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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.  
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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). 
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Materials and methods. The exper imenta l  procedure  was 
s imilar  to that previous ly  described L Pieces of r a t  mesen- 
te ry  were pre- incubated  for 20 min  in Tyrode  in which the  
b icarbona te -phospha te  buffer  was subs t i tu ted  by Tris HC1 
( t r ihydroxymethy laminomethane )  0.005 ~/ ,  p H  8.4, and 
conta ining ei ther  toluidine blue or me thy lene  blue. Fol-  
lowing the  addi t ion  of the  ant ih is tamine,  the  incubat ion  
was carr ied on for 30 min  more. All exper iments  were 
per formed a t  37~ F ixa t ion  and staining of t he  pieces of 
mesen te ry  and assessment of mas t  cell damage  were per- 
formed as described by  MOTA and DIAS DA SILVAK 
Resul ts  are g iven as percentages  of mas t  cells showing 
granule extrusion.  

Drugs used. Toluidine blue (Harleco), me thy lene  blue 
(Grubler). P romethaz ine  (Phenergan, Rhodia) ,  Chlor- 
p romazine  (Amplicti l ,  Rhodia) ,  and ch lorpromethaz ine  
(Chlorphenergan, Rhone  Poulenc) were k indly  supplied 
by the  manufacturers .  

Results and discussion. At a concent ra t ion  of 48 ~g/ml, 
toluidine blue inhibi ted a lmost  to ta l ly  ra t  mesen te ry  mas t  
cell damage  induced by  p romethaz ine  (0.1 raM), bu t  even  
at  4.8 ~g/ml a 70% inhibi t ion was found. A concent ra t ion  
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Fig. 1. Effect of toluidine blue on rat meselitery mast cell damage by 
promethazine (@- - -@, 0.1 mM), chlorpromethazine (�9 - -- O, 0.1 raM) 
and elorpromazine (A--A, 0.05 mM; A--A, 0.1 raM). Mast cell 
damage eaused by toIuidine blue itself was subtracted. IVieans of 
2-8 experiments performed at pH 8.4. 

of the  stain 10 t imes  higher  (480 ~g/ml) was requi red  to 
abolish the  damaging  act ion ei ther  of ch lorpromethaz ine  
(0.1 mM),  which differs f rom promethaz ine  by  the  pre- 
sence of a C1 a t  the  2 posit ion in the phenoth iaz ine  ring, 
or of chlorpromazine  (0.05 and 0.1mM) (Figure 1). 
Methylene blue showed an inhib i tory  effect upon ra t  mas t  
cell degranulat ion induced by the  above an t ih i s tamine  
compounds  similar  to  t h a t  of toluidine blue. However ,  i t  
was d is t inc t ly  less potent ,  for the  ac t ion  of p romethaz ine  
(0.1 raM) was abolished only a t  a concent ra t ion  of 
160 tzg/ml of the  stain, while t h a t  of ch lorpromethaz ine  
(0.1 mM) and chlorpromazine  (0.1 mM) required 8 t imes  
more, 1280 vg /ml  (Figure 2). 

The  blocking effect of toluidine blue (120 ~g/ml) and 
of methy lene  blue (320 Fg/ml) on ra t  mas t  cell degranula-  
t ion  by  chlorpromazine  (0.1 raM) was reversed par t ia l ly  
when glucose (4.4 mM)  was present  in the  incuba t ion  
fluid th roughou t  the  exper iment .  I t  was found t h a t  in 
the  presence of glucose the inhibi tory  effect of to lu id ine  
blue was reduced f rom 82 to 62%, and t h a t  of me thy lene  
blue f rom 75 to 33% (Figure 3). 

In  Figure  4 it  can be seen t h a t  glucose (4.4 mM)  also 
reversed the  inhibi tory  act ion of to luidine blue (12 t~g/ml) 
on the  act ion of p romethaz ine  (0.1 raM) on ra t  mas t  cell 
degranula t ion  from 87.5 to 49.2%. However ,  glucose had 
no effect wha tsoever  when toluidine at  twice the  concen- 
t r a t ion  (24 vg/ml) was used. 

The present  results indicate  t ha t  the  3 phenoth iaz ine  anti-  
h is tamine  compounds  s tudied migh t  act  upon ra t  mesen- 
te ry  mas t  ceils th rough  a mechanism similar  to t h a t  of 
d iphenhydramine  and chlorcyclizine, which also have  
an t ih i s tamine  ac t i v i t y  bu t  have  a different  chemical  
s tructure.  The  an t i - inh ib i tory  effect of glucose suggests 
s t rongly t h a t  to lu id ine  blue and methy lene  blue p reven ted  
mas t  cell damage  by blocking Krebs cycle enzymes,  an 
act ion similar  to t h a t  of o ther  an t i -metabol ic  drugs~,K 
Since a non-energy-requir ing mechan i sm of h i s tamine  

2 I. VUG~IAtr Experientia 25, 55 (1969). 
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Fig. 2. Effect of methylene blue on rat mesentery mast cell damage 
by promethazine (0---O, 0.1 mM), chlorpromethazine (O---O, 
0.1 mM), and ehlorpromazine (&--&, 0.1 mM). Mast cell damage 
caused by methylene blue itself was subtracted. Means of 2 4  
experiments performed at pH 8.4. 
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Fig. 3. Effect of toluidine blue (120 Fg/ml) and methylene blue 
(320 [xg/ml) on rat mast cell damage by chlorpromazilie (n, 0.1 mM) 
in the absence ([2) or presence (i11) of glucose (4.4 mM). Means of 
4 experiments (toluidine blue) and 2 experiments (methylene blue) 
performed at pH 8.4. 
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a n d  5 - h y d r o x y t r y p t a m i n e  release f rom r a t  pe r i tonea l  m a s t  
cells b y  ch lo rp rom az i ne  was descr ibed b y  FRISK-HOLM- 
BERG 6 a n d  JANSSON ~, we sugges t  t h a t  a n t i h i s t a m i n e s  ac t  
upon  r a t  m a s t  cells b o t h  b y  a ly t ic  a n d  b y  a n  energy-  
r equ i r ing  mechan i sm.  I t  is poss ible  t h a t  t he  p r e p a r a t i o n  
p rocedures  for i so la t ing  m a s t  cells used b y  these  a u t h o r s  
m a y  h a v e  e n h a n c e d  t he  lyr ic  effect, for t he  use of a Ficol l  
g r a d i e n t  ha s  been  descr ibed  as caus ing  cel lular  damage ,  
and  even  a single wash ing  of t h e  cells w i t h  H a n k s  so lu t ion  
removes  a surface p r o t e c t i v e  m a t e r i a l  s. Moreover  to lu-  
id ine  b lue  i tself  causes  d a m a g e  to  r a t  pe r i tonea l  m a s t  ceils 
a n d  releases h i s t a m i n e  b y  a m e c h a n i s m  wh ich  is also 
d e p e n d e n t  on  cell m e t a b o l i s m L  Glucose was ineffec t ive  
when  to lu id ine  b lue  was used a t  a c o n c e n t r a t i o n  h ighe r  
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Fig. 4. Effect of toluidine blue on rat mast cell damage caused by 
promethazine ([:], 0.1 mM) in the absence ( [~ii] ) or presence ( I )  of 
glucose (4.4 mM). Mean of 9 experiments performed at pH 8.4. 

t h a n  t h a t  necessa ry  to p r e v e n t  t he  d a m a g i n g  ac t ion  of 
p r o m e t h a z i n e .  This  same obse rva t i on  has  been  m a d e  w i t h  
c o m p o u n d  48/80, ch lorcycl iz ine  and  d i p h e n h y d r a m i n e ,  
b u t  t h e  c o n c e n t r a t i o n s  of to lu id ine  b lue  a t  w h i c h  glucose 
was ineffec t ive  va r i ed  w i t h  the  d i f fe rent  drugs  ~. These  
resu l t s  sugges t  t h a t  to lu id ine  b lue  inh ib i t s  r a t  m a s t  cell 
d a m a g e  b y  a n o t h e r  m e c h a n i s m ,  besides  b lock ing  iKrebs 
cycle enzymes.  The  fac t  t h a t  ch lo rp romaz ine  a n d  chlor-  
p r o m e t h a z i n e  requ i red  h ighe r  c o n c e n t r a t i o n s  of t he  
s ta ins  t h a n  p r o m e t h a z i n e  for  t h e i r  ac t ion  to  be  i n h i b i t e d  

m a y  be due  to t he i r  h igher  l ipophi l ic  n a t u r e  ~~ 

Resumen. Se d e m u e s t r a  que  la aci6n de los a n t i h i s t a -  
min icos  p r o m e t a z i n a ,  c lo rp rometaz ina ,  y c lo rp romaz ina  
sobre  los mas toc i to s  de la  r a t a  es i n h i b i d a  po r  el azul  de 
t o l u i d i n a  y el azul  de met i leno .  L a  glucosa  r ev i e r t e  la 
accidn inh ib i t o r i a  de estos  co lo ran tes  sobre  la c lorpro-  
m a z i n a  y la p r o m e t a z i n a ,  suger iendo  qne  ellos ac t f l an  
b l o q u e a n d o  el m e t a b o l i s m o  celular.  Se conc luye  que  
adem~s  de su acc idn  l i t ica sobre  los mas toc i to s  de la ra ta ,  
los a n t i h i s t a m l n i c o s  t a m b i 6 n  ac t f l an  p o t  u n  m e c a n i s m o  
que  neces i t a  de energia .  
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I n  v i t r o  E f f e c t  o f  a 5 - F l u o r o d e o x y u r i d i n e  A l b u m i n  C o n j u g a t e  o n  T u m o u r  C e l l s  a n d  o n  
P e r i t o n e a l  M a c r o p h a g e s  

Con juga t i on  w i t h  a l b u m i n  gives to  a m a n i t i n  and  to  
pha l lo id in  a se lect ive  t ox i c i t y  for cells h a v i n g  a h i g h  
p ro t e in  u p t a k e  ~-~. The  u l t r a s t r u c t u r a l  lesions p roduced  in 
these  cells b y  a m a n i t i n - a l b u m i n  and  b y  pha l lo id in -a lbu-  
m i n  con juga t e s  are  iden t i ca l  w i t h  those  caused  in hepa to -  
cytes  b y  free a m a n i t i n  and  b y  free pha l lo id in  respect -  
ive ly  ~, 4. Since p ro t e in s  a f t e r  p e n e t r a t i o n  in to  the  cells are  
r ap id ly  b r o k e n  down  b y  lysosomal  enzymes  ~, i t  is l ikely 
t h a t  t h e  con juga t e s  exe r t  t h e i r  tox ic  ac t ion  w i t h i n  t he  
cells a f t e r  d iges t ion  of t h e  p r o t e i n  m o i e t y  and  release of 
t he  free t ox ins  f rom conjuga tes .  I t  was  sugges ted  3 to  t r y  
COlijugating a l b u m i n  w i t h  c o m p o u n d s  wh ich  se lec t ively  
d a m a g e  cells in  pro l i fe ra t ion .  I f  a c o m p o u n d  w i t h  
such  a p r o p e r t y  is re leased in ac t ive  fo rm af te r  p e n e t r a -  
t ion  of t he  car r ie r  p r o t e i n  in to  t h e  ceils (as in  t h e  case of 
a m a n i t i n  a n d  phal lo id in) ,  t he  r e su l t i ng  con juga t e  should  
specif ical ly d a m a g e  t he  d iv id ing  cells w i t h  a h i g h  p ro t e in  
u p t a k e  a n d  could be  useful  in  t he  t h e r a p y  of h i s t iocy t i c  
t umour s .  I t  is w o r t h  n o t i n g  t h a t  1 n o r m a l  cells w i t h  
h igh  p ro t e in  u p t a k e  (cells of m a c r o p h a g e  sys tem,  granuio-  
cytes  and  k i d n e y  p r o x i m a l  t u b u l e  cells) do n o t  prol i fer-  
a te  6, 7; 2. neoplas t ic  p ro l i f e ra t ing  h i s t iocy tes  were found  
to be  h igh ly  endocy t i c  s-l~ 

Besides neop las t i c  h is t iocytes ,  o the r  t y p e s  of t u m o u r  
cells seem to d i sp lay  a h i g h  u p t a k e  of macromolecu les  ~, n 

Fol lowing  th i s  evidence,  TROUET e t  al. 13 a t t e m p t e d  to 
increase  D a u n o r u b i c i n  p e n e t r a t i o n  in to  t u m o u r  cells b y  
a d m i n i s t e r i n g  t he  d rug  in a complex  w i t h  DNA.  En -  
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