DIET AND  HIPERINSULINEMIA-INSULIN RESISTANCE.

THE BIOPHYSICAL-SEMEIOTIC VIEW-POINT

Introduction.
In two previous articles (1, 2) I discussed in detail the relation between hyperinsulinemia-insulin resistance, on the one hand, and physical exercise and, respectively, coronary artery disese, on the other hand. On the base of numerous data, collected by means of Biophysical Semeiotics, referred and discussed completely, appears that we must go “beyond hyperinsulinemia-insulin resistance” in order to realize an early and efficacious primary prevention of the most common as well as dangerous human diseases: NIDDM, hypertension, obesity, malignancies, a.s.o.

In this paper I am going to examine, from biophysical-semeiotic view-point, the results, doctor can obtain with the aid of a correct diet, etimologically speaking, including physical exercise, in both Reaven’s syndrome, classic and “variant”, I described previously (3, 4), possibly applayed starting from zero stage of Grew Zone, which is the suitable locus of primary prevention, since it is the initial phase of hyperinsulinemia-insulin resistance (IIR) (See the sites HONCode, ID., N° 233736, www.semeioticabiofisica.it e www.semeioticabiofisica.it/microangiologia).

Dietary fat and  insulin action.

Now-a-days they are sufficiently known to both physicians and large people, advantageous effects of diet as regards Reaven’s syndrome, classic and “variant” (3, 4), for the first time gathered “clinically” with the aid of an original physical semeiotics and referred in previous papers (3, 4, 5, 6, 7).

In reality, it is clearly recognized that insulinresistance and hyperinsulinemia, always associated to the former, are strictly correlated with the onset of most common and serious human diseases, such as NIDDM, obesity, hyper-dyslipoproteinemia, hypertension, coronary artery disease, claucoma and malignancies.

As referred in above-cited article, I suggested the term Reaven’s syndrome, classic and “variant”, to indicate the “Insulin resistance syndrome”, or “Polimetabolic syndrome”, or “X Syndrome”, a.s.o. (8).

A common opening in analysis of NIDDM is that “dietary intervention is the keystone to therapy for NIDDM” (9). Despite this and the plethora of dietary guidelines for NIDDM, there are surprisingly little hard data on the role of diet in modulating insulin action. (9).

Early work from Himsworth, results from short-term studies employing liquid formula diets providing a remarkably high percentage (75-85%) (10, 11) of calories from carbohydrate, and the driving force from dietary guidelines for cardiovascular disease have conspired over the past 30 years to create guidelines for NIDDM that emphasize very low fat intake and very high carbohydrate intake. This is despite the fact that  the characteristic problem of diabetes is an inability to appropriately metabolize carbohydrates (12). 

With the relatively recent development of techniques to assess insulin action in vivo as well as glucidic metabolism and insulin receptors sensitivity, the true relationship between dietary fat intake and insulin action is now becoming clearer.

Moreover, many authors demonstrated the usefullnes of dietary intake of well-defined fats (mono- and poli-unsatureted fat acids, ω-3), , which favorably influence on insulin activity, binging about also other essential activities in biological systems,  referred for the first time “clinically” by us: synthesis stimulation of both Co Q10 and Q cicle, free radicals scavenger activity of fatty acids, a.s.o. .(3, 6, 7, 13).

DIEATARY FAT AND INSULIN ACTION: A BIOPHYSICAL-SEMEIOTIC EVALUATION OF IIR.

Biophysical-semeiotical evaluation of insulin secretion and insulin receptors activity in sckeletal muscles, lever, central adipose tissue (abdomen, thorax, including breast adipose tissue) and peripheral  (thigh) has been illustrated in previous papers  (1, 2, 14, 15, 16), as well as in the two above-cited sites.

In following, in the reader’s interest, Ferrero-Marigo’s manoeuvre is breafly described; it is an usefull bed-side tool in recognizing and quantifying the abnormal insulin receptors sensitivity (14). 

Ferrero-Marigo’s manoeuvre.

In an individual, supine and psycho-physically relaxed, doctor assesses the parameters of biceps muscle-ciecal (= caecum dilation) or –aspecific gastric (= in the stomach both fundus and body dilates, while antrum-pyloric region contracts) (Fig. 1), indicating critical histangic acidosis: in healthy, at empty stomach, the pression on biceps muscle between thumb and other fingers causes caecum dilation and aspecific gastric reflex after a latency time (lt) of 10 ( 0,5 sec. (14).
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Fig. 1

Figure shows clearly the position of belt piece of a stethoscope and the lines (arrows) upon which must be applied the percussion, direct and delicate, with a finger slightly bent as a small hammer, in order to observe the gastric aspecific reflex,  illustrated in the figure.

In healthy, aspecific gastric reflex shows a lt of 10 ± 0,5,  it lasts > 3 < 4 sec., and, then, disappears for further > 3 < 4 sec., before disappearing temporarily: “differential latency time”, which parallels exactly the fractal dimension (fD) of local vasomotility and vasomotion deterministic chaos, assessed in a more sophysticated and complecated way: NN = 3,81 (14, 15, 16, 17). 

On the contrary, in IDDM as well as in NIDDM with reduced insulin secretion, lt lowers to ( 7 sec., duration of reflex ) > 4 sec. (NN ( 4 sec.), and finally “differential latency time” 1 (NN = 3,81).

Interestingly, in IIR and in “initial” IGT, i.e., with increased insulin secretion, basal lt is 12 ± 0,5 sec., D > 3 < 4 sec., and “differential latency time” results > 3 < 4 sec. (Tab. 1).
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Tab.1

The biceps muscle- (lever-, adipose tissue-) aspecific gastric and/or ciecal reflex are each others related, demonstrating internal and external coherence of biophysical-semeiotic theory.

Subsequently, doctor evaluates for a second time the same parameters, soon therafter the stimulation of insulin secretion (= insulin secretion acute pisk test) by means of “light-moderate” and prolonged pinching (or digital pressure of “light-moderate” intensity) of VI thoracic dermatomere (= skin immediately below the crossing point, between costal arch and emicalvicular line, at right or left) for a duration of 12 seconds, causing hypertonus of pancreatic (-adrenoceptors (17, 18).

Analogously, it is possible to assess the activity of insulin receptors in lever and in adipose tissue, both central and peripheral (tigh).

Ferrero-Marigo’s manoeuvre allows doctor to gather clinical data, extremely interesting, which permit to recognize in relatively simple way a dangerous dysendocrinal-metabolic situation, in this moment even silent, which over a long time does not present  any clinical phenomenology, so that doctor unfortunately does not recognize it.

In healthy, the modest increase of lt is not significant (NN = 10 ± 0,5 sec.).

In case of IDDM and NIDDM with reduced insulin secretion, after acute pick of insulin secretion, lt persists practically unchanged (( 7 sec.; NN = 10 ± 0,5 sec.), while in IIR and IGT, with increased insulin secretion, the lt of biceps muscle -caecal reflex increases characteristically from the basal value of 12  ( 0,5 sec.  to  14  (  0,5 sec. (p< 0,001) (Tab.1).
Other numerous signs, related to insulin secretion, and based on precious microangiological data, are observed only by learned physicians, skilled in Biophysical Semeiotics: they are illustrated in detail in the above-cited papers and sites. 

Actually, experimental and clinical evidence shows that in IDDM insulin secretion is lowered, if not absolutely absent, and it ends rapidly in 2-3 seconds during stimulation of pancreatic (-adrenoceptors. Consequently, lt of caecal or aspecific gastric reflex results unchange, showing value pathologically small (( 7 sec.) after Ferrero-Marigo’s manoeuvre.
In healthy, where insulin secretion is physiologically ruled by insulinemia with negative feed-back mechanism (12, 14), insulin secretion returns to basal values in 10 sec. exactly, which is the duration of VI th. dt.- pancreatic reflex (pancresa congestion) (19).

            Therefore, in healthy,  immediately after he above-described manoeuvre, lt of biceps muscle-caecal (aspecific-gastric) reflex, due to the increase of muscle (hepatic, adipose tissue) endocellular free energy, as a consequence of increased glucose oxydation, secondary to the manoeuvre itself,  appears 10 ± 0,5 sec. versus 10,5 ± 0,5 sec. (p = NS) (Tab. 1).

On the contrary, in IIR, when insulin secretion is intense and lasts for about 14 sec.,muscle, although slowly, absorbs and uses glucose, which undergoes two metabolic pathways, oxydative and non-oxydative, beacuse of insulin.

Finally, in IIR in slow diabetic evolution, i.e., with slowly reducing insulin secretion,interestingly Ferrero-Marigo’s  manoeuvre results pathological : lt, even normal during basal examination, is reduced in the second assessment after acute pick of insulin secretion (these data are not referred in Tab. 1).

To summarize, after Ferrero-Marigo’s  manoeuvre, in IIR with increased insulin secretion, (where at present is absent the diabetic evolution), lt of biceps muscle-aspecific gastric and -caecal reflex  is prolonged in both characteristical and significant way: 12 ± 0,5 sec. versus 14,5 ± 0,5 scc.; p< 0,001), while it results clearly reduced i IIR evolving slowly towards type 2 diabetes mellitus.

Interestingly, pancreatic and muscular “vasomotion”, assessed as oscillations of pancreatic- and biceps muscle-lower ureteral reflex (See the site www.semeioticabiofisica.it/microangiologia), which give information about nutritional capillaries and post-capillaries venules, shows modifications correlated with those of caecal reflex lt, under the same conditions (17-20)  (Fig. 2).
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Fig.2

For further information about refined evaluation of insulin resistance at muscular, hepatic and adipose tissular, central and peripheral, level, by  means of clinical-microangiological data, the reader can see the paper on Zero Stage as well as on Grey Zone, in above-mentioned site.

At this points, we come back to the discussion on the relation between dietary lipids and insulin action in order to underscore the fact, that it is clearly recognized that insulin resistance is a major metabolic abnormality in the etiology of NIDDM, in individuals, of course, positive for “diabetic constitution”, conditio sine qua non of diabetes (See above-cited site: Biophysical-Semeiotic Constitutions).

 In fact, actual disease expression eventually  requires a relative failure of the pancreatic beta-cells (9). I agree completely with Storlien L.H. et al., who state that it is necessary a relative failure of beta-cells for occurrence of diabetes in subjects involved by IIR (9).

In summary, based on numerous data, gathered in a large number of studies, at least  epidemiological, the role played by dietary fatts on insulin activity is of paramount importance. Ad libitum feeding of high-fat diets led to impairment of insulin-stimulated glucose uptake as well as to elevated probability of IGT and NIDDM occurrence.

Althoug there is no general agreement among the authors, PUFA and omega-3 fatty acids could play a protective action against IIR (6, 20). Analogously, mono-unsaturated oleic acid proved to be beneficial in short time study, if compared with high-carbohydrated diet (21), as allow me to state the data of personal research (3).

However, epidemiological studies seem demonstrate negative effects of mono-unsaturated fatty acid on both IIR and diabetic complications (22, 23). In my opinion, such different results, indicate the consequences of different diets, etimologically speaking, used in diverse studies.

Before the conclusion, it is necessary to remember that the relation between dietary fatts and insulin resistance is present independently from possible effect of adiposity.

Finally, there exists a large variety of genetic susceptibility to dietary fatt and it is possible an interaction with the predisposition to high or low levels of physical activity (9), as demonstrates the existence of “lipidic constitution”, I described previously (See the above-cited site: “Biophysical-Semeiotics Constitutions”.

Diet and insulin action in skeletal muscles.

Biophysical Semeiotics allows to evaluate at the bed-side in “quantitative” way local insulin resistance with the aid of simple Ferrero-Marigo’s manoeuvre, as well as in a refined manner by assessing pancreatic and muscle and/or adipose tissue and/or hepatic microcirculatory activity (V. sito www.semeioticabiofisica.it/microangiologia). 

As already discussed in previous papers (2, 3), IIR can occur early in both classic and “variant” Reaven’s syndrome, i.e., in zero stage, suggesting an abnormality in glucose uptake in skeletal muscle, since the first life decades (3). By administering ω-3 fatty acids, we observed an intense ameliorating  of insulin receptors activity, associated with some stimulation of Co Q10 synthesis and Q circle activation (3).

In reality, authors demonstrated the relation between insulin activity and increase of poli-unsaturated phospholipids in the membrane of skeletal muscle (9, 24).

Impairment at the transport step might also include downregulation of GLUT-4, although that may be only with an extremely high percentage of dietary fat or where major changes in glucose transporter numbers can be achieved. Insulin action must involve the insertion and movement of peptides, e.g., insulin receptors and glucose transporters, in the plasma membrane. Changing the characteristics of the membrane, by changing the phospholipid fatty acid and composition, could then have potent effects on the ability of insulin to effect translocation/insertion of glucose transporter and/or their intrinsic activity (25), when inserted into the plasma membrane.

Consequently, membranes characteristics, due to its phospholipid fatty acid composition, could exert intense effects on insulin action, influencing both translocation and glucose transporters insertion as well as their intrinsic activity, 

In fact, the composition of membrane fatty acids plays a primary role in determining the “fluidity”, as I demonstrated clinically by the aid of Biophysical Semeiotics, as regards erythrocyte and neutrophil membrane, by employing dietary ω-3 fatty acids, applying an original assessement method of haematic viscosity (6, 26). 

Ameliorating microcirculatory flow-motion brings about actually histangic pH normalization, which in turn plays an essential role in controlling insulin receptors sensitivity (1, 2) (Fig. 3).
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Fig. 2

Figure illustrates the responsivity of insulin receptors in relation to histangic pH.

(From: “Minuti” n.29-30, 1981, J. Roth,for kind permission of Menarini) 

Conclusions.

What is clear from the data of a large number of above-referred data thus far is that dietary fatty intake does influence insulin action. However, whether the effect is good, bad, or indifferent is strongly related to the fatty acid profile of that dietary fat. In men’s results, including my personal ones, clinically gathered,  have shown a close relation between fatty acid composition in cellular membrane and insulin activity, always abnormal when the majority of fatty acids is represented by saturated fatty acids. In this case, consequently,  individuals, involved by “diabetic constitution”, are suffering at first for IIR and, then, by NIDDM (3).

On the contrary, prevalent intake of oleic acid (mono-unsatureted) and particularly of ω-3 fatty acids, beneficial for insulin action and energy balance, is followed by protective effect, even as regards thrombosis and coronary artery disease and peripheral disorder, arteriosclerotic in origin (9). Obviously, these results can be achieved when diet is considered from the ethimological view-point (physiological calories uptake, physical exercise, avoiding tobacco smoke, a.s.o.), in individuals involved by “diabetic and/or lipidemic and/or arteriosclerotic constitution, rationally selected with the aid of clinical, biophysical-semeiotic method.
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