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Morphine in analgesic doses inhibits the p r e s s o r  responses  evoked by stimulation of the 
per ivent r icular  system,  and this is responsible for its effect on the diencephaIic center  
for integration of v i s ce rom o to r  manifestat ions of the emotional response  to pain. 

Analgesics  block vascu la r  ref lexes ar is ing f rom "nociceptive" afferent f ibers of group C [3]. The 
card iovascular  response  to this st imulation is the autonomic component of the emotional response to pain 
[2]. Integrat ive centers  of the autonomic equivalents of emotions and the zone of overlapping of the "noci-  
ceptive pathways" lie at the meso-diencephal ic  level. Diffuse pathways of conduction of nociceptive sen-  
sation pass  through the central  gray mat te r  of the mesencephalon to the nuclei of the third ventr icle  [11]. 
The wr i t e r s  have shown [5] that manifestat ions of a general ized nocieeptive response  to e lec t rodermal  s t im-  
ulation are identical with manifestations of the emotional response of aggressive-defensive type evoked by 
stimulation of nuclei of the third ventricle. 

The effect of morphine was studied on cardiovascular responses to direct activation of the system 
of periventricular hypothalamic nuclei and, for comparison, of other diencephalie nuclear complexes. The 
object of the investigation was to determine whether morphine has a selective action on the cardiovascular 

responses associated with an en]otional state of the aggressive-defensive type accompanying severe noei- 
eeptive stimulation, or whether the effect of the analgesic is the same on the other cardiovascular responses 

associated with other forms of behavior. 

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

Several unipolar e lect rodes  were  implanted into rabbits,  mainly into the nuclei of the hypothalamic 
per ivent r ieular  sys tem.  In long- t e rm experiments  the pa rame te r s  of stimuli required  to evoke an emotional 
response  of aggress ive-defens ive  type were  determined.  In an acute experiment on unanesthetized animals 
the functional charac te r i s t i c s  [1] of the card iovascular  responses  evoked in the same animals by stimulation 
of the previous pa rame te r s  were recorded.  Other types of behavioral responses  and the accompanying c a r -  
diovascular  manifestat ions to st imulation of dorsal  and lateral  hypothalamic nuclei were recorded  s imi lar ly .  
The position of the active tip of the electrode was determined histologically and identified by re fe rence  to 
the atlas of the rabbi t ' s  diencephalon [6]. Observations were made on 30 animals.  

EXPERIMENTAL RESULTS AND DISCUSSION 

Activation of the nuclear complexes of the hypothalamic periventricular zone,with which the develop- 
ment of an emotional aggressive-defensive response to pain is connected, evoked cardiovascular responses 
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Fig. 1. Amplitude of p r e s s o r  r e -  
sponses  v e r s u s  dose of morphine .  
A) Stimulation of nuclei in wall  of 
third ven t r i c l e  (pe r iven t r i cu la r ,  
dorsomedia l ,  pa raven t r i cu l a r ) ;  
B) s t imulat ion of do r so l a t e r a l  
hypothalamus and subtha lamus .  
Absc i s sa ,  dose of morphine  (in 
mg/kg) ;  ordinate ,  change in a m p -  
litude of p r e sSo r  phase  (in % of 
initial level). U p w a r d -  fac i l i -  
tation, d o w n w a r d -  inhibition. 
Each point is the r e s u l t  of a 
single observa t ion .  

cha r ac t e r i z ed  by a low threshold  and by a rapid  and s teep r i s e  
of the p r e s s o r  phase.  The functional cha rac t e r i s t i c s  and s t r u c -  
tu res  respons ib le  for  these  r e sponses  have been analyzed indeta i l  
by the w r i t e r s  previous ly  [1]. Responses  of this type w e r e  v e r y  
sensi t ive  to the action of morphine.  The re la t ionship  between the 
change in ampli tude of the p r e s s o r  r e sponse  and the dose of m o r -  
phine is shown graphica l ly  in Fig. 1A, ref lect ing aggrega ted  ex-  
pe r imenta l  r e su l t s .  In smal l  doses morphine  caused facil i tat ion,  
while in analges ic  doses it  caused  a sharp ly  increas ing  inhibition 
of the p r e s s o r  response .  

Dynamics  of changes in the r e sponse  produced by increas ing  
doses  of morphine  is i l lus t ra ted  in Fig. 2A. The fac i l i ta tory  ac -  
tion of smal l  doses of morphine on the ampli tude (11) of the p r e s s o r  
r e sponse ,  slight reduct ion in the la tent  per iod,  and,with a gradual  
i nc rease  in the dose,  a subsequent d e c r e a s e  in ampli tude of the 
r e sponse  with no dist inct  changes in the p a r a m e t e r s  of the r i s ing  
slope (t, angle ~) can be seen.  Morphine had a s im i l a r  biphasic  
effect  on the r e s p i r a t o r y  r e sponses  and the changes in musc le  tone 
r ec o rded  in the same  an imals ,  which, l ike the va scu l a r  r e sponses ,  
a r e  somato-au tonomic  co r r e l a t e s  of the nociceptive and a g g r e s s i v e -  
defensive r e sponses .  

The dynamics  of development  of the inhibitory effect  of 
morphine  on the ca rd iovascu la r  r e sponse  of this type and on the 
va r ious  components  of the agg re s s ive -de f ens ive  behaviora l  r e -  
s po nse  obse rved  in the same  an imals  under l o n g - t e r m  e x p e r i m e n -  
tal  conditions with s t imulat ion of the pe r iven t r i cu l a r  nuclei with the 
s ame  p a r a m e t e r s  of s t imulat ion shows that in smal l  doses  (0.05- 
0.1 mg/kg)  morphine modif ied the emotional  and purpos ive  d i r ec -  
tion of behavior  [7]. Defensive movemen t s  r ema ined  intact  o r w e r e  
even inc reased  to some extent ,  cor re la t ing  with the fac t l i ta tory  
act ion of morphine on the p r e s s o r  phase  of the va scu l a r  r e sponse .  
In doses  of 0.3-0.5 mg /kg  morphine  preven ted  the development  

of a genera l i zed  emotional  pain r e s pons e  to e l e c t r o d e r m a l  s t imulat ion,  which was analyzed in a specia l  
s e r i e s  of observa t ions  [5], while in slightly l a r g e r  doses  (0.5-2 mg/kg)  it reduced  the intensity of the motor  
mani fes ta t ions  in r e s p o n s e s  of a g g r e s s i v e - d e f e n s i v e  type, both in l o n g - t e r m  [7] and in acute [8] expe r i -  
ments .  The ampli tude of the p r e s s o r  phase  of the va scu l a r  r e sponse  showed a para l l e l  dec rease .  

In some cases  of m o r e  intensive or  r epea ted  s t imulat ion of the pe r iven t r i cu l a r  nuclei the ca rd io -  
v a s c u l a r  r e sponse  was p r o t r a c t e d  in c h a r a c t e r ,  with a long,drawn-out  falling phase  (Fig. 2B). This c o r -  
responded in behavior  to prolonged a f t e r - exc i t a t ion  of the rabbi t .  Morphine in smal l  doses  considerably  
reduced the durat ion of this p ro t r ac t ed  falling phase  or cut it shor t ,  but caused v i r tua l ly  no change to the 
initial segment  of the p r e s s o r  phase.  

Under s te reo typed  exper imen ta l  conditions the effect  of morphine  also was studied on ca rd iovascu la r  
r e sponses  cor responding  to nonnociceptive,  nonemotional,  mot iva ted  f o r m s  of behavior  (of the searching  
type) or  moto r  r e s p o n s e s  of undirected cha rac t e r .  They occu r r ed  in r e sponse  to s t imulat ion of the dorsa l  
hypothalamus,  the subthalamus,  and l a t e r a l  zones of the r o s t r a l  hypothalamus,  and they dif fered f rom the 
f i r s t  type in the i r  functional c h a r a c t e r i s t i c s  [1]. Responses  of this type were  v e r y  r e s i s t a n t  to the action 
of morphine (graph in Fig. 1B). Only in r e sponse  to total  doses of between 4 and 6 mg /kg  of morphine  was 
the ampli tude of the r e s pons e  reduced by 20-30%. Differences  in the act ion of morphine on dif ferent  types 
of ca rd iovascu l a r  r e s p o n s e s  r e c o r d e d  in the s ame  animal  we re  pa r t i cu la r ly  marked .  A f r agmen t  of one 
such exper imen t  is i l lus t ra ted  in Fig. 3. The r e sponse  a r i s ing  to s t imulat ion of the r o s t r a l  zones of the 
pe r iven t r i cu l a r  nucleus (A) was cons iderably  inhibited by morphine in a dose of 0.3-0.5 mg/kg ,  and para l l e l  
inhibition of the r e s p i r a t o r y  r e sponse  and changes in musc le  tone occur red .  The r e s p o n s e s  a r i s ing  to s t i m -  
Elation of the subthalamus (B) show li t t le change even a f te r  injection of 5 mg /kg  morphine .  The r e s p i r -  
a tory  r e s p o n s e s  and musc le  cont rac t ions  accompanying s t imulat ion of these  zones l ikewise  w e r e  not in-  
hibited. 
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Fig. 2. Changes in parameters of cardiovascular responses evoked 
by stimulation of periventricular nuclei by increasing doses of mor- 
phine. A) Stimulation of periventricular nucleus: I) normal, 2, 3, 4, 
5, and 6) after administration of morphine in doses of 0.01, 0.05, 0.3, 
0.5, and 1 mg/kg respectively; B) stimulation of lateral zones of 
dorsomedial nucleus: i) normal, 2, 3, 4) after administration of 
morphine in doses of 0.05, 0.3, and 0.5 mg/kg respectively. From 
top to bottom: arterial pressure, time marker (2 sec), marker of 
stimulation; h) amplitude of pressor phase (in mm Hg); t) time of 
rising phase of pressor response (in sec); ~) angle of rising phase; 
d) falling phase of response. Diagrams on right show localization of 
electrodes. 

Fig. 3. Different  act ions of morphine  on different  types of c a r d i o v a s -  
cular  r e sponses  in the s ame  animal .  A) Stimulation of r o s t r a l  zones 
of p a r a v e n t r i c u l a r  nucleus: 1) no rmal ,  2, 3, and 4) a f t e r  injection of 
morphine  in doses  of 0.3, 0.5, and 1 m g / k g  respec t ive ly ;  B) s t imulat ion 
of subthalamic  zone: 1) no rmal ,  2, 3, 4, and 5) a f te r  injection of m o r -  
phine in doses  of 0.3, 0.5, 1, and 5 m g / k g  respec t ive ly .  Local iza t ion  
of e l ec t rodes  is shown in d i a g r a m s  on the r ight .  Remainder  of legend 
as in Fig. 2. 
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The fac t  that  c a rd iovascu l a r  re f l exes  to s t imulat ion of nociceptive C- f ibe r s  a re  suppres sed  by m o r -  
phine ff it is injected into the ven t r i c l e s  a lso  [3], when judging f rom the dis tr ibut ion of rad ioac t ive  Ci4- 
labeled morphine  the drug pene t ra tes  only for  1-1.5 m m  into the brain  t i ssue [10], is evidence of the p a r -  
t icipat ion of nuclei of the pe r iven t r i cu l a r  sys t em,  i .e . ,  of those s t ruc tu re s  which in the p r e sen t  expe r i -  
ments  underwent d i r ec t  act ivat ion.  The ease  of suppress ion  of the ca rd iovascu la r  r e sponses  due to d i rec t  
s t imulat ion of the pe r iven t r i cu l a r  sys t em,  suppress ion  of the moto r  and autonomic mani fes ta t ions  of the 
genera l i zed  nociceptive r e sponse ,  and inhibition of r e f l exes  to s t imulat ion of the ~nociceptive" C- f ibe r s ,  
while at the s a m e  t ime  the re  was no dis turbance (even when la rge  doses  were  used) of the ca rd iovascu la r  
r e sponses  a s soc ia t ed  with other  hypothalamic s t ruc tu r e s  and accompanied  by other  types of mot iva ted  (non- 
noeiceptive) behavior ,  a r e  evidence that the act ion of morphine  on these nuclear  complexes  is in fact  m o r e  
selective. 

Impulses from the nuclei of the third ventricle spread along the periventricular system of fibers to 
the central gray matter of the mesencephalon, pons, and medulla. Multiple diffuse connections exist be- 
tween the gray matter and the rectum, and these serve to activate a large number of effector elements re- 
sponsible for the visceromotor and somatomotor manifestations. The efferent systems of the cardiovas- 
cular responses both to stimulation of nuclei of the third ventricle and to stimulation of hypothalamic yen- 
fro- and dorsolateral nuclei are oriented on the same components: preganglionic sympathetic neurons and 
the "pressor zone" of the bulbar vasomotor center. According to observations made in the writers' lab- 
oratory morphine in analgesic doses does not inhibit (or, indeed, it facilitates) pressor responses to direct 
activation of the reticular nuclei forming the "pressor" components of the vasomotor center [4], and does 
not disturb discharges of sympathetic nerves (recordings from the renal nerve)arising in response to di- 
rect activation of the lateral columns of the spinal cord, which carry fibers from the "pressor" zones of 
the vasomotor center [9]. All these facts indicate that morphine does not disturb the bulbar and bulbo- 
spinal centers of cardiovascular reflexes. 

Facilitation of pressor responses by small doses of morphine, during stimulation both of the hypo- 
thalamus and of the bulbar level,is in agreement with observations [9] showing a decrease in the inhibitory 
phase (postactivation depression) of discharges of a sympathetic nerve evoked by activation of the ventral 
columns. These phenomena are evidently of similar nature: weakening of inhibitory effects aimed at the 
descending systems of control of vascular tone. 

It can be assumed that the pharmaeotherapentic effect of morphine, in particular, suppression 
of autonomic and motor manifestations of nociceptive responses, is associated with its effect on the level 
of the periventricular system. 
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