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The l ive r s  of puppies,  kit tens,  ra t s ,  and guinea p igs  were  invest igated histological ly by 
the F a l k - H i l l a r p  method.  Adrenerg ic  ne rve  f ibers  were detected in Gl i s son ' s  capsule  
and in the adventi t ia  of the a r t e r i e s .  There  were  fewer f luorescent  f ibers  in the walls  
of the hepatic veins ,  but they were  all a r r anged  in the s ame  l aye r .  Adrenerg ic  f ibe r s  
were  seen mos t  distinctly in the hepatic lobule of guinea pigs as thin f ibers  with tiny 
va r i co s i t i e s .  The walls o f  the bile ducts contained fewer  adrenerg tc  f ibers .  

The autonomic innervat ion of the l i ve r  has not yet  been adequately studied. Near ly  all information 
about i ts  innervat ion has been obtained by c l a s s i ca l  neurohis tological  methods [1-6, 10, 12, 13] which do 
not enable the t rue  nature  of the ne rve  endings to be  es tabl ished.  Nei ther  e lec t ron  mic roscopy  nor  his to-  
chemical  methods have yet  been widely used in this field. Only isolated pape r s  descr ib ing  the study of the 
adrenerg ic  innervat ion by these methods have been published. 

Yamada  [15], for  instance,  using the e lec t ron  mic roscope ,  obse rved  direct  contact  between the l i ve r  
cel ls  and te rmina l  b ranches  of ne rve  f ibe r s  which he c lassed  as  ad renerg ic .  Ungvary and Donath [14] used 
Fa lk ' s  f l uo rescence -h i s tochemica l  method [9] and showed that adrenerg ic  ne rve  f ibers  a r e  mainly  located 
in the walls of the hepatic blood v e s s e l s .  However,  they did not obtain convincing proof  of the innervat ion 
of hepatocytes .  Sisto and Erobecchi  [11], using the s ame  method, showed that there  a r e  cons iderably  more  
adrenerg ic  f ibers  around the a r t e r i e s ,  veins ,  and bile ducts than in the connective t i s sue  accompanying the 
t r i ads .  Only in one or  two spec imens  were  v e r y  thin adrenerg ic  f ibe r s  with swell ings along the i r  course  
found between the hepatic t rabeculae .  

Hence, although in pr inc ip le  it has now been es tabl ished that there  is an adrenerg ic  innervat ion of 
the blood v e s s e l s  and ducts of the l iver ,  so f a r  as the pa renchyma of the l i ve r  is concerned the number  of 
observa t ions  is not yet  adequate.  Yet informat ion in this field is vi ta l  to the understanding of the his to-  
physiology of the l iver .  This was the motivat ion behind the invest igat ion descr ibed  below. 

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

The l i ve r s  of puppies aged 2-4 weeks,  of ki t tens of the s ame  age, and of sexually m a t u r e  ra t s  and 
guinea pigs were  studied by the f luo resence -h i s tochemica l  method [9]. To s t rengthen the h is tochemical  r e -  
action for  ca techolamines ,  the an imals  were  given an in t raper i toneal  injection of 200 m g / k g  iproniazid 18 h 
before  sac r i f i ce .  The control  an imals  rece ived  r e s e r p i n e  in a dose of 10 m g / k g  24 h before  sac r i f i ce .  The 
reac t ion  obse rved  was r ega rded  as  due to ca techolamines  only if it was complete ly  exhausted by r e se rp ine .  
As an additional control ,  p ieces  of l i ve r  not t r ea ted  with para formaldehyde  were  used. The an imals  were  
ki l led by thoracotomy under  pentobarbi ta l  anes thes ia .  Mater ia l  was taken f r o m  the region of en t ry  of v e s s e l s  
and ne rves  into the l i ve r  and a lso  f r o m  the var ious  lobes of the l ive r .  Serial  sec t ions  were  studied in the 
luminescence  m i c r o s c o p e .  Photographs were  taken on R F - 3  f i lm.  Identif ication of ca techolamines  was 
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Fig. 1 Fig. 2 

Fig. 1. Adreuergic  ne rve  f ibe r s  in Gl i s son ' s  capsule .  Arrow indicates  
edge of lobe of l ive r .  Guinea pig. Fa lk ' s  react ion,  200 x, Homal .  

Fig. 2. Longitudinal sect ion through a r t e r i a l  wall.  Adrenerg ic  ne rve  
f ibe r s  located only in adventi t ia .  Rat. Fa lk ' s  react ion,  120 x, Homal.  

based  on the appearance  of specif ic ,  intense e m e r a l d - g r e e n  f luor -  
escence  of the s t ruc tu r e s .  Al together  48 an imals  were  used. 

Fig. 3. Adrenerg ic  f ibers  in pa r en -  
chyma of hepatic lobule and around 
cent ra l  vein.  Guinea pig. Fa lk ' s  
react ion,  120 • Homal.  

EXPERIMENTAL RESULTS 

Fluorescen t  ne rve  f ibers  were  detected in Gl i s son ' s  cap-  
sule as long s t ruc tu re s  with v a r i c o s i t i e s .  They interwove often 
and some t imes  radia ted  fanwise to f o r m  a t r e e - l i k e  f igure which 
stood out sharply  against  the dark  field (Fig. I) .  A r t e r i e s  of 
smal l  and medium ca l ibe r  as well as in te r lobular  a r t e r i e s  were  
r ichly  supplied with adrenerg ic  f ibe r s .  They were  pa r t i cu la r ly  
conspicuous in the tunica externa,  where  they fo rmed  thin r a m i f i -  
cat ions (Fig. 2). There  were  cons iderably  fewer  f luorescent  
f ibe r s  in the walls  of the hepatic veins ,  but they were  a r r anged  
in the s ame  l aye r s .  A posi t ive  reac t ion  for  ca techolamines  ap-  
pea red  in the walls of the cent ra l  veins  of the lobules only oc-  
cas ional ly  (in the t r a n s v e r s e  section) in ve ry  thin f ib r i l s .  F ibers  
were  p a r t i c u l a r l y  numerous  in the in te r lobular  spaces .  There  
they looked like s t ra igh t  th reads  running para l l e l  to each other,  
s o m e t i m e s  f ragmented  and taper ing,  then r eappea r ing  as v a r i -  
cos i t ies .  

No adrenerg ic  ne rve  f ibe r s  were  obse rved  in the hepatic 
lobule i t se l f  in puppies,  ki t tens ,  and r a t s .  However,  they were  
demons t ra ted  quite c lea r ly  in guinea pigs.  On enter ing the lobule 

they ran  along its  b o r d e r  and then p roceeded  along the hepatic t r abecu lae  as ve ry  thin f ibers  with smal l  v a r i -  
cos i t ies  (Fig. 3). The walls  of the bile ducts contained fewer  adrenerg ic  ne rve  f ibe r s .  

A not iceable fea ture  of the hepatic pa r enchyma  was the p r e s e n c e  of m a s t  cel ls ,  c l ea r ly  dist inguished 
by the i r  intense ye l lowish -g reen  f luoresence  produced by the i r  serotonin  content.  These  cel ls  were  found 
chiefly around the in te r lobular  v e s s e l s  and cent ra l  ve ins .  

These  observa t ions  a r e  in ag reemen t  with those descr ibed  by o ther  w o r k e r s  [11, 14, 15], who showed 
that  adrenerg ic  ne rve  f ibe r s  and the i r  endings a r e  mos t  numerous  in the walls  of blood v e s s e l s ,  and they 
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conf i rmed  conclusions drawn f rom e l ec t ron -mic roscop ic  and his tochemical  invest igat ions to the effect  that 
t e rmina l  ad renerg ic  ne rve  f ibers  do not enter  the media  of the a r t e r i a l  wall,  but come into close contact 
only with the outer  sur face  of the s m o o t h - m u s c l e  cel ls  of the media  [7, 14]. At the same t ime,  the m o r e  
numerous  ne rve  f ibe r s  in the  walls  of the hepatic a r t e r i e s  thm'~of the veins mus t  be emphas ized .  

The scanty innervat ion of the bile ducts obse rved  in these expe r imen t s  conforms  to the genera l  view 
that  the b i le -duet  s y s t e m  p o s s e s s e s  a predominant ly  pa rasympa the t i c  innervat ion [2, 14]. 

The d iscovery  of ad renerg ic  ne rve  f ibers  in Gl i s son ' s  capsule  and inside the lobules of the l i ve r  of 
guinea pigs is of the g r e a t e s t  in te res t  because  it  is this aspect  of the innervat ion  of the l i v e r  which has been 
l eas t  studied. The resu l t s  showing that the whole of Gl i sson ' s  capsule  is abundantly innervated by adrenerg ic  
ne rve  f ibers  const i tute an impor tant  addition to the knowledge a l ready  posses sed .  The w r i t e r s  know of only 
one pape r  which desc r ibes  adrenerg ic  ne rve  f ibe r s  in Gl isson 's  capsule ,  but only in those pa r t s  of it which 
a re  in the region of the hi lum of the l i ve r  [11]. 

As r ega rds  the mos t  difficult problem,  the innervation of the hepatocytes ,  the r e su l t s  of the p resen t  
invest igat ion do not yet  p e r m i t  a definite conclusion that the adrenerg ic  nerve  f ibe r s  demons t ra ted  t e r m i n -  
ate,  in fact ,  on hepatocytes .  According to one invest igat ion [8], a r t e r i o l e s  change into hepatic cap i l l a r ies  at  
different levels  of the lobule, and since sphinc ters  a r e  found at these  p laces  the possibi l i ty  cannot be ruled 
out that the adrenerg ic  ne rve  f ibers  found in the lobules in the p resen t  invest igat ion belong to the innerva-  
tion of the musc le  cel ls  forming these sphincters  and located in the walls of the a r t e r i o l e s .  Fur ther  inves t i -  
gations a r e  the re fo re  requi red  before  this p r ob l em can be finally solved. 
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