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Abstract
Aging and age-related disorders have become one of the prominent issue of world. Oxidative stress due to overproduction 
of reactive oxygen species is the most significant cause of aging. The aim of literature compilation was to elucidate the 
therapeutic effect of vitamin C against oxidative stress. Various mediators with anti-inflammatory and anti-oxidant properties 
might be probable competitors of vitamin C for the improvement of innovative anti-aging treatments. More attention has 
been paid to vitamin C due to its anti-oxidant property and potentially beneficial biological activities for inhibiting aging.
Vitamin C acts as an antioxidant agent and free radical scavenger that can protect the cell from oxidative stress, disorgani-
zation of chromatin, telomere attrition, and prolong the lifetime. This review emphasizes mechanism of aging and various 
biomarkers that are directly related to aging and also focuses on the therapeutic aspect of vitamin C against oxidative stress 
and age-related disorders.
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Abbrevations
RTKs  Receptor tyrosine kinases
TEWL  Transepidermal water loss
ROS  Reactive oxygen species
VLDL  Very-low-density lipoproteins
LDL  Low-density lipoproteins
HDL  High-density lipoproteins
SVCT  Sodium-dependent vitamin C transporters
MAPK  Mitogen-activated protein kinase
AP-1  Activatorprotein-1
oxLDL  Oxidized-low density lipoprotein
SOD  Superoxide dismutase
CAT   Catalase
GSH-Px  Glutathione peroxidase

Background

Aging is a complex multifactorial and permanent deteriora-
tion process that seems not only in body tissues, however, it 
is also associated with a decline in the physical functions of 
body organs e.g. poor immune reactions and loss of memory 
etc. There is a substantial amount of data supporting that 
aging is meticulously related to different lifelong disorders 
such as diabetes, multiple cancers, hypertension, Parkin-
son’s disease, Alzheimer’s disorder, and atherosclerosis 
[1]. The free radical principle of aging has been extensively 
concerned, initially offered by Denham Harman since the 
1950s [2]. Oxidative damage triggered by the overproduc-
tion of reactive oxygen species (ROS) is the most significant 
determinant of aging. Excessive formation of free radicals 
is the consequence of oxidative stress and pro-inflammatory 
reactions, which directly lead to lipid peroxidation, oxida-
tion of protein as well as impairment in DNA and mito-
chondria. These might prohibit the normal functions of 
cell and cause cell death [3]. Various studies showed that 
endogenous antioxidant systems comprising; glutathione 
peroxidase (GSH-Px), superoxide dismutase (SOD), and 
catalase (CAT), can be directly or indirectly damaged by 
the ROS [4]. Also, more and more studies have revealed that 
the function of the immune system declines in aging which 

 * Shaukat Ali 
 dr.shaukatali@gcu.edu.pk

1 Applied Entomology and Medical Toxicology 
and Laboratory, Department of Zoology, Government 
College University, Lahore, Pakistan

2 Department of Chemistry, Government College University, 
Lahore, Pakistan

3 Institute of Zoology, University of the Punjab, Lahore, 
Pakistan

http://orcid.org/0000-0003-2481-1978
http://crossmark.crossref.org/dialog/?doi=10.1007/s11033-021-06781-4&domain=pdf


8142 Molecular Biology Reports (2021) 48:8141–8153

1 3

affects the capability of the body to fight against outdoor 
infective agents, therefore, the probability of aging and dis-
orders associated with aging might be increased as shown 
in Fig. 1 [5].

Molecular mechanism of aging

Molecular mechanisms of aging including cellular senes-
cence, mitochondrial dysfunction, epigenetic alterations, 
accumulation of somatic mutations, telomere shortening, 
deregulated nutrient sensing, stem cell exhaustion, loss of 
proteostasis, a decline in the responsiveness to growth fac-
tors, formation of ROS, genomic instability, intercellular 
communication modifications, a rise in the concentrations 
and secretion of matrix metalloproteinases and inflamma-
tory cytokines, an increase in the extent of oxidative damage 

to cellular macromolecules, and a delay in morphogenesis 
and maturation [6]. Molecular damage in cells can be rec-
ognized, repaired, or removed due to availability of quality 
control systems. Though, somatic maintenance is not 100% 
efficient due to the energy requirements of these systems [7]. 
Entirely molecular components including proteins, DNA, 
lipids and organelles are susceptible to damage and sources 
of destruction might be extrinsic factors (irradiation toxins 
and UV light) and intrinsic e.g. formation of reactive nitro-
gen species (RNS), and ROS. Physical activity, genetics, 
diet, and epigenetics are other contributing factors in aging 
[8]. The major causal factor in aging is the accumulation of 
unrepaired DNA damage [9]. Although, endogenous DNA 
repair and ROS removal systems have also been found in 
cells and organisms but in aging cells, these systems do not 
function effectively. Thus, the cause of premature aging is 
multiple damages to DNA or the repair system that leads to 

Fig. 1   Role of oxidative stress/
ROS in aging and age related 
disorders. Reactive oxygen 
species enhances the oxidation 
of DNA, protein and lipids, 
decrease antioxidant defense 
system and the function of 
mitochondria which result in 
oxidative stress produce that 
might be subsequentltly lead to 
aging and disorders associated 
with aging
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an accumulation of DNA damage which results in epigenetic 
alterations occurs [10].

Organ‑specific biomarkers of aging

Vital organs such as the heart, brain, kidney, and lungs per-
form specialized functions while impairment in one of these 
organs can lead to death. Various biochemical tests evalu-
ate the importance of specific tissues, which measure the 
concentration or presence of markers of disorder in urine 
or blood, saliva, peripheral blood lymphocytes, and buccal 
cells [11]. In this review, we focused on the biomarkers that 
are directly related to aging and age-related disorders.

The kidney

The currently accepted measurement of kidney function is 
the glomerular filtration rate. In healthy young men, the nor-
mal value of the glomerular filtration rate is 130–140 mL/
min per 1.73  m2. It is assessed that after the age of 40 years 
approximately 1 unit per year filtration rate declines. When 
the number of functioning nephrons decreases with age, it 
also causes a decline in the glomerular filtration rate [12]. 
Neutrophil gelatinase-associated lipocalin as a biomarker of 
the renal system, that is 25-kDa lipoprotein which is gener-
ally covalently associated with gelatinase. In healthy individ-
uals, it is found at very low levels in serum but it is found at 
a high level in blood, urine, or serum of patients after acute 
kidney injury as well as with acute bacterial infections [13].

Cardiovascular system

In aging, the highest remarkable modifications that occur 
in the cardiovascular system are; rise in the stiffness of ves-
sels as well as a consistent intensification in the number of 
atherosclerotic lesions. However, angiotensin and endothelin 
that regulate the endothelial function, as well as the pro-
genitor cells of endothelial in plasma, might be measured 
via cell culture [14]. Fetuin-A and matrix Gla protein are 

probably remarkable markers of aging that defend the blood 
vessels from ossification [15]. Cardiac fibrosis is one of the 
age-related modifications in the vascular system that is asso-
ciated with the accumulation of collagen in the extracellu-
lar matrix which might be lead to an increased ventricular 
stiffness [16]. Treatment and diagnosis of heart failure via 
natriuretic peptides have become a valuable component 
of medicinal training. Under stress or otherwise elevated 
pressure, N-terminal pro-brain natriuretic peptide and brain 
natriuretic peptides discharged from the wall of the heart 
ventricles. However, the amounts of these peptides are low 
in the blood of healthy persons [17].

Lungs function

The function of the lung has been found to decline with age 
consistently, as measured with a basic spirometer [18]. In 
arterial blood, the partial pressure of oxygen, as well as the 
physiology of the lung, also declines with age. A chronic 
obstructive pulmonary disorder that is particularly associ-
ated with “inflammatory processes” has been defined as the 
most prevalent age-linked lung disorder. At least one marker 
namely “surfactant protein D” that is produced through type 
2 alveolar cells has been found in serum, related to lung 
infection [19]. It prevents the formation of lipid radicals 
by binding to dying and dead cells. Various biomarkers 
of lungs, heart, and kidney that can be assessed in plasma 
and offers references to human researches are mentioned in 
Table 1.

Skin aging

Skin aging is a multistage complicated process that is linked 
with physiological and morphological changes of the skin 
[20]. It consists of two distinctive progressions, intrinsic 
and extrinsic skin aging. An intrinsic skin aging affects all 
internal organs and even the whole organism as well as rep-
resents chronological aging [21]. Extrinsic skin aging is the 
consequence of environmental effect and external factors, 

Table 1  Organ-Specific Biomarkers of Aging

Organs Biomarkers Type of sample Analysis Technique Quantity 
[Low /High]

References

Kidneys Neutrophil gelatinase-associated lipocalin plasma /Serum/ urine Enzyme immunoassay High [13]
Glomerular filtration rate creatinine, urea 

and Cystatin C
Serum/plasma Autoanalyzer High [81]

Cardiovascu-
lar system

Natriuretic peptides Serum/plasma Autoanalyzer High [82]
Endothelin plasma /Serum Enzyme immunoassay High [14]
Collagen plasma /Serum Enzyme immunoassay High [16]

Lungs Apelin Serum/plasma Enzyme immunoassay High [83]
Surfactant D plasma/ Serum Enzyme immunoassay High [19]
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mostly ultraviolet (UV) irradiation and chronic sun exposure 
but poor nutrition, smoking, and pollution are also causes 
of extrinsic skin aging [22]. Increased transepidermal water 
loss (TEWL), reduced activity of fibroblast and melanocyte, 
decline biosynthesis of elastin and collagen are perceived 
in the progress of aging [20]. Molecular mechanism of skin 
aging including; oxidative stress, the capacity of cellular 
DNA repairing declines, point mutations of extranuclear 
mitochondrial genetic material, and loss of telomeres, eleva-
tion in chromatic aberrations, cellular senescence, chronic 
inflammation, reduce the level of sugar, and single-gene 
mutations so on [23]. Now, various antiaging products can 
maintain the structure and function of youthful skin as well 
as can fortify the dermal matrix due to the presence of sci-
entifically progressive constituents with anti-inflammatory, 
antioxidant, and anti-glycation properties. Vitamin C is a 
natural antioxidant that is found in the skin and possesses 
several biological important functions such as an anti-
inflammatory, antioxidant, biostimulator of collagen syn-
thesis, and photoprotective [24].

UV radiation and photoaging

Prolonged disclosure of UV radiation from the sun is the 
greatest significant ecological challenge to the skin. Ultra-
violet radiations cause impairment in the skin via the gen-
eration of ROS, which might be damaged the extracellular 
matrix components of the dermis in intrinsic aging and pho-
toaging as well as affect both function and the configuration 
of cells [25]. Reactive oxygen species might be generated 
from various origins such as the endoplasmic reticulum 
(ER) localized proteins, mitochondrial electron transport 
chain, peroxisomal, the Fenton reaction, and enzymes such 
as xanthine oxidases, nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidases, cyclooxygenases, and lipoxy-
genases [26]. In normal situations without the presence of 
ligands, on the surface of a cell, the action of receptor tyros-
ine kinases (RTKs) is prohibited through receptor protein 
tyrosine phosphatase (RPTPs) which dephosphorylates the 
receptor tyrosine kinases (RTKs). Though, in the case of 
ultraviolet (UV) radiations, ROS and oxidation products 
are produced due to the fascination of energy from cellu-
lar chromophores. Reactive oxygen species bind to cysteine 
residues in the catalytic sites of receptor protein tyrosine 
phosphatases and inhibit the function of receptor protein 
tyrosine phosphatases (RPTPs). Reactive oxygen species 
activating the downstream signaling pathways compris-
ing the activation of nuclear factor-kB (NF-Kb), mitogen-
activated protein kinase (MAPK), and transcription factor 
activator protein-1(AP-1), as well as increasing the level of 
phosphorylated receptor tyrosine kinases [27]. When AP-1 
and NF-kB are activated, increase transcription of the MMP 

gene and suppress the production of collagen in photoaged 
skin as shown in Fig. 2 [28].

Various endogenous antioxidant defenses especially vita-
min C and E, as well as antioxidant enzymes, are also pre-
sent in the skin to reduce these oxidants then renovation the 
resultant impairment, while repeated exposure to the sun 
causes consumption of these antioxidants and the skin’s 
defenses might be distrustful [25]. Impairment to the der-
mal extracellular matrix, redness, swelling, sunburn immune 
suppression, altered pigmentation, early skin aging, and dis-
ruption to the structure of skin might be lead to the cause 
of skin malignancy that is a result of an acute acquaintance 
of UV radiation to the skin. The utmost apparent features of 
photoaging are hyperpigmentation wrinkles, as well as obvi-
ous modification, which occurs in the elasticity of skin [29]. 
The chest, face, and upper surface of the arms are most sus-
ceptible to photoaged skin. Most obvious modifications arise 
in the extracellular matrix of the epidermis such as loss of 
collagen fibrils [30]. Photo aged individuals have increased 
inflammation as well as neutrophil infiltration into the der-
mis while a decline in the concentration of natural enzymatic 
and non-enzymatic antioxidant defensive system has been 
found [31]. Recent studies showed that various endogenous 
antioxidant enzymes diminished in intrinsic aging and pho-
toaging which regulates the antioxidant defense system of 
skin and alters the reactive oxygen species (ROS) to non-
toxic water and atomic oxygen. Endogenous antioxidants, for 
example, glutathione, ascorbic acid, tocopherols, and func-
tion of anti-aging enzymes (CAT, and GSH) that perform 
a significant role in the inactivation of free radicals formed 
by ROS are decline in photoaging and intrinsic aging [32].

Aging cells and tissue renovation

A fraction of the cells decreases in most tissues, and is sub-
stituted after some period from a group of hematopoietic 
stem cells. Once the capacity of hematopoietic stem cells 
to differentiation and replication loss then it becomes aging 
cells and overall efficient cells will decline which results 
in tissue dysfunction as well as a loss of homeostasis. Cell 
senescence is categorized into two forms, for instance, 
stress-induced premature aging and replicative aging [33]. 
Length of telomeres can be measured in replicative senes-
cence while, oxidative stress stressful stimulus can enhance 
the stress-induced premature senescence which can be meas-
ured through antioxidant enzymes. Stressful stimulus stimu-
lates the triggering of the p21/ p53 mechanism which results 
in cell cycle arrest permanent or can fetch the cells to that 
position when cell death begins [34]. A significant modera-
tor of advanced aging had been identified as the upregulation 
of caveolin-1 expression in the past few years. This protein 
might be premeditated in blood and cells that developed in 
cell culture. Numerous forms of hematopoietic stem cells 



8145Molecular Biology Reports (2021) 48:8141–8153 

1 3

can be quantified as well as detected in plasma e.g. blood 
stem cells and other endothelial progenitor cells which can 
be changed with age [35].

Many apparent fluctuations are closely associated with 
age such as cardiac remodeling, changes in the extracellular 
matrix, and increased arterial stiffness. For instance, when 
stimulation occurs by development factors, cardiovascular 
fibroblasts produce and discharge the extracellular matrix 
proteins viz tissue prohibitor of matrix metalloproteinases 

and collagen, while, excretion of matrix metalloproteinases 
stimulated by proinflammatory mediators [36]. The higher 
levels of galectin-3, matrix metalloproteinase-9, and tissue 
inhibitor of metalloproteinase-1 in serum certainly signify 
the more dynamic cell renovation. Various biomarkers of 
tissue renovation that can be assessed in plasma and offers 
references to human researches are mentioned in Table 2.

Generally, a balance between antioxidants and oxidants 
might be the more significant and the antioxidant status of 

Fig. 2   Mechanism of reactive 
oxygen species (ROS) in photo 
aging. In case of ultraviolet 
(UV) radiations, ROS bind to 
cysteine residues in the cata-
lystic sites of receptor protein 
tyrosine phosphates and inhibit 
the function of receptor protein 
tyrosine phosphates (RPTPs), 
Reactive oxygen species activat-
ing the nuclear factor-kB(NF-
kB), mitogen-activated protein 
kinase (MAPK) and transcrip-
tion factor activator protein-1 
(AP-1), When Ap-1 and NF-kB 
activated, increase transcription 
of MMP gene and suppress the 
production collagen. Vitamin C 
can inhibit binding of ROS to 
(RPTPs) and enhance the col-
lagen production
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individuals can be measured via main elements included 
in chemical reactions mainly glutathione in lymphocytes or 
blood serum [37]. Creatinine, albumin, bilirubin, uric acid, 
and numerous vitamins [A, E, C, and D] are constituents 
of the physiological antioxidant defense mechanism and 
antioxidant enzymes that are related to oxidative stress, for 
instance, GSH-Px and SOD can be determined in erythro-
cytes or plasma/serum. Thioredoxin reductase-1 is also an 
antioxidant that can be assessed in lymphocytes. Certain 
disorders like atherosclerosis, prolonged inflaming disor-
ders, and diabetes mellitus are closely related to oxidative 
stress and aging [38]. Chronic inflammation is one of the 
conditions, causes oxidative-stress and is an integral part 
of aging. Inflammation and oxidative stress both are related 
to hypoxia. Hypoxia also shows a vigorous role in aging, 
malignancy, cardiovascular disorders, lung infection, and 
various other infections. Numerous markers of oxidative 
stress with relevant references are mentioned in Table 2.

Proteins and metabolism of protein

Within cells, modification of proteins occurs constantly 
including; posttranslational modifications [oxidation, 
nitrosylation, and glycosylation] surveillance, protein fold-
ing, removal, repair, and typical reactions to stress [39]. In 
older organisms modifications in the homeostasis of pro-
tein are communal in most tissues as well as modifications 
in a group of proteins (chaperones) have also been found 
in nearly entire tissues and organisms. Proteins are mostly 
affected due to the presence of excessive amounts of oxygen 
radicals that are responsible for the oxidation of proteins. 
Protein carbonyl is a consequence of the oxidative reaction 

of the side chain atoms of lysine, proline, threonine, and 
arginine. When carbonyls accumulated in blood plasma it 
causes agedness and disorders related to age due to innova-
tive glycation production [40]. Biomarkers associated with 
the oxidation of proteins are provided in Table 2.

Lipids and metabolism of lipid

Changes in various forms of lipid in plasma with age have 
been considered in several epidemiologic studies. In car-
diovascular disease, lipid profiles in plasma have been con-
sidered expansively as risk impacts. In clinical practice the 
utmost significant parameters that are assessed comprising; 
triglycerides, free fatty acids, very-low-density lipoproteins 
(VLDL), low-density lipoproteins (LDL), high-density lipo-
proteins (HDL). The evidence of these biomarkers concern-
ing human beings is provided in Table 2 [41]. These lipid 
profiles have limited value, as biomarkers of aging e.g. the 
total cholesterol level raises in women till 70 years of age 
while in males until the age of 50 years. Recently more than 
600 distinctive molecular classes of lipids are identified in 
the plasma of humans among these 6 are characterized in 
main categories of lipid and their ratios are associated with 
aging including sphingolipids, fatty acyls, glycerolipids, 
sterol lipids, glycerophospholipids and prenol lipids [42].

Anti‑aging compounds

Various mediators with anti-inflammatory, immunomodula-
tory, and anti-oxidant properties might be possible entrants 
for the improvement of innovative antiaging rehabilita-
tions [4]. More attention has been paid to various natural 

Table 2  Biomarkers involved in the general mechanism of aging

Biological process Biomarkers Sample Analysis Method Quantity 
[Low /
High]

References

Aged cells and tissue renova-
tion

Endothelial progenitor cells 
e.g. hematopoietic stem cells

Fresh anti-coagulated blood Flow cytometric assay Low [84]

Caveolin-1 Blood serum/plasma Enzyme immunoassay High [33]
Matrix metalloproteinase-1,
metalloproteinase-9 and 

galectin-3

Plasma/Serum Enzyme immunoassay High [85]

Oxidative stress Glutathione,
Superoxide dismutase, 

Glutathione reductase, and 
Glutathione peroxidase

Red blood cells Auto analyzer High [33]

Metabolism of protein Eotaxin, Carbonyls, Michael 
adducts, Nicotinamide

Plasma/Serum Enzyme immunoassay High [52]

Amyloid (inflammatory 
response protein)

Serum Enzyme immunoassay High [86]

Metabolism of lipids LDL, VLDL, HDL, triglycer-
ides, Total cholesterol

Plasma/Serum Auto analyzer High [41]
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compounds [carotenoids, tocopherols and flavonoids, as well 
as vitamins [A, C, D, and E] due to their anti-oxidant proper-
ties as well as potentially beneficial biological activities for 
inhibiting or treating this subacute aging. The well-accepted 
anticipation stratagem in contradiction of the hurtful effect 
of free radicals is a well-adjusted nutritious food contain-
ing anti-oxidative rich foodstuff as well as a well-structured 
regime such as body care, caloric restriction, and physical 
exercise for the body [43].

Vitamin C (ascorbic acid)

Vitamin C, or ascorbic acid, is an essential dietary nutrient 
and is one of the naturally occurring antioxidants in nature 
for a variety of biological roles [44]. At biological pH states, 
it frequently occurs in ascorbate anion form [45]. It has also 
the competency to chelate the metal ions [Fe + +] due to the 
existence of hydroxyl groups on an adjacent side of carbon 
atoms. It acts as a free radicals searcher and reduces the free 
radicals of oxygen and gives hydrogen to an oxidizing sys-
tem to inhibit the oxidation. It possess the capacity to protect 
the macromolecules [Nucleic acids, proteins, carbohydrates, 
and lipids] from revelation to chemicals, and pollutants such 
as cigarette smoke, and also defend from damage through 
oxidants, which are formed in the common breakdown of 
the cell [46]. Most animals and plants can endogenously 
synthesize vitamin C from glucose. Humans are unable to 
in vivo biosynthesis of vitamin C due to the absence of the 
enzyme L-glucono-gamma lactone oxidase, therefore it is 
necessary for a healthy human diet and sufficient nutritional 
consumption of vitamin C is mandatory [47].

Sources of vitamin C

Natural sources of vitamin C are citrus fruits, green leafy 
vegetables, fresh fruits, papaya, blackcurrant, chili pepper 
or parsley, broccoli, strawberries, guava, and rosehip [48].

Topical formulations of vitamin C

Ascorbic acid is accessible in various formulas however 
L-ascorbic acid is the most biologically and chemically 
energetic and well-studied form of vitamin C. It is found in 
D‑ascorbic acid as well as L-ascorbic acid in nature which 
are mutually interchangeable and fundamentally isomeric 
molecules. Though, only L-ascorbic acid is expedient in 
medical practice, due to its biologically active form [49]. 
L-ascorbic acid is a hydrophilic antioxidant and defends 
the dermis from oxidative impairment as well as act as a 
free-radical scavanger. It also actively restores vitamin 
E in the skin by neutralizing the reactive oxygen species 
including superoxide anion, hydroxyl radical, and singlet 
oxygen which are destructive to the skin. Two-thirds of the 

L-ascorbic acid in the dermis is destroyed during acquaint-
ance to ultraviolet light because ROSare stimulated with 
ultraviolet light [50]. Reactive oxygen species are also 
stimulated by cigarette smoking. Premature wrinkling occurs 
due to cigarette smoking than extensive sun exposure. Con-
stituents of skin comprising proteoglycan, collagen, elastin, 
as well as nuclear and cell membranes constituents can be 
damaged via reactive oxygen species. Intrinsic aging and 
photoaging variations including brown spots, wrinkles and 
skin cancers are visible signs of this destruction. L-ascorbic 
acid is found to be used in various products of cosmetics 
such as in anti-aging, lightening of skin depigmentation as 
well as sun protection formulations. L-ascorbic acid defends 
skin and diminishes the harmful effects caused by ultraviolet 
radiation [51].

Adsorption and deficiency of vitamin C in humans

Deficiency of vitamin C can cause scurvy, a disorder that is 
associated with some signs such as thickening of the stratum 
corneum, fragility, gum bleeding, skin lesions in form of 
petechiae, poor wound healing, fatigue, and even death [52]. 
In elderly age, kidney failure, peritoneal dialysis, hemodi-
alysis, and various malabsorption disorders are also well-
known risk factors for a low level of endogenous vitamin C 
and poor dietary intake of vitamin C. Consumption of vita-
min C 10 mg/day is suitable to preclude scurvy. The recent 
recommended intake of dietary vitamin C is 75 mg per day 
for women while, for the adult men it is 90 mg/day [53].

The sodium‑dependent transporters of vitamin C

Sodium-dependent vitamin C transporters (SVCTs) show an 
essential function in adsorption and transportation of vita-
min C across the skin, which are found all over the body as 
well as accountable for transference into various soft tissues. 
In humans, SVCT1 and SVCT2 express in epidermal cells 
[54]. While SVCT2 is related to sustaining ascorbate homeo-
stasis inside the cell as well as sensitive to the fluctuations 
in intracellular ascorbate levels. The expression of SVCT1 
in the human being is mainly limited to the epidermal cells 
in the kidney and duodenum [55].

Antioxidant action

Vitamin C acts as an antioxidant agent and free radical 
seeker that can protect the cell from oxidative stress formed 
by ROS by an electron transfer or donation process. It can 
also support the antioxidant enzymes of a cell e.g. SOD, 
GSH-Px, and CAT, as well as non-enzymatic, defend sys-
tems of cells such as uric acid, glutathione, carotenoids and 
vitamin E [56].
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Vitamin‑C‑mediated defense against photoaging 
and UV impairment

Vitamin C shows an indispensable function in protecting the 
cells from oxidative stress as well as significantly suppresses 
the formation of free radicals triggered by UV light [57]. It 
also increases the production of pro-collagen and collagen 
which stimulates the establishment of the skin barrier, an 
additional role in wound healing. Various readings on the 
skin of humans revealed that vitamin C improved the skin 
hydration and considerably increased the moisture content 
of the epidermis [58]. Vitamin C defends the keratin from 
the apoptotic process as well as rises the survival of the cell. 
It also prevents peroxidation of lipid in cultured keratino-
cytes after exposure to UV radiation. In numerous studies, 
it is found that resistance of the skin to UV exposure can be 
enhanced by supplementation with vitamin C [59].

During chronological aging, wrinkles are formed and 
significantly enhanced due to peripheral factor for example 
smoking, and acquaintance to ultraviolet radiation. Vari-
ous natural compounds including vitamin C have efficacy 
against wrinkle formation [60]. Vitamin C can protect the 
skin against the formation of wrinkles via the biosynthesis of 
collagen. It also shows a vital role in enhancing the expres-
sion of the collagen gene and stabilizes the tertiary structure 
of the collagen molecule [61].

Vitamin C and oxidative stress

Oxidative stress is a result of enhanced production of ROS/ 
free radicals or declines the ability of antioxidant defenses 
against ROS [62]. The ROS are formed in living organisms 
as a consequence of common cellular uptake. They perform 
the function in physiological cell processes at low to mod-
erate concentrations however, at high concentrations cause 
adversative variations in cell components e.g. DNA, proteins 
and lipids [63]. Vitamin C functions as a proper boundary 
between life span, aging, and disorders linked with aging. It 
is capable to repair DNA and oxidative stress, bioenerget-
ics, modulate the activity of telomeres as well specifying a 
nutrigenomic role in the aging process, leads to longevity as 
presented in Fig. 3 [64]. In recent times, it has been found 
that aged individuals possess decreased antioxidant capacity 
and antioxidant parameters in lower concentrations compris-
ing vitamin C and are more vulnerable to frailty, disability 
and higher mortality [65]. It is also found that consumption 
of star fruit juice (Averrhoa carambola) daily, a fruit that 
consists of high content of vitamin C act as a free radicals 
rummager, restoring GSH levels and maintaining low levels 
of lipoperoxidation [66].

Oxidative stress in the body is characterized by imbal-
ance between the production of free radicals including 
reactive oxygen species (ROS) and reactive nitrogen 

species (RNS) and antioxidant defenses [67]. According 
to Liguori et al., when body is exposed to the higher levels 
of ROS and RNS, it leads to the cellular senescence, that 
ceases the proliferation of cells in response to the dam-
age occurred during replication, consequently accelerat-
ing the aging process [68]. Thus the down-regulation of 
these reactive species could be an alternate to minimize 
the aging process.

Vitamin C is a powerful antioxidant that could act by 
providing protection against oxidative stress-induced aging 
by scavenging free radicals. The strong antioxidant effect 
of Vitamin C could be attributed to its electron donating 
capability from both second and third carbons of the six 
carbons molecule. During free radical scavenging, vitamin 
C neutralizes the free radicals by donating its high energy 
electron and itself oxidized to dehydroascorbic acid [69, 
70].

Fig. 3   Antioxidant effect of vitamin C to alleviate the oxidative 
stress in aging
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Role of vitamin C in the prevention of age‑related 
disorders

Vitamin C act as a cofactor in numerous biochemical reac-
tions of enzymes such as enhances the biosynthesis of col-
lagen, and absorption of iron, neuroprotection, maintaining 
the integrity of connective and vascular tissues, hydroxy-
lation of proline and lysine, and moderating the leukocyte 
and hematopoiesis functioning. Both population and animal-
based researches have revealed that there is a strong relation-
ship among reducing ascorbate levels in soft tissues as well 
as the process of aging [71]. For example, in individuals at 
the age of 85 and above compared to those at age 60, reduc-
tion in the level of ascorbate was found approximately 50% 
in white blood cells. A previous study has shown that indi-
viduals at age of 80 and above, nearly 77% decline the level 
of ascorbate in the cerebral cortex,when contrasted with a 
person at age 50 and more youthful as shown in Table 3 
[72]. Administration of ascorbate significantly increases the 
distinction of dopaminergic neuron which is originated from 
midbrain neural pluripotent stem cells [45].

Various studies showed that vitamin C can defend against 
melanoma. The high concentration interrupts the progression 
of tumors in xenograft mockups as well as prompts cytotoxic-
ity in vitro against carcinoma. It is also found that vitamin C 
plays a fundamental function in antitumor activity in a clinical 
study [73]. Intravenous vitamin C has also been characterized 
to have therapeutic influence in progressive tumors. Numerous 
appliances of vitamin C in anticipation and management of 
carcinoma are; triggering the biosynthesis of collagen, averting 
metastasis (spreading) via prohibiting the enzymes, improving 
the immune system, improvement of deficiency of vitamin C 
which is related with individuals who have cancer, preclud-
ing viruses that can cause cancer, after surgery wound heal-
ing in patients of cancer, neutralizing some carcinogens,and 
preventing free radical damages, reducing the toxicity of 

chemotherapy, and improving the efficiency of chemotherapy. 
Adults who augmented with vitamin C are negatively associ-
ated with adiposity rather than the individuals who seldom or 
deficient in nutrient [74]. Numerous studies have supported 
that vitamin C inhibited the stimulation of leptin from adipo-
cytes; predominantly the islet of langerhans beta cells which 
secreted the insulin [75]. Diminution in leptin might be the 
cause of initiate a predominantly decline in high blood pres-
sure. Interestingly, excessive activation of leptin is associated 
with early-beginning of fatness which is signifying that the 
relation of leptin and insulin is essential in the homeostatic 
stability of glucose catabolism as well as fat [76].

It is estimated that high intake of vitamin C > 500 mg/dl 
is negatively associated with the cardiovascular disorder, and 
indicates an improvement in the function of the endothelium. 
It has been also found that individuals with more consump-
tion of vitamin C have relatively no threat for the occurrence 
of myocardial infarction. Biochemical markers of dysfunction 
of endothelial alongside inflammation are cellular adhesion 
molecules. The activity of oxidized-low density lipoprotein 
(oxLDL) that is responsible for the stimulation of inflamma-
tion in the endothelium cells, and causes atherosclerosis can be 
neutralized by supplementation of vitamin C [77]. Markedly, 
some researchers suggested that in diabetic patients, admin-
istration of vitamin C upgraded the endothelial role. Former 
research indicated that diabetic patients have relatively low 
amount of vitamin C with respect to healthy individuals which 
might be cause of the scurvy [78].

Vitamin C shows a fundamental function in enhancing the 
immune system and requires for normal immune function. 
It can modify the defense system through directly protect-
ing the important cell structural components or by modula-
tion of redox-sensitive cell signaling pathways [79]. It also 
performs a significant role in various functions of neutro-
phil comprising; defense against the noxious properties of 
superoxide anion radical, improved chemotaxis, enhanced 
particulate ingestion, and increased lysozyme-mediated non-
oxidative killing. In elderly individuals, it is found that sup-
plementation of vitamin C improves the particular immune 
responses. When vitamin C 500 mg daily given intramus-
cularly in elderly individuals for 1 month which results in 
the proliferative response of lymphocyte enhanced in vitro 
[80]. It is also found that vitamin C can decline the inflam-
mation from lungs; therefore, it can prevent the occurrence 
of asthma in susceptible individuals or might decline the 
severity of asthma.

Conclusion and future recommendations

The current study revealed that oxidative stress is the most 
significant cause of aging, triggered via the surplus forma-
tion of ROS. Destruction of the endogenous antioxidant 

Table 3  Vitamin C content in various organs of humans

Tissue Vitamin C content [mg/100 g 
wet weight]

References

Brain 13–15 [87]
Kidneys 5–15 [25]
Liver 10–16 [88]
Heart muscle 5–15 [55]
Spleen 10–15 [89]
Pituitary glands 40–50 [68]
Adrenal glands 30–40 [87]
Skeletal muscle 3–4 [90]
Skin-dermis 3–13 [57]
Lungs 7 [25]
Skin-epidermis 6–64 [57]
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system directly or indirectly occurs via reactive oxy-
gen species (ROS). The immunity also declines in aging, 
therefore, the possibility of aging and age-related diseases 
might be enhanced. Vitamin C acts as a proper borderline 
between life span, aging, and disorders associated with aging 
through quench the free radicals that are produced by ROS. 
Therefore, a suitable approach for the mitigation of aging 
and extension of lifespan are antioxidant-based therapies. 
However, long life is not only limited to the genes but anti-
oxidants enriched food (fresh fruits, green leafy vegetables, 
blackcurrant, papaya chili pepper or parsley, guava, broccoli, 
and strawberries) that can scavenge the ROS, enhance the 
immune system and production of cellular energy. Although 
antioxidants not function as a medication but offer leads in 
the future use to fight against age-related ailments. Oxida-
tive stress biomarkers related to age might be valuable as 
a therapeutic target or analytical tool. Therefore, it should 
be recommended to control a high level of oxidative stress 
by consumption of various natural compounds carotenoids, 
tocopherols and flavonoids, as well as vitamins [A, C, D and 
E] due to their anti-oxidant properties as well as potentially 
beneficial biological activities for inhibiting or treating the 
age-related disorders as presented in Fig. 4.

Acknowledgements The authors are grateful to Department of Zool-
ogy, Government College University Lahore for providing facilities.

Funding Funding was not available for this study.

Declarations 

Conflict of interest Biographers have no conflict of interest to this ar-
ticle.

References

 1. Bigagli E, D’Ambrosio M, Cinci L et al (2021) A comparative 
in vitro evaluation of the anti-inflammatory effects of a tisoch-
rysis lutea extract and fucoxanthin. Mar Drugs 19:334

 2. Nassor F, Jarray R, Biard DS et  al (2020) Long term gene 
expression in human induced pluripotent stem cells and cerebral 
organoids to model a Neurodegenerative Disease. Front Cellular 
Neurosci 14:14–20

 3. Kong S-Z, Li JC, Li SD et al (2018) Anti-aging effect of chi-
tosan oligosaccharide on d-galactose-induced subacute aging in 
mice. Mar Drugs 16:181

 4. Li S, Liu M, Zhang C et al (2018) Purification, in vitro antioxi-
dant and in vivo anti-aging activities of soluble polysaccharides 
by enzyme-assisted extraction from Agaricus bisporus. Int J 
Biol Macromol 109:457–466

 5. Bachmann MC, Bellalta S, Basoalto R et al (2020) The chal-
lenge by multiple environmental and biological factors induce 
inflammation in aging: their role in the promotion of chronic 
disease. Front Immunol 11:2675

 6. Rožman P, Jazbec K, Jež M (2018) Stem cell aging. Stem Cells 
Clin Pract Tissue Eng 2:31–37

 7. Annamalai K, Nanda A (2017) Biological aging and life span 
based on entropy stress via organ and mitochondrial metabolic 
loading. Entropy 19:566

Fig. 4   Recommended food 
enriched with antioxidant 
(Vitamin C) for alleviation of 
oxidative stress in aging



8151Molecular Biology Reports (2021) 48:8141–8153 

1 3

 8. Mc Auley MT, Guimera AM, Hodgson D et al (2017) Modelling 
the molecular mechanisms of aging. Biosci Rep. https:// doi. org/ 
10. 1042/ BSR20 160177

 9. Mariën V, Zandecki C, Seuntjens E, Ayana R, Arckens L (2021) 
Modeling Neuroregeneration and Neurorepair in an Aging Con-
text: The Power of a Teleost Model. Front Cell Develop Biol 
9:521

 10. Maynard S, Fang EF, Scheibye-Knudsen M, Croteau DL, Bohr 
VA (2015) DNA damage, DNA repair, aging, and neurodegen-
eration. Cold Spring Harb Perspect Med 5:25–130

 11. Krishna H, Rao S, Lakshmanan R et al (2012) A Perspective on 
the Use of Two Pharmacologically Relevant Animal Species in 
the Nonclinical Evaluation of Biotechnology-derived Therapeu-
tics. J Indian Society Toxicol 8:1–10

 12. Kotob MHA, Hussein A, Abd-Elkareem M (2021) Histopatho-
logical changes of kidney tissue during aging. SVU-Int J Vet 
Sci 4:54–65

 13. Afjal M, Abdi SH, Sharma S et al (2019) Anti-inflammatory role 
of tempol (4-hydroxy-2, 2, 6, 6-tetramethylpiperidin-1-oxyl) in 
nephroprotection. Human Exper Toxicol 38:713–723

 14. Gohar EY, Kasztan M, Pollock DM (2017) Interplay between 
renal endothelin and purinergic signaling systems. Am J Physiol 
Renal Physiol 313:666–668

 15. Zhang D, Pollock, (2020) Diurnal regulation of renal electrolyte 
excretion: the role of paracrine factors. Ann Review physiol 
82:343–363

 16. Duprez DA, Gross MD, Sanchez OA et al (2017) Collagen turn-
over markers in relation to future cardiovascular and noncardio-
vascular disease: the multi-ethnic study of atherosclerosis. Clin 
Chem 63:1237–1247

 17. Macheret F, Boerrigter G, McKie P et al (2011) Pro–B-type 
natriuretic peptide1–108 circulates in the general community: 
plasma determinants and detection of left ventricular dysfunc-
tion. J Amer College o Cardiol 57:1386–1395

 18. Pare JR, Schneider JI (2014) Chest pain in the elderly. Geriatric 
Emerg Med 16:77–82

 19. Chen Z, Chen P, Wu H et al (2020) Evaluation of Naringenin as 
a Promising Treatment Option for COPD Based on Literature 
Review and Network Pharmacology. Biomolecules 10:1644

 20. Gęgotek A, Jarocka-Karpowicz I, Skrzydlewska E (2020) Cyto-
protective effect of ascorbic acid and rutin against oxidative 
changes in the proteome of skin fibroblasts cultured in a three-
dimensional system. Nutrients 12:10–74

 21. Addor FASA, Vieira JC, Melo CSA (2018) Improvement of 
dermal parameters in aged skin after oral use of a nutrient sup-
plement. Clin Cosmetic Investig Dermatol 11:195–207

 22. Son JM, Lee C (2019) Mitochondria: multifaceted regulators of 
aging. BMB Rep 52:13–23

 23. Platt CI, Eckersley A, Ozols M, Sherratt MJ (2020) Elastin, 
Aging-Related Changes in. Encyclopedia of Gerontology and 
Population Aging. Springer, Cham, pp 1–7

 24. Wei X-b, Wang Z-h, Liao X-l et al (2020) Efficacy of vitamin C 
in patients with sepsis: An updated meta-analysis. Eur J Phar-
macol 868:1728–1789

 25. West BJ, Deng S, Palu AK (2020) Vitamin C, grape seed extract 
and citrus bioflavonoids protect the skin against photoaging: a 
review. J Biosci Med 8:116–134

 26. Rinnerthaler M, Richter K (2018) The influence of calcium on 
the skin pH and epidermal barrier during aging. Curr Probl 
Dermatol 54:79–86

 27. Wang AS, Dreesen O (2018) Biomarkers of cellular senescence 
and skin aging. Front Genetics 9:247

 28. Saul D, Kosinsky RL (2021) Epigenetics of aging and aging-
associated diseases. Int J Mol Sci 22:401–405

 29. Esposito L, Barbosa AI, Moniz T et al (2020) Design and charac-
terization of sodium alginate and poly [vinyl] alcohol hydrogels 
for enhanced skin delivery of quercetin. Pharmaceutics 12:1149

 30. Shin J-W, Kwon S-H, Choi JY et al (2019) Molecular mechanisms 
of dermal aging and antiaging approaches. Int J Mol Sci 20:21–26

 31. Parrado C, Philips N, Gilaberte Y, Juarranz A, González S (2018) 
Oral photoprotection: effective agents and potential candidates. 
Front Med 5:188

 32. Zhang B, Zhao Z, Meng X, Chen H, Fu G, Xie K (2018) Hydrogen 
ameliorates oxidative stress via PI3K-Akt signaling pathway in 
UVB-induced HaCaT cells. Int J Mol Med 41:3653–3661

 33. Wicher SA, Prakash Y, Pabelick CM (2019) Caveolae, caveolin-1 
and lung diseases of aging. Expert Rev Rspir Med 13:291–300

 34. Liu L, Rando TA (2011) Aging of stem cells: intrinsic changes and 
environmental influences. In: Liu L, Rando TA (eds) Handbook 
of the Biology of Aging. Elsevier, Amsterdam, pp 141–161

 35. Gumina DL, Su EJ (2017) Endothelial progenitor cells of the 
human placenta and fetoplacental circulation: a potential link to 
fetal, neonatal, and long-term health. Front pediatrics 5:41

 36. Wessner B, Liebensteiner M, Nachbauer W, Csapo R (2019) Age-
specific response of skeletal muscle extracellular matrix to acute 
resistance exercise: A pilot study. Eur J Sport Sci 19:354–364

 37. Fidrianny I, Anggraeni N, Insanu M (2018) Antioxidant properties 
of peels extracts from three varieties of banana (Musa sp.) grown 
in West Java-Indonesia. Int Food Res J 25:57–64

 38. Ahmed OM, Mohammed MT (2020) Oxidative stress: the role of 
reactive oxygen speciES [ROS] and antioxidants in human dis-
eases. Plant Arch 20:4089–4095

 39. Udagawa T, Harita Y, Miura K et al (2018) Amnionless-mediated 
glycosylation is crucial for cell surface targeting of cubilin in renal 
and intestinal cells. Sci Rep 8:1–12

 40. Jylhävä J, Pedersen NL, Hägg S (2017) Biological age predictors. 
BioMed 21:29–36

 41. Nagai R, Shirakawa JI, Ri O et al (2016) Antibody-based detec-
tion of advanced glycation end-products: promises vs. limitations. 
Glycoconjugate J 33:545–552

 42. Contrepois K, Mahmoudi S, Ubhi BK et al (2018) Cross-platform 
comparison of untargeted and targeted lipidomics approaches on 
aging mouse plasma. Sci Rep 8:1–9

 43. Hussain F, Kayani HUR (2020) Aging-Oxidative stress, antioxi-
dants and computational modeling. Heliyon 6:e04107

 44. Naveed S, Sajid S (2016) Degradation in pharmaceutical creams: 
ascorbic acid demonstrating phenomenon. J Bioequivalence Bio-
availab 8:80–83

 45. Afarideh M, Thaler R, Khani F et al (2021) Global epigenetic 
alterations of mesenchymal stem cells in obesity: the role of vita-
min C reprogramming. Epigenetics 16:705–717

 46. Griffiths K, Aggarwal BB, Singh RB, Buttar HS, Wilson D, De 
Meester F (2016) Food antioxidants and their anti-inflammatory 
properties: a potential role in cardiovascular diseases and cancer 
prevention. Diseases 4:28

 47. Zielińska A, Alves H, Marques V et al (2020) Properties, extrac-
tion methods, and delivery systems for curcumin as a natural 
source of beneficial health effects. Medicina 56:336

 48. Rattanawiwatpong P, Wanitphakdeedecha R, Bumrungpert A, 
Maiprasert M (2020) Anti-aging and brightening effects of a topi-
cal treatment containing vitamin C, vitamin E, and raspberry leaf 
cell culture extract: A split-face, randomized controlled trial. J 
Cosmetic Dermatol 19:671–676

 49. Mumtaz S, Ali S, Khan R et al (2020) Therapeutic role of garlic 
and vitamins C and E against toxicity induced by lead on various 
organs. Environ Sci Pollut Res 27:8953–8964

 50. Starr NJ, Hamid KA, Wibawa J et al (2019) Enhanced vitamin 
C skin permeation from supramolecular hydrogels, illustrated 
using in situ ToF-SIMS 3D chemical profiling. Int J pharmaceut 
563:21–29

https://doi.org/10.1042/BSR20160177
https://doi.org/10.1042/BSR20160177


8152 Molecular Biology Reports (2021) 48:8141–8153

1 3

 51. Caritá AC, Fonseca-Santos B, Shultz JD, Michniak-Kohn B, 
Chorilli M, Leonardi GR (2020) Vitamin C: One compound, 
several uses. Advances for delivery, efficiency and stability. 
Nanomedicine 24:102–117

 52. Smith TJ, Wilson M, Karl J et al (2018) Impact of sleep restric-
tion on local immune response, skin barrier restoration, cogni-
tion, marksmanship and gut function with and without’multi-
nutrient’nutrition intervention. J Appl Physiol 124:190–200

 53. Hemilä H, Chalker E (2020) Vitamin C may reduce the dura-
tion of mechanical ventilation in critically ill patients: a meta-
regression analysis. J Intensive Care 8:1–9

 54. Pozzer D, Invernizzi RW, Blaauw B, Cantoni O, Zito E (2021) 
Ascorbic acid route to the endoplasmic reticulum: function and 
role in disease. Antioxid Redox Signal 34:845–855

 55. Peña E, Roa FJ, Inostroza E et al (2019) Increased expression 
of mitochondrial sodium-coupled ascorbic acid transporter-2 
(mitSVCT2) as a central feature in breast cancer. Free Radical 
Biol Med 135:283–292

 56. Downie LE, Makrai E, Bonggotgetsakul Y et al (2018) Apprais-
ing the quality of systematic reviews for age-related macular 
degeneration interventions: a systematic review. JAMA Oph-
thalmol 136:1051–1061

 57. Fahad D, Mohammed MT (2020) Oxidative stress: implications 
on skin diseases. Plant Arch 20:4150–4157

 58. Pilkington SJ, Belden S, Miller RA (2015) The tricky tear 
trough: A review of topical cosmeceuticals for periorbital skin 
rejuvenation. J Clin Aesthetic Dermatol 8:39–47

 59. Zhao Z, Liu S, Xu X, Zhang Z, Nie K, Ji Y (2018) Treatment of 
skin reaction induced by nivolumab combined with radiotherapy 
in non-small cell lung cancer: a case report. Chinese Med Sci J 
33:183–187

 60. Sunder S (2019) Relevant topical skin care products for pre-
vention and treatment of aging skin. Facial Plastic Surg Clin 
27:413–418

 61. Ivanov V, Ivanova S, Kalinovsky T, Niedzwiecki A, Rath M 
(2016) Inhibition of collagen synthesis by select calcium and 
sodium channel blockers can be mitigated by ascorbic acid and 
ascorbyl palmitate. Amer J Cardiovascular Disease 6:26–35

 62. Romaniuk A, Paszel-Jaworska A, Totoń E et al (2019) The non-
canonical functions of telomerase: to turn off or not to turn off. 
Mol Biol Reports 46:1401–1411

 63. Żukowski P, Maciejczyk M, Waszkiel D (2018) Sources of free 
radicals and oxidative stress in the oral cavity. Arch Oral Biol 
92:8–17

 64. Guida JL, Agurs-Collins T, Ahles TA et al (2021) Strategies to 
prevent or remediate cancer and treatment-related aging. J Nat 
Cancer Inst 113:112–122

 65. Belenguer-Varea Á, Tarazona-Santabalbina FJ, Avellana-Zaragoza 
JA, Martínez-Reig M, Mas-Bargues C, Inglés M (2020) Oxidative 
stress and exceptional human longevity: Systematic review. Free 
Radical Biol Med 149:51–63

 66. Artana W, Rosinta NPY, Govindra Putra I, Putri IL (2020) Tra-
ditional therapy of watermelon-starfruit juice for reducing blood 
pressure of hypertension. Syst Rev Pharm 11:650–659

 67. Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arco-
raci V, Squadrito F, Altavilla D, Bitto A (2017) Oxidative stress: 
harms and benefits for human health. Oxid Med Cell Longev 
2017:8416763

 68. Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte 
D, Gargiulo G, Testa G, Cacciatore F, Bonaduce D, Abete P 
(2018) Oxidative stress, aging, and diseases. Clin Interv Aging 
13:757–772

 69. Fadime EP (2017) Vitamin C: An Antioxidant Agent. In: Hamza 
Amal H (ed) Vitamin C. IntechOpen, London

 70. Padayatty SJ, Katz A, Wang Y, Eck P, Kwon O, Lee J, Chen S, 
Corpe C, Dutta A, Dutta SK, Levine M (2003) Vitamin C as an 

antioxidant: evaluation of its role in disease prevention. J Am 
Coll Nutr 22(1):18–35

 71. Hansen SN, Ipsen DH, Schou-Pedersen AM, Lykkesfeldt J, 
Tveden-Nyborg P (2018) Long term westernized diet leads to 
region-specific changes in brain signaling mechanisms. Neuro-
sci Lett 676:85–91

 72. Tan BL, Norhaizan ME, Liew W-P-P, Sulaiman Rahman H 
(2018) Antioxidant and oxidative stress: a mutual interplay in 
age-related diseases. Fron Pharmacol 9:1162–1169

 73. Huang YN, Yang LY, Wang JY, Lai CC, Chiu CT, Wang JY 
(2017) L-Ascorbate protects against methamphetamine-induced 
neurotoxicity of cortical cells via inhibiting oxidative stress, 
autophagy, and apoptosis. Mol Neurobiol 54:125–136

 74. Gholamalizadeh M, Rastgoo S, Doaei S et al (2021) Index of 
nutritional quality (INQ)and the risk of obesity in male adoles-
cents: a case-control study. Biol Trace Elem Res 199:1701–1706

 75. Shivavedi N, Tej GNVC, Neogi K, Nayak PK (2019) Ascorbic 
acid therapy: a potential strategy against comorbid depression-
like behavior in streptozotocin-nicotinamide-induced diabetic 
rats. Biomed Pharmacother 109:351–359

 76. Ren X, Santhosh SM, Coppo L, Ogata FT, Lu J, Holmgren A 
(2019) The combination of ascorbate and menadione causes 
cancer cell death by oxidative stress and replicative stress. Free 
Radical Biol Med 134:350–358

 77. Ivanov V, Ivanova S, Niedzwiecki A, Rath M (2020) Vitamin 
C inhibits the calcification process in human vascular smooth 
muscle cells. Amer J Cardiovasc Dis 10:108–116

 78. Gopal J, Anthonydhason V, Muthu M et al (2019) Authenticat-
ing apple cider vinegar’s home remedy claims: antibacterial, 
antifungal, antiviral properties and cytotoxicity aspect. Natural 
product Res 33:906–910

 79. Ruknarong L, Boonthongkaew C, Chuangchot N et al (2021) 
Vitamin C supplementation reduces expression of circulating 
miR-451a in subjects with poorly controlled type 2 diabetes 
mellitus and high oxidative stress. Peer J 9:107–176

 80. Kouakanou L, Xu Y, Peters C et al (2020) Vitamin C promotes 
the proliferation and effector functions of human γδ T cells. 
Cellular Mol Immunol 17:462–473

 81. Karger AB, Eckfeldt JH, Rynders GP et al (2021) Long-term 
longitudinal stability of kidney filtration marker measurements: 
Implications for epidemiological studies and clinical care. Clini-
cal Chem 67:425–433

 82. Kang R, Nagoshi T, Kimura H et al (2021) Possible associa-
tion between body temperature and B-type natriuretic peptide 
in patients with cardiovascular diseases. J Cardiac Failure 
27:75–82

 83. Yan J, Wang A, Cao J, Chen L (2020) Apelin/APJ system: an 
emerging therapeutic target for respiratory diseases. Cellular 
Mol Life Sci 3:1–12

 84. Vorontsova A, Kan T, Raviv Z, Shaked Y (2020) The dichoto-
mous role of bone marrow derived cells in the chemotherapy-
treated tumor microenvironment. J Clin Med 9:3912

 85. Ramirez Hernandez E, Sánchez-Maldonado C, Mayoral Chavez 
MA et al (2020) The therapeutic potential of galectin-1 and 
galectin-3 in the treatment of neurodegenerative diseases. 
Expert Rev Neurother 20:439–448

 86. Kokai LE, Schilling BK, Chnari E et al (2019) Injectable allo-
graft adipose matrix supports adipogenic tissue remodeling in 
the nude mouse and human. Plastic Reconst Surg 143:299–309

 87. Lee M-T, Jung S-Y, Baek MS, Shin J, Kim W-Y (2021) Early 
vitamin C, hydrocortisone, and thiamine treatment for septic 
cardiomyopathy: a propensity score analysis. J Personalized 
Med 11:610–618

 88. Pullar JM, Carr AC, Vissers M (2017) The roles of vitamin C 
in skin health. Nutrients 9:866



8153Molecular Biology Reports (2021) 48:8141–8153 

1 3

 89. Hill A, Wendt S, Benstoem C et al (2018) Vitamin C to improve 
organ dysfunction in cardiac surgery patients—review and prag-
matic approach. Nutrients 10:974–981

 90. Richardson DP, Ansell J, Drummond LN (2018) The nutri-
tional and health attributes of kiwifruit: a review. Eur J Nutrit 
57:2659–2676

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Aging and its treatment with vitamin C: a comprehensive mechanistic review
	Abstract
	Background
	Molecular mechanism of aging
	Organ-specific biomarkers of aging
	The kidney
	Cardiovascular system
	Lungs function
	Skin aging

	UV radiation and photoaging
	Aging cells and tissue renovation
	Proteins and metabolism of protein
	Lipids and metabolism of lipid
	Anti-aging compounds
	Vitamin C (ascorbic acid)
	Sources of vitamin C
	Topical formulations of vitamin C
	Adsorption and deficiency of vitamin C in humans
	The sodium-dependent transporters of vitamin C
	Antioxidant action
	Vitamin-C-mediated defense against photoaging and UV impairment
	Vitamin C and oxidative stress
	Role of vitamin C in the prevention of age-related disorders

	Conclusion and future recommendations
	Acknowledgements 
	References




