dampened and eléc-
trically shielded. éonnections from the cage to the
pol&grapq.were made thfough an ensemblé of cables,
counterweight boom and swivel commutator (Airflyte
Electrocannular Slipring Assembly, model no. CAY 675-
2L) to ensure free movement of the animal in the re-
cording cage. Recordings were taken for twe consecu-
tive hours between 9:00 and 17:00 hours. Each animal
was habitpated for at least 20 hours to the recording

cage before experimental data were collected.

2.3 Polygraph settings

A pos% operati%e period of 1 week was allowed be-
fore recording sessions began. Eiectrographic record-
ings were generally done using bipolar derivations.
Signals were amplified and filtered on a Beckman R 612
eight-channel polygraph as follows: EOG -- high fre-
quency filter, 30 Hz, low fréquency filter, 0.5 Hgz;
EEG -- high frequency filter, 30 Hz, low frequency fil-
ter, 1.5 Hz; EMG -- high frequency filter, 100 Hz,
low frequency filter, 5 Hz. A4ll channels were pre-
amplified (x .01) and filtered for 60 Hz noise acti-

—

vity.

EMG signals were led to a resetting integrator



which effected fgil-wave rectification and conversion N
of these rectified EMG voltages to digital pulses.

These pulses were displayed together with other elec-
trographic data on polygraph paper write-out. Prior

to recordings, system noise was determined by shorting
EMG leads and counting number of resets over a period

of one minute. To determine the performance curve of

the apparatus, various voltage and fréquency combina-
tioﬁsproduced'by a function generator (Hewlett-

Packard, 3303 Function ggnerator) were processeé
through the system. Variations in ampiification fac-
tors used in this study were maintained within the

linear response range for the apparatus determined by

this ppcedure.

2.4 Methodology: sleep-wake recordings

Three White and twc Brown New Zealand rabblits were
used in this part of the §tudy. Nine different doses
(25, 50, 100, 150, 200, 300, 500, 750 and l,OOC mneg/kg)
of GHB {(Gamma OH, Laboratoires Egic, Paris; prepared in.
ampuls of saline solution, at & concentration of 200mg/ml,
with a ph of 7.9} and two @ifferent volumes of .09 NaCl‘
(saline) solution.(SL I and SL II) were separgely adminis-

.t

"$

‘JI

ated i.v. in the marginal ear wvein following the segquence.

presented in Table 1.

-~
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Since it was reported thaft 80—90% of labeled GH$
is Qxbreted into exhaled air and 10-20% is_excretedlin:
urine within 24 hours after either oral or intraperi-
tonial administration (Hces et al., 1$80; Whitehead and
Virtue, 1965), at least 48 hours elapsed between dose
injecticns in order to allow coﬁplete elimination of the
injected substance from the body. Moreover, teclerance to.
hypnotic effects of.GﬁB following repeated use has not yef‘
been deﬁonstrated (Mamelak et al., 1977; Vickers, 1969).
The saline volumes delivered were equal to a 300 mg/kg
dose of GHB (SL I) and to a 1,000 mg/kg dose of GHB
(SL 1I). Immediately'after injectién, the subject was -
connected to the cable arrangement described above, and
electrographic recordings were inltiated foréwo bonsec—
utive hours. The time 1interval frém_end of injection %o

start of recording was noted.

2.5 Methbdology: TI assessment
Five White New Zezland rabbits were used in this
part of the study. TI testing was conducted under the

follawing conditions: three drug levels, cne saline

P

(SL) level (corresponding in vélume to mean amcunt of
GHB levels) and one baseline (BL) session (no injec-.

tionn). The author was solely involved in every phases
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of this part, of the stﬁdy since experienced and skillful
manipulétions were required to assure cohesiveness in the
various eipérimental prbcedhres invelved; therefore, blind-
ness of experimental conditiens was discarded as a control.
Testing was performed according to a latin sqare design

’

(see Table 2).
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~Table 2

Sequence o0f GHB administration
for the TI experiments,
with date and time of administration

BL SL . 300 650

10/11  19/11 12/:i1 05/11
11:05 11:40 12:40 12:5%

.05/11 14/11 O?/ll 12/11
13:25 10:45 li:15 15:15.

10/11 05/11 14/11 07/11,
11:20 16:05 11:50 16:00

12/11 10/11 05/11 14/11
09:30 12:20 16:30 14:15

03/12  27/11  0l1/12  29/11
10:05 11:45 10:50 08:55

1,000

21/11
12:05

10/11
15:30

12/11
13:45

07/11

12:30

25/11
10:00
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Each session was divided into three time  blocks:
immediately post—injection, 40 minutes post-injection
and 120 minutes posf-injeption. The baseline session
followed the same temﬁoral distribution. Each block
consisted of five individual trials, with two minute
intervals.between the end of one trial and.the‘begin-
. ning of the next. To induce TI, the rabbit Wasrdorso-
flexed and placed in a V-shaped trough, as described
by Klemm (1966). 'Thé duration of each TI episode was.
timed with a stopwatch and extended from the moment
of complete release of restraint (which lasted five -«
seccnﬁs) to spontaneous righting by the rabbit. If

a trial failed, i.e., if the animal righted himself

within five after release from restraint,
the intertrial peripd was reduced to one minute.
After five trizls, [the animal was returned to his cage

until the next tipe block.

2.6 Sleep stages: efinitions and scoring criteria
: h
Electrographic recording analyses were based on
30 second epochs. Composite criteria for stage deter-

minations used in this study were: wakefulness (W) --

low voltage fast, mixed frequency EEG, activated EMG,

sporadic EOG activity; drowsy (D) -- increased EEG

amplitude relative to W, EMG levels similar to relaxed



W, and rare EOG activity; slow wave sleep (SWS) ~- pre- .
dominantly slow, high amplitude EEG with frequent sPin-
dles, EMG activity stable but reduced relative -to W and

D, rare EOG activity; paradoxical slieep (PS) -- low

voltage fast, mixed frequency EEG, presence of regular
theté activity, transient, non-sustained reductions"of
nuchal EMG activiiy relative to other stages, phasic
EMG activity, isolatéd and clustered bursts of rapid
eye movements.

Freguency counts of quantified EMG activity were
made from the paper write-cuts and then pairéd with in-
depehdently-ﬁcored stage determinaticns made by two in-
dividuals blind with respect o injection condition
(agréement > .85).’_Disciepancies were resolved by mu-

tual agreement.

2.7 Data znalysis

The effects of GHB on sleep-wakefulness patterns
during two hours of electrographic recordings yielded two
groups of data: one related to the distribution‘of va-
rious sleep stages during the period of recbrding and
the other generated by'the analyses of EMG activity:

The time elapsed from the end of injection to the
onset of a particular.sleep stage was used as the onset

latency for that particular stage. Proportiecns &6f the



~ total recording time attributed to each_stagé were also
calculated in percentage and were uUsed as the propor-

‘tion of total recording time for that stage. These two

dependent variables were computed for all eleven treat-
ment levels and analysed using a univariate analysis of
variance for repeated measures; Post hoc anaiyses were
performed according to the Dunn's method, using a2 p <
.05 criterion.

The analysis of EMG activity was performed by

counting integfated EMG resets per 30 second interval.
Reset counts were not calculateé for the entire re-
cording period but were done on three fifteen minute
samples distributed at the beginning, middle and end of
each recording éession. EMG resets counts were computed
accerding to dose, time block and sleep stage. Along
with SL I treatment, GHB doses of 100, 300, 506, 750

and 1,000 mg/kg were used in the univariate analysis of
variance for repeated measures. Post hoc analyses were

based on the Dunn's method (p < .03).

N

Data from the portion of the study dealing with the
effects of GHB on TI were znalysed for the four ireat-
ment levels, namely baseline, saline, 350 and 650 mg/
kg of GHB. & trial at 1,000 mg/kg was also intended,

but subjects were sc sedated that nc state comparable

to TI could be induced. Mean TI durations and number

36



of failed trials were calculated independently for each

cell and were analysed using the Friedman two-way ana-

lysis of variance tes<.
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RESULTS

B.i Effects of GHB on sleep-waking cycle patterns
Characteristic stage transitions are presented
in Figures 1 to 5. Subcorticadl tracings (aihed at the
lateral geniculéﬁe nuclel, bipolar recordings) are in-
ciuded in the figures, and although this activity was
‘not essentlial in the present study, informapion from
these tracings helped in stage @eterminations.
\Baseline values cobtained at'both SL I and SL II
levels (Table 3) agreelwith previously reported values
from data gathered for similar time periods (Faure,
1963). Apparent discrepanqies between pr0poftions re-
ported for W and D + SWS in this study compared to
those of Kawakami and Sawyer (1962), Narebski et al.
(1969) and Thoman et al. (1979) come from the faét that
these recordings were done on a 24 hours basis, thus
including a period when the rabbit usually exhibits

predominantly W (Narebski et al., 1969).
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gure 1l:

Transition from waking (W) to drowsiness
(D). Abbreviations for Figures 1 to 5

' g§%}— EOG: electrooculogram; EEG Cort.:

tical EEG; EECG Subcort.: subcortical
PEG; EMG: nuchal EMG; INT. EMG: inte-
grated EMG. Vertical arrows indicate the
moment of transition frem one state to

.another. Vertical calibration marks =

100 v

5
-
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Figure 2:

Transition from drowsiness (D) %to slow -
wave sleep (SWS). :

Ty
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Figure 3: Transition from slow wave sleep (SWS) to

paradoxical sleep (PS).
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Figure 4: Transition from slow wave sleep (SWS) to
waking (W). '
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Figure

-

ot

Transition from baradox1cal sleen (PS) to

waking (W).
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Mean latencies to sleep stares (D, 'SWS, PS) were

‘calculated at‘each treatment level and results from
this analyéis are presentek_in.Appendix A‘and illus-
trated in Figure 6. One-factor univariate analysis of
variance with repeated measuresiwas performed.(as Tor
every following anaiysisi for eacﬁ stageAwith post hoc -
analyses based on the Dunn's method (all at p < .05).

Only the latency to PS was significantly affected
(p < .08) and post hoc tests showed thét only doses of
750 and 1,000 mg/keg were associated with a. greater la-
tency sinée PS was completely abéent at these dose le-
vels. The reduction of PS onset latency at 150 .mg/kg
did not<reach statistical significahce.

Data concerning the provortions of total recording

time for each stage of the sleep-waking cycle according
to GHB doses used are summarized in Appendix B and il-
lustrated in Figure 7. The amount of D was not affected
by any of the treatment levels, but effects were ob-
served for W (p < .05), SWS (p < .07) and PS (p < .1).
SL treatments were not associated with any significant
differences in proportions when compared to various GHBE
doses. Hoﬁever, post hocs showed that a dose of 1,000
mg/kg signifitantly increased proportions of W when
compared tc 100 and-ZOO mg/kg, and of SWS when compared

to 200 mg/kg. Still, the most obvious effect was on PS

45
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-which was completely abolished_af 750 and 1,000 mg/kg.

Again, there was an increase of PS at 150 mg/kg which -

" did not reach significance.



~

Figure 6: Mean latencies (min.; # standard error: éE) to
- stage onset across doses. All recording ses-
sions are of two hours duration and began with
a W epoch. -
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ure 7:

48

Mean proportions (# standard error: SL) of total
recording time (%) for sleep-waking stages

across doses. No PS was observed at 750 and
1,000 mg/kg GHB.
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3.2 Effects of GHE on behavior and EEG patterns during
the sleep-waking cycle . v

Post;dHB behavioral changes were not noted at
doses lower than 300 mg/kg.: At that leve?, some dimi-
ﬁutioﬁ in alertness,was.observéd in the majofit& of
animals in both experimental groups. Animals were
'less active and maﬁipuiations were Tacilitated. In the
650-750 mg/ké dose range, all'anima%s exhibited these
features and at 1,000 mg/kg, they were more sedated and
even TI could nect be inducéd immediately after injec-
ﬁion since the animals were.flaccid,h-No cortical
- spike dischérge or gqus bodily movements were detected
at any dose, althcugh“at times some tﬁitching activitf
was présent.in the EMG tracings.

At the lower and mid-range dose levels (up to 500
mg/kg), GHB-related effects on patterns ¢f EEG activity
were not evident. However, at 750 mg/kg, an alteration
in EEG occufred in most animals with variable latency
(Table .4), and at l,OOd mg/kg the effect was present
in all znimals. This drug-related variation consisfed
of the occurrence of high amplitude (250-500 Uv), slow
(2-4 Hz) waves Which became progressively more concen-
trated at the 1,000 mg/kg dose-level (Figure 8). This

activity, termed CHB-slow wave (G-SW), was superimposed

_on otherwise characteristic D or SWS EEG patterns.

+
.
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lCoincideﬁt with behavioral .arousal from G-SW episddes,

these EEG patterns would disappear and desynchronized

pafternS‘characteristic of W would reappears:

-

50



'oe

Table 4

Onset latencies to G-SW activity (min.)

750 mg/kg 1,000 mg/ kg . )

- 13

Rabbit 1 none 19

. - N ' ‘
Rabbit 2 13 22 -
Rabbit 3 35% 17 ///”/#‘_\\
Rabbit 4 32 48/
Rabbit 5 '

36 ] 56 hd

%* ended 4 minuUtes before termination of the session

#¥ Rabbit 5 died before the 750 mg/kg session



‘Figure 8:

Slow wave activity associated with GHEB adminis-
fration. GHB-slow waves (G—SW:'ZSO-SOO v, 2-4

Hz -waves) appeared at dose levels of 750 (G-SW/

750) and 1,000 (G-SW/1,000) mg/kg. The initial
onset (vertical arrow) of this activity is
shewn in the second tracing (SWS -> G-SW), and

characteristic patterns at 750 and 1,000 mg/kg
are illustrated.
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3 3 Effects of GHB on EMG levels of actlv1ty

EMG resets counts were‘:;alysed aceordlng to dose
(sL I, 100, 300, 500, 750 and 1,000 mg/kg), sleep wake-
fulness stage (W, D, SWS and PS) and time block (first,
middle and last 15 minutes of total recordlng period).
Slgnﬂflcanu varlatlons on LMG levels were noted only
for dose levels (p < .006) and sleep-waking stages (p <
.000001) thus stressing the fact that the efTfects were
comparable across the three time blocks. These results,
collapsed across time for tﬁe five anlmals, are illus-
trated in Figure § and_lo. Post hoc tests on dose le-
vels revealed that rabbits injected with 750 mg/kg of
GHB displayed significantly increased EMG levels of
2ctivity when compared with either SL I or 300 mg/ke
levels. Post hoc tests on EMG resets counts_across‘
sleep-waking stages showed an increased EMG level of-

activity in W when compared with either D, SWS -and P3.

Analysis of dose and stage interactions did not reach

significance.
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Quantified EMG activity levels (means and
standard errcrs) across GHB doses. Data
are based on 45 mlnutes of recording per
rabbit per dose.
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ure 10:

Mean levels (# standard errors) of guanti-
fied EMG activity across doses . for each
stage. Note that at 100 mg/kg, no PS epoch
was scored in any 15 minute sample used,
even though it was present at other tlmes
following the same dose.
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3;4 Effeéts of GHB on TI

‘Behaviorally, rabbits exhibited the normal charac-
teristics of TI during BL, SL, 300 and 650 mg/kg trials,
i.e., the animals were immobile, un;esponsive. and ri-
gidity of limb musculature could be observed; eyes could
Vbe either open or c¢losed, and the animalé could exhibit
unsuccessful attempts to right themselves. Respiratory
rétes, calculated from fiﬁe second samples visually de-
.termined, were variable within episodes and did not
differ between experimental .treatments. Except on one
occasion where micturitionrdcgurred after ‘the first
trial at 300 .mg/kg, micturition or defecation did not
occur dufing the expgrimental sessions. _ '

No TI could be induced immediately after injection
of 1,000 mg/kg‘of GﬁB sihcerthe normal characteristics’
of TI were not ﬁbserved in any‘animal. Instead, the
rabbits were flacéid and eyes.were_alwéys closed. A
'@ery slow réspiratory rate was prominent and ﬁo unsuc-
cessful attempts at righting were noted. For this
reason, these sessions were discarded and were net in-
cluded in the data analyées. . |

For each time block (0, 40 and 120 minutes after
injection) at each treatment level (BL, SL, 300 and
650 mg/kg of GHB): three measures of TI were obtained:

duration of the TI episodey, Trequency of failure (un-



./;
M

successful TI induction); and electrographic record-
ings. The latter recofdings were taken iﬁ a subsample
of rabbits following.édmigistration of 650 mg/kg GHE
éfter the experimental schedule was completed. This
was done to avoid possible confounding ef?ects of re;
cordings on the experimental treatment. | <

Since the assumption of homogeneity of the vari-
ance was net safisfied, mean TI duratibné and failure
frequency differences between doses and time blocks
were analysed usingithe non-parametric Friedman two-
- way analysis cf variance test. Results illﬁstrgted in

Flgure 1l are summarized 1n Appendix C.

e
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Figure 11

58

Frequency of TI induction failures and mezn

-duraticns. (sec.; + standard errors: SE) of °

TI ebisodes across conditions as a2 function
of three time intervals after injection.
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While no significant differences in mean duratioﬁ_
or failure frequency was found ‘between time'ﬁlbcks or
dose levels, a t;end'(p < .1) toward lenghthening of TI
episodes was observed at GHB dose levels of 300 and 650
ng/kg relative to non;GHB'(BL and SL) cohqitions.~'
Baseline electrographic recordings during TI were chér-
acterized.b& the:absegce.of marked EEé change, i.é.,
iSb Uy,'8;9 Hz activity was maintainedf and a réduction;} g
in ngchal_ﬁMG activity (see Figure 12). Reo*esenuatlve
tracings'from_one subject for the three time blocks
following 650_pg/kg prgséntea the follow1ng Datterns‘_ P
in the minute.following injection (QLgure 13), normal
Eéc activity in W-shiftéd upon TI induction to a high -
voltage, slow act;v1ty Dattern (4 5 bz, 250~ 2?5 Uv)
;fw1bhout SDanle act1v1uy as descrived in 3.2; at AO
minutes (Figure 14), TI induction was followed immedi-
étely by -EEG patterns reseﬁbling G-sw (250 Uv, & Hz)’énd

spindle activity appeared within & minute; after 120

‘- minutes (Figure 15), EEG before and after TT 1nduct10n
was similar and was comnarable to«G SW and to Datterns

obsevvea durlng TI after O and LO mlnutes

- ' 5

- . . b

B .
. ’
. W



Figure 12:

*

Transition from W to TI in an untreatéd

.rabbit. For Figures 13 to 16: EOG:

electrooculogram; EEG Cort.: cortical )
EEG; EEG Subgort.: subcortical EEG, aimed
at right hippocampus and referred to right
motor cortex; EMG: nuchal €lectromyogram;
INT. EMG: integrated electromyogram.
Vertical arrows indicate’ the moment of
state ftransition. Verticazl cazlibration
marks = 100 IU¥.
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ure 13:

Transition from W to TI iﬁmediately
following 650 mg/kg of GHB. .
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Figure 1k: Transition from W to TI 40 minutes after
650 mg/kg of GHB. :
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Transition from W to TI
650 mg/kg of GHB.
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120 minutes after
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- enhancing effeéts of GHB, i.e., latenéy‘to onset of SWS

'DISCUSSION

The. sleep-wake cyéle pa#térn results of this study '

faiiéd to support the postulated sleep induéing or PS

or PS was not diminished at any of the dose-levels used.
Moreover, no differences were found between time spent
in W, D or SWS across CHB dose levels relative to the
saline control levels. Howevér} it was observed that

PS was abolished at high GHB doses (750 and 1,000
mg/kg). In view of these largeiy negative results, the;
possibility that these effects resulted from uncon-
trolled cenfounding variables must be examined.

Two possiblé sources of sﬁch‘experimental bias are:
recérdihg time (duration and time of day) and stress fac-
tors. Perhaps tﬁe recording periods were tbo brief to
détect GHB-related effects or perhaps circadian factors
(time of day) dampened certain effects, é.g., }educed the
tendency to sleep or to éxperiénce certain sieep stages.
Since Snead et. al. (1976) reported a .maximum boﬁcentra-
tion of GHB in serum within 40 minuteg_and ;ﬁ‘CSF within
twofhours at a aose of 500 mg/kg, two hours seems -to be a
recording period adequate to include time intervals during
thch maximal drug related effects shqﬁld be occurrin.g

moreover, other state and é%ent correlates discussed in

\
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cular (Narebski et al., 1969).

séction.l.4 (e:g., changes in DA and ACh éctivityf be-.
havioral depreséion, motor;c a;tiﬁation. EEG altera-
tions) have alway§‘been_reported tp.océur well before
two hours post-injection. - |

The possible influence of circadian factors on

sleep patterns was well controlled by scheduling ses-.

sions between 9:00 and 17:00 hours, a period that should

‘maximize occurrence of sleep in general and PS in parti-

-,

It is known that the rabblt is a very sen31t1ve
anlmal and that both sieep oatterns—and TI are 1n€lu—
enced by stress. P0551ble soprces of stress in thls 1n-ﬂ
vestigation-wére_injection procedures ard volume of sub-
stance injected. To-coritrol for these varigbles, two
saline controls were included, corresponding respecti-
vely to GHB doses of 300 and 1,000 mg/kg, and results
with such treatments were similar to reported control

- —
values in the rabbit .(see 3.1).

Other potentially stressing factors such as accommo-
dation to recording environment and‘recovéry from surgery
were controlled for by allowing generous time'periods
preceding expeérimerital rec¢ordings. Thus, thekresults of
the present study cannot b% readily attributed to thése
méthodgloélcal,shoqﬁcomingg\or contaﬁinating factors.

Closer examipation of the data sgows that W decreas-
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Fal

ed at l,OOO‘mg/kg when comﬁéred to 100 and 200 mg/kg, and .

that SWS values at 1,000 mg/kg were enhanced relative to

those at 200 mg/kg. These observations, together with

~ the consideration that PS was abolished at 750 and l,OdO

mg/kg, hint at an effect of GHB on patterns of «the sleep
wake cycle. Figure 7, which presents data on duratiocn .
of stages across GHB dose levels, is interesting in this
respect: at a dose of 200 mg/kg and highef, there is a '
Progressive, althoﬁgh statistically nonsignificant, in-
crease in SWS durations, as well as a progreésive de-
crease in ?S‘duraﬁiop which begiﬁs.gt 150. mg/keg. It
thu; seéms thaﬁ-effects of GHBnbegoﬁé appafenf.from
around 150 @g/kg and ‘increase with dose. ‘Spéhla pro-
gressive tendency of W to decrease and SWS to increase
support the h#po%hesis formulated by Schnéidér et al.
(1663) %hat iﬁcreasing doses of GHB_progréssiveiybde—;
press tﬁe ascending retiecular activéting syétgm (ARAS).
Frorf the présent reSults,;we can hypothesize thai this-

depression of—thé ARAS is noticeable only relative to

an activating effect observed at lower dases (150-260

'mg/kg). The depressive phase of such a bipolar effect
] .

could not be accounted for by an éxhéustion of‘ARAS
neural elements following overstimulation sincq the pos--
tulated activating phase did not reach a level that could

permit such an overreaction, i.e., W and 'SWS were not

67



" as related to the Dresent problen.

-

different from baseline. A possmble explanatlpn of- the
observed blpolar effect could lle in the eplleptogenlc
propertles of GHB at very high doses (Snead,.19?6) e
However, not much effort has been devoted to this 1ssue‘

The pOSSlbllhmy that G-SW obscu_ed the EHC trac-

ings and contaminated reliability of stage determ;na-

~tion .should be considered. However, since-% -Sw consms— :

. D

'tently apbearea only after .SWS was 1n1tlated. and since

in one case (rabbit no. 1, at 750 ng/kg) no G SW was .

HobserVed althoueh 5y and SWS onset latenc1es were uhe

g e s Z

shortest of the eroun, the SWS enhanc1ng effect cannouz

be accountea for by an artlfactual e_fect of‘G—Sw~

R
.

A An LLG phenomeno“ comparab;e to G-SW was reported
by Lohgo (1966), White and Boyajy (1960) and Wik1EPR
(1952) fdlioWidg atropine administration, but enough
dissimilerities.exist to suggest that the phencmenon
they reported is differen% from the G-SW described1in
the present study. For example, atrepine is known to

induce spindle bursts (8-12 Hz) along with delta acti-

vitf and this pattern was observed to persist through

d

‘w (Jouvet, 197 ; Longo, 1966). This was not the case

for GHB in the present s»udy since EEG act1v1ty desyn—‘

-

chronized upon-W, except at 120 minutes after adminis-

¢

tration of 650 mg/kg. Even then, no spindle activity
’ ) - 0 . . .

! Y ' '

v . : . : 4

e
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-was obse*ved during W. 3Sehaviorally, lengd (1666) pre-. - . . -
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