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Results and discussion. T he  Tab le  p resen t s  m e a s u r e m e n t s  
of ave rage  nuc lea r  a rea  for b o t h  l iver  a n d  h e p a t o m a  cell 
nuclei .  The  a rea  of t he  te~raploid  l iver  cell nucle i  (49.94 
# m  2) is nea r ly  twice  t h a t  of t h e  diploid  nucle i  (28.56 ~m2), 
while  t he  h e p a t o m a  cell nucle i  are m u c h  la rger  t h a n  
e i t he r  (115.47 tzm2). To c o m p e n s a t e  for these  di f ferences  
in  nuc lea r  size, all  t h e  g ra in  c o u n t  d a t a  on  t h e  Tab le  are 
p r e sen t ed  as a s t a n d a r d  u n i t  measu re :  gra ins  per  100 ~zm ~ 
nuc lea r  area.  

P roof  t h a t  3H-ac t inomyc in  D b inds  specif ical ly to  D N A  
is p rov ided  b y  t he  gra in  c o u n t  d a t a  o b t a i n e d  f rom the  
e n z y m e  t r e a t e d  con t ro l  sect ions.  T he  T a b l e  shows t h a t  
R N A  e x t r a c t i o n  d id  no t  inf luence  3H-ac t i nomyc in  D 
b ind ing ,  b u t  w h e n  t he  D N A  was ex t rac ted ,  no b i n d i n g  
occurred.  

The  gra in  dens i t y  ove r  d ip lo id  a n d  t e t r ap lo id  l iver  
cell nucle i  was a l m o s t  iden t i ca l  in  all  e x p e r i m e n t s  (about  
93 gra ins  pe r  100 ~xm2), showing  t h a t  D N A  d i s t r i b u t i o n  
was n o t  a l t e red  b y  t he  increase  in ploidy.  I n  m a r k e d  
con t ras t ,  t h e  3H-ac t i nomyc in  D b i n d i n g  to  h e p a t o m a  cell 
nuclei  (200 gra ins  pe r  100 ~xm 2) was  more  t h a n  twice  as 
dense  as in  t h e  n o r m a l  l iver  cells. I n  t h e  Figure ,  s i lver  
gra ins  are no t  on ly  v is ib le  over  t he  nuc lea r  area,  b u t  ove r  
t he  c y t o p l a s m  as well, however ,  t h e  l a t t e r  are n o t  
b a c k g r o u n d  fog, E v i d e n c e  t h a t  t h e y  r e p r e s e n t  ~H- 
a c t i n o m y e i n  D b i n d i n g  to cy top la smic  D N A  has  been  doc- 
u m e n t e d  in o the r  pub l i c a t i ons  b y  t he  p r e s en t  a u t h o r s  ~, 12 
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The  mouse  h e p a t o m a  used in t he  p r e sen t  s t u d y  is 
aneup lo id  and  shows wide v a r i a t i o n s  in  t he  t o t a l  a m o u n t  
of D N A  per  nuc leus  4. A n e u p t o i d y  a n d  po lyp lo idy  h a v e  
been  r epo r t ed  in m a n y  types  of t u m o r s  ~a, ~,. However ,  t h e  
increased  aH-ac t i nomyc in  D b i n d i n g  r epo r t ed  above  for 
h e p a t o m a  nucle i  c a n n o t  be  exp l a ined  on  t h e  basis  of 
increased  p lo idy  alone.  

I t  is of p a r t i c u l a r  i n t e r e s t  t h a t  h e a v y  c o n c e n t r a t i o n s  
of s i lver  g ra ins  were obse rved  over  c h r o m a t i n  masses  
nea r  t h e  nuc l ea r  m e m b r a n e  a n d  a r o u n d  nucleoli .  H e a v y  
a H - a c t i n o m y c i n  D b i n d i n g  in these  h e t e r o c h r o m a t i c  
regions  was p a r t i c u l a r l y  p r o m i n e n t  in  t he  h e p a t o m a  
nuclei ,  as shown  in t h e  Figure .  H i g h  levels of he te ro -  
c h r o m a t i n  are cha rac t e r i s t i c  of m a n y  types  of t u m o r  cell 
nucleith,  ~. SIMARD 5 ha s  r epo r t ed  t h a t  a H - a c t i n o m y c i n  D 
b i n d s  exc lus ive ly  to  t he  h e t e r o c h r o m a t i n  in cu l tu red  
h a m s t e r  f ibroblas ts ,  a n d  i n t e r p r e t s  his  resu l t s  in  t e r m s  of 
e i the r  more  D N A  in h e t e r o c h r o m a t i n  or p r e f e r en t i a l  
b i n d i n g  of a H - a c t i n o m y c i n  D to  h e t e r o c h r o m a t i n .  A 
s imi la r  i n t e r p r e t a t i o n  of p re fe ren t i a l  *H-ac t inomyc in  D 
b i n d i n g  to  h e t e r o c h r o m a t i n  in  t he  h e p a t o m a  cell nuclei  
ha s  been  a d o p t e d  b y  t he  p r e s e n t  a u t h o r s  to  exp la in  t he  
resu l t s  r e p o r t e d  here.  

Rdsumd. Le a H - A c t i n o m y c i n  D se f ixe s eu l emen t  sur  
I ' A D N  darts des coupes  h i s to log iques ;  les n o y a u x  de 
l ' h @ a t o m e  en  l i a n t  plus  que  ceux  du  foie normal .  Ces 
o b s e r v a t i o n s  son t  in te rpr~ t6es  en  r e l a t i on  avec  l ' a u g m e n -  
r a t i o n  de l ' h ~ t ~ r o c h r o m a t i n e  de l ' h6pa tome .  
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Radio-Protection of Arousing Ground Squirrels (Citellus tridecemlineatus) by Endogenous 
Catecholamines 

ERadio-protect ion b y  exogenous  ca t echo lamines  has  
been  k n o w n  for  m a n y  years  1 a n d  ha s  r ecen t l y  been  s tud ied  
in g rea te r  de ta i l  on  t he  h i be r na t o r ,  Mesocricetus auratus 2. 
The  r ad io -p ro t ec t i on  is t h o u g h t  to  be  due  to  a vasocon-  
s t r i c t i o n - h y p o x i a  m e c h a n i s m .  T h a t  is, in tense  vasocon-  
s t r i c t ion  leads to  a local t i ssue  h y p o x i a  of t he  bone  m a r r o w  
wh ich  is t h e n  p ro t ec t ed  t h r o u g h  t h e  ' oxygen  effect ' .  The  
q u a n t i t i e s  of ca t echo lamines  necessa ry  to  eIicit  a rad io-  
p r o t e c t i o n  response  (1.5 mg/kg)  are well above  t h e  phys io-  
logical  range,  and  un t i l  now  r ad i o - p r o t ec t i on  b y  endoge-  
nous  ca t echo l amines  has  no t  been  d e m o n s t r a t e d .  

N a t u r a l l y  occur r ing  r ad i o - p r o t ec t i on  in h i b e r n a t i n g  
g r o u n d  squirre ls  has  been  r epo r t ed  a. I t  was  t h o u g h t  t h a t  
r a d i o - p r o t e c t i o n  could also occur  d u r i n g  a rousa l  f rom 
h i b e r n a t i o n  since severe  v a s o c o n s t r i c t i o n  occurs  a t  t h a t  
t ime,  t h u s  i n d i c a t i n g  t he  release of large a m o u n t s  of 
no rep ineph r ine  ~, Vasocons t r i c t i on  is s t rong  enough  to 
al low the  t h o r a x  of t h e  5 ~ C a n i m a l  to  w a r m  qu ick ly  to 
30~ before  t he  r ec ta l  t e m p e r a t u r e  beg ins  to  rise. Fur -  
t he rmore ,  b r e t y l i u m  /3-TM 10 e l imina tes  t he  d i f fe rent ia l  
w a r m i n g  r a t e  a n d  g rea t ly  p ro longs  t he  a rousa l  process  4. 
The  poss ib i l i ty  t h a t  va socons t r i c t i on  of such  seve r i ty  
could cause  r ad io -p ro t ec t ion  due to  t i ssue  h y p o x i a  in  
b lood  fo rming  organs  seems likely.  I n  addi t ion ,  if t he  

r ad io -p ro t ec t i on  were due to  t he  release of no rep inephr ine ,  
i t  should  be  b lockab le  w i t h  a n  g-blocker  such  as p h e n t o l -  
amine .  

Methods. The  r a d i a t i o n  source used in  these  e x p e r i m e n t s  
was a U.S.  Nuc lea r  of Cal i fornia  mode l  G a m m a  12 ~~ 
The  desc r ip t ion  a n d  ca l i b r a t i on  of t he  source has  been  
r epo r t ed  p rev ious ly  3. The  dose r a t e  was  200-185 r ads /  
ra in  due to  the  decay  of t h e  6~ over  t he  t i m e  in which  
t he  e x p e r i m e n t s  were done.  

The  a n i m a l s  used for th i s  s t u d y  were 13 l ined g round  
squirre ls  (Citellus tridecemlineatus) of e i the r  sex. T h e y  
were b o r n  ill our  v i v a r i u m  to  p r e g n a n t  females  t r a p p e d  ill 
Kansas .  The  ages r a n g e d  f rom 11/2 to 21/2 years ,  a n d  i t  was  
t he  f i rs t  exper ience  w i t h  h i b e r n a t i o n  for each  an imal .  
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The  an ima l s  were i n d i v i d u a l l y  caged and  p laced  in a 
cold room (5°C) to h i b e r n a t e  in la te  fall. Af te r  severa l  
weeks, t he  h i b e r n a t i n g  g round  squirre ls  were d iv ided  in to  
3 g roups  of 25 a n i m a l s  each.  The  f i rs t  group was in jec ted  
i.p. w i t h  10 m g / k g  of p h e n t o l a m i n e  mesy la t e  a n d  a l lowed 
to a rouse  u n d i s t u r b e d .  The  second group  also rece ived  
10 m g / k g  of p h e n t o l a m i n e  mesyla te ,  b u t  were exposed  to 
1450 fads  a f t e r  t h e y  h a d  a roused  to  12°C rec ta l  t e m p e r a -  
ture .  The  t h i r d  g roup  rece ived  e q u i v a l e n t  vo lumes  of 
sterile,  phys io logica l  sal ine a n d  were also exposed  to  1450 
fads  w h e n  t h e y  h a d  r eached  12°C rec ta l  t e m p e r a t u r e .  
AI1 arousa ls  t o o k  p lace  in a n  a m b i e n t  t e m p e r a t u r e  of 
a p p r o x i m a t e l y  23°C. All an ima l s  were t h e n  p laced  in t h e  
v i v a r i u m  for o b s e r v a t i o n  up  to  90 days,  a n d  t h e  p e r cen t  
su rv iva l  recorded  dai ly.  

A second e x p e r i m e n t  was  done  t he  same  t i m e  of yea r  on  
n o n h i b e r n a t i n g  g round  squirrels .  A group  of 20 an i ma l s  
was  in jec ted  i.p. w i t h  10 m g / k g  of p h e n t o l a m i n e  mesy la te  
and  exposed  to  1200 fads  15 m i n  la ter .  A n o t h e r  group of 
20 an ima l s  was  g iven  e q u i v a l e n t  vo lumes  of s ter i le  phys io-  
logical  sal ine a n d  also exposed to 1200 rads  15 rain  later .  
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Fig. 1. The survival of phentolamine or saline treated ground squirrels 
exposed to 1450 rads during the arousal process and the survival of 
ground squirrels given phentolamine alone. N = 25 per group. 
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These  an i ma l s  were p laced  in the  v i v a r i u m  a n d  observed  
for 30 days.  T h e  dose of 1200 rads  was selected for th i s  
e x p e r i m e n t  because  i t  is nea r  t h e  LD~0(30) for ac t ive  g round  
squirrels.  R a d i o - p r o t e c t i o n  or r ad io - sens i t i za t ion  can  be  
de t ec t ed  b y  th i s  t y p e  of e x p e r i m e n t  since t h e  con t ro l  will 
be  nea r  t h e  cen te r  of t h e  su rv iva l  scale. 

Results  and discussion. The  resul t s  of t h e  f i rs t  exper i -  
men t ,  shown in F igure  1, a re  32% surv iva l  for  t h e  phen to l -  
a m i n e  t r e a t e d  i r r ad i a t ed  group,  76% for t h e  sal ine t r e a t e d  
i r r ad i a t ed  group,  an d  92% for t h e  p h e n t o l a m i n e  t r ea t ed ,  
n o n - i r r a d i a t e d  group.  The  76% su rv iva l  of t h e  sal ine 
t r e a t e d  group  r ep resen t s  a s u b s t a n t i a l  a m o u n t  of radio-  
p r o t e c t i o n  c o m p a r e d  w i t h  n o n h i b e r n a t i n g  an i ma l s  since 
i t  h a s  been  es t ab l i shed  in p rev ious  e x p e r i m e n t s  t h a t  ac t ive  
g round  squirre ls  c a n n o t  su rv ive  doses of 1250 fads  or 
g rea te r  ~. The  p h e n t o l a m i n e  p r e t r e a t m e n t  resu l ted  in  a 
s ign i f ican t  ()¢~ t e s t  a t  5% level) r e d u c t i o n  in t h e  rad io-  
p r o t e c t i o n  seen du r ing  t h e  a rousa l  process.  The  r e d u c t i o n  
seen could be exp la ined  b y  3 mechan i sms .  Firs t ,  i t  could 
be  due  to  a specific l e tha l  effect  of c~ recep to r  b lockade  
d u r i n g  t h e  a rousa l  pe r iod ;  second, i t  m a y  be  due  to  a 
separa te ,  d i rec t  r ad io - sens i t i z ing  effect  of p h e n t o l a m i n e  
i tself ;  an d  th i rd ,  t h e  decreased  su rv iva l  could be  due  to  
b lockade  of r ad i o -p ro t ec t i o n  b y  release of endogenous  
ca techo lamines .  

The  h i g h  p e r cen t  su rv iva l  of t h e  p h e n t o l a m i n e  t rea ted ,  
n o n - i r r a d i a t e d  group  ind ica tes  t h a t  t h e  p h e n o t l a m i n e  
does n o t  h a v e  a specific l e tha l  effect  w h e n  g iven  to g r o u n d  
squir re ls  a rous ing  in an  a m b i e n t  t e m p e r a t u r e  of 23 ° C. This  
e l imina tes  t h e  f i rs t  p roposed  m e c h a n i s m .  This  poss ib i l i ty  
was  checked  because  t h e  s y m p a t h e t i c  n e rv o u s  s y s t e m  
p lays  a n  in teg ra l  p a r t  in t h e  a rousa l  process,  a n d  b lockade  
of a p o r t i o n  oI i ts  effects  m a y  resu l t  in  fa i lure  of t h e  a n i m a l  
to  su rv ive  h i b e r n a t i o n  ~. 

I f  p h e n t o l a m i n e  were a rad io-sens i t i ze r  as p roposed  in  
t h e  second m e c h a n i s m ,  t h e  effect  shou ld  be  seen in t h e  
ac t ive  a n i m a l  as well as t h e  a rous ing  one. The  resul t s  of 
t h e  second e x p e r i m e n t  (Figure  2) show t h a t  p h e n t o l a m i n e  
h a s  no  s ign i f ican t  effect  as a rad io-sens i t izer  on  n o n h i b e r -  
h a t i n g  g round  squirrels .  The  su rv iva l  was  50% for t h e  
p h e n t o l a m i n e  t r e a t e d  group a n d  30% for t h e  sal ine t r e a t e d  
group.  The  dif ference is n o t  s t a t i s t i ca l ly  s ignif icant ,  b u t  in  
a n y  case t h e  g rea t e r  su rv iva l  of t h e  p h e n t o l a m i n e  g roup  
ind ica tes  t h a t  p h e n t o l a m i n e  is n o t  a radio-sens i t izer .  

The  t h i r d  p roposed  m e c h a n i s m  remains .  T h a t  is, t h e  
r educ t i on  in surv ia l  of t h e  i r rad ia ted ,  a rous ing  g round  
squirrels  t r e a t e d  w i t h  p h e n t o l a m i n e  m u s t  be  due  to  
b lockade  of s t i m u l a t i o n  of t h e  a - receptors  t h a t  occurs  
d u r i n g  t h e  a rousa l  process.  I t  is h i g h l y  l ike ly  t h a t  these  
recep tors  are s t i m u l a t e d  b y  t h e  release of n o r e p i n e p h r i n e  
f rom t h e  s y m p a t h e t i c  ne rve  t e r m i n a l s  as d e m o n s t r a t e d  b y  
LYMAN an d  O'BRI~Zq ~. T h e  m e c h a n i s m  of ac t ion  would  
t h e n  be  the  s ame  v a s o c o n s t r i c t i o n - h y p o x i a  m e c h a n i s m  
t h a t  occurs  When exogenous  doses of n o r e p i n e p h r i n e  are 
given.  

T h e  r ad i o -p ro t ec t i o n  t h a t  r e m a i n s  a f te r  t r e a t m e n t  w i t h  
p h e n t o l a m i n e  (32% surv iva l )  m a y  be  due  to t h e  sh i f t  of 
t h e  h e m o g l o b i n - o x y g e n  d issoc ia t ion  cu rve  to t h e  left  a t  
t he  low b o d y  t e m p e r a t u r e  ~. This  forces t h e  t i ssue  to  a 
m u c h  lower pO~ in order  to  o b t a i n  t h e  oxygen  needed  for 
m e t a b o l i s m  a n d  would  also c o n t r i b u t e  to  t h e  ' oxygen  
effect ' .  
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Fig. 2. The survival of nonhibernating ground squirrels exposed to 
1200 rads after pretreatment with phentolamine or saline. N = 20 per 
group. 
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In  conclusion, the radio-protect ion seeI1 in arousing 
ground squirrels appears  to be due to a combina t ion  of 
release of endogenous catecholamines  and a shift  of the  
hemoglobin-oxygen dissociat ion curve to the  left. Bo th  
mechanisms lead to radio-protec t ion  th rough  the  ' oxygen  
effect ' .  

Rdsumd. Au cours des phases du rfiveil d 'h ibernat ion,  
la radio-protect ion des spermophiles  (Citellus tridecem- 
lineatus) est r6duit  d 'une  mani~re s ignif icat ive par  la 
phen to lamine  (agent b loquan t  ie  r6cepteur  alpha). Cette  
d6couverte  impIique la I ib6ration des cat6cholamines par  
les fibres nervenses & la source de la radio-protect ion.  
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Colony s t i m u l a t i n g  a c t i v i t y  in s e r u m  and sp l een  a f t e r  R a u s c h e r  v i r u s  infect ion .  

Durch  Infekt ionen  wird die Granulozytopoese s t imu-  
liert, nach In jek t ionen  yon Endo tox inpr~para ten  steigt  
die Akt iv i t~ t  des <<colony s t imula t ing  factor~> (CSF bzw. 
CSA, <<colony s t imula t ing  activity~>) im Serum und ver-  
schiedenen Organen bei M~iusen an. Dieser Fak to r  spielt  
ffir die Regula t ion  der Granulozytopoese wahrscheinl ich 
eine entscheidende Rolle. ~Vir haben die Akt iv i t / i t  des CSA 
bei C B A / J  M~.usen nach  Infek t ion  mi t  einer Standard-  
pr~Lparation des Rauscher  Virus untersucht ,  die Ergebnisse 
werden hier dargestell t ,  da bisher noch keine derar t igen 
Daten  vorliegen. 
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Tage nach Virusinfektion 

CSA aus dem Serum wurde nach Inak t iv i e rung  in der 
Verdi innung yon 1 : 80 zu i × 105 Knochenmarkze l len  in der 
Agarkolonie technik  (ohne CSF) gegeben;  die Milz wurde  
zur Gewinnung des CSA homogenis ier t  und nach  SHXRt- 
DAN und METCALF 2 prS.pariert; 1 mg des Organs wurde in 
w~ssriger L6sung zur Ku l tu r  addiert .  E inze lhe i ten  der 
Technik siehe ITURRIZA und SEIDEL 3. ]Die <<colony 
s t imula t ing  activity~> ergibt  sick aus der Zahl der in der 
Kul tu r  auswachsenden Kolonien,  die nach  7 Tagen  
b e s t i m m t  wird. 

Die Ergebnisse sind in der Figur  dargestel l t .  I m  Serum 
und in der Milz k o m m t  es zu einem s tarken Anst ieg yon 
CSA mi t  dem M a x i m u m  am 2. Tag  und einer Ri ickkehr  
zu Kont ro l lwer ten  nach  5 Tagen.  Die W e r t e  am 2. Tag  
entsprechenden in ihrer H6he denen, die nach  Endo tox in -  
inject ion ebenfalls als M a x i m u m  beobachte t  werden, da  
allerdings bereits  nach wenigen S tunden  (SHERIDAN und 

METCALF~). Ers t  wenn gleichart ige Untersuchungen  Iiir 
viele andere  Viren und Bakte r ien  vorliegen, kann  ent-  
schieden werden, inwiewei t  der hier mi tge te i l te  Ablauf  
generell gtiltig ist  oder ob er i rgendwelche ffir ein leu- 
kS, mogenes Virus spezifische Besonderhei ten aufweist.  

Summary. Colony-s t imulat ing ac t i v i t y  (CSA) of serum 
and spleen was s tudied in CBA/J  mice 1-5 days af ter  
Rauscher  virus infection, using the agar  cul ture  sys tem 
wi th  normal  mouse bone mar row ceils as t a rge t  cells. A 
sharp increase of CSA was observed wi th  a peak  after  2 
days in both  sites; af ter  5 days control  levels are reached. 
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