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i nh ib i to ry  signal p rov ided  by  F S H  is ve ry  specific;  i t  has  
been  imposs ib le  to  dup l ica te  i t  b y  using 2 o the r  pituitaa-y 
h o r m o n e s  (ACTH + LH) .  

These  resul ts  a n d  the i r  i n t e r p r e t a t i o n  are  also sup-  
p o r t e d  b y  t h e  d a t a  of NEGRo-VILAR and  MEITES le and  
of CORBIN (personal  commun ica t i on ,  1967) wh ich  have  
shown  t h a t  h y p o p h y s e c t o m y  is fol lowed in t he  ra t  b y  the  
appea rance  of measurab le  a m o u n t s  of F S H - R F  into t he  
pe r iphera l  b lood;  t r e a t m e n t  of h y p o p h y s e c t o m i z e d  ani-  
mals  w i th  p i t u i t a r y  F S H  makes  F S H - R F  p la sma  levels 
d isappear .  A n o t h e r  r ecen t  resu l t  po in t s  to  t he  same con- 
clusion x7 : t r e a t m e n t  of h y p o p h y s e c t o m i z e d - c a s t r a t e d  ra t s  
w i th  F S H  has  been  s h o w n  to reduce  the  size of the  nuclei 
of several  h y p o t h a l a m i c  cellslS,lL 

Rdsumd. Les au teur s  o n t  mon t r6  que  l ' admin i s t r a t i o n  
s.c. & h o r m o n e  fo l l icu lo-s t imulante  (FSH)  ent ra ine ,  chez 
le r a t  male  castr6, une  d i m i n u t i o n  s ignif icat ive  de quan t i -  
t6s de F S H  pr6sen tes  dans  l ' h y p o p h y s e  e t  de  F S H -  
releasing fac tor  ( F S H - R F )  stock~es dans  l ' hypo tha l amu s .  
Ces r6sul ta ts  sugg&rent q u ' u n  m6canisme de , s h o r t  feed- 

back,~ p e u t  contr61er ta s6cr6tion de F S H  ; ce m6can i sme  
de ~contre-r6gutat ion courte~ agi ra i t  au n iveau  de l ' hypo-  
t ha l amus .  
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Chromosome Aberrations Induced by Daunomycin in Human Leucocyte Cultures, with the Apparent 
Synergistic E f f e c t  o f  Arginine 

D a u n o m y c i n  is an  an t ib io t ic  i sola ted  f rom Streptomyces 
peucetius (GRIEN e t  al. x) which has  la te ly  seen some suc- 
cess in e x p e r i m e n t a l  use aga ins t  ch i ldhood leukemias  and  
ce r ta in  solid t u m o r s  (TAN et  al. 3). I t  is a glycoside wi th  
an aglycone c h r o m o p h o r e  l inked to  an  amino  sugar,  
which  b inds  to  D N A  b o t h  in vivo and  in v i t ro  (GOLD- 
BERGa). A few s tudies  have  been  r epo r t ed  on the  adverse  
ac t ion  of D a u n o m y c i n  on mi to t ic  ac t iv i ty  (DIMARCO et  
al. 4, ~). Cessat ion of D N A  and  R N A  syn thes i s  (DIMARCO 4,e, 
GOLDBERG s) and  specula t ions  on t h e  role of D a u n o m y c i n  
in b locking o t h e r  b iochemica l  processes  h a v e  been  re- 
p o r t e d  b u t  t he re  h a v e  been  no  r epo r t ed  s tudies  on the  
act ion of th is  an t ib io t ic  on  c h r o m o s o m e s  excep t  for  nega-  
t ive  resul ts  n o t e d  in H e L a  cells (OSTERTAG and  KER- 
STEN~). W e  m a y  pos tu l a t e  t h a t  a d rug  which  can  cause 
cessa t ion  of D N A  syn thes i s  and  inhib i t  p ro te in  syn thes i s  
(DIMARCO et  al.S) m a y  have  the  capac i ty  to  cause chro-  

mosomal  aber ra t ions .  This  pape r  r epor t s  con f i rma t ion  of 
th is  pos tu la te .  

Cul tured h u m a n  leucocytes  f rom 3 normal  females  were 
t r ea t ed  wi th  D a u n o m y c i n  dur ing  the  last  12-48 h of a 72 h 
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Table I. Analysis of chromosome aberrations induced by daunomycin 

Treatment No. of cells % of cells with 
analysed aberrations 

Frequency and types of aberrations 

Fragments Interchanges Aberration 
frequency/cell 

Control 100 0 0 0 0 

Daunomycin/zg]ml 

12 h 0.02 and less 100 0 0 0 0 

24 h 0.01 and less 100 0 0 0 0 
0.02 70* 57.1 60 92 2.17 

48 h 0,01 and less 100 0 0 0 0 
0.02 and more b no mitosis 

Only 70 cells were available for study, b Complete cessation of mitotic activity was observed with 0.03/tg/ml of Daunomycin for I2, 24, or 
48 h. 
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cul ture  period.  F ina l  d rug  concen t r a t i on  ranged  f rom 
0.005-5 #g /ml  (precisely, 0.005, 0.01, 0.02, 0.03, 0.04, 
0.06, 0.08, 0.1, 0.2, 0.4, 0.8, 1.0, 2, and  5 / ,g/ml).  Mitosis 
was a r res ted  b y  using v inb las t ine  dur ing  the  last  3 h of 
cul ture.  

A p ropo r t i ona t e  r educ t ion  in mi to t ic  index  was ob- 
served  in all the  concen t r a t ions  used excep t  0 .005/ ,g /ml .  

No abe r ra t ions  were  recorded  in a n y  t r e a t m e n t  excep t  
w i th  0.02 /~g/ml of D a u n o m y c i n  for 24 h (Table I). The  
co n cen t r a t i o n  of 0.01 #g/ml  was  ineffec t ive  in br ing ing  
a b o u t  ch romosoma l  aber ra t ions  even  w h e n  the  drug  was  
in co n t ac t  w i th  t he  calls for 48 h. The concen t r a t ion  of 
0.03 /~g/ml p ro v ed  to ta l ly  inh ib i to ry  even  w h e n  the  cells 
were exposed  to  t he  d rug  for only  12 h. Thus  abe r ra t ion  
p roduc t ion  is a p p a r e n t l y  d e p e n d e n t  on concen t r a t i on  of 
drug  r a t h e r  t h a n  d u ra t i o n  of exposure .  

Chromosomal  aber ra t ions  (Figures 1 and  2) inc luded 
ch roma t id  or isolocus f ragments ,  i n t r a ch ro mo s o ma l  re- 
a r r a n g e m e n t s  and  in t e r ch romosoma l  exchanges  involv ing  

! 

Fig. 1. Part of a cell treated with Daunomycin showing chromatid 
break and interchanges involving 2 chromosomes. 

/ 
Fig. 2. Part of a Daunomycin treated cell with an intrachromosomal 
rearrangement and complex interchanges. 

Table II. Analysis of chromosome aberrations induced by Daunomycin and arginine 

Treatment No. of cells % of cells with 
analysed aberrations 

Frequency and types of aberrations 

Fragments Interchanges Dicentrics Caps Aberration 
frequency]cell 

Control (with 100 0 0 0 0 0 0 
0.16% arginine) 

Daunomycin/~g/ml -t 0.16% arginine - 24 h 

0.01 250 26.0 63 40 7 6 0.46 
0.02 • 143 b 70.7 274 177 16 17 3.39 

Concentration of Daunomycin more than 0.02 ~tg/ml resulted in complete cessation of mitosis, b Only 143 cells were available for study 
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Fig. 3. A cell treated with Daunomycin t o arginine with 2 dieentrie 
chromosomes and double fragments, 

Fig. 4. A Daunomycin + arginine treated cell showing partial di- 
eentrics (exchanges), double fragments and an intrachromosomal 
rearrangement, 

2 or more  ch romosomes .  T h e  exchanges  were  a t  c h r o m a t i d  
or  i s o c h r o m a t i d  level  a n d  a p p e a r e d  to  r e s u l t  f rom abe r r a -  
t i ons  o r i g i n a t i n g  a t  p o s t - d u p l i c a t i o n  s tages.  Th i s  idea  was  
p o s t u l a t e d  f rom absence  of s y m m e t r i c  or c o m p l e t e  di- 
cen t r i c s  a c c o m p a n i e d  b y  doub le  acen t r i c  f r agmen t s .  

T h e  d a t a  in  T a b l e  I [  r evea l  t he  inc reased  f r e q u e n c y  of 
a b e r r a t i o n s  w h e n  D a u n o m y c i n  was  s u p p l e m e n t e d  w i t h  
t h e  a m i n o  ac id  a rg in ine  (L~+] -monohydroch lo r ide ) .  
W h e r e a s  0.01 /zg/ml of  D a u n o m y c i n  was inef fec t ive  in 
p r o d u c i n g  abe r ra t ions ,  i t s  s u p p l e m e n t a t i o n  w i t h  0 . 1 6 %  
a rg in ine  r e su l t ed  in c h r o m o s o m a l  a b e r r a t i o n s  in  26% of 
cells. W i t h  0 . 0 2 / , g / m l  of D a u n o m y c i n  + 0 .16% arg in ine ,  
a n  inc rease  b o t h  in  m i t o t i c  i n d e x  a n d  a b e r r a t i o n  fre- 
q u e n c y  was  obse rved ,  These  s tud ie s  sugges t  t h a t  cessa t ion  
of m i to t i c  a c t i v i t y  and  c h r o m o s o m a l  a b e r r a t i o n s  m a y  
r e su l t  f r om 2 d i f fe ren t  t ypes  of ac t ions .  Obvious ly ,  m i t o t i c  
a c t i v i t y  is r equ i r ed  for l a t e n t  c h r o m o s o m e  a b e r r a t i o n s  to  
b e c o m e  mani fes t .  

Bes ides  t h e  usua l  t y p e s  of a b e r r a t i o n s  as  o b s e r v e d  w i t h  
D a u n o m y c i n ,  c o m b i n e d  D a u n o m y c i n  a n d  a rg in ine  pro-  
duced  dicent r ics ,  doub le  f r a g m e n t s  (Figures  3 a n d  4) a n d  
lesions or  gaps  in t h e  c o n t i n u i t y  of t he  ch romat ids .  Does  
t h i s  i nd i ca t e  t h a t  t h e  D a u n o m y c i n - a r g i n i n e  m i x t u r e  can 
ac t  o n  s i ng l e - s t r anded  c h r o m o s o m e s  a t  t h e  p r e - D N A  syn-  
t h e t i c  per iod,  whe rea s  D a u n o m y c i n  a lone  c a n n o t  ? 

The  a p p e a r a n c e  of gaps  is a t t r i b u t e d  to  i n a d e q u a t e  
t h y m i d y l a t e  a c t i v i t y  (TAYLORa). Th i s  m i g h t  m e a n  t h a t  
a c o m b i n a t i o n  of D a u n o m y c i n  a n d  a rg in ine  is c apab l e  of 

a f fec t ing  t h e  t h y m i d y l a t e  a c t i v i t y  whereas  D a u n o m y c i n  
a lone  is no t .  F u r t h e r  work  is in progress  9. 

Zusammen]assung. Das A n t i b i o t i k u m  u n d  Z y t o s t &t i k um 
D a u n o m y c i n  i n d u z i e r t  be t rAcht l i che  C h r o m o s o m e n a b e r -  
r a t i o n e n  in m e n s c h l i c h e n  L e u k o z y t e n  in de r  K o n z e n t r a -  
t ion  y o n  0,02 /~g/cm 3. Dieser  E f f e k t  wi rd  d u r c h  Z u s a t z  
y o n  Arg in in  zur  Z e l l k u l t u r  wesen t l i ch  vers tArkt ,  u n d  die 
A b e r r a t i o n e n  werden  a u c h  q u a l i t a t i v  ve r~nder t .  Es  is t  
n i c h t  b e k a n n t ,  wie D a u n o m y c i n  u n d  Arg in ine  a u f e i n a n d e r  
e inwirken .  
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