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Abstract

Fast living leads to an overabundance of free radicals in the body, which ultimately leads to mortality
and a reduction in life expectancy by damaging cells, tissues, and organs. Consuming antioxidants
aids in scavenging free radicals to ward off both acute and persistent illnesses. Antioxidants are
essential that reducing the reactive mechanisms and the negative consequences of reactive oxygen
species (ROS) throughout the chain supply and individual physiology. ROS are crucial for neuronal
signaling, differentiation, tissue homeostasis, and longevity. In this overview, we go over the many
forms of ROS, how they affect the function of cells, and whether they promote or inhibit cancer
development. ROSs’ detrimental impacts and their significance in the initiation of pathology are
explored. A crucial part of these defense strategies is played by antioxidants. It is generally recog-
nized that the inclusion of phenolic chemicals, particularly phenolic acids and flavonoids, is asso-
ciated with antioxidative and pharmacologic effects. Antioxidants are now a crucial component of
sophisticated health care. Antioxidants, whether they be organic or artificial, can help combat many
diseases early on and works best when they are present in high concentrations. They affect how
adequately the therapy responds. In addition to its usage in nutritious dietary supplements, empha-
sis is being placed on utilizing them as natural substitutes for synthetic versions to improve food
durability and prevent degradation by oxidation throughout manufacturing and preservation. In
purpose to support technological improvement in this domain, this overview summarizes relevant
and widely recognized findings on the efficient significance of organic and synthesized antioxidants
with associated therapeutic value.
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Abbreviations

RON reactive oxygen and nitrogen species
ET electron transfer

HTD hydrogen atom donation

EDTA ethylenediaminetetraacetic acid

CA citric acid

Vit C Vitamin C

Vit B Vitamin B

Vit A Vitamin A

MDA malondialdehyde

8-OHdG 8-hydroxy-2'-deoxyguanosine levels

1.1 Introduction

Imagine your body as a bustling city, with millions of residents busily going about their daily
activities. In this city, just like in any vibrant community, there is a natural process of wear
and tear. As time passes, structures deteriorate, and waste accumulates. However, to main-
tain the city’s vitality and ensure its residents’ well-being, there are diligent workers known
as “antioxidants” Antioxidants, pivotal in cellular protection, counteract the harm induced
by unstable molecules termed free radicals. These radicals, through oxidative reactions,
instigate cellular damage, potentially culminating in conditions like cancer. Antioxidants
engage with free radicals, stabilizing them and thwarting potential harm. Key antioxidants
encompass bella carotin, carotenoid, vit A, B, C, as well as various polyphenols [1]. An anti-
oxidant has the ability to slow down or prevent different compounds from oxidizing, which
is the chemical process by which ions move from one material to an oxidation agent. This
decay procedure births liberated, setting off detrimental chain reaction within cells [2, 3].
Antioxidants step in, oxidizing themselves and removing the free radical intermediates that
cause these chain reactions to stop. Interestingly, several antioxidants—such as polyphe-
nols, thiols, and ascorbic acid—also function as reducing agents [4]. While oxidation reac-
tions are vital for life, their immoderation can prove deleterious. Consequently, organisms,
both flora and fauna, maintain intricate antioxidant defense systems. These include a range
of enzymes, including catalase, superoxide dismutase, and several oxidoreductases, as well
as antioxidants, including glutathione, vitamin C, and vitamin E [5]. Free radical dam-
age can be brought on by low antioxidant levels or malfunctioning antioxidant enzymes,
which may cause damage or even death to cells [6]. Given the potentials implication of
Free radical damage in numerous human ailments, extensive research explores the utility of
antioxidants in pharmacology, particularly in treating stroke and neurodegenerative disor-
der [7]. Nonetheless, whether oxidative stress acts as the cause or consequence of diseases
remains unclear. Antioxidants are extensively utilized in dietary supplements, aiming to
sustain health and avert conditions like cancer and coronary heart disease. While early
studies suggested potential health benefits of antioxidant supplements, subsequent large
clinical trials failed to validate such advantages and instead hinted at potential harm with
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excessive supplementation. Additionally, antioxidants find broad industrial applications,
functioning as chemicals in food and Corrective and inhibiting condescension in latex
and petrol [8, 9]. Chemists have long acknowledged the ability of antioxidants to mitigate
oxidation caused by free radicals, essential for maintaining stability in various substances,
including lubrication oils and plastics. Human biological processes, encompassing respira-
tion, metabolism, digestion, and energy conversion, generate reactive oxygen and nitrogen
species (RONs), which can manifest as free radicals or readily generate them [10]. RONs, at
moderate concentrations, play pivotal roles in biological pathways but can cause consider-
able damage at elevated levels, leading to disruptions in cellular signaling and Free radical
damage [11]. This imbalance can lead to irreversible alterations in cell compounds, affecting
cellular health and contributing to major chronic ailments such as cancer, cardiovascular,
liver, and neurological disorders. Antioxidant defense mechanisms encompass a spectrum
of approaches, including inhibiting free radical production, scavenging free radicals, con-
verting free radicals into less dangerous substances, postponing the emergence of more
hazardous species and halting the spread of chains reactions, bolstering the endogenous
antioxidant defense system through synergistic action, and chelation. These multifaceted
mechanisms collectively contribute to cellular resilience against Free radical damage and its
detrimental moment [12].

1.2 Generalization of Antioxidant

Antioxidants is compounds that protect cells from oxidative damage caused by free radicals
and reactive oxygen species (ROS). Oxidative stress resulting from an inequality between
the production of these harmful molecules and the body’s ability to neutralize them has
been linked to various chronic diseases, including cardiovascular diseases, cancer, neuro-
degenerative disorders, and aging [13]. The main types of antioxidants are those that use
a single electron transfer (ET) mechanism or hydrogen atom donation (HAT) to elimi-
nate free radicals. Antioxidant catalysts that are prooxidant are neutralized by secondary
antioxidants [14]. These include compounds that deactivate reactive species like singlet
oxygen (beta-carotene) or chelate prooxidant metal ions (such iron and copper), such as
(EDTA) and citric acid (CA) [10]. Mechanism of antioxidants -Scavenging Free Radicals:
Antioxidants, through various enzymes and molecules, can neutralize free radicals by
donating electrons [15]. This process mitigates the harmful chain reactions initiated by free
radicals.

Enzymatic Scavengers: as reverse fibrosis, catalase, and GPx1, act as the first line of defense
against free radical damage, reverse fibrosis. For example, catalyzes the dismutation of
superoxide radicals into less harmful species.

Non-enzymatic Antioxidants:

« Non-enzymatic antioxidants encompass a wide range of molecules, includ-
ing vit (e.g., vitamin E,C), lignans (e.g., flavonoids and resveratrol), and trace
elements (e.g., selenium and zinc). These antioxidants exert their effects by
quenching ROS directly or indirectly [16].
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Chelation of Metal Ions:

« Some antioxidants, like metal-binding proteins and chelators, combat oxi-
dative stress by binding to metal ions (e.g., iron and copper) that catalyze
the formation of highly reactive radicals. This prevents metal-mediated ROS
generation [17].

Regulation of Transcription Factors:

« Some antioxidants activate transcription variables, like the nuclear factor
erythroid 2-associated factor 2 (Nrf2), to modify how cells react to oxidative
stress. Nrf2 controls the expression of numerous antioxidant genes, enhanc-
ing the body’s overall antioxidant capacity [18].

Mitochondrial Protection:

Mitochondria are major sources of ROS production. Antioxidants, particularly those
targeted to the mitochondria, reduce mitochondrial ROS generation and maintain mito-
chondrial function [19].

The mechanisms of action of natural antioxidants and oxidative processes. When poly-
unsaturated lipids are exposed to light, heat, ionizing radiation, metal ions, or metallopro-
tein catalysts, a free radical chain reaction is set off, which causes the autoxidation of the
lipids in food. Oxidation can also be initiated by the enzyme lipoxygenase. Photooxidation
can occur when exposed to light, and high-temperature thermal oxidation—which occurs
when food is cooked, grilled, or fried—produces polar and polymeric compounds. The oxi-
dation that happens to food most frequently is called autoxidation. The initiation (creation
of lipid free radicals), propagation, and termination (generation of nonradical products)
reactions are part of the traditional route of autoxidation, as shown in Figure 1.1 [20].

4 h

Initiation - R + OH’

Propagation - R"+ 02 —> ROO’
ROO'+ RH — R + ROOH

Termination - R+ R" —> R-R
ROO’ + ROO' —> ROO-OOR

\ The classical route of autoxidation /

Figure 1.1 Autoxidation process [20].
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1.3 Reactive Oxygen Species (ROS) and Free Radicals

Reactive oxygen species (ROS) and free radicals are fundamental components of cellular
physiology, denoting chemically reactive molecular entities that harbor unpaired electrons
in their outer orbits [21, 22] Reactive Oxygen Species surround a contrast array of oxygen-
derived species, including superoxide anion (O2e-), hydroxyl radical (¢OH), hydrogen per-
oxide (H202), and singlet oxygen (102), among others. On the other hand, free radicals,
a subset of ROS, exhibit exceptional reactivity due to their unpaired electron, which drives
them to readily engage in oxidative reactions [23].

These molecules are generated within the cell during various physiological processes,
including aerobic respiration, immune responses, and cellular signaling [24, 25]. However,
when their production exceeds the capacity of endogenous antioxidant defenses, it can lead
to free radical damage.

The causes of ROS and free radical formation are multifaceted, encompassing both
endogenous and exogenous sources [26]. Endogenously, ROS are produced during mito-
chondrial respiration, where electrons escape from the ETC [27]. Additionally, cellular
enzyme such as nicotinamide adenine dinucleotide hydrogen phosphate oxidases and xan-
thine oxidoreductase contribute to ROS production as part of normal cellular functions
[28]. Exogenously, exposure to outside influences like ionizing rays, pollutants, and heavy
metals can increase ROS generation. The consequences of elevated ROS and free radicals
are profound and multifarious. Oxidative stress, characterized by an inequality between
ROS production and the body’s ability to detoxify these species, is a common result [29].
This imbalance can lead to oxidative damage to biological molecules found in cells, such
as proteins, fats, and DNA and RNA ultimately contributing to the pathogenesis of var-
ious diseases, such as cancer, neurodegenerative disorders, cardiovascular diseases, and
inflammation-related conditions.

In response to the challenge posed by ROS and free radicals, the body has evolved a
sophisticated defense system, employing endogenous antioxidants like superoxide dis-
mutase, catalase, and glutathione peroxidase [30]. However, exogenous antioxidants from
the diet, including vit E,C as well as polyphenols, play a pivotal role in bolstering the cel-
lular defense against oxidative stress. Antioxidants function by donating electrons to free
radicals without becoming destabilized themselves, thereby neutralizing these potentially
harmful species By counteracting the detrimental effects of reactive oxidative stress and
free radicals, antioxidants serve as an essential safeguard against the progression of diseases
rooted in oxidative stress Understanding the intricate interplay between ROS, free radicals,
and antioxidants is central to elucidating the molecular underpinnings of health and dis-
ease and may offer novel avenues for therapeutic intervention [31].

Pathology related to antioxidants: Pathology related to antioxidants is fundamentally
centered on the intricate interplay between the protective role of antioxidants and the det-
rimental consequences of free radical damage [32] free radical damage, marked by an imbal-
ance between the generation of reactive oxygen species and the bodies power to detoxify or
repair the resultant damage, underpins numerous pathological conditions spanning vari-
ous organ systems [33-37]. Oxidative stress stands as a linchpin in a plethora of ailments,
ranging from cardiovascular diseases, neurodegenerative disorders, and cancer to diabetes,
inflammatory conditions, and the process of aging itself [38]. At its core, oxidative stress is
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perpetuated by free radicals, which include highly reactive molecules such as superoxide
anion (O2-), hydroxyl radicals (OH-), and hydrogen peroxide (H202) [39]. These agents
wreak havoc on cellular components, inflicting harm upon DNA, proteins, and lipids [40].
In this intricate biological battle, antioxidants emerge as the valiant defenders of cellular
integrity. These compounds come in two categories [41]: enzymatic antioxidants like super-
oxide dismutase, catalase, and glutathione peroxidase, and non-enzymatic antioxidants
including vit C and E, glutathione, and flavonoids [42]. Acting in unison, these antioxidants
mount a concerted effort to eliminate radicals and maintain the delicate balance of cellular
redox equilibrium [43]. The pathological implications of oxidative stress are far-reaching
and multi-faceted [44]. Cardiovascular diseases, encompassing conditions like atheroscle-
rosis, hypertension, ischemia-reperfusion injury, and heart failure, bear the heavy burden of
oxidative stress-induced damage [45]. Emerging evidence suggests that diets rich in antiox-
idants and antioxidant supplementation hold promise in mitigating cardiovascular pathol-
ogy by alleviating oxidative damage [46]. Neurodegenerative disorders, such as Alzheimer’s
disease, Parkinson’s disease, ALS, and multiple sclerosis, have their origins intertwined
with oxidative stress-induced damage, contributing to their onset and progression [47].
Antioxidant therapy offers hope in delaying neurodegeneration and enhancing cognitive
function. Cancer development, a multifaceted process governed by cellular and molecular
alterations driven by a variety of endogenous and exogenous factors, is marked by oxida-
tive DNA damage [48]. This damage serves as a key hallmark of carcinogenesis, instigating
the initiation and promotion of cancer through chromosomal defects and the activation
of oncogenes by free radicals. Diabetes and metabolic disease, characterized by free rad-
ical damage as a defining feature, underscore the potential of antioxidants in preventing
diabetic complications, such as mononeuropathy, and retinopathy, by counteracting oxida-
tive stress-induced damage. Furthermore, inflammatory disorders, particularly those of a
chronic nature, are often perpetuated by oxidative stress [49]. Antioxidants, equipped with
their anti-inflammatory properties, present a potential avenue for attenuating conditions
like rheumatoid arthritis and inflammatory bowel disease [50]. The repercussions of anti-
oxidant deficiency are dire, as insufficient intake or impaired antioxidant defense mecha-
nisms significantly heighten the susceptibility to oxidative damage [51]. This exacerbates
the pathology associated with various diseases, reinforcing the paramount importance of
maintaining an adequate antioxidant defense system. In summary, the intricate web of oxi-
dative stress, antioxidants, and their pathological implications underscores the critical role
of these molecules in maintaining cellular health and the prevention of numerous diseases
across various systems in the body [52]. Understanding this delicate balance is pivotal in
the ongoing pursuit of novel therapeutic interventions and lifestyle modifications aimed at
mitigating the burden of oxidative stress-related diseases [53-58].

Natural origin of Antioxidant: Reactive Oxygen Species (ROS) and free radicals are
dynamic entities known for their potential to cause cellular damage, contributing to a range
of diseases, including cancer and cardiovascular conditions [59]. In response to this chal-
lenge, antioxidants found in various foods play a crucial role in maintaining health. These
antioxidants are abundant in fruits, vegetables, nuts, seeds, and select beverages, offering
a multifaceted defense against oxidative stress. Fruits and vegetables, for instance, are rich
sources of antioxidants, including vitamin C, E [60], elements such as selenium, and phyto-
chemicals, such as flavonoids and carotenoids [61] as shown in Figure 1.2.
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Figure 1.2 Sources of antioxidants.

These compounds are synthesized by plants as a defense mechanism against environ-
mental stressors and as a means to attract pollinators [62]. In the realm of cereals and
legumes, polyphenols, particularly phenolic acids, feature prominently. Ferulic acid, mono-
hydroxybenzoic acid and (E)-3-(4-Hydroxyphenyl)-2-propenoic acid [63] are vital compo-
nents, while buckwheat stands out with its abundant rutin content [64]. These polyphenolic
compounds exist in both ester [65] and glycoside forms [66], with their chemical structure
and concentration directly influencing their antioxidant activity [67, 68]. Additionally, cat-
echins are found in cereal grains, with buckwheat, oats, and rye containing noteworthy
amounts. Beverages [69] and spices also contribute significantly to antioxidant intake [70].
Coftee, tea, cocoa, red wine, and herbs and spices are rich sources of antioxidants [71]. In
tea, catechins are prominent, particularly in green tea, which boasts over 2-times higher
antioxidant activity compared to black or red tea. Roasted coffee, on the other hand, fea-
tures chlorogenic acid as the dominant polyphenolic compound [73]. Flavonoids [72], a
diverse group of naturally occurring compounds, offer strong antioxidant properties and
can be found in various plant-based foods. Citrus fruits, berries, and dark chocolate are
rich sources of specific flavonoids like hesperidin, naringin, anthocyanins, and epicatechin.
Flavonoids combat oxidative stress through mechanisms such as free radical scavenging,
metal chelation, and the enhancement of antioxidant enzymes [74]. Furthermore, marine
environments are emerging as novel sources of antioxidants, with microalgae [75] and
seaweed offering valuable contributions. Fucoxanthin from Sargassum siliquastrum [76],
for example, has been found to protect human fibroblasts from UV-B-induced oxidative
stress, thereby reducing intracellular [77] ROS, enhancing cell survival, and minimizing
DNA damage. Additionally, compounds like fragilamide from Martensia fragilis exhibit
moderate antioxidant activity, further expanding the scope of potential natural sources for
antioxidants. Mechanism of action of various antioxidants is shown in Figure 1.3.
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Antioxidant category —‘ Mechanism of action —‘

Carotenoids
Lycopene Lycopene traps O2;
B-Carotene B-carotene scavenges Oz — anions and peroxyl radicals
B-Carotene

Isothiocyanates

Phase Il enzyme enhancer.
Sulforaphane

Phenolic compounds Enhancers of phase Il enzyme such as reductases (e.g. quinone reductase) and
BHA, t-BHQ, curcumin conjugating enzymes (e.g. glutathione S-transferase).

Micronutrients Selenium is an essential component of several antioxidant enzymes, including

Selenium glutathione peroxidase (GPx), thioredoxin reductase, phospholipid hydroperoxide
glutathione peroxidase, and selenoprotein P. Its presence within these enzymes is
crucial for its role in preventing lipid peroxidation, which is the process of oxidative
damage to lipids or fats.

grg'gx'da”t €Nzymes SOD dismutates Oz — H:0:

Catalase Catalese converts H20: — H.0

Figure 1.3 Mechanism of action of antioxidants.

Research has explored the connection between the color spectrum of fruits and vege-
tables and their antioxidant capacity, categorizing them into three groups based on Total
Antioxidant Capacity (TAC). The first group includes high-TAC fruits like black grapes
and strawberries. The second group comprises medium-TAC fruits such as blueberries and
green apples. The third group consists of fruits with low-medium TAC, including mangoes
and bananas, revealing the diversity of antioxidants in nature and emphasizing the health
benefits of dietary variety. This classification is derived from computer vision-based image
analysis of color hues related to TAC.

1.4 Importance of Antioxidant in Medicine

Antioxidants, the molecular heroes that combat the destructive forces of oxidative stress,
play a pivotal role in the field of medicine. As the human body relentlessly generates reactive
oxygen species (ROS) and free radicals through metabolic processes, it faces a constant battle
against cellular damage, inflammation and causes the rise of various diseases. The impor-
tance of antioxidants in medicine lies in their remarkable ability to neutralize these harmful
molecules and safeguard cellular health. Antioxidants have become a formidable asset in the
field of medical science, presenting a potent means for not only preventing chronic ailments
such as cancer, cardiovascular diseases, and neurodegenerative disorders but also for fortify-
ing the body’s immune defenses. Their emergence marks a promising pathway for interven-
tions that encompass both preventive measures and therapeutic strategies. This introduction
sets the stage to explore the multifaceted impact of antioxidants in medicine, underscoring
their significance in the quest for better health and well-being. Here we are going to discuss
on uses of antioxidant in various conditions and diseases [78, 79].

In Pregnancy -Pregnancy imposes heightened nutritional demands on mothers to
support fetal development, with several micronutrients serving as essential cofactors or
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antioxidants. Normal placental development generates oxidative stress, which intensifies
in the absence of sufficient antioxidant micronutrients, adversely affecting both the pla-
centa and maternal circulation. Selenium, a crucial component of selenoproteins, includ-
ing antioxidant enzymes like glutathione peroxidase, experiences reduced concentrations
and activity during pregnancy (1st trimester: 65 ug/L; 3rd trimester: 50 ug/L). In pregnant
women prone to postpartum thyroid dysfunction (PPTD), supplementation with 200 ug/d
selenomethionine significantly lowers PPTD and permanent hypothyroidism incidence,
attributed to enhanced selenoprotein activities mitigating postpartum immunological
rebound [80].

Shifting to heart health, carotenoids, responsible for the vibrant hues of fruits and vegeta-
bles, showcase potent antioxidant properties. Beyond adding color, they contribute to low-
ering heart disease and cancer risks, boosting the immune system, and safeguarding against
age-related macular degeneration - a leading cause of irreversible blindness in adults [81].

Neurological effect - A study has demonstrated Vit A neuroprotective effects against cyto-
toxicity associated with amyloid fibrillation. Given its capacity to interact with the ApB-42
peptide, vitamin A emerges as a potential candidate for the therapy of Alzheimer’s and
Parkinson’s diseases, countering systemic amyloidosis [82]. Various studies have established
a correlation between vitamin C deficiencies and neurodegenerative disorders, including
Parkinsons, Alzheimer’s, Huntington’s diseases, and amyotrophic sclerosis. Notably, a clini-
cal study indicated that the administration of vitamin C and/or E supplements resulted in a
reduced risk of cognitive decline in individuals aged >65 years. Furthermore, proanthocy-
anidins, a class of natural flavonoids, demonstrated efficacy in alleviating rotenone-induced
oxidative stress in human neuroblastoma SH-SY5Y dopaminergic cells, serving as a model
for Parkinson’s disease [83, 84]. Co-administration of astaxanthin and fucoxanthin exhib-
ited neuroprotective effects on pheochromocytoma neuronal cells, presenting a potential
treatment approach for Alzheimer’s disease.

In cancer, oleuropein has been identified as a compound that not only hampers cell pro-

liferation but also triggers apoptosis in breast cancer cells. Its antiproliferative impact extends
to human hepatocellular carcinoma cells, breast cancer cells, various human tumor cells, and
human colon carcinoma cells [85]. Additionally, pectin, extracted from Citrus peels, serves as
a widely employed gelling agent in diverse food industrial processes prevent cancer. In MTT
assays, the exposure to 6-OHDA resulted in a concentration-dependent reduction in cell viabil-
ity in PC12 cells, corroborated by apoptosis confirmation Particularly, concentrations ranging
from 50 uM to 400 uM revealed the enhanced protective potential of EGCG, leading to a sub-
stantial reduction in apoptotic cells and the prevention of apoptosis-related nuclear changes.
Mechanism of action of different natural antioxidants are shown in Figure 1.4.
Toxicity of antioxidant: Antioxidants are substances that help protect the body from the
damaging effects of free radicals, which are unstable molecules that can damage cells and
contribute to the aging process and various diseases, including cancer and cardiovascular
diseases [96]. While antioxidants are generally beneficial for health, like many compounds,
they can have potential toxic effects if consumed in excessive amounts. Here are some
aspects to consider regarding the potential toxicity of antioxidants:

1) Excessive Supplementation: Consuming high doses of antioxidant supple-
ments, such as vit A, C, E, and beta-carotene, beyond the recommended daily
allowances (RDAs), can lead to toxicity. Excessive intake of these supplements
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Figure 1.4 Mechanism of action of different natural antioxidants [89, 90].

may cause nausea, diarrhea, stomach cramps, and in severe cases, can lead to
organ damage [97-99].

2) Vitamin A (Retinol) Toxicity: Vitamin A is an essential nutrient, but exces-
sive intake, especially in the form of supplements, can lead to vitamin A tox-
icity [100]. This can cause dizziness, nausea, headaches, blurred vision, bone
pain, and in severe cases, it can affect the liver and even be life-threatening.

3) Selenium Toxicity: Selenium is an essential trace element and antioxidant.
However, excessive intake can lead to selenosis, causing symptoms like hair
loss, nausea, diarrhea, skin rashes, and in severe cases, it can result in nerve
damage and liver and kidney problems.

4) Iron and Copper Overload: Iron and copper are essential minerals with anti-
oxidant properties. However, excessive levels of these minerals in the body
can lead to toxicity [101]. Iron overload (hemochromatosis) can cause fatigue,
joint pain, and eventually, damage to the liver, heart, and pancreas. Copper
toxicity can lead to gastrointestinal symptoms and neurological issues.

5) Interference with Chemotherapy: High doses of antioxidants during cancer
treatment, especially chemotherapy, may interfere with the treatment’s effec-
tiveness [102-104]. Some studies suggest that antioxidants can protect can-
cer cells from the damaging effects of chemotherapy.

6) Interaction with Medications: Antioxidants can interact with certain medica-
tions, affecting their efficacy or potentially causing harmful effects. For exam-
ple, vitamin E can interact with blood thinners, and high doses of vitamin C
may interfere with certain cancer treatments.

7) Potential Pro-Oxidant Effects: In certain conditions and at high concentra-
tions, antioxidants can switch from being protective to potentially harmful
by acting as pro-oxidants [105]. This paradoxical effect can lead to cellular
damage rather than protection.



BASICS OF ANTIOXIDANTS AND THEIR IMPORTANCE 11

S.no. | Antioxidant Impact on health References
1 Anthocyanin Dietary antioxidants have the [86]
potential to offer health

benefits by aiding in the
prevention of various diseases,
including neuronal disorders,
cardiovascular conditions, cancer,
diabetes, inflammation, and

more.
OH %H
Anthocyanin
2 Carotenoids Carotenoid intake may lower the [87]
risk of cancer, cardiovascular
"%«(W‘SQ diseases, and other chronic
Beta cartene conditions, and some also serve

as provitamin A.

3 Lycopene Lycopene administration improved | [88]
cognition, reduced oxidative
stress markers, increased MDA
[ and 8-OHdG and prevented
neuroinflammation and
apoptosis.

Lycopene

4 Amurensin and cosmosiin Research findings indicate that [89]
amurensin and cosmosin,

OH OH 0
HO\O,OH OH both flavonoids extracted from
HO__ Mg O o | Trigonella foenum, display
C on promising potential in hindering
neurodegeneration induced by
OH

NaNO2 in the hippocampus and

Amurensin cortex regions of mice brains.
OH OH O
HOp_A._aOH
Cosmosin OH
5 Tiliroside Research has demonstrated the anti- | [90]
oM neuroinflammatory potential of
tiliroside, a glycosidic flavonoid,
HO o] in increasing Nrf2, HO-1, and
o 0 : .
SO o NQO1 prote'm levels, suggesting
H:Q:OH Nrf2 protective pathway
HO . . . . .
OH activation in microglia.
Tiliroside

(Continued)
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(Continued)

S. no.

Antioxidant

Impact on health

References

6

vit E, a-lipoic acid and Vit. C

HO
OH
.-_"-\-_
0
o) v OH
OH

vitamin ¢

In a study these three antioxidant
combination preserved
arachidonic acid levels and
positively impacted the
D-6 desaturase system and
unsaturated fatty acid levels in
both diabetic and non-diabetic
rats.

[91]

vitamin ¢

HO
OH
—
(6]
0 : OH
OH
vitamin ¢

Vitamin C supplementation
effectively reduces the
accumulation of (sugar alcohol)
sorbitol RBC’s of diabetic patient,
normalizes sorbitol levels in
T1DM within 30 days, reduces
capillary fragility, and improves
glucose and lipid metabolism as
well as glycemic control.

(92]

lipoic acid
0]

(a-lipoic acid)

Lipoic acid enhances glucose
transport in muscle cells,
safeguards the insulin receptor in
adipocytes, and increases insulin-
mediated glucose uptake in
patients with T2DM, potentially
improving insulin sensitivity.

(93]

Fucoidan

llile)
T

O

O
NN
. S
o// OH
\\\\“‘ o ""ff;

Fucoidan

Fucoidan inhibited H202-triggered
PC12 cell apoptosis by scavenging
ROS and enhancing SOD and
GSH-Px activity.

[94]

10

Fucotriphlorethol A

HO
OH OH O 0
HO oi@o OH
(L 5
Q:o or:Q:o OH
OH OH

Fucotriphlorethol A

H

Fucotriphlorethol A, derived from
the consumable brown alga Fucus
vesiculosus L., demonstrates
inhibition of cytochrome P450
1A, exhibiting IC50 values within
the range of 17 to 33.5 pg/ml.

[95]
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S. no. Antioxidant Side effect References

1 Vit E The study found that in some cases, high-dose [106]
antioxidant supplementation, particularly vitamin
E, was associated with an increased risk of
mortality. It suggested that excessive antioxidant
intake might not always be beneficial and could
potentially have adverse effects.

2 Vitamin C The research found that excessive vitamin C intake [107]
was linked to an increased risk of developing kidney
stones, highlighting the importance of moderation
in antioxidant supplementation.

3 selenium Furthermore, increased seminal plasma levels [108]
of selenium (>80 ng/ml) were reported

to be associated with decreased motility,
asthenozoospermia and elevated abortion rates,
whereas selenium levels between 40 and 70 ng/
ml were reported to be optimal for re-productive
performance.

4 Resveratrol This study show that Gastrointestinal issues, [109]
interactions with medications.

5 Beta-Carotene | In individuals who smoked and were administered a [110]
daily supplementation of 20 mg p-carotene (Alpha-
Tocopherol, Beta Carotene Cancer Prevention
Study Group, 1994), or 30 mg B-carotene along with
25,000 IU retinyl palmitate, a noteworthy elevation
in the likelihood of developing lung cancer was
observed during an efficacy trial involving 29,133
and 18,314 subjects, respectively, in comparison to
a placebo.

1.5 Conclusion

Antioxidants, the stalwart defenders against the ravages of oxidative stress, have cemented
their significance in the realm of medicine. In the bustling city of our body’s biological
processes, where metabolic activities produce reactive oxygen species (ROS) and free rad-
icals, antioxidants act as vigilant protectors. They neutralize these harmful molecules, thus
safeguarding cellular health and contributing to the prevention of a multitude of diseases.
Their importance extends across the medical spectrum, from thwarting the progression of
chronic conditions like cancer, cardiovascular diseases, and neurodegenerative disorders to
enhancing the body’s natural defense mechanisms.

In the realm of cancer, antioxidants play an important role, with their ability to inhibit
cell proliferation and induce apoptosis, potentially transforming the landscape of cancer
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treatment. However, the delicate balance between their benefits and potential toxicity must
be maintained. Excessive supplementation can lead to adverse effects, including nausea,
organ damage, and even life-threatening conditions. Vitamin A, selenium, iron, and cop-
per are all susceptible to toxicity when consumed in excess. Furthermore, the interaction
of antioxidants with chemotherapy and medications can influence their efficacy, and their
pro-oxidant effects, especially at high concentrations, can paradoxically lead to cellular
damage. Therefore, moderation in antioxidant consumption is key to reaping their ben-
efits while mitigating potential risks. In a world where oxidative stress and the resulting
diseases pose a significant threat to human health, antioxidants stand as formidable allies,
offering protection, prevention, and the potential to revolutionize the landscape of modern
medicine. Their significance in maintaining health and well-being underscores the need
for continued research and responsible consumption, paving the way for a healthier, more
resilient future.

References

1. Sies, H., Oxidative stress: oxidants and antioxidants. Exp. Physiol. Transl. Integr., 82,2,291-295,
1997.

2. Bjelakovic, G., Nikolova, D., Gluud, L.L., Simonetti, R.G., Gluud, C., Mortality in randomized
trials of antioxidant supplements for primary and secondary prevention: systematic review and
meta-analysis. Jama, 297, 8, 842-857, 2007.

3. Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino, E, Arcoraci, V., Squadrito, E,
Altavilla, D., Bitto, A., Oxidative stress: harms and benefits for human health. Oxid. Med. Cell.
Longevity, 2017, 1-13, 2017.

4. Forman, H.J. and Zhang, H., Targeting oxidative stress in disease: Promise and limitations of
antioxidant therapy. Nat. Rev. Drug Discov., 20, 9, 689-709, 2021.

5. Rudrapal, M., Khairnar, S.J., Khan, J., Dukhyil, A.B., Ansari, M.A., Alomary, M.N., Alshabrmi,
EM., Palai, S., Deb, PK., Devi, R., Dietary polyphenols and their role in oxidative stress-induced
human diseases: Insights into protective effects, antioxidant potentials and mechanism(s) of
action. Front. Pharmacol., 13, 283, 2022.

6. Adwas, A.A,, Elsayed, A., Azab, A.E., Quwaydir, EA., Oxidative stress and antioxidant mecha-
nisms in human body. J. Appl. Biotechnol. Bioeng., 6, 1, 43-47, 2019.

7. Costa, M., Losada-Barreiro, S., Paiva-Martins, F,, Bravo-Diaz, C., Polyphenolic Antioxidants in
Lipid Emulsions: Partitioning Effects and Interfacial Phenomena. Foods, 10, 539, 2021.

8. Pisoschi, A.M., Pop, A., Iordache, F, Stanca, L., Predoi, G., Serban, A.IL., Oxidative stress miti-
gation by antioxidants-an overview on their chemistry and influences on health status. Eur. J.
Med. Chem., 209, 112891, 2021.

9. Forrester, S.J., Kikuchi, D.S., Hernandes, M.S., Xu, Q., Griendling, K.K., Reactive oxygen spe-
cies in metabolic and inflammatory signaling. Circ. Res., 122, 6, 877-902, 2018.

10. Singh, A., Kukreti, R., Saso, L., Kukreti, S., Oxidative stress: a key modulator in neurodegener-
ative diseases. Molecules, 24, 8, 1583, 2019.

11. Murphy, M.P, Bayir, H., Belousov, V., Chang, C.J., Davies, K.J., Davies, M.]., Dick, T.P,, Finkel,
T., Forman, H.]., Janssen-Heininger, Y., Gems, D, Guidelines for measuring reactive oxygen
species and oxidative damage in cells and in vivo. Nat. Metab., 4, 6, 651-662, 2022.

12. Losada-Barreiro, S., Sezgin-Bayindir, Z., Paiva-Martins, E, Bravo-Diaz, C., Biochemistry of
antioxidants: Mechanisms and pharmaceutical applications. Biomedicines, 10, 12, 3051, 2022.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.
33.

34.

BASICS OF ANTIOXIDANTS AND THEIR IMPORTANCE 15

Miller, G.J. and Quackenbush, EW., A comparison of alkylated phenols as antioxidants for lard.
J. Am. Oil Chem. Soc., 34, 5, 249-250, 1957.

Heim, K.E,, Tagliaferro, A.R., Bobilya, D.J., Flavonoid antioxidants: chemistry, metabolism and
structure-activity relationships. J. Nutr. Biochem., 13, 10, 572-584, 2002.

Heijnen, C.G., Haenen, G.R., Vekemans, J.A., Bast, A., Peroxynitrite scavenging of flavonoids:
structure activity relationship. Environ. Toxicol. Pharmacol., 10, 4, 199-206, 2001.
Mironczuk-Chodakowska, 1., Witkowska, A.M., Zujko, M.E., Endogenous non-enzymatic
antioxidants in the human body. Adv. Med. Sci., 63, 1, 68-78, 2018.

Gulcin, 1. and Alwasel, S.H., Metal ions, metal chelators and metal chelating assay as antioxi-
dant method. Processes, 10, 1, 132, 2022.

Aycan, M., Nahar, L., Baslam, M., Mitsui, T., B-type response regulator hstl controls salinity
tolerance in rice by regulating transcription factors and antioxidant mechanisms. Plant Physiol.
Biochem., 196, 542-555, 2023.

Kumar, S., Sharma, S., Vasudeva, N., Review on antioxidants and evaluation procedures. Chin.
J. Integr. Med., 2017, 1-12, 2017.

Helberg, J. and Pratt, D.A., Autoxidation vs. antioxidants—the fight for forever. Chem. Soc. Rev.,
50, 13, 7343-7358, 2021.

Hancock, J.T., Desikan, R., Neill, S.J., Role of reactive oxygen species in cell signalling pathways.
Biochem. Soc. Trans., 29, 2, 345-349, 2001.

Sharma, A., Mohapatra, H., Arora, K., Babbar, R., Arora, R., Arora, P., Kumar, P., Algin Yapar,
E., Rani, K., Meenu, M. et al.,, Bioactive Compound-Loaded Nanocarriers for Hair Growth
Promotion: Current Status and Future Perspectives. Plants, 12, 3739, 2023.

Sies, H., Oxidative stress: Eustress and distress in redox homeostasis, in: Stress: physiology, bio-
chemistry, and pathology, pp. 153-163, Academic Press, Cambridge, Massachusetts, United
States, 2019.

El-Bahr, S.M., Biochemistry of free radicals and oxidative stress. Biochemistry, 1, 5567/5cjint,
11-11, 2013.

Lane, N., Oxygen. The Molecule That Made the World, revised ed., Oxford University Press,
Oxford, UK, 2016.

Winterbourn, C.C., The biological chemistry of hydrogen peroxide. Methods Enzymol., 528,
3-25,2013.

Martemucci, G., Costagliola, C., Mariano, M., D’andrea, L., Napolitano, P, D’Alessandro, A.G.,
Free radical properties, source and targets, antioxidant consumption and health. Oxygen, 2, 2,
48-78, 2022.

Choe, E. and Min, D.B., Mechanisms and factors for edible oil oxidation. Compr. Rev. Food Sci.
Food Saf., 5, 169-186, 2006.

Parcheta, M., Swistocka, R., Orzechowska, S., Akimowicz, M., Choiriska, R., Lewandowski,
W., Recent developments in effective antioxidants: The structure and antioxidant properties.
Materials, 14, 8, 1984, 2021.

Kohen, R. and Nyska, A., Invited review: oxidation of biological systems: oxidative stress phe-
nomena, antioxidants, redox reactions, and methods for their quantification. Toxicol. Pathol.,
30, 6, 620-650, 2002.

Habib, S. and Ali, A., Biochemistry of nitric oxide. Indian J. Clin. Biochem., 26, 3-17, 2011.
Blaise, G.A., Gauvin, D., Gangal, M., Authier, S., Nitric oxide, cell signaling and cell death.
Toxicology, 208, 2, 177-192, 2005.

Ray, R. and Shah, A.M., NADPH oxidase and endothelial cell function. Clin. Sci., 109, 3, 217~
226, 2005.

Moncada, S.R.M.J.,, Palmer, RM.L., Higgs, E., Nitric oxide: physiology, pathophysiology, and
pharmacology. Pharmacol. Rev., 43, 2, 109-142, 1991.



16

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

ANTIOXIDANTS

Repetto, M., Semprine, J., Boveris, A., Lipid peroxidation: Chemical mechanism, biological
implications and analytical determination, in: Lipid Peroxidation, D.A. Catala (Ed.), pp. 3-30,
InTech, Rijeka, Croatia, 2012.

Alshehri, M.M., Quispe, C., Herrera-Bravo, J., Sharifi-Rad, J., Tutuncu, S., Aydar, E.F, Topkaya,
C., Mertdinc, Z., Ozcelik, B., Aital, M., Kumar, N.V,, A review of recent studies on the antiox-
idant and anti-infectious properties of Senna plants. Oxid. Med. Cell. Longev., 2022, 6025900,
2022.

Elahi, M.M., Kong, Y.X., Matata, B.M., Oxidative stress as a mediator of cardiovascular disease.
Oxid. Med. Cell. Longev., 2, 5, 259-269, 2009.

Taverne, Y.J., Bogers, A.]., Duncker, D.J., Merkus, D., Reactive oxygen species and the cardio-
vascular system. Oxid. Med. Cell. Longev., 2013, 862423, 2013.

Sharifi-Rad, J., Sharifi-Rad, M., Salehi, B., Iriti, M., Roointan, A., Mnayer, D., Soltani-Nejad, A.,
Afshari, A., In vitro and in vivo assessment of free radical scavenging and antioxidant activities
of Veronica persicaPoir. Cell. Mol. Biol., 64, 8, 57-64, 2018.

Singh, R.B., Mengi, S.A., Xu, Y.J., Arneja, A.S., Dhalla, N.S., Pathogenesis of atherosclerosis: A
multifactorial process. Exp. Clin. Cardiol., 7, 1, 40, 2002.

Perrotta, I. and Aquila, S., The role of oxidative stress and autophagy in atherosclerosis. Oxid.
Med. Cell. Longev., 2015, 1-10, 2015.

Salehi, B., Martorell, M., Arbiser, J.L., Sureda, A., Martins, N., Maurya, P.K,, Sharifi-Rad, M.,
Kumar, P, Sharifi-Rad, J., Antioxidants: positive or negative actors? Biomolecules, 8, 4, 124,
2018.

Tsatsakis, A., Docea, A.O., Calina, D., Tsarouhas, K., Zamfira, L.M., Mitrut, R., Sharifi-Rad,
J., Kovatsi, L., Siokas, V., Dardiotis, E., Drakoulis, N., A mechanistic and pathophysiological
approach for stroke associated with drugs of abuse. J. Clin. Med., 8, 9, 1295, 2019.

Wang, X. and Michaelis, E.K., Selective neuronal vulnerability to oxidative stress in the brain.
Front. Aging Neurosci., 2, 1224, 2010.

Delcambre, S., Nonnenmacher, Y., Hiller, K., Dopamine metabolism and reactive oxygen spe-
cies production, in: Mitochondrial mechanisms of degeneration and repair in Parkinson’s disease,
pp. 25-47, 2016.

Docea, A.O., Gofita, E., Goumenou, M., Calina, D., Rogoveanu, O., Varut, M., Olaru, C,,
Kerasioti, E., Fountoucidou, P, Taitzoglou, I., Zlatian, O., Six months exposure to a real life
mixture of 13 chemicals’ below individual NOAELs induced non monotonic sex-dependent
biochemical and redox status changes in rats. Food Chem. Toxicol., 115, 470-481, 2018.

Saha, S.K., Lee, S.B., Won, ], Choi, H.Y,, Kim, K., Yang, G.M., AbdalDayem, A., Cho, S.G,,
Correlation between oxidative stress, nutrition, and cancer initiation. Int. J. Mol. Sci., 18, 7,
1544, 2017.

Mishra, A.P, Salehi, B., Sharifi-Rad, M., Pezzani, R., Kobarfard, F, Sharifi-Rad, J., Nigam, M.,
Programmed cell death, from a cancer perspective: an overview. Mol. Diagn. Ther., 22, 281-295,
2018.

Smith, M.T., Guyton, K.Z., Gibbons, C.E, Fritz, ].M., Portier, C.J., Rusyn, 1., DeMarini, D.M.,
Caldwell, J.C., Kavlock, R.J., Lambert, P.E, Hecht, S.S., Key characteristics of carcinogens as a
basis for organizing data on mechanisms of carcinogenesis. Environ. Health Perspect., 124, 6,
713-721, 2016.

Glasauer, A. and Chandel, N.S., Targeting antioxidants for cancer therapy. Biochem. Pharmacol.,
92,1,90-101, 2014.

Li, W,, Cao, L., Han, L., Xu, Q., Ma, Q., Superoxide dismutase promotes the epithelial-
mesenchymal transition of pancreatic cancer cells via activation of the H202/ERK/NF-kB axis.
Int. ]. Oncol., 46, 6, 2613-2620, 2015.



52.

53.

54.

55.

56.

57.

58.

59.

60.

6l1.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

BASICS OF ANTIOXIDANTS AND THEIR IMPORTANCE 17

Andersson, K.E., Oxidative stress and its possible relation to lower urinary tract functional
pathology. BJU Int., 121, 4, 527-533, 2018.

Liou, G.Y., Déppler, H., DelGiorno, K.E., Zhang, L., Leitges, M., Crawford, H.C., Murphy, M.P,
Storz, P., Mutant KRas-induced mitochondrial oxidative stress in acinar cells upregulates EGFR
signaling to drive formation of pancreatic precancerous lesions. Cell Rep., 14, 10, 2325-2336,
2016.

Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino, E, Arcoraci, V., Squadrito, E,
Altavilla, D., Bitto, A., Oxidative stress: harms and benefits for human health. Oxid. Med. Cell.
Longev., 2017, 1-13, 2017.

Chen, X.E, Wang, L., Wu, Y.Z, Song, S.Y., Min, H.Y,, Yang, Y., He, X,, Liang, Q., Yi, L., Wang,
Y., Gao, Q., Effect of puerarin in promoting fatty acid oxidation by increasing mitochondrial
oxidative capacity and biogenesis in skeletal muscle in diabetic rats. Nutr. Diabetes, 8,1, 1, 2018.
Aroor, A.R,, Mandavia, C., Ren, J.,, Sowers, ].R., Pulakat, L., Mitochondria and oxidative stress
in the cardiorenal metabolic syndrome. Cardiorenal Med., 2, 2, 87-109, 2012.

Zhou, H., Wang, S., Zhu, P, Hu, S., Chen, Y., Ren, J., Empagliflozin rescues diabetic myocardial
microvascular injury via AMPK-mediated inhibition of mitochondrial fission. Redox Biol., 15,
335-346, 2018.

Pei, Z., Deng, Q., Babcock, S.A., He, E.Y,, Ren, J., Zhang, Y., Inhibition of advanced glyca-
tionendproduct (AGE) rescues against streptozotocin-induced diabetic cardiomyopathy: role
of autophagy and ER stress. Toxicol. Lett., 284, 10-20, 2018.

Bansal, S., Choudhary, S., Sharma, M., Kumar, S.S., Lohan, S., Bhardwaj, V., Syan, N., Jyoti, S.,
Tea: a native source of antimicrobial agents. Food Res. Int., 53, 2, 568-584, 2013.

Dimitrios, B., Sources of natural phenolic antioxidants. Trends Food Sci. Technol., 17, 9, 505~
512, 2006.

Jiang, J. and Xiong, Y.L., Natural antioxidants as food and feed additives to promote health
benefits and quality of meat products: A review. Meat Sci., 120, 107-117, 2016.

Sikora, E., Ciedlik, E., Topolska, K., The sources of natural antioxidants. Acta Sci. Pol. Technol.
Aliment., 7, 1, 5-17, 2008.

Freitas, A., Moldao-Martins, M., Costa, H.S., Albuquerque, T.G., Valente, A., Sanches-Silva,
A., Effect of UV-C radiation on bioactive compounds of pineapple (Ananascomosus L. Merr.)
by-products. J. Sci. Food Agric., 95, 1, 44-52, 2015.

Fierascu, R.C., Ortan, A., Fierascu, I.C,, Fierascu, L, In vitro and in vivo evaluation of antioxi-
dant properties of wild-growing plants. A short review. Curr. Opin. Food Sci., 24, 1-8, 2018.
Halvorsen, B.L., Holte, K., Myhrstad, M.C., Barikmo, I., Hvattum, E., Remberg, S.F.,, Wold, A.B,,
Haffner, K., Baugerad, H., Andersen, L.E, Moskaug, @., A systematic screening of total antiox-
idants in dietary plants. J. Nutr., 132, 3, 461-471, 2002.

Peterson, D.M., Emmons, C.L., Hibbs, A.H., Phenolic antioxidants and antioxidant activity in
pearling fractions of oat groats. J. Cereal Sci., 33, 1, 97-103, 2001.

Tena, N., Martin, J., Asuero, A.G., State of the art of anthocyanins: Antioxidant activity, sources,
bioavailability, and therapeutic effect in human health. Antioxidants, 9, 5, 451, 2020.

Andrew, M. and Jayaraman, G., Structural features of microbial exopolysaccharides in relation
to their antioxidant activity. Carbohydr. Res., 487, 107881, 2020.

Cao, G., Sofic, E., Prior, R.L., Antioxidant capacity of tea and common vegetables. J. Agric. Food.
Chem., 44, 11, 3426-3431, 1996.

Dreosti, L.E., Antioxidant polyphenols in tea, cocoa, and wine. Nutrition, 7, 16, 692-694, 2000.
Fik, M. and Zawislak, A., Poréwnaniewlasciwo$ciprzeciwutleniajacychwybranychherbat.
Zywn. Nauk. Technol. Ja., 11, 3, 98-105, 2004.



18

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

ANTIOXIDANTS

Waszkiewicz-Robak, B., Rusaczonek, A., Swiderski, F, Characteristic of antioxidant properties
of leaf teas. Ann. Univ. Mariae Curie-Sktodowska. Sect. D, 60, 16, 602, 2005.

Budryn, G. and Nebesny, E., Strukturaiwlasciwosciantyoksydacyjnepolifenoliziarnakawowego.
Bromatol. Chem. Toksyk., 3, 38, 203-209, 2005.

Bonvehi, J.S. and Coll, EV., Evaluation of bitterness and astringency of polyphenolic com-
pounds in cocoa powder. Food Chem., 60, 3, 365-370, 1997.

Gajewska, D. and Myszkowska-Ryciak, J., Slodkismakolyk, czylekarstwo? Przeglgd Gastronomiczny,
60, 05, 26-27, 2006.

Banjarnahor, S.D. and Artanti, N., Antioxidant properties of flavonoids. Med. J. Indones., 23, 4,
239-44, 2014.

Saija, A., Scalese, M., Lanza, M., Marzullo, D., Bonina, E, Castelli, E, Flavonoids as antioxi-
dant agents: importance of their interaction with biomembranes. Free Radical Biol. Med., 19, 4,
481-486, 1995.

Agati, G., Azzarello, E., Pollastri, S., Tattini, M., Flavonoids as antioxidants in plants: location
and functional significance. Plant Sci., 196, 67-76, 2012.

Zhong, Y., Chiou, Y.S., Pan, M.H., Ho, C.T., Shahidji, F, Protective effects of epigallocatechin-
gallate (EGCG) derivatives on azoxymethane-induced colonic carcinogenesis in mice. J. Funct.
Foods, 4, 1, 323-330, 2012.

Hofstee, P, James-McAlpine, J., McKeating, D.R., Vanderlelie, ].J., Cuffe, ].S., Perkins, A.V,,
Low serum selenium in pregnancy is associated with reduced T3 and increased risk of GDM.
J. Endocrinol., 248, 1, 45-57, 2021.

Voutilainen, S., Nurmi, T., Mursu, J., Rissanen, T.H., Carotenoids and cardiovascular health.
Am. J. Clin. Nutr., 83, 6, 1265-1271, 2006.

Kunzler, A., Kolling, E.A., da Silva-Jr, ].D., Gasparotto, J., de BittencourtPasquali, M.A.,,
Moreira, J.C.E, Gelain, D.P, Retinol (vitamin A) increases a-synuclein, 3-amyloid peptide, tau
phosphorylation and RAGE content in human SH-SY5Y neuronal cell line. Neurochem. Res.,
42,2788-2797,2017.

Boothby, L.A. and Doering, PL., Vitamin C and vitamin E for Alzheimer’s disease. Ann.
Pharmacother., 39, 12, 2073-2080, 2005.

Basambombo, L.L., Carmichael, PH., C6té, S., Laurin, D., Use of vitamin E and C supplements
for the prevention of cognitive decline. Ann. Pharmacother., 51,2, 118-124, 2017.

Zehiroglu, C. and OzturkSarikaya, S.B., The importance of antioxidants and place in today’s
scientific and technological studies. J. Food Sci. Technol., 56, 4757-4774, 2019.

Speer, H., D’Cunha, N.M., Alexopoulos, N.I., McKune, A.J., Naumovski, N., Anthocyanins and
human health—A focus on oxidative stress, inflammation and disease. Antioxidants, 9, 5, 366,
2020.

Linnewiel-Hermoni, K., Paran, E., Wolak, T., Carotenoid supplements and consumption:
Implications for healthy aging, in: Molecular basis of nutrition and aging, pp. 473-489, Academic
Press, Cambridge, Massachusetts, United States, 2016.

Cao, Z., Wang, P, Gao, X,, Shao, B., Zhao, S., Li, Y., Lycopene attenuates aluminum-induced
hippocampal lesions by inhibiting oxidative stress-mediated inflammation and apoptosis in the
rat. J. Inorg. Biochem., 193, 143-151, 2019.

Ahmed, S.I., Hayat, M.Q., Zahid, S., Tahir, M., Mansoor, Q., Ismail, M., Keck, K., Bates, R,
Isolation and identification of flavonoids from anticancer and neuroprotective extracts of
Trigonellafoenumgraecum. Trop. J. Pharm. Res., 16, 6, 1391-1398, 2017.

Velagapudi, R., El-Bakoush, A., Olajide, O.A., Activation of Nrf2 pathway contributes to neu-
roprotection by the dietary flavonoid tiliroside. Mol. Neurobiol., 55, 8103-8123, 2018.

Ozkan, Y., Yilmaz, O., Oztiirk, A.1., Ersan, Y., Effects of triple antioxidant combination (vita-
min E, vitamin C and a-lipoic acid) with insulin on lipid and cholesterol levels and fatty acid



92.

93.

94.

95.

96.

97.

98.

99.

100.
101.

102.

103.

104.

105.

106.

107.

108.

109.

BASICS OF ANTIOXIDANTS AND THEIR IMPORTANCE 19

composition of brain tissue in experimental diabetic and non-diabetic rats. Cell Biol. Int., 29, 9,
754-760, 2005.

Asghari, A, Fazilati, M., Latifi, A.M., Salavati, H., Choopani, A., A review on antioxidant prop-
erties of Spirulina. J. Appl. Biotechnol. Rep., 3, 1, 345-351, 2016.

Jacob, S., Ruus, P., Hermann, R., Tritschler, H.J., Maerker, E., Renn, W., Augustin, H.J., Dietze,
G.J., Rett, K., Oral administration of RAC-a-lipoic acid modulates insulin sensitivity in patients
with type-2 diabetes mellitus: a placebo-controlled pilot trial. Free Radical Biol. Med., 27, 3-4,
309-314, 1999.

Gao, Y., Dong, C,, Yin, J., Shen, J., Tian, J., Li, C., Neuroprotective effect of fucoidan on H2 O
2-induced apoptosis in PC12 cells via activation of PI3K/Akt pathway. Cell. Mol. Neurobiol., 32,
523-529,2012.

Parys, S., Kehraus, S., Krick, A., Glombitza, K.W.,, Carmeli, S., Klimo, K., Gerhiduser, C,,
Konig, G.M., In vitro chemopreventive potential of fucophlorethols from the brown alga
Fucusvesiculosus L. by anti-oxidant activity and inhibition of selected cytochrome P450
enzymes. Phytochemistry, 71, 2-3, 221-229, 2010.

Bjelakovic, G., Nikolova, D., Gluud, C., Antioxidant supplements and mortality. Curr. Opin.
Clin. Nutr. Metab. Care, 17, 1, 40-44, 2014.

Bjelakovic, G., Gluud, L.L., Nikolova, D., Whitfield, K., Wetterslev, J., Simonetti, R.G,,
Bjelakovic, M., Gluud, C., Vitamin D supplementation for prevention of mortality in adults.
Cochrane Database Syst. Rev., 1, CD007470, 2014.

Hathcock, ].N., Hattan, D.G., Jenkins, M.Y., McDonald, ]J.T., Sundaresan, P.R., Wilkening, V.L.,
Evaluation of vitamin A toxicity. Am. J. Clin. Nutr., 52, 2, 183-202, 1990.

Trumbo, P, Yates, A.A., Schlicker, S., Poos, M., Dietary reference intakes. J. Am. Diet. Assoc.,
101, 3, 294-294, 2001.

Rayman, M.P, Selenium and human health. Lancet, 379, 9822, 1256-1268, 2012.

Sharma, A., Khanna, S., Kaur, G., Singh, I., Medicinal plants and their components for wound
healing applications. Future . Pharm. Sci., 7, 1, 1-13, 2021.

Brewer, G.J., Copper toxicity in the general population. Clin. Neurophysiol., 4, 121, 459-460,
2010.

Rathi, R., Kaur, S., Singh, I, A review on co-crystals of Herbal Bioactives for solubility enhance-
ment: preparation methods and characterization techniques. Cryst. Growth Des., 22, 3, 2023-
2042, 2022.

Lawenda, B.D., Kelly, K.M., Ladas, E.J., Sagar, S.M., Vickers, A., Blumberg, ].B., Should supple-
mental antioxidant administration be avoided during chemotherapy and radiation therapy?
J. Natl. Cancer Inst., 100, 11, 773-783, 2008.

Gulcin, 1., Antioxidants and antioxidant methods: An updated overview. Arch. Toxicol., 94, 3,
651-715, 2020.

Bjelakovic, G., Nikolova, D., Gluud, L.L., Simonetti, R.G., Gluud, C., Antioxidant supplements
for prevention of mortality in healthy participants and patients with various diseases. Sao Paulo
Med. ]., 133, 164-165, 2015.

Thomas, L.D., Elinder, C.G., Tiselius, H.G., Wolk, A., Akesson, A., Ascorbic acid supplements
and kidney stone incidence among men: a prospective study. JAMA Intern. Med., 173, 5, 386-
388,2013.

Bleau, G., Lemarbre, J., Faucher, G., Roberts, K.D., Chapdelaine, A., Semen selenium and
human fertility. Fertil. Steril., 42, 6, 890-894, 1984.

Semba, R.D., Ferrucci, L., Bartali, B., Urpi-Sarda, M., Zamora-Ros, R., Sun, K., Cherubini, A.,
Bandinelli, S., Andres-Lacueva, C., Resveratrol levels and all-cause mortality in older commu-
nity-dwelling adults. JAMA Intern. Med., 174, 7, 1077-1084, 2014.



20 ANTIOXIDANTS

110. Omenn, G.S., Goodman, G.E., Thornquist, M.D., Balmes, J., Cullen, M.R., Glass, A., Keogh,
J.P,, Meyskens Jr., EL., Valanis, B., Williams Jr., ].H., Barnhart, S., Effects of a combination of
beta carotene and vitamin A on lung cancer and cardiovascular disease. N. Engl. J. Med., 334,
18, 1150-1155, 1996.





