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INTRODUCTION
Vitamins are vital nutrients that are required for different body 
functions properly and are not prepared by the body. They 
are provided to the body externally through diet. Vitamins 
can be classified into two groups, one which is water-soluble 
and another is fat-soluble.1 Vitamin C, also known as ascorbic 
acid, comes under the category of water-soluble vitamins. A 
severe form of vitamin C deficiency is known as scurvy, which 
mainly affects older, malnourished adults. Ascorbic acid is an 
organic acid and gets protonated to ascorbate either by the lose 
of hydrogen or maybe di-anion. The body does not synthesize 
vitamin C, and it is supplied to the body by dietary sources. It 
commonly occurs in plants (fruits and vegetables) and animal 
liver and kidney. The deficiency of this vitamin causes scurvy, a 
widespread connective tissue weakness, and capillary fragility. 
Vitamin C contains six atoms of carbon, six oxygen atoms, and 
eight hydrogen atoms allocated on the lactone ring (molecular 
formula: C6H8O6 and molecular mass: 176.12 g/mol). Vitamin 
C exhibits two pairs of stereoisomers as L- and D-ascorbic 
acid and L- and D-isoascorbic acid but vitaminic activity is 
exhibited by D-ascorbic acid and D-isoascorbic acid only.2-3 

SOURCES OF VITAMIN C
Vitamin C is obtained from citrus fruits, green leafy vegetable 
(including kakadu plum, acerola cherries, rose hips, chili 
peppers, guavas, sweet yellow peppers, black currants, thyme, 
watermelon, parsley, mango, grapefruit, mustard spinach, 
kale, kiwi fruit, broccoli, brussels sprouts, pineapple, lemons, 
lychees, American Persimmons, papayas, strawberries, 
oranges, tomatoes, turnip greens, winter squash, potatoes, 
Indian gooseberry, snow peas, raspberries, blueberries, 
cranberries, cauliflower, and cantaloupes), fortified cereal and 
their juices are also richest sources of vitamin C. Some of the 
richest sources of vitamin C are listed in Table 1. Some of the 
animals (such as calf, lamb, goat milk, cow milk, and human 
milk) also serve as a source of vitamin C; they prepare vitamin 
C by own, and chiefly vitamin C is present in the liver.2,4

DEFICIENCY SYMPTOMS 
Vitamin C plays a role in many oxidative and other metabolic 
reactions. At cell and tissue level ascorbic acid is essential for 
the synthesis of collagen and intercellular material. If dietary 
intake is inadequate, vitamin C deficiency may develop. Too 
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little vitamin C can lead to signs and symptoms of deficiency, 
including anemia, bleeding gums, decreased immunity, 
capillary fragility, dry and splitting hair, gingivitis, nosebleeds, 
possible weight gain rough, dry, scaly skin, swollen and 
painful joints, cartilage and bone lesions, decreased healing 
of wounds and weakened tooth enamel. A severe form of 
vitamin C deficiency is known as scurvy, which affects older, 
malnourished adults.5

RECOMMENDED DIETARY ALLOWANCE (RDA) 
For adults, a daily requirement of 30 to 60 mg of ascorbic acid 
has been recommended. However, there may be variations in 
individual requirements depending on various factors such as 
age, gender, pregnancy, and illness.5-6 

BIOLOGICAL ACTIVITIES OF VITAMIN C
Vitamin C is a vital vitamin for the numerous physical and 
chemical functions of the body. Vitamin C shows various 
biological and pharmacological activities, including antioxidant, 
anticancer, antidiabetic, anti-obesity, antihypertensive, anti-
hypercholesterolemic activity, photo-protection, used in 
neurological diseases, enhance immunity, synthesize amino 
acid and in repairing of teeth and bones. It can also increase 
the absorption of iron and enhance wound healing (Figure 1). 

Antioxidant activity
Vitamin C acts as an excellent antioxidant. This property of 
vitamin C results in beneficial effects in a number of diseases, 
including hypertension, hypercholesterolemia, diabetes, 

Table 1: Richest sources of vitamin C (Source: https://ndb.nal.usda.gov/ndb/). 

Sr. No. Plant Biological name Weight (g) Measure
Vitamin C content  
(mg per measure)

1 Kakadu plum Terminalia ferdinandiana 100.0 1.0 cup 5300.0
2 Acerola cherries Malpighia emarginata 98.0 1.0 cup 1644.0 
3 Rose hips Rosa canila 127.0 1.0 cup 541.0
4 Guavas Psidium guajava 165.0 1.0 cup 376.7
5 Sweet yellow peppers Capsicum annuum 186.0 1.0 large pepper 343.3
6 Peaches Prunus persica 250.0 1.0 cup 235.5
7 Pokeberry shoots Phytolacca Americana 160.0 1.0 cup 217.6
8 Black currants Ribes nigrum 112.0 1.0 cup 202.7
9 Mustard spinach Brassica rapa var. perviridis 150.0 1.0 cup 195.0
10 Kiwi fruit Actinidia deliciosa 180.0 1.0 cup 166.9
11 Drumstick pods Moringa oleifera 100.0 1.0 cup 141.0
12 Litchis Litchi chinensis 190.0 1.0 cup 135.8
13 Oranges Citrus sinensis 170.0 1.0 cup 120.7
14 Tahitian taro Xanthosoma brasiliense 125.0 1.0 cup 120.0
15 Green peppers Capsicum annuum 149.0 1.0 cup 119.8
16 Mammee-apple Mammea Americana 846.0 1.0 fruit 118.5
17 Pumelo Citrus maxima 190.0 1.0 cup 115.9
18 Lemons Citrus limon 212.0 1.0 cup 112.4
19 Broccoli Romanesco broccoli 114.0 1.0 stalk 106.2
20 Strawberries Fragaria ananassa 255.0 1.0 cup 105.6
21 Nance Byrsonima crassifolia 112.0 1.0 cup 103.6

Table 2: Recommended daily intake of vitamin C at different periods of life. 
Sr. No. Life stage Recommended daily intake*

1 Infants (0–6 months) 40 mg
2 Infants (7–12 months) 50 mg
3 Children (1–3 years) 15 mg
4 Children (4-8 years) 25 mg
5 Children (9–13 years) 45 mg
6 Teens-boys (14–18 years) 75 mg
7 Teens-girls (14–18 Years) 65 mg
8 Adults (male) 90 mg
9 Adults (female) 75 mg
10 Pregnant teens 80 mg
11 Pregnant women 85 mg
12 Breastfeeding teens 115 mg
13 Breastfeeding women 120 mg

*Add 35 mg for smokers (Source: https://ods.od.nih.gov/factsheets/VitaminC-Consumer/).
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cancer, cold and age-related muscular degeneration (AMD), 
and contract.7

Mechanism of antioxidant action
The antioxidant mechanism of vitamin C involves neutralization 
of free radicals by donating a single electron and terminating 
the chain reaction of electron knocking out a reaction. On the 
other hand, vitamin C does not form a free radical by releasing 
a single electron due to their stable or behave as forager assist 
in preventing the cell and tissue from harm that could lead to 
cellular harm and disease.7

Anticancer activity 
First-time anticancer activity of vitamin C was reported in 
1930s and become the topic of discussion from that time to till 
now. Selective cell toxicity caused by high doses of vitamin 
C in vitro and mouse model, but the mechanism remained 
mysterious. The research is still continuing on the remediation 
of cancer by a high dose of vitamin C. It was reported that 
a high dose of vitamin C has a positive effect on a life of 
cancer patients with incurable cancer.7-14 It was reported that 
cultured human colorectal cancer cells with KRAS or BRAF 
mutations were selectively killed when exposed to high 
levels of vitamin C. This effect is due to increased uptake of 
the oxidized form of vitamin C, dehydroascorbate (DHA), 
via the GLUT1 glucose transporter. Increased DHA uptake 
causes oxidative stress as intracellular DHA is reduced to 
vitamin C, depleting glutathione. Thus, reactive oxygen 
species accumulate and inactivate glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH). Inhibition of GAPDH in highly 
glycolytic KRAS or BRAF mutant cells leads to an energetic 
crisis. One report recommended that the pharmacological 
dose shows the potential in the remediation of tumour7-8. Lee 
et al., made an effort to show that in vitro anticancer activity 
of high dose vitamin C mix with the traditional treatment of 
breast cancer. High doses of vitamin C dormant the production 
of MDA-MB-231, MCF-7, and SK-BR3 cells but not normal 
breast cells (MCF10A). Administration of a high dose of 
vitamin C with anticancer drugs resulted in inhibition of the 
production of breast cancer cells than anticancer drugs alone. 
Because of antioxidant properties, vitamin C save cells from 
toxic compounds. The general reason behind the cancer is 
the continuing attack of DNA by reactive oxygen species. 
Antioxidant properties of ascorbic acid play an important 
role in inhibiting the destruction of DNA, eminent in a cell at 

the cite of chronic inflammation, and various pre-neoplastic 
lesions15-21.

Cardiovascular diseases
It was reported that the person who takes high plant products 
in his diet could reduce the risk of cardiovascular diseases. 
Because of the antioxidant property of vitamin C, a high dose 
of ascorbic acid-rich fruits and vegetables could be beneficial 
in preventing cardiovascular disorders in patients with 
hypertension, hypercholesterolemia and diabetes as well as 
healthy adults. Vitamin C improves both endothelial function 
and insulin sensitivity in patients with cardiovascular disease. 
However, the mechanism is not fully recognized because, in 
plant products, various other phytochemical compounds are 
also present, which may have powerful antioxidant action.22-

26 Various prospective studies on the relation of vitamin C 
and cardiovascular disorders were reported. For example, 
the National Health and Nutrition Examination Surveys (II 
and III) and the Eastern Finland Study supported a protective 
role for vitamin C in risk reduction for several endpoints that 
represent cardiovascular diseases and coronary artery disease, 
in separate models.27-29 With regard to peripheral arterial 
disease, data from the Rotterdam study revealed that vitamin 
C had a significant protective effect, but only among women.30 
The ARIC study assessed dietary antioxidants and carotid 
IMT in men and women aged 55-64 years. When comparing 
the highest versus the lowest quintile, they found that vitamin 
C was significantly and inversely related to carotid IMT 
thickness. This occurred only in women and only in the older 
group after adjusting for all covariates.31 Overall, there was 
some encouraging but not overwhelming support for vitamin 
C as a protector against cardiovascular disorders.32

Blood pressure 
High blood pressure (BP) is a strong determination of 
cerebrovascular and coronary disease. Since the 1960s, 
numerous attempts have been made for the diagnosis and 
cure of hypertension. Hypertension can increase the risk of 
cardiovascular disease. It is believed that by controlling over 
hypertension, the risk of cardiovascular disease can be reduced. 
Generally, hypertension can be cured by pharmacological and 
non-pharmacological factors. Pharmacological factors have 
a great influence on hypertension than non-pharmacological 
factors because non-pharmacological factors are weak, but 
some non-pharmacological factors like obesity intake of 

Figure 1: Biological/pharmacological/therapeutic activities/benefits of vitamin C on human health. 
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sodium and fat in the diet, drinking of alcohol have a strong 
influence on the blood pressure.33-36 In one study, it is found 
that there is a converse association with plasma ascorbic 
acid and hypertension. Men having serum ascorbic acid of  
0.5 mg/dL had an average systolic pressure of 122 mmHg 
correlate with an average of 113 mmHg for men having serum 
ascorbic acid of 0.9 mg/dL, comparative of -7%.

Similarly, men had comparable variance in diastolic of 
78 mmHg vs. 73 mmHg, -6% comparative alterations. The 
frequency of high blood pressure was 7.5% in low serum 
ascorbic acid cluster against 1.0% among those having high 
concentration.37 A finding showed a considerable swing for 
both systolic and diastolic pressure over-concentration of 
plasma ascorbic acid with -5% variance in systolic pressure 
and -4% variance in diastolic pressure between the maximum 
and minimum concentrations of plasma ascorbic acid.38-39 
Further similar considerable reverse trend was found between 
ascorbic acid and systolic as well as diastolic BP in Chinese-
American males and females of aged range between 60 to 
96 years who were not taking anti-hypertensive drugs the 
variance between average systolic and diastolic BP level in 
maximum and minimum concentrations were -21 mmHg 
(-14%) and 8 mmHg (-9%) respectively. With decreased 
vitamin C plasma concentration resulted in a decreased 
level of 6-keto-protaglandin-F, the metabolic prostacyclin. 
Therefore, an antioxidant in the diet increased the formation 
of the prostacyclin via forage free radicals and peroxide; these 
are responsible for the prevention of prostacyclin formation 
over a certain limit. That is why vitamin C and hypertension 
are associated with each other. A sufficient dose of Vitamin 
C in diet could show a lowering of blood pressure, but when 
dietary fat is decreased.40-41 

Diabetes
An individual suffering from diabetes has a poor level of 
plasma vitamin C, and distorted turnover of vitamin C 
have been observed.42-45 It is believed that oxidative stress 
is a significant factor which increases diabetic risk. The 
enhancement in oxidative stress and hyperglycaemia can 
increase in vivo ascorbate destruction. Dietary intake of 
vitamin C showed recovery of glycemic control and vascular 
health and reduced glycosylated hemoglobin and erythrocyte 
sorbitol. Further, it was observed that vitamin C dietary 
intake could alter insulin activity in an individual suffering 
from diabetes.46-47 The women who were taking a high dose 
of vitamin C had a lesser chance of gestational diabetes than 
those who were taking a low dose of vitamin C. Still, there is 
no such negative relationship between total intake of vitamin 
C and chances of gestational diabetes.48-53

Myeloma and obesity
It is believed that about 20% of all cancer are credited to 
obesity. Obesity is the condition of extreme adiposity, which 
is generally identified by body mass index (BMI) ≥ 30 kg 
((weight in kg)/(height in m)2) and it is an improvable chance 
factor for some malignancies such as last stage cancer disease, 

cancer succession and chemo-resistance. Obesity starts as a 
consequence of the general condition of energy disparity, and 
the relation between obesity and cancer depends on genetic 
prediction, anthropometric constraints (such as BMI and value 
of body fat mainly visceral fat), and way of life and high or low 
caloric diet.54 Because of antioxidant properties and also act 
as a precursor for different metabolic coenzymes, vitamin C 
could prevent the occurrence of myeloma. Ascorbic acid has a 
defensive mechanism during the repair of immune haematosis. 
Ascorbate acts as an antioxidant as well as pro-oxidant in 
the presence of metal ion during the oxidative process. It is 
antioxidant property that shields the cells and tissues from the 
oxidative stress because of its translation to the oxidized form 
dehydroascorbic acid which is reduced to vitamin C within the 
cell, thus resulting in decreased intracellular concentration of 
reactive oxygen species.

Furthermore, it increases oxidative metabolism by 
inhibiting the consumption of pyruvate for glycolysis. This 
characteristic can inhibit the proliferation of tumor cells 
but not normal cells. At pharmacological concentration, 
ascorbate applies cytotoxic effect tumor cell via the initiation 
of hydrogen peroxide reliant cytotoxicity. Vitamin C interferes 
with the consumption of iron, by liberation of inducing 
factors from mitochondria, increasing the occurrence of p21, 
cellular calcium, and p53. Ascorbate reduced mitochondrial 
membrane ability and stimulated caspase three, resulting in 
apoptosis in melanoma A-375 cells. Vitamin C also reduced 
hypoxia-inducible factor-1 concentration via the prevention 
of cyclooxygenase-2 expression. Vitamin C can accelerate the 
outcome of various antineoplastic mediators.55-59 

Common cold 
In the 1970s, Pauling carried out four blind studies to investigate 
the effect of vitamin C on the common cold. It was observed 
that vitamin C has a negative effect on the common cold. It 
was suggested that 1000 mg ascorbic acid may decrease the 
chance of cold by 45% and integrated morbidity approximate 
63%. Database chochrane review indicated that the utilization 
of prophylactic ascorbic acid can decrease the time period of 
the common cold in children and adults. It could be due to the 
antihistamine activity of vitamin C.60-62 

Age-related macular degeneration (AMD) and cataract 
The people aged older than 50 years suffer from low eyesight, 
there are two significant reasons for this: AMD and cataract. 
Oxidative stress could attribute for both causes. Therefore, the 
researcher gets curious to investigate the function of ascorbic 
acid and antioxidants to remediate these syndromes. Numerous 
investigations are done to account for the role of ascorbic acid 
in these syndromes. In one study, it was reported that the 
antioxidant might reduce cellular retina damage via reacting 
with free-radical, which are created through the progression of 
absorption of light. It was reported that individuals who take 
high dose of vitamin C in diet may have decreased chances 
of AMD and cataract. Outcomes of two studies suggest that 
vitamin C at a dose higher than 300 mg may help in decreasing 
the chances of cataract development by 75%.63-67 
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Vitamin C in age-related cognitive decline and 
Alzheimer’s disease 
The role of vitamin C in brain progression is not yet known, 
but it is believed that an appropriate concentration of vitamin 
C may result in the protection and progression of the brain 
throughout life.68 Various studies have shown the relationship 
between vitamin C supplement and cognitive power in 
nourishing persons aged ≥ 60. Since the 1970s sample at aged 
≥ 65 in British, ascorbic acid supplement was only a nutritional 
aspect that predicts cognitive ability. A further parallel study 
was done on people aged between 60 and 94, and similar 
result were observed.69-70 An investigation by a French group 
observed a direct relationship between supplement of fruits 
and vegetables, mainly those which contain vitamin C in 
high amounts and verbal memory. The individuals who were 
suffering from cognitive disorders have a low level of ascorbic 
acid and other antioxidants than the healthy ones. Investigation 
of a cohort of Japanese-American men from the Honolulu-
Asia aging study showed a considerable shielding outcome 
of vitamin C on cognitive roles like attention, memory, and 
language estimation and mainly in state of vascular dementia. 
Therefore, it is suggested that high intake of vitamin C may 
help in cognitive ability.71-73

Vitamin C in skin disorders

Photoprotection
Antioxidant activity of vitamin C helps in the shielding of skin 
from the Ultraviolet (UV)-rays. With the exposure to UV light, 
vitamin C increased the transport protein. Supplementary of 
keratinocytes on the administration of ascorbic acid decreased 
the harm by the UV light.74-75

Wound healing
Healing of wound is illustrated with formation of connective 
tissue; the main part of this tissue is collagen. Ascorbic acid 
plays a vital role in the formation of connective tissue. Mainly 
vitamin C is needed for the hydroxylation of proline and lysine 
residues throughout collagen biosynthesis.76-79 Dietary intake 
of the vitamin C is essential to heal wounds as ascorbic acid 
can be oxidized throughout collagen formation.80-81 The new 
tissue reformed by the assist of collagen skeleton. This role is 
performed by ascorbic acid which is the co-factor for collagen 
synthesis.82-83

Immunity
Vitamin C supports immune system of the body and plays 
two functions: neutralize reactive oxygen species formed by 
phagocytes throughout their oxidative destruction of foreign 
microbes and stimulate different parts of immune system.47 
In worrying conditions adrenal gland respond by liberating 
hormone that activates “fight or flight” reaction. It has been 
reported that 200 mg of ascorbic acid can decrease the degree 
of stress hormone. Stress restrains the immune system. A 
high dose of vitamin C accelerated the degree of antibody, 
which fights against viruses and microbes in stressed rats as 
well as unstressed rats, along with large antibody growth in 

the unstressed rats.7,36 In vitro investigation demonstrated that 
ascorbate successfully neutralizes reactive oxidant formed by 
phagocytes to demolish invading bacteria. Generally, the level 
of vitamin C is high in the plasma have been shown to reduce 
the capability of a destructive consequence of hypochlorous 
acid and superoxide (strong oxidants) produced through 
stimulated neutrophils and monocytes devoid of damaging of 
bacterial activity.44-45

In respiratory symptoms 
In the early times, scientists were inquisitive to investigate 
the function of ascorbic acid in the remediation and 
inhibition of respiratory symptoms.84 But the study didn’t 
satisfactorily explain the positive role of a high dose of vitamin 
C on asthma. Further new studies suggested that dietary 
supplementation of vitamin C can help in shielding against 
the harmful effects of contaminated air and decreases the 
risk of respiratory symptoms like bronchitis, wheezing, and 
respiratory tract infection. Critical respiratory symptoms and 
reduced pulmonary function have been related to cigarette  
smoking.85-87 While smoking will enhance the need for vitamin 
C, but mechanism for the negative association of smoking and 
vitamin C was not established. The decrease in level of vitamin 
C could be due to its function in deactivating various oxidants 
in the cigarette smoke.88-90

Role in reproduction 
Some proof indicates that vitamin C may be facilitating 
the reproduction function. It is believed that supplementary 
intake of ascorbic acid increases the fertility in some persons. 
As ascorbate accumulates in the ovary as well as testis and 
medication of a few men with additional vitamin C led to better 
sperm quality and reproductive results. It is believed that the 
mechanism involved in the reproductive function is antioxidant 
activity and co-factor for collagen and hormone synthesis. 
Thus, ascorbic acid could aid in the fertility and reproduction 
quality for both males and females.91-92

CONCLUSIONS
Vitamin C present in almost every fruit and vegetable but 
chiefly present in citrus fruits and green leafy vegetables; 
acts as a potent antioxidant, and this property enrich various 
biological and pharmacological activities beneficial for 
human health. Higher plasma concentration of vitamin C 
may be the ideal nutrition marker for overall health. It is used 
as therapeutic agent in many diseases and disorders. It was 
reported that the administration of a high dose of vitamin C 
might help in reducing the risk of various diseases like cancer, 
diabetes mellitus, cardiovascular disorders, hypertension, 
respiratory syndromes, common cold, reproduction, cognitive 
diseases, skin problems, AMD, cataract and could also 
enhance immunity. Ascorbic acid has shown promise as a 
powerful memory-improving agent, particularly effective in 
aged animals. Hence, ascorbic acid might prove to be a useful 
memory-restorative agent in the treatment of dementia seen 
in elderly individuals. Vitamin C protects the immune system, 
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reduces the severity of allergic reactions, and helps fight off 
infections. 

ACKNOWLEDGMENTS 
The authors are thankful to Chitkara University, Himachal 
Pradesh, India, for their assistance and inspiration for carrying 
out this study.

REFERENCES
1.	 Iqbal, K, Khan, A and Khattak, MM. (2004). Biological 

significance of ascorbic acid (vitamin C) in human health. 
Pakistan Journal of Nutrition. 3(1):5-13.

2.	 Devaki, SJ and Raveendran, RL. (2017). Vitamin C, IntechOpen, 
London, 3-20. 

3.	 Figueroa-Méndez, R and Rivas-Arancibia, S. (2015). Vitamin C 
in health and disease: its role in the metabolism of cells and redox 
state in the brain. Frontiers in Physiology. 6:397.

4.	 Institute of Medicine (US) Panel on Dietary Antioxidants and 
Related Compounds. (2000). Dietary reference intakes for 
vitamin C, vitamin E, selenium, and carotenoids. National 
Academy Press, Washington. 

5.	 Singh, HK and Kapoor, VK. (2009). Medicinal and Pharmaceutical 
Chemistry, Vallabh Prakashan, New Delhi.  

6.	 Tripathi KD. (2008). Essentials of Medical Pharmacology, Jaypee 
Brothers Medical Publishers (P) Ltd, New Delhi.  

7.	 Grossmann, M, Dobrev, D, Himmel, HM, Ravens, U and Kirch, 
W. (2001). Ascorbic acid-induced modulation of venous tone in 
humans. Hypertension. 37:949-954.

8.	 Yun, J, Mullarky, E, Lu, C, Bosch, KN, Kavalier, A, Rivera, 
K, Roper, J, Chio, II, Giannopoulou, EG, Rago, C, Muley, A, 
Asara, JM, Paik, J, Elemento, O, Chen, Z, Pappin, DJ, Dow, LE, 
Papadopoulos, N, Gross, SS and Cantley LC. (2015). Vitamin C 
selectively kills KRAS and BRAF mutant colorectal cancer cells 
by targeting GAPDH. Science. 350:1391-1396.

9.	 Spielholz, C, Golde, DW, Houghton, AN, Nualart, F and Vera, 
JC. (1997). Increased facilitated transport of dehydroascorbic 
acid without changes in sodium-dependent ascorbate transport 
in human melanoma cells. Cancer Research. 37:2529-2537. 

10.	 Bohndiek, SE, Kettunen, MI, Hu, DE, Kennedy, BWC, 
Joan Boren, J and Gallagher FA. (2011). Hyperpolarized 
[1-13C]-ascorbic and dehydroascorbic acid: vitamin C as a 
probe for imaging redox status in vivo. Journal of the American 
Chemical Society. 133:11795-11801

11.	 Cameron, E and Campbell, A. (1974). The orthomolecular 
treatment of cancer. II. Clinical trial of high-dose ascorbic acid 
supplements in advanced human cancer. Chemico-Biological 
Interactions. 9:285-315

12.	 Cameron, E and Pauling, L. (1976). Supplemental ascorbate in the 
supportive treatment of cancer: Prolongation of survival times in 
terminal human cancer. Proceedings of the National Academy of 
Sciences of the United States of America. 73: 3685-3689

13.	 Cameron, E, Pauling, L. (1978). Supplemental ascorbate in the 
supportive treatment of cancer: reevaluation of prolongation of 
survival times in terminal human cancer. Proceedings of the 
National Academy of Sciences of the United States of America. 
75:4538-4542

14.	 Chen, Q, Espey, MG, Sun, AY, Pooput, C, Kirk, KL and Krishna, 
MC. (2008). Pharmacologic doses of ascorbate act as a prooxidant 
and decrease growth of aggressive tumor xenografts in mice. 
Proceedings of the National Academy of Sciences of the United 
States of America. 105:11105-11109

15.	 Lee, SJ, Jeong, JH, Lee, IH, Lee, J, Jung, JH, Park, HY, Lee, DH 
and Chae, YS. (2019). Effect of high-dose vitamin C combined 
with anti-cancer treatment on breast cancer cells. Anticancer 
Research. 39(2):751-758.

16.	 Vera, JC, Rivas, CI, Fischbarg, J and Golde, DW. (1993). 
Mammalian facilitative hexose transporters mediate the transport 
of dehydroascorbic acid. Nature. 364(6432):79-82. 

17.	 Frei, B and Lawson, S. (2008). Vitamin C and cancer revisited. 
Proceedings of the National Academy of Sciences of the United 
States of America. 105(32):11037-11038.

18.	 Ohno, S, Ohno, Y, Suzuki, N, Soma, G and Inoue, M (2009). High-
dose vitamin C (ascorbic acid) therapy in the treatment of patients 
with advanced cancer. Anticancer Research. 29(3):809-815.

19.	 Yang, G, Yan, Y, Ma, Y and Yang, Y. (2017). Vitamin C at high 
concentrations induces cytotoxicity in malignant melanoma 
but promotes tumor growth at low concentrations. Molecular 
Carcinogenesis. 56(8):1965-1976.

20.	 Nagappan, A, Park, KI, Park, HS, Kim, JA, Hong, GE, Kang, 
SR, Lee, DH, Kim, EH, Lee, WS, Won, CK and Kim, GS. (2012). 
Vitamin C induces apoptosis in AGS cells by down-regulation of 
14-3-3σ via a mitochondrial dependent pathway. Food Chemistry. 
135(3):1920-1928.

21.	 Kim, JE, Kang, JS and Lee, WJ. (2012). Vitamin C induces 
apoptosis in human colon cancer cell line, HCT-8 via the 
modulation of calcium influx in endoplasmic reticulum and the 
dissociation of bad from 14-3-3β. Immune Network. 12(5):189-195.

22.	 Honarbakhsh, S and Schachter, M. (2008). Vitamins and 
cardiovascular disease. British Journal of Nutrition. 101:1113-1131.

23.	 Hu, FB. (2003). Plant-based foods and prevention of cardiovascular 
disease: an overview. American Journal of Clinical Nutrition. 
78:544S-551S. 

24.	 Gotto, AM. (2003). Antioxidants, statins, and atherosclerosis. 
Journal of the American College of Cardiology. 41:1201-1210.

25.	 Jacob, RA. (2002). Vitamin C function and status in chronic 
disease. Nutrition in Clinical Care. 5(2):66-74.

26.	 Carr, AC and Frei, B. (1999). Toward a new recommended dietary 
allowance for vitamin C based on antioxidant and health effects 
in humans. American Journal of Clinical Nutrition. 69:1086-1107.

27.	 Nyyssonen, K, Parviainen, MT, Salonen, R, Tuomilehto, J and 
Salonen, JT. (1997). Vitamin C deficiency and risk of myocardial 
infarction: prospective population study of men from eastern 
Finland. BMJ. 314:634-638.

28.	 Simon, JA, Hudes, ES. (1999). Serum ascorbic acid and 
cardiovascular disease prevalence in U.S. adults: The third 
National Health and Nutrition Examination Survey (NHANES 
III). Annals of Epidemiology. 9:358-365.

29.	 Simon, JA, Hudes, ES and Tice, JA. (2001). Relation of serum 
ascorbic acid to mortality among US adults. Journal of the 
American College of Nutrition. 20:255-263.

30.	 Klipstein-Grobusch, K, den Breeijen, JH, Grobbee, DE, Boeing, 
H, Hofman, A and Witteman, JC. (2001). Dietary antioxidants 
and peripheral arterial disease: The Rotterdam study. American 
Journal of Epidemiology. 154:145-149.

31.	 Kritchevsky, SB, Shimakawa, T, Tell, GS, Dennis, B, Carpenter, 
M, Eckfeldt, JH, Peacher-Ryan, H and Heiss, G. (1995). Dietary 
antioxidants and carotid artery wall thickness. Atherosclerosis risk 
in communities study. The ARIC study. Circulation. 92:2142-2150.

32.	 Osganian, SK, Stampfer, MJ, Rimm, E, Spiegelman, D, Hu, 
FB, Manson, JE and Willett, WC. (2003). Vitamin C and risk 
of coronary heart disease in women. Journal of the American 
College of Cardiology. 42:246-252.



Therapeutic Potential of Vitamin C: An Overview of Various Biological Activities

IJPQA, Volume 10 Issue 4 October 2019 – December 2019 Page 611

33.	 May, JM. (2000). How does ascorbic acid prevent endothelial 
dysfunction? Free Radical Biology and Medicine. 28:1421-1429.

34.	 Duffy, SJ, Gokce, N, Holbrook, M, et al. (2001). Effect of ascorbic 
acid treatment on conduit vessel endothelial dysfunction in 
patients with hypertension. American Journal of Physiology-
Heart and Circulatory Physiology. 280:H528-H534.

35.	 Pietinen, P and Aro, A. (1990). The role of nutrition in the 
prevention and treatment of hypertension. Advances in 
Nutritional Research. 8:35-78.

36.	 Walingo, KM. (2005). Role of vitamin C (ascorbic acid) on human 
health- a review. African Journal of Food, Agriculture, Nutrition 
and Development. 5(1):1-12. 

37.	 Yoshioka, M, Matsushita, T and Chuman, Y. (1984). Inverse 
association of serum ascorbic acid level and blood pressure or 
rate of hypertension in male adults aged 30-39 years. International 
Journal for Vitamin and Nutrition Research. 54:343-347. 

38.	 Salonen, JT, Salonen, RM, Thanainen, M, Parviainen, R, 
Sepparen, M, Kantola, K, Sepparen, K and Rawrama, R. (1988). 
Blood pressure, dietary fat and antioxidants. American Journal 
of Clinical Nutrition. 48:1226-1232. 

39.	 Choi, ESK, Jacques, PF, Dallal, GE and Jacob, R. (1991). 
Correlation of blood pressure with plasma ascorbic acid. Nutrition 
Research. 11:1377-1382. 

40.	 Jacques, PF. (1991). A cross sectional study of vitamin C intake 
and blood pressure in the elderly. International Journal for 
Vitamin and Nutrition Research. 62:252-255. 

41.	 Osilesi, O, Tront, J, Ongunwole, O and Glover, EE. (1991). Blood 
pressure and plasma lipids during ascorbic acid supplementation 
in borderline hypertensive and normotensive adults. Nutrition 
Research. 11:405-412.

42.	 Banerjee, A. (1982). Blood dehydroascorbic acid and diabetes 
mellitus in human the beings. Annals of Clinical Biochemistry. 
19:65-70.

43.	 Som, S, Basu, S, Mukherjee, D, Deb, S, Choudhury, P, 
Mukherjee, S, Chatterjee, S and Chatterjee, I. (1981). Ascorbic 
acid metabolism in diabetes mellitus. Metabolism. 30:572-577.

44.	 Frei, B, England, L and Ames, BN. (1989). Ascorbate is an 
outstanding antioxidant in human blood plasma. Proceedings 
of the National Academy of Sciences of the United States of 
America. 86:6377-6381. 

45.	 Ross, AC, Caballero, BH, Cousins, RJ, Tucker, KL, Ziegler, TR. 
(2012). Modern Nutrition in Health and Disease, Wolters Kluwer 
Health Adis (ESP), South Holland.  

46.	 Sauberlich, HE. (1994). Pharmacology of vitamin C. Annual 
Review of Nutrition. 14:371-391. 

47.	 Harris, JR. (1996). Subcellular Biochemistry - Ascorbic Acid: 
Biochemistry and Biomedical Cell Biology, Plenum Press, New 
York. 

48.	 Liu, C, Zhong, C, Chen, R, Zhou, X, Wu, J, Han, J, Li, X, Zhang, 
Y, Gao, Q, Xiao, M, Hu, X, Xiong, G, Han, W, Yang, X, Hao, L 
and Yang, N. (2019). Higher dietary vitamin C intake is associated 
with a lower risk of gestational diabetes mellitus: a longitudinal 
cohort study. Clinical Nutrition. S0261-5614(19)30033-0. 

49.	 Shang, M, Zhao, J, Yang, L and Lin, L. (2015). Oxidative stress 
and antioxidant status in women with gestational diabetes 
mellitus diagnosed by IADPSG criteria. Diabetes Research and 
Clinical Practice. 109(2):404-410.

50.	 Zhu, C, Yang, H, Geng, Q, Ma, Q, Long, Y, Zhou, C and Chen, 
M. (2015). Association of oxidative stress biomarkers with 
gestational diabetes mellitus in pregnant women: a case-control 
study. PLoS One. 10(4):e0126490.

51.	 Lappas, M, Hiden, U, Desoye, G, Froehlich, J, Hauguel-de 
Mouzon, S and Jawerbaum, A. (2011). The role of oxidative 
stress in the pathophysiology of gestational diabetes mellitus. 
Antioxidants & Redox Signaling. 15(12):3061-3100. 

52.	 Carter, P, Gray, LJ, Talbot, D, Morris, DH, Khunti, K and Davies, 
MJ. (2013). Fruit and vegetable intake and the association with 
glucose parameters: a cross-sectional analysis of the Let’s 
Prevent Diabetes Study. European Journal of Clinical Nutrition. 
67(1):12-17. 

53.	 Vinson, JA and Bose, P. (1988). Comparative bioavailability to 
humans of ascorbic acid alone or in a citrus extract. American 
Journal of Clinical Nutrition. 48(3):601-604.

54.	 Iyengar, NM, Hudis, CA and Dannenberg, AJ. (2015). Obesity 
and cancer: local and systemic mechanisms. Annual Review of 
Medicine. 66:297-309. 

55.	 Røsjø, E, Myhr, KM, Løken-Amsrud, KI, Bakke, SJ, Beiske, 
AG, Bjerve, KS, Hovdal, H, Lilleås, F, Midgard, R, Pedersen, T, 
Benth, JS, Torkildsen, Ø, Wergeland, S, Michelsen, AE, Aukrust, 
P, Ueland, T and Holmøy, T. (2014). Increasing serum levels of 
vitamin A, D and E are associated with alterations of different 
inflammation markers in patients with multiple sclerosis. Journal 
of Neuroimmunology. 271(1-2):60-65. 

56.	 Kim, HW, Cho, SI, Bae, S, Kim, H, Kim, Y, Hwang, YI, Kang, 
JS and Lee, WJ. (2012). Vitamin C up-regulates expression of 
CD80, CD86 and MHC Class II on dendritic cell line, DC-1 via 
the activation of p38 MAPK. Immune Network. 12(6):277-283.

57.	 Fromberg, A, Gutsch, D, Schulze, D, Vollbracht, C, Weiss, 
G, Czubayko, F and Aigner, A. (2011). Ascorbate exerts anti-
proliferative effects through cell cycle inhibition and sensitizes 
tumor cells towards cytostatic drugs. Cancer Chemotherapy and 
Pharmacology. 67(5):1157-1166. 

58.	 Kim, HN, Kim, H, Kong, JM, Bae, S, Kim, YS, Lee, N, Cho, 
BJ, Lee, SK, Kim, HR, Hwang, YI, Kang, JS, Lee, WJ. (2011). 
Vitamin C down-regulates VEGF production in B16F10 murine 
melanoma cells via the suppression of p42/44 MAPK activation. 
Journal of Cellular Biochemistry. 112(3):894-901. 

59.	 Lee, WJ. (2009). The prospects of Vitamin C in cancer therapy. 
Immune Network. 9(5):147-152. 

60.	 Douglas, RM, Hemilä, H, Chalker, E and Treacy, B. (2007). 
Vitamin C for preventing and treating the common cold. 
Cochrane Database Systematic Reviews. 3:CD000980.

61.	 Johnston CS. The antihistamine action of ascorbic acid. 
Subcellular Biochemistry 1996; 25:189-213.

62.	 Pauling, L. (1971). The significance of the evidence about ascorbic 
acid and the common cold. Proceedings of the National Academy 
of Sciences of the United States of America. 68:2678-2681.

63.	 Evans, JR, (2012). Lawrenson JG. Antioxidant vitamin and 
mineral supplements for slowing the progression of age-related 
macular degeneration. Cochrane Database Systematic Reviews. 
11:CD000254.

64.	 Age-Related Eye Disease Study Research Group. A randomized, 
placebo-controlled clinical trial of high-dose supplementation 
with vitamins C and E, beta carotene, and zinc for age-related 
macular degeneration and vision loss: AREDS report no. 8. 
Archives of Ophthalmology. 2001; 119(10):1417-1436.

65.	 Age-Related Eye Disease Study 2 Research Group. Lutein + 
zeaxanthin and omega-3 fatty acids for age-related macular 
degeneration: The Age-Related Eye Disease Study 2 (AREDS2) 
randomized clinical trial. JAMA 2013; 309:2005-2015.

66.	 Carr, AC, Frei, B. (1999). Toward a new recommended dietary 
allowance for vitamin C based on antioxidant and health effects 



Therapeutic Potential of Vitamin C: An Overview of Various Biological Activities

IJPQA, Volume 10 Issue 4 October 2019 – December 2019 Page 612

in humans. American Journal of Clinical Nutrition. 69:1086- 
1107.

67.	 Rautiainen, S, Lindblad, BE, Morgenstern, R and Wolk, A. 
(2010). Vitamin C supplements and the risk of age-related 
cataract: a population-based prospective cohort study in women. 
American Journal of Clinical Nutrition, 91(2):487-493.

68.	 Gale, CR, Martyn, CN and Cooper, C. (1996). Cognitive impairment 
and mortality in a cohort of elderly people. BMJ. 312:608-611.

69.	 Peneau, S, Galan, P, Jeandel, C, Ferry, M, Andreeva, V, Hercberg, 
S and Kesse-Guyot, E. (2011) Fruit and vegetable intake and 
cognitive function in the SU.VI.MAX 2 prospective study. 
American Journal of Clinical Nutrition. 94(5): 1295-1303.

70.	 Goodwin, JS, Goodwin, JM, Garry, PJ. (1983). Association 
between nutritional status and cognitive functioning in a healthy 
elderly population. JAMA. 249:2917-2921.

71.	 Mecocci, P. (2004). Oxidative stress in mild cognitive impairment 
and Alzheimer disease: a continuum. Journal of Alzheimer’s 
Disease. 6:159-163.

72.	 Masaki, KH, Losonczy, KG, Izmirlian, G, Foley, DJ, Ross, GW, 
Petrovitch, H, Havlik, R, White, LR. (2000). Association of 
vitamin E and C supplement use with cognitive function and 
dementia in elderly men. Neurology. 54:1265-1272.

73.	 Maxwell, CJ, Hicks, MS, Hogan, DB, Basran, J and Ebly, EM. 
(2005). Supplemental use of antioxidant vitamins and subsequent 
risk of cognitive decline and dementia. Dementia and Geriatric 
Cognitive Disorders. 20:45-51.

74.	 Kang, JS, Kim, HN and Jung da, J. (2007). Regulation of UVB-
induced IL-8 and MCP-1 production in skin keratinocytes by 
increasing vitamin C uptake via the redistribution of SVCT-1 
from the cytosol to the membrane. Journal of Investigative 
Dermatology. 127:698-706.

75.	 Tebbe, B, Wu, S, Geilen, CC, Eberle, J, Kodelja, V and 
Orfanos, CE. (1997). L-ascorbic acid inhibits UVA induced 
lipid peroxidation and secretion of IL-1 alpha and IL-6 in 
cultured human keratinocytes in vitro. Journal of Investigative 
Dermatology. 108:302-306.

76.	 Saood, M, Amunthathy, S, Sheldon, RP. (1981). Regulation 
of prolyl and lysyl hydroxylase activities in cultured human 
skin fibroblasts by ascorbic acid. Biochemical and Biophysical 
Research Communications. 101:868-875. 

77.	 Saood, M, Shingo, I, Gail, RJ, Arinthathy, S and Sheldon, RP. 
(1983). Collagen synthesis in cultured human fibroblasts. Journal 
of Investigative Dermatology. 81:158-162. 

78.	 Yu, RT, Kurata, M, Kin, K and Arakawa, N. (1999). The 
behaviour of L-ascorbic acid in the healing process of dorsal 
wounds in Guinea pigs. Journal of Nutritional Science and 
Vitaminology. 27:207-211.

79.	 Savini, I, Catani, MV, Rossi, A, Duranti, G, Melino, G, 
and Avigliano, L. (2002). Characterization of keratinocyte 

differentiation induced by ascorbic acid: Protein kinase C 
involvement and vitamin C homeostasis. Journal of Investigative 
Dermatology. 118:372-379.

80.	 Boyce, ST, Supp, AP, Swope, VB and Warden, GD. (2002). 
Vitamin C regulates keratinocyte viability, epidermal barrier, 
and basement membrane in vitro, and reduces wound contraction 
after grafting of cultured skin substitutes. Journal of Investigative 
Dermatology. 118:565-572.

81.	 Ponec, M, Weerheim, A and Kempenaar, J. (1997). The formation 
of competent barrier lipids in reconstructed human epidermis 
requires the presence of vitamin C. Journal of Investigative 
Dermatology. 109:348-355. 

82.	 Silverstein, RJ, Landsman, AS. (1999). The effects of a moderate 
and high dose of vitamin C on wound healing in a controlled 
guinea pig model. Journal of Foot & Ankle Surgery. 38:333-338.

83.	 Vaxman, F, Olender, S and Lambert, A. (1995). Effect of 
pantothenic acid and ascorbic acid supplementation on human 
skin wound healing process. A double-blind, prospective and 
randomized trial. European Surgical Research. 27:158-166.

84.	 Mohsenin, V and DuBois, AB. (1987). Vitamin C and airways. 
Annals of the New York Academy of Sciences. 498:259-279.

85.	 Bendich, A. (1993). Lifestyle and environmental factors that 
can adversely affect maternal nutritional status and pregnancy 
outcomes. Annals of the New York Academy of Sciences. 
678:255-265.

86.	 Peters, EM, Gaetzshe, M, Grobhelaar, B and Noakes, TD. (1993). 
Vitamin C supplementation reduces the incidence of postrace 
symptoms of upper-respiratorytract infection in ultramarathon 
runners. American Journal of Clinical Nutrition. 57:170- 
174.

87.	 Menzel, DB. (1992). Antioxidant vitamins and prevention of 
lung disease. Annals of the New York Academy of Sciences. 
669:141-155.

88.	 Barrett, BM, Gunter, E, Wang, M. (1991). Ascorbic acid status in 
women who smoke during pregnancy. Journal of the American 
Dietetic Association. 9:1-15. 

89.	 Schectman, G, Byrd, JC and Hoffmann, R. (1991). Ascorbic 
acid requirements for smokers: analysis of a population survey. 
American Journal of Clinical Nutrition. 53:1466-1470.

90.	 Anderson, R. (1991). Assessment of the Ascorbic acid status 
in women who roles of vitamin C, vitamin E, and ßcarotene in 
the modulation of oxidant stress mediated by cigarette smoke-
activated phagocytes. American Journal of Clinical Nutrition. 
53:358-361.

91.	 Dawson EB, Harris WA, Rankin WE, Charpentier LA, McGanity 
WJ. Effect of ascorbic acid on male fertility. Annals of the New 
York Academy of Sciences 1987; 498:312-323.

92.	 Luck MR, Jeyaseelan I, Scholes RA. Ascorbic acid and fertility. 
Biology of Reproduction 1995; 52:262-266.


