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Histochemical ly  Demonstrable Catecholamines of the Newborn Rat Paraganglia after Heavy Hypoxia 

The paragangl ia  are known to conta in  large amoun t s  of 
ca techolamines  (CouPLAND 1, HERVONEN 2-4) the  role of 
which dur ing fetal  life still  remains  obscure. Af ter  the  
discovery of ca techolamine-s tor ing  ceils s imilar  to the  
paragangl ionic  ones, wi th in  the  s y m p a t h e t i c  ganglia too 
(ER}/.NKO and  HXRKONEN5,6), the  funct ion  of the  ex t ra-  
adrenal  ca techolamine-s tor ing  e lements  has become a 
subjec t  of wide discussion (JACOBOWITZ 7, ER~NK6 and 
ERXNK6 s, HERVONENe). The funct ions  suggested for 
the  ca teeholamine-s tor ing  cells, of the  s y m p a t h e t i c  
ganglia, could be classified under  3 main  t i t les :  1. In-  
h ib i to ry  in te rneuron  funct ion was first  suggested by  
ECCLES and LIBET 9 and later  this  hypo thes i s  has gained 
suppor t  in the  u l t ras t ruc tura l  s tudies  (MATTHEW and 
RAISMAN10). 2. Endocr ine  funct ion  for the  paragangl ia  
had  been suggested earl ier  by  several  au thors  (for ref. see 
HERVONEN ~) and also d e m o n s t r a t e d  by  BRUNDIN 11 and 
HERVONEN and J~ORKALA12. W h e t h e r  the  endocr ine  
react ions  of in t ragangl ionic  ca techolamine-s tor ing  ceils 
are s imilar  to  those of paragangl ia  or no t  has not  been 
e lucidated (JAcoBOWlTZ ~). 3. The nihilist ic concept  of the  
funct ional  insignif icance of the  intragangl ionic  catechol-  
amine-s tores  was suppor t ed  by  ~.XTORBERG and SJOQUIST 13 
and  HERVONEN ~. TO the  p resen t  authors ,  it seemed 
in te res t ing  to know whe the r  t he  ca techolamine-s tor ing  
e lements  of the  rat ,  the  paragangl ia  and  the  int ragangl ionic  
ca techolamine-s tor ing  cells, are capable  of releasing 
ca techolamines  in response  to hypox ia  or hypercapnia .  

The l i t ters  of newborn  ra ts  were subjec ted  to  anoxic  
condi t ions  in the  normal  s ta te  or af ter  t r e a t m e n t  wi th  
prednisolone (40 mg/kg  for 5 days),  which  is known  to  
p r even t  the  involut ion  of the  ra t  paragangl ia  and even 
induce new ca techolamine-s tor ing  ceils wi th in  the  ganglia 
(LEMPIN~I~ 14, ERXNK6 and ERXNKO 15). The animals  were 
kep t  under  heavy  hypox ia  ior 2 h. If  respi ra t ion  ceased, 

the  a tmosphe re  was ven t i l a t ed  and the  ra ts  were re- 
susci tated.  The preaor t ic  t issue block conta in ing  bo th  
s y m p a t h e t i c  ganglia and the  paragangl ia  was r emoved  
and processed for f luorescence microscopy  as descr ibed by  
HERVONEN 2.' 

The paragangl ionic  tissue, like the  in t ragangl ionic  
ca techolamine-s tor ing  cells in the  coelial ganglion, ex- 
h ib i ted  br igh t  yellow in tens ive  f luorescence in the  animals  
t r ea ted  wi th  prednisolone.  Af ter  hypox ia  no changes  
were de tec ted  in the  f luorescence in t ens i ty  or its d is t r ibu-  
t ion in the  paragangl ia  and sur rounding  s y m p a t h e t i c  
ganglion (ggl coeliacum). Af ter  the  hypoxia ,  the  colour 
and the  fading veloci ty  of the  ca techo lamine  f luorescence 
also remained  unchanged.  

The presen t  results  suggest  t h a t  the  ca techo lamines  of 
ra t  paragangl ia  and the  ca techolamine-s tor ing  cells of the  
sur rounding  ganglia are f i rmly  bound to  the  cells in 
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Fig. 1. The main abdominal paraganglion of a 1-week-old rat. The catecholamine-storing cells are all bright yellowish and fluorescent. 
The rat has received 40 mg/kg prednisolone for 5 days. 

Fig. 2. The main abdominal paraganglion of a 1-week-old rat after heavy hypoxia for 2 h. The fluorescence intensity and distribution is 
essentially the same as in Figure 1. The rat has received 40 mg/kg prednisolone for 5 days. 
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cond i t ions  which  release the  amines  f rom ad rena l  medu l l a  
(CoMLINE16). VAn ORI)EN 17 came  to t he  same  conclus ion  
a f te r  t r y i n g  to release t he  ca t echo l amines  w i t h  p h a r m a c o -  
logical  agents .  However ,  i t  shou ld  be  po in t ed  ou t  t h a t  
even  ex tens ive  d i scharge  of c a t e c h o l a m i n e s  f rom t h e  
t i ssue  m i g h t  escape de t ec t ion  if on ly  o b s e r v a t i o n  b y  eye 
is used. Therefore ,  j udg ing  f rom the  p r e sen t  results ,  
d i scharge  of a n  endocr ine  n a t u r e  c a n n o t  be  ru led  out .  T h e  
p a r a g a n g l i a  of h u m a n  fe tus  and  n e w b o r n  r abb i t ,  on  t h e  
o the r  hand ,  r eac t  c lear ly  to  s t rong  h y p o x i a  (Bgu~cI)IN11, 
HERVONEN and I~ORKALA12), The  c a t e c h o l a m i n e - s t o r i n g  
cells i nduced  b y  g lucocor t ico ids  m i g h t  be  d i f fe ren t  f rom 
n o r m a l  ones w i t h  respec t  to  t h e  endocr ine  funct ion .  

Zusammen/assung. I n  den  paraganglion~Lren Zellen der  
n e u g e b o r e n e n  R a t t e  wi rd  die Ca techo laminf luoreszenz  
d u r c h  schwere  H y p o x i e  n i c h t  beeinf luss t .  
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Q u a n t i t a t i o n  of the  N u m b e r  of Villi  and  Crypts  in the  In tes t ine  of R o d e n t  A n i m a l s  

I n  t he  s tud ies  of ga s t ro - in t e s t i na l  d a m a g e  i nduced  b y  
rad ia t ion ,  m a n y  k ine t i c  ana lyses  1-5 on  t he  cell p o p u l a t i o n  
in t he  e p i t h e l i u m  of g u t  in  r o d e n t  an ima l s  h a v e  been  m a d e  
on t i ssue  sect ions,  and  i t  was p r o v e d  t h a t  t he  ep i the l i a l  
cells were p roduced  ill t h e  c ryp t ,  t r a n s f e r e d  u p w a r d s  to t h e  
v i l lus  t ip ,  and  e x t r u d e d  in to  t he  lumen .  The  e x p l a n a t i o n  
has  been  ga ined  t h r o u g h  t h e  s tud ies  of 2 -d imens iona l  rela-  
t i onsh ip  of t he  c r y p t  to  t he  villus.  Accu ra t e  i n f o r m a t i o n  is 
no t  a lways  ava i l ab l e  conce rn ing  t h e  3 -d imens iona l  re la t ion-  
ship  of t h e  c r y p t  to  t he  villus6-1~ B y  t he  rou t i ne  h is to-  
logical  t e c h n i q u e  us ing  paraf f in ,  i t  m i g h t  be  r a t h e r  diffi- 
cu l t  for t h e  c ryp t s  a n d  t h e  vi l l i  to  be  f ixed in t h e  desi red 
o r i en ta t ion ,  e.g., so as to  r u n  para l le l  w i t h  each  o ther ,  so 
t h a t  accu ra t e  3 -d imens iona l  r e l a t i onsh ips  be tween  t h e m  
were no t  p roved .  

The  p r e sen t  s t u d y  was u n d e r t a k e n  to  e x a m i n e  t h e  o the r  
f rom t h e  r o u t i n e  h is to logica l  t e c h n i q u e  to o b t a i n  accu ra t e  
m e a s u r e m e n t s  of t he  r e spec t ive  n u m b e r  of c r y p t s  a n d  
vi l l i  pe r  u n i t  a rea  of mucosa l  surface.  

E x p e r i m e n t a l  an ima l s  used were mice,  ra t ,  and  golden  
hams te r s ,  all 3 -mon th -o ld  adul ts .  F r o m  each  a n i m a l  smal l  
i n t e s t ines  were r emoved ,  cu t  off a t  a des i red length ,  a n d  
f ixed in a 3:1 m i x t u r e  of 70% e t h a n o l  a n d  glacial  acet ic  
acid for I to  2 h, a n d  t h e n  hydro l i zed  in N-HC110 b y  m e a n s  
of s t a n d i n g  a t  r oom t e m p e r a t u r e  for  1 to  2 days.  

The  segmen t s  were opened  b y  c u t t i n g  a long  t he  long 
axis  of in tes t ine .  The  mucous  m e m b r a n e  of t he  f l a t t e n e d  
segmen t s  was  swep t  gen t ly  w i t h  a p las t i c  or b a m b o o - m a d e  
knife  t a k i n g  care  t h a t  t he  l a m i n a  p rop r i a  was no t  damaged .  

I t  is f avorab le  t h a t  t h e  edge of kni fe  is dull.  Sweeping was 
done  in a pai l  c o n t i n u o u s l y  suppl ied  w i t h  t a p  water .  By  
such  sweeping t h e  ep i the l ia l  cells of vi l l i  were a l m o s t  com- 
p le t e ly  r e m o v e d  leav ing  l a m i n a  p ro p r i a  an d  c rypts .  Af te r  
sweeping t h e  s eg men t  was p laced  in a P e t r i  d ish  w i t h  a 
smal l  q u a n t i t y  of w a t e r  an d  covered  gen t ly  w i t h  a t h i n  
l eaden  pe r fo ra t ed  p la te .  

T h r o u g h  t h e  p e r f o r a t e d  a rea  in t h e  l eaden  pla te ,  t h e  
c ryp t s  a n d  t h e  vil l i  were p h o t o g r a p h e d  us ing  a microscope  
equ ipped  w i t h  w a t e r - i m m e r s i o n  lenses of su i t ab l e  magn i -  
f ica t ion.  E n u m e r a t i o n  of t h e  n u m b e r  of c ryp t s  an d  vill i  in  
u n i t  sur face  of m u c o s a  was pe r fo rmed  in t h e  p h o t o g r a p h s .  
E x a m p l e s  of such  p h o t o g r a p h s  are shown  in  F igures  a) a n d  
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a) Crypts  ( x  100) 

Photographs  of c rypts  and  vil l i  in  in tes t ina l  mueosa  of golden hams t e r  

b) Villi ( x 4O) 


