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Abstract: Prenatal alcohol exposure is the cause of impaired growth and a wide range of developmen-
tal and behavioral disorders in the child. Improper eating patterns are commonly associated with fetal
alcohol spectrum disorders (FASD) and may contribute to poor nutrition and growth restriction. To
date, there have been only a few studies investigating the hormonal regulation of appetite in patients
with FASD. We analyzed the levels of neuropeptide Y (NPY), Agouti signaling protein (ASP), alpha-
melanocyte-stimulating hormone (α-MSH), and kisspeptin (KISS1) in 57 patients with FASD and
23 healthy controls. A comparison of the hormone levels studied was also performed in subgroups of
fetal alcohol syndrome (FAS) and neurobehavioral disorder associated with prenatal alcohol exposure
(ND PAE), as well as in males and females. We have found no differences in hormone levels tested
between affected individuals and the controls and between FASD subgroups. In addition, sex had no
effect on hormone levels. However, we identified some associations between hormone concentrations
and parameters describing the clinical status of patients with FASD. Most of them concerned ASP,
which has shown a positive correlation with age and hormones involved in appetite and metabolism,
such as proopiomelanocortin (POMC) and adrenocorticotropic hormone (ACTH). We have also
found a negative correlation of α-MSH with age, BMI percentile, and glycated hemoglobin (HbA1c).
Furthermore, we found a weak negative correlation of NPY with HbA1c. Although FASD has been
associated with impaired child growth and development, including nutrition and puberty onset, we
did not identify differences in the levels of the hormones studied, which may suggest that prenatal
alcohol exposure does not affect the levels of these metabolites.

Keywords: neuropeptide Y; Agouti signaling protein; alpha-melanocyte-stimulating hormone;
kisspeptin; FASD

1. Introduction

The formation and development of the brain occurs during the fetal and infancy period.
The teratogenic effect of alcohol on the fetus is now well established [1,2]. Fetal exposure to
alcohol increases the risk of stillbirth, impaired growth, and a wide range of developmental,
physical, and cognitive disorders in the growing child [3]. Specific minor facial structures
and somatic growth retardation are characteristic features of prenatal alcohol exposure.
However, the most significant is its effect on brain development, which causes substantial
problems in neurobehavioral development. The syndrome resulting from prenatal alcohol
exposure is called fetal alcohol spectrum disorder (FASD) and includes fetal alcohol syn-
drome (FAS), partial fetal alcohol syndrome, alcohol-related neurodevelopmental disorder,
and alcohol-related birth defects [4].

Alcohol was recognized as harmful to the developing child in utero more than 50 years
ago, but it still remains a real social and health problem despite the growing evidence
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and knowledge on this subject. [5]. Recent data have shown that the global prevalence
of FASD among children and adolescents in the general population was estimated at
7.7‰ [4]. Moreover, the scale of the problem has not decreased but is growing as well.
In some regions, such as New Zealand, Australia, and the United Kingdom, the highest
prevalence was 19.8‰, and these numbers are even higher among low socioeconomic
populations [6,7]. Furthermore, children with a history of prenatal alcohol exposure and
less severe symptoms of FASD often go undiagnosed or are misdiagnosed, so these actual
prevalence rates are likely underestimated [8]. Making a diagnosis, especially the milder
forms, in children and adolescents is difficult due to the lack of unified and standardized
criteria, the frequent lack of awareness in the child’s family of the possible consequences
of alcohol abuse for the fetus, and the fact that alcohol consumption is often subject to a
strong social taboo even for physicians [9]. Additionally, approximately 50% of pregnancies
are unplanned, and a woman may not know she is pregnant until six weeks or more and
still consume alcoholic beverages. The risk of FASD throughout pregnancy is variable
and depends on the duration and frequency of alcoholic intoxication [3]. Exposure of a
fetus to alcohol at different stages of pregnancy increases this risk respectively: 12 times
in the first trimester, 61 times in the first and second trimesters, and 65 times in the entire
pregnancy [10]. There is no known safe and allowable amount of alcohol during pregnancy,
so complete abstinence is recommended to avoid the risk of developing FASD [11].

Children prenatally exposed to alcohol show great variability in dysmorphic and
neurological features. Neurological deficits involve cognitive and executive functions, and
impairments in memory, hearing, vision, motor skills, behavior, and social adaptation [12].
FASD is the most common possible preventable cause of neurodevelopmental disorders
worldwide [13]. Fetal and long-term growth restriction is well established in FASD and is
directly related to the quality and quantity of alcohol exposure. Heavy exposure results in
intrauterine and postnatal growth restriction, which affects all parts of the body, including
the brain, and is correlated with the severity of cognitive impairment [9]. Furthermore,
improper eating behaviors are common in children with FASD and may contribute to
poor nutrition and growth restriction [14]. It is well known that in infancy and early
childhood, FASD is strongly linked to lower than normal head circumference, height, and
weight [15]. These discrepancies decrease in later childhood, and even faster weight gain
and overweight are observed in people with FASD, starting in puberty [16–18]. Nutritional
control is a very complex process that is regulated at multiple levels, such as the central
nervous system (CNS) and peripherally, by hormonal signals released by the gut and
adipose tissue describing the energy state of the body [19]. Some of the hormones involved
in the regulation of nutrition in CNS are neuropeptide Y (NPY), Agouti-signaling protein
(ASP), alpha-melanocyte-stimulating hormone (α-MSH), and kisspeptin (KISS1). NPY and
ASP are orexigenic hormones, whereas α-MSH and KISS1 inhibit appetite [20].

The objective of the study was to assess the level of four hormones (NPY, KISS1, ASP,
α-MSH) involved in appetite regulation in children with FASD and to compare these values
with a control group. To our knowledge, this is the first study to describe the levels of
these hormones in patients with FASD. In addition, we investigated their relationship with
other hormones that regulate appetite and metabolism. Proopiomelanocortin (POMC) is
a precursor hormone that gives rise to biologically active peptides that are expressed in
the brain. These include adrenocorticotropic hormone (ACTH), α-MSH, β-lipotropin, and
endorphins. ACTH is the factor that controls the release of cortisol, the main glucocorticoid
that, among other things, regulates energy and metabolic processes.

2. Materials and Methods

Study group. A study was performed on 57 FASD patients and 23 healthy controls.
The group of affected individuals was divided into two subgroups: FAS and ND-PAE
(neurobehavioral disorder associated with prenatal alcohol exposure). The diagnosis was
made according to the most recent Polish guidelines [21]. In terms of accepted guidelines
applied internationally, the ND-PAE domain includes partial fetal alcohol syndrome and
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alcohol-related neurodevelopmental disorder [12,22–24]. The study protocol was autho-
rized by the Bioethics Committee of the University of Rzeszow (16/02/2019). Informed
consent was obtained from all participants or a parent and/or legal representative. All
affected participants were treated at the outpatient clinic and/or Department of Pediatrics,
Endocrinology and Pediatric Diabetology at the Clinical Provincial Hospital in Rzeszow.
The study was carried out from March 2019 to January 2022. Forty-four patients with
FASD were excluded from the study group due to a lack of informed consent and/or use of
medical records for study purposes. The difficulties were mainly due to the social situation
of the patients and the epidemic situation during the project. In addition, five children
diagnosed as at risk for FASD but not confirmed to have FASD were excluded from further
analysis.

Hormone level determination: Neuropeptide Y, Agouti signaling protein, kisspeptin,
and alpha-melanocyte-stimulating hormone were determined in serum samples. Blood
was obtained from patients in the morning, on empty stomachs and serum collected after
centrifuge (1500× g, 4 ◦C, 10 min), partitioned and preserved at −80 ◦C. Serum hormone
levels were measured in duplicate with appropriate dilution using commercially available
enzyme-linked immunosorbent assays (Wuhan Fine Biotech Co., Ltd., Wuhan, China) in
accordance with the manufacturer’s protocol. The limit of detection for NPY (catalog
number- EH4041) was 9.375 pg/m, ASP (catalog number- EH13961) was 0.094 ng/mL,
α-MSH (catalog number- EH0792) was 7.5 pg/mL, KISS1 (catalog number- EH2126) was
0.094 ng/mL, and the within-assay and between-assay coefficient of variations were lower
than 8% and lower than 10%, respectively. Adrenocorticotropic hormone (ACTH) and
cortisol were determined by the chemiluminescent microparticle immunoassay method
on an Alinity analyzer (Abbot, Abbott Park, IL, USA). Blood morphology was determined
using a hematology analyzer (Siemens Healthineers, Erlangen, Germany).

Statistical analysis. Statistical analysis was performed using the STATISTICA soft-
ware package (version 13.3, StatSoft Inc. 2017, Tulsa, OK, USA). Data were presented as
mean and SD or median, as well as range). The distribution of variables was assessed
by the Shapiro−Wilk W test, and due to most of them not following normal distribution
nonparametric methods, the Mann−Whitney U test was applied for comparison between
two independent groups. A p-value less than 0.05 was considered statistically significant.
The correlation between variables was evaluated using the Spearman rank correlation test,
assuming linear dependence with α = 0.05.

3. Results

A total of 57 affected individuals with FASD participated in the study, including
29 females and 28 males. Furthermore, 23 healthy children were enrolled in the study
(16 males and seven females (30.5%)). The most important anthropometric parameters and
basic laboratory of patients with FASD and healthy controls are presented in Table 1.

Basic demographic and anthropometric measurements have not shown age differences
between patients with FASD and healthy controls (p = 0.526). Age also did not differ
between the FAS and ND PAE subgroups (p = 0.843) (Table 2). The BMI percentile values
were significantly lower in the FASD group compared to the control group (p = 0.037) as
well as in the FAS subgroup compared to ND PAE (p = 0.020).

In the FAS subgroup, children with low height (<3 percentile) accounted for 42.31%,
while in the ND-PAE subgroup, children with low height comprised 18.18%. There were
no significant differences between the compared groups in biochemical parameters such
as lipid profile, glucose, insulin levels, or HOMA-IR. Statistically significant differences
were observed only with respect to HbA1c (%), which was lower in the FAS subgroup
(p = 0.039).

The levels of the hormones determined are shown in Figure 1. Concentrations of all
four hormones tested: ASP (p = 0.159), α-MSH (p = 0.841), NPY (p = 0.133), and KISS1 (p = 0.728)
were at similar levels in the serum of patients with FASD compared to healthy individuals.
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Table 1. Baseline demographic and clinical data of the study participants.

FASD Healthy Controls p Value

Sex (F/M) 29/28 7/16

Age (years) Mean ± SD 8.01 ± 3.95 7.45 ± 5.12
0.526range 1.83–16.5 0.42–17

BMI percentile Mean ± SD 32.29 ± 31.79 60.71 ± 27.03
0.037range 0.1–99.9 12–99

Clinical laboratory markers
Cholesterol (mg/dL)

Norm < 190
Median 158 155

0.929Range 76–244 126–191
LDL (mg/dL)
Norm < 135

Median 90.5 95
0.848Range 31–163 72–104

HDL (mg/dL)
Norm > 40

Median 53 53
0.948Range 24–108 42–59

Triglycerides (mg/dL)
Norm < 150

Median 67 65
0.828Range 30–241 38–141

Glucose (mg/dL)
Norm (70–99)

Median 85.5 87
0.829Range 72–99 6–94

Insulin (mIU/mL)
Norm < 15

Median 5.03 2.05
0.156Range 1.41–16.46 1.0–9.03

HbA1c (%)
Normal range (4–6)

Median 5.38 5.41
0.801Range 4.81–5.86 5.26–5.55

HOMA-IR
Norm < 2.5

Median 1.05 0.78
0.223Range 0.27–3.62 0.21–2.03

BMI percentile—body mass index percentile, LDL—low-density lipoprotein, HDL—high-density lipoprotein,
HbA1c—glycated hemoglobin, HOMA-IR—homeostasis model assessment of insulin resistance; data are pre-
sented as median and range or mean, and standard deviation (SD); differences between means were analyzed
using the Mann−Whitney U test. Statistically significant differences were bold.

Table 2. Baseline demographic and clinical data of FASD subgroups.

FAS ND-PAE p Value

Sex (F/M) 14/12 15/16

Age (years) Mean ± SD 7.91 ± 4.77 8.13 ± 3.32
0.843

range 0.42–16 2.08–13.5

BMI percentile Mean ± SD 22.12 ± 27.51 42.04 ± 33.02
0.02range 0.1–78 0.1–99.9

Clinical Laboratory Markers
Cholesterol (mg/dL)

Norm < 190
Median 154. 161

0.110Range 76–238 114–244
LDL (mg/dL)
Norm < 135

Median 86 75
0.365Range 31–143 114–244

HDL (mg/dL)
Norm > 40

Median 49.5 53
0.382Range 33–80 24–108

Triglycerides (mg/dL)
Norm < 150

Median 64 75
0.607Range 30–229 34–241

Glucose (mg/dL)
Norm (70–99)

Median 82 87
0.211Range 72–99 74–99

Insulin (mIU/mL)
Norm < 15 mIU/ml

Median 5.1 4.22
0.623Range 1.41–16.46 1.56–13.97

HbA1c (%)
Normal range (4–6)

Median 5.24 5.45
0.039Range 4.81–5.86 4.89–5.85

HOMA-IR
Norm < 2.5

Median 1.07 1.29
0.79Range 0.27–3.62 0.31–3.53

BMI percentile—body mass index percentile, LDL—low-density lipoprotein, HDL—high-density lipoprotein,
HbA1c—glycated hemoglobin, HOMA-IR—homeostasis model assessment of insulin resistance; data are pre-
sented as median and range or mean, and standard deviation (SD); comparison between means were analyzed
using the Mann−Whitney U test. Statistically significant differences were bold.

Furthermore, a comparison of ASP, NPY, α-MSH, and KISS1 levels between FASD sub-
groups showed no significant differences. However, we can see a trend in the comparison
between FAS and ND-PAE for α-MSH (p = 0.071), the levels of which seem to be higher in
FAS (Table 3).

Comparisons of hormone levels in females and males with FASD are presented in
Table 4. We did not observe any differences in concentrations of ASP (p = 0.856), α-MSH
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(p = 0.596), NPY (p = 0.173), and KISS1 (p = 0.169) between females and males affected by
FASD.

The next step in data analysis was to evaluate the correlation between the clinical
parameters of patients with FASD and the levels of the hormones studied (Table 5).

Table 3. Hormone levels in subgroups of patients with FASD.

FAS ND-PAE p Value

Agouti-signaling protein (pg/mL) Median 14.02 14.59
0.59Range 12.22–35.18 12.18–32.28

Neuropeptide Y (pg/mL) Median 316.22 303.82
0.278Range 216.75–429.7 217.4–430.3

α-MSH (pg/ml) Median 15.44 13.65
0.071Range 12.16–18.23 10.59–17.99

KISS1 (ng/mL) Median 2.03 2.16
0.585Range 1.18–4.04 1.09–3.65

Data are presented as median and range; comparisons between means were analyzed using the Mann−Whitney U test.
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Figure 1. Level of ASP (a), α-MSH (b), NPY (c), and KISS1 (d) in patients with FASD compared to
healthy participants.

Table 4. Hormone levels by sex of patients with FASD.

Hormone
FASD

Female Male p Value

Agouti-signaling protein (pg/mL) Median 13.86 14.27
0.856Range 12.22–32.28 12.18–35.18

Neuropeptide Y (pg/mL) Median 306.9 307.25
0.596Range 217.4–429.7 216.75–450.4

α-MSH (pg/mL) Median 15.43 14.27
0.173Range 11.85–18.23 10.59–17.99

KISS1 (ng/mL) Median 7.3 9.8
0.169Range 3.5–18.9 5–26

Data are presented as median and range; comparisons between means were analyzed using the Mann−Whitney
U test.
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Table 5. Spearman rank correlation coefficients (R) and p-values between hormone concentrations and clinical features of the patients studied.

A
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SP
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α
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SH
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M
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KISS1
R −0.119 0.244 −0.008 0.095 0.115 0.066 −0.025 0.151 −0.151 0.04 0.049 0.064 0.046 0.042 −0.065 0.121

p 0.359 0.065 0.952 0.583 0.376 0.613 0.849 0.246 0.257 0.772 0.723 0.644 0.722 0.748 0.618 0.348

Agouti-
signaling
protein

R 0.434 0.228 0.015 0.380 0.211 0.163 0.094 0.097 0.149 0.233 0.250 0.218 0.046 −0.164 −0.316 0.691

p <0.001 0.086 0.913 0.022 0.103 0.209 0.47 0.459 0.264 0.089 0.068 0.113 0.722 0.203 0.013 <0.001

Neuropeptide Y
R −0.109 −0.163 0.036 0.092 −0.011 −0.045 −0.078 0.006 −0.23 −0.137 −0.152 −0.356 0.042 −0.164 0.025 −0.145

p 0.397 0.220 0.787 0.593 0.931 0.733 0.548 0.966 0.082 0.323 0.273 0.008 0.748 0.203 0.846 0.26

α-MSH
R −0.323 −0.288 0.096 −0.134 −0.202 −0.111 −0.17 −0.035 −0.213 −0.12 −0.150 −0.302 −0.065 −0.316 0.025 −0.171

p 0.011 0.030 0.475 0.442 0.123 0.4 0.195 0.802 0.111 0.392 0.284 0.033 0.618 0.013 0.846 0.187

BMI per—body mass index percentile, ACTH—adrenocorticotropic hormone, Ch—cholesterol, LDL—low-density lipoprotein, HDL—high-density lipoprotein, TGL—triglycerides,
Glu—glucose, Ins—insulin, HOMA-IR—homeostasis model assessment of insulin resistance, HbA1c—glycated hemoglobin. Statistically significant differences were bold.
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ASP was positively correlated with age (R = 0.434, p < 0.001, respectively), whereas
α-MSH correlated negatively with age (R = −0.323, p = 0.011). We observed a weak negative
correlation for α-MSH with BMI percentile (R = −0.288, p = 0.030). Furthermore, we found
a weak negative correlation of NPY and α-MSH levels with HbA1c in the serum of patients
with FASD (R = −0.356, p = 0.008, R = −0.302, p = 0.033, respectively). We also found a
positive association between ACTH level and ASP (R = 0.380, p = 0.022). In addition, we
analyzed the correlations between the hormones tested, which revealed a strong positive
association between POMC [25] and ASP (R = 0.691, p < 0.001). ASP was also negatively
correlated with the level of α-MSH (R = −0.316, p = 0.013). None of the hormones studied
was correlated with NY and KISS1. There was also no correlation between the markers of
the lipid profiles and the hormones analyzed.

4. Discussion

Our study describes, for the first time, serum levels of hormones regulating energy
metabolism and nutrition, such as kisspeptin, neuropeptide Y, Agouti signaling protein, and
alpha-melanocyte-stimulating hormone in patients with fetal alcohol spectrum disorders.
Despite significant differences in BMI and growth retardation compared to healthy controls,
there were no significant differences in the levels of the hormones studied in patients with
FASD. This syndrome manifests itself in various ways, including poor growth, poor weight
gain, improper eating patterns, altered appetite regulation, and nutritional deficits [14].

A key structure involved in maintaining energy balance is the arcuate nucleus of the
hypothalamus, which contains two distinct populations of neurons: the neurons that sup-
press appetite (anorexigenic), proopiomelanocortin (POMC), and the neurons that increase
appetite (orexigenic), neuropeptide Y /Agouti-related peptide (AgRP) neurons [26,27].
POMC and NPY form specific networks most often investigated in relation to energy intake.
Both send messages on energy storage levels and nutritional status through leptin and
insulin, mediated by specific receptors localized in POMC and NPY neurons, which are
found primarily in the arcuate nucleus [28]. Furthermore, NPY in humans is synthesized in
subcutaneous and visceral adipose tissues and is the most potent orexigenic peptide found
in the brain that stimulates appetite, decreases thermogenesis, and increases plasma insulin
and corticosterone levels [29]. NPY is also involved in the development of cardiovascular
diseases, anxiety disorders, and posttraumatic stress disorders [30–32]. In addition, NPY
may play a key role in modulating the development of alcohol dependence [33]. In our
study, there were no differences in NPY levels between FASD and healthy participants, as
well as between FASD subgroups and sex. Similar to our results, there were no statistically
significant differences in neuropeptide Y levels between men and women in the group
of healthy subjects [34]. There were also no differences in plasma NPY levels in bulimia
patients compared to controls of the same age and weight, but elevated levels of NPY were
also observed in bulimia [35,36]. Other studies revealed higher plasma levels of NPY in
obese and overweight patients compared to controls, as well as in obese and nonobese
women with polycystic ovary syndrome [37,38]. Recent studies in an animal model have
shown that prenatal alcohol exposure leads to reduced feeding at all stages of development
of Drosophila melanogaster due to reduced or eliminated neuropeptide signaling [39], but
these findings were not confirmed in our study. Another study in rats revealed that hy-
pothalamic NPY mRNA levels in the offspring of normally nourished dams resulted in
lower levels of orexigenic factor compared to the offspring of undernourished dams [40].
NPY also affects lung growth after intrauterine growth restriction, which is often caused by
maternal alcohol consumption during pregnancy [41,42].

α-MSH is a neuropeptide derived from POMC, which activates melanocortin recep-
tors (MC4 and MC3) to regulate energy balance by stimulating energy expenditure and
inhibiting appetite [26]. It is widely expressed in several tissues and organs and plays an
important role in many biological processes, such as weight regulation, energy metabolism,
sexual activity, and exocrine secretion [43]. This hormone α-MSH is also involved in the
rewarding and addictive effects of ethanol [44]. However, the detailed action of peripheral
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α-MSH in energy homeostasis remains unclear. Chronic consumption of ethanol in rats
significantly altered α-MSH levels, but the results are not consistent and showed different
directions of changes [45,46]. We did not find any difference in the concentration of α-MSH
between FASD patients and healthy participants. Plasma α-MSH level was elevated in
obese men compared to nonobese individuals. Furthermore, α-MSH concentration was
not affected by any changes in energy balance and weight loss [47,48]. Decreased serum
α-MSH concentrations were found in patients with osteonecrosis of the femoral head and
people with craniocerebral injury compared to healthy controls [49,50]. In our study, the
concentrations of the α-MSH were independent of sex, in contrast to previous results in
which levels of α-MSH were higher in males vs. females [51]. The severity of the disease
may affect α-MSH levels, as the difference tends to be statistically significant depending on
the type of FASD and was higher in FAS. Similar to our results, no differences in α-MSH
levels have also been reported in groups of overweight and normal-weight individuals in
both male and female populations [37].

Human ASP is highly expressed in adipose tissue, where it is a competitive antagonist
of α-MSH for binding to the receptor [52]. AGRP and ASP are two of the most powerful
appetite stimulators and express similar physiological functions. They might affect eating
behavior, energy expenditure, adipocyte differentiation, and human pigmentation, but
their role is not fully understood [53]. Overexpression of ASP has been proven to cause
human obesity in childhood due to its orexigenic effects [54]. The study in cattle also
confirmed associations between ASP expression and fat deposition [55]. Our previous
study has shown that the concentration of ASP is reduced in serum from cystic fibrosis
patients, whose nutritional status and BMI were lower compared to healthy controls [56].
However, we did not observe statistically significant differences in ASP levels between
patients with FASD and the controls. The sex and type of FASD also had no effect on ASP
levels.

Kisspeptin is another hypothalamic neuropeptide involved in the neuroendocrine
regulation of gonadotropin-releasing hormone (GnRH) secretion [57]. It controls the onset
of puberty, gonad development, trophoblast invasion, pregnancy, and lactation [58]. Repro-
duction is a task that requires adequate energy resources; therefore, control of reproduction
and metabolism simultaneously is important for the survival of offspring and mother. In
states of severely altered energy balance, fertility is altered, as well as the expression of
kisspeptin in the arcuate nucleus of the hypothalamus [59]. Due to hypothalamic hypogo-
nadism, it is frequently found in the case of disturbances in energy balance (positive and
negative), such as anorexia nervosa or obesity [60].

The role of kisspeptin in the regulation of reproductive system function is fairly well
understood, but its involvement in the regulation of energy balance is poorly character-
ized [61,62]. Recent studies have suggested that the dysregulation of KISS and other
adipokines may be relevant in the pathogenesis of various diseases, such as obesity, dia-
betes, and sepsis [63,64]. Serum KISS concentrations were found to increase significantly
in obese/overweight girls and obese men compared to the controls [65,66]. KISS1 prob-
ably does not act within the hypothalamus on its own but rather interacts with other
neuropeptides, such as neurokinin B, dynorphin A, POMC, AgRP, and NPY [64,67,68].
KISS1 neurons are anatomically connected and can stimulate anorexigenic POMC neurons
and indirectly inhibit orexigenic NPY neurons [69]. We found no differences in KISS levels
in FASD participants compared to healthy volunteers, as well as between FASD and sex
subgroups.

Several studies underlined the role of KISS1 in the development of central precocious
puberty [70,71]. In individuals with FASD, puberty is often delayed and is considered
one of the common clinical features of the disorder, but these symptoms are probably not
directly associated with KISS1 levels [72]. However, studies on animal models have shown
that prenatal alcohol exposure can disrupt the kisspeptin system and have adverse effects
on the function of the hypothalamic−pituitary−gonadal axis that can contribute to delayed
puberty in rats [73,74]. KISS1 shows a marked variability in expression and circulating
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levels between males and females [75]. We have not confirmed these findings in our study,
probably because sex-specific differences in KISS1 levels are observed above the age of 12,
much higher than the mean age of the study group [66,76]. Elevated plasma KISS1 levels
were also found in boys and girls compared to adults, with a peak during puberty [77].

The correlations between hormone levels and clinical parameters of FASD patients
were also evaluated. To our knowledge, no studies have investigated the correlation be-
tween NPY, ASP, α-MSH, KISS1, and clinical data in FASD. We found positive associations
of ASP with age and ACTH level, but so far, no correlation between ASP and patient clinical
data has been described in the literature, except our recent study in cystic fibrosis patients,
which did not show a correlation with age or other clinical parameters [56]. We also found
a strong positive correlation between ASP and POMC (R = 0.691, p < 0.001) and negative
with α-MSH (R = −0.316, p = 0.013). ASP—orexigenic and α-MSH— anorexigenic factors
compete for the availability of MC receptors, so the opposite direction of correlation is rea-
sonable, but the positive association with POMC is less clear and might be explained by the
involvement of POMC in more biological functions than regulation of energy homeostasis.
We have found a negative correlation of α-MSH with age and BMI percentile as well as a
positive correlation with HbA1c. It has been reported, that, contradictory to our results,
the plasma level of α-MSH was positively correlated with BMI (R = 0.560, p < 0.05) and
insulin levels (R = 0.528, p < 0.05) in obese men [47]. Another study has shown that serum
α-MSH levels did not correlate with body composition parameters and fasting insulin
levels [78]. Furthermore, the negative correlation between α-MSH and BMI has previously
been demonstrated [79]. Similar to previous results. α-MSH did not correlate with NPY
and any other hormones except ASP [53]. However, the positive correlation of plasma
α-MSH level (R = 0.556, p < 0.01) with AgRP, which has a similar biological function as ASP,
but our findings in relation to ASP were different (R = −0.316, p = 0.013) [80].

In our study, NPY was not correlated with the anthropological, functional, and bio-
chemical parameters of the patients, nor with any hormones studied, except for a moderate
negative association with HbA1c (R = −0.356, p = 0.008). Several studies have shown an
inhibitory effect of cigarette smoking on brain NPY levels, leading to weight loss [81,82].
NPY is also involved in the prevention of negative consequences of stress, which is a
factor that contributes to neurodegenerative diseases such as Alzheimer’s, Parkinson’s, and
Huntington’s disease [83]. Previous studies revealed that NPY levels positively correlate
with the age of the patients (R = 0.43, p = 0.001) [84]. Similar to our results, earlier studies
did not find a correlation between NPY and BMI, nor between the waist/hip ratio [34].
Nevertheless, another study found that plasma NPY levels decreased significantly with
age (R = −0.232, p = 0.038) and were not related to BMI [85].

KISS1 was not correlated with any of the parameters studied. Similar to our results,
no correlation was found between kisspeptin and BMI in serum levels of girls with central
precocious puberty [86]. No correlation has also been reported between KISS1 and HOMA-
IR and insulin in obese and overweight children [87]. However, contradictory results
(positive correlation of KISS1 with body mass, BMI, plasma insulin, and HOMA-IR) in
40 male subjects were also observed [65]. Finally, we have not found any correlation
between the hormones studied and markers of the lipid profile, which may indicate that
these factors are not predictors of serum levels of these hormones in patients with FASD.

Even though our study describes for the first time the effect of prenatal alcohol
exposure on hormonal regulation of feeding and nutrition, its results must be considered
preliminary and subject to some uncertainty. One of the study’s limitations is that the
number of participants was insufficient to definitively conclude that prenatal alcohol
exposure does not alter the secretion of ASP, α-MSH, NPY, and KISS1. Second, the age
range of the participants was quite broad, which may have affected the final conclusions.
Third, the number of participants in the control group was markedly lower than the FASD
group, and the number of males was more than double that of females, which could also
disrupt the reliability of the statistical analysis. Finally, there are a very small number
of manuscripts describing hormonal regulation in FASD. Therefore, when writing the
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discussion, we referred to studies on other species or disorders with different etiologies
than FASD, which described the role of the hormones studied in the regulation of nutrition
and the effect of alcohol on their secretion.

5. Conclusions

In summary, we investigated 57 patients with FASD and 23 healthy controls. All
hormones studied were analyzed for the first time in individuals with confirmed prenatal
alcohol exposure. A comparison of the levels of ASP, α-MSH, NPY, and KISS1 was made,
also in the FAS vs. ND PAE subgroups, as well as in males and females. We have found
no differences in the levels of the hormones tested between affected individuals and the
controls and between subgroups of FASD, such as FAS and ND PAE. In addition, sex did
not affect hormone levels. However, we identified some correlations between hormone
concentrations and parameters that describe the clinical status of patients with FASD. Most
of them were related to ASP, which was positively correlated with age and ACTH. We
have also found a negative correlation of α-MSH with age, BMI percentile, and HbA1c.
Furthermore, we found a weak negative correlation of NPY with HbA1c. Although FASD
is associated with impaired proper child growth and development, including nutrition and
puberty onset, we did not identify differences in the levels of the hormones studied, which
may suggest that prenatal alcohol exposure does not affect the levels of these metabolites.
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Galanin and Insulin in Women with Polycystic Ovary Syndrome. Gynecol. Endocrinol. Off. J. Int. Soc. Gynecol. Endocrinol. 1999, 13,
344–351. [CrossRef]

39. Guevara, A.; Gates, H.; Urbina, B.; French, R. Developmental Ethanol Exposure Causes Reduced Feeding and Reveals a Critical
Role for Neuropeptide F in Survival. Front. Physiol. 2018, 9, 237. [CrossRef] [PubMed]

40. Iwasa, T.; Matsuzaki, T.; Yano, K.; Tungalagsuvd, A.; Munkhzaya, M.; Mayila, Y.; Kuwahara, A.; Irahara, M. The Effects of
Prenatal Undernutrition and a High-Fat Postnatal Diet on Central and Peripheral Orexigenic and Anorexigenic Factors in Female
Rats. Endocr. J. 2017, 64, 597–604. [CrossRef] [PubMed]

41. Thangaratnarajah, C.; Dinger, K.; Vohlen, C.; Klaudt, C.; Nawabi, J.; Lopez Garcia, E.; Kwapiszewska, G.; Dobner, J.; Nüsken, K.D.;
van Koningsbruggen-Rietschel, S.; et al. Novel Role of NPY in Neuroimmune Interaction and Lung Growth after Intrauterine
Growth Restriction. Am. J. Physiol. Lung Cell. Mol. Physiol. 2017, 313, L491–L506. [CrossRef] [PubMed]

42. Sebastiani, G.; Borrás-Novell, C.; Casanova, M.A.; Pascual Tutusaus, M.; Ferrero Martínez, S.; Gómez Roig, M.D.; García-Algar, O.
The Effects of Alcohol and Drugs of Abuse on Maternal Nutritional Profile during Pregnancy. Nutrients 2018, 10, 1008. [CrossRef]
[PubMed]

43. Dinparastisaleh, R.; Mirsaeidi, M. Antifibrotic and Anti-Inflammatory Actions of α-Melanocytic Hormone: New Roles for an Old
Player. Pharmaceuticals 2021, 14, 45. [CrossRef] [PubMed]

44. Shelkar, G.P.; Kale, A.D.; Singh, U.; Singru, P.S.; Subhedar, N.K.; Kokare, D.M. Alpha-Melanocyte Stimulating Hormone Modulates
Ethanol Self-Administration in Posterior Ventral Tegmental Area through Melanocortin-4 Receptors. Addict. Biol. 2015, 20,
302–315. [CrossRef]

45. Kokare, D.M.; Kyzar, E.J.; Zhang, H.; Sakharkar, A.J.; Pandey, S.C. Adolescent Alcohol Exposure-Induced Changes in Alpha-
Melanocyte Stimulating Hormone and Neuropeptide Y Pathways via Histone Acetylation in the Brain During Adulthood. Int. J.
Neuropsychopharmacol. 2017, 20, 758–768. [CrossRef]

46. Rainero, I.; De Gennaro, T.; Visentin, G.; Brunetti, E.; Cerrato, P.; Torre, E.; Portaleone, P.; Pinessi, L. Effects of Chronic Ethanol
Treatment on Alpha-MSH Concentrations in Rat Brain and Pituitary. Neuropeptides 1990, 15, 139–141. [CrossRef]

47. Katsuki, A.; Sumida, Y.; Murashima, S.; Furuta, M.; Araki-Sasaki, R.; Tsuchihashi, K.; Hori, Y.; Yano, Y.; Adachi, Y. Elevated
Plasma Levels of Alpha-Melanocyte Stimulating Hormone (Alpha-MSH) Are Correlated with Insulin Resistance in Obese Men.
Int. J. Obes. Relat. Metab. Disord. J. Int. Assoc. Study Obes. 2000, 24, 1260–1264. [CrossRef]

48. Hoggard, N.; Johnstone, A.M.; Faber, P.; Gibney, E.R.; Elia, M.; Lobley, G.; Rayner, V.; Horgan, G.; Hunter, L.; Bashir, S.; et al.
Plasma Concentrations of α-MSH, AgRP and Leptin in Lean and Obese Men and Their Relationship to Differing States of Energy
Balance Perturbation. Clin. Endocrinol. 2004, 61, 31–39. [CrossRef]

49. Mao, Z.; Liu, G.; Chen, J.-J.; Liu, D.; Xu, M.-P.; Zhao, C.; Yang, H.-T.; Yue, Y.-B. Serum α-Melanocyte-Stimulating Hormone May
Act as a Protective Biomarker for Non-Traumatic Osteonecrosis of the Femoral Head. Ann. Clin. Biochem. 2018, 55, 453–460.
[CrossRef]

50. Du, X.; Dong, B.; Li, C.; Zhang, F.; Ji, Y.; Zhang, J.; Yin, C. Dynamic Changes of α-Melanocyte-Stimulating Hormone Levels in the
Serum of Patients with Craniocerebral Trauma. Exp. Ther. Med. 2017, 14, 2511–2516. [CrossRef]

51. Donahoo, W.T.; Hernandez, T.L.; Costa, J.L.; Jensen, D.R.; Morris, A.M.; Brennan, M.B.; Hochgeschwender, U.; Eckel, R.H. Plasma
α–Melanocyte-Stimulating Hormone: Sex Differences and Correlations with Obesity. Metabolism 2009, 58, 16–21. [CrossRef]

52. Voisey, J.; van Daal, A. Agouti: From Mouse to Man, from Skin to Fat. Pigment Cell Res. 2002, 15, 10–18. [CrossRef]
53. Page-Wilson, G.; Meece, K.; White, A.; Rosenbaum, M.; Leibel, R.L.; Smiley, R.; Wardlaw, S.L. Proopiomelanocortin, Agouti-

Related Protein, and Leptin in Human Cerebrospinal Fluid: Correlations with Body Weight and Adiposity. Am. J. Physiol.-
Endocrinol. Metab. 2015, 309, E458–E465. [CrossRef] [PubMed]

54. Kempf, E.; Landgraf, K.; Stein, R.; Hanschkow, M.; Hilbert, A.; Abou Jamra, R.; Boczki, P.; Herberth, G.; Kühnapfel, A.; Tseng,
Y.-H.; et al. Aberrant Expression of Agouti Signaling Protein (ASIP) as a Cause of Monogenic Severe Childhood Obesity. Nat.
Metab. 2022, 4, 1697–1712. [CrossRef]

55. Liu, Y.; Albrecht, E.; Schering, L.; Kuehn, C.; Yang, R.; Zhao, Z.; Maak, S. Agouti Signaling Protein and Its Receptors as Potential
Molecular Markers for Intramuscular and Body Fat Deposition in Cattle. Front. Physiol. 2018, 9, 172. [CrossRef] [PubMed]

56. Galiniak, S.; Podgórski, R.; Rachel, M.; Mazur, A. Serum Levels of Hormones Regulating Appetite in Patients with Cystic Fibrosis
− a Single-Center, Cross-Sectional Study. Front. Endocrinol. 2022, 13, 992667. [CrossRef]

57. Han, S.-K.; Gottsch, M.L.; Lee, K.J.; Popa, S.M.; Smith, J.T.; Jakawich, S.K.; Clifton, D.K.; Steiner, R.A.; Herbison, A.E. Activation of
Gonadotropin-Releasing Hormone Neurons by Kisspeptin as a Neuroendocrine Switch for the Onset of Puberty. J. Neurosci. 2005,
25, 11349–11356. [CrossRef]

58. Zeydabadi Nejad, S.; Ramezani Tehrani, F.; Zadeh-Vakili, A. The Role of Kisspeptin in Female Reproduction. Int. J. Endocrinol.
Metab. 2017, 15, e44337. [CrossRef] [PubMed]

59. Evans, J.J.; Anderson, G.M. Balancing Ovulation and Anovulation: Integration of the Reproductive and Energy Balance Axes by
Neuropeptides. Hum. Reprod. Update 2012, 18, 313–332. [CrossRef]

60. Pasquali, R.; Patton, L.; Gambineri, A. Obesity and Infertility. Curr. Opin. Endocrinol. Diabetes Obes. 2007, 14, 482. [CrossRef]

https://doi.org/10.3109/09513599909167578
https://doi.org/10.3389/fphys.2018.00237
https://www.ncbi.nlm.nih.gov/pubmed/29623043
https://doi.org/10.1507/endocrj.EJ16-0593
https://www.ncbi.nlm.nih.gov/pubmed/28321032
https://doi.org/10.1152/ajplung.00432.2016
https://www.ncbi.nlm.nih.gov/pubmed/28572154
https://doi.org/10.3390/nu10081008
https://www.ncbi.nlm.nih.gov/pubmed/30072661
https://doi.org/10.3390/ph14010045
https://www.ncbi.nlm.nih.gov/pubmed/33430064
https://doi.org/10.1111/adb.12126
https://doi.org/10.1093/ijnp/pyx041
https://doi.org/10.1016/0143-4179(90)90145-O
https://doi.org/10.1038/sj.ijo.0801400
https://doi.org/10.1111/j.1365-2265.2004.02056.x
https://doi.org/10.1177/0004563217738802
https://doi.org/10.3892/etm.2017.4793
https://doi.org/10.1016/j.metabol.2008.07.028
https://doi.org/10.1034/j.1600-0749.2002.00039.x
https://doi.org/10.1152/ajpendo.00206.2015
https://www.ncbi.nlm.nih.gov/pubmed/26152765
https://doi.org/10.1038/s42255-022-00703-9
https://doi.org/10.3389/fphys.2018.00172
https://www.ncbi.nlm.nih.gov/pubmed/29559925
https://doi.org/10.3389/fendo.2022.992667
https://doi.org/10.1523/JNEUROSCI.3328-05.2005
https://doi.org/10.5812/ijem.44337
https://www.ncbi.nlm.nih.gov/pubmed/29201072
https://doi.org/10.1093/humupd/dms004
https://doi.org/10.1097/MED.0b013e3282f1d6cb


Nutrients 2023, 15, 4215 14 of 15

61. Yang, L.; Demetriou, L.; Wall, M.B.; Mills, E.G.; Wing, V.C.; Thurston, L.; Schaufelberger, C.N.; Owen, B.M.; Abbara, A.; Rabiner,
E.A.; et al. The Effects of Kisspeptin on Brain Response to Food Images and Psychometric Parameters of Appetite in Healthy Men.
J. Clin. Endocrinol. Metab. 2020, 106, 1837–1848. [CrossRef] [PubMed]

62. Dong, T.S.; Vu, J.P.; Oh, S.; Sanford, D.; Pisegna, J.R.; Germano, P. Intraperitoneal Treatment of Kisspeptin Suppresses Appetite
and Energy Expenditure and Alters Gastrointestinal Hormones in Mice. Dig. Dis. Sci. 2020, 65, 2254–2263. [CrossRef] [PubMed]

63. Luedde, M.; Spehlmann, M.E.; Hippe, H.-J.; Loosen, S.H.; Roy, S.; Vargas Cardenas, D.; Vucur, M.; Frey, N.; Koch, A.; Luedde, T.;
et al. Serum Levels of Kisspeptin Are Elevated in Critically Ill Patients. PLoS ONE 2018, 13, e0206064. [CrossRef]

64. Dudek, M.; Ziarniak, K.; Sliwowska, J.H. Kisspeptin and Metabolism: The Brain and Beyond. Front. Endocrinol. 2018, 9, 145.
[CrossRef]

65. Sitticharoon, C.; Mutirangura, P.; Chinachoti, T.; Iamaroon, A.; Triyasunant, N.; Churintaraphan, M.; Keadkraichaiwat, I.;
Maikaew, P.; Sririwichitchai, R. Associations of Serum Kisspeptin Levels with Metabolic and Reproductive Parameters in Men.
Peptides 2021, 135, 170433. [CrossRef] [PubMed]

66. Zhu, H.J.; Li, S.J.; Pan, H.; Li, N.; Zhang, D.X.; Wang, L.J.; Yang, H.B.; Wu, Q.; Gong, F.Y. The Changes of Serum Leptin and
Kisspeptin Levels in Chinese Children and Adolescents in Different Pubertal Stages. Int. J. Endocrinol. 2016, 2016, e6790794.
[CrossRef] [PubMed]

67. Goodman, R.L.; Lehman, M.N.; Smith, J.T.; Coolen, L.M.; de Oliveira, C.V.R.; Jafarzadehshirazi, M.R.; Pereira, A.; Iqbal, J.;
Caraty, A.; Ciofi, P.; et al. Kisspeptin Neurons in the Arcuate Nucleus of the Ewe Express Both Dynorphin A and Neurokinin B.
Endocrinology 2007, 148, 5752–5760. [CrossRef]

68. Hrabovszky, E.; Ciofi, P.; Vida, B.; Horvath, M.C.; Keller, E.; Caraty, A.; Bloom, S.R.; Ghatei, M.A.; Dhillo, W.S.; Liposits, Z.; et al.
The Kisspeptin System of the Human Hypothalamus: Sexual Dimorphism and Relationship with Gonadotropin-Releasing
Hormone and Neurokinin B Neurons. Eur. J. Neurosci. 2010, 31, 1984–1998. [CrossRef]

69. Bond, J.-A.P.D.; Smith, J.T. Kisspeptin and Energy Balance in Reproduction. Reproduction 2014, 147, R53–R63. [CrossRef]
70. Demirbilek, H.; Gonc, E.N.; Ozon, A.; Alikasifoglu, A.; Kandemir, N. Evaluation of Serum Kisspeptin Levels in Girls in the

Diagnosis of Central Precocious Puberty and in the Assessment of Pubertal Suppression. J. Pediatr. Endocrinol. Metab. JPEM 2012,
25, 313–316. [CrossRef]

71. Li, M.; Chen, Y.; Liao, B.; Tang, J.; Zhong, J.; Lan, D. The Role of Kisspeptin and MKRN3 in the Diagnosis of Central Precocious
Puberty in Girls. Endocr. Connect. 2021, 10, 1147–1154. [CrossRef] [PubMed]

72. Akison, L.K.; Moritz, K.M.; Reid, N. Adverse Reproductive Outcomes Associated with Fetal Alcohol Exposure: A Systematic
Review. Reprod. Camb. Engl. 2019, 157, 329–343. [CrossRef]

73. Sliwowska, J.H.; Comeau, W.L.; Bodnar, T.S.; Ellis, L.; Weinberg, J. Prenatal Alcohol Exposure and Pair Feeding Differentially
Impact Puberty and Reproductive Development in Female Rats: Role of the Kisspeptin System. Alcohol. Clin. Exp. Res. 2016, 40,
2368–2376. [CrossRef] [PubMed]

74. Sliwowska, J.H.; Bodnar, T.S.; Weinberg, J. Prenatal Alcohol Exposure Alters Response of Kisspeptin-Ir Neurons to Estradiol and
Progesterone in Adult Female Rats. Alcohol. Clin. Exp. Res. 2014, 38, 2780–2789. [CrossRef]

75. Lee, E.B.; Dilower, I.; Marsh, C.A.; Wolfe, M.W.; Masumi, S.; Upadhyaya, S.; Rumi, M.A.K. Sexual Dimorphism in Kisspeptin
Signaling. Cells 2022, 11, 1146. [CrossRef]

76. De Freitas, R.S.; França, T.F.A.; Pompeia, S. Sex-Specific Association between Urinary Kisspeptin and Pubertal Development.
Endocr. Connect. 2022, 11, e220165. [CrossRef] [PubMed]

77. Jayasena, C.N.; Nijher, G.M.; Narayanaswamy, S.; Silva, A.D.; Abbara, A.; Ghatei, M.A.; Bloom, S.R.; Bridges, N.; Dhillo, W.S.
Age-Dependent Elevations in Plasma Kisspeptin Are Observed in Boys and Girls When Compared with Adults. Ann. Clin.
Biochem. 2014, 51, 89–96. [CrossRef] [PubMed]

78. Roth, C.L.; Enriori, P.J.; Gebhardt, U.; Hinney, A.; Müller, H.L.; Hebebrand, J.; Reinehr, T.; Cowley, M.A. Changes of Peripheral
α-Melanocyte–Stimulating Hormone in Childhood Obesity. Metab.—Clin. Exp. 2010, 59, 186–194. [CrossRef]

79. Dâmaso, A.R.; de Piano, A.; Campos, R.M.d.S.; Corgosinho, F.C.; Siegfried, W.; Caranti, D.A.; Masquio, D.C.L.; Carnier, J.; Sanches,
P.; Leão da Silva, P.; et al. Multidisciplinary Approach to the Treatment of Obese Adolescents: Effects on Cardiovascular Risk
Factors, Inflammatory Profile, and Neuroendocrine Regulation of Energy Balance. Int. J. Endocrinol. 2013, 2013, 541032. [CrossRef]

80. Katsuki, A.; Sumida, Y.; Gabazza, E.C.; Murashima, S.; Tanaka, T.; Furuta, M.; Araki-Sasaki, R.; Hori, Y.; Nakatani, K.; Yano,
Y.; et al. Plasma Levels of Agouti-Related Protein Are Increased in Obese Men. J. Clin. Endocrinol. Metab. 2001, 86, 1921–1924.
[CrossRef]

81. Chen, H.; Hansen, M.J.; Jones, J.E.; Vlahos, R.; Bozinovski, S.; Anderson, G.P.; Morris, M.J. Cigarette Smoke Exposure Reprograms
the Hypothalamic Neuropeptide Y Axis to Promote Weight Loss. Am. J. Respir. Crit. Care Med. 2006, 173, 1248–1254. [CrossRef]

82. Chen, H.; Hansen, M.J.; Jones, J.E.; Vlahos, R.; Bozinovski, S.; Anderson, G.P.; Morris, M.J. Regulation of Hypothalamic NPY by
Diet and Smoking. Peptides 2007, 28, 384–389. [CrossRef]

83. Pain, S.; Brot, S.; Gaillard, A. Neuroprotective Effects of Neuropeptide Y against Neurodegenerative Disease. Curr. Neuropharmacol.
2022, 20, 1717–1725. [CrossRef] [PubMed]
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