Melatonin-Adenosine Treatment increases Adiponectin Synthesis in both normal and adipose Individuals.
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Introduction.

                  Notoriously, obesity is associated with increasing risk for hypertension, dyslipidemia, type 2 diabetes, and atherosclerotic cardiovascular disease (1). Adipose tissue, which accounts for more than 10% of the body weight, is considered to be not only an energy reservoir but also an active endocrine tissue. 

Indeed, adipose tissue produces numerous proactive cytokines, the so-called “adipocytokines” (2). Adiponectin, which is derived only from adipose tissue, circulates at high concentrations which is 103 higher than the concentrations of other major hormones (e.g. leptin: See in the web-site), and 106 higher than those of most inflammatory cytokines, e.g. tumor necrosis factor (TNF) and interleukin (IL)-6] (3). Adiponectin is a 244 amino acid protein produced by apM1 (adipose most abundant gene transcript) cDNA [4], and is also known as GPB28 (gelatin-binding protein of 28 kDa) in humans. The human adiponectin gene is located on 3q27, consisting of three exons and two introns. The gene, thus, is localised in a chromosomal region highlighted as affecting genetic susceptibility to type 2 diabetes and obesity. 

Supplementation by differing forms of adiponectin were able to improve insulin control, blood glucose and triglyceride levels in mice models. Adiponectin is composed of two structurally distinct domains: a C-terminal collagen-like fibrous domain and a complement C1q-like globular domain. Therefore, it belongs to the soluble collagen superfamily, and has structural homology with collagen VIII, X, complement factor C1q, and TNF family (4). Both C1q and TNF family play important roles in inflammation, the immune system, and atherosclerosis, according to Kazunori Shimada et al. (ibidem).

Adiponectin  as anti-inflammatory and anti-atherogenic drug.

                Adiponectin has been shown to have many anti-inflammatory and anti-atherogenic effects (Kazunori Shimada et al. ibidem):

1) suppression of adhesion molecule expression of endothelial NF-kB signaling through the activation of cAMP protein kinase A; 

2) suppression of foam cell formation through the inhibition of class A macrophage scavenger receptor (SR-A); 

3) inhibition on the proliferation of myelomonocytic lineage cells, and on the function of matured macrophages, such as phagocytosis and TNF production; 

4) suppression of the proliferation and migration of smooth muscle cells induced by platelet-derived growth factor (PDGF)-BB through binding with PDGF-BB directly; 

5) inhibition of p42/44 extracellular signal-related kinase (ERK) phosphorylation in PDGF-BB-stimulated smooth muscle cells; 

6) suppression of the expression of heparin-binding epidermal growth factor (EGF)-like growth factor (HB-EGF) in TNF induced activated endothelial cells and the proliferation and migration of smooth muscle cells stimulated by basic fibroblast growth factor (bFGF), PDGF, EGF, and HB-EGF; 

7) stimulation of nitric oxide (NO) production in endothelial cells through the pathway of phosphatidylinositol-3-kinase (PI3K); such as adiponectin-dependent effect plays a paramount role in biophysical-semeiotic method of evaluation. 

Experimental animal models also showed the association between adiponectin and atherosclerotic disease, according to Kazunori Shimada et al. (ibidem): 

1) accumulation of adiponectin in the injured vessels but not in non-injured walls; 

2) acceleration of neointimal proliferation of smooth muscle cells in response to injury of  adiponectin-deficient mice; 

3) improvement of neointimal proliferation supplemented with adenovirus expressing adiponectin; 

4) reduction of atherosclerotic lesions treated with adenovirus-mediated adiponectin in apolipoprotein E-deficient mice (apoE-KO);

5) suppression of VCAM-1, SR-A, and TNF in the aorta under treatment with adenovirus expressing adiponectin.

Work hypothesis: melatonin-adenosine increases adiponectin synthesis.

From the above remarks, regarding adiponectin action mechanisms, and particularly endothelial-dependent arterial dilation induced by adiponectin, as a starting work hypothesis, I thought that Biophysical-Semeiotics can allow me to evaluate a possible production increase of adiponectin during melatonin treatment, since melatonin possesses really some identical actions as adiponectin, among a lot of others, of course (5, 6 7): hand stimulation of adipose tissue to release adiponectin, and assessing vasodilation effects, correlating it with adiponectin blood-level, as I described in this web-site regarding leptin evaluation. In fact, melatonin acts also through both PPARs stimulation, like adiponectin, forming heterodimers, and ameliorating glucose and lipid metabolism (See later on).

Methods and Results.

In 30 patients, aged between 19 and 73 years, males 12 and females 18, BMI varying from 25 to 30, under melatonin-adenosine treatment (prepared according to Di Bella-Ferrari’s formula), because of Oncological Terrain and Oncological Real Risk in mamma -16 -,  uterus -3-, prostate -7- , breast-bone -3-, and colon -3-, I measured adiponectin blood levels at base-line before starting of treatment and after 2 and 4 weeks (Biophysical-Semeiotic Method is fully described in above-cited  website), as follows.

Mean value of brachial artery dilation (= arterial compliance) and pulp-finger type I, associated, microcirculatory activation, assessed as latency time of finger-pulp gastric aspecific reflex (lt), under mean-intense pressure applied upon artery, and respectively upon a finger-pulp (5, 8-11), firstly at base line, and then, soon thereafter  stimulation of abdominal adipose tissue by means of 20 sec. lasting large pintching: NN base-line value of tl = 8 sec. However, this value raised to 10 sec. in the second evaluation, while, subsequently,  after 2 weeks of melatonin administering, the assessed parameter raised to 12-14 sec., showing a significant enhancemet of adiponectin action, clearly caused by melatonin stimulation of adiponectin secretion. In fact, the drug withdrawl reversed the increased value to the basal one. Contemporaneously, bracial artery dilation (assessed as dilation of “in toto” ureteral reflex: basal value 0,5 cm.) increased significantly.

It appears noteworthy that all these parameter values, assessed after subjects closed their eyes (= melatonin secretion) enhanced significantly to 16 sec., i.e., the highest value, indicating clearly melatonin-dependent stimulation of adiponectin production and secretion.

As far as arterial compliance evaluation is concerned, doctor must know that there is to-day a simple biophysical-semeiotic evaluation, besides coronary endothelial vasomotor function assessement using quantitative angiography to measure vasodilatation induced by agonists (such as acetylcholine) or mechanical stimuli (increased flow) that stimulate the endothelium to produce free radical nitric oxide. Actually, the last method is clearly an invasive method, not appliable to routine clinical practice. Notoriously, impaired endothelial function is associated with reduced artery dilatation. 

On the contrary, the new physical semeiotics, i. e. Biophysical Semeiotics, allows doctor to evaluate at the bed-side endothelial function in whatever biological system in rapid and easy way (1, 2, 3). 

As a matter of fact, in case of coronary endothelial dysfunction, for instance, Valsalva's manoeuvre doesn't ameliorate (increase) the latency time of heart-gastric aspecific reflex or worsen it, in relation to the seriousness of endothelial functional disorder: in healthy, digital mean-intense pressure on cutaneous projection area of the heart brings about the gastric aspecific reflex, i.e. in the stomach both fundus and body dilate, while antral-pyloric region contracts, after 8 sec. precisely, lasting < 4 sec.; acethyl-choline increases notoriously this time to 10-12 sec., in age-dependent manner.

On the contrary, in case of CAD real Risk or CAD, this basal value (possibly altered) eithe persists unchanged, as in the former case, or appears significantly lowered, as the later case, due to impaired nitric oxide syntethase and release from diseased endothelial cells. (See: www.semeioticabiofisica.it/microangiologia). 

The same results are observed when mean-intense digital pressure is applied, for instance, on brachial artery. Under the same experimental condition, doctor may assess the intensity of arterial-“in toto” ureteral reflex and/or arterial-gastric aspecific reflex; they parallel compliance intensity (5, 8-11). The highest compliance values, once again, are observed when individuals have closed their eyes for 30 sec. (= melatonin secretion), suggesting that melatonin really stimulate adiponectin production.

“Circulating concentrations of fat-derived substrates (free fatty acids), hormones (adiponectin), and cytokines (tumor necrosis factor-α [TNF-α], interleukin-1 [IL-1], and interleukin-6 [IL-6]), which play a role in vascular function and inflammation, can also be used to assess vascular health and disease” (40).
In conclusion, from the above-referred data I am allowed to state that melatonin-adenosine, a pleiotropic drug, brings about  its numerous effects, elsewhere described from clinical view-point (5, 7, 8), also increasing  both production and secretion of adiponectin, evaluated clinically for the first time thanks to Biophysical Semeiotics.

Adiponectin action mechanisms.

            A lot of studies indicates that adiponectin is inversely correlated with abdominal visceral fat mass, serum triglycerides, and insulin resistance and is directly correlated with HDL and extremity fat. In addition, tumor necrosis factor alpha (TNF-alpha) may be overproduced in adipose tissue during the inflammatory response. In turn, its excess may injure endothelial cells, contributing to the development of atherosclerosis. The plasma level of adiponectin has been found to be decreased in obese patients, suggesting an explanation of obesity's role as a risk factor for coronary artery disease (12). 

Modulation of the cytokine's effect on endothelial cells has been postulated to result from an adipocyte-derived plasma protein called adiponectin, one of the most abundant gene products of adipose tissue. In my research, giving melatonin-adenosine has shown to ameliorate all signs of adiponectine deficiency. In addition, in healthy, adiponectin is exclusively secreted by adipose tissue and is abundantly present in the circulation, with important effects on metabolism. Plasma adiponectin concentrations are significantly lower in the obese group, with lower pulse height.  Some authors showed that adipocytes can simultaneously secrete certain hormones, such as leptin, in patterns that are orderly, whereas other hormones, such as adiponectin, are secreted in patterns that appear to be random (13). In both obese and lean patient of my series, melatonin administration ameliorated significantly adiponectin blood levels, evaluated “clinically” by means of Biophysical Semeiotics. Interestingly, adiponectin (also referred to as Acrp30, apM1) is a protein hormone that modulates a number of metabolic processes, including glucose regulation and fatty acid catabolism, as melatonin, according also to my previous studies (5-7).

 Adiponectin, in addition, is exclusively secreted from adipose tissue into the bloodstream and is very abundant in plasma relative to many hormones. Levels of the hormone are inversely correlated with body mass index (BMI). The hormone plays a role in metabolic disorders such as type 2 diabetes, obesity and atherosclerosis, in the same way as melatonin (14). At this point, one must remember a recent report from the United States, which states “A large number of diseases/conditions have been found to involve intracellular molecular damage that occurs as a result of hostile, free radical-mediated reactions. Both oxygen and nitrogen-based toxic reactants incessantly mutilate beleaguered, essential molecules, eg, lipids, proteins, DNA, RNA, and so on. The accumulated molecular debris that is a consequence of these reactions could contribute to disease processes and the deteriorative changes of aging” (15).

It is well-known that a complex antioxidative defense system has evolved for the purpose of protecting cells from free radicals and the resulting damage. One component of this system is melatonin (5, 6, 7, 8, 15). This endogenously produced and exogenously acquired (in the diet) indoleamine is a potent direct free radical scavenger and indirect antioxidant, stimulating a variety of antioxidative enzymes such as glutathion. 

Melatonin has been widely tested, also with the aid of Biophysical Semeiotics (5, 6, 7, 8), to determine its efficacy in protecting against free radical damage in experimental models of heart attack, stroke, Alzheimer disease, Parkinsonism, and others. In these clinical and experimental settings, melatonin proved highly effective in reducing molecular damage, cellular death, and tissue loss and, when tested, organismal function was also preserved. As a consequence, Melatonin, which is inexpensive and without significant toxicity, should be considered for more extensive use in humans against free radical-based diseases/conditions (15), as I have demonstrated (ibidem). 

As regards melatonin action mechanisms in stimulating adiponectin synthesis, it is unavoidable to remember that very little is known about the adiponectin gene expression and secretion of adiponectin from adipose tissue by hormonal factors (16). Till now we know, however, that insulin, β-adrenergic agonists, activators of adenylate cyclase, glucocorticoids, testosteron, TNFα, IL-6 inhibit adiponectin gene expression and secretion.

 The endogenous adiponectin production enhances after thiazolidinedione(s) treatment (16). Interestingly, such as drug(s) acts through nuclear receptor PPARS, analogously to melatonin, as  I demonstrated in former papers (6, 7, 8): PPARS, when activated, form heterodiploids with other activated receptors, as ROR/RZR  (19), as well as Met1, Met 2, and Met3 (17, 18). 

As a matter of fact, RXR-selective retinoids can potentiate the antiproliferative and apoptotic responses of breast cancer cell lines to PPAR ligands (19).
In addition, melatonin associated with a correct diet, ethimologically speaking, has a favorable influence on lipid as well as glucose metabolism, normalizing both insulin secretion and insulinemia, thus stimulating adiponectin secretion, probably also in indirect manner, since hyperinsulinemia-insulinresistance and obesity are inversely correlated to adiponectine secretion (12).

Adiponectin, frequently reduced in human obesity, improves insulin sensitivity by enhancing intracellular insulin signaling and has some direct vasodilatory and anti-inflammatory effects (41, 42). Therefore, various mechanisms that alter insulin action and endothelial function are frequently present and closely linked in the obese individuals.
 At this point, it seems particularly interesting the fact that melatonin treatment in all my cases brought about amelioration or complete normalization of  visceral adipose tissue microcirculation, that parallels parenchimal functions, according to Angiobiopathy concept (5, 6, 7). In fact, at the base line, microcirculatory activation in adipose tissue was dissociated, type II or type III (= intense vasomotility versus low or, respectively, normal vasomotion). On the contrary, in almost all my cases, the melatonin therapy caused normalization of microcirculatory events of adipose tissue, that paralleled perfectly the same events in insular pancreas.

Both melatonin and adiponectin act as endothelial protective hormones.

Vascular endothelial dysfunction plays notoriously an important role in pathogenesis of atherosclerosis, as a demonstrated clinically for the first time over tle last 3 decades (3, 11, 20, 21, 22, 23) (See also in the website “Arteriosclerotic Constitution” and “Microcirculatory Theory of Arteriosclerosis”). A recent report showed that peak forearm blood flow (FBF) was correlated with adiponectin levels in healthy subjects (24), as Biophysical Semeiotics allows me to state (See: Methods and Results). The intima-media thickness (IMT) of the carotid artery is associated with not only the prevalence of cardiovascular disease, but also an increased risk of cardiovascular events. Carotid IMT was significantly correlated with insulin resistance and adiponectin (25), suggesting that adiponectin might be a useful marker of identifying the early stage of atherosclerosis. 

Personal biophysical-semeiotic data have corroborated the results of numerous studies, showing that plasma levels of adiponectin are significantly decreased in: 1) obese patients, 2) type 2 diabetic patients, 3) coronary artery disease (CAD) patients (26, 27, 28). Interestingly, in patients with type 2 diabetes, plasma adiponectin levels were shown to be lower in patients with CAD than in patients without CAD (29). A recent study reported that hypoadiponectinemia was significantly and independently correlated with CAD even after adjustment for several coronary risk factors (3), especially, male subjects with hypoadiponectinemia (< 4.0 mg/L) had a 2-fold increase in CAD prevalence, independent of other coronary risk factors (29).

It was reported that plasma adiponectin levels were negatively correlated with the CRP levels in patients with CAD (28). This study also showed that not only was CRP mRNA expressed in human adipocyte, but also the levels of CRP mRNA in human adipose tissue were correlated negatively with the levels of adiponectin mRNA in that tissue (28). CRP is generally produced in the liver, however, a recent study showed the presence of CRP mRNA in atherosclerotic plaques (30). Therefore, the expression of CRP may be negatively regulated by adiponectin in adipose tissue. As regards clinical biophysical-semeiotic evaluation of hepatic Acute Phase Proteins, See in the web-site Practical Applications.

Indeed, the reciprocal relationship was found between adiponectin and TNF on their local production in adipose tissue.

Unpublished biophysical-semeiotics results, gathered in individuals involved by CAD real risk, diagnosed clinically (13, 14), corroborate a recent report, which showed that high plasma adiponectin are associated with lower risk of myocardial infarction in men without cardiovascular disease (34). This ist really intriguing bacause until now it has not been ascertained whether the decreased level of adiponectin in patients with CAD is the cause or the consequence of atherosclerosis, and this is an important question. The possible mechanisms are 1) decreased production in adipocyte, 2) increased consumption in blood stream, or 3) both. 

In my opinion, based on above-referred  biophysical-semeiotic results, the first explanation is right.

In anyway, body weight reduction increased plasma adiponectin levels in both diabetic and non-diabetic subjects, and in premenopausal obese women (35).

In addition, the changes in plasma adiponectin levels were significantly correlated with the changes in BMI (35). However, regular exercise training without reduction of body weight did not alter the adiponectin levels in healthy subjects, although insulin sensitivity improved significantly (36). In my opinion, it seems really interesting that thiazolidinediones, which are synthetic ligands to peroxisome proliferator-activated receptor (PPAR), elevated plasma adiponectin levels in mildly obese subjects and increased adiponectin levels of both plasma and adipose mRNA expression, in addition to decreasing of TNF mRNA expression in mice (37). In a former paper, I referred the paramount actions of Melatonin-Adenosine, according to Di Bella-Ferrari’s formula, in ameliorating both glucose metabolism and  insulin sensitivity (5). These results suggest that the increasing adiponectin is not necessarily a simple consequence of improved insulin resistance in the clinical settings.

             It was reported that treatment of angiotensin-converting enzyme inhibitor or angiotensin II receptor antagonist increased plasma adiponectin levels in insulin-resistant patients with essential hypertension (21). Several proposed mechanisms by which renin-angiotensin system (RAS) inhibition leads to an increase of adiponectin are 1) enhanced insulin sensitivity, as melatonin does, 2) recruitment and differentiation of preadipocytes, and 3) increased transcription and/or translation of adiponectin (3). Indeed, RAS blockades have been reported to enhance insulin sensitivity, suppression of expression and secretion of TNF-alfa in adipocytes, analogously to melatonin, which increases in all infectious processes, as I demonstrated for the first time (5, 6, 7). Moreover, angiotensin II type 1 receptor (AT1) and type 2 receptor (AT2) in adipocyte are expressed during its differentiation (38).


Conclusion.

The results of my research allow me to state that melatonin, a potent endothelial protective hormone (39), besides a lot of other action mechanisms, illustrated in previous papers, from biophysical-semeiotic view-point (5, 6, 7), acts really also through the untill now unknown stimulation of adiponectin secretion by adipose tissue, thus  modulating a number of metabolic processes, including glucose metabolic regulation and fatty acid catabolism, according also to my previous studies. Among a large number of useful effects, mentioned above, adiponectin exerts some of its weight reduction effects via the brain. This is similar to the action of leptin (See elsewhere in this web-site), but the two hormones perform complementary actions, and can have additive effects.
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