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Abstract
Type 2 diabetes (T2DM) is a metabolic disorder that still constitutes a significant clinical problem due to its nume-
rous micro- and macroangiopathic complications. Although many pathogenic factors for T2DM have been estab-
lished to date, along with many methods of control and compensation, diabetes is still a subject of intense research 
aimed at finding new therapeutic regimens. Established protocols of management are based on the modification of 
risk factors and the administration of hypoglycemic agents, which act at the level of the pancreas or in target tissues 
for insulin. However, in recent years research has more and more frequently been centered upon the superior role 
of the central nervous system in the maintenance of the widely understood energy balance of the body, including 
carbohydrate metabolism. In this review the authors present current evidence confirming an association between 
the central nervous system (CNS) and insulin release, and discuss the potential risk of developing insulin resis-
tance, obesity and diabetes in states of impaired CNS function. The key point of this review is to provide an analysis 
of a system of selected neuropeptides of central origin that act both at the level of the brain and in the periphery, 
playing an important role in the control of energy balance. The conclusions derived from the experimental studies 
and clinical trials discussed in this review undoubtedly suggest that impairment of the hereby presented system of 
central regulators can result in metabolic disorders (Adv Clin Exp Med 2012, 21, 6, 695–703).
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Streszczenie
Cukrzyca typu 2 jest schorzeniem metabolicznym będącym nadal istotnym problemem klinicznym z uwagi na licz-
ne powikłania mikro- oraz makroangiopatyczne. Mimo że dotychczas poznano wiele czynników patogenetycznych 
tej choroby oraz metod ją kontrolujących lub wyrównujących, cukrzyca niezmiennie pozostaje przedmiotem inten-
sywnych badań naukowców poszukujących nowych schematów terapii. Znane programy leczenia opierają się na 
modyfikacji czynników ryzyka oraz stosowaniu leków hipoglikemizujących o mechanizmach działania na poziomie 
trzustki lub tkanek docelowych dla insuliny. W ostatnich latach coraz częściej podkreśla się nadrzędną rolę ośrod-
kowego układu nerwowego w utrzymaniu szeroko pojętej homeostazy energetycznej organizmu, w tym gospodarki 
węglowodanowej. W pracy przedstawiono dane naukowe potwierdzające związek ośrodkowego układu nerwo-
wego z uwalnianiem insuliny, a także zagrożenie rozwojem insulinooporności, otyłości i cukrzycy w stanach jego 
zaburzonego funkcjonowania. Podstawowym punktem są rozważania nad systemem wybranych neuropeptydów 
pochodzenia centralnego, które działając zarówno na poziomie mózgu, jak i w obszarze obwodowym, odgrywają 
istotną rolę w kontroli równowagi energetycznej. Wnioski z przedstawionych badań eksperymentalnych, a także 
klinicznych jednoznacznie wskazują na możliwość powstawania schorzeń metabolicznych w przypadku wystąpie-
nia uszkodzeń w układzie opisywanych ośrodkowych regulatorów (Adv Clin Exp Med 2012, 21, 6, 695–703).
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Insulin exerts its systemic action through spe-
cific receptors present on the cellular membranes 
in classical target tissues, such as muscle, adipose 
and liver. The results of studies performed over 
the last 40 years have confirmed the presence of 
insulin and its receptors in the brain, document-
ing the significant role of cerebral regulation in the 
maintenance of the body’s energy balance.

The presence of insulin in the brain suggests 
the possible transfer of this peripherally synthesized 
hormone across the blood-brain barrier, as well as 
the de novo synthesis of small amounts of insulin 
in nervous tissue [1, 4]. Acting through specific re-
ceptors, insulin participates in the brain signaling 
involved in the regulation of various vital processes 
and is responsible for the proper function of the cen-
tral nervous system [1–4]. Therefore, insulin exerts 
its effects by several mechanisms, enabling the con-
trol of such processes as: cognitive function, repro-
ductive function, energy homeostasis of the body 
(maintaining a balance between energy require-
ments and energy consumption), appetite, body 
mass, metabolism of “cerebral” glucose, release of 
neurotransmitters, synaptic plasticity, growth, dif-
ferentiation and function of neurons [1–2].

The availability and activity of insulin, and the 
mechanism of its action at the level of the CNS are 
still not fully understood. Undoubtedly, these pro-
cesses occur at various levels, whether peripheral 
(where the amounts of insulin reaching the brain 
are determined) or central. These processes in-
volve many factors, such as hormones, peptides, 
neurotransmitters, etc. [1, 4]. Understanding these 
mechanisms can stimulate research to develop 
novel therapeutic protocols, based on the associ-
ation between insulin resistance and disorders in 
regulation occurring at the level of the brain.

Insulin Receptors  
in the Central  
Nervous System

Cerebral insulin receptors have been detected 
both in animals and in humans, mostly in neurons 
[1–3]. Additionally, to a markedly lesser extent, 
they have been observed in glial cells. It has been 
revealed that both the structure of these central 
receptors and their mechanism of action closely 
resemble those characteristics of peripheral in-
sulin receptors. They have a tetrameric structure 
comprised of two alpha subunits and two beta sub-
units. After the formation of the insulin-receptor 
complex, tyrosine kinase is activated, which initia-
tes a cascade of intracellular events similar to those 
observed at the periphery [1, 3]. There are cerebral 

regions with a particularly high concentration of 
insulin receptors, enabling the study of the poten-
tial function of these receptors. Such regions were 
precisely localized in rats, and include the fol-
lowing (starting from the highest insulin receptor 
concentration): olfactory bulb, vascular plexus, ce-
rebral cortex, hypothalamus (particularly the arcu-
ate nucleus, paraventricular nucleus, and supraop-
tic nucleus), limbic system, cerebellum, brainstem, 
mesencephalic structures, thalamus [3].

The results of experimental studies have elu-
cidated most of the functional aspects of insulin 
receptors located in the CNS and the systemic 
consequences of their blockage. In the case of 
NIRKo mice with neuron-specific insulin recep-
tor “knockout”, the blockage was reflected by an 
increased appetite, and an increased adipose tis-
sue content and body mass with resultant obesity. 
Additionally, they were characterized by increased 
serum levels of insulin and leptin and an altered 
lipid metabolism with elevated triglycerides and 
normal cholesterol levels [1–2]. In another study 
including rats [1, 4], central insulin receptors were 
blocked with antisense oligodeoxynucleotides 
directed against the insulin receptor precursor 
protein. The blockage in this study also resulted 
in increased food consumption and the develo-
pment of insulin resistance and obesity. In both 
rats and primates, chronic intracerebral infusion 
of insulin exerted anorectogenic and leptogenic 
effects, manifested by decreased appetite and re-
duced body mass [1]. The presence of insulin and 
a high concentration of insulin receptors were also 
observed in the hippocampus, a cerebral structure 
responsible for cognitive function, memory and 
the ability to learn (including the memorization of 
signals associated with eating) [1, 3]. The involve-
ment of insulin in these processes was confirmed 
in rats. They memorized various experiences re-
lated to eating, and this process was associated 
with a relative increase in insulin concentrations 
and increased expression of insulin receptors in 
the hippocampus and hypothalamus [1, 3].

Apart from the well-established factors, the 
role of the central nervous system should also be 
considered in the pathogenesis of insulin resistance 
and obesity. In view of previous research, impaired 
regulatory function of the brain (e.g. impaired in-
sulin signaling) may play a significant role in the 
development of hyperinsulinemia, the decreased 
sensitivity of insulin receptors, and an increase in 
body mass [1, 4]. Certain cerebral structures may 
exert their roles via neurotransmitters, among 
others, which through their developed network, 
participate in the transmission and modulation of 
signals. obviously, disrupting these pathways has 
various consequences, depending on the site of in-
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jury. Insulin present in the CNS can be considered 
as a kind of mediator, participating in the control 
of a number of vital functions. The impairment 
of insulin signaling can have similar consequen-
ces to impaired pancreatic secretion of insulin or 
the defective action of this hormone at the level of 
peripheral receptors [4]. This was confirmed dur-
ing postmortem studies of humans with diabetes 
or obesity. A decreased expression of neuronal in-
sulin receptors was observed in the brains of such 
individuals, along with lower levels of insulin.

Neurotransmitters, 
Neuropeptides and Their 
Effects on Insulin Secretion 
and the Development of 
Insulin Resistance

A variety of neurotransmitters have been iden-
tified in the central nervous system, and postulated 
to be involved in control of the hypothalamus – the 
cerebral structure containing the hunger and satiety 
centers. By influencing these centers, neurotrans-
mitters can stimulate or inhibit appetite, and there-
fore control body mass [5]. Simultaneously, many 

of these neurotransmitters can be involved in the 
maintenance of peripheral glucose homeostasis, the 
regulation of peripheral tissue sensitivity to insulin, 
and even the modulation of insulin secretion. Cen-
tral transmitters involved in the maintenance of the 
body‘s energy balance have been classified into two 
basic groups [5]: orexigenic transmitters (increasing 
appetite) and anorexigenic transmitters (decreasing 
appetite). This first group includes: neuropeptide Y 
(NPY), agouti-related peptide (AgRP), orexin-A and 
-B, and endocannabinoids. The group of anorexigen-
ic transmitters, in turn, includes: alpha-melanotropic 
hormone (α-MSH), and cocaine and amphetamine 
regulated transcript (CART). Recently, newly iden-
tified compounds regulating the energy state of the 
body have been increasingly researched and include: 
brain glucagon-like peptide 1 (GlP-1), nesfatin-1, 
and brain-derived neurotrophic factor (BDNF). In 
an era of dynamic research on the role of the incretin 
axis in the development of T2DM, these factors seem 
to play an important role in the central regulation of 
energy and carbohydrate homeostasis (Table 1).

Neuropeptide Y
Neuropeptide Y is a compound that strongly 

stimulates appetite. Chronic, intraventricular in-

Table 1. Anorexigenic and orexigenic factors 

Tabela 1. Czynniki anoreksygeniczne i oreksygeniczne

Neuropeptide/neurotrophin
(Neuropeptyd/neurotrofina)

Symbol
(Symbol)

The principle site of synthesis 
and secretion in brain
(Główne miejsce syntezy/ 
/sekrecji w mózgu)

Appetite
(Apetyt)

obesity
(otyłość)

Insulin resis-
tance
(Insulino- 
oporność)

Neuropeptide y
(Neuropeptyd y)

NPY ARN  � � �

Agouti-related peptide 
(Peptyd „aguti”)

AgRP ARN  � � �

Alpha-melanotropic hormone
(Hormon α-melanotropowy)

α-MSH ARN, NTS, anterior and 
intermediate pituitary

� � �

Nesfatin-1
(Nesfatyna-1)

 ARN, PVN, NTS � � �

Brain derived neurotrophic 
factor
(Czynnik neurotropowy 
pochodzenia mózgowego)

BDNF hippocampus, hypothalamus 
and cere, kora mózgowa 

� � �

Brain glucagon like peptide-1
(Mózgowa postać glukago-
nopodobnego peptydu-1)

brain- 
-GlP-1

NTS, area postrema � � �

ARN – arcuate nucleus of the hypothalamus; NTS – nucleus of the solitary tract; PVN – paraventricular nuclei of the hypo-
thalamus; �– reduces appetite/obesity/insulin resistance; �– stimulates appetite/obesity/insulin resistance.

ARN – jądro łukowate podwzgórza; NTS – jądro pasma samotnego; PVN – jądro przykomorowe podwzgórza; �– obniża 
apetyt/otyłość/insulinooporność; �– stymuluje apetyt/otyłość/insulinooporność.
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fusion of NPY in rats has resulted in an increased 
appetite and the development of obesity [5, 6]. 
The hypothalamus, and particularly its arcuate 
nucleus, constitutes the principle site of synthesis 
and secretion of NPY. The activity of neurons se-
creting neuropeptide Y can be modulated by vari-
ous factors. Decreased release of this transmitter 
is observed in the presence of increased levels of 
insulin, leptin and glucose, i.e. during the so-called 
“satiety state” of body. By contrast, NPY neurons 
are stimulated whenever the body is “fasting”, i.e. 
when the levels of these aforementioned substances 
are low [6]. Also, obesity is associated with higher 
levels of neuropeptide Y. Although the levels of 
leptin are high in obese individuals, its signaling is 
impaired due to leptin-resistance [6]. Finally, glu-
cocorticoids have also been revealed to stimulate 
NPY neurons.

In animals that were administered neuro-
peptide Y intraventricularly, a gradual decrease 
in liver sensitivity to insulin was observed, and 
consequently, a limited ability to inhibit glucose 
synthesis [6]. The same study revealed that neuro-
peptide Y exerts these effects via the efferent sym-
pathetic nerves supplying the liver. The authors of 
this study concluded that therapy including NPY 
receptor blockers could be a potential treatment 
method in diabetes and insulin resistance [6]. 
Another potential therapeutic modality could be 
targeted on the selective blocking of the respective 
sympathetic fibers innervating the liver [6].

AgRP
Agouti-related peptide is another orexigenic 

factor, i.e. a compound that stimulates appetite 
[5]. Similar to neuropeptide Y, the main source 
of AgRP includes neurons located in the arcuate 
nucleus of the hypothalamus. The release of AgRP 
is inhibited by leptin and stimulated by ghrelin [5]. 
AgRP influences energy homeostasis of the body 
mostly by acting through the melanocortin system, 
and particularly by way of type 3 and 4 melanotro-
pic receptors (MC3 and MC4 receptors) [8]. Act-
ing antagonistically on this system, AgRP can lead 
to increased appetite and a resultant development 
of obesity. Central administration of AgRP results 
in an inhibited metabolism, increased appetite and 
gain in body mass [9]. Increased plasma concen-
trations of agouti-related peptide were observed 
in a study of obese males [7]. This parameter was 
positively correlated with body mass index (BMI), 
fat tissue mass, plasma levels of α-MSH and leptin 
(both being increased in obese individuals), and 
with fasting concentrations of insulin [7].

POMC
Proopiomelanocortin (PoMC) is a precursor 

polypeptide for such active peptides as adreno-
corticotropic hormone (ACTH), β-lipoproteins 
and melanotropic hormones (α-MSH, β-MSH, 
γ-MSH). The derivatives of PoMC play various 
roles in the body: they modulate secretion by the 
adrenal cortex, regulate sexual behaviors and lac-
tation, affect skin pigmentation, carry out immune 
functions, and are involved in the maintenance of 
energy balance [12]. In the central nervous system, 
PoMC neurons are localized predominantly in the 
hypothalamus (particularly in the arcuate nucleus) 
and in the nucleus of the solitary tract; addition-
ally, they are found in the anterior and interme-
diate pituitary [9, 12]. Therefore, PoMC neurons 
are found in regions that are particularly involved 
in the energy control of the body. PoMC-null 
mice are characterized by minimal adrenal gland 
size, undetectable serum concentrations of gluco-
corticoids, and obesity, with these features being 
more pronounced in homozygotic individuals. 
Melanocortin peptides, especially alpha-MSH, ap-
pear to have a critical role in the regulation of body 
weight, despite the absence of corticosteroids [9, 
13]. Although the prevalence of diabetes was not 
increased significantly among these animals, they 
were characterized by some disorders of carbohy-
drate metabolism regulation [9, 13]. Most of these 
disorders pertained to the impaired secretion of 
glucagon under hypoglycemic conditions [9, 13]. 
The lack of glucocorticoids could explain normal 
levels of insulin and glucose as well as defect of the 
counterregulatory response in insulin-induced hy-
poglycemia. However, long-term supplementation 
with those hormones didn‘t lead to hyperglycemia, 
although it did prevent hypoglycemia. [9, 13] The 
relative effects of lack of melanocortins versus lack 
of glucocorticoids on appetite, body weight ho-
meostasis and glucose homeostasis is still unclear. 
It is known that the regulation of that homeostasis 
requires the integration of both central and pe-
ripheral melanocortin signaling systems [9, 13].

Alpha-melanotropic hormone is a PoMC 
derivative significantly involved in the regulation 
of appetite and body mass. Alpha-MSH acts pre-
dominantly via MC3 and MC4 receptors. It has 
anorexigenic properties, i.e. decreases appetite, 
prevents gains in body mass, and regulates me-
tabolism [10]. Administration of this compound 
to PoMC-null mice resulted in a reduced appe-
tite and lower prevalence of obesity [13]. Defects 
of the melanocortin system, for instance defects of 
MC3 and MC4 receptors, are responsible for the 
development of obesity in animals [9]. Additional-
ly, an association between a mutation of the MC4 
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receptor and obesity was observed in humans [9]. 
Recently, autoantibodies against the MC4 receptor 
were identified in obese individuals [9]. Knowing 
the function of these receptors, researchers have 
tried to understand their mechanism of action. 
Thus far, the activation of MC4R has been proven 
to be associated with the release of other factors 
involved in the control of energy balance, such 
as: BDNF, oxytocin, and corticotropin-releasing 
hormone (CRH) [9]. Additionally, an increased 
expression of nesfatin-1 was observed during the 
stimulation of MC4 receptors [9].

Nesfatin-1 is one of the more recently analy-
zed elements of melanocortin pathway activation 
[9]. As mentioned above, this pathway is inhibited 
by agouti-related peptide, one of the orexigenic 
factors which acts antagonistically on type 3 and  
4 melanotropic receptors [8–9].

Recent research has been centered upon the 
possible association of the melanotropic system 
(particularly α-MSH) with insulin resistance and 
diabetes. Impaired signaling of alpha-melano-
tropic hormone at the level of the central ner-
vous system (resulting from a defect of the MC4 
receptor and to a lesser extent the MC3 receptor) 
is reflected by an increase in insulin resistance, 
while intracerebral administration of this peptide 
is associated with reduced insulin resistance [10]. 
Additionally, improved insulin sensitivity was 
observed in MC4 receptor-deficient mice during 
the peripheral administration of melanocortin 
system agonists [10]. Moreover, previous studies 
confirmed the protective influence of α-MSH on 
pancreatic islets. Alpha-MSH protected pancreatic 
islets from pro-inflammatory cytokines, enabling 
their proper endocrine function in terms of insulin 
secretion [9, 11].

Nesfatin-1
In 2006, Japanese researchers identified anoth-

er interesting compound in the central nervous sys-
tem, designated nesfatin-1. Numerous recent stud-
ies have cleared up most of the questions dealing 
with the physiological role of this factor. Nesfatin-1 
was revealed to be another regulator of the energy 
homeostasis of the body [14–16]. It is comprised of 
82 amino acids, and originates from nucleobindin 2 
protein (NUCB2) [15]. Expression of nesfatin-1 is 
observed in the brain, and particularly in regions that 
are significantly involved in the control of appetite 
and body mass. These regions include the hypotha-
lamus (particularly the arcuate and paraventricular 
nuclei) and the brain stem (especially the nucleus 
of the solitary tract) [14–16]. Nesfatin-1 can cross 
the blood-brain barrier bidirectionally [14–15]. 

Authors of these studies assumed that besides the 
central form, there also probably exists a periphe-
ral form of this polypeptide (as in the case of GlP-
1), and searched for this form with a focus on the 
alimentary tract. Finally, they found nesfatin-1 in 
the endocrine cells of the stomach and duodenum 
(gastric form) [14–15]. Additionally, a pancreatic 
form of this peptide was identified, with expres-
sion in the pancreatic islets of langerhans (both in 
murine and rat β cells, and in human β cells) [14]. 
Recently, both the expression of mRNA for NUCB2 
precursor protein and the expression of nesfatin-1 
itself were found in adipose tissue of animals and 
humans. In the case of clinical studies, experimental 
material was obtained by biopsy performed during 
scheduled surgeries. In the same studies, plasma lev-
els of nesfatin-1 were determined in humans with 
no significant gender-related differences observed. 
A significant association was observed, however, 
between nesfatin-1 levels and higher values of BMI 
in humans. Additionally, an increased expression of 
this compound was observed in the adipose tissue 
of animals that were switched onto a fat-rich diet. 
In these animals, the levels of nesfatin-1 in fat tissue 
were positively correlated with an increase in body 
mass resulting from the excessive supply of energy 
[20]. Therefore, authors of this study suggested that 
nesfatin-1 might act as some kind of adipokine in-
volved in the development of obesity. The activity 
of nesfatin-1 was compared to leptin as well, an-
other factor released by fat tissue cells, an increased 
expression of which is also detected in obese indi-
viduals [20].

Nesfatin-1 is an anorexigenic factor; it decreases 
appetite and inhibits gain in body mass, mostly acting 
through the arcuate nucleus, and by inhibiting neu-
rons associated with the release of neuropeptide Y  
[14, 22]. Decreased appetite was observed in rats 
during the intraventricular administration of this 
compound. By contrast, the administration of spe-
cific antibodies against nesfatin-1 lead to appetite 
stimulation [14]. Moreover, this polypeptide mod-
ulates carbohydrate metabolism, stimulating the 
secretion of insulin and inhibiting glucagon secre-
tion [17]. Consequently nesfatin-1, as a novel factor 
with the ability to decrease glucose concentration, 
still gains the interest of researchers looking for new 
modalities of diabetes and obesity management. In-
terestingly, the central influence of nesfatin-1 and 
its resulting anorectic effects can be also observed 
in leptin-resistant cases [16]. This is possible mostly 
due to the influence of this polypeptide on the para-
ventricular nucleus of the hypothalamus. oxytocin 
neurons are activated in this nucleus, further stimu-
lating PoMC neurons in the nucleus of the solitary 
tract in the brainstem. Therefore, the melanocortin 
pathway is involved, and the whole process does 
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not require the presence of leptin [16]. This finding 
raises a possibility for the future treatment of obese 
individuals with leptin resistance and impairment 
of some signaling pathways based on anorexigenic 
neurotransmitters [16].

Recently, interesting findings were published 
by Chinese researchers who analyzed the plasma 
levels of nesfatin-1 in patients with type 1 and type 2  
diabetes. Similar to previous research, this study did 
not reveal any gender-related differences in nesfa-
tin-1 concentration. However, a slight increase in 
nesfatin-1 levels was observed in type 1 diabetic 
patients when compared to healthy controls, while 
type 2 diabetic individuals were characterized by 
a significant decrease in this parameter [21]. This 
study provided further evidence that levels of nesfa-
tin-1 can change with various pathological stages. 
Although the mechanisms behind the action of this 
factor and its role in the regulation of various vital 
functions are still not fully understood, the results 
of previous studies suggest that it is significantly 
associated with metabolic disorders. Therefore, be-
sides understanding the role of nesfatin-1 in reduc-
ing obesity, studies on its influence on carbohydrate 
metabolism seem another important direction of 
further research [21–22].

GLP-1
Glucagon like peptide-1 is a hormone released 

by the l cells of the alimentary mucosa, and partic-
ularly by the cells of the small intestine. Addition-
ally, a cerebral form of GlP-1 (brain glucagon like 
peptide-1) has been identified, which is released in 
the central nervous system and plays the role of 
a neuropeptide [5, 18, 19]. In the brain, GlP-1 was 
found predominantly in cells of the nucleus of the 
solitary tract and in the area postrema [18–19]. It 
was revealed that not only the peripheral form of 
GlP-1 is involved in the regulation of the pancre-
atic secretion of insulin [19]. During experimental 
intraventricular infusion of a central GlP-1 re-
ceptor agonist (exendin Ex4), a four-fold increase 
in insulin secretion was observed, along with en-
hanced hepatic glycogenesis and reduced muscular 
glycogenesis [18]. These processes were observed 
under hyperglycemic conditions obtained by 
means of intravenous infusion of glucose. By con-
trast, intraventricular infusion of a GlP-1 receptor 
antagonist (exendin Ex9), resulted in the decreased 
pancreatic secretion of insulin, along with a lower 
deposition of glycogen in the liver [18].

Therefore, brain glucagon like peptide-1 
modulates the release of insulin from pancreatic 
β cells [18-19]. Additionally, this neuropeptide is 
involved in the utilization of glucose, stimulating 

liver deposition of glycogen [18]. GlP-1 exerts its 
effects under hyperglycemic conditions, in order 
to prevent postprandial hypoglycemia [18].

The presence of glucose in the alimentary 
tract is a kind of stimulus inducing the pancrea-
tic release of insulin. This process involves GlP-1 
and is known as the incretin effect. Stomach and 
intestinal “detectors” of glucose are connected 
to the brain via the autonomic nervous system 
[18]. Central impairment of the action of cerebral 
GlP-1 may lead to the blockage of the peripheral 
incretin effect. This relationship was confirmed in 
mice during the intraventricular administration of 
a central GlP-1 receptor antagonist (exendin Ex9) 
under hyperglycemic conditions stimulated by the 
intravenous or intragastric administration of glu-
cose. A similar degree of reduction in plasma in-
sulin levels was observed irrespective of the route 
of glucose administration [18].

BDNF
Brain derived neurotrophic factor is a neu-

ron-released neutrophin belonging to compounds 
responsible for the proper function of neurons. It 
modulates their growth, metabolism, differentia-
tion, maturation and maintenance of their synap-
tic “plasticity” and acts via activation of tropomy-
osin-related kinase B receptor (TrkB) [23–28]. 
Moreover, this protein plays an important role in 
the processes of learning and memorization [24]. 
BDNF has been detected in the CNS, mostly in the 
hippocampus, hypothalamus and cerebral cortex. 
Decreased levels of BDNF have been observed in 
such neurodegenerative disorders as Alzheimer’s 
disease, Huntington’s disease, and Parkinson’s 
disease, as well as in some mental disorders, e.g. 
depression [23–25]. low concentrations of this 
peptide are associated with disorders of cogni-
tive function, and a decreased ability to learn and 
memorize [23–25]. BDNF plays an important role 
in the regulation of central and peripheral metabo-
lism. That neurotrophin is expressed in many pe-
ripheral tissues as adipose tissue, muscles, and liv-
er [28–30]. It is also involved in the development 
and survival of the arterial baroreceptor system 
[29]. Recently, involvement of this factor in the 
regulation of the energy homeostasis of the body 
has also been postulated [23–25]. Similar to pre-
viously mentioned transmitters, BDNF can regu-
late appetite, metabolism and body mass. It has 
exerted anorectic effects in experimental studies, 
including a reduction of fat tissue and decreased 
appetite after both central and peripheral adminis-
tration in obese mice [24–25]. Interestingly, BDNF 
can also directly modulate carbohydrate metabo-
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lism, decreasing the blood concentration of gluco-
se, improving its tolerance and insulin resistance 
[23–28]. Decreased plasma levels of BDNF have 
been observed in obesity and type 2 diabetes (also 
in cases of diabetes with no concomitant over-
weight or obesity). This aforementioned relation-
ship was confirmed both in animal studies and 
in humans [23–25, 27]. However, contrary find-
ings were published by the Japanese authors; they 
found markedly elevated serum levels of BDNF in 
women with newly diagnosed type 2 diabetes, who 
did not previously receive any anti-diabetic treat-
ment (either non-pharmacological management 
or hypoglycemic agents) [26, 27]. Additionally, 
the same clinical trial revealed a positive correla-
tion between serum BDNF levels and body mass 
index [26]. Authors of this study concluded that 
the increased serum level of BDNF might result 
from an enhanced release of BDNF from blood 
platelets during the early stages of the disease. This 
could be some kind of protective or compensatory 
mechanism (particularly in light of the fact that 
blood platelets constitute the main depository of 
circulating BDNF). These mechanisms are most 
likely impaired due to the metabolic disorders tak-
ing place in the later stages of diabetes and obesity, 
which are reflected by decreased serum levels of 
this neutrophin [26].

BDNF can cross the blood-brain barrier; its 
transfer from the central level to the periphery can 
be inhibited under hyperglycemic conditions [23]. 
It is probable that the concentration of circulating 
BDNF depends on the serum glucose concentra-
tion, but is not related to the blood level of insulin. 
This relationship was also confirmed in humans 
in a study by Krabbe et al. [25]. They observed 
that peripheral secretion of BDNF was decreased 
by elevated blood levels of glucose. No significant 
changes in the levels of BDNF that crossed the 
blood-brain barrier were observed in the case of 
hyperinsulinemia with coexisting normoglycemia 
[25]. In the same study, the authors assumed that 
inflammation is involved in the etiopathogenesis 
of type 2 diabetes, and analyzed the association be-
tween BDNF levels and CRP concentration. They 
found no significant relationship between these 
two parameters and therefore confirmed that the 
level of BDNF depends on disorders of carbohy-
drate metabolism irrespective of concomitant in-
flammation [25].

In view of the established function of BDNF, 
including its neuroprotective properties, involve-
ment in body metabolism, and influence on car-
bohydrate metabolism, it is currently considered 
a common pathogenic factor for such diseases as 
type 2 diabetes and neuropsychiatric and neurode-
generative disorders [23, 25].

It is a well-known fact that diabetes is an inde-
pendent risk factor for stroke. This may be caused 
by the inhibition of neurotrophin secretion and 
a reduced neuroprotection. Decreased expression 
of BDNF in microvascular brain endothelial cells 
was observed in a study of rats with streptozoto-
cin-induced diabetes. This is probably associated 
with an increased accumulation of advanced gly-
cation end products in microvessels as the result 
of prolonged hyperglycemia [32].

Recently, participation of BDNF in neuronal 
damage in diabetic retinopathy has also been em-
phasized. Knowing its important role in the survival 
of neurons, researchers are considering its potential 
role in the rescue of photoreceptors via treatment 
in combination with ciliary neurotrophic factor 
(CNTF). In this case, the mechanism of action of 
BDNF may depend on its regulation of glutamine 
synthetase and increased glutamate uptake [31]. 

The authors concluded that type 2 diabetes is 
a metabolic disorder resulting from resistance to 
insulin and the gradual loss of endocrine function 
by pancreatic β cells. Established risk factors for 
this disease include genetic predisposition, obesity 
and improper lifestyle (low levels of physical ac-
tivity, fat- and carbohydrate-rich diets). Previous 
studies of the etiopathogenesis of diabetes have 
centered around pancreatic and other peripheral 
disorders, i.e. at the level of the target tissues for 
insulin. Furthermore, the anti-diabetic agents 
available compensate for disorders of carbohy-
drate metabolism via peripheral action. However, 
an association between the central nervous system 
and the development of this disease has more and 
more frequently been implicated. Disorders of 
the complex system of central neurotransmitters 
might be involved in the worsened control of the 
body’s energy balance, and therefore constitute 
potential reasons for obesity, insulin resistance 
and diabetes. These metabolic disorders may also 
result from injury to neurons, which are the source 
of the transmitters and peptides presented in this 
review, as confirmed by the more and more fre-
quently implicated association between neurop-
sychiatric and neurodegenerative disorders and 
impaired carbohydrate metabolism, poor glucose 
tolerance and insulin resistance. Perhaps other 
diseases of the central nervous system, which lead 
to neuronal destruction (e.g. stroke), should be 
analyzed with regard to the resultant impairment 
of carbohydrate metabolism. A detailed analysis 
of disorders taking place at the central level would 
also be interesting in order to discover the meth-
ods of their inhibition, or at least their compens-
ation. Data obtained during such analyses could 
initiate a new era in the therapy of both obesity 
and type 2 diabetes.
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