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A state of s t r e ss  induced in cats by e lec t r ica l  stimulation of the hypothalamus was shown to r e -  
duce the total duration of sleep at the expense of its paradoxical phase. Haloperidol (1, 2, or 
3 mg/kg), diazepam (0.5 or 1 mg/kg), n i t razepam (1 or 6 mg/kg), Noxyron (glutethimide) 
(10, 30, and 60 mg/kg), and pentobarbital (5, 15, and 30 mg/kg) did not r es to re  the s t ructure  of 
sleep when disturbed by s t ress ,  and lithium hydroxybutyrate (100 and 150 mg/kg), dimedrol  
(diphenhydramine) (1, 5, and 6 mg/kg), and imipramine (1, 3, and 6 mg/kg) increased the total 
duration of sleep on account of the slow-wave phase. Sodium hydroxybutyrate (100 mg/kg) 
res to red  the normal  electrophysiological  pattern of sleep, reduced the latent period, and in- 
c reased  the total duration and number of episodes of the paradoxical phase, and also reduced 
the number of awakenings. 
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According to repor t s  in the l i terature,  res tora t ive  p rocesses  corresponding to the consumption of the 
organism during waking take place during the slow-wave (SWS) and paradoxical phase (PPS) of sleep [6]. Since 
these phases of normal  sleep are  charac te r ized  by definite quantitative relations,  which are disturbed by s t ress  
[2, 10], it must  be assumed that pharmacological  cor rec t ion  of these relat ions would be an important  factor in 
ensuring the optimal course of res tora t ive  p rocesses  corresponding to the individual phases of sleep. 

In this investigation the action of neurotropic drugs of different c lasses  was studied on the e lect rophysio-  
logical s t ructure  of sleep, disturbed by hypothalamic stimulation, in order  to seek drugs capable of abolishing 
the sequelae of s t ress .  

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

Experiments  were car r ied  out on 12 cats weighing 3.5-5 kg. To record  the animal ' s  sleep, electrodes 
were inserted under halothane anesthesia into the cortex, hippocampus, the region of the dorsal  rec tus  muscle 
of the eye, and the dorsal  group of cervical  rnuscles. Stimulating electrodes  were inserted into the hypothala- 
mus at A 13.0, L 1.5, H - 2 . 3  [11]. Not ear l ie r  than 2 weeks after the operation, the control sleep (between 12 
and 15 h) of the cat was recorded consecutively for 7 days. The effect of drugs on the phases of ordinary sleep 
and the phases of sleep after s t ress  was then studied. The drugs for testing were injected intraperi toneally 
30 rain before the electrophysiological  recording began. The state of s t ress  was induced in the cats by means 
of a ser ies  of e lect r ic  stimulations of the hypothalamus by square pulses with a frequency of 100 Hz and dura-  
tion 1 msec for periods of 20 see with intervals of 3 min. The maximal strength of the current  did not exceed 
3.5 V. Before the experiment began the minimal voltage causing the cat to hiss was determined,  and this 
voltage was then increased by 0.5-1 V, to produce repeated hissing, s t rong  piloerection, dilatation of the pupii, 
salivation, and extension of the spine, and at the level of response obtained, a session of 25 stimulations was 
given. The animals were then t r ans fe r red  to the chambers  for sleep, and after adaptation of the cats to the 
chambers  for 30 rain, continuous recording  for 3 h began. 
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TABLE 1. 
and af te r  E l e c t r i c a l  St imulat ion of Hypotha lamus  

Effect of Neurotropic Drugs on Phases of Sleep under Ordinary Conditions 

Dose, mg/  
Drug kg 

Control .] 

Haloperidol I t 
2 
3 

l 0,5 t 

6 

Ordinary sleep 
itotal dura- - - - - - -  
tion of PPS, rain SWS, rnin 
ste.ep, rain 

128 

m! 
74 
81" 

84,5... 
59,41 

15 3 T 
16',2~ 

Diazepam 

Ni~azepam 

41 87 

14,4 
9,3~ , 725 

10,51 i 687 8,9" 50 T 

I 14.9  
0,5 15,7" 

. 1295~ 
0 5 * 1285 

15,7~ 853 1~ 9T 
110~ 

7,8~ ] 9O $ 
0,65 132,4 $ 

13,4" 82~ 
1~* 71T . 

I04,5 $ 

35,4' 122" 
28,8~ 13l 

40,5 84 
36,8 90 

Sleep aker stress 
total dura- 
tion of PPS, rain 
sleep, min 

1045 16,75 

68 3,3 
9O 15 
94 8 
56, 
43? 

104 7,8 $ 
91 05 

138 05 

II0 11 $ 
79 1,2 
46,8 0~ 

137"131'3" 1~,~ 

90 108, 
83 05 

111 05 

126" 22.2 
133" 20,8 

1405 37,4T 
t445 10,1" 

) SWS, rain 

87,2 

63 
75 
86 

5o~ 
40 T 

17,2' 
95 

l t 160 6,2 5 
[mipramine 3 129 915 

6 128 1385 

I t0 10t 99 
Noxyron 30 130 77,8 

60 110 46,85 

Dimedrol ] 1,5 98 115" 

r 6 133 1375 

5 95,4~ 79 
83 )entobarbital 15 84,5~ 

30 104,5: IlF$ 

Athiumhydroxy- 11)0 157~ 104" 
butyrate 160 160 T 112" 

Sodium hydroxy- I00 124 I03~ 
butyrate 150 127 134" 

*P < 0.05 c o m p a r e d  with c o r r e s p o n d i n g  control .  
t p  < 0.01 c o m p a r e d  with c o r r e s p o n d i n g  cont ro l .  
SP < 0.001 c o m p a r e d  with c o r r e s p o n d i n g  cont ro l .  

F r o m  the e l ec t rophys io log i ca l  r e c o r d  the total dura t ion  of s leep  and the dura t ion  of SWS and PPS  in rain 
were  de te rmined .  The r e s u l t s  were  subjec ted  to s t a t i s t i ca l  ana lys i s  [ 3]. 

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

The e x p e r i m e n t s  showed (Table I) that  im ip ramine ,  Noxyron,  d imedro l ,  and sodium hydroxybu ty ra t e  had 
no s igni f icant  e f fec t  on the total  dura t ion  of s l eep  under  o r d i n a r y  condit ions.  Sleep was lengthened by l i thium 
hydroxybu ty ra t e  but  was  sho r t ened  by ha loper idol ,  d iazepam,  a i t r a z e p a m ,  and pentobarbi ta l .  SWS was i n c r e a s e d  
by im ip ramine ,  Noxyroa ,  d imedro l ,  pen tobarb i ta l  (30 mg/kg) ,  and l i thium hydroxybu ty ra t e ,  but r educed  by ha lo-  
per idol ,  d iazepam,  n i t r a z e pa m ,  and pentobarb i ta l  (5 and 15 mg/kg) .  Sodium hydroxybu ty ra t e  had no marked  
ef fec t  on the dura t ion  of  SWS. All the d r u g s  l is ted above, with the except ion  of sodium hydroxybutyra te ,  r e -  
duced PPS.  

S t r e s s  developing in ca t s  as  the r e s u l t  of hypotha lamic  s t imula t ion  led to a d e c r e a s e  in the total  dura t ion  
of s l eep  on account  of PPS;  the dura t ion  of SWS was not s igni f icant ly  a l te red .  

Haloper idol ,  i m i p ra m i a e ,  Noxyron,  and pen tobarb i ta l  had no m a r k e d  effect  on the total  dura t ion  of s leep  
when r educed  by s t r e s s ;  d imedro l ,  l i th ium hydroxybutyra te ,  and sod ium hydroxybu ty ra t e  i n c r e a s e d  it, but 
d i azepam and n i t r a z e p a m  reduced  it. Af te r  admin i s t r a t i on  of  haloper idot ,  d iazepam,  and l i thium hydroxybu ty -  
r a t e  the d i s t u r b a n c e s  of  PPS  caused  by s t r e s s  were  not s igni f icant ly  a l te red .  N i t r azepam,  im ip ramine ,  Noxy-  
ron,  and d i m e d r o l  intensif ied the d i s t u rba nc e s  ment ioned above,  and only sod ium hydroxybu ty ra t e  (100 mg/kg)  
i n c r e a s e d  the dura t ion  of PPS. 
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Fig. 1. Effect of sodium hydroxybutyrate on s t ructure  of ordinary sleep and of sleep disturbed by 
s t r e s s :  1) control sleep; 2) sleep after s t r e s s ;  3) sleep after sodium hydroxybutyrate (100 mg/kg).  
A) Effect of sodium hydroxybutyrate on s t ruc ture  of ordinary  sleep; B) effect of sodium hydroxy-  
butyrate on dis turbances  of s t ruc ture  of sleep caused by s t ress ,  tslee p) Total duration of sleep 

(in min) during 3 h of continuous recording;  t p p  S) total duration of paradoxical  sleep; N) number 
of episodes of paradoxical sleep; tSW S) total duration of slow wave sleep; AW) mean duration of 
sleep without awakenings (total duration of s leep/number  of awakenings); /SWS) total duration of 
slow wave sleep before f i rs t  episode of paradoxical;  /PPS) duration of f i rs t  episodes of pa ra -  
doxical sleep; l 0) time of appearance of f i rs t  episode of paradoxical sleep after beginning of r e -  
cording. 

Imipramine,  dimedrol,  and lithium hydroxybutyrate can thus in all probability exer t  a positive action on 
sleep when disturbed by s t ress ,  for they lengthened it and, as these experiments  showed, they reduce the num- 
ber of awakenings. However, the increase  in the duration of sleep observed after administrat ion of these drugs 
takes place on account of SWS, and the disturbed equilibrium between the phases of sleep is not res tored.  Sod- 
ium hydroxybutyrate not only r e s to re s  the quantitative rat io between the phases of sleep, but also improves  
many other indices of sleep (Fig. 1). It was shown previously that sodium hydroxybutyrate also increases  PPS 
in dis turbances of sleep caused by s t r e s s  developing after introduction of a differential stimulus into the 
process  of per formance  of a conditioned defensive reflex established previously [ 1]. The effect of sodium 
hydroxybutyrate on dis turbances of PPS can tentatively be explained by the ability of the drug to increase the 
brain concentration of dopamine, the p recu r so r  of noradrenal in [7J, for PPS in all probabili ty is maintained 
chiefly by noradrenergic  mechanisms [8]. This hypothesis is also based on information in the l i terature that 
the decrease  in PPS after e lect r ical  stimulation of the hypothalamus [ 10] is evidently connected with a decrease  
in the noradrenalin level in the CNS under these conditions [5]. 

Sodium hydroxybutyrate thus may perhaps activate the noradrenergtc  mechanisms of the brain connected 
with the maintenance of PPS, by res to r ing  the r e se rves  of noradrenalin when exhausted by s t ress .  Meanwhile, 
as Fig. 1B shows, sodium hydroxybutyrate not only increases  PPS but also increases  SWS and the mean dura -  
tion of sleep without awakenings, possible evidence of the development of inhibitory p rocesses  in the brain sys -  
tems maintaining wakefulness and activated by s t ress .  This inhibition is probably connected with an increase 
in the brain level of the neuromediator  of inhibition, namely GABA [ 9}, for the possibil i ty of conversion of 
sodium hydroxybutyrate into that amino acid cannot be ruled out [4]. 
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E F F E C T  OF G E N E R A L  A N E S T H E T I C S  ON 

S U R F A C E  A C T I V I T Y  O F  T H E  L U N G  

A L V E O L A R  S U R F A C T A N T  

O~ V. P e t r o v  a n d  S~ K.  L y u b a r s k i i  UDC 615.212.7.015.4:612.212.014.1.014.462.8 

The sur face  p rope r t i e s  of  the lung sur fac tan t  were  studied with a modified Wi lhe lmy ' s  appa-  
ra tus  af ter  genera l  anes thes ia .  Halothane and, to a l e s s e r  degree ,  pentobarbi ta l ,  were  shown to 
inhibit the sur face  act ivi ty  of the surfactant .  This  phenomenon was obse rved  only af ter  p ro -  
longed (4-6 h) genera l  anes thes ia .  

KEY WORDS: sur face  act ivi ty of the tung surfactant ;  gene ra l  anesthet ics .  

After long operat ions  under genera l  anes thes ia  pulmonary complicat ions often a r i se .  In par t icu lar ,  the 
e las t ic i ty  of the lung d iminishes  and a t e l e c t a s i s  is obse rved  [ 1, 3, 4, 7, 8]. These  pulmonary  d i s o r d e r s  have 
been shown to be la rge ly  due to d is turbance of the s ta te  of the sur fac tants  which fo rm the inner lining of the 
a lveolar  sur face  [ !0] :  It has there fore  natura l ly  been suggested that under  the influence of genera l  anes the t ics  
the p rope r t i e s  of the sur fac tan t  a re  inhibited. It mus t  be r e m e m b e r e d  that the possible  mechan i sms  of d i s -  
turbance of the su r face  act ivi ty  of sur fac tan ts  may be connected e i ther  with a d i r ec t  d is turbance of the su r f ac -  
rant act iv i ty  by genera l  anes thet ics  and with the "elution" of the sur fac tan t  f rom the alveoli  as a r e su l t  of un-  
suitable conditions of a r t i f ic ia l  ventilation of the lungs [ 13]. 

In this investigation the effect  of genera l  anes the t ics  on the sur face  act ivi ty of the surfac tant  was studied 
in r a t s  breathing spontaneously.  

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

Exper imen t s  were  c a r r i e d  out on noninbred ra t s  weighing 130-180 g. The animals  were  kept in an a i r -  
tight chamber  into which halothane was supplied in the propor t ion of 1-2 vol.  ~ in a cu r ren t  of oxygen through 
a F toro tek  vapor ize r .  The halothane concentrat ion at the outlet  of the vapor i ze r  was chosen so that the response  
of the r a t s  to nociceptive s t imulat ion (pricking with an injection needle) was suppressed .  After haiothane anes -  
thes ia  for 2-6 h the hear t - lung  prepara t ion  of the r a t s  was removed.  A solution of su r fac tan t  was obtained by 
t rachea l  i r r igat ion.  Fo r  this purpose,  7-10 ml of physiological  saline was injected f rom a syr inge through the 
t r achea  into the lungs. After  the lung had been filled, the washings were  asp i ra ted  and the procedure  repea ted  
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