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Ultrastructural  evidence of amantadine  and a m p h e t a m i n e  noradrenal ine  releasing action 

ELENA PITA and ~N~ICOLAS PEREZ I 

Department of Pharmacology, Faculty of Medicine, University o/ Granada, Granada (Spain), 18 May 1976 

Summary. Amantad ine ,  like amphe t amine ,  exer t s  a dep le to ry  effect  upon  noradrena l ine  conta in ing  vesicles of the  
adrenal  medulla .  The mic ro tubu la r  s y s t e m  seems to  p lay  a role in t he  releasing process. 

Introduction. Since the  f i rs t  s t u d y  realized abou t  the  
pharmacologica l  and  toxicological  proper t ies  of ad aman -  
t a n a m i n  hydrochlor ide  b y  VERNIER and  coworkers  in 
1969 3, a grea t  n u m b e r  of inves t iga t ions  have  appeared  
in l i t e ra ture  on the  pharmacologica l  effect  of a m a n t a d i n e  
upon  var ious  n e u r o t r a n s m i t t e r s  in t he  CNS 3-~t. F r o m  

Fig. 1. Normal adrenaline-containing cells. Granule contents pre- 
sents a medium optical density and it is placed centrally in relation 
to the surrounding membrane. • 20,000. 

these  data ,  t he  drug  appears  to be able, a t  h igh concen-  
t ra t ions ,  to  inh ib i t  the  up take  of catecholamines13,13; a t  
low concent ra t ions ,  i t  increases the  release of these  neuro-  
t r ansmi t t e r s  f rom thei r  neurona l  s torage  pools ~,5,3; an 
increase is also observed in the  ac t iv i ty  of d o p ami n e  and  
noradrena l ine  recep tors  3,14,1~. 

On the  o ther  hand ,  there  are few d a t a  on the  adrenergic  
po t en t i a t i ng  ac t iv i ty  exer ted  b y  a m a n t a d i n e  a t  peri- 
phera l  levell6-~3; fu r the rmore  these  s tudies  are aIways 
realized by  measur ing  the  ar ter ial  pressure  of the  animal  
or using isolated organ techniques .  

We t h o u g h t  i t  in te res t ing  to inves t iga te  the  catechol-  
amine  releasing act ion of a m a n t a d i n e  upon adrenal  
medul la  in vivo,  using electron microscope m e t h o d s  in 
order  to ob ta in  a morphological  evidence of th is  effect. 
A m p h e t a m i n e  has been  repor ted  to exer t  an effect  similar 
to a m a n t a d i n e  upon ca techolamine  tu rnove r  and its 
ac t ion on the  adrena l  medul la  is well known ~, 3,11, ~, 20, 21; 
we therefore  used th is  drug as a reference compound  in 
our  s tudy.  

We have  main ly  focused our a t t e n t i o n  on the  doses 
which  are able to induce a dep le tory  effect, the  per iod of 
ac t ion of the  d r u g s  and the  u l t r a s t ruc tu ra l  changes  ob- 
served in the  adrena l  medul la ry  ceils af ter  admin i s t r a t ion  
of a m p h e t a m i n e  and  aman tad ine .  

Material and methods. The drugs  (amantad ine  in in- 
creasing doses of 2, 5, 10, 20 and  30 mg/kg  and amp he t -  
amine  in increasing doses of 0.5, 1.5 and  2.5 mg/kg) were 
admin is te red  i .p.  to Wis ta r  rats.  The animals  were killed 
30 min,  1 h, 6 h, 12 and  24 h later.  

Wi th in  30 sec af ter  killing, the  adrena l  t issue was fixed 
in g lu ta ra ldehyde  a t  2.5% in Millonig's buffer  33. The in- 
clusion was realized following the  Spurr  t echnique  33. 

Fig. 2. Normal noradrenaline-containing cells. Granule contents 
shows a high optical density and it contacts partially with the sur- 
rounding membrane, leaving an empty space on the opposite place. 
• 20,000. 

Fig. 3. Noradrenaline-eontaining cell 6 h after administration of 
5 mg/kg of amantadine. The majority of the noradrenaline vesicles 
are empty and many others show a significant decrease of granule 
contents. • 30,000. 
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L a t e r  t h e  sl ides were  s t a i n e d  w i t h  u r a n y l  a ce t a t e  a n d  lead 
c i t r a t e  24. 

Resu l t s .  A m a n t a d i n e ,  in doses  of 2 a n d  5 m g / k g ,  e x e r t s  
a r e m a r k a b l e  dep le t ion  of t he  n o r a d r e n a l i n e - c o n t a i n i n g  
vesicles.  On  inc rea s ing  the  a d m i n i s t e r e d  dose,  t h i s  effect  
dec reases  p rog res s ive ly ,  be ing  w e a k l y  d i scern ib le  a t  dose  
of 10 m g / k g  a n d  rea l ly  negl igible  a t  doses  of 20 a n d  30 m g /  
kg. T h e  g r e a t e s t  i n t e n s i t y  of t h e  re leas ing  ac t i on  h a s  
been  o b s e r v e d  f r o m  1 to  6 h a f t e r  a d m i n i s t r a t i o n  of t h e  
low doses  and ,  in s o m e  areas ,  i t  is sti l l  d e t e c t a b l e  a f t e r  
1 2 h .  

Fig. 4. Noradrenaline-colltaining cells 30 rain after administration 
of 1.5 mg/kg of alnphetamine. The noradrenaline depletory process 
is clearly advanced but it has not reached its maxinmm, 20,000 • 

A m p h e t a m i n e  also induces  t h e  e x t r u s i o n  of  n o r a d r e n -  
al ine b u t  n o t  of  adrena l ine ,  a t  doses  v a r y i n g  f r o m  0.5 m g /  
kg  to  1.5 m g / k g ;  i t  is r e m a r k a b l e  t h e  s h o r t n e s s  of  t h e  
a m p h e t a m i n e  l i b e r a t o r y  ac t ion ,  w h i c h  r eaches  i ts  m a x i -  
m u m  a t  30 a n d  60 m i n  a n d  6 h a f t e r  a d m i n i s t r a t i o n  h a s  
c o m p l e t e l y  d i s a p p e a r e d .  
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Fig. 5. Noradrenaline-containing cells 30 ntin after administration 
of 2 mg/kg of amantadine. The depletory process is beginning. We 
can see a great number of eytoplasmatie microtnbules (arrows). 
x 20,000, 

Fig. 6. Noradrenaline-containing cell 12 h after administration of 
10 mg]kg of amantadine. It  is remarkable the hypertrophy of the 
Golgi apparatus. • 25,000. 
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The  e x t e n t  a n d  d u r a t i o n  of a m a n t a d i n e  a n d  a m p h e t -  
a m i n e  effects  are conf i rmed  b y  t he  o b s e r v a t i o n  of signifi- 
c a n t  signs of h y p e r a c t i v i t y  in  n o r a d r e n a l i n e  p roduc ing  
m e d u l l a r y  cells. The  Golgi a p p a r a t u s  shows a clear h y p e r -  
t r o p h y  a n d  i t  is s u r r o u n d e d  b y  a g r ea t  n u m b e r  of new 
f o r m a t i o n  vesicles, cha rac t e r i zed  b y  the i r  low op t ica l  
dens i ty  and  b y  t he  concen t r i c  d i spos i t ion  of t he  g ranu le  
c o n t e n t s  respec t  to  t he  m e m b r a n e .  W e  h a v e  no t  found  
an  increase  of exocyt0s is  w i t h  a n y  of t he  two  drugs  em- 
p loyed  in t he  s tudy .  On t he  con t r a ry ,  we h a v e  obse rved  
a n  obv ious  increase  in t he  n u m b e r  a n d  size of cy to-  
p l a s m a t i c  m i c r o t u b u l e s  d u r i n g  t he  re leas ing phase.  

Comments. Morphologica l  o b s e r v a t i o n  p roves  to  be  a 
re l iable  rule for i n v e s t i g a t i n g  t he  pha rmaco log ica l  effect  
of some drugs.  The  per ipher ic  ac t ion  of a m a n t a d i n e  is 
b e t t e r  clarif ied b y  t he  fac t  t h a t  t h e  d rug  ha s  a def in i te  
a n d  specific a c t i v i t y  a t  m e d u l l a r y  level  v i a  a release of 
noradrena l ine .  

The  morpho log ica l  d a t a  in our  h a n d s  seems to  s u p p o r t  
t h a t  t he  m e c h a n i s m  of release of c a t echo l amines  f rom 

the  ad rena l  cells is due  to  a process  of hemiocytos is .  Th i s  
is in  c o n t r a s t  w i t h  t he  o b s e r v a t i o n s  real ized b y  SCHNEI- 
DI~R 21, SMITH a n d  V A N  O R D E N  25 a n d  T R I F A R O  and  co- 
workers  26; bu t ,  on t he  o t h e r  h a n d ,  our  d a t a  conf i rm the  
resu l t s  o b t a i n e d  b y  o the r  a u t h o r s  2~-29 who  t h i n k  t h a t  t he  
m i c r o t u b u l a r  s y s t e m  is i n v o l v e d  in  t h e  n o r a d r e n a l i n e  a n d  
ad rena l ine  release f rom a d r e n a l  m e d u l l a r y  cells. 

The  ac t ions  of a m a n t a d i n e  seems the re fo re  to  be  t he  
overa l l  resu l t s  of an  effect  on  t h e  CNS a n d  of the  a c t i v i t y  
a t  per ipher ic  level. 
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An indirec t  d e m o n s t r a t i o n  of the s u b s t r u c t u r e  of the l a m i n a  basa l i s  in the  branch ia l  heart  of Sep ia  
of f ic inal i s  L. by  m e a n s  of c h o l i n e s t e r a s e  reac t ion  1 

R. Sch ipp  

I. Zoologisches Institut, Universitiit, D-63 Giessen (Federal Republic o/Germany, BRD),  13 September 1976 

Summary. Using  a cy t ochem i ca l  chol ines te rase  reac t ion ,  a f i l amen tous  s u b s t r u c t u r e  of t he  l a m i n a  basa l i s  of t he  pe r iph-  
eral  ep i the l i um in t h e  b r a n c h i a l  h e a r t  of Sepia  officinalis  L. can  be  d e m o n s t r a t e d .  The  r eac t ion  p r o d u c t  can  be  iden-  
t i f ied be tween  t h e  p r o b a b l e  col lagenous  microf i l aments ,  so t h a t  a form of nega t ive  s t a in ing  is given.  

The  b a s e m e n t  l a m i n a  has  been  iden t i f i ed  as a f u n d a m e n -  
t a l  s t r u c t u r e  of m a n y  ep i the l i a  w i t h  t r a n s p o r t i n g  func-  
t ions .  I n  exc re to ry  a n d  b lood  vessel  sys tems,  t h i s  l a m i n a  
is a s t r u c t u r e  which ,  as a ' s em i pe r m eab l e '  bar r ie r ,  sepa-  
r a t e s  t he  blood, h e m o l y m p h ,  of exc re to ry  f luid f rom the  
f luid wh ich  washes  a r o u n d  t he  basa l  p l a s m a l e m m a  of t he  
ep i the l ia l  cells. B iochemica l  a n d  cy t ochem i ca l  f indings  2-4 
h a v e  p roduced  some ind ica t ions  of t he  chemica l  com- 
pos i t ion  of t he  b a s e m e n t  l a m i n a  in v e r t e b r a t e s ;  b u t  i ts  
s u b s t r u c t u r e  is n o t  well  c lar i f ied 6. 
In  our  cy tochemic a l  a n d  e lec t ron  microscopica l  inves-  
t i ga t ions  conce rn ing  t he  c i r cu l a to ry  a n d  exc re to ry  sys- 
t e m  of d i b r a n c h i a t e  Cepahlopods ,  we were able  to  see 
t h a t  t he  ep i the l i a  a n d  e n d o t h e l i a  of these  o rgans  ( the 
b r a n c h i a l  a n d  sys temic  hea r t ,  t he  b lood  vessels, t h e  
r ena l  and  p a n c r e a t i c  appendages ,  t he  gills, etc.) a lways  
h a v e  a v e r y  large a n d  d i s t i nc t  b a s e m e n t  l a m i n a  of 200 n m  
th i cknes s  wh ich  v e r y  of ten  bui lds  up  the  on ly  closed 
b o r d e r  of t he  b lood s inus  in t he  p e r i p h e r y  of t he  o rgans  6, ~. 
W i t h  n o r m a l  e lec t ron  microscopica l  f ixa t ions  and  s t a in ing  
w i t h  u r a n y l  a ce t a t e  a n d  lead c i t ra te ,  t he  l a m i n a  shows a 
g ranu la r ,  a m o r p h o u s ,  or pax t ia l ly  a gr id- l ike s u b s t r u c t u r e  
(figure, a) in h ighe r  magni f ica t ions .  
Cy tochemica l  i den t i f i ca t ion  of t he  non-specif ic  chol in-  
es terase  in  t he  pe r iphe ra l  ep i the l i um of the  b r a n c h i a l  
h e a r t  of Sepia  officinalis  will p rov ide  new aspects  oI t he  
fine s t r u c t u r e  of th i s  ex t race l lu la r  l ayer  in cephalopods .  
Material and methods. T he  t i ssue  was t a k e n  f rom the  
b r a n c h i a l  h e a r t  of juveni le  Sepia  officinalis  (L.) an-  
aes the t i zed  w i t h  0 .5 -1% E t h a n o l  Seawater .  F i x a t i o n  of 
spec imens  ( ~  0.5-1 m m ) :  4 %  g l u t a r a l dehyde  in phos-  
p h a t e  buffer  (Sorensen),  p H  7.4; 1050 m O s m ;  2 h ;  6~ 
r ins ing  : in 10 % sucrose for 30 m i n  a t  2 0 ~ ; i n c u b a t i o n  s : 
for 30 min  in ace ty l th iocho l ine iod ide  70 mg, 0,1 M sod ium 

ace t a t e  22 ml,  0,1 N acet ic  acid 3 ml, 3 .75% glycine 1 ml,  
0.1 M CuSO 4 1 ml,  0 ,5% P b N O  3 1 ml ;  t he  r eac t ion  c a n  
be i n h i b i t e d  w i t h  10 -6 M Mipafox ;  r ins ing :  s eawa te r  
5 min,  H2S s a t u r a t e d  sea w a t e r  5-6  min ,  s eawa te r  5 m i n ;  
pos t f i xa t i on  : 1.5 % OsO4 in p h o s p h a t e  buf fe r ;  e m b e d d i n g  : 
D u r c u p a n  | ACM (ara ld i t ) ;  t h i n  sect ions  were cu t  on  a 
L K B  u l t r a m i c r o t o m e  a n d  v iewed - w i t h o u t  s t a in ing  
w i t h  u r a n y l  ace t a t e  or lead c i t r a t e  - in  a Zeiss EM 9A or 
a Ph i l ips  E M  300. - I n  a d d i t i o n  some samples  were  
s t a ined  w i t h  a lc ian  b lue  a n d  t he  P A S - r e a c t i o n  for l igh t  
microscopic  analysis .  
Results. The  b r a n c h i a l  h e a r t  sect ions  p r imar i l y  show 
reac t ion  p r o d u c t s  on  t he  surface  of t h e  ovoid  cells9 a n d  
in t he  l a m i n a  basa l i s  of t h e  pe r iphe ra l  b r u s h  b o r d e r  
e p i t h e l i u m  b o r d e r i n g  t he  o rgan  to  the  p e r i c a r d i a l  coe loma 
(figure, b). Some p rec ip i t a t i ons  can  be  seen in t he  a lc ian  
b lue  a n d  P A S - p o s i t i v e  basic  region of t h e  ep i the l ia l  ceils 
a n d  also in t he  microvi l l i  of t h e  b r u s h  border .  
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