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Summary, — The action of asthimizol on cAMP system
d on steps of the metabolic reactions in which regulation
of cAMP takes part, were investigated. Aethimizgol inbibited
the activity of ¢AMP phosphodiesierase, its poremy being
about half of that of theophilline. The dryg increased
arkedly the rate of formation and the level of ¢ AMP,
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Riassunto. — B’ stata studiata Dinfluenga dell etimizolo
Jie reagioni metaboliche che coinvolgono I’ AMP ciclico.
‘etimizolo inibisce Pattivita della fosfodiesterasi dell’ AMP
dclico; la swa porenga & circa meta di quella della teofillina.
{ farmaco produce wn awmento dei lvelli di AMP ciclico
livello del sisiema mervoso centrale.
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INTRODUCTION.

Aethimizol, 2 methylxantine derivative, is endowed
with several pharmacological effects [1, 2]. It stimu-
lates the respiratory centre and is used as a respiratory
analeptic. It stimulates also the hypophysis—adrenal
system, rising the level of corticosteroids in blood,
and it is used in bronchial asthma and rheumatic
arthritis, Since it improves also memory and learning,
it may be supposed that this action is connected with
its influence on brain metabolism.

The activity of methylxantines depends on their
shibitory action on cyclic nucleotide phosphodieste-
ase, leading to an increase of cAMP level in tissues.
n this connection the action of aethimizol on cAMP
ystem and on steps of the metabolic reactions in which
regulation of cAMP takes part, were investigated.
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METHODS.

The investigations were carried out in male rats
(weight 200-220 g). Aethimizol was injected intra-
peritoneally in doses of 10 and 20 mg/kg. The rats
were decapited from 30 min to 3 hours after drug
injection depending on the investigated processes and
the brain was dissected out. The activity of cyclic
IMP phosphodiesterase [3] was studied in homoge-
nptes of rat brain in experiments in vitro. Aethimizol
was added in concentration of 0.01 M. The activity
of adenyl cyclase [4] was measured in brain tissue
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30 min after aethimizol injection (20 mg/kg), together
with the content of cAMP, determined by enzymatic
methods [5]. The level of calcium jons, by means
of atom-absorption spectrophotometry, and the glucose
content by the method of Slein [6] were also measured.
The membrane permeability of brain synaptosomes
was investigated by the rate of rheir swelling in 0.4 M
glycerol [7] with addition of aethimizol in sitre in
concentration of 10 mg/ml, In order to investigate the
influence of aethimizol on transcription, histone/DNA
tatio in nuclear fraction of brain was estimated 3 hours
after aethimizol injection (20 mgfkg). 'The activity
of RNA-polimerase reaction [8] and ribonuclease
activity [9] was determined one hour after drug injection
(10 mg/kg). The nuclear fraction of brain cells was
isolated by centrifugation in 2.2 M sucrose at 34,000 x g.
Histone proteins were extracted from nuclei with
0.25 N HCl. Their content was estimated by Lowry’s
method, DNA content was determined by Barton’s
method [10].

RESULTS AND DISCUSSION.

Acthimizol inhibited (30 %,) the activity of cyclic
AMP phosphodiesterase, its potency being about
half of that of theophilline. The drug increased mar-
kedly the rate of cyclic AMP formation and the levels
of cAMP (Tab. 1).

As calcium is the co—factor of the cyclic nucleotides
regulating influence, the content of calcium ions in
rat brain was investigated. Aethimizol increased Cat+
concentration (Tab. 1). Probably this effect is con-
nected with the action of aethimizol on the adenyl-
cyclase system and permeability of synaptic membranes.
In fact aethimizol increases also membrane permeability
of rat brain synaptosomes. It is known that the com-
pounds raising CAMP content in tissue activate encrgy
ptocesses, Taking into account this fact, aethimizol,
as well methylxantines, might be considered « energy »
drugs [11]. Indeed, it was established that the content
of brain glucose is increased under aethimizol influence
(Tab. I). Moreover, it was shown in previous investi-
gations the intensification of glycogenolysis, glycolysis,
oxidative processes in brain tissue and the increase
of synthesis of high-encrgy phosphates [12].
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Table 1. — Action of aethimizol on the rat brain metabolism
(M n=15)

The action of cAMP on cellular metabolism is
probably realized through an allosteric regulation
of some enzymatic system. We have therefore investi-
gated the influence of aethimizol on transcriptional
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2. Anicukov, S.V. 1974. The sgelective action of mediator agents.
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Control Aethimizol

activity, finding a decrease of the histone to PNA
CAMP  ohosphodiest ratio in the nuclear preparation of brain tissue. Aethi-
phaosphocicsterase . mizol increased WC-uridine incorporation in isolated
A::::lm (:;f']];'r:lg ?;::nw) 32.8£1.6 2.1%1.2 cell nuc!ei of b_ra.in tissue. This effect may be coqnccted
(imp./mg protein/min) . . 178.0423.6  602.0--96.0% both with activation of mA synthe§1s and with the
Cyclic AMP  content decrease of the rate of its enzymatic decay. After
MMUE) vreeennanaans 1.140.2 2.44+0.2% acthimizol treatment, ribonuclease activity in nu-

Calcium ions concentration clear fraction of brain cells was found diminished.
@Mig) e 14.240.9 18.441.5* In summary, it may be concluded that the molecular
Permeability of synapto- mechanism of aethimizol activity is connected with
:::il:; membrancs (Em! 52.0£5.0 65.0.46.0% its ability to induce cAMP accumulation, therefore
Glucose comtent  @MJgy  1.5940.04  2.251+0.12+  Ioying aethimizol action with that of the methylxan-
Histone/DNA ratio ...... 1.22 0.94 tnes.  However, acthimizol, unlike methylxantines,
RNA polymerase reaction is less active on cyclic AMP p_l'nosphod.lestcra_se ;}nd
activity (imp.fmg DNA/ induce cAMP accumulation in brain tissue by activation
Y R 28374353 61374588 of the adenyl cyclase system. This, allegedly, promotes
Ribonuclesse activity (Egen/ rapid and massive cAMP formation, triggering in
mg DNA) .......ovues 19.041.0 11.640.8" turn a series of enzymatic reaction directed to acti-
vation of metabolic processes and to increase of func-

(*) P < 0.05. tional cell activity.
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Summary. ~ Repeated (ome shock daily for & days) but
ot single ECS suppresses the bebaviowral and EEG effects
of a small doss of apomorphine (25 ug.kg™), 1..) in rats,
In control amimals, this dose of apomorphine produses bypo-
motility and increases the time of synchronized EEG, during
the 45 min after treatment. These effects were absent when
apomorphine war given 3 days after the last of 8 ECS.
The results suggesi that repeated ECS results in diminished
sensitivity in DA receplors that mediate sedation and siecp
in rais.

Riassunto, — I7 trattamento con ripetuti (ECS) (smo al
giorno per oito giorwi), ma nom con wn singolo ECS, antage-
nizga gh effetti comportamentali ¢ Il modificayioni EEG
indotte da sma piccols dose di apomorfina (25 1ig.kg™*} nel
ratto. Neghi awimali di consroilo tale dose di apomorfina
inibisce Pattivita motoria ed awmenta la perceniwals dei
tempi di sincromizzagions EEG duramte | 45 minuti sue-
cassivi alla somministragions. I rissitati indicawo che ripetuti
ECS producoms snma diminnita semsibilitd dei  recettori
dopaminergici che mediawo la sedagions ¢ il somno mel ratéo,

INTRODUCTION.

Minute doses of apomorphine decrease motot activity
in rodents [1, 2], This response reflects a true sedative
effect since it is associated with a marked increase in
the amount of EEG synchronization [3]. The cffect
of subcutaneous injection of apomorphine lasts less
than one hour, due to the short half-life of the drug,
but a pemistent behavioural and EEG effect may
be obtained with the continuous infusion of apomor-
phine [3]. Moreover, apomorphine-induced sedation
and EEG changes are prevented by dopamine (DA)
receptor blockers such as haloperidol, pimozide and
(-)sulpiride, suggesting the existence of DA receptors
mediating sedation in the rat CNS [1, 2, 3]

Chronic treatment with tricyclic antidepressants
or mianserine prevents the sedative effect of low doses
of apomotphine in rats [4, 5). This antagonism is
only observed after chronic treatment and persists
long after treatment withdrawal, the time-course of
this effect resembling that of the clinical effect of these
‘antidepressants.

The aim of the present study was to clarify whether
the ability to antagonize the sedative and hypnotic
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effects of low doses of apomorphine is a general
property of antidepressant treatments, being also exerted.
by clectroconvulsive shock (ECS), the most effective
treatment for endogenous depression. Since hypo-
motility in rats, especially after ECS, may coexist
with EEG arousal, the influence of ECS on apomot-
phine-induced synchtonization was studied in order
to cvaluate a true sedative effect. The present results
show that r but not single, ECS eliminates
both the behavioural and EEG effects of small doses
of apemorphine,

MATERIALS AND METHODS.

Male Sprague-Dawley CDR rats (Charles River,
Como, Italy), weighing 250-300 g, were used. Under
chloral hydrate anesthesia (400 mg-kg™), three stainless .
steel micro-screws were implanted over the wvisual,
sensorimotor and frontal cortex. Hippocampal activity
was recorded by a stainless steel wire (diameter (.30 mm)
insulated to the tip and placed in the left dorsal hippo-
campus [6, 7]. For EMG, two small stainless steel
needles were inserted acutely, prior to recording, in
the dorsal neck muscles, as previously described [3)
After surgery, the rats, allowed one week for re-
covery, were housed one per cage at 24 °C, humidity
50-60 9%,, with reversed light-dark cycles (light on
from 10 p.m. to 10 a.m.) and with standard laboratory
food and water ad libitem, o .

One single shock (150 volts; 50 Hz: for 1 sec) was
given daily through ear—electrode alligators for 1 or
8 days, at 9 a.m, Controls were handled in the same
mannet, but no current was passed. The recordings
were made during the dark phase, under red lighe,
starting at 1 p.m. Each animal was recorded only
once, for 45 min, starting 5 min aftér apomorphine
injection. This schedule was chosen because the.
apomorphine effect is most evident in naive rats placed”
in an unfamiliar environment, during the dark phase
of the cycle, when spontancous motor activity is
mzximal. Apomorphine (25 pg-kg™?), freshly dissolved
in HyO contsining 0.2 mg-ml™! of ascorbic acid, or
solvent was injected subcutancously through a long
Silastic tube (Dow-Corning), so as not to distutb
the animals. In each experiment, 4 animals were
studied simultaneously: they were placed in individua
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recording cages, within an electrically shiclded sound~
proofed room and observed through a one-way glass
window.

EEG and EMG were recorded using a Grass—
pligraph (Grass, Massachussetts, U.5,A.). Qualitative
d quantitative EEG cffects were analyzed by visual
oring of 10 sec epoch records and by the use of a
quency analyzer (Ecos, Sardinia).

The animals’ state, as either awake, synchronized
ot slow or desynchronized or REM sleep was classified
agcotrding to the standard criteria [6, 7]

An animal was considered sedated when the following
onditions were concomitantly present: &) absence
f body movements; #) presence in both the cortical
nd  hippocampal leads of high voltage (> 100 uV)
ow frequency waves intermingled with spindles at
+13 Hz and ¢) matked reduction of EMG activity.
laring these periods, the eyes may be either open
r closed.

The statistical significance of the results was evaluated
by the two-tailed Student’s t—test.

ap oo ;o oy
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REsuLTs.

After 15 min of control recording, apomorphine
(25 pg-kg™) was injected in control rats and in those
treated once or 8 times with ECS, three days after
the last treatment, EEG recording was continued
for 45 min, starting 5 min after apomorphine treatment.
he recording was prolonged no further due to the
short half life of the drug.
As previously reported [3], the administration of
a| low dose of apomorphine caused behavioural se-
tion and increased the amount of EEG synchroni-
zation (EEG sedation) from 12 to 509, of the total
recording time in control rats (Tab. 1). The effect
of apomorphine in rats treated with a single ECS
as quite similar to that observed in controls. On
the contrary, the administration of apomorphine to
rats repeatedly treated with ECS failed to elicit

Table 1. — Antagonism by repeated ECS of the EEG-
Synchronizing effect of apomorphine (25 ug- kg™Y).

Slow waves sa %, of total recording time
(45 min after treatment)

ECS
Procreatment No. of No. of
Solvent recos- Apomorphine recor-
dings dings
| 1 - S 12.72:42.54 6 51.324-3.68* 6
ngle .... 11.68--3.20 6 48.76+3.76* 8
epeated 8.754-1.84 8 10.324-4.06** 10

Rats received ECS or sham ECS as described in Materials
d Methods. Apomorphine or the solvent were given 3
ys after the last ECS, Each value is the mean =+ S.E.
btained from the reported number of recordings. Each
imal was recorded only once.

(*) P < 0.001, with respect to solvent-treated rats.

(**) P < 0.001, with respect to sham or single ECS-
treated rats receiving apomorphine.

behavioural and EEG sedation. The EEG pattern of
ECS-treated animals receiving no apomorphine was
characterized by a slight increase in EEG desynchro-

nization with respect to control rats, '

Discussion.

The present results show that repeated ECS pre-
vents the sedative and EEG effects of small doses
of apomorphine. Changes in the response to apo-
morphine were observed after repeated treatments
and were present long after treatment withdrawal.
Since the effect of apomorphine is due to stimulation
of DA receptors [1-3], the time course of ECS-
induced changes suggests that DA receptots subserving
scdation have become insensitive to the transmitter.
However, the identity of such receptors is not clear.
They might be identifiable with DA autoreceptors,
whose stimulation results in decteased dopaminergic
firing and DA synthesis [8, 9[, or a special kind of
postsynaptic ones [10] having the same high sensitivity
to DA agonists.

Experiments in progress have shown that the bi-
latera] lesion of the nigrostriatal dopaminergic system,
induced with the intranigral injection of 6-OHDA,
which produced a fall in striatal DA content of over
959, failed to prevent the sedative effect of apomos-
phine, injected when the animals had recovered from
the neurological deficits produced by the lesion. These
results would apparently rule out the inhibition of
the nigrostriatal DA systern in the mechanism of the
sedative effect of apomorphine. However, further
expetiments carried out with these 6-OHDA lesioned
animals showed that inhibition of DA synthesis with
d-methyl-p~tyrosine also resulted in a long-lasting
sedative effect.

A possible interpretation of these results is that
residual DA fibres after 6-OHDA lesion are sufficient
to maintain 2 normal state of arousal and that the
inhibition of dopaminergic transmission in these
fibres results in a sedative response, Thus, these results
support the idea that sedation is due to inhibitdon
of dopaminergic firing in the nigrostriatal dopami-
nergic system.

An alternative interpretation of our data might be
that ECS induces supersensitivity in postsynaptic
excitatory DA receptors in the striastum or limbic
areas [11, 12]. Accordingly, the sedative effect of
apomorphine might be masked by the stimulation
of such receptots. Indeed, such supersensitivity of
postsynaptic DA receptors has been observed after
withdfawal of chronic neuroleptic treatment [13]
However, unlike after neuroleptics, no changes in
DA-sensitive adenylate cyclase {11} or dopaminergic
binding in the striatum [14], two biochemical markers
of DA receptor supersensitivity, have been observed
after repeated ECS, Moréover,”the effect of newro-
leptics differs from that of ECS, in that these drugs
potentiate not only the stimulant effect of apomorphine
but also its sedative effect and inhibition of DA syn-
thesis. After chronic haloperidol withdrawal, a dose
of apomorphine as low as 6.2 pg-kg™, which is inef-
fective in normal animals, decreased both motor
activity and DA synthesis [4]. Such potentiation was
not observed with chronic ECS.



The ability to antagonize the sedative effect of small
doses of apomorphine appears to be a general cha-
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Moreover, they indicate that apomorphine-induced
sedation may be a useful model of mental depression.

racteristic of chronic antidepressant treatments, shared
by tricyclic antidepressants [5], atypical antidepressants,
such as mianserine [5], MAO inhibitors [4] and REM
slecp deprivation [15].

Thus, also the present results suggest that the de-
velopment of subsensitivity of DA autoreceptors
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Summary. — In Jight of the different mewropharmaco-
logical spectram of classical newroleptics and bemyamide
derivatives we have investigated the comparative effects of
baloperidol and sulpiride om the activity of the G.ABA-
synthesizing enyyme GAD in rat corpus striatum and sub-
stantia nigra, Results obiained show that acwte or chronic
infection of sulpiride results in am increase of wigral and
striatal GAD activity while mo significant changes is observed
Sdllowing baloperidol adprinistration. Since hypophysectomy
completely prevents sulpivide—induced changes in nigral and
striatal GAD activity, the possibility has been suggested
F ant anterior pitwilary factor may be involved in the central
effects of the bengomide derivative. In this regard, a specific
of prolactin, the synthesis and release of which is strongly

Riassunto. — Somo stati analizzati ghi effesti comparativi
deflaloperidole ¢ della sulpiride, sullattivita delPengima
di| sintesi del GABA, GAD, nel corpo striate ¢ nella
substantia nigra,

ai risuliati oitenuti si evince che il trattamento acuto
o |cromivo com sulpiride induce wn incremento dellattiviia
GAD nella substantia nigra e mel corpo siriato, mentre
nessuna modificazione significativa si osserva dopo sommi-
nisgrazione di aloperidolo. Che un fattore adenvipofisario
posta mediare Deffetto cenirale del sulpivide si desume dal-
Devidenza che Uipofisectomia previene Pincremento di GAD
indotte dal derivato benzamidico. L'ipotesi di wmo specifico
coipvolgimento della prolattina deriva dall’evidenza che wn
incremento dellattivitd GAD nigrale ¢ striafale si osserva
in |condizioni di iperprolatiinemia indotta da impianto di
ipofisi sotto la capsula del rene.

INTRODUCTION.

The antidopaminergic activity of the benzamide
dernivative sulpiride appears markedly different from
that of classical neuroleptics such as haloperidol. In
fadt, unlike haloperidol, sulpiride shows little efficacy
in blocking amphetamine-induced hyperactivity and
apgmorphine-induced stereotypies and in causing
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in nigral and striatak GAD activity
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catalepsy [1]. Moreover, it is well known that the
parkinsonian syndrome and the tardive dyskinesia
observed during haloperidol treatment and after its
discontinuation rarely occur in sulpiride-treated pa-
tients [2].

The different neuropharmacological spectra of sul-
piride and classical neuroleptics might be related to
the fact that sulpitide would act preferentially on dopa-
mine (DA) receptors not linked to adenylate cyclase
(D2 receptors according to Spano ef &/ [3], and, in
contrast, haloperidol would inhibit DA receptors both
those linked (D1) and not linked to (D2) adenylate
cyclase.

Few data are reported concerning the role of neuro-
transmitters other than DA in the neuropharmaco-
logical effects of haloperidol and sulpiride. Several

Table 1. ~ Effect of acute and chromic (2.5-5 mg|kg, twice
daily for 21 days) baloperidol or sulpiride i.p.; treatment
(2 mglkg cach infection) on nigral (SN') and striatal (CS)
GAD activity in male rats.

GAD ACTIVITY
famol MCO, /100 mg prot./60 min)

SN CS

Acute treatment:

Saline  .....iiiiiian 41.644-1.42 19.9042.71

Haloperidol .......... 37.414-4.34 18.5743.13

Sulpiride ............ 60.2812.12* 37.36-=3.17*
Chronic treatment:

Saline .............. 43.194-2.61 18.884+3.04

Haloperidol .......... 46.224-4.25 15.4142.64

Sulpiride ............ 62.81-13.16 39.5541.68*

GAD activity was assayed using the conditions described
by Beaven et al. (14), slighty modified by Nistico et al., (15).
Values are mesnt of 8 animals for each group.

(*) p < 0.01 if compared to saline injected animals.
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lines of evidence suggest that striato-nigral GABA
ergic pathway plays an important role in the expression
of DA-related striatal function [4].

In this paper the results are reparted of a study
on the effects of acute and chronic haloperidol and
sulpiride treatment on the activity of the GABA syn-
thesizing enzyme glutamic acid decarboxylase (GAD,
EC 4.1.1.15).

No significant changes in nigral or striatal GAD
activity were observed in both acute and chronic
haloperidol-treated groups. These results are in
accordance with previous data by Lloyd and Horny-
kiewicz [5]. Conversely, a sharp increase in GAD
activity was induced by acute ot chronic sulpiride
treatment (Tab. 1).

Although a direct action of sulpiride on GABA
neurons cannot be ruled out, it is reasonable to
speculate that GAD activity changes may reflect a
primitive action of the benzamide detivative on DA
receptors. It has been suggested, in fact, that nigro—
striatal DA ergic fibers could control striato-nigral
GABAergic system by contacting the dendrites of
striatal cholinergic interneurons [6]. Thus, the DA
teceptors agonist apomotphine may increase striato—
nigral GABA turnover via removal of an inhibitory
influence on the GABA cell bodies and dendrites [7).
In addition it has been recently proposed that DA
can modulate the activity of cortico-striatal gluta-
matesgic fibers [3]. This pathways is considered to
play an excitatory role on striato-nigral GABAergic
neurons {8]. Several lines of evidence suggest that,
in corpus striatum (CS), D1 receptors mediate the
DA-induced inhibition of cholinergic interneurons
whilst D2 receptors would be preferentially located
on cortico-striatal glutamatergic fibers,

The increase in GAD activity observed in sulpiride-
treated animals could be explained through a poten-
tiation of the GABAergic transmission by removal
of the D2 mediated inhibition of cortico-striatal gluta-
matergic fibers. Still, the increase in GAD activity
might also reflect the stimulation of nigro-striatal
DA transmission due to the sulpiride—induced block
of DA inhibitory antoreceptors. This hypothesis
might be supported by the observation that sulpiride
is able to counteract the hypomotility induced by
low doses of apomorphine, effect allegedly associated
with the stimulation of DA autoreceptors [9].

Since halapetidol fails to increase nigral and striatal
GAD activity, it is conceivable that the blockade
of D! receptors may counteract the simultaneous
D2 dependent effects on GAD activity. Howevet,
a major question concerning the neurochemical events
related to sulpiride peripheral injection raises from
the fact that the drug poorly crosses the blood-brain
barrier [10]. Therefore, while exploring the possible
activity of the benzamide detivative on GABAetgic
system, the possibility was considered of an indirect
mediation by other events occurring outside the blood-
brain barrier. In otder to evaluate the involvement
of prolactin (PRL), an anterior pituitary hormone
whose synthesis and release are strongly stimulated
by sulpiride [11-13], GAD activity was also assayed
in sulpiride~injected hypophysectomized animals or
in animals in which hyperprolactinemia had been
induced by other approaches.

Hypophysectomy completely prevents the effects
of sulpiride on GAD activity (Fig. 1), suggesting the
involvement of an adenopituitary factor in the sul'-
pitide —induced GAD activity changes in CS and
substantia nigra (SN). In view of the above reported
sulpiride eflects on PRL synthesis and release, it is
tempting to speculate on the possibility that PRL
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Fi6. 1. - Effects of sulpiride injection (2 mg/kg. i.p. 30 min before

sactifice) on nigral (SN) and striatal (C8) GAD activity in intact

and hypophysectomized (hypfx) male rats. Values are means 4

5.E. of 8§ animals for each group. (*) p < 0.01 if compared to
saline-injected intact animals.
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Fig. 2. — Effect of adenopituitary transplantation (Graft) on nigral
(SN) ahd striatal (CS) GAD activity and plasma prolactin (PRL)
levels in tale rats, Values aremeans -+ S.E. of 8 animals for
each group.. (¥) p < 0.01 if compared to sham operated animals.

may be responsible for this effect. In support to this
hypothesis, it is of interest-to“note that an increase
in GAD activity is observed following adenopituitary
homograft (Fig. 2), a condition of hyperprolactinemia
independent from sulpiride injection. However, it
must be also considered the possibility that other
events possibly linked to hypophysectomy such as
changes in the permeability of blood-brain barrier
ot in pharmacokinetics of sulpiride may interfere with
the effects of the benzamide derivative on striato-
nigral GABAergic system,
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Summary, — A reduction of both maximal density and
isigciation constant for the low—afinity component of me-
hionine—enkephalin receptor binding sites was found in rats
ter chronic ethanol treatment, These changes disappeared
ithin 48 b after the last dgy of freatmeni. On the other
and, acute ethanol administration (4 glkg) elicited the
isappearance of the bigh affnity componeni. In vitro
thanol significantly alters the binding of « apiate » peptides.
he wltrafiltrate of the supernatant obtained from brain
embrane fraction of rats chronically treated with alcobol
as able to inhibit both maximal demsity and dissociation
mstant of the lew—affinity component of opiate receptor
inding.

Riassunto. — [fu ratti trattati cronicamente con etanolo
é| stata ritrovata wna diminugione del numero ¢ della costante
[ dissociazione della componente a bassa affinitd dei siti
recettoriali della met—enkefalina. Un ritorno alla norma
55 ha dopo due giorni dalla fine del trattamento. Il iratta-
ento acuto con etanvlo (4 glkg) provoca invece la scomparsa
lla componente ad alta affinita. In vitro Petanolo infinenza
i legame dei peptidi oppioidi. L'ultrafilirate del superna-
tante otfensto dalle fragioni di membrama del cervello di
atti drattaki cromicamente con glamolo inibisce il numers
Ua costante di dissociagione defla components a bassa affinitd
{ legame del recettore oppiaceo.

3

&‘Q

IntTrRODUCTION.

The question whether or not opiate systems are
involved in development of tolerance to and physical
dependence on cthanol begins to attract considerable
attention [1]. For that reasons the demonstration
of opiate-like effects by certain neuroamine-derived
tetrahydroisoquinolines has a particular interest. It
has been demonstrated {2, 3] that acetaldehyde may
condense with norepinephrine, epinephrine, dopa-
mine ot setotonin to produce an intermediate Schiff
bage, which, in turn, undergoes a spontaneous mo-
leqular reorganization to form tetrahydroisoquinoline
ot| tetrahydropapaveroline derivatives. The molecular
sthuctures of these compounds are similar to some
opjate alcaloids with high addictive potency; thus,
it has been suggested that addictive properties of
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Effect of acute and chronic ethanol exposure
on the rat brain-opiate receptor function
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ethanol may be related, in part, to the condensation
of acetaldehyde during ethanol metabolism. Recent
studies have also shown that chronic zleohol and
chronic morphine ezposure induces identical changes
in endorphin and enkephalin turnover [4, 5].

In the present paper data are presented suggesting
that opiate systems are involved in the development
of dependence on ethanol, through a study of the
rat brain opiate receptor function after acute and
chronic ethanol exposure.

MeTHODS.

A total of 50 Wistar male rats, weighing approxi-
mately 80-100 g was divided into 2 groups of 25
animals each. One group (thereafter called the « alcohol
group ») was treated per o5 with 30 % (v/v) ethanol
solution in a dose of 4 mi/kg body wt per day for
one month. Then the alcohol group was fed the
same standard solid pellet diet and separately a 309,
(v/v) ethanol solution in Richter drinking tubes for
the following months. For the determination of
ethanol consumption in rats of alcohol group the
animals were housed individually in cages with two
100 ml graduated Richter drinking tubes fitted to the
front wall of the cage. Alcohol intake of animals
was measuted by offering a free choice between water
and 309, v/v ethanol solution.

All results were reported as the mean 4 S.E.M.
of obtained values and compatisons between groups
were made by the Student t-test. A P value of /fess
than 0.05 was taken to indicate statistical significance.

Male Wistar rats (350400 g) were killed by decapi-
tadon and the brains rapidly removed and placed
in ice-cold 50 mM Tris-HCl buffer, pH 7.7 at 25°C.
The sections of midbrain plus hypothalamus were
isolated and homogenized in 45 volumes of the Tris-
HClI buffer. The homogenates were then centrifuged
at 4°C for 20 min at 30200 x g. The pellets were
resuspended in 60 mi of Tris-HCl buffer, incubated
for 40 min at 37 °C and centrifuged at 4 °C for 20 min
at 30200 x g. Supernatants were discarded (unless
otherwise indicated) or filtered through a Millipore
PSAC filters (nominal cut-off 10,000 M. W.) and
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filtrates were used for binding studies. The final
membrane pellets were suspended in 50 mM Tris—
HCl buffer, pH 7.7 (25°C) and utjlized for binding
assays.

Binding expetiments were performed as previously
described [6] by using the filtration method of Snyder
et al. {7]. The assay was carried out at 25°C in a
standard incubation mixture (final volume 1 ml of
Tris-HCl buffer) containing 0.6-0.9 mg of protein
of tissue suspension, containing 3 H-methionine-enke-
phalin (36 Ci/mmol; Amersham, England) or *H-D
ALA®-met-enkephalinamide (27 Cijmmol; Amersham,
England), in presence of bacitracin 2-7 Units (53,
500 Ufg Sigma, USA).

After 40 min of incubation the reaction was termi-
nated by rapidly filtering uader wvacuntn through
GF/B glass filters (Whatman, England), then the filters
were washed three times with 2.5 ml of ice—old Tris~-
HCIl buffer. The filters were placed in 1 ml Protosol
and counted with 10 ml standard toluene counting
olution, All assays were performed in duplicate
nd the variability of the duplicate was usually less
han 109, of the mean. Opiate-specific binding
as defined as the difference between the total binding
nd the binding that occurred in the presence of 2 mM
ethionine enkephalin.

In order to evaluate the presence into the supernatant
f endogenous opiate-like material, the supernatant
esulting from the last centrifugation of membranes,
efore the assay, was filtered through a Millipore
SAC filters (nominal cut-off 10,000 M. W.) and the
Itrate was added in the incubation mixture before
0 min at 379) adding the *H-met—enkephalin.

The protein concentration was determined by the
ethod of Lowry et al. [8].

ESULTS.

During the 6 hours of administration of nalorphine
(10 mg/kg ip x 3 times) a more than 3-fold increase
f the rate of ethanol consumption in alcohol treated
imals was observed (Fig. 1). However, from 3 tiil
18 hours after the last nalotphine injection we found
a| decrease of alcohol consumption rate.

able Y. — Characteristics of SH-met—enkephalin binding to
opiate receptor sites in midbrain and hypothalamus of rats
excposed to chronic ethanol treatment and withdrawal.

High efbnity Low affinity
binding slees binding sites
TREATMENT
SO
{ mg prot) ¢ mg prot)
ntrol .......... 1.440.2 3744 1943 280-L30

Chronic ethanol ex-
posure:

! h post-withdrawal 1.04£0.2 4414
48 b post-withdrawal 1.540.3 4143

e ey

1142*% 1704-25*
1743 295430

#t brain tissue membrane fractions were prepared and
assayed as described in « Methods ». Results are expressed
as|means 3 S5.E.M. for 6 rat brain samples in each group.

*) P<£ 0.05 compared to control rats.

AN - =
'jf"

1 Control alcohol treated rats (alcoho! group)
{/IfT Nalosphine injected rats of alcohel group

Fic. 1. - Bffect of nalorphine on the rate of ethanol consumption
ethanol treated rats.

(@) During nalorphine treatment (10 mg/kg X 3 times between
12 h and 18 h p.m.)

(#) After nalorphine injections (between 18 h p.m. and 12 h
am. of the next day).

Chronic ethanol (daily dose of 4 gfkg) was administered as a
30 % w/v drinking solution during 11 months. Bar denoted
SEM. (%) P < 0.05.

As showed in Table 1 no statistically changes were
observed in the dissociation constant (K,) and maximal
number of high affinity binding sites (B,,,) in midbrain
and hypothalaraus of rats following chronic ethanol
treatment and withdrawal (1 h and 48 h post—withdrawal)
as compared to the pair-fed controls. On the other
hand, the value of K, and B, of low affinity binding
sites for ®H methionine enkephalin were significantly
lower in hypothalamus and midbrain of alcohol treated
rats (1 b post— withdrawal) than the pair-fed controls.
Return to normal occurred 48 h after the end of treat-
ment, when alcohol group and pair-fed control group
gave similar binding characteristics.

M

2

x

g K Kp= 1.8 mi

. '(\/ Ky= 1.0 nM

Ed \

$ W oa

b \L \ ~ -

§ . Ky= 8.0 nk

-3 \/_

b ‘._}-‘." A Kg= 15 oM
L L SR .

“-: — ¢ -...\ - -
3; o 00 T 200 -
m

$pecific “H-met-ankephalin bouzd {pM)

Fic. 2. - Scatchard analysis of 3H-met-enkephalin binding in
conttal rat brain tissue membrane fraction preincubated with
supetnatant of membrane fraction of rats, exposed to chronic
ethanol treatment. Rat brain tissue membrane fraction were
prepared, preincubated and assayed as described in « Methods .
The experiment was repeated 3 times. A = Control; O = in
presence of purified supernatant (4) min at 37 °C).



In order to clarify whether or not this effect can be
ascribed to a direct effect of ethanol, we studied the
direct influence of ethanol andfor acetaldehyde on
opiate binding to its receptors sites in rat brain mem-
bkanes. The exposure of membrane fractions to
ethanol or acetaldehyde in concentration of 10 and
50 mM, respectively, did not cause 2 change in 3H-
ALA binding activity, whereas at concentration
higher than 10 or 50 mM, ethanol and acetaldehyde,
respectively, caused an inhibition of the binding of
I-D ALA (Tab. 2). Similarly, the simultaneous

d 0.02 mM acetaldehyde concentration has no effect
on *H-D ALA binding. Moreover, after preincubation
(4D min at 379C) of membrane fractions with ethanol

n order to evaluate whether this effect in mediated
endogenous opiate receptor ligands we studied
inhibitory activity of the partially purified super-
natant (see « Methods ») from rats chronically treated
with alcohol on the binding of 3H-methionine-enke-
phalin,  The preincubation with the supernatant
redulted in a decrease of the K; (53°, of control)
and B, (69 % of control) for the low affinity com-
popent of *H-met—enkephalin binding (Fig. 2), Thus,
changes of binding characteristics of low affinity
opiate receptor binding sites observed after prolonged
alephol  administration may be accounted for by
fogmation of endogenous substances which alter

Table 2. — The effect of ethanol andlor acetaldebyde effects
SH-D ALA binding to rat fypothalapms plus mid-
rain tissue. .

*H-D ALA binding
(% of control binding)

TREATMENT added afrer
directly previous in-
in the assay cubation (a)
(MA-m) (M4 m)
Control .......... Ve, 1009 100410
1.7 ethanol ................ 743 102412
0.4 acetaldehyde ............ 1544 97410
0.5 ethanol plus 5 mM acetal-
5348 110414

Rat brain tissue membrane fractions were prepared and
assayed as described in Methods. The binding was determin-
ed after preincubation of membrane fractions (40 min at
37°Q) with 50 mM Tris-HCI, pH 7.7 (Control), or ethanol
andtflor acetaldehyde before adding *H-D ALA (1.5 nM).
The |results are the means 4 S.E.M. of 4 experiments for
each|group.

(a) Membrane fractions were incubated (40 min at 37°C)
with|50 mM Tris~-DCl (Control), or ethancl and or acetal-
dehye then centrifuged at 49C for 15 min at 30200 x g
The bupernatants were discarded and pellets were resuspend-
ed in 60 ml of 50 mM Tris~HCI, pH 7.7 and centrifuged at
30200 x g for 15 min. Then pellets were resuspended and
centrjfuged at the same conditions once more before sH-D
ALA| binding experiment.

(| P< 0.001 compared with the *H-D ALA binding
of cqgntrol, according to the Student’s t—test.
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Bound/free 3Y-rot=enkephalin x 103

100 200
Specific 3H-me't-er;llunzdmli.n bound {pH)

FiG. 3. - Scatchard analysis of 3H-met-enkephalin binding in
hypothalamus and midbrain of rats $ hom o after acute erhanol
(4 g/Kg > os) trearment. Rat brain tissue membrane fractions
were prepared and assayed as deseribed in « Methods». The
experiment was repeated twice. A == Control; Q == acute ethanol.

3H-met—enkephalin binding in animal brain membranes
during long-term alcohol administration,

The disappearance of the high affinity component
for *H-met-enkephalin binding has been observed
in the midbrain and hypothalamus of rats at 1 h after
an acute (4 ml/kg) dose of ethanol (Fig. 3). A mono-
phasic Scatchard plot was noted after administration
of a single dose of ethanol with a K, of 7.2 nM and
B,,, of binding sites of 195 fmol/mg protein.

Discussion.

The observation of discrete high and low affinity
binding sites for ¥H-met-enkephalin in contral and
alcohol-treated animals was in good agreement with
the postulate 2bout the existence of two types of opiate
receptors, one with high affinity for opiate alcaloids
(named by Kosterlitz in analogy with the morphine
or p-teceptor of Martin) and the other with high
affinity for enkephalins (named 8). The enkephalinam-
ides, P-endorphin and the opiate etorphine seem
to bind equally weil to both types of opiate receptors [9].
Therefore, the type of opiate receptor binding sites
with high affinity for met-enkephalin revealed by
us in hypothalamus and midbrain of control and
alcohol group is 8-type of receptors, whereas the
type of opiate receptor binding sites with low affinity
for met-enkephalin is a p-type of opiate receptors.

The differences in binding patterns, revealed in
control and alcohol groups may be due to:

@) conformational orfand structural changes in
opiate receptors of ethanol treated animals;

b) the modification in brain content of endogenous
opioid ligands in alcohol treated animals;

¢) direct effect of ethanol and/or acetaldehyde
on membrane lipids or receptor proteins.

‘The study of direct effects of ethanol orfand acetal-
dehyde on enkephalin binding to opiate receptors
showed that the reduction of opiate receptor binding
activity by high concentrations of ethanol andjor
acetaldehyde was a reversible process, and thus such
reduction was not the cause of the changes of binding
pattern for SH-met-enkephalin in rats after acute
and chronic alcohol administration as observed in
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our experiments. On the other hand the influence
of preincubation with supernatant of rat brain mem-
brane fraction of alcohol group on the enkephalin
binding indicated that the observed changes of en-
kephalin binding after chronic alcohol treatment were
responsible for the differences in endogenous opioid
composition in brain tissues of control and alcohol
treated animals.

The changes of binding of enkephalin with brain
opiate receptors after chronic alcohel administration
may be indicative of the participation of opiate systems
in the mechanism of development of tolerance to and
physical dependence on ethanol. In a study of Hoffman
and coworkers [10] were also observed changes in
opiate binding sites in striatal tissue of mice following
chronic alcohol administration and withdrawal (24 h
post—withdrawal).

At present it appears difficult to compare the disap-
pearance of the high affinity component for ¥H-met—

enkephalin binding in animals after acute alcohol
consumption as compared to chronic ethanol treatment
when the low affinity is affected. We might speculate
that acute exposure to alcohol induces 2n increase of
endogenous opiate-like material which affects 'the
high affinity component of the 3H-met-enkephalin
binding. This increase might be reduced during the
development of the tolerance after chronic exposure
to this drug. These results are in a good agreement
with the data of Schulz and coworkers [11] about
more highly pronounced change of endorphin level
in brain and pituitary after acute ethanol administration
as compared to chronic ethano! one. However, in
order to clarify the physiopatological involvement
of the high affinity component during the acute treatment
and the low affinity component during the development
of tolerance, further study are requitred on the functional
relationship between the two affinity components of
opiate receptors.
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Summary., ~ The bippocampal glucocorticeid receptor
ryes as an integrative connection between endocrine activity
$ the hypothalamo—pituitary-adrenal axis and the associated
Hebavioral responses, both governed by #his limbic structures.
Serotoninergic input to the hippocampus primarily modu-
lates corticosterome  binding in  this  area, indipendently
but cooperatively with the level of adrenocortical secretion.
he modulatory role is essentially inkibitory.
In consideration that depressive illpess can be associated
ith perturbation of the adremocortical activity it is proposed
at a disregulation in the limbic system—bypothalamus—
ituitary—adrenal circait is a salient feature of depression;
the eventual beneficial effect of antidepressant drugs interfering
ith serofoninergic inmervation of the bippocampur may
mediated through reparative influences on the bebavior—
ehdocrine integrated function of this circuit,

Riassunto. — J/ recettore glucocorticoideo ippocampale
cpntrolla, integrandole, lattivitd endocrina dell’asse ipota-
lamo—ipofisi—surrene ¢ le concomitanti rispeste comporia-
entali.

Llinnervagione serotoninsrgica dellippocampo modula ini-
toriamente la capacité di binding del recettors gluco-
corticoideo, cooperando in tal senso con il livelio di secregione
renocorticale.

Poiché lo state depressive pud essere accompagnato da
terazioni deil’attivitd adrenocorticale, si ipotizna che una
isregolagione mel circuite sistema  Jlimbico—ipotalamo—ipo-
si—surreme Sia compomente cararieristica della depressione;
effette benefico operato da farmaci antidepressivi interfe-
nti con Iinnervagione serotominergica ippocampale poirebbe
ndarsi sulla normalizzazione della funzione integrativa
[ guesto circwito.

INTRODUCTION.

The functional relevance of brain glucocorticoid
eceptor {1] in laboratory animals is now well established.
n particular, the hippocampal glucocorticoid receptor
serves as an integrative connection between endocrine

tivity of the hypothalamo-pituitary adrenal axis
Ild associated behavioral responses [2-4], both
overned by this limbic structure. On one hand,
ituitary adrenal response to stress, namely early
\CTH and late glucocorticoid secretion increase, is
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modulated by inhibitory and facilitatory influences
from the limbic system [4-6[. On the other hand,
the endocrine response modulates behavioral output
from the hippocampus via a negative feedback on its
glucocorticoid receptor, the binding capacity of which
is reduced both by ACTH and glucocorticoid hor-
mone {7, 8].

On the endocrine side of this integrative process,
an example is given by the circadian rhythm in gluco-
corticoid binding capacity in the hippocampus [7].
This capacity can be measured in mice and rats a few
hours after adrenalectomy, a time necessary to full
desaturation of the receptor of the endogenous hormonal
ligand. Figure 1 shows that the maximal value in
in vivo specific *H—corticosterone uptake in the mouse’
hippocampus was found at eight in the morning,
time of adrenalectomy, or at noon, time of sacrifice,
when blood corticosterone is lowet, wheteas minimal
values were found in dark hours, when blood corti-
costerone is higher. Notice that the diurnal rhythm
in pituitary glucocorticoid uptake is a mere reflection
of blood corticosterone level. However, when uptake
in the hippocampus was measured ten hours after
adrenalectomy, maximal value was found at four in
the morning, time of adrenalectomy, or two after
noon, 7.e. at the same time of the day as in four hour
adrenalectomized mice. This indicates that the diurnal
rhythm in binding capacity, aside the inverse regu-
lation by hormonal feedback, is in part an autonomous
property of the limbic structures,

On the behavioral side of the integrative process,
an example i{s given by the role of the hippocampal
glucocorticoid receptor in the physiology of extinction,
namely when extinction of a learned behavior is a
proper adaptive response [9]. In the adrenalectomized
rat forced extinction of passive avoidance behavior
cannot be obtained. At any rate, physiological behavior
is specifically teinstated by exogenous corticosterone
in proportion to the replenishment of glucocorticoid
binding capacity in the hippocampus,

We have demonstrated that glucocorticoid binding
capacity in the hippocampus is affected by monaminergic
innervation [10, 11]. For instance, as shown in figure 2,
neurotoxic lesion of brain serotoninergic pathways
disrupted circadian rhythm in /s sive specific *H-
corticosterone uptake in the rat’s hyppocampus, in
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Fig. 1. - Circadian variations of brain specific (hippocampus:
coftex, septum: cortex, hypophysis: blood) *H-corticosterone
uptake after a same tracet dose in 4-hr {continnons ling) and 10-hr
(dashed lingy adrenalectomized mice (N = 7-10). Dotred, balf
filled and filled symbols: p = 5, 1 and 0.1 %, respectively, versus
peak value. Heary five: dark period.
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FiG, 2. - Top and middle: plasma concentrations of endogenous
corticosterone and brain specific (hippocampus: cortex, hypo-
physis: blood) 3H—cotticosterane uptake of 12-hr adrenalectomiz-
ed rats 5 and 21 days after 5,7-hidydroxytryptamine, 50 ug,
in the third brain ventricle (N = 8). Bettom: uptake after fornical
transection (N = 6-9). Filled and epen circle: controls and
treated.

presence of a dampened but not suppressed rhythm
in blood corticosterone level. Again, this indicates
that circadian variations in glucocorticoid binding
capacity in the hippocampus are not a mere reflection
of variations in corticosterone blood level.

As also shown in figure 2, even fornical transection
produced a disruption in circadian rhythm of i vive
specific *H-corticosterone uptake in the rat’s hippo-

campus. Evidently, this manipulation as well as
. 400 * 2 * *
wil:
h Jug U0
hwpoocarpue ucihren Fwypokheiamus

*H-QORTICCETERCNE B IDING YH-SEROTONIN UPTAKE

2'\ [ ] = e =
— 100 Brax 338 431
< #molfmg oot

g EE Kg 284 6L5

£4) In

g § 0.

% aF

ol LJ 0

rredbrain Iypothalermus o 200 a0

bound (fmoms /mg oot
*H-EEROTONIN UPTAKE

Fic. 3. — The relatdonship between serotoninergic innervation
and cytosol (1.2 mg protein per ml) glucocotticoid binding in
the 24-hr adrenalectomized rat's hippocampus. .bere: individual
maximal binding of #H—corticosterone 4 X 10 —3¥M, and *H-sero-
tonin 5 X 10 —®M uptake (slices) in rats with an 8day 5, 6 di-
dydroxytryptamine (10 g in 1 pl; 1 hour-pretreatment with desi-
pramine 20 mg/kg i.p.) lesion of nucleus raphe dorsalis. @ =
sham (7); @ = lesion (6). Below: *H-serotonin uptake and
Scatchard analysis of 3H-corticosterone 0.064 x —8M binding
in lesioned (16) and sharn (16) rats.
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sterone (4 X 10—8M) in the 24-hr adrenalectomized rat's hippn-
campus. Plain area: controls; dotted area: treated.




peurotoxic lesion interrupts a neuronal pathway essential
to the manifestation of circadian activity in the hip-
pocampus- .

A positive correlation between serotonin content
in the limbic system and plasma corticosterone rhythm
has been found in the rat by othet authors [12], and
assumed to indicate a serotoninergic control of circadian
periodicity of adrenocortical secretion in force of
its suppression by inhibition of serotonin synthesis.
On this basis we bave investigated in more detail
the role of serotdninérptt input to the hippocampus
in the regulation of its glucocbrtioid binding ca-
pacity. As shown in figure 3, chemical lesion of the
raphe dorsalis nucleus in the rat, ablé. to produce
2 50 per cent decrease in *I-serotonin uptake in the
midbrain and hypothalamus, substantially “increased
maximal *H~corticosterone binding in the hippocampal
cytosol.  Scatchard analysis demonstrated that the
latter was due to an increase in number of binding
sites, accompanied by an apparent decrease in affinity,
Since in the 8-day lesioned animal, no increase in
serotoninergic receptor sensitivity is counteracting
the effect of reduction in neuronal input [13], it would
appear that serotoninergic innervation has an inhibitory
role on the glucocorticoid binding capacity of the
hippocampus and, possibly, on its functional expression
with regard to behavioral and endotrine control
exerted by the limbic structure.

In the light of these results, we have investigated
the possible effect of serotoninergic drugs i vive on
glucocorticoid binding capacity in the hippocampus.
As shown in figure 4, quipazine, a post-synaptic
serotoninergic agonist, reduced *H-corticosterone bind-
ing, This effect was in agreement with the result
of the pre-synaptic lesion of the serotoninergic system
after 5,6-dihydroxytryptamine, indicating the inhibi-
tory role of serotoninergic innervation on glucocorti-
coid binding capacity. Of the two post—synaptic
serotoninergic blockers studied, metergoline was
without effect, while methisergide produced a reduction
in *H-corticosterone binding, this result is in contra-
distinction with the above postulated inhibitory role
of serotoninergic innervation, Figure 5 shows the
Scatchard analysis of hippocampal *H-corticosterone
binding in rats treated with quipazine or methisergide:
with both compounds 2 reduction in number of binding
sites was evident, with no modification of affinity.
LSD and etoperidone, two partial agonists of pre—
and post-synaptic serotoninergic receptor, produced
rn increase in glucocorticoid binding (see fig. 4).
Fhis was agreement with the above postulated role.
As shown in figure 6, the Scatchard analysis of hip-
pocampal ®H-—corticosterone binding in tats treated

ith LSD demonstrate an increase in number of binding
ites, possibly with a reduction in affinity.

The above measurements were carried out in pre-
iously adrenalectomized rats in order to have full
esaturation of glucocorticoid receptors. In the intact
at the effect on hippocampal glucocorticoid binding
f drugs acting on the serotoninergic system would
ave been more complex since some of these drugs,
s shown in figure 7, were able to stimulate adrenal
cretion, possibly through interference with monami-
ergic control of CRF release in the hypothalamus,
Faking into account the hormonal negative feedback
9n glucocorticoid binding capacity in the hippocampus,
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one should assume that in the intact rat the direct
and indirect effects of quipazine on the binding
would reinforce each other, whereas the two effects
would tend to eliminate each other in the case of LSD
and etoperidone.
On the basis of the above findings, it can be hypot-
hesized that an alteration of the hippocampal function
in the regulation of endocrine and behavioral activities
might play a role in the depressive state. In a substantial
pottion of endogenous depressed patients, the pattern
gf hypothalamo-pituitary adrenal function is aberrant,
ith several peaks in diutnal cortisol plasma levels,
flattening of circadian rhythm as a consequence of
increased nocturnal activity, and a poor response
in the dexamethazone suppression test [14, 15]. This
abnormality is the neurcendocrinopathological count-
erpart of the behavioral disturbance. Both reflect
a4 disfunction in a higher brain area [16], the limbic
gystem [17], in which, as indicated by the previously
outlined experimental evidence, programs for the
circadian tonic inhibitoty control of the hypothalamo-
pituitary—adrenal activity, as well as for appropriate
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400 ] ’_!T u
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1G. 8. — The effect of in rive antidepressants on cytosol (1.2 mg
tein per ml) individual maximal binding of 3H-corticosterone
(4 X 10—8M) in the 24-hr adrenalectomized rat’s hippocampus.
Plain area: controls; dotfed area: treated.

havioral responses are engrammed and integrated.
he basis for this intimate integration is given by
lucocorticoid neuronal receptors. When tricyclic
tidepressants produce recovery from depression,
they also normalize adrenal activity [14]. Since these
g5 interfere with monaminergic innervation, one
¥, ex-iuvantibus, prospect the depressive state
ccompanied by disturbances of the hypothalamo-
Pituitary-adrepal activity as a neuroendocrinopathy
which altered monaminergic activity is taking place
the hippocampus with ensuing alteration of gluco-
tticoid receptor function. So, it is of importance
now whether antidepressants modify glucocorticoid
ding in the hippocampus. As shown in figure 8,
ong the antidepressants mianserine, imipramine
d amitryptiline had no effect on *H-corticosterone
Ng in the hippocampus. Chlofimipramine re-
m it, desipramine and nortryptiline increased it.
se findings are apparently conflicting; one may
fempt to explain the discrepancies among the vatious
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Scatchard analysis (0.06-4 X 10—3M) of binding in the 24-hr

adrenalectomized rat’s hippocampus cytosol after chlotimipramine
1 hour before death.

antidepressants consideting that chlorimipramine is
a rather selective blocker of serotonin re—uptake,
whereas desipramine and nortryptiline prevalently
block noradrenaline re-uptake. Assuming that in-
creased post-synaptic serotoninergic activity inhibits,
and increased post—synaptic noradrenergic activity
facilitates glucocorticoid binding in the hippocampus,
one could think that the lack of effect of imipramine
and amitryptiline was due to a null balance between
inhibitory and facilitatory influences, while in the case
of mianserine it was due to its ascertained incapacity
to block monamine re-uptake.

Figure 9 shows the Scatchard analysis of hippocampal
3H-—corticosterone binding in rats treated with chlo-
rimipramine: a reduction in number of binding sites
was evident, with no modification of affinity,

Figure 10 shows that all triciclic antidepressants
investigated were able in large measure to activate
adrenal secretion; it is possible that this effect, pro-
bably due to interference with monaminergic regu-
lation of CRF release in the hypothalamus, offers a
common denominator of the antidepressant activity,
independently on the direct effect on hippocampal
glucocorticoid binding capacity,

The data presented in this report on the physioclo-
gical meaning, endocrine and behavioral, of the hippo-
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campal glucocorticoid receptor, on the role of sero- prevalently, simultaneously of sequentially, and of
onigergic innervation with regard to the regulation the inherent final balance; an incoherence which par-
of this receptor, and on the effect of direct or allels the fact that through apparently antithetic dif-
indirect monaminergic drugs on glucocorticoid binding ferent mechanisms of action, an antidepressant effect
capacity may have a bearing on an antidepressant clinically relevant can be equally attained.

effect meant as a correction of a behavioral neurcendo-
crinopathy. At present these datz cannot be interpreted

in a unitary way. Incoherence may be only apparent, Acknowledgement.
hpwever, because of the imperfect knowledge of These studies were supported by CNR Grant no. 80.00367.04
those many sites where the different drugs can act and Ministry of Education Funds for 1980,
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Genetic predisposition to epileptiform fits in rats:
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Summary. — Seme newrophysiological and newrochemical
characteristic of rats of two lines: Wistar and Krusbinsky-
Molodkina (K~M), differing in their sensitivity to the com-
vuisive effect of sound were studied. Wistar rats showed
no reaction o the bell sound (exposed for 90 se¢), K-M
rats in 1009, of cases reacted to the sosmd developing an
excitement fit proceeding into a clomic tomic comwlrive fit.
Wistar rats were more sensitive to the cataleprogenic ¢ffect
of bulbocapnine than K-M animalr,

The animals of the two lines showed different kinetic
properties of the striatal tyrosine-bydroxcylase and also of the
constants of SH-G ABA uptake by cerebellum synaptosomes.
No dissimilarities in the activity of glutamate~decarbosxylase
of homsogenates of cortex or cerebellym, or difference in the
level of GABA were foumd,

Riassunto. — Somo slati studiati alcuni aspetsi compor-
tamentali ¢ neurochimici di ratti Wistar ¢ ratti Krushinski-
Molodkina (K-M), che differiscons nella loro semribilita
alle comvulsioni awdiogene, I ratti Wistar sona pid sensibili
dei K-M agli effetti catatonizganti della  bulbocapnina,
Le due linee differiscono anche nelle proprictd cimetiche dells
tirosina~idrossilasi striatale e nmelle costanti di captazione
del *H-GABA da parite dei sinaptosomi cerebellari, Non
fono state ritrovate differemze nei livelli d&i GABA e nel-
Pattivitd della glutamato-decarbossilasi di omogeneizzati di
corieccia.

NTRODUCTION,

Three decades ago it was shown that an increased
one of the thalamo—caudate inhibitory system was
ne of the factors which could stop or prevent convul-
ive epileptiform fits [1]. The susceptibility of brain

pileptogenic focus is known to be in large part related
o the efficiency of the inhibitory input from the striatum
hich is involved in the regulation of locomotor
ctivity and muscle tone [2, 3]. Recently, evidence
as been gained in favour of the possibility of arresting
nvulsive seizures in animals or in men by direct
ectrical stimulation of the n. caudatus [2, 4, 5].
opaminergic nigro-striatal control is known [2, 3] to
ert a modulating effect on the striatum: enhanced

dopaminergic transmission inhibits striatal function
whereas dopaminergic reduced input resuits in the
activation of striatal inhibitory output. In the former
case the increased locomotor activity (hyperkinesia)
is observed, and in the latter the motility is siowed
down (hypokinesia or catalepsy). Striatal hyperfunction
clinically manifests itself as organic or drug-induced
parkinsonism [3].

Our aim was a neurophysiological and neurochemi-
cal study of the striatum in two rat strains having
different susceptibility to the epileptogenic effect of
sound: Wistar rats were audiogenically insusceptible,
while Krushinski-Molodkina rats manifested typical
audiogenic convulsive seizures.

MEeTHODS.

65 Wistar and 69 Krushinski~Molodkina (K-M)
rats weighing 180-220 g from the Animal Farm of
M. V. Lomoncsov State University (Moscow) were
used. All the animals had been previously tested three
times by stimulation with an clectric bell of 105 decibels,
Of the Wistar rats, only those not responding to the
sound (audiogenically insusceptible) were selected,
and of the K-M group, only those with a marked
response to the sound, which manifested itself as
sharp locomotor excitation followed by a typical
epileptiform fit. Some animals (36) were implanted
with steel electrodes in the cottical projection agea
of the forepaw; through them electric stimulaton
was applied, to estimate the following parameters:
contralateral forepaw contraction threshold (CPCT),
ipsilateral forepaw contraction threshold (IPCT) and
Jacksonian seizure threshold (JST).

Threshold values were expressed in volts. Stimu-
lation parameters were: 0.1 m-sec, 30-60 Herz, train
duration 0.5 sec. Lowest thresholds were observed
at 100-200 Herz.

Striatal hypetfunction was obtained with bulbo-
capnine, which is known to block nigrostriatal transmis-
sion, thus releasing the striatum from the inhibitory
control of the nigra. Bulbocapnine was injected intra-
peritoneally at the dose of 40 mg-kg. The intensity
of catalepsy wag estimated using a S5-points scale. To
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evaluate the functional state of the dopaminergic
system, the activity of striatal tyrosine hydroxylase
(TH) was studied.

Solubilized enzyme was prepared from brain homo-
genates of the animals of both strains according to
Coyle and Axelrod [6].

The activity of the enzyme was determined using
a |direct spectrophotometric technique based on the
measurement of the increase of DMPH? [7]. Synapto-
omes were prepared using standard techniques, the
kinetics of the uptake of SH-GABA was studied using
a |« Millipore » filter system (pore size 0,45 pm). The
radicactivity of the samples was measured by liquid
scintillation spectrometry. The activity of glutamic
acid decarboxylase (GAD, EC 4.1.1.15) was determined
flnorimetrically [8]. The animals wete decapitated,
the brain was promptly removed in the cold, and
parate structures were dissected according to com-
only used techniques [9].

SULTS.

In audiogenically-insusceptible Wistar rats, bulbo-
capnine induced, within 10 min. after injection, an
immobility state which was estimated as a 5-point
score of catalepsy, The development of a cataleptic
state in Wistar rats correlated with an increased con-
ateral forepaw contraction threshold (CPCT), which
sted 10-90 min, and pointed to a decreased excita-
ility of the motor cortex. In K-M rats, bulbocapnine
roduced only a slight effect on cortical excitability
hich lasted less than 10 min and was less pronounced
an that of audiogenically—insusceptible rats,
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An increased intensity of stimulation resulted into
a gradual dissemination of excitation from the local
focus: the contraction of the contralateral forepaw
was followed by that of the ipsilateral forepaw anH
then generalized Jacksonian seizures developed. The
threshold of these convulsive events are shown in
Fig. 1. The differences between the thresholds men-
tioned may serve as a quantitative index of the ability
of excitation to irradiate along cortical and brain
stem structures.

In audiogenically-insusceptible Wistar rats the
spreading of excitation within motor cortex was sharply
impaired by bulbocapnine: the threshold of ipsilateral
forepaw contraction increased and so did the threshold
of generalized Jacksonian seizures.

On other hand, in the K-M strain rats, bulbocapnine
(10 min after injection) did not cause significant changes
in the thresholds of forepaw contraction and of gener-
alized Jacksonian seizures, (Fig. 1). After bulho-
capnine, the type of movement caused by electrical stim-
ulation of the motor cortex was found to be essentially
different in K-M rats: local contraction of the forepaw
almost inevitably led to hyperkinesias, clonic con-
tractions of the forepaw, movements resembling
athetoid hypetkinesia or even a kind of «torsion
spasm »: turns of the head, neck and upper part of
the body. Sometimes, such hyperkinesia occurred
10-12 sec after the stimulation was stopped. Audio-
genic seizures manifestations after bulbocapnine were
much more severe than in the control group, their
tonic phase Iasted longer, the rate of comas and the
duration of postseizure excitation episodes were in-
creased, death rate was higher. These data may be
indicative of a lack of sttiatal inhibitory mechanisms
in such animals,

KRUSHINSKI—MOLODKINA
RATS

BULBOCAPNINE

40 mylkg. i.p.

CONTROL

CONTROL BULBOCAPNINE

40 mg/kg. ip.

FiG. 1. - Bffect of bulbocapnine on the forepaw contraction thresholds and Jacksonian scizure threshold in two rat strains. Black
{contcalateral forepew), shaded (ipsilateral forepaw) and opea (Jacksonian seizure) columns represent means -+ SEM of thresholds
measured in 8-10 rats. Asterisks indicate significant difference vs control group (P < 0,05}
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Table 1. ~ *H-GABA wpiske and GAD activity in the brain of two rat strains,

Kinetic parameters of [PH/-OABA uptake GAD sctivity
ANIMALS Reglon nmole GABA (.umol- of GABA)

v —_— hour x 100mg

Km (uM) mnx( m;,r, ‘:g i:,. ) ;r:‘m ]
Wistar oy Brain Cortex .......oe0vuvieas 9.142.0 1.2340.4 42.5 £2.7
(non sensitive to sSundy Cofebipllum ...vcvniininninnn, 13.843.1 0.87 +£0.14 31.642.1
Krushinsky-Molodkine Brain CotteRy ,..vvvevnnrninn.. 9.2%1.3 1.02 +0.1 42.6+3.3
(sensitive to sound) Cerebellum ..v.ceeinnnnnnnn, 35.845.7 0.84 40.15 32.744.6

™ p = 0.05.

It can also be seen in Fig. 1 that in K-M rats, the
ratio between the threshold of generalized seizures,
and that of contractions of ipsilateral and contralateral
forepaws is substantially different from that observed
in Wistar rats, In K-M rats with incressed suscepti-
bility to the sound, these thresholds were much lower.

The different susceptibility to the dopamine~
blocking effect of bulbocapnine suggested that animals
genetically predisposed to epileptiform fits may have
altered DA biosynthesis in the striatum. To confirm
this hypothesis, the kinetic characteristics of tyrosine
hydroxylase prepared from the striastum of rats of
both strains were studied. The greatest difference
was found with respect to the affinity of the enzyme
for the pterine cofactor of the reaction, DMPH, - K,
values for DMPH, wete found to be 0.551 @ 0.054 mM
in audiogenically-insusceptible Wistar rats, and 0.128 +
0.021 mM in K~M rats. The corresponding values
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of mazimum reaction rates (V) were 32.3 4 5.1 umo-
le min™! mg™? protein in Wistar rats and 12.9 4 2.6
in the animals from K-M group (Fig. 2).

The higher affinity of the enzyme for the hydroxy-
lation cofactor DMPH, and the lower V_,, value
suggest the presence of genetically determined
dissimilarities in the molecular structure of striatal
TH in K-M rats as compared to Wistar rats.

To reveal the possible involvement of the GABA-
ergic system in the origin of the increased suscepti-
bility of rats to the convulsive cffect of the sound,
experiments were performed to compare the kinetics
of *H-GABA uptake by synaptosomes obtained from
the cerebral and cerebellar cortex of Wistar and K-M
rats, Tab. 1 shows that the kinetic parameters of
SH-GABA uptake by cerebtal cortex synaptosomes
were similar in the two strains of animals while for
cerebellar synaptosomes the K, value was much

Km=0,861 mM
Km=0,128mM

®  WISTAR

A KRUSHINSK!-MOLODKINA

4 8 12 16 20,2 L

mM—?

HDMP,

Fia. 2 - Kinetic parameters of striztal Tyrosine Hydroxylase in two rat strains: Wistar and Krushinski — Molodkina (Linewiver-Burlk
plot), Reciprocal units of TH activity are compared with reciprocal concentration of DMPH,. Each point represents the mean value
of 46 experiments.
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higher in audiogenic sensitive rats indicating a lower
affinity of the uptake system for GABA. No dissi-
milarities in the GAD activity between the two groups
of animals have been found. The ratic between the
enzyme activity in cerebral and cetcbellar cortex was
the same in both strains.

Discussion.

The relationship between the conwvulsive threshold,
and in particular the audiogenic convulsions threshold,
and the functional state of brain catecholamine systems
has been repeatedly discussed in the literature [2,
10, 11}, but the problem is still controversial. Our
neurophysiological data show the existence of quali-
tative and quantitative dissimilarities in the effects
of bulbocapnine on Wistar and K-M rats; these obser-
vations, as well as the neurochemical findings on the
dissimilar properties of striatal TH kinetics in the
two groups of animals suggest that a genetically de-
termined failure of striatal" inhibitory control may
be at the basis of preposition to audiogenic fits.

This may be due to the excessive functioning of the
nigro-striatal inhibitory mechanism of dopaminergic
nature, Consistent with this view are the recent data
on the increased level of DA and its metabolites in

the striatum of K-M rats as compated to Wistar
rats [11].

Our hypothesis is also in agreement with the finding
that the increased DA level observed in the striatum
in the first few days following electrolytic lesions of
s.nigra in rats correlates with their inceeased sensitivity
to penthylenetetrazol; the subsequent decrease of
DA level results into a decrease of the sensitivity
to this convulsive agent [12]. It is also known that
L-DOPA and dopaminergic compounds are capable
of potentiating convulsive manifestations in epileptic
patients. On the other hand, there is clinical evidence
for incompatibility between epilepsy and parkinso-
nism [13].

Qur results may be also interpreted otherwise,
The lack of direct measurements of DA turnover
rate in the striatum does not allow to compare our
data with the results of other workers [14] who showed,
in patticular, that during ontogenesis the period of
decreased susceptibility to the sound in DBA-2 mice
coincided with the time of maximal DA turnover
rate. On the other hand, considering the complicated
neurochemical organization of the striatum and its
connections with other brain systems, it can be sug-
gested that the failure of striatal function may be
due to the involvement of other non—dopaminergic
mechanisms, such as the GABAergic system.
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