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Abstract

Cancer disease is the second cause of death in the United States and world-wide. Most Researchers estimate that 595,690
of American people will die from cancer at the end of the year 2017. That means 1,600 deaths/day approximately [1].
Cancer in modern societies is commonly treated with the combination of organ surgery, chemotherapy and radiotherapy.
Many kinds of diet strategies have been experimented. However, none of them have been particularly effective.
Interestingly, there is some applied research suggesting that a very low-carb ketogenic diet may help [2-4]. According to
Otto Warburg hypothesis, the cause of cancer is the change in the metabolism of mitochondrion in human cells. Low
oxygen in tissues in combination with high blood glucose will change the cell respiration from aerobic to anaerobic which
leads to fermentation type of respiration. In this perspective and prospective research, I have shown the very low
carbohydrate ketogenic diet and mostly ketosis, may benefit cancer patients in reducing and weakening cancer cells.
Although further researches are needed, this perspective article could be beneficial in future perspective of alternative

treatments of cancer.

Keywords: Cancer; Ketogenic diet; Ketosis; Warburg hypothesis; Blood sugar

€

Introduction

Ketosis serum concentration of ketone bodies go over 0.5 mM in
blood and with low and stable levels of insulin and blood
glucose [5,6]. It is almost always generalized with
hyperketonemia, that is, an elevated level of ketone
bodies in the blood throughout the body. Ketone bodies

Ketosis is a metabolic condition in which ketone bodies
are the supply of energy in the blood. In contrast to a
condition of glycolysis, in which blood glucose provides
most of the energy. In nutritional process of ketosis, the
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are formed by ketogenesis when liver glycogen stores are
depleted or from metabolising medium-chain
triglycerides [7]. The main ketone bodies used for energy
are acetoacetate and B-hydroxybutyrate [8],and the levels
of ketone bodies are regulated mainly by insulin and
glucagon [9]. Most cells in the body can use both glucose
and ketone bodies for fuel, and during ketosis, free fatty
acids and glucose synthesis which is called
gluconeogenesis, fuel the remainder.

Longer-term ketosis may be the result of staying on a
very low-carbohydrate diet, and deliberately induced
ketosis serves as a medical intervention for various
conditions, such as intractable epilepsy, and the various
types of diabetes [10]. In glycolysis, high levels of the
hormone insulin promote the storage of body fat and
block release of fat from adipose tissues, but in ketosis, fat
reserves are released and consumed for energy [9,11].
Therefore, ketosis is sometimes referred to as the body's
fat burning mode [5].

Ketoacidosis

Ketone bodies are acidic compounds, but acid-base
homeostasis in the blood is normally maintained through
bicarbonate buffering and respiratory compensation to
vary the amount of CO; in the bloodstream, hydrogen ion
absorption by tissue proteins and bones and renal
compensation through increased excretion of dihydrogen
phosphate and ammonium ions [12]. Excess of ketone
bodies can disrupt normal compensatory mechanisms
and lead to acidosis if blood pH falls below 7.35. So the
level of PH in the blood is very important in the ketogenic
diet to remain slightly alkaline. A mild acidosis may be the
result of prolonged fasting, following a district ketogenic
diet or a very low calorie diet [12,13].

Fats are stored in adipose tissue released from the fat
cells into the blood as free fatty acids and glycerol when
insulin levels are very low and glucagon and epinephrine
levels in the blood are high. This condition happens
between meals, during fasting, starvation and strenuous
exercise, when blood glucose levels are likely to fall. Fatty
acids are very high energy fuels, and are taken up by all
metabolizing cells which have mitochondria. Fatty acids
can only be metabolized in the mitochondria. Red blood
cells do not contain mitochondrion and are therefore
entirely dependent on glycolysis for their energy
requirements. In all other tissues the fatty acids that enter
the metabolizing cells are combined with co-enzyme A to
form acyl-CoA chains. These are transferred and sent into
the mitochondria of the cells, where they are broken

Niknamian S. Nutritional Ketosis Condition and Specific Ketogenic Diet, May
Benefit Cancer Patients as an Alternative Treatment by Sudden Change in

the Metabolic State of Cancer Cells. Int ] Biochem Physiol 2016, 1(1):
000107.

down into acetyl-CoA units by a sequence of reactions
known as -oxidation [14].

The acetyl-CoA produced by [-oxidation enters the
citric acid cycle in the mitochondrion by combining with
oxaloacetate to form citrate. This results in the complete
combustion of the acetyl-CoA to CO; and water. The
energy released in this process is captured in the form of
1 GTP and 11 ATP molecules per acetyl-CoA molecule
oxidized [15,16]. This is the fate of acetyl-CoA wherever
[-oxidation of fatty acids happens, except under certain
conditions in the liver. In the liver, oxaloacetate is wholly
or partially diverted into the gluconeogenic pathway
during fasting, starvation, a low carbohydrate diet,
prolonged strenuous exercise, and in uncontrolled type 1
diabetes  mellitus. Under these circumstances
oxaloacetate is hydrogenated to malate which is removed
from the mitochondrion to be converted into glucose in
the cytoplasm of the liver cells, from where it is released
into the blood [15]. In the liver, therefore, oxaloacetate is
unavailable for condensation with acetyl-CoA when
significant gluconeogenesis has been stimulated by low or
absence of insulin and high glucagon concentrations in
the blood. Under these circumstances, acetyl-CoA is
diverted to the formation of acetoacetate and beta-
hydroxy-butyrate [15].

Acetoacetate,  beta-hydroxybutyrate and  their
breakdown product, acetone, are confusingly known as
ketone bodies as they are not bodies at all, but water-
soluble chemical substances. The ketone bodies are
released by the liver into the blood. All cells with
mitochondria can take ketone bodies up from the blood
and reconvert them into acetyl-CoA, which can then be
used as fuel in their citric acid cycles, as no other tissue
can divert its oxaloacetate into the gluconeogenic
pathway in the way that the liver does this. Unlike free
fatty acids, ketone bodies can cross the blood-brain
barrier and are therefore available as fuel for the cells of
the central nervous system, acting as a substitute for
glucose, on which these cells normally survive [17]. The
occurrence of high levels of ketone bodies in the blood
during a low carbohydrate diet is known as ketosis, and in
its extreme form, as ketoacidosis.

When the body is in ketosis, one's breath may smell of
acetone. This is due to the breakdown of acetoacetic acid
into acetone and carbon dioxide which is exhaled through
the lungs.
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. Approximate serum
el Designation concentration
value

mg/dL mmol/1

. Reference 0.05-

0 Negative range: 0.5-3.0 0.29

5 (interquartile
.1 | 0.5(IQR:
1+ range (IQR): 1 0.1-0.9)
9)
; ) 0.7 (IQR:
2+ Ketonuria 7 (IQR: 2-19) 0.2-1.8)
1A 3 (IQR:
3+ 30 (IQR: 14-54) 14-5.2)
Severe
4+ . - -
ketonuria

Table 1: Urine test for ketosis and ketoacidosis [18-22].

The concentration of ketone bodies may vary
depending on diet, exercise, degree of metabolic
adaptation and genetic factors. Ketosis can be induced
when a ketogenic diet is followed for more than 3 days.
This induced nutritional ketosis [23].

Blood concentration i
Condition
(m.molar)

<0.2 not in ketosis
0.2-0.5 slight/mild ketosis
0.5 -3.0 1nduced/nu‘Fr1t10nal

ketosis

2.5-35 post-exercise ketosis
3.0-6.0 starvation ketosis
15-25 ketoacidosis

Table 2: Demonstrates the ketone concentrations seen
under various conditions: [5] Blood concentration of
ketone bodies and the condition.

Materials and Methods

Warburg effect should be mentioned firstly as a cause
of cancer and then I go through the studies which prove
the accuracy of Warburg hypothesis and effectiveness of
ketogenic diet which is a very low carbohydrate diet in
reducing the blood glucose which fuels the cancer cells to
respire and divide.

Warburg effect

Oncologically, the Warburg effect explains that cancer
cells produce energy by a high rate of glycolysis followed
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by lactic acid fermentation in the cytosol [24,17], rather
than by a comparatively low rate of glycolysis followed by
oxidation of pyruvate in mitochondria as in normal cells.
The latter process is aerobic which uses oxygen. Rapidly
growing tumor cells have glycolytic rates up to 200 times
higher than normal tissues of origin, this occurs even if
oxygen is plentiful [25-27].

The Warburg effect is a consequence of damage to the
mitochondria in cancer, or an adaptation to low-oxygen
environments within tumors, or a result of cancer genes
shutting down the mitochondria because they are
involved in the cell's apoptosis program which would
normally kill cancerous cells. It may also be an effect
associated with cell proliferation. Because glycolysis
provides most of the building blocks required for cell
proliferation, cancer and normal proliferating cells have
been proposed to need to activate glycolysis, despite the
presence of oxygen, to proliferate [28]. Evidence
attributes some of the high aerobic glycolytic rates to an
over-expressed form of mitochondrial-bound hexokinase
[29] responsible for driving the high glycolytic activity. In
kidney cancer, this effect could be simply because of the
presence of mutations in the von Hippel-Lindau tumor
suppressor gene upregulating glycolytic enzymes,
including the M2 splice isoform of pyruvate kinase [30].

Lewis C. Cantley in March 2008 concluded that the
tumor M2-PK which is a form of the pyruvate
kinaseenzyme, gives rise to the Warburg effect. Tumor
M2-PK is produced in all rapidly dividing cells, and is
responsible for enabling cancer cells to consume glucose
at an accelerated rate, on forcing the cells to switch to
pyruvate kinase's alternative form by inhibiting the
production of tumor M2-PK, their growth was curbed. The
researchers acknowledged the fact that the exact
chemistry of glucose metabolism was likely to vary across
different forms of cancer, therefore, PKM2 was identified
in all of the cancer cells they had tested. This enzyme form
is not usually found in healthy tissue, though it is
apparently necessary when cells need to multiply quickly,
that is in healing wounds or hematopoiesis [31,32].

Many substances have been developed which inhibit
glycolysis [33], including SB-204990, 2-deoxy-D-glucose,
3-bromopyruvate, 3-BrOP, 5-thioglucose and
dichloroacetic acid [34].

Alpha-cyano-4-hydroxycinnamic acid, which is a small-

molecule inhibitor of monocarboxylate transporters
which prevent lactic acid build up in tumors, has been
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successfully used as a metabolic target in brain tumor
pre-clinical research [35-38].

Dichloroacetic acid, which is a small-molecule inhibitor
of mitochondrial pyruvate dehydrogenase kinase, down-
regulates glycolysis in vitro and in vivo [39,40].

As a matter of fact, High blood glucose levels accelerate
cancer cell proliferation in vitro, while glucose
deprivation has led to apoptosis. These findings have
initiated further study of the effects of carbohydrate
restriction on tumor growth. Several clinical evidences
show that lower blood glucose levels in late-stage cancer
patients have been correlated with better outcomes [41].

Ketogenic Diet

Ketogenic diet is a kind of regime which uses high fat

content and low carbohydrate. This diet changes the
metabolic state into the condition called Ketosis. After
several days, fat becomes your body’s primary energy
source which causes an increase in the levels of
compounds which is called "ketones" in the blood [42].
In general, a ketogenic diet used for weight loss is about
60-75% of calories as fat, with 15-30% of calories from
protein and 5-10% of calories from carbs. However, when
a ketogenic diet is being used therapeutically for the
treatment of cancer, the fat content may be significantly
higher that is up to 90% of calories, and the protein
content lower [43].

Ketogenic Diet for Cancer

@ Carbs @ Protein @ Fat @ Carbs

Mormal Ketogenic Diet

@ Protain

Typical Western Diet

@ Fat @ Carbs @ Pratein ® Fat

Blood Sugar and Cancer

Most cancer treatment strategies are aimed to target
the biological differences between cancer cells and
normal cells. All cancer cells uses carbohydrate as their
energy source to multiply. The ketogenic diet changes the
metabolic state of the cancer cells in which they do not
have their energy source, so the blood sugar goes down
dramatically [2,3,44].

The aim of the ketogenic diet is starving cancer cells of
their fuel which is glucose and sugar. The long-term effect
of this diet which starves the cells, may be that the cancer
cells will grow more slowly, decrease in size or even die. It
seems possible that a ketogenic diet could help reduce the
progression of cancer because it causes a rapid decrease
in blood sugar levels [2-4].

Ketogenic Diet and Cancer Treatment

There are several other mechanisms that may explain
how a ketogenic diet can aid in cancer treatment. Firstly,
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eliminating carbs can quickly lower calorie intake,
reducing the energy available to the cells in your body. In
turn, this may slow down tumor growth and the cancer’s
progression. Insulin is an anabolic hormone. That means
when it is present in the blood, it makes the growth of
cancer cells. Therefore, lower insulin or blood glucose,
may slow tumor growth [45,46].

Cancer cells cannot use ketones as fuel. Research shows
that ketones may reduce tumor size and growth [47].

Ketogenic Diet and Cancer in Animals

Researchers have tested the ketogenic diet as an
alternative cancer treatment for more than 50 years and
most of these studies were done in animals. A large
number of these animal studies have demonstrated that
ketogenic diet can reduce tumor growth and improve
survival rates [48-51].

One 22-day study in mice looked at the differences
between the effects of ketogenic and other diets in
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treatment of cancer. Interestingly, the researchers found
that 60% of mice on a ketogenic diet survived. This
increased to 100% in mice that got a ketone supplement
in addition to the ketogenic diet. However, none of the
mice survived on a regular diet or better told a diet
contained carbohydrates [48].

Another study in mice tested a ketogenic diet with or
without oxygen therapy. The result is shown in picture
below: [49]

p

Normal Diet Combined
with Oxygen Therapy

Normal Diet

L

Tumor Size in Mice Before and After Treatment

Ketogenic Diet

Bioluminescence
(Photons/sec)

high

Ketogenic Diet Combined
with Oxygen Therapy

The result is obvious. A ketogenic diet increased
survival time by 56%. This number increased to 78%
when combined with oxygen therapy. These results prove
that cancer cells starve in the lack of glucose and in high
amounts of oxygen in blood [49].

Ketogenic Diet and Cancer in Humans

Presently, limited researches do seem to show that a
ketogenic diet may reduce tumor size and rate of
progression in certain cancers. One of the few
documented published case studies was performed on a
65-year-old woman with brain cancer. Following surgery,
she received a ketogenic diet. Meanwhile, the tumor’s
progression slowed. But, 10 weeks after returning to a
normal diet, she experienced a significant increase in
tumor growth [52].

Similar case reports examined the reactions to a
ketogenic diet in two young girls who were undergoing
treatment for advanced brain cancer. Researchers
observed that glucose uptake was decreased in the
tumors of both patients. One of the girls reported that her
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quality of life had improved and remained on the diet for
12 months. During that time her cancer showed no
further progression [53].

One study monitored tumor growth in response to a
high-carb versus a ketogenic diet in 27 patients with
cancer of the digestive tract.Tumor growth increased by
32.2% in patients who received the high-carb diet, but
decreased by 24.3% in the patients on the ketogenic diet
[54,55].

In another study, three out of five patients on a
ketogenic diet combined with radiation or chemotherapy
experienced complete treatment. More interesting, the
other two participants found the disease progressed after
they stopped the ketogenic diet [56].

Discussions

Cellular respiration

Cellular respiration is a process of metabolic reactions
that happens in the cells of organisms to convert
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biochemical energy from nutrients into adenosine
triphosphate (ATP), and then release waste products.
These reactions in respiration are catabolic reactions,
which break large molecules into smaller ones, releasing
energy in the process, as weak so-called "high-energy"
bonds are replaced by stronger bonds in the products.
Respiration is one of the key ways a cell releases chemical
energy to fuel cellular activity. Cellular respiration is
considered an exothermicredox reaction which releases
heat. The overall reaction occurs in a series of biochemical
steps, most of which are redox reactions themselves.
Although cellular respiration is a combustion reaction, it
clearly does not resemble one when it occurs in a living
cell because of the slow release of energy from the series
of reactions. Nutrients that are commonly used by animal
and plant cells in respiration include sugar, amino acids
and fatty acids, and the most common electron acceptor is
molecular oxygen. The chemical energy stored in ATP can
be used to drive processes requiring energy [57].

Cellular respirations can be put into two groups:
Aerobic respiration

Aerobic respiration needs oxygen for creating ATP.
Although carbohydrates, fats, and proteins are consumed
as reactants, it is the preferred method of pyruvate
breakdown in glycolysis and requires that pyruvate enter
the mitochondria in order to be fully oxidized by the
Krebs cycle. The products of this process are carbon
dioxide and water, however, the energy transferred is
used to break bonds in ADP as the third phosphate group
is added to form ATP (adenosine triphosphate), by
substrate-level phosphorylation, NADH and FADH;

CsH1206 (S) +6 0, (g) - 6 CO2 (g) +6
H20 (1) + heat

AG = -2880 k] per mol of C¢H1,06 |

Simplified
reaction

Glycolysis in the Cytoplasm

C2 ] ¥
Energy glucose 6-phosphate Cg-P

Investment F
- L 2
fructose 6-phosphate Cg-P

n 8¢ .
glyceraldehyde 3-phosphate P-C 3
o — 2 NAD+
¥ <
1,3-biphosphoglycerate P-C 3-P

1
p— — 2 ADP

’ C' 2 ATP
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2 ATP
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Electron Transport Chain

H:  HE He
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W Fumarate C,

Most of the ATP produced by aerobic cellular
respiration is made by oxidative phosphorylation. This
works by the energy released in the consumption of
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pyruvate being used to create a chemiosmotic potential
by pumping protons across a membrane. This potential is
then used to drive ATP synthase and produce ATP from
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ADP and a phosphate group. Biology textbooks often state
that 38 ATP molecules can be made per oxidized glucose
molecule during cellular respiration, 2 from glycolysis, 2
from the Krebs cycle, and about 34 from the electron
transport system. But, this maximum result is never
reached because of the losses due to leaky membranes
and the cost of moving pyruvate and ADP into the
mitochondrial matrix as well, and current estimates range
around 29 to 30 ATP per glucose [58].

Glycolysis is a metabolic pathway that takes place in
the cytosol of cells in all living organisms. This pathway
can function with or without the presence of oxygen. In
humans, aerobic conditions produce pyruvate and
anaerobic conditions produce lactate. In aerobic
conditions, the process converts one molecule of glucose

into two molecules of pyruvate, generating energy in the
form of two net molecules of ATP. Four molecules of ATP
per glucose are actually produced; however, two are
consumed as part of the preparatory phase. The initial
phosphorylation of glucose is required to increase the
reactivity which is the decrease in its stability in order for
the molecule to be cleaved into two pyruvate molecules
by the enzyme aldolase. During the pay-off phase of
glycolysis, four phosphate groups are changed into ADP
by substrate-level phosphorylation to make four ATP, and
two NADH are produced when the pyruvate are oxidized:
[59]

Glucose + 2 NAD* + 2 P; + 2 ADP — 2 pyruvate + 2 NADH +
2 ATP + 2 H* + 2 H,0 + heat
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Pyruvate is oxidized to acetyl-CoA and CO; by the
pyruvate dehydrogenase complex or PDC. The PDC
contains several copies of three enzymes and is placed in
the mitochondria of eukaryotic cells and in the cytosol of
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prokaryotes. In the conversion of pyruvate to acetyl-CoA,
one molecule of NADH and one molecule of CO, are
formed.
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When oxygen is present, acetyl-CoA is produced from
the pyruvate molecules created in glycolysis process.
When oxygen is present, the mitochondria will go through
aerobic respiration that leads to the Krebs cycle. But, if
oxygen is not present or in Otto Warburg hypothesis it
goes under 30% of normal oxygen, fermentation of the
pyruvate molecule will occur. In the presence of oxygen,
when acetyl-CoA is produced, the molecule then enters
the Krebs cycle inside the mitochondrion, and is oxidized
to CO, while at the same time reducing NAD to NADH.
NADH can be used by the electron transport chain to
create further ATP as part of oxidative phosphorylation.
To fully oxidize the equivalent of one glucose molecule,
two acetyl-CoA must be metabolized by the Krebs cycle.
Therefore, H,0 and CO; are created during this cycle.

The Krebs cycle is an 8-step process involving different
enzymes and co-enzymes. During the cycle, acetyl-CoA +
oxaloacetate results citrate, which is rearranged to a more

reactive form named isocitrate. Isocitrate then is modified
to become a-ketoglutarate, succinyl-CoA, succinate,
fumarate, malate, and, finally, oxaloacetate. The net
outcome of high-energy compounds from one cycle is 3
NADH, 1 FADH;, and 1 GTP. The GTP may subsequently be
used to yield ATP. Therefore, the total result from one
glucose molecule is 6 NADH, 2 FADH; and two ATP
molecules.

In eukaryotes, oxidative phosphorylation occurs in the
mitochondrial cristae. It comprises the electron transport
chain that establishes a proton gradient across the
boundary of inner membrane by oxidizing the NADH
which is produced from the Krebs cycle. ATP is
synthesized by the ATP synthase enzyme. The electrons
are finally transferred to exogenous oxygen and with the
addition of 2 protons, water is formed.

Level coenzyme | ATP Source of ATP
Glycolysis preparatory 2 Phosphorylation of glucose and fructose 6-phosphate uses two
phase ATP from the cytoplasm.
4 Substrate-level phosphorylation
Glycolysis pay-off phase Oxidative phosphorylation : Each NADH produces net 1.5 ATP
2 NADH 3or5 (instead of usual 2.5) due to NADH transport over the
mitochondrial membrane
Oxidative
decarboxylation of 2 NADH 5 Oxidative phosphorylation
pyruvate
2 Substrate-level phosphorylation
Krebs cycle 6 NADH 15 Oxidative phosphorylation
2 FADH; 3 Oxidative phosphorylation
30to From the complete oxidation of one glucose molecule to carbon
Total Outcome of ATP 32 ATP dioxide and oxidation of all the reduced coenzymes.

Although it is theoretical yield of 38 ATP molecules per
glucose during cellular respiration, these conditions are
generally not understood, since losses such as the cost of
moving pyruvate, phosphate and ADP into the
mitochondria. All are actively transported using carriers
that utilize the stored energy in the proton
electrochemical gradient.

The outcome of these transport processes using the
proton electrochemical gradient is that more than 3 H*
are needed to make 1 ATP. Obviously this reduces the
theoretical efficiency of the whole process and the likely
maximum is closer to 28-30 ATP molecules [58]. In
practice, the efficiency may be even lower because the
inner membrane of the mitochondria is slightly leaky to
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protons. Other factors may also dissipate the proton
gradient creating apparently leaky mitochondria. An
uncoupling protein known as thermogenin is expressed in
some cell types and is a channel that can transport
protons. When this protein is active in the inner
membrane it short circuits the coupling between the
electron transport chain and ATP synthesis. The potential
energy from the proton gradient is not used to make ATP
but generates heat. This is particularly important in
brown fat thermogenesis of newborn and hibernating
mammals [60].

Based on some newer sources, the ATP outcome during

aerobic respiration is not 36 to 38, but only about 30 to
32 ATP molecules / 1 molecule of glucose. Therefore
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altogether this gives 4 + 3 (or 5) + 20 + 3 = 30 or 32 ATP
per molecule of glucose [61].

Fermentation

Without or due to lack of oxygen, pyruvate as pyruvic
acid is not metabolized by cellular respiration, therefore
goes through a process of fermentation. The pyruvate is
not transported into the mitochondrion, but remains in
the cytoplasm, where it is converted to waste products
that may be removed from the cell. In the absence of
oxygen, fermentation prevents the buildup of NADH in the
cytoplasm and provides NAD+ for glycolysis. This waste
product varies depending on the organism. In skeletal
muscles, the waste product is lactic acid. This type of
fermentation is called lactic acid fermentation. In
strenuous exercise, when energy demands exceed energy
supply, the respiratory chain cannot process all of the
hydrogen atoms joined by NADH. During anaerobic
glycolysis, NAD+ regenerates when pairs of hydrogen
combine with pyruvate to form lactate. Lactate formation
is catalyzed by lactate dehydrogenase in a reversible
reaction. Lactate can also be used as an indirect precursor
for liver glycogen. During recovery, when oxygen
becomes available, NAD+ attaches to hydrogen from
lactate to form ATP. In yeast, the waste products are
ethanol and carbon dioxide. This type of fermentation is
known as alcoholic or ethanol fermentation. The ATP
generated in this process is made by substrate-level
phosphorylation, which does not require oxygen.

Molecular
energy
source
Aerobic | Anaerobic
| Fermentation |

N

"Hydrogene acceptor:| | Hydrogen e acceptor:
‘Inorganic (e.g.. NO; )| | Organic (e.g., pyruvate)

Hydrogen e
acceptor: O,

ATP + CO, + H,0|  [ATP +H,0 + reduced

ATP + CO, + reduced
acceptor (e.g., NO, ) x

organic (i.e., alcohol)
Figure 5: Aerobic versus anaerobic respiration.

Fermentation is less efficient at using the energy from
glucose. This means only two ATP molecules are
produced per glucose, compared to the 38 ATP per
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glucose nominally produced by aerobic respiration. This
is because the waste products of fermentation still
contain chemical potential energy that can be released by
oxidation. For prokaryotes to continue a rapid growth
rate when they are shifted from an aerobic environment
to an anaerobic environment, they must increase the rate
of the glycolytic reactions.

Introduction to Evolutionary Cell Memory
Hypothesis (ECM)

According to Otto Warburg hypothesis of cancer, when
the amount of oxygen goes down nearly under 30% of
normal oxygen in tissue cells and the glucose amounts in
blood are enough, normal cells may become cancer cells
which uses fermentation respiration [62].

Shifting the respiration mechanism in eukaryotic cells
which includes mitochondrion metabolism raises a
provocative thought. As nearly all scientists agree with
the endosymbiosis theory of mitochondrion, these energy
producing machines in human cells were a form of
bacterium in earlier life. Therefore, going through all
phases of this perspective research article, I propose a
hypothesis called The Evolutionary Cell Memory (ECM)
hypothesis which explains these types and changes in
human cells to cancer cells.

Based on ECM hypothesis, mitochondrion in eukaryotic
cells does have their primitive genes in earlier life and
these genes explain the weird shift from normal cell to
cancer cell based on Warburg Effect.

ECM hypothesis says that: "When the habitat of a
microorganism which includes mitochondrion changes
dramatically, the mitochondrion metabolism (or
respiration process) changes to the way it was in the
earlier simple life form (bacterium in water world theory)
to saving its life from distinction.

In human cells, when the amount of oxygen goes down
under 30% of normal oxygen needed for the cell to
respire normally, mitochondrion changes the aerobic
estate of respiration to anaerobic fermentation estate in
order to save the life of the cell and continue the energy
production for the tissue. This shift is amazing due to the
ability of mitochondrion to change its shape into the
earlier form in evolution of mitochondria. By this sudden
shift, the cell will not distinct and multiply faster just like
bacterium in the earlier form of life.

Copyright© Niknamian S


https://en.wikipedia.org/wiki/Cellular_waste_product
https://en.wikipedia.org/wiki/Lactic_acid
https://en.wikipedia.org/wiki/Lactic_acid_fermentation
https://en.wikipedia.org/wiki/Ethanol
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Ethanol_fermentation
https://en.wikipedia.org/wiki/Substrate-level_phosphorylation
https://en.wikipedia.org/wiki/Substrate-level_phosphorylation
https://en.wikipedia.org/wiki/Cellular_waste_product

International Journal of Biochemistry & Physiology

Start:
One glucose molecule

&

Energy-consuming phase
-

-
e - Qe
2 ATPs
consumed

3 @=9°
b ¢

i+

d B
Yes: Aerobic respiration o . No: Anaerobic respiration

Coupling of phosphorylation with oxidation - Aerobic Coupling of phosphorylation with oxidation - Anaerobic

9. P q.. P
NADH=—NAD* + & e $ 2 NADH 3 e e +NAD*—=NADH| [INADH=—NAD"+ o e - 2NADH. o e e + NAD*—= NADH
produced produced
g g g g
o™ S0 o S0

L 2
Energy-releasing phase Energy-releasing phase
b b
g >
OO OO OO OO
ot >
@EESC | . GRS GRS
produced produced
®.. O @.. O @.O O
il ot @EPC @mPo°
E 2 R 2
@ Two pyruvate a Two pyruvate Q
molecules molecules
™ 7
Pyruvate @
Transformation NADH =—NAD® + I35 REIRE + NAD™ = NADH
3 NADH is oxidized

of pyruvate into
acetyl CoA by pyruvate, forming
ty Acetyl CoA '——. lactate. This frees the

resulting NAD" to Net of 2 ATPs produced
3 cO» oxidize another per glucose molecule
lecule

glucose

Krebs cycle
&y Pyruvate
@ T
C=0 + NADH + H*
GEEPO-O c—o
|
CHs
NADH shuttles
electrons to electron 1

GFEPO-O
K gans nrl' cfrl‘:": ctate
FEPO-O aron eecer o

electron acceptor.
EESFOC e
@E&o° g

H;O <—2H"+ O, + e~
Net of about 36 ATPs produced
per glucose molecule

Figure 6: Complete biochemistry of cell respiration and the differences of anaerobic versus aerobic respiration.

~

Niknamian S. Nutritional Ketosis Condition and Specific Ketogenic Diet, May Copyright© Niknamian S

Benefit Cancer Patients as an Alternative Treatment by Sudden Change in
the Metabolic State of Cancer Cells. Int] Biochem Physiol 2016, 1(1):
000107.



International Journal of Biochemistry & Physiology

NORMAL CELL CANCER CELL
glucose glicose
y & " G'V‘o!ys's\ w
/ pyruvate \l\‘-, l.:uu:‘\ \\
pyruvate
|'/ — pxuz)

b \
-keto-glutarate
4

I
TCA Cycle ghtamate
A

< Glu!amlnorysg

- — - -
—— S glutamine

Acknowledgement

I would like to thank miss SoraNiknamian for her
special help in preparing this research, and thank
specially to Mrs. Sally Fallon Morell the president of
Weston A. Price Foundation(WAPF) for her help and
support informationally, and Professor Thomas Seyfried
for his inspirational and informative help.

Conclusion

The ketogenic diet is a very low carbohydrate, highfat
diet. For cancer treatment, fat intake may be as high as
90% of total calorie intake. There are also some
mechanisms that suggest a ketogenic diet may help
prevent the development of cancer in the first place. As a
matter of fact, it may reduce several of the main risk
factors for cancer. A few small studies and researches in
humans suggest that a ketogenic diet may help slow the
progression of cancer. But, more research is needed.
Beyond lowering blood sugar, the ketogenic diets may
also help treat cancer via other mechanisms. These
include lowering calories, reducing insulin and increasing
ketones. In animals, the ketogenic diet seems to be a
promising alternative treatment for cancer. Ketogenic diet
can lower blood sugar levels which in turn may help
reduce tumor growth and even starve cancer cells of
energy they use to respire.
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