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('IIRIS'It'NSt'N, ('. \V., ('. T. lIARS I'ON. A..I. KAS'IIN, R. M. KOS'FRZI.WA AND M. A. SPIR'II'IS. Inrestigations rm 
c~-MS'tl am1 MH"- I  c.l]~'c'Ls' on cyclic A M P  lcve/.s in rat hrain. PI iARMA( ' .  BIOCIII ' IM. B t 'HAV.  5: SUPPl,. I, 117 -- 120, 1 <)76. 
II ha~ been Stlggt?slt?d that the pcptidcx alpha-mclanocyte st imulal ing hormone tc~-MSIti and MSII-rclcasc inh ib i tory  
lactor (\1 l l '-I 't i1Hiv uhcr :.ldcnosinc-3', 5'-cycl ic nlonophosl~hatt? (cAMP)n le labo l i sn l  I 13,26 l. Norl l la] alld hypophysec'- 
Iomi /cd I hypo \ cd )  rals were cidministcrcd saline (conlro ls IP daily × 3), c~-MSIt (8(i u,.'!k~ IP dai ly × 3) or Ml l . - I  I1 or I(I 
mglkg IP da i l )  7 3) cind vicril ' iccd 31) nli l l  after the third i l t iccl ion in a focused il l icrowavt" o~t?n (1.5 KVt'; 2 3 see). \"ar ious 
braill areas wcrL' illC'll axsa','cd for c'AMP levels after each lre, l l l l /enl.  "lhe occipital cortex {irotl w{is lhc (ll l l$ ;iroil It) show 
consislenl ch:.in,12o~; in bo lh normal  clnd hypoxcd rals a l ler  a-,MSII t rcalnlcnl .  Ihese fmdings wcrc replicated for lilt? 
occipital corh.'\ in u second group of iI()rlllal cind hypo\cd rats which wcrc similarly treated, lhe rt?sulls Ml.,2'gt.'st a 
c-orrclation bel~\cen the rise ill cAMP l'otlnd alld reported changes in visual acuity and at tent ion ill rciI,4 and htilll{lllS after 
lrO;.illlienl with c<-MSII 18, 14,231.  

c<-MSII MII.-I Cyclic AMP Ra! brairi 

IN Inal I  and  lower l i l a l i l i na ls ,  there are no  kl/own physio-  
logical lunc l ions  for the pului tary  ho rmone  melano- 
cyte s t imulat ing ho rmone  (0eMSII) or for the hypo tha lamic  
factor tMIF-I i  which mhibi ts  its release in some assay 
systems. Both pept ides ,  however ,  are present in lllOSl 
aninlals l'rom amphibians  tip to and including man. Despite 
the lack of proven physiological  func t ions  for these 
naturally occurr ing pept ides ,  numeroi.is repor ts  concerning  
significant behavioral anti e lect rophysiological  changes have 
appeared after their adminis t ra t ion  to man and lower 
mammals.  The many reports  concernmg the effects  of 
0eMStt on various behavioral paradigms in both  albino and 
pigmented rats as well as intact and h y p o p h y s e c t o m i z e d  
(hypoxed )  rats have been sumrnarizecl and reviewed else- 
where [ ~l. 12 I . In addil ion, K astin et ~tl. [ 8 ], Sandnlan ctal. 
[24l and Miller et ul. 114] have repor ted  increased visual 
acuity and a t t en t ion  anti increased somatosensory  evoked 
responses m men adminis tered ci-MSII or A( 'TII/MSH 
4. I0. Fur thern lore ,  significant changes were observed m 
e lec t rocncephalographic  (EE( , )  recordings from human 
subjects who had been admmis te red  o~-MStl or A("I H,.'MSII 
4 I0. 

The repor led  behavioral e f fec ts  of  ceMSII and the 
numerous  repor ts  with respect  to MIF-i on several be- 

havioral tests [ 7, 18.  1% 201 led to tile postulate  that these 
behavioral changes might be associated with concomi tan t  
neuro t ransmi t t e r  changes [21,271. Spirtes and his co-  
w o r k e r s  then investigated the ef fec ts  of  these pept ides  on 
the levels and rate o f  m e t a b o l i s m  o f  s e r o t o n m  ( $ - t l T ) ,  
d o p a m i n e  ( I ) A )  and n o r e p i r i e p h r i n e  I N E )  113 ,251 .  N o  
changes were  f() t l r ld by  t hem in s t r ia ta l  I ) A  levels or  D A  
disappearance in in vivo studies using hernial rals adminis- 
tered MIF-I. A significant decrease in striatal DA levels was 
fell.rid in h y p o x e d  rals which had received 3 injections of 
MIF-I in t raper i toneal ly  (IP) over ~, 72 hour period.  In 
addi t ion,  there was a significant decrease in the rate of 
decline of I)A levels for both  o.-MStt and M1F-I in tlie 
presence of  o:-methyl paratyrosine in hypoxed  rats. Sinlilar- 
ly, with respect to NiI disappearance rates, o~-MSII pro- 
duced a significant decrease in the rate of NI( disappearance 
in the midlwain area in h y p o x ed  rats whereas in tile iiltacl 
rats the rate of disappearance was greater. I h e  overall 
disappearance of Nt! lit the end of a 6 hour  period was nol 
affected hy MIF-I in either hypoxed  or intact rats [131. 
Kostrzewa et al. also reported that lhe pept ides  affected the 
rale of  d isappearance of NE l'rom several other  hr,,in areas; 
however,  the effects  occurred only in the hypoxed  rats anti 
not the normal rats. In view of the facl lhat the above 
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men t ioned  neuro t r ansmi t t e r  changes may not he tile direct 
cause of the behavioral a l terat ions,  Kost rzewa el  al. 

suggested that  the pept ides  (0~-MSH, MIF-I) affected cyclic 
nucleot ides  direct ly via post synapt ic  membrane  receptors .  
Numerous  repor ts  in the l i terature have suggested tMt  
0~-MSH activates ~,denylate cyclase thus increasing adeno-  
s ine-Y,5 ' -cycl ic  m o n o p h o s p h a t e  {cAMP) in frog and rep- 
tilian skin [1, (~, 16, 17]. We therefore  decided to s tudy the 
effects  of 0~-MSII anti MIF-I on tile levels o f  cAMP in 
various brain areas of  nornlal and hypoxet l  rat s. 

M E T t t ( ) I )  

l w e n t y  f o u r  n o r m a l  ma le  S p r a g t , e - l ) a w l e y  rats and 24 

h y p o x e d  male  S p r a g u e - l ) a w l e y  rats ( 1 2 5  150 g f r o m  

Char les  R i v e r  Labs,  W i l m i n g t o n ,  ~, IA) were  uscd f o r  al l  

exper iments .  ( 'on t ro l  r;,ts were adminis tered  saline 
(0.9";)-ascorhic acid (0.1U). Pept idc treated rals were 
adminis tered  a-MSll  (107 1.1/rag, 80 u/kg) or MIF-I 
Pro-Leu- ( , ly -Nl t : ,  (1 or 10 m g / k g ) a t  24 hr intervals for a 
total of  3 injections.  Both o-MStl and MIF-I were dissolved 
in the saline-ascorbic acid solut ion used in the rats 
considered controls .  All doses were adminis tered IP in less 
than 0.75 ml. Thir ty  minutes  after the third injection the 
rats were sacrificed in a specially modif ied  t lobar t  12501. 
microwave oven ( 1.5 kW). ] h e  animals were exposed to tile 
focused microwave radiation ( M W R ) f o r  2!:  3 sec, which 
was sufficient to raise the hrain t empera tu re  to 85 t.~0"(' 
and thus inactivate all cyclic nucleot ide  nletabolic  enzynles.  
After  the exposure  to the MWR, the rats were decapi ta ted  
and their  brains renloved and dissected hy the procedure  of  
Glowinski  and Iversen [4] with tile follmving Inodifica- 
tions: tile midhrain ~,rea was subdivided into the tMlz, mus 
and nlidhrain by ex tend ing  the poster ior  and lateral borders  
for the hypo tha lamic  are:, dorsal to the level of the later~,l 
ventricles. This piece was then hemisectcd hor izontal ly  at 
the level of the anter ior  conlmissure  for the hypolhal~,mic 
area ventrally anti the tht, lamic area dorsally. In addi t ion.  
the pos ter ior  third of  tile net)cortex section was removed 
and labeled as the occipital  cor tex region, lmnlediate ly  
after dissecting each area. it was wrapped in alunlinunl foil. 
frozen on dry ice. and stored at -.50-(" until z, ssayed. For  
the cyclic nuclet~tide ext rac t ions ,  tile tissues were rapidly 

weighed (within 10 s e c ) a n d  homogenized  in 10'; trichlor- 
acetic acid ( 105 T( 'A)  at 4 ('. They were then centr ifuged 
at 5,C)()0 ;~ g (nlaxinlunl)  for 20 rain, the supernatant  
removed and the T( 'A ext rac ted  with 4 .5 ' ,olunles oI 
water-saturated diethyl  ether.  The e ther  ext rac t ion con- 
sisted of layering 4 5 volunles of e ther  on to  the I ( ' A -  
aqueous  layer anti vigorous shaking for 20 sec hy means el 
a w~rtcx sha, ker. This was repeated 5 times, with tile fim, I 
shaking lasting for a dura t ion of 60 sec. Thc samples were 
then ettually divided and dried using :, Buchler l-'ivapomix. 
after which they were capped with parafilm and stored at 

2 0 0 (  ` until assayed for cA~,IP, l h e  cAMP ass:,y employed  
is that o f f , i l m a n  [3] us inga  cAMP hinding p n d e i n  isolated 
from hovine skeletal muscle as described by Miyanloto el 
al. 115]. The data for each assay were cntered into a 
preprogranlmed Hewlell-Packard (Model q g 2 0 A ) d e s k  top 
compu te r  which p lo t ted  the correlat ion of regression for 
the standard curve and autt)nlatically deter ln ined the 
numl~er of p icomoles  (pMI of cAMP and the ntunher ot 
pM/nlg wet weight of tissue for each individual s:,mple. 

"lhe exper imenta l  data were analyzed for ~he difference 
of tile means using an analysis of variance on a log I ~ of  lhe 
skewed data. Duncan 's  New Multiple Range (I)N~,IRI test 
was then used Io conlpare  thc control  (saline) and treated 
groups (o:-MSIt and MIF-I ). 

R I.:SI I I. "1,~ 

Tah le  1 presents  the  changes obse rved  m c A M P  le,,els in 
the f r o n t a l  c o r t e x ,  s t r i a t u m ,  mid t~ra in ,  t M l a n l t t s ,  pa r ie ta l  

and o c c i p i t a l  co r t i ca l  areas f o r  h o t h  no rn l a l  and hypoxe , . I  

ruts. The analysis of variance showed a significant three '<D' 
interact ion of t rea tment  (i.e. nornlal or h y p oxed )  vs 
pept ides  vs areas 11" 15,200 = 3 . 1 l , p .  0.0003).  In addi t ion,  
sul ,sequent I)NMR lest indicaled there were significant 
(p , , 0 .05 )  increases in cA~.tP levels after ~,tlF-I ~ I mg /kg ) in  
the intact parietal cor tex and with ~-~.|Sll and MII.-I 110 
nlg/kg) in the intact occipital  cortex.  Fur thermore ,  o'-MSIt 
produced a highly significant (p~,O.01) increase  in the level 
of cAMP in the midbrain of intact rats ,a.heret, s in the 
striatunl there was a significant (p. 0 .05 )dec rease  in cAMP 
after c~-~,.ISII. The hypoxed  rats showed a highly significanI 
Ip. 0.01 ) increase in cAMP in midbrain and thalamus after 

T A B L E  1 

EFFECI'S OF ~ MStt ANt)  MIF-I ON cAMP I .EVELS IN VARIOUS BRAIN RE(.;IONS OF INTA( 'T AND HYPOPHYSFCTOMIZED RATS 

Animal  Treatment Front .  Cx.  Prtl. Cx.  Occip. Cx.  Midhra in Str iatum "l'halamu~, 

Intact 

Hypoxed 

Saline x 3 1.55 - 0.24 0.78 ± 0.09 I).32 r 0.03 1.1)7 _, t ) . l l  1.0g +_ 0.09 0.86 ~: 0.07 
* c t -MSH x 3 1.59 -_- 0.15 1.03 _~ 0.21 I).53 -_ 0.t)8~ 1.62 ± t).20 * 0.77 ÷ 0.115~ 0.99 _~ 0.14 

+ M I F - I  x 3 1.44 _+ 0.12 1.12 z 11.21§ 0.45 _+ 0.08 I).89 t 0.10 (I.91 ± 11.12 ().g5 ~ (I.(19 
~:MIF-I  x 3 1.52 ± 0.12 0.84 + 0.07 0.56 ± 0.08§ 1.t)4 ± t ) . l l  (I.83 * 0.04 1.02 ~ 0.12 

Saline x 3 1.64 _~ 0.20 1.54 ± 0.16 0.99 ± 0.25 1.18 :~. 0.20 0.86 _+ (1.09 0.95 = 0.17 
* ~ - M S H  x 3 1.97 ± 0.13 1.35 +_ 0.11 1.44 ± 0.18§ 1.35 ± 0.15 1.02 ~ 0.0g tl.g7 ± (I.13 
+ M I F - I  x 3 1.53 : 0.15 1.70 _- 0.12 0.90 _+ 0.06 1.90 + 0.27 ¢ 1.02 z 0.06 1.6X ± 0.13 ¢ 

+MIF - I  x 3 1.80 _~ (I.12 1.77 ± 0.29 1.15 , 0.24 1.39 ± 0.04 0.93 ~ (I.06 0.gX _+ 0.18 

n - 6 ra tvgro t lp .  
*i)o~,e gO .~ g.kg IP e',ery 24 hr. 
+l)o,,e I mg,'kg IP ever~ 24 hi'. 
+:l)o,,e I11 mg.kg IP c,,+ry 24 hr. 
§Indicates signif icant di f ference from contro l  (saline) p<-:0.()5. 
¢Indicatcs significant difference f iom control ( , ,a l ine)p<tL01.  
Al l  c A M P  values are pM/mg wet tissue. 
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1.1(;. 1. Iiffect of o~-MSII and MII-1 on cAMP level'; in occipital 
corlex of first ?roup of rals. All r:.llS were sacrificed 3(I rain aflcr tlw 
third injection by exposure to fl)cused microwave radiatim~ 11.5 

K\V. 2 3 sccl. \.'alues are mean cAMI ~ ' standard error of mean. 

injections of MIF- I  I1 mg/kg) and a significant increase in 
cAMP levels in the occipital  cortex after  0eMSIi injection.  
The only changes which were consis tent  in ho lh  intact and 
hypoxed  rats were the changes in the occipital  cor tex 
following ~ - M S | I  t rea tment  {see Fig. l). In order  to verify 
tile changes in cAMP levels in the occipital  cor tex,  these 
exper iments  were replicaled using ano the r  group of 24 
intact and 24 hypoxed  rats and only tile changes in this 
area were fol lowed.  The results are presented  in Fig. 2 and 
can he seen to be essentially the same. Significant { p - 0 . 0 5 )  
increases in cAMP levels were observed for ha th  intact and 
hypoxed  rats in the occipital  cortex.  

I/I,%CtiSSI()N 

The  analys is  o f  var iance ~,nd I ) N M R  tests i nd i ca ted  tha t  
the pep l i des  p r o d u c e d  s ign i f i can l  changes in some bra in  
areas Iparielal  cor tex from inlact rats after M1F-I I I 
nlg/kg), occipital cortex from intact rals af ter  MIF-I (10 
mg/kg): midhrain and s i r | a lum from intact rats after 
~-MSII: midbrain from hypoxed  rats after MIF-I(1  rng/kg); 
lhahnnus from hypoxed  rats after MIF-I (10 mg/kg) ] .  
I lowever,  the facl that these cha,lges were not observed in 
hath  groups (normal  and h y p o x e d  rats) after t rea tment  
with ei ther  pept ide  i,ldicates that such changes may not hc 
direct cerebral effects .  

However,  there were significant (p,:0.05,1 changes in 
cAMI' levels in occipital  cor tex of ha th  intact and hypoxed  
rats afler t r ea tment  with c~-MStt. I b i s  correlates well with 
previous repor ted  findings of  Sandman et ul. 1 2 2 ] .  Kastin 
et al. [g] and Miller ct  al. [14] .  They reporled increased 
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I'IG. 2. l':ffect of 0,-MSIt and MII '-I on o \ M l '  lu',el:, in occipital 
COl're\ Of ,;ccc, nd  L'roup of rals. "lhcsc ,qudJex ,acre a rcplicatitm ul 

tile initial findings in Fig. 1. 

visual acuity and a t ten t ion  in ha th  exper imenta l  animals 
and human  suhjects  af ter  the adminis t ra t ion  of  0~-MSll or 
A ( ' r l I / M S I I  4 10. In the present expe r imen t s  the fact that 
the results could be replicated with a second group of 
animals demons t r a t e s  the reliabilily of  the findings. More- 
over, blood flow in the rat occipital  cor tex al ler  administra-  
tion o f  o~-MSII is not reduced as it is in other  areas of tile 
brain [5] .  In addi t ion,  31t-a-MSH has heen shown to be 
localized in greater concen t ra t ion  in the occipital  cor tex 
than elsewhere after intracarot id injeclion [10 l .  It has long 
been established that the occipital  cor tex is lhe primary 
visual associat ion area in the neocor tcx  [2] and it now 
appears that c~-MSII may affect this area directly.  II is, 
however,  also possible that ~MStt may influence other  
points along the visual palh,a'ay, as lor example  the retina 
itself. ( ' onsequen t ly ,  it is possitqe that ~-MStt acts tlpon the 
rods in the retina and direct ly alter the visual pigmenl 
rhodopsin ,  a l though no exper imenta l  p roof  is ~,t hand for 
s u c h  a p h e n o l l l e l l o n .  

The increase in cAMP in the occipital  cor tex may he 
correlated Io tile increase in local and sonla tosensory  
evoked potent ia ls  found in animals and humans  beings 
adminis tered ~-MStt [g, 12, 14]. Fur lhermore .  the changes 
observed in lower vertebrates  with respect Io Skill nlehlno- 
cytes are known lo serve as a prolect ive adapta t ion  to help 
the animals blend with lheir surroundings.  Quile possihly in 
these and o the r  vertebrates  as well. o'-MSIJ serves as a 
protect ive adapta t ion  by increasing visual acuity as a 
response to environnlental  changes. 
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