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Specific antagonists of opioid peptides, administered systemically, have been shown to improve the state 
of animals with endotoxic [i0] and hypovolemic [9] shock and with shock due to painful electrical stimulation [2]. 
In burn shock the opioid peptide levels in the blood plasma and brain structures are raised [6]. These facts 
suggest that the endogenous opioid system participates in the genesis of these shock states. It is also known 
that an important role in the regulation of the cardiovascular response to nociceptive stimulation is played by 
the region of the periventricular nuclei of the hypothalamus [i], which contains a high concentration of endor- 
phins and enkephalins [8]. Destruction of the hypothalamic dorsomedial nuclei leads to an improvement in the 
state of animals with shock due to painful electrical stimulation [3]. It has accordingly been suggested that an 
important role in the genesis of pain-induced shock is played by the hypothalamic opioid system. 

The object of this investigation was to study the role of the endogenous opioid system of the hypothalamus 
and the central gray matter of the mesencephalon, which are the principal structures of the antinociceptive 
opioid system [4], in the genesis of shock induced by painful electrical stimulation. For this purpose the effect 
of injection of nalorphine into the hypothalamus and central gray matter of the meseneephalon on changes in 
blood pressure, as the principal parameter of the state of shock [5], and in the sensomotor cortical evoked 
potential (EP) in response  to nociceptive e lectr ical  stimulation, giving r ise to shock in rabbits,  was studied. 

EXPERIMENTAL MATHOD 

The mean blood pressure (BP) was recorded in 22 waking rabbits by the direct method in the femoral 
artery. Sensomotor corticalEPs in response to noeieeptive electrodermal stimulation (EDS) of the eontralateral 
hind limb were recorded by a monopolar method and analyzed on the NTA-1024 amplitude-phase analyzer (Orion) 
for i0 realizations. Parameters of EDS were a single square pulse with duration 1 msec and strength 3-10 mA. 

For the intracerebral injections, 3-5 days before the beginning of the experiment, guide cannulas were 

implanted in the cranial bones in accordance with coordinates [ii], in the region of thehypothalamieperiventri c- 
ular nuclei and central gray matter of the meseneephalon. Nalorphine (5 pg) was injected in a dose of i ~l 
bilaterally by means of a mierosyringe in the course of 90 sec. Animals of the control group received the 
same volume of physiological saline. The region of injection of the drugs was subsequently verified histologi- 
cally. Shock due to nociceptive electrical stimulation (NES) was produced by the method described previously 
[2, 3]. 

EXPERIMENTAL RESULTS 

As the experiments  of Golanov et al. [2, 3] showed, in this model of NES a definite t ime course  of changes 
is observed in the autonomic pa rame te r s  of the rabbits: ECG, respira t ion rate,  BP, recta l  t empera ture ,  corneal  
reflex - charac te r i s t i c  of the development of the shock process  [5], and for that reason in the present  exper i -  
ments only the dynamics of changes in BP and EP were investigated. 
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Fig.  1. Changes  in BP and s ensomoto r  cor t ica l  EP of rabbi t  in r e sponse  to EDS af te r  in t rahypotha lam-  
ic injection of nalorphine against  the background of development  of  shock. Top t r a c e  - EP,  bot tom 
t r ace  - BP (in m m  Hg). Absc i s sa ,  t ime (in rain). 

Fig. 2. Changes in BP in rabb i t s  a f te r  i n t r a c e r e b r a l  injection of nalorphine against  the background of 
shock development .  A) Injection of nalorphine:  1) into hypothalamus,  2) into cent ra l  g ray  ma t t e r  of 
mesencephalon;  3) injection of physiological  sal ine into hypothalamus.  * P < 0.05 re la t ive  to o t h e r  
groups .  A r r o w - s h o c k - i n d u c i n g  procedure .  Double a r r o w  indicates  injection of nalorphine.  Absc i ssa ,  
t ime  (in min); ordinate,  BP (in % of initial level) .  B) Regions of injection of nalorphine (shaded): 1) 
hypothalamic p a r a v e n t r i c u l a r  nucleus; 2) fornix;  3) hypothalamic dorsomedia l  nucleus;  4 ) c e n t r a l  g ray  
ma t t e r  of mesencephalon .  

The initial mean BP of the exper imen ta l  rabbi t s  was 103 • 14.1 m m  Hg. Sensomctor  cor t ica l  E P s  in 
r e sponse  to nocicept ive EDS were  cha rac t e r i zed  by a p r i m a r y  r e sponse  with latent  period of 10-12 msee  and 
an ampli tude of 22 • 7.0 ~V, and a secondary  posi t ive wave with latent period of 20-40 msec  and amplitude 85.5 + 
15.0 pV. Per iod ic  e l ec t r i ca l  s t imulat ion of the sciat ic  ne rve  in the control  s e r i e s  of expe r imen t s  in five intact 
rabbi t s  caused init ial ly a t r a n s i e n t  r i s e  of BP, on ave rage  by 35.3% of the initial level  (Fig. 1 ) .  The amplitude 
of the secondary  pos i t ive  component  of EP in this  case  fell  to 34 �9 6 ~V. The dynamics  of subsequent changes 
in the  BP level  in different  an imals  showed individual d i f fe rences ,  but in all an imals  as a rule a marked  hypo- 
t ens ive  reac t ion  was observed  toward 60-90 rain a f te r  the beginning of s t imulat ion and B P  fell by 51.9-63% of  
the initial level  (Fig. 1). By th is  t i m e  no EP was r eco rded  in 100% of c a se s .  The gene ra l  s tate of the an ima l s  
under  these  c i r c u m s t a n c e s  was cha r ac t e r i z ed  by depress ion  O f genera l  musc le  tone, absence of a vocal  r e sponse  
and absence  of re f lex  withdrawal of the l imb in r e sponse  to EDS. In 80% of cases  the an imals  died in the course  
of 2.5 h a f t e r  exposure  to the shock-inducing s t imulus .  

In the next s e r i e s  of exper iments ,  against  the background of a developed ihypotensive react ion,  at the  90th 
minute a f te r  applicat ion of the shock-inducing s t imulus ,  nalorphine was injected into the region of the hyp01halam- 
ic p e r i v e n t r i c u l a r  nuclei .  In five an imals  immedia te ly  af ter  injection of the drug BP rose  and the amplitude 
of EP inc reased  (Fig. 2). Ten minutes  a f te r  injection of nalorphine BP was 40.3~0 higher than the level before  
injection of the drug, by cont ras t  (P < 0.05) with BP in an imals  of the control  group (Fig. 1). The amp!itude of 
the secondary  posi t ive  component  of EP as a rule  inc reased  to i ts  initial  background level  during the  f i r s t  5 rain 
a f t e r  injection of nalorphine,  to r each  a m ax i mum (106 * 10 ~V) af ter  10-15 min (Fig. 2). During the next 3 h of 
observa t ion  the ampli tude of EP remained  v is ib ly  unchanged, but BP fell  and remained  during this  period a t  the 
level  of 72.9 • 5.5 m m  Hg. In two an imals  of th is  group, by the t ime  of injection of the drug, 90 rain a f te r  ap- 
pl icat ion of EDS, BP had fallen to 37.5 • 1.5 m m  Hg. Na!orphine,  injected into these  animals ,  caused no change 
in BP and did not r e s t o r e  EP.  Both an imals  died, with a p r o g r e s s i v e  fall  of BP, during 15 min a f t e r  the m i c r o -  
injection. 

Against  the background of developed hypotension five an imals  were  given an injection of physiological  
sal ine into the pe r iven t r i eu l a r  region of the  hypothalamus.  No significant d i f fe rences  were  found in the t ime  
course  of BP and EP compared  with an imals  with NES untreated with any drugs  (Fig. 1). All  an imals  of this  
group died within 65 �9 10 rain a f t e r  injection.  
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Finally, in the last series of experiments, against the background of a developed hypotensive reaction, 
five animals were given an injection of nalorphine into the central gray matter of the meseneephMon. In the 
first 5-10 min after microinjection BP rose by 15.2% relative to the level preceding injection of the drug (Fig. 
2). However, this effect was o~ short duration, and by the 12th-18th minute after injection of nalorphine, BP 
had already begun to fall, and this progressed rapidly. All animals of this group died in the course of 40 • 10.5 
rain after mieroinjection. 

Nalorphine, injected into the central gray matter of the mesencephalon~ thus did not cause any lasting rise 
of BP in the torpid hypotensive phase of NES. Meanwhile microinjections of nalorphine into the region of the 
periventricular hypothalamie nuclei, one of the main levels of integration of somatic and autonomic responses 
to pain [I], caused BP to riseand completely restored the sensomotor cortical EP. This positive effect of 
intrahypothalamic injection of the antagonist of the narcotic analgesics evidently depends on the animal's state 
when ~he drugwas injected. In the present experiments nalorphine, injected into animals with BP lowered to 
36% of its initial level, was ineffective. 

Since the hypothalamus possesses many opiate receptors [7] and has a high concentration of their endoge- 
nous ligands [8], the results of the present experiments can be attributed to effects produced on the opioid sys- 
tem of the hypothalamus. This suggests that the endogenous opioid system of the hypothalamus plays a definite 
role in the genesis of hypotension and depression of the sensomotor cortical EP in shock induced by nocieeptive 
electrodermal stimulation. 
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