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PELLETIER, G., F. LABRIE, A. J. KASTIN, D. COY AND A. V. SCHALLY. Radioautographic localization of 
radioactivity in rat brain after intraventricular or intracarotid injection of 3H-L.prolyl-L-leucyl glycinamide. PHARMAC. 
BIOCHEM. BEHAV. 3(4) 675-679,  1975. - Tritiated L-prolyl-L-leucyl-glycinamide was injected into the carotid artery 
or lateral ventricle of rats and the radioactivity localized by radioautography. After intracarotid administration, the 
radioactivity labeled the meninges, ependymal cells bordering the ventricles, and cells of the choroid plexus, as well as 
the median eminence and subfornical organ and thus may have reached the cerebrospinal fluid. After intraventricular 
injection, specific localization of radioactivity was found in cells of the nucleus lateralis septi, nucleus medialis septi, 
putamen, globus pallidus, indusium griseum, hippocampus, corpus callosum, and meninges. The results after intracarotid 
injection suggest that L-prolyl-L-leucyl-glycinamide may cross the blood brain barrier and the results after intra- 
ventricular injection suggest sites of localization which might be correlated with the previously reported effects of the 
tripeptide on the brain. 

MIF Radioautography Hormone Brain Peptide 

WE have r ecen t ly  r epo r t ed  the  organ d i s t r i bu t ion  of  
rad ioac t iv i ty  a f te r  i n t r avenous  in jec t ion  of  t r i t i a t ed  L- 
prolyl -L- leucyl-glycinamide,  a - m e l a n o c y t e  s t imula t ing  hor-  
m o n e  (MSH)-release inh ib i t ing  fac tor  (MIF-I)  [ 2 ] .  The  
rad ioac t iv i ty  was main ly  local ized in the  pineal ,  an t e r io r  
and  pos te r io r  ( inc lud ing  the  i n t e r m ed i a t e  lobe)  p i tu i t a ry ,  
and ep id idymal  and  b r o w n  fat ,  b u t  was n o t  f o u n d  in 
s ignif icant  a m o u n t s  in the  brain.  

In animals ,  MIF-I has been  f o u n d  to p o t e n t i a t e  the  
behaviora l  ef fects  of  L-DOPA [7] and  reduce  the  t r emor s  
induced  by  o x o t r e m o r i n e  [ 8 ] ,  ac t ions  w h i c h  suggested a 
possible an t i -pa rk inson ian  effect .  In the  h u m a n  being,  
a d m i n i s t r a t i o n  o f  MIF-I was observed  to  have some 

benef ic ia l  ef fects  in Pa rk inson ' s  disease [1, 4, 5] and 
possibly  in men ta l  depress ion  [3 ] .  O t h e r  CNS effects  of  the  
MIF t r ipep t ide  have been  summar i zed  recen t ly  [ 6 ] .  These 
ex t r ap i t u i t a ry  effects  of  L-prolyl-L-leucyl-glycinamide 
p r o m p t e d  us to  use h igh reso lu t ion  r a d i o a u t o g r a p h y  to 
s tudy  the  d i s t r ibu t ion  of  rad ioac t iv i ty  in the  bra in  af ter  
in t r aven t r i cu la r  or in t r aca ro t id  in jec t ion  of  the  t r i t i a ted  
pept ide .  

METHOD 

Male Sprague-Dawley rats, weighing 2 5 0 - 3 0 0  g, were 
used in these exper imen t s .  By means  of  a s t e r e o t a x k  

1 Send reprint requests to: Abba J. Kastin, Veterans Administration Hospital, 1601 Perdido Street, New Orleans, LA 70146. 
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i n s t r u m e n t ,  a H-L-prolyl-L-leucyl-glycinamide (20 /.tCi) was 
in jec ted  in to  the  left lateral  ventr ic le  in a vo lume of  a b o u t  
20 ~1. The  animals  were f ixed by  in t racard iac  per fus ion  at 5 
and 30 min  a f te r  the  in t racerebra l  in jec t ion ;  200/~Ci  of  the  
t r i t i a ted  pept ide  were also in jec ted  in to  the  left  carot id ,  the  
animal  be ing  fixed 5 rain af ter  the  in jec t ion .  

The f ixa t ion  was p e r f o r m e d  by  perfusing a m i x tu r e  of  1 
percent  g lu ta ra ldehyde-10  pe rcen t  fo rmol  in 0.1 M cacody-  
late buf fe r  (pH 7.4). Af ter  d e h y d r a t i o n  in e thano l ,  the  
whole  bra in  was e m b e d d e d  in paraff in .  Fo r  rad ioau to-  

graphy,  serial sect ions  (7/.t)  of  the  whole  bra in  were cut  and 
every t e n t h  sec t ion  was m o u n t e d  on  glass slides which  were 
subsequen t ly  coa ted  wi th  the  NTB-2 Kodak  emuls ion .  
Af te r  appropr ia t e  exposure  t ime,  the  sect ions  were pro- 
cessed and  pos t s ta ined  in h e m a t o x y l i n .  

RESULTS 

Intracarotid Injection 

As observed wi th  l ight microscopic  r ad ioau tog raphy ,  5 

FIG. 1. Portion of the nucleus lateralis of the hypothalamus 5 min after the intracarotid 
injection of 3H-L-prolyl-Lqeucyl-glycinamide. The meninges slightly detached from the 

brain (arrows) are strongly positive. The rest of the brain tissue is completely negative. X 350 

FIG. 2. This radioautograph shows a strong reaction in the choroid plexus (CP) and the 
ependymal layer (EL) of the lateral ventricle 5 rain after the intracarotid injection of 
3 H-L-prolyl-L-leucyl-glycinamide. A diffuse reaction is also observed in the portion of the 

nucleus lateralis septi (NLS) close to the ventricle, × 700 
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FIG. 3. Portion of the hypothalamus 5 min after the intracarotid injection of 3 H-L-prolyl-L- 
leucyl-glycinamide. A strong diffuse reaction is present in the median eminence (ME). This 
reaction decreases in intensity at some distance from the median eminence. V = third 

ventricle. × 400 

FIG. 4. Portion of the putamen 5 min after the intraventricular injection of 3 H-L-prolyl-L- 
leucyl-glycinamide. A diffuse radioautographic reaction is found whereas many cell bodies 

are strongly labeled (~). × 300 

rain af te r  the  in t r aca ro t id  in jec t ion  of  3 H-L-prolyl-L-leucyl-  
g lyc inamide ,  the  rad ioac t iv i ty  was ma in ly  c o n c e n t r a t e d  in 
the  meninges ,  cho ro id  plexus,  e p e n d y m a l  cells bo rde r ing  
the  ventr ic les ,  med ian  eminence  and  subforn ica l  organ 
(Figs. 1 - 3 ) .  Some  degree of  d i f fus ion  of  rad ioac t iv i ty  f rom 
the  ventr ic les  was also n o t e d ,  bu t  no  specific cellular u p t a k e  
was observed .  The  o t h e r  par t s  of  the  b ra in  were comple t e ly  
negat ive at this  dose. 

Intraventricular Injection 

Careful  e x a m i n a t i o n  of  the  sect ions  revealed r e t e n t i o n  of  
rad ioac t iv i ty  in cells of  some specific b ra in  areas, s imilar  
loca l iza t ion  be ing  observed at 5 and  30 rain af te r  in j ec t ion  
of  the  t r i t i a t ed  pept ide .  These areas of  increased up take  of  
rad ioac t iv i ty  were f o u n d  in the  nuc leus  lateralis  septi ,  
nuc leus  medial is  septi ,  p u t a m e n ,  g lobus  pall idus,  i ndus ium 
griseum, h i p p o c a m p u s ,  corpus  cal losum, and  meninges  (Fig. 
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FIG. 5. Portion of the hippocampus 5 min after the intraventricular injection of 
3 H-L-prolyl-L-leucyl-glycinamide. All the cell bodies (-~) are strongly labeled, x 250 

4 and 5). The median eminence and the subfornical  organ 
were diffusely but  not  selectively labeled. Some degree of  
diffusion of  radioact ivi ty f rom the ventricles to the 
surrounding tissues was consistently observed. This diffu- 
sion was always seen over  a short distance f rom the 
ventricle and did not  necessarily produce a specific uptake 
by the cells located in the proximi ty  of  the ventricles. 

DISCUSSION 

The present data suggest that after intracarot id inject ion 
of 3H-L-prolyl-L-leucyl-glycinamide the radioact ivi ty may 
reach the cerebrospinal  fluid (CSF).  This is indicated by 
labeling of  the meninges, ependymal  cells bordering the 
ventricles, and cells of  the choroid plexus. The passage of  
radioactivi ty f rom the b lood to the CSF probably occurred 
at the level of  the choroid plexus. The specialized areas 
such as the median eminence and the subfornical  organ 
show a strong accumula t ion  of  radioact ivi ty probably 
because of  an absence of  the b lood brain barrier at these 
sites [9] .  It is likely that  the radioact ivi ty originates f rom 
both the fenestrated capillaries and the CSF. Our previous 
observation of  a low uptake of  radioact ivi ty after the 

intravenous inject ion of a smaller dose of  labeled M I F - I  (4 
/aCi) into a mouse could be explained by the l imited 
amount  of  radioact ivi ty which can reach the brain after 
passage through the general circulation. 

When the tr i t iated peptide is injected directly into the 
CSF, the high local concentra t ion  of  radioact ivi ty facilitates 
the detec t ion  of a specific accumulat ion  of  significant 
amounts  of  the peptide and/or  its metaboli tes.  It is possible 
that adminis t ra t ion of  large doses of  L-prolyl-L-leucyl- 
glycinamide into the carotid artery could produce a high 
concent ra t ion  of  the hormone  in the CSF and thus lead to 
detectable uptake in specific brain areas. 

Al though the approach used does not  discriminate 
be tween  the intact peptide and its metabol i tes ,  it is very 
useful as a first step to ident i fy the different  structures 
capable of  concentra t ing radioactivity.  Moreover,  it is not  
known whether  the t r ipeptide itself or  its metabol i tes  are 
responsible for the modif icat ions  of behavior observed after 
parenteral  administrat ion.  Since radioact ivi ty accumulates  
in large amounts  in the cells of  the str iatum, it is possible 
that this highly selective uptake could be related to the 
repor ted  beneficial  effects  of  MIF-I in Parkinson's  disease. 
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