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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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Table I. Effect of FUDR-RSA,  AMA-RSA and F UDR  on the neoplastic cells and on peritoneal maerophages 

1181 

Number of viable cell • 106 
3T3-MSV-H S 180-A RTC Peritoneal macrophages 

0 time ~ After 48 h 0 time After 48 h 0 time After 48 h (after 48 h) 

Controls 1.43 4.51 0.46 1.31 0.29 0.78 1.88 
FUDR-RSA (5 [zg/ml) 1.43 1.27 0.46 0.03 0.29 0.23 1.79 
FUDR-RSA (20 ~xg/ml) 1.43 0.46 0.46 0 0.29 0.19 --  
AMA-RSA (1 [xg/ml) b 1.43 4.48 . . . .  0.94 
AMA-RSA (4 ~g/ml) 1.43 4.53 0.46 0.83 0.29 0.54 0 
AlV[A- RSA (20 ~xg/ml) 1.43 2.16 0.46 0.40 0.29 0.04 0 
FUDR (0.5 Ixg/ml) 1.43 0.99 0.46 0.03 0.29 0.20 1.87 
FUDR (2 [zg/ml) -- --  0.46 0 0.29 0.18 1.90 

At 0 time the substances to be tested were added to the cultures, b AMA-RSA was prepared according to DERENZlNI et al. 1. The molar 
ratio of amanit in to albumin in the conjugate, calculated as previously described 1, was 2.3. 

c o u r a g i n g  r e s u l t s  w e r e  o b t a i n e d  in  t h e  t r e a t m e n t  of  
m u r i n e  l e u k e m i a  L 1 2 1 0  a n d  of  s e v e r a l  c a s e s  of  h u m a n  
l e u k e m i a  13,14. 

I n  t h e  p r e s e n t  e x p e r i m e n t s  we  c o n j u g a t e d  5 - f l u o r o d e -  
o x y u r i d i n e  ( F U D R )  t o  r a b b i t  s e r u m  a l b u m i n  ( R S A ) .  
F U D R ,  w h i c h  i n h i b i t s  d e o x y t h y m i d y l a t e  s y n t h e t a s e  15, 
s e l e c t i v e l y  b l o c k s  D N A  s y n t h e s i s ,  t h u s  s p e c i f i c a l l y  
d a m a g i n g  cel ls  in  p r o l i f e r a t i o n .  T h e  c o n j u g a t i o n  w a s  
p e r f o r m e d  b y  u s i n g  1 - e t h y l - 3 - ( d i m e t h y l a m i n o p r o p y l ) -  
c a r b o d i i m i d e  ( E C D I )  as  c o u p l i n g  a g e n t  16. 180 m g  F U D R  
( F l u k a )  a n d  30 m g  R S A  w e r e  d i s s o l v e d  in  1 m l  H 2 0  a n d  
210 m g  E C D I  ( F l u k a )  in  0 .36 m l  H 2 0  w e r e  a d d e d .  A f t e r  
24 h a t  30~ t h e  c o n j u g a t e  ( F U D R - R S A )  w a s  s e p a r a t e d  
f r o m  f ree  F U D R  a n d  f r o m  u n r e a c t e d  E C D I  b y  ge l  f i l t r a -  
t i o n  on  a S e p h a d e x  G75  c o l u m n .  T h e  m o l a r  r a t i o  of  F U D R  
to  R S A  in  t h e  c o n j u g a t e  w a s  d e t e r m i n e d  in  a s e p a r a t e  
e x p e r i m e n t  b y  u s i n g  ~ H - F U D R  ( R a d i o c h e m i c a l  C e n t r e ,  
A m e r s h a m ) ;  i t  w a s  f o u n d  t o  be  28. 

S ince  we  w e r e  u n a b l e  t o  f i n d  a l i ne  of  n e o p l a s t i c  h i s t i o -  
c y t e s  g r o w i n g  in  c u l t u r e ,  t h e  a c t i o n  of F U D R - R S A  w a s  
t e s t e d  o n  3 l i ne s  of  n e o p l a s t i c  n o n - h i s t i o c y t i c  cel ls  d i s -  
p l a y i n g  a g o o d  p r o t e i n  u p t a k e  as  a s s e s s e d  b y  s e n s i t i v i t y  
t o  a n  a m a n i t i n - a l b u m i n  c o n j u g a t e  ( A M A - R S A )  ( T a b l e  I).  
T h e  cel l  l i ne s  w e r e :  m o u s e  f i b r o b l a s t s  (Ba lb /c )  t r a n s -  
f o r m e d  b y  m u r i n e  s a r c o m a  v i r u s ,  H a r v e y  s t r a i n  17 (3T3-  
M S V - H ) ;  ce l ls  f r o m  a m e t h y l c h o l a n t h r e n e - i n d u c e d  

s a r c o m a  in  F i s h e r  r a t s  ( R T C ) ;  cel ls  f r o m  S a r c o m a  180, 
a s c i t i c  f o r m  (S 180-A).  T h e  3 T 3 - M S V - H  a n d  R T C  cel ls  
we re  g r o w n  a n d  m a i n t a i n e d  in  E a g l e ' s  m i n i m u m  e s s e n t i a l  
m e d i u m  (MEM)  s u p p l e m e n t e d  w i t h  1 0 %  f o e t a l  b o v i n e  
s e r u m  (Ft3S).  F o r  S 180 -A  ceils ,  t h e  s a m e  m e d i u m  p l u s  
1 0 %  ca l f  s e r u m  w a s  u s e d .  

M o u s e  p e r i t o n e a l  m a c r o p h a g e s  w e r e  o b t a i n e d  as  
a l r e a d y  d e s c r i b e d  2, a n d  c u l t u r e d  in  M E M  p l u s  1 0 %  
i n a c t i v a t e d  F B S .  Cell  v i a b i l i t y  c o u n t  w a s  p e r f o r m e d  b y  
T r y p a n  b l u e  s t a i n i n g  18. 

T h e  r e s u l t s  g i v e n  i~ T a b l e  I s h o w  t h a t  F U D R - R S A  a t  a 
c o n c e n t r a t i o n  of  5 a g / m l  c o m p l e t e l y  h i n d e r s  t h e  p r o l i f e r a -  
t i o n  of  3 T 3 - M S V - H  cei ls  a n d  o f  R T C  cells,  w h i l e  i t  l ow e r s  
t h e  n u m b e r  of  S 180 -A  cel ls  t o  l ess  t h a n  1/10 of  c o n t r o l  
cei ls .  F U D R - R S A  a t  a c o n c e n t r a t i o n  o f  20 a g / m l  g r e a t l y  
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Table II. Lack of action of RSA incubated with F UDR  in the absence of ECDI and inhibition of FUDR-RSA toxicity by thymidine 

3T3-MSV-H 
Number of viable cell x 106 

0 time �9 After 48 h 

Exp. 1 

Exp. 2 

Controls 1.54 3.42 
RSA (160 [zg/ml) + F UDR  b 1.54 3.61 
Controls 1.84 3.91 
FUDR-RSA (20 [xg/ml) 1.84 0.84 
FUDR-RSA (20 [zg/ml) + thymidine (16 [xg/ml) 1.84 3.40 
FUDR (1.6 [xg/ml) 1.84 0.63 
FUDR (1.6 [zg/ml) + thymidine (16 [xg/ml) 1.84 3.79 
thymidine (16 lxg/ml) 1.84 4.69 

At 0 time the substances to be tested were added to the cultures, b RSA was maintained in presence of FUDR, as for the preparation of 
FUDR-RSA,  but  ECDI was omitted. After 24 h at 30 ~ F UDR was removed by gel filtration. No FUDR was found adsorbed onto RSA as 
assessed by spectrophotometric measurement.  
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reduces  t he  n u m b e r  of v iab le  3T3-MVS-H and  RTC cells ; 
i t  kills all  t h e  S 180-A ceils. As shows in Tab le  I I  (exp. 1) 
t he  t ox i c i t y  of F U D R - R S A  c a n n o t  be  due  to F U D R  
mere ly  adsorbed  on to  RSA.  The  ac t ion  of F U D R - R S A  is 
abol i shed  b y  t he  add i t i on  of t h y m i d i n e  (Table  I I ,  exp. 2) ; 
t h i s  ind ica tes  t h a t  t h e  c o n j u g a t e  ac ts  b y  re leas ing  F U D R .  

At  the  c o n c e n t r a t i o n  which  comple t e ly  i nh ib i t s  the  
p ro l i fe ra t ion  of t he  neoplas t ic  cells, F U D R - R S A  does n o t  
affect  t he  n o n - d i v i d i n g  macrophages ,  a l t h o u g h  i t  seems 
ve ry  l ike ly  t h a t  these  cells h a v e  a m u c h  h igher  p ro t e in  
up take .  I n  fac t  m a c r o p h a g e s  are m a n y  t imes  more  
sens i t ive  t h a n  t he  neop las t i c  cells to  t he  A M A - R S A  
conjuga te .  

The  p re sen t  resul t s  ind ica te  t h a t  F U D R  coupled  w i t h  
a l b u m i n  is re leased in ac t ive  form af te r  p e n e t r a t i o n  of t he  
con juga t e  in to  t he  cells. A d i f fe ren t  resu l t  was  o b t a i n e d  
b y  coupl ing  two  o the r  an t ineop la s t i c  drugs,  m e t h o t r e x a t e  
a n d  ad r i amyc in ,  to  a lbumin .  The  m e t h o t r e x a t e  con juga t e  
was comple t e ly  ineffec t ive  on t he  neoplas t ic  ceils and  on 
macrophages ,  whereas  t he  a d r i a m y c i n  con juga t e  d i sp layed  

only  a v e r y  s l ight  ac t ion  as c o m p a r e d  to t he  s t rong  effect  
p roduced  b y  e q u i v a l e n t  a m o u n t s  of t he  free drug.  

I n  fu tu re  e x p e r i m e n t s  we i n t e n d  to t e s t  t he  ac t ion  of 
F U D R - R S A  on t h e  in  v i v o - g r o w t h  of those  t u m o u r s  
whose  cells t ake  up  p ro t e ins  to  a h i g h  degree. I t  is w o r t h  
n o t i n g  t h a t  F U D R - R S A  has  a low tox ic i ty ;  i n j ec t ed  i.p. 
a t  a dose of 1 mg/10  g b o d y  we igh t  ( the m a x i m u m  tes ted)  
i t  does no t  kil l  mice, whi le  t he  LDs0 (i.p.) of A M A - R S A  for 
t he  mouse  is on ly  1.5 tzg/10 g b o d y  weight .  

Since on ly  a b o u t  1% of i n p u t  F U D R  is c o n j u g a t e d  to 
R S A  b y  our  E C D I  procedure ,  some diff icul t ies  arise to  
o b t a i n  t he  a m o u n t  of con juga t e  necessa ry  for t he  in  v ivo  
expe r imen t s ,  wh ich  should  be  p o s t p o n e d  un t i l  a search  
is m a d e  for a more  effect ive m e t h o d  of con juga t i on  ~9. 

Riassunto. La  5-f luorodeoss iur id ina ,  u n i t a  covalen-  
t e m e n t e  a l ia  a l b u m i n a  di coniglio, 6 l i be r a t a  in  fo rma  
a t t i v a  dopo pene t r az ione  del con iuga to  den t ro  le cellule. 
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Enhancement of Cerebral Noradrenaline Turnover 
Evidence by Fluorescence Histochemistry 

Thyro t rop in - r e l ea s ing  h o r m o n e  (TRH)  has  been  cla im- 
ed to  improve  m e n t a l  depression1,  2. T R H  p o t e n t i a t e s  
t he  b e h a v i o r a l  effects of L-DOPA plus  pa rgy l ine  in 
mice2;  th i s  ac t ion  seems i n d e p e n d e n t  of t he  release of 
t h y r o i d - s t i m u l a t i n g  h o r m o n e  (TSH), because  t h e  po ten-  
t i a t i o n  occurs  in  h y p o p h y s e c t o m i z e d  mice, as well  as in  
n o r m a l  mice, and  m a y  be connec ted  w i t h  a d i rec t  po ten-  
t i a t i o n  of catecholamine systems. Biochemical findings 
h a v e  been  r epo r t ed  ~ i n d i c a t i n g  t h a t  TRt-I  enhances  t h e  
t u r n o v e r  of n o r a d r e n a l i n e  in t h e  b r a i n  of rats ,  enhance -  
m e n t  observed  in t h y r o i d e c t o m i z e d  r a t s  as well  as in  
n o r m a l  ra ts .  

W e  inves t i ga t ed  morpho log ica l ly  t he  ac t ion  of T R H  
on t he  m o n o a m i n e  neu rons  of t he  r a t  bra in .  30 ma le  
a lb ino  r a t s  of W i s t a r  origin,  200-250 g, were used. The  
an imal s  were in jec ted  i.p. w i t h  300 mg /kg  a -me thy l -p -  
t y ros ine  (~ MET), T R H  + ~ MET, T R H  a lone  a n d  sal ine 
(controls).  ~ MET was a d m i n i s t e r e d  4 h before  sacrifice 
a n d  T R H  (20,30 or 40 mg/kg)  1/2, 1, 2 or 3 h before  ~ MET. 
The  b ra ins  cu t  pe rpend icu l a r ly  in 5 f ron ta l  sect ions  were 
f rozen in p r o p a n e  cooled in l iquid n i t rogen ,  f reeze-dried 
and  t r e a t e d  w i t h  fo rmaldehyde ,  accord ing  to t he  m e t h o d  
of FALCK a n d  HILLARP 5. Sect ions  10 ~zm of all these  
b ra ins  were m o u n t e d  semi-ser ia l ly  (1/10, 1/20); t he  
obse rva t i on  of t he  sect ions  b y  t he  f luorescence microscope 
u n d e r  s t a n d a r d  cond i t ions  p e r m i t t e d  us to  ob ta in  a 
sub jec t ive  morpholog ica l  app rec i a t i on  of t h e  changes  in 
t he  f luorescence i n t e n s i t y  of m o n o a m i n e r g i c  neu rons  a t  
va r ious  cerebra l  areas.  

Af te r  a d m i n i s t r a t i o n  of e MET a m a r k e d  decrease  of 
t he  green  f luorescence of t h e  d o p a m i n e  and  no rad rena l i ne  
cell bodies  (locus niger  a n d  locus coeruleus + la te ra l  
p o n t o b u l b a r  nuclei;  respect ive ly)  occurred.  The  green 
f luorescence of t he  d o p a m i n e  t e r m i n a l s  (neos t r i a tum)  

by Thyrotropin-Releasing Hormone: 

and that of noradrenaline terminals of hypothalamus and 
cerebral cortex was also strongly diminished (Figure b). 
No changes in the yellow fluorescence of 5-hydroxy- 
tryptamine neurons was observed. 

TRH in doses of 20-40 mg/kg administered I/2, 2, 3 h 
before ~MpT accentuated the decrease of green fluorescence 
in the noradrenaline terminals of cerebral cortex (Figure). 
In the hypothalamic terminals, however, the ~MpT- 
induced decrease of noradrenaline fluorescence was 
slightly accentuated after 40 mg/kg TRH administered 
I/2 or I h before ~MpT, but did not change after lower 
doses of TRH, and if TRH was administered 2 or 3 h 
before mMET. 

The aMET-induced decrease of the noradrenaline green 
fluorescence at locus coeruleus cell bodies, and of the 
dopamine green fluorescence at the locus niger cell 
bodies and neostriatal terminals, was not influenced by 
TRH. 

The fact that TRH accentuated the ~MET-induced 
decrease of the green fluorescence of cortical and hypo- 
thalamic noradrenaline terminals suggests that this 
tripeptide enhanced noradrenaline release. Since no 
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