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Distr ibut ion  of contract i le  prote ins  and adrenergic  nerves  in the adrenal  g land of gu inea-p ig ,  
rat and ox  as  revealed by i m m u n o f l u o r e s c e n c e  and the g lyoxy l i c  acid technique 1 
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Summary. Myos in  a n d  a c t i n  were localized in t he  a d r e n a l  g land,  us ing  an t ibod ie s  aga in s t  these  p ro t e in s  wh ich  were 
i so la ted  f rom ch icken  gizzard.  Myos in  a n d  ac t i n  were p re fe ren t i a l l y  loca ted  in vascu la r  walls  inc lud ing  endo the l i a l  cells 
a n d  in  t he  capsule.  I n  r a t  and  gu inea-p ig  ad r ena l  cor tex ,  t he  a m o u n t  of con t r ac t i l e  e l emen t s  in  vascu la r  walls  corre-  
sponded  well  to  the  dens i t y  of adrenerg ic  ne rves  as revea led  w i t h  t he  g lyoxyl ic  acid m e t h o d .  

I m m u n o f l u o r e s c e n c e  s tud ies  h a v e  c o n t r i b u t e d  con-  
s i d e r a b l y  to  de t ec t i ng  smal l  a m o u n t s  of a c t i n  and  m y o s i n  
in n o n m u s c l e  a n d  s m o o t h  muscle- l ike  cells. B y  us ing  
a n t i b o d i e s  a g a i n s t  h i g h l y  pur i f ied  ac t in  a n d  m y o s i n  f rom 
ch icken  gizzard 2, 3, these  con t rac t i l e  p ro t e in s  h a v e  been  
loca ted  in t he  gu inea-p ig  tes t i s  ~, in  a s t rocy te s  of r a t  
d i e n c e p h a l o n  ~, in the  r a t  a n d  ca t  o v a r y  ~, 7, in r a t  cornea,  
lens  e p i t h e l i u m  a n d  in  t he  r e t i n a  s, and  in r a t  a n d  h u m a n  
l iver  ceils ~. 
The  p r e s e n t  s t u d y  was p r o m p t e d  b y  2 ca tegor ies  of 
f indings .  1. R e c e n t  b iochemica l  s tud ies  h a v e  shown the  
p resence  of a n  ac tomyos in - l ike  p r o t e i n  in  t he  a d r e n a l  
m e d u l l a  1~ Douglas  la ha s  p o i n t e d  to  analogies  o f  
s t imulus - sec re t ion  coupl ing  in a d r e n a l  m e d u l l a r y  cells 
a n d  e x c i t a t i o n - c o n t r a c t i o n  coupl ing  in muscle  a n d  i t  h a s  
been  s u g g e s t e d  t h a t  t he  sec re to ry  process  in  c h r o m a f f i n  
cells invo lves  con t rac t i l e  e l ement s  1~ A n  i m m u n o f l u o -  
rescence s t u d y  could d e t e c t  t he  si tes of a c t o m y o s i n  in 
t h e  ad r ena l  medul la ,  and  e s t ab l i sh  w h e t h e r  or n o t  t he  
c h r o m a f f i n  cell  possesses t he  p re requ i s i t e s  of a n  in t r a -  
ce l lu lar  con t r ac t i l e  s y s t e m  us ing  ac t in  a n d  myos in .  
2. C a t e c h o l a m i n e  h i s t ochemica l  a n d  u l t r am or pho log i ca l  
i nves t i ga t i ons  in our  l a b o r a t o r y  h a v e  revea led  cons iderab le  
a m o u n t s  of ad rene rg ic  ne rves  in  t h e  g lomeru losa  a n d  
re t i cu la r i s  zone of t he  gu inea-p ig  a d r e n a l  co r t ex  14. As 
j u d g e d  f rom t h e i r  loca l iza t ion ,  these  ne rves  could a f fec t  
e i t h e r  s t e ro id -p roduc ing  ceils or  v a s c u l a r  walls.  T h e  
presence  o f  a c t o m y o s i n  in t he  wails  of n o n - a r t e r i o l a r  
vessels  would  i nd i ca t e  t he  poss ib i l i ty  for f u n c t i o n a l  
neuroef fec to r  r e l a t ions  n o t  on ly  w i t h  s te ro idogenic  cells, 
b u t  also w i t h  p e r i c y t e s  a n d  endo the l i a l  cells. 
Fo r  i m m u n o h i s t o c h e m i s t r y ,  a d r e n a l  g l ands  were qu i ck ly  
r e m o v e d  f rom 5 a d u l t  ma le  guinea-pigs  a n d  8 r a t s  u n d e r  
e t h e r  a n e s t h e s i a  a n d  frozen in l iquid  n i t r o g e n  or  in  a 
c r y o s t a t  a t - 3 0 ~  6 b o v i n e  g lands  were o b t a i n e d  f rom 
a local  s l augh t e rhous e  a n d  slices 2 -4  m m  t h i c k  were 
f rozen in l iqu id  ni t rogen~ 4-5  ~zm frozen sec t ions  were 
cu t  on  a D i t t e s - D u s p i v a  c ryos ta t ,  a i r -dr ied  for  1-2  h 
a n d  i n c u b a t e d  for 30 rain  in  a m o i s t  c h a m b e r  a t  r oom 
t e m p e r a t u r e  w i t h  specific, y -g lobu l in -enr iched  r a b b i t  
a n t i b o d i e s  a n d  con t ro l  sera  as follows : a) a n t i s e r u m  (1 mg /  
ml) aga in s t  pur i f i ed  m y o s i n  f rom ch i cken  gizzard,  b) 
a n t i s e r u m  (1-2 mg/ml)  aga i n s t  pur i f ied  a c t i n  f rom ch icken  
gizzard,  c) a n t i g e n - a d s o r b e d  a n t i b o d y  aga i n s t  ch i cken  
g izzard  myos in  a n d  d) n o n - i m m u n e  r a b b i t  ~-globulin.  
Af t e r  wash ing  in PBS ,  t he  sec t ions  were i n c u b a t e d  for 
30 m i n  w i t h  f luoresce in- labe l led  goa t  a n t i r a b b i t  i m m u n o -  
g lobu l in  (FITC).  A few sec t ions  were i n c u b a t e d  w i t h  t h e  
second a n t i b o d y  alone.  Af t e r  a n o t h e r  w a s h  and  m o u n t i n g  
in  g lycerol :  0.1 M glycine buffer ,  p H  8.6 (7 : 3), t h e s e c t i o n s  
were  e x a m i n e d  in a Zeiss f luorescence microscope  f i t t ed  
w i t h e  ep i - i l l nmina t ion .  
F luorescence  h i s t o c h e m i s t r y  of adrenerg ic  ne rves  was 
p e r f o r m e d  on 15 ~m t h i c k  c r y o s t a t  sec t ions  a d j a c e n t  to  
those  i n c u b a t e d  w i t h  t he  myos in  a n t i b o d y .  The  glyoxyl ic  

acid t e c h n i q u e  was used in t he  modi f i ca t ion  of de la 
Tor re  a n d  Surgeon15. 
E l e c t r o n  mic roscopy  was  ca r r ied  o u t  o n  r a t  and  gu inea-  
p ig  ad r ena l  g lands ,  w h i c h  h a d  been  f ixed b y  pe r fus ion  
w i t h  p h o s p h a t e - b u f f e r e d  3.5% g l u t a r a l d e h y d e  a n d  im- 
mers ion  in 2% aqueous  OsO 4. 
Low-power  views of ad r ena l  co r t ex  and  medu l l a  revea led  
an  in t ense  myos in -  a n d  less i n t ense  act in-specif ic  f luo-  
rescence m a i n l y  a long  b lood  vessels  a n d  in t he  capsule  
(figure 1). The re  were a r t e r io l a r  vessels,  wh ich  p e n e t r a t e d  
t he  co r t ex  in a n  u n b r a n c h e d  course  (figure 1), and  o the r s  
w h i c h  jo ined  t he  cor t ica l  cap i l l a ry  ne twork .  B o t h  t ypes  
of ar ter io les  emerged  f rom capsu la r  ar ter ioles,  w h i c h  
also gave  rise to  cor t ica l  capil laries.  I n  gu inea-p ig  
(figure 1) a n d  ox, t he re  was a s t rong  myos in-spec i f ic  
f luorescence b o r d e r i n g  b lood  ,vessels in t he  g lomeru losa  
and  re t icu la r i s  zone, which  resu l ted  f rom the  f luorescence 
in b o t h  endo the l i a l  a n d - p e r i v a s c u l a r  cells. Capil lar ies  in 
t he  fasc icu la ta  zone (figure 2) e x h i b i t e d  f a i n t  myos in -  
specific f luorescence w i t h i n  endo the l i a l  and  occas ional  
pe r ivascu l a r  cells. Capi l la ry  con t rac t i l e  p ro t e in s  in  t h e  
r a t  a d r e n a l  co r t ex  showed  a r a t h e r  un i fo rm  p a t t e r n ,  
w i t h  on ly  a few pe r ivascu l a r  cells in t e rposed  b e t w e e n  
e n d o t h e l i u m  and  endocr ine  p a r e n c h y m a  in t he  g lomeru losa  
and  re t i cu la r i s  zone. 
Glyoxyl ic -ac id  t r e a t e d  sec t ion  revea led  a s t r i k ing  cor-  
r e spondence  (figure 1 a n d  3) in t h e  d e n s i t y  of adrenerg ic  
n e r v e s  a n d  con t r ac t i l e  cells a long capi l lar ies  in  r a t  a n d  
gu inea-p ig  a d r e n a l  cor tex.  I n  t he  la t te r ,  b lood vessels  
of t he  g lomeru losa  and  re t i cu la r i s  zone were well  suppl ied  
b y  n u m e r o u s  b e a d e d  green  f luorescen t  ne rve  f ibres  
(figure 3). I n  t h e  ra t ,  t h e  adrenerg ic  n e r v e  supp ly  was 
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scarce and mos t ly  conf ined to the  ar ter iae  corticis. No 
glyxyl ic-acid  t r e a t m e n t  was pe r fo rmed  on bovine  adrena l  
sections.  
In  the  adrena l  medul la  of r a t  and guinea-pig,  specific 
a n t i b o d y  s ta in ing  was observed  along veins and  the i r  
t r ibu ta r ies  b o t h  in the  endo the l ium and  in per ivascular  
cont rac t i le  cells. Ac tomyos in -con ta in ing  cells also formed 
in t h i n  shea th  a round  groups of medu l l a ry  cells (figure 4). 
Along vessels these cells were no t  a r ranged  in a cont in-  
uous layer ;  r a the r  t h e y  appeared  c o n c e n t r a t e d  where 

capillaries or smal l  veins  joined larger ones, being ar- 
ranged in a longi tud ina l  or spiral  fashion. No a t t e m p s  were 
made  to  assess sys temat i ca l ly  the  a r r a n g e m e n t  of con- 
t rac t i le  cells in the  bovine medu l l a ry  Vascular tree.  
As to  the  endocr ine  cells of adrena l  cor tex  and  medul la ,  
incuba t ion  wi th  an t imyos in  did no t  yield f luorescence 
beyond  t h a t  in sect ions  t r ea ted  wi th  the  an t igen -abso rbed  
a n t i b o d y  or w i th  F ITC (figure 5). However ,  t r e a t m e n t  
wi th  an ac t in  a n t i b o d y  revealed the  presence  of ac t in  in 
medul la ry  cells in a th in - l ayer  u n d e r n e a t h  the  cell m e m -  
brane.  Ul t ras t ruc tu ra l ly ,  ac tomyos in -con ta in ing  cells, 
which  su r rounded  groups  of chromaff in  cells, r e sembled  
bo th  f ibroblas ts  and  smoo th  muscle  cells. Golgi e lements  
and the  bulk  of rough  E R  and free r ibosomes were s to red  
in the  per inuclear  area, whi ls t  th in  f i laments  (4-6 nm), 
p l a sma lemmal  inpocket ings  (figure 7) and  a t t a c h m e n t  
sites (figure 6) were p r e d o m i n a n t  in the  cell per iphery .  
The p re sen t  s t u d y  d e m o n s t r a t e s  a d i s t r ibu t ion  of myos in -  
conta in ing  e lements  preferent ia l ly  along blood vessels of 
adrena l  cor tex  and  medul la .  Our resul ts  show t h a t  even 
capillaries of the  fasciculata  zone have  a myosin-specif ic  
f luorescence.  There  is increasing evidence t h a t  capil lar ies  
m a y  con ta in  ac tomyos in .  Thus,  O w m a n  et  al. 18 have  
localized myos in  and  ac t in  in bra in  capil laries of r a t  
and  ca t  employ ing  ident ical  an t ibodies  to those  used 
in t h i s  s tudy .  I t  appea r s  n o t e w o r t h y  t h a t  these  ve ry  same 
ant ibodies  will no t  s ta in  f ibroblas ts  and endothe l ia l  cells 
in p r i ma ry  cultures,  and  at  p re sen t  we have  no exp lana-  
t ion for this.  Becker  17 has ob ta ined  posi t ive  resul ts  
wi th  endothe l ia l  cells f rom various sources using i mmu no-  

16 L. Edvinsson, [J. Gr6schel-Stewart, J. Hardebo, Chr. Owrnan, 
K. Unsicker and B. Walles, Congress ot~ Cerebral Blood Flow, 
Copenhagen, June 1977. Abstract submitted. 

17 C.G. Beeker, Ann. N. Y. Acad. Sci. 275, 78 (1976). 

Fig. 1 and 2. Myosin-specific immunofluorescence in the guinea-pig 
adrenal cortex is predominant in the capsule (C) and along blood 
vessels in the glomerulosa (G) and reticularis (R) zones. Cortical 
artery (arrow, see also figure 3). Figure 2 clearly demonstrates that 
there is also a specific fluorescence associated with the walls of 
capillary vessels (arrows) in the fasciculata zone, which, however, is 
faint compared to that in the glomerulosa and reticularis zones. 

Fig. 3. Adrenergic nerve fibres in the guinea-pig adrenal cortex as 
revealed by the glyoxylic acid technique. Note that fluorescent 
nerves (black arrows) are concentrated in the glomerulosa (G) and 
reticularis (R) zones. Adrenergic nerves along a cortical artery are 
marked with a white arrow. Irregular light and dark patches are due 
to a technical artifact (low magnification combined with a dark field 
condersor). Figures 1 and 3 • 50. Figure 2 • 200. 
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f luorescence and  immunope rox idase  techniques .  In  vivo 
observa t ions  of endothe l ia l  con t rac t ion  in ra t  mesen te ry  
vessels 18 also suppor t  t h e  concep t  of cont rac t i le  proper t ies  
of capillaries. Contract i le  proper t ies  m a y  also be a t t r i bu t ed  
to perivascular cells, which lack the  comple te  set  of 
typ ica l  features  of smoo th  muscle as judge t  by  electron 
microscopy.  These cells were a b u n d a n t  a long capi l lary 
vessels in the  glomerulosa  and ret icularis  zone of the  
guinea-pig adrenal ,  b u t  no t  ve ry  p r o m i n e n t  in ra t  adrenal  
cortex.  In  the  adrena l  medul la  of the  3 species s tudied,  
these cells bordered  sinusoid vessels in an irregular  a r ray  
and su r rounded  groups  of ch romaf f in  ceils .  

The presence  of ac t in  and  myosin  in the  walls of all 
t ypes  of adrenal  blood vessels suggests  t h a t  a regula t ion 
of adrena l  blood flow m a y  occur no t  only a t  t he  main  
gates  (cortical and  medul la ry  arterioles,  medul la ry  vein;  
see Coupland 1~, review) b u t  also a t  var ious  levels in 
be tween .  The p r o m i n e n t  supply  of adrenergic  nerves  to  
vessels in the  re t icular is  zone of the  guinea-pig suggests  
a mechan i sm control led  b y  intr insic  nerves,  which  allows 
variations in the amount of corticosteroid hormones 
feeding the medulla. This it particulary interesting in 
view of the relative importance of glucocorticoids for the 
methylation of noradrenaline 2~ Species differences as 

Fig. 4 and 5. Guinea-pig adrenal medulla incubated with antismooth muscle myosin (figure 4) and the same antibody previously adsorbed to 
the antigen (figure 5). Groups of chromaffin cells (C) are surrounded by cells (arrows), which display a myosin-specific immunofluorescence. 
A specific fluorescence is absent from chromaffin cells. • 510. 

Fig. 6 and 7. Electron micrographs showing features of both smooth muscle and fibroblast in the cells, which form a peripheral layer around 
groups of chromaffin cells (C). These cells may exhibit plasmalemmal attachment sites (A), inpocketings (I) and microfilaments (M) as well 
as an abundance of free ribosomes (R). Figure 6 • 18,000, figure 7 • 54,000. 
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shown here  to occur be tween  ra t  and guinea-pig  indicate  
t h a t  several  mechan i sms  for regula t ing the  medul la ry  
blood supply  m a y  exist .  In  fact ,  it  has  been argued t h a t  
con t rac t ion  of the  medu l l a ry  vein is an essent ia l  fac tor  
in de t e rmin ing  the  a m o u n t  of cor t icosteroids  reaching 
chromaff in  cells. 
In  add i t ion  to a local regula t ion of blood flow, cont rac t i le  
mechan i sms  i n  t h e  ,vascular wall, and  especial ly in 
endothe l ia l  ceils, could also serve to regula te  vascular  
pe rmeab i l i t y  b y  e i ther  widening  intercel lular  gaps os or 
t r ansendo the l i a l  channels  21. In  this  inves t igat ion,  acto-  
myos in  could no t  be de tec ted  in the  endocr ine  cells of 
adrena l  medul la  or cortex.  This  does no t  exclude the  
presence  of cont rac t i le  p ro te ins  in these  s t ructures ,  b u t  
the  a m o u n t  m a y  have  been  too low to be de tec ted  wi th  
the  m e t h o d s  appl ied here. While  this  pape r  was in pre-  

pa ra t ion  Creutz ~2 p re sen ted  immunof luorescence  p ic tures  
f rom bovine  adrena l  medulla,  suggest ing t h a t  chromaff in  
cells con ta in  myosin.  ~ n c e  his app roach  to the  p rob lem 
of i m m u n o c y t o c h e m i c a l  local izat ion of myosin  was  
s o m e w h a t  d i f fe rent  f rom ours  - he  used myos in  f rom 
bovine  adrenals  as an an t igen  - the  resul ts  canno t  be 
d i rec t ly  compared .  

18 I. Joris, G. Majno and G. B. Ryan, Virchows Arch. Abt. ]3. 
Zellpath. 72, 73 (1972). 

19 R. E. Coupland, Handbook of Physiology, section 7, vol. VI, 
'p. 283, American Physiological Society, Washington, D. C. 1975. 

20 R.J .  Wurtman and J. Axelrod, J. biol. Chem. 245, 2301 (1966). 
21 N. Simioneseu, M. Simionescu and G. E. Palade, J. Cell Biol. 

64, 486 (1975). 
22 C.E. Creutz, Cell Tissue Res. 778, 17 (1977). 

Induc t ion  of d e v e l o p m e n t a l  a n o m a l i e s  in m i c e  by m a t e r n a l  s t r e s s  1 
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Summary.  The shor t - t ime  res t ra in t  of p r e g n a n t  mice on day  8 of ges ta t ion  led to a s igni f icant  increase of the  a n o m a l y  
ra te  in fetuses.  This  effect  m a y  be due to stress factors  of endocr ine  origin. 

Teratological  s tudies  using ionizing radia t ion  at  low dose 
rates  require  re la t ively  tong exposure  t imes  for the  preg- 
n a n t  animal .  W h e n  only  a p a r t  of the  body  is to  be ex- 
posed,  or the  field size of the  radia t ion  beam (85% isodose) 
jus t  covers  the  animal,  the  m o v e m e n t s  of the  animal  have  
to be p r even t ed  e i ther  by  anes thes ia  or by  res t ra in ing  in 
a ' snug- f i t t ing '  cage. 
Since anes thes ia  m a y  be an effective agen t  in radiopro-  
tection2, or some narcot ic  drugs can themse lves  be tera-  
togenic (like Eponto l ,  in publ icat ion)  we used the  re- 
s t ra in ing  m e t h o d  to avoid chemical  in terac t ions .  In  our 
earlier expe r imen t s  3, using 200 kV X-rays  a t  h igh dose 
rates,  no ha rmfu l  effects  could be observed  in sham-  

i r rad ia ted  animals,  which  were res t ra ined  only  for a shor t  
period.  However ,  in recent  work wi th  nega t ive  p ions  a t  
low dose rate,  or wi th  p r o t r a c t e d  140 kV X-i r radia t ion ,  
the  prolonged res t ra in t  represen ts  a s t ress  s i tua t ion  which  
is te ra togenic  in mice. This so-called 'cage effect '  has  been  
seen also in expe r imen t s  using L u c a n t h o n e  as a possible 

1 The technical assistance of Mrs E. Freiis gratefully acknowledged. 
Supported by the S~viss National Foundation for Scientific 
Research. 

2 R. Rugh and M. McManaway, J. exp. Zool. 197, 363 (1976). 
3 C. Michel, Experientia 30, 1195 (1974). 

Plexiglas cage with air supply used 
in this study. The restraining ch am- 
ber in the centre of the cage. 


