Metabolic Syndrome, even initial: diagnostic  Role of clinical, quantitative, biophysical-semeiotic PPAR Evaluation  by endogenous Thyroid Hormon and Melatonin.
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Introduction.

Notoriously, the developed as well as developing world is experiencing a dramatic increase in the prevalence of obesity, insulin resistance, dyslipidaemia, hypertension, impaired glucose tolerance, diabetes mellitus, endothelial dysfunction, and pro-thrombotic and pro-inflammatory states. 

At the cellular and molecular levels, we have to consider with attention the roles of the adipocyte, hepatocyte, and skeletal muscle; insulin action, signaling transduction, and resistance; endothelial dysfunction; and the newly emerging area of inflammation. All these molecular-biological essential events can nowadays be assessed at the bed side by means of Biophysical Semeiotics (See websites http://www.semeioticabiofisica.it e

 http://www.semeioticabiofisica.it/microangiologia.it).  

The recent numerous epidemiological studies on the relationship of fat and carbohydrate intake and the occurence of obesity, hypertension, dyslipidaemia, type 2 diabetes, and coronary heart disease have provided new insights into the pathogenesis of metabolic syndrome based on mitochondrial maternally inherited disorder, according to my theory based on 48-year-long clinical experience. 

Really, since 1981, from the clinical view-point, I suggested, for the first time, that all most common and severe human diseases are based on the same mitochondrial functional citopathology, inherited from the mother, I termed Congenital Acidosic Enzyme-Metabolic Histangiopathy (CAEMH) (2-5). Only recently, authors recognize finally that a cluster of metabolic defects are caused by mitochindrial impairement (6).

There is a general agreement on the fact that hypertension and dyslipidaemia are risk factors for atherosclerosis and occur together more often than expected by chance. Although this clustering suggests shared causation, unifying factors remained unknown as far as the descovery of CAEMH. Moreover, I referred in earlier papers a large number of individuals with a syndrome including hypertension, hypercholesterolemia, and hypomagnesemia (more precisely speaking, patients with lowered cellular magnesium) (7). Each phenotype is transmitted on the maternal lineage with a pattern indicating mitochondrial inheritance. 

Only later, authors documented analysis of the mitochondrial genome of the maternal lineage identified a homoplasmic mutation substituting cytidine for uridine immediately 5' to the mitochondrial transfer RNA (Ile) anticodon (6), so that they are thinhing that, given the known loss of mitochondrial function with aging, these findings may have implications for the common clustering of these metabolic disorders (8). 

Clearly these authors unfortunately overlooked for a long time my “old” studies, and this accounts for the reason that they ignore the Pre-Metabolic syndrome, classic and “variant”. Really, metabolic syndrome, classic and “variant”, allways  follows the Pre-Metabolic Syndrome and diabetic, dyslipidaemic, hypertensive, arteriosclerotic biophysical-semeiotic constitutions, based on CAEMH (5, 9) (See also above-cited websites).

In the United States, by the year 2010, there may be about 50 to 75 million or more people with metabolic syndrome, which is surely due to genetic factors, ie., CAEMH, and comes after the pre-metabolic syndrome, the real “locus” of primary prevention (5, 8, 9).

 The estimation of its prevalence also depends on the definition used to diagnose the syndrome. In general, all those who have type 2 diabetes, hypertension, and CHD can be considered having this syndrome.

 In my opinion, however, most persons with impaired glucose tolerance have metabolic syndrome (5). Recently, an author agree with me, stating that genetic makeup contributes to the development of metabolic syndrome, but he states that why and how insulin resistance occurs is not clear, since he overlooks Biophysical Semeiotics (See above-cited website) (10).     

Thus, we are passing through an exciting era which makes a forum specific to the metabolic syndrome both necessary and important. As metabolic syndrome represents a growing epidemic, it has become clear that lifestyle, i.e., diet and physical activity, are critical influences in the development of metabolic syndrome and related disorders as well as a cornerstone for prevention and treatment. While there is a need for better science to establish what are sound dietary and life style principles, there are also social and political influences that affect policy and recommendations regarding nutrition and physical activity.

PPAR Activity, Mitochondria, and lipid and carbohydrate Metabolism.

In the mid-1990s, troglitazone was shown to improve insulin sensitivity in humans by interacting with a nuclear receptor sub-family, the peroxisome-proliferator–activated receptor, especially -( (PPAR-(). This drug improved glucose control in patients with type 2 diabetes, but the subsequent demonstration that troglitazone actually delayed the decline in beta-cell function and prevented the onset of type 2 diabetes in a high-risk population was exciting (11). 

I demonstrated recently that coniugated melatonin, among a lot of other action mechanisms, activates PPARs, if associated to diet ethymologically speaking, positively influencing lipid as well as carbohydrate metabolism efficaciously normilizing the sensitivity of muskel insulin receptors (12).

As a consequence, the biology of PPAR-( has been vigorously probed, also from clinical biophysical semeiotic view-point. 

A coactivator of the receptor, peroxisome-proliferator–activated receptor g coactivator 1 (PGC-1), has been discovered, and a common polymorphism of PGC-1 has been identified in patients with type 2 diabetes in population-based studies (13).
Overweight people with a family history of type 2 diabetes have decreased expression of PGC-1, even when glucose tolerance is still normal (13). Since PGC-1 is a transcriptional coactivator that is essential for the synthesis of the mitochondrial enzymes for the beta-oxidation of fatty acid, the relevance of an apparently unrelated line of research becomes clear, indirectly corroborating my hypothesis of a mitochondrial origin of a lot of human disorders, as I referred it above (1). 

Studies of triglyceride accumulation in muscle led to the recognition of a diabetes-associated decrease in the activity of the enzymes that are responsible for lipid oxidation, a process located almost exclusively in mitochondria. Recent biopsy studies in patients with type 2 diabetes have shown that mitochondria have impaired oxidative capacity and are only 55 percent of their normal size (14).

 Interestingly, from biophysical-semeiotic view-point, I diagnosed for the first time, quantitatively and in a clinical way, such as triglyceride accumulation in muscle: e.g., biceps muskel body digital compression of “mean” intensity brings about ureteral upper (= vasomotility; arterioles and little arterioles, according to Hammersen) and lower (= vasomotion; nutritional capillaries and post-capillaries venules) reflexes, which increase “slowly” in ( 2 sec. (NN < 2 sec.) (For further information, See http://www.semeioticabiofisica.it/microangiologia .it). 
Peters and colleagues report changes in mitochondrial function that potentially link the twin defects in muscle and beta-cell function in type 2 diabetes. They used the elegant technique of saturation-transfer magnetic resonance spectroscopy to measure the rates of ATP synthesis in vivo.
The rate of mitochondrial ATP synthesis in skeletal muscle was decreased by 30 percent in a              group of young, lean, insulin-resistant offspring of parents with type 2 diabetes, as compared with a group of control subjects with normal insulin sensitivity who were matched for physical activity. The findings suggest that an inherited defect in mitochondrial oxidative phosphorylation could lead to lipid accumulation and hence underlie the insulin resistance in muscle (11), as I demonstrated a lot of years ago (2-4, 19-21). A similar inherited tendency might be postulated to explain the progressive decrease in beta-cell function (9, 12, 20, 21).

As a consequence, bed-side evaluating PPAR activity in a quantitative way represents an epoch-making event, wich plays a pivotal role in the war against the occurrence of metabolic syndrome (1), thanks also to the descovery of Pre-Metabolic Syndrome (8)

Bed-Side Evaluating PPAR Activity in the Liver, adipose Tissue, and arterial Wall.

There are principally two biophysical-semeiotic methods, really easy to apply, similarly reliable, although different in technical difficulty and elegance, based on stimulating the secretion of endogenous thyroid hormone and respectively melatonin:

A) Firstly, doctor must ascertain the intensity of basal microcirculatory activity of lever and/or abdominal adipose tissue, and/or other tissue, such as endothels, either assessing the duration of vasomotility and vasomotion (NN = 7,5 sec. as “Plateau Line”,  in both absorptive and post-absorptive state: microcirculatory activation type I, associated) (10) (See also website www.semeioticabiofisica.it and particularly www.semeioticabiofisica.it/microangiologia.it) or in a easier way the latency time of hepatic- (adipose tissue- and arterial wall-) aspecific gastric reflex, caused by “mean” intense digital pressure upon cutaneous projection area of lever, arterial wall,and, obiously, by pintching with same intensity lateral abdominal adipose tissue (NN = 12 sec. in the first, and respectively 8 sec. in the two later) (Fig. 1). 

As a matter of fact, latency time, assessed in seconds, depends on the intensity of stimulation of related trigger-points. 

In following, the suggested stimulation intensity is “mean” (from the technical view-point, “mean” intense stimulation brings about also middle ureteral reflex, which give information on Endothelial Blocking Devices, EBD: See above-mentioned websites).
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Fig. 1

The figure shows the gastric aspecific reflex and right location of the bell piece of sthetoschope as well as lines upon which auscultatory percussion must be applied in  order to evaluate interesting parameter values of the  reflex.

 Subsequently, after stimulation of TSH-RH secretion – lasting 15-20 sec. – by “mean- intense” digital pressure on cutaneous projection area of TSH-RH neuronal center, i.e., 1 cm. above and 3 cm. in front of external acustic meatus), doctor evaluates a second time above-referred parameter values (Fig. 2).

The same results are obtained if the second evaluation occurs after stimulation, lasting 15-20 sec., of thyroid hormon secretion with the aid of cutaneous pintching of thyroid trigger-points, i.e., the cervical basal skin laterally to the sternocleidomastoideous muscle of both side. 

In healthy, Plateau Line duration increases significantly, raising from 7,5 sec. to about 9 sec., while latency time of hepatic-, artery- and adipose tissue aspecific gastric reflex increases in a significant manner (e.g., 16 sec. only in the first reflex and respectively 12 sec. in the two others). 

To corroborate this biophysical-semeiotic theory is of great importance the fact that if the same parameter values are assessed after “contemporaneous” application of both manoeuvres, we observe the highest results: 18 and 14 respectively.

Interestingly, in obese and/or dyslipidemic patients and/or prediabetics or diabetics, wherin is present impaired PPAR activity, there is not increasing of above-mentioned biophysical-semeiotic parameters values in the second, dynamic evaluation.
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Fig. 2

The figure indicates the precise location of trigger-points, related to the diverse neuronal centers of hormone secretion.
B) The second method is based on the evaluation of PPAR activity stimulated by endogenous melatonin: as illustrated above, at first, doctor must assess the same basal parameter values, i.e., duration of Plateau Line or, in a really easier, more practical manner, the latency time of gastric aspecific reflex, brought about by means of “mean-intense”, but NOT “intense”, digital pressure upon cutaneous projection area of lever or with “mean-intense”, persistent pintching of lateral-abdominal adipose tissue.

 A second evaluation is performed, starting from 20-30 sec. the subject to be examined has closed his eyes causing melatonin secretion.

In healthy, doctor observes once again the same results gathered during the first procedure, outlining internal and external coherence of biophysical-semeiotic method and theory. 

Interestingly, the evaluation, realized by means of both hormone (thyroid hormone and melatonin) stimulation contemporaneously, brings about the highest value, i.e., 18 sec. and 14 sec., corroborating the underlying physio-pathological mechanisms.

By contrast, in patients with impaired PPAR activity, i.e., obese, dyslipidemic, prediabetics and diabetics, a.s.o., parameter values appear not increased in relation to the basal ones, or they increase but not significantly, in the second evaluation. 

 Analogously, in the final stages of Pre-Metabolic Syndrome, i.e., in Pre-Metabolic Syndrome evolving to the metabolic syndrome, parameter values ameliorate less than normally: e.g., lt. of hepatic- and adipose tissue-gastric aspecific reflexes  increases from basal value of 12, and respectively, 8 sec. to 13-14 and 9-10 sec.  (NN = 16 sec. and respectively 12 sec.). 
Discussion and Conclusion.

Nuclear receptors are transcription factors activated by specific ligands, as fatty acids, LDL, melatonin (9, 12), a.s.o., which play an important role during cell signalling. They belong to the steroid-thyroid-retinoid receptor superfamily; these include receptors for steroids, thyroid hormone, melatonin, vitamin A and D derived hormones and some fatty acids.

 Structurally, they share common features: highly conserved central DNA binding domain (binds receptor to specific DNA sequences – Hormone Response Elements, HRE), ligand binding domain in the COOH- terminal region and variable N-terminal domain (15). Recently, the three-dimensional structure of DNA binding domains of various nuclear receptors has been described (16). However, in some nuclear receptors the natural ligand (hormone) has not been identified and therefore the term “orphan” receptors (OR) was suggested a decade ago. Searching for such ligands (hormones) has introduced the concept of “reverse endocrinology” (16). A typical example of this approach is the discovery of  9-cis retinoic acid (a metabolite of vitamin A) as a high-affinity ligand for three variants of retinoid X receptors (RXR). 

Currently, five families of OR are distinguished:  1) liver X receptor (LXR), 2) pregnane X receptor  (PXR), 3) constitutive androstane receptor (CAR), 4) farnesoid X receptor  (FXR) and 5) peroxisome proliferator activated receptors  (PPARs).

Peroxisome Proliferator-Activated Receptors (PPARs) were first cloned from mouse liver in 1990 as the nuclear receptor mediating the effects of many synthetic (industrial and pharmaceutical) compounds called peroxisome proliferators (PPs) (17).  PPs influence both the size and number of peroxisomes, which perform various metabolic functions (peroxide derived respiration, beta oxidation of fatty acids, cholesterol metabolism, etc.) within the cell (18).

Like other nuclear receptors, after activation by ligand, PPARs bind a specific element in the promoter region of target genes. The hetero-dimerization of PPAR with RXR and the presence of coactivators are neccessary for the transcriptional activity of PPAR responsive element. PPARs activity can be compromised not only in obese, dyslipidemic, diabetic, and arteriosclerotic patients, but also in the late stages of Pre-Metabolic syndrome, evolving to the metabolic one (18).

Among  biophysical-semeiotic first alterations of Pre-Metabolic Syndrome evolving to Metabolic Syndrome, doctor observes initial impairement of PPAR activities, at least after above-described stimulation by hormones, which results particularly evident in the later pathological condition, even in apparently healty individuals.

           Such as original method of bed-side assessing PPAR activities in quantitative manner proved to be reliable and precious in a long clinical experience, from both practical (controlling actual carbohydrate and lipid metabolism) and experimental view-point. 

As a consequence, bed-side evaluation of PPAR activity plays a pivotal role in both primary prevention and diagnosis of the most common and serious metabolic disorders, often associated to form the increasing Metabolic Syndrome.
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