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DAFTA, P. ('. AND hi. G. KING. k'J~i'cts of  melanoo'te.stimulating Izormom' [MSII) and melatonin on passire aroklam'e 
and on an emotional response. PItARMA('. BIO('IIEM. BEHAV. 6(4) 449-452,  1977. The present experiment 
investigated the opposite effects of synthetic a-MSIt and Melatonin on acquisition and extinction of a passive awfidancc 
response (PAR) and on emotionality, as indexed by defecation, in the PA box. It was lound that intraperilonead tIP) 
administration of c~-MSH delayed extinction and increased defecatitm responses whereas IP administration of Melatonin 
facilitated extinction of the PAR and decreased defecation. The present experiment confirmed MSII-Mclattmin opposition 
on memory and on lhc defecation response. 
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f l  IIAS been demons t r a t ed  reliably that  Melanocyte-  
s t imulat ing h o r m o n e  (MSH) secreted from the pi tui tary and 
Melatonin secreted from the pineal each contro l  the 
secret ion of the o ther  I10 ,11 ] .  It has also been demon-  
s t rated that  exogenous  MStt and Mclatonin exert  oppos i te  
ef fec ts  on several measures  of behavior  [ 1, 2, 3, 4, 12. 14, 
16, 17]. The hypo these s  p roposed  to account  for MSII- and 
Meta tonin- induced behavior also reflect their opposing  
actions.  The p roposed  h y p o t h e s e s  are: (1) d is inhibi t ion of  
responses  in active avoidance learning after  MSH adminis-  
t ra t ion 131 as opposed  to inhibi t ion of  responses  after 
Melatonin t r ea tment  [ 1 4 ] ;  (2) an increase in mot iva t ion  
after  MSH [16] as opposed  to a decrease in mot iva t ion  
after  Melatonin adminis t ra t ion  [131;  (3) facil i tated short-  
term m e m o r y  after  MSH 14,171 as opposed  to increased 
inhibi t ion of  memory  after Melatonin adminis t ra t ion  
[12 .141 .  (4) facil i tated arousal ( emo t iona l i t y t  af ter  MSII 
[22] as opposed  to d e c r e a s c d e m o t i o n a l i t y  afler Mclatonin 
adminis t ra t ion  111: and (5) increased a t t en t ion  after  MSH 
[ 2 0 ] ,  as opposed  to decreased a t t en t ion  afler  Melatonin 
adminis t ra t ion  1131. 

It has been suggested by many investigators that 
increased emot iona l i ty ,  in addi t ion to m e m o r y  facil i tat ion.  
might serve as an explana t ion  for much MSIt- induced 
behavior  and that exogenous  MSIt might  exacerba te  the 
e lnot ional i ty  aroused in novel or stressful s i tuat ions  [17, 
I% 21, 221. Mclatonin.  cm the o ther  hand,  has been found 
to decrease anxie ty  levels repor ted  as high by human 
subjects  [11. 

The present  expe r imen t  was designed to investigate, 
using it passive avoidance task, two of  the hypo these s  
proposed  to account  for these oppos i te  ef fec ts  of 0~-MS]I 

and Melatonin: (1) facili tated re ten t ion  of  a PAR after 
MSlt in contras t  to  facilitated ex t inc t ion  o f  the PAR after 
Melatonin adminis t ra t ion ,  and (2 ) inc reased  cmot iona l i tv  in 
a PA si tuat ion after MSII in contras t  to decreasett emo-  
t ionali ty in thal s i tuat ion after  Melatonin adminis t ra t ion .  A 
s tep-down PA task was used in order  to tninimise ntotiva- 
tional c o m p o n e n t s  [17] anti, in adtli t ion to permit  exam- 
ination of  tile t lyperactivi ty repor ted  after MSII adminis- 
t rat ion [2,8] and hypoacl iv i ty  after Melatonin adnlinis- 
t rat ion [ 24] .  

Mt.L f l IOI )  

A n im als 

Twenty - four  naive male Wistar rats. aged 90 - I00  days 
at the beginning of the cxper in ten t ,  were used. Six animals 
were randomly allocated to each of four  groups: a-MSII 
t reated,  MSIt controls ,  Melatonin t reated,  and Melalonin 
controls .  Animals had free access to food and water. 

Apparatus 

The PA box was inade of Plexiglas with internal 
d imens ions  o f  30 x 35 x 45 cm to the grid floor. The floor 
consis ted of  brass rods, 0.5 cm thick and set I cm apart.  
The walls were covered external ly  with opaqt ,e  grey paper 
and the top was open.  In one corner  was fixed a 15 x 15 
cm Plexiglas platfornt  which was covered with white 
masking tape and held 3.5 cm above the grid f loor by a 
Plcxiglas rod. l 'hc  p la t form was balanced on a rnicro-switch 
which cot, ld be t r ipped by the weight of the rat. The switch 
was wired to a nmaicomputer  which control led a shock 
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gene ra to r  and  scrambler ,  a p r in t -ou t  t imer  and an e lec t ronic  
clock.  The  m i n i c o m p u t e r  also con t ro l l ed  the onse t  or a 
sc rambled  cu r r en t  of  1 mA to the grids for  3 sec. The  
appara tus  was housed  in a l ight-proof ,  sound-lagged,  air- 
c o n d i t i o n e d  cubicle  in which the t e m p e r a t u r e  was 23 + I°(  ' 
and the a m b i e n t  i l lumina t ion  was 35 Ix. 

Procedltrc 

Animals  were adap ted  to a 12/12 hr  l igh t /dark  cycle for 
4 weeks prior  to the beginning  of the e x p e r i m e n t .  Each rat 
was hand led  for 3 m m  each day for 7 days. 

Physiological procedure, t-ach day rats received an IP 
in jec t ion (0.25 ml / ra t )  of  e i ther  a -MSi l  ( 10 / lg / r a t ) ,  con t ro l  
for MSII [0.q'7 Na('l  + 0.01 M acet ic  acid),  Mela ton in  (250  
~g / r a tL  or con t ro l  for Mela tonin  (0.t)"~ Na(' l  + 0.01 M 
acetic acid + 2' ;  e thano l ) .  The doses of a-MSH and of 
Mela tonin  were similar to those  used in earlier s tudies  [g,  
12, 14, 17].  Fresh a-MSH and MSII con t ro l  so lu t ions  were 
prepared  each week and s tored at 4o( .̀  . The  Mela ton in  anti 
Mela tonin  con t ro l  so lu t ions  were p repared  each day dur ing  
the per iod of e x p e r i m e n t a t i o n .  The syn the t i c  o~-MSII 
p repa ra t ion ,  dona t ed  by ( ' lBA-( ;e igy ,  had  an MSI1 activi ty 
(7I1 x 107 units,;mg. 

Behavioral procedure. Rats receiving a-MSII and MSII 
con t ro l  so lu t ions  were placed in the PA box 20 min af ter  
in ject ion,  and rats receiving Mela ton in  and Mela ton in  
con t ro l  so lu t ions  were placed in the box 60 rain af ter  
in ject ion.  This t iming  fol lowed the pract ice  of previous  
behavioral  s tudies  using MSH anti Mela ton in  [8,  12, 14, 
17].  l{ach rat when  placed on the p l a t fo rm triggered the 
la tency recorders  {the p r in t -ou t  t imer  anti the e lec t ron ic  
clock).  Upon s t ep -down  the rat received a peak foot  shock 
of 1 mA for 3 sec. After  the rat had c o m p l e t e d  60 sec in 
the PA box,  it was r emoved  to its h o m e  cage. Fecal boluses 
were inmlediatel:¢ c o u n t e d  and weighed.  In the present  
e x p e r i m e n t  only the f requency  of de feca t ion  responses  is 
r epor ted  since the n u m b e r  and the weight of  boluses were 
found  to he highly related.  Af ter  each trial the p la t fo rm 
and the grid f loor  were c leaned with disti l led water  and 
dried before  tile next  animal  was b rough t  in. I 'ach rat wan 
placed in the PA box at the same t ime each day. After  the 
acquis i t ion  phase was comple t e  (6 days),  an imals  were given 
a 3 day res! per iod,  dur ing  which  t ime re jec t ions  were 
c o n t i n u e d  every day at tile same t ime. After  the rest per iod,  
the ex t inc t i on  phase s ta r ted  and c o n t i n u e d  for 12 days, 
since lhe con t ro l - in jec ted  rats were found  to reach base line 
la tencies  on l)ay 12. The salne measures  were taken in 
e x t i n c t i o n  as were taken in acquis i t ion.  It had  heen found  
in a prel imim, ry s tudy  that  with one trial per  day,  6 days 
was the m i n i m u m  time in which a represen ta t ive  learning 
curve could be genera ted .  It was also found  that  a 60 sec 
trial was as valid an index of learning as trials of  longer  
dura t ion  (e.g. 300  sec). In add i t ion  de feca t ion  dur ing  a 60 
sec test per iod each th,y in the PA box was found  to be a 
reliable index of e m o t i o n a l i t y ,  a f inding which is general ly 
cons i s ten t  with p r e v i o u s r e p o r t s [ 7 ] .  

RESULTS 

In Fig. 1 are shown  pe r fo rmances  dur ing  acquis i t ion  and 
e x t i n c t i o n  for the four  groups  based on s t ep -down la tencies  
over  successive days with one trial per  day.  The s t ep -down 
la tency scores were t r ans fo rmed  in to  Iog~ o values in order  
to satisfy h o m o g e n e i t y  a s sumpt ions  ol  the analysis [231.  

An A N O V A R  with repeated measures  on trials was c~,rried 
out  on the log I 0 scores for the acquis i t ion  and ex t inc t i on  
phases separate ly .  Results  of the analysis showed that  the 
groups  did not  differ  in acquis i t ion  but  di f fered signifi- 
cant ly  in the e x t i n c t i o n  phase,  F (3 ,23 )  = 5.5, p~ 0.01.  
indica t ing  h o r m o n a l  oppos i t ion  on the r e t en t i on  of the 
P A R  In acquis i t ion  the overall  trial effect ,  F( 5. 1 2 0 ) =  44.7 ,  
/;.<,0.0l, and the in te rac t ion  effect ,  F t l 0 0 . 1 2 0 1  = 3.1, 
p, 0.01,  were s ignif icant .  In e x t i n c t i o n  also the trial effect ,  
F (11 ,64 )  = 14, p c 0 . 0 0 1 ,  ~,nd the in te rac t ion  effecl ,  
1 ( 2 2 0 , 2 6 4 )  = 1.6, p c 0 . 0 5 ,  were signif icant .  Mult iple 
Scheff~5 tests and fu r the r  F tests were warranted .  F tcsts for 
group mean  compar i sons  in ex t r ac t i on  showed that  laten- 
t ies  of MSH-treated rats did not change (p : -0 .051 signi- 
f icant ly  over  days. ( ; roup  compar i sons  for each day dur ing 
acquis i t ion  indica ted  signif icant  d i f ferences  only on l)ay I 
{ p c 0 . 0 5 )  due to shor t e r  s t ep-down la lencies  of  MSI-I- 
t reated rats and longer la tencies  of Mela ton in- t rea ted  rats 
[ bul e lsewhere we have been unable  to replicate this effecl ). 
Results  f rom mul t ip le  Schelf~ compar i sons  showed tt'.al 
Mela ton in- t rea ted  rats exh ib i l ed  shor t e r  s tep-down la tencies  
than thei r  con t ro l  group (p, . ,0.05) on Day 3 of acquis i t ion.  

Fu r the r  compar i sons  for pe r fo rmance  in ex t inc t i on  
be tween  oe-MSll and MSlt con t ro l  groups  showed that  
a-MSH signif icant ly  faci l i ta ted r e t en t i on  of the PAR 
~p< 0 .001)  whereas  Mela tonin  t rea ted  rats when  compared  
with thei r  con t ro l - in jec ted  animals  rcach ex t inc t i on ,  i.e. 
re turn  to preacquis i t ion  levels, on Day 4 I p ,  0.05 I. 

Figure 2 describes the defeca t ion  responses  based on the 
mean  nun lbe r  of boluses on successive days of acquis i t ion  
and e x t i n c t i o n  of the PAR. The n u m b e r  of boluses was 
subjec ted  Io a t r :msfo rmat ion  iX = x/X + J~) in order  to 
satisfy h o m o g e n e i t y  of variance a s sumpt ions  [ 2 3 ] .  In 
acquis i t ion  the Group  effect  was found  to be s ignif icant ,  
F{3,23) = 3.2, p< 0.05.  Separa te  compar i sons  be tween  blSll  
and its con t ro l  group showed that  a,-MSII t r ea ln len t  
s ignif icant ly  increased defeca t ion  responses,  tq 1,11) = 17.3, 
p c 0 . 0 0 1 ,  dur ing  acquis i t ion ,  whereas  compar i sons  be tween  
the Mela lonin  group and its con t ro l  showed thal  Mela tonm 
t r e a t m e n t  s ignif icant ly  decreased defeca t ion  responses,  
F ( I . I 1 )  = 5.6, p , . 0 . 0 0 1 .  In the e x t i n c t i o n  pllase also the 
Group  effect  was found  to he s ignif icant ,  Ft3,23P = 5.0, 
p -  0.01. Th.e overall trial effect ,  F411,264)  = 16.c). 
p 0 .001 ,  and the in te rac t ion  effect .  1"{22().2~4~ = 3.3. 
p, 0 .001,  were s ignif icant .  F t . r ther  compar i sons  with the 
con t ro l  groups  showed lhat  oe-.MSll t r e a tmen t  s ignif icant ly 
increased and ma in t a ined  high defeca t ion  rates Ip, .O.001 I, 
but  Mela tonin  t r ea tmen t  failed to in t luence  de feca t ion  
dur ing ex t inc t ion .  Multiple Schef l6  compar i sons  showed 
thai  Mela tonin  decreased defeca t ion  on l)ay 4 in acquisi-  
t ion ( p c 0 . 0 5 )  and increased defeca t ion  on I)ays 2 :.lnd b~ hi 
e x t i n c t i o n  (p,70.05 ). 

DISCt'SSI()N 

The restdts con t i rn l ed  that  IP in iec t ion  of o~-MStl 
delayed e x t i n c t i o n  of the PAR, the reby  indicat ing a 
faci l i ta tory effect  of oe-MS]l on long- lerm re t en t ion  of the 
PAR and suggesting a possible effect  of 0~-MS]! on 
long-tern1 memory .  It was also conf i rmed  thal  o'-MSII 
increased anti ma in ta ined  defeca t ion  during bo th  phases 
(trig. I). These f indings suppor t  the S a n d m a n  et a/. 117] 
c o n t e n t i o n  that  for a comple te  exp lana t ion  of MSIt- 
induced  behavior ,  e m o t i o n a l i t y ,  in add i t ion  to men lo ry ,  
must  be impl ica ted .  The higher  de feca t ion  response oh- 
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FIG. 2. Effects of o-MSH and of Melatonin on the mean number of boluses on successive days of acquisition and 
extinction of a passive aw~idance response. 

served in o~-MSH t rea ted  rats  in the acquis i t ion  phase 
persis ted over  a n u m b e r  of days dur ing  ex t inc t i on .  

Mela tonin  t r ea t rncn t ,  on  the o the r  hand .  had  an inhi- 
b i tory  effect  on m e m o r y ,  ev ident  f rom re ta rded  acquis i t ion  
of the PAR on Day 3 and faci l i ta ted e x t i n c t i o n  on Day 4 
{p<0 .05) .  Unlike animals  t rea ted  with con t ro l  so lu t ions  or 
~-MSH. rats t rea ted  with Mela tonin  showed  no rise in 
defeca t ion  on Day 2 of  acquis i t ion .  This  indica tes  an 
inh ib i to ry  effect  of Mela ton in  on s t ressed- induced  (shock 

and nove l ty )  defeca t ion .  In the e x t i n c t i o n  phase Mela- 
t on in - t r ea t ed  rats showed  a s ignif icant  rise in defeca t ion  on 
Days 2 and  8. One possible exp lana t ion  of this change may 
be that  in in tac t  rats exogenous  Mela tonin  might  inhibi t  its 
own  rclcasc by deple t ing  p i tu i ta ry  MSH and s t imula t ing  
h y p o t h a l a m i c  secre t ions  18.9 ]. 

It has been suggested 117] tha t  inh ib i t ion  of  the 
u n c o n d i t i o n e d  response  may reduce the stress in a PA 
s i tua t ion  and that  this  inh ib i t ion  may be exaggera ted  and 
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mainta ined in a highly emot iona l  animal:  this seems to be 
true of the 0e-MSI-t t reated rats in the presenl  expe r imen t .  

The results also indicate that MSH and Melatonin act on 
memory  anti emol iona l i ly  inversely but the ntechanisnts  arc 
not yet comple te ly  unders lood ,  l ) iminut ion  of evoked 
cortical polent ia ls  has been repor ted  after h ippocampal  
s t imulat ion [6] anti af ter  MSII adminis l ra l ion  l i t ) l ,  hn- 
proved re ten t ion  of responses  has been observed after  
lesions in the h i p p o c a m p u s  [51 or after MSII adminis- 
Iration 14. 16, 21, 221. Melatonin,  on the o ther  hand.  has 
been found to activate the h ippocan tpus  and the h ippo-  
campal gyrus only modera te ly  [ I I. These findings suppor t  
lhe view that memory ,  bolb  shor t - term and long-term,  is 
involved in MSII- and Melatonin- induced behavioral effects .  
Sandman et al. 1171 suggesled thal limbic s t ructures  might 
be involved in MSII-induced behavior.  Thus entot ional  
arousal cottld serve as an explana tory  cons t ruc t  for be- 
haviors observed after MStt adminis l rat ior | .  

' lhc  present  findings suppor t  the views of  M a r t i n i [ 1 4 ] ,  
Kovacs et  ul. [ 1 2 ] and . \n lon-Tay  et al. [ 1 ] concerning  the 
inhibi tory effecl  of Melatonin on memory  and on cmo-  
t ionali ly.  Adnt inis l ra t ion of Melatonin was repor ted  to 
decrease anxiely  and increase a feeling of well-being and 

elat ion in human  subjects  l l I: a general feeling of 
well-being was also repor ted  by pal ients  with Parkinson 's  
disease after  adminis t ra t ion of Melatonin I l l .  l h e  mech- 
anism whereby Melatonin inhibits memory  anti stress- 
induced emot iona l i ty  is not yet comple te ly  known.  Mela- 
tonin inhibits  ACTH secret ion from the pitui tary [151 and 
depletes  pi tui tary MSIi I101. Bolh MSII and A('TII are 
known It) be impor tant  for learning anti re lent ion  of 
responses 13, 4. 81. It has also been observed by Kastin et 
al. [18] lhal MSII and A("IH are released from the 
pitui tary under  condi t ions  of physical :,nd psychological  
stress. In the present experinten!  Melatonin might have 
deple ted  pitui tary MS|I and inhibi ted A('TH release in 
animals exposed  to lhe stressful PA learning si tuation.  

The findings of this exper iment  also supporl  lhe viev,s of 
Kastin anti co-workers  [8] that activity alone could nol 
explain MSII- and Melatonin- induced behaviors.  In the 
ex t inc l ton  phase the 0e-NIStt t reated rals were ext remely  slow 
m s tepping down ~delayed ex t inc t ion  I. ()n the ottter hand 
Melatonin t reated rals were uniformly quick in s tepping 
down Ifacil i tated ext inc t ion) .  The present  investigation 
conf i rmed  a facil i latory effect  of  MStt .and an inhibi tory 
effecl  of  Melalonin on menmry  and on emolionali ty ' .  
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