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D a t a  o b t a i n e d  in t h i s  s t u d y  ind ica t e  t h a t  m ech l o r e tha -  
mine ,  ch lorambuci l ,  m e t h o t r e x a t e ,  6 -mercap topur ine ,  
v inb la s t ine ,  a c t i n o m y c i n  D a n d  p redn i sone  do no t  
i n h i b i t  oxygen  u t i l i za t ion  of l eukemic  cells a t  t he  con- 
v e r t e d  LD~0 dosage. Correspondingly ,  these  agen ts  do no t  
p roduce  a s ign i f i can t  increase  in t he  su rv iva l  t i m e  of 
t u m o r - b e a r i n g  mice  fol lowing a s ingle i.p. in jec t ion  of an  
LD10 dosage ( <  20% increase  in su rv iva l  over  u n t r e a t e d  
controls) .  Cells exposed to  10 t imes  t h e  c o n v e r t e d  LD10 
dosage of m e c h l o r e t h a m i n e  and  ch lo rambuc i l  are  s h o w n  to  
d e p r e s s  oxygen  consu m pt i on ,  however ,  in  v ivo  dosages 
wh ich  cor respond  to  th i s  in  v i t ro  dose level  fail  to  demon-  
s t r a t e  a n t i t u m o r  a c t i v i t y  and  h a v e  p r o v e n  h i g h l y  tox ic  
to  t he  host .  I n  c o n t r a s t  p rednisone ,  wh ich  does no t  
e x h i b i t  a n t l t u m o r  a c t i v i t y  aga ins t  L1210, does i n h i b i t  
oxygen  u p t a k e  a t  10 t imes  t he  c o n v e r t e d  LD~0 dose level.  
I t  appears ,  therefore ,  t h a t  whi le  a pos i t ive  co r re l a t ion  
exis ts  be tween  these  2 p a r a m e t e r s  of d rug  ac t ion  a t  t h e  
c o n v e r t e d  LDt0 dose level, no  such  r e l a t i onsh ip  exis ts  a t  
o t h e r  dosages .  Th i s  suggests  t h a t  d rug  effects  on  oxygen  

c o n s u m p t i o n  does no t  necessar i ly  p rov ide  a comple t e ly  
re l iable  or sens i t ive  i nd i ca to r  of a n t i t u m o r  po ten t i a l .  

Rdsumd. On a 6valu6 des effets de p lus ieurs  agen t s  
an t in6op la s t i ques  sur  la  c o n s o m m a t i o n  d ' oxyggne  des 
l y m p h o c y t e s  leuc6miques  L1210 de la  souris e t  on  les a 
mis  en cor r61at ion 'avec  l ' ac t iv i t6  a n t i t u m o r a l e  de c h a q u e  
composi t ion .  Cet te  6rude ind ique  qu ' i l  n ' y  a pus de 
r a p p o r t  a p p a r e n t  en t re  ces deux  p a r a m ~ t r e s  de l ' a c t i on  
des drogues.  
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S h o r t - T e r m  E f f e c t s  o f  C o l c e m i d  o n  t h e  R a p i d  A x o n a l  T r a n s p o r t  o f  P r o t e i n s  i n  t h e  O p t i c  

P a t h w a y  of C h i c k  E m b r y o s  

A n  axona l  t r a n s p o r t  of p ro te ins  occurs  in t h e  opt ic  
p a t h w a y  of ch ick  e m b r y o s  ~, 2 a n d  of h a t c h e d  chicks3, a. 
I t s  r a t e  increases  progress ive ly  t l l r o u g h o u t  e m b r y o n i c  
a n d  p 0 s t - e m b r y o n i c  d e v e l o p m e n t  5. I n  ana logy  w i t h  
ev idence  showing  t h a t  in  n o n - n e u r o n a l  ceils micro-  
t ubu l e s  are  i nvo lved  in  t h e  in t r ace l lu l a r  m o v e m e n t s  of 
organel les  l ike  ch romosomes  a n d  m e lan ine  granules ,  i t  
has  been  p roposed  t h a t  a x o n a l  t r a n s p o r t  also depends  on  
mic ro tubu l e s  ~-9. The  obs e r va t i on  t h a t  colchicine,  a d rug  
wh ich  b inds  to m i c r o t u b u l a r  p r o t e i n  ~~ b locks  axonaI  
t r a n s p o r t  n-~4 suppor t s  t h i s  view. 

I n  t h i s  i nves t iga t ion  t h e  effects  of Colcemid, a colchi-  
cine de r iva t ive ,  was  t e s t ed  u p o n  t h e  r e t ino - t ec t a I  t r a n s -  
p o r t  of p ro t e in s  in ch ick  e m b r y o s  a t  two s tages  of develop-  
men t .  

Method. Colcemid (Ciba, Basel) d issolved in sal ine was  
in jec ted  in to  t he  r i gh t  eyeba l l  of ch ick  e m b r y o s  a t  13 a n d  
18 days  of i ncuba t ion .  5 h a f te r  d rug  in ject ion,  8H-prol ine  
(10 Ci /mmole,  New E n g l a n d  Nuclear)  or aH-fucose 
(5 Ci /mmole ,  New E n g l a n d  Nuclear)  was  in jec ted  in to  t h e  
r i g h t  eye. The  dose of r a d i o a c t i v i t y  for  b o t h  precursors  
was  3 a n d  5 ~xCi r e spec t ive ly  for 13 a n d  18 day  embryos .  
All  t h e  e m b r y o s  were d e c a p i t a t e d  6 h a f te r  p recursor  
in j ec t ion  w h e n  a wave  of r ap i d l y  t r a n s p o r t e d  p r o t e i n  ha s  
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r eached  t he  c o n t r a l a t e r a l  r e c t u m  5. The  r i g h t  r e t i n a  a n d  t h e  
pa i red  opt ic  t e c t a  were r e m o v e d  a n d  homogen ized  in 
ice-cold 5% t r i ch lo roace t i c  acid (W/v).  Af te  r wash ing  as 

Table I. Effect of Colcemid on 3H-proline and aH-fucose incorpora- 
tion into proteins of chick embryo retina 

Interval between Drug dose 
drug and precursor (ag) 
injection (h) 

Disintegra- Incorporation n 
tion/mill • i0 -~ (% ofcontrol) 

13 day 

3H-proline 
- 0 2,569 4. 694 100 4 
5 0.3 1,461 4- 150 56* 6 
5. 1.0 1,051 4- 262 40* 6 
5 3.0 527 20 2 

8H-fucose 
- 0 1,002 4. 157 100 3 
5 3.0 603 2~ 215 60* 4 

18 day 

8H-proline 

5 
5 
5 

24 
24 

3H-fucose 

0 3,315 -t- 416 100 5 
0.5 2,905 -~ 530 87 6 
5.0 2,390 4. 240 72* 3 

10.0 2,052 ~ 505 61" 5 
0.5 3,076 92 2 

10.0 2,866 86 2 

0 2,712 4. 986 100 3 
5.0 1,853 4. 313 68* 6 

The drug was dissolved in saline and injected into the right eye of 
embryos. The injected radioactivity was 3 ~Ci and 5 [~Ci of either 
proline or fucose at 13 and 18 days respectively. All the embryos 
were sacrificed 6 h after precursor injection. Data represent the whole 
protein-bound radioactivity recovered in right retinas (mean4. S.E.M.) 
Statical significance of the difference between control and treated 
retinas is indicated by an asterisk. 
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Table II. Effect of Cotcemid on the rapid phase of axonal transport of aH-proline and ~I-I-fueose labelled proteins in the embryonic optic 
pathway 

Drug (vg) Disintegration]rain 

13 day 
3H-proline 

~H-fucose 

Left Right L ] R  P n 
0 34,870 4- 3.875 3,767 4- 427 9.71 4- 1.73 0.001 4 

Colcemid 0.3 8,911 4- 1.531 3,386 :L 474 2.63 -4- 1.16 0.01 6 
Colcemid 1.0 8,796 4- 1.102 6,025 4- 1.412 1.45 ~: 0.56 n.s. 6 
Colcemid 3.0 7,971 4- 1.506 7,995 :h 319 " 0.99 4- 0.08 n.s. 3 

0 25,599 :j: 1.466 8,695 4- 825 2:69 :j= 1.39 0.01 3 
Coleemid 3.0 7,316 4- 690 7,750 4- 855 0.95 4- 0.08 n.s. 4 

t8 day 
H-proline 

3H-fueose 

0 63,743 4- 3.600 5,644 4- 292 12.45 4- 3.07 0.001 5 
Colcemid 0.5 36,111 4- 4.777 3,724 4- 690 9.69 4- 3.45 0.001 6 
Colccmid 5.0 11,714 4- 1.087 5,135 4- 493 2.27 4- 0.20 0.05 3 
Colcemid 10.0 11,917 4- 2.200 3,928 4- 581 3.40 4- 0.81 0.0i 5 
Colcemid 0.5 * 41,862 4,222 9.90 -- 2 
Coleerriid 10.0 * 22,253 3,765 5.93 " 2 

0 128,869 4- 23.845 15,974 4- 1.128 7.98 -4- 1.05 0.001 3 
Colcemid 5.0 48,422 -4- 13.066 11,542 ~ 2.834 4.39 4- 1.15 0.01 6 

The drug was injected into the right eye of embryos 5 h befoFe precursor injection. In 2 groups (marked with asterisk) the precursor was given 
24 h after drug administration. The injected radioactivity was 3 [xCi and 5 [xCi of either proline or fucose respectively at 13 and 18 days. All 
the embryos were sacrificed 6 h after precursor injection When a maximum of rapidly transported protein may be detected in the contralateral 
t~ectum 5. Data represents the total protein-bound radioactivity recovered in tecta (mean 4- S.E.Ivf.). The statistical significance of the left vs, 
right difference was calculated on the basis of Student's t-test. 

p rev ious ly  descr ibed  x, t he  whole  ac id- inso luble  radio-  
a c t i v i t y  was d e t e r m i n e d  b y  l iqu id  sc in t i l l a t ion  spect ro-  
m e t r y  w i t h  a P a c k a r d  Tr i -Ca rb  mode l  3320. 

Results. Tab le  I shows t he  effects of Colcemid on  pro-  
l ine  a n d  f u c o s e  i n c o r p o r a t i o n  in to  r e t i na l  p ro te ins .  The  
a d m i n i s t r a t i o n  of t h e  d rug  5 h before  p recurso r  i n j ec t ion  
caused  a s ign i f ican t  r e d u c t i o n  in  r e t i na l  p r o t e i n  synthes is .  
Whef l  24 h e lapsed  b e t w e e n  d rug  a n d  p recurso r  i n j ec t ion  
in t h e  18-day embryo ,  no  s ign i f ican t  effect  was de tec ted .  
The  a p p a r e n t  d rug  i n h i b i t i o n  on  t h e  overa l l  r e t i na l  
p r o t e i n  syn thes i s  was  more  m a r k e d  in  younge r  embryos .  

Table I I  shows the effects  of Colcemid on the rapia 
retinotectal transport of proteins. The drug caused a 
complete block of the rapid axonal transport when 
injected at a dose of i tzg or higher. At the 18 day stage 
intraocular Colcemid reduced but never abolished the 
asymmetry in tectal protein-bound radioactivity, even 
after 24 h. The somatofugal transport of 3H-fucose 
labelled glycoproteins was also inhibited by Colcemid. 

Discussion. Coleemid decreases amino acid incorporation 
into retinal proteins shortly after its administration into 
the eye of chick embryos. The depression of protein 
synthesis caused by Colcemid is peculiar to the embryonic 
retina since it does not occur in hatched chicks (un- 
published data); a transient block of glial cell prolifera- 
tion may be involved and may explain why the effect is 
more marked in 13-day embryos when cell division is 
more  ac t ive  t h a n  a t  l a t e r  s tages.  
T h e  b lock  caused  b y  Colcemid on  t he  r e t i n o - t e c t a l  

m i g r a t i o n  :of p ro t e in s  a n d  g lycopro te ins  was  comple t e  in  
13-day e m b r y o s  b u t  could no t  b e  o b t a i n e d  in 18-day 
embryos ,  even  b y  a d m i n i s t e r i n g  la rger  doses of t h e  
drug.  A t  t h e  l a t t e r  s tage,  conversely ,  colchic ine  a n d  
v i n b l a s t i n e  a t  m u c h  lower doses gave  a t o t a l  b lock  of 
t r a n s p o r t  (GREMO and  MAReHISlO, in p repa ra t ion ) .  The  
fa i lure  of Colcemid to  b lock  axona l  t r a n s p o r t  comple t e ly  
in older embryos could depend on the incomplete diffusion 
of the drug to the whole retina and (or) on a rapid in- 
activation of the drug by retinal ganglion cells. The latter 

poss ib i l i ty  is s u p p o r t e d  b y  t he  r eve r s ib i l i t y  of Colcemid 
effect  on  p r o t e i n  syn thes i s  a f t e r  on ly  one  day.  

The  effect  of Colcemid on  a x o n a l  t r a n s p o r t  is more  
m a r k e d  t h a n  ti le effect  on  p r o t e i n  syn thes i s  in  t h e  whole  
r e t i n a :  t he  r a t io  be tween  t h e  ne t  a m o u n t  of p ro te in -  
b o u n d  r a d i o a c t i v i t y  t r a n s p o r t e d  to  t i le c o n t r a l a t e r a l  
t e c t u m  a n d  t he  a m o u n t  of r a d i o a c t i v i t y  ac tua l l y  in-  
c o r p o r a t e d  b y  t he  co r re spond ing  r e t i n a  decreases  as a 
f unc t i on  of Colcemid dose. 

The  f ind ing  t h a t  Colcemid blocks  a x o n a l  t r a n s p o r t  
d u r i n g  e m b r y o n i c  d e v e l o p m e n t  ind ica tes  t h a t  m i c r o t u b u l e  
i l l t egr i ty  is r equ i red  for  a x o n a l  t r a n s p o r t  also in  t h e  
embryo .  The  resu l t s  of t he  p r e s e n t  p a p e r  emphas ize  t h e  
i m p o r t a n c e  of m i c r o t u b u l e s  in  neurogenes is  a n d  sugges t  
t h a t  t he  r ap id  syn thes i s  of m i c r o t u b u l a r  p ro t e in  in  t h e  
i m m a t u r e  n e r v o u s  s y s t e m  15 a n d  i ts  h i g h  c o n c e n t r a t i o n  
in e m b r y o n i c  b r a i n  1~ m a y  ref lect  t h e  h igh  d e m a n d  for  
t r a n s p o r t  i nvo lved  mic ro tubu l e s  du r ing  deve lopmen t .  

Riassunto. La  s o m m i n i s t r a z i o n e  endocu la re  di piccole 
dosi  di Colcemid in e m b r i o n i  di  pollo al 13 ~ e al 18 ~ 
g iorno di i ncubaz ione  d iminu i sce  la s in tes i  p ro te i ca  ne l la  
re t ina .  P u r  in  m i s u r a  d iversa ,  i due  f a rmac i  b loccano  il 
t r a s p o r t o  assonico di p ro t e ine  dal le  cellule gang l ia r i  
r e t in i che  al  t e t t o  ot t ico.  A n c h e  n e l l ' e m b r i o n e  qu ind i  il 
t r a s p o r t o  assonico d ipende  da l la  in t eg r i t~  dei m i c r o t u b u l i  
neurona l i .  
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