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ABSTRACT12

13
Aims: In this review, we bring further evidence in support of the hypothesis on the so-called
respiratory and pH imbalance (RpHI) as a cause of long standing hypoxia within the whole
organism, characteristic to the preneoplastic stage.
Background: Carcinogenesis is a process by which normal cells are transformed into
cancer cells. Cancer is a multifactorial disease with contributions from environmental,
genetic, and lifestyle factors. Cancer prevention is a global priority, yet the proximate causes
of most cancers are still little understood. Moreover, under hypoxic conditions, the overbusy
cells, getting less oxygen than needed, turn into anaerobic adenosine triphosphate (ATP)
production, excessive multiplication and, finally, tumor development. Since hypoxia depends
on the intensity and duration of action of the stress agent, human and animal oorganisms
may compensate hypoxia only if the causal agent stops acting continuously. Cancer
prevention might be associated with an increase in oxygen delivery to overstressed cells,
carbon dioxide removing, as well as pH and glucose concentration balancing. The role of
RpHI in chemical carcinogenesis and cancer incidence is also discussed.
Conclusion: Evidence from the literature data is brought to show that cancers develop at
the physiological level, while the molecular changes in cancer cells are the consequence
and not the main cause of malign processes.  A link between the Warburg effect and the
Macovschi’s biostructural theory was suggested.
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1. INTRODUCTION19
20

Ancient Asian medicine was mostly a preventive medicine, while current western medicine is21
mainly a curative one. However, the query still remains: should the medical act balance the22
body or repair the already occurred damage? Imagine that we want to prevent cancer by23
administering the anti-cancer drug, cyclophosphamide. In a few years we will have become24
ill from cancer! Presently, the gap between the two medical approaches seems to be even25
more evident.26

Cancer prevention and etiology are medical priorities, but history study suggests that the27
journey towards achieving this goal is difficult and full of detours and roadblocks [1]. The28
proximate causes of most cancers are still less understood even though this is what we want29
to learn how to avoid [2]. For instance, it appears difficult to understand why it has to be such30



a long time interval between the exposure of a certain cell to a mutagen and the expression31
of the resulting mutations. It is hard to imagine how the numerous genetic changes found in32
cancer cells could have been produced in any cell as the result of a single exposure to a33
DNA-damaging agent, or why months or years have to elapse before the effect of these34
changes are observed. Malignant tumors exhibit increased dependence on glycolysis,35
resulting in abundant export of lactic acid, a hypothesized key step in carcinogenesis [3,4]. It36
is also well-known that the development of cancer has been associated with microbial37
infection, injury, and inflammation and tissue repair [5-7]. Chronic inflammation conditions,38
caused by exposure to environmental factors can increase the risk of cancer [8-10]. Most39
cancer cases are mainly attributable to long-term exposure to environmental factors, via a40
multi-year, multi-step, and multi-path process of tumor genesis [11,12]. They may involve41
cumulative genetic and epigenetic alterations in the chronic carcinogenesis of body cells42
from a non-cancerous stage to precancerous and cancerous stages [13]. Chemopreventive43
effects of dietary phytochemicals used at the precancerous stage can hardly be explained in44
light of current theories [14]. Several dietary phytochemicals such as β-carotene, curcumin,45
resveratrol, gallic acid, chlorogenic acid, caffeic acid, carnosol, capsaicin, 6-shogaol, 6-46
gingerol, and their related derivatives have been largely investigated against cancer invasion47
and metastasis [15,16]. Since carcinogenesis is a multistep process, these bioactive48
compounds might act on a variety of stages of the precancerous process to prevent49
inflammation, enzyme activities, or lactic production [17,18]. Evidence for cancer-related50
anti-inflammatory activity of natural and synthetic phenols was provided by Aspirin, which51
inhibits colorectal carcinogenesis [19].52

The role of metabolic reprogramming in carcinogenesis is being increasingly recognized53
[20]. The identification of metabolic processes of cancer cells has been used to create54
strategies for treating cancer. Warburg stated that there are fundamental differences in the55
central metabolic pathways operating in tumor genesis [21-25]. In recent years, the56
metabolism of malignant tissue has once again become one of the most intense areas of57
research in cancer biology [26-29]. Considering all these issues, new ideas are needed to58
clarify what happens during carcinogenesis. In spite of the fact that Otto Warburg studied59
aerobic glycolysis long ago, the molecular mechanisms how increased glycolysis is60
regulated by oncogenic and/or tumor suppressive signaling pathways are unclear [30].61
Starting with the observation that the cellular structure is partially broken down during62
hypoxia, a so-called respiratory and pH imbalance (RpHI) was supposed to be involved in63
cancer etiology [31-33].64

Therefore, this work aims at presenting evidence for the role of RpHI during the65
precancerous stage, as well as some concluding remarks that could be useful to design new66
preventive strategies.67

68
2. HYPOTHESIS AND EVIDENCE69

70
2.1 RpHI hypothesis71

72
Normally, various stress agents, such as physical and chemical stressors, viruses, other73
infectious agents, hormones in excess, but also long lasting anxiety, emotions, conflict74
states, etc., are able to affect the body as a whole [34-37]. In order to preserve the identity75
and relative independence of living organisms confronted with the external environment,76
some co-ordinate physiological processes are involved in keeping their internal states of77
equilibrium [38-40]. The living bodies react against aggressions using metabolic energy78
obtained by the oxidation of organic substances, including organic acids in the mitochondria79
[41,42]. Under normal conditions, when the supply of oxygen is sufficient, cells can carry out80



aerobic respiration [43,44]. Hence, when busy, cells produce the energy they need from the81
food stores, including the organic acids they possess. During the Krebs cycle, carbon82
dioxide, of a weaker acid type, is released, normally out [45,46]. Since stronger organic83
acids such as succinic, malic, 2-ketoglutaric and oxalylacetic acids are replaced by carbon84
dioxide, the cell milieu tends to be more alkaline, just blood and urine [47]. The tendency of85
blood alkalization entails retaining of carbon dioxide, so that the pH of blood should alter as86
little as possible. The retaining of carbon dioxide in blood does not allow the oxygen shift at a87
normal rate in lung [48,49]. As a consequence, oxygen pressure in blood decreases albeit it88
stays normal all around. However, oxygen may reach quite a low level without affecting cell89
breathing in any drastic way. Unfortunately, the busiest cells in the body need more oxygen.90
Oxygen partial pressure getting lower, these cells receive less oxygen than they need, and91
fermentative processes develop alongside with breathing.92

In principle, the RpHI, which can be regarded as a physiological reaction against any stress93
agents, may cause an oxygen crisis within the body, and, consequently, the busiest cells94
divide faster and faster producing first preneoplastic cells, and, in time, malignant tumors.95
The tumors thus acquired, as well as their fermentation products, may disturb the normal96
functions of most cells and tissues in the body [50].97

RpHI was discovered by putting together the main experimental data in cancer with the most98
important findings in physiology, biochemistry, cybernetics, etc., and treating them as a99
whole; it represents the mechanism that could create a long standing intracellular hypoxia100
state, which, over time, generates the conditions for malignant transformation [51,52].101
Nevertheless, it is hard to believe that a tumor is generated starting from a physiological102
imbalance, prior to the first real malign cell, while the modern biology is looking for precise103
molecular mechanisms involved in carcinogenesis. However, the impairment of cellular104
breathing, altered intracellular and extracellular pH, as well as hypoxic conditions might105
mostly be related to a precancerous pathology.106

2.2 Cancer-related physiological changes107

Since the oncogene revolution pushed tumor metabolism to the margins of cancer research108
[23,53], interest in the fundamental differences of central metabolic pathways operating in109
malignant tissue has only been renewed in the recent years. The potential causes of110
deranged metabolism in cancer should be discussed with emphasis on changes in energy111
metabolism of glucose, fat and protein [53].112

However, hypoxia is widely considered as the natural environment in which life appears and113
proliferates and DNA auto-replication and transcription takes place in vivo in all eukaryotes114
[54-57]. Nuclear division unfolds anaerobically using the energy produced by glycolysis [58-115
60]. Consequently, the cells forced to manifest themselves in rather anaerobic conditions will116
divide more intensely [61]. Aerobic breathing, which provides cells with a great amount of117
energy, creates the necessary conditions for the existence of fine structures of the cells, the118
specific functions running unimpaired [62]. Lack of oxygen, even partial, causes rupture of119
these structures, hence the gradual disappearance of specific functions of cells, as well as120
contact inhibition, while it entails cell-division to a greater extent than necessary for the121
tissue in question [63]. It follows the first stage of the RpHI, which affects the cell respiration122
and division. Nevertheless, the organism possesses buffer systems, lung ventilation and the123
kidney mechanisms to control the concentration of hydrogen ions within the cellular milieu124
(Figure 1) [64]. Alveolar ventilation is responsible for carbon dioxide elimination [65]. A slight125
respiratory acidosis results primarily when alveolar ventilation is decreased or if carbon126
dioxide production is increased [65]. However, the organism has several compensatory127
systems to minimize a decrease in pH. For example, deoxygenated hemoglobin readily128



accepts hydrogen ions to prevent substantial changes in pH. Normally, carbon dioxide, a129
respiratory stimulant, induces an increase in minute ventilation to normalize the pH by130
eliminating increased quantities of CO2. Unfortunately, this effect is attenuated if the carbon131
dioxide concentrations remain elevated for more than several hours. The kidneys are also132
capable to control both the blood pH and some other blood parameters; however, this133
process is slow and lasts for several hours or days. In fact, renal compensation for begins in134
6-12 hours, but maximal compensation occurs in 3-5 days. The kidneys increase excretion135
of hydrogen ions predominantly in the form of ammonium. If the stress agents act136
continuously, the blood will become slightly more alkaline than usual, and the blood oxygen137
concentration will be lower than normal. The overstrained cells, getting less oxygen than138
needed, will lead to anaerobic fermentation and also to a lower content of NADH+H+ and139
NADPH+H+, and a higher one of NAD+ and NADP+. Therefore, a decrease of the oxidation-140
reduction potential will occur as well. The quantity of sulphydryl groups in the blood and141
tissues also decreases. Besides, marked decrease in succinic dehydrogenase and slight142
increase in cytochrome oxidase levels could be found, suggesting the alteration of Krebs143
cycle. For this reason, the cell with an excessive fermentation will not reach an upper144
energetic state, if the neighbor cells and blood cannot interfere with its metabolism.145

The second stage of the RpHI is reached when lactic acid is produced due to hypoxic146
conditions. This time, the CO2 concentration may decrease; however, part of the produced147
carbon dioxide is not removed, because the cell content may remain slightly alkaline in spite148
of the lactate production. Again, the kidneys should control the hydrogen concentration in149
blood, releasing acidic species, such as ammonium ions or phosphates, into urine. The150
process is complicated by the existence of lactic acid in blood which decreases blood pH,151
while intracellular pH of overstrained cells is increased.152
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Fig. 1. Suggestive scheme for the role of the Respiratory and pH Imbalance (RpHI) in163
cancer development. Relative RpHI means both the relative intensity and164
duration of respiratory and pH imbalance within the body, whereas165
local/cellular stress may have different intensities or is variably long standing.166
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However, if the stress agents act continuously, the neighbor cells involved in curing or169
rebalancing the overbusy cells will work hard, also being overstrained and deprived of170
oxygen. There follows a third stage of the RpHI in which a real state of illness (infections,171
viruses) occurs. A very special balance between the two types of cell (attacked cells and172
neighbor ones) is established. As a result, the pH value of the blood is little altered. If the173
stress agent is very strong, it can be lethal to the organism, and this one does no longer174
reach the cancer stage. It is the case of microorganism- or virus-induced diseases, which, if175
untreated, have a bad prognostic.  Contrary, a long-standing, still mild action of the stress176
agents may cause a slow shift of this imbalance, resulting in a stepwise decrease of blood177
pH value. Long standing infectious pathologies may thus result in a RpHI, which create the178
conditions for either the transformation of normal cells into preneoplastic cells followed by179
preneoplastic to neoplastic pathway or for the multiplication of malignant cells. It is well-180
known that only the bodies with a significant amount of morbidity may become cancerous.181
Most cells become glycolytic while fewer remain normal, but overstressed. This is the182
pathway to reach the fourth stage of the RpHI, which is that of tumor formation.183

The RpHI causes an oxygen crisis and the busiest cells divide faster and faster under184
anaerobic conditions. The preneoplastic cells thus appeared may become neoplastic, which,185
in their turn, will generate tumors, if the imbalance persists; these ones and their186
fermentation products can kill the body, if they are not surgically or by other means removed.187
The RpHI cannot be easily measured, since the affected individuals seem to be normal and188
look like they are in good health. Otherwise, if stress agents are more powerful, patients189
might die during the first stages of body interaction with the environment stressors, without190
reaching the cancer stage. At this stage neoplastic cells and tumors may be found in the191
body. To reach cancer, the RpHI should be less strong, yet long-standing in order to get a192
chronic lack of oxygen in the blood and cells. Cancer could be considered an impairment of193
the whole body, while malignant cells are quite normal cells that, although are overstrained,194
get less oxygen than needed and turn into anaerobic fermentation, being divided to a greater195
extent than what the body requires.196

The local/cellular stress means the reaction of the individual cell against the external197
environmental agents. There is a reciprocal relationship between the RpHI, which affects the198
entire body and the local solicitation, which created a local (in a target cell or tissue) RpHI.199
Thus, an imbalanced body, found in apparently good health, will die when confronted to a200
less important local solicitation (imbalanced body, suitable environment for malign201
transformation). On the other hand, as in the case of experimental chemically produced202
tumors, a long-standing local stress induced by the carcinogen may cause a general203
imbalance, which could also promote cancer (Figure 1). There are many intermediary states204
between these extreme situations, giving cancer its characteristic complexity. The RpHI205
caused by the difficulty of the lung-kidney system to remove the excess of CO2 and alkaline206
ions produced during the stress reaction means/determines a general weakness of the entire207
body. At the same time, such degree of weakness may be associated either with cancer or208
other diseases.209

The living body can be considered a relatively independent entity, which possesses the210
physiological mechanisms to preserve its specific structure in order to adapt to the211
environmental conditions. The RpHI is the expression of exceeding the adaptive capability of212
the body. Generally, the body fights against the alien disturbing agents through a well-known213
phenomenon, involving the humoral immunity and the capacity of immune response214
mediated by cells. At the same time, the organism possesses metabolizing and215
transformation systems, which transform alien and complex substances into simpler ones to216
be released.217



The body must also release its own excessive cells because they are no longer necessary218
for the organism structure and functions. This process is more clearly understood if one219
considers wound healing. Thus, the injury puts the inner cells and the external environmental220
agents together. To react against the changes of environmental conditions, these cells use221
energy, alkalize the surrounding cell environment, get less oxygen and pass to an excessive222
fermentative (glycolysis) state. Indeed, because of the fundamental role of oxygen in223
metabolism, a drop in tissue oxygen level to the point where oxygen demand exceeds224
supply leads rapidly to metabolic crisis [43].225

They divide excessively even after the healing of the wound, but not for too long. Then226
several cells, which have multiplied in excess for that tissue and are being no longer227
necessary, are released; thus, the body’s own structure is restored. This process takes place228
in balanced bodies only. Otherwise, the useless cells divide continuously, becoming229
cancerous. Their neighbors cannot destroy them or help them integrate into the body.230

In order for maintaining its specific structure, the body tends to remove the existing231
malignant cells, too, even if they are its own cells. This process seems to be dependent on232
the size of the RpHI. The surgical removing off the tumor cells causes a decrease in this233
imbalance. As a result, both the immunity and the capacity of restoration of the body’s own234
structure, will increase because the tumors are strong stress agents, as well.235

Cancer cells can thus be considered as normal; however, they behave abnormally under236
hypoxic conditions. Consequently, carcinogenesis only develops in exhausted organisms,237
hence where a RpHI occurs. A carcinogenic promoter acts in a similar way as those agents238
that provoke a wound, but lasts longer; a local RpHI causing cellular hypoxia develops.239

2.3 Chemical carcinogenicity and the abnormal metabolism of carcinogens240

The carcinogens may cause a RpHI, which causes in its turn a slight intracellular hypoxia;241
this one provides the normal specific conditions for expressing the ancestral gene existing in242
every cell. It follows that a carcinogen entering a living tissue must be released at any price,243
because the affected living cell will become exhausted in its effort to destroy and release that244
compound and its metabolites. Also, this effort is subsequently assumed by the neighbor245
cells and a RpHI at the level of the whole organism takes place. The RpHI will cause in its246
turn the cellular hypoxia that represents the specific medium for malignant transformation.247

The degradation pathway of carcinogens is based on oxidation reactions, particularly those248
classified as microsomal monooxygenation reactions. These reactions occur with oxygen as249
the oxidizing agent, generating a long standing hypoxia if carcinogen degradation is a multi-250
step process. Many carcinogens are polyaromatic hydrocarbons that required activation to251
electrophiles to form covalent adducts with cellular macromolecules. Conney and coworkers252
identified microsomal enzymes (P450s) that activate many drugs and chemical carcinogens253
[66].254

Initiation involves a brief and irreversible interaction between a carcinogen and the target255
tissue, and implies a local cellular stress/solicitation. Gradually, the stress caused by256
carcinogen removal may promote an overstraining of the neighbor cells, and then of the257
whole body, causing a general imbalance. The two stages of cancer occurrence provoked by258
carcinogenic substances can easily be explained by the existence of the RpHI. In the two-259
stage skin carcinogenesis, the initiation phase is carried out by the application of a sub-260
carcinogenic dose of a carcinogen [67].261



Although all cells are able to degrade chemicals, this capacity differs from one tissue to262
another, and depends on age, sex, health status, etc. Cell will degrade the foreign263
compound through a series of eight consecutive chemical reactions within the microsomal264
mixed function oxidase system [68]. Cytochromes P450, existing in each cell, provide the265
principal, initial source of biotransformation of xenobiotics that cell comes in contact with.266
The role of intestinal P450 in detoxifying specific carcinogens like 3-methylcholanthrene has267
clearly been demonstrated [69]. Moreover, elevated intestinal P450 levels have been268
indirectly linked to gastrointestinal cancer. Intestinal metabolism of 2,2,2-trifluoroethanol,269
which is not an carcinogen, produces intestinal lesions with consequent systemic bacterial270
infection. The activity of these enzymes requires nicotinamide adenine dinucleotide271
phosphate (NADPH) and molecular oxygen; in a typical reaction, one molecule of oxygen is272
consumed (reduced) per substrate molecule, with one oxygen atom appearing in the product273
and the other in the form of water. However, noxious reactive oxygen species (ROS) and274
H2O2 may appear. Some other degradation reactions may also be possible, depending on275
the type of cell. To form NADH from NAD+, glucose, fatty acids, amino acids, citric acid,276
malic acid, etc., are consumed. During this process, cell content will become more alkaline,277
and, if oxygen supply is not enough for removing the carcinogen, fermentation will develop278
alongside with respiration. Glucose from blood will help the fermentative processes, because279
it forms acetyl-CoA, both in the presence and absence of oxygen. Acetyl-CoA cannot be280
used in the absence of oxygen; therefore, glucose will give only pyruvate, which, in turn, is281
reduced by NADH to lactate.282

Whenever a cell is damaged, its neighbors undergo inflammation by which this cell can be283
destroyed. The interesting dependence between chemical carcinogenesis and inflammation284
was reviewed by Loeb and Harris [66]. In this process, the need of oxygen of the neighbor285
cells is increased. They undergo an inflammatory process, during which they become slightly286
alkaline, and retain carbon dioxide.  A hypoxia state may occur in the surrounding tissue.287
Paradoxically, blood will provide a cell with less oxygen if it acts against a carcinogen than if288
it is in the neighborhood. If the carcinogen does not react directly with the cell chemical289
components, so as to be degraded and removed, the cell will continue to act against it. The290
degradation process, in which the carcinogen is transformed into metabolites may last long291
enough. Whereas a long standing hypoxia state is created, the fine cellular structure is292
damaged by ROS, and the lactic acid is released from the contaminated cell, being then293
reconverted into glucose with ATP consumption as energy source. The neighbor cells294
support the carcinogen-contaminated cell, undergoing an inflammatory reaction. Both the295
degradation and the inflammatory reaction may damage the involved tissue. Omega296
(omega)-3 polyunsaturated fatty acids have been recognized as having anticancer activity297
[69], probably as a consequence of their anti-inflammatory effect.298

Logically, both the carcinogen and the poisoned cell should be removed. If not, more oxygen299
is needed to help cells destroying that carcinogen.300

2.4 Chromosomal instability during precancerous stage301

Epidemiology and clinical evidence clearly indicate that specific genetic, environmental and302
behavioral factors are associated with an increased risk for cancer development [1,70]. The303
stepwise progression from preneoplastic lesions to cancer seems to be associated gradually304
increases in genomic instability [71]. Nevertheless, at each step of carcinogenesis, there are305
natural mechanisms protecting the body against development of cancer [72]. If DNA damage306
occurs, it is repaired in most of the cases.307

Changes in DNA methylation consisting of either DNA hypomethylation or hypermethylation308
are commonly seen in cancer cells [73]. Nevertheless, hypermethylation of tumor-309



suppressor genes in cancer could merely be a secondary event to help maintain gene310
inactivity which has been induced by some other mechanism. DNA methylation changes311
have been shown to be associated with gene expression, sequence, and copy number312
changes [74]. Cancer cells usually exhibit important changes in DNA methylation and313
histone modification [75]. Hence, targeting epigenome-modifying enzymes could be an314
attractive therapeutic strategy. The cancers with poor prognosis demonstrate evidence of a315
metabolic shift, involving down regulation of genes involved in the TCA cycle, increased316
glycolysis, decreased AMPK and PTEN protein levels, glutamine-dependent lipogenesis,317
fumarate hydratase, upregulation of the pentose phosphate pathway and the glutamine318
transporter genes, increased acetyl-CoA carboxylase protein, and altered promoter319
methylation of miR-21 [76]. Nevetheless, epigenetic changes such as DNA methylation act320
to regulate gene expression in normal mammalian development [77]. In fact, DNA321
methylation helps to maintain transcriptional silence in noncoding or nonexpressed regions322
of the genome. Such findings suggest that gene silencing by hypermethylation is relatively323
common both in human cancer and many other human diseases [78]; interindividual324
epigenetic variations in normal tissues due to aging, environmental factors, or innate325
susceptibility are also characterized. Besides, the variability of gene expression is related to326
epigenomic states that vary across individuals. For instance, methylation profile classes are327
significantly associated with age, being significant predictors of tissue origin as well [78].328
Nevertheless, renal carcinogenesis is associated with neither chronic inflammation nor329
persistent viral infection, and any histological change is hardly evident [79]. However,330
regional DNA hypermethylation on C-type CpG islands has already accumulated in such331
non-cancerous renal tissues, suggesting that, from the viewpoint of altered DNA methylation,332
the presence of precancerous conditions can be recognized even in the kidney. Since DNA333
methylation of genes is age-dependent, being related to the tissue origin, it cannot be a334
hallmark of cancer as some authors claim [80], but a phenomenon associated with335
excessive cell multiplication in a specific tissue.336

Malign process is preceded by the genetic deficiencies, yet, only 0.3 per cent of the337
recessive-lethal mutations give neoplasm in Drosophila melanogaster [81,82]. Moreover,338
tumor cells of this species become easily reversible because of the fact that these mutations339
do not seem to be the cause of cancer. In addition, even if cancer occurrence is directly340
related to the recessive-lethal mutations, the resulted abnormal proteins are normally341
hydrolyzed to amino acids.342

The accumulation of unfolded proteins in the endoplasmic reticulum represents a cellular343
stress induced by multiple stimuli and pathological conditions. These include hypoxia,344
oxidative injury, high-fat diet, hypoglycemia, protein inclusion bodies and viral infection [83].345

Eugen Macovschi stated that the biostructure is partially broken down during hypoxia [84].346
Since the biostructured matter is found under an altered, abnormal state in cancer cell347
[85,86], the RpHI hypothesis was advanced to explain first the transformation of a normal348
cell into a preneoplastic one, and second, the transition from preneoplastic cells to malignant349
ones [31,32,50]. The RpHI hypothesis is concordant with Macovschi’s statement, because it350
considers the role of hypoxia in the malignant transformation of cell biostructure. Genomic351
instability may also be associated with hypoxia, which might be the causal phenomenon.352
However, on using metabolic inhibitors like dinitrophenol and sodium azide, Macovschi353
demonstrated partial and reversible biostructure breakdown [84]. He concluded that these354
compounds inhibit oxidative phosphorylation and, consequently, the ATP content of cells355
decreases. Since ATP is needed to support the biostructure, then any carcinogenic agent356
alter the state of living matter by decreasing the ATP pool. Cancerogenesis is therefore357
accompanied by the partial breakdown of the biostructure, leading to alteration of cell358
behavior. Nevertheless, further research showed that cellular ATP concentrations only359



slightly decrease by switching from aerobic production of ATP to glycolysis. Under such360
circumstances, RpHI hypothesis admits that carcinogens are chemicals difficult to be361
degraded and eliminated from the body, and not very reactive compounds. Metabolic362
processes of carcinogens occur in cells in organisms [87]. The most important degradation363
pathways are oxidation reactions, particularly those classified as microsomal364
monooxygenation reactions. Monooxidations occur with oxygen as the oxidizing agent,365
generating a long standing hypoxia if carcinogen degradation is a multi-step process, this366
one is not too toxic to kill the cell, and its degradation products are also difficult to be367
eliminated. Dinitrophenols also induce hypoxia but by inhibiting respiration, without affecting368
too much the ATP concentration in poisoned cell. Under hypoxic conditions, ATP production369
is stepwise shifted from respiration to glycolysis, resulting in extracellular pH decrease,370
enhanced proteolysis [33] etc. In fact, these biochemical processes as well as some others371
like the hydrolysis of proteins involved in oxidative phosphorylation, cytochrome c or K+372
leaking affect the biostructure integrity. RpHI hypothesis has thus a contribution to rationale373
understanding of biostructure breakdown in cancer, since it refers to the cause for long374
standing hypoxia, which creates the conditions for biostructure breaking down.375

2.5 Increased glucose metabolism of cancers376

In solid regions of tumors the most consistent finding is: a higher glucose utilization rate, a377
higher lactate production, and a lower pH than in the surrounding tissues [88]. The acidic378
extracellular pH that is lower than pH in surrounding tissues is a key feature of solid379
malignant tumors. Tumor ATP was found to be slightly higher and glucose slightly lower than380
in the neighbor tissues. Most measurements of regional glucose and oxygen consumption by381
positron emission tomography have confirmed that oxygen extraction is lower than in normal382
tissue, and that the oxygen/glucose uptake ratio corresponds to a glycolytic rate of more383
than 65% [89].Since ATP production by glycolysis is less than 6% of that of oxidative384
phosphorylation, restriction of glucose delivery to the tumor by the blood was supposed to be385
more important than acidosis for inducing energy failure and subsequent tissue necrosis386
[88].387

It was suggested that glycolysis is elevated because it produces acid, which provides an388
evolutionary advantage to cancer cells vis-à-vis normal parenchyma which they invade [90].389
The RpHI hypothesis states that the slight hypoxia in the precancerous stage will induce an390
increased consumption of glucose as required by cells to produce the same amount of ATP391
as that obtained by normal respiration.392

However, hypoxia occurs in physiological situations such as during embryonic development,393
as well as in pathological conditions such as ischemia, wound healing, and cancer [35].394

The link between hypoxia and the regulation of angiogenesis is an area of intense research395
[91] Moreover, molecular insights into these processes are rapidly being generated [92]. A396
primary effector of the adaptive response to hypoxia in mammals is the hypoxia-inducible397
family factor of transcription regulators.  These proteins activate the expression of a broad398
range of genes that mediate many of the responses to the decreased oxygen concentration,399
including enhanced glucose uptake, increased red blood cell production, and the formation400
of new blood vessels via angiogenesis [91].401

The limiting role of glucose - and not of oxygen - for maintenance of energy state is also402
reflected by the relationship between ATP and glucose content under conditions of critical403
blood perfusion. Diabetics treated with an insulin-lowering drug, known as metformin, have404
less chances of cancer than those who receive insulin as treatment [93]. Indeed, metformin405
may lower cancer risk in diabetics and improve outcomes of many cancers [94]. Metformin406



may act by impacting mitochondrial respiration leading to the activation of the AMP-activated407
protein kinase, which controls energy homeostasis in cells. This drug also seems to inhibit408
cancer cell growth in vitro and delays the onset of carcinogen-induced cancer in mice.409
According to RpHI hypothesis, that this drug may lower the glucose concentration in cells,410
reducing thus oxygen consumption and glycolysis.411

The tumors were shown to be slightly more alkaline than normal brain tissue, although412
lactate was consistently increased [95]. Thus, in animals with pronounced peritumoral brain413
edema, the latter is distinctly more alkaline than the healthy tissue. Moreover, high CO2414
levels decrease O2 consumption and ATP production, and impair cell proliferation415
independently of acidosis and hypoxia [96]. Quantification of tissue pH in solid regions of416
glioma reveals an average value of 7.26. This value is higher than in the cortex of the417
opposite hemisphere and lower than that in adjacent edematous cortex.418

In tumors, ATP content generally decreases when glucose begins to fall, whereas in the419
normal brain, ATP declines before glucose is reduced [97]. Although these considerations420
and the observed lactate increase are in support of a preferential glycolytic pathway for ATP421
production, tumor pH was slightly more alkaline than in normal brain tissue [98-100.422
Nevertheless, at an extracellular pH of 7.25, the oxygen consumption rate of cells increases423
by nearly a factor of 2 as the glucose concentration decreases from 5.5 mM to 0.4 mM [101].424
This effect of glucose concentration on the oxygen consumption rate, however, was slight at425
an extracellular pH of 6.95 and disappeared completely at an extracellular pH of 6.60.426
Hence, low glucose concentrations, associated with a normal extracellular pH will increase427
oxygen utilization, slowdown glycolysis, increase respiration and aerobic ATP production. An428
ill animal will consume less food and will avoid effort. This behavior could be a lesson for429
human beings to reduce blood glucose concentration according to physiological430
requirements.431

Inhibition of proton pumps in cancer and changes in pH are associated with the mechanism432
by which tumor cells avoid intracellular accumulation of toxic substances [102].433

2.6 Respiration and glycolysis434

It is well known that respiration and fermentation are two independent biochemical435
processes, which may occur simultaneously in the living cell. Given an oxygen concentration436
of 10 per cent or more in the surrounding atmosphere, respiration occurs in the living cell.437
Given a concentration below 3% of oxygen, fermentation (glycolysis) will occur. Both438
processes occur in the range from 3% to 10% oxygen (Figure 2). The growth and lifespan of439
human diploid cell strains at oxygen concentrations of less than 20% is enhanced, and an440
extension of about 25% of the lifespan of both cell types was carried out by long term441
cultivation below 10% oxygen [103].442

Whenever a cell within the metabolic system (muscle, liver, kidney, lung etc.) uses oxygen at443
a faster rate than it can be supplied by the circulatory system, the cell begins functioning444
anaerobically, reducing the pyruvate to lactate instead of further oxidizing it, as it would445
occur if oxygen supplies were adequate. Lactate thus accumulates in that cell, diffuses out446
through the bloodstream, and eventually finds its way to the liver, where it is reoxidized to447
pyruvate and converted back to glucose by the gluconeogenic pathway operative there.448

Mitochondria play an important role in the functional responses of eukaryotic cells to449
changes in O2 concentration, being involved in the adaptation to hypoxia. Previous450
investigations showed that when eukaryotic cells are exposed to hypoxia, glycolysis is451
stimulated and it can compensate the low ATP production within the oxidative452



phosphorylation process. Moreover, Otto Warburg showed that normal cells would become453
irreversibly cancerous if the environment they rested in had their oxygen levels lowered by454
35% for two days. Besides, long-term cell cultures may become malignant without any other455
influences.456

457

458

459

460

461

462

463

464

465

Fig. 2. Schematic presentation of the relative intensities of cellular respiration466
and glycolysis as a function of oxygen partial pressure.467

468
The glucose consumption rate of cancer cells increases much when the oxygen469
concentration is reduced [101]; however, severe conditions are required to stop cell growth470
(8.2 µM oxygen and an extracellular pH of 6.6).471

Hypoxia inducible factor 1, a marker of the Warburg effect and altered tumor metabolism, is472
associated with worse overall and recurrence free survival in peripheral tumor regions [104].473
Meanwhile, central tumor expression of HIF-1α has no significant correlation with outcome.474
These findings highlight the importance of assessing metabolic markers in the context of475
tumor microenvironment and oxygen tension.476

Indeed, hypoxia and the hypoxia-inducible factors (HIFs) step in the metabolic crosstalk477
between cancer cells and their microenvironment [105]. Nevertheless, tumor cells are able to478
maintain a high glycolytic rate even if enough oxygen is supplied. HIFs were suspected to479
control the response of malignant cells to this specific  microenvironment by shifting energy480
production from oxidative phosphorylation towards glycolysis. According to RpHI hypothesis,481
although enough oxigen may be present in the microenvironment, the cells cannot exchange482
it with carbon dioxide, which is kept by these cells. Furthermore, the mechanisms by which483
hypoxia and HIFs regulate tumor metabolism should be reconsidered. Possibly, RpHI may484
induce hypoxia, which in its turn, creates the necessary conditions for HIF production, a485
marker of hypoxic state.486

Hypoxia prevents normal ATP production by oxidative phosphorylation [106]. Hypoxic cells487
swell, whereas the swollen mitochondria produce less energy. Chronic inflammation begins488
following continuous exposure to noxious exogenous influences [106]. Most cancers are489
mainly attributable to long-term exposure to environmental factors, via a multi-year, multi-490
step, and multi-path process of tumor genesis [11]. Despite ATP synthesis rate is reduced491
when oxygen availability decreases, the exposure of cells to low oxygen level do not492
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significantly affect the total ATP content, which is quite the same level of normoxia [107].493
These data suggest that cells respond to lowered oxygen tension by increasing the activity494
of glycolytic enzymes and glucose transporters via the hypoxia-inducible factor-1 (HIF) [107].495
HIF up regulates pyruvate dehydrogenase kinase 1, which inhibits the pyruvate496
dehydrogenase decreasing TCA cycle and consequently oxidative phosphorylation in497
mitochondria. HIF, which mediates the transcriptional response to hypoxia, is a strong498
promoter of tumor growth and invasion [108,109].499

2.7 Stressed cells and neighbor cells500

As the metabolic control mechanism which regulates the transition from aerobic to anaerobic501
metabolism seems to be of key importance in the development of pathological changes,502
several studies were initiated to correlate the effects of anoxia on normal and aged503
mitochondria to the various biochemical and functional parameters of these organelles.504

In isolated mitochondria inhibition of respiration and energy production have been505
demonstrated to be important factors in cell injury especially when nitrogen-induced506
anaerobiosis was investigated [110]. It was observed that aging, especially under nitrogen,507
leads to a decrease of the affinity constants of all mitochondria. The effect of anaerobiosis is508
increased by the combination with decreased pH; it was demonstrated that decreased pH509
exerts an effect on the redox state of cytochrome a in anaerobic, ATP-treated intact510
mitochondria [111].511

Cytochrome c oxidase (EC 1.9.3.1.) acts as a final electron acceptor in the mitochondrial512
respiratory chain and catalyzes the molecular oxygen reduction to water. The fact that the513
radical intermediates of oxygen reduction have a carcinogenic potential calls to a special514
consideration of the cytochrome c oxidase pathway [112].515

The cytochrome c oxidase activity is the highest in all forms of host liver mitochondrion;516
aging of mitochondria was associated with a decrease in enzyme activity, which was more517
intense in host liver mitochondria than in the tumor ones. As depicted in Figure 3, ageing518
and anaerobiosis provoke a partial breakdown of the mitochondrial biostructure; the519
cytochrome c oxidase activity mirrors this process [103]. The biostructure of ascitic520
mitochondria is also broken-down; anaerobiosis and carcinogenic factors induce a similar521
breaking down of mitochondria. Synthesis of mitochondrial-encoded subunits of cytochrome522
c oxidase in Saccharomyces cerevisiae is also suppressed in response to oxygen523
deprivation both in vivo and in vitro [113]. Cytochrome c oxidase activity among other524
respiratory enzymes monitored an imbalance, which characterizes both a precancerous525
stage and cancer. While cancer cell is hypoxic, the surrounding cells are overstrained.526

Angiogenesis is a necessary component of all healing wounds. Tissue hypoxia is a well-527
known stimulus to angiogenesis [114,115]. Malignant, ischemic, inflammatory, infectious and528
immune disorders are characterized by dysregulated formation of new blood vessels [92].529
There are, however, inconsistent data and widely differing hypotheses concerning how much530
(what pressure or concentration) is required to support cellular metabolism and how the531
oxygen levels in cells within tissues are regulated [116]. There is a wide disparity in the532
published data and in the hypotheses used to interpret the cell and tissue responses to533
changes in oxygen pressure [117,118].534
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548
Fig. 3. Scheme showing decreased enzyme activities in tumor cells as compared with549

those of normal cells, whereas increased enzyme activities are measured550
around the tumor.551
Cytochrome c oxidase activity (expressed as micromoles oxidized cytochrome c/mg552
protein/min) of normal mitochondria, host liver mitochondria, and ascitic mitochondria553
is different under various conditions (Fresh and aged mitochondria for 15 min at 22 °C554
in air or nitrogen-based anaerobiosis), which brings convincing evidence for RpHI555
hypothesis. Please, see the papers by C. Mihai for experimental details [110].556

557
558

2.8 Life style and cancer559

The American Cancer Society has recently published the Nutrition and Physical Activity560
Guidelines, which are developed by a national panel of experts in cancer research,561
prevention, epidemiology, public health, and policy. They reflect the current scientific562
evidence related to dietary and activity patterns and cancer risk [119]. Moderate to vigorous563
levels of physical activity lower the risk of developing several cancers. Although the lung is a564
well oxygenated environment, hypoxia has been demonstrated in the center of an invasive565
lung tumor [104]. The molecular markers of hypoxia like HIF-1α and CA9 suggest that566
carbon dioxide removal rather than oxygen supply is a benefit of exercise. However, we may567
suspect the uncoupling activity of some carcinogens in lung cancer such as tar from568
smoking, which may inhibit oxidative phosphorylation even in the presence of oxygen.569
Recent studies referred to the mitochondrial uncoupling in leukemia cells, with energy570
dissipation and low ATP synthesis, as a potential mechanism of impairment of mitochondria571
in Warburg phenomenon [120,121]. Moreover, uncoupling proteins are over-expressed in572
breast cancer, supporting the link between mitochondrial uncoupling and the Warburg effect573
[26,122]. Besides, overexpression of E2f1 and c-Myc was identified at an early dysplastic574
stage of hepatocarcinogenesis [123]; the combined activity of c-Myc and E2f1 enhanced the575
expression of genes involved in mitochondrial metabolism, which results in increased ATP576
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synthesis by the respiratory chain. Overweight and obesity are clearly associated with an577
increased risk of developing many cancers. Overeating seems to be the main avoidable578
cause of cancer in nonsmokers [124]. The excess body weight is associated with risk of579
cancer at several organ sites, including colon, breast, endometrium, oesophagus, and580
kidney [125]. Maintaining a healthy weight, staying physically active, and consuming a581
healthy diet can substantially reduce the risk of developing, or dying from cancer. These582
same behaviors are also associated with a decreased risk of developing cardiovascular583
disease and diabetes. All these recommendations are concordant with the RpHI hypothesis.584
Moreover, anxiety, rather than depression, seems to be a problem at long-term cancer585
survivors and their spouses, compared with healthy controls [126]. Cancer and depression586
commonly co-occur, while chronic and severe depression may be associated with elevated587
cancer risk [127]. Some evidence shows that providing psychosocial support to reduce588
depression, anxiety, and pain may increase survival time with cancer. Depression and589
emotional disorders may reduce treatment success in cancer [128]. A bidirectional590
relationship between cancer and depression was thus found. Women suffering from591
depression were reported to be more vulnerable to breast cancer [129]. The complex592
relationship between the psyche and the nervous, immune, and endocrine systems seems to593
be implicated in both cancer risk and survival [130].594

It was suggested that cancer cells have dysfunctional mitochondria, which prevent them to595
use the citric acid or other compounds in the Krebs cycle [45,131]. The mitochondrial596
function seems to be altered in the precancerous stage. However, if cell content becomes597
more alkaline due to the continuous work under stress conditions, it will retain carbon dioxide598
and will get less oxygen regardless of its concentration. The RpHI approach is in full599
compliance with the findings on cancer occurrence reported by other authors [132]. A more600
comprehensive theory on cancer etiology to highlight not only the molecular aspects but also601
the biostructural ones, and possibly psychic-related processes as Macovschi stated is602
expected from a more integrative life science [133].603

2.9 Inflammation and cancer604

Chronic inflammatory conditions predispose susceptible cells to neoplastic transformation605
[134]. In general, the longer the inflammation persists, the higher the risk of cancer.606
Inflammatory processes have been implicated in the etiology of inflammation-associated607
cancers [135]; they may induce DNA mutations in cells via oxidative/nitrosative stress.608
However, inflammatory cells and cancer cells themselves produce free radicals and soluble609
mediators. Reactive intermediates of oxygen and nitrogen may directly oxidize DNA, or may610
interfere with mechanisms of DNA repair. Free radicals may also rapidly react with proteins,611
carbohydrates and lipids, and the derivative products may induce a perturbation in the612
intracellular homeostasis, until DNA mutation. The effectors are represented by an613
imbalance between pro-oxidant and antioxidant enzyme activities [134].614

Viral infection-induced chronic inflammation significantly increases the likelihood of cancer615
development [136]. Many viruses have already confirmed roles in cancer development and616
progression. Proteins involved in ROS generation are upregulated during chronic617
inflammation and cancer [135]. Gastrointestinal cancers are strongly linked with chronic618
inflammation [137]. Some authors have demonstrated a higher risk of hepatocellular619
carcinoma in obese individuals. Since obesity is a low-grade inflammatory disease, a direct620
role of visceral adipose tissue in carcinogenesis was investigated [138]. Cytokines such as621
IL-6 and TNF-α secreted from the adipose tissue are able to induce a chronic inflammatory622
condition predisposing the liver to a preneoplastic stage. Chronic inflammation promotes623
also prostate cancer formation [139]. Cellular glycolytic and oxidative metabolism is624
significantly influenced by low-level inflammation in prostate epithelial cells. Thus, the micro-625



environmental inflammatory cytokine TNFα induces aerobic glycolysis while inhibiting626
oxidative metabolism (Warburg effect). Nevertheless, although the inflammatory cytokine627
TNF-α can directly induce metabolic changes, similar to those produced by oncogene628
expression, this effect can simply be blocked by the natural dietary compound curcumin629
[140].630

The Warburg effect is an anomalous characteristic of glucose metabolism in cancer cells631
[141]. Cancer cells are characterized by increased aerobic glycolysis. Moreover, the pro-632
inflammatory cytokines promote glycolysis in breast cancer cells, where the inflammation-633
induced miR-155 function is an important mediator. The miR-155/miR-143/HK2 cascade634
may be involved in the mechanism linking inflammation to the metabolism of cancer cells635
[141]. The Warburg phenotype may serve as a main causative mechanism for cellular636
hyperproliferation and resistance to apoptosis [142]. Indeed, hypoxia and inflammation alter637
cellular metabolism.638

According to Warburg, cell respiration is damaged or insufficient in cancer cells. However,639
oxygen consumption and carbon dioxide production seem to be high in many cancerous640
tissues and cells, suggesting that their respiration is not irreversible damaged [24]. The641
Pasteur effect also appears to be normal in many cancerous tissues since oxygen inhibits642
lactate production. Many tumor cells show high rates of lactate production in the presence of643
oxygen, a phenomenon known as the Warburg effect, which has diagnostic and possibly644
therapeutic implications. The basal lactate production is 3-5 fold higher in T98G glioma cells645
than in normal astrocytes [143]. On the contrary, the rate of lactate accumulation in response646
to mitochondrial inhibition with sodium azide is 10 times lower in glioma than in astrocytes,647
consistent with defective tumor metabolism. The biostructure of these cells seems to be648
severely broken down. Indeed, RpHI hypothesis clarifies this paradox showing that cancer649
cells are in fact normal cells, which apparently behave differently due to hypoxic conditions.650
If a cell is in trouble, neighboring cells will help or destroy it. Such phenomenon can not take651
place in cell culture, and cancer cells thus multiply incessantly. The biostructure breaking652
down is a gradual process, which may have many stages such as the adaptive one, followed653
by others like the preneoplastic, neoplastic, or apoptotic stages. The efficacy of cancer654
therapies, especially for late-stage disease, remains poor overall [144]. Focusing on cancer655
prevention requires novel targeted therapies. During the process of identifying preventive656
agents, the task now is to understand how these agents interact with their target molecular657
compounds or biostructure components.658

A detailed understanding of preneoplastic phenomena and cellular mechanisms of tumor659
formation can lead to new therapeutic approaches for improvement of clinical outcome.660

3. CONCLUDING REMARKS661
662

Literature findings reviewed here support the hypothesis on the RpHI, which may explain the663
long interval between exposure of a certain cell to a mutagen and the expression of the664
resulting mutations, as well as carcinogenesis without any apparent genetic alteration.665
Mutations of certain genes have been identified as risk factors for development of certain666
cases of cancer.  However, gradual progress in understanding the origins of neoplasms667
should also be considered. The hypothesis discussed here takes into consideration the long668
standing hypoxia within the whole organism, characteristic to the precancerous stage. Under669
hypoxic conditions, the overstressed cells, getting less oxygen than needed, will lead to670
anaerobic ATP production, excessive multiplication and, finally, tumor development. Such671
assertion is consistent with most literature data. Consequently, new strategies of cancer672
prevention should be drafted, based on a physiological approach of precancerous stage.673
Cancer prevention may be associated with carbon dioxide removal from blood in order to674



stimulate blood and cell oxygenation and oxygen exchange in cells. Besides, pH and675
glucose concentration control is important to prevent cachexia. Natural mechanisms676
protecting against cancer should be taken into consideration. Future medicine can also be677
seen as caring for physiological balances and not only as an emergency surgery.678

Further studies are required to highlight the essential mechanisms characteristic to the679
preneoplastic stage hidden in the extremely complex oncology. At least, our theoretical680
approach suggests that hypoxia is a key parameter that positively influences cancer681
development in overstressed tissues.682
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