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Protocol of the IV Soviet-Ttalian Symposium
on the Pbm*fﬁii’cblog)z; pf _tlae Central Nervous System

May 18-22, 1981, Moscow, USSR

- ~

In accordance with the Agreement on Cooperation between the USSR and Italy in the field of Health Care and
Medical Science, the IV Soviet-Italian Symposium on the Pharmacology of the Central Nervous System was held
in Moscow on May 18-22, It was organised by the Institute of Pharmacology of the Academy of Medical Sciences
of the USSR with the assistance of the All-Union Scientific Society of Pharmacologists,

In the Symposium participated:

— from the Soviet side — 40 pharmacologists specializing in the pharmacology and physiology of the central
nervous system headed by A. V. Valdman, Corresponding—Member of the Academy of Medical Sciences of the
USSR.

- from the Tralian side — 12 pharmacologists from Italy headed by Professor V. G. Longo.

Within the framework of the Symposium there were delivered 28 oral and 21 poster comtmunications devoted
to actual aspects of the study of the pharmacology of the central nervous system. They are: neurotransmitters and the
mechanisms of action of psychotropic drugs, mediator aminoacids and other neurotransmitters, receptors of CNS
and the effects of endo— and exogenous substances, neurochemical and neuropharmacological aspects of the patho-
logical states of the brain.

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

~ 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 2 number of benzodiazepine tranqui-
lizers, such as: clobazam, diazepam and the first Soviet tranquilizer ~— phenazepam — in animals and man. This
study makes it possible to use phenazepam efficiently in clinic;

— the new data on the role of the activity changes of the neurotransmitter systems of the brain in the processes
of memory and learning disturbances and their possible pharmacological correction;

~ the beginning of the joint research on the role of the specific proteins of the nervous system in the processes
of memory and in the regulation of the immunologic reactions;

~ 1979 in Iwaly / Cagliari [ there was held the Soviet-Italian Symposium « Neurotransmitters and the
Functions of the Brain» the proceedings of which were later published.

The Symposium promoted a comprehensive exchange of information on the above—mentioned pharmacolo-
gical problems and confirmed high conceptual and methodical levels of the studies of both Parties in the field of
the study of the mechanisms of action and the search of new neuropsychotrapic 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:

" Theme 1: Role of the Biogenic Amines in the Neurohumoral Regulation of the Brain Functions;

Theme 2: Research in the Field of Newro— and Pgychopharmacology;

and the start of the cooperation on Theme 3: Role of the Specific Proteins of the Nervous System in the Processes of
Memory and in the Regulation of the Immunoiogic Reactions.

This plan of joint studies includes joint research in the framework of the annual working-programs of the coope-
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 Iraly,

Signed in Moscow on May 21, 1981 in two copies in Russian and in English, both being of equal validity.

. Coordinator of the problem f om the Sn~viet side Corresponding Coordinators of the problem from the Ttalian side Professor
Mcmbet, Acadcmy of Medical Sciences of the USSR V. G. LONGG
. AV, VALDM N Head of the Pharmacoiogical Depariment,
Director, Institute of Pharmacology, Academy of Medical Lsituto Superiore di Sanitd, Rome. Italy
Sciences of the USSR ‘ G. L. GESSA

Directory Instituie of Pharmacology, Unistrsity of Cagliari, Italy



Protocol of the III Soviet-Italian Symposium
on the Pbaﬁ?mcology of the Central Nervous Sysiem

June 4-7, 1979 Villasimius Engliari, Italy)

- N

“

In accordance with the agreement of collaboration between the USSR and Italy in the field of medical science,
the III 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 Health, 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 central 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 brain function; Peptides in neuroendo-
crine function; Gaba, serotonin, acetylcholine; Chronic trearments 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-
macological Society, Pharmacological Research Communication, possibly under the form of a special issue.

In order to implement the fellowship programme already mentioned in the previous protocol, a2 Committee has
been established, formed by Prof. V. V. Zakusov and Prof. A, V. Valdman on the Soviet side, and by Prof. V.
G. Longo and Prof. G. L. Gessa on the ltalian side. Task of the Committee will be to secure ecar-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-
Iralian working group for the collabotation in the field of health setvice and medical science.

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

V., ZAKUSOV
V. VALDMAN
G. LONGO
L. GESSA

Rome 8 Jume 1979

O s
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Dear participants and dear gueits,

today we ate opening the IV Sympostum on Neuropsychopharmacology organised within the framework of
the Soviet-Italian cooperation in field of Pharmacology. May I remind here briefly that according to our official
agreements there are sevetal institutes engaged in this joint venture. From the Soviet side: the Institute of Pharma-
cology of the Academy of Medical Sciences of the USSR, the Institute of Experimental Medicine of the Academy
of Medical Sciences of the USSR and the Laboratory of Biochemistry of Neurchormones of the Minsk Medical Col-
lege; from the Italian side: the Istituto Superiore di Sanitd (Rome), the Institute of Pharmacological Research « Mario
Negri » (Milan), the Institute of Pharmacology of Milan University, the Institute of Pharmacology of Cagliari Uni-
versity.

Research was carried out in several 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 memoty 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 scientists presented the results of their research, exchanged ideas, worked out joint investigadons.
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 of the Istituto Superiore di Sanitd. 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 Ttalian Pharmacological Seciety.
: 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 College had the opportunity to Jearn some new methods in the neurochemical and neuropharmace-
logical field.
‘ Opening the Symposium, fitst of all let me thank the Ttalian 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:

neutotransmitters and the mechanisms of action of psychotropic drugs;

teceptots of the CNS effects of endo- and exogenous substances;

neurochemical and neuropharmacological aspects of the pathological states of the brain;
oligopeptides and other neurotransmitters.

t

[

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 Jtalo Soviet Symposium on Neuro-
psychopharmacology. I would like to call your attention that on this year falls the 10th anniversary of the scientific
sgreement 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
to an excellent level which we must strive to maintain in the future. On the other hand, I regret than the program
of fellowships which was included in the protocols signed in Moscow in 1977 and for which in Cagliari was pro-

josed a special committee, did not progress satisfactorily. Since I am convinced that such an implementation of
Q\n- collaborative program is an important step forward, may I call on the heip of everybody present in order to
start such an exchange.
|

| V. G, LONGO
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with morphine, Furthermore, dermorphin shows a
long duration of action due to its resistance to enzy-
matic hydrolysis for the presence of a D-Ala? residue
in its molecule [2].

In the present investigation the effects of intrace-
rebroventricular administration of dermorphin and of
two dermorphin derivatives on the electrical cerebral
activity (EEG) and behavior of rats and rabbits were
studied. The action of the specific opiate antagonist,
nalﬁxone, on dermotphin-induced changes was also
determined. In 2 separate series of experiments mice
were used to study the infiluence of dermorphin,

particular on the Straub tail reaction, The two
dermorphin derivatives were:

FCE 21127 = H-TYR~-ALA-PHE-GLY-TYR -
-PRO-SER-NH-Me (Methyl dermorphin)

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

conE;ared to that of morphine, on behaviot and ni’

ME'FI'HODS.

Twelve adult male rabbits weighing 2.8 to 3.2 kg
were used. Electrodes for EEG recording were
chronically implanted under pentobarbital anesthesia
epidurally over the cortex 2nd in the hippocampus.
Electrodes were attached to the skull with dental
cement, For drug injection, a canula was permanently
inserted into the lateral cerebral ventricle according
to 4 technique described in a previous work [3].

A total of 20 Wistar male rats weighing 250-350 ¢
were used. Four electrodes were chronically implanted
undir pentobarbital over the cortex. A permanent
canula 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 mortem by examination of the ventricles
for the presence of China ink injected just before
sacrifice.

After recovery from surgery (7-10 days), the ani-
mals were put in 2 shielded cage (1 m x 1m x 8.65m)
and connected to the apparatus by means of long
wires, thereby permitting free movements. For re-
cording an 8—channe]l EEG Galileo apparatus model
E 10 B was used. The volume of intraventricular
injection did not exceed 20 ul for rats and 40 pl for
rabbits; the same volume of saline solution was injected
during the control frecordings. The animals were
treated with the compound at 8-10 days intervals
in order to limit the development of tolerance. Each
animal was treated 24 times. During the EEG experi-
menits, concomitant observations of behavior were
carrjed out, covering a subjective evaluation of the
animals reaction to noxious stimull. Animals were
also observed for the occurrence of rigidity, cata-
tonia and reactions to auditory and tactile stimulation.
Rigidity was evaluated by subjective assessement
during handling; for the evaluation of catatonia the
rat’s. forelimbs were placed on a bar 7 cm high, and
the time of immobility was measured; rabbit’s hind
limbs were placed on a wooden box 15 cm high. Ani-
mals were considered catatonic when remained in the
imposed posture for at least 30 seconds. Both rabbits
and rats were considered as having lost the righting

refiex 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. TUnder ether anesthesiz a
smail atea of the sensotimotor cottex of one side was
exposed. The effect of anesthesia was allowed to
wear off; the animal 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 2.09%) and morphine (0.5 and 1.0%,)
were used. To insure the continuous effect of the
drug over the cortex the discs were left in sitw 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 [S], Drugs
were injected to groups of 5 animals. The volume
of drug administration was 10 ul. Control animals
received the same volume of saline. Immediately
after treatment the mice were put in 2 wooden obser-
vation cage (32 x 32 cm) and, dvering 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 of the tail at angles
of 900 or greater has been used to define the tail erection
response. The method of analysis utilized was the
Fisher exact test.

Natural and synthetic dermorphin and dibenzyl
dermorphin were prepared in 2 solution containing
50-60 %, of ethanol, which was evaporated under
vacuum on a rotavapor. The residue was dissolved
in saline; only freshly prepared solutions were used.
Methy! 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
hydrochioride was dissolved in saline and administered
in mice both intracerebrally and intraperitoneally.
Scopolamine hydrochloride was dissolved in distilled
water, The doses of morphine, naloxone, 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 dermorphin or morphine treatment.

~ A
REesuLTs,

Rabbiits ! ST

Rabbits were injected intracerebroventriculatly 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 ug)
induced a period of desynchronization (15-25 min)
duting which the animals showed mydriasis, exoph-
talmus, absence of spontaneous movements and loss
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iFr6. 2. — Effects of dermorphin administered into the lateral
lcgrebral wventricle of the rabbit bearing chronically implanted
lectrodes and cannula. Antagonistic action of naloxone. Upper
Lremrd control, the acpstic stimulation (arrows) induces the activ-
ation of the tracing. Middle record: forty minutes after i.c.v. adminis-
tration of dermorphin (5 ng) EEG synchronization with slow
components is ptesent, the theta waves are disrupted and the
arousal reaction is blocked. Lower record: naloxone (0.25 mg/kg,
i.v.) induces a complete EEG and behavioral recovery. Leads:
FP: anterior-posterior seasorimotar cortex; PO; postesior sen-
sorimotor- optic  cortex; Qcc:  optic  cortex; Hip: dorsal
‘ hippocampus,

'
i

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 ug resulted in an increase in the duration
of EEG synchronization to a2 maximum of 60-90
minutes at the higher dose. The dose of 1.0 ug induced
a slight lowering in voltage and frequency of the
¢ theta» waves in the hippocampal lead. The EEG
drousal response was sometimes attenuated. Another
phenomenon which was always observed, often be-
fote the appearance of the synchronous pattern, was
the « paradoxical EEG response » previously described
by Carruyo et al, [6] in rats treated with opiates: upon
pinching of the ear slow waves appeared in the record,
disappearing at the end of the stimulus. Doses of
2.5 and 5.0 pg (Fig. 2} induced within a few minutes
the appearance of a synchronous EEG pattern with
high voltage slow waves in the cortical leads and the
complete disruption of «theta» waves in the hippo-
campal lead. The EEG arousal response was often
blocked. Behaviorally, the animals showed a marked
muscalar rigidity, catatonla and loss of the righting
reflex. These effects lasted about 34 hours. Increasing
doses up to 10 ug induced within 10-20 minutes the
appearance of slow waves; during this phase the arousal
response was not elicitable. The «theta» waves in
the hippocampal lead were completely disrupted. The
effects on behavior, already described, were much
more intense and long lasting (about 5-6 houts).
Higher 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
cqrtcx at concentrations of 0.5, 1.0 and 2.0 9} caused

a thighly disorganized activity consisting exclusively
of slow waves; motor or EEG convulsive manifesta-

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

Rats o

Rats were treated with doses of dermorphin ranging
from 0.005 to 2.5 pg. Immediately after injection or
within a few minutes, all 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 pericds of lew voltage desynchronous EEG with
scattered spikes. Blockade of the activation to external
stimuli and the «paradoxical EEG response» 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 catatopia. The EEG and
behavioral modifications persisted for 30 minutes at
the lowest dose {0.005 pg), and several hours (6-8)
at the highest doses. The dose of 2.5 ug induced
marked hypothermia and respiratory depression and
the animals died within 24 hours from treatment,
Methyl dermorphin showed pharmacological properties
very similar to that of dermorphin, namely analgesic
and convulsant properties at the doses of 0.3 ug.

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

Naloxone, administered intravenously in the rabbit
at doses of (.25, 0.5 and 1.0 mg/kg, was able to an-
tagonize all the EEG and behavioral effects induced
by dermorphin. The antagonistic effect of naloxone
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Fi6. 3, — Effects of dermotphin administered in the lateral cere-
bral ventricle of the rat bearing chronically implanted clectrodes
and cannula. Upper record: control EEG. Middle and lower vecords:
fifteen minutes after i.c.v. administration of dermotphin (0.005 ug)
bursts of spikes appear in the tracing. Twitchings and tremors
accompany the electrical manifestations. The two records are con-
tintous and have been divided only for convenience. Leads:
FP: anterior-posterior sensorimator cortex; PO: postetior sen-
sorimotor-optic cortex; FO: antetior sensorimotor-aptic cortex,
Occ: optic cortex.
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Ordinates: number of responses = 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.p.} antago-
nizes morphine and dermorphin induced tail erection.

(1 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.

Mize

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 < 90° compared with the
control mice, but statistically significant differences
were found only with the higher doses (Fig. 4). Daoses
from 0.01 to 1.0 pg produced in 1009, of animals
restleness and increased locomotor activity ( running
fit). At doses higher than 1.0 g mice were cataleptic,
and did not exhibited the STR or the running ft.
Morphine was injected intracerebrally in doses of
1.0, 2.5, 3.75, 5.0, 7.5 and 10 pg. Doses of 5.0, 7.5
and 10 wg induced tail elevation of 900 or greater
respectively in 4,5 and 6 mice out of 10 with a median
latency of 20 min. Morphine induced the running
fits at all the doses. Doses higher than 10 pg produced
only catalepsy, ‘The effects of scopolamine, in doses
of 1 and 5 mg/kg i.p., on morphine and dermorphin
induced tail elevation ate shown in Fig. 4. Pretreat-
ment with scopolamine strongly reduced the number
of mice with a STR < 909; this effect was more evident
in the animals treated with morphine. Pretreatment
with naloxone (1 mg/kg, i.p.) completely antagonized

*he effects of all doses of morphine and dermorphin
on the STR.

Discussion.

Comparison of the present results with those of
a previous study carried out in this laboratory [3]
reveals that dermorphin induces in the rabbit EEG
and behavioral modifications which closely resemble
those occurring after treatment with some structural
analogues of met-enkephalin (FK-33824 and D-Ala-
enkephalinamide). On the other hand, diflerences
are found comparing the EEG patterns observed
after dermorphin and that occurring after morphine.
Morphine, administered i.c.v. (25 pg) gives tise to
behavioral alerting and EEG desynchronization fol-
lowed by tipical « grand mal » EEG seizures, while
dermorphin, as well as the synthetic enkephalins, is
devoid of coavulsant activity. These findings are
further supported by the data obtained in acute ex-
periments following topical application of dermorphin
over the sensorimotor cortex of the rabbit. Up to
concentration of 29, the peptide is devoid of con-
vulsant activity, while morphine applied topically
at concentrations of 0.5-1.0%, induces the appear-
ance of spikes. Intracerchroventricular 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 Utea et al. [7] after i.c.v. administra-
tion of morphine and met-enkephalin and by Tortella
et al. 8] after morphine and D-Ala—enkephalinamide.
Dermorphin is respectively 2500 and 10000 times
more potent than motrphine and the natural enke-
phalins in inducing epileptic fits in the rat[3]. The
synthetic peptide FK 33824 is slightly more potent
than dermorphin, infact, the EEG 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
EEG and behavioral epileptic phenomena in the rat
but is devoid of convulsant activity in the rabbit. The
reason of the different action of dermorphin in the
two animal species temains to be elucidated. However,
recent findings obtained in pharmacological assays [9]
have indicated that opioid peptides interact with at
least two teceptors: the p receptors, to which morphirne
binds preferentially, and the 3 receptors to which
enkephalins have a preferential affinity. Furthermore,
Kosterlitz [10] has reparted that naloxone has a low
effectiveness against the action of enkephalins (8 re-
ceptors) and, as a specific opiate antagonist, interacts
mainly with™ p-geceptor.  Various pharmacological
effects of enkephalin derivagives suggest that . receptors
mediate the analgesic action of ‘opiates while § receptors
may be responsible for epileptic and behavioral ef-
fects {11, 12}. Hence, it could be hypothesized that the
different patterns observed in rats and rabbits arc
probably due to the binding of dermorphin to different
opiate receptors in the central nervous system of the
two animal species. In the rat, dermorphin could
bind equally to wu and 3 receptors (both analgesic and
epileptic activity) while in rabbits it could act prefer-
entially on p receptors (strong 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
Joses 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 by motphine and other narcotic drugs
13, 14].
[ Increasing the doses -both of dermorphin and mor-
phine does not cause an’ {fictease-in responders. This
is probably due to the fact that, Wherr.injected intra-
cerebrally, the catatonic effect of the drugs overrides
31 other motor responses. The inhibition obtained
with scopolamine may be correlated with its action
on 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
by morphine (100 mg/kg s.c.) is not affected by pre-
treatment with large doses of cholinergic blocking
agents such as atropioe (20 mgfkg, i.p.), on the con-

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

In conclusion, dermorphin can be classified as one
of 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 [16] and FK 33824, Dpynorphin
is rapidly degraded in »ive by the proteolytic enzimes
and its central effects are of very short 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.
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The effect of motropine and of some neuropeprides on opiate receptors
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Sumtnary, - In thir paper are reporied the resafts
obtained studying the influence of motropine, ACTH, ,,
B-MSHy o, 2 MIF analog and bradykinin,_, on 1the
analgesia dwe to morphine.

Moatropine (10 mglkg 1.0.) noticeably reduced the morphine
and enkephalin-induced analperia, showing an effect similar
to that of thyroliberin (TRH). ACTH, ., MSH, ,,
the MIF analog and brodykining_y alto antagonized the
analgesic effect of morphine but to a Jesser degree.

Motropine and ACTH, _, reduwced the duration of
bexobarbital sisep, The other neyropeptides were less active
in this respect, Bradykinity,_y had ne effect.

The data suggest that motropine and some byporhalamic
nenropeptides bave similar features with respect to their
action onm opiate pain receptors,

Riassunto. ~ Semo stati sindiati gl effetti centrali della
motraping, ACTH, ., B-MSH; g, bradikining,_g ¢ di
un analoge del MIF, ed in particolare il loro antagonismo
nei riguardi della morfina.

La motropina attennava Pagione analgesica della miorfing
dimosirande notevoli analogie col TRF; gli altri prodotti
possedevane lo stesso efferto ma mene marcato. La motropina
¢ L ACTH, o riducono il sonmo da barbiturici. Ouerti datf
suggeriscono che la moiropina ha molte proprieta in comune
con 1 pewropeptidi ipotalamici.

INTRODUCTION.

Motropine (tropyl ester B-N-morpholyl propionic
acid dihydrochloride) and other tropine derivatives
substituted in C; by acyloxyl radicals are endowed
with nervous activity stimulant activity and antagonize
the analgesic effect of morphine, of othet narcotic
anaigetics as well as of the opioid tetrapeptide Tyr-
D-Ala—Gly-Phe-NH,; [1, 2), For istance, motropine
(10 mg/kg i.p.) causes in tats a marked decrease of the
threshold of vecalization to the electtical stimulation
of the tail raised by previous treattment with morphine
(2.5 mgfkg i.v.) or with the tetrapeptide (10 mg/kg i.v.).
In rabbits motropine (4 mg/kg, i.v.) restores the impulse
summation reduced or suppressed by morphine ((1.5-
1 mgfkg, i.v.); when motropine is administered prior
to morphine, no reduction of the impulse summation
ocdurs. The same antagonism is observed with respect
to the effect of other opiates (azidomorphine, trime-
peridine) and of the tetrapeptide opicid. In this test

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

Thyroliberine (pGlu-His-Pro~NH,) and some other
neuropeptides, e.g., adrenocorticotropic  hormone
(ACTH), f~melanocyte stimulating hormone (B-MSH),
melanostatin (MIF), 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, ACTH,_,, B-MSH, ,, MIF
analog, bradykinin, , on the analgesic effect of mor-
phine and enkephalin analogs.

MetnoDs.

The stimulating activity of motphine 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 wsing
Opto Varimex. Motropine and the neuropeptides
were injected intravenously (in the tail vein); amphe-
tamine (5 mg/kg) was administeted subcutaneously;
hexobarbital (530 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 mgfkg, 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 wete tecorded using a2 Volucapt
transducer and registered on paper. The compounds
under study were administered iv.

Resvrrs axDp Drscussion.

Motropine, thyroliberine, bradykinin, , and the
MIF analog did not increase spontanecus activity
in mice but produced a marked potentiation of the
locomotor stimulation due to amphetamine, ACTH, .
and B-MSHg o (5 mg/kg iv.) had a wezker 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
anaigesic 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, the MIF analog and bradykinin, , also anta-
gonized the analgesic effect of morphine but to 2
lesser degree,

In rabbits, morphine and the tetrapeptide opioid
(1-2 mg/kg iv.) decreased the amplitude and rate
iof respiration by about 50%,.  Thyroliberine
(4-5 mp/kg iv.) eliminated these effects restoring the
volume, amplitude and rate of respiration almost
to the initial level (Fig. 4). ACTH, , B-MSH, ,,
the MIF analog, bradykinin, 4, motropine had no
effect. Thus, thyroliberine eliminated the analgesic
effect of morphine and their depressing effect on respi-
ration.
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Fic. 1. — Potentiation of amphetamine-enhanced locotnotor
activity in mice by neuropeptides.
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Fic. 2. - Influence of neuropeptides on the duration of hexobar-
bital sleep.
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Fra. 3. - Effects of mottopine and TRH on the analgesic action
of morphine in rats.
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M- morphine 2 mg/kg i.v.
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FiG. 4. - Efects of TRI and nalotphine on the amplitude and
rate of respiration of the rabbit,

All neuropeptides except bradykining_, and motphine
showed a marked antaponism with hexobarbital.

Qur 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-
punctute analgesia in rabbits. Reseatch in progress (5]
indicated that motropine as well as naloxone romplet-
ely eliminates the analgesic effect in the tail-flick
test and also the changes of evoked potentials in the
somatosensory area of the cerebral eortex caused in
rats by electroacupuncture. This suggests that motro-
phine antagonizes the éndogenous opiate neuropeptides
of enkephalin type formed’ during electroacupuncture.
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Summary. — The present stwdy indicates that ituftsin,
a| tetrapeptide with a phagocytosis—stimulating effect, pro-
daces central stimulation, allegedly mediated by the CA
brain system. Tuftsin's activating effect on emotional reactiv-
ity and bebavior is partly similar to the effect of some other
snpall peptides (TRH, MIF) having common or equipotent
stroctural fragments,  According to anpublished data, some
tufftsin analogs alse have a central stimmlating effect.  This
is|\promising view of further research for central stimulants
aneong <« small peprides ».

Riassunto. ~ La fuftsing (Treo—Lis—Pro—Arg) é un
telrapeptide isolate dellimmunaglobuling umana IgG  che
pdsiede  propricta immunostimolanti. Nel presente lavoro
sopo stafi studiati gli offetti centrali della tuftsing nei topi
¢ pei ratti. Il farmaco ba dimostraty proprietid stimolanti
nop dissimili da quelle del MIF e di altri oligopeptidi.

INICRODUCTION.

Tuftsin (Thr-Lys—Pro—Arg) is a tetrapeptide isolated
frgm a heavy chain of human immunoglobulin IgG [1].
In|vive and in pitre tuftsin increases phagocytosis, mi-
grition of polymorphonuclear human leucocytes and
triggers immunological functions. Radioimmunoassay
reyeals the presence of ruftsin in blood of healthy
subjects (255 ug/l). The structure of tufsin conforms
to|the model of funciional organization of low-mo-
lequiar peptide ligands [2], whose common fragments
contzin identical of equi-functional atnino acids.
THese peptides have various biological activities,
patticipate in the ligand-receptor interaction and pro-
bably in the. intracellular information transfer.

It has been previously shown that some small peptides,
sugh as the C-terminal fragments of oxytocin, g (also
called melanostatin or MIF) and gastring, ,, activate
emjotional behavior [3] and affect biogenic amine me-
tabolism in the brain [4]. In the present paper we
teport some data on the psychotropic effects of tuftsin.

Resurrs aNn Discossion.

The effect: of tuftsin was evaluated according to
th) method of Porsolt et al. [5), which induces behav-
ioral depression through a non-avoidable stress
sitqation {(behavioral despair). Male mice (CBWA)

Ann. Ist. Super. Sanitd
Vol. 18, N. 1 (1982), pp. 912

Psychotropic activity of the natural peptide tuftsin

hstitute of Pharmacology, 4mdem_y of Medical Sciences of the USSR, Moscow

were used. Tuftsin (20-200 pg/kg ip.) showed a
dose—dependent activating effect, decteasing 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. — Effect of tuftsin on the total duration of im-
mobility during a 6 min test.

Duration of
DRUG :?;;’k'; immobility (sec)

Men (S.EM,)  Sontrol

Saline .............. —  174,0(14,1) 100,0

Tuftsin = .. ..o00iuns 20 77,2 (14,5) —66,0

50 81,7 (19,4) —53,0

250 113,3 Q24,7 —35,0

500 179,2 (13,3 + 2,9

Saline .......00.0.nn — 130,0(16,8) 100,0

Tuftsin = ......00..0n 250 91,0 (12,9 —30,0

Reserpine (4h before). . 2.500 255,0(25,6) 4.96,0

Reserpine 4+ ........ 2.500 93,0 (22,1) —129,0
Tuftsin  ............ 150

Male mice (CBWA) n = 6 per group.

Anima! behavior in the Porsolt test is activated
by substances with antidepressant activity and by
psychostimulants [5, 6]. It was suggested that the
activation of the catecholaminergic (CA) system is
the neurochemical basis for this effect.

Since the activating effect of tuftsin counld 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 striatal 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 TH reflect 2 short-
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Table 2. — Effect of acute tuftsin treatment on tyrosine
bydraxcylase activity in rat brain areas.

Reaction rate, nmoles/mg
protein/min

(M £ m)
Hypothalamus Striatum
Coptrol ..o vriiiniinnnnn, 16,0+ 1,0 33,34 2,8
TuI':sin, 0min .......... 25,04- 6,5 87,14 6,2
Tuftsin, 20 min .. ........ 44,34-14,4 55,7+11,1

The reaction rate was measured in solubilized brain tissue
hothogenates. Direct spectrophotometric method. Buffer
0,0 M tris—maleate, pH 6,1; 0,I1 mM tyrosine; 0,17 mM
6,7-dimethyl-5,6,7,8—tetrahydropterine, 30°C.

terin regulation of kinetic properties of the rate-
limiting enzyme of CA biosynthesis. It can be assumed
that these adaptive changes result from an increased
CA turnover, thus indicating a central action of tuftsin.
The contents of rat brain biogenic amines and their
metabolites were estimated 10 and 20 min after tuftsin
mitroinjection (10 pg) in the brain ventricle. Fluorim-
etrlc technique was used (Hitachi MPH-2A). Sero-
toin and 5-hydroxy-indolacetic acid were measured
acdording to Curzon and Green [8]; dopamine, homo-
illic acid and norepinephrine were measured ac-
cotding to Schellenberger and Gordon [9]. No signif-
icant alterations of brain amines level were found,
although there was a tendency to HVA increase.

e circling behavior model! [10] and drug-induced
behavior were used to determine tuftsin’s action on
DA systems. Male Wistar rats were pretreated with
6-thydroxydopamine (16 ug) microinjection to the right
caudate, Unilateral lesions of the DA terminals
developed. Tuftsin (200 pg/kg i.p.) increased rota-

tion toward the side of the lesion and increased the
emotional reactivity (handling test, boxing in pair).
Tuftsin diminished amphetamine-induced ipsilateral
circling, but intensified stereotyped behavior (Tab. 3).
Apomorphin-induced contralateral circling was net
influenced. Tuftsin had a poor cffect on behavioral
depression induced by haloperidol, but enhanced
circling and aggressiveness depressed by pretreatment
with diethylditiocarbamate (2 dopamine-beta-hydro-
xylase inhibitor). All this indicates a specific pattern
of DA activation in the meso-limbic and nigro-striatal
systems,

Tuftsin (500 pg/kg) increased emotional reactivity,
estimated by measuring the threshold of pain reaction
(vocalization) in rats upon clectrostimulation of the
paws. It also decreased the threshold of aggressivencss
and fighting elicited by placing pairs of rats in cages
with electrified floor. Tuftsin did not improve the
learning of conditioned passive avoidance reaction
to single negative stimulus with subsequent testing
after 24h when administered 10 min before testing
(day 1). On the contrary, the numbet of animals with
learned passive avoidance reaction diminished and
the latency of the first passing to the dark chamber
decreased. ‘Tuftsin showed no marked myorelaxant
effect.

Tuftsin (500 pg/kg) induced an activating effect
with increased motivations and locomotor activity
in model behavioral depression in cats. Two models
were used: behavioral depression induced by reserpine
(0.1 mg/kg s.c.) and behavioral inhibition which de-
veloped during and after stimulation of the medial
septal area (20 Hz, 1.5 ms, 3 min); for details of this
technique see [11].

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 destroyed
CA terminals (6~OHDA pretreatment in the neonatal

Taple 3. — Effect of tuftsin on circling and drug induced bebavior.

N Y l
DRUGS (ogfkpy PR ot aal oo
tmin) Ipsilatersl Contralateral
E Y | — — 14,645,1 no no no
AT £ 0,2 23,74-4,5* no no 0,240,04*
phetamlne .. ..veeiveenerrnnnncrionnnanas 1,0 44,24-8,6 no 4,141,2 1,540,6
Anphetamine ... ittt 1,0 — 27,445,3* no 7,74£2,8*  0,410,06*
T s O P 0,2 — — — —
Appmorphine ..., i i i i ae e, 0,5 .. no 48,44.0,1 7,14-0.,8 4,041,6
Appmorphine  .....oiiiiiiiiieiiii 0,5 "\no 53,329,4 6,0+3,1  2,2-0,9*
B < | 0,2 — -‘-:- —_ _ —_
Haloperidol ...ieuiiiiiivnniineverirranennn. 1,0 — no ™ . ~, . DO - no no
Haloperidol .......oivviiiiiiiiiriiinennnnas 1,0 _— 3,040,9% ¥ DO~ MO - 1,140,3*
o [TUftBn oiaeiee et 0,2 - — T - -
Diethylditio—carbamate (DTC) ........ ...t 35,0 - 8,342,4 no no no
5 35,0 27,145,4* no no 2,3+40,7*
G Tuftsin . o ir i it et 0,2 -— —_— —_ —_
?\.x)tsp(g/oinéasr). Pretreatment (24h) — microinjection of 6-OHDA 16 pg in 4 pl saline to the right caudate,
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Table 4. — Effects of tuftsin on avoidance bebavior.

11

Unsuccessful Level of

Laren
GROUF OF ANIMALS of reteaviey oo’ et o stcoe
(number) (points) )
1. Saline
Intact B non-emotional no . ho 11,7+3,7
ntact . .eeeesoas T o emotional 16,44-3,8 7.243,0 39,845,0
6-OHDA «.eveennnannns DT SUUUN non-emotional 7,142,2 4,5+1,6 34,344,6
Pretreatment ... cceevaaecasons ieaead e inaan emotional 26,44-5,3 14,142,7 68,24+6,1
T 2. Tufesin 200 pgikg
TOEREE o sesee e e s ennte s e eanneeeerarnneseen non-—emotional no no 5,1+1,7
’ emotional 4,841,6*" 5,041,7 23,214.,8
[ % | 5 Y- i non—emotional no 2,940,8 19,243,5*
Pretreatment  .....ovevrvssssnnssnsnrrecsaaans emotional 12,34-4,0*" 7,5+3,9 41,34 4.4*

"y p < 0,05.
(*Yp < 0,01

period) were divided into « emotional » and «non-
emotional ». ‘The behaviot in the open field was
estimated as well as the ability to avoid an acute stress
situation (modified Henderson test. [12]). Altered
balance in the activity of CA systems due to the destruc-
tion of CA tetminals was followed by increased emo-
tional reactivity and by impaired avoidance behavior
(Tab. 4). Both in control « emotional » animals and
in rats with destroyed CA terminals tuftsin (200 pg/kg
s.c.) improved avoidance performance, thus contr-
ibuting to the solution of a unsettled « extrapolation»
problem: how to escape. This effect makes tuftsin
different from other compounds such as ampheta-
mine, haloperidol and clonidine which have different
and sometimes opposite effects in animals of different
reactivity, especially those whith destroyed CA ter-
minals,

Modulating effect, i.e. an effect depending on the
initial state, is characteristic of « modulating peptides ».
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, {13]) is followed by inhibition of TH activity (Tab. 5).
Tyrosine, the substrate for TH, protected the enzyme
from tuftsin inhibitory effect. Fluphenazine, an al-
losteric tegulator of TH activity [14], almost completely
eliminated tuftsin’s inhibitory effect. This indicates
that the interaction between tuftsin and TH is not

exerted at the active center of the enzyme, but rather
is the result of the changes in conformational requir-
ements. It is probable that the modulating effect
of small peptides on CA processes in the CNS also
develops at the expense of conformational changes
in receptors’ «surrounding », in particular, lipid
components of the membrane. On the leucocyte mem-
brane, tuftsin molecule by means of eclectrostatic force
interacts with negative groups of sialic acid at the
expense of its positively—charged groups [15].

Table 5. — The ¢ffect of tuftsin on isolated rat bypothalamic
fyrosine hydroxylase activity in vitro.

Reaction rate

nmoles « min—! .
- ma—! protein
M+ m)
Control ..... i teerrassraaanaaarreas 355,0+10,0
Tuftsin 10=¢* M ............... 90,0+ 4,5
Tufesin 10— M ... ciiviniiiinns Ve 255,0+15,3
Tuftsin 10~¢ M
*Auphenazine 10—* M ..............0 278,0+13,9

The reaction rate was measured by the direct spectrophoto-
metric method, Buffer 0,05 M tris-maleate pH 6,1; 0,11
mM tyrosine; 0,17 mM 6,7 —dimethyl-5,6,7 B—tctrahydro
pterine; 30 mg protein per ml probe; t° 30°C.
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Summary. ~ A number of recent resslts are reported,
thowing the existence of sirain dependent effects of opiates
n bebaviowr in mice. In fact, opiates administration enbances
ctivity in C57BL[6 mice, a strain in which the analgesic
ect 15 less evident, while decreases it in DB.A mice, which

| The role played by strain differences a) in dopaminergic
atierns and b) in type and distribution of opiates recepiors,
modniating the effects of opiates is alto discwssed.

Riassunto. — Vengomo riportati recemti risultati che
astrano come nel topo gli effersi esercitati dagh oppiacei
| comportamento dipendono dal ceppo di roditori preso
esame. Infasti la somministrazions di sostange stupe-
centi aumenta Patiivitd mei topi appartenenti al ceppo
57BL[6 (C57), in cui Veffetto analgesico ¢ poco evidente,
entre la riduce nel gruppo DBA[2 (DBA) che ¢ carat-

i recettori per gli oppiacei ridotta rispetto ai topi C57.
B anche disensso il ruolo esercitato dalla differenga fra
ceppi u) mei meccanismi dopaminergici ¢ ©) in tipe ¢ distri-
wziome dei recettori per gli oppiacei, negli effet?i compor-
mentali di queste sostanye.

et

InTrRODUCTION.

Interspecies  differences in sensitivity to opiates
have been reported by a number of investigators.
Among mammals, for example, morphine exerts a
reotic effect in dogs, rabbits, guinea pigs, and rats;
excitement follows morphine treatment in cats and
hprses, while morphine-injected rams, goats, and
pjgs show an increased motor activity [1]. In humans,
the chief features of the morphine picture are a quiet-
ing ecffect and a tendency to sleecp; however, failure
obtzin sedation has been noted not infrequently.

In recent years, the genetic approach has also proved
be very fruitful in the study of the effects of opiates
behavior in mice. Eriksson and Kiianmaa [2] have
alized the susceptibility to morphine addiction in
o inbred strains of mice (CBA/Ca and C57BL).
their experiments, mice were given daily morphine
jections for 3 weeks. This was followed by a 5-day
rcing stage, when the animals were given only
eous morphine solutions to drink, and a 2-day
stinence period. The mice were then given a free
oice between tap water and aqueous morphine

rizzato da elevasi livelli di analgesia ¢ da sna popolagione-
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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 Gebhart and Mitchell [3]
showed the existence of strain differences in the anal-
gesic response to morphine (measured with the hot
plate}. In their experiments, mosrphine was found
to be 16 times more efficacious in the CF, tice than
in the CFW strain.

A number of recent studics have demonstrated that
C57BL/6] and DBA/2] mice are a very useful tool 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 behavioral effects following morphine
administration, Differences in behavior and brain
chemicals have been demonstrated between these
strains in basal conditions [4).

In the present paper are reported the results of
a number of studies carried out with the C57 and
DBA strains, dealing with the effects of opiates on
behavior.

In the fitst group of experiments, the sensitivity
of C57BL/6] and DBA/2] mice to morphine-induced
motor activity and analgesia was determined [5). The
locomotor activity was measured with togple floor
boxes, and the effects on the response to painful stimuli
with the hot plate method [6} as modified by Goldstein
and Sheehan[7]. The results showed that the two
strains were clearly different when the morphine—
induced « running fit» was considered. A marked
increase in locomotor activity was evident in the C57
strain following morphine {or heroin) administration,
while no effect or a slight depression appeared when
the opiates were injected into the DBA mice (Fig. 1).

When the reaction to painful stimuli was considered,
the C57 mice resulted scarcely sensitive to opiates,
while in DBA mice the analgesia was very high (Fig. 2).
Therefore it was evident that the effects of opiates
on both analgesia and running activity were strain—
dependent. It was also evident that they were likely
to imply two differeat sites of action, with a negative
corselation between the degree of running and the
pain obtunding effect.

According to a2 number of investigations, different
models might account for the effects of opiates on
running activity and pain appreciation. As previously
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» 2. ~ Morphine induced analgesis asscssed with the hot plate
in C57 and DBA mice. The animals were tested 30 min
after the injection with different doses of opiate [5).

ntioned, catecholamine depletion seems to be asso-
igted with the running-fit eyndrome in mijce (and
in serotonin lcvels seems to facilitate it) {8, 9);
linergic factots seem, instead, to play an important
fole in opiate—induced analgesia and abstinence [8, 10].
It |may be thus suggested that the biochemical differ-
isting between C57 and DBA mice might
responsible for the strin-dependent effects of
opfates and for the dissociation between the effects
of \mozphine on ranning and pain—dependent behavior
evidenced in our expetiments,
wo separate neurochemical patterns seem to be
ted to the afarementioned cffects of morphine.
the C57 mice, whose motot activity is enhanced
by| opiates, striatal adenylate cyclase is more stimu-
lated by dopamine than in the DBA strain. It has
elso been demonstrated that striatal dopaminergic

neurons are activated mainly in C57 mice; 3-methoxy-
tyramine and cAMP are increased by morphine admi-
nistration only in the C57 strain [11].

The effect of morphine on DOPAC (3,4 - dihydroxy-
phenylacetic acid) levels in C57 and DBA mice svas
also investigated. The drug increased striatal and
limbic DOPAC levels in C57 mice by 929, and 46 %,
after an injection of 10 mgfkg and 5 mg/kg respectively.
On the contrary, morphine injection in DBA mice
did not modify DOPAC levels. Since the brain levels
of morphine were the same in the two strains, in order
to clarify the mechanism of the different effects on
dopamine metabolism, opiate receptor function in
the same animals was measured. Table I summarizes
the results obtainied using different radioactive ligands.
When (*H)DAME ot (*H)Leu-enkephalin were used,
a significant difference between the two strains was
observed; in fact DBA mice show a lower striatal
opiate receptor binding in comparison to C57 mice.

Fuarther kinetic studies indicate that DBA mice
possess a reduced opiate receptor population. In
fact incubating the tissues with vartious CH)DAME
or (H)Lev-enkephalin concentrations to perform a
significant reduction in the number of binding sites
in DBA mice with res to C57 mice (171 4 12
to 102 4 7 and 157 + 13 to 92 4 5 using CH)DAME
or (*H)Leu-enkephalin respectively) was found, while
the receptor affinity was similar fot the two strains.

These differences are not detectable in the other
brain areas studied. On the other band, using
CH)DHM ot (*H)naloxone ss sadioactive ligands for
opiate teceptors no significant differences were detected
between the two strains of mice either in stristum
or in other areas such as brain stem, forebrain, neo-
cortex (Table 1)(12),

Table 1. ~ Specific D{*H] Ala—Met-enkepbalin (*H)
DAME), 3 H ) Leuenkepbalin (PH\Len) [PHnaloxone
PH]nal)y and (*H\dibydromorphine ([*H1DH M bind-
ing in membrase preparations from the striatum of twe
different strains of wice [12].

C57 DBA
[*H] DAME ............ 94.4+3.0  55.841.1°
PH] Leu ..... Ceeenaas 87.64£2.5  45.314.1*
PHIDHM ....oceveen. 51.643.3  47.1%2.5
PHI nal cvovevvevnrennn. 107.64£8.4  99.547.3

(*) p < 0.01 compared to C57 values in the same area.

The values sre expressed in fmol/mg protein and represent
the mean & S.E.M. of 3 different experiments of 5 animals
each, N,

These findings subpory, the hypothesis that enke-
phalins-“modulate the funeWéf“of the striatal DA
pathway directly impinging upon DA neurons. In
this respect, we may conclude that the so-called do-
paminergic effects of narcotics might largely depend
on a enkephalinergic-dopaminergic neuronal interaction.

Moreaver, the fact that ((H)DHM and (H)naloxone
bindings are similar in the two strains of mice may
suggest the presence of different populations of opiate



eceptors. It is possible that DBA mice have a higher
atio of type 1ftype 2 receptors compared to the C57
train. In particular, it is possible that the opiate
eccptors located on striatal dopaminergic terminals,
avolved in the regulation of morphine effects on
opamine metabolism are, at least in part, type 2
eceptors. On the other hand, the type 1 receptors,
argely present in DBA mice, may be important in
nalgesia. 'This fact is also supported by recent exp-
riments indicating a differential effects of L-aminoacids
n C57 and DBA mice [13] 14

Other pharmacological findings by Sangone et al. {15]
Iso support that differences in dopaminergic patterns
n DBA and C57 mice are responsible for morphine—
nduced hyperactivity in T57 but not in DBA mice.
pomorphine ~ a dopamine receptor agonist —
xerts a biphasic effect on locomotor activity of C57
ice: low doses of the drug reduce motor activity,
hile high doses elicit hypermotility. In DBA mice,
nstead, apomorphine depresses locomotor activity
ver a wide range of doses.

A biphasic action of apomotphine on locomotor
ctivity, similar to that observed in C57 mice, has
ften been described [16, 17] but locomotor depression
t high dosages, as evidenced in DBA mice, has also
en reported for other strains of mice [18]. In order
o explain the biphasic effect of apomorphine, it has
ecn suggested. that low doses of the drug depress

John Wiley & Sons, New York, pp. 187-230.
Fenn, 49: 73-78.

Arch. Int. Pharmacodm. Ther. 201: 128-135,

107: 385-393.

in the mouse. J. Pharmacol Exp. Ther, 169: 175-184.

Exp. Thr. 184: 18-32. - :
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locomotor activity by stimulating presynaptic dopa-
mine receptors (autoreceptors) with a consequent
reduction in dopamine synthesis. On the contrary,
an activation of postsynaptic dopamine receptors
would be the cause of the hypermotility produced
by the higher doses of apomorphine [16, 17), This
interpretation may be suitable for the effects exerted
by apomorphine in C57 mice, but cannot explain the
depressant effects always produced by the drug in
DBA mice. Strain differences in the behavioral response
to apomorphine can perhaps be interpreted on the
basis of the two receptor model [19] which was also
used to explain the behavioral depression or stimu-
lation induced by diffetent dopamine agonists [20).
The existence of two different dopamine receptors
and their different distribution in the brain may also
account for the opposite behavioral response to apo-
morphine exhibited by C57 and DBA mice.

Other findings suggest that dopaminergic mech-
anisms are responsible to a large extent of morphine—
induced running fit: prenatal 60HDA administration
results in the abolition of behavioral excitement fol-
lowing acute morphine administration in adult CD1
mice [21].

In general these results indicate that the pharma.
cogenetic approach provides a useful model for the
different opiate receptors involved in the analgesic
and motor effects of morphine.

REFERENCES

1. Cusswerr, E.H. & Levitr, R.A. 1975, The narcotic analgesics. In: Psychopharmacology: A Biological Approach, R.A. Levitt, (Ed.)
2. Buxsson, K. & Knansaa, K. 1971, Genetic analysis of susceptibility to morphine sddiction in inbred mice, mr, Med. Exp.
3. Gesuanr, G.F. & Mrvcugrr, C.L, 1973, Strain differences in the analgesic response to morphine as measured on the hot-plat.

4. Oniverio, A,, CasteLrano, C. & PucLisi-ALLEGRA, 5. 1979. A genetic approach to behavioral plasticity and rigidity. In: Theo-
.

retical advances in bebavioral gemetics, ].R. Royce & P.L. Moos (Eds.). Sijthoff and Noordhoff.

5. OLvemto, A, & Castriiawo, C. 1974. Genotype-dependent sensitivity and tolerance to morphine and heroin: Dissociation be-
tween opiate-induced running and analgesia in the mouse. Ppwbopbarmacalgia. 39: 13-22,

6. Eppr, N.B., & Lemsack, D, 1953, Synthetic analgesics. II, Dithienylbutenyl and dithienylbutylamines. J. Phermacol. Exp, Ther.
7. GoLpsrEmy, A. & SuepmaN, P. 1969: Tolerance to opioid parcotics, I, Tolerance to the “ running fit "’ caused by Levorphanol
B. Cumnry, D.L. & Goiostem, A, 1971, The effect of p-Chlorophenylalanine on opiate—induced running, analgesia, tolerance, and

physical dependance in mice. J. Pharmacol. Exp. Ther. 177: 309-315,

P. Horuineer, M, 1969. Effects of rescrpine, @ -methyl-p-tyrosine, p-chlorphenylalanine, and pargyline on levorphanol induced tun-
ning activity in mice. .drch. Int. Pharmacodwn. Ther, 179: 419424,

1p. Doumwo, F.F. & Wiison, A. 1973, Effects of narcotic analgesic agonists and antagonists on rat brain acetylcholine. J. Pharmacol,

1l. Taasuccar, M., Seano, P.F., Racacni, G. & Ouverio, A. 1976, Genotype—dependent sensitivity to morphine: dopamine in.
volvement in morphine-induced running in the mouse. Brain Rer. 114: 536-540.

12. RegGiant, A., Barramst, F., Kosarasur, H., Seano, P.F. & Trasvccur, M. 1980. Genotype dependent sensitivity to morphine:
¢ role of different opiate receptor populations. Brain Rer. 189: 289-204,

13, ALiEva, E., Casreurane, C, & Ouverio, A. 1980, Effects of L~ and D- Aminoacids on anzlgesia and locomotor activity of
mice. Their interaction with morphine. Brain Res. 198: 249-252.



16

14. Frureeck, U., Casteinano, C. & Ouiverio, A. 1981, Cross-tolerance betweenn D-amiino acids and morphine in mice. Brain Res,
212: 227-229.

15. Sansons, M., Amuassari-Teure, M., Renzi, P. & Ouveaio, A. 1981, Different effects of apomorphine on locomotor activity
in CSTBL/2 mice. Pharmacol. Biochem. Bebav. 314: 741-743,

6. Canisson, A. 1975, Receptor mediated control of dopamine metabolism. In: Pre-asd Post-Synaptic Receptors, E. Usdin & W.E.
Bunney, Jr. (Eds.). Dekker, New York, pp. 49-63.

17. Dr Csuara, G., Porceopu, M.L., Varert, L., Arcrovas, A. & Gessa, G.L. 1976, Evidence for dopamine receptors mediating
sedation in the mouse brain, Natsre, 264 564-567.

18. May, J., Grabowska, M., Gajpa, L. & Micuatug, | 1972, On the central action of apomorphine in mice. Dirs, Pharm. Phar-
macol, 24: 5164,

9. Coots, AR. & van Rossum, JM. 1976, Excitation-mediating and inhibition mediating dopamine-receptors: a new concept
m&d;:zhs:we: understanding of electrophysiological, biochemical, pharmacological, fupctional and clinical data,  Pgyrbapbarmacologia.
45: ~254, .

%0. Grawursos, G. & Moose, K.E. 1980. Differential behavioral and biochemical cffects of four dopaminergic agonists. Pgyhbophar-
macolazy, 68: 139-146,




.

Summaty. — The purpose of the research was to elucidate
the influence of intraventricular infections of angiotensin 2,
bradikinin and lisylvasopressin on two opposite emotional
reactions, selfstimulation and escape in the rabbit. Inira-
ventricular infections of these peptides significantly inbibited
the frequency of selfstimulation. Angiotensin 2 and lisylva-
sapressin significantly increased the latencies of escape responses
evoked by electrical stimulation of vemtromedial hypothalamic
rw/ei. The same dose of bradikinin decreased the latencies
#i

es.,

Riassunto. - Ne! presente lavoro ¢ stato stndiato nel
coniglio Peffette dellangiotensina 2, della  bradikinina ¢
della lisilvasopressing sulle risposte di autostimolagione ¢
iulla reagione di fuga da stimolagione elettrica di specifiche
wone cerebrali. I tre peptidi, inistiati nei ventricoli cerebrali,
banno ralltntate la frequenga di autortimelaziont. La rea-
wionie di fuga & stata inibita da angiotensina 2 e lisilyaso-
pressing mentre la bradikinina aveva wn effetto opposte.

4

INTRODUCTION.

The study of the physiological role of wvarious
peptides in the organization of different behavioral
reactions is of major importance. There is strong
evidence that oligopeptides participate in the processes
nvolved in learning, memory, sleep and motivational
cxcitation [1-5]. Researches on endogenous oligo-
peptides, angiotensins and kinins are of particular
jnterest since these peptides are involved in the regu-
latory processes of the homeostatic functions in the
brganism [6-9].

In addition, the influence of oligopeptides on emo-
tional reactions is still to be investigated, The purpose
of our research is to elucidate the influence of intra-
ventricular injections of angiotensin 2, bradikinin,
isylvasopressin on two opposite emotional reactions,
uch as selfstimulation and escape. Since there is
vidence of rapid inactivation of peptides in the orga-
ism under systemic injections [10], it was decided

use intraventricular injections.

MzerHODS.

Experiments were performed on 37 male rabbits
under free-moving conditions. Reactions of self-
stimulation and escape were produced by electrical
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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 applied
current of the following parameters: frequency 100hz,
impulse duration 1,4 msec, tension 1-4 volts,

Hypothalamic stimulation Iasted 3 sec, whereas du-
ration of self-stimulatory impulses was 0,3 sec. Self-
stimulation behavior was measured on the basis of
the frequency of lever pressings during 30 sec. This
behavior was measured for 3 hours. Control of self-
stimulation frequency (1009,) was assessed during
30 minutes. All the variations of this frequency were
expressed as percent variations of control. ILatency
to escape was measured in all animals. Angiotensin 2,
bradikinin or lisylvasopressin were injected into the
ventricles 30 minutes after recording of control self-
stmulation behavior and observations of escape reac-
tions latencies (for three times) in animals, The chemi-
cals were used at the dose levels of 5, 50, 150 ng,
dissolved in 3 pl. of distilled water. Saline or distilled
water was injected in control experiments.

RESULTS AND DISCUSSION,

In ten control rabbits mean frequency of self sti-
mulation and escape latencies remained constant
during 3 hours of observation. The changes of self-
stimulation within 3 hours after angiotensin 2, bra-
dikinin, lisyl-vasopressin injections are represented
on Fig. 1. The following dose—dependent effects
were discovered. Intraventricular injections of angio-
tensin 2 at the dose of 5 ng caused within 40 minutes
inhibition of selfstimulation in 4 rabbits out of 6.
The mean frequency of selfstimulation in this group
became 62,39%, lower by this time in comparison
to the initial level. At the dose of 50 ng angiotensin
inhibited seif 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 all 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 all 12 rabbits of this group within the
following intervals: 5 ng in 100 min., 50 ng in 80 min,,
and 150 ng in 60 min (Fig. 1, &).



Intraventricular injections of lisyl-vasopressin at the
dose of 150 ng decreased the frequency of selfstimu-
ation in 759, of animals. The highest inhibition
of selfstimulation behavior (close to complete inhi-
pition) was observed only 150 4 30 minntes after
the peptide injection; 259, of the animals didn’t
¢hange the frequency of lever pressing after lisyl-
yasopressin injection. At the dose of 5 and 50 ng
this peptide induced a complete suppression of self-
stimulation for 3 hours. It should be noted that for

hours after the injection the lever pressing frequency
was still significantly decreased: of about 70 9; (50 ng)
and of 50 %, (5 ng) in comparison with the initial values

ig. 1, <)

Thus, intraventricular injections of these peptides
significantly inhibited the frequency of selfstimulation
in rabbits. Changes in latencies of escape responses
ete different depending on the peptide considered
and on the time elapsed after the injection. Bradikinin
(150 ng) induced a reduction of the latencies by
the end of the 1st hour (from 7,5 4- 0,2 sec. to 2,3 +
0,1 sec.) in 11 rabbits out of 12. The same dose
of lisyl-vasopressin induced an inhibition of escape
behavior, In 409, of the animals a 2-3 time increase
in latency of the escape teaction was evident after

¢ injection; this increase was still present after
1-1,5 hours. In 209, of animals the highest Iatencies
appeared 2040 minutes after lisyl-vasopressin injection,
1o complete recovery of escape responses was noticed
in|the following 3 hours. In 40 9 of animals no changes
of the latency of escape reactions were evident (Fig. 2, &).
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Fra. 1. — Dose dependent changes of selfstimulation under

intraventticular angiotensin 2 injection (), bradikinin injection (b),

lisy)-vasopressin injection (c), 1 = 150 ng; 2 = 50 ng; 3 == 5 ng

Abscissa = time in minwtes. Ordinate = frequency of selfstimu-
Iation (in %, of initizl value).

FiG. 2. - Changes in latencies of rabbit’s escape reaction under
intraventricular bradikinin injection (a), lisyl-vasopressin (b) and
angiotensin 2 (¢) (150 ng). Abscissa = tirne in minutes. Ordinate =
latencies escape reaction in sec. The arrow indicates the injection.

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

These results confirm the fact that intraventricular
injections of these peptides affect the emotional reactions
of animals, This is proved by a number of researches |6,
11, 12]). The central action of angiotensin 2 may
also be determined by its direct interaction with specific
brain receptors [13, 14] as well as by influence on
brain transmitters [15, 16} such as serotonin [17] or
acetylcholine [18] 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 processes [19].

Intraventricular bradikinin injections influencing bra-
dikinin sensitive hypothalamic structures are likely
to have antagonist effects on norepinephrine, angio-
tensin and vasoptessin, This effect was demounstrated
at the level of microcirculation. The injection of
these substances produces diversified effects on nega-
tive emotional reactions of animals, i.e. escape reaction.
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