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Summary Mitochondrial research has contributed to two paradigm shifts in oncology – Warburg’s glycolytic
metabolism and the relationship between mitochondrial function and mutagenesis. Mitochondrial dysfunction is a
common phenotype in aging and cancer. Decline in mitochondrial function is due to the accumulation of mutations in
mitochondrial DNA.

We have hypothesized a neuro-bioenergetic concept in cancer prevention and treatment to constructively restore
three physiological imbalances of cancer patients: membrane hyper-excitability, energy depletion and the build up of
extra-cellular adenosine molecules. We have proposed the use of membrane-calming substances to reduce energy
consumption and to restore the normal cellular energy metabolism. Based on our theory, L-carnitine’s dual effect of
enhanced energy production and excitatory neurotransmitter modulation should make it an ideal nutrient for cancer
prevention and treatment. L-carnitine, its derivatives and other mitochondrial protectors/enhancers improve
metabolic function, energy and detoxification. In combination with other membrane calming agents, L-carnitine
could help reverse the membrane hyper-excitability to overcome a neuro-bioenergetic imbalance and can be used as a
relevant and effective approach for cancer prevention and treatment.

�c 2007 Elsevier Ltd. All rights reserved.

Introduction

The so-called ‘‘War Against Cancer’’ proposed and
directed by the cancer research community has fo-

cused heavily on destructive, inhibitive strategies
toward cancer cells, their receptors, growth fac-
tors, energy metabolism, glycolysis, angiogenesis,
fatty acids synthesis and many other identified
pathways of carcinogenesis in order to prevent
and treat cancers. There has been limited atten-
tion to constructive (pro-health, pro-body), non-
toxic approaches in understanding and managing
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cancers as degenerative and aged-related human
disorders.

In general, the improvement in cancer preven-
tion and treatment has been linked to preventive
intervention, early diagnosis and treatment, and
changes in lifestyle. However, pharmaceutical
treatments are responsible for only a small fraction
of cancer cures [1]. Moreover, objective clinical re-
sponses to conventional treatment may not trans-
late into substantial improvement in overall
survival [2].

Nobel prize-winner Carlo Rubbia maintains that
only a billionth of the world is actually made of
matter and the rest is made of energy. In our pre-
vious publications, we have proposed and substan-
tiated cancer as a pathology of disruption,
cessation or distortion in the cellular information
and energy fields. The major causes of these
events are environmental and endogenous toxins
(mainly in sub-toxic concentrations), chronic
infection and ionizing radiation that induce mem-
brane hyper-excitability leading to depletion of
cellular energy and excess extra-cellular adeno-
sine [3].

Cancer cells have similar properties to neuronal
progenitor cells that are stimulated by glutamate.
The hyperexcitability leads to a disparity between
energy consumption and supply. These changes
are triggered by such hypoxia-induced stimulants
as an increase in cytoplasmic free calcium, a de-
crease in adenosine triphosphate (ATP) and extra-
cellular accumulation of adenosine produced by
ATP breakdown [4].

The cells try to survive in this hostile environ-
ment with compensatory and adaptive mechanisms
leading to transformation, proliferation and migra-
tion similar to organo-morphogenesis in embryo-
genesis, the wound-healing process or the
restorative reaction in neurotrauma and/or excito-
toxic neurological injuries [5].

Energy balance, defined as the integrated ef-
fects of diet, physical activity, environment and
genetics on growth, function, adaptation and body
weight over the life course, has been a recent focus
for understanding the chronology of many chronic
diseases. Research from many sources supports
the positive influence of physical activity, low toxin
environment, green tea, polyunsaturated fatty
acids (PUFA) and other dietary patterns on cancer
risk and prognosis. However, the concepts of en-
ergy enhancement, dietary improvement and
detoxification remain of little interest to the con-
ventional cancer research community.

Adverse changes in energy balance are consid-
ered to be a major factor underlying many of the
pathways involved in cancer initiation and progres-

sion. In this article, we will provide evidence for
using an energy metabolism restorative approach
in cancer prevention and treatment.

Mitochondrial dysfunction and cancer

The mitochondria are widely recognized as the
main source of cellular ATP, producing 90% of the
cell’s energy. This energy organelle is also inti-
mately involved in the life and death of the cell,
capable of integrating pro- and anti-apoptotic sig-
nals and committing the cell to apoptosis. It is a
critical integrating center for control of carbon,
nitrogen and oxygen metabolism and in Ca2+, Fe2+

and Cu2+ storage.
Mitochondrial research has contributed to two

paradigm shifts in oncology. The first one was the
pioneering research done 80 years ago by Warburg
showing that cancer cells often rely heavily on gly-
colytic metabolism, even in the presence of an
adequate oxygen supply [6]. The molecular genetic
basis of this phenomenon remains an intriguing sub-
ject for current research [7,8]. Tumors have signif-
icantly higher energy demands than normal cells.
Because of this, they often employ alternative en-
ergy production including glycolysis, the anaerobic
breakdown of glucose into ATP.

The second paradigm shift in oncology is the
greater understanding of the relationship between
mitochondrial function and mutagenesis. The mito-
chondria provide the energy to sustain life, but also
the signals of their own demise. Apoptosis is a req-
uisite for the physiological or therapeutic elimina-
tion of cancer cells. Researchers believe that
cancer cells require mitochondrial energy to avoid
apoptosis, which contributes to their replicative
potential and limits the efficacy of cancer chemo-
therapy [9].

Mitochondrial dysfunction is a common pheno-
type in aging and cancer. An interesting clue to
the molecular mechanisms underlying age-associ-
ated cancers is the apparent defect in mitochon-
drial function. Studies have established that the
decline in mitochondrial function is due to the
accumulation of mutations in mitochondrial DNA.
These observations suggest that the mitochondrial
dysfunction that accompanies aging may exert a
major influence on carcinogenesis [10].

Mitochondria are involved in a strikingly diverse
range of disease processes. Primary genetic disor-
ders fall into two broad classes involving deficien-
cies in either nuclear or mitochondrial genes. As
early as 1988, Scholte reported over 60 human dis-
eases with defects in nuclear genes encoding mito-
chondrial functions [11]. There are currently 129
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