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E f f e c t  of  6 - H y d r o x y d o p a m i n e  o n  B e h a v i o u r  a n d  

6 - H y d r o x y d o p a m i n e  (6-OH-DA) se lec t ively  des t roys  
pe r iphe ra l  adrenerg ic  n e r v e  end ings  in va r ious  species 1, 3. 
I t  decreases  t h e  n o r e p i n e p h r i n e  (NE) c o n t e n t  of va r ious  
p e r i p h e r a l  t i ssues  for severa l  weeks2 -~ as well  as in  t h e  
b r a i n  a f t e r  i n t r a v e n t r i c u l a r : a p p l i c a t i o n  6. I t  was  sugges ted  
t h a t  6 -OH-DA has  a se lec t ive  effect  on  cen t r a l  N E  
n e u r o n s  since t h e  u p t a k e  of N E  in to  t h e  s t r i a t u m ,  con- 
t a i n i n g  p r e d o m i n a n t l y  d o p a m i n e  neurons ,  was  un-  
i m p a i r e d  6. However ,  us ing  h i s tochemica l  ~ a n d  b ioche-  
mica l  s me thods ,  b o t h  N E  a n d  d o p a m i n e  neu rons  were 
found  to  be  dep le ted  of t h e i r  a m i n e  con t en t .  A d i f fe ren t  
effect  of 6 -OH-DA on dopam i ne r g i c  a n d  no rad rene rg ic  
c en t r a l  n e u r o n s  would  be  su rpr i s ing  in  v iew of t he  
s t r u c t u r a l  s imi l a r i t y  of d o p a m i n e  a n d  6 - O H - D A  a n d  t h e  
v i c in i t y  of t h e  s t r i a t a l  dopamine rg i c  n e r v e  end ings  to  t h e  
l a te ra l  vent r ic le .  I t  t he re fo re  seemed  of i n t e r e s t  to  de ter -  
m ine  NE,  d o p a m i n e  a n d  5 - h y d r o x y t r y p t a m i n e  in  t h e  
b r a i n  of r a t s  i n j ec t ed  i n t r a v e n t r i c u l a r l y  w i t h  6 -OH-DA 
a n d  to  cor re la te  changes  of t h e  a m i n e  c o n t e n t  w i t h  
behav iou r .  

Male r a t s  f rom a closed r a n d o m i z e d  colony (Wis ta r  de- 
scent ,  180-200 g) were a n a e s t h e t i z e d  (i.v.) w i t h  75 m g / k g  
p r o p a n i d i d  ( E P O N T O L ,  Bayer) .  I m m e d i a t e l y  a f t e rwards  
250 y / r a t  of 6 - O H - D A  dissolved in 20 [xl phys io logica l  
sa l ine  gased  w i t h  n i t r ogen  was in j ec t ed  in to  t h e  r i g h t  
l a t e r a l  ven t r i c l e  9,~~ Contro ls  rece ived  t h e  s ame  t r e a t -  
m e n t  w i t h  sa l ine  only.  T he  r a t s  were k e p t  u n d e r  n o r m a l  
cond i t ions  for  10 days.  Therea f te r ,  g roups  of 6 r a t s  were  
s tud ied  s ingly  in  a n  open  field t e s t  n a n d  t h e  exp l o r a to ry  
a c t i v i t y  was expressed  b y  m e a s u r i n g  t h e  n u m b e r  of 
r ea r ings  a n d  t he  n u m b e r  of sec t ions  crossed (ambula t ion)  
d u r i n g  3 min.  I n  para l le l  series t h e  locomoto r  a c t i v i t y  of 
4 g roups  of 3 r a t s  was  m e a s u r e d  in a c t i v i t y  cages (Lehigh-  
Valley,  E lec t ron ics  Incl  Mod. A 1497) s i m u l t a n e o u s l y  
w i t h  2 con t ro l  groups.  T he  n u m b e r  of i n t e r r u p t i o n s  of 
l igh t  b e a m s  d u r i n g  1 h was recorded  over  14 consecu t ive  
hours .  The  a n i m a l s  were t h e n  d e c a p i t a t e d  a n d  t he  t o t a l  
b r a i n  i m m e d i a t e l y  f rozen in pe t ro l  e ther ,  cooled w i t h  solid 
COs. The  o rgan  was s to red  a t  -- 80 ~ for  n o t  longer  t h a n  
10 days  in  p las t i c  vials.  Therea f t e r ,  t h e  b r a i n s  were h o m o -  
genized,  e x t r a c t e d  (according to  SHORE a n d  OLINI~) a n d  
t h e  c o n t e n t  of N E  (modi f ica t ion  of SHORE a n d  OLIN13), 
d o p a m i n e  (modi f i ca t ion  of BERTLER et  al. 1S) a n d  5- 
h y d r o x y t r y p t a m i n e  14 measured .  

The  p r e sen t  resu l t s  show t h a t  10 days  a f t e r  i n t r a -  
v e n t r i c u l a r l y  app l ied  6 -OH-DA,  N E  decreases  to  47%,  
d o p a m i n e  to  57%,  whereas  5 - h y d r o x y t r y p t a m i n e  re- 
m a i n s  p rac t i ca l ly  u n c h a n g e d  (Table).  These  f ind ings  

Influence of 6-OH-DA on amine content of the rat brain and ex- 
ploratory activity 10 days after intraventricular application 

Test Parameter Controls 6-OH-DA p 
ug/g treated in % 

of controls 
(= 100) 

Brain amine 5-hydroxytrypt- 0.384-0.01(17) 844- 4 (14) <0.05 
amine 
dopamine 0.98-~0.07(22) 574- 7 (24) <0.001 
norepinephrine 0.364-0.03(20) 474- 8 (22) <0.001 

Exploratory ambulation - 904-12(24) >0.1 
activity 

rearing - 644-15 (24) <0.05 

The numbers are mean ~ standard error (number of determinations). 

Cerebral Amine  Content in Rats 

i nd ica te  t h a t  6 -OH-DA m a r k e d l y  affects  b o t h  no rad rene r -  
gic a n d  dopamine rg i c  neu rons  b u t  ha s  on ly  negl igible  
effect  on  5 - h y d r o x y t r y p t a m i n e  neurons .  The  explor-  
a t o r y  b e h a v i o u r  of t he  an ima l s  as m e a s u r e d  in  t h e  open  
field t e s t  was  v i r t u a l l y  u n a l t e r e d  10 days  a f t e r  6-OH- 
DA. The  n u m b e r  of sect ions  crossed w a s  equa l  in  
t r e a t e d  a n d  con t ro l  an ima l s  whereas  t h e  n u m b e r  of 
rea r ings  was on ly  s l igh t ly  b u t  s ign i f i can t ly  decreased  
(Table).  The  locomoto r  a c t i v i t y  s tud ied  in a c t i v i t y  cages 
over  a per iod  of 14 h was no t  s t a t i s t i ca l ly  s ign i f ican t  f rom 
the  an ima l s  i n j ec t ed  w i t h  sal ine (Figure).  

A l t h o u g h  dep le t ion  of c a t echo l amines  was  of r e m a r k -  
ab ly  long du ra t ion ,  ev idence  for a d e g e n e r a t i o n  of c e n t r a l  
dopamine rg i c  a n d  no rad rene rg i c  n e r v e  end ings  is st i l l  
lacking.  E x p e r i m e n t s  are  u n d e r w a y  des igned  to  f ind  o u t  
w h e t h e r  cen t r a l  c a t e c h o l a m i n e  neu rons  show t h e  same  
d i f fe ren t  s ens i t i v i t y  of t h e i r  axons  a n d  cell b o d y  t o w a r d s  
t he  ac t ion  of 6-OH-DA_ as pe r iphe ra l  ad rene rg ic  neurons .  
The  u n a l t e r e d  m o t o r  b e h a v i o u r  of r a t s  t r e a t e d  w i t h  
6 -OH-DA is i n t e r e s t i n g  in v iew of t he  role sugges ted  for  

150 

ID0 

~- 50 

�9 5-OH-DA ~ ~ 

1; z'0 11 zl is z; 01 ,z s; ,5 o;h 
Locomotor activity 10 days after intraventrieular injection of 
6-OH-DA. The vertical bars represent standard error of the mean. 
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adrenerg ic  neu rons  (for rev iew see e.g, SCHILDKRAUT a n d  
KETY 15,16). 

Zusammenfassung. 250 y 6 - H y d r o x y d o p a m i n  in t r a -  
ventr ikul~tr  p ro  R a t t e  v e r m i n d e r n  n a c h  10 T a g e n  den  
G e h a l t  yon  N o r a d r e n a l i n  u n d  D o p a m i n  e twa  u m  50%. 
H i n g e g e n  wi rd  5 - H y d r o x y t r y p t a m i n  n u r  geringfi igig be-  
einflusst ,  Das  gleichzei t ig  gemessene  exp lora to r i sche  

V e r h a l t e n  u n d  die lokomotor i sche  Aktivi t~i t  s ind  p r a k t i s c h  
u n v e r s  

W. P. BURKARD, M. JALFRE and J. BLUM 
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M a l f o r m a t i o n s  after T r e a t m e n t  of N e w - B o r n  Mice 

The  l e tha l  and  t e r a togen i c  effects of cy tos t a t i c s  a n d  
o the r  drugs  a d m i n i s t e r e d  to  fe tus  are t h e  sub jec t  of m u c h  
e x p e r i m e n t a l  s tudy ,  whi le  m u c h  less a t t e n t i o n  is pa id  to  
t h e i r  effects w h e n  g iven  to  n e w - b o r n  animals .  I n  inves t i -  
ga t ions  on  t he  l a t e  effects  of a single in j ec t ion  of cyclo- 
p h o s p h a m i d e  in  r a t s  l-a a n d  mice, we found  t h a t  a single 
dose g iven  to  n e w - b o r n  mice  resu l ted  in ma l fo rma t ions .  
As t he  d rug  is m u c h  used  in h u m a n  medic ine  a br ie f  
r e p o r t  m a y  be  ind ica ted .  

Swiss a lb ino  mice, less t h a n  24 h of age a n d  weighing  
1-1.5 g, were  g iven  a s.c. i n j ec t ion  of c y c l o p h o s p h a m i d e  
(Sendoxan ,  suppl ied  b y  A B  P h a r m a c i a ,  Sweden),  dis- 
so lved in distillecf water ,  in  doses r a n g i n g  f rom 0.04-  
0.2 mg/mouse .  I n  t h e  e x p e r i m e n t s  here  descr ibed,  all 
l i t t e r m a t e s  were g iven  t he  s ame  t r e a t m e n t ,  as pre-  
l i m i n a r y  e x p e r i m e n t s  h a d  s h o w n  t h a t  w a t e r - t r e a t e d  con- 
t rols  grew m u c h  b e t t e r  t h a n  t h e i r  cyc lophosphamide -  
t r e a t e d  l i t t e r m a t e s  and  the re fo re  m i g h t  ous t  t h e  l a t t e r  
f rom suckling.  

A t  a dose of 0.2 m g / m o u s e  or more  t he re  was a l e t h a l i t y  
of 100% (40 mice  o u t  of 40 died) w i t h i n  7 days.  At  a dose 

w i t h  a S ing le  D o s e  of C y c l o p h o s p h a m i d e  

of 0.08-0.1 mg/mouse ,  18 o u t  of 48 mice  are al ive a f te r  
6 m o n t h s .  All these  mice  are mal fo rmed ,  ex t e rna l ly  seen 
as a sma l l  s t u n t e d  nose  a n d  sho r t  forelegs (Figure),  b u t  
t h e y  show a n o r m a l  behav iou r .  D u r i n g  t h e  per iod  of 
g r o w t h  t h e y  are, however ,  m u c h  delayed,  a n d  grow more  
slowly a n d  get  ha i r  m u c h  l a t e r  t h a n  t h e  controls .  No 
de ta i l ed  analys is  h a s  as y e t  been  pe r fo rmed  on t he  
i n t e rna l  organs.  

A t  a dose of 0.05 rag/mouse,  9 mice  o u t  of 10 are al ive 
6 m o n t h s  later ,  a n d  a t  a dose of 0.04 rag~mouse none  of 
10 t r e a t e d  mice h a s  died. I n  these  2 groups  t he re  are only  
a few showing  m a l f o r m a t i o n s  l ike t h e  above-descr ibed .  

A few of t h e  t r e a t e d  females  b e c a m e  p regnan t .  Those  
t r e a t e d  w i t h  a dose of 0.05 m g / m o u s e  or less, a p p a r e n t l y  
passed  t h r o u g h  the i r  p r e g n a n c y  an d  de l ive ry  w i t h o u t  
compl ica t ions .  Of t emales  t r e a t e d  w i t h  a dose of 0 .08-  
0.1 m g  w h e n  new-born ,  however ,  3 d ied  du r ing  del ivery,  
a p p a r e n t l y  because  of a n a r r o w  pelvis.  I t  shou ld  also be  
m e n t i o n e d  t h a t  of t h e  su rv iv ing  mice, t r e a t e d  w i t h  a dose 
of 0.08-1.0 rag, on ly  2 o u t  of 18 are  females.  A p a r t  f rom 
t h e  3 females  men t ioned ,  i t  h a s  n o t  been  e x a m i n e d  if t hose  
wh ich  died  were p r e g n a n t .  

As men t ioned ,  t r e a t m e n t  of n e w - b o r n  an ima l s  w i t h  
c y c l o p h o s p h a m i d e  does n o t  seem to  h a v e  been  r epo r t ed  
previous ly .  T h e  d rug  has,  however ,  been  m u c h  used in 
ch i ld ren  in t h e  t r e a t m e n t  of mal ignancies ,  even  down to  
a n  age of 9 days  4. Cy c l o p h o s p h ami d e  is also used in ch i ld ren  
in n o n - m a l i g n a n t  diseases as nephros i s  5 To our  knowledge  
no p e r m a n e n t l y  adverse  effects h a v e  been  noted .  Our  
o b s e rv a t i o n s  m a y  be  a w a r n i n g  t h a t  d u r i n g  t h e  per iod  of 
g rowth  such  m a y  appear ,  o the r  t h a n  those  i n t e n d e d  on  
t h e  h e m a t o p o e t i c  an d  immuno log i ca l  sys tems% 

Zusammenfassung. C y c l o p h o s p h a m i d  in Einzeldosis  an  
neugeborene  M~iuse ve rab re i ch t ,  b e w i r k t  Missb i ldungen  
y o n  Kopf  u n d  Vorderex t remi t~ i t en  sowie Gebur t sh inde rn i s .  
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6-month-old mice. Right, treated with 0.08 mg cyclophosphamide at 
less than 24 h of age. Left, water-treated control. Note the stunted 
nose, short forelegs and ears of the treated mouse. Measurements 
shown in era. 
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