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Neuropeptides Y: Biomarker or predictor
of hypertension in obesity?
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SUMMARY

Obesity is a modern disease that tends to become a pandemic. Its pathophysiology is multifactorial and often the
involved mechanisms are overlapped, while they are not fully specified. The phenomenon of maintaining energy
homeostasis consists of the central and the peripheral part and their interaction is mainly processed through
neuropeptides. Depending on their function, neuropeptides are classified to either appetizing or anorectics, and
moreover, to either central or lateral. The major central orexigenic peptide is the neuropeptide Y (NPY), which plays
a primary role in energy homeostasis, mainly by regulating thermogenesis in adipose tissue. Furthermore, beyond
the regulation of thermogenesis, NPY participates in the regulation of many other physiological functions of the
human body, while the level of NPY could result the contribution of overactive Sympathetic Nervous System (SNS)
in the pathogenesis of arterial hypertension (HTN) in obese people. The aim of this review is to summarize and ful-
ly understand the role of NPY in obesity and arterial hypertension and in particular in hypertension in obese people.
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NEPIAHWH

H maxvoapkia anotelet pia ovyypovn vooo Tou Teivel va AdBel dlaotdoelc mavdnuiag. Ot TaBopuolo-
AoyLKol pnxaviopol Tiou eUMAEKOVTAL £lval TIEPITTAOKOL Kal AAANAETUKAAUTITOPEVOL, EVW TALTOXPOVA dEV
elval mM\npw¢ dlevkplviopevol. O unxaviopog dlatnenong TNG EVEPYELAKNG OPOoLOOTAClaC amoteAeital
amo TNV KEVTPLKI KAl TNV TEEPLPEPLKT Holpa Kal N ETKOWVWVIA Toug yiveTal, Kupiwe HECW TwWV VELPOTIE-
TTdlwy. Ta vevporerttidla dlakpivovTtal avaAoya e Tn 6pdon Toug o 0peELOyOVa KAl AVOPEELOYOVA, KE-
VIPLKA KAL TIEEPLPEPLKA. TO CNUAVTIKOTEPO KEVTPLKO 0pegLoydvo TeTTidLo elval To veuporemtidlo Y (NPY),
To omolo dladpapatiZel mpwWTELOVTA POAO OTOV UNXAVIOKO TNG EVEPYELAKIC OUOLOOTACLAG, KLPLWE HECW
pPLBULONG TNC Bepoyeveong aTov Amwon LoTo. MNapdAAnAa to NPY, tEpav TN puBULONG TNG Beppoyeve-
0NG, OLPPETEXEL OTN PUBULON TIOAAWY PUOLOAOYLIKWY AELTOLPYLWY TOU AVBPWTILVOU OPYaVICHOU, EVW Ta
emnineda tou NPY mibavov va avtavakAoLy TV CUPKETOXN TNG AvEnuEVNS 6pacTNELOTNTAG TOU XuUTabn-
TKoL Nevplkol FuoTApatog (ENX) otnv maboyeveon Tng ApTnpLlakng Yrieptaong (AY) oTny maxuoapkia.
2KOTIOC AUTHG TNG AvaoKomnong elvat n cuvoywn Kat katavonan Touv poAou Touv NPY otnv maxuoapkia kat
TNV AY Kal TILO CLYKEKPLUEVA, OTNV AY GTOUG TTAXVOAPKOUC.

AE€erg-kAeda: NPY, taxuoapkia, apTnpLaxr) LTIEPTAON

NPY
NPY constitutes a central orexigenic, which, along with the
peptide YY (PYY) and the pancreatic polypeptides belong to
the “family” of the pancreatic peptides. The pancreatic pep-
tides are distributed both in the central and the peripheral
nervous system." (Fig.1).

Fig-1: NPY chemical structure
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There have been identified five subtypes of NPY recep-
tors which are connected with G proteins. These subtypes
areY1,Y2,Y4,Y5and y6.?

NPY expression and food intake regulation
Centrally, NPY is translated in many places like hypothala-
mus, amygdaloid nucleus, hippocampus, nucleus tractus
solitaries (NST) and spinal cortex.® High consecration of
NPY is mainly found in adrenal glands.* In periphery, NPY is
found in various positions and that indicate the diverse role
of NPY. This role is not limited to the regulation of energy
homeostasis but also extends to other functions.®

Control of the homeostasis of energy is firstly determined
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by the secretion of NPY, leptin, insulin, ghrelin and secondari-
ly by the secretion of other peripheral neuropeptides.® Leptin
and insulin penetrate the blood-brain barrier and suspend
the neuronal activity of NPY/AgRP(agouti-related peptide)
neurons. At the same time, insulin and ghrelin boost the neu-
ronal activity of pre-opium-melanocortine/ cocaine and am-
phetamine regulated transcript (POMC/CART) whose role is
to suspend food intake.”® On the other hand, ghrelin which is
secreted by the stomach and the duodenum, activates the
NPY/AgRP neurons in the Arctuate nucleus of hypothala-
mus (ARC), boosting this way the food intake.’

NPY’s composition and secretion increases during pe-
riods of energy shortage. This shortage can be caused by
a reduction in the amount of food ingested or by a high de-
mand on energy. ARC's neurons produce NPY so that the
energy balance can be restored during these periods of
energy shortage.’® On the other hand, in the case of obesi-
ty caused by a volitional increase of one's amount of food
ingested, (not compensatory) there hasnt been noticed
increased activity if the ARC neurons which produce NPY.
Contrary, there is evidence of a decrease of this activity,
most probably resulting from our organism's effort to re-
duce unnecessary energy storage.™

One main route through which the NPY of ARC and
DMH (dorsomedial hypothalamus) regulates the energy
balance via the Sympathetic Nervous System (SNS), is the
regulation of thermogenesis and the effect both in the white
adipose tissue (WAT) and the brown adipose tissue (BAT).°
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NPY co-exists within the terminal neuron with Norepi-
nephrine (NE) and adenosine triphosphate in the SNS's
postganglionic fibers throughout the body, and is released
in amounts proportional to the intensity of the excitation of
SNS.’? The increase of NPY in the hypothalamus suppress-
es the release of catecholamines, primarily of NE through
the SNS, and therefore reduces the lipolysis related to the
cyclic AMP (cAMP)- A protein kinase (PKA) via b-adrener-
gic receptors. On the other hand, NPY which exists in the
peripheral, stimulates lipogenesis, where the ERK (Extra-
cellular Regulated Kinases) mediate. The reduction of SNS
tone is counterbalanced by catecholamines, particularly by
adrenalin, which stimulates adipogenesis, probably by reg-
ulating NPY.™

Obesity is characterised by the large number and the
hypertrophy of WAT cells, especially in visceral fat, but also
by the alterations of SNS activity, which includes increase of
lipid storage and decrease of acidosis.™

Peripherally, NPY binds to Y1, Y2 and Y5 receptors and
acts on b-adrenergic receptors (b1, b2, b3), amplifying their
connection with G-proteins, a fact that leads to inhibition of
adenylyl cyclase (AC) and ¢ AMP production. The reduced
levels of cAMP inhibit PKA phosphorylation, which activates
the hormone-sensitive lipase (HSL). At the same time, PKA
s reduced activity inhibits the phosphorylation of a group of
proteins (peri), which control the amount of lipolysis.™

As for the effect of NPY on BAT, this is performed via re-
duction of SNS tone and thermogenesis control. Increasing
levels of NPY in hypothalamus reduce SNS tone -especial-
ly reducing NE's activity- and, consequently, the signaling
of cAMP-PKA is via b- adrenergic receptors inhibited. Re-
duced lipolysis is responsible for the reduction of fatty acid
storage in BAT and, also, the reduction of expression and
secretion of UCP1 protein, a fact that causes decrease in
thermogenesis.'®

Given the fact that NPY controls the production of ad-
ipose tissue, in combination with the fact that NPY levels
are increased in ARC, in exposure to chronic stress' and
under circumstances of long-term, high fat content diets,
we can come to a conclusion that increasing NPY levels in
ARC contribute to obesity development, since they promote
food intake and energy costs reduction.®

In the peripheral nervous system, NPY is expressed in
sympathetic neurons, myenteric Auerbach's plexus and
submucosal nerve plexus of intestine nervous system. NPY
is also synthesized and released by pancreatic islet cells via
Y1 receptor and inhibits the glucose-induced insulin secre-
tion. High NPY levels are observed after SNS stimulation
and in patients suffering from pancreatic endocrine tumors,

carcinoid tumors, neurogenic tumors, including neuroblas-
toma and pheochromocytoma. In gastrointestinal system,
NPY causes reduction of fluid and electrolyte secretion and,
also, reduction of stomach and small intestine movement.
Intravascular administration of NPY in visceral circulation
is related to vasoconstriction, something that can't be re-
versed with a- or b- blockers administration.’®

Hypertension and obesity

The mechanisms through which obesity causes blood hy-
pertension have been studied both on human, as well as on
experimental models (animals). It seems that there is a va-
riety of mechanisms in blood pressure (BP) variability, such
as derivatives of fatty tissue, neuro-hormone mechanisms,
metabolic functions and multiple other factors.™

More specifically, hypothalamus, hemodynamic chang-
es -such as Sodium retention- and also kidney structural
changes, renin-angiotensin- aldosterone system (RAAS),
increased SNS stimulation, low sensitivity of baroreceptors’
reflex, high levels of free fatty acids in plasma and increase
of activity of high levels of angiotensin in plasma contrib-
ute to the pathophysiological mechanism. Furthermore,
hyperinsulinemia and increased insulin resistance, hyper-
leptinemia and increased leptin resistance, neuropeptides
such as NPY, ghrelin and adiponectin, corticosteroids, vas-
cular endothelium disfunction, high levels of endothelin-1
and reduced carbon monoxide (CO) synthesis play a role in
Hyprtension (HTN) of obese people. Consequently, high BP
in obesity is the result of the combination or even duplica-
tion of the factors described above.™

Is there a link between NPY and
obesity Hypertension?
According to recent studies, it seems that NPY plays a role
in central cardiovascular system regulation, since research-
es performed both on human and on experimental mice
prove that central and peripheral NPY is involved in the de-
velopment and maintenance of HTN.%

In particular, researches performed on human show
that NPY levels in plasma are higher in people with HTN,
even in non-dippers (less than 10% drop in blood pressure
during sleep).?” The same applies to mice with essential
HTN. Researches performed on experimental mice with
HTN, show that NPY’s neural network is thicker and NPY
levels are higher compared to mice with normal BP. The in-
crease of NPY neural network’s neurosis increases with age
and precedes development of HTN.?? Specifically, it's been
proved that the expression of Y2 receptors in mice increas-
es during the early phase of HTN development. %
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NPY injection in posterior hypothalamic nucleus and/or
into cerebral ventricles, in mice with HTN, seems to be en-
hancing high BP?? Meanwhile, administration of NPY’s Y1
antagonist (BRC-672) caused drop in BP?*

It has been noticed in rats with essential HTN, that the
activity of NPY receptors and a2 adrenergic receptors is
decreased presynaptically. This fact leads to reduced retro-
grade regulation of NE and NPY release, during periarterial
neuron stimulation.?® These data suggest that increase of
SNS tone combined with changes in presynaptic NE and
NPY inhibition in sympathetic neurons could be a signifi-
cant factor contributing in development and maintenance
of HTN.?

Data from last decade attach a new role to NPY and its
effect on cardiovascular system. It seems that NPY stimu-
lates the proliferation of cells of vascular smooth muscle
fibers. This action was initially found to be performed via Y1
receptors, even in lower NPY levels than the ones causing
vasoconstriction.?6?’

Specifically, sympathetic nerves innervating blood ves-
sels, synthesize, store and release NE, NPY and adenosine
triphosphate (ATP). ATP mediates rapid phase, NE medi-
ates in the intermediate phase and NPY mediates in the
long-term phase of SNS induced vasoconstriction. Stim-
ulation of the periarterial nerve promotes Na+ entry into
presynaptic neuron and leads to neuron depolarization and
Ca++ entry into presynaptic neuron. High levels of Ca++ fa-
cilitate vesicle fusion, that contain NE, NPY and ATR, which
are released in the synaptic cleft. Thus, NE, NPY and ATP
subsequently stimulate respectively a1, Y1 and P2X post-
synaptic receptors, which are placed in cells of vascular
smooth muscle. Stimulation of these receptors resulted
in vasoconstriction. NE, NPY and ATP (and several other
transmitters) also have the ability to stimulate the corre-
sponding presynaptic receptors (A2, Y2 and P2Y) achieving
negative retrograde regulation of their release.?

Furthermore, vasoconstriction caused by NPY itself or
NPY together with other vasopressors (such as NE and
vasopressin) is stronger in the arteries of mice with HTN
compared to mice with normal BP?# It has been noticed
that the response of vessels and BP to NPY increases at
the same time with HTN development, in mice with HTN.?
Meanwhile, NPY controls the release of NE from SNS neu-
rons and catecholamine neurons, centrally, via negative ret-
rograde regulation.®

A study has proven that during paroxysms in pheochro-
mocytoma, NPY levels increase simultaneously with cate-
cholamine levels increase. This fact shows there is a link
between NPY and secondary HTN.3" The amount of NPY

receptors in hypothalamus of mice with HTN is reduced,
something that can be a reflex regulation of high NPY lev-
els. This reduced receptors’ number might be responsible
for increased catecholamine secretion, which leads to BP
increase.® The inhibitory NPY action on NE secretion is per-
formed via Y1R.%

High NPY levels are directly involved in increase of BP
in obese people with HTN, by causing vasoconstriction via
Y1 receptors.®* High NPY levels present in obesity and other
situations characterized by increased SNS activity, such as
anxiety, body exercise, cardiac failure, myocardial ischemia,
toxic and hemorrhagic shock. Unlike, catecholamines, NPY
is not responsible for basic vascular tone, but its vasocon-
strictive properties increase in stress situations, reinforcing
NE's activity, causing vasoconstriction and BP reinstate-
ment. Therefore, increased SNS activity reinforces NPY’s
vasoconstrictive activity, and subsequently, NPY reinforces
vessels’ sensitivity in catecholamines.?0:3536

NPY is related with hypoglycemia, due to reduced in-
sulin, that causes SNS tone increase and BP increase.’’
Subcutaneous NPY administration in rats causes sequen-
tial increase of NPY in plasma, adrenals and upper cervi-
cal ganglia. This fact shows that release, biosynthesis and
storage of NPY are increased after hypoglycemic stress. It
has been noticed that NPY seems to play a significant role
in HTN associated to insulin decrease.?

Intravenous NPY administration causes renal vaso-
constriction, which is associated to HTN®2? and certainly
NPY’s effect is stronger on the efferent than on the afferent
arteriole.*4T NPY seems to be strongly involved in the de-
gree of HTN in patients with Chronic Kidney Disease, under
hemodialysis.*?

High NPY levels in plasma are related with fluid excess
degree and mean arterial pressure. During stress situations,
such as fluid excess, NPY release creates a vicious circle:
NPY aggravates HTN and increases cardiac load, therefore
risk of cardiac failure. Inductively, cell stress increases and
SNSis stimulated.*®

NPY is associated with ischemic strokes and their out-
come.** |t is also associated with atherosclerosis, where-
as total cholesterol and triglyceride levels increase and HDL
levels decrease.46

Genetic studies also associate NPY with high BP#’ Carri-
ers of T1128C NPY gene polymorphism are proved to have
an increased risk of HTN, related with myocardial infarction
and ischemic strokes.*#%

Based on several studies, both atrial and ventricular
myocardium cells contain high amounts of NPY. In experi-
mental animals, NPY has also been detected in the endings
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of nerves which innervate myocardium and coronary arter-
ies.?651 Thus, NPY participates in myocardial function both
indirectly- increasing afterload through vasoconstriction-
and directly-mediating in coronary vessels constriction and
myocardial cells contraction. Other studies mention that
NPY stimulates myocardial cells’ hypertrophy in experimen-
tal animals, probably via its participation in hypertrophy ob-
served in HTN.58

Furthermore, studies show that NPY plasma levels are
increased after acute coronary syndromes and cardiac fail-
ure. These levels are positively associated with the degree
of cardiac failure and mortality. On the contrary, NPY levels
in insufficient cardiac muscle seem to be strongly reduced
compared to NPY levels in normal cardiac muscle. The
same thing happens to NE levels, a fact which proves that
NPY levels follow SNS activity.?

In conclusion, it seems that NPY contributes to the
development and maintenance of HTN, both directly and
indirectly, mainly via SNS stimulation. Also, NPY promotes
HTN target organs damage (such as brain, heart, kidneys
and vessels) both via SNS, RAAS and indirectly.
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