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The effect  of pen tobarb i t a l  and sodium hydroxybutyra te  on the r e sponses  of the sys t ema t i c  
a r t e r i a l  and pe r fus ion  p r e s s u r e s  in the l imb v e s s e l s  and on e l e c t r i c a l  r e sponses  recorded  
in the rena l  nerve  to s t imula t ion  of a f ferent  ne rves  and ac t iva t ion  of r e c e p t o r s  of the c a r -  
otid s inus zone was studied in expe r imen t s  on cats  with an intact  b r a i n .  Observat ions  
showed cons ide rab le  d i f f e rences  between the effects  of the two anes the t i c s ,  with t h e i r  d i f -  
ferent  chemica l  s t r u c t u r e s ,  on the cen t r a l  regula t ion  of v a s c u l a r  tone.  

The effect  of anes the t i c s  d i s tu rb ing  e l e c t r o g e n e s i s  in pos t synapt ic  membranes  [10] on the changes in 
s y s t e m i c  a r t e r i a l  p r e s s u r e  and on its p r e s s e r  r e sponses  to d i r ec t  s t imula t ion  of cen t ra l  s t r u c t u r e s  or  to 
af ferent  s t imula t ion  has  been studied in de ta i l  [2, 3, 8, 13, 14]. However ,  the effects  of anes the t i cs  s i m i l a r  
in s t r u c t u r e  to y - a m i n o b u t y r i c  ac id ,  but with a di f ferent  mechan i sm of act ion [4] on the in tegra t ion  of v a s o -  
m o t o r  r e f l exes ,  have so far  r ece ived  l i t t le  inves t iga t ion  [1]. The effect  of anes the t ics  on inhib i tory  m e c h -  
an i sms  pa r t i c ipa t ing  in the regu la t ion  of v a s c u l a r  tone has  a lso  been inadequately  studied~ 

The object  of this inves t iga t ion  was to compare  the effects  of pen tobarb i ta l  and sodium hydroxybuty-  
ra te  on cen t r a l  s t r u c t u r e s  r e spons ib l e  for mainta in ing the in i t ia l  neurogenic  v a s c u l a r  tone and for the c lo -  
su re  of v a s o m o t o r  r e f l e x e s .  

E X P E R I M E N T A L  METHOD 

Exper imen t s  w e r e  c a r r i e d  out on 55 unanes thet ized (the expe r imen t s  began 2-2.5 h a f te r  the p r e p a r a -  
t o r y  ope ra t ion  p e r f o r m e d  under  e the r  anes thes ia)  and anes thet ized (ch lora lose  40 m g / k g ,  ure thane 400-600 
m g / k g ,  in t ravenously)  ca t s .  The s y s t e m i c  a r t e r i a l  p r e s s u r e ,  the per fus ion  p r e s s u r e  in the v e s s e l s  of the 
f o r e -  and h indl imbs  [6], and the e l e c t r i c a l  ac t iv i ty  in the renal  nerve were  r e c o r d e d .  The cutaneous branch 
of the pe ronea l  nerve and the cen t r a l  end of the divided splanchnic  and vagus nerves  were  s t imula ted  e l e c -  
t r i c a l l y  (0.5-6 V, 0 . 1 - 2 0 / s e c ,  0.2-1 m s e c ,  10-15 sec) while the caro t id  sinus b a r o r e c e p t o r s w e r e s t i m u l a t e d  
by inject ing phys io log ica l  sa l ine  into the reg ion  of the sinus under  a p r e s s u r e  of 200 m m  Hg for 10-15 sec 
a f t e r  l igat ion of a l l  the a r t e r i a l  b r a n c h e s .  During the exper imen t  the an imals  (after  in jec t ion  of muscle  r e -  
laxants) we re  a r t i f i c i a l l y  vent i la ted and hea ted .  Pen tobarb i t a l  (1-40 mg/kg) and sodium hydroxybutyra te  
(50-200 mg/kg) were  injected in t ravenous ly .  

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

In r e sponse  t o  s t imula t ion  of low- threshold  cutaneous af ferent  f ibers  d e p r e s s o r  effects  on the a r t e r i a l  
p r e s s u r e  and inhibi t ion of e l e c t r i c a l  ac t iv i ty  in the sympathe t ic  ne rves  a re  observed only in anes thet ized 
o r  d e c e r e b r a t e  an imals  [7, 9]. Fo r  th is  r e a s o n  the study of the effect  of pen tobarb i t a l  and sodium hydroxy-  
bu ty ra te  on the inh ib i to ry  effects  due to ac t iva t ion  of low- threshold  af ferent  f ibers  of the cutaneous branch 
of the pe ronea l  nerve were  studied in p r e v i o u s l y  anes the t ized  an ima l s .  In these  expe r imen t s  sodium hy-  
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Fig. 1. Effect of pentobarbital on reflex responses  to single (A) and repetit ive (B) 
st imulation of afferent fibers o f  the g rea te r  splanchnic nerve:  1) before injection of 
pentobarbital;  2) after  injection of pentobarbital in a dose of 10 mg/kg;  3) in a dose of 
15 mg/kg;  4) in a dose of 25 mg/kg.  Black dots and line under  records  denote moment 
of stimulation. Frequency of st imulation 5 / s ec ,  duration 15 sec.  Calibration: A) 500 
msec ,  20 ~V; B) 1 sec,  20 pV. 

Fig. 2. Effect of sodium hydroxybutyrate  (200 mg/kg) on responses  of sys temic  a r -  
te r ia l  and perfusion p re s su res  to stimulation of central  end of divided vagus nerve 
(A) and cutaneous branch of peroneal  nerxe (B). h A (From top to bottom) - perfu-  
sion p ressu re  in vessels  of hind limb, of forelimb, sys temic  a r te r ia l  p ressure ;  B - 
perfusion p ressu re  in vesse ls  of hind limb, systemic a r te r ia l  p re s su re ,  m a r k e r  of 
stimulation (15 sec).  II (Aggregated data): ordinate,  magnitude of p r e s s o r  (above 
abscissa)  and dep res so r  (below abscissa) responses  (in % of initial level of sys temic  
a r t e r i a l  or perfusion p ressu re ) .  Columns with horizontal  shading denote responses  
of hind-l imb vesse ls ;  columns with oblique s h a d i n g -  responses  of forelimb vessels ;  
unshaded columns - responses  of sys temic  ar te r ia l  p r e s s u r e .  P r e s s o r - d e p r e s s o r  
responses  of perfusion p ressu re  in vesse ls  of hindlimb to st imulation of cutaneous 
branch of peroneal  nerve shown by columns above and below zero line, ref lect ing 
value of each component of the response .  1) Before injection of sodium hydro• 
rate; 2) after  its injection. 

droxybutyrate did not affect the depresso r  response of the sys temic  a r t e r i a l  and perfusion p re s su res  in 
the limb vesse ls  or  the duration of depress ion  of e lect r ical  activity in the renal nerve.  Pentobarbital  r e -  
duced the degree of lowering of the p res su re  in proport ion to the dose adminis tered.  After  administrat ion 
of 10 mg/kg pentobarbital no dep res so r  responses  occur red .  Under the influence of pentobarbital  the p e r -  
iod of depress ion of spontaneous e lec t r ica l  activity in the renal nerve also was shortened.  

The effect of increas ing doses of pentobarbital on reflex responses  in the renal  nerve to stimulation 
of afferent f ibers composing the splanchnic nerve was studied in unanesthetized animals (Fig. 1). Pento-  
barbital  in a dose of 10-15 mg/kg  definitely prolonged the period of postactivation depress ion  of spontaneous 
e lec t r ica l  activity after single stimulation and also af ter  repetit ive st imulation of the nerve.  The p r e s s o r  
response of the a r te r ia l  p re s su re  was converted into depres so r .  In a large dose (25-40 mg/kg) pentobarbi-  
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tal shortened both the period of postact ivation inhibition of spontaneous e lec t r ica l  activity after a single 
stimulus and also the inhibition of e lec t r ica l  activity af ter  repetit ive stimulation. Meanwhile the dep re s so r  
responses  of the sys temic  a r t e r i a l  p ressu re  were  reduced in magnitude. 

Sodium hydroxybutyrate  increased the p r e s s o r  responses  of the sys temic  a r te r ia l  p re s su re  and the 
p r e s s o r  component of the biphasic ( p r e s s o r - d e p r e s s o r )  responses  of the perfusion p ressu re  in the limb 
vesse ls  to st imulation of high-threshold afferent  fibers of the cutaneous nerve (Fig. 2), whereas  pentobarbi-  
tal in a dose of 10 mg/kg  completely inhibited these responses .  

Sodium hydroxybutyrate  and pentobarbital  also had different effects on the changes in e lec t r ica l  ac -  
t ivity recorded in the renal  nerve in response to repetit ive st imulation of high-threshold afferent f ibers.  
After injection of sodium hydroxybutyrate  (50-100 mg/kg) no change was observed in the amplitude of the 
reflex responses ,  and in some experiments  an improvement  in the synchronizat ion of the reflex responses  
with the frequency of st imulation was observed.  Pentobarbital  always disturbed synchronizat ion between 
the frequency of the stimuli and the appearance of reflex responses ,  and it s imultaneously reduced their 
amplitude. 

Stimulation of afferent fibers composing the cutaneous nerve at 5 -20 /sec  in unanesthetized animals 
always leads to increased e lec t r ica l  activity in the renal nerve with a latent period of 200-400 msec [9]. 
Sodium hydroxybutyrate  (100-200 mg/kg) shortened by 30-40% the latent period of the reflex response.  
Administration of pentobarbital (10-25 mg/kg) under those conditions had the same action as during stimu- 
lation of the afferent fibers in the splanchnie nerve. 

Depressor responses of the systemic arterial and perfusion pressure in the limb vessels evoked by 
stimulation oft he central end of the vagus nerve (Fig. 2) and by activation of the carotid sinus barorecep- 
tors were reduced after administration of sodium hydroxybutyrate. The decrease in magnitude of the de- 
pressor responses was accompanied by shortening of the period of depression of the spontaneous electri- 
cal activity recorded in the renal nerve during activation of the afferent systems of the carotid sinus- 
aortic zone. 

Responses of the systemic and perfusion pressures in the limb vessels evoked by activation of the 
afferent systems of the carotid sinus-aortic zone were more resistant to the action of pentobarbital than 
responses to stimulation of the cutaneous nerve. In a dose of 3-5 mg/kg, pentobarbital reduced the de- 
pressor responses by only 40-50%. After administration of pentobarbital in a dose of i0 mg/kg the am- 
plitude of the depressor responses was significantly (P < 0.05) reduced by 80-85%. 

Definite differences thus exist in the effects of the two anesthetics, with their different chemical 
structures, on the central regulation of vascular tone. Sodium hydroxybutyrate, which can potentiate pre- 
synaptic segmental inhibition [4], increases the amplitude of the pressor responses of the systemic and 
perfusion pressures to activation of cutaneous afferent fibers. A similar action is shown by diazepam [5], 
which also belongs to the group of compounds potentiating presynaptic inhibition [II, 12], another impor- 
tant factor in its action is the inhibition of electrogenesis in postsynaptic membranes [I0]. This mechan- 
ism evidently also lies at the basis of the depriming action of nembutal on vascular responses and changes 
in electrical activity of the renal nerve, since urethane [3, 9], an anesthetic which inhibits presynaptic in- 
hibition [11], has a similar action. 
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