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ABSTRACT

Recent studies have shown the importance of the GABA-ergic transmission in the pathophysiology of anxiety and de-
pressive disorders in humans. Our present study aims to investigate the interaction of melatonin (MEL) with this system
by exploring the effects of MEL with or without a facilitator of GABA-ergic neurotransmission, diazepam (DZ) on the
levels of depression and anxiety in Wistar rats. For this purpose, different doses of MEL (2, 4 or 16 mg/kg) or DZ (2
mg/kg) are subchronically administered during 15 days. After pharmacological treatments, anxiety levels are evaluated
in behavioral tests of Open Field (OFT) and elevated plus maze (EPM) and depression levels are evaluated by the
forced swim test (FST). The results showed that MEL produces anxiolytic-like and antidepressant-like effects in a dose-
dependent manner; the maximum effect was obtained at a dose of 16 mg/kg. However, a dose of 4 mg/kg is necessary
to induce an effect. The effect of MEL and DZ reported in this study concerns selective modulation of behavioral anxi-
ety and depression since locomotor activity assessed by the OFT and EPM was not affected. The subchronic injection of
MEL at 4 mg/kg, DZ at 2 mg/kg or the two combined molecules also induces also anxiety-like and antidepres-
sant-like behavior. In addition, a potentiating effect between MEL and DZ was observed. These effects suggest that
psychopharmacological actions of MEL are due, at least in part, to its ability to improve the central GABA-ergic trans-
mission.
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1. Introduction acetylation of 5-HT by arylalkylamine N-acetyltransfera-
se (AA-NAT) leads to the formation of N-acetylserotonin
(NAS) [2]. Finally, methylation of NAS by hydroxyin-
dole-O-methyltransferase (HIOMT) leads to the synthe-
sis of the final product, the MEL. Once synthesized, the
pineal hormone can easily cross the blood-brain barrier
to enter the central nervous system [3].

Physiological, pharmacological and behavioral proper-
ties of MEL have been widely studied. The main func-
tion of MEL is to synchronize circadian rhythms [4] and
organize several seasonal rhythms [5]. In humans, dis-

Melatonin (MEL) is synthesized primarily in the pin- eal
gland and retina, since the pinealectomy abolishes its
synthesis and suppresses endogenous rhythm of its secre-
tion in all mammals [1].

The MEL synthesis in pinealocytes depends on the
availability of its precursor, L-tryptophan (L-TRP) an
essential amino acid. The first step of the biosynthesis of
this indolamine involves L-TRP absorption into pinealo-
cytes and its conversion to 5-hydroxytryptophan (5-
HTRP) by the TRP-hydroxylase. Decarboxylation of 5-

HTRP by L-aromatic decarboxylase leads to the forma-
tion of 5-hydroxytryptamine or serotonin (5-HT). Then,
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ruption of these rhythms is often associated with seasonal
and non-seasonal affective disorders which characterized
by disturbances in MEL secretion pattern. Most studies
reveal a reduction in circulating levels means MEL (“low
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melatonin syndrome™), particularly in unipolar or bipolar
affective disorders, and as such seems to be a good
marker transnosographic depressive disorder. A similar
reduction of nocturnal MEL rate is observed in panic
disorder [6]. Paradoxically, McIntyre et al., [7] have re-
ported abnormally high levels of MEL in depressed pa-
tients compared to healthy subjects, and Bandelow et al.
[8] showed MEL levels comparable to those of healthy
subjects in panic disorders.

In rodents, preclinical studies have shown that MEL
exercised antidepressant-like and anxiolytic-like in ani-
mal models of anxiety, such as passive avoidance test,
OFT and EPM tests, and light/dark box, such tests known
for their ability to cause anxiety under presence of aver-
sive stimuli [9-11]. Recently, we reported in two separate
studies that: 1) chronic administration of MEL induced
anxiolytic-like effect in OFT and EPM paradigms and
antidepressant-like effect in FST test, such effects were
depending on sex hormones [12] and 2) suppression of
the synthesis of endogenous MEL by pinealectomy in-
creases levels of anxiety-like and depression-like, con-
firming the anxiolytic-like and antidepressant-like nature
of MEL [13]. Kopp et al. [11] have also shown that
MT1/MT?2 receptors agonist (S 23478) were effective in
the free exploration test and light/dark box, whereas MT3
receptor agonists are less or not effective under the same
experimental conditions [11].

Moreover, GABA-ergic neurotransmission system plays
an important role in the regulation of anxiety and depres-
sive behavioral disorders [14]. GABA-ergic theory of
depression raised in the 1990s [15] is based on several
experimental facts especially decrease in GABA plasma
and GADG67 cerebral levels, enzyme involved in GABA
synthesis from glutamate in depressed patients. Similar
GABA-ergic plasma and cerebrospinal deficit are re-
ported in some mood disorders in patients with depres-
sion [16]. In patients with panic disorder, similar obser-
vations were reported in the hippocampus, parahippo-
campus and orbitofrontal cortex. Recent studies have
confirmed the importance of GABA (GABA-A and
GABA-B) in depression, suggesting that neurophysi-
ological deficit of GABA receptors is linked to the
pathophysiology of mood disorders such as major de-
pressive disorder [17,18]. Clinical trials have shown that
mixed GABA mimetics, acting on both GABA-A and
GABA-B receptors, have similar efficacy than conven-
tional antidepressants in humans [19-22]. Both com-
pounds were also active in standard animal models of de-
pression, such as olfactory bulbectomy or learned help-
lessness [23,24]. Benzodiazepines (BZD) appear to act
on areas of the limbic system, the thalamus and the hy-
pothalamus to induce anxiolytic effects.

Some studies reported the existence of reciprocal ef-
fects between MEL and BZD. MEL seems to reduce de-
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pendence and tolerance caused by chronic use of BZD
[25]. Many observations seem to support this direction: 1)
BZD binding sites were identified in the pineal gland and
in the rat removal of the gland abolishes the diurnal va-
riation of BZD binding sites in the cerebral cortex; 2) in
humans BZD may potentiate inhibitory effect of GABA
on MEL synthesis, which in turn induces changes in
function of GABA receptors and BZD; and 3) in vivo,
diazepam (DZ) induces strong inhibition of MEL pro-
duction, by acting directly on AA-NAT, limiting factor
of MEL synthesis [26,27]. Furthermore, in rats, chronic
treatment with DZ causes the disappearance of MEL
binding sites in the “pons medulla”. More interesting is
that exogenous MEL increases the BZD binding in this
brain region and cancels the deletion of MEL binding
sites caused by DZ [25]. The existence of interaction be-
tween MEL and some BZD is extended to the regula-
tion of mood, since MEL enhances the effect of DZ on
anxiety levels [28], alters the effects of cocaine in the
nucleus accumbens [29] and its effect on anxiety is in-
hibited by Fumazenil, GABA-ergic antagonist [30,31].
All these reciprocal effects between MEL and BZD sug-
gest that psychopharmacological actions of MEL are due,
at least in part to its ability to improve the central
GABA-ergic transmission [32,33].

The study of the interaction between MEL and DZ ef-
fects on anxiety-like and depressive-like behaviors can
be interesting because it will show a possible interaction
of the pineal hormone with the GABA-ergic system and
therefore help to understand MEL action mechanisms.
For this purpose, we undertake 1) to examine the effect
of different doses of chronic MEL administration (2, 4
and 16 mg/kg) on anxiety-like and depression-like levels
and 2) to explore the effect of anxiolytic-like effect of 2
mg/kg of DZ alone or in combination with 4 mg/Kg of
MEL on anxiety-like and depression-like levels in wistar
rats. This study will be possible by use of validated be-
havioral tests in rodents, namely OFT and EPM for anxi-
ety-like and FST for despair-like levels.

2. Material and Methods
2.1. Animals

This experimental study was performed on female Wistar
rats initially weighing (120 + 20) g. Animals, from bree-
ding of Faculty of life sciences, University Ibn Tofail,
were housed by six in cages (36 cm long, 20 cm wide
and 15 cm high). All rats were maintained under LD 12/
12 (12 h Light/12 h Darkness) and at a standard tem-
perature (21 £ 1)°C. Water and food were provided ad
libitum. At the beginning of experiments, the colony
room was maintained under a long photoperiod LD: 16/8
(16 h Light/8 h Darkness).

JBBS



524 S. OUAKKI ET AL.

2.2. Drugs

MEL was obtained from Sigma (France Lot. 112K0998)
and DZ (Diapharm) from Pharma Laboratories 5/J. (Mo-
rocco). The control group was treated with saline NaCl
(0.9%) containing 5% ethanol and treated groups receive
the MEL or DZ dissolved in NaCl (0.9%) also containing
5% ethanol. To consider body weight evolution, injected
volumes are adjusted twice a week on body growth of
animals.

2.3. Pharmacological Treatments

o Effects of different doses of MEL:

This experiment aims to investigate the anxiolytic-like
and antidepressant-like effects of MEL in comparison
with a control group treated with saline solution. For this
purpose, animals were divided into 4 groups of 6 animals
as following: (group 1: control): rats injected subcutane-
ously, once daily with saline solution NaCl (0.9%) as
vehicle containing 5% ethanol, (group 2: MEL2): rats
injected with 2 mg/kg of MEL (group 3: MEL4): rats
injected with 4 mg/kg of MEL and (group 4: MEL16):
rats injected with 16 mg/kg of MEL. All injections were
made approximately at 4:00 pm (2 h before dark phase)
during 15 days.

e Combined effects of MEL and DZ:

This experiment was used to study the effects of the

pineal hormone in combination with DZ. Animals were

divided into 4 groups of 6 animals as following: (group 1:

control): rats injected subcutaneously, once daily with
saline solution NaCl (0.9%) as vehicle containing 5%
ethanol, (group 2: MELA4): rats injected with 4 mg/Kg of
MEL (group 3: DZ2): rats injected with 2 mg/Kg of DZ
and (group 4: MEL4 + DZ2): rats injected simultane-
ously with 4 mg/kg MEL and 2 mg/Kg DZ. All injections
were made approximately at 4:00 pm (2 h before dark
phase) during 15 days.

2.4. Anxiety-Like Measurement

e Open Field Test:

The OFT is used to measure the anxiety-like behavior
in rodents [34,35]. The maze adopted is made of wood
(100 cm x 100 cm) enclosed with 40 cm high walls and
placed under strong illumination (100 W, 2 m above the
apparatus). The area was divided into 25 squares (20 cm
x 20 cm), defined as 9 central and 16 peripheral squares.
At the beginning of the 10-min test, the animal was
placed in the centre of the apparatus and its behavior was
videotaped for subsequent analysis. The quantified pa-
rameters were the time spent in the center of the area
(TCA) and the number of returns to the center (NRC).
Central perimeter residence time is used as a measure of
anxiety. The number of returns to the central area is also
an indicator of the emotional reactivity. The central area
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of a novel environment is anxiogenic and aversive and
the behavioral inhibition appears therefore as an avoid-
ance behavior towards the central zone of the OFT. Lo-
comotors activity is represented by number of total
squares (NTS). The apparatus was cleaned between each
examination using 70% ethyl alcohol.

e Elevated Plus-Maze Test:

The EPM is an ethological model of anxiety in rodents
provoked by the novelty and repulsion as a result of ele-
vation and illumination of the maze [36,37]. This test is
based on the creation of a conflict between the explora-
tory drive of the rat and its innate fear of open and ex-
posed areas; it has been validated for the detection of
emotional responses to anxiogenic and anxiolytic sub-
stances. Thus, increased open-arms exploration indicates
reduced anxiety-related behavior. The EPM consists of a
wooden plus-shaped platform elevated 70 cm above the
floor. Two of the opposing arms (50 cm % 10 cm) are
closed by 40 cm high side and end walls, having an open
roof. In order to avoid fall, the other two arms (open
arms) were surrounded by 0.5 cm high edge, the four
arms had at their intersection a central platform (10 cm X
10 cm). A 100-W lamp was placed exactly over the cen-
tral platform. At the beginning of the test, the rats were
placed on the central area of the maze facing an open arm.
The following parameters of anxiety-related behavior
were measured during the 5 min testing period: 1) entries
into open arms (EOA), 2) time spent on the open arms
(TOA), 3) and number of full entries into the arms (TAE).
Decreased anxiety-like behavior is illustrated by a sig-
nificant statistical increase of parameters in open arms
(time and/or entries). The total number of the entries into
all arms provides general hyperactivity. To eliminate any
lingering olfactory cues, the apparatus was cleaned be-
tween each examination using 70% ethyl alcohol.

2.5. Depression-Like Measurement in Forced
Swimming Test

The FST is an excellent maze used to assess the depres-
sive-like behavior [38,39]. Swimming sessions were con-
ducted by placing the rat in individual glass cylinders
(height = 50 cm; diameter = 30 cm) containing 30 cm of
water at (23°C + 2°C). During the session, rats were
forced to swim for 5 min and the duration of immobility
was measured. The latency to the first bout of immobility
was also recorded starting immediately after placing the
rats in the cylinder. A rat was judged immobile when it
ceased all active behaviors (i.e. struggling, swimming
and jumping) and remained passively floating or making
minimal movements necessary to maintain the nostrils
above water. High percent time floating is interpreted as
an increased depressive-like response [38,40].
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2.6. Quantitative Presentation of the Results and
Statistics

The importance of behavioral responses of different ex-
perimental groups is determined by considering the con-
trol group in each experiment as the basal level (NB)
number equal to 100%. The effects of different treat-
ments were then calculated relative to this baseline.

All data are expressed as the means + standard error of
the means (S.E.M.). To determine the differences be-
tween experimental groups statistical analysis was per-
formed by analysis of variance (ANOVA) 1st/2nd order
followed by a post-hoc tests (Fisher LSD) or Student test
“t”. Differences were considered significant when p <
0.05, very significant when p < 0.01 and highly signifi-
cant when p <0.001.

3. Results

3.1. Effects of MEL on Anxiety Level in Open
Field Test

e Time spent in the central area (TCA) (Table 1):

The results summarized in Table 1 show that MEL sti-
mulates TCA in dose-dependent manner, since at doses
of 4 and 16 mg/kg it increases the TCA in comparison
with the control group (p < 0.01 and p < 0.001 respec-
tively), whereas at 2 mg/kg MEL was is ineffective (p >
0.05). In addition, there is a statistically significant dif-
ference between the groups MEL2/MEL4, MEL2/MEL-
16 and MEL4/MEL16 (p < 0.05, p <0.001 and p < 0.001
respectively). Similar results were obtained by consider-
ing the relative comparison (TCA% NB) between treated

MEL groups and the control group. MEL induced an
average increase of 31%, 57% and 124% respectively at
doses of 2, 4 and 16 mg/kg, respectively (Table 1).
¢ Number of returns to the center (NRC) (Table 1):

The dose-dependent effect of MEL is also observed
with referring to NRC parameter (Table 1). At doses of 4
and 16 mg/kg, MEL increases the NRC compared with
the control group, while the dose of 2 mg/kg did not in-
duce any significant change in this parameter (p < 0.01, p
< 0.001 and p > 0.05). A statistically significant differ-
ence was observed between MEL2 and MEL16 (p <
0.05). In contrast, no difference was noted between
MEL2 and MEL4 or between MEL4 and MEL16 groups
(p > 0.05). Similar results were reported by considering
the relative comparison (NRC % NB) between treated
MEL groups and the control group. Indeed, MEL in-
duced an average increase of approximately 29%, 54%
and 75% respectively at doses of 2, 4 and 16 mg/kg, re-
spectively (Table 1).
e Number of total squares (NTS) (Table 1):

Unlike to TCA and NRC parameters, MEL did not af-
fect significantly NTS parameter, whatever the dose con-
sidered (p > 0.05) (Table 1).

3.2. Effect of MEL on Anxiety in Elevated plus
Maze Test

e Time spent in open arms (TOA) (Table 2):

The results summarized in Table 2 show that MEL
stimulates TOA in dose-dependent manner, since at doses
of 4 and 16 mg/kg it increases the TOA compared with
the control group (p < 0.001), whereas at 2 mg/kg MEL

Table 1. Behavioral performances of rats measured in OFT. TCA: Time spent in the central area expressed in seconds (s) or
as % of basal level (% BL), NRC: Number of returns to central area expressed as arbitrary values or as % of basal level (%
BL); NTS: Number of total squares expressed as arbitrary values or as % of basal level (% BL), after 15 days of treatment
with 0.9% of NaCl (Control), 2 mg/kg (MEL2) 4 mg/kg (MEL4) or 16 mg/Kg (MEL16) of MEL. The results are represented
as mean = SEM. The significance level is 0.05. p < 0.05, “p < 0.01, ""p < 0.001.

Control MEL2

MEL4

MEL16 Statistical analysis

TCA (s) 12.46 +2.05 15.74 £2.24

TCA (% BL) 100 = 16.49 131+9.14

NRC 7.4+1.52 9.6 +£2.88

NRC (% BL) 100 +20.49 129.73 £ 38.93

NTS 93 +£7.96 89.6 +£13.22

NTS (% BL) 100 +3.83 96.34 £ 6.35

19.62 £2.37

157.46 £ 19.07

11.4+1.81

154.05 + 24.55

92.4+£2891

99.35+£13.90

27.94+3.72 T/MEL2: p > 0.05
T/MEL4: "p < 0.01
T/MELI16: "™p < 0.001
MEL2/MEL4: “p < 0.05
MEL2/MELI16: ~"p < 0.001

MEL4/MEL16: *p < 0.001

224.23 £29.90

13+1.87 T/MEL2: p > 0.05
T/MEL4: “p < 0.01
T/MELI16: ™'p <0.001
MEL2/MEL4: p > 0.05
MEL2/MELI16: "p < 0.05

MEL4/MEL16: p > 0.05

175.67 +£25.28

87.6 £ 6.54 T/MEL2: p > 0.05
T/MELA4: p > 0.05
T/MEL16: p > 0.05

MEL2/MEL4: p > 0.05

MEL2/MEL16: p > 0.05

MEL4/MEL16: p > 0.05

94.19+3.14
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was not effective (p > 0.05). In addition, there is a dif-
ference statistically significant between MEL2/MELA4,
MEL2/MEL16 and MEL4/MEL16 groups (p < 0.05, p <
0.001 and p < 0.001 respectively). Similar results were
observed when considering the relative comparison (TBO
% NB) between treated MEL and control groups. Thus,
MEL induced an average increase of 21%, 61% and 82%
at doses of 2, 4 and 16 mg/kg, respectively (Table 2).

e Entries to open arms (EOA) (Table 2):

The dose-dependent effect of MEL was also observed
with reference to EOA parameter (Table 2). At doses of
4 and 16 mg/kg, it increases the EOA in comparison with
control group, while at dose of 2 mg/kg pineal hormone
did not induce any significant change in this parameter (p
< 0.01, p < 0.001 p > 0.05 respectively). No statistically
significant difference was observed with comparing dif-
ferent treated MEL (p < 0.05) groups. The relative com-
parison (EOA % NB) between treated MEL and control
groups shows that MEL induced an average increase of
parameter EOA of approximately 44%, 56% and 72% at
doses of 2, 4 and 16 mg/kg, respectively (Table 2).

¢ Total entries in arms (TEA) (Table 2):

In contrast to TOA and EOA parameters, MEL was no
significant effect on the TEA parameter, whatever the
dose considered (p > 0.05) (Table 2).

3.3. Effect of MEL on Depression-Like Level in
Forced Swimming Test

o Effect on immobility time (TIM) (Table 3):

In the FST, MEL significantly reduced TIM in dose-
dependent manner (Table 3). The differences between
the effects MEL at 4 and 16 mg/kg doses and control
group were highly significant (p < 0.001 and p < 0.001
respectively), whereas at dose 2 mg/Kg MEL was not
effective (p > 0.05). The relative comparison (TIM % NB)
between treated MEL and control groups shows that
MEL induced a mean reduction TIM approximately of
25%, 35% and 23% at doses of 2, 4 and 16 mg/kg, re-
spectively (Table 3). In addition, there is a difference
statistically significant between MEL2/MEL4, MEL2/
MEL16 and MEL4/MEL16 groups (p < 0.05, p < 0.001

Table 2. Behavioral performances of rats measured in EPM. TOA: Time spent in the open arms expressed in seconds (s) or as
% of basal level (% BL); EOA: Number of entries to open arms expressed as arbitrary values or as % of basal level (% BL);
TEA: Total entries in all arms expressed as arbitrary values or as % of basal level (% BL), after 15 days of treatment with
0.9% of NaCl (Control), 2 mg/kg (MEL2) 4 mg/kg (MEL4) or 16 mg/Kg (MEL16) of MEL. The results are represented as

mean + SEM. The significance level is 0.05. p < 0.05, “p < 0.01, "p < 0.001.
Control MEL2 MELA4 MEL16 Statistical analysis
TOA (s) 22.26+4.97 26.94 +4.58 36.04 % 5.29 40.64 +4.25 T/MEL2: p > 0.05
T/MEL4: "*"p < 0.001
T/MEL16: ™p < 0.001
MEL2/MEL4: "p < 0.05
9 + + + + Y
TOA (% BL) 100 +22.34 121.02 + 20.60 161.90 +23.78 182.57 £ 19.10 MEL2MEL16: “p < 0,001
MEL4/MEL16: “p < 0.001
EAO 5+ 1.58 724148 7.8+0.83 8.6+ 1.67 T/MEL2: p > 0.05
T/MEL4: p<0.01
T/MEL16: “'p = 0.001
MEL2/MEL4: p > 0.05
9 +31. + 29. + 16. + 33.
EOA (% BL) 100 + 31.62 144 +29.66 156 +16.73 172 +33.46 MEL/MEL16: p = 0.05
MEL4/MEL16: p > 0.05
TEA 13.6+2.88 14.2+5.54 15+4.30 12.2+4.08 T/MEL2: p > 0.05
T/MEL4: p > 0.05
T/MELI16: p>0.05
TEA (% BL) 100+ 21.18 104.41 + 40.74 110.29 +31.62 89.70 + 30.04 MEL2/MEL4: p > 0.05

MEL2/MEL16: p > 0.05
MEL4/MELI16: p > 0.05

Table 3. Behavioral performances of rats measured in FST. TIM: immobility timeexpressed in seconds (s) or as % of basal
level (% BL), after 15 days of treatment with 0.9% of NaCl (Control), 2 mg/kg (MEL2) 4 mg/kg (MEL4) or 16 mg/kg
(MEL16) of MEL. The results are represented as mean + SEM. The significance level is 0.05. “p < 0.05, “p < 0.01, "'p <
0.001.

Control MEL2 MEL4 MEL16 Statistical analysis
TIM (s) 191.6 + 10.62 143.0 £ 3.60 123.4+10.16 147.6 +4.72 T/MEL2: p > 0.05
T/MEL4: “"p < 0.001
T/MELI16: ™'p <0.001
TIM (% BL) 100+ 5.54 74,63+ 1.88 64.40 = 5.30 77.03 +2.46 MEL2/MEL4: p <0.05

MEL2/MEL16: ™"
MEL4/MEL16: ™"

p<0.001
p <0.001
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and p < 0.001 respectively).

3.4. Effects of MEL and/or DZ on Anxiety Level
in Open Field Test

e Time spent in the central area (TCA) (Table 4):

The results summarized in Table IV show that TCA is
increased by 4 mg/kg of MEL, 2 mg/kg of DZ and two
associated molecules in comparison with the control
group, the difference being highly significant (p < 0.001).
In addition, there is an interaction between DZ and MEL
since the difference between MEL4 and MEL4 + DZ2
groups was statistically significant (p = 0.01). However,
no significant difference was found the DZ2 group was
compared with on one hand MEL4 or a combination of
two molecules on the other hand (p > 0.05 for compari-
son MEL4/DZ2 or DZ2/MELA4 + DZ2).

Similar results were obtained by considering the rela-
tive comparison (TCA% NB) between treated and con-
trol groups. MEL, DZ and 2 associated molecules in-
duced respectively an average increase of 47%, 57% and
75% (Table 4).

o Number of returns to the center (NRC) (Table 4):

As TCA, NRC parameter is also increased by the MEL,
DZ and two associated molecules in comparison with the
control group (p < 0.001) (Table 4). The effect induced
by DZ and MEL is statistically higher when compared to
MEL (p <0.01) or to DZ (p < 0.05) treated groups. How-
ever, no significant difference was observed between
MEL and DZ treated groups (p > 0.05) groups. Similar
results were obtained by referring to relative comparison

(NCC % NB) between all treated and control groups.
MEL, DZ and combined molecules produced an average
enhancement of 74%, 91% and 131% respectively (Ta-
ble 4).
e Number of total squares (NTS) (Table 4):

In contrast of TCA and NRC, MEL, DZ or 2 combined
associated did not alter significantly NTS parameter (p >
0.05) (Table 4).

3.5. Effect of MEL and/or DZ on Anxiety in
Elevated plus Maze Test

e Time spent in open arms (TOA) (Table 5):

MEL, DZ and the two associated molecules stimulated
TOA in comparison with the control group (p < 0.001)
(Table 5). In addition, induced action of both DZ and
MEL was statistically higher than that of MEL (p < 0.01).
However, no significant difference was observed be-
tween the DZ and MEL or a combination of two mole-
cules (p > 0.05 for comparison MEL4/DZ2 and DZ2/
MEL4 + DZ2). Comparable data are reported with refer-
ence to the relative comparison (TBO% NB) between
treated and control groups. Indeed, MEL, DZ and 2 co-
administrated substances caused an average augmenta-
tion of 47%, 57% and 75% (Table 5).

o Entries to open arms (EOA) (Table 5):

All treatment (MEL, DZ and DZ + MEL) caused a sig-
nificant increase of EOA with comparison to the control
group (p < 0.05, p <0.01 and p < 0.01 respectively) (Ta-
ble 5). In contrast, no significant difference was noted
between MEL4/DZ2 MEL4/MEL4 + DZ2 or DZ2/MEL4

Table 4. Behavioral performances of rats measured in OFT. TCA: Time spent in the central area expressed in seconds (s) or
as % of basal level (% BL), NRC: Number of returns to central area expressed as arbitrary values or as % of basal level (%
BL); NTS: Number of total squares expressed as arbitrary values or as % of basal level (% BL), after 15 days of treatment
with 0.9% of NaCl (Control), 4 mg/kg of MEL (MEL4), 2 mg/kg of DZ (DZ2) or simultaneously with 4 mg/kg of MEL and 2
mg/kg of DZ (MEL4 + DZ2). The results are represented as mean + SEM. The significance level is 0.05. "p < 0.05, "p < 0.01,

Fkek

p <0.001.

Control MEL4

Dz2 MELA4 + DZ2

Statistical analysis

TCA (s) 18.8+2.77 27.6+2.96

TCA (% BL) 100 = 14.76 146.81 £ 15.78

NRC 7+1.58 122+ 1.64

NRC (% BL) 100 +22.58 174.28 £23.47

NTS 70.2 +10.08 92+£11.27

NTS (% BL) 100 = 14.36 131.05 £ 16.05

29.6 £2.30

157.45 £ 12.24

13.4+1.52

191.42 £ 21.66

78.4 £ 14.40

111.68 £20.51

33+£3.87 T/MEL4: ™"p <0.001
T/DZ2: ™"p < 0.001
T/MEL4 + DZ2: "'p < 0.001
MEL4/DZ2: p > 0.05
MEL4/MEL4 + DZ2: “p = 0.01

DZ2/MEL4 + DZ2: p > 0.05

175.53 +£20.60

T/MEL4: ""p < 0.001
T/DZ2: ™"p < 0.001
T/MEL4 + DZ2: ™"p < 0.001
MEL4/DZ2: p > 0.05
MEL4/MEL4 + DZ2: "'p < 0.01
DZ2/MELA4 + DZ2: "p < 0.05

16.2+2.05

231.42 £29.27

T/MELA4: p > 0.05
T/DZ2: p > 0.05
T/MEL4 + DZ2: p > 0.05
MEL4/DZ2: p > 0.05
MEL4/MEL4 + DZ2: p > 0.05
DZ2/MEL4 + DZ2: p > 0.05

90.6 +17.34

129.06 +24.71
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+ DZ2 groups (p > 0.05). Comparable data were reported
with reference to the relative comparison (EOA % NB)
between control and all treated groups. MEL, DZ and
combined moleculesproduced anaverage enhancement of
33%, 40% and 48% (Table 5).
o Total entries in arms (TEA) (Table 2):

MEL, DZ or two associated substances prove unable
to significantly affect TEA parameter (p > 0.05) (Table
5).

3.6. Effect of MEL and/or DZ on Depression-Like
Level in Forced Swimming Test

o Effect on immobility time (TIM) (Table 6):

In the FST, MEL, DZ and combined molecules strongly
and significantly reduce the TIM (p < 0.001) (Table 6).
The relative comparison (TIM % NB) between all treated
control groups showed similar results. MEL, DZ and
(ML + DZ) induced a mean reduction of TIM of 31%,
62% and 66% respectively (p < 0.001) (Table 6). DZ- or

(MEL + DZ)-treated groups were statistically lower when
compared to MEL treated group (p < 0.001). In contrast,
no significant difference was observed between DZ and
(MEL + DZ) groups (p > 0.05).

4. Discussion

The present study was designed to investigate: 1) the
effects of different doses of MEL on anxiety-like and de-
pression-like levels in rats and 2) the interaction of MEL
with DZ, BZD known for its strong anxiolytic-like and
antidepressant-like activities. Therefore, this could lead
to the conclusion that there is a possible interaction be-
tween pineal hormone and GABA-ergic system. This
study was conducted through the use of validated behav-
ioral tests in rodents, especially OFT, EPM for anxiety
levels and FST for depression level evaluation.

We have shown in this study that subchronic injection
of MEL induced an anxiolytic-like effect in both OFT
and EPM tests, since the animals of control group were

Table 5. Behavioral performances of rats measured in EPM. TOA: Time spent in the open arms expressed in seconds (s) or as
% of basal level (% BL); EOA: Number of entries to open arms expressed as arbitrary values or as % of basal level (% BL);
TEA: Total entries in all arms expressed as arbitrary values or as % of basal level (% BL), after 15 days of treatment with
0.9% of NaCl (Control), 4 mg/kg of MEL (MEL4), 2 mg/kg of DZ (DZ2) or simultaneously with 4 mg/kg of MEL and 2 rﬂg/kg

of DZ (MEL4 + DZ2). The results are represented as mean + SEM. The significance level is 0.05. "p < 0.05, “p < 0.01, ""p <
0.001.

Control MEL4 Dz2 MELA4 + DZ2 Statistical analysis

T/MEL4: “"p < 0.001
T/DZ2: ™"p < 0.001
T/MEL4+DZ2: ™"p < 0.001
MEL4/DZ2: p > 0.05
MEL4/MEL4 + DZ2: "'p < 0.01
DZ2/MEL4 + DZ2: p > 0.05

T/MEL4: "p < 0.05
T/DZ2: "p <0.01
T/MEL4 + DZ2: “'p <0. 01
MEL4/DZ2: p > 0.05
MEL4/MEL4 + DZ2: p > 0.05
DZ2/MEL4 + DZ2: p > 0.05

wkx

TOA () 44.8 £4.92 65.2 +6.83 70.6 £4.78 78.6 £7.70

TOA (% BL) 100 = 10.99 145.53 £15.25 157.59 £10.65 175.45+17.19

EOA 54+1.14 7.2+0.84 7.6+1.14 8+1.22

EOA (% BL) 100 +21.11 133.34 £ 15.49 140.74 £21.23 148.14 £ 22.68

T/MELA4: p > 0.05
T/DZ2:p>0.05
T/MEL4 + DZ2: p > 0.05
MEL4/DZ2: p > 0.05
MEL4/MEL4 + DZ2: p > 0.05
DZ2/MEL4 + DZ2: p > 0.05

TEA 13.8+2.58 142 +3.11 16 £4.74 14.8£5.89

TEA (% BL) 100 = 18.75 102.90 + 22.57 115.94 +34.37 107.24 +42.68

Table 6. Behavioral performances of rats measured in FST. TIM: immobility time expressed in seconds (s) or as % of basal
level (% BL), after 15 days of treatment with 0.9% of NaCl (Control), 4 mg/kg of MEL (MEL4), 2 mg/kg of DZ (DZ2) or si-
multaneously with 4 mg/kg of MEL and 2 mg/kg of DZ (MEL4 + DZ2). The results are represented as mean + SEM. The
significance level is 0.05. "p < 0.05, “p < 0.01, ~p < 0.001.

Control MEL4 Dz2 MELA4 + DZ2 Statistical analysis
TIM (5) 191.6 % 10.62 1316+ 16.1 72.4%18.0 65.4+21.4 T/MEL4: ""p < 0.001
T/DZ2: "'p < 0.001
T/MELA4 + DZ2: "p < 0.001
TIM (% NB) 100+ 5.54 68.68 + 8.42 37.78 £9.39 3413+ 11.17 MELA4/DZ2: "p < 0.001

MEL4/MEL4 + DZ2:" p <0.001
DZ2/MEL4 + DZ2: p > 0.05
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less mobile in the environment of the two paradigms an-
xiety. In addition, we have shown that this anxiolytic-like
activity of MEL depends on the used dose of the pineal
hormone, its effectiveness increasing with the concentra-
tion, since its effect is greater at 16 mg/kg than at 2 mg/
kg. These results are entirely consistent with our previous
observations showing that MEL caused an anxiolytic-like
effect in rats [12,13]. Except study of Wong and Ong [41]
in mice, showing that MEL was unable to produce any
anxiolytic effectin OFT, majority, if not all other works
have reported a significant reduction in anxiety behavior
in animals treated with pharmacological doses of MEL,
whatever the experimental conditions used or anxiogenic
situations. Thus, in rats, it has been demonstrated that
anxiolytic-like activity of MEL was higher than all tested
other pineal indoles [37]. In the same species, anxi-
ety-like behavior induced by microwave radiation is re-
duced by pretreatment with the MEL [42]. A reduction in
the level of anxiety-like by pineal hormone has been also
reported in Sprague Dawley rats genetically predisposed
to show high anxiety behaviors, in hypertensive rats [43]
and in BALB/c and C;H/He mice [10,44]. The effect of
MEL is supported by the fact that hormone administra-
tion in the amygdala is followed by a decrease in the
level of anxiety-like in both OFT and EPM [45]. Our
results associated with the data mentioned above strongly
corroborate that MEL has real anxiolytic-like properties.
We also showed in this study that rats treated with
MEL showed lower levels of depression than control
animals in the FST. In addition, we have clearly de-
monstrated that the antidepressant-like activity of MEL
was dose-dependent, since TIM is greatly reduced at 16
mg/kg than at 2 mg/kg dose. These results are in good
agreement with data reported with our previous observa-
tions showing that chronic administration of MEL pro-
duced a real power antidepressant-like [12,13]. A similar
reduction of swimming in the FST has been previously
observed by Brotto et al. [46]. It was also reported that in
rats subjected to this paradigm, low doses of MEL were
able to reduce the TIM, confirming the antidepressant-
like properties of pineal hormone [47]. In mice, despair
index, as the coat state, grooming behavior and circulat-
ing corticosterone levels, observed after unpredictable
chronic mild stress schedule, were reversed by daily ad-
ministration of exogenous MEL or imipramine a tricyclic
antidepressant drug [48]. In the same species, an en-
hancement of TIM reduction in the FST is obtained by
co-administration of MEL and imipramine [49]. In rats
and mice, MEL alone or combined with reserpine, an
antidepressant binding to neurotransmitters vesicles as
dopamine, norepinephrine, and serotonin significantly
reduced the forced-swimming induced immobility period
[50]. The antidepressant-like action of MEL was also
obtained at pharmacological doses in transgenic mice

Open Access

(BALB/c and C57BL/6J) [51]. Our results associated
with these data strongly support that MEL has real anti-
depressantpotential.

The third finding concerns the potentiating of MEL
effect by DZ, which is BZD characterized by strong anx-
iolytic-like and antidepressant-like activities [23,52]. In-
deed, the anxiolytic-like and antidepressant-like effects
induced by co-administration of MEL and DZ were sig-
nificantly higher than those obtained with MEL or DZ
injected separately. Our results were in accordance with
numerous data reported in the literature. Thus, in mice,
similar results were obtained by treatment with MEL
alone or combined with DZ [14]. It is the same in the
golden hamster since an anxiolytic-like effect of DZ was
demonstrated in three experimental paradigms, EPM, the
t-tube, and OFT of conflict Thatcher-Britton suggesting
that the hamster such as rats and mice, is appropriate to
evaluate the anxiolytic actions of drugs [52]. In the rats,
using the punished drinking test, the safety signal with-
drawal operant paradigm, the EPM and hypophagia-in-
duced novelty, it has been shown that the MEL and ago-
melatine, a potent agonist of receptors MT(1/2), induce
anxiolytic-like action, per se and can potentiate DZ effect
[28]. An antistressor effect of MEL, more pronounced
than that of DZ has also been shown in rats, such effect
which was manifested by decreased anxiety, improved
heart rhythm variability, and prevented stress-induced
violation of circadian locomotion, suggesting that the
differences may result from the expression of MEL
chronotropic activity [53]. Modulation of the action of
BZD by MEL has also been reported since MEL en-
hances the effect of DZ on anxiety levels [28], alters the
effects of cocaine in the nucleus accumbens [29] and its
effect on anxiety is inhibited by Fumazenil [30,31]. And
still more convincing that intra-amygdal administration
of MEL or DZ in rats caused a decrease in the level of
anxiety in both OFT and EPM, DZ being more effective
than MEL [45]. Our results in combination with all these
studies strongly suggest that psychopharmacological ef-
fects of MEL are due, at least in part, to its ability to im-
prove the central GABA-ergic transmission by modulat-
ing GABA receptors activity [32,33]. MEL appears
therefore interact with the GABA-ergic system areas of
the limbic system, including the amygdala, for regulating
anxiety behavior.

This hypothesis is supported by the existence of rece-
procal effects of DZ and MEL on brain MEL and BZD
binding sites. Thus, a significant increase in binding sites
of GABA-BZD using “H-DZ in rat brain has been re-
ported in vivo by chronic injection of MEL. Similar re-
sults, in vitro, based on preincubation of synaptic mem-
branes with MEL were reported by Coloma and Niles
[54]. In humans, to insure its hypnotic function, it was
suggested that MEL acts by increasing BZD receptor and
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the MEL itself and, therefore, strengthening the mecha-
nisms inducing sleep. In rats, suppression of the diurnal
variation of the BZD binding sites in the cerebral cortex
has been described after experimental pinealectomy.
Moreover, in rats, chronic treatment with DZ causes the
loss of MEL binding sites in “pons medulla.” More in-
teresting is that exogenous MEL increases BZD binding
in this brain region and reverses the suppression of MEL
binding sites caused by DZ indicating that BZD-media-
ted suppression of brain melatonin binding sites can be
abrogated by melatonin administration [25]. Djeridane
and Touitou [26] showed that the inhibition of MEL pro-
duction induced in vivo by DZ may be due to a direct
action of this BZD on the NAT, the limiting factor of
MEL synthesis. Such inhibitory effect has subsequently
been considered independent of DZ metabolites [27].
Similar data, support the existence of interaction between
MEL and BZD, has been reported in analgesic effect of
MEL in young male ICR mice. These data indicate the
synergistic analgesia effect of MEL with morphine and
DZ and suggest the possible involvement of melatonin as
an adjunct medicine for pain patients [55]. In addition,
MEL, as an antioxidant inducing cell proliferation and
DNA synthesis, may be useful in the fight against oxida-
tive stress due to the long-term DZ administration [56].

However, research on the MEL regulation of behavior-
ral disorders allowed suggesting the implication of 5-HT
and some of its receptors in mechanisms of MEL action.
Indeed, it has been shown that MEL ligands as agome-
latine (S20098) in FSL rats, and S20304 in transgenic
mice have real antidepressant-like and anxiolytic-like
properties [28,57]. As agomelatine is an agonist of MT1/2
receptor antagonist and a selective serotonin 5-HT 2C
receptor, it was suggested that the activity of agomelatine
is mediated byMT1/2 and/or 5-HT2C receptors [58]. Com-
parable results were obtained in mice using a MEL an-
tagonist receptor luzindole (N-0774), suggesting that
antidepressant activity of the ligand was mediated by
antagonizing anxiogenic action of endogenous MEL [47,
59]. Finally, the antidepressant effect of MEL is com-
pletely inhibited by 5-HT2A/5-HT2C receptor agonists,
suggesting the interaction of the pineal hormone with
5-HT neurotransmission [41,47].

5. Conclusion

Given the considerations mentioned above, without ne-
glecting other mechanisms of action, our study suggests
that the antidepressant-like and anxiolytic-like activities
of MEL are mediated by an improvement of the GABA-
ergic transmission. However, serotonergic noradrenergic
and dopaminergic transmission may be involved in the
expression of behavioral effects of MEL.
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