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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  
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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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Basal  l amina  (BL) of Sepia  officinalis : a of the pancreat ic  ep i the l ium after  a normal  f ixat ion and s ta in ing  wi th  u rany l  ace ta te  and lead ci trate ,  
b-c of the branchia l  hea r t  epi thel ium after  the cholinesterase reac t ion  (unstained),  showing a 'mic ro tubu la r '  subs t ruc ture ,  e of the vena  
cephal ica  wi th  corresponding collagenous fibrils (Cf), / in a schemat ic  reconst ruct ion after  the figures b-c; hemocyan in  (HC); epi thel ium 
(EP) ; muscle cell (MC) ; basal  infoldings of p l a sma lemma  (BI). (Fur ther  explana t ions  in the text.) 
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H i g h e r  magn i f i ca t ions  of t he  d a r k  c o n t r a s t e d  l a m i n a  
basa l i s  in  l o n g i t u d i n a l  sect ions  show a t u b u l a r  subs t ruc -  
t u r e ;  th i s  m e a n s  t h a t  t he  r eac t ion  p r o d u c t  c an  be  found  
in t he  a rea  be twe en  long u n s t a i n e d  'm ic ro tubu l i ' - l i ke  
s t r u c t u r e s  (figure, c). The  d i a m e t e r s  of t h e i r  r ough ly  
c i rcular  cross sect ions  are c o n s t a n t  210-215 .~. T h e y  lack 
m e m b r a n e s  a n d  are d e m o n s t r a t e d  ind i rec t ly  in  a k ind  of 
' n e g a t i v e  s t a in ing '  b y  t h e i r  d a r k  s t a ined  su r round ings .  
As we can  see in the  s l igh t ly  deve loped  m i c r o g r a p h  (fig- 
ure, d), t h e  'm ic ro tubu l i ' - l i ke  s t r u c t u r e s  are  a lways  s i tu-  
a t ed  para l le l  to  each  o the r  a n d  bu i ld  up  t h e  l a m i n a  
basal is  w i t h  3-5 layers ;  the re  is no ev idence  for a grid- 
like o r i e n t a t i o n  or per iodica l  s u b s t r u c t u r e  of t h e m .  
Discussion. Using  a cy t ochem i ca l  cho l ines t e r a seS  we can  
d e m o n s t r a t e  a ' m i c r o t u b u l a r ' - l i k e  s u b s t r u c t u r e  in  t he  
l a m i n a  basa l i s  of t he  pe r iphe ra l  ep i the l i um in t h e  b r a n -  
chia l  h e a r t  of Sepia officinalis  L. wh ich  can  be c o m p a r e d  
w i t h  t h e  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  in  t h e  m i d g u t  
of Aedes 1~ The  m e m b r a n e - l e s s  ' m i c r o t u b u l i '  are no t  
s t a ined  t h e m s e l v e s  b y  us ing  th i s  me thod ,  b u t  t h e i r  sur-  
r o u n d i n g  m a t r i x  con ta ins  t he  r eac t ing  e n z y m e  and  b inds  
t he  c y t o c h e m i c a l  r eac t i on  p roduc t .  I n  n o r m a l  f ixed a n d  
s t a ined  t h i n  sect ions,  these  t u b u l a r  s t r u c t u r e s  c a n n o t  be  
seen d i s t i nc t l y ;  the  l a m i n a  basa l i s  has  an  a m o r p h o u s  or 
somet imes  a gr id- l ike s u b s t r u c t u r e  t he re  (figure, a), a n d  
t h e  more  or less para l le l  loca ted  ' m i c r o t u b u l i '  a re  covered  

b y  t he  u r a n y l  a c e t a t e  or lead c i t r a t e  p rec ip i t a t e s  or t h e y  
a r e  invis ib le  because  t h e y  do n o t  possess a n y  d i s t i nc t  a n d  
h o m o g e n o u s  se l fcont ras t .  The  d i a m e t e r  of these  s t ruc-  
tu res  (210-215 A) (figure, f) is t he  same as t h a t  of t he  
n o n - s t r i a t e d  col lagenous  f ibres s u r r o u n d i n g  t he  l a m i n a  
basalis .  Th i s  Correspondence,  as well  as t he  fac t  t h a t  such  
n o n - s t r i a t e d  col lagenous  f ibres are  v e r y  of ten  in close 
c o n t a c t  to  the  l a m i n a  basalis ,  some t imes  t he  col lagenous 
f ibres seem to  o r ig ina t e  in  the  a m o r p h o u s  l a m i n a  (figure 
e) ind ica tes  t h a t  t h e  ' m i c r o t u b u l a r '  - or b e t t e r  fila- 
m e n t o u s  - s t r u c t u r e  is bu i l t  u p  of col lagenous  mater ia l .  
This  h y p o t h e s i s  is s u p p o r t e d  b y  t he  f ind ings  conce rn ing  
t he  chemica l  n a t u r e  of t he  l a m i n a  basa l i s  in  v e r t e b r a t e s  
i.e. of t h e  g lomeru la r  b a s e m e n t  m e m b r a n e  2, 3. The  ana l -  
ysis of t h i s  shows t h a t  the  m a t e r i a l  of w h i c h  i t  is com- 
posed is a m e m b e r  of t he  col lagenous  f ami ly  5. - The  
chemica l  compos i t i on  of t he  l a m i n a  basa l i s  in  Cepha-  
lopods  is n o t  y e t  known .  T h u s  i t  is n o t  ye t  possible  to  
cha rac te r i ze  t he  n a t u r e  of t he  s i te- to-s i te  b ind ings  of t he  
mic ro f i l amen t s  or to  d e t e r m i n e  t he  cause  of t he  amor -  
phous  or some t imes  gr id- l ike s t r u c t u r e  r e su l t ing  f rom 
s t a in ing  b y  u r a n y l  a c e t a t e  a n d  lead c i t ra te .  

10 J. A. Terzakis, J. cell. Biol. 35, 273 (1967). 

M o r p h o m e t r i c  s tudy  of the  aort i c  body  type  I cell  1 
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Summary. The  subc l av i an  glomus (aort ic  body)  of New Zea land  wh i t e  r a b b i t s  was  e x a m i n e d  u l t r a s t r u c t u r a l l y  us ing  
s tereological  m o r p h o m e t r i c  analysis .  The  Type  I cells of t he  g lomus  possess n u m e r o u s  e l ec t ron-opaque  vesicles which  
occupy  a p p r o x i m a t e l y  12% of t he  cy top la smic  vo lume  of the  cells. The  a m i n e - c o n t a i n i n g  vesicles comprise  a he te ro-  
geneous  p o p u l a t i o n  of vesicles w i t h  a m e a n  ca l iper  d i a m e t e r  of 113.5 nm.  Differences  in vesicle d i a m e t e r s  m a y  ind ica te  
t he  s torage  of d i f fe ren t  biogenic  amines ,  d i f fe ren t  secre t ion or m a t u r a t i o n  s t a t e s  be tween  g lomera  a n d / o r  add i t iona l  
phys io logica l  func t ions  for t he  glomera.  

The  s u b c l a v i a n  glomus,  loca ted  a t  t he  roo t  of t he  sub-  
c l av ian  a r te ry ,  is one of a g roup  of chemorecep t ive  o rgans  
k n o w n  as t he  aor t ic  bodies  2. The  cells of t he  s u b c l a v i a n  
g lomera  are of 2 t ypes :  Type  I (chief) cells possess large 
r o u n d  or ova l  nuclei ,  t h e  n o r m a l  c o m p l e m e n t  of cyto-  
p lasmic  organel les  a n d  n u m e r o u s  e l ec t ron -opaque  cyto-  
p lasmic  vesicles (Figure).  T he  Type  I cells a p p e a r  
s imi la r  to  t he  ca ro t id  b o d y  chief  cells a. T y p e  I I  (sus- 
t en tacu la r}  cells possess angu la r  nuclei ,  a t t e n u a t e d  cyto-  
p lasmic  processes,  wh ich  pa r t i a l l y  or comple t e ly  enve lop  

Morphometric data on Type I cells 

Volume densities (%) Mean 

Nucleus �9 Mito- Vesicles b vesicle 
chondria b diameters 

(rim) 

Mean 35.77 ~ 2.43 11.65 ~- 0.81 12.07 • 0.57 113.5 -1= 0.7 
Range 32.58-38,97 9.64-13.51 10.74-13.58 
No. 6 4 4 624 

�9 Whole cell; bcytoplasm. Means :k S.E.M. 

t he  Type  I cells, a n d  j u x t a n u c l e a r  m i t o c h o n d r i a ,  Golgi 
complexes  and  g r a n u l a r  endop lasmic  r e t i cu lum 4. The  
Type  I I  cells are avesicular .  

The  e l ec t ron -opaque  cy top la smic  vesicles observed  in 
t h e  T y p e  I ceils of t h e  s u b c l a v i a n  g lomus  are k n o w n  to  
con t a in  biogenic  amines .  These  o rgans  yield a n  in tense  
yel low-green f luorescence w h e n  t r e a t e d  w i t h  formalde-  
hyde  gas a t  80 ~ for i h 4, i nd ica t ing  t h a t  the  cells con ta in  
p r i m a r y  ca t echo l amines  a n d  poss ib ly  se ro ton in  5. I t  ap-  
pears  l ikely t h a t  the  e l ec t ron-opaque  vesicles of t he  Type  I 
ceils are t he  s torage  si tes for these  amines .  I t  is well 
d o c u m e n t e d  t h a t  b o t h  t he  ca ro t id  and  aor t i c  bodies  are 
chemoreceptors~,7  however ,  t h e  s ignif icance of t h e  con- 
spicuous biogenic  a m i n e - c o n t a i n i n g  Type  I cells in t he  

1 Supported by NIH Grant 5-TO1-GM793 and The University of 
Texas. 
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