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Abstract

Insulin is one of the most important of anabolic hormones. Type 2 Diabetes (T2D) is characterized by persistent, stealth catabol-
ism, as well as impaired glucose and phosphate uptake. The phosphate transporting capability of insulin has been known for a long 
time, although it has been studied mainly since the 21st century. According to the logic of the Momentary Intracellular Ion-Pattern 
Signaling, insulin should increase of HPO4

2- in the cytosol - and does it, indeed. (It is not clear that this is a one- or multistep memb-
rane-transport phenomenon.) Insulin does not only stimulate the transport of phosphate (Pi) into the cytosol but alkalinizes it, as 
well. Cytoplasmic alkalinization is a vital process by insulin, which mechanism has not been studied in detail. Insulin is one of the 
most important players in the regulation of intracellular pH, which, together with phosphate transport, is crucial for maintaining its 
anti-catabolic effect. Acidotic cytoplasm of the pancreas beta-cells increases while alkalotic decreases insulin secretion, which may 
be a feedback mechanism. 

All insulin-mediated vital anabolic processes use energy derived from ATP. The impaired mitochondrial ATP production capability 
is a consequence of insulin resistance, which develops during the early stage of Metabolic Syndrome, and can persist for decades 
without a manifest of T2D. Decreased ATP productivity is compensated by increased lipid availability. T2D develops when high trigly-
ceride availability cannot compensate for insulin resistance and reduced ATP production. The guiding principle is that mitochondria 
have to provide near-normal ATP content at all costs in the cytoplasm of the cells; otherwise, the cells will be severely ill or killed. 
Catabolism rises to increase ATP production. The liberated amino acids allow gluconeogenesis to proceed and raise serum glucose 
levels. Pathophysiologically, both hyperglycemia and increased food uptake have compensatory roles in ATP production, though 
many vicious circles are generated.
Keywords: Chronic Low-Grade Hypercapnia; Cytosolic Alkalinization; Insulin Mediated Pi-Transport; Insulin Resistance; Intracellular 
Acidosis; Type 2 Diabetes
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Introduction
Insulin is one of the most important of anabolic hormones. 

Type 2 Diabetes is characterized by persistent, stealth catabolism, 
as well as impaired glucose and phosphate uptake. The primary 
targets of insulin are on the cells of the liver, skeletal muscle, and 
fat tissue. Besides, most cells of the organism also have insulin re-
ceptors, where it usually has pleiotropic effects [1]. All insulin-me-
diated vital processes use energy derived from ATP. The primary 
metabolic „goal” of insulin is to provide the conditions of the ATP 
production on a high level, as it is a prerequisite for both its anabo-
lic and pleiotropic actions. The vital anabolic processes supported 
by insulin are the following: protein synthesis/anabolism, phosp-
horylation, growth/mitogenesis, reproduction, lifespan, cognition 
[1]. Mitochondrial ATP production is already impaired at an early 
stage of insulin resistance (IR) [2,3] These persons can be asymp-
tomatic for more decades despite Metabolic Syndrome develops. 
Hypertriglyceridemia and cytoplasmic accumulation of lipids start 
when IR develops - lipids can play a compensatory role in metabo-
lism for a long time. It was presumed [3] that the intramyocellular 
lipid (IMCL) evolves due to a probable genetic defect of mitochond-
rial ATP production.

There are several causes and putative pathomechanisms for 
the development of T2D. While previously, the lipid theory used 
to lead the list, high levels of serum lipids are increasingly consi-
dered to be a compensatory phenomenon and, therefore, is a good 
predictor of the IR. According to the author of this book, each of 
the putative pathogenetic factors also can trigger acidosis. T2D is 
likely to develop from MetS when increased lipid availability is no 
longer able to provide sufficient ATP production on a sustained ba-
sis, and the cytosolic ATP level begins to decline. The lack of CBIs 
(Mg2+, Zn2+, Pi, and K+) also plays a significant role in the devel-
opment of T2D (see Part 4). Previously less discussed, however, it 
has been shown that T2D, as a slow catabolic process, is associated 
with decreased LBM and BCM (See Part 1), so-called Sarcopenic 
Obesity often occurs.

The author suggests that there may be only predisposing ge-
netic factors in the background rather than significant genetic de-
fects, given that IR is a widespread phenomenon. Pi is a cytosolic 
signaling molecule, which can control the metabolic rate through 
the regulation of oxidative phosphorylation [4]. The insulin acts 
on a specific cell membrane receptor, which belongs to the super-

family of tyrosine kinases, activates a complex intracellular signa-
ling network and cascades. Some researchers have suggested that 
impaired ATP production of mitochondria (and IR) can develop 
due to intracellular acidosis and is a consequence of inadequate 
phosphate transport. Psychosomatic pathomechanisms can also 
cause it (see Part 2). We cannot alter either the assumed genetic 
errors causing IR or chronic stress, which already has taken place. 
However, the metabolic alterations based on inorganic chemical 
modifications caused by chronic hypercapnic acidosis can be partly 
or wholly reversed, and they can be corrected by physicians, at 
least that’s what the author of this E-Book thinks.

About insulin resistance, Type 2 Diabetes and their metabolic 
consequences

Phosphate transport defect is an early sign of insulin resistan-
ce

Insulin physiologically facilitates not only the membrane trans-
port of glucose but also promotes the phosphorylation of gluco-
se to G--6-P [5]. Insulin (similarly to IGF-I) helps the transport of 
inorganic phosphate into cells by Na+/Pi cotransport mechanism 
[6]. One of the most significant consequences of IR is the decrea-
se of cytoplasmic Pi concentration in muscles, diminished glucose 
phosphorylation [5], and other phosphorylations [7]. Petersen also 
suggests that the two defects root in the same problem [2]. High 
plasma levels of fatty acids are a good predictor of IR [7,8].

Many think that two articles of Petersen’s team [2,3] are the 
cornerstones of IR. They showed that insulin-resistant young, lean, 
apparently healthy offspring, had already impaired mitochondrial 
activity [2]. According to prospective studies, IR can be decades 
before the onset of diabetes manifestation [9]. The insulin-resis-
tance and insulin-sensitive subjects showed similar characteristics 
in age, weight, BMI, activities, glycosylated hemoglobin [2]. Insulin 
levels during oral glucose tolerance tests were consequently hig-
her than controls. Their data showed (during proton magnetic re-
sonance spectroscopy) that the insulin-stimulated rate of glucose 
uptake by muscle was 60% lower than in the controls (P* < 0.001). 
It was accompanied by an increase of 80% in IMCL. (P = 0.005). The 
decrease in mitochondrial phosphorylation was 30% (P = 0.01). 
(Note: This condition can be consistent with MetS.) Their conclu-
sion: There is a defect in mitochondrial oxidative phosphorylation 
in the skeletal muscle of the insulin-resistance offspring patients 
with T2M, which may be inherited. IR manifests with increased 
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IMCL and decreased insulin-stimulated glucose uptake. In the se-
cond paper of Petersen’s team [3], they pointed out that, in addi-
tion to the reduction of insulin-stimulated mitochondrial ATP sy-
nthesis, the insulin-stimulated phosphate transport decrease also 
clearly detectable. There was a robust correlation between an in-
sulin-stimulated intramyocellular Pi increase and the rates of ATP 
synthesis. The authors declare: "a common signaling defect may 
be responsible” for both intramyocellular Pi and glucose transport 
defects. Also, it should be investigated which one is the primary of 
the three (increased IMCL, decrease in ATP synthesis, and Pi trans-
port), and which are consequences? According to the logic of the 
cytoplasmic model (see Part 1.), the decreased Pi transport should 
be the primary cause of the reduced ATP synthesis. Pi transport 
is hindered due to hypercapnia induced intracellular acidosis. The 
increase in IMCL is probably a compensatory phenomenon [10].

Today, there is a growing acceptance that damaged ATP forma-
tion, which results from decreased Pi transport, can be the direct 
cause of IR. The so-called "subsarcolemmal mitochondria” obta-
ined from obese patients by biopsy, the mitochondrial electron 
transport chain activity (ATP generation) was significantly lower 
than in lean, healthy subjects [11]. It would mean that IR is present 
in a part of the mitochondria of a significant proportion of obese 
patients. Naturally, not all obese patients will have diabetes. There 
is an age-related reduction in mitochondrial ATP production capa-
city in skeletal muscles. That is why IR is common in the elderly, 
which is often not manifested in the classic clinical picture of T2D. 
Following the classical MRS examinations of the Petersen’s group, 
their results and theory were repeatedly confirmed. Investigating 
the acute effect of insulin on healthy human skeletal muscle, it be-
came unequivocal that ATP content started to increase after 50 
minutes administering of insulin and lasted for 150 minutes [12]. 
Pi uptake into the muscle was 14% while glucose uptake 8%. The 
insulin-mediated increase in ATP concentration was entirely due 
to the rise in Pi transport. In summary, in the case of IR, the insu-
lin-stimulated ATP synthesis reduced due to the decreased insu-
lin-stimulated Pi transport.

Role of lipids in the insulin resistance

Decreased oxidative capacity of skeletal muscle can be signifi-
cant contributors to the development of IR and T2D because it is 
one of the main ATP generating organs, considering its volume too. 
There is evidence for increased lipid content in skeletal muscle 
(IMCL) in IR: histology, electron microscopy of biopsies, and mag-

netic resonance spectroscopies are also available. An impaired ATP 
synthesis and increased IMCL were also present in lean offspring 
of type 2 diabetes as an inborn defect of oxidative phosphorylation 
[2]. Under experimental insulin-stimulated conditions, increased 
serum lipid concentrations moderated the insulin-stimulated ATP 
synthase flux and impaired glucose-transport/phosphorylation. 
Elevation of plasma free fatty acid (FFA) concentrations reduces 
glucose transport, phosphorylation, glycogen synthesis, and glu-
cose oxidation. On the other hand, acute increases in plasma FFAs 
cause increases in intramyocellular triglyceride (IMCL-TG) content 
in healthy volunteers. However, novel data suggested that the li-
pids induced IR is less straightforward than has been previously 
suggested. The lipid overflow hypothesis is overshadowed because 
researchers have pointed towards multiple factors that defense 
against the development of IR. The lipid droplet coat proteins pro-
tect the cytoplasm from IMCL lipotoxic effects. Although the disba-
lance in skeletal muscle lipid influx can be toxic. The observation 
of the mechanisms involved in lipid-induced IR is not yet closed. 
E. g., DAG, ceramides can induce IR in experimental animals. Such 
mechanisms could not be proven clearly in human studies. On the 
other hand, there has been found that there are several routes to 
lipid-induced IR [13]. Today, the majority accepts that lipotoxicity 
becomes manifest, at least concerning pancreatic beta-cells, if glu-
cotoxicity is also present. Hyperglycemia itself is toxic for beta-cell 
function [14].

T2D is a heterogeneous disorder. The disordered lipid metabol-
ism is neither primarily nor responsible solely for the development 
of IR [2,3]. Metabolic Syndrome (MetS) and Type 2 Diabetes (T2D) 
are clinical conditions involving impaired uptake and utilization of 
glucose and altered lipid metabolism [8]. It seems that at the begin-
ning of IR, in the MetS stage, mitochondrial lipid oxidation can com-
pensate the inhibited glucose uptake. Serum lipid levels increase 
due to impaired mitochondrial ATP generation; this is a compensa-
tory phenomenon [10], that is why the serum lipid level elevation is 
a good predictor of IR [7,8]. Already at the stage of MetS, the eleva-
ted serum lipid levels are followed by the increase of intracellular 
lipid contents (e.g., IMCL); these can increase oxidative phosphory-
lation and maintain an acceptable level of ATP formation by increa-
sing Acetyl Coenzyme A levels. The dominance of lipid oxidation is 
also prooved by a high respiratory quotient (RQ) [8]. Subsequently, 
however, due to vicious circles, this lipid compensation becomes 
inadequate, and T2D develops. One of the reasons for this can be 
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the incomplete fatty acid oxidation and the mitochondrial overlo-
ad itself [15]. The onset of T2D initiates a series of vicious circles 
(see below) - one of the consequences is that the lipid oxidation 
further deteriorates [8].

The increased serum lipid levels and the resulting increased 
IMCL are not highly toxic for years, decades, and they provide 
adaptive compensations for IR and decreased glucose oxidation. 
However, it should be some reason that, over time, lipid beta-oxi-
dation also becomes insufficient. By the time developing T2D, the 
pancreatic beta-cells are already severely damaged [16]. It should 
explain what the pathomechanism might be, Koves’ team experi-
ments can help us in these issues [15]. They found that lipid be-
ta-oxidation is enhanced in IR, at least in the skeletal muscle cells. 
Their extensive researches support the theory of "incomplete" 
degradation of lipids during excessive beta-oxidation, which can 
eventually impair mitochondria, ultimately leading to a decrease 
in energy deficiency and decreased membrane potential. In short: 
after prolonged existence, increased lipid oxidation becomes toxic, 
especially in the presence of glucose. That is, the poisonous effect 
of lipid overload will occur sooner or later [15].

Role of beta-cell dysfunction in the pathophysiology of Type 
2 Diabetes

Beta-cells of the pancreas are capable at first secrete sufficient 
insulin to compensate for IR, then relative insulin deficiency de-
velops. When hyperglycemia exists, beta-cell dysfunction is alre-
ady clearly present in persons with Type 2 Diabetes [16]. Many 
different studies confirmed that beta-cells dysfunction occurs well 
before the onset of hyperglycemia. Most researchers assigned to 
persistent lipotoxicity as causative for the relatively reduced insu-
lin production, others claim that only the glucotoxicity makes high 
lipid levels also toxic [14]. The discussion has not yet settled what 
causes pancreatic beta islet cells’ early damage. Kahn [16] also re-
gards the pathogenesis of T2D as a vicious circle. The combination 
of lipid-induced IR with a weakening insulin response and increa-
sed lipolysis. Namely, the account has to be taken the weakening 
anabolic and increasing catabolic effects of T2D. At the same time, 
there is a failure of the hypothalamus to induce postprandial ther-
mogenesis [17]. The weakening insulin action increases body mass 
(BMI) while decreases cytoplasmic weight (BCM.). Reduced rate of 
energy expenditure is a risk factor for body-weight gain [18].

Since the role of lipotoxicity (without hyperglycemia) has been 
questioned in the pathogenesis of T2D, there is no accepted pat-
hophysiology for early beta-cell dysfunction [13]. The author of this 
book accepts Koves’ opinion [15] that persistent elevations in se-
rum lipid levels and IMCL have some toxic effects on mitochondria. 
Frequent polyphagia, because of starvation due to ATP deficiency, 
both lipid and glucose levels often elevate transiently, which poten-
tiate each other toxic effects. On the other hand, very high levels 
of pCO2 (in the case of the OSA, with or without hypoxia) also play 
significant roles.

Cytosolic acidification is a potent candidate for insulin resis-
tance

It was found that GLUT4 glucose trafficking is the rate-control-
ling step at the insulin-stimulated glycogen synthesis in the skeletal 
muscle [5]. Although it only functions well under alkaline cytosolic 
pH conditions.

Previously, (in the early seventies), it was thought that intracel-
lular pH (pHi) is constant, which was refuted [19]. Interest in pHi 
is far ahead of the possibilities. The influence of intracellular pH 
on insulin secretion has been known since 70ies-80ies, but little 
attention has been paid to these mechanisms [20]. Although, there 
was a debate about whether glucose changes the cytosolic pH or 
not when enters to beta-cells? If yes, in which direction? On the ot-
her hand, does the NHE (Na+/H+) exchanger mechanism play a role 
in the most commonly detected alkalinization [21]? There is strong 
evidence that intracellular pH influences the so-called Nutrient-Sti-
mulated Insulin Secretion [20]. It was identified that glucose acti-
vates the vacuolar V-ATPase (in yeast and mammals) and alkalini-
zes the cytosol [22]. A Chinese research group (Nankai University) 
looks like, solved the pH-dependent, voltage-gated channel regu-
lation of insulin secretion, reported in an unpublished paper [23].

Voltage-gated proton channels are membrane proteins; they al-
low only protons to cross membranes. They located in all cells from 
unicellular to mammals. They allow protons to move if the elect-
rochemical gradient is outwards. These membrane proteins are 
"rectifiers." They are sensing the pH, are also changing the intracel-
lular pH due to the flow of the protons. Voltage-gated channels are 
sometimes closed depending on the voltage- and pH-gradient on 
the two sides of the membrane [24]. It was demonstrated on panc-
reatic beta-cells that the secretory granules of vacuoles need aci-
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dification driven by V-type H+-ATPase to secrete insulin [25]. It was 
identified that glucose activates the vacuolar V-ATPase (in yeast 
and mammals) and alkalinizes the cytosol, vacuolar and cytosolic 
pH alterations were second messengers for glucose in beta-cells 
[22]. The alkalinization of the cytoplasm of beta-cells inhibited 
insulin secretion [26]. Although, cytosolic acidification stimulated 
the insulin release from beta-cells [27]. Manipulations of pH in 
the pancreas beta-cells are associated with changes in membrane 
potential, ionic fluxes, and insulin release [23]. Relatively small 
changes in Hv1 activity have significant effects in insulin secretion, 
which that is the voltage-gated system is an excellent regulator of 
metabolism [23]. Pang., et al. [23] seem to have clarified an essen-
tial regulatory mechanism for insulin secretion. It can take time for 
the previously discovered mechanisms (KATP channel, the role of 
Ca2+) to retake to their places.

What does mean the newly discovered mechanism of insulin 
formation, the voltage-gated insulin secretion? The author of this 
book thinks that insulin regulates not only the level of blood glu-
cose, but it is also one of the intracellular pH regulators. Namely, 
it tries to prevent the acidification of the cytosol. The feedback 
mechanism also works here: insulin alkalinizes the cytoplasm of 
target cells. If the medium is sufficiently alkaline, the cytoplasm 
of the beta-cells will also be more alkaline (at least in its tendent-
iously). But if the pH of the cytosol is more acidic, more insulin will 
be produced to combat acidosis, as is the case in the Metabolic Sy-
ndrome; and this works indeed for many years. Although this pHi 
regulation cannot be perfect, in part because insulin receptors are 
represented in very different proportions on different cell types. 
On the other hand, respiratory acidosis cannot be compensated by 
ion-exchanger so, such that Intracellular Ion Pattern set to the ori-
ginal level (see Part 2.).

It cannot be overemphasized - and it is no overstated - that the-
re is a strong relationship between acidosis and insulin metabo-
lism or insulin receptor signaling [28]. Surprisingly few publica-
tions deal with the role of acidosis in IR, much of them on diabetic 
ketoacidosis, and are old papers. However, it has been established 
[29] that metabolic acidosis was more connected to the occurrence 
of IR than metabolic ketosis. They suggested that IR in metabolic 
acidosis resulted from the combined defects in binding affinity and 
the post-binding process on the insulin receptor. The metabolic aci-
dosis but not ketosis caused IR in the rat [30]. Nephrologists have 

long been recognized that metabolic acidosis due to chronic renal 
failure causes IR, which was reduced by the restoration of serum 
pH [31]. The insulin production increased with the disappearance 
of extracellular acidosis, which was explained with an increase in 
vitamin D3 levels. (It may be a contradiction.).

Marunaka [32] found a slight decrease in interstitial fluid pH of 
the body. According to his theory, the buffering capacity of inters-
titial space is lesser than blood plasma. The overproduction of acid 
metabolites would lower the pH of interstitial fluids. The lowered 
pH (acidosis) could cause IR. With a modern Western-type diet, we 
consume a lot of titratable acids. Research results suggest that the 
acid load taken with meals can be an additive mechanism for the 
development of IR [33].

There is no consensus as to what is the primary cause of IR. 
The three leading candidates include 1) intracellular fatty acid ac-
cumulation, chiefly in the cytoplasm of the liver, skeletal muscle, 
and heart, 2) dysfunction/failure or decreased number of the mi-
tochondria, 3) inflammatory mechanisms, primarily provoked by 
the cytokines of adipose tissue (as TNF-alpha and IL-6). Other fac-
tors also emerged, for example, the ROS. Recently, the role of acido-
sis has even started to spread (see above). The author of this book 
believes that it does not take too much effort to bring the causative 
factors to a common denominator, namely, to prove therole of intra-
cellular acidosis in all proposed mechanisms, which consequences 
from the cytoplasm model of the author, too (see Part 1.).

To point 1): Hamilton had accurately described that all FFAs 
easily cross the membrane of cells (according to his flip-flop con-
cepts), they acidify the cytosol for a while, then will be neutralized 
relatively fastly. It is a consequence of the acidic manifestation of 
the non-esterified fatty acids. The neutralization by cytoplasmic 
proteins follows it. It was shown that adipocytes are much less 
able to absorb and internalize certain long-chain fatty acids if they 
were manipulatively acidified previously. On the other hand, the pH 
could be restored much more slowly [34]. That is, fatty acids can be 
toxic because they can acidify cytosol.

Many say that the primary cause of lipid accumulation in the cy-
toplasm is the inadequate fat burning [10]. According to this theo-
ry, both glucose and lipids exist in higher serum concentrations 
because their burning is hindered, and the steady-state can only be 
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created at higher levels - or neither then. The cells are starving in 
T2D, so the individuum is also starving. The more calories he/she 
takes in, the worse the situation will be. (A newer vicious circle.) 
NB. Biochemical processes can only utilize biological energy (ATP).

The electrochemical gradient of H+ points to the direction of 
the cytoplasm (see Part 2. [30]), and therefore the extrusion of the 
acids from the cytosol requires direct or indirect ATP energy. The 
fatty acids will undoubtedly cause a significant acidic load. In the 
case of ATP deficiency, the acid removal will be damaged, so long 
term cytosolic acidosis will develop.

To point 2): An early paper on IR reflects a modern view, when 
writes: It is valid of the "insulin resistance of skeletal muscle in 
type 2 diabetes and obesity dysregulation of both carbohydrates 
and lipid fuels” [35]. Since then, several mitochondrial morpholo-
gical and functional disorders have been shown to play a role in 
the development of IR. Many of these appear to be hereditary. Eit-
her way, something had to change in a hundred years because, in 
the earlier centuries, T2D might be a less frequent disease, though 
the genome could not change significantly. (Some think that mi-
tochondrial damage may be a consequence of IR [36]. One of the 
consequences of the relative or absolute ATP-energy insufficiency 
is the Sick Cell Syndrome (see Part 1), which includes, among other 
things, intracellular acidosis and phosphate deficiency. Although in 
the case of T2D, the shortage of Pi transport is not causative, the 
cause itself (see Part 4.).

To point 3): The proinflammatory cytokines as tumor necrosis 
factor (TNF) and interleukins 1, 6, 8 (IL-1, IL-6, IL-8) are initia-
tors of the acute phase reaction. They heighten catabolism, cause 
negative nitrogen, potassium, magnesium, and phosphate balance, 
as well as acidosis and IR [37]. There is an apparent antagonis-
tic effect between anabolic hormones and proinflammatory cyto-
kines. Insulin-like growth factor-1 (IGF-I) could reduce TNF-α or 
IL-1β-induced proteoglycan degradation [38]. Anabolic action of 
insulin is similar to IGF-I. The relationship is evident. It also means 
that inflammation also causes "Sick Cell Syndrome” and intracellu-
lar acidosis (See Part 1).

The above speculative reasoning was possible because, cur-
rently, reliable cytosolic pH measurements are not available in cli-
nical practice. The author of this book agrees with the following. 

"However, next-generation techniques allow for the real-time 
measurement of live-cell metabolism, intracellular pH, and proton 
pumping, both through imaging instrumentations and biochemi-
cal assays, thereby opening up the possibility for a better compre-
hension of the phenomenon for the future” [28].

Chronic respiratory acidosis, together with metabolic acido-
sis, can generate Metabolic Syndrome and Type 2 Diabetes

According to the author of this book, T2D is most often triggered 
by low-grade chronic hypoventilation/hypercapnia. OSA, COPD, 
and OHS play a crucial role in the development of IR because of 
taking part in the pathophysiology of chronic (but fluctuating) 
hypercapnia (see Part 2). Hypercapnia generates intracellular aci-
dosis, and that low-grade acidosis is able to cause catabolism (See 
Part 1., and Part 2). Surprisingly, the catabolic effect of hypercap-
nia was discovered only in the 21st century [39]. According to the 
hypothesis of this book’s author, slight chronic hypercapnia would 
be not only the etiopathogenetic factor that of T2D but also that of 
MetS. Chronic stress plays a crucial role in the pathophysiology of 
all three hypoventilation syndromes (OSA, COPD, and OHS). Still, 
many others also participate: for example, age, eating habits, tra-
ditions, psychic mechanisms (rewarding), lack of movement. The 
individual determinants, partly genetic that are also decisive how 
the course of the disease at the person.

The author had shown (see Part 2.) how this type of chronic 
stress can transform the intracellular pH and ion-relations through 
breathing changes and stress hormones. (Stress -- breathing al-
teration -- CO2 level alteration -- pH-alteration -- electrolyte dis-
turbances -- metabolic alterations -- metabolic remodeling.) The 
neuro-humoral system tries to recover intracellular pH; the riffle 
effects and vicious circles develop. In the case of this type of chronic 
stress, chronic hypercapnia persists, compensatory mechanisms 
can stabilize metabolism. The deterioration can further continue 
by the dysregulation and remodeling of the metabolism. Restoring 
the original pH and ionic conditions together everywhere in the 
body is a mathematical inability. Assuming original states were op-
timal, the deterioration of the body will increase, the levels of ent-
ropy would equalize sooner than without the existing alterations of 
pCO2; life will shorten. These conditions, under certain circumstan-
ces, are manifested in the form of a clinical picture of T2D.
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In addition to pH that expresses actual acidity, titratable acidity 
should also be mentioned. This metabolic component neutrali-
zes the nanomolar H+ magnitude alterations of blood, with molar 
concentrations of buffers. Modifications of the actual acidity are 
compensated by the kidneys and are buffered by the tissues. (The 
“complication” term better express the essence than the “com-
pensation” since the metabolic component can recover similarly 
slowly as it was created. This mechanism helps in maintaining pat-
hological states.) About 1mEq of an organic acid is produced from 
every gram of protein consumed. The mEq/L unit is a million times 
bigger than the nEq/L (concentration of the dissociated form of 
H+). It means that the entire amount of the produced acids should 
be emptied via kidneys or bound by tissue buffers. Otherwise, it 
would be developed intolerable acidosis. Clinicians recently rea-
lized that the largest buffering organ, i.e., the bone system itself 
also changes and suffers from the acid-binding, and osteopenia 
can develop as a result [40]. The hydrogen ion can be formed de 
novo from almost “out of the nothing” (for example, from the me-
tabolic end-products or intermediate products of organic matter) 
as well as it also can similarly disappear. As opposed to the metal 
ions which can enter the body (incorporation), or they can leave it 
by excretion. Hypoxia, ischemia, necrosis – all these processes are 
accompanied by intense acid formation.

It was not taken into account previously that the buffer itself, 
in this case, bone tissue, also changes during buffering; binding of 
fixed acids certainly contributes to osteoporosis. Over the decades, 
the idea of Wachman and Berstein [40] is increasingly supported 
by studies [33]. This loss of the bone mass is mostly reversible if 
we ingest fixed alkaline salts and Ca2+ instead of fixed acids. With 
the alterations of titrable acidity, the actual acidity also changes, 
only by many magnitudes lesser. Relman., et al. developed a met-
hod that can well follow the acid-base balance. "Where did the 
endogenous acids normally come from?” [41]. There are many ar-
guments in favor of the theory raised 50 years ago [38], but there 
are also objections [33]. Sufficient data is available to prove that 
inadequate nutrition brings so many acids into the body that can 
impair insulin sensitivity and glucose homeostasis. However, there 
are no functional studies to prove that these harmful effects can be 
eliminated. It was stated that the acidogenic diet can cause meta-
bolic acidosis, IR, and metabolic syndrome [33].

Several circumstances, literature studies, suggest that age-re-

lated metabolic acidosis, which is partly irreversible, contributes to 
the formation and maintenance of MetS and T2D (see Part 2).

Dynamics of the metabolism

Intracellular pH is one of the essential signaling systems because 
it affects all enzymes, more or less. A relatively small raise in pH 
results in an up to 20% increase in metabolism (see Part 1. [9]) as 
it strengthens the activity of a lot of enzymes. By contrast, a minor 
decrease in intracellular pH reduces metabolism; thereby, it has a 
stabilizing effect for a short time. It is preferred in emergency phy-
sicians, especially in the form of moderate hypercapnia: "permis-
sive hypercapnia" - (see Part 2. [45]). Indeed, this often prevents, 
postpones the threat of life, and gives time for action. By contrast, 
chronic hypercapnia is not at all desirable for the long run even in a 
moderate form, because the anabolism is more reduced than cata-
bolism; slow degradation of cytoplasm is inevitable. When it comes 
to intracellular acidosis, it is also important to note that the cell 
space is not continuous but also fragmented. Cells are not a single 
space but have many vacuoles, and other cell organelles, which are 
surrounded by membranes, each of them has its regulation. So it 
is only guessing to speak about homogenous intracellular acidosis 
or alkalosis evenly the body. We can imagine it rather mosaic-like, 
which could explain the validity and pathophysiology of the Place 
of Less Resistant Theory (see Part 1.). There is no evidence of either 
of them because measuring intracellular pH is not solved.

So when we talk about intracellular (or cytosolic) acidosis, we 
can only say that in general. The author of this book cannot do 
better to do than is following the cytoplasmic model that he had 
constructed from the review of countless literary articles through 
decades ago. The equilibrium of anabolism versus catabolism is so-
metimes necessary for the stability of life. On the other hand, the 
cytoplasmatic (or cell) growth is one of the vital life processes [1] 
supported by the action of insulin. There is a clear correlation bet-
ween cytosolic pH and cytoplasmic increase [42]. The increase-dec-
rease dynamics of the cell cytoplasm can best be illustrated by the 
cytoplasmic triad (CBIs-ATP-Proteins) helix, where the height of 
the helix is proportional to the amount of each component. It cor-
relates with resting membrane potential (or "potassium potential") 
and ATP content of the cell in a steady-state. (See Part 1. Figure 1 
and 2). Even if only one of the CBIs (K+, Mg2+, HPO4

2-, Zn2+) decreases 
or one of "extracellular ions" (Na+, Ca2+, Cl- or H+) amount increa-
ses in the cytoplasm, the equalization starts to begin: all CBIs will 
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decrease until proportionality develops. The measure of proteins 
and ATP decreases proportionately as well. The cytosolic acidosis 
is one of the commonest inducers of catabolism (see Part 1. [33]). 
While the catabolism is in progress, the CBIs enter the extracel-
lular space; when the catabolism stops, metabolism can rebalan-
ce again. By then, the CBIs had excreted out through the kidneys; 
normal-low CBIs occur initially. Then, during recovery, which is an 
anabolic process, low levels of CBIs will develop. In other words, 
CBIs are similar to the icebergs: their larger pieces are inside the 
cytoplasm, they insert their peaks into the extracellular space. But 
contrary icebergs they emerge out sometimes better (in catabol-
ism) and sometimes less (in anabolism). (Many other factors also 
influence serum electrolyte levels.).

In summary, the meaning of momentary serum level of CBIs ne-
eds to evaluate actively. It follows from the above: for example, low 
Se-Mg levels are almost certainly indicative of Mg2+ deficiency, but 
normal or high Se-Mg levels are not an excess, it may mean catabo-
lism, renal dysfunction, or possibly toxicity too. In the case of T2D, 
the deficiency of all the CBIs always develop (see Part 4.). Although 
supplementing only one of them (e.g., Mg2+) is rarely successful. 
Only if it is the limiting factor, as in Golden’s cases, the Zn2+ (see 
Part 1. [23]). That is, for successful supplementation, many condi-
tions must be present together. On the other hand, hardly chang-
ing, normal Se-Mg (or other CBIs) levels usually mean steady-state 
stability, while continually evolving and low Se-Mg (or other CBIs) 
levels indicate the instability of the metabolism. In this case, they 
show an imperfect balance of T2D, which can be a good sign be-
cause it means there’s still room for improvement of metabolism 
(either with electrolyte replacement or drug interventions).

The process of Metabolic Syndrome decompensation consists 
of countless vicious circles	

In T2D, and also in other diseases, many vicious circles can be 
identified. In the pathogenesis at the progression of diseases, vi-
cious circles are not exceptions but a law (see Part 1.). Searching 
on the PubMed database, the author of this book found 160 publi-
cations with search terms "diabetes" AND "vicious circle" together, 
indicating some dozens identified interrelationships. Factors that, 
according to the authors, mutually worsen each other: Alzheimer’s 
disease AND diabetes; cell oxidant stress AND onset of T2D; chro-
nic heart failure AND diabetes; COPD AND T2D; eating disorders 
AND diabetes; endothelial dysfunction AND T2D; glucotoxicity/
lipotoxicity AND T2D; non-alcoholic fatty liver AND insulin resis-
tance; magnesium deficiency AND T2D; physical inactivity AND 
gestational diabetes; PI3K/AKT pathway in obesity AND T2D; sle-

ep disturbances AND metabolic function. 

The numbers of vicious circles are probably so high because di-
abetes is one of the most commonly researched diseases. On the 
other hand, T2D can be considered an energetical imbalance of IR 
and MetS, when one problem brings another. The inhibited ATP 
production in the MetS stage would be compensated by increased 
lipid availability (IMCL). T2D would be the decompensated stage 
when catabolism goes well beyond anabolism. The regulation can 
provide sufficient fuel for mitochondrial oxidation at only elevated 
serum glucose levels, which are themselves toxic. Both hyperlipi-
demia and hyperglycemia are involved in vicious circles, and there-
fore, without medical intervention, the disease leads to rapid prog-
ression and decompensation [13].

The most significant, incurable disease is aging, which limi-
ts lifespan and life expectancy. Genetic errors, acute and chronic 
illnesses further shorten the life expectancy. By the age of 90, cy-
toplasmic muscle and bone mass reduce on average by nearly half, 
which is hardly compatible with life. (Few people survive 90 years, 
who have cytoplasm mass above the average.) In chronic metabo-
lic disorders, the process of cytoplasm losing is accelerated, which 
also means a shortening of life expectancy. The European Working 
Group on Sarcopenia in Older People redefined this syndrome. 
Among other things, declared that T2D also promotes the develop-

Figure 1: The dynamism of catabolism. 

Catabolism is the final merged pathway of the metabolizing cyto-
plasm: the concentrations of N, ATP and IC ions all decrease, in a 

parallel fashion. 

IC IONS= Cytoplasm Builder Ions.=CBIs

 (A vicious circle.).
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ment of sarcopenia, obesity does not prevent but pushes it. (It is 
the so-called Sarcopenic Obesity.) Sarcopenia also includes cache-
xia (which is also possible with obesity). Perhaps it is surprising 
that T2D goes towards sarcopenia, and it is twice or three times 
more likely to develop as much as than in simple aging. The po-
orly managed T2D goes on for years and decades of the muscle 
and body degradation. (Figure 3). The poorly managed T2D goes 
on for years and decades of muscle and body degradation.) Even 
the best-treated T2D patients have faster BCM decrease and shor-
ter life than it would have been without T2D. Counter-regulation 
varies from person to person, so the extent of the involvement of 
each organ also varies, that is, the clinical picture will be different.

It is well known that sarcopenia and Sarcopenic Obesity can 
cause IR [43]. Insulin has an anticatabolic effect, whereas IR and 
T2D increase protein loss from skeletal muscle and promote the 
development of sarcopenia [44]. It is also a vicious circle. Muscle 
mass inversely correlated with mortality in T2D. To increase musc-
le mass is vital to protect patients against T2D [45]. Although the 
volume of muscle is deceptive, as the diabetic skeletal muscle has 
a reduced quality, it contains less cytoplasm and more lipids than 

Figure 2: Changes of the three types of tissues and free water

and their distribution in a healthy human subject during the life.

Red=Body Cell Mass (The Functioning Cytoplasm)

Blue=Extracellular Water-Spaces Together

Yellow=Connective Tissues

Ochre=Adipose Tissue.

a normal one.

It has been suggested that the IMCL is cumulating in the cy-
toplasm because the lipid cannot burn fast enough [14,15,46]. Ac-
cording to others, lipid oxidation is not decreased but is increased, 
for example, in the myocardium [47]. The truth is probably in the 
middle: mitochondrial lipid oxidation should compensate the inhi-
bited glucose oxidation; otherwise, T2D would be an acute disorder 
and not a chronic disease progressively worsening for decades. Ho-
wever, it was shown that, for various, not wholly understood rea-
sons, both glucose and lipid oxidative phosphorylation is impaired. 
Within specific frameworks, enhanced availability of lipids in IMCL 
may promote compensatorily, the increased oxidation [46]. Simi-
larly, increased glucose availability (hyperglycemia) in T2D can 
normalize insulin-stimulated muscle glucose uptake, glycogenesis, 
and also glucose oxidation [35]. It is a crucial fact that both glucose 
and lipid availability, even in the case of diabetes, can increase ATP 
production [36].

To produce "just enough" amount of cytoplasmic ATP is an "alp-
ha command." The cells, the living entity, will undoubtedly generate 
enough ATP, anyway, if they "want to survive." Glucose oxidation is 
already inhibited by IR. What is left is the lipids, which can burn 
and, ultimately, the degradation of cytoplasm. That is why the com-
pensatory role of lipids to provide the necessary amount of ATP is 
unquestionable during the stage of MetS. When the compensatory 
function of lipids exhausts, then T2D begins with accelerated ca-
tabolism, many vicious circles, which decompensate metabolism 
toward Sarcopenic Obesity.

Metabolic syndrome and T2D are hypoarousal states and have 
slightly decelerated metabolism due to slow-grade intracellular 
acidosis. Besides, even in well-controlled diabetes has no perfectly 
balanced metabolism, there is a barely visible stealth catabolic ove-
ractivity. It follows that Body Cell Mass and Lean Body Mass dec-
rease more during decades than during healthy aging, and there-
fore life expectancy is reduced [45]. Typically, this applies initially 
to muscle tissue, but as a complication, almost all organs can be 
affected; for example, cardiovascular diseases, polyneuropathy, re-
tinopathy, osteopathy frequently develop.

In T2D, there is a damaged hypothalamus insufficient to induce 
postprandial thermogenesis [17]. The reduced metabolism and 
energy expenditure are risk factors for body-weight-gain [18] and 
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T2D. By contrast, in T2D, appetite does not decrease - in line with 
reduced metabolism - but increases [48]. The physicians often re-
gard this fact to be subjective since the patients have significant 
energy reserves (fat). However, we can utilize either fat or car-
bohydrates only after burning them, gaining ATP. As we saw abo-

Figure 3A: Malnutrition.

Figure 3B: Poorly treated T2D.

Figure 3: The author has drawn deliberately these figures to be 
primitive. He wanted to demonstrate that high - grade cytoplasm 

deficiencies (BCM deficiency = sarcopenia) are similar in both 
cases. On 3A figure malnourished patient has an identical amount 

of cytoplasm as the 3B poorly treated T2D patient. A significant 
difference is only in the fat content (it is 'Sarcopenic Obesity'). It 

should not be overlooked in the pathophysiology of T2D! Accord-
ing to the two figures, the diseases would have started around the 

age of 20.

ve, both glucose and fat oxidation are reduced. The T2D patient 
is often necessary to uptake more massive amounts of food, to 
obtain sufficient energy because the efficiency of oxidative phos-
phorylation is reduced. The calories added, on the other hand, are 
stored in the form of fat, which further increases IR. (Vicious circle: 
imperfect oxidative phosphorylation in mitochondria - decreased 
ATP content in the cells, especially in the hypothalamic hunger 

center - increased appetite - increased calorie intake - increased 
lipid tissue of the body - increased insulin resistance - further im-
perfect mitochondrial working). It is proven that hunger is indeed 
regulated by the ATP content of hypothalamic cells [49]. ATP-reg-
ulated glucose-sensing hypothalamic receptor cells have also been 
identified in the hunger center [50]. A T2D patient is only able to 
balance his metabolism often with some self-discipline. Many T2D 
patients frequently suffer from starvation, and they have experi-
ences that high-calorie intake would reduce their hunger, but they 
further suffer.

Conclusion
Insulin, one of the most important hormones, and is one of the 

most crucial means to regulate metabolism. It controls the level of 
serum glucose and its uptake into cells having insulin receptors, 
and it does many more. Through steps not yet known precisely, 
it increases the cytosolic concentrations of HPO4

2- in cells having 
insulin receptors and decreases the cytosolic H+ concentration by 
increasing the pHi. The alkaline pH and elevated Pi concentration 
of cytosol trigger the intracellular trafficking of glucose from the 
membrane to the mitochondria (via GLUT4 activation), while inc-
reasing the electrochemical potential of the hydrogen ion of the 
inner mitochondrial membrane, raising oxidative phosphoryla-
tion and ATP formation (see Part 1. and Part 4.). The alkaline pH 
of cytosol enhances metabolism, and the equilibrium tilts towards 
anabolism. The anabolic ("anticatabolic") action of insulin permits 
cytoplasmic growth and all the physiological processes it facilita-
tes [1]. All of these physiological consequences of insulin can also 
be interpreted that the effects of the elevated cytosolic HPO4

2- con-
centration, as a second messenger, are prevailed in the cytoplasm. 
These data reaffirm the validity of the Momentary Intracellular 
Ion-Pattern Theory (see Part 1.). At this point, it is not yet clear that 
insulin will increase the cytosolic concentration of HPO4

2- in one or 
more steps.

There is consensus that due to IR, which is concluded part of 
both MetS and T2D, an inhibited mitochondrial oxidative phospho-
rylation occurs. (The inhibition refers mainly to glucose oxidation 
but also of lipids). IR may precede T2D for decades [9]. There is 
no consensus about whether IR is hereditary or acquired, neither 
in that, it reversible or irreversible changes. And there is no exact 
scenario, which is the primary cause and which ones are the con-
sequences of the three go together during IR. The triad includes 
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increased IMCL, decreased ATP synthesis, and Pi transport was 
written by Petersen., et al [7]. There is no doubt that irreversible 
age-related changes impair mitochondrial function, and it is a fact 
that IR and T2D increase with age. Some [36] doubt that a major, 
genetically determined cause would be the most significant factor 
in the pathophysiology of IR. The author of this book thinks ne-
ither. T2D is primarily a contemporary pandemic disease, with a 
low prevalence in earlier centuries. During that time, the genome 
of humankind had not changed radically. He believes that the most 
common primary cause of IR is chronic low-grade intracellular aci-
dosis, and the psychosomatic mechanisms play significant roles in 
its pathophysiology. According to the rules of human coexistence, 
self-restraint is almost obligatory, the animal model of which is the 
Social Defeat mechanism (see Part 2 [3]). As a result, low-grade 
chronic hypercapnia will persist, which can occur in various cli-
nical forms (OSA, OSAS, COPD, Significant Obesity, OHS). Chronic 
hypercapnia, intracellular acidity, elicits counter-regulation that 
manifests in the individually-specific MetS-related clinical images, 
one of them is T2D.

According to the author’s theory, one of the most common 
causes of IR, therefore, is low-grade intracellular acidosis, whi-
ch impedes the mitochondrial ATP-forming capacity of cells due 
to the impaired cytosolic phosphate uptake and decreased alka-
linization ability of cytoplasm. Briefly, because of the target cells 
are unable to increase their concentrations of HPO4

2-, that is why 
GLUT4 trafficking and mitochondrial oxidative phosphorylation 
are hindered. The body (cells) must even provide the increased 
ATP requirements (see Part 1.), despite the transport and oxidation 
of glucose are substantially inhibited. The increased availability of 
lipids compensates hindered glucose oxidation. As a consequence 
of hyperlipemia and decreased lipid oxidation, the intracellular li-
pid content increased in several cell types (skeletal muscle cells, 
liver, and heart). For many years, IMCL can provide enough fuel 
and compensate for the inhibited glucose oxidation. (Serum lipid 
levels are a good predictor of IR [7]). When increased lipid availa-
bility becomes an inadequate source of energy, and mitochondrial 
ATP production becomes insufficient, the T2D is starting. Then the 
body increases the usage up all of the available backup energy: glu-
coneogenesis increases, the protein breakdown, and amino acids’ 
burning raise, and energy regulation increases their serum levels, 
food, and calorie uptake also raise, appetite grows. The catabolism 
of cytoplasm strengthens: the fuel comes from different places to 

produce the much-needed amount of ATP — the energy imbalance 
provokes dozens of vicious circles. The above pro and counter reg-
ulations affect various organs and cell types differently (see Part 
1.: Locus Minoris Resistentiae). Therefore, complications appear 
as individual patterns. During chronic metabolic disorders, the cy-
toplasmic mass of the body, the organs, the cells reduce systema-
tically (they are under catabolic process), but not in unison. - it is 
also the case in T2D.

Following the onset of T2D, several vicious circles manifest 
(see above), mainly due to T2D being a slow (or fast if it was po-
orly-controlled) progressive catabolic state. The decompensated 
process activates vicious circles based on the Second Law of Ther-
modynamics (see Part 1). A large number of vicious circles known 
is also attributable to T2D because it is one of the most researched 
diseases. In other words, vicious circles are also prevalent in other 
progressive decompensated catabolic conditions (e. g., in heart fa-
ilure); at most, we are not aware of them. Highlighting some of the 
vicious circles: Despite the 'overnutrition' (obesity), patients with 
IR are almost permanently starved, as the lower cytosolic ATP level 
plays a role in inducing or maintaining hunger [50]. The patient can 
only temporarily overcome the feeling of hunger with polyphagia. 
It, in turn, increases obesity and worsens the disease. Sarcopenia 
causes IR, while poorly treated diabetes results in Sarcopenic Obe-
sity [44,45].

In summary, T2D is a decompensated metabolic disorder due to 
intracellular acidosis; IR inhibited the oxidative phosphorylation of 
glucose. Lipids compensate for the lack of fuel for a long time. Then 
the lipids neither can provide enough matter to produce sufficient 
ATP to cells’ function. That’s why catabolism starts breakdown the 
proteins of the body, the 'last bastion.' It increases the gluconeog-
enesis, further increases blood glucose levels; insulin secretion 
is raised, but the amount of energy ingested by food uptake also 
grows. Medical treatment aims to protect this 'ultimate bastion.' 
The body’s cytoplasm content is degraded slowly (or faster) - de-
pending on the treatment and lifestyle. The lack does not occur 
homogeneously throughout the body, which results in different cy-
toplasmic deficiencies in various organs and individuals; that is, the 
complications will be different. Without a radical turn in the basics 
of metabolism, we can’t expect any improvement.
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