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T h e  Effect  of N e u r a m i n i d a s e  on  the  5 - H y d r o x y t r y p t a m i n e  U p t a k e  of H u m a n  P la te l e t s  

N e u r a m i n i c  acid occurs  in  g lycopro te ins  and  also in 
glycol ipids  of t he  p la t e l e t  m e m b r a n e  ~, 2. I t  is a s sumed  
t h a t  t h e  n e u r a m i n i c  acid of t h e  p l a t e l e t  m e m b r a n e  is an  
essent ia l  c o m p o n e n t  of t he  5 - h y d r o x y t r y p t a m i n e  (5-HT) 
recep to r  complex.  I t  is no t  ye t  k n o w n  w h e t h e r  t he  5- 
h y d r o x y t r y p t a m i n e  recep to r  on  t h e  p la t e l e t  surface  is 
assoc ia ted  w i t h  n e u r a m i n i c  ac id -con ta in ing  g lycopro te ins  
of t i le ou te r  cell surface  or s i t u a t e d  ill in te r io r  regions  of 
tile m e m b r a n e ,  r ep re sen t ed  t he re  e i t he r  b y  n e u r a m i n i c  
ac id -con ta in ing  g lycopro te ins  or n e u r a m i n i c  acid-con-  
t a i n i n g  glycotipids.  Normal ly ,  in  h u m a n  p la te le t s ,  
i n c u b a t e d  w i t h  5-HT, t he  c o n t e n t  of t h e  a m i n e  in t he  
p la t e l e t s  a n d  also in t h e  isola ted organel les  increased  
cons ide rab ly  2. Tile in i t i a l  u p t a k e  of 5 - t l T  b y  h u m a n  
p la t e l e t s  is l inear  w i t h  t i m e  in t he  f i rs t  30 rain,  r each ing  an  
equ i l i b r ium a f t e r  a b o u t  90 m i n  of i ncuba t i on .  I n  1965 
I-IOVlG 4 showed  t h a t  n e u r a m i n i d a s e  l ibe ra tes  n e u r a m i n i c  
acid f rom p l a t e l e t s  a n d  t h a t  n e u r a m i n i d a s e - t r e a t e d  
p la t e l e t s  aggrega te  s p o n t a n e o u s l y  w h e n  r e suspended  in  
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Fig. i. Uptake of 5-hydroxy-Ct~-tryptamine (lst preparation). 
A) Neuraminidase-treated platelets (pre-treated with 10 U neuramin- 
idase/ml incubation medium). B) Neuraminidase-treated platelets 
(pre-treated with 20 U neuraminidase/ml incubation medium). 
C) Control, untreated platelets. 
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Fig. 2. Uptake of 5-hydroxy-C14-tryptamine (2nd preparation). 
A) Neuraminidase-treated platelets (10 U enzyme/ml.) B) Neuramin- 
idase-treated ptatelets (20 U enzyme/ml). C) Control, untreated 
platelets. 

p lasma.  Us ing  low c o n c e n t r a t i o n s  of n e u r a m i n i d a s e  f rom 
Vibrio cholerae (Behr ing-Werke ,  Marburg) ,  10-20 U / m l  
in t h e  i n c u b a t i o n  m e d i u m  a n d  a n  i n c u b a t i o n  t i m e  of 
10 ra in  a t  37~ t he  agg rega t ion  is g rea t ly  reduced,  
whereas  h ighe r  a m o u n t s  of t h e  e n z y m e  (50 U/ml)  resu l t  
ill nea r ly  comple te  c l u m p i n g  of t he  cells. 

500 m l  of c i t r a t ed  h u m a n  b lood  was cen t r i fuged  in 
s i l iconized t u b e s  a t  700 •  for 10 ra in  a t  4~ Tile p la t e l e t  
r i ch  p l a s m a  was w i t h d r a w n  w i t h  a s i l iconized p i p e t t e  
and  t h e n  cen t r i fuged  a t  2500 x g  for 15 ra in  a t  4~ The  
p l a t e l e t  layer ,  w i t h o u t  t he  p a c k e d  e r y t h r o c y t e s  a t  t h e  
b o t t o m  of t he  c e n t r i f u g a t i o n  tubes ,  was  careful ly  r e m o v e d  
a n d  r e suspended  in 50 ml  of 0.9% NaC1 buf fe red  w i t h  
sod ium b i c a r b o n a t e  to  p H  7.2 a n d  recen t r i fuged  a t  
2500 •  for 15 ra in  a t  4~ The  wash ing  process  was 
r epea t ed  twice. I n  t he  r e su l t i ng  sed imen t ,  t he  e r y t h r o c y t e  
a n d  leucocyte  c o n t a m i n a t i o n  was less t h a n  1 pe r  4 • 10 a 
p la te le ts .  

The  t r e a t m e n t  of t h e  p la t e l e t s  w i t h  n e u r a m i n i d a s e  
(10 U / m l  a n d  20 U / m l  respec t ive ly)  was  p e r f o r m e d  b y  
s u s p e n d i n g  t he  p la te le t s  in  20 ml  isotonic  sod ium a c e t a t e  
buf fe r  (pH 5.5), a d d i n g  ti le d ia lyzed  e n z y m e  so lu t ion  a n d  
i n c u b a t i n g  a t  37 ~ for 10 rain.  Some p la te l e t  aggrega t ions  
were s e d i m e n t e d  b y  cen t r i f uga t i on  a t  480 • g for  10 mil l  a t  
4~ The supernatant was taken off with a siliconized 
pipette and centrifuged at 2500 xg for 15 rain at 4~ 
The sediment was washed twice with 0.9% NaCl (pH 7.2), 
resuspended in Ca i+- and Mg2+-free Krebs-Ringer bi- 
carbonate buffer (pH 7.2) and adjusted to 5 X l0 s platelets 
per ml. The total activity of added C14-5-HT (5-hydroxy- 
Ct~-tryptamine creatinine sulfate, specific activity 58 mCi/ 
retool, Amersham Buchler, Braunschweig) was 3X10 ~ 
cpm. The  e x t e n t  of C14-5-HT u p t a k e  is s h o w n  in F igure  1. 
The  r e m a i n i n g  a c t i v i t y  in  t he  m e d i u m  was m e a s u r e d  a t  
t i le i n t e rva l s  i nd i ca t ed  (0.5, 1, 1.5, 2 h) b y  r e m o v i n g  1 ml  
of t h e  cell suspension.  Af te r  c en t r i f uga t i on  a t  2500 •  for 
20 ra in  a t  4~ 0.5 ml  of t he  s u p e r n a t a n t  was  a d d e d  
to 10 m l  of a n a p h t h a l e n e - d i o x a n e  sc in t i l l a t ion  so lu t ion  
a n d  c o u n t e d  in a l iqu id  sc in t i l l a t ion  s p e c t r o m e t e r  
(Tracerlab) .  

The  h ighes t  u p t a k e  of C14-5-HT f rom the  i n c u b a t i o n  
m e d i u m  was obse rved  w i t h  p la te le t s  p r e - i n c u b a t e d  w i t h  
20 U n e u r a m i n i d a s e / m l ,  a s o m e w h a t  lesser u p t a k e  
showed  t he  p la te le t s  p r e i n c u b a t e d  w i t h  10 U n e u r a m i n i d -  
ase/ml.  The  cont ro l s  w i t h  u n t r e a t e d  p la te le t s  t o o k  up  t he  
smal les t  a m o u n t  of CI~-5-HT. F igure  2 r ep re sen t s  a 
second p la t e l e t  p r e p a r a t i o n .  Tile same t e n d e n c y  is seen 
here,  b u t  t h i s  p r e p a r a t i o n  is cha rac t e r i zed  b y  a l o w e r  
u p t a k e  in n e u r a m i n i d a s e - t r e a t e d  a n d  u n t r e a t e d  cells. 

The re  seem to  be  i n d i v i d u a l  differences  in  t h e  r a t e  of 
up take ,  p e r h a p s  due  to a d i f fe ren t  s torage  capac i t y  or a 
d i f fe ren t  degree of s a t u r a t i o n  of t he  i so la ted  p la t e l e t s  w i t h  
5-HT.  U n d e r  iden t i ca l  e x p e r i m e n t a l  cond i t ions  used  here,  
on ly  a q u a n t i t a t i v e  dif ference is obvious .  

B y  e x t e n d i n g  t he  p r e - i n c u b a t i o n  w i t h  n e u r a m i n i d a s e  
to  30 m i n  a t  37~ a decreased  u p t a k e  of Ct~-5-HT was 
genera l ly  observed.  S imi la r  resu l t s  were p r e s e n t e d  re- 
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cent ly  by  GLYNN 5. He also repor ted  tha t  the  decrease in 
tak ing  up 5-HT could be par t ly  restored by the  addi t ion 
of gangliosides. A similar  reac t iva t ion  of the  5-HT 
receptor  complex  in smooth  muscle by gangliosides was 
described by BORNt TO ensure t h a t  the  added CI*-5-HT 
was really t ranspor ted  into  the  platelets  and not  merely  
adsorbed to the  surface of the  cells, we isolated the  mono- 
amine storage organelles by the  me thod  of DA PRADA 
et al. 7. Abou t  60% of the  C14-5-HT conten t  of the in tac t  
platelets  could be rec6vered f rom the  isolated organdies .  
The supernatant ,  af ter  lysis of the  organdies  in 2 ml  1 N 
N a O H  for 3 h at  25 ~ neutra l iza t ion  and centr i fugat ion 
at  105,000• in a Beckman  ul t racentr i fuge (Spinco 
L 2-50) for 30 min  at  4~ was concent ra ted  and analyzed 
on a th in- layer  plate  (Silica Gel H, Merck, Darmstad t )  
in the  developing sys tem:  methylace ta te- i sopropanol -  
25% N H , O H  (9:7:4)  8 . The  rad ioac t ive  spots were 
localized wi th  a Ber thold  th in- layer  scanner, model  
L B  2722. 

Our results indicate  t ha t  the  neuraminic  acid of the  
outer  layer of the  p la te le t  surface membrane,  which is 
easily released by neuraminidase,  is probably  not  involved  
in the  5 -hydroxy t ryp tamine  receptor.  I t  seems tha t  the  
par t ia l  loss of the  peripherical  neuraminic  acid, and the 
resul t ing decrease of the  negat ive  charge of the  p la te le t  
surface, facil i tates the  tak ing  up of 5-HT. 
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Fig. 3. Radio thin-layer chromatogram of CI*-5-HT. A) Test: 
CI*-5-HT. B} Cla-5-HT, lysed from isolated platelets. C) CI~-5-HT, 
lysed from isolated storage organelles. 

The increase of the  negat ive  charge on the  p la te le t  
membrane,  by addi t ional  incorporat ion of neuraminic  
acid t ransfered by a sialyl transferase f rom ra t  l iver  
homogenate ,  resulted in a reduct ion  of the  up take  of 
potass ium ions9  The addi t ion  of 5-HT always enhanced 
the  t ak ing  up of K+ markedly.  F r o m  these results i t  is 
h ighly  ev ident  t ha t  the  ex ten t  of t ak ing  up K+ by 
platelets  is charge dependent ,  and tha t  the  d iminut ion  of 
the  negat ive  charge on the  pta te le t  surface by  short  
neuraminidase  t r e a t m e n t  should accelerate the  K+- 
uptake  into the  platelets,  too. 

In  our experiments ,  wi th  low neuraminidase  concentra-  
t ions and a short  incubat ion  t ime, the neuraminidase  of 
Vibrio cholerae did not  l iberate  the  neuraminic  acid of 
glycolipids in the  inter ior  regions of the  p la te le t  mem-  
brane. The complete  ganglioside pa t t e rn  could be 
ext rac ted  after  this  t r ea tment ,  bu t  also neuraminic  
acid-containing glycoproteins  were still present.  

F r o m  the  results af ter  prolonged incubat ion  wi th  
neuraminidase,  i t  can be concluded tha t  the  recognit ion 
site, the  absorpt ion and the  ac t ive  t ranspor t  mechanism 
of 5-HT is located wi th in  the  p la te le t  membrane  and tha t  
the  neuraminic  acid, bound to glycoproteins  or glyco- 
lipids wi th in  the  membrane ,  par t ic ipates  in this process. 

Zusammen/assung. Am 5-Hydroxy t ryp t amin rezep to r  
der Th rombozy ten  ist  die per iphere Glykoprote in-  
Neuraminsgure  nicht  beteil igt .  Der  Verlust  dieser peri- 
pheren Glykoprotein-Neuramins~iure f6rdert  den E ins t rom 
yon 5-HT in die Thrombozyten .  Der  Rezep tor  und der 
Transpor tmechan ismus  werden im Innern  der Membran 
vermute t .  Sic sind durch kurzfr is t ige Neuraminidase-  
e inwirkung nicht  erreichbar.  

W. GIELEN 10 and B. VIEHOFER 

Institute o/ Pharmacology, University o~ Cologne, 
Gleueler Str. 24, D-5  KO'ln d7 
(Federal Republic o/Germany), 21 March 7974. 

5 M. F. X. GLYNN, Am. J. clin. Path. 60, 636 (1973). 
6 G . V . R .  B O R N ,  i n  Smooth Muscle (Eds. E .  B I ) L B R I N G ,  A .  F .  B R A D I N G ,  

A.W. JoNEs and T.ToMITA; Edward Arnold Publishers Ltd., Lon- 
don 1970), p. 418. 

7 M. DA PRADA, K. VON BERLEPSCH and A. PLETSCHER, Naunyn- 
Schmiedebergs Arch. Pharmac. 275, 315 (1972). 

8 E. STAHL and H. KALDEWEY, Hoppe-Seyler's Z. physiol. Chem. 
323, 182 (1961). 

9 F. ~/[ICHAL, g. V. R. BORN~ L. )/[ESTER and L. SZABADOS, Biochem. 
J. 729, 977 (1972). 

1o We gratefully acknowledge the support of this study by the 
Deutsche Forschungsgemeinschaft and the Fonds der ehemisehen 
Industrie. 

T h e  I n h i b i t o r y  Ef fec t  of  T o l u i d i n e  B l u e  a n d  M e t h y l e n e  B l u e  on  R a t  M a s t  Ce l l  D a m a g e  b y  
P r o m e t h a z i n e ,  C h l o r p r o m e t h a z i n e  a n d  C h l o r p r o m a z i n e .  I ts  R e v e r s a l  b y  G l u c o s e  

In  a previous  paper  it  was shown t h a t  phenoth iaz ine  
stains p reven t  ra t  mesente ry  mas t  cell damage  induced by 
compound  48/80 and by the  an t ih i s tamine  drugs, di- 
phenhydramine  and chlorcylizine.  I t  was also shown tha t  
this blocking effect was similar  to t h a t  of metabol ic  inhi- 
bi tors 1. The present  repor t  describes the  inh ib i tory  effect 
of to luidine blue and methy lene  blue on ra t  mesente ry  
mast  cell damage  by phenoth iaz ine  compounds  wi th  

an t ih i s tamine  ac t iv i ty :  promethazine ,  ch lorprometha-  
zinc, and chlorpromazine.  The  an t i -enzymat ic  mechanism 
pos tu la ted  to expla in  the  inh ib i tory  effect of these stains 
is substant ia ted .  

1 I. VUGMAN and M. L. M. DO PRADO, Naunyn Schmiedebergs 
Arch. Pharmac. 279, 173 (1973). 


