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Abstract 
AIDS is a chronic, potentially life-threatening condition, caused by human 
immunodeficiency virus (HIV) that devastates the human immune function by 
destroying a type of white blood cells and thus obstruct human capacity to fight 
various infections. AIDS is known to be the final stage of HIV infection and 
AIDS happens when the human immune system is completely damaged by the 
infection caused by the virus leading to various types of infections and fatal 
diseases like cancer. Till date, there is no exact and final cure for HIV/AIDS, 
however, not every HIV positive individual develops AIDS. It was established 
by various research works that proper use of certain therapeutic agents can 
prevent the growth of HIV infection and completely avert its progression to 
AIDS and certain well acknowledged antiviral medications for HIV have 
reduced AIDS related global mortality. Thus, the recent research community is 
very much concerned with the preventive measures of the viral infection and 
numerous research works have been going on to amplify the accessibility of 
therapeutic agents that can provide prevention measures and proper cure in 
resource-poor countries. Many reports revealed the prospective benefits of 
antioxidant supplementation in diminution of HIV related infection via 
augmentation of human immune function and thus can prevent the 
development of AIDS. This review is aimed to explore the contribution of 
some well recognised antioxidants in HIV prevention and hindrance of AIDS 
progression along with their prospective applications in the treatment of the 
viral infection. 
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INTRODUCTION 
 
The earliest reports on five cases of fungus 
infection, Pneumocystis carinii pneumonia 
amongst formerly healthy young homosexual 
men in Los Angeles were reported on June 5, 
1981 with subsequent lesions of Kaposi’s 
sarcoma [1]. These initial cases accounted for 
the deadly ailment that was consequently 
recognized as Acquired Immune Deficiency 
Syndrome (AIDS), followed by the detection 

of human immunodeficiency virus (HIV) to 
be the cause of this illness in 1983 [2, 3]. 
During 1990s, both or any of the parents of 
greater than 10 million children were died 
from AIDS or HIV. Through the end of 1991, 
this disease turned out to be the second 
principal reason of fatality in case of men 
among 25-44 years of age and also it 
happened to be one of the five primary 
sources of casualty in case of women among 
15-44 years of age in the United States. The 
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World Health Organization assessed that, in 
the entire world, around 8-10 million people 
were infected by HIV including 1 million 
children, which became more than 40 million 
in 2000 [4, 5]. Thus, within few years from its 
discovery, it became an epidemic of 
international concern, and in 21st century also, 
it still signifies as a major undefeatable public 
health problems being a substantial cause of 
global mortality and has thus led to universal 
socioeconomic damage [6, 7]. HIV deterio- 
rates the protective power of the immune 
system among human beings. When a person 
is infected by this virus, the human body tries 
to surmount the virus via antibody generation 
to fight with the virus. Nevertheless, in a rate- 
limiting process, the subsequent development 
of the ailment declines the capacity of the 
immune system to combat the virus and thus 
the infection increases. While the immune 
system of the body gets compromised, quite a 
lot of diseases get the opportunity to build up 
in the body that ultimately causes AIDS [8]. 

 

In case of biological systems, oxidative stress 
is a phenomenon originated by a relative 
surplus of oxidants or a discrepancy in 
production and accumulation of free radicals 
(i.e., reactive oxygen species) in cells and 
tissues or an insufficient antioxidant defence 
mechanism [9]. Continuous or uncontrolled 
oxidative stress causes damage to DNA, fatty 
tissue and proteins in human body and thus 
damage cellular functions and structures, 
which are usually controlled by critical 
oxidation-reduction pathways and thereby, 
may lead to the development of a vast 
numbers of health conditions. Quite a lot of 
research evidences suggested that individuals 
infected by HIV have been suffered from 
persistent oxidative stress that can additionally 
be augmented by HIV, thereby dwindle the 
human immunity to an uncontrollable extent 
and also oxidative stress lead to augmentation 
of HIV replication, or increment of apoptosis 
[9-10]. Thus, many in vitro and in vivo studies 
confirmed oxidative stress to be a principal 
contributor of development of AIDS [11, 12]. 
The prospective implications of reducing 
agents were analyzed by many researchers and 
it was also predicted that the progression 
pathways of AIDS might possibly be 

overturned via introduction of antioxidant     
reducing agents [13-15]. 
 
Molecules endowed with antioxidant 
activities are capable of protecting cells, 
tissues and DNAs from various infections and 
inflammatory diseases and restrain lipid 
peroxidation. Numerous research works on 
oxidative stress related health problems, 
conducted in a diverse range of conditions 
have established that antioxidants have the 
potential to boost immune system in human 
beings. Insufficiency in antioxidant intake, 
like vitamins and minerals, causes immune 
function decline and amplification of lipid 
peroxidation, prompting various infections in 
humans [16, 17] and intake of dietary 
antioxidants can retard the development of 
HIV. Along with antioxidant nutrients, 
various enzymatic antioxidants like supero- 
xide dismutase, glutathione peroxidase, 
catalases etc., also have essential functions in 
reduction of free radicals and thus provide 
shielding effect against oxidative stress [18]. 
Another well recognised way for treatment of 
HIV is by fortification of the infected 
person’s immune function. A range of 
experimental evidences have suggested that 
certain immune modulator compounds such 
as immunitin, resveratrol [19], setarud [20– 
22], murabutide [23-25], interleukin-7, 
tucaresol, reticulose, cytolin, etc., participate 
in the prevention or cure of AIDS and 
subsequently augments the anti-HIV potential 
[26]. 

 
Considering the fact that, in comparison to 
the costly treatment procedures, nutritional 
supplements are cost effective, non-toxic and 
efficient for prevention of free radical 
initiated diseases, the author aims to analyse 
the involvement of some antioxidant 
compound minerals in the prevention of HIV 
by improving the immune response of the 
body against the virus, as well as their 
involvement in the progression and treatment 
of AIDS, through this review article. 

 
METHODOLOGY 
 
Various research articles, review articles and 
necessary literature required for writing this 
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review were obtained thorough scientific 
literature databases counting various research 
sites like Google Scholar, Scopus, PubMed, 
Web of Science, ScopeMed and Science 
direct by using keywords like – HIV, AIDS, 
antioxidant molecules, phytochemicals, antio- 
xidant minerals, anti-viral activity, vitamins, 
natural products, phenolic compounds, etc. 

 
RESULTS AND DISCUSSIONS 

 
AIDS represents a chronic, potentially life- 
threatening and tremendously intricate health 
condition. HIV-induced oxidative stress 
causes depletion of CD4+ T-cell levels via 
apoptosis, additionally augmenting virus 
replication and transcription. These processes 
are predicted to be dependent on the 
activation of NF-κB throughout redox 
impairment. A study reported a noteworthy 
reduction in the quantity of antioxidants 
vitamins A, C and E in HIV-infected kids 
[27]. Additionally, various investigations 
revealed that insufficiency in antioxidant 
levels can cause enhancement and progress- 
sion of HIV-originated diseases. Thus, 
majority of researchers proposed that 
supplementation of antioxidants may have a 
significant role in reduction of HIV viral 
loads leading to improvement of immune 
response and thus may prospectively impede 
the development of AIDS [28]. 

 
A. Gluthathione 
Gluthathione is an extremely important 
substance that our body makes. It is one of 
the strongest essential natural antioxidants 
that provide protection against ROS and RNS, 
present in every cell of body and detoxify 
endogenous and exogenous toxins. It is also 
available in various food sources like grapes, 
strawberries, watermelon, asparagus, peach, 
avocado, potato, squash, broccoli, spinach, 
cantaloupe, zucchini, meat, fish, whey 
proteins, etc. [29]. It assists nutrients 
transportation to lymphocytes and phagocytes 
and helps in the shielding of cell membranes. 
HIV positive individuals exhibited higher 
oxidized gluthathione levels and reduced 
concentrations of gluthathione as well as 
amino acids. A number of experiments 
indicated that gluthathione impedes with the 

entry of HIV into CD4 cells and hampers the 
virus survival. Many experiments revealed 
that intracellular glutathione reduction and 
generation of reactive oxygen species can 
control the infection of HIV and its 
insufficiency is linked to damage of T-cell (T- 
lymphocyte) function and continued existence 
in case of infection of the virus [30-32]. 

 
B. N-Acetyl-Cysteine 
N-acetyl-cysteine is an instant precursor of 
glutathione and is admired because of its 
cysteine residues and its function on 
glutathione maintenance and metabolism. It 
controls the levels intracellular thiol in case of 
oxidative stress and repairs the depletion of 
glutathione during infections. Affirmative 
outcomes were observed on oral administra- 
tion of N-acetyl-cysteine supplement in case 
of life quality advancements of individuals 
suffering from a variety of genetic and 
metabolic ailments, counting HIV infection 
[33, 34]. De Rosa and his co-workers 
investigated the conditions of 81 HIV- 
infected patients continuously for a period of 
eight weeks by providing oral supplementa- 
tion of N-acetyl-cysteine on efficient 
glutathione replacement in case of damaged 
T-cell functions [35]. The observations 
disclosed a noteworthy amplification of entire 
blood glutathione levels as well as T-cell 
glutathione levels for N-acetyl-cysteine 
introduced patients. Thus, the observations of 
these experiments indicated the medical 
function of N-acetyl-cysteine treatment in 
defending the body against oxidative stress 
and immune system recovery in case of HIV- 
infected people. Another experiment 
investigated the impact of N-acetyl-cysteine 
on envelope glycoprotein gp120, which plays 
a major function in attachment of virus to 
definite cell surface receptors and thus 
indispensable for the entrance of the virus 
into cells [36]. The gp120 is discharged 
throughout the infection of macrophages and 
produces oxidative stress that is the cause of 
the development and further progression of 
the ailment. The observations of the tests 
revealed that gp120 induced lipid 
peroxidation was contradicted by N-acetyl- 
cysteine. Another study also concluded that 
N-acetyl-cysteine overturned both gp120 and 
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transregulatory protein (Tat) caused oxidative 
stress. As both gp120 glycoprotein and 
transregulatory protein are known to cause 
oxidative stress that has an imperative role in 
the transcription and replication of the virus, 
supplementation of N-acetyl-cysteine may 
restrain pro-oxidants and diminish detri- 
mental impact of reduced glutathione levels 
[37]. 

 
C. Vitamin A 
Vitamin A is a fat-soluble group of 
compounds including retinol, retinal, retinoic 
acid and various provitamin A carotenoids 
that has a significant role in bone 
development, cell division, cell differentia- 
tion, embryo development and growth, vision, 
maintenance of immune system etc. It 
controls the generation of white blood cells 
that prevent and completely wipe out 
infecting bacteria and viruses. Vitamin A 
accumulates in the human liver and basically 
consists of two types- preformed vitamin A 
and provitamin A carotenoid. First one is 
obtained in milk, liver, and animal foods, 
absorbed as retinol and instantly used in the 
body. On the other hand, provitamin A 
carotenoids are found in various coloured 
fruits and vegetables and can be transformed 
into vitamin A. β-carotene demonstrated a 
provitamin function in case of vitamin A 
shortage, attributable to its efficiency in 
conversion into retinol. Investigations have 
reported the antioxidant potential of β- 
carotene in free radical scavenging [38] and 
dearth of vitamin A has been observed to 
cause oxidative stress [39]. It was observed in 
a variety of cases that, a majority of HIV- 
infected patients have vitamin A deficiency, 
particularly in case of kids and pregnant 
females [40, 41]. Vitamin A deficit was 
linked to a huge number of mortality in AIDS 
as well as in HIV caused faltering growth of 
children [41]. Treatment using vitamin A 
administration demonstrated reduction in 
infections of respiratory tract and severe 
diarrhea for HIV positive kids and thus 
depicted shielding effects against morbidity 
and mortality in AIDS [42, 43]. Vitamin A 
deficiency was also linked to the amplified 
danger of transmission of HIV from mother to 
child [44, 45]. In a study including 7528 

women, it was observed that supplementation 
of vitamin A in prenatal condition 
considerably enhances birth weight. As 
vitamin A is indispensable for immune 
function of macrophages that are one of the 
first cells to be attacked by the virus during 
infection of HIV, in a direct or indirect 
manner, it can be considered to be very much 
accountable for the reduction of a huge 
quantity of CD4+ T-cells as well as for the 
growth of the ailment [46]. 

 
D. Vitamin E 
Vitamin E is known to be an assemblage of 
eight lipid-soluble compounds comprising 
four tocopherols and four tocotrienols. It is 
available in an assortment of foods such as- 
fruits, nuts, meat, seeds, eggs, cereals, poultry, 
different plant oils including vegetable oil, 
soya, sunflower, corn and olive oil, etc. 
Among the group of compounds that makes 
vitamin E, α-tocopherol is the one compound 
that is utilized by the human body, which is 
available in blood and tissues in huge 
amounts, particularly in the cell membranes. 
It is an imperative vitamin obligatory for 
appropriate functioning of several human body 
organs. The primary role of vitamin E is as an 
antioxidant, by which it protects vitamin A 
and vital fatty acids from oxidative damages 
and thus it averts tissue breakdown [47, 48]. 
Vitamin E is also responsible for immune 
system improvement and it protects heart 
arteries from the formation of blood clotting. 
In general, shortage of vitamin E is 
uncommon, but on its shortage severe nerve 
problems may arise. Studies have revealed 
that regular consumption of foods, rich in 
vitamin E, or intake of vitamin E supplements 
reduce the occurrences of cancer, tumour, 
cardiovascular disease, dementia and many 
other diseases. Human body cannot generate 
vitamin E on its own, so it must be included 
in the regular diet from food sources or 
should be taken as a supplement. It was 
observed in various reports that lack of 
vitamin E, along with oxidative stress is 
related to HIV-infection [49, 50]. A 
considerable reduction in the jeopardy of 
AIDS development was observed by B 
Abrams et al. in an experiment including 296 
HIV positive male persons when the vitamin 



HIV Nursing 2023; 23(3): 1-16 Ranges of Body Mass Index (BMI) in Iraqi …. 

doi. HIV Nursing 

 

 

E supplementation was regularly doubled 
[51]. Additionally, although azidothymidine 
or AZT (also known as zidovudine) is used as 
a major drug to lessen HIV infection and to 
hinder the development of AIDS, yet it is 
recognised to have lethal effects on bone 
marrows. It was reported by R G Geissler and 
his co-workers that on increase in 
concentration of azidothymidine from 1 to100 
µM, there is drastic augmentation of bone cell 
quantities in culture [52]. So, it was 
recommended that inclusion of vitamin E 
with azidothymidine might provide analogous 
anti-viral activity, with reduction of toxic 
effects against bone marrows. Incorporation 
of vitamin E supplements in the diet was also 
reported to decrease the activated B cell or 
NF-κB cell levels in HIV-1 positive 
individuals’ lymphocyte cells in culture and it 
also decreased the generation of oxidant in 
the lymphocyte cells, preventing the 
replication of the virus and cell death [15, 
53]. Vitamin E is also acknowledged to 
participate in cell membrane defence via 
inhibition of lipid peroxidation attributable to 
its lipophilicty, and in boosting up the 
potential of other antioxidant molecules by 
increasing their free radical scavenging 
activity [54]. Another experiment indicated 
that intake of vitamin E acetate entirely 
stopped activation of NF-κB in case of HIV- 
1-infection, whereas vitamin E depicted a 
negligible influence [55]. 

 
E. Vitamin C 
Ascorbic acid or vitamin C is a hydrophilic 
antioxidant molecule, indispensable for 
regular development and restoration of tissues 
in human body. It is usually available in a 
range of fruits and vegetables, like citrus 
fruits, strawberries, tomatoes, green peppers, 
raw cabbage, broccoli, sweet potatoes and 
green leafy vegetables, etc. As human body is 
incompetent to produce vitamin C by itself, 
so it is ought to be included in the regular 
diet. It is a fundamental antioxidant molecule 
that can augment the scavenging process of 
hydroxyl radicals and superoxide anion 
radicals and can enhance immune function of 
the body [56, 57]. J. Huang et al. reported that 
vitamin C demonstrated the capacity to 
inhibit the oxidative stress related cellular 

damages caused by lipid peroxidation [58]. E. 
Eylar et al. suggested that continuous intake of 
high quantity of ascorbic acid might be lethal 
and immuno oppressive to the T-cells and 
biologically favourable amounts might be 
helpful in preventing the harmful impacts of 
reactive oxygen species and thus can augment 
human immunity during infection [59]. 

 
F. Vitamin D 
Vitamin D is a fat-soluble vitamin and a 
collection of secosteroids accountable for 
escalating absorption of magnesium, calcium 
and phosphate in the intestine and loads of 
important physiological functions. In human 
body, the most significant vitamin D 
compounds are ergocalciferol (vitamin D2) 
and cholecalciferol (vitamin D3). Vitamin D is 
extensively found in fish, eggs and fortified 
milk and it can also be prepared in the skin on 
exposure to sunlight [60, 61]. Deficiency in 
vitamin D can reduce the absorption of 
dietary calcium to a greater extent. Severe 
vitamin D dearth in children can lead to 
dysfunction in bone mineralization causing 
softening and weakening of bones, a 
condition known as rickets in children and 
osteomalacia in adults [62, 63]. Various 
studies have illustrated significantly higher 
rates of reduced vitamin D levels or 
hypovitaminosis D in HIV-positive patients 
that leads to immunity dysfunction and 
various contagious ailments [64]. It is a key 
regulator that activates genes and regulates 
multiple cellular pathways to improve innate 
and adaptive resistance against viral attack by 
binding to the vitamin D receptor. Higher 
amounts of vitamin D and vitamin D receptor 
(VDR) expression also improve the usual 
resistance to HIV-1 attack. Conversely, its 
shortage caused inflammation and immunity 
decline, reduced blood CD4+ T-cell counts, 
rapid growth of HIV infection and shorter 
lifetime of patients. It was established that 
intake of vitamin D by HIV-positive 
individuals may enhance immunologic 
recovery throughout antiretroviral therapy, 
decrease inflammation and augments immu- 
nity against pathogen attack. Furthermore, it 
was also reported to provide protection 
against the expansion of immune reconstitu- 
tion inflammatory syndrome, pulmonary 
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tuberculosis and mortality in case of HIV- 
positive patients [65-68]. 

 
G. Vitamin B12 
Vitamin B12 or cobalamin is one of the eight 
B vitamins and is one of the most chemically 
complex of all vitamins. This water soluble 
vitamin have antioxidant ability and is 
involved in metabolism and is the only 
vitamin that has to be obtained from various 
animal-derived foods like meat, fish, eggs, 
poultry, liver, clams, dairy products or from 
supplements. It is necessary as a cofactor in 
DNA synthesis for fatty acid and also 
important in amino acid metabolism and 
cellular energy production. It is very crucial 
for development of human brain and nervous 
system functioning as it plays a significant 
role in myelin synthesis as well as in the 
circulatory system of the bone marrow related 
red blood cells. Owing to limited animal food 
intake in regular diet, deficiency of vitamin 
B12 is very common, particularly in case of 
vegetarians. Also, its malabsorption is 
frequently observed in old people or in case 
of people suffering from gastric achlorhydria. 
Deficiency of vitamin B12 can lead to severe 
and irreversible damages, particularly in brain 
and nervous system, like mania, psychosis, 
Alzheimer's disease, etc., and potential 
adverse impacts on immune response, ferti- 
lity, pregnancy outcomes, cognitive, vascular, 
eye, bone health and blood circulation in 
women. Its deficiency may also lead to 
pericious anemia, megaloblastic anemia due 
to the inhibition of DNA syntheses. Even its 
slight deficiency can be determined by 
various symptoms like weakness, breathless- 
ness, tiredness, muscle weakness, dizziness, 
headaches, upset stomach, mouth ulcers, 
reduced appetite, difficulty in walking, 
depression, confusion, poor memory, poor 
reflexes, abnormal sensations, pale skin, 
diarrhea, constipation, etc., particularly in 
case of people over age 60 [69-73]. Prabha 
M. R. Adhikari et al. reported low blood 
levels of vitamin B12, along with folic acid in 
HIV-positive people. Deficiency of vitamin 
B12 was observed to be greater in case of HIV 
infected patients with tuberculosis. In HIV- 
positive people, sufficient vitamin B12 levels 
appear to delay progression of HIV to AIDS 

and also death from AIDS [74, 75]. Kavitha 
Kasipandy et al. also reported considerably 
lower vitamin B12 levels in HIV positive 
people than healthy people, which were 
observed to be directly proportional to their 
CD4 counts. Along with CD4 counts, their 
CD8 counts were also observed to be 
associated to serum B12 levels. Throughout 
the initial stage of the infection, fast dividing 
immune cells led to enhanced utilization of 
micronutrients causing scarcity of vitamin 
B12. It causes malfunctions in methylation 
disturbing the immune response and ability of 
NK Cell that augments the quantity of CD8 
counts. Therefore, they reported that vitamin 
B12 can act as an advantageous immuno 
modulator in HIV related diseases and can 
work like a prospective game changer in HIV 
and AIDS [76]. It was also reported that HIV 
infected patients may have a greater 
probability of nervous system or neurological 
disorders attributable to vitamin B12 shortage 
[77]. A study by J. S. James et al. including 
300 men revealed that people with unusually 
lower vitamin B12 blood levels develop AIDS 
around two times faster than people with 
normal vitamin B12 levels. This also indicated 
that vitamin B12 levels are an initial and 
independent indicator of HIV-1 infection 
growth [78]. Similar observations were also 
reported by A. M. Tang and his co-workers 
[79]. 

 
H. Phytochemicals 
a) Carotenoids 
Carotenoids are colourful lipid-soluble pig- 
ments, generally available in various coloured 
plants, algae, and photosynthetic bacteria. 
They are the cause of red, orange or bright 
yellow colours in different vegetables, fruits 
and plants and are extensively found in 
various plant sourced foods like carrots, 
pumpkins, sweet potatoes, tomatoes, red 
peppers, oranges, spinach or other dark green 
leafy vegetables, etc. There exists higher than 
600 different types of carotenoids and they 
exhibit antioxidant behaviour following 
various antioxidative pathways like free 
radical quenching, mitigation of damage 
caused by reactive oxidant species and 
inhibition of lipid peroxidation etc. In human 
body, carotenoids can be converted into 
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vitamin A, which is indispensable for human 
growth, proper vision and immune response. 
Thus carotenoids are important for improve- 
ment of immune system function. Various 
research works have revealed that higher 
intake of carotenoids in regular diet is related 
to reduction in cardiovascular diseases, eye 
infections as well as cervical, breast, vaginal 
and colorectal cancers [80, 81]. Along with 
the decrease in oxidative stress in human 
cells, carotenoids were reported to inhibit 
thymic atrophy, lymphoid tissues atrophy by 
maintenance of epithelial cells present in 
skin and mucous membranes. Thymic 
atrophy or atrophy of thymus gland causes 
loss of thymocytes and damage of the thymic 
architecture and ultimately provides a way to 
reduction in naive T-cell numbers and 
restricted T-cell receptor variety. Thus 
carotenoids are essential for proper working 
of immune system response in order to resist 
the infection caused by HIV. A study 
conducted by O. Gregg et al. on  patients with 
all stages of HIV infection revealed that 
HIV positive individuals have considerably 
lower concentration of β- carotene, α-
carotene and β-cryptoxanthin in comparison 
to seronegative controls. Carotenoid levels 
were observed to be minimum in infected 
persons with CD4 < 200 cells/mm3 [82]. 
They also reported that intake of 180 mg β-
carotene per day amplified the quantity of T-
helper lymphocytes, white blood cell 
numbers as well as the ratio of                   
helper/suppressor cells in HIV positive 
patients [82-84]. It was also suggested by 
various other reports that intake of β-
carotene can maintain CD4 counts in HIV-
positive people. In addition, numerous 
reports established the importance of β-
carotene in  prevention of HIV-infection and 
therefore β- carotene supplements are usually 
recommended for people existing with HIV-
1 infection [85- 88]. 

 
b) Flavonoids 
Flavonoids are an assemblage of natural 
phenolic compounds available in various 
vegetables, fruits and foods like lemons, 
oranges, berries, grapefruits, beets, tea, black 
grapes, red grapes, cranberries, chocolates, 
wine as well as in grains, roots, bark, stems,  
 

and flowers of various plants. There are six 
dissimilar classes of flavonoids that can be 
obtained from foods and every class is broken 
down in human body in a dissimilar manner. 
They are very strong antioxidants and are 
very much helpful for protection of the 
human body against daily toxins [89]. Also, 
flavonoids improve health of human body 
cells and tissue growth and thus participate in 
renewal of cells in entire human body. Thus, 
now-a-days, they are well recognised for their 
beneficial effects on health and increase in the 
supplementation of flavonoids in the regular 
diet is known to be a widely appreciated 
technique in order to decrease the jeopardy of 
chronic pathologic ailments and for 
maintaining a healthy body. In addition, 
flavonoids are considered as an essential 
constituent in a wide range of pharmaceutical, 
nutraceutical, medicinal and cosmetic 
products. All flavonoids were reported to 
exhibit anti-HIV potential. According to 
some of the reports, myricetin was observed 
to be efficient than quercetin or pinocembrin. 
Silvana Pasetto et al. reported that, in TZM-bl 
cells, myricetin prevented more than 90% of 
type-1 HIV Bronchoalveolar lavage (BaL) 
infection. The HeLa cell-derived TZM-bl 
reporter cell line is highly sensitive to 
infection by diverse strains of HIV and 
extensively used for the estimation of 
neutralizing antibodies against HIV. In H9 
cells and human peripheral blood mono-
nuclear cells (or PBMC cells), myricetin 
demonstrated greater than 80% anti-viral 
activity in case of infection caused by HIV-1 
MN as well as by HIV-1 89.6, whereas 
quercetin and pinocembrin exhibited modest 
potential against HIV. Myricetin was also 
successful in 49% inhibition of the HIV- 
reverse transcriptase (HIV-RT) enzyme, 
which is used by the virus in the process of its 
reverse transcription, to convert its RNA into 
DNA [90]. Bao Qun Li and his co-workers 
studied the anti-HIV-1 potential of another 
flavonoid baicalin [91, 92] that can be 
obtained from medicinal plant Scutellaria 
baicalensis Georgi and found that non- 
cytotoxic concentrations of the flavonoid 
inhibited HIV-1 X4-tropic virus (or T-tropic 
virus) as well as R5 virus (or M tropic virus) 
envelope glycoprotein  related cell fusion 
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expressing CD4/CXCR4 or CD4/CCR5. 
Existence of baicalin at early stage of HIV-1 
stopped the replication of the virus [93]. 
Rajeev Mehla et al. examined the influence of 
another flavonoid luteolin on HIV-1 and 
reported that it intensely diminished the virus 
infection in primary lymphocytes and reporter 
cells. It effectively removed both HIV-1 
clade-B protein and clade-C protein Tat (the 
trans-activator of HIV) mediated long 
terminal repeat (LTR) trans-activation but 
depicted no influence over the expression of 
trans-activator along with its localization at 
sub-cellular level [94]. Again, various 
experimental analyses revealed that quercetin 
can reduce TNF-α led IL-8 as well as MCP-1 
expression in cultured human synovial cells 
and can appreciably downregulate the 
expression of pro-inflammatory cytokines in 
cultured cells. Various other reported studies 
have shown that quercetin suppresses TNF-α 
induced IL-8 and MCP-1 expression in 
synovial cells of human [95, 96]. Madhavan 
P. N. Nair and his co-workers reported that, in 
case of HIV infected patients, quercetin, in a 
dose dependent manner, appreciably 
decreased viral infection, LTR gene 
expression and p24 antigen generation. Also, 
it drastically reduced the pro-inflammatory 
cytokine expression, TNF-α expression with 
associated upregulation of anti-inflammatory 
cytokine IL-13. A superior level of IL-13 has 
been identified to restrain TNF-α generation 
as well as growth of HIV-1 infection [97]. 

 
c) Resveratrol 
Resveratrol (3,5,4′-trihydroxy-trans-stilbene) 
is a polyphenol and a pleiotropic phytochemi- 
cal of stilbene family and is found in a range 
of foods, basically in dark blue and purple 
coloured fruits, like grapes, peanuts, 
raspberries, blueberries, mulberries, etc. [98, 
99]. It is a phytoalexin produced by a wide 
variety of plants when the plants are under 
attack by various pathogens like fungi or 
bacteria, as a response to the wound caused 
by the attack [99, 100]. It is also a well 
acknowledged antioxidant as it helps free 
radical scavenging and known for its anti- 
tumour, anti-cancer, antiviral activity, etc. It 
is reported to limit HIV replications and 
reduce inflammations. Zeming Feng and his 

co-workers reported that resveratrol could 
induce promotion of HIV-1 Tat protein level 
that is reliant on the AKT/FOXO1 signalling 
axis. It could moderately detach Positive 
Transcription Elongation Factor b (P-TEFb) 
from 7SK small nuclear Ribonucleoprotein 
and can enhance Tat-Super Elongation 
Complex or Tat-SEC interaction. Preclinical 
observations depicted that resveratrol 
increases the power of the HIV therapeutic 
drug, Vorinostat to induce latency in HIV-1 
infection [101]. Again, Xiaoyun Zeng et al. 
reported that resveratrol could reactivate 
latent HIV, devoid of in vitro T-cell 
activation, via amplification in acetylation of 
histone and activation of heat-shock factor-1. 
In addition, co-treatment of resveratrol with 
commonly used latency-reversing agents 
demonstrated synergistic activation of latent 
HIV reservoir [102]. Again, studies by Chi N. 
Chan et al. revealed that introduction of 
resveratrol, synergistically with nucleoside 
reverse transcriptase inhibitors can prevent 
reverse transcription in activated T-cells. They 
also revealed that resveratrol and pterostilbene 
can absolutely stop HIV-1 growth at a small 
micro-molar concentration in latent CD4 T-
cells, mostly during the reverse transcription 
phase [103]. 

 
I. Antioxidant Minerals 
a) Selenium 
Selenium is a crucial trace mineral and a vital 
component of a range of enzymes and 
proteins, known as selenoproteins. It is 
available in various sources like milk, 
chicken, red meat, fish, egg, shellfish, beef, 
pork, etc. Plantation of various food derived 
plants like nuts, garlic, grains, etc., in 
selenium-rich soils can also provide plant 
sources of selenium. It is also known for its 
antioxidant ability that facilitates peroxide 
break down and thus protects various 
ailments related to the damage of DNA and 
tissues, caused by peroxides. Its scarcity in 
human body may lead to enhanced jeopardy 
of diverse illnesses, like cancer and heart 
disease. It is important for reproduction and 
thyroid hormone metabolism [104, 105]. It 
helps in reduction of the impact of 
inflammatory cytokines, thereby decreasing 
the peril of growing neurological dysfunc-
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tions, wasting syndrome and Kaposi's 
sarcoma. Several experimental observations 
have confirmed that selenium can inhibit in 
vitro HIV growth via antioxidative pathways 
of glutathione peroxidase and various 
selenoproteins. Low selenium quantities were 
observed in HIV-positive people in abundant 
cases and reduction in serum selenium levels 
were also observed along with the continuous 
growth of infection. Other investigations 
revealed the link of selenium insufficiency 
with development of AIDS from HIV as well 
as with AIDS caused death rates. In a number 
of trials, intake of selenium decreased 
hospitalization of infected people along with 
diarrheal morbidity, in addition to 
augmentation of CD4+ cell counts [106-110]. 

 
b) Zinc 
Zinc is available in various food sources like 
meats, oysters, shellfish, fortified beans, pea 
nuts, soya beans, spinach, mushroom, wheat 
gram and squash seeds, etc. It acts as an 
immune modulator and depicts anti-viral 
ability. It is known to assists in the inhibition 
of wasting syndrome, cell death and cellular 
apoptosis. Zn is also important for Cu, Zn 
superoxide dismutase, the enzyme vital for 
antioxidant mechanism of body and also for 
thymulin, the hormone obligatory for T- 
lymphocyte formation [111, 112]. It was 
observed in various studies that sufficient 
zinc is crucial for a strong immune response 
and zinc scarcity has been observed in more 
than 50% HIV-positive people. Research 
work by Marianna K. Baum et al. suggested 
that supplementation of zinc for a long-period 
of around 18-months, was successful in 
causing a 4-fold decrease in the probability of 
immunological malfunction and reduction in 
rate of diarrhea by greater than half, in case of 
HIV-infected patients. Zinc intake lessens the 
peril of CD4 cell counts declining lower than 
the vital 200 cells/mm3 level [113]. Macarena 
Silva and his co-workers conducted a study 
on 80 patients to find out whether intake of 
zinc for 12 months by people having 
immunovirological discordance (IVD), can 
reduce their immune breakdown and it was 
observed that zinc intake by IVD patients 
helps in maintaining their CD4 levels [114]. It 
was also revealed that zinc scarcity leads to 

swift and distinct thymus atrophy, lympho- 
penia and damaged cell-induced cutaneous 
sensitivity. Zinc deficiency also reduces the 
response of primary and secondary 
antibodies, predominantly for the antigens in 
which T-cell help is necessary, like the 
heterologous RBCs. Inadequate zinc levels 
also lower the production of splenic cytotoxic 
T-cells subsequent to immunization. Zinc can 
prohibit the generation of tumor necrosis 
factor that is linked to the increase in 
mortality rate from AIDS [115]. 

 
c) Magnesium 
Magnesium can be extensively found in foods 
like beans, nuts, sweet potatoes, pineapple, 
brown rice, wheat germ, whole grains, green 
leafy vegetables and fish. Magnesium has 
abundant functions in human body, counting 
that fact that it acts as a cofactor in 300 plus 
enzymatic reactions. It is crucial for energy 
production, muscle relaxation, active trans-
membrane transportation of other ions,  neuro-
muscular transmission, glycemic control,  
myocardial contraction, calcium absorption, 
blood pressure maintenance, bone growth 
etc. [116, 117]. It has many preventive and 
therapeutic functions in numerous health 
issues like osteoporosis, diabetes, migraine, 
preeclampsia, bronchial asthma and cardio-
vascular diseases etc., and its deficiency has 
been reported in many chronic diseases. A 
number of analyses revealed that hypo-
magnesemia is observed in patients in critical 
condition requiring intensive care and it is 
related to amplification of mortality rates 
[118]. Various reports on HIV-positive people 
also confirmed the relation of the serum 
magnesium level with CD4 lymphocyte 
counts and it was established that hypo-
magnesemia is interrelated to the growth of 
AIDS [119]. E. C. Okwara et al. also reported 
depletion of magnesium, selenium and zinc 
levels in HIV positive patients, predominantly 
in males compared to females [120]. 

 
d) Chromium 
Chromium is a micronutrient, crucial for 
carbohydrate, protein and lipid metabolism in 
human body. It can be found in various foods, 
like vegetables, fruits, meats, grain products, 
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spices etc. Chromium is biologically active as 
a component of chromoduli, that helps in the 
impact of insulin via assisting the binding of 
insulin to receptors at cell surface and thus its 
deficiency causes insulin resistance, hyper-
glycemia and hyperlipidemia [121, 122]. It 
was observed that chromium concentrations 
were reduced in HIV-infected people in 
comparison to normal people, regardless of 
the same dietary intake [123]. It was also 
reported by Elaheh Aghdassi et al. that 
chromium supplementation augmented the 
resistive potential of insulin, metabolic 
irregularities and body composition of HIV 
infected people [123, 124]. Keneil K. Shah et 
al. also reported about the influence of 
chromium, selenium, iron and zinc against 
HIV growth and its treatment [125]. 

 
CONCLUSION 

 
Advancement in the research related to 
diagnosis, prevention and cure of infections 
and diseases caused by HIV and AIDS 
brought rays of hope to the medical and 
clinical field. It was largely accepted by the 
research community that if the infection can 
be caught at an initial phase and the agents or 
factors leading to the grave consequences can 
be determined at proper time, then curing 
processes might change the mechanism of 
action of these detrimental factors or agents 
and can save lives of many infected people. 
Although, it was established by numerous 
reported research experiments that supple- 
mentation of antioxidants or their therapeutic 
implications in HIV infection can repress the 
injurious impacts of oxidative stress and can 
retard the development of HIV to AIDS; yet, 
further in-depth research experiments and 
analyses are necessary to authenticate many 
of the outcomes, to understand their proper 
mechanism of actions and to have confirmed 
understanding of their probable side effects in 
different health conditions. Also, proper 
analyses are necessary to assess the 
appropriate antioxidant dosages for various 
ages of patients with diverse health 
conditions, requirement of antioxidant levels 
at different stages of infection and the 
probability of their resistance against the 
treatment methods etc. However, the author 

believes that, this review will help towards 
the understanding of novel therapeutic 
potentials of some known antioxidant 
molecules and minerals against HIV and 
AIDS that have been recognised as potential 
threats to the human welfare in the entire 
world. 
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