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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.  
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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. 
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Results  and discussion. For  the  s tudy ing  of 5-HT binding  
to bu tano l  ex t rac t s  of ra t  bra in  stem, Godwin and Sneddon  9 
used the  par t i cu la te  f ract ion ins tead  of the  synap t ic  
m e m b r a n e s  fract ions,  and thus  i t  is ve ry  easy to imagine 
the  presence  of o ther  subcellular  organelles in addi t ion  
to the  synap t ic  membranes .  In  fact,  e lectron microscopic 
examina t ions  revealed t h a t  the  par t icu la te  f rac t ion con- 
t a ined  lots of myel in  f r agment s  (figure 1). Since pro-  
teol ipids are t he  main  pro te in  c o m p o n e n t  of myel in  ~5'~n, 
i t  should be examined  whe the r  or no t  a T E  f rom myel in  
f rac t ion has the  capac i ty  to bind 5-HT. 
The ch roma tograph ic  p a t t e r n  of a T E  from the  myel in  
f rac t ion  is shown in figure 2. Ini t ia l  p ro te in  peaks,  which 
accounted  for 44.5 % of the  pro te in  recovered,  were e luted 
wi th  chloroform,  t oge the r  w i th  72.2% of the  lipid phos-  
phorus~ Other  peaks  of p ro te in  and  phosphorus  were e luted 
wi th  the  more  polar  so lvent  mixtures ,  CM 6/1 and  4/1. 
These Chromatographic  p a t t e r n s  are in good ag reemen t  
w i th  those  of the  par t i cu la te  f ract ion descr ibed elsewhere 9. 
Total  recovery  of pro te in  and phosphorus  f rom the  column 

ChlQrolorrn 

2C 

0 

CM CM CM CM 
15/1 10/1 6/1 4/1 

Protein 
. . . . . .  Phosphorus 

10 20 30 40 50 60 70 80 

Fraction No. 

30 

20 ..~ 

Q-  

10 

were 12.4 and 95.9%, respect ively.  At  p re sen t  we have  
no exp lana t ion  for the  lower recovery  of protein .  The 
yield of proteol ip id  f rom myel in  f rac t ion was 2.4 mg/g 
fresh bra in  s tem.  
The elut ion p a t t e r n s  of rad ioac t iv i ty  which  were ob- 
ta ined  af ter  incuba t ion  of TEs  f rom the  par t i cu la te  and 
myel in  f rac t ion wi th  C 14 �9 5-HT can be seen in figure 3. 
In  the  par t icu la te  f ract ion,  r ad ioac t iv i ty  appeared  as a 
single peak  a t  the  solvent  mix tu re  of CM 4/1. On the  o ther  
hand ,  in the  myel in  f rac t ion 2 peaks  of r ad ioac t iv i ty  
were e luted in the  same solvent .  These 2 peaks  of radio- 
ac t iv i ty  coincide wi th  t he  peaks  of p ro te in  in CM 4/1. 
At  5 • 10 .7 M of C14 �9 5-HT, 24.9 nmoles  of 5 -HT/mg 
proteol ip id  of the  par t icu la te  f rac t ion were bound,  and 
for the  myel in  f rac t ion 5-HT b ind ing  was 23.4 and  102 
nmoles,  respect ively.  The recovery  of r ad ioac t iv i ty  f rom 
the  column was 80% in bo th  cases. As a contro l  experi-  
men t ,  C I i .  5-HT was run  w i t h o u t  proteol ipids ,  in which 
case a l i t t le r ad ioac t iv i ty  appeared  in CM 4/1 (11.7%). 
However ,  the  remain ing  por t ion  of r ad ioac t iv i ty  was still 
re ta ined  on the  co lumn unt i l  e lu ted wi th  the  methanol .  
These f indings show t h a t  the  proteol ip ids  ex t r ac t ed  from 
myel in  have  a b ind ing  a f f in i ty  to  5-HT.. 
Marchbanks  17 repor ted  t h a t  the  h igh  aff in i ty  b inding 
componen t s  for 5-HT were  ex t r ac t ed  f rom nerve  endings 
wi th  butanol ,  bu t  the  deta i led  resul ts  were no t  indicated.  
In  addi t ion,  we could no t  obta in  bu tano l  ex t r ac t s  f rom 
the  synap t ic  m e m b r a n e s  of ra t  bra in  s tem,  which  pos- 
sessed a b ind ing  capac i ty  for C 14 �9 5-HT 1~. In  a bu tanol -  
wa te r  ex t rac t ion  f rom ca t  brain,  Fiszer  and De Rober t i s  19 
indica ted  the  exis tence of the  proteol ipids  which represen t  
a 5-HT binding  affini ty.  However ,  the i r  mater ia l s  were 
also the  to ta l  pa r t i cu la te  f rac t ion p repared  b y  a centr i fu-  
gat ion of 1 0 5 •  for 30 min. These f indings show the  
necess i ty  of more  careful  inves t iga t ions  for the  prob-  
abi l i ty  of the  proteol ip ids  isolated f rom cent ra l  nervous  
sys tem as receptor  proteins .  

Fig. 2. Elution pattern of protein and phosphorus of a butanol ex- 
tract (TE) from myelin fraction. TE was passed through a Sepha- 
dex LH20 column and eluted with the following solvents: 100 ml of 
chloroform, 50 ml each of chloroform-methanol (CM) 15/1, 10/1 
and 6/1, and then 120 ml of CM 4/1. Aliquots of 4 ml were col- 
lected in each fraction. 
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Fig. 3. Elution patterns of radioactivity of butanol extracts from 
particulate and myelin fraction. Both extracts were incubated with 
C 14 �9 5-HT (5• _7 M). The discontinuous elution system de- 
scribed in figure 2 was used. Aliquots of 4 ml were collected in 
each fraction. 
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