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Adrenerg ic  and N o n - A d r e n e r g i c  Valvular Nerves  

Adrenergic  nerves have  recen t ly  been demons t ra ted  in 
significant  numbers  in the  hear t  va lves  1-3. They  m o s t  
probably  supply  smooth  muscles of the  valves,  a l though 
this poin t  has no t  so far  been f inal ly  proved.  I n  a s tudy  
of o ther  smooth  muscles, such as the  iris dilator,  adrenergic  
and cholinergic t e rmina l  fibres have  been found to run  
concomitant ly ,  forming a t e rmina l  ground plexus of 
t igh t ly  in te r twined  varicose axons 4-s. This t ype  of fibre 
a r rangement  seems to provide  possibilit ies for m u t u a l  
influence be tween  adrenergic  and cholinergic t e rmina l  
axons. The  hear t  has been widely  inves t iga ted  physio-  
logically and pharmacological ly ,  and it  is of obvious 
interest  to  find ou t  whe the r  this principle of d is t r ibut ion  
of vege ta t ive  nerve  fibres applies also to the  hear t  or 
to any  par t  of it. 

Hea r t  va lves  were dissected out  f rom adul t  albino rats  
(Anticimex,  Sweden) and prepared  as whole-mounts ,  
e i ther  direct ly  or af ter  incubat ion  (10 min) in a me thy lene  
blue solution (150 ~zg/ml). Ir ides f rom the  same an imal  
s tock were incubated  in the  same way  as the  hear t  valves,  
b u t  also a t  different  p H ' s  ranging f rom 5.0-8.0, and 
then  spread on microscope slides. F o r  t he  p H  ranges 
5.0-6.5 a c i t ra te  buffer  and for 6.0-8.0 a phospha te  
buffer were used. The  whole-mounts  were prepared for 
f luorescence microscopy according to the  me thod  of 
FALCK and HILLARP. The combining  of the  histofluores- 
cence technique  and the  methy lene  blue s taining has 
recent ly  been shown to demons t ra te  s imul taneously  
adrenergic  and non-adrenergic  fibres 6, ~. 

The  hear t  va lves  were found to conta in  adrenergic  
te rminals  and preterminals ,  a l though in va ry ing  numbers .  
All the  cusps of the  mi t ra l  and t r icuspidal  va lves  con- 
ta ined  adrenergic  and methylenezblue-s ta ined fibres. 
Often the  2 fibre types  ran  close together ,  wi th  several  
fibres in each s t rand (Figure 1). The  fibre plexus was 
normal ly  most  wide-meshed near  the  free edge of the  
valves.  Adrenergic  fibres could of ten be seen in the  
chordae tendineae.  The  number  of bo th  types  of fibres 
was h ighes t  in the  mi t ra l  valve.  In  the  aort ic  valve,  
there  was a marked  difference of the  number  of accom- 
panying  fibres be tween  different  cusps. Cusp I and I I I  
(Figure 2) had  a fa i r ly  dense plexus, b u t  cusp I I  had  no 

of the Heart  

fibres. I t  is of in teres t  to note  tha t  the  cusps wi th  
adrenergic  fibres are where the  2 coronary  arteries issue 
from. As in the  mi t ra l  and t r icuspidal  valves,  axons 
s ta inable  wi th  me thy lene  blue were seen contiguous to  
the  adrenergic  fibres of the  aort ic  and pu lmonary  valves.  
However ,  the  s trong aff ini ty  the  va lvu la r  s t roma has  
for methylene-b lue  often resulted in a pa r t i a l  disguise of 
the  nerve  fibres t h a t  made  i t  diff icult  to  assess fully the  
appearance  of the  plexus. 

In  the  irides, the  combined  demons t ra t ion  of adrenergic  
and non-adrenergic  fibres showed the  normal  fibre pat-  
tern  previous ly  described, i.e. a wel l-developed meshwork  
of concomi tan t  adrenergic  and methylene-blue-s ta ined  
fibres% In  electronmicroscopical  studies, I~ICHARDSON 7 
corroborated t h a t  methylene-b lue  preferent ia l ly  stains 
cholinergic fibres. At  p H  6.0 and 6.5 bo th  c i t ra te  and 
phospha te  buffers were used wi th  ident ical  results, 
showing t h a t  the  buffer  type  had no influence on the  
staining. A t  p H ' s  lower than  6.5, vascular  nerves were 
a t  t imes  stained wi th  methylene-blue .  This  occurred also 
in some few irides incubated  at  p H  7.5 and 8.0. Vascular  
fibres are pure ly  sympa the t i c  in t he  r a t  iris s, and thus,  
in these cases, adrenergic  fibres were s ta ined wi th  
methylene-blue .  However ,  i t  was invar iab ly  noted  that ,  
when such s taining occurred, adrenergic  f luorescent  
fibres were no longer demonstrable .  No staining of 
vascular  (i.e. adrenergic) fibres could be seen in places 
where the  fluorescence was good. F r o m  these exper iments  
i t  thus  appears  feasible t h a t  as long as f luorescent  
adrenergic fibres are still visible, the  methylene-b lue  stain 
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Fig. 1. Mitral valve, whole mount, rat. Fluo- 
rescent (adrenergie) and methylene-blue- 
stained (eholinergic) nerve fibres run close 
together. • 1200. 
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p re fe r ab ly  d e m o n s t r a t e s  non -ad rene rg i c  fibres.  B o t h  
f luorescen t  and  m e t h y l e n e - b l u e - s t a i n e d  f ibres  a p p e a r  
s i m u l t a n e o u s l y  in all  h e a r t  va lves  of t h e  r a t  excep t  1 
aor t i c  cusp (No. I I  in  F igu re  2). The  2 t y p e s  of f ibres  
r u n  close t o g e t h e r  in  t h e  t e r m i n a l  v e g e t a t i v e  g r o u n d  
plexus.  I t  seems m o s t  r ea sonab le  to  suppose  t h a t  t h e  
2 con t iguous  f ibres  are  ad rene rg ic  a n d  cholinergic,  re- 
spect ively .  

I t  h a s  been  s h o w n  p rev ious ly  2 t h a t  t he  p l exa  of t h e  
va lves  are  a d i r ec t  c o n t i n u a t i o n  of a n  endoca rd i a l  n e r v e  
plexus,  a n d  t h e  t y p e  of n e r v e  supp ly  found  in t he  va lves  

Fig. 2. Schematic representation of the aortic valve (see text). 
CA: Coronary artery. 

c an  be  expec t ed  also in th i s  endoca rd ia !  plexus.  E lec t ron -  
microscopica l  s tud ies  9 h a v e  conf i rmed  this ,  a n d  h a v e  
shown  t h a t  t h e  a r r a n g e m e n t  w i t h  t h e  2 t ypes  of con-  
t iguous  ne rves  c an  also be  found  a m o n g  t h e  ne rves  of 
t h e  m y o c a r d i u m  p r o p e r  1~ 

Rdsumd. Tou tes  les va lvu les  du  ra t ,  sauf  une  v a l v u l e  
de l ' aor te ,  c o n t i e n n e n t  des nerfs  ad r6ne rg ique  e t  chol iner-  
gique. Tr6s souven t ,  les d e u x  types  d ' a x o n e s  co u ren t  
t r6s  pr6s Fu n  de l ' a u t r e  c o m m e  ceux  de l ' i r is  du  ra t .  
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Optical Evidence of a Linear Component in Nucleoli  of Lemon Fruit Explants (Citrus limon L.) 

Cer ta in  s tages  of nuc leo la r  m o r p h o l o g y  of l emon  f ru i t  
e x p l a n t s  h a v e  been  s e p a r a t e d  f rom each  o t h e r  b y  a l t e r ing  
t h e  n u t r i e n t  e n v i r o n m e n t  1. These  morpho log ica l  s tages  
inc luded  nuc leo la r  e n l a r g e m e n t  w i t h  a n d  w i t h o u t  changes  
in  l i gh t  t r a n s m i s s i o n  p rope r t i e s  as well  as t h e  f o r m a t i o n  
of h i g h l y  re t rac t i l e  nuc leo la r  inclusions.  E v i d e n c e  is 
p r e sen t ed  here  t h a t  nucleol i  ' showing  regions  w i t h  dif-  
fer ing l igh t  t r a n s m i s s i o n  p rope r t i e s '  as well  as t h e  fo rma-  
t i on  of r e t r ac t i l e  nuc leo la r  m a t e r i a l  obse rved  in l e m o n  
f ru i t  e x p l a n t s  1 are  p r i m a r i l y  assoc ia ted  w i t h  a l inea r  
c o m p o n e n t  of t h e  nucleolus .  

Vesicle s ta lks  f rom m a t u r e  l emons  (Citrus limos L.) 
were i nocu la t ed  asep t i ca l ly  o n t o  d is t i l led  w a t e r  a n d  mi-  
nera l - sucrose  so lu t ion  1 a n d  p laced  in t h e  d a r k  a t  25~ 
Af t e r  2 or  3 clays in  v i t r o  t h e  s ta lks  were f ixed in R a n -  
do lph ' s  C R A F  so lu t ion  a n d  w a s h e d  well  in  dis t i l led  water .  
The  t i ssue  was  s q u a s h e d  b e t w e e n  2 d r y  u n c o a t e d  micro-  
scope slides a n d  dr ied  over  a n h y d r o u s  CaC12 a f t e r  sepa-  
r a t i n g  t h e  slides. The  s q u a s h e d  m a t e r i a l  was  covered  
w i t h  severa l  d rops  of xylo l  for 15-20 ra in  before  m o u n t i n g  
u n s t a i n e d  in 'S i r a '  m o u n t a n t  or  ' P e r m o u n t ' .  U n s t a i n e d  
s q u a s h  p r e p a r a t i o n s  of f resh ly  excised s t a lks  f ixed in 
C R A F  so lu t ion  se rved  as controls .  

Nucleol i  of t h e  con t ro l  t i s sue  were h o m o g e n e o u s  in  
a p p e a r a n c e  as obse rved  p rev ious ly  (Figure  1) 1, 3. E n l a r g e d  
nucleol i  were  e v i d e n t  in  e x p l a n t s  m a i n t a i n e d  on  dis t i l led  
w a t e r  some of wh ich  c o n t a i n e d  a r e l a t ive ly  dense-  
a p p e a r i n g  non- re t r ac t i l e  m a t e r i a l  a r r a n g e d  in  a l inea r  
f a sh ion  a long  t h e  ins ide  p e r i p h e r y  of t he  nucleol i  (Fig- 
ure  2). This  l inea r  a r r a n g e m e n t  of non- re t r ac t i l e  m a t e r i a l  
was  also e v i d e n t  in  nucleol i  of e x p l a n t s  m a i n t a i n e d  on  
comple t e  n u t r i e n t  m e d i u m .  I t  is t h i s  non- re t r ac t i l e  s tage  
of t h e  l inea r  nuc leo la r  c o m p o n e n t  t h a t  was  m o s t  l ike ly  
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Fig, 1. Nuclei and hom0geneous-appearing nucleoli of control tissue. 
Bright field, x 1250. 
Fig. 2. Nucleus and nucleolus of distilled water explant showing 
linear arrangement of non-retractile material at right side of Ilucleolus. 
Phase contrast. • 1250. 
Fig. 3a. Nucleus and nucleolus of explant on complete medium 
showing marked linearity of nucleolar component at right side of 
nucleohs. Note the looped appearance. Bright field, • 1250. 
Fig. 3b. Phase contrast microscopy of nucleolar component in 
Figure 3a. x 1250. 
Fig. 4a. Nucleus and .nucleolus of explant on complet e medium 
showing linearity of nucleolar component lining the'entire periphery 
of the nueleotus. Bright field. • 1250. 
Fig. 4b. Phase contrast microscopy .of nncleolar component in 
Figure 4a. X1250. N, nucleus; n; nucleolus; 1, linear component. 


