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ou t  t he  ' S '  phase  t h e  n u m b e r  of si lver grains/mitosis  
should h a v e  increased Ior t he  dura t ion  of the  ' S '  phase  or  
unt i l  t he  t h y m i d i n e  H 3 was no longer  avai lable .  Since the  
n u m b e r  of s i lver  grains increased f rom 1.5-3.5 h a f te r  
t r e a t m e n t  the  2 h period was t aken  as t he  avai labi l i ty  
t ime  of t h y m i d i n e  and as advoca ted  b y  KOBURG ~ the  
p la teau  of t he  curve,  equa l  to  6.5 h, was t aken  as the  
dura t ion  of t h e  "S" phase.  

A fu r ther  m e t h o d  was employed  to  check the  va lue  of 
t he  ' S '  stage. Knowing  the  genera t ion  t ime,  10.0-10.5 h, 
and the  labeling index  65%, the  fol lowing fo rmula  can be  
appl ied (QuASTLER and SHERMANS): 

N S  T S  TS  
- -  65 ---- = 6.5-6.8.  

NC T G  10-10.5 

This  6.5-6.8 h va lue  for the  'S' stage agrees reasonably  
well wi th  the  va lue  arr ived a t  by  the  grain count  method ,  
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Fig. 1. Curve representing the percentage of labeled mitoses plotted 
against time between treatment with thymidine H 3 and sacrifice. 

Fig. 2. Curve demonstrating the average number of silver grains per 
mitosis plotted against time between treatment with thymidine H 8 
and sacrifice. 

Discussion. As is appa ren t  f rom the  results,  a discrep- 
ancy  exists  in  the  va lues  for t he  ' S '  s tage  wi th  t he  8.5 h 
va lue  der ived  f rom the  m e t h o d  of labeled mitoses  being 
least  comparable .  This  va lue  was  a r r ived  a t  assuming  
t h a t  t he  t h y m i d i n e  H 3 was avai lab le  for on ly  a shor t  
per iod of t ime.  As shown, however ,  t he  t h y m i d i n e  H 3 
was avai lab le  for a t  least  2 h dur ing  which t i m e  cells, 
in i t ia l ly  outs ide  the  'S '  stage, could  en te r  and incorpora te  
the  label  thus  lengthening  the  va lue  of  t he  synthes is  
stage. By  ut i l iz ing the  2 h ava i l ab i l i ty  t ime  we f ind an 
'S '  s tage  (8.5-2), equal  to  6.5 h, a va lue  which  agrees wi th  
t he  t ime  der ived  f rom the  o ther  2 methods .  Fu r the rmore ,  
if  t he  values  of G2 = 1.5 + M = 1.0 + S = 6.5 are now 
added toge ther  and the  va lue  of 9.0 h sub t r ac t ed  f rom 
the  genera t ion  t ime  of 10.0-10.5 h we have  a va lue  of 
1.0-1.5 h for t he  G1 phase of the  cell cycle. 

I n  F igure  1 t he  descending curve  does no t  fall be low 
80% labeled mitoses.  2k reasonable  exp lana t ion  m a y  be 
as follows: the  n u m b e r  of cells in a pa r t i cu la r  s tage of the  
cell cycle is p ropor t iona l  to  t he  t ime  spent  in t h a t  stage, 
therefore  a p p r o x i m a t e l y  65% of all t he  neura l  t ube  cells 
are in t he  'S '  s tage  a t  any  one t ime.  Of t he  359/0 unlabeled  
cells, a p p r o x i m a t e l y  half  will en ter  the  'S '  s tage  and in- 
corpora te  t he  label dur ing the  2 h ava i lab i l i ty  t ime  of 
t hymid ine  H 3. This  means  t h a t  a t  least  80% of all the  
cells wi th in  the  neura l  t ube  will be labelled and, since 
there  is a non-synchronous  m o v e m e n t  of cells t h rough  
the  cycle, as evidenced by  the  slope of the  ascending and 
descending curves, the  n u m b e r  of labeled cells should 
never  drop below this 80% mark.  

Rdsumd. Des 6tudes au to rad iograph iques  effectu6es sur 
les s tades du cycle cellulaire duns les cellules neuro6pith6- 
liales de pou le t  de 2 jours,  on t  donn6 les r6sul tats  su ivan ts :  
G2 = 1,5 h ;  M = 1,0 h ;  S = 6,5-6,8 h;  G1 = 1,0-1,5 h et  
le t emps  de  g6n6ration = 10,0-10,8 h. On a 6ga lement  
consta t6  que  la t hymid ine  H 3 adminis t r6e  ~ l ' embryon  
c o m m e  duns l ' exp6r ience ci-dessus mi t  au moins 2 h /k 
6tre incorpor6e.  
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S h o r t - T e r m  a n d  L o n g - T e r m  R a d i o p r o t e c t i v e  E f f e c t  of  M a g n e s i u m  P e m o l i n e  

Rad iop ro t ec t i ve  effect  of magnes ium pemol ine  was re- 
cen t ly  repor ted  1. F u r t h e r  inves t iga t ions  showed t h a t  this 
drug  is more  p o t e n t  t h a n  pemol ine  alone (made tip 75% 
weight  of the  drug) in exhib i t ing  p ro tec t ion  agains t  ion- 
izing radiat ions.  Resul t s  f rom the  above  studies have  
s t rongly  indica ted  t h a t  magnes ium pemol ine  offers signifi- 
c a n t  degree of p ro tec t ion  agains t  le tha l  doses of X- i r radi -  
a t ion for bo th  shor t - t e rm and long- term,  In  subsequen t  
exper iments  we have  s tud ied  expl ic i t ly  this aspect  and 
resul ts  are p resen ted  in this paper .  

Methods. Two exper iments  were performed.  In  t he  first  
exper iment ,  540 CF-1 mate mice (20-22 g), 50-60 days  old 
were r a n d o m l y  d iv ided  into 3 groups.  On the  first  day  of 
the  expe r imen t  half  of the  mice in each group were  injec- 
ted  i.p. wi th  0.6 cm 3 of magnes ium pemol ine  p repared  in 

1 H.LEVArG Experientia, 23, 1058 (1967). 
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0 .3% t r a g a c a n t h  suspens ion ,  a n d  the o t h e r  ha l f  w i t h  
b a c t e r i o s t a t i c  w a t e r  ( 0 . 3 ~  of t r a g a c a n t h ) .  T h e  d r u g  dose  
for  e ach  m o u s e  was  a p p r o x i m a t e l y  70 mg/kg .  5 -10  ra in  
a f t e r  in jec t ion ,  one  g r o u p  of mice  (Group  I) was  exposed  
w h o l e - b o d y  to  750 1~ of X - i r r a d i a t i o n .  T h e  i r r ad i a t i on  
t e c h n i q u e s  were  desc r ibed  t h r o u g h o u t l y  in  L One  week  
a n d  2 weeks  a f t e r  i n j ec t ion  respec t ive ly ,  g roup  I I  and  
g roup  I I I  were  t h e n  exposed  to  t h e  s ame  l e t h a l  dose of 
r ad i a t i on .  I n  t h e  second  e x p e r i m e n t s ,  aga in  540 mice  in 3 
g roups  were  used.  All  e x p e r i m e n t a l  p rocedures  a b o v e  were  
dup l i ca t ed ,  e x c e p t  t h a t  t h e  m a g n e s i u m  pemol ine  dose 
e m p l o y e d  t h i s  t i m e  was  on ly  1% of t h e  p rev ious  dose 
(0.7 mg/kg)  for  e ach  an imal .  Da i ly  m o r t a l i t y  was  o b s e r v e d  
a n d  r eco rded  u p  to  30 days  a f t e r  i r r ad ia t ion .  

Results. T a b l e  I shows  t h e  p o s t - i r r a d i a t i o n  s u r v i v a l  
p e r c e n t a g e  for  3 g roups  of t h e  f i r s t  e x p e r i m e n t  a long  w i t h  
t he  s t a n d a r d  dev i a t i ons .  I n  g roup  I,  100% of t h e  mice  in-  
j ec t ed  w i t h  m a g n e s i u m  pemol ine  were  sti l l  a l ive  o n  t h e  
7 th  p o s t - i r r a d i a t i o n  d a y  whi le  15% of t h e  t r a g a c a n t h  
con t ro l  a n i m a l s  h a d  died.  All t h e  con t ro l  mice  were  dead  
b y  t h e  14 th  d a y  a f t e r  exposure  ve r sus  60% of t h e  m a g n e -  
s ium p e m o l i n e  mice.  S ix teen  d a y s  a f t e r  b e i n g  exposed  to  
750 R of X - i r r a d i a t i o n  35% of t h e  e x p e r i m e n t a l  mice  sur-  
v ived ,  a n d  no  f u r t h e r  m o r t a l i t y  was  o b s e r v e d  up  to  30 
p o s t - i r r a d i a t i o n  days .  A l m o s t  t h e  s ame  p a t t e r n  was  ob-  
s e rved  in  g roups  I I  a n d  I I I ,  e x c e p t  t h a t  t h e  m a g n e s i u m  
p e m o l i n e  a n i m a l s  s t a r t e d  to  die on  t h e  6 t h  a n d  5 t h  pos t -  
i r r a d i a t i o n  d a y s  r e spec t ive ly  for  e ach  group.  N o n e  of t h e  
con t ro l  mice  in  t he se  g roups  were  a l ive  on  t h e  13 th  d a y  
a f t e r  exposure .  On  th i s  s a m e  day ,  30~/o of t h e  m a g n e s i u m  
pemol ine  mice  in  g roup  I I  a n d  15% in g roup  I I I  st i l l  sur-  
v ived .  B y  t h e  16 th  day ,  these  p e r c e n t a g e s  were  r educed  to  
17% for g roup  I I  a n d  5 %  for g roup  I I I .  No f u r t h e r  mor -  
t a l i t y  was  o b s e r v e d  u p  to  30 days .  

T a b l e  I I  p r e s e n t s  d a t a  o b t a i n e d  f rom t h e  second exper i -  
m e n t  w i t h  t h e  m a g n e s i u m  pemol ine  dose r educed  to  1% of 
t h e  dose  a d m i n i s t e r e d  in t h e  p r e v i o u s  e x p e r i m e n t .  On t h e  
8 th  d a y  a f t e r  exposure ,  74~g of con t r o l  mice  in g r o u p  I 

were  sti l l  a l ive  ve r sus  100% of t h e  e x p e r i m e n t a l  mice.  Al l  
t h e  t r a g a c a n t h  mice  were  d e a d  2 weeks  a f t e r  i r r ad i a t i on .  
A t  t h i s  t i m e  40}~ of t h e  m a g n e s i u m  pemol ine  mice  s t i l l  
su rv ived .  Th i s  p e r c e n t a g e  was  r e d u c e d  to  30~o on  t h e  21st  
day ,  a n d  Mte r  t h a t  no  f u r t h e r  m o r t M i t y  was  obse rved .  
N o n e  of t h e  con t ro l  a n i m a l s  in  g roup  I I  l ived  a f t e r  t he  13 th  
d a y  whi le  25% of t he  e x p e r i m e n t a l  mice  were  sti l l  al ive.  
On  t h e  15 th  day ,  however ,  t h i s  score decreased  to  8~o a n d  
no  more  m o r t a l i t y  was  o b s e r v e d  u p  to  30 days .  T h e r e  was 
no  s ign i f i can t  d i f ference  in m o r t a l i t y  b e t w e e n  m a g n e s i u m  
pemol ine  a n d  t r a g a c a n t h  mice  in  g roup  I I I .  All  a n i m a l s  in  
t h i s  g roup  died  on  t h e  14 th  p o s t - i r r a d i a t i o n  day .  

Discussion. As we see in  b o t h  T a b l e  I a n d  T a b l e  I I ,  
t he se  2 e x p e r i m e n t s  c o n f i r m  ou r  ear l ie r  r e p o r t  r e g a r d i n g  
t h e  l o n g - t e r m  a n d  s h o r t - t e r m  r a d i o p r o t e c t i v e  e f fec t  of 
m a g n e s i u m  pemol ine .  T h e  r e su l t s  c o n s i s t e n t l y  show t h a t  
t h e  d r u g  was m o s t  e f fec t ive  w h e n  t h e  t i m e  i n t e r v a l  b e t w e e n  
d r u g  a d m i n i s t r a t i o n  a n d  r a d i a t i o n  exposu re  was  t h e  s h o r t -  
est .  W h i l e  t h e r e  was  no  s ign i f i can t  d i f ference  b e t w e e n  t h e  
s h o r t - t e r m  p r o t e c t i o n  in  these  2 cases, t h e r e  was  no  ques-  
t i on  a b o u t  t he  e f fec t iveness  of t h e  h i g h e r  d r u g  dose for  t h e  
l o n g - t e r m  p ro t ec t i on .  

U p  to  da te ,  we h a v e  n o t  b e e n  able  to  exp la in  sa t i s fac-  
to r i ly  t he  m e c h a n i s m  of t h i s  p r o t e c t i v e  ef fec t  of m a g n e -  
s i um pemol ine  a g a i n s t  ion iz ing  r ad ia t ions .  T h e  s h o r t - t e r m  
p r o t e c t i o n  was  s h o w n  to  be  i n d e p e n d e n t  of t h e  d r u g  dose  
(g roup  I, T a b l e s  I a n d  I I ) .  I~or t h e  l o n g - t e r m  p ro t ec t i on ,  
however ,  t h e  p r o t e c t i v e  ef fec t  was  more  p r o n o u n c e d  w i t h  
h ighe r  d r u g  dose (70 mg/kg) .  E v e n  a t  t h i s  h i g h  dose, i t  is 
d i f f icu l t  to  exp la in  t h e  e f fec t iveness  of m a g n e s i u m  p e m o -  
l ine 1 or 2 weeks  a f t e r  i.p. in jec t ion .  T h e  half- l i fe  of mag-  
n e s i u m  pemol ine  is a b o u t  14 h, a n d  t h e  t o t a l  effect  of t h e  
d rug  is a l m o s t  negl ig ible  a t  d r u g  dose as h i g h  as 20 m g / k g  
a f t e r  24-36 h. C o m p a r i n g  th i s  to  t h e  dose e m p l o y e d  in our  
second e x p e r i m e n t a l  p a r t  (0.7 mg/kg) ,  one no tes  t h a t  m a g -  
n e s i u m  pemol ine  sti l l  offered some degree  of p r o t e c t i o n  1 
week  Mte r  i t s  a d m i n i s t r a t i o n .  T h e r e  is no  ques t i on  t h a t  t h e  
a n i m a l s  were  u n d e r  c e r t a i n  phys i ca l  s t r a i n  d u r i n g  t h e  

Table I. Post-irradiation % survivai 

Post- Group I Group II Group III 
irradiation 
days Magnesium Tragacanth Magnesium Tragacanth Magnesium Tragacanth 

pemoline pemoline pemoline 

1 100 4 .  0 100 4- 0 100 4- 0 100 4.  0 100 ± 0 100 4.  0 
2 100 ~ 0 100 4 .  0 100 4 .  0 100 4.  0 100 4 .  0 100 ::k 0 
3 100 4. 0 100 4. 0 100 4. 0 100 :k 0 100 4. 0 100 4- 0 
4 100 4. 0 100 4- 0 100 4. 0 100 4. 0 100 4. 0 100 q- 0 
5 100 4. 0 100 4- 0 100 4. 0 100 4- 0 100 4. 0 98 4. 0.6 
6 100 4. 0 94 4. 0.3 100 4. 0 96 4- 1.5 97 4. 1.0 96 4. 1.2 
7 100 4- 0 85 4- ].2 98 4. 0.4 85 i 2.1 95 4. 2.0 78 4- 3.7 
8 98 -4- 2,0 • 61 4 .  2.7 93 4. 3.2 60 4. 3.4 85 4. 3.0 54 4. 3.9 
9 94 4- 1.8 47 4- 3.5 85 4. 2.3 40 4. 2.6 76 -4- 1.6 41 4. 2.3 

10 82 4. 2.5 23 4. 2.0 65 4- 1.0 20 4- 3.0 54 4- 2.3 22 4- 3.1 
11 66 4- 0.7 13 4. 1.3 44 q- 2.2 12 4- 1.7 33 -I- 1.4 10 4- 0.2 
12 57 4. 1,6 6 4. 0.7 38 4. 0.8 3 -4- 1.3 19 4. 0 4 4- 0.7 
13 46 4. 3.0 2 4- 0.4 30 4. 1.3 0 15 4. 2.5 0 
14 40 4- 0.4 0 23 :h 0.5 9 
15 37 4- 1.6 20 J= 3.1 5 
16 34 4- 1.1 17 i 0.7 
17 

3o 3; 17 5 

Radiation dose: 750 R. Magnesium pemoline dose: 70 rng/kg. Tragacanth dose: 70 mg/kg. I.p. injection -irradiation interval: group I, 5 min, 
group II, 1 week, group III, 2 weeks. • Standard deviations. 



15.5. 1968 

Table II. Post-irradiation % survival 
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Post- Group I Group II Group III 
irradiation 
days Magnesium Tragacanth Magnesium Tragacanth Magnesium Tragacanth 

pemoline pemoline pemoline 

1 100 100 100 
2 100 100 100 
3 100 100 100 
4 100 100 100 
5 100 100 100 
6 100 93 4- 0.6 100 
7 100 86 4- 1.9 94 4- 3.0 
8 100 74 -4- 3.4 84 ~ 0.6 
9 93 4- 2.3 57 4- 0.7 71 4- 4.5 

10 83 4- 1.6 40 4- 4.3 59 4- 1.2 
11 73 :l: 3.4 23 4- 1.5 46 4- 5.0 
12 57 4- 4.5 10 :i: 3.3 33 4- 2.7 
13 47 4- 0.2 5 4- 2.6 25 4- 3.3 
14 40 :k 1.7 0 17 4- 3.5 
15 40 8 =[: 2.8 
16 40 
17 40 
18 37 4- 1.0 
19 37 
20 37 
21 30 4- 3.8 

100 100 100 
100 100 100 
100 100 100 
100 100 100 
100 100 100 
97 4- 3.0 97 i 2.3 97 4- 3.4 
90 ~ 1.6 94 4- 3.7 92 4- 0.2 
77 4- 5.2 78 i 1.7 70 -t- 0.8 
57 4- 5.5 52 4- 3.5 52 4- 3.5 
39 4- 3.6 39 4- 4.6 40 4- 4.3 
25 4- 4.6 26 4- 0.3 23 4- 6.0 
12 4- 5.1 13 4- 1.2 8 4- 1.8 
0 6 ± 5 . 6  3-t-0.6 

0 0 

No further mortality up to 30 days. Radiation dose: 750 R. Magnesium pemoline dose: 0.7 mg/kg. I.p. injection -irradiation interval: group I, 
5 min, group II, 1 week, group III, 2 weeks. 

i r radia t ion.  A n u m b e r  of inves t iga to rs  ~-4 h a v e  r epo r t e d  
t h a t  pemoline,  the  p a r e n t  c o m p o u n d  of m a g n e s i u m  pemo-  
line, i m p r o v e d  the  pe r fo rmance  of fa t igued h u m a n  sub- 
jects .  I f  th is  is t he  effect,  i t  would  con t r ad i c t  our  r ecen t  
cons i s t en t  obse rva t ions  t h a t  m a g n e s i u m  pemoline ,  w h e n  
in jec ted  i m m e d i a t e l y  af ter  i r radia t ion ,  also exh ib i t ed  sig- 
n i f i can t  p ro t ec t ion  ~. I t  has  been  observed  t h a t  an imals  
p r e t r e a t e d  wi th  m a g n e s i u m  pemol ine  appea red  to  to le ra te  
pos t - i c t a l  depress ion  b e t t e r  t h a n  cont ro l  animatsS;  how-  
ever  t h e  ques t ion  of p r e t r e a t m e n t  or p o s t - t r e a t m e n t  of the  
an imals  w i t h  t h e  d rug  is a p p a r e n t l y  no t  a cr i t ical  one  in 
our  p r e s e n t  expe r imen t s ,  s ince t h e  p o s t - t r e a t e d  mice  too  
were  p r o t e c t e d  f rom le tha l  doses  of rad ia t ion .  

W% are in t h e  process  of d e t e r m i n i n g  t h e  s i te  of ac t ion  
of m a g n e s i u m  pemol ine  assoc ia ted  w i t h  th is  r ad iopro tec -  
t ive  effect  b y  expos ing  var ious  p a r t s  of the  an imal ' s  b o d y  
to  r ad i a t ion  in s t ead  of giving t h e m  who le -body  i r radia-  
t ion.  "~Vtlen one can p o i n t  ou t  exac t ly  th is  si te of ac t ion  of 
t he  drug,  p e r h a p s  one m a y  be able to  re la te  the  b iochemi-  
cal effect  ~ of t he  d rug  to  i ts  p ro t ec t i on  aga ins t  ionizing 
rad ia t ion .  Magnes ium pemoline ,  in add i t ion  to  improv ing  
learn ing  and  m e m o r y ,  also enhances  b ra in  R N A  poly-  
merases  s. I f  i t  is t rue  t h a t  t h e  increase in r ad ia t ion  resist-  
ance  resul ts  f rom the  ac t ion  of t he  d rug  on  the  nervous  
sys tem,  i t  would  be i m p o r t a n t  to  f ind o u t  how m u c h  one  
can  assoc ia te  th i s  p ro t ec t i ve  effect  w i t h  t he  m e c h a n i s m  b y  
w h i c h  t h e  d rug  ac t i va t e s  t he  nuc lear  aggrega te  enzym e s  
respons ib le  for  R N A  synthes i s .  I t  is qu i t e  i n t e r e s t i ng  to  
n o t e  also t h a t  whi le  o the r  s t i m u l a n t s  of t h e  cen t r a l  ne rvous  
s y s t e m  such as m e t h a m p h e t a m i n e  and  m e t h y l p h e n i d a t e  
(Ritalin) did n o t  p r o duce  t h e  select ive ac t iva t ion  of t he  
t rue  R N A  po lymerase  sys tem,  ne i the r  did t h e y  offer a n y  
degree of p ro t ec t ion  aga ins t  ionizing radia t ion .  

Since t h e  po ten t iM appl ica t ion  of m a g n e s i u m  pemol ine  
in r a d i o t h e r a p y  is qui te  possible,  we are  in the  process  of 

s t u d y i n g  the  effect  of th is  d rug  (at low doses) on mice  wi th  
Ehr l i ch  asci tes  t u m o r  t r e a t e d  wi th  X- i r r ad ia t ion  a t  var ious  
doses and  dose ra tes  ~, 10. 

Zusammen/assung. Magnes ium-Pemol ine ,  ein mi ldes  
I l e i zmi t t e l  fiir das  N e r v e n s y s t e m ,  h a t  sich als gu tes  S t r ah -  
l enschu tzmi t t e l  fiir kurze  oder  tange Ze i tdaue r  erwiesen.  
Fi ir  den  Schutz  t iber eine kurze Ze i tdauer  ist  die W i r k u n g  
abh~.ngig v o n d e r  Arzneimi t te tdos is ,  fiir den jen igen  fiber 
eine 1/ingere Ze i tdaue r  (bis zu 2 Vqochen) is t  j edoeh  eine 
sehr  hohe  Dosis  (75 mg/kg)  no twend ig .  
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