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Abstract: Human cells may use either aerobic or anaerobic cellular respiration processes to produce energy, depending 
on cellular conditions. When there is enough oxygen, cells respire aerobically, but in case of oxygen deficiency, 
anaerobic cellular respiration is used, which leads to lactic acidosis and an increased risk of cancer according to 
Warburg's hypothesis.  

This paper reviews key aspects related to the historical evolutionary origins of metabolic pathways in cancer cells and 
compares similarities between cancer cells and ancient unicellular organisms to address the origins of metabolic change 
in cancer cells and provide new insights into the metabolic control of cancer. 

Understanding the main causes of cancer and the biological origin of their behavioral abnormalities is essential for the 
metabolic control of cancer. Environmental stressors to cells may include lack of essential nutrients, poor oxygenation, 
excess acids, viruses, infections, and exposure to chemicals, toxins, and radiation. These cellular stressors can cause 
normal cells to mutate and become cancerous in an attempt to survive in the harsh conditions.  

According to the research findings, creating appropriate conditions at the cellular level in terms of pH, sufficient 
oxygenation and the availability of good sugars, essential vitamins, minerals, enzymes and coenzymes through a healthy 
diet can lead to a metabolic switch in cancer cells that controls mutations, which can help prevent and control cancer.  
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diet. 

INTRODUCTION 

Life on our planet appeared about four billion years 
ago following several million years of geological and 
chemical evolution. During that time, a single ancestral 
molecule eventually created a single-celled organism, 
which all the living organisms on Earth today descend 
from that intelligent single cell, as a common ancestor 
of all known forms of modern life. The early-time living 
systems were intelligent and had an ability for self-
replication and adaptive biological evolution to keep 
their stored genetic information develop further over 
generations [1,2].  

The first single cells on Earth were formed in small 
rock-pools of water, in a Darwin's hypothetical “warm 
little ponds”, where reactants and organic matter were 
available for chemical reactions needed for life, in wet 
soils rich in sulfur compounds such as hydrogen sulfide 
(in an environment like a smelly wet mud) [2,3]. During 
the ancient time, concentration of atmospheric oxygen 
was very low and life evolved anaerobically, where in 
lack of oxygen as an oxidant, sulfur oxidation was the 
key metabolic process in the early single cell systems, 
using H2S as a source of energy [4,5]. 
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The energy production from anaerobic processes 
had poor efficiency, as well as required high amounts 
of energy sources to be available [6], hence, with the 
limitations, the ancient living organisms evolved very 
slowly [5]. Ancient life was also exposed to higher 
levels of damaging radiation because there were higher 
levels of exposure to cosmic rays and ultraviolet rays in 
the absence of the protective ozone layer at that time 
[7,8]. But with passage of time, living conditions on 
earth were improved, as ozone layer was gradually 
formed, capable of protecting life from harmful 
wavelengths of ultraviolet radiation. Also, a part of 
radioactive elements on surface of earth was gradually 
decayed and overall exposure of the living cells to 
natural radioactivity slowly decreased [7,9].  

Another key change in evolution history of life on 
earth was significant increase of atmospheric oxygen 
from around 600 million years ago. The increased level 
of oxygen was toxic for the ancient cells and the 
systems living anaerobically, and much of anaerobic 
life were wiped out, creating a great extinction event. 
This brought an end to use of H2S as a common 
energy source, and most H2S-dependent living 
organisms died [4]. During the period, only those cells, 
according to Darwinian Natural Selection, which could 
adapt to the conditions and gain resistance, as well as 
pass on their survival keys to next generations, could 
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manage to survive [10,11]. The new intelligent cells 
eventually found a way to utilize the rich potential of 
oxygen in respiration, and soon, oxygen became 
essential for metabolic activities in oxygenated 
environments [11]. Oxygen acted as an ideal terminal 
electron acceptor to generate energy after nutrient 
breakdown, and life as an aerobic activity evolved 
faster and more effectively [1,2,11].  

In the new form of life, the aerobic processes that 
used oxygen as an oxidant for converting nutrients to 
energy, were significantly more efficient in providing 
cellular energy [1,2,11,12]. Enzymes were also utilized 
for catalyzing chemical reactions within the cell, which 
greatly speeded up the biochemical reactions and 
allowed some larger and more complex living systems 
to be evolved with influence on their own development 
[12-14]. During this evolution phase, the cells were first 
surrounded by their membranes and then membranous 
cells evolved to have sensors and other components, 
forming different types of cells with different capabilities 
[12].  

The single-celled, bacteria-like organisms on the 
ancient Earth were independent and self-contained, 
cared only about themselves, and looked for nutrients 
to survive under the tough living conditions. But in the 
next evolution phase, to continue more effectively, the 
cells used a cooperative approach and became more 
dependent on other cells, ultimately producing a 
multicellular organism consisting of different cells with 
specialized roles [13]. The cells worked together to 
interact with the environment, take up nutrients and 
water, get rid of wastes, and produce sufficient cellular 
energy (ATP) to survive [12,14]. Furthermore, the key 
information on survival mechanisms in the cells were 
passed from one generation of cells to the next, and 
ultimately, from parent organisms to their offspring, 
giving rise to plants, animals, and later, modern 
humans [12-14]. 

As all the living cells in modern world have their 
roots in anaerobic life on ancient Earth when the 
atmosphere was extremely oxygen deficient, the 
modern cells are still able to utilize anaerobic pathways 
where required. Hence, even the modern cells in the 
current complex multi-cellular systems that respire 
aerobically, can still switch metabolism from aerobic to 
anaerobic or vice versa, depending on their 
environmental conditions [1,2,14]. 

The modern cells in normal conditions obey the co-
operative rules, do not move around the body, 
intelligently control their development and stop growing 

when they encounter other cells to respect their 
territory, and fairly divide the nutrients to ensure that 
different organs are maintained [15,16]. But under 
stressful conditions, such as cell exposure to toxins 
and injuries, the cells may mutate in response to 
environmental stressors, become cancerous, and 
return to the behavior of their single celled ancestors 
(an evolutionary throwback) to survive better by the 
metabolic switch to anaerobic cellular respiration [15]. 
An exemplary case for this metabolic switch, is in 
human cancer cells, which utilize anaerobic cellular 
respiration in case of experiencing oxygen deficiencies 
or exposure to environmental stressors [17].  

The cells that have mutated and altered their 
metabolism to increase resistance to cellular damage, 
may not be problematic under normal circumstances, 
and even the immune system helps these mutated 
cells to survive and grow, protecting them instead of 
attacking [16]. However, in a chronically deficient 
intracellular environment, particularly in hypoxic regions 
of the body, the mutated cells struggling to survive may 
act selfishly, take over the body’s resources for their 
own survival, grow out of control, disrupt multicellular 
co-operation, hide from the immune system, and 
eventually invade other tissues in a process known as 
metastasis [15]. 

The mystery of aerobic and anaerobic cellular 
respiration processes in normal cells and cancer cells 
was first unlocked by Dr. Otto Heinrich Warburg (1883–
1970), a German scientist and Nobel Prize winner, 
following his comprehensive research studies on the 
subject [17]. Warburg realized that cancer cells utilize 
anaerobic respiration and fermentation processes to 
produce their required energy in absence of oxygen, 
known as the Warburg effect [18]. According to the 
Warburg findings, cancer cells are commonly 
developed in poorly-oxygenated (hypoxic) regions of 
the body, consume greater amounts of glucose and 
other nutrients, and form significant amounts of lactic 
acid and additional acidic/toxic wastes as byproducts, 
which acidifies the cellular environment and further 
increases the risk of development of cancer tumors 
[17-19].  

METABOLIC SWITCH IN CANCER CELLS 

In human body, the cells normally respire 
aerobically and consume glucose as their preferred 
source of energy, producing water and carbon dioxide 
as byproducts of the cellular respiration. But in case of 
insufficient oxygen supply, the cells produce energy via 
anaerobic cellular respiration processes that produce 
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lactic acid as the main byproduct. Depending on the 
conditions at cellular level, aerobic and anaerobic 
metabolism always occur, although not in the same cell 
simultaneously [14,18,19]. 

Oxygen deficiency may occur for different reasons 
and in various situations. For instance, during intense 
exercise, muscle cells under a great pressure take 
oxygen at a higher rate to produce cellular energy 
faster via aerobic respiration processes, which depletes 
their environmental oxygen despite increased blood 
circulation around the cells during exercise, eventually 
leading to insufficient availability of oxygen for the cells. 
When this happens, in lack of oxygen availability, 
muscle cells utilize anaerobic respiration processes 
and lactic acid fermentation, leading to built-up of lactic 
acid that can make the muscles sore. The lactic 
acidosis caused by intense exercise is usually 
temporary in healthy people, and once the body slows 
down and oxygen becomes available again, the cells 
switch to aerobic metabolism, and the accumulated 
lactic acid is neutralized in normal conditions by the 
body survival mechanisms, normally within about an 
hour afterwards [19,20].  

In hypoxic regions of the body where oxygenation is 
chronically poor, metabolic switch to anaerobic 
respiration is more likely to occur. In this case, 
according to the Warburg effect, the chronic oxygen 
deficiency may transform normal cells into cancerous 
cells, eventually forming cancerous tumors. But 
reversing the metabolic pathways by providing an 
oxygenated nutrient-rich environment with optimum 
alkalinity at the cellular level, may retain healthy cells 
and inhibit cancer cells growth [18,19]. 

According to the Warburg Hypothesis, a 
fundamental cause of cancer is damage of cellular 
respiration caused by the cell stressors, such oxygen 
deficiency, acidic cellular environment, and exposure to 
environmental carcinogens including chemicals, toxins 
and radiation [18]. If cellular respiration is impaired, 
cells may respond in a variety of ways, including 
activating survival pathways to inducing programmed 
cell death, while attempting to maintain a balance 
between cell survival and cell death. The cells that die 
due to the damage, may not be a major problem, if not 
too many of them die, because they can be replaced 
with new cells. But some damaged cells can manage to 
resist cell death and survive by repairing themselves 
following some targeted cell mutations that build-up in 
the cells [16,21]. These cell mutations are not 
necessarily caused by a defect, but as result of 

activation of survival mechanisms that help cells evolve 
towards gaining more resistance under difficult living 
situations [22]. 

For the cells that are exposed to a damage, 
chances of gaining resistance and surviving are 
significantly increased if there are favorable conditions 
at the cellular level, in terms of pH level, sufficient 
absorption of oxygen, and availability of good sugars, 
essential vitamins, minerals, enzymes, and co-
enzymes, which play key roles in regulation of cellular 
metabolism, differentiation, and maturation [14,18]. But, 
unfavorable cellular conditions such as pH imbalances, 
deficiency in key nutrients, and poor oxygenation may 
cause excessive mutations during cellular adaptation to 
stressful conditions, resulting in abnormal cell 
functioning [14,18,23,24]. In this case, the mutated 
cells ignore signals that normally command cells to 
stop dividing or to die (a process known as 
programmed cell death, or apoptosis) and grow out of 
control [16,21]. As a result, a benign tumor may be 
formed that does not spread to other parts of the body 
and remains unproblematic, or, depending on the 
cellular conditions and accumulation rate of DNA 
mutations over time, it may form aggressive cancerous 
malignant tumors that can be life threatening [16,25].  

In general, the cancer-causing environmental 
stressors may be associated with unhealthy dietary 
habits such as a high intake of animal proteins and a 
low intake of vegetables and fruits, consumption of 
alcohol and addictive drugs, smoking, sleep disorders 
and chronic insomnia, use of chemical cosmetics, high 
intake of artificial supplements, viruses, infections, 
stress, physical inactivity, and exposure to toxins and 
radiation [18,26,27]. The cell stressors can change a 
normal cell struggling to survive, to a cancer cell that 
returns to the behavior of their single-celled ancestors 
by acting inconsiderately to take over our body’s 
resources for their own survival, leading to 
uncontrollable cell growth [14,18].  

In case of appropriate conditions as the cell level 
concerning optimal alkalinity and oxygenation, as well 
as sufficient availability of key essential nutrients from 
healthy plant-based foods, the tension and stresses at 
the cells may be reduced, leading to control of cancer 
cells [14,18]. Studies have shown that traditional diets 
rich in plant-based foods can reduce the risk of cancer 
[28,29]. But, there are higher risk of developing these 
cancers in people who live a typical western-world’s 
lifestyle and frequently consume unhealthy fast foods 
and sugary beverages, as well as have high intakes of 
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animal proteins, but low intake of plant-based foods 
[18]. In a study on the effect of dietary habits on 
African-Americans, those who followed fatty meat-
heavy diets (a typical Western diet) had a significantly 
higher risk of colorectal cancer than those consuming 
rural African foods rich in beans and vegetables [30].  

CONCLUSIONS  

Understanding the origin of cancer and metabolic 
pathways in cancer cells bring new insights to treating 
cancer as a metabolic disease, as well as developing 
some complementary or alternative solutions 
accordingly.  

Deficiencies in oxygen and key nutrients may be a 
primary root cause that changes a normal cell 
struggling to survive, to a cancer cell that returns to the 
behavior of their single-celled ancestors by a metabolic 
switch to take over our body’s resources for their own 
survival, leading to uncontrollable cell growth. In 
contrast, providing a cellular condition rich in oxygen 
with sufficient availability of essential nutrients from 
natural healthy foods, may reduce the tension, leading 
to control of cancer cells and domination of normal 
cells.  

To change the metabolic pathway and resolve 
cancer, providing an oxygen-rich cellular environment 
with optimal alkalinity may be effective, by maintaining 
conditions that lead to a sustained aerobic cellular 
respiration that naturally improves body resistance to 
developing cancers.  

In general, a nutrient-rich plant-based healthy diet 
rich in natural fruits, fresh vegetables, legumes and 
alkalizing nuts, as well as following a healthy life style 
that avoids smoking, drinking alcoholic beverages, and 
a high intake of animal proteins and processed foods, 
as well as reducing exposure to the environmental 
carcinogens, may be effective in providing appropriate 
condition at the cellular level, helping with controlling 
cell mutations and preventing cancers.  
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