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Neurons participating in vasomotor regulation have a metameric organization at the bulbar 
level. Stimulation of these neurons, depending on the parameters used, more effectively 
activates preganglionic sympathetic neurons of segments concerned with the innervation of 
blood vessels of the small intestine in some cases, and those connected with the limb 
vessels in others. The local character of vasomotor regulation is determined by mor- 
phological structural features of the vasomotor center. 

Experimental results obtained by studies of the bulbar vasomotor center (BVC) suggest a local organi- 
zation of this center in which certain zones are responsible for changes in vascular tone principally in a par- 
ticular region of the vascular system [8, 9, 15]. Some observations along these lines have been published 
previously [2, 6, 10, 13, 16]. 

The object of the present investigation was to make a more detailed experimental analysis of the local 
(metameric) organization of the bulbar BVC. 

Q~ 

Fig. i. Regional character ef vascular response 
to stimulation of individual structures of the bulbar 
BVC. a) Ventral reticular nucleus; b) giganto- 
cellular reticular nucleus; c) nucleus of tractus 
solitarius. From top to bottom: resistograms of 
vessels of hind limb and small intestine, arterial 
pressure, marker of stimulation (i0 sec). 

EXPERIMENTAL 

Experiments were carried out on 80 unanesthe- 
tized cats immobilized with diplacin. The preparatory 
operation was performed under ether anesthesia~ 

Changes in perfusion pressure of blood vessels of the 
hind limb and small intestine were recorded resisto- 
graphically [Ii]o 

Insulated microelectrodes 30-50 p in diameter 
were used for local unipolar stimulation of structures 
of the rhombencephalon. In most experiments the 
parameters of stimulation were identical (60/sec, 1 
msec, 2V). In some experiments the amplitude or 
frequency of stimulation was varied. In each case the 
location of stimulation was determined histologically 
and identified from an atlas of the cat medulla [3]. 
The method was described in detail previously [4, 5]. 
Changes in resistance of the vessels (AR) relative to 
the reserve of resistance and the coefficient of utili- 
zation of potential vasoconstrictor ability (K) were 
calculated from experimental data given in Khayutin's 
monograph [12]. 
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Fig. 2. Potentiat ion of reg iona l  p r e s s o r  responses during a gradual  
i nc r ea se  in intensi ty  (a, b) or  a change in f requency (c) of s t imu la -  
tion. F r o m  top to bottom: r e s i s t o g r a m s  of v e s s e l s  of hind l imband 
sma l l  intestine,  a r t e r i a l  p r e s s u r e ,  m a r k e r  of  s t imulat ion (10 sec),  
t ime m a r k e r  (5 sec)o Numbers  above m a r k e r  of s t imulat ion give its 
in tensi ty  (a, b) and f requency (c). 
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Fig. 3. Topographic distribution of zones of predominant changes 
in vascular tone of the hind limb or small intestine on the plane of 
the floor of the fourth ventricle (A) and in a sagittal section through 
the rhombencephalon (B). Black triangles denote changes predom- 
inantly in vessels of hind limb; clear circles-changes mainlyin 
vessels of small intestine; clear squares -an identical change in 
vascular tone of both regions; X indicates absence of regional 
changes ("zero" points). Lines 1-15 on the diagrams correspond 
to sections through the cat rhombencephalon in Gantyn's atlas [2]. 
Rop.C.) caudal reticular pontine nucleus; Rgc) reticular giganto- 
cellular nucleus; Rv)reticular ventral nucleus; R. pC) reticular par- 
vocellular nucleus; Nvp) reticular paramedian nucleus; Vestib) 
vestibular nuclei: VS superior, VL lateral, Vm medial, Vd des- 
cending; N.f.s.) nucleus of tractus solitarius; NdmX) motor nucleus 
of vagus nerve; A) nucleus ambiguus; F.L.p) posterior longitudinal 
bundle; OL. i) inferior olive; Dors., dorsal part; Cent., central 
part; Vent., ventral part of rhombencephalon. 
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E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The increase  in r e s i s t ance  of the hind-limb vesse ls  during stimulation of the ventral  re t icu la r  nucleus 
was considerable  (AR = 133, K = 20), but the vascular  tone of the small intestine was Unchanged (Fig. 
la)o Opposite effects are  shown in Fig. lb. During st imulation of the gigantocellular  re t icu la r  nucleus, a 
marked p r e s s o r  response  of the intestinal vesse ls  occur red  (s = 140, K = 33) with no change in vascular  
tone in the hind limb. In a se r ies  of observations when 60 points of the bulbar re t icu la r  formation were s t i -  
mulated, regional  r e sponses  of this type occur red  in one of the recorded vascular  zones, with no change in 
the other  zone, in 15 cases .  

Under the conditions of local unipolar st imulation used in the experiments  the zone of active s t imula-  
tion (for above-threshold s t imuli  of 0~ V) did not spread beyond 250 ~ o In repeated control  experiments,  
d isplacement  of the e lec t rode by 200-500 ~ led to definite changes in the charac te r  of the response,  and 
somet imes  to its distortion. In the zone of the medial  re t icu la r  nuclei (gigantocellular, ventral ,  etc.), where 
p r e s s o r  points of the BVC are  principally located [5, 15], large and giant-cel l  neurons with axons forming 
the re t iculospinal  t r ac t  a re  grouped together in smal l  c lus ters  of 2-4 cells [7, 20]. The powerful in ter -  
weaving dendrites of these cells fo rm an extensive honeycomb inside which are  situated smal l  cells with 
p rocesses  ramifying between the dendri tes.  The large number of synapses per  unit surface a rea  of these 
neurons,  the presence  of long axons, and the resemblance  to motoneurons of the spinal cord suggest  that 
these c lus ters  of large re t i cu la r  neurons are functional units for effeetor processes .  They are  specific 
col lectors  on the path to preganglionic sympathet ic  neurons at the segmental  level. 

During st imulat ion of the t ractus  sol i tar ius  and central  descending t rac ts  (the pos te r ior  longitudinal 
bundle, etc.) changes in vascu la r  tone in opposite direct ions may be obtained simultaneously (in 21 cases):  
a decrease  in res i s t ance  of the hind limb vesse ls  and an increase  in res i s t ance  of the intestinal vesse ls  
(Fig~ lc) or  vice versa .  

With s t ronger  s t imulat ion of p r e s s o r  points of the bulbar BVC, the regional  charac te r  of the vascular  
response  was lost. A p r e s s o r  response  also developed in the other vascular  zone. As a rule,  the response 
remained more  marked in the zone with the lower threshold of the p r e s so r  response  (Fig. 2a, b). A change 
in the frequency of st imulat ion could give r i se  to more  marked constr ict ion of vesse ls  also in the zone where 
the response  appeared later  (Fig. 2C)o 

General izat ion of the vascular  response  with an increase  in the intensity of st imulation was due, on 
the one hand, to involvement of many neuron groups at the bulbar level, possibly connected with par t icular  
spinal segments;  on the other  hand, it may  be due to a higher degree of activation of the propr iospinal  sys -  
tem of the spinal cord, connecting preganglionie sympathet ic  neurons in different  segments  [17]. 

The relat ive values of the increase  in res i s tance  of  the vesse ls  of the hind limb and small  intestine 
in response  to st imulation of p r e s s o r  zones of the BVC are  shown in Table 1. F rom the resul ts  of exper i -  
ments  on 30 eats in which 60 points of the medulla were stimulated, responses  (26 cases) when the res is tance  
increased more  either in blood vesse ls  of the limb (group 1) or  in vesse ls  of the smal l  iniestine (group 2) 
with a constant intensity of s t imulat ion (2 V) were  selected and grouped together. 

It follows f rom Table 1 that vesse ls  of the hind limb utilize their r e s e rve  of potential vasocons t r ic to r  
ability (K) to a lesser  degree  than vesse l s  of the smal l  intestine, even in cases  when their response  is p re -  
dominant. 

In the absence of suprasegmenta l  activation, preganglionic sympathet ic  neurons of the spinal cord 
generate  d ischarges  at  a frequency of 1 -9 / s ee  [14]. In the presence  of st imulation of suprasegmenta l  s t ruc -  
tures ,  the firing ra te  of sympathet ic  neurons recorded  in the splanchnic nerve is increased [18, 19]o As 
Khayutin [12] showed, the s ta t i s t ica l  charac te r i s t i c s  of blood vesse ls  of the skeletal muscles  and v i sce ra  
a re  essent ia l ly  indistinguishable for frequencies of cons t r ic tor  impulses exceeding 1-2 /see ,  so that the 
differences shown in Table 1 cannot be due to per ipheral  mechanisms.  Hence it follows that descending 
influences ar is ing in response  to st imulation of individual points o f the bulbar BVC in some cases  activate 
preganglionic sympathet ic  neurons of segments  connected with the innervation of blood vesse l s  of the smal l  
intestine more  effectively, and in other cases  those connected with the limb vesse ls .  

The topographic distr ibution of p res so r  zones of the BVC responsible  for changes in vascular  tone p re -  
dominantly in the smal l  intestine or  hind limb was analyzed on the basis of  st imulation of 240 points in the 
medulla in experiments  on 80 cats. The main resul ts  are  shown in Fig. 3 and Table 2~ 
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T A B L E  1. I n c r e a s e  in R e s i s t a n c e  (AR) of V e s s e l s  (in p e r c e n t  of 
i n i t i a l  l eve l )  and C o e f f i c i e n t  of  U t i l i z a t i o n  of Po ten t i a l  V a s o c o n s t r i c -  

to r  Ab i l i ty  (K) dur ing  S t i m u l a t i o n  of  D i f f e r e n t  Po in t s  of  P r e s s o r  

Zone of  BVC by S t imu l i  of  Equa l  I n t e n s i t y  (2 V) 

Group I Group 2 

L 

Vessels: 182,5 7,4 
Of hind limb 12 
Of small intestine 153,3 7,4 I 12 

Arterial pressure 165+ 
(inmmHg) I-+10~I I0,1 I 12 

.,.. ,.o I,o,. 
42,0 191,6 12,2 

[ 80-+9,8 

n K 

14 31,2 
!4 72,2 

14 

Legend ,  h e r e  and in Tab le  2: n deno te s  n u m b e r  of e x p e r i m e n t s .  

T A B L E  2. I n c r e a s e  in R e s i s t a n c e  (AR) of  V e s s e l s  (in p e r c e n t  o f  

i n i t i a l  l a v e d  and C o e f f i c i e n t  of  U t i l i z a t i o n  of  P o t e n t i a l  V a s o c o n s t r i c -  

to r  Ab i l i t y  (K) d u r i n g  S t imu la t i on  of D i f f e r e n t  M e d u l l a r y  S t r u c t u r e s  

Vessels of hind limb Vessels of small intestine 

Structure 

Gigantocellular reti- 
cular nucleus (sec- 
tions %10) 

Central part 
Ventral 

Ventral reticular 
nucleus 

Dorso-eaudal 
part (sections 
ii-12) 
Ventral part 
(sections 11-12) 

ParvocetIutar reti- 
cular nucleus (sec- 
tions 7, 8, 11-14) 

Media[ vestibular 
nucleus (sections 
7, 8) 

Descending vesti- 
bular nucleus 

Rostral part(sec- 
tions 7, 8) 
Caudal part (sec- 
tions 10-12 

Nucieus of tractus 
solitarius 

Tractus soiitarius 
(sections 11-14) 
Dorsal part 
Ventral 

Posterior longitudinal 
muscle 

LxR 

150 
131 

187,5 

140 

162,5 
i 

175 

108,3 

133,3 

163,3 
150 

150 

~m n K 

11 31,2 
1I 19,3 

6 54,3 [ 158,2 

6 25 1164,1 

6 3 8 , 7  141,~ 
I 
I 

5 47 150 

4 5 l18,a 

3 2o 6, ~25 

7 39,3 135 I 
4 31,2 166,6 

6 3 1 , 2  183,3 

~R • n K 

195 13 I I  79,1 
131 7 11 25,8 

6 45 17,8 

I3,6 6 53,3 

16,0 6 31,7 

10,8 39,6 

5,7 15 

!7,2 19,8 

7,5 27,6 
22,8 55,8 

[7,8 69, 1 

Arterial 
pressure 
(in mm 

Hg) 

I79~10 
142~10 

175___19,6 

163--+ 18, 1 

160__+21,4 

178-+10,8 

1204-5,7 

1364-26,0 

170-+'15, t 
180__+31,4 

16l~25 

Note:  S e r i a l  n u m b e r  of  s e c t i o n s  of  r h o m b e n c e p h a l o n  c o r r e s p o n d s  

to t hose  used in Fig .  3o 

D u r i n g  s t i m u l a t i o n  of the c e n t r a l  p a r t  of  the g i g a n t o c e l l u l a r  r e t i c u l a r  nuc leus ,  i . e . ,  zones  in which  

l a r g e  and g ian t  neu rons  a r e  m a i n l y  c o n c e n t r a t e d ,  the abso lu te  i n c r e a s e  of  r e s i s t a n c e  was g r e a t e r  in v e s s e l s  

of  the s m a l l  i n t e s t i ne .  When e x p r e s s e d  as the c o e f f i c i e n t  of  u t i l i z a t ion  of  po ten t i a l  v a s o c o n s t r i c t o r  abi l i ty ,  

the g r e a t e r  r e s p o n s e  of  v e s s e l s  o f  the s m a l l  i n t e s t i n e  (K = 79.1) c o m p a r e d  with  the v e s s e l s  of  the hind l imb 

(K = 31.2) b e c o m e s  s t i l l  m o r e  appa ren t .  In the v e n t r a l  p a r t  of  this nuc leus ,  w h e r e  s m a l l  r e t i c u l a r  neurons  

a r e  m a i n l y  loca ted ,  the r e s p o n s e  of  the i n t e s t i n a l  v e s s e l s  was  s t i l l  r e l a t i v e l y  g r e a t e r  but the ampl i t ude  of 
the r e s p o n s e s  was  lower~ 

With in  the v e n t r a l  r e t i c u l a r  nuc leus  t h e r e  is  a c l e a r  d i v i s i o n  into two zones :  d o r s o - c a u d a l  and v e n t r a l .  

D u r i n g  s t i m u l a t i o n  of the f i r s t  the i n c r e a s e  in r e s i s t a n c e  was  m o r e  m a r k e d  in v e s s e l s  o f  the hind l imb,  and 
dur ing  s t i m u l a t i o n  of the second ,  in v e s s e l s  of  the s m a l l  i n t e s t i ne .  
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Stimulat ion of the pa rvoce l lu l a r  r e t i cu l a r  nucleus and media l  ves t ibu la r  nucleus was accompanied by 
m o r e  marked  vasocons t r i c t ion  in the hind limb, while s t imulat ion of the descending ves t ibu la r  nucleus in its 
r o s t r a l  p a r t  was accompanied  by vasocons t r i c t ion  of the sma l l  intestine.  

By the use of pa r t i cu l a r  p a r a m e t e r s  of s t imulat ion,  a m e t a m e r i c  organizat ion of the p r e s s e r  zone of 
the BVC was thus revea led .  This can be seen  pa r t i cu la r ly  c l ea r ly  in Fig. 3, showing a d i ag ram of the f loor  
of the fourth ven t r i c l e  and a sag i t ta l  sec t ion  through the rhombencephalon.  Zones in which changes in v a s -  
cular  tone in the hind limb predomina te  (black t r iangles)  run  do r so -eauda l ly  (Fig. 3b), with a p re fe ren t i a l  
d is t r ibut ion in l a te ra l  pa r t s  of the rhomboid fos sa  (Fig. 3a5~ Zones where  changes in va scu l a r  tone o ccu r r ed  
predominant ly  in the sma l l  intest ine (c lear  c i rc les )  occupy the v e n i r e - m e d i a l  port ions and a r e  m o r e  concen-  
t ra ted  in the r o s t r a l  p a r t  of the medulla .  

I t  follows f r o m  the r e s u l t s  in Table 2 and Fig. 3 that  the topographic r ep r e sen t a t i on  of points of a p r e -  
dominant  v a s o m o t o r  r e s p o n s e  in the sma l l  intest ine is fa i r ly  extensive.  However ,  i t  m u s t  not be concluded 
f r o m  this that all  these  zones a re  in fac t  concerned with regulat ion of va scu l a r  tone in the sma l l  intestine 
only. Changes in r e s i s t a n c e  of the v e s s e l s  in o ther  v i s c e r a  we re  not r ecorded .  I t  is poss ib le  that c lus te r s  
of cel ls  capable  of act ivat ing pregangl ionic  sympathe t i c  neurons in d i f ferent  segments  (at  the level of e m e r -  
gence of the splanehnic nerve} and of producing isolated changes of va scu l a r  tone in other  in ternal  organs ,  
may be r ep re sen t ed  in the g igantocel lu lar ,  r e t i cu la r ,  ven t ra l ,  and other  nuclei. 

All the medu l l a ry  s t r u c t u r e s  desc r ibed  above cannot, of course ,  be included in the " p r e s s e r  zone r of 
the BVC [1]o Besides  changes in v a s c u l a r  tone, many  other  functional mani fes ta t ions  a r e  found (changes in 
r e sp i r a t ion ,  changes in tone of the smooth  musc le  of the u r ina ry  bladder  and intestine,  faci l i tat ion and inhi- 
bition of segmenta l  soma t i c  r e f l ex  reac t ions ,  and so on), va r ious ly  due to act ivat ion of functionally different  
neurons in p a r t i c u l a r  s egmen t s  of the spinal  cord.  I t  mus t  the re fo re  be concluded f rom these  facts  that a 
ce r ta in  funct ional - topographic  di f ferent ia t ion exis ts  among neurons in the bulbar  region.  Pa r t i cu l a r  a r e a s  
of the bulbar r e t i c u l a r  fo rmat ion  a r e  evidently connected pr inc ipal ly  with pa r t i cu la r  segments  of the spinal  
cord.  

The local c h a r a c t e r  of v a s o m o t o r  regula t ion  is de te rmined  by the c h a r a c t e r  of morphologica l  o rgan i -  
zat ion of the BVC and it is mainta ined only within ce r ta in  l imits  of intensi ty  of physiological  activation.  The 
m e t a m e r i c  nature  of functional organiza t ion  of the BVC makes  it  poss ible  for  s epa ra t e  changes of tone to 
take place  in di f ferent  v e s s e l s ,  during e i ther  r e f l ex  or suprabu lbar  act ivation,  and in this way the c i rcula t ion  
can be adapted to the d i f ferent  functional r e q u i r e m e n t s  of the o rgan i sm.  

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

1. A . V .  Va l 'dman  (Editor),  C u r r e n t  P rob l ems  in Pha rmaco logy  of the Ret icu lar  Fo rma t ion  and Synaptic 
T r a n s m i s s i o n  [in Russian] ,  Leningrad (19635. 

2. A . I .  Vyshatina,  Fiziol .  Zh. SSSR, No. 9, 1133 (1967). 
3. A . A .  Grantyn ' , in :  C u r r en t  P rob l em s  in Pha rmaco logy  of the Re t icu la r  Fo rma t ion  and Synaptic T r a n s -  

mi s s ion  [in Russian] ,  Leningrad (1963), p. 165. 
4. A . V .  Va l 'dman  (Editor),  Inves t iga t ions  into Pha rmaco logy  of the Ret icu lar  Fo rma t ion  and Synaptic 

T r a n s m i s s i o n  [in Russian] ,  Leningrad (1961)~ 
5. G . V .  Kovalev and M. G. Bondarev,  Fiziol .  Zh. SSSR, No. 9, 101 (19625~ 
6. G . V .  Kovalev,  in: P roceed ings  of the 10th Congress  of the I. P. Pa r l ey  All-Union Physiological  

Society [in Russian] ,  Vol. 2, No. 1, Moscow--Leningrad  (1964), p. 386. 
7. N. 8o Kosytsyn,  Doklo Akad. Nauk SSSR, 145 ,  920 (19625. 
8. M . E .  Marshak,  Vestno Akad. Med. Nauk SSSR, No. 4, 37 (1966). 
9. Fo V. Ovsyannikov, Selected Works  [in Russian] ,  Moscow (1955), p. 57. 

10~ A. 
of 

11. V. 
12. Vo 
13. V. 
14o V. 
15. R. 
16. V. 
17. S . T .  Bok, in: W. MSllendorf (Editor), Handbuch der  

4/1,  Ber l in  (1928), p. 478. 

V. Potebnya, Funct ional  Organizat ion of the V a s o m o t o r  Center  of the Medulla. Author ' s  Abs t r ac t  
Candidate ' s  D i s se r t a t ion  [in Russian],  Aldan (19685. 
M. Khayutin, Fiziol .  Zh. SSSR, No. 7, 645 (1958). 
M. Khayutin, Vasomoto r  Ref lexes  [in Russian],  Moscow (1964)o 
L. Tsa turov ,  DokL Akad. Nauk SSSR, 137 , 480 (1961). 
A. Tsyr l in ,  in: Regulat ion of the Regional Circula t ion [in Russian],  Leningrad (1965), p. 56. 
S. Alexander ,  J. Nea r ,phys io l . ,  8, 205 (1946). 
So Aoki and M. Brody,  Circula t .  Res . ,  1.~8, No. 6, Suppl. 1, 73 (1966). 

Mikroskopischen  Anatomic des Menschen, Vol. 

368 



18o N. Kahn and Eo IViills, J. Physiol. (London), 191, 339 (1967). 
19. R . F .  Pitts and Do W. Bronk, Am. J~ Physiolo, 135, 504 (1941/42). 
20~ F. Valverde, Jo Comp. Neurol., 1_~1, 71 (1961). 

369 


