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INTRODUCTION

With the growing problem of obesity in
developed countries, metabolic syndrome
(MS) has become an important clinical issue
and public health challenge. Thus, intensive
research has been undertaken to elucidate
the basis of this condition, and potentially
to develop methods to prevent it. Recently,
more attention has been paid to the role of
the vasopressinergic system in the pathogen-
esis of MS. The aim of the current literature
review is to present state-of-the-art knowl-
edge on the role of the vasopressinergic
system in MS.

HISTORY

Studies on MS were initiated already in the
1920s when a relation between hyperten-
sion and hyperglycaemia was reported. In
late 1980s, insulin resistance was linked to
compensatory hyperinsulinaemia and both
were established as important risk factors for cardiovascular
disease. This constellation was initially called syndrome X,
encompassing hyperinsulinaemia, hyperglycaemia, diabetes
type 2, obesity, hypertension, elevated serum very-low-density
lipoprotein (VLDL) level, and low high-density lipoprotein
(HDL) level. Later, abdominal obesity was added to this con-
cept and a new term of MS was introduced [1].

DEFINITION
Taking into account the complex pathogenesis of MS, in
2009 the International Diabetes Federation (IDF), American
Heart Association (AHA), and the National Heart, Lung and
Blood Institute (NHLBI) proposed a common definition of MS
which is diagnosed based on the presence of 3 of 5 criteria
shown in Table 1 [2].

EPIDEMIOLOGY

With the current epidemics of overweight and obesity in
developed countries, MS has become an important clinical
problem. According to IDF, MS is present in one fourth of
the adult population worldwide. The rates of MS in various
countries are estimated to range from 10% to 80% depending
on the current economic status, age, gender, and race [3].
The presence of MS is positively associated with body mass
index (BMI) as this condition has been diagnosed in as many
as 60% of obese subjects (BMI > 30 kg/m?) [4]. According to
the current definition, MS is present in 40.1% of adults in the
United States [2]. The incidence of MS was shown to increase
with age. In Europe, the rates of MS are 43-78% in women
and 24-65% in men depending on the region [5]. Based on
the IDF criteria, MS was diagnosed in 20% of women and
23% of men in Poland [6].

PATHOGENESIS

Modifiable risk factors, such as abdominal obesity and low
physical activity, were shown to play an important role in the

Table 1. Diagnostic criteria of the metabolic syndrome

Risk factors Values

Abdominal obesity Men > 94 cm

— waist circumference* Women > 80 cm
150 mg/dL
Men < 40 mg/dL
Women < 50 mg/dL

Systolic > 130 mm Hg

Elevated plasma triglyceride level
Low plasma high-density lipoprotein
cholesterol level
Elevated blood pressure

or diastolic > 85 mm Hg
Elevated fasting plasma glucose > 100 mg/dL
level or diabetes type 2

*Criteria for Caucasians according to International Diabetes Federation
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Figure 1. Effect of the vasopressinergic system on energy
balance; AVP — arginine vasopressin; CNS — central nervous
system; LHA — lateral hypothalamic area; PVN — paraventri-
cular nucleus; SON — supraoptic nucleus

pathogenesis of MS. Other important factors include the effect
of genetic factors, age, and ethnic background [2].

An increased lipolytic activity is seen in obesity, leading
to an excessive increase in the serum level of free fatty acids
which limit peripheral glucose uptake and reduce insulin
sensitivity, resulting in insulin resistance. Free fatty acids also
increase tissue triglyceride stores and stimulate VLDL release
to blood, also increasing insulin resistance. The latter leads
to increased serum triglyceride and low-density lipoprotein
levels and reduces HDL level. Body compensatory response
to insulin resistance is an increase in blood glucose level,
leading to diabetes type 2. Hyperglycaemia contributes to
vascular damage, including of renal vessels, which might lead
to sodium retention and development of hypertension [7].
A twofold increase in mortality and a threefold increase in the
rates of myocardial infarction and stroke was found in subjects
with MS compared to those without MS [8].

Recently, more attention has been paid to the role of
stress-inducing factors in the pathogenesis of MS. Abnormal
regulation of the hypothalamus-pituitary-adrenal (HPA) axis
was shown in subjects with abdominal obesity. In addition,
hyperinsulinaemia increased arginine vasopressin (AVP)-
-induced adrenocorticotropic hormone (ACTH) release from
the pituitary [9]. Enhorning et al. [10] reported a significant
increase in vasopressinergic system activity in patients with
abdominal obesity and diabetes type 2. AVP is also known
to affect regulation of food intake (Fig. 1) [11]. Thus, the
vasopressinergic system seems to play a major role in the
pathogenesis of MS.
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VASOPRESSINERGIC SYSTEM
— GENERAL CHARACTERISTICS

The precursor hormone for vasopressinergic system peptides,
preproarginine vasopressin (preproAVP) is synthesized in the
paraventricular nucleus (PVN) and the supraoptic nucleus of
the hypothalamus. AVP, neurophysin 11, and copeptin (C-ter-
minal proAVP) are formed from preproAVP during its axonal
transport from the hypothalamus to the pituitary gland. AVP
release to blood is stimulated by, among others, an increase
in plasma osmolarity and hypovolemia [12]. In turn, AVP is in-
volved in the regulation of multiple physiologic processes such
as blood pressure homeostasis, diuresis, platelet aggregation,
ACTH release, and carbohydrate and fat metabolism [13].

AVP affects tissue and organ activity via its receptors:
Via (V1aR), V1b (V1bR), and V2 (V2R). V1aR participate in
hepatic gluconeogenesis and glycogenolysis, platelet aggrega-
tion, and vasoconstriction. V1bR is more specific compared
to V1aR, as it is mostly located in the pituitary, pancreas, and
white adipose tissue. V1bR are sensitive to blood glucose
level, stimulate insulin and glucagon release, and participate
in stress response by affecting ACTH release from the pituitary
[14-16]. Diuresis is mostly regulated by V2R, located mainly
in renal collecting ducts [14].

Vasopressin is unstable in plasma, with the mean half-life
of just 24 min, resulting in a low sensitivity of its laboratory
measurements. Thus, the activity of the vasopressinergic
system is evaluated by plasma copeptin level measure-
ments. Equimolar amounts of AVP and copeptin were found to
be produced from preproAVP in the hypothalamus. Similarly
to AVP, plasma copeptin level depends on plasma osmolarity
but in contrast to AVP, copeptin is characterised by a longer
plasma half-life and stability at room temperature for as much
as 14 days [17].

FOOD INTAKE AND
THE VASOPRESSINERGIC SYSTEM

Vasopressinergic neurons are located in the hypothalamus
which is also responsible for the regulation of food intake
(Fig. 1). Available data suggest that brain areas particularly
involved in this process include PVN and the lateral hypo-
thalamic area (LHA) [18]. Efferent vasopressinergic fibres run
from the hypothalamus to the nucleus tractus solitarii (NTS)
which participates in the transmission of taste sensory inputs
and receives information on plasma glucose level [19]. The
presence of V1aR was shown in multiple central nervous
system structures that participate in the regulation of food in-
take, including the amygdala, LHA, nucleus accumbens, area
postrema, and neurons of cranial nerves V, VII, X, and X [20].

Experimental studies seem to confirm participation of
AVP in food intake. Administration of AVP directly into PVN
led to hyperglycaemia in Wistar rats [21]. Similarly, AVP
microinjections directly into NTS also contributed to a signifi-
cant increase in plasma glucose level in Wistar rats. In mice,

www.kardiologiapolska.pl



The role of vasopressinergic system in metabolic syndrome

activation of vasopressinergic neurons in PVN by exogenous
ligands stimulating AVP receptors resulted in an acute reduc-
tion of food intake [11]. A similar phenomenon was observed
in transgenic mice lacking the V1aR gene (V1aR-KO). It was
suggested that AVP plays a role in central regulation of food
intake by interacting with other neurotransmitters including
neuropeptide Y, vasoactive intestinal polypeptide, melano-
cortin, and opioids [22].

METABOLIC SYNDROME AND
THE VASOPRESSINERGIC SYSTEM
The involvement of the vasopressinergic system in central reg-
ulation of food intake suggests its important role in maintaining
body energy homeostasis, and also in metabolic disturbances.

In vitro studies showed that administering AVP to cul-
tured rat hepatocytes stimulated triglyceride and glucose
synthesis [23]. Fat metabolism was altered in mice lacking the
V1aR, with low triglyceride levels and high plasma glucose
levels. Those animals were also found to have an increased
risk of obesity and diabetes type 2 compared to the control
group [21]. In contrast, mice lacking the V1bR developed
a phenotype characterised by better glucose tolerance and
insulin sensitivity [14].

Similarly, reduced plasma glucose and copeptin levels
and increased triglyceride levels were reported in carriers
of rs1042615 T allele — one of four tag single nucleotide
polymorphism of the human V1aR gene — compared to CC
carriers. In addition, an association was found between this
polymorphism and an increased risk of diabetes type 2 in over-
weight subjects and those on a high-fat diet. The same group
showed an association between V1bR gene polymorphism
and high BMI and diabetes type 2. In several clinical studies,
an increase in plasma copeptin level was reported in subjects
with MS or its components including hypertension, abdominal
obesity, hyperinsulinaemia, and diabetes type 2. An effect of
low physical activity and high-fat diet on a significant increase
in plasma copeptin level was also observed. In subsequent
studies, the same authors confirmed that copeptin may serve
as an early marker of diabetes type 2 [24].

The vasopressinergic system has been long known to
participate in the stress response. Stress-inducing factors result
in AVP-mediated hyperactivation of the HPA axis, leading
to excessive glucocorticosteroid release, resulting in altera-
tion of processes that play a major role in the regulation of
carbohydrate and fat metabolism, and thus contributing to
the development of obesity and diabetes type 2. Both in vivo
and in vitro experimental studies showed a lack of negative
feedback between glucocorticosteroids and AVP, which is
characteristic for the role of corticotropin-releasing hormone
(CRH) in the regulation of HPA axis hormone levels. In vivo
studies in rats indicate that upon stimulation, AVP reaches
higher levels compared to CRH [25]. Thus, stress conditions
may result in AVP-mediated hyperstimulation of the HPA axis,
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resulting in excessive release of glucocorticosteroids with sec-
ondary alterations of carbohydrate and fat metabolism, leading
to the development of obesity, diabetes type 2, and MS [24].

SUMMARY
Available literature data suggest that the vasopressinergic sys-
tem plays a major role in the pathogenesis of MS, affecting its
components including abdominal obesity and diabetes type 2.

Conflict of interest: none declared

References

1. Alberti G. Introduction to the metabolic syndrome. Eur Heart J,
2005; Supl. D: 3-5. doi:10.1093/eurheartj/sui021

2. Alberti KG, Eckel RH, Grundy SM et al. Harmonizing the meta-
bolic syndrome: a joint interim statement of the International
Diabetes Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart As-
sociation; World Heart Federation; International Atherosclerosis
Society; and International Association for the Study of Obesity.
Circulation, 2009; 120: 1640-1645. doi: 10.1161/CIRCULATION-
AHA.109.192644.

3. Desroches S, Lamarche B. The evolving definitions and increas-
ing prevalence of the metabolic syndrome. App Physiol Nutr
Metab, 2007; 32: 23-32.

4. Park YW, Zhu S, Palaniappan L et al. The metabolic syndrome:
prevalence and associated risk factor findings in the US popula-
tion from the Third National Health and Nutrition Examination
Survey, 1988-1994. Arch Int Med, 2003; 163: 427-436.

5.  Vliet-Ostaptchouk JV, Nuotio MJ, Slagter SN et al. The prevalence
of metabolic syndrome and metabolically healthy obesity in
Europe: a collaborative analysis of ten large cohort studies. BMC
Endocrine Disorders, 2014; 14: 9. doi:10.1186/1472-6823-14-9.

6. Wyrzykowski B, Zdrojewski T, Sygnowska E et al. Epidemiologia
zespolu metabolicznego w Polsce. Wyniki programu WOBASZ.
Kardiol Pol, 2005; 63: 1-4.

7. EckelR, Grundy S, Zimmet PZ. The metabolic syndrome. Lancet,
2005; 365: 1415-1428.

8. Stern M, Williams K, Gonzalez-Villalpando C et al. Does the
metabolic syndrome improve identifi cation of individuals at risk
of type 2 diabetes and/or cardiovascular disease? Diabetes Care,
2004; 27: 2676-2681. doi:10.2337/diacare.27.11.2676.

9. Pasquali R, Gagliardi L, Vicennati V et al. ACTH and cortisol
response to combined corticotropin releasing hormone-arginine
vasopressin stimulation in obese males and its relationship to
body weight, fat distribution and parameters of the metabolic
syndrome. Int ] Obes, 1999; 23: 419-424.

10. Enhorning S, Bankir L, Bouby N et al. Copeptin, a marker of vaso-
pressin, in abdominal obesity, diabetes and microalbuminuria:
the prospective Malmo Diet and Cancer Study cardiovascular
cohort. Int ] Obes, 2013; 37: 598-603. doi: 10.1038/ij0.2012.88.

11. Pei H, Sutton AK, Burnett KH et al. AVP neurons in the para-
ventricular nucleus of the hypothalamus regulate feeding. Mol
Metab, 2014; 3: 209-215. doi:10.1016/j.molmet.2013.12.006.

12. Baylis PH. Osmoregulation and control of vasopressin secretion
in healthy humans. Am ] Physiol, 1987; 253: 671-678.

13. Cudnoch-Jedrzejewska A, Dobruch J, Puchalska L, Szczepanska-
-Sadowska E. Interaction of AT1 receptors and V1a receptors-me-
diated effects in the central cardiovascular control during the
post-infarct state. Regul Pept, 2007; 142: 86-94. doi:10.1016/j.
regpep.2007.01.010.

14. Taka-aki K, Kazuaki N, Nobuaki E. Vasopressin V1a and V1b
receptors: from molecules to physiological systems. Physiologi-
cal Rev, 2012;92: 1813-1864. doi: 10.1152/physrev.00035.2011.

385



Olena Borowik et al.

15.

16.

17.

18.

19.

20.

386

Cudnoch-Jedrzejewska A, Szczepanska-Sadowska E, Dobruch J,
Gomolka R, Puchalska L. Brain vasopressin V(1) receptors con-
tribute to enhanced cardiovascular responses to acute stress in
chronically stressed rats and rats with myocardial infarction. Am
J Physiol Regul Integr Comp Physiol, 2010; 298: R672-R780. doi:
10.1152/ajpregu.00543.2009.

Cudnoch-Jedrzejewska A, Puchalska L, Szczepanska-Sadowska E
et al. The effect of blockade of the central V1 vasopressin
receptors on anhedonia in chronically stressed infarcted and
non-infarcted rats. Physiol Behav, 2014; 135: 208-214. doi:
10.1016/j.physbeh.2014.06.011.

Meijer E, Bakker SJ, Halbesma N et al. Copeptin, a surrogate marker
of vasopressin, is associated with microalbuminuria in a large popu-
lation cohort. Kidney Int, 2010; 77: 29-36. doi: 10.1038/ki.2009.397.
Nonogaki K, Iguchi A. Role of central neural mechanisms in the
regulation of hepatic glucose metabolism. Life Sci, 1997; 60:
797-807. doi:10.1016/S0024-3205(96)00596-6.

Adachi A, Kobashi M, Funahashi M et al. Glucose-responsive
neurons in the brainstem. Obes Res, 1995; 5: 735-740.
Ostrowski NL, Lolait SJ, Young WS. Cellular localization of
vasopressin V1a receptor messenger ribonucleic acid in adult

21.

22.

23.

24.

25.

male rat brain, pineal, and brain vasculature. Endocrinol, 1994;
135:1511-1528.

Kalsbeek A, La Fleur S, Van Heijningen C et al. Suprachiasmatic
GABAergic inputs to the paraventricular nucleus control plasma
glucose concentrations in the rat via sympathetic innervation of
the liver. ] Neurosci, 2004; 24: 7604-7613.

Aoyagi T, Kusakawa S, Sanbe A et al. Enhanced effect of neu-
ropeptide Y on food intake caused by blockade of the V(1A)
vasopressin receptor. Eur ] Pharmacol, 2009; 622: 32-36. doi:
10.1016/j.ejphar.2009.09.017.

Pollard AD, Brindley DN. Effects of vasopressin and corticos-
terone on fatty acid metabolism and on the activities of glycerol
phosphate acyltransferase and phosphatidate phosphohydrolase
in rat hepatocytes. Biochem J, 1984; 217: 461-469.

Enhorning S. The vasopressin system in diabetes mellitus, obe-
sity and the metabolic syndrome. Lund University, Faculty of
Medicine Doctoral Dissertation Series, Lund 2012.

Goncharova ND. Stress responsiveness of the hypothalamic-pi-
tuitary-adrenal axis: age-related features of the vasopressinergic
regulation. Front Endocrinol (Lausanne), 2013; 4: 26. doi:
10.3389/fend0.2013.00026.

www.kardiologiapolska.pl



