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KOSTRZI.:WA, R. M., M. A. SPIR I'I.:S, .IOAN W. KI,ARA, ( .  W. ('IIRISIENSI.:N, A. J. KASTIN AND T. It. JOtl. t',Tfccts 
of I,-prolyl-I,-h'uc.vl-gl.vcine amide L~III.'I) on dopaminergic neurons. PHARMAC BIO('III.M. Bt.:IIAV. 5: St:PPt,. 1. 
125. 127, 1976. In an attempl 1o determine the mechanism of action of L-prolyl-L-leucyl-glycine amide IMII:-I)m the 

treatment of Parkin';~m's disease, various parameters of dopaminergic neuronal function were studied in rats. It x~.as found 
lhal the active uplake of Sll-dopamine (~II-I)AI by synaptosome-rich homogenales of the striatum of rats treated with 
Mll'-I I I mg/k,e IP x 3, 24 hr intervals) was unaltered I hr after final treatment wilh MII.-I. Also. neither t.vrosine 
hydroxylase nor dopa decarboxylase activity ',',as ullered in the slriatt,m and substanlia nigra uf rats trealed with MII'-1120 
ntg/k.,-' IP x 3, 24 hr inlervalsL "1 hus, vital functional processes associated with dopaminergic neurons apparenlly are nol 
altered by MII:-I under the condilimls studied. These findings illustrate the importance of concurrent I)OPA adminislralion 
in observin.,_, ;,n effect of MII'-I on dopantinergic neuronal funclion. 

k-pr olyl-[ -leu cyl-,elycine amide 
I)opa decarboxyla~c 

l)opamirmrgic neurons 311-DA uptake l'yrosine hydroxylase 

RI! ( ' t -NI  studies by several groups of investigators [ 1, 2, 6, 
9] have deternl ined lhat  the t r ipept ide ,  L-prolyl-L- 
leucyl-glycinamide IMIF-I) has ant iparkinsonian  activity. 
Because of  the correlat ion that  has been established 
between Parkinson 's  disease and des t ruc t ion  of the nigro- 
neostriatal  dopaminerg ic  pa thway [5, 8, 12] it is reasonable 
to assume that MIF-! acts on dopaminerg ic  neurons.  
Laboratory studies with animals have shown that MIF-I is 
able to poten t iv te  the behavioral e f fec ts  of d ihydroxy-  
phenylalanine IDOPA) [13] .  Other  studies in our lab- 
oralory indicate that  dopamine  (DA) levels are elevated in 
rat s t r iatum after DOPA, anti that  endogenous  levels of DA 
rise to an even greater degree after t r ea tmen t  with DOPA + 
M1F-I [15] .  When in vivo studies were done  to de te rmine  
the effect  of  MIF-I on endogenous  levels of DA in rat 
s t r ia tum, little change [7] or no change [10] was found.  
Also, no change in I)A turnover  was seen in intact or 
h y p o p h y s e c l o m i z e d  rats after MIF-I [10J .  

In this s tudy,  the uptake of a H-I)A was s tudied in 
synaptosome-r ich  homogena tes  of s lr iatum in order  to 
de termine  whether  MIF-I po len t ia tes  the effect  of neurally 
released I)A. Blockade of the uptake mechanism would 
prolong the durat ion ol  DA in the synapt ic  cleft anti 
thereby po ten t i a te  its actions. "i-yrosine hydroxylase  

activity and dopa decarboxylase  activity were also assayed 
in the striatt, m and the substantia  nigra, in order  to 
de termine  whe the r  MIF-I alters these enzymes  in vivo. 

The present  s tudies show that  MIF-I does not po ten t ia te  
dopaminergic  neuronal  activity by e, locking uptake of DA: 
or by altering tyrosine hydroxylase  activity;  or by altering 
dopa decarboxylase  ac tMty .  

Mt'I I ]tOl) 

• ~It-DA Uptake S tudy  

Six Sprague-I)awley male albino rats ~.('harles River, 
1 6 5 - 2 2 0  g) received a total  of 3 injections of  MIF-I (1 
mg/kg IP) at 24 hr intervals, and were sacrificed by 
decapi ta t ion 1 hr after lhe final dose. An equal number  of  
control  rats received the di luent  saline (0.9";)  acetic acid 
(0.01 M), and were studied s imul taneously  with the 
exper imenta l  group. The str iatum was isolated from both  
groups of rats. and after weighing, was hontogenized in 9 
vol. of cold 0.32 M sucrose in a Pot ter - lqvehjem homo-  
genizer. The homogena te  was then centr i fuged for 10 mm 
at 1000 xg at 4"C and the supernate  was diluted with 0.32 
M sucrose to give a concen t ra t ion  equivalent to 20 mg of 
original tissue per ml. Aliquots  ( 100 ul) were added to 0.8 
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ml of  a n lodif ied Krebs-Ringer  b i ca r bona t e  med ium con-  
ta ining 136 mM N a ( ' l ,  5 . 6  m M  K('I ,  1 6 . 2  m M  N a t I ( O  3 , 1.2 
mM NaH~ PO,,, 1.22 mM Mg( ' l : ,  0 .54 nlM ( ' a t ' l : .  11 him 
ghicosc,  and 0 .0124  mM nialanlide.  Af ter  p r e i n c u b a t i o n  for 
10 rain at 37 ( ' ,  100 ul of  " l t - D A  s tocks  INcw England 
Nuclear)  were added to give final c o n c e n t r a t i o n s  of  DA of  
4, 2. 1 and 0.5 x 10 - 7  M. Samples  were incuba ted  with the 
• ' H-DA for 5 rain tit 37' ( '  and then  placed in an ice ba th  
before  f i l t ra t ion  th rough  0.45 u pore d iamete r  cellulose- 
derivat ive fi l ters I Millipore}. Fil lers were dried before  being 
placed in 10 ml of sc in t i l la t ion  cocktai l  con ta in ing  l r i t o n  
X-100. Blanks were processed in an ident ical  m a n n e r  as the  
above samples,  excep t  tha t  i ncuba t ion  wi th  the ~ H-I)A was 
at O ( .  

1:1l z y  m e A ssa.i's 

In these s tudies .  ~:~ Spragu¢-Dawley male a lb ino  rats 
received a total  of 3 t r e a t m e n t s  with  M1F-I  f20  mglkg IPI at 
24 hr intervals,  amt were sacrificed by decap i t a t i on  1 hr  
af ter  ttac final dose. An equal  n u m b e r  of  con t ro l s  received 
the d i luent  saline ( 0.9',; }-ascorbic acid ( 0.1 "7 ). At the t ime 
of sacrifice the cauda te  nucleus  and subs tan t i a  nigra were 
dissected from the rest of the  brain and f rozen on dry ice. 
Tyros ine  hyd roxy la sc  act ivi ty was de t e rmined  in the tissue 
spec imens  by a n iod i f i ca t ion  of the m e t h o d  of  ( 'oy le  141, 
as ut i l ized by Rcis, Joh  and Ross [ 1 4 ] .  Dopa deca rboxy lasc  
act ivi ty was assayed hy the m e t h o d  o f  l .anlprecht  and 
( 'oy le  [111.  

S t a t i s t i c s  

In order  to de te rn l ine  the lines of  best fit for  the 
Lineweaver-Burke  plots,  a l inear  regression analysis  o f t h e  
data was pe r fo rmed .  The K m and Vma x for each animal  
was de t e rmined  separate ly  and mean  vahies with  SI'; were 
de t e rmined .  S t u d e n t ' s  t-tesl was used to de te r ln ine  sig- 
nif icance be tween  the Km and Vmax values of the 
t r e a t m e n t  and con t ro l  groups  and for c o m p a r i n g  e n z y m e  
activit ies in t rea ted  and con t ro l  groups.  

l,t l.:Sl l I IS 

When rats received consecut ive da i l y  i rea tn lon ts  o f  MIF- I  
(1 m g l k g  IPI and were sacr i f iced 1 hr a f te r  the th i rd  dose, 
there was no change in up take  o f  " I I - I )A  in the s l r ia tun l .  It 
can he seen in Fig. l ,  by l inear  t r ans fo rn la t i on  o f  the data 
in the l . ineweaver-Burke  plot ,  that  the Michael is -Menlen 
kinet ic  c o n s t a n t s  were una l te red  hy lhe t r ea tmen t .  The 
Vma x anti K m were ident ical  in b o t h  groups.  

In the s t r i a tum it was also f ound  tha i  MI I : - I  (20  mg,,'kg 
IP x 3, 24 hr intervals)  did not al ter  e i ther  ty ros ine  
hydroxy lase  or dopa  deca rboxy lase  act ivi ty.  As shown  in 
Table 1, act ivi ty of l~oth cnzym cs  was unchanged  1 h r a f l e r  
final t r e a t m e n t  wi th  MIF-I. I.ikewise, act ivi ty of  ly ros ine  
hyd roxy la se  and dopa deca rboxy lase  was unchanged  in the 
subs tan t i a  nigra af ter  t r e a t m e n t  with  MIF-I. 

I)ISt'I,!SSI()N 

A report  several years ago indica led  that  MIF- I  had the  
capaci ty  to stinaulate act ivi ty of ty ros ine  hyd roxy la se  in 
vi t ro in slices of rat s t r i a lum [7 ] .  l h a t  s tudy  thus  suggested 
that  the ra te- l imi t ing e n z y m e  in the b i o s y n t h e t i c  pa thway  
for DA, and hence  the rate of I)A synthesis ,  could hc 
s t imu la ted .  Such a mechanism could exp la in  the usefulness 
of  MI I : - I  in the Ire,:t inient o f  park inson isn l .  
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l lowever ,  s tudies  in this  and a previous  report I1 (}] tafl 
to con f i rm  this prev ious fh id ing.  At  the dose e m p l o y e d  
MIF- I  120 mg i kg  IP ~ 3, 24 111- in lerva is}  did ilOI a i ler  
lyi-osine h y d r o x y l a s e  in e i ther  the st r i , l lu in  or substanl ia  
nigra o f  rals. Thus. ne i lhe r  tt~e cell body  nor  nt.,rvt_, ie rn lh la l  
region o f  lhe n igro-nu'osl r ia la l  p a t h w a y  appcaru'd Io bc 
s t in lu la led  Io synthesize I )A eli a fasler relic'. &iso. dopa 
decarboxy lase  ac t i v i t y  remained unchanged in the s i r ia tu ln  
and substantici nigra aftu'r lrt_'i i tnlenl ~vilh MI I : - I .  I t l i s  
th rows  tr i te a query  the role o f  MIF- I  in the I )OPA 
p o t e n t i a t i o n  lest o f  Ph>tn iko f f  [ 13 I .  Recent f indings 
indicate tha i  dopa decarboxy lasc  n]ay fie s t imu la ted  in v ivo 
by MIF - I ,  since the level o f  I )A  a f le r  I ) ( )PA + MI I : - I  
increased s ign i l icc in i ly  abe)re tha i  femnd af ter  I ) ( )P, \  I reai-  
n lenl  a lone 1151. l ho  poss ib i l i t y  exis ls tha i  MIF- I  can 
aclucl l ly M i l i i u la tc  hot i l  t y ros ine  hyd roxy iasc  ,l i ld dopa 
decarbo×ylasc al a la ler  thne or wi len lhc MI I : - I  t,~ givt.,ll in a 
d i f fe ren t  close, l l owevc r ,  it is also feasihle th, i l  MI t : - I  acts in 
some way to al ter  the d i s t r i bu t i on  o f  I )OP! \  in lhc bra in;  or  
a l ter  the n lc tabo l isn l  o f  t ' xogenous I)()I>A. 

Because up take  o f  3 t t - I )A  is una l l t ' red  in Syllzlplosolnu'- 
rich hoinogenalt . 's o f  s l r i : l l t in l  a f ter  in r i ve  t rea t lnen l  o f  rats 
w i th  MIF- I .  it appears tha i  c~mlpe l i l i on  o f  MIF- I  for  ihc 
l).& up take  silt_' :it t i le dopan l inc rg ic  l c rn i i na l  end ing b> not 



MIF-I A N I )  L )OPAM1NIZRGI( '  N E U R O N S  127 

T A B L E  I 

TYROSINE HYDROXYLASE AND DOPA DECARBOXY[,ASE A(?TIVITY IN RAI" BRAIN AI"T|'R 
TREATMENT WITH MIF-I 

Brain Tyros ine  Hydroxyla.se Dopa l )ecarboxylase  
Region Trea tment  Activity <uM/g tissue/hr)* Activity' ( u- M/g t i s s u e / h r . :  

Substant ia  Saline Xfv4.9 + 79.0 1114.2 +- 120.6 
") 

Night MIF-I + 78_._  -'- 116.7 IIMI.'~ = 99.5 

S t n a t u m  Sal ine  314.05 '- 24.g 692 .6  ± I g . O  

MIF-I 342.65 ± 14.9 7(14.2 _" 13.3 

* E a c h  s a m p l e  is the m e a n  +_ S . E .  of 6 d e t e r m i n a t i o n s .  
"::Rats received 3 injections of MIF-I (20 m g / k g  ilH at 24 hr intervals,  and were sacrificed I hr after 

final t reatment .  

the  v n e c h a n i s m  o f  ac t i on .  P r e v i o u s  s t u d y  i n d i c a t e d  t h a t  
MIF-I ttid 11oi a l t e r  t he  t u r n o v e r  o f  I )A,  as d e t e r m i n e d  by 
the  d i s a p p e a r a n c e  ra te  o f  e n d o g e n o u s  I)A a f t e r  0 ~ - m e t h y l - p -  
l y r o s i n e  a d m i n i s t r a t i o n  1 1 0 1 .  P r e l i m i n a r y  s t u d i e s  i n d i c a t e  
tha l  MIF-I  d o e s  not  a l te r  l h e  re lease  o f l ) A  f r o m  l ) A - l o a d e d  
s y n a p l c ) s o m e s .  T h e  fa i lure  o f  MII':-I to  a l te r  a p o m o r p h i n e -  
i n d u c e d  s t e r e o l y p y  i n d i c a t e s  tha l  MIF-I  d o e s  no t  have  
s t r o n g  p o s t s y n a p t i c  a c t i v i t y  :tt t h e  t l o p a m i n e  r e c e p t o r  s i te  
[ 1 0 ] .  In s u p p o r t  o f  t h i s  c o n c l u s i o n  is t he  fact  t ha l  MIF-I  
r io t s  no t  a l ter  r e s t i ng  levels  o f  c A M P .  a s t t s p e c l e d  s e c o n d  

m e s s e n g e r  for  I )A,  in t he  striz, tun l  o f  in tac t  and  h y p o p h y -  
s e c t o m i z e d  ra ts  13] .  

T h e r e f o r e ,  t he  p r e s e n t  s t u d y  i n d i c a t e s  tha l  MIF-I  a l o n e  
ha s  l i t t le  a c t i o n  on  d o p a m i n c r g i c  n e u r o n s ,  a l t h c m g h  d i rec t  
or  ind i rec t  a c t i o n  is m a n i f e s t e d  w h e n  I )OPA a d m i n i s t r a t i o n  
is c o m b i n e d  w'ith t he  MIF-I .  It is s u g g e s t e d  tha t  MIF-I  
p r o d u c e s  a n t i p a r k i n s o n i a n  e f f e c t s  p r i m a r i l y  t h r o u g h  a 
m o d i f i c a t i o n  o f  D O P A  n l e t a h o l i s n l  or  r e d i s t r i h u t i o n  ot 
DOI>A m e t a h o l i t e s  in t he  bra in .  
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