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Protect ion Against  Gastrointest inal  Effects of W h o l e - B o d y  X-Irradiat ion  by a Bile Acid Sequestrant  
in Rats 

Loss of body  f luids and  e lec t ro lytes  is an i m p o r t a n t  
secondary  consequence  of whole -body  exposure  to  doses 
of ionizing r ad ia t ion  which produce  the  gas t ro in tes t ina l  
(GI) synd rom e  in expe r imen ta l  animals  and in m a n L  
J A C K S O N  et al. 2 d e m o n s t r a t e d  in ra ts  t h a t  dur ing  the  post-  
i r rad ia t ion  per iod loss of body sod ium is suff ic ient  to  
account  for death .  These workers  proposed  tha t  bile was 
the  ma jo r  source of excre ted  sodium in i r rad ia ted  an imals  
and  showed t h a t  bile duc t  l igat ion decreased the  ra te  of 
b o d y  sodium loss, pos tponed  onset  of d iar rhea  and pro- 
longed survival  3. SULLIVAN 4 found t h a t  d iar rhea  did no t  
develop in i r rad ia ted  bile duc t - cannu la t ed  rats  when  
isotonic saline was in t roduced  into the  duodenum,  bu t  
t h a t  it  did occur when  bile or bile salts  were in jec ted  in t ra-  
duodenal ly .  He  concluded f rom th is  l imi ted  s t u d y  t h a t  t he  
bile sa l t  c o m p o n e n t  of bile is specifically involved in devel-  
o p m e n t  of r ad ia t ion- induced  diarrhea .  SULLIVAN also 
p roposed  t h a t  bile and  bile salts  r emove  mucous  f rom the  
in tes t ina l  ep i the l ium of i r rad ia ted  ra ts  and d e m o n s t r a t e d  
t h a t  bile duc t  cannu la t ion  p r e v e n t e d  mucous  loss and  
diarrhea ,  even t hough  the  basic rad ia t ion  damage  to  t he  
in tes t ina l  ep i the l ium was unal te red  5. These f indings  were 
conf i rmed  by  GORIZONTOV et al.% who also found  t h a t  
bile duc t  cannula t ion  pr ior  to  i r rad ia t ion  decreased in jury  
to t he  in tes t ina l  epi thel ium,  including the  m u c o u s -  
secre t ing  goblet  cells, and  p r even t ed  diarrhea.  X- i r rad ia-  
t ion  inhib i t s  ileal bile sal t  abso rp t ion  in ra t s  and  causes 
the i r  accumula t ion  in the  smal l  and  large in tes t ine  dur ing  
the  pos t - i r r ad ia t ion  per iod ~. Bile salts  inh ib i t  sodium and  
wa te r  absorp t ion  f rom perfused  ra t  colonS, induce secre- 
t ion  of wa te r  and  e lect rolytes  into the  colon in m a n  9 and  
poss ib ly  inf luence colonic mot i l i ty  10, n.  These act ions  h a v e  
been  p roposed  as causes of the  d ia r rhea  seen clinically 
fol lowing ileal resection,  t e rmed  cholereic e n t e r o p a t h y  by  
HOFMANN ~2 and als0 m a y  con t r ibu te  to  the  d ia r rhea  of t he  
GI synd rome  in add i t ion  to the  di rect  effects of bile salts  
on i r rad ia ted  in tes t ina l  mucosa  descr ibed above.  

These observa t ions  suggested t h a t  oral admin i s t r a t i on  
of a bile acid seques t r an t  D E A E  Sephadex  ~3 m i g h t  
increase survival  t imes  of X- i r r ad ia t ed  ra ts  dy ing  wi th  the  
GI syndrome,  t he r eby  s imula t ing  surgical d ivers ion of bile 
f rom the  in tes t ine  3. 

Male Sprague-Dawley  rats,  250-350 g, immobi l ized  by  
placing t h e m  in indiv idual  po lye thy lene  bags wi th  air 
holes, were exposed to whole -body  X- rad ia t ion  genera ted  

by  a 2 mev  Van  de Graaf  e lec t ros ta t ic  accelerator  w i th  a 
hollow, water-cooled copper  target .  General  opera t ing  
condi t ions  were:  electron vol tage  1.9 mev,  beam cur ren t  
ap p ro x i ma t e l y  110 /xamp, beam scan 12.5 cm, bel t  speed 
0.91 m~min The t a rge t  was 2 cm thick,  8 cm wide and 
25 cm long and  was cons t ruc ted  of copper  ap p ro x i ma t e l y  
1 m m  thick.  The lower side of t he  t a rge t  was covered wi th  
a piece of m e t h y l m e t h a c r y l a t e  1.25 cm th ick  to  absorb  
secondary  electrons.  Beam cur ren t  was varied s l ight ly  
dur ing  i r rad ia t ion  so t h a t  t he  to ta l  final dose remained  a t  
desired levels. Rad ia t ion  exposure  was measured  in roent-  
gens (R) by  placing the  probe  of a Vic toreen Radocon  
R-me t e r  on the  conveyor  be l t  w i t h  the  rats .  Animals  were 
placed prone  on an a lumin ium t r ay  in groups of 10 and  
were passed  under  the  t a rge t  on a conveyor  bel t  ; mul t ip le  
passes  were used to  del iver  the  desired to ta l  rad ia t ion  
dose. Af ter  i r rad ia t ion  animals  were p laced  in individual  
cages and were allowed free access to food and  water .  In  
S tudy  1, 10 animals  exposed  to  2100 R were given via  
s t o mach  tube  4 ml of a suspens ion  conta in ing  570 mg 
D E A E  Sephadex  A-25 (Pharmac ia  Fine  Chemicals,  Inc.)  
in dist i l led wa te r  and  10 an imals  were given dist i l led 
wa te r  only. Dosing was con t inued  at  24-h in tervals  for the  
nex t  3 days.  All ra ts  died by  9 days  pos t - i r radia t ion .  D E A E  
Sephadex  increased mean  surviva l  t ime  (MST) by  1.2 day  
(Table). In  S t u d y  2, i r rad ia ted  ra ts  were dosed wi th  DE3xE 
Sephadex  dai ly  dur ing the  ent i re  survival  per iod following 
i r rad ia t ion  (5-7 day);  controls  were dosed wi th  dist i l led 
water .  MST of animals  which  were exposed  to  1540 or 
1250 R was increased by  0.7 and  1.4 day, respect ively .  In  
add i t ion  to pro longing survival ,  D E A E  Sephadex  delayed 
the  onset  of d ia r rhea  and  decreased i ts  sever i ty  in b o t h  
Studies  1 and  2. 

Increases  in MST which we have  observed in ra t s  dosed 
wi th  the  bile acid s eques t r an t  are comparab le  to  those  
repor ted  by  JACKSON and ENTENMAN in bile duc t - l iga ted  
animals  3. In  o ther  s tudies  (unpublished) we have  also 
found a p ro tec t ive  effect  of D E A E  Sephadex  in dogs 
exposed  to  1000-1500 R whole -body  6~ radia t ion.  Our 
f indings suppor t  the  hypo thes i s  t h a t  bile salts  are involved 
in d e v e l o p m e n t  of rad ia t ion- induced  diarrhea,  since D E A E  
Sephadex  specifical ly reduces  t he  effect ive concen t ra t ion  
of th is  c o m p o n e n t  of bile, in con t ras t  to  the  mul t ip le  
effects  of bile duc t  l igat ion or cannula t ion.  In  addi t ion  
t h e y  suggest  t h a t  bile acid s eques t r an t  t h e r a p y  m i g h t  

Effec t  of D E A E - S e p h a d e x  A-25 on  s u r v i v a l  of X - i r r a d i a t e d  r a t s  

Study Radiation Mean survival time (days) 

exposure  (R) Contro ls  D E A E - S e p h a d e x  

1 2100 5.2 -4- 0.13 6.4 ~ 0.43 

2 1540 4.2 4- 0.13 4.9 -4- 0.23 
1250 4.7 -t- 0.21 6.1 ~ 0.28 

D a t a  r ep resen t  m e a n s  -4- s t a n d a r d  e r r o r  of the  m e a n s ;  10 an ima l s  per  
g roup .  S t a t i s t i ca l  s igni f icance  (p < 0.05) of the  differences b e t w e e n  
m e a n  su rv iva l  t imes  of con t ro l  a n d  t r e a t e d  g roups  was  d e t e r m i n e d  b y  
DUNNETT'S t - tes t  14. 
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p r o v i d e  a p r a c t c a l  m i e a n s  of  r e d u c i n g  t h e  s e v e r i t y  of  t h e  
p o t e n t i a l l y  l e t h a l  s e c o n d a r y  e f f e c t s  of  i o n i z i n g  r a d i a t i o n  in  
t h e  h u m a n  G I  t r a c t .  

G a l l e n s a l z e  b i n d e t  u n d  d ie  ~3be r l ebensze i t  l e t a l  b e h a n d e l -  
t e r  R a t t e n  verl~Lngert .  

T .  M. PARKINSON a n d  N .  A. DRAKE 

Zusammenfassung.  N a c h w e i s ,  d a s s  d ie  G a l l e n s a l z e  a n  
d e r  E n t s t e h u n g  de s  g a s t r o i n t e s t i n a l e n  S t r a h l e n s y n d r o m s  
m i t v e r a n t w o r t l i c h  s i n d  u n d  d a s s  D E A E - S e p h a d e x  d ie  

The Up]ohn Company, Diabetes and Atherosclerosis 
Research, Kalamazoo (Michigan 49007, USA) ,  
26 October 7977. 

C h a r a c t e r i s t i c s  of  the  N u c l e o l i n i  O b s e r v e d  U n d e r  

T h e  t e r m  ' n u c l e o l i n i '  is a n  o ld  o n e  1 a n d  s e r v e s  t o  
d e s i g n a t e  t i n y  b o d i e s ,  m o r e  or  less  s p h e r i c a l ,  t h a t  a p p e a r  
in  t h e  n u c l e o l u s ,  e x p e c i a l l y  in  r e l a t i o n  t o  a p a r t i c u l a r  
f u n c t i o n a l  s t a g e  of  i t  S , 3. W h i l e  s o m e  a u t h o r s  m a i n t a i n  
t h a t  in  t h e  n u c l e o l u s  t h e r e  e x i s t s  a s k e i n - l i k e  f i l a m e n t  t h a t  
is t o  b e  t e r m e d  ' n u c l e o l o n e m a '  4, 5, o t h e r  a u t h o r s  c o n s i d e r  
t h a t  t h e  s t r u c t u r e s  a c t u a l l y  p r e s e n t  in  t h e  n u c l e o l u s  a r e  
t h e  n u c l e o l i n i  e,~ or,  a t  a n y  r a t e ,  n u c l e o l a r  g r a n u l e s  8 
U n f o r t u n a t e l y ,  u p  t o  a c e r t a i n  t i m e  ago ,  t h e  u s e  o f  s i l ve r  
n i t r a t e  as  i m p r e g n a t i o n  s u b s t a n c e  9 o f t e n  g a v e  r i se  t o  
s u p e r - i m p r e g n a t i o n s  t h a t  g a v e  t h e  m i s t a k e n  i d e a  t h a t  
t h e r e  a c t u a l l y  e x i s t e d  in  t h e  n u c l e o l u s  a f i l a m e n t  w o u n d  
l ike  a s k e i n :  n a m e l y ,  t h e  n u c l e o l o n e m a .  H o w e v e r ,  w h e n  
i n i t i a l l y  t h e  e l e c t r o n  m i c r o s c o p e  10,11 s h o w e d  t h e  e x i s t e n c e  
of  a s o r t  of  r e t i c u l u m ,  t h i s  w a s  m i s t a k e n l y  i d e n t i f i e d  w i t h  
t h e  n u c l e o l o n e m a  TM. A n d  e v e n  if o n e  o f  t h e  a u t h o r s  - 
n a m e l y  BERNHARD 13,14 _ _  t h a t  c o n t r i b u t e d  in  c r e a t i n g  t h i s  
m i s t a k e n  i d e a  l a t e r  s t a t e d  h o w  t h i s  r e t i c u l u m  s h o u l d  be  
c o n s i d e r e d  - t h a t  is, n o t  a s c r i b a b l e  t o  t h e  n u c l e o l o n e m a  
( t h o u g h  h e  p r o p o s e d  k e e p i n g  t h i s  t e r m )  - m a n y  s u b s e q u e n t  
a u t h o r s  h a v e  c o n t i n u e d  to  a s s i g n  i t ,  in  f ac t ,  t o  t h e  n u -  
c l e o l o n e m a l ~ .  F o r t u n a t e l y ,  a t  p r e s e n t ,  in  m a n y  w o r k s  on  
t h e  u l t r a s t r u c t u r e  of  t h e  n u c l e o l u s ,  t h e r e  is  m e n t i o n  o f  i t s  
o c c a s i o n a l  r e t i c u l u m - l i k e  a p p e a r a n c e  b u t  no  l o n g e r  o f  
' n u c l e o l o n e m a '  16. 

T h e  o b j e c t  o f  t h i s  n o t e  is to  m a k e  a f u r t h e r  c o n t r i b u t i o n  
t o  t h e  k n o w l e d g e  of  t h e  nuc l eo l i n i ,  a s  r e g a r d s  b o t h  c e r t a i n  
t y p i c a l  a s p e c t s  o f  t h e m  a n d  t h e i r  n u m b e r  in  r e l a t i o n  to  
d i m e n s i o n s  of  t h e  nuc leo l i .  

Materials and methods. T h e  m a t e r i a l  c h o s e n  w a s  t h e  
f o l l o w i n g :  o o c y t e s  of  m o l l u s c s ,  e c h i n o d e r m s ,  a n u r a n  a n d  
u r o d e l a n  a m p h i b i a n s ;  ce l ls  of  v a r i o u s  t i s s u e s  o f  v e r t e -  
b r a t e s ,  p a r t i c u l a r l y  t h o s e  of  t h e  n e r v o u s  t i s s u e ;  ce l ls  of  
W a l k e r ' s  t u m o u r  in  t h e  R a t  a n d  of  h u m a n  m a m m a r y  
c a r c i n o m a ;  a n d  cel ls  of  t h e  r o o t  a p e x e s  o f  t h e  p l a n t s  

the  P h o t o n  M i c r o s c o p e  

Al l ium cepa a n d  Vicia/aba.  F o r  t h e  n u c l e o l i n i ,  t h e  m e t h o d  
of  i m p r e g n a t i o n  e s p e c i a l l y  u s e d  w a s  t h a t  e m p l o y i n g  
p l a t i n u m  c h l o r i d e %  F o r  t h e  n u c l e o l u s ,  m a t e r i a l  f i x e d  in  
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Fig. 1. Oocytes of Paracentrotus lividus observed in vivo under the phase-contrast microscope (a) and under the Nomarski 's  interference 
phase-contrast  microscope (b) : the arrows indicate the nucleoli with nueleolini, e) Nucleolus of Echinus melo ooeyte in a preparation using 
plat inum chloride; there are numerous nueleolini with a high refraction (arrows). 


