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Summary. T h e  m o r t a l i t y  of  X - i r r a d i a t e d  r a t s  a n d  m i c e  w a s  i n c r e a s e d  if a n o n t o x i c  dose  of  l e a d  a c e t a t e  w a s  g i v e n  i .v .  
3 a n d  7 d a y s  f o l l o w i n g  r a d i a t i o n .  T h e  i n c r e a s e  w a s  e q u i v a l e n t  t o  100 R for  X - r a y  d o s e s  b e t w e e n  790 a n d  540 R .  

A b a c t e r i a l  e n d o t o x i n  o r i g i n a t i n g  f r o m  i n t e s t i n a l  E .  coli  
h a s  b e e n  f o u n d  in  t h e  b l ood  of i r r a d i a t e d  m i c e  t h a t  m a y  
c o n t r i b u t e  to  t h e  r a d i a t i o n  s y n d r o m e  4. C o n s i d e r i n g  t h e s e  
f i n d i n g s  a n d  t h e  c o n c e p t  of  F i n e  e t  al. 5, ~, i t  h a s  b e e n  s u g -  
g e s t e d  t h a t  b a c t e r i a l  e n d o t o x i n s  f r o m  t h e  i n j u r e d  i n t e s t i n e  
a r e  c a u s a l l y  c o n n e c t e d  b o t h  w i t h  t h e  m o r t a l i t y  a n d  t h e  
i n c r e a s e d  p h a g o c y t i c  a c t i v i t y  of  t h e  r e t i c u l o e n d o t h e l i a l  
s y s t e m  7,8. T h e  p r e s e n c e  of  b a c t e r i a l  e n d o t o x i n s  in  t h e  
b l o o d  w o u l d  a l so  e x p l a i n  t h e  i n c r e a s e d  s u s c e p t i b i l i t y  of  
i r r a d i a t e d  a n i m a l s  to  p a r e n t e r a l l y  a d m i n i s t e r e d  b a c t e r i a l  
e n d o t o x i n s  9. 

Se lye  e t  al.10 h a v e  s h o w n  w i t h  n o n - i r r a d i a t e d  a n i m a l s  
t h a t  t h e  l e t h a l  e f f e c t  of  b a c t e r i a l  e n d o t o x i n s  w a s  h i g h l y  
i n c r e a s e d  b y  a s ing le ,  n o r m a l l y  w e l l - t o l e r a t e d  n o n t o x i c  
d o s e  o f  l e a d  a c e t a t e .  W ' i t h  r e s p e c t  to  t h e  p r e s e n c e  o f  s u c h  
e n d o t o x i n s  in  t h e  b l o o d  of  t h e  i r r a d i a t e d  a n i m a l s ,  t h e  
q u e s t i o n  a r o s e  w h e t h e r  t h e  l e t h a l  e f f ec t  of  w h o l e  b o d y  
X - i r r a d i a t i o n  w o u l d  be  e q u a l l y  i n c r e a s e d  b y  l ead  a c e t a t e .  
I n  o r d e r  t o  t e s t  t h i s  h y p o t h e s i s ,  m i c e  a n d  r a t s  w e r e  ex -  
p o s e d  to  v a r i o u s  X - r a y  d o s e s  a n d  a n o n t o x i c  dose  of  l e ad  
a c e t a t e  w a s  g i v e n  a f ew  d a y s  l a t e r  d u r i n g  t h e  i n t e s t i n a l  
p h a s e  of  t h e  r a d i a t i o n  d i s ea se .  T h e  m o r t a l i t y  r a t e  w a s  
d e t e r m i n e d  30 d a y s  p o s t  r a d i a t i o n ;  in  a f ew  e x p e r i m e n t s ,  
i t  w a s  d e t e r m i n e d  on  t h e  d a y  w h e n  5 0 %  of  t h e  i r r a d i a t e d  
c o n t r o l  a n i m a l s  h a d  d i ed .  A m a r k e d  i n c r e a s e  in  r a d i a t i o n  
m o r t a l i t y  b y  n o n l e t h a l  d o s e s  o f  l e a d  a c e t a t e  w a s  f o u n d .  
Methods. A n i m a l s :  A d u l t  m a l e  m i c e  o f  a n  i n b r e d  s t r a i n ,  
9 - 1 2  w e e k s  old,  w e i g h i n g  1 8 - 2 3  g. F e m a l e  r a t s  ( W i s t a r ) ,  
8 - 1 0  w e e k s  old,  w e i g h i n g  1 2 1 - 1 5 0  g. N u t r i t i o n :  S t a n d a r d  
p e l l e t s  ( A l t r o m i n  R) ,  t a p  w a t e r  a d  l i b i t u m .  

W h o l e  b o d y  i r r a d i a t i o n :  X - r a y  e x p o s u r e  in  spec i a l  
p l a s t i c  b o x e s .  R a d i a t i o n  f a c t o r s :  200 kV,  15 m V ,  0.43 m m  

Table 1. Increase in radiation mortali ty by a nontoxic dose of lead 
acetate 

Table 2. Effect of lead acetate applying different radiation doses 

X-ray Rate of mortality 
dose (R) Radiation only (control) Radiation plus lead acetate 

Dead Total % Dead Total % 

490 0 20 0 0 20 0 
540 0 30 0 6 30 20* 
580 2 26 7 11 16 69*** 
640 15 36 42 27 35 77** 
690 16 24 67 22 24 92* 
730 14 20 70 20 20 100 
790 31 33 94 20 20 100 

Male mice. Mortality rate 30 days post radiation. Otherwise see 
legend of table 1. 

Cu  f i l t e r ;  h.v.1.  0.87 m m  Cu,  S S D  40 c m ;  e x p o s u r e  r a t e  
80 R p e r  m i n .  I n  o r d e r  to  a d m i n i s t e r  v a r i o u s  X - r a y  doses ,  
t h e  e x p o s u r e  t i m e  w a s  c h a n g e d  a c c o r d i n g l y .  
L e a d  a c e t a t e :  A n e u t r a l i z e d  s o l u t i o n  of  l e ad  (II)  a c e t a t e -  
3 - h y d r a t e  (pro a n a l y s i ,  M e r c k - D a r m s t a d t ,  No.  7375) c o n -  
t a i n i n g  5 g/1 a q u a  b i d e s t ,  w a s  u s e d ,  50 m g / k g  b . w t  w e r e  
i n j e c t e d  i .v .  
Results. T h e  r e s u l t s  of  t a b l e  1 s h o w  t h a t  t h e  m o r t a l i t y  of  
w h o l e - b o d y - i r r a d i a t e d  m i c e  a n d  r a t s  w a s  e n h a n c e d  if l e a d  
a c e t a t e  h a d  b e e n  i n j e c t e d  a f ew  d a y s  f o l l o w i n g  r a d i a t i o n .  
D u e  to  t h e  s t r o n g  l e t h a l  e f f ec t  of  820 R (mice)  a n d  1000 R 
( ra ts ) ,  t h e  s e n s i t i z i n g  e f f ec t  of  l e a d  a c e t a t e  c o u l d  n o t  be  
d e m o n s t r a t e d  30 d a y s  a f t e r  r a d i a t i o n .  I n  t h e s e  c a s e s ,  
h o w e v e r ,  i t  c o u l d  be  c l e a r l y  e s t a b l i s h e d  if t h e  5 0 %  m o r -  
t a l i t y  of  t h e  i r r a d i a t e d  c o n t r o l s  w a s  u s e d  as  p o i n t  of  re f -  
e r e n c e  ( t ab l e  1, v a l u e s  fo r  820 R ,  x a n d  1000 R, x).  
T h e  q u e s t i o n  a r o s e  w h e t h e r  t h e  i n c r e a s i n g  e f f ec t  of  l e ad  
a c e t a t e  o n  r a d i a t i o n  m o r t a l i t y  w o u l d  a lso  r e fe r  to  m o d -  
e r a t e l y  l e t h a l  a n d  s u b l e t h a l  d o s e s  of  X - r a y s .  I n  a p p r o p r i -  

Species X-ray Rate of mortali ty 
dose (R) Radiation only (control) Radiation plus lead 

acetate 

Dead Total % Dead Total % 

Mice 

Rats 

650 17 67 25 67 88 76*** 
750 20 35 61 26 27 96*** 
820 24 26 92 26 26 100 
820 X 13 26 50 21 26 81"* 

750 4 30 13 25 30 84*** 
1000 37 38 98 28 28 100 
1000 X 19 38 50 21 28 75** 

Whole body X-irradiation. Mortality rate 30 days post radiation 
except for 820 R x and 1000 R x. Mortality rate for 820 R x 12 days 
and for 1000 R x 6 days post radiation. - Lead acetate 50 mg/kg 
b.wt; mice were injected 7 days and rats 3 days post radiation. Z2 
test. Significantly different from control value: * = p < 0.05; 
�9 * = p < 0.01; *** = p < 0.001. 
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a te  expe r imen t s ,  a n  increased  suscep t ib i l i ty  to  t he  l e tha l  
effect  of r a d i a t i o n  was e s t ab l i shed  for a b r o a d  series of 
doses  r a n g i n g  f rom 790 R to  490 R, i.e. also for mod-  
e r a t e ly  l e tha l  a n d  s u b l e t h a l  doses of 580 a n d  540 R 
re spec t ive ly  ( tab le  2). Fo r  t i le whole r ange  of doses, t i le 
increase  in m o r t a l i t y  caused  b y  lead ace t a t e  was equiv-  
a l en t  to  a n  a d d i t i o n a l  X - r a y  dose of a b o u t  100 R. The  
t h r e s h o l d  b e t w e e n  p a r t i a l l y  l e tha l  a n d  n o n l e t h a l  doses 
a p p e a r e d  to  be  decreased  to t he  same ex ten t .  
Discussion. I t  appea r s  t h a t  t he  increased  suscep t ib i l i t y  
to  r a d i a t i o n  c a u s e d  b y  lead ace t a t e  can  easi ly  be ex- 
p l a ined  in t he  l igh t  of t h e  references  c i ted in t h e  in t ro -  

duc t ion .  Accord ing  to those  da ta ,  t i le b lood of t h e  ir-  
r a d i a t e d  an i ma l s  would  co n t a i n  bac t e r i a l  e n d o t o x i n s  4 and  
t h e  nox ious  effects  of such  e n d o t o x i n s  are e n h a n c e d  b y  
lead ace t a t e  9,1~ This  m e a n s  t h a t  t h e  lead ace t a t e  ad-  
min i s t e r ed  a few days  fol lowing r a d i a t i o n  wou ld  equa l ly  
sens i t i ze  the  an i ma l s  ag a i n s t  t h e  l e tha l  effect  of in t r ins ic  
b a c t e r i a l  e n d o t o x i n s  o r ig ina t ing  f rom t h e  in tes t ine ,  as i t  
sensi t izes  t h e m  aga ins t  t h e  l e tha l  effect  of ex t r ins ic  endo-  
t ox ins  p a r e n t e r a l l y  admin i s t e red .  In  accordance  w i t h  th i s  
hypo thes i s ,  lead ace t a t e  p r o v e d  to be  ineffec t ive  in pre-  
l i m i n a r y  e x p e r i m e n t s  if appl ied  i m m e d i a t e l y  before  or 
a f t e r  i r r ad ia t ion ,  i.e. w h e n  no  in t e s t i na l  d a m a g e  exis ted.  

52Hydroxytryptamine binding to butanol extracts from Imyelin fragments 
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Summary. The  m y e l i n  f r ac t ion  of r a t  b r a i n  s t em was t r e a t e d  w i t h  b u t a n o l - w a t e r  mix tu res ,  a n d  t h e  e x t r a c t e d  pro teo-  
l ipids were s e p a r a t e d  b y  S e p h a d e x  LH20 co lumn  c h r o m a t o g r a p h y .  2 peaks  of p ro teo l ip ids  e lu ted  in ch loroform-me-  
t h a n o l  4/1 showed  t he  b i n d i n g  capac i t y  for C 14 �9 5-HT. This  f ind ing  suggests  tile necess i ty  of t h e  more  careful  invest i -  
ga t ions  for t he  p r o b a b i l i t y  of pro teo l ip ids  as r ecep to r  p ro te ins  in  the  cen t r a l  n e rv o u s  sys tem.  

P ro teo l ip ids  are a special ized group of h y d r o p h o b i c  pro-  
t e ins  descr ibed  b y  Fo lch -P i  and  Lees 1. T h e y  occur  in 
b r a i n  and  o t h e r  t i ssues  a n d  h a v e  the  u n u s u a l  p r o p e r t y  of 
be ing  soluble  in c h l o r o f o r m - m e t h a n o l  2 or b u t a n o l - w a t e r  
m i x t u r e s  3 b u t  insoluble  in  water .  In  t he  ne rvous  tissues,  
t h e  h ighes t  c o n c e n t r a t i o n s  of pro teo l ip ids  occur  in  wh i t e  
m a t t e r ,  lower c o n c e n t r a t i o n s  in grey  m a t t e r  and  lowest  
in  pe r iphe ra l  nerve*.  

Recent ly ,  severa l  workes  5-s h a v e  impl i ca ted  the  pro-  
teol ip ids  in  t he  b i n d i n g  of n e u r o t r a n s m i t t e r s  and  drugs  
to  l ipid e x t r a c t s  of ne rvous  tissue. Godwin  and  S n e d d o n  9 
sugges ted  t h a t  b u t a n o l  e x t r a c t s  f rom r a t  b r a i n  s t e m  h a v e  
a phys io logica l  f unc t i on  as a recep tor  p ro t e in  to  5-HT. 
However ,  morpho log ica l  e x a m i n a t i o n  of t h e  spec imens  
used the re  is insuff ic ient ,  and  t h u s  i t  is u n c e r t a i n  w h e t h e r  
t h e  isola ted p ro teo l ip ids  or ig ina te  f rom the  ne rve  endings.  
The  ob jec t  of t he  p r e sen t  p a p e r  is to  examine  the  mor-  
phologica l  f ea tu res  of the  pa r t i cu l a t e  f r ac t ion  descr ibed  
b y  Godwin  a n d  S n e d d o n  9 and,  moreover ,  5 -HT b i n d i n g  
p roper t i e s  of t h e  p ro teo l ip ids  e x t r a c t e d  f rom mye l in  frag- 
m e n t s  will be  p resen ted .  

Materials and methods. Male W i s t a r  r a t s  (150-200 g) were 
d e c a p i t a t e d  a n d  t he  b ra ins  were r e m o v e d  in t i le cold. 
The  b r a i n  s t ems  inc lud ing  h y p o t h a l a m u s ,  m i d b r a i n  a n d  
m e d u l l a  o b l o n g a t a  + p o n s  were t a k e n  a n d  homogen ized  
in 0.32 M sucrose  (10%) w i t h  a Teflon-glass  homogenizer .  
The  mye l in  f r ac t ion  was isola ted f rom the  h o m o g e n a t e  
b y  the  m e t h o d  of W h i t t a k e r  et  al. 1~ and  e x a m i n e d  b y  
e lec t ron  microscopy.  P r e p a r a t i o n  of t he  p a r t i c u l a t e  frac- 
t ion  was based  on  t he  m e t h o d  of Godwin  and  Sned d o n  9, 
i.e., t h e  b r a i n  s t ems  were homogen ized  in 20 vol. of wa te r  
a n d  t he  h o m o g e n a t e  was cen t r i fuged  a t  30,000 •  for 15 
min .  B o t h  pel le ts  of the  mye l in  and  p a r t i c u l a t e  f r ac t ion  
were r e suspended  in 50% sucrose (2 ml /g  b r a i n  s tem) a n d  
e x t r a c t e d  w i t h  10 vol. of w a t e r - s a t u r a t e d  b u t a n o l  for 2 h 
a t  r oom t e m p e r a t u r e .  The  e x t r a c t i o n  m i x t u r e  was cen- 
t r i fuged  a t  1000 •  for 20 ra in  and  t he  b u t a n o l  phase  
isolated.  This  was  c o n c e n t r a t e d  u n d e r  N 2 a t  38 ~ to a b o u t  
o n e - t h i r d  of i ts  or ig ina l  v o l u m e  (TE). Al iquo t s  of each  T E  

(4 ml) were t r e a t e d  w i th  w a t e r  (14%, v /v)  to  d is ,o lve  the  
insoluble  mate r ia l s ,  a n d  a 3 ml  sample  was i n c u b a t e d  a t  
r oom t e m p e r a t u r e  for 20 rain  w i t h  5 • 10 -7 M of C i 4 . 5 - H T  
(48.54 mCi /mmol) .  Af te r  i ncuba t ion ,  t h e  m i x t u r e s  were 
loaded  on to  a S e p h a d e x  LH20 c o l u m n  (2 • 30 cm).  S tep-  
wise e lu t ion  was car r ied  o u t  w i t h  so lven ts  of increas ing  
po la r i ty :  100 ml  chloroform,  50 ml  each  of ch loroform-  
m e t h a n o l  (CM) 15/1, 10/1 a n d  6/1, a n d  t h e n  120 ml  of 
CM 4/1. P ro t e i n  c o n t e n t s  of the  T E  an d  col lected frac- 
t ions  were assayed  us ing  t h e  m e t h o d  of Lees an d  P g x m a n  11. 
L ip id  p h o s p h o r u s  was assayed  b y  t h e  m e t h o d  of Chert 

e t  al. 12. R a d i o a c t i v i t y  of t h e  col lected f rac t ions  was 
co u n t ed  in a tT-21 emuls ion  p h o s p h o r  13. Morphological  
e x a m i n a t i o n  of the  mye l in  an d  p a r t i c u l a t e  f rac t ion  was 
pe r fo rmed  b y  a H i t ach i  H U - 1 2 A  e lec t ron  microscope.  
T h e  deta i ls  of e lec t ron mic roscopy  h a v e  been  repor ted  
p rev ious ly  14. 

Fig. 1. Electronmicrograph of particulate fraction showing the pre- 
sence of several myelin fragments (My). Bar equals 0.5 [xm. 


