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Linus Pauling’s insight regarding vitamin C

Former Dr. Linus Pauling was an extraordinary scientist, physicist, chemist, crystallographer,
molecular biologist and medical researcher. His accomplishments included, two Nobel Prizes, one in
1954 for chemistry and the other in 1962 for peace. He also received more than 40 honorary degrees
from colleges and universities in the United States, as well as overseas. In the 1960’s Pauling became
interested in vitamin C and dedicated the remainder of his life to genuinely advocating vitamin C as a
safe non-toxic food. He earnestly believed that the human body requires a much greater amount of
vitamin C than the Recommended Daily Allowance (RDA) set forth by the Food and Nutrition Board
of the U.S. National Academy of Sciences-National Research Council. Furthermore, his research led
him to believe that greater amounts of vitamin C could protect the body from disease, enhance
wellness, as well as add several years to the human life span.

Evolution indicates greater need for vitamin C

Linus Pauling supports his argument regarding the human being’s need for an increased intake of
vitamin C by maintaining that it is evident that human beings lost the ability to synthesize their own
vitamin C millions of years ago. It is also known that primevil animals have lost the ability to
synthesize riboflavin (vitamin B-2), pyridoxine (vitamin B-6), niacin (vitamin B-3), vitamin A, and
most other vitamins. Because these vitamins could be obtained through food sources, primevil animals
evolved to eliminate the enzymes required for the synthesis of such vitamins. On the contrary, most
animals still retain the capacity to synthesize their own vitamin C, whereas humans do not. Animals
manufacture large amounts of collagen, therefore they require vitamin C to initiate the synthesis
process of collagen. In order to meet their vitamin C requirements they extract vitamin C from their
foods and additionally synthesize an adequate amount of vitamin C in their bodies. It is thought that
millions of years ago ancient peoples, primates, and a few other animals such as the Indian fruit-
eating bat, the guinea pig and some birds probably lived in a warm tropical environment where they
were able to obtain a sufficient amount of ascorbic acid through plant sources. Moreover, it is
believed that animals that were able to intake an abundance of ascorbic acid through their food
sources eliminated the gene responsible for ascorbic acid synthesis (Pauling & Cameron, 1993,
Pauling 1986).

Pauling and Ewan Cameron analyzed the vitamin content of 110 raw foods and found that the
vitamins based on an adult’s daily 2,500 calorie diet contained on an average, three times the vitamins
of the RDA. However, the average amount of vitamin C in plant foods was 2,300 mg, or 51 times the
RDA, which was 45 mg per day in 1993 (currently, the RDA for adult men over 19 years of age is 90
mg, and the RDA for adult women is 75mg). They concluded that if other species could exist on 45 mg
of ascorbic acid, then there would be no need to synthesize their own ascorbic acid. The average
amount of vitamin C in a daily supply of 8 foods with the highest ascorbic acid content is 12,000 mg,
therefore Pauling did not believe that 2,300 mg of ascorbic was an optimal amount (Pauling &
Cameron, 1993, Pauling 1986).

To further support this argument, a goat weighing 70 kilograms or 154 pounds (the size of a man)
synthesizes 13,000 mg of ascorbic acid daily. Other species of various sizes such as cats, dogs, rats,
squirrels and house flys synthesize ascorbic acid according to their body weight and range from 2000
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mg to 20,000 mg per day with an average of 10,000 mg per day (Pauling & Cameron, 1993, Pauling
1986). The biochemistry of human beings is very similar to other animals. Foods recommended for
guinea pigs and monkeys consist of 4000 mg of vitamin C calculated to 70 kilograms of body weight,
therefore it is reasonable to believe that human beings require amounts exceeding 2,300 mg per day
(Pauling & Cameron, 1993, Pauling 1986).

Orthomolecular medicine

Abram Hoffer and Humphry Osmond were two Canadian researchers who first administered large
doses of vitamins to treat psychiatric disorders. Vitamin B-3 (niacin), vitamin C and other vitamins
were used to treat disorders, such as schizophrenia. They called their therapy “megavitamin therapy”
and they administered doses incredibly higher than the RDA. There were no apparent negative side
effects from the large doses, and the patient’s mental health not only improved, but readmittance
rates decreased as well (Hager, 1995; Pauling, 1987).

The concept of megavitamin therapy gained Pauling’s attention and he eventually developed this idea
into what he called orthomolecular medicine. He described orthomolecular medicine as a therapy that
treats disease by utilizing substances at varying concentrations, which normally exist in the body and
are necessary for health (Pauling 1987).

One application of orthomolecular medicine is the treatment of diabetes mellitus with insulin
injection. Orthomolecular medicine is also used in the treating genetic diseases such as
phenylketonuria and galactosemia by controlling the diet. Phenylketonura is a genetic disorder caused
by a defective gene that is responsible for producing an enzyme that converts the amino acid,
phenylalanine to the amino acid tyrosine. If high levels of phenylalanine remain in the blood it could
eventually be converted to toxic substances and lead to mental retardation, severe eczema or other
expressions of the disease (Seeley, Stephens & Tates, 2001; Pauling, 1987). Similarly, galactosemia is a
disorder that results from a defective gene that does not produce an enzyme necessary for the
metabolism of galactose, which is derived from lactose, a milk sugar. Symptoms of galactosemia
include mental retardation, cataracts, cirrhosis of the liver and spleen, and nutritional failure. By
limiting the amount of phenylalanine in the diet to keep the amino acid concentration in the blood
low, and likewise limiting the amount of milk sugar in diet, these two disorders can be controlled
(Pauling, 1987).

The disease methlmalonicaciduria is a disease controlled with orthomolecular therapy by directly
administering 1000 times the normal concentration of vitamin B-12. Methlmalonicaciduria is a disease
in which the patient lacks a sufficient enzyme that catalyzes the conversion of methylmalonic acid to
succinic acid. Cynaocobalamin (vitamin B-12) functions as a coenzyme for this reaction. The reaction
rate can be expedited by dispensing very large doses of vitamin B-12, which allows the reaction to
progress at a normal rate for many patients (Pauling, 1987). 
Pauling’s advocacy of prescribing large doses of vitamins C to treat disease was based on his principal
of orthomolecular medicine. He was convinced that the presence and biological mechanism of ascorbic
acid was vital to the overall function and structure of the body. Furthermore, he believed that there
was clear evidence that large doses of vitamin C could be used to treat viral and bacterial diseases,
such as hepatitis, the common cold, influenza, cardiovascular disease, cancer and schizophrenia
(Pauling, 1987).
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Vitamin C and immunity

Our immune system protects the body from bacteria, microorganisms, viruses, malignant cells and
other foreign invaders. There is evidence that taking vitamin A, vitamin B-12, pantothenic acid, folic
acid, and vitamin C in larger amounts than normally recommended can assist the body in
strengthening its immune function. It is also evident that vitamin C supports the strengthening of the
immune system more so than the other vitamins (Pauling, 1987)

It is thought that vitamin C is directly involved in the maintenance of the immune system by
synthesizing specific molecules, which aid in immunity function. One of these molecules is a protein
called an antibody, or immunoglobulin. Antibodies are found in blood plasma and they are
manufactured to bind and inhibit an antigen’s function, or mark it for destruction (Pauling, 1987). An
antigen is a substance that stimulates the adaptive immune system. The adaptive immune system
identifies, responds and remembers a specific substance. Antigens can either be foreign antigens or
self-antigens. Foreign antigens enter the body as bacteria, viruses, and microorganisms that can cause
disease. Other foreign antigens, are pollen, dustmites, feces, foods, and drugs that can cause the body
to have an allergic reaction, whereas a self-antigen is a molecule that is produced by the body to
stimulate adaptive immunity (Seeley, Stephens & Tates, 2001).

When antibodies mark a foreign antigen or malignant cell for destruction, phagocytic cells destroy the
antigen. Leukocytes are phagocytic white blood cells, and if they are produced in the lymph glands
they are called lymphocytes. Lymphocytes are possibly the most important cells of the immune system
that counteract cancer and disease. Higher counts of lymphocytes found in a malignant tumor
indicate a more positive prognosis in relation to the disease (Pauling, 1987).

Evidence from a study conducted by Prinz and his team revealed that one gram of vitamin C given to
twenty-five health males significantly stimulated types IgM, IgG, and IgA antibodies (Prinz et al.,
1977, 1980). Also, a British study that took place at a remote research station in the Antarctica
examined subjects who had no contact with new sources of infection for one year. He found that
increasing the subject’s vitamin C intake stimulated the production of type IgG and IgM antibodies
(Vallance, 1977).

It is a fact that leukocytes are effective as phagocytes only if they contain a high concentration of
vitamin C. Pauling and Ewan Cameron believed that lymphocytes with high concentrations of
ascorbic acid could effectively stimulate the body’s natural defense mechanism. Hence, high intakes of
vitamin C could enable the body to counteract disease and cancer (Pauling, 1987).

Another protein that is associated with viral activity in the immune system is the interferon. Cells that
are infected by viruses and perhaps all cancerous cells produce interferons (Pauling, 1987).
Interferons bind to neighboring cells and stimulate antiviral activity, which disables the virus’s
replication mechanism (Seeley, Stephens & Tates, 2001). Studies have shown that injections of
interferons were somewhat effective in treating cancer and other infectious disease (Borden, 1984).

Pauling theorized that an increased intake of vitamin C could enhance the body’s defense against
viruses by stimulating an additional production of interferons. His research indicated that his
prediction was valid. Likewise, Dr. Ewan Cameron suggested “take more vitamin C and make your
own interferon!”(Pauling, 1970a, 1987).
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Prostaglandins are important to immune system function as well. Prostaglandins are hormones that
are derived from modified fatty acids. Specific prostaglandins, PGE2 and PGF2-alpha respond to
localized damage in tissues and cells by creating an inflammatory response, which includes, heat,
swelling, redness, and pain. Prostaglandin PGE1 is important to immune function because it is
associated with the production of lymphocytes. Vitamin C is valuable in stimulating lymphocytes
manufactured by prostaglandins, which are also involved in fortifying the immune system (Pauling,
1987).

Vitamin C, toxicity, side effects, and biochemical individual availability

Toxicity

Ascorbic acid is described in medical writings as “virtually nontoxic.” Moreover, ascorbic acid is
thought to be no more toxic than table sugar (sucrose) and much less toxic than table salt (sodium
chloride). Studies on guinea pigs showed that when they were given a one half of one percent of their
body weight per day of ascorbic acid (which would be an equivalent intake of 350 g per day for a
human), for a period of days, no symptoms of toxicity occurred. (Pauling, 1976).

Also, humans have taken very large doses of ascorbic acid for various indications. For example,
individuals have taken 10 to 20 g daily for a period of 25 years and have not shown symptoms of
toxicity or a development of kidney stones. Furthermore, patients with glaucoma have been treated
with 35 g (0.5 g per kilogram of body weight) of ascorbic acid for over seven months (Virno et al.,
1967; Bietti, 1967). Diarrhea for the first few days was the only side effect that was reported. Also,
amounts as large as 100 g per day have been used to treat patients with viral diseases, or
schizophrenia and no toxicity was cited (Klenner, 1971; Herjanic and Moss-Herjanic, 1967).

Side effects

Ascorbic acid may act as a laxative for many people. The amount of vitamin C that can cause this
effect varies from individual to individual. A 3 gram dose of ascorbic acid may produce too much of a
laxative effect, but if an individual did took the vitamin on an empty stomach, they did not experience
the same effect. Dosages between 15 g and 30 g per day has been given to patients to treat infectious
diseases and they reported no discomfort (Cathcart, 1975). Similarly, patients with glaucoma who
were treated with 30 to 40 g per day suffered from diarrhea for no more than three or four days
(Virno et al, 1967).

People have reported that large doses of vitamin C contribute to the production of intestinal gas
(methane). Pauling advised that taking vitamin C in various forms and in different manners might
eliminate the problem. For example, people have been successful taking vitamin C after a meal. Also,
some people prefer to take sodium ascorbate or calcium ascorbate (the salts of ascorbic acids).
Additives such as flavorings and colorants, as well as fillers found in some vitamin C products may
cause disturbances. A different brand or a purer substance could provide a solution (Pauling, 1976).

Studies have shown that vitamin C inhibits the formation of ulcers and helps to heal them. Contrary
to some people’s belief that vitamin C’s acidic properties might induce an ulcer, vitamin C is actually
a weak acid and does not increase the gastric acid in the stomach (Pauling, 1976).
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A publication that appeared in the Medical Letter, a nonprofit publication for physicians on drugs
and therapeutics put out by Drug and Therapeutic information Inc., New York (The Medical Letter,
25 December 1970) falsely stated that large amounts of vitamin C cause kidney stones. Pauling refuted
this observation by stating that no cases had ever been reported regarding kidney stones in relation to
the intake of vitamin C. However, if a person is susceptible to forming calcium oxalate kidney stones,
an individual may form these particular stones when taking large doses of the vitamin. Calcium
oxalate kidney stones form in acidic urine, and ascorbic acid can be oxidized to oxalic acid in the
body.
Pauling advises that individuals take sodium ascorbate to avoid this problem (Pauling, 1976).

Herbert and Jacob (1974) reported that vitamin B-12 was destroyed when large doses of vitamin C
was taken with food, which could lead to the B-12 deficiency disease, pernicious anemia. Two groups
repeated the Herbert and Jacob study in two separate laboratories and used six to eight times the
amount of vitamin C that the Herbert and Jacob study used. Their results showed that amounts of B-
12 in the two meals were equal, to within 5 percent of the amounts calculated from food tables
(Newmark, Scheiner, Marcus, and Prabhudesai, 1976). Pauling stated that the Herbert and Jacob
study was flawed and concluded that their results were not valid (Pauling, 1987).

When individuals take large doses of vitamin C and then suddenly stop taking a high intake of the
vitamin they may experience a rebound effect. The concentration of ascorbate in a person’s blood that
takes a normal dosage is about 15 mg per liter. If a person takes amounts exceeding 1 g per day, their
blood level concentration of ascorbate rises to 20 mg per liter, but than decreases as time passes.
Harris, Robinson, and Pauling (1973) believed that additional amounts of ascorbic acid increased the
metabolic utilization of the ascorbic acid by the body. It is thought that humans have regulatory genes
that regulate the synthesis of enzymes necessary for the conversion of ascorbic acid into other
substances. When the intake of vitamin C is small, regulatory genes reduce or stop producing the
enzymes. On the other hand, if larger doses are taken, the regulatory genes increase production of the
enzyme, therefore more ascorbic acid is converted into useful substances (Pauling, 1987).

If an individual stops taking vitamin C after they have been taking large doses of the vitamin, enzyme
production is so abundant that the small amount of ascorbic acid that the body takes in is rapidly
converted into usable substances. Consequently, the body is left with a very low concentration of
ascorbic acid, which may result in a decreased resistance to disease. For many people, this may not
present a significant problem, but Dr. Ewan Cameron advised that cancer patients should not
decrease their intake of ascorbic acid for even one day (Pauling, 1987).

A rebound effect will last for a week or two. This allows the enzymes to return to a state where they
will utilize a lower concentration of ascorbic acid, and therefore the amount of ascorbic acid will rise
to a normal value. Pauling advises that when people decide to decrease their intake of vitamin C, that
they reduce their intake gradually over a week to two week period (Pauling, 1987).

Vitamin C and pregnancy

It is a fact that pregnant women need greater amounts of vitamin C than other women do. An
adequate amount of vitamin C is important for the mother’s health, as well as the health of the fetus.
Low blood concentrations of ascorbic acid has been associated with hemorrhagic disease of the
newborn. Javert and Standard established that pregnant women should take from 200 mg to 1000 mg
or more, so that the mother and the fetus can maintain optimal health (Pauling, 1987).
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One study conducted in the Soviet Union by two physicians, Samborskaya and Ferdman (1966)
reported that a high intake of vitamin C caused abortions. The investigators gave 6 g of ascorbic acid
for three consecutive days to twenty women with ages ranging from 20 to 40 years that had delayed
menstruation by ten to fifteen days. Sixteen of the women menstruated, but the authors did not
indicate that any pregnancy test had been carried out (Pauling, 1987).

Lahann (1970) concluded that women who took 200 mg to 1000 mg per day of ascorbic acid reported
an improvement in menstruation. Furthermore, increased amounts of ascorbic acid is utilized during
menstruation and more so at the time of ovulation. Measuring the utilization of ascorbic acid in
respect to ovulation can be beneficial in determining optimal conception in addressing sterility
complications (Pauling, 1987).

Pauling concluded that it was unlikely that high intakes of ascorbic acid could cause abortion.
Moreover, Hoffer (1971) stated that he administered from 3 g to 30 g per day to more than 1000
patients since 1953, and has not observed any cases of kidney-stone formation, miscarriage, excessive
dehydration, or any other serious toxicity (Pauling, 1987). 
Vitamin C and biochemical individuality

Because human beings are distinctly different from one another, Pauling believed that individual
requirements of vitamin C vary from one person to person.

Biochemical individual availability

Although human beings are more genetically heterogeneous than most species of animals, Pauling
compares the requirements for ascorbic acid based on the heterogeneity of humans and guinea pigs.
In 1967 Williams and Deason obtained 8 groups which consisted of ten to fifteen weanling guinea pigs.
The investigators observed the guinea pigs that were put on quality diets including, fresh vegetables
for one week. Then one of the groups was placed on an ascorbic free diet, and the others were given
varying amounts of ascorbic acid. Approximately eighty percent of guinea pigs that were on the
ascorbic-free diet, or those that only received 0.5 mg per kilogram per day developed symptoms of
scurvy. 25 percent of the animals that received between 1 and 4 mg per kilogram per day showed no
signs of scurvy. Also, animals that received 8 mg per kilogram per day did not develop scurvy. The
authors concluded that the guinea pigs required 5 mg per kilogram per day of ascorbic acid in order
to avoid scurvy (Pauling, 1976).

The study also revealed that 2 of the guinea pigs that received only 1 mg per kilogram per day
remained healthy and gained more weight than the other animals that received between two and
sixteen times as much of ascorbic acid in an eight-week period. However, seven of the guinea pigs that
received between 8 and 32 mg per kilogram per day appeared to be unhealthy, and they only grew
slightly during the first ten days of the experiment. Then five of the animals were given 64 mg per
kilogram per day and two of them were given 128 mg per kilogram per day. They responded
considerably. On the higher doses of ascorbic acid they gained 72 grams of weight on average in the
first ten days compared to a 12-gram weight gain on the lower dose of ascorbic acid in the first ten
days. The authors concluded that seven of the thirty animals that received 8 mg and 32 mg per
kilogram per day required more ascorbic acid to achieve good health than the others did (Pauling,
1976).
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Williams and Deason also concluded that out of a population of 100 guinea pigs the requirement for
vitamin C revealed at least a twenty-fold range of variation. Additionally, they believed that the
human population was as uniform as the guinea pigs used in the experiment, therefore they surmised
that human being’s individual requirements for vitamin C was comparable in variation to the guinea
pigs needs (Pauling, 1976).

Pauling examined the guinea pig experiment, as well as the investigation by others and concluded that
the individual requirement for human beings in respect to vitamin C range from 250 mg per day to
10 g per day (Pauling, 1976).

Conclusion

Linus Pauling’s advocacy and insights regarding vitamin C and human health was often opposed by
the organized medical community. Most physicians discounted the value of vitamin C; in fact they
called him a quack. However a handful of physicians confided in Pauling that they realized that
vitamin C was effective in treating the common cold and other respiratory infections. Nevertheless,
Pauling continued to express his ideas regarding molecular medicine and the efficacy of vitamin C in
treating disease up to his death in 1994.

Currently it is accepted that a high intake of vitamin C (2 g/day) may cause gastrointestinal
disturbances, including nausea, abdominal cramps and diarrhea. Also, in vivo studies do not show an
obvious indication that megadoses of vitamin C is responsible for kidney-stone formation, vitamin B-
12 deficiency, reduced copper levels, pro-oxidant effects, dental enamel erosion, or allergic response in
adults and children (Wardlaw & Kessel, 2002).

The Estimated Average Requirement for vitamin C is based on an intake that maintains the highest
concentration of white blood cells (specifically neutrophils) with a minimal urinary excretion of
vitamin C. For men it is 75 mg per day and 60 mg per day for women. The RDA accounts for a 20
percent individual variation and suggests that men 19 and older take 90 mg per day and women take
75 mg per day. An additional intake of 35 mg is recommended for those who smoke, as oxidative
stress is associated with smoking (Wardlaw & Kessel, 2002). Twenty to thirty percent of the U.S.
population does not meet the RDA of vitamin C. Furthermore, intakes of vitamin C are lower among
population sub groups including children. The first indication of a vitamin C deficiency is fatigue,
which is common but not always recognized (Padayatty & Levine, 2001).

For over forty years the use of vitamin C as a treatment for disease has been controversial among the
medical authorities. Clinical and laboratory investigators continue to attempt to find evidence
regarding the value of vitamin C in respect to its biological function in the body, and its role in
enhancing human health, thereby counteracting disease. Many studies have shown mixed results,
either concluding for or against an increase in intake of vitamin C as a means of maintaining optimal
health. Still, other results have been inconclusive and many authors suggest that for this reason,
research in respect to vitamin C and human health should continue.

What is quite clear is that vitamin C is an electron donor and functions as a cofactor for 8 enzymes
involved in collagen hydroxylation, biosynthesis of carnitine and norepinephrine, tyrosine metabolism
and amidation of peptide hormones (Padayatty & Levine, 2001). Vitamin C is also a potent water-
soluble antioxidant, and it promotes iron absorption, shields lipoproteins from oxidation and reduces
dangerous oxidants in the stomach. However it is not understood why concentrated tissues of vitamin
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C are found in the brain, adrenal cortex, liver, spleen, pancreas and kidney (Padayatty & Levine,
2001).

As a theoretical scientist, Dr. Linus Pauling ventured into the abstract realms of science and medicine.
Thus his discoveries and insights often changed the course of science. Linus Pauling was a socially
responsible scientist who encouraged the public to participate in maintaining their own health. He
believed that his concept of orthomolecular medicine could allow individuals and the society as whole
to treat human ailments and disease with substances, such as vitamins that naturally exist in the body.
Orthomolecular medicine is being practiced today. Not only has the public been using vitamin
supplements as a means to enhance their health and treat disease, but many physicians are
incorporating orthomolecular medicine into their practices as well.

The debate regarding the efficacy of vitamin C continues, and only time will tell whether Dr. Linus
Pauling’s insights were right. Most often he was right, so we shall see.

Home
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