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Preface
This is a book about the science of vitamin C (ascorbate), with
particular emphasis on its use for treating and preventing disease.
Our aim is to help people understand the controversy that currently
surrounds this vitamin.
A large number of publications advocate the use of vitamin C
supplements for good health and, in higher doses, as a treatment for
disease. In this book, however, it is not our intention to promote the
use of vitamin C as a treatment for any particular condition. In the
event that a reader wishes to try vitamin C as a treatment for some
condition, we must suggest that they first consult a physician. Medical
guidance is essential for the treatment of significant disease and, for
example, it is necessary to have an accurate diagnosis in order to
determine the appropriate treatment. While high doses of vitamin C
are normally safe, there are exceptions in certain disease states and
genetic conditions. There may also be dangers in treating some forms
of cancer; reports suggest that in some patients it may kill the tumour
too quickly, producing necrosis and toxicity. In particular, medically
qualified practitioners should carry out the administration of
intravenous sodium ascorbate.
Nutritional supplementation, on the other hand, is a matter of
personal choice; doctors often have little training in this area. The
purpose of this book is to allow readers to reach an informed
judgement about the health claims made for vitamin C. When
considering large dose supplements, it is wise to ensure that the
person does not have one of the few contraindications, such as iron
overload or kidney disease. While medical assistance is important in
treating disease, our view on supplementation is that until doctors
have carried out the necessary research, they would do well to resist
pontificating about a person’s right to good nutrition.
The Nobel Prize winning physicist, Richard Feynman, used to
say that if you really understood something you could explain it in a
simple way. Our aim in this book is to present a straightforward and
balanced account of the complex actions and potential uses of vitamin
C. In some parts, the biochemistry is complicated, although we have
tried to make it as simple as possible without introducing error. We
hope that intelligent members of the public will be able to read the
book without too much effort, even if they have not had a scientific
education. We have also taken account of the needs of medical
practitioners, who may be interested in the subject. Although the
arguments are sophisticated, we have tried to represent them as
clearly and simply as possible. We assume that scientists who read
the book will be able to fill in the finer detail for themselves.
9

We have tried to make a difficult subject readable, while
maintaining a high degree of accuracy. Many references are included,
which should make it easier for the reader to follow up specific points.
In referring to research papers, we have sometimes used the first or
main author’s name to represent a research group, as using et al or
“and colleagues” disrupts the flow. We hope the other members of
these research groups will not be offended; we do not mean to imply
that a collaborative effort is the result of one person’s work. In most
cases, we have referenced specific research papers but occasionally
we have included only a representative example. We have largely
limited the discussion of specific illnesses to heart disease, infections
and cancer: the largest killers in the industrial world. The list of
diseases that may be influenced by vitamin C supplementation or
treatment is much larger.
The primary aim of this book is to provide insight into an area of
nutrition where rigorous science is generally lacking. Vitamin C was
controversial long before Linus Pauling started to promote its use.
Despite this, we still await well-designed experiments to determine the
biological properties of the vitamin. Several researchers have
suggested to us that the reason for this is that the questions are not
particularly interesting, or are unlikely to produce positive results. To
these, we would point out that it is unscientific to assume the results
of experiments before they have been performed. Others suggest that
commercial, institutional and financial forces actively prevent such
research, at the expense of a sick population. Some critics have gone
as far as to describe the actions of these influences as genocide. Our
aim is to present a wide-ranging evaluation of the facts, so that the
reader may come to their own conclusions.
For those who might be wondering, we published this book
through Lulu to avoid editorial delays, retain control of the text and
because they have a great publishing model. Since books are not
subject to a formal peer review process, readers who notice errors or
omissions are invited to email us at “radicalascorbate@yahoo.com”.
We will acknowledge helpful contributions in later editions.
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A new approach to vitamin C
“Solving a problem simply means representing it so as
to make the solution transparent.”
Herbert A. Simon
For decades, a controversy has raged concerning the
effectiveness of vitamin C, also known as ascorbate, in preventing
and treating disease. Many eminent scientists and several
courageous clinicians have claimed the vitamin has widespread use
against diseases such as heart disease, cancer and serious
infections. If these claims are true, thousands of premature deaths
and much suffering could be prevented. At the very least, the claims
merit serious scientific investigation but this has proved difficult.
Supporters of vitamin C have had their applications for research
funding denied repeatedly, and have had to be content with carrying
out small-scale research projects and case studies. Detractors, on the
other hand, have been funded lavishly. Despite this, they have carried
out experiments that were different in crucial respects from those they
were intended to replicate. The biased design of such studies
provides misleading evidence against the use of vitamin C. The
medical establishment claims to be scientific; this is the root of its
authority. In the case of vitamin C, however, scientific principles have
been violated and the public, together with the majority of the medical
profession, has been tricked into believing pseudo-science.
Much of the research into the therapeutic uses of vitamin C is
flawed or subject to misinterpretation. Our examination of the vitamin
C controversy takes a scientific viewpoint, and asks whether the
evidence supports the claims. In reviewing the evidence from each of
the opposing camps, we provide explanations for the conflicting ideas
and inconsistent experimental results.
This book will help you evaluate the medical evidence. We
explain how to think like a scientist, being both critical and openminded at the same time. Science, in theory at least, depends on the
sharing and validation of results. In contrast, institutionalised medicine
shapes current medical opinion according to multiple forces, and
scientific accuracy often suffers when pitted against financial muscle.
As this introduction suggests, the vitamin C story is complex, with
many interested parties. In this book, however, we go back to basics
and examine the key evidence for claims that large doses of vitamin C
can prevent or cure several of the major causes of death in the
11

developed nations. Some of these diseases are introduced briefly
below.

Heart Disease and Stroke
Large doses of vitamin C may form the basis of a cure for
coronary heart disease and occlusive stroke. Occlusive stroke occurs
when a blood vessel is blocked and part of the brain is starved of
oxygen. Similar blockage of arteries that supply the heart muscle
causes coronary thrombosis. Heart disease is a leading cause of
death in industrial countries. Current treatments include drugs,
surgery and transplantation. Attempts at prevention include the use of
other drugs and recommendations to change our diets. However,
despite extensive medical and governmental advice to reduce fat and
cholesterol intake, eat more vegetables and take more exercise, the
death rate continues at a high level. People in their middle years, who
are apparently healthy, can succumb to a sudden and fatal heart
attack.
The claims made for vitamin C include the following: that it could
form the basis of a complete cure for heart disease, that coronary
thrombosis could become a thing of the past, and that the blocked
arteries of people with atherosclerosis could be cleared out, so that
they could live a normal life. It has even been suggested that, with
appropriate levels of supplementation, no one need fear a heart attack
again. Such a claim sounds too good to be true, and indeed, many
physicians would find it laughable. However, it is the evidence that
matters, not what people think. We will examine these claims in detail.
By explaining the contradictory results of different studies concerning
the involvement of vitamin C in heart disease, this book may act as a
guide to future research.

Infectious disease
Another big killer, both in the developing world and in
industrialised societies, is infectious disease. This remains true,
despite improvements to diet and hygiene, along with the introduction
of antibiotics, which have led people to believe that infectious
diseases were under control. The successes of the 19th and 20th
centuries may have caused us to become complacent and to think
that disease-causing agents would be of little consequence in the
near future. However, emerging viruses, such as HIV, SARS and
Ebola, along with multiple drug resistant bacteria (e.g. MDR-TB,
MRSA), are forcing us to think again.
Harmful infections result in damage to body tissues, caused by
modified molecules called free radicals. Some physicians claim that
12

large doses of vitamin C can act as the ultimate biological antioxidant,
neutralising the free radicals and quenching the infection. The action
of free radicals is similar in a range of diseases, from the common
cold through to the haemorrhagic fever Ebola, so they might all be
suitable for treatment with vitamin C. The only difference is the dose
required. Could vitamin C really be a powerful antibiotic, effective
against both bacteria and viruses? Again, we examine the evidence in
detail.

Cancer
A Nobel Prize winner has suggested that large doses of vitamin
C and other supplements could halve the incidence of cancer. In
addition, he proposed that half the cancers that did occur could be
“cured”; that is, the number of patients surviving at least five years
from the time of diagnosis would double. Taken together, the claim
implies that large doses of vitamin C and other nutrients would help
approximately 75% of all patients with cancer. On first sight, this
argument appears far-fetched: if such a cure existed, surely the
numerous and highly supported cancer foundations would have found
it years ago? Once again, we must suspend judgement and examine
the evidence.

Mechanism of action
Vitamin C is the major antioxidant in the diet. We will show why
antioxidants are not just another alternative health fad but are a
central feature of life on earth. Most people have a vague idea that
antioxidants are healthy, which is why they are included in cosmetics
and health foods. However, to understand their actions in health and
disease, we need to look at the chemistry of the body.
Antioxidants like vitamin C are essential for life in a hostile
environment and, in biological terms, this includes our modern world.
Disease processes almost invariably involve free radical attack, which
antioxidant defences can modify. Many popular books present an
“antioxidant miracle”, promising an end to aging and disease; this is
not one of them. Whenever possible, medicine should be based on
scientific evidence rather than miracles. However, the support for
vitamin C is compelling. When we examine the science without
prejudice, the implications are even more forceful.
In order to understand why vitamin C is so important, we need
to cover a certain amount of biology and chemistry. Vitamin C is also
known as ascorbic acid; we will describe it in the text as either vitamin
C or ascorbate. While we aim to be as clear as possible in describing
the biochemistry, a certain amount of jargon is necessary.
13

Patients and physicians
One aim of this book is to allow both patients and physicians to
understand what has been going on in vitamin C research. To treat
patients effectively, a doctor needs to keep up to date with current
medical thinking, which can be time consuming. There are too many
medical reports for anyone to be able to read them all. Instead,
physicians rely on information provided in reviews of the literature,
government publications and in data provided by drug companies. A
general physician does not expect to act as a research scientist and
often is not qualified to do so. Physicians follow a distillation of the
results of medical research, known as “current medical opinion”,
which leads to ideas of “best practice”. Deviation from this approach
has to be justified. Although the aim of such conservatism is to serve
the interests of the patient, it can limit the progress of medical
science.
A patient visiting a physician expects to get clear, unbiased
information about disease and treatment. Patients would like to have
the information necessary to make informed choices about their
treatment. In many cases, this does not happen.1 For example, the
physician may take the view that the patient does not have the
intellectual capacity to understand the subtleties of the conflicting
medical information. This is not as high-handed as it may sound:
members of the public, who do not understand medical decisionmaking, often want a simple explanation. The opposite view, assumed
here, is that many intelligent members of the public would like to be
sure that their physician bases medical decisions on a firm foundation.
14

Some doctors may feel that they need to give their patients a
feeling of certainty about the treatment. A patient who believes in the
efficacy of his treatment is more likely to have a positive outcome. In
some circumstances, it might even be considered unethical to explain
the uncertainty of outcome to the patient. The patient may need to be
given hope. Physicians have been known to give chemotherapy to
cancer patients they believed to be untreatable, since the patient or
the family may demand any treatment that offers the slightest
possibility of recovery. It can be hard for a physician to admit fallibility
and to tell the patient that he can do no more. Dr Charles Moertel, a
leading cancer specialist who performed some of the more
controversial clinical trials with vitamin C, took this approach. He is on
record as stating that the side effects of cytotoxic chemotherapy are
worth suffering, in order to provide hope for the patient and to retain
the doctor’s authority.2 He added that such an approach might also be
useful in providing data for future treatments. However, it is not an
option many people would knowingly choose as a patient.

The medical establishment
Medicine is not a scientific activity; it is a social, political and
technological process for treating disease and other maladies. Its
modern bias is on the treatment rather than the prevention of disease,
and this emphasis may be related to the way it is structured. The
“medical establishment” described here is not your local physician but
the international organisation of medicine. Physicians generally care
about their patients and do their utmost to provide treatment and
support; they deserve respect for their efforts in what can be a difficult
and demanding profession.
A rule-of-thumb for considering institutionalised bias is “follow
the money”. This is a well-known quotation of unknown origin, which
serves as the primary investigative rule in understanding corruption. It
is easy to see that the international drug industries, taken as a group,
are a powerful influence on medicine and have strong financial
interests. Governments are also influential: they foot the bill for much
treatment, and receive taxes and donations from the pharmaceutical
giants. In addition, they have a responsibility to regulate medicine in
the best interest of the people and to protect us from quacks and
charlatans.
Within medicine, there are specialised groupings that function
rather like large industries. We can talk of a cancer industry,3 which
includes all those who have an interest, whether financial, power
based, or career oriented, in the treatment and prevention of cancer.
In addition, medical societies look after their members in a particular
discipline, acting as a focus for deciding best practice and currently
15

accepted opinion. Each large medical institution has its own agenda in
protecting its image, organisation, and importance.

Medical bias
The bias against vitamin C reaches deep into the psychology of
the medical establishment. To take an example, Norman Cousins’
best selling book “Anatomy of an Illness” describes his experience of
ankylosing spondylitis, a serious connective tissue disease that
affects the spine.4 His doctors estimated his chance of a full recovery
at one in five hundred. Cousins was not ready to give up the fight, and
devised a regime of laughter and large doses of vitamin C, up to 25
grams per day, for his treatment. Amazingly, he recovered. The
medical establishment was quick to claim this was a clear case of the
clinical benefit of positive thinking and outlook. Several accounts
claimed this was a triumph for the placebo effect and holistic healing.
Few remembered or reported the large doses of vitamin C. It seems
that the climate of opinion is such that faith healing is considered to be
on more solid ground than treatment with vitamin C.
The medical establishment has created an illusion regarding
vitamin C, namely that large doses of the vitamin are of little medical
interest and have been repeatedly discredited. In line with this,
promoters of vitamin C are represented as unscientific, misguided
quacks, advertising the substance for financial gain or publicity.
People who believe that vitamin C and other antioxidants will do them
good have been characterised as foolish or delusional. The
establishment view has been that vitamin C supplements are a waste
of money.
Despite this negative publicity, people all over the world have
been supplementing their diet with vitamin C and other antioxidants,
and the health food industries are becoming larger and more
generally accepted. Offsetting this trend, vitamin C scare stories
appear frequently in the media. As we shall see, claims for the
benefits of vitamin C are often by leading scientists and clinicians with
little to gain, whereas the same is not necessarily true for its
detractors. The illusion that vitamin C has been discredited becomes
less convincing as the scientific evidence is examined.
In the remainder of this book, we reflect only tangentially on
political, organisational, or financial considerations, as they are
secondary to scientific understanding. Those looking for a conspiracy
by the medical establishment will be disappointed: there are no dark
men in closed rooms deciding the fate of millions.
The medical establishment is an international community of
conflicting and consistent aims and agendas. This community
produces an environment of agreed information, with a bias towards
16

conservative and financial considerations. Such an environment is
probably natural and necessary for medicine to be a cohesive and
reliable enterprise. However, peer-pressure can have powerful effects
on members of groups. It is an established psychological fact that it is
hard for an individual to avoid conformity to group ideals. When your
career and reputation are important to you and depend upon group
acceptance, iconoclasm is not an option.

Understanding the controversy
Vitamin C may prove to be an effective treatment for the major
killers of western society. In this book, we will investigate some of the
claims for vitamin C, filtering out weak arguments and pseudoscience, in order to gain insight into the value of this substance. As we
shall see, vitamin C was controversial even before it had been
discovered and isolated.
One reason why vitamin C therapy has been so controversial is
that contradictory results are obtained with its use. Quite naturally, the
negative results are taken as evidence that it has little clinical
importance. Positive results, in contrast, suggest that it could be of
great clinical value. We show that the observed inconsistency in the
results of vitamin C is predictable, given an understanding of its
method of action. Vitamin C does not act in the same way as a typical
drug, or as a micronutrient. The confusion that surrounds vitamin C
stems from a lack of knowledge about the way it works within the
body. In particular, we highlight the importance of dosage: if too low or
infrequent a dose is used, then little benefit is expected.
With the help of a simple unified model, we will describe the way
vitamin C acts in disease states. This will allow us to explain how it
could be an effective treatment for diseases as varied as cancer,
infection and coronary heart disease. Studies that report no effect with
vitamin C are also consistent with this model, as well as with the
known biochemistry and pharmacology of the vitamin.

17
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Science and scurvy
“Never put your trust in anything but your own intellect
… always think for yourself.”
Linus Pauling
In this book, we take a scientific perspective on claims that
vitamin C has unique health giving properties. To do this, we need to
know how to think like a scientist, balancing the evidence in a way
that is both critical and open-minded. Science is based on the sharing
and validation of experimental results. The aim of this chapter is to
help you evaluate scientific and medical research for yourself.

The scientific method
For a subject to be considered a true science, it must be based
on the experimental method. Before we describe this, we will take a
few lines to explain the difference between science and other bodies
of knowledge. Technologies, such as electronics, are practical
subjects that generally base their knowledge on scientific findings, but
are not themselves classed as science. Despite the popular view,
medicine, computer science and engineering are more properly
viewed as technologies, although they certainly have components
based on either the scientific method or mathematics.
Interestingly, mathematics is not a science, as its core
methodology is a process of theorem, proof and corollary. A theorem
is an idea that may have some evidence for its validity, but is not fully
accepted until it is proven by a series of logical steps, starting from
initial facts called axioms. Ultimately, proof means that
mathematicians cannot conceive of any alternative. A corollary is
something that follows immediately from the proven result.
Unlike mathematics, real science does not work according to the
idea of “proof”. It progresses by a related process of formulating a
hypothesis (a testable idea), carrying out an experiment (a test of the
idea), replicating the experiment (repeating tests) and refuting the
hypothesis (showing the idea is wrong). To see how this works, we
will describe one of the classic experiments in the history of medicine:
James Lind’s experiment on the treatment of scurvy.

A cure for scurvy
James Lind, the son of a merchant, was born in Edinburgh,
Scotland. At the age of fifteen, he was apprenticed to a physician and,
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in 1739, passed the examination for Surgeon's Mate in the Royal
Navy.
In those days, many sailors died of a disease called scurvy, now
known to be caused by a prolonged deficiency of vitamin C. An adult
whose diet contains no vitamin C will develop the disease in about six
months. The symptoms are brutal: progressive body weakness, soft
and spongy gums, and loose teeth. Blood vessels rupture and, in
extreme cases, whole organs can seem to be mixed together, with an
appearance similar to that of an invasive tumour. The loss of blood
through ruptured vessels leads to severe anaemia. Scurvy has clinical
effects similar to infectious diseases such as polio, or even the
haemorrhagic fevers caused by emerging viruses such as the
dreaded Ebola. Many of the symptoms of scurvy arise because the
body needs vitamin C to help make its most abundant protein,
collagen. Collagen is a large string-like molecule, used throughout the
body to tie components together, for example in tendons and bloodvessel walls. It acts rather like the glass fibres in fibreglass
composites. Without collagen, our bones would be weak and brittle,
and we would collapse into an unstructured heap of cells.
Scurvy was of major medical importance in Lind’s time, killing
thousands of sailors and soldiers. On May 20, 1747, the 31-year-old
Lind performed one of the earliest known medical experiments: he
divided 12 scurvy sailors into six groups, with two subjects per group.
All 12 men shared a common diet for breakfast, lunch and dinner but
received a different supplement.
As can be seen from the table, the subjects receiving citrus fruit
recovered fully. Both were well in six days. One subject returned to
duty and the second was appointed as nurse to the subjects in the
other groups. The two men who drank apple cider improved but were
not well enough to work. None of the others showed any
improvement. Something in the citrus fruit had cured the scurvy.
Lind’s experiment was powerful. The power of an experimental
result can be estimated using a measure known as number-neededto-treat: this is the number of people that need to receive a treatment
in order to save one life. If you need a large study to show an effect,
say 10 cures in 10,000 subjects, then the effect is small and the
number-needed-to-treat is high (10000 / 10 = 1000). There is minimal
benefit of treatment in such a case, as you would need to treat a
thousand patients to save a single life. In James Lind’s experiment,
the number-needed-to-treat scurvy with citrus fruit is roughly
estimated at one (two treated / two recovered = 1): the most powerful
effect possible.

20

Lind’s experiment
Group

Supplement

Recovery

Cider

Quart of cider per day

Slight

Vitriol

25 drops of elixir vitriol
(sulphuric acid and
aromatics)

None

Vinegar

Two spoonfuls of vinegar
three times a day

None

Herb

Concoction of herbs and
spices

None

Sea water

Half-pint of sea water daily

None

Citrus

Two oranges and one lemon
daily

Full

Lind was not the first to suggest that citrus fruit could cure
scurvy; the idea had been around for hundreds of years. It was noted
in the medical literature in 1611, but even this medical reference
lagged well behind unofficial recommendations. As long ago as 1227,
Gilbertus de Aguilla had advised that sailors should carry a supply of
fruit and vegetables on long sea journeys, to prevent scurvy. What
Lind had done was to make the idea scientific by carrying out a
controlled experiment, including an untreated comparison group.
Because of this comparison group, Lind’s study methods were a
landmark in the history of medical science. We will evaluate Lind’s
test on dietary supplements to examine the important features of the
experimental method. However, first we need to understand what an
experiment is.

Ideas and theories
A hypothesis is an idea that can be tested. In James Lind’s
experiment, the hypothesis was that one or more of a range of dietary
supplements would cure scurvy. A good hypothesis is an important
feature of science and a major source of scientific creativity.
Hypotheses are the ideas that bring new information into the scientific
endeavour.
21

A good hypothesis has several recognisable features. Firstly, it
is simple and can be stated clearly and without ambiguity. Secondly, it
is testable, which means we can think of a practical test to prove the
hypothesis is wrong. Notice how we aim to disprove the hypothesis,
rather than trying to show that it is correct. Science does not prove
things are true or attempt to show that a statement is a fact. A
hypothesis gains validity when it is not shown to be wrong by
experiment. When repeated tests fail to show it is incorrect, the
hypothesis gains support and becomes an accepted theory. This
leads to an inversion of the hypothesis, called a null hypothesis, for
testing. If Lind’s implied hypothesis was “citrus fruit cures scurvy”, the
null hypothesis was that “citrus fruit does not cure scurvy”.
Lind’s experiments were inconsistent with the null hypothesis
that “citrus fruit does not cure scurvy”, since the sailors taking citrus
fruits got better. You will have noticed that the double negative of
“disproving the null hypothesis” leads to tortuous language, so as long
as we appreciate the practical difference between refuting a null
hypothesis and accepting a hypothesis, we can ignore this
complication. Incidentally, the effectiveness of vitamin C is frequently
said to be “not proven” by the medical establishment. If we were being
precise, we would say the phrase “not proven” is unscientific. The
meaning of “not proven” in this context is that the person or group
making this statement is not fully satisfied that the supporting
evidence is conclusive.
A hypothesis, or a group of hypotheses, becomes a theory when
it has withstood several experimental attempts to show it is wrong. A
theory that is consistent with a body of established facts or
experimental results, and makes predictions that have been validated,
can be said to have scientific support. However, such support is
fragile: given enough time, the theory is likely to be superseded. A
good theory explains the way a part of the world works and, all things
being equal, the simplest explanation is to be preferred. Theories are
transient and become modified with time as more information is
gathered. At some point, a new or competing theory is shown to be
simpler or more accurate, and the old theory is abandoned.
With the accumulation of time and experiment, a simple rule that
has not been refuted may become a law. A law is a part of a theory
that is generally accepted as explaining some property of the universe
with a degree of accuracy and simplicity. Newton’s laws of motion and
gravity were eventually superseded by Einstein’s theory of relativity.
We still use Newton’s laws, however, as they are simpler and easier
to use: Einstein’s relativistic error correction is too small to be
important in most practical applications.
22

The power of refutation
There was a hypothesis that an early type of fish called a
coelacanth had been extinct for about 65 million years. No-one had
ever seen a coelacanth and its existence was known only from the
fossil record. Despite the fact that no one had seen one over many
centuries of fishing and exploring, it was not possible to say that it was
definitely extinct. All that could be said was that the hypothesis that it
was extinct was consistent with all the known facts. This idea was
refuted in 1938, when a single coelacanth was caught off the coast of
Africa and noticed by Marjorie Courtenay Latimer, the curator of a tiny
museum in the port town of East London, northeast of Cape Town,
South Africa. This is a clear example of a hypothesis that had a
substantial amount of support being refuted by one observation. Even
the largest amount of supporting evidence is weak compared to a
single refutation.

Bias and misleading results
The results of medical and biological studies are often variable.
Such variation is to be expected, but can make it hard to work out
exactly what the study shows. One source of variation arises from the
fact that each person is biologically unique and has an individual
response to diseases and treatment.5
The complexity of biological processes makes the interpretation
of experiments more difficult than with other disciplines. An
experiment in physics, for example, can often be definitive. If you
measure the speed of light, replications of the experiment should give
the same result, within the level of accuracy of the procedure and
conditions. Biological experiments deal with processes that are many
orders of magnitude more complicated. If two experiments provided
exactly the same answer, it would be a clear sign that something was
wrong. Famously, the finding that a statistical measure of correlation
did not change with the number of subjects led to the discovery that
Sir Cyril Burt’s work on IQ testing was fraudulent. As this case
showed, even the most respected authorities can have hidden
agendas. Biological experiments produce variable results and a
clinical trial is rarely definitive.

Bias in presentation
There is a superb little book by Darrel Huff called “How to lie
with statistics”.6 Huff’s aim was to decrease innumeracy and show
how it is possible to bias the presentation of hard numerical data.
Often, in reading the literature on vitamin C, we have wondered
23

whether various authors had read the book and were putting the ideas
into practice.
One common way of misleading people is to present results as
percentages.1 An example might be the statement that “a new drug
reduces the risk of getting a disease by 50%”. This seems to imply a
substantial (50%) reduction in the number of people getting the
disease. However, this percentage has little relevance to the risk for a
healthy person, because it conceals the prevalence of the disease in
the general population. To take a concrete example, let us say a 50%
reduction means that only five people get the disease instead of 10.
Now, suppose there were 100 subjects in total, then, with the new
drug, instead of 90 people being healthy, 95 people will be healthy.
The improvement of five people in 100 is 5% of the total. However, if
there were 10,000 people in the study, the improvement would be
only five people in 10 thousand or 0.05% of the total. The “50%
reduction in risk” translates as a 0.05% reduction in terms of a total
population of 10,000 subjects.
By presenting data in terms of percentage reduction of risk, we
can give a much more positive impression, as the previous example
demonstrates. Not surprisingly, the effects of drugs are generally
presented in terms of percentage improvement, which makes the
results seem more impressive. To convey the correct meaning, results
should be presented in terms of absolute reduction values. For
example, the statement that “vitamin C will reduce the incidence of
cancer from 25 in 100 to 12 in 100” provides clarity. Relative values,
such as “vitamin C reduces the incidence of cancer by 50%”, are
misleading, because the reader probably does not know the initial
incidence of the cancer.

Controlling for bias in experiments
An experiment is a test of a hypothesis. A good hypothesis is an
idea that will suggest a critical experiment to demonstrate conclusively
whether it is wrong. In the case of Lind’s experiments, he selected six
dietary supplements that might provide a treatment for the disease of
scurvy, and gave them to 12 scurvy sailors. If his hypothesis had been
wrong, the sailors would not have recovered. To be certain, he
needed something to indicate that they had improved and he used a
practical measure: their ability to return to work.
A feature of modern medical experiments is the control group. A
control group is a group of subjects, as similar as possible to the test
group, that are used to control for other factors that might influence
the experimental results. The subjects in the control group might be
given no treatment, a dummy treatment, or an established treatment.
In James Lind’s experiment, he compared six different treatments,
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each providing a control for the other groups. Since the experiment
involved measuring something that changed (degree of illness), the
aim was to make sure that the change did not arise from some other
factor. The control group, as well as being similar to the test group, is
subject to the same environmental and test conditions. So, if scurvy
were caused by another factor, say sunlight, then by treating all
subjects the same with respect to sunlight, we would expect no
difference between the groups. Furthermore, if the control group is the
same as the test group in terms of age, sex, ethnicity and other
factors, the experiment may give results that are more sensitive.
The control group is a way of managing physiological,
environmental and time related factors in experiments. However,
there is another source of potential error, which stems from the fact
that human beings are susceptible to suggestion: if they think they are
being given a treatment, then they are likely to get better. This has
been demonstrated by giving sick patients a dummy, or placebo,
treatment, whereupon they are found to improve. We cannot think
about animal or human experiments without considering the placebo
effect. It has even been claimed that the history of medical treatment
is largely the history of the placebo effect.7 The placebo is often a
sugar pill but it does not have to be an actual pill. A new x-ray
treatment for terminal cancer patients, for example, has to prove itself
better than just putting the person into the machine and not switching
it on! In practice, a new treatment is often compared to an existing
treatment that has already been shown to be superior to placebo. For
the placebo control to work, it is obviously important that patients do
not know whether they are in the placebo or treatment group: this is
achieved by keeping them ignorant or “blind”. An experiment in which
the patients do not know which group they are in is called a blind
study.
In addition to controlling for patient expectations, by means of
placebos, another source of potential error is experimenter bias. The
control for this is to design the experiment so that neither the
researcher nor the patient knows to which group each patient
belongs: this is called a “double-blind” study. The design of
experiments has become standardised in the medical literature and
the gold standard for testing new medical treatments is the “doubleblind clinical trial”.
A clinical trial is an experiment using test subjects suffering from
a particular disease or condition. Subjects are allocated to either a
treatment group or a control (or placebo) group. As mentioned above,
a “blind” clinical trial is one in which the subjects do not know if they
are getting the test treatment or a placebo. However, the placebo
effect is strong and, if the physician knew which patients were in
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which group, he could behave differently towards the two groups, thus
biasing the result by giving non-verbal cues to the patient. Because of
the placebo effect, it can be important that even the physician or
scientist conducting the experiment does not know which subjects are
getting the new treatment. In a “double-blind” trial, neither the
experimenter nor the patient knows who is getting the treatment, until
the experiment is concluded and the results are analysed. To be even
more certain that the experiment is not biased, patients are
sometimes randomly assigned to the treatment or control groups.
Within medicine, the double-blind trial is given almost mythical
status. However, it is important to remember that it is just a method for
helping to minimise the placebo effect and experimenter bias. Lind’s
experiment was not even “single blind”, as both he and the sailors
knew who was receiving which treatment. Much current medical
practice does not have a solid basis in double-blind clinical trials.
Indeed, some areas of medicine are not suitable for placebocontrolled trials. Surgery, for example, is largely based on comparison
with “gold standards” (procedures that are widely recognised as being
the best available) and hence the foundation for robust evidence is
lacking.8 It is difficult to provide a placebo in surgery, as sham
operations are not realistic or ethical. The best that can be achieved is
a comparison with an existing technique. Ultimately, the validation is
often based on historical evidence alone.
The ethics of double-blind clinical trials can cause problems. A
new cancer treatment is likely to be compared with a current
treatment, so that the patients are not refused treatment for a lifethreatening illness. However, if the doctor is convinced of the greater
efficacy of the new treatment and the disease is serious, it may not be
possible to conduct this type of experiment. It is not ethical to give a
placebo instead of an effective treatment for a serious disease. Who
could sanction an experiment that might cost the lives of half of the
subjects? In such cases, there are alternative methods of
experimental design and analysis that can provide robust solutions.

The Case Study Method
One widely used method is the basic observational report, which
is useful when studying factors that are difficult to quantify. In
medicine, such reports are often called case studies. A case study is
a report on one or more patients who have some interesting anatomy,
disease or response to treatment. With certain rare diseases, the
literature may be limited to case studies, as so few people have the
condition that studying a group of patients is impossible. Case studies
provide a method by which the early results of a treatment may be
disseminated. Large-scale double-blind clinical trials are generally
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expensive and require resources that may not be available to a
physician, whereas case studies can be reported wherever patients
are treated.
The observational method has been responsible for many of
medicine’s greatest discoveries. As most schoolchildren are aware,
simple observation led to the discovery of penicillin by the quiet
Scotsman, Alexander Fleming. In 1929, Fleming found that a culture
of the mould Penicillium inhibited the growth of both staphylococcus
and streptococcus. These bacteria cause several common and
serious diseases. The mould could be eaten and was apparently
harmless to white blood cells in culture. Both mice and rabbits could
tolerate injections of the mould. Fleming, however, did not take the
obvious next step and show that an injection of penicillin could
prevent or treat disease: Ernst Chain and Howard Florey carried out
this experiment, about 11 years later. The spectacular success of the
experiment led Florey and Chain to extract enough penicillin for initial
clinical trials.
In the case of penicillin, a simple set of observations led to a
small animal trial and directly to production of the antibiotic. Fleming’s
initial observations were critical to the process, but the follow up work
of Florey and Chain was essential to produce a treatment. The
development of antibiotics would have been slowed considerably if
Florey and Chain had argued that Fleming’s result was merely an
observation and did not “prove” anything. Indeed, Florey’s initial
experiments on infected mice might themselves have been
considered insubstantial, except for the fact that the treated mice lived
and this result was both unprecedented and exceptional.
The penicillin story illustrates how, in certain circumstances,
case studies or uncontrolled experiments can have equivalent or
greater validity than double-blind clinical trials. Such a statement
might shock many medical researchers, but it is true. Suppose it is an
established fact that patients with a certain cancer all die within two
months of diagnosis. In addition, let us assume that there are no
reports in the literature of any patients ever having lived longer than
two months, in any treatment trial, regardless of methodology used. If
a study were then to show that all the patients getting a new drug
lived for more than ten years, the result would be astounding. To
object that the study is not double-blind and that use of the treatment
should be delayed for several years until such tests had been
performed, would be ridiculous. Some factor in the study is definitively
producing an exceptional and unparalleled beneficial effect. A
statistical anomaly of this magnitude could not easily be explained
away as a placebo or environmental effect.
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An outstanding observational result of this type should be
replicated immediately. If the new treatment had a high safety margin
and low cost, then it could be made available to patients even before
knowing the results of follow-up studies, without medical, scientific or
ethical objections. The development of penicillin proceeded in just this
way. Situations such as this example have been studied in game
theory for many years, and the optimal strategy is clear - it is a simple
cost benefit analysis.9 If the benefits (ten years life versus two
months) outweigh the costs (cheap treatment, no known side effects)
then the treatment has obvious value.

Results, replication and meaning
In his experiment, Lind used only 12 subjects and applied six
different treatments, so he only had two subjects on whom to test
each treatment. It is clear from the reported results that the
experiment was of great consequence. A large result was observed in
a small group, indicating the possibility of a strong effect. Conversely,
if you need a large group to demonstrate an effect, the result is
probably less important, as it affects a small proportion of subjects or
the consequence is weak. It is easy to see that an experiment with ten
subjects is unlikely to give a positive result for a treatment that will
cure only one patient in one hundred. With a small group of subjects,
you will generally find only the larger effects, although a fluke result
might mislead you. In Lind’s experiment, it was possible that the two
people on citrus fruits were recovering anyway and he picked them by
chance or unconscious bias. Thus, Lind could have tricked himself
into believing a biased result. As the emphasis on double-blind
studies suggests, an unbiased scientific experiment generally requires
an impartial researcher.
It is possible to argue that James Lind’s experimental results
were just pure chance. They may have been due to a placebo effect,
since the subjects knew the treatments and could have had
expectations of them. Alternatively, the results could have been
influenced by experimenter bias, if Lind had unconsciously conveyed
his expectations to the sailors. Since only two subjects recovered, the
conclusions rest on a small and possibly unreliable sample.
Furthermore, Lind could not prove that he had not selected two
subjects who were in the process of recovering anyway. It is also
possible that the other subjects were also going to recover but the
duration of the experiment was too short. More seriously, Lind could
have purposely chosen two subjects who were recovering, to rig the
experiment. The experiment could have been a complete fraud. Since
at that time citrus fruits were relatively expensive, Lind could have had
a vested interest, such as shares in “The Limey Company Limited 28

purveyors of fresh fruit”. The long-term effects of eating citrus fruit
could also have given cause for concern - what if they were later
shown to cause cancer?
Lind’s experiment was crucial because it set the stage for future
investigation, by demonstrating that citrus fruit could apparently cure
scurvy. Despite this, we have seen that it is possible to pull the
experiment to pieces and suggest that it proved absolutely nothing.
Such criticism of the experiment can be ignored for the following
reasons. Firstly, it is the custom in science to assume that the
experimenter is honest. Secondly, such criticism is inappropriate
because the experiment could easily be replicated.
Replication is one of the fundamental tools of science. If you did
not believe Lind’s results, all you would need to repeat the experiment
was a handful of citrus fruits and a few scurvy sailors, who were not
difficult to find in the 1750’s. You would get the answer in a week. If
your results did not agree with Lind’s findings, you could publish and
explain where Lind went wrong. Almost anybody with an interest in
the subject had the option to replicate the experiment and verify the
results for themselves. Notice how the low cost and ease of
replication makes the experiment more powerful.

Lind had presented a strong hypothesis: that scurvy could be
cured in a week with citrus fruits. He had reported a simple and
persuasive experiment, and his conclusions were supported by the
effectiveness of his treatment for scurvy. Lind, with his simple
experiment, had followed the scientific method and his results were
valid, unless refuted in the proper scientific way.
What followed Lind’s discovery was rather typical of the history
of medical science. His results, though interesting, were ignored. A
year after his experiment, he retired from the Navy, obtained a
medical degree and entered private practice. Ten years later, he was
physician at the Royal Naval Hospital at Portsmouth. His
recommendations to the British Admiralty, on feeding citrus fruit to
sailors to prevent scurvy, were rejected. Citrus fruit was expensive
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and did not keep well. One person who did take heed of Lind’s ideas
was Captain Cook, the famous explorer, who decided to use stored
vegetables on his voyages and found that no sailors suffered scurvy.
Lind’s recommendations were eventually accepted by the
admiralty in 1795, nearly 48 years later and one year after Lind’s
death. With hindsight, we can see that by ignoring the basic science
for almost half a century, the British Admiralty were responsible for
continued illness and a large number of deaths. After 250 years of
observation and experiment, everyone now accepts James Lind’s
theory that something in citrus fruits will prevent scurvy, so it is easy
to criticise the Admiralty, whose members were operating in the mist
of conflicting ideas and arguments. Nonetheless, the Admiralty was
responsible for the health of the sailors and could have repeated
Lind’s experiment at little cost. By ignoring evidence of the benefits of
vitamin C, the modern medical establishment could be repeating the
British Admiralty’s failure to protect the health of its charges.
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Scientific reliability
"Once you have learned how to ask relevant and
appropriate questions, you have learned how to learn
and no one can keep you from learning whatever you
want or need to know."
Neil Postman and Charles Weingartner
Vitamin C has become controversial and it is therefore important
to evaluate the evidence around it. To this end, we compare the
characteristics of reliable science with that which is untrustworthy, and
show how each can be recognised. Although the evaluation of
scientific results is sophisticated, it is based on simple principles.
When it comes to designing and interpreting medical research,
there is an urgent need to get back to the core rules of biology,
chemistry and physics. Medical science is a branch of applied biology.
Medical researchers do not have any special right to exclude
evaluation of their work or ideas by other scientists, although some
have tried to claim such rights in the past. An additional problem is
that the primary purpose of a medical education is to prepare
professionals to treat the sick, and scientific training is secondary to
this aim. As a result, the established methods of science can be
forgotten in the design and interpretation of medical experiments and
clinical studies. Nevertheless, whether they like it or not, if the medical
establishment get their science wrong, then their ideas will have to
change.

Scientific fallibility
Although the scientific method generally works well, it can be
fallible in the short term. An erroneous experimental result could lead
people to think they had made a breakthrough. Strangely, the first
replications might confirm the result, even though it is later shown to
be invalid. With time, however, further investigation and experiment
shows that the result was wrong and science moves on.
In spite of this, people sometimes hold on to erroneous results
for many years, arguing that they are true. For example, the report of
cold fusion, championed by Martin Fleishman and Stanley Pons,
recently went through this process in public. Some independent
laboratories initially confirmed their experimental results, but mounting
experimental evidence conflicted with the theory, which most
scientists now consider discredited. There are many similar stories
31

throughout the history of science, including that of René Blondlots
(1849-1930), the French physicist who claimed to have discovered a
new form of radiation called N-rays. Dozens of other scientists
confirmed the existence of N-rays in their own laboratories. Despite
this, N-rays did not exist - they were later shown to be an artefact of
the experimental procedure.
More recently, in 1966, Soviet scientists described a new form
of water, called polywater. This anomalous water had a density higher
than normal water, a viscosity 15 times greater, a boiling point higher
than 100 degrees Centigrade and a freezing point lower than zero
degrees. Over the next few years, hundreds of papers appeared in
the scientific literature describing the properties of polywater.
Theorists developed models, supported by some experimental
measurements, in which strong hydrogen bonds were causing water
to polymerise. After much study, it is now generally accepted that
polywater was ordinary water that had become contaminated. The
desire to believe in a new phenomenon can sometimes overpower the
demand for solid, well-controlled evidence but, in the long term, both
the N-ray and polywater hypotheses were refuted. These stories are a
sign of healthy science and are to be expected. Nonetheless, in the
cases of both N-rays and polywater, a surprisingly large number of
respected scientists reported entities that did not actually exist.

Recognising suspect science
In 1953, Nobel Laureate (Chemistry, 1932) Dr Irving M.
Langmuir (1881-1957), gave a colloquium at The Knolls Research
Laboratory entitled “The science of things that aren’t so”. The talk was
recorded, re-recorded and eventually transcribed and edited by RN
Hall in 1968. In it, Langmuir presented a series of rules by which what
he called “pathological science” could be recognised. These rules
were intended to act as a set of indicators for recognising invalid
hypotheses and experimental results.
As Langmuir illustrated in his talk, the desire to believe in a new
phenomenon, such as N-rays or polywater, can be misleading.
Fortunately, scientific knowledge is not absolute but is a continuing
approximation, based on a self-regulating process.

Langmuir’s rules:
•

A causative agent of barely detectable intensity produces the
maximum observable effect; the magnitude of the effect is largely
independent of the intensity of the cause.
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•

•
•
•
•

The magnitude of the effect is small and close to the limit of
detection; many experiments, measurements or subjects are
needed to give statistical significance to the results.
Great accuracy is claimed.
Strange theories inconsistent with established scientific models
are proposed, especially of a fantastical nature.
Criticism is met by ad hoc excuses.
The ratio of supporters to critics rises to a proportion of about 50%
and then fades gradually.

A quick look at Langmuir’s rules suggests that homeopathy and
parapsychology are on dangerous ground. Perhaps more surprisingly,
apparently reputable large-scale clinical trials, such as those
performed on small amounts of vitamin C and other antioxidants, are
also suspect, according Langmuir’s second rule. In such studies, the
magnitude of the effect expected is small and many subjects are
recruited in order to give statistical validity. We are in the age of the
mega clinical trial, in which thousands of subjects are followed for a
number of years. In the case of vitamin studies, these trials are
supposed to reveal relatively small effects of low doses of
micronutrients. In such studies, a number of nutrients and effects are
sometimes measured or estimated, before statistical methods are
used to separate the effects of individual factors.
This large-scale approach is often an indicator of anticipated
failure: if the experimenters expect the magnitude of an effect to be
small, they will need a large number of subjects to demonstrate a
significant difference between the experimental and control groups.
Pharmacologist Professor David Horrobin states the position clearly:
"If a trial has to be large, say more than 100 patients, it is large only
because the expected effect size is very small”. By this reasoning,
large-scale studies need justification rather than admiration. Horrobin
has gone so far as to suggest that large-scale trials on patients with
rapidly fatal diseases are unethical.10
The starting hypothesis for such large-scale trials is often flimsy.
For example, it may take the form that a small dose (a few milligrams)
of a micronutrient, which is normally present in the diet in variable
amounts, may be weakly associated (meaning it is hard to
demonstrate the degree of causation) with some aspect of a chronic
or long-term disease (meaning that it is difficult to show change). If the
area is surrounded by ignorance, then scientists are forced to
measure a number of factors that may be connected with the disease
in some way, using a scattergun approach rather than a targeted shot.
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By contrast, when we understand a biological process, we can design
a simple experiment to show a clear effect of a particular substance.
Large-scale double-blind mega-studies are the current fashion
in medicine. The assumption is made that by increasing the number of
subjects, the work somehow becomes more valid. Regrettably, these
studies are borderline science, as a large-scale study is difficult to
repeat and replication is at the core of the scientific method. Of
particular concern are those studies that are so expensive that only
pharmaceutical companies are ever likely to perform them. The way
studies are financed and the potential source of any experimental bias
or error become more important with larger studies, as they are more
difficult to replicate. Replication reduces the possibility of bias. A
large-scale study giving positive results is less convincing than, say,
three smaller, equally positive studies by independent researchers, in
different institutions, separately funded and using dissimilar methods.
Despite our criticism, large-scale population studies have had some
limited successes. For example, together with laboratory studies and
clinical results, they helped to demonstrate that smoking leads to an
increased risk of disease.
Most large-scale studies of vitamin C have involved small
doses, around 300 milligrams or less. The expected effect of such a
low dose is weak, making it necessary to have a large number of
subjects. Governments and the press have incorrectly treated results
from such studies as being of great merit, and findings are frequently
applied to larger doses. For example, if a dose of 100mg of vitamin C
is shown to have no effect, the same is taken to apply to a dose of 10
grams, which is 100 times the amount. Such extrapolation is
unjustified. The large-scale small dose clinical trial is not a sensible
way of looking for the substantial effects claimed for megadoses of
vitamin C. The design of large-scale small dose trials takes us too
close to Langmuir’s rules, tending to produce unclear results that are
difficult to replicate and will not be applicable to larger doses of the
vitamin.
If you think you have a breakthrough cure for heart disease, you
would be well advised to perform a small, simple experiment. Get a
positive result with a few small experiments and there is a good
chance you are on to something real. The small study approach
favours treatments with low numbers-needed-to-treat. Small studies
are useful for finding big, frequently occurring effects. They will
generally filter out less common results, although there may be
occasional anomalies due to chance. A small experiment showing a
large effect, which independent researchers replicate several times,
provides powerful evidence. Sadly, this forceful type of experiment
has been avoided and denigrated by the medical establishment.
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Langmuir’s rules were intended to help keep ludicrous ideas out
of medical and other sciences; however, the rules can be applied
equally to established concepts and practice. We can use them to
view the plausibility of current scientific, medical or nutritional practice,
for example. According to the rules, large-scale clinical studies
applying small amounts of vitamin C or drugs to show small positive
or negative results should be regarded with suspicion. In any event,
such studies have little relevance to our quest: we are interested in
big effects, where the number-needed-to-treat is low.

Proselytisers and sceptics
It is essential to have an open mind when examining scientific
results. We need to be wary of “proselytisers” who have a clear bias
towards promoting vitamin C and provide only positive information. A
proselytiser will only mention negative results in order to rubbish
them. This group often promote more than one wacky idea at a time
and believe in conspiracies, thinking that establishment groups are
working together to suppress ideas. The promoters of a therapy can
be misleading, but are ultimately less damaging to an idea than are
extreme sceptics. Given time, the scientific evidence will bury any
idea that is promoted but wrong.
Extreme sceptics are exactly the opposite of proselytisers; they
claim to be scientific but are not. Sceptics claim that the new idea
conflicts with established scientific fact and for this reason, they
overlook positive results except when attempting to discredit them.
The book that fuelled the vitamin C controversy, Linus Pauling’s
“Vitamin C and the Common Cold”, was written specifically to answer
the negative response of a well-known “sceptic”, Dr Victor Herbert.
Herbert wrote to Pauling, suggesting that he should desist from
making statements about vitamin C for which there was no evidence.
When Pauling wrote back with a list of scientific studies, Herbert
rejected them as having no value. Herbert’s response stimulated
Pauling to write his book, to draw attention to the mounting evidence
for vitamin C.11
While proselytisers talk of “conspiracies”, sceptics talk of
“charlatans” and “quacks”. An important tool of the sceptic is
censorship. Often the proselytisers have a financial interest in the sale
of vitamins, but there are also professional sceptics. Some sceptics
are paid by drug companies and other interested parties to deny
findings that threaten profits and if this can be done by an apparently
independent party, so much the better. Drug firms hire ghost-writers to
write medical articles, supposedly produced by academics and
doctors. The ‘authors’ of the articles may know nothing about the work
but are paid handsomely for lending their names and reputations, and
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also benefit from extending their list of publications. It is estimated that
ghost-written articles may account for almost half of the output of
certain medical journals.12 This illustrates how the pharmaceutical
industry can use its financial muscle to pervert normal scientific
controls.

The characteristics of a good theory
Langmuir’s rules provide an insight into poor scientific theories
and are useful as a guide to weeding out theories that are unworthy of
investigation. For our purposes though, we need something stronger
than a check that ideas are better than pseudo-science. We want to
be able to show that the ideas are important, fruitful and likely to be of
value. Fortunately, the characteristics of a good scientific theory can
also be stated. The philosopher William Newton-Smith studied the
rules for a good theory.13 According to Newton-Smith, a good theory
should conform to the following conditions (we have simplified the
language).

Newton-Smith’s rules
Good scientific theories should:
•
•
•
•
•
•
•

Explain the success of previous theories.
Be fertile and generate new ideas for future research.
Have a history of providing correct predictions.
Provide additional support for established or related theories.
Need few additional hypotheses to explain failures.
Be internally consistent and not contain contradictions. Be
consistent with other scientific models.
Be as simple as possible.

As we progress, we will describe a theory of action for vitamin C
that is consistent with these rules. This approach will include previous
ideas and take into account the history of scientific studies of the
action of large doses of vitamin C. We have based this theory on
existing ideas of free radical chemistry in biology and medicine. The
theory of action developed is internally consistent and explains why
varying results are often obtained in experimental studies. We do not
require any additional hypotheses to explain the available
experimental results. The model can be applied to numerous disease
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processes and makes strong predictions, providing simple, testable
hypotheses.
In later chapters, we look into the substantial effects reported for
large doses of vitamin C (several grams and above). The downside to
looking at large doses is that clinical studies are in short supply. It is
easy to find studies of the action of small doses of the vitamin, but
these often give variable and inapplicable results. One theory of the
pharmacological action of vitamin C, proposed by Dr Robert
Cathcart,14 suggests that its clinical efficacy is sharply dose
dependent and has a threshold. A study of 100 milligrams per day of
vitamin C, even in one million subjects, gives essentially no
information about the effect of a three-gram per day supplement. To
take a simple analogy – if a quarter of one child-dose aspirin does not
cure my headache, can I assume that three adult tablets will not work
either?

Asking the right questions
One of the criteria that identify great science is the quality of the
question being investigated: a good question is often more important
than a good answer. A well-defined question will often suggest the
form of the experiment needed to give the answer. A strong
hypothesis is one that can be answered by a simple experiment giving
unequivocal results. Vague questions lead to unclear experimental
results and a precarious form of science.
The biology of vitamin C is complicated and one reason for the
controversial nature of this substance is that people have started by
asking the wrong questions. To clarify matters, we will now list some
fundamental questions in the area of vitamin C and health.

Preventing Scurvy
The first important question is “What dose is required to prevent
acute scurvy in a normal subject?” This question is easy to answer
and is uncontroversial. Five to ten milligrams of vitamin C per day will
prevent a person dying an unpleasant death from acute scurvy.
James Lind effectively established the answer to this first question,
but it has been confirmed many times over the last 250 years, both by
direct observation and experimentally.

Good health
The second question is “How much vitamin C does a person
need to maintain good health?” This question is clearly not the same
as asking how much vitamin C would be needed to stop someone
being very ill and dropping dead with scurvy in the next few months.
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Despite this difference between “not dying of acute scurvy” and “being
in good health” being obvious when stated clearly, many doctors and
nutritionists have argued that if you have enough vitamin C to stop
you getting scurvy, you do not need any more. If evidence gathering is
restricted to finding the amounts needed for prevention of acute
scurvy, then that is all we know. A person who is getting 10 milligrams
of vitamin C daily will not die of acute scurvy this year, but this does
not mean they are receiving an optimal amount.
It may be that people with such a low vitamin C intake are, in the
longer term, in danger from heart disease, cancer, infection, and other
diseases. The extrapolation from “not getting scurvy” to “being in good
health” is unjustifiable. A confused section of the medical profession
has been arguing in this way ever since vitamin C was isolated
decades ago. To find out how much vitamin C is needed for good
health, we need a measurable definition of good health, otherwise the
question is philosophical rather than scientific.

A healthy population
Thirdly, we want to know how much vitamin C is required to
make sure everyone in the population is getting enough for good
health. This is quite a different question to asking how much a single
individual might need. Humans vary in more fundamental parameters
than sex, shoe size, hair colour and age. Each individual is
biologically unique; references to such variation in human biology are
becoming everyday occurrences, with the forensic use of blood types,
fingerprints, tissue typing and DNA testing. Similarly, each individual
has specific requirements for vitamin C. Since it is possible to
measure the variation between individuals, the recommended
minimum vitamin C intake should be high enough to cover the whole
population, including those people with a higher than average
requirement.

Preventing disease
The next question we would like answered is, “What amount of
vitamin C is necessary for disease prevention?” If the daily dose is
enough for a varied population to have long-term health in the
absence of disease, it does not mean that it is necessarily optimal for
disease prevention. One of the postulated benefits of ascorbate is that
it will help prevent colds and other viral diseases. If the amount
needed for preventing disease is higher than the amount needed for
good health, we may need to take more to avoid unnecessary illness.
This area is on the borderline between nutrition, the amount we need
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to take to stay healthy, and pharmacology, when we use vitamin C as
a drug for a direct biological effect.

Treating disease
A critical question concerns the amount of vitamin C required to
treat an infectious or other disease once it has taken hold. This is a
pharmacological dose and may bear little relationship to the amount
required daily for good health. In the history of the use of vitamin C, it
is apparent that there is considerable confusion about the difference
between a pharmacological dose of the vitamin and a nutritional dose.
This led to the use of inappropriately low doses of vitamin C in treating
disease or in replicating experiments where positive findings had been
reported. Forty grams of vitamin C is clearly a pharmacological dose,
while 250 milligrams is a nutritional dose.

Toxicity
The question of toxic effects of vitamin C is relevant here. When
the dose increases beyond the level necessary to prevent acute death
from scurvy, we may need to balance the level of the dose against
any potential toxic effects. Below this level, toxicity is not a serious
question, as the effects of poisoning with vitamin C would have to be
dire to be worse than dying from scurvy. We shall see that vitamin C
is not only an essential requirement of the diet, but is very safe
indeed. However, although the general safety of ascorbate is
accepted, hypotheses of toxicity from very large doses are as valid as
those concerning benefits and should be treated with the same rigor.
We should remember that not long ago, even smoking was
considered by many people to have health benefits.

Social Influences
In thinking about these questions, it is important to note that
science as practiced is often biased. Science is a social activity and,
like all human actions, can be flawed. We have stressed the dose
dependent nature of claims for ascorbate as a treatment for various
diseases. With this in mind, a sceptical scientist wanting to refute a
positive experiment with vitamin C on, say, the common cold, could
repeat the experiment with a sub-therapeutic dose of the vitamin. This
would minimise the likelihood of a positive effect. In the following
chapter, we consider the social pressures that have influenced the
research on vitamin C as a therapeutic agent.
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Social influences on science
"Science is the belief in the ignorance of the experts.”
Richard Feynman
There is substantial resistance from the medical establishment
to the claims made for vitamin C and, in order to understand why, we
must first look at the way that scientific knowledge develops. The
suggested health benefits of antioxidants such as vitamins C and E
are substantial, but they need to be verified, or at least be consistent
with current scientific ideas, before they are accepted.
Science is a social activity and does not proceed by merely
accumulating knowledge. Thomas Kuhn discussed how scientific
ideas progress, in his book The Structure of Scientific Revolutions,
published in 1962.15 A scientific revolution, also called a paradigm
shift, occurs when a new idea replaces an established model or
theory. Scientific revolutions start when a group of scientists begins to
sense that an existing theory has ceased to be the best explanation of
the facts. A scientific revolution does not necessarily involve an earth
shattering idea, but implies the replacement of a currently accepted
model. To people who are not actively involved, it can seem to be just
part of the process of scientific development. However, to the players
in the field, it can be the maker of careers or the destroyer of
reputations.
A scientific revolution can be traumatic. Kuhn suggests that
large changes in science are similar to those in politics. While new
ideas are in the process of being accepted, scientists are often
divided into competing camps or groups. One group seeks to defend
the status quo while the other tries to overthrow it. Political dialogue
breaks down when a certain level of polarisation has occurred. Since
the revolutionaries find themselves outside the current institutional
structure, they resort to the techniques of mass persuasion.
The repeated rejection of new scientific theories is a historic
fact, but does not automatically imply ignorance and confusion. By
definition, a paradigm shift involves the rejection of an accepted
scientific model. Science progresses when a new idea is substituted
for an older, less useful interpretation of the data. Because a
paradigm shift often involves social change, it is sometimes incorrectly
claimed the argument cannot be resolved by the methods of normal
science alone.532 The two competing groups often present circular
arguments in defence of their theory. However solid the arguments,
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they do not provide a communication bridge to the other camp. The
competing theories, and sometimes their entire frames of reference,
are incompatible.
On occasion, the fact that ideas are currently accepted has
been used to justify the establishment position. Such ideas are
assumed tried and tested, and therefore more likely to be correct. This
adds to the confusion that can occur between the accuracy of an idea
and its degree of acceptance. Experience shows that current
acceptance is no guarantee of correctness. Without doubt, many
standard ideas in medical science will eventually be superseded by
others that are more accurate.

Galileo Galilei and the Inquisition
Galileo's belief in the Copernican System, which states that the
earth and planets circle the sun, got him into trouble with the Catholic
Church. The Inquisition upheld the authority of the Church, with the
aim of eradicating heresies. A committee of Inquisition consultants
declared that the Copernican proposition was heresy. Cardinal
Bellarmine warned Galileo that, by order of Pope Paul V, he should
not discuss or defend Copernican ideas. Later, in 1624, Pope Urban
VIII assured Galileo that he could write about Copernican theory as
long as he treated it as a mathematical proposition rather than reality.
However, when Galileo's book, “Dialogue Concerning the Two Chief
World Systems” was printed, he was called to face the Inquisition.
Galileo was found guilty of heresy and placed under house arrest in
his home near Florence. Galileo had a tough time, but even the
authority of the Catholic Church could not change reality. The earth
circled the sun, whether the Church accepted it or not.

Patents and profits
Medicine is a highly regulated activity and much of the
regulation is aimed, quite properly, at keeping patients safe from
dangerous potions and treatments. Before a new drug is released, it
must pass through a process of experimental and clinical validation.
The cost of this validation has risen with time, hence the introduction
of new drugs is now limited to those organisations that can afford the
testing. Pharmaceutical companies invest in the development of new
medicines and get their returns in the form of revenues from patented
drugs. Once a drug has been patented, the company has an exclusive
right to produce the drug and can charge a substantial premium for
the duration of the patent. For large pharmaceutical companies, this
situation is clearly advantageous, as it reduces the competition for
their highly profitable patented drugs. By comparison, health food
41

companies have relatively small turnovers and cannot afford to
validate unpatentable nutrients.
The primary interest of a pharmaceutical company is profit for its
shareholders. The company charges large fees for new drugs that it
holds under patent. As in any good business, it actively promotes its
own products relative to those of competitors. The high cost of new
drugs is typically justified by the need for a continuing research and
development programme to find and produce new and effective drugs,
although the research budget is often a small fraction of the
company’s turnover. Provided it has some novel features, a new drug
is patentable, whereas a simple nutrient, such as vitamin C, cannot be
patented. However, simple low cost treatments, which could put
patented medicines out of business, threaten the profits of the
pharmaceutical industry.
To maximise profits from a drug, the company must influence
both the medical organisations and the prescribing doctors. Many
doctors would argue that this influence has been overstated: they see
themselves as sophisticated professionals, far too perceptive to fall for
drug company promotions. This is clearly an area of some
controversy. The pharmaceutical industry spends vast sums funding
research projects, not to mention conferences in exotic locations.
Many eminent and lucrative medical careers are dependent on the
success of particular products. Clearly, it is difficult to remain impartial
under such pressure. An increase in scepticism in this area would be
most welcome.
While active drug company competition can be good for
patients, it can also lead to anomalies. Most research relates to
diseases of the affluent, where substantial profits can be achieved. An
African country, with high rates of malaria and HIV/AIDS, may not
have the money to buy a new and expensive treatment that would
greatly help its people. International intellectual property law prevents
poor countries from manufacturing new drugs for their own people, at
an affordable price. The distortion of ethics that occurs when the
financial interests of large companies clash with health has been
highlighted by the behaviour of the tobacco industry, but is also
observed in the food and pharmaceutical fields. Incidentally, the
medical establishment has little difficulty recognising the analogous
conflict of interest that occurs when health food companies promote
certain vitamins or nutritional supplements. Indeed, they have gone to
such lengths to prevent it, that in many countries labelling information
on supplements is severely restricted by law.
The relationship between high profit medical industries and the
medical establishment is sometimes presented as revealing a hidden
conspiracy. There is, however, nothing hidden and little is
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conspiratorial. The organisations are simply too large and powerful to
care much about diffuse public criticism. The United States Food and
Drug Administration (FDA) does not hide its association with the
pharmaceutical industry. It openly receives funds from them for drug
certification. This means that the FDA is financially dependent on the
companies and subject to direct commercial pressure from them.16 At
the time of writing, companies pay about $300,000 to apply for
approval of a new drug, as well as about $145,000 for each
manufacturing establishment and an amount for each product. These
payments are insignificant to large pharmaceutical companies,
although they are big enough to ensure that health food suppliers are
unable to register their products for financial reasons.
Even the British Medical Journal has become concerned about
the inappropriate links between the FDA and the drug companies.17 In
a recent issue, the BMJ suggested that these links were detrimental
and could allow drug companies to push through drugs that are
largely worthless or even dangerous.18 They used the example of the
drug Alosetron, for the treatment of irritable bowel syndrome, which
had been withdrawn because, although its benefits were slight, there
were frequent side effects and some deaths. The FDA recommended
that the drug be made available again, as long as the responsibility for
the side effects was with the issuing doctor! These unfortunate results
are only to be expected, given the great economic power and scale of
the profit-making health industries.
To highlight the long-term influence of finance on medicine, we
recall James Lind’s experiment on scurvy. Previously, we suggested
that the long delay in the use of citrus fruit by the British Admiralty was
a result of institutional inertia and ignorance. The historian, J.J. Keevil,
has proposed an alternative explanation for this delay, the press
gang.19 Keevil describes the situation eloquently: “When we recall that
the naval manning problem arose principally through losses from
disease [and] that much of this was scorbutic or intestinal, the failure
to obtain fresh provisions at every opportunity can be accounted for
only on the ground of economy. It was in fact cheaper to replace
seamen.”20 Economics is a principle factor in delaying the social
change associated with a paradigm shift in medicine or science. Just
as it may once have been cheaper to let sailors die of scurvy and
replace them using a press gang, it can be more profitable to promote
a patented drug than to accept the benefits of nutritional medicine.

Snake-oil?
The establishment has likened people explaining the benefits of
vitamin C to peddlers of snake-oil. This turns out to be an interesting
analogy. Dr Udo Erasmus recently investigated the origin of the
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derisory term snake-oil.21 He found that snake-oil was a traditional
Chinese treatment, introduced to the United States by Chinese
labourers laying the early railway lines. They persuaded fellow
workers to use snake-oil, to reduce inflammation and arthritic pain.
Rubbing snake-oil into the skin was said to bring symptomatic relief.
The sellers of patent medicines saw the use of snake-oil as a threat
and disparaged the use of this treatment, to the extent that snake-oil
continues to have a bad name to the present day.
In 1989, a Californian physician, Dr Richard Kunin, investigated
the properties of oil from the Chinese water snake.22 This snake-oil,
used in Chinese medicine, was found to contain the highest
proportion of omega-3 fatty acids in a natural oil (20%). Since omega3 fatty acids are potent inhibitors of inflammation, there is every
reason to suppose that snake-oil was effective. The term “snake-oil”
actually refers to the use of a now established anti-inflammatory
substance, in a treatment suppressed for financial gain.

Safety
Physicians operate in an environment that is highly regulated by
governments and related organisations. Large drug companies are
dedicated to making sure that they have the latest and most lucrative
patented medicines, but they do have to comply with safety
regulations. Medicines in current use have been tested, either by a
long period of medical practice or by resourceful drug companies,
watched over by government inspectors. This regulatory system was
designed, in part, to stop quacks from introducing new treatments that
either do not work or are actually dangerous. However, the intended
safety mechanism has overrun its original aim and can sometimes
repress innovation in medicine, especially if it originates on the fringes
or from outside the system.

Folic Acid
Many physicians have claimed that people get all the vitamins
and nutrients they need from a balanced diet, and that there is no
need to take supplements. To illustrate the ignorance and bias in this
assertion, we need only look at one of the B vitamins, folic acid. In
1981, Professor Richard Smithells showed that supplementing
pregnant women with folic acid reduced the incidence of neural tube
defects.23,24 The neural tube is the early form of the spine, during
embryonic development. A major form of clinical neural tube defect is
spina bifida, in which the spine is not completely formed and the
spinal cord protrudes from the lower back. People born with spina
bifida are often crippled for life and may have further problems, such
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as incontinence. Supplementation with folic acid can reduce the
incidence of spina bifida by 70%. Without supplementation, the
incidence is about 25 cases for each 100,000 births, which is reduced
to about eight cases if the mother takes folic acid supplements.25
The medical establishment was hostile to the claim for folic acid
and did not accept the findings.503 This hostility to nutritional
treatments is a familiar feature of medicine. In the case of spina bifida,
the link to the diet was established and had been known for
centuries.26 In the 18th century, the midwife Catherina Schrader of the
Netherlands kept detailed records. In the years 1722-1723 and 17321733, she noted that large numbers of neural tube defects
corresponded with crop failures. The defects occurred largely in the
babies of poor urban women, with limited access to good food.
Smithells had also reported the connection as early as 1965.27
Despite this, the establishment would not make a recommendation for
folic acid supplementation, until further clinical trials had taken place
and confirmed the results. It took an additional 11 years to provide
sufficient supporting evidence. Presumably, the justification for the
delay was based on an analogy with drugs, which are required to
demonstrate effectiveness and safety, before their use can be
recommended. However, folic acid is not a drug: it is a normal part of
the diet. The refusal to recommend folic acid was a result of failure to
carry out a simple cost benefit analysis. There was no significant
danger associated with supplementation, which would have ensured
that the mother was not deficient. The refusal to recommend folate
meant that, for over a decade, babies were born with spina bifida
unnecessarily. Actually, it is worse than this, since the general
insistence that vitamin supplements were not necessary extended
long before the studies on neural tube defects. Women not deterred
from taking supplements would have had fewer damaged children.
It is easy with hindsight to criticise the doctors for getting it
wrong with folic acid. The problem remains that they have been
subject to criticism for inappropriate action on nutrients for decades,
yet have not responded. If a deficiency of folic acid has relatively
recently been found to produce spina bifida, what other problems
might deficiency cause, that we do not yet know about? It has
emerged that numbers of the related problem anencephaly, being
born without a brain, are also reduced by supplementation with folate.
Folic acid deficiency may cause other birth defects - we simply do not
know. Then there may be birth defects caused by deficiency in others
of the vitamin B complex, or indeed any of the vitamins.
Recent research suggests that marginal deficiency in vitamin
B7, also called biotin or vitamin H, sometimes causes birth defects.28
According to the establishment approach, each defect caused by such
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a deficiency would first have to be identified. Then there would be a
delay of at least a decade, while the medical establishment performed
clinical trials to confirm the relationship. At this point, they would issue
a recommendation stating that supplementation with the vitamin is a
good thing to do. The whole procedure is clearly ridiculous, as we are
considering vitamin deficiency. The harmless and cheap
recommendation to take a suitable multivitamin supplement, while the
trials were being carried out, would prevent these problems.
A modern diet does not provide the whole range of essential
nutrients. Most people do not eat a diet prescribed by a nutritionist.
Perhaps the experts still suggesting that people get all the nutrients
they need from a balanced diet should examine the real world: people
eat junk food. More importantly, if such “experts” can make a mistake
as fundamental as failing to understand that pregnant women should
not be deficient in folic acid, why should we believe them on any
aspect of nutrition? Medicine has a long history of serious mistakes
that occurred because scientific results were ignored. With the benefit
of hindsight, medicine at any point in history appears to contain
several strange and barbaric practices that are defended with
unjustified arrogance. It seems unlikely that our own age will prove to
be exempt from such errors.

Child birth fever
It frequently takes many years for medicine to respond to new
ideas, even when there is solid evidence. To take a historical
example, Ignatz Semmelweis, a German-Hungarian physician,
studied the high death rates in hospitals during childbirth. Maternal
death rates from puerperal (childbirth) fever were high, especially on
wards attended by physicians and medical students who carried out
post-mortems.29,31 Semmelweis thought the disease was caused by
“odours” and this led him to suggest that physicians should wash their
hands between patients and eliminate any smell using chlorine
solution to prevent infection. In the month following the introduction of
this practice, the mortality rate fell dramatically.
Despite these convincing findings, Semmelweis was not lauded
as a medical hero. His suggestion ran contrary to the prevailing
understanding of disease processes and offended the doctors’ dignity.
Evidence alone would not convince them. Even though popular
opinion looked upon childbirth in hospital as almost a death sentence,
the hospital authorities were unmoved. Semmelweis was dismissed
from his position and had to return to his native Budapest. He was
eventually offered a part-time post in an obstetric hospital, but only on
condition that he would agree not to instruct medical students in
washing their hands. Semmelweis was literally driven crazy by such
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reactions to his suggestion that good hygiene prevented infection.
Rather than repeat the experiment and check the results, the medical
establishment resorted to argument. By attacking the source rather
than the idea, they could ignore the proposal and its implications for
their understanding of disease.
Semmelweis was not the first to suggest that washing hands
and other basic hygiene would prevent childbed fever. In 1795, Dr
Alexander Gordon of Aberdeen, Scotland, made a similar suggestion.
Dr Oliver Wendell Holmes, an esteemed Harvard professor,
presented a paper in 1843 entitled “On the contagiousness of
puerperal fever” in which he argued for hygiene and hand washing to
prevent the disease.30 These doctors were luckier than Semmelweis,
as their suggestions were simply ignored.

Stomach ulcers caused by bacterial infection
The Semmelweis story may be dismissed by modern medical
researchers as irrelevant to contemporary scientific medicine.
However, recently the hypothesis that stomach ulcers were a result of
bacterial infection was treated with disdain, simply because the
evidence presented did not agree with the current model. Everyone
“knew” that stomach ulcers were not caused by bacteria. Then, in
1983, Drs. Robin Warren and Barry Marshall found a bacterium,
called Helicobacter pylori, in the stomachs of people with gastritis.
They hypothesised that peptic ulcers are caused by bacterial infection
rather than by excess acidity or stress, as was currently believed. At
first, their hypothesis was considered preposterous. However, it is
now accepted that infection plays an important contributory role in
causing many ulcers. Stomach ulcers are common, affecting up to
10% of people, and the current evidence is that destroying the
bacteria will cure many cases of this disease.

Do no harm
Medical experts often suggest that a high degree of
conservatism is required in the acceptance and authorisation of new
medical treatments. However, this rule applies more to some
treatments than to others. A new treatment must be shown to be both
effective and harm-free. In the case of new drugs, this statement is
certainly correct, since many have significant side effects. On the
other hand, the safety of vitamin C is already established, as it is a
normal part of the diet and is even essential to life. Given that a
treatment is known to be safe, the evidence required for its
effectiveness is lower. For an extremely safe treatment, we only need
to know that there is some small advantage to its use. Indeed, even if
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there were no therapeutic value, it could still have a beneficial effect
as a placebo. These arguments are clear and are covered in detail by
medical decision-making and game theory.9 The degree of
conservatism required with a new treatment depends on its known
safety.

Sociology or science?
Thomas Kuhn’s ideas are often misunderstood. He was talking
about sociology and the acceptability of ideas by the current
establishment. He explained how humans, especially in groups, are
often resistant to new ideas. His ideas on paradigm shifts have little
bearing on the scientific method itself. The concept of a paradigm shift
is not based on the validity of a new theory but on its acceptability to
the majority. Kuhn’s argument that a paradigm shift dispute is political
and cannot be resolved by the scientific method is only true in the
short term. Both sociology and medical politics are secondary to
science. Unfortunately, there is no rule for how long it will take for the
new science to replace the old,31 and with vitamin C, as in the past
with Lind’s recommendations for sailors, the delay may be measured
in lives as well as years.
Surprisingly, the idea that a substance in citrus fruit could cure
scurvy was questioned again in the early 20th century. As late as
1911, it was claimed that scurvy was caused by contaminated food,
especially tainted meat. By the time of the First World War,
confidence that citrus fruit and vegetables would prevent scurvy was
low.20 We can now explain the anomalies that led to this lack of
confidence, as we know the chemical properties of ascorbate, its
distribution in foodstuffs and its stability during cooking. Heated juice
or stored citrus fruit did not necessarily prevent scurvy. People
consuming uncooked meat or milk could survive for months without
scurvy, despite eating no vegetables. Since vitamin C had not yet
been isolated, it was not known that it could be destroyed by heating
or oxidation, and outbreaks of scurvy still occurred. Nonetheless,
thousands of lives had already been saved by including citrus fruit and
other vegetables in the diet. If scurvy did occur, repeating Lind’s
experiment would have given unequivocal results.

Refutable knowledge
The true progress of science has been described as the
acquisition of refutable knowledge and our understanding of this owes
much to the work of Karl Popper,32,33 the leading philosopher of
science in the 20th century. Popper concerned himself with the
generation of scientific knowledge. This involves inventing and testing
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theories. The key distinguishing feature of scientific knowledge is that
it should be refutable. Popper does not describe how science is
actually performed on a day-to-day basis, but he does provide a focus
on the real world when considering scientific ideas.34 Popper indicates
that any attempt to place political or social constraints on science is
inevitably disastrous. Any group, institution, or pattern of belief that
tries to constrain science is harmful.

Separating science from sociology
Ultimately, there is only one rule in science, which is to describe
the world accurately. For example, an aeroplane is designed
according to scientific principles, with the requirement that it flies with
a degree of controllability and safety. In building an aeroplane, the
primary consideration is that it will do its job and function well. No
amount of public relations by the airline company would compensate
passengers for an aeroplane’s inability to fly or, even worse, to land.
The situation in medicine is essentially the same. A scientific
theory needs to be supported by the relevant experimental data. It
does not matter what the eminent authorities argue or whether no one
believes the theory. A theory that is consistent with the facts will
eventually be accepted. The core scientific questions we should ask
are these: How convincing is the evidence? Do the theories fit the
facts? Is the evidence consistent? What do the experiments actually
show? In medicine, despite the jargon, ideas are generally simple
when explained clearly. Given the evidence, intelligent people are
able to grasp the essential ideas and make up their own minds.
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The history of vitamin C
“In questions of science, the authority of a thousand is
not worth the humble reasoning of a single individual.”
Galileo Galilei
The value of certain foods in preventing illness was known long
before the first vitamins were actually identified. We have already
described Lind’s experiments, which showed that citrus fruit would
cure scurvy. Despite these observations, it was not until the 20th
century that the existence of vitamins was established. In 1897, a
Dutch physician called Christiaan Eijkman discovered that feeding
fowl a diet of polished, rather than unpolished, rice caused a condition
similar to the disease beriberi. At first, Eijkman did not recognise
beriberi as a deficiency disease but, by 1907, he and his collaborator
Grijns had concluded that rice bran contained a nutrient that is
essential for good health. Eijkman’s findings led to the discovery of
vitamins and he was awarded the Nobel Prize in recognition of his
work.
In 1906, the British biochemist Sir Frederick Hopkins showed
that foods contained essential accessory factors. Hopkins fed rats on
a diet of artificial milk, made from protein, fat, carbohydrates and
mineral salts, and found that they did not grow. However, they grew
rapidly when a little cow’s milk was added to the formula. He termed
the missing factors, now known as vitamins, accessory substances.
Casimir Funk, a Polish biochemist, followed up Eijkman’s work in
1912 by isolating a substance from unpolished rice that would prevent
the disease beriberi. Funk demonstrated that pigeons could be cured
of beriberi by feeding them a concentrate made from rice polishings.
He discovered that the active substance was an amine (a type of
nitrogen-containing compound), so he suggested the name vitamine,
short for “vital amine”. This term came to be applied more generally to
what Hopkins had called "accessory factors”, which became known as
vitamins when it was realised that not all such substances contained
nitrogen. We now know that vitamins have different chemical
properties and functions, and many are not amines.
In 1912, Hopkins and Funk proposed the vitamin hypothesis of
deficiency disease, which postulates that the absence of sufficient
amounts of a particular substance in a system may lead to a
corresponding disease. They suggested four “vitamines”, providing
protection against four diseases: beriberi (thiamine: vitamin B1),
scurvy (ascorbic acid: vitamin C), pellagra (niacin: vitamin B3) and
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rickets (vitamin D). Part of the hypothesis stated that scurvy was a
dietary deficiency disease caused by a lack of an unknown watersoluble substance, called vitamin C. Hopkins was awarded the 1929
Nobel Prize for Physiology or Medicine, for discovery of essential
nutrient factors, now known as vitamins, needed in animal diets to
maintain health. He received the prize jointly with Christiaan Eijkman.

Szent-Gyorgyi
Hopkins and Funk’s “unknown water-soluble substance” now
had a name, vitamin C, and an assumed function, preventing scurvy,
but its chemical composition was unknown. This began to change in
1928, when Albert Szent-Gyorgyi, a Hungarian biochemist who came
to work in Hopkins’s laboratory in Cambridge, isolated an acid from
the cortex of the adrenal gland and found it to be a strong reducing
agent. In his early years, Szent-Gyorgyi was an intuitive scientist of
genius level who earned the nickname of “The Saint” amongst his coworkers.35 He discovered that his new reducing agent, which he
crystallised into a white powder, was related to sugars and was
present in oranges and cabbage. When he submitted his results to the
Biochemical Journal, he decided to call it ignose on the grounds that
he was ignorant of its structure, and sugars are commonly given
names ending in –ose: hence, ign-ose. The editor objected to this
flippant name and asked Szent-Gyorgyi to change it. He did, but
changed the name to “godnose”. The editor did not share SzentGyorgyi’s sense of humour and decided it should be called hexuronic
acid instead.
Sixteen years after Hopkins and Funk proposed their vitamin
hypothesis, Szent-Gyorgyi isolated hexuronic acid. He did not show
that hexuronic acid was vitamin C immediately, although in his Nobel
Prize lecture he states that he had suspected that the substances
were the same “from the beginning”. He returned to his native
Hungary where he recruited a young American researcher. Svirbely
“had experience in vitamin research, but besides this experience
brought only the conviction that my hexuronic acid was not identical
with vitamin C.” Together, Szent-Gyorgyi and Svirbely carried out
tests to see if hexuronic acid was anti-scorbutic, and, when they found
that it was, they continued with the work in order to replicate the
results. On obtaining a positive result, Svirbely communicated his
findings to Charles King of the University of Pittsburgh. This was
unfortunate, because in 1932, King and a co-worker, W.A. Waugh,
published a paper in the journal Science suggesting that SzentGyorgyi’s hexuronic acid was actually vitamin C. The King paper
appeared 16 days before the paper in Nature by Svirbely and Szent51

Gyorgyi, who was not pleased that King and Waugh had beaten his
paper to publication.
Despite losing the race to publish, Albert Szent-Gyorgyi was
awarded the 1937 Nobel Prize in Medicine, for his discoveries in
connection with biological combustion processes, with special
reference to vitamin C. On this, the American press suggested that he
had stolen the discovery from King and Waugh and that the prize
should have been awarded jointly. However, it turned out that no one
had nominated King and Waugh, and the Nobel Prize committee do
not put forward candidates for the prize themselves. The committee
was therefore unable to make a joint award.
Vitamin C may have been isolated and identified much earlier.
As is often the case in science, this discovery was preceded by similar
observations. Dr Andreas Mollenbrok probably isolated a crude
preparation of vitamin C in the middle of the 17th century. Mollenbrok
extracted a salt from a member of the cabbage family, called scurvy
grass. Sailors ate the sharp-tasting leaves of this plant, which are high
in vitamin C, to prevent scurvy. Scurvy-grass ale was a popular tonic
drink. Mollenbrok claimed his salt, which he called the volatile salt of
scurvy grass, was the active ingredient.20 He also noted that
descriptions of this salt could be found in earlier literature, on the use
of this plant as a treatment for scurvy.
Szent-Gyorgyi went on to discover part of the citric acid cycle, a
core element in the biochemistry of metabolism. Hans Krebs used
Szent-Gyorgyi’s results to complete the cycle that now bears Krebs’
name and, again, Szent-Gyorgyi felt disheartened. He then turned to
the biochemistry of muscle and laid some of the foundations
necessary for the discovery of the mechanism of muscle contraction.
He subsequently became involved in politics and called for Hungary’s
withdrawal from the Second World War. His most notable political
achievement was to get Adolf Hitler personally to demand his head.
After the war, the quality of Szent-Gyorgyi’s scientific output
dropped dramatically. His arguments became confused and his ideas
on the role of free radicals in biology and disease have been largely
discounted. His isolated position, as the head of the Woods Hole
Research Institute, was somewhat separated from the demands of
normal science. Perhaps it was just old age but, while he clearly had a
strong continuing belief in the biological role of free radicals and
antioxidants, the standard of his work was poor.
Throughout his career, Albert Szent-Gyorgyi believed in the
efficacy of vitamin C for promoting health. According to him, a medical
conspiracy against vitamin C dates back, at least, to the isolation of
the vitamin.35 This viewpoint could be considered unnecessarily
adversarial. An alternative explanation is that there is a basic
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difference in philosophy between conventional clinicians and those
promoting alternative therapies. Medicine is inherently conservative:
what appears like misleading the public, to an outsider, may be
perceived as necessary prudence by clinical authorities.

The controversy begins
Albert Szent-Gyorgyi isolated vitamin C in 1928 and received his
Nobel Prize in 1937. Around the same time, in 1932, Irwin Stone
began a lifelong study of vitamin C, which he referred to as ascorbate.
He worked as a chemist for the Wallerstein Company in New York
and was initially interested in the anti-oxidant properties of the newly
discovered vitamin, as a means of protecting food against
deterioration. By the 1950s, Stone had become convinced that
humans could benefit from far larger doses of ascorbate than were
needed to prevent scurvy.
In April 1966, Irwin Stone met Linus Pauling, who found him to
be well informed and convincing. Pauling credits this meeting as the
starting point for his own interest in vitamin C. After looking at the
evidence, Pauling was convinced that there was a case for vitamin C
supplementation. He wrote his book on vitamin C and colds, perhaps
naïvely expecting that the medical profession would be pleased to get
the information. If it were true that vitamin C could prevent, cure, or
even just ameliorate the common cold, he thought, much suffering
might be avoided and physicians could get on with curing serious
diseases. The result, although astounding, was far from what he
expected. The medial profession vilified Pauling, branding him a
quack and a charlatan. It was claimed that he did not know what he
was talking about, with the implication that a mere chemist could not
understand the intricacies of medicine.
On the other hand, the public were in awe of Pauling and his
achievements. Their implicit reasoning can be stated as follows: if
Linus Pauling, the world’s greatest chemist, thinks that vitamin C is
“the most important substance in the world” then there must be
something in it. Of course, the opinion of someone with an
outstanding reputation can be mistaken and the history of science
provides numerous examples of gaffes made by great men. To put
this into context, however, Linus Pauling was one of the greatest
scientists who have ever lived. He was probably the leading American
scientist of the 20th century and certainly one of the most well known.
He gained two unshared Nobel Prizes, the first for chemistry, and the
second for peace.
Apart from having revolutionised chemistry, at the time he wrote
his book on vitamin C, Pauling had been publishing groundbreaking
biomedical research for over thirty years, since 1934. Indeed, he
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received 37 medical awards, some of which would be the pinnacle of
achievement for a world-leading physician. His findings included
showing that sickle-cell anaemia is a disease of haemoglobin, the first
known molecular disease. Pauling also predicted that enzymes would
work on a “lock and key” mechanism and this was confirmed many
years later. He discovered the basis of three-dimensional protein
structure: the hydrogen bond, the alpha helix and pleated sheets. He
also published a molecular theory of anaesthesia. These biomedical
achievements alone would make him a leading medical scientist but
they were arguably minor compared with his work in chemistry.
Despite these monumental achievements, Linus Pauling would have
been the first to tell you that, when considering vitamin C, the only
important thing is the evidence.
From a scientific standpoint, it appears surprising that the
medical establishment attacked Pauling and his ideas so strongly.
One might wonder at these physicians’ scientific backgrounds, given
that they were not embarrassed to level their accusations at a
scientist of Pauling’s standing. In his book, Pauling presented a
hypothesis with a basis of experimental support. Why was he
attacked? We can only guess: perhaps the medics were upset that
the book sold so well and caught the public imagination. Maybe they
were jealous. Perhaps the drug companies were worried that people
would use fewer cold medications. Who knows? Pauling was,
however, a capable opponent. After decades at the peak of science,
he could defend his corner. In the face of this challenge, the medical
establishment closed ranks and since then, vitamin C research has
been viewed as objectionable and largely unworthy of serious
consideration. Some have even argued that Linus Pauling went
through the same process as Albert Szent-Gyorgyi, claiming that a
long career of outstanding achievement was flawed as Pauling
became older and “lost the plot” with vitamin C. There is little evidence
for this view.
One unfortunate legacy of the Pauling - vitamin C controversy is
that it has entrenched opinion so strongly. The medical profession
depend on authorities for information about current best practice.
These medical authorities are understandably cautious when it comes
to innovation and new ideas. General practitioners, for example, must
struggle to keep track of the mountains of information on new drugs
and treatments. Guided by consensus and current medical opinion, if
the accepted policy is that vitamin C supplements are useless, then
that is what general practitioners are likely to believe. From his
position as the world’s leading chemist, Pauling could call on no
authority other than his own intellect. To understand why he staked
his reputation on vitamin C, we need to know a little chemistry.
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Chemistry and vitamin C
“Chance favours the prepared mind.”
Louis Pasteur
Vitamin C is an antioxidant. Such substances are widely
promoted as beneficial, in products ranging from face cream to pet
food. To appreciate the function of antioxidants, we have to know
some chemistry. This simplified account provides the background for
understanding the health benefits of ascorbate.

Oxygen
We might guess from the name that antioxidants have
something to do with oxygen, the gas that makes up about a fifth of
the earth’s atmosphere. It is common knowledge that oxygen is
essential to life, but less well known that it can also be a deadly
poison. To understand this paradox, we must look at the chemistry of
oxygen as it relates to living beings such as ourselves.
Plants produce oxygen as a by-product of photosynthesis, the
process by which they use energy from sunlight to build glucose from
carbon dioxide and water. This process ultimately provides the energy
for most life on earth. Both plant and animal cells require oxygen to
burn food and produce energy. A few life forms do not depend on
oxygen to live: these often require a different source of free radicals,
such as sulphur. The main exception is a group of anaerobic or
oxygen-hating bacteria that cannot live in the presence of oxygen.
These anaerobic bacteria do not have sufficient antioxidant defences
to exist in an oxygen rich environment.
A fire needs oxygen to burn, producing heat energy along with
products such as ash and carbon dioxide. Human life itself also
requires energy, which our bodies produce by breathing in oxygen
and metabolising food, in a process that we can describe as slow
combustion. We harness the energy produced by burning food to
maintain our body temperature or to power the reactions needed for
muscles to contract. However, our own body tissues are not so
different from the food we eat, and can be damaged by the same
oxygen molecule that is so essential to us. In response to the
damaging aspects of oxygen, our bodies have evolved a form of
protection, based on antioxidants. Living organisms have a large array
of antioxidant defence mechanisms to protect them from oxidative
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damage. Without these, life could probably not exist in our
atmosphere.
Oxygen damages biological molecules by stealing electrons, a
process known as oxidation. Pure oxygen injures and kills cells and
tissues. Most diseases and features of aging involve damage to
tissues caused by oxidation reactions, involving free radicals.
Examples of oxidation include the process that makes sliced apples
turn brown when left in contact with the air, or the explosive reaction
of metallic sodium with water. Antioxidants, including vitamin C, are
substances or processes that can prevent oxidation damage by
donating electrons to replace the lost ones. This process is the
reverse of oxidation and is called reduction.
The abundance of oxygen in the atmosphere comes from plant
photosynthesis, and its presence means that oxidation and
antioxidant defences have played a large part in the evolution of life
on earth. Some biologists suggest that multicellular organisms
originated because groups of cells clumped together to lower their
oxygen load. Higher up the evolutionary chain, animals breathe
oxygen in order to live. The oxygen we breathe allows us to burn our
food, releasing its energy in a controlled set of biochemical reactions.
At various stages in this process, energy is released in the form of
electrons, which are used to power the cell. The energy processes in
cells depend on transfers of electrons and protons, in chains of
oxidation and reduction reactions.
It is not generally known how important protection from oxidation
is to life. Later, we will see that oxidation is a consistent feature of
disease and illness, as might be expected of a process that is so
central to biology. The basic building blocks of our bodies are cells,
consisting largely of water, protein, fat, and genes made of DNA
(deoxyribonucleic acid). However, in order to exist and evolve, cells
also need antioxidants. Biological cells are packed full of antioxidants,
to protect themselves from a hostile, oxidising environment. The
central position of ascorbate as an antioxidant is demonstrated by its
ubiquity throughout the plant and animal kingdoms.

Molecular structure of oxygen
Molecules are composed of atoms, which consist of a nucleus of
neutrons and protons, surrounded by a cloud of negatively charged
electrons. As an electron spins, its electric charge generates a
magnetic field. Most electrons in molecules exist in stable pairs. With
two paired electrons spinning in opposite directions, the magnetic
fields cancel each other out. Oxygen is a strange molecule however,
as it is stable despite having two unpaired electrons. Because it
contains two unpaired electrons spinning in the same direction,
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oxygen is magnetic. Magnetic molecules and atoms, such as iron,
have at least one unpaired electron. The unique chemistry of oxygen
derives largely from it having two unpaired electrons.

Oxidation and reduction
Despite the name, the process of oxidation does not require
oxygen. Most people have a fair understanding of energy release from
fire and oxidation. Living creatures also obey the laws of physics and
chemistry. In metabolism, our food is oxidised in a controlled way,
extracting the energy bit by bit, as we break down the complex food
molecules. Our bodies take great care to keep the oxygen bound
safely to molecules such as haemoglobin, which transports it in the
blood. Too much free oxygen would oxidise our tissues and kill the
cells.
Oxidation = losing an electron
Reduction = gaining an electron
A well-known example of reduction is the preservation of Lindow
man and other bog-people, over thousands of years. Because a peat
bog slows down the rate of oxidative damage, tissues may survive for
extended periods with minimal degradation. Another example is the
sacrificial anode: a block of metal, such as magnesium, which is used
as an antioxidant to stop a ship’s hull from rusting. An iron or steel hull
will rust in seawater but if a different metal that oxidises more easily is
attached, it can donate electrons to the hull. Since steel is a good
conductor of electricity, the electrons can flow from the sacrificial
anode to the hull, preventing rust. As the steel loses an electron in an
oxidation reaction with the seawater, it takes a replacement electron
from the sacrificial anode, which is oxidised instead of the hull.

Free radicals
A free radical is a molecule with one or more unpaired electrons.
It will take electrons from any molecule it happens to bump into.
Atoms and molecules in the body are constantly vibrating and moving,
which ensures rapid chemical reactions. Free radical reactions are
biologically important, as they cause tissue damage.
Free radicals can be oxidising or reducing agents. The more
dangerous oxidising free radicals react with normal molecules and set
up chain reactions. Reducing agents donate electrons to reduce other
molecules, which can stop free radical chain reactions. Two free
radicals can also react, forming a covalent bond and combining to
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form a single molecule. In thinking about disease, we are mostly
concerned with oxidising free radicals.
These oxidising free radicals can be highly damaging to the
body, producing a chain reaction as one molecule after another is
oxidised. An antioxidant like vitamin C can donate an electron to a
free radical, stopping the reaction by allowing the free radical’s
reactive electron to form a balanced pair. This protects cells by
preventing free radical damage to essential molecules. Antioxidants
are sometimes called free radical scavengers, as they neutralise free
radicals in the body.
For simplicity, we use the terms oxidants, reactive oxygen
species and free radicals quite loosely and interchangeably, as they
can all lead to tissue damage by oxidation. There are precise scientific
definitions, such as, “a free radical is a reactive part of a molecule or a
chemical species with one or more unpaired electrons”,36 but our
description is sufficient to appreciate the properties of vitamin C. The
term reactive oxygen species covers a range of free radicals and
molecules derived from oxygen. Non-radical reactive oxygen species
include hydrogen peroxide, hypochlorous acid, ozone and singlet
oxygen. Reactive species can also be based on other elements:
reactive nitrogen and chlorinating species are found. This form of
oxidation is common in normal life, for example in antiseptic cleaning
and common household bleach.
X-rays and pure oxygen damage our tissues in similar ways.
Pure oxygen, especially at high pressure, produces a massive
increase in free radical reactions in sensitive tissues such as the
brain. X-rays and gamma rays generally travel straight through our
tissues, but occasionally they may hit our atoms and be absorbed.
Without this absorption, an x-ray image would not form. If we ignore
absorption by bone, water molecules absorb most x-rays, since our
bodies are largely composed of water. X-rays can damage protein, fat
and DNA molecules by hitting them directly, but more damage is
caused by the free radical chain reactions that originate with water.
Both x-rays and oxygen can split water molecules, producing
free radicals. The damaging free radicals that are of central
importance to biology are, ironically, intermediates between two
molecules that are essential to life: water and oxygen. At first, it might
seem strange that two things as apparently different as oxygen and xrays harm the body in essentially the same way. Later, we will find
that ageing, disease, stress, chemicals, and other insults to the body
also ultimately cause damage by means of oxidation and free
radicals.
Ionisation is the process by which a molecule loses or gains an
electron to form a free radical. X-rays are a form of ionising radiation,
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as they knock electrons out of molecules. In the nuclear centre of
atoms, protons have a positive electrical charge, while neutrons have
no charge. A cloud of electrons, each with a negative electrical
charge, surrounds the nucleus. In normal circumstances, the electrical
charge on the nucleus balances and is shielded by the charge on the
electrons. The forces holding the nucleus together are much stronger
than are those holding the electrons. Nuclear power depends on the
high energies in the nucleus of the atom, whereas chemical and
biological reactions involve the lower energy interactions of the
electrons.

Reactive oxygen and nitrogen species
Without oxygen, people die rapidly, but this element is also
highly poisonous. Even the low concentration of oxygen in the
atmosphere, about 21%, is damaging to air breathing creatures. The
oxygen you are breathing as you read this sentence is damaging your
tissues. Higher concentrations of oxygen than those found in air are
generally toxic to both plants and animals. Even simple bacteria will
swim away from areas of high oxygen concentration to achieve a
more acceptable redox state. The redox state is the complementary
balance between reduction and oxidation.
The damage caused by high oxygen concentrations is of
interest in medicine because of the concentrations used in hyperbaric
oxygen chambers. It is also of importance in other areas such as deep
sea diving, submarines and spacecraft. In the early 1940’s, a new
disease called retinopathy of prematurity was described, which
involved formation of fibrous tissue behind the lens in the eye. In
1954, researchers realised that this disease was a result of the high
oxygen concentrations used in incubators for premature babies.
Nowadays, doctors monitor the concentration of oxygen in incubators
and antioxidants may be used.
Another example of damage caused by oxygen is in occlusive
stroke and coronary occlusion. In stroke and heart attack, arteries
become blocked by blood clots and tissues supplied by the blood
vessel die when deprived of oxygen. Surprisingly, damage also
occurs when the blood supply is restored. The re-supply of oxygen
triggers a massive burst of free radicals that kills and damages cells.
Some antioxidants, such as lipoic acid and vitamin C, can protect
against this reperfusion damage.37

The hydroxyl radical
Water covers two thirds of the surface of the planet and its
properties are well known. The water molecule, H2O, consists of two
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atoms of hydrogen and one of oxygen. Water molecules can split
back into their constituent parts in different ways. Conversely, when
oxygen combines with hydrogen to form water, the same free radical
intermediates can occur. These are biologically important.
For example, when an x-ray knocks an electron out of a water
molecule, the molecule can split into a hydrogen ion, H+, and a
hydroxyl radical, ·OH. The hydrogen ion exists normally in solution
and merely adds infinitesimally to the acidity of the water. By
comparison, the hydroxyl ion (·OH) is an extreme free radical: it will try
to get an electron from anywhere it can. The dot (·) on the OH of the
hydroxyl radical indicates an energetic unpaired electron. These
molecules react instantaneously with any biological molecule they
meet on their rapid diffusion through our tissues. Hydroxyl radicals are
so reactive that dietary antioxidants are usually considered ineffective
in stopping their destructive action.36 The antioxidant would need to
be in the tissues at a high concentration, to have any chance of being
the first important molecule the free radical meets.
In the absence of massive doses of antioxidants, a hydroxyl
radical can trigger a sequence of damage. If the hydroxyl ion hits a
protein, it steals an electron and combines with a hydrogen ion to
become an inert molecule of water once again. However, the protein
is now one electron short and has become a free radical in turn. The
protein wants to replace its lost electron and will steal one if it can.
This is how a free radical chain reaction starts. A free radical steals an
electron and becomes stable. The molecule that has had its electron
stolen is now a free radical and will steal one in turn. The process
continues, until it reaches a molecule that gets an electron by reacting
with itself or by combining with another molecule to produce a corrupt
molecular structure, that has lost its biological function. Butter
becomes rancid in this way. In rancid butter, the fats have changed
their form in response to free radical attack. This oxidation of fats is
called peroxidation and, as we shall see, it is a central feature of heart
disease and strokes.
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Hydrogen peroxide
If water loses two electrons, it can form hydrogen peroxide,
H2O2. This chemical is commonly used as a bleaching or oxidising
agent and the name has given us the “peroxide blondes” of
Hollywood. In a sense, hydrogen peroxide is positioned two electrons
away from both water and oxygen. For this reason, it can act as either
a reducing agent or an oxidising agent. It can gain electrons and be
reduced back towards water, or can lose electrons and be oxidised
towards oxygen. It can even react with itself to produce oxygen and
water.
Normally, hydrogen peroxide acts as an oxidising agent. It
becomes especially dangerous in the presence of iron. The reaction is
sufficiently important that it has been given the name the Fenton
reaction, after the chemist Henry Fenton who described it at the end
of the 19th century. The problem with the reaction of hydrogen
peroxide with iron is that it produces destructive hydroxyl radicals.
Hydrogen peroxide is highly reactive and converts to oxygen
and water in the presence of an enzyme called catalase. Catalase
was one of the first enzymes to evolve, as early life forms required
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antioxidant protection from their environment. We will have more to
say about this enzyme when we discuss the use of vitamin C in
cancer treatment. Another enzyme, requiring the antioxidant
glutathione as a co-factor, can also destroy hydrogen peroxide.
Vitamin C is not the most important antioxidant in the cell: that
distinction goes to glutathione. Vitamin C and glutathione exchange
electrons in a cellular network of antioxidant defences. However,
since glutathione is a peptide, or small protein, it is broken down in the
gut and is not suitable as a dietary supplement.

Superoxide
If we take an additional electron from hydrogen peroxide (and
lose the hydrogens), we get the final intermediate between water and
oxygen. This intermediate is called the superoxide radical, ·O2-.
Despite its powerful sounding name, it is not very reactive, unlike
hydrogen peroxide. Superoxide reacts rapidly with other free radicals
but reactions with fat, protein or DNA are limited to acid conditions. In
the presence of iron, superoxide can participate in a Fenton reaction
to produce the vicious hydroxyl radical.
An enzyme called superoxide dismutase, or SOD in its poetic
shortened form, converts superoxide back to oxygen and hydrogen
peroxide. In nature, there are several different forms of SOD. Oral
forms of SOD can be found in health food stores, but are probably
destroyed in the stomach before entering the body. Enzymes like
SOD are protein molecules, which the digestive system consumes
and destroys; there are certainly more effective antioxidant tablets.

Structure of Vitamin C
Vitamin C is a small molecule, similar in structure to the sugar
glucose. It is composed of six carbon atoms, six oxygen atoms and
eight hydrogen atoms, all linked together by chemical bonds. It is a
weak acid, also known as ascorbate and l-ascorbic acid. Many food
supplements use the salt forms: sodium ascorbate, calcium ascorbate
or magnesium ascorbate; these are neutral or slightly alkaline rather
than acid and are easier on the stomach. Solutions of ascorbate are
stable at room temperature, unless transition metals such as copper
are present. Copper will oxidise ascorbate. So, if you want vitamin C
from your food, do not cook your vegetables in copper pans.

Vitamin C as an antioxidant
Ascorbate has many actions in the body, but one of the most
important properties is that it is an antioxidant. When a dangerous
free radical reacts with vitamin C, the free radical gains an electron
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and becomes unreactive. The vitamin C itself is oxidised, since it has
lost an electron. Ascorbate donates an electron to the free radical and
forms semidehydroascorbate, also known as the ascorbyl radical.38
Fortunately, the ascorbyl radical is unreactive and is neither strongly
reducing nor oxidising. This low reactivity is the key to many of vitamin
C’s properties. Since the ascorbyl radical is unreactive, the free
radical reaction is stopped or quenched.
Two ascorbyl radicals can combine, forming one molecule of
ascorbate and one of dehydroascorbate.39 Dehydroascorbate is
ascorbate that has lost two electrons – it has been doubly oxidised. In
many reactions, ascorbate donates two electrons to become
dehydroascorbate, which can be reduced back again to ascorbate.
The oxidised form, dehydroascorbate, is not stable and breaks down
in a complicated way, forming oxalic and l-threonic acids.

Ascorbate has a wide range of antioxidant properties outside the
body and can quench most biologically active free radicals.40 It
scavenges superoxide, nitroxide, hydroxide and hydrogen peroxide
and will reduce vitamin E. The list of properties of ascorbate as a
reducing agent in the laboratory is long and is not reproduced here, as
the chemical properties of ascorbate are not disputed. Inside the
body, ascorbate has a large number of antioxidant roles but it is
harder to demonstrate this directly.

Vitamin C as an oxidant
Many antioxidants normally present in our cells are reversible:
they can both donate and accept electrons. When they donate
electrons, they act as antioxidants. When they accept electrons, they
act as oxidants and are themselves reduced. Vitamin C can act as an
oxidant, especially in the presence of metal ions such as iron.41 Many
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other biological antioxidants can also become oxidants, under the
right conditions. Under certain circumstances, vitamin C can act as a
pro-oxidant and damage cells. This is not always a bad thing - for
example, vitamin C might oxidise cancer cells, killing them and
leaving normal cells healthy. As we shall see, scientists claim that
massive doses of vitamin C kill cancer cells, apparently by producing
hydrogen peroxide. In this case, oxidation is clearly beneficial.
In the body fluids, ions of metals, such as copper and iron, are
normally bound to proteins. However, this might not always be true
inside the living cell. Some patients with iron overload diseases can
have free iron in the plasma, and rare reactions to vitamin C
administration have been reported in such cases. The idea that
ascorbate can act as an oxidant under some circumstances is a more
valid argument against high dose administration than the more
frequent suggestion that it might cause kidney stones, but the
supporting evidence is insubstantial. Vitamin C normally acts as a
reducing agent.

Why are free radicals important?
The free radical theory of aging states that free radicals are the
fundamental cause of aging. Adding antioxidants to the diet of animals
increases their average life span, although generally, it does not
produce an increase in the maximum life span of the oldest
individuals. If mice live to be a maximum of three years old, mice
given antioxidants will die closer to this age, but typically will not live
longer than three years. Scientists have explained this finding by
suggesting that antioxidants reduce the level of disease and
degenerative processes but do not affect the core aging process.
The free radical theory suggests that aging is an oxidative
process and provides a fundamental mechanism, linking several
alternative explanations. The mitochondrial theory is a special case of
the free radical theory,42 in which the mitochondria, being a constant
source of superoxide and other free radicals, are particularly
susceptible to damage over time. Mitochondria are sub-cellular
particles that provide the cell with energy. They are thought to have
originated early in evolution, when a cell engulfed a bacterium and
both survived.
Many free radicals are produced in the mitochondria, which
slowly become damaged with time. As the mitochondria are injured by
the oxidants they produce, their function declines and they produce
even more free radicals. According to this model, the cell dies either
because the mitochondria cease to provide it with sufficient energy, or
because they poison it with oxidants. Leakage of reactive molecules
from mitochondria is usually small and is roughly balanced by natural
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free radical scavenging mechanisms. The transfer of electrons in
mitochondria is not completely efficient.43 Perhaps one to three
percent of the oxygen we breathe is normally converted to
superoxide. This is a relatively efficient process, but the released free
radicals need to be quenched by antioxidants before they damage the
cell. Most dietary antioxidants do not reach the mitochondria and are
not able to prevent this free radical damage. However, the
antioxidants r(+)-lipoic acid and acetyl-l-carnitine have been shown to
restore mitochondrial function in aged rats back to levels normally
found in young animals.44,45,46 Bruce Ames, one of the researchers,
described the response, saying it was as if the supplemented old rats
got up to “dance the Macarena”!
Free radicals and oxidation are involved in most disease
processes. Just about every disease mechanism seems to involve
free radical reactions, as do the body’s defence mechanisms.
However, antioxidants help bias the body towards a reducing state.
The abundance of active antioxidants in the reduced state limits the
damage to the tissues and promotes good health. As we will show in
the following chapter, the use of antioxidants to protect against illness
started a very long time ago.
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Evolution and deficiency
“The mystery of the beginning of all things is insoluble
by us, and I for one must be content to remain an
agnostic.” Charles Darwin
Vitamin C is an important antioxidant throughout the plant and
animal kingdoms. Because it is so widespread, one way of estimating
human requirements is to find out how much is used by related
species of animals. Irwin Stone compared the diets and vitamin C
intake of animals to that of humans, and concluded that humans were
deficient. The first thing to note in such comparative studies is that
humans are unusual because, unlike most other animals, we are
unable to make vitamin C in our bodies.

Mutation
About 40 million years ago, our ancestors lost the ability to
manufacture vitamin C in their bodies.47 The ancestors concerned
were small, furry, mainly vegetarian mammals, more like tree shrews
than apes. Estimates place the date of this mutation in a range from
twenty to sixty million years ago. In evolutionary terms, this date is not
much later than the extinction of the dinosaurs.
Biologically, ascorbate is synthesised from glucose in a series of
steps catalysed by enzymes. Enzymes are chemical substances
produced by living cells, which promote particular chemical reactions
while not themselves being changed. In humans, the gene for
gulonolactone oxidase, the fourth and final enzyme required to
convert glucose to ascorbate, is defective. The coding for this enzyme
is present in human DNA, but the gene is mutated. This alteration
could have been a result of the action of a retrovirus, the class of
viruses that includes the human immunodeficiency virus (HIV),
believed to cause AIDS.48
There is little evidence concerning the evolutionary
consequences of the loss of the ability to make the vitamin, although it
is thought that such a loss leads ultimately to a reduced biological
fitness. Since the descendants of the individuals in whom the mutation
occurred did not die out but prospered, it has been assumed that they
must have been consuming a diet high in vitamin C. Man has many
other antioxidant defence mechanisms, but they do not protect us
from the same free radicals as vitamin C. All descendants of the
individuals carrying the defective gene are therefore dependent on
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getting ascorbate from their diet. For this reason, scurvy can be
viewed as a genetic disease, an inborn error of metabolism.47
It is often stated that man, monkeys and guinea pigs are the
only animals that are unable to make their own vitamin C, but this is a
simplification based on inadequate data.49,50,51 Most animals have not
been tested for the ability to manufacture vitamin C. It is not even
known for sure that all humans have completely lost this ability. The
closer we examine the available data, the more complex the situation
appears. We now have evidence that dietary vitamin C is required by
bats, some fish, many birds but not all primates. Animals that make
their own ascorbate do so in different organs. Mammals and perching
birds make it in the liver, while reptiles and other birds tend to make it
in the kidney.

Implications of gene mutation
Irwin Stone became interested in the amounts of ascorbate
present in the tissues of animals other than man. Animals that
synthesise ascorbate make relatively large amounts, although the
evidence is incomplete. Rats are reported to make 70mg per kilogram
of body weight each day.52 If the rat is stressed, the amount of
ascorbate it produces increases by a factor of about three, to 215mg
per day.53 Plasma levels of ascorbate reduce to one half (from 56 to
29 µM), and excretion increases by a factor of 10 (from 46 to 450 µM)
in diseased rats.54 Injection of ascorbate (equivalent to about five
grams in a human) restores plasma levels, blood pressure and
capillary perfusion to normal levels; ascorbate also inhibits growth of
bacteria. Rats respond to infection by increasing both synthesis and
excretion of ascorbate. Similar stress related increases are found in
other animals that produce their own vitamin C.55
Weight for weight, the rate of ascorbic acid production in the rat
is equivalent to between 5 and 15 grams per day given intravenously
to a 70kg adult human. By comparison, 10 grams is thought to be a
very large dose of vitamin C for a person; the recommended daily
allowance (RDA) is only 60mg per day. It is possible that the
requirements for rats are different to those for man. However, similar
rates of production are found in goats (human equivalent 13 grams)
and other animals. Domesticated cats and dogs produce less (human
equivalent 2.5 grams). It can be misleading to extrapolate from
animals to man. There are some important differences between
closely related animals, despite the fact that unrelated animals, such
as worms and elephants, have remarkably similar biochemistry. Even
within a species, the biochemical variation between individual animals
can be large.
68

Where animals, such as guinea pigs and bats, have lost the
ability to make ascorbate, it has been claimed they eat a diet that
provides a high level of the vitamin. Once again, the evidence does
not support such a strong statement, as we do not have a complete
list of these animals. However, in the case of our nearest relatives, the
primates, we know that they consume large amounts of vitamin C in
their mainly vegetarian diet. Primates may not have a diet that
provides as much vitamin C as animals that manufacture the
substance internally, but it is clearly enough for evolutionary success.
A laboratory monkey requires the equivalent of one gram of vitamin C
per day, whereas a human is claimed to need only a fraction of this
amount.2 A modern gorilla, living naturally in the wild, eats about 4.5
grams of ascorbic acid per day.2 Linus Pauling used the nutritional
values of plant foods to estimate that, assuming an early human diet
similar to that of the great apes, the human intake of ascorbate should
be 2.3 to 9.5 grams per day.56

Deficiency
Assuming our biochemistry is similar to that of our nearest
animal relatives, we should be consuming large amounts of vitamin C
each day and most people are therefore deficient. According to
Pauling, the range of the B vitamins in 110 raw plant foods supplying
2,500 calories is two to four times the recommended dietary
allowances. However, the corresponding amount for ascorbate is at
least 35 times the RDA. A vegetarian eating raw plant food would
ingest a much larger quantity of ascorbate than of the B vitamins.
Although this is an interesting argument, we have little
information about the evolution of man and what data we do have
derives largely from skeletal remains dating from the last two million
years. The mutation happened about 40 million years ago and we
have no information about the lifestyle of our distant ancestral
species. While it is likely that our ancestors were largely vegetarian
and the plants they ate had similar levels of vitamin C to those we find
today, we cannot be certain about this.
Surprisingly, when our ancestors’ ability to make vitamin C was
lost, it might not have reduced their evolutionary fitness. If they were
consuming high levels of vitamin C in their diet, they would not have
needed to manufacture it internally. Indeed, as Pauling has pointed
out, not making ascorbate at the time of the mutation may even have
had survival value, as it modified biochemical pathways and
conserved energy.57 Robert Cathcart goes further, explaining that in
times of food shortage, animals that do not convert scarce glucose
into ascorbate have a clear advantage and out-starve those that do.58
This increased survival value would have been lost when
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descendants of our pre-human ancestors changed their diet to include
less vitamin C.
Pauling’s and Cathcart’s suggestions are plausible, but it is not
necessary for a mutation to add to the survival value of an organism
for it to continue in the population. It is possible for a mutation that is
neutral or even slightly deleterious to exist in a population over a long
period. The classic example of a harmful gene becoming established
in the population is the gene for sickle cell anaemia. Linus Pauling
discovered the cause of this disease in 1949. A gene coding for a
protein in haemoglobin, the substance that carries oxygen round the
bloodstream in red blood cells, is damaged. The sickle cell gene is
damaged by a single mutation in which an amino acid (glutamic acid)
is replaced by another (valine). A homozygous person, with two
copies of the defective gene, suffers sickle cell anaemia, a serious
blood disease. However, a heterozygous person, with only a single
copy of the defective gene, has enhanced protection against malaria.
In places where malaria is prevalent, the sickle cell gene may be
present in a high proportion of the population. The sickle cell illness is
balanced by the protection against malaria, in a biological cost benefit
analysis.

Hypoascorbemia
Following on from his evolutionary studies, Irwin Stone
suggested that present day humans suffer from an inborn error of
carbohydrate metabolism called hypoascorbemia.59,60 This means a
chronic disease resulting from too little ascorbate in the diet. While
scurvy is an acute, life-threatening illness, hypoascorbemia is the
result of an ongoing deficit, in which there is enough vitamin C to
prevent scurvy but not enough to prevent disease in the longer term.61
According to Stone, ascorbate has been considered as dietary
“vitamin C”, whereas in most animals it is made internally in large
quantities, and should not be regarded as a vitamin.
The counter argument to Stone’s suggestion is that since the
original mutation, humans could have adapted to low levels of
ascorbate. The evidence to support this suggestion is that above an
oral intake of about 200mg, ascorbate is excreted by the kidneys. A
daily dose of only 40-60mg is enough to maintain the tissue levels
found in the population and, in the UK, the reference intake for adults
in 1991 was 40mg per day.62 This intake prevents acute scurvy.
Nonetheless, these amounts are well below the 100-200mg per day
threshold at which “excess” ascorbate is excreted. The sceptical
argument can be summarised as implying that if doses above about
200mg are excreted in urine, anything above this is a waste of money.
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This claim is incorrect. It assumes that animals that make their own
ascorbate do not excrete it, which is not the case.
Pauling’s evolutionary argument supports a megavitamin
hypothesis but, although interesting, it is not strong evidence in
scientific terms. During the 40 million years since the loss of the ability
to make vitamin C, evolutionary pressure could have reduced man’s
dietary requirements to milligram levels. Indeed, Pauling’s own
therapy for heart disease, considered in detail later, depends upon a
form of cholesterol having evolved to replace vitamin C in the healing
of arteries. Clearly, none of these evolutionary approaches tells us
how much vitamin C we need in our diet. They also provide little hard
evidence concerning the amount required each day. We will
investigate this question further in the next chapter.
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How much does a healthy person
need?
“The establishment defends itself by complicating
everything to the point of incomprehensibility.”
Fred Hoyle
The question “How much vitamin C does a healthy person
need?” sounds relatively straightforward. Scientifically, it is a
surprisingly difficult question to answer and, in reality, there is
insufficient evidence to reach a reliable recommendation for daily
intake.

Recommended dietary allowance (RDA)
The US Food and Nutrition Board have prepared
Recommended Dietary Allowances since 1941. Initially, the RDA was
based on the amount needed to prevent people getting scurvy, which
can easily be measured in short-term studies. The dose required to
prevent acute scurvy was established many years ago, as a few
milligrams per day.
In the United States, the RDA is defined as “the level of intake of
essential nutrients that, on the basis of scientific knowledge, are
judged by the Food and Nutrition Board to be adequate to meet the
known nutrient needs of practically all healthy persons”. Individuals
with special needs are excluded. It should be understood that RDA
values are not scientific, despite claims to the contrary, and many
professional scientists and clinicians question their utility and
significance.
The RDA is said to be the amount of vitamin that provides the
least risk of inadequacy and the least risk of toxicity. Unfortunately,
this definition is too vague to have any scientific meaning. The phrase
“least risk” is fine if it applies to an estimated probability. However, the
work underlying the RDA does not have enough data to estimate
probabilities accurately. The word “inadequacy” is undefined: it could
mean not dying of acute scurvy or, on the other hand, it could imply a
reduced risk of heart disease, cancer, cataracts or a thousand other
problems in the longer term. The toxicity depends both on the dose
and the biological variability. For any given person, the required
amount is a result of a cost benefit analysis and, as we shall see,
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there is insufficient data to make a global recommendation based on
scientific evidence.

Biological variation
In the definition of RDA, it is claimed that the recommendations
are a result of “scientific knowledge”. However, the philosophy behind
the RDA concept is based on outdated biological ideas. Evidence
from the last fifty years does not support the suggestion that a single
vitamin C recommendation is suitable for a biologically variable
population. Furthermore, the RDA values have been determined
according to methods that tend to overlook individual variability. The
inadequacy of such approaches was made clear as long ago as 1956,
by Roger Williams in his classic book “Biochemical Individuality”.5
With the arrival of technologies such as genetic sequencing, has
come the expectation that medical treatment and nutrition will soon be
tailored for our individual biochemistry. Conventional RDA values
persist because they provide a simple intake level that can be used to
prevent acute deficiency.

Chronic deprivation
In addition to concerns about biological variability, the RDA does
not differentiate between short and long-term effects of different levels
of deprivation. For example, chronic disease might occur, even with a
vitamin C intake several times greater than the RDA. In scientific
terms, the suggestion that sub-clinical scurvy causes chronic disease
is a valid hypothesis, although admittedly it might be difficult to
investigate. Studies of chronic disease and ageing can take years to
complete, whereas much of modern science depends on achieving
quick results.
To follow the long-term effects of different levels of ascorbate,
even on short-lived animals, would be expensive, as it would take
years to complete the project. One possible research subject, the
guinea pig, can live from four to seven years in captivity, whereas by
most research and funding standards, five years is a long-term
project. A longitudinal study of the effects of varying levels of vitamin
C intake in humans over, say, a 70 year lifespan, would take several
generations of scientists, even if the subjects were prepared to give
permission and stick to the dietary protocol.
The general hypothesis that chronic disease arises from subclinical vitamin C deficiency is weak, because it makes no specific
predictions and would be difficult to evaluate experimentally. Refuting
the proposal for a particular disease, such as arthritis, would provide
no evidence for the effects on heart disease, for example. Yet, if true,
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the idea that sub-clinical scurvy causes chronic disease has
enormous implications for health.

RDA based on biochemistry
To get round the chronic disease question and address the
problem of setting a more reliable RDA, one approach has been to
measure the absorption and excretion of vitamin C. Following criticism
of the scurvy prevention method for determining the RDA, Dr Mark
Levine, from the US National Institutes of Health, proposed that
requirements for vitamin C and other vitamins could be determined
using biochemical measurements.63,64,65 Levine hoped to put nutrition
into a biological context, by determining a person's requirements from
the amount needed for essential chemical reactions. In his initial
experiments, the aim was to find an optimal intake by measuring how
much is absorbed, retained in the tissues or excreted.
The reasoning behind these experiments goes something like
this: if the person is consuming too much vitamin C, then any excess
will be excreted. If they are not consuming enough to maintain
physiological levels, then active pumps in the kidneys will reabsorb
vitamin C and conserve it for future use. These ascorbate pumps help
prevent scurvy when the diet is deficient. However, while prevention
of acute deficiency provides an evolutionary advantage, it does not
preclude chronic disease in the older animal. It is a general feature of
biology that evolutionary adaptation is greater over short periods and
in younger, reproductively active animals. Therefore, absorption and
excretion measurements by themselves may add little to our
understanding.

Absorption and excretion
Knowledge about the absorption and excretion of vitamin C is
rather limited and does not take into account individual variation or
state of health. Specifically, most results come from small numbers of
healthy young adults, so we do not know how very young, old or sick
people respond. In healthy, young adults, vitamin C is actively
removed from the gut66 and at low doses, say below 60 mg, almost all
is absorbed.67 The proportion (though not the absolute amount)
absorbed in a healthy individual decreases with dose: up to 80-90% of
a 180mg dose is absorbed,68 this reduces to 75% at 1 gram, 50% at
1.5 grams, 26% at 6 grams and 16% at 12 grams.62,69,68 So, with a
single dose of 12 grams, the actual intake into a healthy body is about
two grams and the rest is excreted. Once in the body, the ascorbate is
distributed widely and some tissues, such as brain, white blood cells
and the retina, contain high concentrations.
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The way vitamin C is used and excreted by the body depends
on the dose. In humans, the principal route for elimination of the
breakdown products of ascorbic acid is excretion in urine. If the dose
is low, only a small amount of the vitamin is excreted unchanged. For
example, about 20-25% of a 60mg dose is excreted as ascorbic acid,
some of which is in the oxidized form, dehydroascorbic acid; a further
60% is excreted in modified form as either diketogulonic acid (20%) or
oxalate (40%).70 With increased doses of ascorbate, correspondingly
more is excreted unchanged. Approximately 60% of a daily dose of
180mg is excreted as ascorbic acid, 80% of a one gram dose and
90% of a three gram dose.67,66

Levine’s work on recommended daily allowances
Mark Levine proposed recommending a dietary vitamin C
allowance for healthy young men.63 In a subsequent paper, he
repeated the research with 15 healthy young females and obtained
similar results.65 His study measured the absorption, blood levels and
excretion of vitamin C. This work has been accorded great
significance and is cited as underlying the standard RDA for vitamin
C.63,65,71,72 The Linus Pauling Institute (but not Pauling himself) have
also based their recommendations on Levine’s paper.
We have examined these papers in some detail, as they
represent establishment thinking in this area. For example, according
to the National Academy of Sciences Dietary Reference Intakes for
Vitamin C, Vitamin E, Selenium, and Carotenoids (2000): “The
rigorous criteria for achieving steady-state plasma concentration (five
daily samples that varied less than or equal to 10 percent) make the
Levine data unique among depletion-repletion studies.” The ready
acceptance of Levine’s work contrasts markedly with the rejection of
Linus Pauling’s work on large doses.
Mark Levine is a dynamic and outspoken researcher, with an
open-minded approach to vitamin C. We will consider his first paper,
which proposed that the RDA for men should be increased from 60mg
to 200mg daily, in detail. The subsequent paper, which related to
women, is similar and provides less detailed data. As we will show,
this research does not relate to optimal dosing. Levine has made an
honest attempt in a difficult and contentious area, but his analysis is
necessarily limited by the need to conform to the aims and philosophy
of the RDA.
Levine’s paper recommends 200mg per day as the RDA for
vitamin C, and adds that doses above 400mg provide no benefit. In
our analysis, we will see whether these assertions are supported by
the data. The research provides basic data on how the healthy body
handles vitamin C. Levine measured absorption of orally administered
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vitamin C and compared it with similar amounts injected directly into
the blood. He found that higher doses of vitamin C were incompletely
absorbed by the body. He also investigated the uptake of ascorbate
by white blood cells. Specific details of this work are discussed below.

Number of subjects
Levine’s first paper derived its recommendation for a
recommended dietary amount from a study of just seven healthy,
young, male volunteers, aged 20-26, who were in a hospital for a
period of between four to six months. His second paper studied a
similar set of 15 healthy, young female subjects. If Levine’s RDA
recommendations are to be taken at face value, the few subjects he
studied have to represent the biological variation of the whole US
population, about 280 million people, in response to vitamin C.
There is little doubt that Levine is aware of the difficulties in
extrapolating from such small samples to the population as a whole.
These are difficult, long-term studies and he was limited to a small
sample by the intensive nature of his investigations. In Levine’s
experiments, the number of subjects is relevant, as the results are
being applied to the whole population. Sampling a population
generally produces a reduced variability, since extreme values are
unlikely to be represented in the selected data.

Blood plasma levels
Levine measured what he called “steady state” blood levels of
vitamin C. We will explain the meaning of this term. If a drug is
administered repeatedly, at intervals that are short relative to the rate
of removal from the body, it will accumulate. With time it will reach a
plateau level or steady state. A standard method is used in
pharmacology to obtain steady state levels of drugs in the blood
stream. Heart patients, for example, may require a constant level of a
beta-blocker for a consistent effect, without danger of too low or too
high a dose. For long-acting drugs, the dose can be adjusted to build
up to a steady state over a period of time.
To obtain steady blood levels, the dose interval has to be similar
to the length of time it takes to excrete the drug. Consider a drug dose
of 100mg, with a half-life of one day. This means that half the drug
(50mg) will be excreted in the course of one day. If a further 100mg
dose is taken on the second day, the effective dose is 100mg plus the
50mg that is still in the body from day one: a total of 150mg. If a third
dose is given on day three, the effective dose is 100mg plus 50mg
(from the previous day) + 25mg (from the day before): a total of
175mg. Over time, the blood levels reach a steady state. However, if
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the drug has a short half-life, say just one hour, then essentially all of
the previous day’s drug is removed before the next dose is given, and
there is little build-up in the bloodstream.
Levine has tried to determine a steady state blood level for
vitamin C, but has misapplied the technique by using dose intervals
that were long compared to the half-life. In applying this technique,
Levine appears to have forgotten that the half-life of vitamin C is very
short. When we discussed this point with him, he explained his
difficulty in getting the subjects to conform to a protocol that involved
repeated multiple doses at short intervals. He was also constrained in
the use of slow release formulations because of the confounding
effects of the filler and packing on the availability of the vitamin.
The advice he received from the pharmacologist on the study
was that a true steady state method could not be used with vitamin C,
as a residual level was retained in the body over a long period of time.
This advice was almost certainly incorrect, leading to a study design
that was compromised. When we discussed our alternative
interpretation with Mark Levine, he was remarkably helpful and
suggested that he would recheck with his pharmacologist about the
applicability of the techniques used. He added that he was
considering the effects of closely repeated doses.
Levine determined his “steady-state” plasma and tissue
concentrations at seven vitamin C dose levels, ranging from 30 to
2500 milligrams per day. Although the study covered a range of doses
of vitamin C, it excluded the higher doses recommended by Pauling
and others. The plasma measurement was made each day before
subjects received their dose of the vitamin. This means the
measurements were taken when the vitamin C had been excreted.
These readings would measure the background level of vitamin C in
the blood, as opposed to peak or even average values.

Plasma ascorbate levels, single dose vs. hourly doses
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This schematic graph was computed from published vitamin C
absorption and excretion data.74 It shows the levels of ascorbate
above base level. The dotted line is for a single two-gram dose taken
at time zero and the grey arrow shows what Levine measured. The
solid line is for a two-gram dose followed by repeated dosing (one
gram per hour) and shows that a steady state is reached within a few
hours. Notice how the steady state value is higher than the maximum
value for a single dose. The darker arrow shows a true steady state
measurement. This diagram illustrates Levine’s unfortunate “steady
state” error clearly.
The problem with this measurement can be stated simply.
Levine gave a dose of vitamin C, waited until it had been excreted,
and then measured the blood levels. The fact that this was done
repeatedly is irrelevant. When given intravenously, vitamin C has a
half-life of about half an hour in blood plasma. This means that the
blood levels will be halved every 30 minutes. The samples in this
experiment were taken about twelve hours from the previous dose.
Twelve hours is 24 half-lives and the blood levels would in theory be
reduced to 1/224 = 1/16,777,216. This is such a small amount that
repeated doses at this interval would not be expected to accumulate.
Oral doses take longer to be absorbed, and consequently more
time to be excreted. Levine’s results indicate that, with the oral doses
used, some limited accumulation did occur. Even so, the steady-state
level at an interval of 12 hours would not deviate much from the
background, regardless of the size of the dose. Any accumulation that
did occur could be related to changes in levels of enzymes, or to how
the vitamin was distributed through body tissues, but its significance is
not clear. Levine’s steady state values are merely the background or
baseline plasma levels with repeated dosing, when the supplement
has been excreted. At some point, the increase in Levine’s steady
state levels with dose declined, at which point he described the blood
as “saturated”.
The term “saturation”, as used by Levine, is misleading. In
chemistry, the word saturation is used to mean a solution that
contains all of a substance that is capable of dissolving. In other
words, it is a solution of a substance in equilibrium with an excess of
undissolved substance. This commonly used scientific definition
would suggest to the uninitiated that when Levine talks about plasma
saturation, he means that the blood holds as much vitamin C as it is
possible for it to hold. This is far from true. The base plasma levels
tended to stabilise at a dose of around one gram per day, at which
point Levine claimed the plasma was saturated. This might be taken
to imply that higher doses of vitamin C did not raise the blood levels;
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however, Levine’s own data show that they do, as can be seen from
the graph below:
Mean plasma vitamin C (microM)
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This graph (compiled from Levine’s results in men) shows mean
steady-state plasma values that increase over the range of doses.
The highest plasma value is achieved with the highest dose of vitamin
C. Furthermore, there is no reason to suppose that these residual
plasma levels would not continue to increase with higher doses. It is
evident that saturation has not occurred with a one-gram (1000mg)
dose, since the value for a 2.5 gram dose is higher.
In a later paper, Levine essentially refutes his own idea that the
blood plasma is saturated. He states that for a dose of three grams
every four hours “pharmacokinetic modeling predicted peak plasma
vitamin C concentrations of 220 micromol/L”. In other words, repeated
high doses provide a plasma steady state far in excess of his previous
“saturation” measurements.73
What Levine calls the saturated value is actually the residual
blood level for a repeated one-gram dose, after it has been excreted.
The blood plasma is not saturated in the usual meaning of the word,
as the levels would immediately increase above this level whenever a
person took a further dose.
Use of the term “saturated” in this context is at best ambiguous,
if not frankly misleading. A person taking divided doses or slow
release tablets would consistently achieve plasma levels higher than
the “saturated” value. The peak and average blood levels are
biologically more important. These increase with vitamin C intake,
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especially for divided doses.74 The use of what Levine calls “steady
state” background levels has questionable significance, and is
certainly not the solid evidence that those recommending the RDA
have taken it to be.

White blood cell levels
Another strand of Levine’s work was to measure the variation in
what he called “tissue concentrations” of vitamin C, as a function of
the dose level. The tissues in question were white blood cells:
neutrophils, monocytes and lymphocytes. Levine found that, at low
doses, white blood cells soon became saturated with vitamin C. The
three white blood cell types measured became saturated with a dose
of one hundred milligrams. It is important to point out that these data
do not necessarily indicate that all tissues would be saturated at this
dose. White blood cells accumulate and store high levels of vitamin C,
even when levels in the surrounding plasma are low.75,76 These cells
have specific requirements for vitamin C in fighting infection. The
difference between these white blood cells and most other cells in the
body is illustrated by their short lifespan. From formation to death,
white blood cells live for approximately one day and their death is
controlled by antioxidants.77,78 These cells are clearly specialized in
their requirement for ascorbate.
Some cells in the body have biochemical pumps, which are able
to concentrate vitamin C from the surrounding environment. There
are at least three pumps for ascorbate and Mark Levine has done
interesting work on their biochemistry. One pump transfers oxidized
vitamin C into cells; this is used in phagocytic white blood cells, such
as the neutrophils and monocytes used by Levine. Two others pump
vitamin C into tissues that have a high requirement, such as epithelial
tissues in the intestine, kidney and liver, or specialized cells in the
brain, eye and other organs.79,80 These pumps maintain high levels of
vitamin C in specialized cells, which need it in times of deficiency.
Although the pumps have a limited capacity for transporting the
vitamin, the cells can become “saturated” at relatively low
environmental ascorbate levels. At higher concentrations, the cells
continue to accumulate ascorbate above this value but the rate is low
and probably represents diffusion from the blood or plasma. The
possession of ascorbate pumps provides an indication that white
blood cells are particularly sensitive to depletion of the vitamin.
Neutrophils and monocytes are phagocytic, which means that
they engulf foreign particles, destroying them with oxidants such as
hydrogen peroxide. We will discuss the production and use of free
radicals by white blood cells in more detail later, when we describe
inflammation. Some lymphocyte white blood cells also contain the
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biochemical equipment for manufacturing free radicals. White blood
cells concentrate vitamin C, because of their particular need for
protection from oxidative damage. Biologically, this makes sense for
an animal that is short of vitamin C. Concentrating and storing the
vitamin in the white blood cells preserves essential immune function in
the face of deficiency.
The preferential concentration of vitamin C in white blood cells is
accepted by the Institute of Medicine as reflecting specific
requirements.64 Perversely, in justifying the RDA, the authors have
then stated that these levels are a good estimator of total body levels.
They do not provide evidence to support this statement. Even the
study they use to sustain this argument states that these cells have
particular needs. It relates the vitamin C levels in white blood cells to
those in blood plasma, in a limited number of subjects at low doses,
and indicates that further work is needed to estimate body status or
the levels in normal tissues of the body.81
Mark Levine is not part of the RDA committee and has no
responsibility for their actions. When we checked with him, he said
that white blood cells were used in his study simply because they
were easy to sample. He was not in a position to take biopsy samples
from internal organs in a study of healthy people. He points out that
other cells in the body contain pumps for vitamin C and white blood
cells may represent some other cell types. Despite white blood cells
having particular vitamin C requirements, they became a central part
of the argument for the RDA.64 Unfortunately, such tissues will be
among the last to be depleted in times of shortage and are therefore
least suitable for estimating general tissue requirements.
Since this is the only data presented by Levine for estimation of
tissue requirements, we will take as a hypothesis that: “a proportion of
normal, unstressed, young humans in their early 20’s, who are in
good health, can approach tissue saturation in some white blood cells
with specialized requirements at a daily dose of only 100mg of vitamin
C, if that dose is administered twice daily for an extended period.”
When stated carefully like this, we see the limitations of these results.
We can accept that Levine’s suggested 200mg RDA will provide
steady state “saturation” of some specialized tissues that
preferentially store the vitamin, in a proportion of healthy young
people. However, his limited sample did not include old men, pregnant
women, smokers, children, infants or the sick, for example.
The following anecdote illustrates how vitamin C requirements
can vary, even within a single individual. Dr Riordan, a leading
researcher into cancer and vitamin C, has described how the
increased need in times of stress was one of the factors that led to his
interest in the substance.3 As part of a research study, Riordan’s own
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vitamin C blood levels were being measured on a regular basis. His
levels were in the typical range of 13 to 17mg per litre. However,
during the time of the experiment, a spider bit him on the thigh; he
was surprised to find that his blood levels subsequently dropped to
undetectable values.
Thinking it would be easy to bring his levels back to the normal
range, he asked a nurse to give him 15 grams intravenously: a large
dose. The next day his blood levels were still undetectable. Amazed,
Dr Riordan repeated the 15 gram injection, with the same result. He
continued to repeat the cycle for five days, when his blood level
became detectable but was still in the range typical of deficiency. It
was several more days before his vitamin C level returned to normal
and the spider bite was completely healed. Here, in one subject, we
have an account of how a minor injury required more than 75 grams
of vitamin C, given intravenously, before normal blood levels were
restored.
This spider bite anecdote is reinforced by a French study of a
patient in intensive care who was receiving 130mg supplements of
vitamin C. Despite supplementation, this patient suffered scurvy when
his ascorbate levels collapsed because of increased need following
surgery.82 It took four weeks of daily one gram doses to reduce the
symptoms.

Bioavailability
We now need to consider Levine’s work on “bioavailability”.
Levine estimated that the bioavailability of vitamin C was complete
with a dose of 200mg, but not at higher doses. But what is
bioavailability and what does it imply? It sounds like an important
biological parameter; the name suggests biological availability or
usefulness within the body. Judging by the name, we might guess that
the higher the bioavailability, the better for the organism.
In fact, bioavailability is nothing more than a measure of
absorption from the gut. It is defined as the relative amount in the
plasma obtained from an oral dose compared to an equal dose
administered by intravenous injection (total oral dose plasma level /
total injected dose plasma level x 100%). For example, suppose that
by taking a one gram oral dose, you only get half the amount of
vitamin C in your blood that you would get from a one gram
intravenous dose: the bioavailability of the oral dose would be 50%.
Essentially, only half the oral dose has reached the blood, the rest has
been excreted. Despite the impressive name, bioavailability is at best
a reflection of the absorption and excretion of oral doses of vitamin C.
Fred Hoyle pointed out that the establishment defends itself by
complicating everything to the point of incomprehensibility. With
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Levine’s evaluation of “bioavailability”, the situation is worse than this,
as besides being hard to understand, the measure is also biased. The
bioavailability idea is taken from drug kinetics and is based on
assumptions that do not apply in this context. Larger doses of vitamin
C will give a lower “bioavailability”, even when there is more vitamin C
in the blood. Rather than being a measure of fundamental biological
importance, it is misleading.
In Levine’s study, higher oral doses of vitamin C resulted in
greater levels in the blood. Furthermore, the plasma levels used to
measure “bioavailability” were generally larger with increasing doses.
However, compared to the equivalent injected dose, there was
proportionately less. To simplify matters, with a low oral dose, all of it
would be absorbed and available for use in the blood plasma; this is
expressed as a bioavailability of 100%. If the oral dose were say, ten
times larger, then maybe only half the administered dose (but still five
times the low dose) would reach the tissues: this is expressed as a
bioavailability of 50%. In this example, the absolute blood measure for
the large dose is five times larger than that of the small dose, but the
“bioavailability” of the large dose is only half that of the smaller dose.
Because bioavailability is a relative measure of the amount of
vitamin C in plasma, the term is biased to give higher values at low
doses. When Levine says bioavailability is complete at 200mg and
incomplete at doses above this, it does not mean there is more
vitamin C available with 200mg than with higher doses. Nor does it
mean that an equivalent amount of vitamin C is available at the lower
dose. Since the important question is the absolute availability of
ascorbate in the tissues, the use of this relative measure is deceptive.
The use of relative measures, such as percentage risk, was discussed
earlier as a way of making small drug effects seem large. Levine’s
“bioavailability” compares each measured value with a different
injected measurement. We can, however, easily remove the source of
the bias and look at Levine’s measured values. The results are:
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Mean tissue availability of vitamin C
Oral dose (mg)
Actual tissue
availability
“Bioavailability”

200

500

1250

24.72

34.05

54.58

112

73

49

As we can see, the larger doses provide increased vitamin C to
the tissues. (The tissue availability values here are mean areas under
the time curves for Levine’s measurements in plasma.) The important
question is: do higher doses provide more vitamin C where it is
needed? The answer is yes.
A picture might be useful to clarify the point. The next graph
shows how, in a single individual, the plasma levels increase with time
after a single oral dose. Notice how the base level is not zero but
about 67 µM; below this value ascorbate is actively retained by the
kidney. The chart demonstrates how blood levels increase
substantially with the larger dose and how higher values are excreted
more quickly. The result shows that a 1250mg dose raises blood
levels more than a 200mg dose for the first six hours. Larger doses
provide a bigger increase over this period. For the second six hour
period, these and higher doses give similar blood levels.

85

Ascorbate plasma levels
160
140

microM

120

1250mg

100
80
60
40

200mg
0

1

2

3

4

5

6

7

8

9

10

11

12

20
0
Hours since dose

Biological variation and dose
A feature of Levine’s results is the amount of variation in the
response of the subjects. This variation is consistent with Linus
Pauling’s claim that people vary widely in their requirements for
vitamin C.
The Levine study did not use a high enough maximum dose of
vitamin C to give a complete picture. It does show, however, that a
substantial proportion of people will need doses of at least 2.5 grams
for maximum effect. Levine has shown the amount of vitamin C in
body fluids, or plasma concentration, rose as the dose increased, over
the measured range from 30mg to 2500mg. In terms of blood levels,
Levine’s recommended 200mg dose (or even his 400mg “maximum”)
did not give the highest values in the study. In fact, based on the
evidence presented in the paper, it is difficult to see how he reached
his conclusions. In all cases, if the subject was given a higher dose,
the plasma concentration increased. Only three male subjects were
measured at both vitamin C doses of 400mg and 2,500mg and their
plasma concentrations increased (from 77.3, 70.5 and 62 µM at
400mg to 84.7, 91.8 and 78.6 µM at 2.5 grams: increases of 9%, 30%
and 37% respectively). Hence, even considering his own experimental
results, Levine’s recommendations for the RDA are on shaky
foundations.
Levine has not refuted the suggestion that much higher values
of vitamin C are needed in the diet. Furthermore, even within this
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relatively homogenous sample, he confirmed the variability in
response to vitamin C. Given such variation in a small sample of
selected young, healthy subjects, the recommended dose would need
to be much larger for a large human population. Based on this data,
the minimum recommendation that could be made to ensure everyone
approached “plasma saturation” is 2,500mg - the largest dose actually
studied. The requirement for many individuals would be considerably
greater.

Raising blood levels
Despite our criticisms of the limitations of the data, Mark Levine
should be congratulated for attempting to bring a more scientific
approach to the recommended daily allowance. In discussion, Levine
told us that he knows of no nutritional benefit from raising blood levels
of vitamin C. Such evidence does however exist. For example, higher
levels of vitamin C can be protective against damage to blood
vessels,83 and greatly reduce death rates in the elderly.84 We can take
from this that Levine is not convinced by the body of research linking
higher intakes of vitamin C to good health. Such assumptions may
have prevented Mark Levine from reaching arguably the most
important conclusion from his data.
What Levine and others have shown is that vitamin C has a
short half-life in the blood. Taking an oral dose will raise blood levels
for only a few hours. Since the pharmacological properties of vitamin
C are dose related, the benefit of a single dose is short lived. If high
levels of vitamin C provide protection against the common cold, then a
single oral multi-gram dose of vitamin C would have little more
efficacy than a 500mg dose, as they raise blood levels in a similar
fashion. The blood level would increase for a few hours and would
return close to background levels for the greater part of the day. This
interpretation of the biochemical results is clear and unequivocal.
At first sight, this seems to imply that Mark Levine has shown
that Linus Pauling and others were wrong in suggesting megadoses
of vitamin C to prevent disease. However, a single one-gram dose of
vitamin C is not equivalent to the situation in animals which
manufacture their own ascorbate internally, or who get the vitamin
from food. Vitamin C could be manufactured continuously or be
absorbed slowly from vegetable matter, being released gradually
throughout the day as digestion proceeds. A vitamin C tablet would
not raise blood levels in the same way. Indeed, five 100mg doses
taken at intervals through the day would raise average blood levels
more than a single one-gram dose.
The following graph shows how two doses of one gram each,
six hours apart, raise levels in an individual’s blood plasma. Notice
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how multiple doses will increase the mean blood levels and reduce
the period of time when blood levels are near the minimum.
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An individual who wanted protection from, say, the common cold
by taking vitamin C, would raise their blood levels more effectively by
taking divided doses or slow release formulations. This has immediate
implications for studies that have tried to assess the effectiveness of
ascorbate supplementation in the prevention of colds and other
diseases. If a single dose of vitamin C raises blood levels for about six
hours or one quarter of the day, the subject is unprotected for the
other three quarters of the time. Studies of vitamin C supplements
have often given conflicting results and much of the variation may be
related to how the doses were given.
Levine’s results indicate that Linus Pauling did not pay enough
attention to how a supplement is given. They also provide a reason to
suspect that the health benefits found with vitamin C supplements
have been seriously underestimated. Some studies will have given
negative results because of the timing of the supplementation.
Our reanalysis of Levine’s data suggests that an optimal dose
will be considerably greater than the RDA. The biochemical data
supports Pauling’s hypothesis that, for a large proportion of the
population, the optimal daily dose of vitamin C is several grams per
day. Levine’s results draw attention to the importance of divided
doses or slow release formulations of vitamin C. A single megadose
tablet will only raise blood levels for a short period and is likely to be
therapeutically ineffective. The aim is to raise plasma levels
consistently and this requires either multiple tablets, taken at short
intervals throughout the day, or the use of slow release formulations
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Expensive urine
Levine’s argument that excreted vitamin C serves no function is
an oversimplification, a variation on the amusing but unscientific
“expensive urine” jibe. A dose of vitamin C will increase average blood
plasma levels before it is excreted, which could serve a multitude of
purposes. With higher doses, some of it is retained in the gut and
never enters the body. Vitamin C is expected to be a beneficial
antioxidant in the gut and absorption may not be necessary for
protection against stomach or colon cancer.85,86 The ascorbate that
enters the body passes through and is excreted in the urine.
Importantly, animals that manufacture large amounts of ascorbate
internally also excrete it in the urine.87 Animals such as the rat excrete
ascorbate, despite having used vital and often scarce energy to
produce it. This implies either an impairment of evolutionary fitness or
a substantial advantage to ascorbate excretion. Rats are vigorous
mammals with a widespread population, which supports the second
interpretation.

So how much do I need?
Despite all the hype, no one knows how much an individual
human being requires for good health. Many have opinions and
suggest that they have the answer, but the question remains open.
We know for sure that people need a few milligrams each day to avoid
scurvy. The idea that more is needed for good health is increasingly
accepted. The actual minimum daily requirement for good health
could vary over the range of, say, 100mg to over 20 grams,
depending on the individual. Moreover, this is a difficult question to
answer scientifically. We know of no simple experiment or practical
study that could rigorously provide the answer.
The suggestions for the RDA are based on unscientific
assumptions by establishment nutritionists. Despite Mark Levine’s
efforts to give them a solid basis in measurement, the values are not
justifiable in terms of biology, statistics or basic science. It is simply
not sensible to recommend a single value for a varied population.
Scientifically, the arguments for the recommended daily allowance are
barely justifiable as tentative suggestions. People who suggest that
there is no compelling scientific evidence for megadose levels of
vitamin C are invited to read the published justification for the RDA63
by the Institute of Medicine critically. The establishment is in no
position to cast aspersions.
Suggestions for megadose levels are also hypotheses; the
evidence provided to support larger intakes is incomplete. Linus
Pauling’s orthomolecular approach suggests that people vary
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considerably and their required intake of vitamin C changes with their
state of health. This is more biologically plausible than setting a fixed
requirement for the entire population. The question boils down to how
people deviate in their vitamin C requirements. If the variation is large,
and the evidence suggests that it is, then Pauling is correct and a
proportion of people need higher doses.

90

Is vitamin C safe?
“The tragedy of science is the slaying of a beautiful
hypothesis by an ugly fact.” T H Huxley
We now come to the tenuous evidence on the risk of toxicity.
Low doses are clearly indispensable, since vitamin C is an essential
part of the human diet. In the longer term, high doses may also be a
requirement to avoid disease. The potential risk increases with higher
doses but the level of vitamin C intake at which the benefits are
outweighed by the hazard has yet to be determined.
Vitamin C is in the class of substances generally regarded as
safe. No substance is completely safe, not even water; you can kill
yourself by drinking too much water. Recently, it was reported that two
parents in Springville, Utah, were accused of child abuse homicide for
feeding their four-year-old daughter a large quantity of water.88
Despite the widespread belief that water is safe, an excess intake can
lower the concentration of sodium in the blood and cause the brain to
swell. To put the safety issue into context, it would be easier to
commit suicide by overdosing on pure water than by eating too much
vitamin C.
A simple measure of the safety of a drug is the therapeutic
index. This is calculated as the toxic dose divided by the therapeutic
dose. The toxic dose is normally estimated to be the LD50, which is
defined as the dose at which 50% of the subjects would die (Lethal
Dose 50%). For example, a substance with a therapeutic dose of one
gram per day, and an LD50 of two grams per day, would have a
therapeutic index of two. Such a low therapeutic index indicates a
dangerous drug, with little margin of safety. This kind of drug would be
suitable for treatment in only the most severe life threatening
conditions. One gram of vitamin C given to a 70 Kg man has a
therapeutic index of at least 350, which is consistent with a substance
generally regarded as safe.
A man trying to kill himself with vitamin C would need to take
considerably more than 350 grams to have a reasonable chance of
success. This large dose would need to be injected rapidly and
intravenously, as a dose of this size taken orally would not be
absorbed from the gut and would therefore be safe. Dr Robert
Cathcart, one of the most experienced physicians in the field of high
dose ascorbate therapy, states that the margin of safety for massive
doses is much greater than that for aspirin, antihistamines, antibiotics,
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all pain medications, muscle relaxants, tranquillisers, sedatives and
diuretics. In other words, vitamin C is far safer than all common drugs.
By way of comparison, the painkiller paracetamol, also called
acetaminophen, is widely available to the public and has a therapeutic
index of about 25. Serious liver damage can occur with paracetamol
doses as low as four grams, overdoses as low as seven grams are
considered serious, and 15-gram overdoses are often fatal. (It is
interesting that the damage is related to an oxidation process, which
can be prevented using dietary antioxidants.89,90,91) Paracetamol is the
most frequent cause of acute liver failure in the US.92 This rather
dangerous drug is widely available to the public and recommended for
use in low-grade pain such as a mild headache.
We have not found a single report of a healthy person dying
from a vitamin C overdose. By way of comparison, aspirin and the
related non-steroidal anti-inflammatory drugs kill many more people
every single year, than the number in the world who have ever died
through taking vitamins. In the United States, at least 16,500 people
die each year through taking anti-inflammatories and over 100,000
may be hospitalised by their side effects.93,94 Again, in the United
States, medical mistakes reportedly kill at least 100,000 people a
year.95 Twelve thousand cases of unnecessary surgery, 7000 errors in
giving drugs, 80,000 hospital infections, 106,000 adverse drug
reactions and 20,000 other errors, all lead to avoidable death.96,97,98
Medicine may be the leading cause of death. By contrast, it is difficult
to find any reliable reports of deaths from vitamins in the medical or
scientific literature. Mark Levine states that "Harmful effects have
been mistakenly attributed to vitamin C, including hypoglycaemia,
rebound scurvy, infertility, mutagenesis, and destruction of vitamin
B12. Health professionals should recognize that vitamin C does not
produce these effects." 99 He was referring to the vitamin C scare
stories that occur sporadically, producing medical myths that are
accepted but untrue.100

Kidney stones?
The idea that vitamin C causes kidney stones is an old scare
story that raised its head in the medical attack on Linus Pauling. It
was a reasonable hypothesis, but unexpected kidney stones are not
found in people taking large amounts of vitamin C. Indeed, vitamin C
has even been proposed and used as a treatment for kidney
stones.101
Mark Levine suggested that the possibility of kidney stone
formation was a reason to limit the daily intake of vitamin C, although
he appears to accept the absence of tangible data linking higher
doses to stone formation. He argued that there was anecdotal
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evidence that oxalate stones might occur in response to higher doses,
and added that no matter how small the risk, there would be some
people in a sufficiently large population that would be affected.
Despite the lack of evidence, Levine argued that oxalate and urate
excretion might increase in relation to vitamin C dose. People with
recurrent stone formation may have an unusual biochemistry, leading
to an enlarged production of oxalate from vitamin C.102 Oxalate and
urate can accumulate in the formation of kidney stones. In practice,
Levine found an increase in the excretion of both oxalate and urate
with a dose of one gram of ascorbate, but earlier studies had
produced variable results. He argued that if high doses were
administered for longer, the increased oxalate excretion could
continue and cause kidney stones. This theoretical side effect has not
been observed.
Around three quarters of all kidney stones are composed of
calcium oxalate; unlike some other stone types, these can form in
acidic urine. Although vitamin C does increase the production of
oxalate in the body, there is no evidence that it increases stone
formation. It could even have the reverse effect, since vitamin C itself
tends to bind calcium, decreasing its availability for formation of
calcium oxalate. Vitamin C has a diuretic action: it increases urine
flow providing an environment that is less suitable for formation of
kidney stones. In addition, stone formation appears to occur around a
nucleus of infection. High concentrations of vitamin C are bactericidal
and might prevent stone formation by removing the bacteria around
which stones form.
In a recent, large-scale, prospective study, 85,557 women were
followed for 14 years; the study produced no evidence that vitamin C
causes kidney stones.103 There was no difference in the occurrence of
stones between people taking less than 250 milligrams per day and
those taking 1.5 grams or more. This study was a follow up of an
earlier study on 45,251 men; this earlier study indicated that the doses
of vitamin C above 1.5 grams reduced the risk of kidney stones.104
The authors of these large studies stated that restriction of higher
doses of vitamin C because of the possibility of kidney stones is
unwarranted.
Large-scale studies have a role in searching for side effects of a
treatment. If the incidence of side effects is low, then checking a large
number of subjects is essential. However, like most large-scale
studies, these kidney stone investigations were relatively
unsophisticated in their implementation. It is difficult to give each
subject more than a limited amount of time in investigation and data
collection, when you have 50,000 or more to examine.
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Vitamin C could prevent some types of kidney stones. Less
common forms of kidney stone include uric acid stones (8%), that
form in gout, and cystine stones (1%), which can occasionally be
formed in children with a hereditary condition; these stones are not
side effects of vitamin C. Other stones include those made from
calcium phosphate (5%), which dissolve in a vitamin C solution. Acid
urine produced by ascorbate will also dissolve struvite stones
(magnesium ammonium phosphate) that often occur in infected urine.
Whenever we read an uncritical warning of the risk of kidney stones in
a document about vitamin C, we become suspicious that the author
has not read the literature.

Side effect or useful property?
There is only one undisputed “side effect” for high doses of
vitamin C, diarrhoea. The dose needed to produce this effect is
variable. The level at which diarrhoea occurs is called the bowel
tolerance level, and this can be used to indicate the amounts needed
for supplementation. A single large dose of vitamin C can act as a
natural laxative in the same way as a bowl of prunes, and provides an
alternative to over-the-counter remedies for constipation. The medical
establishment classes this action of vitamin C on the bowel as an
adverse side effect, whereas prunes do not seem to have a
recommended upper limit. Presumably, people are expected to use
their common sense when they eat prunes, but not when
supplementing with vitamin C.
Unbelievably, together with the RDA, a tolerable upper intake
level has been set, based on loose stools.64 The US Institute of
Medicine could find no other side effects of large doses of vitamin C in
healthy people. They set the maximum intake at two grams of vitamin
C per day, as at this level, almost no one in the population will suffer
from diarrhoea. We tentatively suggest that if a dose causes
diarrhoea, the subject might notice and reduce their intake.

The danger of too small a dose
The RDA committee do not know the extent of human variation
in vitamin C requirements, and have the unrealistic task of setting a
single figure for an upper limit that will apply to all. Basic numeracy
suggests that this “recommended maximum level” is not optimal for
the individual. They assume that all people, regardless of age or state
of health, will be receiving adequate vitamin C at this dose. We know
of no solid evidence to support the assumption that two grams per day
will cover all human variation in the requirements for vitamin C.
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The available evidence suggests that large doses of vitamin C
are safe.105 There are no double-blind clinical trials showing adverse
effects from large amounts of vitamin C. Substantial experience
suggests a high degree of safety.106,107 In some medical conditions,
such as kidney disease, haemochromatosis (a hereditary condition in
which the body stores excess iron), and deficiency of the enzyme
glucose-6-phosphatase, there are theoretical side effects of extremely
large doses of ascorbate. People with these conditions would be wise
to seek medical advice before considering high dose
supplementation.63 Such considerations do not apply to normal
members of the population. Robert Cathcart questions the universal
validity of these contraindications. He reports that he has tried but has
been unable to trace the author of the paper on glucose-6phosphatase deficiency. He suggests that intravenous ascorbic acid
may have been used inappropriately instead of sodium ascorbate. He
also reports experience of two patients with haemochromatosis that
he treated with massive doses of ascorbate, without problem. In the
thousands of patients he has treated, he has never seen any
evidence of a damaging iron related reaction.
Those making official nutritional recommendations have
concentrated on the dangers of overdosing with vitamin C. It is
theoretically possible that one gram or more per day might cause
harmful effects, but this has yet to be shown. However, the alternative
hypothesis, that greater dangers could result from too low a
recommended dose, is ignored.
Paradoxically, attempts to minimise the recommended dose
based on hypothetical harmful effects may lead to increased disease.
The evidence for the beneficial effects of larger doses, such as 500mg
and above, is much stronger than the evidence for side effects. For a
normal healthy individual, the risk of a 10-gram per day dose may be
so small as to be inconsequential. Conversely, if the claimed benefits
of large nutritional doses are even partly true, many millions of people
could live longer, healthier lives and avoid serious diseases by
supplementing their diet. According to this analysis, the risk of
consuming high doses of vitamin C is far lower than that of not
consuming enough.

95

96

Biased experiments
“Truth is ever to be found in the simplicity, and not in
the multiplicity and confusion of things.” Isaac Newton
The therapeutic effects of vitamin C are dose dependent and,
unlike many drugs that become toxic at higher doses, ascorbate
remains safe. The majority of dietary antioxidant supplements are also
harmless. However, because of the natural conservative bias in
society, the media and medicine, it is easy to grab the headlines with
a sensational vitamin C scare story. Such stories are almost
guaranteed media attention far beyond their scientific merit or
relevance. Here we describe some of the more recent and
controversial reports.

Conference report: vitamin C clogs arteries
A report presented in March 2000, at the 40th Annual
Conference of The American Heart Association, suggested that
vitamin C in high doses clogs the arteries.108 The authors, Dr Dwyer
and colleagues, concluded, “Regular use of vitamin C supplements
may promote early atherosclerosis”. Despite this report originating
from an oral presentation at a conference, as opposed to a wellregarded, refereed journal, Dwyer’s alarming conclusion was given a
high profile in the international media. According to the study, people
who had taken supplements of vitamin C for 18 months had thicker
carotid arteries: the measured increase in arterial wall thickness was
reported to be 2.5 times that in the control subjects.
The measure ‘increase in arterial thickness’ is a relative value
and, as we have seen, such measures are often used to magnify
research results and make them seem more important. In this case,
the value relates to the difference in wall thickness over the period.
What Dwyer actually reported was a difference in the rate of increase
in wall thickness. The actual change could be so small as to be
irrelevant. If, say, the increase in thickness were 1% for the control
group, then it would be only 2.5% for the vitamin C group. Since the
absolute increase in the thickness of the wall was not reported, the
claimed “2.5 fold increase” was meaningless.
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Conflicting studies
A well-designed study, published by Stephen Kritchevsky in
1995, contradicts the results of Dwyer’s misleading report.109
Kritchevsky measured the thickness of the carotid artery wall in 6,318
female and 4,989 male subjects, aged from 45 to 64 years, and found
a significant reduction in thickness in people over 55 who had
consumed one gram or more of vitamin C each day. Considering
other factors, higher intakes of vitamins C and E were found to be
related to reduced artery wall thickening. Other clinical studies have
found vitamin C to have beneficial effects on the relaxation and
widening of arteries. For example, a recent study suggests that the
vitamin is superior to diltiazem, a drug used for relaxation of blood
vessels and treatment of angina.110
In response to Dwyer’s presentation, the Life Extension
Foundation asked Paul Wand, a neurologist, to investigate. Wand
found reports suggesting that vitamin C was protective against
atherosclerosis. Unfortunately, the low doses usually investigated did
not provide information that could be extended to high dose users. He
could find almost no information concerning doses greater than two
grams of vitamin C per day, and people who take these high doses
often supplement with other antioxidants, such as coenzyme Q10 and
selenium. Wand carried out an extensive literature search on the
effects of vitamin C on cardiovascular disease risk, using Medline.
The search was from January 1, 1990 to April 25, 2000.
Wand’s review showed that subjects taking more than 500mg of
vitamin C per day were more likely to show a beneficial response.
Doses below 500mg were not effective against cardiovascular
disease.

Effects of vitamin C on cardiovascular disease (1990–2000)

Beneficial response
No response

Dose < 500mg

Dose > 500mg

1 study

30 studies

3 studies

4 studies
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Dr Wand followed up his literature search by conducting a pilot
study on 30 subjects, who had taken a minimum of two grams of
vitamin C daily for at least four years. The people in this study also
consumed other supplements. The age of the subjects varied from 45
to 81 years, with an average of 61 years. These subjects were
therefore older than Dwyer’s. Wand measured the carotid artery
thickness of his subjects using high-resolution ultrasound and Doppler
evaluation, which estimates the blood flow through the vessel.
Multiple scans through the right and left carotid systems were used to
see if plaque was present. This procedure allowed estimation of wall
thickening, measurement of blood flow and of the degree of stenosis,
or blockage. Dr Wand uses this technique as part of his normal
clinical routine and in everyday practice. He regularly finds 60% to
90% blockage, together with severe wall thickening in the carotid
arteries. As the artery becomes blocked, the speed of blood flow is
normally faster; this increase in speed is expected from the physics of
fluids.111
Dr Wand’s pilot study showed that 23 out of 30 of these high
vitamin C subjects displayed no evidence of plaque formation,
blockage or wall thickening, and had normal blood flow. There was
some pathology in the remaining seven subjects. In five, the disease
was slight and considered insignificant, while the remaining two
subjects had a degree of carotid blockage estimated at 30% and 40%.
As these two subjects were of advanced age, this degree of blockage
was considered normal. The seven cases with indications of carotid
pathology had high levels of homocysteine, LDL cholesterol or
glucose, which may have contributed to the findings. Wand reported
that problems with these seven subjects were less than expected,
given these other contributory factors. Overall, Wand’s group of
vitamin C supplement takers had remarkably healthy arteries. The
results of Wand’s study are consistent with the hypothesis that vitamin
C can prevent or even reverse atherosclerosis.
Even if we take the Dwyer study at face value, it provides no
evidence that Vitamin C blocks carotid arteries. The changes reported
by Dwyer could have been a reversal of the normal, age-related
thinning of artery walls, which would not imply blockage but a
strengthening of the vessel. Since blood flow was not measured, we
do not have sufficient information from Dwyer to determine whether
the change was detrimental or beneficial. Over two years after the
conference presentation, the Dwyer study had still not been published
and was described as “under review”.112 The study by Dwyer was
eventually published and claimed some antioxidants were helpful in
preventing atherosclerosis but did not provide data to support the
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negative claims for vitamin C.113 Dr Dwyer declined our request for
additional evidence or explanation.112
More recently, a well-funded multidisciplinary study found no
significant therapeutic effect of vitamin C (one gram) and vitamin E
(800 IU) supplements in postmenopausal women with a pre-existing
degree of blockage of the coronary artery,114 over a period of 2.8
years. In this randomised, controlled trial, researchers measured the
arterial wall thickness using angiograms, a type of x-ray allowing
visualisation of the flow of blood through arteries in the heart. This is
an additional non-response study to include with those found by Dr
Wand in his literature review. This makes five studies that showed no
benefits of vitamin C (over 500mg), while 31 (including Wand’s own)
gave positive results.

Heart Protection Study: vitamins a waste of
money?
A recent, large-scale study claimed that antioxidant vitamins are
not beneficial for heart disease.115 The research was carried out by
the prestigious UK Heart Protection Study Collaborative Group of
researchers and hospitals. This study was reported on television news
and on the front page of national newspapers. It was suggested that
antioxidant vitamins are a waste of money.
The Heart Protection Group study cost well over 20 million
dollars and involved 20,536 adults, with ages from 40 to 80 years.
These subjects had coronary disease, other occlusive arterial
disease, or diabetes. The patients were randomly allocated to groups
receiving either a combination of 600mg vitamin E, 250mg vitamin C
and 20mg of beta-carotene daily (treatment group) or a matching
placebo (control group). The study lasted five years and most
participants remained in the study over this period. In the treatment
group, blood levels of vitamin E doubled, levels of vitamin C increased
by one-third, and levels of beta-carotene quadrupled. The vitamin
supplements did not alter the number of deaths, heart attacks, or
strokes. The conclusion was that while the supplements appeared to
do no harm, they did no good either.

Statins versus antioxidants
Drug companies do not waste millions of dollars of their
shareholders’ money funding large-scale studies on vitamins that offer
no potential for profit. In the case of the Heart Protection Group study,
additional results were announced concerning simvastatin, which is a
cholesterol-lowering drug or statin. The report claimed that adding
simvastatin to existing treatments conferred substantial benefits on
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high-risk patients, regardless of their initial blood cholesterol levels.
The doses of statin were reported to be safe; however, significant side
effects have been reported with these drugs, such as a potential
cancer risk.116 Statins are drugs that inhibit the synthesis of
cholesterol, which, contrary to popular belief, is an essential part of
human biochemistry. Statins also lower the levels of an essential
antioxidant, coenzyme Q10, and may have long term side effects
such as heart failure, cancer, Parkinson’s disease and cataracts.117,118
Heart failure could increase with exposure to statins.
Pharmaceutical companies are aware of these risks and hold patents
on formulations of statins combined with nutritional supplements, such
as coenzyme Q10119,120 or carnitine,121 to prevent heart failure and
other severe side effects. Being aware of the potential for statins to
cause heart failure and muscle problems, presumably the companies
will add coenzyme Q10 to their products when the side effects are
“proven”. Dr Julian Whitaker has petitioned the FDA that statin drugs
should carry a label recommending the use of coenzyme Q10 with
these drugs, to avoid damage to heart muscle in the longer term.122
The Heart Protection Group reported that a daily simvastatin
dose of 40mg reduced heart attacks and strokes by about a quarter.
They concluded that, in high-risk individuals over five years,
simvastatin would prevent 70 to 100 people in every thousand
suffering one of these major life-threatening events. People with low
blood cholesterol would also achieve these benefits. It was
additionally reported that if the findings of these studies were
incorporated into clinical practice, the drug companies hoped to
benefit by billions of dollars worth of sales of statin drugs. The
implications of the Heart Protection Group’s reports are clear: that
everyone should be taking one of these expensive statin drugs, that
over many years the drug companies will benefit, and that vitamin pills
are a waste of money and should be thrown away.

How to design a bad experiment
We believe that the Heart Protection Group study described
earlier is biased and its conclusion, that supplements are not
beneficial to heart disease, is misleading. This study included a large
number of patients, which makes it seem impressive but restricts
replication. The study extends over a number of years and while this
also gives the appearance of scientific rigour, it increases the cost.
Few doctors have 20 million dollars available to repeat this work if
they believe it to be biased.
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Using the wrong kind of vitamin E
The Heart Protection Group results on vitamin E are biased for a
number of reasons. To begin with, the study used synthetic vitamin E
(dl-alpha-tocopherol), which is less biologically active than the natural
form. The name vitamin E does not refer to a single chemical, but is a
name for a mixture of chemicals. The most common of these are the
tocopherols, but the related tocotrienols also have vitamin E activity in
the body. The tocopherols exist in a number of forms called alphatocopherol, beta-tocopherol, gamma-tocopherol and delta-tocopherol.
Each variety of tocopherol has its own biological properties. Alphatocopherol is generally considered a more powerful antioxidant than
the other types and, in the past, was considered the preferred form.
Research suggests that while alpha-tocopherol is a more potent
antioxidant, gamma-tocopherol may be linked more closely to heart
disease.123,124,125,126 Gamma-tocopherol can exert a more powerful
inhibitory effect on inflammation,127 which is involved in arterial plaque
formation. A Swedish study found blood levels of gamma-tocopherol,
but not alpha-tocopherol, were reduced in patients with heart
disease,128 while the alpha form is preferentially depleted in
smokers.129,130 Furthermore, supplementing rats with alpha-tocopherol
alone can decrease blood levels of gamma-tocopherol.131 The gamma
form is likely to be an important part of many metabolic processes in
the body but it has been harder to measure than alpha-tocopherol.
Many health food stores recommend vitamin E tablets that contain
mixed combinations of the tocopherols.
The use of synthetic vitamin E in the Heart protection Group
Study would reduce the effectiveness of the antioxidants. In the early
1960’s, it was noted that negative studies on vitamin E had generally
used the synthetic form. There is essentially no difference between
natural and synthetic vitamin C, but natural and synthetic vitamin E
are very different. Organic molecules like alpha-tocopherol can exist
in two forms. These types are called optical isomers, the d-form and
the l-form, and they are chemically very similar. These different forms
have the same chemical formula, contain the same number of atoms,
and are connected together in the same sequence. The difference in
their structure is like that of our left and right hands: identical but
mirror images of each other. They are so similar that the way to tell
them apart is by checking the direction in which they rotate a beam of
polarised light.
For the vast majority of chemical reactions, the two forms are
identical. The main exception to this rule is in biology. One of the
characteristics of biological chemistry is that sometimes only one form
of optical isomer can be used for a particular purpose. This is because
the enzymes are very specific and generally react with only one form
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of a molecule. Enzymes react with molecules in a way that is
described as a lock-and-key fit. The enzyme has an active site that
the molecule fits into in order to react. Right hands will not fit neatly
into left-handed gloves and, similarly, you often need the correct
optical isomer to fit the enzyme. In this way, the body uses only one of
the d- or the l- form of such component chemicals, but not both.
The synthetic vitamin E used in the statin study is expected to
be biologically less effective. Synthetic vitamin E is made using
standard chemistry and contains both the d- and the l- forms of alphatocopherol, whereas normally, only d-alpha-tocopherol is found in the
body. Both d- and l- forms of alpha-tocopherol have the same
antioxidant potential but do not have the same biological
activity.132,133,134 Theoretically, l-alpha-tocopherol is so similar to the dform that it might interfere with some biological reactions.
Supplementing pigs with natural vitamin E produces higher blood
levels than the synthetic form.135
Synthetic vitamin E also contains seven unnatural forms that
have a tail in an "S" configuration, with pronounced "kinks" that natural
forms do not have. While the synthetic vitamin E molecules with "S"
shaped tails do enter membranes, they do not stay there. The kinked
tails twist out of the plane of the membrane and prevent the molecules
stacking close together. Natural vitamin E molecules can pile
together, rather like a set of spoons, and are more compatible with
membrane lipids. Synthetic vitamin E is also poorly absorbed unless
taken with a substantial amount of fat or oils. Cold-water dispersible
forms of natural vitamin E are more easily absorbed from the diet and
are recommended by health food suppliers.

Use of a nutritional dose
A second cause for concern is that the Heart Protection Group
used too small a dose of vitamin E. As a nutritional dose of synthetic
vitamin E, 600IU daily is reasonably large. Since this was a study of
subjects with disease, a pharmacological dose of at least 1600IU of
natural vitamin E would have been more appropriate.

Nutrition confused with pharmacology
The Heart Protection Group study confuses normal nutrition of
the healthy with pharmacology for treating the sick. The vitamin doses
they used would have little or no therapeutic effect. From the review
by Dr Wand, we have seen that doses of vitamin C lower than 500mg
are unlikely to be effective in preventing heart disease. By using
250mg, the study has stayed well below the doses that might produce
a positive result. Furthermore, if vitamin C is in short supply, vitamin E
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may act as a pro-oxidant instead of an antioxidant. The Heart
Protection Group knew that vitamin C is generally considered safe
and might easily have used a pharmacological dose of, say, three
grams per day in divided doses or sustained release formulations.
However, they chose not to do this.
The difference between nutritional and pharmacological doses is
a relatively sophisticated distinction, and few in the media or medical
circles noted the error. Linus Pauling’s therapy for prevention and
treatment of heart disease involves six grams of vitamin C per day. Dr
Cathcart would argue that a pharmacological dose of vitamin C is the
gut tolerance level, which may be considerably greater than this, let
us say as much as 25 grams daily in many patients. The Heart
Protection Group’s nutritional dose was less than 5% of the dose
Pauling suggests, and 1% of the dose Cathcart might recommend.

Biased heart study
Following careful examination, the Heart Protection Group study
no longer appears reliable and we conclude that the results of this
study are inapplicable to high dose supplementation.
Despite initial appearances, it would have been hard to design a
more misleading experiment than the one conducted by the Heart
Protection Study Group. We accept that the doctors involved in the
Heart Protection Study Group study were ethical and operated what
they thought was a good, solid, scientific investigation, using their
extensive knowledge of medicine in general and cardiovascular
disease in particular. However, they missed the point entirely and
spent a fortune producing a nonsensical and biased study. It is worth
remembering that they made a strong public claim based on
insufficient evidence. The researchers claimed their results showed
antioxidant supplementation to be of no value; but scientifically, their
study was useless in terms of determining the importance of high
dose supplementation in heart disease.

Avoiding the issue?
Many researchers into vitamin C seem to avoid the issue of
benefit deliberately. A recent study of vitamin supplements, by Dr
Michael Gaziano and colleagues, concluded they offered no benefit
for people with coronary heart disease. This prospective study was
based on 83,639 subjects in the United States, who had no history of
cardiovascular disease or cancer. There were 1037 deaths from
cardiovascular disease, which included 608 deaths from coronary
heart disease, over a period of five and a half years. The authors
concluded, “In this large cohort of apparently healthy US male
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physicians, self-selected supplementation with vitamin E, vitamin C, or
multivitamins was not associated with a significant decrease in total
cardiovascular disease or coronary heart disease mortality”.136 This
large study over an extended period was also misleading.
Dr Joel Simon from California read this paper and noticed that
the conclusion was untrue – the results from one group of subjects
suggested a large, significant benefit from vitamin C and E.137 Lowrisk subjects, taking both vitamin C and vitamin E supplements,
showed a 41% reduction in deaths from coronary heart disease and
34% from cardiovascular disease. If these figures were correct, then
41 out of every 100 people in this group who died of a heart attack
might have lived if they had taken supplements. Furthermore, 34 out
of every 100 who died from cardiovascular disease might not have
died. These are large percentages, indicating that supplementation
could have a major benefit; however, the researchers ignored these
results.
Dr Gaziano subsequently agreed with Dr Simon that his
Physicians’ Health Study results actually indicated a 28% to 41%
reduction in mortality, with the greatest effect being in the subgroup
taking both vitamins.138 The results in question related to a group with
low-risk factors. Gaziano claimed to have analysed this subset of
subjects because previous observational studies had shown benefit in
low-risk individuals, in contrast to results on high-risk groups. His
results actually confirmed the prior studies, but the replication of these
findings was ignored because they could have arisen by chance. This
explanation is a little bizarre, as all statistical results are based on
probability and their result was statistically significant (which means
unlikely to occur by chance alone).
In his reply to Simon, Gaziano pointed out that the results
indicate the possibility that vitamins C and E are effective in the early
stages of atherosclerosis. In his own words, “…many observational
studies among those at usual or low-risk of CVD suggest a benefit of
these vitamins. These findings from our study as well as the
conflicting data from trials and observational studies raise the
possibility that vitamins E and C are most effective in the earliest
stages of atherosclerosis.”
This statement, that vitamins C and E might be effective in
preventing the development of atherosclerosis, is the opposite of their
original claim. The confusion arose, yet again, from the erroneous
idea that experiments based on large numbers of subjects are more
valid. Science works so effectively because it is based on experiment
and replication. In this case, we have a clear example of a single large
experiment being misunderstood by the very people who conducted it.
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Fortunately, the error was pointed out and the researchers were then
able to correct their bias and explain the position more accurately.
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Oxidation and illness
“There are more than ten thousand published scientific
papers that make it quite clear that there is not one
body process (such as what goes on inside cells or
tissues) and not one disease or syndrome (from the
common cold to leprosy) that is not influenced - directly
or indirectly - by vitamin C.” Drs Emanuel Cheraskin,
Marshall Ringsdorf and Emily Sisley
Biological mechanisms for controlling illness and fighting
infection have been honed by millions of years of evolution. The role
of vitamin C as an antioxidant is fundamental to these mechanisms.
Ascorbate has a primary biological role in the resistance of both plants
and animals to the harmful effects of free radicals, in many forms of
stress and disease.

Oxidation, stress and disease
Oxidation causes damage in many forms of illness; infection,
inflammation, shock and cell death all involve free radicals. For this
reason, antioxidants have been proposed as a new approach to
fighting disease.139 Free radicals are also involved in the control of the
body’s reaction to insult. Throughout the plant and animal kingdoms,
response to the stress of infection, damage or cancer depends on
antioxidants and redox signalling. Redox signalling is when cells
communicate using oxidants and antioxidants.
Oxidative stress plays a part in many diseases, although its
relative importance as a disease mechanism is not established.140 In
many diseases, it may be the primary mechanism. In others, such as
the action of slow viruses, the involvement of free radicals in the
disease process may be minimal. The suggestion that free radical
damage plays a substantial part in many infections is not
controversial. Even diseases that have a specific and unrelated
cause, such as diabetes, involve free radical damage.

Oxidation in diabetes
Diabetes mellitus is a common illness, resulting from a lack of
the hormone insulin, which controls the distribution of glucose in the
body. The relationship between ascorbate and glucose is less well
known. Vitamin C and glucose have similar molecular structures.
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They compete for the biochemical pumps that transport them into
cells, so high levels of blood sugar restrict the amount of vitamin C
entering the cells.
Since the work of Banting and Best in 1922, we have been able
to control diabetes by injecting insulin.141 The introduction of insulin as
a treatment for diabetes has saved many lives in the short-term, but
diabetics still suffer a number of long-term problems. Insulin therapy
does not cure diabetes: treated diabetics survive but are prone to
atherosclerosis, heart attack, stroke, diabetic retinopathy (vascular
disease of the eye leading to blindness), cataracts, kidney failure and
damage to the peripheral nerves.143 These chronic symptoms are
thought to result from the inability to control blood glucose levels
properly with supplemented insulin.
The high levels of glucose found in diabetes competitively inhibit
the uptake of vitamin C into cells, so symptoms such as diabetic
atherosclerosis are associated with ascorbate deficiency.142 Diabetics
are under substantial free radical stress. They have raised levels of
oxidised lipid in their blood and lower plasma levels of vitamin C.143 In
particular, glucose can damage proteins by forming molecular crosslinks, in a process called glycation. The cross-linked proteins become
additional sources of oxidation damage. Thus, we can see that even
in a disease like diabetes, in which the primary cause is known and
treated, free radical damage plays a substantial role.

Cell death
Oxidation plays a significant part in the death of cells. Illness
and injury to the body causes cells to die by two mechanisms, called
apoptosis and necrosis. In apoptosis, a cell activates its own “suicide
pill” and destroys itself. Apoptosis, the process of programmed cell
death, involves free radicals.144 Cells dying in this way release large
amounts of oxidants into their surroundings.145 Oxidants act as signals
to initiate and control programmed cell death, which may be slowed or
even prevented by the addition of antioxidants.36,77,78 In necrotic cell
death, cells swell up and rupture. The content of the cell is released
into its surroundings generating additional free radicals. Classification
of cell death into apoptosis and necrosis is not absolute and, in many
cases, the death of cells includes elements of both.

Inflammation
For a long time, inflammation was a side issue in medicine and
was viewed primarily as part of the body’s defence against infection.
Its role in the development and progression of disease was
underestimated. Inflammation occurs when white blood cells, which
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provide the first line of defence against infection, invade a tissue and
become active. The widespread nature of inflammation means that we
all have some personal understanding of the process. Nearly
everyone has experienced the irritation of an insect bite or a pimple
on the skin. By understanding inflammation, we begin to appreciate
how large doses of vitamin C can influence the progression of
disease. Once again, free radicals play a fundamental role.

Inflammation is thought to cause of about 30% of cancers and is
associated with free radical damage.146,147,148 A classic example is
asbestosis, which starts when microscopic particles of asbestos are
breathed into the lungs. The jagged particles irritate the surrounding
tissue, causing white blood cells to converge. The tissue becomes
inflamed as the white blood cells secrete free radicals, in an attempt
to destroy the foreign invader. The tough, inorganic asbestos particles
are undamaged by the onslaught, but the free radicals damage the
surrounding cells, leading ultimately to cancer. The cancer is
produced by the body’s response to the asbestos particle, namely
inflammation and free radicals, rather than by the particle itself.
At the start of an inflammatory process, small blood vessels
near the area of damage expand and increase blood flow. Later, the
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flow of blood slows. Endothelial cells that line the blood vessels swell
and no longer form an intact internal lining. As the lining of the blood
vessels becomes incomplete, they become leaky and allow water,
salts, and some small proteins to pass from the blood into the
damaged area. This fluid seeping from the blood vessels causes local
swelling. White blood cells, especially neutrophils, stick to the swollen
lining of the blood vessels and then actively migrate through the walls
into the area of tissue damage. Small white blood cells, macrophages
and lymphocytes, follow the neutrophils. Macrophages ingest bacteria
and other foreign matter, while lymphocytes secrete local hormones
that stimulate inflammation.
The activation of white blood cells is controlled by oxidants and
depends on redox signalling.149,150 White blood cell activation releases
free radicals into the tissue.36,151,154 Activated neutrophils and
macrophages take up oxygen and consume glucose. Indeed, the
amount of additional oxygen used can be up to 20 times higher than
normal.36 This respiratory burst is used for the production of oxidants.
White blood cells maintain high intracellular vitamin C levels152,153 to
protect the cell body from the oxidative side effects of activation while
supporting the core defensive process.156,154 As activated white blood
cells boost their metabolism, antioxidant recycling of vitamin C
increases to as much as 30 times normal levels.155

Phagocytes
Phagocytes are cells that eat bacteria and other unwanted
particles. Amoeba-like macrophages and neutrophil white blood cells
can engulf solid particles, such as bacteria, and destroy them with
oxidants. These cells are the primary method used by the body to
remove foreign microorganisms.
As inflammation becomes established, monocyte white blood
cells are attracted into the damaged area. These white blood cells
change into actively phagocytic macrophage cells when they enter
inflamed tissue. Some macrophages are found in normal, healthy
tissue, but they concentrate at sites of inflammation and damage.
Macrophages engulf solid particles and dead cells, as well as bacteria
and viruses, and can remove unwanted or necrotic material. Vitamin
C protects these white blood cells from oxidation damage, without
interfering with their ability to engulf foreign particles.156 Ascorbate is
therefore protective in conditions involving inflammation and white
blood cell activity. 36,157,158,159,160,161,162,163,164
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Killing bacteria by oxidation
Phagocytes and other white blood cells destroy bacteria using
free radicals and oxidants.165 Their respiratory burst produces free
radicals166 in a complicated process.167 Neutrophil white blood cells
can still destroy some bacteria if the respiratory burst is prevented, but
the normal killing process for phagocytes is dominated by the
production and use of free radicals.
External release of free radicals allows phagocytic cells to attack
invaders that are too large to engulf, such as parasitic worms. Many
other non-phagocytic cells, such as glial brain cells and osteoclasts in
bone, can also generate the release of superoxide in a respiratory
burst. However, releasing oxidants into the surrounding fluid may
cause damage to nearby tissues.5,169 In acute, local inflammation, this
damage may be small. In chronic or widespread inflammation,
however, the injury may be significant.
The biochemistry of superoxide production is largely
understood.36,165,166 Inside the phagocyte, bacteria wrapped in a
bubble of cell membrane are subjected to a high concentration of
superoxide. The engulfed particle, together with the membrane that
surrounds it, is called a vacuole. It appears that the inside of the
vacuole is made acidic, whereupon the superoxide combines with
protons to form hydrogen peroxide. Hydrogen peroxide, H2O2, is
capable of killing many forms of bacteria, as is well known from its use
as an antiseptic.
The green colour of pus, common in infected wounds, comes
from the presence of another oxidant, myeloperoxidase.
Myeloperoxidase is a non-specific oxidant, which can kill bacteria and
fungi in the presence of hydrogen peroxide and chloride ions. This is
an enzyme present in neutrophils but not macrophages, and was first
isolated from large volumes of human pus.168 The enzyme is found in
granules within the neutrophils that are fused with the engulfed
vacuole. This enzyme may use chloride ions to form the highly
reactive hypochlorous acid, HOCl, which can oxidise many biological
molecules and will decompose to poisonous chlorine gas.169

Cell damage and oxidation
The energy producing mitochondria in healthy cells release low
levels of superoxide but those in damaged cells produce much more.
In slices of rat lung exposed to air, production of superoxide increases
from the normal level of about two percent, to nine percent.43 In higher
concentrations of oxygen, as much as 18% of total oxygen uptake is
converted to superoxide. Mitochondria in ischemic tissues, deprived of
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oxygen, also produce more free radicals than those in normal cells.170
Injury puts damaged cells under oxidative stress.

Anti-inflammatory substances
Many antioxidants prevent inflammation. Inflammation involves
a number of different cell types, chemical mediators and local
hormones. Perhaps the most well known inflammatory chemical is
histamine; antihistamine creams are widely used to minimise irritation.
More interesting is the involvement of other local hormones, the best
known of which are the prostaglandins. Prostaglandins act locally and
come in different forms. Some prostaglandins promote inflammation
while others inhibit it. Vitamin C modifies prostaglandin synthesis and
this explains some of its effects in inflammation, expanding blood
vessels and reducing blood clotting.171
Many people deal with inflammation by taking analgesic
painkillers. Aspirin and paracetamol act by inhibiting prostaglandins.
In this case, the drugs block the enzyme cyclooxygenase, or COX,
that is involved in the synthesis of prostaglandins. Unfortunately,
aspirin blocks the formation of two types of prostaglandin, those that
prevent inflammation and those that enhance it. The COX enzyme
exists in two forms, called COX1 and COX2. The COX1 enzyme
produces the prostaglandins that prevent inflammation and the COX2
enzymes those that enhance it. (Paracetamol may act on a third form,
called COX3172 but this awaits verification.)
Some drugs are more specific than aspirin and affect only COX2,
reducing the inflammatory prostaglandins without affecting the others.
These more specific drugs are generally expensive. However,
curcumin, a derivative of the herb turmeric that gives curry its yellow
colour, is a potent inhibitor of COX2 but does not affect COX1. It has
the benefits of being both an antioxidant and a potent antiinflammatory; it is relatively cheap and tastes good. So why do we not
hear about its properties more often?
In 1995, two scientists from the University of Mississippi
obtained a US patent on the use of turmeric for healing wounds. To
obtain a patent, you need to demonstrate that an idea is new. The
application accepted that turmeric had long been used in India as a
traditional medicine for treatment of various sprains and
inflammations. They claimed, however, that there was no research on
the use of this powerful antioxidant as a treatment for external
wounds. The Indian government challenged the patent. India provided
evidence that turmeric had been used locally to treat wounds for many
years. Ultimately, the patent application was rejected. Ironically, the
failure to obtain a patent, and hence protect potential profits, may be
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the reason that few people in the West know the healing power of
turmeric.

Antioxidants and inflammation
The links between inflammation and oxidation are clear: free
radicals activate the inflammatory response and an inflammatory
response produces oxidising free radicals. Infection by bacteria or
viruses results in consistent free radical damage.
The presence of free radicals activates white blood cells.
Neutrophils
activate
as
needed,
since
they
recognise
dehydroascorbate and other oxidants, which accumulate with injury.
These white blood cells take up the dehydroascorbate and reduce it
back to ascorbate. By taking up the oxidised dehydroascorbate, rather
than the reduced ascorbate, neutrophils conserve the local availability
of vitamin C. The main danger for the activated neutrophil appears to
be free radical damage to lipid cell membranes. The cell membranes
are protected by vitamin E but the small amount in the cell walls can
soon be oxidised, if not regenerated by ascorbate. Vitamin C reduces
oxidised vitamin E, allowing it to continue to provide protection.173 This
reduction of vitamin E is a further reason why white blood cells
accumulate so much ascorbate inside their cell bodies.
The levels of ascorbate required in disease may have been
grossly underestimated. By controlling oxidation, vitamin C changes
the body’s response to disease. In the short term, it may prevent an
acute overreaction, leading potentially to shock and death. In the
longer term, it prevents chronic inflammation.
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The ultimate antioxidant
“It is my hypothesis that what makes ascorbate truly
unique is that very large amounts can act as a non ratelimited antioxidant free radical scavenger.” Robert F.
Cathcart
Vitamin C alters the body’s response to disease. In 1985, Dr
Robert Cathcart developed a theory of ascorbate as the ultimate
biological antioxidant.14 Although other dietary supplements, such as
grape seed extract or lipoic acid, are stronger antioxidants, their
maximum concentration in the body is more limited. Vitamin C is
water-soluble and can be given in very high doses, resulting in a flow
of molecules through the tissues. As the ascorbate in a tissue is used
up, it can be replenished from the blood stream. This continuous flow
supplies the electrons needed to prevent cell damage.

“Megadoses” are small
We start from the premise that many of the ideas about what are
conventionally termed megadoses of vitamin C are wrong. Such
doses, in the region of one to several grams, are simply not large
enough! These megadoses may be important in maintaining health
and preventing disease but are inadequate for treatment of acute
illness. An effective therapeutic dose may be 1000 times that
suggested for nutrition, a difference of three orders of magnitude.
In science, differences of this size often imply new properties.174
For example, a person asked to walk very slowly might progress at
one mile per hour. However, if we speed the person up by a factor of
1000, the accelerated walker would be beyond the sound barrier. The
emergent properties are quite different. If we introduce a brick wall as
an obstruction, the slow person would simply come to a halt, gently
pushing up against the brickwork. The accelerated person, in contrast,
would hit the wall in an explosion that would destroy both. The
difference between Cathcart’s suggested therapeutic doses and the
RDA are greater than the difference in speed between walking and
supersonic jets. The magnitude of this difference is why most studies
on vitamin C have little relevance to the use of massive doses for the
treatment of disease.
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Cathcart’s theory is an extension of an idea that originated with
Dr Fred Klenner. In 1971, Klenner reported the use of large doses of
vitamin C as a drug.175 His report to the Journal of Applied Nutrition
has an editor’s note, pointing out that he really did mean doses of 150
grams per day, given intravenously. This large dose was so unusual
that the editor of the journal had to indicate that it was not a misprint.
Klenner observed that the use of ascorbic acid in human pathology
follows the law of mass action, which states that, in reversible
reactions, the extent of chemical change is proportional to the active
masses of the interacting substances. In other words, the more
vitamin C, the greater is the effect.

A limited supply of antioxidants
We might wonder why only vitamin C is able to quench large
numbers of free radicals in this way. Normal antioxidants, such as
vitamin E, are limited in their ability to reduce free radicals. They can
donate an electron, but then need to gain a replacement from
elsewhere before they can continue to function as antioxidants. Such
antioxidants are described as being rate limited, as they can only
donate electrons at the rate at which they are provided by the cell’s
metabolism. Vitamin C is different because, being small, safe and
water-soluble, it can be supplied to the tissues continuously.

Vitamin C is oxidised in disease
The proportion of reduced to oxidised vitamin C is a measure of
tissue health. When a tissue is driven towards oxidation by disease,
vitamin C protects it from damage and is oxidised to
dehydroascorbate.176 Conversely, high levels of ascorbate and low
levels of its oxidised form, dehydroascorbate, are characteristic of
healthy tissue. The ratio of reduced to oxidised ascorbate is central to
the action of vitamin C.
In disease states that produce free radicals, ascorbate is
oxidised locally to dehydroascorbate. This effect has been shown in
many different conditions. Surgery and its associated tissue damage
can increase the level of dehydroascorbate relative to ascorbate.177
Diabetic humans have increased dehydroascorbate levels.178 Oxygen
toxicity increases dehydroascorbate in mice.179 In rats,
dehydroascorbate increases both in diabetic kidneys and in
inflammation, but antioxidant supplementation inhibits this effect.180,181
Inflammation and arthritis are associated with higher levels of
dehydroascorbate in mice.182 The ratio of ascorbate to
dehydroascorbate is even used as an indicator of the heath of plant
tissue.183,184
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Vitamin C and illness
Ascorbate

Dehydroascorbate

Tissue

Healthy

High

Low

Reduced

Sick

Low

High

Oxidised

Animals that manufacture their own ascorbate can increase
production in response to disease. Sick mice and rats increase their
manufacture of ascorbate.52,53,54 Mice infected with the malaria
parasite double their blood levels of ascorbate, while the levels of
dehydroascorbate remain constant.185 These and other animals have
a physiological response to illness that increases their ascorbate to
dehydroascorbate ratio.

Redox cycle in health and disease
Since tissue damage causes oxidation, vitamin C is converted
into the dehydroascorbate form. Therefore, the level of ascorbate
(reduced form) is lower and the amount of dehydroascorbate
(oxidised form) is increased. Irwin Stone has computed the ratio of
ascorbate to dehydroascorbate in several disease states.437 Stone
computed his first table from research published by Bhaduri.186 As
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expected, the ratio of ascorbate to dehydroascorbate was found to be
low in disease and even lower in severe illness leading to death.

Severity of disease and ratio of ascorbate (AA) to
dehydroascorbate (DHA)
Disease

Number of

Condition

AA/DHA

subjects
Normal controls

28

Healthy

Meningitis

11

Convalescent

2.8

17

Survived

0.7

Died

0.3

12

Convalescent

5.0

12

Survived

1.3

13

Died

0.5

15

Convalescent

4.0

19

Survived

1.0

Died

0.4

15

Convalescent

4.5

19

Survived

1.3

Died

0.4

8
Tetanus

Pneumonia

7
Typhoid

4

14.0

Stone also calculated the ratio of ascorbate to
dehydroascorbate in a range of diseases, based on the work of
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Chakrabarti.187 These data are less complete but are consistent with
the ratio of ascorbate to dehydroascorbate being an indicator of health
or sickness. Stone’s results are shown in the following table:

Ratio of ascorbate to dehydroascorbate in disease
Disease

Number of subjects AA/DHA

Normal controls

16

14.8

Cholera

21

1.7

Smallpox

16

0.9

Pyogenic meningitis

16

0.7

Tubercular meningitis

16

4.2

Gonorrhoea

16

2.0

Syphilis

16

4.2

This relationship between vitamin C and illness leads us to
suggest a number of hypotheses:
•
•

•
•

Disease generally depends upon oxidation and involves an excess
of free radicals.
An ample supply of a non-toxic antioxidant, such as ascorbate,
can neutralise free radicals and return sick tissue to a reducing
redox state.
A tissue’s response to stress, injury or insult is optimal in a
reducing redox environment.
A reducing redox state, induced by ascorbate, modifies signalling
by free radicals, modulating the body’s immune response by
preventing shock and reducing inflammation.

These hypotheses suggest simple experiments that are clearly
testable and refutable. Taken together, they imply that if we removed
all excess free radicals, the symptoms of a disease would diminish.
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The main purpose of ascorbate in fighting disease is as an
antioxidant. Vitamin C provides a biologically free supply of electrons
to the tissue. Each molecule carries two electrons that can be donated
as required to prevent oxidation. In order for this to happen, the ratio
of ascorbate to dehydroascorbate must be kept high. This may be
achieved by introducing a continuous supply of new ascorbate into the
damaged tissue. Incoming vitamin C keeps the tissue in a reduced
state, until the unstable dehydroascorbate is hydrolysed (split by
combination with water), reduced back to ascorbate, or flows out of
the tissue.
Recent measurements of patients with acute pancreatitis
confirm these predictions. High doses of vitamin C reduced the
number of free radicals, inflammatory chemicals, and the severity of
the disease, leading to a shortened the period of illness.188 This study
was unusual, in that it compared a reasonably large 10-gram dose of
ascorbate to a one-gram control dose, with both given intravenously.

Bowel tolerance
Through clinical experience, Robert Cathcart discovered that the
amount of oral vitamin C tolerated by a sick person, without causing
diarrhoea, increases with the intensity of the illness. This observation
is easily explained as an evolutionary adaptation, which increases the
available ascorbate in times of need. Cathcart’s approach to the
treatment of disease is to use vitamin C at doses one hundred times
the amount normally considered a megadose. The resulting
concentration of vitamin C is so large that free radicals are quickly
quenched. The tissue is forced into a reduced state and supporting
antioxidants, such as vitamin E, are restored to normal functioning.
Cathcart warns against giving intermediate doses of vitamin C,
suggesting that low megadoses could suppress symptoms while
prolonging the duration of the disease, a condition he has described
as being “unsick”.
Cathcart’s well-known table of usual bowel tolerances in disease
is reproduced here. Note both the size of the dose and the frequency
of administration. This table derives from his extensive clinical
experience rather than from controlled clinical trials. Cathcart
generalises that tolerance to vitamin C is proportional to the severity
of the disease. Generally, this seems to be the case, but it is not
always true. Dr Ian Brighthope reports that some very ill people
cannot even tolerate half a gram of oral vitamin C, while a number of
healthy people can tolerate up to 90 grams without causing
observable effects on the bowel.
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Cathcart’s Table of Usual Bowel Tolerances
Condition

Grams per day

Doses per day

Normal

4 - 15

4-6

Mild cold

30 - 60

6 - 10

Severe cold

60 - 100+

8 - 15

Influenza

100 - 150

8 - 20

ECHO, coxsackievirus

100 - 150

8 - 20

Mononucleosis

150 - 200+

12 - 25

Viral pneumonia

100 - 200+

12 - 25

Hay fever, asthma

15 - 50

4-8

Allergy

0.5 - 50

4-8

Burn, injury, surgery

25 - 150+

6 - 20

Anxiety, exercise, mild stress

15 - 25

4-6

Cancer

15 - 100

4 - 15

Ankylosing spondylitis

15 - 100

4 - 15

Reiter's syndrome

15 - 60

4 - 10

Acute anterior uveitis

30 - 100

4 - 15

Rheumatoid arthritis

15 - 100

4 - 15

Bacterial infections

30 - 200+

10 - 25

Infectious hepatitis

30 - 100

6 - 15

Candidiasis

15 - 200+

6 – 25

We can explain Cathcart’s findings, by looking at how the bowel
tolerance level operates. When people are sick, their tissues use
more vitamin C. This lowers blood levels. When the blood
concentration is low, vitamin C is actively transported from the gut. At
higher blood levels, the pumps are not effective. During illness, when
the blood concentration is low and ascorbate is transported at a
higher rate, the concentration in the gut falls. The more severe the
illness, the more ascorbate is needed to restore blood levels, and this
means a greater dose is absorbed from the gut.
When blood levels have returned to normal, absorption from the
gut slows down. If the person continues to take more vitamin C, the
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concentration in the gut increases. This exerts an osmotic pressure,
holding water in the gut, which causes diarrhoea. At this point, we say
that the gut tolerance level has been reached. Blood levels are
restored just before bowel intolerance is reached. The highest blood
levels that can be achieved by oral administration occur around the
maximum bowel tolerance level. A reduction in symptoms is often
observed as the patient approaches this level.
The capacity of the absorption mechanism is a limiting factor.
With severe illness, or in people with a smaller number of ascorbate
pumps in their gut, the uptake of vitamin C might not be enough to
restore blood levels. In this case, even if the person took sufficient
vitamin C to exceed the bowel tolerance level, the illness would
continue and blood levels would remain low. It has also been noticed
that people who are given intravenous sodium ascorbate have a
higher gut tolerance level. The reason for this could be that the
intravenous ascorbate counteracts the osmotic pressure exerted by
the vitamin C in the gut.

Ascorbate as a drug
The aim of high dose vitamin C treatments is to keep the ratio of
ascorbate to dehydroascorbate at a high level, even within sick or
inflamed cells. The flow of fresh vitamin C through the tissues means
that diseased cells get a large free supply of electrons.
The implications of this idea are considerable. Vitamin C will
quench most free radicals it encounters, including other antioxidants
that have become oxidised. Furthermore, it will change the redox
signalling within the damaged tissue, ensuring that the body provides
an appropriate response to the disease. One theoretical problem is
that some antioxidants are stronger reducing agents than vitamin C.
The electrons used by typical antioxidants come from the metabolism
of the cell. When cells supply these electrons, they use energy
normally reserved to power the essential chemistry of life. However,
large amounts of ascorbate would free these molecules from acting as
antioxidants and facilitate normal metabolic functions.189,190,191,192
Biological antioxidants are continually engaged in an oxidationreduction cycle.193,194,195 This normal recycling uses energy, as it
depends on the metabolic pathways of the cell. Damaged or stressed
cells may be unable to regenerate sufficient ascorbate or other
antioxidants, to cope with the increased demand. From basic
chemistry, it is clear that diseased tissue would be returned to a
normal reducing state if sufficient ascorbate could be provided and the
dehydroascorbate waste product removed.
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Clinical experience
In 1975, Cathcart reported that, over a three-year period, he had
treated more than 2,000 patients with massive doses of vitamin C.196
He noted considerable beneficial effects in acute viral disease and
suggested that a clinical trial would substantiate his observations.
Regrettably, clinical trials of these large doses have not been
performed. In 1981, he documented a further 7,000 patients who had
been given the treatment, which had markedly altered the expected
course of a large number of diseases.197 Since that time, he has
continued treating many thousands of patients, with similar positive
results.
Cathcart has observed surprisingly few problems with the
massive doses he has tried, stating that the majority of patients have
little difficulty with them. This is confirmed by the experience of other
physicians giving high dose ascorbate treatment.2,3,175 Minor
complaints such as gas, diarrhoea or stomach acid, reported by
healthy people taking large oral doses of vitamin C, are rare in sick
patients.
Vitamin C given below bowel tolerance generally has little effect
on a disease process, whereas doses that are close to the bowel
tolerance level can greatly reduce symptoms. Cathcart describes the
effect of vitamin C at these doses as being clinically dramatic, as if a
threshold had been reached.198 Cathcart found that his patients
experienced a feeling of “well-being” at high dose levels and
considered this an unexpected benefit. These feelings of well-being
may indicate that no obvious detrimental side effect is present.
Cathcart reports that in severe disease, such as viral pneumonia, the
benefit is substantial; he describes a complete cessation of
symptoms. Such a powerful effect is difficult to dismiss, either as a
placebo response or as self-delusion on the part of the physician.
Importantly, in terms of relating the response to the dose of
vitamin C, the symptoms can be turned on or off by adjusting the
dose. The sickness and acute symptoms of diseases such as
pneumonia were found to return if the vitamin C levels were lowered.
This process of switching symptoms on and off with the vitamin C
dose is an important observation, since it means that the patients are
acting as their own experimental controls. The authors have tried this
experiment with the common cold and found that high doses of
ascorbate could bring substantial symptomatic relief and a feeling of
well-being.
Titration to bowel tolerance levels is fine for people who can be
persuaded to take these huge amounts of vitamin C. However, if the
disease is more severe or the patient is unable to take large doses
orally, then intravenous infusion of ascorbate may be substituted. With
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intravenous ascorbate, the clinical effect is reported to be more
dramatic.197
Other physicians and researchers working with massive doses
of vitamin C report findings entirely consistent with those of Cathcart.
Clinical reports of the beneficial action of these doses are often
striking. Patients with severe disease can recover rapidly. An
Australian doctor, Archie Kalokerinos, has described seeing children
in severe shock, unresponsive to treatment and on the point of death,
recovering in a matter of minutes.575 Either the medical establishment
has overlooked an important finding, or multiple independent
physicians are each separately discovering a substantial placebo
effect that is specific to this vitamin.
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Dynamic flow
“If you don’t take ascorbic acid with your food you get
scurvy, so the medical profession said that if you don’t
get scurvy you are all right. I think that this is a very
grave error.”
Albert Szent-Gyorgyi
In this chapter, we introduce the dynamic flow model, which
explains how vitamin C acts when large doses are used. An individual
with an excess of vitamin C in the diet has a continuous flow through
the tissues, which are therefore maintained in a reducing state. It is
biologically useful to have a dynamic flow through the body, even
though not all the ascorbate is absorbed. During times of stress or
infection, ascorbate absorption is increased; the surplus dietary
ascorbate then acts as a reservoir upon which the body can draw
without delay. When this happens, excretion is also increased,
improving the ratio of reduced to oxidised ascorbate in the tissues and
helping to restore health.

Dynamic flow model
We have developed a theory of action, the dynamic flow model,
which explains the reported clinical results with vitamin C. These
ideas build on the pioneering work of Klenner, Stone, Cathcart and
Pauling. Using this new model, we are able to clarify both the positive
and negative findings that have been reported for vitamin C. The
dynamic flow model makes sense of many clinical observations of the
effects of ascorbate, over the whole range of intakes. Throughout this
book, we demonstrate that the results of experiment are consistent
with the model. Indeed, in an extensive search of the literature, we
have failed to discover any experimental or clinical studies that do not
comply with its predictions.
Dynamic flow restores human physiology to the condition of
animals that synthesise their own vitamin C. The majority of animals
make ascorbate in either the liver or kidney. The primary role of
ascorbate in the body is as an antioxidant; it flows in the bloodstream
and diffuses through the tissues providing protection from free
radicals. Some cell types have critical requirements for ascorbate and
actively accumulate it above the levels found in plasma, using
biochemical pumps. When blood levels are low, animals can make
more. In addition, ascorbate can be reabsorbed by the kidneys, which
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prevents levels dropping below a threshold value. Preventing
excretion adds a further control mechanism, maintaining minimum
levels and conserving energy.
Herbivores can absorb substantial amounts of vitamin C from
the food in their guts, reducing the requirement for synthesis. If blood
levels increase, manufacture can be suppressed by negative
feedback. Normal, healthy animals manufacture relatively high levels
of the vitamin, expending considerable energy in the process. The
amount made is reportedly equivalent to an intravenous infusion of
several grams in man. These animals must therefore either use or
excrete this amount.
When animals are sick, they increase both the amount of
ascorbate they make and the quantity excreted. By making more, they
increase the ratio of reduced ascorbate relative to the oxidised form,
dehydroascorbate. As the blood levels rise, high levels of excretion
remove dehydroascorbate as well as ascorbate. In the sick animal,
both synthesis and excretion increase the levels of ascorbate relative
to dehydroascorbate. The homeostatic control of ascorbate during
sickness acts to re-establish a reducing internal environment.
Humans and animals that have lost the ability to synthesise their
own ascorbate must obtain it from the diet, in the form of vitamin C. In
this case, shortage of vitamin C is more critical. Prevention of
excretion is essential to avoid scurvy. At low intake levels, humans
absorb the vitamin actively from the gut, helping to prevent acute
deficiency. When the vitamin is in short supply, the body absorbs a
greater proportion of what is available. When there is plenty, some
remains in the gut, which acts as a reservoir. A sick human cannot
manufacture ascorbate but absorbs more from the gut, if it is
available. When ill, people can automatically take in up to 1000 times
the levels absorbed by healthy individuals.
If a person is subject to stress or comes in contact with an
infective agent, the need for ascorbate to neutralise free radicals is
increased. Unless the person has an excess, the available body pool
is soon depleted. As the blood levels drop, ascorbate starts being
actively pumped from the gut. The amount contained in the digestive
system is limited and is soon depleted. An ailing person, who is not
aware of the increased need, does not take a supplement and is
therefore acutely short of vitamin C.
Ascorbate has a half-life in the blood of about 30 minutes.
Paradoxically, this high turnover rate makes ascorbate particularly
effective in maintaining a reducing environment in the tissues,
provided it can be supplied continuously. Rapid excretion of oxidised
vitamin C increases the ratio of ascorbate to dehydroascorbate.
Pumps within the kidney reabsorb ascorbate but not
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dehydroascorbate.199 Removal of dehydroascorbate from the
damaged tissues is important, both for treatment of disease and for
animal physiology. The loss of ascorbate in urine is energetically
expensive for an animal, but the cost may be balanced by increased
survival in the presence of infection and disease.

The dynamic flow model

When dynamic flow is achieved, vitamin C passes into diseased
tissue as ascorbate, donating electrons (e-) and forming
dehydroascorbate. The electrons reduce the tissues. A mixture of
ascorbate and dehydroascorbate is excreted. The result of this
process is a control mechanism that helps prevent tissue oxidation.
In previous chapters, we saw that the body uses small amounts
of vitamin C and other antioxidants repeatedly, to neutralise free
radicals. The ascorbate molecule cycles round, being continually
oxidised and then reduced. This mechanism enables vitamin C to act
as a pathway for electrons, linking the cellular metabolism to other
antioxidants. The protective oxidation-reduction cycle of antioxidants
is limited by the rate at which the cellular metabolism can supply extra
electrons. When a person is sick, more free radicals may be produced
than a cell can quench, so the cell becomes oxidised and injured.
Furthermore, with high levels of oxidants, the cells are damaged and
less able to supply the crucial electrons.
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Intake levels
In the dynamic flow condition, large amounts of vitamin C are
available continuously, to quench free radicals. The dose required for
dynamic flow varies with the quantity of free radicals being produced,
and is perhaps more than 50% of gut tolerance, spread throughout
the day. People opting for higher intakes need to accept the slight
risks associated with a larger dose. However, the known risks of, say,
a three gram dose of vitamin C are negligible, whereas deficiency is
certainly associated with poor health and disease.

Nutritional doses
Acute deficiency means ascorbate intake is extremely low, leading to
scurvy. Vitamin C intake of less than about 5mg per day results in
severe disease and death.
Sub-clinical deficiency occurs in otherwise healthy individuals when
the intake of ascorbate is insufficient to raise levels to the point where
white blood cells are saturated and vitamin C is excreted. This level
approximates to the RDA, although it would vary with the individual.
Base-level is when the intake of ascorbate is enough to produce blood
levels such that vitamin C is consistently found in the urine. This level is
necessary to avoid the hypoascorbemia suggested by Irwin Stone.437
Dynamic flow is when an excess of ascorbate leads to incomplete
absorption and to excretion in the urine. This is necessary to avoid
acute vitamin C deficiency in times of stress or disease.

Dynamic flow for disease prevention
When a disease is at an early stage, or is small and localised, a
lower concentration of ascorbate is needed than when it is well
established. For example, if a person is infected with a common cold,
there are relatively few viral particles at the outset. The virus attacks
the cells locally, producing an inflammatory response. In these early
stages, the volume of tissue involved is small, and the amount of
ascorbate required to neutralise the free radicals is correspondingly
low. It is easier for the ascorbate molecules to penetrate the diseased
tissue than in the later, more widespread stages of the illness. If a
person in a state of dynamic flow is exposed to a virus and infection
begins to take hold, extra ascorbate is available immediately, from the
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surplus that is normally not absorbed. This additional vitamin C may
often be sufficient to quench the disease, before it has time to become
established.

Pharmacological doses
Oral treatment requires ascorbate titrated to bowel tolerance, with
large amounts of vitamin C taken by mouth. This appears to be far less
effective than intravenous treatment.
Intravenous treatment can be used to administer very high doses of
sodium ascorbate for treatment of disease.

Massive doses for treatment of disease
Oral doses, even massive ones, may be ineffective for treatment
of disease. Such doses are limited by bowel tolerance and may not be
fully absorbed. In this case, intravenous ascorbate offers a useful
alternative. Doses given by the intravenous route are limited only by
any potentially toxic properties of sodium ascorbate. Fortunately,
infusions of several hundred grams seem to be largely free of side
effects.14

Practical implications of dose levels
The dynamic flow model allows us to make predictions about
the effectiveness of different doses of vitamin C. Doses below
dynamic flow will not provide adequate protection against
susceptibility to disease. We predict that clinical studies using less
than about three grams of vitamin C per day will yield variable results.
Furthermore, if single doses are given daily, the results will be
approximately comparable for all amounts above 500mg, because of
the short half-life. Single large doses will only give about four to six
hours of protection, as this is the period during which blood levels are
raised.
A single megadose will provide only a fraction of the potential
benefit of split or slow release doses. Since the action of a drug is
generally related to its blood levels, divided doses give greater
protection. An immediate consequence of the short half-life of vitamin
C is that clinical trials employing a single daily dose schedule
underestimate the true benefit. Unfortunately, our review of the
literature indicates that the great majority of trials have used single
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daily doses. This limits the validity of experiments purporting to
measure the utility of vitamin C for preventing disease.

Conclusions
The dynamic flow model allows us to take a new look at the
claims for ascorbate in disease. It provides an explanation for the
positive results. Moreover, it clarifies the variable conclusions of
doctors using small or infrequent doses. In addition, it offers a simple
reason for why animals that manufacture their own vitamin C also
excrete it in their urine. If correct, the dynamic flow model implies that
the potential benefits of ascorbate have, so far, been greatly
underestimated.
Now that we have an understanding of the role of vitamin C in
the body, we are ready to look at its use in specific illnesses. Since
the number of diseases that ascorbate is claimed to benefit is large,
we will restrict our discussion to the major killers in the industrialised
nations.
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Heart disease and stroke
“Why think? Why not try the experiment?”
John Hunter
The first disease we will examine in detail is atherosclerosis, the
cause of coronary thrombosis and occlusive stroke. Atherosclerosis,
heart disease and stroke are arguably the biggest killers in the
industrialised nations. Inflammation of the arteries is an important
factor in all of them. The role of cholesterol in cardiovascular disease
has been overemphasised, however. The evidence for high levels of
cholesterol being the fundamental cause is slight.

Searching for a solution
In broad terms, the development of atherosclerosis is
comparable to the furring up of domestic water pipes. In arteries, the
process involves a complicated assortment of cells and biochemical
reactions. Paradoxically, this complexity seems to have narrowed the
scope of medical research. Instead of small-scale experiments,
designed to identify the fundamental cause of the problem, we find
detailed studies of arcane aspects of the biochemistry of lipids (fats or
oils).
The preferred research methodology has become large-scale
population studies, which are used to identify the relative importance
of minor risk factors. While there is obviously a case for detailed
scientific information gathering, this process carries its own dangers.
The medical establishment have come to believe they are solving an
incredibly difficult problem. For this reason, experts in their specialised
fields find it hard to accept radical but straightforward new approaches
that would invalidate their skills. A solution to the problems of heart
disease and stroke could also end the use of techniques around
which many doctors have built their careers.
If a simple cure for heart disease and stroke were found, it could
also have severe economic implications for the businesses of
medicine and pharmaceuticals, along with supposedly health-related
food industries, such as margarine producers. Such industries wield a
large amount of influence over governments and the medical
establishment. Despite these opposing forces, however, an effective
solution will eventually move the game forward, potentially leaving
professional and economic devastation in its wake. The steady
accumulation of detailed research and confusing results, which are
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ultimately overthrown by a new idea, is a classic process, which has
occurred throughout the history of science. Confusion and information
gathering are replaced by a new theory that makes sense of the
conflicting evidence and explains the facts.

Cholesterol?
The popular and, until recently, conventional explanation of
heart disease is that cholesterol builds up on the surface of arterial
walls, ultimately blocking the artery and leading to a heart attack or
stroke. The root cause of the problem is supposed to be too much
cholesterol in the blood, arising from a high fat diet. In practise, few
researchers really believe this idea and it is so great an
oversimplification as to be misleading. While high blood cholesterol is
a risk factor for heart disease, the idea that cholesterol in the diet is
the cause of atherosclerosis is wrong.
Recently, it has been pointed out that the cholesterol hypothesis
is misguided. Critics of the idea cite compelling evidence that people
with normal or even low blood cholesterol have heart attacks.
Furthermore, there is little evidence linking dietary cholesterol to high
blood cholesterol and hence to heart disease.200,201 The popular
model, which involves cholesterol from the diet building up on the
arterial wall, has therefore been superseded.
Since few researchers nowadays accept the primitive
cholesterol model, simple-minded radicalism is equally misplaced.
The involvement of cholesterol in heart disease is now thought to be a
result of its oxidation by free radicals. The case against the
cholesterol myths is detailed by Dr Uffe Ravnskov,201 who points out
that high blood cholesterol is not closely associated with
atherosclerosis during post mortems. Blood cholesterol is also not
correlated with the results of coronary angiography (x-ray examination
of blood vessels in the heart). The build up of calcium deposits, or
calcification, which occurs in older arterial plaques, is not associated
with levels of cholesterol or fats in the blood. In addition, high blood
cholesterol is not closely related to atherosclerosis in peripheral blood
vessels.

“Bad” and “good” cholesterol
The currently popular cholesterol model of atherosclerosis is
that excess low-density lipoprotein (LDL) is to blame. According to this
hypothesis, LDL, the so-called “bad cholesterol”, accumulates in the
wall of an artery and undergoes chemical changes, including
oxidation, resulting in atherosclerosis. Cholesterol is a fat-soluble
steroid, usually called a lipid. As cholesterol is fat-soluble, it does not
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dissolve readily in water, and the body cannot transport it in the blood
plasma. For transportation, it is wrapped with protein molecules into
little balls called lipoproteins. LDL is one type of lipoprotein, used to
take cholesterol from the liver, where it is manufactured, to the tissues
of the body.
The other main form of lipoprotein particle is smaller and
denser; this high-density lipoprotein, or HDL, is often called “good
cholesterol”. It transfers cholesterol back from the tissues to the liver,
where it is stored or destroyed. Both LDL and HDL particles are a
mixture of proteins and lipid, including cholesterol. The talk of “good”
and “bad” cholesterol is both bad science and misleading.

Familial hypercholesterolaemia
The 1985 Nobel Prize for medicine was awarded to Michael
Brown and Joseph Goldstein, for their work on the regulation of
cholesterol metabolism. They found that fibroblast cells, which
produce collagen in the blood vessel wall, have receptors on their
surfaces. These receptors allow the uptake of LDL or “bad”
cholesterol. Brown and Goldstein discovered that the underlying
mechanism in severe familial hypercholesterolaemia (too much
cholesterol in the blood) is a lack of functioning LDL-receptors.
Familial hypercholesterolaemia is a genetic disease in which blood
levels of cholesterol are up to five times higher than normal. In severe
cases, where sufferers have a double dose of the gene, they
appeared to die from atherosclerosis in their teens or even earlier.
People with only a single copy of the gene develop symptoms at
around 35 - 55 years of age.
Before we create the impression that the raised blood
cholesterol in hypercholesterolaemia causes atherosclerosis and
heart attacks, we should clarify the situation. This is what the medical
profession considered to be the case, but the facts are not clear.
Doctors gained a misleading impression, because the cases of
hypercholesterolaemia they observed were often selected because of
heart disease. In other words, patients presenting with heart
complaints were likely to be identified as having the condition. Others
who had the condition but did not have a heart problem were likely to
go unnoticed.
The plaques in hypercholesterolaemia can differ from those
seen in common heart disease,202,203 and the cause of death in
families with hypercholesterolaemia follows the overall pattern found
with heart disease in the normal population.204 After 1915, the death
rate among hypercholesterolaemics increased, reaching a maximum
during the 1950s, after which it began to decrease. In the 19th
century, the total death rate of people with hypercholesterolaemia was
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lower than that of the general population. If we ignore the possibility
that high levels of cholesterol protect against the more common forms
of death, this fact refutes the hypothesis that high blood cholesterol
causes heart disease. Further, it implies that high cholesterol is not an
independent risk factor.
In periods with increased death rates, life expectancy for
individual hypercholesterolaemics varied from normal to severely
shortened. This large variation in life expectancy suggests that studies
of hypercholesterolaemic families, based on selected patients, have
overestimated the mortality from the disease. The changes in heart
disease death rates over time imply that other environmental factors
play a dominant role. Even massively high blood cholesterol does not
necessarily cause heart disease, although it is in some way
associated with an increased risk. It is interesting that Ginter proposed
vitamin C, at high blood levels, as the principal treatment for
hypercholesterolaemia.205
In normal individuals, cholesterol in the diet inhibits its
manufacture in the body. In hypercholesterolaemia, however, there
are fewer LDL-receptors on the surface of cells that remove
cholesterol, resulting in increased blood levels. This excess LDL
cholesterol could accumulate in the wall of arteries, causing
atherosclerosis and eventually a heart attack or a stroke. Cells from
patients with severe familial hypercholesterolaemia do not have
functioning LDL-receptors, so they do not remove the cholesterol from
the blood. People who inherit only one gene for the disease have only
half the expected number of functioning LDL receptors and thus their
blood cholesterol levels are intermediate between people with two
disease-carrying genes and normal individuals. In people with
hypercholesterolaemia, the cholesterol control mechanisms have
failed.
It is easy to see why the idea that LDL cholesterol in the blood
causes atherosclerosis was so persuasive. People with
hypercholesterolaemia have enormously high levels of blood
cholesterol and, before the evidence was fully examined, were
believed to die early from complications of atherosclerosis. By
analogy, it was assumed that heart disease in normal people also
resulted from a defect in the regulation of blood levels of LDL
cholesterol. The conclusion was reached that high blood levels of
cholesterol causes atherosclerosis and heart disease. This is biology
however, and it has no respect for simple logic.
Since high levels of cholesterol occur in arterial plaques, the
presence of some form of cholesterol may be necessary for the
disease to occur. In severe familial hypercholesterolaemia, people
with elevated blood cholesterol can get atherosclerosis abnormally
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early. In this case, the presence of high blood cholesterol appears to
accelerate the progression of the disease. At most, this indicates that
high blood cholesterol is in some way associated with the progression
of the illness. It does not show that high blood cholesterol is the cause
of the disease. If it were that simple, prevention of heart disease could
be achieved by controlling blood cholesterol and no one with low
cholesterol would ever get the disease, which is not true.
A little thought will supply an alternative to the notion that high
blood cholesterol causes atherosclerosis. Fibroblast white blood cells
and other cells in the arterial wall manufacture cholesterol. In
hypercholesterolaemia, these cells have the same defective receptors
as the cells that control cholesterol in the blood. Cells in the arterial
wall could continue to manufacture cholesterol, even as it was
building up in the wall, because the normal “switch off” mechanism
depends on the faulty receptors. In this case, the cholesterol
produced locally could build up in the wall, forming plaque
independently of the levels in the blood. The cholesterol control
mechanism in the blood vessel wall would have failed. High blood
levels of cholesterol would be an indicator for the disease but lowering
blood cholesterol might not be an effective treatment.

Homeostasis and cholesterol control
Increasing the amount of cholesterol in the diet has little effect
on blood levels, since it is manufactured in the liver. Despite its bad
press, cholesterol is essential to life and is produced in large amounts
by the body, with the remainder coming from the diet. Every cell in the
body uses cholesterol in its membranes. Cholesterol deficiency is rare
but leads to devastating complications, especially in the central
nervous system. It is irrelevant to the body whether the cholesterol
comes from the diet or is made internally; the molecule is the same.
In the body, cholesterol is regulated by homeostasis, the name
given to the control mechanism that manages most biological
substances and processes, keeping them within well-defined limits.
The mechanism is a classic negative feedback loop, and it works in
the same way that a thermostat controls room temperature. If too
much cholesterol is supplied in the diet, the liver can reduce its
synthesis of new cholesterol or, alternatively, increase cholesterol
breakdown. Both these mechanisms regulate the amount of
cholesterol in the body. If the body’s cholesterol levels are too high,
then the control mechanism is not working properly. Reducing the
intake of dietary cholesterol may reduce blood levels, but greater
production by the liver can compensate. Because of homeostasis,
cutting a person’s cholesterol intake would stimulate the body to
manufacture more in the liver, to make up for the reduction.
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Dietary cholesterol and heart disease
The enormous amount of effort expended on the hypothesis that
dietary cholesterol is the main cause of heart disease has effectively
refuted the idea. Together with instructing patients to reduce their
intake of cholesterol, the conventional emphasis is now on the
replacement of saturated fats with polyunsaturated fats in the diet.
This is also scientifically controversial.
In medicine, there is often an implicit assumption that high blood
cholesterol levels lead directly to arterial plaque formation: this can
lead to confusion. For example, a daily one-gram dose of vitamin C
was shown to increase blood cholesterol in patients with
atherosclerosis. Initially, this rise was supposed to be wholly due to
removal of cholesterol from the arterial walls and plaques,206 and the
suggestion was made that, in this case, the risk of heart attack would
be reduced as blood cholesterol rose. Later calculations suggested
that this increased blood cholesterol might not all come from the
arterial wall.207 If the increased cholesterol came from some other
source, it was argued, it might lead to increased risk. Of course, this
argument is based on the covert assumption that high blood
cholesterol causes atherosclerosis. Initial studies in healthy young
patients suggested that vitamin C lowered blood cholesterol, although
later studies were unable to confirm this result.208 Such studies as
these throw little light on the effects of either vitamin C or cholesterol
on heart disease.

Atherosclerosis
Plaques consist of fatty tissues that accumulate within the
arterial wall; they are a major sign of atherosclerosis. As a plaque
forms, cholesterol is deposited within it. Unlike the furring up of water
pipes, plaque formation is an active process. Initially, the artery wall
often responds by thickening locally and expanding in diameter, this
keeps the blood flowing as the plaque grows. The thickening of the
wall of an artery supplying the heart can prevent it from expanding
with increased blood pressure when a person exercises; the result is
angina pectoris, a feeling of tightness and pressure in the chest. In
other arteries, it can lead to tightening and pain in the legs, known as
intermittent claudication. Eventually, the plaque begins to obstruct the
vessel and reduce blood flow; this constriction is called stenosis.
In some cases, the plaque can continue to expand until it totally
blocks the artery, preventing the flow of blood. Only about 15% of
heart attacks result from direct blockage by a growing plaque. Most
are caused when the plaque ruptures, producing a crack or fissure in
the internal wall of the artery. Blood then comes into direct contact
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with the damaged tissue and forms a clot, just as it would at the site of
any other injury. The production of such a clot can have the
unfortunate result of completely preventing blood flow. Alternatively, it
can break off and block a vessel elsewhere.

Sugar: glucose and glycation
The popular misconception of a direct causative link between
dietary cholesterol and heart disease has encouraged people to
eliminate cholesterol from their diet. However, there is more reason to
reduce sugar in the diet than cholesterol. Dr John Yudkin has
publicised the involvement of sugar in heart disease.209 He described
the relationship between the intake of sugar and rates of coronary
heart disease. Atherosclerosis, heart disease and stroke are wellknown complications for diabetics with increased blood glucose
levels.
In arterial plaques, molecules in the blood vessel wall are crosslinked by glucose, a process known as glycation. Glycation is a factor
involved in high blood pressure and the aging of arteries. Glucose
acts as a bridge between collagen and other molecules in blood
vessel walls, interfering with their normal elastic function and making
them stiffer. The reduced elasticity of the vessel wall means that
normal expansion of the blood vessels requires higher blood
pressures. Glucose is thus a significant factor in arteriosclerosis, the
aging and hardening of arteries. As the arteries stiffen, stress on the
arterial walls increases, especially in areas of high curvature and fast
blood flow.

Plaque development
In the inflamed arterial wall, LDL cholesterol undergoes two
denaturing processes: oxidation and cross-linking of its proteins by
glucose. The denatured LDL stimulates the inflammation process
further and a fatty streak is formed. This streak consists largely of
oxidised LDL, inflammatory molecules and white blood cells. Given
time, the streak becomes a plaque, composed of a fatty core covered
by a fibrous cap. Smooth muscle cells migrate to the surface and
multiply, laying down collagen fibres to cover the plaque with a cap.
The building of the fibrous cap enlarges the plaque, increasing the
likelihood of artery blockage. By strengthening the plaque, the cap
also minimises the chance of rupture and clotting, and prevents heart
attacks and strokes in the short term, at least.
White blood cells, especially macrophages, initiate further
inflammation. As the plaque grows, the macrophages take up so
much fat that, under the microscope, they appear foamy. For this
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reason, they are called foam cells. With time, the increased
inflammation can weaken the fibrous cap, leading to rupture and clot
formation.210 As well as blocking the blood vessel in which it is
located, a clot can break off and travel through the blood, until it
reaches and obstructs a small vessel that it cannot pass through. If
the clot is big enough and is in one of the arteries supplying the heart,
a coronary thrombosis can result. A clot that breaks off and lodges in
a vessel supplying the brain produces a stroke.

Plaque location
Plaques occur more frequently in places that are stressed, often
near the heart where blood vessels stretch and bend. High blood
pressure and the pulsating flow tend to flex the blood vessels in these
areas. The flow of blood around an obstruction also causes
mechanical stress to the cells lining the artery. Oxidation associated
with this mechanical stress can cause white blood cells to adhere to
the arterial wall, an early stage of plaque formation.64,211 These
mechanical and other stresses on the artery produce inflammation
and stimulate plaque formation. In some cases, a blood vessel can
even rupture because of the local damage.

Plaques as inflammation
Atherosclerosis is now recognised as an inflammatory
disease.212,213,214 Arterial plaques are active structures and may flare
up or shrink back, depending on the local inflammatory state. This
revised model of heart disease as inflammation helps to explain why
LDL cholesterol is a risk factor. The problems start when LDL particles
collect in the internal lining, or intima, of the artery. This lining is
formed by a thin layer of cells, together with some muscle cells, in
connective tissue. Lipoprotein particles are able to pass into and out
of the arterial lining. Sometimes, however, the LDL can begin to
accumulate in the arterial wall. Surprisingly, this accumulation is not a
problem in itself, as LDL is a normal part of the body and does not
cause inflammation. However, when it is oxidised or cross-linked, it
changes its molecular shape and takes a form that the immune
system recognises as abnormal, triggering inflammation.
Derived from solid scientific evidence, the inflammatory model of
atherosclerosis, heart disease and occlusive stroke is consistent with
the known facts. The cellular processes involved in the formation of
plaques are similar to those in other chronic inflammatory diseases
that involve fibrosis (the replacement of healthy tissue by scar
tissue).215 Recently discovered markers of inflammation, such as Creactive protein, are being proposed as indicators of heart attack risk
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in clinical practice.216,217 The model of heart disease as inflammation is
becoming mainstream.

Infection and heart disease
The role of infection in heart disease, which might once have
been considered a crackpot idea, is being taken seriously,218 and is
supported by reports that both bacteria and viruses have been found
in plaque tissue.219 Now that researchers are actively looking for the
presence of infection, the evidence for its involvement is increasing.
There is even cautious consideration of the treatment of heart disease
with antibiotics.220
If heart disease can result from infection, the discussion in later
chapters on vitamin C and infectious diseases becomes directly
relevant. For example, there are at least three ways to explain the
recognised link between gum disease and atherosclerosis.221 The first
is that gingivitis-causing microbes occasionally travel in the
bloodstream and trigger inflammation of the arteries. The second is
that a low-level infection of the gums secretes chemicals into the
blood stream that promote plaque formation. The third mechanism,
which seems closer to being causative, is that sugar and low
antioxidant levels in the diet produce both gum and heart disease.

Anti-inflammatory drugs
Aspirin is a well-known anti-inflammatory drug, thought to
prevent heart attacks by either “thinning the blood” or inhibiting clot
formation. In inflammatory conditions such as arthritis, aspirin is
generally taken at higher doses than those used to prevent heart
attacks. It is of interest that the statin drugs, which are thought to
prevent heart attacks by reducing the levels of cholesterol in the
blood, also have anti-inflammatory and other actions.222,223,224 Indeed,
lowering blood lipids and cholesterol reduces plaque inflammation in
rabbits and other animals,225 providing an alternative explanation for
the proposed benefits. Drugs and interventions often have more than
one biological effect and it is possible that these “cholesterol lowering”
drugs actually prevent heart attacks by acting to reduce inflammation,
stabilise arterial plaques or reduce clotting.

Oxidation and free radicals
A fundamental cause of inflammation in atherosclerosis is the
action of free radicals.226 In the blood vessel wall, free radicals
released by white blood cells oxidize lipids and other molecules. This
oxidation is a primary factor in the formation of plaques.227 Both lipids
and proteins are oxidised because of higher levels of free radicals in
139

the diseased arterial wall.228 Free radicals stimulate the increased
cellular growth that leads to plaque formation.
Vitamin C and other antioxidants confer numerous benefits on
heart and blood vessels. Vitamin C is required for the production of
collagen, which helps to strengthen the blood vessel walls. The
addition of antioxidants to the diet can prevent lipid oxidation227,228 and
vitamin C stops LDL cholesterol from being oxidised in blood
plasma,229,230 both directly and by regenerating vitamin E. Vitamin C is
claimed to be the outstanding antioxidant in blood.231 Antioxidants
lessen the injuries caused by reduced oxygen supply and reperfusion
damage in heart disease and stroke.36,37 As described previously,
reperfusion damage happens when the blood supply returns to a
tissue after a period of oxygen starvation. An understanding of the
processes of inflammation leads directly to the expectation that
vitamin C and other dietary antioxidants are beneficial in heart
disease.232,233,234

The oxidation theory of atherosclerosis
An extension of the inflammation model of atherosclerosis is the
oxidation theory. The oxidation theory does not invalidate any of the
claims for the involvement of inflammation or infection; it simply
suggests that plaques arise principally from oxidation induced by free
radicals. Scientists believe oxidation to be an important factor in the
development of atherosclerosis.235 Blood rushing past obstructions or
bends can cause oxidative stress to the cells lining the artery.236 High
blood levels of the amino acid homocysteine also damage arterial
walls,237 by producing free radicals in the arterial wall, although the
evidence is not complete.238 Homocysteine is produced from the
amino acid methionine, when the diet is deficient in vitamin B6, folic
acid and other nutrients.
In plaques, oxidised protein and LDL cholesterol sticks to the
blood vessel wall, leading to free radical damage.239 Oxidised lipids
induce inflammation,243 and cholesterol itself can be oxidised,
producing a chemical that is toxic to cells in the arterial wall.240
Oxidised LDL cholesterol may cause blood coagulation, and promote
calcification in advanced plaques.241 Macrophage white blood cells
cause oxidation that disrupts the plaque, leading to clot formation and
heart attack.242 While macrophages take up oxidised LDL
cholesterol,243 this can cause harm and cell death.243,244 Dying
macrophages cause yet more oxidative stress in the tissue and
contribute to the deposition of sludge in advanced plaques.245
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Preventing oxidation of “bad” cholesterol
It is generally accepted that plaque formation could be modified
by the addition of suitable antioxidants. However, many dietary
antioxidants may be unable to penetrate the plaque at sufficient
concentration to have an effect. Within the plaque, LDL cholesterol
has limited resistance to oxidation,246,247 although it contains small
amounts of antioxidants, such as vitamin E and coenzyme Q10.36
Furthermore, HDL, or “good” cholesterol, can also be oxidised.248,249
Isolated LDL cholesterol can be oxidised using copper ions,
2+
Cu . When this happens, there is a lag period, during which the
antioxidants in LDL are oxidised before the other constituents. Adding
vitamin E can significantly increase the resistance of LDL cholesterol
to oxidation. However, with prolonged exposure to free radicals, the
LDL cholesterol is oxidised, so the protective effect is limited. When
vitamin E in LDL cholesterol is oxidised, the free radical formed can
react with lipids causing further oxidation damage.250 In the absence
of ascorbate to recycle it, vitamin E may cease to be protective and
could promote free radical damage.
Vitamin C can prevent the oxidation of LDL cholesterol
directly,251,252,253,254,255 and can also help other antioxidants stay
effective.64,230,256,257,231,258 High levels of ascorbate can immerse the
cholesterol lipoproteins in a reducing liquid. However, despite ample
biochemical evidence for a protective effect of dietary antioxidants, it
has generally been claimed that they provide limited benefit.212
Presently, we will show that this claim results from a misinterpretation
of the science.
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Heart disease or scurvy?
“Man will occasionally stumble over the truth, but
usually manages to pick himself up, walk over or
around it, and carry on.” Winston S Churchill
More than sixty years ago, a Canadian pathologist called
Paterson put forward the hypothesis that shortage of vitamin C is a
causative factor in atherosclerosis. Since then, the hypothesis has
failed to enter the medical mainstream. Several independent
scientists, including Linus Pauling, concluded that heart disease is a
form of scurvy. In 1976, Turley and colleagues stated that, “Strong
clinical and experimental evidence suggests that chronic latent
vitamin C deficiency leads to hyper-cholesterolaemia and the
accumulation of cholesterol in certain tissues”.259 In other words, they
believed that shortage of vitamin C had already been shown to cause
atherosclerosis.
Similar theories explaining heart disease as scurvy have been
proposed more recently by Price,260 and by Clemetson.261 Price’s
group suggested that latent scurvy causes a reversible
atherosclerosis, similar to the clinical form of the disease in man. They
also proposed that an excess of glucose, which is structurally similar
to ascorbate and can inhibit its uptake into cells, could induce a form
of local scurvy. Clemetson suggested that shortage of vitamin C
disturbs cholesterol metabolism and raises levels of histamine,
damaging the lining of the arteries and predisposing the person to
atherosclerosis.

Do animals get heart attacks?
Atherosclerosis is common in humans but rare in domesticated
mammals. People are told to watch the amount of fat in their diet, for
fear of getting heart disease. They do not get the same advice for
their pets, because animals do not generally get occlusive heart
disease. Such disease is not an important consideration for vets
treating dogs, cats, rabbits and gerbils, for example. It does not matter
whether the animal is carnivorous or herbivorous; the disease is
uncommon in both.
You might think that doctors would have been stimulated by the
absence of atherosclerosis in animals, to find the defensive
mechanism involved. One obvious biochemical difference is that man
has lost the ability to manufacture ascorbate, whereas the animals
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that do not get heart disease make it internally in large amounts. In
guinea pigs, which are unable to synthesise ascorbate, the situation is
quite different. Unless their diet includes sufficient vitamin C, they do
suffer clogging of the arteries. These ascorbate deficient animals form
plaques, despite not ingesting large amounts of cholesterol.
Dogs and cats have a limited ability to produce their own vitamin
C. Weight for weight, dogs produce vitamin C equivalent to about 2.5
grams in humans. In an x-ray review of 3022 dogs and 671 cats, only
19 dogs showed coronary mineralisation, a sign of developed
plaques.262 No cat had any mineralisation. There are indications that
pet dogs may sometimes be vitamin C deficient. They suffer from
illnesses, such as hip dysplasia, that are correctable with
supplemental vitamin C.437 The occasional occurrence of
atherosclerosis in dogs could be a result of diabetes, in which high
blood sugar would predispose them to the condition. An alternative
explanation involves infection, as chlamydia has been found in both
dog and human arterial plaques.263 It is possible to produce a degree
of atherosclerosis in the domestic cat, by feeding it a diet abnormally
high in fat for several months.264 Atherosclerosis is, however, rare in
dogs and even less frequent in cats. Goats produce much more
vitamin C than cats or dogs,265 and are believed to increase
production when stressed or infected. The increase is equivalent to
going from 13 to 100 grams in a human.422
Mathias Rath has suggested that domestic animals never get
atherosclerosis. This is overstating the case; domestic animals
sometimes get the disease and the frequency can be increased in
some cases by adding cholesterol to the diet. Pigs can develop a level
of atherosclerosis when fed a high fat diet but, like monkeys, their
plaques do not usually develop local blood vessels, or rupture, like
those in man.266 Pigs are used as an animal model for atherosclerosis
research. As we might expect, diabetic pigs get atherosclerosis.267
Birds, especially old parrots and cockatoos, can also suffer from
atherosclerosis.268 Baboons get a form of atherosclerosis in the wild
but do not make good animal models of the disease.269 Wild monkeys
also can get a degree of atherosclerosis,270 which can be worsened,
in captivity, by feeding them a high cholesterol diet.271 The natural
form of atherosclerosis observed in mammals other than primates
differs from that in man, in having less fatty deposits.272
Rath has claimed that bears, in particular, do not get heart
disease. He suggests that high levels of vitamin C are protective,
when blood fat levels increase during hibernation. Hibernating animals
can modify their vitamin C levels during hibernation.273 However,
Bensky, an Asiatic Bear (Selenarctos thibetanus) from Little Rock Zoo
in Arkansas, died suddenly on the 8th May 2002 from ischemic heart
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disease due to severe coronary atherosclerosis. Bensky, aged 23
years, was being gradually introduced to his new mate, Samone. He
had been with his previous mate, Sugar Bear, from 1975 until her
death in 1998. This report suggests that bears can die from coronary
heart disease, although the incidence is probably low.
Most animals are resistant to the development of
atherosclerosis and heart disease. Where it does occur, it is likely that
atherosclerosis in animals is linked to a limited internal production or
utilisation of vitamin C and other antioxidants, secondary to diabetes
or some other ailment. A study on the effect of a high cholesterol diet
has shown that it does not affect antioxidant status in the rat, which is
resistant to atherosclerosis, but markedly affects antioxidant status in
the quail, which is susceptible to plaque formation.274 The existence of
the disease in occasional animals, or its induction by feeding them
abnormal amounts of cholesterol or fat, does not alter the facts. The
evidence suggests that animals with high levels of vitamin C are
resistant to atherosclerosis.

Fragile plaques
In 1940, pathologist J.C. Paterson from Ottawa was studying
atherosclerosis and capillary rupture leading to strokes.275 He noted
that stroke and coronary thrombosis were associated with lumps in
artery walls, called plaques. Blood clots could break off these plaques
and block blood vessels in the heart and brain. His histological studies
led him to believe that the blood clots were a result of damage to the
capillaries in the region of an atherosclerotic plaque. This account is
similar to modern theories.
The following year, Paterson carried out microscopic
examinations of plaques, which led him to suggest that high blood
pressure stresses the blood vessels and damages capillaries.276 He
added that the fragility of capillaries in plaques might be related to
vitamin C deficiency. He measured ascorbate levels in patients with
coronary occlusion, and found that 81% had levels of less than 0.5mg
per 100cc of plasma, which was low. This incidence of vitamin C
deficiency was not matched by any other illness. Paterson knew that
vitamin C deficiency could result in capillaries becoming fragile and
easily damaged, as happens with scurvy. He suggested that
inadequate blood levels of vitamin C might be a cause of coronary
thrombosis. He concluded, “There is sufficient evidence to warrant the
recommendation that patients with coronary artery disease be
assured an adequate vitamin C intake either by a proper diet or by the
exhibition of ascorbic acid, an innocuous drug”.
If, as Paterson suggested, atherosclerosis were caused by
shortage of ascorbate, then people with scurvy would be particularly
145

at risk. An interesting story on the internet reports an early study of
vitamin C deprivation, and claims that half the subjects had heart
attacks. This study was conducted in Sheffield, England by a team led
by the Nobel Prize winner, Sir Hans Krebs.277 The subjects were
conscientious objectors, who volunteered during the war years, 19431946. In 1996, this study was incorrectly included in a discussion of
medical ethics and the Nuremberg doctor trials, because of the
supposed death of one of the subjects.278 When we tracked down the
details, we found that one of the original researchers, Dr John
Pemberton, was still active at 91 years of age. Pemberton told us that
10 volunteers were deprived of vitamin C and all developed scurvy,
over a period of six to seven months. None of the subjects died during
the clinical trial. However, two showed symptoms of heart attack and
recovered when vitamin C was given.
Current research also supports Paterson’s ideas. Vitamin C
strengthens plaques, making them less liable to rupture.279,280 Lack of
ascorbate weakens the plaque and this, combined with the stress
from blood flow, increases the likelihood of clot formation.281 In 2002,
Nakata carried out work using a strain of mouse that could
manufacture neither vitamin C, nor a constituent of very low-density
lipoprotein (LDL) cholesterol.282 The plaques in these deficient mice
contain less collagen and are more likely to rupture than those
normally found in atherosclerosis. Vitamin C supplementation
stabilised the plaques and made them less liable to clot and block
blood vessels, as Patterson had suggested. However,
supplementation did not alter the number of plaques. While this result
indicates that vitamin C could lower the frequency of heart attacks,
these mice are an unusual strain and may be unsuitable as a model
for humans.
Paterson believed that vitamin C deficiency contributed to the
development of heart disease and strokes. He found that vitamin C
levels were lower in patients with coronary occlusion. He concluded
that vitamin C research was still in its infancy and clinical evidence
would need to accumulate in order to verify his findings. Given this
promising start, subsequent progress has been disappointing.
However, another Canadian, Dr C.G. Willis from Montreal, followed up
Paterson’s observations, with rather striking results.

Stressed arteries form plaque
In 1953, Dr Willis carried out a study of the arterial wall in
atherosclerosis.283 His observations supported Paterson’s suggestion
that atherosclerosis was caused by vitamin C deficiency. He pointed
out that, in patients with scurvy, fat was deposited in the arterial wall
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and noted that lesions with fragile capillaries occur at sites of
mechanical stress.
If these ideas of Paterson and Willis were correct, then we
would predict that vitamin C deficiency would lead to localised
damage of blood vessels. This was recently confirmed by Dr. Louis J.
Ignarro, who gained the 1998 Nobel Prize in medicine for work on
nitric oxide signalling in the cardiovascular system. Ignarro found that
dietary supplements of antioxidant vitamins and L-arginine, an amino
acid found in the normal diet, could lower the risk of heart disease in
mice.284 In 2003, he suggested that atherosclerotic plaques act like
trash caught in a river bend, impeding the flow. He proposed that
treatment with antioxidants and L-arginine could prevent blood vessel
inflammation and subsequent damage. While his experiments were
on mice with a genetic defect in cholesterol metabolism, he believed
his experiments implied the same outcome in patients with
atherosclerosis and heart disease.285

Atherosclerosis in scurvy: animal studies
Willis predicted that if he deprived animals of vitamin C they
would get atherosclerosis. He selected the guinea pig for his
experiments286 and fed 145 animals a high dose of cholesterol,
together with varying amounts of vitamin C.283 Guinea pigs are
herbivores and do not normally consume cholesterol in their diet.
Unlike humans, these animals do not have a good control mechanism
for cholesterol. In the guinea pig, high consumption leads to
cholesterol being deposited throughout the body.
As predicted, the animals given insufficient vitamin C rapidly
developed a form of atherosclerosis, reported to be indistinguishable
from the human form. High levels of cholesterol also led to plaques in
all animals that were short of vitamin C. When dietary cholesterol
levels were high, vitamin C supplementation or injection reduced the
incidence of plaques. As expected, injected vitamin C was more
effective and prevented plaque formation in about half the animals.
The plaques found in animals fed both vitamin C and cholesterol were
less severe than those in the ascorbate deficient animals.
It is now established that guinea pigs, one of the few animals
known to require dietary vitamin C, get atherosclerosis if they are fed
a deficient diet.287 Linus Pauling and Mathias Rath have replicated
and confirmed this early work. In a pilot study, they experimented with
three guinea pigs and found that they could induce atherosclerosis by
reducing the amount of vitamin C in the diet.288 In a further experiment
on 22 animals, they confirmed that atherosclerosis occurred in guinea
pigs fed low ascorbate diets. Other studies have shown that
inadequate intake of vitamin C in the guinea pig leads to high blood
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cholesterol,289,290 high blood lipids,291 atherosclerosis,292 and increased
oxidative stress.293 It has also been confirmed that a high cholesterol
diet with low ascorbate produces atherosclerosis in guinea pigs.294
While a link between dietary cholesterol and heart disease is not
supported by the evidence in humans,295 the established relationship
between low vitamin C and atherosclerosis in guinea pigs may reflect
a cause of the disease.286
Willis’ results suggest that vitamin C would stop plaques forming
in other experimental animals. It is possible to produce
atherosclerosis experimentally in rabbits, by feeding them an
unnaturally high cholesterol diet. While rabbits are able to produce
their own vitamin C, they may not produce all they need.422,296 Wild
rabbits live on a vegetarian diet, which supplies additional vitamin C,
but chow pellets replace this in most experiments. Since some
commercial chow does not include vitamin C, experimental rabbits
may have insufficient for dealing with the stress of a high cholesterol
diet.
As predicted, vitamin C inhibits the formation of plaques in
rabbits. Finmore fed cholesterol to rabbits and found that vitamin C
reduced the amount of cholesterol deposited in the aorta.297 He
claimed that vitamin C had a specific action on cholesterol in arterial
walls. In a later study, he found that vitamin C did not diminish the
extent of existing plaques in rabbits.298 These results on the protection
of rabbits from atherosclerotic plaques by vitamin C are confirmed by
other research299,300,301,302 but not by all studies.303,304 Other
antioxidants can also slow down plaque formation in the rabbit.305,306 In
one report, vitamin E and selenium were found to prevent plaque
formation but vitamin C was not.307 Despite this finding, the inhibition
of atherosclerosis by vitamin C in rabbits is generally accepted.308,309
Rabbits can develop atherosclerosis on an unusually fat laden diet,
but additional vitamin C may prevent plaque formation, even in this
animal, which manufactures its own.
We can also predict that if an animal that normally manufactured
ascorbate lost this ability, it would get plaques. Consider the example
of mice, which normally produce their own vitamin C and are resistant
to atherosclerosis. A particular laboratory strain of mouse cannot
produce ascorbate, as it has a mutated form of gulonolactone oxidase
- the same enzyme that is missing in humans. If not supplemented
with vitamin C, this mouse suffers damage to the aorta.310 The injury
does not have the same characteristics as human plaque, but
evolutionary changes may have compensated for the lack of the
vitamin in humans. Another strain of mouse, with an inability to
process cholesterol effectively, is subject to atherosclerosis, which is
inhibited by supplementation with vitamin C and other antioxidants.311
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These mice have very high cholesterol levels, like hyperlipidaemic
humans.

Reversing atherosclerosis in animals
Once a plaque has grown, it may be difficult to remove. In 1957,
Willis tried to demonstrate the reversal of atherosclerosis in the
guinea pig.312 Willis fed an ascorbate deficient diet to 77 animals. After
periods ranging from 21 to 30 days, he gave vitamin C to 50 of the
animals and examined the remaining 27 for signs of atherosclerosis.
He fed the same diet, but with vitamin C added, to a control group of
12 animals. As expected from his earlier results, no atherosclerosis
was found in the vitamin C supplemented controls, whereas 16 of the
27 ascorbate-deficient animals showed signs of atherosclerosis. He
found that 34 of the 50 animals that had received vitamin C for varying
periods, following the deficient diet, had developed atherosclerosis. In
his discussion, Willis suggests that the less developed plaques, or
“early lesions”, were quickly reabsorbed following vitamin C treatment.
Large advanced plaques were considerably more resistant to
reversal.
Willis claimed that when he fed vitamin C to his guinea pigs,
small plaques were healed quickly. After only two days of treatment,
he observed that plaques early in their development appeared to be in
regression. In more advanced plaques, the large lipid centre was
broken up into islands of fat but, after nine days of treatment, he noted
little further change. Willis’ results suggest that vitamin C can prevent
atherosclerosis in guinea pigs but will only partially remove it, leaving
scar tissue behind.

Clinical reversal of atherosclerosis in humans
If vitamin C were to be a useful treatment, it would need to be
effective in people as well as animals. In 1954, Willis began a study of
the development of plaques in the femoral (thigh) and popliteal (back
of the knee) arteries, using serial x-ray angiography (x-ray
examination of blood vessels).313 This technique allowed him to obtain
repeated images of the same plaques, to see if they had changed
over time. He noted that if these arteries were atherosclerotic, then
experience suggested the disease was spread throughout the
patient’s vascular system. His patients had generalised
atherosclerosis and varied in age from 55 to 77 years, with an
average of 64 years. The treatment group of 10 patients was given
half a gram of vitamin C orally three times a day, while the control
group of six patients was not. Nowadays, 1.5 grams of vitamin C is
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considered a nutritional rather than therapeutic dose, but giving three
doses each day would have raised the average blood levels.
After their initial x-ray assessment, Willis gave his patients a
repeated arteriograph, following a period of between two and six
months. In patients who were treated with vitamin C, Willis noted that
plaques, which had previously been growing bigger, were becoming
smaller. The patients’ symptoms also improved. In the vitamin C
group, six patients improved and their plaques reduced in size, three
cases showed plaque growth and one patient had plaques of constant
size. The untreated controls showed no change in symptoms and the
plaques grew larger in two of these patients. None of the
unsupplemented controls showed any improvement in their disease.
Willis’ clinical study is open to criticism of potential bias in
patient selection, the placebo effect, experimenter prejudice and for
the qualitative nature of his measurements. He felt his results were
encouraging, but pointed out that the series was small and that
conclusions must await studies carried out for a longer time and with
more cases.
More recently, x-ray scanning measurements support Willis’
conclusions. Mathias Rath and Aleksandra Niedzwiecki measured
arterial deposits repeatedly, in 55 subjects, using an ultra fast x-ray
CT body scanner. They studied a therapy based on high dose vitamin
C and the amino acid lysine, and found that it greatly reduced the
growth of deposits in the first six months of treatment.314 In the
following six months, in patients with early atherosclerosis, growth of
arterial plaque ceased. Their paper presents x-ray images suggesting
reversal of plaque deposits. However, x-ray measurements of this
form are difficult to perform and are prone to error. Taking
measurements from x-ray CT scans depends on many factors, such
as whether the imaged slice through the heart is at exactly the same
level each time. Like those of Willis, these measurements may be
subject to investigator bias.
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Vitamin C, risk factors and heart disease

Prevention of plaque growth
Scientists have confirmed that ascorbate can prevent growth of
arterial plaques in humans. Vitamin C has been used following
surgery, to prevent arterial blocking. In a preliminary study to assess
the possibility of using vitamin C to prevent arterial blockage following
a surgical procedure, Tomoda found the incidence of re-blockage was
significantly reduced in 50 patients receiving 500mg each day.315
Fang studied 40 patients, given either 500mg of vitamin C and 400IU
of vitamin E, or a placebo, twice daily for one year, following heart
transplants.316 He evaluated the effect by measuring the area of the
plaque using intra-vascular ultrasound. Over the year of treatment,
plaque size in the placebo group increased by 8% but did not change
in the treatment group. These data provide independent supporting
evidence that the antioxidant vitamins C and E can retard the
progression of atherosclerosis.

Low dose studies
The scientific literature on low dose vitamin C supplementation
and heart disease shows considerable variation. This variation is
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predicted by the dynamic flow model, given the size and timing of the
dose and the initial condition of the subjects’ arteries. Since Willis
performed his experiments, most studies of vitamin C and heart
disease have been indirect and have used low doses. Despite this,
there is substantial evidence that low doses of vitamin C can inhibit
arterial plaque formation,317,318,319,320,321,322,323 although it is not
conclusive.324,325,326
A randomised-control, three-year clinical study in Kuopio,
Finland showed that vitamins C and E slowed down the progression
of arterial plaque growth in men.327 This study used two daily 250mg
doses of slow release vitamin C and 136 IU of vitamin E. While this is
a low dose of vitamin C, the use of slow release tablets helps to
sustain blood levels. The combination of vitamins was effective, but
the effect of either vitamin C or vitamin E alone was not significant.
This suggests a synergistic benefit, as these antioxidants are known
to interact. A follow up report three years later indicated that the
beneficial effect had continued for six years.328 Another study sampled
blood levels of vitamin C in 468 male and female subjects, aged 66-75
years, living in Sheffield, Yorkshire. The researchers measured the
thickness of the arterial wall using ultrasound. The results showed that
in men, higher levels of vitamin C were associated with thinner carotid
artery walls.329 The effect was not replicated in the women in the
study.
In 1996, Lynch found evidence that vitamin C can slow the
development of experimental atherosclerosis in animals.330 He argued
that the current evidence from epidemiological studies on vitamin C in
the prevention of cardiovascular disease is not conclusive. Some
studies show a strong correlation between increased vitamin C intake
and reduction of cardiovascular events, while others do not. That
same year, Ness also reviewed the literature on the use of vitamin C
in atherosclerosis and heart disease.331 The review included studies
published between 1966 and 1996. Ness concluded that the limited
evidence available was consistent with vitamin C protecting against
stroke, but the evidence for coronary heart disease was less
consistent. He suggested that the relative lack of a link to coronary
heart disease could be explained by too low a dose of the vitamin
being used.

Vitamin C levels in plaques and arteries
In 1955, Willis and a scientific colleague decided to measure the
ascorbate content of human arteries. He concluded that ascorbic acid
depletion is common in human arteries, but suggested this deficiency
could be remedied by vitamin C therapy. A study in 1995 by Suarna
noted that Willis’ work on measurement and implications of vitamin C
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in arteries had not been followed up, in the intervening decades of
research into heart disease.332 This later study indicated that human
plaque might contain more vitamins C and E than is found in healthy
arteries. In plaques, however both vitamin E and coenzyme Q10 were
in the oxidised form.333 The antioxidants within the plaque were
insufficient to force the tissue into a reducing state. We can be
confident that plaques are in an oxidised state, which could be
reversed with sufficient vitamin C.334,335,336,235,337

What happened to this research?
The medical establishment has failed in its obligation to follow
up these findings effectively. The animal studies are now arguably
definitive; ascorbate prevents heart disease in animals. Willis’ animal
studies have been replicated and the relationship between
antioxidants and plaques in animals is established. In humans, the
experiments have not been carried out.
When Paterson and Willis were doing their research into vitamin
C and heart disease, they presumably believed that it would be
replicated with solid clinical trials. In the intervening decades, the
medical profession spent millions on cholesterol research, despite
good initial evidence that the cause of atherosclerosis was not excess
cholesterol, but deficiency of vitamin C. Unfortunately, half a century
later, we are still waiting for simple, inexpensive experiments to be
performed. The medical profession has failed to either validate or
refute this treatment for the biggest killer in the industrialised nations.
The effects of vitamin C on atherosclerosis have been studied at
several levels. These include test tube chemistry, physiological
experimentation and clinical trials. If the hypothesis that heart disease
is a form of scurvy is true, why have these previous studies failed to
provide the crucial data? Is it possible that all these highly trained
investigators could have missed such a large effect? Surprisingly, the
answer is yes. The reason is that almost all the thousands of medical
papers published in this area have used doses too small to be
effective.
It would be relatively simple to test this hypothesis. We would
need to measure the extent of blood vessel blockage, both before and
after treatment with high dose vitamin C or placebo, in a small number
of people with heart disease. Measurement of blood flow and wall
thickness in vessels such as the carotid artery is easy and noninvasive. Such experiments could have been tried 60 years ago, when
the possibility of a relationship between atherosclerosis and scurvy
was first noticed. The delay is unfortunate, because if the hypothesis
is correct, then people continue to die unnecessarily.
153

Vitamin C and lysine
"I think I know what the answer is. I think we can get
almost complete control of cardiovascular disease, heart
attacks and strokes by the proper use of this therapy...
even cure it." Linus Pauling
Linus Pauling claimed to have described a simple cure for one
of the major killer diseases of the western world, but was greeted with
disbelief.338,339 Pauling was convinced that heart disease was caused
by shortage of vitamin C in the diet, so he devised what became
known as the Pauling therapy. Although the explanation for this
therapy is based largely on the action of ascorbate, the Pauling
therapy also included the amino acids lysine and proline, which are
normal components of the diet. Furthermore, a form of cholesterol
was suggested as an additional cause of atherosclerosis. Inclusion of
these secondary factors complicates the mechanism and makes it
more difficult to evaluate, while lessening its scientific impact.
Since the death of Linus Pauling, a former collaborator, Mathias
Rath, has made claims concerning what he terms a new revolution in
medicine. Cellular medicine is a collection of treatments that Rath
claims will cure heart disease, cancer and other afflictions. His
website and recent books suggest that Rath sees himself as a
misunderstood pioneer, who has fundamentally changed medicine.
These ideas of personal greatness do not encourage evaluation of his
ideas by physicians and scientists, who expect a degree of humility in
making scientific claims. Most professional scientists know how
difficult it is to find out new things about how the world works. It is
easy to make a mistake, or to be misled. A person making grand
statements needs strong supporting evidence.
The medical profession found it hard to accept Pauling’s support
for the idea that vitamin C could be used to prevent heart disease.
Many considered Linus Pauling to be little more than a “quack”. They
had been prejudiced against his ideas on vitamin C, ever since
publication of his book on the common cold. His subsequent claim
that vitamin C could help cure heart disease seemed incredible. On
examination, we find that Pauling was unable to test his claims in the
rigorous way that the hypothesis demands. This was not through
choice; his research proposals were repeatedly denied funding.
Pauling and Rath’s explanation for the Pauling therapy is
complicated and is not fully supported by the scientific evidence.
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While Pauling had a history of successful scientific prediction, this
should not prevent critical discussion of his ideas. We have simplified
a complex area here, because the claims for this therapy are strong
and the description normally given is misleading.

The Pauling therapy
Briefly, the Pauling and Rath model can be stated as follows:
when there is not enough vitamin C, a form of cholesterol called
lipoprotein(a), or Lp(a), is deposited in the arterial wall. The deposition
of Lp(a) cholesterol thickens and strengthens the arterial wall and
repairs damage caused by shortage of vitamin C. In the longer term,
the Lp(a) cholesterol ceases to be helpful and becomes harmful. As
the damage continues, chronic inflammation sets in, the Lp(a)
cholesterol becomes oxidised and plaques form. The amino acid
lysine acts against this process, by preventing Lp(a) cholesterol
sticking to the artery wall.

The Pauling therapy for curing atherosclerosis
and coronary heart disease
Grams per day
in divided doses

Nutritional substance
Vitamin C

3–6

Lysine

3–6

Proline

0.5 – 2

Pauling and Rath explained their claim, that vitamin C and lysine
can not only prevent but also cure atherosclerosis, in terms of
stopping Lp(a) cholesterol bonding to blood vessels.340 According to
their patents,341,342 a binding inhibitor such as lysine, used alone or in
conjunction with vitamin C, dissolves plaques. Although the central
idea is that heart disease is a form of long-term scurvy, the
introduction of Lp(a) cholesterol into the model has the unfortunate
consequence of eclipsing this. The explanation given for the Pauling
therapy depends on another form of “bad” cholesterol.343
There is reasonable agreement that Lp(a) cholesterol is involved
in heart disease. Rath examined 107 patients, who were undergoing
bypass surgery, and found accumulations of Lp(a) cholesterol in their
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aortic walls.344 Bypass patients (40% of 306) were more likely to have
high levels of Lp(a) cholesterol in their blood than normal controls
(16% of 72). The total cholesterol and very low-density cholesterol
levels in the bypass patients were also raised. Rath also reported that
high levels of Lp(a) cholesterol had accumulated in arterial plaques in
autopsy material from 74 subjects.345 Nachman studied 17 male
monkeys, and showed that diet-induced arteriosclerosis involves
accumulation of Lp(a) cholesterol in atherosclerotic arteries, but not in
healthy ones.346 Based on such data, Rath argued that Lp(a) is the
predominant risk factor contributing to the progression of
atherosclerotic lesions in man.347 However, the experiments reported
do not uphold his conclusions; at most, Lp(a) is secondary to vitamin
C deficiency.
Around the time the Pauling therapy was being formulated,
research interest in Lp(a) cholesterol and atherosclerosis was
strong.348,349,350,351 Plaques contain large amounts of cholesterol,
including Lp(a), which is deposited in the arterial wall, particularly in
diseased areas.352,353 However, this research does not indicate a
special role for Lp(a). The published work shows only that Lp(a) is
concentrated in plaques, where cholesterol is known to occur. It has
not been demonstrated that it specifically causes plaques to form. The
proposal for lipoprotein(a) is a minor variation on the “bad” cholesterol
hypothesis, and is intellectually unexciting.
Pauling proposed that Lp(a) cholesterol acts as an antioxidant
replacement for vitamin C. Lp(a) cholesterol contains a protein which
has more than 100 disulfide groups on each molecule, and these
could act as antioxidants.339 Since the protein is located in the outer
shell of Lp(a), it could quench free radicals before they reach the
cholesterol contained inside. However, the evidence presented for
Lp(a) cholesterol acting as an antioxidant is both indirect and
speculative. More importantly, it would cease to have an antioxidant
action in an oxidising environment, such inside a plaque.
Lp(a) cholesterol is not a causative agent for the development of
heart disease. It may be a risk factor, 354,355,356,357,358,359 but the results
are conflicting.360,361 Simons examined Lp(a) cholesterol concentration
in 1202 males and 1512 females, aged 60 and above.362 He reported
that 24% of the males and 17% of the females had coronary heart
disease at the start of the study. Lp(a) cholesterol concentration was
slightly higher in the subjects with heart disease but the difference
was not statistically significant. Another scientist, Gazzaruso,
measured Lp(a) cholesterol levels in 249 patients with essential
hypertension, in 142 non-hypertensive patients with heart disease and
in 264 healthy controls.363 Gazzaruso indicated that high Lp(a)
cholesterol levels were a strong predictor of coronary heart disease in
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people with high blood pressure. Retrospective case studies by
Marcovina indicated that raised plasma Lp(a) cholesterol is
associated with coronary heart disease.364
Several large population studies have failed to confirm that
Lp(a) cholesterol is an independent risk factor.365 However, raised
blood levels of this form of cholesterol may increase the threat
associated with traditional risk factors. One study claimed that protein
fragments from Lp(a), found in urine, were predictive of coronary heart
disease.366 While there is evidence for uptake of LDL and Lp(a)
cholesterol by plaque tissue,367 high levels of cholesterol in the blood
do not necessarily cause arterial plaques to form.

Lp(a) cholesterol - a replacement for vitamin C?
The argument for how Lp(a) is involved in heart disease is
based on the idea that arterial plaques are caused by a shortage of
vitamin C. Pauling and Rath proposed that Lp(a) cholesterol acts as a
replacement for ascorbate, in animals that have lost the ability to
synthesise the vitamin.368 They claim that Lp(a) is more common in
animals that need ascorbate in the diet, but do not give direct
evidence. Instead, they argue that during evolution, low levels of
vitamin C in pre-humans would have caused scurvy and fragile blood
vessels. Human evolution might have favoured individuals with an
alternative method of strengthening their arteries and Lp(a) could
have been used in this way. This evolutionary argument is weak and
scientifically untestable.

Vitamin C and Lp(a) cholesterol
The main weakness of the Pauling and Rath theory is the
explicit emphasis on Lp(a) cholesterol as a fundamental cause of
heart disease. The idea that Lp(a) cholesterol acts as a surrogate for
vitamin C is consistent with known facts, but not fully convincing in
itself. This lipoprotein may be related to heart disease; then again, it
may not.
Pauling and Rath postulated that ascorbate can reduce or
prevent the development of atherosclerosis by lowering plasma Lp(a),
decreasing lipoprotein infiltration into the arterial wall, and preventing
lipid peroxidation.368 They added that the atherogenicity of Lp(a)
seems to be closely related to the ascorbate concentrations in plasma
and tissue, and suggested that ascorbate deficiency increases plasma
Lp(a). Following their evolutionary argument, we can take this to imply
that if sufficient vitamin C is present, the Lp(a) would not be required
to act as a surrogate for it. An alternative explanation is that the
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“atherogenicity” is simply related to plasma levels of ascorbate, and
only indirectly, if at all, to levels of Lp(a).
In support of the suggestion that vitamin C lowers plasma Lp(a),
they published a study of 11 outpatients with coronary heart disease,
who were supplemented with nine grams of vitamin C per day. Lp(a)
cholesterol in the blood was reduced by 27%; however, the controls in
this study were limited.385 Evidence that vitamin C lowers Lp(a) is
mixed. Bostom gave patients with coronary heart disease 4.5 grams
per day of vitamin C, for 12 weeks.369 He found no effect on blood
levels of Lp(a) cholesterol. This double-blind clinical trial used a short
period of supplementation. The results were not consistent with
vitamin C lowering Lp(a) in the blood. In another study, Jenner’s
group administered a gram per day of vitamin C to 101 healthy men
and women, ranging in age from 20 to 69 years, for eight months.
They concluded that it did not lower blood levels of Lp(a) cholesterol
in healthy subjects.370 The failure to demonstrate, consistently, that
vitamin C supplementation lowers Lp(a) levels tends to refute the
suggestion that ascorbate deficiency causes atherosclerosis by
increasing plasma Lp(a).

The lysine connection
Pauling and Rath have suggested that lysine could reduce the
binding of Lp(a) cholesterol by preventing it attaching to the arterial
wall. In order to strengthen the artery and ultimately form a plaque,
the cholesterol has to stay in the artery wall. Pauling and Rath
assume that Lp(a) cholesterol binds to damaged arteries. There is
supporting evidence for this claim,371,372,373,374,375,376,377,378,379 and the
adhesion may be increased with inflammation.380 A protein in Lp(a) is
chemically similar to one that is incorporated into blood clots. There is
some supporting evidence for specific binding of Lp(a) in plaques,
381,382,383,340,384,385,386,387
but once again it is incomplete.349
The use of lysine to dissolve arterial plaques is an interesting
and important idea. However, this concept does not depend on a
specific form of cholesterol, so the action of lysine should be
considered separately from Lp(a). Rath’s questionable introduction of
Lp(a) cholesterol into the debate does not invalidate the central
hypothesis. Lysine could be a useful treatment, acting to release
lipoprotein and other sources of cholesterol from inside arterial
plaques.
More importantly, lysine could act on other forms of cholesterol
to prevent plaque formation. If lysine prevents attachment, this would
lessen the time it takes a lipoprotein particle to pass into and back out
of the plaque. The reduction in transit time would reduce the chance
of the lipoprotein being oxidised in the inflamed plaque. Even if it did
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become oxidised, it might leave the area quickly and not contribute to
local inflammation. These two mechanisms could combine to prevent
plaque formation and help heal existing damage. Both HDL and LDL
cholesterol contain lysine residues.388,389 Modifying the lysine binding
sites on LDL cholesterol inhibits specific binding to platelets.390 Lysine
may act generally to prevent cholesterol build up in the artery wall.
The reliance on lipoprotein (a) in the Pauling and Rath model is
probably an error. However, there is a more disturbing problem in our
review of the Pauling therapy. The reason the therapy is no more than
a hypothesis, is that it has never been tested. The therapy has been
actively promoted for over a decade, and there are numerous positive
reports of self-treatment on the internet and elsewhere. Despite this,
we did not find even a single case report, positive or negative, in the
medical literature.
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Antioxidants and heart disease
“She was wise, subtle, and knew more than one way to
skin a cat.” Mark Twain
The evidence indicates atherosclerosis is caused by prolonged,
low level deficiency of vitamin C and other antioxidants in the diet.
Most heart disease and strokes are therefore a form of scurvy. In
addition, vitamin E, in a specific form, has been reported as an
effective treatment for heart disease. This suggests that suitable
antioxidant supplements can both reverse and prevent
atherosclerosis.

Tocopherols and tocotrienols
Evans and Bishop discovered vitamin E in 1922, when they
found that rats raised on a diet of milk were unable to reproduce. The
pups died in the womb. Wheat germ and lettuce were found to
remedy the problem and, in the following years, the different vitamin E
substances were identified. The name tocopherol derives from Greek
words meaning to bring forth offspring.
We have seen that vitamin E is not a single substance, but a
complex mixture of chemicals. In an earlier chapter, we described a
biased experiment that claimed to show no effect from antioxidant
vitamins on heart disease. This clinical trial included the synthetic
alpha-tocopherol form of vitamin E but ignored the tocotrienols. It is
important to be aware of the components of vitamin E and their
differing roles in heart disease. We will now look briefly at the
properties of tocotrienols, which are found in rice and palm oils.
Tocotrienols are similar in structure to tocopherols but have a
shorter side chain that contains double bonds; this gives them
different properties. The tocotrienols exist as optical isomers and
come in d- and l- (right- and left-handed) forms. Moreover, there are
several forms of tocotrienols, known as alpha, beta, delta and gamma
variants. Tocotrienols spread out and disperse within cell membranes,
whereas tocopherol molecules tend to clump together. It is claimed
that tocotrienols are more effective as antioxidants and more mobile
than tocopherols.
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Reversal of heart disease
For many years, health specialists have promoted the beneficial
effects of vitamin E in heart disease and atherosclerosis. Dr Evan
Shute and his brother, Dr Wilfred Shute, became interested in the
vitamin in about 1936. They looked into its use as a treatment for
heart disease and other problems. In the early days, the poor
availability and quality of vitamin E preparations hindered their
studies. Nonetheless, they obtained some positive results and backed
up their claims with clinical observations on thousands of patients
over several decades, together with additional experimental results.391
Predictably, the medical establishment attacked both the Shutes
and their results. In 1964, Herbert Bailey published a book called
“Vitamin E: your key to a healthy heart”, in which he described how
the medical establishment criticised the Shutes and suppressed their
findings. Herbert Bailey wrote his book after having a heart attack that
he treated with vitamin E, following the Shutes’ advice. Over the
decades since the Shutes’ original work, there have been many
studies of the effect of vitamin E on heart disease. While the results
have not all been positive, the evidence supports a protective effect,
especially for its use in combination with vitamin C.
The Shutes’ work has been partially confirmed but the treatment
is now thought to be less effective than originally suggested. The
Cambridge Heart Antioxidant Study,392,393 or CHAOS, was an
intervention based clinical trial, in which 2002 heart patients were
divided randomly into three groups and given either 400 IU or 800 IU
of vitamin E daily, or a placebo, for 200 days. Both vitamin E groups
showed a 77% decrease in levels of non-fatal heart attack (14 out of
1035 vitamin E subjects, against 41 out of 967 subjects that were not
supplemented) but there was no significant difference in the number
of deaths. Losonczy examined vitamin E and vitamin C
supplementation in 11,178 elderly people aged 67-105 years, from
1984-1993.394 Simultaneous use of vitamins E and C was associated
with a lower risk of death from all causes, and fewer deaths from
coronary heart disease.
The well-known Harvard studies indicated that supplementation
with more than 100 IU of vitamin E, for more than two years,
decreased heart disease by 40%.395,396 Subjects were 87,245 female
nurses, aged 34 to 59 years, in whom 552 cases of major coronary
disease were noted over an eight year study period, and 39,910 U.S.
male health professionals, aged 40 to 75 years, in whom 667 cases of
coronary disease were observed over a four year period. The subjects
had no previous history of heart disease. The male study also showed
a positive effect for vitamin C, but this was not significant at the doses
investigated.
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The central importance of vitamin E is illustrated by the work of
Fred Gey, who indicated that the most important risk factor for heart
disease was a deficiency of vitamin E.397,398 In each of the 12
countries he studied, vitamin E appeared to be of greater significance
than a combination of smoking, blood pressure and blood cholesterol.

Reversal of atherosclerosis
In 1992, Dr. Anthony Verlangieri, of the Atherosclerosis
Laboratory at the University of Mississippi, demonstrated the use of
antioxidant supplements to prevent and reverse atherosclerosis in
monkeys.399,400 Shortly after, studies with humans indicated that
antioxidants could slow the progression of atherosclerosis.401 DeMaio
studied one hundred patients, who had undergone coronary
angioplasty to stretch atherosclerotic blood vessels in the heart.402
The patients were given either a large dose of vitamin E or a placebo
daily. Four months later, restenosis or re-narrowing of the arteries,
because of build-up of plaque, was found in about half the placebo
subjects but only one third of those supplemented with vitamin E.

Using the right kind of vitamin E
Vitamin E can reverse heart disease. Tocotrienols have been
shown to reduce the arterial blockage caused by plaque and
arteriosclerosis. In a three year, double-blind clinical study, Dr Marvin
Bierenbaum showed that tocotrienols can lead to regression of
atherosclerosis.403,404 His research group had observed that
tocopherols and tocotrienols greatly reduced activity in the platelets
and could prevent clots forming. Platelets are small, disc shaped
particles in the blood, made in the bone marrow. They are an
essential part of clot formation and accumulate in large numbers at
the site of an injured blood vessel.
Since tocotrienols had been shown to reduce the effects of
dietary cholesterol in rats, Bierenbaum decided to try them in humans.
In 1995, Bierenbaum’s research group showed that tocotrienols
reduce blood vessel blockage. They measured the effects of both
gamma-tocotrienol and alpha-tocopherol on carotid atherosclerosis.
This study estimated the degree of carotid artery blockage, over 18
months, in 50 patients with cerebrovascular disease. Ultrasound
scans of the artery were done at six months, twelve months, and
continued yearly.
Initially, tocotrienols reversed the disease in a proportion of the
patients. The ultrasound measurements revealed improvement in
seven of the 25 patients given gamma-tocotrienol, and progression in
two. None of the control group of 25 patients improved but 10 showed
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increased disease and blockage. Blood platelet oxidation decreased
in the treatment group after 12 months but the placebo group showed
an increase, although it was not significant. Blood levels of LDL (bad
cholesterol), HDL (good cholesterol) and triglycerides remained
unchanged. This implies that plaques can be reversed independently
of the level of blood cholesterol. The effect of the tocotrienols
increased with time and, ultimately, the tocotrienols provided benefits
in almost all patients. In a later report, 92 percent (23) of the patients
in the tocotrienol group stabilized or improved. In the control group, 48
percent (12) of the patients deteriorated and no patient improved.
Bierenbaum suggests that oxidized cholesterol exists in both
stable and mobile pools within an arterial plaque. Tocotrienols prevent
oxidation of the cholesterol in the labile pool, and help move it out of
the artery wall before it becomes attached to the plaque. He argued
that this mechanism would explain the dramatic effects for patients
supplemented with tocotrienols, which gave results suggestive of a
cure after only six months of treatment. This explanation for the
reversal of plaques with tocotrienols depends on their action as local
antioxidants. It is consistent with the antioxidant effect described for
vitamin C. Indeed, Bierenbaum’s explanation, that tocotrienols prevent
cholesterol molecules sticking in plaque, is similar to the action of
vitamin C and lysine proposed by Linus Pauling.

Animal studies
Small animal studies have confirmed the potential benefits of
tocotrienols on heart disease. Certain mice, with a genetic defect in
lipid processing, get atherosclerosis only when fed a high cholesterol
diet. A study of such mice found that tocotrienols inhibited plaque
formation.405 Unsupplemented mice had large plaques at the level of
the aortic valve. Mice given a lower dose tocotrienol supplement had
plaques that were 92% smaller. The plaques of those receiving a
higher dose supplement were 98% smaller. In other words, the control
mice had large plaques and the treated mice had almost no plaques
at all. This difference in plaque size occurred despite the treated mice
having similar blood fats to the controls. A second research group,
working on a similar strain of mice, confirmed and extended these
results.406
In a further study, 18 rabbits, in three groups, were fed an
unnatural, cholesterol rich diet for 10 weeks. The results suggested
that tocotrienols could have beneficial effects on blood lipids and
could reduce oxidation in arteries.407 A second study, carried out on
rabbits over a 12-week period, indicated that tocotrienols provided
greater protection against plaque formation than the more common
tocopherol form of vitamin E.408
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Mechanism of action
Two independent lines of research, based on two different
vitamins, indicate that antioxidants can reverse atherosclerosis. Why
do these particular antioxidants work when others, such as the
tocopherol forms of vitamin E, do not? A likely explanation is that they
are mobile molecules, which can penetrate the plaque in sufficient
quantity to have the desired effect. Conversely, while supplements of
many other antioxidants accumulate in the blood, they do not appear
to enter plaque at high levels and are therefore ineffective.409
At first glance, tocotrienols appear to work better than vitamin C.
This may relate to the lack of experimentation with high dose
ascorbate. Bierenbaum’s clinical study with tocotrienols covered a
longer period than the six-month studies by Willis and Rath on vitamin
C and plaques. Vitamin E is fat-soluble and stays in the body for
longer. It remains possible that larger, divided doses of vitamin C,
over a longer period, will be more effective than tocotrienols.
However, since both vitamin C and tocotrienols are thought to operate
by the same antioxidant mechanism, there exists the exciting
possibility that they could be synergistic.
Given these findings, why did the world’s media not immediately
announce the curative potential of tocotrienols? In an interview with
the nutritionist Dr Richard Passwater, Bierenbaum was asked why he
did not make more of his potentially important results.400 His reply
indicated that this was the age of the mega-study and the metaanalysis of results from several large studies. Bierenbaum’s study
included only 50 patients and he suggested it was considered less
solid evidence than a mega-study. If this really is the case, medical
science has lost its way. To reiterate, validation comes from
replication. If you are looking for a reliable cure for heart disease, you
will find it with a small study, like that described by Bierenbaum,
followed by replication. An alternative explanation for the absence of
follow up studies is that pharmaceutical companies could not make
money out of these results and would lose billions of dollars in drug
sales if they were confirmed.
Vitamin C and tocotrienols can reverse coronary heart disease.
An important question is whether high dose vitamin C and the
tocotrienols, if supplied together, would work in an antioxidant
network. If so, a combination of high dose vitamin C and tocotrienols
would be appropriate for removing arterial plaques. On the available
evidence, this combination could be curative and has no known
harmful effects.
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Lipoic acid
Lipoic acid is a small, mobile antioxidant, which is soluble in
both water and oil. It potentiates many of the effects of vitamin C.
Because of its chemical properties, we would expect this substance to
enter arterial plaques. It is a powerful antioxidant and may provide
protection against heart disease.410 Lipoic acid is part of the
antioxidant network and can reduce other antioxidants, enhancing the
function of ascorbate and acting as a substitute for vitamin E.37,411
Lipoic acid has demonstrated a preventative effect on the
development of plaques, in a study of the Japanese quail.412 This little
bird (Coturnix coturnix japonica) may be a useful laboratory animal for
the study of atherosclerosis, as it is omnivorous, easy to maintain, and
susceptible to spontaneous and cholesterol-induced atherosclerosis.
Some birds have a reduced capability for making endogenous vitamin
C,47 although Japanese quail do not have a specific requirement for it
as an essential nutrient. However, supplementation with vitamin C
reduces the minimum requirement for the antioxidant riboflavin
(vitamin B2) by half, indicating that endogenous production may be
inadequate.413,414 The quail has a short life cycle and develops human
like plaques in the aorta and sometimes in the coronary artery.
Subcutaneous implantation of slow release lipoic acid inhibited the
development of such plaques.
In humans, lipoic acid changes the composition of blood fats in
a way that could provide protection from heart disease.415 It can inhibit
the attraction of white blood cells to inflammation more powerfully
than aspirin,416 and hinders one of the first steps in plaque formation,
the adhesion of white blood cells to the arterial wall.417 Lipoic acid
stabilises mitochondria, reducing superoxide formation.44,45,46 It may
decrease the oxidant effect of glycated proteins in arterial plaques,
although the effect is smaller than that of vitamin E.418 The antiinflammatory effect of lipoic acid may result from its antioxidant
activity,419 as well as by inhibition of an important regulator of gene
expression.420 Lipoic acid is also involved in cell signalling and cell
death by apoptosis.
Lipoic acid is generally considered a safe food supplement.
There is no direct evidence to suggest that lipoic acid will reduce
plaque size in humans, as the clinical studies have not been
performed. If, however, the aim is to provide a reducing state inside
plaque tissues, adding lipoic acid to the diet can be justified on
biochemical grounds.
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Antioxidant network therapy
From the current evidence, we can suggest a modification to the
Pauling therapy, which we will refer to as Antioxidant Network
Therapy. The evidence for the involvement of lipoprotein(a) in
Pauling’s therapy is not as strong as the support for additional
antioxidants, such as the tocotrienols. In this book, we are explicitly
not promoting any therapy or suggesting supplementation; there are
many self-help books of that nature available. However, we do need
to provide an indication of the kind of therapy most likely to achieve
the stated aim, for future research purposes. In this case, the Pauling
therapy is deficient and here we correct those aspects of the
published suggestions.

Prevention
Prevention of heart disease typically requires about three grams
of vitamin C, spread throughout the day, to ensure that deficiency
does not occur. In general, this should be taken with a multivitamin
and a broad spread of other dietary antioxidants, such as vitamin E
and coenzyme Q10. A person at particular risk might consider
doubling this level of vitamin C and adding 250mg of mixed natural
tocotrienols combined with extra tocopherols, and r(+)lipoic acid. (The
r(+) form of lipoic acid is more physiologically available and to avoid
future experimental bias this needs to be stated explicitly.) Including
lysine and proline as suggested by Pauling seems to be justified, as
they have low toxicity and may be beneficial. This regime for
prevention is similar to the therapy proposed by Pauling, with the
addition of further antioxidant support in the form of tocotrienols and
lipoic acid.

Treatment
To get rid of existing atherosclerotic plaques, drastic action is
needed. Pauling’s suggested doses are probably too small for clinical
benefit. Cathcart’s bowel tolerance method might be more suitable.
The resulting vitamin C dose will be variable but more likely to be
appropriate to personal biochemistry. In some cases, intravenous
ascorbate might be needed.
In cases of existing disease, at least six months of treatment
with either antioxidant network therapy or the Pauling therapy would
be needed, before benefits in the form of plaque reduction are likely to
become apparent. We would expect to see plaque reduction within
one year of starting the antioxidant network treatment, and a maximal
effect within two years.
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Pauling therapy

Antioxidant network therapy

Vitamin C

3 - 6 grams

At or near bowel tolerance: 6+
grams

Lysine

3 - 6 grams

3 - 6 grams

Proline

0.5 - 2 grams

0.5 - 2 grams

Tocotrienols

-

300+ mg

Tocopherols

-

800+ IU

r-Lipoic acid

-

300 - 600 mg

The contraindications are those we have described previously
for high dose supplementation of vitamin C. Additional safety
considerations apply with the other supplements such as high dose
lipoic acid. There may be further factors for an individual and, as with
any treatment, this regime should only be considered with medical
advice.

Why has antioxidant therapy not been properly
investigated?
The evidence we have considered in this book is not conclusive.
It does not “prove” that vitamin C or, for that matter, vitamin E as
tocotrienols, will prevent or cure atherosclerosis. Such claims and
objections are not scientific.
Linus Pauling suggested his treatment could even cure the
condition. The medical profession tends to avoid the word “cure”, as it
can be too strong a claim. As we have explained, insulin treatment
does not cure diabetes but converts it to a long-term degenerative
condition. Critics point out that one reason for medicine avoiding the
word cure is that curing a chronic condition is not in the financial
interests of pharmaceutical and related industries. A treatment for a
chronic condition is more profitable than a cure, as it continues
indefinitely.
Antioxidant therapy may indeed be curative, as Pauling and
others have suggested. We do not know if this is in fact the case and
neither do the medical profession. More importantly, they appear to
have little interest in finding out. It is almost unbelievable that medical
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science has ignored theories of the cause and possible cures for the
biggest killers in the western world. The theories have been proposed
by reputable scientists over a period of half a century.
When we looked at James Lind’s cure for scurvy, the question
was, would you eat the citrus fruit if you were on the ship and knew
the results of the experiment? The current question is essentially the
same. If heart disease and stroke could be caused by insufficient
vitamin C in the diet, is there any reason not to take supplements?
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Infectious diseases
“We have to date not had a single death amongst our
patients with full blown AIDS who have continued on
our vitamin C and nutrition programme.” Dr Ian
Brighthope
The claim that vitamin C can prevent and relieve the symptoms
of the common cold seems a relatively insignificant suggestion.
However, around half the total number of visits to family doctors are
for colds, flu and bacterial infections.421 This implies a significant
financial impact on health budgets. Results to date suggest that
vitamin C can play a role, both in preventing colds and in limiting the
symptoms. Research also supports a wider role for vitamin C in the
control and treatment of infectious disease.
The evidence for the use of vitamin C in infections is substantial.
Recently, Dr Thomas Levy has reviewed the literature and described
his own experiences in his book “Vitamin C, infectious diseases and
toxins”.422 He provides a comprehensive listing of the antiviral,
antibacterial and antitoxic effects of vitamin C. Levy reports over 1200
studies, supporting the case that vitamin C can cure infectious
diseases. Reports from other physicians, including Fred Klenner,
Robert Cathcart and Archie Kalokerinos, describe findings from
thousands of patients, treated over the last few decades.
As readers will now suspect, the studies on patients receiving
low doses of vitamin C give conflicting results. These studies have no
relevance to the large doses that, according to the dynamic flow
model, are required for treating disease. Firstly, they have ignored the
fact that the half-life of vitamin C in the blood is only about 30 minutes.
Secondly, they have used too small a dose. Double-blind clinical
trials, using high dose vitamin C as a treatment for infection, do not
appear to exist. While there are no positive double-blind clinical trials,
there are also no refutations. The failure to carry out the necessary
experiments reflects prejudice at the core of medicine.
Normally, the absence of double-blind clinical trials would be
considered a severe limitation on the evidence. However, an
overriding factor makes the risk of experimenter bias and placebo
effects less important. When infections are treated with massive
intravenous doses of sodium ascorbate, the reported effect is large:
on a par with the effects of antibiotics before the development of
bacterial resistance. Experienced physicians report that, with
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sufficiently high doses, treatment of most infectious disease results in
remission. These substantial effects have been repeated by a number
of independent investigators. Such striking observations cannot be
explained away by the suggestion that they were not made in a
double-blind clinical trial, or by attributing them to an error in
observation. Criticism of this form is inherently unscientific; if there is
any doubt, the experiments should be replicated.
Over a period of at least half a century, numerous independent
physicians have made consistent claims for the effects of large doses
of vitamin C in fighting infection. This means that if the doctors
performing these studies are not all repeating the same mistake, then
they are making regular observations of fact. Since there is no
contradictory evidence in the literature, we have to take these reports
as indicating a genuine effect. As we shall see, Fred Klenner
describes treatment of 60 cases of polio that recovered uneventfully
over a few days. Ian Brighthope and Robert Cathcart have each
reported cases of full-blown AIDS going into remission.
The consistency of the response increases with the dose given.
This is what we would predict, based on the dynamic flow model
described earlier. Thomas Levy suggests that just as the three most
important factors in buying a house are said to be “location, location
and location”, the three most important factors when considering the
action of vitamin C in disease are “dose, dose and dose”.

Early Studies
Early studies of the clinical effectiveness of vitamin C in the
treatment of infection do not meet current standards of scientific
rigour. Nonetheless, they are interesting, as they provide the
background to more recent work. The relationship between scurvy
and other diseases was noticed long ago. Richard Morton’s classic
work “Phthisiologia”, dated 1689, includes the statement that “scurvy
is wont to occasion a consumption of the lungs”, suggesting a
relationship between vitamin C deficiency and tuberculosis.422
However, studies of interactions between vitamin C and infectious
diseases could not begin properly until after 1932, when the vitamin
was isolated and identified.
Since 1935, it has been known that vitamin C can inactivate
some viruses.423 In 1936, sufficient vitamin C became available for an
initial study of whooping cough, by Otani in Japan.424 The dose was
low, 100mg by injection, presumably because the newly purified
vitamin was in short supply. This uncontrolled study of 81 patients
indicated clinical benefit. The vitamin appeared to inhibit the growth of
the pertussis bacteria that causes whooping cough, although it was
ineffective with a range of other disease causing bacteria. Over the
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next two years, more case studies of the successful treatment of
whooping cough with vitamin C were reported.425,426,427
In the 1940’s, the first large dose studies suggested that vitamin
C was an effective treatment for colds.428 A year later, Dr Fred
Klenner reported that intravenous doses of one gram of vitamin C
were effective against viral pneumonia and polio.429,430 Even at this
early stage, Klenner noted that most clinical studies on vitamin C had
used too small a dose. In 1950, a case report on seven patients with
rheumatic fever indicated that four grams of vitamin C was beneficial,
and added that high doses were harmless.431
In 1951, Klenner indicated that massive doses of vitamin C were
effective against viral diseases.432 He claimed that the action of the
vitamin against viruses is proportional to its concentration and to the
duration of the treatment. In addition to its antiviral action, he reported
that vitamin C activated the body’s immunological defence
mechanisms. He illustrated his assertions with several case reports.
In the same year, McCormick hypothesised that increased vitamin C
intake, from citrus fruits and tomatoes, was largely responsible for the
falling death rate from infectious diseases.433 He later stated that
vitamin C had a broad-spectrum antibiotic action against a wide
variety of viral and bacterial diseases.434
By 1957, Klenner was suggesting that vitamin C should be given
for all infectious diseases, while the doctor considers the diagnosis.435
He practiced this approach for many years with apparent success.436
Reviews of the early studies of vitamin C conclude that they have
demonstrated direct antiviral activity against a wide range of
pathogens.437,423 In 1969, Klenner reported that, in his clinical
experience, ascorbate in sufficiently high doses could clear any viral
disease within 24 hours, an apparently outlandish claim by modern
medical standards.438
In the period following the initial isolation of vitamin C, a number
of studies showed it to have both direct and indirect antiviral activity.
Vitamin C has been shown to have antiviral properties against the
cold virus,439 herpes simplex, cytomegalovirus (a form of herpes) and
an influenza-like virus, especially in the presence of copper.440,441 A
modified long-acting form of vitamin C also has antiviral activity
against several types of human cytomegalovirus.442 Interest in the
antiviral effects of vitamin C lasted for about twenty years following its
isolation, but seems to have diminished in the 1950s, after the
introduction of antibiotics and immunisation. However, antibiotics are
not effective against viruses, so it surprising that attention should have
waned at this time. Perhaps vitamin C was overshadowed by the
hubris following the successful introduction of antibiotics and
immunisation campaigns.
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The proposed general action of vitamin C against infections
cannot be explained as an antiviral or antibacterial action. Vitamin C
will inhibit some pathogens but not others. Indeed, it is possible to
grow bacteria using ascorbate as a source of energy. If vitamin C has
the effect of increasing the body’s general resistance to infection, it
acts by strengthening the host response. It could achieve this effect
either by a direct action, dependent on its antioxidant properties, or by
influencing the host response through redox signalling. If this is the
case, the effect must be substantial.

The common cold
The common cold has been a focus of controversy about the
effectiveness of vitamin C as a treatment. There is evidence that large
doses can prevent colds, but response to oral vitamin C as a
treatment appears variable. The continuing argument about vitamin C
and the common cold is unfortunate, as colds are minor infections, of
peripheral medical interest. To be clear from the outset, people taking
megadoses of vitamin C will still get the common cold and other
infections from time to time. The frequency of such illness will be
lower and the symptoms may be less severe. Gram level oral doses
of vitamin C are not an effective treatment for the common cold.
A one-gram vitamin C tablet is unlikely to have anything but a
small effect on the progress of a cold; both the sceptics and the
proponents of ascorbate agree on this. Occasionally, sceptics
incorrectly suggest that a gram level dose has been claimed to cure a
cold, adding that if it has no effect, the proponents must be wrong.
Larger doses, say 5 or 10 grams, may relieve a cold but the effects
will be variable and many people will not benefit. Cathcart’s threshold
theory of the action of vitamin C may originate from experimentation
with symptoms of the cold.

Titration to bowel tolerance level
According to Cathcart, to relieve the symptoms of a cold, you
should titrate to bowel tolerance. Titration is a term used in chemistry,
when you gradually add one chemical to another, quickly at first, then
drop-by-drop, until there is just enough to initiate a reaction. Titration
to bowel tolerance might entail taking a gram or two of vitamin C
dissolved in water every half hour, in a trial and error process. An
initial loading dose of perhaps five grams might be accepted and
reduce the time needed to reach gut tolerance level. The dosing
continues until the first indications of gut irritation are felt, for example,
a small amount of gas or rumbling, and then smaller doses are given.
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Too high a dose causes diarrhoea, which is a signal to reduce the
dose level slightly.
Readers can experiment with the titration technique for
themselves, when they notice a cold coming on. Titration to bowel
tolerance may take a little practice, but it is possible for an individual
to investigate Cathcart’s claims and conduct their own case study on
the common cold. Although interesting, the self-conducted experiment
has limited value in assessing the utility of vitamin C in infectious
disease, because of the placebo effect and biological variability. Some
proponents of vitamin C have made great claims for this approach,
but other people suggest it does not work.
We have explained previously why variation in the results is to
be expected. People with less severe colds may reach high enough
levels to quench the inflammation, while others with infections that are
more virulent do not. Over the last 50 years, the literature has
consistently reported that intravenous doses are far more effective in
the treatment of acute infections. Intravenous sodium ascorbate
produces much higher blood levels than oral doses. However,
intravenous infusions are not given for minor infections like the
common cold.

Dose levels and the threshold effect
The misconception that vitamin C is ineffective as a treatment
for colds arose from a review by Thomas Chalmers in 1975.443 This
study was influenced by Linus Pauling’s assertions that vitamin C
could prevent the common cold and other infections. Chalmer’s
review was negative and did not agree with the results of others, who
indicated a positive effect. Dr. Harrie Hemila reanalysed Chalmer’s
study and noticed that a study of only 25-50mg had been included
and had biased the results. No one was suggesting that so low a dose
could be beneficial. Chalmer’s error reinforced the idea that vitamin C
was ineffective.
A recent review of 30 published studies indicated that colds
were not prevented by doses in the region of one gram daily of
vitamin C, but found that this dose did reduce the duration of
illness.444 A further study reports a reduction of 80% in the number of
cold sufferers supplemented with vitamin C who went on to develop
complications such as pneumonia.445,446 Hemila indicates that, despite
widespread scepticism, vitamin C is effective against colds,447,448,449,450
but suggests that Linus Pauling was over-optimistic about the size of
the benefit.451,452
In 1999, Gorton and Jarvis studied the effects of vitamin C on
cold and flu symptoms.453 This was a prospective, controlled study of
students in a technical training facility. The control group of 463
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students were aged from 18 to 32 years. The experimental group of
252 students were aged from 18 to 30 years. The researchers tracked
the number of reported symptoms for the treatment group and
compared them with those from the control group in the previous year.
The control group, on reporting symptoms, were treated with pain
relievers and decongestants. The test population had hourly doses of
one gram of vitamin C for the first six hours after developing
symptoms, followed by one gram three times daily. Symptomless
subjects in the test group were also given a gram of vitamin C three
times each day. Reports of flu and cold symptoms in the vitamin C
group were 85% lower than in the control group. Vitamin C in large
repeated doses relieved and prevented the symptoms of colds and
flu. However, the controls were less than adequate as, for example,
the two populations may have been subject to different viruses.

Prevention and reduction of severity
In 2002, a placebo controlled, double-blind clinical trial
demonstrated the effectiveness of vitamin C in the prevention of the
common cold.454 The subjects taking ascorbate had fewer, less
severe colds and recovered more quickly. One hundred and sixtyeight volunteers were divided randomly into two equal groups, which
received either a placebo or a vitamin C supplement. Both groups
were given two tablets daily over 60-days in the English winter. A fivepoint scale assessed current health and a diary recorded any
common cold symptoms. The vitamin C group had 37 colds and this
was significantly fewer than the control group, who suffered 50. The
ascorbate group also had fewer days of active cold, 85 compared with
178 in the controls. The average duration of symptoms in the treated
group (1.8 days) was less than in the controls (3.1 days).

Negative results
Not all recent studies are positive, however. Robert Douglas,
from the National Centre for Epidemiology and Population Health in
Canberra, Australia, accepted that large prophylactic doses of vitamin
C could reduce the severity and duration of colds, but thought it did
not affect the incidence. He believed that previous studies on large
doses of vitamin C to treat colds were inconclusive and decided to
perform his own experiment.455
Douglas’s double-blind clinical trial, using doses of one to three
grams of vitamin C, found no reduction in the severity and duration of
colds. Of 400 volunteers in the study, 149 returned records covering
184 cold episodes. No significant differences were found in any
measure of cold duration or severity with the dose of vitamin C. The
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Douglas study was reportedly designed in a statistically sensible way,
to find an effect of the vitamin. Robert Douglas said that his study was
definitive and that he stopped taking vitamin C supplements as a
result.456 It turns out that Professor Douglas’s study was not as
definitive as he might have thought.
Douglas designed his study to test the effectiveness of vitamin
C acting in the same way as a drug. An aspirin taken during a cold will
give minor relief from some symptoms. In Douglas’s study, subjects
were told not to take the vitamin until at least four hours had elapsed
since the onset of symptoms. The doses were not repeated and the
subjects were told they must have at least two cold symptoms before
taking the vitamin. The symptoms were sore or scratchy throat, nasal
congestion or discharge, headache or stinging eyes, muscle aches,
fever, or "four hours of certainty that a cold is coming on". After
waiting until the cold was established, subjects took the vitamin C for
a total of three days.
The main deficiency of Douglas’s cold treatment study was that
it missed the point; large nutritional doses of vitamin C are used to
quench a cold before the symptoms have taken hold. In his study, the
time from the start of symptoms to the beginning of treatment was
estimated to be more than 10 hours. If the patient waits several hours
until the disease has taken hold before starting the treatment, the
appropriate remedy is titration to bowel tolerance. In other words, the
sick person needs a pharmacological dose, not a nutritional
supplement. Douglas’s study results are predicted by the dynamic
flow model. The four studies cited by Douglas as giving inconclusive
results suffer the same basic shortcoming as his own
study.457,458,459,460 They do not conform to the mechanism by which
vitamin C is thought to operate.

Importance of dose
The position with vitamin C and the common cold is becoming
clear. Frequent, large nutritional doses can reduce the incidence of
colds, their severity and duration. Once a cold has taken hold,
treatment is much more demanding. To quench the symptoms of an
established cold, the recommended vitamin C treatment is titration to
bowel tolerance, which may involve up to 100 grams per day. This is
quite challenging and, for a cold, the effort may often not be worth the
relief provided. It may be that intravenous infusion of sodium
ascorbate would quench cold symptoms in most subjects but such an
invasive procedure cannot be recommended.
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Influenza
While the common cold is a minor infection, influenza is not. As
with a cold, the influenza virus probably starts by infecting the nasal
passages and upper airways. The flu victim usually recovers in a
week or so, but vulnerable individuals, including the elderly, can suffer
complications. Influenza can become a more deep-seated infection,
as the virus infects the bronchi and lungs causing bronchitis or
pneumonia. The virus replicates and destroys epithelial cells in the
bronchi, bronchioles and alveoli, and fluid seeps into the lungs. Then
bacteria such as staphylococci and streptococcus pneumonidae
invade the tissues, taking advantage of their compromised state. In
the UK alone, it is common for influenza to cause 1900 deaths in a
single year. It is a misconception that these deaths are all old people;
half the victims are young, previously healthy individuals.461
While influenza epidemics are common and have a
considerable death toll, the virus also has a pandemic face.462 Every
so often, the influenza virus explodes in a worldwide pandemic, killing
huge numbers of people. The last major one was the forgotten plague
of 1918. This came just after the First World War and killed at least 50
million people. People remember the dead of the Great War, but the
greater number of deaths from influenza is largely forgotten.
Minor pandemics occurred in 1957 and 1968, and it is thought
likely that another one could arise at any time. The advent of air travel
and a more mobile population makes the rapid spread of the disease
likely. Although there is surveillance for outbreaks of influenza,
especially in the Far East, an outbreak could occur almost anywhere.
The 1918 pandemic probably started in Europe, in either Spain or
France. Currently, protection against influenza is by immunisation and
by some specific antiviral drugs: amantadine, rimantadine and the
neuraminidase inhibitors. These treatments can be effective in
preventing the spread of infection and are used therapeutically to
relieve symptoms.
The literature on treatment of flu using vitamin C is limited. Levy
reported a 1963 study by Magne, on treatment of 130 cases given
variable doses of up to 45 grams.463 Of these subjects, 114 recovered
well in three days, while 16 did not respond. Levy explained the lack
of reaction in a small number of subjects as being due to a biological
response to the variable doses administered.
A recent Bulgarian study, in mice, sought to find the effect of
injections of vitamins C and E on free radical diseases, particularly
infection with influenza.464 The study indicated that vitamin E reduced
lipid peroxidation during the infection. Vitamin C showed a similar,
smaller effect but potentiated the action of vitamin E. This study
suggested that vitamin C acted by chemically reducing the oxidized
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vitamin E, thus increasing its effects. We can use the dynamic flow
model to help understand the results of this study. Firstly, we point out
that mice manufacture ascorbate internally, so injecting it may have
the effect of suppressing production. More importantly, a single
injection of vitamin C may be excreted before its effects can be seen.
With water-soluble vitamin C, in a large animal like man, half an
injected dose will be excreted by the kidney in about 30 minutes. In an
animal the size of a mouse, a single injection would probably be
excreted in a few minutes, and would not be expected to provide
protection against infection.

Poliomyelitis
Polio is a disease of sudden onset, with symptoms of a systemic
infection, similar to flu. The symptoms either go away quickly or
develop further, affecting the reflexes and producing muscle paralysis.
While it affects people of all ages, it is generally a childhood illness.
Polio is a disease of the entire nervous system but is notable mainly
for the paralysis produced by damage to the motor neurons of the
spinal cord.
In 1937, Jungeblut reported positive results in treating polio
infected monkeys with vitamin C. He used 400mg of intravenous
ascorbate, after having infected monkeys with poliovirus using a
relatively mild droplet method.465,466 He also showed that vitamin C
could inactivate the poliovirus directly in the test tube.
Jungeblut’s colleague, Albert B. Sabin, who later became
famous for developing the live oral polio vaccine, disagreed with him.
In 1939, Sabin reported that increased vitamin C did not decrease the
susceptibility of monkeys to polio. However, he used tiny amounts of
ascorbate, employing doses of up to 150mg in his experiments.
Furthermore, unlike Jungeblut, he injected the poliovirus directly into
the monkeys. Klenner quotes Sabin as reporting, “one monkey was
given 400mg of vitamin C for one day at the suggestion of Jungeblut,
who felt that large doses were necessary to effect a change in the
course of the disease”.467,468 Sabin apparently took little note of
Jungeblut’s findings, and produced a negative report on vitamin C.
The polio vaccine was ready for testing by 1954.
Sabin could have designed his experiments to minimise any
positive effect. Certainly, he would not be alone in giving too low a
dose of vitamin C and selecting experimental procedures to lessen
any observable benefit. This often-repeated manoeuvre could be
partly explained by the prevailing idea of a micronutrient. However, it
is characteristic of studies that have hidden motives. Sabin’s primary
aim was to find a suitable vaccine. Because of his work, we now have
an improved vaccine, helping us avoid the ravages of polio in the
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population. While Sabin’s work deflected interest away from
ascorbate, at least it gave a clear field for acceptance of his
vaccination.467
In 1949, Dr Fred Klenner reported that vitamin C was an
effective treatment for polio and other infectious diseases.469 Klenner
acknowledged that Jungeblut had already demonstrated antitoxic and
antiviral properties of vitamin C. He said of other vitamin C studies
that “The years of labor in animal experimentation, the cost in human
effort and in "grants”, and the volumes written, make it difficult to
understand how so many investigators could have failed in
comprehending the one thing that would have given positive results a
decade ago. This one thing was the size of the dose of vitamin C
employed and the frequency of its administration.”
Klenner had previously observed dramatic benefits from the use
of vitamin C in atypical pneumonia and this led him to try it against
other viral infections. He reported results on measles, mumps,
chickenpox, herpes zoster, herpes simplex, influenza and atypical
pneumonia, but concentrated on polio, as he thought the mechanism
of action was similar in each case. He found frequent administration of
massive doses of ascorbate to be so encouraging that he decided to
review the literature. One study reported lower levels of vitamin C in
the urine of supplemented polio sufferers. This suggested to Klenner
that the vitamin was being used up by the infection, especially when
greater loss was found in more severe disease.
Klenner treated 60 cases of polio with large doses of vitamin C;
every patient recovered uneventfully, within three to five days. The
patients had the classic clinical signs of polio. The diagnosis was
confirmed by lumbar puncture in 15 subjects and eight subjects had
contact with a proven case. Vitamin C was given every two to four
hours by injection. All patients were clinically well after 72 hours.
Three patients relapsed, whereupon vitamin C was restarted and
continued for at least another two days, with injections of one to two
grams every eight to 12 hours. Where spinal taps were performed, it
was the rule to find the spinal fluid returned to its normal, clear state
after the second day of treatment. For patients treated at home, the
schedule differed and included oral supplementation, as well as
injection.
Fred Klenner’s work on polio is sometimes described as having
“proved” that vitamin C would cure the disease. This is not the case.
Klenner reported clinical observations on a number of patients
probably suffering from polio. While this, and his reports on other
diseases, is interesting, it was not followed up by double-blind clinical
trials or experimental studies. In the case of polio, this can be
explained partly by Sabin’s success with polio vaccination as a
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preventative measure. Although it is possible that Klenner’s
observations were flawed and that his results are misleading, no-one
has shown this to be true. If we wish to deny Klenner’s results, the
only credible explanation is that his patients were not suffering from
polio at all but had a different disease, such as a mild flu, which
somehow made the spinal fluid cloudy and resolved in three days.
In certain cases, it is possible to mistake other diseases for
polio. In India in 1993, Dr Ramar reported a four-year-old boy who
had been unable to walk for a period of 10 days.470 The problem had
arisen suddenly and acute paralytic poliomyelitis was diagnosed. The
boy had a fever, respiratory infection, muscle tenderness, and
weakness in the legs. He had not been immunized against polio. One
week later, the boy had swelling, thickening, and tenderness of left
femur and an X-ray showed features of scurvy. The child responded
well to vitamin C and was walking again within two weeks. This report
illustrates how a lack of vitamin C, to the levels of scurvy, can result in
a pseudo-paralysis that can be mistaken for polio. So, did Klenner’s
patients really have polio?
It is just about feasible to suggest that Klenner’s diagnosis was
wrong, in all 60 patients, during an epidemic of polio. If Klenner’s
observations on polio and other diseases were unique, they would be
so out of the ordinary as to be considered unreliable. However, Dr
Edward Greer later replicated Klenner’s work and reported good
results. Greer reported five case studies, where vitamin C was
apparently effective in treating polio.471 Greer was typically giving 10
grams of vitamin C every three hours or with each meal. It is
unreasonable to discount studies such as Klenner’s based on
prejudice; it is necessary to perform the experiment. Polio is not
completely eradicated, despite widespread use of vaccination, and
outbreaks still occur. Doctors still consider poliomyelitis an untreatable
disease, and ignore the potential of ascorbate as a treatment.

AIDS
Acquired Immune Deficiency Syndrome (AIDS) is believed to be
the outcome of Human Immunodeficiency Virus (HIV) infection.
People with AIDS often suffer lung, brain, eye and other organ
disease, along with weight loss, diarrhoea, candidiasis, dementia,
toxoplasmosis and a type of cancer called Kaposi's sarcoma. AIDS is
a controversial subject; almost everything we “know” about it is
disputed. AIDS is also big science and researchers have received
billions of dollars to solve the problem, as a matter of urgency. The
unfortunate result is that a lot of AIDS research has been of a low
standard. Since vitamin C research is itself contentious, we will avoid
the AIDS controversies and stick to our core aim.
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In 1985, Dr Cathcart had an AIDS patient with an estimated T
helper cell (a type of white blood cell) count of five, which is low. This
meant that his immune system was severely compromised. The
patient’s doctors had given him about two months to live. Cathcart
administered 60 grams of intravenous ascorbate and advised the
patient to take up to 200 grams of ascorbate orally each day. In three
months, his T helper cell count was over 500. At the time of writing, he
is still alive, HIV positive but with no sign of disease.58
In 1987, Dr Ian Brighthope published a book in which he
describes his experience of treating AIDS patients with ascorbate.472
The book claimed that even people with fully developed, end stage
AIDS can be helped with massive doses of ascorbate. He reported
case studies of people recovering from full-blown AIDS and going
back into an apparently stable remission. Since his book was
published some time ago, we emailed Ian Brighthope to ask if he still
held these positive opinions. His reply was rather poetic, but telling:
“My position with respect to vitamin C is as strong as it has always
been - vitamin C saturated individuals are healthy, generous, loving
and peaceful - the solution to the world's ills!”
Brighthope’s observations with AIDS support those of Cathcart,
who has also reported on his extensive clinical experience of treating
AIDS patients with ascorbate. Cathcart suggested vitamin C as a
treatment for AIDS in 1983,473 and published his first clinical report in
1984.474,475 He reports that vitamin C can double the life expectancy of
an AIDS sufferer, suggesting that ascorbate should be combined with
other treatments for secondary infections. Many eminent physicians
and nutritionists use ascorbate as the basis for their AIDS treatment,
supporting Cathcart’s approach.494 Dr Robert Calapai suggests that
ascorbate should form part of an aggressive but non-toxic therapy, to
inhibit the replication of HIV. Dr Joan Priesley agrees that large doses
of vitamin C should be a cornerstone of AIDS therapy. Nutritionist
Dolores Perri uses infusions of up to 100 grams in her clinic. These
doctors and others have reported significant benefits of ascorbate
treatment.
Despite the fact that it was relatively easy to obtain funding for
AIDS research and clinical reports suggested ascorbate might be
effective, support was not provided for the study of vitamin C
treatments. People diagnosed with AIDS often choose to take vitamin
C, despite the lack of scientific follow up by the medical authorities.
However, oral supplementation, while likely to be somewhat
beneficial, is not going to reverse AIDS. Reports of successful
treatment have used high dose, intravenous infusions of sodium
ascorbate.
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Ascorbate has unique effects in the treatment of AIDS.474 In high
doses, as expected, it acts as a powerful free radical scavenger and
suppresses the HIV cell activation induced by oxidation. In AIDS and
HIV infection, body levels of micronutrients are lower; this could lead
to oxidative stress, indicating that antioxidant therapy could be
beneficial.476,477 Ascorbate slows the replication of HIV and the
progression of the disease.478 It also stimulates the undamaged
elements of the immune system and provides a defence against
secondary infections.
Studies have shown that ascorbate inhibits the HIV agent more
effectively than AZT, the standard conventional drug.479,480,481
Derivatives of ascorbate also have anti-HIV activity.482 Vitamin C has
been reported to inactivate the AIDS virus in the laboratory, while not
having the damaging side effects on normal cells found with AIDS
antivirals such as AZT.483,484 The finding that an ascorbate derivative
can selectively kill cells in which HIV is growing has reinforced this
result.485 The addition of other known antioxidants, such as
glutathione and the dietary supplement NAC (N-acetyl-L-cysteine),
amplified the antiviral effects. Vitamin C does not kill the virus directly
but inhibits reverse transcriptase activity. Reverse transcriptase is an
enzyme used by viruses as part of the process of replication. These
findings suggest that vitamin C can stop, or greatly slow, the growth of
the AIDS virus.
Given the history of vitamin C, it is inevitable that someone
would find a reason for not using high doses of the vitamin in the
treatment of cancer and AIDS. Eylar and colleagues reported that
purified human T-cells deteriorate if maintained in culture in ascorbate
for 18 hours.486 Based on this single laboratory finding, Eylar
suggested that dietary levels of ascorbate of up to a gram or so daily
may be beneficial, but cautioned against using larger doses over a
long period for the treatment of AIDS and cancer. The relevance of
this observation is highly questionable, in view of clinical evidence
supporting the safety of equivalent intravenous doses. Furthermore,
cultured cells are often abnormal.
In 1980, Park reported that although several leukaemic cell
cultures were sensitive to ascorbate at concentrations that could be
attained in the body by injection, normal haemopoietic cells, which
form the cells of the blood, were not suppressed.550 Helgestad
recently reported that vitamin C killed cells from a new malignant Tcell line from a boy with malignant lymphoma.548 This indicates that
extreme levels of ascorbate are more toxic to abnormal or cancerous
cells than to normal tissue. Eylar’s cell culture sensitivity is unlikely to
apply to normal cells in the body.
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To put Eylar’s suggestion into context, we must remember that
the side effects of conventional treatments for a person with AIDS or
cancer are generally undesirable. In cancer, the alternatives are
radiation and cytotoxic drugs, and for AIDS they are long-term antiretrovirals. The absence of reported side effects with vitamin C, so far,
indicates that the incidence is lower than with conventional treatment.
Robert Cathcart thinks that the problems of ascorbate treatment
have been overstated. One conventional contraindication for high
dose treatment is kidney disease, such as glomerulonephitis. Cathcart
gives the example of one of his patients. “I remember the lovely
school teacher who came to me several years ago. She said she bet
that I did not remember her; she was the one whose mother came to
me, fifteen years ago, when she was dying of glomerulonephitis in the
hospital. I told the mother to sneak some ascorbic acid in massive
doses to her in the hospital. A few weeks later she was out of the
hospital, still somewhat oedematous (swollen) but recovering. I lost
track of her for years but the daughter said she recovered completely
with bowel tolerance doses and was perfectly well.”58

Ebola
Ebola is an emerging viral disease, which competes with AIDS
in terms of the fear it induces. Ebola is one of a number of newly
discovered haemorrhagic fevers. A characteristic feature of
haemorrhagic fevers is capillary fragility and bleeding. This disease
has been described as turning the patient into a bag of soup, as the
internal organs are liquefied and bleeding occurs from every orifice or
break in the skin.
The symptoms of haemorrhagic fevers are so similar to severe
scurvy, it can be difficult to distinguish between the two conditions.
There was a widely reported outbreak of haemorrhagic fever in
western Afghanistan in 2002. Later, it was found that the illness was
not an Ebola-like disease but scurvy, in an undernourished
population.487 Although acute scurvy is now an unusual disease, its
symptoms are severe. In this case, it was mistaken for the effects of
haemorrhagic fever, illustrating the similarity between the two
illnesses.
In cases of scurvy produced by nutritional deficiency, the body is
gradually depleted of ascorbate over a period of months. With
haemorrhagic fever, most of the ascorbate in the body may be lost
immediately, in fighting the virus. The virus quickly overcomes the
body’s antioxidant defences and the patient dies in a massive eruption
of free radicals. The symptoms of Ebola and other horrific
haemorrhagic fevers are entirely consistent with them being a result of
severe induced scurvy. According to Cathcart, Ebola and the other
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haemorrhagic fevers produce a form of acute scurvy and the obvious
treatment is massive intravenous infusions of sodium ascorbate. As
no current treatment for this disease exists, there would appear to be
nothing to lose from experimenting with vitamin C. A harmless
treatment that might work would be worth trying on a patient who
would otherwise almost certainly suffer a horrible death.

How does vitamin C fight infections?
We have described the action of vitamin C as a free radical
scavenger; however, it has additional benefits in combating infectious
disease. Bacteria and viruses do not cause disease by themselves:
the body’s immune system also has to fail. In any serious epidemic,
some people fall ill and die whereas others are unaffected. Even with
diseases as deadly as the haemorrhagic fevers, a few people are
unharmed and antibodies to the organism may be found in their blood.
A proportion of the population will be resistant to almost any disease.
Some people even seem to be immune to AIDS.

The immune system
The immune system is a complicated arrangement of biological
and biochemical mechanisms that has evolved to keep us healthy.
There is a great deal of evidence that ascorbate is essential for the
immune system to work effectively. Ascorbate stimulates the immune
system and can help those with impaired immunity.488,489,490,491,492
When a bacteria or virus enters the body, it is recognised by the
antigen system and specific antibodies are produced in larger
numbers. The antibodies selected for multiplication are those that can
recognise and attack the invading bacteria or virus.
A high intake of vitamin C increases antibody levels in the blood.
Ascorbate increases production of three types of antibody, called IgA,
IgG and IgM or immunoglobulin A, G and M. These are the antibodies
most associated with defence against disease. Notably, vitamin C
does not increase the production of IgE, which is involved in allergic
reactions and asthma. Vitamin C and other antioxidants may provide
symptomatic relief for allergic conditions.493 Cathcart argues that
ascorbate provides exactly what we might have asked of it: increasing
antibody response to disease but not allergies.
Invading bacteria may be attacked and destroyed by phagocytic
white blood cells of the immune system. This process involves redox
signalling and oxidation by free radicals; it is facilitated by vitamin
C.494 Low levels of ascorbate suppress the immune system. If vitamin
C deficient guinea pigs are given skin grafts, the graft is tolerated.
When the dose of vitamin C is increased, the skin grafts are rejected,
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indicating that the immune system is being activated. Experiments
with megadoses of vitamin C show increased lymphocyte production,
following antigenic stimulation.495,496 In these studies, a dose of five
grams per day doubled the rate of white blood cell production, 10
grams increased it by a factor of three, and 18 grams increased it to
four times the base level.
White blood cells also require vitamin C for effective functioning,
as described earlier. With higher concentrations of ascorbate, white
blood cells become more active and can move towards infection or
inflammation more quickly.494,497,498,499 Large doses of vitamin C
increase levels of interferons and provide a safe antiviral treatment.500
Interferons are antiviral protein molecules, produced by cells during
infection. Some have suggested that vitamin C levels in excess of 18
grams a day may be required for normal white blood cell functioning in
cancer and infections,2,501,502 but similar effects are likely to be
achieved with lower doses, if blood levels are sustained.

Conclusions
The work on vitamin C as an anti-infective agent has a long
history but, in scientific terms, it is incomplete. There are many clinical
reports of its utility but no controlled clinical trials. The requirement for
valid scientific studies to test massive doses of vitamin C in severe
infections is clear. Until we have definitive studies in specific illnesses,
very high dose vitamin C treatment is likely to remain an enigma.
The idea that the positive results obtained in treating with
vitamin C are an example of placebo effect or other misleading factors
takes us to the heart of the establishment position. For some reason,
it strains the credulity of conventional medicine that anything as
simple and innocuous as ascorbate could be an effective treatment for
severe disease. They deem the possibility so low, that any simple
experiments that apparently demonstrate an effect are assumed to be
flawed.
When investigating unlikely phenomena, such as extrasensory
perception or precognition, psychologists demand a higher level of
proof. Normal science works at the 5% (or 1%) significance levels,
which means that a result would not occur by chance alone more than
one time in 20 (or 100). The basis of this approach is that it is more
reasonable to accept the validity of an experimental result, if it were
not likely to have occurred by chance. If you are investigating
extrasensory perception, however, it is easier to believe the result was
a one in 20 fluke than to accept an apparently magical property. To
the conventional physician, the reported effects of vitamin C in
infection border on the miraculous. This was especially true when no
scientific mechanism was provided to account for the observations.
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We asked a leading medical scientist about the results and
observations of large doses of vitamin C in infection. He replied that
he thought that they were explained by the placebo effect. He pointed
out that he had successfully treated an alcoholic with placebo for over
a year. Placebos are often almost as effective as standard
prescription drugs. It is easy for physicians to convince themselves
that what they are seeing is a real outcome when, in fact, it is only a
placebo effect. While this interpretation has some general validity, it is
clearly nonsense when applied to the reports on massive doses of
vitamin C.
A placebo effect large enough to allow Klenner to cure polio, in
60 out of 60 patients, would be remarkable indeed. Remission from
AIDS would also be unexpected. The placebo suggestion lacks
validity, because no known drugs or treatments, placebo or otherwise,
have an effect of this magnitude. Since the scale of the effect is so
large, the alternative suggestion, that the effectiveness of vitamin C
can be treated as pseudo-science, also lacks credibility. The
appropriate response would be replication or refutation, by scientific
studies. We note that negative results would be most welcome to the
pharmaceutical industry, whereas positive results might be financially
catastrophic.
The hostility of the medical establishment to the idea that
vitamin C may be helpful for trivial infections, such as the common
cold, is bizarre. Many patients will not tell their doctors what
supplements they are taking, because of a perception or experience
of this ignorant attitude.503 Rather than increasing the standing of the
physician, this level of arrogance may lower the perceived validity of
the doctor’s advice, driving the patient towards alternative
practitioners.
With more severe viral diseases and antibiotic resistant bacterial
infections, where there is no known effective treatment, vitamin C
offers hope. There is no reason not to try Cathcart’s approach and
give large intravenous infusions of sodium ascorbate. Scientific
evidence and substantial clinical experience suggests a powerful
effect, from a safe treatment. In the absence of controlled clinical
trials, we are forced to conclude that to withhold treatment with
massive doses of intravenous ascorbate in deadly incurable diseases,
such as rabies, SARS or Ebola, is unethical.
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Cancer
"Dose, Timing, Duration." Dr Thomas Levy
Cancer is not a single illness but a large number of different
ones, involving abnormal cell division and growth. The primary feature
of cancer is cell proliferation. A single cancer cell can produce billions
of offspring by cell division, forming a large tumour. When growing
rapidly, cancer cells can move and invade the surrounding tissues.
During the infiltration process, the cancer has to overcome factors that
normally limit tissue growth. A tumour may produce enzymes, which
break down the surrounding tissues and make it easier for the tumour
cells to spread. This process is active and aggressive; invasive
tumours are even able to destroy bone.
Cancer patients often lose weight rapidly, as the tumour takes in
large amounts of nutrients to feed its disturbed metabolism. Where
oxygen is in short supply, cancers can switch to a primitive form of
metabolism, similar to fermentation, which requires less oxygen. A
characteristic of cancers is that they are able to seize large amounts
of nutrients and oxygen. They do this by releasing free radicals and
other substances, to promote the development of blood vessels. One
approach to cancer treatment, pioneered by Dr Judah Folkman,504 is
to block the formation of new blood vessels required by the tumour;
this means that tumours cannot grow and so remain small. In theory,
this treatment has great potential but its application in humans is still
under investigation.

Types of cancer
Cancer is described in terms of the original site of the tumour,
for example, ovarian cancer begins in the ovaries and bowel cancer
starts in the large intestine. We will concentrate mainly on tumours or
mass-forming cancers. However, what we discuss also has
implications for other forms of cancer, such as leukaemia. Tumours
are cancerous masses that come in two forms: benign and malignant.
Benign tumours are usually slow growing, non-invasive and relatively
safe. A typical example is a lipoma, which is a tumour of fatty tissue,
sometimes found under the skin. Lipomas are often encapsulated,
well defined and distinct from the surrounding tissues. By contrast, a
malignant tumour is an expanding mass of tissue, which normally
does not have a well-defined border or surrounding capsule.
Malignant tumours invade neighbouring tissues, often infiltrating them
and preventing the encapsulation found in benign tumours. A
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malignant tumour feels more attached and part of its surroundings
than a clearly distinct benign lump.
Tumours are classified into two main groups, carcinomas and
sarcomas. The rest belong to a group of miscellaneous others.
Carcinomas originate from epithelial and endothelial tissues. Epithelial
tissues form the coverings of the external and internal surfaces of the
body, and include skin and the linings of the mouth and gut.
Endothelial tissues form the inner lining of the blood and lymph
vessels, and the heart. Carcinomas are relatively common; one
reason for this is that the epithelial tissue is generally the first to
encounter cancer-causing agents.
Sarcomas arise from connective and non-epithelial tissues, such
as bone, cartilage, fat or muscle; they form less than five percent of
common tumours. The distinction between tumour types is somewhat
arbitrary, in the sense that cancers lose the characteristic features of
the cells from which they were originally formed. For example, kidney
cells are different from other cells in the body: the biological process
that leads to this specialisation is called differentiation. However,
kidney cells that proliferate and form a tumour are damaged and the
resultant cancer cells have little in common with the original kidney.
Cancer cells are often completely undifferentiated, having lost the
character of the tissue from which they were derived.

Early Studies
In 1940, Voght published a study on the use vitamin C in the
treatment of leukaemia, suggesting that cancer patients often have a
substantial deficit.505 The deficit was corrected with intravenous
ascorbate. The results were suggestive of a therapeutic effect,
although dose levels designed to overcome a deficit would be unlikely
to lead to the high tissue levels required for a treatment. In 1954,
McCormick proposed a relationship between cancer and vitamin
C.506,507 His hypothesis was that vitamin C protects against cancer by
increasing collagen synthesis. McCormick had noticed that cancerous
tissues had a remarkably similar appearance to tissues from people
with scurvy. He suggested that cancer was a collagen disease,
related to a lack of ascorbate.
Nowadays, cancer is understood to be a disease of cells, rather
than the collagen-containing connective tissue that supports and
separates tissues. Nevertheless, when a cancer grows, the diseased
cells invade normal tissue. It is possible that strengthening the
connective tissue would make it more difficult for the cancer to grow
and spread. McCormick’s observations were instrumental in leading
Linus Pauling and Ewan Cameron to study the benefits of vitamin C in
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cancer patients, over a number of years.501,502,508,509,510,511,512,513,514
Their studies include reports of complete cures.515
In the 1970s, Irwin Stone proposed a definite link between
vitamin C deficiency and cancer.516,517 He pointed out that vitamin C
had been used as a treatment for cancer of white blood cells by Dr
Greer, in 1954. Greer had treated a patient suffering from
myelogenous leukaemia, using doses of 24 to 42 grams, and had
subsequently observed a complete remission of the disease.518 Greer
indicated that the remission was a result of the vitamin C. He stopped
the treatment twice and the patient deteriorated both times. When the
vitamin C was discontinued, the patient felt ill, his temperature went
up and other symptoms returned. On each of the two occasions when
ascorbate was resumed, the patient’s temperature returned to normal
within six hours, his malaise disappeared, and the disease apparently
went back into remission. Despite searching the literature published
over the following 20 years, Irwin Stone was unable to find a
replication experiment or any follow-up to this exciting clinical report.

Cytotoxic agents
A cytotoxic drug is a chemical that kills cancer cells directly. It is
characteristic of cytotoxic drugs that they are poisonous to both the
diseased tissue and to normal body cells. The primary aim of research
into this form of anticancer drug is to find a substance that is more
poisonous to cancer cells than to normal tissues. An ideal cytotoxic
drug would kill the cancer cells at a lower dose than it destroys normal
cells. In practice, both cytotoxic drugs and radiation therapy kill rapidly
dividing cells more effectively than they do slowly growing cells. The
appalling side effects of these drugs are a result of cell death in
quickly growing normal cells, such as those in the bone marrow, the
lining of the gut and the hair follicles. Such drugs are often most
effective against rapidly dividing, aggressive cancers. Unfortunately,
most of the big killers are slow growing cancers, which are more
resistant to the effects of cytotoxic drugs.
Cancerous tissue is dangerous because more cells are
produced than die, causing it to grow. Most tumours contain more
than one type of cancer cell. This diversity occurs because cancer
cells are damaged and their cell division is prone to errors, resulting in
alterations to the descendant cells. Consequently, a typical tumour
could contain cells that are dividing rapidly, slowly, not at all, or are
dying. Cancer cells are subject to a form of evolutionary pressure that
selects the most rapidly growing and robust cells.
Tumours are varied populations of cells, which evolve to resist
the effects of treatment. When a cytotoxic drug, or x-ray, kills the more
aggressive cells, the hope is that the balance will be switched to more
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cells dying than growing, and the tumour will therefore regress. With
luck, the chemotherapy will eradicate the tumour or, at least,
additional time will be added to the patient’s lifespan. Often when the
drug is discontinued, the remaining cells respond to the evolutionary
pressure and fast-growing cells proliferate. Like bacteria becoming
resistant to antibiotics, this new population of cancer cells may be
more resistant to the treatment.

Drug testing
People would probably expect a new cancer drug to go through
several levels of testing, to show it is more effective, safer or cheaper
than alternatives, but this is not necessarily the case. Italian
pharmacologists Silvio Garattini and Vittorio Bertele studied cancer
drugs entering the European market over the period 1995 to 2000.519
They reported that new drugs offered few important advantages over
existing drugs, but could cost up to 350 times more. New drugs were
being introduced merely to increase drug company profits. They noted
that treatment of cancer with cytotoxic drugs offers only a small
chance of cure, but such drugs were used as a treatment of last
resort, especially when the cancer had spread throughout the body.
These new drugs were often introduced as second or third line
treatments for rare cancers, so that they would be accepted and get
past the regulatory hurdles more quickly. Garattini and Bertele
recommended that new drugs should be required to show substantial
clinical benefits or cost reductions before being accepted.

Host resistance and spontaneous recovery
Most people do not get cancer for long periods of their lives; one
reason for this is “host resistance”. Immunological and other
mechanisms prevent the cancer from getting started. However, the
incidence of cancer increases dramatically when a person’s immune
system is damaged or suppressed. Detailed knowledge about host
resistance is inadequate, but we do know that it is likely to be involved
in the success of normal clinical treatments.
Host resistance can be examined scientifically. People have
inbuilt mechanisms, which either prevent cancers occurring or
eliminate them at an early stage. These come into play during
conventional treatments, such as surgery. Successful surgery
generally leaves millions of cancer cells in the bloodstream, but the
patient still recovers. When a large tumour is removed, the remaining
cells can often be dealt with by the immune system or by
encapsulation, so they do not go on to form another large mass.
190

Surgery is not generally recommended when a tumour has
metastasised, which means that cells have broken away and formed
discernable lumps in other parts of the body. If one additional site has
become large enough to be found by a clinical test, such as an x-ray,
the cells have probably spread to many other parts of the body. In
these cases, removal of the original tumour is unlikely to lead to a
cure. Sometimes, however, if the original large tumour is removed,
small metastatic cancers shrink away, by mechanisms that are not
completely understood.
In rare cases, the biological mechanisms that help eliminate the
final few cancer cells may produce an apparently complete cure.
These rare miracles, known as spontaneous recovery, are important,
because if the reasons why these patients recover were understood,
the information might be used to help the treatment of others.
Unfortunately, with spontaneous remission, we are at about the same
level of science as stamp collecting, as by definition, we cannot repeat
the process. Since replication is a critical feature of science, the study
of spontaneous regression remains on the fringes. We can only guess
at the mechanisms that result in a person with terminal cancer
suddenly becoming healthy. One frequent speculation is that the
patient’s immune system is stimulated into action and has killed the
cancer.
Recognised spontaneous remission is rare but, over the years,
hundreds of cases have been documented.520,521 By 1966, an
estimated 200-300 accepted remissions had been reported, but the
actual number is likely to be much larger. Some cancers are likely to
self-heal before they are diagnosed and many claimed medical cures
could be the result of spontaneous remission. Such remissions are a
dramatic example of how, in the right circumstances, the body can
deal with cancer.
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Vitamin C as a treatment for cancer
“The present study shows that ascorbate (vitamin C) is
highly toxic or lethal to Ehrlich ascites carcinoma cells in
vitro.” Dean Burk (1969)
The importance of finding a safe substance that can kill cancer
cells is difficult to overemphasise. Conventional chemotherapy drugs
that kill tumour cells are poisons. A safe agent that killed a wide range
of cancers is the holy grail of cancer research. It would be the cancer
equivalent of discovering penicillin.

Treatment of cancer: clinical studies
The idea that vitamin C can be used to treat cancer was
popularised in 1976, by Linus Pauling and Ewan Cameron, a Scottish
surgeon.502,511 Cameron was a respected and established cancer
specialist; his work was solid and conventional.3 He believed that the
most important factor in recovery from cancer was the person’s
biological response. In 1972, he published a paper suggesting that
vitamin C might slow cancer growth by increasing collagen production
and inhibiting the enzyme hyaluronidase, which is released by
cancers to dissolve surrounding tissue.508
Cameron himself was initially sceptical that vitamin C could work
against such a baffling and complex disease as cancer. Despite his
reluctance, he was convinced that his patients had nothing to lose.
They were in the terminal stages of their illnesses and, even if the
treatment did no good, it would at least do no harm. He started giving
10 grams per day of vitamin C to patients with untreatable cancer and
soon became convinced that most benefited from it.
Cameron told his colleagues but found that they were unable to
accept that such an innocuous substance could possibly work. The
contrast with conventional cancer treatments, such as radiation, major
surgery and toxic chemotherapy, was too great. In some cases, the
usual treatments seemed worse than the disease itself. Cameron’s
ascorbate approach was attacked with arguments that ranged from
differences in treatment methods through to the philosophy of
medicine. Cameron, himself incredulous at the start of the
experiments, had anticipated this negative response.
Cameron and his collaborators provided clear documentation of
their work with vitamin C,502,508,509,510,511,512,513,514,515 over a number of
years. To begin with, Cameron and Pauling published case reports of
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50 patients, who were given ascorbate injections along with oral
supplements. They then expanded the number of patients to 100,
reporting that cancer patients treated with vitamin C had survived
three to four times longer than had control patients. The control group
was based on the records of 1,000 patients who had received no
vitamin C, in a study centred at the Vale of Leven Hospital, near Loch
Lomond, Scotland. The controls were matched (10 to 1) with the
ascorbate treated patients, with respect to age, sex, type of cancer
and clinical status of “untreatability”. They were treated in the same
hospital, by the same staff and were managed identically, except for
the supplemental ascorbate. An outside doctor, who had no
knowledge of the treated patients, examined the control patient
records and recorded their survival times, defined as the time in days
between the end of conventional treatment and the date of death.
Traditionalists argued that the control group selection in
Cameron’s studies might have been biased. They suggested that the
vitamin C and control groups were not properly matched and might
have had a different severity of disease. They claimed that taking
control patient details from medical records might also introduce bias.
A bias in the selection, as suggested by the detractors, could
theoretically explain the positive results, but would need to be
extreme. This criticism was rather harsh for a preliminary study. Both
Pauling and Cameron would have preferred to have the resources to
conduct a more rigorous trial, but funding was repeatedly denied.
Robert Cathcart has made a more important objection to the
Vale of Leven studies, namely, that Pauling and Cameron had not
given a large enough dose. Ten grams is at the low end of clinical
doses and would be insufficient to provide relief from a bad cold.
Animals that manufacture their own vitamin C get cancer. Since these
animals often have high tissue levels of ascorbate, this sets a lower
limit on the effective dose. Pauling and Cameron’s positive findings
were therefore unexpected, but might be explained by recalling that
the ascorbate was administered intravenously, which leads to higher
tissue levels.
A prospective cancer study was conducted from 1978 to 1982 in
the same region of Scotland, with 294 patients treated with ascorbate
and 1532 controls.502 Patients were not randomised and received
vitamin C or palliative care according to which doctor admitted them.
Patients receiving vitamin C had an average survival period of 343
days against only 180 days for the controls. Furthermore, the
supplemented patients appeared to have an improved quality of life,
with reduced pain. These results were suggestive of a powerful effect
but were also flawed.
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The first problem is that the controls were not exposed to
exactly the same conditions as the treated patients. The selection of
patients was not random and was therefore potentially subject to bias.
The different survival figures could simply reflect unconscious
preference by the physician in selection or in initial diagnosis. In
addition, there were no placebo controls, as Cameron, being
convinced of the efficacy of the treatment, was ethically unable to
deny vitamin C treatment to dying patients. A cancer drug could not
be used as a placebo, as the patient would need to take it for the rest
of their lives. A double-blind clinical trial would have been revealing,
but it would need to be carried out by researchers who had yet to be
convinced of the merits of vitamin C.
In 1979, Morishige and Murata published a study confirming the
results obtained by Cameron.522 They studied 99 patients, of whom 44
subjects received four grams of vitamin C or less per day and 55
patients received five grams or more. The death rate for the higher
dose ascorbate patients was only one third that of the patients
receiving the lower doses. Patients receiving the low dose lived an
average of 43 days. Those receiving five to nine grams lived 275 days
and those receiving 10 to 15 grams lived an average of 278 days.
Rather surprisingly, patients receiving the highest doses, 30 to 60
grams, lived an average of 129 days. This is three times longer than
the lowest dose patients but only half as long as the 5-15 gram
groups. The Japanese researchers’ explanation for this finding was
that the highest doses were given to the patients with the most
advanced disease.
This Japanese experiment replicated Cameron’s study, as the
ascorbate treated patients lived far longer. Unfortunately, this study
was also not a double-blind clinical trial, so again the control for
placebo effects and experimenter bias was not complete. However,
the groups with different dose levels acted as internal controls. Unless
there was substantial bias in selection between the treatment groups,
this replication showed that vitamin C prolonged life in patients with
cancer. However, the medical community found the results of the
Japanese study questionable and did not accept its validity, because
of the lack of double-blind randomised controls.523 Considering the
lack of progress in cancer treatment and the toxicity of current
chemotherapy, this stance might be considered dogmatic.

The Mayo Clinic study
In response to what they considered ridiculous claims about the
benefits of vitamin C, the prestigious Mayo Clinic decided to conduct
its own study.524 It has since been suggested that their real aim was to
quash the controversy surrounding vitamin C and cancer.525 While the
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Pauling and Cameron study lacked rigour, the Mayo Clinic study
fuelled even more controversy.526,527 Charles Moertel, the principal
Mayo clinic investigator, chose not to discuss his experimental design
and analysis of results with Cameron and Pauling. He was within his
rights to do this and a supporting argument would be that he wished
the study to be independent. This refusal to collaborate carries with it
the responsibility to ensure a rigorous study. In retrospect, it is
unfortunate that collaboration was denied, as Pauling might have
pointed out the limitations of the Mayo Clinic’s experimental design.
On the plus side, the Moertel study was prospective and double
blind, with randomised controls. Ten grams of vitamin C were given
orally to the subjects and a placebo to the controls. Care was taken
that the 63 controls matched the 60 supplemented subjects. About a
quarter of all subjects had an improved appetite, and a larger
proportion had increased physical activity with some nausea and
vomiting. Both groups survived for about the same length of time,
seven weeks. The study concluded that there was no benefit from
vitamin C.
Linus Pauling responded that Moertel’s patients had previously
received chemotherapy and this would have damaged their immune
systems. Vitamin C would be expected to be less effective on such
patients, as one of its proposed mechanisms was stimulation of an
immune response to the tumour. The controls could also have been
taking vitamin C supplements independently and the researchers
might have been gullible in this respect. A subject in an experiment to
test whether or not vitamin C was a cure for cancer could realise they
had a 50-50 chance of being in the control group and might self
supplement, to be on the safe side.
Further arguments included the suggestion that Moertel’s
patient sample was biased, in that his patients did not represent the
large majority of cancers. Moertel then conducted another study to
answer these objections.528 Once again, there was no collaboration
with Pauling’s research group. In this placebo-controlled study,
samples of urine were taken from a few patients in both control and
supplement groups; these were checked for vitamin C concentration.
Proponents of vitamin C continued with their objections, including the
poor quality of the check on self-supplementation and the fact that
patients were supplemented only for a limited time, instead of
continuing for life.
There were clear problems with the Moertel studies. Indeed,
Pauling implied that they were an example of scientific fraud,2,502 and
that the claimed results had been reported in a way that was
deliberately misleading.3 The medical establishment, however, bought
into the Moertel study, perhaps thinking it inconceivable that the
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prestigious Mayo Clinic would be involved in such skulduggery. It
therefore became accepted medical dogma that vitamin C had been
tested and found wanting. The New England Journal of Medicine
delayed publication of Linus Pauling’s response to the Moertel study
by about two years, until Pauling’s lawyer wrote to the journal. The
Journal responded that they would not publish anything further on the
matter, unless it was a double-blind clinical trial. This delay helped
establish the idea that vitamin C was of little benefit in the treatment of
cancer.
Rather than being forced to repeat our discussion of the
limitations of double-blind clinical trials, we merely quote the recent
satire on the use of parachutes in the British Medical Journal by Smith
and Pell.529 They state that after a search of the medical and scientific
literature, they could find no studies of the effectiveness of parachutes
on preventing injury caused by falling from great height. “As with
many interventions intended to prevent ill health, the effectiveness of
parachutes has not been subjected to rigorous evaluation by using
randomised controlled trials. Advocates of evidence-based medicine
have criticised the adoption of interventions evaluated by using only
observational data. We think that everyone might benefit if the most
radical protagonists of evidence-based medicine organised and
participated in a double-blind, randomised, placebo-controlled,
crossover trial of the parachute.”
There is more to the analysis of experimental results than
double-blind clinical trials. Where a double-blind experiment with
placebo controls cannot be done for ethical or other reasons, other
methods of analysis do exist. When faced with the unacceptability of
non-placebo controlled studies and the ethical problems of a doctor
who believed in the value of a treatment, Linus Pauling looked at
alternative methods of analysis. He came up with a method based on
the Hardin Jones principle.533,534
Hardin Jones was a critic of cancer research methods and
believed that most cancer research was incorrectly performed. By
analysing cancer statistics, he discovered that the expected death
rate is constant for a given type of cancer; this is the Hardin Jones
principle. That is, a cancer patient has the same probability of death
on any day. This idea seems strange at first but the mathematics is
valid. If this assumption is made, then a comparison of factors
affecting the expectation of longevity can be carried out more easily.
In principle, this method could provide an analysis suitable for less
controlled studies. This approach could reduce bias in clinical trials.
However, it does not remove the necessity for random selection into
treatment groups. It merely replaces one assumption (that the
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selection into groups was unbiased) with another (that the groups
have similar life expectancies).
Designing a good experiment is difficult and requires great
expertise. It has been pointed out that Moertel’s Mayo Clinic studies
do not fulfil the requirements of the Hardin Jones method of analysis
as, for example, the treatment was for a short time interval rather than
continuous.530 None of the patients treated with vitamin C died during
the treatment phase of the study (median time 2.5 months). Some
died when vitamin C was discontinued, others when they were given
chemotherapy after concluding participation in the study.
Despite repeated requests, the Mayo Clinic refused to release
their raw data for analysis by other scientists. This refusal to release
the raw data suggests a lack of confidence in their published analysis.
The available data suggest that surviving patients in the Mayo Clinic
had their treatment changed in such a way as to increase the death
rate. A possible explanation of this might be that chemotherapy
reduced the life expectancy of the longest surviving patients.
It appears that Linus Pauling did not point out to Charles Moertel
the crucial difference between intravenous and oral vitamin C. There
is no reason why he should have needed to: it is basic beginner’s
pharmacology. An intravenously injected dose goes straight into the
blood plasma and its full effect is felt immediately. Even to someone
with little more than a basic understanding of biology and the action of
drugs, it should be obvious that injections have a more direct action
than oral administration. When large doses of sodium ascorbate are
given intravenously, blood concentrations can reach levels at least 10
times higher than an equivalent oral dose. In 2002, Gonzalez and
colleagues reported that intravenous ascorbate gives a more
consistent result in cancer patients, since the blood levels attained are
higher.541 Given this knowledge, Moertel’s switch to oral doses would
clearly have biased the results.

Serendipity?
Sebastian Padayatty and Mark Levine also concluded that
intravenous ascorbate is more effective in cancer treatment, as it
enables higher blood levels to be reached.531 They thought this
discrepancy may be one cause of the differences between the Pauling
and Mayo Clinic studies. Surprisingly, they suggest that Pauling and
Cameron might have “serendipitously” stumbled across an effective
treatment. We find their implication that Pauling and Cameron did not
understand the difference between intravenous and oral
administration bewildering. It is also demonstrably inaccurate, as
Pauling wrote about the greater effectiveness of injected doses. He
stated clearly that intravenous doses are more effective than oral
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doses and explained the reasons for the difference.2 More recent
results have led Padayatty and Levine to propose that the time is right
for a re-evaluation and trials of vitamin C in cancer.
Padayatty and Levine suggest that Linus Pauling and the
physicians he worked with were not aware of the cytotoxic action of
vitamin C. This is extremely unlikely, as a study in 1969 by Dean Burk
showed direct killing of cancer cells by ascorbate.546 The author stated
that, “In our view, the future of effective cancer chemotherapy will not
rest on the use of host-toxic compounds now so widely employed, but
upon virtually host-non-toxic compounds, that are lethal to cancer
cells, of which ascorbate represents an excellent prototype.” This
finding remains common knowledge among vitamin C researchers; it
is covered in Irwin Stone’s book, which has a foreword by Linus
Pauling.437 Cameron and Pauling initially concentrated on presenting
the case for vitamin C strengthening the surrounding tissues and
encapsulating tumours; this emphasis is understandable. Since the
idea that vitamin C could be used to treat cancer was greeted with
hostility and aggression from the medical establishment, it would have
been natural to limit the discussion to areas that were less
controversial.

Consequences of the Mayo study
The Mayo Clinic study has discouraged many people with
cancer from taking vitamin C, despite the fact that other research
reported large benefits. If Moertel were correct, we could justify
rejecting use of the vitamin. For this to be the case, the experimenter
bias in the positive studies would have to have been substantial. If
Moertel were wrong, then mistakenly rejecting the positive vitamin C
findings would cost tens of thousands of lives. The Moertel studies
would need to be extremely reliable to risk so many lives. However,
they are unreliable, weak and biased.
We are not going to enter into the detailed arguments about the
Cameron and Moertel studies. The way each was conducted is open
to criticism and both were subject to more than heated debate.
Unfortunately, Moertel chose to limit Pauling’s access to the data and
to avoid direct discussion. Part of the reason for this may be that
Moertel and his researchers were scared of Pauling’s combative
approach. Great genius comes in many forms. Albert Einstein had a
saint-like reputation; if you suggested he had made an error, he would
reputedly have little ego in considering your objections. Linus
Pauling’s reputation was more that of a scientific gunslinger, with a
career-long ability to defend his position against all comers. In the
1980s, Linus Pauling was more than capable of dealing with the likes
of Charles Moertel and the Mayo Clinic experts.
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Some believe that the dispute between Pauling and the Mayo
Clinic could not be resolved within the normal confines of science.532
They argue that medicine is not science and the dispute was as much
political as scientific; the adversaries were defending positions of
power and influence. There is some merit in this idea but it is
misguided. Like Thomas Kuhn, with his ideas of science progressing
by way of paradigm shifts and scientific revolutions, it tries to turn
science into sociology. Perhaps followers of such ideas have forgotten
the tales of King Canute or The Emperor who had no Clothes. Despite
what people believe, the biochemistry remains the same.

Positive results continue
Despite Moertel’s rejection of the idea, reports of the efficacy of
vitamin C as a treatment for cancer have continued. Perhaps the most
notable are from Dr Abram Hoffer, who was the first to use a doubleblind clinical trial in psychiatry. His results confirm those of Cameron,
Morishige and Murata, in that they show greatly increased survival
times.533,534 Hoffer’s book provides a wealth of information on his own
studies, including both the analysis of results and extensive case
study presentations.3 Like Cameron, Hoffer was soon convinced that
the treatment worked, and became unable to perform placebo
controlled clinical trials, because of ethical considerations.
One of Hoffer’s subjects was a female patient, who had read
Norman Cousins’ account of treating his illness with vitamin C,4 and
started taking 10 grams each day. This woman had pancreatic cancer
and her doctors had given her only a few months to live. She was
referred to Hoffer, who had an interest in nutritional supplements and
disease. Hoffer increased the dose to 40 grams and, after six months,
the woman’s cancer was reported as having disappeared. The
response intrigued Hoffer, who had previously treated cancer patients
successfully with high doses of niacin and vitamin C.
With the accumulation of scientific evidence, the establishment
view is beginning to change as their former position is becoming less
tenable. In an important step, Riordan and others have confirmed that
vitamin C is toxic to cancer cells, in the laboratory,535 in animal
studies,536 and in the body.537 It does not take a genius to understand
that this would explain the positive results in the studies of vitamin C
and cancer. Even a biased establishment can see the implications.
Riordan has published case studies indicating that vitamin C is an
effective cancer treatment,537,538 and has also published a detailed
mechanism of action.539,540,541 Derivatives of vitamin C have been
shown to have anti-tumour actions,542,543 and a recent paper proposes
encapsulation of vitamin C in micro-particles for use as an anticancer
treatment.544
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Case study
A typical case study, provided by Riordan, describes a 70-yearold white male who, in December 1985, was found to have a tumour
of the right kidney. When the kidney was surgically removed, it was
shown to contain renal cell carcinoma. Three months after surgery,
the patient had a standard x-ray and a CT scan. He was found to
have "multiple pulmonary lesions and lesions in several areas of his
liver, which were abnormal, and some spread to the lymph glands”.
These secondary tumours implied that the patient’s life expectancy
was short.
In March 1986, the patient was seen in Riordan’s clinic. He
chose intravenous ascorbate rather than conventional chemotherapy.
He was given 30 grams of vitamin C intravenously, twice a week for
seven months. The same dose was then given once a week for eight
months, followed by 15 grams a week for a further six months. There
were no apparent toxic effects and his blood and urine samples were
normal.
Only six weeks after starting treatment, the patient felt well and
the oncologist's report stated, "His exam is totally normal. His chest xray shows a dramatic improvement in pulmonary nodules compared
to six weeks ago. The periaortic lymphadenopathy (enlargement of
the lymph nodes surrounding the aorta) is completely resolved ...
either he has had a viral infection with pulmonary lesions with
lymphadenopathy that has resolved or (2) he really did have recurrent
kidney cancer which is responding to your vitamin C therapy."
Now we fast-forward 10 years, to July 1996. The patient’s
current oncology report states: "there is no evidence of progressive
cancer. He looks well ... chest x-ray today is totally normal. The
pulmonary nodules are completely gone. There is no evidence of lung
metastasis, liver metastasis or lymph node metastasis today,
whatsoever." The patient died in 1997, aged 82 and apparently free of
cancer, 12 years after his diagnosis.

Vitamin C kills cancer cells
As early as 1969, vitamin C was shown to kill cancer cells
directly.546 Klenner suggested the use of massive dose intravenous
ascorbate as a treatment for cancer in 1971, which was well before
the Cameron and Pauling and the Mayo Clinic studies.
It is difficult to extrapolate from test tube studies to an anticancer effect in the body. To show a useful cytotoxic effect, it is
necessary to demonstrate the effect in the test tube, show that the
effect can also occur in the body and, finally, obtain clinical results
indicating a measurable reduction of tumour size and improvement in
201

the patient’s clinical condition. This has now been done. What
remains is for the experiments to be replicated and suitable doubleblind clinical trials to be performed.
Recent research by scientists interested in vitamin C and cancer
has concentrated on large intravenous doses. Riordan studied high
dose ascorbate as a cancer treatment. At first, doses of only 15 grams
were given, once or twice each week. These doses reduced pain and
improved patients' sense of well-being, as well as prolonging life
longer than expected. More than a decade ago, Riordan started using
doses of 30 grams of intravenous vitamin C, given twice weekly. Later
he reported a case in which 100 grams of ascorbate, given
intravenously once or twice a week, resolved bone metastases in a
patient with breast cancer. Observational evidence can sometimes be
sufficiently strong as to be persuasive. When patients with metastatic
cancer recover and the clinical report is one of many, the evidence
becomes compelling.
More recently, Riordan confirmed that ascorbate could do more
than alter the tumour growth rate; it could also kill cancer cells.
Moreover, he showed the vitamin was toxic to many different types of
cancer cell. Crucially, Riordan found that ascorbate kills tumour cells
at a dose that appears safe to normal cells. This finding is supported
by several independent studies, which have also shown vitamin C to
be toxic to tumour cells in both tissue studies and animal models.

A new treatment?
Showing that a chemical kills tumour cells, at lower
concentrations than it harms human cells, is only the first step in
getting a new treatment. In most cases, a new therapy has to go
through detailed toxicity testing and be capable of delivery to the
target tumours. With vitamin C, many of these issues simply do not
apply, as ascorbate is a normal and essential part of the body. It is
necessary, however, to show that a suitably high concentration of
vitamin C can reach the cancer.
Riordan has tested samples of human serum from patients
receiving intravenous ascorbate. His measurements confirm that the
levels obtained are cytotoxic to tumour cells in experimental studies. A
concentration of 400mg per litre was reported as sufficient to kill
tumour cells, although this was from experiments using sparsely
populated layers of cells, in a standard tissue culture. The levels of
vitamin C measured in blood plasma following intravenous injection
were high enough to be toxic to cancer cells.
In his experiments, Riordan demonstrated that samples of blood
plasma, taken following ascorbate injections, killed cancer cells in
tissue culture. To model the conditions in the human body more
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closely, Riordan checked the findings in experiments with a threedimensional tumour model. In these later experiments, he used
human blood serum as a growth medium. Using this more elaborate
model, the effective concentration to kill most types of tumour cell was
increased to four grams per litre. By measuring the blood levels of
ascorbate levels during and after intravenous infusions, Riordan’s
group confirmed that a 60gram dose produced peak plasma
concentrations that were more than double those required for killing
cancer cells.
Riordan and others have suggested a way that ascorbate could
kill cancer cells.545 The test tube results on the killing of cancer cells
by vitamin C are somewhat dependent on the culture medium. They
proposed that ascorbate does not kill cells directly, but acts by
producing hydrogen peroxide. Riordan found that the concentration of
the enzyme catalase, which breaks down hydrogen peroxide, is up to
one hundred times greater in normal cells than in tumour cells. Agents
that cause hydrogen peroxide to be generated should therefore be
toxic to cancer cells, while being safe for normal tissues. In this way,
ascorbate at a sufficient dose should kill tumour cells, with no toxic
effects to normal body cells.
Both ascorbate and metabolites of ascorbate have shown antitumour activity in isolated tissues. Research by Dean Burk at the US
National Cancer Institute first indicated that ascorbate was highly toxic
to carcinoma cells.546 Notably, the toxicity increased if a catalase
inhibitor was present. Bram reported that vitamin C was preferentially
toxic to experimental cell lines of malignant melanoma (skin
cancer).547 They found that copper increased the toxicity to the
melanoma cells. The presence of copper can cause ascorbate to act
as a pro-oxidant rather than an antioxidant. This can lead to greater
production of hydrogen peroxide. Helgestad reported that a new
malignant lymphoma T-cell line was sensitive to ascorbate in culture,
at concentrations that were attainable in human blood.548 Additional
research indicated that several leukaemia cell cultures were sensitive
to vitamin C concentrations that could be achieved in the human
body,
while
normal
blood
forming
cells
were
not
suppressed.549,550,551,552 Research into the action of vitamin C and
selenium on gastric cancer also led to the suggestion that the
combination may be a useful treatment.553

Vitamin K helps vitamin C
The addition of vitamin K increases the anticancer properties of
ascorbate. Vitamin C, combined with a much smaller amount of
vitamin K3, will kill cancer cells.554,555,556,557,558 It has recently been
proposed that vitamins C and K3 could be used for treatment of
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cancer.559,560 Vitamin K is a fat-soluble vitamin, involved in blood
clotting. These vitamins work together to provide anti-tumour activity.
They kill tumour cells preferentially, by an unusual process called
autoschizis.561,562,563 This is a novel type of cell death, involving
substantial membrane damage. The cell bleeds cytoplasm, the fluid it
contains, leaving behind the sub-cellular particles and structures.
Cells rapidly become smaller and surround a shrunken nucleus with a
narrow ring of cytoplasm, containing the internal particles or
organelles. The mitochondria also shrink but the cell does not appear
to die from lack of energy. This process depends on a reduction in
DNA synthesis and oxidation.564 Moreover, addition of the enzyme
catalase can prevent the cell death.565
Experiments on mice with tumours indicate that treatment with
oral vitamin C and vitamin K3 increases their life span; tumours in the
treated mice grow more slowly. Human prostate tumours implanted
into mice are selectively sensitive to these vitamins.566 Mice are not
the ideal animals for vitamin C studies, however, as they do not need
it in the diet. The effect may be greater in vitamin C dependent
species, such as man or guinea pigs.
Studies on human bladder cancer cells show that they are
sensitive to the action of vitamins C and K3.567 These vitamins can
also increase the effects of standard anti-cancer chemotherapeutic
drugs.568,569 Laboratory studies, by a Chinese research group, confirm
that vitamins C and K3 kill a range of cancer cells.570 In these
experiments, two types of human cancer were more sensitive to the
vitamins than were normal cells. A Japanese group has found that the
cytotoxic activity of both vitamin C and K3 can be enhanced by the
plant extract lignin F.571

Lipoic acid
Lipoic acid increases the power of ascorbate to destroy cancer
cells. Riordan has tested the potency of an ascorbate and lipoic acid
mixture for killing cancer.572 He used a standard solid tumour model
and clinically achievable concentrations. The addition of lipoic acid
increased the anti-cancer effect; the concentration of vitamin C at
which half the cancer cells were killed was reduced from 800 mg/dl to
only 120 mg/dl. That is, only about one seventh the amount of
ascorbate was required to kill cancer cells when lipoic acid was
included. The treatment was effective against both rapidly growing
and non-proliferating cells. This combination may be more effective
than existing drugs.
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Preventing cancer growth
Further confirmation that vitamin C could be an effective cancer
treatment suggests that ascorbate prevents cancer cells from
growing. Ki Won Lee and colleagues, from the University of Seoul,
have described a mechanism by which vitamin C stops cancer cells
proliferating.573,574 Normal cells stop growing when they receive
signals from neighbouring cells; these signals are induced by
hydrogen peroxide. Cancers can continue spreading, because they do
not respond to the signals that inhibit growth in normal cells. Ki Won
Lee showed that ascorbate enabled cancer cells to receive and act on
the message to stop growth.

Dangers with intravenous ascorbate
Occasionally, it has been reported that high dose intravenous
ascorbate can destroy a tumour too quickly. One case study recorded
a death, following only 10 grams of intravenous ascorbate. In this
case, the vitamin C killed the tumour cells, producing necrosis and
haemorrhage that killed the patient. The treatment was successful in
destroying the cancer, but the patient died. These clinical
observations reinforce the obvious need for medical supervision.
However, on the plus side, these effects demonstrate that vitamin C
can certainly destroy tumours within the body.

Conclusions
We have described evidence that vitamin C can kill cancer.
Indeed, the properties of ascorbate reflect, perfectly, the requirements
for a chemotherapeutic agent. The effects of vitamin C on cancer can
be explained theoretically. Cell culture studies clearly demonstrate the
killing of cancer cells. Animal studies show anticancer activity. In
humans, measurements show that blood levels that would be
expected to kill cancer cells can be reached, with intravenous
injection. The blood plasma of people injected with vitamin C can kill
cancer cells. There are a large number of clinical reports that
ascorbate is an effective treatment. Case studies report people with
metastatic cancer have been cured. The only item missing from this
description is a randomised, double-blind, clinical trial showing
intravenous ascorbate is an effective treatment or cure. The doubleblind clinical trials by the medical establishment were performed by
people who did not understand the difference between injected doses
and tablets.
Of course, these studies do not prove that vitamin C is a cure for
cancer, or even that it would provide a suitable treatment. However,
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such criticism is more than unscientific. The thoughtful reader will no
doubt recognise a simple cost-benefit analysis. With powerful
evidence of efficacy and a large degree of safety, there is little to lose
and, potentially, a life to gain.
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Replication and refutation
“Anyone who conducts an argument by appealing to
Authority is not using his intelligence, he is just using
his memory.” Leonardo da Vinci
In previous chapters, we have described and explained the
published data on the use of vitamin C as a therapeutic agent. We
have also presented a dynamic flow model, to explain the apparently
contradictory results obtained by different studies. The action of
vitamin C in disease follows the law of mass action, proposed by Fred
Klenner and extended by Robert Cathcart. The dynamic flow model is
consistent with the claims of Linus Pauling and others, who have
recommended megadose supplementation. It is also consistent with
research that has showed little or no benefit from infrequently
administered or inadequate doses of vitamin C.
According to the dynamic flow model, if vitamin C is to have a
pharmacological effect, such as preventing infection or heart disease,
blood levels must be raised consistently. As we have seen, a single
two-gram dose will raise blood levels transiently, but average levels
will not be much higher than with a single half-gram dose. Ascorbate
is rapidly absorbed from the gut into the blood but is then excreted.
Two separate one-gram doses, given several hours apart, will raise
the average blood level for longer than a single, two-gram oral dose.
Ideally, vitamin C supplementation should be based on multiple
doses, taken at regular intervals throughout the day.
In most animals, large amounts of vitamin C are manufactured
within the body. Alternatively, some animals obtain ascorbate from a
diet of fruit and vegetables. In either case, its release into the blood
stream is slower than if a tablet is taken. A daily megadose raises
blood levels for less than half the day. If the aim is to prevent
infection, this leaves long periods in which blood levels are too low.
Since most experiments on vitamin C and disease have used single
daily supplements, the variable results are only to be expected.
Oral megadose supplements of vitamin C are often inadequate
as a treatment for disease. In some cases, Cathcart’s method of
titration to bowel tolerance may allow sufficient ascorbate to be taken.
We have stressed the difference between oral vitamin C and
intravenous sodium ascorbate. We can find no reason to discount the
reported clinical observations, which suggest that intravenous
ascorbate is effective as a treatment for heart disease, infection and
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cancer. Indeed, the reader may note that we have restricted our
discussion of the multitude of diseases that vitamin C is claimed to
prevent, treat or even cure. Even if the prospect of validation of each
individual claim being confirmed were low, which it is not, the
likelihood of some of them being confirmed is substantial.
In heart disease, cancer and infection, the claims for vitamin C
are based on solid evidence. If the evidence were for an isolated
branch of medicine or a single disease, it would be less compelling.
However, the hypotheses are strong, easily testable and cover major
killers in the developed world. If any one of these claims were
ultimately established, the benefits would be considerable. Moreover,
if even a few of the claims prove to be correct, the advance would
amount to a medical revolution.

Hypotheses
A number of hypotheses and evidence-based theories
concerning the action of vitamin C in health and disease require
urgent investigation. It may seem a little strange that this book ends
with a statement of hypotheses. However, from the scientific method
presented earlier, it will be clear that this is inevitable. Science does
not prove the case but enables the generation of hypotheses: these
allow us to test the things we think we know, and pose the questions
that need answers. The implications of current evidence make
disturbing reading. It is therefore critical that the following hypotheses
are tested as soon as possible.

Atherosclerosis is a form of scurvy
This hypothesis suggests that supplementation with high dose
vitamin C will prevent heart disease and occlusive stroke in man.
Experimental and clinical results suggest that shortage of ascorbate
may be the primary cause of heart disease. Since this one of the
biggest killers in the industrialised world, we might expect the medical
profession to test this hypothesis impartially.

Vitamin C is an effective treatment for
atherosclerosis and related disease
The evidence suggests that vitamin C can stabilise and prevent
plaque growth in people with heart disease. Vitamin C may cause
plaques to shrink, partially reversing the disease. Sustained high dose
vitamin C may prevent heart attacks in people at high-risk. These
findings require valid replication of the early experiments.
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Lysine and vitamin C shrink atherosclerotic
plaques
Linus Pauling suggested that the amino acids lysine and proline
combined with vitamin C could shrink atherosclerotic plaques and
“cure” heart disease. While “cure” may be too strong a suggestion,
based on the available evidence there could be a synergistic effect of
lysine and vitamin C, in shrinking and stabilising plaque. This
treatment provides a valid hypothesis, with a provisional mechanism
of action.

Antioxidants can cure heart disease
Both vitamin C and the tocotrienol form of vitamin E have been
shown to reverse atherosclerotic plaques. It needs to be established
whether these results are reproducible. It is possible that vitamin C
and tocotrienols will reverse and even cure atherosclerosis. Again,
these studies should be carried out soon, to avoid further
unnecessary deaths.

Sustained high dose vitamin C prevents infectious
disease
There have been studies on vitamin C and the common cold,
but the doses used were generally low and would not have sustained
adequate blood levels. Supplementation in the dynamic flow range,
where a preventative response is predicted, should be subject to
appropriate experimental testing.

Massive doses of vitamin C are an effective
treatment for infection
There are a large number of clinical reports of massive doses of
intravenous sodium ascorbate being an effective treatment for
infectious diseases. There are no solid clinical trials in this area.
Ethically, the clinical reports of substantial benefits cannot be ignored
and should be followed up by clinical trials.

Vitamin C is an effective anti-cancer agent
There is substantial evidence suggesting that ascorbate will kill
cancer cells preferentially. The clinical reports of vitamin C in cancer
treatment are entirely consistent with this and imply a requirement for
intravenous administration. The reports of successful treatment of
cancer with vitamin C have a scientific basis. This hypothesis has a
high likelihood of clinical confirmation.
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Vitamin C could form the basis for new cancer
treatments
Both lipoic acid and vitamin K reportedly increase the
effectiveness of ascorbate in killing cancer cells. That is, lower doses
of ascorbate can be used when either vitamin K or lipoic acid is also
administered. This suggests the intriguing possibility that the actions
of vitamin K and lipoic acid are synergistic with those of vitamin C. It
may therefore be possible to increase the reported effectiveness of
vitamin C as a cancer treatment. One again, appropriate studies
should be carried out, as a matter of urgency.

Conclusions
Since vitamin C is so safe, it is nonsensical not to use it for
treating life-threatening diseases, where there is supporting evidence.
The complete picture may take years to develop but the benefits
clearly outweigh the risks. This is particularly true for untreatable
diseases or those where the conventional treatment has vicious side
effects, such as chemotherapy. The argument that the benefits have
not been “proven” is unscientific; such a statement could always be
applied, no matter how strong the evidence. Indeed, the conventional
idea that large-scale clinical trials are required is scientifically
unsupportable. In making decisions about whether or not treatment
with vitamin C is worth trying, we need to consider the cost-benefit
analysis.
Costs are not only financial, but include health costs such as
side effects. Normal clinical practice means a drug needs to be shown
to be safe before use. In the case of vitamin C, demonstrating safety
is almost irrelevant. Vitamin C is a GRAS substance, which means it
is generally regarded as safe. According to the US Food and Drug
Administration, GRAS substances are those whose use is recognized
as safe, based on their extensive history of use in food before 1958 or
on published scientific evidence. People need vitamin C to live.
Millions of people have taken gram level supplements for years,
apparently without harm. Whenever the medical establishment has
tried to show a problem with the safety of vitamin C for normal
individuals, the evidence has been unsound.
A person with atherosclerosis, who is in danger of a stroke or
heart attack, can ask their physician about the Pauling or antioxidant
network therapy. It is hard to understand how physicians treating
patients with cardiovascular disease can justify not recommending
ascorbate and tocotrienols. The evidence is not complete, but vitamin
C, lysine and tocotrienols are safe. On a cost-benefit analysis, it is a
“no-brainer”, offering a possible cure with no downside.
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A person with a minor infectious disease can opt to supplement
with high-dose vitamin C. There are few effective conventional
treatments for viral diseases. In the extreme cases of Ebola and other
haemorrhagic fever outbreaks, the expectation is death without
treatment. Despite the fact that there is no alternative treatment, the
medical profession have not tried high-dose ascorbate, as proposed
by Cathcart and others, on life threatening viral diseases. Since
intravenous ascorbate is so safe, Cathcart asks why doctors treating
Ebola and other severe viral infections have not tried it. We would
also like to know the answer to this question.
We cannot imagine a sensible defence to the establishment
position regarding ascorbate and cancer. We simply suggest that
people with terminal cancer should ask their physician to explain why
they are not receiving ascorbate therapy. In the absence of
randomised, double blind, clinical trials showing no effect or a
negative response, to deny a cheap, innocuous but possibly lifesaving treatment is unethical. It certainly does not conform to any
reliable medical decision-making, scientific justification or cost-benefit
analysis based on the patient’s needs.
At the time of writing, there is an international plan, called the
Codex Alimentarius, to restrict the availability of vitamins and other
nutrients, based on assumptions of safety and trade. The successful
implementation of laws based on the Codex will mean that people
who believe in prevention of disease with vitamins and associated
nutrients will be unable to supplement themselves. Some of the
proposed restrictions could mean, for example, that tocotrienols are
unavailable for people with heart disease. The situation reminds us of
the account of child deaths by Dr Archie Kalokerinos. Death rates of
up to 50%, in Australian children, were a direct result of shortage of
vitamin C and continued despite identification of the cause.575
Restriction of supplements will clearly mean that any disease
resulting from chronic scurvy or other deficiency will continue, by law.
The result will be regular profits for the pharmaceutical and related
medical industries, which are involved in the treatment and
management of unnecessary illness and death. Some doctors and
alternative medical experts have described this as genocide. This
book has given you the information needed to decide for yourself.
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“We are trying to prove ourselves wrong as quickly as
possible, because only in that way can we find
progress.” Richard P. Feynman
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Glossary of terms
Acetyl-L-carnitine. A form of the amino acid carnitine, a food
supplement.
AIDS. Acquired immune deficiency syndrome; a disease that is
thought to be caused by the HIV retrovirus.
Alpha-tocopherol. A form of vitamin E.
Amino acid. A chemical building block that is connected in chains to
form proteins.
Anencephaly. A defect in the development of the neural tube, which
can lead to the loss of much of the brain, scalp and skull, and is linked
to a deficit of folic acid in the diet.
Anaerobic. Growing, living or occurring in the absence of oxygen.
Ankylosing spondylitis. A painful rheumatic disease, in which
inflammation of the joints of the spine can cause fusion of the
vertebrae and rigidity.
Antibiotic. A chemical that will selectively kill bacteria or other
microorganisms without damaging host tissues. Some specialised
antibiotics are used in the treatment of cancer.
Antibody. A blood protein of the immune system that can combine
with a specific invading bacteria, virus or cancer cell.
Antioxidant. A molecule that can donate an electron; any substance
or process that prevents oxidation.
Apolipoprotein. A protein found in lipoproteins, which are used to
carry cholesterol around the body in the blood.
Ascorbate. Another name for vitamin C.
Ascorbic acid. An alternative name for vitamin C.
Ascorbyl radical. Oxidised ascorbate, which has donated one
electron and is an unreactive free radical.
Atrophic. Wasted or wasting away.
Aorta. The largest artery in the body, which carries oxygenated blood
from the left side of the heart to the main arteries, and hence to the
body tissues.
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Benign. A benign tumour is a form of cancer that is non-invasive and
slow growing.
Cancer. A group of diseases in which cells grow out of control and
can spread to other parts of the body.
Carcinogen. Something that can cause a cancer.
Carcinogenic. Cancer causing.
Carcinoma. A cancer originating in an endothelial or epithelial tissue.
Catalase. An antioxidant enzyme, which was formed early in
evolution and is used to break down hydrogen peroxide into oxygen
and water.
Catalyst. An agent that participates in and speeds up a chemical
reaction but itself remains unchanged. Enzymes are biological
catalysts.
Chain breaking antioxidant. An antioxidant that will stop free radical
chain reactions.
Chemotaxis. Movement of a cell along a chemical gradient.
Chronic inflammation. Long-term inflammation, such as that
responsible for atherosclerosis and much degenerative disease.
Collagen. A fibrous protein molecule that provides strength to tissues
and bones.
Collagenase. An enzyme that breaks down collagen.
Complement. A group of blood proteins that assist antibodies and
white blood cells to combat bacteria and other foreign bodies.
Cytotoxic. Harmful to cell structure and function, may kill cells.
Dehydroascorbate. An oxidised form of vitamin C, that has lost two
electrons.
Differentiation.
specialisation.

The

process,

during

development,

of

cell

Doppler effect. Change in wavelength of sound (or other radiation)
with speed, an example is the changing sound (pitch) of a racing car
as it passes by.
DNA. Deoxyribonucleic acid, a long molecule consisting of small
subunits that encode genetic information. Genes are made of DNA.
Electron. A subatomic particle with a negative electric charge.
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Electron donor. A molecule that can provide (donate) electrons to
other molecules.
Encapsulation. The process of wrapping a tumour, for example, in
fibrous connective tissue.
Enzyme. A protein that increases the rate of a chemical reaction; a
biological catalyst.
Epithelium. The outer layer of cells.
Epithelial cell. A surface cell, a cell from the epithelium.
Erythrocyte. A red blood cell.
Experiment. A test of an idea, hypothesis, or theory.
Extracellular. Outside the cell.
Evolutionary fitness. The ability of a living form to thrive and
reproduce in a particular environment.
Fatty acid. A long lipid molecule, that has both a hydrophilic (water
loving) end and a hydrophobic (water hating) end.
Fibrin. A blood protein involved in forming clots.
Fibrinogen. A blood protein, which is a precursor to fibrin.
Fibrinolysis. The destruction of fibrin.
Fibroblast. A cell that can form collagen and is important in wound
healing; it is usually elongated and often found in connective tissues.
Free radical. A highly reactive molecule, an atom or a molecule with
an unpaired electron.
Free radical scavenger. An antioxidant that reacts with and
neutralises free radicals.
Free radical theory of aging. Theory that aging is caused by the
action of free radicals over time, especially those that damage
mitochondria.
Gene. A length, or lengths, of DNA that encode a protein; the basic
unit of heredity.
Glutathione. A small water-soluble antioxidant, normally present in
cells. A small peptide, which is often considered the most important
water-soluble antioxidant within cells.
Glycation. A process in which a carbohydrate is attached to another
molecule.
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Glycosaminoglycan. A polysaccharide that forms the ground
substance for collagen fibres in connective tissue.
Ground substance. A matrix of collagen fibres in a
glycosaminoglycan gel; the base glue that holds the body together.
HDL. High density lipoprotein, aka “good” cholesterol.
HIV. The human immunodeficiency virus, thought to be the
cause of AIDS.
Haemorrhage. A bleed.
Haemoglobin. A protein molecule containing iron, used for
transporting oxygen; haemoglobin is found in red blood cells and
gives blood its red colour.
Homeostasis. One of biology’s core control systems for the
maintenance of a steady state, rather like a thermostatic control
mechanism.
Hyaluronic acid. A glycosaminoglycan that is part of the ground
substance in connective tissue. Hyaluronic acid binds cells
together and helps lubricate joints.
Hyaluronidase. An enzyme that breaks down hyaluronic acid,
thereby decreasing its viscosity and increasing the permeability
of connective tissue. It is sometimes used in medicine to
increase absorption and diffusion of drugs administered by
injection.
Hydrogen peroxide. An important biological free radical (H2O2),
related to oxygen and water.
Hydroxyl radical. A highly reactive free radical (HO·) that can
damage biological tissues rapidly.
Hypothesis. An idea that can be tested by experiment, a source of
new information in science.
Iatrogenic. A disease caused by a physician or medical treatment.
Immunocompetence. The effectiveness of the immune system to
keep the body free from disease.
Immunoglobulin. An antibody.
Immunosuppression. A reduction in the capacity of the immune
system to defend the body against invasion.
Inflammation. A bodily response to injury, a general defensive
reaction found in degenerative disease; inflamed tissues may be
reddened, swollen or itchy.
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Inflammatory cell. A cell involved in the process of inflammation,
such as a macrophage or neutrophil.
Inflammatory messenger. A chemical released by inflammatory or
inflamed cells, promoting an inflammatory response.
Ionisation. The process of forming an ionic (charged) molecule.
Ionising radiation. Radiation, such as x-rays and gamma-rays, that
can remove electrons from atoms or molecules.
Intracellular. Inside the cell.
In vitro. Experimental – literally “in glass”, as in a test tube.
In vivo. In the body.
Leukaemia. Strictly speaking, refers to cancer of the white blood cells
(the leukocytes) but, in practice, it can be used to signify cancer of
any cells in the blood or bone marrow, as in red cell leukaemia
(erythroleukaemia).
Leukocyte. A white blood cell of any type.
LDL. Low-density lipoprotein, aka “bad” cholesterol.
Lipid. A fat or oil.
Lipoprotein. A substance made of lipid and protein.
Lipoic acid. A small, water- and lipid-soluble, sulphur containing
antioxidant.
Lymph. A drainage system for tissues.
Lymph gland. A node or swelling in the lymphatic system.
Lymph node. A lymph gland.
Lymphocyte. A small white blood cell (leukocyte) formed in the
lymphatic system; often present in inflammation.
Lymphadenopathy. Enlarged lymph glands.
Lysine. An essential amino acid in the diet, used to make protein;
may be involved in heart disease.
Macromolecules. Very large biological molecules, such as
proteins or DNA
Macrophage. A white blood cell that can engulf or eat invading
bacteria.
Malignant. A tumour that is growing and invading tissues.
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Megadose. A large dose of a vitamin or other food supplement, a
gram of vitamin C or more; usually refers to large nutritional doses
rather than pharmaceutical level doses.
Metabolism. The biochemical reactions that create energy from the
oxidation of food.
Metastasis. Secondary cancers that have formed away from the site
of the original tumour.
Mitochondria. Small structures, found in cells, that metabolise
glucose and other substances to provide the cell with energy.
Mitochondrial leakage. Free radicals produced by the mitochondria
during normal metabolism, and when the mitochondria are damaged.
Mitochondrial theory of aging. The idea that aging is caused by free
radical damage to mitochondria over time.
Monocyte. A white blood cell with a single nucleus; a monocyte can
engulf bacteria and foreign matter.
Myelogenous leukaemia. A condition in which the bone marrow
makes too many white blood cells.
NAD. Nicotinamide adenine dinucleotide; a molecule involved in
redox reactions during normal metabolism.
NADH. A reduced form of NAD.
NADP. Nicotinamide adenine dinucleotide phosphate; a redox
molecule found in cells and related to NAD.
NADPH. A reduced form of NADP.
Necrosis. The process of tissue death; necrotic tissue is dead or
dying.
Nucleotides. Small molecules that are linked together to form DNA or
RNA.
Nucleic acid. A component of genes, such as DNA or RNA.
Nucleus. The central part of a cell, a structure in the cell that contains
the DNA, bound to proteins.
Neutrophil. A white blood cell, that can engulf and destroy bacteria;
involved in inflammation.
Organ. A structure in the body, for example: kidney, heart, liver.
Organelle. A subcellular structure, for example, a mitochondrion.
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Orthomolecular. Orthomolecular medicine is the clinical use of
substances that occur normally in the human body.
Osteoclast. A large multinucleate cell that absorbs calcified bone.
Osteoclasts are found where bone is being absorbed and are often
found in small depressions on the surface of bone.
Oxidation. The loss of an electron from a molecule; the opposite of
reduction.
Oxidative damage. Damage to cells or tissues caused by oxidation
by free radicals.
Oxidative stress. Stress or damage to cells and tissues caused by
an increase in oxidising free radicals.
Oxygen. A gaseous molecule, O2, which is essential to life but is also
a deadly poison when pure or under pressure.
Oxygen poisoning. Damage caused by an excess of oxygen, which
is toxic as it produces free radicals in tissues, in a process similar to
radiation poisoning.
Periaortic. Around the aorta.
Phagocyte. A cell that can engulf bacteria or substances recognised
as foreign.
Plaque. A pathological build up of protein and fats within the artery
wall.
Plasma. The colourless fluid part of blood, lymph, or milk, in which
corpuscles or fat-globules are suspended. It is also used as a term for
extra-cellular and intra-cellular fluid.
Platelet. A microscopic disc-like structure in the blood, involved in
blood clotting.
Polyunsaturated fat. A fat molecule with a relatively large number of
double bonds between its carbon atoms.
Prostaglandin. A type of hormone.
Pro-oxidant. A substance that causes or promotes oxidation, the
opposite of an antioxidant. Vitamin C acts mostly as an antioxidant,
but can act as a pro-oxidant in the presence of iron.
Protein. A large molecule made up of a string of amino acids
connected together; also known as a polypeptide.
Proton. A hydrogen atom that has lost its electron, a positively
charged subatomic particle.
219

Reactive species. An active molecule that participates in free radical
reactions; includes ROS (reactive oxygen species) and RNS (reactive
nitrogen species).
Redox signalling. Biological communication using free radicals or
reactive species for transmission of information.
Reducing agent. A molecule that can reduce other molecules by
giving them one or more electrons, an antioxidant.
Reduction. The process of donating an electron, the opposite of
oxidation.
Regression. As applied to cancers: shrinking rather than growing.
Remission. A reduction in the symptoms or activity of a disease; may
be temporary.
Redox. The redox potential relates the reducing and oxidising factors
of the system.
Refutation. The process of showing that a scientific theory is
incorrect.
Replication. The process of repeating an experiment.
Retrovirus. An RNA containing virus, which makes DNA using
reverse transcriptase when it infects a cell.
Reverse transcriptase. An enzyme that makes DNA, using RNA as a
template.
RNA. A nucleic acid similar to DNA but differing in one of its
nucleotides. RNA is used instead of DNA in retroviruses, such as HIV.
Sarcoma. Cancer originating in the connective tissues.
Saturated fat. A fat molecule with no double bonds between its
carbon atoms.
Semidehydroascorbate. The ascorbyl radical; oxidised ascorbate
that has donated an electron to another molecule.
Spina bifida. A neural tube defect in which the spinal cord is
exposed. This defect is linked to deficiency in folic acid.
Staphylococcus. A type (genus) of spherical bacteria, some of which
are implicated in human diseases, such as boils and abscesses.
Streptococcus. A type (genus) of spherical anaerobic bacteria, some
of which can live in the respiratory and digestive system. Scarlet fever
is caused by Streptococcus pyogenes.
Stress protein. A protein produced by cells in response to stress.
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Superoxide. A mildly reactive form of oxygen with an additional
electron, ·O2- .
Thiol. A sulphur containing chemical group; used to describe
molecules that contain such groups in their structure: lipoic acid is a
thiol antioxidant. Thiols are important in signalling the antioxidant state
of the cell.
Tissue. A group of similar cells, united to perform a specific function.
Toxin. A poison.
Tumour. A cancerous lump.
Tumour necrosis factor. A protein involved in inflammation,
discovered as a substance that killed tumours.
Theory. An idea or hypothesis that has some theoretical or
experimental support.
Tocopherol. Vitamin E consists of a set of molecules called
tocopherols, that are fat soluble antioxidants. (See also tocotrienols.)
Tocotrienol. The tocotrienols are a form of vitamin E with antioxidant
molecules that are more flexible and mobile than the tocopherols.
Ureter. A small tube leading from each kidney to the bladder.
Vitamin. An essential part of the diet, originally considered to be
required in small amounts and known as a micronutrient. Some
vitamins, like ascorbate, may be required in large amounts.
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