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DA'I~A, P. C. AND M. G. KING. Effects of MIF-I and melatonin on novelty-induced defecation and associated plasma 
II-OHCS and brain catecholamines. PHARMAC. BIOCHEM. BEHAV. 11(2) 173--181, 1979.--In two experiments the 
effects were investigated of MSH-inhibiting factor-I (MIF-I) and of Melatonin on step-down latencies, defection, plasma 
11-OHCS levels, whole brain DA and whole brain NE concentrations on Days 1, 3 and 5 of novelty exposure. Treatment 
with MIF-I led to a significant habituation of novelty-induced defecation over 5 days, whereas plasma 11-OHCS level was 
reduced only on Day 1. The concentrations of whole brain DA and whole brain NE also showed a significant increase over 
days of MIF-I and novelty treatment. Melatonin treatment, on the other hand, significantly inhibited novelty-induced 
defecation and reduced plasma i I-OHCS level on Day 5 of novelty exposure. Melatonin treatment led to a significant 
increase of whole brain DA in animals exposed to novelty for 5 days. Neither MIF-I nor Melatonin was found to 
significantly affect the step-down activity of treated animals. The overall results suggested a possible relationship between 
novelty-induced defecation and brain DA levels of MIF-I and Melatonin treated animals. 
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THE hypothalamus secretes a tripeptide, identified as Pro- 
Leu-Giy-NHz and referred to as melanocyte-stimulating 
hormone inhibiting factor-I (MIF-I),  which inhibits specific- 
ally the secretion of  MSH from the pituitary gland under 
several conditions [22, 23, 24, 27, 33, 40, 41]. It has also been 
shown that Melatonin, a pineal hormone, significantly de- 
pletes pituitary MSH in rats if injected intraperitoneally (IP) 
and that this effect of Melatonin disappears when the 
hypothalamus of  such an animal is destroyed [22, 23, 24, 25, 
27, 28]. It has been suggested by Taleisnik Tomatis and Celis 
[41] that the depleting effect of  Melatonin on pituitary MSH 
is exerted through its effect on the serotonergic and 
catecholaminergic (probably dopaminergic) systems in the 
hypothalamus. Serotonin (5-HT) content of the rat brain is 
raised significantly within 1 hour after IP injection of  
Melatonin [2]. The paraventricular nuclei (PVN) of the 
hypothalamus which elaborate and secrete MIF-I  are inner- 
vated by catecholaminergic neurons. The elevation of  brain 
5-HT after IP injection of  Melatonin probably activates an 
inhibitory system which has been claimed to curtail the 
catecholaminergic afferent impulses to the PVN. This in turn 
suppresses MIF-I secretion and thus depletes pituitary MSH 
[411. 

It is very likely that central catecholamines,  especially 
dopamine (DA), are implicated in behavior consequent upon 
MIF-I or Melatonin administration. It has been shown that 
PLG potentiates certain behavioral effects of  DA [35,37]. It 
has also been reported that both MIF-I  and Melatonin alle- 

viate Parkinson tremors in humans and in infrahuman prep- 
arations [3, 34, 35, 36, 37]. Clinical studies using MIF-I 
and Melatonin have shown that patients who have been in- 
jected with these neuropeptides report a feeling of well-being 
and elation [3,12]. Hence it is very likely that both MIF-I and 
Melatonin affect behavior by way of  the central cate- 
cholaminergic system. 

It has been reported that MIF-I treatment leads to a sig- 
nificant rise in brain DA in the striatum of  intact rats [14] and 
in whole brain of both intact and hypophysectomized rats 
[23]. Others have reported null effects of MIF-I on DA con- 
centration in the caudate nucleus or whole brain [37]. None 
of the above investigators has reported a significant effect of 
MIF-I on norepinephrine (NE) concentration in whole brain. 

The similarity between MIF-I  and Melatonin in their ef- 
fects on Parkinson tremors and on mood, e.g.,  reported feel- 
ings of well-being, is probably mediated by an increased 
turnover of whole brain DA concentrations and not by in- 
creased 5-HT levels since Melatonin treatment increases 
5-HT content of brain whereas MIF-I reduces 5-HT content 
in hypox rats [3,39]. In addition some investigators have 
reported that very small doses of DOPA, the immediate pre- 
cursor of DA, and small doses of  MIF-I potentiate the skin 
lightening effect of Melatonin [27]. 

It has been shown recently by Datta and King [101 that 
Melatonin treatment significantly inhibits the defecation re- 
sponse in animals undergoing passive avoidance (PA) learn- 
ing. An opposite facilitatory effect of MSH on PA-induced 
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defecation [10] and on novelty-induced defecation was ac- 
companied by a concomitant reduction in whole brain DA 
and whole brain NE concentrations [111. It is predicted 
therefore that Melatonin treatment should inhibit novelty- 
induced defecation and concomitantly increase the brain 
concentrations of DA and NE. If brain CAs are implicated in 
the maintenance of  novelty-induced defecation by MSH, it 
can be expected that MIF-! would inhibit novelty-induced 
defecation through increasing brain CA concentrations over 
days of treatment. The present study investigated the effects 
of MIF-I and of Melatonin on novelty-induced defecation 
and associated Novel tyxDrug-induced changes in plasma 
corticosterone ( I I -OHCS) and whole brain CAs (NE and 
DA) over successive treatment days. 

EXPERIMENT ! 

It has been demonstrated by Datta and King [11] that 
administration of MSH leads to a significant reduction of  
whole brain NE and DA concentrations in animals exposed 
to a novel environment and sustains novelty-induced defe- 
cation over several days of treatment. In view of these find- 
ings the implication of the putative inhibitory neuro- 
transmitters, NE and DA, is investigated in novelty-induced 
defecation is a function of whole brain CA concentrations,  
especially NE [11], MIF-I treatmelat may well lead to 
habituation of  such novelty-induced defecation responses by 
increasing whole brain NE and whole brain DA. It has been 
reported earlier by Friedman et al. [14] that the whole brain 
DA level is significantly elevated after 4 days of treatment 
with MIF-I. 

Since DA is the immediate precursor of NE it would be 
expected that MIF-I treatment will lead to an increase in 
both brain DA and NE concentrations over days.  Such a rise 
in brain CAs, which have been claimed by several inves- 
tigators [8, 15,381 to be inhibitory neurotransmitters in the 
pituitary-adrenal axis, is also expected to lead to an inhibi- 
tion of plasma 11-OHCS levels in MIF-I treated rats. 

METHOD 

Animals 

The animals were 36 naive male Wistar rats, aged 90-100 
days at the beginning of experimentation. They were ran- 
domly assigned to three treatment duration groups: Day l, 
Day 3 and Day 5, with 12 rats per group. Rats in each treat- 
ment duration group were further randomly assigned, with 
six per group, to either MIF-I treatment or to the control 
injection. Animals in the three treatment duration groups 
were adapted to a 12:12 hr light:dark cycle for 4 weeks prior 
to the start of the experiment.  They had ad lib access to food 
and water throughout the experiment. 

Apparatus 

The test box used as a novel environment in this experi- 
ment has been described in detail by Datta and King [ 101 who 
used the test box as a stepdown passive avoidance (PA) box. 
The box was made of Plexiglas with internal dimensions of 
30x35×45 cm to the grid floor. In one corner of the box 
there was a 15x 15 cm Plexiglas platform fixed 3.5 cm above 
the grid floor and attached to a corner wall. The platform was 
covered with masking tape to prevent animals from slipping 
and was balanced on a micro-switch which was tripped by 
the weight of the rat. The switch was wired to a minicompu- 

ter which operated a print-out timer and an electronic clock. 
Nine cm below the grid floor there was a metal tray covered 
by paper towelling. The test box was covered externally with 
opaque adhesive paper and the top was open. The test box 
and other equipment were housed in a light-proof, sound- 
lagged air-conditioned cubicle in which the temperature was 
maintained at 23 ± I°C. The ambient illumination in the test 
box was 35 Ix. 

Procedure 

Injection procedure. The rats in each experimental group 
received a daily IP injection of MIF-I (250 p.g/rat in 0.25 ml) 
and in the control group an IP injection of  0.9% NaCI and 
0.01 M acetic acid in 0.25 ml. The dose of MIF-I used in this 
experiment followed the practice of previous investigators 
[221. The animals were injected in accordance with the fol- 
lowing schedule: animals in the Day 1 duration group were 
injected for one day only, animals in the Day 3 group were 
injected each day for three days and in the Day 5 group 
animals were injected daily for five days. 

The solutions were prepared each day just  before injec- 
tions. Synthetic MIF-I in 1 mg vials (Beckman lot no. 02708) 
had full potency at the time of testing. The vials were stored 
in dessicators at 5°C. 

Behavioral procedure. Each rat was handled for 3 min 
each day for 7 days preceding the start of  the experiment.  
Each rat was placed on the platform in the test box 90 min 
after injection following the practice of previous inves- 
tigators [14,221. The rats remained in the test box for 60 sec 
which is an optimal duration for eliciting a defecation re- 
sponse from albino rats [101. The weight of the rat on the 
platform started an electronic clock and when the rat stepped 
down the latency was printed out. Only the first step-down 
latency was recorded as a measure of novelty-induced activ- 
ity. When the rat had completed 60 sec in the test box it was 
taken out and the fecal boluses were collected and counted. 
After each trial the platform and grid floor were cleaned with 
distilled water and dried before the next rat was tested. The 
paper towel on the metal tray underneath the grid floor was 
also changed before each trial. 

Animals in the Day I duration group were exposed to the 
test box for one day only: animals in Day 3 group were 
exposed each day for three days and animals in Day 5 group 
were exposed each day for five days. 

Physiological procedure. Animals in each treatment du- 
ration group were sacrificed 91 rain after injection on the 
final day scheduled for that duration group. When the rat had 
completed its last 60 sec in the test box it was removed and 
decapitated. The trunk blood was collected in heparinized 
tubes and centrifuged at 4000 rpm for 15 rain. The plasma 
was collected in acid washed pre-marked vials, frozen and 
assayed for l I-OHCS the following day.  Immediately after 
the blood was collected the brain of each rat was removed 
and weighed. The brain was sliced with a surgical blade on 
parafiim and was homogenized with a solid plastic trephine 
in a homogenizing tube. Each brain was homogenized in 5 ml 
of a freshly prepared solution of 3.7% perchloric acid and 
0.1% sodium metabisulphate in double-distilled water. After 
the brain was homogenized it was kept frozen until all the 
samples were ready for centrifuging. The brain samples were 
then centrifuged at 4000 rpm for 15 min. The supernants 
were immediately collected in acid-washed vials and frozen 
and the deposits were again homogenized in another 5 ml of 
the solution. The homogenized samples were then cen- 
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FIG. I. Effects of MIF-I on novelty-induced defecation, plasma 
I I-OHCS levels (izg/100 ml), whole brain DA concentration (ng/gr 
wet brain tissue) and whole brain NE concentration (ng/gr wet brain 

tissue) on Days 1, 3 and 5 of novelty exposure. 

trifuged for 15 min at 4000 rpm and the supernants were 
collected and frozen. The plasma and the brain samples were 
assayed within two days after collection. 

Biochemical procedure. The plasma samples were as- 
sayed for 11-OHCS levels using the fluorometric method de- 
veloped by Mattingly [311. In the assay for plasma 11-OHCS 
at least two estimations were made on each sample and the 
mean was taken. The assay for brain DA and brain NE fol- 
lowed a fluorescence technique described by Haggendal [161 
and Hinterberger [17]. The brain supernants were absorbed 
in alumina at pH 8.5 and diluted with IN suiphuric acid. As 
soon as the acid absorption was complete the samples were 
oxidised following the procedure described by Hinterberger 
[17]. Then the samples were examined for DA and NE at 330 
and 400 m/~ for excitation and 520 and 374 mg for spectrum 
emission respectively. The assays for plasma 11-OHCS and 
brain CAs were carried out using a fluorescence spec- 
t rophotometer  (Perkin-Elmer, Model MPF-4). 

Statistical procedure. In order to satisfy the homos- 
cedasticity assumption of the analysis of  variance, the bolus 
frequencies and the stepdown latencies were subjected to a 
square-root (X=X/X+I/2) transformation and a log (log,,,) 
transformation, respectively. Both measures were then 
analysed by a two-way analysis of  variance (ANOVA) for 
repeated measures followed by multiple Scheff6 compari- 
sons [421. 

RESULTS AND DISCUSSION 

Results from the ANOVA indicated that MIF-I treatment 
relative to its control injection did not significantly affect 
either of the behavioral measures (latency and defecation) in 
animals exposed to the novel environment. Both treatment 
groups exhibited significant habituation of  defecation re- 
sponses, F(2,20)=5.1, p<0.05,  over  test days. The interac- 
tion effect of Treatments x Days was found to be significant 
for both DA, F(2,20) =4.4, p<0.05,  and for NE, F(2,20)=6.4, 
p<0.05.  Further analysis with ANOVA showed that the 
combined MIF-1 with Novelty treatment significantly ele- 
vated both brain DA, F(2,10)=5.7, p<0.05,  and brain NE, 
1::(2,10)=13.3, p<0.005,  concentrations over  days. Indi- 
vidual Day comparisons showed that M1F-I treatment rela- 
tive to its control injection significantly elevated on Day 5 
concentrations of brain DA, F(I,10)=19.7, p<0.005, and 
brain NE, F(I ,10)= 12.2, p<0.01.  These results support par- 
tially the findings of those investigators who observed an 
increase of  brain DA after MIF-1 treatment (Friedman et al., 
1973: Plotnikoffet  al., 1976) and adds further evidence that 
MIF-I treatment over  days leads to a significant increase in 
whole brain NE concentrations.  Statistical comparison be- 
tween MIF-I and its control injection showed that the effect 
of MIF-] on plasma I I-OHCS approached significance on 
Day l, 1::(1,10)=3.9, p<0.07.  In Fig. I are shown the mean 
number of boluses, mean plasma I I-OHCS levels, mean 
whole brain DA and mean whole brain NE concentrations 
for MIF-I treated and the control-injected rats over  days.  
The mean stepdown latency values with Standard Errors for 
stepdown latencies of  MIF-I treated and MIF-I control 
treated rats were on Day I=4.54 ± 0.69 and 6.42 ± 1.39, 
on Day 2=8.14 ± 2.07 and 5.70 ± 1.54, and on Day 
3=4.51 ± 1.06 and 5.74 ± 1.56, respectively. Since step- 
down latency scores were not significantly affected by either 
MIF-I or the novelty exposure treatment they have been 
omitted from Fig. 1. 
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Results of the Scheff6 comparisons indicated that MIF-I 
treatment significantly elevated brain DA on Day 5 as com- 
pared with Day 1, p<0.05.  

In general results suggest that MIF-I acts on both the 
dopaminergic and the noradrenergic nerve terminals and 
raises the whole brain content of DA and NE on successive 
days of the combined MIF-I with novelty treatment. The rise 
in whole brain DA and NE in MIF-I treated rats was accom- 
panied by habituation of novelty-induced defecation re- 
sponses but not of the I I-OHCS response. The control- 
injected rats, on the other hand, also showed a significant 
habituation of the I I -OHCS response over days,  
F(2,10)=5.8, p<0.05,  but their brain DA and NE remained 
unchanged. Hence, it can not be claimed that this habitua- 
tion of the I I-OHCS for the control-injected rats was 
mediated by the CAs which remained unchanged (Fig. 1). 

Habituation of the defecation response over days and the 
inhibition of plasma 1 I-OHCS on Day 1 for the MIF-I treated 
rats is of interest. The MIF-I treated rats showed a tendency 
to decrease novelty-induced defecation on Day 2 compared 
with the defecation on Day 1. Also on Day 2 there was a 
slight tendency of brain DA and NE to rise (Fig. I) although 
it can not be substantiated that the habituation in defecation 
of MIF-I treated rats was mediated by a concomitant rise in 
brain CAs over days of MIF-I treatment. Further, even 
though there was a reduction of plasma 11-OHCS levels in 
MIF-I treated rats relative to that of control injected rats, 
there was no concomitant rise in brain CAs on Day 1. Hence 
the possibility arises that MIF-I inhibited the plasma I1- 
OHCS response on Day I by itself acting on the adrenal 
cortex or by inhibiting pituitary MSH which has been 
demonstrated to possess significant steroidogenic activity 
[11,291. The effect of MIF-I on elevated brain DA and NE 
might also be mediated by its inhibitory effect on MSH se- 
cretion [14,41]. This has been further substantiated by the 
recent demonstration that a-MSH treatment significantly 
decreased brain CA concentrations and sustained defecation 
responses in rats exposed to a novel environment [11]. 

EXPERIMENT 2 

It has been reported [10] that Melatonin treatment,  rela- 
tive to its control-injection, facilitates the extinction of a 
passive avoidance response (PAR) and inhibits the defeca- 
tion response elicited in the PA box during learning of the 
PAR. But the PA task involves both the shock and novelty 
components each of which is capable of inducing an I I -  
OHCS response in rats [7]. It therefore seems important to 
deconfound the novelty component from the shock compo- 
nent and to investigate the effect of Melatonin on novelty- 
induced defecation alone. 

It was found in Experiment I that MIF-I significantly ele- 
vated whole brain DA and whole brain NE after 5 days of  
treatment and that this elevation in brain CAs was accom- 
panied by a concomitant habituation of defecation. It has 
been reported by Spirtes, Kostrzewa and Kastin [391 that 
MIF-I decreases the synthesis of brain 5-HT, whereas 
Melatonin has been shown to increase significantly brain 
5-HT, brain gamma aminobutyric acid (GABA) and brain 
pyridoxal kinase, an enzyme which is necessary for the 
biosynthesis of CAs, within half an hour of an IP injection 
[1 ]. It is therefore important to investigate the implication of 
the brain CAs (DA and NE) in the defecation response due to 
the combined Melatonin with novelty treatment. It has also 
been suggested by Motta and co-workers [32! that Melatonin 

may affect the stores and turnover of brain CAs because 
Melatonin loses its proven inhibitory action on histamine- 
induced stress in reserpine treated rats whereas DA sustains 
the inhibition of histamine-induced stress in reserpine 
treated rats [32]. Hence it seems probable that Melatonin 
leads to an increase in the turnover of whole brain DA and 
eventually inhibits stress responses. 

Melatonin may also inhibit the pituitary adrenocortico- 
trophic hormone (ACTH) secretion by raising brain 5-HT 
[3,32] and thus may decrease the plasma 1 I-OHCS response 
to a stressor. Motta et al. [32] reported a significant reduc- 
tion of plasma 1 I-OHCS after intraventricular administration 
of Melatonin whereas Barchas and co-workers [6] reported 
that subcutaneous administration of Melatonin does not 
modify either 11-OHCS or ACTH levels. In this experiment 
therefore the effect was investigated of  Melatonin given IP 
on plasma 1 I-OHCS in rats exposed to a novel environment 
and its consequent effect on novelty-induced defecation re- 
sponses over successive alternative days of exposure to a 
novel environment. 

METHOD 

Animals 

Thirty-six naive male Wistar rats, 90--100 days old at the 
time of testing, were used. Animals were randomly assigned 
to three treatment duration groups: Day 1, Day 3 and Day 5, 
with 12 rats in each group. Six rats in each treatment dura- 
tion group received the Melatonin treatment and the other 
six received a control injection. As in Experiment 1 animals 
were adapted to a 12:12 hr light:dark cycle for 4 weeks prior 
to the commencement of the experiment.  The animals had ad 
lib access to food and water. 

Apparatus 

The apparatus and accessories used in this experiment 
were the same as those used in Experiment 1. 

Procedure 

Each rat was handled for 3 rain each day for the 7 days 
prior to the beginning of the experiment. 

Injection procedure. Rats in each daily sample received 
either an IP injection of Melatonin (250 t~g/rat in a 0.25 ml 
solution) of 0.9% NaCI+0.01 M acetic acid+2% ethanol or 
an IP injection of 0.25 ml of this control solution without 
Melatonin. Animals in the Day 1 duration group were in- 
jected for one day only, animals in the Day 3 group were 
injected each day for three days and animals in the Day 5 
group were injected daily for five days. Melatonin and its 
control solution were prepared each day before the injection 
procedure. Synthetic Melatonin (Grade A, Calbiochem) was 
kept in vials in dessicators at 4°C. The dosage of Melatonin 
used in this experiment was similar to the dosage used by 
previous investigators [10, 22, 30]. 

Behavioral procedure. Rats were placed in the test box 60 
rain after injection. This timing followed the practice of pre- 
vious investigators [10,30]. The behavioral procedure for re- 
cording stepdown latencies and bolus frequencies was the 
same as was followed in Experiment 1. Only the stepdown 
latencies and bolus frequencies on the final test day for each 
group were used for statistical analysis. 

Physiological procedure. Rats in each daily group were 
decapitated 61 rain after injection on the final injection day 
for that group. When the rat had completed 60 sec in the test 
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box, it was immediately taken out, decapitated and the trunk 
blood collected for centrifuging at 4000 rpm for 15 rain. The m 
brains were removed and homogenised following the proce- 
dure described in Experiment 1. O 

Biochemical procedure. The procedures for collecting 
and assaying the blood plasma samples [31] and supernants 
of homogenised brain samples [17] were also the same as 
those followed in Experiment I. 

Statistical procedure. The stepdown latencies and the 
bolus frequencies were transformed (Iog~0 and X=X/X+ U2, 
respectively) in order  to satisfy the homogeneity assumption ~[ 
of  the ANOVA. As for Experiment I, data  analysis in this m 
experiment was carried out using a two-way ANOVA for :~ 
repeated measures followed by multiple Scheff(~ compari- 
sons [42]. 

RESULTS AND DISCUSSION 

Results from the ANOVA for repeated measures indi- 
cated that IP injection of  Melatonin, relative to its control 
injection, significantly inhibited defecation responses over  
days,  F(1,10)=15.7, p<0.005.  The interactive effect of 
Melatonin and Trials on defecation was also significant, 
F(2,20)=5.6, p<0.01.  Separate analysis of Melatonin treat- 
ment and the control-injection treatment showed that the 
defecation response of  Melatonin treated rats did not 
habituate over  days subsequent to Day 1 whereas the defe- 
cation of  control-injected rats habituated significantly, 
F(2,10) =9.9, p <0.005, over days.  Melatonin treatment com- 
pared to the control injection significantly inhibited novelty- 
induced defecation on Day 1, F(1,10)=17.8, p<0.005,  and 
Day 3, F(1,10)=25.2, p<0.005,  but not on Day 5 on which 
day defecation responses of  control-injected rats had also 
habituated. Habituation of  plasma 1 I-OHCS levels over days 
was found to be significant for control-injected rats, 
F(2,10)=5.9, p<0.05,  and highly significant for Melatonin 
treated rats, F(2,10) = 21.4, p <0.0005. Melatonin treatment,  
relative to its control-injection, reduced plasma I1-OHCS 
responses on Day 5, F(1,10)=5.7, p<0.05.  Compared to the 
control-injection, Melatonin treatment significantly elevated 
whole brain DA, F(I ,  10) =27.8, p <0.001, over days. Results 
from single day comparisons by ANOVA showed that 
Melatonin treatment led to a significant rise in brain DA on 
Day 3, F(1,10)=5.9, p<0.05,  and Day 5, F(I ,10)=8.1,  
p<0.01.  Whole brain NE, however,  was not significantly 
changed by the combined Melatonin with novelty treatment 
over days even though there was a slight elevation after 
Melatonin alone. The mean number of boluses, mean plasma 
I I-OHCS levels, mean whole brain DA and mean whole 
brain NE concentrations for Melatonin treated and control- 
injected rats over  Days i,  3 and 5 are shown in Fig. 2. 

The stepdown latency means and standard errors (see) for 
Melatonin treated and control treated rats were: on Day 
1=3.47 - 0.33 and 4.52 _+ 0.70, on Day 2=3.69 _+ 0.41 and 
9.33 -+ 3.72, and on Day 3=8.98 -+ 4.91 and 14.66 _+ 7.99, 
respectively. As in Experiment 1 stepdown iatencies did not 
add any information about Melatonin treatment or  novelty 
exposure and they have not been included in Fig. 2. 

Results of  multiple Scheff6 comparisons showed that 
Melatonin significantly reduced (p<0.05) plasma I I-OHCS 
on Day 5 compared with that on Day I (Fig. 2). 

The above results suggest that novelty-induced defeca- 
tion was inhibited by Melatonin treatment. Defecation of 
control-injected rats also habituated over  days and on Day 5 
Melatonin-treated and control-injected rats did not differ 
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with respect to defecation responses. The significant inhibi- 
tion of novelty-induced defecation was accompanied' by a 
significant rise in whole brain DA. The significant habitua- 
tion of plasma I I-OHCS levels and of defecation over days 
after Melatonin treatment verified an inhibitory effect of 
Melatonin on stress-induced responses in rats reported by 
several investigators [10,321. The inhibitory effects of 
Melatonin on stress-induced responses seem to be mediated 
by an increased concentration of DA in whole brain after 
Melatonin treatment. These findings support the observa- 
tions of Motta and associates [321 that intraventricular injec- 
tions of both Melatonin and DA inhibit the histamine- 
induced plasma 11-OHCS response. They further observed 
that in animals pre-treated with reserpine, which signifi- 
cantly depletes brain CAs [9], Melatonin fails to inhibit the 
stress response induced by histamine. Hence it is most likely 
that in the present experiment Melatonin, by acting on the 
central dopaminergic nerve terminals, increases the turnover 
of DA in the whole brain and thus inhibits the novelty- 
induced defecation and habituates the novelty-induced 
plasma 1 I-OHCS response. Melatonin treatment,  however,  
did not significantly elevate the NE concentrations in whole 
brain on successive days of treatment. Hence, it seems likely 
that the central dopaminergic system rather than the norad- 
renergic system is more involved in the Melatonin-induced 
inhibition of novelty-induced defecation and habituation of 
the novelty-induced plasma ! I-OHCS response. 

The present results suggest that IP Melatonin injection 
significantly inhibits novelty-induced defecation responses 
on successive days of treatment. The defecation response of 
control-injected rats habituates over days which is consistent 
with the finding of Datta and King [111 whereas the defeca- 
tion of Melatonin treated rats relative to the controls seems 
to be significantly inhibited on Day 1 (,o<0.005) and was 
consistently low on successive days. This indicates that 
Melatonin facilitates inhibition rather than habituation of 
novelty-induced defecation. This finding is similar to the ob- 
served inhibition of defecation responses in learning a PA 
task after Melatonin treatment [101. In that study Melatonin 
not only reduced the novelty-induced defecation on Day ! 
but also sustained the inhibited defecation over days. This 
sustained inhibition of novelty-induced defecation was 
exactly the opposite to the sustained disinhibition of 
novelty-induced defecation responses observed after a-MSH 
administration [ 11 !. 

Consistent with its inhibitory effect on novelty-induced 
defecation responses Melatonin also significantly reduced 
the plasma I1-OHCS response over days. This significant 
habituation of plasma 11-OHCS by Melatonin on Day 5 sup- 
ports the previous observations of the inhibitory effect of 
Melatonin on stress-induced defecation [101 and its inhibi- 
tory effect on stress-induced plasma I I-OHCS responses 
[32!. This suggests a tonic inhibitory effect of Melatonin on 
the pituitary-adrenal axis in stressful situations 1321. In the 
present experiment the inhibitory effect of Melatonin on de- 
fecation was significant on Day 1, whereas this was not the 
case for plasma II -OHCS.  Rather, there was a tendency 
towards increased 1 I-OHCS levels on Day 1 and Day 3 (Fig. 
2). Novelty-induced plasma I I-OHCS was found to be 
habituated significantly by Melatonin on Day 5 compared to 
Day I (p<0.05). 

Concomitant with its inhibitory effect on novelty-induced 
defecation and its habituatory effect on plasma I I -OHCS 
responses, Melatonin treatment also led to a significant ele- 
vation of whole brain DA over days relative to the control 

treatment (Fig. 2). Even though the increase in brain DA 
after Melatonin treatment was significant on Day 5 the DA 
level started increasing on Day 1 (Fig. 2). The significant rise 
in brain DA concentrations after Melatonin treatment over 
days relative to control treatment indicates that the inhibi- 
tion of novelty-induced defecation and habituation of 
novelty-induced plasma I I -OHCS over days are probably 
mediated by the rise of DA over days of treatment with 
Melatonin. Motta and associates [321 have demonstrated that 
intraventricular injection of Melatonin and DA inhibit 
histamine-induced plasma 1 I-OHCS responses. In rats pre- 
treated with reserpine which significantly depletes brain DA 
and NE [91, Melatonin failed to inhibit the histamine-induced 
stress response whereas DA retained the capacity to inhibit 
the stress response significantly. It is therefore most proba- 
ble that Melatonin inhibits novelty-induced defecation and 
habituates novelty-induced I I -OHCS by raising the brain 
DA content over days of treatment, being significantly 
different on Day 5. In the present study brain NE was not 
found to be significantly raised by Melatonin although there 
was a slight rise in NE concentrations over days (Fig. 2). 

The sustained novelty-induced defecation observed after 
a-MSH treatment [11} was found to be accompanied by a 
significant reduction of whole brain DA and NE concentra- 
tions and the combined MSH with novelty treatment was 
found to decrease significantly the content of brain NE over 
days.  By contrast,  the combined Melatonin with novelty 
treatment elevated brain DA. Hence it seems quite likely 
that whole brain NE concentration reduced by the combined 
MSH and novelty treatment is mainly responsible for the 
maintenance of novelty-induced defecation whereas whole 
brain DA concentrations, elevated by the combined treat- 
ment, mediate the sustained inhibition of novelty-induced 
defecation and habituation of the plasma 1 I-OHCS response. 
It has also been suggested by Motta et al. [32] that both 
Melatonin and DA should be considered as strong inhibitors 
of the pituitary-adrenal axis. They have further suggested 
that Melatonin may inhibit stress-induced responses by ac- 
tivating a central adrenergic pathway which inhibits ACTH 
secretion. It has also been demonstrated by Anton-Tay [11 
that IP injection of Melatonin significantly increases brain 
5-HT, GABA and pyridoxal kinase activity within 1 hr after 
injection. Hence the effects of Melatonin on the sustained 
inhibition of novelty-induced defecation and on habituation 
of plasma 11-OHCS over days may result from an elevation 
of brain DA or a combined elevation of brain 5-HT, GABA 
and brain DA. 

It has been reported by Anton-Tay [11 that the rise of 
pyridoxal kinase activity may facilitate the biosynthesis 
of brain CAs since it is a very important enzyme in the 
process of  GABA, 5-HT and CA synthesis. GABA itself is 
also considered by some as an inhibitory neurotransmitter 
[24,41J. Hence its involvement should also be considered in 
the inhibitory role played by Melatonin on stress-induced 
responses. The rise of brain DA after Melatonin may also be 
due to its possible direct action on central dopaminergic 
nerve terminals. (Increased 5-HT may also work at the nerve 
terminals and inhibit DA release.) Melatonin may also affect 
the central dopaminergic system directly or via its depletory 
effect on pituitary MSH. 

Considering the points discussed above, it may be con- 
cluded that Melatonin (IP) leads to an inhibition of novelty- 
induced defecation and an habituation of plasma 1 I-OHCS 
responses probably by raising the concentrations of whole 
brain DA over successive days of the combined Melatonin 
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FIG. 3. A schematic diagram showing the effects of exogenous MIF-I and Melatonin on the release of 11-OHCS acting by way of the pineal. 
the hypothalamus and the pituitary and via concomitant changes in the concentrations of brain catecholamines. 

with novelty treatment.  The opposition between MSH and 
Melatonin on different behavioral paradigms may in part be 
mediated by a concomitant fall of the brain CAs after MSH 
[1 l] and by a concomitant rise of whole brain DA concentra- 
tion after Melatonin treatment. 

G E N E R A L  DISCUSSION 

From the two experiments it can be concluded that ad- 
ministration of MIF-I facilitates the habituation of novelty- 
induced defecation over days and that administration of  
Melatonin facilitates inhibition of  novelty-induced defeca- 
tion beginning on Day 1 exposure. Hence it seems that at the 
present dose level of  250/~g/rat/day of Melatonin is more 
potent than the same dose level of MIF-I  in inhibiting defe- 
cation. Melatonin not only inhibited novelty-induced defe- 
cation on Day 1 but also sustained this inhibition on succes- 
sive days of  novelty exposure (Fig. 2). These findings also 
support the observations made by Datta and King [10} that 
Melatonin is capable of inhibiting defecation responses 
aroused during learning a PA task. 

The present experiments also provide evidence that 
MIF-I  mildly inhibits the plasma 11-OHCS response on Day 
I and that Melatonin contributes to the habituation of the 
plasma I I -OHCS response over successive days of treat- 
ment, particularly on Day 5. Treatment with MIF-I led to a 
mild inhibition of plasma I1-OHCS on Day I (p<0.05) 
whereas Melatonin slightly elevated 1 I-OHCS on Days 1 and 
3 (Figs. 1 and 2). Administration of  Melatonin was followed 
by a significant habituation of 11-OHCS relative to its con- 
trol treatment on Day 5 whereas MIF-I did not result in a 
significant habituation effect on Day 5. These results suggest 

that Melatonin may be an inhibitor of the plasma 11-OHCS 
response to stressors which supports partially the previous 
findings of Motta e t a / .  [32} that Melatonin, if injected 
intraventricularly, inhibits the histamine-induced I1-OHCS 
response in a single treatment dose. Motta et al. [32} also 
found that DA was equally effective in inhibiting the 
histamine-induced I I-OHCS response. In addition, they 
demonstrated that in rats pre-treated with reserpine, a de- 
pletor of  monoamines, Melatonin treatment failed to inhibit 
the histamine-induced I I-OHCS response, whereas DA re- 
tained the capacity to inhibit the stress-response. Hence it 
has been suggested by Motta et al. [32} that probably brain 
DA, in addition to brain 5-HT which is significantly elevated 
by Melatonin treatment [1,2] may be involved in Melatonin- 
induced inhibition of stress responses. The present findings 
support this suggestion advanced by Motta et al. [32]. Of 
particular relevance are the present findings that Melatonin 
treatment leads to a significant elevation of  brain DA over 
days of  treatment and also a significant habituation of the 
plasma I I -OHCS response (p <0.0005). Melatonin treat- 
ment, relative to the control treatment, significantly elevated 
whole brain DA on Day 5. Hence the combined Melatonin 
with novelty effect on inhibition of defecation and on 
habituation of the plasma l I-OHCS response appeared to be 
concomitantly accompanied by, though not causally related 
to, a significant increase of whole brain DA over days. MIF- |  
treatment also led to a significant rise in brain DA relative to 
its control treatment. However,  comparison across the two 
experiments suggests that the rise in brain DA after MIF-I 
was much more conspicuous than the rise of DA after 
Melatonin treatment (Figs. 1 and 2). Nevertheless the pres- 
ent findings indicate that Melatonin is more potent than 
MIF-] in exerting an inhibitory effect on novelty-induced 
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defecation and plasma II-OHCS responses. These results 
suggest the possibility that in addition to the elevated level of 
brain DA, Melatonin by itself may be responsible for the 
maintenance of inhibited novelty-induced defecation and 
habituation of  plasma 1 I-OHCS over days of  treatment. 

Th~ observed elevation of brain DA after Melatonin and 
MIF-I is consistent with previous findings which have shown 
improvement of Parkinson tremor and subjective reports of  
well-being after Melatonin administration [3]. It is also con- 
sistent with the findings demonstrating improvement of Par- 
kinson's tremor [4, 5, 23, 37] and of psychotic depression 
after MIF-I treatment [12]. In Experiment 1, MIF-I was also 
followed by a significant rise in brain NE concentrations 
over days: this was not found to be the case with Melatonin 
treatment in Experiment 2 even though Melatonin showed a 
slight tendency towards increased brain NE over  days (Fig. 
2). It is therefore more likely that the feelings of well-being 
and mood reported by depressed and normal persons after 
MIF-I and Melatonin treatment [3,12] are probably brought 
about by a significant rise in whole brain DA rather than NE 
or 5-HT. The rise in brain DA after Melatonin may be 
mediated by a rise in brain pyridoxai kinase activity which 
concomitantly follows Melatonin treatment [ 11 but the effect 
of MIF-I on brain GABA and pyridoxal kinase activity has 
yet to be established. 

It has been reported by Datta and King [ 11 ] that treatment 
with a-MSH led to a significant reduction in whole brain DA 
and NE concentrations over days and that this reduction in 
brain CAs was accompanied by a sustained novelty-induced 

defecation response. Melatonin, which depletes pituitary 
MSH [41], and MIF-I, which inhibits pituitary MSH [18, 19, 
23, 25!, may therefore affect central CAs through an interac- 
tional process between MSH, MIF-I and Melatonin rather 
than by any one of  these neuropeptides. 

It has been claimed by several investigators [14, 24, 34, 
36, 371 that MIF-I may have some catecholaminergic action 
in the CNS by itself. Hence in MIF-I treated animals ex- 
posed to a novel environment the release of brain CAs may 
be less than in control-injected animals exposed to the same 
environment. Working as a substitute inhibitory neuro- 
modulator MIF-I therefore could lead to an increased turn- 
over of brain DA and brain NE over  days of  treatment. 

Melatonin has already been suggested as an inhibitory 
neuropeptide of pineal origin capable of inhibiting the 
pituitary-adrenal axis of the rat [32]. Hence the rise of brain 
DA after Melatonin may be due to the fact that Melatonin 
works in conjunction with DA at the nerve terminals in in- 
hibiting the pituitary-adrenal response to stress [3, 27, 32]. 
It is possible that Melatonin increases brain DA and NE by 
inhibiting pituitary MSH. In either case there is low circulat- 
ing MSH, a neuropeptide which has been found to decrease 
significantly brain concentrations of DA and NE and also to 
increase plasma 11-OHCS levels over days of treatment in 
the home cage condition [11]. Figure 3 summarizes such a 
system which is based on the observations of previous in- 
vestigators [1, 3, 25, 27, 32, 40, 411 and the findings of the 
present experiments. 
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