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15.1  PVAT Structure

The PVAT that surrounds small blood vessels comprises white adipocytes, inflam-
matory immune cells, stem cells, nerves and stromal tissue plus microfeeding ves-
sels [1–5]. In the aorta whilst many of the cellular constituents will be similar, the 
adipocytes are brown in nature [6, 7]. Such adipocytes have a role in thermogenesis, 
whereas white adipocytes are regarded as energy stores [8, 9]. For many years phys-
iological studies of isolated blood vessels in vitro skeletonised the artery in advance 
of pharmacological testing. The removal of the PVAT meant that any putative func-
tional contribution to arterial tone was lost. It was not until 1991 that Soltis and 
Cassis tested the hypothesis that PVAT might play a role in vascular tonal regulation 
[10]. Using isolated segments of rat aorta, they demonstrated the presence of a 
diminished response to the exogenous application of noradrenaline when the PVAT 
was retained, in comparison with arteries that had been denuded of fat tissue. This 
effect was attributed to the dense sympathetic innervation in PVAT. Also, there was 
an assumption that externally applied vasoconstrictor substances might have more 
difficulty in gaining access to the outside of the blood vessel because of the barrier 
posed by the PVAT [10, 11]. Ten years later Lohn and colleagues demonstrated that 
the vasoconstrictor responses to angiotensin II (AngII), serotonin and phenyleph-
rine were 95%, 80% and 30% lower, respectively, when PVAT was retained [12]. 
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Furthermore this effect was found to be independent of nitric oxide (NO) formation. 
It appeared to be mediated by a substance released from the fat, as transfer of the 
organ bath solution from vessels with PVAT or cultured rat adipocytes, on to arteries 
without PVAT, resulted in a rapid reduction in the constrictor response [13, 14]. 
Further data suggested that PVAT released a soluble factor that induced vasodilata-
tion, which was calcium dependent and regulated by tyrosine kinase acting via ATP- 
dependent potassium channels [15, 16]. The exact identity was left uncertain at this 
time. It seems clear now that there is a variety of vasodilator adipokines responsible 
for relaxation which may also be dependent upon the spasmogen used. Several can-
didates have been suggested including angiotensin 1–7, free fatty acids such as 
methyl palmitate and hydrogen sulphide, as well as inflammatory cytokines such as 
interleukin-6 and tumour necrosis factor [1]. There is also an emerging body of 
evidence that the predominating factor is adiponectin [13, 17]. In this regard it is 
clear that adiponectin can act as a vasodilator by activating endothelial nitric oxide 
synthase (NOS) with the consequent production of NO. In addition, adiponectin has 
anti-inflammatory properties and can inhibit macrophage activation and reduce the 
proliferation of vascular smooth muscle cells [18, 19]. Adiponectin gene knockout 
mice exhibit a loss of anticontractile function from PVAT, and their phenotype dem-
onstrates hypertension and glucose intolerance [13]. Pathological states, such as 
obesity, hypertension, atherosclerosis, type 2 diabetes and myocardial infarction, 
are associated with endothelial dysfunction and a reduction in plasma adiponectin 
levels [20–22]. Recent studies have demonstrated adiponectin-mediated anticon-
tractile activity in human small arteries [3]; however, the exact mechanism by which 
healthy PVAT induces vasodilation is difficult to identify, as there appears to be 
variation dependent upon anatomical location and animal species [2, 3, 5, 17]. For 
example, in the rat aorta, PVAT appears to cause vasorelaxation by opening ATP- 
dependent K+ channels in vascular smooth muscle cells, whereas in rat mesenteric 
arteries voltage-dependent potassium channels seem to be more important [14–16]. 
There is evidence also of modulation of venous function by PVAT and a recent 
report suggesting that the contractile responses of the inferior vena cava to various 
agonists can be diminished by activation of KV channels by adipokines released 
from PVAT [23]. Clearly PVAT can play an important role as a dual modulator of 
vascular tone. The fine balance between PVAT-derived vasodilator and vasocon-
strictor mediators may be crucial for the maintenance of local vascular tone.

15.2  The Role of Inflammation and Oxidative Stress 
on PVAT Phenotype

Recently, a review from Huang Cao and colleagues discussed the importance of 
PVAT regulation of vascular tone and underlined the significance of the functional 
integrity of PVAT, rather than the amount of PVAT itself [24]. In the healthy lean 
state, PVAT-derived adipokines and cytokines can act on endothelial cells through a 
NO-dependent mechanism and directly on smooth muscle cells to induce vasorelax-
ation of the vessel wall [3, 16]. In contrast, in obesity, PVAT shifts its phenotype, 
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demonstrating an increase in oxidative stress, pro-inflammatory cytokines/adipo-
kines release, immune cells migration and the secretory profile of PVAT changes 
with a reduction in the expression of vasorelaxing factors and an increase in vaso-
constrictor factors with, in particular, macrophage infiltration [24]. There is compel-
ling evidence for an increased level of adipokines in the inflammatory state, such as 
in obesity, and of a decreased cardiometabolic protective role of adiponectin. These 
obesity-related changes in adipose tissue lead to a significant decrease in the anti-
contractile effect of PVAT even though its mass is increased. This shift is probably 
linked to the development of insulin resistance, type 2 diabetes mellitus and hyper-
tension [25–27]. In summary, in obesity, the anticontractile effect is significantly 
decreased, despite an increase in PVAT mass [3].

The mechanism by which adipose inflammation is related to obesity remains 
unknown, although hypoxia may be key: adipocytes become hypertrophic leading 
to inadequate perfusion and consequent local hypoxia that is mediated mainly by 
hypoxia-inducible factor alpha (HIF-1 α) [28–30]. HIF-1 α levels are higher in the 
adipose tissue of obese subjects, and it reverts to normal after weight loss [31]. 
HIF-1 α is a main hypoxia-inducible transcription factor linked to increases in 
inflammatory cytokines like TNF-α and IL-6 and reduces the bioavailability of adi-
ponectin [32]. Greenstein et al. have shown that the anticontractile function of PVAT 
is lost in obese patients and that the experimental application of TNF-α and IL-6 to 
intact PVAT around healthy rat blood vessels decreased the dilator effect of PVAT 
[3]. Similarly, it has been shown that the induction of experimental hypoxia for 
2.5  h causes PVAT inflammation and loss of its anticontractile function. These 
changes were reversed, and the anticontractile property rescued by catalase and 
superoxide dismutase [3]. In addition, using preincubation with the cytokine antag-
onist infliximab in the organ bath can restore normal PVAT function. Furthermore, 
after induced hypoxia, the incubation of the vessels with aldosterone can reproduce 
the inflammatory phenotype in adipose tissue, with loss of anticontractile property, 
causing PVAT resident macrophage activation, and the uses of free radical scaven-
gers are able to rescue the anticontractile function [33].

In macrophage deficient CD11b-DTR mice during hypoxic and inflammatory 
conditions [33, 34], macrophages are a key modulator of oxidative stress and sys-
temic inflammation in adipose tissue. The important role of IL-6 and MCP-1 in the 
recruitment of inflammatory cells, in particular monocytes and macrophages during 
obesity, is described in a recent review [24]. In particular, it has been demonstrated 
that 2 weeks of high-fat diet feeding caused an increase in MCP-1 and IL-6 expres-
sion in PVAT which was not seen with other adipose tissue depots [35]. Furthermore, 
animal models with MCP-1 gene deletion show a significantly reduced infiltration 
of inflammatory cells, and lipid deposition in the arterial wall and IL-6 inhibition 
reduce intrinsic mechanical stiffness in low-density lipoprotein receptor knockout 
mice [36, 37]. From such studies we can conclude that both these cytokines are 
directly involved in the development of arterial stiffness and increased cardiovascu-
lar disease risk.

In addition to involvement of the macrophages in PVAT function, it has been 
demonstrated that eosinophils also play an important role in the loss of PVAT 
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anticontractile function [38]. Withers et al. have shown that the anticontractile effect 
of PVAT was lost in eosinophil-deficient mice and could be rescued after eosinophil 
reconstitution with an increase of adiponectin and adipocyte-derived NO bioavail-
ability. In addition, these eosinophil-deficient mice exhibited hypertension and 
hyperglycaemia [38]. Mechanistically, it appears that eosinophils are a source of 
catecholamines and activate adipocyte β3-adrenoceptors to release the vasodilators 
adiponectin and NO. This study and others [39] suggest that targeting eosinophil 
number in obesity may be a useful therapeutic target. Wu et al. have demonstrated 
that hypereosinophilia induced by helminth infection improved glucose and insulin 
tolerance in obesity. Further work is needed to fully elucidate the mechanisms by 
which eosinophils are involved in PVAT and vascular functionality and their poten-
tial as a therapeutic target in obesity.

15.3  The Release of Vasoactive Factors from PVAT

Whilst there was a school of thought that PVAT was only providing mechanical sup-
port for the vasculature, there is an accumulating body of evidence that it is highly 
metabolically active and can regulate vascular tone in a paracrine and endocrine 
fashion [1–4]. The exact nature of this regulation depends on the species being 
tested and the vascular beds that are studied. In addition, the distinctive profile of 
PVAT activity is dependent certainly in vitro on the spasmogen used to stimulate the 
arterial tissue. Against this background it is clear that in a variety of vascular beds 
including skeletal muscle and mesenteric small arteries, as well as larger conduit 
arteries such as the superior mesenteric and the thoracic aorta, there is a significant 
contribution to an anticontractile effect in a response to a variety of vasoconstrictor 
stimulae. Locally, this could play a role in peripheral vascular resistance and in 
consequence blood pressure as well as nutrient delivery to skeletal muscle. The loss 
of this latter property could lead to a decrease in glucose uptake and the develop-
ment of type 2 diabetes. The vasorelaxant activity can be ascribed to a number of 
adipokines that can be produced and secreted from PVAT, as well as a contribution 
from PVAT in terms of catecholamine reuptake into the adipocytes. Below is a sum-
mary of some of the principle dilator adipokines that may be responsible for the 
anticontractile function in healthy lean individuals.

 1. Adiponectin. This adipokine is secreted in a number of polymeric forms with 
varying molecular weights [40–42]. The ligand binds to two types of adiponectin 
receptor (type 1 and type 2) [43–45]. Type 1 (adiopoR1) is located on both endo-
thelial and vascular smooth muscle cells, and it is activation of this receptor 
which will stimulate a number of pathways including smooth cell muscle dif-
ferentiation and growth. With regard to vasorelaxation, activation of the receptor 
stimulates the production of AMPK which in turn will increase the phosphoryla-
tion of endothelial NOS leading to an increased bioavailability of NO in both the 
endothelium and smooth muscle cells [46]. In addition, in vascular smooth cells, 
AMPK regulates the opening of large conductance Ca2+-activated K+ channels 
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[47, 48]. In hypertension circulating levels of adiponectin are decreased, and 
there is restoration to normality when blood pressure is lowered [49]. Low 
plasma adiponectin is also observed in obesity [20]. The adiponectin gene 
knockout mouse develops a hypertensive and diabetic phenotype, and the nor-
adrenaline and electrical field stimulation-induced anticontractile effects of 
PVAT are lost [13].

 2. Leptin. This adipokine is recognised to play a vital role in regulating satiety and 
body weight [50]. Whilst it has central actions, leptin can induce vasodilatation 
by both endothelium-dependent and endothelium-independent mechanisms 
[51]. It is of interest that in the spontaneously rat where there is loss of PVAT 
anticontractile activity, there is reduced expression of leptin in the PVAT with 
reduced eNOS activation [52].

 3. Nitric oxide. The ubiquitous nature of NO means that it is widely recognised as 
an important vasodilator [53]. It is synthesised by three NOS enzymes: endothe-
lial (eNOS), neuronal (nNOS) and inducible (iNOS). We have demonstrated that 
the anticontractile effect of PVAT stimulated by noradrenaline in small mesen-
teric arteries is NOS-dependent [3, 16]. When the PVAT is incubated with a 
nonspecific NOS inhibitor, the anticontractile effect is completely abolished. It 
is thought that early in obesity, there is an adaptive increase in NO which may 
preserve vascular function [54]. In a high-fat fed mouse model of obesity, insulin 
and leptin which are elevated stimulate NO production from mesenteric 
PVAT. However, in chronic obesity increased superoxide production results in a 
reduction in NO bioavailability [55].

 4. Hydrogen sulphide. There is evidence in aortic PVAT that hydrogen sulphide 
(H2S) is produced and that it can induce vasodilation of vascular smooth muscle 
cells by opening of ATP-sensitive K+ channels or by activation of endothelial 
intermediate conductance Ca2+-activated K+ channels [15, 56]. A number of 
vasoconstrictors including phenylephrine, 5HT and angiotensin II stimulate the 
production of H2S from aortic PVAT, and plasma H2S is reduced in the spontane-
ously hypertensive rat and in a pharmacologically reduced mouse model of 
hypertension using oral administration of a NOS inhibitor [57, 58].

 5. Hydrogen peroxide. Hydrogen peroxide (H202) is a known vasodilator in 
endothelium- denuded vessels by the activation of soluble guanylate cyclase in 
vascular smooth muscle [59]. Some researchers have advanced the hypothesis 
that H202 plays an important role in this pathway, and Gao et  al. found that 
phenylephrine- induced PVAT anticontractile activity could be diminished using 
an H202 scavenger.

 6. Palmitic acid methyl ester. Palmitic acid methyl ester (PAME) is released from 
PVAT in the presence of Ca2+ and induces vasodilation of the aorta via Kv chan-
nels in a NO-independent and endothelial-dependent manner [60]. In the sponta-
neously hypertensive rat, PAME secretion from PVAT is reduced, and the 
vasodilator effect of exogenous PAME in these animals is significantly less than 
in wild-type normotensive rats.

 7. Angiotensin 1–7. PVAT is able to produce angiotensin 1–7, and antagonists ame-
liorate the PVAT anticontractile effect in aorta [61]. Its physiological role is 
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uncertain, and its contribution to hypertension and metabolic disorders such as 
type 2 diabetes is still not fully elucidated.

15.4  Autonomic Innervation of Adipose Tissue

There is clear evidence that adipocytes contain a complete adrenergic system includ-
ing β3-adrenergic receptors, uptake transporters and metabolic enzymes, and this 
system may modulate the anticontractile function of PVAT [5, 13, 62, 63]. It is still 
uncertain whether there is precise autonomic innervation of PVAT. Certainly there 
is clear histopathological proof that sympathetic nerve fibres run through PVAT and 
innervate the vasculature [5, 64, 65]. It is attractive to postulate that direct stimula-
tion of sympathetic nerve fibres could cause vasoconstriction by activation of α1- 
adrenoreceptors on the vasculature and that this can be modulated by anticontractile 
function as a result of the same nerve fibre causing discharge of catecholamines that 
will bind to adipocyte β3-adrenergic receptors. There are reports that the use of 
β-adrenoreceptor agonists causes hypotension in rodents and dogs and that this has 
been shown to induce PVAT-dependent relaxation in pre-constricted mesenteric 
resistance arteries [66]. Our most recent studies have demonstrated that adipocyte 
located β3-adrenoreceptors do play a vital role in the anticontractile effect of PVAT, 
and activation of these receptors by sympathetic nerve-derived noradrenaline trig-
gers the release of the vasodilator adiponectin [13]. In addition, we have shown that 
the anticontractile function is, at least in part, a result of PVAT sequestering sympa-
thetic nerve-derived noradrenaline via organic cation transporter 3, thereby prevent-
ing the noradrenaline from reaching the α1-adrenoreceptors on the vasculature.

15.5  Autonomic Dysfunction in Obesity

It is clear that the sympathetic nervous system becomes pathologically overactive in 
obesity, and increased neural activity has been shown to correlate with increases in 
body mass index and the percentage of body fat [67, 68]. Sympathetic over-activity 
is observed after only 12  days of high-fat feeding in rats and is independent of 
weight gain [69]. Again our studies indicate that in obesity there is a loss of PVAT 
anticontractile function [3, 55], which may be a result of adrenoceptor desensitisa-
tion similar to that which occurs in heart failure [70]. Inevitably, as described above, 
this will lead to an increase in peripheral vascular resistance and a decrease in the 
tissue uptake of glucose. The obese phenotype is associated with adipocyte hyper-
trophy in PVAT depots with intense inflammation, and the activation of macro-
phages with a decreased in PVAT located eosinophils [3]. We have demonstrated 
that the macrophage is central to PVAT function, and without macrophages, even in 
acute hypoxic states which are known to reduce anticontractile activity of PVAT, 
there is no loss of the anticontractile effect which is mediated by the preservation of 
adiponectin bioavailability [33]. Furthermore, the increase in PVAT eosinophils 
correlates with the loss of PVAT anticontractile function, and the restoration of 
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eosinophil donation is associated with a rescuing of the PVAT function, accompa-
nied by a normalisation of the obesity-associated hypertension and diabetes [38]. 
The mechanism is still unclear although originally it was assumed that the eosino-
phil was operating by the transformation of macrophages to a classically active 
phenotype which is pro-inflammatory, and in doing so this reduced the bioavailabil-
ity of adiponectin. However, our detailed studies suggest that this is not the case, 
and it may well be that the catecholamines such as noradrenaline contained within 
eosinophils are locally released thereby stimulating β3-adrenergic receptors, and 
promoting the secretion of adiponectin is the most likely explanation [38].

15.6  Involvement of Renin-Angiotensin-Aldosterone System 
on PVAT Function

The renin-angiotensin-aldosterone system (RAAS) is involved in systemic blood 
pressure regulation and in renal electrolyte homeostasis. Several studies have dem-
onstrated the presence of local RAS activity in both white and brown perivascular 
adipose tissue [71]. Angiotensin II (Ang II) is the major component of RAAS with 
a variety of physiological actions [72]; in the adipose tissue, Ang II may play a role 
in adipocyte growth and differentiation, stimulating lipogenesis, pre-adipocytes 
recruitment and their differentiation in mature adipocytes [73]. The effects of Ang 
II are mediated by two main membrane receptors: the angiotensin type 1 receptor 
(AT1R) and the angiotensin type 2 receptor (AT2R). The AT1R is responsible for 
most biological effects of Ang II, including blood pressure control, trophic and pro- 
inflammatory effects, whereas the AT2R antagonises several AT1R-mediated 
effects. It has been demonstrated that Ang II through AT1R stimulates transcription 
factor expression, which may promote adipocytes differentiation and increase of 
triglycerides content in human adipocytes culture and also in 3 T3-L1 cells, thus 
leading to adipocyte hypertrophy [74]. The crucial role of AT1R is confirmed by the 
demonstration that in essential hypertensive patients, in adipocytes in culture and in 
a rat model of type 2 diabetes, AT1R antagonist is able to increase adiponectin con-
centrations and to improve insulin sensitivity [75]. Conversely, the binding between 
Ang II and its AT2R may determine tissue regeneration [76, 77] and upregulation of 
adiponectin production in neonatal rat ventricular myocytes [77].

Oxidative stress is closely correlated to RAAS; Ang II is a potent inductor of 
reactive oxygen substances (ROS), and during obesity systemic and related adipose 
tissue, Ang II levels are increased. In addition to Ang II, aldosterone is also an 
important mediator of RAAS effects. A review of 2011 discusses the known interac-
tion between adiponectin and aldosterone, demonstrating an inverse relationship 
[78]. Previous data demonstrate the presence of crosstalk between aldosterone and 
Ang II which modulates and stimulates the signalling transduction such as the Ang 
II effects on PVAT [79].

The local RAAS system of PVAT may operate in combination or independently 
of circulating RAAS components. The precise function of RAAS in perivascular 
adipose tissue is still controversial but may contribute to vascular tone, leading to 
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structural and functional alterations, especially in pathological conditions such as 
hypertension and obesity, amplifying the effect of systemic RAAS.  It has been 
hypothesised a crosstalk between RAAS of smooth muscle cells and of endothelial 
cells which could explain at least in part the implication of tissue RAAS in the peri-
vascular adipose tissue on structural alterations of small resistance arteries. In view 
of the relevant role of the RAAS system and PVAT on vascular function, it is inter-
esting to understand the possible relationship between them.

In 2006, Gálvez and colleagues observed several changes in in the function and 
in the mass of PVAT in spontaneously hypertensive rats (SHR) and suggested an 
interrelation with increased vascular resistance [80]. In the SHR model, they 
observed a reduced anticontractile effect and mass of mesenteric PVAT compared 
with control mice, presenting smaller adipocytes and lower leptin content. 
Subsequently, Lee demonstrated that the changes on PVAT structure and function 
were observed also in Ang II-induced hypertension in adult male Wistar rats [61]. In 
addition, it has been shown that Ang II is able to mediate PVAT-associated increase 
of contractile response to perivascular neuronal excitation by electrical field stimu-
lation, possibly through superoxide production [81]. Recently, it has been sown that 
angiotensin [1–7] could mediates the reduced anticontractile function in aorta PVAT 
of SHR rats), as angiotensin [1–7] receptor blockade was able to inhibit the anticon-
tractile effect of PVAT [82, 83]. Additionally, angiotensin 1–7 has been also impli-
cated in PVAT anticontractile function of inferior vena cava [23].

Using a mouse model, we have demonstrated that small mesenteric arteries 
PVAT loses its anticontractile effect after two different inflammatory stimulation: 
aldosterone and hypoxia [33]. Among multiple factors that may be involved in the 
control of obesity and hypertension vascular consequences, we have shown that 
eplerenone reduces the inflammatory effects caused by both aldosterone and 
hypoxia, and this property of mineralocorticoid-receptors blockers may be of poten-
tial therapeutic interest [33]. Further, in a recent study, we demonstrated that block-
ing ACE-inhibitor and also AT1R have similar effects improving the anticontractile 
properties of the PVAT following hypoxia. In our study in vitro induction of a 
hypoxic environment could stimulate the loss of anticontractile perivascular adipose 
tissue function seen in obese patients that could be prevented using inhibitors or the 
renin-angiotensin cascade [84].

In conclusion, RAAS system seems to be important in modulating PVAT effects 
in vascular physiology, and changes in its components production can lead to vas-
cular impairment. Therefore RAAS blockade may protect the vasculature and may 
reverse the lack of PVAT anticontractile function in vascular diseases.

15.7  Clinical Translation: Melatonin

Several evidences have demonstrated that obesity is involved in pathogenesis and 
progression of cardiovascular disease (Fig. 15.1). The weight loss represents the 
obvious treatment for obesity through the lifestyle changes as a first-line treatment 
and the surgical intervention (as bariatric surgery). Recently it has been shown that 
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there is reduction of adipose tissue inflammation and increase in local adiponectin, 
and NO bioavailability in obese subjects 6 months after bariatric surgery [85]. In 
this study, although patients remained morbidly obese, it was observed a significant 
reduction in body mass index and blood pressure, an improvement in lipid profile 
and blood glucose concentration and a restoration of anticontractile function of 
PVAT. These findings are very interesting because they could explain the cases of 
obese people that do not present complications as hypertension or type 2 diabetes 
mellitus. More recently, it has been demonstrated that in diet-induced obese rats, 
sustained weight loss improves PVAT function with restoration of its anticontractile 
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property through reduction in local TNFα and increased NO production mainly by 
endothelial NOS (NOS-3). These findings are associated with reduction of adipo-
cytes size and infiltration of eosinophils, decrease in macrophage infiltration, nor-
malisation of plasma leptin and insulin and also with reduction in blood pressure, 
suggesting that the inflammation and dysfunction in PVAT play a crucial role in the 
pathogenesis of obesity and metabolic syndrome [86].

Melatonin (N-acetyl-5-methoxytryptamine) is an endogenous hormone that 
presents antioxidant, anti-inflammatory, anti-hyperlipidemic and anti-hypertensive 
properties, and it is also being seen to participate on glucose homeostasis [87, 88]. 
All these properties can be corroborated by the fact that melatonin therapy is able to 
improve blood pressure, lipid profile and parameters of oxidative stress in patients 
with metabolic syndrome [88]. Furthermore, chronic administration of melatonin in 
rats fed a normal or high-fat diet resulted in significant reduction in body weight, in 
circulating insulin, glucose and triglyceride levels, and was able to modulate the 
normal circadian pattern of plasma adiponectin [89]. Recently, in our animal model 
of obesity (B6.V-Lepob/OlaHsd), we have observed the effects of melatonin on the 
anticontractile properties of PVAT. It has been demonstrated that prolonged admin-
istration of melatonin is able to reduce hyperglycemia associated with obesity in 
hyperphagic mice and to ameliorate the inflammation in the perivascular environ-
ment. We saw that ob/ob mice treated with melatonin showed a marked reduction in 
the expression of endothelin-1 (ET-1), interleukin-6 (IL-6) and metalloproteases 2 
and 9. In addition, we observed that the increased expression of both TNF-α and 
CD68 in visceral fat sections from ob/ob mice was significantly reduced after mela-
tonin treatment. The anticontractile function of PVAT, partially lost in our animal 
model of obesity, may be restored by melatonin treatment only in presence of an 
intact PVAT, indicating the importance of PVAT oxidative stress in vascular dys-
function of obese animals [90].

Aging represents another condition associated with a progressively decrease of 
the nighttime peak of melatonin concentrations. During aging, structural and func-
tional changes have been observed. Particularly, the effect of aging on vascular 
endothelium and small muscle cells (SMC) has been widely investigated, but less is 
known about the changes of PVAT. A senescence-accelerated prone mouse (SAMP8) 
is a model of age-related vascular dysfunction with associated increase in blood 
pressure and cognitive decline. It has been demonstrated that there was overexpres-
sion of endothelin-1 (ET-1), inducible NOS (iNOS) and cyclooxygenase-2 (COX-2) 
in the vasculature of these animals. All of these markers associated with oxidative 
stress showed a reduction in the level of vascular eNOS, cyclooxygenase-1 (COX-1) 
and adiponectin. In addition, in SAMP8 mice, the PVAT had lost its protective anti-
contractile effect, but the long-term treatment with melatonin was able to increase 
some vasculoprotective markers, to decrease oxidative stress and inflammation and 
to restore the anticontractile effect of perivascular adipose tissue. Decreased expres-
sion of adiponectin and adiponectin receptor 1 was also observed in visceral fat of 
untreated aging mice, whereas a significant increase was observed after melatonin 
treatment. The increased production/activity of adiponectin might contribute to 
explain the improvement of the anticontractile action of perivascular fat observed in 
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the mesenteric small resistance arteries of SAMP8 mice after chronic treatment 
with melatonin [91].

Besides the use of melatonin, the blockade of RAAS system has been seen as a 
potential target to treat vascular diseases. It has been demonstrated that the use of 
mineralocorticoid receptor (MR) antagonist, as spironolactone, prevents vascular 
remodelling of a mice model of type 2 diabetes mellitus [92]. Interestingly, Briones 
et al. showed that PVAT adipocytes present functional aldosterone synthase which 
is able to generate aldosterone in a process regulated by Ang II through AT1R [93]. 
They also showed that the use of eplerenone, another MR antagonist, could improve 
the acetylcholine-induced relaxation in obese diabetic (db/db) mice, without effect 
in a control group. Further, in a mice model of specifically adipocyte-MR overex-
pression (adipo-MROE), animals presented features of metabolic syndrome and 
impaired vasoconstriction to phenylephrine with preserved endothelial function, 
showing that activation of adipose-MR could change functional properties of arter-
ies [93]. These finds demonstrate a link between PVAT-RAAS system and vascular 
dysfunction, mainly through aldosterone action. Although it is necessary to further 
investigate to understand the effect of chronical treatment with MR antagonists over 
PVAT, this seems to be a potential target to the treatment for vascular complications 
of diabetes and metabolic syndrome.

15.8  Conclusions

PVAT depots are highly metabolically active and contribute to a physiologically 
important paracrine activity of vasodilation by the release of a broad spectrum of 
vasorelaxing adipokines. Perhaps the most prominent of these is adiponectin. In 
obesity with the development of localised tissue inflammation, the bioavailability of 
these PVAT-derived vasorelaxing adipokines is reduced, and blood pressure rises as 
a result of vasoconstriction with diabetes ensuing as a result of a decrease in glucose 
uptake. Manipulating the inflammasome PVAT is the next challenge in terms of 
producing novel ways to prevent the complications of obesity which cause so much 
mortality and morbidity in a culturated society.
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