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Summary. - The present paper reports the infince 
o/ aethimixol on the incorporation leuel OJ' labelel aminoacids 
in proteins of brain structures cioselji connected with the 
regulafion of pituita'y-adread rystem. 

Riassunto. - Vengono riportati gli effetti de1L'etimi~olo 
suli'incorpora~ione di aminoacidi marcati nelle proteine 
di xone del ceruello connesse con la regolaxione del sistema 
ipoFsi-surrene. L'etimi~olo aumenta I'incorporaxione di me- 
tionina nell'ipotalumo anteriore e nell'amigdala, mentre /a 
diminuisce nell'ippocampo dorsale e nell'ipotalamo posteriore. 

Aethimiznl (bis-methylamide, l-ethyl-imidazol4,5- 
dicarbonic acid), possesses prnnounced stimulating 
actions on the hypothaiamus-hypophysisadrenal sy- 
stem. In previnus investigatinns it was demonstrated 
an effect of this drug nn the centra1 regulating ACTH- 
glucocnrticoids secretion 11-31, The present paper 
reports on the influente of aethimizol on the incorpn- 
ration leve1 nf labelel aminoauds in proteins of brain 
structures closelv connected with the reeulation of - 
pituiiary-adrenal system (anterior 2nd posterior hppo- 
rhalanlus, medial amygd~ia and dorsal hippocampus). 
\lorcover. the distribution of l~belcd mcrhionine in 
the aforementioned brain structures was studied in 
conditions of excess and deficiency of hypophysis- 
adrenal cortex hormones. 

The experiments vere carried out on 60 white 
inbred male rats weighing 200 g. The animals were 
divided into 6 group: 1st group (control): animals 
injected with physiological solution (0.3-0.4 ml, intra- 
peritoneally, daily €or a week); 2nd group: animals 
injected with aethimizol (10 mg/kg suhcutaneously 
twice a day for a week); 3rd group: hypophysecto- 
mized animals; 4th group: adrenalectomized rats; 
5th group: rats treated with ACTH-zinc-phosphate 
(10 UIjkg intramuscularly every day); 6th group: 
aiiimals receiving dexamethasone (0,5 mg/kg, intra- 
peritoneally). The experiment started one week after 
tbe operation or drug treatment. 

Protein metaholism in hypothalamic and limbic 
brain structures was mearured by means of an histo- 

autoradiographic method using "S-methionine. The 
labelel aminoacid was injected to al1 animals (0.5 mC 
per g intraperitoneally). Histoautographs were per- 
formed 15-20 min and 3.5 hours after administration 
of the marker [4]. The hrain sections (50 p) serially 
preparared on the microtome were fixed on plates 
covered with photoemulsion and kept in the dark far 
10 days. For the quantitative analysis of laheled me- 
thionine incorporation in cells of anterior and posterior 
hvpothalamic nuclei. dorsal hioaocam~us and medio- 
baia1 amygdala the numher of &cks i n  the photoemul- 
sion was counted in an area of 100 p', using a micro- 
scope carryiug an ocular micrnmetre net. This value 
served as an index of marker incorporation by the 
cells of brain structures studied. Arithmetical means 
from each rat were subjected to statistics. 

Analysis of the autographs of the control rats (Fig. 1) 
shows that the labelel methionine, 15 min after its 
introduction, is incorporated in neural cells of different 
hrain regions with different intensity. The number 
of tracks in the anterior and mammilar hypothalamus 
and in the amygdala varies from 1.4 to 2.25 while 
in the dorsal hippocampus is 5. Therefore, the rate 
of protein metabolism in neural cells of the dorsal 
hippocampus is higher than that the other brain struc- 
tures considered. I t  should be noted that the number 
of tracks in neural cells exceeds the numher in glial 
elements. Moreover, the intensity of radiomethionine 
incorporation in supraoptical nuclei of the anterior 
hypothalamus exceeds that found in the small cellular 
hypothalamic formations. 

After aethimizol the incorporation of labelel methio- 
nine is increased in the anterior hypothalamic brain 
region and in the amygdala, while it is decreased in 
the dorsal hippocampus and in the posterior hypo- 
thalamus. It is doubtful that the alterations nf intcnsity 
of labelel methionine incorporation ohserved after 
aethimizol treatment are caused hy changes in pene- 
tration of the hematoencephalic barrier. Novikova [5], 
as well as Manina [6] in experiments carried mit in 
rats showed that the intensity of mark incorporation 
into the proteins was identica1 after subcutaneous 
and intracerebral administration of labeled methio- 
nine. 



In fuaher experiments the role played by the hor- 
mones in the effect of aethimizol was studied. Nu- 
mrous  investigations show that corticosteroids pene- 
trate the brain, and accumulate in hypophysis and 
in other brain regions [7-lo]. This fact indicates the 
possibility of a direct action of adrenocortical hormones 
on these structures. Because of their influence on 
protein metabolism, some investigators consider gluco- 
corticoids as catabolic hormones [Il ,  121. The 
supposition is based on the increase of protein decay, 
the intensihcation of aminoacids deamination and the 
appearance of negative nitrogen balance occurring 
after large doses of ACTH or glucocomcoids. Other 
authors observed an increase of methionine and glycine 
incorporation in liver proteins upon cortisone and 

FIO. 1. - Intensity of labclel methionine incorporation in brain 
structurcs (mcks per 100 ma). A = antedoc hypothal amus; 
B = postdor hypothaiamus; C = media1 amygdala; D - 
dorsal hippocampus. 1 s control; 2 = hypophystctomy; 3 = 
idrcnalcctomy; 4 = ACTH (10 UI/kg); 5 = dcxamcthasone 

(0.5 mg/kg); 6 - aethimizol. 

hydrocortisone administration[l3, 141. The literature 
data on the incorporation of various aminoauds in 
discrete brain areas are contradictory and very dif- 
ficult to compare, due to the differences in the techniq- 
ues employed 15, 15-19]. According to M c w e n  
et al. [7] corticosteron concentrates mainly in neuronal 
nuclei, less in citoplasm and it is almost absent in 
membranes; hormones increase RNA and protein 
synthesis, leading to specific functional changes in 
al1 brain regions. 

Allegedly, the alterations of intensity of methionine 
incorporation characterizing the protein metabnlism 
leve1 in nervous cells of different brain formations 
and visihle under aethimizol influence depend on the 
functional state of these brain structures modulated 
by the hormones of pituitary-adrenal cortex system. 
In fig. 1 are shown the changes of "S-methionine 
incorporation in different brain structures caused by 
endocrine gland extirpation or by hormone treatment. 
In the anterior hypothalamus the intensity of incorpo- 
ration is decreased in animals with removed adrenals 
or pituitary and after ACTH treatment; the incorpo- 
ration is increased after dexamethasone or aethimizol. 
In the posterior hypothalamus the alterations are 
not so clearcut. Radiomethionine incorporation in 
dorsal hippocarnpus and in arnygdala is increased in 
adrenalectomized rats and in animals treated with 
ACTH. In the dorsal hippocampus dexamethasone 
or aethimizol treatment diminishes the incorpo- 
ration. 

These results indicate that hypophysectomy leads 
to a diminution of incorporation in hypothalamic 
brain regions without essential changes in limbic 
structures. After adrenalectomy incorporation dimin- 
ishes in anterior hypothalamus and rises in amygdala 
and hippocampus. A similar picture, but less pro- 
nounced, is observed after administration of ACTH. 
Repeated dexamethasone injections are accompanied 
by a raise of tracks number in hypothalamic brain 
region and by an inhibition of the intensity of incorpo- 
ration in dorsal hippocampus. 

The action of aethimizol in the anterior hyporhalamus 
and in the hippocampus is similar to the glucocomcoids, 
while in the posterior hypothalamus and in the amyg- 
dala its effect resemhles ACTH. 

If changes in protein synthesis reflect alterations 
in excitability of brain smctures under the action of 
hormones of pituitary-adrenal cortex system, the 
present data point to a diversihed influence of 
ACTH and glucocoaicoids on the brain structures 
controlling the activity of the pituitaryadrenal cortex 
axis. 
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Summary. - I n  this work the internrtions of M- and 
'V-cho/inergìc mechani~m~ in spect,'ic (ui~ual) and non-sper~j% 
(retirulur) ufferent brain rystems bar been anub~ed. 

Riassunto. - N e /  presente /uvoro sono state studiate 
le intera~ioni /ra i sistemi muscarinici e nicotinici nelle uie 
affennti specifiche ((visive) e non spenfihe (reticolari). 

The division proposed by Anichkov of the centra1 
cholinergic system in muscarino- (M) and nicotino4N) 
sensitive was a powerful stimulus for a series of re- 
searches on the transmission of impulses within the 
brain [l]. 

The study of the relationships between chemical 
stmcture and pharmacological action in a series of 
alkylderivatives of benactyzine and of trasentin syn- 
thetized in the department of pharmacology, allowed 
to formulate the hypothesis of an interaction of M- 
and N-cholinergic mechanisms within an unique cho- 
linergic system [2]. 

Numerous literature data, as well as our investi- 
gations indicate that in the ascending reticular acti- 
vating system (non -specific) a M-type transmission 
is involved while the character of mediation in the 
synapses of specific transmission it  is not clear. In 
this work the interactions of M- and N-cholinergic 
mechanisms in specific (visual) and non-specific (re- 
ticular) afferent brain systems has been analyzed. 

Acute experiments were carried out in 17 non- 
anesthetized rabbits immobilized with d-tubocurarine 
with electrodes implanted in frontal and occipital 
cortex, in caudate nucleus, hippocampus and reticular 
formation of midbrain (RF). The EEG was recorded 
from the indicated brain structures. Reticulocortical 
responses (RCR) in frontal and visual cortex regions 
induced by bipolar electrostimulation of reticular 
formation were ilso recorded. Under light stimulation 
the primary responses (PR) were recorded in the visual 
a d  frontal cortex. The frequency of stimuli in both 
cases was 0.5 Hz; the voltage varied from 6-10 V. 
An impulse analyzer (Nokia) elaborated 100 responses 
in every test. 

The following drugs were studied: an anticholi- 
nesterasic agent, nivalin (0.5-1.5 mg/kg); a M-cho- 
linolytic, metamyzil (2-methyl-2-diethylaminoethyl- 
benzilate, 0.1-1 mg/kg); two N-cholinolytics, gan- 
gleron (3-diethylamino-l-2-dimethilpropyl-p-isobuto- 
xybenzoate, 1.5-3 mg/kg) and etherophen (l-ethyl-2- 
diethylaminoethyl-diphenylacetate, 5-7.5 mg/kg). Al1 
drugs were injected intravenously. 

Upon light stimulation the PR recorded in the visual 
cortex consisted of an initial positive component 
followed by a negative one; in the frontal cortex 
the superficial negative wave was the initial component. 
In most experiments nivalin slightly decreased the 
amplitude of the positive component of PR and increased 
the amplitude of its negative cornponent. This is 
probably connected with the endogenous acetylcholine 
accumulation. The last effect is realized through 
receptors of muscarinic type. The consequent blockade 
of M-cholinergic system by means of metamyzil leads 
to inhibition of the negative PR component and to 
an increase of the positive one. Compared to contro1 
the positive component of PR is increased while 
the negative component decreased. It can be supposed 
that after blockade of M-cholinergic synapses endo- 
genous acetylcholine has still an action on N-cholin- 
ergic ones. Such a supposition is confirmed by the 
fact that administration of the N-anticholinergic drugs 
etherophen or gangleron decreases the positive PR 
component and increases the negative one, hringing 
the response to the initial level (Fig. 1). 

Reticulocortical response in the frontal and visual 
cortex induced hy the stimulation of reticular formation 
consists of a negative wave. When the stimulus is 
increased, a positive-negative RCR component appears. 
In most experiments nivalin increases the amplitude 
of the RCR negative component. Subsequent adminis- 
tration of metamyzil leads to a diminution of the 
amplitude of the RCR negative component, and some- 
times to the appearance of a positive component before 
the negative one. Blockade of N-cholinergic synapses 
with etherophen or gangleron brings the RCR ampli- 
tude to the initial level. 

Light stimulation brings about in the frontal cortex 
a weak negative wave whose amplitude in most cases 
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Opiate rnecGanisms in the regulation of the cardiovascular system 
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Summary. - In tbe prefent puper t& eff~cfs o/ enkepha- 
on rentral regu/ation o/ bemodymmics in unanaestheti~ed 

rats and tbe aniagoni~m betwen the effects of clonidine and 
nalowone N, byprtensiue and normotenriue rats are reported. 

Riassunto. - Sono stuti studiati gli effetti delle enkefaline 
ru/lu re~ola~ione centrale della pressione urteriosa nel gatto. 
In rutti normali ed ipertesi è staio dimostrato un antugo- 
nismo ira naloxone e clonidina. 

There is some evidence €or the participation of 
opioid peptides in the central regulation of the arterial 
pressure. High concentrations of opiate receptors and 
enkephalins in brain structures related to the central 
regulation of hemodynamics have been found[l, 21. 
Enkephalins administered in the cerebrd ventricles o€ 
anaesthetized animals decrease the arterial pressure and 
cause hradycardia[3, 51. The participation of opiate 
receptors in the hypotensive effect of central antihy- 
pertensive agents clonidine and a-methyldopa has 
heen demonstrated [G, 71. 

In the present paper the effects of enkephdins on 
central regulation of hemodynamics in unanaesthetized 
cats and the antagonism between the effects of cloni- 
dine and naloxone in hypertensive and normotensive 
rats are reported. 

The experiments were carried out on 15 unanaes- 
thetized cats. Under pentobarbital anesthesia, 3-5 days 
before the experiments, a canula was implanted in the 
I V  ventricle; monopolar nichrome electrodes 0.15 mm 
diameter vere implanted in tlie hypothalamus [a]. To 
record the arterial pressure a polyethylene catheter was 
inserted through the left common carotid artery into 
fhe aorta and a venous catheter was introduced in the 
jugular vein. The peripheral ends of the catheters 
were connected to a miniature titanium valve fixed to 
the skull p]. In some cats the probes of an electro- 
magnetic flowmeter were inserted in the ascending 

aorta in arder to record cardiac output. Instant values 
of the heart rate were estimated with a digital cardio- 
tachometer triggered by the pulse wave of the arterial 
pressure. To test the sensitivity of the haroreceptor 
reflex, phenylephrine was injected intravenously (40 
pglkglmin). The sensitivity o€ the reflex was deter- 
mined as the ratio hetween the increase in beat-to- 
beat interval (msec) and the increase in systolic arterial 
pressure (mm Hg). 

The hypothalamus was stimulated with rectangular 
pulses (100 Herz, 2 msec, 2-6 V) every 10 sec. A11 
the parameters were recorded by means of a Mingo- 
graf-81. 

The experiments dealing with the antagonism be- 
tween clonidine and naloxone were performed in spon- 
taneously hypertensive rats (SHR) and on normotensive 
Wistar-Kyoto rats (WHY) anesthetized with utethane- 
chloralose. Initial values of the blood pressure were 
121 2 3,1 mm Hg in SHR and 80 3,3 mm Hg in 
WHY rats. 

Met-enkephalin, leu-enkephalin and some analogs 
were synthetized in the Laboratory o€ Peptide Syn- 
thesis, All-Union Cardiological Scientihc Center, hu- 
demy of Medical Sciences of the USSR .and were 
kindly supplied by Professor M.I. Titov. Clonidine 
(Boehringer Ingelheim), naloxone (Endo Laboratories) 
and the peripheral M-cholinoreceptor blocker oxy- 
phenonium bromide (Metacyn) were also used. Intra- 
cisternally administered drugs were dissolved in saline 
and sin& administration did not exceed 100 +l. 

The results were statistically analyzed using paired 
< ( t  » test. 

10-15 sec after the intracisternal administration of 
leu- or met-enkephalin (100 pg), a transitory increase 
in arterial pressure and heart rate occurred (Fig. 1). 
Arteria1 pressure returned to norma1 after a few min- 
utes, while the heart rate decreased below the initial 
leve1 and remained low for 15 min. The intracisternal 
adrninistration of 50-100 pg of naloxone completely 
abolished the effect of enkephalins, confirming that the 
changes in hlood pressure and heart rate are caused by 



Frc. l .  - Changes ofarterial prcssure and baroreceptor reflea induced io the awake cat by the administration into the IV veiitrjdc of 
ieu-enkephalin 100 pg. 1 = control adniinistration of norma1 saline 100 pi; 2 = effect of leu-nkephalin: 3 = control barorcccptor 
rcflex to i.". injection of phenyiephrinc; 4 = haroreceptor rcflcr after adininistratiuti uf leu-cnkephalin. From top to hottorn: timc 

innrk. 1 scc, nctogl-am (sigtials froni the strain-gauges of the fltioi-force platfurni), hcart rate, artrrial pressurc, cvent mark. 

activation of opiate receptors in the brain stem. After 
100 pg of leu-enkephalin, the baroreflex elicited by the 
administration of phenylephrine was reduced from 6.7 
to 1.7 msec/mm Hg (Fig. 1). Met-enkephalin was al- 
most half as activc as la-enkephalin and decreased 
the baroreflex responsc froni 5.38 to 2.34 msec/mm Hg. 
Smaller changes of the arteria1 pressure after intracis- 
ternal met-enkephalin as compared to Ieu-enkephalin 
were reported by Hughes et al. [l2j. However, niet- 
enkephalin was more poteiit than leu-enkephalin in 
dilating isolated pia1 artrries [lo]. The results of our 
experiments with enkephalins are in good agrcement 
with thosc of Freye and Arndt [ll] who observed the 
suppression of the cardiac cumponent of thc barore- 
ceptor reflex during perfusion of the IV ventricle with 
fentanyl. 

The effects nf met- and leu-enkephalin on the 
hemodynamic reactinns caused by the stimulation of 
the hypothalamic regions invnlved in emoiional stntes 
were then studied. After injection of leu-enkephalin, 
hypothalamic stimulation elicited an incrcase in bloud 
pressure greater (169 0;) -t 22) than that obtained 
during pre-drug trials. 

The increase in blood pressure was associated with 
a more intense a rage » reaction. Conversely, met-~  
enkcphalin failed to increase the hypertensive responsc. 

Thus, the activation of some of the brain stem opinte 
receptors in the conscious cat was accompanied hy the 
suppression nf thc cardiac coinponent of baroreceptor 
reflex and by an increase in the hypertensive responsc 
evoked by hypothalamic stirnulation. These results 
support an earlier hypothesis suggesting that endo- 

genous opiates may play a role in the vegetative re- 
sponses to emotional stimuli [l2]. 

I t  has been shown [l31 that naloxone injected in 
anaesthetized cats at tlie dose of 2 -  8 mg/kg does not 
affect blood pressure, heart rate, centra1 venous pres- 
sure and blood flow in the superior mesenteric artery. 
I n  the present experiments naioxone (0.15 mg/kg i.;.) 
antaeonized the hvnotension induced bv the i.v. admin- 

0 , . 
istratioii of 30 pg/kg of clonidine, réducing also tbc 
concomitant bradicardia. I t  may he assumed that this 
effcrt is not deoendent uoon an influence of naloxone 
on blood pressure regulatory mechanisms but is due 
to the blockage of clonidine hypotension. 

Fig. 2 shows one of the 3 experiments in which 
5 u e  of clonidine iniected intracisternallv ~ reven ted  , <, , . 
tlie increase in blood pressure elicited by hypothalamic 
stimulation. The intracisternal administration of nalo- 
xone (100 ~pg) restored in part the pressor effect of 
hypothalamic stimulatioq. . 

Fig. 3 shows that in the spontaneously hypertensive 
rats naloxone, at the dose of 1 mg/kg, completely 
antagonized the hypoteiision induced hy clonidine (10 
&kg) and caused a decrease in bradycardia to 60 % 
of the control. O n  the contrary naloxone did not af- 
fect bradycardia induced by clonidine in normotensive 
rats and reduced the hypotensive effect to 76 o., of thc 
control. 

The administration of 2 mg/kg of oxyphenonium 
bromidc did not influcnce the effect of naloxone on 
blond pressurc but reduced its effect on heart rate. 

At variatice with thc observation of Farsang e t  al. 
[6, 71 our fiiidings and those of Karppanen [l41 show 



Frc. 2. - ERecr of intracisterna1 administration of clonidine 5 y z  aod iialoxone 100 yg on rhc prrssor rrsponse induccd hy hypothalamic 
stimulation in che awake cat. Left: contro1 rcsponse, middlr afrer clonidine, right afrer naloxone. From top to bottam: cime mark. 
1 sec, sctograrn, heart rare, arterie1 prcssure, trst derivate of  thc blhod Row velocity in asccriding alBrte W d t  imnx, ~ i i c a ~ i  cnrcliac ~ m t -  

p ,  hlood flow io ascetiding aurta, eveiit i n i r k .  

that an antagonism between clonidine and naloxone 
can be demonstrated nor only in the spontaneously 
hypertensive rats but ilso in the norma1 rats. 

The ability of naloxone to block the Iiypertensivc 
effects induced by leu- and met-enkephalins and the 
hypotensive reactions induced by clonidine suggest 
that at Ieast two types o€  opiate receptors are involved 
brain stem pressure regulation. The activation of one 
of them is accompanied by a stimulation of the sym- 
pathetic system, while the second inhihits sympathetic 
activity. Our  data and rhe results of other authors 

13, 151 suggest that cnkephalins may be the endogen- 
ous activators of the « pressor » opiate receptors. 
During the development o€ experimenta1 hypertension 
in mts an increase in the concentration of enkenhalins ~~ ~ ' .  
in various brain regions and a decrease of pain scnsi- 
tivity was found [lb]. P-endorphin, which hns a p«- 
tent hypotensive effect[3], may bc the endogenous 
ligand of « depressor » opinte receptors in the brain. 
A 2-3 fold increase in P-ndorphin output from slices 
of rat niedulla oblongata induced by clrinidiiie 1171 is 
a strong evidence for rhis possibility. 

Fic. 3. - Changes of the blorid prcssure (HP) ,ind !ic;irt rare (IIK) in niicsrhcrizcd sporitaiicoosly-!~~jx~:~~~~,i~~ rats (SI l/<) ;uld in IXX- 

motensive Wistar-Kgoto rars (WKY) after requenrial i.". ~dniinistrarion r j f  clonidine 10 y&g nnd iialoxone l iiig/kg. 1 - max.  F K C C ~  
of clonidinc; I1 = max. &ct of naloione. 
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Neuropharmacology of intraspecific aggression 
and sociability in isolated mice 

A.V. VALDMAN and V.P. PPOSHIVALOV 

Institute of Pharmocology, Academy of Medica1 Sciences, Mosco~,  U S S R  

Summary. - Experimcnts on isolated mice bave de- 
monstrafed tbat G A B A  antagonisf~ enhme aggression 
and reduce speries-specifrc soci abili^ (increase desociali~ing 
effects of isolntion), while GABA-agonirts wifhin a rerfain 
dose range diminish aggression and fauour a temporav re- 
couey of ~ociabili?y. 

Riassunto. - Gli  antagonisti del Gaba aumentano I'ag- 
grersione e riducono la sociabilità di topi isolati mentre i 
Gaba-mimetici hanno effetti opposti. 

The purpose o€ our experimeuts was to investigate 
the changes in intraspecific aggression and sociability 
in isolated mice as a function of the nenropharmaco- 
logica] modulation o€ the activity o€ gabaergic (GABA), 
noradrenergic (NA), dopaminergic (DA), or seroto- 
ninergic (5-HT) systems. 

Prolonged isolation of animals seems to be a special 
kind of stress evoking pathological changes in be- 
haviour [l-31. These changes involved &ed aggression 
or timidity, and variations of other kinds of behaviour 
resulting, in particular, in intraspecific aggression. 
It is suggested to consider these changes in behaviour 
of animals as « desocializing » consequences o€ iso- 
lation. Psychotropic drugs may be screened for their 
ability to restore a norma1 intraspecific social be- 
haviour or to potentiate the desocializing effect (DSE) 
of isolation. 

A total of 200 random-bred male mice of the CC57W 
strain were used. The aualysis of the behaviour of 
isolated mice and of their interaction witb another 
mouse, its standard opponent, was based on the « Etho- 
logicai atlas for pharmacological research u [4, 51 and 
the Ethograph-Computer ES 1022 System. This 
syqem allows to record the frequency, duration and 
sequence of 40 various items of behaviour (acts and 
postures). Al1 these items vere classified according 
to the motivational principle, namely: aggressive, 

defensive, explorative and sexual behavior, socia- 
bilitylb-lo]. A special program was compiled in 
Fortran IV for the statistica1 treatment o€ the data. 
The drug effects were evaluated by comparing average 
prohabilities of appearance of al1 behavioural items 
possible in control mice ( 0 3  % saline) and in animals 
injected with drugs. Statistica1 significante between 
the control and each drug condition was assessed 
using the Wilcoxon matched-pairs signed-rank test. 
Examples of the evaluation of drug effects are presented 
in Tab. 1-3. 

Aggression and sociability levels in isolated mice 
appear to be mainly mediated by changes in the activity 
of the gabaergic system. Activation o€ gabaergic 
receptors by muscimol (0,2 mgjkg) slightly inhibits 
aggression and does not affect the individua1 activity. 
Musumol (0,5 mg/kg) suppresses attacks but not the 
entire spectrum of aggression: in fact, while threatening 
postures are not affected, the probability o€ ambivalent 
acts is decreased. In isolated animals muscimol sligbtly 
enhances the probability of social interactions directed 
towards body and genital parts. Mice injected with 
muscimol (1 mg/kg) do not show aggressive behaviour 
and present defensive reactions when matched with 
formely submissive opponents; moreover, the drug 
significantly reduces the individua1 activity of isolated 
mice. Another gabaergic agonist: gammaacetylenic- 
GABA (GA-GABA, 50 mg/kg) decreases (though non 
significantly) the frequency of attacks an threatening 
displays, without changes in individua] behaviour. 
GA-GABA (75 and 100 mg/kg) further decreases 
attacks and threats. This action is followed by a transient 
activation of social interactions and by an inhibition 
of the ambivalent forms o€ behaviour. Combined 
injections of GA-GABA (50 mg/kg) and diazepam 
(1 mgjkg) result in a considerable reduction of aggres- 
sive behaviour and in an activation of intraspecific 
social interactions, in absence of a marked decrement 
of spontaneous activity (Tab. 1). Phenibut and phe- 
nylpyrrolidon (GABA analogues) reduce aggression 
and in ceaain dose ranges increase intraspecific social 
interactions [3]. 



Muicimul ( 3 0  mini Gnmml-rcerylrnii-GABA ($hr)  
BEHAVIOURAL CATEGORIES 

C", - .~. ~ 

A N D  ITEMS Cw .- 

1.1 0.2 0.5 I 50 75 100 
m ~ ! k ~  msik*. m+< l'.' mr/kq m& melkr 

-- .- 

Sucial bdiawn.  

Sociability: 
Sniff-body . . . . . . . . . . . . . . . . . . . . . .  0.00'1 (a) 0.051 (a) 0.108 0.002 0.OiO ( a )  0.103 (0) 0,16H 0,016 

SniE-nose . . . . . . . . . . . . . . . . . . . . . . .  0.001 0.00l -- p p 0.0l2 
SniE-genitals . . . . . . . . . . . . . . . . . . . .  0 , 0 i b  O , W X  0.043 0.003 0.032 (n)O.OHH 0.061 - 

Aggression: 
Attack . . . . . . . . . . . . . . . . . . . . . . . . . .  ( ) O 2 0  ( ) 0 l l  0,019 ((1) 0,322 (a) 0.174 0.042 0,238 
Threat . . . . . . . . . . . . . . . . . . . . . . . .  (a) 0.066 (i0 0.805 0.051 0.023 (a )  0.116 0.037 0.024 (o )  0.005 

Defence: 
Sideways postures . . . . . . . . . . . . . . . .  (a)  0.060 - p -- 0.049 
Upright postures.. . . . . . . . . . . . . . . .  - -  p 0.017 - -  ~p p 0.012 

Ambivalent: 
Tail rattling . . . . . . . . . . . . . . . . . . . . .  (a) O. 101 0.064 0.042 0.02h 0.081 ii.08H 0.032 0.02H 

Iridiuidzial Br.liusio> 

Dynainic: 
Locomotion . . . . . . . . . . . . . . . . . . . . .  (aì0.175 (=)@, l71  (a10.137 (a)0,120 (u)0,163 (a)0,182 (a)0,291 (n)0.196 
Rearing . . . . . . . . . . . . . . . . . . . . . . . . .  0,071 (a)0,170 (a)0.120 0.010 0,091 0,C83 0,095 0,036 
Selfgroominy . . . . . . . . . . . . . . . . . . . .  ( a )  0. I l0  0,037 0.000 ~- 0.085 0.074 0,038 0.008 

Static: 

( )  C ,  = Control related to niuscimol - probability of appearance of each irein. 
(*"l C,, = Contro1 relatcd to samina-acetylenic-GABA. 
(a )  Statisrically significant. 

Table 2. - I3holo~i ia l  proj?lt of acfiidy oj' GABA orrtqoiiif.i. 
~~ ~ ~~ 

~~ ~ 

~~ -~ 
~ ~~~ ~~- ---~p~ ~ 

. - ~ - - ~ - p ~ ~  - ~~ - 
p -~p . ......pp. . . . . .  ~ ~ p -  

Thiosemicirhrzid Picrotrixin Birurullinc 
I IhrI  (15 miri) ~- - ~ ~ p ~  

( I 5  mi") 
... ..... BEHAVIOURAL CATEGORIES AND ITEMS C ~ m ~ . p  cti 

I 1 I 0.5 
1') mslkr molks malke P 1  mslks 

Socio1 beliaviui . 
Sociability: 

Snifi-budy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.007 0.007 0.002 0 .  007 0.012 0.011 
Sniff-nose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.00'1 0 .  00H -- 0.007 0,  002 
Snifi-enirals . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.00'> 0,010 0,013 p 0.022 S - 

Aggression: 
Attack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (a )  O .  lo> ( a )  0,273 (n) 0,20'1 ( a )  0,314 ( n )  0,288 ( a )  0.254 
Threat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (a) 0 , l l Q  0,048 0.049 (o )  0,130 (o) 0,126 ( n )  0,128 

Sexual: 
Atrcmpted mount . . . . . . . . . . . . . . . . . . . . . . . .  ~p 0,0?1 p p p 

Mount -- 0 .  003 0.001 - -- - 

Ambivalent: . . 

Tail rattling . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.073 0.075 0.053 @.@V1 0.08l ( a )  0.118 

Indi<,idiial Behavioi. 

Dynamic: 
Locomotion . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( n )  0,162 ( a )  0.168 (a) 0,204 ( a )  0,152 (o) 0,170 (a) 0.124 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rearing 0,092 (o) 0.103 ( a )  0,114 0,067 0,  089 O ,  O64 
Selfgrooming . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.098 0.067 0,078 0,065 0.076 0.010 

Sratic: 

( ** )  C, - Control related to hicuculiine. 
(n)  ; Stntisrically significanr. 









Sample B has been prepared by addition to Sample -4 
of the following chemicals according to the formula 
reported at page 3 of the N.C.I. teclinical report 
no 2, NCI-CG-TR2: 

1,2Zepoxybutane: 1900ppm 
ethylacetate: 400ppm 
epichlorohydrin: 900ppm 
N-methylpyrrole: 200ppm 
diisohutylene: 300ppm 

TCPO was purchased by the E.G.A. Chemic, West 
Germany; 2aminoantraccne (2AA) was a gift of Dr. 
J. Ashhy (I.C.I. hfacclesfield, U.K.); G-6-P and NADP 
were purchesed from Boehringer, Manohein. 

Salmonella typhirnurium strain TA100 was a gift of 
Prof. B.N. Ames, University of Berkeley, cali forni:^. 
Plates and S9 preparations as well as rats induction 
were as prcviously described [4]. 

Male Sprague-Danley rats, Swiss mice and Syrian 
hamsters s e r e  used for S9 preparations. 

TCE was tested by adding a known volunle of the 
chemical to a glass Petri dish suspended beneath the 
porcelain shelf of a 20 1 desiccator; plates were incubated 
in it without their lids (Fig. 1, 2 )  The desiccator 

FIG. 1. - Mutagcnicity of TCE in .J. ~phitmrii,rn TA100: (9) 
sample A;  (m) sample A with C9 (150 pl/plnte); (0) samplc H; 
( m )  samplc H with S9 (150 pl/plate); ( X )  sarnplc h u.ith S9 
(150 pl/plate) and TCPO (120 pg/platcì. Pooled data from thrre 
experimenrs; S.E. did not excecd 10 % of observed values. 
The number of spontaneous hii+ revertants has bcen aubtracted: 

it ranged from 160 to 199. 

were placed at 37 0C €or 7 honrs. After this time the 
plates were removed from the desiccators, their lids 
replaced and incubated inverted 40 hours more at 
37 OC before counting. 

I'rotein concentrations for microsomal fractions liere 
determincd by the Lowry n~etliod [5]: they were 

adjustrd at 30 m ~ / n d .  2AA a a s  used as positive control 
of strain sensiti~ity and microsomal enzymes activity 
in every experimcnt. Routine controls for checlting 
S9 sterility Tere also always included. 

RESULTS. 

In Tab. 1 and 2 is shoum the different mutagenic 
activity of the two TCE samples assayed. The sample B 
containing epichlorohydrin and 1,2 epoxybutane was 
directly mutagenic, inducing a linear increase in the 
number of bis+ revertants in the range of the concen- 
trations tested (Tab. 2). Its activity was not modified 
by the addition of S9 from Aroclor induced rats. The 
purified sample A on the contrary in repeated experi- 
ments never incrcased the numher of bis+ revertants 
over the control value s h e n  tested alone, hut was 
weakly mutagenic in the prescnce of S9 from Aroclor 
induced rats (Fig. 3), inducing low (nearly two fold) 
hut reproduciblc and dose related increases in the 
number of revertants. This weak effect was slightly 















( ment in cases in whicli no toxicity is detectable on agar- 
ized medium. 

At least the four compounds were tested for rhe in- 1 duction of UDS at t l x  concentrations shown in Tab. I ;  
I two of them, C T T  and NCTT, induced detectable 

levels of 313-TdR incorporation, whilc Trifluralin of 
technical grade and DNCTT resulted negative. 

In  our experimental conditions CTT, NCTT and 
DNCTT failed to exhert any mutagenic or  recombi- 
nogenic activity when tested in SaLnzone//u/mammalian 
microsonie assay and in the A. niduanr mitotic segrega- 
tion system respectively. 

The lack of mutagenicity in the Ames test was also 
demonstrated by Monti-Bragadin (University o€ Trie- 
ste) (unpublished data), who studied also the effect of 
n uiuo activation by administration of the three chem- 
cals by gavage to Wistar rats (100 mg of each com- 
ound/kg b.w.) and by testing the concentrates of 

nrines collected in the three days following the treat- 
iment with the S. t~phiniminnz strains: also in this way 
ohe three pollutants turned out to be non mutagenic. 
!Jp t o  now no published data are avaible o n  the geno- 
toxic activity of tbese chernicals and so it is particular- 
lv remarkahle the significative increasc in the stimula- 
don  of UDS hy t a o  of them (CTT and NCTT) not- 
v-ithstanding the absence of a clcarcut dose-response 
curve. This evidence of a DNA-damaging activity 
snould be taken into account for an evaluation of the 
potential harmful effects of these pollutants. 

For whath concerns the genotoxic potential of Tri- 
flpralin, some information is available in the literature: 

as a matter of fact, this herbicide has heen reported to 
be positive (NCI technical report no 34, 1978) in thc 
induction of liver carcinoma after orsl adniinistratjoii 
t o  female mice; in rhat casc, the commercial samplc 
assayed contained some impurities in the range of 0 . 1 ~  
0.2 %, among which thc n-cll known carcinogen N- 
nitroso-dipropylaminc. As far as the mutagenicity 
studies arc concerned, Trifluralin u-as found to bc 
negative in the follouing tests: UDS in hunian fibro- 
blasts (W1 38 line), revcrse mutatinn in S. fypliNmni~m 
and E. coli, mitotic reconihination in S. cereviiiac (D3 
strain) and in the preferential cytotosicity assays in 
DNA repair proficient and deficient strains of E. coii 
and B. ;nbf& [U]. 

In  our exberimental conditions a technical  rade 
sample of ~;ifluralin resulted unahle to induccboth  
revirsc mutations in Sa/n/oni~//a and UDS in EUl'i cells 
bui gavc a significative and reproducible incrcasc of  
mitotic crossing-overs in qualitativc spot tcst expcri- 
rnents perfornied in A. nidda~ij (Tab. 2). Follouing 
experirnents with a sample of higher purity (99.5 :L) 
bowever failed to confirm the observed recombinogenic 
activity (Tab. 2 and 3), thus indicating a possiblc in- 
volvement of mutagenic impurities in thc previous 
response. 

l'revious cvtological studies [7-10) indicated tlie 
spindle as the main target for Trifluralin toxicity in 
plants and brain cells: these studies suggest that a pos- 
sible genetic activity niay be ohserved mainlv at cliromo- 
somal leve]. The weak activity obscrved by hturnik 
[2] in D r o ~ o j W a  for the induction of chromosomal 
damarre confirms this hypothesis: in this connection 
some work is n o n  111 progress to evaluatc the 
possible induction of mitotic non-dislunction in -4. 
nidulans. 
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