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The n u m b e r  of cel ls  in the sympathe t ic  ganglia of r a t s  was reduced by means  of guanethidine 
to 30% (group 1) and to 1% (group 2) of no rmal .  In ra t s  aged 2 months p r e s s o r  r e sponses  to 
asphyxia  and to s t imulat ion of the f emora l  ne rve  were  absent .  In the an imals  of group 1 (but 
not of group 2) r e c o v e r y  of the re f lexes  was observed  at the age of 4 months~ An i n c r e a s e i n  
the numb er  of neurof ibr i l s  was demons t ra ted  in the neurons surviv ing  guanethidine t r ea tment ,  
indicating growth of the axon of these cells~ Invest igat ion of r e sponses  to the indi rec t  s y m p a -  
thomimet ic  ty ramine  revea led  an i nc rea se  in the number  of e f fee to r  sympathe t ic  endings at  
the p e r i p h e r y  at the age of 4 months in the an imals  of group 1. It is suggested that r e s t o r a -  
tion of re f lex  r e sponses  in the an ima l s  of this group at the age of 4 months took place  on aC- 
count of growth and branching of the axons of the surviving ne rve  cel ls ,  as a resu l t  of which 
the densi ty  of the e f fec to r  innervat ion at the p e r i p h e r y  was r e s t o r e d .  
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Af ter  admin is t ra t ion  of ce r t a in  subs tances  (6-hydroxydopamine,  guanethidine) into newborn an imals  
the n u m b e r  of ne rve  cel ls  in the sympathe t ic  ganglia fal ls  sharp ly  [3, 5]. This  phenomenon has  been  cal led 
chemica l  desympathizat ion~ The w r i t e r s  showed p rev ious ly  [1, 2] that elevat ion of the blood p r e s s u r e  in 
asphyxi  a and af ter  s t imulat ion of the cen t ra l  end of the divided f e m o r a l  ne rve  is not o b s e r v e d a f t e r  desympa-  
thization. However ,  fu r the r  invest igat ion showed that the changes in blood p r e s s u r e ,  although not a r i s ing  
in desympath ized  animals  at the age of 2 months,  can again be observed  at the age of 4 months .  

The object  of this invest igat ion was to study this phenomenon. 

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

Exper imen t s  we re  c a r r i e d  out on 56 ra t s ,  of which two groups were  desympathized .  The ra ts  of 
group 1 (21) rece ived  guanethidine in a dose of 20 # g / g  daily for  two weeks s ta r t ing  on the f i r s t  day a f te r  
b i r th .  His to logical  invest igat ion showed that the number  of cel ls  in the s te l la te  ganglion of these an imals  
was reduced to 30% of the control  level .  The method of t rea t ing  the ganglia in o rde r  to plant  the cel ls  was 
descr ibed  e a r l i e r  [1]. The animals  of this group will subsequent ly  be descr ibed  as pa r t i a l ly  desympathized .  
The an imals  of group 2 (nine rats)  rece ived  guanethidine daily for  4 weeks a f t e r  b i r th .  The number  of ne rve  
ce l l s  remain ing  in the s te l la te  ganglion of these an imals  did not exceed 1% of the control .  This  group of 
animals  will subsequent ly  be descr ibed  as comple te ly  desympathized .  The control  group consis ted of 26 
an imals .  The ra ts  were  invest igated at  the ages  of 2 and 4 months.  
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Fig. 1. Changes in a r te r ia l  
p r e s su re  responses  to as -  
phyxia (1, 4), to stimulation 
of the central  end of the di- 
vided femoral  nerve (2, 5), 
and to administrat ion of ty- 
ramine (3, 6) in exper imen-  
tal (black columns),  par t ia l ly  
desympathized (obliquely 
shaded columns), and com-  
pletely desympathized (un- 
shaded columns) rats  aged 
2 (1, 2, 3) and 4 months (4, 
5, 6). Ordinate, response of 
a r te r ia l  p r e s s u r e  (in mm). 

Experiments with measurement  of the a r te r ia l  p r e s s u r e  were 
ca r r i ed  out under urethane anesthesia  (500 mg/kg) .  The blood p re s su re  
was measured  in the carot id a r t e ry  by an e lec t romanometer .  Two types 
of reflex responses  of the blood p r e s s u r e  were studied, the response to 
asphyxia (compressing the t racheotomy tube for  15 sec) and the response 
to e lect r ical  stimulation of the femoral  nerve (1 msec ,  10 Hz, 10 V, for 
10 sec). 

For  investigation in the electron microscope  the stellate ganglia 
of the experimental  and control rats  were fixed in 2.5% glutaraldehyde 
and postfixed in 2% OsO 4, The mater ia l  was embedded in Durcupan. 
Sections were cut on the KV u l t r amic ro tome  and stained by Reynolds '  
method [8]. 

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

A marked r ise  of blood p re s su re  was observed in the control  an- 
imals of both age groups in response to both p rocedures  - asphyxia and 
stimulation of the femoral  nerve.  In the control animals asphyxia evoked 
a biphasic response:  an initial short  (3-5 sec) fall of p r e s su re  followed 
by a longer and g rea te r  p r e s s o r  phase of the response.  Only a p r e s s o r  
response was observed to femoral  nerve stimulation. In the par t ia l ly  
desympathized animals at the age of two months the depresso r  phase in 
response to asphyxia was deeper  and longer than in the control,  but the 
p r e s s o r  phase was considerably reduced and was not observed in all the 
animals.  In the completely desympthathized animals no elevation of the 
p res su re  in general  took place during asphyxia. In both groups of de- 
sympathized animals no p r e s s o r  response was observed at the age of 
two months to f emora l -ne rve  stimulation (Fig. 1)~ By the age of four 
months significant changes took place in the c h a r a c t e r  of the reflex r e -  
sponses in the part ial ly desympathized animals.  The p r e s s o r  phase of 
the response to asphyxia was considerably increased.  It was observed 
in all the animals studied. Stimulation of the femoral  nerve also evoked 
elevation of the blood p re s su re .  The reflex responses  in this group of 
animals w e r e  indistinguishable qualitatively from the control ,  although 
they remained reduced (Fig. 1). By the a g e o f f o u r  months the p r e s s o r -  
reflex responses  had not beeen res tored  in the completely desympathized 
animals (Fig. 1). 

What mechanisms are  responsible for  the r ecovery  of the reflex 
responses  of the par t ia l ly  desympathized animals at the age of four 
months? The answer  cannot be an increase  in the number  of neurons 
in the ganglia. Counting the neurons in the stellate ganglion showed that 
there was no increase  in their  number  in e i ther  group at four months 

compared with the age of two months.  This resul t  is in agreement  with the widely held view that differen- 
tiated nerve cells of warm-blooded animals have lost their  ability to divide. 

Results permit t ing definite hypotheses regarding the causes  of this observed recovery  of the reflexes 
with age to be put forward were obtained by comparat ive e lec t ron-microscop ic  investigation of the residual  
neurons in the par t ia l ly  desympathized and control  animals aged f rom one week to four  months. Attention 
was  drawn to an increase  in the number  of microf ibr i l s  in the cytoplasm of the neurons in the par t ia l ly  de- 
sympathized animals (Fig. 2). Similar  accumulations of microf ibr i ls  in the pe r ika rya  of nerve cells are  
known to ar ise  during stimulation of the growth of their  axons [6, 7, 9]. Perhaps  in the neurons surviving 
chemical  desympathization intensive growth began, with ramificat ion of the axon, as a result  of which the 
density of innervation at the per iphery  increased.  This p roces s  could be the cause of the observed recov-  
e ry  of reflex responses  at the age o f  four months, 

Fur ther  evidence in support o f t  his hypothesis was obtained in experiments  to study responses  to the 
indirectly acting sympathomimetic  tyramine.  Vasoconstr ict ion observed as a result  of the action of ty ra -  
mine is known to a r i se  through the l iberation of catecholamines f rom sympathetic endings under the influ- 
ence of this substance [10]. The more  endings remaining at the per iphery,  the  g rea te r  is the effect of ty- 
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Fig. 2~ Inc r ea se  in number  of mic ro f ib r i l s  (arrows) in cy top lasm 
of sympathe t ic  neurons of ra t s  aged 1 month: A) control ,  B) pa r t i a l  
desympath iza t ion  by guanethidine. N) Nucleus of ne rve  cell;  M) 
mitochondria;  GLC) Golgi l a m e l l a r  complex,  5000 • 

r amine ,  o ther  conditions being the same .  However ,  it mus t  be pointed out that the magnitude of the p r e s s o r  
r e sponse  observed  following admin is t ra t ion  of a given dose of t y r amine  cannot be r ega rded  as a p r e c i s e  
m e a s u r e  of the number  of sympathe t ic  endings on the smooth musc le  of the blood vesse l ,  for  a f t e r  d e s y m -  
pathizat ion the sens i t iv i ty  of the e f fec to r  organ to the med ia to r  is i nc reased  [10]o 

Invest igat ion of p r e s s o r  r e sponses  to a s tandard dose of t y ramine  injected in t ravenous ly  (1o5 ~g/g) 
showed tha t  the i r  magnitude at the age of two months was cons iderab ly  s m a l l e r  in the pa r t i a l ly  and comple te -  
ly desympath ized  animals  than in the cont ro ls .  By the age of four months the response  to ty ramine  in the 
pa r t i a l ly  desympath ized  an imals  was inc reased  and had become  comparab le  to the r e sponse  in the control  
(Fig. 1)~ A smal l  i nc rease  in the r e sponse  to ty ramine  (but by no means  reaching the control  level) also 
was observed  in the pa r t i a l ly  desympathized  an imals ,  indicating the p r e s e n c e  of ce r ta in  compensa to ry  pow- 
e r s  in this group of an imals .  However ,  the fact  is r egarded  as impor tan t  that the mos t  effect ive r e c o v e r y  
both of re f lex  r e sponses  and of r e sponses  to ty ramine  was observed  in the pa r t i a l ly  desympathized an imals .  
It was in that group that a cons iderable  number  of cel ls  r emained  in the symptathet ic  ganglia,  and these 
cel ls  could be the potent ial  source  of r e s to ra t ion  of the densi ty  of innervat ion at the per iphery  as a resu l t  
of growth of the i r  axons.  This  explanation does not rule out the poss ib le  par t ic ipa t ion  of other  mechan i sms  
in the fo rmat ion  of the phenomena observed  - fo r  example ,  p r o c e s s e s  in the e f fec tor  organs  themse lves ,  
leading to an i nc r ea se  in the i r  sens i t iv i ty  to the med ia to r .  
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