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Abstract

This study was conducted to determine if serotonin (5-hydroxytryptamine; 5-HT) system correlates with the hypothalamic expression of

cocaine-amphetamine-regulated transcript (CART) gene. Rats received intraperitoneal 5-hydroxy-L-tryptophan (5-HTP; a single or three

daily injections at a dose of 100 mg/kg/10 ml), and CART mRNA level in the hypothalamus was examined by in situ hybridization at

different time points. The 5-HT contents of the hypothalamus as well as the brainstem was increased persistently by 5-HTP injections, and

food intake and body weight gain reduced. CART mRNA level decreased significantly in the hypothalamic arcuate nucleus by three daily 5-

HTP, but not by a single injection. The pair-fed group of the chronic 5-HTP did not show a decrease in the arcuate CART mRNA level. The

plasma leptin level markedly decreased in the chronic 5-HTP group, compared to the saline group, however, still higher than the pair-fed

group with a statistical significance. These results suggest that 5-HT may suppress CART mRNA expression in the arcuate nucleus, not only

by leptin signaling via its anorectic effect on the control of food intake, but also by some non-leptin mediated pathway.
D 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cocaine-amphetamine-regulated transcript (CART) was

firstly identified in the rat brain by PCR differential display

after the acute administration of psychomotor stimulants [1].

CART mRNA expression is widely detected in the central

nervous system, massively in the hypothalamic areas such

as the paraventricular nucleus (PVN), arcuate nucleus

(ARC), dorsomedial hypothalamus (DMH) and lateral hy-

pothalamus (LHA) [2,3]. The hypothalamic CART has been

reported to play a role in the central control of energy

homeostasis as an anorectic molecule, and its expression is

regulated by plasma leptin [4,5]. It has recently been

reported that the rats received intracerebroventricular ad-

ministration of CART (55–102) peptides showed behavior-

al change resembling the typical behavioral symptoms
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found in the mice carrying disorders in the brain serotoner-

gic system [6]. This finding suggests that CART may have a

functional correlation with serotonin (5-hydroxytryptamine;

5-HT) in the regulation of central nervous system. It was

reported that CART (55–102) peptides showed no effect on

5-HT release from the hypothalamic synaptosomes in vitro

system [7], however, it has not yet been reported whether

there is a molecular interaction between the central 5-HT

and the hypothalamic CART in vivo system.

5-HT is known to play a role in feeding behavior as an

anorectic molecule [8], has been implicated in the processes

of within-meal satiation and post-meal satiety [9]. It was

reported that fluoxentine, a selective serotonin reuptake

inhibitor, suppresses food intake and body weight gain,

whereas metergoline, a 5-HT1/5-HT2 receptor antagonist,

as well as 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-

DPAT), a 5-HT1A receptor agonist, enhances food consump-

tion [10,11]. 5-HT1A receptor immunoreactivity is observed

in the hypothalamic arcuate neurons containing CART,

neuropeptide Y (NPY), agouti-related peptide, or proopio-
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melanocortin [12]. The hypothalamus appears to be where

5-HT exerts its anorectic effect in the central control of

feeding, perhaps, at least partly, through its interaction with

the hypothalamic feeding peptides. It has been reported that

5-HT exhibits a negative correlation with NPY, a potent

orexigenic molecule, in the hypothalamus [13–16]. In-

terestingly, there have been some reports showing an

interaction between NPY and CART, such as, intracerebro-

ventricular administration of CART peptides suppresses the

NPY effect on food intake in a dose-dependent manner

[4,5]. These suggest that both 5-HT and CART may exert

their effects through the action of NPY as a part of common

output for the expression of satiety. However, the hypotha-

lamic expression of CART as well as NPY was significantly

decreased in anorectic (anx/anx) mouse showing drastic

activation of the central 5-HT system [15,17,18]. This

suggests a possible negative interaction of the central 5-

HT with CART expression as it does with NPY.

In order to determine whether the increased activity of

the brain 5-HT system negatively interacts with the hypo-

thalamic CART expression, a 5-HT precursor, 5-hydroxy-L-

tryptophan (5-HTP), was administrated to rats to increase

the brain 5-HT level [19,20]. The CART mRNA level in the

hypothalamus was then examined by in situ hybridization

technique. The plasma leptin level was also analyzed to

determine whether or not the modulation of CART gene

expression is an anorectic consequence of the 5-HTP

administration, possibly through the leptin-mediated path-

way.
2. Materials and methods

2.1. Animals

Adult male Sprague–Dawley rats (250–300 g, Daehan-

biolink, Korea) were individually acclimated to the standard

laboratory conditions (12 h light–dark cycle, light on at

9:00 AM) with free access to standard laboratory food

(Purina Rodent Chow, Purina, Seoul, Korea) and water ad

libitum. Animals were cared according to The Guideline for

Animal Experiments, 2000, edited by The Korean Academy

of Medical Sciences, which is consistent with NIH Guide-

line for the Care and Use of Laboratory Animals, 1996

revised.

2.2. Drug treatments

Rats were divided into three treatment groups (n = 6 per

group), such as the free fed saline, the 5-hydroxy-L-trypto-

phan (5-HTP; 100 mg/kg/10 ml, dissolved in sterile phys-

iologic saline; Sigma, MO, USA) injected or the pair-fed

group. A single peritoneal injection of 5-HTP was given 1

h before the lights off, or three daily injection at 9:00 AM

every morning, respectively. The same volume of saline was

injected to the control group for each 5-HTP injection. Body
weight and the amount of food intake were recorded during

the treatment. Each rat in the pair-fed group was provided

with the same amount of food that the 5-HTP rats had

consumed. Rats were sacrificed at 2 or 8 h after the single

injection of 5-HTP, and 24 h after the last injection of daily

5-HTP or the end of pair-fed (n = 6).

The injection dose of 5-HTP (100 mg/kg, i.p.) was

determined according to previous report [19, 21]. Either a

behavioral toxic effect, or the 5-HT syndrome, which occurs

by a higher dose of 5-HTP (300 mg/kg) [22] or by a

combined treatment of 5-HTP and clorgyline [23–25],

was not detected at this dose of 5-HTP.

2.3. 5-HT level in each brain region

The tissue samples of the hypothalamus and the dorsal

raphe nucleus were dissected out on ice immediately after

the decapitation, rapidly frozen with dry ice and stored at

� 80 jC until used. 5-HT contents of the tissue samples

were measured by high-performance liquid chromatography

(Waters Instrument, Model 700, Milford, MA, USA)

equipped with an ESA Coulochem II Elctrochemical Dector

(ESA, Chelmsford, MA, USA) packed by biophase ODS 5

Am (250� 4.5 mm, Bioanalytical System, West Lafayette,

IN, USA) according to a slight modification of the method

previously reported [26]. The mobile phase, comprising of

acetonitrile 8% and 92% 0.15 M monochloroacetic acid

buffer (0.55 mM sodium octyl sulfate, 2 mM disodium

EDTA, pH 3.35) was pumped at a rate of 1 ml/min.

2.4. Plasma leptin level

The cardiac blood was collected into the heparinized

tubes, rapidly after exposing the heart with an overdose of

sodium pentobarbital, and centrifuged at 2000 rpm for 20

min to separate the plasma. The plasma leptin level was

determined by radioimmunoassay method using a commer-

cial kit (Mediagnost mouse/leptin kit, Aspenhaustr, Reutlin-

gen, Germany).

2.5. In situ hybridization

Immediately after collecting the blood, transcardiac per-

fusion was performed with heparinized isotonic saline con-

taining 0.5% NaNO2, then with 4% paraformaldehyde in 0.1

M sodium phosphate buffer. The brains were rapidly dis-

sected, blocked, post-fixed for 3 h, and transferred into 30%

sucrose for 24 h for cryoprotection. Forty-micron coronal

sections were cut on a freezing sliding microtome. Every

third sections through the rostral-caudal extent of the

hypothalamus (between bregma � 1.40 and � 3.80 mm)

and the alternate sections of the raphe nucleus (between

bregma � 7.64 and � 8.80 mm) were collected into 20 ml

glass scintillation vials containing ice-cold 2� SSC (0.3 M

NaCl, 0.03 M Na Citrate) for in situ hybridization. All

coordinates were based on Paxinos and Watson [27]. The



Fig. 1. Food intake and body weight gain during 5-HTP treatment. (A)

Food intake after a single 5-HTP injection. A single injection of 5-HTP

(100 mg/kg/10 ml) was intraperitoneally given 1 h before the lights off.
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SSC was pipetted off, and sections were suspended in 1 ml

of prehybridization buffer (50% formamide, 10% dextran

sulfate, 2� SSC, 1�Denhardt’s solution, 50 mM DTT, and

0.5 mg/ml denatured herring sperm DNA), incubated for 2

h at 48 jC. 5-HTT cDNA (a 0.8 kb EcoR1 restriction

fragment) [23] or CART cDNA (a 606 bp restriction

fragment cloned in our laboratory by PCR amplification

using the designed primers, 5V-AGCAGCGAGGAGGTC-
CAGAA-3Vand 5V-ACCAACACCATTCGAGGCAT-3V,
according to the published mouse CART gene sequence:

Accession No. AF148071) probe labeled with 35S-a-dATP

(NEN, PerkinElma, MA, USA) using a random priming kit

(Roche Molecular Biochemicals, Indianapolis, IN, USA)

was then added into the vials (1�107 cpm/vial), and

hybridized overnight at 48 jC. Following hybridization,

the sections were washed at 15 min intervals in decreasing

concentrations of SSC (2� , 2� , 1� , 0.5� , 0.25� ,

0.125� , 0.125� ) at 48 jC. The tissue sections were then

mounted on gelatin-subbed slides, air-dried, and apposed to

Kodak BioMax film (Eastman Kodak, NY, USA) at 4 jC.
Exposure times varied from 12 to 48 h to obtain autoradio-

graphic images within a linear range of optical density after

development in Kodak D-19 developer. In situ hybridization

was carried out on the representative members of each

experimental group at the same time under identical con-

ditions, allowing direct comparison of mRNA expression.

2.6. Quantitative and statistical analysis

Images on the autoradiographic films were digitized with

a Zeiss Stemi-2000 stereoscope attached to a Dage-MTI

CCD 72 camera and MCID image analysis system (MCID,

Imaging Research, Ontario, Canada). Messenger RNA ex-

pression level was determined by quantifying the mean

relative optical density of pixels with densities of at least 2

S.D. above the mean density of the image background

(mRNApixels). For each section, themean background value

was subtracted from the mean mRNA pixel value. The

mRNA pixel values were averaged across eight sections for

CART in situ signals, six for 5-HTT, from each individual rat

and the average mRNAvalue of each rat were then averaged

across all rats within each experimental group. The average

mRNA values of each experimental group were then con-

verted to relative values to the vehicle-treated control group.

All the data was analyzed by one way analysis of variance

(ANOVA) and preplanned comparisons with the control were

performed by post-hoc Fisher’s PLSD test or unpaired t-test

using StatView software (Abacus, Berkeley, CA).

A significant hypophagic effect of 5-HTP on spontaneous feeding was

detected within 2 h and lasted until 8 h after the injection. ***p< 0.001

vs. the saline control. (B) Cumulative food intake during three daily 5-

HTP (100 mg/kg/day, i.p.). The amount of food intake was consistently

reduced (f 80%) during the injection period. ***p< 0.001 vs. the

saline control. (C) Body weight gain during three daily 5-HTP. A

significant weight loss was detected in both the 5-HTP and the pair-fed

group and an additive effect in the body weight loss occurred by 5-

HTP administration. ***p< 0.001 vs. saline control; yp< 0.05 vs. pair-

fed.
3. Results

3.1. 5-HTP effects on food intake and body weight gain

When 5-HTP (100 mg/kg/10 ml) was intraperitoneally

administrated 1 h before the lights off, a reduction in
spontaneous food intake was detected within 2 h after the

injection (Fig. 1A). This reduction effect of an acute 5-HTP

administration on food intake was still found at 8 h after the

injection. The cumulative food intake remained at a mark-

edly low level during three daily administration of 5-HTP,

compared to the saline injection (Fig. 1B). Body weight gain



Fig. 2. 5-HT contents of the tissues from the hypothalamus or the raphe

nucleus. A. 5-HT levels after a single 5-HTP (100 mg/kg, i.p.). The 5-HT

level increased up to 99% in the hypothalamus, 50% in the raphe by 2 h,

and 87%, 97% by 8 h after a single 5-HTP injection, respectively. B. 5-HT

levels after three daily 5-HTP administrations (100 mg/kg/day, i.p.). 84% of

increase in the 5-HT level in the hypothalamus (Hypo), 41% in the raphe

nucleus (DRN), was detected by three daily 5-HTP. ***p< 0.001 vs. saline

control.

Fig. 3. mRNA levels of 5-HTT, the 5-HT reuptake transporter, in the

dorsal raphe nucleus (DRN). (A) Autoradiography of 5-HTT in situ

hybridization. 5-HTT in situ signals in the dorsal raphe nucleus appeared

to be stronger in the three daily 5HTP treated group, compared to the

saline control. (B) Relative optical density of the in situ signals on

autoradiographic films. 5-HTT mRNA level appeared to decrease by a

single 5-HTP, but a statistical significance was not found either at 2 h

( p= 0.076) or 8 h ( p= 0.696) after the injection. However, the relative

optical density of 5-HTT in situ signal increased up to 24% in the three daily

5-HTP group with a statistical significance. *p< 0.05 vs. saline control.

Scale bar: 300 Am.
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of the 5-HTP treated group during three daily injections was

even lower than the pair-fed group (Fig. 1C), revealing an

additive effect produced by the 5-HTP administration on

weight loss besides the starvation effect, perhaps due to the

increased brain 5-HT level.

3.2. Brain 5-HT level

All the 5-HTP treated groups showed significant

increases in the 5-HT content not only in the dorsal raphe

nucleus where the 5-HT neurons are located, but also in

the hypothalamus where the 5-HT output exerts its ano-

rectic effect on feeding, compared to the saline groups at

each corresponding time point ( p< 0.001) (Fig. 2). Inter-

estingly, the amount of 5-HT increase in the dorsal raphe

tissues became higher at 8 h (f 97% increase) than at 2

h (f 50% increase) after the single injection of 5-HTP,

and lowered back with the repeated injection (f 41%

increase). This pattern of change in the 5-HT contents

was not detected in the hypothalamic tissues (Fig. 2). The

mRNA expression of 5-HTT, the 5-HT reuptake transport-
er, increased in the dorsal raphe nucleus by three daily 5-

HTP administration, but not by a single injection, with a

statistical significance ( p < 0.05) (Fig. 3). These results

together reveal that the 5-HTP administration may induce

not only the release but also the synthesis of 5-HT in the

brain within a short time, and suggest that an increase in 5-

HTT mRNA expression, a negative regulation on 5-HT

synthesis as well, may occur as a feed back response to

reduce chronically increased level of 5-HT in brain by the

repeated 5-HTP.

3.3. CART expression in the hypothalamus

The CART mRNA level in the hypothalamic arcuate

nucleus was determined by in situ hybridization 2 or 8 h

after a single intraperitoneal 5-HTP and 24 h after the

last injection of three daily 5-HTP (100 mg/kg/10 ml)

(Fig. 4). CART mRNA expression in the arcuate nucleus

appeared to decrease by 8 h after the single 5-HTP, but

not by pair-fed, although a statistical significance was

not found (Fig. 4B). However, the arcuate CART mRNA

level after three daily 5-HTP, but not after the 3 days of



Fig. 4. CART mRNA levels in the hypothalamus. (A) Autoradiography of CART in situ hybridization after three daily 5-HTP (100 mg/kg) or pair-fed. (B)

Relative optical density of the CART in situ signals on autoradiographic films. A significant decrease in CART mRNA level was detected in the arcuate nucleus

by three daily 5-HTP, but not by a single, compared to each saline or pair-fed group. **p< 0.01 vs. saline control; yp< 0.05 vs. pair-fed. Scale bar: 1 mm.

Fig. 5. Plasma leptin level 8 h after a single injection (A) or 24 h after three

daily injections of 5-HTP (100 mg/kg, i.p.) (B). The plasma leptin level

significantly decreased by 8 h of pair-fed, but not by a single 5-HTP (A).

Both three daily 5-HTP and its pair-fed markedly decreased the plasma

leptin, compared to the saline free fed group. However, the plasma leptin

level of the 5-HTP group was still higher than of the pair-fed group with a

statistical significance from unpaired t-test (B). **p< 0.01 vs. saline

control; ***p< 0.001 vs. saline control; yp< 0.05 vs. pair-fed.
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pair-fed, was significantly ( p = 0.0012) decreased, com-

pared to the saline free fed group (Fig. 4A,B). These

results reveal that the reduction in food intake, a satiate

effect of 5-HTP administration, may not be sufficient to

make a significant decrease in the arcuate CART expres-

sion level.

3.4. Plasma leptin level

The plasma level of leptin, a signal linking the adipose

tissue status with the central circuits of feeding control, was

examined to determine if it correlates with the reduction in

food intake and body weight induced by 5-HTP. The

plasma leptin level was not significantly decreased by 8 h

of 5-HTP administration, however, its pair-fed group

showed a marked reduction (f 46% decrease) (Fig. 5A).

After three daily 5-HTP, both the 5-HTP and the pair-fed

group showed a remarkable decrease in the plasma leptin

level, compared to the free fed saline group (Fig. 5B),

however, the 5-HTP group still showed a higher leptin level

than the pair-fed group with a statistical significance

( p < 0.05) from unpaired t-test. This was despite the fact

that the 5-HTP group lost their body weight even more than

the pair-fed group during the experimental period (Fig. 1).

These results reveal that the plasma leptin level may

negatively correlate with body weight gain in the 5-HTP

group.
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4. Discussion

4.1. Effects of systemic 5-HTP on the brain 5-HT system

We demonstrated that 5-HT levels in both the

hypothalamus and the dorsal raphe nucleus increased

by 5-HTP treatment, which was consistent with the

result previously reported by others that the administra-

tion of 5-HTP causes an immediate increase of 5-HT in

the hypothalamic dialysates and this effect is long

lasting and dose-dependent [20]. The present results

also showed that mRNA expression of 5-HTT, the 5-

HT reuptake transporter, in the dorsal raphe nucleus was

increased by chronic, but not by an acute, 5-HTP

administration, and this is the first finding regarding

the effect of 5-HTP administration on 5-HTT gene

expression. Increased expression of 5-HTT in the dorsal

raphe nucleus could be a negative feed back response

to reduce the chronically increased synaptic 5-HT level

by the repeated 5-HTP. It was reported that the 5-HTT

mRNA expression in the raphe nucleus decreases with

the depletion of brain 5-HT by chronic para-chlorophe-

nylalanine treatment [28,29]. An interesting point of this

study is that the increased amount of 5-HT content

varied in the raphe, but remained at a consistent level

in the hypothalamus, by 5-HTP administration. That is,

5-HT content in the raphe nucleus, where most of brain

5-HT neurons are located, increased by an acute 5-HTP

in a time dependent manner and the amount of increase

became reduced after the repeated 5-HTP, however, this

pattern of changes was not detected in the hypothala-

mus. Taken all together, these results suggest that the

brain 5-HT system is activated by 5-HTP administration,

and that a negative interaction on 5-HT synthesis as

well as a positive on 5-HTT may be produced by the

repeated 5-HTP in the raphe nucleus as a feed back

response to an increased 5-HT level in the hypothala-

mus.

5-HTT mRNA level in the dorsal raphe nucleus in the

pair-fed group given 3 days of food restriction did not

differ from the free fed saline group, in our preliminary

experiment (data not shown). This finding concurs with

our previous report that 24 h food deprivation did not

alter the 5-HTT mRNA level in the dorsal raphe of mice

[30]. Furthermore, long-term food restriction has been

reported to decrease the activity of the brain 5-HT system,

such as a decrease in 5-HTT level [31] as well as in 5-

HTT density [32]. Therefore, it is unlikely that the pair-

fed, food restricted, groups in the present study might

have an increased activity in the brain 5-HT system,

which would have influenced on the results observed.

Also, it can be concluded that the increase in 5-HTT

mRNA expression in the 5-HTP group could not be a

consequence of the reduced food intake and the body

weight loss, but rather of an interaction with increased

brain 5-HT level.
4.2. Effects of systemic 5-HTP on food intake and weight

gain

It was shown in this study that 5-HTP consistently

produced a significant reduction in both the food con-

sumption and weight gain during the experimental period,

compared to the saline injections. This may occur as a

result of the increased activity of brain 5-HT system

detected with the 5-HTP administrations, in accordance

with previous reports on the anorectic action of the brain

5-HT [9]. Interestingly, the pair-fed group, which received

the same amount of food that the 5-HTP group had

consumed, showed a smaller loss in body weight than

the 5-HTP group. This suggests that 5-HTP may decrease

body weight through its inhibitory effect on energy intake

and also an additional effect on body weight loss, perhaps

an increase in energy expenditure, may occur by the

systemic 5-HTP. This is supported by previous reports

showing that 5-HT may increase the resting energy expen-

diture [10,33].

4.3. Plasma leptin level

Differential effect on the plasma leptin level was

detected in the 5-HTP and pair-fed group in this study.

The plasma leptin level was remarkably decreased by 3

days of food restriction, pair-fed, as was expected from the

significant body weight loss. The plasma leptin level of the

5-HTP group was also decreased, compared to the saline

group, however, still higher than the pair-fed group,

although the body weight loss was even larger. No report

has been made regarding a stimulatory effect of the brain

5-HT on leptin synthesis or release in the adipose tissues.

Rather it seems that the central 5-HT participates in the

control of feeding with a separate system from the leptin

action [9]. On the contrary, there was a report suggesting a

role of peripheral 5-HT in the plasma leptin level, which

showed that the systemic, but not the central, administra-

tion of 5-HTP acutely increased the plasma leptin level

[19]. Yamada et al. [19] reported that the plasma leptin

level acutely increased from 30 min to 3 h after the

systemic 5-HTP. This report concurs our result that the

plasma leptin level was not decreased by 8 h after a single

5-HTP, while the pair-fed group showed a marked reduc-

tion during the same time period. Therefore, it can be

suggested that the systemic 5-HTP in this study may

produce an additional effect on body weight loss, at least

partly, through its stimulatory action on the plasma leptin

level.

4.4. Hypothalamic CART expression

In the present study, 5-HTP administration produced a

time dependent decrease in CART mRNA expression in the

arcuate nucleus. The decrease in CART mRNA expression

level appeared to start by 8 h after a single 5-HTP, and
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became significantly clear by three daily 5-HTP. This effect

on CART expression may have occurred by the hypophagic

effect of 5-HTP administration [8,33], which was revealed

as f 80% reduction in food intake accompanied by a

significant weight loss, compared to the saline control. It

was reported that CART mRNA expression in the hypo-

thalamus is down-regulated by fasting and up-regulated by

leptin administration [4]. However, the pair-fed groups of

each 5-HTP treatment, which received the same amount of

food (f 20% of the free fed control) consumed by the 5-

HTP group, did not show any significant decrease in the

arcuate expression of CART, compared to the saline free fed

control. These results indicate that f 80% of food restric-

tion alone may not be sufficient to produce a significant

decrease in the arcuate expression of CART mRNA, and

that the increased activity of the brain 5-HT system by 5-

HTP treatment may possibly produce an additive effect on

the down-regulation of the arcuate CART expression. This is

the first report showing that the brain 5-HT system may

negatively interact with the CART gene expression in the

hypothalamic arcuate nucleus.

It has been reported that anorectic (anx/anx) mouse

showing the typical behaviors of serotonin syndrome [34]

contains 5-HT hyperinnervation in the whole brain [17] and

shows an increased activity of the brain 5-HT system [30].

This mouse was also reported to have a decreased expres-

sion level of the hypothalamic CART as well as pro-

opiomelanocortin and NPY [15,18,35]. Johansen et al.

[18] suggested that the decreased expression of the hypo-

thalamic CART mRNA in the anorectic (anx/anx) mouse

may be due to the decreased level of plasma leptin induced

by serious weight loss. A possible implication of the plasma

leptin level in the down-regulation of arcuate CART mRNA

expression should be considered in the present results as

well. Furthermore, it was reported that CART mRNA

expression in the hypothalamus was decreased in obese

(ob/ob) mouse lacking functional leptin in their plasma as

well as in Zucker (fa/fa) rat lacking the functional receptor

for leptin [4]. It seems that the decreased expression of the

hypothalamic CART mRNA may correlate with the de-

creased activity of leptin signaling. However, this contrasts

with the present results demonstrating that the pair-fed

groups of the 8 h or three daily 5-HTP group, which showed

even bigger reductions in the plasma leptin level than each

corresponding 5-HTP group, did not show any significant

decreases in the hypothalamic CART expression, on the

contrary to the significant decrease produced in the 5-HTP

groups. Therefore, it can be concluded that there may be an

another pathway other than the leptin signaling which

regulates the hypothalamic CART mRNA level, and the

brain 5-HT, as a part of this non-leptin mediated pathway,

appears to exert an inhibitory role in the hypothalamic

CART expression.

In summary, the brain 5-HT contents and 5-HTT gene

expression increased by systemic administration of 5-HTP

(100 mg/kg) with a positive correlation, suggesting an
increased activity of the brain 5-HT system. The systemic

5-HTP produced an additional effect on body weight loss,

likely by its peripheral effect on the plasma leptin level.

CART mRNA expression in the hypothalamic arcuate

nucleus was down-regulated by the systemic 5-HTP admin-

istration, in which the plasma leptin level did not show a

positive correlation with the CART expression level. These

results indicate that the increased activity of the brain 5-HT

system may negatively interact with the hypothalamic

CART mRNA expression, as a part of non-leptin mediate

regulatory pathway in the control of CART gene expression

in the hypothalamus.
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