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eine c o n t e n t  of t he  'h igh  peak '  (corresponding to  6 - 8 t h  cm 
on t h e  F igure  was  also d e t e r m i n e d  (normal :  0.13%, 
dye  con ta in ing :  0-11%). 

Vitamin  content. Only t race  a m o u n t  of v i t amins  h a v e  
been  found  in the  normal  ' h '  p ro te in  by  microbiological  
assay.  The r ibof lavin  c o n t e n t  of t he  'h igh peak '  was  
d e t e r m i n e d  b y  f l uo rome t ry  a f te r  BURCH et at2. There  is 
poss ib ly  a compe t i t i on  for b ind ing  in th is  s e g m e n t  be t -  
ween 3'-Me D A B  and  r iboflavin,  since only  abou t  one-  
fou r th  of the  no rma l  level of v i t a m i n  was  found  in th is  
fract ion,  w h e n  it was isolated f rom dye  con ta in ing  super-  
n a t a n t  fluid. The following Table  gives the  v i t amins  in 
pg/g of prote in .  

Nucleic Acids. The s tepwise  analysis  of the  perchlor ic  
ex t r ac t s  of t he  'h '  f rac t ion has  shown the  comple te  ab-  
sence of pur ine  and  pyr imid ine  bases.  Thus,  th is  f rac t ion  
is devoid  of nucleic acids and  the i r  acid soluble compo-  
nents ,  in good ag reemen t  w i th  the  resul ts  of SOROF et al. TM. 

Molecular weight and bound dye. The molecular  we igh t  
d i s t r ibu t ion  of t he  'h '  f rac t ion  was  s tud ied  in an ana ly t i ca l  
u l t racen t r i fuge  n. Two, near ly  equal  f rac t ions  have  been  
observed,  one rap id ly  m o v ing  (M.\¥.  ~ 45,000), an o the r  
s lowly mov ing  (M,W. --~ 90,000). 

The  a m o u n t  of b o u n d  3'-Me D A B  per  uni t  weigh t  of ' h '  
f rac t ion  was  d e t e r m i n e d  b y  co lor imet ry  in 88% formic 
acid. 8 mg  of th is  p ro te in  con ta ined  2.15 y of b o u n d  dye.  
Thus ,  a ssuming  for t he  'h '  f rac t ion  an . ave rage  molecular  
we igh t  of 67,000 and  an even  d i s t r ibu t ion  of t he  dye,  only  
27.2% of t h e  p ro te in  molecules  con ta in  b o u n d  dye.  

A full accoun t  of these  and  re la ted  inves t iga t ions  will 
be g iven elsewhere,  

G. H. \VIRTZ TM and  J. C. ARcos  TM 

McArdle  Memorial  Laboratory, University o/ l¥isconsin, 
Medical  School, Madison, Wis. ,  December 24, 1957. 

Rdsumd 

Les au teurs  on t  6tudi6 le profil  61ectrophor6tique du 
s u r n a g e a n t  de roles de rats ,  nourr is  aux  co loran ts  azoi- 
ques  cancdrog&nes. La  fract ion,  d i te  prot6ine  <~h~>, a dt6 
isolde e t  on  a dd te rmin6  son poids  mol6culaire,  sa  t eneur  
en co lo ran t  lid, en v i t amines  e t  en acides  nucldiques e t  sa 
compos i t ion  en acides aminds.  

9 H. B. BURCH, O. A. BESSEY et al., J. biol. Chem. 175, 457 (1948); 
lso, 755 (1949). 

10 S. SOROF, M. G. OTT et al., Fed. Proc. 15, 358 (1956). 
n The molecular weight determinations were carried out by Dr. 

HAROLD F. DEUTSCH, to whom otlr thanks are due.. 
12 Present address: Division of Immunology, WRAIR, VCalter 

Reed AMC, VCashington 12, D.C., U.S.A. 
13 Present address: Cancer Research Laboratory, University of 

Florida, Gainesvillc, U.S.A. 

S e r o t o n i n  S t o r a g e  M e c h a n i s m  
a n d  i t s  I n t e r a c t i o n  w i t h  R e s e r p i n e  

Sero ton in  ( 5 - h y d r o x y t r y p t a mi n e ,  HT),  aposs ib leneuro-  
h u m o r a l  agent ,  is said to  be ' b o u n d '  s ince t issue cells 
con ta in  t he  amine  in a form no t  i m m e d i a t e l y  available 
to  exe r t  a biologic act ion.  In  s t u d y i n g  H T  storage, 
HUMPHREY and  TOH 1 were the  f i rs t  to  r epo r t  t h a t  platelets  
can  take  up H T  aga ins t  a concen t r a t ion  gradient .  The 
m e c h a n i s m  for H T  u p t a k e  is no t  k n o w n ;  i t  could involve 
complex ing  of H T  wi th  an in t racel lu lar  c o n s t i t u e n t  or its 
passage  across the  cell b o u n d a r y  by  act ive  t ransfer .  The 
p re sen t  s tudies  are  concerned  wi th  t he  n a t u r e  of the 
concen t r a t i ng  m e c h a n i s m  and  how it is af fec ted  by 
reserpine.  
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% DESTRUCTION SYNTHETIC HT 

Action of Monoamine Oxidase on Serotonin (HT) from Lysed Plate- 
lets. 0.1 to 2 ml of nmnoamine oxidase preparation was incubated 
with suspensions of disrupted platelets and with solutions of syn- 
thetic HT at pH 7.4 in air for 15 or 30 rain at 37°C. Residual }IT 
was measured as described previously 4. Fraction of I-IT destroyed 
in lysed platelets is plotted against that destroyed in solutions of 
synthetic HT. The line represents the theoretical slope if the fraction 
of HT destroyed in lysed suspensions and in synthetic HT solutions 

were identical. 

E v i d e n c e  for a H T  complex  was  sough t  in rabbi t  
p la te le t s  which  con ta in  H T  a t  a concen t r a t i on  thousands  
of t imes  t h a t  in p lasma.  P la t e l e t s  were  isolated 2 a t  4°C, 
w a s h e d  twice  wi th  cold 0.1 M p h o s p h a t e  buffer ,  p H  7,4, 
su spended  in 1 ml  of buffer ,  lysed wi th  9 ml  ice-cold water, 
and  the  suspens ion  was sub jec t ed  to  u l t ra f i l t r a t ion  3. HT 

1 j .  H. HU.~IPHREY and C. C. Toll, J. Physiol. 1°~4, 300 (1954). 
2 G. H. L. DILLARD, G. BRECHER, and E. P. CRONKITE, Proc. Soc. 

exp. Biol. Med., N. Y. 78, 796 (1951). 
s p. F. REHBERG, Acta physiol, scand. 5, 305 (1943). 
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Added Amine in/,glml 

0.66 (Normal Platelets) 
(Reserpinizcd platelets) 

6.6 (Normal Platelets) 
(Reserpinizcd platelets) 

Uptake of HT 
/*g/rag protein 

0.42 4- 0.13 
0-05 4- 0.02 
0.81 4- 0-14 
0.17 ~- 0.02 

No. of 
Experiments 

Uptake of Bufotenine 
/*g/rag protein 

0.07 ± 0.02 
0.01 4- 0.0I 
0.26 4- 0.05 
0.25 4- 0-06 

No. of 
Experiments 

4 ml of platelct-rich plasma, and 0.5 ml pII 7.4 buffer containing HT or bufotenine were incubated in siliconed beakers in air for 1 11 at 
37°C. Preparation of platelet-rich plasma, the isolation of platelets and the assay of lIT and protein have been described previously 4. 
Bufotenine was assayed by the same method as for ltT. In experiments involving reserpine, the alkaloid was either added directly 
(1 pg/ml plasma) to normal platelets or platelets were taken from animals given drug (5 mg/kg) 16 b previously. Values represent net 

increase in HT or bufotenine concentration. Amine content is expressed as/~g/mg platelet protein. 

4 I3. B. BRODIE, E. G. Toyiieu, R. [':UNTZMAN, and P. A. SHORE, J. Pharmacol. exper. "f'herap. 119, ,lGl (1957). 

levels s in u l t r a f i l t r a t e s  were the  s ame  as t h a t  in  unf i l t e red  
suspensions,  i n d i c a t i n g  t h a t  b i n d i n g  to s u b s t a n c e s  of 
large mo lecu l a r  size was negligible.  H T  m a y  conce ivab ly  
be localized in p l a t e l e t  granules ,  lysed b y  t r e a t m e n t  w i th  
water ;  however ,  p l a t e l e t s  h o m o g e n i z e d  in i sotonic  sucrose 
con ta ined  no  b o u n d  HT .  The  poss ib i l i ty  t h a t  H T  was 
combined  w i t h  dif fusible  s u b s t a n c e s  of smal l  molecu la r  
size was i n v e s t i g a t e d  b y  c o m p a r i n g  t he  ac t ion  of mono-  
amine ox idase  6 on  suspens ions  of lysed p la te le t s  a n d  on  
solutions of t h e  s y n t h e t i c  indole .  H T  in b o t h  p r e p a r a t i o n s  
was me tabo l i z ed  a t  the  same  r a t e s  (Figure) .  

These  resu l t s  i nd i ca t e  t h a t  I t T  f rom d i s r u p t e d  p la t e l e t s  
is i nd i s t i ngu i shab le  f rom the  s y n t h e t i c  amine .  Accord ingly ,  
the h i g h  a f f in i ty  of t he  a m i n e  for p la t e l e t s  c a n n o t  be  ex- 
pla ined on  t h e  basis  of a s t ab le  H T  complex .  W e  were 
therefore  led to  cons ider  ac t ive  t r a n s p o r t  as a n  a l te r -  
na t ive  m e c h a n i s m  for m a i n t a i n i n g  H T  aga ins t  a concen-  
t r a t i on  g rad ien t .  Th i s  poss ib i l i ty  was  assessed b y  com-  
par ing t h e  u p t a k e  of H T  a n d  i ts  s y n t h e t i c  d i m e t h y l  
analog bu fo t en ine ,  b y  gu inea  pig  pla te le ts ,  wh ich  n o r m a l l y  
conta in  l i t t l e  HT.  I n  general ,  cel lular  m e m b r a n e s  are  
permeable  to  l ip id-soluble  c o m p o u n d s ,  b u t  r e l a t ive ly  
impermeab le  to  po la r  s u b s t a n c e s  unless  these  are t r a n s -  
por ted  b y  a specia l ized ca r r ie r  m e c h a n i s m  a t  the  cell 
surface. The  l ip id  solubi l i t ies  of } IT a n d  b u f o t e n i n e  are  
ex t remely  low; t h e  p a r t i t i o n  coeff ic ient  of H T  b e t w e e n  
chloroform a n d  aqueous  buf fe r  p H  7.4 is 0-00035, a n d  of 
bufo ten ine  0.00780. Consequen t ly ,  these  c o m p o u n d s  
should p e n e t r a t e  p la t e l e t s  s lowly unless  enforced  b y  a 
special m e c h a n i s m .  

Compar i sons  were m a d e  of the  u p t a k e s  of H T  a n d  bufo-  
tenine b y  g u i n e a  pig  p la te le t s .  As r epo r t ed  previously ,  
considerable  a m o u n t s  of H T  were r ap i d l y  abso rbed  7 f rom 
the s u r r o u n d i n g  fluid desp i te  t h e  adve r se  c o n c e n t r a t i o n  
gradient ,  whereas  on ly  smal l  a m o u n t s  of b u f o t e n i n e  were 
absorbed desp i te  i ts  20 t imes  g rea t e r  p a r t i t i o n  coeff ic ient  
(Table). Rese rp ine  a l m o s t  comple t e ly  b locked  the  u p t a k e  
of HT,  b u t  h a d  no  effect  on  t he  smal l  u p t a k e  of bufo ten ine .  
These resu l t s  are c o n s i s t e n t  w i t h  t he  v iew t h a t  H T  is 
rapid ly  t r a n s p o r t e d  across  t he  cel lu lar  b o u n d a r y  b y  a 
specialized t r a n s p o r t  m e c h a n i s m  w i t h  wh ich  reserp ine  

in te rac ts ,  whereas  t he  more  l ip id-soluble  b u f o t e n i n e  
slowly enters  the  cells, p e r b a p s  b y  a pass ive  d i f fus ion  s. 

P rev ious  s tudies  h a v e  s h o w n  t h a t  r ese rp ine  releases in 4 
h a b o u t  50% of the  H T  n o r m a l l y  p r e s e n t  in  platelets% 
However ,  p r e sen t  s tud ies  showed  t h a t  t he  a d d i t i o n  of 
1 /~g/ml of reserpine  to a p l a t e l e t  suspens ion  a l m o s t  im-  
med ia t e ly  b locked  the  u p t a k e  of a d d e d  se ro ton in .  Conse-  
q u e n t l y  the  primary effect  of r ese rp ine  in d e p l e t i n g  
p la te le t s  of t he i r  normal H T  c o n t e n t  m a y  be r a p i d  in-  
h ib i t i on  of the  t r a n s p o r t  m e c h a n i s m  which  m a i n t a i n s  t he  
amine  aga ins t  a c o n c e n t r a t i o n  g rad ien t .  W i t h  t he  b lock-  
ing of the  ' p u m p ' ,  H T  leaves t he  cells b y  pass ive  dif fusion.  
The  slow ra te  of H T  release m a y  be  a t t r i b u t e d  to  t h e  
d i f f icul ty  w i th  which  th i s  h igh ly  po la r  s u b s t a n c e  pene-  
t r a t e s  t he  p la te le t  m e m b r a n e  in t h e  absence  of t h e  
p o s t u l a t e d  energet ic  m e c h a n i s m .  A d d i t i o n a l  ev idence  
favor ing  t r a n s p o r t  m e c h a n i s m  is t he  o b s e r v a t i o n  t h a t  one  
reserp ine  molecule releases h u n d r e d s  of H T  molecules  ~. 
Th i s  f inding is diff icul t  to  reconci le  w i t h  t h e  c o n c e p t  t h a t  
reserp ine  de taches  H T  f rom a celhf lar  c o n s t i t u e n t ,  b u t  
would  be  expec ted  if reserp ine  i nh ib i t s  a t r a n s p o r t  
mechan i sm.  

The  ques t ion  ar ises  as to  t he  possible  source  of ene rgy  
for ac t ive  t r ans f e r  since H T  is a b s o r b e d  b y  p la t e l e t s  
ane rob ica l ly  as well as aerobical ly .  Th i s  ene rgy  could  be  
der ived  f rom A T P  p re sen t  in  p la te le t s .  O t h e r  worke r s  ~6 
h a v e  impl i ca ted  A T P  in t he  local iza t ion  of H T  in p l a t e l e t s  
b u t  pos tu l a t e  t h a t  t he  two s u b s t a n c e s  fo rm a c h e m i c a l  
complex.  

F u r t h e r  work  is in progress  to  e s t ab l i sh  t he  v a l i d i t y  of 
the  concep t  t h a t  H T  is held in cells b y  an  ac t ive  t r a n s p o r t  
mechan i sm.  

F. BARBARA HUGIIES*, 
P. A. SHORE, a n d  B. B. BRODIE 

Laboratory o/ Chemical Pharmacology, National Heart 
Institute, Bethesda (21qaryland), February d, 1958. 

Zusammen/assung 
E s  ge lang  n ich t ,  m i t  p h y s i k a l i s c h - c h e m i s c h e n  M e t h o d e n  

e inen  H T - K o m p l e x  in hS, mo lys i e r t en  oder  homogen i s i e r -  

5 H. WEISSBACH, T. P. WAALKES, and S. UDENFRIEND, J. biol. 
Chem. (in press). 

6 The enzyme is a preparation of soluble monoamine oxidase 
prepared according to H. WEISSBACII, B. S. REDFIELD, and S. 
UDENFRIENn, J. biol. Chem. (in press). 

7 j .  H. HU.~IPHREY and C. C. Toll, J. Physiol. 124, 300 (1954). - 
R. ~f. HARDISTY and R. S. STACEY, J. Physiol. 130, 711 (1955). - 
t3. g.  BRODIE, E. G. TOMICl[, R. I{UNTZMAN, and P. A. SNORE, 
J. Pharmacol. exper. Therap. 119,461 (1957). 

s Another kind of uptake which represents only a small fraction 
of added HT is evident at high concentrations of the amine. 3"his 
uptake is not blocked by reserpine suggesting that it is simple 
binding onto platelet protein or the cell surface. 

9 A. CARLSSON, P. A. SUORE, and B. B. BRODIE, J. Pharnmcol. 
exper. Thcrap. 12o, 33.1 (1957). 

10 G. V. R. BORN, G. I. C. INnRA.~t, and R. S. STACEV, J. Physiol. 
135, 63I' (1956). 

* Riker Fellow. 

12' 
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t e n  Suspens ionen  y o n  K a n i n c h e n - T h r o m b o z y t e n  n a c h -  
zuweisen.  Ver suchse rgebn i s se  t iber  die H T - A u f n a h m e  
d u r c h  T h r o m b o z y t e n  s t i m m e n  m i t  de r  M6gl ichke i t  t iber-  
ein, dass  des  A m i n  in den  Zel len d u r c h  e inen  a k t i v e n  
T r a n s p o r t m e c h a n i s m u s  k o n z e n t r i e r t  wird.  E s  wi rd  an-  
g e n o m m e n ,  dass  die A b g a b e  y o n  n o r m a l e m  t i T  aus  de r  
Zelle u n t e r  Rese rp ine inwi rkung ,  d u r c h  eine H e m m u n g  des  
A u f n a h m e m e c h a n i s m u s  u n d  l angsame ,  pass ive  Dif fus ion  
aus  den  Zel len erfolgt .  

Disparition de la 5-hydroxytryptamine dans les 
granulations des glandes de la peau de Disco- 

glosses plctas et de Rana femporarla apr~s in- 
jection de r6serpine 

L ' i n j e c t i o n  de  r6serp ine  p r o v o q u e  la  d i s pa r i t i on  de  la  
5 - h y d r o x y t r y p t a m i n e  (5-HT) de l ' i n t e s t i n  gr~te du  l ap in  l, 
t a n d i s  qu 'e l l e  a u g m e n t e  ia  t e n e u r  e n  ac ide  5 - h y d r o x y -  
i ndo lac6 t ique  de  l ' u r i ne  de ch ien  ~. C o m m e  ERSPAM~R l ' a  
m o n t r 6  chez  le r a t  e t  te coq ~, c e t t e  d i m i n u t i o n  de la 5 - H T  
s ' o b s e r v e  n o n  s e u l e m e n t  d e n s  le t r a e t u s  gas t ro - in t e s t ina l ,  
ma i s  aussi  d a n s  le s6rum,  la r a t e  e t  le ce rveau ,  NAESS e t  
SCHANCHE* F o n t  conf i rm6 p o u r  le s6 rum de lapin .  L ' i n -  
j ec t ion  de r6serp ine  fa i t  d i spa ra t t r e  la 5 -HT des p l a q u e t t e s  
s a n g u i n e s  chez  l ' h o m m e  ~. L e u r  aff ini t6  p o u r  la 5 - H T  est  
d iminu6e  en  pr6sence  de  r6serp ine  *. A u c u n  a n t a g o n i s m e  
n ' a  ~t6 c o n s t a t 6  in vitro e n t r e  la r6serp ine  e t  la 5 -HT ~. 

1 A. PLETSCHER, P. A. SHORE et B. B. BRODIE, Science 1~2, 374 
(19,~,5). 

P. A. S~ORE, S. L. SILVER et B. B. BRODIE, Science 122, ~84 
(1955). 

V. ERSPAMER, Expcr. 12, 63 (1956); Naturwissenschaften 4~, 
61 (1956). 

K. NA~SS et S. SCHA~CHE, Nature 177, 1180 (t956). 
B. J. I-IAVERBACt¢, P. A. SHORE, E. G. TOM[CH et B. B. BRODIE, 

Fed. Proc. 15, 434 (1956). 
R. M. HARDIST~, G. I. C. IUGR~ et R. S. STAe~V, Exper. 12, 

4o,4 (19~6). 

L a  peau  de  Discoglossus pictus c o n t i e n t  d ' ap r6 s  ERSPA- 
MER 7 410--450 /~g de 5 -HT p a r  g de t i ssu  (41-54  m g / k g  
de poids  du  corps).  Celle-ci es t  locaIis6e d e n s  les granula-  
t ions  des g landes  de la peau .  Nous  a v o n s  r echerch6  la 
5 - H T  p a r  d i f f6rentes  rdac t ions  h i s t o c h i m i q u e s  sur  des 
coupes  de peau  de grenoui l le  e t  de discoglosse (Rana tempo- 
raria et  Discoglossus pictus), les p r616vements  6 t e n t  faits 

des t e m p s  d i f f6ren ts  apr6s  l ' i n j ec t i on  de  r~serpine  (5 et 
10 m g / k g  Serpas i l  CIBA) .  

C o m m e  il n ' ex i s t e  pa s  de  r6ac t ion  sp6cif ique de la 
5-HT, nous  a v o n s  p r a t i q u 6  les 3 r6ac t ions  s u i v a n t e s  por- 
t e n t  su r  la  mise  e n  ~vidence  des h y d r o x y l e s  ph6nol iques  
l ibres  en  pos i t ion  ortho e t  paraS: a) la rdaction argenta/]ine 
selon ta  m 6 t h o d e  de  MASSON, b) l'azo-rdaction, Ie sel de 
d i a z o n i u m  5 t a n t  p r6par6  ~. l ' ac ide  su l fan i l ique ,  c) l'indo- 
rdaction, la  p a r a d i a m i n e  a r o m a t i q u e  uti l is6e 6 r a n t  la  di- 
m6thytparaph6nyl~nediamine. A y a n t  c o n s t a t 6  qu 'apr~s  
la f i xa t ion  au  Bou in ,  la  f luorescence  a t t e n d u e  en  pr6- 
sence  de  5 - t fT  6 ta i t  masqu6e ,  nous  a v o n s  laiss6 s6 journer  
ensu i t e  les p r 6 p a r a t i o n s  24 h d a n s  du  fo rmol  a v a n t  de  les 
m o n t e r .  C o m m e  apr~s  la seule f i xa t i on  au  Iormol ,  une 
belle f luorescence j a u n e  a p p a r a i t .  Les r6su l t a t s  son t  in- 
d iqu6s  A l a  F igu re  p o u r  les discoglosses.  

Chez la  grenouil le ,  les r6su l t a t s  son t  s imilaires.  L 'e f fe t  
de 5 m g / k g  de r6serp ine  se m a r q u e  s u r t o u t  1/2 h e t  1 h 
aprbs  l ' in jec t ion ,  M~me 7 h apr~s les in jec t ions ,  les r6ac- 
t ions  ne  s o n t  pas  encore  auss i  pos i t ives  que  chez  les t6- 
moins .  

En conclusion, la r6serpine  fa i t  d i spa rMt re  une  subs t ance  
qui  m o n t r e  t o u t e s  les r6ac t ions  h i s t o c h i m i q u e s  de la 5-HT 
uti l is6es dens  'les g r a n u l a t i o n s  des g landes  de la  peau  de 
Rana temporaria et  de Discoglossus pictus. Cet te  pe r t e  est  
t e m p o r a i r e  e t  es t  m a x i m a l e  1/2 h k 1 h apr&s l ' i n j e c t i on  de 
5 m g / k g  chez  ta  grenoui l le ,  1 h apr~s  l ' i n j e c t i on  de  la 

7 V. ]~RSPAMER, R. C. scient. Farmitalia 1, 1 (1954). 
s L. L:so~, Histochimie et Cytochimie animates (Gauthier-Villars 

Paris 1953), p. 71. 
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TEMPS APRES INJECTION 

Effet de la r6serpine sur la teneur cn 5-hydroxytryptamine des granulations de la peau de Discoglossus pictus. 

+ + + + + Toutes granulations positives + Granulations faiblement positives et n6gatives 
+ + + + Granulations pc~sitives et faiblement positives O Toutes granulations n6gafives 
+ + + Granulations positives, Iaiblement positives et ndgatives T T6moin inject6 de m~me volume d'eau distilI6e 
+ + Toutes graimlations faiblement positives 5 Diseoglosse inject6 de 5 mg/kg de r6serpine 

I0 Discoglosse inject6 de 10 mg/kg de r6serpine 

Les chiffres correspondent au nombre des glandes portant des granulations compt6 dens 10 champs diff6rents sur une longueur 
de 3,3 IIlIIl~ chaeun. 


