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(J = 10 c/s). The  a lkaloid  is t h u s  u n a m b i g u o u s l y  s h o w n  
to  be  19 -dehydroyoh imb ine  (VI) a n d  to  r e p r e s e n t  t h e  
t h i r d  m e m b e r  of the  ra re  class of 1 9 - d e h y d r o y o h i m b i n o i d  
alkaloids ,  t he  o t h e r  two  r e p r e s e n t a t i v e s  be ing  deserpi-  
deine  1~ a n d  r a u j e m i d i n e  ls,1~. 

Zusammen/assung. Ausser  den  b e k a n n t e n  Alka lo iden  
Ule in  (I), A p p a r i c i n  (II),  D e m e t h y l a s p i d o s p e r m i n  (II I ) ,  
Y o h i m b i n  (IV) u n d  f l -Yoh imbin  (V) w u r d e  n o c h  e in  un-  
b e k a n n t e s  Alka lo id  aus  de r  R i n d e  y o n  Aspidosperma 
pyricollum Muell . -Arg.  isoliert ,  dessen  S t r u k t u r  als  19- 
D e h y d r o y o h i m b i n  (VI) chemisch  sowie spek t ro skop i s ch  
bewiesen  wurde .  

14 E. SMITIf, R. S. JAREr, M. SHAMMA, and R. J. SHINE, J. Am. 
chem. Soc. 86, 2083 (I964). 
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Electron Microscopic Observations in the Sub- 
stantia nigra of Mouse during Reserpine 

Administration 

D i s t r i b u t i o n  of ca techo l  a m i n e s  in  t he  b r a i n  h a s  been  
d e m o n s t r a t e d  h i s t o b i o c h e m i c a l l y  b y  m a n y  inves t iga -  
to rs  1-4. Ca techo l  a m i n e - c o n t a i n i n g  cells in  t he  S u b s t a n t i a  
n ig ra  a n d  n e o s t r i a t u m  ( p u t a m e n  a n d  c a u d a t e  nucleus)  
were  desc r ibed  b y  HILLARP e t  al. s,~. R e c e n t l y  WOOD a n d  
BARNETT ~ r epo r t ed  t h e  a p p e a r a n c e  of ca techo l  a m i n e -  
c o n t a i n i n g  g ranu les  in t he  v e n t r o m e d i a l  nuc leus  of t he  
h y p o t h a l a m u s  a t  a f ine s t r u c t u r a l  level.  T he  s to rage  of 
ca t echo l  a m i n e  in  c y t o p l a s m i c  g ranu les  in a b o u n d  s t a t e  
was  r e p o r t e d  b y  BERTLER, HILLARP, a n d  ROSENGRENS; 
one  can  r ega rd  t h e  s to rage  as t he  f ina l  s t ep  in t h e  fo rma-  
t i on  of amines ,  m a k i n g  t h e m  ava i l ab le  for  phys io log ica l  
need .  A n d  i t  c an  be  a s s u m e d  t h a t  n o r e p i n e p h r i n e ,  5- 
h y d r o x y - t r y p t a m i n e ,  a n d  d o p a m i n e  a re  d i r ec t l y  fo rmed  
in t he  b r a i n ,  j u d g i n g  f rom t he  r e l a t ive  i m p e r m e a b i l i t y  of 
t h e  b l o o d - b r a i n  b a r r i e r  to  t he se  a m i n e s  ~. 

Since rese rp ine  b locks  t he  s to rage  of c a t eeho l  a m i n e s  in  
t he  b r a i n  10, t he  p r e s e n t  e x p e r i m e n t  was  focused on  f u r t h e r  
s t u d y  of effects  of r ese rp ine  on  g ranu les  of b r a i n  m o n o -  
amines ,  t h e i r  morpho log ica l  f ea tu res  a n d  d i s t r i b u t i o n  a t  a 
f ine s t r u c t u r a l  level.  

Materials and method. T w e n t y  mice,  s ix m o n t h s  of age, 
we igh ing  a n  ave rage  of 30 g, were used  in t he  p r e s e n t  
e x p e r i m e n t .  One  g roup  of a n i m a l s  was  t r e a t e d  w i t h  reser-  
p ine  ( sedaraupin)  0.5-1 m g / k g  i.p. dai ly.  T h e  a n i m a l s  
showed  c lea r -cu t  s y m p t o m s  of seda t ion .  5 mice  were 
sacr i f iced a f t e r  24 h, a n d  5 a f t e r  one  week  for  t h e  pu rpose  
of e l ec t ron  mic roscopy .  A n o t h e r  g roup  of 10 u n t r e a t e d  
mice was  used as  cont ro ls .  

T h e  whole  b r a i n  was  r e m o v e d  as qu ick ly  as  poss ible  
f rom t h e  sub jec t s ,  c u t  t r a n s v e r s e l y  t h r o u g h  t h e  S u b s t a n -  
t i a  n igra ,  a n d  f ixed in 1 %  OSO 4 f ixa t ive  buf fe red  w i t h  
0.14 ml  ve rona l  a c e t a t e  (pH 7.4) c o n t a i n i n g  0.9 m of 
sucrose  pe r  ml  for  4 h. T h e  t i s sue  was  d e h y d r a t e d  w i t h  
g raded  e t h a n o l  a n d  p r o p y l e n e  ox ide ;  d u r i n g  d e h y d r a t i o n ,  
regions of t h e  S u b s t a n t i a  n ig ra  were h a r v e s t e d  in sma l l  
pieces u n d e r  t he  d i ssec t ing  microscope.  These  were t h e n  
e m b e d d e d  in E p o n  812 accord ing  to  t he  m e t h o d  of LUFT ~, 
po lymer ized  for severa l  days  a t  g r aded  t e m p e r a t u r e s ,  a n d  
sec t ioned  w i t h  a L K B  mic ro tome .  Sec t ions  were s t a ined  
w i t h  u r a n y l  a ce t a t e  a n d  e x a m i n e d  in a S iemens  E l m i  1. 

Observations. Po lymer i zed  b locks  were r eo r i en ted  to  in-  
e lude  on ly  t he  reg ion  of S u b s t a n t i a  n ig ra  u n d e r  t h e  phase  
microscope.  The  bas is  p e d u n c u l i  was  used as a reference  
in i den t i f y ing  t h e  cells in  S u b s t a n t i a  n igra ,  w h e n  10 to 
20/J  sec t ions  were e x a m i n e d  u n d e r  t h e  phase  microscope.  

P o l y g o n a l - s h a p e d  n ig ra  cells r a n g i n g  f rom 11 to  15 # 
showed  smal l  ovo ida l  m i t o c h o n d r i a  d i s t r i b u t e d  t h r o u g h -  
ou t  t h e  cy top l a sm.  

The re  were  n u m e r o u s  vesicles w i t h  e lec t ron  dense  core 
a n d  less dense  p e r i p h e r y  r a n g i n g  f rom 0.1 to 0.3 # in  
d i a m e t e r  a t  t h e  p e r i p h e r y  of c y t o p l a s m  (Figure  1), in  t he  
a x o p l a s m  and  a x o n t e r m i n a l s  (Figure  2). I n  con t ro l  ani -  
mals ,  n o t  al l  t h e  cells c o n t a i n  such  g r a n u l a r  vesic les  in 
c y t o p l a s m ,  w h i c h  m a y  ind i ca t e  t h e  ex i s tence  of func-  
t i o n a l l y  d i f f e ren t  cells or  t h e  ac t ive  m e t a b o l i c  use of 
a m i n e - c o n t a i n i n g  granules .  

I n  a d d i t i o n  to  t he se  g r a n u l a r  vesicles,  t h e r e  were  c lear  
vesicles r a n g i n g  f rom 0.08 to 0.1 l, in  d i a m e t e r  seen e v e n l y  
d i s t r i b u t e d  in t h e  a x o n t e r m i n a l s  (Figure  3). 

T h e r e  were  e v e n l y  d i s t r i b u t e d  potysomes ,  a n d  t h e  
p r o m i n e n t  nuc leus  h a d  a n  i n d e n t a t i o n  in wh ich  pre-  
s u m a b l y  t he  c y t o p l a s m i c  cen t re  lies. The  s t r u c t u r e  of 
nuc leo lus  in  these  cells showed  t h e  cha r ac t e r i s t i c  p resence  
of severa l  vacuoles .  

A n o t a b l e  a spec t  in  these  cells is t he  a p p e a r a n c e  of an  
ova l  osmiophi l ie  b o d y  w i t h o u t  m e m b r a n e  in  t h e  cy to-  
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plasm,  rang ing  f rom 0.7 to 2.5 /~ in d iameter .  Some poly-  
somes  are in co n t ac t  wi th  t he  osmiophi l ic  bodies.  The 
la t t e r  ap p ea r  to  be finely g ranu la r  or  f i lament- l ike  in 
s t ruc tu re  and  differ  f rom tysosomal  s t ruc tu re s  in the i r  size. 

The m o s t  d r a m a t i c  a l t e ra t ion  seen in t h e  cy top l a sm of 
n igra  cells following reserpine  t r e a t m e n t  is in t h e  d isap-  
pea rance  of t he  g ranu la r  vesicles and  the  osmiophi l ic  
membrane le s s  bodies,  whereas  lysosomal  granules  are 
still present .  Addi t ional ly ,  the  normal ly  poor ly  deve loped  
endop lasmic  re t i cu lum becomes  swollen in shape  and  
r a n d o m l y  d i s t r i bu ted  t h r o u g h o u t  the  cy top lasm.  This  can  
be in t e rp re t ed  as resul t ing f rom deple t ion  of amines  in t he  
cells. 

Otherwise ,  the  c y t o p l a s m  seems to be wi thou t  g ranu la r  
vesicles o t h e r  t h a n  the  n u mero u s  free polysomes,  r ibo-  
somes,  and  a few mi tochondr i a  which  are s l ight ly  changed  
by loss of the  mi tochondr i a l  ma t r ix .  In  axop la sm the re  is 
ha rd ly  a n y  ev idence  of g ranu la r  vesicles, which are obvious  
in cont ro l  cells. 

Disc~ss ion.  The resul ts  descr ibed  here  ind ica te  t h a t  
ca techol  amines  are p resen t  in po lygona l - shaped  nigra 
cells in t he  form of granular  vesicles, the  fine s t ruc tu res  of 
which are s imilar  to the  norep inephr ine  granules  observed  

Fig. 1. A low-power micrograph showing peripheral portion of the 
cytoplasm of nigra cell containing numerous gra/mlar vesicles with 
electron dense core and less dense periphery. These variously dense 
granular vesicles are crowded at the Golgi apparatus ((;), suggesting 
that these granules may be developed at the Golgi zone. x 12,500. 

l;ig. 3. A micrograph showing a remarkably swollen endoplasmie 
retieulum following reserpine treatment. In treated ceils one can 
hardly find any presence of catechol amine type granules, whereas 

lysosomal gramfle is still present (L). x 48,000. 

Fig. 2. Above : A highly magnified mierograph showing the axonter- 
minal in tile Substantia nigra which are filled with cateehol ami~m 
gramdes. The density and size of the granules are uniform compared 
to those granules shown in Figure 1. x 48,000. Below : Another type 
of axonterminal ill Substantia nigra which are filled with clear 

vesicles, x 40,00. 
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by  DE ROBERT,S in the  adrenal  medul la  12. I n  control  cells, 
var ious  sizes of vesicles which differ in dens i ty  are seen in 
the  cytoplasm,  whereas only  dense vesicles of a un i form 
size are present  in axoplasm and axonterminals .  E lec t ron  
micrographs  of normal  cells show clearly t h a t  granular  
vesicles of var iable  dens i ty  are crowded a t  the  Golgi 
appara tus ,  suggesting t h a t  these granules  or iginate  a t  the  
Golgi appara tus  and la te r  develop into  ca techol  amine-  
conta in ing granules, forming a s torage pool  which  m a y  
then  flow into the  si te of physiologicM need. The  hypo th -  
esis t h a t  these granules  are ca techol  amine  is suppor ted  
by  BARNETT'S demons t ra t ion  of a pos i t ive  reac t ion  wi th  
potass ium d ichromate  oxidiz ing m e d i u m  7, by  the  mono-  
amine fluorescence t echn ique  6, and  by  the  present  obser- 
vat ions  in the  Subs tan t i a  n igra  of mouse  dur ing reserpine 
adminis t ra t ion.  I t  is n o t  clear how these e lec t ron-dense  
granular  vesicles re la te  to  t h e  clear  vesicles which prob-  
ab ly  conta in  acetylchol ine  and  are  found in the  same 
synapt ic  endings.  

In  addit ion,  ova l  osmiophil ic  bodies which are unusua l ly  
large and sensi t ive to reserpine are often encountered  in 
control  cells. Our  observa t ion  t h a t  reserp ine- t rea ted  cells 
show a r emarkab ly  swollen endoplasmic  re t i cu lum sug- 
gests t h a t  th is  m a y  be  due to  e i ther  compensa to ry  over-  
p roduc t ion  or  a fai lure of release of  monoamine  precursors.  

The  axon te rmina l s  in t he  nigra,  which  are filled wi th  
ca techol  amine  granules,  m a y  be shor t  axon  collaterals 
f rom nigra  cells. I t  has  a l ready  been shown t h a t  long 
catechol  amine-f i l led processes ex tend  into  the  hypo-  
t ha l amus  and s t r i a t u m L  One can specula te  whe the r  such 
short  axon  collaterals represent  a feed-back sys tem on 
o ther  nigra  cells. 

Zusammen/assung. Reserp in  bewi rk te  an  den Zelten der 
Subs tan t i a  nigra  der  Maus Verschwinden  der  Katechol -  
amin-ha l t igen  Granula  und Anschwel len des endoplasma-  
t ischen Re t iku lums .  Das H a u p t m e r k m a l  yon  normalen  
Kontro l lze l len  bi ldeten e lek t ronenopt i sch  dichte  K6rper  
im  Cytoplasma.  

I. J. BAK 

Neuroanatomische dbteilung, Max-Planck-Institut [iir 
Hirn/orsehung, tTrank]urt (Main)-Niederrad 
(Deutschland), 8. April 7965. 

la ~E. DE ROBt~RTIS, General Cflology (1960), p. 488. 

In vitro Effects of Different Rat T i s s u e s  on 
Radioiodinated 4-Iodoant ipyr ine  

Radio iod ina ted  4- iodoant ipyr ine  has  been used in the  
m e a s u r e m e n t  of to t a l  b o d y  w a t e r  ~ as wel l  as cerebral  ~" and  
coronary  blood flow ~. STllAUB et  al. G~ h a v e  s ta ted  the  
inva l id i ty  of  t he  to t a l  b o d y  c o m p a r t m e n t  measures  
because, when  i t  is metabol ized,  i t  produces  more dif- 
fusible forms and a large a m o u n t  of the  p lasma ac t i v i t y  is 
found as free radioiodide.  The  in v i t ro  ac t ion  of d i f ferent  
t issues on rad io iod ina ted  4- iodoant ipyr ine  has  been 
s tudied in th is  expe r imen ta l  work.  

200 m g  of t he  W'istar r a t  t issues t es ted  were f inely 
minced  and  suspended in 4 ml  of saline. T h e n  10 #C of 
rad io iodina ted  4- iodoant ipyr ine  were added  to  the  t issue 
suspension and incuba ted  at  37 ° C wi th  occasional  stirring, 
avoid ing  any  evapora t ion .  

After  6 h and 15 h, samples  were t aken  of the  super-  
na tan t ,  af ter  cen t r i fuga t ion  a t  2500 rpm, and analysed by  
paper  electrophoresis  on W h a t m a n  paper  3 ram, using as a 
buffer  0.2% sod ium b ica rbona te  solut ion and a vo l tage  
gradient  of 15 V/cm.  U n d e r  these  expe r imen ta l  condi-  
tions, af ter  1 h of electrophoresis ,  the  rad io iod ina ted  4- 
iodoant ipyr ine  remained  a t  the  s ta r t ing  line and the  
free-radioiodide migrated.  The  e lec t rophoregrams  were 
scanned using a th in -window Geiger-Miiller tube  wi th  an 
au tomat i c  graphic  recorder.  The  percen tage  of the  to ta l  
a c t i v i t y  corresponding to  each peak  was de te rmined  by  
integrat ion.  

Kidney,  lung, s tomach,  muscle and blood show no ac- 
t ion in vi t ro.  In tes t ine  produces  a small  a m o u n t  of free 
radioiodide (3.0%) af ter  15 h incubat ion.  The  deiodinising 
ac t iv i ty  has  been observed only  wi th  the  l iver  t issues;  
32.9% of radioiodide a t  6 h and 63.7% at  15 h. 

All these  f indings corrobora te  CHAIKOFF'S 6 and 
STRAUB'S ~ observat ions  t h a t  r a t  l iver  is r ich in a 'non- 
specific deiodinase '  capable  of spl i t t ing the  radioiodine 
t ag  f rom labelled thyro id  ho rmone  in te rmedia tes  and 
f rom rad io iodina ted  4- iodoant ipyrine.  Also, t he  in v i t ro  
specifici ty Showed b y  the  l iver  t issue conf i rms the  re- 
l iabi l i ty  of  the  rad io iod ina ted  4- iodoant ipyr ine  l iver  func- 
t ion  tes t  ~. 

Rdsumd. On a 6tudi6 Fact ion  de differents  tissus du rat  
sur la 4- iodoant ipyr ine  radioiod6e. On a observ6 une ac- 
t iv i t6  d6iodante  seu lement  avec  le t issu h4pat ique.  

L. J .  ANGHILERI s 
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t p . j .  TALSO, T. N. LAHR, N. SPAFFORD, G. FERENZI, and H. R. O. 
JACKSON, J. lab. olin. Med. d6, 619 (1955). 
L. A. SAPIRSTEIn and G. E. HA~USE~:, Am. J. Physiol. 193, 272 
(1958). 
N. KRASNOW, H. J. LEVlNE, R. J, WAOMAn, and R. GORLm: 
Circ. Res. 12, 58 (1963). 
W. H. STRAUB, J. M. SULLIVAN, and J. C. RosE, Georgetown Med. 
Bull. 76, 20 (1962). 

5 W. H. STRAUB, D. F. FLANAOAN, R. AARON, and J. C. RosE, Proe. 
Soe. exp. Biol. Meal. 116, 1119 (1964). 

6 I. L. C~AIKOFF, W. To~G, and A. TAUROa, J. biol. Chem. 207, 
59 (1954). 

7 j.  M. SULLIVAN, W. H. STRAUB, and J. C. RosE, Proc. Soc. exp, 
Biol. Med. 708, 686 (1961). 

8 Actual address: Institut du Radium, Laboratoire Curie, Part, 
(France). 


