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Melatonin Restores the Decrease in Food Intake Caused by
Pinealectomy in Mice

Objective: This study was designed to determine whether pinealectomy has an effect on food
intake in mice. The efficiency of melatonin in restoring the possible effect of pinealectomy on food
intake was also investigated. To determine whether melatonin has a modulatory role in the effect
of leptin on food intake, the influence of leptin on food intake in pinealectomized animals were
also examined.

Materials and methods: Adult male mice weighing 30-40 g were used in this study. The animals
were divided into two main groups, each consisting 5 animals. The mice of the control group
were exposed to sham-pinealectomy. In the experimental group, mice were pinealectomized and
allowed to recover for a period of two weeks. Mice received daily injections of melatonin (5
mg/kg/day, i.p.) and luzindole (10 mg/kg/day, i.p.). Mice were i.p. injected with leptin in a dose of
25 pug/mouse in 0.1 mL 15 mM HCI. Control animals were injected with the respective vehicle.

Results: Pinealectomy caused a significant decrease in food intake in mice. Melatonin restored
this decrease in food intake caused by pinealectomy. Luzindole, a melatonin antagonist, did not
reverse melatonin-induced increase in food intake. Leptin significantly decreased food intake in
pinealectomized and sham-pinealectomized animals.

Conclusion: In conclusion, melatonin was found to increase food intake physiologically and
pharmacologically in mice. Further studies are needed to determine the mechanism by which
melatonin exerts its effect on food intake in mice.
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Farelerde Pinealektomi Nedeni ile Azalan Gida Alimi Melatonin Tarafindan
Yeniden Diizenlenir

Amag: Bu calisma farelerde pinealektominin gida alimi (zerine etkili olup olmadiginin
belirlenmesi amaciyla yapilmistir. Gida alimi (izerine pinealektominin olasi etkisine karsilik
melatoninin dlzenleyici etkisi de arastinlmigtir. Leptinin gida alimin dizenleyici etkisi Gzerine
melatoninin bir roltnin olup olmadigini belirlemek igin pinealektomize hayvanlarda gida alimi
Uzerine leptinin etkisine de bakilmigtir.

Gere¢ ve Yéntem: Bu calismada 30-40 gr agirhiginda yetiskin erkek fareler kullanilmistir.
Hayvanlar her biri 5 hayvandan olusacak sekilde 2 ana gruba ayrildi. Kontrol gruba farelere
pineal bezinin ¢ikarilmasi islemine benzer sekilde sham operasyon yapildi. Deney grubunda
farelere pinealektomi yapildi ve iyilesmeleri igin iki hafta siire verildi. Farelere giinliik i.p olarak
melatonin (5 mg/kg/day, i.p.) ve luzindol (10 mg/kg/day, i.p.) uygulandi. Leptin 0.1 mL 15 mM HCI
icerisinde 25 ng/fare olacak sekilde i.p olarak enjekte edildi. Kontrol hayvanlarina ise ayni
hacimde ¢6zlici maddeler uygulandi.

Bulgular: Pinealektomi farelerde gida aliminda bir azalmaya neden olmustur. Melatonin ise
pinealektomiden kaynaklanan bu gida alimindaki azalmay geri ¢evirmistir. Melatonin antagonisti
olan luzindol ise melatoninin neden oldugu bu artisi geri déndirememistir. Leptin hem
pinealektomize hemde sham-pinealektomize hayvanlarda anlamli bir sekilde gida alimini
azaltmistir.

Sonug: Sonug olarak melatonin farelerde gida alimini hem fizyolojik hem de farmakolojik olarak
artirmistir.  Melatoninin  farelerde gida alimi (lzerine etkilerini hangi mekanizmalar ile
gerceklestirdiginin belirlenmesi i¢in daha ileri calismalara gerek vardir.

Anahtar Kelimeler: Melatonin, luzindol, leptin, gida alimi.

Introduction

There is an evidence that melatonin may have an important role in the regulation of
food intake besides its well-known functions of photoperiodic regulation of biological
rhythms (1), antioxidative (2) and neuroprotective (3) effects. The results of previous
studies performed in different species revealed that the effects of melatonin on food
intake are controversial. Although there are studies indicating that melatonin has no
effect on food intake in rats (4), it has been shown that the effects of melatonin on food
intake are dose-dependent, decreasing at high doses (5) and increasing at low and
mid-doses (6). Melatonin has no direct effect on food intake but may have an indirect
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hyperphagic effect due to suppression of 5-HT2a
mediated activation of HPA axis (7). A higher food intake
was reported in pinealectomized rats, which suggests
that melatonin may physiologically have a reducing effect
on food intake (8). The pineal gland has been reported to
have a stimulatory effect on the ventromedial
hypothalamic nucleus, which is known to be a satiety
center in hypothalamus (9). Melatonin can inhibit food
intake in some other species, e.g. hamsters (10), which
are seasonal breeders, and goldfish (11) as seen in rats.
Melatonin has been reported to stimulate food intake in
mice (12) and tundra voles (13) in contrast to its effects
in rats and hamsters.

Melatonin may have a role in the regulation of food
intake due to its effects on the hormones regulating food
intake. Adipose tissue is also an important target for
several hormones, including melatonin (14). Melatonin
has been reported to affect leptin (15, 16) and ghrelin
release (11, 17), which are the main hormones having a
role in food intake.

The present study was designed to determine
whether pinealectomy has an effect on food intake in
mice. The efficiency of melatonin in restoring the
possible effect of pinealectomy on food intake was also
investigated. To determine whether melatonin has a
modulatory role in the effect of leptin on food intake, the
effect of leptin on food intake in pinealectomized animals
were also examined.

Materials and Methods

Adult male mice weighing 30—40 g (Firat University
Experimental Research Centre, Elazig) were used in this
study. They were maintained under controlled light (12-h
light and 12-h dark) and temperature (211 °C)
conditions. Food and water were supplied ad libitum. The
food contained crude matter (93.69%) consisting of fish
flour, corn, wheat, barley and minerals. All the protocols
in the present study were approved by the local ethics
committee of the Medical School.

Melatonin (Sigma, St Louis, MO, USA) and luzindole
(Acros Organics, Belgium) were dissolved in ethanol and
further diluted in saline to give a final ethanol
concentration of 5%. Mice received daily injections of
melatonin (5 mg/kg/day, i.p.) and luzindole (10
mg/kg/day, i.p.). Mice were i.p. injected with leptin
(Sigma, mouse recombinant) in a dose of 25 pg/mouse
in 0.1 mL 15 mM HCL. Control animals were injected
with the respective vehicle (0.5 ml 15 mM HCL and 0.3
mL 7.5 mM NaOH). The drugs were i.p. injected between
9:%0 am. and 10:22 a.m.

The animals were divided into two main groups, each
consisting of 5 animals. The mice of the control group
were exposed to sham-pinealectomy. In the experimental
group, mice were pinealectomized and allowed to
recover for a period of two weeks. These animals
intraperitonally (i.p.) received daily injections of melatonin
for 5 days. Then, luzindole, a melatonin receptor
antagonist, was i.p. given together with melatonin for 5
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days and then i.p. injections of leptin were carried out for
the last five days. The mice belonging to the control
group were injected with only vehicles that were used for
melatonin, luzindole or leptin injections. During the
experimental period, food intake and body weights were
measured.

Mice were anaesthetized by i.p. injection of ketamin
(100 mg/kg) plus xylazine (5 mg/kg) and placed in a
stereotaxic frame. Pinealectomy was performed as
follows: Briefly, a longitudinal midline incision was made
above the skull. By means of a dental drill, a rectangular
piece of skull bone was removed. The dura was then cut.
The superior sagittal sinus was ligated with surgical
threads and resected. Pineal gland was exposed
beneath the confluence sinuum by retracting the caudal
portion of the ligated superior sagittal sinus posteriorly,
and removed with a miniature forceps. The procedure
was completed by returning the reflected superior sagittal
sinus to its original position, re-apposing the dura and
closing the wounds. Sham-pinealectomy was conducted
almost identically, except pineal gland left intact. Mice
were placed in individual cages. Food intake was
measured between 9:2 a.m. and 10:2 a.m. each day.
The animals were weighed daily.

The data were statistically analysed by Wilcoxon
Signed Ranks Test. Level of significant was set at
P<0.05. Results are expressed as g/day and presented
as meanstS.E.M.

Results

Pinealectomy caused a significant decrease in food
intake compared to the values of pre-operation during
the first 5 days of the experimental period. As can be
seen in Figure 1B, intraperitoneal injection of melatonin
reversed this effect, resulting in a significant increase in
food intake. Neither vehicle injection nor sham operation
caused any significant effect on food intake (Figure 1A).

Five days after melatonin injection, a combination of
luzindole and melatonin injections did not have a
significant reducing effect on food intake, i.e. food intake
level was similar to the melatonin treatment level (Figure
1B).

After the treatment of melatonin combined with
luzindole, food intake continued to decrease for another
period of 5 days. Then, leptin injection caused a further
significant decrease in food intake (Figure 2A-2B). There
was no significant difference between leptin—injected
pinealectomized and sham—operated animals compared
to respective vehicle—injected groups.

As shown in Figure 3, body weights increased slightly
from the experimental period. Only, leptin administration
caused a significant decrease in the last 5 days. The
mean values of the body weights decreased from
38.120.1 and 36.84+0.09 to 37.96+0.27 and 34.9+0.2 g
in sham-operated and pinealectomized animals,
respectively.
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Figure 1. (A) Effects of sham—operated and vehicle on food intake in mice. (B) Effects of pinealectomy (Px), melatonin

(MT) and luzindole (LZ) on food intake in mice.
abc P.0.05 as compared to pinealectomized mice.
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Figure 2. Effects of leptin on food intake in sham—operated (A) and pinealectomized (B) mice.
"P<0.05 as compared to sham—operated or pinealectomized mice.
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Figure 3. The mean values of the body weights during
the experimental period.

Discussion

Our results demonstrate that melatonin has a
stimulatory effect on food intake in mice. The previous
studies also showed that melatonin treatment increased
food intake in mice (12). To determine whether or not
melatonin may regulate food intake physiologically,
pinealectomy was performed. The pinealectomized
animals had lower food intake, which shows melatonin
may have an effect on food intake not only
pharmacologically but also physiologically as well.
Neither vehicles nor sham operation caused any
significant changes in food intake.

Melatonin may have a role in the regulation of food
intake for many reasons. Our previous studies (15, 16)
and other studies (4, 18), showed that melatonin
decreases serum leptin levels in rats. The leptin-
decreasing effect of melatonin is expected to lead to
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higher food intake because diminution of leptin
stimulates food intake. In the present experiment, the
stimulatory effect of melatonin on food intake might occur
due to the influence of melatonin on leptin release
although the levels of serum leptin have not been
measured.

The fact that melatonin has different effects on food
intake in animal species may be due to its different
effects on ghrelin secretion. Ghrelin is known to increase
appetite of rodents (9). In the animal species such as
rats in which melatonin decreases plasma ghrelin levels
(17), it has an inhibitory effect on food intake whereas
melatonin treatment results in a higher food intake in the
voles (13). The stimulatory effect of melatonin on food
intake in the voles may have been mediated via elevated
ghrelin levels of the melatonin-treated animals.

Melatonin has been suggested to be useful for the
treatment of neoplastic cachexia in human because
melatonin was found to stimulate appetite by decreasing
TNF secretion (20). Determination of the effect of
melatonin on the appetite - regulating hormone such as
leptin and ghrelin in human may help the exact
mechanism by which melatonin exerts its effect on
appetite to be established.

To determine the mechanism by which melatonin
exerts its stimulatory effect on food intake in mice, a
melatonin antagonist, luzindole (MT2 receptor antagonist)
was used. Luzindole did not reverse the increase in food
intake caused by melatonin. It was suggested that
Melatonin shows an inhibitory effect on food intake in rat
(14) and goldfish via luzindole-sensitive melatonin
receptors (11). Thus, stimulatory and inhibitory effects of
melatonin  appear to be mediated by different
mechanisms.

Plasma glucose concentration has an important role
in the regulation of food intake. As plasma glucose
concentration increases, brain satiety mechanisms are
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stimulated (21) resulting in a decrease in food intake or
vice versa. It has been reported that pinealectomy leads
to an increase in plasma glucose concentration (22),
which may cause a decrease in food intake. So, the
decrease in food intake following pinealectomy may have
resulted from an increase in plasma glucose
concentration, which stimulates brain satiety
mechanisms. In that study, melatonin replacement has
been shown to restore 24-h mean plasma glucose
concentrations in pinealectomized rats.

In the present experiment, leptin administration
resulted in a lower food intake in both sham-
pinealectomized and pinealectomized rat. The efficiency
of leptin in reducing food intake were similar in the two
groups, which shows pinealectomy did not cause a
further enhancement in the effect of leptin on food intake.

The body weights of the animals were daily
measured during the experimental study. Until leptin
injection, which was performed on 25 day, the body
weights of the groups tended to increase. Leptin injection
decreased body weights in sham—operated and
pinealectomized animals. Percentage decrease in body
weight was higher in the pinealectomized group (5.2%)
compared with sham-operated group (0.4%). Thus,
melatonin seems to prevent leptin-induced decrease in
body weight.

In conclusion, melatonin was found to increase food
intake physiologically and pharmacologically in mice.
Further studies are needed to determine the mechanism
by which melatonin exerts its effect on food intake in
mice.
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