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C o n t r a r y  to our  obse rva t ions ,  ABRAMS et  at. ~ h a v e  
found  ala increased s ens i t i v i t y  to  i n t r a - a r t e r i a l l y  a d m i n -  
i s te red  ep inephr ine  a n d  n o r e p i n e p h r i n e  in h u m a n  fo r ea rm  
fol lowing a n  a r t e r i a l  occlusion.  Th i s  vascu la r  bed,  
however ,  is compl i ca t ed  b y  para l le l  coupl ing  of m u s c u l a r  
and  c u t a n e o u s  c i rcula t ions .  A r e d i s t r i b u t i o n  of b lood flow 
f rom one region to a n o t h e r  could be  respons ib le  for t h i s  
f i nd ing  11. 

The  r e m a r k a b l e  s imi l a r i t y  of t he  resu l t s  o b t a i n e d  w i t h  
b o t h  drugs  used in  our  e x p e r i m e n t s  i nd ica t e s  t h a t  t h e  

K 

k 

50 

f J  

/ 
I" 

/ 
/ 3C 

50 150 
PPmrnHg 

Fig. 3. The relationship between vasoconstrictor responses of canine 
mesenteric vascular bed (& PP) to single doses (EDa0) of angiotensin 
(full line) or norepinephrine (broken line) and initial perfusion 
pressure (PP). Changes in the initial perfusion pressure were induced 
by preeeeding arterial occlusion. 

m e c h a n i s m  respons ib le  for  t h e  depress ion  of pressor  
respones  d u r i n g  t h e  r eac t ive  h y p e r e m i a  is p r o b a b l y  non-  
specific in  na tu re .  If' t h e  decrease  in sens i t i v i ty  of vascu la r  
bed  to vasocons t r i c to r  s t imul i  d u r i n g  t h e  local h y p o x i a  is a 
genera l  p h e n o m e n o n ,  i t  can  be a n  i m p o r t a n t  r egu la t i ng  
m e c h a n i s m  he lp ing  to i mp ro v e  t h e  local oxygen  supp ly  of 
t i ssues  b y  d i mi n i s h i n g  t h e  effect  of a n y  vasocons t r i c to r  
s u b s t a n c e  co inc iden ta l ly  p re sen t  in  t h e  a r t e r i a l  wall.  

Zusammen/assung. Nachweis ,  dass  die R e a k t i o n  der  
mesen te r i a l en  Blutgef/~sse be im  H u n d  n a c h  e inmal iger  
i n t r aa r t e f i e l l e r  I n j e k t i o n  yon  Ang io t ens in  oder  Noradre -  
na l in  w/ ihrend  der  d u r c h  die 2,5 ra in  a n d a u e r n d e n  ar te -  
r iel len Oklus ion  ausge l6s ten  r e a k t i v e n  HyperXmie  he rab -  
gese tz t  wird.  Diese V e r m i n d e r u n g  de r  v a s o k o n s t r i k t o -  
r i schen  R e a k t i o n  di i r f te  i n sbesonde re  auf  eine Sensibi l i -  
t~Ltsvermindernng der  Gef / issmuskeln  au f  die P h a r m a k a  
u n d  dessert bei  der  r e a k t i v e n  H y p e r ~ m i e  v e r m i n d e r t e n  
pO 2 in B lu r  u n d  Gewebe zurf ickzuf i ihren  sein. 
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Cytochemical Localization of 5-Hydroxydopamine in Adrenergic Elements of Cat Adrenal Medulla 

A n u m b e r  of e x p e r i m e n t s  b y  d i f fe ren t  researchers  h a v e  
d e m o n s t r a t e d  a typ i ca l  n e r v e  f ibres  in t he  ad rena l  
medu l l a  t h a t  do no t  con fo rm to  t he  wide ly  held  pr inc ip le  
of p regangl ion ic  chol inergic  i n n e r v a t i o n  ~-a. D e n e r v a t i o n  
of t h e  a d r e n a l  g land  resu l t s  in  t he  pe r s i s t en t  p resence  of 
n e r v e  f ibres  t h a t  do n o t  degenera te ,  even  a f t e r  sec t ion ing  
of the  sp l anchn ic  n e r v e  as p r o x i m a l l y  as t he  coeliac 
gangt ion  ~ or a f t e r  sec t ion ing  t he  t ho rac i c  a n d  first  two  
l u m b a r  sp ina l  ne rves  ~. L i g h t  mic roscopy  c lear ly  de- 

m o n s t r a t e s  b ipo la r  or m u l t i p o l a r  ne rve  cells in  the  ad rena l  
medu l l a  3,4 whi le  a d j u n c t  cho l ines te rase  reac t ions  revea l  
a d d i t i o n a l  f ibres  t h a t  e i t he r  are chol ines te rase  nega t ive  5 
or  d e m o n s t r a t e  pseudocho l ines t e rase  a c t i v i t y  fol lowing 
d e n e r v a t i o n  a. I n  a d d i t i o n  w i t h  elec~cron mic roscopy  
pos tgang l ion ic  n e r v e  e n d i n g  m o r p h o l o g y  has  been  
descr ibed  fo rmer ly  in dogf ish  6 an d  in t oad  ad rena l  
medu l l a  ~. 

The  ques t ion  of w h e t h e r  or no t  adrenerg ic  ne rves  are  
p r e s en t  in  t h e  ad rena l  medu l l a  sti l l  r e m a i n s  due to  t he  
lack of a t e c h n i q u e  t h a t  d i s t ingu ishes  h i s tochemica l ly  
adrenerg ic  f rom t h e  g rea te r  n u m b e r  of chol inerg ic  ne rve  
f ibres  a n d  endings .  5 - H y d r o x y d o p a m i n e  (5-OHDA) pro-  
vides  a precise labe l l ing  of adrenerg ic  ne rves  as d e t e r m i n e d  
in ear l ier  e x p e r i m e n t s  e x a m i n i n g  o the r  o rgan  s t ruc-  
tu res  8, 9 

5 - H y d r o x y d o p a m i n e  h a s  been  shown  to  be  se lect ively  
t a k e n  up  b y  adrenerg ic  ne rve  f ibres  a n d  a c c u m u l a t e d  in  
ne rve  e n d i n g  vesicles. Qua l i t a t i ve  p rocedures  done  in 
t h i s  l a b o r a t o r y  h a v e  d e m o n s t r a t e d  a def in i t e  r eac t ion  of 
p r ec ip i t a t e  f o r m a t i o n  b e t w een  5 - O H D A  an d  c o m b i n a t i o n  

Fig. 1. b) Cholinergic (Ch) nerve ending of control cat adrenal me- 
dulla. A typical synapse at the chromaffii1 cell surface is seen; there 
are dense cored (DCV) and hotlow vesicles neither demonstrating 
positive reaction for NE or 5-OHDA. • 20,332. 
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g lu t a r a ldehyde  and  m o l y b d a t e  solut ion.  Therefore ,  t h s i  
s t u d y  d e m o n s t r a t e s  a loca l iza t ion  of b iogenic  a m i n e  
s torage  s i tes  in  ne rve  e l ement s  of t he  ad r ena l  m e d u l l a  
us ing  5-OHDA,  a ' fa lse '  adrenerg ic  t r a n s m i t t e r ,  as a 
marke r .  No a t t e m p t  is m a d e  to  examine  t h e  p r o b l e m  of 
adrenerg ic  vs. chol inergic  i n n e r v a t i o n  of t h e  ad rena l  
medul la .  Th i s  is a h igh ly  i nvo lved  phys io log ica l  p rob lem,  
a n d  t h e  sub jec t  of f u r t h e r  i nves t i ga t i ons  w h i c h  are in  
progress.  

Methods and materials. Tes t  an ima l s  used were m a t u r e  
male  ca t s  each  of wh ich  was k e p t  ill a l i gh t  d a r k  r egu la ted  
room and  sacr if iced a t  t h e  same  t i m e  each  d a y  to  avo id  
d iu rna l  effects 1~ The  e x p e r i m e n t a l  g roup  was  g iven  
3 in jec t ions  of 75 m g / k g  5 - O H D A  i.p. over  a pe r iod  of 
36 h a t  12 h in t e rva l s  n.  4 h fol lowing t he  f ina l  in j ec t ion  
e x p e r i m e n t a l  a n d  con t ro l  an ima l s  were a n e s t h e t i z e d  
w i t h  sod ium p e n t o b a r b i t a l  and  b i l a t e ra l  ad rena l ec tomies  
were per formed.  Fol lowing r ap id  r e m o v a l  t he  t i ssue  was 
f ixed b y  i m m e r s i o n  in 4 %  g lu ta ra ldehyde ,  1~o sod ium 
m o l y b d a t e  in  0.2 M sod ium cacody la te  buffer  a t  p H  7.2 
for 2 h 1~. Fol lowing a 2-h m o l y b d a t e  t r e a t m e n t  smal l  
b locks  of t i ssue  were t r e a t e d  w i t h  1% o s m i u m  t e t r o x i d e  in 
cacody la t e  buf fe r  for i h, d e h y d r a t e d  in scaled alcohol  
solut ions,  a n d  e m b e d d e d  in maraglass .  P r e p a r a t i o n  of 
e x p e r i m e n t a l  and  cont ro l  t i ssues  fol lowed iden t ica l  
procedures .  T h i c k  and  t h i n  sect ions  were m a d e  on  a L K B  

U l t r a t o m e  I I I ,  a n d  e lec t ron  microscopic  p h o t o g r a p h y  
done  w i t h  a J E O L  100-B4 e lec t ron  microscope.  On gr id  
s t a in ing  was w i t h  lead c i t ra te .  

Observations. Cont ro l  a n i m a l  t i ssue  was e x a m i n e d  on 
s t a ined  a n d  u n s t a i n e d  grids. The re  is a pos i t ive  r eac t ion  
for n o r e p i n e p h r i n e  (NE) c o n t a i n i n g  granules  ; t h i s  pos i t ive  
r eac t ion  is n o t  seen outs ide  of N E  c o n t a i n i n g  cells. 
Sect ions  d e m o n s t r a t e  t yp i ca l  chol inerg ic  ne rve  end ings  13 
ev i d en t  a t  ch romaf f in  cell surfaces;  t he re  is no  pos i t ive  
r eac t ion  for N E  (Figure lb ) .  I n  a d d i t i o n  f ibre  b u n d l e s  
obse rved  in cell-cell in te r s t i ces  d e m o n s t r a t e  no d is t in -  
guish ing  morpholog ica l  cha rac te r i s t i c s  t h a t  m i g h t  i nd i ca t e  
ne rve  f ibres  t h a t  are of d i f fe ren t  or ig in  t h a n  those  t h a t  
su r round ing .  These  inc lude  mye l ina t ed ,  u n m y e l i n a t e d ,  
a n d  d e n u d e d  ne rve  f ibres  ; all c o n t a i n  no  pos i t ive  r eac t ion  
for NE.  E x a m i n a t i o n  of t h e  e x p e r i m e n t a l  t i ssue  reveals  a 
c o m p a r a b l e  n u m b e r  of chol inergic  ne rve  end ings  a t  
c h r o m a f f i n  cell surfaces ;  t h e y  are i nd i s t i ngu i shab l e  f rom 
t h e i r  con t ro l  coun t e rpa r t s .  The re  are, however ,  a typ ica l  
n e r v e  f ibres  in t h e  c h r o m a f f i n  cell in te r s t i ces  (Figure  la)  
un l ike  a n y  obse rved  in t h e  control .  

10 S. MATSLISHIMA and T. ITO, J. Neural Trans. 33, 275 (1972). 
11 T. CmSA, Anat. Rec. 176, 35 (1972). 
12 j .  G. Wood and H. R. MAT~EWS, J. Cell Biol. 59, 368 (1973). 
13 j .  G. WooD, Z. Zellforsch. 145, 151 (1973). 

Fig. 1. a) Numerous unmyelinated nerve fibres enclosed in Sehwann (Sch) ceils. 3 of the nerve fibres are adrenergic (Ad) and contain positive 
reaction for 5-OHDA. The reaction product is as dense as that of norepinephrine (NE) containing granules. • 141000. 
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R e a c t i o n  pos i t ive  for 5 - O H D A  is a p p a r e n t  in  m a n y  b u t  
no t  all  ne rve  f ibres  in  t h e  a d r e n a l  medul la .  These  5- 
O H D A  pos i t ive  f ibres  m a y  be cha rac t e r i zed  b y  t h e i r  
un ique  1. morpho logy ,  2. geograph ic  loca t ion  re l a t ive  to  
N E  c o n t a i n i n g  cells a n d  3. t h e i r  u p t a k e  of 5-OFIDA. T h e  
r eac t ion  p r o d u c t  is e q u i v a l e n t  to  t h e  dens i t y  of N E  
c o n t a i n i n g  granules  in  b o t h  s t a i ned  a n d  u n s t a i n e d  
specimens.  The  ne rve  f ibres  are  p r i m a r i l y  of t he  ' b o u t o n  
en passage 'S  v a r i e t y  c o n t a i n i n g  large vesicles comple t e ly  
filled w i t h  pos i t ive  m a t e r i a l  (Figure  2 a). These  are  d i s t i nc t  
f rom t h e  dense  cored vesicles t yp i ca l  of chol inerg ic  n e r v e  
end ings  b o t h  in t e r m s  of 1. t h e  d e n s i t y  of t h e  r eac t ion  
p r o d u c t  ( equ iva len t  to  d e n s i t y  of e p i n e p h r i n e  g ranu le  
dens i ty)  a n d  2. t he  a m o u n t  of dense  ma te r i a l  t h e  g ranu le  
conta ins .  (The chol inergic  dense  cored vesicle con t a in s  less 
dense  s t a in ing  m a t e r i a l  t h a n  a c o m p a r a b l e  vesicle  in  a n  
adrenerg ic  ne rve  e n d i n g  8, ~1). Adrenerg ic  ne rve  f ibres  also 
c o n t a i n  fewer vesicles t h a t  are e m p t y  or unf i l led  w i t h  
pos i t ive  r eac t ing  ma te r i a l .  Some of t he  ne rve  e l emen t s  
a p p e a r  more  as a ' t e r m i n a l  b o u t o n '  or, more  l ikely,  axon  
var icos i ty .  T h e y  con ta in ,  in a d d i t i o n  to  some m i t o c h o n -  

dria,  t h e  larger  filled vesicles a n d  fewer, usua l ly  filled, 
smal le r  vesicles (Figure 2b).  These  a x o n  var icos i t ies  are  
n o t  obse rved  in t h e  synap t i c  con f igu ra t ion  of t h e  classical  
chol inergic  ne rve  e n d i n g  a t  t h e  c h r o m a f f i n  cell surface.  
D o t t e d  vesicles are also n o t  seen ~4. 

Areas  in  t h e  ad r en a l  med u l l a  e x h i b i t i n g  b u n d l e s  of 
5 - O H D A  label led  ne rve  f ibres  are c o n s i s t e n t  a n d  can  be 
specif ical ly  charac te r i zed .  Free  ne rve  f ibres  are a p p a r e n t  
on ly  in t h e  col lagenous  in te r s t i ces  of N E  c o n t a i n i n g  cell 
a n d  p e r i v a s cu l a r  areas.  I n  these  in t e r s t i t i a l  a reas  t h e r e  
are n u m e r o u s  ins t ances  of u n m y e l i n a t e d  ne rve  f ibres  w i t h  
pos i t ive  r eac t i on  for 5-OHDA.  I n  t h e  m a j o r i t y  of cases t he  
' b o u t o n s  en passage '  are  enve loped  in a S c h w a n n  cell  
(F igure  2a). U p  to now, 5 - O H D A  label led  n e r v e  end ings  
h a v e  no t  been  obse rved  a d j a c e n t  to  N E  cells. Of ten  t he  
axons  a n d  var icos i t ies  are loca ted  w i t h i n  a p p r o x i m a t e l y  

14 I. J. BAK, P,. HASSLER and J. S. KItcN, Z. Zellforsch. 101, 448 
(1969). 

Fig. 2. a) Two probable adrenergic 
(Ad) axon varicosities containing 
large completely filled vesicles 
(LCV), small eompletely filled 
(SCV) and empty vesicles. Mi- 
tochondria are also present. Note, 
the eholinergic (Ch) nerve fibre 
with dense cored vesicles (DCV), 
mitochondria, and no positive re- 
action for 5-OHDA. The 3 nerve 
fibres are enveloped in a Sehwann 
cell and unmyelinated, x 30,000. 
b) Adrenergic (Ad) 'bouton en pas- 
sage' adjacent to a norepinephrine 
(NE) containing cell. Note that an 
adrenergic Iibre contains large 
completely filled vesicles (LCV) 
and numerous small completely 
filled vesicles (SCV) with positive 
reaction for 5-OHDA. There is no 
corresponding positive reaction in 
the cholinergic (Ch) axon. x 13,500. 
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300 )k of the chromaffin cell membrane, and at these times 
they are devoid of a Schwann cell sheath. 

Discussion. TRANZER et aI. ~5 and CHIBA II have es- 
tablished the reliability of the efficiency of 5-OHDA as a 
marker of amine storage vesicles in adrenergic nerves. 
Though the presence of noncholinergic neural elements 
in the adrenal medulla has been alluded to by many 
experiments, a precise demonstration has not been pos- 
sible. Evidence from this experiment reveals no morpho- 
logical change in cholinergic nerves in the adrenal medulla 
following 5-OHDA administration; however, a marked 
accumulation of electron dense material in other nerve 
fibres is obvious indicating adrenergic properties. 

The different vesicle types seen in the 5-OHDA 
labelled adrenergic fibres are of 3 types, e.g. 1. large 
completely filled vesicles, 2. smaller dense cored and 3. 
empty vesicles. When present these represent morpho- 
logically distinct structures as opposed to probable 
stages of fil!ing as previously reported by CHIBA n. 

The localization of labelled fibres is distinctly and 
significantly associated with NE containing cell areas. 
Though the presence of labelled fibres in epinephrine 
areas is a possibility such a situation has not been ob- 
served. The association of the adrenergic fibres exclusively 
to NE ceils indicates a highly specific functional activity. 

The significance of adrenergic function in the adrenal 
medulla is beyond the scope of this experiment. The 
demonstration of adrenergic nerves does, however, 
readily supply a plausible explanation of heretofore 
unexplained findings particularly the incomplete degenera- 
tion of adrenal medullary nerve fibres following denerva- 
tion ~, ~ and continued pseudocholinesterase activity after 
denervation of tile adrenal gland~. Postganglionic 
adrenergic nerves do not degenerate following sectioning 
of preganglionic axons and demonstrate a different 
nerve fibre and ending morphology similar to that  
described by PIEZZi 7. Further substantiation of adrenergic 

nerve presence in the adrenal medulla is ongoing in this 
laboratory involving monoamine oxidase inhibition as in 
the pineal ~, in addition to 6-hydroxydopamine degenera- 
tion of these same adrenergic medullary nerve fibres. 
These results concommitant  with the 5-OHDA demonstra- 
tions establish adrenergic nerve fibre presence in the 
adrenal medulta. This is an imposing reality when viewed 
in terms of the implied nerve control mechanisms of 
adrenal medullary secretion and this selective cytochem- 
ical study which demonstrates an adrenergic nerve 
presence illuminates the significance of adrenergic 
function in the adrenal medulla. The intricacies of such a 
functional specificity must await the results of further 
detailed physiological investigations. 

Zusammen[assung. Nachweis yon mit 5-Hydroxy- 
dopamin markierten Noradrenalin-B1/ischen in post- 
ganglion~iren Nerven, wodurch die B1/~schen eine elektro- 
nendichte, mit  dem Elektronenmikroskop sichtbare 
Substanz enthalten. Solche Nerven mit positiver Reaktion 
fiir 5-OHDA werden im Nebennierenmark erwachsener 
Kater und nut im Gebiet noradrenalinhaltiger Zellen 
nachgewiesen. 
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Ergebnisse des Makrophagen-Migrations-Testes 

In Ietzter Zeit wurden immunologische Vorg/inge 
wghrend der Infektion mit  leuk/imogenen Viren beschrie- 
ben. Es wurde zuvor gezeigt, dass sich die zellul/ire, wie 
such die humorale immunologische Antwort im Verlauf 
experimentell erzeugter Leukgmien ver/indert (CtGLOW- 
SKI et  al. 1, SALAMON 2, ~vVEDDERBURN et  al. 3, PETERSON 
et al. 4 und DENT et al.5). Bislang blieb allerdings die 
Pathodynamik der Immunreaktion w~hrend der Leuk~- 
mogenese ungeklgrt. Die yon RAUSCHER 6 beschriebene 
Leukgmie unterscheidet sich aufgrund ihres phasisehen 
Verlaufes yon anderen experimentellen Leukgmien. 
W/ihrend einer Friihphase unmittelbar nach der Ver- 
impfung proliferieren erythropoetische Elemente in der 
Milz. Die dabei gleichgeschalteten morphologischen 
Ver~inderungen lassen nach eigenen Beobachtungen 
(KoMITOWSKI et al. ~) Zusammenh/inge mit  einem immu- 
nologischen Geschehen vermuten. 

Der von GEORGE und VAUGHAN s entwickelte Heroin- 
test der Makrophagen-Migration bietet die M6glichkeit, 
zellul~re immunologische Prozesse zu erfassen und zu 
quantifizieren. Es erschien uns interessant, diesen Test 
zur Priifung auf m6gliche ~nderungen im immuno- 
logischen Verhalten w/ihrend der Frfihphase der RAUSCHeR- 
Leuk/imie einzusetzen. 

Als Versuchstiere dienten 78 weibliche 8-10 Wochen 
alte NMRI-M~use. 39 Tiere wurden mit  t~AUSCHER-Virus 

wfihrend der Friihphase der Rauscher-Leukiimie 

infiziert, die verbliebenen Tiere dienten ats Kontrolle, 
denen i.p. physiologische NaC1-L6sung verimpft wurde. 
Die RauscHER-LeukS.mie wurde durch i.p. Verimpfung 
von 0, 2 ml eines zellfreien ~rberstandes aus homogenisier- 
ten leukgmischen Milzen des gleichen Stammes erzeugt. 
Aus den Milzen der Veruschs- und Kontrolltiere stellten wir 
mit  Hanks B S S-L6sung Suspensionen her. Wir hgmolysier- 
ten die Erythrozyten nach der Methode yon SHORTMANN 
et ah 9 und resuspendierten die Zellen in ,Minimal Essen- 
tial Medium>> (MEM). Dem N/ihrmedium der Kontroll- 
gruppe nnd der Rauschergruppe wurde in je ether Ver- 
suchsreihe Rauschervirusantigen zugesetzt. So erhielten 
wir voi1 jeder Gruppe zwei Versuchsreihen: eine Reihe 
ohne Antigen und eine Reihe mit zusgtzlichem Antigen. 

Das gewonnene Material zogen wir in Mikrokapillaren 
auf und zentrifugierten 3 min bet 500 g. Die Kapillaren 
wurden fiber dem entstandenen Pellet abgetrennt, in 
sterile Plastikkammern eingebracht und in einer mit  Lnft 
und CO= angereicherten Atmosphere fiber 24 h bet 37 ~ 
inkubiert. Danach haben wir die Areale der aus den 
Kapillaren ausgewanderten Zellen mit  einem elektro- 
nischen Bildanalysator (Zeiss Mikrovideomat) nach einer 
neu entwicketten Methode (KuRKA et al. 10) ausgemessen. 

Bereits 24 h nach Verimpfung des RAUSCHER-Virus ist 
die Makrophagenwanderung deutlich gehemmt. Dieser 
Effekt ist nacll Zugabe yon Antigen noch ausgeprggter 


