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Abstract
We have previously found that neonatal treatment with clomipramine (CLI) induced a decrease in
brain orexins during the juvenile period and that these changes were reversed at adulthood. This
study investigated the effect of CLI on the orexinergic component and sleep/wake states. Two
groups of adult male rats were conducted for 48-h polysomnographic recording. One group of rats
was treated with CLI (20 mg/kg every 12 h), and a second group was treated with equivolume of
saline (SAL) simultaneously after the first 24 h of polysomnographic recording. Rats were killed 2
h after the third dose of treatment. Brain tissues were collected for radioimmunoassay
quantification of orexins and real-time PCR analysis of prepro-orexin and orexin receptor mRNA.
The CLI group had significantly shorter rapid eye movement (REM) sleep and longer REM
latency compared with both the baseline day and the SAL group and had significantly less active
wake and more quiet wake. Compared with the control rats, the CLI rats had significantly higher
mRNA expression of prepro-orexin in the hypothalamus and the frontal cortex, but not in the
hippocampus. The CLI rats also had significantly less orexin B in the hypothalamus than the
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control rats. These results suggest that suppression of active wake and orexin B by CLI may be a
factor responsible for CLI-induced depression and that the increase of prepro-orexin mRNA may
be a sign of increased brain orexins found in this model.
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Introduction
Clomipramine (CLI) is a tricyclic agent with both antidepressant and antiobsessional
properties (Judd, et al., 1991). Clomipramine inhibits norepinephrine (Crews and Smith,
1980) and serotonin uptake (Henderson, 1983) and increases their release in central nerve
terminals, possibly by blocking the membrane-pump of neurons. This action appears to
enhance the release of transmitter monoamines at receptor sites per impulse (Sangdee and
Franz, 1979; Romero, et al., 1996) from desensitisation of the terminal autoreceptor
(Maudhuit, et al., 1995) because blocking 5-HT1A receptor abolished the increase of
serotonin (5-HT) (Auerbach, et al., 1995). Although the actual neurochemical mechanism is
unknown, the capacity of CLI to inhibit serotonin reuptake is thought to be an important
mechanism underlying its effects. Clomipramine is also a powerful rapid eye movement
(REM) sleep suppressant (Mirmiran, et al., 1981; Mirmiran, et al., 1983). We have
previously reported that CLI strongly suppresses REM sleep without significantly altering
wake percentage when administered to rats from the age of 2 to 3 weeks (Feng and Ma,
2002).

Despite CLI’s powerful antidepressant effect in adult human, many studies have shown that
administering CLI in rat during the neonatal period results in multiple behavioural, neuronal
and molecular changes in adulthood that resemble human depression (Mirmiran, et al., 1981;
Mirmiran, et al., 1983; Vogel, et al., 1990b; Kinney, et al., 1997). The adult CLI rat has been
well evaluated as a model of depression (Vogel, et al., 1990b; Vogel, 1999). Recently, we
reported that 2 weeks of treatment with CLI in rat during the neonatal period induced a
substantial decrease in orexin A and orexin B at 5 weeks of age. The affected regions
include the hypothalamus, hippocampus and frontal cortex. However, in adult CLI rats,
these changes were reversed; orexins were found to be increased in this model (Feng, et al.,
2007). Other studies showed a decrease in the number or the size of hypothalamic
hypocretin neurons in Wistar-Kyoto (WKY) rats compared with the control of Wistar (WIS)
rats (Allard, et al., 2004); decreased cerebrospinal fluid levels of orexin A in suicidal
patients (Brundin, et al., 2007b) and patients with major depressive disorder (Brundin, et al.,
2007a) were also reported. These findings suggest that CLI affects both REM sleep and
orexinergic regulation in the neonatal period and that orexinergic alteration may be involved
in the development of depressive pathogenesis.

Orexins, including orexin A and orexin B (also called hypocretin 1 and 2) isolated from the
hypothalamus (De Lecea, et al., 1998; Sakurai, et al., 1998), were originally described as
part of the hypothalamic network for energy homeostasis and are known to promote
wakefulness and suppress sleep (Trivedi, et al., 1998; Espana, et al., 2001). Orexins are
synthesised in neurons of the perifornical region and the lateral hypothalamus. These
neurons receive inputs from diverse sensory and limbic systems and innervate, via their
fibres, most brain regions including the brain stem and basal forebrain, cortex and spinal
cord (Peyron, et al., 1998; Zhang, et al., 2001; Mignot, et al., 2002; Sutcliffe and de Lecea,
2002). Local application of orexin A in the basal forebrain (Thakkar, et al., 2001) or in the
laterodorsal and pedunculopontine tegmentum (LDT/ PPT) (Xi, et al., 2001) increases

Feng et al. Page 2

J Psychopharmacol. Author manuscript; available in PMC 2013 February 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



wakefulness dramatically. Intracerebroventricular administration of orexin A promotes both
quiet wake and active wake, but orexin B promotes active wake only in the normal adult rat.
Orexin A promotes quiet wake only if administered into the medial preoptic area, medial
septal area and substantia innominata (Espana, et al., 2001). Brain injection of orexin A in
the hypothalamic paraventricular nucleus, rostral lateral hypothalamic area and substantia
nigra pars compacta significantly increases time spent rearing and ambulating (Kotz, et al.,
2006).

Although the orexinergic neuronal system has been shown to be a key component of wake/
sleep regulation, energy metabolism and the pathology of narcolepsy, recent evidence
suggests that suppression of this system may be involved in the pathogenesis of depression.
First, orexin A levels have been shown to be decreased in the cerebrospinal fluid in human
depression (Salomon, et al., 2003; Brundin, et al., 2007a). Second, the number and size of
orexin A–immunostained neurons were decreased in a genetic rat model of depression
(Allard, et al., 2004). As mentioned earlier, our own research has shown that the
hypothalamic levels of both orexin A and B were significantly increased in a rat model of
depression (Feng, et al., 2008). We also found that orexin A levels were increased in a
second rat model of depression with additional features of stress and insomnia (Feng, et al.,
2008). At the neuronal level, orexin excites serotonin (5-HT) neurons and increases 5-HT
release (Brown, et al., 2002; Liu, et al., 2002), which has been widely acknowledged to play
a role in depression. In turn, orexins are inhibited by 5-HTnergic neurons (Muraki, et al.,
2004; Li and van den Pol, 2005). This closed feedback circuit for the neurobiological
regulation of orexin-5–HT activity may provide new insights into the understanding of the
pathogenesis of depression.

In the following study, we hypothesise that treatment with CLI will have an immediate
biological effect on orexinergic components and sleep/wake states. We report the effect of
CLI on orexinergic reactions and wake/sleep states in normal adult rats.

Materials and methods
Animal and sleep study

Adult Long Evans male rats were used throughout the study. All procedures were approved
by the Institutional Animal Care and Use Committee of Case Western Reserve University
and the Louis Stokes Cleveland Veterans Affairs Medical Center or by the Institutional
Animal Care and Use Committee of Zhengzhou University. Twenty-three adult rats (3- to 5-
month old) were surgically implanted with electrodes for polysomnographic recording of
electroencephalogram (EEG) and electro-myogram (EMG) under pentobarbital anaesthesia.
After 7 days of post surgical recovery and 3 days of adaptation to recording chambers,
baseline polysomnographic recording was conducted. After baseline recording, rats were
injected a total of three times (i.p.) with either saline (SAL, n = 11) or CLI (20 mg/kg in
double distilled water, n = 12) at 12-h intervals (8:00 a.m. and 8:00 p.m.).

Polysomnographic data were scored as active wake, quiet wake, rapid eye movement (REM)
sleep and non REM (NREM) sleep in 30-s epochs by a computer program and subsequently
confirmed visually according to our established method (Feng and Ma, 2003; Feng, et al.,
2008).

Ribonucleic acid (RNA) and peptide extraction
Sixteen rats were used for quantification of orexins and mRNA of prepro-orexin, orexin 1
receptor (OX1R) and orexin 2 receptor (OX2R). Three injections of either CLI (n = 8) or
SAL (n = 8) were administered as described above, without surgery or polysomnographic
recording. Animals were killed 2 h after the last injection. Rats were immediately
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decapitated after 2 min of CO2 exposure. Brain tissues were dissected immediately and
tissue blocks of the hypothalamus, frontal cortex and hippocampus were divided into two
sets. One set was processed for peptide extraction according to our previous publication
(Feng, et al., 2008), and the other set was processed for RNA extraction in the following
method.

Total RNA was extracted from rat brain tissue using TRI-zol reagent as specified by the
manufacturer (Invitrogen, Carlsbad, California, USA). Briefly, each tissue blocks were
immersed in 2 mL TRIzol reagent and homogenised immediately following collection. After
the addition of 0.2 mL chloroform, the samples were centrifuged at 12,000 × g for 15 min at
4 °C to obtain phase separation. The upper aqueous phase containing RNA was transferred
to a clean set of microcentrifuge tubes and diluted in 0.5 mL of 100% isopropyl. The tubes
were centrifuged at 12,000 × g for 10 min at 4 °C to obtain a solid pellet. The RNA pellet
was then washed in 75% ethanol and recentrifuged. After discarding the supernatant and air-
drying the RNA pellet for 10 min under a hood, the RNA was dissolved in
diethylpyrocarbonate-treated water and stored at −80 °C for real-time PCR.

Real-time PCR quantification of mRNA of orexin-1 receptor (OX1R), orexin-2 receptor
(OX2R) and prepro-orexin

Total RNA of the hypothalamus, hippocampus and frontal cortex from eight rats in each
group were analysed by the Gene Expression and Genotyping Facility of Case Western
Reserve University, Ohio, USA. Integrity of the isolated RNA was verified with Bioanalyzer
2100 (Agilent Technologies Inc., Santa Clara, CA) before further analysis. Three
micrograms of RNA from each sample were reverse transcribed using High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster City, CA) to generate rat cDNA (100
µL in total) for amplification. Rat-specific Taq- Man probe and primer set (Applied
Biosystems, Foster City, CA) were used for real-time PCR amplification of preproorexin,
OX1R, OX2R and β-actin as an endogenous control mRNA. Amplifications were conducted
according to the manufacturer’s protocol on an ABI PRISM 9700 sequence system (Applied
Biosystems, Foster City, CA). The manufacturer’s standard thermal cycler program used
was 50 °C for 2 min, 95 °C for 10 min, then 40 cycles of 95 °C for 15 s and 60 °C for 1 min.
Results were generated using ABI SDS 2.0 software (SDS 2.2 software, Applied
Biosystems, Foster City, CA) and are presented as relative fold changes versus a designated
calibrator sample, which was the mean of the control group.

The quantitation of mRNA from each sample was first standardised by the mRNA of β-actin
and then calibrated by the mean of the control group. We present the relative quantitation
(RQ) calculated by dividing the value of each individual quantitation (Q) with the mean
quantitation (MQ) of the control group. The RQ of OX1R was calculated as the following:

where Q, quantitation; QA, quantitation of one individual sample. RQ values for each gene
were calculated from each sample.

We present the relative quantitation (RQ) calculated by dividing each actual value with the
mean of control group. Thus, each actual value would have one relative value. Results
include 95% confidence limits.

Radioimmunoassay (RIA) quantification of orexin A and orexin B
Orexin peptides were measured by RIA using standard RIA kits for detecting orexin A
(#RK-003-30) and orexin B (#RK-003-32) purchased from Phoenix Pharmaceuticals, Inc.,
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(Belmont, California, USA) according to the standard protocol provided with the kits (Feng,
et al., 2007, 2008). Orexin levels were calculated as the value of picogram per milligram of
wet tissue.

Data analysis and statistics
Two-way (Day × Treatment; Region × Treatment and Treatment × Gene) ANOVAs were
used to evaluate sleep states, brain peptide levels and mRNA expression, respectively. All
Pairwise Multiple Comparison Procedures (Bonferroni t-test) were used for further analysis
of test-specific and region-specific differences. Student’s t-test was used to analyse a
variable that was not qualified for two-way ANOVA evaluation. To minimise the
probability that the large variation in peptide levels between brain regions would mask
differences because of treatment, brain regions that were found to have very high levels of
orexins were analysed apart from those with lower levels. All data are presented as mean ±
standard error.

Results
Wake/sleep states

Twenty-four hours of polysomnographic recording was conducted before and after treatment
with CLI or saline (SAL group). The baseline wake/sleep states were similar between the
CLI and SAL groups. However, after treatment, the CLI rats had 41.39% less REM sleep
than the SAL group and 40.57% less than the baseline. A two-way (Day × Treatment)
ANOVA found significant differences in REM sleep (F = 44.496, P < 0.001). All Pairwise
Multiple Comparisons (Bonferroni t-test) showed that the CLI group had significantly less
REM sleep on the treatment day than the SAL group (t = 9.650, P < 0.001) and the baseline
(t = 9.942, P < 0.001) (Figure 1A). No differences were found in the comparisons of NREM
sleep (Figure 1B) or total sleep (Figure 2A). However, analysis of sleep latency found that
latency to REM sleep was increased by 63.16% in the CLI group compared with the SAL
group. A Student’s t-test found that this difference was significant (t = 3.411, n = 21, P =
0.003) (Figure 2B).

Wake was scored as active wake and quiet wake using our established method (Feng, et al.,
2008). After treatment, active wake in the CLI group was 38.11% lower than the SAL group
and 32.11% lower than the baseline (Figure 3A). The differences were found to be
significant by a two-way (Day × Treatment) ANOVA (F = 50.470, P < 0.001) and post-hoc
comparisons. That is, the CLI group had significantly less active wake after treatment than
the SAL group (t = 5.937, P < 0.001) and the baseline (t = 9.617, P < 0.001). On the
contrary, quiet wake in the CLI group increased 75.19% after treatment compared with the
SAL group and 56.37% compared with the baseline of the same group (Figure 3B). These
differences were found to be significant by a two-way (Day × Treatment) ANOVA (F =
50.470, P < 0.001) and post-hoc comparisons. Effectively, the CLI group had significantly
more quiet wake after treatment than the SAL group (t = 14.301, P < 0.001) and the baseline
(t = 19.179, P < 0.001).

Gene expression
Expression of mRNA of OX1R, OX2R and prepro-orexin in the hypothalamus, frontal
cortex and hippocampus was quantified by real-time PCR. As shown in Figure 4, there were
no significant differences in the expression of OX1R or OX2R (presented by the RQ) in any
of the tested brain regions. However, significant differences of prepro-orexin mRNA were
found in both the hypothalamus and frontal cortex. In the hypothalamus, the RQ of prepro-
orexin mRNA was 50.80% higher in the CLI group than in the SAL group. A two-way
(Treatment × Gene) ANOVA (F = 5.276, P = 0.010) and post-hoc Bonferroni t-test (t =
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3.521 and P = 0.001) found that this difference was highly significant. In the frontal cortex,
the disparity was much greater. Compared with the SAL group, the mean RQ was 262.65%
higher in the CLI group. A two-way (Treatment × Gene) ANOVA (F = 5.753, P = 0.006)
and post-hoc comparisons (t = 4.047, P < 0.001) confirmed that this difference was also
significant. A similar trend was found in the hippocampus. In the CLI group, the mean RQ
of preproorexin mRNA was 25.38% greater than in the SAL group. However, a two-way
(Treatment × Gene) ANOVA (F = 1.249, P = 0.297) found that this difference was not
significant.

Brain levels of orexin A and orexin B
Brain levels of orexins were quantified by RIA in the hypothalamus, hippocampus and
frontal cortex. The mean levels of orexin A in the hypothalamus were 40.53 ± 2.10 pg/mg of
tissue in the CLI rats and 41.168 ± 2.65 pg/mg in the SAL rats. These means were 4.80 ±
0.28 pg/mg (CLI) and 5.35 ± 0.28 pg/mg (SAL) in the hippocampus and 7.54 ± 0.41 pg/mg
(CLI) and 8.38 ± 0.564 pg/mg (SAL) in the frontal cortex (Figure 5A). A two-way (Region
× Treatment) ANOVA found no differences between groups in any brain regions (F =
0.0555 and P = 0.954).

Orexin B levels were similarly quantified in the same brain regions. The mean levels of
orexin B were 30.15 ± 1.38 pg/mg (CLI) and 35.78 ± 3.99 pg/mg (SAL) in the
hypothalamus, 5.36 ± 0.16 pg/mg (CLI) and 5.84 ± 0.15 pg/mg (SAL) in the hippocampus
and 6.18 ± 0.23 pg/mg (CLI) and 6.69 ± 0.24 pg/mg (SAL) in the frontal cortex (Figure 5B).
A two-way (Region × Treatment) ANOVA found a significant difference in the
hypothalamus (t = 2.391, P = 0.021). Specifically, the CLI group had significantly less
orexin B (a decrease of 15.76%) compared with the SAL group.

Discussion
Our study produced three major findings. First, treatment with CLI induced several wake/
sleep alterations. CLI rats were found to have significantly less REM sleep, significantly
increased REM sleep latency, significantly less active wake and significantly more quiet
wake. Second, real-time PCR analysis of mRNA found that CLI rats had increased mRNA
expression of prepro-orexin in the hypothalamus and frontal cortex, but not in the
hippocampus. Furthermore, mRNA expression of OX1R and OX2R were not different
between groups in any of the brain regions measured. Finally, RIA analysis of orexin
peptides found that hypothalamic tissue levels of orexin B, but not of orexin A, were
significantly decreased in the CLI rats. No significant differences were detected in the other
brain regions tested. The above finding that CLI, a multiple aminergic neurotransmitter
reuptake inhibitor prescribed for the treatment of depression, alters brain orexin levels lends
additional support to the supposition that orexin alteration is exclusively involved in the
pathogenesis of depression with regard to neonatal treatment with CLI-induced depression
and the likely antidepressive effect of CLI used in human adults.

The finding that CLI treatment suppressed REM sleep (without change of total sleep) is
consistent with the literature, which reports that CLI is a REM sleep suppressant (Mirmiran,
et al., 1981; Vogel, et al., 1990a; Feng and Ma, 2002). CLI is a tricyclic drug, which inhibits
both norepinephrine and serotonin uptake, possibly by blocking the membrane-pump of
neurons, thus increasing the concentration of transmitter monoamines at receptor sites. In
clinical observations, CLI appears to have a mild sedative effect (Persson, 1980; Ogren, et
al., 1981), which may be helpful in alleviating the anxiety component that often
accompanies depression. This is consistent with an observed decrease in the active wake of
rats treated with CLI compared with both the saline-treated control group and the
pretreatment baseline in this study. However, the increase in quiet wake rather than sleep
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indicates that this drug does not improve total sleep. Rather, it suppresses REM sleep as
indicated by decreased total REM sleep and increased REM latency, which is a necessary
component of CLI’s antidepressive effect (Vogel, et al., 1990a; Riemann, et al., 2001). The
fact that the CLI-induced reduction in active wake was compensated by increased quiet
wake without a change in total wake time suggests that the actual change during the wake
period was a reduction of motor activity. Thus, the effect of CLI may be simplified as
suppression of both motor activity during the wake period and REM sleep during sleep. The
findings that voluntary exercise increases REM sleep immediately (Blanco-Centurion and
Shiromani, 2006) suggest that a decrease in REM sleep in the CLI-treated rat could be the
result of a reduction of motor activity during previous wakefulness. The fact that REM sleep
deprivation increases swim activity (Asakura, et al., 1993, 1994) and voluntary movement
(Andrade, et al., 1987) does not suggest that REM sleep suppression after CLI treatment
reduces locomotor activity in the subsequent wake period, that is, active wake. Rather, this
evidence suggests that a reduction in REM sleep may construct a feedback circuit that
modulates locomotor activity during the wake period. In summary, these data support our
hypothesis at the behavioural level that CLI directly suppresses motor activity during wake
and subsequently reduces REM sleep. This finding also implies that suppression of motor
activity in the neonatal period may be a causal factor in the adult depression induced by CLI.
Reduction of daytime physical activity is a risk factor for mood disorders (Morgan, 2003),
and regular physical activity negatively correlates with depression (Goodwin, 2003; Dunn,
et al., 2005).

At the molecular level, we quantified mRNA of OX1R, OX2R and prepro-orexin. Three
administrations of CLI did not affect the expression of orexin receptor mRNA. This result
indicates that CLI does not directly act on orexin receptors. However, highly increased
expression of prepro-orexin mRNA, which leads to the production of the prepro-orexin
protein, was found in both the hypothalamus and the frontal cortex. Prepro-orexin is a 130–
131 amino acid precursor of both orexin A and orexin B. After detachment of the N-terminal
33-amino acid residue signal peptide, prepro-orexin (now pro-orexin) is cleaved by
prohormone convertases to yield one molecule each of orexin A and orexin B (Sakurai, et
al., 1999). This procedure is believed to occur primarily in the regions that produce orexins,
that is, the perifornical region and the lateral hypothalamus. The fact that the mRNA
expression was highly increased in both the frontal cortex and hypothalamus after CLI
treatment suggests several hypotheses. First, we do not have sufficient evidence to rule out a
direct effect of CLI on the expression of prepro-orexin mRNA. However, conventional
understanding of this drug’s effect on aminergic neurotransmitters, that is, inhibiting
reuptake of the neurotransmitters 5-HT and norepinephrine and increasing 5-HT and
norepinephrine levels (Sangdee and Franz, 1979; Romero, et al., 1996), does not support this
view. This is because that 5-HT hyperpolarises hypothalamic orexin neurons (Muraki, et al.,
2004). Till now, there is no data showing whether three doses of CLI induce a decrease in 5-
HT. Second, increased brain levels of prepro-orexin mRNA imply an increase in prepro-
orexin protein according to common understanding of molecular biology. Actual levels of
prepro-orexin remain to be experimentally verified; however, as an effective tool for the
quantification of prepro-orexin has yet to be developed. The mechanism that mediates the
alteration of preproorexin gene expression also remains to be understood. Available
evidence indicates that serotonin hyperpolarises orexin neurons in a concentration-
dependent manner. A previous study found that this effect is inhibited by the 5-HT1A
receptor antagonist WAY100635 (Muraki, et al., 2004), indicating that hyperpolarisation
occurs via this receptor. Given that 5-HT has a negative effect on the activation of
orexinergic neurons as reviewed earlier, it is unclear how CLI, which enhances the effect of
serotonin by inhibiting reuptake, stimulates the expression of prepro-orexin mRNA, a likely
product of orexinergic neuronal activity. The third implication is that the post-treatment
reaction of genes that direct the production of prepro-orexin is not limited to the
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hypothalamus. We found an increase in prepro-orexin mRNA in the frontal cortex in
addition to the hypothalamus. This finding is surprising in that the current concept of orexin
production presumes that this process occurs only in the hypothalamus. However, prepro-
orexin mRNA was recently found to be expressed in other brain regions in female Sprague
Dawley rats (Silveyra, et al., 2007), as well as in peripheral organs (Randeva, et al., 2001).
Additional testing is necessary to determine where CLI and other antidepressants stimulate
the production of preproorexin outside of the hypothalamus.

Orexin A and orexin B are 33- and 28-amino acid peptides, respectively. As mentioned
above, both of them are derived from the post-translational cleavage of prepro-orexin
(Kastin and Akerstrom, 1999). Because the development of radioimmunoassay (RIA) for the
measurement of orexins in 2000 (Mitsuma, et al., 2000a,b), RIA kits have been used
substantially to quantify orexin levels in various types of samples. In our study, analysis of
orexin A and orexin B peptides after CLI treatment found no increase in the tissue of any
measured brain region despite that prepro-orexin mRNA was over-expressed in this group.
In fact, hypothalamic orexin B was actually significantly decreased after CLI treatment.
There is still insufficient evidence to explain these apparently contradictory results, that is,
CLI increased prepro-orexin mRNA expression but decreased orexin B. Several possibilities
include (1) the biological reactive chain from the expression of prepro-orexin mRNA to the
synthesis of prepro-orexin and to the dehydration of this protein into orexin A and orexin B
did not occur according to the understood process; (2) the stability of orexins was modified
by CLI via an unknown mechanism and (3) the tissue levels of orexins do not indicate the
actual levels of extracellular orexin. The decrease of hypothalamic orexin B, however, was
consistent with the evidence that (1) CLI has a sedative effect behaviourally; (2)
polysomnographic recording found that CLI rats had decreased active wake and (3)
orexinergic neurons are motor activity dependent (Torterolo, et al., 2003; Martins, et al.,
2004). This evidence suggests that the decrease of orexin B could be a result of the
decreased behavioural activity. We speculate that the expression of prepro-orexin is
regulated by the levels of orexin B at least partially and that the dehydration and cleavage of
prepro-orexin into orexin peptides are regulated by motor or physical activity. Further
empirical testing is needed.

In summary, this study provided evidence that short-term treatment with CLI, a
conventional antidepressant, reduces wake time motor activity, that is, active wake,
suppresses REM sleep and hypothalamic tissue levels of orexin B and simultaneously
increases quiet wake and the expression of prepro-orexin mRNA in both the hypothalamus
and frontal cortex. Findings that CLI suppresses active wake and orexin B add to our
understanding of the pathogenesis of adult depression induced by the neonatal treatment of
CLI. Furthermore, increased mRNA of prepro-orexins could be a precursor of the
development of increased brain levels of both orexin A and orexin B found in adult rats
neonatally treated with CLI.
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Figure 1.
REM and NREM sleep over 48 h (24 h before and after treatment with saline (SAL) or
clomipramine (CLI) in rats). (A) REM sleep after treatment was significantly reduced in the
CLI group compared with both the SAL group (P < 0.001) and the baseline (P < 0.001). (B)
No significant differences were seen in NREM sleep either between groups or between
treatments.
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Figure 2.
Total sleep and sleep latency over 48 h (24 h before and after treatment with saline (SAL) or
clomipramine (CLI) in rats). (A) No differences were found in comparisons of total sleep.
(B) REM sleep latency after treatment was significantly increased in the CLI group
compared with the SAL group (P = 0.003).
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Figure 3.
Active wake (AW) and quiet wake (QW) over 48 h (24 h before and after treatment with
saline (SAL) or clomipramine (CLI) in rats). (A) There was no significant difference in the
baseline percentage between groups in AW. However, AW after treatment was significantly
reduced in the CLI group compared with both the SAL group (P < 0.001) and the baseline (P
< 0.001). (B) There were no significant differences in the baseline percentage between
groups in QW. However, QW was significantly increased in the group treated with CLI
compared with the group treated with SAL. This increase was also significant compared
with the baseline (P < 0.001).
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Figure 4.
Gene expression of prepro-orexin, orexin-1 receptor (OX1R) and orexin-2 receptor (OX2R)
in the hypothalamus in rats treated with saline (SAL) or clomipramine (CLI). There is no
difference between groups in the expression of OX1R and OX2R mRNA in any of the tested
brain regions. However, the expression of prepro-orexin mRNA was significantly increased
in rats treated with CLI in the hypothalamus (t = 3.521, P = 0.001) and frontal cortex (t =
4.047, P < 0.001), but not in the hippocampus.
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Figure 5.
Orexin peptide levels of three brain regions in rats treated with saline (SAL) or
clomipramine (CLI). (A) Orexin A levels in the hypothalamus (Hypo), hippocampus (Hipp)
and frontal cortex (Front C). No significant difference between treatments groups was seen
in any of these brain regions. (B) Orexin B levels in the same brain regions. Hypothalamic
orexin B was significantly (t = 2.391, P = 0.021) decreased after three doses of treatment
with CLI.
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