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W h i t e  r a t s  of 1.5-3 m o n t h s  were  i n j ec t ed  i n t r a p e r i -  
t o n e a l l y  w i t h  5 m g / k g  of r e se rp ine  a n d  sacr i f iced 10 ra in  
to  8 d a y s  t h e r e a f t e r .  A n o t h e r  g r o u p  was  i n j e c t e d  w i t h  a 
s im i l a r  dosis  d u r i n g  four  consecu t ive  d a y s  a n d  t h e  r a t s  
were  sacr i f iced  I h a f t e r  t h e  l a s t  in jec t ion .  T h e  p r e p a r a t i v e  
t e c h n i q u e s  for  t h e  e l ec t ron  microscope  were  t hose  pre -  
v ious ly  desc r ibed  8. 

On  t h e  e lec t ron  mic rog r aphs ,  t h e  morpho log ica l  a spec t  
of t h e  p lu r ives i cu la r  c o m p o n e n t  was  s t ud i ed  in  t h e  t r e a t e d  
a n i m a l  a n d  c o m p a r e d  w i t h  t h a t  of pa ra l l e l  n o r m a l  con-  
t rols .  M e a s u r e m e n t s  of t h e  d i a m e t e r  of t h e  vesicles  a n d  
g ranu les  a n d  d e t e r m i n a t i o n s  of size d i s t r i b u t i o n  were  
ca r r i ed  o u t  in  t h e  con t ro l s  a n d  2 h a f t e r  r e se rp ine  i n j e c t i o n  
(Fig. 3). T h e  r e l a t i v e  p r o p o r t i o n  of h o m o g e n e o u s  to  
h e t e r o g e n e o u s  vesic les  was  d e t e r m i n e d  in  a t o t a l  of  500 
e l e m e n t s  for  e a c h  p a r t i c u l a r  e x p e r i m e n t  (Fig. 4). 

I t  was  f o u n d  t h a t  r e se rp ine  p roduces  t h e  a l m o s t  com-  
p le te  d i s a p p e a r a n c e  of h e t e r o g e n e o u s  vesicles  c o n t a i n i n g  
dense  g ranu les  b e t w e e n  2 a n d  48 h a f t e r  a single i n j e c t i o n  

b e  ca r r i ed  out .  T h e  o b s e r v a t i o n s  m a d e  so f a r  d e m o n s t r a t e  
t h a t  t h e  e l ec t ron  mic roscope  m a y  b e  a useful  tool  for  
s t u d y i n g  t h e  s i tes  of s to rage  a n d  m e c h a n i s m s  of re lease  of 
b iogen ic  a m i n e s  in  t h e  p inea l  g land .  

Zusammenlassung. P i n e a l d r t i s e n  y o n  R a t t e n  n a c h  Re-  
s e r p i n - I n j e k t i o n  w u r d e n  e l e k t r o n e n m i k r o s k o p i s c h  u n t e r -  
such t .  Die  B e h a n d l u n g  e r g a b  au f fa l l ende  V e r / i n d e r u n g e n  
in d e n  p lu r ivasku lAren  Sek re t i onsp rozes sen  *. Die  d i c h t e n  
B1Aschen v e r s c h w a n d e n  i n n e r h a l b  2-48  h n a c h  de r  Reser -  
p i n g a b e  n a h e z u  vo l l s t~nd ig  u n d  e r sch ienen  e r s t  w ieder  
zwischen  d e m  3. bis  8. Tag.  Dieser  W e c h s e l  ver lAuft  pa r -  
allel  z u m  W i e d e r a u f t r e t e n  y o n  S e r o t o n i n  u n d  N o r a d r e n a -  
l in  n a c h  SHORE u n d  BRODIE 1°. 

AMANDA I~ELLEGRINO DE IRALDt 
a n d  E.  DE ROBERTtS 

Instiluto de Anatomic General y Embriologfa, Facuttad de 
Ciencias Mddicas, Buenos Aires (Argentine), November 15, 
1960. 
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Fig. 3. Histograms of sizes of vesicles in the secretory processes of 
the control rat and 2 h after injection of reserpine. In the tipper part 
distribution of sizes of 100 vesicles, below distribution of sizes of 
dense grains/100 vesicles. See the almost disappearance of grains 

with reserpine (only 22 grains in 600 vesicles). 
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( compare  Fig. I a n d  2). T h e r e  is a decrease  in  size of all  
vesic les  (Fig. 3) a n d  some of t h e m  re semble  sec t ions  of t h e  
t u b u l a r  e l emen t s  found  in  t h e  pedic le  oi  t h e  e x p a n s i o n  3. 
T h e  changes  in  t h e  r e l a t ive  p r o p o r t i o n  of t he  t w o  t y p e s  of 
vesic les  d e m o n s t r a t e  t h a t  t h e  d r u g  h a s  a n  a c t i o n  in  as 
ea r ly  as  10 min ,  r e ach ing  t h e  m a x i m a l  effect  2 h a f t e r  t h e  
i n j e c t i o n  (Fig. 2). 

T h e  s to rage  of dense  g ranuIes  was  v e r y  s m a l l  a f t e r  24 
a n d  48 h i nc rea s ing  n o t a b l y  a f t e r  3 d a y s  a n d  r e a c h i n g  a n  
a l m o s t  n o r m a l  c o n t e n t  a f t e r  t h e  6 t h  a n d  8 th  day .  T h e  
c u r v e  of g r a i n  r e s t o r a t i o n  is s t r i k i n g l y  s imi la r  to  t h a t  ob-  
t a i n e d  b y  SHORE a n d  BRODIE z° w i t h  t h e  r e c o v e r y  of sero- 
t o n i n  a n d  n o r a d r e n a l i n e  in t h e  b r a i n  of r a b b i t s  a f t e r  in-  
j e c t i on  w i t h  r e se rp ine  (Fig. 4). 

Chron ic  a d m i n i s t r a t i o n  of r ese rp ine  leads  to  t h e  a l m o s t  
comple t e  d i s a p p e a r a n c e  of t h e  dense  g r anu l e s  a n d  to  
o t h e r  p r o f o u n d  changes  in t he  ves i cu la r  c o m p o n e n t s  of t h e  
p i n e a l o c y t i c  e x p a n s i o n .  

Al l  t he se  f ind ings  sugges t  t h a t  t h e  s ec r e to ry  processes  
of  t h e  p i n e a l o c y t e  c o n t a i n  t h e  b iogenic  a m i n e s  a n d  t h a t  
t he se  a re  local ized in  t h e  p lu r ives i cu l a r  ma te r i a l .  T h e  fac t  
t h a t  r e se rp ine  p roduces  t h e  re lease  of s e ro ton in ,  no r -  
a d r e n a l i n e  a n d  d o p a m i n e  a n d  t h a t  t h e s e  a m i n e s  m a y  
reduce  o s m i u m  te t rox ide ,  m a k e s  a f iner  morpho log ica l  
d i s c r i m i n a t i o n  di f f icul t  a t  t h e  p r e s e n t  t ime .  

F u r t h e r  p h a r m a c o l o g i c a l  s tud ies  w i t h  o t h e r  d rugs  t h a t  
m a y  inf luence  t h e  m e t a b o l i s m  of b iogenic  a m i n e s  shou ld  
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Fig. 4. Curve of SHORE and BRODIE x° showing the concentration of 
serotonin and noradrenaline (in % of the normal) in the nervous 
tissue after a single injection of reserpine. On this curve the points 
indicate the % change of the normal in dense granules found in our 
experiments. ( I00 % represent the number of dense grains] 100 vesicles 

found in the normal controls). 

x0 p. A. SttORE and ]3, B. BRODIE, in Psychotropic Drugs (Ed. S. Ga- 
rattini and V. Ghetti, Milano 1957), p. 4~3. 

Tryptophan,  Precursor  of Tropic  A c i d  

in Datura  S t r a m o n i u m  

H y o s c y a m i n e  is t h e  e s t e r  of t r o p i n e  a n d  / - t ropic  acid.  
Cons ide rab le  w o r k  h a s  b e e n  done  o n  t h e  b iogenes is  of t h i s  
a l k a l o i d L  The  py r ro l i d ine  p a r t  of t r o p i n e  h a s  b e e n  s h o w n  
to  clerive f rom o r n i t h i n e %  b u t  t h e  or ig in  of t h e  r e s idua l  
p o r t i o n  of i t  h a s  n o t  y e t  b e e n  e s t ab l i shed  3. Likewise,  t h e  
b iogenes is  of t he  t rop ic  ac id  m o i e t y  of h y o s c y a m i n e  h a s  
r e m a i n e d  in  da rkness .  

T rop ic  acid -- ~ -pheny l - f l -hyd roxyprop ion ic  ac id  --  h a s  
b e e n  v a r i o u s l y  sugges t ed  to  b e  of t e r p e n o i d  or ig in  4 o r  t o  
b e  f o r m e d  f rom p r e p h e n i c  ac id  s. LEET~ h a s  s h o w n  re-  

I W. O. JAMES, The Alkaloids, Vol. t (R. H. F. MANSKE and H. L. 
HOLMES, Academic Press Inc ,  N.Y. 1950), p. 64. 

2 E. LEETE, L. MARION, and J. D. SPENSER, Can. J. Chem. 32, 1116 
(1954). 

a A. V. ROBERTSON and L. MARION, Can. J. Chem. 38, 294 (1960). 
4 E. M. TRAUTNER, Austr. Chem. Inst. J. and Proc. 14, 411 (1947). 
5 E. WENK~RT, Exper. In, 165 (1959). 
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cently 6 that  phenylalanine-3-C ~4 gives rise, in Datura 
Stramonium, to ~-labelled tropic acid. He  considers the 
possibility that  it is formed from prephenic acid by  con- 
densation of the latter in the t-posit ion with formaldehyde, 
or its biological equivalent, followed by  decarboxylation 
and dehydration. This pathway appears unlikely because 
neither C1*-labelled formaldehyde nor CX4-1abelled formate 
was incorporated into tropic acid and it would require the 
reversibility of the reaction prephenic acid--~ phenyl- 
alanine. 

We have succeeded in showing tha t  t ryptophan acts as 
a direct precursor of tropic acid by loss of two terminal 
carbon atoms and elimination of the indole nitrogen. 

On January  13, 1959, 50 ~c of radiochemically pure 
DL-tryptophan-3-C x* was fed to 10 cm-tall plants of 
Datura Stramonium grown in ae[ated inorganic nutr ient  
solution. Controls were run to assure complete absence of 
microbial conversion of the tryptophan.  Absorption of 
t ryptophan was ensured by replacing the absorbed solution 
with distilled water as needed. The plants were harvested 
on February 2, 1959, the alkaloid fraction separated and 
hyoscyamine isolated by the procedure of LEETE et al. ~. 
The alkaloid was identified by means of its characteristic 
picrate salt and by co-chromatography with hyoscyamine 
(solvent systems: n-butanol,  glacial acetic acid, water 
4:1 : 1 (BAW) and water-saturated phenol). 

Autoradiography showed the alkaloid to be radio- 
active. The hyoscyamine was eluted and hydrolyzed for 
15 min with N 1 sodium hydroxide solution, the resulting 
tropine isolated by extraction with ether and then tropic 
acid ~with ether from the remaining acidified mixture. 
Both tropine and tropic acid were identified by means of 
chromatography (solvent systems : BAW and isopropanol, 
glacial acetic acid, water, 80:6:14). Autoradiograms 
showed tha t  only tropic acid, not  tropine was radioactive. 

The radioactive tropic acid was mixed with 50 mg of 
tropic acid to act as a carrier, and the mixture was de- 
carboxylated by heating with quinoline and powdered 
copper for 1 h a t  230-235°CL The evolved carbon dioxide 
was passed through a chilled trap, collected in M 1 
Hyamine solution s and the radioactivity determined with 
a Packard Automatic Tri-Carb Liquid Scintillation 
Spectrometer. Residual traces of tropic acid in the styrene 
fraction were removed by  shaking an ether solution of the 
styrene with dilute aqueous sodium hydroxide solution. 

Thus, more than  99.3% of the radioactivity of the 
tropic acid resides in its carboxyt group, indicating the 
following biogenesis: 

\ NH2 
CH-C 1~ OOH _ C'~ Hz4C-cOOH [ ~  ~HzO H 

" ' " "  

Zusammen/assung. Verftitterung-'yon Tryptophan-3-C 14 
an Datura Stramonium fiihrt zur Bildung yon radioaktiver 
Tropins~ure, deren gesamte Radioaktivit~t auf die Carb- 
oxylgruppe beschr~nkt ist, der zu erwartenden Stelle bet 

direkter Umwandlung des Tryptophans unter  Verlust des 
Stickstoffes und der zwei endstitndigen Kohlenstoff- 

atome, A.M. GoonEvE and E. ]~AI~ISTAD ~ 

Department o/ Biopharmacognosy, School o~ Pharmacy, 
Purdue University, Lafayette (Indiana), October 3, 7960, 

E. LEETE, J. Amer. chem. Soc. 82, 612 (1960). 
? C. WALLING and K. B. WOLFSTIRN, J. Amer. chem. Soc. 69, 852 

(1947). 
a j .  M, PASSMANN, N. S. RADIN, and J. A. D. COOPER, Anal. Chem. 

28, 484 (1956). 
This study was supported by grants from the Purdue Research 
Foundation and reported at the AAAS meeting, Chicago, December 
1959. 

H i s t o c h e m i c a l  O b s e r v a t i o n s  on  the  P i g m e n t  
B o d i e s  of  the  S p i n a l  N e u r o n e s  of  s o m e  Rept i l e s  

The author in collaboration with GUPTA (GuPTA and 
SHARMA z) observed the presence of a pale-yellow, diffused 
pigment  in the untreated living spinal neurones of the 
frog, Rana tigrina, studied with phase-contrast micro- 
scopy. This pigment is responsible for the general pale 
hue of the ganglia and is seen to occur in one or more 
areas in each cell. Quite often the pigment  is observed in 
the interna of the duplex lipid bodies also. 

The neurones of some reptiles, viz. ageing wall-lizards 
(Hemidactylus [laviviridis Rfippel), adult  Uromastix hard- 
wickii, and young and adult  water-snakes (Natrix piscator 
piscator Schneider) studied by the author in the living 
condition under the phase-contrast microscope and with 
basic dyes used supervitally reveal discrete dirty-yellow 
to dark-brown pigment  bodies and a retractile, pale-yellow 
substance--the pigment-- confined to certain duplex lipid 
bodies only. The latter was, however, not  seen in any of 
the fixed preparations. The living neurones of the water- 
snakes may reveal in addition a diffused pigment in the 
cytoplasm like tha t  of frog. However, the general color- 
ation of the ganglia in these reptiles is not pale-yellow in 
spite of the pigment in the neurones, unlike tha t  in frog. 

The pigment bodies in the reptilian neurones under 
discussion are distributed a t  random, although occasion- 
ally they tend to aggregate. These bodies exist as spheroids, 
subspheroids, and particulates with irregular contours 
measuring approximately 1 ~ to 4 ~. Some of these bodies 
display variously distorted binary structures as well 
(Fig.). Curiously enough, the cells which abound in these 
pigment bodies rarely contain lipid particulates. 

The pigment bodies resist all the fat solvents (e.g., cold 
and hot acetone, cold ethanol, chloroform, ether, and hot 
pyridine) and react negatively to most of the dyes and 
colorants. Only a few of them segregate neutral  red (super 
vitam) and appear somewhat dirty-red. The various tests 
for carotenoids, such as Car-Price reaction 2, trichloro- 
acetic acid 2, sulphuric acid s, hydrochloric acid 2, and 
formic acid s , when applied on the living ganglia, react 
negatively with these bodies. Similarly, LisoN's test  ~ for 
carotenoids tried on the gelatin sections of formaldehyde- 
calcium* fixed material also yields negative results. 

t B. L. GUPTA and S. P. SHAR~A, Res, Bull. Panj, Univ. 10, 267 
(1959). 

a A. G. E. PEARS~, Histochemistry (Churchill Ltd., London 1960). 
a L. Lxsos, Histochimie et cytochimie animale (Gauthier-Villars, 

Paris 1953). 
4 j .  R. BAKER, Quart. J. mier. Sci. 90, 293 (1949). 


