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ARTICLE INFO ABSTRACT

Keywords: Complex homeostatic control mechanisms are tools to adjust the food birds eat and their appetite. Birds and

Spexin mammals differ in several ways considering food intake regulation. Therefore, this study aimed to investigate the

(S:eroFO"‘" special effects of the intracerebroventricular (ICV) injection of spexin and its interaction with nitric oxide, se-
orticotropin

rotonin and corticotropin receptors on central food intake regulation in broilers. In the test 1, Broilers received
ICV injection of saline, PCPA (p-chlorophenylalanine,1.25 ng), spexin (10 nmol) and PCPA-spexin. In test 2-7,
8-OH-DPAT, SB-242084 (5-HT2C, 1.5 ug), L-arginine (Precursor of nitric oxide, 200 nmol), L-NAME (nitric oxide
synthetize inhibitor, 100 nmol), Astressin-B (30 pg) and Astressin2-B (30 ug) were injected to Broilers instead of
the PCPA. Then, the amount of food received was measured up to 2 h after the injection. The food consumption
was significantly decreased by Spexin (10 nmol) (P<0.05). Concomitant injection of SB-242084-+spexin atten-
uated spexin-induced hypophagia (P<0.05). Co-injection of L-arginine-+spexin enhanced spexin-induced hypo-
phagia and this effect was reversed by L-NAME (P<0.05). Also, concomitant injection of Astressin-B + spexin or
Astressin2-B + spexin enhanced spexin-induced hypophagia (P<0.05). Founded on these observations, spexin-
induced hypophagia may be mediated by nitric oxide and 5-HT2C, CRF1, and CRF2 receptors in neonatal
broilers.

Nitric oxide
Food intake
Broilers

1. Introduction

The brain regulates energy homeostasis in response to the signals
from the adipose tissue and the gastrointestinal tract (Boguszewski et al.,
2010). There have been many progress and advancements made in the
description of hypothalamic neural networks and neuropeptide trans-
mitters, as well as the discovery of novel peptides and the association
they have with the signal system they send to the brain regarding the
nutritional status of the body (Fry et al., 2007). Complex homeostatic
mechanisms and neural systems can potentially control food intake.
Food intake influences the synthesis of these neurotransmitters and can
significantly affect feeding behaviors (Berthoud and Morrison, 2008;
Fernstrom, 1981). Important neurotransmitters have which been
discovered exceed 40,

including Acetylcholine(ACh), epinephrine, norepinephrine, hista-
mine, gamma-aminobutyric acid (GABA), glycine, serotonin or 5-
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hydroxytryptamine (5-HT), and glutamate which are among the most
important neurotransmitters influencing behavioral-control nutrition
pointed (Shojaei et al., 2020). Given the importance of studying food
consumption in farmed birds, in 1983 it was reported that an increase in
growth rate in broilers is mainly due to increased food consumption and
also food quality has a minimal role in this regard (Neves et al., 2014). In
general, diet-independent weight gain was gotten in broilers. While the
share of conversion in feed conversion ratio was small due to improved
food quality in weight gain. Therefore, diet-independent weight gain
was obtained in broilers. While the share of changes in feed conversion
ratio is small due to improved food quality in weight gain (Niknafs and
Roura, 2018). Therefore, understanding the mechanisms of food intake
is important both in terms of improving methods of increasing appetite
in broilers and turkeys (Niknafs and Roura, 2018). The most newly
discovered member of the galanin/kisspeptin/spexin family of peptides
is Spexin (Tran et al., 2021). This 14-amino acid peptide is highly

Received 6 December 2023; Received in revised form 16 April 2024; Accepted 30 April 2024

Available online 3 May 2024

2667-2421/© 2024 Published by Elsevier Inc. on behalf of International Brain Research Organization. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:zendedel@ut.ac.ir
www.sciencedirect.com/science/journal/26672421
https://www.sciencedirect.com/journal/IBRO-Neuroscience-Reports
https://doi.org/10.1016/j.ibneur.2024.04.010
https://doi.org/10.1016/j.ibneur.2024.04.010
https://doi.org/10.1016/j.ibneur.2024.04.010
http://creativecommons.org/licenses/by-nc-nd/4.0/

M. Farzin et al.

unspoiled and is also involved in homeostatic functions including,
metabolism, energy homeostasis, and reproduction. Spexin is expressed
by neurons in the hypothalamus, which coordinates energy homeostasis
and reproduction (Lim et al., 2019a). Spexin is expressed in the islets of
the human pancreas and is secreted by insulin into the secretory path-
ways and can be released with this hormone. In addition, a negative
feedback loop has been found between spexin and insulin, indicating a
multifaceted association between glucose, insulin, and spexin in the
pancreatic islets (Sassek et al., 2019). Spexin also plays an important
role in regulating serotonin-induced behavior, as long-term use of a
serotonin reuptake inhibitor reduces spexin expression in the rat hypo-
thalamus. However, it increases spexin levels in the stratum corneum
and hippocampus (Jeong et al., 2019). Spexin is closely related to nitric
oxide (NO) (Patasz et al., 2016). Interestingly, it has been shown in in-
ternal mouse habenula and orthologous dorsal habenula in zebrafish
that spexin is able to regulate depression and anxiety (Yun,
Reyes-Alcaraz, Lee, Yong, Choi, Ham, Sohn, Kim, Son, Kim, et al., 2019).
The internal habenula travel to the intercellular nucleus, which subse-
quently reaches the raphe nucleus where serotonergic neurons are
located, indicating a potential interaction between the Spexin and the
serotonergic system. Increased c-Fos expression of dorsal raphe nucleus
5-HT neurons was observed in mice implanted with corticosterone
following injection of the spexin -based GALR; agonist, denoting a po-
tential spexin modulatory mechanism in 5-HT neurons (Lim et al.,
2019b). Although there have been researches done on spexin effects and
the interactions it possesses with other neurotransmitters, its charac-
teristics in bird’s central regulation have not been investigated. Despite
many similarities that seem to exist between mammalian and avian
species considering food regulatory systems, some differences have been
reported (Richards, 2003). The results demonstrate some different
mechanisms in the central regulation of food intake between birds and
mammals, which can be physiologically absolutely essential, although
there are many similarities between birds and mammals in the mecha-
nisms of appetite regulation (Richards et al., 2010). Therefore, the aim
of the present study was to investigate the effects of ICV injection of
spexin and its interaction with NO and serotonin and corticotropin re-
ceptors on the central food intake regulation in neonatal Broilers.

2. Material and methods
2.1. Animals

In the present study, 308 meat-type broilers (aged one-day old)
(Ross- 308) obtained from a domestic hatchery were used (Mahan Co.
Iran). They were kept in groups for two days with 23 h light and 1 h dark
schedule at 31 £ 2° C with 50 % =+ 2 humidity. They were then placed in
solitary confinement for 5 days (Mahan Co. Iran). Poultry care was done
based on an entirely randomized design during the study, the birds were
given free access to fresh water and commercial diet containing 21 %
crude protein and 2850 kcal/kg of metabolizable energy (Iranian Insti-
tute for Animal Science Research, Table 1). All experimental procedures
were done based on animal care and experimental methods were
founded by the National Institute of Health (USA) Instructions for the
Care and Use of Laboratory Animals (Olanrewaju et al., 2017; Zendehdel
et al., 2017). All test procedures were done based on animal care (Sikes
and Gannon, 2011).

2.2. Experimental drugs

Drugs which contained spexin (CAS No.: 1370290-58-6), PCPA (p-
chlorophenylalanine, Serotonin synthesis inhibitor, CAS No.: 14173-40-
1), 8-OH-DPAT (5-HT;A auto receptor agonist; CAS No.: 87394-87-4),
SB-242084 (5-HT,C receptor antagonist, CAS No.: 1260505-34-7), L-
arginine (NO precursor, CAS No.: 74-79-3), L-NAME (NO synthetase
inhibitor, CAS No.: 51298-62-5), Astressin-B (Corticotropin releasing
factor (CRF), (CRF;/CRFg receptor antagonist, CAS No.: 170809-51-5),
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Table 1
Ingredient and nutrient analysis of experimental diet.

Ingredint(%) Nutrient analysis
Corn 52.85 ME (kcal/g) 2850
Soybean meal, 48 % CP 31.57 Crude protein (%) 21
Wheat 5 Linoleic acid (%) 1.69
Gluten meal, 61 % CP 2.50 Crude fiber (%) 3.55
Wheat bran 2.47 Calcium (%) 1
Di-calcium phosphate 1.92 Available phosphorus (%) 0.5
Oyster shell 1.23 Sodium (%) 0.15
Soybean oil 1.00 Potassium (%) 0.96
Mineral premix 0.25 Chlorine (%) 0.17
Vitamin premix 0.25 Choline (%)

1.30
Sodium bicarbonate 0.21 Arginine (%)

1.14
Sodium chloride 0.20 Isoleucine (%)

0.73
Acidifier 0.15 Lysine (%)

1.21
DL-Methionine 0.10 Methionine (%)

0.49
Toxin binder 0.10 Methionine p cystine (%)

0.83
L-Lysine HCl 0.05 Threonine (%)

0.70
Vitamin D3 0.1 Tryptophan (%)

0.20
Multi enzyme 0.05 Valine (%)

0.78

ME: metabolisable energy, CP: crude protein, per kg of diet, the mineral sup-
plement contains 35.2 g manganese from MnSO4:H20; 22 g iron from FeS-
04H20; 35.2 g zinc from ZnO; 4.4 g copper from CuSO4:5H20; 0.68 g iodine
from ethylene diamine dihydroiodide; 0.12 g selenium from Na2SeO3. The
vitamin supplement contains 1.188 g of retinyl acetate, 0.033 g of dl-a-
tocopheryl acetate, 8.84 g of tocopherol, 1.32 g of menadione, 0.88 g of thia-
mine, 2.64 g of riboflavin, 13.2 g of nicotinic acid, 4.4 g of pantothenic acid,
1.76 g of pyridoxin, 0.022 g of biotin, 0.36 g of folic acid, 1500 mg of choline
chloride.

Astressin2-B (CRFq receptor antagonist, CAS No.: 681260-70-8) and
Evans Blue were bought. The drugs were diluted using 0.85 % saline
which contained Evans blue at a ratio of 1/250. The saline mixture
containing Evans blue was utilized for the control group. (Sigma, USA)
(Jonaidi et al., 2012; Motaghi et al., 2022; Yousefi et al., 2019). The
effective dose for spexin in neonatal broilers was obtained from our
recently published study (Farzin et al., 2022).

2.3. Intracerebroventricular injection protocol

ICV was injected at 5 days of age. In order to inject broilers in a
cerebral ventricular way, the conscious chick’s head was held by an
acrylic device with a 45-degree tip angle and the skull surface was
parallel to the surface of the workbench. A hole was made in the stencil,
so it was immediately placed on the skull in the right ventricular region.
The solutions were injected through a hole which was made using a
Hamilton syringe. Then, the needle head was inserted just 4 mm into the
skin and skull. Needless to say that this procedure was not stressful in
broilers. (Saito et al., 2005). The capacity of injections in each collection
was 10 microliters (Furuse et al., 1999). Satisfactory to identify the in-
jection at the end of the test, decapitation was done and finally, the
correct placement of the injection in the ventricle was confirmed by the
presence of Evans Blue in the brain tissue (Jonaidi et al., 2012; Motaghi
et al., 2022; Yousefi et al., 2019).

2.4. Food intake measurement procedure

In this study, seven test were designed with 4 groups of 11 broilers
each (n= 44) broiler in each experiment). In the first experiment, birds
were injected with ICV of saline, PCPA (1.25 pg), spexin (10 nmol) and
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PCPA + spexin. In the second experiment, the broilers were given saline,
8-OH-DPAT (15.25 nmol), spexin and 8-OH-DPAT -+ spexin. In the third
experiment, saline was injected to chicks, SB-242084 (1.5 nug), spexin
and SB-242084 + spexin. In the fourth experiment, the birds were
injected with L-arginine (200 nmol), spexin and L-arginine + spexin. In
the fifth experiment, injection of the saline, L-NAME (100 nmol), spexin
and L-NAME + spexin were done in broilers. In the sixth experiment, the
injection of the saline, Astressin-B (30 pg) spexin and Astressin-B +
spexin were done in chicks. In the seventh experiment, injection of the
saline, Astressin2-B (30 pg), spexin and Astressin2-B (30 pg) + spexin
were done in chicks (Table 1). The chicks were deprived of food for
180 min (FD3) both before the trial and after the injection, they were
returned to their cages and had free access to food and water. Then, the
amount of cumulative feed was measured at 30, 60 and 2 h after the
injection. Food intake was expressed as a percentage of body weight in
order to minimize the effect differences in weight between broilers
regarding food intake. The injections dosage was determined based on a
pilot study (not-published) and previous studies (Lv et al., 2020; Tian
et al., 2020b).

2.5. Statistical analysis

All data were analyzed using SPSS software version 22. The cumu-
lative food intake was analyzed using the repeated measurements and
data were presented as mean + SEM. Tukey-Kramer test was used to
compare the means of any treatment. Treatment was by considering the
significant level less than 0.05.

Table 2
Treatment procedure in experiments1-7.

Exp.1 ICV Injection Exp.5 ICV Injection
Treatment Treatment
groups groups
1 Cs* Ccs*
I spexin (10 nmol) 1 spexin (10 nmol)
i PCPA (1.25 pg) )i L-NAME (100
nmol)
v Spexin + PCPA il Spexin+ L-NAME
v
Exp.2 ICV Injection Exp.6 ICV Injection
Treatment Treatment
groups groups
I CSs* (5
i spexin (10 nmol) I spexin (10 nmol)
I 8-OH-DPAT (15/25 )i Astressin-B)30 pg (
nmol)
v Jiig Spexin+ Astressin-
B
Spexin + 8-OH-DPAT v
Exp.3 ICV Injection Exp.7 ICV Injection
Treatment Treatment
groups groups
I Cs* Ccs*
Jig spexin (10 nmol) I spexin (10 nmol)
m SB-242,084(1.5 pg) n Astressin2-B)30 ug
(
4% Spexin + SB-242,084 il Spexin+
Astressin2-B
v
Exp.4 ICV Injection
Treatment
groups
1 CS*
Jig spexin (10 nmol)
Juig L-arginine (200 nmol)
v Spexin + L-arginine

CS: control solution, Physiological serum with Evans Blue 0.1 %: PCPA (sero-
tonin synthesis inhibitor): 8-OH-DPAT (5-HT;A receptor antagonist): SB-
242,084 (5-HT,C receptor antagonist): L-arginine (nitric oxide precursor): L-
NAME (nitric oxide inhibitor): astressin-B CRF, receptor antagonist: astressin2-
B: CRF; / CRF; receptor antagonist
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3. Results
3.1. Food intake

Intraventricular injection PCPA (1.25 pg) did not have a significant
effect on food consumption in broilers compared to the control group (P
>0.05). Spexin was able to significantly decrease food ingestion in
broilers associated with the control group. Simultaneous injection of the
PCPA + Spexin showed no significant effect on hypophagia in broilers (P
>0.05) (Fig. 1).

They were not significant alterations observed on food intake in
broilers after they were injected with Intraventricular of the 8-OH-DPAT
(15.25 nmol) compared to control group. Spexin was able to signifi-
cantly decrease food consumption in broilers as compared with control
group (P <0.05). Co-administration of the 8-OH-DPAT + spexin had no
significant effect on spexin-induced hypophagia in broilers (P >0.05)
(Fig. 2).

The injection of the SB-242084 (1.5 pg), showed not significant ef-
fect on broiler’s food intake compared to control group. Food intake
decreased significantly following the injection of the Spexin. Co-
administration of the SB-242084 + spexin significantly attenuated
spexin induced hypophagia in broilers (P <0.05) (Fig. 3).

The injection of L-arginine (200 nmol) showed not significant effect
on food intake in broilers compared to control group (P >0.05). Food
intake decreased significantly following the injection of the Spexin in
broilers (P <0.05). Co-administration of the L-arginine + spexin
significantly enhanced Spexin-induced hypophagia in broilers (P <0.05)
(Fig. 4).

The injection of L-NAME (100 nmol), showed no significant effect on
food intake in broilers compared to control group (P >0.05). Food intake
decreased significantly following the injection of the Spexin (P <0.05).
Co-administration of the L-NAME + spexin decreased the Spexin-
induced hypophagia significantly in broilers (P <0.05) (Fig. 5).

The injection of Astressin-B (30 pg), showed not significant effect on
food intake in broilers compared to control group (P >0.05). Food intake
decreased significantly in broilers following the injection of Spexin (P
<0.05). Co-administration of the Astressin-B + spexin significantly
decreased Spexin-induced hypophagia in broilers (P <0.05) (Fig. 6).

The injection of Astressin2-B (30 pg) showed not significant effect on
food intake in broilers compared to control group (P >0.05). Food intake
was significantly decreased in broilers following the injection of the
Spexin (P <0.05). Co-administration of the Astressin2-B + spexin
significantly attenuated Spexin-induced hypophagia in broilers (P
<0.05) (Fig. 7).

4. Discussion

This is the first report on spexin receptors effects on food intake and
its interaction with NO, 5-HT and corticotropin receptors in broiler.
Spexin is a kind of adipokine which is potential to be applied in obesity
treatment by working on energy balance (Agha and Agha, 2017). Studies
have shown that spexin possesses anorexic effect on Siberian sturgeon
(Tian et al., 2020a). In the current study, there was a reduction of food
intake by ICV injection of spexin (Tian et al., 2020b). The hypothalamic
and supraventricular nuclei of the hypothalamus were able to play a
crucial role in spexin development while contributing to water regula-
tion, food intake, energy consumption, and reproductive behaviors.
Spexin genes expression in the paraventricular and supraoptic nuclei of
the hypothalamus similar to the nesfatin-1 receptor, were shown to be
associated with oxytocin and corticotropin system (Patasz et al., 2021).
Also, Recent studies have shown the interaction of GAL upsurges the
polarization of serotonergic neurons outstanding to the
receptor-receptor interaction with 5-HT1AR and decreases the binding
affinity of the auto receptor after binding to serotonin (Wang et al.,
2016).

Our findings showed that spexin hypophagia effect could be
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Fig. 1. Effect of ICV injection of PCPA (1.25pg), spexin (10 nmol) and their combination on cumulative food intake in neonatal chicken (n=44). PCPA:
parachlorophenyl-alanine, serotonin depletive. Data are expressed as mean + SEM. Different letters (a and b) indicate significant differences between treatments (P
< 0.05).
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Fig. 2. Effect of ICV injection of 8-OH-DPAT (15.25 nmol), spexin (10 nmol) and their combination on cumulative food intake in neonatal chicken (n=44). 8-OH-
DPAT: 5-HT1A autoreceptor agonist. Data are expressed as mean + SEM. Different letters (a and b) indicate significant differences between treatments (P < 0.05).
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Fig. 3. Effect of ICV injection of SB-242084 (1.5 pug), specxin (10 nmol) and their combination on cumulative food intake in neonatal chicken (n=44). SB-242084: 5-
HT2C receptor antagonist. Data are expressed as mean + SEM. Different letters (a, b and c) indicate significant differences between treatments (P < 0.05).
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Fig. 4. Effect of ICV injection of L-arginine (200 nmol), spexin (10 nmol) and their combination on cumulative food intake in neonatal chicken (n=44). L-arginine:
nitric oxide precursor. Data are expressed as mean + SEM. Different letters (a, b and c) indicate significant differences between treatments (P < 0.05).
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Fig. 5. Effect of ICV injection of L-NAME (100 nmol), spexin (10 nmol) and their combination on cumulative food intake in neonatal chicken (n=44). L-NAME: nitric
oxide synthetase inhibitor. Data are expressed as mean + SEM. Different letters (a, b and c) indicate significant differences between treatments (P < 0.05).
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Fig. 6. Effect of ICV injection of Astressin-B (30 pg), spexin (10 nmol) and their combination on cumulative food intake in neonatal chicken (n=44). Astressin-B:
CRF;/CRF;, receptor antagonist. Data are expressed as mean + SEM. Different letters (a, b and c¢) indicate significant differences between treatments (P < 0.05).

mediated by NO in broilers (Zendehdel et al., 2021). NO induces
anorexigenic responses in hypothalamic neurons and tissue by
increasing the anorexigenic ratio of proopiomelanocortin and cocaine
and amphetamine regulated transcript to neuropeptide Y and agouti
related peptide (Tran et al., 2020). Notably, some previous studies
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indicate an inconsistent finding regarding the effect of the nitrergic
system on food intake in Broilers. For example, there is evidence
showing that the intraperitoneal (IP) injection of the L-NAME could
decrease feeding behavior in both layers and broilers (Khan et al., 2007).
Similar results have been shown in rats (De Luca et al., 1995). Probably
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Fig. 7. Effect of ICV injection of Astressin2-B (30 pg), spexin (10 nmol) and their combination on cumulative food intake in neonatal chicken (n=44). Astressin2-B:
CRF,, receptor antagonist. Data are expressed as mean + SEM. Different letters (a, b and c) indicate significant differences between treatments (P < 0.05).

the main reason for this difference (hyperphagic effect of the NO in
mammals and broilers but hypophagia role in layer broiler) is related to
different pathways, which can cause the involvement of peripheral NO
receptors in IP administration and thus activate different cascades in
regulating food intake (Alimohammadi et al., 2015). Previous study
revealed that the ICV injection of L-NG-Nitro arginine (L-NNA), as a
competitive NOS inhibitor, diminished food intake in Broilers which was
in agreement with our study (35). In addition, different neurochemical
pathways in nutritional behavior are influenced by different genetic
factors that can ultimately elicit different nutritional responses to the
same neurotransmitter (Denbow, 1994; Khan et al., 2007; Yousefvand
and Hamidi, 2021; Zendehdel et al., 2015). Studies have shown that a
spexin-based Galanin receptor agonist (SG2A) simultaneously induces
mood and body weight behaviors in low-weight corticosteroid (CORTI)
mice with increased symptoms of anhedonia, anxiety, and depression
(Yun, Reyes-Alcaraz, Lee, Yong, Choi, Ham, Sohn, Kim, Son, and Kim,
2019). In addition, the activation of excitatory amino acid receptors,
especially NMDA receptors, increases the activity of the enzyme NO
synthase, resulting in various cognitive and non-cognitive effects, while
NO inhibitors can greatly inhibit the effects mediated by NMDA re-
ceptors (Wan et al., 1994; Xu et al., 1998). As an immunonutrition,
feeding arginine shows some immunostimulatory and thermotropic
roles and improves both humoral and cellular immunity. L-Arginine also
improves insulin, growth hormone, and thyroid hormone secretion and
by which, improves growth in a dose-dependent manner (Ghamari
Monavvar et al., 2020).

Our study also showed a correlation between spexin, Astressin-B and
Astressin2-B in terms of food intake in broilers, suggesting that CRF1/2
receptor activation may be involved in the feeding inhibition induced by
spexin. Studies have shown that not only CRF; but also CRF, are
involved in inhibiting stress-induced food intake, and Two subtypes of
the CRF) receptor are likely to act within one hour of exposure to stress
(Sekino et al., 2004). ICV injection of these CRF-related peptides inhibits
food intake in rats; however, daily food intake of CRF-deficient in
CRF;-deficient transgenic mice does not differ from that in wild-type
mice (Bale et al., 2000; Jacobson, 1999). Another study showed that
CRF; is at least partially mediated by the inhibition of nutritional
behavior induced by emotional stress and increased motor activity
(Hotta et al., 1999). CRF is also involved in the mechanism of
stress-induced food intake through the CRF receptor type 1, as well as
opioid and dopaminergic systems. Cerebral CRF also has dual effects on
food intake, hyperphagia, and anorexia (Samarghandian et al., 2003)
CRF; receptors are involved in regulating motor activity during the dark
period, but not in regulating feeding behavior under non-stressful con-
ditions (Tabarin et al., 2007). CRF; receptors do not affect
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hypothalamic-pituitary-adrenal axis activity, either under baseline or
after acute stress (Ohata et al., 2002).

In tilapia, a large population of CRF neurons has been reported in the
telencephalon where spexin expressing cells are localized. Similarly, low
density of CRF fiber projections and glucocorticoid receptors has been
reported in the semicircular torus area where spexin expressing cells are
localized. The upregulation of spexin mRNA expression levels in chronic
social defeat stress fish (elevated plasma cortisol) suggested that spexin
may be under the feedback regulation of cortisol (Lim et al., 2020). The
increase in gene expression of spexin observed during chronic social
defeat evoked by prolong high level of plasma cortisol may also be
indirectly mediated by an unknown factor. One of the possible regula-
tors of spexin might be 5-HT (Lim et al., 2020). Spexin mRNA expression
was decreased in hippocampus, while CRF mRNA expression was
increased (Zhuang et al., 2020). Local hippocampus spexin mRNA was
found to be decreased by injecting CRF into mouse hippocampus
(Zhuang et al., 2020). The inhibitory effects of CRF on spexin promoter
activity in HEK293 cells with CRFR2 over- expression were
dose-dependently mimicked by cAMP analog (Zhuang et al., 2020). In
different brain regions, neurons have different CRF expressions and re-
sponses to behavioral responses and it seems that spexin-related anxiety
behavior may be regulated by CRF through the MEK signaling pathway
(Zhuang et al., 2020).

The findings of the present study showed that there was no signifi-
cant relationship between spexin-induced food intake and 5HT;A re-
ceptor agonist receptors in broilers. However, there was a significant
difference in the 5-HT5C receptor antagonist. Serotonin is considered to
be the most important neurotransmitter in hemostatic systems (Soslau,
2022). serotonin can play the metabolic roles in different tissues. Central
serotonin suppresses appetite, reducing nutrient intake. In the periph-
ery, serotonin promotes nutrient storage by increasing gut motility to
facilitate absorption after feeding. Serotonin elevates insulin secretion
from pancreatic islets, which raises nutrient storage in different tissues
(Yabut et al., 2019). These results suggested that 5-HT hypophagia and
hyperdipsia were mediated by different mechanisms in the central
nervous system (Zendehdel et al., 2012a). It is showed that there is a
neural interaction between serotonergic systems and melanocortin in
terms of nutritional behavior in broilers (Zendehdel and Hassanpour,
2014). The 5-HT affects the centers that regulate nutrition and energy
balance (Zendehdel et al., 2012b). Other studies have shown clear
support for a hypothetical source of the brainstem for hypophagia se-
rotonin function (Lee et al., 1998). Preliminary observations show that
the area where spexin expressing neurons are localized is densely
innervated by 5-HT fiber projections. Since neurons of the ventral per-
iventricular pretectal nuclei (PPV) project to the semicircular torus in
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the brain of tilapia, this suggests an indirect neuroanatomical link be-
tween the 5-HT neurons in the PPV and spexin neurons localized in the
ventromedial nucleus of semicircular torus can be speculated (Lim et al.,
2020). Hypothalamic spexin expression could be down- regulated by
serotonin-dependent actions of antidepressants like selective serotonin
reuptake inhibitors (Patasz et al., 2021). Also, amygdala spexin
expression was increased by classical antipsychotics. Haloperidol and
chlorpromazine were associated with decreased anxiety in rats (Patasz
et al., 2021)

5. Conclusion

Founded on observations, spexin can mediate hypophagia through
NO, 5-HT,C, CRFy, and CRF; receptors in broilers. In actual fact, there
was not any comparable study to compare our results in a poultry model.
It is also suggested that more extensive research is needed for the direct
effects of hypophagia caused by spexin with nitric oxide, serotonin, and
corticotropin receptors in broiler chickens.
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