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E f f e c t s  of  X - I r r a d i a t i o n  D u r i n g  H i b e r n a t i o n  
on  T i s s u e  C a t e c h o l a m i n e  C o n t e n t s  t 

Hiberna t ion  is said to de lay  the  onset  and progression 
of the  biological effects of rad ia t ion  ~. However ,  the  mech-  
anism of this ' p ro tec t ion '  is no t  clear. We  have  demon-  
s t ra ted increased levels of  ca techo lamine  in the  l iver  and 
kidneys  of h ibe rna t ing  squirrels~, and  others  4 h a v e  re-  
por ted  t h a t  ep inephr ine  and  norepinephr ine  offer  l imi ted  
pro tec t ion  to  cer ta in  radiosens i t ive  tissues. I t  therefore  
appeared desirable to  compare  t he  ca techo lamine  con t en t  
of organs f rom ac t ive  and h ibe rna t ing  an imals  exposed to  
radia t ion.  Resul t s  of such exper iments  m a y  ind ica te  t h e  
ex t en t  to which the  sympa the t i c  ne rvous  sys tem is impl i -  
ca ted  as a fac tor  in t he  p ro tec t ive  mechan i sm of h iberna-  
t ion in animals  sub jec ted  to radia t ion.  

Methods.  Ground  squirrels,  Citellus tridecemlineatus,  
were col lected in Nor the rn  Ill inois and were  ma in ta ined  
in t he  l abora to ry  in an  a i r -condi t ioned room at  23 ° C. The  
animals  had  free access to wa te r  and  to Rock land  guinea-  
pig diet  and supplements  of raw carrots  were g iven twice  
weekly.  The  exper iments  were conduc ted  in ear ly  Decem-  
ber  1961, i.e. dur ing the  animal ' s  na tu ra l  per iod of hiber-  
nat ion.  B o t h  males  and females,  b o d y  weights  ranging 
f rom 140 to  230 g, were  used. H ibe rna t ion  was induced b y  
t ransfer r ing  the  animals  to  a cold r o o m  (5°C) where  t h e y  
were depr ived  of  food and  water .  

F i f t y  specimens of ground squirrels  were equa l ly  di- 
v ided  into  f ive groups and  t r ea ted  as follows: Group  I, 
ac t ive  animals  selected a t  r a n d o m  from labora to ry  stocks, 
se rved  as controls ;  in Group  n were  h ibe rna t ing  animals,  
7 to  10 days  a t  5 ° to  10°C; in Group  I n  were  ac t i ve  
animals  X- i r rad ia ted ,  and  sacrif iced 20 h pos t - i r rad ia t ion ;  
in Group  I V  were  h ibe rna t ing  animals  which  were  X-  
i r rad ia ted  and  k e p t  unde r  h iberna l  condi t ions  and  sacri-  
f iced 20 h post - i r radia t ion,  8 of these  animals  had  e l eva ted  
b o d y  t empera tu re s  ind ica t ive  of lessened or  lack of hiber-  
na t  t o rpo r  a t  t h e  t i m e  of  sacrif ice;  last ly,  Group  V con- 
sisted of animals  which  were  i r rad ia ted  dur ing  h iberna-  
t ion,  ma in ta ined  under  h iberna l  condi t ions  for 20 h and 
then  t ransfer red  to  an imal  r o o m  condi t ions  where  t h e y  
were pe rmi t t ed  to awaken  for an  addi t iona l  20 h pr ior  to 
sacrifice. 

The  squirrels  were  sub jec ted  to a single, t o t a l -body  ex-  
posure of 2000 r of X- rays  (250 kv,  35.6 cm ta rge t  distance,  
0.5 m m  copper  and 3.0 m m  bakel i te  filters, 1.5 m m  copper  
hal f -value  layer,  and 130 r pro rain). 

E a c h  an imal  was spinalectomized.  The  hea r t  was ex-  
cised and  b lo t ted  free of b lood;  bo th  k idneys  were  ext i r -  
pa ted  and a s egmen t  of l iver  was removed .  These t issues 
were rapidly  frozen a t  t he  t e m p e r a t u r e  of d ry  ice. Samples  
were assayed for ca techo lamine  by  a . f luorimetric me th -  
od s. Oxida t ions  were carr ied  o u t  a t  p H  4,9 so t h a t  
equ iva len t  readings  for ep inephr ine  and  norepinephr ine  
were obtained.  The  mic ro -Kje ldah l  m e t h o d  wi th  Nessleri-  
ra t ion  was used to  de te rmine  t issue ni t rogen.  

Results.  The  levels of ca techo lamine  in  hear t ,  k idney  
and l iver  in ac t ive  and  h ibernat ing ,  bo th  i r rad ia ted  and  
non-ir radiated ground squirrels  are  summar ized  in Figures  
1 and 2. The  ca techotamine  values  in ac t ive  non- i r rad ia ted  
and  ac t ive  i r radia ted  animals  are similar.  The  k idney  and  
l iver  of h iberna t ing  ground squirrels  h a v e  s ignif icant ly  
grea ter  ( P - -  0.05) concent ra t ions  of ca techo lamine  t h a n  
does the  k idney  and l iver  of ac t ive  animals.  Catechol-  
amine  levels in tissues of i r rad ia ted  h ibe rna t ing  ground 
squirrels (Group IV) are comparab le  to those  of t he  
i r rad ia ted  ac t ive  animals  (Group I I I ) ,  however ,  t h e y  are 
lower t h a n  those of non- i r radia ted  h iberna tors  (Group II) .  

I n  par t icular ,  k idney  and l iver  ca techolamine  concent ra-  
t ions are  s igni f icant ly  decreased (P  = 0.05). 

T h e  squirrels which were i r rad ia ted  dur ing  h iberna t ion  
and  then  aroused h a v e  t issue ca techolamine  levels com-  
parable  to  those  of i r rad ia ted  ac t ive  and i r rad ia ted  hiber-  
na t i ng  animals ,  b u t  are  lower t h a n  non- i r rad ia ted  hiber-  
na tors  (Figure I). 

W h e n  the  t issue ca techo lamine  concent ra t ions  are  ex-  
pressed on a we t  we igh t  basis (Figure 1) t hen  a compar i son  
of t he  cardiac  and  hepa t ic  levels f rom non- i r rad ia ted  
h iberna tors  (Group II)  w i th  animals  f rom each of t h e  
i r rad ia ted  Groups  shows decrease in each  of t he  la t ter .  
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Fig. l. Catecholamine contents of heart, kidney and liver in active 
and hibernating, irradiated and non-irradiated ground squirrels, 
Citellus tridecemlineat~s. Results are expressed in ~g/g wet weight. 
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Fig. 2. Catecholamine contents of heart, kidney and liver in active 
and hibernating, irradiated and non-irradiated ground squirrels, 

Citellus tridecemlineatus. Results are expressed in ~g/g nitrogen. 
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However ,  if the  ca techolamine  values  are expressed on the  
basis of n i t rogen con ten t  (Figure 2), in order  to compen-  
sate  for hyd ra t i on  due to expe r imen ta l  procedure,  t hen  
the  difference in myocard ia l  concen t ra t ion  of catechola-  
mine  is minimized,  the  hepa t ic  difference is sustained and 
the  k idney  ca techolamine  levels appear  s ignif icant ly  de- 
creased in all i r rad ia ted  groups ( P  = 0.05). 

Ni t rogen  contents  of t he  specimens are  graphica l ly  
shown in Figure  3. 
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Fig. 3. Nitrogen contents of heart, kidney and liver in active and 
hibernating, irradiated and non-irradiated ground squirrels, Citellus 

tridecemlineatus. 

Discussion. These results suggest  t h a t  the  changes in 
ex t ra -adrena l  ca techolamine  stores dur ing  the  period fol- 
lowing X- i r rad ia t ion  are associated wi th  arousal,  r a the r  
t h a n  d i rec t  effects of the  i r radiat ion.  This  conjec ture  is 
suppor ted  by  repor ts  t h a t  X- i r rad ia t ion  has been demon-  
s t ra ted  to induce  arousal  f rom sleep s . In  our  exper ience  
h ibe rna t ing  ground squirrels,  p roper ly  handled,  do no t  
ord inar i ly  arouse in exper imenta l  c i rcumstances  such as 
these.  However ,  t h e y  of ten display arousal  following irra- 
diat ion,  despite  t he  fact  t h a t  t h e y  are  ma in ta ined  in cold 
h ibernacula  dur ing  and fol lowing X-i r radia t ion .  

The  absence of addi t ional  gross changes in catechol-  
amine  s torage in animals  f rom Group V, dur ing the  40 h 
per iod following radia t ion,  is no t  surpris ing in v iew of the  
fact  t h a t  le tha l  changes which appear  subsequent  to  
rad ia t ion  require  ex tended  periods for mani fes ta t ion  in 

th is  species L This  v iew is suppor ted  by  reports  t h a t  sym-  
pa the t i c  nerves,  the  alleged sites of ca techolamine  stor-  
age s, are said to  be rad io- res i s tan t  9. 

The  ca techolamine  con ten t  of the  hear ts  t ended  to be 
lower as a resul t  of i r rad ia t ion  (Group I vs. I I I ;  Group I I  
vs. IV ;  Group I vs. V) a l though  the  differences do no t  
p rove  s ta t i s t ica l ly  s ignif icant  a t  t he  P = 0.05 level  (Fi- 
gure 1). I t  is of in teres t ,  however ,  t h a t  the  decrease in 
myoca rd i a l  ca techolamine  in t he  i r rad ia ted  groups is no t  
a p p a r e n t  when the  results  are expressed in re la t ion  to  the  
n i t rogen  con ten t  of t he  same spec imen (Figure 2), r a t h e r  
t h a n  t h e  we t  weight .  This  suggests  t h a t  t he  observed  de-  
crease in concen t ra t ion  of ca techo lamine  was n o t  due  to  
an  absolu te  decrease  in the  s tore  of the  neuro- t ransmi t t e r ,  
bu t  r a t h e r  to  an  increase in wa t e r  con ten t  of t he  specimen.  
These  measu remen t s  emphas ize  the  usefulness of express-  
ing ca techo lamine  resul ts  on the  basis of n i t rogen  conten t ,  
in addi t ion  to  t he  conven t iona l  manne r ,  vg/g  we t  weight .  

I t  is no t  c lear  f rom these  s tudies  whe the r  t h e  decrease 
observed  in t he  a m o u n t  of  ca techo lamine  in t h e  l iver  and  
k idney  represents  increased des t ruc t ion  o r  decreased for-  
ma t ion ,  or  mere ly  increased u t i l iza t ion  due  to  arousal .  
The  resul ts  of these  exper iments  po in t  to  t h e  need  for 
fu r the r  analysis  of factors  inf luencing s torage  of  catechot-  
amines  in ex t ra -adrena l  sites in h ibernators ,  pa r t i cu l a r ly  
dur ing  i r rad ia t ion  and  arousal  from hibernat ion .  

Zusammen/assung. 20 h nach  Bes t rah lung  m i t  le ta ler  
RSntgens t rah lendos is  (2000 r) zeigten winterschlafende  
Citellus tridecemlineatus Herabse t zung  der  Konzen t r a t i on  
yon Ca techo laminen  in Lebe r  und  Niere. ~Verdeu Veriin- 
de rungen  des Wassergehal tes  im  Gewebe  mitber i ick-  
sichtigt ,  so erscheint  der  Geha l t  an  myokard ia l en  Cate-  
cholaminen  unver i inder t .  
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I m m u n o e l e c t r o p h o r e s i s  of So luble  Prote ins  I so -  
lated f r o m  Cellular Fract ions  of Re ge ne r a t i ng  

Rat  Liver  

Soluble and  insoluble prote ins  of r a t  l iver  subcel lular  
f ract ions h a v e  been  ex tens ive ly  s tud ied  b y  means  of agar  
electrophoresis  ~-~ and immunochemica l  t echniques  TM. 
I n  th is  note,  t he  immunochemica l  proper t ies  of soluble 
prote ins  isolated f rom ra t  regenera t ing  l iver  cells h a v e  
been studied.  

Material and Methods. Mitochondr ia l  and  cy top lasmic  
l iver  prote ins  f rom par t i a l ly  hepa tec tomized  ra ts  h a v e  
been  prepared  in t he  c u s t o m a r y  w a y  15. Immune- se r a  
aga ins t  blood serum, l iver  mi tochondr ia l  and  cy top lasmic  
soluble prote ins  were  separa te ly  prepared  in rabbi t s  em- 
p loy ing  mixed  ant igens  of  normal  and  regenera t ing  liver.  
I m m u n i z a t i o n  out l ine  was:  a f irst  in t r avenous  in jec t ion  
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