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Yu. V. Burov, S. E. Metkalova, A. ]~. Kustov, G. V. Petrov, 
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KEY WORDS: N-methyl-4-phenyl-l,2,3,6-tetrahydropyridine; monkey; Parkinson's syndrome; amiridine 

Ar~.tiparkinsonian drugs used in clinical practice are not sufficiently effective and give rise to many side 
effects. The search for new pharmacologic agents for the treatment of Parkinson's disease is thus extremely urgent 
and depends very much on the possibility of obtaining an adequate model of this pathological process. It has been 
found that the compound N-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) gives rise to a symptom-complex 
typical of idiopathic parkinsonism both in man and in monkeys [7-9, 11, 12]. 

A new preparation for the treatment of nervous and mental diseases, amiridine (9-amino-2,3,5,6,7-hexa- 
hydro-lH-cyclopenta[b]quinoline monohydrate hydrochloride) has recently been developed at the All-Union Research 
Center for Safety of Biologically Active Substances [3-5]. The study of the mechanisms of action of this compound 
has shown that a shift of the region of activation of the K+-channels of the excitable membrane in the direction of 
hyperpolarization. In vitro, this effect will evidently be equivalent to an increase in the membrane resting potential 
(RP), and it will consequently lead to more reliable generation and spread of the nervous impulse. Since RP of all 
cells, including those not electrically excitable, is maintained and regulated by potassium channels, amiridine can be 
expected to have a positive effect on impaired functions of nerve cells of all systems, whatever the factors causing 
their degenerative changes [9]. 

The aim of this investigation was to study the development of behavioral disturbances in monkeys receiving 
MPTP and to study the effect of amiridine on the symptoms thus produced. 

All-Union Research Center for Safety of Biologically Active Substances, Department of Higher Nervous 
Activity. M. V. Lomonosov Moscow State University. (Presented by Academician of the Russian Academy of Medical 
Sciences P. V. Sergeev.) Translated from Byulleten l~ksperimental'noi Biologii i Meditsiny, Vol. 114, No. 11, pp. 
495-497, November, 1992. Original article submitted June 30, 1992. 
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Fig 1. Changes in integral assessment of behavior of monkeys with 
a model of Parkinson's syndrome. Abscissa, days of experiment; 
ordinate, value of rating in points. Ratings for monkey 
Cheburashka indicated by continuous line, for Maika by a broken 
line. 

EXPERIMENTAL METHOD 

Experiments were carried out on two intact rhesus monkeys: Maika (a female aged 13 years and weighing 6 
kg) and Cheburashka (a male aged 12 years weighing 8 kg). The animals were kept in separate cages under standard 
animal house conditions: temperature 27~ 12 h of daylight and 12 h of darkness, water and food ad libitum. 

MPTP hydrochloride ("Aldrich") was generously provided by Alabama State University (Birmingham). MPTP 
was injected intramuscularly in a dose of 0.2 m~Tkg in 1 ml physiological saline, once a day on alternate days, 
between 3 and 6 p.m. Maika received 11 injections of MPTP (total dose 13.2 mg) in the course of 23 days, whereas 
Cheburashka received seven injections of MPTP (11.2 rag) in the course of 15 days. After cessation of the MPTP 
injections, on the appearance of marked symptoms of parldnsonism, the monkeys were given 250 mg L-dopa with 
water daily (Maika for 2 days starting from the 24th day of the experiment, Cheburashka for 3 days, starting with the 
20th day of the experiment). Subsequent investigations were carried out in accordance with two different schedules: 
starting with the 24th day of the experiment Maika was given 1 ml of a solution of amiridine in a dose of 0.4 mg/kg 
intramuscularly, for 6 days, and then in a dose of 0.25 mg/kg for 8 days. After the end of amiridine administration, on 
the 38th day of the experiment, the monkey was sacrificed and autopsied. Cheburashka received 1 ml of physiological 
saline. This monkey died 14 days after the end of administration of MPTP, on the 29th day of the experiment. 

Behavioral disturbances induced by injection of MPTP were assessed in points, using a clinical scale [10]. The 
following parameters of behavior were assessed: the level of motor activity (bradykinesia, amnesia), flexed and rigid 
postures, abnormal limb movements (dysldnesia), disturbance of balance, tremor, rigidity of the muscles, aphagia, 
adipsia, vocalization, stereotypy, and aggressiveness. The normal score was 0 points, the most severe symptoms of 
parkinsonism were rated at + 16 points, maximal side effects during treatment at - 8  points. 

EXPERIMENTAL RESULTS 

A graph showing changes in the integral assessment of the monkeys' behavior during the course of the 

experiment is shown in Fig. 1. 
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The latent period of the first manifestations of behavioral disturbances caused by injection of MPTP was 
found to differ in the two monkeys. For instance, the first manifestations of a change of behavior, with diminution of 
feeding activity, moderately severe general inertia, and bradykinesia (integral assessment + 3 points) in Maika were 
observed on the 14th day after the beginning of MPTP injections. By the 20th day of the experiment the severity of 
these disturbances had increased, the animal froze for a long time in the same posture, food consumption decreased, 
and aggressiveness disappeared almost completely (+8 points). On the 23rd day the monkey completely refused to 
eat, drank only from the experimenter's hands, the duration of the rigid postures increased to several minutes, and 
stereotyped horizontal movements of the head with a frequency of 0.1-0.2 Hz began to be observed (+13 points). 

Injections of MPTP were then stopped and after the 24th day amiridine treatment began, accompanied 
during the first 2 days by L-dopa. On the 2nd day after beginning of treatment, worsening of behavior was not 
observed, the monkeys began to take small amounts of food, but the severe inertia and rigidity of the muscles still 
remained and limb movements began to be accompanied by tremor. The general state was rated at +11 points. 
Against the background of amiridine treatment the animal's state improved, the tremor decreased, and the motor and 
feeding behavior became more active. The animal's state stabilized at +6  points 10 days after the beginning of 
treatment, and no significant changes ensued before the end of the experiment. 

The appearance of pathological symptoms caused by injection of MFTP in Cheburashka was distinguished by 
a shorter latent period and greater severity. By the 10th day, after four injections of the neurotoxin, this monkey 
showed a significant decrease in activity, bradykinesia, and depressed feeding activity (+4 points). On the 13th day 
these manifestations worsened to +6 points, the animal began to stoop, and the disturbances gradually increased. On 
the 16th day of the experiment, 1 day after the last injection of MPTP, and during the next 4 days the animal refused 
to eat, its general condition worsened sharply, the inertia increased, rigidity of the muscles, especially the limb 
muscles, was severe, and goal-directed movements were impossible. The animal froze for long times in a forced 
posture, lost its balance, and could not raise itself unaided. Movements were accompanied by a severe tremor, the 
animal responded only to strong stimuli, and the severity of the symptoms reached + 14 points. Because of the 
animal's poor condition, the monkey was given L-dopa for 3 days. By the 23rd day of the experiment the animal's 
state showed some improvement, passive feeding behavior appeared, the aggressive reaction was strengthened, the 
monkey became more active, but the strong tremor still remained. On the 27th day the animal's condition suddenly 
worsened - rigidity gave way to paralysis of the limb muscles, and during attempts to move, a high-amplitude and 
low-frequency tremor was observed. The monkey could not raise itself, took food only from the experimenter's hands, 
and in very small amounts. Death occurred on the 29th day of the experiment. 

Against the background of amiridine therapy in doses of 0.25-0.4 mg/kg gradual partial compensation of the 
behavioral disturbances took place after the end of the MPTP course. Although the state of the 2nd monkey 

(Cheburashka) at the time of the last injection of MPTP did not differ significantly from that of the other monkey, 
during the next 2 weeks the character of compensation of the disturbances differed greatly. The initial slight improve- 
ment in the animal's state can be explained as the result of L-dopa administration or by natural compensatory 
processes taking place in the brain. However, 1 week later, the condition of this monkey worsened sharply in the 
absence of amiridine treatment, and death occurred. Prolonged daily administration of amiridine to the 2nd monkey 
Ied to restoration of the various parameters up to 50-100% of the normal value, and this state lasted 1 week. 
Administration of amiridine thus causes gradual alleviation of the pathological disturbances induced by MPTP. 

The mechanism of the compensatory action of amiridine on disturbances caused by injection of MPTP is not 
yet clear. This mechanism is evidently unconnected with any action on the dopaminergic system, for it has been 
shown that amiridine in vitro inhibits the synaptosomal uptake of DA only in high concentrations (5.10 -5 M), and 
from this point of view it is much inferior to the powerful inhibitors of DA reuptake, nomifensine and mazindol [4]. 
Amiridine does not affect DA and MA levels in various structures of the rat brain and lowers the concentration of 
their metabolite dihydroxyphenylacetic acid [6]. Amiridine does not exhibit effects characteristic of stimulators of the 
dopaminergic system: it does not weaken the effects of reserpine, does not potentiate the action of dopamine 
agonists, and does not possess an anticataleptogenic action. 

The mechanism of the positive effect of amiridine on motor functions in monkeys disturbed by administra- 
tion of MPTP is thus more likely to be connected with an increase of the resting membrane potential, associated with 
its effect on potassium currents [9]. 
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P R O T E C T I V E  R O L E  O F  E S T R A D I O L  IN E X T R E M A L  S T A T E S  

A. I. Matyushin UDC 615.357:577.175.643].015.4.07 
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Hormones and, in particular, corticosteroids and their synthetic analogs, in large doses, are widely used in 
extremal states [6, 18]. Information on their efficacy is contradictory in character. The possibility of using other types 
of steroid hormones, namely estrogens and androgens, in the treatment of extremaI states has virtually not been 
investigated because of the absence of water-soluble forms suitable for intravenous injection. 

Taking the above facts into consideration, it was decided to study the action of estradiol on survival and on 
some functionai-metabolic parameters of the cardiovascular system of intact animals and of animals with hemorrhagic 

shock. 

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred rats of both sexes weighing 150-220 g and on dogs weighing 8-15 
kg. Acute blood loss in the dogs and rats was induced by unrestricted bleeding from the femoral or carotid artery 

under pentobarbital anesthesia. 
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