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E f f e c t  o f  C h l o r p r o m a z i n e  a n d  R e s e r p i n e  o n  

t h e  B l o o d  P l a t e l e t s  o f  R a b b i t  ~ 

A n  E l e c t r o n  Microscope  S t u d y  

I n  b lood  5 - h y d r o x y t r y p t a m i n e  (SHT) is local ized in  
pla te le ts ,  f rom w h i c h  i t  is re leased  b y  rese rp ine  a n d  r e l a t ed  
subs t ances  2. Also e h l o r p r o m a z i n e  a n d  al l ied d rugs  cause  a 
decrease  in  t h e  5 H T  c o n t e n t  of p la te le t s ,  b u t  t he  m o d e  of 
ac t ion  m a y  be  d i f f e ren t  f rom t h a t  of r ese rp ine  3,4. I t  is 
l ikely t h a t  5 H T  in  p l a t e l e t s  is b o u n d  to  subce l lu la r  pa r -  
ticles~ as i t  is in  o t h e r  t i ssues  6, ~. I t  is supposed  t h a t  t h e  
ac t ion  of r ese rp ine  occurs  w i t h o u t  morpho log i ca l  chan g es  
in p la te le t s .  Howeve r ,  in  p r ev ious  e x p e r i m e n t s  we f o u n d  
t h a t  c h l o r p r o m a z i n e  dec reased  t he  p a c k e d  p l a t e l e t s  vol-  
u m e  w i t h o u t  dec reas ing  t h e  n u m b e r  of t he  p la t e l e t s  s. 
This  is a n  i n d i c a t i o n  of s t r u c t u r a l  a l t e r a t i o n  w h i c h  has  
been  ver i f ied  b y  t h e  p r e s e n t  i nves t i ga t i on .  

Methods. Ar te r i a l  b lood  was col lected b y  m e a n s  of a 
p o l y t h e n e  c a n n u l a  f rom r a b b i t s  a n a e s t h e t i z e d  w i t h  e ther .  
]~lood was i m m e d i a t e l y  m i x e d  w i t h  1/9 vol  of 3 .8% so- 
d ium c i t ra te ,  a n d  p l a t e l e t - r i c h  p l a s m a  was  o b t a i n e d  b y  
c e n t r i f u g a t i o n  b y  200 × g. E m p l o y i n g  gen t le  s h a k i n g  a t  
37°C, s amples  of p l a t e l e t - r i c h  p l a s m a  were i n c u b a t e d  for  
1 h w i t h  or  w i t h o u t  10-3M/1 of c h l o r p r o m a z i n e  h y d r o -  
chlor ide 9. Af te r  i n c u b a t i o n ,  p l a t e l e t s  were s e p a r a t e d  f rom 
p l a s m a  b y  us ing  re f r ige ra ted  cen t r i fuge  (4000 × g, 15 rain).  
P las t i c  t u b e s  a n d  p ipe t t e s  were used. 5 H T  was m e a s u r e d  
f rom p la te l e t s  b y  a s p e c t r o p h o t o f l u o r o m e t r i c  methodZ°,  
and  p l a t e l e t  c o u n t s  were m a d e  in t h e  phase  c o n t r a s t  
microscope.  Because  i t  is no t  possible  w i t h i n  r e a s o n a b l e  
t ime  to  p roduce  a n  a l m o s t  t o t a l  5 H T  release in  vitro w i t h  
reserpine ,  th i s  a lka lo id  (or so lven t  only)  was i n j ec t ed  in-  
t r a v e n o u s l y  a t  a dose of 0.5 mg/kg ,  18 h before  b leeding.  

Fo r  e lec t ron  microscopy,  a s t r i p  of o r d i n a r y  f i l ter  p a p e r  
was d ipped  in to  t h e  c e n t r i f u g a t e  c o n t a i n i n g  p a c k e d  p la t e -  
lets. The  str ip,  to  w h i c h  p la t e l e t s  were a t t a c h e d ,  was  t h e n  
f ixed in  1 .2% p o t a s s i u m  p e r m a n g a n a t e  so lu t ion  for  i h.  
The  spec imens  were d e h y d r a t e d  in r i s ing  series of e t h y l  
alcohols  a n d  e m b e d d e d  in  Ara ld i te .  T h i n  sec t ions  were  
cu t  on  a P o r t e r - B l u m  m i c r o t o m e  a n d  e x a m i n e d  in a 
Siemens  E l m i s k o p  I e l ec t ron  microscope.  A con t ro l  speci- 

m e n  was b r o u g h t  w i t h  e v e r y  t r e a t e d  sample  so as to  m a k e  
t h e  e l ec t ron  m i c r o g r a p h s  c o m p a r a b l e .  T h e  p l a t e l e t s  of 
t h r e e  or four  r a b b i t s  were  i n v e s t i g a t e d  in each  group.  

Results. T h e  n u m b e r  of p l a t e l e t s  pe r  m m  8 of p l a t e l e t -  
r i ch  p l a s m a  v a r i e d  b e t w e e n  7.70 × 10 ~ a n d  13.0 × 105. In -  
c u b a t i o n  w i t h  c h l o r p r o m a z i n e  d id  n o t  decrease  t h e  p la t e -  
le t  c o u n t s  as c o m p a r e d  w i t h  t h e  c o r r e s p o n d i n g  cont ro ls .  
N o r  h a d  re se rp ine  p r e t r e a t m e n t  a c lear  in f luence  on  t h e  
n u m b e r  of p la te le t s .  More  t h a n  95% of 5 H T  was  re leased  
f rom p la te l e t s  b y  b o t h  of t he se  t r e a t m e n t s .  I n  two exper i -  
m e n t s ,  i n c u b a t i o n  w i t h  c h l o r p r o m a z i n e  dec reased  t h e  
p a c k e d  vo lume  of p l a t e l e t s  b y  31 a n d  33%.  

"When s t u d i ed  in  a n  e l ec t ron  microscope ,  t h e  s h a p e  of 
the  p la t e l e t s  was r o u n d  or  ova l  (Figure ,  A). T h e  h y a l o m e r e  
was f ine ly  g r a n u l a r  a n d  s e e m e d  n o t  to  s end  o u t  a n y  re-  
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A. Normal rabbit platelets; B. Platelet treated with reserpine; C. Platelets treated with chlorpromazine. In the uppermost platelet an 
iatact ~-granulomere (mitochondria) is leaking through the broken cell membrane, the innermost platelct has lost a part of itS cel|ular 

material which is probably seen oi1 the right side of the Figure ( × 19 000!. 
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markab le  processes or pseudopods.  This  observa t ion  was 
made  hav ing  examined  several  hundreds  of p la te le ts  in 
each group. Some small  infoldings of the  cell m e m b r a n e  or 
l imi t ing m e m b r a n e  were seen. The  granulomere  exh ib i t ed  
the  usual  organelles:  e -granulomeres  wi th  homogenous  
ground substance,  r a the r  rare  f l-granulomeres or  mi to-  
chondria ,  y-granulomeres  or  microvesicles,  and  &granulo-  
meres or  vacuoles.  Agranu la r  membranes ,  r epresen t ing  
e i ther  a pa r t  of Golgi complex  or  poor ly  deve loped  endo-  
plasmic  re t iculum,  were  observed.  

I n  t he  present  exper iment ,  t he  admin i s t r a t ion  of reser- 
pine did no t  resul t  in a n y  a l te ra t ions  in t he  u l t r a s t ruc tu re  
of the  platelets ,  excep t  t h a t  t h e y  seemed to be somewha t  
swollen (Figure, ]3). In  contras t ,  the  admin i s t r a t ion  of 
ch lorpromazine  affected the  pla te le ts  seriously (Figure, 
C). I n  mos t  of the  cases the  l imi t ing  membrane  was broken 
and the  cy top lasmic  mate r ia l  was leaking th rough  this  
gap. A t  the  same t ime,  t he  easily vu lnerab le  cy top lasmic  
organelles seemed to remain  qui te  in tac t  bo th  inside and 
outs ide the  platelet .  

Discussion. Our observat ions  on the  u l t r a s t ruc tu re  of 
the  normal  rabb i t  p la te le t  are well  in accord wi th  those 
repor ted  in the  ra ther  ex tens ive  l i t e ra ture  publ ished since 
the  p ioneer  works  of I~INEHART 11 and BERNHARD and 
LEPLUS la  Fo r  references the  reader  is referred to BRAUN- 
STEINER 18. 

This work has shown that in blood platelets, at least in 
vitro, chlorpromazine produces structural changes, which 
can explain the 5HT releasing action of this agent. Chlor- 
promazine has been supposed to increase the permeability 
of the  l imi t ing  m e m b r a n e  of  p la te le ts  3. The  ab i l i ty  of 
ch lorpromazine  to  reduce  the  packed  p la te le t  v o l u m e  * is 
conce ivab ly  connec ted  wi th  i ts  deleter ious effect  on the  
cell  membrane ,  c lear ly  seen in e lec t ron micrographs ,  and 
thus  p rov id ing  di rec t  ev idence  of t he  mode  of ac t ion  of 
this  compound  on platelets .  A l though  the  p la te le ts  had  

lost a lmos t  all  the i r  5 H T  content ,  the  electron micro-  
graphs showed t h a t  a considerable  par t  of cy top l a sm was 
stil l  inside the  platelet .  This  m a y  indicate  t h a t  chlorpro-  
mazine  has  an  open way  to affect  also the  m e m b r a n e s  of 
cy top lasmic  organelles and t h a t  i t  atIows a rap id  l ibera t ion 
of the  s tored amine.  I n  fact ,  in vivo chlorpromazine  seems 
p r imar i ly  to ac t  on the  in t racel lu lar  par t ic les  of ra t  brain.  
I t  decreased the  ra t io  of pa r t i cu la t e / superna te  5 H T  wi th -  
o u t  decreasing the  t o t a l  a m i n e L  

Reserpine,  on the  o the r  hand,  p roduced  no such mor-  
phological  changes  in t he  s t ruc tu re  of platelets .  This  is in 
accord  wi th  the  assumpt ion  t h a t  reserpine l iberates  5 H T  
f rom pla te le ts  by  blocking the  ac t ive  amine  t ranspor t ,  
which  main ta ins  the  h igh  concen t ra t ion  of amine  inside 
the  cell 14. 

Zusammen[assung. Chlorpromazin  und  Reserp in  ver-  
ursachen 5HT-Fre i se t zung  yon Th rombocy t en .  Chlor- 
p romaz in  ve ru r sach t  auch  morphologische,  e lekt ronen-  
op t i sch  s ichtbare  VerAnderungen der  Th rombocy ten .  
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t~ber die B i n d u n g  der C a - I o n e n  an das  N a + + K  +- 
a k t i v i e r b a r e  A d e n o s i n t r i p h o s p h a t a s e -  S y s t e m  

des  G e h i r n s  

Die Ca-Ionen  spielen in der  Ze l lmembrantRt igke i t  sehr  
wahrscheinl ich eine wesentl iche physiologische Rolle.  Es 
ist  bekannt ,  dass ein grosser Tel l  des Ca-Gehal ts  der  Zellen 
in der  Ze l lmembran  lokalis ier t  i s tL Mehrere  Angaben  
sprechen ffir eine H e m m u n g  der  Membranpermeab i l i t / i t  
durch  Ca-Ionen  1-3. Besondere  Beach tung  ve rd ien t  in die- 
sem Z u s a m m e n h a n g  die Na+-K+-ATPase* ,  Dieses E n z y m -  
sys t em [st nEmlich in der  Ze l tmembran  lokatisiert  und  
kann  du t ch  Ca-Ionen s ta rk  g e h e m m t  werden  s-% 

Die Na+-K+-ATPase  wurde  alas R a t t e n h i r n  du t ch  
Zel l f rakt ionierung dargestellt1% Die  ATP-spa l t ende  Ak t i -  
vit~tt wurde  in e inem aus 50 m M  Tr i sn-HC1-Puf fe r  von  
p H  7,4, 5 m M  MgCI,, 5 m M  T r i s - A T P  bzw. 100 m M  NaC1 
u n d  20 m M  KC1 bes tehenden  Reak t ionsgemisch  be-  
s t immt .  N a c h  Ablauf  der  I n k u b a t i o n  ( i0  min,  37~C) 
wurde  die B e s t i m m u n g  des anorganischen Phospha t s  aus 
d e m  prote infre ien F i l t r a t  nach  LOHMANN und JENDRASSlK 
durchgefiihrt~*. Die in der  Tabel le  dargeste l l te  ATPase-  
A k t i v i t ~ t  ist  def inier t  als die Di i ferenz  aus (ATPase-  
Akt iv i t i i t  gemessen in Anwesenhe i t  yon Mg ++ 4- Na  + 4- 
K+) und  (ATPase -Akt iv i t~ t  in Anwesenhe i t  yon  Mg ++ 
allein). 

Ca- Ionen  beeinfiussen die nu r  m i t  Mg ++ oder  mi t  
Mg ++ 4- Na+ gemessene Ak t iv i t~ t  gar  nicht ,  sie h e m m e n  

jedoch e indeut ig  die in Gegenwar t  yon  Mg++ + Na+ 4- K+ 
bes t immte  E n z y m a k t i v i t ~ t .  Die ha lbmax ima le  H e m m u n g  
durch  Ca-Ionen wurde  in einer Konzen t r a t ion  yon  0, 5 m M  
Iestgestell t .  

U m  zu entscheiden,  wie die H e m m u n g  durch  Ca- Ionen  
zus tande  k o m m t ,  pr t i f ten wi t  eine fragliche B indung  der  
Ca-Ionen durch das E n z y m p d i p a r a t .  Es  wurden  Versuche  
in Anwesenhe i t  von  Citrat ,  Oxa la t  bzw. AI)TA~a m i t  
einer 0,5 m M  Ca-Konzen t r a t i on  durchgefiih~t.  Die Ca- 
Ionen  wurden  en tweder  u n m i t t e l b a r  dem Reak t ions -  
gemisch  zugegeben,  oder  das E n z y m p r ~ p a r a t  wurde  m i t  
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