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The effect of new agent Vp (9-butylamine-3,3-dimethyl-3,4-dihydroacridine-1 (2H) hydrochlo- 
ride) on lifetime of isolated mechanoreceptive crayfish neurons was evaluated by the dura- 
tion of its impulse activity. Vp significantly and dose-dependently prolonged the lifetime of 
both spontaneously degrading neurons and neurons degrading under conditions of inhibition 
of various stages of the energy metabolism: glycolysis and oxidative phosphorylation. The 
effect of Vp in a concentration of 10 -7 M surpassed that of amiridine. Piracetam also pro- 
longed the lifetime of spontaneously degrading neurons, but only in very high concentration 
(10 -2 M). It is concluded that Vp possesses a neuroprotective activity. 
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Recent studies showed the possibility of treating neu- 
rodegenerative diseases, including Alzheimer's dis- 
ease (AD) with aminoacridine and tacrine derivatives 
[9,12,13]. The therapeutic effect of these drugs can be 
due to their neuroprotective activity manifested in in- 
hibition of neuronal degeneration [4,15]. Isolated cray- 
fish mechanoreceptive neurons are a convenient ex- 
perimental model of neuronal degeneration, which 
makes it possible to study the dynamics and mecha- 
nisms of neuronal death and the effect of various test 
agents. Crayfish neurons are similar to central neurons 
by their ultrastructure, electrophysiological and bio- 
chemical properties, and can generate action potentials 
(AP) at chosen frequency for a long time [6,11]. It was 
recently shown that amiridine, but not tacrine, inhibits 
spontaneous death of isolated crayfish neurons in- 
duced by axotomy or hypoxia induced by inhibition of 
oxidative phosphorylation with sodium azide [4,15]. 
Recently, a new agent Vp (9-butylamino-3,3-dimelhyl- 
3,4-dihydroacridine-l(2H) hydrochloride) was synthe- 
sized at the Research Center for Safety of Bioactive 
Compounds. This compound possesses antiamnestic 
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effect surpassing that of amiridine and tacrine, while 
is less toxic [2]. 

Our aim was to compare the potency of Vp to in- 
hibit degeneration of isolated neurons with that of 
amiridine and tacrine. Nootropic piracetam was used 
as the reference drug. 

MATERIALS AND METHODS 

The study was carried out on slowly adapting mecha- 
noreceptive neurons isolated from crayfish Astacus 
leptodactilus. Action potentials were recorded extra- 
cellularly with patch-clamp electrodes, amplified with 
an UU-90 amplifier (Institute of Experimental Medi- 
cine, St. Petersburg) coupled with an N-338 recorder 
(Measuring Instruments Plant, Krasnodar). Simulta- 
neously, the discharge frequency was measured with 
a dual-channel MFU-1 frequency meter (Institute of 
Experimental Medicine, St. Petersburg) and recorded 
with an N-339 recorder (Measuring Instruments Plant, 
Krasnodar). Two symmetrical neurons (control and 
experimental) isolated from the same abdominal seg- 
ment were tested simultaneously in 2-ml baths filled 
with physiological saline. At the beginning of the ex- 
periments, receptor muscles were stretched so as to 
induce approximately identical pulse activity of both 

0007-4888/00/0004- 362525.00 �9 Kluwer Academic/Plenum Publishers 



Yu. V. Burov, A. B. Uzdenskii, and T, N. Robakidze 363 

neurons (10-15 Hz). After 1-h recording of the base- 
line AP frequency, Vp and piracetam in different con- 
centrations were added to bathing solutions. Impulse 
activity of  both neurons was recorded until its com- 
plete cessation. In the experiments with inhibitors, the 
experimental neuron fired persistently during I h in 
the presence of  Vp in a concentration of 0.1 pM opti- 
mally prolonging neuron lifetime, and then sodium 
azide (0.5 mM), an inhibitor of oxidative phosphoryla- 
tion, or sodium monoiodoacetate (1 mM), an inhibi- 
tor of  glycolysis, were added to both control and ex- 
perimental neurons, and the dynamics of AP frequency 
was recorded. The results were compared with pre- 
vious data on the effect of amiridine and tacrine [6, 
11 ]. The results were analyzed statistically using para- 
metrical and non-parametrical tests [1,7]. 

RESULTS 

When applied in concentrations of  10 -8 and 10 _6 M, 
Vp produced no significant changes of the lifetime of 
isolated neuron kept after axotomy in small volume of 
physiological saline (2 ml), although there was a ten- 
dency to increase in this parameter (by 10%) and de- 
crease by 12%, respectively (Table 1). However, the 
intermediary concentration (10- 7 M) significantly in- 
creased the neuron lifetime by 33% (p<0.01). Ami- 
ridine in a higher concentration of 10- 6 M tess mar- 
kedly prolonged the lifetime (by 23%) [6,11], hence 
our experiments demonstrated a more pronounced and 
dose-depended neuroprotective effect of Vp, which at- 

tained the maximum at a concentration of 10 --7 M. In 
higher concentrations (>10 -5 M) Vp drastically and ir- 
reversibly blocked impulse activity within a few sec- 
onds, which occurred without preliminary increase in 
spike frequency characteristic of well-known depolar- 
ization or cathodic block [7]. In this concentration 
range, the increase in Vp concentration rapidly de- 
creased the lifetime of the neurons: from 107 min for 
10 -5 M to 19 and 1 min for concentrations of 2-4x 10- 
5 M and 2x10 ~ M, respectively. 

Piracetam also significantly prolonged the lifetime 
of isolated neuron (by 57%), although in notably high- 
er concentrations (Table 1). 

To evaluate the role of  energy processes in the 
maintenance of  neuron activity in the presence of  
pharmacological agents, we studied the effect of Vp 
on the lifetime of isolated neurons under conditions of  
glycolysis and oxidative phosphorylation inhibition. 
The effect of Vp was compared to that of amiridine 
and tacrine [6]. Similarly to amiridine and tacrine [6], 
Vp did not affect the lifetime of neuron in the pres- 
ence of  the glycolysis inhibitor sodium monoiodo- 
acetate (Table 2). However, Vp in a concentration of 
10 _7 M, which is optimal to delay spontaneous neu- 
ronal death, almost 2-fold (by 88%) prolonged the life- 
time of  neurons treated with sodium azide (1 mM) 
(Table 2). Under these conditions, amiridine (10 ~6 M) 
produced a less pronounced effect (by 42%), while 
tacrine was ineffective [6]. 

It can be assumed that during the long-term ac- 
tivity of isolated neuron, which generates hundreds 

TABLE t .  Effect of Vp, Piracetam, Amiridine, and Tacrine on the Lifetime of Spontaneously Degrading Isolated Mechano- 
receptive Crayfish Neurons (M+m) 

Substance 

Vp 

Piracetam 

Amiridine 

Tacrine 

Concentration, M 

I0-8 

I 0 -7 
10-6 

10-3 

10-2 

10-1 

10 -7 

2.5x10 -7 
10-6 

10-~ 
10-8 

10-7 

4x I0  -7 
10-6 

Number of 
experiments 

6 

10 

5 

3 

4 

3 
7 

4 

15 

4 
7 

17 

6 

5 

control 

7.9+_1.3 

9.1+_1.0 

9.5+_2.0 

7.6+_2.7 

8.3+_1.7 

10.3-+1.5 

9.1+_1.2 

9.1+_0.5 

6.2-+0.5 

11.3-+2.3 

13.1-+1.5 

9.8-+0.5 

11.1-+1.1 

9.5-+0.9 

Lifetime, h 

experiment 

8.9+1.2 

12.1+1.7* 

8.3+_2.0 

9.2+_3.0** 

13.1+_1.9** 

10.1+_1.2 

9.7+_1.4 

9.6+_0.5 

7.6+_0.6** 

2.2+_71.3** 

12.0+_1:1 

10.4+_0.9 

10.0+_1.5 

6.7+_0.9** 

Changes, % 

+10 

+33 
-12 

+22 

+57 

-2 

+6 

+5 

+23 

-81 

-8 

+5 

-10 

-29 

Note. "p<0.01, *'p<0.05 compared to the control. Data on amiridine and tacrine are taken from previous reports [6,11]. 
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TABLE 2. Effect of Vp (0.1 M), Amiridine (1.0 M), and Tacrine (0.1 M) on the Lifetime of Isolated Neurons in the Presence 
of Inhibitors of Energy Metabolism (M+_m) 

Inhibitor 

Sodium monoiodoacetate, 1 mM 

Sodium azide, 1 mM 

Substance 

Vp 

Amiridine 

Tacrine 

Vp 

Amiridine 

Tacrine 

Lifetime, min 

control 

62+-6 (30) 

62+-6 (30) 

62+-6 (30) 

64+-10 (16) 

115+-6 (14) 

86+-12 

experiment 

58+-7 (10) 

74+-7 (19) 

76+-16 (11) 

120+-21" (16) 

163+-26" (27) 

93+13 

Mean changes, % 

-6 

+19 

+23 

+88 

+42 

+8 

thousands spikes, the energy resources are exhausted, 
and the cell becomes unable to maintain the high trans- 
membrane potential and reduce intracellular Ca > con- 
centration. The release of  Ca 2§ ions from mitochondria 
[10] reduces excitability and functional activity o f  
neurons [8]. Further increase in the intracellular Ca 2+ 
concentration triggers cascade reactions leading to cell 
death [14]. Vp and amiridine can affect these stages 
of  the cell death, for example, they stimulate glyco- 
lytic ATP production in such a way that inhibition of 
oxidative phosphorylation by metabolic toxins (sodi- 
um azide) is not fatal for the cell. Another possibility 
is deceleration of  the rise of  internal Ca > concentra- 
tion as was observed for amiridine [3]. 

Finally, in comparison with amiridine, Vp is a 
more efficient neuroprotector acting at lower concen- 
tration (10 --7 M). Piracetam also increased the lifetime 
of  isolated neuron, but only in very high concentra- 
tions (10 -2 M). 
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