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The Relationship of Blood-Brain Barrier Damage 

Severa l  researchers  h a v e  d e m o n s t r a t e d  t h a t  f u n c t i o n a l  
and  morpho log ica l  b l ood - b r a i n  ba r r i e r  (BBB)  a l t e r a t i ons  
m a y  occur  in  m a m m a l s  exposed  to h igh  doses of r ad ia -  
t ion  x-*. However ,  t he  r e l a t ionsh ip  of these  a l t e r a t i ons  
to  t h e  neurologica i  sequelae  a n d  su rv iva l  t i m e  r e m a i n s  
to  be e luc ida ted .  Therefore ,  a series of s tud ies  was  
pe r fo rmed  to t e s t  t he  effects of i nduced  B13B a l t e r a t i ons  
on s u r v i v a l  t i m e  in r a t s  s u b s e q u e n t l y  exposed  to  a h igh  
dose of r ad ia t ion .  

Mater ials  and methods. Animals .  480 y o u n g  m a t u r e  male  
a lb ino  ra t s  we igh ing  250 • 20 g f rom t h e  A F R R I  colony 
were used for these  expe r imen t s .  All an i m a l s  were 
g iven  food and  w a t e r  ad  l i b i t um,  were caged i n d i v i d u a l l y  
a n d  k e p t  a t  a 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  22 ~ 

L y m p h a t i c  cervical  b lockade .  In  t h e  f i r s t  s tudy ,  
160 ra t s  were d iv ided  in to  4 groups  of 40. The  cerv ica l  
l y m p h a t i c  g lands  were r e m o v e d  acco rd ing  to t he  proce-  
dure  of FOLDI et  al. ~ in  2 of t he  g roups  (80 rats) ,  in  a n  
a t t e m p t  to  p roduce  l y m p h a t i c  cervical  b lockade  (LCB). 
7 days  a f te r  t he  surgical  p rocedure ,  1 g roup  of 40 r a t s  
was  exposed  to  a m i d l i ne  t i ssue  dose of 20,000 rads  of 
mixed  y - n e u t r o n  rad ia t ion ,  a n d  t h e  o t h e r  g roup  was s h a m  
i r r ad ia t ed .  

80 r a t s  were s h a m  opera ted ,  and  I g roup  of 40 was 
exposed  to  20,000 f ads  of r a d i a t i o n  7 days  la ter .  T he  o t h e r  
g roup  was s h a m  i r r ad ia ted .  The  Tab le  l is ts  t h e  exper i -  
m e n t a l  groups  of ra ts .  One-ha l f  of t he  a n i m a l s  f rom each  
group  were used to d e t e r m i n e  surv iva l .  Fo l lowing  i r rad ia -  
t ion,  t he  r a t s  were obse rved  eve ry  15 ra in ;  w h e n  a d e a t h  
occurred,  t he  g roup  and  p o s t i r r a d i a t i o n  t i m e  of d e a t h  
were recorded.  Th i s  i n f o r m a t i o n  was used l a t e r  to  p lo t  t he  
su rv iva l  cu rves  of t he  va r ious  g roups  of ra ts .  The  o t h e r  
ha l f  of t h e  a n i m a l s  f rom each  group  were sacr i f iced e i t he r  
a t  t he  t i m e  of i r r a d i a t i o n  or 48 h l a t e r  to  t e s t  t h e  i n t e g r i t y  
of t he  B B B  w i t h  f luorescein  dye.  E a c h  r a t  was  f i r s t  
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a n e s t h e t i z e d  w i t h  a 36% so lu t ion  of ch lora l  h y d r a t e  
in j ec ted  i.p. (10 m l / k g  b o d y  wt.)  a n d  was t h e n  in j ec t ed  
i.v. w i t h  0.5 ml  of sod ium I luorescein  (a 5 .0% so lu t ion  of 
f luorescein,  s tab i l ized  w i t h  0.24 M NaHCO3, a d j u s t e d  
w i t h  0.30 M- N a O H  to  p H  9.5)~. 30 m i n  a f t e r  t he  f luores-  
cein in jec t ion ,  t he  an ima l s  were sacrificed. The  b r a i n  was 
per fused  w i t h  n o r m a l  phys io log ica l  sal ine a n d  t h e n  
removed .  Sect ions  were cu t  a t  2 m m  a n d  e x a m i n e d  
grossly u n d e r  UV- l igh t  to  i den t i fy  t h e  d i s t r i b u t i o n  of 
t he  f luorescein  dye  a n d  t h u s  ,whether  or no t  t he  B B B  was 
in tac t .  

Glycerol  in jec t ions .  I n  t he  second s tudy ,  160 r a t s  were 
d iv ided  in to  8 groups,  in  t he  same  m a n n e r  as descr ibed  
above .  I n  add i t ion ,  each  a n i m a l  received 50% glycerol  
(10 mI /kg  b o d y  wt.)  in  2 equa l  doses. The  f i rs t  i n j ec t i on  
was g iven  i.m., t h e  second one was g iven  i.p. 10 ra in  
later ,  a n d  30 ra in  p r io r  to  i r r ad ia t ion .  Th i s  t e c h n i q u e  
has  been  used b y  NAIR and  Ro~I~ 6 to i nduce  h y p e r -  
osmolar  d e h y d r a t i o n  a n d  t r a n s i e n t  Bt3B a l te ra t ions .  

Mercur ic  chlor ide  in jec t ions .  I n  t h e  t h i r d  s tudy,  
160 r a t s  were d iv ided  as in  t h e  f i rs t  s tudy .  I n  add i t ion ,  
each  r a t  was  in jec ted  i.v. w i t h  a so lu t ion  of mercu r i c  
chlor ide  (HgCle) in  sa l ine  in a dose of 0.16 m M / k g ,  24 h 
p r io r  to  r a d i a t i o n  exposure .  

I r r ad i a t i on .  The r a t s  were  i r r a d i a t e d  with t h e  AFR1RI- 
T R I G A  reac tor .  A F-ray field was o b t a i n e d  us ing  5 inches  
of w a t e r  sh ie ld ing  be tween  t he  r eac to r  core a n d  t he  
exposure  room.  The  y- ray  to  n e u t r o n  t i ssue  k e r m a  r a t i o  
was a p p r o x i m a t e l y  10. The  exposure  r a t e  was 2000 r ads /  
min .  The  t o t a l  dose was 20,000 rads.  

Results.  The  resu l t s  of t h e  f i rs t  su rv iva l  s t u d y  are 
p r e sen t ed  in F igure  1. LCB a lone  induced  no  dea ths .  In  
i r r a d i a t e d  r a t s  t h e r e  was no  di f ference in t he  50% mor-  
t a l i t y  t i m e  be tween  LCB a n d  s h a m  o p e r a t e d  rats .  E x t r a -  
v a s a t i o n  of f luorescein  was  macroscop ica l ly  e v i d e n t  in  t h e  
b r a i n  slices of b o t h  t he  s h a m  ope ra t ed  a n d  LCB i r r a d i a t e d  
an ima l s  48 h a f t e r  exposure .  No e x t r a v a s a t i o n  of dye  was  
e v i d e n t  in  t he  s h a m  o p e r a t e d  or LCB n o n i r r a d i a t e d  ra ts .  

A 40 LCB, Irradiated 

B 40 LCB, Sham irradiated 

C 40 Sham operated, Irradiated 

D 40 Sham operated, Sham irradiated 
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Fig. 1. Survival time of rats with and without lymphatic cervical 
blockade (LCB) after exposure to 20,000 fads of whole-body mixed 
y-neutron radiation. 
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Fig. 2. Survival time of glycerol pretreated rats with and without 
lymphatic cervical blockade (LCB) after exposure to 20,000 rads of 
whole-body mixed y-neutron radiation. 
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I n  glycerol  t r e a t e d  rats ,  t h e  su rv iva l  of t he  i r r a d i a t e d  
s h a m  ope ra t ed  ra t s  was  nea r ly  l inear  w i t h  t i m e  (Figure  2). 
50% m o r t a l i t y  was  r eached  a p p r o x i m a t e l y  32 h post -  
i r r ad ia t ion ,  a n d  al l  r a t s  d ied  w i t h i n  75 h. The  50% 
m o r t a l i t y  t i m e  of t he  L CB  group was a p p r o x i m a t e l y  57 h 
a f t e r  exposure ,  b u t  all r a t s  in t h i s  group were dead  79 h 
a f te r  exposure .  E x t r a v a s a t i o n  of f luorescein  was macro-  
scopical ly  v is ib le  in t h e  b r a i n  slices t a k e n  in all  4 g roups  
i nvo lved  in th i s  s t u d y  a t  t he  t i m e  of i r r ad ia t ion ,  and  in t h e  
LCB and  s h a m  o p e r a t e d  i r r a d i a t e d  groups  48 h fol lowing 
exposure .  No d e a t h s  occur red  in t he  n o n i r r a d i a t e d  
glycerol  t r e a t e d  LCB or s h a m  ope ra t ed  ra ts .  

R a t s  in  t he  t h i r d  s t u d y  showed v e r y  p r o n o u n c e d  B B B  
a l t e ra t ions  24 h af te r  rece iv ing  HgCI~ in jec t ions  as indica-  
t ed  b y  t h e  e x t r a v a s a t i o n  of f luorescein  dye. T he  50% 
m o r t a l i t y  t i m e  of t h e  i r r ad i a t ed  LCB a n d  s h a m  ope ra t ed  
r a t s  d id  no t  differ  s ign i f i can t ly  f rom each  o the r  (Figure 3). 
Again,  f luorescein  e x t r a v a s a t i o n  was v is ib le  in  t h e  b r a i n  
slices t a k e n  f rom all  g roups  48 h a f t e r  i r r ad i a t i on  especial ly  
in  t he  HgC12 t r e a t e d  LCB animals .  No d e a t h s  occur red  in 
t he  n o n i r r a d i a t e d  HgCI~ t r e a t e d  LCB or s h a m  o p e r a t e d  
rats. 

Discussion. Among the reported findings that result 
from a supralethal dose of irradiation are neurotrans- 
mission disorders ~, s, cerebral capillary injury i, 2, i0, and 
BBB alterations 1,2, 9,1~ Even though BBB alterations 
are seen following central nervous system radiation 
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Fig. 3. Survival time of mercuric chloride pretreated rats with and 
without lymphatic cervicaI blockade (LCB) after exposure to 20,000 
fads of whole-body mixed y-neutron radiation. 

in ju ry ,  i t  is n o t  c lear  w h e t h e r  these  a l t e r a t i ons  pe r  se 
app rec i ab ly  affect  su rv iva l  t ime.  

I n  t h i s  s tudy ,  a dose of 20,000 fads  of who le -body  
y - n e u t r o n  r a d i a t i o n  was selected wh ich  resu l ted  in 50% 
m o r t a l i t y  w i t h i n  48 h. 3 d i f fe ren t  t e c h n i q u e s  to a l t e r  t he  
B B B  pr ior  to  i r r ad ia t ion ,  wh ich  p r o d u c e d  a wide  range  of 
d a m a g e  to  the  B B B ,  were  used:  l y m p h a t i c  cerv ica l  
b lockade  4, glycerol  in j ec t ion  6 and  HgC12 in j ec t ion  n.  
E x t r a v a s a t i o n  of in j ec ted  f luorescein  in to  t he  b r a i n  
p a r e n c h y m a  conf i rmed  t h a t  these  3 m e t h o d s  caused  B B B  
a l t e r a t i ons  w i t h o u t  caus ing  t h e  d e a t h  of t h e  animal .  

The  B B B  a l t e r a t i ons  t h u s  i nduced  b y  LCB a n d  
glycerol  or HgC12 in jec t ion ,  w h e n  followed b y  i r r ad ia t ion ,  
d id  no t  s ign i f i can t ly  sho r t en  su rv iva l  w h e n  c o m p a r e d  to  
an ima l s  rece iv ing  i r r ad i a t i on  alone.  Th i s  suggests  t h a t  
B B B  a l t e r a t i o n  pr io r  to  i r r a d i a t i o n  does no t  c o n t r i b u t e  
s ign i f i can t ly  to  m o r t a l i t y ,  f u r t h e r  sugges t ing  t h a t  B B B  
d a m a g e  m a y  bea r  no d i rec t  r e l a t ionsh ip  to  su rv iva l  a f te r  
acu te  r a d i a t i o n  in jury .  

Rdsumd. Les a l t4 ra t ions  de la bar r i~re  sang-ce rveau  
a v a n t  l ' i r r a d i a t i o n  n ' a  pa s  inf luenc6 le t e m p s  6ven tue l  de 
s u r v i v a n c e  des r a t s  expos6s a u x  doses supermor te l l e s  de 
rad ia t ion .  Ce r4su l t a t  sugg~re la poss ib i l i t6  qu ' i l  n ' ex i s t e  
pas  de r a p p o r t  d i rec t  en t re  le d o m m a g e  de la bar r i~re  
sang-ce rveau  et  le t e m p s  de s u r v i v a n c e  apr~s i r r ad ia t ion .  
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A R e n a l  T u m o u r  of the  N e p h r o b l a s t o m a  T y p e  in  Praomys (Mastomys) natalensis 

The  Mastomys or Praomys natalensis is descr ibed b y  
O~TTLE 1 as a n  i n t e r m e d i a t e  r o d e n t  b e t w e e n  t he  r a t  and  
t he  mouse.  Di f fe ren t  t u m o u r s  develop s p o n t a n e o u s l y  in 
th i s  an imal .  The  mos t  k n o w n  is a m a l i g n a n t  a rgyrophi l i c  
carc inoid  of the  s t o m a c h  (SNELL et  al.2). 

Material and methods. 10 couples of Maslomys, aged 
11/2 m o n t h s  a n d  weighing  f rom 40-50 g, were suppl ied  b y  
t he  Medical  Resea rch  Council ,  N a t i o n a l  I n s t i t u t e  for 
Medica l  Resea rch  of L o n d o n  in May  1971. They  were 
r ep roduced  in our  l abora to ry .  W e  weighed  t h e m  syste-  
ma t i ca l l y  eve ry  2 weeks a n d  w h e n  one Mastomys showed 
a b n o r m a l  signs as loss of weight ,  decrease  in mot i l i ty ,  
p a l p a t i o n  of an  a b n o r m a l  mass,  i t  was sacrified. 

Our  s t u d y  is d i r ec ted  t ow ar ds  Mastomys aged f rom 
17-24 m o n t h s  and  weigh ing  f rom 50-80 g. 10 Mastomys 
died  w i t h o u t  us  be ing  able  go t ake  spec imens  f rom the  
o rgans ;  all were females.  For  h is to logical  s tudy ,  pa ra f f in  

sect ions  were cu t  a t  7 ~Xli1 and  s t a ined  w i t h  H e m a l u n -  
E r y t h r o s i n e - S a f r a n .  Our  h i s t o e n z y m a t i c  s t u d y  r ega rd ing  
t he  cho l ines te rase  ac t iv i t i e s  in t h e  d i f fe ren t  organs  of t h e  
Mastomys followed our  usual  scheme  (DELBARRE et  alP). 

Results. Macroscopic  e x a m i n a t i o n  (Table).  14 Mastomys 
were sacrified.  One h a d  a v e g e t a t i n g  a n d  i n f i l t r a t i ng  
cu t aneous  t u m o u r  of 20 m m •  20 m m  in d i a m e t e r  w h i c h  
showed the  h is to logica l  p i c tu r e  of d i f f e r en t i a t ed  s q u a m o u s  
cell c a r c inoma  of t h e  epidermis .  

5 M a s t o m y s  h a d  rena l  t umour s ,  un i l a t e ra l  in  3 cases 
a n d  b i l a t e ra l  in  2. I n  one Mastomys w i t h  a un i l a t e r a l  rena l  
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