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T h e  c la r i f i ca t ion  of t h e  g ranu le s  a f t e r  P C P A - t r e a t m e n t  
t h e r e f o r e  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  t h e y  c o n t a i n  mela -  
t o n i n  a n d  se ro ton in ,  b o t h  k n o w n  for t h e i r  o s m i u m  af- 
f in i ty  *. 

The  fac t  t h a t  t h i s  c la r i f ica t ion  is a c c o m p a n i e d  b y  a n  
inc rease  in  t h e  n u m b e r  of p r i m a r y  lysosomes  c a n  be  in te r -  
p r e t e d  in  severa l  w a y s :  (a) u n d e r  n o r m a l  cond i t ions ,  lyso- 
somes  m i g h t  be  i n v o l v e d  in t h e  d i scha rge  (secret ion ?) of 
i n d o l a m i n e s  f rom osmiophi l ic  g ranu les  where  t h e y  are  
s to red  n .  U n d e r  in f luence  of PCPA,  wh ich  p r e v e n t s  syn-  
thes i s  of new amines ,  t h e  s tock  would  be  h e a v i l y  sol l ic i ted 
(c lar i f ica t ion  of t h e  granules)  a n d  t h e  lysosomes  t he r e fo re  
in  g rea t  d e m a n d  : (b) t he  increase  in lysosomes  m i g h t  be in 
c o n n e c t i o n  w i t h  t h e  areas  of focal  degenerescence  found  
in  severa l  p inea locy tes ,  a n d  m a y  be  r e l a t ed  to  t he  fo rma-  
t i o n  of r e s idua l  bod ies ;  (c) t h e  inc rease  in lysosomes  m a y  
be  a non-spec i f ic  r e a c t i o n  to  P C P A  1~-14. 

Rdsumd. L ' a d m i n i s t r a t i o n  de PCPA,  u n  i n h i b i t e u r  de  la 
s y n t h ~ s e  de  la  s6 ro ton ine  e t  de  la mSla ton ine ,  e n t r a i n e  la 
c la r i f i ca t ion  des  g ranu le s  osmioph i l e s  de  l ' 6p iphyse  du  r a t  
b lanc .  Ce t t e  o b s e r v a t i o n  es t  en  f a v e u r  de l ' h y p o t h ~ s e  selon 

laquel te  la s6 ro ton ine  e t  la m ~ l a t o n i n e  s o n t  des  c o n s t i t u -  
a n t s  des  g ranu le s  osmiophi les .  De plus,  p lus ieurs  h y p o -  
th6ses  son t  propos6es  pou r  exp l ique r  l ' a u g m e n t a t i o n  des  
lysosomes  p r ima i r e s  cons t a t6e  para l l61ement  ~ la clar if ica-  
t i on  des  granules .  
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A New Class of Cytostatic Folic Acid Antagonists 
its Boron Compounds 

1 - ( 3, 4 - D i c h l o r o p h e n y l  ) - 5 - i sopropy l  - b i g u a n i d e  - h y d r o  - 
ch lor ide  (Chlorguani l ,  I) ha s  b e e n  found  to  possess  a h i g h  
a n t i m a l a r i a l  a c t i v i t y  1,2. W i t h  t h e  fol lowing e x p e r i m e n t a l  
a n d  cl inical  work  we were able  to  d e m o n s t r a t e  t h e  species 
d e p e n d e n c e  of t h e  effect  of I o n  h e m a t o p o i e s i s  a n d  
t u m o u r s .  

E//ect on hematopoiesis. (a) Mouse,  ra t ,  r a b b i t  a n d  dog. 
T h e  h i g h e s t  t o l e r a t e d  doses of 10 m g / k g  da i ly  i.p. or  
20 m g / k g  da i ly  o ra l ly  h a d  no  in f luence  on  t he  h e m a t o -  
poiesis  of mice  a n d  ra ts .  R a b b i t s  e v e n  t o l e r a t e d  doses  of 
50 m g / k g  da i ly  ora l ly  for  20 d a y s  w i t h o u t  deve lop ing  
leucopenia .  The  dog ' s  hematopo ies i s ,  too,  is r e s i s t a n t  to  13. 
(b) Gu inea -p ig  a n d  cat .  T h e  h e m a t o p o i e s i s  of t he  guinea-  
p ig  is v e r y  sens i t ive  to  I. Gu inea -p igs  we igh ing  220-250 g 
were  g i v e n  da i ly  doses  of I in  a q u e o u s  so lu t ion  e i t h e r  b y  
t h e  i.p. or  t h e  ora l  route .  G r o u p s  of 5 a n i m a l s  were used 
for  each  dose. The  n u m b e r  of l eucocytes  was d e t e r m i n e d  
da i ly  or  e v e r y  o t h e r  day.  T h e  resu l t s  of t h e  effect  of I in  
d i f f e ren t  doses  on  t h e  n u m b e r  of l eucocytes  in  t h e  peri-  
p h e r a l  b lood  c a n  be  seen  f r o m  t h e  Tab le .  A dose  of 6 m g / k g  
da i ly  i.p. leads  w i t h i n  7 days  to  a r a p i d  fall of t h e  leucocytes  
f rom a m e a n  v a l u e  of 6800 to  700 l eucocy te s /mm~ blood.  
I n  lower  doses t h e  l eucopen ia  is less m a r ked .  I n  f u r t h e r  
i n v e s t i g a t i o n s  i t  was  obse rved  t h a t  g ranu lopo ies i s  as  well  
as  l ymphopo ie s i s  is depressed,  SCHXRER 3 also f o u n d  t h a t  
t h e  c a t  showed  a v e r y  sens i t ive  r e sponse  to  t h e  a d m i n i s t r a -  
t i o n  of I. (c) Man.  P a t i e n t s  w i t h  neop las t i c  diseases  were 
g i v e n  I i .v. or  oral ly .  Doses  of 1-2  mg]kg  da i ly  r e su l t ed  in 
m a r k e d  l eucopen ia  a n d  t h r o m b o c y t o p e n i a  a f t e r  1 -3  
weeks  4. 

E][ect on tumours. (a) Mouse.  T he  fo l lowing t r a n s p l a n t -  
ab le  t u m o u r s  were  used :  E h r l i c h  ca rc inoma ,  solid form, 
E h r l i c h  asc i tes  c a r c i n o m a  a n d  Crocker  s a r c o m a  S 180. T h e  
m a x i m u m  t o l e r a t e d  da i ly  doses  of 10 m g / k g  i.p. or  20 m g / k g  
ora l ly  g iven  f rom t h e  f i rs t  d a y  a f t e r  i m p l a n t a t i o n  d i d  n o t  
i n h i b i t  t h e  g r o w t h  of these  t u m o u r s .  (b) Ra t .  2 r a t  t m n o u r s  
were  used :  W a l k e r  c a r c i n o s a r c o m a  256 a n d  u t e r u s  ep i the -  
l i o m a  (Gu6rin)  T 8. W i t h  t h e  s ame  dose schedule  as  t h a t  
a d m i n i s t e r e d  to  mice,  t h e  r a t  t u m o u r s  were  n o t  in f luenced .  
(c) Man.  I n  p r e l i m i n a r y  cl inical  work  4 i t  was  f o u n d  pos-  

1-(3,4-Dichlorophenyl)-5-isopropyl-biguanide and 

s ible  to  ach ieve  some t e m p o r a r y  o b j e c t i v e  remiss ions  in  
H o d g k i n s '  disease,  l y m p h o s a r c o m a ,  r e t i cu losa rcoma ,  
p leura l  e n d o t h e l i o m a  a n d  b r o n c h i a l  ca rc inoma .  A n  opt i -  
ma l  dosage  schedu le  h a s  no t  ye t  b e e n  w o r k e d  out .  

Mechanism o/action. T h e  l e u c o p e n i a - i n d u c i n g  ef fec t  of 
I in  gu inea-p igs  c an  be  a n t a g o n i z e d  b y  f o r m y l  t e t r a h y d r o -  
folic acid ( T H F A )  5. N o t  on ly  t he  bone  m a r r o w  depres s ion  
b u t  also t h e  loss of we igh t  a n d  t h e  l e t h a l i t y  are  r educed  or  
p r e v e n t e d  b y  t h e  p r o p h y l a c t i c  use of fo rmyl  t e t r a h y d r o -  
folic acid.  G r o u p s  of 5 gu inea-p igs  were  g iven  6 m g / k g  I 
da i ly  i.p. w i t h o u t  or  w i t h  t h e  a d d i t i o n  of d i f f e ren t  doses of 
T H F A .  A dose of 6 m g / k g  I da i ly  for 6 days  r e su l t s  in  t he  
a b o v e  m e n t i o n e d  leucopenia ,  in  a r ap id  we igh t  loss a n d  
in t he  d e a t h  of all  a n i m a l s  w i t h i n  6 - 9  days .  I f  12 m g ] k g  
T H F A  is g iven  i.p. da i ly  30 m i n  before  t h e  a d m i n i s t r a t i o n  

Effect of I on the leucocytes in the peripheral blood of guinea-pigs 

Daily dose I Leucocytes 
rng/kg i.p. 

Day 1 Day 5 Day 7 Day 14 

0.5 5400 3700 3900 4600 
1 6500 3600 3700 3900 
2 9000 3100 3400 3100 
4 6800 3400 1900 No survivors 
6 6800 1200 700 No survivors 

Each value is the mean of 5 guinea-pigs. 

I A. F. CROWTIfER, F. H. S. CURl), D. G. DAVEY, J. A. HENDRY, 
W. HEPWORTH aud F. L. ROSE, J. chem. Soc. 1774 (1951). 

2 17. H. S. CURD, D. G. DAMEY, J. A. F1ENDRY and F. L. ROSE, 
Br. J. Pharmac. 5, 438 (1950). 

3 K. SCHARER, unpublished results. 
4 W. BOLLAG, unpublished results. 
s Formyl tetrahydrofolio acid = Leucovoriu® (Lederle). 
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of I, t h e  gu inea-p igs  show n e i t h e r  a l eucopen ia  no r  a 
we igh t  loss a n d  t h e y  all  surv ive .  Lower  doses of T H F A  do 
n o t  comple t e ly  p r e v e n t  b u t  on ly  r educe  b o n e  m a r r o w  
depress ion,  we igh t  loss a n d  l e tha l i ty .  A r e d u c t i o n  of t h e  
l eucopen ia  is st i l l  ach ieved ,  b u t  to  a lesser ex t en t ,  w h e n  
T H F A  is i n j ec t ed  on ly  8 h a f t e r  t h e  a d m i n i s t r a t i o n  of I. I f  
i n s t e ad  of T H F A  t h e  o r d i n a r y  folic acid is used in doses of 
u p  to  30 m g / k g  dai ly ,  t h e  effect  of I was  n o t  a n t a g o n i z e d  
a t  all. 

I n  e x p e r i m e n t s  in  v i t ro  a n d  in v ivo  t h e  i n h i b i t i o n  of 
d i h y d r o f o l a t e  r educ t a se  a c t i v i t y  was  d e m o n s t r a t e d  b y  
BURKARD e. T h e  d i h y d r o f o l a t e  r e d u c t a s e  a c t i v i t y  of 
gu inea -p ig  l iver  is m a r k e d l y  inh ib i t ed .  Th i s  co r re sponds  to  
t h e  s e n s i t i v i t y  of t he  gu inea -p ig ' s  hema topo ie s i s  to  I. On  
t h e  o t h e r  h a n d  t h e  d i h y d r o f o l a t e  r e d u c t a s e  a c t i v i t y  of r a t  
l iver  is n o t  i nh ib i t ed ,  w h i c h  para l le ls  t h e  f ac t  t h a t  t h e  r a t ' s  
h e m a t o p o i e s i s  is n o t  sens i t ive  to  I. 

I t  is k n o w n  7 t h a t  t h e  a n t i m a l a r i a l  b i g u a n i d e s  are  
m e t a b o l i z e d  to  t h e  c o r r e s p o n d i n g  4 , 6 - d i a m i n o - l , 2 - d i -  
hydro- s - t r i az ines ,  w h i c h  are  cons ide red  to  be  t h e  a c t i v e  
m e t a b o l i t e s  a g a i n s t  p l a smod ia .  I t  was  f i rs t  t h o u g h t  t h a t  
those  species sens i t ive  to  I would  m e t a b o l i z e  I to  t h e  
c o r r e s p o n d i n g  d i a m i n o d i h y d r o t r i a z i n e  w h i c h  is k n o w n  to  
be  a folic acid a n t a g o n i s t  a n d  to  possess  some a n t i t u m o u r  
p rope r t i e s  s, whe reas  t h e  o t h e r  species r e s i s t a n t  to  I wou ld  
n o t  m e t a b o l i z e  I in  t h i s  way.  

I n  s t u d y i n g  t h e  m e t a b o l i s m  of I in  d i f f e ren t  species 
ESCHENHOF 9 was able  to  show t h a t  t h e r e  is no  pa ra l l e l i sm 
b e t w e e n  t h e  m e t a b o l i s m  of I to  1 - (3 ,4 -d ich lo ropheny l ) -  
2, 2 - d i m e t h y l - 4 ,  6 -d iamino-1 ,  2 - d i h y d r o - s - t r i a z i n e  a n d  t h e  
l eucopen ia  or a n t i t u m o u r  effect.  T h u s  i t  m a y  be  supposed  
t h a t  t h e  species d e p e n d e n c e  of t h i s  folic acid a n t a g o n i s t  is 
due  n o t  to  a d i f f e ren t  m e t a b o l i s m  b u t  to  a v a r y i n g  sensi-  
t i v i t y  of t h e  d i f f e ren t  d i h y d r o f o l a t e  r educ t a se s  to  I. 

Boron compounds. I n  o rde r  to  o b t a i n  a more  se lec t ive  
c y t o t o x i c  effect  SPIEGELBERG a n d  RAMUZ 1° s yn t he s i zed  
a series of b o r o n  c o m p o u n d s  of I, as SOLOWAY 11 h a d  
d e m o n s t r a t e d  a c e r t a i n  a f f in i ty  of bor ic  acid a n d  r e l a t ed  
c o m p o u n d s  to  t u m o u r s .  T he  m a j o r i t y  of these  c o m p o u n d s  
showed,  if g iven  ora l ly  or  i.p., a s imi la r  species d e p e n d e n t  
effect  on  t h e  hematopo ies i s .  T h e  bor ic  acid de r iva t ive ,  
4 (or 2 ) - [4 - (3 ,4 -Dich loroan i l ino) -6- ( i sopropylamino-1 ,  3, 5, 

2 - t r i a zabo r in -  2 (5 H) -:71]-1- (3, 4 -d ich lo ropheny l )  -5- isopro-  
p y l b i g n a n i d e ,  for  example ,  i nduces  a l eucopen ia  s imi la r  
to  t h a t  of I a n d  t h i s  effect  is also a n t a g o n i z e d  b y  T H F A .  

Zusammenfassung. 1-(3, 4 -Dich lo rpheny l ) -5 - i sopropy l -  
b i g u a n i d  (I) b e s i t z t  c y t o s t a t i s c h e  E igenscha f t en ,  die spe- 
z iesabhXngig sind.  I f ib t  e ine s t a r k  depress ive  W i r k u n g  auf  
die HAmatopoese  v o n  Meerschweinchen ,  K a t z e  u n d  M e n s c h  
aus,  wAhrend das  K n o c h e n m a r k  y o n  Maus,  R a t t e ,  K a n i n -  
chen  u n d  H u n d  n i c h t  bee in f lus s t  wird.  T r a n s p l a n t a b l e  
T u m o r e n  v o n  Maus  u n d  R a t t e  w e r d e n  in i h r e m  W a c h s -  
t u rn  n i c h t  g e h e m m t .  H i n g e g e n  l iessen s ich b e i m  M e n s c h e n  
o b j e k t i v e  Regre s s ionen  e iniger  T u m o r a r t e n  b e o b a c h t e n .  
Die  W i r k u n g  au f  die M e e r s c h w e i n c h e n l e u k o p e n i e  k a n n  
d u r c h  F o r m y l t e t r a h y d r o f o l s i i u r e  a u f g e h o b e n  werden .  I 
h e m m t  die D i h y d r o f o l a t r e d u k t a s e  de r  au f  I e m p f i n d l i c h e n  
Spezies Meerschweinchen ,  n i c h t  a b e r  das  e n t s p r e c h e n d e  
F e r m e n t  de r  au f  I r e s i s t e n t e n  Spezies  R a t t e .  Der  Fols~ture- 
a n t a g o n i s m u s  i s t  speziesabh~tngig,  was  au f  e ine ve rsch ie -  
dene  E m p f i n d l i c h k e i t  de r  D i h y d r o f o l a t r e d u k t a s e n  u n d  
n i c h t  au f  e inen  v e r s c h i e d e n e n  M e t a b o l i s m u s  zur i ickzu-  
f i ih ren  sein dfirf te.  B o r v e r b i n d u n g e n  y o n  I bes i t zen  ~thn- 
l iche c y t o s t a t i s c h e  E igenscha f t en .  
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Sur le comportement  d'art~res <~temporatres ~ de l 'embryon de poulet  explant6es in vitro x 

D a n s  des no tes  p r6c6den tes  publ i6es  d a n s  ce t t e  r e v u e  2-4, 
nous  a v o n s  c o m m u n i q u 6  les r6 su l t a t s  d ' exp6r i ences  por-  
t a n t  sur  u n  c e r t a i n  n o m b r e  d ' a r t~ r e s  d ' e m b r y o n  de  
pou le t  cu l t iv6es  in  v i t r o  selon la m 6 t h o d e  de  WOLFF. On  
a 6 tudi6  le c o m p o r t e m e n t  d ' a r t~ r e s  61astiques, d ' a r t~ r e s  
muscu la i r e s  e t  auss i  d ' u n e  a t t i r e  - l ' a o r t e  - p r 6 s e n t a n t  
u n e  s t r u c t u r e  61astique d a n s  sa p a r t i e  crAniale e t  une  
morpho log ie  m u s c u l a i r e  d a n s  son  s e g m e n t  caudal .  Les  
donn6es  fourn ies  p a r  les cu l tu re s  de  l ' ao r t e  nous  o n t  con-  
f i rm6 ce q u ' o n  a v a i t  d6j~ observ6  a u p a r a v a n t  sur  les 
a r t~res  61astiques e t  muscula i res ,  6 tudi6es  s6pa r6men t .  

I1 nous  a p a r u  i n t 6 r e s s a n t  de  cons id6rer  encore  ce r t a ines  
a t t i r e s  , t empora i r e sg ,  d o n t  la  dur6e  de vie  es t  l imi t6e  
la  p6r iode  e m b r y o n n a i r e  du  p o u l e t  e t  qui  v o n t  d i s p a r a t t r e  
au  m o m e n t  de  l '6c los ion:  les a t t i r e s  du  sac v i t e l l in  e t  de  
la m e m b r a n e ' c h o r i o - a l l a n t o i d i e n n e .  Les  p remie res  s o n t  
les v6 r i t ab l e s  , c a n a u x  nourriciers,~ des t in6s  k p r e n d r e  la  
n o u r r i t u r e  du  j a u n e  e t  k la v6hiculer ,  p a r  l ' i n t e r m 6 d i a i r e  
des veines,  vers  l ' e m b r y o n .  Les  secondes ,  log6es d a n s  la  
m e m b r a n e  h o m o n y m e ,  r6a l i sen t  p a r  l ' i n t e r m 6 d i a i r e  de la  
coqui l le  les 6changes  gazeux  e n t r e  l ' e m b r y o n  e t  l ' ex t6r ieur .  

On  a 6 tudi6  la  gen~se de  ces v a i s s e a u x  t e m p o r a i r e s  sur  
des  e m b r y o n s  du  5e au  20e jour .  L a  morpho log ie  au  t o u r s  
du  d 6 v e l o p p e m e n t  es t  ~ peu  pros  s u p e r p o s a b l e  d a n s  les 
2 sor tes  d ' a r t ~ r e s ;  la  desc r ip t ion  que  nous  en  d o n n o n s  es t  
doric va lab le ,  ~ que lques  d i f f6rences  pros,  p o u r  les va is -  
s eaux  v i te l l ins  e t  chor ioa l l an to id iens .  Au  5e jour ,  les 
a t t i r e s  s o n t  form6es  p a r  une  l a m e  endoth61ia le  a u t o u r  de  
laquel le  se d i sposen t  que lques  couches  m 6 s e n c h y m a t i q u e s .  
Ces derni~res  se d i f f6 renc ien t  d6jk  au  6e j o u r  e t  la  mor -  
phologie  des  cellules rappeUe les myob la s t e s .  On  d i s t i ngue  
f ac i l emen t  ~ ce t  age les a r t~res  des ve ines ;  a u t o u r  des  
premieres ,  les cellules m 6 s e n c h y m a t i q u e s  son t  p lus  a b o n -  
d a n t e s  e t  en  p h a s e  p lus  avanc6e  de d i f f6renc ia t ion .  Ce t te  
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