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R a d i o p r o t e c t i v e  E f f e c t  o f  T o p i c a l l y  A p p l i e d  

D i m e t h y l  S u l f o x i d e  o n  M i c e  

D i m e t h y l  s u l f o x i d e ' s  ( D M S O )  p r o t e c t i v e  p r o p e r t i e s  
a g a i n s t  b i o l o g i c a l  d a m a g e  c a u s e d  b y  i o n i z i n g  r a d i a t i o n  
h a v e  b e e n  s t u d i e d  b y  a n u m b e r  o f  i n v e s t i g a t o r s  1-4. T h e s e  
a n i m a l  s t u d i e s  w e r e  m o s t l y  c o n c e r n e d  w i t h  internal a d -  
m i n i s t r a t i o n  of  t h e  c h e m i c a l  ( in jec t ion) .  V e r y  low t o x i c i t y  
o f  D M S O  h a s  b e e n  r e p o r t e d  b y  KLIGMAN 5. T h i s  low 
t o x i c i t y ,  t h o u g h  d i s p u t e d  as  t o  s o m e  l a t e  p o s s i b l e  c h r o n i c  
d a m a g e  to  t h e  e y e s  of  e x p e r i m e n t a l  a n i m a l s  6, a s  we l l  a s  
t h e  h i g h  p e n e t r a t i n g  p o w e r  t h r o u g h  s k i n  s u r f a c e s ,  s u g -  
g e s t e d  t o  u s  t h e  p o s s i b i l i t y  o f  a topically a p p l i c a b l e  r a d i o -  
p r o t e c t i v e  a g e n t .  

Methods. C F W  m a l e  mi ce ,  5 0 - 6 0  d a y s  old, w e r e  u s e d  
t h r o u g h o u t  t h e  e x p e r i m e n t s .  T h e  a n i m a l s  w e r e  h o u s e d  
i n d i v i d u a l l y  in  c a g e  u n i t s  o f  a 5 �9 4 c u b i c l e  a r r a n g e m e n t  v, 
w i t h  u n l i m i t e d  a c c e s s  t o  s t a n d a r d  m o u s e  food  a n d  w a t e r .  
E x p e r i m e n t a t i o n  w a s  s t a r t e d  a p p r o x i m a t e l y  1 w e e k  a f t e r  
a r r i v a l  of  t h e  m i c e  f r o m  t h e  s u p p l i e r .  

R a d i a t i o n  e x p o s u r e  w a s  c a r r i e d  o u t  w i t h  X - r a y s  g e n -  
e r a t e d  a t  225 k V p ,  20 m A ,  a n d  f i l t e r e d  w i t h  1.0 m m  
A1 + 0.5 m m  Cu a t  a t a r g e t - t o - m o u s e  d i s t a n c e  o f  88.5 cm.  
T h e  dose  r a t e  w a s  9 . 0 - 1 1 . 5  R / r a i n .  T h e  t o t a l  d o s a g e s  de -  
l i v e r e d  to  t h e  m i c e  o f  t h e  v a r i o u s  e x p e r i m e n t a l  s e r i e s  
r a n g e d  b e t w e e n  700 a n d  760 R.  3 m a i n  e x p e r i m e n t a l  
d i r e c t i o n s  w e r e  p u r s u e d :  (1) D M S O  or  s h a m  t r e a t m e n t  
(H20)  b e f o r e  a n d  a f t e r  i r r a d i a t i o n ;  (2) D M S O  o r  s h a m  
t r e a t m e n t  b e f o r e  i r r a d i a t i o n ;  a n d  (3) D M S O  or  s h a m  
t r e a t m e n t  a f t e r  i r r a d i a t i o n .  

F o r  t h i s  p u r p o s e  t h e  m i c e  in  e a c h  cage  u n i t  we re  
d i v i d e d  i n t o  2 g r o u p s ,  10 D M S O  a n d  10 w a t e r - t r e a t e d .  
F o r  t h e  t r e a t m e n t  w i t h  D M S O  t h e  m i c e  we re  r e m o v e d  
t e m p o r a r i l y  f r o m  t h e  cage  a n d  e a c h  m o u s e  p l a c e d  in  a 
s p e c i a l  L u c i t e  t u b e  fo r  i m m o b i l i z a t i o n  l e a v i n g  t h e  t a i l  
e x p o s e d .  T h e  m a j o r  p a r t  of  t h e  t a i l  w a s  t h e n  i m m e r s e d  
i n  a n h y d r o u s  d i m e t h y l  s u l f o x i d e  ( M a t h e s o n  Sc i en t i f i c  Co.) 
fo r  v a r i o u s  l e n g t h s  o f  t i m e  (see T a b l e ) .  E x a c t l y  t h e  s a m e  
p r o c e d u r e  w a s  c a r r i e d  o u t  w i t h  t h e  c o n t r o l  a n i m a l s ,  
e x c e p t  t h a t  t h e  c h e m i c a l  w a s  r e p l a c e d  w i t h  d i s t i l l ed  w a t e r .  

T h e  m i c e  w e r e  t h e n  r e t u r n e d  to  t h e i r  c u b i c l e s  a n d  t h e  
e n t i r e  c age  u n i t  p l a c e d  u n d e r  t h e  X - r a y  m a c h i n e .  T h e  
c a g e s  we re  r o t a t e d  d u r i n g  X - r a y  t r e a t m e n t  to  k e e p  n o n -  
u n i f o r m  e x p o s u r e  t o  a m i n i m u m .  D o s i m e t r y  w a s  p e r -  
f o r m e d  w i t h  a V i c t o r e e n  25 tZ c o n d e n s e r  R m e t e r .  F u r -  
t h e r m o r e ,  s i n c e  t h e  D M S O  a n d  s h a m - t r e a t e d  a n i m a l s  
w e r e  i r r a d i a t e d  s i m u l t a n e o u s l y ,  t h e  r e l i a b i l i t y  for  c o m -  
p a r i n g  m o r t a l i t y  r a t e s  w a s  f u r t h e r  i n c r e a s e d .  

I m m e r s i o n  t i m e s  o f  t h e  m o u s e  t a i l s  p r i o r  to  a n d / o r  
a f t e r  i r r a d i a t i o n  we re  v a r i e d ,  r a n g i n g  f r o m  1 - 1 0  m i n .  2 
g r o u p s  o f  10 m i c e  e a c h  r e c e i v e d  1 m i n  t r e a t m e n t  d a i l y  
b e f o r e  a n d  a f t e r  i r r a d i a t i o n  a n d  1 g r o u p  of  10 a n i m a l s  
o n l y  a f t e r  i r r a d i a t i o n .  O n e  s i ng l e  t r e a t m e n t  o f  1, 5 a n d  10 
m i n  d u r a t i o n  w a s  g i v e n  to  g r o u p s  of  10 m i c e  e a c h  p r i o r  
t o  i r r a d i a t i o n  a n d  to  1 g r o u p  a f t e r  i r r a d i a t i o n  (5 m i n  
t r e a t m e n t ) .  T h e  d e t a i l e d  t r e a t m e n t  s c h e d u l e  a n d  r a d i a -  
t i o n  d o s a g e s  a r e  s t a t e d  in  t h e  T a b l e .  

T h e  m i c e  we re  o b s e r v e d  d a i l y  fo r  m o r t a l i t y  o v e r  a 
p e r i o d  o f  30 d a y s ,  a n d  in  s o m e  i n s t a n c e s  b e y o n d  60 d a y s .  
A p p r o p r i a t e  n o n - i r r a d i a t e d  b u t  D M S O -  or  H ~ O - t r e a t e d  
c o n t r o l  g r o u p s  were  k e p t  a lso .  

Results. T h e  c o n t r o l  m i c e  ( t o t a l  o f  80) e x p o s e d  to  
D M S O  or  w a t e r  on l y ,  s h o w e d  no  m o r t a l i t y  d u r i n g  t h e  
d u r a t i o n  of  t h e  e x p e r i m e n t s ,  r e g a r d l e s s  as  to  f r e q u e n c y  
a n d  l e n g t h  o f  t i m e  of  t a i l  i m m e r s i o n .  

A n i m a l s  i r r a d i a t e d  w i t h  715 R a n d  t r e a t e d  d a i l y  for  
1 m i n  w i t h  D M S O  or  H~O b e f o r e  a n d  a f t e r  i r r a d i a t i o n  
g a v e  a 3 0 - d a y  s u r v i v a l  o f  7 o u t  o f  10 ( D M S O )  a n d  2 o u t  
o f  10 (H~O) r e s p e c t i v e l y .  W h e n  r a d i a t e d  w i t h  760 R ,  4 o u t  

of  10 ( D M S O )  a n d  2 o u t  of  10 (H=O) s u r v i v e d  a f t e r  30 
d a y s .  A f t e r  60 d a y s  o n l y  1 m o u s e  w a s  a l ive  in  t h e  w a t e r -  
t r e a t e d  g r o u p s  wh i l e  t h e  D M S O - t r e a t e d  n u m b e r  r e m a i n e d  
u n c h a n g e d  (7 a n d  4 mice ) .  

S ing le  t r e a t m e n t  o f  1 m i n  be fo r e  r a d i a t i n g  (740 R)  
s h o w e d  s u r v i v a l  of  6 ( D M S O )  a n d  2 (H=O) o u t  o f  10 m i c e  
each .  5 m i n  s i ng l e  p r e - i r r a d i a t i o n  (720 R)  t r e a t m e n t  g a v e  
a s u r v i v a l  o f  6 ( D M S O )  a n d  1 (H20)  a n i m a l s  f r o m  e a c h  
of  10 mice ,  a n d  10 m i n  i m m e r s i o n  s h o w e d  8 o u t  of  8 
( D M S O )  a n d  4 o u t  o f  10 (H~O) s u r v i v o r s  e x p o s e d  to  
745 R.  T r e a t i n g  t h e  a n i m a l s  d a i l y  for  1 m i n  a f t e r  i r r a d i a -  
t i o n  w i t h  700 R r e s u l t e d  in  t h e  s u r v i v a l  of  4 ( D M S O )  a n d  
3 (H20)  mice .  1 D M S O  a n d  2 H 2 0  m i c e  s u r v i v e d  a 714 R 

Experi- Agent Pre- Post- X-ray Mice Survival 
ment irradia- irradia- dose per 30 (60) 
No. t ionim- t ionim- (R) group days 

mersion mersion post- 
time time irradiation 
(min) (rain) 

1 H20 1 d 1 d 715 10 2 (1) 
DMSO 1 d 1 d 715 10 7 (7) 
H20 1 d 1 d 0 10 10 (10) 
DMSO 1 d 1 d 0 10 10 (10) 

2 H~O 1 d 1 d 760 10 2 (1) 
DMSO 1 d 1 d 760 10 4 (4) 
H~O 1 d 1 d 0 10 10 (10) 
DMSO 1 d 1 d 0 10 10 (10) 

3 H20 1 sp - 740 10 2 (1) 
DMSO 1 sp - 740 10 6 (6) 

4 H~O 5 sp - 720 10 1 (1) 
DMSO 5 sp - 720 10 6 (6) 

5 H~O 10 spx - 745 10 4 (2} 
DMSO 10 spx - 745 8 8 (8) 
H~O 10 spx - 0 10 10 (10) 
DMSO 10 spx - 0 10 10 (10) 

6 H~O 10 sp - 760 10 5 (4) 
DMSO 10 sp - 760 9 8 (8) 
H20 10 sp - 0 10 10 (10) 
DMSO 10 sp - 0 8 8 (8) 

7 HeO - 1 d 700 10 3 (2) 
DMSO - 1 d 700 10 4 (3) 
HeO - 1 d 0 10 10 (10) 
DMSO - 1 d 0 10 l0 (10) 

8 H~O - 5 sa 714 10 2 (2) 
DMSO - 5 sa 714 10 1 (1) 

Last t reatment  (H20 or DMSO) given 10 rain before start  of irradia- 
tion except where marked 'x '  (5 min before irradiation); d - daily 
treatment 10 days prior and/or 30 days after irradiation; sp = single 
t reatment  prior to irradiation; sa = single treatment after irradia- 
tion. Animals treated after irradiation received first t reatment  
5 10 rain after radiation exposure. 
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rad ia t ion  exposure  when  t r ea ted  for 5 min  wi th  DMSO 
or H~O af ter  the  i r radiat ion.  

Discussion. Two main  effects become qui te  a p p a r e n t  
f rom this  s t u d y  (Table): (1) DMSO appl ied topical ly  
pr ior  to  le thal  amoun t s  of X- rays  offers considerable  
protec t ion .  (2) Appl ica t ion  of the  chemical  af ter  i r radia-  
t ion does no t  a l ter  survival  s ignif icant ly  f rom t h a t  of 
cont ro l  mice. Fur the rmore ,  a single t r e a t m e n t  wi th  
DMSO for 1 or 5 min before i r radia t ion  is as effective in 
p rov id ing  pro tec t ion  as dai ly immersions.  

Zusammen/assung. Versuche  mi t  r 6 n t g e n b e s t r a h l t e n  
M/iusen ergaben,  dass bei  D i m e t h y l  Sulfoxid (DMSO) 
die Mortal i t / i t  b e d e u t e n d  reduzier t  war. DMSO wurde  
nur  /iusserlich und  nur  kurzfr is t ig  vor  der  Bes t r ah lung  
auf die Mausschwiinze aufget ragen.  

VV. S. Moos  and  S. E. KIM 

University o/ Illinois, Department o/ Radiology, 
Chicago (Illinois 60680, USA), June 24, 1966. 

Spontaneous  Occurrence of Aneuploidy in the 
Male Germ Cells of Naja tripidians 

The concept  t h a t  the  diploid ka ryo type  is cons t an t  for 
a species, especially in the  case of germ cells, is fast  
wi ther ing.  The cons tancy  in the  diploid complemen t  for 
the  male and female garna tures  is a fairly well es tabl ished 
fact ;  bu t  occasional depar tu res  f rom it have  also been 
repor ted  1,2. The present  communica t ion  repor t s  the  oc- 
currence of aneuploidy  in the  tes t icular  mater ia l  of Naja 
lripidians. Material,  which  was collected f rom the  suburbs  
of J agadha r i  (Punjab),  was p re - t r ea t ed  in hypoton ic  
sod ium ci t rate  and subsequen t ly  s ta ined  and squashed  
a f te r  MELANDER and WINGSTRAND a. 

Diploid chromosome complemen t  in N. tripidians is 
r epresen ted  by  38 chromosomes  which are d i f fe rent ia ted  

into 10 macro-  and  28 microchromosomes .  In  addi t ion  to  
the  cells w i th  normal  counts ,  a fair ly large n u m b e r  of 
p la tes  w i th  d i f fe rent  counts  (photomicrographs  1-6) 
ranging f rom 36 to 41 have  been observed (Table). This  
var ia t ion  has  been main ly  observed wi th  respec t  to  the  
microchromosomes ,  the  macro  complemen t  remain ing  
cons tant .  While  a large n u m b e r  of aneuploid  configura-  
t ions are encountered ,  a t  the  same t ime regular  poly-  
ploids, such as octaploids  and te t raploids ,  are r a t h e r  rare. 

1 K. R. LEWIS and B. JHON, Chromosoma 10, 589 (1959). 
2 G. P. SHARMA, R. PRASHAD, and M. L. GUPTA, Cellule 65, 295 

(1965). 
s y. MELANDER arid K. G. YVINGSTRAND, Stain Technol. 38, 217 

(1953). 

Fig. 1. Spermatogonial 
plate with 36 chromosomes. 

Fig. 2. Spermatogonial 
plate with 37 chromosomes. 

Fig. 3. Spermatogonial 
plate with 37 chromosomes. 

Fig. 4. Spermatogonial Fig. 5. Spermatogonial Fig. 6. Spermatogonial 
plate with 38 chromosonms, plate with 39 chromosomes, plate with 41 chromosomes. All. x 2000. 


