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SPIRTI!S, M. A., N. P. PLOTNIKOFF, R. M. KOSTRZEWA. ('. T. HARSTON, A. J. KASTIN AND C. W. CItRISTENSI-N. 
Pov~'ihh' as~ociatbm of #wreased rat hehavior eflects and increased striatal dopamine and norepinephrinc levels during the 
l)OP..l,potent&tion tes't. PIIARMAC. BIOCtlI~M. BEHAV. 5: SL!PPL. 1, 121. 124, 1976. - Previous reports have 
indicated that ca-MSII release inhibiting hormone IMIF-I) increased the behavior occurring as a result of the 
dihydroxyphenylalanine (DOPA) potentiation test [3,7]. This study was undertaken to see whether dopamine IDA) or 
norepinephrine (NEI levels likewise increased in the test animals. The DOPA potentiation lest was performed as follows: 
2 -4 hr hefore behavior measurement, 40 mg/kg of tile monoamine oxidase inhibitor pargyline IIC1 was given orally. Two 
hr later this was followed by the intraperitoneal liP) injection of MIF-I at doses of 0.1, 0.3 or 1.0 mg/kg, Behavioral 
measurement was begun after tile IP injection of 200 mg/kg of dI-DOPA I - 2 hr after the MII:-I. The parameters included 
social interaction, aggressiveness, fighting, ataxia, jumping, defecation, urination and salivation. The animals were beheaded 
while tile behavior was still increased and the striatal area removed, placed in aluminum foil, and kept at -50' (" t, ntil 
assayed. In general, especially among the younger animals, a significant correlation q~ = 0.05 to p = fl.O11 was found 
between the increased behavioral responses to MII.-I and the rise in DA. Because of a few exceptions to this correlation the 
possibility is suggested that MII:-I might also affect behavior by acting directly on the postsynaptic membrane thus 
bypassing any change in NI- or DA which is known to increase cyclic AMP in the striatunL 

a-MSH MIF-I l)opamine N~repinephrine Rat brain 

UNFII.  recent ly ,  interest in the hypo tha lamic  ho rmo n es  
centered  on their ability to p romo te  or inhibit  the release 
of  pi tui tary pept ide  ho rmones  110]. The latter  then 
induced synthesis  or release or bolh  of various peripheral  
h o r m o n e s  in a number  of endocr ine  glands, t towever ,  
during the last few years, evidence has been accumula t ing  
that a number  of  the hypo tha lamic  ho rmones  also exert 
primary effects  within the central  nervous system (CNS), 
The work of P lo tn ikof f  and Kastin [7 ] ,  in which o~- 
melanocyle  s t imulat ing h o r m o n e  release inhibi tory factor  
(M1F-I) inject ions were fol towcd by behavioral increases 
bolh  in unopera ted  and h y p o p h y s e c t o m i z e d  (h y p o x )  
animals, was the first indicat ion of such a direct ( 'NS 
action.  These expe r imen t s  have been co r robora ted  by 
others  [4] .  Accordingly,  to avoid secondary peripheral  
hormonal  e f fec ts  via the pi tui tary gland, our exper imenta l  
p rocedures  were pe r fo rmed  on bo th  unopera ted  and hypox  
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animals using the d ihydroxypheny la l an inc  (Dr)PAl potent i-  
at ion behavioral test [3] as a model .  No known hypotha-  
lamic h o r m o n e  has been shown to affect  peripheral  gland.,, 
of  internal secret ion directly [X] except  possibly 
somatos ta t in  I 1,51. 

MEI HOD 

Thc I)OPA polcnt iat ion test brings about changes in 
complex  social behavior  such as aggressiveness, fighting anti 
repetit ive jumping,  as well as au tonomical ly  media ted  
behavior (ur inat ion,  defeca t ion ,  salivation, increased motor  
activity).  It was carried out by placing 3 or 4 nlale, ( 'harles 
River rats, together  in a metal cyl inder  (27.5 cm dia. x 20 
cm high), at the b o t t o m of  which was a fit ted circle ol 
paper,  marked off  into 4 equal quarters.  Motor  activity, 
including circling and jumping,  was rated (0 to 3+L Other  

O7664). 
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changes in the behavioral parameters  investigated, namely 
salivation, ur inat ion,  diarrhea and ataxia, were also mea- 
sured similarly as 0 to 3+. An unbiased observer,  unaware 
of  the drug t rea tment  of  the exper imenta l  animals, was 
employed  to rate the behavior. Behavioral changes began 
aboul  l'_, hr af ter  the last drttg injected (dI-I)OPA) and lasted 
about  !5 -1 hr. Animals were decapi ta ted  at the height of  
the above-ment ioned  behavioral changes, l h e  exper imenta l  
procedure  was as follows: Groups  o f  3 o r  4 rats, kept in a 

room at 25~( ', were adtninistered an oral dose (40 mg/kg) 
of pargyline H('I in 0.0% Na('l or in I1: O. Two hr later 
these rats received an in t raper i toneal  {lid inject ion of  e i ther  
MIF-I or t h y r m r o p i n  releasing ho rmone  ('I 'RII) in 0.9~7 
Na('l or H 2 0  at a dose of  0.1, 0.3 or 1.0 mg/kg for MIF-I 
and 0.5, 1.0 or 2.0 mg/kg for TRIt.  ( ' on t ro l s  received only 
the same volume of vehicle at this time. One hr af ter  
injection of  pept ide ,  an [P injection of dI-DOPA in 0.9('; 
Na('l or H20 ,  at a dose of 200 mg/kg, was made. This dose 
of  dI-I)OPA resulted m an increase of behavior ratings from 
0 to the 1 or 1+ level. This would allow for a fur ther  
increase m behavior,  were it to occur,  as a resuh of  the 
t rea tment  with MI}:-I or TRt t .  In tests with normal 
(unopera ted )  rats, fur ther  cont ro l  animals received only 
pargyline, dI-I)OPA, a pept ide ,  or a vehicle injected at the 
time when drugs were given, l lypox  animals were purchased 
from Charles River l .aborator ies  a,ld allowed to acclimate 
for 3 5 days before being used exper imenta l ly .  During this 
t ime the daily gain in weight was fol lowed and any animals 
gaining more than 1 g daily were not used. After  decapita-  
l ion. the brains were rapidly removed and the striatal area 
dissected,  frozen on dry ice and stored at 50 ' ("  until 
assayed for dopamine  ( D A ) a n d  no rep ineph rme  (Nk).  Sella 
turcica ,,,,'ere examined for any remains of pi tui tary tissue. 
The ca techolamine  assays were pe r fo rmed  by the hydroxy-  
indole me thod  of  [[ogans [6,91. Briefly. tissues were 
homogen ized  in acidified butanol  and al iquots  were added 
to a phospha te  buffer  (0.1 M, pl-[ t~.5) for ext rac t ion  of  
ca techolamines .  Iodine oxidat ion  was used for conversion 
of  the NE and DA to lhe respective t r ihydroxy-  and 
d ihydroxy- indoles .  Samples con ta inmg NI-'I were read in an 
A m m c o - B o w m a n  S p e c t r o p h o t o f h m r o m e t e r  at 3 8 5 / 4 8 5  nm 

wavelengths (uncor rec ted  ac t iva t ion/emiss ion) ,  amt samples 
conta ining DA were read at 320/380 nm (uncorrec ted) .  
Statistical analysis of  the results for all animal groups was 
carried out by an analysis of  variance fol lowed by ,, Scheff~' 
test [11] for the hypox  rats and a Dunne t t ' s  test [2] for 
the unopera ted  animals to de termine  the effect  of  saline 
cont ro ls  vs the MIF-I injected groups or TRl l - t rea ted  
groups of  rats. 

R 1.;S U I. IS 

It one considers  the results for hypox  animals weighing 
90. 100 g (Fig. 1), a correlat ion was evident be tween 
increases in I)A levels due to MIF-I and increases in 
I',ehavior for both  normal and hypox  animals. / 'here  
appeared to be a t endency  for such an increase in I)A levels 
and behavior to disappear  at the highest MII:-I level used { 1 
mg/kg),  especially in the case of  the hypox  animals. Table I 
indicates t/'lat pargyline alone caused a rise in DA in the 
s tr iatum accompanied  hy a considerable  rise in NIL The 
behavioral rating of  the pargyline treated animals, however,  
did not change. The dI-I)OPA alone increased the DA lcvel 
in the st r ia ta l  region more  than t w o - f o l d  over tile control  
value. "[he Nt! level was about  the same (0.6() _+ 0.02) as 

MIF-I EFFECT ON DOPA-PO/ENTIATION TEST 
WITH HYPOX RATS WEIGHING 90-100G 

~ t t  
3[- ~ ~ 40. ~ 55 I. . ,  
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D~,::es of MIF. ; (mq/kg)  

biG. l. Mean behavioral rating - range. The Mlt" by age statistical 
interaction from tile analysis of variance .̀ .̀ a,,; significant 11.(6,63) :: 
35.13; pC-0.001). Tile difference bet.`veen means needed for 
significance at tile 0.05 level Was 0.4 units and for the 0.1)1 level V,a~ 
0.47 units (via tile Schel'f,,5's lest). Meiln dopanfine levels • the 
standard error of the nlean ISI'IM). Fhe MItt by age statistical 
interaction fronl tile analysis of variance ",'.as significant (1.(6.63) = 
3.97" p<t).002). The difference between means needed for sifmifi- 
canee at tile 0.05 level was 10.6 ,~,e..'.e for tile ().01 level ',;as 12.4 
,ag/g (via the Seheffe's test). Mean norerfinel~hrme level``; • the 
(SI.M). l'he MII: by age statistical interaction from the an;d,.'sis ol 
variance ',,,'as significant I I.t6,63) = 3.21 : p .  t).008). The differcnct 
between mean'~ needed for significance al the 0.05 level was (I.14 
,ug/g and for tile (L01 level .`vas 0.17 ,u,e,,'g (via tile Scheff,J's Ic',;t). 

• i ) ,  ( l . 0 5 :  **l"" It.Ill. 

after  the pargyline alone and no behavioral changes were 
noted.  Pargyline + MIF-I gave the same l)A level as 
pargyline alone: however,  the behavicmd rating rose from 0 
to l. 1'he parameters  nleasured after  the comhiriat ion ot 
pargylin¢ + dI-DOPA were corlsidered to he control  values 
when evaluating the effects  of  MI|--[ + pargyline + 
dI-I)OPA. It was clear that MIF-] increased both I)A and 
NI{ levels considerably as well as lhe behavioral ratings. 
There was relatively little d i f ference m I)A or NF levels 
be tween the 0.1, 0.3 and 1.0 mg/kg doses of MIF-I. When 
TRt! was subs t i tu ted  at doses of  0.5 and 1.0 mg.'kg, no 
increase in striatal values for I)A and NE over the controls  
tpargyline + dl-l)OP/' ,)  ~,,ere holed al though behavior was 
somewhat  increased. AI a dose of 2.0 mg/kg I R I I .  there 
was a considerable  rise in levels of  I)A and hehavitmd 
ratings, bt, I no rise in NE levels. However. lhe rise ill I)A 
was associated with a large variance and was not statistically 
significant at this I R  II dose and this may hvve been due to 
the larger s tandard error of the mean. 

Exper iments  similar to those pc r fo rmed  will, normal rats 
were also carried out on hypox ( 'harles P, iver rats of three 
different  weight groups,  gO -100 g, 140 150 g and 
lq0  200 g. In the case of the animals of Ihc lowest weight 
range, rest, Its .`verc nl t . l ch  t i l e  S;.l,lle a s  for n o r , l i t [  ;.Inii,1;.,ls. h ,  

90 1 0 0  g hypox  rats a correlat ion was seen between 
behavioral changes and increases in DA and Nl{levels(Fig .  
1). For animals weighing 140.  150 g (Fig. 2). even the 
controls ,  injected only with pargylme and dI-I)OPA showed 
greatly increased hehavior st) that  only at 0.3 mg.,kg of  
MIF-I was this I~ehavior notably increased. Neither I)A nor 
NE levels were significantly increased fur ther  at any MII.-I 
dosages. Finally. when I¢)0 200 g animals were employed .  
the only changes in behavior corrc la lmg with DA or NI'I 
levels occurred with M IF-1 at a dose of ].0 m s / k s ( F i g  3). 
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Behavioral 
Freatment DA + SEM§ NE _+ SEM§ Ratting 

.Saline 
Parg)line 145 mg ;kgl 
MIF-I (I.0 mg,'kg) 
dI-I)t)PA (21R) mg./kg) 
h rgy l ine  • MII:-I 
%.llF-I • dI-I)()PA 
Pargylirm ~ dl-l)()PA 
t>av-gyline • MIF-I (().1 mg/kg) • dI-I)OPA 
Pargylinc + MIF-I 1{).3 mg:kgl + dI-I)OPA 
Parg.',line • MII:-I (I.qt mg,'kg) - dl-l)OP..\ 
I~arg.`,livle ~ "rRII (It.5 rng,'kg) -- dI-DOPA 
I~arg~,line - TRH (I.0 nlg;kg) ~- dI-I)()PA 
Pal'g~,linc • "I'RH q2.0 lng.kg) - dI-I)OPA 

8.52 -,- 0.48 (I.33 ~ 0.02 II 
11.28 ___ 0.74 0.63 ___ 0.08 0 
1 ( 1 . 1 4  ~ 0 . 4 4  - -  I) 

19.08 "+ 0.95 0.60 + 0.02 0 
11.48 ~ 0.35 - -  0 

19.68 __ 4.21 - -  0 

19.60 -_ 0.95 0.62 + 0.03 1.0 
37.25 .,- 3.37* 1.16 +_ 0.10, 1.5 
33.94 +_ 4.56 0.81 +_ 0.11 1.5 
38.46 -,- 5.95i- 1.(Ig + 0.14, 2.5 
17.70 _+ 0.28 0.73 +_ 0.06 1.5 

21.29 _+ 0.9g 0.~) ± 0.03 1.5 
34.58 +_ 6.02:1: 0.68 _+ 0.05 2.5 

*= l' ~:.tl.Ol : + - p < 0.05: - -  p <0.10. Unless otherwise stated all doses of M I F-I are I.O m ,g/kg. 
5 - 6 rats per group, 14(I-150 g, albino. Charles River animals. 
§- All DA and NE values are p. g/g ,~et weight. 

MIF- I  EFFECT ON DOPA-POTENTIATION TEST 
WITt4 HYPOX RATS WEIGHING 1 4 0 - 1 5 0 G  

.s- T 4o~ s~ r 

.... . I-I- I-I 

_ ~ ~,~:.~ ~ ~ , t  

, ~ . . . .  . . . . . . . . . . . . . . . . . . .  ~O ~ L.....L..~ ~__.--.#..~.~ 2b '  o o.i o,3 i.o o o.i 03 ' o  o O l 0.3 i.o 
Doses of MIF-I (mg/kg) 

MIF-I EFFCT ON DOPA-POTENTIATION TEST 
WITH HYPOX RATS WEIGHING 1 9 0 - 2 0 0 G  

3/- ~ 4o F T 

L.- . . . .  io~ ~ ~ * ~ . e >  ~ ~ i i i  
o Ol o.3 i.o o o.i 0.3 i.o o o., 0.3 ,.o 

Doses of MIF-I (mg/~g) 

1.1(;. 2. Each group consisted of 6 male albino rats from Charles 
River Labs. Statistical analysis analysis of variance followed by 
the Seheff~ test. No statistically significant changes found in 
t'mhavior I)A or NI.~ levels under the condition of the experin~ent. 

"1>. 0.(15: **p<().OI. 
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In general ,  the e x p e r i m e n t s  p e r f o r m e d  indicate  a COlre- 
lat ion of  the e f tco t s  o f  MII:-I on behav io r  wi th  increases  in 
DA and NE levels in the s t r i a t um  oi  b o t h  u n o p e r a t e d  and 
h y p o x  animals .  W h e t h e r  this co r r e l a t i on  ind ica tes  a causal 
r e l a t ionsh ip  bet wecn  the rise in n e u r o t r a n s m i t t e r  levels and 
behav io r  c a n n o t  be es tab l i shed  at this  t ime.  In several 
ins lances  the co r r e l a t ion  was lacking. [:or e x a m p l e  a m o n g  
the n o r m a l  an ima l s  as seen in Table  1. a d m i n i s t r a t i o n  o f  
on ly  d l - l )OPA more  than  d o u b l e d  the levels o f  [)A and N['I 
w i t h o u t  caus ing  t, nc~liceahle change  in ttte I~ehavioral 
rat ing.  F u r t h e r n l o r e ,  a t nong  one o f  the g r o u p s  of  h y p o x  
rals (`,veighing IgO 200 g each) ,  behav io r  was  def in i te ly  
increased w h e r e a s  NI,I le`,,els ,.,,'ere tlol s ta l is l ical ly  a l tered 

FIG. 3. I']ach group consisted ~l" 6 male albino rats I'rcm'~ Charles 
River l.abs of 190 200 ,e weight. I l l  f:or behavior difference 
betx`,een means needed for significance at the p--.(t.O5 level (*) ix 
0.40 units: at the 1). 0.()1 level (**) it is (I.47 units. (2) fo r  I)A 
levels difference between means needed l'~r significance at the 
,t~<().ll5 level is 10.6 ug/g; at the p .  ().(11 level it is 1 2.4 ,ug/g. (3) For 
NI.I level,~ difference between me;ms needed for significance at the 
p, 0.05 level is 0.14 ,ug/.,.z: at the p.:ILOl levels it is O.17 ug/g. 
Slatistical analysis: analysis of variance t'oll~ved I~y [he Sclleff,5 text. 

and I)A increased only  tit the highest  level o f  MIF-I.  Anlon~ 
a n o t h e r  g r o u p  o f h y p o x  an imals  we igh ing  140 1 5 0 g .  a l l o l  
wh ich  s h o w e d  behaviora l  r e s p o n s e s  aft er in.iect ion of  M 1 l"-I 
none  r e s p o n d e d  wi th  DA or Nt! increases  which  were 
s ta t is t ical ly  s ignif icant .  Because o f  these  e x c e p t R m s ,  to our 
general  f indings ,  the poss ib i l i ty  mUSl be cons ide red  thai 
MI]:-I could cause behaviora l  ct langes by di rect ly  aflec/in~2 
the neu rona l  p o s t s y n a p l i c  t t lenlbranes  via adeny la l e  cyc las t  
and cycl ic-AMP v~ithout c o n c o m i t a n t  net~rot rans tni t le t  
a l t e ra t ion .  
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