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Changes in body composition and mRNA expression
of ghrelin and lipoprotein lipase in rats treated
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Abstract. Leuprolide acetate (LA), a gonadotropin-releasing
hormone (GnRH) agonist, was identified to cause changes in
body weight in experimental and clinical trials; however, to
date, the effect of LA on the body composition has not been
properly assessed. The aim of the present study was to evaluate
the long-term effect of LA administration on body composi-
tion and the mRNA expression of ghrelin and lipoprotein
lipase (LPL) in rats. Ovariectomized (OVX), ovariectomized
and LA-treated (OVX+LA), non-ovariectomized (CTRL) and
non-ovariectomized but LA-treated (LA) rats were used. LA
treatment was performed by intramuscular injection at 5 ug/kg
every 72 h over 120 days. Analysis of body composition and
mRNA expression of ghrelin and lipoprotein lipase were
performed. The results indicated significant changes in body
composition after treatment; in the OVX, LA, OVX+LA and
CTRL group, the body weight was increased by 216.1, 183.7,
175.4 and 150.1%, respectively, compared with baseline. The
fat mass in the LA group was 14% higher than that in the
CTRL group, while that in the OVX group was 19% higher
than that in the OVX+LA, and the fat-free mass was similar
between the LA and CTRL as well as the OVX and OVX+LA
groups. Following 120 days of treatment, the mRNA expres-
sion of ghrelin and LPL in the LA group was ~20% higher
than that in the CTRL group, while that in the OVX+LA was
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downregulated in comparison with that in the OVX group.
The results of the present study confirmed changes in body
composition and mRNA expression of ghrelin and LPL caused
by long-term administration of LA. LA may contribute to regu-
late food consumption and exert control over adipogenesis.

Introduction

Gonadotropin-releasing hormone (GnRH) is a decapeptide
originally discovered as a factor of hypothalamic origin that
controls secretions of the anterior pituitary gland. GnRH has
a direct effect on reproductive processes by regulating the
synthesis and release of pituitary gonadotropins. In addition,
it has been reported that GnRH has neurotrophic effects on
dendritic spine density and cultured cerebral neurons of rat
embryos by increasing growth and neurite number as well as
modifying neurofilament expression (1,2).

Several synthetic GnRH agonists, designed to have an
increased biological effect, have been used for different
therapeutic applications, including the treatment of cancer
and precocious puberty as well as in vitro fertilization
techniques (3).

Leuprolide acetate (LA) is a synthetic analog of GnRH
composed of nine amino acids with a high biological
effect due to its increased affinity to GnRH receptors and
its prolonged action compared with those of endogenous
GnRH (3,4). This agonist has an increased resistance to
enzymatic degradation and high protein binding due to its
non-natural amino acids and prolonged serum half-life (5,6).
This agonist has been previously used for the same purposes
as those mentioned above (7). Furthermore, it has been used
as a neurological recovery factor in experimental autoimmune
encephalomyelitis and in spinal cord injury (8-10).

Studies in humans and experimental models have
evidenced that therapeutic application of GnRH or administra-
tion of agonists thereof has the secondary effect of increasing
body weight (8,9,11). The mechanisms involved in this process
remain elusive; however, in the last two decades, different
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approaches have been proposed to elucidate the association
between energy balance and adipogenesis with the aim of
correlating endocrine and metabolic pathways. In this sense,
the development of adipogenesis under non-pathological
conditions corresponds with a high food consumption and
loss of physical activity. Under this concept, ghrelin an orexi-
genic peptide have a fundamental role, acting on the brain
to regulate food intake, body weight, adiposity and glucose
metabolism (12). Furthermore, lipoprotein lipase (LPL) is an
enzyme with numerous physiological activities, which mainly
include the regulation of fatty acid supply to various tissues for
either storage or oxidation (13). Changes in ghrelin and LPL
expression depend on physiological stages and under stimuli
by GnRH agonists, this condition may be favored to increase
or suppress food consumption and changes in body weight.
However, it is necessary to know the main changes in body
composition that occur in the treatment with this agonist and
the implications this may have in neuroregeneration studies,
where weight gain is possibly associated with a better recovery
or similarly, in other therapeutic applications, such as onco-
logical, fertility or precocious puberty treatments, in which
nutritional care is necessary in order to control undesired
effects. The present study hypothesized that long-term use of
LA may generate changes in body composition and modify
the mRNA expression of ghrelin and LPL, two important
molecules with high repercussion in the control of hunger
and adipogenesis. In order to confirm this hypothesis, the
aim of the present study was to evaluate a long-term effect
of LA administration on body composition and determine the
mRNA expression of ghrelin and LPL in non-ovariectomized
and ovariectomized rats.

Materials and methods

Animal groups and housing conditions. A total of 96 female
Wistarrats (weight, 120-150 g; age, 6 weeks) were obtained from
the bioterium of the Universidad Auténoma de Aguascalientes
(Aguascalientes, México) and treated according to the Guide
for the Care and Use of Experimental Animals by the USA
National Institutes of Health. They were maintained in sepa-
rated cages (4 rats/cage of 50x50x18 cm) under controlled
conditions (temperature 23+2°C; relative humidity 48%) with
a 12 h alternate light/dark cycle. They were provided a diet
of standard rodent pellets (Purina Nutricubes®; Nestle, Vevey,
Switzerland) and water ad libitum. The animals were divided
into four groups: Untreated (CTRL group), treated with LA
(LA group), ovariectomized (OVX group) and ovariectomized
treated with LA (OVX+LA group). All rats were habituated
for 10 days prior to the experiment. The present study received
approval from the Ethics Committee of the University of
Aguascalientes (Aguascalientes, México).

Ovariectomy and LA administration. On the 10th day of
habituation, two groups of animals were surgically ovariec-
tomized. The animals were then kept in a stable and clean
environment and were allowed to recover from the surgery
for 10 days. For animals in the LA and OVX+LA groups, the
treatment with LA (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) began on day 20 with by intramuscular administra-
tion of 5 ug/kg in 0.1 ml saline solution (0.9% NaCl) every
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3 days until day 120. The other two groups, CTRL and OVX,
received only saline solution with the same treatment schedule.

Murinometric evaluations and nutritional measurements.
Food consumption (g/24 h/100 g) was measured daily at the
same time (between 09:00 and 10:00 h) and body weight was
measured once a week to adjust the LA dose and to observe
weight changes in treated and non-treated groups over the course
of the experiment. Food was weighed in a digital balance (500 g
capacity x0.1 g; V31X501; Ohaus, Parsippany, NJ, USA). Body
length (nose-anus length) was determined in all groups at 0, 20,
40, 60, 80, 100 and 120 days of the experiment with a metric
tape fixed to a worktable. Body weight and body length were
used to determine body mass index (BMI; g/cm?) and ponderal
index (PI; g/3w/cm). Animal weight and food consumption was
used to determine the specific rate of body mass gain in g/kg.
All measures were determined according to equations described
by Novelli et al (14), where the specific rate of body mass gain is
defined as follows: Body mass gain (g/kg)=dM/Mdt, where dM
represents the gain of body weight during dt=t2-tl and M is the
rat body weight at the time-point t1.

Body composition analysis in vivo. Body composition changes
were registered in vivo throughout the different evaluation
periods. To determine body density, hydrostatic weighing
was performed every 20 days until day 120 as reported by
Hohl et al (15). In brief, a device was designed with two gradu-
ated cylinders linked by a flexible hose were the rat was placed
inside of one and changes in water volume in both cylinders were
recorded. Recommendations for calibration and animal measure-
ments were followed. Once the animal's density was determined,
a densitometry-based equation was used to calculate the fat mass
(FM) (16). The data obtained were converted to grams in order
to compare the values with those from the dissection study. In
the present study, the fat-free mass (FFM) was considered as the
difference between total body weight and FM.

Carcass analysis and chemical lipid extract. Every 20 days,
four rats from each group were sacrificed under anaesthesia.
Blood samples were collected from the central aorta and
weighed to calculate the residual mass. Rats were eviscerated
and the skin was completely dissected from the neck region
to the front and rear trunnions. All components were weighed
using a calibrated balance (Ohaus V31X501) and were classi-
fied under the following criteria: The carcass was considered a
major component of the FFM, the previously shaved skin as a
FM component and a third component, the residual mass, was
composed of blood and viscera. From the skin, the previously
dissected fat mass was extracted in accordance with the Bligh
and Dyer method, which comprises homogenization of a 1:2:1
mixture of methanol, chloroform and tissue (17).

RNA isolation and reverse transcription-semi-quantitative
polymerase chain reaction (RT-sqPCR) assay. Total RNA
was isolated by tissue lysis with TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) from tissue
samples of the stomach and central aorta to measure ghrelin
and LPL, respectively. The RT reactions were performed with
a High Capacity cDNA RT kit (cat. no. 4368813; Applied
Biosystems; Thermo Fisher Scientific, Inc.) using 3 ug RNA
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with 0.8 ul of 25X deoxynucleotidetriphosphates (ANTPs;
100 mM), 2 ul 10X random primers, 2 ul 10X RT buffer
and 1 U Multiscribe RT in a final volume of 20 ul topped up
with nuclease-free water using a thermocycler (FGENO2TP;
Techne Genius; Cole-Parmer, Stone, UK) with the following
incubation conditions: 25°C for 10 min, 37°C for 120 min and
85°C for 5 min. Each PCR was performed in a final volume
of 25 ul containing 0.25 ul complementary (c)DNA, 2.5 ul
10X PCR Buffer Minus Mg, 10 mM dNTPs mix, 50 mM
MgCl,, 10 uM of each ghrelin, LPL and GAPDH-specific
primer and 0.125 U Taq polymerase (all, Invitrogen; Thermo
Fisher Scientific, Inc). A 347-DNA fragment coding for rat
ghrelin was amplified with forward primer 5S-TTGAGCCCA
GAGCACCAGAAA-3'" and reverse primer 5-AGCTTCTGC
CTCCTCTGCAACT-3', with the oligonucleotides designed
from the sequence of the gene (GenBank accession no.
AB029433.1). In the case of LPL, a 292-bp DNA fragment
was amplified with forward primer 5'-CCCCAGCAAGGC
ATACAGGT-3' and reverse primer 5-CGGCAGGGTGAA
GGGAATGT-3', with the oligonucleotide designed from the
sequence of the gene (GenBank accession no. NM_012598.2).
As an internal control for amplification, a 207-bp fragment
of rat GAPDH was amplified from the same cDNA, with the
forward primer 5'-AGACAGCCGCATCTTCTTGT-3' and
the reverse primer 5'-CTTGCCGTGGGTAGAGTCAT-3'
designed from the sequence of the gene (GenBank accession
no. NM_017008.4). All primers used in the experiment were
custom-made (Invitrogen; Thermo Fisher Scientific, Inc.).
Optimal PCR conditions were as follows: an initial incubation
of 94°C for 3 min followed by 35 cycles at 94°C for 30 sec,
56°C for 30 sec and 72°C for 30 sec and a final extension step
at 72°C for 10 min. PCR products were analyzed in ethidium
bromide-stained agarose gels (Invitrogen; Thermo Fisher
Scientific, Inc.). They underwent horizontal gel electrophoresis
for 80 min at 60 V and 15 min staining in ethidium bromide
solution 5 pg/ml (Sigma-Aldrich; Merck KGaA). The intensity
of the amplified bands was analyzed using QuantityOne®
version 4.6.6 software (Bio-Rad Laboratories, Inc., Hercules,
CA, USA). Band intensities were normalized to the GAPDH
signal (ghrelin/GAPDH and LPL/GAPDH rates).

Statistical analysis. Values are expressed as the
mean + standard error of the mean. Comparisons among groups
were performed using two-way analysis of variance (ANOVA)
followed by Bonferroni's post-hoc test using GraphPad Prism
6.0 (GraphPad Software, Inc., La Jolla, CA, USA) in most
experiments. PCR results were analyzed by one-way ANOVA
followed by Tukey's test. P<0.05 was considered to indicate a
significant difference between groups.

Results

Body weight, length, food consumption and specific weight
gain. From day 40 of treatment, all groups exhibited obvious
differences in body weight until the end of the experiment. A
higher weight gain was identified in the OVX, OVX+LA and
LA groups (216.1, 175.4 and 183.7%, respectively) compared
with that in the CTRL group (150.1%). At the end of the exper-
iment, the groups treated with LA had a significantly higher
weight compared with that in their equivalent groups who
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Figure 1. Body weight changes in the experimental groups over 120 days.
Values are expressed as the mean + standard error of the mean. "P<0.05;
“P<0.01 for comparisons between equivalent groups (LA vs. CTRL and
OVX vs. OVX+LA). Groups: CTRL, untreated rats; LA, rats treated with LA
(5 ug/kglevery 3 days); OVX, ovariectomized group; OVX+LA, ovariecto-
mized rats treated with LA. LA, leuprolide acetate.

Figure 2. Representative images comparing the length of an intact CTRL and
an intact LA rat at 120 days. The nose-anus length was measured during all
experiments. CTRL, untreated rats; LA, rats treated with LA (5 ug/kg/every
3 days). LA, leuprolide acetate.

received saline only (Fig. 1). Regarding body length (Fig. 2),
animals that received LA injections had a slight increment in
their body length (~4.3%) in comparison with LA-untreated
animals at 120 days (data not shown).

Food consumption (FC) was positively correlated with
body weight (BW), as presented in Fig. 3A, which correlates
the cumulative results of FC and BW (measured once a day
and weekly, respectively) every 20 days for the duration of
the experiment. High correlation was observed between food
intake and weight gain in the LA and OVX+LA groups. The
OVX group consumed more food and gained more weight
compared with the CTRL group, which practically did not
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Figure 3. (A) Regression analysis of food consumption (g/24 h/100 g) and
body weight (g) in all experimental rats. A significant association between
food consumption and body weight was observed. (B) Specific rate of body
mass gain. Values are expressed as the mean + standard error of the mean.
“P<0.05 vs. OVX+LA group. Groups: CTRL, untreated rats; LA, rats treated
with LA (5§ pg/kglevery 3 days); OVX, ovariectomized group; OVX+LA,
ovariectomized rats treated with LA. LA, leuprolide acetate.

change their food consumption and weight gain was minimal
(r=0.874, P<0.0001, FC vs. BW). Over the entire experiment,
the specific rate of body mass gain in the OVX group was
higher compared with that in the other groups. No significant
differences were observed between the CTRL and LA groups;
however, the OVX+LA group exhibited a marked reduction in
weight gain compared with that in the OVX group with signifi-
cant differences on days 80 (6.33+0.26 vs. 7.51+0.19 g; P<0.05)
and 100 of treatment (6.25+0.15 vs. 7.53+0.26 g; P<0.05;
Fig. 3B). At 120 days there were notable differences in weight
gain between the two groups but they were not statistically
significant (6.4+0.12 vs. 7.7+0.30 g).

Body composition measured by hydrodensitometry. Significant
differences in FFM (data not shown) and FM were observed
on days 100 and 120 between equivalent groups (CTRL vs.
LA and OVX vs. OVX+LA). The FM in the LA group was
18.3% higher compared with that in the CTRL group at day
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Figure 4. Fat mass determined by hydrodensitometry. Values are expressed
as the mean + standard error of the mean. ‘P<0.05; “P<0.01; “"P<0.001
for comparisons between equivalent groups (LA vs. CTRL and OVX
vs. OVX+LA). Groups: CTRL, untreated rats; LA, rats treated with LA
(5 ug/kglevery 3 days); OVX, ovariectomized group; OVX+LA, ovariecto-
mized rats treated with LA. LA, leuprolide acetate.

100 (P<0.05; Fig. 4) and 23.9% at day 120 (P<0.05; Fig. 4).
Furthermore, the OVX+LA group had a significantly lower
FM compared with that in the OVX group on days 80, 100 and
120. At the end of the experiment, the FM in the OVX group
was increased to 27.01% compared with that in the OVX+LA
group (P<0.01; Fig. 4).

Carcass analysis and total lipids extracted from skin. All
groups exhibited substantial changes in residual mass and skin
weight compared with CTRL animals (data not shown). All
groups exhibited substantial changes skin weight compared
with the CTRL animals. Analyses from equivalent groups for
each component revealed significant differences for skin weight
in the case of LA vs. CTRL at day 100 (36.2+1.0 vs. 28.5+0.3 g;
P<0.05) and day 120 (38.6+2.3 vs. 28.4+0.9 g; P<0.01; data not
shown). No substantial differences were found between the
OVX and OVX+LA groups; however, at day 120, each of these
two groups had higher values than the CTRL and LA groups
in skin weight (data not shown). At the end of the experiment,
the carcass weight in the LA group had increased by ~179%,
the CTRL group had increased by 147%, the carcass weight
in the OVX group exhibited a high increase of ~194% and
an increase of 164% was observed in the OVX+LA animals
in comparison from the basal values of each group (Fig. 5).
The comparisons between equivalent groups resulted in a
significantly higher carcass weight for LA group in comparison
with CTRL group from day 40 to 120 (day 40, 139.5+3.1 vs.
115.3+3.4 g; P<0.01; day 60, 139.7+1.4 vs. 119.5+6.1 g; P<0.05;
day 80, 141.3£1.9 vs. 120.8+4.6 g; P<0.05; day 100, 155.1+6.3
vs. 134.9+1.4 g; P<0.05; day 120, 166.3+2.2 vs. 140.3+5.6 g;
P<0.01; Fig. 5). The OVX and OVX+LA groups had similar
carcass weights from 20 to 80 days and a significant difference
at 100 days (188.1£9.1 vs. 163.9+1.1 g; P<0.05), however this
difference was reduced at 120 days (180.05+2.3 vs. 161.2+1.2
g; P>0.05; Fig. 5).

The PI was correlated with the lipid extracted from the
skin of all groups (r=0.7603, P<0.0001; Fig. 6). The highest
values of PI and total lipid extracted from skin were observed
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Figure 5. Assay of carcass weight from dissection study considering this tissue
as a major component of fat-free mass. Every 20 days, 4 rats per group were
used for the dissection assay. Values are expressed as the mean + standard error
of the mean. "P<0.05; “P<0.01 for comparisons between equivalent groups
(LA vs. CTRL and OVX vs. OVX+LA). Groups: CTRL, untreated rats; LA,
rats treated with LA (5 ug/kg/every 3 days); OVX, ovariectomized group;
OVX+LA, ovariectomized rats treated with LA. LA, leuprolide acetate.

110~
O CTRL O
LA
Dovx
1007 v ovxsLa o
QD_
£
L2
& 80
o
T
70
604 O Y 0@
o y=3023x +46.19  r°=0.7603
50 L] 1 1
10 15 20

Total lipid extract from skin (g)

Figure 6. Regression analysis of ponderal index (g/3\/cm) and total lipids
extracted from skin (g) for all groups from 0-120 days. A significant
correlation between the ponderal index and lipids extracted from the skin
was identified. Groups: CTRL, untreated rats; LA, rats treated with LA
(5 ug/kglevery 3 days); OVX, ovariectomized group; OVX+LA, ovariecto-
mized rats treated with LA. LA, leuprolide acetate.

in OVX animals, while the lowest values were in the CTRL
group. The LA and OVX+LA had similar results in this corre-
lation analysis (Fig. 6).

Ghrelin and LPL mRNA expression. As presented in Fig. 7A,
ghrelin mRNA expression in the LA group increased by ~20%
compared with that in the CTRL group at the end of the experi-
ment (P<0.01). Furthermore, simultaneous treatment with LA
resulted in ~24% less ghrelin mRNA expression in comparison
with that in the OVX group (P<0.05). Indeed, the OVX group
had the highest ghrelin mRNA expression among all groups.
Similar results were obtained for LPL mRNA (Fig. 7B); the
LA group had a ~20% higher expression than the CTRL group
(P<0.05), and of note, the OVX+LA group had ~18% less LPL
expression in comparison with that in the OVX group (P<0.01).
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Figure 7. Changes in ghrelin and LPL mRNA expression at 20 and 120 days of
the experiment. (A) PCR products of ghrelin (347 bp) and mRNA expression.
(B) PCR products of LPL (292 bp) and mRNA expression. All the results of
mRNA expression were normalized to GAPDH. Values are expressed as the
mean + standard error of the mean. "P<0.05; “P<0.01 as indicated. Groups:
CTRL, untreated rats; LA, rats treated with LA (5 ug/kg/every 3 days); OVX,
ovariectomized group; OVX+LA, ovariectomized rats treated with LA. LA,
leuprolide acetate; PCR, polymerase chain reaction; LPL, lipoprotein lipase.

Discussion

It has been reported that LA is a safe drug for treating certain
types of cancer and hormonal disorders associated with the
reproductive system (7). Recently, GnRH and its agonist LA
have been used in experimental studies on neuronal regen-
eration (8-10). However, weight gain is one of the side effects
reported more frequently by these treatments, while only few
studies have addressed body composition and the possible
pathways responsible for this. The present study demonstrated
that LA promoted changes in body composition and variations
in the mRNA expression of ghrelin and LPL in non-ovariecto-
mized and ovariectomized rats. It was revealed that long-term
LA administration causes an increase in body weight in rats
compared with that in the control group. This subsequent
effect has been reported in humans mainly in treatments for
precocious puberty using GnRH and LA (18,19), as well as
cancer (20,21) and fertility regulation (22,23).

Of note, the OVX group demonstrated the highest weight
gain among all other groups (CTRL, OVX+LA and LA). OVX
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by itself causes this condition, which is in accordance with
previous studies (24). Nguyen et al 2004 (25), reported a 53%
increase in body weight in cats after OVX compared with only
27% in a group that underwent sham surgical intervention. This
increase in corporal weight was highly associated with food
consumption. In the present study, an association was observed
between high food consumption and increased body weight,
which was also supported by the ovariectomy-specific weight
gain due to the weight in the OVX group being comparatively
higher during the entire experiment. In an osteoporosis model
induced by ovariectomy, Jiang et al 2008 (26) identified that
hyperphagia is the main cause of gain weight in Sprague Dawley
rats. An outcome to highlight is the stabilization in weight gain
for animals in the OVX+LA group, which had minimum varia-
tions from day 60 of treatment until the end of the experiment.

Regarding the analysis of body composition by hydroden-
sitometry, an increase of FM was identified in the LA group
at the end of the experiment and no difference was observed
in FFM when compared with that in the CTRL group. In
clinical trials with androgen deprivation therapy using LA to
treat prostate cancer, an increase in weight and FM measured
by dual-energy x-ray absorptiometry and bioelectrical
impedance devices has been reported (21,27). It is well estab-
lished that long-term therapy with GnRH agonists causes a
desensitization of the pituitary gonadotrophs, which leads to
a complete or acute lack of response of follicle-stimulatory
hormone or luteinizing hormone in eugonadal subjects (28).
This condition restrains gonadal steroidal production
avoiding a negative feedback at the hyphophyseal level in
GnRH secretion (29). However, not only steroidal produc-
tion exerts this function; Shimizu er al (30) reported reduced
levels of circulating estradiol (E,) in response to total
bilateral ovariectomy and increases in the mRNA expres-
sion of neuropeptide Y (NPY) at the hyphophyseal level.
It is possible that NPY, an orexigenic peptide, may induce
hyperphagia with subsequent weight gain. This may explain
for the weight gain in the AL group, in which long-term
administration of LA partially decreased the production of
E, and favored an increase in food consumption. It has been
reported that decreasing E, causes not only an overproduction
of NPY, but also an impaired leptin sensitivity in ovariecto-
mized rats (31). Estrogen replacement has been studied as a
method to prevent increases in body weight in experimental
and clinical trials (32,33). However, in the present study, the
OVX+LA group exhibited less FM and FFM compared with
that in the OVX group.

To confirm the results of previous in vivo assays, the
present study demonstrated that the LA group had a higher
FFM (carcass weight) and FM (skin weight) than the CTRL
group, while the OVX+LA and OVX groups had a similar
skin weight but the carcass weight in the OVX+LA group did
not change from day 60. Several studies indicated that therapy
with GnRH agonists modifies the body composition with the
FM being the main affected component and slight reduc-
tions in the FFM (20,34-36). However, these therapies were
performed to treat specific pathophysiological conditions with
no dietary control. In addition, the present study identified a
positive correlation between PI and the total lipid extract from
the skin, which means that animal size is not only associated
with this indicator but also with a FM under the skin.
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At present, no information is available on the effect of
the use of GnRH agonists after ovariectomy or its direct
long-term effects on body composition under these condi-
tions. Furthermore, a recent study report that GnRH may have
different roles outside the hypothalamus-pituitary-reproductive
axis (34).

The present study reported an increased ghrelin mRNA
expression in animals in the LA group, which also had a
high food consumption and weight gain in comparison with
CTRL animals. At present, the manufacturers of commercial
LA preparations warn about rapid weight gain during treat-
ments, for instance in central precocious puberty (18,37), but
these phenomena are not well explained. The present study
indicated that long-term treatment with LA increases ghrelin
mRNA expression, which probably leads to hyperphagia and
a subsequent weight gain with body composition changes. As
previously reported, the present study observed changes in
food intake, body weight and fat mass gain (38).In addition, the
mRNA expression of ghrelin and LPL in the OVX group was
even higher than that in the LA group at the end of the experi-
ment (120 days). Likewise, the mRNA expression of LPL was
higher in the LA group compared with that in the CTRL group,
each group (OVX and LA) had a direct effect by ovariectomy
and LA administration, respectively. These circumstances may
be favorable towards an increase in weight an FM deposition
due to high LPL activity. Studies have reported on the effect
of ghrelin administration and how it modifies food intake, it
has been previously mentioned that suppression of estrogen is
associated with obesity development in mammals and there
is evidence that estrogen blocks the transcription of the LPL
gene (39-41). However, the results of the present study may
indicate that LA had a different effect in ovariectomized rats,
as a downregulation in ghrelin and LPL mRNA expression to
levels similar to those in the LA group were observed at the
end of the experiment, which was probably associated with a
decrease in food consumption and less FM deposition, which
in fact corresponded to the results on body composition. It may
be hypothesized that by LA administration stimulates a replace-
ment of steroidal secretion in ovariectomized rats in other
specialized tissues, which was supported by previous reports on
the GnRH receptor outside of the hypothalamic-pituitary-repro-
ductive axis (42).

In conclusion, the present study indicated that long-term
administration of LA promoted changes in weight and body
composition in ovariectomized and non-ovariectomized rats.
It also promoted increments in mRNA expression of ghrelin
and LPL in non-ovariectomized animals while a down-
regulation was present in ovariectomized animals with the
same treatment, which probably affected food consumption
and adipogenesis. To the best of our knowledge, the present
study was one of the first describing the direct effect of LA
on body composition in the long term, taking into consider-
ation a controlled diet and the absence of pathophysiological
events. LA is a therapeutic drug that is currently widely used
throughout the world, and experimental models such as that
of the present study may serve to elucidate the mechanisms
involved in changes in body composition or for nutritional
prophylaxis in subjects treated with GnRH analogs. To
explain the mechanisms implied to this phenomenon, further
experiments should be performed.
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