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PELLETIER, G., F. LABRIE, A. J. KASTIN AND A. V. SCHALLY. Radioautographie localization of radioactivity in 
rat brain after intracarotid injection of 1~ Sl.a.melanocyte.stimulating hormone. PHARMAC. BIOCHEM. BEHAV. 3(4) 
671-674,  1975. - 1 ~ Sl.a.melanocyte.stimulating hormone (MSH) was injected into the carotid artery of the rat and 
the radioactivity localized by fadioautography. Radioactivity in the areas surrounding the ventricles and blood vessels 
after administration of 1 ~ s I-~-MSH but not 12 Sl_luteinizing hormone indicated passage of labeled material through the 
blood brain barrier. A specific concentration of radioactivity was found in the striatum and reticular nucleus of the 
thalamus. This localization, particularly in the thalamus, could be correlated with the previously reported effects of 
MSH on the brain of animals and man. 
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A L T H O U G H  the  physio logica l  role of  me lanocy t e - s t imu-  
lat ing h o r m o n e  (MSH) has no t  yet  been  e luc ida ted ,  there  
is ev idence  of  e x t r a p i g m e n t a r y  f u n c t i o n s  [5,  6, 7 ] .  In  fact ,  
some effects  of  na tu ra l  [3] and  s y n t h e t i c  [4]  MSH as well  
as its active pep t ide  core (MSH 4 - 1 0 )  [9,  10] have been  
r epo r t ed  on  the  cent ra l  ne rvous  sys tem of  man.  There  is 
a/so evidence  for  a role o f  MSH in the  con t r o l  o f  its own  
secre t ion  at b o t h  p i tu i t a ry  [2]  and  h y p o t h a l a m i c  [8]  lev- 
els. 

Our  r ecen t  s tudies  on  the  d i s t r i bu t ion  of rad ioac t iv i ty  
af ter  the  in t r avenous  in j ec t ion  of  1 ~ s I- labeled-~-MSH have 
s h o w n  a high c o n c e n t r a t i o n  of  rad ioac t iv i ty  in the  pineal  
gland,  pos te r io r  p i tu i t a ry  ( inc luding  i n t e r m ed i a t e  lobe) ,  
t hy ro id ,  s t o m a c h  and  esophagus  [ 1 ] .  A relat ively low 
up take  of  rad ioac t iv i ty  was f o u n d  at t ha t  t ime in b ra in  
tissue. The increas ing obse rva t ions  o f  electr ical  and  behav-  
ioral  ef fects  of  MSH on  the  cent ra l  ne rvous  sys tem [5, 6, 7] 
p r o m p t e d  us to use a more  sensit ive t echn ique ,  l ight  micro-  
scope r a d i o a u t o g r a p h y ,  to s tudy  the  possible u p t a k e  of  
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rad ioac t iv i ty  in some brain  areas af ter  in t r aca ro t id  in jec t ion  
of  12 s I-~-MSH. 

METHOD 

Eighty  ~Ci of  12 s I~_MSH dissolved in 0.4 ml  of  0.9 
percent  NaC1 were slowly in jec ted  in to  the  left  caro t id  
a r te ry  of  the  adul t  male Sprague-Dawley rat .  12 Si_lutein_ 
izing h o r m o n e  (LH) (80 / aC i )  was s imilar ly in jected in the  
con t ro l  animal .  Five min  af ter  s tar t  of  the  in jec t ion ,  the  
brain  was f ixed b y  in t racard iac  pe r fus ion  or by  immers ion  
in a mix tu re  of  1 percen t  g lu ta ra ldehyde  - 10 percen t  for- 
mol  in 0.1 M cacodyla te  bu f f e r  (pH 7.4).  Af ter  d e h y d r a t i o n  
in e thano l ,  the  whole  b ra in  was e m b e d d e d  in paraff in .  
Serial f ron ta l  sect ions  (7/~) of  the  whole  b ra in  were cut  and 
every t e n t h  sec t ion  was m o u n t e d  on  glass slides for  radio-  
au tography .  The slides were t hen  coa ted  wi th  NTB-2 Kodak  
emuls ion .  Af te r  a 7-day exposure  t ime,  the  sect ions  were 
processed and  pos t s t a ined  in h e m a t o x y l i n .  
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FIG. 1. Low magnification of a portion of the cerebral cortex. A strong reaction is 
observed in the meninges (me) and around the blood vessels (-). X 300 

FIG. 2. Portion of the caudate nucleus close to the lateral ventricle (V). A strong 
reaction is present in the ependymal cells (E) bordering the ventricle. A diffuse reaction 

is observed in the tissue, whereas a few cells (+) show a strong reaction. X 650 

RESULTS present throughout the brain tissue, although a specific con- 
A strong radioautographic reaction was consistently centration of the silver grains was observed over a few cells 

observed in the meninges (Fig. I), choroid plexus, epen- of the striatum (Figs. 2 and 3) and of the reticular nucleus 
dymal cells bordering the lateral ventricles, and in tissue of the thalamus (Fig. 4). No selective accumulation of 
surrounding the blood vessels. In the tissue which was fixed radioactivity was observed in the median eminence (Fig. 5) 
by immersion, a good reaction was also detected in the or the subfornical organ. 
lumen of the blood vessels. A diffuse reaction was generally When ’ ” I-LH was injected instead of ’ *’ I-MSH, almost 
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FIG. 3. Caudate nucleus fixed by immersion. A strong accumulation in a blood vessel (BV) 
is present. Note the accumulation of label over some cells (~). X 700 

FIG. 4. Nucleus reticularis of the thalamus. Some cell bodies are strongly labeled (~). A 
strong diffuse reaction around a blood vessel is also present (BV). X 300 

no  rad ioac t iv i ty  was f o u n d  in the  b ra in  t issue even af te r  a 
longer  exposure  t ime  (3 weeks).  

DISCUSSION 

These resul ts  show tha t  a f te r  in j ec t ion  o f  1 2 s I-MSH in to  
the  caro t id  a r te ry ,  rad ioac t ive  mater ia l  can diffuse in to  the  
brain.  Since the  choro id  plexus,  e p e n d y m a l  cells and  men in -  
ges are s t rongly  labeled,  it can be suggested t ha t  MSH and /  
or  its me tabo l i t e s  pene t r a t e  in to  the  ce rebrosp ina l  fluid.  

A n o t h e r  rou te  of  en t ry  of  MSH in to  the  b ra in  is p robab ly  
via the  b l o o d  vessels as ind ica ted  by  the  high c o n c e n t r a t i o n  
of  label  occurr ing a r o u n d  the  b lood  vessels. The  diffuse 
r eac t ion  observed in the  bra in  t issue is p r o b a b l y  a conse-  
quence  o f  rad ioac t iv i ty  or ig ina t ing  f rom b o t h  the  cerebro-  
spinal  f luid and  b lood .  These  results  suggest an absence  of  a 
t ight  b lood  bra in  bar r ie r  for  MSH a n d / o r  i ts metabol i t es .  
The lack of  p e n e t r a t i o n  of  rad ioac t iv i ty  in to  the  b ra in  af ter  
in t raar te r ia l  i n j ec t ion  of  1 z s I-LH suggests tha t  the  observed 
local iza t ion  of  rad ioac t iv i ty  a f te r  ~ 2 s I-MSH is no t  a general  
p h e n o m e n o n .  
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FIG. 5. Median eminence. Only a very weak diffuse reaction can be observed. X 450 

The previous observat ion of  a low uptake of  radioactiv- 
ity by brain tissue after  int ravenous in ject ion of  a smaller 
dose of  l zSI_MSH into the mouse [1] could probably  be 
explained by the small percentage of  radioact ivi ty capable 
of  crossing the  b lood  brain barrier after passage th rough  the  
general circulation. In the present  exper iments ,  the intra- 
carotid route  of  inject ion pe rmi t t ed  delivery of  a larger 
amount  of  unmetabo l i zed  h o r m o n e  direct ly in to  the  brain 

vessels. Specific uptake of  radioactivi ty by a few cells of  the 
pu tamen  and caudate nucleus as well as the nucleus reticu- 
laris o f  the thalamus was observed.  This preferent ia l  locali. 
zat ion of  radioact ivi ty,  part icularly in the thalamus,  is con- 
sistent wi th  the modif ica t ions  of  behavior  and electrical 
activity observed in animals and man after  inject ion of 
MSH. 
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