
PHARMACOLOGY 
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The effect of cyclopropane on evoked potentials in the mesencephalic reticular formation, 
on the desynchronization reaction of the EEG during electrical stimulation of the reticular 
formation, and on the transcallosal responses was studied in acute experiments on cats. 
Cyctopropane ted to an ear ly  and marked depress ion of evoked potentials in the re t icu lar  
formation.  The threshold of the desynchronizat ion response increased slightly with deep- 
ening of the cyclopropane anesthesia,  but a desynchronizat ion response continued until 
stage III 3. The amplitude of the positive wave of the t ransca l losa l  response was not s ig-  
nificantly changed, while the amplitude of the negative wave decreased  p rogress ive ly  as 
the anesthesia  deepened. 

The rapid depressant  action of cyclopropane on evoked responses  in the mesencephalic  re t icu lar  fo r -  
mation (RF) has been descr ibed [11, 14, 17]. At the same time, ve ry  slight changes in spontaneous activity 
of RF neurons have been found even under deep cyclopropane anesthesia [8]. It has also been shown that 
cyclopropane causes  depress ion of p r imary  cor t ical  responses  [14]. 

It was decided to explain the causes  of the conflicting resul ts  obtained by the investigation of global 
responses  and behavior of single RF neurons,  and also to compare  the sensitivity of the ce rebra l  cortex 
and RF to the action of this anesthetic.  

The state of cor t ical  function was a s se s sed  by the t ransca l losa l  response (TCR) and the state of RF 
function by two tests :  the evoked potential (EP) in RF in response to sensory  (electr ical)st imulation of 
the skin, and the appearance of a desynchronizat ion response of the EEG to direct  e lect r ical  stimulation 
of RF. 

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

The EEG and TCR in the suprasylvian gyrus  were r ecorded  in 20 cats immobil ized with tubocurarine 
and maintained on art if icial  respira t ion.  Stimulation of RF and record ing  of EP  in this s t ructure  were 
ca r r i ed  out with the same double e lectrode.  Cyclopropane mixed with oxygen was injected into the inlet 
of the art if icial  resp i ra t ion  apparatus.  The method was descr ibed previously [2, 3]. 

The cha rac te r  of the EEG, TCR, and EP in the RF and also the effect  of e lec t r ica l  stimulation of 
RF on the EEG have frequently been discussed in the l i tera ture  [2, 7, 12, 16]. 

Inhalation of cyclopropane in a concentrat ion which increased  slowly f rom 10 to 40% caused a ve ry  
slight increase in amplitude and a slight decrease  in the frequency of the EEG, corresponding to stage 12 
of anesthesia  [5, 10]. The threshold of the desynchronizat ion response remained the same. In stage I 3 - I I  
the amplitude of the waves was appreciably increased;  charac te r i s t i c  burs ts  of spindle-like activity with 
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Fig. i. Effect of inhalation of cyclo- 
propane on the EEG during e lec t r ica l  
st imulation of the re t icu lar  format ion:  
1) background; amplitude of st imulat ion 
3V; 2) stage I3-II of anesthesia,  amp-  
litude of stimulation 3V; 3) stage I3-II 
of anesthesia,  amplitude of st imulation 
4V; 4) stage Illl, amplitude 4V; 5) stage 
IIIt, amplitude 5V; 6) stage III2, amp-  
litude 5V; 7) stage III2, amplitude 6V; 
8) stage III3, amplitude 6V; 9) stage 
III3, amplitude 7V; 10) stage III~, amp-  
litude 8V; 11) 40 min after  end of in- 
halation of cyciopropane,  amplitude of 
st imulation 3V. Arrows  indicate begin- 
ning and end of e lec t r ica l  stimulation; 
cal ibrat ion of amplification 100 ttV; 
time marke r  1 sec.  

a frequency of 8 -10 / sec ,  resembling ,barbi tura te  spindles" 
in charac te r ,  developed periodically.  The threshold of the 
EEG desynehronization response was increased  by 1-1.5 V 
(Fig. 1 : 2  and 3). Deepening of the anesthesia to stage III1, 
as shown by the appearance of a 0 - rhy thm and of single 5- 
waves on the EEG, led to a fur ther  increase in the threshold 
of the desynehronization response (Fig. 1: 4). An increase 
in the s trength of the stimulus caused desynchronizat ion of 
the EEG, but not immediately:  the appearance of a f t - r h y t h m  
was preceded by an initial decrease  in amplitude of the dom- 
inant 0 - rhy thm which was then replaced by an o~-like rhythm 
of low amplitude, af ter  which (provided that the stimulation 
continued at unchanged strength) the typical desynchronization 
appeared (Fig. 1.:5) . The same pattern, although less  marked,  
was also observed in the more  superficial  stages of anes-  
thesia. After  the end of stimulation, its effect did not dis-  
appear  immediately,  but waves charac te r i s t i c  of waking or  
a more superficial  level of anesthesia pers is ted  for  some 
time on the EEG. In stage IIl 2 the EEG was dominated by a 
high-amplitude 5-rhythm with a frequency of 1 -3 / sec .  The 
threshold of desynchronizat ion continued to r i se  (Fig. 1 :6 ) .  
The charac te r  of the gradual  "tailing off" into desynchron-  
ization became even more prolonged (Fig. 1 : 7). In stage 
III 3 the charac te r  of the e lec t r ica l  waves remained the same, 
but their  frequency was reduced; in most  experiments  de-  
synchronizat ion of the EEG did not occur  during e lec t r ica l  
st imulation of RF, but in some cases  a fur ther  increase in 
the voltage of st imulation once again produced the se r ies  of 
changes in the EEG waves toward the pattern of superficial  
anesthesia,  as descr ibed above, somet imes  as far  as a fl- 
rhythm (Fig. 1 : 9-10). As a rule summation of the aler t ing 
effects of re t icu lar  stimulation was observed; in stages III 2- 
III 3 frequently desynchronizat ion did not ar ise  in response 
to the f i rs t  se r ies  of stimuli,  but as they followed one another 
in rapid succession,  a marked shift on the EEG was observed 
toward the pat tern of more superficial  anesthesia,  after  which 
desynchronizat ion appeared in response to the third or fourth 
se r ies  of stimuli (Fig. 1 : 6  and 7). 

In stage I2, the EP in RF in response to threshold s t im-  
ulation were completely suppressed;  in most  exper iments  
the responses  disappeared even when the voltage of the s t im-  
ulating pulses was twice or  three t imes the threshold level. 
In all exper iments  deepening of anesthesia  to stage III 1 led 
to complete disappearance of EP in the RF in response to 
st imulation of the s t rength used (Fig. 2). 

In stages 12 and I3-TI of cyclopropane anesthesia,  no 
consis tent  changes could be found in the amplitude of the TCR; 
an increase ,  a decrease ,  or no change in the amplitudes of 
both TCR waves were observed in different exper iments .  At 
these stages of anesthesia,  the changes in TCR amplitude were 
not s tat is t ical ly significant. Deepening of the anesthesia led 

to more  definite changes in the amplitude of the TCR. At stages I I I2 - I I I  3 there was a stat is t ical ly signif- 
icant decrease  in the amplitude of the negative wave of the TCR; the amplitude of the positive wave increased  
slightly, but this increase  again was not s tat is t ical ly significant (Fig. 3). The resul ts  of s tat is t ical  analysis  
of the data are  given in Table 1. 

906 



Fig. 2 Fig. 3 

Fig. 2. Effect of inhalation of cyclopropane on evoked potentials in mesencephalic reticular forma- 
tion: A) background; B) stage 13 of anesthesia; C) stage Ill i of anesthesia; D) 40 rain after end of 
inhalation of cyclopropane; numbers on left show amplitude of stimulating pulse (in V); calibration 
of amplification i00 ]zV; time marker 20 msec. Positivity downward. 

Fig. 3. Effect of inhalation of cyclopropane on transeallosal responses. Legend as in Fig. 2. 

TABLE i. Effect of Cyclopropane Anesthesia on Ampli- 
tude of Waves of Transcallosal Response* 

S~ength 
ofstim. 
(thresh- 
olds) 

Stage of anesthesia 
i I 

I, I I, --It l III, Ill, 
L l 

I 87,4-+29,0 l 
II 95,3+23,8 
III 97,3+-27,6 

I 79,4.-+20,0[ 
78,3~ 17,5 

I[IH 103,2-+3 ,4 

Positive wave 

t36,5--+49,2 I 116,24-25,3 I 114,5-+21,51 124,4+--39,4 
136,5-----49,2 116,2+-25,3 114,5'+_21,5~ 124,4-+ 39,4 
144,0_+61,5 132,0-+34,6 125,8-+35,3 ] 124,0+-51,5 

Negative wave 

101,84-39,0 [ 94,3-+33,4 64,9-+22,6 55,8-+22,6 
111,2+_36,5 I 72,9__12,3 68,5+-13,8 61,0-+ll 7 
92,9~.17,4 80,5-+ 16,6 77,3-+ 13,5 74,0_+22,9 

*M • m (in percent of results for waking animals). 

The increase in the threshold of the EEG desynchronization response during electrical stimulation 
of RF as the general anesthesia deepened reflects the gradual depression of this structure by cyclopropane. 
Nevertheless, the possibility of evoking desynchronization of the EEG until the end of stage Ill is evidence 
that the ability of the neurons to generate spikes was undisturbed. The absence of depression of RF is also 
shown by the fact that, as described previously [8], spontaneous unit activity persisted even during deep 
cyclopropane anesthesia. The complete blocking of evoked potentials in RF side by side with preservation 
of spontaneous activity during the action of cyclopropane can be attributed to differences in the chemical 
structure and, consequently, in the sensitivity of synaptic endings of the collaterals of the afferent pathways 
and synapses in the RF itself to the action of this general anesthetic. The existence of such differences 
has also been demonstrated during the action of chlorpromazine [6]. Chlorpromazine has been shown to 
block evoked potentials at the entrances to the RF, but not to affect the onset of EEG desynchronizationdur- 
ing direct stimulation of RF. 

The earlier and deeper depression of the evoked potentials by eyclopropane than by chlorpromazine 
[6] or ether [2] can be considered to lead to the development of an afferent block of this structure. As a 
result, some depression of the RF develops, not because of the direct sensitivity of the reticular neurons 
to the action of cyclopropane, but through the development of an "excitation deficit" [4]. This hypothesis 
is in good agreement with the character of onset of desynchronization in stage II-III of general anesthesia. 
As was described above, stimulation of RF at constant intensity evokes slowly developing changes in the 
EEG, attaining the level of marked desynchronization only 1-3 sec after the beginning of stimulation. After 
the end of stimulation the EEG changes take place in the reverse order, and also gradually. This character 
of the changes, unlike desynchronization of the EEG during ether anesthesia, and coinciding exactly in time 
with the period of RF stimulation [2], confirms the view that the RF is exposed to an "excitation deficit" 
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as a r e su l t  of the total  blocking of a f fe ren t  impulses ,  and is not d e p r e s s e d  d i rec t ly  by the cyclopropane.  
Evidence of the integri ty of the e f fec to r  functions of the RF is given by the inc rease  in act ivi ty of the s y m -  
pathet ic  nervous  s y s t e m  during cyclopropane anes thes ia  [15]. 

It  is  more  difficult to i n t e rp re t  the r e su l t s  obtained on invest igat ion of the TCR. The view that the 
posi t ive  wave of the TCR is a s soc i a t ed  with act ivi ty  of p resynapt ic  t e rmina l s  [7] is difficult to accept ,  he -  
cause d i scharges  f r o m  the bodies of the neurons and, even more  f r o m  thei r  axons can hardly play an e s -  
sent ia l  role  in the fo rma t ion  of global e l ec t r i c a l  act ivi ty r eco rded  f r o m  the cor t ica l  surface  [1, 13]. The 
hypothesis  of the par t ic ipa t ion  of di f ferent  populations of neurons in the fo rmat ion  of the posit ive and neg-  
ative waves  of the TCR [9] appea r s  more  convincing. In accordance  with this hypothesis ,  the dec rease  
in ampli tude of this negative wave,  a s soc ia t ed  with act ivi ty of the more  superf ic ia l  neurons,  probably r e -  
f lects  depress ion  of this group of neurons by cyctopropane.  Because of the absence of expe r imen ta l  ev i -  
dence of the d i rec t  f ac i l i t a to ry  e f fec t  of genera l  anes the t ics  during compara t ive ly  deep anes thes ia  in the 
l i t e r a tu re ,  it is evident  that the inc rease  in ampli tude of the posi t ive wave was connected with a dec rease  
in the subsequent  negative wave; since these two waves  undergo a lgebra ic  summat ion ,  in the waking an imal  
the negat ivi ty  a r i s ing  before  the end of the posi t iv i ty  cuts this wave shor t .  I t  can the re fo re  be postulated 
that depress ion  of the negat ive wave during the act ion of cyclopropane "unmasks"  the preceding  posi t ivi ty ,  
inc reas ing  its ampli tude.  I t  can be conc ludedf rom these r e su l t s  that the genera l  anes thes ia  produced by 
cyclopropane is not the r e su l t  of depress ion  of the nonspecific act ivat ing s y s t e m  of the brain  s tem.  Se-  
lect ive depress ion  of pa r t i cu l a r  populations of cor t ica l  neurons in the assoc ia t ion  a r ea  of the cor tex ,  to-  
ge ther  with the m a r k e d  depress ion  of r e s p o n s e s  in the cor t i ca l  p ro jec t ion  zone desc r ibed  in the l i t e ra tu re  
[14] sugges ts  that  a p r i m a r y  dis turbance of cor t i ca l  function may play an impor tan t  role  in the develop- 
ment  of cyclopropane anes thes ia .  
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