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Summary. - The action of ~ethimi~ol  on c A M P  ystem 
on rteps ~ the metabolic reactions in which regulation 

t a h  pmt, werc inuestigated. Aethimizol inhibited 
of c A M P  pbosphodiestera~e, its potenq being 
of that of theophilline. The drug inrreased 
rate of formation ami tbe /euel of cAMP.  

Riassunto. - E' stata studiata I'infinza aèll'etimizo/o 
s //e reazioni metabolirbe che coinvolgono I 'AMP cidico. 

'etimi~olo inibisce I'attiuità della fosfodiesterasi h l I 'AMP 
C clico; la sua potenza b cìrca metà di quella della tcofillina. 
I farmaco produce m aumnto dei livelli di A M P  ciciico 
a /iue/lo dei sistema n e m o  centrale. i 

ETHODS. 

it 

I 

in uitro. Aethimizol 

in hrain tissue 

Aethimizol, a methylxantine derivative, is endowed 
vith severa1 pharmacological effects [l, 21. It stimu- 
1;tes the respiratory centre and is used as a respiratory 
analeptic. It stimulates also the hypophysis-adrenal 
sptem, rising the level of corticosteroids in blood, 
and it is used in hronchial asthma and rheumatic 
arthritis. Since it improves also memory and learning, 

may be supposed that this action is comected with 
its iduence on brain metabolism. 

The activity of methylxantines depends on their 
inhibitory action on cydic nucleotide phosphodieste- 
rkse, leading to an increase of cAMP level in tissues. 

this connection the action of aethimizol on cAMP 

30 min after aethimizol injection (20 mglkg), together 
with the content of cAMP, determined by enzymatic 
methods [5]. The level of calcium ions, by means 
of atom-ahsorption spectrophotometry, and tbe glucose 
content by the method of Slein [6] were also measured. 
The membrane permeability of brain synaptosomes 
was investigated hy the rate of W r  swelling in 0.4 M 
glycerol [q with addition of aethimizol in uitro in 
concentration of 10 mg/ml. In order to investigate the 
iduence of aethimizol on transcription, histone/DNA 
ratio in nnclear fraction of hrain was estimated 3 hours 
dter aethimizol injection (20 mg/kg). The activity 
of RNA-polimerase reaction [E] and ribonudease 
activity [9] was determined one hour after dmg injection 
(10 mg/kg). The nudear fraction of brain cella was 
isolated by centrifugation in 2.2 M sucrose at 34,000 x g. 
Histone proteins were extracted from nuclei with 
0.25 N HCI. Their content was estirnated by Lowry's 
method, DNA content was determined hy Barton's 
method [IO]. 

s stem and on rteps of the metabolic reactions in which 
r gulation of cAMP takes part, were investigated. 

Aethimizol 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 (Tah. 1). 

As caicium is the cc-factor of the cyclic nucleotides 
regulating influence, the content of calcium ions in 
rat hrain was investigated. Aethimizol increased Ca++ 
concentration (Tab. 1). Probably this effect is con- 
nected with the action of aethimizol on the adenyl- 
qclase 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 energy 
processes. Taking into account this fact, aethimizol, 
as well metbylxantines, might be considered « energy a 
dmgs [Il]. 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 intensiiication of glycogenolysis, glycolysis, 
oxidative processes in hrain tissue and the increase 
of synthesis of high-energy phosphates [12]. 



Table 1. - Action ofuetbimi~ol on the rut bruin metubolism 
( M f  m; n = 5 )  

EAMP phosphodimtcrase 
activity (mEDlmg Protein) 

Adenyl cydase ictivity 
(imp.lmg proteinlmin) . . 

Cydic AMP contenl 
(nM/g) .............. 

CÀlcium ions concentration 
@M/g) . . . . . . . . . . . . 

Pcrmeabllity of synspto- 
some m m b r i n u  (Ed 
min) .................. 

Glucosc wntent @M/d 
Histone/DNA rstio . . . . . . 
RNA polymmse mction 

activity (imp./mg DNA/ 
min) ................ 

Ribonudcue aaivity @m1 
mg DNA) . . . . . . . . . . . . 

The action of cAMP on cellular metabolism is 
probably realized through an allosteric regulation 
of some enzymatic system. We have therefore investi- 
gated the influente of aethimizol on transcriptional 
activity, finding a decrease of the histone to P N A  
ratio in the nuclear preparation of brain tissue. Aethi- 
mizol increased 'Curidine incorporation in isolated 
cell nuclei of brain tissue. This effect may be connected 
both witb activation of RNA synthesis and with the 
decrease of the rate of its enzymatic decay. After 
aethimizol treatment, ribonuclease activity in nu- 
clear fraction of brain cells was found diminished. 

In summary, it may bc concluded that the molecular 
mechanism of aethimizol activity is connected with 
its ability to induce cAMP accumulation, therefore 
relying aethimizol action with that of the methylxan- 
tines. However, aethimizol, unlike methylxantines, 
is less active on cydic AMP phosphodiesterase and 
induce cAMP accumulation in brain tissue by activation 
of the adenyl cyclase system. This, allegedly, promotes 
rapid and massive cAMP formation, triggering in 
t u n  a series of enzymatic reaction directed to acti- 
vation of metabolic proccsses and to increase of func- 
tional ceU activity. 
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R.epeated electroconvulsive shock prevents - 
a p o m o r p ~ u c e d  q EEG synchronization 

?. ,, 
\ 
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Summay. - hpeated (om sbork &;/I /or 8 dolJ) but 
not si& ECS rupptrnr tba bebasionrd a d  E E G  effuts 
of a mali aòn of apomqpbim (25 /q.&-', 1.6.) in rata. 
In ratrol anìmolr, tbù don of apomorpbhv prpduns byp 
mofik~ a d  i m ~ s  tba tinr of pcbrnn'@ EEG,  akiq 
t& 45 mia #/W W t m n t .  T&# sffects wna absmt w b a  
apomqpbim vru givn, 3 *J aftw tba hit of 8 ECS. 
T6s n d t s  wsi tbat n p u t d  ECS n d t s  in diminirbd 
snn'tiwig in DA nreptor8 tbat mediat# mìation a d  s h p  
in rats. 

Riassunto. - Il trattammto mn ripsw' (ECS) (m d 
giorno pm otto gim'), ma non con m sin@& ECS, anta@- 
nqta si? @m' romportamntali s k modifiqioni E E G  
initptfr & ma picco& &ss di lipomo+ (25 ml 
ratto. N@ a n i d ì  di rontrolb t& don di apomr$na 
inibisn Patriuitd notoria ed anamta & psrnnruJI dri 
trmpi di s i ~ a i q z q i o m  E E G  &ani# i 45 minuti sue 
rsssivi a h  mmministrqi~~). I rùnltati indicano rba ripetuti 
ECS prod*c<mo ma diminuita sensibilità &i remttari 
dopambgin' rbe mediano & rdqiom s il mnno m1 ratto. 

Minute dosa o€ apomorphinc dea- motor a d v i y  
in roduicl [l, 21. This nsponu re9ccta a truc sedative 
effcct sincc it is aasocinted with a msukcd in- in 
the amount of EEG synchronization [3]. The &ct 
o€ subcu~ncoua injection of apomorphine lasta la 
than OM hour, due to thc short W-life of thc drug, 
but a penistcnt behviourai and EEG effcct may 
be obtained with thc continuou~ infusion of apomor- 
phinc [3]. Morcovcr, apomorphiac-induccd acdation 
and EEG changcl uc prcvcnted by do- @A) 
rcceptor blocken such aa halopuidol, pimozidc and 
(-)sulpiride, suggesting the cxistencc o€ DA r e p t o n  
mediating sedntion in thc rat CNS [l, 2, 31. 

Chronic trcatmcnt with triqciic antidepreasants 
or minnurim prcvents the sedative e W  of low doru 
of apomorphinc in rna 14, 5). This antagoniam ia 
only obacrved a f t u  chronic trcaunuit and pusirts 
long aftcr tratmcnt withdnwai, thc tinu-eounc of 
this effea mrmbling that of the clinid &st of theu 
'antideprcsrann. 
Tbe aim of thc prcsent study was to dnrify whethcr 

the abiiy to antagonize thc sedative and hypnotic 

e&co of low doiu of apomorphine is a generai 
p r o p t y  of antidepreswt traunenti, bcing P*o uutcd 
by elcctmconvulivc s h k  (ECS), the most 
trauncnt for aidoguiou~ deprcsuoa S i  hypo- 
motility in nib, upecinlly nftcr ECS, may d s t  
with EEG uournl, thc iniiucncc o€ ECS on apomor- 
pwnduced syndironization waa studied in ordcr 
to evnluate a truc udative &ct. The prcacnt rcsults 
show that re& but not ungle, ECS eliminata 
both the behnviourai and EEG c&a. o€ s d  dous 
of apomorphim 

~ ~ I F . R U L S  AND ~ ~ T H o D s .  

Male Spragut-DnwIcy CDR nts (Charlei R i w ,  
Como. Italy), weighing 250-300 g, werc d. Unda 
chlord hydrnte ancathuin (400 mg . kg-l), &ree sriinleu 
,tal rn ic rwuon  wen implantcd over the M, 
wsorimotor and frontai c o r t a  Hippoenmpd nctivitp 
was recorded by a stainlus sue1 W& (dLmau 0.30 mm) 
itiluhted to the tip and pliccd in thc I& d0tc.l hippo- 
campu: [6, 71. Por EMG, two s d  atninlcu a d  
necdlca werc inreaed acutely, prior to mrd ing ,  in 
the donai neck musda. aa p d o u i l y  dclcnbcd [3& 
After surguy, the rata, dowed one wozk for rc- 
covey, werc ho& one per cagc at 24 C, humidity 
50-M1%, with r c v d  l i g h t h k  qda (iight on 
from 10 p.m. to 10 %m.) and with smndnrd hboinmy 
food and watu ad ubifu, 

One sin& ah& (150 volts; M Hz: for 1 scc) w u  
givcn daiiy through epiJcarode ailignton for 1 or 
8 daya, at 9 a.m. Conu'oh werc handled in thc same 
manncr, but no cucrcnt wa# pd. Thc raordinga 
wcrc madc during the dark phaac, under rcd light, 
stprting at 1 p.m. Ench uiimnl W m r d c d  only 
once, for 45 miri, stnrring 5 min nfttr apomorphinc 
injcstioa This schedul waa choscn bccauac thc 
apomorphinc c&et is mat cvidcnt in nnivc rata pia& 
in M unfPmiliPt cnvironment, dwing thc dark p h  
of the qdc ,  whm sponont+ncow motor activity is 
dd. Apomorphinc (25 pg . kg-l), fruhly diasolved 
in H.0 conmining 0.2 mg . ml-l of aacorbic ncid, or 
solvcnt was i n j d  aubcumneody through a long 
Sihtic tube @ow-Corning). so aa not to disturb 
thc animala. h cach upulmcnt. 4 dmda were 
studied simultnneously: they wcrc piaccd in individuql 



g cages, within an electrically shielded sound- 
room and observed through a one-way glass 

and EMG were recorded using a Grass- 
rass, Massachussetts, U.S.A.). Qualitative 

EEG effects were analyzed by visual 
of 10 MC epoch records and by the use of a 

cy analyzer (Ecos, Sardinia). 

riods, the eyes may be either open 

ficance of the results was evaluated 

r 15 min of control recording, apomorphine 
kg-l) was injected in control n t s  and in those 
once or  8 times with ECS, three days after 

t tteatment. EEG recording was continued 
r 45 min. stacting 5 min after apomorphine treaanent. 
e recording was prolonged no further due to the 

ort half liie of the dmg. 
As previously reported [3], the administration of 
low dose of apomorphine caused behavioural se- 
tion a d  increased the amount of EEG synchroni- 
tion (EEG sedation) from 12 to 50% of the total 
ording time in control mts (Tab. 1). The effect 
apomorphine in mts treated with a single ECS 

s quite similar to that observed in controls. On 
e con*, the administration of apomorphine to 
ts q a t e d l y  treated with ECS failed to elicit 

able 1. - Antugonism by rcpeoted ECS of tbe EEG- 
Syncbroni@g effecf of upomorpbine (25 pg . &'). 

Slox wivc i  ii O/. of tat.1 recordin. tlmc 
(45 min dlci treatmcnt) 

No. .C 

dinsi 

ncs meived ECS or shnm ECS aa deacribcd in Matcrials 
Mnhoda. Apomorphinc or thc solvent wers givcn 3 
aher thc Iast ECC. Each vdue is che mean i S.E. 

ined fiom the reportcd number of rccordings. Each 
1 was recorded only once. 

(3 P < 0.001, with reapect to solvent-tcutcd rats. 
(**) P < 0.001, with rcspecr to sham or singlc ECS- 

uted mts 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. 

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 effen of apomorphine is due to stimulation 
of DA receptors [la], the time course o€ ECS- 
induced changes suggests that DA receptors subserving 
sedation 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 decreased dopaminergic 
G n g  and DA synthesis [8, 91, or a special kind of 
postsynaptic ones [IO] having the same high sensitivity 
to DA agonists. 

Experiments in progress have shown that the bi- 
l a ted  lesion of the nigrostriatal dopaminergic system, 
induced with the intranigd injection of &OHDA, 
which produced a fall in striatal DA content of over 
95 %, failed to prevent the sedative e&ct of apomor- 
phine, injected when the animals had recovered from 
the neurologica1 ddcits produced by the lesion. These 
results would apparently mie out the inhibition of 
the nigrostriatal DA system in the mechanism of the 
sedative efiect of apomorphine. However, further 
experiments carried out with these &OHDA lesioned 
animals showed that inhibition of DA synthesis with 
d-methyl-ptyrosine also resulted in a long-lasting 
sedative effect. 

A possible interpretation o€ these results is that 
residual DA fibra after W H D A  lesion are sufficient 
to maintain a nomal state of arousal and that the 
inhihition of dopaminergic transmission in these 
fihres results in a sedative response. Thus, these results 
support the idea that sedation is due to inhibition 
of dopaminergic G n g  in the nigrostriatal dopami- 
nergic system. 

An alternative interpretation of our data might he 
that ECS induces supersensitivity in postsynaptic 
excitatory DA receptors in the striatum or limbic 
areas [Il, 121. Accordingly, the sedative effect of 
apomorphine might be tnasked by the stimulation 
of such receptors. Indeed, such supersensitivity of 
postsynaptic DA receptors has been observed after 
withdtawal of ch ron i~  neuroleptic treatment [13]. 
However, unlike after neùroleptics, no changes in 
DA-sensitive adenylate cyclase [Il] or dopaminergic 
binding in tk sgiatum [14], two hiochemical markers 
of DA receptor aupersensitivity, have heen ohsemed 
after repeated ECS. Mo&va;'the effect of neuro- 
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 norma1 animals, decreased both motor 
activity and DA synthesis 141. Such potentiation was 
not observed with chronic ECS. 



The ability t o  antagonize the sedative effect of small Moreover, they indicate that apomorphine-induced 
doscs of apomorphine appears to be a genera1 cha- sedation may be a u se fd  modcl of menta1 depression. 
,aeristic of chronic antidepressant treatments, shared 
by  "qclic antidepressants [5],  atypicai antidepressants, 
su& as mianserine [5], M A 0  inhibitors [4] and R E M  Araavlrdgr m 
deeo deprivation [15]. .~ 

h u s ,  -aiso the preient results suggest that the de- Thc authon wish to thank Mr. Virgilio Boi for his cxcellcnt 
velopment of subsensi t i~tg.  of DA autorece~tom tccbnid a~sis-. This smdy was supportcd bg CNR grnnt 
rnediates the antideptessant eiTect o f  antidepressants. CT 80.00454.04. 
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ossible involvement -. -- . of prolactin in sulpiride-induced changes 
nigra. a d  'stZta& -D .. activity 

'* 

b. SCAPAGNINI, P. L> CANONICO, F.' PATTI (a)), D. E. CONDORELLI (a) and E. NICOLETTI 

4) Departments of Pharmacolo@ and Newology, UniuersiQ of Catania, Itab 

artiuig, tbc possibili9 h a  been suggested 
pituitay factor may be inuolued in the centrai 

tk euidence that 

assunto. - Sono stati analirrati gli effetti romparatiui 
e della su@ride, suli'atfiuitd dell'en~ima 

G A B A ,  G A D ,  nel rorpo striato e nelh 

induce M incremento dcll'attiuità 
niga e nel corpo striato, mentre 

le del su&ide si dcsune h 6  
L'incremento di G A D  

'ipotesi di mo sper$co 
dali'euiden~a che m 
e striatale si osnnia 

i 
he antidopaminergic activity of the benzamide 

de 'vative sulpiride appears markedly different from 
tha of classical neuroleptics sudi as haloperidol. In 
fa , d k e  haloperidol, sulpiride shows little efficacy 
in hlocking amphetamincinduced hyperactivitg and 
ap mofphine-induced stereotypies and in causing 

catalepsy [l]. Moreover, it is well known that the 
parkinsonian syndrome and the tardive dyskinesia 
obsemed during haloperidol treatment and after its 
discontinuation rarelv occur in sul~iride-treated pa- 
tients 121. 

The different neuropharmacological spectra of sul- 
piride and dassicai neuroleptin might be related to 
the f aa  that sulpiride would act preferentidy on dopi- 
mine (DA) receptors not linked to adenylate cydase 
(D2 receptors according to Spano ct al. [3], and, in 
contrast, haloperidol would inhibit D A  receptors both 
those linked @l) and not linked to (D2) adenylate 
cyclase. 

Few data are reported concerning the rok of neuro- 
transmitters other than D A  in the neuropharmaco- 
logica1 dfects of halopendol and sulpiride. Severaì 

Table 1. - Effert o j  acute and chronic (2.5-5 mg/&, twice 
hib for 21 dqs) haloperido1 or mlpiride i.p.; treatnent 
(2 m&g e d  injection) on nigrnl (SN) and striatal (Cf) 
G A D  actiuity in mab rats. 

Saline .............. 41.64k1.42 19.90k2.71 

Hslopctidol .......... 37.4154.34 18.5713.13 

Sulpiride ............ 60.28&2.12' 37.36i3.17' 

Chronic tre~rmmf: 

Saline .............. 43.19f 2.61 18.88f 3.04 

Haloperidol .......... 46.22h4.25 15.41k2.64 

............ Sulpiride 62.81+3.16' 39.55&1 .68' 

GAD sctiviq waa aasnycd using thc conditiona duaibed 
by Beiven et al. (14), slighty modificd by Niaticb ct al., (15). 
Valuca arc mcsnt of 8 animsls for ench gmup. 

(3 p < 0.01 if comparcd to saline injcctcd animsls. 



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 activitv of the GABA svn- 
the&ing enzyme g'lutamic 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 hy Lloyd and Horny- 
kiewicz [5].  Conversely, a sharp increase in GAD 
activitv was induced hv acute or chronic sulairide 
treatment (Tab. 1). 

Although a direct action of sulpiride on GABA 
neurons cannot he mied out, it is reasonable to 
speculate that GAD activity changes may reflect a 
primitive action of the benzamide derivative on DA 
receptors. It has been suggested, in fact, that nigro- 
striatal DA ergic fibers could contro1 striato-nigral 
GABAergic system by contacting the dendrites of 
striatal cholinergic interneurons [6]. Thus, the DA 
receptors agonist apomorphine may increase striato- 
nigral GABA turnover via removal of an inhibitory 
influence on the GABA cell bodies and dendrites [q. 
In  addition it has been recentiy proposed that DA 
can modulate the activity of cortico-striatal gluta- 
matergic fibers [3]. This pathways is considered to 
play an excitatory role on striato-nigral GABAergic 
neurons [8]. Severa1 lines of evidence suggest that, 
in corpus striatum (CS), D1 receptors mediate the 
DA-induced inhihition of cboiinergic 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 autoreceptors. This hypothesis 
might be suppoaed by the observation that sulpiride 
is able to counteract the hypomotility induced by 
low doses of apomorphine, effect ailegedly associated 
with the stimulation of DA autoreceptors [9]. 

Since haioperidol fails to increase nigral and striata1 
GAD activity, it is conceivable that the blockade 
of D1 receptors may counteract the simultaneous 
D2 dependent effects on GAD activity. However, 
a major question concerning the neurochemical events 
related to sulpiride peripheral injection raises from 
the fact that the dmg poorly crosses the blood-brain 
barrier [IO]. Therefore, while exploring the possible 
activity of the benzamide derivative on GABAergic 
system, the possibiiity was considered of an indirect 
mediation by other events occurring outside the hlood- 
hrain barrier. In order to evaluate the involvement 
of prolactin (PRL), an anterior pituitary hormone 
whose synthesis and release are strongly stimulated 
by sulpiride [Il-131, 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. l), suggesting the 
involvement of an adenopituitary factor in the sui- 
piride -induced GAD activity changes in CS and 
substantia nigra (SN). In view of the above reported 
sulpiride effects on PRL synthesis and release, it is 
tempting to speculate on the possibility that PRL 

FIG. 1. - Effects of sulpiride injcction (2 mg/kg. i.p. 30 min beforc 
anuifice) on nigrd (SN) and striatal (CS) GAD nctivity in intnct 
nnd hypophysatomired (hypfx) male nts. Valucs arc muins i 
S.E. o< 8 animals for each gmup. (*) p < 0.01 if compxtd to 

dine-injectcd intaet animals. 

Fic. 2. - Effect of adenopihiitaq traniplantation (Gmft) on nigrnl 
(SN) stìd suiatal (CS) GAD activity m d  plasma prolactin (PRL) 
levcls in male rntr. ValucS aremcans i S.E. of 8 mimais for 
cnch group. (*) p < 0.01 if compared to sham operatcd animals. 

. -. 
may be responsible%r r%.effect. In support to this 
hypothesis, it is of interest..ropnote that an increase 
in GAD activity is observed following adenopituitary 
homograft (Fig. 2), a condition of hyperprolactinemia 
independent from sulpiride injection. However, it 
must he also considered the possibility that other 
events possihly linked to hypophysectomy such as 
changes in the permeabiiity of blood-brain barrier 
or in pharmacokinetics of sulpiride may interfere with 
the effects of the benzamide derivative on striato- 
nigral GABAergic system. 
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Effect of acute and chronic ethanol exposure 
on the rat braìì-opiate receptor function 
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S u m m q .  - A reduction of botb maximal demity and 
' rociation constant for the low-afinity component of me- 
ioninccnkephalin receptor binding sitts was found in rutr 

chrenic ethanol treatment. These changes disappeared 
n 48 h after tbc last ddoy of treatment. On fhe other 

acute ethawl administwtion (4 glkg) elicited the 
arance of the h&$ afinity component. In vitro 
sign$con* a l t m  tbe binding of opiate n peptides. 

e ultrafìltrota of tbc supcrnatant obtained from brain 
fraction of rats chronica/& freated witb alcohol 
to inbibit botb maximal densìty and dirrociation 

of tbe low-afinity component of opiate receptor 

Riassunto. - In ratti trattati cronicamente con etanoio 
ritrovata una diminqionc del numero e dello costanfe 

& / h  componente a barra afinitd dei sifi 
met-enkefolina. Un ritorno alla norma 

hlh finc del trattamento. I l  tratta- 
(4 g/kg)prmoca invece la scomparsa 

vitro I'etanolo injuenqa 
L'ultrafìItrato del supem- 

membrana del ceruel/o di 

effeas hy certain neuroamine-derived 
has a parricular interest. It 
[2, 31 that acetaldehyde may 

epinephrine, dopa- 
intermediate Schiff 

ethanol may be related, in part, to the condensation 
of acetaldehyde during ethanol metabolism. Reccnt 
studies have also shown that chronic alcohol and 
chronic morphine exposure induces identical changes 
in endorphin and enkephalin turnover [4, 51. 

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

A total of 50 Wistar male rats, weighing approxi- 
mately 80-100 g was divided into 2 groups o€ 25 
animals each. Onc group (thereafter called the « alcohol 
group N) was treated per os with 30 % (v/v) ethanol 
solution in a dose of 4 ml/kg body wt per day for 
one month. Then the alcohol group was fed the 
sane standard solid pellet diet and separately a 30 % 
(v/v) ethanol solution in Richter drinking mbes 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 m1 graduated Richter drinking tuhes htted to the 
front wall of the cage. Alcohol intake of animals 
was measured by offeiing a €ree choice between water 
and 30 % v/v ethanol solution. 

Al1 resuhs were reported as the mean S.E.M. 
of obtained values and comparisons hetwcen groups 
were made by the Student t-test. A P value of less 
than 0.05 was taken to indicate statistica] signihcance. 

Male Wistar rats (35U00 g) were killed by decapi- 
tation and the brains rapidly removed and placed 
in ice-~old 50 mM Tris-HC1 buffer, pH 7.7 at 25 "C. 
The sections of midbrain plus hypothalamus were 
isolated and homogenized in 45 volumes of the Tris- 
H U  buffer. The homogenates were then centrifuged 
at 4oC for 20 min at 30200 x g. The pellets were 
resuspended in 60 m1 of Tris-HCI buffer, incubated 
for 40 min at 37 O C  and centrifuged at 4 OC for 20 min 
ot 30200 x g. Supernatants were discarded (unless 
otherwise indicated) or hltered through a Millipore 
PSAC hiters (nomina1 cut-off 10,000 M. W.) and 



filtrates were used for binding studies. The final 
membrane pellets were suspended in 50 mM Tris- 
HCI buffer, pH 7.7 (25 OC) and utilized for binding 
assays. 

Binding experiments were performed as previously 
described [6] by using the filtration method o€ Snyder 
et al. [7]. The assay was carried out at 25 0C in a 
standard incubation mixture (fina1 volume 1 m1 of 
Tns-HCI buffer) containing 0.C0.9 mg of protcin 
of tissue suspension, containing 3 H-methionine-enke- 
phaiin (36 Ci/mmol; Amersham, England) or JH-D 
ALAa-met-enkephalinamide (27 Ci/mmol; Amersham, 
England), in presence of bacitracin 2-7 Units (53, 
500 U/g Sigma, USA). 

After 40 min of incubation the reaction was termi- 
nated by rapidly filtering under vacuum through 
GF/B glass filters (Whatman, England), then the filters 
were washed three times with 2.5 m1 of ice-cold Tris- 
HCI buffer. The filters were placed in 1 m1 Protosol 
and counted with 10 m1 standard toluene counting 
olution. Al1 assays were performed in duplicate 
nd the variability of the duplicate was usually less 
an 10% of the mean. Opiate-specific binding 

defined as the differente between the total binding 
the binding that occurred in the presence of 2 mM 

hionine enkephalin. 
n order to evaluate the presence into the supernatant 

f endogenous opiate-like material, the supernatant 
g from the last centrifugation of membranes, 
the assay, was hltered through a Millipore 

fiiters (nomina1 cut-off 10,OM) M. W.) and the 
was added in the incubation mixture before 

min at 3 7 9  adding the JH-met-enkephalin. 
The protein concentration was determined by the 
ethnd of Lowry et al. [a]. 

During the 6 hours of administration of nalorphine 
( O mg/kg ip x 3 times) a more than 3-fold increase 

f the rate of ethanol consumption in alcohol treated 
'mals was observed (Fig. i). However, from 3 ti11 

1 hours after the last nalorphine injection we found 
a decrease of alcohol consumption rate. i 

able i. - Characteristics of 8H-met-enkepha/in binding to 
opiatc receptor rites in midbrain and Ippotbakamus of rats 
exposed to chronic cthanol treatnmt and witbdraria/. 

HLsh .ffini<r Low iffinity 
blndlng dei blndin. dtcs 

ntrol ... . . . . . . . 1.4f0.2 3734 19h3 280*30 

posure: 
post-withdrawal 1.010.2 44&4 I l f  1' 170f 25' 

1.550.3 4 1 1 5  l l f  3 29Sf 30 

O Contro1 alcohol treated n l s  (alcohol proup) m Nnlorphine inleeled rata o1 slcohol proup 

FIG. 1. - E.Em of nalorphine on the rate of ethmol cansumption 
cthanol ucated rats. 
(a) During nalorphinc trcntmcnt (10 mg/kg X 3 timcs bctwcen 

12 h and 18 h pm.) 
(6) Aftcr nalorphinc injections (bcmccn 18 h p.m. and 12 h 

a.m. of thc ncxt day). 
Chronic ethmol (daily dose o€ 4 g/kg) was administued ns a 
30 % w/v drinking soiution during l1 months. Bar denoted 

S.E.M. (') P < 0.05. 

As showed in Table 1 no statistically changes were 
obsemed in the dissociatinn constant (K,) and maximal 
number of high af?inity binding sites (B-) in midbrain 
and hypothalamus of rats following chronic ethanol 
treatment and withdrawal (l 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 aH methionine enkephalin were significantly 
lower in hypothalamus and midbrain of alcohol treated 
rats (I h post- withdrawal) than the pair-fed conrrols. 
Return to norma1 occurred 48 h after the end of treat- 
ment, when alcobol group and pair-fed control group 
gave similar binding characteristics. 

FLG. 2, - Scatchard analysis of 'H-mct-kcphnìin binding in 
contro1 rat brzin tissue membrane frnction preincubatcd with 
supernatant of membrane fraction of mts. exposed to chronic 
ethanol treatmcnt. Rat brain tissue membrane frnction were 
preparcd, prsincubatcd and assayed as describcd in i< Methods n. 
Thc uperimcnt was reptcd 3 timcs. A = Control; O = in 

prcscnce of punficd supcrnatant (40 min at  37 'C). 



In o r d a  to clarify whether or not this effect can be " 
5 

its receptors sites in rat brain mem- 
of membrane fractions to 
in concentration of 10 and 

X " 8 

i 
, , - . ~..  

membranes to 2 mM ethanol 3 o L  
.. - _  

concentration has no effect P" 1 O0 2 O0 

S L w i X i c  ' ~ q c t - e n k e p l u l i n  bouad (pu) 

FIG. 3. - Scatchard ana,ysis "f "3-met-enkephalin ,,inding i" 
substances hypothalamus and midbrain ~ > f  rata l hom o after acute erhmol 

do not (4 glici: x OS) tmtment. Rat brain tissue membrane fractions 

2). \ve= Prepared and assagcd ns dcscrihed in c hlethods n. Thc 

n t. evaluate whether this effect in mediated experiment was repeated twice. A = Control; O = acuteethuiol. 

I bd endogenous opiate receptor ligands we studied 

of low affinity 
after prolonged 

fo*tion of endogenous substances which alter 

Ta le 2. - Tbc effect of ethanol andlor acetuldehyde effects 
3H-D ALA binding to rat hypotbalamus plrrs mid- 

rain time. f 
l 'H-D ALA bindm 

(% of contro1 blndind 

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

The disappearance of the high affinity component 
for SH-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. 

The observation of discrete high and low affinity 
binding sites for 'H-met-enkephaiin in control and 
alcohol-treated animals was in good agreement witb 
the postulate about 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-receptor of Martin) and the other with high 
affinity for enkepbaiins (named 6). The enkephalinam- 
ides, P-endorphin and the opiate etorphine seem 
to bind equally well 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 b 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: 

P <  0.001 compsred with the 3H-D ALA binding pattern f0r SH-met-enkephalin in ra& after acute 
ntrol, accarding to  the Student's t-test. and chronic alcohol administration as observed in 

R.t 
&ed 
ed 
3702:) 
md!/or 
Tlie 
each 

(a) 
wirh 
dehyde 
The 
ed i 
3020 

ALA 

a) conformational or/and structural changes in 
brain t i s u e  membrane fractions were prepared and 
as descdbed in Methods. ~h~ binding wss determin  piat te receptors of ethanol treated animals; 

fter preincubation of membrane fractions (40 min at b) the modification in brain content of endogenous 
with 50 mM Tris-HCI, pH 7.7 (Control). o r  ethsnol opioid ligands in alcohol treated 

acetaldehyde btfore adding 'H-D ALA (1.5 "M). 
results arc the means 5 S.E.M. of 4 experiments for L) direct effect of ethanol and/or acetaldehyde 
group. on membrane lipids or receptor proteins. 
Membrane fractions wcre incubated (40 min s t  37'C) 
50 mM Trls-DCI (Cantrol), o r  ethanol and o r  acetal. The study of direct effects of ethanol or/and acetal- 

then centrifuged at 4 ' ~  for 15 min at 30200 x g. dehyde on enkephalin binding to opiate receptors 
supernetants were discarded and pellets were reswpend- showed that the reduction of opiate receptor binding 

60 m1 of 50 mM Tris-HCI, PH 7.7 and centrifuged *t activity by high of ethanol an,qor x g for 15 min. Then pellets were resuspended snd 
at the more before ~ H D  acetaldehyde \va< a revmible process. and tbus such 

binding experimtnt. reduction was not the cause of the chanpes of bindine 



m r  experiments. On the other hand the influence 
3f preincubation with supernatant of rat brain mem- 
brane fraction of alcohol group on the enkephalin 
Ynding indicated that the obsemed changes of en- 
kepbafin biiding after chronic alcohol treatment were 
:esponsible for the differences in endogenous opioid 
:omposition in brain tissues of contro1 and alcohol 
:reated animals. 

Tbe changes of binding of enkephalin with brain 
>Diate receptors after chronic alcohol adnunistration 
Day be indkative of the participation of opiate systems 
n the mechanism of development of tolerance to and 
~hvsical de~endence on ethanol. In a studv of Hoffman 
ind coworkers [IO] were aiso obsemed changes in 
>piate binding sites in striata1 tissue of mice following 
:hronic alcohol administration and withdrawal (24 h 
>est-withdrawal). 

At present it appears difficult to compare the disap- 
Yearance of the high affinity component for aH-met- 

enkephalin binding in animals after acute alcohol 
consumption as compared to chronic ethanol treatment 
when the low affinity is alTected. We might speculate 
that acute exposure to alcohol induces an increase of 
endogenous opiate-fike material which alTeas 'the 
high affinity component of the JH-met-enkephalin 
binding. This increase might be reduced during the 
development of the tolerance after chronic exposure 
to this dmg. These results are in a good agreement 
with the data of Schulz and coworkers [Il] about 
more highly pronounced change of endorphin leve1 
in brain and pituitary after acute ethanol administration 
as compared to chronic ethanol one. However, in 
order to clarify the physiopatologiml involvement 
of the high affinity component during the acute treatment 
and the low &nity component during the development 
of tolerance, further study are required on the functional 
relationship between the two affinity components of 
opiate receptors. 
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3ippocampal glucocorticoid binding: serotoninergic regulation and 
hug effects, relevance to behavioral-endocrine activities and depression 

,. ANGELUCCI, E. R. PATACCHIOLI, S. SCACCIANOCE, E. MARTUCCI 2nd M. CAPASSO . \ 

'harmacology II, Faculg of Medicine, Uniuersig of Rome Itab 

Summary. - The hippocampal ghcocorticoid receptor 
,rues as un integrative connection between endocrine actiuig 
F the &pothlamo-pihu'ratqcndrennl axis and the mciated 
?hatioral responses, hoth gouerned by this limbic structures. 
Serotoninargic input t0 tbc hippocampus primari4 modu- 

rtes corticosterone binding in this area, indipendentb 
but cooperatiueb with tha kuel o f  adrenocortical semtion. 

%e modnlutory role is essentialb inhibitory. 
In consi'daration that depressiue ilIncss con be associated 

ith pertwbafion o f  tha adrenocortical mtiuig it is proposed 
iat a disregu&tion in the limbic ryrtem-Lypothalamus- 
ifuitarpdrenal circuit is a salicnt feature of depression; 
ie euentd beneficial effect o f  antidepressant drugs interfering 
ith serotoninergic inneruation of the hippocampbu m 4  
t mediated tbrough reparative infiences on the behauior- 
rdocrine integrutad fmtion o f  this circuit. 

Riassunto. - I l  recettore glucocorticoideo ippocampale 
~ntroI&, integrandole, I'attiuitù endocrinu deJJ'asse ipota- 
,mo-ipofsi-smene e le concomitanti risposte comporta- 
'enta/i. 
L'inncruarione serotoninergicu delJ'ippocampo modula ini- 

;toriamcnta la capacitù di binding del recettore gluco- 
irticoideo, cooperando in tal senso con il livello di secrezione 
frenocorticale. 
Poichd lo stato depressiuo pud essere accompagnato a2 

'tera@oni dell'attivitù adrenocorficale, si ipotizza che una 
~sregola~ione nel circuito sistema Iimbico-ipotalamo-ipo- 
ri-smee sia componente caratteristica della depressione; 
effetto benefico operato da farmaci antidepressiui interfe- 
ati con l'inneruar(ione serotoninergica ippocampale potrebbe 
'ridarsi su/& normalizpazione della fìqione integratiua 
T questo circuito. 

ITRODUCTION. 

The functional relevance of brain glucocorticoid 
:ceptor [l] in laboratory animals is now well established. 
i particular, the hippocampal glucocorticoid receptor 
:rves as an integrative connection between endocrine 
:tivity of the hypothalamo-pituitary adrenal axis 
id associated behavioral responses [24], both 
overned by this limbic structure. On one hand, 
ituitary adrenal response to stress, namely early 
CTH and late glucocorticoid secretion increase, is 

modulated by inhibitory and facilitatory influences 
from the limbic system [4-6[. On the other hand, 
the endocrine response modulates behavioral output 
from tbe hippocampus via a negative feedback on its 
glucocorticoid receptor, the binding capacity of which 
is reduced both by ACTH and glucocorticoid hor- 
mone [7, 81. 

On the endocrine side of this integrative process, 
an example is given by the drcadian rhythm in gluco- 
corticoid binding capacity in the hippocampus [il. 
This capacity can be measured in mice and rats a few 
hours after adrenalectomy, a time necessary to full 
desaturation of tbe receptor of the endogenous hormonal 
ligand. Figure 1 shows that the maximal value in 
in uiuo specific aH-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 lower, whereas minimal 
values were found in dark hours, when blood corti- 
costerone is higher. Notice that the diurnal rhythm 
in pituitary glucocomcoid uptake is a mere reflenion 
of blood co~costerone 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, ;.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 is given by the role of tbe 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, pbysiological behavior 
is specifically reinstated 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 [IO, Il]. For instance, as shown in figure 2, 
neurotoxic lesion of brain serotoninergic pathways 
disrupted circadian rhythm in in vivo spedfic aH- 
corticosterone uptake in the rat's hyppocampus, in 



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

As also shown in figure 2, even fornical transecti& 
produced a disruption in circadian rhythm of in vivo 
specific SH-corticosterone uptake in the rat's hippo- 
campus. Evidently, tbis manipulation as well as 

1. - Circadian variations of brain specific (hippocampus: 
:x, septum: corte., hypophysi=: blwd) 'Hiorticosterone 
ke atter a sams tracer dose in b h r  (roitliiruo~r~ line) and 10-hr 
ed line) adrenalcctomized mice (N = 7-10). Dotied, lo/ /  
and flllrd ,yxhlr: p = 5, 1 and 0.1 %, respecti~cl~, versus 

pcak value. Hmv Iriie: &rk period. 

FIG. 3. - Thc relationship betmeen serotonincrgic innervation 
and cytosol (1.2 mg protein per ml) glucocorticoid binding in 
the %hr adi.enalectomined rat's hippocampus. A h v e :  individual 
maximal binding of 8H-conicoiterone 4 x 10 -*M, m d  s H m o -  
tonin 5 x 10 -*M uptakc (slices) in rats arith an 8 day 5, 6 di- 
dydroxytryptaminc (10 M in 1 WL; 1 hour-pretreatmcnt with desi- 
praminc 20 mg/kg i.p.) Iesion of nuclcus raphe dorsalis. = 
sham (7); = lesion (6). f i lm:  'H-serotonin uptake nnd 
Scatchrd analysis of W-rticosterone 0.064 x -8M binding 

in lerioncd (16) and sham (16) rats. 

ns. 

[1 metc 20 

i.p 

3 
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30 
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2. - Top aitd niddle: plasma concentrations of endogenous 
iosteronc and bcain speciiic (hippocampus: correr, hypo- 
1s: blood) SH-corticostcrone uptake of 12-hr adrenalectomiz- 
ats 5 and 21 days after 5.7-hidydroxytryptamine, 50 ug, 
e third brain ventricle (N = 8). Bollom: uptake after fornical 
cction (N = 6-9). Fillcd snd opw circle: controls and 

treated. 

Frc. 4. - The effect of in vim serotaninergic drugs on cytosol (1.2 
mg protein per ml) individual maximal binding of 'H-cortico 
stcrone (4 X 10-8M) in the 24-hr adrenalectomized rat's hippn- 

campus. Plai,~ mao: controls; doned area: treated. 



,urotoxic lesion interrupts a neuronal pathway essential 
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 tbe rat hy other authors [12], and 
assumed to indicate a serotoninergic control of circadian 
periodicity of adrenocortical secretion in force of 
its suppression by inhibition nf serotonin synthesis. 
On this basis we have investigated in more detail 
the role of serot&ìnèrgfr inpet to the hippocampus 
in the regulation of its g l u c o c ~ q o i d  hinding ca- 
pacity. As shown in figure 3, chemid  lesion of the 
raphe dorsalis nucleus in the rat, abl& to produce 
a 50 per cent decrease'ln W-serotonin uptake in the 
midbrain and hypothaiamus, substantially 'increased 
maximal 3H-corticosterone binding in the hippocampal 
cytosol. Scatchard anaiysis demonstrated that the 
latter was due to an increase in number of hinding 
sites, accompanied hy an apparent decrease in affinity. 
Since in the 8 4 a y  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 nn tbe glucocorticoid binding capacity of tbe 
hippocampus and, possibly, on its functional expression 
with regard to behavioral and endocrine control 
exerted by the limbic structure. 

In the light of these results, we have investigated 
the possible effect of serotoninergic drugs in vivo on 
glucocorticoid binding capacity in the hippocampus. 
As shown in figure 4, quipazine, a post-synaptic 
serotoninergic agonist, reduced aH-corticosterone bind- 
ing. This effect was in agreement with the result 
of the pre-synaptic lesion of the serotoninergic system 
after 5,6dihydroxytryptamine, indicating the inhibi- 
tory role of serotoninergic innemation on glucocorti- 
coid binding capacity. Of the two post-synaptic 
serotoninergic blockers studied, metergoline was 
without effect, while methisergide produced a reduction 
in 3H<oaicosterone binding, this result is in contra- 
distinction with the ahove postulated inhibitory role 
of serotoninergic innemation. Figure 5 shows the 
Scatchard analysis of hippocampal 3H<orticosterone 
binding in rats treated with quipazine or methisergide: 
with both compounds a reduction in number of binding 
sites was evident, with no modification of atlinity. 
LSD and etoperidone, two partial agonists of pre- 
?nd post-svnaptic serotoninercric recemor. ~roduced - . . A  

increasé in glucocorticoid binding (see fig. 4). 
is was agreement with the ahove postulated role. 

s shown in figure 6, the Scatcbard analysis of hip- 
campa1 3H-corticosterone binding in rats treated 
h LSD demonstrate an increase in number of binding 

ites, possibly with a reduction in affinity. 
The ahove mearurements were carried out in pre- 

iously adrenalectomized rats in order to have full 
saturation of glucocorticoid receptors. In the intact 

the effect on hippocampal glucocorticoid binding 
drugs acting on the serotoninergic system would 

ve heen more cnmplex since some of these drugs, 
shown in figure 7, were able to stimulate adrenal 
retion, possibly through interferente with monami- 
gic control of CRF release in the hypothalamus. 
king into account the hormonal negative feedback 

n glucocorticoid binding capacity in the hippocampus, 

FIG. 5. - Individua1 maximal binding of aH-conKosttronc and 
Scatchnrd analysis (0.06-4 X 10-BM) of binding in thc 24hr  
addcctomircd  rat's hippocampua qtosol sftcr methyscgidc 

or quipazinc 1 hour bcfore denth. 

Frc. 6. - Individuai maximal binding of 'H-corticosfemnc and 
Scntchard anaiysis ( 0 . W  X 10-8M) of binding in thc 2Ghr 
adrenalectomired rat's hippocampus cytosol aftu LSD 1 hour 

bcfoit death. 

mete ecop etop LSD 
mg/kg 75 520 50 15 2 10 

I V  IP m ( P  { P  ' P  
h aiter 1 3 1 1 1 15 

Pro. 7. - The cRect of serotoninergic dmgi on blood wniwrDcrone 
leve1 in the far. 



should assume that in the intact rat the direct 
indirect effects of quipazine on the binding 

Id reinforce each other, whereas the two effects 
Id tend to eliminate each other in the case of LSD 

n the basis of the above findings, it can be hypot- 
sued that an alteration of the hippocampal function 
the regulation of endocrine and behavioral activities 
ght play a role in the depressive state. In a substantial 
rtion of endogenous depressed patients, the pattern 
hypothalamo-pituitary adrenal function is aberrant, 
th severa1 peaks in diurna1 cortisol plasma levels, 
ttening of cirmdian rhythm as a consequence of 
creased nocturnal activity, and a poor response 

amethazone suppression test [14, 151. This 
y is the neuroendoccinopathological count- 
the behavioral disturbance. Both reflect 

a higher brain area [M], the limbic 
tem [lq, in which, as indicated by the previously 

ned experimental evidence, programs for tbe 
dian tonic inhibitory contro1 of the hypothalamo- 
taryadrenal activity, as well as for appropriate 

PLG. 8. - The &en of h urvo antndepreasants on cytorol (1.2 mg 
p t c i n  per ml) individua1 mpxirnal binding <if SH-conicuatcmne 
(4 x 10-BM) in the 24-hr ndrcndcctomucd =t's hirrp-mws. 
.l 

. - 
P/& m#: controls; dottsd mco: truted. 

vioral responses are engrammed and integrated. 
basis for this intimate integration is given by 
onicoid neuronal receptors. When tricyciic 
ressants produce recovery from depression, 

also normalize adrenal activity [14]. Since these 
rfere with monaminergic innemation, one 
'uvantibus, prospect the depressive state 
ed by disturbances of the hypothalamo- 

adrenal activity as a neuroendocrinopathy 
altered monaminergic activity is taking place 

e hippocampus with ensuing alteration of gluco- 
eceptor function. So, it is of importance 

whether antidepressants modify glucocorticoid 
in the hippocampus. As shown in figure 8, 
the antidepressants mianserine, imipramine 

mitryptiline had no effect on 8H~orticosterone 
ng in the hippocampus. Chlorimipramine re- 
d it, desipramine and noctryptiline increased it. 

&dings are apparently conflicting; one may 
t to explain the discrepancies among the various 

FIG. 9. - Individua1 marimal binding of SH-corticosteronc nnd 
Smtdisrd nnnlysis (0.0fA X 10-8M) of binding in the 24-hr 
adrcnaicetomizcd =t's hippocampua cytosol aftu chlorimiprnminc 

l hour bdors dcath. 

antidepressants considering 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 glucococticoid binding in the hippocampus, 
one could think that thc lack of effect of imipramine 
and amitryptiiine was due to a n d i  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 
8H~octicosterone binding in rats treated with chlo- 
rimipramine: a reduction in number of binding sites 
was evident, with no modification of afinity. 

Figure 10 shows that al1 tricidic antidepressants 
investigated were able in large measure to activate 
adrenal secretion; it is possible that this effect, pro- 
bably due to intecference 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 prescnted in this repoct on the physiolo- 
gical meaning, endocrine and behavioral, of the hippo- 

I h after rnian amit. de i .  chlo. imip. nort. 
mg1kgi.p. 10 15 15 15 M 10 

FIG. 10. - Thc cffect of antidcpressants on blood conicostcmne 
lcvcl in the rat. 



on the  role of sero- 
t o  the  regulation 

binding 

prevalently, simultaneously or sequentially, and o€ 
the  inherent final balance; an incoherence which par- 
allels t h e  fact that  th rough  apparently antithetic dif- 
ferent mechanisms of action, an antidepressant effect 
clinically relevant can be equally attained. 

Thesc studies were supponed by CNR Grant no. 80.00367.04 
and Ministry of Education Funds fot 1980. 
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Genetic pr&sposition to epileptiform fits in rats: 
d'' L- 

probable role of s6.Ia.a mechanisms 
ì 
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(a) Insfitnte of Pbarmacolo~, A c d m y  of Medica1 Scienres of tbe USSR, Moscow; 
(b) Rerearcb Institute far BiologiCal Testing of Cbemicallr, Kupmim, Moscow Region 

Summary. - Some nempbysiologi>al and nenracbemitd 
cbaractmitic of rats of two CIMI: Wistar ami Krurbi* 
M o M k k  (K-M), dzfmng in t& semtiuity to t& con- 
uulnue effect of r o d  wcre stdicd. Wistar rats shwcd 
M reaction to fbe b d  s o d  (expored far 90 m), K-M 
rats in 100 % of C ~ C I  reacfed to tbe SO& &.+k,pi#g M 
excilcment fit procseding into a clonic tonic cm&e fit. 
Wirtm rat5 wers nore se)u~'rive to tbe catpkptogenic efect 
of baIbwapnine tbrn K-M anima&. 

Tbe anikals .f tbe two ìincs sbowed diffmt &tic 
pmperties of tbe rfriktal tyrsiin-&droxykue and a&o of tbs 
constants of 'H-GABA nptake by cerebellnm .ynaptosomes. 
No dissinibitie~ in fba actiM9 of g/#anatc-dscarboxy~.+ 
of homogenotes of cortcx or caabcllnm, or differente in th 
leuel of GABA w m  f o d .  

Riassunto. - Sono stati s&ti akm' aspetti rompor- 
f a ~ ~ n t a l i  e ncwrocbimin' di ratti Wistm e ratti Krrrrbinski- 
MoIoaUna (K-M), rbe differiscono neIh loro sem'bilitd 
a h  coonuJsioni nnàìogene. I ratti Wirtar sono pid scm'bili 
dei K-M agli effetti catafanizpanti drlh bnIbacapnim. 
Lc due lince differiscono ancbe nelte proprietd cincticbe d d h  
firosina-idrorsihsì siriatnla C ndk costanti di captazione 
del aH-GABA & parte &i sinaptosomi cerebeliari. Non 
lono sta& ritrovate differenze nei &lli di GABA e nel- 
Pattiuitd drlb giufanato&carbossikui di omogeneizzati di 
corteccÌa. 

Three decades ago it was shown that an increased 
of the thalamo-caudate inhibitory systm was 

of the fanors which could stop or prevent convul- 
epileptiform fits [l]. The susceptibility of brain 

otor cortex to the urdtation s~rcadine from M 

cus is known to be in large>an related 
dficency of the inhibitory input from the striatum 

is involved in the reguiation of locomotor 
scie tone [2, 31. Recently, cvidence 

favour of the possibiiy of anesting 
in animals or in men by direct 

of the n. caudatus [2, 4, 51. 
nigrc-striatal control is known [2,3] to 
ating &cct on the striatum: enhanced 

dopaminergic tnuismission inhibita striatal function 
whercas dopuninergic reduced input resulta in the 
activation of striatal inhibitory output. In the former 
case the in-d lou>motor activiy (hypcrkineaia) 
is obscrrred, aad in thc iattei the motility u slowed 
down (hypokinuia or cptplepsy). Striatnl hypufunction 
c l in idy manifesta itaelf u organic or dq- induad  
parkinsonism [3]. 

Our aim WM a neuropbysiologicai and neurochemi- 
cal study of the sniaturn in two rat sunins having 
differrnt susceptibility to the epiìeptogenic e&ct of 
sound: Wistax rata wae  audiogcnidy insusceptiblc, 
whiie Kniahina!&Molodkina rrts manifested typicnl 
audiogcnic convulsive sJniru). 

65 Wistar and 69 Krushinski-Molodkina (K-M) 
rata weighing 1EC-220 g from the Anima1 Farm of 
M. V. Lomonosov State University (Moscow) were 
used. AU the animals had been previously terted three 
times by stimulation with an electric bell of 105 deabeli. 
Of the Wistar rats, only those not responding to the 
sound (audiogenically insusceptible) were sciecood, 
and of the K-M group, only those with a marked 
response to the sound, which manifestcd itself as 
sharp locomotor exatation followed by a typicpl 
epileptifom fit. Some animals (36) were implanted 
with atee1 e l e d e s  in thc cotticai projection area 
of the forcpaw; tbrough them elcctric stimuiation 
was applied, to estimate the foUowing pnnmetua: 
c o n t a l a t d  forepaw contraction thieahold (CPCT), 
ipsilateral f o r e p  contradon threshold (IPCT) uid 
Jacksonian s&c thmhold (JST) .  

Threabold v a l w  were exprersed in volta. Stimu- 
lation parametm were: 0.1 m.sec, 3C-60 Hen, train 
duration 0.5 sec. Lowest tbresholdr were obecsved 
at 100-200 Ha. 

Striatal hyperfundon was obtnined with bulbo- 
capnine, which is known to block nigrostriatal tninsmis- 
sion, thus releasing the suiatum fmm thc inhibitory 
control of the nigra. Bulbocapnine was injected intra- 
peritoneally at the dose of 40 mg. kg. Thc intcnsiy 
of catalepsy was estimatcd using a 5-points scale. To 



the functional state of the dopaminergic 
he activity o€ striatal tyrosine hydroxylase 

repared from brah homo- 
both strains according to 

nzyme was determined using 
tric technique based on the 

e o€ DMPH' (71. Synapto- 
dard techniques, the 

BA was studied using 
(pore size 0.45 p ) .  The 
s was measured by liquid 
The activity o€ glutamic 
C 4.1.1.15) was determined 

rimetncaily [8]. The animals were decapitated, 
brain was promptly removed in the cold, and 

arate structures were dissected according to com- 
nly used techniques [9]. 

f SULTS. 

n audiogenically-insusaptible Wistar rats, bulbo- 
nine induad, within 10 min. after injection, an 

mobility state which was estimatcd as a 5-point 
o€ catalepsy. The developmutt of a cataleptic 

e in Wistar rats correlated with an increased con- 
ral forepaw conmction threshold (CPCT), which 
10-90 min, and pointed to a decreased excita- 

of the motor coriex. In K-M rats, bulbocapnine 
d only a slight effect on cortical excitability 

ch lasted less tban 10 min and was less pronounced 
an that o€ audiogenically-insusceptible rats. 

An increased intensity of stimulation resulted into 
a gradua1 dissemination of excitation from the local 
focus: the contraction of the contralateral forepaw 
was followed by that of the ipsilateral forepaw an& 
then generalized Jacksonian seizures developed. The 
threshold of these convulsive events are shown in 
Fig. 1. The d i k n c e s  between the thresholds men- 
tioned may serve as a quantitative index of the ability 
of excitation to irradiate along cortical and brain 
stem stnictures. 

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 generalied Jacksonian seizures. 

On othcr hand, in the K-M suain 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 bulbo- 
capnine, the type o€ movement caused by electrical stim- 
ulation o€ the motor cortex was found to be essentially 
different in K-M rats: local contraction o€ the forepaw 
almost inevitably led to hyperkinesias, donic con- 
mctions of the forepaw, movements resembling 
athetoid hyperkinesia or even a kind of « torsion 
spasma: tums of the head, neck and upper part of 
the body. Sometimes, su& hyperkinesia occurred 
W12 sec after thc stimulation was stopped. Audio- 
genic seizures manifesations dter bulbocapnine were 
much more severe than in the contro1 group, their 
tonic phase lasted longer, the rate of c o m s  and the 
duration of postseizure excitation episodes were in- 
creased, death rate was higher. These data may bc 
indicative o€ a lack of striatal inhibitory mechanisms 
in such animals. 

nr. 
t 

CONTROL BULBOCAPNINE CONTROL B U L S O C ~ I N E  

40 *i. io. 40 mdki. io. 

G. 1. - EEst of bulhocapnine on thc forcpw conuaction thmshalds w d  Jacksonian scizure thrcshold in two rat stnins. Bbck 
w~tr~lnteral forepaw), rhndsd (ipsilarrinl forepnw) nnd opcn (Jackaonian scizurc) wlumns rcprercnt means i SEM of thresholds 

msnrurrd in 8-10 tats. Aatcrisb indicate signifimt diffcrcnce 7 s  wntml gmup (P < 0,05) 



Cable 1. - %I-GABA wpiuh u#d GAD uctivity in tbc bruin of rivo rut rtruins. 

Klnnir mnniean of I'H/-OABA umke MD . a ~ n  

................. Vistar Brnin Comx 9.112.0 1.23fO.4 42.5f2.7 
non sensitive to ioun&+ ................... CcRb$um 13.81.3.1 0.8710.14 31.624.1 - "L 

:nishiru~olo&inn ................ 9.2f1.3 1.02f0.1 42.6*3.3 
wnsitlvc to wund) Csrrbcllurn .. h . .  ............. 35.8 1. 5.7 .. 0.84I0.15 . 32.7f4.6 

It can also be seen in Fig. 1 that in K-M rats, the 
atio between the threshold of generalized seizures, 
md that of conuadons of ipsilatual and c o n d a t c d  
orepaws is substantiaiiy Werent from that obsuved 
n Wistar m. In K-M rata with incressed suscepti- 
dity to the sound, these thresholds were mudi lower. 

The Werent susceptibility to the dopamine- 
docking e&& of bulbocapnine auggeated that animalr 
p e t i d y  prcdisposed to epileptiform fica may have 
kaed  DA biosynthesis in thc striatum. To confum 
his hypothesis, the h t i c  characteristics of tyrosine 
iydroxylase prepnred from the suiatum of rats of 
mth strains werc studied. The greatest difkrence 
vas found with rcspect to the affinity of che enzyme 
'm the pterine cofactor of the readon, DMPH, . K. 
dues for DMPH, wae  found to be 0.551 0.054 mM 
n audiogenidy-insusceptibk Wistar ne, and 0.128 + 
L021 mM in K-M rata. The corrcsponding values 

STRIATUM 

of &mum rcaction rates (Va were 32.3 f 5.1 
le min-' mg-l protein in Wishu ~lt. and 12.9 f 2.6 
in the anima16 from K-M group (Fig. 2). 

The higher affinity of the emymc for the hydroxy- 
lation cofactor DMPH, and the lower V,. valuc 
suggest the prcsuice of genetically dctermined 
diasidacities in the molecul8i suucture of striaai 
TH in K-M rats as compared to WMW rata. 

To reveal thc possible involvement of the GABA- 
ergic system in the origin of the incraued susccpti- 
bility of rats to thc convulsive &ct of the sound, 
experimene were petformed t0 compare the kinetics 
of W-GABA uptake by synaptosomea obtnined from 
the cerebrai and cercbellu cortu of WMW and K-M 
rats. Tab. 1 show &t the kinetic parameun of 
*H-GABA uptake by cuebral cortex synaptosomes 
were similu in the two strains of anima18 while for 
caebellar synaptosomea the K, vdue was much 

0 WISTAR 

A KRUSHINSKI-MOLODKINA 

'io. 2 - Kinctic pprnmcmra of striatal Tymsinc HydmqInsc in two rat smUia:Wisar Md Krushinaki;Molodkinn &hwiver-Burk 
rlot). Reciprool unita of TH octivity nre c o m p a d  vith raipmal coamtmtion o€ DMPK. EPch point rsprCWt8 thc m- d u e  

of 4.6 -6upulmcots. 



higher in audiogenic sensitive rats indicating a lower 
afiity of the uptake system for GABA. No dissi- 
milarities in the GAD aaivity between the two groups 
of animals have been found. The ratio between the 
enzyme activity in cerebral and cerebellar cortex was 
the same in both strains. 

The relationship between the convulsive threshold, 
and in particular the audiogenic convulsions threshold, 
and the functional state of brain catecholamine systems 
has been repeatedly discusseci in the literature 12, 
10, 111, but the problem is still controversial. Our 
neurophysiological data show the existeuce of quali- 
mive and quantitative dissimilanties 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 striata1 TH kinetics in the 
nvo groups of animals suggest that a genetically de- 
terrnined failure of striatal. inhibitory contro1 may 
be at the basis of preposition to audiogenic 6ts. 

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 comtiared to Wistar 
rats [Il]. 

Our hypothesis is also in agreement with the hn+g 
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 increased scnsitivity 
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 D O P A  and dopaminergic compounds are capable 
of potentiating convulsive manifestarions in epileptic 
patients. On the other hand, there is clinica1 evidence 
for incompatibility between epilepsy and parkinso- 
nism [13]. 

Our 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 o€ other workers [l41 who showed, 
in particular, that during ontogenesis the period of 
decreased susceptibility to the sound in DBA-2 mice 
coindded 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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