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Goldthioglucose and the Blood-Brain Barrier 

I t  h a s  b e e n  p o s t u l a t e d  t h a t  t h e  v e n t r o m e d i a l  nuc leus  
(VMN) of t h e  h y p o t h M a m u s  is a s a t i e t y  a r ea  c o n t a i n i n g  
g lucoreceptors .  T h e  ev idence  in f a v o r  of t h i s  v iew h a s  
been  r ecen t l y  rev iewed  1. One  i m p o r t a n t  f ind ing  s u p p o r t -  
ing th i s  ev idence  was  t h e  d e m o n s t r a t i o n  t h a t  go ld th io-  
g lucose  p roduces  les ions in t h e  v e n t r o m e d i a l  a rea  of mice  * 
fol lowed b y  h y p e r p h a g i a  a n d  obes i ty .  T h e  ef fec t  is s imi la r  
to  t h a t  wh ich  can  be  i nduced  b y  e lec t ro ly t ic  lesions 3. 
These  chemica l l y - i nduced  lesions will be  o b t a i n e d  on ly  if 
t h e  glucose m o i e t y  is a t t a c h e d  t o  gold b y  t h e  su l fur  
br idge .  Go ld th ioga lac tose ,  go ld th io so rb i to l  a n d  o t h e r  
go ld th io  c o m p o u n d s  do  n o t  p roduce  lesions 4. S tud ies  
us ing  t h e  t e c h n i q u e  of n e u t r o n  raz t ioac t iva t ion  of gold, 
h a v e  s h o w n  t h a t  gold does a c c u m u l a t e  in  t he  V M N  w h e n  
go ld th iog lucose  is in jec ted ,  b u t  does  n o t  w h e n  goid- 
t h i o m a l a t e  is a d m i n i s t e r e d  u n d e r  t h e  s a m e  c o n d i t i o n s  5. 

I n  sp i te  of t h e  ev idence  for t h e  chemica l  speci f ic i ty  of 
t h e  ac t ion  of goldthioglucose ,  PERRY a n d  LIEBELT 6 h a v e  
s t a t e d  t h a t  go ld th iog lucose - induced  lesions occur  n o t  be-  
cause  t h e  V M N  h a s  a pecu l i a r  a f f in i ty  for glucose, b u t  
because  of a w e a k n e s s  in  t h e  b l o o d - b r a i n  ba r r i e r  a t  t h i s  
site. T h e i r  h y p o t h e s i s  would  lead to  t h e  e x p e c t a t i o n  t h a t  
s imi la r  les ions shou ld  occur  in o t h e r  a reas  of t h e  b r a i n  in  
wh ich  t h e  p r o p e r t i e s  of t h e  b l o o d - b r a i n  ba r r i e r  h a v e  been  
pu rpose ly  a l te red .  T h e  a im  of t h e  s t u d y  r e p o r t e d  he re  
was to  t e s t  PERRY a n d  LIEBELT'S a l t e r n a t e  hypo thes i s .  

I t  h a s  been  well  e s t ab l i shed  t h a t  m a n y  subs tances ,  such  
as  e lec t ro ly tes ,  dyes,  or  more  complex  molecules  wh ich  
do  n o t  e n t e r  t h e  n o r m a l  b ra in ,  will  do  so r ead i ly  a t  t h e  
s i te  of a n y  focal b r a i n  les ionL I n  pa r t i cu la r ,  t hose  lesions 
wh ich  cause  large  a reas  of ce rebra l  necros is  h a v e  been  
s h o w n  to  increase  t h e  p e r m e a b i l i t y  of t h e  b l o o d - b r a i n  
b a r r i e r  a t  t h e  les ioned s i te  l a s t i ng  a t  l eas t  severa l  days*.  

I n  t h i s  s tudy ,  2 m e t h o d s  were used  to  i nduce  lesions in 
t he  ce reb rum.  Fi rs t ,  13 female  r a t s  (Charles R i v e r  CD) 
weigh ing  b e t w e e n  175-225 g were les ioned e lec t ro ly t ica l ly  
b y  pass ing  a d i r ec t  c u r r e n t  of 2 m A  for  15 sec t h r o u g h  a n  
i n su l a t ed  s ta in less  s teel  e l ec t rode  t h a t  was  b a r e d  a t  t h e  
t ip  for  0.5 m m  a n d  wh ich  h a d  b e e n  inse r t ed  to  a d e p t h  of 
1 m m  in t he  c e r e b r u m  t h r o u g h  a sma l l  hole  dr i l led  in t he  
skull .  These  lesions we le  p laced  a t  t he  level  of b r egma ,  
1 m m  la te ra l  to  t h e  midl ine .  

A p p r o x i m a t e l y  18 h a f t e r  lesioning,  8 of t h e  13 r a t s  
were i n j ec t ed  i.p. w i t h  go ld th iog lucose  in c o n c e n t r a t i o n s  
equa l  to  1 mg/g  of b o d y  weight .  T h e  o t h e r  5 r a t s  were  
used  as  cont ro ls ,  w i t h  2 of t h e  5 i n j ec t ed  w i t h  0.5 m g  of 
g lucose/g  b o d y  weight .  T h e  o t h e r  3 r a t s  rece ived  no  injec-  
t ions .  A b o u t  48 h la ter ,  al l  r a t s  were  sacr i f iced a n d  
sec t ioned  in a m a n n e r  p rev ious ly  desc r ibed  9. Microscopic  
e x a m i n a t i o n  of sec t ions  s t a i ned  w i t h  t h e  Nissl  m e t h o d  
showed  no  ev idence  t h a t  go ld th iog lucose  r e a c t e d  w i t h  
cor t i ca l  t i ssue  a d j a c e n t  to  t he  e lec t ro ly t ic  lesion. No dif- 
ference  was  a p p a r e n t  b e t w e e n  a n i m a l s  i n j ec t ed  w i t h  gold- 
th ioglucose  a n d  those  t h a t  s e rved  as  cont ro ls .  All cor t ica l  
les ions were  a p p r o x i m a t e l y  t h e  s a m e  size a n d  showed  a 
r e l a t ive ly  la rge  nec ro t i c  reg ion  s u r r o u n d e d  b y  a l i gh t ly  
s t a i n i n g  a rea  cons i s t ing  m o s t l y  of g i t t e r  cells. A more  
dense ly  p a c k e d  b a n d  of gl ia  cells s e p a r a t e d  th i s  region 
f rom n o r m a l  cor t ica l  t issue.  T h e  c o n c e n t r a t i o n  of gold- 
th iog lucose  used  was a d e q u a t e ,  s ince  7 of 8 i n j ec t ed  r a t s  
deve loped  lesions in V M N  of h y p o t h a l a m u s .  Typ i ca l  
sec t ions  f rom a go ld th iog lucose - in jec ted  r a t  a n d  a con t ro l  
a re  s h o w n  in  t h e  Figure .  

To  insu re  t h a t  t h e  e lec t ro ly t ic  m e t h o d  used  t o  lesion 
was n o t  m a s k i n g  a n y  effects  t h a t  t h e  go ld th iog lucose  m a y  
h a v e  m a d e  on  t h e  cor tex ,  a second les ioning m e t h o d  was  
used. He re  t he  e lec t rode  was s imp ly  inse r t ed  a n d  r e m o v e d  

f rom t h e  co r t ex  in 5 a d d i t i o n a l  female  rats ,  p r o d u c i n g  a 
sma l l e r  b u t  de f in i t e  lesion. A p p r o x i m a t e l y  6 h a f t e r  
lesioning,  3 of t h e  r a t s  were in jec ted  i.p. w i th  a 1 mg /g  
b o d y  we igh t  c o n c e n t r a t i o n  of goldthioglucose ,  while  t h e  
o t h e r  2 rece ived  no in jec t ion .  Likewise  in these  an imals ,  
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Portion of rat cortex lesioned electrolytieally. (A) GoIdthioglueose- 
injected. (B) Control. (1) Necrotic area; (2) lightly staining region 
consisting mostly of gitter cells; (3) dense band of glia cells; (4) normal 
neuronal tissue. 

1 j .  MAYER and D. THOMAS, Science 156, 328 (1967). 
2 N. B. MARSHALL, R. J. BARRNETT and J. MAYER, Proc. Soc. exp. 

Biol. Med. 90, 240 (1955). 
3 j .  MAYER, R. G. FRENCH, C. Y. ZIOHERA and R. J. BARRNETT, 

Am. J. Physiol. 182, 75 (1955). 
4 j .  MAYER and N. B. MARSHALL, Nature 178, 1399 (1956). 
'~ A. F. DERONS, L. SILVER, E. P. CRONKITE, t{. A. JOHNSON, 

G. BELCHER, D. TENZER and I. L. SCHWARTZ, Am. J. Physiol. 202, 
743 (1962). 
J. H. PERRY and R. A. LIEBELT, Proc. Soc. exp. Biol. Med. 106, 
55 (1961). 

7 L. BAKAY, The Blood-Brain Barrier (Charles C. Thomas, Spring- 
field, Ill. 1956). 

s L. H. BOGDANOVE and G. CLARE, J. Neuropath. exp. Neurol. 16, 
57 (1957). 

9 E. A. AREES and J. MAYER, Science 157, 1574 (1967). 



1254 Specialia EXPERIENTIA 24/12 

no  di f ference was  obse rved  a r o u n d  t h e  les ioned s i te  be-  
tween  a n y  of t h e  5 an imals .  I n  all  5 an imals ,  on ly  a s l igh t  
increase  in t h e  n u m b e r  of g i t t e r  cells was  obse rved  in t h e  
a rea  i m m e d i a t e l y  s u r r o u n d i n g  t h e  lesion. N o r m a l  t issue,  
w i t h o u t  a n y  f u r t h e r  obv ious  increase  in  gl ia  ceils, was  
found  a d j a c e n t  to  t h i s  area.  

T h e  resu l t s  show t h a t  m e r e l y  inc reas ing  t h e  p e r m e -  
ab i l i t y  of t he  b l o o d - b r a i n  b a r r i e r  is n o t  suff ic ient  to  p e r m i t  
t h e  i n d u c t i o n  of a local ized go ld th iog lucose  lesion. These  
f i nd ings  give n o  s u p p o r t  to  t h e  h y p o t h e s i s  of PERRY a n d  
LIEBELT s (which  i n c i d e n t a l l y  does  n o t  exp la in  w h y  on ly  
gold th ioglucose  would  go t h r o u g h  a ' w e a k e n e d '  b lood-  
b r a i n  b a r r i e r  site).  T h e i r  h y p o t h e s i s  also is i n c o n s i s t e n t  
w i t h  t h e  p r e v e n t i o n  of les ions in  r a t s  m a d e  d i abe t i c  b y  
a l l oxan  a n d  t h e n  a d m i n i s t e r e d  go l d t h i og l ucos O  °. T h e  
v i ew  t h a t  t h e  V M N  c o n t a i n s  g lncorecep to r s  r e m a i n s  t h e  
m o r e  p r o b a b l e .  T h a t  go ld th ioglucose  m a y  b e  f o u n d  t o  a c t  
in  o t h e r  local ized a reas  m a y  m e a n  t h a t  such  a reas  a lso 
c o n t a i n  g lucoreceptors .  T h e  m u l t i p l i c i t y  of  phys io log ica l  
f u n c t i o n s  d e p e n d e n t  o n  n e u r M  glucose sensors  (e.g. con t r o l  
of  e p i n e p h r i n e  secre t ion,  s u p e r e r o g a t o r y  con t r o l  of insu l in  
secre t ion)  m a k e  t h e  ex i s t ence  of a n u m b e r  of such  gluco-  
r ecep t i ve  a reas  poss ible  u,~*. 

Rdsumd. Apr~s a v o i r  a u g m e n t 6  Ia pe rm6ab i l i t 6  cor t ica le  
s a n g - c e r v e a u  chez  des  ra ts ,  on  a d o n n 6  ~ ces a n i m a u x  une  
i n j ec t i on  d ' au ro th iog lucose .  A u c u n e  l~sion due  ~ l ' au ro -  

th iog lucose  n ' a  6t6 d e c o u v e r t e  d a n s  a u c u n  des s i tes  de 
pe rm6ab i l i t 6  accrue.  Les  r6su l t a t s  m o n t r e n t  que  la pro-  
d u c t i o n  de 16sions p a r  l ' au ro th iog lucose  n ' e s t  pa s  due  
u n e  pe rmeab i l i t 6  non-spec i f ique  d a n s  ce r t a in s  s i tes  h y p o -  
t h a l a m i q u e s ;  ils c o n f i r m e n t  la th6or ie  g l u c o s t a t i q u e  qui  
sugg~re qu ' i l  ex is te  des glucorf icepteurs  k aff ini t6  d~finie 
s i tu6s ~ ces sites. 
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T h e  F i b e r  S p e c t r u m  of  t h e  C a t  V I  N e r v e  t o  t h e  L a t e r a l  R e c t u s  a n d  R e t r a c t o r  Bulb i  M u s c l e s  

T h e  V I  n e r v e  of t he  ca t  suppl ies  t h e  l a t e r a l  r ec tus  
musc le  a n d  t h e  4 sl ips of t h e  r e t r a c t o r  bulb i .  His to logi -  
cally,  3 musc le  f iber  t y p e s  h a v e  been  f o u n d  in t he  l a t e r a l  
r ec tus  on  t h e  bas is  of s a rcop la smic  r e t i cu lum,  myof ib r i l  
size, a n d  size a n d  d i s t r i b u t i o n  of m i t o c h o n d r i a  1. I n  t h e  
r e t r a c t o r  bu lb i ,  on ly  a s ingle  f iber  t y p e  ha s  b e e n  ob-  
se rved  2. 

A l t h o u g h  V I  n e r v e  f iber  s p e c t r u m  s tud ies  h a v e  b e e n  
r e p o r t e d  a,% t h e y  h a v e  n o t  i nc luded  t h e  s u p p l y  to  t h e  
r e t r a c t o r  bu lb i .  I n  v iew of t h e  d i f ferences  b e t w e e n  l a t e r a l  
r ec tus  a n d  r e t r a c t o r  bu lb i  musc le  f iber  types ,  t h e  s p e c t r u m  
of t h e  n e r v e  f iber  s u p p l y  a n d  t i le  i n n e r v a t i o n  r a t i o  were  
i nves t iga t ed ,  in  o rde r  to  co r re l a t e  e x t r a o c u l a r  n e r v e  a n d  
muscle  f iber  types .  

Methods. I n  4 ca t s  (2.3-2.6 kg  in weight) ,  fo l lowing a 
l e t h a l  dose of D i a b u t a l ,  t h e  V I  n e r v e  was  f ixed in s i tu  b y  
pe r fus ion  v i a  t h e  ca ro t id  a r t e r i e s  w i t h  5% g l u t a r a l d e h y d e  
buf fe red  w i t h  0.15 m s o d i u m  c a c o d y l a t e  a n d  pos t  f ixed 
in  o s m i u m  t e t r o x i d e  buf fe red  w i t h  p h o s p h a t e .  N e r v e  
cross-sec t ions  were  t a k e n  (1) a t  t h e  ex i t  of t h e  V I  n e r v e  
f rom t h e  b r a i n s t e m ,  (2) a t  t h e  e n t r a n c e  of t h e  VI  n e r v e  
to  t h e  l a t e r a l  rec tus ,  a n d  (3) of t h e  b r a n c h  to  t he  r e t r a c t o r  
b u l b i  a t  i t s  e m e r g e n c e  f r o m  t h e  V I  ne rve .  All  sec t ions  
were  m a d e  before  t h e  occu r r ence  of i n t r a m u s c u l a r  spl i t -  
t ing .  Spec imens  were  e m b e d d e d  in a ra ld i t e .  Cross-sec t ions  
of  0 .5-0.7  IX were  cu t  a n d  s t a i ned  b y  R i c h a r d s o n  m e t h y l e n e  
b lue  m e t h o d .  F i b e r  d i a m e t e r ,  i n c l u d i n g  m y e l i n  s hea t h ,  
was  m e a s u r e d  b y  s u p e r i m p o s i n g  c lear  p la s t i c  circles of 
k n o w n  d i a m e t e r  o v e r  p h o t o g r a p h s  en l a rged  2000-2500  
t imes .  4 n e r v e s  were  a n a l y z e d  a t  each  of t h e  a b o v e  3 levels.  
T o t a l  f iber  n u m b e r  was  c o u n t e d  a n d  a s ampIe  of  500 
f i be r s / ne rve  was  measu red ,  e x c e p t  in  t h e  r e t r a c t o r  bu lb i  
supp ly ,  w h e r e  t h e  t o t a l  supply ,  a lways  u n d e r  500, was  
m e a s u r e d .  

ALVARADO ( u n p u b l i s h e d  resul ts)  h a s  d e t e r m i n e d  t h e  
musc le  f iber  c o u n t  of 1 super io r  l a t e r a l  sl ip of t h e  r e t r a c t o r  
bulb i .  To  der ive  a n  i n n e r v a t i o n  ra t io  u t i l i z i n g  his  coun t ,  
i t  was  necessa ry  to  d e t e r m i n e  t h e  p r o p o r t i o n  of t h e  t o t a l  
r e t r a c t o r  b u l b i  c o n t r i b u t e d  b y  t he  super io r  l a t e r a l  slip. 
Thus ,  in  3 cats ,  t h e  4 slips were  d i ssec ted  o u t  a n d  weighed.  

Results. T h e  F igu re  p r e s e n t s  t h e  d i s t r i b u t i o n  of f iber  
d i a m e t e r s  a t  t h e  3 levels  of t he  V I  nerve .  D a t a  are  based  
on  ave rages  f rom 4 ca t s  of m e a s u r e m e n t s  of 500 f ibers  pe r  
n e r v e  (except  for  t he  r e t r a c t o r  bu lb i )  a n d  are  p l o t t e d  as 
% of t o t a l  f ibers  a t  e ach  level  in  1 tz i nc remen t s .  F i b e r  
d i a m e t e r s  r a n g e d  f rom 1-21 IX for  each  level,  w i t h  t h e  
d i s t r i b u t i o n  in t h e  b r a n c h  to  t h e  l a t e r a l  r ec tus  b e i n g  
s imi la r  to  t h a t  of t h e  c r an i a l  sec t ion  ot  t h e  V I  nerve .  
S p e c t r a  a t  t he se  2 levels  i nd i ca t e  a n  in i t ia l  p e a k  a t  3 -4  ix, 
a s e c o n d a r y  p e a k  a t  6 IX a n d  a s m o o t h  e x t e n s i o n  t o  21 ~x. 
I n  con t r a s t ,  t h e  b r a n c h  to  t h e  r e t r a c t o r  b n l b i  r evea l s  a 
c o n c e n t r a t i o n  of f ibers  b e t w e e n  6 a n d  14 IX. 

T h e  T a b l e  p r e s e n t s  t h e  t o t a l  f iber  c o u n t  of each  4 n e r v e s  
a t  t h e  c r an i a l  level  a n d  in t h e  b r a n c h e s  to  t h e  l a t e r a l  
r ec tus  a n d  r e t r a c t o r  bulb i .  I t  will  be  n o t e d  t h a t  app rox i -  
m a t e l y  7 t i m e s  as m a n y  f ibers  i n n e r v a t e  t h e  l a t e r a l  r e c t u s  
as  t h e  r e t r a c t o r  bn lb i .  

M a n y  f ibers  f r o m  1-5  ix in  size in  t h e  c r an i a l  a n d  t h e  
l a t e r a l  r e c t u s  sec t ions  h a d  t h i n  m y e l i n  s h e a t h s  in  c o n t r a s t  
to  t h e  t h i c k  m y e l i n  a r o u n d  t h e  l a rge r  axons .  T h e  r a t i o  of  
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