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The summation proper t ies  of a rcs  of vasomotor  ref lexes f rom spinal afferent f ibers  of mesen te r ic  
nerves  were compared  in animals with an intact brain  and 8 h after  anemic blocking of the brain .  In spinal 
animals threshold p r e s s o r  ref lexes developed in response  to st imulation at the same frequency (0.25/sec) 
as in animals with an intact bra in .  Reflexes in spinal animals,  which were  reduced on the average to 16 mm 
Hg, reached a maximum at a lower f requency of st imulation than in animals with an intact brain.  Hence, 
spinal vasomotor  neurons are  sti l l  capable of conducting single impulses .  Inhibition, intensified as a resul t  
of separat ion of supraspinal  s t ruc tu res ,  evidently in ter feres  with central  summation.  

Numerous experiments  [1, 5, 7, 9, 10] have shown after  division of the spinal cord a marked  decrease  
in sys temic  vasomotor  ref lexes evoked by impulses in spinal afferent  f ibers  takes place. The possible r e a -  
son for  this is a decrease  in the ability of excitation to spread  along intraspinal  pathways in the absence of 
supraspinal  influences.  

A previous investigation showed that regional  vasomotor  ref lexes in spinal prepara t ions  effected 
through segments  located near  to the level of entry of the afferent f ibers  a re  decreased  to a l e s se r  degree 
than ref lexes effected through more  distant segments  [3]. It may be postulated that this is due to in te r -  
ference  with summation in spinal vasomotor  reflex a r c s .  The object of the presen t  investigation was to 
ver i fy  this hypothesis .  

EXPERIMENTAL METHOD 

Reflex responses  of the a r t e r i a l  p r e s s u r e  to stimulation of the central  end of the mesen te r ic  nerves  
divided immedia te ly  distal ly to the lymph gland by square  pulses  for  30 see were  r eco rded  in cats anes the-  
tized with urethane (20~ solution). The chosen pa rame te r s  (10 V, 1 msec)  are  supramaximal  for  excitation 
of both A-  and C-afferent  f ibers  of mesen te r i c  nerves .  The frequency of the pulses var ied  f rom 0.25 to 
64/sec ,  its value being doubled with each per iod of stimulation. In tervals  between periods of st imulation 
were 2-3 rain. 

The experiments  of se r i e s  I (11 cats) were ca r r i ed  out on animals with an intact brain,  and those of 
se r i e s  II (10 cats) af ter  anemic blocking of the bra in  by a method developed previously  [4]. Stimulation in 
the experiments  of se r i e s  II began 8 h after  blocking of the brain.  Artif icial  respi ra t ion  of the spinal p r e -  
parat ions was controlled so that the CO 2 concentrat ion in the expired air  was about 4%. The CO 2 concent ra -  
tion was measu red  by a type GUKh-1 inst rument .  The body tempera ture  was maintained at 36 ~ The animal 
was immobil ized by intravenous injection of the cu ra r i fo rm agent ditilin (10 mg/kg) .  The a r t e r i a l  p r e s s u r e  
was recorded  in the carot id a r t e ry  by a m e r c u r y  manomete r .  

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

In the experiments  of se r i e s  I (on animals with an intact brain) st imulation of the central  end of the 
divided mesen te r i c  nerve  by impulses at more  than 2 / sec  produced only a reflex increase  in a r te r ia l  p r e s -  
sure  in all the animals without exception. During st imulation at a lower frequency (0.25-2/sec) some cats 
with an intact bra in  developed depressor ,  and others  p r e s s o r  ref lexes .  With an increase  in pulse f requency 
f rom 0.25 to 2 /sec ,  the amplitude of the dep res so r  ref lexes  increased  oll the average  f rom 2 to 10 mm Hg. 
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Fig. 1. Mean amplitude of vasomotor  
ref lexes as a function of f requency of 
st imulation in cats with intact bra in  
(A} and in spinal animals 03). Abscissa ,  
f requency of st imulation (pulses/sec); o r -  
dinate, mean amplitude of vasomotor  r e -  
flexes (in mm Hg). Short ver t ica l  lines 
denote mean e r r o r s  of mean amplitudes 
of ref lexes in 11 (A) and 10 (B) exper i -  
ments .  
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Fig. 2. Distribution of number  of ex-  
per iments  in which vasomotor  ref lexes 
reached a maximum at a g ivenfrequency 
of stimulation. Abscissa ,  frequency of 
st imulation (pulses/sec);  ordinate, num-  
ber  of experiments .  Unshaded columns 
represen t  experiments  on animals with 
intact brain; shaded columns experi- 
ments  on spinal animals.  

According to Khayutin [4], the reflex fall  of a r t e r ia l  
p r e s s u r e  during e lec t r ica l  st imulation of somatic  nerves  
takes place only under conditions of general  anesthesia  or  
decerebrat ion,  when the normal  relat ionships are  d i s -  
turbed between effects evoked by impulses in the dif-  
ferent  groups of afferent f ibers .  The same causes may be 
responsible  for  development of dep res so r  ref lexes in 
response  to st imulation of v i sce ra l  nerves  also. In fact, 
in a s imi lar  se r ies  of experiments  ca r r i ed  out on unanes-  
thetized cats immobil ized with ditilin, st imulation of  the 
mesen te r ic  nerves  evoked only p r e s s o r  ref lexes whatever 
the frequency of stimulation. 

When the curve of reflex amplitude as a function of st imulation frequency was plotted (Fig. 1A), only 
p r e s s o r  ref lexes were considered.  In three experiments ,  threshold p r e s s o r  ref lexes appeared in response  
to stimulation of the mesen te r i c  nerves  at 0 .25/sec .  The mean amplitude of the ref lexes reached a max i -  
mum at a f requency of 1 6 / s e c .  With higher  frequencies the amplitude of the reflexes diminished. 

In the experiments  of se r ies  ]I (on spinal preparat ions)  only p r e s s o r  ref lexes developed in response  to 
stimulation of the centra l  end of the mesen te r i c  nerves  whatever the pulse f requency (Fig. 1B). Comparison 
of curves of mean amplitudes of the ref lexes as a function of st imulation frequency in the two ser ies  of ex-  
per iments  shows that after  blocking of the supras inal  s t ruc tu res  the vasomotor  ref lexes were reduced in 
amplitude. Never theless ,  even in spinal animals a threshold vasomotor  reflex can appear in response  to 
stimulation at 0 .25 /sec .  P r e s s o r  ref lexes were observed with this f requency in 4 of 10 exper iments .  As the 
frequency of st imulation increased,  the amplitude of the ref lexes became higher, to reach  a maximum (mean 
16 mm Hg) in response  to st imulat ion at 4 / s ec .  In two experiments  the maximal  ref lexes were 34 and 37 mm 
Hg~ When st imulating the centra l  end of the splanchnic nerve 30 rain after  division of the spinal cord, 
Langley [11] observed  a maximal  p r e s s o r  reflex of 33 mm Hg. When the frequency of st imulation exceeded 
4 / sec ,  the mean amplitude of the ref lexes diminished. 

In anesthetized animals with an intact brain,  maximal  simultaneous stimulation of A-  and C-fibers  of 
the mesen t r e r i c  nerves  is accompanied by facili tation in the central  link of the a rcs  only ff the frequency of 
stimulation exceeds 2 / sec  [8]~ The development of vasomotor  ref lexes in response  to higher frequencies of 
stimulation is thus determined by summation of excitation in the effector link, which is possible because of 
inert ia of the blood vesse l s .  

These experiments  showed that threshold vasomotor  ref lexes in animals with an intact brain  and in 
spinal animals a r i se  in response  to st imulation at the same frequency:  0 .25/sec.  This means  that after  d is -  
sociation of spinal vasomotor  neurons f rom supraspinal  s t ruc tures  these neurons can still  respond to s t i -  
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mulat ion by single pulses .  Meanwhile, the d ec r ea se  in amplitude of vasomotor  re f lexes  in response  to s t i -  
mulat ion of any f reqeuncy is evidence of a reduct ion in the number  of excited neurons or  in the f requency  of 
the i r  d i scharges .  In other  words,  exci tabi l i ty of a cer ta in  propor t ion  of internuncial  or  preganglionic neu-  
rons  is lowered to such a degree  that af ferent  vol leys become subthreshold for  them. 

In most  exper iments  on spinal animals,  p r e s s o r  re f lexes  r each  a maximum when the f requency of s t i -  
mulat ion was 4 / s ec .  Meanwhile, in animals with an intact  brain,  maximal  re f lexes  developed in response  to 
s t imulat ion at 8 -16 / sec  (Fig~ 2). This r e su l t  agrees  with those obtained by Lebedeva [2], inwhose expe r i -  
ments  maximal  re f lexes  to s t imulat ion of the mesen t e r i c  nerve  in cats anesthet ized with urethane developed 
during s t imulat ion at 10-20 /sec .  

I t  can be postulated that the maximum of the curve for  the spinal animals is displaced because  of 
s t rengthening of inhibition, in ter fer ing  with cent ra l  summation.  The p resence  of inhibition in spinal s y m -  
pathet ic  a rcs  was demons t ra ted  by P e r l  and co-workers  [10]. In their  exper iments ,  single s t imulat ion of the 
splanchnic ne rve  in spinal animals produced as an a f t e r -e f fec t  a lowering of excitabil i ty of preganglionic 
neurons last ing for  200 msec .  Hence it follows that vasomotor  re f lexes  in spinal animals may  reach  thei r  
maximum in response  to st imulation of a f requency of about 5 / s ec .  In fact,  the number  of preganglionic s ym-  
pathet ic  neurons in spinal cats exci ted by st imulat ion of A-f ibers  of somat ic  nerves  is reduced  ff the f r e -  
quency of s t imulat ion exceeds 4 - 1 0 / s e c  [5]. 

Changes in vasomotor  re f lexes  in spinal animals a re  thus probably de termined  by increas ing inhibi- 
tion in spinal a r c s .  Consequently, one of the important  functions of supraspinal  s t ruct twes must  be to de-  
p r e s s  spinal inhibition. 

L I T E R A T U R E  C I T E D  

1o G . A .  Kovaleva, Byullo ]~ksperim. Biol,  i Med., No. 1, 14 (1952). 
2. V. Ao Lebedeva,  Mechanisms of Chemorecept ion [in Russian],  Moscow-Leningrad (1965)o 
3. Ro S. Sonina, Proceed ings  of the 11th Conference of Junior  Resea rch  Workers  of the Insti tute of Nor -  

mal  and Pathological  Physiology,  AMN SSSR [in Russian],  Moscow (1965), p. 69. 
4. V. Mo Khayutin, Vasomotor  Reflexes [in Russian],  Moscow (1964). 
5. Co M. Brooks,  Am. J.  Physiol . ,  106, 251 (1933). 
6. W, S. Beacham and E. R. Pe r l ,  J.  Physiol .  (Lond.), 173_, 431 (1964)o 
7. C . B . B .  Downman and B. A. McSwiney, J.  Physiol .  (London), 105, 80 (1946). 
8. L. Fedina,  A. Ja.  Katunski, Vo M. Khayutin, et al., Acta Physiol .  Acad. Sci. Hung., 2.~9, I57 (1966). 
9. A. Fernandez  de Molina and E. R. Perl~ J. Physiol .  (London), 181, 82 (1965). 

10. D . N .  Franz ,  M. H. Evans, and E. R. P e r l ,  Am. J. Physiol . ,  2 i 1 2 9 2  (1966). 
11. J . N .  Langley,  J. Physiol .  (London), 59, 233 (1924). 

469 


