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Protocol of tbe W Soviet-ltalian Symposium 
I on tbe P b a & ~  of tbc Central Nmow System - .  
, May 18-22, 1981, Moscow, U S S  . , 
l 

In accordane with the Agreement on Cooperation between the USSR and Italy in the field of Health G r e  and 
Medical Sdence, the IV Soviet-ltalian Symposium on the Pharmacology of the Central Nervous System was hcld 
in Moscow on May 18-22. It was organised hy the Institute o€ Pharmacology o€ the Academy of Medical Sdences 
of the USSR with the assistance of the Ali-Union Scientific Sodety o€ Pharmacologists. 

In the Symposium participated: 
- from the Soviet side - 40 pharmacologists spedalizing in the pharmacology and physiology of thc centrai 

nervous system headed by A. V. Valdman, Corresponding-Member of the Academy of Medical Sciences of the 
USSR. 

- from the Italian side - 12 pharmacologists from Italy headed by Professar V. G. Longo. 
! 

i Within the framework of the Symposium there were delivered 28 ora1 and 21 poster communications devoted 
to  actual aspects of the study of the pharmacology of the cenual nervous system. They are: neurotransmitters and the 
mechanisms of action o€ psychotropic drugs, mediator aminoacids and other neurotransmitters, receptors o€ CNS 
and the effccts of end* and exogenous substances, neurochemical and neuropharmacological aspects of the patho- ! logical states of the hrain. 

During the Symposium there were discussed the results of the Soviet-Italian cooperation in the years 1979-1980. 
The most imponant of them ate: 

- the study, using the methods worked out by the Italian scientists and tried at the Institute of Pharmacology ' of the Academy of Medical Sciences of the USSR, of the pharmacokinetics of a number of benzodiazepine tranqui- 
lizers, such as: clohazam, diazepam and the first Soviet tranquilizer - phenazepam - in animals and man. This 
study makes it possible to use phenazepam efficiently in c h i c ;  

- the new data on the role o€ the activity changes o€ the neurotransmitter systems o€ the hrain in the processes 
i of memory and learning disturbances and their possible pharmacological correction; 

I - the beginning of the joint research on the role o€ the specific proteins o€ the nervous system in the processes 
o€ memory and in the regulation o€ the immunologic reactions; 

- 1979 in Italy / Cagliari / there was held the Soviet-ltalian Symposium « Neurotransmitters and the 
Functions of the Brainn the proceedings of which were later puhlished. 

) The Symposium promoted a comprehensive exchange of information on the ahove-mentioned pharmacolo- 
i gical prohlems and confirmed high conceptual and methodical levels o€ the studies of both Parties in the field of 

the study o€ the mechanisms of action and the search of new neuropsychotropic drugs. 
Taking in consideration the results of the cooperation and it's prospects, both Parties believe it useful to con- 

tinue in 1981-1982 years the joint investigations in the Following fields: 
nieme 1: Role of tbc Biogenic Amines in the Nemohwmorul Reguhtion q' tbc Bruin Functions; 
Theme 2: Rescmcb in tbc Field q' Nem* und Psychopharmucology; 
and the start of the cooperation on Theme 3: Role of tbc Spccific Proteins of tbc Newous Qstem in tbc Prorerres of 

Memo'y und in tbc Regulation q' tbc Immunologic Rcuctions. 

This plan of joint studies includes joint research in the framcwork of the annua1 working-programs of the coope- 
l rating institutes, exchange of the specialists and scientific information, publication of joint articles. 

Both Parties believe it useful to hold the V Soviet-Italian Symposium in 1983 in Italy. 
i Signed in Moscow on May 21, 1981 in two copies in aussian and in English, hoth heing of equal validity. 

Coordinntor of the problem f nm tk Qrriet side Corruponduip Gwrdinators of thc problcm from thc Italim side Profcsror 
Mcmbu. Acadcmy of Medicai Sc;cnces of the USSR V. G. LONGL 

8 A. V. V&DM \N Hcad oJ 16s Pbarm~roio&zf D,porf~)mI, 
Dire<&, I ~ I I ~ I U I I  of Pbmwcob.,  Acdeny of Mediml I~filnlo Superiore di Smild, R o r .  114 

Scienw of fbr USSR G. L. GESSA 
Dirrriar, Inrtihrt, of Pbmm~obgr, U ~ i m r i b  of Co~liari, Ilaty 



Protocol of tbe 111 Soviet-Itulùan Symposium 
on tbe P h m l o g y  of tbe Centra1 Nemous System 

.. :.- : . 
June 4-7, 1979 Villasimius &@ari, Italy) 

In accordance with the agreement of collahoration hetween the USSR and Italy in the field of medical science, 
the 111 Soviet-Italian Symposium on Neurotrasmitters and Brain Function was held in Villasimius (Cagliari, Italy), 
June 4-7, 1979. The Organizations responsible for the Symposium were the Italian Pharmacological Society, the 
Italian Ministry of Heaith, the Sardinian Health Office, the Mediterranean Foundation for Brain Research. 

The following scientists participated in the works of the Symposium: from the Italian side, 52 pharmacologists, 
specialist in the field of pharmacology of the centra1 nervous system; from the Soviet side, 5 pharmacologists from 
the Institutes and Universities of Moscow, Leningrad and Minsk, with prof. Zakusov as head of delegation. 

The Symposium covered the following topics: Neurotransmitters and hrain function; Peptides in neuroendo- 
crine function; Gaba, serotonin, acetylcholine; Chronic treatments and neurotransmitters; Dopamine: receptors 
and metabolism, and included 12 main lectures and 44 communications. 

Both sides have agreed to publish the proceedings of the Symposium in the official Journal of the Italian Phar- 
macnlogical Society, Pharmacological Research Communication, possihly under the form of a special issue. 

In  order to implement the fellowship programme already mentioned in the previous protocol, a Committee has 
been estahlished, formed by Prof. V. V. Zakusov and Prof. A. V. Valdman on the Soviet side, and hy Prof. V. 
G. Longo and Prof. G. L. Gessa on the Italian side. Task of the Committee will be to secure ear-marked funds 
from the national agencies, make a survey of the institutes willing to receive and train fellows, provide adeguate dis- 
semination of the announcements. The work of the Committee should be ratified at the next session of the Soviet- 
Italian working group for the collahoration in the field of health service and medical science. 

Both sides have agreed that the next Soviet-Italian Symposium will be held in USSR in 1981. 

Rome 8 ]une 1979 V. V. ZAKUSOV 
A. V. VALDMAN 
V. G. LONGO 
G. L. GESSA 



Deor participnts and dear guerts, . \ 
today we are opening the IV Symposhxn on Neuropsychopharmacology organised within the framework of 

the Soviet-Itaiian cooperation in field of Pharmacology. May I remind here briefly that according to our official 
agreements there are several institutes engaged in this joint venture. From the Soviet side: the Institute of Pharma- 
cology of the Academy of Medica1 Sciences of the USSR, the Insutute of Experimental Medicine of the Academy 
of Medical Suencer of the USSR and the Laboratory of Biochemistry of Neurohormones of &e Minsk Medical Col- 
lege; from the Itaiian side: the Istituto Superiore di Sanith (Rome), the Institute of Pharmacological Research « Mario 
Negri » (Milan), the Institute o€ Pharmacology of Milan University, the Institute of Pharmacology of Cagliari UN- 
versity. 

Research was carried out in severa! directions: 
- Role of the biogenic amines in the regulation of organism functions; 
- Neuro- and psychopharmacology; 
- Role of specific proteins of the nervous system in the processes of memory and in the regulation of the im- 

munologic reactions. 

During the organization of these years one of the most useful forms of cooperation was Symposia, where the 
Soviet and Italian suentists presented the results of their research, exchanged ideas, worked out joint investigations. 

The first Symposium was held in Modena in 1976. The second was held in Moscow in 1977, the proceedings 
of this Symposium were published in a special volume of the Annali o€ the Istituto Superiore di Sanità. The third 
one was held in Cagliari in 1979 and also in this case the proceedings were published in a special issue of the official 
Journal of the Italian Pharmacological Society. 

: In addition to symposia, a number of visits have been arranged, so that scientists from the Institute of Pharma- 
' cology and from the Institute of Experimental Medicine of the Academy of Medical Sciences as well as from the 

Minsk Medical Colleee had the oaoonunitv to learn some new methods in the neurochemical and rieuropharmaco- - A. 

logica1 field. 
Opening the Symposium, first of al1 let me thank che Italian coordinator Prof. Longo and the other Italian 

pharmacologists who have accepted our invitations and are going to present their work at this symposium, which 
will cover the following topics: 

- neurotransmitters and the mechanisms of action of psychotropic drugs; 
- receptors of the CNS effects of endo- and exogenous substances; 
- neurochemical and neuropharmacological aspects o€ the pathological states of the hrain; 
- oligopeptides and other neurotransmitters. 

Let me wish the participants fruitful scientific discussion and give the floor to Prof. Longo. 

A. V. VALDMAN 

It  is a great pleasure for me to be present with my colleagues at this fourth Italo Soviet Symposium on Neuro- 
psychopharmacology. I would like to call your attention that on this year falls the 10th anniversary of the scientific 
agreement signed in Rome by the representatives of the Italian and Soviet government, therefore we are adeguately 
celebrating this important event. 

Sufficient experience has already gained to justify the conclusion that this type of exchange is an effective way 
of improving understanding among scientists, of changing attitudes and of overcoming prejudices. I would like 
to add that the quality and quantity of the scientific contributions has grown steadily in these years, bringing them 
m an excellent leve1 which we must strive to maintain in the Future. On the other hand, I regret than the program 
o€ fellowships which was included in the protocols signed in Moscow in 1977 and for which in Cagliari was pro- 

osed a special committee, did not progress satisfactorily. Since I am convinced that such an implementation of 
ur collaborative program is an important step forward, may 1 call on the heip of everybody present in order to 3 

sjart such an exchange. 
l 

V. G .  LONGO 



with morphine. Furthermore, dermorphin shows a 
long duration of action due to its resistance to enzy- 
m t i c  hydrolysis for the presence of a D-Ala2 residue 
in Its molecule [2]. 

In the present investigation the effects of intrace- 
retiroventricular administration of dermorphin and of 
twb dermorphin derivatives on the electrical cerebral 
activity (EEG) and behavior of rats and rabbits were 
stu ied. The action of the spedfic opiate antagonist, 
nal 1 xone, on dermorphin-induced changes was also 
dettrmined. In a separate series of experiments mice 
weqe used to study the infiuence of dermorphin, 
co ' pared to that of morphine, on behavior and ni' 
par icular on the Straub tail reaction. The two 
der '%, orphin derivatives were: 

FCE 21 127 = H-TYR-ALA-PHE-GLY-TYR - 
-PRO-SER-NH-Me (Methyl dermorphin) 

FCe  21547 = HCI. H-TYR-ALA-PHE-GLY-TYR 
(BZL)-PRO-SER (BZL)-NH, (dibenzyl dermorphin). 

rwelve adult male rabbits weighing 2.8 to 3.2 kg 
used. Electrodes for EEG recording were 

chr nically implanted under pentobarbital anesthesia 
epi wef urally over the cortex and in the hippocampus. 
Elektrodes were attached to the skull with dental 
cement. For dmg injection, a canula was permanently 
inserted into the lateral cerebral ventricle according 
to a technique described in a previous work [3]. 

A total of 20 Wistar male rats weighing 250-350 g 
wer used. Four electrodes were chronically implanted 
undFr pentobarbital over the corta. A permanent 
canola was inserted into the right cerebral ventricle 
using the stereotaxic coordinates from the Atlas of 
de Groot [4]. The location of the canula was con- 
trolled post mortcm by examination of the ventricles 
€or th'e presence of China ink injected just before 
aacrifice. 

After recovery from surgery (7-10 days), the ani- 
mala were put in a shielded cage (l m x 1 m x 0.65 m) 
uid connected to the apparatus by means of long 
wims, thereby permitting €ree movements. For re- 
cording an 8-hannel EEG Galileo apparatus mode1 
E 10 B was used. The volume of intraventricular 
injection did not exceed 20 p1 for rats and 40 p1 for 
rabbits; the same volume of saline solution was injected 
during the control recordings. The animals were 
treated with the compound at 8-10 days intervals 
in ouder to iimit the development of tolerance. Each 
animal was treated 2 4  times. During the EEG experi- 
menlrs, concomitant observations of behavior were 
curied out, covering a subjective evaiuation of the 
anitnals reaction to noxious stimuii. Animals were 
also observed €or the occurrence of rigidity, cata- 
toni8 and reactions to auditory and tactile stimulation. 
Rigidity was evaluated by subjective assessement 
during handling; for the evaluation of catatonia the 
rat's foreiimbs were placed on a bar 7 cm high, and 
the time of immobility was measured; rahbit's hind 
i imb  were placed on a wooden box 15 cm high. Ani- 
mals were considered catatonic when remained in the 
imposed posture €or at least 30 seconds. Both rabbits 
and rats were considered as having lost the righting 

reflex if they kept the supine position for at least 30 
seconds. Analgesia was assessed by pinching with an 
alligator clamp the ear in the rabbit and the tail in 
the rat. 

In a separate series of experiments, 6 adult male 
rabbits were used for the topical application of der- 
morphin and morphine. Under ether anesthesia a 
small area of the sensorimotor cortex of one side was 
exposed. The effect of anesthesia was dlowed to 
wear off; the anima1 was then placed in a restraining 
box and the electrical activity was registered both 
from the exposed area, using a silver wire lightly 
applied to the cortex, and from other zones using 
screw electrodes implanted epidurally over the cortex. 
Filter paper discs soaked with solutions of dermorphin 
(0.5, 1.0 and 2.0 %) and morphine (0.5 and 1.0 %) 
were used. To  insure the continuous cffect of the 
dmg over the cortex the discs were left in rifw during 
the entire experiment and replaced when necessary. 
A disc of saline solution was applied as control prior 
to drug application. 

A total of 450 male Swiss mice, weighing 20-25 g, 
were used. The animals received intracerebral injection 
using the method of Haley and Mc Cormick [5]. Drugs 
were injected to groups of 5 animals. The volume 
of drug administration was 10 p1. Contro1 animals 
received the same volume of saline. Immediately 
after treatment the mice were put in a wooden obser- 
vation cage (32 x 32cm) and, during the first hour 
after injection, were evaluated every ten minutes for 
the presence of the running fits and of the Straub 
tail reaction (STR). The elevation o€ the tail at angles 
o€ 900 or greater has been used to d e h e  the tail erection 
response. The method of analysis utilized was the 
Fisher exact test. 

Natura1 and synthetic dermorphin and dibenzyl 
dermorphin were prepared in a solution containing 
5040 % of ethanol, which was evaporated under 
vacuum on a rotavapor. The residue was dissolved 
in saline; only freshly prepared solutions were used. 
Methyl dermorphin was dissolved in saline. Naloxone 
hydrochloride was diluted in distilled water and 
administered intravenously in the rabbit and intraperi- 
toneally in the rat and in the mouse. Morphine 
hydrochloride was dissolved in saline and administered 
in mice both intracerebrally and intraperitoneally. 
Scopolamine hydrochloride was dissolved in distilled 
water. The doses of morphine, naioxone, and scopo- 
lamine referred to in the text are given in terms of 
the weight of the base. Scopolamine and naloxone 
were administered intraperitoneally to mice 15 minutes 
before +rmorphin or morphine treatment. 

Rabbits were injected intracerebroventricularly with 
doses of dermorphin ranging from 0.05 to 30 pg. 
No appreciable changes were observed on the EEG 
record and behavior after administration of 0.05 pg. 
Injections of higher doses (0.1, 0.2, 0.5 and 1.0 pg) 
induced a period of desynchronization (15-25min) 
during which the animals showed mydriasis, exoph- 
talmus, absence of spontaneous movements and loss 



FIG.  2. - Effects of dermorphin administered into the lateral 
kerehral vcntridc oi the rabbit bearing chronically implanted 
blectrodrs and cannule. Antagonistic action of  naloxone. CSjer 
kmrd: control, the acustic stimulation (arrows) induces the activ- 
btion of thc tncing. .?.li& rtrord: forty rninutes after i.0.v. adminis- 
rrarion of  dermorphin ( 5  pg) EEG synchronization with slow 
components ir present, the theta waues atx disrupted and thc 
proural reaction is blockcd. Loaier record: naloxone (0.25 rnglkg, 
/.V,) induccs a complete EEG 2nd behavioral recovery. Leadr: 
FP: anterior-posterior sensorimotor cortex; PO: postcrlor sen- 
porirnotor-optic corcen; OCC: optic cortex; Hip: dorsal 

hippocnmpus. 

of response to noxious stimuli. This phase was fol- 
lowed by a synchronous EEG pattern associated with 
muscular rigidity. Increasing the dose of dermorphin 
from 0.1 to 1.0 pg resulted in an increase in the duration 
of EEG synchronization to a maximum of 60-90 
minutes at the higher dose. The dose of 1.0 pginduced 
a slight lowering in voltage and frequency of the 
<c thetar waves in the bippocampal lead. The EEG 
drousal response was sometimes attenuated. Another 
phenomenon which was always observed, often be- 
fare the appearance of the synchronous pattern, was 
the « paradoxical EEG response » previously described 
bv Carmvo et al. 161 in rats treated with opiates: upon 
pinching'of the e& ilow waves appeared in the recird, 
disa~oearine at the end of the stimulus. Doses of ~ ~~ ~~ 

2.5 'a;nd 5.cpg (Fig. 2) induced within a few minutes 
t e appearance of a synchronous EEG pattern with 'i? 
hugh voltage slow waves in the cortical leads and che 
complete disruption of theta w waves in the hippo- 
campa1 lead. The EEG arousal response was often 
blocked. Behaviorally, the animals showed a marked 
muscular rigidity, catatonia and loss of the righting 
rdflex. These effects lasted about 3-4 hours. Increasing 
doses up to 10 pg induced within 10-20 minutes the 
appearance of slow waves; during this phase the arousal 
response was not elicitable. The «cheta » waves in 
the hippocampal lead were completely dismpted. The 
effects on behavior, already described, were much 
more intense and long lasting (about 5-6 hours). 
Hlgher doses, 20 and 30 pg, caused death of some 
animals. Death occurred 1-2 days after treatment 
and was preceeded by flaccid paralysis of the hind 
limbs. These doses induced also the appearance of 
rare spike-wave complexes in the record. The topical 
application of dermorphin over the sensorimotor 
cqrtex at concentrations of 0.5, 1.0 and 2.0 % caused 
a '~highly disorganized activit~ consisting exclusively 
of slow waves; motor or EEG convulsive manifesta- 

tions were never obsewed. Morphine, (0.5-1 :/,) 
induced the appearance of spikes after a variable delay 
(10-20min). Clonic movements of tbe muzzle were 
seen synchronous with the spikes. Spikes were, at 
first, localized in the exposed cortex and then spread 
to the otber leads, leading in some instances ot gener- 
alized seizures. 

Rats were treated with doses of dermorphin ranging 
from 0.005 to 2.5 pg. Immediately after injection or  
within a few minutes, al1 doses gave rise to grand-mal 
EEG seizures more or less sustained according to 
the dose, associated with motor manifestations (Fig. 3); 
these consisted, with the low doses, of twitches and 
slight tremors; tonico-clonic convulsions appeared 
with the higher doses. The convulsive patterns were 
followed by high voltage slow waves, interrupted 
by periods o€ low voltage desynchronous EEG with 
scattered spikes. Blockade of the activation to external 
stimuli and the ~paradoxical EEG responsen were 
always present. During the postconvulsive phase 
induced by low doses of dermorphin the animals 
showed hyperreactivity; after high doses they showed 
absence of spontaneous movements, exophtalmus, 
mydriasis, rigidity and catatonia. The EEG and 
behavioral modifications persisted for 30 minutes at 
the lowest dose (0.005 pg), and severa1 hours (6-8) 
at the highest doses. The dose of 2.5 pg induced 
marked hypothermia and respiratory deprqssion and 
the animals died within 24 hours from treatment. 
Methyl dermorphin sbowed pharmacological properties 
very similar to that of dermorphin, narnely analgesic 
and convulsant properties at the doses of 0.3 pg. 

On the other hand, dibenzyl dermorphin was devoid 
of analgesic property and induced convulsions only 
at high doses (20-30 pg). 

Naloxone, administered intravenously in the rabbit 
at dosa  of 0.25, 0.5 and 1.0 mg/kg, was able to an- 
tagonize al1 che EEG and behavioral effects induced 
by dermorphin. The antagonistic efiect o€ naloxone 

FIG. 3. - ERectr of  dermorphin administered in the lateral cere- 
bral ventricle of the rat bearing chronically implanted electrodes 
and cannula. L$pepprr rriard: contro1 EEG. Iliddh m d  lon,rr rerardr: 
fiftrcn minutes after i.c.s. administration of dermorphin (0.005 pg) 
hurstr of  spikes appcar in thc tracing. Twitchings aiid tremors 
sccompany the electrical manifcsrations. The two records arc con- 
tinuous and have been divided only for conveniente. Leodr: 
FP: anterior-posterior scnsorimator cortex; PO: posterior sen- 
sorimotor-optic cortcx; FO: antcrior scnsorimotor-optic cortea, 

Occ: optic cortex. 
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FIG, 4. - Straub tail reaction after intracerebral administratiori 
of  morphine and dermorphin. Antagonisric eKects of scopolamine. 
Ordinates: number of responser 2 90" in 10 animals. Abscissa: 
doses in pg. Values are the average of  two experiments (5 animals 
per experiment per dose). Scopolamine (1-5 mg/kg i+) antagci- 

nires morphinc and deriiiorphin induced tail erection. 

( l  mg/kg) was transient (10-20 min) when high doses 
of dermorphin (20-30 pg) had been previously injected. 
In the rat, repeated injections of 0.5 or 1 mg/kg were 
necessary to reverse permanently or transiently the 
effects of dermorphin. 

Mice 

Dermorphin was administered intracerebrally to 
mice at doses of 0.01, 0.1, 0.25, 0.5, 0.75 and 1.0 pg. 
All the doses induced an increase in the number of 
mice with a tail elevation < 900 compared with the 
contro1 mice, but statisticilly significant differences 
were found only with the higher doses (Fig. 4). Doses 
from 0.01 to 1.0 pg produced in 100 % of animals 
restleness and increased locomotor activity ( running 
fit). At doses higher than 1.0 pg mice cataleptic, 
and did not exhihited the STR or the running fit. 
Morphine was injected intracerebrally in doses of 
1.0, 2.5, 3.75, 5.0, 7.5 and 10pg. Doses of 5.0, 7.5 
and 10 yg induced tail elevation of 900 or greatcr 
respectively in 4,5 and 6 mice out of 10 with a median 
latency of 20 min. Morphine induced the running 
fits at al1 the doses. Doses higher than 10 pg produced 
anly catalepsy. The effects of scopolamine, in doses 
df 1 and 5 mg/kg i.p., on morphine and dermorphin 
induced tail elevation are shown in Fig. 4. Pretreat- 
ment with scopolamine strongly reduced the number 
of mice with a STR < 900; this effect was more evident 
in the animals treated n-ith morphine. Pretreatment 
with naloxone (1 mg/kg, i.p.) completely antagonized 

the effects of al1 doses of morphine and dermorphin 
on the STR. 

I 

Comparison of the present results with tbose of 
a previous study carried out in this laboratory [3] 
reveals that dermorphin induces in the rabbit E E G  
and behavioral modificarions which closely resemble 
those occurring after treatment with some structural 
analogues of met-enkephalin (FK-33824 and D-Ala- 
enkephalinamide). O n  the other hand, differences 
are found comparing the E E G  patterns observed 
after dermorphin and that occurring after morphine. 
Morphine, administered i.c.v. (25 yg) gives rise to 
behavioral alerting and EEG desynchronization fol- 
lowed by tipica1 « grand mal » E E G  seizures, while 
dermorphin, as m-ell as the synthetic enkephalins, is 
devoid of convulsanr activity. These findings are 
further supported hv the data ohtained in acute ex- 
periments following topical application of dermorphin 
over the sensorimotor cortex of the rabhit. Up to 
concentratirin of 2 :6 the peptide is devoid of con- 
vulsant actirity, while morphine applied topically 
at concentrations of 0.5-1.0'>;, induces the appear- 
ance of spikes. Intracercbroventricular administrat- 
ion of dermorphin, enkephalins and morphine in the 
rat gives rise to epileptic phenomena immediately 
after treatment. These findings are in agreement with 
those reported by Urca er al. [7] after i.c.v. administra- 
tion of morphine and met-enkephalin and by Toaella 
et al. [8] after morphine and D-Ala-enkephalinamide. 
Dermorplun is respectively 2500 and 10000 times 
more potent than morphine and the natura1 enke- 
phalins in inducing epileptic fits in the rat [3]. The 
synthetic peptide FK 33824 is slighrly more potent 
than dermorphin, infact, the E E G  and behavioral 
alterations induced by FK 33824 are more intense 
and long lasting than those occurring after the same 
doses of dermorphin. 

Present results indicate that dermorphin causes 
E E G  and behavioral epileptic phenomena in the rat 
but is devoid of convulsant activity in the rabbit. The 
reason of the different action of derrnorphin in the 
two animal species remains to be elucidated. However, 
recent findings obtained in pharmacological assays [9] 
have indicated that opioid peptides interact mith at 
least two receptors: the p receptors, to which morphine 
hinds preferentially, and the 6 receptors to which 
enkephalins have a preferential affinity. Furthermore, 
Kosterliu [lo] has r epa ted  that naloxone has a lou, 
effectivencss against the action of enkephalins (8 re- 
ceptors) and*, as a specific opiate antagonist, interacts 
mainly w i t h  p-..ryeptor. Various pharmacological 
effects of enkephalin deriu&ves yggest  that p receptors 
mediate the analgesic action df'opiates while 6 receptors 
may be responsihle far epileptic and behavioral ef- 
fects [ I l ,  121. Hence, it could he hypothesized that the 
different patterns observed in rats and rabbits are 
probahly due to the binding of dermorphin to different 
opiate receptors in the centra1 nervous system of the 
t a o  animal species. In the rat, dermorphin could 
bind equally to y and 6 receptors (both analgesic and 
epileptic activity) while in rahbits it could act prefer- 
entially on p receptors (srrong analgesic activity and 



absence of epileptic phenomena). This hypothesis is 
supported by the finding that naloxone often fails 
to antagonize the effects of dermorphin in rats at 
doses which are always effective in the rabbit. 

Results of the study carried out in mice indicate 
that dermorphin elicits a Straub-tail reaction that 
is elicited hy morphine and other narcotic druys 
[13, 141. 

Increasing the dozw both of dermorphin and mnr- 
phine does not cause an.i%reasein responders. This 
is probably due to the fact that, iGhen.injected intra- 
cerebrally, the catatonic effect of the drugs overrides 
111 other motor responses. The inhibition obtained 
Fith scopolamine may L& còrrelated with its action 
dn the opiate transmitter system. On the other hand 
this result is not in agreement with results obtained 
by Lee et al. [15], who found that tail erection induced 
hy morpbine (100 mg/kg 5.c.) is not affected by pre- 
treatment with large doses of cholinergic blocking 
agents such as atropine (20 mg/kg, LP.), on the con- 

trary is inhibited by neuroleptic drugs which are 
dopamine receptor blocking agents. 

In conclusion, dermorphin can be classified as one 
o€ the most active peptide possessing peripheral and 
central opiate-like activities. The only peptide com- 
parable to dermorphin for the intensity of its action 
is dynorphin 1-13 [l61 and FK 33824. Dynorpbin 
is rapidly degraded in wiuo by the proteolytic enzimes 
and its central effects are of very shon duration, while 
dermorphin has a very prolonged action and, at the 
highest doses tested (300 times higher than the analge- 
sic dose) it seems to induce irreversible damages to 
the central nervous system. 

The skilful technical assistance of Mirs A. Pézzola, Mr. T. 
Niglio and Mr. E. Deodati is gratefully acknowlcdged. 
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The effect of motropine and of some neuropeptides on opiate receptors 
- .  
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Summary. - In thir paper are reported the resnlts 
obtained stuàying the inJ?uence of motropine, ACTH,,, 
p-MSH,-,, a M I F  analog and bra&kinin,-, on the 
unalgesia due fo morphinc. 

Motropinc (10 mglkg i.u.) noticeabb redured the morphine 
and enkephalin-induced a~lgeria, rholving un effect similar 
t o  that of thyroliberin (TRH). ACTH4_,, MSH,-,, 
the M I F  nnnlog and brndykinin,_, aiso antagonixed the 
anu~eric effect of morphine but t o  a ierrer dcgree. 

Mofropine and ACTH,, reduced fhr duration of 
hexobarbital sleep. The other neuropeptider were lerr actiue 
in this resperi. Brad~kinin,-~ had no effect. 

The ahfa ruggest that mofropine and rome hypothahmic 
neuropeptides bave similar featurcs with respect t o  their 
action on opiate pain receptors. 

Riassunto. - Sono rtati studiati gli effetti centrab della 
motropina, A C T H  ,-,, p-MSH,,, brudikinina,-, e di 
un unalogo del MIF,  ed in particolare il loro antagonirmo 
nei riguardi delle morfina. 
La motropina attenwova l'azione analgerica della morfina 

dimorfrando notevoli analogie col T R F ;  gli ulfri prodotti 
porsedevuno lo stesso effetto ma meno marcato. L a  mohopina 
e PACTH,, riducono il sonno da barbitwici. Questi dati 
suggerisono cbe la mofropina ha molte proprietà in com#ne 
8an i neuropepfidi ipotalamici. 

Motropine (tropyl ester PN-morpholyl propionic 
acid dihydrochloride) and other tropine derivatives 
substituted in C, by acyloxyl radicals aie endowed 
with nervous activity stimulant activity and antagonize 
the analgesic effect of morphine, of other narcotic 
analgetics as well as of the opioid tetrapeptide Tyr- 
D-Ala-Gly-Phe-NH, [l, 21. For istance, motropine 
(10 mg/kg i.p.) causes in rats a marked decrease of the 
threahold of vocalization to the electrical stimulation 
of the tail raised by previous treatment with morphine 
(2.5 mg/kg i.v.) or with the tetrapeptide (10 mg/kg i.v.). 
In rahbits motropine (4 mg/kg, i.v.) restores the impulse 
summation reduced or suppressed by morphine (0.5- 
1 mg/kg, i.v.); when motropine is administered prior 
ro morphine, no reduction of the impulse summation 
ochrs. The same antagonism is ohsemed with respect 
to the effect of othet opiates (azidomorphine, trime- 
peridine) and of the tetrapeptide opioid. In  this test 

motropine is only slightly less potent than nalorphine 
and naloxone, while in the rat tail stimulation test 
it is much less potent. 

Thyroliberine (pGlu-His-Pro-NH2) and some other 
neuropeptides, q., adrenocorticotropic hormone 
(ACTH), @-melanocyte stimulating hormone (P-MSH), 
melanostatin (MIE), bradykinin, show a certain anta- 
gonism to the effects of opiates and opioid peptides [3,4]. 
In  this paper are reported the results obtained studying 
the effects of motropine, ACTH4-,, p-MSH,_,, MIE 
analog, bradykinin,, on the analgesic efTect of mor- 
phine and enkephalin analogs. 

The stimulating activity of morphine and of the 
neuropeptides was estimated by their effects on spon- 
taneous and amphetamine-potentiated locomotor act- 
ivity and on the duration of hexobarbital sleep in mice. 
Locomotor activity was recorded for 30 min using 
Opto Varimex. Motropine and the neuropeptides 
were injected intravenously (in the tail vein); amphe- 
tamine (5 mg/kg) was administered subcutaneously; 
hexobarbital (50 mg/kg) was administered intraperi- 
toneally. 

In rats, vocalization during electrical stimulation 
of the tail was used a criterion for analgesia. Motro- 
pine and the neuropeptides were administered 15 min 
after the opiates. Morphine, the tetrapeptide opioid 
and its nitroanalog were injected i.v. in doses of 2.5; 
10; 2 mg/kg, respectively. 

The effect of motropine and the neuropeptides on  
the respiratory depression induced by morphine was 
studied in rabbits. The amplitude and rate of respi- 
ration movements were recorded using a Volucapt 
transducer and registered on paper. The compounds 
under smdy were administered i.v. 

RESULTS AND DISCUSSION. 

Motropine, thyroliberine, bradykinin,-, and the 
MIF analog did not increase spontaneous activity 
in mice but produced a marked potentiation of the 
locomotor stimulation due to amphetamine. ACTH,-, 
and kMSH,-, (5 mg/kg i.v.) had a weaker effect 
(Fig. 1). 



Motropine and ACTH,-, reduced the duration 
of hexobarbital sleep. The other neuropeptides were 
less active in this respect. Bradykinin,-, had no 
effect (Fig. 2). 

Motropine (10 mg/kg i.v.) noticeably reduced the 
analgesic effect of morphine. Thyroliberine (TRH) acted 
in a similar manner and at the same dose produced 
a marked reduction of analgesia (Fig. 3). ACTH,-,, 
MSH,-s, che MIF analog and bradykinin,_, also anta- 
gonized the analgesic effect o€ morphine but to a 
lesser degree. 

In rabbits, morphine and the tetrapeptide opioid 
(1-2 mg/kg i.v.) decreased the amplitude and rate 
o€ respiration by about 50 O,V. Thyroliberine 
(4-5 mg/kg i.v.) eliminated these etTects restoring che 
volume, amplitude and rate of respiration almost 
to the initial leve1 (Fig. 4). ACTH,-,, PMSII,,, 
che MIF analog, bradykiniq-,, motropine had no 
effect. Thus, thyroliberine eliminated the analgesic 
effect of morphine and their depressing effect on respi- 
ration. 

FIG. 1. - Potcntiation o f  amphetamine-cnhanced locomotor 
activity in mice by neuropeptides. 

l haxobarbital (H) 58 mplkp 1.p. 5 H + ACTH 4-7 10 mg/kg i.". 

2 H + rnotropine 10 rnglkg i.". 6 H + BMSH 68 10 mg!k~ i.". 
a H + TRH 5 mpikg I.V. 7 H + XMIF IO mglkg I.". 

4 H + naloxone 5 rnglkg 1.". 8 H + bradykinin 7-9 10 mglk i.". 

Fic. 2. - Intluence of neuropeptides on ths duration of hexobar- 
bital sleep. 

Frc. 3. - EKects of mottopine and TRII on thc analgcric actioii 
of rnorpbinc in rats. 

N 2 

l I 
M -  morphine 2 mgikg i.v. 

I - TRH 5 mgikg i.v. 2- nalorphine 3 mglkg i.v. 

F~G.  4. - EBCC~S of TUH 2nd nalorphinc on rhc amplinidc and 
rate o f  respiration o f  the rahbit. 

Al1 neuropeptides except bradykinin,-, and morphine 
showed a marked antagonism with hexobarbital. 

Our data suggest that motropine and some neuro- 
peptides have similar features with respect to their 
action on opiate pain receptors. This is confirmed 
by the results of the study of morphine effect on electro- 
puncture analgesia in rabb'its. Research in progress [5] 
indicated thsi motropine ns well a i  naloxone complet- 
ely eliminates che analgesic effect in the tail-flick 
test and also tbe changes of evoked potentials in the 
sornatosensory area of the cerebral cortex caused in 
rats by electroacupuncture. T h s  suggests that motro- 
phine antagonizes the èndojpous opiate neuropeptides 
of enkephalin type formed' during elcctroacupuncture. 
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- Tbe present s t d y  indicates tbut tuftsin, 
witb u pbago~tosis-stimulating effect, pro- 

mediated by tbe CA 
effect on emotionulreactiu- 

tbe effect of some other 

&tu, some 

research /or centra1 stimulunts 

- La tuftsina (TrehLis-Pro-Arg) i un 
del/'immunogglobuIi~ umana IgG ~ h e  

immmtimohnti .  Nel presente lavoro 
effhti centrali della tuftsim nei topi 

ha dimostrato proprietà stimolanti 
MIF e di altri oligopeptidi. 

I RODUCTION. .t. 
Thr-Lys-Pro-Arg) is a tetrapeptide isolated 
y chain of human immunoglobulin IgG [l]. 
in uitro tuftsin increases phagocytosis, mi- 

n of polymorphonuclear human leucocytes and 
rs immunological functions. Radioimmunoassay 
s the presence of tuftsin in blood of healthy 
ts (255 pg/l). The strutture of tufsin conforms 

mode1 of functional organization of low-mo- 
peptide ligands [2], whose common fragrnents 

ain identica1 or equi-functional amino acids. 
tides have various biologica1 activities, 

ate in the ligand-receptor interaction and pro- 
n the. intracellular information transfer. 
been previously shown that some small peptides, 
the C-terminai fragments of oxytocin,-, (also 
elanostatin or MIF) and gastrin,,-,, activate 

behavior [3] and affect biogenic amine me- 
in the brain [4]. In the present paper we 

e data on the psychotropic effects of tuftsin. 

The effect of tuftsin was evaluated according to 
method of Porsolt et al. [5], which induces behav- 
l depression through a non-avoidable stress 

(behavioral despair). Male mice (CBWA) 

were used. Tufcsin (20-200 pg/kg i.p.) showed a 
dose-dependent activating effect, decreasing the total 
duration of behavioral immobilization and prolonging 
the period of active behavior. Doses of 500 pg/kg 
induced sedative effects (Tab. 1). 

Table 1. - Effecf of tuftsin on tbc total duration of in -  
mobi/iQ during a 6 min test. 

Saline . . . . . . . . . . . . . . O ( 4  100,O 
Tuftsin . . . . . . . . . . . . 20 77,2 (14.5) 6 6 , O  

50 81.7 (19.4) -53.0 

250 113.3 (24,7) -35,O 

500 179,2 (13,3) + 2,9 
Saline .............. - 130,O (16,s) 100.0 

Tuftsin . . . . . . . . . . . . 250 9l,0(12.9) -30.0 

Reserpine (4h beforc). . 2.500 255,O (25,6) +96,0 
Reserpine + . . . . . . . . 2.500 93 ,O (22,l) -29,O 

Tuftsin . . . . . . . . . . . . 250 
- p---p 

Male mice (CBWA) n = 6 per group. 

Animal behavior in the Porsolt test is activated 
by substances with antidepressant activity and by 
psychostimulants [5, 61. It was suggested that the 
activation of the catecholaminergic (CA) system is 
the neurochemical basis for this effect. 

Since the activating effect of tuftsin could be related 
to the same CA mechanisms, tyrosine hydroxylase 
(TH) activity was estimated in rats pretreated with 
500 pg/kg of tuftsin (i.p.). Solubilized brain tissue 
homogenates of hypothalamic and striata1 areas were 
prepared. The activity of the enzyme was measured 
by direct spectrophotometric method [7]. Ten and 
20 minutes after tuftsin administration TH activity 
in the hypothalamus and in the striatum increased 
(Tab. 2). 

Different degrees of the activation of hypothalamic 
CA processes (mainly NE systems) and striatal ones 
(mainly DA systems) were found. Tuftsin-induced 
changes in the in vivo activity of T H  reflect a short- 



e 2. - Effecf of acute tuffsin treatnrenf on tyrorinc 
droxylase actiuie in rat brain areas. 

regulation of kinetic properties of the rate- 
nthesis. It can be assumed 

result from an increased 
a centrai action of tuftsin. 
biogenic amines and tbur 

omjection (10 pg) in the brain venuide. Fluorim- 
(Hitachi MPH-2A). Sero- 

ydroxy-indolacetic acid were measured 

in (200 pg/kg i.p.) increased rota- 

01 .................. 16,Of 1,0 33,34 2,s 
n.10min .......... 25,0&6,5 87,lf 6 ,2  
n. 20 min .......... 44,3+14,4 55,7*11,1 

i h e  rcpction rate was measured in soluhilired bmin tissue 

tion toward the side of the lesion and increased the 
emotional reactivity (handling test, boxing in pair). 
Tuftsin diminished amphetamine-induccd ipsilateral 
circling, but intensified stereotyped behavior (Tab. 3). 
Apomorphin-induced wntralateral cirding was nst 
iniìuenced. Tuftsin bad a poor effect on behavioral 
depression induced by haloperidol, but enhanced 
circling and aggressiveness depressed by pretreatment 
with diethylditiocarbamate (a dopamine-beta-hydro- 
xylase inhibitor). Al1 this indicates a specific pattern 
of DA activation in the meso-limbic md nigro-striatal 
systems. 

Tuftsin (500 pg/kg) inucased emotional reactivity, 
estimated by measuring the threshold of pain reaction 
(vocalization) in rats upon clcctrostimulation of thc 
paws. It also decreased the threshold of aggressiveness 
and fighting elicited by placing pairs of rats in cages 
with electrified floor. Tuftsin did not improve the 
learning of conditioned passive avoidance ruiction 
to single negative stimulus with subsequent testing 
after 24 h when administered l 0  min bdore testing 
(day 1). On the contrary, the numbcr of animala witb 
learned passive avoidance reaction diminished and 
the latency of the first passing to the dark cbamber 
decreased. Tuftsin showed no marked myorelaxant 
effect. 

Tuftsin (500 pg/kg) induced an activating effea 
with increased motivations and locomotor activity 
in mode1 bebavionl depression in cm.  Two models 
were used: behaviorai depression induced by nserpine 
(0.1 mg/kg s.c.) and behaviorai inhibition which de- 
veloped during and aftu stimulstion of the media1 
septal arca (20 Hz, 1.5 ms, 3 min); for detaiis of this 
technique see [Il]. 

The effect of tuftsin on animal behavior in a stress 
situation was estimated on the basis of the initial 
behavioral reactivity. Intact rats and rats with dcstroyed 
CA terminals (&OHDA pretreaunent in the neonata1 

ho 
0,Oi 

oogmntes. Direct ipectrophotometric method. BuEer 
M Ms-malente, pH 6,l; O,11 mM tprosine; 0,17 mM 

6,7.-dim&y1.5,6,7,~emahydropte~ne, 30°C. 



Table 4. - Effects of tuj+sin on auoidancc bebauior. 

Uni"cce..ful Lcvcl of 
T W  iti.rnpti of emotlon.1 I..tcnw 

O R O U P  O P  ANIMALS of ic.ctLvt~ wolduice mintfematlow of e e a p  
(nurnber) (palnti) (W 

lntaa ......... .*.t .'. ........................ non-emotionsl no no 11,7*3,7 
.L emodonal 16,4+3,8 7,2;t3,0 39,815.0 

....................... a H D A  .-. . :. ....... non-emotional 7,1+2,2 4,5&1,6 34.3&4,6 
h-tmcnt ................................ emodonal 26,43Z5,3 14,1+2,7 68,2&6,1 

lntna ...................................... non-emotional no no 5,1+1,7 
emodonsl 4,8*1.6" 5,Of l , 7  23,2&4,8 

period) were divided into « emotional n and «non- 
emotional.. The behavior in the open field was 
estimated as weU as the ability to avoid an acute stress 
situation (modified Hendenon test 1121). Altered 
baiance in the activity of CA systems due to the destmc- 
tion of CA terminals was followed by increased emo- 
tional reactivity and by impaired avoidance behavior 
(Tab. 4). Both in contro1 « emotional r animals and 
in rats with destroyed CA terminals tuftsin (200 pg/kg 
S. c.) improved avoidance pedormance, thus contr- 
ibuting to the solution of a unsettled « extrapolation n 
probkm: how to escape. This effect makes tuftsin 
different from other compounds sudi as ampheta- 
mine, haloperidol and clonidine which have different 
and sometimes opposite effects in animais of different 
reactiviy, espccially those whith destroyed CA ter- 
minai~. 

Modulating effect, i.e. an effect depending on the 
initiai state, is characteristic of a modulating peptides r. 
The mechanism of this phenomenon has not been 
clarified yet. 

Addition of tuftsin to isolated purified rat hypo- 
thalamic TH (using the technique of Mineyeva et 
al. [13D is fouowed by inhibition of TH activity (Tab. 5). 
Tyrosine, the substrate for TH, protected the enzyme 
from tuftsin inhibitory effect. Fluphenazine, an ai- 
losteric regulator of TH activity 1141, aimost completely 
eliminated &sin's inhibitory effect. This indicate8 
that the intenction between tuftsin and TH is not 

exeaed at the active center of the enzyme, but ratber 
is the result of the changes in conformational requir- 
ements. It is probable that the modulating e&ct 
of small peptides on CA processes in the CNS aiso 
develops at the expense of conformational changes 
in receptors' « surrounding w, in particular, lipid 
components of the membrane. On the leucocyte mem- 
brane, tuftsin molecule by means of ekctrostatic force 
interaw with negative groups of sialic aad at tbe 
expense of ita positively-charged groups [lS]. 

Table 5. - Tbc effect of tufsin on isokrted rat bypotbakrnric 
grosine bydro.+se artivi9 in vitro. 

Cantcol ............................ 355.0 I10.0 
Tuksin 10-6 M ...................... w.o* 4.5 

...................... Tuftain M 255,0*15,3 

Tuftsin IO-' M 
.8uphcwinc 10-4 M ................ 278,Of 13.9 

Thc mction rate m s  messurcd bp the direct apemophoto- 
m h c  mcthod. B& 0,05 M mie-maleate pH 6,l: O,11 
mM tposinc; 0.17 mM 6.7 -dimcrhyl-5.6,7,&crrahydm. 
ptcrinc; 30 mg protcin pn m1 probe; P 30°C. 
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A pharrnacogenetic approach to the mechanisms of action of opiates 
,<q% - 
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4. OLIVERIO (a), C. CASTELLANQ.(~), U. FILIBECK (b) 

8)lnsfitntta of Psycobiohgv and Psycopbarmaco~b~, C.N.R. Rome; (6) Institute of Gmral Pbysiology Univerrity of Romc, Itab . . \  

Summary. - A nnmber of recent resnlfs are reported, 
howing tbc existence of strain depcndnt effects of opiates 
W behauioy~ in mice. In fact, opiates administration enbances 
rctiuity in C57BLl6 mice, a strain in wbich tbc anagesic 
@t is Icrs widnit, wbile l cwea~~s  it in DBA mice, wbicb 
Ire characteri~ed by bigb kvb/s of anagesia and by a reakced 
piate recepfw~ popdorion, as compared witb C57 mice. 

T66 role phpd  by strain differences a) in dopaminergic 
uttenu a d  b) in type and distribntion of opiates receptors, 
n m&ting t& effccts Of opiatss is ah0 discwsed. 

Riassunto. - Vengono riportati recenti risnltati cbc 
vastrano come nel iopo gli effetti esercitati &gli oppiacei 
n1 comportamento dipendono &l ceppo di roditm' preso 

E esame. Infatti la mmministraxione di sostanxe s t q -  
centi aumenta l'attivitò nei tobi abtwtenenti a/ cet>bo 

A ' A  2 ,  

57BL/6 (C57). in cm /'effetto ana&esico d poco evidente, 
entre h ridnce nel p p p o  DBAIZ (DBA) c66 2 carat- 
riyqato a2 eievati /Nelli di ana/gesia e & nna popohxione- 
. recettori per gli oppi<rcei ridotta rispetto ai topi C57. 
E' ancbc djscwso il rmlo esercitato &/h differcnta fra 

i ceppi a) nei meccanismi dopanrinergi~ e b) in tipo e distri- 
ione dei rsrcttori per gli oppiacei, negli effetti compor- 

t mentali di queste mstanxe. i 
Interspecies differences in sensitivity to opiates 
ve been reported by a number of investigators. 

mammals, for example, morphine exerts a 
e& in dogs, rabbits, guinea pigs, and rats; 
nt follows morphine treatment in can and 

orphine-injected rams, goats, and 
sed motor activity [l]. In humans, 

features of the morphine picture are a quiet- 
and a tendency to skep; however, failure 

sedation has been noted not inirequently. 
In recent yaus, the genetic approach has aiso proved 

fnutful in the study of the effects of opiates 
r in mice. Eriksson and Kiianmaa [Z] have 

ized the susceptibility to morphine addiction in 
inbred strains of mice (CBA/Ca and C57BL). 

heir experiments, mice were given daily morphine 
r 3 weeks. This was followed by a 5-day 
, when the animais were given only 
hine solutioni to drink, and a 2-day 

. The mice were then given a f r e  
baween tap water and aqueous morphine 

solution for 1 week. Morphine consumption was 
used as the measure of phenotype. The results showed 
that morphine consumption is higher in the C57BL 
mice than in the CBA. 

In another investigation Gebhaa and Mitchell[3] 
showed the existence of strain differences in the 4- 
gesic response to morphine (measured with the hot 
plate). In their experiments, morphine was found 
to be 16 times more efficacious in the CF, mice than 
in the CFW strain. 

A number of tecent studies have demonstrated that 
C57BL/6J and DBA/2J mice are a very usefd t001 to 
study the effects of opiates on behavior. The genetic 
approach with these strains seems to be a useful method 
in order to assess which biochemical systems are involved 
in the various behavionl dfects foUoMng morphine 
administration. Differences in behavior and brain 
chemicalo have been demonstrated between these 
strains in basai conditions [4]. 

In the present paper are reported the resultu of 
a number of studia carried out with the C57 and 
DBA strains, desting with the effects of opiates on 
behavior. 

In the first group of experiments, the sensitivity 
of C57BL/6J and DBA/2J mice to morphine-induced 
motor activity and analguiia was determined [5]. The 
locomotor activity was measured with toggh floor 
boxu, and the e&cts on the rcsponse to painful stimuli 
witb the hot plate method [6] as modified by Goldstein 
and Sheehanm. The results sbowed that the two 
strains were dearly different when the morphine- 
induced « running 6t it, was considered. A marked 
increase in locomotor activity was evident in the C57 
strain following morphine (or heroin) administration, 
while no effea or a slight depression appeared when 
the opiates were injected into the DBA mice (Fig. 1). 

When the reaction to painhil stimuli was considued, 
the C57 mice resulteci scarcely sensitive to opiates, 
whilc in DBA mice the analgesia was very high (Fig. 2). 
Therefore it was evident that the effects of opiatea 
on both analgesia and running activity were strain- 
dependent. It was also evident that they were likely 
to imply two di&rcnt sites of action, with a negative 
correiation betweui the degm of running and the 
pain obtunding eiiect. 

According to a number of investigations, diiierent 
models might account for the effects of opiates on 
running activity and pain appreciation. As previously 



. 1. - P&as of d b r  doua o€ morphinc on dbc mmkg 
vity of C57 snd DBA mia. Eish gmup m t e d  of 10 mie .  
i i n i m i l ~ ( C M d 3 0 m i n I t a r d b c i n ~ n o f ~ r p h i n e [ 5 ] .  

J .  
o I) 20 

MORPHINE inplb) 

ntioncd, Cptechoinmine depletion seem to be asso- 
ted ~ 4 t h  tb: running-tit ayndrome in mice (md 
xue In 8cmmnin lcvcb acem to f id ia te  it) [E, 91; 
>iinagic h&on ooem, initesd, to plny an importnnt 
e in opiatc-induccd d g c a i r ~  and abstincnoc [E. 101. 
mny be thuc suggemd thnt the biochmicpl &I- 

a aisting kfawi C57 md DBA mice might 
rcrpodble for the s w d c n t  e&as of 

atea uid for the dusociation bewccn the e&ets 
mo+ on nanaing md pnin-depcndcnt behavior 
dcnad in our 
l'wo v e  nc pamrns tecm to bc 
ited t0 the nkemcnùoned e&ca of morphine. 
the C57 mUx, w h w  motor dviy ia enbanced 
opiata. miatai adcnylntc cy& i. more atimu- 

i 
by dopimioe t b  in the DBA strnin. It ha8 
becn daaonrhnted that ririatai dopaminergic 

neurons nre activated d y  in C57 mia; 3-methoxy- 
tynmine and cAMP me increaaed by morphine admi- 
nistration only in the C57 atrain [Il]. 

The c&ct of molphine on W P A C  (3.4 - dihydroxy- 
phenylaaa'c a d )  levein in C57 and DBA mice arps 
also invatigntai. The drug increased striatai and 
limbic W P A C  levela in C57 mice by 92 % and 46 % 
aftcr an injeaion of l0  mg/kg and 5 mglkg respecrively. 
On the con-, morphiac injection in DBA mice 
did not rnodify DOPAC lcvels. Since the brain levels 
of morphine wur the same in thc w o  strains, in orda 
to cluify thc mcchaniam of the diiicrcnt dfecia on 
dopaminc metabolism, opiate reccptor function in 
thc a ~ m e  animnls wns rneaaund. Tnble I summarizes 
tbc re~ulta obtained using different radioattive ligands. 
When ('H)DAME or rH)Leu-cnkephalin were used, 
a signiticant di&rrnce baarecn the w o  s a i n s  was 
obsuved; in & a  DBA mice show a lower striatal 
opiatc rrceptor binding in wmparison to C57 mice. 

Further kinetic studies indicate that DBA mice 
posscas a rcduccd opiate rcccptor popuiation. In 
fact incubnting the tissues with various ('H)DAME 
or ('H)Leu-~nkephnlin comentratiom to perforni a 
dgnificant rcduaion in the numbcr of biiding sitts 
in DBA mice with re~pen to C57 micc (171 & 12 
to 102 It 7 and 157 f 13 to 92 f 5 wingrH)DAME 
or ('H)Le.u-enkephnlin mpcctively) WM found, while 
thc meptor aliiaiy waa Umuu for the w o  rtRina. 

TheM diffuenas nn not dctectable in the othcr 
brain a r a  anidicd. On the other hand, uaing 
CH)DHM or ~ H ) d o x o n e  ps s a d i d v e  ligmds for 
opiate rcceptorn no ugniiicant differenm werc dctcacd 
betwcen tbc two mains of mice uthcr in 8triaturn 
or in other a r a  rudi nr, brnin atcm, forcbrsin, neo- 
corta (Tpble 1)(12). 

[=H] DAME . .. . . . . . . . . . 94.4f3.0 55.8h1.1. 
['H] Leu .... . ... .... . . 87.6f 2.5 45.3f 4.1. 
['H] DHM .. . . . . . . . . . . 51.6f 3.3 47 . l+t .5  
[*H] 4 . ... . . ........ . . lO7.6f 8.4 99.5h7.3 

(0 )  p < 0.01 compud to CS7 vdnw In rha m e  uca. 
Thc d u u  ue cqxwmd in fmoi/mg protein a d  reprou\c 

&o S.E.M. d 3 difihri( upcrimuia of 5 aninuls 
e d .  '. 

1 
Thcae findb8&poS~ hpthcsis  that &- 

pholini modulate the fune&%> of the striatai DA 
pathway dirixtiy impinging upon DA ncmns. In 
th is  mpect, we w y  condude that the so-died do- 
paminagic c&cts of wu)tics might iargelg depcnd 
on a ~ n k c p h n l i ~ ~ g k - d ~ ~ t l ~ ~ g i ~  newonai internction. 

MOMVU, the &n &t CH)DHM and ('H)naloxonc 
bindinga nn aimULT in the two strains of mice may 
suggest &e prrsence of di&rent popuiatiom of opiate 
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Effects of oligopeptides on selfstirnulation 
and escape behaviours in the rabbit &?T- 

*. 
A - - \  

K. V. SUDAKOV, V. I. BAD1KOV;-G. I. DIACHKOVA, and E. A. LOMAKINA 
\ 

p, K. Anokbin Institutegf @yiologv, A c d m y  of Medica/ Sciences, Mosrow, USSR 

Summary. - Tbc prnpose of tbe researrb was to eluridatc 
t k  injknce of intraventricular injcctions of angiatensin 2, 
bradikinin a d  li~y~vasoprcssin on two opposite emotional 
reactions, relfstimu/ation and cscape in tbe rabbit. Intru- 
ventricular iinjrtions of tkse peptides significant& inbibitcd 
t k  frequenv of selfstimu/ation. Angiotensin 2 and liglua- 
sopressin significant& increased tbc latencies of esrape responm 
evoked l y  clectrical stimuIation of uentromcdial &otbahmic 
nuclei. Tbe same dosa of bradikinin decreascd tbc latcnciu 
time& 

Riassunto. - Nel  bresenfe lavoro 1 sfato studiato nel 
2, della bradikinina e 

t NTRODUCTION. 

hysiological role of various 
ation of different behavioral 

ajor importante. There is strong 
that oiigopeptides participate in the processes 
in learning, memory, sleep and motivational 

[l-51. Researches on endogenous oligo- 
angiotensins and kinins are of particular 

peptides are involved in the regu- 
the homeostatic functions in the 

he intluence of oligopeptides on emo- 
s still to he investigated. The purpose 

f our research is to elucidate the influence of intra- 
tions of angiotensin 2, bradikinin, 

opposite emotional reactions, 
and escape. Since there is 

ctivation of peptides in the orga- 
mic injections [lo], it was decided 

use intraventricular injections. 

$ ETHODS. 

Experiments were periormed on 37 male rabbits 
free-moving condiuons. Reactions of self- 

and escape were produced hy electrical 

stimulation via 2 electrodes implanted into the lateral 
hypothalamic region and ventromedial nuclei respective- 
ly. For injecting chemicals into the brain lateral 
ventricles special cannulas were used. We appiied 
current of the following parameters: frequency 100hz, 
impulse duration 1,4 msec, tension 1 4  volts. 

Hypotbalamic stimulation lasted 3 sec, whereas du- 
ration of self-stimulatory impulses was 0,3 sec. Self- 
stimulation hehavior was measured on the hasis of 
the frequency of leva pressings during 30 sec. This 
behavior was measured for 3 houn. Contro1 of self- 
stimulation frequency (100 %) was assessed during 
30 minutes. Al1 the variations of this frequency w u c  
expressed as percent variations of control. Latency 
to escape was measured in ail animals. Angiotensin 2. 
bradikinin or iisylvasopressin were injected into the 
ventricles 30 minutes after recording of control self- 
stimulation behavior and observations of escape reac- 
tions latencies (€or three times) in animals. The chemi- 
cals were used at the dose levels of 5, 50, 150 ng, 
dissolved in 3 4. of distilled water. Saline or distiiled 
water was injected in control experiments. 

In ten control rabbits mean frequency of self sti- 
mulation and escape latencies remained constant 
during 3 hours of ohse~ation. The changes of self- 
stimulation within 3 hours after angiotensin 2, bra- 
dikinin, lisyl-vasopresain injections arc reprwented 
on Fig. 1. The following dose-dependent effects 
were discovered. Intraventricular injections of angio- 
tensin 2 at the dose o€ 5 ng caused within 40 minutes 
inhibition of seifstimulation in 4 rabbits out of 6. 
The mean frequency of selfstimulation in this group 
hecame 62,3% lower hy this time in comparison 
to the initial leve]. At the dose of 50 ng angiotensin 
inhibited sei€ stimulation in 6 rabbits between 20 
and 70 minutes aFter the injection. Angiotensin 2 at 
the dose of 150 ng caused full inhibition of self- 
stimulation in aU 12 rabbits during 40 minutes 
(Fig. 1, a).  

It should be noted that at the same doses injections 
of bradikinin caused complete disappearance of self- 
stimulation in al1 12 rabbits of this group within the 
following intemals: 5 ng in 100 min., 50 ng in 80 min., 
and 150 ng in 60 min (Fig. 1, b). 



injections of lisyl-vasopressin at the 
frequency of seifstimu- 

mals. The highest inhibition 
behavior (close to complete inhi- 

sved only 150 30 minutes after 
tide injection; 25% of the animals didn't 
the frequenq of lever pressing after lisyl- 
sin injection. At the dose of 5 and 50 ng 
tide induced a complete suppression of self- 

njection the lever pressing frequency 
still significantly decreased: o€ about 70 % (50 ng) 
of 50 % (5 ng) in compasison with the initial values 

ced an inhibition of escape 
animals a 2-3 time increase 
reaction was evident after 
se was still present after 

s the highest latencies 
yl-vasopressin injection, 

cape responses was noticed 
. In 40 % o€ animals no changes 

of escape reactions were riident (Fig. 2, b). 

FI . l. - Dose depcndent chpngcs of odhtimulation under 
in vuiaicular angiotcnrin 2 injeuion(a), bndikinin injection (b). 
h 9  -vn)(>pmsin injection (C). l = 150 ng; 2 = 50 ng; 3 = 5 ng 
Ab ' sa = time in minuao. Otdinatc = frequency of sclfsturiu- i iation (in % of initisl value). 

RG. 2. - Changcs in Intuicies of rabbit's cscape reaction under 
intraventricular bradikinin injcction (a), lisyl-vssopressin (b) m d  
angiotensin 2 (=)(l50 ng). Abscissa = time inminutcs. Ordima = 
latencies escapc renction in sec. Thc artow indiates the injection. 

Intraventricular injections o€ angiotensin 2 at the 
dose of 150 ng increased the latencies from 2,9 5 0,4 sec. 
to 12 & 2 sec. in 10 animals (Fig. 2, r ) .  The highest 
values were obtained by the end o€ the first hour 
after the injection. In one case only the latencies 
changes o€ escape reaction were not signiticant after 
angiotensin 2 injection. 

Thus, intraventricular injections of angiotensin 2 
and lisyl-vasopressin significantly increased the latencies 
of escape responses, evoked by electrical stimulation 
of ventromedial hypothalamic nuclei. The same 
dose o€ bradikinin decreased the ktendes times. 

These results c o d r m  the fact that intraventricular 
injections of these peptides affect the emotional reactions 
of animals. This is proved by a number of researches 16, 
11, 121. The centrai action of angiotensin 2 may 
also be determined by its direct interaction with specific 
brain receptors [13, 141 as well as by influence on 
brain transmitters [15, 161 such as serotonin [l71 or 
acetylchoìine [l81 whose turnover is modified by 
angiotensin 2. Unlike angiotensin 2, the effects of 
vasopressin on the emotional reactions may be dif- 
ferent and due to the direct influence of this peptide 
on protein hypothalamic metabolic piocesses 1191. 

Intraventricular bradikinin injections influencing hra- 
dikinin sensitive hypothalamic structures are likely 
to have antagonist effects on norepinephsine, angio- 
tensin and vasopressin. This effect was demonstsated 
at the leve1 of microcirculation. The injection of 
these substances produces diversihed effects on nega- 
tive emotional reactions of animals, i.e. escape reaction. 
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