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The therapeut ic  act ion of  cortisone is known to be often accompan ied  by a number of  side effects,  one 
of  which is an increase in the exci ta t ion  of  the nervous system. In patients rece iv ing  cortisone for a long t ime ,  
mi ld  euphoria and insomnia a n d - -  more r a r e l y - -  psychoses may  develop. 

These c l in i ca l  findings of a change in the exci ta t ion  o f  the nervous system under the inf luence of  cortisone 

were conf i rmed by an imal  experiments  [5] in which it was shown that this hormone lowers the threshold of 
e lec t r i c  shock in rats and also disturbs the centra l  nervous ac t iv i ty  of  dogs [1]. 

In a previous paper [2] we showed that the adminis t ra t ion of  cortisone to rats is accompanied  by accumula t ion  
of  ammonia  in the brain,  and for this reason the hypothesis was put forward that the increased exci ta t ion  of  the 
centra l  nervous system under the inf luence of  the hormone was associated with the increased concentrat ion of  

NH s in the brain tissue. It was shown in the same paper  that adminis trat ion of  g lu taminic  ac id  at the same t ime  

as the cortisone lowers the concentrat ion o f  this toxtc product.  

The a im of  the present invest igat ion was to find out whether a change in the exc i ta t ion  of  the nervous 

system takes p l ace  under the inf luence of  cortisone if,  at the same t ime ,  g lu taminic  acid  is adminis tered,  

thereby preventing the accumula t ion  of  ammonia ,  

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

Experiments were carr ied out on ma le  white rats weighing 180-200 g. Cortisone was in jec ted  in t ramuscular ly  

in a dose of  2 ,5-5 .0  mg dai ly ,  and neut ra l ized  L-g lu tamin ic  ac id  subcutaneously in a dose of  100 mg dai ly,  

L'~ de te rmining  the degree of  exci ta t ion  by the duration of  s leep,  the rats were given ln t raper i tonea l  

inject ions of  sodium amyta l  solution in a dose of 8 m g / 1 0 0 g  body weight,  Measurement  of  the t ime  began 

from the moment  when the an ima l  stopped trying to turn over from the supine to the prone position. Sleep 

was considered to have ended when the rat turned to the prone position. 

In determining the degree of  exc i ta t ion  by the magni tude  of the threshold of  e l ec t r i c  shock, we used 
an apparatus assembles in our Insti tute along the lines suggested byWoodbury [4 ] .  This apparatus enables 

the current strength and duration of  act ion to be accura te ly  control led.  

The  magni tude  of  the threshold o f  e lec t r i c  shock was de te rmined  by the method of  the author c i ted  above 

[4], Stainless steel  e lectrodes were appl ied  to the an imal ' s  ears and a current passed for 0,6 seconds. In the 

measurement  of  the threshold of  e l ec t r i c  shock an accuracy  of 0.25 ma  was at ta ined,  
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T A B L E  1 

The Effect of  Cortisone and Glu tamin ic  
Acid on the Duration of  Sleep in Rats 

(in minutes)  

Animal No. 

c3 

+ o  

M e & n  . , . . . .  74 

95 32 
60 30 
85 43 
46 20 
85 35 

40 t I 

38 

t 

65 
48 
65 
33 
63 
62 

56 

Usually in the course of  the two weeks before the 
start  o f  the  exper iment ,  3-4 de te rmina t iom of the threshold 
of  e l ec t r i c  shock were made  in the rats. This value  was 
taken as the control  l eve l ,  and animals  which did not 
give more  or less constant vaIues in the control  period 
were excluded from the experiments .  Animals  were 
subjected to the act ion of  the  e lec t r ic  current not less than 
2-3 days after the preceding exper iment .  

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

It  was sh6wn in pre l iminary  exper iments  that after 
adminis trat ion of  cortisone,  the sleep o f  the rats became  
shorter and more restless (Table  1). The  simultaneous 
adminis trat ion of  g tu taminic  acid  increased the duration 

of  sleep,  although not to normal .  Whereas the sleep period 
in the control rats lasted an average of  74 minutes,  and 
cortisone decreased i t  to 34 minutes,  after adminis trat ion 
of  g lu taminic  acid  the an ima l s '  sleep lasted 56 minutes.  

Having obta ined results which showed that  g lu taminie  

a c i d  to some degree prevented the increase in the exc i ta t ion  
of  the nervous system dne to cortisone, we decided to 

verify and to augment  these findings by determining the degree of  exci ta t ion  by a more accurate  method , by 

the magni tude of  the threshold of  e lec t r i c  shock. 

Three  series of  experiments  were carr ied out. In each series, at the end of  the control  period the animals  

were divided into three groups. The  rats in the first group rece ived  0.2 ml  of  0.9% NaG1 solution dai ly ,  the 

second group 2 .5-5 .0  mg of  cort isone dai ly  and the tbird 100 rag o f  g tu taminic  acid  as wel l  as the hormone 
daily.  It must be pointed out at once that th~ changes in the threshold of  e lec t r i c  shock in the control  rats of  

a l l  three series were insignif icant ,  amounting to only 2-3 % at the end of  the exper iment ,  and they will  not,  

therefore,  be considered further. 

The first series of  exper iments  was conduced on 12 animals ,  4 in each group. It can be seen from Fig. 1 
that cortisone increased the exc i ta t ion  o f  the nervous system, as shown by a lowering of  the threshold of  e lec t r i c  
shock, which reached 28 % on the 15th day of  the exper iment .  The  adminis t ra t ion of  g lu taminic  acid  together  with 

with cort isone to the other  group of  rats almost  comple t e ly  neut ra l ized  the act ion of  the hormone on the leve l  
of  exci ta t ion  during the first week,  but in these rats a fal l  in tile threshold of  e lec t r i c  shock subsequently took 

p lace ,  so that it  amounted to 24% at the end of  the exper iment .  

The  second series of  experiments  was performed on 34 animals.  As shown in Fig. 2, adminis trat ion of  
cortisone in a dose of  5 mg dai ly  lowered the threshold of  e lec t r i c  shock on only the third day, by an average 
of  80%. On the 9th day of  adminis t ra t ion, the  decrease was 20%, and after 12 days i t  reached 80~ once again.  
The sharp change in the threshold of  e lec t r i c  shock in the first 3 days may  be accounted for by a rise in the 
air t empera ture  to 80. , whereas during the whole course of  the exper iment  the tempera ture  var ied between 

15 and 20*. 

In order to ascertain the effectiveness of  g lu taminic  acid  during such intensive changes in exc i ta t ion ,  the 
rats were divided into two subgroups. One subgroup continued to rece ive  cortisone,  and the other rece ived  

glu taminic  acid  together  with the cortisone. As may  be seen from the figures in Tab le  2, in the first subgroup 
the fal l  in the threshold o f  e l ec t r i c  shock continued and reached :36 %, whereas in the second subgroup no 

further increase in exc i ta t ion  took p lace .  

The  other group of  rats rece ived  g lu taminic  acid in addit ion to cort isone from tile begimfing of  the 

exper iment ,  and this somewhat prevented an increase in exci ta t ion.  For instance,  the fal l  in the threshold of  

e l ec t r i c  shock after 3 days was only 15% , after 9 days 11% and on the ]2th day it reached ]5%. 

In order to find out the duration of  this amino acid,  in some of  the rats its adminis t ra t ion was discon.tinued, 
although cort isone continued to be given. After only 2 days the value  of  threshold of  e lec t r ic  shock in these rats 
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TABLE 2 

The Effect of Cortisone (2.5 m g a  Day) and Glutaminic Acid on the Threshold of 
Electric Shock in Rats (threshold values are expressed in milliamperes)* 

d 
Z 

< 

Before admonistratlon During administration 
Preparations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ___~ - - -  

administered[ 25/V1 I/VII 4/VII 9/%11 16/VII I9/VI] 23/VII  i26/V I 

1 
0,9% NaCI 8,25 

7,75 
t0,5 
9,0 

8,75 
8,0 
9,75 
9,25 

t 
9,0 9~0 9,25 9,25 [ 9,0. 
7,75 8,25 8.25 8,0 [ 8,25 

9,25 9,0 

8,75 ] 
8,0 

10,5 
8,75 [ 

Remarkg 

5 
6 
7 
:8 
9 

10 

Cortisone 8,0 
7,25 
7,5 
8,75 
8,25 
7,0 

9,25 
7,0 
7,25 
9,0 
9,0 
8,5 

9,5 
8,5 
7,75 
9,0 
9,25 
9,0 

9,75 
8,75 

9,0 
9,25 
9,0 

8,25 
7,25 
6,5 
7,75 
8,0" 
7,75 

7,5 
7,0 
6,0 
7,0 
7,25 
7,0. 

7,5 
8,0 
6,25 
6,0 
7,0 
6,5 

8,25 
8,0 
6,0 
6,0 
7,25 
6,25 

Cortisone + 

glutamlnlc 

acid after 

July 19 

11 
12 
13 
14 
15 
16 

Cortisone + 
glutaminic 
acid 

10,0 10,5 
10,010,25 
7,;/5 9,0 
8,7510,0 
8,5 8,25 

1 I 

9,5 
0,5 
8,75 
9,75 
8,75 
7,25 

10,5 
10,5 
8,75 

10,0 
9,0 
7,0 

12,0 
12,0 
8,75 

11,0 
10;0 
7,0 

11,25 
11,0 
9,0 

10,0 
9,5 
7,5 

0,0 
9,25 
7,0 

L0,0 
9,0 
7,5 

9,75 Cortisone 
9,0 lalone after 
7,75 July 19 
9,25 
8,0 
6,25 

* Administration of the preparations began on July 12, 1958. 
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o 5 /0 /5 
Duration of administration (in days) 

Fig. I. Changes in the threshold of electric 
shock under the influence of cortisone ( 5 
m g a  day) and glutaminlc acid . a) Control 
b) administration of cortisone; c)adrrdnis=, 
tration of cortisone § glutaminic acid.  

._fro 
o ~ _  

,.,I::: i:::l /./ 

~) ~,-2Z7 

,~ .~.30 

Fig. 2. 

O ,5 /g /5 
Duration of administration 

(in days) 

Changes in the threshold of e- 
lectric shock under the influence of corti- 
sone (5 mg a day) and glutamlnic acid. 
a) Contro!i b) administration of cortisone; 
c) administration of glutaminic acid in 
addition to cortisone ; d) administration 
of cortisone + glutaminic acid; e) continued 
administration of cortisone and discontinuation 
of glutaminic acid. 
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Fig. 3. Changes in the threshold of 
electric shock under the influence 
of cortisone (2.5 m g a  day) and 
glutaminic acid. a) Control ; b) 
administration of cortisone; c) 
administration of glutaminic acid 
i n  addition to cortisone; d) admin- 
istration of cortisone + glutaminic 
acid; e) continued administration 
o f cortisone and discontinuation o f 

was 10 % below the previous value, whereas in the animals whicb 
continued to receive glutaminic acid the excitation was virtually 
unchanged. 

To investigate the relationship between the effectiveness of 
action of the glutamintc acid and the dose of cortisone, iff, the third 
series of experiments the dose of cortisone was reduced to 2.5 m g a  day. 
As may be seen from Table 2 and Fig. 3, on halving the dose of the 
hormone, the changes in the threshold of electric shock under the 
influence of cortisone were the same as in the previous experiments. 
At the same time, the action on the glutaminic acid was more 
effective with a dose of 2.5.mg a day, for on giving the amino acid 
to rats hitherto receiving only cortisone an appreciable fall in the 
level of excitation took place, which was not observed if the rats 
received a dose of 5 mg of the hormone daily. 

When glutaminic acid was given from the beginning of the 
experiment, the action of cortisone on the excitation of the nervous 
system was completely neutralized; under these circumstances the 
value of the threshold of electric shock was even slightly above that 
that of the controls, and the increase in excitation began only on the 
11th day of the experiment. 

glut amirAc acid. 
The results obtained leave no doubt that glutaminic acid 

prevented the increase in excitation of the nervous system during administration of cortisone. Several suggestions 
m i y ,  however, be made about the mechanism of its action. 

It was shown in a previous paper [2] that the administration of cortisone to rats is accompanied by the 
accumulation of ammonia in the brain, and that glutaminic acid removes this toxic metabolic product, In view 
of these findings it may be supposed that this factor is responsible for the lowering of the excitation of the brain. 
However, in spite of the complete normalization of the NH a content which was obtained in the above-mentioned 
work, in our investigation the effectiveness of this amino acid fell toward', the end of the experiment, and in one 
experiment the curve showing changes in the threshold of electric shock was slightly below the control curve 
after the first few days. 

Since the repeated action of an electric current may lead to a number of irreversible changes in nerve tissue 
it may be postulated that it is this effect which lowered the effectiveness of the glutaminie acid. This hypothesis 
was overthrown, however, by the experim6nt in which the criterion of excitation was the length of sleep caused 
by injection of sodium amytal, since in this case the amino acid only partially restored the length of the period 
of sleep in the rats. There is no doubt that it is not only ammonia metabolism that is disturbed by cortisone. 
It is, therefore, a more likely hypothesis that gtutaminic acid neutralizes theNH 3 but does not remove the 
products of certain other changes in metabolism, which gradually accumulate and lead to the increased excitation. 
These disturbances may, possibly, be connected with chan~es in the electrolyte balance of sodium and potassium, 
which is known to be affected by cortisone [ 3].  

SUMMARY 

The effect of cortisone and glutaminic acid on the excitability of the nervous system was studied in white 
rats. The weight of the animals varied from 180 to 200 g. The degree of excitability of the animals was 
determined by the duration of sodium amytal-induced sleep and by the value of the electric shock threshold 
(EST). The latter was determined with the aid of an instrument suggested by Woodbury. The results obtained 
demonstrated that cortisone administration (2.5-5.0 mg per day) was accompanied by a considerable rise of the 
excitation of the nervous system.With the simukaneous action of the glutaminic acid, the excitability changed 
insignificantly or not at a l l .  Interruption of the glutaminic acid injections without discontinuance of the hormone 
administration reduced the EST value sharply. 
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