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ABSTRACT

In this study, we aimed to explain the role of apelin-13 on body weight, food and water intake with serum
leptin, ghrelin, neuropeptid Y (NPY) and peptid YY (PYY) levels in male rat. Thirty-two Sprague-Dawley male
rats were used for the study. The rats were injected SP (0.9 %) intraperitoneally (i.p) in the control group and
30 (AP30), 100 (AP100) and 300 (AP300) ug/kg apelin-13 in the study groups, respectively, 10 min before the
transition to dark period, for 10 days. During the experimental period, with light and dark periods of food and
water intake, body weights were recorded in rats. Rats were euthanized and serum samples were obtained.
In serum samples leptin, ghrelin, NPY and PYY levels were measured with specific ELISA kit. Apelin-13 was
increased body weights in all three (AP30, AP100 and AP300) groups compared with the control group. AP100
and AP300 groups had increased food intake in the dark and the cumulative period, but in the light period food
intake values were not significantly increased (p > 0.05). As for the value of water intake, compared with the
control group, all dose of apelin-13 increased water intake during the dark and the cumulative period. There
was no significant change in water intake in the light period. On the other hand, compared with the control
group, serum leptin levels were found to increase in the groups administered 100 and 300 ug/kg of apelin-13
(p < 0.05). Ghrelin levels were found high in all groups treated with apelin-13. Serum levels of NPY decreased
only in the 300 pg/kg apelin-13 treated group (p < 0.05). There was no statistically significant change in levels
of PYY (p > 0.05). Apelin-13 increases body weight in rats as well as food and water intake (dark and cumula-
tive period). Additionally, ghrelin can mediate the orexigenic effect of apelin-13 in the regulation of food intake
(Fig. 4, Ref. 37). Text in PDF www.elis.sk.
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Introduction

Apelin has been identified as the endogenous ligand of the
G-protein-coupled apelin receptor (APJ) (1). APJ remained an
“orphan” receptor until the discovery of apelin and was identified
from human genomic DNA in 1993 (2). Also, apelin-13 has been
reported to be synthesized by adipose tissue (3) and pyroglutamated
apelin-13 originates from 77 amino acid pre-propeptide precursor
(4, 5). Hydrophobic residues of apelin-13 play important roles in
interaction with APJ receptor because they are considered to be
physiologically relevant (6, 7).

Apelin and APJ receptor show a widespread distribution in the
central and peripheral tissues of humans and rodents. Although
APJ mRNA is found in many central regions, it is also found in
the pituitary gland, pineal gland, as well as hypothalamic para-
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ventricular nucleus (PVN), arcuate nucleus (ARN) and supraoptic
nucleus (SON) that regulate the food intake, water metabolism
and energy homeostasis (8, 9). In addition, immunohistochemical
studies showed that apelin positive cells appeared in human and
rat’s gastric epithelium mucosa of the stomach. Similarly, lower
concentration of apelin mRNA expression is found in duodenum,
jejunum, ileum and colon (10).

The apelin/APJ localization in the regions having a role in the
central and peripheral regulation of food intake suggests that ape-
lin may play an important role in the regulation of food intake and
energy homeostasis. Nonetheless, different results were obtained
in the studies reporting that apelin suppressed (11, 12), increased
(13, 14, 15) or did not change food intake (6). These results show
that the role of apelin in the regulation of feeding behavior is not
clear yet. On the other hand, plasma apelin level was increased in
obese experimental animals and obese human (3, 16). This data
suggested that the effect of apelin on food intake may be related to
the other leptin-like endocrine peptides of adipose tissue. Apelin
stimulates cholecystokin (CCK) release through mitogen-activated
protein kinase (MAPK) and in vitro cell proliferation in gastric
cells enteroendocrine cell lines (10). Similarly, Flemstrém et al
showed that intra-arterial apelin-13 infusion stimulates bicarbon-
ate secretion in duodenum (17). In addition, apelin-12 elevates
gastric acid secretion by stimulating histamine release in gastric
mucosa in rats (18).
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It is known that gastrointestinal exocrine and endocrine secre-
tion hasa pivotal role in the control of appetite and feeding. The
oxyntic mucosa of the stomach which is the main source of ghre-
lin (19) also synthesizes apelin (20). However, the relationship
between apelin and ghrelin is unknown in the regulation of food
intake. On the other hand, L cells of the gastrointestinal tract syn-
thesize Peptid YY (PYY) in response to food consumption from
ileum and colon has no information for the interaction between
apelin. We hypothesized that apelin may exert an orexigenic effect
by increasing ghrelin synthesis and release. Therefore, this study
evaluated the chronic peripheral administration of apelin-13 ef-
fects on food intake and body weight with serum ghrelin, leptin
and PYY level in male rats.

Materials and methods

Animals and procedures

The protocol of the study was approved by Karadeniz Techni-
cal University, Local Ethics Committee for Animal Experiments
(protocol 2010/42). In this study, 32 Sprague Dawley male rats
weighing 180-220 g were used and they were obtained from the
Karadeniz Technical University Faculty of Medicine Surgical Re-
search Centre. The animals were randomly divided into 4 groups,
each of 8 rats (n = §) and were placed in metabolic cages (Tecni-
plast Company, Italy) for 5 days before the experiments due to
habituation. All animals were kept in artificially controlled cages
regarding light (12/12h light and dark), temperature (22 + 2 °C)
and humidity (55 = 5 %). Standard rat chow (Bayramoglu Feed
Factory / Erzurum, Turkey) was used for daily feeding of the rats.
Daily feeding amount and body weight ratio of the rats in metabolic
cages were monitored and measured. Similarly, scaled drinking
bowls of the metabolic cages were used for fresh tap water and
the rats were provided with ad-libitum access to feed.

Study groups
Apelin-13 isoform was selected in the present study. Apelin-13
(Bachem, Switzerland) with higher biological activity and receptor
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affinity among apelin isoforms was used in the study (8, 21). The
rats in the group 1(control) were injected intraperitoneally (i.p)
with isotonic saline solution (SFN and CIS vehicle), in the group
2 (AP30), apelin-13 was dissolved in isotonic saline solution daily
and administered to rats with an intraperitoneal injection (30 pg/
kg), group 3 (AP100) was injected intraperitoneally at a dose of
100 pg/kg apelin-13 and group 4 (AP300) was injected intraperi-
toneally witha dose of 300 pg/kg of apelin-13.

Body weight, food and water intake measurements

After 5 days of habituation, body weight, food and water intake
were recorded at the begging of the experiments. All metabolic data
sets were recorded every day 2 times in the initial period. Measure-
ments were recorded at the end of light phase (07:00-19:00) and
dark phase (19:00-07:00). Vehicle and drug administration were
applied before transition of the dark phases. Room light source of
5152 lux was used to create normal daylight lighting conditions
(5000 lux). Feeder was filled up with50 gr pellet feed and accord-
ing to consumption remaining pellet feed was changed for fresh
pellets. Similarly, drinking bowl was filled with fresh tap water
every day after the measurements. Baseline body weight of the
rats was determined as 100% and the results were shown as %.

Biochemical analyses

Rats were sacrificed 10 minutes after the last injection. Blood
samples were collected in to blood tubes containing aprotinin at the
end of the experiment. Serum samples were kept at —80 °C until the
analyses. Serum Leptin (BioVendor, Catalog No. RD291001200,
Czech Republic), PYY (Phoenix Pharmaceuticals, Catalog No.
EK-059-03, USA), NPY (Phoenix Pharmaceuticals, Catalog No.
EK-049-03, USA) and ghrelin (Phoenix Pharmaceuticals, Catalog
No. EK-031-31, USA) levels were determined using ELISA kits.

Statistical analysis

All statistical analyses were performed using the software
package SPSS 22.0 (IBM SPSS Inc, Chicago, IL, USA). Firstly,
compliance of variances to normal distribution was evaluated with
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Fig. 1. The results of initial and final body weight (A) and % body weight change of rat (B) after injection of apelin-13 (30, 100 and 300 pg/kg)
and saline (control) on body weight in Sprague Dawley male rats. All data are presented as mean + S.E.M. for n = 8/group. a: control-AP30,
B: control-AP100, y: control-AP300. * p < 0.05 and ** p < 0.01. Baseline body weight of the rats was determined as 100 % and the results were

shown as % changes in live body weight during the experiment.
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Kolmogorov—Smirnov (KS) test. Whether the variances were com-
pliant with homogenous distribution was determined by Levene
statistic (LS). Post-hoc Dunnett’s test was used for the comparison
of apelin-13 treated groups to the control group.
Mann—Whitney-U test was used for the evaluation of biochem-
ical measurements. The significance value of p <0.05 was accepted
in statistical analyzes. All data were presented as mean + SEM.

Results

Effect of chronic i.p. apelin-13 on body weight in ad-libitum feed-
ing rat during experimental period

Apelin-13 increased the body weight compared to the control
group in all three dosages (30, 100 and 300 pg/kg/rat i.p.). An
independent sampling comparison among the groups revealed
statistically significant increases in the rats body weight gaining
ratios of the AP30 (p < 0.05), AP100 (p < 0.05) and AP300 (p <
0.01) groups compared to the control (Fig. 1A,B).

Effect of chronic i.p. apelin-13 on light, dark and cumulative pe-
riods (24-hour) on food intake in ad-libitum fed rat

In the light period measurement, no changes were observed
in food intake of three groups compared to the control group, fol-
lowing apelin-13 (30, 100 and 300 pg/kg/rat, i.p.) administration
(p > 0.05) (Fig. 2A). In the dark period of measurement, the ad-
ministration of 30 pg/kg apelin-13 did not alter the food intake
compared to the control group (p > 0.05) (Fig. 2B). However, the
administration of 100 and 300 pg/kg of apelin-13 increased food
intake (p <0.001) (Fig. 2B). Similarly, while in the cumulatively
period, 30 pg/kg apelin-13 administration did not change the food
intake, 100 and 300 pg/kg dose of apelin-13 increased the food
intake compared to the control group (p < 0.001) (Fig. 2C).

Effect of chronic i.p. apelin-13 on light, dark and cumulative pe-
riods (24-hour) on water intake in ad-libitum fed rat

In the light period of the measurement, no changes were ob-
served in water intake of the three groups compared to the control
group, following apelin-13 (30, 100 and 300 pg/kg/rat, i.p.) admin-
istration (p > 0.05) (Fig. 3A). However, for the dark and cumulative
period measurements, all doses of apelin-13 increased water intake
compared to the rats in the control group (p <0.001) (Fig. 3B,C).

Biochemical results

It was seen that the serum leptin levels in the AP100 (2239 +
19 pg/ml, p <0.05) and AP300 (1906 = 10 pg/ml, p < 0.05) groups
increased considerably in comparison with the control group (Fig.
4A). There was no statistically significant difference in the leptin
levels of AP30 group (1856 + 16 pg/ml) in comparison with the
control group (1493 + 30 pg/ml) (p > 0.05).

It was observed that the serum ghrelin levels of AP30 (18.38
+ 0.95 ng/ml), AP100 (17.23 + 1.32 ng/ml) and AP300 (n = 8§,
19.20 + 1.0 ng/ml) groups increased remarkably in comparison
with the control group (13.86 £ 0.99 ng/ml) (respectively, p <
0.05,p <0.01) (Fig. 4B).

A statistically significant decrease was observed in the serum

Dark period
10.5 4

10.0 Ea <
9.5
9.0
8.5

8.0

7.5

Control Ap30 Ap100

Groups

Ap300

Light period
2.9

2.7 1 T
2.5 1
2.3 1
2.1
1.9 1
1.7 1

1.5

Control Ap30 Ap100 Ap300

Groups

Cumulative period
8.5

B**
—L

8.0

7.0
6.5
6.0
5.5

5.0

Food intake (g) / per 100 g body weight a Food intake (g) / per 100 g body weight @ Food intake (g) / per 100 g body weight

Control Ap30 Ap100

Groups

Ap300

Fig. 2. The result of apelin-13 on light, dark and cumulative period
food intake in male rat. Apelin-13 (30, 100 and 300 pg/kg) or saline
(control) was administration i.p. at the onset of the dark period. All
data are presented as mean £ S.E.M. for n = 8/group. a: control-AP30,
B: control-AP100, y: control-AP300, ** p <0.001. A. The average food
intake values in dark period. B. The average food intake values in light
period. C. The average food intake values in cumulative period (24 h).

NPY levels of AP300 (12.59 + 1.05 ng/ml) group in comparison
with the control group (p <0.05) (Fig. 4C). There were no statisti-
cally important differences in the serum NPY levels of AP30 (16.54
+1.55 ng/ml) and AP100 (15.43 + 0.67 ng/ml) in comparison with
the control group (17.05 + 1.28 ng/ml) (p > 0.05). There were no
statistically significant differences in the serum PYY levels of
AP30 (1.60 + 0.17 ng/ml), AP100 (1.82 + 0.34 ng/ml) and AP300
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Fig. 3. The results of chronic apelin-13 on light, dark and cumulative
water intake in male rat. Apelin-13 (30, 100 and 300 pg/kg) or saline
(control) was administered i.p. at the onset of the dark period. All data
are presented as mean + S.E.M. for n = 8/group. a: control-AP30, B:
control-AP100, y: control-AP300, ** p < 0.001. A. The average water
intake values in light period. B. The average water intake values in dark
period. C. The average water intake values in cumulative period (24 h).

(2.03 + 0.18 ng/ml) groups in comparison with the control group
(1.93 £ 0.30 ng/ml) (p > 0.05) (Fig. 4D).

Discussion

Obesity increases the risk of metabolic and cardiovascular dis-
eases, which may lead to serious health problems and shorten the
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Fig. 4A. Serum leptin levels in groups. Effect of chronic (10 days) i.p.
apelin-13 (30, 100 and 300 pg/kg) or saline injection on serum leptin
levels in male rats. All data are presented as mean + S.E.M. for n=8/
group. a: control-AP30, : control-AP100, y: control-AP300. * p <0.05.
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Fig. 4B. Serum ghrelin levels in groups. Effect of chronic (10 days) i.p.
apelin-13 (30, 100 and 300 pg/kg) or saline injection on serum ghrelin
levels in male rats. All data are presented as mean = S.E.M. for n =
8/group. a: control-AP30, f: control-AP100, y: control-AP300. * p <
0.05 and ** p <0.01.
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Fig. 4C. Serum NPY levels in groups. Effect of chronic (10 days) i.p.
apelin-13 (30, 100 and 300 pg/kg) or saline injection on serum NPY
levels in male rats. All data are presented as mean + S.E.M. for n =8/
group. a: control-AP30, f: control-AP100, y: control-AP300. * p <0.05.
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Fig. 4D. Serum PYY levels in groups. Effect of chronic (10 days) i.p.
apelin-13 (30, 100 and 300 pg/kg) or saline injection on serum PYY
levels in male rats. All data are presented as mean + S.E.M. for n =8/
group. a: control-AP30, B: control-AP100, y: control-AP300.

lifetime. Adipokines are novel pharmacological agents and they
may be used as potential for future pharmacological treatment
strategies to modulate feeding behavior and against obesity. It is
clear that apelin is synthesized by peripheral tissues (3, 20) just
like leptin and ghrelin which regulate food intake in adipose tis-
sue and oxyntic mucosa of the stomach, respectively. Furthermore,
apelin and its receptor APJ are widely spread in central nervous
system, especially ARN, PVN and SON which regulates energy
balance and homeostasis of feeding behavior (22). This study
could be helpful in describing the feeding behavior of apelin and
investigatingthe relationship known to be effective in the periph-
eral and central nervous system on food intake; leptin, ghrelin,
NPY and PYY levels.

In this study, the body weight values of male rats were ex-
amined after chronic administration of intraperitoneal apelin-13.
Adminestered apelin-13 (30,100 and 300 pg / kg) increaesed the
body weight compared to control. Valle et al (13) showed that
chronic central administration of apelin-13 increased body weight,
locomotor activity and body temperature in C57BL/6 mice. Tekin
et al (14) reported that chronic apelin-13 increased rats food in-
take and body weight, and the study showed the orexigenic effect
of apelin-13.

In the literature, there are highly controversial results about
apelin and food intake. O’Shea et al found that lateral cerebral
ventricular injection of 10 nmol apelin-12 stimulated food intake
during the day but suppressed food intake at night (23). Another
a study showed that 1 and 3 pg/mouse of apelin-13 injection cu-
mulatively reduced food intake at 4h after treatment (12). The
present study showed that long term apelin-13 administration (30,
100 and 300 pg/kg, respectively) elevated water and food intake
in the dark period compared the control groups (p < 0.001) (Fig.
2B,C). Also, Taheri et al (24) reported that an apelin-13 dose de-
pendently increases food intake at 2—4 h after the administration
in fasted rats. However, some studies reported i.c.v administra-
tion of apelin-13 decreases food intake in animal models (11,
25). Reaux-Le Goanzigo et al (26) revealed that K17F, a known
active apelin fragment levels are elevated in POMC neurons of

ARN leads to a-MSH release in an autocrine manner decreas-
ing the food intake while R10F inactive form of apelin has not
generated this effect.

It could be a well-known effect of apelin/apj receptor that has
been subjected on water intake. The central mRNA expression
of preproapelin in the regions of the hipocampus, hypothalamus,
thalamus and midbrain shares a distribution pattern similar to that
of angiotensinogen. Lee et al indicated that intraperitoneally ad-
ministered apelin increased water intake after 30 minutes of the
injection and this effect reverted to the basal level in an hour. (27).
Taheri et al (24) reported that apelin-13 increased water intake by
up to six fold compared to saline. Apelin has a role in the regula-
tion of the hypothalamopituitary — adrenal (HPA) axis. This action
is mediated through the activation of AVP and/or CRF release.
Apelin-13 stimulated CRF and AVP release (24). On the contrary
to other studies, apelin has been reported to reduce water intake
after i.c.v. injection (9) or to have no effects (28). Our study results
show that all apelin administrated groups significantly increased
water intake compared to the control group (Fig. 3B,C). However,
increased water intake in apelin administrated group could be a
consequence of elevation of food intake and body weight due to
increased requirements as inevitable results.

The adipokine leptin inhibits NPY and agouti-related peptide
(AgRP) neuronal activity resulted in decreased food intake (29,
30). Leptin is synthesized from adipose tissue as a response to high
fat diet (31). In this study, a significant increase in serum leptin
levels was observed at doses of 100 and 300 pg / kg apelin-13
compared to control group. Even though this is not the primary
aim of this study, long-term apelin administrations induced not
only body weigth gain, but also it could increase adipose tissue
mass. Thus, it was speculated that leptin production stimulated
the compensatory mechanisms. Also decreased serum NPY level
was observed in 300 pg/kg group as a consequence of elevated
leptin levels (Fig. 4A,C). Schwartz et al (32) reported that leptin
administration reduces NPY gene transcription in ARN. Similarly,
leptin suppresses NPY/AGRP neurons while stimulating POMC
neurons in hypothalamic ARN (33). This results in a feeling of
satiety and a decrease in food intake. In our study, increased leptin
levels seemed to be a possible consequence of suppressing NPY
synthesis and release. Apelin not only affects the central nervous
system, it also shows activity in the gastrointestinal tract. Wang
et al showed that apelin stimulates the gastric cell proliferation
and also stimulates CCK secretion by mitogen-activated protein
kinase (10). Another study demostrated that intravenous apelin
administrations stimulate and elevate gastric acid secretion in rats
(18). The studies show that apelin interacts with orexigenic and/
or anorexigenic factors of the gastrointestinal tract considering
energy metabolism and feeding regulation.

In the literature, there are no reports on the effects of apelin
administration on ghrelin synthesis and release from experiments.
Wren et al (34) have reported that both central and peripheral
ghrelin administration have increased food intake in rats. NPY
and Agouti-related peptide (AgRP) neurons located in ARN have
been previously reported to be one of the mechanisms mediat-
ing the effect of ghrelin in stimulating food intake in rats (35).
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Our results showed that ghrelin levels were elevated in apelin
administered groups (AP30, AP100 p < 0.05, AP300 p < 0.01,
compared with control group, respectively Fig. 4B). However, in
the present study, it was observed that NPY levels decreased in
the group treated with 300 pg/kg apelin-13. Taheri et al (24) have
reported that NPY release remains unchanged in hypothalamic
tissue of the rats that were given of apelin-13 in vitro. In addi-
tion, apelin mRNA receptor assays performed at a central level in
rats displayed that immunoreactive neuronal cell bodies of apelin
could be detected in about 5 % of the neuronal areas expressing
NPY especially located in ARN (26). These results suggest that
non-NPY pathways may be involved in the orexigenic effect of
apelin. On the other hand, another way ofmediating orexigenic
effect of ghrelin are orexin neurons in lateral hypothalamic area.
Ghrelin induces an orexigenic effect by increasing depolarization
and action potential frequency in orexin neurons (36). In a current
report, intrahypothalamic administration of apelin-13 (1-2 pg/rat)
has orexigenic effects which are mediated by increased orexin-A.
Additionally, both serotonin (5-hydroxytryptamine, 5-HT) synthe-
sis and cocaine- and amphetamine-regulated transcript (CART)
gene expression are decreased in male rats (15). These results
support the hypothesis that the orexigenic effect of apelin may be
mediated by orexin-A neurons. This study also examined the ef-
fect of chronic peripheral apelin-13 on serum PYY levels. PYY
is an anorexogenic peptide released primarily by L-cells in ileum
and colon leading to reduced energy intake and body weight
(37). In the present study, administered apelin-13 had no effect
on serum PYR levels (p > 0.05) (Fig. 4D). This result was not in
contradiction with the food intake values. However, there were
insufficient data to account for the effect of apelin-13 on PYY
synthesis and release.

This study demonstrated that ghrelin levels were elevated in
all apelin administered groups compared to control. This study
and other literature results demonstrated that apelin reveals dif-
ferent results by form, acute/chronic administration, route and
dose despite increased or decreased food intake. In this sense,
it could be related to other modulators of energy metabolism,
which is a more appropriate explanation. In conclusion, food and
water intake is connected with biochemical responses to chronic
peripheral administration of apelin-13, which was a current adi-
pokine in this study. Our findings have shown that apelin-13 has
resulted in orexigenic modulation and mainly the hormone ghrelin
could mediate the development of this effect. Therefore, the use
of apelin-13 antagonists could be important in the pharmacologi-
cal treatment of obesity.

Learning points

Apelin-13 has resulted in orexigenic modulation and mainly
the hormone ghrelin could mediate in the development of this
effect.

The use of apelin-13 antagonists may be important in the phar-
macological treatment of obesity.

Apelin-13 increased body weight in rats as well as food and
water intake.
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