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potential (A-C), showing that  there was little or no 
inhibitory action. However, after spinalization the 
usual large inhibitory postsynaptic potential appeared 
in records F and G. On the other hand the inhibitory 
potential caused by  Ib impulses from the lateral 
gastrocnemius-soleus nerve appeared before as well as 
after section of the cord. 

It  has been assumed that  the functions of the Ib 
systems in the reflex taxis of the animal would be pro- 
tective, i.e. too strong a contraction of the muscle 
would be prevented by  autogenetic inhibition 7. How- 
ever, the pattern of connections in the spinal animal 
suggests an additional function of the Ib action. The 
large inhibitory action exerted by Ib impulses from 
flexor digitorum longus would appear with the active 
plantar flexion of the toes, at the height of the exten- 
sion phase of the step and could be of importance for 
terminating the extension phase and initiating the 
flexion phase of stepping. 

If impulses from flexor digitorum longus normally 
were a contributor in the reflex regulation of stepping, 
these inhibitory actions would clearly require control 
from higher centres, for example during voluntary 
contraction of the flexor digitorum longus or during 
running. A control at the interneuronal level would 
certainly be most effective. Such an inhibitory control 
presumably exists, although less pronounced, for Ib 

7 R. GRASIT, Receptors and sensory perceptions. Yale University 
Press, New Haven (1955). 

inhibitory actions from other muscles than flexor 
digitorum longus. 

The functional implication of the suprasegmental 
control of interneurones mediating group II  and I I I  
impulses may be a different one. Attention was drawn 
above to the co-existence in the spinal preparation of 
the entirely different pattern of synaptic actions 
caused by the two types of muscle spindle afferents, 
groups Ia and II respectively. In the present experi- 
ment there was no evidence that the synaptic linkage 
between Ia fibres and motoneurones was controlled 
from higher centres. On the other hand, with the inter- 
neurones mediating the group II and I I I  actions, there 
exist very effective inhibitory control mechanisms 
from supraspinal centres. I t  may tentatively be sug- 
gested that in normal locomotion there is assistance by  
reflex actions from the Ia and Ib systems, but  on 
account of this inhibition at the internuncial level im- 
pulses in group II and I I I  fibres are largely without 
synaptic actions on motoneurones. 

Zusammen/assung 

An dece reb r i e r t en  u n d  sp ina len  K a t z e n  w u r d e n  d iverse  
soma t i s che  Afferenzen  in i h r en  s y n a p t i s c h e n  W i r k u n g e n  
auf  Vorde rho rnze l l en  vergl ichen.  ]3ei de r  d e c e r e b r i e r t e n  
K a t z e  waren  de ren  e r regende  u n d  h e m m e n d e  W i r k u n g e n  
s t a r k  h e r a b g e s e t z t  oder  n i c h t  n a c h w e i s b a r .  S o m i t  w e r d e n  
Zwischenneu rone  im 1Reflexbogen d u t c h  s u p r a s p i n a l e  
Z e n t r e n  ton i sch  g e h e m m t .  Die B e d e u t u n g  dieser  Kon t ro l l e  
ftir die Ref l ex regu l i e rung  wi rd  be sp rochen .  
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Selective Depletion of Nor-Adrenal ine  in the 
Adrenal Medulla of the Rat After Administrat ion 

of Reserpine (Histochemical  Research) 

R e c e n t  r e sea rch  (CARLSSON a n d  HILLARP 1, KRONEBERG 
and SCHtiMANN ~, MOLINATTI et al 3) has  d e m o n s t r a t e d  
t h a t  t he  a lka lo ids  of 'Rauwol/ ia  serpentina' cause  t he  
l ibera t ion of ca t echo l  amines  b y  t h e  a d r e n a l  medu l l a  of 
animals  of d i f f e ren t  species. 

In  t he  r a t ,  t h e  a d m i n i s t r a t i o n  of r ese rp ine  causes  a de-  
finite mod i f i c a t i on  x~f ce l lu la r  c h r o m a f i i n i t y ;  a longside  

1 A. CARLSSON and N. A. HILLARP, Kungl. Fhysiogr. S~illsk. Lund. 
FSrh. 8, 26 (1956). 

2 G. KRONEBERG and H. J. SCHf3MANN, Arzneimittelforschung 
4, 279 (1957). 

a G. M. MOLINATTI, F. CAMANNI, and O. LOSANA, Arch. int. 
Pharmacodyn. (in press). 

va r ious  g roups  of cells c o m p l e t e l y  devo id  of p h e o c h r o m e  
subs t ance ,  t he  r e m a i n i n g  g l a n d u l a r  p a r e n c h y m a  p rese rves  
a n o r m a l  degree  of c h r o m a f f i n i t y  (MOLINATTI et al.a). As 
d e m o n s t r a t e d  b y  HILLARP et al. 4 a n d  ERANK~ s a d r e n a l i n e  
a n d  n o r - a d r e n a l i n e  in  t h e  r a t ' s  m e d u l l a  a re  c o n t a i n e d  in 
two  d i s t i nc t  t y p e s  of cells. The re fo re  t h e  p a r t i c u l a r  be-  
h a v i o u r  obse rved  in t h i s  a n i m a l  h a s  sugges ted  to  us  t h a t  
u n d e r  t he  ac t ion  of reserp ine  on ly  one  of t h e  two c a t h e -  
chol  a m i n e s  is se lec t ive ly  secreted.  

Th i s  i n v e s t i g a t i o n  the re fo re  was ca r r ied  o u t  in o rde r  to  
e x a m i n e  t he  possible  di f ferences  in b e h a v i o u r  of a d r e n a l i n e  
a n d  no r - ad rena l ine .  The  l a t t e r  m a y  be  d e m o n s t r a t e d  h i s to -  
logical ly b y  m e a n s  of HILLARP-H~KFELT'S r e a c t i o n  8, 
w h i c h  cons is t s  in  t he  f o r m a t i o n  of a p i g m e n t  inso lub le  in  

4 N. A. HILLARP and B. HOKFELT, Endocrinology 55, 255 (1954). 
5 O. ER~/,NK/:i, Endocrinology 57, 363 (1955). 
6 N. A. HILLARP and B. HOKFELT, J. Histochem. Cytochem. 3, 1 

(1955). 
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Fig. 1.--Adrenal medulla of rat before and after treatment with reserpine. Hillarp-H6kfelt's reaction. In-4, the cellular groups appear 
containing a dark yellow pigment which disappears entirely after administration of reserpine (B). 65 x.  

w a t e r  due  to  t he  ox ida t ion  of nor -adrena l ine  wi th  po tas -  
s ium ioda te ;  whe reas  ox ida t ion  wi th  ch romic  sal ts  enables  
t he  two  ea t echo lamines  to  be  d e m o n s t r a t e d  s imul tane-  
ously. 

Methods . - -20  albino ra ts ,  Wis t a r  stock, male  sex, 
average  we igh t  200 g were  used. The an imals  were  d iv ided  
in to  t w o  g roups  and  t r e a t e d  wi th  reserpine,  in doses  of 
0-5 m g  a n d  1 mg /kg  b o d y  we igh t  respect ive ly .  The  in- 
j ec t ions  were m a d e  endoper i tonea i ly  and  were r epea t ed  
for 3 consecu t ive  days  to  t he  an imals  of t he  f i rs t  g roup  
a n d  for 5 days  to  those  of t he  second group.  A cont ro l  
g roup  was  g iven in jec t ions  of physiologica!  solut ion in t he  
same way.  

A t  t he  end of t he  t r e a t m e n t  all the  an imals  were killed 
b y  decap i t a t ion .  The  adrena ls  g lands  were  i m m e d i a t e l y  
r e m o v e d  a n d  c u t  in to  t h i n  sec t ions ;  some were  immer sed  
for 48 h in a 10~o solut ion of po tas s ium ioda te  (ttILLARP'S 
specific reac t ive  for nor-adrenal ine)  and  then ,  a f te r  f ixa-  
t ion in formalin,  cu t  w i th  the  freezing mic ro tome ;  o the r s  
were immersed  for 3 days  in a solut ion of ch romic  sal ts  

Fig. 2.--Adrenal medulla of rat. Chromaffin reaction. After adminis- 
tration of reserpine cellular islets completely free from pheochrome 

granules are encountered. 65 x.  

D 

! 

Fig. 3.--Detail of Figure 1A (C) and Figure 2 (D). 130 x.  



[15. VI. 1958] Kurze Mitteilungen - Brief Reports 201 

(10 par ts  of 5% po tass ium b ichromate  + 1 par t  of 5% 
potassium chromate)  and af te rwards  enclosed in paraffin. 

Results.-- In t he  control  group the  sections of adrenal  
medulla t r ea ted  wi th  chromic  salts showed a normal  degree 
of chromaff in i ty  in all t he  cells, whi le  in those t rea ted  with  
HILLARP'S reagen t  cel lular  groups were ev iden t  containing 
a dark yel low p igmen t  and i r regular ly  d is t r ibuted in the  
remaining pa renchyma ,  which  was comple te ly  devoid of 
pigment (Fig. IA,  3C). I n  each ins tance  the  adrenals of 
the t rea ted  ra ts  showed a h i s tochemica l  p ic ture  s t r ikingly 
different f rom t h a t  of the  normal  gland. W h e n  doses of 
0-5 mg/kg  were u s e d ,  w i th  the  chromaff in  react ion cellular 
islets could be observed  in the  adrenal  medul la  complete ly  
free f rom pheochrome  granules  (Fig. 2, 3D). These cellular 
groups were i r regular ly  d i s t r ibu ted ;  the  number  of their  
cellular e lements  was qui te  var iable .  H o w e v e r  most  of the  
parenchyma preserved  a normal  degree of chromaff ini ty .  
A sudden passage, w i thou t  i n t e rmed ia ry  stages, was al- 
ways observed  be tween  the  groups of non-chromaff in  cells 
and the  ad jacen t  cel lular  columns,  which were intensely 
pheochrome. W i t h  the  HILLARP'S reac t ion  potass ium 
iodate, however ,  i t  was never  possible to show, in any  
celt, the  fo rma t ion  of t he  charac ter i s t ic  da rk  p igment  
(Fig. 1B). On the  contrary ,  the  admin i s t r a t ion  of reserpine 
in s t ronger  doses (1 mg /kg  for 4-5  consecut ive  days) 
caused the  a lmos t  comple te  d isappearance  of the  chrom- 
affinity of eve ry  g landular  e lement ;  t he  cel lular  cyto-  
plasm appeared  more  or  less vacuolised,  re la t ive ly  baso- 
phil, and  comple te ly  devoid  of pheochrome granules. 
With in t e rmed ia t e  doses increasing progressively f rom 
0.5 mg to  1 mg/kg,  a progress ive  reduc t ion  was noted in 
the number  of cells pos i t ive  to  chromaff in  reac t ion;  in all 
these stages HILLARI~'S reac t ion  was consis tent ly  negat ive.  

Discussion.-- In ag reemen t  w i th  w h a t  has been de- 
monstra ted by  o ther  au thors  by  chemical  methods  
(CARLSSON and  HILLARP 1, KRONEBERG and  SCHOMANN 2) 
and by  our  previous  research 3, i t  m a y  be considered, f rom 
examinat ion  of  the  h is tochemical  f indings described, t ha t  
the admin i s t r a t ion  of reserpine causes a more or  less in- 
tense d iminu t ion  of t he  ca techol  amine  con ten t  in the  
adrenal medulla .  The  size of this discharge seems pro- 
port ionate to  t he  dose of alkaloid adminis tered,  to  the  
point of reaching  wi th  the  highest  dosage, the complete  
depletion of t he  catechol ic  con ten t  of t he  gland. 

The f inding of to ta l  d isappearance  of da rk  yellow pig- 
ment af ter  ox ida t ion  wi th  po tass ium iodate  in the  cellular 
tissue of the  ra ts  t r ea ted  wi th  reserpine in doses of 0-5 
mg/kg denotes  a comple te  deple t ion  of nor-adrenal ine ; and 
since, under  these condit ions,  the  chromaff in  react ion still 
demonstrates  a h igh  n u m b e r  of posi t ive  cells, i t  m a y  be 
deduced t h a t  the  adrena l ine  con ten t  has not,  on the  con- 
trary, undergone  any  notab le  modificat ions.  On the o ther  
hand, by  compar ing  of the  sections t rea ted  with  chromic 
salts wi th  those  sub jec ted  to ox ida t ion  wi th  potass ium 
iodate, i t  can be observed t h a t  the  n u m b e r  and the  topo-  
grafical d i s t r ibu t ion  of cel lular  e lements  devoid of pheo- 
chrome mate r i a l  correspond fair ly well  the  number  and 
the d is t r ibut ion  of the  cel lular  e lements  which, in the  
normal gland, seem to be rich in p igment  wi th  HILLARP'S 
reaction. 

Therefore i t  can be s ta ted  tha t ,  in the  above-considered 
doses and wi th in  t he  l imi ta t ions  imposed by the  histo- 
chemical react ions  adopted ,  reserpine causes an a lmost  
selective discharge of nor-adrenal ine  ; wi th  s t ronger  doses, 
besides the  l ibera t ion of nor-adrenal ine,  there  seems to be 
also a progressive d iminu t ion  of adrenal ine  up to the  com- 
plete d isappearance  of all  the  catecholic  content .  

F .  CAMANNI, O. LOSANA, and 
G. M. MOLINATTI 

Institute o/Medical Pathology o/the University o / T u r i n  
(Italy), March 2, 1958. 

Riassunto 

Con tecniche is tochimiche $ s t a t a  i n d a g a t a  l ' az ione  
della reserpina sul con tenu to  catecol ico del la  midol la re  
surrenale  del ra t to .  Viene d o c u m e n t a t a  una  scar ica  pres-  
soch~ selet t iva di nor-adrenal ina.  

Histochemische Untersuchungen  
fiber den Einfluss von Iproniazid (Marsilid) auf 

die durch Reserpin erzeugte Freisetzung von 
Adrenalin und Noradrenal in aus dem 

Nebennierenmark 

Chemische und his tochemische Un te r suchungen  erga- 
ben, dass Iproniazid durch H e m m u n g  der  Monoaminoxy-  
dase (MO) in vivo nicht  nur  den Abbau  von  ,freiem,> 5- 
H y d r o x y t r y p t a m i n  (Sl iT,  Serotonin) ve rh inde r t  1, son- 
dern mOglicherweise auch die nach In jek t ion  yon Reserpin  
feststellbare Freisetzung des gespeicher ten 5 H T  aus den 
K6rperdepots  h e m m t  2. Grosse Dosen Reserpin setzen auch 
den Katecholamingehal t  verschiedener  Gewebe 3 und des 
Blutp lasmas  4 herab, eine Wirkung,  die im Gehirn  du tch  
Iproniaz id-Vorbehandlung s ignif ikant  abgeschw~cht  
wird 5. In  der vorl iegenden Arbei t  soll m i t  h i s tochemischen  
Methoden gepriift  werden, ob eine solche Abschwi ichung 
der Reserpinwirkung an d e n K a t e c h o l a m i n e n  des Neben-  
nierenmarkes  der R a t t e  s ichtbar  gemach t  werden  kann. 

Versuchsanordnung. Gruppen  von  8 bis 12 m~nnl ichen 
oder  weiblichen, 80 bis 120 g schweren Wis t a r r a t t en  
eigener Zucht  wurden wie folgt  behande l t  (Tabel le  I) : 

Iproniazid wurde als Phospha t  (Marsilid*), Isoniazid als 
Base (Rimifon*) in fi.quimolarer Dosierung verwendet .  24 h 
nach der Reserpininjekt ion wurden  die R a t t e n  ge t6 te t  
(Kontrol lgruppen V I I I  und I X  gleichzeit ig m i t  Gruppen  
V I u n d  VII) ,  die Nebennieren  herauspri iparier t ,  e inmal  
zerschnit ten und lebensfrisch fixiert .  Der  histochemische 
Nachweis der Katecholamine erfolgte nach  folgenden 
Methoden:  Gruppen I bis V:  F ixa t ion  in Mfillerscher 
L6sung (Ka l iumbichromat  2,5 - Na t r iumbisu l f i t  1,0 - 
Aqua  dest. ad 100,0) w~ihrend 3 Tagen,  Pa ra f f ine inbe t tung  
und Gegenf~rbung mi t  Haemataun .  

Gruppen  VI  bis I X  (nach der Vorschri f t  von  HILLARP 
und H6KFELT s) : E ine  Nebenniere  pro Tier,  w~ihrend 24 h 
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