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Vitamin C as a therapeutic healing agent
T. Vinishdharma1, K. R. Don2*
ABSTRACT
Vitamin C is also known as ascorbic acid, L-ascorbic acid, dehydroascorbic acid, and the antiscorbutic vitamin. Chemically,
it is called L-xyloascorbic acid and L-threo-hex-2-uronic acid g-lactone. The very highest concentrations of Vitamin C are
found in the adrenal and pituitary gland. High levels are also found in liver, leukocytes, brain, kidney, and pancreas. Most of
the Vitamin C is found in liver and skeletal muscle due to their relative size to the rest of the body. Ascorbic acid is one of the
important water-soluble vitamins. It is essential for collagen, carnitine, and neurotransmitters biosynthesis. Most plants and
animals synthesize ascorbic acid for their own requirement. However, humans cannot synthesize ascorbic acid due to lack
of an enzyme gulonolactone oxidase. Hence, ascorbic acid has to be supplemented mainly through fruits, vegetables, and
tablets. Vitamin C is literally amazing in the wide variety of function it performs in healing the body and maintaining body
health. Many health benefits have been attributed to ascorbic acid such as antioxidant, antiatherogenic, anticarcinogenic,
immunomodulator, and prevent cold. The best-characterized function is the synthesis of collagen connective tissue protein at
the level of hydroxylation of the prolyl and lysyl residues of procollagen. Vitamin C also plays important roles in the synthesis
of neurotransmitters, steroid hormones, carnitine, conversion of cholesterol to bile acids, tyrosine degradation, and metal ion
metabolism. This vitamin also may enhance iron bioavailability. The role of ascorbic acid as a biological reducing agent may
be linked to its prevention of degenerative diseases such as cancer and cardiovascular diseases.
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INTRODUCTION
Vitamin is defined as various organic substances
that are essential in minute quantities to the nutrition
of most animals and some plants, act especially
as coenzymes and precursors of coenzymes in the
regulation of metabolic processes but do not provide
energy or serve as building units, and are present in
natural foodstuffs or sometimes produced within
the body. Mostly human does not synthesize them;
therefore, they must be supplied by diet in the required
amount.[2] Vitamin is subdivided into fat-soluble
and water-soluble vitamins. Fat-soluble vitamin is
vitamins which are soluble in fats.[18] Example of
water-soluble vitamins is Vitamins A, D, E, and
K. Water-soluble vitamin is those which are soluble
in water and include Vitamin C and Vitamin B that
usually termed as Vitamin B complex.
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Ascorbic acid was first isolated in 1928 by the
Hungarian scientist and Nobel Prize winner SzentGyorgyi. The Nobel Prize-winning scientist, Dr. Linus
Pauling, was among the first to recognize the
importance of high-dose Vitamin C supplementation
>30 years ago. Since then, scientists have amassed
impressive evidence supporting the numerous benefits
of high-dose Vitamin C. Vitamin C is also known
as ascorbic acid. Ascorbic acid is a water-soluble
antioxidant.[4] It is an unstable, easily oxidized acid
and can be destroyed by oxygen, alkali, and high
temperature.

SOURCES
Ascorbic acid is widely distributed in both
plants and animals. Ascorbic acid is available in
reduced form (L-ascorbic acid) and oxidized form
(L-dehydroascorbic acid). Fruits, vegetables, liver,
and kidney are generally the best sources; only small
amounts are found in muscle meat. Plants synthesize
L-ascorbic acid from carbohydrates.[8] The very
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richest sources are acerola, guavas, red sweet peppers,
kale leaves, parsley, collard leaves, turnip greens,
green sweet peppers, broccoli, brussels sprouts, and
mustard greens. Good sources are all fresh fruits and
vegetables (especially green, leafy vegetables).[6]

DAILY REQUIREMENTS
The new average daily intake level that is sufficient
to meet the nutritional requirement of ascorbic acid
or recommended dietary allowances (RDA) for adults
(>19 years) are 90 mg/day for men and 75 mg/day for
women. Consumption of 100 mg/day of ascorbic acid
is found to be sufficient to saturate the body pools
(neutrophils, leukocytes, and other tissues) in healthy
individual. As a matter of fact, a scientific advisory
recommended that healthy adults increase their
Vitamin C intake to 250–1000 mg/d maybe adequate
for preventive purpose.[8]

CHEMISTRY OF ASCORBIC ACID
L-ascorbic acid (C6H8O6) is the trivial name of
Vitamin C. The chemical name is 2-oxo-L-threohexono-1,4–lactone-2,3–enediol. L-ascorbic and
dehydroascorbic acid are the major dietary forms of
Vitamin C. Ascorbyl palmitate is used in commercial
antioxidant preparations.[1] All commercial forms of
ascorbic acid except ascorbyl palmitate are soluble in
water. L-ascorbic acid and its fatty acid esters are used
as food additives, antioxidants, browning inhibitors,
reducing agents, flavor stabilizers, dough modifiers,
and color stabilizers.[20] Ascorbyl palmitate has been
used for its greater lipid solubility in antioxidant
preparations. In foods, pH influences the stability of
ascorbic acid. It exhibits maximal stability between
pH 4 and 6. Cooking losses of ascorbic acid depend on
the degree of heating, surface area exposed to water,
oxygen, pH, and presence of transition metals.[17]

Figure 1: Catabolism of ascorbic acid in animal. Courtesy
of Vitamin C in human health and disease, K Akhilender
Naidu, Nutrition Journal 2003;2:7

CATABOLISM OF ASCORBIC ACID
Ascorbic acid present in foods is readily available and
easily absorbed by active transport in the intestine.
Most of it (80–90%) will be absorbed when the intake
is up to 100 mg/day, whereas at higher levels of
intake (500 mg/day), the efficiency of the absorption
of ascorbic acid rapidly declines.[3] Ascorbic acid
is sensitive to air, light, heat, and easily destroyed
by prolonged storage and over processing of food.
Ascorbic acid is a water-soluble compound is easily
absorbed, but it is not stored in the body. The average
adult has a body pool of 1.2–2.0 g of ascorbic acid
that may be maintained with 75 mg/d of ascorbic acid.
About 140 mg/d of ascorbic acid will saturate the
total body pool of Vitamin C. The average half-life
of ascorbic acid in adult human is about 10–20 days,
with a turnover of 1 mg/kg body and a body pool
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Figure 2: Catabolism of ascorbic acid. Courtesy of Vitamin
C in human health and disease, K A Khilender Naidu,
Nutrition Journal 2003;2:7

of 22 mg/kg at plasma ascorbate concentration of
50 μmol/L. Hence, ascorbic acid has to regularly
supplemented through diet or tablets to maintain
ascorbic acid pool in the body.
Ascorbic acid is a white crystalline sugar that
naturally occurs chemical forms of L-xyloascorbic
acid and D-xyloascorbate. L-xyloascorbic acid is
without vitamin activity. It is reversibly oxidized to
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L-dehydroascorbic acid on exposure to copper, heat
or mildly alkaline condition. Both L-ascorbic acid and
L-dehydroascorbic are physiologically active form of
Vitamin C.[14]
The major metabolites of ascorbic acid in human are
dehydroascorbic acid, 2,3-diketogulonic acid, and
oxalic acid.[7] [Figures 1 and 2] The main route of
the elimination of ascorbic acid and its metabolites
is through urine. It is excreted unchanged when high
doses of ascorbic acid are consumed. Ascorbic acid
is generally non-toxic, but at high doses (2–6 g/
day), it can cause gastrointestinal disturbances or
diarrhea.[15] The side effects are generally not serious
and can be easily reversed by reducing intake of
ascorbic acid. Furthermore, there is no consistent
and compelling data on serious health effects of
Vitamin C in humans.

BIOLOGICAL FUNCTION
Ascorbic acid, commonly known as Vitamin C, plays
significant functions in the human body, though its
function at the cellular level is not very clear.[13]
The main role of Vitamin C is in the manufacture of
collagen. This protein forms the basis of connective
tissue, the most abundant tissue in the body, and
acts as a cementing substance between cells. It
helps support and protects blood vessels, bones,
joints, organs, and muscles, and forms a sizable
proportion of skin, tendons, the cornea of the eye,
ligaments, cartilage, teeth, and bone. Collagen
forms a protective barrier against infection and
disease and promotes healing of wounds, fractures,
and bruises.
Vitamin C is involved in the manufacture of carnitine,
a substance necessary for the production of energy
from fatty acids in cells, especially cardiac and skeletal
muscle cells.[11] Vitamin C is necessary for the activity
of the enzyme system which metabolizes drugs in the
body. It is also necessary for iron absorption and plays
a role in the conversion of cholesterol to bile acids for
excretion.
Vitamin C plays a role in the manufacture of
neurotransmitters necessary for proper functioning of
the nervous system. It is necessary for the conversion
of tryptophan to serotonin and of tyrosine to dopamine
and adrenaline.
Vitamin C is a powerful water-soluble antioxidant
and plays a vital role in protecting against oxidative
damage caused by free radicals.[12] It neutralizes
potentially harmful reactions in the blood and the fluid
inside and surrounding cells. It also helps protect lowdensity lipoprotein cholesterol against free radical
damage.[31] The antioxidant action helps to protect
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against cancer, the effects of aging, heart disease, and
an array of health problems.[19,29]
This vitamin also helps the liver in the detoxification of
toxic substances in the system and the blood in fighting
infections.[21] Ascorbic acid is important in the proper
function of the immune system. As an antioxidant,
it reacts with compounds such as histamines and
peroxides to reduce inflammatory symptoms. Its
antioxidant property is associated with the reduction
of cancer incidences. An interesting observation is
that platelets from scorbutic experimental animals
tend to lose ascorbic acid into the blood plasma at
a higher rate than control groups during the process
of aggregation, prior to clot formation.[5] Also suboptimal plasma ascorbate levels are associated with
increased blood histamine levels, both in guinea pigs
and in man.[9]
Vitamin C is critical to immune function as it is
involved in antibody production and white blood cell
function and activity. Other functions include the
production of interferon, an antiviral, and anticancer
substance. Vitamin C requirements are raised when
the immune system is under stress.[25]
Ascorbic acid is known to enhance the availability
and absorption of iron from non-heme iron sources.
Ascorbic acid supplementation is found to facilitate
the dietary absorption of iron. The reduction of iron by
ascorbic acid has been suggested to increase dietary
absorption of non-heme iron.[27]
As an antioxidant, Vitamin C helps to prevent
cataracts - the clouding of the lens of the eye that can
lead to blindness in older adults. The lens needs a lot
of Vitamin C to counteract all the free radicals that
form as a result of sunlight on the eye.[20] Vitamin C is
concentrated in the lens. When there is plenty of this
Vitamin floating through your system, it is easy for
the body to pull it out of your blood and put it into the
lens, protecting it from damage.[10]
Vitamin C is important in the synthesis of adrenal
hormones and is depleted from the adrenal glands in
times of stress.
Asthmatics tend to have higher needs for Vitamin C
due to its antioxidant function in the lungs and airways.
Doses of 1000–2000 mg per day improve asthmatic
symptoms and lessen the body’s production of
histamine, which contributes to inflammation.
People with diabetes can benefit from extra Vitamin C,
too. This nutrient can help regulate blood sugar levels.
Since insulin helps Vitamin C, as well as glucose, get
into cells, people with diabetes may not have enough
Vitamin C inside many of their cells. Just like glucose,
Vitamin C cannot do its work if it is not inside of a
Drug Invention Today | Vol 12 • Issue 3 • 2019
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cell.[19] Supplementing Vitamin C can force it into
body cells, where it can protect against the many
complications of diabetes.
As an antioxidant, vitamins primary role is to
neutralize free radicals. Since ascorbic acid is water
soluble, it can work both inside and outside the
cells to combat free radicals damage.[20] Vitamin C
is an excellent source of electrons; therefore, it can
donate electrons to free radicals such as hydroxyl and
superoxide radicals and quench their reactivity.[28]
Ascorbic acid and wound healing ascorbic acid play a
critical role in wound repair and healing/regeneration
process as it stimulates collagen synthesis. Adequate
supplies of ascorbic acid are necessary for normal
healing process, especially for post-operative patients.
It has been suggested that there will be rapid utilization
of ascorbic acid for the synthesis of collagen at the site
of wound/burns during post-operative period. Hence,
administration of 500 mg–1.0 g/day of ascorbic acid
is recommended to accelerate the healing process.[25,26]
Vitamin C increases cancer survival. In battling
cancer, some patients invariably exhaust all available
treatment options such as drugs, surgery, and radiation.
Scientists are now investigating nutritional remedies
that may benefit such patients. Researchers recently
reported that administering high-dose, intravenous
Vitamin C to several patients with advanced terminal
stage cancer led to unexpectedly long survival times.
While further studies are needed, these findings
support earlier reports showing that high-dose
Vitamin C, administered either orally or intravenously,
helped improve symptoms and prolong life in cancer
patients.[30]

CONTROVERSY
Vitamin C is an important dietary antioxidant; it
significantly decreases the adverse effect of reactive
species such as reactive oxygen and nitrogen species
that can cause oxidative damage to macromolecules
such as lipids, DNA, and proteins which are implicated
in chronic diseases including cardiovascular disease,
stroke, cancer, neurodegenerative diseases, and
cataractogenesis.
Recently, it has been reported that lipid hydroperoxide
can react with ascorbic acid to form products that
could potentially damage DNA, suggesting that
it may form genotoxic metabolites from lipid
hydroperoxides implicating that ascorbic acid may
enhance mutagenesis and risk of cancer.[22]

TOXICITY
Although too much dietary Vitamin C is unlikely to
be harmful, megadoses of Vitamin C supplements
Drug Invention Today | Vol 12 • Issue 3 • 2019

may cause diarrhea, nausea, vomiting, heartburn,
abdominal bloating and cramps, headache, insomnia,
and kidney stones. The upper limit for Vitamin C
intake is 2000 mg/day.[23] Up to 10 g/day of Vitamin C
are sometimes taken for unproven health benefits such
as preventing or shortening the duration of viral
infections or slowing or reversing the progression of
cancer or atherosclerosis. Such doses may acidify the
urine, cause nausea and diarrhea, interfere with the
healthy antioxidant-prooxidant balance in the body,
and, in patients with thalassemia or hemochromatosis,
promote iron overload.

DEFICIENCIES
A lack of Vitamin C leads eventually to scurvy. The
symptoms are mainly due to poorly formed collagen
and include the breaking open of small blood vessels,
the reddening and bleeding of gums, loose teeth, joint
pains, dry scaly skin, and blood vessel damage. Other
symptoms include general weakness, fluid retention,
depression, and anemia. Vitamin C deficiency can also
cause slower wound healing, increased susceptibility
to infections, male infertility, and increased genetic
damage to sperm cells, which may lead to birth
defects.[8]
Scurvy and severe Vitamin C deficiency are rare in
developing countries, but marginal deficiencies may
be relatively common and may play a role in the
development of diseases such as cancer and heart
disease.[24]
Men, the elderly, smokers, diabetics, those with
high blood pressure, and those taking oral estrogencontaining contraceptive users have lowered plasma
Vitamin C levels and are at greatest risk of deficiencyrelated disease.[25]
Vitamin C deficiency has been linked to cardiovascular
disease, high blood pressure, cancer, cataracts, the
increased effects of diabetes, asthma, and poor lung
function and reduced immunity.[15]
Vitamin C deficiency may also play a role in macular
degeneration of the eye, arthritis, Parkinson’s disease,
preeclampsia of pregnancy, the common cold gum
disease, low sperm counts, and skin ulcers.

CONCLUSION
Ascorbic acid is one of the important and essential
vitamins for human health. It is needed for many
physiological functions in human biology. Fresh
fruits, vegetables, and also synthetic tablets
supplement the ascorbic acid requirement of the body.
It is very clear from the roles of ascorbic acid as
enumerated above that ascorbic acid plays significant
roles in biological functions. Besides, ascorbic acid
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is an essential vitamin that is derived only from
exogenous sources and makes its role in human
health of significant importance. Based on available
biochemical, clinical, and epidemiological studies,
the current RDA for ascorbic acid is suggested to be
100–120 mg/day to achieve cellular saturation and
optimum risk reduction of heart diseases, stroke, and
cancer in healthy individuals. In view of its antioxidant
property, ascorbic acid and its derivatives are widely
used as preservatives in food industry. Many health
benefits have been attributed to ascorbic acid, namely
antioxidant, antiatherogenic, and anticarcinogenic
activity. The current evidences also suggest that
ascorbic acid protects against atherogenesis by
inhibiting LDL oxidation. Thus, though ascorbic acid
was discovered in the 17th century, the role of this
important vitamin in human health and disease still
remains a mystery in view of many beneficial claims
and contradictions.
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