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Diminution of 5-Hydroxytryptamine in Throm- 
bocytes in  v i tro by Chlorpromazine and Related 

Compounds 

C h l o r p r o m a z i n e l  ch lo rp ro th ixene  ~, and  imipramineS 
inh ib i t  t h e  u p t a k e  of label led 5 - h y d r o x y t r y p t a m i n e  (5HT) 
b y  p la te le t s  in  vitro; im ip ramine  also decreases  p l a t e l e t  
5HT in vivo~,L The  effect  of ch lo rp romaz ine  and  re l a t ed  
c o m p o u n d s  on  endogenous  5HT of b lood p la te le t s  in vitro 
has ,  however ,  n o t  been  k n o w n  up to  now and  was  in- 
ves t iga t ed  in t he  p r e sen t  paper .  

Methods. R a b b i t s  weighing 2.5-3 kg and  s t a rved  for 
16 h were  bled u n d e r  e the r  anes thes ia  by  means  of a poly-  
e thy lene  canula  inser ted  in to  a caro t id  a r te ry .  Some 
animals  h a d  been given 20 mg/kg  isocarboxazid  6 i.p. 16 h 
before b leeding .The  blood was  mixed  wi th  1/9 vol of 5% 
d i sod ium e thy lene  d iamine  t e t r a a c e t a t e  (versene) in 
dist i l led w a t e r  and  cen t r i fuged  a t  200-300 × g a t  + 2°C 
for 15 min.  Al iquots  of p la te le t - r ich  p lasma  (2 ml) were  
s u p p l e m e n t e d  wi th  t he  drugs  dissolved in 0.1 ml  saline or 
w i th  saline alone. I ncuba t i ons  were  pe r fo rmed  a t  37°C 
u n d e r  air  or n i t rogen  wi th  gent le  shaking.  Then  the  
samples  were cen t r i fuged  a t  1700 × g a t  2°C for 25 min.  
5HT in t he  p la te le t s  (sediment)  and  in the  p la te le t  poor  
p l a sma  ( supe rna t an t )  was  measu red  b y  a spec t ropho to -  
f luorometr ic  m e t h o d  7. All g l a s sware  was  siliconized. 

P la te le t - r i ch  p l a sma  f rom venous  b lood of h e a l t h y  
h u m a n s  was  p r epa red  and  t r e a t e d  cor respondingly .  

Exc lus ion  of possible  me thod ica l  errors :  .Platelet ag- 
glutination and distruction due  to  in  vitro i ncuba t ion  or 
d rug  effects  could be  exc luded  b y  coun t ing  a n d  micro-  
scopic e x a m i n a t i o n  of  t he  p la te le ts ,  p H  changes dur ing  t h e  
i ncuba t i on  were  p r o b a b l y  also no r e l evan t  source of  error.  
Thus ,  in  p l a s m a  w i t h  a n d  w i t h o u t  2.8 × 10 -s M]I chlor-  
p romaz ine  a p H  increase of 0.4 occurred  dur ing  incuba t ion  
u n d e r  air ;  i ncuba t ion  unde r  n i t rogen  caused  a p H  de-  
crease of  0.15. The effect  of ch lo rp romaz ine  on p la te le t  
5HT was,  however ,  s imilar  unde r  b o t h  expe r imen ta l  
condi t ions .  Interference o/chlorpromazine with the spectro- 
photofluorometric 5 H T  assay was exc luded  because  the  
r ecovery  of 5HT added  to  the  p la te le t - r ich  p l a sma  was  n o t  
inf luenced by  the  drug.  

Results. (1) Chlorpromazine  in a m o u n t s  be tween  
1 . 4 × 1 0  -5 and  2 . 8 ×  10 -4 M/1 (= 5 and  100 ~/ml) di ,  
min i shed  the  5HT c o n t e n t  of r abb i t  p la te le t s  s igni f icant ly  
d e p e n d e n t  on the  concen t r a t ion  of t he  drug.  W i t h  
2.8 × 10-* M/1 ch lorpromazine  a s t e a d y  d iminu t ion  of 
5HT up  to  7 5 ~  occurred dur ing  the  i ncuba t ion  per iod  of 
4 h (Figure).  P la te le t s  no t  s u p p l e m e n t e d  wi th  t he  d rug  
showed  a 5HT decrease of 3 - 4 %  u n d e r  t he  same con- 
di t ions .  P r e t r e a t m e n t  w i th  i socarboxazid  h a d  no appre-  
ciable inf luence on t h e  ch lo rp romaz ine - indueed  5HT de-  
crease.  

(2) The  5HT d i sappear ing  f rom.p la te le t s  was  recovered  
a lmos t  comple te ly  in t he  p lasma,  if t he  an imals  were  pre-  
t r e a t e d  w i t h  t he  m o n o a m i n e  oxidase  inh ib i to r  i socarbox-  
azid (Figure).  I n  r abb i t s  w i t h o u t  such  a p r e t r e a t m e n t  only  
a b o u t  30% of t he  5HT d i sappea r ing  f rom p la te le t s  could 
be found in t h e  p lasma.  

(3) Reserp ine  (e.g. 5 7/ml) decreased  the  p la t e l e t  5HT 
b y  a m a x i m u m  of 51 -4- 6% dur ing  the  f irs t  3 h of in- 
cuba t i on  and  b y  a fu r the r  14 ± 1% dur ing  the  following 
3 h. A second add i t ion  of reserpine  (e.g. 5 7 /ml  a f te r  3 h) 
h a d  no enhanc ing  effect,  b u t  add i t ion  of 2.8 × 10 -4 M/1 
ch lo rp romaz ine  3 h a f te r  reserpine  decreased t h e  p la te le t  
5HT by  34 4- 6%.  This  decrease  was  s igni f icant ly  g rea te r  
t h a n  wi th  reserpine  alone (14:1: 1%) (p < 0.01). 

(4) Various  c o m p o u n d s  such as imipramine ,  chlor-  
prothLxene, ami t r ip ty l ine  s, t y r a m i n e  also decreased the  

p la te le t  5HT. W i t h  the  possible excep t ion  of chlor-  
p ro th ixene ,  however ,  none  was more  p o t e n t  t h a n  chlor-  
promazine .  Cocaine, iproniazid  ~, e -methyl -3 ,  4 -d ihydroxy-  
pheny la l an ine  (~-methyt -dopa)  h a d  only  a weak  effect  
(Table). 

(5) In  h u m a n  p la te le t s  ch lo rp romaz ine  a n d  chlor-  
p ro th ixene  in concen t r a t i ons  of 3.5 × 10 -4 a n d  2.8 × 10 -~ 
2rift d imin i shed  the  5HT s igni f icant ly  (p < 0.01). The  
effect  was, however ,  less p ronounced  t h a n  in r ab b i t s  
(Table). Cocaine d id  no t  decrease  the  5HT apprec iab ly .  
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Influence of chlorpromazine on the 5-hydroxytryptamine content of 
thrombocytes and plasma of rabbits. Ordinate : 5 HT content in % of 
controls (platelets of the same animal incubated without chlor- 
promazine). Abscissa : (left) chlorpromazine concentration (incubation 
for 4 h under air)., (right) time of incubation (chlorpromazine con- 
centration in the plasma: 2.8 x 10 -4 M]t). Solid lines: 5HT of plate- 
lets, dotted line: 5HT in the plasma of rabbits pretreatcd with 
~0 mg]kg isocarboxazid i.p. 16 h before bleeding. The points re- 
present averages of 3-7 experiments with standard error. Double 

determinations were carried out in each experiment. 

Drugs 5 HT decrease at 2 different drug concentrations 
Rabbits Humans 
2.8 × 10 -4 3.5 × 10 -~ 2.8 x 10 -4 3.5 x 10 -5 
Mll M/I M]I M]I 

Chtorpromazine 74 =[= 4 10 i 2 40 ! 2 11 4- 2 
Chlorprothixene 93 -4- 1 11 ± 1 62 4- 1 9 ! 2 
Imipramine 69 4- 12 8 4- 3 42 4- 3 10 4- 1 
Amitriptyline 80 -4- 11 13 4- 4 
Cocaine 84- 2 8 ± 3  9 + 2  54- 1 
0~-Methyl-dopa 13 4- 2 10 4- 2 
Tyramine 34 4- 7 17 4- 3 

Decrease in 5-hydroxytryptamine of thrombocytes by various drugs. 
Incubation of platelet-rich plasma for 4 h under air. The figures re- 
present mean percentage values with standard error of 3 experiments 
with rabbit plasma and 2 to 5 experiments with human plasma. 
Platelets incubated for 4 h but not supplemented with the drugs 
served as controls. Double determinations were carried out in each 

experiment. 

1 2-Chloro-1O-(3-dimethylaminopropyl)-phenothiazine (Thorazine®, 
Largactil ®). 

2 2 - Chloro - 9 - ((o-dimethylamino-propyliden) - thioxanthene (Tarac- 
tan ®). 

3 10, 11-Dihydro-5-(3-dimethylaminopropyI)-5H-dibenzo[b, f] aze- 
pine (Tofranil ®). 
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Discussion. Accord ing  to  t he  p r e s e n t  e x p e r i m e n t s  chlor-  
p r o m a z i n e  a n d  s t r u c t u r a l l y  r e l a t ed  c o m p o u n d s  cause  a 
sh i f t  of  e n d o g e n o u s  5 H T  f rom p la t e t e t s  i n t o  t h e  p l a sma .  
Th i s  c an  be  conc luded  f rom t h e  o b s e r v a t i o n  t h a t  in  
a n i m a l s  p r e t r e a t e d  w i t h  a m o n o a m i n e  ox idase  i n h i b i t o r  
a l m o s t  al l  t h e  5HT d i s a p p e a r i n g  f rom p la te l e t s  was  found  
in  t he  p l a sma .  T h e  i n c o m p l e t e  r ecove ry  of 5 H T  d i sappea r -  
ing f rom p la te le t s  of a n i m a l s  n o t  p r e t r e a t e d  w i t h  a mono-  
a m i n e  ox idase  i n h i b i t o r  is p r o b a b l y  due  to  pa r t i a l  oxy-  
d a t i o n  of 5HT.  

T h e  c h l o r p r o m a z i n e - i n d u c e d  decrease  of p l a t e l e t  5HT 
m i g h t  be  due  to  l i be ra t i on  of 5 H T  or, p rov ided  t h a t  t he  
5 H T  of p la t e l e t s  is in  a d y n a m i c  equ i l i b r ium w i t h  t he  5HT 
in  p l a sma ,  t o i n h i b i t i o n  of 5 H T  up t ake .  F r o m  e x p e r i m e n t s  
w i t h  i m i p r a m i n e  a n d  cocaine,  however ,  t h e  l a t t e r  possi-  
b i l i ty  seems unl ikely .  Thus ,  i m i p r a m i n e  (5 × 10 -7 M/1) 
i n h i b i t s  5 H T  u p t a k e  in c o n c e n t r a t i o n s  a b o u t  100 t i m e s  
lower  t h a n  c h l o r p r o m a z i n e  (3.5 x 10 -6 M/l)4; t h e  two  
d rugs  are,  however ,  a b o u t  equa l ly  ef fec t ive  in dec reas ing  
e n d o g e n o u s  5 H T  in p la te le t s .  F u r t h e r m o r e ,  coca ine  
(2.5 × 10 -5 5I]t) decreases  5 H T  u p t a k e  in a b o u t  t h e  s ame  
c o n c e n t r a t i o n  as c h l o r p r o m a z i n e 4 ;  coca ine  is, however ,  
less ef fec t ive  in lower ing  p l a t e l e t  5HT.  

T h e  m e c h a n i s m  b y  w h i c h  c h l o r p r o m a z i n e  causes  5 H T  
decrease  in  p la t e l e t s  is p r o b a b l y  d i f f e ren t  f rom t h a t  of 
rese rp ine .  Thus ,  w i t h i n  4 h reserp ine  r educed  t he  5 H T  of 
p la te le t s  b y  a m a x i m u m  of 50% on ly  x°, whereas  chlor-  
p r o m a z i n e  decreased  t h e  a m i n e  b y  760/0 . F u r t h e r m o r e ,  
c h l o r p r o m a z i n e  was able  to  cause  a n  a d d i t i o n a l  decrease  
of t h e  5 H T  a f t e r  r ese rp ine  h a d  exe r t ed  i ts  m a x i m a l  effect. 
I t  m a y  be  a s s u m e d  t h a t  r ese rp ine  impa i r s  ac t ive  t r a n s p o r t  
or s to rage  of 5 H T  a n d  t h a t  the re fo re  t h e  a m i n e  c o n t e n t  of 
p l a t e l e t s  decreases  w i t h  t h e  ve loc i ty  of pass ive  d i f fus ion  
of 5 H T  in to  t h e  p l a s m a  n .  I n  consequence ,  a n  e n h a n c e -  

m e n t  of t h e  r e se rp ine - induced  5 H T  decrease  b y  chlor-  
p r o m a z i n e  m i g h t  i nd i ca t e  acce le ra ted  d i f fus ion of 5 H T  
poss ib ly  due  to  inc reased  p e r m e a b i l i t y  of t he  m e m b r a n e  
of p la te le t s .  

I t  r e m a i n s  to  be  e luc ida t ed  w h e t h e r  c h l o r p r o m a z i n e  
a n d  r e l a t ed  c o m p o u n d s  h a v e  a s imi la r  ac t ion  in vivo a n d  
w h e t h e r  t h i s  effect  is r e l a t ed  to  t he  c h l o r p r o m a z i n e -  
i nduced  changes  of m o n o a m i n e  m e t a b o l i s m  obse rved  in  
t h e  b r a i n  i~* vivo xz,xa. 

Riassunlo. Cloropromaz ina ,  i m i p r a m i n a ,  c lo ropro t ixene  
e a m i t r i p t i l i n a  in vitro d imin i scono  la 5 - i d r o s s i t r i p t a m i n a  
(5HT) e n d o g e n a  nei  t r o m b o c i t i  di  coniglio e, pe r  q u ~ n t o  si 

vis to ,  a n c h e  in quel l i  u m a n i .  Nel  p l a s m a  di coniglio pre-  
t r a t t a t o  con i socarbossaz ide ,  in ib i to re  del la  m o n o - a m i n o -  
ossidasi ,  si osse rva  u n  co r r i sponden t e  a u m e n t o  di 5HT.  
Cocaina,  c¢-metil-dopa e t r i p t a m i n a  h a n n o  u n  e f fe t to  m e n o  
p r o n u n c i a t o  sul la  5 H T  delle p ias t r ine .  
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Photosynthesis in C u s c u t a  

T h e  genus  Cuscuta is c h a r a c t e r i s e d  b y  i ts  c o m p a r a t i v e  
lack of ch lo rophy l l  a n d  i ts  comple t e  dependence ,  a f t e r  t h e  
seedl ing s tage ,  on  a h o s t  p l a n t .  Some species such  as 
C. gronovii arc  greenish ,  b u t  do n o t  su rv ive  i n d e p e n d e n t l y  
t h o u g h  Lo01  succeeded  in g rowing  excised t ips  of C. cam- 
pestris for a pe r iod  of five m o n t h s  in  a n  o rgan ic  cu l tu re  
med ium.  The  presence  of ch lo rophy l l  in  Cuscuta has  been  
n o t e d  b y  m a n y  workers  n o t a b l y  TnoMsor¢ 2, MACKINNEY a, 
a n d  WALZEL 4. Howeve r ,  in  t h e  l i t e r a tu re ,  no  reference  to  
conc lus ive  ev idence  t h a t  dodde r s  fix c a r b o n  d iox ide  h a s  
been  found .  

I n  t h e  p r e s e n t  work  two  species  were  t e s t e d  for CO 2 
f ixa t ion ,  C. gronovii which  is g reen  m o t t l e d  w i t h  red,  a n d  
C. campestris Y u n c k e r  w h i c h  is o range-ye l low.  I n t o  each  
of s ix 250 ml  f lasks  was  p laced  1 g of f resh ly  h a r v e s t e d  
C. gronovii f i l amen t ,  1 g of C. campestris f i l amen t ,  a n d  one  
leaf  of Pelargonium sp. respec t ive ly .  (The P e l a r g o n i u m  
leaves  used va r i ed  b e t w e e n  0.3 a n d  0.35 g f resh weight . )  
I n  t h e  b o t t o m  of each  f lask was  p laced  a sma l l  d ish  con-  
t a i n i n g  4 ~t C 14C s o d i u m  b i c a r b o n a t e  so lu t ion  t o g e t h e r  
w i t h  suff ic ient  N a H C O  3 ca r r i e r  to  give a f ina l  a t m o s p h e r e  
of 2% CO 2 w i t h i n  t he  flask. T he  v o l u m e  of so lu t ion  in t he  
d i sh  was  0.3 ml.  To release t h e  CO2, 0.1 ml  s a t u r a t e d  ci t r ic  
acid so lu t ion  was added  b y  p i p e t t e  to  t h e  dishes,  a n d  t he  
f lasks  s t o p p e r e d  immed i a t e l y .  T he  f lasks  were  lef t  in  
b r i g h t  s u n l i g h t  for  per iods  r a n g i n g  f rom 15 m i n  to  4 h.  
Two  con t ro l s  were  se t  u p ;  one  f lask s imi la r  to  t h e  a b o v e  
was  le f t  in  t h e  d a r k  for 4 h,  whi le  a n o t h e r  f l ask  c o n t a i n i n g  
p l a n t  m a t e r i a l  previ(~usly boi led  for  5 m i n  was  exposed  to  
s u n l i g h t  for  4 h,  

A t  t he  end  of t h e  e x p e r i m e n t a l  periods,  t h e  Cuscuta a n d  
leaf  s amples  were s e p a r a t e l y  p laced  in 25 ml  of 90% 
e thano l ,  m a c e r a t e d  in a m o r t a r ,  a n d  t h e  e x t r a c t s  f i l tered.  
A few drops  of N a H C O  z so lu t ion ,  fol lowed b y  a s imi la r  
a m o u n t  of s a t u r a t e d  ci t r ic  acid so lu t ion  were  a d d e d  to  t h e  
f i l t r a t e  to  r e m o v e  a n y  t r aces  of r ad ioac t i ve  b i c a r b o n a t e  
c o n t a m i n a t i o n .  E a c h  e x t r a c t  was  e v a p o r a t e d  to  d rynes s  
a t  100°C a n d  t h e n  t a k e n  u p  in 1 ml  dis t i l led  wate r .  0.5 ml  
of th i s  e x t r a c t  was  e v a p o r a t e d  to  d rynes s  on  a p l a n c h e t t e  
a n d  a n a l y s e d  for r a d i o a c t i v i t y  on  a Geiger-Mii l ler  end-  
w i n d o w  coun te r .  T h e  re su l t s  a re  s h o w n  in t he  Table .  

Exposure time C. gronovii C. campestris Pelargonium 
to 14C0a leaf 

15 rain 124 160 340 
30 rain 200 263 508 
1 h 280 379 528 
2 h 567 468 1009 
3 h 811 604 2044 
4 h 1065 938 4218 
Control in dark 1~1 113 207 
Control 68 71 71 
(boiled material) 

Results given as counts per 5 min. Background: 63 counts/5 rain. 
Efficiency of counter: 1°,/o approximately. 
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