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PANKSEPP. J., P. REILLY, P. BISHOP, R. B. MEFKER, I'. R. VII,BER(; AND A. J. KASTIN. l',~lJ~'ctv o la'-MSH on 
motivation, r~eilance and hrain re.vpiration. PItARMAC. BIOCIII'*I. BEIIAV. 5: SUPPI.. 1, 59-64,  1976. - In a series of 
experinlents designed m assess tile effects of a-MStt on ~arit,us motivational processes, it was observed that tile hormone 
can slightly decrease food intake and increase water consumption during the first hr after administration in rats. a-MSIt 
also modified avoidance behavior in 1- and 3-day-old chicks, but there were no reliable effects on activity, distress 
vocalizations and the tonic immobility response, o-MSH appeared to modulate the sleep-waking activity of rats, and tile 
lllost pronlinent effecl was an increase of slow wave sleep during the 2 3 rd hr after treatment. A possible second effccl 
WzlS .:1 honlogcnizalioll of sleep patlerns with poor sleepers exhibiting increases of aclivated sleep and good sleeper,; a 
reduction. Measurement of in ritro brain oxygen consumplion indicated that mice treated with e~-MSH exhibit an 18°, ' 
redt, ction in respiration of the brain stem section which includes the locus coeruleus, bul did not reliahly change respiration 
in forebrain cortices, c~-MSH also produced a modest 14'): increase of plasma glucose. These results are discussed in terms of 
possible modulation by a-MSH of activity in central autononlic cell groups such as the locus coeruleus. 

a-MSII Motivation Vigilance Sleep Brain stem 

UNLIKE the p igmentary  effects  of me lanocy te  s t imulat ing 
h o r m o n e  (btSl t )  in amphibians ,  no clear target organ or 
funct ion  has been found for the substantial  t i ters of  this 
h o r m o n e  in mammals .  Presently,  the most  likely possibili ty 
is that the brain itself is the ntajor target for the act ion of  
MStl in higher animals. Certainly a large number  of 
behaviors can be af fec ted  by exogenous  adminis t ra t ion  of  
the hormone .  Ext inc t ion  of  both  aversive [1] and appeti-  
live tasks [5,22] is increased suggesting that mot ivat ional  
processes which sustain behavioral persis tence are intensi- 
fied. That these effects  are not merely due to a decreased 
capacity to learn new envi ronmenta l  cont ingencies  is 
indicated by observat ions  that  rats learn complex  mazes 
[2(~] and simple reversal t~,sks [21] faster after MSII than 
placebo. Surprisingly, however,  if the task requ i rements  
[24] or relevant cues [18] are changed,  animals tend to 
exhibit  deficits in reversal learning. MSH also has complex  
emot ional  e f fec t s - -  increasing dark preference  and general 
emot iona l i ty  of  rats under  some cond i t ions  [8 ,27] .  t luman 
studies indicate that MSlt lends  to decrease anxiety  and 
increase visual a t t en t ion  [6, 11, 20].  

Still, a definitive funct ion  for MSIt in mammals  has not 

yet  materialized.  Al though it is conceivable that all the 
behavioral changes may be produced  by a unitary under-  
lying change such as increased a t t en t ion  or certain emo- 
tional changes [ 20] ,  that is yet  to be firmly demons t r a t ed .  
The exist ing evidence does, however,  indicate the need for 
fur ther  investigation of the effects  of  MSH on basic 
motivat ional ,  emot ional  and vigilance processes. Accord- 
ingly, in the following exper imen t s  we investigated the 
effects  of this h o rmo n e  on a variety of  behaviors and 
related physiological  states. 

EXPERIMEN'I 1: I"EI'IDING AND DRINKING 

Previous work with appeti t ive tasks has indicated that 
hungry rats exhibi t  delayed ex t inc t ion  when treated with 
~-MSH [22]. This along with the slight increase of  activity 
exhibi ted  by rats after MSH in certain appeti t ive s i tuat ions 
¢7) may indicate that MSH intensifies hunger in rats. 
Previous work has failed to note an',' major  effects  o! 
~-MSH on 2 hr food intake of  22 hr deprived rats, a l though 
free water  intakes were reliably increased [22] .  Similarly. 
no effect  has been observed on daily food intakes of  
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uns tarved  rats  dur ing daily a d m i n i s t r a t i o n  of  MSH [71. 
t-lowevcr, if the  a p p e t i t e - m o d u l a t o r y  effect  of  0~-.MSII is to 
increase hunger  over a br ief  span of  t ime, e f fec ts  on food 
in take  could easily have been missed in the above  studies.  
Accordingly ,  in the fo l lowing e x p e r i m e n t s  wc s tudied the 
short-  and long- term effects  of  0~-MStt on food and water  
intake of nondepr ived  rats. 

Me th od  

Twelve ma tu re  male Long-Evans rats  were housed  
individual ly  in 14.5 x 7 × 9 cm high wire mcsh cages with 
free access to Wayne powdered  l abora to ry  chow from spill 
re ta rd ing  con ta ine r s  and water  f rom gradua ted  d r ink ing  
tubes.  Lighting was on  a 12 hr  l ight-dark cycle and food 
and water  in takes  were recorded  at 12 hr or shor t e r  
intervals  to 0.1 g and 1.0 ml respect ively.  On the 
expe r imen ta l  day,  all an imals  were injected intra-  
per i tonea l ly  (IP) with  10 ug,,'rat of  c¢-MSH (10 7 ~ / m g )  at 
the start  of  the  dark and light periods,  l ta l f  the an imals  
reclaived the  first in jec t ion  at the start  of  each period.  1 o  
ob ta in  shor t - t e rm measures  of  feeding, in takes  were 
recorded  hour ly  for the first 5 hr of the  dark cycle. 

Resul t s  ap2d Discussio,1 

Daily food and wate r  in takes  are presented  in Table 1. 
No effect  of a-MSH was appa ren t  here or in the diurnal  
d i s t r ibu t ions  of  intakes.  The only  obse rva t ion  suggestive of  
a mean ingfu l  effect  on ingestive behavior  occur red  dur ing  
the first hr  fo l lowing I~SH admin i s t r a t i on ,  l )ur ing this  hour ,  
feeding was reduced 205;- f rom 1.9 to 1.5 g while water  
in take  increased 33!; f rom 3 to 4 ml. A l though  ne i the r  
obse rva t ion  a lone  was stat is t ical ly reliable, clue to the 
oppos ing  tendencies ,  the f o o d / w a t e r  rat io was s ignif icant ly  
lower for an imals  receiving oe-MSH (p<0 .05~  with a 
n o n p a r a m e t r i c  test (Wi lcoxon)  but  not by a pa ramet r i c  
compar i son  ( t - test) .  This  small d i f ference  had d isappeared  
by the  second hou r  of recording.  In general ,  these data 
conf i rm that  o~-MSH has no major  effect  on basic ingestive 
behavior .  Cer ta inly  there  was no incrcase in hunger .  
Accordingly  previously repor ted  increases in resis tance to 
e x t i n c t i o n  and increased act ivi ty  in appe t i t ive  tasks c a n n o t  
be ascr ibed to such a mechan i sm.  Thus  it appears  tha t  
a-MSH can be used in learning e x p e r i m e n t s  which  employ  
food anti water  as re inforcers  with l i t t le c o n f o u n d i n g  by 
c o n c u r r e n t  changes  in drive levels. 

T A B L E  I 

DAILY FOOD AND WATER INTAKES DURING 12 HR INJECTIONS 
OF CARRIER OR MSH 

Pre-day Treatment Day Post-Day 

Food Intakes (G) 
Carrier 22.1 ~-+2.2) 20.9 (-+2.41 19.5 (_+3.4) 

MSH 21.8t_+.2.5) 21.1 t_+2.1) 19.8(2.9) 
Water Intakes (MI) 

CatTier 37 I_ + 4) 39 1_+6) 35 (±6) 
MSH 36 (_+41 41 t~8)  36 (.+_9) 

Values are means ± SD. 

FIXIJI-I~,IIX, IFIN'I" 2: EMOTIONAl. BEHAVIOR IN Yt)IIN(; (.'lilt'KS 

Unlike most  o the r  c o m m o n l y  used l abora to ry  animals ,  
the  young  chick displays a wide var iety of s p o n t a n e o u s  and 
easily measured  behaviors  in response  to isolat ion in an 
open field. Because MSIt has p roduced  effects  which  
suggest modif ied  emot iona l i t y  [ 2 4 ] ,  in the fol lowing 
expe r imen t  we assessed the effect of ct-MSfl on act ivi ty.  
distress vocal iza t ion ,  avoidance  behavior  i, nd tonic 
immobi l i t y  of 1- and 3-day-old chicks.  

Me th od  

In the first e x p e r i m e n t  the behavior  of 22 one- and 
three-day-old  male Leghorn chicks was recorded in a t.~0 x 
q~0 cm open-f ie ld  unit  (marked  in to  t~ equal  squares)  
ma in ta ined  at a c o n s t a n t  t e m p c r a t u r e  of  32 ('. Activi ty was 
measured  by the nun tbe r  of  squares which  the chick 
entered  dur ing  the 10 rain test session. Distress vocaliza- 
t ions  were recorded au tomat i ca l ly  by m i c r o p h o n e  and a 
sound  act ivated  relay. Avoidance  was measured  at the end 
of the 10 rain obse rva t ion  per iod by the expe r imen t e r  
app roach ing  the  bird l rom the f ront  with an open  hand  and 
observing the response.  A scale f rom I to 5 was used to rate 
the avoidance  response  accord ing  to the fol lowing cri teria:  
{1 ) l i t t le or no m o v e m e n t  away f rom the hand :  ~2t slight 
m o v e m e n t  backward  from hand  ( t n a x i m u m  of 2 or 3 steps):  
(3~ c o n t i n u o u s  walking or backing away from the approach-  
ing hand :  ( 4 ) r a p i d  walking or runn ing  from the hand .  t5)  
vigorous und i rec ted  runn ing  from the hand  with wings 
raised and of ten  a c c o m p a n i e d  by distress vocal izat ions.  
Expe r imen ta l  animals  received 4 ug of 0~-MSll IP 15 rain 
before  testing, and con t ro l s  received equ ivo lumet r i c  doses 
of the 0.01 M acet ic  acid .0.t)(:; saline carrie,.  

In the second expe r imen t ,  14 day old chicks were tested 
for tonic immobi l i t y  af ter  o~-MSIt or vehicle. Initially 2 
i ndependen t  groups  of 10 animals  were les ted,  and subse- 
quen t ly  a n o t h e r  l g birds were tested af ler  bo th  vehicle or 
MSII (again 4 ug /b i rd )  in a coun te rba l anced  wi th in-animal  
design, with successive tests  being separated by 2 days. 1,11- 
mobi l i ty  tes t ing was c o n d u c t e d  in a room main ta ined  at 24 . 
I ( '  on a large table pa r t i t ioned  into 4 isolated sections.  
Induc t ion  of  the  immobi l i ty  response  was accompan ied  by 
res t ra ining the an imal  on its back wilt, the hand  for 15 sec 
fol lowed by a slow, gentle  release. The t ime taken by the 
bird to right itself was recorded to the closest sec with a 
st opwat  oh. 

R~'sttlts atzd Di.~cussiott 

In birds tested with the vehicle,  mean  activi ty scores 
were 38 and 4 crosscs in 1- and 3-day-old chicks.  
respectively,  indica l ing  the normal  deve lopmen t  of  behav- 
ioral inh ib i t ion  dur ing  these ages. Activi ty of  animals  tested 
with c¢-MSII d ropped  t rom 37 to 21 crosses, but the 
di f ference at 3 days is not naeaningful since it was due 
exclusively to the ex t r eme  agi ta t ion  of a single bird. 

Distress vocal iza t ions  were 872 and 340 in 1- and 
3-day-old con t ro l  birds, anti these values were not  reliably 
di f ferent  frotn the t,'58 and 312 values of chicks  tested with 
o~-MStl. 

The average avoidance  rat ing of 1 day old MSII teated 
animals  t2.5 ± 1.4) was reliably higher  than exh ib i t ed  b,,' 
con t ro l s  ( I .2  + 0.7) It = 1.83, d.l = 10, p < 0 . 0 5 ) .  At 3 days 
of age these effects  were reversed, an imals  lesled with 
o¢-MSI-! having average scores of 1.2 + 0.4 anti con t ro l s  3.0 +- 
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1.1 (t = 3.38, (t/" = 8, p < 0 . 0 1 ) .  The con t ro l  an imals  
exh ib i t ed  a clear m a t u r a t i o n a l  increase in avoidance  which  
we have typica l ly  observed  in chicks.  The  reversal of  the 
effects  of ~-MSH wi th  age, t hough  ou tward ly  confus ing,  
may reflect previously observed in t e rac t ions  of  MSII 
t r e a t m e n t  with  level of  fear. Since there  is a marked  
deve lopmen t  of  fear dur ing  the first 3 days of  lifc in chicks  
115],  MSH may faci l i ta te  avoidance  at low levels of  fear 
and suppress  aw~idance dur ing  high levels of  fear. "lhis 
would he ana logous  to the in te rac t ion  of  MSH with shock 
in tens i ty  in avoidance  s i tua t ions  with rats  [251. 

Thc average immohi l i t y  of birds tested with ~-MSH in 
lhe e x p e r i m e n t  with i n d e p e n d e n t  groups  ',,,'as 376 -+ 306 
scc, which was twice as long as the 151 ± C,~l sec of  cont ro l s ,  
but  because of  the great var iabi l i ty  of  this  behavior  the 
d i f ferences  were not  s tat is t ical ly s ignif icant .  Similarly.  in 
the wi th in -group  e x p e r i m e n t ,  t h r ough  the t rend was in the 
same d i rec t ion  (458  sec for MSH and 408  sec for con t ro l  
birds),  the results  were again not rel iably di f ferent .  

I.:XPI,IRIMI.NT 3: SI. EEP-WAKIN(; PA I"I I.:RNS 

Since cme of the major  h y p o t h e s e s  concc rn ing  ac t ion  of  
MSH is tha t  a t t e n t i o n a l  processes arc modi f ied  [6, 11, 20] ,  
a direct  analysis  of  m o d u l a t i o n  by MSH of vigilance states  is 
indicated.  Such a line of  inquiry  is also suggested by the 
obse rva t ion  of  increased slow wave cort ical  act ivi ty  dur ing  
the first half  hr a f te r  a d m i n i s t r a t i o n  of  MStt in rats [ l t~] .  

,'~lc ttl o d  

Ten male a lb ino  rats w e i g h i n g 3 1 1  4 2 5 g w c r e s u r g i c a l l y  
prepared  wi th  indwell ing e lec t rodes  for the  clcctro-  
enccpha log raph ic  m e a s u r e m e n t  of  s leep-waking pa t te rns .  
Cort ical  act ivi ty was m o n i t o r e d  via 2 stainless-steel screws 
th readcd  uni la tera l ly  over the cor tex  2 mm an te r io r  and 

WAKE 

pos te r ior  to bregma and 2 m m  lateral to the midline.  A 
bipolar  e lec t rode  was placed into the dorsal h i p p o c a m p u s  
for the m e a s u r e m e n t  of  the ta  act ivi ty .  After  at least a wcck 
of recovery,  an imals  were h a b i t u a t e d  to sound a t t e n u a t e d  
sleeping c h a m b e r s  (30 × 30 × 30 in.) and a prelimim, ry 
sleep record was col lected f rom each animal  to verify the 
scorabi l i ty  of  records.  Recording  was done  with Narco 
Biosys tems PMP-4B phys iograph  at a paper  speed of 0.5 
cm/sec .  Records  were visually scored in to  3 sleep stages 
accord ing  to t rad i t iona l  criteria.  Waking was charac te r ized  
by low voltage desynchron ized  act ivi ty in cor tex  and 
h i p p o c a m p u s ,  slow wave sleep (SWS) was charac te r ized  by 
a high voltage low f requency  act ivi ty f rom bo th  recording 
sites; ac t iva ted  slecp {AS) was charac te r ized  by dcsynchro-  
nized low voltage act ivi ty  f rom the cor tex  and a susta ined 
regular the ta  act ivi ty f rom h ippocan lpus .  

Before each test session, an imals  were placed in the sleep 
c h a m b e r s  with food and water  at the start  of the i r  normal  
night cycle. Recording was s tar ted  12 hr later  at the 
beg inning  of  the light cycle and c o n t i n u e d  for 4 consecut ive  
hr. Food and water  were not  available dur ing  this period.  
All an imals  were tested in a c o u n t e r b a l a n c e d  fashion.  
Vehicle  or o~-MSII (10  ug / r a t )  were injected IP immedia te ly  
at the start of each recording session. Two animals  were 
tested th rough  3 successive cycles of  vehicle and MSH 
t r e a t m e n t .  

I?,est t l ls  

Al though  overall  4 hour  values for the vigilance states  
were not  rel iably d i f ferent  be tween  the 2 groups,  to 
highl ight  somc possible effects  imbedded  in these results, 
hour ly  data for good and poor  sleepers have been analyzed 
separate ly  (Fig. 1). Poor  sleepers were an imals  which 
exh ib i t ed  less than  4!;; AS (n = 4) and good slcepers, more  

SWS AS 

~ " "  Q ~  0. - -0  G.S.- Control 
,o 6o / e - - - e  ,, M S H  

0 ~ P.S.- Control 

i so 2o 0--0 ,, M S H  

\ ,o 

T I I I I I I I I 
I 2 3 4 I 2 3 4 Vl  2 :3 4 

Hours 
1'1(,. I. thmrly sleep waking measures after lPadminis l ra t ionof  10~g/ra tofMSl l  or acidified ,,aline carrier. Animal,~werc 
divided into -ood sleepers ((;.S.) and poor sleepers ILLS.) accordin,e t~ levels of activated sleep cxhibilcd durm,e the control 
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than  6~7, AS (n = 6) u n d e r  the  vehicle cond i t ion .  F r o m  this 
analysis,  it is a p p a r e n t  tha t  MStt t ended  to stabil ize the 
sleep pa t t e rn  of  the  an imals  - poo r  sleepers sleeping more  
and good sleepers less. This  convergence  was mos t  appa ren t  
for ac t iva ted  sleep - tha t  of  good sleepers being reduced  by 
29% (t = 5.46, dl" = 5, p < 0 . 0 1 )  and tha t  of poo r  sleepers 
tr ipled.  The  increase in AS was due to the doub l ing  of  
episodes  as well as 75% increase in average episode length.  
In good sleepers,  the n u m b e r  of  AS episodes  was decreased 
by 20% and episode  length by 18~) ' .  

The only  reliable f inding for all an imals  c o m b i n e d  was 
the 157~ increase in slow wave sleep dur ing  the second and 
thi rd  hours  of  record ing  (t = 2.6, dr "= 9, p < 0 . 0 5 ) .  Again, 
the poo r  sleepers exh ib i t ed  the larger 27U- increase while 
good sleepers exh ib i t ed  a 9% inc rement .  

The  3 successive record ing  cycles ob ta ined  f rom 2 
an imals  which had been ca tegor ized as poo r  sleepers 
indica ted  tha t  these ef fec ts  of MSH were not  s table  across 
t ime.  In 1 an imal  the  successive changes  in AS t h r ough  the 
3 cycles of t r e a t m e n t  wi th  a-MSII  were first a 260U 
increase in AS, then  a 67~ decrease,  fol lowed by a 10~¢ 
decrease.  In the o the r  animal ,  the values were a 4t.~0~.; 
increase,  a 188~2;, increase wi th  a 5% decrease.  The observed 
increase in SWS also d imin i shed  sys temat ica l ly  wi th  
repeated  test ing.  This  pa t t e rn  of  resul ts  suggests tha t  the 
effects  of o~-MSH in poor  sleepers was p robab ly  due to some 
aspect  of the  tes t ing  sequence ,  possibly  the initial novel ty  
of  the  s i tua t ion .  

In general ,  these results  indicate  tha t  MS!t has relatively 
l i t t le effect  on overall  s leep-waking act ivi ty  in rats. At- 
t hough  poor  sleepers appeared  to rest more  and good 
sleepers less. it should  be no t ed  that  such a t rend couht  
merely  be due to s tat is t ical  regression toward  the mean.  In 
any case, the resul ts  suggest tha t  this h o r m o n e  has no 
p r o f o u n d  and cons i s ten t  effect  on the basic m e c h a n i s m s  
which con t ro l  e l ec t roencepha log raph i c  indices of vigilance. 
The effects  which  were observed may be a secondary  
consequence  of a var ie ty  of  e m o t i o n a l  changes  tha t  may 
have been p roduced  by MSH. 

EXPERIMI'NT4: BRAIN RESPIRAI'ION 

MSH has been d e m o n s t r a t e d  to have several physio-  
logical e f fec ts  on  the brain which are c o m p a t i b l e  with  the 
no t ion  tha t  the h o r m o n e  might  selectively increase the  
capaci ty  for  visual processing tha t  has been observed in 
h u m a n  beings [20]  and rats [ 2 1 ] .  For  ins tance,  MSH can 
increase the power  o u t p u t  of  occipi ta l  cor tex  [ 11 ]. Also, 
MS!.! does  not  reduce  b lood flow in occipi ta l  cor tex  as in 
o the r  par i s  of  the brain [3] while at the same t ime 
accumula t i ng  more  in the occipi ta l  cor tex  than o t h e r  
forebra in  areas [8 ] .  Because of  these f indings  and the 
changes  in e lec l rocor t ica l  act ivi ty observed in the previous  
e x p e r i m e n t ,  we de t e rmined  w h e t h e r  MSH has any effect  on 
the gross me tabo l i c  act ivi ty  of subreg ions  in the brain as 
measured  by in vitro oxygen  c o n s u m p t i o n .  

Method 

Oxygen  c o n s u m p t i o n  was measured  by the  polaro-  
graphic  t e chn ique  (Yel low Springs I n s t r u m e n t  ( 'o.  Model 
53 sys tem)  which  measures  oxygen  pressure present  in a 
l iquid med ium.  For ty  adul t  male Swiss-Webster mice were 
used. !fal l  were injected with 4 u g / m o u s e  ofo~-MSH, and 
half  were injected with equal  a m o u n t s  of  the acidif ied 
saline med ium.  Fi f teen  minu te s  a f te r  in jec t ion  an imals  were 

decap i t a t ed ,  bra ins  were removed ,  and 4 8 mg samples  ot  
occipi ta l  cor tex  and f ronta l  cor tex  (.just dorsal to the rhinal  
sulcus) were dissected f rom each brain.  Samples  of  the 
dorsal bra in  s tem ( inc luding  the area of  the locus coeruleus)  
(n = 27), d iaphragm (n = 15), and liver (n = 20~ were 
ob ta ined  from smaller  subsets  of  animals.  Each tissue 
sample was weighed to 0.1 m g a n d  homogen ized  in I m l o f  
f r e s h l y  aera ted  m a m m a l i a n  Ringer ' s  so lut ion.  The 
h o m o g e n a t e  plus 2 add i t iona l  ml of  aera ted  Ringer 's  were 
incuba ted  at a c o n s t a n t  t e m p e r a t u r e  of  37' ( ' a n d  oxygen 
c o n s u m p t i o n  was m o n i t o r e d  for 30 rain. At this t empera-  
ture,  the Bunsen coeff ic ient  of  Ringer 's  so lu t ion  is 5 ul of 
oxygen/ ro t ,  yielding a to ta l  of  15 ul of  oxygen in the 3 ml 
of med ium.  

In 13 add i t iona l  animals ,  the  f ronta l  and; 'or  occipi ta l  
cor t ices  were sampled before  any inject ions,  each sample 
was divided in half,  amt 4 ug of MSI! or the equivalent  
a m o u n t  of  vehicle were added to the incuba t ion  m e d i u m s  
30 rain af ter  the start of recording.  Measurement  of 
respi ra t ion  was c o n t i n u e d  for a n o t h e r  30 rains. 

Because of the changes  in brain respi ra t ion  observed in 
the  above  expe r imen t s ,  plasma glucose levels were deter-  
mined in 11 a'-MSIt t rea ted  (4 ug / an ima l )  and 10 vehicle 
t rea ted  mice 15 rain af ter  in ject ion.  Blood was col lected 
af ter  decap i l a t ion  and glucose levels were measured 
po t en t i ome t r i c a l l y  in t r ip l icale  with a Ycllov,' Springs 
I n s t r u m e n t s  ( ; lucosc  Analyzer  IYSI Model 23). 

Results and Discussion 

Tissue 02 c o n s u m p t i o n s  af ter  in vivo admin i s t r a t i on  of  
~-MSH are summar ized  in Table  2. ~-MSI-t bad no reliable 
effects  on tissue respi ra t ion  except  for a significanl l g':; 
r educ t ion  in oxygen c o n s u m p t i o n  of  the dorsal brain stem 
which inc luded the area locus coeru leus  (t = 2.14, d.l = 35, 
p < 0 . 0 5 ) .  The d iaphragm also exh ib i t ed  a 2Y.; reduc t ion  in 
respi ra t ion,  but  due to the small n u m b e r  of samples  and the 
large variance,  the t rend was not  s tat is t ical ly significant .  

T A B L E  2 

OXYGEN CONSUMPTION (ug;mg/30 MINI ()F BRAIN AND 
PERIPHERAl. TISSUES FOLLOWING IP INJECTIONS OF 4 ug,' 
MOUSE OF MSH OR ACETIC At'It) CARRIER 15 MINUTES BFFORE 

SACR[FICt- 

Tissue MSH Control 

Occipital Corlex 0.47 _+ .24 (20) 0.46 +_ .21 120) 
Frontal Cortex 0.45 _+ .17 (20) 0.40 _+ .11120) 
Dorsal Brain Stem 0.23 ± .06 ~ (13) 0.28 ± .05 114) 
Diaphragm 0.36 ~- .25 {7) 0.47 ± .3618) 
Liver 0.23 = .06 (101 0.23 * .(14110) 

Values are Means ± SD. 
Numbers in parentheses indicale number of observalions. 
*p <0.05. 

Admin i s t r a t i on  of  o~-MSH into  tile respiring medim of  
f ronta l  anti occipi ta l  t issues had no effecl on respirat ion.  For  
occipi tal  cor tex ,  the con t ro l  value was 0.34 ~. 0 .20 j  and 
the ~-MS]-I one  0.33 ~± 0.20)  ug 02/ rag  wet t i ssue/30 rain. 
The co r r e spond ing  values for f ronta l  cor tex  were 0.23 (± 
0 .05)  and 0.26 (± 0 . 0 6 ) u g  02/ rag  wet t i ssue/30 rain. 

Essential ly these results  indicate  tha t  o~-MS]! has ','cry 
lit t le effect  on energy me tabo l i sm of  the brain.  The 
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r educ t ion  of  dorsal bra in  s tem respi ra t ion  was p robab ly  
secondary  to changes  in b lood flow because it was no t ed  
dur ing  tissue dissect ion tha t  this  region as well as the brain  
general ly was marked ly  b lanched  in an imals  t rea ted  wi th  
oe-MSlt. This  p robab ly  co r r e sponds  to the reduced  b lood 
flow that  has been  repor ted  for many  regions of  the brain  
fol lowing o~-MSI-I t r e a t m e n t  [3 ] .  Of course,  if th is  were the 
only physiological  change that  resul ted from the o~-MSH, 
o the r  par ts  of  the brain should  have also exh ib i t ed  some 
reduc t ion  in respi ra t ion .  In fact,  the  f ronta l  cor tex  ex- 
h ib i ted  a 12% ( though  not  s ignif icant)  increase in oxygen  
c o n s u m p t i o n  af ter  t r e a t m e n t  with  o~-MSH. Since this  
he igh tened  respi ra t ion  in the presence  of  decreased b lood  
flow might  have occur red  if increased subs t ra tes  had been 
made  avai lable to the brain we decided to measure  plasma 
gh, cose levels af ter  0¢-MSH. The results  ind ica ted  tha t  
glucose levels were 14'7~ higher  in an imals  t rea ted  with 
a~-MSIt than  in con t ro l s  t 143 mgU vs 126 mg%) (t = 1.9, df  
= I~,L .o<0.05) .  Since in previous  work it has been 
d e m o n s t r a t e d  that  exogenous  a d m i n i s t r a t i o n  of  glucose can 
increase the resp i ra to ry  act ivi ty of  brain tissue [ 1 4 ] ,  it is 
suggested that  reduced  fo rebra in  b lood flow may have been 
c o u n t e r a c t e d  by increased e n d o g e n o u s  me tabo l i c  subs t ra te  
availabil i ty.  

G E N E R A L  DISCUSSION 

The present  results  do not  lead to an u n a m b i g u o u s  
un i ta ry  hypo thes i s  abou t  thc role of o~-MStt in the  
func t ion ing  of  higher  animals .  All of  the  posi t ive effects  
observed in the  prcsent  e x p e r i m e n t s  were weak and in sonle 
ins tances  ephemera l .  However,  4 posi t ivc obse rva t ions  were 
made,  and they may be of  some i m p o r t a n c e  in de l inea t ing  
the normal  biological  effect  of  MSH in nonampib i ans .  

First, the  avoidance  behav ior  o1 young  chicks to an 
app roach ing  object  was increased at 1 day of  age and 
decreased at 3 days of age. This  f inding suppor t s  tire 
cons iderab le  evidence l inking o~-MStl to the m o d u l a t i o n  of  
fear mo t iva t ed  behaviors  [ 1 , 9 ] ,  and fu r the r  suggests tha t  
the type of effect  one observes  may be d e p e n d e n t  on the 
level of fear. Since e m o t i o n a l  behaviors  of  the  young  chick 
are developing  rapidly dur ing  the  first few days of  life, the 
reversal of  the effect  of  o~-MSI-t may not  be as p r ob l ema t i c  
as it may initially seem. If the vigor of  avoidance  in the 
chick is an inver ted U shaped func t ion  with increasing age, 
then MSH might  shift the an imal  up on the curve at a 
young  age and down  at an older  age. This  result would also 
be expec ted  if ~-MSI-t in te rac ts  wi th  fea r -mot iva t ion  in such 
a way that  it improves  behaviors  induced by low levcls of 
fear anti reduces  those p rovoked  by high levels. Indeed,  this 
kind of  in t e rac t ion  has been observed in rats when  in tens i ty  
of shock is man ipu la t ed  at low shock in tens i t ies  MSI-! 
faci l i ta tes  avoidance  and at high levels avoidance  is rcduced 
[25t. 

Second,  oe-MSIt appears  to have subt le  ef fec ts  on  
vigilance as measured  by c l cc t roencepha log raph ic  indices of  
s leep-waking act ivi ty.  Slow wave sleep is increased dur ing  
the second and thi rd  hr a f te r  h o r m o n e  admin i s t r a t ion .  This  
obse rva t ion  is c o m p a t i b l e  with  early repor t s  tha t  some rats  
tes ted wi th  /3-MSII exh ib i t ed  behaviora l  s o m n o l e n c e  [17]  
and also possibly  with the  high incidence  of  yawning  and 
s t re tch ing  observed in dogs af te r  MSH a d m i n i s t r a t i o n  121. 
This  f inding may also bc c o m p a t i b l e  with  recent  observa-  
t ions  that  o~-MStl increases the t u rnove r  of brain norcpi-  

neph r ine  dur ing  the first hr  a f te r  admin i s t r a t i on  fol lowed 
by a decreased tu rnover  for several hours  [ 1 0 ] .  It 
n o r e p i n e p h r m e  subserves cort ical  arousal  [ 4 , 1 2 ] ,  a decrease 
in n o r e p i n e p h r i n c  t u rnove r  may  have p r o m o t e d  the 
appea rance  of  slow wave sleep. If this  were the case, we 
should  also have observed a per iod of  increased arousal  
dur ing  the beg inn ing  of  test ing.  I lowever,  we no ted  no such 
effect .  The average la tency to slow wave sleep in cont ro l  
an imals  was 30.3 min and in animals  t rea ted  with a -MSl t  il 
was 25.7 rain. In fact,  8 of  10 rats s tudied en te red  slow 
wave sleep faster  a f te r  MSH than  af ter  vehicle. ( 'onverse ly ,  
8 of  the 10 an imals  took  longer to en te r  ac t ivated  sleep 
af ter  ~-MStt  than  vehicle. It might be no ted  that  some 
animals  did tend to exhib i t  initial sleep pa t t e rns  which may 
have been charac te r ized  by a typical ly  rapid cycling be lween  
slow wave sleep and waking, as if sleep were being d i s rup ted  
by an arousal  process,  but this observa t ion  was not  at all 
cons i s ten t  across animals.  In fact,  hall" the an imals  exh ib i t ed  
larger average episode lengths  of  slow wave sleep than  
controls .  A n o t h e r  possible effect  of  a'-MSH was a reduc t ion  
in the var iabi l i ty  of  sleep stages across animals ,  anti this  
effect was most  p r o m i n e n t  for act ivated sleep. This  suggests 
that  o~-MSII may have a s tabi l iz ing effect  on a Brain 
mechan i sm which con t ro l s  e lec t rocor t ica l  arousal.  This  
h o m o g e n i z a t i o n  of e lec t rocor t ica l  act ivi ty may also be 
n o t e w o r t h y  from the perspect ive tha t  0~-MStt has previously 
been no ted  to reduce  the variabi l i ty  of o the r  behaviors ,  for 
ins tance,  the  n u m b e r  of errors  rats make  in learning a 
complex  maze [ 2 6 ] .  ( ' e r t a in ly  it is possible that  t r e a tmen t  
with o~-MStl stabil izes a physiological  subs t ra le  which 
normal ly  exh ib i t s  e i ther  subs tan t ia l  individual  or l empora l  
variabi l i ty .  

Our  third major  obse rva t ion  was that  MSH decreased in 
vitro respi ra t ion  of the dorsal brain stem. This  effect  was 
p robab ly  due to decreased blood flow to that  region, not  
only  because the an imals  t rea ted  with ~-MSIt exh ib i t ed  a 
visually obvious  b lanch ing  of  brain tissue, but  also because 
MSII has been d e m o n s t r a t e d  to reduce blood flow to many  
regions of  the brain 13].  The fact that  respira t ion was not  
decreased anti may,  in fact,  have been increased in forebra in  
areas such as f ronta l  and occipi ta l  cort ices,  suggested that  
any  me tabo l i c  effects  of  reduced blood l low was being 
homeos ta t i ca l ly  coun t e r ac t ed  by an increase ira energy 
availabil i ty.  

This  idea p rovoked  our  four th  observa t ion ,  namely  that  
o:-MSH p roduced  a reliable though  modes t  increase in blood 
glucose levels of  nonfas l cd  mice. Whether  this effect  was 
due to a direct ac t ion  on the liver as opposed  to some 
secondary  ho rn lona l  change  such as increased secre t ion of 
ep inephr ine ,  glucagon,  or g lucocor t ico ids  or decreased 
insulin,  canno t  be ascer ta ined from the present  data.  
Cer ta inly ,  f rom the perspect ive that  MSII is recrui ted  in 
response  to bo th  physical  and psychological  s tressors [ 2 3 ] ,  
a b lood glucose increase can be seen to be an adapt ive  
response  in prepar ing  the brain and body  to cope with a 
stressful s i tua t ion .  Still, it should  be emphas ized  lhat  the 
hyperg lycemic  effect  ofo~-MSIl was very small, but it may 
explain why we observed a slight r educ t ion  in feeding and 
an increase of d r ink ing  in our first expe r imen t .  The 
increased awtilabili ty of  me tabo l i c  subs t ra tes  may have 
depressed appe t i t e  while any increase in b lood ton ic i ty  may 
have induced  the animal  to dr ink a l i t t le more.  Also, it is 
conceivable  tha t  the metabo l ic  changes  we observett  a f te r  
0¢-MStI may have par t i c ipa ted  in some of  the modi f i ca t ion  
in sleep waking pa t t e rns  since it is clear that  changes  in 
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glucose metabol ism can modify  vigihmce states quite  
markedly [ 1 3] .  

Al though the present  results do not provide a conclusive 
mechanism for MSH act ion,  it should be noted  that the 
results are consis tent  with the possibili ty that MSll may 
have as target organ certain p igmented  cells of the central 
au tonomic  nervous system. For instance,  it has recently 
been demons t r a t ed  thal the locus coeruleus cont ro ls  
cerebral  b loodf low [161, and it was in the brain sample 
conta in ing  this area that a reliable reduc t ion  of tissue 
respirat ion was observed.  Fur ther ,  since this part of the 
brain is known  to part ic ipate  in organizing stress related 
responses  and states of vigilance 14], the changes in 
sleep-waking activity and emot iona l  behaviors in chicks 
could have been media ted  by changes in the activity of  
p igmented  brain stem cell groups such as the locus 
coeruleus.  

Al though speculative at this stage, the hypothes i s  that 
MSH may modula te  central  au tonomic  tone could provide a 
unifa'ing principle which might account  for the many 
effects  of  MSII that have been described in the l i terature 
and the wide variety of  ef fec ts  which were observed in the 

present series of exper iments .  If MSH does modify  auto- 
nomic  tone in the nervous system, it would be expec tcd  
that  a large variety of behaviors would be affected,  but not 
necessarily to any great ex ten t ,  and the hehavioral l i terature 
does indicate that the effects  of  MSH are widespread 
though of ten quite weak and sensitive to slight environ- 
mental  and task changes. Also, from such an au tonomic  
act ion,  it would be reasonable thal the behavior of animals 
in many s i tuat ions would be stabilized rather than shifted 
p ro found ly  in any unitary direct ion,  and again it has been 
occassionally noted that MSH tends  to reduce the vari- 
ability in behavior. Fur ther ,  since rcccnt work suggests that 
an increased a t t en t ion  hypothes i s  of MSIt acl ion may bc 
the best general principle available for organizing the 
diverse behavioral effects  of the lmrtnone [11,201,  a 
r e a s o n a b l e  l l lode  (11' aciion for such it process  could be via 
brain stem cell groups such as the locus coeruleus which 
have been intplicated in lhe basic main tenance  of corlical 
arottsal. Finally, a most compel l ing fact which is leading us 
to analyze the role of  such brain areas in MSIt act ion is 
their p rominen t  p igmenta t ion  and hence lheir outward  
resemblance to the epidermal  target tissue of  amphihians .  
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