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Injection of manganese chloride (0.01-1 m g / k g )  into the general  circulat ion of anesthet ized cats 
causes  changes in the e lec t r ica l  ac t iv i tyof the  spinal cord  recorded  from the center  for the flexor muscles .  

Significant morphological  and functional changes a r i s ing  in the central  nervous sys tem in manganese 
poisoning have been descr ibed in the l i tera ture  [4, 5, 6]. Changes in excitabili ty of per iphera l  and central  
nervous s t ruc tures  have been repor ted  following adminis t rat ion of manganese compounds to animals in 
"biological concentra t ions"  [7, 8, 11], and a definite corre la t ion  has been established between the course  of 
the fundamental nervous p r o c e s s e s  and the variat ions in the content of manganese and other  t race  elements  
in the central  nervous system [1, 2, 9, 10]. 

The object of this investigation was to study the effect of manganese on the e lec t r ica l  act ivi ty and r e -  
flex excitabil i ty of the spinal cord. 

E X P E R I M E N T A L  M E T H O D  

Experiments  were conducte.d on 52 cats anesthet ized with chloralose (40 mg /kg )  and Nembutal (15 
m g / k g )  injected intraperi toneal ly.  To study the e lec t r ica l  act ivi ty of the spinal cord potentials were picked 
up from its dorsal  surface by means of platinum needle e lect rodes  and from deep inside the cord (center 
of the flexor muscles)  by means of a focal microe lec t rode  (Nichrome wire,  30 # in d iameter ,  with glass 
insulation). Mono- and polysynaptic responses  were r ecorded  from the central  pa r t  of the divided deep 
peroneal  nerve.  Test  st imulation, in the form of single square pulses of current ,  was applied to the central  
end of the divided dorsa l  root  of L 6 from an e lect ronic  s t imulator  with radiofrequency output. An ac a m -  
pl if ier  and CRO were used for  recording.  

Solutions of manganese chloride (0.0001-0.01 M) were injected into the femoral  vein of the cats in 
doses of 0.01-1 mg of the pure metal  per  kg body weight [3], and were also applied local ly to the place 
where the potentials were detected. 

E X P E R I M E N T A L  R E S U L T S  

After  intravenous injection of manganese chloride in a dose of 0.1-1 m g / k g ,  no visible changes in 
amplitude or  f requency of the potentials recorded  from the dorsal  surface of the spinal cord were observed 
(Fig. 1). 

When the microe lec t rode  was buried into the gray  mat te r  of the ventral  horn of the spinal cord  to a 
depth of 2.0-2.8 ram, in the f i r s t  2-3 min af ter  injection of manganese (0.1 mg /kg )  the amplitude of the 
spikes increased  appreciably  from their  background level (Fig. 1, A, B). By the 5th minute the initial a m -  
plitude of the potentials was r e s to red  (Fig. 1, C); s tar t ing with the 15th-20th minute the amplitude of the 
potentials again increased  and remained high for  20-30 rain (Fig. 1, D, E). By the 60th-90th minute the 
e lec t r ica l  act ivi ty had gradual ly  re turned to its initial background level (Fig. 1, F). The amplitude of the 
potentials recorded  from the center  for  the f lexor muscles  was iacreased  af ter  adminis t rat ion of manganese 
in a dose of 1 m g / k g  for  the f i rs t  1-3 rain, but la ter  (after the 5th minute) it fell below the background level. 
By the 20th-30th minute the e lec t r ica l  act ivi ty  had re turned to its initial level. 
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Fig. I. Effect of manganese (0.I mg/kg) on spon- 
taneous electrical activity of the cat's spinal cord. 
A) Initial background; B-F) 30 sec and 5, 15, 30, 
and 60 rain respectively after intravenous injection 
of manganese. Significance of curves (from top to 
bottom): potentials recorded from dorsal surface 
of spinal cord; potentials recorded from micro- 
electrode buried in region of motor nuclei of 
tibialis muscle. 
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Fig. 3. Changes in mono-  and polysynaptie reflex 
discharges  af ter  application of manganese chloride 
solution to dorsal  surface of a ca t ' s  spinal cord .  
A) Initial background; B, C) 1 and 20 rain r e spec t i -  
ve ly  af ter  application of manganese solution; D) 10 
min af ter  r insing surface of spinal cord with 
physiological  saline. 
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Fig. 2. Changes in mono-  and poly-  
synaptic d ischarges  of the eatVs spinal 
cord  af ter  injection of manganese 
(0.1-1 mg/kg) .  I) A: initial background 
B-E:  30 sec and 10, 30, and 60 rain 
respect ive ly  af ter  intravenous injection 
of manganese in a dose of 0.1 m g / k g .  
ID A: initial background; B-E:  30 sec 
and 10, 30, and 60 rain respec t ive ly  af ter  
intravenous injection of manganese in a 
dose of 1 m g / k g .  

Experiments  on spinal animals ,  in which the 
cord was p re l iminar i ly  divided under deep ether  
anesthesia at  the level T1-T 2, showed that in t ra -  
venous injection of manganese caused the same 
changes in e lec t r ica l  act ivi ty of the spinal cord as 
in animals with an intact nervous sys tem.  

After  application of manganese chloride solu-  
tion to the dorsal  surface of the spinal cord (for a 
per iod of 30-45 min), in the f i rs t  2-3 min the a m -  
plitude of the potentials recorded  from the flexor 
center  increased  by 30%. By the 5th minute the 
amplitude of the potentials had returned to its initial 
level, but after the 6th minute it increased again 
and remained high for 20-25 rain. After the sur- 
face of the spinal cord had been washed with physio- 
logical saline, no appreciable changes in elec- 
trical activity were observed. 

The state of the spinal centers after injection 
of magnesium chloride into the general circulation 
was judged from recordings of mono- and poly- 
synaptic spinal cord reflexes. 

Intravenous injection of manganese chloride 
in a dose of 0.01-0.I mg/kg caused an initial in- 
crease in the amplitude of the monosynaptic re- 
flex discharge (MRD) (Fig. 2, I, A, B, C). Later, 
starting with the 10th-20th minute, the amplitude 
of the MRD fell slightly and remained low until the 

end of the experiment  (Fig. 2, I, D, E). The polysynaptic reflex discharges  (PRD) increased  af ter  the 30th 
second (Fig. 2, I, A, B, C, D), but f rom the 40th minute until the end of the exper iment  they differed only 
slightly f rom the initial indices,  or  were a [ittle higher (Fig. 2, I, E). After  injection of manganese in a 
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dose of 1 mg/kg the amplitude of the MRD at first fell slightly (Fig. 2, II, A, B), but by the 10th minute 
they were higher than initially (Fig. 2, II, C). After the 30th-40th minute the amplitude of the MRD again 
fell, and by the end of the experimental it was 60-70~c of its initial value (Fig. 2, H, D, E). Under these con- 
ditions the polysynaptic responses were usually increased after the 30th second (Fig, 2, If, A-C) but by the 
end of the experiment the amplitude of the PRD was usually lower than initially (Fig. 2, II, D, E). 

Experiments on spinal animals showed that the MRD increasedin amplitude inthe first 30minafter in- 
jection of manganese, but after the 30th-45th minute they decreased slightly. The amplitude of the PRD 
also increased after the 30th second to reach a maximum by the 20th-30th minute. After the 30th-40th 
rain the increase in PRD was replaced by a decrease in their amplitude (by 30-40%). 

The study of the local action of magnesium chloride solutions on the dorsal surface of the spinal cord 
showed that the MRD underwent no appreciable changes throughout the period of action of manganese (30- 
45 rain) or they were very slightly depressed (Fig. 3, A, B). After application of manganese solution the 
PRD were increased after the 1st minute (Fig. 3, B), returning to their initial level only by the 20th minute 
(Fig. 3, C). After the surface of the cord had been washed with physiological saline no visible change took 
place in the amplitude of the MRD and PRD (Fig. 3, D). 

In a series of control experiments (intravenous injection of 0.9~c sodium chloride solution) no appre- 
ciable changes were observed in the background electrical activity or in the mono- and polysynaptic reflex 
responses of the spinal cord. 

The results obtained demonstrate that injection of manganese chloride into the general circulation of 
an animal in a dose of 0.01-0.1 mg/kg evokes an initial increase in the background electrical activity of the 
spinal cord, recorded from the center for the flexor muscles, and an increase in the amplitude of the mono- 
and polysynaptic reflex responses, followed by a return to their initial level. It might be considered that 
these changes are due to the facilitatory influence of suprasegmental portions of the central nervous 
system on the spinal cord. However, the results of experiments on spinal animals showed that injection of 
manganese under such conditions caused changes in the electrical responses identical with those obtained 
in animals with an intact nervous System. In addition, no significant differences were found in the direc- 
tion of the changes in the electrical responses when manganese solution was applied to the dorsal surface 
of tl~e spinal cord. The changes in the electrical responses of the spinal cord are evidently dependent 
principally on the direct influence of manganese salts on its functional state, and they are presumably as- 
sociated with stimulation of oxido-reduetive processes taking place after injection of manganese [12]. 

At the same time it is worth noting that the polysynaptic reflexes were modified (increased in ampli- 
tude) to a more marked degree than monosynaptic. This indicates that manganese ions have a greater in- 
fluence on the interneurons than on the motoneurons of the spinal cord. Injection of large doses of manga- 

nese (I mg/kg) causes, after the initial stimulation of electrical activity and reflex responses of the spinal 
cord, a fairly prolonged depression of these functions. In this case manganese may evidenfl~ give rise to 
functional changes in spinal cord activity of a parabiotic character. 
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