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In experiments on cats the cha rac te r  of the vasomotor  effects was found to depend on the 
frequency of stimulation of the sympathetic chain and on the number  of stimulated nerve 
f ibers ,  which was varied by stimulating different levels of the chain and by stimulating it 
in the stage of degeneration of its nerve f ibers .  The wr i te rs  consider  that vasocons t r i c -  
tion and vasodilatation are  the resul t  of excitation of different numbers  of nerve  f ibers  of 
the same type. 

It has long been known that stimulation of the same vasomotor  nerve can give r i se  to both vasocon-  
s t r i c to r  and vasodi lator  effects [8, 16, 18]. This difference in the charac te r  of the effects is usually a t t r i -  
buted to differences in the quantatiative pa rame te r s  of stimulation. These facts,  like many others,  are 
cus tomar i ly  explained by the presence  of specific vasocons t r ic tor  and vasodi lator  f ibers  in these nerves  
[20]. However, not all the experimental  resul ts  so far  obtained can be explained on the basis  of this con- 
cept [81. 

The experimental  resul ts  descr ibed in this paper  provide another explanation for  the different effects 
of stimulation of the sympathetic chains, which contain vasomotor  f ibers  for  the hind limbs. 

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on 52 cats in which, under e ther -ure thane  anesthesia,  recordings  were 
taken of the p res su re  in the carotid a r t e ry  by a m e r c u r y  manometer  and the res i s togram of the right and 
left femora l  a r t e r i e s .  Unilateral  division of the sympathetic chain was ca r r i ed  out on 32 cats 3-25 days 
before the investigation, under s ter i le  conditions at the level between the 3rd and 4th lumbar ganglia. The 
responses  of the limb v e s s e l s w e r e  studied to e lec t r ica l  st imulation of the sympathetic chain at the level 
between the 4th and 5th lumbar ganglia in the 32 cats after  the pre l iminary  operation at various stages of 
degeneration of the nerves ,  and at levels f rom the 1st to the 5th lumbar ganglia in the remaining 20 ani-  
mals ,  immediately af ter  decentral izat ion of the sympathetic chains. The vasomotor  nerves  were s t imu-  
lated e lect r ical ly  by pulses f rom a type ES-103 (Japan) s t imulator ,  with the following pa rame te r s  (frequency 
1-40 Hz, amplitude 1-10 V, duration of pulse 3 msec ,  and of stimulation 5-20 sec). 

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  

Responses of the vesse ls  of the ca ts '  hind limbs to stimulation of the sympathetic chain at different 
levels after  its division in the inferior  thoracic  region, immediately before stimulation, are  shown in Fig. 1. 

Simultaneous stimulation of the segments  of both chains between ganglia L t and L 2 at a constant volt-  
age (2 V) and at all the frequencies used (1-20 Hz) in this experiment  led only to vasodilatation of both limbs 
(Fig. 1A). The effect of stimulation of the chains at the same voltage but at a lower level (L 3) was sub- 
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Fig. 1. Vasomotor  response 
of ca t ' s  hind limbs in r e l a -  
tion to frequency of stimulation 
of sympathetic chain at levels 
L1 (A), L3 (B), and L4 (C). 
F r o m  top to bottom: a r te r ia l  
p ressure ;  r e s i s tograms  of 
left and right femora l  a r te r ies ;  
m a r k e r  of stimulation with in- 
dication cof frequency and 
strength; t ime m a r k e r  (5 sec). 

stantially different: dilator effects remained only to stimulation at 
relat ively low frequencies,  and high frequencies of stimulation gave 
r i se  to constr ict ion (Fig. 1B). Stimulation with unchanged pa ramete r s  
at a still lower level of the sympathetic chain (La) produced only con- 
str ict ion (Fig. 1C). 

Results s imi lar  to those descr ibed above were observed not in 
all experiments,  but only in 70%, but the t ransi t ion f rom dilator to 
const r ic tor  effects observed in the same animal as the level of s t imu-  
lation of the chain and the frequency of stimulation were changed was 
regular  in charac ter .  

In the case of those segments of the chain whose stimulation 
evoked both types of effects, vasodilatation invariably took place at 
low frequencies and changed to constr ic t ion only at relat ively high f r e -  
quencies of stimulation. Since the strength of the stimuli remained 
constant, the change f rom dilator responses  to cons t r ic tor  would be 
difficult to explain on the basis  of the concept of specificity of dilator 
and cons t r ic tor  f ibers  differing in their  excitability. Dilatation as the 
sole effect of stimulation of the upper lumbar  levels likewise cannot 
be explained f rom this point of view, for  the threshold strength of 
stimulation at these levels was 2 V, and the same stimulation applied 
to lower levels of the chain gave r i se  to different effects depending on 
the frequency of stimulation. 

The effects of stimulation of the sympathetic chain at different 
stages of degeneration of its f ibers are  shown in Figs .  2 and 3. The 
effect of stimulation of the left sympathetic chain at level L 4 on the 
5th day after  its division continued to be dilator at  all frequencies of 
stimulation f rom 2 to 20 Hz (Fig. 2A). It remained unchanged what- 
ever  the strength of stimulation (Fig. 2B). The impress ion was gained 
that, as a result  of the degeneration, only the vasodi lator  f ibers  r e -  
mained intact. However, increasing the frequency of stimulation to 
40 Hz while leaving its s trength unchanged (5 V) produced a definite 

cons t r ic tor  effect (Fig. 2C). An increase  in the frequency charac te r i s t i c  of stimulation was thus followed 
by an opposite vasomotor  effect, despite the fact that in this case also all the f ibers remaining after  de-  
generation were stimulated. 

All frequencies of stimulation of the left cha in  at levels L 4 and L s on the 7th day after  division gave 
purely dilator effects (Fig. 3A, C). However, the effects became cons t r ic tor  if the chain was stimulated 
at both levels simultaneously (Fig. 3B). 

What are  the charac te r i s t i cs  of the nervous effect of combined stimulation of the sympathetic chain 
at two levels? It is difficult to accept that the cons t r ic tor  effect of combined stimulation at L 4 and L 5 was 
due to the activation of vasomotor  f ibers  of a different type f rom those f ibers  which were excited by s t imu-  
lation of these segments of the chain separate ly  at the same frequencies and strengths.  On the contrary,  it 
could certainly be considered that the same vasomotor  neurons were excited by both types of stimulation. 
Since activation of the f ibers  forming the chain at the levels L 4 and L~ separately  was invariably followed 
by vasodilatation of the limb, it could be supposed that vasoconstr ic t ion in response to stimultaneous s t imu-  
lation of the chain at these two levels was due to excitation of the same f ibers .  The difference between the 
effects in these cases could only be the resul t  of quantitative differences in the flow of vasomotor  impulses.  
F r o m  the w r i t e r s '  point of view the only possible assumption can be that during combined stimulation some 
changes took place in the frequency charac te r i s t ic  of the nervous effect, with a l a rge r  number of f ibers s i -  
multaneously activated than when the two levels of the chain were stimulated separately.  

This view is supported by the resul ts  shown in Fig.  1, when stimulation of the intact chain at level L 3 
produced different effects depending on its frequency. Since the strength of stimulation was kept constant, 
in this case also it is impossible to consider  excitation of f ibers  of different types.  
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Fig .  2. Effect  of the p a r a m e t e r s  of s t imula t ion  on va somoto r  r e -  
sponses  to s t imula t ion  of the left sympathe t ic  chain in the s tage of 
degenera t ion  of i ts  f i be r s .  Legend as in F ig .  1. 
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Fig .  3. Vasomoto r  r e s p o n s e s  of c a t ' s  hind l imbs  to s e p a r a t e  
(A, leve l  i s ;  C, leve l  L 4) and combined s t imula t ion  (B, leve ls  
L 4 and L 5) of two leve ls  of the left  sympathe t ic  chain in the 
s tage  of degenera t ion  of i ts  f i be r s .  Legend as  in F ig .  1 

The effect  of r e p l a c e m e n t  of the va sod i l a to r  r e sponse  by c o n s t r i c t o r  with an i n c r e a s e  in the f requency 
of s t imula t ion  above the phys io log ica l  level  during s t imula t ion  of segment  L 4 of the chain a f te r  p r e l i m i n a r y  
degenera t ion  of some of i ts  f i be r s  is  p a r t i c u l a r l y  in te res t ing  f rom this  point of view (Fig.  2C). The r e -  
p lacement  of d i la ta t ion  by cons t r i c t ion  on an i n c r e a s e  in the f requency of s t imula t ion  in th is  case  suggests  
that  the impulse  f requency  is funct ional ly  equivalent  to the number  of vasomoto r  f i b e r s .  Under these  con- 
di t ions the f requency of s t imula t ion  evident ly  compensa tes  fo r  the f ibe r s  in this  pa r t  of the chain lost  through 
degenera t ion  at  the l eve l  L4, s t imula t ion  of which usua l ly  evoked a c o n s t r i c t o r  effect  when a l l  the f i be r s  
were  in tac t  (Fig.  1C). 

Since it is  imposs ib l e  to explain convincingly a l l  the r e s u l t s  obtained on the b a s i s  of the hypothet ical  
spec i f i c i ty  of v a s o c o n s t r i c t o r  and vasod i l a to r  ne rve  f i be r s ,  the w r i t e r s  c la im that a m o r e  s a t i s f a c t o r y  ex-  
planat ion can be obtained f rom the quant i ta t ive  point of view [9]. 

Morpholog ica l  ana lys i s  indica tes  an i n c r e a s e  in the number  of f ibe r s  in the lower  segments  of the 
sympathe t i c  chain supplying the v e s s e l s  of the lower  l imb,  as  the r e su l t  of the en t ry  of f ibe r s  f rom the white 
r a m i  communicantes  f rom spinal  roo t s  TI~ to L 4 into the chain [4, 6]. It can be seen how, with the same  
p a r a m e t e r s  of s t imula t ion ,  the d i l a to r  effect at leve l  L1 is r e p l a c e d  by a c o n s t r i c t o r  effect at level  L 4 (Fig. 
1). The absence  of qua l i ta t ive  he te rogene i ty  of the nerve  f i be r s  in the sympathe t ic  chain is conf i rmed by 
the findings of  Bay l i s s  and Bradford  [13], who showed that  s t imula t ion  of individual  groups of white r a m i  
commtmicantes  en ter ing  the sympathe t i c  chain does not give r i s e  to d i f fe rences  in v a s o m o t o r  effects .  

The hypothes is  that the number  of ne rve  f i be r s  is the fac to r  which de t e r m i ne s  the c h a r a c t e r  of the 
va somoto r  r e s p o n s e  is  a l so  conf i rmed  by the expe r imen t s  of Rodionov [7], who obse rved  convers ion  of the 
v a s o c o n s t r i c t o r  effect into v a s o d i l a t o r  a f t e r  d iv is ion  of some f i be r s  of the s t imula ted  sympathe t ic  chain.  

This  view also explains  the r e l a t ionsh ip  between the t ime  e laps ing  a f te r  d iv is ion of the nerve  and the 
c h a r a c t e r  of the va somoto r  r e s p o n s e s  to s t imula t ion  of the ne rve .  It can na tu ra l ly  be a s sumed  that  as de -  
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generat ion proceeds  the number  of act ive,  functioning f ibe r s  becomes  p r o g r e s s i v e l y  sma l l e r .  Accordingly,  
a s t rength  of s t imulat ion which prev ious ly  excited a la rge  number  of f ibe r s  will be capable  of exciting the 
res idua l  s m a l l e r  number  of f ibers  p r se sen t  3-5 days a f te r  division, and evidently as a resu l t  of th is ,  the 
v a s o c o n s t r i c t o r  effect  obse rved  is  rep laced  by a vasodi la tor  effect.  

This  hypothesis  is a lso  supported by the r e su l t s  of morphologica l  invest igat ions of the v a s o m o t o r  
pathways,  fo r  no s t ruc tu r a l  d i f ferences  have been found between vasodi la to r  and vasocons t r i c to r  ne rve  e le -  
ments  [2]. No ef fee tor  f ibe r s  differing in the i r  r a t e  of degenerat ion a f te r  division of the ne rve  can be d e m -  
ons t ra ted  morphologica l ly  in the walls of blood v e s s e l s  [11[. 

Direct  exper imenta l  t e s t s  l ikewise do not conf i rm the view that va socons t r i c to r  and vasod i la to r  f ibers  
differ  in the i r  exci tabi l i ty  [17, 19]. The pharmacolog ica l  t e s t s  which a r e  usual ly used in a t tempts  to demon-  
s t r a t e  qual i ta t ive d i f ferences  between types  of va somoto r  ne rve  e lements  cannot now be r ega rded  as suf -  
f iciently convincing [8, 9]. 

F r o m  the quanti tat ive point of view, a m o r e  sa t i s fac to ry  explanation is provided by resu l t s  indicating 
d i f ferences  in effects  at different s tages  of development .  Vasodilatat ion in the r abb i t ' s  ea r  in young ani -  
ma l s  during s t imulat ion of the ce rv ica l  sympathe t ic  ne rve  [1], and also the exclusively  di la tor  effects  on 
the l imb v e s s e l s  of puppies [14] during s t imulat ion of the lumbar  sympathe t ic  chain a r e  explained by the 
re la t ive ly  smal l  number  of ne rve  e lements  in the ea r ly  s tage of development ,  whereas  the cons t r i c to r  
effects  found in adult animals  during s t imulat ion of the s ame  ne rves  can be at tr ibuted to excitat ion of a 
l a r g e r  number  of f ibe r s .  

F u r t h e r m o r e ,  changes in the effects  a f te r  denervat ion of the ne rves  may  also be dependent on p r o -  
found functional changes taking p lace  in the t i s sues  of the ve s se l s  a f te r  denervat ion.  F o r  instance,  changes 
in metabol ic  p r o c e s s e s  in the denervated musc le  [3] and in the flow of af ferent  impulses  in the decen t r a l -  
ized sympathet ic  chain [5] have been demons t ra ted .  Changes in the c h a r a c t e r  of the vasomoto r  r e sponses  
observed  at different t imes  a f te r  division of the ne rves  can also be re la ted  to changes in the t i s sue  r e s e r v e s  
of med ia to r s  [10], for  a f te r  degenerat ion of the sympathe t ic  ne rves  the r e s e r v e s  of ea techolamines  [15] and 
of aeetylchol ine [12] in the body a r e  depleted. These  fac to r s  m a y  lead to changes in the reac t iv i ty  of the 
blood ve s se l s  to nervous  influences.  

LITERATURE CITED 

I. E.I. Arshavskaya, Byull. Eksperim. Biol. i Med., No. 2, 120 (1950). 
2. T.A. Grigor'eva, Innervation of the Blood Vessels [in Russianl, Moscow (1954). 
3. E. Gutmann and I. Hajek, in: Central and Peripheral Mechanisms of Nervous Activity [in Russian[, 

Erevan (1966), p. 175. 
4. N.G. Kolosov, Innervation of the Internal Organs and Cardiovascular System [in Russian], Moscow 

(1954). 
5. M . P .  Kul 'vanovski i  and V. N. Margolin,  in: Nervous and Humora l  Mechanisms of Reflex Responses  

[in Russian],  Minsk (1968), p. 38. 
6. B . I .  Lav ren t ' ev  (Editor), Morphology of the Autonomic Nervous System [in Russian],  M o s c o w - L e n i n -  

grad  (1939). 
7. I . M .  Rodlonov, Vestn.  Moskovsk.  Univ. Biologiya, No. 2, 8 (1966). 
8. I . M .  Rodionov, Nervous Regulation of the Vesse l s  of Skeletal Muscles,.  Doctora l  d isser ta t ion ,  Mos-  

cow (1968). 
9. M . G .  Udel 'nov, Nervous Regulation of the Hear t  [in Russian],  Moscow (1961). 

10. M . G .  Udel 'nov and V. P. Kulagina, in: Mechanisms of Neuro -Humora l  Regulation of Autonomic Func-  
tions [in Russian],  Leningrad (1970), p. 121. 

11. L . I .  Fal in,  Some Unsolved P rob lems  in the Morphology and Physiology of Secondary Denervat ion of 
Pe r iphe ra l  Nerves  [in Russian],  Moscow (1954). 

12. J .  Armin ,  R. Grant ,  R. Thompson,  et al. ,  J .  Physiol .  (London), 121, 603 (1953). 
13. W. Bayl i ss  and J .  Bradford ,  J .  Physiol .  (London), 1_.66, 10 (1894). 
14. D. Boatman,  R. Shaffer,  R. Dixon, et al. ,  J .  Clin. Invest . ,  4_~4, 241 (1965). 
15. U. Eu le r  and A. Purkhold,  Acta Physiol .  Seand., 2__44, 218 (1951). 
16. B. Folkow and B. Uvnas, Acta Physiol .  Scand., 15, 389 (1948). 
17. C. Mal tesos  and M. Schneider,  PflUg. Arch.  Ges.  Physiol . ,  24..4108 (1938). 
18. A. Ostroumoff ,  Pfliig. Arch.  Ges .  Physiol . ,  122, 219 (1876). 

736 



19. G. Piotrowsky, Pfli/g. Arch. Ges. Physiol. ,  5__55, 240 (1894). 
20. B. Uvnas, Fed. Proc. ,  2_.55, 1618 (1966). 

737 


