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Despite the great importance of t race e lements  in the metabol ism of the l iving organism [3, 4], their  influ- 
ence on the funct ional  state of the  centra l  nervous system has r ece ived  l i t t le  study. Only isolated reports of a 
relationship between the concentrat ion of t race e lements  in the centra l  nervous system and its functional  state can 

be found in the l i terature [1]. It has been shown that noc icept ive  s t imulat ion and emot iona l  exc i t emen t  bring about 

an increase in the copper concentrat ion in the blood while lowering its concentrat ion in the l iver  [5]. Administra-  
t ion of copper in amounts close to its content in the organism depresses the level  of exc i t ab i l i ty  and conduct ivi ty 
of peripheral  nerves, the reflex exc i t ab i l i t y  and lab i l i ty  of the spinal cord centers, and the exc i t ab i l i ty  Of the cholin-  
ergic systems [10], fac i l i t a tes  and st imuIates the deve lopmen t of Sechenov inhibit ion,  and deepens the level  of ether 

anesthesia in animals  [11]. Chronic poisoning with copper salts leads to severe and prolonged disturbances of the 
cor t ica l  dynamics  in animals [9]. Severa l  authors have reported the successful use of copper salts in the t rea tment  

of states of exc i ta t ion  in cer tain menta l  diseases [2]. 

In the present communicat ion  the changes in the background (spontaneous) e l ec t r i ca l  ac t iv i ty  of the sp ina l  

cord caused by the t race  e l emen t  copper are described.  

M E T H O D  

Experiments were conducted on cats anesthet ized with ether and urethane. Ether anesthesia (10-15 ml) was 
induced for a short period (5-10 rain) before the operation; the an imal  was then fixed and a l l  subsequent manipu-  

lations were carried out under urethane anesthesia (1 g/kg),  the depth of which was judged by the presence of the 

corneal  reflex. The an imal ' s  body temperature  was mainta ined  throughout the exper iment  at the level  of 36-37 ~ 
by means of an ultrathermostat .  The spinal cord was exposed by a longitudinal  incision of the dura in the lumbo- 

sacral  region at the level  L5-[ q. Its surface was covered with a layer of minera l  oi l  warmed to 37 ~ To abolish the 
influence of respiratory movements  on the de tec t ion  of potentials ,  the spine was f i rmly fixed above and below the 
exposed region. The potentials of the spinal cord were recorded from its dorsal surface by means of plat inum needle 
electrodes by both bipolar  and unipolar methods, and the potentials  from the depth of the cord by means of a focal  

mic roe lec t rode  (Nichrome wire in glass insulation), irnplanted to a depth of 2.0-2.5 mm by means of a r igidly  
mounted micromanipula tor .  The position of the t ip of the microe lec t rode  was determined in sections of the cord 

10-20 • thick,  s tained with hematoxyl in-eos in .  The potentials were recorded by means of a twin-beam cathode-  
ray osci l lograph with an ac ampl i f ier ,  symmet r ica l  input, and a transmission band from 0.2 to 8500 cps. The  solu- 
t ion of copper chloride (0.001 M and 0.01 M) was made up immed ia t e ly  before the exper iment  in physiological  

saline, and injected intravenously in a dose equivalent  to  0.1-1.0 m g / k g  body weight of the pure me ta l  ( i .e . ,  in 
"b io logica l"  doses), and was also applied loca l ly  at the point from which the potentials were recorded. Experiments 

were conducted on 26 cats. 

R E S U L T S  

The investigations showed that the potentials recorded from the dorsal surface of the spinal cord consisted of 
waves with an ampl i tude  of  10-15;~V and a frequency of 40-50/sec .  When the microe lec t rode  was inserted to a 
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Fig. 1. Effect of copper (0.1 mg/kg) on the spontaneous electrical activity of 
the spinal cord of the cat. A) Initial background; B, C, D) 1, 30, and 70 rain 
respectively after intravenous injection of copper chloride. Top curve-po- 
tentials recorded from dorsal surface of spinal cord; bottom-potentials recorded 
from electrode buried in spinal cord to a depth of 2.5 mm. 

depth of 2.0-2.5 mm, into the region of the motor nuclei of the tibial muscle, the waves of potential recorded had 
an amplitude of 25-30~V and a frequency of 50-60/sec. 

After injection of copper chloride solution into the general circulation of the animal in a dose of 0.1 mg/kg, 
the potentials recorded from the dorsal surface of the spinal cord showed no appreciable change in either amplitude 
or frequency throughout the experiment. 

When the potentials were recorded from the depth of the spinal cord at a level 2.0-2.5 mm from its dorsal sur- 
face, the electrical activity was intensified i rain after injection of the copper salt: the amplitude of the potentials 
rose to 40-70~V. Under these circumstances the frequency of the potentials increased very slightly or remained 
unchanged by comparison with the original background level (Fig. 1A, B). Later, starting from the 5th-15th minute, 
the recordings from the spinal cord showed a gradually increasing depression of the amplitude of the potentials 
(Fig. 1C). After 50-70 min (Fig. 113) their amplitude had fallen to 2/3-I/2 its initial value. After 90-100 min (or less 
frequently, after 2 h) had elapsed following injection of the copper chloride, a gradual recovery of the electrical 
activity of the spinal cord began to take place in its depth, up to the original level. It should be noted that often a 
decrease in the amplitude of the spinal potentials alternated with an increase-i .e. ,  the changes in the spontaneous 
electrical activity under the influence of the trace element copper were fluctuating in character. 

8etween 5 and 30 sec after injection of copper into the general circulation in a dose of 1 mg/kg, the electrical 
activity of the spinal cord was intensified: the amplitude of the potentials rose by 20-40% by comparison with the 
original background when recordings were taken both from the dorsal surface and from the depth of the spinal cord 
(from the region of the motor nuclei of the tibial muscle) (Fig. 2A, B). After 2-5 rain a decrease in the amplitude 
of the spinal cord potentials by 10-20~ was observed, changing after a further 4-5 min into a increase by 20-4(ffo 
(Fig. 2E, F). This alternation of  stimulation and depression of the electrical activity of the spinal cord was observed 
throughout the experiment, but the periods of depression were more marked, lasting for 5-10 min, while the periods 
of stimulation were brief and usually did not exceed 2 min. Individual periods of stimulation of the spinal potentials 
were characterized by the appearance of peaks of high amplitude (up to 100 gV), at first having a frequency of up to 
20/sec, but rising to 100/sec after 30 sec or 1 rain (Fig. 2C, D). It may be supposed that these high-amplitude peaks 
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Fig. 2. Effect of copper (1 mg/kg)  on spontaneous electr ical  activity of the 
spinal cord of the cat. A) Initial background; B, C, D, E, F, G) 30 sec and 1, 
2, g, 30, and 40 min respectively after intravenous injection of copper 
chloride. Significance of curves the same as in Fig. 1. 

were synchronized discharges from motor neurons [6-8], the activity of  which was stimulated by the copper ions. In 
some of the experiments these discharges recurred periodically at intervals of 25-30 min. After 30-40 min maximal  
depression of the potentiais of the spinal cord was observed: their amplitude fell by 30-40% from its initial back- 
ground level (Fig. 2G). 

Hence, the changes in the electrical  activity of the spinal cord depend on the concentration of the solutions 
used: the effect of administration of the trace e lement  increases with an increase in its dose. In control experiments 
(in which physiological saline was injected) no appreciable changes were found in the electr ical  activity of the 
spinal cord. 

Somewhat different changes in the electr ical  activity of the spinal cord were observed in experiments on spinal 
animals, in which the spinal cord was preliminarily divided (under ether anesthesia) at the level of T t -T  z, preserving 
diaphragmatic respiration. In these experiments, after intravenous injection of copper, only a depression of  the elec- 
tr ical  activity of the spinal cord was recorded, starting after 5-10 sec: the amplitude of the potentials fell by 20%. 
After 70 rain the depression of the potentials of the spinal cord was maximal,  amounting to 5O% (Fig. 3B, c ,  D). 

During the local action of copper, by application of a pad of cotton wool soaked in 0.01 M copper chloride 
solution to the dorsal surface of the spinal cord in the region from which the potentials were recorded, the amplitude 
of the potentials rose after 15-20 sec by 80-50% over the initial background level. By the 10th-20th minute it had 
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Fig. 3. Effect of copper (1 mg/kg) on spontaneous electrical activity of the 
spinal cord of the spinal cat. A) Initial background; B, C, C) 1, 30, and 70 rain 
respectively after intravenous injection of copper chloride. Significance of 
curves the same as in Fig. 1. 

returned to its original value: throughout the remaining period of the experiment these potentials showed no ap- 
preciable change in either amplitude or frequency. The potentials recorded from the interior of the spinal cord by 
burying the microelectrode in the region of the motor nuclei of the tibial muscle were at first indistinguishable from 
the initial background, and not until 15-20 rain had elapsed did their amplitude fall by 15-20~ evidently as a 
result of the gradual penetration of copper ions into the deeper portions of the spinal cord. After washing with physio- 
logical saline, the electrical activity recorded from the interior of the spinal cord returned to its initial level in 
15-20 rain. 

Hence, copper salts in small doses, when injected into the general circulation of animals with an intact ner- 
vous system and when applied locally, have a biphasic effect on the spontaneous electrical activity of the spinal 
cord, causing an initial transient stimulation, followed by a prolonged depression of this activity. Further, the pro- 
longed periods of depression of the electrical activity of the spinal cord that were observed alternated with transient 
periods of its intensification. When potentials were recorded from the interior of the spinal cord (from the region of 
the motor nuclei of the tibia1 muscle), more obvious changes were observed than when the recordings were made from 
its dorsal surface. 

After injection of copper into the general ckculation of the spinal animal, the phase of increased electrical 
activity of the spinal cord was absent, and only depression was observed. These findings suggest that the phase of 
stimulation of the electrical activity of the spinal cord, which arises during the first minutes after injection of cop- 
per into an animal with an intact nervous system, is evidently due to the influence of copper tons on the supraseg- 
mental structures. 

It may also be concluded that the depression of the spontaneous electrical activity of the spinal cord observed 
following administration of copper ions does not depend on descending inhibitory influences reaching the spinal cord 
from the higher segments of the central nervous system, but develops as a result of the action of copper ions on the 
functional state of the spinal cord itself. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 

odical l i t e ra ture  may wel l  be  a v a i l a b l e  in Engl i sh  translat ion.  A c o m p l e t e  l i s t  o f  the  cover - to~  
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