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Poss ib l e  Effect of Radia t ion  P r o d u c e d  H y d r o g e n  
Perox ide  on P o s t - I r r a d i a t i o n  Avers ion  in Mice  

Mice h a v e  been  known to prefer  sacchar in  sodium 
solut ion to t ap  water ,  b u t  when  i t  is offered jus t  before 
the  animals  are  exposed to ionizing radiat ions,  post-  
i r rad ia t ion  avo idance  is induced.  W e  h a v e  repor ted  t h a t  
i r rad ia t ion  of  the  sacchar in  solut ion i tself  w i th  surpris-  
ingly  small  dosages also resul ted in avo idance  behav io r  of 
non- i r rad ia ted  mice z,~. 

As ear ly  as t h e  beginning  of th is  cen tu ry  (1900-1925), 
hydrogen  peroxide  has  been  found as a rad io ly t ic  p roduc t  
of wa t e r  and  o the r  aqueous  solut ions s-s, Q u a n t i t a t i v e  
measu remen t s  of H=O~ produced  in i r rad ia ted  wa te r  and 
o the r  solut ions h a v e  been  done by  m a n y  inves t igators .  
So far  no tes ts  have  been  pe r fo rmed  to  de te rmine  whe the r  
hydrogen  peroxide  is p roduced  when  e i ther  sod ium sac- 
char in  solution, sucrose solution,  or  plain wa te r  is i rradi-  
a ted  a t  low dosages. However ,  we verif ied exper imen ta l ly  
t h a t  mice also avoid  bo th  saccharin and sucrose solutions 
when  small  amoun t s  of H~O= were added  to e i ther  solu- 
tions. 

I n  this  paper  we are  present ing  a s t r ik ing s imi lar i ty  of 
avoidance  behav ior  caused by  i r rad ia ted  saccharin sodium 
solution, i r rad ia ted  sucrose solut ion and i r rad ia ted  water ,  
and t h a t  of hydrogen  peroxide  added  to these  same non- 
i r rad ia ted  liquids. 

Methods  and  results. Three  exper iments  were  performed.  
E a c h  was d iv ided  into  2 parts .  The  first  pa r t  i nvo lved  
i r rad ia ted  saccharin,  sucrose and  watdr.  I n  the  second 
par t ,  hyd rogen  peroxide  was added  to the  non- i r rad ia ted  
l iquids before offer ing t h e m  to  t he  animals .  Thus,  6 
groups of 180 male  C F W  mice were  d iv ided  r a n d o m l y  
into  i8  cages conta in ing  10 mice each. 

Experimen~ 1. The  first  group of mice (3 cages of 10 
mice each) had  b o t h  sacchar in  sod ium solut ion (1% per  
weight)  and t a p  wa te r  avai lable .  The  l iquids were con- 
t a ined  in g radua ted  glass bot t les  p laced on the  r igh t  and 
lef t  side of each cage and a l te rna ted  dai ly  to  compensa te  
for any  possible posi t ional  preference.  As soon as sac- 
c h a r i n p r e f e r e n c e  was def in i te ly  es tabl ished (Figure  la) ,  
sacchar ine f rom the  same s tock solut ion wa s exposed to  
2000 R of X-i r radia t ion.  Rad ia t i ng  techniques  were  de- 
scribed th rough ly  in reference z. I t  was observed  t h a t  the  
normal  a m o u n t  of dai ly  sacchar in  consumpt ion  dropped  
f rom 70-30 cm s on the  foUowing day.  The  dai ly  wa te r  

in take  increased f rom 38-65 cm s. On the  n e x t  day  (2rid 
day  af ter  i r rad ia ted  sacchar in  was offered), r ecovery  of 
saccharin preference seemed to  t ake  place. The  second 
pa r t  of the  expe r imen t  was run  for a longer  per iod (35 
days  a f te r  sacchar in  preference was established).  Again  
10 mice in each of 3 cages were used. On  the  13th d a y  of 
the  expe r imen t  (Figure lb),  hyd rogen  peroxide  (0.03% 
per  volume)  was  added  to t he  same  sacchar in  s tock  
solution.  Da i ly  sacchar in  consumpt ion  on the  n e x t  d a y  
decreased f rom 60-30 cm s while w a t e r  consumpt ion  in- 
creased f r o m  30-55 cm ~. On  the  22nd day  of t he  experi-  
m e n t  or  9 days  af ter  the  add i t ion  of HeO~ to  saccharin,  
regular  sacchar in  solut ion replaced the  one con ta in ing  
hyd rogen  peroxide.  Sacchar in  r ecovery  was observed  on  
t h e  n e x t  few days.  On  the  28th d a y  of t h e  exper iment ,  
a f ter  t h e  preference  of sacchar in  was def in i te ly  re- 
established,  the  mice were  r emoved  f rom the i r  cages and  
exposed to  whole -body  X- i r r ad ia t ion  (450 R a t  50 R/min) .  
I n  t he  fol lowing 2 days,  da i ly  sacchar in  consumpt ion  
again d ropped  f rom 70-25 cm ~ while wa t e r  in t ake  in- 
creased v e r y  mode ra t e ly  (10 cm~). This  expe r imen ta l  p a r t  
was t e rmina t ed  1 week a f te r  i r radia t ion.  A t  this  po in t  
r ecovery  of sacchar in  preference again  seemed to start .  

E x p e r i m e n t  2. The  same procedures  as in expe r imen t  1 
were repea ted  here, excep t  t h a t  sucrose solut ion (5% per  
weight)  was used ins tead of sacchar in  sodium. F igure  2a 
shows the  average  dai ly  consumpt ion  of bo th  sucrose 
and  wa te r  before and af ter  sucrose solut ion was exposed 
to  5000 R of X- rad ia t ion  and replaced  the  non- i r rad ia ted  
solut ion on the  7th day.  On  the  8th day,  t he  dai ly  sucrose 
consumpt ion  decreased f rom 240-100 cm s while  t he  in- 
crease in wa te r  i n t ake  was only  i 0  cm s. On  the  10th day  
of t he  expe r imen t  (3 days  a f te r  t he  exposure  of sucrose 
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Fig. I. Ca) Average daily consumption curves for saccharin, water, and both liquids before and after the exposure of the saccharin 
solution to 2000 R - -  × - -  total liquid, - - e - -  saccharin, - -o - -  H=O. (b) Average daily saccharin, water, and total liquid consumptions 
before and after the addition of H~0 s (3 • 10 -~) to saccharin solution, and before and after whole-body exposure of the subjects to X- 

irradiation (450 R). - -  × - -  total liquid consumption, - - $ - -  saccharin, - -o - -  H=O. 
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so lu t ion  to  X- i r r ad i a t i on ) ,  r egu la r  n o n - i r r a d i a t e d  sucrose  
so lu t ion  f rom t h e  or ig ina l  s t ock  so lu t ion  rep laced  t h e  
i r r a d i a t e d  one. I t  was  o b s e r v e d  i m m e d i a t e l y  on  t h e  
fol lowing d a y  a c o m p l e t e  r e c o v e r y  of sucrose  preference .  
I n  F i g u r e  2b  (30 mice  in  3 cages) t h e  da i ly  sucrose  con-  
s u m p t i o n  d r o p p e d  f rom 230-120  c m  a o n  t h e  d a y  a f t e r  
h y d r o g e n  pe rox ide  ( 0 .03%/ vo l um e)  was  a d d e d  to  t h i s  
swee t  so lu t ion .  O n  t h e  22nd d a y  of t h e  e x p e r i m e n t  t h i s  
so lu t ion  was  r e m o v e d  a n d  rep laced  w i t h  r egu la r  f resh  
sucrose  f r o m  t h e  s a m e  s tock ;  one  o b s e r v e d  g r a d u a l  
sucrose  p re fe rence  r e c o v e r y  u p  to  t h e  28 th  day.  On  th i s  
s a m e  day,  t he  mice  were  exposed  to  w h o l e - b o d y  X- i r -  
r a d i a t i o n  (450 R).  A s h a r p  d r o p  in t h e  da i ly  sucrose  in-  
t a k e  was i m m e d i a t e l y  s h o w n  o n  t h e  n e x t  day .  

Experiment 3. Two  b o t t l e s  of p l a in  t a p  w a t e r  were  
offered to  3 cages  of 10 mice  each,  one  p l aced  on  t h e  f i g h t  
side a n d  t he  o t h e r  on  t h e  left.  I t  was  n o r m a l l y  obse rved  
t h a t  t he  a n i m a l s  would  d r i n k  m o r e  w a t e r  f rom e i t h e r  t h e  
r i g h t  or  t h e  le f t  b o t t l e  a n d  t h u s  e s t ab l i shed  pos i t iona l  
preference .  Th i s  p re fe rence  was  de f in i t e ly  s h o w n  for t h e  
r i g h t  s ide w a t e r  b o t t l e  in  F igu re  3R. On  t he  6 t h  day ,  a f t e r  
t h e  mice  p re fe r r ed  t h e  w a t e r  f rom t h e  r i g h t  bo t t l e ,  
i r r a d i a t e d  w a t e r  (wa te r  exposed  to  5000 R of X - i r r a d i a -  
t ion)  r ep laced  t h e  n o r m a l  wa te r .  O n  t he  7 th  d a y  i t  was  

obse rved  t h a t  t h e  da i ly  a m o u n t  of w a t e r  c o n s u m e d  f rom 
t h e  p re fe r r ed  r igh t - s ide  b o t t l e  d r o p p e d  f r o m  75-35  c m  s 
whi le  t h a t  f r om t h e  lef t  s ide inc reased  f r o m  40-60  cm s. 
F i g u r e  3b shows t h e  resu l t s  o b t a i n e d  f rom t h e  second 
p a r t  of t h i s  e x p e r i m e n t .  Aga in  3 cages  w i t h  10 mice  in  
each  were  used. I n  th i s  case, t h e  lef t -s ide b o t t l e  was  
p re fe r red  to  t h e  one  on  t h e  r i g h t  side. On  t h e  l l t h  d a y  
a f t e r  t h i s  pos i t i ona l  p re fe rence  was  wel l  e s tab l i shed ,  
h y d r o g e n  pe rox ide  (0.03o/o]volume) was  a d d e d  to  t he  
w a t e r  in  t h e  lef t -s ide  bot t le .  No c h a n g e  was  o b s e r v e d  in  
t h e  da i ly  a m o u n t  of w a t e r  c o n s u m p t i o n  on  e i t h e r  t h e  
r i g h t  or  t h e  lef t  bo t t l e .  On  t h e  16 th  d a y  of t he  e x p e r i m e n t ,  
H=O~ c o n c e n t r a t i o n  in  w a t e r  was  inc reased  to  3 t i m e s  of 
t h e  a m o u n t  p rev ious ly  used (0.09°/o/volume). O n  t h e  
fol lowing day,  ave rage  da i ly  w a t e r  i n t a k e  on  t he  lef t  
d r o p p e d  f r o m  60-35  cm 8 whi le  t h e  c o n s u m p t i o n  on  t he  
r i g h t  inc reased  f rom 30-45 cm s. The  decrease  of t h e  da i ly  
a m o u n t  of w a t e r  c o n s u m e d  on  t he  lef t  s ide t e r m i n a t e d  2 
days  a f t e r  t h i s  new  c o n c e n t r a t i o n  of H , O ,  was  used,  
whi le  t h e  increase  in  w a t e r  c o n s u m p t i o n  of t h e  r i g h t  side 
b o t t l e  c o n t i n u e d  u n t i l  t h e  4 th  d a y  a f t e r  th i s  add i t ion .  O n  
t h e  22nd  day  of t h e  e x p e r i m e n t  f resh  t a p  w a t e r  w i t h o u t  
HsOe rep laced  t he  one  c o n t a i n i n g  HsO,  on  t h e  lef t  s ide 
of t h e  cage. P r e f e r e n c e  of t he  lef t  s ide b o t t l e  s t a r t e d  to  
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Fig. 2. (a) Daily consumption curves for sucrose solution and water before and after the exposure of sucrose to 5000 R. - - I - -  sucrose, 
---o-- H=O. (b) Average daily sucrose, water and total consumptions before and after the addition of H20 ~ (3 • 10 -4) to sucrose, and 

X-irradiation (450 R) to the subjects. - -  × - -  total liquid, - - e - -  sucrose, ---o-- H20. 
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Fig. 3. (a) Average daily water consumptions 
as measured from the right and left-side 
bottles before and after the exposure of the 
water in the right.side bottle of 5000 R. (b) 
Average daily water consumption from the 
right and left bottle before and after the 
addition of H~O~ (3-10 -4 and 9 -10  -4) to 
the left-side bottle. - - x - -  total consump- 
tion, - - o - -  right side bottle, ---o-- left side 
bottle. 
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recover on the following days. The experiment was 
terminated on the 27th day. 

Discussion. The mechanism of post-irradiation sac- 
charin avoidance behavior is virtually unknown to in- 
vestigators in this field. The question whether the effect 
is a result of a patho-physiological change or a chemical 
change in the taste perception is still unanswered. 

While the problem of post-irradiation avoidance in 
mice are still unresolved pathologically, physiologically 
or otherwise, our results have shown that  the irradiation 
of the solutions (saccharin and sucrose) did induce the 
same phenomenon of avoidance as if the animals them- 
selves were irradiated. Many recent works have confirmed 
earlier results performed at the beginning of this century 
that  hydrogen peroxide is indeed a product of irradiated 
water and other aqueous solutions. FREY and POLLARD 9 
recently reported 3.5 • 10 -G gm/ml of hydrogen peroxide 
produced in glucose solution irradiated with 2.7 • 104 R 
and tha t  this irradiated medium cause a cessation of cell 
growth. The same effect can be obtained with reagent 
hydrogen peroxide. MOLIN and EHRENBERG x° suggested 
that  hydrogen peroxide or other peroxides produced in 
irradiated glucose may be responsible for the bactericidal 
effect. Earlier, HANNAN and SHEFFHERD n, indicated that  
'hydrogen peroxide produced from water by irradiation 
of a medium, and remaining thereafter the end of the 
irradiation, may be responsible for some of the effects 
seen in the systems studied'. 

Although we have not  determined quant i ta t ively the 
amount  of hydrogen peroxide produced in either irradi- 
ated saccharin, sucrose or water, we are positively certain 
that  this reagent is produced when the liquids are exposed 

to low radiation dosages. We were able to verify that  
hydrogen peroxide was indeed a product of irradiated 
saccharin solution, sucrose solution and water by  using 
the techniques of BRANDT and KESTON lz and diacetyl 
2", 7"-diachlorofIuorescin from Eastman Kodak Company. 
The animals avoiding both the sweet solutions and plain 
tap water when these liquids were irradiated raises the 
question whether the presence of saccharin and sucrose 
is really necessary or only amplifying this observed 
avoidance behavior is  

Zusammen/assung. Es wird gezeigt, dass rSntgenbe- 
strahlte M~use Saccharin- and  Sucrose-L6sungen gleicher- 
weise vermeiden wie L6sungen, denen minimale Mengen 
yon H20 s zugesetzt wurden. Es wird angenommen, dass 
der Effekt auf der radiolytischen Produktion yon H20~ 
in der L5sung zuriickzufiihren ist. 
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A Quantitative Histochemical  Study of Succinic 
Dehydrogenase in the Kidney and Liver of Rats 

Subjected to Nephrectomy and Injected with 
Egg-White  

The formation of large droplets in the cells of the proxi- 
mal convolutions has been interpreted as a mechanism 
whereby either the excessive absorbed protein is meta- 
bolized by the mitochondrial enzymes or the protein is 
segregated by  the lysosomes or phagosomes in the cell ~,s. 
In  this investigation, succinic dehydrogenase was studied 
to ascertain whether or not  it  plays an active par t  in 
this process. Ra t  kidneys in different functional states 
were used, and the liver also was examined. 

Methods. Young adult  male rats were treated as 
follows: (1) a single i.p. injection of 25 ml of strained 
solution of hens'  egg-white in saline 24 h prior to sacrifice 
(2) right nephrectomy 7 days before sacrifice, and (3) a 
combination of the foregoing treatments.  A single experi- 
ment  involved 2 experimental and 1 each of untreated 
and sham-treated controls (saline injection or sham 
operation). At the end of the experiments the rats were 
weighed and decapitated, and the left kidney and adrenal 
gland were weighed individually. From the cortex of the 
kidney and from the liver, tissue 'punch-outs '  (5 mm in 
diameter) were made 3 and promptly frozen in a mixture 
of dry ice and acetone. In  a cryostat, each frozen 'punch- 
out '  was used to obtain duplicate pairs of adjacent sections 
cut at  5 /~. One member of each pair was used for the 

spectrophotometric determination of succinic dehydro- 
genase activity ~, in which the hydrogen acceptor was 
2- (p-iodophenyl)-B-(p-nitrophenyl)-5-phenyl tetrazolium 
chloride (INT). The other member of the pair was used 
for the spectrophotometric determination of protein 
nitrogen content  5, in which the reading was converted 
into the amount  of nitrogen from a standard curve 
obtained from micro-Kjeldahl analyses. The final expres- 
sion of enzyme activity was made by these data. In  the 
outer part  of the cortex of the kidney, the only portion 
used, the predominant  epithelial structure positive to the 
enzyme reaction was the proximal convoluted tubules e. 
In  the Table, any differences between the data  of the 
untreated and the sham-treated controls were not  statis- 
tically significant. Accordingly, in applying the t-test to 
the experimental results, the data for these 2 types of 
controls were averaged and used as a single control. 
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